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Vector Bosons & Jets
 



Photon production 

Several results on photon production
- Isolated, in association with up to 3 jets, di-photon at the 

LHC, direct photons at HERA
Test of pQCD, in general successful

- Other approaches (kT factorization) have problem with 
emissions of extra gluons

Investigation of new variables to study parton radiation
- Photons and jets show different QCD radiation pattern
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High ET photons and photon pairs

Claudia Glasman
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Isolated photon production, transverse energy up to 1.5TeV
- Good description by NLO MC; first NNLO calculations now available

Photon-pair production stringent test of pQCD
- NLO MC fails to describe data, whereas NNLO provides better match



Photons at HERA

←NLO QCD
←kT factorization

Olena 
Hlushchenko

kT-factorisation (BLZ) 
predictions show a fair 

agreement with the 
data with the 

exception of variables 
sensitive to gluon 

emission
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Associated production of W/Z and jets

V+jets are a test bench for perturbative QCD, in particular 
for matrix-element merging techniques

- Higher-order corrections improve theory/data 
agreement

- NLO merging gives a very satisfactory description of 
data
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W/Z + Jets Highlights 7

Nataliia Kondrashova

Qun Wang

Z + up to 7 jets
W + jets @ 13TeV

- Stringent tests of pQCD
Splitting scale measurement

- Probes QCD evolution 



Study of collinear W-jet topologies

V+jets make it possible to study the emission of 
vector bosons from quarks in events with hard jets

- Important contribution for V+jets at large pT
- Impact also on vector-boson scattering, dijets at 

large mjj, boosted top,and new physics 
searches

Best agreement found with predictions with 
higher-order QCD predictions

- Best: Njetti NNLO and Sherpa+OpenLoops 
NLO QCD+EWK
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LHCb Electroweak Programme

Marcin Kucharczyk
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LHCb Electroweak Programme

Marcin Kucharczyk
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Theoretical progress highlights

Study of Z production in association with b-jets, 
and comparison with different flavour schemes

- 4FS and 5FS agree in shape, 4FS 
normalisation undershoots data when one 
b-jet is outside the acceptance

Joint qT and threshold resummation for 
Drell-Yan available

- Unfortunately, power corrections remain 
large at the LHC because of qg-initiated 
channel

- OK for Tevatron and for heavy Z’
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More theoretical progress

- Development of loop-tree duality 
techniques towards their 
application at realistic processes
- High-multiplicity loop integrals 
(up to 10 external legs) can be 
efficiently tackled
- Timings are quite competitive 
- Will this change the way we do 
higher-order computations? 

Grigorios Chachamis
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Electroweak 
 



W mass measurement

Precision W mass result from ATLAS joins 
Tevatron(+LEP) combination

- Consistent within 2%% uncertainty
Some highlights on painstaking analysis 

- W sample, correction for detector effects, 
modeling of boson kinematic

Fabrice Balli 
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Electroweak Tevatron results

New results from D0 Collaboration
- Weak mixing angle in di-muon final state
- Direct measurement of top mass, full data sample
- Top pole mass from differential cross section

Preliminary combination of Tevatron weak mixing angle measurements

Iain Bertram
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Improvements on generators for top quark production

Tomas Jezo

Proposed method to generate top states with full interference term at NLO
- Experimental precision reaching O(0.1GeV)
- Includes exact off-shell effects and interference of radiation from production and decay
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Multi-boson final states: experimental updates

Very large scenario of measurements:
- Multi-boson final states; EWK 

production of vector bosons; VBS
Highlights:

- Fiducial cross sections sensitive to 
NNLO vs. NLO (WW)

- Differential cross sections challenge 
NLO predictions

Most recent results:
- ZZ in full 13 TeV data sample, WZ 8 

TeV differential measurement
- VBF W, EW-produced Zγ, WWW 

production Angela Burger (WZ)
Senka Duric (ZZ) 
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More multi-boson highlights

Senka Duric

Chris Hays

Christian Johnson

VBF W: sensitive to 
EWK corrections

WZ cross section: 
MC/data 
normalization 10% 
off: consistent with 
expected NNLO 
QCD corrections 

Search region for 
same-sign WW 
(above) and Zγ 
electroweak 
production (right)
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Limits on anomalous gauge couplings

Not yet observed anomalies in electroweak gauge couplings (!)
- Larger sensitivity to anomalies due to increase in 

centre-of-mass energy
- Limits comparable to LEP results

Limits set using all multi-boson final states
- TGC (charged and neutral) in diboson production and VBF
- QCG in VBS and triple-boson final states

Senka Duric Angela Burger
Christian Johnson
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Theory updates: multi-boson final states

NLO electroweak corrections to di-boson production and 
vector-boson scattering

- Full set of NLO EW corrections to diboson production; 
dependence on different phase space selections 
evaluated (inclusive, Higgs analysis, TGC)

- First calculation of NLO EW corrections to VBS 
same-sign WW: they are large!

