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Motivation and outline

Á Sensitive probes for BSM effects and precision benchmarks for the SM

Á Directly measure the spectrum of an observable

Á No need to specify a signal hypothesis a priori

Á Directly re-interpretable by theorists
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ΧŀƴŘ ǘƘŜƛǊ ǎǘǊŜƴƎǘƘǎ

¢ƘŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ŘƛŦŦŜǊŜƴǘƛŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎΧ

Á High statistics required

Á Measurement limited to a subset of phase space

Á Detectors warp the distribution, need to be accounted for by unfolding

Á Statistically delicate operation, comes with many considerations

Covered in this talk
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ü CMS: HIG-20-015
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ü╗ᴼ╩╩O Љ
ü ATLAS: Eur. Phys. J. C (2020) 942
ü CMS: arXiv:2103.04956(submitted 

to EPJC)

ü╗ᴼ♬♬
ü ATLAS: ATLAS-CONF-2019-029
ü CMS: JHEP01(2019)183

https://cds.cern.ch/record/2771692?ln=en
http://cdsweb.cern.ch/record/2759284/files/ATLAS-CONF-2021-010.pdf
https://link.springer.com/article/10.1007%2FJHEP12%282020%29085
https://link.springer.com/content/pdf/10.1007/JHEP03(2021)003.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8223-0.pdf
https://arxiv.org/abs/2103.04956
https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2019)183.pdf


Measured observables
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Wide range of observables giving sensitivity to several effects (including BSM)

Á Higgs production-related quantities probe pQCDcalculations, radiative corrections, choice of PDF, light quark 
couplings, CP-structure of the Higgs sector:

Á▬╣
╗ȟⱢ╗ȟ╝▒▄◄▼ȟ□▒▒ȟ Ɫ▒▒ȟ ▒ꜚ▒

Á Jet-related quantities probe radiative QCD quark and gluon emission patterns, QCD resummationeffects

Á▬╣
▒
ȟ▬╣

▒
ȟ╝▒▄◄▼ȟ□▒▒

Á Channel specific decay-related observables probe EW corrections and Higgs spin-parity properties

Á□ЉЉȟ□ЉЉȟ╪▪▌◊■╪►○╪►░╪╫■▄▼

Different channels have sensitivity to different variables



(ᴼʐʐ
HIG-20-015
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https://cds.cern.ch/record/2771692?ln=en


The (ᴼ††channel
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Á The analysis measures ὴȟὔ and ὴ distributions

Á Relatively large BR (ḐφϷ) makes this channel 

competitive, especially in the high ὴȟὔ regions

Á All decay combinations of the ††system considered, 
apart from ὩὩτ’and ‘‘ τ’

Á First differential measurement in this channel!

SM expectation

Fit result

Main backgrounds

Áὤᴼ††ȟὸӶὸ, di-boson production
Á Events with two †leptons estimated with embedded 

samples
Á Di-muon events in data with muons replaced with 

simulated †leptons

Á Jets misidentified as †
Á Misidentification probability estimated in data

The fit is done on the mass of the ††
system (ά ), reconstructed with a 
simplified matrix-element algorithm



Results
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Á Measurement inclusive in production modes

Á Prediction from POWHEGv2@NLO reweighted to 
NNLOPS

Á Good agreement with expectation:

Á ὴὴ ρχϷȟὴὔ χρϷȟὴὴ τυϷ

Á Fiducial cross section extracted from fit to ὔ :

Á „ τςφρπςÆÂ„ τπψςχÆÂ

fl ὖέὭίίέὲὲȠ Ὑ —‘ ὦ ẗꜟ —ẗfi ‘

Results unfolded to particle level within likelihood fit

Migration matrix Particle level signal strength
Regularization term (optional), 

Tikhonov scheme in this analysis

True for all analyses discussed except 
ALTAS Ὄᴼ‎‎(bin by bin corrections)



(ᴼÂÂ
ATLAS-CONF-2021-010 - JHEP12(2020)085
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http://cdsweb.cern.ch/record/2759284/files/ATLAS-CONF-2021-010.pdf
https://link.springer.com/article/10.1007%2FJHEP12%282020%29085


The (ᴼÂÂchannel
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Á Very high multijet (QCD) background

Á"2(ᴼÂÂ υψϷ highest in the SM

Á Mitigates natural cross section decrease at high ὴ

Á Both analyses target the boosted jet topology, i.e.a 
large radius jet with a 2 sub-jet structure

Signal extracted by fitting 
the jet mass distribution

Á ATLAS: ὴ τυπ'Å6, ὴ ςυπ'Å6, one compatible with 2 sub-jets

Á CMS: ὴ τυπ'Å6, dedicated MVA tagger



Results
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Á Different approach for the two analyses (differential results):

