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Invisibly decaying Higgs boson
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Invisibly decaying Higgs boson
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Invisibly decaying Higgs boson
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Higgs portal Dark Matter

• Limit 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.
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Thus, for a given mass of dark matter, an upper bound
on the Higgs invisible branching fraction implies an up-
per bound on the dark matter scattering cross section on
nucleons. In Fig. 3 we show the maximum allowed values
of the scattering cross section, assuming the 20% bound
on BRinv

� , as follows from indirect constraints on the in-
visible width discussed in the previous section. Clearly,
the relation between the invisible branching fraction and
the direct detection cross section strongly depends on the
spinorial nature of the dark matter particle, in particular,
the strongest (weakest) bound is derived in the vectorial
(scalar) case.

In all cases, the derived bounds on �SI
�p are stronger

than the direct one from XENON100 in the entire range
where M� ⌧ 1

2MH . In other words, the LHC is currently
the most sensitive dark matter detection apparatus, at
least in the context of simple Higgs-portal models (even
more so if � is a pseudoscalar, as in [29]). This conclusion
does not rely on the assumption that the present abun-
dance of � is a thermal relic fulfilling the WMAP con-
straint of ⌦DM = 0.226 [28], and would only be stronger
if � constitutes only a fraction of dark matter in the uni-
verse. We also compared the bounds to the projected
future sensitivity of the XENON100 experiment (corre-
sponding to 60,000 kg-d, 5-30 keV and 45% e�ciency).

Of course, for M� > 1
2MH , the Higgs boson cannot

decay into dark matter5, in which case the LHC cannot
compete with the XENON bounds.

Conclusions

We have shown that monojet searches at the LHC al-
ready provide interesting limits on invisible Higgs decays,
constraining the invisible rate to be less than the total
SM Higgs production rate at the 95% CL. This pro-
vides an important constrain on the models where the
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FIG. 3: Bounds on the spin-independent direct detection cross
section �SI

�p in Higgs portal models derived for MH = 125 GeV
and the invisible branching fraction of 20 % (colored lines). The
curves take into account the full M� dependence, without using the
approximation in Eq. 7. For comparison, we plot the current and
future direct bounds from the XENON experiment (black lines).

Higgs production cross section is enhanced and the invis-
ible branching fraction is significant. Monojets searches
are sensitive mostly to the gluon–gluon fusion produc-
tion mode and, thus, they can also probe invisible Higgs
decays in models where the Higgs coupling to the elec-
troweak gauge bosons is suppressed. The limits could be
significantly improved when more data at higher center
of mass energies are collected, provided systematic er-
rors on the Standard Model contribution to the monojet
background can be reduced.

We also analyzed in a model–independent way the in-
terplay between the invisible Higgs branching fraction
and the dark matter scattering cross section on nucle-
ons, in the context of e↵ective Higgs portal models. The
limit BRinv < 0.2, suggested by the combination of Higgs
data in the visible channels, implies a limit on the direct
detection cross section that is stronger than the current
bounds from XENON100, for scalar, fermionic, and vec-
torial dark matter alike. Hence, in the context of Higgs-
portal models, the LHC is currently the most sensitive
dark matter detection apparatus.
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5 In this case, one should consider the pair production of dark
matter particles through virtual Higgs boson exchange, pp !

H⇤X!��X. The rates are expected to be rather small [7].
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Where can we look for H → invisible at the LHC?

• LHC results do not exclude the possibility of a sizable branching ratio to 
invisible particles of the SM Higgs boson candidate at mH ~ 125 GeV.

➡ interpretation in terms of BR(H→inv) for mH = 125 GeV

• LEP excluded invisibly decaying Higgs boson for mH < 114.4 GeV           
assuming it is produced in association with Z and                                        
that it decays predominantly to invisible particles.

