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Introduction: LHC - Run1

First results obtained from the combination 
of ATLAS & CMS measurements
(5 fb-1 @ 7 TeV + 20 fb-1 @ 8 TeV)
provided:

● fducial cross section measurements,

● diferential cross section measurements,

● production mode cross section ratios
in most sensitive channels.
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No significant deviation
from SM predictions

https://doi.org/10.1007/JHEP08(2016)045
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG
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Introduction: LHC - Run2

Both detectors have been successfully recording 
the delivered luminosity at sqrt(s) = 13 TeV
→ 80 fb-1 dataset in 2015 – 2017.

● Fiducial cross section measurements,

● Diferential cross section measurements,

● Production mode cross section also in the 
Simplifed Template XS Framework.

Latest results at 13 TeV

     H ZZ 4l , H γγ , H WW  lνlν→ → → → →

   CMS: fnalized 2015-2016 (36 fb-1) data 
analyses & combination of analysis 
channels.

ATLAS: updated results including 2017 data 
for a total of 80 fb-1. 
(combination of H→4l, H→γγ also available @ 36 fb-1)
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Updated Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#LHC_and_CMS_luminosity_records
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H→ ZZ→ 4l & H→ γγ
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H  γγ:→
● Selects the 2 leading in pT photons.

● Uses mγγ as discriminant.
● Tight kinematic criteria.
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H  ZZ  4l:→ →
● 2 same-favor / opposite charge-sign leptons from 

the same vertex.
● Uses m4l (fducial XS) or BDT (STXS) as discriminant.
● Splitting according to lepton favor.

https://arxiv.org/abs/1804.02716
http://cdsweb.cern.ch/record/2621479
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Fiducial Cross Sections

ATLAS-CONF-2018-028
60.4 ± 6.1 (stat.) ± 6.0 (exp.) ± 0.3 (th.) fb
64 ± 3 fb

CMS-PAS-HIG-17-015
84 ± 11 (stat.) ± 7.0 (syst.) fb
75 ± 4 fb

H→ γγ
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ATLAS-CONF-2018-018
4.04 ± 0.41(stat.) ± 0.22(sys.) fb
3.35 ± 0.15 fb

JHEP 11 (2017) 047
2.92+0.48

−0.44
 (stat) +0.28

−0.24
 (syst) fb

2.76 ± 0.14 fb

H → ZZ → 4l
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http://cdsweb.cern.ch/record/2628771
https://cds.cern.ch/record/2257530
http://cdsweb.cern.ch/record/2621479
https://cds.cern.ch/record/2630303
https://cds.cern.ch/record/2628757
http://cdsweb.cern.ch/record/2621479
https://doi.org/10.1007/JHEP11(2017)047
https://doi.org/10.1007/JHEP11(2017)047
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Diferential cross-sections (Higgs pT)
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Sensitive to: 

● relative rates of
Higgs boson 
production modes

● spin/CP

● perturbative QCD

ggH(bb) boosted analysis is included to 
increase the precision in the high pT bins.

C
M

S
-P

A
S

-H
IG

-17-02
8No significant deviation 

from SM predictions

http://cdsweb.cern.ch/record/2628771
http://cdsweb.cern.ch/record/2621479
https://cds.cern.ch/record/2628757
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Diferential cross-sections (jet multiplicity)
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Sensitive to: 

● QCD radiation 

● relative rates of
Higgs boson 
production modes
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No significant deviation 
from SM predictions

https://cds.cern.ch/record/2628757
http://cdsweb.cern.ch/record/2628771
http://cdsweb.cern.ch/record/2621479
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Diferential cross-sections (more)
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Leading jet p
T

(quark/gluon radiation 
hypotheses)

Rapidity 
(probing PDFs)
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No significant deviation 
from SM predictions

https://cds.cern.ch/record/2628757
http://cdsweb.cern.ch/record/2628771
http://cdsweb.cern.ch/record/2628771
https://cds.cern.ch/record/2628757
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Simplifed Template XS

Categorization scheme for 
cross section measurements to:
● simplify the combination of 

analysis results;
● decouple the measurements 

from specifc models;
● cross sections with minimal 

theoretical uncertainties.

