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Introduction

o Starting FJO&M& . Higqs boson of 125 GeV.

o The Higgs Far&tte may have other decaj channels thak are not predm&ed
bj Ehe SM.

o Existing LHC data already constrains the tnvisible width.

-> I. Monojet constraints on the thvisible width

o Interesting interplay bebween LHC and direct darle makter detection in bthe
context of Higgs portal models.

-» 1I. LHC and direct darlke mablter debeckion



MQMO\}& cons 'r on the % tavisible widkh

Composition of the H(->Inv) + ljet signal :

NLO LO Lo

Principal backgrounds : Z -> v+jets and W —> vl +jets
(wikh svsﬁema&ws ~ 10%)
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Moma\}& aoms%ra on Fhe % tavisible widkh

CMS mongjet search [1206.5663] updated to § fb-1 :
o ab least 1 jet with PT> 110 GeV and [n|< 24 o no isolated lepton
o at most 2 je&s with PT> 30 GeV e missing PT 2 200-400 GeV

VBFE qqH

A Higqgs praduaed with a significant PT and
decaying to invisible can lead to the topology
targeted by mongjet searches.

For example, for PTmiss 2350 GeV CMS observes
1142 events vs prec’kw&ed background 1225 % 101
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For Higgs with SM cross section fully invisible
additional ~100 events, comparable to errors

A. Djouadi, A, Fallkowski, Y. Mambrini, Q. : 1208.3169



What is the sensitivity of the CMS monajet-search to
the tnvisible Higgs signal?

D jouadi,Falkowski,
Manmbring, 2.Q. : 1208.3169

With CMS data [1206.8663]

PES(CV] | NS NYEF | ANo | RSP | RO
200 630 260 | ~ 1200 | 2.6 1.8
250 250 110 367 2.0 1.3
300 110 o0 167 244 2
390 46 29 101 2.8 1.6
400 22 13 65 3.7 2l

< 1.83 @95%CL

RVBF _ o(qq — Hqq) x BR(H — inv.)

< 4.13 @95%CL

o(qq — Hqq)sm

Combining (assuming SM propor&oms of q9F and VBF) :



MOMO\}QE cOns ._~ on the % E;y\vi,si;bi.e widkh

With CMS data [1206.8663]

< 1.83 @95%CL

< 2.22@95%CL

pE=[Gev] | NE  NGDF | ANy | RED | RN
200 630 260 | ~ 1200 | 2.6 | 1.8
250 250 110 367 R
300 110 50 167 W 2D
350 46 25 101 2.8 | 1.6
400 22 13 65 o 2 9
With ATLAS data [ATLAS-CONF-2012-084]
pis[GeV] | NEETE INVEEN ARG
120 1870 700 4000 SUEEN313
T o 140 4007 = | 41058 1.5
350 30 18 60 Gk s s W
500 3.8 ok 14 TR T

RVBF _ o(qq — Hqq) x BR(H — inv.)

i o(qq — Hqq)sur

< 4.13 @95%CL

< 4.49@95%CL



MOMO\}QE cons ‘r on the % tavisible widkh

o Projection of the CMS study to the ongoing ¥ TeV run:

o We assume the error on the Z —» vv+jets background
dominaked bj the statistics of the Z -> pp+jeks control sample
(as in the current run).

o We assume the svs&emaﬁﬁ error on the W -> vl +jets
ba«tw‘groumd will be brmugk& dowin ko §%

o Just a crude estimate, depends on experiments’ ability to
control systematic errors on the V+jets backgrounds.
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MOMO\}QE cons ‘r on the % tavisible widkh

o wno direct constraints on the visible branching
fraction i Higgs produced with the SM rate.

o Indirectly a better bound from observation of
visible Higgs decays :
BR(h->inv) < 0.4 GiardinoKannike,Raidal,Skrumia
[1203.4254 ]
BR{h-slnv) < 0,20 (with 2012 daka),
Carmi,Falkowski,Kuflik,Volansky,Zupan
[1207.171% ]

