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Status of the Advanced Photon Source at Argonne National generation sources by more than ten orders of magnitude. In addi-
Laboratory tion, an FEL would produce an x-ray beam with very high trans-
David E. MonctonAdvanced Photon Source, Argonne National verse coherence and subpicosecond pulse length. These
Laboratory, Argonne, lllinois 60439Presented on 18 October characteristics should open up completely new areas of x-ray sci-
1995 ence, such as nonlinear x-ray optics and femtosecond time-domain
spectroscopy. Some areas of current research, such as imaging and

The Advanced Photon Source at Argonne National Laboratory is #nterferometry, could be extended to much shorter wavelengths and
third-generation light source optimized for production of high- faster measurements. The intense beam could also be used to
brilliance undulator radiation in the hard x-ray portion of the SpeC-modify materials on a nanometer scale. Formidable technical prob-
trum. A user community representing all major centers of synchroiems in the areas of optics, sample preparation, and data collection
tron research, including universities, industry, and federalil| need to be solved before an FEL beam could be effectively
laboratories, will utilize these x-ray beams for investigations acrosgitilized. Research in these areas is now beginning to be pursued in
a diverse range of disciplines. All technical facilities and compo-the U.S., Germany, and Japan. 196 AIP.
nents required for operations have been completed and installed,
and are well along in the commissioning process. Major design
goals and Department of Energy milestones have been met or ®anovations in the operation of storage finas
ceeded. Project funds have been maximized to construct a numb&r o HetteIStanfordpS ge rnng

. o . 0. ynchrotron Radiation Laboratory, Stanford,
of beamline components and user facilities over and above thos&

. - - -“CA 94309(Presented on 18 October 1995

called for in the original project scope. Research teams preparing

experimental apparatus at the Advanced Photon Source have prejeyelopments in stored beam measurement, control, and modeling

cured strong funding support. @996 AIP. methods at synchrotron radiation laboratories around the world are
helping to produce brighter, more stable beams having improved
temporal and spectral properties. Beam-based storage ring lattice

Operational experience at the Advanced Light Source identification and model calibration, beam dynamics monitoring

Alan JacksonLawrence Berkeley National Laboratory, University and stabilizing systems, and improved operational procedures facili-

of California, Berkeley, CA 9472(Presented on 18 October 1995 tated by advanced control systems are benefitting new and older
facilities alike. An overview of these innovations and their impact

The Advanced Light SourcéALS) has been operational for users on photon beam quality is presented. 1®96 AIP.

since October 1993 when white light from a bend magnet was de-

livered to the Center for X-Ray Optic&CXRO) x-ray microprobe

end station. Since then, the ALS has installed and commissioneﬁlagnet system of the SPring-8 booster synchrotron

three undulators and their beamlingecluding monochromators |, Yonehara, H. Suzuki, Y. Ueyama, T. Aoki, K. Fukami, N. Tani,
and post-monochromator focusing opjicand eight bend-magnet o Hayashi, T. Kaneta, H. Abe, K. Okanishi, S. Ohtsuchi, N. Ho-
beamlines, including one dedicated to machine diagnostics. Apagoda, Y. Hirata,* T. Nagafuchi,* T. Chugun,* H. Kubo,** and H.
from one serious outage, when scheduled beam was not available {Rkomizo JAERI-RIKEN SPring-8 Project Team, Kamigori,
users for 17 days, the ALS has enjoyed remarkable operating St@%yogo, 678-12, Japan * Toshiba Co., 1-6, Uchisaiwai-cho,
tistics, with typically 95% of scheduled beam time delivered to thel-chome, Chiyoda-ku, Tokyo, 100, Japan. ** Hitachi Ltd. Hitachi

users. Beam quality has also been very good. With a vertical emitWorks, 1-1,Saiwai-cho, 3-chome, Hitachi-shi, Ibaraki, 317, Japan.
tance measured at 0.06 nm-rad, the electron beam is kept stable ({tgresented on 20 October 1995

about one-tenth of its transverse dimensions, in the face of changing
error fields in the insertion devicéas their main fields are varigd  The construction of the SPring-8 booster synchrotron was started in
temperature variations, and floor vibration. The longitudinal motion1993. The synchrotron has a two-fold symmetric lattice composed
of the beam, which leads to an increase in the electron beam energif 40 FODO cells. There are 30 normal cells and 2 straight sections,
spread and thence to a degradation of the undulator spectra, hggd it is composed of 64 bending magnets. The integral values of
recently been brought under control by the addition of an innovativehe magnetic field of the bending magnets were measured, and ad-
feedback system. This paper focuses on those aspects of electrgfuate results were obtained. The power supply of the bending
beam Stability that we find most affect the ALS users: beam SiZQ'nagnetsy which must be operated f0||owing a trapezoida|
and position, and energy spread. 1996 AIP. excitation-curve of the output current, is being constructed and
tested now. This report presents the results of the integral values of
the magnetic field of the bending magnets and the excitation-curve

The applications of a short-wavelength FEL measurement of the power supply. 1996 AIP.

John ArthurStanford Synchrotron Radiation Laboratory, Stanford
Linear Accelerator Center, Stanford, CA 943(Presented on 18
October 1995 Plans for conversion of SURF Il to SURF Il
A. D. Hamilton, M. L. Furst, L. R. Hughey, R. P. Madden, T. R.
The third-generation synchrotron light sources today offer excitingo’Brian, and J. E. Proctd¥ational Institute of Standards and Tech-

new scientific capabilities due to the high brightness of their har(hok_)gy’ Gaithersburg MD 2089@resented on 20 October 1995
x-ray beams. Yet further dramatic increases in source brightness are

becoming technically feasible, with the advent of free-electron la-The Synchrotron Ultraviolet Radiation FacilifsURF 1) at the
sers(FELs) operating in the hard x-ray region. The peak brightnessNational Institute of Standards and Technology, Gaithersburg, MD,
of machines under consideration exceeds that of today’s thirdUSA, has served as a primary radiometric standard in the vacuum
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ultraviolet region since its conversion from a synchrotron to annetic field is produced by a hybrid permanent magnet structure, and
electron storage ring in 1974. The magnet iron, however, dates badke horizontal magnetic field is generated by an electromagnet ca-
to an original betatron design of the late 1940s. The advent of botlpable of operating with a switching frequency of up to 100 Hz. The
modern materials and methods of finite element analysis have madsliptically polarized wiggler was commissioned during spring 1995
possible the design of magnets offering far greater dc performancat an operating frequency of 2 Hz. Here, we discuss the compensa-
than the existing SURF system. In this paper we discuss the generaibn of the residual-orbit motion-utilizing trim coils at the wiggler
design and plans to convert SURF Il to SURF IllI, which will offer ends and the high precision orbit measurement system of the X-Ray
reduced radiometric uncertainty, an increase in energy from 300ing. © 1996 AIP.

MeV to 385 MeV, a modernized control system, and two new

beamlines, which are not presently possible. Anticipated new beam-

line activities include a substantial new effort devoted to radiomet'Experience with small-gap undulators

ric improvements from IR to far UV and development of stations P.M. Stefan and S. KrinskiMSLS-Brookhaven National Laboratory,
for microspectoscopy and electroreflectance. 1€96 AlP. P.0. Box 5000, Upton, NY 11973-500resented on 18 October

1995
Infrared radiation from bending magnet edges in an electron

storage ring Small-gap undulators offer enhanced performance as synchrotron
R. A. Bosch, T. E. May, R. Reininger, and M. A. GreBynchrotron  radiation sources, by providing extended tuning range and the pos-
Radiation Center, University of Wisconsin-Madison, 3731sibility of higher photon energies via short-period, small-gap de-
Schneider Dr., Stoughton, WI 5358@resented on 20 October vices. Challenges associated with the operation of small-gap undu-
1999 lators arise from their requirement for small beam apertures and the
] o ) ) - resulting possibility of lifetime degradation, beam instabilities, and
The infrared radiation emitted by electrons entering or exiting &,giation hazards. To investigate these fundamental limitations, we
storage ring bending magnet, which is termed “edge” radiation, ispaye constructed an R&D small-gap undulator for the X13 straight
computed. The numerical results are in agreement with experimensaciion of the NSLS 2.584 GeV X-ray Ring and have tested it
tal observations at a wavelength ofydm. A comparison is made g ring studies shifts and normal user shifts during the last year. This
with the infrared synchrotron radiation emitted from the Ce”"aldevice, the NSLS prototype small-gap undula®BGU), consists
region of a bending magnet for wavelengths oftin—1000um.  of 3 variable-aperture vacuum chamber and a 16-mm-period pure-
The flux of the edge radiation is lower than that of the SynChrOtronpermanent-magnet undulator, both mounted to a common elevator
radiation for the shorter wavelengths studied, and greater for thg,qe stage. The design output spectrum of 2.5 keV in the fundamen-
longer wavelengths. However, the brightness of the edge radiatiog (and 7.5 keV in the third harmonievas obtained with a magnet
is higher for all of the wavelengths studied. This suggests that edg&ap of 5.6 mm and an electron beam aperture of 2.5 mm. The
radiation may be a promising infrared radiation source. 1896 4 riq] ifetime contribution for these parameters was observed to be
AlP. about 40 hr. Details of the synchrotron radiation output spectrum,
lifetime dependence on aperture, and bremsstrahlung radiation pro-

Elliptical multipole wiggler for the production of variably po- duction will be presented. €996 AIP.
larized radiation

E. GluskinAdvanced Photon Source, Argonne National Laboratory,

Argonne, lllinois 60439Presented on 18 October 1995 . . .
9 not 4 9 Status of the ESRF insertion devices

Anew insertion device has been designed, manufactured, and testddChavanne, P. Elleaume, and P. Van VaerenbEGRF, BP 220,
as a result of a collaboration between the Advanced Photon Sourcé8043 Grenoble Cedex, Fran¢Bresented on 19 October 1995

the Budker Institute of Nuclear Physics, and the National Synchro:l_h lated | hof i ion devi . . he ESRF
tron Light Source. The device—an elliptical multipole wiggler e cumulated length of insertion devices in operation at the

(EMW)—is a source of variably polarized x-rays. It has a period ofreaches 44 m, segmented in 29 devices serving 20 beamlines. The

16 cm and consists of two magnetic structures. The hybrid magnépajority are conventional vertical sinusoidal field devices made of
structure produces a vertical wiggler field with a peak value of gPermanent magnet. Exotic |n_sert|0r_1 devices havg been |nstallt_ed,
kG. The horizontal wiggler field1 kG) is generated by electric such as helical undulators with variable polarization, asymmetric
coils capable of operating with a switching frequency up to 100 Hzmgglers, a variable gap chamber short undulator and a 5 T super-

After fabrication, the EMW was measured and magnetically tunegconducting wiggler. With the new low emittance lattice, a single
When installed c,)n the NSLS X-ray Ring, the EMW produces Vari_undula’[or segment generates hard x-rays with a record brilliance of
ably polarized radiation in the 1-10 ey energy range. 1696 2x10"° phot./s/.1%/mrfimr2. All devices have been produced in-

AlP. house, and the methods of field correction based on shimming are
summarized. Recent developments concerning the design of
undulator/wiggler terminations are described, which minimize or

eliminate the need for electromagnet correctors on hybrid wigglers
or allow the implementation of variable length segmented undula-

wiggler tors. © 1996 AlP
0. Singht S. Krinsky! P.M. Ivanov® and E.A. Medvedkd ors- '

INSLS, Brookhaven National Laboratory, Upton, NY 1139A®S,

Argonne National Laboratory, Argonne, IL 6048Bresented on 18
October 1995 Performance of Advanced Photon Source insertion devices at

high photon energies(50-300 keV)
In December 1994, an elliptically polarized wiggler was installed inS. D. Shastri, R. J. Dejus, D. R. Haeffner, and J. C. L&ngeri-
the X13 straight section of the NSLS X-ray Ring. This device gen-mental Facilities Division, Advanced Photon Source, Argonne Na-
erates circularly polarized photons in the energy range of 0.1-1@onal Laboratory, Argonne, Illinois 6043@Presented on 19 Octo-
keV with AC modulation of polarization helicity. The vertical mag- ber 1995

Orbit compensation for the time varying elliptically polarized

3346 Rev. Sci. Instrum., Vol. 67, No. 9, September 1996 Abstracts of SRI ‘96
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Since high-energy photon$>50 keV) are well suited for certain We review our design methods, which ensure the fabricated devices
types of x-ray scattering experiments, we present calculated resulechieve the requested on-axis field strength, minimize pole satura-
for the Advanced Photon Sour¢aPS) Undulator A and APS Wig-  tion and demagnetizing fields, and reduce harmonic content, trans-
gler A at high energies. The undulator calculations include the effecterse roll-off, and flux leakages to desired levels. Recent enhance-
of magnetic field errors, which is to smear the high-order spectraiments include additional assessment of the effects of excessively
harmonics. At their anticipated initial minimum gap settings, Undu-strong magnets, magnet inhomogeneity, transverse pole saturations,
lator A should perform better than Wiggler A from the point of view part placement sensitivity, and refinements in the material databases
of most high energy experiments up to at lea280 keV. A com-  used by the FEA. ©1996 AIP.

parison of APS insertion devices to high energy insertion devices in

other synchrotron radiation laboratories is also provided.1996

AlP. Multipole and phase tuning methods for insertion devices

S.C. Gottschalk,K.E. Robinsort D.C. Quimby,'K.W. Kangast I.
Vasserman, R. Dejus? and E. Mood 1STI Optronics, Inc., 2755
Design and performance of a 2T permanent magnet wiggler for  Northup Way, Bellevue, WA 98004-149dvanced Photon Source,
the Stanford Synchrotron Radiation Laboratory Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL
Z.J.J. Stekly, Craig Gardner, James Baker, Paul Domigan, Ma80439(Presented on 18 October 1995
Hass, Carol McDonald, and Curtis Wimtermagnetics General

Corp., 6 Eastern Rdl, Acton, MA 0172Bresented on 19 October Multipole and phase tuning of insertion devices is important for
1995 maintaining beam dynamics and reaching the high brightness goals

of the Advanced Photon Source. Several general approaches are
The Beamline 9 Wiggler was designed by Intermagnetics to prodescribed: mechanical adjustments, end-pole shaping, and magnetic
duce a 16 milliradian fan of high energy x-rays into three experi-shimming. Off-axis Hall probe measurements after assembly guide
mental stations. The device has a 26 cm period and contains 7rfagnet exchanges and local mechanical adjustments. A recent de-
full-strength periods. The minimum air gap is 2.1 cm. At minimum velopment has been the use of potential theory applied to end-pole
gap, a peak field of 1.9 Tesla and a half-period integrated fieldshaping. The wide gap tuning range of the APS devices requires
strength of=16.646 T-cm were specified by the Stanford Synchro-careful matching of device errors and correct gap dependencies in
tron Radiation LaboratorfSSRL). A combination of analytical, the gap/period range of 0.18 to 0.6. Shims are especially sensitive at
PANDIRA, and scale models were used to develop a novel “com-small gaps. We describe signatures, gap dependencies, algorithms,
pact pole” magnetic design. This design achieved 2.04 T peak fieladnodeling, and experimental results for these techniques19@6
while maintaining a minimum of 17.816 T-cm half-period inte- AlP.
grated field strength. Magnetic performance of the device was con-
firmed through the use of an Intermagnetics-designed Hall Probe

scanning system as well as by long and short coil measurements. | .. . . . . .
© 1996 AIP. End-field design and tuning methods for insertion devices

S. C. Gottschalk and K. E. RobinsdiTl Optronics, Inc., 2755
Northup Way, Bellevue, Washington 9800%asserman, R. Dejus,
and E. R. MoogAdvanced Photon Source, Argonne National Labo-
Advances in undulator technology at STI Optronics ratory, Argonne, lllinois 60439Presented on 19 October 1995
K.E. Robinson, M.P. Challenger, S.C. Gottschalk, and D.C. Quimby

STI Optronics, Inc., 2755 Northup Way, Bellevue, WA 98004-149F he magnetic field distribution, gap-dependent steering, and inte-
(Presented on 19 October 1995 grated magnetic multipole moments of insertion devices installed in

synchrotron radiation sources have stringent requirements for yield-
Undulator and wigglers are an essential basis for synchrotron radiang high brightness without adversely perturbing the electron orbit.
tion and free-electron laser systems. Wiggler and undulator desig@orrect termination of the ends of the device yields a large number
concepts for producing higher magnetic field strength with im-of full-field poles and helps achieve gap-independent steering. End-
proved field quality are reviewed. Shim tuning methods have perfield tuning methods used for the Advanced Photon Source insertion
mitted magnetic field tolerances, including pole-to-pole field unifor-devices are reviewed. Techniques include magnet strength reduc-
mity, trajectory straightness, and higher order moments, to béion, reduced height poles, magnetic shims, and pole shaping. Mea-
controlled to low levels as needed for various applications. A keysurements show that two-imensional finite element analysis is a
figure of merit is the optical phase error, which determines theuseful tool for predicting general field shape and trajectories. How-
coherence of the light generated in the device. Coherence is a striever, experimental entrance steering of different devices with iden-
requirement for maintaining spectral intensity in synchrotron radiatical end configurations shows variance, necessitating empirical fine
tion sources with low emittance and maximizing gain in free-tuning of each device. €1996 AIP.
electron lasers. €1996 AIP.

Design of the vacuum system for the elliptical multipole wiggler
Central field design methods for hybrid insertion devices at the Advanced Photon Source
S.C. Gottschalk, D.C. Quimby, and K. E. Robins®fil Optronics, P. Den Hartog, J. Grimmer, T. Klippert, E. Trakhtenberg, and S. Xu
Inc, 2755 Northup Way Bellevue, Washington 98B(R. Moog and  Argonne National Laboratory, Argonne, IL 6043Presented 19
R.T. ApparacAdvanced Photon Source, Argonne National Labora- October 1995

tory, Argonne, lllinois 60439Presented on 19 October 1995
A vacuum system for the Advanced Photon Source elliptical multi-

The design of the insertion devices built and tested by STI Optronpole wiggler (EMW) that will operate at a pressure of 10Torr
ics for the Advanced Photon Sour¢&PS) have used initial Hal-  with a storage ring current of 100 mA at 7.0 GeV has been designed
bach scoping followed by 2D and 3D finite element anal{BEA). and is being fabricated. The major part of the system is a stainless

Rev. Sci. Instrum., Vol. 67, No. 9, September 1996 Abstracts of SRI ‘96 3347
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steel chamber with a 66.6 mm by 19.6 mm rectangular cross sedree-electron lasers, mm-wave amplifiers, or mm-wave undulators.
tion. The length of the vacuum chamber is 3100 mm, and the walThe cavity structures are intended to be manufactured by using
thickness is 1.2 mm. Two versions of the vacuum chamber will beDXL (deep x-ray lithographymicrofabrication technology. The fre-
produced: with and without distributed nonevaporable géN&G) quency of operation can be about 30 GHz to 300 GHz. For most
pumping. The version with NEG pumping will have slides on the applications, a complete structure consists of two identical planar
top and bottom walls to accommodate sintered plates available frorhalf structures put together face-to-face. Construction and proper-
SAES. To activate these plates, the entire vacuum chamber will bges of the constant gradient structures that have been investigated
baked from the outside up to a temperature of 350° C—450 °C. Praoso far will be discussed. These cavity structures have been designed
vision for the baking is included in the design of the vacuum sys-for 120 GHz 2+/3-mode operation. €1996 AlP.

tem, its support, and in the EMW itself. The complexity introduced

into the design by the need for external activation of the NEG plates

is eliminated in the design of the second version of the chamber. In o i

this chamber, a sufficiently low outgassing rate may be achieved bgps undulator radiation—first results _

extensive surface cleaning and baking in a vacuum furacé- €@, R. J. Dejus, P. Den Hartog, Y. Feng, E. Gluskin, D. Haeffner,

(107° Torr) up to a temperature of 950 ° C as has been achieved &t !linski, B. Lai, D. Legnini, E. R. Moog, S. Shastri, E. Trakhten-
the ESRF. Both versions are being pursued in parallel. 1996  Perg, |. Vasserman, and W. Yukdvanced Photon Source, Argonne

AIP. National Laboratory, Argonne, IL 6043@resented on 19 October
1995

The first undulator radiation has been extracted from the Advanced
Fabrication of mm-wave undulator cavities using deep x-ray  Photon SourcéAPS). The results from the characterization of this
lithography radiation are very satisfactory. With the undulator set at a gap of
J.J. Song, A.D. Feinermd@ny.W. Kang, R.L. Kustom, B. Lai, A. 15.8 mm(K=1.61), harmonics as high as the 17th were observed
Nassiri, V. White? and G. M. Welf Argonne National Laboratory, using a crystal spectrometer. The angular distribution of the third-
9700 S. Cass Ave., Argonne IL 604&Miversity of lllinois Chi-  harmonic radiation was measured, and the source was imaged using
cago, Dept. of EECS, 851 S. Morgan Ave., Chicago, IL 60680a zone plate to determine the particle beam emittance. The horizon-
bUniversity of Wisconsin at Madison, Center for X-ray Lithography, tal beam emittance was found to be $0 nm-rad, and the ver-
3725 Schneider Rd., Stoughton, WI 53888sented on 19 October tical emittance coupling was found to be less than 3%. The absolute
1995 spectral flux was measured over a wide range of photon energies,
and it agrees remarkably well with the theoretical calculations
The possibility of fabricating mm-wave radio frequency cavities based on the measured undulator magnetic field profile and the
(100-300 GHg using deep x-ray lithograpn§DXRL) is being in-  measured beam emittance. These results indicate that both the emit-
vestigated. The fabrication process includes manufacture of prectance of the electron beam and the undulator magnetic field quality
sion x-ray masks, exposure of positive resist by x-ray through thesxceed the original specifications. €996 AIP.
mask, resist development, and electroforming of the final micro-
structure. Highly precise, two-dimensional features can be ma-
chined onto wafers using DXRL. Major challenges are: fabrication
of the wafers into three-dimensional rf structures; alignment andSpatial imaging of monochromatic hard x-rays from an APS
overlay accuracy of structures; adhesion of the PMMA on the copundulator by the Kohzu double-crystal monochromator
per substrate; and selection of a developer to obtain high resolutio®-M. Mills, W.K. Lee, M. Keeffe, D.R. Haeffner, and P. Fernandez
Rectangular cavity geometry is best suited to this fabrication techExperimental Facilities Division, Advanced Photon Source, Ar-
nique. A 30- or 84-cell 108-GHz mm-wave structure can serve as agonne Naional Laboratory, Argonne, IL 6043Presented on 20
electromagnetic undulator. A mm-wave undulator, which will be October 1995
discussed later, may have special features compared to the conven- S )
tional undulator. First harmonic undulator radiation at 5.2 kev 1N€ spatial distribution of monochromatic x-rays produced by an
would be possible using the Advanced Photon SoARS) linac APS undulator was imaged on a fluorescent screen and recorded

system, which provides a low-emittance electron beam by using alyith a video camera while commiss?oning the Kohzu double-crystal
rf thermionic gun with an energy as high as 750 MeV. More de_monochromato(DCM). Two sets of images were recorded: Case 1

tailed rf simulation, heat extraction analysis, beam dynamics usind! Which the spectral output of the undulator is fixednstant mag-

amm-wave structure, and measurements on 10x larger scale mod&§tic 9ap and the monochromator is scanned in energy, and Case 2
can be found in these proceedifd6W. Kanget al, “Design and N which the monochromator energy is held fixed and the spectral

Construction of Planar mm-wave Accelerating Cavity Structufes” OutPut of the undulator is varied by changing the magnetic gap of
© 1996 AIP. the insertion device. Because of the performance of the Kohzu

monochromator, the mechanical conditions required to maintain the
twice-diffracted beam could be preserved as the DCM was scanned
in energy, allowing the evolution as a function of energy. The im-

Design and construction of planar mm-wave accelerating cavity —ages are compared with the calculated spatial distributions of mono-

structures chromatic undulator radiation. @996 AIP.

Y.W. Kang, A.D. Feinerman,* R.L. Kustom, A. Nassiri, and J.J.

SongAccelerator Systems Division, Advanced Photon Source, Ar-

gonne National Laboratory, Argonne, IL 60439 *Department of

Electrical Engineering and Computer Science, University of lllinois Cryogenically cooled monochromators for the Advanced Pho-

at Chicago, Chicago, IL 60607Presented on 19 October 1995 ton Source
Dennis M. Mills Experimental Facilities Division, Advanced Pho-

Feasibility studies on planar millimeter-wave cavity structures haveon Source, Argonne Naional Laboratory, Argonne, IL 604Bge-
been made. The structures could be used for linear acceleratorsented on 20 October 1995
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Downloaded-06-Sep-2003-t0-128.32.113.135.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://ojps.aip.org/rsio/rsicr.jsp



The use of cryogenically cooled monochromators looks to be a vergf high water pressure that would bow the crystal. We present here
promising possibility for the Advanced Photon Source. This posi-the design of a pin-post monochromator consisting of a four-layer
tion has recently been bolstered by several experiments performeglicon manifold system and an integrally bonded 39% nickel-iron

on beamlines at the ESRF and CHESS. At the ESRF, several crystalloy base plate. A transparent prototype of the design will be ex-
geometries have been tested that were designed for high powéibited. Fabrication techniques and design advantages will be dis-
densities (>150 W/mntf) and moderate total absorbed powers cussed. ©1996 AlP.

(<200 W). These geometries have proven to be very successful at

handling these power parameters with measured strains on the arc-

second level. The experiments performed at CHESS were focused

on high total POWEI(>1OO.O W but querate power densities. .AS A cryogenic monochromator for third-generation synchrotrons
with the previously mentioned experiments, the crystals designe

for thi licati ; d biv with ble broad>: Morris Accelerator Technology Group & Photon Sciences Ltd.,
or this application performed Superbly with no measurable broady,, ¢, 4 |nstryments, Osney Mead, Oxford, OX2 0DX, Englé&nd
ening of the rocking curves on the arc-second level. These exper

. - Harding Oxford Instruments Accelerator Technology Group, Osney
ments will be summarized and, based on these results, the perfol(/l'ead Oxford OX2 ODX, Englan@Presented on 19 October 1995
mance of cryogenic monochromators for the APS will be assessed. ' '

© 1996 AIP. A double-crystal monochromator has been developed based upon
the cooling of a pair of silicori111) crystals using liquid nitrogen.
This monochromator features Bragg angle accuracy and a resolu-
Optics for high energy x-ray scattering applications Thomas tion of 0.36 arc seconds and is also compatible with sagittal focus-
TschentscherESRF, B.P.220, F-38043 Grenoble-Cedex, Franceing of the second crystal. The design of this monochromator is
(Presented on 20 October 1995 described, and performance data are presented19@5 AlP.

High energy photons in the range from 80 to 500 keV are a rela-

tively new tool, which is provided with sufficient fluxes only by the

latest generation of synchrotron sources. Due to the high energies o

and, respectively, very short wavelengths, new arrangements iy diamond dou_ble-crystal transmission monochromator for the
monochromators or mirrors have to be investigated in addition tol ROIKA Il station at ESRF )
standard monochromator concepts. An overview of possible mond®- Grbel, D. Abernathy, G. Vignaud, M. Sanchez del Rio, and A.
chromator setups is given and the need for experiments to be peﬁrgundExperlmentS Division, European Synchrotron Radiation Fa-
formed at these energies is evaluated. Low absorption enables ti§éity, BP 220, 38043 Grenoble, Frand®resented on 20 October
use of rather thick absorbers in order to reduce the heat load proH-—99

lem, which is due to the high power synchrotron beam. Even mono_—rhe erformance of a diamond double-crystal monochromator for
chromator crystals become semitransparent, thus giving the pos P Y

SR . . .
- : . . . the TROIKA Il station at the ESRF was studied. T@d1) oriented
bility of operating more than one experimental station using the . )
. . . diamond crystals for Bragg geometf$20 mm and 500 mm thigk
same synchrotron beam. Focusing techniques may be applied, an ? . . . . .
. . ) . were combined in a nondispersive horizontal scattering geometry
monochromators with an increased bandwidth are of interest for . . . .
o - . . and characterized in the white Troika undulator beam. The observed
providing sufficient monochromatic flux. The optical concept of the . - .
. . . rocking curves were slightly broadened due to nonuniform defect
High Energy beamline ID15 at the ESRF is presented, where two. ..~ . . :
. . ) . ) distributions present in the crystals. No heat-load-induced broaden-
different insertion devices can be used alternatingly. Monochro-in was found. The measured reflectivities compared well to the
matic beam in the range from 30 to 80 keV is provided by the use 9 ' . P
X calculated values, and it was shown that a double-crystal Bragg
of bent cooled Si monochromators and the results of the perfor- . .
monochromator can replace a single-reflection Laue monochro-
mance tests are shown. €996 AlP.

mator without loss in flux. ©1996 AIP.

