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Motivation
@ Search for invisible decay of Higgs in ZH — ¢+~ + invisible
e SM Higgs (my = 125 GeV) has BR(H — inv.)~ 0.1%

o Many new physics models give a large BR(H — inv.):
4th generation neutrinos, SUSY, extra dimension

o Higgs would couple to massive invisible particles (dark
matter particles)

e Place constraint on Higgs total width:
Ty =TM/(1 - BR(H — inv.)),T?M = 4.07 MeV

@ Physics goals:

e search for invisible decay of the 125 GeV Higgs

e search for Higgs-like boson (115 GeV < my < 300 GeV) decaying
predominantly to invisible particles

e set limits on dark matter candidates in “Higgs portal” model
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Introduction

Analysis overview

@ ATLAS preliminary results based on 4.7 fb~! at 7 TeV and 13.0 fb~!
at 8 TeV

o Experimental signatures: Z (ete™, utp™) + EMS final states
@ Signal:
e assume SM ZH production rate: my = 125 GeV, ozy = 316 fb at
Vs =T7TeV and ozy = 394 fb at /s = 8 TeV
e 100% branching ratio for Higgs decaying to invisible particles
@ Background:
e SM ZZ — (lvi : dominant and irreducible backgrounds, using Monte
Carlo (MC) estimation
o WZ — fvet: MC estimation
o WW/tt/Wt/Z — 77: estimated with data-driven method, using the
ey events ( MC estimation is used for 2011 data)
o Z-+jets: fake E’T”’SS, estimated with an ABCD method
o W+jets/multijet: fake lepton, estimated with the matrix method
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Event Selection and Background Estimation

Event selection and performance plots (1)

@ Select exactly two opposite-charge leptons with high pr
(pT > 20 GeV)

@ Z mass window cut: 76 GeV < my < 106 GeV
o EMss > 90GeV (to suppress Z-+jets)
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Event Selection and Background Estimation

Event selection and performance plots (2)

@ Azimuthal separation between the dilepton system and the E?iss :
Ap(Z,EMiss) > 2.6

o Z pr balance: fractional pr difference |E7™5 — p&f|/pif < 0.2

e Azimuthal opening angle of the two leptons: A¢y < 1.7 (boosted Z)
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Event Selection and Background Estimation

Event selection and performance plots (3)

o Azimuthal difference of the calorimeter based E™™S and the track

based ESS . Ag(EMiss, pmiss) < 0.2

@ calorimeter based E’"iss.

EQ = = Pl — Py — TPl — LGy ~ TR = )

° track based Emss: p)':z';s = = tracks Px(y)

@ Jet veto: no reconstructed jets with pr > 20 GeV and || < 2.5 (to

reject top)
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Event Selection and Background Estimation

WZ and ey control region

@ Trilepton control region for 2012 data
e select 3 lepton events with 76 GeV < my, < 106 GeV
e to validate MC simulation of WZ events
@ e control region for 2011 data
o select ey events with a b-tagged jet
e to validate the top modeling
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Data-driven background estimation (1)

WW /tt/Wt/Z — 77
@ estimated by exploiting the flavor symmetry in the final states of
these processes: ee : up:epu=1:1:2
@ ep control region is used to extrapolate these backgrounds to the ee
and pp channels
@ use a k-factor to correct for differences between the efficiencies of

electrons and muons 1
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Data-driven background estimation (2)

Z + jets

@ ABCD method (the signal region A and three side-band regions B-D)

@ extrapolate the background events from the side-band to the signal
region

e using two uncorrelated variables: the A¢(E™S, piss) and fractional
pr difference

fractional pr
difference
Region ( Region NObS
© © Nf\st = Ngbs x - xa (4)
Nobs
D
02 «: the correction factor for the
Si | . . .
Region Region correlation between the two variables
@) ® 1.07 (1.04) for the 2011 (2012) data

0.2 e =
AO(ETmISS, meISS)
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Data-driven background estimation (3)

W + jets/multijet
@ Matrix Method
Nrt rnr rif fir ff Ngrr
Nre | = | n(t—r) n(l—f) Al —n) All—1h) | | Ner )
Nt 1 —r)r 1—rn)fH 1—"f)r (1-f)hH Neg
Npp 1-n)1-r) (@-n)1-f) @QA-A)1-r) @@-Af)1-7f) Ner

o observables: Nxy with X, Y € {T, L}
T: “tight” lepton (signal lepton selection); L: “loose” lepton (relaxed lepton
selection)

e “true” quantities: Nxy with X, Y € {R,F}
R: real lepton; F: fake lepton

e matrix element:
r;: efficiency of a real lepton passing the tight selection, measured from Z events

f;: fake rate of a fake lepton passing the tight selection, measured from di-jet events

