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1: CMS Detector
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2: Motivation

» An important property to measure of the discovered Higgs boson
[1-2] is its (differential) fiducial cross section
* To minimize model dependence, we perform the measurement in
fiducial space close to experimental acceptance
* Important test of SM prediction and BSM effects

3: Datasets and Event Selections

» Datasets, triggers and event selections follows the legacy H—44{
analysis [3]
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4: Fiducial Volume Definition

» The fiducial volume definition is chosen to closely match the
reconstruction level selection, defined using lepton at hard
scattering level

Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation

leading lepton py

next-to-leading lepton pr

additional electrons (muons) pr

pseudorapidity of electrons (muons)

pr sum of all stable particles within AR < 0.4 from lepton

pr > 20 GeV

pt > 10 GeV
pr > 7(5) GeV

17| < 2.5(2.4)
less than 0.4 - py

Event topology

existence of at least two SFOS lepton pairs, where leptons satisty criteria above
inv. mass of the Z1 candidate 40GeV < m(Z1)< 120 GeV
inv. mass of the Z, candidate 12GeV < m(Z-)< 120 GeV
distance between selected four leptons AR(fit;) > 0. 02 foranyi #j
inv. mass of any opposite sign lepton pair m(f 0'=) > 4GeV

inv. mass of the selected four leptons 105 GeV < ”LL; < 140 GeV
the selected four leptons must originate from the H — 4/ decay

» Born level leptons are used
» Neutrino and photons radiated from lepton are not included in gen
level isolation

5: Analysis Strategy

This Signal Component is extracted by m,, distribution
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Fiducial Signal Shape (P, )

- Double Sided Crystal Ball

- yield proportional to oy

- efficiencies (€) from simulation

“Non-Fiducial” Signal shape:

- Same as fiducial shape

- fraction of fiducial signal (.7,

- fraction depends on model

»>00ZZ, ggZZ shape and yield from MC

»/Z+X shape and yield from control regions in data
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6: Systematic Uncertainties

Summary of relative systematic uncertainties

Common uncertainties

2226 %
1-10 %

Luminosity
Leptons, ID/RECO efficiencies

Background related uncertainties
QCD scale (qq —Z7Z, gg—77) 3-24%
P.D.F. (qq —Z2Z, gg—77) 3-7T%
Reducible background (Z + X) 20 — 40 %
jet measurements (dominated by energy scale) 216 %

Signal related uncertainties

Leptons (energy scale) 0.1 -0.3 %
Leptons (energy resolution) 20 %
jet measurements (dominated by energy scale) 3-12 %

Non-resonant signal component, effect on the final measurement 20 — 40 %

Model dependence

» Model dependence of the measurement is estimated by repeating the
measurement using efficiencies and non- fiducial ratios from a range of
different models of production, decay and spin-parity.

— In the inclusive measurement, model dependence < 7%

— For differential measurement , in particular jet related observables
can be up to 25% for a particular bin

We quote the full model dependence without any experimental

constraints separate systematic effect

I:Inclusive results
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Fiducial cross section H — 4/ at 7 TeV
Measured U.SEiJ_rg:ii (stat.) +g‘%é (sys.) +g:8§ (model) fb
gg — H(HRES) + XH 0.937019 fp
Fiducial cross section H — 4/ at 8 TeV
Measured 1117541 (stat.) T35 (sys.) Toos (model) fb
gg — H(HRES) + XH 1.157012 fb

Ratio of fiducial cross sectionsof H — 4/ at 7 and 8 TeV

Me

asured U.SIfS:ié (stat.) +852 (sys.) +g:gg (model)

go — H(HRES) + XH

+0.003
0.8057 010

» Simultaneous fit for the H — 4{ and Z — 4! signals and the
measurement of the ratio of the H — 4f and Z — 4/ cross section to
cancel part of systematics
e S channel and t/u channel of gqZZ are treated independently
* Interference is accounted as systematic
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4811083 (stat.) 15 (sys.) fb
POWHEG 4.567010 fb
Ratio of fiducial cross sectionsof H — 4/ and Z — 4/ at 8 TeV
(50 GeV < myy < 140 GeV)

C 0.01 \
0.21700 (stat.) Ty (sys.)

gg — H(HRES) + XH and Z — 4/ (POWHEG) 0.2570.04
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8: Differential results

» Differential observable p(H),Y(H)
» Sensitive to gluon fusion production mechanism and PDFs of colliding
proton
» Differential observable N(jets), p(leading jet), y(H)-y(jet)
» Sensitive to theoretical modeling of hard quark radiation and relative
contribution of different Higgs Boson production mechanism
CMS 19.7 b (8 TeV) CMS
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9: Conclusion

» Performed inclusive and differential measurement fiducial cross sections
and several ratios using H — 4£ decay and compared to different
theoretical predictions
» Estimated model dependence using wide range of models

> No significant deviations are observed in current dataset
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