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Discovery of the Higgs boson and the subsequent study afdfsepties is one of the main physics
goals of the LHC. Invisible decay mode of the Higgs boson isnéresting possibility in sev-
eral scenarios of Beyond Standard Model physics. The setrategy for an invisible decaying
Higgs boson, produced in Vector Boson Fusion process, hers stedied in detail, along with
backgrounds using detailed simulation of the CMS experimarcut based analysis, QCD back-
ground is found to be overwhelming. With data correspondinan integrated luminosity of 10
fb~1, an upper limit of 36% on the branching ratio ldf— invisible can be explored for Higgs
boson of mass 120 Ged. The situation improves with more data and with 30%tan upper
limit as low as 21% can be probed.
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1. Introduction

Most of the Higgs search analysis assume that the Higgs heilqggredominantly decay into
detectable particles. However, in Beyond Standard Mod&8MBscenarios, this may not be a
good assumption if there are new weakly interacting partislhich couples to the Higgs boson
with large enough strengths. In particular, if this weaklieracting particle are neutral and stable,
the Higgs boson will decaipvisibly. There are many models in which this situation is realizeg,;
when the Higgs boson can decay to a pair of lightest neutsiimSUSY model with the unification
constraint at GUT scale removed [1], 4th generation neu{@f Large Extra Dimensions [3] etc.

In the present analysis, the invisible Higgs boson is asdumbe produced with SM produc-
tion rate and decaying with 100% branching fraction. Consatly, the results can be scaled for a
non-SM Higgs boson production rate as well as partly-visd#cay branching fractions.

2. Analysis Strategy

Since the Higgs boson decays invisibly, processes withtiaddl particles in the final state
have to be utilized. For this purpose, the Vector Boson FufitBF) production mode of Higgs
boson, gg— qgH, is the best suited, since the topological propertiehhefVBF events can be
conveniently utilized to control backgrounds as pointetliou[4] and production rate is second
highest over full range of Higgs boson mass. The main backgt® for this search are W + jets, Z
+ jets and QCD multi-jet production which have large productrates at LHC.

The online and offline selections of signal events are mdaled on properties of VBF jets.
The online selection or trigger requires thg > 60 GeV and atleast 2 jets in the event satisfying
the conditions:

p{l" j2
The trigger efficiency for signal in the mass range 120 to 14V/& is about 18%.

During off-line analysis, an event is rejected if it contasmy isolated electron witpr > 10
GeV/c and a muon wittpr > 5 GeVk. The leading two jets in the event are required to have-

40 GeVL, in opposite hemisphereisg., nj1 x nj2 < 0. These jets are required to have substantial
pseudo-rapidity gapAn;y j» > 4.4 and reasonably large value of invariant malsk; j» > 1200
GeV/c?. Events are further filtered with the condition of havilg above 100 GeV.

Applying a veto on any additional hadronic activity betwéemtwo tagging jets is aimed to re-
duce effectively almost all the above backgrounds whilgkega high signal selection efficiency.
In this Central Jet Veto (CJV) condition, an event with a 3¥di§ rejected if it has uncorrected
transverse energy greater than a threshold of 15 GeV andsifatated in the region defined by
nimin4 0.5 < nid < nim_ 0.5 wherenIM" or M2 refers to the rapidities of the tagging jets and
n13 corresponds to the 3rd jet.

To tackle mainly the QCD multi-jet backgrounds to a satigfac level, a jet energy-based
criteria is used based on the variable:

>40GeV, nj1xnNj2<0, and Anjij> 4.2

| .
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Ideally NV will be zero for QCD di-jet events and positive for events ethhave real missing
energy like in our case of signal events. If hard gluon raaliais pre-dominant in one of the jets,

it will cause the quantit)E%l — E%Z to be large. On the other hand, singgis measured taking
into account all calorimeter towers (and consequentlyesd)); it will be less sensitive to this effect,
and hence, leading to a negatiM¥ value. Finally, for the signal events, since the heavy Higgs
boson is balanced by the two jets, the jets are expected toaptemar. Hence to discrimante signal
vs. backgrounds, total number of events are counted in thgera®d;; < 1.5 rad and the signal
yield is obtained by subtracting the expected backgrowsl la this region. Thus background rate
estimation is very crucial for the analysis and should beimalty data-driven.

