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Abstract

A train of charged particle bunches can resonantly drive large amplitude wakefields in plasma, when spaced by integers of one plasma
wavelength, and high-transformer-ratio wakefields, when spaced by integers of half plasma wavelength and with properly ramped bunch
density. We show with numerical simulations that the SPARC_LAB linear accelerator can provide a train of compressed electron bunches
via the velocity bunching technique, and that the coupling between the bunch train and plasma can allow for large-amplitude wakefield
excitation (resonant configuration) and for high-transformer-ratio acceleration (anti-resonant configuration).
We discuss the experimental plan at SPARC_LAB.
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Experimental Plan: —
guration (UV + LINAC) .

. Demonstrate resonant wakefield excitation
(increased energy loss along the train)
. Demonstrate enhanced transformer ratio acceleration

using ramped bunch train
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Linear theory calculations
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Observable:
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along the train

7

Anti-Resonant Configuration
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Train of compressed bunches generated via velocity bunching
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Bunch distribution from GPT
A§=720 pm

n D3 D4 1

122 D2 1
D1 112

0121 1
120 [0

— 31

‘\ 30
D3
-—\14-\“— 29

0.102 0.103 0.104

2 '03'4

0.004]
0001 0.002

0.000;

X [mm]
°
S
8
S

-0.001 -0.002

-0.004-

-0.00:

26215

D2

D1

- observable
- :

-3
by

]
(]

0.002]
0.000! §

-0.002]

0.101 0.102

£ z[m]

One ps-long bunch for each
UV pulse

0.103 0.104

26215

Later bunches overtakes bunches ahead

Energy (MeV)
3

~
@

26220

2m] 4.488

- Bunch compression
-> Crossing of bunches
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rigid” acceleration
to 70-150 MeV
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: Two drivers:
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-> Resonance at n,,=3.8 - 10'5cm-3

Effect of ramps reduces the final value or R,
but: enhancement with two ramped drive bunches
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(Further optimization and additional driver to reach R>2)
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