Á ATLAS: inclusive in production modes

Á CMS: targets gluon fusion, other modes treated as background

Á ATLAS: good agreement with SM

Á Predictions from 
POWHEG+MINLO (ggH), 
POWHEG-BOX v2 (VBF, ÇÇO 6(, 
ÔӶÔ() and POWHEG-BOX 
v2+MINLO (ÑÑO 6()

Á CMS: ςȢφ„excess in highest ὴ
bin, reduced to ρȢψ„when 
considering all bins 
simultaneously

Á Prediction from HJ-MINLO

Á Also compared to NNLO 
calculation from LHCHXSWG



(ᴼ77
JHEP03(2021)003
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https://link.springer.com/content/pdf/10.1007/JHEP03(2021)003.pdf


Á Bosonic channels give good sensitivity on a wide range

Á Second highest total branching ratio, highest to a leptonic final state

Á Final state with 2 leptons and 2 neutrinos provides best sensitivity

Á No access to full kinematics of the dibosonsystem

Á Neutrinos are undetected, resulting in missing transverse energy (MET)

Á The fit is done on the dilepton invariant mass and Higgs transverse mass

The (ᴼ77channel

09/09/2020
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Main backgrounds

Á Non-resonant ╦╦, ◄Ӷ◄(dominant):
Á Normalization measured in data

Á Lepton misidentification, ╓╨O ⱲⱲ(subdominant):
Á DY normalization measured in control region, lepton 

misidentification probability estimated from data
Á Di-boson and tri-boson production (minor):
Á Estimated via MC simulation



Results

09/09/2020

Á Fiducial and differential (ὴȟὔ ) 

cross sections

Á All production modes are considered

Á Nominal prediction form POWHEGv2 
at NLO, ggHreweighted to NNLOPS

Á Results also compared to MG5@NLO

Á Good agreement to SM, highest excess 
for ὔ τat ρȢτ„
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„ ψςȢυ τȢςÆÂ„ ψφȢυ ωȢυÆÂ
Á Total fiducial cross section obtained 

from fit on ὴ

Á Good agreement with SM prediction 
obtained from POWHEGv2 ‘ ρȢπσȢ

Ȣ πȢπυÓÔÁÔȢ Ȣ
Ȣ ÔÈÅÏȢ πȢπσÌÕÍÉȢ πȢπχÅØÐȢ

Regularized unfolding Unregularized unfolding



(ᴼ::O τЉ
EUR. PHYS. J. C (2020) 942- ARXIV:2103.04956(SUB. TO EPJC)
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8223-0.pdf
https://arxiv.org/abs/2103.04956


The (ᴼ::O τЉchannel

10/6/2021 HIGGS FIDUCIAL AND DIFFERENTIAL MEASUREMENTS AT ATLAS AND CMS - ROBERTO SEIDITA 14

Á Relatively low BR compensated by very well reconstructed final state

Á Selected events contain 4 leptons Ὡȟ‘, grouped into same-flavor 
opposite-charge (SFOC) pairs to form ὤcandidates

Á Access to the full kinematics of the Higgs system

Main backgrounds

Á Non-resonant ╩╩Ⱦ╩♬production (dominant):
Á ATLAS: shape estimated from simulation and normalization 

measured in ά sidebands
Á CMS: shape and normalization estimated from simulation

Á╩ ▒▄◄▼, ◄Ӷ◄, ╦╩(subdominant):
Á Estimated in dedicated control regions

Á Triboson, ◄╥╥and ◄Ӷ◄╥(minor):
Á Taken from simulation



Results - fiducial cross sections

10/6/2021 HIGGS FIDUCIAL AND DIFFERENTIAL MEASUREMENTS AT ATLAS AND CMS - ROBERTO SEIDITA 15

Total cross section extrapolated 
assuming SM acceptance and BRs

Á Results compared to different MC predictions

Á Good compatibility with the SM expectation



Results - differential cross sections
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ά ȟά ȟÃÏÓ—z
ÃÏÓ—ȟÃÏÓ—ȟ‰ȟ‰

ὔ ȟὴ ȟά

ɝ– ȟɝ‰

ὴ ȟά Љȟὴ ȟά

▬╣
╗ȟ◐╗ , ╝▒▄◄▼, ▬╣

▒

ATLAS+CMS

ATLAS

Á Statistically dominated 
uncertainties

Á Sensitive in the full range of 
many variables

Á Good SM compatibility



Results - double-differential cross sections
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Á ATLAS also measured a set of double-
differential cross sections:

