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Introduction 
Usual motivations for top-quark mass (mT):

- SM self-consistency checks
- EW vacuum stability
- fundamental parameter of SM

Usual motivation to measure mTpole, or other 
theoretically “well” defined masses:

- direct measurements may be affected by 
additional uncertainty due to theoretical 
interpretation of the mass parameter, difficult to 
evaluate (sometimes 500MeV added to measured unc).
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Introduction 
The top-quark pole mass (mT) can be inferred from cross section 
measurements:

- possible to define theoretical uncertainties in a defined scheme
- requires fixed-order (FO) >LO QCD prediction of observable 

- observables choice limited to the calculations available
- no linear power corrections if observable is inclusive

- non-perturbative corrections of order O(ΛQCD/Q) that arise 
from the long-distance, low-momentum behavior of QCD

- renormalon unc (~100MeV on mT) if pole mass scheme
- fully leptonic observables not affected 

- need unfolding/correction for detector effects 
- comparison to theory has to happen in same phase space definition
- unfolding/correction often based on MC 
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ΛQCD
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Introduction - mtop from xsec 
Possible analyses depend on the theory calculations available at (≥)NLO QCD

Inclusive ttbar xsection measurement
- cleanest to compute theoretically: 

- NNLO+NNLL FO QCD, no 
renormalons, no power 
corrections

- not-so-great dependence on mT
- large theo PDF uncs

Differential-1D ttbar xsec measurement
- 1/m(ttj) invariant mass showed 

enhanced sensitivity to Mtop
- presence of extrajet gets some 

sensitivity gain
- available at NLO QCD

- other observables maybe possible

Multi-differential ttbar xsec meas
- scan phase space in more detail 

looking for enhanced sensitivity
- xsec vs m(tt), pT(top), ..

- available NNLO QCD in MATRIX

Combinations of different observables
- power to correlate and reduce uncs
- take advantage of concept: “Using 

maximal information should take to 
maximal precision”

Today: two new mTpole determinations by ATLAS (arXiv:2509.15066 ; arXiv:2507.02632)

https://arxiv.org/abs/2509.15066
https://arxiv.org/abs/2507.02632
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Journal review 

ongoing



Inclusive ttbar xsec

- Select ttbar→eu+X decays, as the cleanest 
channel with less jets

- Standard definitions for electron, muons and jets
- overlap removal ensures no overlap
- b-tagging using DL1r algorithm (70%eff WP)

- Require ==1 electron and ==1 muon
- passing lepton triggers
- pT(el)>27GeV, pT(mu)>27.3GeV

- lower values (20GeV,21GeV) used 
for 2015 data

- if Δ𝛳(leps) or Δ𝜙(leps) less than 0.15 
reject event

- same electric charge leps used for 
mis-identified leptons bkg estimation;

- 1 b-jet and 2 b-jets categories (N1, N2) 6

ATLAS measured ttbar cross-section with 1.3% exp precision (~55% improvement)



Can replace                                         
, where Ge𝜇 is reco eff (acceptance 
effects from fiducial cuts included in 
fiducial xsec)

Inclusive ttbar xsec
Selected events N1 and N2 satisfy 
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efficiency for a 𝑡𝑡 event to pass the 
opposite-charge 𝑒𝜇 selection
(product of acceptance and 
reconstruction efficiencies)

efficiency for a jet to be b-tagged

b-tagging correlation factor (evaluated in MC):
probability to reconstruct and 𝑏-tag two 𝑏-quark jets 
simultaneously - vs - independently

For the nominal MC sample used (MiNNLO+Pythia8): ϵe𝜇~0.89% 
(50%reco), ϵb~54%, Cb~1.009

solve N1,N2 equations to get xsec (and ϵb ) for ttbar contribution
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leading uncertainties from:
- luminosity (0.89%)  
- top events modelling: PDFs and 
single-top xsec norm in particular, at 
0.40-0.47%)

Cross-section results
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leading uncertainties from:
- luminosity (0.89%)  
- top events modelling: PDFs and 
single-top xsec norm in particular, at 
0.40-0.47%)

Cross-section results



Top mass extraction
Negligible dependence of the measured 
xsec on the assumed top mass value 

- equivalent to a +-120MeV unc for 
+-1GeV mass variation

Mpole extracted from NNLO prediction 
using Top++, NNPDF3.1_noTop 
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Theory uncertainties 
dominate: equally important 
contributions from PDF and 
QCD scales



… the paper is not only about top mass!
In the paper also measurements of eebb 
inclusive cross-section and differenial 
xsecs measurements (1D,2D differential in 
leptons variables).
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Not covered here but 
have a look at it in 

arXiv:2509.15066

https://arxiv.org/abs/2509.15066
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Accepted!