➡ search for a narrow scalar boson decaying to invisible particles over a mass 
range between 115 and 300 GeV

6
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LHC searches for H → invisible
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CMS ZH
CMS-HIG-13-018

CMS VBF
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Figure 3: 6ET and Mjj distributions in data and MC after all cuts in the signal region. The Dfjj
distribution is also shown, after all cuts apart from Dfjj. The V+jets MC is normalised to data
using factors obtained from sidebands to the W ! `n control regions, as described in the text.
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Invisible decays of a Higgs boson
produced in association with a Z boson
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Event selection (i)

• 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 < mll < 106 GeV

9

missing transverse energy

dilepton
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Event selection (i)

• 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 < mll < 106 GeV
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Event selection (i)

• 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 < mll < 106 GeV

➡missing transverse energy > 90 GeV to reject Z background

11
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Event selection (ii)

• In events with true ETmiss from “invisible” 
particles, pTmiss has the same azimuthal   
angle as ETmiss.

➡Δφ(ETmiss, pTmiss) < 0.2

• Z boson is balanced by the invisibly 
decaying Higgs boson.

➡Δφ(Z, ETmiss) > 2.6

12
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Event selection (iii)

• In order to produce the required large ETmiss, 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.

➡Δφ(ll) < 1.7

• Magnitude of pTll and ETmiss should                                                                       
be compatible.

➡ |ETmiss - pTll| / pTll < 0.2

13
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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.

➡ veto on jets with pT > 20 GeV and |η| < 2.5

14
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Backgrounds

• dibosons

• ZZ → llνν (irreducible, ~70%)

• WZ → lνll where W decay lepton is not identified

• WW → lνlν where the leptons mimic a Z boson

• tt and Wt where leptons mimic a Z boson

• inclusive Z → ll

• inclusive W → lν and dijet events where jets are mis-reconstructed as leptons

15
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Backgrounds from MC

• ZZ and WZ backgrounds are taken from MC.

• WZ simulation is validated in a trilepton control region.

16
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• WW, tt, Wt, Z→ττ are estimated using flavor symmetry in the final states. 

BR(eμ) = 2 × BR(ee) or BR(μμ)

➡ eμ control region is defined (signal free).

Flavor symmetry

17
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Figure 4: Emiss
T
distribution for data and MC events containing an oppositely charged electron or muon

pair and an additional electron or muon.

section as described in Section 8. The total systematic uncertainty on these backgrounds is 11% in the

2011 data taking period and 10% in the 2012 data taking period. The MC simulation of the WZ events

is validated in a trilepton control region as shown in Figure 4.

The contributions from WW, tt̄, Wt, and Z → ττ are estimated by exploiting the flavor symmetry in
the final states of these processes. The branching fraction to the eµ final state is twice that of the ee or µµ
final states. Therefore, the signal free eµ control region is used to extrapolate these backgrounds to the
ee and µµ channels. Figure 5 shows the Emiss

T
distribution for data and MC events with the eµ final states

from the 2012 dataset. The third lepton veto is applied, but no additional cut is applied in the figure.

This method applies the signal selection to the eµ final state and corrects for differences between the
identification efficiencies of electrons and muons using a Z control region as shown in Equation (1)-(3):

N
bkg
ee =

1

2
× Ndata,subeµ × k (1)

N
bkg
µµ =

1

2
× Ndata,subeµ ×

1

k
(2)

k =

√

Ndataee

Ndataµµ
(3)

N
bkg
ee and N

bkg
µµ are the number of background events to be estimated per E

miss
T
bin, Ndata,subeµ is the number

of events in the eµ control region with non-WW, tt̄, Wt, and Z → ττ backgrounds subtracted using MC
simulation, k is a scale factor to correct for the differences in efficiency performance between electrons

and muons given by Equation (3), and Ndataee and N
data
µµ are the number of dielectron and dimuon events

after the Z mass window requirement in each Emiss
T
bin. The square root comes from the fact that the

scale factor is derived from dilepton events, whereas the correction itself is only applied to one of the

leptons. Important sources of systematic uncertainty are uncertainties in the MC used for the subtraction,

and variations in the correction factor k. After the dilepton requirement and no additional cuts, the value

of k is 0.97 from the MC, and 0.94 from the data. The maximum variation of the correction factor,

observed at each cut level in the signal selection, is used to estimate the uncertainty. The differences in

7
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Flavor symmetry

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

➡MC estimates are used for WW, tt and single top events.

