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Obvious Statement

Discovery correlates with technological advancement.
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Obvious Statement

Discovery correlates with technological advancement.
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Possibilities for Progress
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Possibilities for Progress

10~3

-| @ Hadrons
| A Leptons

evatron

A A
A ' CEPC FCC-ee
Aj LEP-II |

f SLC _

. SR A LEP-I
N PEP A i
Spear SuperKEKB i

Loy
SnpC  FCC-hh 4

1960 1980 2000 2020 2040 20060

Year

2030

Is there a leptonic path to high energy?

Personal Opinion:

Developing revolutionary accelerator
technology to expand the energy
frontier is the most valuable pursuit

for modern particle physics.



Theory Inputs for Wakefield Colliders

Theory input offers a useful perspective to guide accelerator design to achieve key benchmark objectives.

Zeroth Order Question: How are key theory benchmarks affected by:

: 1. Beamstrahlung? 2. Beam Type (e*e™, e"e™, yy)? } ,

Heavy Electroweak States J o

Chigusa, Knapen, Opferkuch,
Savoray, Scherb, Xu [2512.09995]

eTe” >yy>ee”

Resonances *
Capressi, KL, Opferkuch [2603.18146 ]

eTe” >yy~e e

Higgs Precision %k

Fraser, Knapen, KL, Szafron [2603.18146 |

eTe” >yy> e e

"Assuming it can be independently measured. Otherwise analogous to PDF uncertainties.

I I I i I- “*Assuming equal geometric luminosity.


https://arxiv.org/abs/2512.09995
https://arxiv.org/abs/2603.18146
https://arxiv.org/abs/2603.18146

Review of Aspects of Waketield Colliders
Relevant for ALL Analyses

1. Beam Types
2. Beamstrahlung




1. Beam Types



Beam 'Types

Positrons are

more difficult

100 .
Questions

Plasma wake

> l e A 1. Can we just build a e e~ collider?

2. If e™ can be accelerated, what

luminosity is required to “beat” e"e™?

=50 Drive bunch . . L
| 3. Is it worth convertinge e~ — yy?

Electron bunch

Bulanov et al, 2608251371

Conversion Point (CP

T/
* ——

Great location for electrons { B
ion Point (CP) d

x

Interaction point (IP) Electron bunch

12


https://arxiv.org/abs/2608.25137

2. Beamstrahlung



Animation by A. Formenti et al.



Beamstrahlung

Animation by A. Formenti et al.

Violent beam collisions produce radiation called beamstrahlung.
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Beamstrahlung

Animation by A. Formenti et al.

Violent beam collisions produce radiation called beamstrahlung.

This also produces additional e "e ™ pairs.
These particles can also generate hard collisions.

Mesoscopic analogue of Initial State Radiation (ISR).
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Luminosity Spectra
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Luminosity Spectra
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Luminosity Spectra
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Many Types of Collisions

eTe™ round

eTe  flat m— 0~ ¢~ round

Center-of-mass energy E [TeV]
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Beamstrahlung Enhancement
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|| dr(dZm dr) 6(zs)

ete~

Beamstrahlung Enhancement
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Beamstrahlung Enhancement
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|| dr(dZm dr) 6(zs)
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Wakefield Collider Rapidity

Beamstrahlung creates more central (less forward peaked) collisions.
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Two Case Studies

Precision Measurments of Searches for Heavy

Electroweak Higgs Couplings Resonances

[2607.19463] 12605.18140 |

With Simon Knapen, Katie Fraser, and Robert Szafron With Toby Opferkuch and Massimo Capressi



https://arxiv.org/abs/2607.19463
https://arxiv.org/abs/2603.18146

Two Case Studies

Searches for Heavy

Resonances
12003.18146 |

With Toby Opferkuch and Massimo Capressi



https://arxiv.org/abs/2607.19463
https://arxiv.org/abs/2603.18146

How do you typically look for Resonances

Consider a vector resonance coupled to leptons.