ὴ ὠὛώ ȟ ὴ ὠὛὔ

ά ὠὛά ȟ ὴ ὠὛὴ

ὴ ὠὛά ȟ ὴ ὠὛὴ

ὴ ὠὛώ ȟ ὴ ὠὛὴ

Á 2D differential cross sections being 
made possible with Run II data

Á Compared to NNLOPS and MG5@NLO-
FxFx reweighted to.,/

Á Jet-related distributions also compared 
to NNLOJET and RadISH



(ᴼɾɾ
ATLAS-CONF-2019-029 - JHEP01(2019)183
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2019)183.pdf


The (ᴼ‎‎channel
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Á Relatively small SM branching ratio (Ḑ0.2%) offset by 
very clean final state

Á The full 4-momentum of the diphoton pair is accessible

Á Excellent diphoton mass (ά ) resolution of 1-2%

Á Vertex assignment challenging (no tracker info)

Á Use of ML discriminants (BDT for CMS and NN for ATLAS)

Á Main backgrounds: SM diphoton production 
(dominant), ‎ ÊÅÔÓ, dijet (with misidentified jets)

ὴȟώ , ὔ , ÃÏÓ—ᶻ, ὴ , ὴ , 

ώ , ώ , ɝ‰ , ɝώ , 

ɝ‰ , ɝ‰ ȟ , ά , ɝ– , ᾀ

CMS (σφÆÂ )

ὴ , ώ , ὔ , ὴ , ά , ɝ‰

ATLAS (ρσωÆÂ )

Combinations with Ὄᴼὤὤand 
Ὄᴼὦὦ, see talk by Haider Abidi

https://indico.cern.ch/event/905399/timetable/?view=standard#190-higgs-combination-at-atlas


Results
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„ ψτρρÓÔÁÔȢ χÓÙÓÔȢÆÂ

„ χσ τÆÂ

CMS (σφÆÂ )

„ φυȢς τȢυÓÔÁÔȢ υȢφÓÙÓÔȢÆÂ

„ φσȢφ σȢσÆÂ

ATLAS (ρσωÆÂ )

Á Good agreement with SM predictions

Á ATLAS: default prediction from 
POWHEG@NNLOPS, compared with 
NNLOJET and others

Á CMS: default prediction from 
MG5@NLO+FxFx reweighted to 
NNLOPS, compared to POWHEGv2



Conclusions
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Á I have presented the most recent fiducial and differential measurements in the Higgs sector from the 
ATLAS and CMS collaborations

ÁWide range of production modes, decay channels and observables - first Ὄᴼ††differential result!

Á Results are unfolded to particle level, allowing direct comparison with theory

Á Most measurements still statistically dominated, looking forward to Run III of the LHC and beyond!

Á More Run II results still to come, stay tuned!

Á Thank you very much for your attention



Backup
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Combination
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Ὄᴼ‎‎Ὄᴼὤὤ Ὄᴼὦὦ

CMS (σφÆÂ )

Ὄᴼ‎‎Ὄᴼὤὤ

ATLAS (ρσωÆÂ )

Á Measurements must be extrapolated 
from the fiducial volume to the full 
phase space

Á Done assuming SM acceptances

Á Good agreement with predictions

ATLAS-CONF-2019-032- Physics Letters B 792 (2019)

https://cds.cern.ch/record/2682844
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via%3Dihub


Fiducial volume definitions -(ᴼʐʐ
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CMS

Momenta of photons radiated 
within ɝὙ πȢρof a lepton are 
ŀŘŘŜŘ ǘƻ ǘƘŜ ƭŜǇǘƻƴΩǎ ƳƻƳŜƴǘǳƳ

ÁὩ† ‘† ȡ
Á Electron (muon) ὴ ςυςπ'Å6and – ςȢρ
Á Visible †ὴ σπ'Å6and – ςȢσ

Á ά ϳὩ‘ȟᴆὴ υπ'Å6

Á††:
Á Visible †ὴ τπ'Å6and – ςȢρ
Á At least one jet with ὴ σπ'Å6

ÁὩ‘:
Á Leading (subleading) lepton ὴ ςτρυ'Å6
Á Lepton – ςȢτ

Á ά Ὡ‘ȟᴆὴ φπ'Å6



Migration matrices -(ᴼÂÂ
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SRL(S): leading 
(subleading) 
jet tagged

G
E

N

RECO



Fiducial volume definitions -(ᴼ77
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CMS

Momenta of photons radiated 
within ɝὙ πȢρof a lepton are 
ŀŘŘŜŘ ǘƻ ǘƘŜ ƭŜǇǘƻƴΩǎ ƳƻƳŜƴǘǳƳ


