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Motivation

- Shape of the Higgs potential is unknown

|
V = Em}%hz ~+ V/Ihhth + /Ihhhhh4 + ...

. This is one of the major challenges and goals of future colliders

. Not a lot of studies for yy — hh, and so far no high-energy photon collider

- A photon collider would give unprecedented access to this channel and many more

.+ Combining the luminosity spectrum of the collider with the yy — hh process
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Di-Higgs production at photon colliders
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» Similar structure to gg — hh 1=

- To simplity the process, use the representation in helicity amplitudes
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Di-Higgs production at photon colliders

/lhhh

. Similar structure to gg — hh = (A9))sM

- To simplity the process, use the representation in helicity amplitudes

. Giving two distinct states J. = 0 and J. = 2, for equal and opposite polarization of the initial
ohotons



Di-Higgs production at photon colliders
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. At lower energies, the state dominates and is very sensitive to



K, In photon photon collision

MB, J. Braathen, G. Moortgat-Pick, G. Weiglein WIP

+ The minimum of the yy — hh cross-section

shifts between 1 and 1.5, depending on the
energy

280 GeV
350 GeV
380 GeV
550 GeV
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« 380 GeV maximises the cross-section for
K, = 1, from the J, = 0 contribution

o(yy - hh) [fDb]

. 280 GeV has the strongest dependency on [ AN
K, even though the cross-section is lower
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K, at other colliders
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Y h Y -h Y h
K 1 and Kz ; Noh FX A Fov ),

- Greatest sensitivity to K, /5 = 280 GeV
S = €
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—— ATLAS (95% CL)
A SM

» Kyy less impactful

. For i,y < 1 the minimum shifts to higher

values of k;

. For k5 > 1 the minimum shifts to lower

values of k;

MB, J. Braathen, G. Moortgat-Pick, G. Weiglein WIP
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V5 = 380 GeV V5 = 280 GeV
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JLC
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Collider setups
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. F. Ginzburg, G. L. Kotkin, V. G. Serbo, V. |. Telnov '82

Principles of a photon collider

. Additionto e e -collider

electron
bunc

- Compton backscattering process
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Collider setups

- The polarization of the incoming laser and electron beam defines the spectrum

\,) = Aexr|l+ (1 —y)(2r — 1)2] — P.(2r — 1)[(1 — y)~L+1— n
Y (1—y)t+1—y—4r(1—1r) = AP.ar(2—y)2r —1)

. Maximise the spectrum around 280 GeV for J, = 0

. Optical: Needs a 380 GeV ee-collider with 4,P. < 0

. XCC: Needs a 280 GeV ee-collider with 4,P,. > 0 to suppress pair-production
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Collider setups

 The polarization of the inco

. Maximise the spectrum around 280 GeV for
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Putting it all together

o Similar structure to the sy bprocess MB, J. Braathen, G. Moortgat-Pick, G. Weiglein WIP
vy — hh 104 Preliminary

. Strongest dependency on k; for the
XCC 280 GeV and the Optical 380 GeV

- Optical can run in parallel to ee-
collider

XCC 280 GeV
—— XCC 380 GeV
—— Optical 380 GeV
—— Optical 550 GeV

di-higgs events per 10 years
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Sensitivity for k,

. The

reaches
A% at lower energies than
comparable colliders

- Lowest sensitivity around

k, = 1 for the XCC, perf
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oummary

- Photon colliders are great additions to

any e e~ -collider, or even stand alone

. Offer rich opportunities to explore the
trilinear Higgs coupling at lower energies

. Complementary with pp- and ete -
analyses

. Still room to improve and optimize the
technology

- Need active groups working on the XCC
and optical laser technologies
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Background for the colliders

- Not all e are converted to photons
. Evenin e~ e”-mode the XCC still offers large number of ete™ collisions

- As well as ye and e e collisions for both setups

|
| 1 — vy
100 | SCRF + Optical-laser ¢ y + ye~ L 0.14 e—e-
§ — SCRF + Optical-laser e e¢" +e'e” 7 .y
O SCRF + Optical-laser e e - Hp — eTe
3 o +XFELpe_y+ye_ ¢e - LC\{ISIOI’], C. Balazs, 0.12 L
= C3+XFEL e e +e'e” | arXiv: 2503.19983 €€
= i C3 +XFEL e e | — ety
- T 010 — ey
o -1 ] 2
10 ] (TE
g mu 0.08
S =
~ =
L, < 0.06
~ 107 3
|N ~d
z o
I 0.04
D
o
0.02
10_3 - —]
s raps m‘_ B
0.00 e — |
50 100 150 200 250 300 350 400

Vs (GeV)



K>y, dependence

. Fixing k; = 1 shows similar
nenhaviour for variations in

Koy

- Effect is still strong at high
energies, but
overshadowed by the

JZ = 7 contribution
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eTe” setup

. Classically, choice of e e ~-colliders, due to low polarization of e™

. Possible polarization of 60% for e™ would allow running in the ee™ mode

- So far only looked at for optical, due to strong beam effects for the XCC
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« Access to both channels at the same time
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