@ estimation Nevents
Nwijors = Y N xrl x B + Nig x ] x rj, (6)
i Nevents
Nmultijet = Z NII—_F X ﬂi X f2’ (7)
1
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Systematics

o Uncertainty (9
Process Estimation method y (%)

2011 2012
ZH Signal MC 7 6
V4 MC 11 10
wz MC 12 14
ww MC 14 -
Top quark MC 90 -
Top quark, WW and Z — 77 en CR - 4
V4 ABCD method 56 51
W + jets, multijet Matrix method 15 22

@ ZH: experimental uncertainty (3-5%), cross section (4.9-5.1%), Higgs p1 (6%)
@ ZZ: PDFs (5%), MC generator(10%)

@ Luminosity uncertainty: 3.9% for 2011 data and 3.6% for 2012 data
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Results

@ Summary of observed and predicted events:

Data Period 2011 (7 TeV) 2012 (8 TeV)
zz 23.5+0.8+25 56.5 + 1.2 £5.7
wz 6.2+ 0.44+0.7 13.9+1.2+2.1
ww 1.1+£02+£0.2 used ey data-driven
Top quark 0.44+0.14+0.4 used ey data-driven
Top quark, WW and Z — 77 (ep data-driven) used MC 4.94+094+0.2
V4 0.16 £+ 0.13 £+ 0.09 1.44+0.4+0.7
W + jets, multijet 1.3+0.3+0.2 1.4+04+03
Total BG 32.7+1.0+2.6 78.0+ 2.0+ 6.5
Observed 27 71

° E7’l’i55 distribution in the signal region for 2011 and 2012 data:
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Limits
The limits are computed from a maximum likelihood fit to the
EF's* distribution
@ 95% confidence level (CL) limits on BR(H — inv.)
o observed: 65%, expected: 84%

@ 95% CL limits on ozy x BR(ZH — ¢¢ + inv.) of such a Higgs boson
in the mass range 115 GeV < my < 300 GeV
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Note: the inclusive branching ratio of Z — ¢/
ATLAS-CONF-2013-011 is used (10.1%)

Lailin Xu (UM/USTC) ZH Invisible Higgs Search in ATLAS August 15 14 /20


https://cds.cern.ch/record/1516923

Recent limits on BR(H — inv.) at LHC

e Current limits at LHC (my = 125 GeV/, 95% CL)
o ATLAS direct search (this work)
o observed: 65%, expected: 84%
o ATLAS indirect search: fit the couplings of (g, £, BRinv. undet.)
@ observed: ~ 60%, expected: ~ 66% ( ATLAS-CONF-2013-034 )

o CMS direct search: ZH — ¢¢ 4+ inv.

@ observed: 75%, expected: 91% ( CMS-PAS-HIG-13-018 )
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Summary

A direct search for evidence of invisible decays of a Higgs boson at
the LHC has been performed
@ No significant excess over the expected background is observed

@ Limits are set on the allowed invisible branching fraction of the
recently observed 125 GeV Higgs boson

e 95% CL limits: observed: 65%, expected: 84%

e Limits are also set on o7y x BR(ZH — € + inv.) of a possible
additional Higgs-like boson with 115 GeV < my < 300 GeV

@ Results with full 2011 and 2012 data will be updated soon (along
with the interpretation on new physics)
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ATLAS indirect search for invisible Higgs

@ All coupling scale factors of know SM particles are assumed to be in
SM, Rj = 1
@ Except for gg — H and H — ~, effective scale factors x, and «., are
introduced to account for extra contribution from new particles in the
loops
2,2

Ry K
o(gg — H)* BR(H — 77) ~ g5z 70002372 7001

@ Further assume Higgs can decay to invisible or undetectable final
states, BRinv.,undet.

2,2

KRR
o(gg — H) * BR(H — 77) ~ (0.085-nz,+0.0023-/<%io.gl)/(lfBR,-nv,,u,,det,)

o Fit the free parameters: kg, £, and BRjny. undet.
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Higgs-portal Dark Matter model

@ Higgs is the mediator of the couplings of dark matter particles with
SM pariticles

X X

e Map the limits on BR(H — inv.)tooda(g'ls matter - nucleon scattering
cross section N o \—
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) g
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