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Higgs studies at CMS
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Outline
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Overview of CMS detector

Higgs analyses:
- H→ZZ→4l - PAS-12-041
- H→γγ - PAS-12-016
- H→W+W-→2l2ν - PAS-12-042
- H→τ+τ- - PAS-12-043
- H→bb - PAS-12-044
- Combination - PAS-12-045

Conclusions
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

CMS detector
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Luminosity conditions
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Analyses presented in this talk are using:
- 5.1 fb-1 of 7 TeV data in 2011
- Up to 12.2 fb-1 of 8 TeV data in 2012
Pileup mean interaction ~21 in 2012 (~10 in 2011)
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Higgs boson production and decay
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Fig. 2: Higgs branching ratios and their uncertainties for the low mass range (left) and for the full mass range
(right).
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Fig. 3: Higgs branching ratios for the different H → 4l and H → 2l2# final states (left) and for H → 4q, H → 4f

and H → 2q2l, 2ql#, 2q2# final states (right) and their uncertainties for the full mass range.

are correlated for MH > 500 GeV or small below, we only consider the simultaneous scaling of all
4-fermion partial widths. The thus obtained individual theoretical uncertainties for the branching ratios
are combined linearly to obtain the total theoretical uncertainties.

Finally, the total uncertainties are obtained by adding linearly the total parametric uncertainties
and the total theoretical uncertainties.

2.1.4 Results
In this section the results of the SM Higgs branching ratios, calculated according to the procedure de-
scribed above, are shown and discussed. Figure 2 shows the SM Higgs branching ratios in the low mass
range, 100 GeV < MH < 200 GeV, and in the “full” mass range, 100 GeV < MH < 1000 GeV, as
solid lines. The (coloured) bands around the lines show the respective uncertainties, estimated consid-
ering both the theoretical and the parametric uncertainty sources (as discussed in Section 2.1.3). More
detailed results on the decays H → WW and H → ZZ with the subsequent decay to 4f are presented in
Figures 3. The largest “visible” uncertainties are found for the channels H → !+!−, H → gg, H → cc,
and H → tt, see below.

In the following we list the branching ratios for the Higgs two-body fermionic and bosonic final
states, together with their uncertainties, estimated as discussed in Section 2.1.3. Detailed results for four
representative Higgs-boson masses are given in Table 3. Here we show the BR, the PU separately for

8

- A new boson was discovered in July 2012 in the Higgs boson searches, with a mass 
around 125 GeV
- The main Higgs production mechanism in the SM is gluon fusion followed by VBF
- Essential to probe boson and fermion decay: analyses performed in decay channel 
γγ, ZZ, WW, bb, ττ
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H→γγ analysis (5.1fb-1 at 7 TeV and 5.3fb-1 at 
8TeV)

6

Main analysis is MVA:
Cut-based analysis and 2nd MVA analyses as 
cross-checks
- Select two high pt photons
- Vertexing MVA
- Photon identification MVA to reject fake photons
- Energy regression to improve mass resolution: 

1-2%
- Mass fit in categories defined from diphoton MVA

PhotonId
MVA output

Large background 
from diphoton 

continuum

Vertexing 
efficiency

Signal 
model
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H→γγ: categories

7

- Feed Diphoton MVA 
with kinematics, 
vertexing, PhotonId 
output, energy resolution

- Define 4 diphoton 
categories and 2 VBF 
categories

- Sensitivity from mass 
fit. Bkgd: Bernstein 
polynomial (bias <20% 
stat uncertainty)

VBF tight

VBF loose

Cat 0Cat 1Cat 2Cat 3
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H→γγ results

8

- Observed local significance 
above 4.1σ

- Measure best fit μ=1.56 ± 0.43 at 
125 GeV
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H→γγ results

9

Channel compatibilityWeighted mass plot
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H→ZZ→4l analysis
(5.1fb-1 at 7 TeV and 12.2fb-1 at 8TeV)
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H→ZZ→4l analysis:
- Main backgrounds: ZZ, Z+jets, ttbar
- Select four isolated leptons from the same vertex
- Need momentum as low as pT>7 GeV (electrons) and pT>5 GeV (muons) to not loose 

too much efficiency missing the 4th lepton
- Mass resolution is 1-2%
- 2l2τ channel included for higher mass

Z→4l control 
sample
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H→ZZ→4l: mass distribution
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10 6 Results

Figure 3: Observed and expected 95% CL upper limit (left) on the ratio of the production cross
section to the SM expectation. The 68% and 95% ranges of expectation for the background-
only model are also shown with green and yellow bands, respectively. Significance of the local
excess (right) with respect to the standard model background expectation as a function of the
Higgs boson mass in the full interpretation mass range 110-1000 GeV.

