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SM Higgs decay modes
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CMS detector
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Physical objects
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H—ZZ—*qg

REF: CMS-PAS-HIG-11-006

Large Yields 10 | -
v Exploits very large BR(ZZ—qq) =70% & [ \s=7TeV SM
¥ Full decay chain reconstructed x 1
.

Challenge 1
v Large Z+jet background 10
¥ Limited resolution coming from jets

10
Background
v Resonant: Z+jet 10° l=e.u
¥ Non-Resonant: ttbar/tW zznﬁ‘é&gvf
vV EWK:ZZIWZIWW 10300 200 300 400 500
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( Good for exclusion and discovery
Sensitive to high mass Higgs boson: my [200-600] GeV/c?
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Selection Procedure
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Background from DATA
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Invariant Mass

\Ns=7TeV
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Upper Limits
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Shape analysis:
v’ Signal parametrized with a Breit—Wigner convoluted with a Crystal-Ball
v Background parametrized with an empirical probability function

normalized from data estimation (mj sideband)
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H—=ZZ- Vv

REF: CMS-PAS-HIG-11-005

Large Yields

v BR(ZZ-lIvv) ~ 6xBR(ZZ~lll) N N — T au
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Challenge x

¥ Looking for Z+MET signature

¥ Large Z+jet background

¥ No Higgs peak

Background

¥ Resonant: Z+jet

¥ Non-Resonant: ttbar/WWW
v EWK: WZ/ZZ

-4
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M, [GeV]

( Good for exclusion
Sensitive to high mass Higgs boson: my [250-600] GeV/c?
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Transverse Mass
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Upper Limits
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H—ZZC) =M

REF: CMS-PAS-HIG-11-004

Golden channel

¥ Clean experimental signature, = 10 . . . .

four primary and isolated leptons %‘ - \s=7TeV SM
v" Narrow resonance in 4 leptons D

invariant mass spectrum o

-1

Challenge 10
¥" Small Branching Ratio B
v Low pr leptons 10 ‘
Background 10° v l=e,u -
¥ Instrumental: Z+fakes ’ z ACE
v Reducible: Zbb/ttbar/WZ 1000 200 300 400 500
v Irreducible: ZZ) M, [GeV]

( Good for exclusion and discovery
Sensitive to whole mass Higgs boson range: my [110-600] GeV/c?
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Selection Procedure
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Selection Procedure

Best 4|l candidate choice
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Retaining the maximal signal efficiency
Preserving the phase space for the background control
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Selection Procedure

Reducible background suppression

CMS Preliminary 2011 Vs=7TeV L=1.131fb"
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Minimal signal efficiency loss
while preserving optimal phase space
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Selection Procedure
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Background from DATA
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Invariant Mass

CMS Preliminary 2011 Vs=7TeV L=1.13fb"
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Low-mass/Baseline selection

60 < mz; < 120 GeV/c?
20 < mz < 120 GeV/c2

4e 4 2e2|
77 2.76 + 0.18]4.10 + 0.27]6.72 % 0.45
Others back.  [0.38 + 0.07]0.06 % 0.01[0.41 + 0.07
Observed 3 6 6
mn= 150 GeVic2|  0.368 0.637 0.996
mn =200 GeVic2 | 0.816 1.16] 1.907
mi =250 GeV/c2 | 0.656 0.885 1.533

600

Background estimated with data
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Invariant Mass

Ok, o
! . 6 13
High mass/Two Zs “on-shell
coincides with the selection for ZZ cross section measurement

CMS Preliminary 2011 \Ns=7TeV L=1.13 fb’
No L | | I | I | I | I | | | I I I | | | | I | I I |_
% ] * DATA ]

O
60 < mz < 120 GeV/c? S 1 -- -
< < 2 3 r .
60 < mzz2 < 120 GeVic 2 B 200 o
o L [T m,=200 Gevic?
101 [ m,=150 Gevic? |
4e 4u 2e2 : .
77 2.50 + 0.17|3.55 + 0.23 | 6.10 + 0.40 ! 1
Others back. |0.14 + 0.06 ; 0.15 + 0.06 |

-2
Observed 0 2 6 10

100 200 300 400 500 600
M, [GeV/c?]
The total cross section for a pair WW/WZ/ZZ bosons has been measured and
found to be in agreement with the expectation from the Standard Model
See CMS EWK di-boson talk in this conference for more details
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Upper Limits

o5 CMS preliminary 2011 113 fb" at\'s = 7 TeV (SM with a 4th fermion family of high mass
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200 300

Shape analysis:
¥ Signal parametrized with a Breit—Wigner convoluted with a Crystal-Ball
v ZZ/reducible backgrounds parametrized by an empirical probability
function, normalization from data
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e Conclusion

\\\\\\\\\\\\

¥ A search of the H boson in the ZZ mode has been performed
for the first time in CMS

¥ The ZZ* decays into liqqg, llvv and llll (I = e, 4) have been measured
and examined at /s = 7 TeV

¥ No evidence of a SM-like Higgs bosons has been found

v At my4 > 100 GeV/c?: 15 events observed, 14.4 + 0.6 events expected
Atmygy <2xmz: 6 events observed, .9 + 0.] events expected

v Upper limits are obtained at 95% CL on the cross sectionXB.R. for a

Higgs boson with SM-like decays for masses in the range
110 < my < 600 GeV/c?

¥  In the context of the Standard Model with a massive fourth fermion
family, a Higgs boson with a mass in the ranges 138-162 GeV/c? and

| 78-550 GeV/c? is excluded at 95% C.L.
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BACKUP
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CMS Preliminary 2011 Ns=7TeV L=1.13fb"

* DATA

[ |m,=250 Gevic?
[T m,=200 Gevrc? |
[ m,=150 Gevic? |

Events/10 GeV/c?

10"

1072
100 200 300 400 500 600
M, [GeV/c?]
26 Roberto Salerno



