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Project Overview

Control of wakefields or higher-order mode (HOM) excitations is a very important
design issue in the International Linear Collider (ILC) program The electron beam in the
main linac is expected to generate 7 Watts of wakefields in each of 24000
superconducting cavities. The wakefields are in the frequency range of 2.8 to 7 GHz, and
dipole-like HOM.

Wakefields give rise to the parasitic energy loss and energy spread in the successive
bunches propagating in the main linac. They also introduce transverse forces that tend to
increase the beam emittance. Worse, the wakefield-induced transverse forces could be
sufficiently strong to deflect the entire beam. In order for the machine to operate,
wakefields must be sufficiently damped.

The leading candidate for Basic Configuration Design (BCD) is a conventional HOM
coupler of the TESTA type. Two such conventional HOM couplers are present in each
superconducting cavity.

However, there are two potential issues with the BCD HOM coupler choice:

a) Both the conventional HOM coupler and its instalation is not axisymmetric,
which has the potentia to induce dipole-like perturbations on the electron beam,
degrading and/or destabilizing the electron beam;

b) BCD HOM couplers may not provide sufficient damping for nondipole-like
HOM modes which might be excited by the beam;

c) Cost of a conventional HOM coupler is estimated to be $20K, $480M total for a
0.5 TeV machine.

We propose to explore a photonic band gap (PBG) HOM coupler as a promising
aternative configuration design (ACD) for aHOM coupler for ILC.



Project Description

In the PBG HOM coupler, the distinctive feature of properly designed PBG structure
is used. In particular, a PBG structure can support one or more global band gaps, such
that for a certain range of frequencies, electromagnetic waves cannot propagate in the
structure in any direction. By removing some elements of the PBG structure, i.e., creating
a defect, we form a PBG cavity for a PBG HOM coupler. The remains of the PBG
structure will then form a PBG wall around the defect. On one hand, a wave with the
frequency in the global band gap cannot propagate in the PBG wall of the cavity, and
therefore it is confined at the defect. On the other hand, the PBG cavity can be designed
to be frequency selective, so that the operating mode will be confined inside the defect
and al the higher order modes will not be confined by the cavity.

A comparison between the conventional HOM and PBG HOM coupler is shown
schematically in Fig. 1. Our PBG HOM coupler consists of atriangular lattice of metallic
(possibly superconducting) rods in vacuum sandwiched between two metal plates with an
absorbing wall. The side and cross sectional views of our PBG HOM coupler are shown
on Fig. 2.

The PBG HOM coupler has the following advantages over the conventional HOM
coupler:

a) Because the PBG HOM coupler is more azimuthally symmetric than the
conventiona HOM mode coupler, we anticipate the benefit of mitigating the non
axisymmetric issue in the BCD for HOM couplers.

b) The PBG HOM coupler permits all higher-order modes, including dipole-like and
non-dipole-like modes, to leak through the PBG coupler and be absorbed by the
absorbing wall.

c) The PBG HOM coupler is simple to build. We anticipate that the PBG HOM
couplers will cost considerably less than the conventional HOM couplers, resulting in
saving for the ILC construction.

We anticipate that these advantages would help the ILC community to address the
potential issues of the conventional HOM coupler.

For the operating mode with frequency 1.3 GHz, the estimated quality factor of the 9-
cell cavity with the PBG HOM coupler isfound to be of the order of 10" (Samokhvalova
and Chen, 2005), which meets the ILC requirement. Our preliminary studies
(Samokhvalova and Chen, 2005) indicate good prospect that all the higher order modes
leak through the PBG wall,

We propose to carry out a detailed feasibility study of the PBG HOM coupler and
develop a cost proposal for experimental demonstration of the PBG HOM coupler

concept.
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Fig. 1 Schematic of 9-cell cavity for the main linac with (&) conventional HOM coupler
design and (b) PBG HOM coupler design.
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Fig.2. Side view and cross sectional view of the PBG HOM coupler.



