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 Introduction

 Recent measurements on inclusive jets, multijets and photon measurements performed with the

      CMS and ATLAS data 

 Summary

 The full gallery of results from the two experiments can be found here:

http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Recent_Results

OutlineOutline

http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Recent_Results
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QCD @ LHCQCD @ LHC

 QCD is the theory of strong interaction describing the interactions between quarks & gluons

 QCD events are complicated and abundant!

theoretical predictions complicated (CPU time consuming!) 

Experimental challenges

Observed in our detector as jets

 Studies of QCD are key to understand production of all (B)SM signals & backgrounds at the LHC.

 - Perturbation theory pQCD, PDFs 
 - Initial & fnal state radiation (ISR, FSR)
 - Parton shower & hadronization 

Hard QCD

 - Multiparton scattering 
 - UE activity
 - Fragmentation

Soft QCD
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Jet energy scale determination from dataJet energy scale determination from data

 JEC corrects reconstructed jets - on average - back to particle level

CMS-DP-2021-033

Jet energy corrections (JEC) 

 Particle Flow Charged Hadron Subtraction (CHS)
Majority of pileup is from charged particles
CHS removes individual charged hadrons from
pileup vertices (ca. 2/3 of offset energy in barrel)

 Post-ft values for nuisance parameters (scales of
reference objects) used to demonstrate the consistency
between the data sets.

Average absolute
scale  in |η| < 1.3 
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Effects of hadronization models on JESEffects of hadronization models on JES ATL-PHYS-PUB-2022-021

 Investigation on the JES modelling in MC simulations of the particle types&spectra
within jets 

6 different MC samples considered
Hadronic jet response varies by about 1–2%
depending on the hadronisation model used in the
simulations
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Inclusive jets measurements at 13 TeVInclusive jets measurements at 13 TeV

 Double differential jet and dijet cross sections in six |y|< 3 bins
 Anti-k

T
 jets (R=0.4) 

 Comparison with theory : NLOJet++ using CT14, MMHT, NNPDF3.0 at NNLO
 Dijets tested up to 300 GeV < m

jj
 < 9 TeV

overall good agreement with NLO predictions
NLO and NNLO QCD x EW x NP
Several PDF sets tested

   Data/theory tension seen over all-jet and rapidity

EPJ C 79 (2019) 893JHEP 05 (2018) 195
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Inclusive and multi-jets production Inclusive and multi-jets production 
 5 TeV data with 27.4/pb and 13 TeV
data with 33.5/fb
 Anti-k

T
 jets with R=0.4/0.7 @ 5&13TeV

  Measurements done for inclusive jet
production and differential cross-section
unfolded to particle-level jets with |y|<2

 Results compared to NLO&NNLO
QCD predictions H

T scale 
All predictions include NPxEW

corrections.
 Strong impact of the measurement

on different PDF sets
 QCD analysis on this data to

determine α
S

EPJ C 79 (2019) 893JHEP 02 (2022) 142

CMS-PAS-SMP-21-009

     α
S 
= 0.1170± 0.0014 (fit)

    ± 0.0007 (model)
    ± 0.0008 (scale)
    ± 0.0001 (parametrization)

    
For more details see also
Toni Mäkelä's poster!



  8/16 Inclusive jet + multijet + photon measurements,  LHCP 2022                                                                                                                                       D. Sunar Cerci

Inclusive and multi-jets production Inclusive and multi-jets production EPJ C 79 (2019) 893JHEP 02 (2022) 142

CMS-PAS-SMP-21-009

 5 TeV data with 27.4/pb and 13 TeV
data with 33.5/fb
 Anti-k

T
 jets with R=0.4/0.7 @ 5&13TeV

  Measurements done for inclusive jet
production and differential cross-section
unfolded to particle-level jets with |y|<2

 Comparison to NLO and NNLO
obtained with NNLOJET 

 Good agreement between theo.
& exp. 

 NLO calculation with μ = H
T
 and

the CT14NLO PDF set, agrees
better among the NLO calculations. 



  9/16 Inclusive jet + multijet + photon measurements,  LHCP 2022                                                                                                                                       D. Sunar Cerci

 Dynamics of energy fow in multijet fnal states @ high  p
T

  Measurements in various event-shape variables:
transverse thrust (τ) , Sphericity (S), Aplanarity (A) 
unfolded differential cross section vs. multiplicity and scale
Comparison to MC with LO&NLO ME matched to PS at LL
accuracy models 

Event shape using multi-jet events  @ 13 TeV Event shape using multi-jet events  @ 13 TeV EPJ C 79 (2019) 893JHEP 01 (2021) 188

transverse thrust 

sphericity

 shape discrepancies are observed @ low N
jets

 
better agreement in shapes @ high N

jets
 but

discrepancies observed in normalisation.

 all MCs need further refnement
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 sensitive to higher order EW
corrections at high p

T
 

 Precision test of pQCD 
 Important input to constrain

backgrounds in searches
First measurement of  collinear

emission of a Z + high p
T
 jet!