Design and analysis of a high heat load pin-post monochro-

mator crystal with an integral water manifold Liquid-metal-cooled curved-crystal monochromator for Ad-

W. SchildkampConsortium for Advanced Radiation Sources, Uni- vanced Photon Source bending-magnet beamline 1-BM

versity of Chicago, 5640 S. Ellis Ave., Chicago, IL 60837Ton- S. Brauer, B. Rodricks, and L. Assoufiexperimental Facilities
nessenRocketdyne Albuquerque Operations, 2511 C. BroadbenDivision, Advanced Photon Source, Argonne National Laboratory,
Parkway, N.E., Albuquerque, NM 8710”resented on 19 October 9700 S. Cass Avenue, Argonne, IL 604@%9. Beno and G.S.
1995 Knapp Materials Science Division, Argonne National Laboratory,

9700 S. Cass Avenue, Argonne, IL 604Bgesented on 19 October
Conventional minichannel water cooling geometry will not perform 1995

satisfactorily for x-radiation from a wiggler source at the Advanced

Photon Source. For closed-gap wiggler operation, cryogenic silicoWVe describe a horizontally focusing curved-crystal monochromator
appears to be the only option for crystals in Bragg-Bragg geometrythat invokes a 4-point bending scheme and a liquid-metal cooling
For operation of the wiggler at more modest critical energie$7 bath. The device has been designed for dispersive diffraction and
keV), the first crystal can be cooled by a pin-post cooling schemespectroscopy in the 5-20 keV range, with a predicted focal spot
using water at room temperature as a coolant. In order to limit thesize of <100 um. To minimize thermal distortions and thermal
water consumption to 4 gpm and hence the risk of introducingequilibration time, the 35832x0.8 mm crystal will be nearly half
vibrations to the crystal, the intensely cooled area of the crystal wasubmerged in a bath of Ga-In-Sn-Zn alloy. The liquid metal ther-
matched to the footprint of the beam, leaving a less cooled area ahally couples the crystal to the water-cooled Cu frame, while per-
the crystal subject to survival in a missteered beam but not to pemnitting the required crystal bending. Calculated thermal profiles
form as a monochromator. The manifold design avoids large areasnd anticipated focusing properties are discussed1986 AlP.

Rev. Sci. Instrum., Vol. 67, No. 9, September 1996 Abstracts of SRI ‘96 3349

Downloaded-06-Sep-2003-t0-128.32.113.135.-Redistribution-subject-to-AlP-license-or-copyright,~see=http://ojps.aip.org/rsio/rsicr.jsp



Further tests on liquid-nitrogen-cooled, thin silicon-crystal Performance analysis of a novel monochromator design for the
monochromators using a focused wiggler synchrotron beam APS SRI-CAT beamline 2-1D-E Zhibi Wang, Wenbing Yun, and

C. S. Rogers, D. M. Mills, and P. B. Fernandémyonne National = Tuncer KuzayExperimental Facilities Division, Advanced Photon
Laboratory, Advanced Photon Source, 9700 South Cass Avenu&purce, Argonne National Laboratory, Argonne, IL 6043%e-
Argonne, IL 60433%5. S. KnappArgonne National Laboratory, Ma- sented on 19 October 1995

terial Science Division, 9700 South Cass Avenue, Argonne, IL

60439M. Wulff, M. Hanfland, M. Rossat, A. Freund, G. Marot, and Third-generation synchrotron x-ray facilities, such as the Advanced
J. HolmbergEuropean Synchrotron Radiation Facility, BP 220, Photon Source, produce x-ray beams that generate a very high heat
Grenoble, Cedex, Francél. Yamaoka JAERI-RIKEN SPring-8 flux in a very small area. In order to preserve the brilliance of the

Project Team, 2-1 Hirosawa, Wako, Saitama 351-01, Jafiene- ~ source, optical components have to be designed to undergo very
sented on 19 October 1995 small thermal deformatiofor a change of slope of a flat surface
When an optical component is subjected to a heat load, there will be

A newly designed, cryogenically cooled, thin Si crystal monochro-thermal deformation cgused by a temperature increasg from the ini-
mator was tested at the European Synchrotron Radiation Facilitf@! State. For a plate-like structure, the temperature difference over
(ESRP beamline BL3. It exhibited less than 1 arcsec of thermalth® thickness causes bending, and the average temperature incre-
strain up to a maximum incident power of 186 W and averagemem causes axial Qefqrmatlon. .For an optical element, the slope
power density of 521 W/m#n Data were collected for the thif.7 change due to bendlng_ls the main reason for the degradation of the
mm) portion of the crystal and for the thick-25 mm) part. Rock- performance of the optical component. The change of slope should

ing curves were measured as a function of incident power. With £€ limited to a few microradians. There are many ways to control
low power beam, the €333 rocking curve at 30 keV for the thin the th.err.nal deformatllon, sgch as cryogenic cooling, |ncI|.ned geom-
and thick sections was'1 arcsec FWHM at room temperature. The €UY; liquid-metal cooling, pin-posts or microchannels, using a high-
rocking curve of the thin section increased to 2.0 arcsec wheheat-conductivity material, such as diamond, etc. In an accompany-
cooled to 78 K, while the thick part was unaffected by the reduction"d conference paper, an adaptive design technique has been
in temperature. The rocking curve of the thin section broadened t§"0Posed to make use of a novel self-adapted smart structure. lts
25 arcsec FWHM and that of the thick section broadened to 1. P€rformance is essentially independent of the heat-load intensity.
arcsec at the highest incident power. The proven range of perfor//nen such a device is exposed to a heat load, the flat surface
mance for this monochromator has been extended to the powd&fmMains flat in the area of interest. Therefore this technique can
density, but not the absorbed power, expected for the AdvanceBOtentially be used to achieve a high precision optical component.
Photon SourcéAPS) undulator A in closed-gap operatigfirst har-  APPlication of the proposed design technique to the monochromator
monic at 3.27 keYat a storage-ring current of 300 mA. ®96  or the SRI-CAT Sector 2 insertion device beamligector 2-1D-B

AlP. is explained, and initial analytical results are presented on its per-

formance. ©1996 AlP.

Performance of cryogenically cooled, high-heat-load silicon ~Replica grating radiation damage in a normal incidence mono-
crystal monochromators with porous media augmentation chromator

C. S. Rogers, D. M. Mills, L. Assoufid, and T. Grabargonne Roger W. C. Hansetniversity of Wisconsin-Madison - Synchro-
National Laboratory, Advanced Photon Source, 9700 South Cas§on Radiation Center, 3731 Schneider Drive, Stoughton, W1 53589-
Avenue, Argonne, IL 6043®resented on 19 October 1995 3097 (Presented on 19 October 1995

Experience with the Synchrotron Radiation Center 4 meter normal

The perfqrmgnc.e Of, two Si crystal x-ray monochromators Intern","”yincidence monochromator has revealed short operational life for the
cooled with liquid nitrogen was tested on the F2-wiggler beamllnehigh energy gratings. Within periods as short as 6 months, the reso-

at the Cornell High Energy Synchrotron Sour@HESS. Both lution of the gratings degraded sulfficiently to limit the resolution to

crystals werg11])-oriented blocks of rectangular cross section haV'values expected with 80 micron slits. This decrease in resolution

Ing |den_t|cal dimensions. Seven 6.4-mm-d|ameter_ coqlant channe| ccurs without any noticeable changes in the efficiency or through-
were drilled through the crystals along the beam direction. In one o

. ; ut of the grating. The resolution degradation has been shown to
the crystals, porous Cu mesh inserts were bonded into the chann

h he h ter The ch Is of th d @ve been caused by light between 100 and 200 eV, which was
to enhance the heat transfer. The channels of the second crysigh o itteq through the gold layer of the replica grating and caused

were left as drilled. Symmetric, double-crystal rocking curves Wereshrinkage of the epoxy. This resulted in distortion of the surface.

recorded simultaneously for both the first and third order reflectionsl.he problem was solved by ordering a special replica grating with a
Et 8 and_ 24 kﬁv' r;rh_e powlerk!oad on_the co_oled ?rystilhwas adJUStegouble layer of gold. Calculations indicate that a thicker gold layer
S)'/3\:/))a3ry|ngk.t © orlzor}tah eam hSIZe Lésmg S ||ts. 24ek n\w/eas:ne hould decrease the flux penetrating the epoxy layer by a factor of
(333 roc |1ng curve OFVtVIiI\;Im'?Q aﬂce c_rysl,ta_dath - 0%3 atlowq slowing down the deterioration of the grating figure. A grating
power was 1.5 arcsec - The theoretical width Is 0.63 arcseqyu, 5 goyple thickness gold layer has been operating in the mono-

The dn"fere.nce 'S du.e to residual fabrication and mounting Strainy o mator for more than one year with no noticeable decrease in the
For a maximum incident power of 601 W and an average POWeL o |ution. © 1996 AIP

density of about 10 W/mf the rocking curve was 2.7 arcsec. The

rocking curve width for the enhanced crystal at low power was 2.4

arcsec. At a maximum incident power of 1803 W and an average

power density of about 19 W/nmfinthe rocking curve width was 2.2 A new double-crystal monochromator for UHV operation in the
arcsec FWHM. The use of porous mesh augmentation is a simpléow to medium photon energy range

but very effective, means to improve the performance of cryogeniW.P. Mason, G.R. Emmel, F. Feyzi, D.J. Holly, F.H. Middleton, and
cally cooled Si monochromators exposed to high power x-rayA.J. PagacUniversity of Wisconsin-Madison, Physical Sciences
beams. ©1996 AIP. Laboratory, Stoughton, WI 5358®resented on 19 October 1995
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The University of Wisconsin-Madison Physical Sciences Labora-grating rotate nearly 30 and 40 degrees, respectively, with subarcsec
tory (PSL has developed a new concept patented double-crystalesolution. Both utilize a stepping-motor lead-screw piezoelectric
monochromator for instruments operating in the low to mediumactuator scan drive that is controlled with a feedback loop using a
photon energy range. Presently PSL is engaged in a collaborativaser interferometer to measure the actual rotation of the optics. The
project with the Pohang Light Source in South Korea to provide thegrating mechanism translates nearly 200 mm along a granite surface
internal mechanism for such a DCM; Pohang will supply the plate with a positional accuracy and vertical stability of a few mi-
vacuum chamber and scan drive. The concept utilizes a straight aratometers. ©1996 AIP.
linear rotating link called the “broomstick” that is a cotangent gen-
erator. Coupled to the broomstick is a pair of unique half angle
;T:ii (;(hvé\llﬂ:Isemria:ihni;irr?iaatec:hstglryztﬁlsle?itsgagjzﬁ a&%esggéhritgi%?besign and testing of a new, simple continuous bent sagittally

g cry P 9 ' ‘focusing monochromator

An e_xternal linear drlve_to ope crystal through a bellows assemblyStefaln Kycia, Kazuhiko Inoue, and Qun SHRHESS, Cornell Uni-
provides the only required input for operation of the monochro-

mator other than crystal angular adjustments by manual or piezo\lfgrs(,jltcyt,o\tl)\glrsigg)lgaboratory, Ithaca, NY 14853-80(resented on

electric means. The instrument is capable of operating at Bragg

angles from 8° to 80°. This results in an energy range of 2 keV toa continuous bent sagittally focusing monochromator has been de-
14.2 keV for S{111) crystals. The instrument is also capable of signed and built. The monochromator is compatible with the present
UHV operation in the 1.0E™ Torr range. ©1996 AIP. single-point bender apparatus designed for polyg@itaed trian-
gular sagittally focusing monochromators. This monochromator
implements a new design concept taking advantage of a tapered

A new compact double crystal monochromator for high energy rectangular wafer to allow for sagittal bending while simultaneously
synchrotron radiation and ultrahigh vacuum operation minimizing anticlastic bending. The monochromator was optimized

F. H. Middleton, G. R. Emmel, F. Feyzi, and G. M. Gregersonto operate at x-ray energies in the range of 5 to 25 keV. The design

University of Wisconsin Madison, Physical Sciences LaboratoryVas derived from finite element analysis using ANSYS. The mono-

Stoughton, W1 5358@Presented on 19 October 1995 chromator performance was tested by means of an apparatus imple-
menting an x-ray tube source and a double-crystal configuration.

The UW-Madison Physical Sciences Laboratory proposed a uniqu&his method yields precise contour maps of the entire monochro-

double crystal monochromator to the Advanced Photon Source andator surface. Details of the monochromator design, test apparatus,

UNI-CAT that has resulted in two development projects for theand corresponding results will be presented. 1896 AlP.

instrument. These two very similar designs are capable of accepting

inclined geometry, other high heat load optics, and sagittal focusing

crystals by provisions of ample space for such optical elements. Thﬁnproved monochromator design for high heat load beamlines

monochromator is a compact instrument. It has a single rotational; cHEss K.\W. Smolenski. R. Pahl. P. Doing, C. Conolly, B.
stage that does not require a track system to access the crystals Ygb,« 3. Enen. and Q. SheBHESS, Cornell University, Wilson

will fit in the confined back space at APS by having only 300 mm Laboratory, Ithaca, NY 1485@resented on 19 October 1995
distance between the beam centerline and back of the instrument.

The frame footprint is only 04m x 0.84 m. The instrument is truly  The use of water-cooling channels in silicon x-ray monochromators
UHYV rated for vacuum in the 1.0B° Torr range by virtue of its  for the Cornell High Energy Synchrotron Sour¢@HESS high
unique internal mechanisms for linear positioning and rotationabower wiggler beamlines has been studied by finite element analy-
adjustment of crystals. The design may be modified for operation agis. The efficiency from channels of different dimensions, ranging
low energy synchrotron radiation in the 0.8 to 4.0 keV range requirfrom 25 mm to 2 mm width and 5 mm depth, has been calculated.
ing higher Bragg angles. €996 AIP. The new crystals are designed to replace the indirect cooled mono-
chromators currently used at CHESS wiggler stations. At typical
operation parameters of 150 mA electron current at 5.3 GeV and a
. . . gap of 40 mm, the 24-pole wiggler at CHESS provides an x-ray
Mechanical design of a plane grating monochromator for the beam with a total power of 2.7 kW at the monochromator. Proce-

new undulator at Aladdin dures have been developed for fabrication of internally cooled crys-
Mike V. Fisher, Tim Kubala, Mary Severson, and Ruben Reininger P y Y

Synchrotron Radiation Center, University of Wisconsin-Madison tals using a silver-glass dye attach paste. Tests of a new crystal with

3731 Schneider Drive, Stoughton, Wi 53583esented on 19 Oc- 'a conventional x-ray source revealed very small amounts of residual
tober 1995 ' 9 ' strain. Experiments with synchrotron radiation are scheduled in the

near future. ©1996 AlP.

A nearly stigmatic plane grating monochromator under construction

for the new undulator beamline at Aladdin will provide a resolving

power >10000 as it scans from 8 to 240 eV with a single grating. FEA analysis of diamond as IMCA's monochromator crystal
Scanning requires the precise, simultaneous movements of both ®hn Chrzas, Sorinel Cimpoes, and Ivan Neschev IvaBSRRI,

plane mirror and a plane grating in close proximity to one anothef|linois Institute of Technology, 3301 S. Dearborn Street, Chicago,
inside a UHV chamber. The mirror, which absorbs up to 16.5 watts||. 60616 (Presented on 19 October 1995

is internally water cooled to minimize thermally induced slope er-

rors. The radiatively cooled grating absorbs less than a watt. Carefll great deal of effort has been make in recent years in the field of
examination of the focusing requirements revealed that the monadndulator high heat load optics, and currently there are several trac-
chromator could be scanned either in the conventional mode dfable optiongRev. Sci. Instrum69, 2792 (1994; Nucl. Instrum.
rotating-translating the mirror and rotating the grating or in a modi-Methods A266, 517 (1988; Nucl. Instrum. Methods A239 555

fied mode of rotating the mirror and rotating-translating the grating.(1993]. Diamond crystals offer some attractive options—water as
The latter mode was chosen for simplicity of design. The mirror andhe coolant, the use of established monochromator mechanisms,
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simpler monochromator design as compared to the use of liquidvhy cryogenically cooled, thin crystals handle extremely high
nitrogen or gallium. The use of diamond crystals as the opticapower densities

elements in a double-crystal monochromator for the IMCA-CAT G. S. Knapp, G. Jennings, and M. A. Bektaterials Science Divi-
and MR-CAT ID beamlines has been studied. A first crystal mount-sion, Argonne National Laboratory, Argonne IL 604@resented
ing scheme using an indium-gallium eutectic as the heat transfesn 19 October 1995

medium developed in collaboration with DND-CAT and M. Hart

will be presented. A FEA analysis of the IMCA-CAT ID beamline Recently, a new type of cryogenically cooled high heat load mono-

arrangement using the APS undulator A as the radiaiton source wifhromator was proposd#nappet al, Rev. Sci. Instrum65, 2792
be presented. €1996 AIP. (1994] and developed at Argonne National Laborat¢Knapp

et al, Rev. Sci. Instrum66, 2138(1995] and testedRogerset al.,

Rev. Sci. Instrum66, 3494 (1995] at the European Synchrotron

Radiation Facility(ESRB. These tests showed that powers of 153
Asymmetric 2-bounce monochromator for quasi-fixed offset W and power densities of 450 W/nfroause only negligible strain.
W. Schildkamp and M. Merofhe Center for Advanced Radiation These powers and power densities are larger than will be absorbed
Sources, University of Chicago, Chicago, IL 606&fesented on  py the first crystal on an undulator beamline at the Advanced Pho-
19 October 1996 ton SourcgAPS). In our earlier work, we suggested that the crystal

. L o . might show strain at much lower values of the powers and power
In many monochromatic x-ray applications, it is important to main- yensities. We now can explain the ESRF results in terms of the

tain a constant _dlregtlon of the r_ngnochromaﬂzed beam, prEfer?bIMnique role the negative thermal expansion coefficient of Si plays in
parallel to the direction of the original beam. For the most exaCtmgminimizing strain. ©1996 AIP

applications, independent-crystal two-bounce monochromators can

be used. These however, are costly and cumbersome. Therefore, in

less demanding situations or when space is at premium, two-bounce

channel-cut monochromators are commonly used. Unfortunately,

while the direction of the beam emerging from a channel-cut mono- ) Lo

chromator is fixed, the beam offset varies with the angle of inci-”\/lc'('\'c'o‘T BM first monoc.hroma.tor crystal optimization

dence, i.e., with the energy of the monochromatic beam. This comI-V_an _Nesck_lev Ivanov, Sorinel Cimpoes, and John ChQSRRI'
plicates experiments in which it is important to maintain the beamIII|n0|s Institute of Technology, 3301 S. Dearborn Street, Chicago,

on a fixed spot of the sample. We show, however, that the variatioﬂ'tI 60616 (Presented on 19 October 1995

of beam o_ffset n phannel-cut monochromators can t?e greatly "the high heat load at the surfaces of the first x-ray optical elements
duced by introducing a small amount of asymmetry into the CUlot the APS requires special measures to be taken to more com-

The exact amount of asymmetiypically a few degree_sdepends, letely utilize the beam. A conceptually new design for such an
of course, on the crystal and the energy range. We will present a fu lement, proposed, realized, and tested by M. Hart and conveniently
mathematical analysis and a design of a working monochromato&aIIed “r’natchbox,"’ is to belimplemented at the IMCA-CAT BM
based on this scheme. €896 AIP. beamline as the first monochromator crystal. The requirements of
the IMCA-CAT companies for the BM beamline dictate that an
optimization of the design is made for a given x-ray energy range

Double-crystal monochromator as the first optical element in E=13 keV *£1 keV. A modification of the original design to im-
BESSRC-CAT beamlinesMark A. BenoMaterials Science Divi- Prove the vacuum compatibility of the device was made in collabo-
sion, Argonne National Laboratory, 9700 S. Cass Avenue, Argonné@tion with M. Hart. A FEA optimization of the geometry is made
IL 60439 Mohan RamanathaXFD/APS, Bldg. 400, Argonne Na- Using the ALGOR and ABAQUS programs. Determination of the

tional Laboratory, 9700 S. Cass Ave, Argonne, IL 604B&sented resulting slopes and the useful crystal surface after the best com-
on 19 October 1995 pensation of the thermal distortions are also made. The surface pro-

file obtained by the FEA study was used to perform a ray-tracing
The first optical element in the BESSRC-CAT beamlines at theanalysis of the IMCA-CAT BM beamline. The results of the ray-
Advanced Photon Source will be a monochromator, so that a startracing study will be presented. @996 AlP.
dard design for this critical component is advantageous. The mono-
chromator we have designed is a double-crystal, fixed-exit scheme
with a constant offset designed for UHV operation, thereby allow-
ing windowless operation of the beamlines. The crystals are

mounted on a turntable with the first crystal at the center of rotationphase space analysis of a 4-bounce high resolution monochro-

A mechanical linkage is used to correctly position the second crysmator M. Popovici Missouri University Research Reactor, Re-
tal and maintain a constant offset. The main drive for the rotarysearch Park, Columbia, MO 6521Presented on 19 October 1995
motion is provided by a vacuum-compatible Huber goniometer iso-

lated from the main vacuum chamber. Rotary motion of the primaryA high resolution 4-bounce monochromator with nested pairs of
monochromator stage is accomplished by using two adjacenthannel-cut Si(422 and (10 6 4 crystals in(+n,+m,—m,—n)
vacuum chambers connected only by the small annular openingonfiguration was recently implemented for signal-to-background
around a hollow stainless steel shaft, which connects the Hubeznhancement in coherent nuclear resonant scattering measurements.
goniometer to the turntable on which the crystals are mounted. Thén this paper, it is analyzed by using methods that have been devel-
design of the monochromator is such that it can accommodate botbped for neutron optics. The overall throughput can be improved by
water and liquid nitrogen cooling for the crystal optics. The basicbending the outef422) pair. The bending relaxes the usual require-
design for the monochromator linkage mechanism will be presentechents on the reflection asymmetry of flat crystals, so that Gt2B

along with details of the monochromator chamber. The results otrystals can be set in beam condensation geometry. This results in
initial optical tests of the monochromator system using tilt sensordarge gains in flux at moderate gains in total beam intensity.
and a precision autocollimator will also be given. 1896 AIP. © 1996 AIP.
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Wide-bandpass “multilayer” monochromator for small angle adjustment and reduction of the cumulative optical surface errors.
scattering/diffraction studies on biological systems Therefore, at-wavelength interferometric measurement of EUV op-
Hiro Tsuruta, W.H. Tompkins, and K.O. Hodgs@®SRL/SLAC, tics will be the necessary metrology tool for the successful devel-
Stanford University, P.O. Box 4349, MS 69, Stanford, CA 94309opment of optics for EUV lithography. An EUV point diffraction
0210 T. Irving BioCAT, lllinois Institute of Technologi. Chen interferometer(PDI) has been developed at the Center for X-Ray
Dept. Chemistry, Stanford UniversiB. SegelDept. Physics, Stan- Optics (CXRO) and has been already in operation for a ygér
ford University(Presented on 19 October 1995 Goldberget al, in Extreme Ultra LithographyD.T. Attwood and F.
Zernike, eds(OSA, Washington, D.C., 1994K. Goldberget al.,
We have utilized a “multilayer” monochromatde pair of layered  proc. SPIE2437 to be published, and K. Goldbegt al., J. Vac.
synthetic microstructurgsn small-angle x-ray scattering/diffraction Sci, Technol. B13, 2923 (1995] using an undulator radiation
studies of biological materials. Many biological applications of the source and coherent optics beamline at the Advanced Light Source
SAXS/D technique, in particular time-resolved studies, are oftenALS) at Lawrence Berkeley National Laboratory. An overview of
limited by the flux available to experiments. The wider energythe PDI interferometer and some EUV wavefront measurements
bandpass of the multilayer monochromator provides a higher beamptained with this instrument will be presented. In addition, future
flux by a factor of 10 or more, compared with that of th€l$l)  developments planned for EUV interferometry at CXRO towards
double-crystal monochromator. At the SSRL BL 4-2 SAXS/D facil- the measurement of actual EUV lithography optics will be shown.
ity, two types of multilayers have been used: Mo/C on Si substrate, @ 1996 AIP.
fabricated at Lawrence Berkeley Laboratdr$. Brennanet al,
Nucl. Instrum. Methods Phys. Res347, 417(1994] and Mo/B4C
on Si substrate, obtained from Osmic, Inc. The energy bandpass
the former multilayer is about 150 eV at 10 keV, and that of the
;3: |§ ixfgf tsr?oi?)r?se}:l;gh;%g:ﬁ;élpilr;:;%e(lg\t}\z'\T)u I:tla;/ers 220, F 38043 Grenoble-@ex, France(Presented on 19 October
photon beam energy of 9 keV and a SPEAR ring current of 85 mA.1993

We will present excellent quality diffraction/scattering patterns tpig paper gives an overview of the challenges, the strategies, and

from muscle fibers and protein solutions that show no significant[he solutions in x-ray optics research and development at the Euro-
smearing artifacts due to the wider energy bandpass19@6 AlP. pean Synchrotron Radiation FacilitESRB, followed by an ac-
count of the practical experience gathered on the beamlines. The
performances of state-of-the-art mirrors, single-crystal monochro-
Soft x-ray magneto-optic Kerr rotation and element-specific  mators, and multilayer structures are given. Amongst the topics are:
hysteresis measurement adaptive optics and cryogenic cooling to cope with the heat load
J. B. Kortright and M. RiceCenter for X-Ray OptiCS and Advanced pr0b|em’ Bragg_Fresne| Optics for microfocusing, X-ray phase
Light Source, Lawrence Berkeley National Laboratory, Berkeleyplates for polarization production and analysis, and the use of dia-
CA 94720(Presented on 19 October 1995 mond crystals. It is shown that today’s optical elements at the ESRF

. . . are capable of preserving the high quality of the present x-ray
Soft x-ray magneto-optic Kerr rotation has been measured using Beams to a large extent. @®996 AIP.

continuously tunable multilayer linear polarizer in the beam re-

flected from samples in applied magnetic fields. Like magnetic cir-_ o o

cular dichroism, Kerr rotation in the soft x-ray region can be ele-Brilliance and flux reduction in imperfect inclined crystals

ment specific and much larger than in the visible spectral rangdV-K. Lee, R.C. Blasdell, P.B. Fernandez, A.T. Macrander, and D.M.
when the photon energy is tuned near atomic core resonances. Thivills Experlr_nental Facilities Division, Advanced Photon Source,
sensitive element-specific hysteresis measurements are possif¥gonne National Laboratory, Argonne, IL 6048resented on 19

with this technique. Examples showing large Kerr rotation from anQctober 1995

Fe film and element-specific hysteresis loops of the Fe and Cr in a‘rllhe inclined crvstal geometry has been suaaested as a method of
Fe/Cr multilayer demonstrate these new capabilities. Some conse- Y 9 ry 99

. . reducing the surface absorbed power density of high-heat-load
quences of the strong anomalous dispersion near the, Fedges . ; Y
to the Kerr rotation measurement are discussed. 1996 AlP. monochromators for third-generation synchrotron radiation sources.

Computer simulations have shown that if the crystals are perfectly
aligned and have no strains then the diffraction properties of a pair
) o of inclined crystals are very similar to a pair of conventional flat
Interferometry using undulator sources R. Beguiristain, K. A. oy q4a15 with only subtle effects differentiating the two configura-

Goldberg, E. Tejnil, J. Bokor, H. Medecki, D. T. Attwood, and K. {ighs However, if the crystals are strained, these subtle differences
JacksorCenter for X-ray Optics, Lawrence Berkeley Laboratory, 1 i, the pehavior of inclined crystals can result in large beam diver-

Cyclotron Rd., MS 2-400, Berkeley, CA 947@esented on 20 gonces causing brilliance and flux losses. In this manuscript, we
October 1995 elaborate on these issues and estimate potential brilliance and flux
density losses from strained inclined crystals at the APS.1996

g’ferformance of x-ray optics at the European Synchrotron Ra-
diation Facility
Andreas K. Freundeuropean Synchrotron Radiation Facility, B.P.

Optical systems for extreme ultraviol@EUV) lithography need to
use optical components with subnanometer surface figure error toﬁ‘lp'

erances to achieve diffraction-limited performafbeD. Himel, in

Soft X-Ray Projection LithographyA.M. Hawryluk and R.H.

Stulen, eds(OSA, Washington, D.C., 199318, 1089, and D. At-  Advantages of using a mirror as the first optical component for
twood et al, Appl. Opt. 32, 7022(1993]. Also, multilayer-coated =~ APS undulator beamlines

optics require at-wavelength wavefront measurement to charactew. Yun, A. M. Khounsary, B. Lai, K. J. Randall, I. McNulty, E.
ize phase effects that cannot be measured by conventional optic@luskin, and D. ShiExperimental Facilities Division, Argonne Na-
interferometry. Furthermore, EUV optical systems will additionally tional Laboratory, Argonne, IL 60439Presented on 19 October
require final testing and alignment at the operational wavelength fol995
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The advantages of using a mirror as the first optical component focooling system and a liquid gallium pumping system that have been

an Advanced Photon Sour¢APS) undulator beamline for thermal developed specifically for the APS high heat load beamlines. Also

management, radiation shielding mitigation, and harmonic rejectiompresented is a potential solution for the first mirrors on high heat

are presented. €1996 AIP. load beamlines, based on liquid gallium internal cooling of a silicon
carbide mirror. ©1996 AIP.