• Top quark MC samples are validated in the eμ events with a b-tagged jet.

18



David Šálek: Searching for H → invisible at the LHC21/09/2013

ABCD method

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

• two uncorrelated variables:   Δφ(ETmiss, pTmiss),   |ETmiss - pTll| / pTll

• Correction factor α, accounting for the correlation between the two variables, 
is derived from MC.

19
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Figure 5: Emiss
T
distribution for data and MC events with the eµ final states from the 2012 dataset.

kinematics for the eµ and dielectron or dimuon events are also considered as systematics. The combined
systematic uncertainty from MC subtraction and the maximum variation of the correction factor is 16%

for the 2012 data. The estimated background from these sources is consistent with the expectation from

the MC simulation within the uncertainty. As this data-driven estimate gives a consistent expectation,

but with larger uncertainty for the 2011 data, the MC-driven estimates for WW, tt̄, and single top quark

events are used for the 2011 data. The Monte Carlo samples are validated in the eµ control region. The
validation of the top quark MC samples is shown in Figure 6 in the eµ final states with a b-tagged jet [31]
in the events.

The background from inclusive Z boson production is estimated using the so called ABCD method

utilizing four regions (the signal region A and three side-band regions B-D) formed by two uncorrelated

variables: the ∆φ(Emiss
T
, "pmiss
T
) and fractional pT difference. The four regions are formed by either apply-

ing or reversing the cuts at the thresholds for these two variables as shown in Figure 7. Figure 8 shows

the Emiss
T
distributions in Regions A-D after the dilepton mass requirement and jet veto for the 2012 data.

The events in the signal region are estimated as follows:

NestA = N
obs
B ×

NobsC

NobsD
× α (4)

where, NestA is the number of estimated Z background in the signal region, and N
obs
X is the number of

observed events in Region X (X=B-D). Contributions from non-Z backgrounds in Regions B-D are

subtracted before applying this equation. A small impact from the correlation between the two variables

is considered in the correction factor α, which is 1.07 (1.04) for the 2011 (2012) data. A correction factor
of less than 10% is derived from MC simulation. Systematic uncertainties are derived by evaluating the

compatibility of the Emiss
T
distributions in the control regions and from the variation in the correction

factor after the various selection requirements. The subtraction of non-Z backgrounds in Regions B-D

is also considered as a source of systematic uncertainty. The total systematic uncertainty is 56% in the

2011 data and 51% in the 2012 data.

The background from inclusive W production and multijet events is estimated using the Matrix

Method [32]. A 4 × 4 matrix is derived from the selection efficiencies of nominally selected signal

8
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Matrix method
• Background from inclusive W production and multijet events is estimated using 

the Matrix method.

• 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:

20
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Figure 6: Emiss
T
distribution for data and MC events with the eµ final states from the 2011 dataset with a

b-tagged jet.

leptons (T) and rejection probabilities of a loosened lepton (L) definition as shown in Equation (5).
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. (5)

NTT is the number of events which has exactly two leptons passing nominal criteria defined in Section 5,

