Energy Doubling
of 42 GeV Electrons

Rasmus Ischebeck, for the E-167 Collaboration
















Evolution of Electron Accelerators

(Livingst

on Plot)

Beam Energy / eV

@®LEP

SLC (SLAC) @ LEP (CERN)
PETRA (DESY) @@ @ TRISTAN (KEK)

PEP (SLAC)

CESR (Cornell)
SPEAR (5LAC) VEPP |V

L W SPEAR II
ADONE (Ital
( ﬂ.”VEF’P I (Movosibirsk)

Synchro-Cyclotron (CERN) ° = DORIS (DESY)
PRIMN-STAN (Stanford)
ACO (France)
WVEPP Il {(Novosibirsk)

Betatron (Kerst) @

@ Eetatron (Kerst & Serber)
® Electrostatic (Van de Graaf)
@ Rectifier (Cockcroft & Walton)

& Alternating-Field (Wideroe)

ILC (World) mp

1
1920

| |
1960 1970 1980 2000

Year of Completion

1930 1940 1850 1980

2010 2020









Basic Requirements for Electron
Accelerators beyond ILC

Energy W=z=5TeV W= E.-e-L (Linac)
N2 F
Luminosity £2 103 cm—2 s £=
4m 0,0,
= Beam power P~ 100 MW P=U-1/
Cost C=<5-10°

High accelerating fields

Low emittance (small diameter)
High bunch charge

Good efficiency



Advanced Accelerator Technologies

In linear accelerators, the energy is determined by the achievable
accelerating fields:
- 20 MV/m (SLAC Linac)
- 35 MV/m (ILC)
Options for higher accelerating fields:
- RF structures at higher frequencies

- about 300 MV/m

- Dielectric structures at optical frequencies
- about 1 GV/m

- Non-linear plasma wakes
- about 50 GV/m




Energy Doubling of 42 GeV Electrons

Rasmus Ischebeck, for the E-167 collaboration

= - Plasma Wakefield Acceleration

- Experimental Setup

- Results




Plasma Wakes - Theory

Unlike electromagnetic waves in vacuum, plasma wakes can have a
longitudinal electric field

Linear plasma wake:

o 10%%cm—3
. Limit: Ap R min
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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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Typical wavelength: 50 pm
Accelerating fields up to 50GV/m

Miaomiao Zhou



Plasma Wakes - Reality




Plasma Wakefield Acceleration
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Plasma Wakefield Acceleration




What Determines the Maximum Energy?

Plasma length
- Oven length
- Head erosion

Hose instability

Mobile ions

Energy depletion of the
drive beam (transformer
ratio) < >




Plasma Acceleration at SLAC

Acceleration, compression and focusing
to a peak power density of 5 YW/ m?
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Experimental Setup: E-167
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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

Patric Muggli



What Determines the Maximum Energy?

Plasma length
- Oven length
- Head erosion

Hose instability .

Mobile ions

Energy depletion of the
drive beam (transformer
ratio)




~ Build New Plasma Oven

30

o®e ®e®eepocccccce,

Up to 1.13 m plasma length : ]
Plasma density: 3-10'7 cm—3 ] . o

20 | 3

15 ®
Heater 3 Heater 2 Heater 1

10 F .

den 10M16

0 -:...0. Oooo:

—60..-40...-20 .IOII ZOII.40 'IGO
om Ken Marsh



More Energy in the Drive Beam

i



More Diagnostics
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New Spectrometer




Imaging Spectrometer

Spectrometer Detection
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Images Recorded in the Two Planes
800 Consecutive Events
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Energy Doubling

Dispersion [mm] Charge
_4—18 -16 -14 -12 -10 -8 density
Energy Loss Energy Gain 24%_9/“”12]

- Plasma length: 85 cm 3 e —
- Density: 2.7-10"7 cm—3

- Incoming energy: 42 GeV
- Peak energy: 85 GeV
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Peak Energy in 800 Events
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What Determines the Maximum Energy?

Plasma length
- Oven length
- Head erosion

Hose instability .

Mobile ions

Energy depletion of the
drive beam (transformer
ratio)
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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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Simulations

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

Use the corresponding longitudinal profile and a measurement of the
vapor density for QuickPIC:

= field ionization

motion of beam and plasma electrons
wake formation

acceleration

energy spectrum

R R VAV



Simulations

- Determine head erosion as the reason for energy gain limitation

QEP-XZ_ 0160 QEB-XZ 0160
Timo = 16000.00 [1/ e, | Tima = 16000.00 [1 /]
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Simulated Peak Energy
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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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Energy Doubling of 42 GeV Electrons

- Plasma Wakefield Acceleration

.+ Plasma Wakes
' What determines the maximum energy?
Numerical Models

T+ Experimental Setup

New plasma oven
New spectrometer
Higher energy in the drive beam

- Results

Increased the energy from 42 to 80 GeV
Head erosion limits energy gain at 85 cm in present setup
Excellent agreement with simulations
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An Unfair Comparison
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