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Outline

e H - invisible searches in ATLAS
* Theory interpretation of ATLAS and CMS monojet results
* H - invisible in CMS



1.

2.

3.

Direct searches for H -> Invisible

Z (= 1) H, H 2 Invisible

ZH production channel
2|1+MET events
Jet veto

VBF H = Invisible

VBF production channel
2j+MET events
Lepton veto

VH (V=2>qq. H = invisible)

VH production channel
2j+MET event
Lepton veto

Monojet H = Invisible

ggF production channel
1j+MET events
Lepton veto



H = invisible

Assuming the Higgs-like particle discovered around
~125 GeV is the SM Higgs

— Does it have a substantial branching to invisible particle?

Is there another Higgs boson at some different mass
with substantial branching to invisible particle?

Interpretation for different models

q
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ATLAS ZH, Z =2 Il and H =2 Invisible

The signal is the associated production, ZH (Z -> Il and
H -> invisible)

Signal mass points considered mH =110, 115, 120,
125, 130, 150, 200 and 300, 400 GeV

Requires 2 oppositely charged electrons or muons with
pT > 20 GeV, consistent with the Z

3"d |epton veto: event is removed if an additional
electron or muon is reconstructed with pT > 7 GeV

Jet Veto. Events with jet pT > 20 GeV and |eta| < 2.5
are removed



ATLAS ZH, Z = Il and H = Invisible
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ATLAS ZH, Z = Il and H = Invisible

ATLAS

107 [ ] Data
[
JE V5=8TeV, [Ldt=2031b" Wmson
185 ZH = ¢¢ +inv. S Top quark
[ Wz - ¢vee (inclr)
BN zz - ¢¢wv, 4¢ (incl.T)
104 I SM Higgs (my, = 125.5 GeV)
s E——,— 2 T ZH — £¢ +inv.,BR(H — inv.) = 1
10
10°
10
1
2
O I n ' | ' " n | | " I ) ' 1 n ' I 1 I ' n I 1 ' n | ' 1 \
0 0.5 1 1.5 2 2.5 3
Ap(ET"*, pT'=°)
L L B B B L B B BN L LR B
sC_ ATLA o oae
10 S i I Zzvoson
5 \/§=8Tev, det=20.3 fb W boson
107 z1 z2 +inv. . Top quark
104 [ Wz #vee (incl.t)
B zz - ¢¢wv, 47 (incl.T)
3 [ SM Higgs (my= 125.5 GeV)
10 smmmms ZH = ¢ +inv,BR(H — inv.) = 1
10°
10
1
1.5 s
1 SR 5 :
0.5 T R B B B B .|..|..1..—:
0 02 04 06 0.8 1 1.2 1.4 1.6 1.8 2

|ETmiSS _ p_lf:zfl/pif

Events / n/8

Data/MC

| L S
7 [ ] Data
10 B Zvoson ATLAS 4
5 W boson Vs=8TeV, det=20.3 fb”
10 B Top quark g
o ww ZH — ¢£¢ +inv.
10° [ WZ— eves (incl.T)
BN zz - #¢vv, 47 (incl.T)
10% B SM Higgs (my, = 125.5 GeV)
3 mmmmms ZH - 27 +inv.,BR(H — inv.) =1
10° =,
107
10
1
1.5
B s e s
0'5....|....|....| .|....|...|._;
0 0.5 1 1.5 2 2.5 3
Ap(ps’, ET")
on A B S | T T T T T
= ® Data
dc.) 107 ATLAS » B Zboson
Lﬁ 5 E:BTSV, det=20.3 fb W boson
10 . B Top quark
ZH — ¢¢ +inv. O oww
10° [ WZ - evee (inelT)
N zz - ¢¢wv, 47 (incl.T)
10* I SM Higgs (my = 125.5 GeV)
s et ZH = £¢ +inv.,BR(H — inv.) = 1
10
107
10
1
CED 2
~ 1
S
© oLt v v 01 PR IS S S NS S S BRI
[m)] 0 1 2 3 4 5
Ivjets



ATLAS ZH, Z = Il and H = Invisible
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ATLAS ZH, Z =2 Il and H =2 Invisible
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ATLAS ZH, Z = Il and H = Invisible
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ATLAS ZH. Z

- |l and H = Invisible
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Limits on the DM-nucleon scattering cross section at 90% CL, extracted from the
BR(H->inv.) limit in a Higgs-portal scenario, compared to results from direct-

search experiments.