As 6@ — 0 the virtual lepton 1s nearly on shell and can be treated as a parton.
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How do you typically look for Resonances

The cross section in terms of parton luminosity is

70
ox(s) = J_S gi]’(@ 81']'—)X(§)

\)

The Narrow Width Approximation (NWA) gives

127°T
6ab—>X (S\ )
My

_”]5 (S — m)%)

Doing the integral gives

127°Ty,

ox(S) ~

Gar051 Marzocca, Trlﬁnopoulos [2303 16964]

MuC lO TCV lumlnosm(:s
10+

0.100% _

0.001+

L3;(8)

5L, . | L , | \
10 500 1000 5000

V5§ [GeV]

—I¢—_____ Parton luminosity functions scan

all energies for resonances.
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Beamstrahlung vs Parton Luminosity
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Resonance Rapidity Distributions

Before

Light resonances get large boosts. Ly~ Lpegm

1 S
M) ~ —log | —
y(My) > g(M)%)

Or perhaps more clearly, the leptons from the resonance have angles

My

0, ~— = Signal escapes detector for My < 0.14/s for 04, i, & 10°

\)
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Resonance Rapidity Distributions
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Inclusive Search:e™ ¢~ —» (Z' — u*u™) + anything
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Example: Dark Photon Limits

BBTi

s
M, [GeV]
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ho
ton Limits
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hoton Limits

Example: Dark P
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hoton Limits
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hoton Limits

10774

Example: Dark P
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hoton Limits

Example: Dark P

100 e

| For 1-loop induced €
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Example: Dark Photon Limits
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104

Positrons worth factor of 100 in

Loeom for resonance searches

(if coupled to leptons).
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Two Case Studies

Precision Measurments of

Electroweak Higgs Couplings

With Simon Knapen, Katie Fraser, and Robert Szafron




Higgs Couplings

The Higgs boson must be understood as well as possible.
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High Energy — High Statistics



Higgs Production Cross Sections

First consider single Higgs production

ZH
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Higgs Production Cross Sections

First consider single Higgs production

JH
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Higgs Production Cross Sections

Now consider Di-Higgs production
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Higgs Production Cross Sections

Now consider Di-Higgs production

JH
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) ZHH
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Higgs Production Cross Sections

We lose the dashed line channels for e e ™.
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Higgs Production Cross Sections

We lose the dashed line channels for e e ™.
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Single Higgs Analysis
(H — bb)



Single Higgs Analysis

Cuts (Incomplete list): Detector Modeling: Backgrounds:
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Tagging Forward Particles



Tagging Forward Particles

Energy
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Tagging Forward Particles

High Energy
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Tagging Forward Particles

- How to distinguish?

Z.BF Events

I 1 l I I 1 I
MuC (0.6%)
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Sensitivity to xy, and «,
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Double Higgs Analysis
(HH — bbbb)



Higgs Self Interaction is Directly Accessible

V(h)

Simon Knapen’s
Allegro 2025 Talk

Taylor expand around minimum

V(h) = v+ c;h” + c;h” + cjh’

' ooy

Gr predicted
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mass
(measured)
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Double Higgs Analysis

Cuts (Incomplete list): Detector Modeling: Backgrounds:
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Double Higgs Analysis (» Coefhicients)
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Higgs Self Interaction is Directly Accessible
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Conclusion

o Wakefield colliders are an interesting option to 10 TeV with unique qualities.

e Theory can inform very important R&D efforts.
1.  What 1s the luminosity cost of accelerating positrons?
2. What 1s the luminosity cost of beam geometries (round or flat)?
3. Ifonly e e 1s possible, how much what is the luminosity cost of going to yy?

Lessons

e Beamstrahlung can be greatly beneficial!

e Positrons are valuable; worth O(10 — 100) in £, for several benchmarks.

e yy occasionally outpertorms e e~ colliders.

e Beamstrahlung modified event kinematics can play a huge role.
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