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Wakefield accelerators (= 1 GV/m fields) for particle physms

e reduce the size of future colliders (acceleration gradient) _—
* reduce the cost of future colliders (size and efficiency) \w\&//’/

also: reduce the environmental impact of future colliders P
e provide an upgrade path for Higgs-factory LCs e

(repurposing of ILC/CLIC/C3 mfrastructure) Q\ Q‘w@s /\\(
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~ ILC / 500 GeV / 31 km HALHF / 250 GeV / 3.3 km Wakefield Collider /15 TeV / 6.6 km*

:}lﬂ Foster, D'Arcy, and Lindstrem, NJP 25, 093037 (2023) C.B. Schroeder et al., JINST 18 T06001 (2023)
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Welcome to the Design Study

e \We want to uncover a path to the energy frontier (10 TeV)
iIn a Linear Collider Facility.

e Just as FCC-hh builds on FCC-ee infrastructure, we envision
a 10 TeV Linear Collider could build on a Linear Collider Higgs Factory.

e The goals forthe 10 TeV pCM Wakefield Accelerator Collider

Design Study have been set by the 2023 P5 Report: comns  pamurs st

Universe

o “...delivery of an end-to-end design concept, including
cost scales, with self-consistent parameters throughout.”

e Plan to complete the design report by 2028 with many
updates and inputs (including ESPP) along the way.

Astrategic plan for the High Energy Physics Advisory Panel
rrrrrrrr
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What is an end-to-end design concept?

It describe the system with sub-systems and how these fit together and can be self-consistently integrated

ENERGY

PLASMA RECOVERY
MIRROR | /
- i | o
/

. ACCELERATION STAGE / Laser-Plasma Linear Collider
IN PLASMA CHANNEL .
| A SERlsE C.B. Schroeder et al., JINST 2023
Challenges
Stability Energy recovery Repetition rate Efficiency
Geometric gradient Positron acceleration Stage coupling Beam delivery system Jitter budget

High-level concept to guide ongoing technology development
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Working Groups

» System integration and optimization
- Beam sources (incl. damping rings)
* Drivers
- Laser
- Beams - SWFA
- Beams - PWFA
* Linacs
- LWFA |
- SWFA | R

- PWFA .
. Green = Broader accelerator community
- Beam delivery system

. Beam-beam interactions Orange/blue/purple = AAC specific
+ Beam diagnostics Red = HEP and broader community

» Machine-detector interface
» HEP detector

» HEP physics case

* Environmental impact

- Simulations/computing/Al

PLASMA
MIRROR

- ==
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https://iopscience.iop.org/article/
10.1088/1748-0221/18/09/P09022/pdf

Starting machine parameters (they will evolve)

