
Lawrence Berkeley National Laboratory
Recent Work

Title
Center for Beam Physics 1992

Permalink
https://escholarship.org/uc/item/7c83f4vh

Author
Chew, J.

Publication Date
1993-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7c83f4vh
https://escholarship.org
http://www.cdlib.org/


i111jllllozIILLI





LBL-34255
UC-411

Center for Beam Physics

1992

Accelerator and Fusion Research Division

Lawrence Berkeley Laboratory
University of California
Berkeley,. California 94720

June 1993

This work was supported principally by the U.S. Department of Energy under Contract No. DE-
AC03-76SF00098. Support came from the Director, Office of Energy Research, through the Office of
Basic Energy Sciences (Materials Sciences Division) and the Office of High Energy and Nuclear

Physics (High Energy Physics Division). MASTER "_



(After PUB-713,
March 1993)

CENTER

FOR

n EAM

PHYsics

March 1993

Accelerator and Fusion Research Division

Lawrence Berkeley Laboratory
University of California

Berkeley, California 94720

Mailing Address:

CeNTeRFORBEAMPHrSICS

Mailstop 71-259
Lawrence Berkeley Laboratory
1 Cyclotron Road
Berkeley, CA 94720

Phone: (510) 486-5792

Fax: (510) 486-7981

E-maih CBP@lbl.gov





CONTENTS

Foreword ................................................................................................................................................ ii

Facilities ................................................................................................................................................. 1

Organizational Chart .............................................................................................................................. 3

Roster .................................................................................................................................................. 4

Profiles
Scientific Staff ......................................................................................................................... 5

Technical Support .................................................................................................................. 23

Students .................................................................................................................................. 24

Administrative Support .......................................................................................................... 27

Affiliates ............................................................................................................................................... 28

Center Publications (1991-93)
External Notes ........................................................................................................................ 29

Internal Notes ......................................................................................................................... 37

Appendix: 1992 Summary of Activities ............................................................................................ 4-1
(Reprinted from Chapter 4, Accelerator and Fusion
Research Division: 1992 Summary of Activities,
Lawrence Berkeley Laboratory, University of
California, December 1992, LBL-33377, UC-414)

°,,
III





FOREWORD

"Nothing happens unless first a dream"
w Carl Sandburg

The Center for Beam Physics is a multi-disciplinary research and development unit
in the Accelerator and Fusion Research Division of the Lawrence Berkeley Laboratory.
At the heart of the Center's mission is the fundamental quest for mechanisms of accel-
eration, radiation and focussing energy. Tile Center is dedicated to exploring and
investigating the frontiers of the physics of (and with) particle and photon beams. Its
primary mission is to promote the science and technology of the production, manipula-
tion, storage and control of systems of charged particles and photons -- often in the
form of 'beams' with directed energy M as applied to studies of the fundamental struc-
ture and processes of the natural world as well as for the very sake of understanding
the science of focussing and directing energy. The Center serves this mission via con-
ceptual studies, theoretical and experimental research, design and development, institu-
tional project involvement, external collaborations, association with industry and tech-
nology transfer. These activities support exploring the next steps in the development of
particle accelerators which are important both for probing the fundamental interactions
and for the wide range of disciplines now turning to synchrotron radiation sources and
free electron lasers. Accordingly, the program of the Center is not limited to specific
programmatic categories of the Department of Energy, but rather serves wide areas of
research. The research program of the Center is directly linked with advances in high
energy and nuclear physics, condensed matter, material and chemical sciences and the
life sciences.

Yet another important mission of the Center is education of students and scientific

as well as outside community via graduate instruction, research supervision and peda-
gogical expositions.

Special features of the Center's program include addressing R&D issues needing
long development time and providing a platform for conception, initiation and support
of institutional projects based on 'beams'. The Center brings a significant amount of

diverse, complementary and self-sufficient expertise in accelerator physics, synchrotron
radiation, advanced microwave techniques, plasma physics, optics and free electron
lasers to bear on the forefront R&D issues in particle and photon beam research. In
addition to functioning as a clearing house of ideas and concepts and the necessary
related R&D (e.g. various theoretical and experimental studies in beam physics, nonlin-
ear dynamics, optics and instrumentation), the Center provides core support to labora-
tory facilities and initiatives e.g. core accelerator physics and systems support to the
Advanced Light Source (ALS), technical support for the PEP-II asymmetric B-factory
and the LBL proposed Chemical Dynamics Research Laboratory (CDRL) initiative, etc..

The multi-disciplinary programs of the Center are funded by various divisions
within the DOE (largely by High Energy and Nuclear Physics and Basic Energy Sci-
ences), as well as laboratory directed R&D funds. The Center also manages three in-
house research facilities: (i) the Lambertson Beam Electrodynamics Laboratory, (ii) the
CBP Laser-Optics Laboratory and (iii) the Beam Test Facility at the ALS. Formal exter-
nal collaborations include: (i) SLAC-LBL-LLNL PEP-II studies, (ii) Stanford-LBL-BNL-
TRW on FEL SCRF technology, (iii) LBL-Stanford on FEL diagnostics, (iv) CEBAF-LBL

on IRFEL studies and (v) LBL-Peking University on Photocathode/SCRF technology.
This roster provides a glimpse at the scientists, engineers, technical support, stu-

dents, and administrative staff that make up this outstanding team. The following
pages provide a flavor of our multifaceted activities during 1992.

Swapan Chattopadhyay
Head, Center for Beam Physics



CENTER FOR BEAM PHYSICS

Facilities

Lambertson Beam Electrodynamics Laboratory

Nurtured, promoted and continually updated over the years by Glen Lambertson of LBL, the laboratory houses, in an environment of
controllecl temperature, various instruments, equipments and apparatus tbr low-power-level, high-precision RF measurements of
beam-handling structures. Inventory includes sophisticated bead pulling apparatus, time domain reflectrometry set up, high frequency
network and spectrum analyzers, microwave parts and absorbing materials, etc. Also includes a small shop set-up and facilities to
perform sophisticated electrodynamic computation of properties of dynamic RF devices.

CBP Laser-Optics Laboratory

The Laboratory houses lasers, optical components, plasma devices and computers for data acquisition and control for experimental
study of optical cavities, optical spectrometers, scaled FEL optics configurations, plasmas, etc.

Beam Test Facility

The facility, presently under construction, will provide access to a 50 MeV electron beam from the ALS injector linac, transferred via
a magnetic transport line to a specially shielded experimental vault for various beam..plasma, laser-electron bean3 scattering and bcam-
RF structure interaction studies.

C.BP Dedicated Workstations

Solboumc 502
Hewlctt Packard 375

IBM RS/0000 (two)
VAXstation 1I

CBP Mini-Library

The library contains selected reference and textbooks on beams, plasmas, lasers, accelcrator physics, dynamics, etc., as well as a few
technical journals, recent preprints and conference proceedings. It is also used as a mini conference room.

APIARY. Co.n.ference Room and Microwave Link

This is a large conference room for seminars and meetings with the special feature of being connected via a microwave link to SLAC,

allowing joint conferences and meetings with the scientists and engineers from SLAC and Stanford University. At present, the room
is routinely used for joint LBL-SLAC-LLNL meetings on the PEP-Ii asymmetric B-factory, elegantly acronymed as APIARY
(Asymmetric Particle Interaction Accelerator Research Yard) by LBL physicist A.A. Garren previous to the present project title. It is
also used regularly for biweekly Center for Beam Physics seminars.
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Roster
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William A. Barletta Walter C. Barry
Senior Scientist Staff Scientist

Director, Accelerator and MS 71-259
Fusion Research Division (510) 486-6705
MS 50-149 Joined LBL in 1992

(510) 486-5501

barletta@lbl.gov

Joined LBL in 1993 ........

Ph.D., Experimental High Energy Physics, Univ. of M.S., Electrical Engineering, Georgia Institute of
Chicago (1972). 1989-92: Visiting Professor, Dept. of Technology, 1982.
Physics, UCLA. 1990-93: Assist. Lab. Assoc. Director
for Programs at Lawrence Livermore National Research interests: accelerator instrumentation,
Laboratory. theory and applications of electromagnetic and

microwave devices in accelerators, coherent transition

Affiliations and honors: Sigma Xi (Yale), Woodrow and diffraction radiation, superconducting RF cavity
Wilson Fellow (Univ. of Chicago), member of studies, feedback systems for controlling coupled
American Physical Society. bunch instabilities in electron storage rings.

Research interests: colliders at the energy and Selected publications: "An Autocorrelation
luminosity frontiers, ultrashort-pulse X-ray sources, Technique for Measuring Sub-Picosecond Bunch
radiation processing of chemical and nuclear wastes. Length Using Coherent Transition Radiation,"

Proceedings o['the 1991 Adwmced Beam

Selected publications: "Luminosity Limitations ill Instrumentation Workshop, KEK National I,aboratory
Hadron Supercolliders," to be published in tor High Energy Physics, Tsukuba, Japan, April 22-
Supercolliders and Superdetectors, W. Barletta and H. 24, 1991.
Leutz, ed., World Scientific, 1993.

"A General Analysis of Thin Wire Pickups for High
"Characteristics of a High Energy _t+la- Collider Based Frequency Beam Pc_sition Monitors," Nucl. lns'trum.
on Electroproduction of Muons" (with A.M. Sessler), Meth. Voi. A301, No. 3, March 15, 1991.
LBL Report No. 33613, for submission to Nucl.

lnstrum. Meth., (Jan. 1993). "Characteristic Impedance and Loss Data for a
Common Stripline Pickup Geometry" (with S. Y. R.

"Physically Transparent Formulation of the Free Liu), Nucl. Instrum. Meth., Vol. A288, Nos. 2, 3,
Electron Laser in the Linear Gain Regime" (with A.M. March 15, 1990.
Sessler and L. H. Yu), Nucl. lnstrum. Meth. and

Proceedings of the 14th International Free Electron "Perturbation Method for the Measurement of

Laser Conference, Kobe, Japan, (Aug. 1992). Longitudinal and Transverse Beam Impedance" (with
G. Lambertson), Proceedings of the 1987 IEEE

"Measurements of Photodesorption from Copper Particle Accelerator Cot!ference (March 1987).
Alloys" (W.A. Barletta et ai.), Proceedings of the 15th

lntetvzational High Energy Accelerator Conference, "A Broadband Automated, Stripline Technique for the
Hamburg, Germany, (July, i 992). Simultaneous Measurement of Complex Permittivity

and Permeability," IEEE Transactions on Microwave
"Critical Vacuum Issues for B-factories," Proceedings Theoo' and Techniques, Vol. MTT-34, No. 1 (January
of International Symposium on "B-['actories: State of 1986).
the Art," Stanford, (April 1992).



Johan A. Bengtsson i John M. Byrd
Staff Scientist Staff Scientist

MS 71-259 : MS 71-259
(510) 486-6529 (510) 486-6329

jbengtsson@lbl.gov jbyrd@lbl.gov
Joined LBL in 1989 _ JoinedLBLin 1991

Ph.D., Physics, MAX-lab, University of Lund, Sweden, Ph.D., Physics, Cornell University, 1992.
1988.

Research interests: RF aspects of accelerators,
Research interests: circular accelerators, beam coupled-bunch instabilities and feedback systems.

dynamics, beam measurements, signal processing,
computer science, control theory. Selected publications: "Progress on PEP-II

Multibunch Feedback Kickers" (with J. Johnson, Go

Selected publications: "Application of Symbolic Lambertson, F. Voelker), Proc. SLAC B Factory
Computation to the Search of Complicated Primitives: Workshop (June 1992).
the Example of the Betatron Integrals" (with B. Autin),
Comput. Phys. Commun., 48 (1988). "Longitudinal Beam Response Measurements at

CESR," Proc. of the 1991 IEEE Particle Accelerator

"Application to the Yoshida-Ruth Techniques to Conference (May 1991).
hnplicit Integration and Multi-Map Explicit
Integration" (with E. Forest and M. F. Reusch), Phys. "Measurement of Octupole-induced Decoherence at
Lett. A, 158 (1991). CESR" (with D. Sagan), Proc. of the 1991 IEEE

Particle Accelerator Conference (May !991 ).
"Achromatic and Isochronous Electron Beam Transport
for Tunable Free Electron Lasers" (with K.-J. Kim), "Cornell Synchrotron Tune Correction" (with C.
Nucl. Instr. & Meth. in Phys. Res. A, 318 (1992). Dunnam and R. Meller), Proc. of the 1990 Accelerator

Instrumentation Conference (October 1990).
"Non-Linear Transverse Dynamics for Storage Rings

with Applications to the Low-Energy Anti-proton Ring "An Uncoupled, Round Beam, Electron Accelerator
(LEAR) at CERN," CERN 88-05 (1988). Lattice" (with D. Sagan, and R. Talman), Proc. of the

3rd Advanced ICFA Beam Dynamics Workshop (June
"Absolute and High Precision Measurements of 1989).
Particle Beam Parameters at CERN Anti-proton
Storage Ring LL:AR Using Spectral Analysis with
Correction Algorithms" (with E. Asseo and M.
Chanel), IVth European Signal Processing Conference
F-38402 Saint Martin d'Heres, Sept. 5-8, 1988.

"Modeling in Control of the Advanced Light Source"
(with E. Forest, H. Nishimura and L. Schachinger),
IEEE 1991 Particle Accelerator Conference, San

Francisco, California, May 6-9, 1991.



Swapan Chattopadhyay Yong Ho Chin
Senior Scientist Staff Scientist
Head MS B71H

Center for Beam Physics (510) 486-5614
MS 71-259 yongho@lbl.gov
(5 !0) 486-7217 Joined LBL in 1988
chapon @lbl.gov
csa::chapon
Joined LBL in 1976

Ph.D., Physics, University of California, Berkeley, Ph.D., Physics, The University of Tokyo, 1984.
1982. Attachd Scientifique, CERN, Geneva,
Switzerland, 1982-84. Guest lecturer, UC Berkeley, Major awards: Japan Accelerator Society Annual
1987. Visiting Prof., Univ. of Illinois at Urbana- Award.
Champaign, 1991.

Research interests: free electron laser, calculation of
Affiliations: Editor-in-chief, Particle Accelerators wake fields.
(Western Hemisphere); Member: American Physical

Society (APS), American Association for the Selected publications: "User's Guide for New ABCI,
Advancement of Science (AAAS), International Version 6.2 (.Azimuthal Beam Cavity Interaction),"

Committee on Future Accelerators (ICFA), Advisory CERN Report CERN SL/92-49 (AP) and LBL-33091
Board to International Linac Conferences, Advisory (1992).
Committee to PEP-II Project. National Scholar (I 967)
and National Science Talent Scholar ( i 967-72), Govt. "Three-Dimensional Theory of Small-Signal, High-
of India. Gain Free Electron Laser Including Betatron

Oscillations" (with K.-J. Kim and M. Xie), to be

Research interests: particle and photon beam physics; published in Phys. Rev. A, 46, p. 6662 (1992);
synchrotron radiation; free electron lasers; beam- Lawrence Berkeley Laboratory Report LBL-32329
plasma physics; nonlinear dynamics; collider physics; (1992).
novel accelerators.

"Renormalized Theory of Beam-Beam Interaction in
Selected publications: "Generation of Femtosecond Electron-Positron Colliders," in Proc. of the 3rd

X-Rays by 90 ° Compton Scattering" (with K-J. Kim Advanced ICFA Beam Dynamics Workshop on Beam-
and C. Shank). LBL-33074, to be published in Nucl. Beam Effects in Circular Colliders, edited by I. Koop,
Instr. Methods in Phys. Res. and G. Tumaikin Akademgorodok, Novosibirsk,

USSR, pp. 69-75 (May 1989).
"Physics and Design Issues of Asymmetric Storage
Ring Coiliders as B-Factories," Particle Accelerators, "User's Guide for New MOSES Version 2.0 (Mode-
Vol. 30, (1990). coupling Single Bunch Instability in an Electron

Storage Ring)," CERN Report CERN/LEP-TH/88-05
"Feasibility Study of a Storage Ring for a High-Power (1988).
XUV Free Electron Laser" (with J.J. Bisognano et al.),

Particle Accelerators, Vol. 18, p. 223, (I 986). "Nonlinear Perturbation Approach to Bunch
Lengthening and Blow-up of Energy Spread" (with K.

"Some Fundamental Aspects of Fluctuation and Yokoya), Nucl. Instrum. Methods, 226, p. 223 (1984).
Coherence in Charged Particle Beams in Storage
Rings," AlP Conf Proc. Series, No. 127, p. 467, "Analytical Approach to the Overshoot Phenomenon
(1985). for a Coasting Beam in Particle Accelerators" (with K.

Yokoya), Phys. Rev. D, 28, p. 2141 (1983).



Manoel E. Conde John N. Corlett
Staff Scientist Staff Scientist

MS B7 IH Group Leader (acting)
(510) 486-5076 Beam Electrodynamics
conde @Ibl.gov Group
Joined LBL in 1992 MS 71-259

(51O)486-5228

.jnc @be ! .Ibl.gov
Joined LBL in Dec. 1991

Ph.D., Physics, Massachusetts Institute of Technology, BSc, Physics, Liverpool University, 1983. Microwave
1992. engineer, EEV Co. Ltd, 1983-1986. Accelerator

physicist, Daresbury Laboratory, U.K., 1986-1991.
Research interests: free-electron lasers, particle
accelerators and plasma physics, studies of Research interests: monochromatic RF structures,

photocathode RF guns. beam coupling impedance, feedback systems, bunched
beam instabilities.

Selected publications: "Amplification and
Superradian! Emission from a 33.3 GHz Free Electron Selected publications: "Measurements of the Higher
I.aser with a Reversed Axial Guide Magnetic Field" Order Modes of the ALS 500 MHz Accelerating
(with G. Bekefi), IEEE Trans. Plasma Sci., 20, p. 240 Cavities" (wit1. J. Byrd), to be presented at the Particle
(1992). Accelerator Conference, Washington, DC (May 1993).

"Experimental Study of a 33.3 GHz Free Electron "Impedance Measurements of Components for the
Laser Amplifier with a Reversed Axial Guide Magnetic ALS" (with R. Rimmer), to be presented at the Particle
Field" (with G. Bekefi), Phys. Rev. Lett., 67, p. 3082 Accelerator Conference, Washington, DC (May 1993).
(1991).

"New Injection Kicker Magnets for the Daresbury
"Shape of the Plasma Boundary in TBR" (with R.M. SRS" (with J.A. Clarke), Proc. 3rd European Particle
O. Galvao et al.), Rev. Bras. Fis., 17, p. 109 (1987). Accelerator Cot!/'erence, Berlin (March 1992).

"Higher Order Modes in the SRS 500 MHz
Accelerating Cavities," Particle Accelerator
Conference, Chicago (March 1989).

"SRS-2 Performance and Achievements" (with V.P.

Suller et al.), Particle Accelerator Conference, Chicago
(March 1989).

"Beam Instability Characteristics of the Daresbury
SRS" (wilh M.W. Poole, V.P. Suller and J.S. MacKay),
European Particle Accelerator Conference, Rome (June
1988)

10



John A. Edighoffer :: Etienne Forest
Staff Scientist Staff Scientist
MS B71H MS 71-259

(51O)486-5107 (510) 486-72 !5
jedig @lbl.gov etienne @lbl .gov
Joined LBL in Aug. 1991 Joined LBL in 1985

Ph.D., Applied Physics, Stanlord University, 1981. Ph.D., Physics, University of Maryland, 1984.
Ten years at TRW doing FEL research.

Research interests: nonlinear dynamics in

Research interests: free electron lasers, optical accelerators, perturbation theory and other approximate

diagnostics, photocathodes, superconducting RF, methods for accelerator maps.
accelerator physics and modeling, accelerator
diagnostics; CDRL FEL Conceptual Design, Stanford/ Selected publications: "The UCLA _ Factory
LBL/BNL superconducting RF collaboration, Stanford/ Collider" (with A. Amity, C. Pellegrini and D. Robin),

LBL FEL diagnostics collaboration; LBL/CEBAF FEL/ to be submitted to Phys. Rev. (1993).
RF photocathode collaboration; hole out-coupling
scaled FEL bench top experiments. "Construction of Symplectic Maps for Non-linear

Motion of Particles in Accelerators" (with J.S. Berg,

Selected publications: "First Operation of a Tapered R.L. Warnock alid R.D. Ruth), submitted to Phys. Re".
Wiggler Free Electron Laser Oscillator" (with S.W. (1993).
Fornaca, G.R. Neal, C. Hess, H.A. Schwettman and T.I.

Smith), J. Appl. Phys. (1983). "Sixth Order Lie Group Integrator," J. Comp. Phys.
( i 992).

"Energy Measurement of tile Electron Beam Beyond
the PALADIN Wiggler" (with T.J. Orzechowski, P. "Symplectic Integration in Complex Wigglers" (with
Lee, T.E. Smith, Y.P. Chong, A.C. Paul and J.Y. Weir), K. Ohmi), KEK Report 92-14 (1992).
Proc. of the l lth FEL Confi (Sept. 1989).

"A Contemporary Guide to Beam Dynamics" (with K.
"Visible Free-Electron Laser Oscillator (Constant and Hirata), KEK Report 92-12 (1992).

Tapered Wiggler)" (with G.R. Neil, S. Fornaca, H.R.

Thompson, Jr., T.I. Smith, H.A. Schwettman, C.E. "Dynamic Aperture Study for the Duke FEL Storage
Hess, J. Frisch and R. Rohatgi), (with H. Boehmer, Ring" (with Y. Wu, V.N. Litvinenko and J. Madey),
M.Z. Caponi, S. Fornaca, J. Munch, G.R. Nell, B. Saur submitted to the Fourleenth Int'l FEL Conference in
and C. Shih), J. Appl. Phys. (June 1987). Kobe, Japan, August 23-18, 1992, to appear in a

special issue of Nuclear Instruments attd Methods,

"Free Electron Laser Small Signal Gain Measurement Section A, Elsevier North Holland Science Publishers
at 10.6 mm,"Appl. Phy. Let. (1982). B.V.