Our work tasks are:

a) We will perform HFSS simulations to determine the quality factor of the
operating mode.

b) We will design the PBG cavity for PBG HOM coupler using both analytical tools

(Smirnova and Chen, 2003; Smirnova, Chen, Shapiro, et al., 2002) and HFSS
simulations.

c) We will engage other laboratories and/or industries in the ILC consortium for
possible participation in the experimental demonstration of the PBG HOM
coupler concept.

d) We will further establish the cost savings if the PBG HOM couplers are selected
for ILC.

Budget

Funds of $40K are requested for FY2006 and for FY2007. An approximate
breakdown of the budget is summarized in Table 1 for the 2-year period.

Table 1. Approximate breakdown of the budget

l[tem FY 06 Fyo7 Total
Chiping Chen (P1) $13,000 $13,000 $26,000
2 Graduate Students $24,800 $24,800 $49,600
Travel $2,200 $2,200 $4,400
Total $40,000 $40,000 $80,000

This budget is modest for the proposed research efforts.
References
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Samokhvalova, K.R., and C. Chen, Research Notes, 2005.
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PUBLICATIONS IN REFEREED JOURNALS
- Chiping Chen -

“Exact Paraxial Cold-Fluid Equilibrium of a High-Intensity Periodically Twisted
Ellipse-Shaped Charged-Particle Beam,” J. Zhou, R. Bhatt and C. Chen, Physical
Review E, submitted for publication (2005).

“Analytical and Numerical Calculation of Dielectric Photonic Band Gap Structures,”
K. Samokhvalova, C. Chen and B.L. Qian, Journal of Applied Physics, submitted for
publication (2005).

“On Steady Flows in Smooth-Walled Magnetrons: Fundamental Modes and No-
Cutoff Flows in Planar Geometry,” G. H. Goedecke, B. T. Davis, C. Chenand C. V.
Baker, Physics of Plasmas 12, 113104 (2005).

“Parametric Studies of Image-Charge Effects on an Intense Beam in a Small-Aperture
Alternating-Gradient Focusing System,” J. Zhou and C. Chen, Nuclear Instruments
and Methods in Physics Research A544, 493 (2005).

“Theory and Simulation of Non-Relativistic Elliptic Beam Formation with Child-
Langmuir Flow Characteristics,” R. Bhatt and C. Chen, Physical Review Special
Topics— Accelerators and Beams 8, 014201 (2005).

“Space-Charge Limit for a Finite-Size Bunched Beam in a Circular Conducting
Pipe,” M. Hess and C. Chen, Physical Review Specia Topics— Accelerators and
Beams 7, 092002 (2004).

“Chaotic Particle Motion and Beam Halo Formation Induced by Image-Charge
Effects in a Small-Aperture Alternating- Gradient Focusing System,” J. Zhou, B. L.
Qian, and C. Chen, Physics Plasmas 11, 4203 (2003).

“Stability of the Envelope Evolution of a Cold-Fluid Corkscrewing Elliptic Beamin a
Uniform-Focusing Magnetic Field,” V. Roytershteyn, C. Chen, and R. Pakter, IEEE
Transactions on Plasma Science 31, 765 (2003).

“Asymptotic Analysis of Dispersion Characteristicsin Two-Dimensional Metallic
Photonic Band Gap Structures,” E. 1. Smirnova and C. Chen, Journal of Applied
Physics 93, 5859 (2003).

“Image Charge Effects on the Envelope Dynamics of an Unbunched Intense Charged-
Particle Beam,” B. L. Qian, J. Zhou, and C. Chen, Physical Review Special Topics—
Accelerators and Beams 6, 014201 (2003).

“Equilibrium and Corfinement of Bunched Annular Beams,” M. Hess and C. Chen,
Physics of Plasmas 9, 1422 (2002).

“Beam Confinement in Periodic Permanent Magnet Focusing Klystrons,” M. Hess
and C. Chen, Physics Letters A295, 305 (2002).

“Equilibrium of Self-Organized Electron Spiral Toroids,” W. C. Guss and C. Chen,
Phys. Plasmas 9, 3303 (2002).

“Simulation of Photonic Band Gaps in Metal Rod L attices for Microwave
Applications,” E. |. Smirnova, C. Chen, M. A. Shapiro, and R. J. Temkin, Journal of
Applied Physics 91, 960 (2002).

