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Why Invisible Higgs Decays?

ZH- 1l + invisible e BSM processes. Highly interesting
from the dark matter perspective.

q
Search for coupling of the Higgs to:

¢ The hidden sector (i.e. dark
matter particle)

e Other BSM particles (e.g. SUSY)

ZH— lI+E1™iss has one of the highest
sensitivities among direct H(—inv)
search channels. (cf. VBF, monojet, W+E miss)

e Complementary and more model-independent approach than the
Higgs coupling studies
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Event Selection

T T T T T T T T T T T T T T T T T T T T T T T T 4
> ' L] ' ' ' O] 1 R B B L R I L L R B~
@ 7 EATLAS  Preliminary is=8TeV ¢ paafLat=1301' @ O Enrias Preliminary (s = § Tey = 2 it =
O 10" E zH - irinvisible - ~ " ZH — Il+invisible w :
O 6 Multijet ) — B Top T
~ 1 O w <2 3 _ -1 ww _
10° 5 o Data| Ldt=13.0"%b [ R =
n 5 B Top = = W E
= 10 ww ~ - B sMH - 220, H—>ww!) =
o ’ 04 [ ] ;VZZ §2] ! ...... Signal (SM ZH, m_ =125 GeV) ]
. . -

Lﬁ S svH— 2720 Heww” () 2 = —
1 03 ...... Signal (SM ZH, m_ = 125 GeV) S 10° E E

L ..

102 o

10 108 =
1 —

Data/ MC
OX0_NOR

Data / MC

150 200 250 300 Y95 1 1§ 2 25 3

E_rlpiss [GeV] Aq)(E:\iss’ETmiss) [rad]

0 50 100

e 2 opposite-sign lepton w/ 76 < M < 106 GeV; 3rd lepton veto (pr>7 GeV)
° ETmiss s> 90 GeV ® d(l)(l,l) <1.7

e Fractional pr difference (IEtmiss - prill / pr1) < 0.2 ®  dP(pt', Er™'s¢) > 2.6

Y dd)(ETmiss,ETmiss,trk) <0.2 ® Jet veto (pr>20 Gev, ni<2.5)

Ermiss-related; key variables to suppress the Z BG
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Background

e ZZ7: The dominant and irreducible background. Estimated with
Monte Carlo (MC).

e WZ: MC-based, and validated using a trilepton control region.

o WW/ttbar&W1t/Z(—1T): Estimated with data-driven ways using the
e-i CR. MC used for 2011 due to limited data statistics.

o Z+jets: Estimated with data-driven methods. ABCD method as the
nominal estimate. Gamma-+jets method was investigated as well.

o W+jets/multijet: Estimated with the Matrix Method, cross-checked
with like-sign control region & MC scaling.

Estimated by MC Estimated by data-driven methods
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Results
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Data Period 2011 (7 TeV) 2012 (8 TeV)
77 23.5+0.8+2.5 56.5+1.2+5.7
Wz 6.2+0.4+0.7 139+1.2+2.1
WWwW 1.1 £0.2+0.2 used eu data-driven
Top quark 04+0.1+04 used eu data-driven
Top quark, WW and Z — 71 (eu data-driven) used MC 49+£09+0.2
Z 0.16 = 0.13 = 0.09 1.4+04+0.7
W + jets, multijet 1.3+£0.3+0.2 1.4+04+0.3
Total BG 327+£1.0+2.6 78.0+2.0+6.5
Observed 27 71
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e Model-independent limits on o x BR(ZH—Ill+inv) are set for “another” Higgs.

e We also set a limit on BR(H—inv) assuming my = 125 GeV & oz = ozSM.
BR(H—inv)<0.65 (observed) & 0.84 (expected) @ 95% CL.

e Higgs coupling studies ( ) give an observed limit of
BR(H—inv+undetected)<0.6 @ 95% CL.
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Sensitivity w/ Future LHC
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e Two scenarios of systematics
o Conservative: same systematics size as
the 748 TeV analysis
o Realistic: reduced systematics for ZZ &
WZ BG due to more expected data
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Target is to reach BR(inv)~10%,
where SUSY could become visible.