"Observation of Inverse Cerenkov Interaction between "The Absolute Bare Minimum for Tracking in Small

Free Electrons and Laser Light," (with W.D. Kimura, Rings" (with M. Reusch, D. Bruhwiler and A. Amiry),
R.H. Panteli, M.A. Piestrup, and D.Y. Wang), Ph3. submitted to Part. Accel. (1992).
Rev. A, Vol. 23, No. 4 (April 1981).

"Application of the Yoshida-Ruth Techniques to
Implicit Integration and Multi-Map Explicit
Integration" (with M. Reusch and J. Bengtsson), Phys.
Lett. A ( 199 i ).

11



Miguel A. Furman Alper Garren
Staff Scientist Senior Scientist
MS B71H MS B71H

(510) 486-6443 _ (51O)486-6574
m iguel @lbl.gov / garren @lbi .gov
Joined LBL in 1984 Joined LBL in 1955

Ph.D., Theoretical Particle Physics, University of Ph.D., Physics, Carnegie Institute of Technology, 1955.
California, Santa Cruz, 1977. Joined LBL/CBP in

August, 1984. Worked "on loan" for the SSC Central Accelerator theorist with contributions to design of
Design Group (1984-1989), and then for the SSC many accelerators and their lattices, e.g. Bevatron,
Laboratory (1989-1990). Since 1990, working full- FNAL, PEP, BNL/CBA, ALS, PEP-II, SSC, etc.
time at CBP on the PEP-II project. Author of the lattice program SYNCH. Also

contributed to heavy ion fusion, magnetic fusion with
Research interests: beam-beam interaction; mirrc'r machines, spiral-ridge cyclotrons (e.g. 88"
longitudinal phase space management and matching in Cyclotron at LBL) and to the Electron Ring Accelerator
chains of accelerators; space-charge effects. Study.

Selected publications: "Beam-Beam Diagnostics from Selected publications: "SYNCH Users Guide" (with
Closed-Orbit Distortion" (with Y-H Chin, J. Eden, W. A.S Kenney, E.D. Couranl, A.D. Russell, M. Syphers),SSCI,-MAN-0002 (1993).
Kozanecki, J. Tennyson and W. Ziemann), to be
published in the Proceedings of the 15th hltl. Conf on "APIARY B-Factory Separation Scheme" (with M.
High-Energy Acceleratotw, Hamburg, July 1992. Sullivan), LBL-PUB-30730 (May 1991).

"APIARY B-Factory Lattice Design" (with M.H.R.
"Beam-Beam Issues in Asymmetric Colliders," invited Donald), LBL-PUB-30665 (May 1991).
talk, Proc. of the B Factories." State of the Art,
Stanford, California, April 1992, p. 109. "Low Momentum Compaction Lattice Study for the

SSC Low Energy Booster" (with E.D. Courant and U.
"RAMPRF: it Program for Synchronous Acceleration," Wienands), Proc. of 1991 Particle Accelerator
Proc. 1991 Particle Accelerator Conference, San Conference (May 1991).

Francisco, p. 300 (May 1991 ). "Site-Specific Conceptual Design of the
Superconducting Supercollider," SSCL-SR-1056 (July

"Hourglass Effects for Asymmetric Colliders," Ptvc. 1990).
!991 Particle Accelerator ConJerence, San Francisco,
p. 422 (May 1991). "An Asymmetric B-Meson Factory at PEP" (A.A.

Garren et al.), Proc. of 1989 Particle Accelerator
"A Possible Symplectic Coherent Beam-Beam Model" Cot!/'erence, Chicago.

(with A. W. Chao and K.Y. Ng), Proc. Europeatt "Thin Lens Optics With Space Charge," Proc. of 7th
Particle Accelerator Cot!/'erence, Rome, p. 684 (June Int. Cm!/i on High Energy Accelerators, Yerevan,
1988). USSR, UCRI,-19313, (1969).

"l,attice Of The Nal Proton Synchrotron," Proc. o[
!969 Particle Accel. Cot!ference.

"()rbit I)ynamics in the Spiral-Ridged Cyclotron" (with
l_ioyd Smith), UCRL-8598 (1959).

12



• David A. Goldberg Richard A. Gough
...... Staff Scientist Senior Scientist

MS 71-259 : i MS 50-149

(510) 486-7222 (5 !0) 486--4573

dag @lbl.gov RAGough @LBL
Joined LBL in 198(] Joined LBL in 1970

Program Head
'J '_ Special Projects, AFRD

Ph.D., Nuclear Physics, Johns Hopkins University, Ph.D., Nuclear Physics, McMaster University, 1970.
1967.

Research interests: design, construction, and
Research interests: beam instrumentation and management of accelerator facilities, conceptualization

feedback, beam impedance measurements, stochastic and development of accelerator facilities with
cooling, applications to the scientific community.

Selected publications: "Higher-Order Mode-Damping Selected publications: "Design of a Superconducting
Studies on PEP-II B-Factory RF Cavity" (with R.A. Linear Accelerator for an Infrared Free Electron Laser
Rimmer et al.), contribution to 1992 European Particle of the Proposed Chemical Dynamics Research
Accelerator Conference. Laboratory at LBL" (with S. Chattopadhyay, R. Byrns,

R. Donahue, J. Edighoffer, E. Hoyer, K.-J. Kim, W.

"Dynamic Devices: A Primer on Pickups and Kickers" Leemans, J. Staples, B. Taylor, and M. Xie), 16th
(with G.R. Lambertson), in Physics _]'Particle International Linac Conference, Ottawa, Ontario,
Accelerators, M. Month and M. Dienes, eds. (1992). Canada, August 23-28, 1992.

"Modes of Elliptical Waveguides: a Correction" (with "Design Overview of Highly Stable Infrared Free
L.J. Laslett and R.A. Rimmer), IEEE Trans. on Electron Laser at LBL" (with K.-J. Kim, M. Berz, S.

Microwave Theory and Techniques, 38 (1990). Chattopadhyay, J. Edighoffer, C. Kim, A. Kung, W.
Stein, and M. Xie), Proc. of Twe!fth International Free

"Successful Observation of Schottky Signals at the Electron l_ztserCot!/erence, Paris, France, September
Tevatron Collider" (with G.R. Lambertson), Particle 17-21, 1990.

Accelerators, 3__0(1990).
"Medical Heavy Ion Accelerator Proposals," Proc. _!f

"Improving the Performance of Power-Limited !985 Particle Accelerator Cot!ference, Vancouver,
Stochastic Cooling Systems" (with G.R. Lambertson), B.C., Canada, p. 3282 (May 1985).
Particle Accelerators, _ (1990).

"Pertormance of the Oxygen Injector for the CERN

"Beam hnpedance Measurements on the ALS Curved Linac I" (with B. Wolf, K. Leible, P. Spfidtke, J.
Sector Tank" (with R.A. Rimmer et al.), contribution to Klabunde, B. Langenbeck, N. Angert, J. Staples, R.

1990 European Particle Accelerator Conference. Caylor, D. Howard, R. MacGill, J. Tanabe, C. Hill, P.
Tetu, M. Weiss, and R. Geller), Nucl. instr, and

"A High-Frequency Schottky Detector for Use in the Methods, A258 (1987).
Tevatron Coilider" (with G.R. Lambertson),

Proceedings of 1990 Workshop in Accelerator
Instrumentation.
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Alan Jackson Jimmie K. Johnson
Staff Scientist Staff Scientist

Group Leader MS 7 !-259
ALS Accelerator Group (510) 486-6464
MS 80-101 kaz@lbl.gov
(510) 486-6752 Joined LBL in 198!

ajackson @Ibl

_ Ibi::ajackson A
Joined LBL in 1984

BA (Hons), Physics, Lancaster University, 1968. B.S., Electronics Engineering, University of California,
1968-84: Scientific Officer at Daresbury Nuclear Davis, !98 I.

Physics Laboratory, U.K. 1984-present: At LBL,
member of the team that designed and commissioned Affiliations: IEEE, LBL representative to the National
the third generation Advanced Light Source. Consortium for Graduate Degrees for Minorities in

Science and Engineering, Inc. (GEM)
Affiliations: Member APS and AAAS

Research interests: microwave technology with
Research interests: design, construction and operation accelerator applications, computer-aided engineering,
of synchrotron radiation sources; fourth generation multi-bunch feedback systems.
synchrotron radiation source.

Selected publications: "Progress on PEP-If
Selected publications: "Ideas for Future Synchrotron Muitibunch Feedback Kickers" (with J. Byrd, G.
Light Sources" (A. Jackson et al.), presented at the Lambertson, F. Voelker), Proc. SLAC B Factory

Third European Accelerator Conference, Berlin, Workshop, June 1992).
Germany, March 1992, and to be published in the
proceedings. "Novel Electrode Design tbr a 4-8 GHz Stochastic

Cooling System" (with D. Goldberg, G. Lambertson, F.
"The Challenges of Third Generation Synchrotron Voelker), Bull. Am. Phys. Soc., 33, p. 1025 (1988).
Light Sources," Synchrotron Radiation News, Vol. 3,

No. 3, pp. 13-20 (May-June 1990). "Power Combiners/Dividers for Loop Pickup and
Kicker Arrays for FNAL Stochastic Cooling Rings

"The Effect of Insertion Devices on the Behavior of the (with R. Nemetz), 1985 Particle Accelerator

ALS," (A. Jackson et al.), IEEE Trans. Nuc. Sci., IEEE Conference. Vancouver, B.C., Canada, May 13-15,
89CH2669-0 (1989). 1985, IEEE Trans. Nucl. Sci., NS-32, p. 2171 (October

1985).
"A Comparison of the Chasman-Green and Triple Bend

Achromat Lattices," Particle Acceleratotw, Vol. 22, No. "An Array of ! to 2 GHz Electrodes tbr Stochastic
2 (1987). Cooling (with F. Voelker and T, Henderson), 1983

Particle Accelerator Conference, Santa Fe, NM, March
"Feasibility Study of a Storage Ring for a High Power 21-23, 1983.
XUV Free Electron Laser" (with J. Bisognano et al.),
Particle Accelerators, Vol. i 8 (1986).

"The NINA Polarized Photon Beam," Nucl. ltlstrum.
Meth., 129 (1975).
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Roderleh Keller Charles H. Kim
Staff Scientist StalT Scientist

Deputy Group l,eader MS 80-101
ALS Accelerator Group (510) 486-7218
Section Leader ckim @csa3.1bl.gov

ALS Accelerator Physics Joined LBL in 1978
MS 80-101

(510) 486-5223
rkeller@lbl.gov
Joined LBL in 1988

Dr. rer. nat., Experimental Physics, University of Kiel, Ph.D., Plasma Physics, University of California, l.os

Germany, 1973. Angeles, 1974.

Awards: Three patents on ion sources and components. Awards: Fannie and John Hertz Foundation Fellow

Research interests: particle accelerators; itm sources Research interests: Accelerators, rf linac, synchrotron,
for accelerators and industrial applications, storage ring, accelerator diagnostics instrumentation,

linac simulations.

Current activities: Commissioning of the ALS

(Advanced i,ight Source) electron accelerators, a 50 Selected publications: "Performance ot"the AI,S
MeV linac, a 1.5 GeV bo_ster synchrotron, and a I-1.9 Injector," to be published in the IEEE Partic'le

GeV storage ring. F.valuation of magnetic field data tbr A_'celerator Cot!ferem'e (1993).
the accelerators under construction. Detinition of

survey and alignment procedures, creation of ideal "Advanced l,ight Source Instrumentation Overview,"
component data, and evaluation of survey data for the Pro_'et'dings t_fth¢' 1992 Accelerator Instrumentation
ALS accelerak_rs. Work.vhol,.

Selected publications: "Survcy and Alignment of the "('ommis,,i_ming lixperiences _t the AI,S l'_oster
Advanced Light Source in Berkeley," Ntwl. Instr. Meth. Synchrotron." Proceedings q['the IEEE Parti_'h'
in I_hvs. Resettrch B56/57, p. 422 (1991). A_'_'t'lerator Conferem'e, p. 2691( 1991).

"Magnetic Data Analysis tbr the AI_S Lattice "Dynamic Aperture of the AI_S Booster Synchrotron,"
Magnets," IEEE #91CH3038-7, p. 2113 (1991). Proc'eedings of the IEEE Particle Accelerator

Cot!i_'rem'e, p. 1328 (1989).

"Study of a 'Relaxed' ALS Storage Ring l_attice,"
Second European Particle Accelerator C_nt'., Nice, "Simulation of Emittance Growth in the ALS Pre-
France (1990). Inject_r, " i,inear Accelerator Cot!ferem'e Pro_'eedings.

p. 427(1988).

"Ion Fxtraction Systems: Optics and Design," Nt,'l.
Instr. Meth. in Phys. Research A298, pp. 247--254 "l)csign of a Bunching System for a High-Intensity
(1990). Electron !_inat," IJroceedings of the European P_trti¢'le

('ott]erence. p. 863(1988).

"High Current Gaseous Ion Sources" in: I.(;. Brown,
ed., The Ph_'sics and Technology o[ h'm Sources, p. "Development of tleavy Ion Induction l,inear
151, John Wiley, NY (1989). Accelerators as Drivers tot Inertial Confinement

I:usion," l_ro¢'eedings ¢_['theEuropean Particle
Cot!]brenc'e. p. 1521(1988).
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Kwang-Je Klm Soo-II Kwon
Senior Scientist Visiting Researcher
Deputy Head, Kyonggi University
Center tbr Beam Physics Suwon, Korea
Lecturer, UCB Phys. Dpt MS B71H
MS 71-259 (51O) 486-5470

(51O) 486-7224 : sooil @Ibl,gov
kwangje@lbl.gov
Joined I.,BL in 1978

Ph.D., Elementary Particle Physics, University of Ph.D., Nuclear Physics, Sung Kyun Kwan University,
Maryland, 1970. Visiting Scientist, SLAC 1970--73; Korea, 1988.
Max Planck Inst. tiJr Phys. and Astrophys., 1973-75;
Univ. of Mainz, 1975-78. Research interests: radiation detection and

measurement, radiation damage, free electron lasers,

Affiliations: American Physical Society, Int'l FEL laser-driven photocath_de electron source.
Program Committee (1993), lnt'l Advisory Committee
for Pohang Light Source. Selected publications: "Electron Spin Resonance of

Gamma-irradiated Single Crystal of L-Alanine," Kor.

Research interests': novel x-ray generation, free Appl. Phys., Vol. 6, No. 3 (1993).
electron lasers, synchrotron radiation optics, high-
brightness electron beams. "ESR Study of the Proton-Deuteron Exchange Reaction

in Irradiated L-Alanine," Kor. Appl. Phys., Vol. 6, No.

Selected publications: "Generation of Sub-Picosecond 3 ( !993).
X-rays by 90° Compton Scattering" (with S.
Chattopadhyay and C.V. Shank), IA3L-33074. "A Study on the Fabrication of the BGO Scintillation

Detector and Its Gamma-Ray Spectroscopic

"Stability and Pertormance of CDRL-FEI.?' (with M. Characteristics," Kor. Appl. Phys., Vol. 4, No. I (1991).
Xie), Nucl. Instr, Methods, A304, p. 146 (1991).

"The Effects of Scintillator Shape and Surface

"Spectral Bandwidth in FEL Oscillators," Phys. Rev. Treatment on the Light Output of BGO Detector," Kor.
Lett., 66, p. 2746 (1991 ). Appl. Phys., Vol. 3, No. 4 (1990).

"RF and Space Charge Effects in Laser-Driven RF "Characteristics of BGO Scintillation Detector Using
Electron Guns," Nucl. Instr. Meth., A275, p. 201 Silicon Photodiodes," J. Kyonggi Univ., Vol. 21 (1989).
(1989).

"Brightness, Coherence and Propagation
Characteristics of Synchrotron Radiation," NucL Instr.
Meth., A246, p. 71 ( i 986).

"Three-Dimensional Analysis of Coherent
Amplification and Seif-Annplified Spontaneous
Enfission in Free Electron Lasers," Physical Review
Letter_, 57, p. 1871 (1986).

"A Synchrotron Radiation Source with Arbitrarily
Adjustable F,Iliptical l_olarizaticm, '' Nucl. Instr. Meth.,
2 !9, p. 425 (1984).
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Glen R. Lambertson . Wire Leemans
SeniorScientist Staff Scientist
MS 71-259 MS 7 !-.259

(5 I0) 486--7205 (5 I0) 496.-7788

lambertson @Ibl.gov leemans O.Ibl.gov
Joined LBL in 1951 Joined I,BI, in 1991

F

M.S,, Physics, University of California, Berkeley, Ph.D., Electrical Engineering, University of Califi)rnia,
1951. Los Angeles, 199 I.

Award: U.S. Particle Accel. School 1991 Prize for Major awards': American Physical Society Simon

Achievement in Accelerator Physics and Technology. Ramo Award 1992.

Current research: particle beam electrodes, stochastic Research interests: beam-plasma interaction,
beam cooling, feedback stabilization of beam generation of light, non-linear optics, non-linear
instabilities, dynamics, study of plasma lens focusing, generation of

short pulse X-rays through inverse compton scattering,

Selected publications: "Dynamic Devices, A Primer advanced optical diagnostics and resonators h_r FEL's.
on Pickups and Kickers" (with Goldberg), AlP Con/i
Proc., 249, p. 537 (_992). Selected publications: "Ultrahigh Gradient

Acceleration of Injected Electron by Laser-Excited

"Higher Order Mode Damping Studies on the PEP-II Relativistic Electron Plasma Waves" (with C.E.
B-Factory RF Cavity" (with Rimmer, Goldberg, Blayton, K.A. Marsh, A. Dyson, M. Everett, A. Lal, R.
Voelker, Kroll, Pendleton, Schwarz, Adams, and Williams and C. Joshi), Physical Review Letters, 70, p.

DeJong), 3rd European Particle Acce]. Conf. (1992). 37 (1993).

"Transverse Feedback in a 100 TeV Storage Ring," "Non-linear Dynamics of Driven Relativistic Electron
Proc. _" 19th Workshop on Maximizing Luminosity O[ Plasma Waves" (with C. Joshi, W. B. Mori, C. E.
Hadron Colliders at 180 TeV, Erice, Italy (1991). Clayton and T. W. Johnston), Physical Review A, 46,

p. 15 (September 1992).

"Control of Coupled-Bunch Instabilities in High-
Current Storage Rings," invited paper, 1991 IEEE "Experiments and Simulations of Tunnel-lonized
Particle Accelerator Conference, :/:, p. 2537 (1991). Plasmas" (with C. E. Clayton, W. B. Mori, K. A.

Marsh, P. K. Kaw, A. Dyson and C. Joshi), Physical

"Higher Order Mode Damping in a Pill Box Cavity" Review A, 46, pp. 1091-1105 (1992).
(with Rimmer and Voelker), 1991 IEEE Particle Accei.

Conf, 2, p. 687 (1991). "Plasma Physics Aspects of Tunnel-Ionized Gases"
(with E. Clayton, W. B. Mori, K. A. Marsh, A. Dyson,

"Techniques tor Beam Impedance Measurements and C. Joshi), Physical Review Letters, 68, pp. 321-324
Above Cutoff' (with Jacob, Rimmer and Voelker), 2nd /1992).

European Particle Accel. Co,,_/i,p. 1049 (June 1990).
"Stimulated Compton Scattering from Pre-formed
Underdense Plasmas" (with C. E Clayton, K. A. Marsh
and C. Joshi), Physical Review Letters, 67, pp. 1434-
1437 ¢1991).
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Hal Li Malika M. Meddahi
StilT Scientist Staff Scientist
MS B711t MS 80-11)1
(5 I()) 486-_6572 (5 I0) 48(%5619

..... h_,;_r_Ibi,gov meddahi@Ibl.gov
Joined I,BI. in 1993 Joined I,BI, in 1991

Ph,D., Physics, Universily of Maryland at College Ph.l)., Physics, Univcrsity of Paris 7, 1991,
Park, 1993.

Awards: Daniel Guignier Prize, 1991.
Research interests: analytical and numerical studies
of space charge and high frequency electromagnetic Research interests: n_mlinear dynamics; accelerator
problems related to microwave devices such as studies; beam-beam effects; AI,S transverse damping
gyr,;trons, relativistic klystrons and FE[,, scheme.

Selected publications: "Space Charge Instabilities in Selected publications: "Influence of a Wiggler Magnet
Gyrotron Beams" (with T.M. Antonsen, Jr.), Phys. in a Circular Machine" (with R. Schmidt), CERN-SIJ
Fluids B (1993). July 1992.

"Theory of Gyro-Traveling-Wave Tubes at Cyclotron "Ideas for Future Synchrotron Light Sources" (wilh A,
ltarmonics" (with G.S. Nusinovich), htt, J. Electron, 72 Jackson and W. Itassenzahl), EPAC 1992, Berlin,

(5.-6), p, 895 11992). March 21--29, 1992.

"Theory of Relativistic Gyro-Twistron" (with G.S. "Proton-Antiproton Collisions at a Finite Crossing
Nusinovich), Phys. Fluids B, 4 (4), p, 1058 (1992). Angle in the SPS" (with K. Cornelis ,'rodW, Herr),

I.HC Note 15() (1991).

"l.arge-Signal Theory of Gyro-Traveling-Wave Tubes
at Cyclotron Itarmoncs" (with G.S. Nusinovich), "Measurement of the Beam-Fleam l-f feet as a Function
I..E.E.E. 7"ran.Pla,_ma Sci., 20 13), p. 171)(19921. of the Separation in I.I-P" (with K. Cornelis el al,),

EPA(' 1990, Nice, June I I--16.

"F.fficiency of Frequency [./p-Shifled (lyrodevices:
Cyclotron Harmoncs Versus (;ARMS" (with (;.S. "Calculations _1"the Tune Spreads Induced Beam-
Nusinovich and P.E. l_atham), presented on h!frared & liealu l':ffects in the C'ase of Partially Separated
Millimeter Wave (5,![erem'e, (I)ecember 1992). Beams" (wilh R. Schmitlt), C[:RN-SI,/9()--15 (199t)).