First results are available for:

Stage0: minimal categorization, 
with disentangled Higgs boson 
production modes in yH <2.5)

+Reduced Stage1 (ATLAS).

arXiv:1610.07922

Followed by both 
ATLAS & CMS

http://dx.doi.org/10.23731/CYRM-2017-002
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Simplifed Template XS (Stage-0)
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No significant deviation 
from SM predictions

https://arxiv.org/abs/1804.02716
http://cdsweb.cern.ch/record/2621479
https://doi.org/10.1007/JHEP11(2017)047
http://cdsweb.cern.ch/record/2628771
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Simplifed Template XS (Stage-0 combinations)
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No statistically significant 
deviation from SM predictions

Significant improvement of the measurement 
precision, w.r.t Run-1 combined results.
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https://cds.cern.ch/record/2308127
http://cdsweb.cern.ch/record/2629412/


Stylianos Angelidakis - Measurement of cross sections and properties of the Higgs boson in decays to bosons 12

Simplifed Template XS (reduced Stage-1)

ATLAS-CONF-2018-018 ATLAS-CONF-2018-028

Further STXS categorisation according 
to the available sensitivity.

http://cdsweb.cern.ch/record/2621479
http://cdsweb.cern.ch/record/2628771
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Coupling modifers
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The κ framework expresses Higgs boson 
interactions using multiplicative modifiers 
to SM cross-sections and partial widths.

Observed likelihood contours in the plane of 
σVBF versus σggF from individual channels and 
the combined ft.

http://cdsweb.cern.ch/record/2629412/
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Coupling modifers

Branching Fractions 
depending on couplings

Floating
Branching Fractions
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Interpretations of
diferential Higgs 
production XS

according to 
theoretical models.

https://cds.cern.ch/record/2628757
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H→ WW→ 2l2ν

Outline
● ggH and VBF production with 0, 1 and 2 jets.
● WH/ZH production also studied by CMS (3l+4l events).
● Major backgrounds (WW, ttbar, …) determined from data control regions.
● Discriminant: m

T
 (also m

ll
 for the VH categories)

ATLAS-CONF-2018-004

arX
iv:180 6.05246

VH with 2jets category

http://cdsweb.cern.ch/record/2308392
http://arxiv.org/abs/1806.05246
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H→ WW→ 2l2ν

ATLAS-CONF-2018-004

ATLAS-CONF-2018-004

arX
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5246
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No statistically 
significant deviation 
from SM predictions

http://cdsweb.cern.ch/record/2308392
http://cdsweb.cern.ch/record/2308392
http://arxiv.org/abs/1806.05246
http://arxiv.org/abs/1806.05246
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Conclusion

●  The analysis of 2015+2016 data has been fnalized by both ATLAS and CMS.

●  First results with 2017 dataset have been produced.

●  Signifcantly better precision with respect to Run 1 cross section measurements.

●  So far, the Higgs cross section measurements show good agreement with the SM.

ATLAS Luminosity Public Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2
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Backup
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H→ ZZ→ 4l: Event Selection/Systematics (ATLAS)
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http://cdsweb.cern.ch/record/2621479
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H→ ZZ→ 4l: Event Selection (CMS)
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https://doi.org/10.1007/JHEP11(2017)047
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Higgs mass measurement
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https://arxiv.org/abs/1806.00242
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Η→γγ: Systematics (ATLAS)
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H→ γγ: Coupling modifers (CMS)

 arXiv:1804.02716  arXiv:1804.02716

https://arxiv.org/abs/1804.02716
https://arxiv.org/abs/1804.02716
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Simplifed template XS: Stage 1 

Expected 
composition 
of signal 
events per 
XTGS 
category(%)