The signal strength µ, relative to the expectation for the SM Higgs boson, is measured to be
µ = 0.80+0.35

−0.28 at 126 GeV. The local significance of 3.1σ is reached in the 1D fit without the
MELA KD. The average expected significance for a SM Higgs boson at this mass is 5.0σ and
4.3σ for the 2D and 1D fits, respectively. Using simulation it was found that the MELA KD

distribution for signal at a mass around mH = 126 GeV is similar for a scalar, pseudo-scalar,
or a spin-two resonance with the minimal couplings [31]. Therefore the analysis presented is
nearly model-indepedent in the low-mass region.

In the following, we discuss in more detail measurements of the new boson properties.

Table 2: The number of event candidates observed, compared to the mean expected back-
ground and signal rates for each final state. For the Z +X background, the estimations are
based on data. The results are given integrated in the mass range from 110 to 160 GeV.

Channel 4e 4µ 2e2µ 4�
ZZ background 4.7 ±0.6 9.6 ±1.0 12.5 ±1.4 26.8 ±1.8
Z+ X 3.4+3.0

−2.3 1.6+1.2
−0.9 5.6+5.4

−3.6 10.6+5.3
−4.4

All backgrounds 8.0+3.1
−2.3 11.2+1.6

−1.4 18.1+5.6
−3.8 37.3+6.6

−4.7
mH = 125 GeV 2.4 ±0.4 4.6 ±0.5 5.9 ±0.7 12.9 ±0.9
mH = 126 GeV 2.7 ±0.4 5.1 ±0.6 6.6 ±0.8 14.4 ±1.1
Observed 12 16 19 47

In the mass range 110 - 160 GeV:

- Small background (s/b~2), 
almost flat around 125 GeV
- Clear excess observed
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

H→ZZ→4l: kinematic discriminant
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Kinematic discriminant:
- Matrix element method using invariant mass of Z1 and Z2 

and 5 angular variables
- Excess near 125 GeV looks compatible with Higgs signal

Background MC Signal MC

2

FIG. 1: Illustration of an exotic X particle production and decay in pp collision gg or qq̄ → X → ZZ → 4l±. Six angles fully
characterize orientation of the decay chain: θ∗ and Φ∗ of the first Z boson in the X rest frame, two azimuthal angles Φ and Φ1

between the three planes defined in the X rest frame, and two Z-boson helicity angles θ1 and θ2 defined in the corresponding
Z rest frames. The offset of angle Φ∗ is arbitrarily defined and therefore this angle is not shown.

discussed in Refs. [21–23] KK graviton decays into pairs of gauge bosons are enhanced relative to direct decays into
leptons. Similar situations may occur in “hidden-valley”-type models [24]. An example of a ”heavy photon” is given
in Ref. [25].
Motivated by this, we consider the production of a resonance X at the LHC in gluon-gluon and quark-antiquark

partonic collisions, with the subsequent decay of X into two Z bosons which, in turn, decay leptonically. In Fig. 1,
we show the decay chain X → ZZ → e+e−µ+µ−. However, our analysis is equally applicable to any combination of
decays Z → e+e− or µ+µ−. It may also be applicable to Z decays into τ leptons since τ ’s from Z decays will often be
highly boosted and their decay products collimated. We study how the spin and parity of X , as well as information
on its production and decay mechanisms, can be extracted from angular distributions of four leptons in the final state.
There are a few things that need to be noted. First, we obviously assume that the resonance production and

its decays into four leptons are observed. Note that, because of a relatively small branching fraction for leptonic Z
decays, this assumption implies a fairly large production cross-section for pp → X and a fairly large branching fraction
for the decay X → ZZ. As we already mentioned, there are well-motivated scenarios of BSM physics where those
requirements are satisfied.
Second, having no bias towards any particular model of BSM physics, we consider the most general couplings of the

particle X to relevant SM fields. This approach has to be contrasted with typical studies of e.g. spin-two particles
at hadron colliders where such an exotic particle is often identified with a massive graviton that couples to SM fields
through the energy-momentum tensor. We will refer to this case as the “minimal coupling” of the spin-two particle
to SM fields.
The minimal coupling scenarios are well-motivated within particular models of New Physics, but they are not

sufficiently general. For example, such a minimal coupling may restrict partial waves that contribute to the production
and decay of a spin-two particle. Removing such restriction opens an interesting possibility to understand the couplings
of a particle X to SM fields by means of partial wave analyses, and we would like to set a stage for doing that in this
paper. To pursue this idea in detail, the most general parameterization of the X coupling to SM fields is required.
Such parameterizations are known for spin-zero, spin-one, and spin-two particles interacting with the SM gauge
bosons [7, 8] and we use these parameterizations in this paper. We also note that the model recently discussed in
Refs. [21–23] requires couplings beyond the minimal case in order to produce longitudinal polarization dominance.
Third, we note that while we concentrate on the decay X → ZZ → l+1 l