50 E 8 O

Technology PWFA | PWFA | PWFA | PWFA || SWFA | SWFA | SWFA || LWFA | LWFA | LWFA % = §§ g %
Beam Aspect Ratio Flat Flat Flat Round || Flat Flat Round || Flat Flat Round |7 ?g '%. S =z -
Center-of-Mass Energy 1 3 15 15 1 3 15 1 3 15 ?@ ; = § 'é?
Epeam (TeV) 0.5 1.5 7.5 7.5 0.5 1.5 7.5 0.5 1.5 75 |2ge% 28
Y 9.78ES | 2.94E6 | 1.47E7 | 1.47E7 || 9.78ES | 2.94E6 | 1.47E7 || 9.78ES | 2.94E6 | 1.47E7 |5 o B g B2
&, (mm mrad) 066 |0.66 |[0.66 [o0.1 0.66 |0.66 |0.1 0.1 002 |0.1 g g Z 5 2 2
g, (mmmrad) 002 [002 [002 |[o0.1 002 [002 |o0. 0.01 |0.007 |o0.1 o B & § =
B (mm) 5 5 5 015 || 5 5 0.15 || 25 14 015 28 5ea2?
B, (mm) 0.1 0.1 0.1 0.15 || 0.1 0.1 0.15 || 0.1 0.1 015 [EgAg2
o (nm) 58.07 |33.53 |15 1.01 | 5807 |[3353 101 |[s5055 [977 |101 |” g < & ¢ 5
o} (nm) 143 | 083 |04 1.01 143 | 0.83 | 101 1.01 [049 | 1.01 58 8 o 8.
Nbunch (x10°) 5 5 5 5 313 313 |[3.13 120 |120 |[7.50 2 2 = §'
f (kHz) 4.2 14 13.12 | 7.73 11 36 198 || 468 |468 |3.44 53 C ok
o (um) 5 5 5 5 40 40 40 8.4 8.4 2.2 Do EE g
Y 15 |78 |87 |6590 |1 6 515 || 2 3 |2466 | CELEE
n, 15 |15 |15 |57 22 |22 |84 08 |15 |57 ESREE
Ppeam (MW) 1.7 168 |78.8 |550 |28 270 | 744 |45 13.5 | 31.0 ?; = g 2 %
2Ppeam (MW) 3.4 33.6 | 1576 |[1100 || 5.5 54.1 | 1487 (19.0 27.0 | 61.9 2B = E 2
Lgeo (X10°** ecm™2s71) 1.01 10.1 | 47.1 150 1.03 10.1 151 1.05 | 113 150 T8 2 § ;:’»’
Lveamsirabiung (X107 em™s71) 1.99 [199 994 | 152 203 |20 152 209 [21.7 | 152 2B P8 g
Mwall-to-drive 0.4 0.4 0.4 0.4 0.774 | 0.774 |0.774 || 0.4 0.4 0.5 e & 2 =
Mdrive-to-main 0375 | 0375 [0375 |0375 | 042 [042 |042 |02 0.2 0.12 5 & =% E
Thotal 015 [015 015 |0.15 (0325 |0325 |0.325 |[008 |0.08 |0.06 5 2 &g o
P (MW) 22 224 1051 | 619 17 166 | 457 113 | 338 1032 ,E;r 2 5o g
Loeo/ Piie (1634/MW) 004 [004 [004 [008 [[006 |[006 |0.11 0.01 [003 |[0.05 2 3 g 9 <
Lcpor (X107 em™2s71) 1.83 | 185 |87.6 |1570 | 2.08 |21.3 |[420 1.53 | 258 | 600 i< 22 F
Lepiop 1% (20%) (x10* ecm™2s71) | 0.69 | 623 | 50 50 085 |6.14 |50 1.03 | 872 |50 ; < 5 %5
L6pot/ Psite 008 [008 008 |[254 (012 013 |092 |[[001 |[008 |058 BEEgzgz B
Lepop/ Psice 1% (20%)/Power 003 003 |005 |008 (005 |004 011 | 001 [003 |005 Gpo B %
Length of 2 Linacs (km) I 3 14 |14 5 15 |75 044 |13 |65 22383
Length of Facility 14 14 14 14 8 18 90 3.5 4.5 9.5 -
RERER
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Conceptual physics considerations determine parameter ranges

Basic design choices driven by system optimization

* Minimizing linac length (gradient > GV/m) Restricts plasma density range,

. . 10
* Maximizing energy efficiency (luminosity/power) energy gain per stage — staging

* Plasma density sets bunch charge (also limited by Beamstrahlung),
luminosity requires repetition rate
E[GV/m]

C.B. Schroeder et al.,
JINST 18 T06001 (2023)
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INTE  ION'REGION

. LASER PULSE PLASMA

 Based on component ‘_, . .L’-... M'RET.

simulations/scaling laws
ACCELERATION STAGE
Lasers .

° ! IN PLASMA CHANNEL
Working toward full Rl

self-consistency - 0.1 \ | _
. 10™° 10'° 1017 108
Conceptual collider parameter sets

~ derived during Snowmass

e T. Barklow et al., JINST 18 P09022 (2023):
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Capability gap in laser driver technology exists

1000
Novel laser technology needed collider requirements
to fulfill collider demands ooy
. - . . 100 > (0) 1
in repetition rate (Hz = ~10s kHz), efficiency (0.1% — 10s %) 30% effic.
. : : -y fibers scalable,
Promising emerging laser architectures E 0 efficient
o - . — — J-class kHz systems :
Cryo-cooled Yb:YAG (A = 1 um), R&D at CSU . o KBELLA oL fer ]’Eggzinbllceally
* Tm:YLF (A =1.9 uym), R&D at LLNL % c o near-term
... : MEC-U (SLAC,
* Coherent combination of fiber lasers (A = 1 pm), o “% S planned;(glass)
. z : Q I.Sa perf. ceiling
R&D at Michigan, LBNL, Jena, Ecole Polytechnique % ;%% m;sers (quantum defect. cooling) @ L3-HAPLS (ELI-BL)
—_ DPSSL EPAC (STFC) existing
. Q laser
Example: kBELLA addresses the driver rate > 01 CoReLS (Korea) @ systoms
and efficiency gap O BELLA (LBNL) @
©
0.01 NSF OPAL
(Rochester,
planned;
ZEUS (Michigan) OPCPA)
@
1 10 100 1000 10?4 10°
= addresses collider peak laser power [TW] do not address collider
/\m avqg. power needs avqg. power needs
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Conclusion

The P5 Report and particle physics community call on us to deliver an
end-to-end design study of a 10 TeV pCM collider based on WFA technology.

Laser wakefield accelerators rely on advancing the state of the art in laser
technology.

1) We need to understand the “menu of options” for collider laser technology.

2) We need to apply collider-relevant metrics to the different technologies and
develop the most promising paths forward.

)
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