“ldeal Matching of Heavy lon Beams,” C. Chen, R. Pakter and R. C. Davidson,
Nuclear Instruments and Methods in Physics Research A464, 518 (2001).
“Equilibrium and Stability Properties of Electron Spiral Toroids,” C. Chen, R. Pakter,
and D. C. Seward, Physics of Plasmas 8, 4441 (2001).



17. *Mechanisms and Control of Beam Halo Formation in Intense Microwave Sources
and Accelerators,” (Invited Paper) C. Chen and R. Pakter, Physics of Plasmas 7, 2203
(2000).

18. “Cold-Fluid Equilibrium for a Corkscrewing Elliptic Beam in aVariably Focusing
Channel,” R. Pakter and C. Chen, Physical Review E62, 2789 (2000).

19. “Confinement Criterion for a Highly Bunched Beam,” M. Hess and C. Chen, Physics
of Plasmas 7, 5206 (2000).

20. “ Stimulated Radiation from Spatiotemporally Gyrating Relativistic Electron Beams,”
J. A. Davies and C. Chen, Physics of Plasmas 7, 4291 (2000).

21. “Electron Beam Halo Formation in High-Power Periodic Permanent Magnet
Focusing Klystron Amplifiers,” R. Pakter and C. Chen, |IEEE Transactions on Plasma
Science 28, 504 (2000).

22. “Phase Space Structure for Intense Charged-Particle Beamsin Periodic Focusing
Transport Systems,” C. Chen, R. Pakter, and R. C. Davidson, Physics of Plasmas 6,
3647 (1999).

23. “Guiding Optical Light in Air Using an All Diélectric Structure,” Y. Fink, D. J. Ripin,
S. Fan, C. Chen, J. D. Johnnopolous, and E. L. Thomas, IEEE Journal of Lightwave
Technology 17, 2039 (1999).

24, “ Stability Properties of Coherently Gyrating Relativistic Electron Beams,” J. A.
Daviesand C. Chen, Physics of Plasmas 5, 3416 (1998).

25. “A Dielectric Omnidirectional Reflector,” Y. Fink, J. N. Winn, S. Fan, C. Chen, J.
Michel, J. D. Joannopoulos, and E. L. Thomas, Science 282, 1679(1998).

26. “Kinetic Description of High-Intensity Beam Propagation through a Periodic
Focusing Field Based on the Nonlinear Vlasov-Maxwell Equations,” R. C. Davidson
and C. Chen, Particle Accelerators 59, 175 (1998).

27. *Kinetic Description of Intense Nonneutral Beam Propagation through a Periodic
Focusing Field,” R. C. Davidson and C. Chen, Nuclear Instruments and Methods in
Physics Research A415, 370 (1998).

28. “Rigid-Rotor Vlasov Equilibrium for an Intense Charged-Particle Beam Propagating
through a Periodic Solenoidal Magnetic Field,” C. Chen, R. Pakter, and R. C.
Davidson, Physical Review Letters 79, 225 (1997).

29. “Halo Formation and Chaosin RM S Matched Beam Propagation through a Periodic
Solenoidal Focusing Channel,” Y. Fink, C. Chen, and W. P. Marable, Physical
Review E55, 7557 (1997).

30. “Intense Nonneutral Beam Propagation in a Periodic Solenoidal Field Using a
Macroscopic Fluid Model with Zero Thermal Emittance,” R. C. Davidson, P. Stoltz,
and C. Chen, Physics of Plasmas 4, 3710 (1997).

31. “Efficiency Scaling Law for the Two-Stream Amplifier,” C. Chen, Physics of
Plasmas 3, 3107 (1996).

32. “Chaotic Behavior and Halo Development in the Transverse Dynamics of Heavy lon
Beams,” (Invited Paper) C. Chen, Q. Qian, and R. C. Davidson, Fusion Engineering
and Design 32, 159 (1996).

33. “ Self-Consistent Simulation Studies of Periodically Focused Intense Charged-Particle
Beams,” C. Chen and R. A. Jameson, Physical Review E52, 3074 (1995).



