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Standard Model Higgs branching 
ratio versus mass

⇾ at low mass (mH < 135-150 GeV) : H→γγ, ττ, bb
⇾ at intermediate and high mass : H→WW, ZZ
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LHC performance in 2011

less than 1.7 fb-1 in 
this talk

more than 4 fb-1 recorded 
(between 1.1 and 1.7 in public Higgs analyses)

High inst. luminosity:
⇾challenge for trigger
⇾ high Pile-Up
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Measurements of Particles in CMS
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 High mass : H→ZZ→4l 
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selection : 
⇾Z1 with Pt > 10, 20 GeV, 60 < Mll<120 GeV
⇾Z2: 20 < Mll < 120 GeV
⇾M4l > 120 GeV
⇾significance of impact parameter > 4

background :
⇾reducible = 
ttbar→2l2ν2b, Z+bb
⇾irreducible = 
pp→ZZ

signal : 4 isolated leptons coming from common vertex
4e, 4μ, 2e2μ



High mass : H→ZZ(*)→4l 
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12 6 Results
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Figure 3: Distribution of the four-lepton reconstructed mass for the baseline selection in (a)
4e, (b) 4µ, (c) 2e2µ, and (d) the sum of the 4` channels. Points represent the data, shaded
histograms represent the signal and background expectations. The samples correspond to an
integrated luminosity of L = 1.66 fb�1.

agreement with the expectation of 21.2 ± 0.8 events from SM background evaluation. Six of
the events are below the kinematic threshold of two on-shell Z’s (mH < 180 GeV/c2), while
2.8 ± 0.2 background events are expected. The probability that the background fluctuates to
the observed number of events is 6.5%. The events are not clustered at a single mass ex-
cluding interpretation as the standard model Higgs boson. However we note that the six
events form three mass pairs: two events are close to each of the following masses 122, 142

4.2 Combination results: search for the SM Higgs boson 31
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Figure 16: H ! ZZ ! 4` analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.
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Figure 17: H ! 2`2t analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.

3.5 H ! ZZ ! 4` channel [15] 19
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Figure 8: Input information from the H ! ZZ ! 4` analysis for a SM Higgs boson with mH =
300 GeV/c2: m4` mass distributions for (a) 4e, (b) 4µ, and (c) 2e2µ final states. The observed
events are indicated by square symbols. The curves show parametric density functions for the
expected background and signal rates. Normalization for reducible backgrounds is obtained
using data-driven techniques.

signal model :  NLO MC fitted with Breit-
Wigner⨂crystal-ball (resolution)

bg model :  reducible with control zone
irreducible = (pp→ZZ continuum) 
shape :at NLO, corrections for gg→ZZ→4l, use MCFM
rate : Z yield in data and ratio Z/ZZ from theory



High mass : H→ZZ(*) →2l 2τ!
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3.6 H ! ZZ ! 2`2t channel [16] 21

Figure 9: Invariant mass distribution of the ``tt system in the H ! 2`2t analysis for a SM
Higgs boson with mH = 200 and 400 GeV/c2. The tau leptons include both hadronic and
leptonic decays (no overlaps with the H ! ZZ ! 4` signature are allowed). The observed
event is shown with a point, while the expected background and signal rates are represented
by histograms. Background contributions are stacked, while the SM Higgs boson signal is
shown superimposed. Given the very low expected event yield with the current integrated
luminosity, all eight independent ``tt final states used in the search are added together on this
plot.

4.2 Combination results: search for the SM Higgs boson 31
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Figure 16: H ! ZZ ! 4` analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.
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Figure 17: H ! 2`2t analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.

signal : 
Z1 in ee or μμ
Z2 in τhτh, τhτμ, τhτe, τμτe

backgrounds: ZZ continuum
Z and WZ+jets, ttbar, QCD multijet 



High mass : H→ZZ(*) →2l 2ν!
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3.7 H ! ZZ ! 2`2n channel [17] 23

(a) (b)

Figure 10: MT distributions for (a) Zee + MET and (b) Zµµ + MET events with cuts optimized
for a search of the standard model Higgs boson with mass mH = 350 GeV/c2. The observed
data (points) and expected background and signal rates (histograms) are shown. Background
contributions are stacked, while the SM Higgs boson signal is shown superimposed. Some of
the backgrounds are obtained using data-driven techniques as indicated on the plots. Only the
bin not covered by the hatched area was used in the statistical analysis of data for the given
Higgs boson mass.

