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W & Z at the LHC
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Z boson mass

Phys. Rept. 427 (2006) 257.

PDG 2023.

Nothing to report from LHC …

Precision measurement from LEP unsurpassed!
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W boson mass
Science 376, No. 6589 (2022) 170.

PDG 2023.

New precise result from Tevatron …

In contradiction to rest of the world!
→ discussed in exercise 3

CDF 2022

Phys. Rept. 427 (2006) 257.

PDG fit pre 2022

LEP 2006
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PDG live



Klaus Rabbertz Karlsruhe, 30.06.2023 TP II – WZH 6

PDG 2023 on W mass
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Inclusive W± cross sections
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Drell-Yan pp → l+l-
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Inclusive V cross section ratios
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Charge asymmetry
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Charge asymmetry

CMS, Eur. Phys. J. C76 (2016) 469.

W+ W-

→ investigate asymmetry:
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Charge asymmetry

CMS, Eur. Phys. J. C76 (2016) 469.

→ investigate asymmetry:

→ constrain u/d ratio in proton PDF!
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Constraining PDFs

Example of generic functional form of proton structure:

Normalisation Behaviour for
x → 0

Behaviour for
x → 1

Middle region
largest variability

Valence quarks

Gluons

Sea(anti)quarks
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Constraints on u and d valence

CMS, Eur. Phys. J. C76 (2016) 469.

u valence d valence

→ reduced uncertainty
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Constraints on u and d valence

CMS, Eur. Phys. J. C76 (2016) 469.

u valence d valence
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W & Z (+X) at the LHC
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W & Z at the LHC

Proton Structure
(PDF)

Proton Structure
(PDF)

Matrix Element

High-precision lepton measurements:
 W, Z, top measurements provide high-precision cross sections 
 Also learn about electroweak parameters, the strong coupling and the   
proton structure

Muons
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Inclusive W,Z production

Results using NNLO pQCD
BUT at LO not sensitive to α

s
!

→ Work with Z+jet events!

CMS, JHEP06 (2019) 018.

Result from combined fit for set of
inclusive W and Z cross section measurements,
e and μ decay final states only.

CMS only
MMHT14 PDF set
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W + jets
W

+
1 

Je
t

W
+

2 
Je
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Precision test of QCD

Important background to searches for new phenomena in Higgs, top, SUSY

Leading-order process in QCD:

...

Naive expectation:
One order more in αs for each
additional parton/jet
(Berends-Giele scaling; similar Z+jets)
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W + jets
W

+
1 

Je
t

W
+

2 
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Precision test of QCD

Important background to searches for new phenomena in Higgs, top, SUSY

Leading-order process in QCD:

...

Fixed-order predictions:

LO known up to 2 → 10 partons

# of NLO diagrams per final state 
jet
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W + jets

CMS, Phys. Rev. D 96 (2017) 072005.

Inclusive # of jets → sensitive to αs ΔΦ(jet,µ) → check parton shower
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Z + 1jet + X

Transverse momentum of di-muon

PT
Z

Scale of hard interaction

Boost of center-of-mass system

yb = ½ | yZ + yjet |

Parton momentum fractions

Rapidity separation

y* = ½ | yZ - yjet |

Scattering angle in cms system

Sensitive to gluon PDF of proton
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Z + 1jet + X

NLOLOLO

LO/NLO

large “K factor”
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NLO/NLO

NLOLOLO

Z + 1jet + X
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Z(W) + 2jets + X

Examples of order αs
2 corrections to Drell-Yan pp → l+l-
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Z(W) + 2jets + X

Electroweak production of Z + 2jets

Vector Boson Fusion 
(VBF)

bremsstrahlung-like multiperipheral

Characteristic: Two high-pT tagging jets with large Δy
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Z/W + 2jets EWK

CMS, Eur. Phys. J. C80 (2018) 43. CMS, Eur. Phys. J. C78 (2020) 589. 

Requires advanced techniques (Boosted Decision Trees) to find small signal
Allows search for anomalous triple gauge couplings 
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Signal compatibel with SM?
Signal strength:
ee & µµ combined

Compatibel with unity,
i.e. the SM → set limits

CMS, Eur. Phys. J. C80 (2018) 43. 
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Production of two V bosons

LO diagrams for production of two vector bosons

Important test of standard model

Triple gauge coupling not observable separately

TGCQGC
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Which couplings are allowed?
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Which couplings are allowed?
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Production of two V bosons
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Triple boson production
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“Stairway to heaven” plot

triboson
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Vector boson scattering
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Vector boson scattering
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Observation of VBS
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Finish of W & Z

With this rare process I close my discussion of W & Z;

the remaining lectures are on Higgs.

A few slides with reminders on literature search ...
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Publications in Particle Physics
Where to find publications in particle physics?

For example the Higgs discovery with CMS:                                   
Chatrchyan, S. & others, “Observation of a new boson at a mass of 125 GeV with the CMS 
experiment at the LHC”, Phys. Lett. B 2012, 716, 30.

If you’re lucky there is also a Digital Object Identifier (DOI):                              
10.1016/j.physletb.2012.08.021 → type into mask at https://dx.doi.org/ → journal publication

Access might be restricted

But not for LHC publications thanks to SCOAP3 Open Access initiative

Frequently there are also pre-print versions of peer-reviewed articles:           
 arXiv:1207.7235 → type into mask at https://arxiv.org/ → version before peer-review

Free access, by P. Ginsparg, 1991:

THE search engine for HEP:

https://inspirehep.net/

https://dx.doi.org/
https://scoap3.org/
https://arxiv.org/
https://inspirehep.net/
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arXiv preprint (e-print) server
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iNSPIRE search engine
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Literature
Newly available as free online or PDF version:
https://library.oapen.org/handle/20.500.12657/59105

https://library.oapen.org/handle/20.500.12657/59105
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