2.1 Data Driven Analysis

With few tens of pb! of data, the rates of AV + n-jets background events<£ 1,2,3, ...) are
expected to be determined accurately. Further, the bragataitios of Z and W to charged and
neutral lepton modes are well measured. Effectively, ateounting for the branching ratios, the
difference between the two processes reduces to that detdctdr acceptance. Subsequently, the
fraction of W/Z + jets events which are likely to pass the VBifesia and other particular selections
for our analysis can be obtained. The cross-section fesZ ¢) + jets mode can be estimated using
both Z(— ¢¢) + jets as well as W{ ¢v) + jets processes. For an integarted luminosity of 1-fb
this background is estimated to contribute 6310 events using Wi(v)+ jets process which is
quite good agreement with our results from simulaZed vv + jets eventsie.,64 + 7 events. The
W + jets background where the charged lepton is not detectédh@nce contributes &, can be
estimated using W + jets process itself where the lepton ismeasured. For example, using this
method for W (- uv) + jets channel, the estimated number of4@ events is in good agreement
with the estimate of 43 7 events using cut based analysis.

3. Resaults

For 1 fo~! of accumulated luminosity, the statistical significancehef signal S/+/B value, is
1.41. The most dominating background is QCD multijets witfi#8 ratio of less than 1.5-1.8%.
The uncertainty in the number of selected signal events.B%4lue to uncertainty in jet energy
scale (JES) and 9.5% due to that in missing transverse esealy. The results of the analysis for
different values of Higgs boson mass is shown in Table 1.

In order to estimate the discovery potential,

the best way is to provide the experimentally es-| Higgs mass (GeVA) | 120 | 140 | 160
timated number of signal events, in excess of| g(fb) 4470 | 3830 | 3320
backgrounds, which can be related to any scet Trigger Eff.(%) 16.27| 17.57| 18.65
nario of BSM physics that envisages an invisi- | Offline Eff. (%) 15.30| 14.99| 14.42
bly decaying Higgs boson. For this purpose the| Final o(fb) 109 | 101 89
model-independent variab&? is defined as: S/vB 141 | 130 | 1.15
2 =Br(H— Inv,)%M Table 1: The signal significance for different val-

ues of Higgs boson mass. The total number of

- — 2 . -
Thus, ifogsm = Osm, thené“ is equivalent to the background events is estimated to be about 6000.

invisible decay branching fractioBr. The de-
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pendence of 2 parameter as a function of Higgs
boson mass is shown in Fig 1 for different values of the iratgt luminosity.

4. Conclusions

A strategy to search for the Higgs boson in
CMS experiment in its invisible decay mode is
investigated using VBF production mechanism
at LHC centre of mass energy of 14 TeV. The Z3o.6

=}

event topology and other kinematic properties of %0_55

CL = 95% \/s =14 TeVv v Luminosity = 10 fb*

A Luminosity = 30 fb™*

signal events are utilized to tackle various Stan- | 5
dard Model backgrounds. The data driven meth-

0.45
ods for estimation of V + jets background pro-
cesses have been suggested, which yield satis-
factory results within statistical uncertainty. To 0-35
0.3

say anything about discovery or exclusion of this
decay mode, understanding of QCD background 0-25

:

is very crucial which is only possible with real 0.2

1 ol b b b b b b b by
data. Wlth reduced energy of LHC, thg trend of 00110 120 130 140 150 160 170 180
production rates of the signal and various back- Mass(Gev/c?)

grounds is different, and discovery potential re-

mains to be estimated while waiting for suffi- Figure 1: &2 as function of Higgs boson mass

cient real collision data. (GeV/c?) for different values of integrated lumi-
nosity.

5. Acknowledgment
We sincerely thank organizers of symposium and CMS collbboedo provide the

opportunity to present this work. S. Bansal will like to tkdDST, DAE and CSIR-HRDG for
funding.

References

[1] F. Boudjema, G. Belanger, R. M. Godboleyisible Decays of the Supersymmetric Higgs and Dark
Matter, hep-ph/0206311.

[2] K. Belotsky, D. Fargion, M. Khlopov, R.Konoplich, K.Staev,Invisible Higgs Boson Decay into
Massive Neutrinos of 4th Generatidmep-ph/0210153.

[3] D. Dominici, Probing Extra Dimensions through the Invisible Higgs Dedagp-ph/0503216.
[4] O.J.P. Eboliand D. Zeppenfel®bserving an Invisible Higgs BospRhys. Lett. B 495, 147 (2000).