A monolithic, integrally cooled CVD SiC mirror substrate for
high heat load applications . - .
D. L. J. Lunt and A. G. LunPhoton Sciences International, 6870 S. A h'gh'prec's'on sglf-adapted optical structure ) .
Plumer Ave., Tucson, AZ 8570Bresented on 19 October 1995 Z_h'b' W?‘F‘Q' Wenbing Yun, and Tuncer Kquy(perlmen_taI Facili-

ties Division, Advanced Photon Source, Argonne National Labora-
The thermal loading on the optical components of third-generatiodOry, Argonne, IL 6043¢Presented on 20 October 1995
synchrotron systems is putting severe restrictions on the design and . . .
materials of these components to ensure that they maintain the'il;hlrd-generatlon synchrotron x-ray facilities, S”_Ch as the Advanced
pointing and beam-forming characteristics. Recent advances in ﬂféhoton Sourf:e, generate a very h!gh heat flux in a very small area.
properties and reliability of CVD silicon carbide, coupled with When an optical component is subjected to a heat load, there will be

newly developed techniques in optical fabrication, have resulted irl{t;(ermal deformﬁtlon caused bydqﬁtemperature 'T}meﬁ_si' For a plate-
a monolithic, integrally cooled SiC mirror substrate model that can <€ s_tructure, the temperature di erence over the thic Ness causes
be manufactured at a cost that makes it viable. Two examples ha\;éendmg, and the average temperature increment causes axial defor-

been fabricated, and we report on their construction and characteffation- For an optical element, the slope change due to bending is

istics, together with an assessment of the potential for extrapolating.'e main reason for the degradation of functlpnallty in the optical
the design and the process to larger sizes.1996 AIP, omponent. In order to preserve photons, optical components have
to be designed to have very small thermal deformation or small

change of slope in the surface. Typically the change of slope is
limited to a few microradians. The structure proposed here offers
Contact heat conductance at a diamond-OFHC copper interface  advantages in terms of cost, complexity, and operations.1986
with Galn eutectic as a heat transfer medium AIP.
L. Assoufid and A.M. Khounsarfxperimental Facilities Division,
Advanced Photon Source, Argonne National Laboratory, Argonne,
Illinois 60439 (Presented on 19 October 1995

On optimal contact cooling of high-heat-load x-ray mirrors

The results of an experimental study of the contact heat conducA. M. Khounsary and W. YurExperimental Facilities Division,

tance across a single diamond crystal interface with OFHC COPPEX 4yanced Photon Source, Argonne National Laboratory, Argonne,
(Cu) are reported. Gallium-indiuniGaln eutectic was used as an IL (Presented on 19 October 1995

interstitial material. Contact conductance data are important in the
design and the prediction of the performance of x-ray optics undeynder appropriate conditions, optimal contact cooling provides an
high-heat-load conditions. Two sets of experiments were carriedtractive cooling strategy for the design of high-heat-load mirrors.
out. In one, the copper surface in contact with diamond was polThis approach avoids a number of problems and uncertainties in-
ished and then electroless plated witfufin of nickel, while in the  herent in the fabrication, assembly, and operation of internally
other, the copper contact surface was left as machined. The megpoled high-heat-load optics. In this paper, the optimal contact-
sured average interface heat conductances are-8W/cnt-K for  cooling concept is described, its advantages, disadvantages, and
nonplated copper and 23:® W/cnt-K for nickel-plated copper. jimitations are pointed out, and various design aspects and options
For reference, the thermal contact conductances at a copper-coppge discussed. Simple heuristic guidelines for the design of such
interface(without diamond were also measured, and the results aregypstrates are provided. The mirror assembly consists of the pol-
reported. A typical diamond monochromator, 0.2 mm thick, will jshed substrate and two cooling blocks in contact with it. The mirror
absorb about 44 W under a standard undulator beam at the Admd cooling block dimensions as well as the location of the cooling
vanced Photon Source. The measured conductance for nickel-platgfbcks on the mirror, are optimized to provide a thermo-
copper suggests that the temperature drop across the interface @echanically balanced system so that there are negligible tangential
diamond and nickel-plated copper, with a 20 rhaontact area, will  sjope errors in the mirror without any bending mechanism. As an
be about 10°C. Therefore temperature rises are rather modest, a@qamme, the design of a high-heat-load first mirror for the Ad-
the accuracy of the measured contact conductances presented h@ggced Photon SourdAPS) is described. This mirror, which is 1.2
are sufficient for design purposes. €996 AlP. m long, is exposed to a total power of 2 kW with a uniform heat
flux of 0.38W/mn?. This mirror is currently being fabricated. The
concept of a thermo-mechanically balanced system can also be ap-
Cooling solutions for high heat load optics plicable to other high-heat-load optical components, such as mono-

D. Morris Accelerator Technology Group & Photon Sciences Ltd.,chromators. ©1996 AlP.
Oxford Instruments, Osney Mead, Oxford, OX2 0DX, EnglanH.
Harding, M. P. Cox, and D. Lunfccelerator Technology Group,

Oxford Instruments, Osney Mead, Oxford OX2 0DX, England
Characterization of thermal distortion effects on beamline op-

Heat loads on optical components at third-generation synchrotrotics for EUV interferometry and soft x-ray microscopy

sources, such as the APS, present beamline designers with difficUR. Beguiristain, J. H. Underwood, M. Koike, P. Batson, H. Me-
and complex engineering problems. A number of solutions havelecki, S. Rekawa, K. Jackson, and D. AttwoGdnter for X-Ray
been proposed, such as pin-post water cooling, cryogenic coolingptics, Lawrence Berkeley National Laboratory, 1 Cyclotron Rd.
and liquid gallium cooling. This paper describes both a cryogeniavS 2-400, Berkeley, CA 9472Presented on 19 October 1995
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This study analyzes synchrotron radiation heat loading effects oifaSi,-Si composites as wide-bandpass optical elements for syn-
optical components of beamline BL12.0 for EUV interferometry chrotron radiation Stuart R. StockSchool of Materials Sci. &
and soft x-ray microscopy at the Advanced Light Soutd&S). Eng., Georgia Institute of Technology, Atlanta, GA 30332-0245
Newly developed indirect side-cooled beamline optics were considHans-Bernd Neumann, Joerg Suessenback, and Jochen R.
ered, and the resulting surface distortion of mirrors and gratingSchneiderHASYLAB am DESY, Notkestrasse 85, D-22607, Ham-
indicates that there is no significant degradation of beamline perforburg, GermanyZofia U. RekSSRL, P.O. Box 4349, Bin 69, Stan-
mance in spectral resolution or throughput. Also analyzed are théord, CA 94309-021@Presented on 19 October 1995
effects of heat loading on end-station components, such as Fresnel
zone plates, transmission gratings, masks and membranes. Expefie wide matrix rocking curves of thie situ eutectic composite
mental results of heat loaded membranes are presented as well T&Sk-Si make it attractive as a wide-bandpass monochromator for
this writing. © 1996 AIP. synchrotron radiation. Wafers with[3iL1], S{110], or S{100] ori-
entation were studied to determine the origin of the wide rocking
curves. The high degree of preferred orientation of the JTa®ls
relative to the Si matrix was examined using synchrotron Laue pat-
terns and the Tag{100], TaSh [003], and TaSi [102] reflections.
Double and triple axis diffractometry were used to show that the
Design and analysis of the internally cooled silicon mirrors and large widths were due to strain and mosaic and not long-range
benders for wiggler sources at the Advanced Photon Source bending; copper radiatiotfor some double axis resultand 120
W. Schildkamp and Y. Jasktonsortium for Advanced Radiation 14 160 keV synchrotron radiation were used. At 8 keV, rocking
Sources, University of Chicago, 5640 S. Ellis Ave., Chicago, ILcyrve widths were about twenty times broader than those from per-
60637T. Tonnessen and G. Douglé®cketdyne Albuquerque Op- fect Si, and peak reflectivities approached 20%. Rocking curves
erations, 2511 C. Broadbent Parkway, N.E., Albuquerque, NMfom S{333] and Sj444] (120 and 160 keV, respectivelfrad iden-
87107(Presented on 19 October 1995 tical profiles and reflectivities of about 25%. The triple axis results

- . . N ' show compressive strains in the Si matrix alonflL&l] (i.e., par-
When silicon single crystal mirrors are bent to cylindrical figures of

. : . llel to the rodg and dilational strains orthogonal to the rods. These
typically 6 km bending radius, the moments needed are very Sm"?lﬁlesults confirm the promise of TgS$i as a wide-bandpass optical

and easy to disturb by cooling attachments to the sides of the Mirs|lement for synchrotron radiation. ®996 AIP.
ror. Hence, we decided to abandon the conventional concept o%

cooling plates attached to the sides of the mirrors and instead have

chosen to use internal water channels. We present here the design of

mirrors with cooling channels near the neutral axis of the silicon
beam that have a rather thick “hot wall.” The results of this ana-

lytical work are nonintuitive, regarding the stresses produced b

Multilayer roughness and image formation in the Schwarzs-
child objective
yS. Singh, H. Solak, and F. Cerrindniversity of Wisconsin, 3731

L . r$Schneider Drive, Stoughton, WI 53583resented on 19 October
due to coolant pressure variations and residual stresses from m%gs

chining and bonding of multiple layers of silicon. The geometry of

the water channels avoids water-to-vacuum seals and uses the mwe present a study of the effect of multilayer-surface-roughness-

ror bender as the coolant manifold. Engineering efforts, which rejnq,ced scattering in the image formation of the Schwarzschild ob-

duc_e the _bending stresses at bender-to-sil_icon interface by a f"?‘thEctive (SO) used in the spectromicroscope MAXIMUM. The two
of five, will be p_resepted. The complete mirror bender and motionirrors comprising the SO are coated with RyZBmultilayers that
control mechanics will be shown. @996 AIP. have a peak reflectivity at 130 eV. We had long observed that a
diffuse x-ray background surrounds the focused x-ray spot. The
spatial resolution remains at Qudm in spite of this. However, since
a significant fraction of the flux is lost to the background, since too
large an area of the sample is illuminated, and since the S/N ratio is
Optimization of monochromator crystal bending designs using ~ degraded, the origins of this effect merit investigation. This diffuse
computer simulations background resulting from x-ray scattering at the surface of the
A. Frenkel! B. Barg|S. Heald, K.H. Kim,* F. Brown! and E.A.  Mirrors was mapped out using bidirectional knife edge scans.
Sterr TPhysics Department, Box 351560, University of Washing_Cpmplementary .surface roughness simulations were carried out
ton, Seattle, WA 9819%acific Northwest Laboratories, Richland, With the ray-tracing program SHADOW. AFM experiments were
WA 99352. Mailing address: Argonne National Laboratory, 9700 S 8!s0 done to directly measure the surface roughness and power

Cass Ave., Argonne, IL 6043@resented on 19 October 1995 spectrum of representative multilayers. Following curve fitting, it
was possible to classify Gaussian components in both the measured

Sagittal focusing of a synchrotron radiation beam by cylindrically and simulated profiles as arising from scattering occurring at either
bending the second crystal in a double-crystal monochromator is atle convex primary mirror or the concave secondary mirror. To-
important way of increasing beam density at the sample posiion. ligether with geometrical analysis, these techniques permitted us to
this paper we describe results obtained by finite element analysis éfack the image formation process of an actual optical system in the
various optimized S{111) crystal shapes. For the bending magnet presence of surface roughness. 1996 AIP.

and wiggler sources, we analyzed ribbed crystals and found condi-

tions at which the sagittal curvature is cylindrical and the anticlastic

effect is minimized. For the undulator A source, we found that a

single slot in the center of a thick plate would be sufficient to Use of tapered glass capillaries for producing microbeams
eliminate the anticlastic effect and ensure cylindrical sagittal bendKyungha H. Kim, Dale L. Brev{) Frederick C. Brown, and Edward
ing. Autofocusing of the beam by means of a trapezoidal slot wa#\. Stern University of Washington, Department of Physics, Box
investigated, and simulation results are discussed.1986 AlP. 351560, Seattle, WA 98195 Mailing address: Pacific Northwest
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Laboratory, MS P8-12, Richland, WA 993Sgeve M. HealdPacific also discussed. The interface largely simplifies the use of these
Northwest Laboratory, Richland, WA 99352 Mailing address: Ar- codes and may be used without prior knowledge of how to run a
gonne National Laboratory, 9700 S. Cass Ave., Bldg 360, Argonneparticular program. ©1996 AlP.

IL 60439 (Presented on 19 October 1995

The Pacific Northwest Consortium CAT is developing tapered glass

capillaries using fiber optics techniques for fabrication. PreviousDesign of a high precision mirror-rotation system at the Ad-
calculations showed that, under ideal conditions and using Undulavanced Photon Source

tor A as a source, glass capillaries can produce higher intensity. Barraza, D. Shu, W. Yun, and T. M. Kuz&xperimental Facili-
gains than those of mirrors for an output diameter of 5 micrometeties Division, Advanced Photon Source, Argonne National Labora-
or less. Recently, we fabricated several capillaries with approxitory, lllinois 60439(Presented on 19 October 1995

mately linear tapers and tested three of them with outlet diameters ) o ] )

of 1.3, 1.4, and 12.4 micrometers and lengths of about 35-90 cnf? Prototype of a high precision rotation system has been designed,
We obtained intensity gains over a pin hole of about 270, 240, andpuilt, and tested_ for a horizontal deflecting mirror for the sector 2
30, respectively. They are about half of the calculated values exdndulator beamline at the Advanced Photon Source. The UHV high
pected from a perfectly linear profile. Also the angular spread of thdreat load mirror, which is the flrgt optical element in the first optics
output beam was much larger than the calculated value. We meg_nclosure,_dwerts und_ulator white beam to the downstregm optics
sured the profile of one capillary in detail and calculated the intennd €xperimental stations up to 47 meters away. Submicroradian
sity for the capillary with the measured profile and still found sig- POSitioning of this deflection arm is essential due to the position
nificant differences. We also made calculations assuming sever&CCUracy requirements at the experiment station and is accom-
types of misalignment and found that they are important factors irfPlished using a differential-style actuator with a frlctlonles_s rotation
understanding the larger angular divergence and reduced intensifj@tform mounted externally to the mirror chamber. The differential
These results suggest improvements in the fabrication of the capiCtuator combines a high gear-ratio mechanical drive with a series

laries and in ways to support them during experiments.1@6  ©Of bellows to achieve near-zero-backlash positioning. As a result,
AlP. submicroradian resolutions are possible without the use of closed-

loop controls. This paper presents the mechanical design and speci-
fications of this system and discusses the prototype test results.

High precision, high-heat-load mirror for the APS diagnostics © 1996 AIP.

beamline

E. Rotela, B. Yang, I. C. Sheng, S. Sharma, and A. Lumpkin

gonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 6043%ptimization of multilayer reflectivity and bandpass for soft to
(Presented on 19 October 1995 hard x-ray applications [0.1-200 keV]

K. Vestli* and E. ZieglerEuropean Synchrotron Radiation Facility,

Ahigh preqisiqn mirvor for measu.ring thg storage rjng beam si.ze i%P 220, F-38043 Grenoble Cedex, France *Permanent address:
under fabrication for the APS diagnostics beamline. The m'”or’Norwegian University of Science and Technology, Institutt For

which W'" be _Iocated at_ 12.'9 meters from t_he ber_ldlng magnerFysikk, N 7034 Trondheim, Norwé&resented on 19 October 1995
source, is required to maintain less than 1.6 microradian slope error.

The mirror design consists of a slot in the center in order to reducg, the |ast decades, the major motivation for manufacturing
incident power from the 300-mA, 7-GeV beam during normal op- myltilayer mirrors has been in soft x-ray applications, particularly
eration. Water channels with fins are machined in the GlidCop mir, astronomy, microlithography, and polarimetry. The advent of
ror body to protect it against extremely high heat loads under aCCihigh energy synchrotron storage rings has provided a new signifi-
dental beam deviations. The mechanical design of the mirror, andynt impetus emphasizing high energy applications and especially
results from a thermal analysis are presented in this paped 986 \yhen flux, rather than resolution, is desired. In this paper we
AIP. present the reflection properties of the most promising multilayer
material combinations for the energy range from 0.1 keV up to 200
keV. Previous calculations by Rosenbluth were limited to a maxi-
XOP: A graphical user interface for spectral calculations and  mum of 2 keV and to multilayers composed of pure elements and
x-ray optics utilities operating under normal incidence. As alloys might be essential for a
Roger J. Dejusxperimental Facilities Division, Advanced Photon smooth growth and/or for stability under high heat load, our screen-
Source, Argonne National Laboratory, Argonne, IL 60438nuel ing consisted of a list of up to 300 solids having a melting point
Sanchez del Ri&uropean Synchrotron Radiation Facility, BP 220, above 100°C and that could be deposited in a sputtering process. A
38043 Grenoble-Cedex 9, Fran¢@resented on 19 October 1995  full computer search calculates 45000 multilayer combinations for
) ) ) ) each anglgor multilayer d-spacingand energy of operation, the
A graphical user interface, using the Interactive Data Languag@nly necessary input variables. Other manufacture-related param-
(IDL) widget toolkit, for calculation of spectral properties of syn- eters can be specified to give a more realistic picture of the perfor-
chrotron radiation sources and for interaction of x-rays with opticalj,ance. As the number of layers is often limited, a nonperiodic
elements has been developed. The interface runs presently on thr&ésign could minimize absorption effects. €96 AIP.
different computer architectures under the Unix operating system —
the Sun-0OS, the HP-UX, and the DEC-Unix operating systems. The
point-and-click interface is used as a driver program for a variety of
codes from different authors written in different computer lan- Design and performance of a compact, versatile crystal bender
guages. The execution of codes for calculating synchrotron radigfor sagittal focusing of x-ray beams
tion from undulators, wigglers, and bending magnets is summabavid Adler University of Illinois, Urbana-Champaign, Materials
rized. The computation of optical properties of materials and theResearch Laboratory, Bldg. 510E, Brookhaven National Labora-
x-ray diffraction profiles from crystals in different geometries are tory, Upton, NY 11973Presented on 19 October 1995
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A focusing element that can be added to new and existing x-rayvlicromechanics, an emerging technology for sensor and actuator
monochromators is described. The bender is used to focus 4 mrddbrication, has a large market potential that has already been ex-
of light into a 300 micron spot4:1 demagnification The focus is  ploited in the sensor area. Progress in actuators, devices that modify
dynamically adjusted over the energy range 2.1 to 25 keV. Thigheir environment and are fundamentally three dimensional, has
device is a working part of beamline X16C at the NSLS and isbeen much more modest and is suffering from the availability of a
routinely used to collect surface diffraction, DAFS, and EXAFS fabrication tool with the necessary attributes. If the tool is based on
data. Suggestions for its use in other beamlines, including insertiophotoresist technology, requirements include very large structure
device lines at the APS, will be discussed. 1©96 AIP. heights: in the millimeter range, for mask-defined prismatic photo-
resist shapes with flanks that differ from 90 degrees by less than 15
) ) ] ) ] arc-seconds. Photoresist procedures that lead to these results are
Multilayer optics for harmonic control of angiography beamline ey different from their counterparts in the microelectronic indus-
sources L _ try. Thus, application is based on precast sheets of polymethyl
R. Tatchyn, T. Cremer, D. BoyetsQ. Li,t and M. p,gstrubStan- methacrylate, PMMA, and solvent bonding followed by precision
ford Synchrotron Radiation Laboratory, Stanford Linear Accelera- fly-cutting. Exposure is based on well-collimated x-ray sources,
tor Center, Stanford, CA 9430%Adelphi Technology, Inc., 2181 synchrotrons, with flux densities that can deposit 1,600 Joules per
Park Bivd., Palo Alto, CA 9430€Presented on 19 October 1995 ¢ pic centimeter in a finite time at the correct photoresist depth.

In recent work, multilayers with band-tailored optics for dual en- Since PMMA has an absorption length that varies with photon en-
’ y P ergy, it is 100 micrometer at 3000 eV and increases to 1 cm at

ergy digital sublraction angiograph{DDSA) applications have 20,000 eV, beamline and exposure designs center on transmission

b:\‘rea?mdeizlrgniendclizfn tes"[eeri);t rSa?jﬁL. (r:a(iir:)tr;l‘ f“f ;ig?lzivr;u::::;fﬁlters that control the low energy portion of the synchrotron spec-
P ' 9p 9 9 9 trum. Since exposure latitude is large, overexposure by a factor of

IS . ; . ; X
with bandwidths ranging from 0.6%-10% and efficiencies in thelss is allowed, beamline and exposure design are relatively simple.

. . xperiments via the Wisconsin machine, Aladdin, and the
0/ — 0,
30%-95% range. In this paper, we consider the control OflIgrookhaven 2.6-GeV ring are being used to study the effectiveness

multilayer bandshapes and the implementation of double-reflection . . L
. . . . issue of manufacturing with synchrotron radiation. Actuator test
multilayer configurations to further control the first harmofg3

keV) bandwidth and to suppress or eliminate the 66 keV and 99vehlcles are Ilnea_r _and rotational mag_netlc micromotors with force

. . . . _outputs in the milli-Newton range. High energy exposures have
keVharmonics present on angiography beamlines driven by wig, roduced large parts with submicron precision that are finding ap-
gler or micropole undulator sources. €996 AIP. P ge p P g ap

plications in ink jet printing and precision injection molding proce-
dures. Both device types are unique to x-ray assisted processing.
Medical imaging © 1996 AIP.

Dean ChapmarNational Synchrotron Light Source, presently at

Center for Synchrotron Radiation Research and Instrumentation,

lllinois Institute of Technology, 3301 South Dearborn, Chicago, IL

60616 (Presented on 19 October 1995 _ ) ) ) _ )
Preparation of microfocusing optics using synchrotron radia-

There are a number of medically related imaging programs at syrtion sources

chrotron facilities around the world. The most advanced of these aréranco Cerrin&enter for X-ray Lithography, University of Wiscon-
the dual energy transvenous coronary angiography imaging presin, Madison, 3731 Schneider Drive, Stoughton, WI 53589-3097
grams, which have progressed to human imaging for some year§Presented on 20 October 1995

The NSLS facility will be discussed and patient images from recent

sessions from the NSLS and HASYLAB will be presented. TheX-rays are used for microfabrication of high-aspect-ratio structures
effort at the Photon Factory and Accumulator Ring will also be because of their high penetrating power for microfabrication of in-
briefly covered, as well as future plans for the new facilities. Em-tegrated circuits because of their very high spatial resolution. An
phasis will be on the new aspects of these imaging programs; thighcommon application is the development of phase-shifting optics
includes imaging with a peripheral venous injection of the iodinefor hard x-rays, where both requiremefitigh aspect ratio and high
contrast agent, imaging at three photon energies, and the potentiggsolution must be met at the same time. In the hard x-ray re¢fon

of a hospital-based compact source. Other medical programs to &€V and up, conventional absorbing binary diffractive optics are
discussed, are the multiple energy computed tomograBtECT) very inefficient because of the low contrast of most elements. It is
project at the NSLS and plans for a MECT program at the ESRFEinstead possible to achieve very high efficiency using phase-shifting
Recently, experiments performed at the NSLS to image mammogoptics. To achieve a phase shift of Pi, several microns of material
raphy phantoms using monochromatic beam have produced vedf€ needed. At the same time, the spatial resolution is determined by
promising results. This program will be discussed as well as soméhe finest line in the pattern, of the order of 0.2—frh. This yields
new results from imaging a phantom using a thin Laue crystal ana@SPect ratios of 10-50, posing great challenges to microfabrication

lyzer after the object to eliminate scatter onto the detector1996  because the submicron dimensions require a much more delicate
AIP. process than that found, for instance, in LIGA. We have overcome

these hurdles, and succeeded in manufacturing Fresnel phase plates

with 0.1 um smallest features for operation at 8 keV. We use a

combination of x-ray and electron-beam lithography to process the
Deep x-ray lithography for micromechanics and precision engi-  masks. In particular, the use of an x-ray aligner, capable of multiple
neering exposures, has allowed us to fabricate multilevel FPPs, with
Henry GuckelWisconsin Center for Applied Microelectronics, De- “blazed” zone profile of efficiency approaching 80% in the first
partment of Electrical and Computer Engineering, University of order focus. We will review the techniques that are at the basis of
Wisconsin-Madison, Madison, WI 5370Bresented on 19 October our fabrication process, describe our approach, and present some of
1995 the most recent results. @996 AlP.
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Toward the development of high resolution synchrotron x-ray ~ Our objective is the fabrication of small high-precision parts using
diffraction tomography of polycrystalline materials LIGA, which can be used in a variety of industrial applications.
Stuart R. Stock, D. P. Piotrowski, A. Guvenilir, C. R. Patterson, andLIGA is a combination of deep x-ray lithography, electroplating,
J. D. HaaseSchool of Materials Sci. & Eng., Georgia Institute of and replication processes that enables the fabrication of microstruc-
Technology, Atlanta, GA 30332-02Zbfia U. RekSSRL, P.O. Box tures with vertical dimensions several millimeters high, lateral di-
4349, Bin 69, Stanford, CA 94309-02(Presented on 18 October mensions in the micrometer range, and submicron tolerances. On
1995 beamline 10.3.2, at the Advanced Light Sou(gé.S), the Center

for X-ray Optics (CXRO) has built an end station suitable for
In understanding the macroscopic response of polycrystalline strug-|GA. The ALS is an excellent source of radiation for this applica-
tural materials to loading, it is frequently essential to know both thetion. The CXRO, in close collaboration with Sandia National Labo-
three-dimensional distribution of strain and of microtexture. ThEra’[ory and the Jet Propulsion Laboratory, has developed the other
methods must be nOﬂdeStrUCtiVe, hOWeVer, if the evolution of quanessential process Steps of mask making, resist deve|opment’ X-ray
tities, such as strain at a fatigue crack tip, are to be studied. Thigxposure, and electroplating. This technology provides a powerful
paper describes approaches for high resolution synchrotron x-ragol for mass production and miniaturization of mechanical systems
diffraction tomography of polycrystalline materials. Preliminary ex- into a dimensional regime not accessible by traditional manufactur-
periments are reported on partially cracked compact tensiofhg operations. We will present several applications that exploit the
samples of Al-Li 2090 and on model samples of randomly packedcharacteristics of the LIGA process: the fabrication of magnetic
millimeter-sized single crystals. Polychromatic beams collimated tqaminations for a high precision stepping motor; miniature octopole
diameters as small as 30m have been used, and collecting the |ens for advanced e-beam lithography; high-aspect-ratio x-ray col-
spatial distribution of diffracted intensity on image storage plates asimating grids for astronomy; and microscopic tumblers for nuclear
a function of sample-to-detector separation allowed inference of theecurity. © 1996 AIP.
depth of the volume elements contributing to diffraction. The pre-
cision to which one can determine the depths of volume elements

will be discussed as well approaches for three-dimensional, nonde- ] o )

perMAXIMUM

John T. Welnakl), H. SolaK1), J. Wallacél), F. Cerrindl), F.
Installation and initial operation of the Suss Advanced Lithog- ~ Barbd2), M. Bertold2), A. Biancd2), S. Di Fonz@2), S. Fon-
raphy Model 4 X-ray Stepper tang2), W. Jark2), F. Mazzolin(2), R. Rose(2), A. Savoid2), J.H.
Gregory M. Wells, J. P. Wallace, E. L. Brodsky, Q. J. Leonard, M. Underwood3), and G. Margaritondd) (1) University of W+
T. Reilly, P. D. Anderson, W. K. Lee, and F. Cerri@enter for ~ Center for X ray Lithography, 3731 Schneider Drive, Stoughton, WI
X-ray Lithography, University of Wisconsin, 3731 Schneider Dr.,53589 (2) Sincrotrone Trieste, Padriciano 99, 34012, Trieste, Italy

Stoughton, WI 5358Klaus SimonSuss Advanced Lithography (3) Lawrence Berkeley Laboratory, Center for X ray Optics, 1 Cy-
(Presented on 18 October 1995 clotron Road, 80-101, Berkeley, CA 94720 (4) Institut de Physique

Appligee, Ecole Polytechnique Federale, CH-1015, Lausanne, Swit-
A Suss Advanced Lithography X-ray Stepper designed as a producerland(Presented on 18 October 1995
tion tool for high throughput in the sub-quarter-micron device range
has been installed and is being commissioned at the University diiigh brightness, third-generation synchrotrons allow diffraction-
Wisconsin's Center for X-ray Lithograph§eXrL). lllumination for limited performance and large flux for scanning photoemission mi-
the stepper is provided by a scanning beamline designed and coR[OSCOPes. A new microscope, SuperMAXIMUM, is being devel-
structed at CXrL. The beamline optical components are a goldoPed at the University of Wisconsin Center for X ray Lithography
coated plane mirror, a 1-micron-thick silicon carbide window, and ain collaboration with the Sincrotrone Trieste. The beamline, being
25-micron-thick beryllium exit window. Beamline features include Puilt in Trieste, uses a variable angle spherical grating monochro-
synchronized scanning of the mirror and exit window, variable scarinator (VASGM). A combination of rotation of a plane mirror and
velocity to compensate for reflectivity changes as a function offotation of the spherical grating keeps the slit positions and beam
incident angle, and a horizontal oscillation of the beryllium window directions fixed. The microscope objectives are normal-incidence,
during vertical scanning to average the effects of nonuniform berylmultilayer-coated Schwarzschild objectives. The project, which is
lium window transmission. A helium purged snout transports theN€aring completion, utilizes novel designs for optics alignment,
x-rays from the beamline exit window, to the exposure plane in thesample rastering mechanics, and software control. We will discuss
stepper. This snout is retractable to allow for the loading and unthe project status, new designs, and techniques1986 AlP.
loading of masks into the stepper. The motions of the mirror, exit
window, and snout are computer controlled by a LABVIEW pro-
gram that communicates with the stepper control software. The dq'nstallation of the MAXIMUM microscope at the ALS

sign of the beamline and initial operating experiences with the, NglR.C.C. PereraJ.H. Underwood,S. Singh? H. Solak? and
beamline and stepper will be discussed. 1896 AIP. F. Cerrin& Lawrence Berkeley National Laboratory, Berkeley, CA
94720°Center for X-ray Lithography, University of Wisconsin

Madison Stoughton, WI 5358®resented on 18 October 1995
Precision manufacturing using LIGA Keith H. Jackson and Chan-

tal Khan MalekCenter for X-ray Optics, Lawrence Berkeley Labo- The MAXIMUM scanning x-ray microscope, developed at the Syn-
ratory, Berkeley, CA 9472William D. Bonivert, J. M. Hruby, and  chrotron Radiation CentdSRQ at the University of Wisconsin —

J. T. HachmarMaterials Synthesis Department, Sandia National Madison, was implemented on the Advanced Light So(AdeS) in
Laboratory, Livermore, CA 9455Reid A. Brennen, Dean Wiberg, August of 1995. The microscope’s initial operation at SRC success-
and Michael H. HechCenter for Space Microelectronics Technol- fully demonstrated the use of a multilayer-coated Schwarzschild
ogy, Jet Propulsion Laboratory, Pasadena, CA 91109-8(@&-  objective for focusing 130 eV x-rays to a spot size of better than 0.1
sented on 18 October 1995 micron with an electron energy resolution of 250 meV. The perfor-
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mance of the microscope was severely limited because of the relaivity is significantly improved compared to the use of grazing in-
tively low brightness of SRC, which limits the available flux at the cidence mirrors. Different pairs of mirrors have been used to oper-
focus of the microscope. The high brightness of the ALS is ex-ate at 8.5, 10, and 12.5 keV. The detection limits for elements from
pected to increase the usable flux at the sample by a factor of 100&i to As will be presented for operation at both 1.5 GeV and 1.9
We will report on the installation of the microscope on bending GeV. Results that illustrate the features of the instrument will be
magnet beamline 6.3.2 at the ALS and the initial measurement gbresented from the many samples that have been studie4996
optical performance on the new source, and preliminary experiAlP.

ments on the surface chemistry of HF-etched Si will be described.