"Tracking Studies on the l]eam-Ileam F,ffect in the
CI;IRN-SPS p-pbar Collider" (with W, llerr and R,
Schm idt), ('F.R N-S! J91-5(AP).

"Beam-l]eam l':tfect_ in the Strong-Strong Regime at
the ('ERN SF'S" (with I.. Evans, J. Gareyte and R.
Schmidt), 198t; Part. Ace. Conf, Chicago, March 211-
23.

"F.xperimenlal Study of a Beam Excitation in the
Presence t)f the Beam-l]eam Interaction" (with K.

('(_rnelis, R. Schmidl arid I). Vandephissche), SPS/
AMS/Nt_te 8',_ (14



Iliro._hi Nishlmura Roher! A. Rlmmer

Staff Scientist SIaIT Scientist

MS X() -I(}! MS 71-2.'i9

(5 I0) 486-5763 (5 I()) 486-6243

hiroshiCa_lhl.g °v _ rinuner@_lbl.g ov
Joined I,i]1, in 19_5 Joined !,I]1. in 19_8

l'h.l)., I'hy,_ics, Universily of Tokyo, 191_2. I'h.I)., Electrical lingineering, l,ancaster tlniversiiy,
IlK, 1_}8_,_uhiecl: Itigh Power Microwave Wimh)w

Re,_earch interest.w accelerator physics tor AI,S; Failure_.

modeling and simulation c_)tle construction for real

accelerator control using the novel programming Re,wareh interests: c_miputer simulation of high

methodologies like 0()I ). frequency electromagnetic problems, Iligher-Order-
Mode suppre,_si(m in RF cavities and structures,

Selected publications: "l)y namic Accelerator microwave windows, beam impedance of accelerator

Mt)deling Uses Objects in i_iffel," ('.mtmwrs m ¢lm|ponent,s.

I'h.vsics, 6, p, 456 (1992).
Selectedpublicatinns: "RF Cavily Development for

"Framework for Control System I)evehqlment" (with the Pl:.l)-II/l-Factory," l)ro_'. Int. Workstuq_ on B-

C.W. Cork), to appear in the Proc. r!/t/w Intermltinmt/ I".ct.ries, It1:WS92, KF_K, Japan, Nm.,. 17-2(), 1992

('nt!/erem'eon A('('el('ratnram/I.arqe i'h v._i_',v(".ntrnl

,_v_'tem._,Tsukuba, Japan (! _i91} "iligher ()r,ler Mode I)alnping Studies on the PF.I'-ll
lt-J:aclllry I_l: Cavity" ill. Rilnnler el al. ),/'rot. IOq2

"Vertically Iniel,'raied Shliuhilhm l"ools tilr ,H¢It: l:'llltop./'art, thce/. (:)m/:, Ilerlin, (ierlnany, March 74

Uimsisleni Tnlt'kin_ and Anlily_;is" Iwilh I,L Ft_resl ), 28, 191J2.

Prln('. Fi_lrl. A_'{'('I. Col!#., Ctt2669, 1I.1304 (ll)8())
"An RI; ('avily t'l_r ihe l]-I:aclory '' (R. t(inlnler el al.),

"l)),nalllic Aperture il|" the AI,S ltoil_icr Synchrlllr(in," I'tv_'. IqOI II.S. Par/. Accel. ('nil/:, May 6-9, San
(with ('. Kiin i, Prnc. Part. Accel. emil:, ('112661J, p. Franciscl_.
132 (191,,I¢}),

"Mode,_ of Elliptical Wavcguides; a Correctilln" (with

"The l'_ffet'ls of Insertion I)evicc,, on the Behavior in I).A, (hlhlberg and [.J.I.aslett)./flEE "l'r.,prs. MT/',

the AI.S" (with A. Jackson. |i. Fi)re',,t and M.S. Vol, 38, No. !1, pp. 16()3-16()_ (November 1990).

Zisman), Proc. l'.rt, Ateel. ('..L, ('H2669, p. 1752
( 1914qi. "llealll llnl)eihtnce Measiirenlenls on the AI,S Curved

,_e¢lor Tank" ( R.A. Rilnnler el ill. ), Prnc. /qiil) Ellrop,

"TRACY, A "l'tltd tl_r At't'elerilhlr I)e_il.,n anti Part. A('c¢'l. ('fill/., June 12-16, Nice, ]:rant'e, I,ltl,-

Analysis," I_uropeiin Part. At'tel. ('iml., p. l,t(IJ (191414) 214192.

"Piiriicle ,_iniuhiliiln Code for Nim-Rehllivislic I-lecln!n "l)elerniinalion _1 I:ailure Mechani_ni._ of RF ('avily

ltunch in I,ASI{R'I'R()N," Pro('. I.im'ar A('cel (jill/;, Aperltir¢ Windiiws," Prec. 10_9 /EEl': Part. Accel.

(ISI-N4-Ii, 11.165 ( 19N4i. ('nnL, Ililillch 21)2J, ('hicago.

"I,ASF_RTRON: l,a_er Triljl,'l:red RI; ,i_i!llrt'e for [.ilillc_ "'lligh Power Microwavt' Window Failurc._," PhD.

in Ihe Tt.,V Rct_illn'" (with 1%1.Y_l,,hioka el al. ), Pro,'. "l'hesi_, I.anc'a,,ier I Iniversily, {IK, (available (in

l,me,r At'tel. (.'-/11:, (;S1-144 I I, 1146tt ( IcJl4,ii. inicr_dilnl [roln lhc tllliVer_,ily library) (Ocll_her i_8).
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_ _ r David S. Robin Lindsay C. Schachinger
Slaff Scientist _ Staff Scientist
MS B71H MS 80-101

(5 i O) 486-6028 (510) 486-5009
robin @csa.lbl.g¢_v lindsay@sesame.lbl.gov
Joined LBL in 1991 Joined LBL in 1990

ql

Ph.D., Physics, University of California at Los Ph.D., Physics, Rutgers University, 1978.
Angeles, 199 I.

Research interests: accelerator simulation and

Research interests: studies of the linear and non linear modeling both for design and controls, non-linear
dynamics of lept_,n storage ring colliders, dynamics, controls and modeling for accelerator

physics studies in circular accelerators.
Selected publications : "Quasi-Isochronous Ring Flavor
Factories" (with C. Pellegrini), Rare and Exclusive B Selected publications : "Summary of the Working

and h Decays and Novel [7,vor Factories (1992). Group on Modeling and Simulation," Proceedings of
the Advanced Beam Dynamics Workshop on Effects of

"Isochronous Storage Rings and High-Luminosity Errors in Accelerators, Their Diagnosis and
Electron-Positron Colliders" (with C. Peilegrini), CP Corrections, AlP Conference Proceedings No. 255,
Violation and Beaut_' Factories and Related Issues in Particles and Fields Series, 48, Corpus Christi, TX
Physics, Annals of the New York Academy of (1991)
Sciences, Vol. 619 (1991).

"Experimental Investigation of Nonlinear Dynamics in
"Quasi-Isochronous Storage Ring" (with C. Pellegrini), the Fermilab Tevatron " (with A. Chao et al.), Physical
Nuclear Instruments attd Methods, A301, p. 27-36 Review Letters, Vol. 61, p. 2752 (1988).
(1991).

"Teapot: A Thin-Element Accelerator Program fbr
"Energy Density Enhancement in a Quasi-lsochronous Optics and Tracking" (with R. Talman), Part. Accel,
Storage Ring" (with C. Pellegrini), Ptvceedings q/'the 22, p. 35 (1987).
1990 IEEE Particle Accelerator C_mfercnce (I99()).

"Conceptual Design of a High I.uminosity 5 I() MEV
Collider" (with C. l'ellegrini and M. Cornacchia),
Proceedings _!/ the 1990 IEEE Particle Ac_'eh'ratur
Conference (1990).

"A High l.uminosity Superconduction Mini-Collider
for Phi Meson Production" (with C. Pellegrini et al.),
Pro_'eedings o] the 199(1IEEE Particle Accelerator
Cot!/erence (1990).
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Frank Selph Andrew M. Sessler
Senior Scientist Senior Scientist

MS B71H Group Leader
(510) 486-6902 Collider Physics Group
Fbseiph@csa2.1bl.gov MS B7 IH
Joined LBL in 1962 (510) 486--4992

amsessler@LBL
Joined LBL 1961
Director 1973-1980

M.S., Physics, Univ. of"California, Berkeley, 1963. Ph.D., Theoretical Physics, Columbia University, 1953.
Joined LBL in 1962, retired 1991. Continues to work

on accelerator projects. Major awards': E.O. Lawrence Award by U.S. Atomic
Energy Commission; U.S. Particle Accelerator School

Current research: ALS linac improvement, design of a Prize; Leland J. Haworth Distinguished Scientist,
storage ring tbr improved ion stripping. Brookhaven National Laboratory; member, National

Academy of Sciences.

Selected publications: "Magnetic Ring for Stripping
Enhancement," I_,BL82940 (Oct. 1992). Research interests: beanas in plasmas; conventional

and novel high energy accelerators; free-electron lasers.

"Operating Experience with the ALS Linac" (with D.
Massoletti), Proc. of the 1991 Part. Accel. Cot!/i, IEEE Selected publications: "Transverse Resistive Wall
9 ICH3038-7, pp. 2978-80. Instability in the Two-Beam Accelerator" (with D.H.

Whittum and V.K. Neil), Phys. Rev. A, 43 (1991).

"Compensation of Beam Loading in the ALS Injector
Linac," Proc. of the 1988 Linear Accel. Cot!/i, CEBAF "Relativistic Klystrons for High-Gradient Accelerators"

Report 89-001, pp. 580-82. (with G.W. Westenskow el al ), Proc. o["1990 Linear
Accel. Cot!/i ( 1991).

"Wakefield Effects in the Two-Beam Accelerator"

(with A. Sessler), NIM, A244, pp. 323-29 (1986). "Standing-Wave Free-Electron l,aser Two-Beam
Accelerator" (with D.H. Whittum, et al.), Nucl. inxtr. &

"Acceleration of Uranium at the Bevalac" (witt3J. Meth. in Phys. Res. A306 (1991).

Alonso et al.), Science, 217, pp. 1135-37 (1982).
"Radio-Frequency l]eam Conditioner for Fast-Wave

"The Next Generation of Relativistic Heavy Ion Free-Electron Generators of Coherent Radiation" (with
Accelerators" (with H. Grunder and Ch. Leeman), D.H. Whfltum and L.-H. Yu), Phys. Rev. Lett. 64

Ptvc. of the Symp. on Heavy Ion Research, G.S.I. (1992).
Darlnstadt, Germany (1978).

"Photon Storage Cavities" (with K-J. Kim), Nucl. Instr.

"The Status of the SuperHILAC" (with H. Grunder), & Meth. in Phys. Res. A318 (1992).
Proc. of the 1976 Proton Linac Accel. Con[Z,Chalk
River AECL-5677, pp. 54-61 (1976). "lzree Electron Laser Generation of VUV and X-Ray

Radiation Using a Conditioned t?,eam and Ion-Channel

"A Method for Obtaining 1.,inacBeams of Conlinuously Focusing" (with L.-H. Yu and D.H. Whittum), Nucl.
Variable Energy," Proc. qf the 1970 Protott Linac Instr. & Meth. in Phys. Res. A318 (1992).
Accel. Cot!IZ,Natl. Accel Lab., 13atavia, pp. 868-879
( !970).

21

J



Ferdinand Voelker Changbiao Wang
Senior Scientist Visiting Researcher

MS 71-259 University of Electronic
(510) 486-7237 Science and Technology
ferd @lbl.gov of China
Joined LBL in 1952 MS B71H

(510) 486-6731

cbwang@ibl.gov
Joined in August 1991

M.S., Electrical Engineering, University of California, " Ph.D., Electrophysics, University of Electronic Science
Berkeley, 1949. and Technology of China, Chengdu, China, 1987.

Research interests: damping of HOM in RF cavities; Research interests': electron cyclotron resonance
study of multi-electrode kickers for particle beam; maser; free-electron lasers; electron beam conditioner;
beam impedance measurements, relativistic klystron simulation.
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"Self-Amplified Spontaneous Emission tot Short "Beam-Beam Effects with Large Dispersion at the
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_-,Ullalnr ill i'rv_'i_'_' ,,I I:1"ii. It,ira." _,ut_rllitk'd h, Ilk' Thlllt:_'lll|l I:H.,,." _,,k,,ht)p ,,1 the 41h (_.'IiL'hlllllll I.i)_hl _q,ur_'¢,,. _KII

.1 I)_.lan, A Ihlth_n. %1 /i,,m,m. ;._J %'.A I_larl¢ll,i, "PEI'-II

K'I K||I|, ''_(l_i'||_t|_Vt|l_'_|||_! ;_%llilll¢lrik' MullIp¢lmd _'l_l_k'v', in /_',_,mtvlvlfi_ !t I',l_'h,r_, R,_'I) R_',,ifll_." qnl liun,pcml Pnrli_'l¢

IL_n_ _,_,'a_'h.'ll}_lh I.Ilnll.'" ',ilhliilled h_ %ll_l_'al In',lllulu alhl ,.%,_xck'lal_r ('_mt .*l'_'_hnlcal |!nl_'r,,il_ _1 It_,vlill,(_ernlan'_. _.1o

I,INI. I:('RI ,i(' I I1i_1_7

Evi,,hwll_l_,ll and K _lt'lll,lllll. "'_llllil' ;_',p_'_'l_ _1 the" 1"_
it_:aln I)erlq_rlll;lll_.'t' _1 i)('1. _tlhlilith.'_l I_ Nu_:lc,ir Jn_llltll¢ :ileal /_ .la_k_m, "'hl_',_ i_, I:ullll_' N_ ,,'lll_llllll I,IA_hl ._ur__'_."

Y II ('hilt. "'ll_',_m-lh',m_ I)_nann_,, I)utlll_ lh_' Inlvcll_,n

Pw,_,,,,, al Ih_' I't!1'_11 I! I;,_ch,v_.'" I.Itl. ql.lq4, ,_1t(' _1. (k'l R _illlltlCl. I) (h,ldt_,v_, (; I.alnt_'vl_m. I_ V_,_,lk_'r. N K._,II.

()ida', %1_,_1_'l).mlpln_ _ll|_ll_,,, ,,n the" I'1_1' II Ii I:acl,_l'. KI;

! _cha_hln_¢r, '°_|ll11ilhlI_ ill the _,_'_lkln_ (h,_up_m M_d_,hn_ (',t_lt_.'" qvd I!ur,M_',tn i'avlz_lc A,__:_'lvral_l ('_lilcrvvz_t'

and _lll!lfl,lll_m. prc,,_'nl_'d ,ll lll_' I:lllh .._d_am'c I('l:;k It_'avn 'l_'_hvli_al I'nl_vr,,il'_ _t Itcllivl _ (_'Imall_. _4.2X Mar_:h. Ikt_12,
l)_ nanll_'_ _/_,vk_l_,l_. i N_,_ I_lUl i, i.i11. _ I t,h_, I._,.,_1' I lU I.III .- q_4*_. ,llld .,_1t(" "7.1

_m I_ickllr_ and Kl_k_'l_." ii, apix,,Iv I_l the' /'h',',_, ,, ,,! !'_1_, It' the' Inlc_ll_,ll I'H,_c_ ,it Ihc I'1'1' II !1 I'a_h,l_,,'" !'rr_,','dl_L'_ l,,r

lUUl, I.IH. _I(,q,-I _,_,1I'h,_ _h_. ' ._l,lllhq_l. ( "/\. /_pvil h-IlL I(l_) "_, I.!11. q2.1hX

I,_lll_," /'_,,, ,',',il_ ,d I1#, I(llh _,_p_t;,,/_ ",_l_l_lml:'l_l_ l',l_.l_lli¢_ l'h_" ._hitk' _,t the' Art in Ak'k:k'lk'rat_P,, l)vtt'_l_r5 alld

\' (; liav_,_h_'_k_, and I I)ul_m_ka>a, "l)lllra_ll_m I'h_'n_m_'n,i ._lmul,_ti_m_ |',,111_ ('_h_.,rclll ()uadnip_l_' I-ilh'_t_," _,_'ulkql_p _m

tll _pl_Vllklllk'llll _, ,itl_.l Nlltnulatcd Radl,_ll_m bs l_'l,lli_lsll_: i].l:,l_'l_lri_.'_,. SI,mh,d. (',k, ,kl_vl q, Ill. I_)U2, I.III.-L_SlI_, All("
it,iili_:lL '', ill ('ts',t,lls ! I_.", I_.",_,L'* I)U'_ lU_II. I.Itl- qlhUS 7_

I I)llblt",",kli_,,i, "'('llh¢1t,.'lll (IL'll¢l,illltll ill \'l,qt'_l¢ J'_,kh,ili_lll I'_ _1 /.1",t11,111. "i_ |:,i_,'tlti_, RI" ._',lL, lli I)t,'_,i_ll Is',tlk,",.'" Illl¢1llalillll,tl

_¢l_ill_iXll_." Jilc_.ll_lli I_¢,illi", ill ,I .Nl,lid _I_,l,,L¢I_'Vlil_'-Ii_ "[,11_l.'l.'" ('lllilL'lLHlt't' Jill I'l J',i_'ll!tl¢_, l'h_' ,Nla(¢ ill Ihl.' ./_II ill/'_t_t'll.'l-,lllll_,

,llkl ,_11('-72

lie,in1 I,,,,u_.',, h_l I:ulur¢ lt-l-ai..'l_t,liu,_.'" (l:_.'h I_t_2t. i'1_1_1Sqq2 _ II ('hin. "liL',lm-lt_.',lnt l)'_nanli_:,, during lh¢ IIill.,_.li_m I'r_c_.',,,,

,111_.1,_li('-hl al illl A_,_IIlIltL'IIIq/ i'_i11_ ('_dlid_,r," APN, Aplll 211.24. lug)2.
1.1_1. _1"?'_4a

K l';ik,l>,m_a, I_ (;_,_il ,rod A ._e_q_'v. "'Ma_ll,l',,mi_,'h._ lhc_r_

_t ,I ,_lalldill_ _,V:I_,, I:l_'_'_l;.le_'lllm I.,i,,_.'r T_,u-lt_.',lln _1 I:urlnan. "'lt_.,inloltcatn l(lk'Lt", ill /_,,,_1111nL'Ilil..'('_llid_.'r,,."

l_',',,,.,l_,i_. I:_'1_ I_lU2. I,lll. q21144



M. Furman, "l]eam-lte_lm I,,,,ue_ m A,,_mmeiric ('ollider_," li. M Zl_m_m, R A Bell, J I}c_rt_m. II ,_h_ar,,, W.A lt_lrletta _md

FiJcl_ric_: Ttle _l_lle 0| the Art in Accelerator,,, l)etech_r,, altd M ('alder,.m, "1'1_1'_11A'L_liilllt'trlc It Fact¢lry I)e',i_n |i|_.lide

I)hy_ic_. '' ._tilnl'ltrd, April fl_t(), li}ll2, and ,ll_,i the AP._. _tlltl R&I) Re_ull_," 14itil II_lernali,mal ('tmfe,ence on IliA_h

Washm[_lon, April 20-24, lIJq)2. IB1..i2.%1. awd AIt('_77 I',vwrg_ At'celet_li_r_ (lll!A('("'_2t, Ilamh.r_, (k'rrn_mv, July

2t).24, t_)_2, I.!11. _2___L AIt(',?I_, _I.A(' I't!ll_._q_2, I.I,NI. _

•_. Kri._hnal_opal, "('ohercnt B_'am-Beam ,_imulatiml_," AI'._, l i('RI J(" I I 1t_(}

.l, i 9_}2, I.BI.-.11747aApril "_ ' 24,

W ltadell,t, A Se_ler ,i,d I. _11 Yli, "Physlt'all)' 'l'r,|ll_p,l_elll

,%M. Seedier, "l.ill_ie-lllas,'d VIIV I:1-1._ A Rt,_,le_,_..'' AI'S. l,illnlltl,tlillli ill ,I I:ree.l-leclrlm Imsel ill lht, I.Illl, lll (l_|il!

April 2()-24, Ill'J2, i.lH._lfi_}6a Rt'_illw." l-lib hllcrll_lliilllill I;ft'e I!ie¢ll_.i I,a_er {'lint, K_he,

Y.II. ('hin, K.-,I Kiivl ilnd M, Xie, "Thwe-I)ivvle,_,,lal I:ree

I-le¢lrtln I.aser Theory Inclildinl_ ill.,litlriHI ()_t.'ill,llio!!5,'" W liarr), j lidi_h,_lter. S ('h,lltoPadhsa_, alid S I:t_rnaca,

slltlrllillei.I Ill lqIv_icl41 Hi"l'lciw A L, ( ilijily I ii(j _l), I.BI,-32 _tZ_,i "'Field PfillilL, _llli.l I_oadir|lz Me,lslirell|eliln ,ill I lil_h_.'r ()rder

Ml_des ill a 'l'_t_ ('ell _(X)MIll Super conduclinl_ ,l_lrllt:lUrl.',"

(' Wilnl_, "('olldilionCr for _l Ilelk'all_ 'l'i_lns.p_rled lilecllt.I I(tlh hltern_lllilll,I! I.In,l_' ('i,II hehl ill ()llil%l,J. ()l|l,lrio, ('illlild_l,

lieam," May Ilji)_, I,It1..t2_22 Allt_ 21._14, !_j_, I.I11..t21Gt4

M. Furman, Y.It ('hill, J. I'klen, W K_,,alieckl..I *l'erui).,,i. S ('halh_p_idh),l_, K-,l KIm, R t]),r.s, R I),.lahlle. J

and v. _%t'lli_lllll. "('h_sed ()rhil I)ishlrti_.i and the ltt, anl.llCam F.dilzholler. R (h_ul_tl, I_ IhLsei, W I,eemanx, J St,iPles, I]

IllttTri.lCllllll," jUlllt I. lIJI)_, I,lt1,.t24t_ ;Ind AII('4_ l'a,,h_r. ,Ind M Xie, "l)l.'_,l_n Ill ,I SIlpt'rt'!lndllL'tllll_ I.ine_ir

Accelt, r,d_r hit ill| Iil[rart, d I"re¢ l'3ecfvt_n I.aser _1 Ihe I'r_l_isetl

(; Ranlz;Irajan aild A Se_sler. "'Sen_lli_ll) Sludie_ lit _l ('hemlt*;ll l))ll,lllllt:_ Rese_lrt'h I.,ihtir;ll(Iry al I,II1,." Ihth

Slilntjinl_--W_lvl.' I:lee-I';leclrlql l.asei.'" Wllrksh_p oil Ad_allt,ed InlCrn,ltllllt_ll I,in,lt; ('lllllt, rCnt:!,,, Ati_ 211-=l_, lljl)2, I.lt1.-t21142a

Acceh.'r,ll,_r('ont'¢pls, PI. Jeltelsqln. NY, June 1.1.21). li}_l_.