32 4 Higgs search results
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Figure 18: H ! 2`2n analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hy-
pothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂
(bottom panel) vs. hypothesized Higgs boson mass mH.
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Figure 19: H ! 2`2q analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hy-
pothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂
(bottom panel) vs. hypothesized Higgs boson mass mH.

signal :  2 clean leptons with Mll close to MZ

3.7 H ! ZZ ! 2`2n channel [17] 23

(a) (b)

Figure 10: MT distributions for (a) Zee + MET and (b) Zµµ + MET events with cuts optimized
for a search of the standard model Higgs boson with mass mH = 350 GeV/c2. The observed
data (points) and expected background and signal rates (histograms) are shown. Background
contributions are stacked, while the SM Higgs boson signal is shown superimposed. Some of
the backgrounds are obtained using data-driven techniques as indicated on the plots. Only the
bin not covered by the hatched area was used in the statistical analysis of data for the given
Higgs boson mass.

2 channels : 2e2ν, 2μ2ν

M2
T =

✓q
Pt2Z +M2

Z +
q

MET 2 +M2
Z

◆2

�
⇣
~Pt+ ~MET

⌘2

background : Z+jets, ttbar and WZ, ZZ

cut on MET(MT) and ΔΦ(MET,jet) to suppress Z+jets
anti b-tag to suppress ttbar

ZZ and WZ yield from MC
Z+jet and ttbar form data



High mass : H→ZZ(*)→2l 2q!
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signal :  2 clean leptons + 2 jets form Z,  wide peak (σ≈10GeV)

main backgrounds :  
Z+jets, ttbar

6 categories : 
eeqq and (0-jet, 1-jet, 2-jets)
μμqq and (0-jet, 1-jet, 2-jets)

analysis : 
⇾75<Mjj<105 GeV
⇾70<Mll< 110 GeV
⇾MEt requirement in 2 jets 
category (→suppress ttbar)
⇾angular discrimination of Z+jets 
with likelihood 

high rate among EWK dibosons bg



H→ZZ(*)→2l 2q!
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6 2 Event Reconstruction
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Figure 2: Distribution of the dijet invariant mass mjj (a), flavor tagging category (b), including
the gluon-tagged category, angular likelihood discriminant (c), and quark-gluon likelihood dis-
criminant (d). Points with error bars show distributions of data after preselection requirements,
solid histograms depict the background expectation from simulated events with the different
components illustrated. Open histograms indicate the expected distribution for a Higgs boson
with mass 400 GeV/c2, multiplied by a factor of 100 for illustration.

3.8 H ! ZZ ! 2`2q channel [18] 25
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Figure 11: Binned m2`2j distributions for: (a) 2`+2 jets, with 0 b-tags, (b) 2`+2 jets, with 1 b-tag,
(c) 2`+2 jets, with 2 b-tag. The 2e and 2µ final states are combined together here, but in the
overall statistical analysis they are treated separately. The line corresponds to the background
model, whose shape and normalization are derived from independent control samples. Monte
Carlo generated background distributions are shown only for comparison—they are not used
directly in the statistical analysis. The expected SM Higgs boson signal, multiplied by a factor
of 3, for mH = 400 GeV/c2 is also shown. Although the data are shown as binned distributions,
the actual analysis is carried out unbinned.

32 4 Higgs search results
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Figure 18: H ! 2`2n analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hy-
pothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂
(bottom panel) vs. hypothesized Higgs boson mass mH.
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Figure 19: H ! 2`2q analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hy-
pothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂
(bottom panel) vs. hypothesized Higgs boson mass mH.

signal shape : Breit-Wigner⨂Crystal-Ball 
from MC

bg shape : from data (inverting Mjj cut)

likelihood output



intermediate mass : H→WW(*) →2l2ν

5 ‘‘sub-channels’’ :
0-jet or 1-jets and leptons with same or
 opposite flavors (→no b-jets, no μ with low Pt) 
2-jets (→asks VBF-like kinematic)

signal : 2 opposites charged 
final states (e+e-, μ+μ-, e±μ∓) 

background : W+jet, Drell-
Yan, Top, WW

no signal peak 
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Higgs 
160 GeV

