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What are the requirements for a particle physics collider?

TECNICO
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Parameter Units CLIC-like (e-/e+) ILC-like (e-/e+)
bunch charge pC 833 3200
polarization - 80% e- 80% e-/ 30% e+
initial energy GeV 175 235
final energy GeV 190 250
initial relative energy spread % 0,6 1
final relative energy spread % 0,35 0,1
initial bunch length Mm 70 300
final bunch length Mm 70 300
initial normalized emittance H/V um / nm 0.890/19 95/25
emittance growth budget H/V Mm / nm 0.010/1 05/5
final normalized emittance H/V um / nm 0.900/ 20 10/ 30
bunch separation ns 0,5 554
number of bunches per train - 352 1312
rep rate Hz 50 5
beamline length m 250 600
Efficiency: wall-plug to drive beam % 58 -
Efficiency: drive beam to main beam % 22 -
Luminosity 10*34 cm-2 s-1 1,5 1,8
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+ |5 GeV stages
Up to 190 GeV

* High

Energy requirements

oradients are solid in plasma accelerators

» Emittances of 10-100 nm required

Emittance requirements

¢ Stric

 tolerance on emittance growth (1-10 nm)

Parameter Units CLIC-like (e-/e+) ILC-like (e-/e+)
bunch charge pC 833 3200
polarization - 80% e- 80% e-/ 30% e+
initial energy GeV 235
final energy GeV 250
initial relative energy spread % 1
final relative energy spread % 0,1
initial bunch length Mm 70 300
final bunch length Mm 70 300
initial normalized emittance H/V um / nm 0.890/19 95/25
emittance growth budget H/V MM/ nm 0.010/1 05/5
final normalized emittance H/V um / nm 0.900/ 20 10/ 30
bunch separation ns 0,5 554
number of bunches per train - 352 1312
rep rate Hz 50 5
beamline length m 600
Efficiency: wall-plug to drive beam % -
Efficiency: drive beam to main beam % -
Luminosity 10*34 cm-2 s-1 1,8
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Parameter Units CLIC-like (e-/e+) ILC-like (e-/e+)
bunch charge pC 833 3200
polarization - 80% e- 80% e-/ 30% e+
initial energy GeV 235
final energy GeV 250
initial relative energy spread % 1
final relative energy spread % 0,1
initial bunch length Mm 70 300
final bunch length Mm 70 300
initial normalized emittance H/V um / nm 0.890/19 95/25
emittance growth budget H/V MM/ nm 0.010/1 05/5
final normalized emittance H/V um / nm 0.900/ 20 10/ 30
bunch separation ns 0,5 554
number of bunches per train - 352 1312
rep rate Hz 50 5
beamline length m 600
Efficiency: wall-plug to drive beam % -
Efficiency: drive beam to main beam % -
Luminosity 10*34 cm-2 s-1 1,8

Energy requirements

+ |5 GeV stages

» Up to 190 GeV
» High gradients are solid in plasma accelerators

Emittance requirements

» Emittances of 10-100 nm required

» Strict tolerance on emittance growth (1-10 nm)
- Can we do 1t/
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Emittance preservation in linear focusing force w ISBOA

Laser wakefields in blowout regime
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Laser wakefields in blowout regime

4OIIII|IIII|IIII1IIII|II

W
o

X3 [C/ )]

4
4
’
.
4
4
.
.
.
4
.
4
.
’,
’
,
4
,
‘.
! 0 |
~ ] =~
e S
.
L]
L
¥ L
L
Ll
Ll
Ll
L]
L]
L]
L]
L]
Ll
L]
L]
L]

force

15||||||||||||||i|||||||
165 170 175 180 185

X [c/ wp]

TECNICO
LISBOA

Witness beam matching condition

normalised emittance
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Emittance preservation in linear focusing force ISBOA

Witness beam matching condition
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Witness beam matching condition

normalised emittance
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Emittance preservation in linear focusing force w ISBOA

Witness beam matching condition
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Witness beam matching condition
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Computing requirements w ISBOA

Typical cell sizes in most (not all!) published results
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Computing requirements W ISBOA

Typical cell sizes in most (not all!) published results
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Efficiency

Parallel efficiency, domain
decomposition, AMR, CPU, GPU,
ML/AL ...