I.Itl.-_2-1!_j Y II ('hill, "%lmPle I;_.nlul,ie h_r Iht' {Ipllllll_/,lll_ltl ill lilt' 1:1"3.

(i,llll I.etll_lh iis ,I I'ttllt.;ll¢lll _tt I{lltill_lllt.;t:, I|t.'l,llftlll !ili',l_,¢lt'll,l_lh

] WIIrlele, I) II Whillunl, _llltl AM Sesnlet, "ltnPedan_.e ltitsed ,Ind I-nero) Spie,id." ,,%ut_ 2t 2bf. I_t_2, IJU,-t224_,1

Anal)sis lind Sllitl)ill I'h',is¢ St'llsilixil% in Shix+.Vi_axe Tx_lt

Ileliln Accelt, t,il_li_." Thirll tili'l,rk_titlp lln ,lttlx,illteil Y II ('trill, K ] Kiln, +lliil _1 Xie, "'l',iltill,ilillti ill .l.I) I:ri'e

Accelcriilllr_, PI ]t'tter_oll. NY. Jlllli' I'lL}li. Itl_i}, +llitl Ill bt' i{It't'liilli I+ll_t'r (i,II11 ('llllip,lrl_illl _l, ilh ._illlillalilln illltl (lcnt'r

piil_listit'tt itl lhe I_lllct,¢diill_, ]line I_ittT, I.ltl.-l ll_4t_ ,lli#atltqi ll_ I{lliplic,il ('items ._t'cllilli "" _Ul+litillcd hi lhe 141h I'ree

I;It'tlfllli I ,i_t'l ("ltlll , AIITIInl ]t-71_, lijt)}, IBI. t;_Ti4fill
P I_hertlard dlltl t_ (,halllipadll.%,i._ "+'_i_%lilllll.'lflt I_hi I;,lllilflt's

A I_iill)il_l'il I{tperiinelil ,lllil I1_ l'echnll,il I:e,i_ibllil_,,' R (hl_il, R rillilii¢i. ;% _e_lei ,ilid II Kilk. "lie_lTn ill RI;

Silbniillt'd ill lht" I_lti Inl¢lliilllt_lilil ('lqllelelice t_li Iltl_h I{ilt'lT) ('lillthllliliel (',i_lllt'_.'" I.llli Inl¢lii,illl_ii,il I-lt'¢ I.lelll_ili I._i_l'i

Accelt, r',llllls. ]LIIV 21i-24, ltJl)7, I.Itl.- t724tl ("illilc'It'lll.t'. I_lltll'. i,lp,ili, AiITtl_l 7 11_I_, lljIJ_. I.It1.* 172!}
!

_! l;lilili,ili. Y !! ('hill. _illtl J I']tit'll II.ltl,i. I lc'nii)_llli ,ilid %' K ...... Kilii, R Ii_,iii_. _ ('li,ill_lp<idti)_l). R l)llliiihiit'. I

_it'llililill I_l.A('!. and fill ' Kltlillic, iki t('I,N _,icl,i,, ,ind _I.A('!, ltdi_titfllel, r llilill_ti, I: Ili_,,ei. fill I.t, elliilll_. I ._iaple_, II
"lti',llll-I|t'_llll l)lilt_lliIMli' Illllll ('hint' (ilblt I)lshtlllllll,'" 14111 1',1%1itl. ,llitl _l _iC'. ";_n lliillired liice I{It'tllllll I.,i_l'l .lt%_lt, lll

Ililt'[ii,ililllidl Ilil_h I{ilt't_) Attt'lt'r_ihli ('tliilt'ieiite, Jlik 21i74 liar Ilk' Pil_pl_ed ('tit'lilic,il Ikltlililic_ re_t'iilth I.,ibtti,ih_l,, ,il

(l'eh 'i2 i. I.ft1... t t1414t4,_I.A{'<I'I _it-S471. ,ilid &ll(" l'tll I.Iii. Ita_cd llli ,i _titl MIIZ _iil_t'IC_,lidiit'lilil_ I,ill,it ," _llblnllled

hi Ihe 1-11h Ilt.e I.l¢cli_lli I,ii_t,r ("lllilert'lice+ +&ilTii_l }1 ._I_, llJtiT,

Klikhliill_lpdl, RII ._lt'nl,ilin, "All Ili_,t'qll_iilillll lit ('litll'it'lil I.III, t_}_7,i

(.)ll_idrupl_le lte,iili-Ileiiin I{llt'cl_," Irillct'nlh Ililelli,ili_lll,il

('lllilt'Ft'ilt't' llli ilit_h I!lit'lT) At;t't'lt'llihli_. II,llllbill}_, (it, Nlhili%. K J Killi, ,ilid %! Xit', "l',ilcill,llitln ill _elt Aillplltled

.hlly _(I-24, li)it2.1.1U.-_2,_bll _pllllllillt'tlli_ l'+llil',',llill III lhl' _liflll litt'ii_,l'lellldlh rt,_l(lll.

_ilblliilll, ll lit Ihl, I*llh I'ree lileclllm I.a_el ('lllilt'lelice.

] _ llti'lirlel¢. I) _ili'hllllilil ;ind A _| ,_t'_lt'l, "('illliliiilli Aliiil)_i_ .,_lllTiiM 21 2l_, llll)2, I.ltl.-12._blbt,i
tll Ihe Rt'llili_i_lit Kl_lrlln arid the _l,indilil_.lili',i_,e I_le¢

I:.lt't:lrttii I.ii_,t,i T_ll.l|c.liin Al-tcll.i,ihti.-Iilleelllh InleNlalitlii,iI _ Kii_tili.1711i_iil {7 rliilTJf,ibiii dild A ._t'_lc'l. ""lti¢ _hilli

('lllilelt'iict, ttii Iiitxti I']ilt'll_ ) ,&ttt'll, ililtli_, I!iillibiii 7. (i¢iili,ili_,. (',i,,il) I;iee I;lecliiHi I.ii_c'i," I:l_liilt, eillh Ilill_lli,iliilii,il I:lee

]till <--.t1-_.4, It)liT, iBI. 125_() I']leclrlln I.ii_el ( i_lllt'lentt', Klibe, J_ipail. i%tlTli_l 2 1t 714. ll}lJ},

I.ltl. _772ti

M _l_ili,ili I1.1]1.I, R Itell, I I)llll,ili, A llillltlll _l.A{'f. _iild

W lllirlt'llii _l.I.NI.i. "The PI_P-II A_,)liiliit'llit' li I;acillr b ,_ Kii_hlilit_lip,il, _! Xit', ,ilid K J Killi, "_iippit!_itllllll Mtlde

I)c'sit_ii Ilpd_lle and R_il) I_l'_till_ I;It'c'-I{It'clrtlli I.i_er 'l_ll ltt',ilili 7 iii ,i ._iiliillllc'tl Illlle ('_lliplilil_ I:1{I. (}_cillalilr,"

llleaili Acu'eler_ihlr." I_lh hlleriialilln_il Ilil_h i{iic'iT) Atct, ler,ih_r i;ltiirleenlh Ililelii,ilil_nal I<ice I']letlrllii l,a_t'i ('olitelelic'l', Kobc',

{'liliterl'lict', Jill) _2(F24, I.ltl. 1 llJt.l,i Jlipdll, Ail_liq 2 12_. IUb2. I.ltl.. t;]}71

47



W l._'_'Imm_. J l{di_hi+ll_',, K +.I Kim ,rod _S ('h,ilt4_p,idh}_i} *. K I Ktm..S ('Im!It_p,idh},1} _md (+V .Sh,mk. "(;_,;It, r+m_m q,l

"Nt_vl'l "l'l'_hmg,L',, h..SmI_IL.' I_L.Is_' Six'_llllm .tnd I'lltsCwidlh I_'.m.,_,__md X R,I._,, h} q)()_ (+timpltm _L*.llh'rill_/' I'11_1,(11
Ml, i|_.tllCmt'lll _, l!il _ll) IX I:1:1 " sllbnltlh.,d Itl ltlt _ l.|lh I.l_,¢ t_'i+_ I.+'llt,l_. |)_'r I';I)_. I+1tl t1{t7_|

_ II,lrli'llJ .tnd A ._rCssl_.I,"('h,llJtlt.rl,,ll_,',_ _ll _1lllI_h I{ltt.f}z)'

W Ix'¢111;In,_.._| Xi¢. j I{di_h(dl_.r. I _. W,III;|_'. K I KIm ;Ind tli|i ('ttllidl'r It_l,,l'd _lI! I_.lc_'lr_!I_l_lll_'II_)l| ltl Mmm,_." MIn!

+ ' '+'.ilh's. (+,X. IIL,_ 111 II. l+IU_. I.III. II/,11 ,%. I+('RI+I.+I('
('_ml+i+'d R_'s_m._l_l M_,dt,', xq,ilh ,I ('_I+* lh'Nt, l,+lst'l.*' _,llblllilli'd
Ill lh¢ 14111I'I¢_' liltwlli,ll l.+Isc! ('i+lllt'ICll+u't'. All+tllsl "+£ ++

l.!+l.+;Z2_ %%+ l.i'Clll,lll'_, I:i X%+ _,%+,iiI_,_'. M Xi_'. +illd K I Kim.

"li_,i+t'linl¢lll.ll +l't',,l i,l lh,h' ('mq_h'd I++I!I+R_'si_ll+ll_l 11¢',Ii_II',

_l Xit', "+V,Iriilli(,lhil ,.Xllill_si_ +,I 11) I;I!I. (i,lm m l+_',_m l<sm_ ,I ('%% lh, Ni' l+,l',t'l, .+ (il+,/l,A_l+ "++, l+m ll_ _1. l._,s
l)i',tliblllilm Al+l+i_,i_h," ',llbllllllcd Ill lh¢ l+llh I'I_'¢ l'.It'_+ili,ll ?_tL_h+'_,I+III ;1(,11_
l+_l_t,t("Iml¢ll.'llt+¢ ,&ll_li_,l _ I._. It)i)_. I+111+++22_)1,,i

(+ l;llilt'lllllll ,llltl +I' ll_m+k. "l)+:_,l_n ill +i R_.',l_.+_Pl¢l+1111_ll

I+ l:i_It'+,t, K iIII_iI+i+ "A ('imh, ll11+i_l+ll_++ (+llid_' li_ I+c,i111 I,i_iWli111c11! I'si11+_ lht, ('i1,!l+l+¢llllm, "('_illlt.lt'llt+i ' Jill l++IStPl_,.

l)+,,i++i,m_,,," KI'_I< l+tll+ii_+d1_m.._l.'l_l li+iJ_+ l+lii+ +2","_I _t'w,_,,,, ,,nd +,'Xl+l_l|t,lll,m_, illlt, ll_,,' _|ll,!_ix++jxt, l'lll,.t's, pdll _ll

ll|t' ( )l'Jl ANi++"'ll _}ml_,_,,,, .l,m I_'_+.+;, I_)_)t i, I+_i, A,i_uh',,,
I+ l,llr_'sl, K ()hlill. '++_+_lilpl+¢tllr llltq.'_l+lliim li,l ('uvwplv_ IIII.+.++IN2A

('OIIIi_IlI_IIilHI+_ililh_'lq¢',cnt:t'_,I IIt'_'i'ilt'tlf_'lil+'i'+_+_ %%'._+t"i'i_'cl+It'drlmI,i,,cl*l+v+i_+ll_',illlAL+tL'IL'I+IIIII."('iilllt'lL'lllt'

IHlct,i_+l,<,lU'+l}_l IU_)2.1+Ill 111)'+I ¢,I l..ist.ls. _L+ll_,(ll_,+.llltl &l_l+li+++_ll_,ll_, llll_,'l'l_.t' _|iLl+i_,l_,t'

Ptllst',,+ l'S,llt i,l the ()I+JI+A._I+ 'i)l _iIII+i_,iiiiIi + J,ill If+ 21. ll)lt ),

x._,, li+ill+>+ "liit_,kl l+,md ('h,il+icti'llsll_', i_l ('+il+,Itill'.t ' lhllllm ili li_s A't_'h', I+IH l_+l,_(i.&
lh_'kllp',." 'iht ' I_)_)_ A_t+It'r,il_+l lll_,ll|lillt, lll,lll_ll %%'t,lksl|_l++

• + + + " ( X%'im_. ( i l'i_ir+.'l+litil+ .|tltl +& ._+',,,,h'l, "+l'v+'i, l)imt'liSllmlll

I')_)2. l.lll, +2'_I(;,, /_l|.ll%,.is ill lh+: R_,lilll+.isllt Kl'_l,l,i ,rod .i _!+llldlll_ _,_'+IX+L'l'it't'
l+,Ic_lllm l+,i',t'l 'I'x_ llt',lln /_tt't,h'lilhil+ +"('lilllt'll,11_.+t' fill l,,i_t'rs+

F St'Iph, "_i,l_llt'li_ + RilI_ ii+l ._llll'+l+lli _ l'+vih,,ii_+_'mvlil. '. N_'li_,,rs. +llltl /_|,1)lii,llll)ll,+ h)Icilsi' _|iLIIIX_,+I%L'l'_il',t's, p,,+ i,l

Ilt',lll| _, +II the.' Is,)+"+pln l.,_b_v+_ll,rx+ h,ml Ivi_l_itil_' h,i lh,,i_+, l,,,i I.IH. _2+_IA
Ri'_t'iiil'tl. (),ik. RiitMc. +lcvilit's_t,t'. lift 7 IlL lliit?+ I.Iil. !}it.Ill

_l _ll" iilid K J I_llli+" Ill,Iv ('ttllllh.,d Ri.'_,tlliilllil _, hll ltllliidl)
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CENTER FOR
BEAM PHYSICS

TWO MAJOR ACCELERATOR-BASED INITIATIVES art, being assisted
by the Center for Beam Physics," a divisional center that performs multifac-
eted exploratory studies of the physics of accelerators and beams. I'EI'-ll, a
proposed B-meson "'factory" based on the Positron-Electron I'roject ring at
the Stanford Linear Accelerator Center, has been the subject t,f ongoing re--
search. Meanwhile, a long-standing interest in free-electron lasers and high-
brightness electron and photon sources has led to the detailed design of an
infrared free-electron laser (IRFE[,), which is proposed as part of the Chemi-
cal Dynamics Research Laboratory. The IRFEL investigations have led to
productive collaborations with Stanford University, Brookhaven National
Laboratory, the Continuous Electron Beam Accelerator Facility, and TRW,
inc.
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(t_NTliR t:()R BEAM I'! IYSlCS

To meet the technical ehalh,nges _fl'these initiatives and to generally
enhance l.Bl.'s capabilities in particle- and ph,,t,,n-b,.am research, the
('enler made several additions t,, its experimental capability in 1992 and
early 1993. In addition to upgrading the beam eh, ctrodynamics labora-

tory and setting up an optics lab. the detailed design ot" the Advanced
Test Beam Facility was finished and construction was started. This t'acil-
ity wild get "double the money's wcwth" _mt ot' lhe 50-MeV AI,S linac hy
using it fin"beam physics experiments during the considerable spans ot'
time between the AI,S injection cych.,s. Many experiments are possible;
immediate plans include generation and detection o1'x-ray pulses as short
as tens of t'emt_seeonds la long-standing interest _and t'ocusing of a bt,anl
by using plasma lenses.

Members of the Center have been involved in the AIS prt,jt,ct from the
outset and make up its tcchnicai corc, the Accelt, rat_,r Systems (;roup. With the

, dr,sign of tht, accelerators complete, tht'v hart' c_mtinued to play maj_r roles in
gu |din g c_,nstruct itm. p n,g ram ruing tilt, ct,n tn _!svstem, and c,,m missioning.

Rt,st,arch continut,s in accclt,ratt_r lhcorv, mini|near dynamics, and full-

danwntal I:F.I. physics. rht, I ligh-t_nt,rg,,, ('t_llidt, r I'hvsics group continued
its hmg-rangt' Tw_,-lh,am Acct'h,rator rcst, arch. Tht, Bt,an_ t_iectrodv,_amics
grl,up cl,ntributed to and supt, rviscd the I't!1'-I! rf and feedback design ef-
forts. It also contribtmtt, d signiticantiv to rL impt,danct,, and feedback work at
thc AlY,, and workt,d on bt, anvcooling improvt, mt, nts hu the Tevatron's anti-
prt_ton st)riftt,.

r/,,,.,,,,./,t.,i,/c/,i.@-,',,,',,v_/,.,,_,:,,,,,,,,;,,,,,t,/h,,_iv,-,,,,..,..,.,,,,..i,,/:¢,,t,.,-,,_t,.d B-Factory Studies
m "fi tach,ric_;,'"wtn,h w,,.Id l,ni_h. _' !]t] t,aU_' tl,r t..,hmtc.h¢l _,t.,tic.._,tcl{!nNc-
l,arlt]l !C/'J _'l_,laltlmmtd ran' I.t ..',,uz ell'tall',. _g_'i'_'ral g(/lt'ttl_'s li_r (t_t_h)ll_ BB
lU'_dm'lhlll iil t'lt'ctrlul-tnb, ilnut ct_ll#,hutshai'_'l,t'_'_ladz,a.t _'di_! lib' litcral.n', hi
c_llhgl,_!rali_ut_t,itlt tin' Shoth,rd 1ml'ar .'hc_'h'rahw Ct'.h'r t.gl.4C_, l.ait,_cncc

l.ic'crm_._'Na/hunfl l.abl,ratl,ri/ tI_I.NI _.,_.d Caltcth. the C'c_ztl'ris dcsi,_,'_zi.\,a
tacllit_f I,asnt _._i,.c iq tin, m_,,.ft,r_..i.;m S schc.tcs: Pt.P-II, a coil|dot with _.n'
hi_,'h-c.l'rsv rm,k'a.d _,_t'I_a,-c._'_X]/,;tllra,¢crm¢.. This c.cr,_d/-a,;]ml.tctric nlllidcr,
I,nill m the I't!1' t_._'l at SI ,'IC a.,t n' .si.,,¢ ..n_/ I't-P c!..t,_.n'nt.., _t,_,_l,tI,_'
_;,h'ntificalll! rant cc_,nomicalll!a//rattit,c.

l)uring !c_c,_2,thc l'til'-ll ctdlaboratit,n ctmtinued refining thc dcsign of a 1"I Conceptual Design
factt,rv in which a _-(;e\' t,lcctrtm bt'am in I'lil' collidt, s with a 3.14 ;t,V Overview
pt_sitron beam circulating in a new sttlragt, ring. Tht, new low-t'nergv ring
will be of thc same circumferenct' as I'EI' and will bc rnt)untt,d ,lbovt, it in tht,

existing tunnt,I, as shown in Figt_rt' 4-I. The ch_st, n t'nt, rgy combination
rt,achc.s tlw 7(4.'4)rt's(mancc, at which BB pairs art, pri_dtlct,d in the abul_-
dance rcquirt,d ft_r lilt' study _,f CI' x'i_,latit,n (si, M,arl. Fhv challt, nge in the
design _f a B tact_rv is tt_ rt'ach an initial lumint,sitv o{ 3 _ 1()_'_cm " s _,
which is mort, than an ordcr Of magnitudt, bt,\'¢,nd the luminositics achieved

to date in elt,ctron-pt_sitrtm collidt, rs.

.\ I_;Illt"-,_,ll ,|ll_J Ib, ,llltillhlttcr t'_ltlix ,lit'Ill t_lt_dl.lt t'd h_,Kt'lht'r. I'rollt,tlllCt,d "bt,t, bct,-bar "
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It-Fact(_rv %tud ie.,.,

I:tgure4-1, The prop(._sedasymmetricB factory,I'lii'-II,

would he built in the I'ositron-ElectrnnI'rnjecl tunnel ,_,_'ionof {heB Factory
andwould use,1substantialamount (if theexisting in theExbttngT'EPTunnel
hardwarefor the PEPcollider, RecentI.BI. work in tl_e

multi-institutional i'EP-II collaborationhas L_,wEm,,rp'Ibnl
emphasizedrefinement of the magnetic-latticedesigns (,_,_.)
of the twll rings and extensivestudies of beam-beam
interaction. (Artist's impressioncourtesySI.AC)
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CIiNII:,R I:()R I_ILAM i'1 IY%I_.g

For I'EI' to serve as the high-energy ring, several ¢_fits svswm.,, mu,,t be
significantly upgraded to deal with these issues. Foremost among these are
the rf and vacuum systems. The high
luminosity leads to extreme heat

loads caust,d by svnchrotrcm radia- B Decays and CPT Symmet_

tion; a great deal of engineering work Judging particle interactions by the standards of the familiar,
has been performed by our collabora- macroscopic world, one would think that if a process and the
tors to solve the resultant cooling and participating objects were replaced either by their antimatter

vacuum problems. There are also equivalents or by versions of themselves as seen in a mirror, the rate ofthe process would remain the sarne, it seems equally intuitive that
implications for the rf system of the reversing a process would yield the original participants, much as
high-energy ring. it will operate at a though one were running a movie in reverse and watching the actors
frequency of 476 Mllz to phase-lock run backward in their own footprints.
the storage ring rf system to that of But on the scale of subatomic particles and the quarks that make them
the2N56-Ml|z injector (the "two-mile up--a scale where the "weak interaction" becomes the strongest of
linac" that is also used to inject the forces--the first two rules, calh._.t"con_2rvation of parity" and "charge
Stanford Linear Collider). This choice conjugation," are not necessarily obeyed. Not even CP symmetry, which

of frequency minimizes injection combines both rules, necessarily holds true. The remaining variable is

phase errors, which contribute time; we are left with CFrFsymmetvy_a scheme in which C, P, and CP
significantly to the power demands of symmetry, violatiorts can occur, but only if the arrow of time is allowt._ to
the multibunch feedback svstem. The take a different course when reversed, going back to a different beginning.