© 1996 AIP.

Focusing x-rays to a 1um spot using elastically bent, graded
multilayer-coated mirrors
X1A: Second-generation undulator beamlines serving soft x-ray  J. H. Underwood,* A. C. Thompson,* J. B. Kortright,* K. C. Chap-
spectromicroscopy experiments at the NSLS man,* and D. Lunt *Center for X-ray Optics, Lawrence Berkeley
B. Winn2 H. Ade? C. Buckley: M. Howells? S. Hulbert? C. Ja-  National Laboratory, Berkeley, CA 9473Bhoton Sciences Ltd., 32
cobserf, J. Kirz2I. McNulty," J. Miao? T. Oversluizer, . Pogorel-  Athol St., Douglas, Isle of Man, British IsléBresented on 18 Oc-
ski? and S. Wirick ®Department of Physics, State University of tober 1995
New York at Stony Brook, Stony Brook, NY 11794-3800
b Department of Physics, North Carolina State University, Raleigh,In the LBNL x-ray fluorescence microprobe, a synchrotron source
NC 27599¢Physics Department, King's College, London, WC2R of x-rays is demagnified several hundred times using a pair of mir-
2LS, UK YAdvanced Light Source, Lawrence Berkeley Nationalrors in the Kirkpatrick-Baez configuration. These are coated with
Laboratory, Berkeley CA 9472GNational Synchrotron Light multilayers to increase reflectivity and limit the pass band of the
Source, Brookhaven National Laboratory, Upton, NY 11973x-rays striking the sample. With spherical mirrors, the spot size
f Advanced Photon Source, Argonne National Laboratory, Chicagopbtained is limited by spherical aberration. This can be corrected by
IL 60439 ®Creative Instrumentation, 412 S. Country Rd., E. using an initially flat mirror elastically bent by a combination of end
Patchogue, NY 1177@resented on 18 October 1995 couples into an ellipse. By grading the multilayer coatings in
d-spacing, the throughput of the focusing system is increased and
The X1A undulator beamline is being rebuilt with two separatethe pass band narrowed. A pair of such mirrors, installed in the
monochromators on its two branches. The new arrangement willhicroprobe on a bending magnet at the Advanced Light Source
deliver spatially coherent beams to imaging experiments, with speqALS), achieved focal spots of dimensionarix1 um at energies
tral resolving power of up to 5000, and the capability to optimize of 8.5 keV and 12 keV, with an energy pass band of 10%. 1996
the resolving power versus flux. The beamlines will operate simul-a|p.
taneously, and each will use 15 percent of the undulator beam, yet
deliver high coherent flux. Because of the small beam divergence,
the spherical grating monochromators can operate with fixed exit ] ]
arms throughout the 250—800 eV range. 1996 AIP. Phase-contrast computed microtomography with 50 keV syn-
chrotron x-rays
C. Raven, A. Snigirev, |. Snigireva, P. Spanne, and A. Suvorov

o ) ESRF, B. P. 220, 38043 Grenoble Cedex, Fra(feeesented on 18
X-ray fluorescence analysis with high energy resolution October 1995

Wolfgang A. Caliebd, Sas Bajt and Chi-Chang Kab'National
Synchrotron Light Source, Brookhaven National Laboratory, Upton,The possibilities to determine the internal structure of low density
NY 11973*The University of Chicago and Center for Advanced materials by a simple microtomography setup with high energy syn-
Radiation Sources, Chicago, IL 6063Presented on 18 October chrotron x-rays are demonstrated experimentally. The coherent
1995 properties of a 50 keV x-ray beam at the ESRF wiggler beamline
are used to observe phase-contrast images of a boron fiber, which
The analysis of x-ray fluorescence lines with total energy resolutiory 5 negligible absorption in this energy range. Images of the boron
of 1 eV or better can provide detailed information on the electroniciper are recorded with a high-resolution x-ray film at various dis-
structure of the sample in addition to quantitative elemental analysig;nces up to 2 m. For microtomography studies, 61 images are
of the sample. A perfect crystal spectrometer was developed for thigyken over an angular range of 180 degrees. In the reconstructed
purpose. Preliminary results from a series of chromium oxides willgross sections, the hollow, 15-mm-diameter core of the fiber is
be presented. €1996 AIP. clearly visible. © 1996 AIP.

Trace element analysis using the fluorescence microprobe at the EUV and soft x-ray transmission microscopeR. N. Watts, T. B.
Advanced Light Source Lucatorto, and S. T. Lianfjlational Institute of Standards and Tech-
Al Thompson and K. C. Chapmagenter for X-ray Optics, nology, Physics Building (221), Room A253, Gaithersburg, MD
Lawrence Berkeley National Laboratory, 1 Cyclotron Rd., MS20899 F. Polack|IOTA/LURE, BAT 503, BP 147, 91403, Orsay,
2-417, Berkeley, CA 9472®resented on 18 October 1995 Cedex, FranceM. R. ScheinfeinDept. of Physics & Astronomy,

Arizona State University, Tempe, AZ 8528Tesented on 18 Octo-
The fluorescence microprobe beamline at the Advanced Lighber 1995

Source(ALS) is a unique instrument for analysis of trace elements.

The beamline is on a bending magnet port of the synchrotron antiVe present preliminary performance results for a new type of im-
uses a pair of multilayer-coated mirrors to focus the x-ray source t@ging microscope operating in the EUV and soft x-ray regions. This
a spot size of 1-5um? Since the multilayer mirrors limit the microscope is a true transmission microscope in which an unmag-
energy bandpass of the system to 5-10%, the trace element sensified image of the sample is formed by differential absorption of
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the x-ray beam as it passes through the sample. The unmagnifiedately 0.5 mm high by 100 mm wide. Images were acquired in line
photon image is converted into low energy secondary electrons atscan mode with the phantom and detector both scanned together.
thin Csl photocathode, and the subsequent electron pattern is ma@he detector for these experiments was an image plate. A thin
nified and imaged using a simple 3-lens system. Conversion of th&8i(111) Laue analyzer was used to diffract a portion of the beam
magnified electron patern into visible photons occurs at a fine graitransmitted through the phantom before the image plate detector.
phosphor viewed by a CCD detector/computer combination thafhis “scatter free” diffracted beam was then recorded on the image
allows parallel detection of the original photon image in near realplate during the phantom scan. Since the thin Laue crystal also
time with approximately 1008 magnification. The microscope has transmitted a fraction of the incident beam, this beam was also
a theoretical resolution of 20 nm and a potentially wide range ofsimultaneously recorded on the image plate. The imaging results are
uses including biology, materials science studies, and investigationgterpreted in terms of an x-ray schliere or refractive index inhomo-
into magnetic dichroism effects. The design and preliminary imag-geneities. The analyzer images taken at various points in the rock-
ing results of the microscope will be presented and future directiongng curve will be presented. €996 AIP.

discussed. ©1996 AlP.

Monochromatic beam mammography studies using synchro- Pixel array detector for time-resolved x-ray scattering
tron radiation Nicholas F. Gmuand W. ThomlinsoNational Syn-  Brian G. RodricksExperimental Facilities Division, Advanced Pho-
chrotron Light Source, Brookhaven National Laboratory, Building ton Source, Argonne National Laboratory, Argonne, IL 60&2-
725D, Upton, NY 11973-500R. E. Johnson, D. Washburn, and E. dor L. Barna, Sol M. Gruner, John A. Shepherd, Mark W. Tate, and
PisanoUniversity of North Carolina, Chapel Hill, NC 27598.  Robert L. Wixted Department of Physics, Princeton University,
Arfelli National Synchrotron Light Source, Upton, NY 11973-5000Princeton, NJ 08544Presented on 20 October 1995
and INFN di Trieste and Universitdi Trieste, Trieste, Italy.. D.
Chapman, R. Menk, and Z. Zhonational Synchrotron Light This paper describes the development of a large area hybrid pixel
Source, Upton, NY 11973-500D. SayersNorth Carolina State  detector designed for time-resolved synchrotron x-ray scattering ex-
University, Raleigh, NC 27698resented on 18 October 1995 periments in which limited frames, with a high framing rate, are
required. The final design parameters call for a 202824 pixel
Preliminary experiments have been carried out on the X27C R&Darray device with 150-micron pixels that is 100% quantum efficient
beamline at the National Synchrotron Light SoufBESLS) to ex-  for x-rays with energy up to 20 keV, with a framing rate in the
plore the potential improvement in contrast in breast imaging usingnicrosecond range. The device will consist of a fully depleted diode
monochromatic synchrotron x-rayR. E. Johnsonet al, SPIE  array bump bonded to a CMOS electronic storage capacitor array
(1999 (to be publishef. In our present study, images have beenjith eight frames per pixel. The two devices may be separated by a
obtained of ACR, contrast detail and anthropomorphic phantoms at-ray blocking layer that protects the radiation-sensitive electronics
16 to 24 keV. Phantom thickness varied from 42 to 80 mm. Syn{ayer from damage. The signal is integrated in the electronics layer
chrotron images using a Fuji image plate detector and standargind stored in one of eight CMOS capacitors. After eight frames are
mammographic film have been compared to each other and witfaken, the data are then read out, using clocking electronics external
conventionally produced images. The preliminary results show afo the detector, and stored in a RAM disk. Results will be presented
improved contrast over the conventional images with lower abpn the development of a prototypex4 pixel electronics layer that
sorbed dose in the phantoms. The image plate detector was used {&r capable of storing at least 10,000 12-keV x-ray photons for a
our fist experiments because it was readily available and producesapacity of over 50 million electrons with a noise corresponding to
digital data. Experiments using an additional analyzer crystal as @ x-ray photons per pixel. The diode detective layer and electronics

scatter rejection element are also underway at the NELEhap-  storage layer along with the radiation damage and blocking layers
man, SRI ‘95(these proceedingk We plan to evaluate a variety of will be discussed. ©1996 AIP.

detectors and monochromatic beam geometries in order to develop
a system that optimizes mammography image contrast and spatial

resolution. ©1996 AIP. High-resolution multielement solid-state detectorsAlberto Pullia

Dipartimento di Elettronica e Informazione, Politecnico di Milano,

Piazza L. Da Vinci, 32, 20133 Milano, Italiz. Furenlid, H.W.
Mammography imaging studies using a Laue crystal analyzer Kraner, P.J. Pietraski, and D.P. Siddd@rsokhaven National Labo-

D. Chapmar(1), W. Thomlinson(2), F. Arfelli (2,4), N. Gmir (2), ratory, Upton, NY 11973Presented on 20 October 1995

Z. Zhong(2), R. Menk(2), R. E. Johnsoii3), D. Washburn(3), E.

Pisano(3), and D. Sayers5) (1) CSRRI, lllinois Institute of Tech- Recent advances in multielement solid-state detector systems for
nology, 3301 S. Dearborn, Chicago, IL 60616 (2) National Syn-high rate, high resolution x-ray spectroscopy at noncryogenic tem-
chrotron Light Source, Brookhaven National Laboratory, Upton, NY Peratures will be described in this paper. A 16-channel silicon de-
11973 (3) University of North Carolina, Chapel Hill, NC 27599 (4) tector system, designed and built at BNL, has been recently oper-
INFN di Trieste and Universitali Trieste, Trieste, Italy (5) North ated in the NSLS machine beam #X19A, showing an average

Carolina State University, Raleigh, NC 2769Bresented on 18 €nergy resolution of less than 250 eV FWHM, which is adequate to
October 1995 discriminate the fluorescence trace element against the background

of elastically scattered photons in a typical EXAFS application. A
Synchrotron-based mammography imaging experiments have bedarger, 128 channel system, will soon permit a higher overall count
performed with monochromatic x-rays in which a Laue crystalrate:>10° counts per second. It is shown that, in order to achieve
placed after the object being imaged has been used to split the beamgh resolution with a solid-state detector, special care must be
transmitted through the object. The X27C R&D beamline at thespent in the detector-preamplifier assembly. A low noise detector-
National Synchrotron Light Source was used with the white beanpreamplifier may be obtained integrating the front-end deviaes
monochromatized by a double crysta(l8il) monochromator tuned FET and/or a feedback capacitavith the detector itself. ©1996
to 18 keV. The imaging beam was a thin horizontal line approxi-AlP.
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Macromolecular crystallographic results obtained using a 2048  Position sensitive x-ray detector OD-3

X 2048 CCD detector at CHESS V.M. Aulchenko, Yu.S. \Velikzhanin, V.M. Titov, S.A. Ponomarey,
Daniel J. ThieP Steven E. EalicR Mark W. Tate? Sol M. Yu.V. Usov, M.S. Dubrovin, *B.P. Tolochko, Yu.A. Gaponov, A.l.
Gruner® and Eric F. Eikenberfy a) Section of Biochemistry, Cell Ancharov, O. Evdokov, and A.V. Besserguerigwdker Institute of
and Molecular Biology, Cornell University, Ithaca, NY 14853 b) Nuclear Physics *Institute of Solid State Chemistry 630090, No-
Department of Physics, Princeton University, Princeton, NJ 08544vosibirsk 90, Russi@Presented on 18 October 1995

c) Robert Wood Johnson Medical School, Piscataway, NJ 08854
(Presented on 18 October 1995 A fast one-coordinate x-ray detector of a new design aimed for

angular measurements in diffraction experiments was developed in
We present results of macromolecular crystallographic experimentBINP. The detector is based on a multiwire proportional chamber
performed at the Cornell High Energy Synchrotron Sourcewith x-ray absorption drift volume. It allows acceptance of photons
(CHESS with a new CCD-based detector. This detector, installedin the energy range from 6 keV to 20 keV with a maximum rate of
in January 1995, complements a 16224 CCD detector that has 10 MHz/detector and coordinate resolution about 0.1 ) in
been in continuous operation at CHESS since December 1993. THmear scale. The first OD-3 chamber has a 0.4-mm-thick Be inlet
new detector is based on a 4-port, 264848 pixel CCD that is window 200 mm x 10 mm, a photoabsorbtion length of 50 mm, and
directly coupled to a GD,S:Tb phosphor by a 3:1 tapered fiber a parallax-free cathode structure for angles upttd5 degrees at
optic. The active area of the phosphor is a square 82 mm on awariable focal lengtifrom 300 mm to 450 mm without any modi-
edge. The readout time is 7 seconds. In the standard mode of ofieation and to infinite at cathode plane replacemere first tests
eration, the pixel size at the active area is 4fin on the edge of the detector at synchrotron radiation beamline 5-b VEPP-3 and
leading to the capability of resolving approximately 200 orders ofwith a x-ray tube show a good performance. The detector construc-
diffraction across the detector face. The detector also operates inton specifics and test results will be discussed in the report.
1024x1024 mode in which the pixel size is electronically increased © 1996 AlP.
by a factor of 4 in area resulting in smaller data files and faster
detector readout but at the expense of spatial resolution. Most of the
data that has been collected by this detector has been collected pirogress in multielement silicon detectors for synchrotron XRF
this mode. Dozens of data sets have been collected by many expedpplications
menters using this detector at CHESS during the four month periogarolyn S. Rossington, Bernhard Ludewigt, Issy Kipnis, Sharonda
from its installation until the start of the six-month down period of |vy, and Bradley Krieget.awrence Berkeley National Laboratory, 1

the storage ring. The capabilities of the detector will be illustratedCyclotron Road, M/S 70A-3363, Berkeley, CA 94Rfesented on
with results from various crystallographic measurements includindi8 October 1995

experiments in which the recorded diffraction patterns extend in

resolution as far as 1 A. The results demonstrate that this detector Multielement silicon strip detectors, in conjunction with integrated

capable of collecting data of quality at least equal to that of imagingcircuit pulse-processing electronics, offer an attractive alternative to

plates but, in many circumstances, with much greater beamline efzonventional lithium-drifted silicon and high purity germanium de-

ficiency. © 1996 AIP. tectors for high count rate, low noise synchrotron x-ray fluorescence
applications. We have been developing these types of detectors spe-
cifically for low noise synchrotron applications, such as extended

) ] ) x-ray absorption fine structure spectroscopy, microprobe x-ray fluo-
Siemens SMART CCD detector applied to protein crystallogra-  rescence and total reflection x-ray fluorescence. The current version

phy with synchrotron and rotating anode x-ray sources of the 192-element detector and integrated circuit preamplifier,
J. Phillips, J. Chambers, J. Fait, M. Schuster, and R. SIiet8ens  qoled to —25°C with a single-stage thermoelectric cooler,

Analytical Instruments, 6300 Enterprise Lane, Madison, W1 53719+ -hieves an energy resolution 6200 eV FWHM (at 5.9 keV, 2
1173 (Presented on 18 October 1995 microseconds peaking timeand each detector element is designed
}go handle a~20 kHz count rate. The detector system will soon be

The performance of the Siemens CCD detectors with 1K and 2 completed to 64 channels using new IC amplifier chips, CAMAC

chips is evaluated using radiation from bending magnet beamline/iDCS CAMAC histogramming modules, and Macintosh-based

at SSRL and NSLS and from a rotating anode source with thr(_ee ata acquisition software. We will report on the characteristics of

types of optics. Structure solution quality data are obtainable "his detector system, the characteristics of the next generation sys-

short times for macromoleculaap to 300 A cell and Sm.a” mol- tgm (192 channels with IC ADQs and the use of these detector
ecule crystallography. General experiments, such as time-resolve

powder diffraction and overlayer diffraction are also possible.syStemS In synchrotron XRF applications. 1996 AIP.
© 1996 AlP.

A multichannel monolithic Ge detector system for fluorescence
x-ray absorption spectroscopy
TEXRAY™ CCD detectors J. J. Bucher, P. G. Allen, N. M. Edelstein, and D. K. Si@themical
Joseph D. Ferrara, K. Crane, R. D. Gardner, N. D. Jones, J. W5ciences Division, Lawrence Berkeley National Laboratory, Berke-
Pflugrath, J. M. Troup, and B. R. Vincektolecular Structure Cor-  ley, CA 94720N. W. Madden, C. Cork, P. Luke, D. Pehl, and D.
poration, 3200 Research Forest Drive, The Woodlands, Texa#lalone Engineering Division, Lawrence Berkeley National Labo-
77381(Presented on 18 October 1995 ratory, Berkeley, CA 9472(Presented on 18 October 1995

We have designed and built TEXRAY™ CCD detectors with prop-The construction and performance characteristics of a monolithic
erties suitable for single-crystal data collection on both small mol-quad-pixel Ge detector designed specifically for fluorescence x-ray
ecules and macromolecules. Characterization and use of 7@bsorption spectroscof)XAS) at synchrotron radiation sources is
mmx70 mm and 140 mm 140 mm aperture detectors will be dis- described. The detector semiconductor element has an active sur-
cussed in the context of the synchrotron source. 1996 AIP. face area of 4.0 cfthat is electrically separated into four
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1.0 cnf pixels, with little interfacial dead volume. The spatial re- tance to radiation-induced changes, and temporal stability. While
sponse of the array demonstrates that cross-talk between adjacé#/GaAsP and Au/GaP Schottky photodiodes display high sensitiv-
pixels is less than 10% for 5.9-keV photons that fall within 0.5 mm ity, good uniformity, and resistance to radiation damage, they suffer
of the pixel boundaries. The detector electronics system utilize§rom temporal instability. Results presented in this paper indicate
preamplifiers built at LBNL with commercial Tennelec Model TC that the quantum efficiency of Au/GaAsP and Au/GaP photodiodes
244 amplifiers. Employing afrFe test sourcéMn K., 5.9 keV), degrades in the region from 50 nm to 150 nm during normal storage
energy resolution of better than 200 eV is achievedwit4 msec and is unstable at wavelengths as long as 254 nm. This loss of
peaking time. At 0.5 msec peaking time, pulse pileup results in &ensitivity is not substantially affected by ambient humidity and
75% throughput efficiency for an incoming count rate of 100 kHz. may be affected by heating the device. While useful as detectors,
Initial XAS fluorescence measurements at the beamline 4 wiggleAu/GaAsP and Au/GaP Schottky photodiodes are not suitable for
end stations at SSRL show that the detector system has sevet$e as transfer standards in this spectral region and may not be
advantages over commercially available x-ray spectrometers fopuitable for other applications in which detector efficiency must be
low-concentration counting applications. €996 AlIP. stable over periods longer than a week. 1996 AIP.

o ) . A 2D smart pixel detector for time-resolved crystallography
X-ray polarization detector Ping-Shine Shaw, Uwe Arp, and Al- - g Beuville, C. Cork, T. Earnest, W. Mar, J. Millaud, D. Nygren, H.
bert HeninsNational Institute of Standards and Technology, Build- 5, ymore B. Turko. and G. Zizkhawrence Berkeley National

ing 221, Room B206, Gaithersburg, MD 2088geve Southworth | Jp,,rat0ry, University of California, Berkeley, CA 94720 Datte

Physics Division, Argonne National Laboratory, 9700 South Cassand Nguyen-Huu Xuongniversity of California San DiegéPre-
Avenue, Argonne, IL 6043®resented on 18 October 1995 sented on 18 October 1995

We designed and constructed a cylindrical gas proportional COUNtEL smart pixel detector is being developed for time-resolved crystal-
th_at can be ufsed to a?alyze t::e linear plflarlzz:]tlon cl)f)_< rays with c'I‘()graphy for biological and material science applications. Using the
wide range of energy from 2 keV to 10 keV. The polarization sen-is | jetector presented here, the Laue method will enable the study
sitivity is based on the hlghly nonisotropic scattering of polarized X ¢ tne eyolution of structural changes that occur within a protein as
rays from a gas or salid target. The gas proportional counter SUT3 function of time. The x-ray pixellated detector is assembled to the
rounds_the scattering chamber and measures the scattered x raySi&grated circuit through a bump bonding process. Within a pixel
a function of the azimuthal angle. The angle of scattered x rays Size of 150<150 mn?, a low-noise preamplifier-shaper, a discrimi-

determined by the charge division of the anode resistive wire. ThI§1ator, a 3-bit counter and the readout logic are integrated. The read-

polarimeter without any moving parts can measure X rays with Cong, + ‘pageq on the column architecture principle, will accept hit rates

tinuous energies. It is specially suitable for synchrotron x rays. We pove 5<108cn?/s with a maximum hit rate per pixel of 1 MHz
discuss the testing and performance of such an x-ray polarlmete{-.his detector will allow time-resolved Laue crystallography to be

© 1996 AIP. performed in a frameless operation mode, without dead time. Target
specifications, architecture, and preliminary results on<& ®ro-
Polarization characteristics of silicon photodiodes and their de- totype are presented. @996 AlP.
pendence on oxide thickness
Terubumi Saitd) Lanny R. Hughey, James E. Proctor, and Thomas
R. O’Brian National Institute of Standards and Technology (NIST), ) . ]
B119 Radiation Physics, Gaithersburg, MD 208%6n leave from Recent advances in synchrotron-based Mssbauer experiments

Electrotechnical Laboratory (ETL), 1-1-4, Umezono, Tsukuba-shiD- P- Siddons and J. B. Hastingsational Synchrotron Light
Ibaraki 305, Japar(Presented on 18 October 1995 Source, Brookhaven National Laboratory, Upton, New York 11973

(Presented on 19 October 1995

We have studied the polarization dependence of silicon photodiode ] ) ) )
responsivity as a function of wavelength, the angle of incidencef‘s the field of nuclear resopant scatterlng using syn'chrotron rad!a-
and the thickness of the silicon dioxide overlayer. The experimentaion matures, we see a shift from experiments designed to verify
results in the spectral region where there is no absorption in théheoretical predictions towards those designed to use the phenom-
silicon dioxide are explained well by a purely optical model. The €non to elucidate t.he .behavior of a sample. In pgrallel with this
responsivity dependence on polarization in the VUV is found to belfend towards applications, we have seen further instrumental de-
smaller than that predicted and to be explainable by the presence ¥glopments that extend the range of possible applications. This pa-

charge injection from the silicon dioxide layer. €996 AIP. per will review the recent work in this field with an emphasis on
new sources, new isotopes, and new instrumentation19@6 AlP.