34. “Chaotic Particle Motion and Halo Formation Induced by Charge Nonuniformitiesin
an Intense lon Beam Propagating through a Quadrupole Focussing Field,” Q. Qian, R.
C. Davidson, and C. Chen, Physics of Plasmas 2, 2674 (1995).

35. “Halo Formation Induced by Density Nonuniformitiesin Intense lon Beams,” Q.
Qian, R. C. Davidson, and C. Chen, Physical Review E51, 5216 (1995).

36. “Pierce-Type Dispersion Relation for an Intense Relativistic Electron Beam
Interacting with a Slow-Wave Structure,” C. Chen, Physics of Plasmas 1, 167 (1994).

37. “Nonlinear Resonances and Chaotic Behavior in a Periodically Focused Intense
Charged-Particle Beam,” C. Chen and R. C. Davidson, Physical Review Letters 72,
2195 (1994).

38. “Nonlinear Properties of the Kapchinskij-Vladimirskij Equilibrium and Envelope
Equation for an Intense Charged-Particle Beam in a Periodic Focusing Field,” C.
Chen and R. C. Davidson, Physical Review E49, 5679 (1994).

39. “Chaotic Particle Dynamicsin a Periodic Focusing Quadrupole Magnetic Field,” Q.
Qian, R. C. Davidson, and C. Chen, Physics of Plasmas 1, 1328 (1994).

40. “Growth and Saturation of Stimulated Beam Modulation in a Two-Stream Relativistic
Klystron Amplifier,” C. Chen, P. Catravas, and G. Bekefi, Applied Physics Letters
62, 1579 (1993).

41. “Nonlinear Analysis of the Two-Stream Instability for Two Relativistic Annular
Electron Beams,” H. S. Uhm and C. Chen, Physics of Fluids B5, 4180 (1993).

42. “Linear and Nonlinear Analysis of the Cyclotron Two-Stream Instability,” C. Chen,
G. Bekefi, and W. Hu, Physics of Fluids B5, 4490 (1993).

43. “Numerical Study of Relativistic Magnetrons,” H. W. Chan, C. Chen, and R. C.
Davidson, Journal of Applied Physics 73, 7053 (1993).

44. *Theory of Electron Cyclotron Resonance Laser Accelerators,” C. Chen, Physical
Review A46, 6654 (1992).

45. “Large-Amplitude Traveling Electromagnetic Waves in Collisionless
Magnetoplasmas,” C. Chen, J. A. Davies, G. Zhang, and J. S. Wurtele, Physica
Review Letters 69, 73 (1992).

46. " Effect of Longitudinal Space-Charge Waves of aHelical Relativistic Electron Beam
on the Cyclotron Maser Instability,” C. Chen, B. G. Danly, G. Shvets, and J. S.
Wurtele, |EEE Transaction on Plasma Science PS20, 149 (1992).

47. " Comparison of Gyro-Averaged and Non-Gyro-Averaged Nonlinear Analyses of
Cyclotron Autoresonance Masers,” H. P. Freund and C. Chen, International Journal
of Electronics 72, 1005 (1992).

48. “Chaotic Particle Dynamicsin Free Electron Lasers,” C. Chen and R. C. Davidson,
Physical Review A43, 5541 (1991).

49. “Equilibrium and Stability Properties of Intense Non-Neutral Electron Flow,” R. C.
Davidson, H. W. Chan, C. Chen and S. Lund, Reviews of Modern Physics 63, 341
(1991).

50. “Scaling Laws for the Cyclotron Resonance Laser Accelerator,” C. Chen, Physics of
Fluids B3, 2933 (1991).

51. “Linear and Nonlinear Theory of Cyclotron Autoresonance Maser Amplifiers with
Multiple Waveguide Modes,” C. Chen and J. S. Wurtele, Physics of Fluids B3, 2133
(1991).



52. “Experimental and Theoretical Studies of a 35 GHz Cyclotron Autoresonance Maser
Amplifier,” A. C. DiRienzo, G. Bekefi, C. Chen and J. S. Wurtele, Physics of Fluids
B3, 1755 (1991).