Thus far, CP violation has been obse_,l_ through asymmetries in the
rf system will consist of 20 single-cell decay mt_les of the neutral K meson and its antiparticle. The K° and -K°
cavities; the cavity design itself is contain an unusual quark, the "strange" quark, which is not found in the
aimed at minimizing the higher- group of quarks that make up ordinary matter. The K decays in a wide
order-mode impedance contribution variety of fashions (it is axiomatic that every, dt.,cay m¢_Je that is not
of the rf system, explicitly fllrbidden must occur eventually), in a flewof these modes, the

The interaction region is de- K° decays a few tenths of a percent differently than the K°, a sign of CP
signed in such a way that the beams ,,:.olation. But studies of the K system have left many questions
collide head on. l)uring 1(-/c12,a great unanswert__.tabout the mechanisms and magnitude of CI' violation.

deal of effort has gone int¢_studying The B meson, which contains a different unusual quark ("bottom" as
the beam-beam interaction and into opposed to "strange"), is predicted by the Standard Model of Particles

and Interactions to have asymmetries as great as 30¢;: in some rare
refining the lattice designs of the two decay m,:Mes. This makes it a very promising candidate for CP-violation
rings and the interaction region, studies, ttowever, the branching fraction_the proportion of pairs that
These three subjects are closely will not only decay through the unusual modes but also violate CI'
related, symmetry in doing so--is only about 1(.)-.4to 10''_. Therefore, about 10;'

to 10_ BB pairs will have to be produced to get good CP-violation
statistics. This requirement, implying the need for many e'e- collisions,
brings us to the luminosity frontier of accelerator physics, whose
technical challenges are described elsewhere in this chapter.

The ultimate goal of this research is to enhance the Standard
Model--today's partial theory of the building blocks of nature and how
they interact_or replace it with a new, more-satisfactory theory, in
either case, CP violation will have to be better quantified, and its origins
will have to be explained. The present Standard Model does not
disallow CP violation but does not explain it either. These studies also
have ramifications beyond particle physics.

In 1967, not long after the discovery of CP violation, Andrei
Sakharov pointed out that it might explain one of the long-standing
riddles of cosmology: why the universe was not born with equal, evenly
distributed quantities of matter and antimatter that would annihilate
each other whenever they interacted. For some reason, the laws of
nature appear to prefer matter over antimatter--a phenomenon that
makes possible the physical universe we see every day. Such will be the
implications of the research at PEP-II.
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Ibl:act_rv _tudie',

Lattice De_i_n l hi, b,_k I,ittk.e de_i_n_ _q b_th rin_ were c_mF,leted in e,lrlier ve,lr_; tilL,
i',rim,lrv elh_rt durinp, IL_2 w,l,,, ,rod r_,m,ml_,i_t'_timi,,,lti_m_d the I,lttict_
(p,irtictdarly th,ll i_i tile h,w-energv rin_), tJ_ing _imulatilm h_l_ th,lt wt, h,ld
deveh_t_,d h, ,m,fl,,'/e the dvn,mlk beh,lvi_r _t p,_rliclt,__;irculatin_ in _h_rap,e
rmp,_,we h_tmd th,_ttht, It_v,'-ent,rp,_,'rinp,w,_,,n_t ,_ dynamically _hd_le,_stt_t,
hi_h-energv rin_. "l'he,,et¢_¢_1,,,_reb,_sed,m .,,in_le-t',arti_'lelrackin_, ,rod tully
,wc_unt h_rn_mline,mtie.',,m,_gneti,;-fi_,ldiml'_,rh,cti_m,,,,rod ma_net_|'r_:,iti,m
erro1's. (lteam-be,m_ inter,lcti,m i,, i_n_red a! tim, _t,_,e¢_itl_ede,,i_n.)

_i_11ific,_1_t_tridt,_ have |',fen made tov_'ard under,,t,ll_tdirt_ Ih,L'|',r,d_lt,m.
(_¢_odd,/namic beh,_vi¢_rreguire.,,a .,.,t,d_le,_perture ,_l le,_.,,tI() time,, the
n,itur,_l be,m_ si,,e. I h_v_,¢,ver,,me ¢;,_nn¢_tm,_kt,,_F,¢_,itnmbe,_m th,_l i,, ,_i the
s,_mt,gu,_litv as thl, _.,It,ttr,_ll l_e,|n'_;itn tl,lltir,ll l'lllilt,lllct, ,,rid ¢'ll¢'r_V sPre,_d
are _.,,_chn_u_hl v I._ limen I,_r_,er.Thereh_re, ,_11el.,,ebein_ egual, Cmermlst
,_:hit,ve ,_IJr_er aPerlure in the I¢_w-energv ring th,_n in the hi_h-energy rin_.
i11,Iddition,lhenlr,_llg¢,rlocLiSillg_|lheh_w-,,nerg_,ringregt=ir¢,,,ntr_qlger

sextup, de lll,l_lit'ls ill _rder t¢_¢_rrect the line,_r _hr_matzcilv. A,, ,_result ¢_i
this c_rrt,cthm, the h_w-ener_' rin_ I'_,z_m_re n_mline,zr chnm'h_tititv, ,z'.,well
,_ ,_gre,_ter tune shill under ampliltzde v,_riati_m_,th,_n the hi_h-,,n_,r_y rin_,.

All thi,, reduces the,av,_il,d_ledvn,_mi_ ,l|_,'rttlrl',

(_llr pre,,ent re,,ult_,sh_)w that, t_ c_mtrol the_,_'_'llectn, it is ne__._,s,_rvt_
hav_,a h_c,zl_hr_m,zti_itv-c_m_pen,,,_ti_m,,_hume in b_th pl,_ne.,,nu,_r the
inh.,r,_ction p_int. %u_h ,_s_:hernen,guire_ ,.,extup,d,, m,_net-, in the inter,_c-
ti,m-re_,i_m ,,trai_.,ht,,e_th_n. l'hev mu_t be t',l,_cedin such a w,_v a,, t¢_¢_rr(.,t'l
the chnm_,_ticitv ari.,,in_ from the intera_ti,m-rt,_i_m gu,_dru|',_l¢, m,zgnt,ts
without _ert_.,nztin_hi_h¢'r-,_rder ltlllt, shitty,. { _ur _,imul,zli_m_h,zve sh,_wn
this ,,theme to he the be_l meth_d _t imt_n_ving the dynamic ,_t_erlun,. A,,
wu appn_,zuh a tin,zl design I¢_rthe inler,_cli_m re_,im_, the _'h,_lh'n_e we hzcl' is
t(, implement thi,, ncheme while re,,t',uctin_ the ;K_,,m_etricaiccmstraint,,
imP,)st,d by the e\isling tm_m.,Iand by the rehztivt. P_siti_m _i tht, tw¢_rings.

Beam-Bean't Interaction While w_rkin_ t_n tht' latticealL,sic,n, we ,_is_ intensified _ur sttidius _,t I'_eam-
Studies _x,,m_effects. Wt, hart, ill,idz, ,i _,re,ltde,_l_,f Im_,r_.ss tm a simul,zti_,n ,_l',pm,zd_

that c,m_plementn the l,_ttice,.,tudlent',_'prt_vidin_, detailt,d ,,imul,zti_m¢_ibeam-
beam dynamic,., but neglectillg magnet n_mline,mties. Tlll'.'.,ebe,m_-be,m_'.,tudit_..,
are l',,zst_,d¢)nmuiti|_,zrticb.,tr,_ckin_ nimul,zticms,s¢,they r¢,guirt, much more
c_m_put,_tit_nthan the ,,in_,lu-p,micle dyn,m_ic-a|',erture .,,tudie_. Ideally we
w_uM like t_ ccmlbine thv t_,,'_,_ppr_,zchu,,into _meccmsistl,i;twh, de;we inh.,nd
t¢_dt,veh_p the nuce,,s,zrvt¢_¢_1_,h_r thi.,.,tinilic, iticm dzzring Iqq._.

Me,st _t th¢'.ne,,tudien were b,l,,ed <mmultip,irticle _in_l.ll,lli=m.,-,in lh¢'
lint,,'=r-I,_ttice,_|_pr_xirn,ltiCm. In the _mg¢_ingdeh_ilt,d-design efh_rt, ,__¢_,.t
deal <_Iddditional pn_grt,._,,,ha.',been m,_de _m v,_ri¢_tisi_ues, inttudin_, the
exi.'.,tence¢)fan ,zdeguat¢, "w¢_rkin_ t_¢_int"in the multivariatu |)ar,lmeter
_p,zct.,adegzh_Uy¢_tthv bt,,_m,,¢,p,_r,zti¢_z=,zt the p,_ra_iti_ ¢_dlisi_mpt_int_,
l_eam-lx,an_ inter,z_'ti(m during., inje_ti¢,n, d_,p,_rttzrentr,,n lull ugualitv ot the
h_ur tx',_m-lx,,_m p,_r,_meter,,,,and ,_nexi_eriment,_l prt,pt_sal at TRI_'IAN' h,
test tht' effects ¢_!the be,_n'_-be,zmt_rtt. Cmthe t h_sedt_l'bit.

In st,,zrchot a w,_rking P¢_int,w_' t'_t'rt¢_rlllt'd ttllll' nt.',lll", I_Vl'r ,1 wider
r_.,giCmol the tunt, t,lane than we had in tht' initial t'flort that Pn_duced tht,
Iqql I_,,l=='Pt,al I}_',.i_11I,_,'t,,,t. A w¢_rkin_, P_int al'_vt' the Italf-inte_,er, with



('liNl I!l,_F()I,_ ill!AM I'1 i't _1('_

lrJ_li,,n,t! tun_,., i u ,t' ) (I).td, I),gT) h_r b,qh l_,_,,)nl,,,w,l,.,_h_,wn h__iv_,
,.,i¢'qmlt¢' h,minl,.,itv ,zm.th,l., b,,,.n ,.,t_,pl,.,d lh,, ",_ld" w,,rkin_ j'_¢_irlt.
( t' ,',') (i),(_i, (),(|_), ,l]'.,_ _,l_,'¢' ,_ _.e.,l',t,_l',l_,b,,,zm+,_,,tmdVll,imi¢,,, |'_tlt It w,l_

df,'l.'llll'd t*_ I_t' t_*_ ¢'1¢_t' h_ lh¢, illtt,_o.,r,v,'llL,r,,,we,we.lid ,.,',,t',¢,ctt,, L,llct_,tllltt.,r

,,t,,ril,u,.,_h-,t,d-_,rl'qt itv.,t,_btllti_'.,.(.In_,in_,; ,,tmul,zti_.l,, ,.,t|_,..,t th,.t Ii1,1Eili)_

the' ,.v,,rkin_ I,_,inl., ,.,lightly, dill¢,n,nt N_rthe, lv_, |_,',1111_, will _,iv¢'_'v='nb_,lN,r
t'x,rh )r Ill,I iI _.t',

]41,1n_,lllI_,,,,,,lli,,i,m,,,illth,.'llt,rl/,,_r_t,zl|_l,_l'_t'_,,Itlh_,irw,_vlnt¢, .llld,_tlt_l tl'w

inl,.,r,_,,li_,=_lw_inl;,,v,,,,,_IIiI',,,,,,,,"|_,_r,_,,,ilt,,_,,,,lli,,,i,,l'_,,,"(I'_,sl,Allh_,uI4h,,,,_,'I'_

l,_,inlislh,,,m_,,..,l,.li,,,rlil',l_v_,.Inih,.,,,nrli,,ritH_.,r,z_li,,',l_-n.,_i_,n,,l_,,,,i_n,lh,.,

,,_,,l'_,ir,_ti,,n_,iII..,l,,v,,l_,_,,_m.,,,_Ilh,.,iir,..,lI'( W,l',,'-,l',,,_iii,,,dh,b_'2,_ram. l!,_rlv

Huil_?d,.,Irim,,nh_lh,IIIIIIilI_,',,iI_,:\lll_,uI4hllw",inltll,_ll,,li',l',r,,v,.,dlh,_l2._

mm w,zs,..t_,gu,ztt., llwv ,_1,._,,.h_,_,,,'_,dth,_l if Iht, di..lJllc_, w¢,r_.,.,lib_hllv
srn,ill_.,r,llw l'_l'Jlll l,h,tv=_l___,=l]_,tlx'__,n'., ,.,lll_,.,l,_nth_lj;_r till',, r_.,,1,.,l_l'_lilt,

d_..si_n¢,t llw illD.,r,l_,ti,_llr¢'_i_ll h,l,,, bt,_,ll ut_r,zd_.,d t,, t_r_,vid_., ,zmuCh m,,r_,
v,,nlt_,rl,zl_h, ]._-Illlll '.,_,'|,,ir,tti_,l_

Wh¢,n the.'I_t'nlll"-, ,Ir_' ini_,_t_,,.t,tlw_ ,_r_'di.,tq,.,_.,d tr,zn,.,v¢,r,._,h,,ir_,rn th_.'ir
n¢._in,zl_,rbtt,_I-,'a di..h=n__.,,,i,_l_,i'_r,,',,im,_l_,Iv_.,i_hllillll'",lh,,irdhillil'l_.r.

_.'¢,llidt'Iw,..t ,m. _,r,_lm_,,.Ih_.',..t_,n. ,_l thu I'(. t_,lnt.,. Simul,_li,,n,., ,.I.,v,_,d
that, ind¢,_.,d,b_,,zm-I_t,,zm-indu__,d l,¢',_mbh,wut', v,',_....ub..h_l_lhzldtirzn_ thu
fir.,tl_,v,*d,_ml'_in_ tirn_,.,,Wh¢,n ,_'._,rtl_,_llIH_,,.ti,,i__,|_ti,mv,,_,.,,lm_,ihit_,d,tl_,'

Ih_,d¢,,-.iF_nh_rI'I!I'-II.whichi,,,_.,vmm_,lri_m ,..n_,.rv,v.¢url_,nllvti,.,¢-,,lht,

,,,zinC,v,dtzt,,,inb_,lhrm_.,t_,r_,,_h_,lthe,h.=rIx,,_m-ix,,m_tun_,,.hilti_,mm_.,t_.,r,-
l'..x',zu,.¢'thl.. _.,lu.,_.,..tl.,' lx,,zm-lx,,_m dv.,um_ ,. h, n,,._,mbl_,th¢,_, ¢,lsvmm,,tr_ ,_1

collid_.,r.,,which ,zr¢'wt,II und¢,r,.t_._l I.urth¢,rm_,r_.,,thi,.,_,gu,_litvh,z..the,t_r,z_ll-
,_,_1,zdv,_nt,_.' ¢_Ic¢,r_ntr,_it_in_rl_,Zm,_¢,Ih_.,rl'_,=r,zn..,t_.,r,,,,R_.,c_,nl,.irnz=l,=tl_,n,.
,.,zl_,.',-,t,h_wz';x'r. I]I,H il Ih,.' Ix,rim-Ix,rim |',,zr,_m¢,t_.,r,.,w_,n, ,.,,,rn_.,wh,Hdiit_,n.nt
fnqll_.',Ich_,tl_,.,r,lunlino,.,itv|x.rlorm,zno.,c¢,tih.lIx,iml_n,v_,,d.Wt,It,z,._.,¢,xph,r_,d
t,,_'_,_ppr¢_,_ch_,.,.,lhu,.iar.Inthe.'lir.,.t,lh_.,h,,ri,,_mt,_l,rodv_.,rt,.,dIx,,zm-lx,,m_

thz,s_x_rod,the,h__ri/¢,nt,_laI_dvz.,rtiL,zlIx,,zm .-Ix,Jm l_,Zr,im_.,t_,r,.,,zr_'di|l_,r_,nlIn,_n

_.,,..h_th_,r.l_t_t,In,kt,l_t_,_it_,_lh,rtht,l'_,,'__Ix,,_m.,.

._imul,ztiCmsh_rl'x,thc,_,,_.,.,'.,Li_,_.".lth,=tIx'ih.,rIx'ri_,n'n,znvt,t,mIx,_,bt,zin_.,d

inth,.,lir,.t_.,_.,.¢,by u,.,in_,_,.,li_htl_,_.,m,_lh,rb_,,_m-lx,,m_l_,zn_mL,l_,rh,rlh_,,

p_,,,itronIx,am,rodinlh_.,,,_.,c_md,.a_,by u_ir=_,_,.,li_htl_'.,m,_lh.,rv_.,rtzc,zl|x,,zm-

Ix,m_par,mwt_.,rh_rb,_thIx,,_m,.,.-lh,.,p_.,,.ibl¢,,.,ii_.,,.I__,III..,,.,_,,.h,,ic_.,.,UlXm

_.,th_.,rdc,.,iF;n|_,_r,lm_,t_.,r,,hav_,Ixx,nid_,nlili_,dbutr,_lv_'tqu,_nlit,_tiv_,Iv_.,vnhl-

att'd t im.h,tll_t_.'dlV'.,_,m_.'_._,ml'_il_,ztiCm,,I the.,t,,v_,,_PPn,,_hu..,_,r,_third al_-
pn,,_ch il_ ,,vhi_.'h,_ili_,lll' Ix,,m_-lx,,_mt_,lr,lllll'tt,rs ,11"_,dilt_,n,nt, will pnw_.,t,, Ix,
_,t_timal,n_ _,ur ,-,ttidi_.,sc_mtil_Ut,.AIn.,,..tv ,,v_.,kn_,w In,m tl_.¢,,.._,,.,inlul,zth,ns th,zt
the'|x,,m_-Ix,,zmdvn,_mic,,n,m,_inw¢,llIx,h,_v_,dvvhl,nllx,l,,t=rp,mm_,t¢,r,.,,zn.,

n_,l¢,gu,_l,indi¢,Hln_thal,,zth,,z,.,l,¢.=riniti,zlr_,guin'nwnih_r_.'LILialilvinlh,".,,.'
t'_al'dllll,lt,r,-, ]1,1.,..,',,i_lllt' I't_tllll h_r ,l_tJtiStllll'llt.

i_'vnu,.,_'the' I',_.,,_mntr,_v_,lill dill,.,r_.,nt_,_ ullm _h,_mlx,r,-, in ,zn,_.,vmm,.,t-

ri,. _xdlid,.'r. the,buam ¢_rbit,-,nu,zr the' int,,'r,z_.ti_ml_,int _w_'dh, b,.'__,ntro]l,.,dh,
,zm_.i_,h _,rt,at_,rd_.,t,.,n.x,th,_niz_,.\'mm_'IIi___,IIi,,l,.'r,,h,_'z_.ll_"h_',M-_,nc,,dli-



,,e4,1t'_ _%h','_ll_,I_k ,_h,'m,'Iv_,,_i111IM'_,l,lnl_ttlImllt.,ir_ _,llhh,r.l_,i.._,_l_m lh_,

tll_' lli,,ilii i,l',iili ilitliit i'tl tlt%hllllilll ill lh_' _h,,,_'_l _,rlql_ ill Iht' l_.,,'t,tli,,llll% ,11

lll,ilIV t_illl', w_,ll ,it',',i%' lltHli lhl' Ilih,r, ll IliHt I_liit I li_",_' Illl',i_,lll't'llli'lit% i ,111

l_illlh' lht. i,l_t.r, iliilll i_l ,i tt,t,_ii_,lt k "h,vt,r" tt_ _,t,l,l_ Ih_, lll,,illi _,tll ll_lli,,iiln Aii

t'Xtll'i!!lit'lil hl ll".t Illi _, lth,,i ,il IRIkl At, i_ i'xlii'i 1_,_1%lllln
In ,,llliiln,ir_ +. ilili,,l lit iilt' _h,ilh'il)lt'_ tit thl' I'1_1 ' II th,_,l)lli h,i_, t, I,t,l,n ,i_l

illt,%_i,tl %ill_l,i_ llilll_,, ,iliil h,_ hiilt ,il _,t_llllit_ll <, ,itl, ill h,inll l._dl , ,ill. t ltllllliilili), ,

lh_, _h,l,lll_,_l i,ll),lll!.t,rlli}, , t h,,,iy, ll ,ill_l hil_ri_ ,llltqi _il %.,11-11ill _, __illl_ illt,lll _, hit

h,_llllt_ i_llrlll,_,t,% %ltlllt. ollt.,P, ttl tin, lt_iii i,lffli,il ih,_,l)_ii, i,wlii_ h v_',l% _,illqiillh,_l ht

lilt' I )l'll,iltliit'lil _ll I'nt'l}',_,' Ill I'l'lqii,ii% i_ll, h,l_*l, lll,l,li it'lilli'll iililln}, , lUSt2

Ilirtll_,r .,il}_),,i,_,li_ ill ,, t_ll iililq_ t,llit,nl_, t i qlllnili, h_ I_l, !_ill hqlli ,i _, Ilit, ,i_ i i.h,r, ih q

t_liv,,l_ ,, ,ilitl illlit.l tl,_ hlitt ,il i,._,iit ,,, I_t.i ltliit, i_.lh,l liliih,l,_h _ ill

Ch emica I I t_,'l h,'m_,,_i I hmmm, l,_,,,,',t,,h I ,iI_,,,_t,,_t#f( l tl_,l t i, _i#_,'l#,i,',,, t,t, II_lit m th,' ,re,Ill

[ )l_'t:>ll'tt lit I /hGll//l ill ',, h'th t"+ [ hi _ t,'.+t'ttf, It I.,,l_,,.t'!l #,,_ lib' [lllqilltll_ttl i_lth'll,II t I ....