Normalised differential tt+1j xsec  

13

The single 1D distribution which showed best potential to measured mTop is the 
normalized differential cross-section of tt+1j events

- extra jet brings increased sensitivity to mTop, wrt a 
similarly defined ttbar-only observable

- normalization brings reduction of theo uncs

New ATLAS result follows experimental strategy used for 8TeV publication [1] 
(unfold single variable) but:

- use dileptonic final states 
- tests compatibility of mass extraction using stable top-quarks or decayed 

top-quarks FO calculations
- required unfolding to different phase spaces 

https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-TOPQ-2018-23


Introduction -  theory predictions available
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● provided by “ttbarj” in 
Powheg-Box-v2 [1110.5251]

● 2->3 process, top-quarks are “stable”
● scale choices and other parameters 

studied (for 13 TeV) in [2202.07975]

● provided by authors of  [1509.09242]
● scale choices suggested

● 2->7 process, diagrams with no tops, 
single-top, off-shell top-quarks 
included. Full off-shell and top-quark 
width effects also included.
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tt+1jet NLO QCD calculations employed

https://arxiv.org/abs/1110.5251
https://arxiv.org/abs/2202.07975
https://arxiv.org/abs/1509.09242


Event selection
Select dilepton+jets final states with opposite 
charge leptons:

- single lepton trigger, emu opposite charge
- significant MET (>30GeV)
- ==2 b-jets >30GeV, lead light jet pT>50/60GeV
- m(lb) <200 GeV region only
- Combination of two tt-system reco methods, 

gives 98% efficiency, 95% ttbar purity:
- Loose method:

- not reconstructing individual tops
- unphysical solutions for ~25% events 

phi-weighting method ():
- ɸ method:

- used for events failing loose method reco
- throw random values to neutrino phi and 

minimize reconstructed top/antitop mass 
differences
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resolution (reco-true)/true for 
observable in the 2->3 process. 



Unfolding
Reco-to-truth correction using Iterative Bayesian Unfolding (IBU)

- updated approach for systematics
- now implemented in covariance matrix

- IBU internal parameter (number of iterations) set to lowest 
value which minimize bias on the MC used to define the 
correction

- dependence on the assumed mTop value in the MC minimized
- residual mMC dependence included in systematic covariance matrix
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IBU

Observed deviation 
from linearity tests 
is covered by 
residual mMC syst 
uncertainty



2->3 vs 2->7 unfolded results
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Slightly different pT cut choice, but in general two balancing effects:
- 2->3 has larger experimental uncertainties (due to “more” unfolding/correction)



2->3 vs 2->7 theoretical templates

18

Slightly different pT cut choice, but in general two balancing effects:
- 2->3 has larger experimental uncertainties (due to “more” unfolding/correction)
- 2->7 theo has reduced sensitivity to mTpole (feature of theo calculation)

Which effect is the most important?

next-to-most sensitive bin



Top pole mass extraction

For 2->3 measurement (PDF4LHC21)
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For 2->7 measurement (PDF4LHC21)

Theoretical uncertainties estimated fitting different theoretical truth distributions with 
nominal template (diagonal covariance matrix)

- scale uncertainties for 2->7 result are larger than 2->3 approach
- kind of expected as more finale state objects and cuts
- also reduced R(mTop) sensitivity enhances this effect



Different PDFs for 2->3 result
Compared result obtained with different PDFs 

known fact that the assumptions in the ABMP PDF fits are different (already observed 
by CMS in its ttj preliminary result).

Nominal result given with PDF4LHC21 values

Stability of result against extrajet pTcut, year also tested and confirmed.

Cross-checked validity of tt+singletop MC stack against bb4l in 2->7 approach
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Uncertainty breakdown

ttbar modeling, jet energy and b-tagging 
are the largest systematic uncertainties:

- “new” (wrt 8TeV) top radiation recoil and 
top mass shape systematics

Theoretical uncertainties contribute to  
around 0.4/0.5 GeV
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https://doi.org/10.1007/JHEP11(2019)150


Conclusions

Presented two new ATLAS 
measurements of the top-quark pole 
mass from inclusive ttbar xsec and 
differential ttj xsec.

Both results come with a similar 
associated total uncertainty 

mPole(NNPDF)=172.8 +1.5-1.7 GeV

mPole(PDF4LHC21)=170.7 +1.5-1.4 GeV
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ATLAS emu+jets 13TeV (CT18)

Comparing “same” CT PDFs together

arXiv:2507.02632

arXiv:2509.15066 

https://arxiv.org/abs/2507.02632
https://arxiv.org/abs/2509.15066


Back-up
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Theory developments
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Many mTpole measurements have sensitivity from ttbar 
production threshold:

- inclusion of “Toponium” bound states modelling start 
to become relevant

Reduction of theory uncertainties:
- “adequate” renormalization scheme choice 

- MSbar for inclusive xsec halved scale uncs wrt 
pole scheme (then mMSbar->mPole converted)

- next order QCD corrections
- NNLO already used in ~all tt-based meas

- N3LO out of reach for the moment
- some hope for NNLO in ttj  (work ongoing)

https://arxiv.org/abs/2412.13876
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leading uncertainties from:
- luminosity (0.89%)  
- top events modelling: PDFs and 
single-top xsec norm in particular, at 
0.40-0.47%)

Cross-section results :
systematics breakdown



Inclusive ttbar xsec: Non-prompt lepton estimation 
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Mpole from ttj: Unfolding factors
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Mpole ttj: breakdown of 2->7 
result
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Same leading detector uncertainties as 
the 2->3 result

Slightly different kind of leading 
modeling systematic uncertainties 

Generally larger systematics impact 
since reduced sensitivity from 
theoretical calculations



Toponium-like effects to tt1jet threshold

ttj mpole measurement gets its 
sensitivity to top mass from the ttbar 
threshold  region.

No consensus on how to apply 
toponium-like corrections to ttj 
production

The presence of the extra-jet dilutes 
the threshold events and hence the 
impact of these to the top-quark mass 
is small (covered by QCD NLO theo 
unc)
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