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Introduction

Interesting new results in top quark 
physics at CMS:

● tt𝛾: top quark pair + photon
● tZq: single top quark + Z boson

For both: 

● Improved inclusive cross-section 
measurement!

● First/improved differential 
cross-section measurements!
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tZq: introduction

tZq is a probe for new physics:
● sensitive to: ttZ- and WWZ couplings,

top quark polarization,
proton PDFs via top quark-antiquark ratio.

● impacted by FCNC or more generally in the SMEFT phenomenology [1].

Earlier tZq measurements by CMS and ATLAS [2-4]: → precision: ±15%

● 3 leptons (electrons or muons)
○ selection based on new lepton MVA.

● ≥ 2 jets (pt > 25 GeV, eta < 5), ≥ 1 b-jet.

● Z boson candidate: OSSF lepton pair with … < 15 GeV.
● top quark candidate and accompanying b jet: reconstructed analytically.
● recoiling jet: leading non-b-tagged jet, tends to be forward.

background from nonprompt leptons estimated from data 
and uncertainty constrained in dedicated nonprompt control region.

multiclass NN or BDT to distinguish tZq from backgrounds.

[1]: JHEP 10 (2018) 005, doi [2]: Phys. Lett. B 779 (2018) 358, doi [3]: Phys. Rev. Lett. 122 (2019) 132003, doi [4]: JHEP 07 (2020) 124, doi
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https://doi.org/10.1007/JHEP10(2018)005
https://doi.org/10.1016/j.physletb.2018.02.025
http://dx.doi.org/10.1103/PhysRevLett.122.132003
https://doi.org/10.1007/JHEP07(2020)124


tZq: inclusive results

Inclusive tZq cross-section:  

→ total uncertainty of ± 11%

Improvement of about 25% 
w.r.t. earlier measurements, due to 

● larger data set. 
● larger measurement region. 
● improved lepton MVA. 
● constraining nonprompt background 

(dominant in earlier measurements).

Spin asymmetry:  
 

compared to prediction:

Partial tZq cross-sections:   

4Plot by David Walter



tZq: differential results

Results:
● Observe good agreement between measurement and 

prediction.  
● Compared to both 4FS and 5FS prediction.  

→no clear preference with current amount of data.
● Other variables: see public note (see conclusion) or 

backup! 
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Goal: obtain distributions of jet, lepton, Z boson and top 
quark kinematics with detector effects removed.

Method: maximum likelihood based unfolding.

● Split signal sample into generator bins (colours),
● Split signal region in corresponding detector bins.
● Perform simultaneous fit on MVA output for all 

signals / signal regions.

By David Walter



tt𝛾: introduction

This analysis contains:
● full RunII data
● Inclusive and differential tt𝛾 cross section measurement in the dilepton channel 

(all 3 channels: ee, eμ, μμ)
● EFT interpretation + combination with ℓ+jets EFT result

Event selection:

Motivation:
● Probe top-photon coupling ~ constrain EFT operators  ctZ and ctZI
● stepping stone towards further measurements, e.g. tt𝛾𝛾 and its ratio to tt𝛾
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Signal definition: 
tt production in fully leptonic 
decay mode + photon radiated 
from 

● initial-state particles, 
● top quarks,
● their decay products.

By Gianny Mestdach



tt𝛾: backgrounds

Backgrounds with prompt photon:
● Z𝛾
● Single-t+𝛾    (single top samples)
● Other+𝛾        (e.g. multi-boson, W+jets,  tt̄H, tttt) 

→ estimated using simulation.

Backgrounds with nonprompt photon: 
● basically all… (mostly DY and ttbar)

→ estimated from data, together ~9% of signal region.

prompt: match gen photon 
with leptonic/boson/quark 
origin.

nonprompt: radiated by 
mesons, faked by jets or 
electrons, or from pileup. 

Z𝛾 mismodeling observed, 
derived corrections in 
dedicated control region!