Laboratory ,,,,,..,i,. ,,,,..:,,,,,..,,,,,/,,,,,#,,,#,.,,,,/,,,,,r,., h,,..:,,;,h,,,,,.,,#,,,,,,.,,...
I h," _ I _1¢1#, I,,,l,,,',,',l _,,_IIII. ,_'_lh

,l',_ltlllh _ltlt lJtltll_ II_III, Ul 1'11%Hllilhl

Hl';,,_ _irch [Ir,ltlli'¢ll N,illl ,shll I ,tl,,,_ _tt, ,l /,' .. t,t '_, t_t .Ill lltlt ill..

lhl' tl IRl,. with i1., ,tik',illil'll i,l,,t.r_, _,'ill l llllillll'llit'nl thl' ,'%1k, whlt h ,i'ltlli_ttHlili'lth'!ltllt I/ ..[ti'Pl,_'//l. %ittlilht

lll_ltll tilllll_h,tlllll will lit. lh_, t_'tlilii'_ Iq'l)_htl,_l _lllllrt t. tli _,tttl x-r,iv_ hit lt'_i't/tt Jlll t ii'lll Ill . 11' _/lii/l',!ll/l " fill #Ill

t_,i',ii ,inil ,lt_plil'd rt..,t.,irl h. ( _ll,ll_r,lli_t. ( I IRI rt.._l.,ill h,,i,, trlilll , ,_!t./tlft fl,,tl fltlll ltlt<'t.71tlb,ll l,t <.,It/it' f,# lilt*

illllli_lry, illiivt'r_,lllt_,. ,tlllt ll,llllill,iI I,ilttir, lhtrli,,, i_111 tic.i, ihl. itnitliil. _l/,_'tl>uh'llt,ll r,+llltl#_t#h'!#t ,tlltl ,i'tlll,l,_ll Jtt'lf

|i,,llllrt'% ill Al:k x-r,Iv ltl,,tln_, hil4h _,tl_'! If,II llrll_hlllt"_ _, ,init 1,1.1%',.ll_,il _,1_ '<, llt tit,' .._ I,'Ittlth lu_,,_lilltl ,llltl tilt <

pill,,t, Jl'll)41h Inlillllll,lllV lt,ll,_ ttt i_ll_,,_,_l_lltl,,t | llllllJ,itltr,. III Ihi, t_,tlt .ft'. _ ,if t tiH/,,tt-+llh,i/ tl'i /lth'l_,'71/ It,

,,hlr,lli_t* rllll_ will prl,_.idi. ,_tilnt,wh,it _ll,llhillv llihi.iri,lll l,lt|l,llltql lit,lit .t_lt ilh+l ii/l_'t *. t,,ll lit tllf.
,,llnll.llnl!.,, I't'tl'rrl_l h,,i'. "l,i_t,rlikl," th, il i,, I_rl_,i_lk- liin,il_h. ,l_ i_%,, lhl,

thtlh'tht# It'_i'l #lti I/t11/ I, t,_',_t,'l_/ lib>

Ihi' ('IiRI ,,_i_,rillil.ni,tl .,v..t_,m.. will t_. ll,,_.ll h_r d,,ll,llill_, 't_l,,,m_,',l I #,,:hi ',,w_,, ,_'_11.,W,l,ll# tl.'
_pt.llr_p.lllpil. ,lilll _,lrlllllli,il _.itlilil.., i_l hil_hlv ri',lifltl' iilltll'iilll',, t I IKI ,t'Hh 1.11_ _t_,l .,,!1 I _,lit h,.:hl
_I,IIIY it| tht'_,i ' ,tit' i lli',lli°lt itllrll!}_ !lli' i',lrl_,' .,t,l)ll ,_, ltl itlllilHIMltiii lt,,_ti t,l'it /'l'tll/llllt,. [ ttl#'#ll#/l'tll<_ ill t/h"

l'ht'_t' _lilllll '_, l_'ill hikl' lll,lil ' Iii ,111 ,'xtil'rtlllt'lll,ll hall _tlt.rl. Ii)_ht I l ll,_l ,i'ltlilitl it I't* t'_i'_Itlu l'll#htllit_ll 1'11 ,1

lrlllll lhl. IKI'I:I _,r illtr,ll_,lt ihl,nth,iI !,l,,t,r%, Iht. AI _,. ,llltl ,lll_,,lllti,tl l,_i,llt,..t'll ltlfttlfllt ft_'i" i'/l'l ltl_#l I_l'.,'t

ltill%t'llllllll,ll I,l_,t'r ', ,11 li'ltiliill% t%,lvi'it,lt)_lh,_ (i Ilr_lli-i' i II l,lll ,ill I_l, _lt,_l i I J t'/Ih Jl #Jt'l..,,lltll'l #_ii #)1 t/It' I t'lll_'l

ihrl'lll'll llihl i,llti'riilli,lll ,.hilliill_ lii '.llltl_, Ihl. ll%.ll,illllt'_ ill hi',l i_, ,ti'l*7t!ll.I, 7 i/ H .<l'l ,unl l,/hl .l'_/lllt/t/i,/l Ill

Illli%'ill)_ i hi'lllli ,tl I_ltlll",_.t'_, lit _ll'l<ill %11_h Illlltt,lllli'llt,II tin #,h lhlll /,_,'._t'_t_,/h't. fti,lll _,lth't I tll

kllllwh'lll_l' whlth I'_ ltl'Vllllll Ihl, rl.,llh ill i._l_.llll)_ i.xltt,rllllt.nhil ,h,i ./i,t/.. _tlt,-./ _lt,fii/,llt t/ht /h'lUhli/

i_llllitlt '_, I_ irlilhtl t_lt IlllllltlVIIl_ lht' i'ttllli'liil, i_l _llilll_ii_litlii ,llitl ',, h _', ,, / i, ,_ ,I,,U ,_'lll llllll , _,/1,*_1+,_1_,'<,
li_llll'i!lhll)4 IIli' tlirl!!,llllill i_l llltlli!l,illl_. ,1111t111)__,lh_.r I._._111.%

_ l!,nll,,b, trtln! tllht,r Illl _t1_ i_,illil,_, llll, I ;lli_,l,i_,ll% , t_t (,ihltlrlli,i ,it

lll,rkl.hw. ,illtt %,llllh,i _iillllll,il I ,il_lll,llilr_' I IVt'lllltlli" ,irt' ill,l, i,lil|,iil)L_ /i, #_.l'li'i# ,llh[ ,,lilt'# Itl.tlltttli,tl. ItI , t,lhlltt 1

th_ ° (I IKI. rt.,_t,,irl ll |lrtl_l_,llli _t'_,l.,lll h Fl,+_llll'_ t_ltl tl.t,_! dirl't t1_, ilihl ll_., #/1,' . f h'tlt///i t,tl,_,:tilfll

|J.% illdii_,lri_,% litllll'rlll'll ,,_'iih _h,,iilt.r _lillll_ii_,llllli. ,ilh,lll,illVi. lu_,l

_litll_lit,_, rl,lliiil,ll tlllllullllil. ,intt iint_rl_.'t.tl indii_,lri,il i,i_ i,%_,_._ l lli,,

I,_ illl|llirl,lill iitil tlllIV lil illttli_lr% t_ul ,il_,ll tl_ t,,l__,i,riilil_.lil, ,,lilt i. In,ill%'

ri,_ilill,_ lit lhl, ilollitili ioiti, <_lll_lll|ll,lllt i.ll_lltlilitt _llrl,ilhlli.lit tlliriii}l

llli, i_i_lliillll tli,_,iltl._ it ,iii }_lllliillllll iiliiii iil,ll_llt. ,ili_l ,,t,ilitql,ir%

%tlllrtl,_ i_ lllll lilnlrllili.d illltrl, i.th,t IlVi.l_. lilt, ( l lRI I,ili tq*_',idl' ,i

htiilltl,illllil ill tllilll,inll'nhil ilnih,r_,hiilllin)_ lh,il will i.n,it_h, I,_ill; , h.rln

_,ili i t '_,'_ Ill %tilviit)4 llll,,,i, j_rt _llh.in,,

] +'



(I!N IF_R F( )R IHiAM I'1 I"f_l(

I IRure4-_t,A key to the ,bcienttflcpotential (if the
r,_4_) Dho_14!_t(o(_ lf;|n_t_ll,_)_i_lt ti_,_(_(_,(_,_(r_ ('I)RI i,0the unprecedentedinle_l,tllim of ._everal

,_,[,_t._._ "_'_y _t_t.o,, iechnnhlKie,_.ver a wide ,_pectralran!4e.]unahility, !
'_ k _' ,_ynchront_ati.n capahilltie% andtime re,miutionon

.... / ' the .rder of ptro._ecnnd,,art.amonl4the .thee
/ • imp.rtant feature,_.f the prop.,_edfactlitie,_,The

Automated Iower-enerKyreKionof the infrared (different
Mot_cu ar _ [ xD_r_m_nt,"tl_tat_n'_ .._ _ontro & pnrti.n,_ .f which areof intere,dfor different kind_

HOam% _n_ly%_S of re,_earch)could he coveredwith chemical la,,er_;

i i i i _ theproposed IRItL wouid.tferbroad tunahility
ammmm rivera wide ranl4e,in addition In hil_hpower,/

[t(J_Irom4Cjn(:t_c.%p(._ltumw,.";iv(_l_:_Cjlh

Re,,e,tnhin,,mh ,_n,a,,a,,_a,,-ph,_,,_,re,)_itemdvn,tmh,,,_m'_bu,,ti_m,i,,_t(_I_, CII)RI.:A Unique
,,el_aratt_m,and imlu,,trmll_n,_e,,',inp,l',p,em'rallvd_,l_c.d_'ntup_,n,_d_,,_._,_l('()rnbinalJt)n()IU,_t,r
te_hn_,h_,_i_,,,and tc_hniqu_,,,lhv (I)RI willbrin_ th,,key te_hn_,h_p,i_,,, Facilitie_
h)p,ether h,rthe.hr,,ttlm_.,At _t,,h_,art_uhl b_,an IRFI.II,_,,hi_h h,_,,I_centhe.

,,ubie_ t _,f ,, Mn'at de,_l ,,t w_,rk !_ _,ur _',n,z,p. lh_. I1,_1:1:.1..t(,_.th_.,r with two,

,\1_ b_,,,,nl,n_.,,, (,l,ti_,,I I,,,,_.r,,..,,,,I ,,,,,h._ ,,t,,r-t)_.,,,,_ ,n,,_ him.,,, will _.,,,,bh'

r_.,,_,,in_hthat h,l,.. ,z _r,.at im|_,z_t ,,I,,,zir zzl,d_,r,,t,zndin_ _,t p_lr,' ,znd ,_t_plied
_,hemi_a] d vna mi_,,

"lhc(_I)RI, will,,_'_Ul_,,,m'_',buihlin_ ,_dla_,'ntt_,ti1_'AI.% '.,_,th,lt

phantombeam,, fr_m_l_)ththe,AI% ,zmlthe.l_r_,l_),-_.dIRFI.;I.(whkh w(,uld _(,

ina ,.,hi_,h.lir_4vault inthe.l-,a,.,em_,nt_,tthe,n,,w b_ildtng,)_.anbt.deli,,'_,r_,dt_,

the'_,r,_|)erirnl,llt,ll,.,t,Hi_,n,.,.lhe AI N b(.,,mhn,,_,h,lv_.,b_,_.ndn,)th,,rare,z,)I_

,.,tudvand d_,veh,prn_,ntby _Jurgn)up, in_dh_It'_(_rati_mwith the AI.S '.,taft

and the (.enterfi,r X-R,_v ()l'ql_L'-,inl.lll,'_, M,)h,ri,_l'.,% i_,m,,,,l)ivi,.,i(m.

Advam _,d_,pti_alla,,er,.,ar_,bL'zn_4d_,,,ip,m,d by _)lh,,t£u_',,fr_m_b_)lhthe..

L;niver,,lt_,,)l(,)lifi,rnh),_tli_,rkeh'v( h_.,mi,,trvl)_.p,zrtmentand %,ndi,,

d_.,,,ip,n _I _,xperirn_,nt,)lfarilitiv,,and inthe,d_.v_,h_Imwnt_)Ithe,re,,eanh

l._r()_r,)m,

%ime the,(,rip,inal_(,n_,l,tuald_,,,Ip,n wa,,l'_ul_li,,h_'din l'el_ruarvlYqlL_,,,'_' IRFI-I,l)esip,n l'rop,ress
hart,n,vi,,_,ditt_ in_rp_r,m' an a___.h,r,zt_,rwzlh "_()I)-MII/-,zlp_.,r_mductin£

r| cavitie,., (Figure,-I-2). lh_, prinmr_,' r,,a,,_,n h,r the m_,ve fn,m the, h".,',-.

expem, i_'_' r_,(m_-t_.mpt.ralur_, te_hn_d_,_,' wa,_ the, u,,er requiremt'nt h_r

ph(,t_,n-I_,,,m w,zveh.n_th ,,t,,bilitv 1 h(.ir r_,quirernent h,r ,,I,fl_ililv I_ within

i part in I() z tran,,hzt_..,, int_ ,zn eh,_tr_m-b_.,zm _,m,r_,, l'lu_tLhlti(m _)i h",,, than _

part,, in Ii) _-',I}v r('ducinF_ c,l_.'ilv h),,_,t'_,L]III'tl,w,,ll rv,,i,,t,zme t_, n,,arlv/_,n,,

the' ,_tll_'r_ _mdu_tin_ ,,__'eh,r,,t_,r te_ hn_,h_v ,,I,,_, alh,w,, _.(,lltilll.i(,tl'.,-w,Iv_,'

low) ,,p,,rali,,n. I'ul,,e,, an, d,,,,ln,d i_,r the, ( I)Ri ,,pt4i_,,ti_,n, ,,_ _w _,l_..r,,ti_m
i,, h_"_t int_,rt_r_'h'd a,, a mean,, _,t im r_,,z,,in_ the, ,_ver,z_e p(m'er, ]_ermlttill).t,
m_,n, data t_, h_' (,bt,_in,,d li_ ,I _,iven tltl'_,_



( _twm i_al I)v n,zm ic.,,Rt.,.,,v,1rch I.,)b_,ral_)ry

lhc pul.,,etrain _,m bt, t,zih_rt,d t_,nw_'l tlw t,Xl_t,rin'wntcr's nt,vd.,, in a
varit, tv ot w,zv.,.,,includi,g .,,vnchroni/,_titm with tht, AI.._ I:_ul_t,.,,.l'hi.,,
fl(,xibilitv will ,dh_w _irntzlt,znt,_u.,,_vrvict, t_ nuzltiph., u,,_,r.,.,.The IRFliI.%
n_it'r_q',,|l.,,t,dtzrati_m is 3.t p,.,,with ,zrt,|_t,titi_m rail, of h.h MI I/. It)fr,)rt, d
r,_diati_,t i_ |_roduct,d with ,_vari,d_lt'-g,_t_ undul,_t_r ,_t_t| ,z 24.h-n)-hu_g
_,|_tit',_lcavilv with ,_ br_adlv tun,_blt, t_utc_upling nchetllt,. -l',d_it, 4-I _umtu,_-
ri/t,s tht. I_ar,ln_t,tt,r.,,_f tht. i'lt.w IRFI.II. ttt,nigll.

I',lrticul,zr altt,ntitm wa,_ I:_,zitt h_ ,,lability ,intt lunalfilitv, wltith art, t'rutial

tt_r tht, user,,' ilt, t,tt._. A tlt, t,zilt'tt an,tlv.,,i.,, ()| lht, t,|]t't'l it| lht, t,lt,t'trtm bt,,_m

fluclthzli(m tlt_m tht' (q_tit,ll t'_,rft_rm,lt)t t, _,,,ls c,zrrit,d t_ut thrt_ttgh an,_lvtic

¢,zlttll,llitm ,_}d r_tln_t,rit,tl ._illttlldlit)n. Al.,,t) sttlttit, tt wt, rt, v,_rit_tL.,._otlrt't,_ o1

fhlt'tthllitm_ ill tht' grin, bttlwht,r_, ,_nd ,zt_t't, lt, r,ztin_, ,,cotton% a,, well d._

|t,t,tlb,it'k dnd it,t,ttf_,_rwdrtt _t:llt_lllt,._ tt) rt,tltlt't, tht,_t, fhlctlhttion_, l'ht' .,,lit_t'r-

tOlltttlt'til_g dt,_ign tm,vt,d _ttl_t, rior tt_ lilt' It/t/() rt_tma-lt, tllF_t, rdttlrt, th,_igrt,

which had ,zta t'lt,t'trtm-l_t,dnl t, nt, rgy .,,t,_bilitv _,t I l>,)rt it_ !1) _. l'hu_ tht, '_()()-

MI !/_tzpt, rt'tmtltwting tlt,,ign appt,,tr.,, t_ bt, tht, bt,.,,t t'llt)itt' tor t_tlr |_tzrpt_.,,t,.,,.
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Table 4-1. SomeCharaclerBlicsof the I'ropo.ed CDRL IRFEL

Accelerator
Rt: frequency (MI I/) 5i|t)
Maximum energy (MeV) ~ _

Mtcropul_e
FWI IM energy_pread (1.3g'_;al _ Mt,V
FWI IM durati,m (p.,,) 3_
Repetitionrate(MI I/) t_.t_

Output
Waveh,n_th), (Bn't) 3-_5(!
ImewMth trar|nh,rm-linlited
Bandwidth stability 6_'), 10.4
Inlen.,,ilvslabilitv _1;I _ O.I
Averag,e power iW) _X)

The FEL desiBn must provide wide wavelength covelase while minimiz-
ing,operational interruptions. At a fixed electron energy, the wavelength can
be tuned by about a factor of two by varying the maBnet gap of the
undulator. For rapid fine tuning', we,cart change the eh..ctn_nbeam enerl_y by
+ lg, varying, the photon wavelength by -_2r;4. By operating' th,' accelerator
at any ()f four different energies (55.3, 3u. I, 27.7, or 19.6 MeV) and using these
tuning techniques, we can cover a wavelength range of 3 to 511pro.

The beam reaches about 3(1MeV in its first pass through the pair of
superconducting, rf cavities. Witla an extra, in-phase recirculation pass, it
reaches about 55 MeV, greatly extending, the short-wavelength capability of
the IRFI_[.. In ,mother operational mode, the recirculated beam could instead
be introduced into the cavities 180 out of phase with the rf. This w()uM
de(elerate the beam. putting, its power back into the rf cavities in a sort of
flywheel effect for use on the next pulse. "['he'electron beam, and hence the
optical beam, would become quite powerful.

Our work on the recirculation scheme is beginning to address such
import,mr issues as isochronous beam transport and safe dumping of ener-
g,etic, intense beams. We and our potential users are also studying the
scientific implications of operation at this high power. The desig,neffort has
spawned several experimental programs, including an l,Bl_-Stanfi_rd collabo-
ration on development of novel diagnostics for FFI. optical pulses, a Stan-
ford-I.I_I.-TRW-BNI, collaboration on optimizati(m of superconducting
cavities for FFI. an I.I]L experimental study of hole-coupling and resonator

modes, and a joint I,BI_-CEBAF test bed for demonstrating superconducting
IRFEL technolog'ies.

77r' AI.S i,icctio,; c,,,tt,h'r im'l,,t,'s ,_tra_.,'li,t_C-r,a;.c/mac thai l,r,),l.c,'_ ,; 50-MeV Test Beam Facility
rh't'lro, t_eam. Al'h'r t/lr st,)ra,ej'ri.,,¢ has I_,','. filh'd, tlw i.jccti_m ('(mll;l('._will bc
idle for the us,'f.! lifetime (q the sh,red /,cam, which is c.Xl,eCt,'dto t,e se_,eral h,mrs.
A z,ariely of i.teresti.,¢ cxi_crime.ts to.hi h' corot.tied with that l,eam, iuchntm,v,
t_/as.ta ft_c.si.,¢, tests (,f accrh'rat_Jr st r.ct. rrs, . mte, cm'ratit.I of "chirtr'd" pll(_tcut
l,,/ses. Accordi,e.ht l/t(' C(',trr is I,ttildi,k' lit(' Trsl Brain t'u('iliht, a l)( )/:-[,,ded
i.ilializ,r .sin X/he AI.S /mac. Th,, lm.ilit!t will .so lit'/mac t,ctu,re, i.jecliou
cyclrs li,r a h_v,lfl)t prod.crier a.d t'ost-,'ffrcti_,c /;roy,ram i, t_,'am l,hitsics with
minimal disr.l,ti_m to AI..c,()tr'rati_ms.

4.1(I



Test Beam Facility

Research Program Manv interesti11,4 experiments cuuld be [x'rf(,rmed with this conveniently
available, short-pulsed, h,w-emiltance electron beam. These two investiga-
ti(_ns are planned for the initial research pr,gram: a plasma focus and the
generation ¢,fshort x-ray pulses thrtulgh Con-lpton scattering.

When a relativistic eh.'ctrtm beam passes through a plasma, electronlag-
netic interactions focus the beam. To date, most work with the plasma-focus

"" "1 tpconcept has invoiw, d thin h:nses. Continuous plasma focusing with thick
lenses holds the promise of overcoming the so-called Oide limit ..... (i funda-
mental limit of focusat, ility arising from statistical emission ¢,f high-energy
plu_tons in a sharp focusing bend. ()ur plans include a proof-of-principle
test and systematic exploration of plasma-focus ideas generated at our
Center. (.)he of the ideas is a long, continuotis plasma f,.:'us in which dia-
phragms and differential pumping combine to taper the plasma density. The
density will b,.' taper,_'d from about ! × I1)11_t¢_.5 x I() =2cm _over a length of
0.5 m. We hypt,_hesize that, at 50 MeV, such a device could f(_cus a beam
with a 3-ram cn,s.,, secti,,n int_, a 4()()-_Jmspot. Our scaled l:_r_,ff-td-prim:iple

w,(_rk will inv¢_lve plasma lengths ranging from I() t¢_50 cm, with density
tapering from ab, ult I x I() II t¢, 5 x 1()Is cm _ over that distance.

