ICEPP

The University of Tokyo

®

BSM search using Higgs to invisible decay
at the ILC

Yu Kato,
Jacqueline Yan(KEK), Junping Tian, Satoru Yamashita

The University of Tokyo

ILD Analysis/Software Meeting Nov. 30, 2016




Motivation

®|n the SM, Higgs decays invisibly through
H - 7Z7Z* - 4v (BR(H = inv.)~0.1%)

®|f BR(H — inv.) exceeds SM prediction,
It signifies new physics beyond the SM (BSM)

®In this study, we estimate upper limit of BR(H — inv.) Dark Matter...

SUSY...

®Compare between left & right polarization at the ILC

| SM | ((invisiole y ) | BSM | (Cinvisible N )
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Setting & Flow of analysis

®Setting
> Generator: WHIZARD 1.95
> Samples: DBD sample + Dirac sample (ete™ - qqH,H - ZZ* - 4v)
° Detector: the ILD full simulation
° E.,=250 GeV, [Ldt=250fb*, (P,-,P,+) = (—0.8,+0.3), (+0.8,—0.3)

®Flow of analysis
° |solated lepton tagging - veto
o Jet clustering

1. remove gamma-gamma overlay from particle flow objects (PandoraPFA) by using kt
algorithm jet clustering

2. forced 2-jet reconstruction using LCFIPlus
° Event selection (mention next page)
° assume BR(H—>invisible)=10%
° Fit & Toy Monte Carlo to set upper limit
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Event Selection

1. Isolated lepton veto

N~

Loose restriction of transverse di-jet momentum, di-jet invariant mass, and
recoil mass from di-jet

Number of particle flow objects(PFO) and charged tracks: Ny, Nirack
Transverse di-jet (Z) momentum: Pt;
Invariant mass of di-jet (Z mass):M;

Polar angle of di-jet (Z) direction: 6,

N o U bk~ w

Acoplanarity angle: ¢ = — (¢1 — ¢3)
(¢;: transverse direction angle of jet)

o0

Recoil mass: M, ccil

9. Boosted Decision Tree(BDT) method selection (multi-variate analysis)
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Recoil Mass Plots [Ecm = 250 GeV, 250 fb1,BR(H->inv.)=10%]
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bin width:2.0 GeV

HI bkg : all fixed
Toy Monte Carlo to set upper limit &
Left Right
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Summary & Plans

Use the measurement of BR(H — inv.) as a means for indirect BSM search

® Motivation
o set upper limit (UL) on BR(H — inv.)
> develop analysis method to achieve high sensitivity
o compare between alternative polarization
> study is based on full ILD detector simulation, at E,, = 250 GeV, assuming 250 fb~?!

®Status
> optimized data selection methods
o set UL using toy MC for both left and right scenario

_ Left polarization Right polarization

UL of BR [%] (95%CL) 2.12 1.47
®Plan
° improve sensitivity through further optimization of analysis methods and jet energy
resolution

o analysis at E.,, = 350, 500 GeV, compare between different scenarios
--> contribute to optimization of ILC run scenario

o study systematic errors
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Back Up
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Recoil Mass Method

®We can measure Higgs without directly looking at it C
—> model independent

Mzec — (\/E_ EZ)Z - |ﬁZ|2

®Higgs-strahlung cross section can be obtained using the

leptonic decay of Z e
Ng
O =
H ™ BR(Z - 1717 )egL
&s: signal efficiency, Ng: # of signal, L :integrated luminosity P(eog*)jf 08, 0.3), =125 e
J.Yan(KEK) et al. “Measurement of the Higgs boson mass and - SM all ffh
ete™ —> ZH cross section usingZ - ptu~ and Z —» ete™ at the ILC” (2016)\3:300 ----- ii:w fusion ]
. . c . ZZ fusion
® For BSM search, this study uses hadronicchannel Z —-qq & | | N e
(&)
and E.,, = 250 GeV 92001 ]
» [ -]
@ | ™
2100
@) [ T

\s (GeV)
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Hadronic Channel Analysis

Cut table [Ecm=250GeV,250fb!, Left]

Polarization: (e-,e+) = (-0.8,+9.3)
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Hadronic Channel Analysis

Cut table [Ecm=250GeV,250fb!,Right]

Polarization: (e-,e+) = (+0.8,-0.3)
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signal: GPET (Gaussian + Exponential)

Fit Slgnal & bkg bkg :5t% order polynomial
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Toy Monte Carlo to set upper limit

bin width:2.0 GeV
bkg : only yields are floated

Left
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Fit signa

& bkg

signal: GPET (Gaussian + Exponential)

bkg

: 57 order polynomial

bin width:1.0 GeV
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signal: GPET (Gaussian + Exponential)

Fit Slgnal & bkg bkg :5" order polynomial
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Toy Monte Carlo to set upper limit

bin width:2.0 GeV
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. Akimasa Ishikawa (Tohoku Unv.),
PrEVIOUS StUdy ”Search for Invisible Higgs Decays at the ILC” LCWS2014@Belgrade
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signal: GPET (Gaussian + Exponential)

Fit Slgnal & bkg bkg : 3" order polynomial
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oy Monte Carlo to set upper limit
only yields are floated bkg shape also floated
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Signal feature [hadronic channel]
ﬁnvisible \

X
et H< ®Two-Jet
X ®|nvisible particle exist

}R(H = % ®M,, ~ My (BR(Z - qq)~70%)

Z< q .Mrecoil ~ MHiggs

q
Major Backgrounds [hadronic channel]

The major backgrounds have the final states qqll,qqlv,qqvv.

1. ZZ semileptonic 5. wHH - 77,7 - qq

2. WW semileptonic 6. qqH,H —» SM decay
3. Zv,v,, 7 — qq
4

. Wy,v,,W - qq
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Signal feature [leptonic channel]

ﬁnvisible \
X
+ H< ®Two-leptons
X ®(nvisible particles without neutrino
9\ ) @M, ~ My (BR(Z - ll)~3.4%)

BR(H = XX)~222 %

Z< - .Mrecoil ~ MHiggs
l+

Major Backgrounds [leptonic channel]

The major backgrounds have the final states with di-lepton & missing energy .

1.

Z7Z leptonic 5 wHH->Z7Z 7 - ll

2. WW leptonic 6. lIH,H — SM decay
3.
4

single Z&v,v,,Z — Il

. single W&ev,, W—-ev,
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Leptonic Channel Analysis
Missing Mass Plots [Ecm=250 GeV, 250 fb]
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Leptonic Channel Analysis
Improvements

®modified cut variables and trained MVA again
°|n the previous MVA, | used SM sample as signal.<corrected

®Significance improved, while efficiency decreased.
»Which has higher priority ?

250GeV,250fb1,H->inv(BR=0.1) significance efficiency

! Left 4865569  47.4%->335% 4
= Right 6.48>7.39  67.9% - 58.9%

n 407451  43.9% - 24.9%

Right 5.61 - 6.39 52.7% - 48.2%
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