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Measurement of the Higgs Self-coupling at the ILC
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trilinear self-coupling,
to be measured

w provide crucial test for the mechanism of EWSB and structure of Higgs potential
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dominant at ~500 GeV
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w Higgs self-coupling processes help define the baseline centre-of-mass energy of ILC
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equation of the optimal w(x) (variance principle):

wg

quartic self-coupling,
very challenging

(x)dx

R S o S S

IIIIlllllilllllllll|IIII|IIII|IIII|IIII

PRI
S

e +e” — ZHH :

e +e” — vvHH :

| | | |
400

I450I — I500
M(HH) / GeV

A\ A
S = 1.8022
A o

AN A
2 lsm = 0.85—
A o

wo(x) = ¢

wo ()

general solution:

I(x) +25(x)

o(x)

c: arbitrary normalization factor
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w interference plays a crucial role in measurement of Higgs self-coupling
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contributions to cross section from different diagrams and interference
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for ZHH, the expected optimal energy is ~500 GeV (rather flat in 500-600 GeV)
w for vvHH, expected precision improves slowly as going to higher energies
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1. KEK; 2. DESY; 3. University of Tokyo

decay modes
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avor Tagging

@ full SM background processes are considered in analysis

et+e- —> vvHH

HH—>bbbb

HH—>bbWW*

INal-selecton:

» cut on missing energy and missing pt, depending on whether signal is from

Input variable: energyratio
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b-likeness of the two jets from Z
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» three neural-nets are trained to suppress the dominant background events, —aar(a=uds) E
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which are categorized to three types, 4-fermions from ZZ/vw/Z, 6-fermions T S

from tt-bar, 6-fermions from ZZZ/wZZ and ZZH/vw/ZH; cuts are applied on ; 0 AT T o

the output of neural-net for each event g L b

» to require b-jet, cuts are applied on the flavor tagging output for each jet ok 1 ]

» all cuts are optimized to give best significance of signal events o N NI AT A | &
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MLP response

three neural-net outputs in analysis of ZHH—>qqbbbb

MLP response

MLP response

w main backgrounds are 2~3 orders of magnitudes larger, sophisticated MVA tuning plays a central role of analysis.

. #background e
Energy (GeV) #signal (tt, ZZ, ZZH /vwZH) significance
500
500 ZHH — (vr)(bb)(bb) 8.5 7.9 2.10
— = 13.6 30.7 2.0
500 ZHH — (qq)(bb)(bb J
18.8 90.6 1.80
1000 vvHH — (vi(bb)(bb) 35.7 33.7 430

B. expected precisions on Higgs self-coupling with proposed scenarios of ILC at Baseline and Luminosity Upgrade

Adpra /e 500 GeV | +1 TeV
Baseline 83% 21%
LumiUP 46% 13%

extrapolated to M(H)=125 GeV; including HH—>bbbb and HH—>bbWW*; beam polarizations help!
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w excess of double Higgs production > 70; significance of observing Higgs self-coupling > 50

o apply matrix element method

scatter plot of two Higgs masses
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w Higgs mass resolution is limited by jet clustering instead of detector resolution
w conservatively, Higgs self-coupling is expected to be measured better than 10% at ILC

10. More information: S. Kanemura, et al. arxiv:1211.5883; R.S. Gupta, et al. arxiv: 1305.6397; J. Tian, LC-REP-2013-003; C. Diirig @ AWLC14; M. Kurata @ ECFA LC2013




