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Introduction

Motivation

Search for invisible decay of Higgs in ZH → `+`− + invisible
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SM Higgs (mH = 125 GeV ) has BR(H → inv .)∼ 0.1%

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

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

Place constraint on Higgs total width:
ΓH = ΓSM

H /(1− BR(H → inv .)), ΓSM
H = 4.07 MeV

Physics goals:

search for invisible decay of the 125 GeV Higgs
search for Higgs-like boson (115 GeV < mH < 300 GeV ) decaying
predominantly to invisible particles
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−1 at 7 TeV and 13.0 fb−1

at 8 TeV

Experimental signatures: Z (e+e−, µ+µ−) + Emiss
T final states

Signal:

assume SM ZH production rate: mH = 125 GeV, σZH = 316 fb at√
s = 7 TeV and σZH = 394 fb at

√
s = 8 TeV

100% branching ratio for Higgs decaying to invisible particles

Background:

SM ZZ → ``νν̄ : dominant and irreducible backgrounds, using Monte
Carlo (MC) estimation
WZ → `ν``: MC estimation
WW /tt̄/Wt/Z → ττ : estimated with data-driven method, using the
eµ events ( MC estimation is used for 2011 data)
Z+jets: fake Emiss

T , estimated with an ABCD method
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 pT

(pT > 20 GeV )

Z mass window cut: 76 GeV < m`` < 106 GeV
Emiss

T > 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 Emiss
T :

∆φ(Z ,Emiss
T ) > 2.6

Z pT balance: fractional pT difference |Emiss
T − p``T |/p``T < 0.2

Azimuthal opening angle of the two leptons: ∆φ`` < 1.7 (boosted Z )
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Event Selection and Background Estimation

Event selection and performance plots (3)

Azimuthal difference of the calorimeter based Emiss
T and the track

based Emiss
T : ∆φ(Emiss

T , ~pmiss
T ) < 0.2

calorimeter based Emiss
T :

Emiss
x(y)

= −
P

pe
x(y)
−

P
pγ

x(y)
−

P
pτ

x(y)
−

P
pjets

x(y)
−

P
pSoftTerm

x(y)
−

P
pµ

x(y)

track based Emiss
T : pmiss

x(y)
= −

P
tracks px(y)

Jet veto: no reconstructed jets with pT > 20 GeV and |η| < 2.5 (to
reject top)
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Event Selection and Background Estimation

WZ and eµ control region

Trilepton control region for 2012 data
select 3 lepton events with 76 GeV < m`` < 106 GeV
to validate MC simulation of WZ events

eµ control region for 2011 data
select eµ events with a b-tagged jet
to validate the top modeling
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Event Selection and Background Estimation

Data-driven background estimation (1)

WW /tt̄/Wt/Z → ττ

estimated by exploiting the flavor symmetry in the final states of
these processes: ee : µµ : eµ = 1 : 1 : 2
eµ control region is used to extrapolate these backgrounds to the ee
and µµ channels
use a k-factor to correct for differences between the efficiencies of
electrons and muons
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1

2
× Ndata,sub

eµ × k (1)

Nbkg
µµ =

1

2
× Ndata,sub

eµ × 1

k
(2)

k =

√
Ndata

ee

Ndata
µµ

(3)

Nbkg
ee /Nbkg

µµ : the number of background events to be

estimated per Emiss
T bin

Ndata,sub
eµ : the number of events in the eµ control region

with non-WW /tt̄/Wt/Z → ττ backgrounds subtracted

using MC simulationLailin Xu (UM/USTC) ZH Invisible Higgs Search in ATLAS August 15 9 / 20
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Event Selection and Background Estimation

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
using two uncorrelated variables: the ∆φ(Emiss

T , ~pmiss
T ) and fractional

pT difference

Nest
A = Nobs

B ×
Nobs

C

Nobs
D

× α (4)

α: the correction factor for the
correlation between the two variables
1.07 (1.04) for the 2011 (2012) data
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Event Selection and Background Estimation

Data-driven background estimation (3)

W + jets/multijet

Matrix Method2664
NTT
NTL
NLT
NLL

3775 =

2664
r1r2 r1f2 f1r2 f1f2

r1(1− r2) r1(1− f2) f1(1− r2) f1(1− f2)
(1− r1)r2 (1− r1)f2 (1− f1)r2 (1− f1)f2

(1− r1)(1− r2) (1− r1)(1− f2) (1− f1)(1− r2) (1− f1)(1− f2)