−
1 l

+
2 l

−
2 , the technique discussed in this

paper is more general and can, in principle, be applied to final states with jets and/or missing energy by studying
such processes as X → ZZ → l+l−jj, X → W+W− → l+νjj, etc. In contrast with pure leptonic final states,
higher statistics, larger backgrounds, and a worse angular resolution must be expected once final states with jets and
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

H→ZZ→4l results
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- Observed significance above 4.3σ 
for 1D and 2D, 5.0σ with 3D

- Measure best fit μ=0.80+0.35-0.28 at 126 

- Mass measurement with 3D fit (m4l, 
δm4l,KD)

- m=126.2 ± 0.6 (stat) ±0.2 (syst) GeV
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H→W+W- analysis
(4.9fb-1 at 7 TeV and 12.1fb-1 at 8TeV)

14

H→WW→2l2ν analysis:
- Main backgrounds: WW, top, W+jets (estimated from control regions in data)
- Select two isolated leptons with pT>20,10 GeV and mET>20 GeV
- Categorize in 0-jet, 1-jet, 2-jet bin (jet pT>30 GeV), then ee,μμ,eμ with opposite charge
- No mass peak
- 0-jet and 1-jet opposite flavour are 2D analyses, the others are cut and count

0-jet bin 1-jet bin
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H→W+W-: 2D analyses
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2D shape analysis in (mT, mll) 
for the SF 0-jet and 1-jet bins

0-jet bin Unrolled
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H→W+W- results
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Broad excess observed in exclusion limits 
compatible with presence of signal
- Best fit signal strength μ=0.74±0.25 at 125 

GeV
- Local significance: expected 4.1σ, 

observed 3.1σ
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H→bb analysis
(5.0fb-1 at 7 TeV and 12.2fb-1 at 8TeV)
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Associated production VH(bb) with V being W(eν), W(μν), Z(ee), Z(μμ) or Z(νν)
- Background: V+2jets, VV, top
- Trigger on the associated vector boson: single/double lepton, mET(+jets)
- Two categories per channel according to vector boson pT (170 GeV but for Z(ll), 100 

GeV)
- Select 2 central b-tagged jets
- b-jet energy regression using 2nd vertex and jet properties, mET direction and soft 

lepton info inside the jet => improves analysis sensitivity by 15-20%

17
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Figure 8: Left: dijet invariant mass distribution, combined for all channels, for the high pT(V)
bin, for events that pass an event selection optimized for this variable. Right: same distribu-
tion with all backgrounds, except dibosons, subtracted. The solid histograms for the back-
grounds and the signal are summed cumulatively. The line histogram for signal and for VV
backgrounds are also shown superimposed. The data is represented by points with error bars.
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H→bb: BDT shape analysis
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Mass resolution ~10%

BDT shape analysis:
- BDT variables: mainly jets and vector boson kinematics, b-tagging discriminant
- Fit to the BDT shapes in each channel
- 10% improvement using shapes (BDT cut and count used previously)

11
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Figure 1: 8 TeV analysis. BDT output distributions for Z(µµ)H in the low pT(V) bin (left)

and high pT(V) bin (right), for data (points with errors), all backgrounds, and signal, after all

selection criteria have been applied.

to the standard model cross section (signal strength), for each mode and for all modes com-

bined. These are also shown in Fig. 7. The observed signal strengths for the individual modes

are consistent with each other and the value for the signal strength for all modes combined is

1.3
+0.7

−0.6
.

Fig. 8 shows the distribution of dijet invariant mass for the combination of all five channels

in the combined 7 TeV and 8 TeV data using an event selection, described in Ref. [52]. This se-

lection is more restrictive than the one used in the BDT analysis and that is optimized for a

counting experiment in this observable. Fig. 8 also shows the same dijet invariant mass dis-

tribution with all backgrounds, except dibosons, subtracted. The data are consistent with the

presence of a diboson signal, with a rate approximately as expected from the standard model,

together with a small excess consistent with originating from the production of a 125 GeV

standard model Higgs boson.