    SMP-19-010
  (JHEP05(2021)285)

Collinear
emission Back-to-back

Z+jet

Z/Z/γ γ + jets differential cross section+ jets differential cross section

 Differential cross sections &
ratio presented vs p

T 
 &ΔR

Z,jet
 

 2016 data, Z bosons
reconstructed from muons
(p

T
>100 GeV; |η|<2.4)

 Comparison with LO+ NLO
predictions
C o n s i s t e n c y w i t h i n t h e

uncertainties across the entire
p

T 
range
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 Full Run-2 data set with 139/fb
 Z+high p

T
 jets (p

T
 > 100 GeV) and

decaying into a e+e- μ+μ-

The angular distance between Z
boson and the closest jet ΔRmin

Z,j

 ΔRmin
Z,j

 ≤ 1.4 (collinear region):
dominated by Z+1-jet events
 ΔRmin

Z,j
 ≤ 2.0 (back-to-back):

dominated by Z+2-jets events  
 Cross sections in different phase

spaces:
- Inclusive high p

T
: plead

T,jet
>500 GeV 

- High H
T
 : S

T
 > 600 GeV

   ATLAS: arXiv:2205.02597Z+jets differential cross sectionZ+jets differential cross section
Back-to-back Collinear

Back-to-back Collinear

Collinear

Back-to-back 

 agreement with data within
modelling uncertainties of up to 50%

 Sherpa 2.2.1 central values
increasingly overestimates with
decreasing values  Δrmin

Z,j

 
Good agreement of MG5_aMC+Py8

FxFx and Sherpa 2.2.11 with data
even for very collinear events
indicates that resummation of the
additional logarithmic terms.

https://arxiv.org/abs/2205.02597
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 Azimuthal correlations in high p
T
 dijet events have been already measured

 Effects of higher order contributions to the dijet system decorrelation were observed, but still
more information on how the decorrelation should be built is missing!
 Jet multiplicity in bins of Δφ

dijet
 and p

T
 spectra of frst four leading jets

Multi-jet events  @ 13 TeV Multi-jet events  @ 13 TeV EPJ C 79 (2019) 893CMS SMP-21-006

The predictions are normalized to the measured inclusive dijet cross section
NLO calculation (using the same normalization factor as for MG5 AMC+CA3 (jj)) gives a rather
good description of the 3 & 4 jet cross section
Parton Branching TMD calculations found to be successful!
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Multi-jet events: pMulti-jet events: p
TT
 of four leading jets of four leading jets EPJ C 79 (2019) 893CMS SMP-21-006

First time that calculations using PB-TMD together with ME in MC@NLO frame are compared over a wide range!
Testing production of extra radiations in the ME or in the PS
MG5 AMC+PY8 (jj) describes the normalization and the shape of the frst 3 jets rather well

 Azimuthal correlations in high p
T
 dijet events have been already measured

 Effects of higher order contributions to the dijet system decorrelation were observed, but still
more information on how the decorrelation should be built is missing!
 Jet multiplicity in bins of Δφ

dijet
 and p

T
 spectra of frst four leading jets
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γγ Production  @ 13 TeVγγ Production  @ 13 TeV EPJ C 79 (2019) 893EPJ C 79 (2020) 80

 Full Run-2 dataset with 139 /fb
p

T,γ1(2) 
> 40(30) GeV for the leading (sub-leading) photon, |η| < 2.37 and ΔR

γγ
> 0.4

  

main challenge and source of uncertainty from non-prompt photons; estimation with a data-driven technique

 Differential distributions in agreement with

      Sherpa MEPS and Fixed Order NNLO 
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 LHC has provided access to a large phase space as well as a new energy scale

for understanding of various aspects of QCD and constrain PDFs

 Showed impressive set of recent SM results from ATLAS and CMS experiments

Jet cross-section measurements constrain PDFs, EFTs and can be used to

extract α
S

Photon measurements provide precise references for QCD calculations with

colourless probes.

New era of theory predictions and high precision (NNLO, TMDs, PB) will

expand our knowledge of QCD at high energy more than ever...

    Still more measurements and efforts as well as LHC Run 3 preparation on-going

double the data sample

reduce systematic uncertainties (theoretical & experimental) 

stay tuned!

SummarySummary
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Photon measurements provide precise references for QCD calculations with

colourless probes.
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double the data sample

reduce systematic uncertainties (theoretical & experimental) 

stay tuned!

SummarySummary

Thank you for your attention!
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BACKUP 
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  Anti-k
T  jet clustering algorithm is used by CMS

measurements

 Particle Flow (PF) is an event reconstruction
technique which attempts to reconstruct and identify
all stable particles in the event, through the optimal
combination of all CMS sub-detectors. 

 PF Jets are the output of the jet algorithm on
the reconstructed particles (e, μ, γ, charged and
neurtal hadrons)

 Jet reconstruction procedure:  
                             input objects (e.g. particles) → apply jet finding algorithm → jet reconstruction

 Factorized Jet Energy Correction approach in CMS: 

CMS DP-2015/044 

  Jet reconstruction and jet calibration @ CMSJet reconstruction and jet calibration @ CMS
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