Evaluation of Au/GaAsP and Au/GaP Schottky photodiodes as

radiometric detectors in the EUV Inelastic nuclear resonant scattering at the Advanced Photon
R. E. Vest and L. R. Canfiel&lectron and Optical Physics Divi- Source

sion, Physics Laboratory, National Institute of Standards and TechW. Sturhahn, T. S. Toellner, K. W. Quast, R.tRsberger, and E. E.
nology, Gaithersburg, MD 2089@resented on 18 October 1995 Alp Advanced Photon Source, Argonne National Laboratory, Ar-

gonne, lllinois 60439Presented on 19 October 1995
Many applications of synchrotron radiation require an absolute

measurement of photon flux. Schottky photodiodes consisting of & is demonstrated how inelastic nuclear resonant scattering can be
thin Au film deposited on GaAsP or GaP are sensitive to radiation irused for the investigation of lattice dynamics. The required instru-
the extreme ultraviolefEUV) and may be considered for use as ments are explained. The feasibility of measuring a variety of
radiometric transfer standard detectors. A radiometric detectonuclear resonances is discussed with respect to the synchrotron ra-
should exhibit high quantum efficiency, spatial uniformity, resis- diation intensity at the Advanced Photon Source. 1996 AIP.
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Inelastic x-ray scattering at the National Synchrotron Light describe the propagation of the coherent wave front in the visible
Source light regime. The diffraction and speckle pattern from the surface
C.-C. Kao, W. A. Caliebe, and J. B. Hastinjational Synchrotron  are the result of the mutual coherence function convoluted with the
Light Source, Brookhaven National Laboratory, Upton, New Yorkinterference function of the grating. Forming diffraction patterns, or
11973 K. Hamadainen Department of Physics, P.O. Box 9, FIN- x-ray speckles, with partially coherent x-rays relaxes the require-
00014 University of Helsinki, Finlant. H. Krisch European Syn- ment for the interference, thereby increasing the “effective” coher-
chrotron Radiation Facility, F-38043 Grenoble Cedex, FraiiBee-  ent flux. This detailed knowledge of the propagation of the x-ray
sented on 19 October 1995 spatial coherence aids in defining the physical characteristics of

beamline optical elements that must preserve the coherent x-ray
The research program at the inelastic x-ray scattering beamline gjave front. © 1996 AIP.

the National Synchrotron Light Source is focused on the study of

elementary excitations in condensed matter with total energy reso-

lution on the order of 0.1 eV to 1.0 eV. Results from selected ex-

periments are reported to demonstrate the capability of the beamlirfg0larization measurement and vertical aperture optimization

as well as the information that can be obtained from inelastic x-rayfor obtaining circularly polarized bend-magnet radiation
scattering experiments. @996 AIP. J.B. Kortright! M. Rice! Z. Hussair? H.A. Padmoré, A. Adam-

son? W.R.A. Huff 3 A.T. Young? E.J. Moler® S.A. Kellar® R.X.
Ynzunza*® F.J. Palomare$H. Daimon® E.D. Tober® and C.S.
Fadley® Center for X-Ray Optics?Advanced Light Source,
3Chemical Sciences Division*Materials Sciences Division,
Enrico Gratton and William W. Mantulit.aboratory for Fluores- Is_awre_nce Berkeley Natlc_mal _Laboratory, Berkele_y, CA 94720
cence Dynamics, Department of Physics, University of lllinois at Phys'gs Department, Unlvgrsny Of. Callfornla-Dayls, paws, CA
Urbana-Champaign, 1110 West Green Street, Urbana, IL, 6180195616 Department of Material Physics, Osaka University, Osaka,

Gregorio WebetUniversity of lllinois at Urbana-Champaign, De- Japan(Presented on 18 October 1995
partment of Biochemistry, 1209 W. California St., Urbana, IL 61801
Catherine A. RoyefSchool of Pharmacy, University of Wisconsin-
Madison, 425 N. Charter Street, Madison, WI 537Dévid M.
Jamesormbepartment of Biochemestry and Biophysics, University o
Hawaii, 1960 East-West Road, Honolulu, Hawaii 96B2 Rein-
inger and R.W.C. HanserSynchrotron Radiation Center, U.
Wisconsin-Madison, 3731 Schneider Dr,,
(Presented on 19 October 1995

Fluorescence dynamics of biological systems using synchrotron
radiation

Using multilayer linear polarizers, we have characterized the polar-
ization state of radiation from bend-magnet beamline 9.3.2 at the
dvanced Light Source as a function of vertical opening angle at
photon energies of 367 and 722 eV. Both a fine slit and a coarse
semi-aperture were stepped across the beam to accept different por-
tions of the vertical radiation fan. Polarimetry yields the degree of
Stoughton, Wl 5358%near polarization directly and the degree of circular polarization
indirectly assuming an immeasurably small amount of unpolarized

A beamline for time-resolved fluorescence spectroscopy of biologi-r"jldlatlon based on the close agreement of the theoretical and ex-

cal systems is under construction at the Synchrotron Radiation Cerﬁ)-e”mental res_ults for I|n_ear polarlzat!on. Thg results are in good
ter. The fluorometer, operating in the frequency domain, will take2greement W'th theoretical f:alcglatlons, W't.h departures from
advantage of the time structure of the synchrotron radiation Iighfheory resulting from uncertainty in the effective aperture qf the
pulses to determine fluorescence lifetimes. Using frequency-domaiweasured beam. The narrow 0-037-mrad aperture on the orbit plane
techniques, the instrument can achieve an ultimate time resolutiofanSmits a begm whose .degree .Of linear po'a“z‘?‘“"” exceeds 0.99
on the order of picoseconds. Preliminary experiments have showf’lt these energies. The V\_/'de sem|-ap_erture blqcklng Fhe beam frqm
that reducing the intensity of one of the fifteen electron bunches m’;l_bove and below transmits a beam with a maximum figure of merit,

the storage ring allows measurement of harmonic frequencieg'ven by the square root of flux times the degree of circular polar-

equivalent to the single-bunch mode. This mode of operation of thézation, when the aperture edge is on the orbit plane thus blocking

synchrotron significantly extends the range of lifetimes that can bé’nly half of the total available flux. €996 AIP.

measured. The wavelength rang&compassing the visible and ul-

traviole®), the range of measurable lifetimes, and the stability and

reproducibility of the storage ring pulses should make this beamling-ray resonant magnetic scattering ellipsometer

a versatile tool for the investigation of the complex fluorescencez, xy, K. J. Randall, and E. Gluskidvanced Photon Source,

decay of biological systems. @996 AIP. Argonne National Laboratory, 9700 South Cass Avenue, Argonne,
lllinois 60439C.-C. Kao, E. D. JohnsoNational Synchrotron Light
Source, Brookhaven National Laboratory, Upton, New York 11973

Characterization of x-ray spatial coherence and its propagation  C.T. Chen* AT&T Bell Laboratories, Murray Hill, New Jersey

B. Lin,* M. L. Schlossman,** M. Meron,* S. M. Williams,** and P. 07974 *Present address: Synchrotron Radiation Research Center,

J. Viccaro*** *The Center for Advanced Radiation Sources or No. 1, R&D Road VI, Hsinchu Science-Based Industrial Park,

***The James Franck Institute, The University of Chicago, Chi- Hsinchu 30077, Taiwan, R.O.C.

cago, IL 60637 **Department of Physics and Department of Chem-

istry, The University of lllinois (M/C 273), Chicago, IL 60607re- It is very difficult to characterize the polarization of a synchrotron

sented on 18 October 1995 radiation source in the soft and/or intermediate x-ray energy region
particularly from 1 to 2 keV. Conventional multilayer mirror or

X-ray beams of varying degrees of partial spatial coherence havsingle-crystal polarimeters do not work over this energy region be-

been prepared and characterized, and the diffraction of these beamause their throughputhe reflectivities combined with the phase

from patterned surfaces measured. The experiments were carrietiift) becomes insignificant. In this paper, we present a new ellip-

out at a bending magnet source at the NSKS19C). The resulting  someter scheme that is able to fully characterize the polarization of

diffraction patterns for a pair of slits and an optical grating aresynchrotron radiation sources in this energy region. It is based on

analyzed in terms of an x-ray mutual coherence function used téhe dichroic x-ray resonant ferromagnetic scattering that yields in-
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formation on both the polarization of the x-ray and the materialthe modular principle providing for fast implementation of applica-
(element specificdielectric-constant tens€.-C. Kaoet al, Phys.  tion programs suited for specific x-ray diffraction methods. The
Rev. B 50, 9599(1994] due to the interband ferromagnetic Kerr results of multiple-diffraction studies with the use of the instrument
effect[B.R. Cooper, Phys. Rev. 839, 1504(1965]. © 1996 AIP.  are presented. €1996 AlP.

Soft x-ray interferometry Anomalous small angle x-ray scattering study of layered silicate
James E. Trebes, T. W. Barbee, Jr., R. Cauble, P. Celliers, L. Dalays containing Nill) and Er(lll )

Silva, C. Decker, R. London, J. C. Moreno, D. Ress, A. S. Wan, and®. Thiyagarajan,* K.A. Carrado, S.R. Wasserman, K. Song, and R.
F. WeberLasers Dept., Lawrence Livermore National Laboratory, E. Winansintense Pulsed Neutron Source Division* and Chemistry
P.O. Box 808/L-473, Livermore, CA 9458resented on 18 Octo- Division, Argonne National Laboratory, Argonne, IL 60489re-

ber 1995 sented on 18 October 1995

The development of soft x-ray mirrors and large aperture soft x-rayThese studies concern the synthesis of heterogeneous catalysts and
beamsplitters now allows the near routine operation of soft x-raythe incorporation of heavy metals in trapping media. ThéllNi
interferometers with high brightness x-ray sources. Mach-Zehndetontaining clays were synthesized at 200 °C whereas those contain-
and Fourier transform interferometers utilizing a soft x-ray lasering Er(lll) were ion-exchanged natural clays. For the first system,
light source operating at 80 eV will be described. Results from highASAXS data were measured at 5 different energies near the
density, long scale-length plasma probing measurements, x-ray laa edge of Ni at three different reaction times: unreacted, 4 hrs,
ser coherence measurements, and materials properties measumed 15 hrs when the crystallization is essentially complete. The data
ments will be presented. @996 AIP. for the unreacted sample showed no correlations for a lamellar par-
ticle, while that reacted for 4 hrs indicated the evolution of lamella,
and the crystallized sampl@&5 hr9 exhibited much larger lamellar
correlations. Systematic variations are seen in the data for the 4 hr
and 15 hr samples that are due to the anomalous scattering from the
ordered Ni atoms in the layered silicates. The erbium study provides
£{)he first scattering measurements of heavy metal ion solvation and
migration in clays, which has implications for both catalysis and
environmental issues. Systematic energy-dependent variations in

An experimental station for inelastic x-ray scattering spectroscopyn€ Signals near the|l.edge of Er are observed for the hydrated

(IXSS) of phonons and electronic excitation is being built on the S@mple but not for the “dry” as-prepared sample. 1996 AIP.

undulator beamline of Sector 3 at the Advanced Photon Source. The

subject of the present article is a description of the instrumentation

for the spectroscopy of electronic excitations. The goal of this proGrazing-angle characterization of photosynthetic oxygen evolu-

gram is to provide users with the possibility to study IXSS in low- tion protein monolayers

and middle-Z materials with an energy resolution from 1(eNtha  Eileen Y. YuBiophysics Research Division, University of Michigan,

beam coming directly from the high-heat-load monochromator toann Arbor, Ml 48109)ames E. Penner-Halepartment of Chem-

the specimento 100 meV(with a second channel-cut monochro- jstry, University of Michigan, Ann Arbor, Ml 4810€harles F.

matop in the energy transfer range of 200 eV. The optical schemeyocum Department of Biology, University of Michigan, Ann Arbor,

of the station is described, and status of the station is reportedy| 48109 Robert H. Mayer and Ingrid J. Pickerirtanford Syn-
© 1996 AIP. chrotron Radiation Laboratory, Stanford, CA 943(®resented on

18 October 199b

Experimental station for inelastic scattering spectroscopy of
electronic excitations

V.l. Kushnir and A.T. Macrandedvanced Photon Source, Argonne
National Laboratory, 9700 South Cass Avenue, Argonne, IL 6043
(Presented on 18 October 1995

Variable-period x-ray standing wa¥&SW) spectroscopy has been
shown to be a practical probe for studying metalloproteins. The
photosynthetic oxygen evolving compld®©EC) is a transmem-
brane multipolypeptide complex that catalyzes the oxidation of wa-
er to dioxygen. The OEC contains Mn, Ca, and Cl and is poten-
fally amenable to study by XSW. In this feasibility study,
preliminary results on OEC samples deposited on Au mirrors are

We suggest a set of elements united in the modular x-ray spectronfiScussed. First XSW measurements from the SSRL grazing-
eter to easily implement multiaxis, multipurpose x-ray diffraction Incidence setup are presented. 1996 AIP.

schemes, multiple-diffraction layouts with two-dimensional colli-

mation of the incident beam, surface diffraction schemes, and ex-

periments with various modifications of the x-ray standing wavea diamond-window XAFS cell for studies of high-temperature,
method. The main elements of the spectrometer are: the one-circlggh-pressure aqueous solutions

goniometer with the vertical axis, the multicircle research goniom-john L. Fulton and David M. Pfun@hemical Sciences Department,
eter, and different slit systems. All units except the multicircle go-pacific Northwest Laboratory, Richland, WA 993¥2njun Ma

niometer can be mounted on two parallel optical guides. The mulgrgokhaven National Laboratory, Bldg 510 E, Upton, NY 11973
ticircle goniometer is a stand-alone unit consisting of an Eulerianpresented on 18 October 1995

cradle mounted on a two-circle goniometer. All rotations are driven

by stepping motors via worm gears. On axes where(im®.1 arc ~ We describe a method to collect x-ray absorption fine structure
sec or lessangular positioning is desirable, torsion-element-based XAFS) spectra of ions in a supercritical water solvent. Supercriti-
rotation is used; it is driven via piezo drivers. A program packagecal water (SCW), at temperatures above water’s critical point of
was developed to control the experiments. The software is based @dv4 °C, is an interesting solvent for chemical reactions and hazard-

The multicrystal modular spectrometer for x-ray diffraction
studies using SR

M.V. Kovalchuk, A.Ya. Kreines, Yu.N. Shilin, V.A. Shishkov, and
A.Yu. Kazimirov A.V. Shubnikov Institute of Crystallography, Rus-
sian Academy of Sciences, Leninskii prosp. 59, Moscow 11733
Russia(Presented on 19 October 1995
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ous waste destruction due to the high solubility of organics and thé simple pressure cell and delivery system for the preparation
aggressive oxidizing environment. XAFS may provide a better un-of Xe derivatives for protein crystallography

derstanding of the solvent environment in SCW. The XAFS cellMichael H. B. Stowell S. Michael Soltig, Caroline Kisker, John
used in these studies was composed of a block of high-nickel alloyV. Peters, Hermann SchindelifD. C. Rees, Duilio Cascio® Lesa
Hastelloy C-22, containing two windows for transmission of the Beamer John Harf and Frank G. Whitby ‘Carl F. and Winifred
x-ray beam and a single optical view window. All internal wetted H. Braun Laboratories, Mail Stop 147-75CH, California Institute of
surfaces were platinum plated. The maximum operating conditiondechnology, Pasadena, CA 9112Stanford Synchrotron Radiation
for this design were 500 °C and 700 bar. The x-ray transmissiorLaboratory, SLAC, P. O. Box 4349, Bin 69, Stanford University, CA
windows consisted of CVOichemical vapor depositiordiamond ~ 943093University of California Los Angeles, Institute of Molecular
windows (3 mm diameter<0.5 mm thick that were brazed to the Biology, Department of Chemistry and Biochemistry, Los Angeles,
tip of a standard 1/4-in. high-pressure, coned-shape fitting. Spectt@A 90024*University of Utah Medical Center, Department of Bio-
are reported for strontium and rubidium ions in a supercritical waterchemistry, 50 North Medical Drive, Salt Lake City, UT 841B2e-
solvent. This cell design could be used for a variety of other solvensented on 19 October 1995

systems at high temperatures and high pressures19@5 AlP.
We have developed a simple device for preparing Xe derivatives

under moderate gaseous presqirel00 atm. The device employs

a Cajon ultra-torr fitting to ensure a gas-tight seal around a standard
A system for single-crystal elastic and inelastic x-ray scattering  x_ray capillary. As such, the cell can accommodate standard x-ray
studies of condensed gases at pressures to 300 MPa and tem- capjillaries up to 1.5 mm in diameter without any modification. The
peratures to 4 K device is straightforward to utilize, and samples can be mounted
C. T. Venkataraman and R. O. SimmaRsederick Seitz Materials and pressurized in a matter of seconds. In addition, a simple and
Research Laboratory and Department of Physics, University of ll-safe purging and pressurization system has been designed and con-
linois at Urbana-Champaign, Urbana, lllinois 61801-308Bre-  gtrycted for the use at beamline 7-1 at the Stanford Synchrotron
sented on 18 October 1995 Radiation LaboratorySSRL). We describe the construction of both

. . the pressure cell and the delivery system and present results on the
A versatile system, operating at pressures to 300 MPa and temperg- P Y SY P

tures to 4 K, has been designed and used for a variety of elastic ant?”s use in the preparation of xenon derivatives. 1856 AIP.
inelastic x-ray scattering studies of single crystals of condensed

gases. Sintered Be sample cells of volumes 15—3C ama used. . . . N

Pressure generation is clean and well controlled. Excellent temper recise lattice location of trace elements within minerals and at

ture control allows monitoring of phase transitions associated wither ;urface_s with x-ray stgndln_g wavesy. Q"'?‘” Department of
solidification and melting. The system has very low backgroundMate”als Science and Engineering and Materials Research Center,

and, combined with the high-intensity of synchrotron radiation, isN%rthVi’SStem University, Evanston, IL 602(resented on 18 Oc-
well suited to studies of low-intensity signals. It has been used fO|Io er 3

L . : - .
H(_a in g-dependent studies of fcc lattice dynamlcs and dn_"fuse ScatUsing x-ray standing wave&SW) generated by dynamical Bragg
tering and to study thermal defect properties through lattice ParaMyittraction, we have precisely measured lattice locations of trace

eter measurements. In addition, its application to inelastic scatteringlements within and at the surface of mineral single crystals. Natu-
studies of hcg'He at 1.5 eV and 10 meV resolution have yielded ral calcite samples were cleaved along th814 plane to obtain

results about electronic and phonon excitations,_ respectively. Th ristine surfaces. After cleavage, some samples were reacted with a
systg m can also pe u.sed to study other crystallllne compounas; Silute aqueous Pb solution to obtain Pb-sorbed surfaces. XSW mea-
particular, an application has been made to lattice parameter Me&i rements were then performed on both unreacted and reacted
surements on . © 1996 AIP. samples using the calcitd014 Bragg reflection. Results of these
XSW measurements show that the naturally occurring trace element
M substitutes for C. On the Pb-reacted calcite sample, Pb was lo-
Deconvolution of 3d transition metal L-edge EXAFS and mag-  cated on the calcitél014 lattice plane where C atoms also reside.
netic EXAFS signals Our measurements clearly demonstrate a new and powerful appli-
K. M. Kemner? V. Chakariarf Y. U. Idzerda® and W. T. Elard cation of synchrotron radiation in earth and environmental sciences
Naval Research LaboratorjCode 6685°Code 6345, Washington, 0 provide element-specific atomic-scale structural information
DC 20375(Presented on 18 October 1995 within and at the surface of minerals. The XSW measurements were
made at the NSLS X15A and X25 beamlines. 1©96 AIP.
Due to the closely overlapping L-edge EXAFS regions for the fer-
romagnetic 3d metals, their analyses have not generally been at-
tempted. Similarly, although analysis of L-edge magnetic EXAFSX_ray standing wave study of strain in a buried heterostructure
(MEXAFS) is desirable because of the enhanced amplitude of ther |, Lee Department of Materials Science and Engineering and
signal compared to K-edge MEXAFS, such experiments on the fervaterials Research Center, Northwestern University, Evanston, IL
romagnetic 3d metals have also not been attempted. In order 190208 (Presented on 18 October 1995
address this problem, we describe the use of an iterative Van Cittert
deconvolution approach to isolate the Llll-edge from the Lll-edgeThe structure of 1 ML InAs on GaAsw001) capped with 25 A
EXAFS and MEXAFS signals for Fe, Co and Ni thin films. The GaAs was examined by the x-ray standing wa¥%&W) method.
deconvoluted LIll-edge EXAFS data are in agreement with theo-By monitoring the In L fluorescence while scanning through the
retically generated LIll-edge data, thus demonstrating the validityGaAs (004) Bragg reflection, the perpendicular strain within the
of this approach. Results from the deconvolution of the MEXAFSInAs heterolayer was directly measured to be 7.7%, which is in
data also qualitatively agree with previously published MEXAFS good agreement with the macroscopic elasticity the@rg% and
data on the same elements at the K-edge. The results for the Fbe previously reported local density approximation calculation
EXAFS and MEXAFS data will be presented here. 1©96 AIP. (7.8%). In this work, we also demonstrated that, combined with the
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evanescent-wave emission effect, XSW can be used to measure theously removed by such a strategy. Indeed, finely focused x-ray
strain-induced cap displacement in the growth direction relative tdeams of, say 0.5 A wavelength, are especially well suited to high
the bulk (004 diffraction plane. This result is consistent with our energy, low emittance synchrotron raditi¢8R) machines. Some
directly measured strain of the InAs layer. The XSW measurementaitial tests carried out on CHESS station F2 with a 0.5 A wave-
were performed at the NSLS X15A beamline. 1996 AIP. length beam and the CCD detector show an improvement in the
R-mergél) to 2 A resolution, in comparison to the data collected at
0.9 A wavelength(i.e., 2.3% versus 3.0%In conclusion, the dif-
fraction resolution limit(0.94 A) seen already in our concanavalin

A studies can be further enhanced and is important for the most
detailed molecular model refinemeg@nd the testing of structure
solving strategigs in conjunction with novel spectroscopic and

We show that an x-ray interference phenomenon, coherent gratin eoretical stqdles. This paper builds upon the work of Deacon
x-ray diffraction (CGXD), can be used to study lateral nanostruc- €t &- [Rev. Sci. Instrum66, 1287(1995]. © 1996 AIP.

ture arrays on crystal surfaces and interfaces. Compared to Fraun-

hofer grating diffraction of visible light, x-ray grating diffraction

contains information not only about geometric profiles of the sur-pggihie yse of direct silicon-on-silicon bonding for construction
face but also about the internal crystalline structures and Iattlc%f analyzers for inelastic scattering

strain distributions in the grating features. The grating diffraction  + Macrandef; M. Saginuri? S. Yao? P.J. Hesketf,and C.J.

pattern can also be measured in a white-beam Laue method usingeof 1advanced Photon Source, Argonne National Laboratory,

highly collimated polychromatic synchrotron radiation, which pro- z4onne, |L 6043%Microfabrication Applications Laboratory, De-

V|de_s a parallel dgta collection scheme and may be usefal st partment of Electrical Engineering and Computer Science, Univer-

studies on evolution of nanostructure arrays. 1896 AIP. sity of Illinois at Chicago, Chicago, IL 6060(Presented 19 Octo-
ber 1995

Coherent grating x-ray diffraction (CGXD) and its applications
Qun ShenCornell High Energy Synchrotron Source (CHESS) and
School of Applied and Engineering Physics, Cornell University, Ith-
aca, New York 14858resented on 19 October 1995

Bonding of silicon directly to silicon is possible with proper prepa-
ration of the two surfaces to be bonded. The advantage of such a
method is that a bonding agent is not required, and direct bonding
avoids figure errors introduced by thickness variations in a bonding
agent. We have succeeded in bonding a 3-inch-diameter diced
mm X 1 mm) silicon(111) oriented wafer to a silicon concave
spherical form having a 3-m radius. A very good rms figure error of

Many years ago the idea of collecting voluminous quantities of0-059 millirad over the entire area of the analyzer was measured.
weak reflection intensities from a protein crystal, at high resolution, "€ suitability for x-ray inelastic scattering due to introduced strain
was a particular challendd.R. Helliwell (1979 Daresbury Study IS, however, still an open question. Whether or not deleterious strain
Weekend DL/SCI R13, pp. 136The combination of insertion de- 1S unavoidably introduced during the bonding process is a question
Vices W|th very h|gh X_ray ﬂuxes at Short X-ray Wa\/e|e|"|gths1 Sensi_\Ne W|” answer W|th aVa.”abl“ty Of phOtonS on sector 3 Of the SRI
tive CCD detectors, and freezing of crystals have provided thé>AT at the Advanced Photon Source. 96 AIP.

means to certainly match those best hopes. So much so that the data

can best be described as ultrahigh resolution, at least as evidenced

in our studies of the 25000 molecular weight plant protein con-
canavalin A.(The intrinsic property of this protein is to bind sugar
molecules; it is implicated in cell-to-cell recognition processes an

is widely used as a laboratory diagnostic tpéit CHESS we have L;ilt;ofgfor;mrggvazgideggog7%%%?&,{??;2;’“szggl?:n:r Noar::]oenall:_
used a 0.9 A wavelength beam on station A1, fed by a 24 pol y, £100- : A0 !

) %0439M. PopoviciMissouri University Research Reactor, Research
1k CCD detectofM. Tate et al, J. Appl. Cryst.28, 196 (1995] ark, Columbia, MO 65211Presented on 19 October 1995

have been used on this experimental setup to collect diffraction datg new design of analyzers for inelastic x-ray scattering is proposed.
sets from frozen concanavalin A crystalsaccharide-free crystal | the usual design, special measures are taken to avoid the influ-
form). The rapid readout of the CCD was most convenient COM-gnce of bending strains on the resolution. The novel design suggests
pared with the image plate and its associated scanning and erasingeping the backscattering geometry but using reflecting planes that
Moreover the data processing results towards the edges of the dgre not parallel to the crystal surface in conjunction with nonspheri-
tectors, 0.98 A_, show that the CCD is much better than the image bending. Conditions can be ensured in order thét@bending
plate at recording these weaker daRmergel) 13% versus 44%,  girains not affect the x-ray diffraction, andl the radiation emitted
respectively. The poor performance of the image plate with weak by a point sample is focused back to a point detector. Examples of

signals has of course been documented by the Daresbury detect@nfigurations satisfying those conditions are given for Si and Ge
group[R. Lewis, J. Synchrotron Radiatidh 43 (1994]. However, crystals. ©1996 AIP.

the aperture of the CCD used was limiting here. Very recently, in

another run at CHESS with the CCD on Al, we have been able to

record diffraction data to 0.94 A by further offsetting the detector.

We again found that the reflections are still strong at the edgePerformance of the beam position monitor for the Advanced
Clearly the use of even shorter wavelengths than 0.9 A would bé&hoton Source

very useful in matching the solid angle of the diffraction pattern toY. Chung and E. KahanAccelerator Systems Division, Advanced
the available detector aperture, for a reasonable crystal-to-detect®hoton Source, Argonne National Laboratory, Argonne, IL 60439
distance. In addition, absorption errors in the data can be simultaPresented on 19 October 1995

Ultrahigh resolution protein crystallography: Concanavalin A
t0 0.94 A and beyondA. M. Deacon, T. Gleichmann, S. J. Harrop,
and J. R. Helliwell Department of Chemistry, University of
Manchester, Manchester M13 9PL, EnglaAd J. Kalb (Gilboa)
and J. YarivThe Weizmann Institute, IsraéPresented on 18 Octo-
ber 1995

Bent crystal analyzer without grooves for inelastic x-ray scat-
ering
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Performance measurement and analysis of the Advanced Photarsed as monitors to detect changes in the vertical position of the
Source (APS) beam position monito(BPM) electronics are re- source. Overall, the system allows measurements of the photon
ported. The results indicate a BPM resolution of 0/46-mA/ beam position and angle to be done witli0 um and ~3 wrad

JHz in terms of the single-bunch current and BPM bandwidth. Foraccuracy, respectively. The aperture of the monitors can be changed
the miniature insertion devicélD) BPM, the result was 0.1 in both the vertical and horizontal direction. Thus, the beam motion
um-mA/yHz. The improvement is due to the 3.6 times higher po-can be measured with the highest possible resolution for any value
sition sensitivity(in the vertical plang which is partially canceled of the undulator deflection parameter K. In addition, the design of
by the lower button signal by a factor of 2.3. The minimum single-the monitors provides the capability of mapping the angular power
bunch current required was roughly 0.03 mA. The long-term drift ofdistribution of the photon beam. The first monitor was installed and
the BPM electronics independent of the actual beam motion hasuccessfully tested. The design of the system and results of test
measured at 2zm/hr, which settled after approximately 1.5 hours. measurements are reported. 1996 AlP.

This drift can be attributed mainly to the temperature effect. Impli-

cations of the BPM resolution limit on the global and local orbit ga5m, position monitor for the SPring-8 synchrotron

feedback systems for the APS storage ring will also be discussed: aoki. H. Yonehara. H. Suzuki. N. Tani. H. Abe. K. Fukami. S.

© 1996 AIP. Hayashi, Y. Ueyama, T. Kaneta, K. Okanishi, S. Ohzuchi, T.
Miyaoka*, K. Sato*, E. Toyoda*, H. Ito*, and Hideaki Yokomizo
BESSY Bragg-Fresnel multilayer beam monitors JAERI-RIKEN SPring-8 Project Team, Kamigori, Ako-gun, Hyogo,

K. Holldack, A. Erko, and W.B. PeatmaBESSY GmbH, Lentz- 678-12, Japan *Toshiba Co, 1-6, Uchisaiwai-cho, 1-chome,
eallee 100, 14195 Berlin, Germafiyresented on 19 October 1995 Chiyoda-ku, Tokyo 100, JapdRresented on 19 October 1995

X-ray optical systems based on Bragg-Fresnel multilayer compoBeam position monitoréBPMs) for the SPring-8 synchrotron have
nents imaging an electron beam in a storage ring with resolu-  already been designed and manufactured. Each BPM pickup has
tion are presented. Design concepts are compared to alternatifeur button-type electrodes, and the output signals from the elec-
methods, and the aberrations and limits of Bragg-Fresnel multilayeirodes are switched by fast PIN-diode and are measured by signal
optics are discussed. Experimental results of imaging the BESSY detection systems. Eighty BPMs and four detection systems are
source with sub-1Q¢m resolution are presented, and the develop-placed around the synchrotron. Calibration of beam position of the
ment of a compact Bragg-Fresnel multilayer telescope as a BESS80 BPMs was finished successfully. In this paper, we present the
Il standard beam monitor is described. 1396 AlP. structure of the BPM pickup, the electronics of the signal detection
system, and the calibration system. 1996 AlP.

