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General outlook
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Inclusive isolated ɣ

Mainly test for pQCD

Sensitive to gluon density in proton

already at LO

No EWK corrections

included

Likely have important role

at TeV scale

Measurements help to

probe this
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Inclusive isolated ɣ
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𝛾+2jets
Two main production mechanisms (at LO)

- Phase space selection accounts for that
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+

Using the 2016 dataset (36 fb-1)

Photon and jet energy
scales are the main
sources of uncertainty

JHEP 03 (2020) 179



𝛾+2jets
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Fair description for Δ𝜙ɣ-jet

Difficulty in the description of high m
jj
 region

There are some interesting hints...



Multiple probes
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Eur. Phys. J. C (2021) 81:163

From ɣ+jets From Z+jets

Important area for VBF and VBS studies
Also visible in W+jets
Prevalent in the fragmentation enriched sample in ɣ+jets



Triple differential ɣ+jets
Main processes are quark-gluon Compton scattering and qq annihilation

Test of QCD and probe of gluon PDF
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NLO calculations available for 
comparison

Data with low uncertainties in lower E
T
 

regions, can allow to constrain/select 
PDF sets

Eur. Phys. J. C 79 (2019) 20



Z differential cross section

Combined measurement in ℓ+ℓ- and neutrino channels

Charged channel

Single lepton triggers with p
T
 > 24 GeV

Tighter offline selection (usually O(GeV))

Select opposite charge same-flavor leptons within

the tracking acceptance

Reject events with additional leptons with p
T
 > 10 GeV

Main backgrounds are tt (leptonic), WW, tW

Neutral channel
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Z differential cross section

Use di-lepton + 𝜈𝜈 for high p
T

Lower stat. above 300 GeV

         and more precise p
T,miss
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Normalized cross section measurement
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DY transverse momentum
Another important test of QCD because of production mechanism

Precision at the permille level in lower end of the spectrum

Favours predictions based on resummation approaches
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Eur. Phys. J. C 80 (2020) 616

https://link.springer.com/article/10.1140/epjc/s10052-020-8001-z?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200713


W boson production

Interest in rapidity, helicity, charge asymmetry, cross section

Test of QCD, PDF, V-A structure of EWK

Analysis in the leptonic channel with 2016 data
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W boson production
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V+heavy flavor

Important for MC tuning

Major background in many BSM searches

Probe of heavy quark PDF

Case study: Z+charm

- Reconstruct Z in leptonic final states
- p

T,jet
 > 30 GeV, |𝜂(jet)| < 2.4

- Measure using m
SV

 and c-tagger
- c-ID with hadronic decays of charm

See Alexander Laurier’s talk for more

details!14
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Z+charm
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Z+charm
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Hint at charm content of proton overestimate?

Systematic uncertainties, integrated over p
T

Signal extracted from m
SV

 template fits

Differential cross section measured in p
T
 of c-jet or Z

JHEP 04 (2021) 109



Conclusions

Single vector boson production remains

an important test field for EWK and

QCD at LHC

- Test of high oder predictions
- And in general MC tuning

- Better understanding of backgrounds

 for other areas

High statistics and clean final states 

 → important probes in the foreseeable future

In general, predictions have reached an impressive agreement with data,

with a few areas where deeper understanding is needed 17



Backup
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Z+jets
Great interest for many reasons:

- QCD testing, Higgs physics, BSM searches

Leptonic final state with p
T,1/2

 > 30/20 GeV

Used for properties, (differential) cross section, angular correlations
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CMS-SMP-19-009



Multidifferential Z+jets cross section
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Z+jets: multiplicity
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Low p
T
: low multiplicity with EWK Z emission tail

High p
T
: larger multiplicity, jets from higher QCD corrections

CMS-SMP-21-003



Z+jets: azimuthal correlations

Probe to QCD in Z production

- Small p
T,Z

: soft gluon radiation and non-perturbativity
- High p

T,Z
: Z+jets full QCD contributions 
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CMS-SMP-21-003

Used to study
- Z-leading jet correlation
- 2 leading jets correlation
- Jet multiplicity



Z+jets: azimuthal correlations
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Correlation strongly dependent on Z p
T

Good agreement with prediction accounting for MPI

CMS-SMP-21-003



Z+collinear jet
Z emission from quark at NLO proportional to 

Large production for small angles

- Z leptonic decays
- high-p

T
 region with p

T,jet
 > 500 GeV

- Discriminant through jet-Z angular separation
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Z+collinear jet
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Z + b-jets
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…   +

Full Run-2 analysis

Dimuons with p
T,1/2

 > 35/25 GeV

b-tagged jets with p
T
 > 30 GeV

>= 1 b-jet

CMS-SMP-20-015



Z + b-jets
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>= 2 b-jet

CMS-SMP-20-015


