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INTRODUCTION

Drive-beam working group

= Goals:

— Understand and develop a unified
approach to understand drive-beam
requirements for PWFA and SWFA

techniques
— Review building blocks requirements
(most are conventional) for:

» Generation (what species electron,
proton?),

« acceleration/manipulation

* injection/extraction in (P/S)WFA
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OVERVIEW

Configurations & General Comments
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SINGLE-BUNCH CONSIDERATION

General consideration

= Energy conservation! _ _
For a given deceleration of

~ Qap drive beam can increase
CaOVap™* Qi OVimp = 0 } OVimp = _;(de main-beam acceleration

v =vO — v using higher drive-beam
charge
» Practical consideration:

— What is the practical energy of a drive beam (depending on the repetition
rate the beam power can be substantial)

— What is the practical charge/bunch for the drive beam
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SINGLE-BUNCH CONSIDERATIONS

Beam parameters at injection in the WFA
» Bunch length smaller than the fundamental mode? Peak current?

= Transverse emittance

— In SWFA can be estimated using free-space
drive (but requirements affected by external focusing)

— In PWFA?

» Energy spread

— In SWFA with external focusing: correlated
energy spread damps beam-break-up instability

— In PWFA?
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SINGLE-BUNCH CONSIDERATION

Longitudinal shape + phase space in the plasma/structure

= A key to improving efficiency is to 100 = 4
increase the transformer ratio 80 3
_. 60 )y
Eacc -g_ 40 ZE
R = = | =
Egec = 2 g
" Enhanced transformer ratio allows 5 28 | By J 5
for longer interaction length: g 10 —lx
. s —40 <
— Uniform energy loss along the = \ /,J —2F
drive beam (minimize losses) 8000 o3 N -3
— Minimize rate of deceleration for —100L_ 0 d e o S
a given accelerating field ' ‘ Tan ' '
= Critical in SFWA but rarely discussed Modified “Bane”s distribution (W.H. Tan, SLAC)

in PWFA(?)
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REQUIREMENTS

Drive beams requirements?

= | et’s collect number assumed for
drive beam used in the published
estimates:

— Charge/bunch
— Repetition rate
— Energy

— RMS parameters (PP share a
table to fill)

— What else?

Technology PWFA | PWFA | PWFA | PWFA || SWFA | SWFA | SWFA
Beam Aspect Ratio Flat Flat Flat Round || Flat Flat Round
Center-of-Mass Energy 1 3 15 15 1 3 15
Epeam (TeV) 0.5 L5 7.5 1.5 0.5 1.5 75
¥y 9.78E5 | 2.94E6 | 1.47E7 | 1.47E7 || 9.78E5 | 2.94E6 | 1.47E7
&, (mm mrad) 0.66 |066 |066 |01 066 | 066 |0.1
&, (mmmrad) 0.02 |002 |002 |01 0.02 | 002 |01
£ (mm) 5 5 5 0.15 5 5 0.15
B (mm) 0.1 0.1 0.1 0.15 0.1 0.1 0.15
ot (nm) 5807 |3353 |15 1.01 58.07 | 3353 | 1.01
oy (nm) 143|083 |04 1.01 143 | 0383 1.01
Niwncn (x10%) 5 5 5 5 313|313 | 313
f (kHz) 4.2 14 1312 | 1.73 11 36 19.8
o, (um) 5 5 5 5 40 40 40
Y 15 78 867 6590 1 6 515
ny 15 1.5 1.5 5.7 22 2.2 8.4
Pieca (MW) 1.7 168 |[788 |355.0 2.8 270 [ 744
2Ppeam (MW) 3.4 336 | 1576 | 1100 |55 54.1 148.7
Lgeo (x10%em™2571) 1.01 10.1 | 471 150 1.03 10.1 151
Lreamstirabiung (X10* cm™2s7") 199 | 199 |994 |152 203 |20 152
Nwall-to-drive 0.4 0.4 0.4 0.4 0.774 | 0.774 | 0.774
M drive-to-main 0375 | 0375 | 0375 |0375 [[042 |042 |042
Hiotal 015 |015 |0.15 |0.15 0325 | 0325 |0.325
Piie (MW) 22 224 1051 | 619 17 166 457
Lyeo/ Psite (1€34/MW) 0.04 | 004 |004 |008 0.06 | 006 |0.11
Lopioe (10 em™2571) 1.83 185 | 876 1570 || 208 |21.3 |420
Lpiop 1% (20%) (x10™* em~257') | 0.69 | 6.23 50 50 0.85 6.14 |50
Lap ot/ Psite 008 [008 |008 |[254 012 | 013 |092
Lapiop/ Psige 1% (20%)/Power 0.03 |003 |005 |0.08 005 |0.04 011
Length of 2 Linacs (km) 1 3 14 14 5 15 75
Length of Facility 14 14 14 14 8 18 90
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BUILDING BLOCKS

Source/Acceleration/Manipulations

= Sources:

— Electron sources are capable of high charge via photoemission; typically RF
gun + photoemission from semiconductor cathode

— Proton beams?

= Acceleration
— NCREF linac or SCRF linac (depends on repetition rate)

= Manipulation
— Conventional (focusing, compression,...)
— More complex: bunch compression with control of nonlinearities for temporal
bunch shaping
— Phase space manipulation (within 2+ degrees of freedom for arbitrary bunch
shaping?)
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Main beam fModule 2 \ fModuIe 1 \

Injection/extraction in WFA —=

-
eee I3 °°°
-

» Pulse format and beamline spreaders?

= [njection and extraction line Drive beam 2 io
; ey #2
= Control of instabilities (as seen by the LTI 1111} MIETII?IMIIL
drive beam) Example from Gai et al. AFLC

» Beam deceleration/dumping

» Discuss tolerance on injection (transverse and temporal jitter?)
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TASKS

discussion

1. Develop table for requirement/assumption on drive beam parameters for
WFA

a) PWFA
b) SWFA (CWA and TBA)

2. From item(1) identify (piecewise):
a) building blocks that are mature
b) And components that needs further R&D testing

ooooooooooooooooooooooooooooooooooooooooo
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