Estimated the expected sensitivity to
the invisible Higgs decay with the
future Phase-1 and Phase-2 LHC.

Pileup conditions of <u>=60 & 140
are considered for Phase-1 & 2.

Phase-1 | Phase-2
300 fb1 | 3000 fb

BR(H—inv)

95% CL limits | 25327 | 8-16%
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Higgs-Portal Interpretation

BR(H—inv) limit could be mapped to bounds on the coupling of Higgs-dark
matter (DM) & DM-nucleon cross section for Higgs-portal DM models

L(h—xx) €& A & ONx
I'(h — xx)

(h — xx) +T'(h— SM)

BR(h — xx) = T

5 1822 Higgs-portal Modelfor,_ATLAS ATLAS Simulg’&oi> Izil:eilri]rciisr}glrg ) Very gOOd SenSItIVIty in mX <MH /2
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e Significantly exceeds the limits from
the direct detection experiments for
the low mass region.
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Summary

e Searched for invisible decays of the Higgs boson in the ZH process using
7 & 8 TeV dataset (4.7+13.0 fb-1). No significant excess is observed.

e Model-independent limits are set on o x BR for my=115-300 GeV.

e Limitis also set on BR(H—inv) for 125 GeV Higgs assuming the SM ZH
production cross section. BR(H—inv) < 65% (obs) @ 95% CL.

e Sensitivity from the future LHC has also been studied. Expected to reach
BR(H—inv) < 23-32% (8-16%) w/ 300 fb-1 (3000 fb-1), where SUSY could
start to show up.

e BR(H—inv.) limit is interpreted with the Higgs-portal dark matter scenario.
We have very good sensitivity in mpu<mg/2 region & exceeds the limits
from the direct DM detection experiments.
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' WW/Top/Z(— 11): Data-Driven '

e Using the flavor symmetry in WW/dilep. ttbar & W/Z(— T1T) processes.

e A data-driven method which inclusively estimates those BGs from the
e-|L control region.

) Ndata

ee

data
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BG,est. __ 1 data,sub
N = 5 X Ngj; X k \/

BG,est. __ data,sub
NW = = X Neu X
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2 k

o Ngydatasub corresponds to data events in the CR, but contributions from
non-WW/Top/Z (—1T) BG are subtracted with MC

e Kk-efficiency factor & MC subtraction are the main source of systematics

e This method is now used for both 2011 & 2012 data
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ABCD Method for Z BG

féﬁf;',‘;',lfg e Purely data-driven except for the
. o MC subtraction of the non-Z
egion egion
é background
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W+jets/QCD: Matrix Method

Data-driven method to estimate the fake background (W+jets/QCD)
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Data T To be
(Nij: # of events estimated
with lepton i,j) To be extracted from data using control regions (R: real lepton,
r: 1-lep real eff. = “loose” real lepton passing “tight” selection, F: fake lepton)

f: 1-lep fake rate = “loose” fake lepton passing “tight” selection

Nevers

NW 4 jets = Z A’pxrlxﬂ)+1\ xf‘{xrﬁ
i

e Tight lepton: nominal lepton criteria
in this analysis

e Loose lepton: same as nominal but,
e ¢:loose++ & no track isolation N overss

Nii—jer = z Nip % fi % f3

e L: no track isolation
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L & WL

e |rreducible and the most dominant BG for our search

e Estimated with MC.

¢ The latest ATLAS measurement@8TeV in the ZZ—4l channel gives
consistent cross section with the NLO prediction.

greasured (7 7y — 7 1702 (stat.) £ 0.3(syst) & 0.2(lumi.)pb
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W/Z estimation is validated in the
trilepton control region. The CR is
well described by MC for Egmiss &
other kinamatic variables.
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Higgs-Portal Interpretation

Higgs decaying to DM DM-nucleon scattering in Higgs-portal DM Model

e The limits on BR(H—inv) could be mapped to bounds on the coupling of
Higgs-dark matter (DM) & DM-nucleon cross section for Higgs-portal DM
models

e The Higgs-portal is a particular type of DM models, where DM interacts
through the couplings to Higgs.
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Mapping & DM-types
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We consider three DM types: scalar, vector, majorana fermion
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