3775×
2664

NRR
NRF
NFR
NFF

3775 . (5)

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

selection)

“true” quantities: NXY with X ,Y ∈ {R,F}
R: real lepton; F: fake lepton

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

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

estimation
NW +jets =

Nevents∑
i

N i
RF × r i

1 × f i
2 + N i

FR × f i
1 × r i

2, (6)

Nmultijet =
Nevents∑

i

N i
FF × f i

1 × f i
2 . (7)
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Event Selection and Background Estimation

Systematics

Process Estimation method
Uncertainty (%)
2011 2012

ZH Signal MC 7 6
ZZ MC 11 10
WZ MC 12 14
WW MC 14 -
Top quark MC 90 -
Top quark, WW and Z → ττ eµ CR - 4
Z ABCD method 56 51
W + jets, multijet Matrix method 15 22

ZH: experimental uncertainty (3-5%), cross section (4.9-5.1%), Higgs pT (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

Results

Summary of observed and predicted events:

Data Period 2011 (7 TeV) 2012 (8 TeV)
ZZ 23.5± 0.8± 2.5 56.5± 1.2± 5.7
WZ 6.2± 0.4± 0.7 13.9± 1.2± 2.1
WW 1.1± 0.2± 0.2 used eµ data-driven
Top quark 0.4± 0.1± 0.4 used eµ data-driven
Top quark, WW and Z → ττ (eµ data-driven) used MC 4.9± 0.9± 0.2
Z 0.16± 0.13± 0.09 1.4± 0.4± 0.7
W + jets, multijet 1.3± 0.3± 0.2 1.4± 0.4± 0.3
Total BG 32.7± 1.0± 2.6 78.0± 2.0± 6.5
Observed 27 71

Emiss
T distribution in the signal region for 2011 and 2012 data:
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Results

Limits

The limits are computed from a maximum likelihood fit to the
Emiss

T distribution

95% confidence level (CL) limits on BR(H → inv .)
observed: 65%, expected: 84%

95% CL limits on σZH × BR(ZH → ``+ inv .) of such a Higgs boson
in the mass range 115 GeV < mH < 300 GeV
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Results

Recent limits on BR(H → inv .) at LHC

Current limits at LHC (mH = 125 GeV , 95% CL)
ATLAS direct search (this work)

observed: 65%, expected: 84%
ATLAS indirect search: fit the couplings of (κg , κγ , BRinv .,undet.)

observed: ∼ 60%, expected: ∼ 66% ( ATLAS-CONF-2013-034 )
CMS direct search: ZH → ``+ inv .

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

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

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

Limits are also set on σZH × BR(ZH → ``+ inv .) of a possible
additional Higgs-like boson with 115 GeV < mH < 300 GeV

Results with full 2011 and 2012 data will be updated soon (along
with the interpretation on new physics)
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Results
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Results

Backup
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Results

ATLAS indirect search for invisible Higgs

All coupling scale factors of know SM particles are assumed to be in
SM, κi = 1

Except for gg → H and H → γγ, effective scale factors κg and κγ are
introduced to account for extra contribution from new particles in the
loops

σ(gg → H) ∗ BR(H → γγ) ∼ κ2
g ·κ2

γ

0.085·κ2
g +0.0023·κ2

γ+0.91

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

σ(gg → H) ∗ BR(H → γγ) ∼ κ2
g ·κ2

γ

(0.085·κ2
g +0.0023·κ2

γ+0.91)/(1−BRinv.,undet.)

Fit the free parameters: κg , κγ and BRinv .,undet.
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Results

Higgs-portal Dark Matter model

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

�h

χ

χ

λhχχ �h

N

χ

N

χ

λhχχ

fN

Map the limits on BR(H → inv .)to dark matter - nucleon scattering
cross section

BR inv.
χ = Γ(H→χχ)

ΓSM
H

+Γ(H→χχ)
=

σSI
χP

ΓSM
H
/rχ+σSI

χP

σSI
χP : spin-independent dark matter-nucleon

scattering cross section

rχ = ΓH/σ
SI
χP , only dependent on dark matter

mass Mχ, nucleon mass mP and coupling λHχχ

arXiv:1205.3169v3
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