9 Conclusions
A search for the standard model Higgs boson decaying to bb when produced in association

with a weak vector boson is reported for the W(µν)H, W(eν)H, Z(µµ)H, Z(ee)H and Z(νν)H
channels. The search is performed in data samples corresponding to integrated luminosities of

5.0 fb
−1

at
√

s = 7 TeV and 12.1 fb
−1

at
√

s = 8 TeV, recorded by the CMS experiment at the

LHC. Upper limits, at the 95% confidence level, on the VH production cross section times the

H → bb branching ratio, with respect to the expectations for a standard model Higgs boson, are

derived for a Higgs boson in the mass range 110–135 GeV. In this range, the observed upper

limits vary from 1.0 to 4.2 times the standard model prediction; the corresponding expected

limits vary from 0.9 to 1.9. At a Higgs boson mass of 125 GeV the observed limit is 2.5 and the

expected limit is 1.2. An excess of events is observed above the expected background with a

local significance of 2.2 standard deviations, which is consistent with the expectation from the

production of the standard model Higgs boson.

14 9 Conclusions
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Figure 4: 8 TeV analysis. BDT output distributions for W(eν)H in the low pT(V) bin (left), high

pT(V) bin (right), and high pT(V) bin with looser b-tagging (bottom), for data (points with

errors), all backgrounds, and signal, after all selection criteria have been applied.
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Figure 5: 8 TeV analysis. BDT output distributions for Z(νν)H in the low pT(V) bin (left), the

high pT(V) (right), and the high pT(V) with looser b-tagging (bottom), for data (points with

errors), all backgrounds, and signal, after all selection criteria have been applied.
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Figure 6: Expected and observed 95% CL upper limits on the product of the VH production

cross section times the H → bb branching ratio, with respect to the expectations for a standard

model Higgs boson. The median expected limit and the 1- and 2-σ bands are obtained with the

LHC CLs method as implemented in RooStats, as are the observed limits at each mass point.

The limits are combined for the 2011 7 TeV and the 2012 8 TeV data.
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events in the data. Right: the most likely value of the production cross section for a 125 GeV

Higgs boson, relative to the standard model cross section, for each mode and for all modes

combined.

-Broad excess compatible with SM 
Higgs injection

- At 125 GeV, observed p-value 2.2σ 
Best fit μ=1.3+0.7-0.6
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H→τ+τ-
(4.9fb-1 at 7 TeV and 12.1fb-1 at 8TeV)
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5 final states: μτh, eτh, eμ, τhτh, μμ, also associated production VH(ττ)
- Main background from QCD, Z(ττ)+jets
- Tau reconstruction with the particle-flow (PF) algorithm
- MVA τh isolation in rings
- Improved PF mET resolution with MVA
- Mass reconstruction with matrix element method (SVFit)
- Categories: 2-jet (VBF tag), 1-jet, 0-jet
- Data-driven method to estimate tau fake rate from control regions

MVA mET resolution 
flatter against PU

SVFit
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- ditau invariant mass 
distributions in the VBF 
channel as an illustration

- 0-jet not used for 
sensitvity
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H→τ+τ- results
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- Broad excess observed 
compatible with the signal 
injection test

- Best fit μ=0.7±0.5 
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H→Zγ
(5.0fb-1 at 7 TeV and 5.2fb-1 at 8TeV)

23

H→Zγ

First analysis H→Zγ 
performed at LHC
- PAS-12-049
- Interesting because probes 

physics in the loops as γγ 
-  ee and μμ channels included
- Categorize in lepton η and 

photon η and converted/
unconverted

- Far from the SM for the 
moment: at 125 GeV, expect 
17xSM and observe 14xSM
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Figure 2: The ratio R of the 95% CL cross section upper limit σ to the SM Higgs boson produc-

tion cross section σSM as a function of the Higgs boson mass mH for the 7 TeV data (left), 8 TeV

data (center) and for all data combined (right).
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Figure 8: Observed (solid) and expected (dashed) 95% CL upper limit on the ratio of the pro-
duction cross section to the SM expectation for the Higgs boson obtained using the asymptotic
CLS technique. The 68% and 95% ranges of expectation for the background-only model are
also shown with green and yellow bands, respectively. The solid line at 1 indicates the SM
expectation. The limit derived from 8 TeV data is shown on the left, while the combined limit
using both 7 TeV and 8 TeV data is shown on the right.