The results from the direct-search experiments do not depend on the
assumptions of the Higgs-portal scenario.
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ATLAS ZH, Z = Il and H = Invisible
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ATLAS MonoV interpretation for H = invisible
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* 95% CL @125 GeV.R=1.6

* On-going dedicated analysis of V (=2 ]j)Hinv
should improve this limit
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From coupling fit

ATLAS-CONF-2014-010
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From the coupling fit

ATLAS-CONF-2014-010
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Monojet H =2 invisible

Direct detection of Higgs-portal dark matter at the LHC

Abdelhak Djouadi®®,* Adam Falkowski®,’ Yann Mambrini®,} and Jérémie Quevillon?$
“ Laboratoire de Physique Théorigque, Université Paris-Sud, F-91405 Orsay. France.
® CERN, CH-1211, Geneva 23, Switzerland.

We consider the process in which a Higgs particle is produced in association with jets and show
that monojet searches at the LHC already provide interesting constraints on the invisible decays of
a 125 GeV Higgs boson. Using the existing monojet searches performed by CMS and ATLAS, we
show the 95% confidence level limit on the invisible Higgs decay rate is of the order of the total Higgs
production rate in the Standard Model. This limit could be significantly improved when more data
at higher center of mass energies are collected, provided systematic errors on the Standard Model
contribution to the monojet background can be reduced. We also compare these direct constraints
on the invisible rate with indirect ones based on measuring the Higgs rates in visible channels. In the
context of Higgs portal models of dark matter, we then discuss how the LHC limits on the invisible
Higgs branching fraction impose strong constraints on the dark matter scattering cross section on
nucleons probed in direct detection experiments.
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CMS VBF Hinv

e Special VBF + MET L1&HL triggers

— MET > 65 GeV in association with a pair of jets (pT>40
GeV) with VBF topology

— At trigger level, MET calculation does not include
muons. To allow for control samples of Wuv and Zuu
to be taken with same trigger

* Offline selections
— Veto events with electrons or muons of pT > 10 GeV

— Require VBF tag jet pair: pT > 50 GeV, n,n,<0, |n|<4.7
and |on|>4.2, m;>1100 GeV and MET > 130 GeV



CMS VBF H = invisible

e Zvv estimated from Zuu
 WIv estimated from single lepton control region

 QCD multijet estimated using ACBD method MET and
fail/pass CJV (subtracting EW backgrounds using MC)
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CMS VBF Hinv

e Uncertainties

Source Total background Signal
Control region statistics 11% —
MC statistics 11% 4%
Jet/ EXVsS energy scale/resolution 7% 13%
QCD background estimation 4% —
Lepton efficiency 2% —
Tau ID efficiency 1% —
Luminosity 0.2% 2.6%
Cross sections 0.5-1% —
PDFs — 5%
Factorization/renormalization scale — 4%
Gluon fusion signal modelling — 4%
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CMS VBF Hinv

Process Event yields
Z(vv)+jets 99 + 29 (stat.) £ 25 (syst.)
W(uv)+jets 67 + 5 (stat.) £ 16 (syst.)
W (ev)+jets 63 £ 9 (stat.) == 18 (syst.)
W (v )+ets 53 + 18 (stat.) £ 18 (syst.)
QCD multijet 31 =2 (stat.) == 23 (syst.)
Sum (tt, single top quark, V'V, DY) 20.0 £ 8.2 (syst.)
Total backgfound _ 332 + 36 (stat.) = 46 (syst.)
VBF H(inv.) 210 £ 30 (syst.)

ggF H(inv.) 14 = 11 (syst.)
Observed data 390

S/B (%) 70

* FormH =125 GeV, assuming BR Hinv = 100%
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CMS VBF H = invisible

arXiv:1404.1344
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125 GeV = 65% (49% expected)
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CMS ZH (Z=21l, H = invisible)
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CMS ZH (Z—=21l, H = invisible)
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CMS ZH (Z—=21l, H = invisible)

Process Vs =7 TeV Vs =8 TeV

ee HH ee o
ZH(125) 22+03 | 33+05 | 11.8+£19 | 16.7 £ 2.5
Z/y* — 070 03+03| 0.7+0.7 | 1.0+10 | 1.9+19
WZ — 30v 20+03 | 23+£03 | 11.0+1.6 | 148+ 2.1
27 — 202v 51+06 | 73+08 | 298 +£3.6 | 40.8+45
Top/ WW/W +Jets | 04+04 | 0606 | 1.3+08 | 21+1.3
total bkg. 784+08 | 11.0+13 | 431 +41 | 59.6 = 5.5