On the discrimination of dipole background from four blade

photon BPMs for insertion devices Smart x-ray beam position monitor system for the Advanced
Karsten Holldack, W. B. Peatman, and M. SchB&SSY GMBH, Photon Source

Lentzeallee 100, 14195 Berlin, GermaR; Klein Physikalisch Deming Shu and Tuncer Kuzagxperimental Facilities Division,
Technische Bundesanstalt, c/o BESSY I, Rudower Chaussee 5 Gé{slvanced Photon Source, Argonne National Laboratory, Argonne,
15.1, 12489 Berlin, Germanlyl. NeuberUniversity of Heidelberg, L 60439 (Presented on 20 October 1995

c/o BESSY, Lentzeallee 100, 14195 Berlin, Gernm{@ngsented on _ ) o
19 October 1995 In third-generation synchrotron radiation sources, such as the Ad-

vanced Photon Sourd@P9), the sensitivity and reliability require-

The position response of blade monitors is mainly determined bynents for the x-ray beam position monitaf§BPMs) are much
their spectral sensitivity for low energy photoelectrons. For inser-higher than for earlier systems. Noise and contamination signals
tion devices with high energy first harmonics, the signals are concaused by radiation emitted from the bending magnet become a
taminated by the light from the upstream and downstream bendingnajor problem. The regular XBPM calibration process can only
magnets. A blade monitor design using energy selective detection gfrovide signal correction for one set of conditions for the insertion
the photoelectrons from the blades will be presented. This way thdevices(ID). During normal operation, parameters affecting the ID-
background signals from the dipoles can be supressed and onBmitted beam, such as the gap of the ID magnets and the beam
position information from the insertion device beam can be ob-current, are the variables. A new smart x-ray beam position monitor
tained. A simulation code and experimental results at BESSY | willsystem(SBPM) has been conceived and designed for the APS. It
be presented. €1996 AIP. has a built in self-learning structure with EEPROM memory that is
large enough to “remember” a complete set of calibration data
covering all the possible operating conditions. During the self-
learning mode, the monitor system initializes a series of automatic
scan motions with information for different ID setups and records
them into the database array. During normal operation, the SBPM

orrects the normalized output according to the ID setup informa-
tion and the calibration database. So that, with this novel system,
the SBPM is always calibrating itself with the changing ID set up
conditions. ©1996 AIP.

A system of beam position monitors was developed for the plane

grating monochromataiPGM) undulator beamline at the Synchro- Initial time-resolved particle beam profile measurements at the
tron Radiation CentefSRO. Two monitors are located in the up- Advanced Photon Source

stream section of the beamline providing the capability of measurB. X. Yang and A. H. LumpkinAccelerator Systems Division, Ad-
ing the transverse angular and spatial motion of the photon beanvanced Photon Source, Argonne National Laboratory, Argonne, IL
The jaws of the entrance slit of the monochromator may also b&0439(Presented on 19 October 1995

System for monitoring position of the photon beam in the new
undulator beamline at SRC

D.A. Mossessian, G.C. Rogers, Mark Bissen, M.C. Severson, an
R. Reininger Synchrotron Radiation Center, University of
Wisconsin-Madison, Stoughton, WI 5358%esented on 19 October
1995
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The commissioning of the 7-GeV Advanced Photon SoyAfeS Two wire monitors have been developed and installed in the Ad-
storage ring began in early 1995. Characterization of the storedanced Photon SourcAPS) storage ring insertion devicdD)
particle beam properties involved time-resolved transverse and lorfront ends to directly detect synchrotron radiation exiting the stor-
gitudinal profile measurements using optical synchrotron radiatiorage ring vacuum chamber that is missteeredt®ymm. Each wire
(OSR monitors. Early results include the observation of the beanmonitor employs four in-vacuum tungsten wires positioned above
on a single turn, measurements of the transverse beam sizes af@nd below the normal x-ray orbit. The temperature change of the
damping using a 10Qus integration time §,~150*=25 um, wire under x-ray irradiation causes a resistance change that is de-
0,~65*x25 um, depending on vertical couplingand measure- tected by a local high-sensitivity low-noise signal processing elec-
ment of the bunch lengtho(.~25 to 55 ps, depending on the tronics unit with four independent channels. The four outputs of the
charge per bunghThe results are consistent with specifications andlocal unit are linked to a central VME wire resistance measurement
predictions based on the 8.2 nm-rad natural emittance, the calcand interlock module via 4—20 mA current loops. The central VME
lated lattice parameters, and vertical coupling less than 10%. Thmodule can accept inputs from up to eight wire monitors and has a
novel, single-element focusing mirror for the photon transport lineheartbeat that feeds a MPS summation module. In this paper, an
and the dual-sweep streak camera techniques, which allow turn-bypverview of the wire monitor signal processing and data acquisition
turn measurements, will also be presented. The latter measuremersigstem design is presented together with recent commissioning re-
are believed to be the first of their kind on a storage ring in thesults. © 1996 AIP.

USA. © 1996 AIP.

Measurement of the absolute energy and energy spread of the
Design and performance of the ALS diagnostic beamline ESRF electron beam using undulator radiation

T. R. Renner, H. A. Padmore, and R. Kelleawrence Berkeley E. Tarazona and P. ElleaurfSRF, BP 220, 38043 Grenoble Cedex,
National Laboratory, UniVerSity of California, Berkeley, CA 94720 France (Presented on 19 October 1995
(Presented on 19 October 1995

Two simple methods of characterizing the average energy and en-
The design and operation of an imaging beamline at the Advanceggy spread of the electron beam have been developed at the ESRF.
Light Source used for providing diagnostic information on the elec-Both are based on analysis of the x-ray spectrum from an undulator.
tron beam for the accelerator and experimental groups is describegthe first allows the absolute energy of the electrons to be deter-
This system is based on a Kirkpatrick-Baez mirror pair and utilizesmined. It is based on the dependence between the harmonics wave-
a carbon filter to give a bandpass in the soft x-ray region. Thqengths and the electron beam energy. The x-ray beam is monochro-
focused x-rays are viewed on a single-crystal scintillator through amnatized at 21 keV by a silicon crystal in backscattering geometry.
optical microscope and the image recorded on a CCD camera. Thigy adjusting the magnetic gap, one makes the third harmonic of the
system, together with other instruments to evaluate beam size, stgadiation from an undulator coincide with the energy selected by the
bility, and other time-dependent information, is described, data ar@rystal. The main errors come from the uncertainties in the undula-
presented, and the operation of the overall beamline is evaluategy,'s magnetic field and period. By operating the undulator at low
© 1996 AIP. field (K=0.36), an absolute accuracy of 1®is reached for the

electron energy. The energy spread measurement is performed by

analyzing the broadening of the harmonics’ profile. It is deduced
Beam size measurement of the stored electron beam at the APS from the measured ratio between the height of the peak of the
storage ring using pinhole optics seventh harmonic at 29 keV and the height of a secondary maxi-
Z. Cai, B. Lai, W. Yun, E. Gluskin, D. Legnini, P. lllinski, and G. mum at lower energy. The measured low current energy spread is
SrajerAdvanced Photon Source, Argonne National Laboratory, Ar-1-1X107°+20%. Itincreases with the single bunch current due to
gonne, IL 60439Presented on 19 October 1995 turbulent bunch widening. €1996 AIP.

Beam sizes of the stored electron beam at the APS storage ring were
measured using pinhole optics and bending magnet x-rays in singl%- D . rol ith fical ing | ¢
bunch and low-current mode. A white-beam pinhole ofi@% and -b x-fay mirror metrology with a vertical scanning fong trace

a fast x-ray imaging system were located 23.8 m and 35.4 m fronﬁ)mfIIer

the source, respectively. The x-ray imaging system consists of tﬁeterl LZ.bTak?cstnsl,Dtroum;ntastg)goDllJv?lon S?Slliégogﬁvt?n Na-
CdWGQ, scintillation crystal 60um thick, an optical imaging sys- lonal Laboratory, .%). BOX » opton, - zhang

tem, and a CCD detector. A measurement time of a few tenths of Ei’ Xigodan Li, and Manfred W. GrindeContinental Optical Cor-
second was obtained on a photon beam of3B keV produced poration, Hauppauge, NY 117§8resented on 19 October 1995

fr_or;: ?7.'69\( electron beam of 2|—mA t(:jurret?t. TheTLesqunon OfdtheThe long trace profiler(LTP) was originally developed at
pinhole imaging system was evaluated to beud. The measure Brookhaven National Laboratory for the specific purpose of mea-

vertical and horlzo_ntal sizes of the electron eam were in reasorEuring the surface figure of large cylindrical mirrors used at grazing
able agreement with the expected values. 1896 AIP. incidence in synchrotron radiatiof8R) beamlines. In its original
configuration, it could measure only along one line down the center
of the cylinder. A single linear profile is often sufficient to gauge the
Signal processing, data acquisition, and initial commissioning quality of the optical surface on these kinds of mirrors. For some
results of the APS storage ring vertical beam missteering wire  applications it is necessary to measure the topography of the entire
monitor surface, not just along one line but over a grid that covers the entire
X. Wang, G. Decker, A. Lumpkin, F. Lenkszus, D. Shu, J. Chang,surface area. We have modified a standard LTP to enable measure-
and Y. ChungAdvanced Photon Source, Argonne National Labora-ment of the complete surface of Wolter telescope optics in a vertical
tory, 9700 South Cass Avenue, Argonne, lllinois 60@3@&sented configuration. The vertical scanning LT®SLTP) is capable of
on 17 October 1995 producing a complete 3-D map of the surface topography errors
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relative to the ideal desired surface on complete segments of pa&ron to lengths of 2 meters and with a vertical resolution as small as
raboloids and hyperboloids. The instrument uses a penta prism aan Angstrom. This paper gives a brief description of the three in-
sembly to scan the probe beam in the longitudinal direction parallestruments used to cover this spatial frequency range and other as-
to the mirror symmetry axis and uses a precision rotary stage tsociated issues, such as the environment and cleanliness of the labo-
provide scans in the azimuthal direction. A Risley prism pair and aratory. © 1996 AIP.

dove prism are used to orient the probe beam in the proper direction

for the azimuthal scans. The repeatability of the prototype inS"uBeamIine diagnostics for protein crystallography using synchro-
ment is better than 20 nm over trace lengths of 35 mm with a SIOp?ron radiation

measurement accuracy of about 1 microradian. 1996 AIP. Gernot Buth, Ingo Kbin,* and Hans D. BartunikHASYLAB/DESY,
D-22603 Hamburg, Germany *MPG-ASMB c/o DESY, D-22603

In-situ long trace profiler for measurement of mirror profiles at Hamburg, GermanyPresented on 19 October 1995

third-generation synchrotron facilities

Shinan Qian and Werner Ja8incrotrone Trieste, Padriaciano 99, Beam diagnostics devices are described for the monitoring of all

34012 Trieste, ItalyPeter Z. TakacsBrookhaven National Lab, basic parameters relevant to protein data collection using synchro-

Building 535B, Upton, NY 1197Revin J. Randall, Zhongde Xu, tron radiation. The parameters include the total power in the white

and Wenbing YunAdvanced Photon Source, Argonne National beam, the positions and directions of the incident white and mono-
Laboratory, 9700 S. Cass Ave, Argonne, IL 60439 chromatic beams, and the intensity, wavelength, and polarization in

the incident monochromatic beam. Such devices have been installed
X-ray mirrors have the potential to be subjected to extremely highon a doubly focusing wiggler beamline, BW6, at DORIS. They
heat loads at third-generation synchrotron radiation sources. lassure high quality in protein data collection despite fluctuations in
many cases, sophisticated cooling methods will be required to prehe beam, facilitate rapid alignment of the entire beamline, and
vent surface distortion that would otherwise degrade the intrinsiprovide a basis for automatic realignment of the diffraction setup
source brightness. As a diagnostic for such mirrors, we have previand the x-ray optics. €1996 AlP.
ously proposed to modify the long trace optical profiler for use
within a UHV mirror chambefShinan Qianet al, Optical Engi-
neering34, 396 (1995], thereby making it feasible to take profile

X . . - ) Beamline control and data acquisition software
measurements of mirrors irradiated with high power x-ray beam q

ST.M. Mooney, B.K. Cha, K.A. Goetze, D.R. Reid, and J.R. Winans

\r;v:aZLerZ?nn(ter:F '?E:eagt:r:aitir\?sctz‘agg\:/ilsﬁlgirjmsc;)iftuamc;arzsteeﬁt:nt Advanced Photon Source, Argonne National Laboratory, Argonne,
) J pIng IL 60439 (Presented on 19 October 1995

system is to aid the development of reliable, low-cost, high-heat-
load substrates for mirrors and multilayers. This will provide a firm o, international collaboration of software developers has been
basis on which to design new optical elements that will be necesyqrking for several years to advance the state of the art of control
sary as a result of performance enhancements to current machin%%tems and has produced software and development methods that
as well as future generations of storage rings. 1896 AIP. are directly applicable to synchrotron radiati®®R) instrumenta-

tion. The software is collectively entitled EPICS and is essentially

an extensible tool kit for implementing distributed control systems.
The APS optics topography station The EPICS collaboration now includes developers representing

Szczesny(Felix) Krasnicki Experimental Facilities Division, Ad- many of the Advanced Photon SourdPS) beamlines, as well as
vanced Photon Source, Argonne National Laboratory, Argonne, Il-developers from the Stanford Synchrotron Radiation Laboratory,
linois 60439(Presented on 19 October 1995 the Advanced Light Source, and the Gemini and Keck telescopes.
As part of this collaboration, we have developed software tools for
An in-house station for topographic testing of x-ray optical ele-controlling and acquiring data from SR beamlines and combined
ments for the Advanced Photon Source experimental beamlines wakem with tools developed by others to support laboratories and
set up by the Experimental Facilities Division of Argonne National experiments at the APS and other SR facilities. Applications of
Laboratory. A new double-crystal x-ray diffractometer was designecdEPICS-based software in SR instrumentation will be described,
and built keeping in mind the need for testing large crystals possibljsome consequences of collaborative development will be discussed,
attached to cooling manifolds and lines. A short description of theand the intended impact of this software on the science conducted at
new facility is given. The instrument performance fully satisfies SR facilities will be discussed. €996 AlP.
imposed requirements, and the machine was successfully used for
testing several silicon and diamond crystals. 1896 AlP.

XSCAN x-ray data acquisition and analysis software for the
MATRIX X-18A x-ray scattering beamline at the NSLS
The Advanced Photon Source Metrology Laboratory S. N. Ehrlich! J. A. Schwanof, X. Yang? and G. L. Lied?
Cynthia Bresloff and Dennis M. MillsAdvanced Photon Source, School of Materials Engineering, Purdue University, c/o NSLS,
Argonne National Laboratory, Argonne, IL 6048resented on 19 Brookhaven National Laboratory, Upton, NY 1197Bloward
October 1995 Hughes Medical Institute, c/o NSLS, Brookhaven National Labora-
tory, Upton, NY 11973School of Materials Engineering, Purdue

The Advanced Photon Sour¢aPS) Metrology Laboratory is now  university, MSEE Building, West Lafayette, IN 47987esented on
operational in its permanent location in a cleanroom environmentg QOctober 1995

on the Experiment Hall floor of the APS site. The Metrology Labo-

ratory will provide characterization of the figure and finish of x-ray A versatile and easy-to-use computer software package has been
optical surfaces for the user community using visible light instru-developed for equipment control, data acquisition and analysis at
mentation. Three noncontact instruments are now available for meahe MATRIX X-18A x-ray scattering beamline at the National Syn-
suring surface features with lateral resolution from less than a miehrotron Light Source. The software runs on any IBM-compatible
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personal computer running under MS-DOS and makes use of thBersonnel Safety System for the beamlines at the Advanced
GPIB and AT-Bus interfaces. The menu-driven program is usePhoton Source

friendly for a wide range of x-ray experiments through control of all J. Hawkins, C. Seaver,* J. Stein,* J. Stoffel, and N. Friedman*
aspects of the x-ray beamline. Equipment interfaces includélectronics and Computing Technologies Division, Argonne Na-
counter-timer, stepping motor controllers, multichannel analyzerfional Laboratory, Argonne, IL 60439 *Experimental Facilities Di-
and temperature controller. Real space and reciprocal space scavision, Advanced Photon Source, Argonne National Laboratory, Ar-
are possible, as well as an external file scan, which allows control ofjonne, IL 60439Presented on 20 October 1995

up to six diffractometer motions plus the energy simultaneously.

Orientation matrix calculations, peak fitting routines, and an extenThe Personnel Safety Syst¢RSS at the Advanced Photon Source
sive help file system are included. Plans are presently underway # @ high reliability, fail-safe, redundant, engineered safety system

upgrade the software to run under Windows NT. 1996 AIP. that provides personnel access control to prevent inadvertent entry
into experimental stations when hazardous radiation conditions ex-

ist and warns personnel of changes in safe operating conditions
inside these stations. Single fault tolerant access control is provided

Modular data acquisition system and its use in gas-filled detec- Py two independent interlock “chains” implemented via program-
tor readout at ESRF mable logic controller§PLC9. Reduction of common mode fail-

F. Sever, F. Epaud, F. Poncet, M. Grave, and V. Rey-Bakdikoa Ures is accomplished by different hardware and software platforms

ropean Synchrotron Radiation Facility, BP220, F-38043 Grenoblefor the two chains. The system design is presented.1996 AIP.
Cedex, FrancéPresented on 18 October 1995

. . Front-end equipment protection system at the Advanced Photon
Since 1992, 18 ESRF beamlines are open to users. Although th’§ource

data acquisition requirements vary a lot from one beamline to ang Friedman, J. Hawkins, D. Travis, and G. LaureEogerimental

other, we are trying to implement a modular data acquisition systerg5ijities Division, Advanced Photon Source, Argonne National
architecture that would fit with the maximum number of acquisition Laboratory, 9700 S. Cass Avenue, Argonne, lllinois 604Bee-
projects at ESRF. Common to all of these systems are large acqUiznied on 19 October 1995 ' '

sition memories and the requirement to visualize the data during an
acquisition run and to transfer them quickly after the run to safeThe front-end Equipment Protection SystéRE-EPS at the Ad-
storage. We developed a general memory API handling the acquizanced Photon Sourd@PS) is a high reliability, fail-safe single-
sition memory and its organization and another library that provideghain interlock and control system. It consists of an Allen-Bradley
calls for transferring the data over TCP/IP sockets. Interesting utilp| C-5/30 processor, local and remote 1/O racks, monitoring and
ity programs using these libraries are the ‘online display’ programcontrol panels, serial communication links, and field devices. Each
and the ‘data transfer’ program. The data transfer program as weftont end is equipped with a dedicated EPS. The system monitors a
as an acquisition control program rely on our well-established ‘devariety of sensorge.g., vacuum, cooling water, temperature, pneu-
vice server model’, which was originally designed for the machinematic pressure and controls front-endFE) photon shutters and
control system and then successfully reused in beamline contralHy valves. The main functions of the FE-EPS are to guard the
systems. In the second half of this paper, the acquisition system fqntegrity of the storage ring vacuum against vacuum excursions in
a 2D gas-filled detector is presented, which is one of the first conthe FE and beam transport line, as well as to protect the front-end
crete examples using the proposed modular data acquisition archind beamline components from being damaged by synchrotron ra-
tecture. ©1996 AIP. diation. The FE-EPS interfaces to six other APS interlock and con-
trol systems. Information about FE interlocks and devices is dis-
played on UNIX machines using the EPICS software tool kit. The
system design is presented. 96 AlP.
Argonne National Laboratory high performance network sup-
port of APS experiments
Martin J. Knot and Robert J. McMahor&ccelerator Systems Di-
vision, Argonne National Laboratory, Argonne, IL 60439 *Electron-
ics and Computing Technologies Division, Argonne National Labo
ratory, Argonne, IL 6043%Presented on 19 October 1995

Design criteria for beamline protection systems at the Advanced
Photon Source

J.P. Quintana* and P. JemiariDND-CAT, APS/ANL Sector 5,
Building 400, 9700 South Cass Ave., Argonne, IL 6042RICAT,
APS/ANL Sector 33, Building 400, 9700 South Cass Ave., Argonne,

Argonne National Laboratory is currently positioned to provide ac-IL 60439 (Presented on 19 October 1995

cess to high performance regional and national networks. Much o L - . . .
gh p 9 Beygnlng and building beamlines at third-generation sources force

the impetus for this effort is the anticipated needs of the upcoming)eamline designers to place a high emphasis on the beamline equip-

experimental program at the APS. Some APS collaborative access ¢ protecti tertEPS. Thi K 1 t of desi
teams(CATs) are already pressing for network speed improvementgﬁgriggjsﬁéﬁr;:gsperototypé sylsstg:lw(w)rtheftrfﬁ\lelng A?’ ;re] d (I)DNSSCI?:T
and security enhancements. Requirements range from the need . ' ) )

y 4 9 Il use for the basis of their EPSs at the Advanced Photon Source.

high data rate, secure transmission of experimental data, to the d h iteria bal hard d in the desi
sire to establish a “virtual experimental environment” at their home ese criteria balance nardware and manpower costs In the design
institution. In the near future, 155 megabit/9dtb/s) national and as well as the_ reusability of already existing soft_vyare protocols
regional asynchronous transfer mo@@M) networks will be op- e.g., World Wide Web and EPIGSo report conditions fo the
erational and available to APS users. Full-video teleconferencingk?eamllne staff. ©1996 AIP.
virtual presence operation of experiments, and high speed, secure

transmission of data are being tested and, in some cases, will H@esigning a Beamline Equipment Protection System Using a
operational. We expect these efforts to enable a substantial improv&rogrammable Logic Controller

ment in the speed of processing experimental results as well as alames M. Minich Experimental Facilities and Electronics and
increase in convenience to the APS experimentalist.1996 AlP. Computing Technologies Division, Advanced Photon Source, Ar-
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gonne National Laboratory, Argonne, IL 6048Bresented on Oc- Digital closed orbit feedback system for the Advanced Photon
tober 19 1995 Source storage ring
Y. Chung, D. Barr, G. Decker, J. Galayda, F. Lenkszus, A. Lump-
As part of the Synchrotron Radiation Instrumentation Collaborativekin, and A. J. VotawAccelerator Systems Division, Advanced Pho-
Access Team(SRI-CAT), a new beamline equipment protection ton Source, Argonne National Laboratory, Argonne, IL 604B8e-
system was designed, implemented and installed. The beamlingsnted on 20 October 1995
equipment protection system is designed to assure the safe opera-
tion of bending magnet and insertion device beamline component<;losed orbit feedback for the Advanced Photon SoAdeS) stor-
such as white-beam slits, user filters, shutters and stops, mirrors ardje ring employs unified global and local feedback systems for
monochromators. Design goals of the equipment protection systemstabilization of particle and photon beams based on digital signal
were to improve equipment safety performance, reduce nuisangerocessing. Hardware and software aspects of the system will be
trips and incorporate additional system functions with minimal cost.described. In particular, we will discuss global and local orbit feed-
To meet the requirements of such a safety system, it was configurdahck algorithms, PI@proportional, integral, and derivativeontrol
to use a programmable controller, remote block input/outay), algorithm, application of digital signal processing to compensate for
local interfaces and a serial communication link known as remotevacuum chamber eddy current effects, resolution of the interaction
I/0 (RIO). Aspects about the design requirements, functionality andbetween global and local systems through decoupling, self-
constraints are presented, as well as specifics on programmable lachbrrection of the local bump closure error, user interface through
der logic design, hardware selection, testing and interfacing requireghe APS control system, and system performance in the frequency
ments. ©1996 AIP. and time domains. The system hardware, including the digital signal
processofDSPg, is distributed in 20 VME crates around the ring,
and the entire feedback system runs synchronously at 4-kHz sam-
pling frequency in order to achieve a correction bandwidth exceed-
A review of methods for experimentally determining linear op-  ing 100 Hz. The required data sharing between the global and local
tics in storage rings feedback systems is facilitated via the use of fiber-optically net-
J. SafranekNational Synchrotron Light Source, Brookhaven Na- Worked reflective memories. @996 AIP.
tional Laboratory, Upton, NY 11978Presented on 19 October
1995
Digital x-ray processing electronics for fluorescence EXAFS and
In order to maximize the brightness and provide sufficient dynamicspectroscopy
aperture in synchrotron radiation storage rings, one must understaml Hubbard, W.K. Warburton, and C.Z. Zhotray Instrumentation
and control the linear optics. Control of the horizontal beta functionassociates, 2513 Charleston Road, #207, Mountain View, CA 94043
and dispersion is important for minimizing the horizontal beam(Presented on 20 October 1995
size. Control of the skew gradient distribution is important for mini-
mizing the vertical size. In this paper, various methods for experi\We have developed a digital x-ray procesddKP) for x-ray fluo-
mentally determining the optics in a storage ring will be reviewed.rescence spectroscopy, implemented in a 4-channel CAMAC mod-
Recent work at the National Synchrotron Light Source X-Ray Ringule, which accepts inputs of either polarity from reset or tail pream-
will be presented, as well as work done at laboratories worldwideplifiers, and outputs one spectrum per channel. Digital trapezoidal
© 1996 AIP. shaping and efficient pileup rejection are implemented in dedicated
logic, with programmable peaking times from 0.5 to 20 msec. The
energy resolution is comparable to good analog units at equivalent
peaking times. A maximum input count raécR) of 500,000 cps
Investigation of low-frequency beam motion at the Advanced Per channel can be accomodated at a peaking time of 0.5 msec. A
Photon Source digital signal processor on each channel is used to collect the data,
S. Kim, G. Decker, C. Doose, R. Hogrefe, D. Mangra, R. Merl, and@pply corrections, and update the spectrum. The capabilities of the

S. Milton Advanced Photon Source, Argonne National Laboratory, DXP prototype at high rates was tested at SSRL. Using an Ortec
Argonne, lllinois 60439Presented on 19 October 1995 single-element germanium detector, the resolution was seen to de-

grade somewhat with increasing ICR above 150,000 cps, due to
The storage ring of the Advanced Photon Source has relatively tightffects that we are still investigating. Collaborating with Hewlett-
tolerance requirements for beam stability. The tolerances of the rmBackard and SSRL, the DXP was also used with a Kevéki)Si
beam motion in the insertion device straight sections are set to béetector for trace element detection on silicon wafers in comparison
less than 4.4um and 17um in the vertical and horizontal planes, with Kevex readout electronics. At 4 msec peaking time, DXP’s
respectively, in a bandwidth of 4—50 Hz. Sources of beam motionsesolution was slightly worsél0—15 eV} due to some excess noise
have been investigated for mechanical vibrations of the magnetgickup, though the background levels in the spectra were essentially
and vacuum chambers induced by ground motion and water sysdentical in the two systems and the DXP’s maximum count rate
tems and for power supply ripple. Horizontal beam motions in awas several times higher. @996 AlP.
bandwidth of 9—12 Hz have been significantly reduced by inserting
viscoelastic damping pads between the girder supports and pedes-
tals, and by welding the magnet cooling headers to the ceiling of th&tatus and projected performance of the Duke FEL lab soft
storage ring tunnel. Current ripple of S1A sextupoles has been idefk-ray source
tified as a source of beam motion in a bandwidth of 5-8 Hz. The_. johnson, J.M.J. Madey, K.D. Straub, and V.N. Litvinerixoke
eddy current induced by the ripple field in the sextupole produced &ree Electron Laser Lab, Department of Physics, Duke University,
vertical dipole field to drive the beam horizontally. After modifica- purham, NC 27708Presented on 20 October 1995
tion of the sextupole power supplies, the beam stability require-
ments have now been met even without activating the feedbacRrevious magnetic field measurements on the entrance half of the
system. ©1996 AIP. NIST undulator showed errors that resulted in a beam path deflec-
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tion of 5.2 mm[Wallaceet al, Nucl. Instrum. Methods /831, 759 based monochromators for the ALS. For operation at the ALS, the
(1993]. Pole height variations as much as .009” gave rise to fieldtoroidal pre-mirror used at SSRL was replaced by a horizontally
errors of up to 2% at a gap of 20 mm. We report on our effort tofocusing and a vertically focusing mirror in the Kirkpatrick-Baez
rebuild the NIST undulator through a seriesinfsitu and off-line  configuration. Circularly polarized radiation is obtained by inserting
measurements and modifications. Initial results indicate that at 4@ water-cooled movable aperture in front of the vertically focusing
A, a brightness of 2.5 10'® (ph/sec/mmfimrad/A/0.1% BW) can  mirror to allow selecting the beam either above or below the hori-
be achieved. Commissioning of the undulator will take place inzontal plane. To maintain a stable beam intensity through the en-
January 1996. €1996 AIP. trance slit, the photocurrent signals from the upper and lower jaws
of the entrance slit are utilized to set a feedback loop with the
An elliptical wiggler beamline for the ALS vert?cally deflecting mirror piezoelectric drive. The beamline gnd
V. V. Martynov*T W. R. McKinney* and H.A. Padmore station has a movable platform that accommodates two experimen-
* Accelerator and Fusion Research Division, Lawrence Berkele)}al chambers enabling the synchrotron radiation to be directed to

Laboratory, Berkeley CA 9472nstitute of Microelectronics Tech- either one of the two experimental chambers without breaking the
nology, 142432 Chernogolovka, Rus¢Rresented on 20 October Vacuum. ©1996 AIP,
1995

. . . . . Calibration and standards beamline 6.3.2 at the Advanced
A beamline for circularly polarized radiation produced by an ellip- Light Source

tical wiggler has been designed at the ALS covering the broad eny "y Underwood, E. M. Gullikson, M. Koike, P. J. Batson, P. E.

ergy range from 50 eV to 2000 eV. The rigorous theory of gratingDenham, K. D. Franck, R. E. Tackaberry, and W. F. St@seter

diffraction efficiency has been used to maximize transmitted flux - X-ray Optics, Lawrence Berkeley Laboratory, University of

The nature of the elliptical wiggler insertion device creates a ChalFaIifornia, Berkeley, CA 9472(Presented on 20 October 1995

lenging optical problem due to the large source size in the vertical

and horizontal directions. The requirement of high resolving powerrhig bending magnet beamline has been in operation since February
combined with the broad tuning range and high heat loads compli1ggs for the characterization of optical elemefitsrrors, gratings,
cate the design. These problems have been solved by using coolﬁqﬂt”ayer& detectors, eicin the energy range 50—1000 eV. Al-
optics and a variable-included angle monochromator of the “conthough it was designed primarily for precision reflectometry of
stant length” type with high demagnification onto its entrance Sm-multilayer reflecting optics for EUV projection lithography, it has
© 1996 AIP. capabilities for a wide range of measurements. The optics consist of
a monochromator, a reflectometer, and refocusing mirrors to pro-
vide a small spot on the sample. The monochromator is a very
Elliptically polarizing undulator beamlines at the Advanced  COmpact, entrance-slitiess, varied-line-spacing plane-grating design
Light Source in which the mechanlca!ly ruled g_ratmg qperates in th_e converging
A. T. Young, E. Hoyer, S. Marks, V. Martynov, H.A. Padmore, D. light _from a spher_lcal mirror working at hlgh demagplflcatlt_)n: Ab-
Plate, and R. Schluetérdvanced Light Source, Lawrence Berkeley errations of the mirror are corrected by the line spacing variation, so

National Laboratory, Berkeley, CA 9472Bresented on 20 October that the spectral resolving powgfAN\ is limited by the ALS source
1995 size to about 7000. Wavelength is scanned by simple rotation of the

grating with a fixed exit slit. The reflectometer has the capability of
Circular polarization insertion devices and beamlines at the Adpositioning the sample to within 1@&m and setting its angular
vanced Light Source are described. The facility will consist of mul-position to 0.002°. LABVIEW™ based software provides a conve-
tiple undulators feeding two independent beamlines, one optimizedient interface to the user. The reflectometer is separated from the
for microscopy and the other for spectroscopy. The energy range dfeamline by a differential pump and can be pumped down in 1/2
the beamlines will go from below 100 eV to 1800 eV, enabling hour. Auxiliary experimental stations can be mounted behind the
studies of the magnetically importans y edges of transition metals reflectometer. Results are shown that demonstrate the performance
and the M 5 edges of rare earths. @996 AlP. and operational convenience of the beamline 1896 AlP.