Two requirements nlust be satisfied for an et:fective plasma t:octls: the
plasma response time must be short compared to the pulse h.,ngth, and the
plasma return currents within the beam must be small. We have calculated
parameters for a nund,er of experiments that can be pc,rfl_rrned usillg the 5(I-
MeV inje, '.,r; they will allow careful study _,t:these requir,.,ments in both
underdense and ovt,rdense plasmas.' Furtl'lerm¢,re, a stucty ¢,f the effect ,,f
plasma return currents on the effi.'ctiveness ¢,f the ft_cusing can prt_vide
insight into the usefulness ¢,f plasmas in re,.tt_cing beam-beam interacti¢_n.

The design ,,f th,.' t_lasma s(,urce and diagnt,stics i_ currently under way.
Tw,, candidate sotJrces are an rl discharge source and a photoi¢ulization
source driven by an excimer laser. 'i'he plasma prcq_,.'rties will be measured
using I,angrntlir pr(_bes and a 6_-(;! Ix Micl-u,lstm interfc, rometer.

Another experiment at the facility will use the AI.S linac's beam for an
ALS-like purpose: the g_.,m.'ration of x-rays. Today, the shortness ¢_fph(_ton
pulses that are produced by either interacti_n with a magnetic field (synchro-
tron radiation) ¢_rinteracti_n with visible phutons ('l'lu,n_s(_n scattering/is
limited by, and c_m_parable with, the shortness ¢_tthe electrt_n bean_, l:or the
AI5 linac beam, the shortest photon pulses from a direct cCdlinear interacti¢_n
would be a few tens of pic_sec¢,_ds huag. We have rc'cently hyf, t,thesized
that a third ap[-)r¢_ach c¢,uld break thrc,t_gh this limit, prt)ducing sul,-pict,sec-
ond x-ray pulses.

The new appr,_ach, being ,supported with I,aboratory I)irected Research
and I.)evel_>pment funds, is based upon 00' (k,mpton scattering with a
visible laser (Figure 4-4). In this configurati¢_n, tile shortness of the x-ray
pulse is limited not by the length of the electron pulse, but rather by the
length of the laser pulse ¢,r the transit tirne of the laser ptllse across the waist
of the focused electron pulse. 'i'herel:ore it is crucial to focus the electron
beam t_,a narrow waist nu_tching the laser pulse length. A short-pulse solid-

state laser (z_ = 200 fs, E = 100--2(1()mJ)is being designed by the femtosec¢md
laser laboratory in l,l_l,'s Materials Sciences Division. Also being designed is
an x-ray detectt_r that offers femtosec(_nd time restdution. In c¢,¢,t-,erati,_n

• "lhe terms "overden_tr" and "underdense" indicate whether flu, IHasma is tlt,llS,Cl than the

parliclu beam l)l"vicc %'t'l'_;il,
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Figure 4-4, One of the most

intriguing experiments for the
Advanced Test Beam Facility is
production of sub-picosecond x-

"" "- -,"_"h^ ^ ^ ^ ^ .. ^ ^ ^ _ ray pulses through 90° Compton
,." • • ,/._UUUUUUUU_--_ _ scattering of a visible laser beam

_---_25-MeV,e- 1-Ax rays > 1000 photons against the 50-MeV electron beam.

(7= 50) b in330-fspulses Z _ 1-10 A

0.5-_lm (blue-

green) laser light I.¢ =1in 330-fs pulses 30-300 fs vl

XBL 931-4708

with LBt/s Center for X-ray Optics, we are examining ways to direct tile
beam onto detectors and experimental apparatus. We are also designing the

beamline components required to focus the electron beam to a 70-100 Bm

spot and then separate it from the x-rays after the interaction point. With the

current design parameters, we should be able to produce a ] 00-300 fs x-ray

pulse, containing about 10_--10 ¢_photons, with a wavelength that can be

varied in the range of 1-10 ,_ by changing the electron-beam energy.

A variety of other experiments will also be made possible by the facility,

including beam-structure interaction studies, investigations of beam-condi-

tioning cavities for FELs, and the "chirping"" of conveniently long (10-ps)

electron-beam bunches to produce photon pulses much shorter than that.

Figure 4-5 shows the overall layout of the Test Beam Facility. We have been Facility and Operations
designing the beamline components while studying the proposed experi-

rnents and deciding how best to reconcile their somewhat different implica-

tions for the magnetic lattice of the transfer line. For example, the plasma-

focus experiment requires several transverse measurements of the electron

beam (which therefore should be perturbed as little as possible downstream
of the focus), whereas the Compton-scattering experiment requires separa-

tion of the electron and x-ray beams downstream of the interaction point.

We anticipate that most experiments will be entirely transparent to ALS

operations, invoh, ing no changes in the electron-gun and linac settings.

Some special experiments might call for temporarily changing the relative

arnplitude and phase settings of the two linac tanks; others might require the

gun pulser and the grid voltage to be turned up to their maximum capacity

in terms of charge extraction and pulse-train length. The linac will remain

under the overall control of the ALS throughout.

' A term fi,r a small, rapid change in energy during a pulse, historically based in radio transmis-
sion of Morse code.
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Figure 4-5, Because the ALS is ! _ .--
based on a storagering,the -;! _x- :"_" /"

injectorlinacwillbe idlemuch of r" _ /@'

cost-effective opportunitYforbeam-t° i! ""i" . .... _.. "...... .il
develop a facility ,_......

physics research. This diagram ' 7"_EII :_:_ "_

shows the probable layout of the _

Advanced Test Beam Facility, . : _

which is now moving from design ._: :i _....

into construction. The facility _ " i _

will support a variety of T_t:"_:/:'_iLexperiments, such as plasma _

focusingof an electron beam and ! :I _'° ': I_:)_!_i::_
theproductionof ultrashortx-ray : ",: _ I.::.:_ '

pulses using90"Compton '.I il !i I'i!_

scatteringofa visiblelaserbeam _I " !) i_......._ [_-'_

off an electron beam. if _t it;" ! ' "_Ii_:_

XI3L 0111 -fi85_

Optics Experiments The Center for Beant Physics has ,,¢reatlyext,anded its experimental capabilities with
a new optics laboratory that will serve many efforts, includin,_ the desiRn of the
proposed CDRI. IRFEI, and the development of optical components for the Test Beam
Facility described in the previous section. Two projects have been carried out thus
far: bench testing of the Fox-l,i code th )#_and develotunent, together with Stanford
University, of advanced optical diagnostics for FEI,s.

Bench Testing of ]--]OI.D ttole coupling was selected for the CDRI, IRFEL's optical resonator after
extensive computer simulation, primarily using the code t t()l.I). To validate
these simulations, we performed scaled experiments by injecting a visible
l-teNe laser beam into a stable cavity, as shown in Figure 4-6. We studied
two cases: a Gaussian near-concentric symmetric resonator and a hole-
coupled resonator with degenerate higher-order modes. The first case, with
its simple geometry, allowed direct comparison with analytical results and
Hol.l_ output and was also useful for benchmarking the diagnostic equip-
ment. The second case provided an effective means of exercising the code
and also yielded intrinsically useful results, since mode degeneracy should
be avoided for good FEL operation.
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Optics Experiments
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4-7. The LBL-Stanford collaboration in FEL _J-"_L__Figure

diagnosticshas resultedin asystem thatcan perform both -'

spectralanalysisand pulse-widthmeasurement ofthe XBL9212-5858
optical output. Preliminary results from testing with an
FEL beam at Stanford have been encouraging.
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has the requisite sensitivity and rise time. A micropulse spectrum with 5
spectral "bins," or st,Is of data in different parts of the spectrum, was ob-
tained. Further mlprovements to the spectrometer and its user interface will
be tested ill another FEI. run at Stanford early in 1993, and we are also about

to begin building the single-pulse autocorrelator system for pulse-width
Illeasu rements.

Members of the Ccnh'r li,r BeamPhysics have I,eenim,olped in lhe Advam'ed l,(_,,Itt Accelerator Physics
Sourcefrom the outset, focusing primariht on the immediate needsof flu' project but for the ALS
als_ inuestiy,atin x mamf basicphllsics issues invoh,inx hi@-bri@tness eh,ctron
sloraxe rings that have numerous insertion devices. Much of tiffs n',warch is hixhly
,\,era'rioand is reh'vanl, for tlw most part, to any third-xenenltion source,as well as
to ,qora,w-rink,-t,ascdh'e¢'-dectr,m lasersand to compactdampiny, rin_s enz,isi¢,ned
tin"hi@-em'r_}l linear collidcrs.

Because of tile high beam current and short bunch length in the ALS, it is RF Measurements and

important to mininlize the beam coupling impedance of the vacuum-vessel Feedback Systems
components. If this impedance were high, it might excite coupled-buncl_ and
single-bunch instabilities, and the electromagnetic energy deposited in the
vacuunl vessel by the beam (hundreds of kilowatts ark potentially available)

might cause excessive heating. Our Beam Electrodynamic,_ grcmp has
studied many ALS structures, beginning at the design stage, a process that
includes computer modeling and measurements of some actual components
by launching waves down a coaxial wire. Our most recent achievement was
measuring tile higher-order modes of a spare Ai,S rf cavity. With these
measurements we determined the effectiveness of damping (which is
accomplished with high-pass fillers connected to the input power
waveguide) and obtained tile data necessary for accurate simulation c_t
coupled-bunch nmtion.

The information is being put to use in tile design of damping systems. In
the ALS, bunch-by-bunch damping schemes will be implemented for all
three axes so that errors in tile position and phase of each bunch can be
measured and corrected. Computer simuhltions and calculations of the
beam behavior, which used the data on the higher-order modes of the rf

cavity, suggest that the beam instabilities can be safely contained with the
proposed feedback systems. Tests of the longitudinal feedback system are

planned on tile ALS in the near future. This system was developed in
cooperation with SLAC, and a similar scheme will be used for the PEI'-ll
collider described earlier in this chapter.

The device that will apply tile feedback to tile beam is a "kicker," which
consists of a pair of coaxial electrodes approximately a quarter-wavelength
long connected by half-wavelength delay lines. This structure uses only one-
fourth the power of a single-electrode design for a kick of tile same anapli-
rude. Low-power measurements of a prototype confirm tile predicted
performance, and a production unit is being made. Transverse kickers are
also being designed.
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Injector Members ofour (,'enter working _m the AI,S pn_ject have been ch_seiv

Commissioning involved in the cornrnissioning of the 50-MeV injectitm linac and the 1.5-¢;eV

Experience b_mter synchrt_trtm. This process (see ('haF_ter 3 ¢_fthe AFRI) SUm,lartl _l
Activities) is essentially complete; we are r,_w studying the beam dynamics
of the injection system and taking as many opportunities as possible to gain

operational experience with it. By building our understar_dirig of this
complicated system, we will be able to commission the storage ring effi-
ciently in early lt_t_3and then provide srnootll, reliable operations after the
facility opens to users.

Beam As,Weah'r demands are made on the l,crfbr,taHve of acn'h'rah,rs--sttch a...;imrva,._cd

Electrodynamics lumin,,siltl, as in I'EP-II, ,,r I,,wcr cmithlnce, ,/s in tit,' Al.S---it I,c,-,,,leS ever more
iml_,,rt,lut t,, undcrstattd potetttialh.i disruptiPe rf phenomena within lilt' beam
chamber and to l,erh_tnt Parious rf ".,dtnulastics" h, mottitor and Colltrol the beam.
AII area of special inh'n'st is/he undcrshlndin_,, and contrl_! lff the potenliall.it

disruptive eh.ctromay,llctic interaction between the beam ¢111¢tthe [lUldll{tiuP walls ot
HIt' Pa{'llllltlchatllbi'r a_ld various devices. The Beam Eh'ctrodynamics ,¢rtulp within
the Center al,l,roacltes tltesc probh'lns tllnmXh auahlsis, simttlation, and expcrinten-
hltion, ht 1992 tltl'l.tclmtribuh'd h_ I_EP-ll bll h'adin,_ the desiX, of rtamt li'edback

sltsh'lns, amlhtz.cd beam impedance and fi'edback issues ¢1tthe AI,S, and n_llli,lueil
thcir Ilish_rlt of contriblllion h, the Tevatrolt lul studtliny, ¢1stochastic I,cant-coolillX

lq,Xradc.

B-Factory The major rf-design challenge posed by I'H'-ll is control of coupled-bunch
Contr_l_utions motions, in each of the three directilms {horizontal, vertical, and hmgitudi-

nail these motions have 16.58 modes that may be driven strongly by the
higher-i_rder resonances of the rf cavities. Each higher-order cavity mode
can drive a hundred or so of these motitms at a growth rate thousands of

times faster than the darnping that naturally occurs in the accelerator. The
first step toward stabilization is to reduce the shunt irnpedances of the
higher-order modes by several orders of magnitude without corresptmding
degradation of the desired fundamental mi_de, i,_emtwai of the remaining
instabilities will then be within the reach of a practical feedback system. Tc_

reduce the shunt impedance of the higher-_rder modes, we attach
waveguides to the cavity to couple these modes to an external resistor.

Figure 4-8 shows a design for such a cavity and a lmv-power proti_type,
designed and analyzed with the aid of the M,xl.lacode and KrolI-Yu process-
ing of the outptlt. Extensive measurements designed to examine which
modes are damped and whether there is interference with the fundamental
mode have shown good agreement with expectations; for example, the

strongest longitudinal mode, TM.I L,was predicted to have a loaded Q of less
than 30 and was measured to have a loaded Q of approximately 28 (sup-

pressed by more than three orders of magnitude from the unloaded case).
We developed a bead-pull perturbation apparatus to measure the imped-
ances of the cavity modes and to map field profiles for mode identification.
We are now designing a high-pm,ver test model to verify fabrication and
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I lil4h-I!ni'rl4}' (_lllidi'r i_hwic_

Fermilab Antiproton Thc lait'._t ,ichit,vt, nwni in i_tlr i_nl4_lini4 coil,lb_lr,llil_n wilh Fi,rmil,lh is ihl,

Co()linl4 Sysit_lll dr,sign i!l ,i bil_l,ln,lr t,h,clrodt, s%'_lt'nl lllr illllrt' r,lpid cl_llling ill ilw bt,,llll t itr
ihl' ,lnti[_rlllon _l)ilrt-t,.' (l,lii, vv,l_ invidvt,d in lht' inili,ii tll,_il4n ill picklil_ ,ind

kickur t,it,t'trlidt,_ for lhi,_ clll_linl4 _v_itt'lll ,ind il,i,_ bt,l,n cllniinuallv l'll_,il4t'd in

,inaiv/inl_ tilt, ._v,_tt'nl'._ t_(,rtilrnl,intx, ,llitt _,t,t.killg W,ll/_ (l| ilnl_r(iviill4 it.)

Ill (',lrlit,r Vt'dl'._ Wt' h,itt dt,llliln,_lr,llt,it llhlt, ftlr i_llwi,r-liilliit,d tlll_iilll4
._v_it, nl,_, it i._ nl(irt, t,ffici_,ni and cil_i-t,|ft, l'livt, iti d¢_ubh, ilw nilnll_t,r lit

cooling t,lt,clr_ldt, s Ill,in to dilublt, lilt, opcr,lling |rt, qilt, nc 7, wht, rcut_lln wt,

dt, vt, lotwd biplan,lr t,h,cirodt,_ Ihat could t,lti,clivt, Iv dllublt, ihl, iltlllll_t,r i)i

t,h.,ctrodt_,_ withlltit u,_inl4 dny rnllrt, _t_<lt't,. !'his _cilt, lnt,, with iiw t,xi,_tint4 2-4

(,I Iz t,lt,clr(Inic._, ,ipt_t,,lrt,d l(i vit'ld bt, iit, r rt,_ull._ ill,in wl_tild ,1 ._y_tt,nl with

linipl,ln,lr t,lt,clrlldt,s ,ind conlplt, it, ly rt, workt, d 4-1.1( ;i I/ch,clronics. (',llcul,i-

lions indic,ill, ill,it the rt, stiliinl4 |_t,rf_lrnl,inct, would t, xtt,t,d thl, nt,t,ds ill ,liw

aniicip,ltt,d tlt_t4r,idt, Ill tilt' Tt,v,ltrlln ctlmplt,x, inchlding llw prlipllst,d nt,w
nlilin inil'ctl_r. TIw v,llidiiy of llur bt',lnl-tlllliillt4 c,litul,llilln._ w,i._ ,lilrirnlt,tt by

C(llllparing lilt' rt,slllls wilh cillliinl4 d,ihi |rlllll I:t,rlnil,lb. Ill ItJtJZ, wt, t'lllli-

plt, tt,d ,i ttt,iailt, tt ttt,_il4n ,lnd rtl._t t",linl,ltl'_ for iht, t,l/,clr_ldt, _,v_tt'lll ,lild

bt'l_,iln ,_ludyinl_ lilt' l_t,rfllrnl,lnct, ill ,i prlllillyi_l, nllltttill,. I;ull t_rllduclilln

,iwaii,_ tilt' r_'suils (if lilt' _iutt 7 ,ind ,1 14_-,llw,ld dt,ci._iiln b7 I.crnlil,lb.

I_ELAccclc,ratin I As nlt.nii(int,d in lilt' t',ii'lit, i" st,cii_m lln iht. l_r_lpl_sl, d (.'I)RI IRFliI,, ininiilli/,i-
Caviti,_,s tiiln (if fltlctii<lli()n_ in tlw t'nt'i'14y ,lnd intt, n._iiy (if ,ill FF.I.rt'tluirt'_ ._trill_t'nt

mdinlc'n,lnct' llf t'lt'ctr(in-bt',lnl stability. This in turn h,i_ inlplic,lfilin_ for liw

rf cavilit, s in tilt, ,it'ct,it,rill(ir ,ind _tht, r ,lstwcls tit lilt, ,icct,lt, r,llinl4 ._y*;it,nl. For

insianct,, cout31t,d-bunch nloiillns drivt, n lw lilt' hil41wr-_rttt, r nllltti,s ill lhc rf

cavity nl,ly hi, _,xciit,d in ,i rt, cirt'tiliitiill4 bt,,im, c<iu._int4 rf v(lll,l_t, !!liciii,liilln._

ill<it nl,lkt, the t, lwrg), tit liw ht',lill flllt'ttl,itt', As p,iri tl| (lllr cifllaboratiol_

with Stanford, llr(l(Ikililvt,n, and TRW, wi* il,lvt, pt,rf(irnlt, d vai'ioti._ t,xt_t,ri-

mt, nis in I:F.I, It,chnllh_14y.

A two-cell sut3t, rcllnductinl4 rf c,lviiv, simililr ill ,i c,lvilv (If lilt' IRFI{I., h,18

bt,t,n sludit,d cxit, nsivt, ly with our bl,ild-pull twriurb,ililln ,ipt_,lr,lltis in

._ciirch (if iligilt, r-ilrttt,r rniidt,s. Tllt,_t, nltltit,. _,ddll hi' tt,lnli_t,d by puttillt4

prilbcs at ,lt_prilpri,ltt, hlc,lii(ins in tilt, bt,,inlpipt,s ,it tilt, t,nds ill tilt, c,lvity
<lilt| t'onnt, t'linl_ , tilt'ill Ill t,×lt, rnai rt,sistivt, h_,lds. A simil,lr COl_p_,r c,lviiy h,l_

bt, t,n tist'd l(i sttidy ,! nt, iw(irk for input inlt_t,d,li_ct' nl,llchiill4 ,llld ph,lsl'

,idjuslmt_nt. lil l()(JT, l(igt, lht, r wilh Si,lnf(irtt, wt, will lllt'dSllrt' lilt' tlii,ilily
t,it'lors (if iht' highcr-_rdcr ill(idt,s (if thi._ iii(ll_iliill c,lvilv ,il slipl,rt'i)ildiictinl4

it, rn |_t,r,I l tl rt'._.

Hi gh-Energy ()1th,,,,,,,,,.,;i,#,.,,,_th,,th,,,,,,_,,.,.,,t'",'l',".,',¢l',, t/,,,,'t,',tr,,,,t,,,>Wt,,,,,,,,hi,t,','.,,,r th,.
Collider Physics ,,,.,., ,.,_t.,-,,,.t/.. t_.,,,;,,.,..,,,,*,.h.r,,t,,,.,,, #M. "t't""'' ;" t,,',,.,' ,'t#s.',,.,,,'

l'#'o#llisill\'. I'i,\'urt' 4 q ilhlslrtlh',s thl' i_,ll(*t'l,t. "l'hc ]ir.<,l _l] lhc two, I,ctllll <,is tl "drit,c"

I;ca,I, ,Tl'llcrrih'd hi/till illdlllt/()ll //lilt/', l]ltlt ]Ills Ili,7]l /'llrrl'llt hill rl'lrlti_,cl.l# llli'l,

t'llt'r,_,_J/(/Jl'l/ttll_ f{ _A ill /1) MI'V ill tl lidl _l<d_'"I'/IA). "lhi_ Imm_l i.,.,/l_tsscd th#'lllI_]l

tither mt tt_lt/llhlh,r ],tl.,.icdIll/, i_#"rl rc/rili_,i_tit kli/_tr_m iRK), ,%,_'_/l'/'tlti_t,(micrlrwm,c
/;_)tl,cr (m llw _lr_h'r _lI I ( ; i,%;iJcr #lll'h'r i;£ ItH,z,lh. "lTlt'p(_i't,cr i_ rlt_plicd to m/m/filltill

hik,h-,,qradic,'ll acc_'k'r_lli_,l '4rut lur_', _t,JliiJl ;ll _'_'lc#';Ih'_tl sc__md ch'_'trlm I_'tl_#lIll

' ill',illl i _(_lillt; nll',lll _, ilit,,i<_ill'illt_ , Ihl, "ti,,llil_t,l',llllll," _lr illll,ril,iI iill_liiin id lhl, t),llthh's ill Iht,

b(,,illi ,illtt ,li_l)lviiltl ll,l,tlbiit k Ill it,llilt l, Ihi_ lilllllilli, lhi,rt,ll V illi l(',i_ill)_, illlt,ll_,llv,
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CENTER FOR BEAM I'1 IYSICS

High-gradlent.f structures FiKure4-q. As,hownintheTflA
e- injector e # _, e* e* injector sketcha/rove,ahiRh-cu_rent,low-

- --r_ J enemydrivebeamtsusedfor

Y ReneratinRrf powerthat
appliedtoahi_h-Rradt.tt

. Damping _ Damping acceler=flonstructure,wherea
ring ring tow-currentloadbeamit

r--qnr ...... -] EZ ,.,,o,,,,...,,,,,.diasrambelawshowstheproKress
Induction p _ -4 Induction of thedrivebeamthrouKhtherf-

accelerator malcherBeam' ' '_ dumpsBeam/ /' Beam / accelerator _eneratinlldevice._IFELwlKslers
/ marcher / inthisexample)andthe

Microwavegenerators / reaccelerattonunitsthatreplenish
andreacceleretionunits thedrivebeamin between.