WW

Top

Drell-Yan

Wjets

1E+03 1E+04 1E+05 1E+06 1E+07 1E+08

intermediate mass : H→WW(*) →2l2ν

2 opposites charged signal states (e+e-, μ+μ-, e±μ∓),  

➠ kinematics discriminant : Mll,  ΔΦ(l+l-)

➠ classification by number of jets (Pt>30GeV); 
b-jet and soft muons veto

➠large missing Et, Z decay veto 

➠leptons Pt>10 GeV and isolation

Large backgrounds to remove : 

         H is a scalar
 →  ΔΦ(l+l-) small 

for signal 

background yield 
from control zone 

13

σxbranching ratio(fb-1)
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Figure 2: Cut flow evolutions in the 0-jet bin for (a) mH = 140 GeV/c2 SM Higgs selection and
(b) mH = 160 GeV/c2 SM Higgs selection. The first step corresponds to the dilepton selection;
the second step corresponds to the projected Emiss

T requirements; the third step corresponds
to the Z veto; the fourth step corresponds to the jet veto; the fifth step corresponds to the top
veto. All cuts up to this point correspond to the W+W� common preselection. The last set of
requirements depends on the Higgs mass selection. The sixth and seventh steps correspond to
the p`,max

T and p`,min
T requirements, respectively; the eighth step corresponds to the m`` require-

ment, while the ninth step corresponds to the m``Emiss
T

T two-side requirement. Finally, the last
step corresponds to the Df`` requirement. All the appropriate background normalizations and
scale factors from data are at every step included in the signal and background expectations.

tends to get narrower uncertainty bands. Results are reported in the following using only the
CLs approach. The systematic uncertainties are included as log-normal distributions.

The 95% C.L. observed and expected median upper limits are shown in Figure 3. The bands
represent the 1s and 2s probability intervals around the expected limit. The a-posteriori proba-
bility intervals on the cross section are constrained by the a-priori minimal assumption that the
signal and background cross sections are positive definite. We exclude the presence of a Higgs
boson with a mass in the range [147 - 194] GeV/c2 at 95% C.L., with an expected exclusion
sensitivity in the range [136 - 200] GeV/c2.

process Higgs qq ! WW gg ! WW VV top Z/g⇤ ! `+`� W + jets ÂBkg data
0-jet bin, SF 18.8 ± 4.2 31.5 ± 5.5 1.5 ± 0.8 0.8 ± 0.1 3.1 ± 1.1 0.1 ± 0.0 5.6 ± 2.3 44.0 ± 6.2 46
0-jet bin, OF 15.9 ± 3.6 29.1 ± 5.1 1.3 ± 0.7 0.5 ± 0.1 1.4 ± 0.5 3.1 ± 4.2 5.3 ± 2.2 40.6 ± 7.0 41
1-jet bin, SF 6.6 ± 2.2 8.3 ± 3.1 0.5 ± 0.3 0.5 ± 0.1 5.6 ± 1.2 0.2 ± 0.1 2.4 ± 1.1 17.8 ± 3.5 23
1-jet bin, OF 4.6 ± 1.5 5.8 ± 2.2 0.3 ± 0.2 0.3 ± 0.1 3.2 ± 0.8 1.2 ± 2.7 1.5 ± 0.9 12.6 ± 3.7 23
2-jet bin 0.5 ± 0.1 0.6 ± 0.2 0.1 ± 0.1 0.0 ± 0.0 2.6 ± 1.5 0.8 ± 0.6 1.0 ± 0.6 5.3 ± 1.7 7

Table 4: Summary of the yields for signal, main backgrounds and data for the mH = 140 GeV/c2

analysis. The total systematic uncertainties are also reported. Same-flavor (SF) and opposite-
flavor (OF) final states are shown separately for both 0-jet and 1-jet bins.

