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Plasma Wakefield Acceleration
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[C. Joshi, “Plasma accelerators”. Scientific American Feb. 2006]

PROS CONS

® Clean well understood wake structure ® Short bunch length required (order plasma
wavelength)

® Strong accelerating gradients (up to T00GV/m)
e High transfer efficiency (from drive to witness ® Limited energy per bunch [short de-phasing

bunch) and depletion length ©(10cm to m)]
® Multiple stages needed for TeV collider
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Plasma Wakefield Acceleration
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PROS

® Extremely high energy proton drive bunches

® Accelerate witness bunch in a single stage

e Can use existing high-energy proton sources

(SPS/LHC)
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[AWAKE collaboration @ CERN arXiv:1808.09759]

CONS

® Wake structure less clean (challenging for beam
stability and quality)
® Lower transfer efficiency

® Requires longer proton bunches (but still much
shorter than those currently used)

® Weaker acceleration (sub GV/m)

® Careful injection timing after modulation develops



WIMPs and Beyond: From Precision Muon Physics to Future Wakefield Colliders

Plasma Wakefield Acceleration
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[AWAKE collaboration @ CERN arXiv:1808.09759]

2. Proton driven CONS
® Wake structure less clean (challenging for beam
PROS stability and quality)
® Extremely high energy proton drive bunches ® Lower transfer efficiency

® Requires longer proton bunches (but still much
shorter than those currently used)

® Weaker acceleration (sub GV/m)

® Careful injection timing after modulation develops

® Accelerate witness bunch in a single stage

e Can use existing high-energy proton sources

(SPS/LHC)
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Old Idea, Why Now?

P5 Recommendation Exploring

(2024) Ghantum

Recommendation 4: Support a comprehensive effort to develop the resources—
theoretical, computational, and technological—essential to our 20-year vision for the field.

This includes an aggressive R&D program that, while technologically challenging, could
yield revolutionary accelerator designs that chart a realistic path to a 10 TeV pCM collider.

Investing in the future of the field to fulfill this vision requires the following:

a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton,
muon, or possible wakefield technologies, including an evaluation of options for
US siting of such a machine, with a goal of being ready to build major test facili-
ties and demonstrator facilities within the next 10 years (sections 3.2, 5.1, 6.5, and
Recommendation 6).
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Investing in the future of the field to fulfill this vision requires the following:
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US siting of such a machine, with a goal of being ready to build major test facili- ‘
ties and demonstrator facilities within the next 10 years (sections 3.2, 5.1, 6.5, and I b .
Recommendation 6). : a O r a t | O n

a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton,
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Old Idea, Why Now?

P5 Recommendation Exploring

(2024) Ghantum

Recommendation 4: Support a comprehensive effort to develop the resources—
theoretical, computational, and technological—essential to our 20-year vision for the field.
This includes an aggressive R&D program that, while technologically challenging, could
yield revolutionary accelerator designs that chart a realistic path to a 10 TeV pCM collider.

Investing in the future of the field to fulfill this vision requires the following: n .t e r n a t | O n a |
a. Support vigorous R&D toward a cost-effective 10 TeV pCM collider based on proton,

muon, or possible wakefield technologies, including an evaluation of options for J O N C 0O | I l d er
US siting of such a machine, with a goal of being ready to build major test facili-
ties and demonstrator facilities within the next 10 years (sections 3.2, 5.1, 6.5, and ‘ "

Recommendation 6). 7 I a b Ora t 10N

Large ongoing efforts at LBNL & UC Berkeley

*former members
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Old Idea, Why Now?

P5 Recommendation =xploring
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Theory Input Required

Two underlying challenges:

& Positron acceleration Is there a physics case for
. — o .
exponentially harder e~ e~ or yy machines?
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Theory Input Required

Two underlying challenges:

& Positron acceleration Is there a physics case for
. — o .
exponentially harder e~ e~ or yy machines?

C Round beam profiles Can increased
o [ ] q ofle
significantly easier beamstrahlung be utilised?
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Theory Input Required

Two underlying challenges:

A Positron acceleration | s there a physics case for

exponentially harder e~ e~ or ¥y machines?
& Rol.md.beum proﬁ!es | Can mcreased. |
significantly easier beamstrahlung be utilised?

Understanding the answers ¢an
potentially have a large R&D impact!
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Luminosity Spectrum

[Sketch by Arianna Formenti — LBNL]

Classical Electrodynamics:

¢ Tightly focused beams produce
strong E and B fields

® Particles deflected by field from
opposing beam

® Large beam disruption as bunches
approach one another

Strong function of beam profile

QED:

® Particles can emit hard photons
and loose energy (beamstrahlung)

® Hard photons of course produce

electron-positron pairs!

All these effects require
simulation
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Luminosity Spectrum

[Adapted from A. Fromenti, S. S. Bulanov, A. Huebl, R. Lehe,

J. Osterhoff, C. Schroeder, J.L. Vay (work in progress)]
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Beam parameters (c schreoder et al, JNIST 2023]

Leptons per beam = 1.2 x 10" Flat beam Round beam
Beam energy = 5 TeV o, = 6nm o, = 1.55nm
0, = 3.01m oy = 0.4nm o, = 1.55nm

Assume 50kHz repetition rate with 1 year of continuous data taking
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A Benchmark: Chargino’s

A Wino-like chargino -

- with it’s neutral DM buddy 0

*This is just a proxy for EW charged states for the non-SUSY inclined
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A Benchmark: Chargino’s
A Wino-like chargino 3+ with it’s neutral DM buddy 0

*This is just a proxy for EW charged states for the non-SUSY inclined
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# events/year

A Benchmark: Chargino’s

e~ eT collider at 10 TeV
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A Benchmark: Chargino’s
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Preliminary Thoughts

1. Drell-Yan important when looking for heavy new particles
But we can make use of secondary ¢™ and y in ¢e"¢™ configurations

2. SM production largely through VBF

Note that ZZ-fusion usually subdominant to WW-fusion

3. yy configurations are more limited
Still able to produce WIMPs (7*) and extra Higgs bosons (H™)
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Preliminary Thoughts

1. Drell-Yan important when looking for heavy new particles
But we can make use of secondary ¢™ and y in ¢e"¢™ configurations

2. SM production largely through VBF

Note that ZZtusion usually subdominant to WW-fusion

3. yy configurations are more limited
Still able to produce WIMPs (7*) and extra Higgs bosons (H™)

What’s Next?
® Include full 2D luminosity profiles (rapidity distributions)

® Include chargino decays ——p Have preliminary results
(Ask me offline)

® Single scalar production (2HDM/Singlet extensions/ALPs)
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# events/[year x GeV]

A Benchmark: Chargino’s

s-channel production only
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# events/[year x GeV]
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A Benchmark: Chargino’s

Vector boson fusion production only
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Luminosity Spectrum

[Adapted from A. Fromenti, S. S. Bulanov, A. Huebl, R. Lehe,
J. Osterhoff, C. Schroeder, J.L. Vay (work in progress)]
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