Nonprompt background estimated with ABCD 
method.

measurement region application region
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By Gianny Mestdach



tt𝛾: inclusive results

● Binned maximum likelihood fit.
● Fit to photon pT distribution, in 3 channels, histograms kept separate between years.
● Observed results:

○ Signal strength > 1, but within the current theoretical uncertainties.
○ Total experimental uncertainty < 4%, most precise measurement to date.
○ Experimental uncertainty << theoretical uncertainty.
○ Consistent between channels and years.
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By Gianny Mestdach



tt𝛾: differential results

Goal: obtain distributions of photon, lepton and jet 
kinematics with detector effects removed.

Method: explicit response matrix inversion.
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Response matrix, containing 
● detector inefficiencies, 
● resolution effects, ...

true distribution

measured 
distribution

unfoldingmeasurement

Results: 

By Gianny Mestdach



tt𝛾: EFT results

● Modeling operator effects using gen-sample reweighting.
● Constraints from profile likelihood scan based fit
● Limits obtained using differential photon pT information.

○ great signal-to-background separation towards tails
○ EFT effects affect mostly the tails ~ top radiated photons

● Relevant operators: ctZ & ctZI 
● Observed results:

○ SM result is contained within 68% confidence intervals.
○ Both in 2D fit as in 1D projections.
○ No clear indication of new physics yet… 
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Conclusion

Most precise measurements of ttg and 
tZq up to now.

Both inclusive and differential.

Important pieces in testing the full 
experimentally accessible range of SM 
predictions.

All results consistent with SM 
expectations.

Both papers in review process… 
Links to preliminary results:
tZq PAS CDS record (publicly available)
ttg CADI (CMS internal only)
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http://cds.cern.ch/record/2771809?ln=en
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=TOP-21-004&tp=an&id=2424&ancode=TOP-21-004


Backup: tZq
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Backup: tt𝛾 
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Comparison with ATLAS
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Source ATLAS CMS
signal modeling 3.8% 1.7%
bkg. modeling 2.1% 1.5%
photons 1.9% 0.9%
luminosity 1.8% 1.7%
jets 1.6% 1.3%
pilup 1.3% 0.6%
leptons 1.1% 1.1%
MC statistics 0.4% 0.9%
MET 0.2%             -
prefiring         - 0.3%
Total       6.3% 3.6%

ATLAS paper: arxiv:2007.06946
tt𝛾 + tW𝛾 measurement in eμ only, full RunII

comparison to of systematic uncertainties:

ATLAS: tt𝛾 + tW𝛾, eμ channel, full RunII

ATLAS: tt𝛾, leptonic final states,  2015 + 2016 data

   parton level

   particle level

(= 6.3% total rel unc.) σfid(tt𝛾) = 

CMS result:

ATLAS results:

Fiducial cross section:

Signal strength:                                          

https://arxiv.org/abs/2007.06946
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● Parametrized ABCD method: relaxing σiηiη and Charged Iso. cuts from photon ID
● Ratio used:  # passing σiηiη  cut  / # falling in sideband         (leaving a gap) 

○ coarse binning in photon pT  and η
● Measurement region:

● Nj ≥ 1 in SF channels, no jet cut in eμ
● 1.141 < Ch. Iso < 15

        →  nonprompt photon dominated, from ttbar & DY

measurement 
region

DC

application 
region

BA

Nonprompt background estimation
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● MC based closure test: measure in ttbar & DY (dominate C & D regions)
● Apply + check closure in ttbar (dominates application region)
● check performed in 3 years combined
● checked channels, Nj/Nb distributions + all kinematic distributions used in 

unfolding
● overall great closure, except overprediction towards high photon pT
● systematics assigned: 5% flat + 50% for pT > 80 GeV (separately)
● in analysis/fits: statistical uncertainty ~ data stats sideband

Shapes match ✓

Nonprompt background estimation: closure test
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Systematic uncertainties

● Normalization uncertainties:
Z𝛾:                1.5%  
Single-t+𝛾:          10%
Other+𝛾:    30%

● JEC: simplified/grouped splitting
● lumi: recent update implements, full correlation pattern

(table shows simplified summary)
● renormalization and factorization scale: envelope evaluated pre-fit



differential results (1)
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differential results (2)
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normalized differential results (1)
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normalized differential results (2)
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