NTL and NLT is the number of events which has only one lepton that passes the nominal criteria, NLL is

the number of events which have exactly two leptons that pass looser cuts but do not pass the nominal

cuts. For electrons, “L” corresponds to electrons with looser identification criteria and the isolation

cut not being applied. For muons, “L” corresponds to muons with all the nominal cuts applied but the

isolation cut. NRR means the number of events which has exactly two “real” leptons, NRF and NFR means

the number of events which has only one “real” lepton and one “fake” lepton, NFF means the number of

events which has exactly two “fake” leptons. The r1, r2, f1, f2 are lepton efficiencies and fake rates for the

first lepton and the second lepton, respectively. The lepton efficiency (fake rate) is the ratio between the

number of real (fake) leptons passing the “Tight” cut and the corresponding number of leptons passing

the “Loose” cuts. The efficiency and fake rate depend on lepton transverse momentum pT . The matrix

transforms the measured rate of events containing two signal leptons, one signal lepton and one loose

lepton, or two loose leptons to the desired rate of events where two real leptons, one real and one fake

lepton, or two fake leptons are produced. TheW and multijet background is estimated as below:

NW+jets =

Nevents
∑

i

NiRF × r
i
1 × f

i
2 + N

i
FR × f

i
1 × r

i
2, (6)

Nmultijet =

Nevents
∑

i

NiFF × f
i
1 × f

i
2. (7)

Systematic uncertainties are dominated by the measurement of the lepton fake rates. The selection re-

quirements that define the sample from which the fake rates are derived are varied and the deviations in
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leptons (T) and rejection probabilities of a loosened lepton (L) definition as shown in Equation (5).
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events which has exactly two “fake” leptons. The r1, r2, f1, f2 are lepton efficiencies and fake rates for the

first lepton and the second lepton, respectively. The lepton efficiency (fake rate) is the ratio between the

number of real (fake) leptons passing the “Tight” cut and the corresponding number of leptons passing

the “Loose” cuts. The efficiency and fake rate depend on lepton transverse momentum pT . The matrix

transforms the measured rate of events containing two signal leptons, one signal lepton and one loose

lepton, or two loose leptons to the desired rate of events where two real leptons, one real and one fake

lepton, or two fake leptons are produced. TheW and multijet background is estimated as below:

NW+jets =

Nevents
∑

i

NiRF × r
i
1 × f

i
2 + N

i
FR × f

i
1 × r

i
2, (6)

Nmultijet =

Nevents
∑

i

NiFF × f
i
1 × f

i
2. (7)

Systematic uncertainties are dominated by the measurement of the lepton fake rates. The selection re-

quirements that define the sample from which the fake rates are derived are varied and the deviations in

9
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Process Estimation method
Uncertainty (%)

2011 2012

ZH Signal MC 7 6

ZZ MC 11 10

WZ MC 12 14

WW MC 14 not used

Top quark MC 90 not used

Top quark,WW and Z → ττ eµ CR not used 4

Z ABCD method 56 51

W + jets, multijet Matrix method 15 22

Table 2: Summary of the systematic uncertainties on each background and on the signal yield. The

method used to estimate the backgrounds and the associated sources of systematic uncertainties are

given. The total systematic uncertainties for each data taking period are given.

Data Period 2011 (7 TeV) 2012 (8 TeV)

ZZ 23.5 ± 0.8 ± 2.5 56.5 ± 1.2 ± 5.7
WZ 6.2 ± 0.4 ± 0.7 13.9 ± 1.2 ± 2.1
WW 1.1 ± 0.2 ± 0.2 used eµ data-driven
Top quark 0.4 ± 0.1 ± 0.4 used eµ data-driven
Top quark,WW and Z → ττ (eµ data-driven) used MC 4.9 ± 0.9 ± 0.2
Z 0.16 ± 0.13 ± 0.09 1.4 ± 0.4 ± 0.7
W + jets, multijet 1.3 ± 0.3 ± 0.2 1.4 ± 0.4 ± 0.3
Total BG 32.7 ± 1.0 ± 2.6 78.0 ± 2.0 ± 6.5
Observed 27 71

Table 3: Observed number of events and expected contributions from each background source separated

into the 2011 and 2012 data taking periods. Uncertainties associated with the background predictions

are presented with the statistical uncertainty first and the systematic uncertainty second.

luminosity uncertainty is considered as uncorrelated between the 2011 and 2012 data. The uncertainties

for theWW and top quark backgrounds are considered as uncorrelated between the 2011 and 2012 data,

as different methods are used for the background estimation between the two datasets.