additional Higgs-like boson is found and 95% exclusion limits on its production cross section
have been obtained. Using 8 TeV data, the Standard Model Higgs boson is excluded in the mass
ranges 225–485 GeV and 550–600 GeV at 95% confidence level, while the median expected ex-
clusion range is 220–560 GeV. When combined with 5.0 fb−1 of 7 TeV data, the exclusion ranges
expand to 215–490 GeV and 525–600 GeV at 95% confidence level, while the median expected
one becomes 170–585 GeV.
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Figure 5: The expected 95% CL upper limits on the signal strength parameter µ = σ/σSM for

lepton + jets and dilepton channels combined.

mH (GeV/c
2
) 110 115 120 125 130 135 140

Lepton + jets 3.1 3.6 4.1 4.9 6.3 7.8 10.5

Dilepton 7.2 8.9 9.6 11.7 12.8 15.8 20.6

Combined 2.9 3.4 3.8 4.6 5.7 7.0 9.5

Improvement Relative to Lepton + Jets 6% 5% 6% 6% 9% 10% 10%

Table 7: Expected limits comparison among lepton+jets channel, dilepton channel, and two

channels combined. The limits are expressed as a ratio to the SM cross section.

Sys. Name Lepton + jets Dilepton Combined

JES 3.9% 0.7% 5.5%

b-tag SF (LF) 0.4% 0.1% 0.3%

b-tag SF (HF) 9.0% 2.1% 9.2%

Q
2

scale 4.2% 16.3% 6.7%

Table 8: Impact on the median expected limit for different systematic uncertainties at Higgs

boson mass 120 GeV/c
2
.

ttH(bb)
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ETH Zürich

11/02/2011

Nicolas Chanon H → γγ sensitivity studies using RooStats 1 / 7

Combination: results
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- Exclude all mass range at 95% CL up to 700 GeV but [120-127] GeV
- Excess in [120-127] GeV
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26

- Combined p-value: 6.9σ observed (7.8σ expected)
- Combined best fit μ=88±0.21
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Combination: mass measurement
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- Fit from γγ and ZZ: measures 125.8 ± 0.4(stat) ± 0.4(syst) GeV
- Masses from γγ and ZZ are compatible
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Higgs searches at CMS

Combined p-value: 6.9σ observed (7.8σ expected)
- Combined best fit μ=88±0.21
- Mass m=125.8 ± 0.4(stat) ± 0.4(syst) GeV

Measurements are compatible with the SM hypothesis so far

Higgs couplings: see talk by Paolo Azzuri tomorrow

Analyses will be updated for Moriond



Thank you!
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CMS electromagnetic calorimeter
(ECAL)

Outline
Introduction

CMS projected sensitivity to H → γγ channel
ECAL Calibration

Electromagnetic energy deposits commissioning
Conclusions

CMS Electromagnetic calorimeter (ECAL)

The ECAL is made of PbWO4 scintillating crystals

Barrel (EB) : 36 “supermodules” of 1700 crystals each (coverage |η| < 1.48)

Endcaps (EE) : 268 “supercrystals” of 25 crystals each (coverage 1.48 < |η| < 3.0)

Additionnaly, a preshower (ES) detector made of silicon strip sensors is located in
front of the endcap (coverage 1.65 < |η| < 2.6)

ECAL energy resolution (measured in
test-beams) :

σ(E)

E
=

a
p

E(GeV )
⊕

b

E(GeV )
⊕ c

a = 2.8% : stochastic term
b = 12% : noise term
c = 0.3% : constant term

Nicolas Chanon Photon commissioning in CMS at
√

s = 7 TeV 5 / 12
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The ECAL is made of scintillating crystals of PbWO4 :
-Barrel : 36 “supermodules” with 1700 crystals each (coverage |η|<1.48)
-Endcaps : 268 “supercrystals” with 25 crystals each (coverage 1.48<|η|<3.0)
Furthermore, a preshower made of silicon strip sensors is located in front of the endcaps 
(1.65<|η|<2.6)

Energy resolution (measured in electron 
test beam) :

a = 2.8% stochastic term
b = 12% noise term
c = 0.3% constant tern
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ECAL laser monitoring

Zürich Phenomenology Workshop

H ! !!: energy calibrations

9

Energy calibrations:
- ECAL crystals transparency loss
- Inter-calibrations (for uniformity)
- Energy regression 

Calibration stable with time
 
Mass resolution order of 1-2%

~3%

~10%
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H→γγ flowchart
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H→γγ cross-checks
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H→ZZ: lepton efficiency
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H→ZZ: Z1 and Z2 masses
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H→ZZ: mass scale
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H→ZZ: 2l2tau
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H→ZZ: parity measurement
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H→WW sensitivity per categories
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H→bb energy regression
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H→τ+τ- sensitivity


