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@@Q The University of Maryland Electron Ring

Experiment — a Plasma in Motion

Rami A. Kishek

Institute for Research in Electronics & Applied Physics
University of Maryland, College Park, MD, USA

Qutline:

1. High-quality beams and Plasmas
2. UMER —what is it?
3. Recent Results
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@ Close Cousins

Princeton Paul Trap

A Beam in the beam-frame An Accelerated Plasma
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@ Benefits of Intense Beams | Typical requirements
R | o 1 nC, 1 ps, 1 um emit
* Solving the E.nergy Crisis / Heavy lon Inertlal Fu3|on

Global Warming | T ——

 Material Characterization
— Pulsed neutron sources

— Short-pulse intense X-ray lasers
« Nanoscience / biosciences
« High Luminosity Colliders

X Ray Free Electron Lasers

Spallation Neutron Source

The LCLS
(Linac Coherent Light Source)
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Measures of Deam Quality
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Plasma Physics of Deams
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@/ Intense Beams = Plasmas

Experiment

—
Cathode

Simulation

z~0.15—-1m
yj//f‘lREAP Bernal, Kishek, Haber, and Reiser, PRL, 82, 4002 (1999).
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qguszr},
S A

@@/ WARP3D Simulations: Source of Halo ldentified
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R-R’ phase space at gun exit.
Halo shows sensitivity to cathode alignment
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Use 10 keV electrons to iy gl |
inexpensively model — BEEEEE Lesgse=
space charge effects | & |
In other accelerators

:@O The University of Maryl

Energy 10keV £ 0.2 %
Current Range 0.6-100 mA
rms Emittance (,) 0.2-3 um
Circulation time 200 ns
Pulse length 5-100 ns
Zero-Current Tune 7.6
Depressed Tune 1.5-6.5
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f@j; Parameter Space is Multi-Dimensional
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:@O UMER Multi-Turn Results (in progress)
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up to 125 turns off T -
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Time [ns]
time along pulse [ns]
Tune Shift Tune Shift
Injected 0.80 Injected 3.3
After 25 turns 0.45 After 25 turns 0.9-2.0
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1;':,;§IREAP S. Bernal, M. Walter, Advanced Accelerators Concepts 2006 12
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Abi/i'l'y to modulate beams in a controlled fashion
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Induction module can add 10-ns energy
perturbations

Laser Beam adds 5 ns
perturbation on 100 ns pulse
" IREAP 1
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47 - Longitudinal Space Charge Waves
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Interchange of energy and density modulations
Beam Current Average Energy

C. Tobin
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Time-Resolved Imaging with Optical Transition Radiation (3ns)
Without perturbation With perturbation

K. Tian, PAC 2007.

Sliding 3-ns gate along
parabolic bunch
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@@/@ Examples of Phase Space Measurement
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Compact Energy Analyzer High-Fidelity Tomography

High resolution: _D_>|
-4
10 energy Quad Screen
1 mm spatial
few ns time

Y. Cui, et al, Rev
Sci Inst, 2004

D. Stratakis, R. Kishek, et al., to ap,oear17
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3R Chaos in Beams and Galaxies
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simulation experiment
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C. L. Bohn, in The Physics of High Brightness Beams,
(WS, Singapore: 2000), p. 358.

R.A. Kishek, et al., PAC 2001, 151-153 (2001).

H.E. Kandrup, et al., Annals of the New York Academy of
Kehne, Haber, Reiser Sciences 1045, 12-33 (2005).

R.A. Kishek, et al., ibid., 45-54 (2005). -
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47 Q Recent Results
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Merger of 5 beamlets

Experiment in IC2  Simulation in uniform channel
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\“_ IREAP D. Stratakis, 2007 R. Kishek, AAC 2002 19
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« UMER is an exciting and sophisticated facility

“There is obviously so much that can be learned from UMER; ... be
prepared for a growing production rate of scientific papers!” -- UMER
Advisory Committee*, 12/06

« Future of accelerators is very bright

*CL. Bohn, D. Douglas, A. Friedman, T. Shea, T. Smith, B. Weng
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