Energy Doubling
of 42 GeV Electrons
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Evolution of Electron Accelerators

(Livingston Plot)
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Advanced Accelerator Technologies

In conventional accelerators, the accelerating fields are limited by
the damage threshold of the cavities

- 20 MV/m (SLAC Linac)

+ 35 MV/m (ILC)
Options for higher damage thresholds:
e - RF structures at higher frequencies
- about 300 MV/m

- Dielectric structures at optical frequencies
- about T GV/m

- Plasma-based accelerators
- about 50 GV/m




Plasma Wakes - Theory
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Plasma Wakes - Theory

Above this limit: non-linear wakes, “Blow-out regime”
Fields can be calculated only with numerical methods
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Drive the Plasma Wake

Typical drive beam power: ~10"W =1TW
Power density: ~1024W/m?2 =1 YW/m?
Drive the plasma wake:

Photons

Electrons




Generation
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Experimental Setup
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Previous Results

More than 3 GeV energy gain
PHYSICAL in 10 cm plasma length
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Increasing the Plasma Length to 30.5 cm

no plasma 13 cm FWHM 22.5 cm FWHM 30.5 cm FWHM

Patric Muggli



Changes to the Experlmental Setup

Dlagnostlcs for low- energy partlcles

New spectrometer

Increased the energy in the drive beam



Energy Doubling

- Plasma length: 85 cm

- Density: 2.7-1023m-3

- Incoming energy: 42 GeV
- Peak energy: 85+7 GeV

Energy / GeV
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Stability
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Simulations

Match the phase space from LiTrack simulation to the measured
energy spectrum before the plasma

Use the corresponding longitudinal bunch profile
Particle-In-Cell codes:

- full PIC code: approximately 132,000 CPU hours for 85 cm
plasma

« QuickPIC: quasi-static approximation, 2760 CPU hours

Simulation of
= field ionization
motion of beam and plasma electrons
wake formation
acceleration
energy spectrum

R R VAV



Comparison to Simulations
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Future Experiments at SABER

- Studies on self-injected particles
- Positron acceleration with short bunches
- Possibilities to overcome head erosion
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Evolution of Electron Accelerators

(Livingston Plot)
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An Unfair Comparison

1 ﬂ 12 T T T T T T T T 1 ]
ILC (World) mp
1001 @LEPII _
PETRA (DESY TRISTAN (KEK)
10 { 109, (SLAC) @ E164XX
10 CESR (Cornell)
SPEAR (SLAC) VEPP IV @ E164X
ADONE (ltaly) _ @g@. SPEAR I
= g .*‘U’EF‘F‘ Il {(Novosibirsk)
_EJ_ 10 Synchro-Cyclotron (CERN) ° DORIS (DESY) ® L'OASIS
@ PRIN-STAN (Stanford
E Betatron (Kerst) @ ACO {meé} ) LOA :.E:_%EA{E-]
D 4 n8 VEPP Il (Novosibirsk) 1
Em - RAL® @@LOASIS
- UCLA® E162 (e+)
S 1 0? o @ KEK
@ = ILE E
m
® Betatron (Kerst & Serber) LLNL
1 06 i @ Elcctrostatic (Van de Graaf) ® i
® Rectifier (Cockeroft & Walton)
5
107 |
@ Alternating-Field (Wideroe)
4

101920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year of Completion



Presented by the E-167 Collaboration

M. Berry, I. Blumenfeld, F.-J. Decker, P. Emma,
M.J. Hogan*, R. Ischebeck, R.H. Iverson, N. Kirby,
P. Krejcik, R.H. Siemann, and D. Walz

Stanford Linear Accelerator Center

C.E. Clayton, C. Huang, C. Joshi*, W. Lu,
K.A. Marsh, W.B. Mori, and M. Zhou
University of California, Los Angeles

S. Deng, T. Katsouleas, P. Muggli* and E. Oz
University of Southern California

Work supported by: Department of Energy contracts DE-AC02-
76SF00515 (SLAC), DE-FG03-92ER40745, DE-FC02-
O1ER41179, DE-FG03-92ER40727, DE-FG02-03ER54721, DE-
F52-03NA00065:A004, DE-AC-0376SF0098, and National
8§i§?§2§oundation grants No. ECS-9632735, NSF-Phy-

Please see: http://www.slac.stanford.edu/~rasmus



	Energy Doubling �of 42 GeV Electrons
	Evolution of Electron Accelerators�(Livingston Plot)
	Advanced Accelerator Technologies
	Plasma Wakes - Theory
	Plasma Wakes - Theory
	Drive the Plasma Wake
	Generation of Short Electron Bunches
	Experimental Setup
	Previous Results
	Increasing the Plasma Length to 30.5 cm
	Changes to the Experimental Setup
	Energy Doubling
	Stability
	Simulations
	Comparison to Simulations
	Future Experiments at SABER
	Evolution of Electron Accelerators�(Livingston Plot)
	An Unfair Comparison
	Presented by the E-167 Collaboration