53. “Multimode Interactions in Cyclotron Autoresonance Maser Amplifiers,” C. Chen
and J. S. Wurtele, Physical Review Letters 65, 3389 (1990).

54. “ Self-Field-Induced Chaoticity in the Electron Orbitsin a Helical-Wiggler Free
Electron Lasers with Axial Guide Field,” C. Chen and R. C. Davidson, Physics of
Fluids B2, 171 (1990).

55. “Chaotic Electron Dynamics for Relativistic Electron Beam Propagation through a
Planar-Wiggler Magnetic Field,” C. Chen and R. C. Davidson, Physical Review A42,
5041 (1990).

56. “Computer Simulation of Relativistic Multiresonator Cylindrical Magnetrons,” H. W.
Chan, C. Chen and R. C. Davidson, Applied Physics Letters 57, 1271 (1990).

57. “Efficiency Enhancement of Cyclotron Autoresonance Maser Amplifiers by Magnetic
Field Tapering,” C. Chen and J. S. Wurtele, Physical Review A40, 489 (1989).

58. “Chaotic Electron Motion in Free Electron Lasers,” C. Chen and G. Schmidt,
Comments Plasma Physics and Controlled Fusion 12, 83 (1988).

59. “Universal Scaling in Dissipative Systems,” C. Chen, G. Gyorgyi and G. Schmidt,
Physical Review A35, 2660 (1987).

60. “Scaling in the Circle Map above Criticality,” C. Chen, G. Gyorgyi and G. Schmidt,
Physics Letters A122, 89 (1987).

61. “Rapid Convergence to the Universal Dissipation Sequence in Dynamical Systems,”
C. Chen, G. Gyorgyi and G. Schmidt, Physical Review A36, 5502 (1987).

62. “Universal Transition between Hamiltonian and Dissipative Chaos,” C. Chen, G.
Gyorgyi and G. Schmidt, Physical Review A34, 2568 (1986).
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PUBLICATIONSIN CONFERENCE PROCEEDINGS
- Chiping Chen -

“Three-Dimensional Theory and Simulation of Large-Aspect-Ratio Ellipse-Shaped
Charged-Particle Beam Gun,” R. Bhatt, T. Bemis and C. Chen, Proceedings of 2005
Particle Accelerator Conference, in press (2005) - First Prize for Outstanding
Technical Paper by Sudent.

“Analytical and Numerical Calculation of Two-Dimensional Dielectric Photonic
Band Gap Structures and Cavities for Laser Acceleration,” K. Samokhvalova, C.
Chen and B. L. Qian, Proceedings of 2005 Particle Accelerator Conference, in press
(2005) - Honorary Mention for Outstanding Technical Paper by Student.
“Three-Dimensional Design of a Non-Asymmetric Periodic Permanent M agnet
Focusing System,” C. Chen, R. Bhatt, A. Radovinsky and J. Zhou, Proceedings of
2005 Particle Accelerator Conference, in press (2005).

“Cold-Fluid Equilibrium of a Large-Aspect-Ratio Ellipse-Shaped Charged-Particle
Beam in a Non-Axisymmetric Periodic Permanent Magnet Focusing Field,” J. Zhou,
R. Bhatt and C. Chen, Proceedings of 2005 Particle Accelerator Conference, in press
(2005).

“Three-Dimensional Simulation of Large-Aspect-Ratio Ellipse-Shaped Charged-
Particle Beam Propagation,” R. Bhatt, J. Zhou and C. Chen, Proceedings of 2005
Particle Accelerator Conference, in press (2005).

“Parametric Studies of Image-Charge Effects in Small-Aperture Alternating-Gradient
Focusing Systems,” J. Zhou and C. Chen, Proceedings of 2005 Particle Accelerator
Conference, in press (2005).

“Progressin Ideal High-Intensity Unbunched Beams in Alternating-Gradient
Focusing Systems,” R. Bhatt, C. Chen and Z. Zhou, Proceedings of 2004 European
Particle Accelerator Conference (2004), p. 1494.