High-resolution beamline 9.3.2 in the energy range 301500 eV A beamline for 1-4 keV microscopy and coherence experiments

at the Advanced Light Source: Design and performance at the Advanced Photon Source

Z. Hussairf W.R.A. Huff2® S A. Kellar® E.J. Mole*® P.A.  I. McNulty, A. Khounsary, Y.P. Feng, Y. Qian, J. Barraza, C. Ben-
Heimann? W. McKinney? C. Cummings$ T. Lauritzen? J.P. son, and D. Shihdvanced Photon Source, Argonne National Labo-
McKean? F.J. Palomare¥®H. Wu? Y. Zheng A.T. Young? H.A.  ratory, 9700 S. Cass Ave., Argonne, IL 604@%esented on 20
Padmoré, C.S. Fadley:® and D.A. Shirle§ @ awrence Berkeley October 1995

National Laboratory, Berkeley, CA 9472The University of Cali-

fornia, Dept. of Chemistry, Berkeley, CA 947%he University of ~ The third-generation Advanced Photon Source will open up dra-
California, Dept. of Physics, Davis, CA 9561%he Pennsylvania Mmatic new opportunities for experiments requiring coherent x-rays,

State University, Dept. of Chemistry and Physics, University ParkSuch as scanning x-ray microscopy, interferometry, and coherent
PA 16802(Presented 20 October 1995 scattering. We are building a beamline at the Advanced Photon

Source to exploit the potential of coherent x-ray applications in the
Bending magnet beamline 9.3.2 at the Advanced Light Sourcd—4 keV energy region. A high brightness 5.5-cm-period undulator
(ALS) was designed for high resolution spectroscopy with the casupplies the coherent x-rays. The beamline uses horizontally de-
pability for delivering circularly polarized light in the soft x-ray flecting grazing-incidence optical elements to preserve the coher-
energy region using three gratings. The monochromator is a fixeence of the undulator beam. The optics have multilayer coatings for
included-angle spherical grating monochroma®M) and was  operation at energies above 1.5 keV. This paper discusses the beam-
originally used at SSRL as a prototype for later insertion-devicedine design and its expected performance. 1@96 AlP.
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Design of a dedicated beamline for x-ray microfocusing- and four experimental station§2 per beamling scientists will have
coherence-based techniques at the Advanced Photon Source access to three main x-ray techniques: diffractiomcrocrystal,
W. Yun, B. Lai, D. Shu, A. Khounsary, Z. Cai, J. Barraza, and D. powder, diamond anvil cell, and large volume piedsiorescence
Legnini Advanced Photon Source, Argonne National Laboratory,microprobe, and spectroscofgonventional, microbeam, liquid and
Argonne, IL 60439Presented on 20 October 1995 solid surfacels The high pressure facilities will be capable of x-ray
crystallography at B360 GPa and #6000 K with the diamond
A dedicated insertion-device beamline has been designed and igvil cell and P-25 GPa and #2500 °C with the large volume
being constructed at the Advanced Photon SoGAg®S) for devel-  press. Diffractometers will allow study of 1 micrometer crystals and
opment of x-ray microfocusing- and coherence-based techniquesicro-powders. The microprob@ micrometer focused bearwill
and applications. Important parameters considered in this desighe capable of chemical analyses in the sub-ppm range using wave-
include preservation of source brilliance and coherence, selectablgngth and energy dispersive detectors. Spectroscopy instrumenta-
transverse coherence length and energy bandwidth, high beam afion will be available for XANES and EXAFS with microbeams as
gular stability, high order harmonic suppression, quick x-ray energywvell as high sensitivity conventional XAS and studies of liquid and
scan, and accurate and stable x-ray energy. The overall design gblid interfaces. Visiting scientists will be able to setup, calibrate,
this beamline layout and the major beamline components are deind test experiments in off-line laboratories with equipment such as
scribed. The use of a horizontally deﬂecting mirror as the first Op-rnicromanipmators‘ Optica| rni(_)r'os(;opes7 clean bench' g|0ve boxesl
tical component is one of the main features of this beamline desigrigh powered optical and Raman spectrometers.1996 AIP.
and the resulting advantages are briefly discussed19@6 AlP.

Design of the Structural Biology Center beamlines at the APS

Earth, soil and environmental science research facility at sector ) .
v Gerd Rosenbaum and Edwin M. Westrbrodkgonne National

13 of the Advanced Photon Source. I. Sector layout and optical
design Peter Eng, Yifei R. Jaski, Nancy Lazarz, Paul Murray, Jo- Latt)okr)atoiyggQ?OO S. Cass Ave., Argonne, IL 604Bgesented on 20
seph Pluth, Harvey Rarback, Mark Rivers, and Stephen Suttoﬁ)c0 er 5

CARS, University of Chicago, 5640 S. Ellis Avenue, Chicago, ”‘The Structural Biology Center-

(Presented on 20 October 1995 CAT will develop and operate a sec-

tor of the APS as a user facility for studies in macromolecular
crystallography. The techniques applied will include multiple-
of the Consortium of Advanced Radiation Sour€Ef\RS), is de- elilergy dartwomalllou? dlsgertS|dM|,lAt[)) ) phas:jngd and pr?_lyﬁhromlatl_c

signing a national research facility to be built at sector 13 of the( aug data collection. Data will be recorded on a high resolution

Advanced Photon Source. The bending magnet beam will be split thD-area detector. The SBC is constructing two beamlines, one for

allow simultaneous operation of two stations, a monochromati(f""di{jltion from an undglator and one for_ radiation frqm a bending
(8-15 keVj side station and a multipurpose, white beam/ magnet. The x ray optics of both beamlines are designed to pro-
! duce a highly demagnified image of the source in order to match the

monochromatic end station. The undulator beamline will have two l'si ith the si fth | dth luti | t of
white beam stations, which may operate simultaneously using pcal size wi € sizes of the sample and [he resolution €lement o
the detector. Vertical focusing is achieved by a flat, cylindrically

double-crystal monochromatéecryogenic Si with a thin first crys-
. Y aeryogenic Si wi nt y bent mirror. Horizontal focusing is achieved by sagittally bending

tal. In this mode, the upstream station will accept the monochromat-h q tal of a doubl tal h tor. The doubl
tized (4.5—-22 keV beam deflected horizontally by a thifdend- € second crystal ot a double crystal-monochromator. The double-

able Ge crystal, while the end station accepts the high energ rystal monochromators of both beamlines have a constant exit

componentblue beamtransmitted by the first crystal. The need for eight output beam. On the undulator beamiine, two double-crystal

small x-ray beams and broad spectral range have led us to base tmeonochromators are in;talled in serieg—one with Si_.l.ll crys'tals
focusing aspects of the optic design on grazing incidence mirrors"flnd the second W'Fh Si-220 crystals—in order_to facilitate quick
Both our bending magnet and insertion device beamlines will hav(?hange _between high fl_ux _and_ narrow bandwm_lth. For th? heat-
long (~1 m), bendable mirrorgdemagnification<11, Ecut-off oaded first crystals, the liquid-nitrogen-cooled, thin-web design be-

>70 keV; beam sizes>tens of micrometeps For smaller focal ing developed by the APS has been adopted. On the bending mag-

spots, we will use small, dynamically bent Kirpatrick-Baez mirrors n_et beam_llne, three_crysta(sl-lll, Si-220, S|-40)Oar_e mounted .
(demagnification 100—400; (Eut-off) <70 keV: beam sizes-1 side-by-side on the first crystal stage and translated into the beam is

micromete). A unique aspect of our insertion device beamline is required. ©1996 AIP.
the ability to deliver focused white beam to the sample, through the
incorporation of a power management pinhole in the first optics
enclosure. ©1996 AIP. The PNC-CAT insertion device beamline at the Advanced Pho-

ton Source

S.M. Heald! E.A. Sterr? F.C. Brown? K.H. Kim,? B. Barg? and
Earth, soil and environmental science research facility at sector E.D. Crozief 1 Pacific Northwest Laboratories, Richland, Wash-
13 of the Advanced Photon Source. Il. Scientific program and ington 99352 2 Physics Dept., Univ. of Washington, Seattle, Wash-
experimental instrumentation S. Sutton, P. J. Eng. Y. R. Jaski, N. ington 98195 3 Physics Dept., Simon Fraser Univ., Burnaby, B. C.
Lazaraz, J. Pluth, P. Murray, H. Rarback, and M. RiveARS, V5A 1S6, Canad@Presented on 20 October 1995

5640 S. Ellis Avenue, University of Chicago, Chicago(Rtesented
on 20 October 1995 The PNC-CAT is a consortium of Pacific Northwest institutions

formed to instrument a secténumber 20 at the Advanced Photon
The GSECARS(APS sector 1B scientific program will provide Source(APS). Research is planned in a variety of areas, with an
fundamental new information on the deep structure and composiemphasis on environmentally based problems. The insertion device
tion of the Earth and other planets, the formation of economic minbeamline is based on the APS undulator A and will be optimized for
eral deposits, the cycles and fate of toxic metals in the environmengproducing microbeams as well as for applications requiring energy
and the mechanisms of nutrient uptake and disease in plants. In tleeanning capabilities. This paper describes the basic layout and

The earth, soil and environmental science compof@SECARS
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some special features of the beamline. Two experimental statiorBeamline 9.3.1 at the Advanced Light Souf@d_S) is a window-

are planned: one general purpose and one dedicated to MBE atelss beamline, covering the 1-6 keV photon energy range. This
surface science problems. Both tapered capillaries and Kirkpatrickbeamline is designed to achieve the goal of high brightness at the
Baez optics will be used for producing microbeams, and a largesample for use in the x-ray atomic and molecular spectroscopy
optical bench is planned for the main station to allow for easy(XAMS) science, surface and interface science, biology and x-ray
accommodation of new optics developments. Design calculationsptical development programs at ALS. X-ray absorption and time-

and initial capillary tests indicate that flux densities exceedingof-flight photoemission measurements in 2—5 keV photon energy
10" photons/sec/mfshould be achievable. All major components range along with the flux, resolution, spot size and stability of the

are under construction or in procurement, and initial testing isbeamline will be discussed. Prospects for future XAMS measure-
planned for late 1996. €1996 AIP. ments will also be presented. @996 AlP.

SINBAD: A SY”,fhrO”O” infrgrged beamline at DAFNES Passive vibration damping of the APS machine components
G.R. Ambrogini! E. Burattini?>® P. Calvanit A. Marcelli,® C. Men- D. Mangra, S. Sharma, and J. Jendrzejcayonne National Labo-

ini4 1 < 5
euceini, A. Nucara, and M. Sachez del R> ratory, Argonne, lllinois 60434Presented on 20 October 1995
Universita La Sapienza, Dipartimento di Fisica, P.le A. Moro 5,

00185 Roma, Italy?Universita’ di Verona, Facolta’ di Scienze, The accelerator and beamline components of the Advanced Photon
37100 Verona, Italyl.N.F.N. - Laboratori Nazionali di Frascati, C.  Source have stringent vibration criteria in order to meet the beam
P. 13, 00044 Frascati, ItaljUniversitaLa Sapienza, Dipartimento  stability requirements. For instance, the vibration amplitude of the
di Energetica, P.le A. Moro 5, 00185 Roma, It&uropean Syn-  storage ring quadrupoles is restricted to Ourh (rms) over a fre-
chrotron Radiation Facility, BP. 220, 38043 Grenoble, FraiPee-  quency range of 4—50 Hz. Damping pads, consisting of thin vis-
sented on 20 October 1995 coelastic films sandwiched between stainless steel plates, have been

. ) ) ) designed for passive vibration damping. Results presented in this
Different optical layouts for a beamline that extracts infrared syn-paper show that the damping pads under the storage ring girder-

chrotron radiation from a bending magnet are discussed, and thejpagnet assemblies reduced the vibration amplification factor Q

performances are compared by use of ray-tracing simulations. SP&om over 100 to 8. The broad band rms motion of the magnets was

cific results are pregenteq for SINBAD, the beamline to be mountedqq ,ceq by a factor of 2.5 to 3. Preliminary results for a monochro-

on the new Frascati collider DANE. © 1996 AIP. mator housing show a potential use of such damping pads for vi-
bration control of beamline components. Radiation and creep ef-
fects on the damping pads’ performance are considered19@6

TGM-to-SGM conversion at NSLS beamline U7A: Recyclying  AlP.

of beamline components

Steven L. Hulbert and Q.-Y. Don§SLS, Brookhaven National

Laboratory, Bldg. 725D, Upton, NY 11973-50(Rresented on 20 _ o )
October 1995 Alignment and commissioning of the APS beamline front ends

D. Shu, J. Barraza, M. Ramanathan, J. Chang, and T.M. Kuzay

The U7A bending magnet toroidal grating monochromaf@M) Experimental Facilities Division, Advanced Photon Source, Ar-
beamline has been converted into a spherical grating monochr@onne National Laboratory, Argonne, lllinois 6048Bresented on
mator (SGM) type, without constructing any new vacuum compo- 20 October 1995

nents. That is, the mirror, slit, and grating chambers have been

recycled. The inherited optical arrangement and the recycling Con_l_:ifteen out of forty initial beamline front ends have been installed

cept prevented the use of “standard” SGM Kirkpatrick-Baez col- " the storage-ring tunngl at the_ 7-GeV Advancet_j Photon Source
lecting and focusing mirrors at the front end. We show that this/APS). For the front-end installation, a four-step alignment process
modification is not a serious detriment to the optical properties of¥@S designed and consists @) prealigning the front-end compo-

the resulting beamline. Specifically, the resolution is completely"€Nts With support tables in the preassembly a@eipstalling the

unaffected and the throughput is approximately 2/3 of the ugtgnLOMponents with tables in the storage-ring tunnel and aligning rela-

dard” SGM value. The flux and photon energy resolution of theliVe t0 the APS global telescope survey netwd,confirming the

U7A beamline throughout its 200—1000 eV operating photon en&lignment using a tooling laser alignment system, @cperform-

ergy range will be presented. Three end stations are being cori?d adjustments with the synchrotron-radiation beam during com-
structed for this beamline, featuring soft x-ray absorption and phoMissioning. The laser alignment system and the prealignment data-
toemission chambers optimized for operation in the carbon K_’base have been of great importance for the expedlent maintenance
§f front-end components. These tools are very important to a large
synchrotron radiation facility, such as the APS, since they make a
quick alignment setup possible and minimize alignment time inside
the tunnel. This paper will present the four-step alignment process,
the laser alignment system, and discuss the alignment confirmation

results. ©1996 AlP.

oxygen K-, and transition metal L-edge ranges. Two of these en
stations will be preceded by refocusing mirrors that will focus the
soft x-rays to<1 mm spot size onto their samples. 96 AlP.

First results from the high brightness x-ray spectroscopy beam-

line 9.3.1 at ALS

W. Ng," G. Jones|, R. C. C. Pererd, D. Hansert, J. Daniels!

O. Hemmers, P. Glans' S. Whitfield* H. Wang? and D. W. Design of the commissioning filter/mask/window assembly for
Lindle* "Advanced Light Source, Lawrence Berkeley Nationalundulator beamline front ends at the Advanced Photon Source
Laboratory, Berkeley, CA 9472®epartment of Chemistry, Univer- Deming Shu and Tuncer M. Kuzaxperimental Facilities Divi-
sity of Nevada, Las Vegas, Las Vegas, NV 89154-4P@Sented on  sion, Advanced Photon Source, Argonne National Laboratory, Ar-
20 October 1996 gonne, IL 60439Presented on October 20, 1995
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A compact filter/mask/window assembly has been designed for unRedesigned front end for the upgrade at CHESSRandall L.
dulator beamline commissioning activity at the Advanced PhotorHeadrick and Karl W. SmolensiCHESS, Cornell University, Wil-
Source beamlines. The assembly consists of onei3@0graphite  son Lab., Ithaca, NY 1485%resented on 20 October 1995

filter, one 127xm CVD diamond filter and two 25@m beryllium

windows. A water-cooled Glidcop fixed mask with a 4.5 a5~ We will report on beamline front-end upgrades for the 24-pole wig-
mm output optical aperture and a 0.96 mxdd6é mrad beam mis- gler beamlines at CHESS. A new design for primary x-ray beam-
steering acceptance is a major part in the assembly. The CVD di&tops based on a tapered, water-cooled copper block has been
mond filter, which is mounted on the downstream side of the fixedmplemented and installed in the CHESS F beamline. The design
mask, is designed to also function as a transmitting x-ray beark'ses a horizontally tapered “V” shape to reduce the power density
position monitor. The sum signal from the latter can be used tdN the internal surfaces and internal water channels in the block to
monitor the physical condition of the graphite filter and prevent anyProvide efficient water cooling. Upstream of the beam stops, we
possible chain reaction damage to the beryllium windows downhave installed a new photoelectron style beam position monitor
stream. In this paper, the design concept as well as the detailefith separate monitoring of the wiggler and dipole vertical beam
structural design of the commissioning window are presented. EuPositions and with micron-level sensitivity. The monitor’s internal

ther applications of the commissioning window components aresurfaces are designed to absorb the full x-ray power in case of beam
also discussed. €996 AlP. missteering, and the uncooled photoelectron collecting plates are

not visible to the x-ray beam. A graphite prefilter has been installed
to protect the beryllium windows that separate the front end from
the x-ray optics downstream. The redesigned front end is required
by the upgrade of the Cornell storage ring, now in progress, which
White beam transport design for insertion device beamlines at ;)| allow stored electron and positron currents of 300 mA by 1996,

the Advanced Photon Source _ o and 500 mA by 1998. At 500 mA, the wiggler power output will be
Deming Shu, Dean Haeffner, and P.K. Jekperimental Facilities  5yer 32 kW. © 1996 AIP.

Division, Advanced Photon Source, Argonne National Laboratory,
9700 S. Cass Ave., Argonne, IL 604@esented on 20 October

199 Special manufacturing/joining techniques used in the manufac-

To evaluate the feasibility of designing an economic beamline transt-.UIre of the Advanced Photon SourcgAPS) front-end and beam-

. . . . ne components
port system for insertion device beamlines at the Advanced Photo“
Source, two sample cases have been designed and analyzed, one%r C. Townsend Oxford Instruments Accelerator Technology

an undulator source and the other for a wiggler source. The resultg’rOUp’ Osney Mead, Oxford OX2 0DX, URresented on 17 Oc-

show that it is possible to build a 70-meter-long beamline transpor[Ober 1993

system for an undulator source with less than four Iead/tungstenT.he front ends and beamlines of the Advanced Photon Source
alloy bremsstrahlung collimators. Six or fewer collimators are APS) are designed to control, define, and/or confine the x-ray
needed to construct a 70-meter-long white-beam transport syste{l,, 1, power densities of the order of 500 wattsfane generated

for a wiggler source. To prevent damage from any missteered powt-)y the intense undulator beams, thus conventional materials and

erfurl] Wh;lt.e b?aml,?a V\t/ate_r-cofole(; ftlzet()j maskt |sh|placed ': frOthfcooling techniques for beam stops, slits and masks are inadequate.
each cofimator. ay tracing for both bremsstrahlung and Syncrog, o ngjve use of Glidedh tungsten and molybdenum has been

tron radiation ha\{e been conducted for the sample _transport%,]ade in the design of these components; this has resulted in the
Modular mask/collimator assembly designs and ray-tracing resu”ﬁeed to develop and use specialized manufacturing/joining tech-

are presented. €1996 AIP. niques. Experience gained using these techniques for the fabrication
of APS front-end and beamline components is presented19@6
AlP.

An intelligent filter control system using fuzzy logic for APS

insertion device beamlines Performance analysis of the commissioning filter and window
Deming Shu, Jim Minich, Dean Haeffner, Christa Brite, Tom Nian, assembly for insertion device beamlines at the Advanced Photon
Roger Dejus, and Tuncer Kuzdxperimental Facilities Division, Source T. M. Kuzay, H. L. Thomas Nian, Z. Wang, and D. Shu
Advanced Photon Source, Argonne National Laboratory, 9700 SExperimental Facilities Dvision, Advanced Photon Source, Argonne
Cass Ave., Argonne, IL 6043Presented on 20 October 1995 National Laboratory, Argonne, lllinois 6043%resented on 20 Oc-

tober 1995
A modular filter has been designed for the white-beam undulator/

wiggler beamlines at the Advanced Photon Source. For a typicallthough the Advanced Photon Sour@&PS) undulator beamlines
hard x-ray application, the filter assembly consists of four filterare designed for windowless operation, a special window assembly
banks, and each bank has five beam apertures. Therefore a maxiill be used during the commissioning phase of the beamlines until
mum of 625 filter combinations is mechanically possible. To pre-sufficient operational experience is gained with the powerful undu-
vent any mistaken setup, which could either damage the filter itselfator A photon beam. This assembly is called a “commissioning
or downstream optical components, a programmable logic controlwindow.” The commissioning window assembly as designed con-
ler (PLC) based protection system has been designed. Fuzzy logisists of a 30Qxm-thick filter (made of graphite a fixed mask
was used in this system to limit the memory size and improve thémade of Glidcop, a multipurpose transmitting filter/BPM disk
system performance. Ten different storage-ring beam currents an@hade of 127xm-thick CVD diamong, and set of a double win-
ten insertion-device gap setups have been chosen to cover a lardews (made of 250um-thick beryllium. Due to the high total
dynamic operation range. Aspects of the system fuzzy logic desigpower and power density, the filter/window assembly must be care-
as well as an example of the calculated results for the control datdully designed to guarantee longevity and satisfactory performance
base are presented in this paper. 1896 AlP. throughout its service. Hence extensive analytical work has been
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conducted on various thermal and structural aspects of the commisf a water-cooled, OFHC block thermal absorber followed by a

sioning window assembly. This paper summarizes the analyticalungsten block to stop both synchrotron and bremsstrahlung rays.

results and presents the expected performance characteristics of thbBe design presented here is inexpensive and spatially compact.

as-designed commissioning window. €396 AIP. Fatigue analysis and ANSYS thermal and stress analysis are pre-
sented. ©1996 AIP.

Using metallic filters in APS undulator beamlines

Zhibi Wang and Tuncer M. Kuzalxperimental Facilities Division, .
g Axp Internally shielded beam transport and support system

Advanced Photon Source, Argonne National Laboratory, Argonne, ) . L
IL 60439 (Presented on 20 October 1995 W. Schildkamp and H. BreweaZonsortium for Advanced Radiation

Sources, University of Chicago, 5640 S. Ellis Ave., Chicago, IL

Metallic filters are needed by APS users in their beamlines. Twd0637(Presented on 20 October 1995
general areas of use for the white-beam metallic filters @neto .
attenuate the x-ray beam to reduce the thermal load during routingU€ 0 environmental concerns, the Advanced Photon Source has a

operations an€?) to attenuate the x-ray beam during alignment andpolicy that disallows any exposed lead within the facility. This cre-
for special testing of optics at low power. Metallic filters are impor- 21€S @ real problem for the beam transport system, not so much for

tant for users who will be working primarily in the high energy € Pipe but for the flexible couplin@ellows sections. A complete
x-ray range because unwanted lower energy photons are absorb rnally shielded x-ray transport system, consisting of long trans-

through the metallic filters. Notwithstanding their high thermal con-Port lines joined by flexible Couplk:ng seri:_ticr:ns, has been def]iglned
ductivity, the metals, in general, absorb x-rays significantly nea or CARS sector 14 to operate either at high vacuum or as a helium

surface layers and hence can attain very large temperatures causiig''t tube. It can effectively shield against air scattering of wiggler
structural deformations and/or damage. Thermomechanical beha®! undulator white beam ,W'th proper placement of apertures, colli-
ior and failure prediction need to be done carefully. In this paperNators, and masks for direct beam control. The system makes use
particulars of metallic filters are discussed and generalized analyt2f Mmale- and female-style fittings that create a labyrinth allowing

cal solutions are offered to help users of metallic filters determiné(Or continuous shieldi.n.g through the flexible coupling sections..
their applicability for x-ray beamlines €996 AIP. These parts are precision machined from a ternary hypereutectic

lead alloy (cast under 15 inches of head pressure to assure a
pinhole-free castingthen pressed into either efibtatable vacuum
flange$ of the bellows assembly. The transport pipe itself consists
On filter design and critical thickness of synchrotron x-ray fil- of a four part construction using a stepped transition (&ging) to

ters connect an inner tube to the vacuum flange and also to a protective
Zhibi Wang and Tuncer M. Kuzalixperimental Facilities Division,  and supportive outer tube. The inner tube is wrapped with”1/16
Advanced Photon Source, Argonne National Laboratory, Argonnepyre lead sheet to a predetermined thickness following the shape of
IL 60439 (Presented on 20 October 1995 the stepped transition ring for continuous shielding. This design has

” . L i . been prototyped and radiation tested. 1996 AlP.
A “critical thickness” for a synchrotron radiation x-ray filter exists.