Courtesy A. Beck
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Computational developments

Eficiency

Parallel efficiency, domain
decomposition, AMR, CPU, GPU,
ML/AL ...

Courtesy A. Beck

Accuracy

Control/suppress numerical
instabilities, correct dispersion,
accurate particle pushers,...
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Computational developments

Eficiency

Parallel efficiency, domain
decomposition, AMR, CPU, GPU,
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Courtesy A. Beck
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Control/suppress numerical
instabilities, correct dispersion,
accurate particle pushers,...
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Hydrodynamics, MHD, radiation
reaction, spin, disruption, ...

blast.lbl.gov
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BEAM PLASMA & ACCELERAT

N TOOLKIT

Courtesy J.-L.Vay
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Parallel efficiency, domain Control/suppress numerical Hydrodynamics, MHD, radiation
decomposition, AMR, CPU, GPU, instabilities, correct dispersion, reaction, spin, disruption, ...
ML/A ... accurate particle pushers,...

200 =

blast.lbl.gov

EEEEE R T T ]
=Yoo B fili- : .
== ! il
= il
Q _ ] ARV \‘\ \ : H 7:
XE i “ i | 1 :11[";“&» ‘ ‘ . BEAM PLASMA & ACCELERAT N TOOLKIT
= | -1 | 1
g i) 1 3 il el 1
-100 |~ I = -100 = il = <
:{ ;;';_ E :;:—‘" i \ 11y E b j:::’-:: ; 1 | 1 /.7
) N “j;‘;‘,‘lt' ( = > P / AL
¥ ]
’ 1111

i vl = _200 1= Tt e e ko L o
7700 7800 7900 8000 7700 7800 7900 8000
x, (clw,) x, (clw,)

200
! B T
- Y i i
- 4 tifs|
= mm
— b
100F i -
- = I | 1S
= A
- I M
| “

fi
il Hit
l‘“l -

;H:; Y T T Ve i M7 B ST B = f.
200 7700 7800 7900 8000
x, (clw,) x, (clw,)

Courtesy A. Beck Courtesy R. Fonseca Courtesy J.-L.Vay

open | | |
PMb Platform for multi-code cross-talk and benchmark
Courtesy M. Théevenet

Jorge Vieira | 5th EAAC | September 22nd, 2021



: TECNICO
Physics challenges W LISBOA

Figures of merit

Energy €, o
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Physics challenges
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e clecd

Figures of merit Extreme conditions

emittance preservation and acceleration
under extreme witness bunch densities

LFONS

DOSI

blasma vacuum matching

LFONS
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Positron acceleration

Positron acceleration schemes

Hollow channels, linear/mildly nonlinear
regime, doughnut wakefields, ...

Accelerating field: Ez

example In linear regime
C.S Hueetal arXiv 210701 145vI] (2021)

Focusing field: e(Ey + ch)
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Positron acceleration schemes
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New (?) questions?

Explore positron acceleration under
extreme conditions

* Acceleration In linear regime: still possible!

* lon motion: maybe beneficial for positrons?

TECNICO
LISBOA
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Electron and positron acceleration under extreme conditions w ISBOA

Emittance preservation - plasma to vacuum transitions

Tallored plasmas and beams

1. Mehrling et al, ALEGRO
2018 workshop
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Wil these schemes hold under extreme
conditions and In the possible presence of
ion motion!
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Electron and positron acceleration under extreme conditions w ISBOA

Emittance preservation - plasma to vacuum transitions

Tallored plasmas and beams
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1. Mehrling et al, ALEGRO
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Wil these schemes hold under extreme
conditions and In the possible presence of

Other key questions

* Hosing

* Asymmetric beams
* Disruption

* Spin condrtioning

* Radiation reaction and synchrotron radiation

* Long term plasma c

ynamics
hort lines

* Coupling with trans
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TECNICO

Conclusions and outlook w LISBOA

. Creative field with tremendous progress In both theory and simulations

. Connection with collider physics brings new and exciting fundamental physics questions

. Prospects are exciting, and a lot of work is ahead of us to explore all we need for HEP at 100
GeV and beyond.
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