9 Results

The number of observed and expected events for both the 2011 and 2012 data taking periods are shown

in Table 3. Figure 9 shows the final Emiss
T
distribution with the observed data and expected backgrounds

for the 2011 and 2012 data taking periods. In Figure 9, the signal model assumes a SM ZH production

rate for a Higgs boson with mH = 125 GeV and a 100% branching fraction to invisible particles. No

excess is observed over the SM expectation and limits are set for two scenarios for invisibly decaying

Higgs-like bosons. The first scenario explores the possibility that the recently observed Higgs-like boson

with mass around 125 GeV has a non-negligible branching ratio to invisible particles, well beyond that

expected in SM. The second scenario considers the possibility of a Higgs-like boson in a range of masses

from mH = 115 GeV to mH = 300 GeV with a significant branching fraction to invisible particles.

The limits are computed from a maximum likelihood fit to the Emiss
T
distribution following the CLs

modified frequentist formalism [37] with the profile likelihood test statistic [38].

12
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Limit on BR(H → invisible)

• 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 σ × BR(H → invisible) of a possible additional Higgs-like 
boson over the mass range 115 < mH < 300 GeV.
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Search for invisible Higgs decays
in the VBF channel
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CMS VBF
CMS-HIG-13-013

19.6 fb-1 2012

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

missing transverse energy

3

W/Z

(a) (b)

(c) (d)

W/Z

H
H

H

H

t̄

t

FIG. 1: Higgs production channels at the LHC: (a)gluon-gluon fusion(ggF), (b) Vector boson

fusion(VBF), associated productions (c) ZH and (d) tt̄H.

gauge bosons and fermions. For example, supersymmteric (SUSY) particles may alter the loop contribution

in ggF channel [77–94]. Consequently signal in the invisible decay channel will be a combined effect due

to the modified Higgs production cross section and its branching ratio in the invisible channel. Hence this

makes it difficult to constrain only the invisible decay branching ratio of the Higgs BRinv(H → inv). Instead

what can be constrained is in fact

Rinv ≡ σBSM
H BR(H → inv)/σSM

H (1)

where σBSM
H and σSM

H stand for the Higgs production cross sections in the framework of corresponding BSM

and SM respectively. At leading order, the Higgs produced through ggF and decaying invisibly would be

hard to detect because of soft missing transverse momentum (p/T ). However, at higher orders in QCD for

ggF, the Higgs can be produced in association with a single jet and one can then look for a considerably

large missing transverse momentum along with a jet. Interestingly, such final states with a mono-jet have

been analyzed with 1 fb−1 of data at
√
s = 7 TeV for both CMS [95] and ATLAS [96]. Using those results,

Rinv in eq. 1 can be constrained and is found to be more than 10 at 95% CL with 1fb−1 data [31]. Moreover,

the mono-jet search has also been analyzed by including a second hard jet [95] thus also including events

from VBF and VH processes in the signal. It has been argued recently that at 4.7 fb−1 data at
√
s = 7 TeV,

this can be reduced to Rinv < 2 and for 15 fb−1 of data at 8 TeV this can be further reduced to Rinv < 0.9

[32]. One should note here that even though the production cross-section is large the mono-jet searches are

plagued by large V+jets (V = W,Z) background (Bg).