XBL 901 .fi730

. In-lineextractors....

F- ................. _;L ..................... 1 r- ............... _'-_'=.................... 1

Accelerator Wiggler i ReacceleratorWiggler ! E'beam
RFout RFout

XBt. 901 "_729

hi_,,henerkn/, lbday, flu' TBA tec/molok,y is m the early .;ta_es of dcz,elopme.t:
des(e,ns are being developed and evaluatcq by researchers in the Center's I ti:._h-
Energy Coilider Physics Group, in collaboration with colh,a,_ues from LLNL and
from KEK, the high-energy physics laboratory in/apa..

Initially the TBA/RK work involved longitudinal bunching of the drive Transversely
beam. This is adequate for low energies, but at moderate energies (greater Modulated RK
than 3 MeV or so) it becomes less effective. To extend our work to higher
energies, we have been experimenting with a transverse chopper cavity or
"choppertron," built according to our designs by Haimson Research. In
1991 trials, the choppertron produced impressive peak power_some 400
MW--but the pulses at such power levels were less than 10 ns in length. We
determined that the problem was beam breakup caused by a spurious
higher-order mode generated in the output structure at 13.6 Gttz. We have
since added a damping structure (Figure 4-10) that removes this higher-order
mode; in 3-MeV experiments on the Advanced Technology Accelerator at
LLNL, we obtained 30-ns pulses at 120 MW. These pulses had a phase jitter
of about 2 °, which implies good spectral purity. This satisfying demonstra-
tion of high power output from an RK provides a good basis for our continu-
ing R&D program. We are investigating damping structures that could
remove the higher-order mode without damping the desired mode, perhaps
enabling us to simultaneously achieve the hundreds-of-megawatts power
and the tens-of-nanoseconds pulse lengths.

4-2o



I liKh-EnerKy ('ollider I'hysi¢_

11,4 QHz output t r T...... T................!
I

I
8O
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,!°
Figure 4-10. When the chopperlron was equipped with Ibis >
structure, a highly disruptive higher-order mode wa,_effectively _ -4
damped, enabling a _O-ns pulse of 11,4 (;Hz microwaves at 120
MW. The low phase jilter (about _ 2") indicates good frequency
stability. The next _lep is to improve the efficiency of the damper -8

so that the power level in the fundamental mode returns to the
hundreds-of-megawatls level achieved (in much briefer pulses) 0 10 20 30 40 50

without the damper. (After LLNL illustrations) Time (ns)

XBL9212-58fi2

Standing-Wave FEL The FEI., explored in {,ur original TBA research, remains a prt)ven candidate
with great potential. We are developinl4 an idea, called the "standing-wave
FEL," in which the radiation is trapped in a standing-wave rf cavity and
beat-coupled to a nearby high-gradient acceleration structure. This concept
is currently undergoing intense analysis and theoretical study, with no
experimental program anticipated in the near term.

Horizons for the TBA The work done on the TBA since we conceived of it 10 years ago has vali-
dated the basic concept and the use of either an RK or an FEI. as the s{}urce of

rf power. I lowever, there remains a vast amount of research and develop-
ment before the TBA can be used in high-energy physics. ! tere are some of
the planned near-term investigations.

• Re-acceleration of the "spent" drive beam (useful for econi}mic reasons)
will be examined in a planned lt}93 experiment at LI,NL.

• There is much theoretical and experimental work to be done in extrac-
tion of microwaves from the power source. A demonstration of repeated
extraction is being studied at LI.NL.
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(_I_NII_Ri-()RIIFAM I'IIY_I(_";

• _'n,_itit'itv .,iultie.. h! deh.rmine the ini|_,lrhmct' ill varlt_U,,|_ar,lmi'ter',
will bc important A great deal _,i Iheltretilal work ha_ been done;
comin_ years will ,,_,¢.m_,re .,,ludie,, on real ap|'b,lralum.

= l!c,n',n'ni_'matt¢,r_willbe ,,igniii¢'aniintheeve,tualde_:i,_iono11whether
tobuiM ahlll,,c,lh'Iliaand inthetechnolo_4icalchoice.,,within_ucha

pnljecl,Wc arcworkinl_wilhII_NI_im lhe_ei._,_m',_.

A collabor,dionwilhKEK i,,tl,derway. u,,in_an FI!I.from which up Io_()
MW can hi't,xlrach,d,)lPi.h(;II/.

The gain ill a tret,-ele_,tron la_er or other resonant electron-l_,an_ device i.,, Beam Conditionhl_
limited by the _pread in hmgitudin,II _,h_itv and, hence, the en_Jrgy_pread
and em ittanee_if,IIhree-dim(,11.,.,il_lhtI|'_.',Im. The electnm-l',eamem iltan_.i'

mil_lbe h,_,.lhanlhl,waveleri_lhof Ihl.radialionInn11thedevicedividedbv

4n Inpracti,.'e,theencrl__',,preadoilhel',.,an_i_oih.n,.,mall._olhebeam
couldb_,"conditioned"wilh ,,pccialrfcavilic,.,,rhe,,cc,lvitie_wouM impart

more acceier,diln'_Iotheparlicle,,travelin_lon_i.rl'_,ilh_,reducinl_the_pread
inh,.xil.,imalvelocity.We have,inalv/edIhi,.ideawitha ..impk.numerical

rr...t_,l h,r beam Ir,m.,,etirl, ,r,,,_unling ideal r! cav_tie_. We h,lve ,1l_o,ln,llv,,ed
an FI-I. t,_cv,duateif,,perf,_rn'_anccwithreduced,Ixi,il-velocitv.,,pread;these
_ludii'sh.,adu,,Ioexp,'elL|i.,,linclimprovements from beam conditioning.

l)urin_4lqq2v_ccoml',ut,lthn_allyanalv/edacavity£e_mwlry thatpromises

to_r,.,111vincre,i,,cth,'bc,lm-cavilvcouplin_,lixperimenlsh_te,.,ttheh.,,i,,ibil.

ilv_,f,il_eam-_mdliio,in_cavilvarebeingl'_lannedhlrlhl.A¢_.'elerat,lr"lesl
Fatflitvatl!ro,lkhavei,Natilmall+aboralorv

t_ ,.,,_,...,,_x_,._ .-,...i,.,.,,,,,__,,. ', _h.,,,,.r.,,.,,.,,.,,,<_,I _,,,,,. Publications and
'l'hv_it,llk lr,ili,,|_,irt,lll h_rllllll,illttn lit ,i Irl._' ( a'lll't,illl_ll _1 ",ill,-tilt ti_,l't lliltt _ r,l',_.,''

,,h,,tr,,nla.,.r i. it.' ill.,,Ir 14,u.r,,);i.l,'." I.lih t._;,,rk.i.,t, ,,nih,, lih (,e.,'r,ii.,l, I-_4hl Presentations
Intern,itiiqhil Iw_. I<lt,_ir_n [ ,i_i,r ( _,nlt,rl.it_ i, _,llr_l._ Iki,ini_nt, (_i, ltt_tZ), iltl L _ I _ _

(l%iillt'. I,Ip,tll. lilq}). Ittl IZZZI i l_lq}t I lti_iT)

%%' It, lira,, i l'dll4ht_lh'r. ,llld k _l .I I ( hill, "lk,,illi-k,,illl livll,tllltt _, tlllrlnl_

( h,illl_t_,i_thv,lv li Itl i,ind _, l:tlrli,lt,i i IRWt. ltli' Inli,t lion t_ll_i,_,,, ,it ,Ill J_,Vlllllli'til flll}_

"l"lt'ld l_rtdih , ,Ind h_ading nlt,,i_url,nll,nl_ on iollid_,r.' ,ib,,lr,ii t hir lt_l, _prinl4 Ml'i'llnl4 ill

hil4hl'r _rlt_,l lll_ttl,_ Ii1 _l two _l,II _ll(t %1t I# lh_" Arnt,rll ,ill I'hv_il ,il _t it'k' (lV,i,,hinl4hm.

,_tllll,rttilltltktlnl_ *,lrih itlrt,," 10th I } ( , iqq}i; J.,iwrl,llit. Ilerkl'h.v l.a|_or,itorv

hlh,rlhlllitn,II i Ilhlf (<oll|t,rl,lllt' (()tl,ltv,i. il'l>orl I 1t1.-117_4,1 (l_iqZt. i
()ilt,lrlo, (. ,in,ida, Iqq}t; 1 ltl .t}17t4,1 1IqqTi

'1It (tllil. "'t-iil.,t_,,t r,lrJ_ill_ |_l,,inl-bt,,im

\' (;. It,irv_ht,v_kv ,ind I I)ilbt_v_k,l',',i, iilh,r,l_ lltin diirillt4 lhi _iniecllitn t_rt_-i,_ ,ll ihe

"l)ittr,i_lhin tlht,nllnll, n,1 in _ptint,illl,illl., ,ind I'EI'-II it hith>rv," ill [_rl,ll'l'ihllT. l!i the

•,tiilllil,lh'd r,lcli,lilon |w ri'l,llivi_.ll_ |_,lrlil It-. Inlt,rn,itlOlhil (_llfl, rt,ll_t, on It |',i, iorit,_ [hi,

i11crv,,I,iI_ Iri,lil,wi." ! itl "tlh't-_ ( lltCJl t. %t,lh, ol tilt' Art Iii Alll,h,r,lhlr_, [)eti'ttor_, ,Intt

i'hv_it_ (Maniord, ( A, Iqq2); I.III -_1241_1_t Iq_lZ)

I llt, n-/vi, I.-!1 _ltl, R (,_vil, and A.M

_i,_,,,h,r. "<%prof_,,l,d t,t|ll,rlrnl,iit hit hl,<ini .%, (h,llitq_,ldhv,i,,, K -I Kim. R. ilvrn,,. I4

iOlldlliltnll_}4," I.llh hlh, rn,ltil_lhil i;rl't' l)Olhlhtil', I I'dil4hotler. I4 (;Olll4h. i:;

F.h,ctrlm I.,l_i,r (.<llllh.lrt.llti' (l_ltl_i., Idp,in, ihwer, l_i _. Iol,t'llhilt_, I ._t,Ipll'_, !1. [,ivhlr.

IqqJ}; Itrllllkh,lvi,I1 _,ltiOlhil I.,ill(ir,ihlrv ,llid M. Xli', "l)t'_lgll lit ,I _,ll|_i,rllllldlliting

report I!NI -47VI_7 I IqqT) hnl,<ir ,ii it, lt,r,lillr hlr ,ill illfr_lri,ct iri,e t,h't;irllli
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i'ubli_atitm_ and I'rL,_t,ntati,m_

la.,_,r_! thl, |_m|+_,._l,d_ht,m.,+l dvn,ll'nlc., AL4t,h,rah_r,.. I)_,h,,+h,r...and I'hv-iL_

hlh,rll,|li,illalIill,h( _111h'rt'lIL,'((]thlw+i, lllVih'dhllk,_l_rlll_MI'I'IilI__llhrAlll¢'ril,lll
()lil,lrlih(+,In,ld,1.itl_12};II_I_12I_2,1(l_t,2) l'hv..l,+|l+"_il.!v(W.i_hm},hm.I)( .I'_2};

IIII}l?_2a+I'_2)

_'+II (hin."_imph.h_rlnul,_,h_rlh_.

_+plilnil.11h_l__IlhriFI _,imh.i_lh,_.,a M l+urm.m."lh.ami_..m+_.lh.cl,,in

hllll|iI,11_| I'I11I||+IIIKI'+|_'l_|ln_l_w,1+,_'h'l_lh .1_.Vll|lllI'Irll__llhh'r++.''.l)_.dh}_!h_rllw

,rod_'n_'rl_v'+l_r_',,!."i41hh_h.rn,Hl_mall.r_._, _,prm_iP+h'_'lln_i_Ilh_.Am_.l'l_al_l'h_, ,_I

l.h,_tr,m l,+,,_.r(_mh,r_,m_..<k_,l_..!,_p,m. N_ ll,ll.Ir_S'.l++|111l)+,h_l).l}( , I_I_iZ}

_J J+Ilrlll,ill,"l'n,l_',,Hh_r loxj_'r_lllt'11|',,|I
}'L|| thin,I'.I Ki111,+iII_|_| Xl1,, Irl'.hm_,,_l_,,._).l_'ami_'.m",l_,rhlltll[.II

l'tt'_'i++h._ImnIa_.r( _mh.rvn_t'Ik_4_..l.qmm i l_.imv,,_mand V /,.m,m1_ml A( )..rod

"llt.+ll11-1+t..|llldhl}_llt_'_lhfrl_lll_It_.._'¢11|+I|

'_Ii ( him k I klm..m_l _vl X,.."lhrr_. _h_h_rll_,m'"l:+lhh_h.rnal_,n.Hlli_4hl_nt'r__

dltlll'll,,l__l),IIIrl,l,i,h,_In_lil,l.+i,rlhr,_r_' A_ _t,h,r,m_r( llllll+ri.ll_t,iII+ill}I_11r}.,

m_ ludm_ N'l,11r_n_,..tHl,mun..,"_ul_mllh,dh_ (,t'rm,mv+I'+'_2),IIII._I_ II_2.},_l,_h_d

I _ ( _rh,ll ,Intl I A ( l,_rl_t,,"'Nt,+_ ml+.'_l.m
k_tkrr ma_n_'i_ h_r lhr l++_rr_l+.r++_.R_,.', m M l*urm,u_. _vII thm, ,rod I I tl_,_ +I I++I_.

l'r,,+ ,'rdm+_ ,,I the. +,rd l+,.,,pt,,., l',irllt h + i_, ' l_l+l,lllt't kl <I)AI'NIA/'+,I'I'), ,rod I
At t l,h'r,lh,r I. ,_llh,rt, ll_t++llvtlln, ( ,I,PIII,IIIV, It'llllVs_n ,|lid +_' /II_'III,I111l('.I A( I, "( h,_.tl

I_'+2L I+I, l+|ht,_+1171 <,rl+ll_llsl+_rll_ll anti i|i_, |+_,anl l+r,l#++

intt't,ltll_l+/+ |+r_,hv|Hn,lrv dr,Hl; I Ill +,2-I_,+

I l),_rhllial+d _ ||lllh_nlhl,At )._+| /I'.111,111 (It++_}
!ll+,l),,mdW l+..h'lh_<l+INl L++I'I'I 'II

,isx,ntn+_,lrit llhlt-h_rv R&I) rt,..ull..," +_rd I) ( ._hll,_'rv ,m_l (, I olml+t,rl..t,l+. "+I+Vllamtt

i'tlr,_l+t,,in l',Irth h' ,+_t t'h'r,lh_r ( _+lllt'Irt,lltI ' th'Vh('s ,t |+rli|il,r _11 l+Itkt_l+_,llltJ kl_kt'r_,"
ilk,rim. ( ,t,tm,m+'. 1t+92),I lil _+2t_,, +1_+2) t I+,u_lt,r it+ ,\11' ( _mh.n,n_t, I'1_ t't,dm_,,

I I )tll+l,_,r+,k,IV,l. +'[+,,h,+rt'nl _t'nt'v,m_,n ,,I (I'_+2_, I Ill _,ih++l. <I'+'+I
vl.,l|qt, r,ldl,lli_ll |+v r_,l,lllVl.,ll_ t,h,t lr_ll

|+t'am_ m ,I "._lld s|+,.t, |+q.ri_t|It hlrl,.t'l," I.HI I< ( ,<_|l_,+,h,t,tJlh_r, '++%1_llllr+ir_,_| h_,t. +,h,_Ir_ll
Iiq,'+4 +It_+l } l,|_,_,rh_r tht, ( ht'llllt,ll I}Vihllliit ",,Rt".t',Itt h

I ,_l+_,r,m,r,,+ _It,_l_ll it,l+_+rl,+'I IU l'l I+_,_,1_

I' l'bt,rh,lrtl,I11d_, (h,_th,l+,_dhv,l'+', qlt+_2)

+'A..ymml.lrhl+hl hit l(_rlt,,. ,i Im,l,,,svd
t, Xl+t'rllnt,nl ,|l}t| it.. lt,t hw.,H lt,,l,.ll+illtv, .+l_lh R. (,_,'11, R,/_ Rlnilllt,l+ <llitl A %1'_,.,h'I
lllh'rlhlll_lldl ( t_llh,r_,n_l' _11i hA_h |{nt'r_v _I P,I,},+v+_lII Kirk <IINI.L ' I )_"._+'v++,t rl

At_ _,h,r,lh_rsIIl,m_bur_,( II'PIiI,IIIV, ltJ_J2}; +t_lldiiil_l}t,r t ,IVIIlt'+',, '' l.llh lllh,rl1,Hlt_lhll l;rt'_,
!IH +122+_i (lilt+Z) l'It,t tn+nI d,.t'r t _nh,rt,nt_, (Ix_,l+t+'l,_l,.,n,

I_+2+;llll12212<I_2+

I_ h_r_,,,i,IndK IIm_l,_."A t_mtt,ml+;_r,lrv

(_llh,r_'nt _+'(l_.t'rlill, (,_'rn1,11W, I_2_+

I'. l'_r_'_t ,_l+d K ( )Im_l,"_,vm|+h't lit I 111-11172 +I+_2_

inlt'+_r,|ll¢_ll h_l t_,ml4vX ,,VlF_l_h,r.,,"l,lll- 127t+?

M. l+urtlhlll. "lh',|In I+1',I111 i_,'_llt'_, III h't,dlmt k k. k_,r.,," it+/'r+,+,'e_hp+__l lht +

,isvnlrnt,lrl_ t_llidt,r_," ilWlh,_l hzlk, m hm,rm_i.,m+l ( +_llh,rt,llt_. t_n lJ l,it h_rl_". J)w

Pt,,+ _','dlP/_,'__l tht' [l_tt'rlh111(_l_,|l(_llh'rt'11_ t' %t,ih't_l the, All i11At t _,h,l,lh_r,., l )_'h,t h_r,,,
tm II F,It h_rir_ lh_ . _hlh' i_| lhr Arl in ,mtl l'hw. _ (%l,11+h_rtl,(A. I'_U2)

4_2



(T+N'I'ER FOR BEAM 1'i IYSI('S
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• _..,_1 W I+eem,m_, J I!di_h_th,r, M. xie, K-I.('_qlh,rt,nce/K,d+t,. l,qmn, I_q2); I.|!1 +_
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l lt+++t,r,W. l+t,t,m,m+_,J+Y;t,+ph,,,. l+ I avh+r, l+,+st,r ("l_nh+,rt'Igt+l' (K_,I+. l,q+an, I++2); I+I+I-
and M. Xit,. "AI+ inlrart,d lrut, t'h,ctr,+n 1,1,,t,r ]22H='11'_)_).

+vstt'm h_r the pr,_p.sed (hl,mlc,+l l)vnanut+_

Rt,st,,irt 111,ib_tratt_rv at l IH. ba,.t,d t_lt ,l _lll) ( ; l_,Ini_dr,+j,ll+anti A. %,.,,,h,r, "%t,l+sitt'¢itv
MI l/,,tlpt'rct_ndilclln).l lll+,ic," 14th l,rt,t, _,tlldit,_,,11,i _,hlndil+_,-w,lv_, frt,t,-t.leclron
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aspt.ct,, l_t lilt, t,,vt_b,,am perh_rm,mct. ,_t prt.st.ntt,d at tht, Filth Adv,mced I(FA ih,am
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F,Ictorlt,,_: l hi, St,lit, _l the Art in Acct.lt, r,lh_lS, K l,lk,lv,|rnd, R (;,)vll. and A. _Psslt,r,

l)t,tt,ctors, ,rod l'hvs,++s (%t,lnh+rd, ('A, lqq2); "M,_ r,,p,=rtich, tht,t)rv t_t ,l st,lndll+_ w,ix,_,
I III.-12S I+, <l++t_2_ |rt,t'+t,h,clr_,l+ l,lst,r twl)+|+_t',llll,icct'h,r,lh_r,"

_tlbmilh,d tt_ Ntlcl. ll_Irutl_. Mt,lh A; I.IH-

b Krishn,q_,,pal, ( ,. I(,ll+_,Ir,ll,ll_,,llld A. _,ssh,r, +2t)-I11lq+2).
"+Ihi' n;ulli+c,+vitv frt,t,-t,Jt,t'trtm last, r/' 14th

Intt, rl+.+lhm,_ll;rt't, li]t,ctr_m l.,a,,t'r(+,mh'rt'nce (. t,_+',ll_)_."(. _qlditi_llt,r lor a ht'hc,_llv

(Kuh,, lap,re. 1_+2); ,+,,,+-+'"' +_++)+)+)(Iq_)2)..-.-,-, Iransp_+rtt,d t.h.clrt)l-| |+|'rill"l," W,)rksht_p t_,;
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