Data 10 11 33 45

No excess observed
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CMS ZH (Z—=21l, H = invisible)
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CMS

Combination of Z(bb)H
and Z(I)H, H - invisible

(s = 8 TeV (Both ZH channels)
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95% CL limits
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e Z(Il) Hinv: 95% CL @125 GeV BR (H =2 invisible) < 083% (0.86% Exp.)
e Z(bb)Hinv: 95% CL @125 GeV R(H-> invisible) < 1.82 (1.99)
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CMS Z(bb)Hinv

Table 5: Selection criteria for the Z(bb)H(inv) search, in the 3 pr(V) regions. The variables
used are either described in the text or in Table 6.

Variable Selection

Lowpr  Intermediate pr  High py
EFs 100-130GeV  130-170 GeV >170GeV
Py >60GeV >60GeV >60GeV
Pr >30GeV >30GeV >30 GeV
P >100 GeV >130GeV >130GeV
M; <250 GeV <250 GeV <250 GeV
CSVmax >0.679 >0.679 >0.679
CSVmin >0.244 >0.244 >0.244
N additional jets <2 — —
N leptons =0 =0 =0
Ap(Z,H) >2.0radians  >2.0radians  >2.0radians
Ap(E™SS,j) >0.7 radians  >0.7radians  >0.5 radians
AP(ET", ET"x) <0.5radians  <0.S5radians  <0.5radians
ET"s significance >3 not used not used
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CMS Z(bb)Hinv
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Z(bb)Hinv: 95% CL @125 GeV R(H—> invisible) < 1.82 (1.99 exp)
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CMS VBF and ZH Combination

arXiv:1404.1344

s 2C
©” | CMS 95% CL limits
= F Combination of VB and Observed limit
PR p , A= Invisible . Expected limit
T ,,p Ys=8TeV (VBF +7H) Expected limit (1o
T E L=18.9-19.7 " P imit (15)
X 1o ys=7TeV (Z(I)H only) Expected limit (2c)
© £ L=491"
=
0.8
0.6 E—k - == ]
e
02—
[ l 1 | 1 1 I 1 1 | 1 l 1 | 1 | | | | 1 1 | 1 1 | 1 | | 1 | | l
115 120 125 130 135 140 145
my, [GeV]

e Z(ll+bb) + VBF Hinv: 95% CL @125 GeV BR (H = invisible) < 58%
(0.44% Exp.)
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CMS DM mterpretahon 1404 1300
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The results from the direct-search experiments do not depend on the
assumptions of the Higgs-portal scenario. 29



Summary — current situation

H->invisible ATLAS Djouadi et al
searches

ZH (Z=2Il, H > BR (Hinv) < 0.75 BR (Hinv) < 0.83

invisible)

VBF H = invisible In progress BR (Hinv) < 0.65 N/A

Monojet H 2> In progress ? R<1.1(CMS)
invisible R < 1.4 (ATLAS)
MonoV H 2 R < 1.6 (in progress) ? N/A

invisible

Combination In progress 0.58 N/A

From coupling fit BR (Hinv) < 0.41 BR (Hinv) < 0.647?
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Projection for Run 2

From ZH-ll+invisible From couling measurements
ATLAS | CMS ATLAS | CMS

300 fb-1 |[23,32]% | [17,28]% 300 fb-1 |[25,28]% | [14,18]%

3000 fb-1| [8,16]% | [6,17]% 3000 fo-1|[12,15]% | [7.11]%

With 300 fb-1 of data, sensitivity reaches BR(inv.) =23-32% with ZH invisible
channel alone. Similar reach from the coupling measurements.

Combination among channels & coupllng measurement would provide
even better sensivity. = Al

We may reach the sensitivity of BR(inv.)~10% before the HL-LHC.

Run 2 will be a very important milestone for the invisible Higgs search.
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Projection for Run 2

ZH—ll+inv.: single lepton & dilepton triggers. Relatively high lepton pr
threshold would not be a problem, since Z is boosted. Anyway, dilepton
triggers would stay in the future, so this channel wil not suffer from

the trigger menus. CMS already has a VBF Hinv trigger

VBF inv.: Currently xe80_tclcw or xe80_tclcw_loose. Need to raise
the MET threshold for Run 2 or use the VBF trigger?

Monojet: Currently xe80_tclcw. The offline Ex™iss cut is very high, so
the trigger may not be a problem.

VH=—|j+inv.: Will switch to the topological triggers?
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