“Image-Charge Effects on Beam Halo Formation and Beam Loss in a Small-Aperture
Alternating-Gradient Focusing System,” Z. Zhou and C. Chen, Proceedings of 2004
European Particle Accelerator Conference (2004), 2185.

“Analytical and Numerical Calculation of 2D Dielectric Photonic Band Gap
Structures,” K. Samokhvalova, C. Chen, and B. L. Qian, Advanced Accelerator
Concepts, AIP Conference Proceedings, in press (2004).

“Theoretical Analysis of Overmoded Dielectric Photonic Band Gap Structures for
Accelerator Applications,” M. A. Shapiro, E. I. Smirnova, C. Chen, and R. Temkin,
Proceedings of the 2003 Particle Accelerator Conference (2003), p. 1255.

“An 11 GHz Photonic Band Gap Accelerating Structure with Wakefield
Suppression,” E. I. Smirnova, C. Chen, M. A. Shapiro and R. Temkin, Proceedings of
the 2003 Particle Accelerator Conference (2003), p. 1258.

“Three-Dimensiona Modeling of Intense Bunched Beams in RF Accelerators and
Sources,” R. Bhatt, M. Hess, and C. Chen, Proceedings of the 2003 Particle
Accelerator Conference (2003), p. 2643.

“Image-charge effects on the envel ope dynamics of an unbunched intense charged-
particle beam,” Qian, B. L., J. Zhou, and C. Chen, Proceedings of the 2003 Particle
Accelerator Conference, (2003) p. 3302.
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14. “Beam Halo Formation and Loss Induced by Image-Charge Effectsin a Small-
Aperture Alternating-Gradient Focusing System,” Zhou, J., B. L. Qian, C. Chen, E.
Henestroza, S. Eylon, and S. Y u, Proceedings of the 2003 Particle Accelerator
Conference (2003), p. 2646.

15. M. Hess and C. Chen, “Confinement of High-Intensity Bunched Beamsin High-
Power Periodic Permanent Magnet Focusing Klystrons’, Proceedings of 2001 Particle
Accelerator Conference, Vol. 5, 3302 (2001).

16. “Influence of velocity spread on cyclotron masers driven by spatiotemporally
gyrating electron beams,” Intense Microwave Pulses V1, edited by H. E. Brandt,
SPIE Proc. 4371, 39 (2001).

17. “Bunched Annular Beam Equilirbium and Confinement,” Intense Microwave Pulses
VIII, edited by H. E. Brandt, SPIE Proc. 4371, 57 (2001).

18. “Intense corkscrewing and waobbling elliptic beams in a piecewise uniform magnetic
field,” to appear in Proc. 2001 Part. Accel. Conf. (2001).

19. “New Method for Ultrahigh Frequency Cyclotron Maser at Low Magnet Field," J. A.
Davies and C. Chen, Intense Microwave Pulses VI, edited by H. E. Brandt, SPIE
Proc. 4031, 19 (2000).

20. “Electron Beam Halo Formation in Periodic Permanent Magnet Focusing Klystron
Amplifiers," C. Chen, M. Hess, and R. Pakter, Intense Microwave Pulses VI, edited
by H. E. Brandt, SPIE Proc. 4031, 34 (2000).

21. “Improved photonic bandgap cavity and metal rod lattices for microwave and
millimeter wave applications,” M. Shapiro, W. J. Brown, C. Chen, V. Khemani, I.
Mastovsky, J. R. Sirigiri, and R. J. Temkin, Microwave Symposium Digest, 2000
|[EEE MTT-S International, Vol. 1, p. 581.

22. “Confinement of Bunched Beams,” M. Hess and C. Chen, Advanced Accelerator
Concepts, edited by P. L. Colestock and S. Kelley, American Physics Institute
Conference Proceedings 569, 415 (2000).

23. “ Space Charge Effects in Rectilinear Motion: Emittance Compensation, Pulse
Shortening, and Halo Formation,” C. Chen and M. Ferrario, Proceedings in the
Second ICFA Advanced Accelerator Concept Workshop on the Physics of High
Brightness Beams, edited J. Rosenzweig and L. Sarafini (World Scientific, 2000), p.
167.

