Physics potential of Higgs pair
production at a yy collider

Shinya KANEMURA (Univ. of Toyama)

On behalf of
E. Asakawa (Meiji-Gakuin), D.Harada (Sokendai), S.K.,
Y.Okada (Sokendai, KEK), K. Tsumura (ICTP)



Higgs
* Picture for the origin of Mass= Spontaneous EWSB

* Higgs sector remains unknown.

— No Higgs found yet

— Mass and couplings are unknown yet
« SM Higgs: a scalar iso-doublet

— Problematic
— Motivation for various new physics models

[Identify Higgs sector = Determination of New Physics }




Higgs potential
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« SM Higgs potential

— Electroweak Symmetry Breaking
V() = —p?®f + Ao :
— Free parameter of the SM A
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* It is important to measure both the mass m, and
hhh (and hhhh) coupling

— Test for the SM Higgs potential
— Nature of the EWSB
— New physics determination



New Physics effect on HHH

* Non-decoupling effects __2HDM
hhh coupling 5 V(b 450GeV i, e +M2
3m3 N.m? =120GeV
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A m} term appears in the 1-loop correction. {3 \_\ s (a-)=1
loop effect ~ 10% 2 80t
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Similarly, by new physics loops, HHH can easily ﬁ ) N
receive large deviation from the SM value.
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Cosmological Connections

« Higgs Effective Potential
Electroweak Phase Transition

at Early

Universe
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In this talk

* We discuss a possibility to measure the Higgs
tri-linear coupling via the process of

yy—HH

at the ILC photon collider option.
— Alternative or better as compared to e+e- collision?

— Can new physics effects drastically change SM
predictions?

— Valuable for a simulation study?



Measurement of the HHH coupling
* Higgs self-coupling (HHH)

— Direct information to the Higgs potential
— Effect on the New Physics

— Cosmological Connection Required AXpan

accuracy M

<0(10)%

 Measurement at collider experiments
-LHC 99— HH

~ILC  eTe" = ZHH eTe™ — HHiv
_ ILC (yy collider)
vy — H H  Thisis our subject.

« Sensitivity to anomalous deviations of A

A=Agy + OA = Agy (1+ 5K)



HHH measurement at LHC
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of the HHH coupling is
business of the ILC.



Measurement at the ILC

total cross section
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Study HHH at a photon collider

vy — HH
Difference from ZHH and HHvv production at ILC

— Two body final state

* There is kinematical advantage, even though a loop
suppression and also even though Lyy~ L., /3

Wit : %4

. D»ac:/ %O <7
— Loop induced process o NN

« New physics loop correction

to the yyH (loop induced) couplings can be O(1).
 Different oA dependences from e*e- collision

= different sensitivity property

— Helicity amplitude

We can select a best helicity set to measure HHH.



Process vy — HH
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6(yy—HH) (fb)

Anomalous HHH coupling
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o(yy—HH) (fb)
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Full Cross Section

Photon structure function
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Estimation of HHH sensitivity

Higgs self coupling sensitivity
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for my < 150 GeV, but vy — HH can be useful

for higher values of m;.



Estimation of HHH sensitivity

Higgs Self Coupling Sensitivity
Int(L,)=1/3 ab” Efficiency=100%
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Summary

« Higgs self-coupling (HHH)
— Nature of SSB (Higgs potential)
— Probe of new physics, EWPT

 HHH measurements

— LHC: Difficult
— ILC: ZHH (better for lighter H), vwHH (better for lighter E)

 HHH at yy collider ~~y — HH

— Result is consistent with previous works in the SM.

— Sensitivity study

— A vy collider (Eee<500GeV) may be useful to measure the HHH
coupling especially for mH=150-200GeV.

— Simulation



The best E__ for each m,,

Photon Structure Funciton
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The best E__ for each m,,

Photon Structure Funciton

mH=200GeV

Full Cross Section
becomes large for
Eee=550-600 GeV
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Pole vs Box (J=0)
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Large destructive cancellation between pole and box contributions.

Pole contribution becomes dominant for larger MH values.



New Physics effects on
vy — HH

— New physics loop effect can be large, because the
SM contributions are also loop-induced.

00 00 1
M(pole) = (MSP + }\lE{’,\,) — (A +02)
mp

— New Physics contribution changes not only the size of
the cross section but also (delicate) balance between
the pole and the box diagrams.

M+, H)I? = [AA+0)) + B
= |A| 6A% + 2|A| |AN+ B| 6\ + |AX + BJ?

HHH sensitivity could greatly depend on the model
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For relatively low eTe™ (e~e™) energies (/s <
500-600GeV), sensitivity is larger in ete™ pro-
cess for my < 150 GeV, but v — HH can be
useful for higher values of m;.
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