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Higgs discovery and next...
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Which is nature SM/2HDM/many other models ?
Access to global shape of EW vacuum

Higgs triple coupling



Self-interaction and eft. pot.
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Classically Scale Invariant (CSI) model
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\ \ Foot et.al.,2007 Endo,Sumino 2015

><H Ah(HTH) SM singlet scalar Higgs portal coupling

e EWSB — Coleman-Weinberg mechanism (pro.7 1sss)
 Log-like potential (non-SM-like)
 Large deviation is expected <«
* Point-like A, prediction «

— Log vs. polynomial

— Parameters (A, ) are fixed



Higgs triple coupling in CSI-model
From effective potential, higgs triple coupling is
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Chway, et.al. 2013,Endo,Sumino 2015,

Hashino,Kanemura,Orikasa,2015 S _h— B
But, momentum scale of h* - hh ~0O(my,) <ﬁ
Kinematical dependence will be the same order to d3V /dv?, k>

and make Ay, large or small?

We have to compare them in physical process.




Physical process in CSI-model

In CSI-model, to generate EW vac. by CW-mechanism,
loop diagrams contribute at Leading Order(LO).

Naive perturbation (loop expansion) can not work.
So,

*Assign expansion parameter which respects CW-mechanism
*Fix A;,, A1, (and counter-term) by tadpole and higgs mass conditions
*Evaluate higgs triple coupling at LO



é-expansion

- — tree+ 1loop

In CW-mechanism, eff. pot. has vacuum
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Parameter determination  cmsssmoms
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Using these conditions, determine A, = 4.8, A5, ~0(10-2)(#5)




Diagrams for Higgs triple coupling

Diagrams which contribute to higgs triple coupling in CSI-model
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Two pOint function (same as par. det.)
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Three point function
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Results
1 q? q? 2
—( ~~~~~~~~~ ® Q ) = 1.28% (1.+0.0202852 <4mi> + 0.00290254 <4m]21> + )

1%
Re[Ahhh(gsq)]
L ) +70% from SM at g% = 400%GeV?
" * +67%(eff. pot.) from SM
S More enhanced in physical condition
" — Ahhh (numerical)
" Kinematical region for ete™ —» Zhh at+/s = 500GeV
L SM tree+top loop (2my)? < g2 < (/s —my)?
" —— eff. pot. ( L\
o 0 a0 Tao 7 a0 s00 qsq1/2 GeV




+  —
ete” = Zhh
Double-higgsstrahlung process  Veez, Vzzn x §%g
* Dominant process j . h2

at /s = 500GeV h
 Signal diagram and

Z
three back ground diagrams :
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Cross section

. R do/d 2 bit it
Evaluate total cross section using MadGraph5 of F‘ar ftrary unit)

P(et,e”) = (0.3,—0.8) at+/s = 500GeV
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Summary

* Higgs triple coupling is probe of new physics (of higgs sector)
e (CSI-model has different potential structure from SM
and different predictions
e Compared to SM, higgs triple coupling
becomes +70% around /q? = 400GeV
* Opoznn = 0.343 fb at/s = 500GeV, P(e™,e™) = (0.3,—0.8)
* To 50 /30 discover/exclude,
[dtL =710/260fb~ 1 at+/s = 500GeV.



Backup




Higgs triple at high energy region
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Luminosity estimate 1/2

Based on analysis of ete™ — Zhh in LC-REP-2013-003

* Z - li(ee,un), qq(bb, qq), vv
 Both higgs decays h — bb
* my = 120GeV (Br changes)

Assumptions

* Dispersion = Ngis/+/ Npg
e Brs(w/o h = bb) and detector efficiencies are same.



Luminosity estimate 2/2

In simulation, (Nsig, Ngg ) = (49.1,139.5)at 2ab™*
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|[HLuminosity estimate 1/2

Based on analysis of ete™ — Zhh in LC-REP-2013-003

+ Z - l(ee,up), qq(bb, qg), vv
 Both higgs decays h = bb
* my = 120GeV (Br changes)

Assumptions
» Dispersion = 1/,/Neyent
e Brs(w/o h = bb) and detector efficiencies are same.




|[HLuminosity estimate 2/2
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TABLE VI: The numbers of the remaining signal and background events in each search mode of the e*e~ — ZHH analysis
based on the full detector simulation at 500 GeV, with the beam polarization P(e™,e*) = (—0.8,40.3). The last two columns
are ZH H excess significance (i) and cross section measurement significance (ii). The ggHH mode and I[IH H mode are both
separated into two categories: (a) bbHH dominant, (b) light ggH H dominant, (c) electron-type llHH, (d) muon-type lIHH.

Search Mode Signal Background Significance (i) Significance (ii)
gqHH (a) 13.6 30.7 220 2.00
qqH H (b) 18.8 90.6 1.90 1.80

vwHH 8.5 7.9 2.50 2.10
lIHH (c) 3.7 4.3 1.50 1.1
ILHH (d) 45 6.0 1.50 1.20
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