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Invisibly decaying Higgs boson
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Riggs portal Dark Matter

arxiv:1205.3169
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® [imit on the invisible Higgs decay rate from the LHC can be translated into
limits on the DM cross section on nucleons and compared with direct
detection experiments.

21/09/2013 David Salek: Searching for H = invisible at the LHC


http://arxiv.org/abs/1205.3169
http://arxiv.org/abs/1205.3169

Where can we look for H — invisible at the LHC?

® | HC results do not exclude the possibility of a sizable branchinsg ratio to
invisible particles of the SM Higgs boson candidate at mH ~ 125 GeV.

B interpretation in terms of BR(H—inv) for mH = 125 GeV

® | EP excluded invisibly decaying Higgs boson for mH < | 14.4 GeV
assuming it is produced in association with Z and
that it decays predominantly to invisible particles.

B scarch for a narrow scalar boson decaying to invisible particles over a mass
range between | |5 and 300 GeV
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LHC searches for H — invisible

ATLAS ZH
ATLAS-CONF-2013-01'1
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Invisible decays of a Higgs boson
produced in association with a Z boson

ATLAS ZH 4.7 fb-1 201 |
ATLAS-CONF-2013-01 1 13.0 fb-1 2012

mH = 125 GeV Vs =7TeV Vs = 8TeV
o(ZH) 316 b 394 b
o(Z(—IH(—inv)) 31.9 b 39.8 fb
o(Z(—=IH(>ZZ-vvvv)) 0.034 b 0.042 fb
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Event selection (i)

missing transverse energy

dilepton

primary vertex

2 opposite charged electrons or muons having pT > 20 GeV
veto on any other electron or muon with pT > 7 GeV

invariant mass of the dilepton system consistent with the Z mass

) 76 GeV <m; < 106 GeV
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Event selection (i)
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2 opposite charged electrons or muons having pT > 20 GeV
veto on any other electron or muon with pT > 7 GeV

invariant mass of the dilepton system consistent with the Z mass

) 76 GeV < my < 106 GeV
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Event selection (i)
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Data / MC
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primary vertex .
ET™ [GeV]

2 opposite charged electrons or muons having pT > 20 GeV
veto on any other electron or muon with pT > 7 GeV
invariant mass of the dilepton system consistent with the Z mass

) 76 GeV < my < 106 GeV

B missing transverse energy > 90 GeV to reject Z background
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Event selection (ii

® In events with true Er™ss from “invisible”
particles, pt™** has the same azimuthal

angle as ET™'ss,

- ACP(ETmiss’ I:).I.miss) <02

® / boson is balanced by the invisibly
decaying Higgs boson.

= A\p(Z, Erms) > 2.6
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Event selection (i

)

® In order to produce the required large Et™s, the Higgs boson must be boosted.
® Therefore, the recoiling Z boson must also have large pT.

® This causes the decay leptons to be close in azimuth.

= Ap(ll) < 1.7
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Event selection (iv)

® Majority of signal is produced in association with no high pT jet
whereas backgrounds from boosted Z or tt pairs tend to have high pT jets.

B veto on jets with pT > 20 GeV and |n| < 2.5

| ATLAS  Preliminary \s = 8 TeV o
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Backgrounds

® dibosons

© 77 — llvv (irreducible, ~70%)

® WLIZ — VIl whereW decay lepton is not identified

® WW = |vlv where the leptons mimic a Z boson
® tt and Wt where leptons mimic a Z boson

® inclusive Z — |l

® inclusive W — Iv and dijet events where jets are mis-reconstructed as leptons
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Backgrounds from MC

e /7 and WZ backgrounds are taken from MC.

® WL simulation is validated in a trilepton control region.

ATLAS Prelminary 18« 8 TeV
o Il +eu

>
o
O
o
L
2
-
@
>
W

B SMH - ZZ . H - WW

ll[Lll llllLu.l llllllll 1111

Data /MC

0 20 40 60 80 100120140160180200
ET™ [GeV]

21/09/2013 David Salek: Searching for H = invisible at the LHC



Flavor symmetry

® WW, tt,Wt, Z—=TT are estimated using flavor symmetry in the final states.

BR(eM) = 2 x BR(ee) or BR(MH)

B ol control region is defined (signal free).
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Flavor symmetry

® For 2011 data, this method gives consistent results as MC but larger
uncertainty.

B MC estimates are used for WWY, tt and single top events.