The most promising channel for the detection of an invisibly decaying Higgs is VBF since it has a relatively

large cross section and has an unique event topology that can be used to effectively remove backgrounds [26,

29, 33]. The signal consists of jets moving in opposite directions with large rapidity gaps. A recent study

has shown that Rinv as low as 0.21 can be probed with 30 fb−1 data at
√
s = 14 TeV and for

√
s = 7 TeV

with 20 fb−1 it can be probed to as low as 0.4 with 95% CL [34].

http://cds.cern.ch/record/1596283?ln=en
http://cds.cern.ch/record/1596283?ln=en
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Event selection

• primary vertex

• veto electrons and muons with pT > 10 GeV

• two jets with pT > 50 GeV, |η| < 4.7, η1η2 < 0, Δηjj> 4.2, mjj > 1100 GeV

• ETmiss > 130 GeV

• veto on jets with pT > 30 at η1 < η < η2

• small azimuthal separation between the jets (Δφjj < 1.0) is required in order to 
suppress QCD multijet background
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Backgrounds

• electroweak backgrounds from Z(→νν)+jets and W(→lν)+jets              
(estimated in a data-driven way)

• QCD multijets (estimated using ABCD method with ETmiss and central jet veto)

• tt, single top, diboson, DY+jets (estimated from Monte Carlo)
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• Z → νν

• Z → μμ control region requiring a pair of well reconstructed muons with 
pT > 20 GeV and invariant mass 60 < mμμ < 120 GeV

• W → eν and W → μν

• single lepton control regions

• W → τν

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

Electroweak backgrounds

26

3

region, with the lepton veto replaced with a Z ! µµ requirement (a pair of well reconstructed
muons each with pT > 20 GeV, and invariant mass 60 < Mµµ < 120 GeV), a veto on additional
leptons, and with 6ET recomputed after removing the Z muons. The number of Z ! nn events
in the signal region is then predicted using :

N(Z ! nn) =
(Nc

obs � Nc
bkg)

#µµ#C
VBF

· s(Z ! nn)
s(Z/g⇤ ! µµ)

· #S
VBF (1)

where Nc
obs is the number of observed dimuon events in the control region in data; Nc

bkg is
the number of background events in the dimuon control region, estimated from tt, diboson
and single-top MC samples; the ratio of branching fractions s(Z ! nn)/s(Z/g⇤ ! µµ) is
calculated with MCFM citeMCFM to be 5.626; es

VBF is the VBF selection efficiency in the sig-
nal region, estimated from the DY+jets Monte Carlo sample to be (1.66 ± 0.15) ⇥ 10�6; ec

VBF
is the VBF selection efficiency in the control region, estimated from the same MC sample to be
(3.85± 0.42)⇥ 10�5; and eµµ is the efficiency to reconstruct muons in the control region, includ-
ing identification and isolation criteria, which is estimated to be 0.280 ± 0.007. The observed
yield in the control region is 12 events, with a background of 0.22 ± 0.11 events. The resulting
estimate of the Z ! nn background in the signal region is 102 ± 30 (stat.) ± 14 (syst.) events.
The systematic uncertainty originates from jet and MET energy scale and resolution, and a 20%
uncertainty on the ratio of MC yields, eS

VBF/eC
VBF. This is estimated by comparing cross sections

calculated with MCFM with those obtained by applying parton-level cuts to MadGraph MC
samples. This uncertainty is applied to all V+jets background estimates. Figure 1 shows the
dimuon invariant mass, 6ET and Mjj distributions in a loosened version of the Z control region,
with Mjj > 1000 GeV and no cuts on Dhjj, Dfjj or central jet veto. In these figures, the V+jets MC
is normalised to data using factors obtained from sidebands to the W ! `n control regions (see
below), with 900 < Mjj < 1100 GeV and MT > 40 GeV. It should be noted that the background
estimates are insensitive to the overall normalisation of MC, which cancels in the ratio.

The backgrounds due to W ! en, W ! µn are estimated from single lepton control samples.
The background due to W ! thadn is estimated using a slightly different method, since a tau
veto is not applied in the invisible Higgs signal selection.