Because x-ray absorption in media is an exponential function of
depth and because radiation and conduction both play a role in the
cooling of the filter assembly, the heat transfer mechanism change§

.. . . . . econdary bremsstrahlung dose rates from glancing incidence
from radiation dominant to conduction dominant as the th'CkneS%rget P KyJob and D.R H?sleffnﬁxperimental ?:acilitiegs Division

increases. For a thin filter, radiative heat transfer is the main meChaP'\dvanced Photon Source, Argonne National Laboratory, Argonne
nism. The maximum temperature in the filter increases as the thidﬁ_ll_ 60439 (Presented on 26 October 1995 Y. '
ile

ness increases due to the fact that the total heat load increases wh
the total area for radiative heat transfer remains the same. For everal collaborative access teams at the Advanced Photon Source
thick filter, conductive heat transfer is the main cooling mechanism(aps) are planning to use a vertically or horizontally reflecting
When the filter thickness increases, the heat absorption per unihirror as the first optical element in the insertion device beamlines.
thickness decreases and so does the maximum temperature. AtrRe scattering of the bremsstrahlung from the glancing incidence
certain thickness, the temperature in the filter is the maximum. Thignirrors is significantly different than that from normal incidence
is the critical thickness. For third-generation synchrotron radiationtarget& The Electron Gamma Shower prog&6S4 was used to
facilities, the maximum temperature f“‘”d thermal stresses in a filtetalculate the angular distribution of the scattered secondary brems-
are the main factors considered in a filter assembly design. Itis Ven¥irahlung from copper and silicon glancing incidence mirrors. These
important to avoid designing a filter inside the critical thickness .gculations were done for an incident angle of 0.15°. Pair produc-
range. ©1996 AIP. tion, positron annihilation at rest and in flight, Moliere multiple
scattering, Moller and Bhabha scattering, delta ray production,
Compton scattering, the photoelectric effect, and the continuous
Design and analysis of a photon/safety shutter for CARS sector energy loss by Bethe-Bloch formalism were the processes simulated
14 ID beamline at the Advanced Photon Source in this calculation. The dose at one meter away from the mirror, due
W. Schildkamp, Y. Jaski, and G. Navrotsionsortium for Ad-  to the scattered secondary bremsstrahlung, was calculated from the
vanced Radiation Sources, University of Chicago, 5640 S. Ellinergy deposited in the standard ICRU tissue placed at that loca-

Ave., Chicago, IL 60637Presented on 20 October 1995 tion. Since the EGS4 result is expressed as the dose per photon, the
dose rate was obtained by multiplying the dose per photon by the

A photon/safety shutter capable of stopping bremsstrahlung, whitdptal number of photons produced in unit time in the insertion de-
pink, and monochromatic radiation from the APS wiggler and un-vice vacuum chamber. The dose rate results and its implication for
dulator sources is described. The shutter consists of two individuthe design of the first optical enclosures are presented in this paper.
ally actuated but redundant block assemblies. Each block consist®© 1996 AIP.
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Design analysis of a composite L5-20 slit for x-ray beamlines at tungsten wire increases proportionally with temperature rise. As
the Advanced Photon Source soon as the electrical resistance of the tungsten wire reaches a pre-
H.L. Thomas Nian, Tuncer M. Kuzay, D. Shu, and C. Ben&omn set point, a signal is triggered immediately to dump the particle
perimental Facilities Division, Advanced Photon Source, Argonnebeam in the accelerator. The tungsten wire is inclined to the photon
National Laboratory, Argonne, IL 6043@resented on 20 October beam at 4.5 degrees in the vertical direction to prevent it from being
1995 overheated by the high power photon beam. Detailed mechanical

design and thermal analysis are presented.1996 AlP.
White-beam slits are precision high heat load devices used on

beamlines of the Advanced Photon Souf&@S) to trim and shape

the incoming x-ray beam before the beam is transmitted to other

optical components. At the APS, the insertion devices that generate =~ o _ _

the x-ray beams are very powerful. For example, the heat flux adFlux, |rrad|fance, and transmission calculations for the ALS wig-
sociated with an x-ray beam generated by undulator A will be on théler beamline 5.0

order of 220 W/mrat the L5-20 slit locatior{about 27.5 m away - Marks and C. Corkearnest Orlando Lawrence Berkeley Na-
from the insertion devideat normal incidence. The total power is tional Laboratory, 1 Cyclotron Road, Berkeley, Californi&re-
about 6 kW. Optical slits with micron-level precision are very dif- Sented on 20 October 1985

ficult to design under such heat flux and total power considerations . I .
A novel two-metal composite slit has been designed to meet th@‘ protein crystallography facility is being constructed for the Ad-

diverse thermal, structural, and precision requirements. A commel)fanC(Ed Light Sourc&ALS) wiggler beamline 5.0. The radiation

cial code, ANSYS, has been used as the finite element source f purce Is a 38 p_ole, 2.0 T wiggler. Calculations have_ b_een per-
the analysis of the optimized design for the set. 1€96 AIP. ormed to determine the source phase space characteristics and the

power loading on and transmission of various beamline elements. A
set of computer codes have been developed for this purpose. The
wiggler horizontal and vertical phase space flux density is calcu-
lated by phasexand phasey respectively.WrFlux calculates the

x-ray bﬁamline 6,“ the /;\jdvanced Photon Sourge | i spectral flux density along the principal ray of the optical system.
H. L. Thomas Nian and Tuncer M. Kuzdyxperimental Facilities WrPwr calculates the power impinging on a target. If a filter func-

zlwsnon, ,;Alt_j\g%rlcgedPPhoton dSourZ%, érgognelNgtéonal Laboratory,tion is specified, the transmitted, or reflected, power is calculated.
rgonne, qPresented on ctober 19 The theory and operation of the codes will be presented as well as

Several temperature closed-form solutions are developed and prggveral results of calculations. €996 AIP.
sented in this paper. The heating on a one-dimensional thin disk and
a two-dimensional thin plate are analyzed. Parametric studies are
also included to determine the optimized temperature for the de-
signs. ©1996 AIP. Monte Carlo simulations of the vacuum performance of differ-
ential pumps at the Advanced Photon Source
C. Liu, D. Shu, T. M. Kuzay, and R. KersevarkExperimental Fa-
Thermal buckling parametric analysis for a diamond disk for a cilities Division, Advanced Photon Source, Argonne National Lab,
x-ray beamline at the Advanced Photon Source Argonne, IL 60439 * Wilson Lab of Nuclear Studies, Cornell Uni-
H. L. Thomas Nian, Tuncer M. Kuzay, and I. C. SheAdvanced versity, Ithaca, NY 1485@resented on 20 October 1995

Photon Source, Argonne National Laboratory, Argonne, IL 60439
(Presented on 20 October 1995 Monte Carlo computer simulations have been successfully applied

in the design of vacuum systems. These simulations allow the user
A thermal buckling analysis for a diamond disk in the commission-to check the vacuum performance without the need of making a
ing window assembly designed for x-ray beamlines at the Advancegrototype of the vacuum system. In this paper we demonstrate the
Photon Source is presented. The analytical solution together witkeffectiveness and aptitude of these simulations in the design of dif-
associated numerical analysis help to predict the critical temperderential pumps for synchrotron radiation beamlines. Eventually a
ture of the diamond disk before a thermal buckle occurs.19®6  good number of the beamline front ends at the Advanced Photon
AIP. Source(APS) will use differential pumps to protect the synchrotron

storage ring vacuum. A Monte Carlo computer program is used to

calculate the molecular flow transmission and pressure distribution
Mechanical design of a missteered beam safety monitor at the across the differential pump. A differential pump system, which
Advanced Photon Source consists of two 170 I/s ion pumps with three conductance-limiting
J. Chang, D. Shu, G. Decker, T. Nian, T.M. Kuzay, A. Lumpkin, apertures, was previously tested on an APS insertion-device beam-

and X. WangExperimental Facilities Division, Advanced Photon line front end. Pressure distribution measurements using controlled
Source, Argonne National Laboratory, Argonne, IL 604@%e-  leaks demonstrated a pressure difference of over two decades across

sented on 20 October 1995 the differential pump. A new differential pump utilizes a fixed mask
between two 170 I/s ion pumps. The fixed mask, which has a coni-
A missteered beam safety monittMBSM) has been designed to cal channel with a small cross section of 445 mn? in the far
protect the accelerator ring of the Advanced Photon Source againshd, is used in the beamline to confine the photon beam. Monte
incursions of the missteered synchrotron radiation. When the orbi€arlo simulations indicate that this configuration with the fixed
of the particle beam in the accelerator shifts out of its safety limits,mask significantly improves the pressure reduction capability of the
the photon beam from the bending magnet will pass through thelifferential pump, to~3x10"°, within the operational range from
square apertures on the cooled mask of the MBSM and will heat up-10~* to 10 ° Torr. The lower end of pressure is limited by out-
a very thin tungsten wir€0.025 mm in diametgrbehind the mask. gassing from front-end components and the higher end by the
Acting as a resistance thermometer, the electrical resistance of thmimping ability of the ion pump. €1996 AIP.

Closed-form solutions for a disk, a filter, and a window for an
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Importance of components cleaning in the ultrahigh vacuum  CHESS upgrade 1995: Improved radiation shielding
performance of beamline front ends K.D. Finkelstein CHESS, Cornell University, Ithaca, NY 14853
C. Liu, J. T. Collins, R. W. Nielsen, T. L. Kruy, M. Ramanathan, (Presented on 20 October 1995

and T. M. KuzayExperimental Facilities Division, Advanced Pho-

ton Source, Argonne National Laboratory, Argonne, IL 604Be- The Cornell Electron Storage RIiNGCESR stores electrons and
sented on 20 October 1995 positrons at 5.3 GeV for the production and study of B mesons, and,

in addition, it supplies synchrotron radiation for CHESS. The ma-

chine has been upgraded for 300 mA operation. It is planned that
The Advanced Photon Sour€¢aPS) has 40 beamline front ends in each beam will be injected in about 5 minutes and that particle
its initial phase of operations; eventually a total of 69 beamlinebeam lifetimes will be several hours. In a cooperative effort, staff
front ends will be connected to the storage ring. The ultrahighmembers at CHESS and LNS have studied sources in CESR that
vacuum performance of these front ends will have a significanproduce radiation in the user areas. The group has been responsible
impact on the storage ring vacuum and on the lifetime of the posifor the development and realization of new tunnel shielding walls
tron beam. In this paper we emphasize the importance of propehat provide a level of radiation protection from 20d00 times
component cleaning to the ultrahigh vacuum performance of beamwhat was previously available. Our experience has indicated that a
line front ends. Critical issues in the cleaning process include usingnajor contribution to the environmental radiation is not from pho-
environmentally friendly cleaning agents and applications of ultra-tons, but results from neutrons that are generated by particle beam
sonic agitation, thorough deionized water rinsing, and vacuum furloss in the ring. Neutrons are stopped by inelastic scattering and
nace baking. A simple and cost-effective cleaning facility consistingabsorption in thick materials such as heavy concrete. The design for
of ultrasonic cleaning tanks, a drying tank, and a vacuum furnacéhe upgraded walls, the development of a mix for our heavy con-
has been set up. The effectiveness of component cleaning is evalorete, and all the concrete casting was done by CHESS and LNS
ated by the base pressure achievable in comparison to what is eRersonnel. The concrete incorporates a new material for this appli-
pected according to vacuum calculations using available outgassirgtion, one that has yielded a significant cost saving in the produc-
rates for the components. Each major component is vacuum testdn of over 200 tons of new wall sections. The material is an
before final assemb|y_ Vacuum Comparisons in some VendorartiﬁCia”y enriched iron oxide pellet manufactured in vast quanti-

provided components before and after additional cleaning will belies from hematite ore for the steel-making industry. Its material and
discussed. ©1996 AIP. chemical propertiesiron and impurity content, strength, size and

uniformity) make it an excellent substitute for high grade Brazilian
ore, which is commonly used as heavy aggregate in radiation
shielding. Its cost is about a third that of the natural ore. The con-
crete has excellent workability, a 28 day compressive strength ex-
ceeding 6000 psi and a density of 220 Ibs/cy3t5 gr/cg. The

Cleaning and outgassing studies of machinable tungsten for density is limited by an interesting property of the pellets that is

beamline safety shutters motivated by efficiency in the steel-making application. The pellets

C. Liu, D. Ryding, R. W. Nielsen, T. L. Kruy, and T. M. Kuzay are made to be porous, with about 28% of the volume consisting of

Experimental Facilities Division, Advanced Photon Source, Ar-connected pores of size typically from 1-10 microns. The porosity

gonne National Laboratory, Argonne, IL 6048Bresented on Oc- Mmay have some useful implications for neutron radiation shielding

tober 20, 1995 including the possibility of holding a lot more water than a conven-
tional mix, and the opportunity to impregnate the pellets with a
good neutron absorber such as boron. This paper will discuss these

Machinable tungsten blocks are used as safety shutters in the frogevelopments and report the latest results on the effectiveness of the

ends and the beamlines at the Advanced Photon S6ARS). The  ypgraded shielding at Cornell. @996 AIP.

machinable tungsten used is characterized as a UHV-compatible

metal by the vendor and was developed through a joint research

effort with the APS. However, because of the inherent porosity in

the sintered tungsten metal, it may present a vacuum problem andray microfabrication activities at the Center for Advanced

has to be subjected to strict vacuum testing before it is put on thdicrostructures and Devices(CAMD)

beamlines. We have chosen specially heat-treated machinable tunfg- Khan Malek, Y. Viadimirsky, O. Vladimirsky, J. Scott, B. Craft,

sten with a density of 18 g/cinfor safety shutters. In-house- and.\./. SaileCenter .for Advanced Microstructures and.Devices,

developed, environmentally friendly vacuum cleaning procedures-ouisiana State University, 3990 West Lakeshore Drive, Baton

were used. In this paper, we present results of thermal outgassirfgPuge. LA 70808Presented on 17 October 1995

tests for machinable tungsten safety shutter sets. Each set consiﬁlﬁe x-ray lithography and micromachining facility at CAMD is

of five blocks and has a total area of 4500°c# cleaning proce- . : : .
) . . S described. It consists of four dedicated beamlines and exposure sta-
dure using alkaline detergent ultrasonic washes, deionized water . S .
: N : ons using the synchrotron radiation delivered by the CAMD stor-
rinses, and a 500 °C vacuum furnace baking was used before out- "~ . . S
age ring and 230 fof fully equipped clean room. The scientific

gassing measurements. Outgassing rates 10 hours after initial punf]ind engineering activities exemplified by results of current studies
down at room temperature reached~1.60x1071°

Torr-I.s7*.cm™2 for machinable tungsten and-1.56x10710 are reported.  ©1996 AIP.

Torr-1-s™.cm™2 for the stainless steel vacuum chamber. The out-

gassing rate of machinable tungsten 24 hours afteéneasitu 48 h

bake at 160 °C is also comparable to that of the stainless ste¢hnovations in the design of mechanical components for a
vacuum chamber. The importance of a 500 °C vacuum furnace balkeamline—The SRI'95 Workshop 2 Summary

ing has been confirmed by outgassing studies for machinable tung-M. Kuzay and T. Warwick*Experimental Facilities Division, Ad-
sten sets that were not subject to vacuum furnace bakingl9@6 vanced Photon Source, Argonne National Laboratory, Argonne, 1L
AlP. 60439 *Advanced Light Source, Lawrence Berkeley Laboratory,
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Berkeley, CA 94720Presented on 17 October 1995 Beam stabilization at SPEAR

J. CorbettSSRL Accelerator Department, Stanford Synchrotron Ra-
The Synchrotron Radiation Instrumentation 1995 Conferencejiation Laboratory/SLAC, Stanford University, CA 943(Bre-
(SRI'95) was hosted by the Advanced Photon Sou#&RS) at Ar- sented on 17 October 1995
gonne National LaboratorfANL ). Of the many workshops within
the conference, the SRI'95 Workshop 2 was “Innovations in theThe SPEAR storage ring began routine synchrotron radiation opera-
Design of Mechanical Components of a Beamline.” The workshoption with a dedicated injector in 1990. Since then, a program to
was well attended with over 140 registrants. The following topicsimprove beam stability has steadily progressed. This paper, based
were discussed. Industry’s perspective on the status and future was a seminar given at a workshop on storage ring optimization
provided by Huber Diffraktionstechnik GMBH on goniometers/ (1995 SRI conferengereviews the beam stability program for
diffractometers, Oxford Instruments on advanced manufacturingPEAR. © 1996 AIP.
technique of high heat load components, such as the APS photon
shutter, and Kohzu Seiki Co. Ltd. on the specialties of monochro-
mators prOVided to the third-generation SynChrOtronS. This was fOlBeam“ne instrumentation for Short_wa\/e|ength FELs

lowed by a description of the engineering of a dual function mono-Erik JohnsonNational Synchrotron Light Source, Brookhaven Na-

chromator design for water-cooled diamond or cryogenically cooledjonal Laboratory, Bldg. 725D, Upton, NY 1197Bresented on 18
silicon monochromators by CMC CAT/APS. Another category wasQctober 1995

the nagging problem of sensitivity of the photon beam position

monitors (XBPM) to bending magnet radiatioffBM contamina-  This workshop examine the uniqued requirements of beamlines at

tion”) and the undulator magnet gap changes. Problem descriptiorshort-wavelength FELs, including detector requirements. Additional

and suggested solutions were provided by both the Advanced Lighbpics were the heat loads from a short-wavelength FEL, optics for

Source(ALS) and the APS. Other innovative ideas were the coolinga short-wavelength FEL beamline, and new technologies using

schemegenhanced cooling of beamline components using metallicshort-wavelength FELs. €1996 AlP.

porous meshes including cryo-cooled applicatjp@idcop photon

shutter design using microchannels at the ALS; and windowf/filter

design, manufacture and operational experiences at CHESS a®limmary of the workshop on “X-ray Optics and Ray Tracing:

PETRA/HASYLAB. Additional discussions were held on designing Status and Needs”

for micromotions and precision in the optical support systems angt, Cerrinat S.L. Hulbert? and M. Sanchez del Rid" University of

smart user filter schemes. This is a summary of the presentations @fisconsin-Madison, Center for X-ray Lithography, 1415 Engineer-

the Workshop. ©1996 AIP. ing Drive, Madison, WI 53706-1694 Brookhaven National Labs,
75 Brookhaven Avenue, Upton, NY 11$7Buropean Synchrotron
Radiation Facility, BP220 Grenoble Cedex, France 380#3e-
sented on 18 October 1995

A workshop on x-ray optics and ray tracing was held on October
18, 1995, at the Synchrotron Radiation Instrumentation conference
held at Argonne. The object of the workshop was to exchange ex-
Argonne, ILyerience in ray-tracing calculations between the largest synchrotron
radiation facilities. The introduction was carried out by Franco Cer-
rina, who made a review presentation of SHADOW, the only ray-

The workshop prqwded a forum fqr sync.hr(?tron facility de.S'g.nerst{acing code that can be used for almost all the synchrotron radia-
and operators to discuss the following topics: aspects of shielding o

high-energy synchrotron radiation facilities, radiation backgroundstlon applications and surely is the most wide-spread and complete

) . ' bne. Then a total of seven speakers presented in short ({2lks
personnel protection systems, and aspects of implementation of the.

DOE Accelerator Safety Order. The workshop format consisted OEunutes their experience in the use of SHADOW at their respective

presented papers with adequate time provided for discussion group%f'"t'es’ their d_evelopments, suggestions, wishes, and complalnts
and round-table discussions. €996 AIP. about some points of the package. Some of the presentations are

available as contributed papers to the SRI'95 proceedings. In gen-
eral, the speakergepresenting all the U.S. Department of Energy
synchrotron radiation sourcefelt that the program was an essential
part of the facilities experimental development. 1©96 AlP.

Radiation shielding and personal protection at synchrotron ra-
diation sourcesT. RauchasExperimental Facilities Division, Ad-
vanced Photon Source, Argonne National Laboratory,
60439(Presented on 17 October 1995

Workshop on performance optimization of synchrotron radia-

tion storage rings Use of the program SHADOW in designing a capillary focusing

G. DeckerAccelerator Systems Division, Advanced Photon Sourcebeamline

Argonne National Laboratory, Argonne, IL 60432 Safranek F. C. Brown, K. H. Kim, S. M. Heald, B. M. Barg, and E. A. Stern
National Synchrotron Light Source, Brookhaven National Labora-Department of Physics, Box 351560, University of Washington, Se-
tory, Upton, NY 11973Presented on 17 October 1995 attle, WA 98195-1560Presented on 18 October 1995

The purpose of this workshop was to provide a forum, with userin this report we consider the use of the program SHADOW for ray
participation, for accelerator physicists working in the synchrotrontracing different configurations of the PNC-CAT mircrofocus beam-
light source field to discuss current and planned state-of-the-altne. The emphasis is on the final design, which will include crystal
techniques to optimize storage ring performance. The scope of thend grazing incidence optics focusing onto the entrance of a long
workshop focused on two areas: lattice characterization and meaapered glass capillary whose outlet diameter is of the order of one
surement, and fundamental limitations on low frequency beam stamicron or less. The ray-tracing program has been especially valu-
bility. © 1996 AIP. able in comparing different configurations, determining the required
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stability of components, and optimizing the capillary profile. It has Photon beam diagnostics and characterization tools

also been useful in evaluating the results of actual measurements @M. Yun Experimental Facilities Division, Advanced Photon Source,
the throughput of long tapered capillaries fabricated of silica glassArgonne National Laboratory, Argonne, lllinois 6043Presented
Suggestions for improvements to SHADOW are given. We alscon 19 October 1995

present results of a compact pc-based capillary ray-tracing program _ ) o )
for comparison. It allows us to use different profiles with minimal Photon beam diagnostics and characterization are very important to

programming effort. ©1996 AIP. the production and effective use of synchrotron x-ray beams. Proper
diagnostic tools, techniques, and procedures are useful not only for
Experience with ray-tracing simulations at the European Syn- initial commissioning of a beamline but also for its maintenance. In
chrotron Radiation Facility some cases, it is essential to have some beam diagnostic and char-
Manuel Sachez del Ro European Synchrotron Radiation Facility, acterization capabilities as an integral part of the overall beamline

BP 220, F-38043 Grenoble Cedex 9, Fran@esented on 18 Oc- design. On-line characterization tools can also assist the user in
tober 1995 specimen alignment and in setting up experiments. Important pa-

rameters of a photon beam include absolute flux, energy spectrum,
The ESREF is the first operational third-generation synchrotron racoherence properties, spatial and angular distribution, polarization
diation hard-x-ray source. Since the beginning of its constructiorstate, timing structure, and position and angular stability. A separate
(1988, the ray-tracing technique proved to be an essential computewvorkshop focuses on the timing structure, and the conference has
tool for beamline optics design. The optical systems of most beaman invited talk on polarization characterization. Consequently, this
lines have been simulated by ray tracing in order to optimize thevorkshop concentrated on the following two topics: » Measurement
optics, fully understand their properties, and check if operation perof the insertion-device and bending-magnet source characteristics:
formances were as expected. In this paper, a short compilation gfarticle beam emittance, spectrum, and angular distribution. « Char-
the experience with ray tracing and optics simulation codes at th@cterization of the radiation at the end of a beamline: absolute flux,
ESRF, as well as some other in-house developments, is presenteg@solution, spot size, and higher-order content. Simple, inexpensive

© 1996 AIP. techniques for photon beam characterization were emphasized. The
workshop format included presentations by invited speakers with
Ray tracing: Experience at SRC extensive experience at various synchrotron facilities, invited pre-

Mary Severson Synchrotron Radiation Center, University of sentations, and general discussion. Time was also available for gen-
Wisconsin-Madison, 3731 Schneider Drive, Stoughton, WI 5358€ral discussion. ©1996 AlP.
(Presented on 18 October 1995

SHADOW [B. Lai and F. Cerrina, Nucl. Instrum. Methods246, Alternative Methods for Sub-eV Resolution Inelastic X-ray

337(1986] is the primary ray-tracing program used at SRC. RayScattering

tracing provides a tremendous amount of information regardingﬁ"bert T. MacranderAdvanced Photon Source, Argonne National
beamline layout, mirror sizes, resolution, alignment tolerances, an aboratory, Argonne, IL 6043%hilip M. PlatzmanAT&T Bell

beam size at various locations. It also provides a way to check thk@Poratories, Murray Hill, NJ 07974Presented 20 October 1994

beamline design for errors. Two recent designs have been ray tracepg
extensively: an undulator-based, 4-meter, nhormal-incidence mongs
chromator(NIM) [R. Reininger, M.C. Severson, R.W.C. Hansen,
W.R. Winter, M.A. Green, and W.S. Trzeciak, Rev. Sci. Instrég).
2194(1995] and an undulator-based, plane-grating monochromato
(PGM) [R. Reininger, S.L. Crossley, M.A. Lagergren, M.C. Sever-
son, and R.W.C. Hansen, Nucl. Instrum. Methods347, 304
(1994]. © 1996 AIP.

synopsis of SRI workshop 9 held on October 20, 1995, is given.
etails concerning the oral presentations of speakers not contribut-
ing to these proceedings are included. The workshop consisted of
the following invited presentations: 1. M. Schwoerer-Boehning
EAPS), “Experimental Needs for Milli-eV Resolution Inelastic
X-ray Scattering, " 2. E. E. AIJAPS), “Inelastic Nuclear Resonant
X-ray Scattering,” 3. A. BarofESRB, “ Inelastic X-ray Scattering

via Nuclear Resonant Analyzer,” 4. D. E. MonctgAPS), “ An

Exact Backscattering Beamline,” 5. A. CaticH8UNY-Albany),
“X-ray Fabry-Perot Cavities,” 6. E. D. Isaad#\T&T Bell Labs),
Report on the SRI '95 workshop on the timing structure of the  «Fj,x and Resolution Requirements for Studies of Electronic Exci-
Advanced Photon Source tations in Solids,” 7. C. K. StahléNASA), “Hard X-ray Detectors

E. E. Alp Experimental Facilities Division, Advanced Photon iih Very High Energy Resolution,” 8. A. K. Freun@SRH, “Mo-
Source, Argonne National Laboratory, Argonne, lllinois 60439 gaic Crystal Analyzers.” These proceedings contain separate papers
(Presented on 20 October 1995 by Caticha, Isaacs, and Stahle for the above listed presentations,

- and we will not discuss them further here. The other presentations
The workshop on the timing structure of the Advanced Photon P

Source(APS) brought synchrotron radiation experimentalists andare summarized below. - @996 AIP.

accelerator physicists together to discuss the potential experiments

and capabilities of this new machine. The discussions represented

only a small subset of possibilities, those that use the built-in timea Fabry-Perot interferometer for sub-meV x-ray energy resolu-
structure of the synchrotron radiation. Similarly, the capabilities oftion

the APS machine, beyond the design parameters, reflect the limitedl. Caticha and K. AlibertDepartment of Physics, The University at
experience the accelerator physicists have had with this maching|pany-SUNY, Albany, NY 1222 Caticha-EllisDepartamento de
which is currently going through a commissioning period. There-Materiais, Faculdade de Engenharia Metea, Universidade Es-
fore, projections based on this report may be premature. Howevefadual de Campinas, Campinas, S.P. 13083-970, B(®zitsented
we hope that some of the experimentalists’ needs are better undesn 20 October 1995

stood by the accelerator physicists and that the limitations of the

machine are better understood by the synchrotron radiation experiFhe optical theory of Fabry-Perot interferometéf®I9 for x rays
mentalists. ©1996 AIP. using dynamically diffracting thin perfect crystals as reflectors is
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developed. Application to a device using high diffraction orders inCryogenic high resolution x-ray detectors—status, theoretical
silicon crystals of thickness of the order of 198 or more shows limits, and suitability for synchrotron radiation inelastic scat-
that energy resolutions of the order of a tenth of a meV are achievtering experiments

able. The effect that various features, such as gap and mirror thickCaroline K. StahleNASA/Goddard Space Flight Center, Greenbelt,
ness, lattice mismatches, etc., have on the FPI resonances is studi&D 20771 (Presented on 20 October 1995

© 1996 AIP.
There are several kinds of low temperature solid-state x-ray detec-

tors presently under development, motivated primarily by the need
Flux and resolution requirements for studies of electronic exci- for high resolution, efficient spectrometers for x-ray astronomy.
tations in solids These include calorimeters, nonequilibrium phonon sensors, and
E.D. Isaacs and P.M. PlatzmaT&T Bell Laboratories, 600 Moun- charge collection devices using superconducting tunnel junctions.

tain Avenue, Murray Hill, NJ 07974Presented on 20 October Energy resolution at 6 keV of order 1 eV has been predicted for all
1995 of these devices, though the best measured to date, 7 eV FWHM,

has been obtained with calorimeters with semiconductor ther-
Advances in synchrotron sources promise to open a new frontier imistors. This paper will address the difference between prediction
the use of inelastic x-ray scattering to probe electronic excitationsnd performance for the different classes of devices. The theoretical
on the eV and sub-eV energy scales. In this paper we present thienits will be discussed in light of the need in inelastic scattering
flux and resolution requirements for inelastic scattering in con-experiments for using x rays with energy greater than 20 keV. The
densed matter systems. A review of several recent results will beotential for sub-eV resolution will also be addressed. 1896
given along with several proposed experiments. 1896 AlP. AlP.
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