0.2 04 0.6
Invisible Higes BR

Griardine Kannike,Raidal,Strumia 1203.4254 ]



Mono jet constraints on the invisible width

barm;,&-alkowsla,KuﬂW: Molansky,Zupan [1207.171% ]
o However, f Higgs rate enhanced (4th chiral

generation or in many BSM models) then
our amai.:;sis provides non-ktrivial
conskrainks,

0cy,=2/9 0c,, cr=cp=cy=1
"II'AIIIIIIIAIIIIIIIIIII
LA | |

o Mownojet searches are sensitive mostly to
the 9g9F mode, thus they can probe invisible
Higqs i models where the Higgs couplings
to the W2 bosowns are reduced
(c:omytemem&ari&v to invisible Hiqqs
searches in VBF mode).

o Semsitivity of monojet searches to nvisible ,%
. . | | ! : AT

Higgs turis oub to be much better than
expw:%ec& =» LHC is alreac&:j sensitive ko
Qi&r\v ~ 1, 9




Hcggsmpor&&i. mociei.s

LS — £SM =5 %mSSQ )\ 54 SFx ‘)\hSS HTHSQ Scalar DM

Ly =Lsy + zm3V,VE+ 2A (V,VF)2 + 2 Ay HTHV, VH
L;=Lsn — impxx — 1252 HY Hyx

DM DM

N

M M
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HnggSmpor&&L maciei;s

LS — £SM =5 %msSQ )\ 54 o —)\hssﬂTHSQ

Scalar DM
B e i ™D 1
,CV = LSM —+ §mVVMV'u -+ Z)‘V(VMVM) -+ Z)\hvaTHVMV'u
i 1 o 1 An i
Ls=Lsm — gmexx — 3~ H HXX
inv g )@SSUQBS
h—$5 38 §4wmh ngN )‘QSS my
Finv tigh Ahvvvzmzﬁv TA. 4M‘2/ 12M€} 167Tmh (Ms+mpy)?
h—VV \2 256%‘(‘M€} 3 mi m‘;‘;
FIHV _ Anpp¥ maBy S i Aivv m?\fff\f
h—xXx 327w A2 =Ny 16mm; (My+mpy)?
2 ek P R
F(H i XX) SI/ N\ Ahrsr ™MmMynMifn
O
T N 5. 4
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LHC and direct dark matbter debection

® FOr o 9&\#’@.% MX ; Eh@. iV\VE«SEbL@. A. Djouadi, A, Falkowski, Y. Mambrini, J.Q. : 1208.3169
branching fraction probed at
the LHC is connecked ko bhe
dark matbker-nucleon cross

section probed by XENON1oo© : S XENoN0
| Siase . I e T
BRI — a8 = e
¢ gy + (7;8(%9 O SRR RSN RORS

o Strongest (weakest) bound is derived . Vector

i the vectorial (scalar) case = [N Fermion
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Conclusion

Mongjet searches at the LHC already provide interesting limits on invisible Higgs decays,
constraining the tnvisible rate to be less than the total SM Higgs production rate at the
20%CL.

This constrains the tnvisible branching fraction in models where the Higgs production cross
section is enhanced,

We expect that the monagjet data which will be collected in the ongoing ¥ TeV LHC run will
place non-trivial constraints on the Higgs tavisible branching fraction even if the Higqs
production rate is SM-Like.

We also ahaivaeci i a mociel%hciepehdeh& way the E,M&erfai.aj bebween the tnvisible Higgs
branching fraction and the dark matter scattering cross section on nucleomns.

The Limits BRUnv < 0.4 suqgqgested bv the combination of Higqs data in the visible channels,
implies a Limit on the direct detection cross section that is stronger thawn the current
bounds from XENON1oo for scalar, fermionic, vectorial DM.

Hence in the context of Higgs-portal models the LHC is currently the most sensitive DM

detection appara&us.
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