We define W ! µn and W ! en control regions in the same way as for the Z background. In
the W ! µn region, the lepton veto is replaced with a single µ requirement and a veto on any
additional leptons, and the 6ET is recomputed after removing the W muon. The W ! en region
is defined similarly, with a single e requirement and additional lepton veto, in place of the
lepton veto, but here the 6ET is not recomputed, since the electron energy is anyway included
in the 6ET at trigger level. The number of W ! `n events in the signal region, Ns

`=e,µ, is then
estimated using:

Ns
` = (Nc

obs � Nc
bkg) ·

Ns
WMC

Nc
WMC

(2)

where Ns
WMC and Nc

WMC are the number of events in the signal and control regions in the
W ! `n MC. The observed yield in the W ! en control region is 65 events, with a background
of 5.4 ± 1.4 events. In the W ! µn control region the observed yield is 223 events, with a
background of 23.9± 3.0 events. The W ! µn background in the signal region is then estimated
to be 67.2 ± 5.0 (stat.) ± 7.5 (syst.) events, and the W ! en background to be 68.2 ± 9.2 (stat.) ±
13.1 (syst.) events.
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W ! `n MC. The observed yield in the W ! en control region is 65 events, with a background
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Figure 1: Invariant mass of the dimuon pair (top), 6ET (bottom left) and Mjj (bottom right) in the
modified Z control region (no cuts on Dhjj, Dfjj or central jet veto, and with the Mjj cut loosened
to 1000 GeV). The V+jets MC is normalised to data using factors obtained from sidebands to
the W ! `n control regions, as described in the text.
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Figure 3: 6ET and Mjj distributions in data and MC after all cuts in the signal region. The Dfjj
distribution is also shown, after all cuts apart from Dfjj. The V+jets MC is normalised to data
using factors obtained from sidebands to the W ! `n control regions, as described in the text.
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distribution is also shown, after all cuts apart from Dfjj. The V+jets MC is normalised to data
using factors obtained from sidebands to the W ! `n control regions, as described in the text.
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using factors obtained from sidebands to the W ! `n control regions, as described in the text.
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Table 1: Summary of estimated backgrounds and observed yield in the signal region.
Background Nest
Z ! nn 102 ± 30 (stat.) ± 26 (syst.)
W ! µn 67.2 ± 5.0 (stat.) ± 15.1 (syst.)
W ! rmen 68.2 ± 9.2 (stat.) ± 18.1 (syst.)
W ! tn 54 ± 16 (stat.) ± 18 (syst.)
QCD multijet 36.8 ± 5.6 (stat.) ± 30.6 (syst.)
Other SM 10.4 ± 3.1 (syst.)
Total background 339 ± 36 (stat.) ± 50 (syst.)
Observed 390

7 Conclusion

A search for an invisibly decaying Higgs boson produced via vector boson fusion has been
performed. A dedicated trigger and an offline selection were used to select a sample of events
with significant missing transverse energy and two jets with a topology consistent with vector
boson fusion. Backgrounds from Z ! nn, W ! `n, W ! thad and QCD multijet processes
were estimated from the data, with minor additional backgrounds estimated from Monte-
Carlo samples. Using the full 19.6 fb�1 8 TeV dataset recorded by CMS in 2012, a total of
339± 36 (stat.)± 50 (syst.) events are expected in the signal region, from a background only hy-
pothesis. A 125 GeV Higgs produced via vector boson fusion, with 100% invisible branching
fraction, would be expected to yield 208 events. We observe 390 events in the signal region
in data, compatible with the expected background. Using an asymptotic CLS method, 95%
CL upper limits are placed on the production cross section times invisible branching fraction.
Assuming the SM VBF production cross section, the observed limit on the invisible branching
fraction of the 125 GeV Higgs is 69%, with an expected limit of 53%. This measurement is the
most sensitive to invisible decays of the Higgs boson to date.
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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)
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Figure 4: Expected 95% CL limit on the production cross section times invisible branching
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Summary of H → invisible results

• ATLAS ZH

• BR(H → invisible) = 65% (84% expected)

• CMS ZH

• BR(H → invisible) = 75% (91% expected)

• CMS VBF

• BR(H → invisible) = 69% (53% expected)
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extra material
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ABCD method for the Z background determination 
in the ZH analysis
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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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