24. “Electron Beam Halo Formation in High-Power PPM Focusing Klystron Amplifiers,
C. Chen and R. Pakter, Proceedings in the Second ICFA Advanced Accelerator
Concept Workshop on the Physics of High-Brightness Beams, edited J. Rosenzweig
and L. Sarafini (World Scientific, 2000), p. 193.

25. “Matching of High-Brightness Electron and lon Beamsin Variable Focusing
Channels," R. Pakter and C. Chen, Proceedings in the Second ICFA Advanced
Accelerator Concept Workshop on the Physics of High-Brightness Beams, edited J.
Rosenzweig and L. Sarafini (World Scientific, 2000), p. 207.

26. “Halo formation in intense el ectron beams in high-power klystron amplifiers,” R.
Pakter and C. Chen, Intense Microwave Pulses VI, edited by H. E. Brandt, SPIE Proc.
3702, 21 (1999).

27. “ Stability properties of spatiotemporally gyrating relativistic electron beams,” J. A.
Davies and C. Chen, Intense Microwave Pulses V1, edited by H. E. Brandt, SPIE
Proc. 3702, 88 (1999).
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28. “Analysis of phase space structure for matched intense charged-particle beamsin
periodic transport systems,” R. Pakter, C. Chen, and R. C. Davidson, Proceedings of
1999 Particle Accelerator Conference (1999), p. 1875.

29. “Green's function description of space charge in intense charged-particle beams,” M.
Hess, C. Chen, and R. Pakter, Proceedings of 1999 Particle Accelerator Conference
(1999), p. 2752.

30. “Halo formation in intense linacs,” (Invited Paper) C. Chen, Proceedings of 19th
International Linac Conference (Argonne National Laboratory Report ANL-98/28,
1998), p 729.

31. “Nonlinear Space-Charge Effects in High-Brightness Beams,” Y. Fink, C. Chen, and
W. P. Marable, Advanced Accelerator Concepts, edited by S. Chattopadhyay,
American Institute of Physics Conference Proceedings 398, 782 (1997).

32. “Development of a High-Power X-Band Relativistic Two-Stream Amplifier,” C.
Chen and J. E. Velazco, Intense Microwave Pulses V, edited by H. E. Brandt, SPIE
Proc. Vol. 3158, 171 (1997).

33. “Emittance Growth and Particle Diffusion Induced by Discrete-Particle Effectsin
Intense Beams,” R. Pakter and C. Chen, Proceedings of 1997 Particle Accelerator
Conference (1997), p. 1938.

34. “Halo Formation and Chaos in Space-Charge-Dominated Beams," C. Chen, Space
Charge Dominated Beams and Applications of Brightness Beams, edited by S. Y.
Lee, American Institute of Physics Conference Proceedings 377, 169 (1996).

35. “Halo Formation in RM S Matched Intense lon Beams,” C. Chen, Y. Fink, R.C.
Davidson, and Q. Qian, Proceedings of the Eleventh International Conference on
High Power Particle Beams (Prague, Czech Republic, June 10-14, 1996), p. 1018.

36. “Resonant and Chaotic Phenomenain a Periodically Focused Intense Charged-
Particle Beam," (Invited Paper) C. Chen, R. C. Davidson, Q. Qian, and R. A.
Jameson, Proceedings of the Tenth International Conference on High Power Particle
Beams (National Technical Information Service, Springfield, Virginia, 1994), p. 120.

37. “Experimental Studies of the MIT 3.3 GHz Relativistic Klystron Amplifier,” P.
Catravas, W. Hu, C. Chen, |I. Mastovsky, and G. Bekefi, Intense Microwave Pulses|l,
edited by H. E. Brandt, SPIE Proc. 2154, 130 (1994).

38. “Critical Issuesin the Design of Two-Stream Relativistic Klystron Amplifier,” C.
Chen, G. Bekefi, W. Hu, and P. Catravas, Intense Microwave Pulses 1, edited by H.
E. Brandt, SPIE Proc. 2154, 146 (1994).

39. “Pierce-Type Dispersion Relation for an Intense Relativistic Electron Beam
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