® Top quark MC samples are validated in the e events with a b-tagged jet.
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ABCD method

Background from inclusive Z boson production is estimated with ABCD
method.

two uncorrelated variables: A (ET™ss, pr™ss),  |Er™ss - ptl| / p!

fractional pr
difference

Region ( Region
(C) (D)

( Region
(B)

0.2

(A)

A®(Emiss, prmiss)

Correction factor &, accounting for the correlation between the two variables,
is derived from MC.
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Matrix method

Background from inclusive W production and multijet events is estimated using
the Matrix method.

rir rif2 Jira fif
ri(l —rp) ri(l = f2) fi(l = r) N = f2)
(I =rpr (I-r)f2 (I = for (I =ff
A-r)d=-r) A-r)d-f) A-H)U-r) (- 1)1A-fH)

Two selection criteria for leptons are used: tight (T) and loose (L).
Reconstruction efficiencies (r) and fake rates (f) have to be known.

By inverting the matrix, we can calculate the backgrounds:

N events

Nw siets = Z Npp X7t X fo + Nip X fi X 15,
:

N events

Nmultijet — Z N;?F Xfll X le
i
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Results

Data Period 2011 (7 TeV) 2012 (8 TeV)
77 23.5+0.8+2.5 56.5+1.2+5.7
Wz 6.2+04+0.7 139+1.2+2.1
wWw 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 — 77 (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
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) o Z WZ —-
m Top )
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Limit on BR(H — invisible)
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Assuming the ZH production rate for a 125 GeV SM Higgs boson, limits are set
on the invisible branching fraction at 95% confidence level.

BR(H — invisible) = 65% (84% expected)

Limits are also set on 0 X BR(H — invisible) of a possible additional Higgs-like
boson over the mass range | |5 < mpy < 300 GeV.
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Search for invisible Higgs decays %
in the VBF channel

CMSVBF 19.6 fb-1 2012
CMS-HIG-13-013

two jets separated by a large rapidity gap with high invariant mass
+

missing transverse energy
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Event selection

primary vertex

veto electrons and muons with pT > |10 GeV

two jets with pT > 50 GeV, |n| <4.7,nin2 <0, An;> 4.2, m; > 1100 GeV
Exmiss > |30 GeV
veto on jets with pT > 30atni<nN<m

small azimuthal separation between the jets (A®;; < 1.0) is required in order to
suppress QCD multijet background

21/09/2013 David Salek: Searching for H = invisible at the LHC



Backgrounds

electroweak backgrounds from Z(—vv)+jets and W(—Iv)+jets
(estimated in a data-driven way)

QCD multijets (estimated using ABCD method with Et™ss and central jet veto)

tt, single top, diboson, DY +jets (estimated from Monte Carlo)
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Electroweak backgrounds

® / — VW

® /7 — UM control region requiring a pair of well reconstructed muons with
pT > 20 GeV and invariant mass 60 < myy < 120 GeV

;— CMS Preliminary -o- Observed
" {s=8TeVL=19.6fb"

N¢ — N¢
N(Z — vv) — (Nobs B bkg) | a(ij) S
Eun€VBrR o(Z/v* — up) |
T —
® W —evandW — uv

Events / 5 GeV

® single lepton control regions

S
N7 = (Ngbs — Noig) - e o | g

obs

C
NWMCI | L il ++H’H‘ """"""
— —— S0 7 090 100 110 120
M, [GeV]

o W — TV

® control region with one hadronic tau
(and without the central jet veto in order to increase statistics)
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Results

Nest
102 £ 30 (stat.) 4= 26 (syst.)
67.2 £ 5.0 (stat.) = 15.1 (syst.)
68.2 £ 9.2 (stat.) = 18.1 (syst.)
54 £ 16 (stat.) £ 18 (syst.)
36.8 £ 5.6 (stat.) == 30.6 (syst.)
10.4 £ 3.1 (syst.)
339 + 36 (stat.) &= 50 (syst.)
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Limit on BR(H — invisible)

® Assuming the VBF production rate for a 125 GeV SM Higgs boson, limits are set
on the invisible branching fraction at 95% confidence level.

® BR(H — invisible) = 69% (53% expected)

CMS Preliminary 95% CL limits

{s=8TeV L=19.6fb"

95% CL limits CMS Preliminary

— Observed limit ‘{g =8TeV L=19.6 fb-1

Expected limit
| Expected limit (10)
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Oygr (SM)
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Summary of H — invisible results

o ATLAS ZH
® BR(H — invisible) = 65% (84% expected)

e CMSZH
® BR(H — invisible) = 75% (91% expected)

e CMSVBF
® BR(H — invisible) = 69% (53% expected)
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extra material
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ABCD method for the Z background determination
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Invisible decays of a Higgs boson
produced in association with a Z boson
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Invisible decays of a Higgs boson
produced in association with a Z boson
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