intermediate mass : H→WW(*) →2l2ν
16 3 Search channels used in the combination
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Figure 6: Input information from the H ! WW ! 2`2n analysis for a SM Higgs boson with
mH = 160 GeV/c2: (a) mT distribution for eµ events with no jets, (b) mT distribution for ee and
µµ events with no jets, (c) mT distribution for eµ events with 1 jet, (d) mT distribution for ee
and µµ events with 1 jet. The observed data (points) and expected background and signal rates
(histograms) are shown. Normalizations for the WW, tt̄, W+jets, and Drell-Yan background
predictions are obtained using data-driven techniques. The areas hatched out in the plots are
not used.
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Figure 6: Input information from the H ! WW ! 2`2n analysis for a SM Higgs boson with
mH = 160 GeV/c2: (a) mT distribution for eµ events with no jets, (b) mT distribution for ee and
µµ events with no jets, (c) mT distribution for eµ events with 1 jet, (d) mT distribution for ee
and µµ events with 1 jet. The observed data (points) and expected background and signal rates
(histograms) are shown. Normalizations for the WW, tt̄, W+jets, and Drell-Yan background
predictions are obtained using data-driven techniques. The areas hatched out in the plots are
not used.
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Figure 2: Cut flow evolutions in the 0-jet bin for (a) mH = 140 GeV/c2 SM Higgs selection and
(b) mH = 160 GeV/c2 SM Higgs selection. The first step corresponds to the dilepton selection;
the second step corresponds to the projected Emiss

T requirements; the third step corresponds
to the Z veto; the fourth step corresponds to the jet veto; the fifth step corresponds to the top
veto. All cuts up to this point correspond to the W+W� common preselection. The last set of
requirements depends on the Higgs mass selection. The sixth and seventh steps correspond to
the p`,max

T and p`,min
T requirements, respectively; the eighth step corresponds to the m`` require-

ment, while the ninth step corresponds to the m``Emiss
T

T two-side requirement. Finally, the last
step corresponds to the Df`` requirement. All the appropriate background normalizations and
scale factors from data are at every step included in the signal and background expectations.

tends to get narrower uncertainty bands. Results are reported in the following using only the
CLs approach. The systematic uncertainties are included as log-normal distributions.

The 95% C.L. observed and expected median upper limits are shown in Figure 3. The bands
represent the 1s and 2s probability intervals around the expected limit. The a-posteriori proba-
bility intervals on the cross section are constrained by the a-priori minimal assumption that the
signal and background cross sections are positive definite. We exclude the presence of a Higgs
boson with a mass in the range [147 - 194] GeV/c2 at 95% C.L., with an expected exclusion
sensitivity in the range [136 - 200] GeV/c2.

process Higgs qq ! WW gg ! WW VV top Z/g⇤ ! `+`� W + jets ÂBkg data
0-jet bin, SF 18.8 ± 4.2 31.5 ± 5.5 1.5 ± 0.8 0.8 ± 0.1 3.1 ± 1.1 0.1 ± 0.0 5.6 ± 2.3 44.0 ± 6.2 46
0-jet bin, OF 15.9 ± 3.6 29.1 ± 5.1 1.3 ± 0.7 0.5 ± 0.1 1.4 ± 0.5 3.1 ± 4.2 5.3 ± 2.2 40.6 ± 7.0 41
1-jet bin, SF 6.6 ± 2.2 8.3 ± 3.1 0.5 ± 0.3 0.5 ± 0.1 5.6 ± 1.2 0.2 ± 0.1 2.4 ± 1.1 17.8 ± 3.5 23
1-jet bin, OF 4.6 ± 1.5 5.8 ± 2.2 0.3 ± 0.2 0.3 ± 0.1 3.2 ± 0.8 1.2 ± 2.7 1.5 ± 0.9 12.6 ± 3.7 23
2-jet bin 0.5 ± 0.1 0.6 ± 0.2 0.1 ± 0.1 0.0 ± 0.0 2.6 ± 1.5 0.8 ± 0.6 1.0 ± 0.6 5.3 ± 1.7 7

Table 4: Summary of the yields for signal, main backgrounds and data for the mH = 140 GeV/c2

analysis. The total systematic uncertainties are also reported. Same-flavor (SF) and opposite-
flavor (OF) final states are shown separately for both 0-jet and 1-jet bins.
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Counting experiment : 

SF=same flavor   OF=opposite flavor

0-jet case
mH=140 GeV

0-jet case
mH=160 GeV



intermediate mass : H→WW(*) →2l2ν
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30 4 Higgs search results
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Figure 14: H ! bb analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hypothe-
sized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂ (bottom
panel) vs. hypothesized Higgs boson mass mH.

