
Results

Search for a SM Higgs boson 
in the decay channel H→ZZ(*)→4l 
with the CMS experiment:



Baseline Selection

4.71 &‐1

50< mZ1 < 120 GeV/c2

12< mZ2 < 120 GeV/c2
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m4l > 100 GeV/c2

Observed events: 72
Expected  events: 67.1 ± 6.0

8.3 Interpretation of the Results 165

Table 8.1: Number of events observed, background and signal rates for each final state
in a mass range from m1 = 100 GeV/c2 to m2 = 600 GeV/c2 both for the baseline
selection. For Z+X the data driven estimation is used. For ZZ the average (theoretical
and instrumental) systematic on the expected number of events is also reported.

Baseline 4e 4µ 2e2µ
ZZ 12.27 ± 1.16 19.11 ± 1.75 30.25 ± 2.78
Z+X 1.67 ± 0.55 1.13 ± 0.55 2.71 ± 0.96
All background 13.94 ± 1.28 20.24 ± 1.83 32.96 ± 2.94
mH = 120 GeV/c2 0.25 0.62 0.68
mH = 140 GeV/c2 1.32 2.48 3.37
mH = 350 GeV/c2 1.95 2.61 4.64
Observed 12 23 37

100 110 120 130 140 150 160

0.9975
0.998
0.9985
0.999
0.9995

1
1.0005
1.001

100 110 120 130 140 150 160

0.9975
0.998
0.9985
0.999
0.9995

1
1.0005
1.001

]2 [GeV/c4lM

100 110 120 130 140 150 160

2
E

v
e
n
ts

/2
 G

e
V

/c

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
DATA

Z+X

ZZ
2

=140 GeV/c
H

m
2

=120 GeV/c
H

m

CMS Preliminary 2011
-1

 = 7 TeV  L = 4.71 fbs

]2 [GeV/c4lM

100 110 120 130 140 150 160

2
E

v
e

n
ts

/2
 G

e
V

/c

0

1

2

3

4

5

6
DATA

Z+jets

ZZ

2=140 GeV/cHm

2=120 GeV/cHm

CMS Preliminary 2011
-1

 = 7 TeV  L = 4.03 fbs

]2 [GeV/c4lM

100 110 120 130 140 150 160

2
E

v
e
n
ts

/2
 G

e
V

/c

0

1

2

3

4

5

6
DATA

Z+X

ZZ

2
=140 GeV/c

H
m

2
=120 GeV/c

H
m

CMS Preliminary 2011
-1

 = 7 TeV  L = 4.73 fbs

L
E

P
  

e
x
c
lu

d
e

d
 (

9
9

%
 C

.L
.)

100 110 120 130 140 150 160

0.998
0.9985
0.999
0.9995

1

100 110 120 130 140 150 160

0.998
0.9985
0.999
0.9995

1

]2 [GeV/c4lM

100 110 120 130 140 150 160

2
E

v
e
n
ts

/2
 G

e
V

/c

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
DATA

Z+X

ZZ
2

=140 GeV/c
H

m
2

=120 GeV/c
H

m

CMS Preliminary 2011
-1

 = 7 TeV  L = 4.71 fbs

]2 [GeV/c4lM
100 110 120 130 140 150 160

]2 [GeV/c4lM
100 110 120 130 140 150 160

Figure 8.3: Distribution of the four-lepton reconstructed mass for the sum of the 4!
channels in the low-mass domain with mH < 160 GeV/c2. Points represent the data,
shaded histograms represent the signal and background expectations. LEP exclusion
limit at 99% C.L. and the central values and event-by-event mass uncertainties (Sec-
tion 8.2) are also shown. The results are presented for an integrated luminosity of
4.71 fb−1

performing a bayesian pseudo-integration on the systematical uncertain-
ties. The observed value of the test statistics is then compared with the
prediction, yielding the p-values given the background or the signal-plus-



Low mass region
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100 < m4l < 160 GeV/c2

Observed events: 13 
Expected  events: 9.5 ± 1.3

Central values 
Event‐by‐event mass uncertainties
4e / 4μ / 2e2μ

4.71 &‐1

50< mZ1 < 120 GeV/c2

12< mZ2 < 120 GeV/c2



Upper limit
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EXCLUSION: [134‐158]‐[180‐305]‐[340‐460] GeV/c2
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EXCLUSION: [134‐158]



 p‐value

Fluctuation ~ 120: 2.5 / 2.9
With LEE included: 1.0 (full range) / 1.6 (100‐160 range)



 p‐value