Mathieu Pellen

Benedikt Biedermann
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αs and
Double Parton Scattering
 



NNLO s fit using jets in DIS

- Recent NNLO computation of jet production in DIS (Currie et al, 1606.03991 
and 1903.05977) makes it possible to extract extract s with a proper NNLO fit
- Sensitivity from hard matrix elements and from PDF separately studied
- Excellent experimental accuracy and improved theoretical errors. Scale 
uncertainties still the dominant source, followed by PDF
- Running confirmed between 7 and 90 GeV

Daniel Britzger 
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Global fit of s using jet cross sections

- Aim: extract s using the measurements of jet cross sections by various 
experiments, within an unified framework (ALPOS) and fitting procedure
- Old results are reproduced exactly. Possible improvements by including new 
theoretical predictions (NNLO)

Klaus Rabbertz
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Jonathan Gaunt
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Jonathan Gaunt
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Maarten Buffing 



Event Shapes, Particle 
Correlations, Medium Effects
 



Underlying event tune in CMS

- Tuning of MC generators is needed to achieve a proper description of data
- A new Pythia8 tune is being developed by CMS
- UE tune improves the description e.g. of jets multiplicities in ttbar events
- Future plans to extend to HW++ and Sherpa
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Jet correlations in CMS

No tool can describe 
correlations both in 2 and 4 jets.

Why? 

Can things be improved?
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New ideas for jet physics

- A new framework `improved TMD’ for calculations of forward dijets has been 
developed, and phenomenological predictions can be obtained
- Forward-forward and forward-central di-jets studied
- Shall we use the jet mass to characterise jets and fragmentation functions?
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Results from heavy ions collisions

- Measurement of particle correlations and of the production of J/  and vector 
bosons in heavy-ion collisions have been presented
- Measurement of Fourier coefficient of correlations in heavy-ion collisions 
performed by ATLAS, lack of theoretical predictions to compare with
- The measurement of the ratio N /NZ is independent of event activity and could 
be used as a benchmark for the nucleonic luminosity TAA and Ncoll

Petr Gallus
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Two-photon contribution to elastic lepton-proton scattering

First results from OLYMPUS
- Experiment aims at measuring two-photon contribution to p-e scattering
- Measures size of two-photon contribution vs Q2: up to 2% at high-Q2
- Confirms VEPP-3 and CLAS measurements; smaller uncertainties of 

OLYMPUS measurement seem to identify disagreement with calculations 

Dmitry Khaneft
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Two-photon contribution to elastic lepton-proton scattering

First results from OLYMPUS
- Experiment aims at measuring two-photon contribution to p-e scattering
- Measures size of two-photon contribution vs. Q2: up to 2% at high-Q2

- Confirms VEPP-3 and CLAS measurements; smaller uncertainties of 
OLYMPUS measurement seem to identify disagreement with calculations 

Dmitry Khaneft
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Energy-loss Effects

E906/SeaQuest: measure quark energy loss in cold matter with Drell-Yan
- Baseline for understanding heavy-ion collision
- Key point w.r.t. E866: low x(target) minimizes shadowing effects

First results
- Sea PDF: disagreement with E866 being investigated
- Energy loss (Fe, W and C targets) ~ A-1/3

Po-Ju Lin
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Hadro-production Form Factors

Alexander Bylinkin
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Hadro-production Form Factors

Alexander BylinkinAlexander Bylinkin
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Light Mesons
 



Lattice studies on  form-factors

- Aim to understand the transition to pQCD
- Lattice simulations very complicated. So far, results only 
for low values of Q2 and high (unphysical) values of m  
- Need for simulations with higher statistic and smaller 
spacing
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NA48
Observation

Andrea 
Bizzeti
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NA48
Observation

Andrea 
Bizzeti
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Andrea 
Bizzeti
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NA48
Form-Factor 

Fits (Quadratic)

K±→l±π0ν
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Isabella 
Garzia
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Cui Li

44



Cui Li
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Peter Lukin
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High ET Photons

Claudia
Glasman
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√s Scaling Variable Development

- Compare charge 
asymmetry across various 
collision systems at 
various centre of mass 
energies

- Improve sensitivity

Hannu Paukkunen
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