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The CMS experiment

The CMS experiment at the LHC collider at CERN has recorded 5.20 fb−1 of
high-quality p-p collision data so far.

Signal and backgrounds

I The considered signal final states are
4µ, 4e, 2e2µ

I The main backgrounds are ZZ , tt̄,
Zbb̄, Zcc̄ , W+jets, Z+jets, QCD

I Very clean signature:
I two pairs of same-flavour, opposite-sign,

high-pT isolated leptons pointing to the
same vertex

I at least one Z is on-shell → at least one pair
of leptons has minv(``) ' mZ

I the SM Higgs is a scalar particle → angular
correlations among the final-state leptons
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Event selection
I Requirements on muons and electrons

I trigger matching
I pT cuts

IZ1 selection
IZ1 + 1 lepton
IZ1 + 2 same-flavour, opposite-charge

leptons
I ‘Best 4`-candidate’ choice
I cut on relative isolation of leptons
I cut on significance of 3D impact

parameter of leptons
I cuts on Z1, Z2 kinematics

I ‘baseline’ selection: 20 < mZ2
< 120 GeV

I ‘high mass’ selection: 60 < mZ2
< 120 GeV

ZZ → 4` cross section measurement

The ZZ → 4` inclusive cross section has been measured after the cuts
60 < MZ1

< 120 GeV & 60 < MZ2
< 120 GeV (‘high mass’ selection) as

σ(pp → ZZ + X )× BR(ZZ → 4`) =

∑
(N ich

obs − N ich
bkg)

A4` × εZZ→4` × L =

= 20.84+6.8
−4.0 (stat.) ± 0.54(syst.) ± 0.94(lumi.) fb

This result should be compared with the theoretical value

σTH(pp → ZZ + X )× BR(ZZ → 4`) = 28.32 ± 2.57 fb

ZZ background control

Normalization to single Z:

NZZ→4` =
σNLOqq̄→ZZ→4` + σLOgg→ZZ→4`

σNNLOpp→Z→2`

· ε
MC
ZZ→4`

εMC
Z→2`

· Nobserved
Z→2`

I most systematic uncertainties cancel
out (e.g. those related to luminosity)

I most diagrams are shared by the two
processes

Zbb̄, Zcc̄, tt̄ background control

I same Z1 selection as for signal events
I flavour, charge and isolation

requirements are relaxed for the two
other leptons

I the cut on the 3D impact parameter
significance is reversed for these two
leptons: |SIP3D| > 5

I to propagate from the control region
to the signal region:
Im2` > 12 GeV , m4` > 100 GeV
I combinatorial factor to account for lepton

flavour and charge combinations
I acceptance factors from MC:
RSIP3D

= A|SIP3D|<4/A|SIP3D|>5

RISO = ACombRelIso<0.35/A

Z + jets background control

Single-lepton fake rate measurement:
I same Z1 selection as for signal events
I exactly one additional ‘fakeable object’ (e, µ)
IMET < 25 GeV to suppress the WZ contribution

I Fake rate = ε(p`T , η
`) = N(passing ID and isolation cuts)

N(fakeable objects)

Control region:
I same Z1 selection as for signal events
I two other leptons of same flavour and same charge

(to avoid signal contamination) `±3 , `±4 are looked for
I no ID, isolation requirements on them
I a cut is applied on m(`3`4) and on m(4`)

Extrapolation to the signal region:

NZ+jets
SR = NZ+jets

CR × 1

2
×

ε(p`3

T , η
`3)× ε(p`4

T , η
`4)

[1− ε(p`3

T , η
`3)] × [1− ε(p`4

T , η
`4)]

Exclusion limits for
√
s = 7 TeV , L = 1.66 fb−1

Upper limits at 95% C.L.
on σ · BR for a SM-like
Higgs boson exclude cross
sections from about one to
two times the expected SM
ones in the mass range
150 < mH < 420 GeV
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