)2Higgs boson mass (GeV/c
100 200 300 400 500

SM
σ/

σ
95

%
 C

L 
lim

it 
on

 

1

10

Observed
σ 1±Expected 
σ 2±Expected 

Observed
σ 1±Expected 
σ 2±Expected 

-1 = 1.5 fbint WW, L→H 
 = 7 TeVsCMS Preliminary,  Observed

σ 1±Expected 
σ 2±Expected 

-1 = 1.5 fbint WW, L→H 
 = 7 TeVsCMS Preliminary,  

(a)

Lo
ca

l p
-v

al
ue

-410

-310

-210

-110

1

σ1

σ2

σ3

σ4Interpretation requires look-elsewhere effect correction

-1 = 1.5 fbint WW, L→ = 7 TeV, H sCMS Preliminary,  

)2Higgs boson mass (GeV/c
100 200 300 400 500 600

 
SM
σ/

σ
Be

st
 fi

t 
0

2

4
 from fitσ1±  from fitσ1±

(b)

Figure 15: H ! WW ! 2`2n analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.
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Figure 14: H ! bb analysis: (a) Limits on the signal strength modifier µ = s/sSM vs. hypothe-
sized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength µ̂ (bottom
panel) vs. hypothesized Higgs boson mass mH.
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Figure 15: H ! WW ! 2`2n analysis: (a) Limits on the signal strength modifier µ = s/sSM vs.
hypothesized Higgs boson mass mH. (b) Local p-value (top panel) and best-fit signal strength
µ̂ (bottom panel) vs. hypothesized Higgs boson mass mH.

SM Higgs in range 147 GeV< MH < 194 GeV excluded at 95% CL
(expected is 136GeV < MH < 200 GeV)



Low mass Higgs search : H→𝜏𝜏

Signal : 
𝜏e+𝜏h, 𝜏µ+𝜏h, 𝜏e+𝜏µ final state

Background : 
top, EWK (W+jet), Z→𝜏𝜏

Two categories :
VBF : 2 jets (Pt>30GeV),Δηij>3.5, η1.η2<0, 

Mjj>350GeV
Non-VBF : ≤1jet, or 2jet failing VBF

VBF VBF VBF
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Low mass Higgs search : H→bb

signal : use qq→VH production mode, 
finals products : W(µ𝜈)H(bb), W(e𝜈)H(bb), Z(ee)H(bb), 

Z(µµ)H(bb), Z(𝜈𝜈)H(bb)

background : V+jets, VV, ttbar

analysis : 
⇾VH topology : Δφ(V,H)>3
⇾boosted W/Z (Pt(V)>100-160 GeV )
⇾tight b-tagging and MET with good quality
⇾background estimation from control data

cut on BDT improves 
by 10% the cut-based 

approach 
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Low mass Higgs search : H→γγ

Signal : 2 energetic and isolated γ, narrow mγγ peak

Background : 
large background irreducible (γ γ from QCD) 
or reducible (γ+jet or jets with one more jets 
misidentified as a photon) 

p

p

p

p

p

p
Dγ/q

Dγ/q p

p

Dγ/q
+
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Low mass Higgs search : H→γγ

signal shape : sum of 3 gaussians, 
parameters from Z→ee data

background shape : 2 order 
polynomial constrained to be positive

data divided in 8 categories 
depending position in calo, 
shape variables, and their Pt

19

γγ unconverted, both 
in ECAL barrel, 

Ptγγ>40GeV



Summary Of All Searches :
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Summary Of All Searches : Expected & Observed 
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CMS Preliminary 

Solid line  = Observed limit ; Dashed line = Median Expected 



Combinations SM Higgs Searches
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SM Higgs Search Combination 
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Expected exclusion mass range: 130 – 440 GeV 
Observed exclusion mass range: 145-216, 226-288, 310-400 GeV 

CMS PRELIM 

Standard Model Higgs excluded at 95% CL in the masse 
ranges : 145-216, 226-288 and 310-400 GeV

(expected exclusion : 144-440 GeV)



Projected Exclusion with 5 fb-1 @ 7 TeV
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CMS Exclusions: 5 fb-1 @ 7 TeV 

39 
114 



Projected Significance of Observation 
with 5fb-1 @ 7 TeV
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Significance of Observation with 5 fb-1 @ 7 TeV 

40 114 



Summary 
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• Standard Model Higgs excluded at 95% CL in the masse 
ranges : 145-216, 226-288 and 310-400 GeV

• possible exclusion with 5fb-1 of the Standard Model Higgs 
boson for masses between 114 and 600 GeV


