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TOP QUARK MASS AT HADRON COLLIDERS

> Most accurate top quark mass determinations through direct measurements,
from the reconstruction of the top decay products (lepton, jets, b-jets)

\

»  Fits to data using templates obtained from exclusive Monte Carlo predictions
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THE POWHEG BB4L EVENT GENERATOR

All recent direct measurements of mip use NLO+PS Monte Carlo samples

 NLO in production, LO spin correlations and NLO decay through shower ME corrections
S. Frixione, P Nason, G. Ridolfi JHEP 0709 (2007) 126
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State of the art since a few years the bb4l code in Powheg-Box-RES
« NLO computation of the full 6-fermion process

* non-resonant, off-shell , interference & spin-correlation effects at exact NLO QCD

* Unified treatment of ttbar and Wt single-top T. Jezo, P. Nason, JHEP 12 (2015) 065

T. Jezo et al, Eur.Phys.J.C 76 (2016) 12, 691
T. Jezo, J.M. Lindert, S. Pozzorini, [2307.15653] [hep-ph] S


https://arxiv.org/abs/2307.15653

UOFF-SHELL EFFECTS

IN TOP PRODUCGCTION
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OFF-SHELL EFFECTS IN TOP PRODUCTION
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ATLAS MEASUREMENT OF M, gMINIMAX
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ATLAS MEASUREMENT OF M, gMINIMAX
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BB4L PREDICTIONS

2 -107 bb4l LHE events generated
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THE “LINEAR TEMPLATE FIT”

Goodness of fit for binned distributions with gaussian uncertainties

\. theory-prediction
o d /1 TV_l d /1 a parameter(s) of interest,
— —_ —_ (top mass and/or width)
)( (a) ( (a)) ( (a)) d the measurement,
V covariance matnx (\W=V-1)

The Linear Template Fit D. Britzger, Eur.Phys.J.C 82 (2022) 8, 731

The parameter dependence A(a) approximated linearly from 'templates'
— Valid approximation when templates are close to the best estimator

The fit result ('best estimator’) is directly obtained in closed analytic form:
a = [(YMY!'WYM]~ ' [(YM)'W(d — Y]

Y: matrix of the templates
M, m: quantities computed from the reference values of the templates
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Fractional Uncertainty

SYSTEMATIC UNCERTAINTIES
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Experimental uncertainties all
encoded In data covariance matrix

Dominated by uncertainties in the
theoretical modeling of tt+Wt
and in the description of
additional b-tagged jets

Could be significantly reduced in the
future by directly using bb4l
predictions in the measurement
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SYSTEMATIC UNCERTAINTIES

For the interpretation, need to consider theoretical uncertainties on bb4l prediction:

e /-point scale variations and
NNPDF31 eigenvector variations
obtained through bb4l reweighting

3-point hdamp variations (0.5, 2.0 my,,)

In the splitting kernels
through Pythia8 reweighting

* NB: Work ongoing to evaluate
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_| T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T |_
. . nominal bbgl —— _|
- o 7-point yr, ur -
- PDF variations -
- 3-point fgamp N
— 3-point shower =
= ATLAS Data, 36.1 fb~! —4— 2
N +|_|+""|‘F |
i ‘ ]
I —

SRR RN R RN
- _
g_|| || ‘ [ I ‘ [ I ‘ [ I ‘ [ I ‘ [ I ‘ [ I ‘ [ I |_§
0 50 100 150 200 250 300 350 400

m};réinimax [G eV]

12



OF DEPENDENCE ON THE FIT RANGE
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SIMULTANEOUS DETERMINATION OF MASS AND WIDTH

Fit performed between 40 < m, < 380 GeV

Results :‘8
my = 172.67 £ 0.46 (oxp) £ 0.57 1) GeV | 7|2
Ft = 1.70 = O.Ql(exp) - 0-27(th) GeV

Excellent agreement of data and bb4| post-fit

Weak correlation (-30%) between m;,, and ',

Extracted width consistent with
previous determination

Theoretical uncertainty dominated
by hdamp @and shower variations
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SIMULTANEOUS DETERMINATION

> Fit performed between 40 < my, < 380 GeV

- O.46(exp) - 0-57(th) GeV

Results
myy = 172.67 -
Ft = 1.70 = O.Ql(exp) -

- 027(th) GeV

[ oo [GeV]

> Excellent agreement of data and bb4l post-fit

> Weak correlation (-30%) between my,, and I,

2> Extracted width consistent with
previous determination

2 Theoretical uncertainty dominated
by hdamp @and shower variations

OF MASS AND WIDTH

--- World average val
— My, =1y, relation

Total uncertainties i

ue:s
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" [ Simultaneous fit with b4l
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TOP QUARK MASS DETERMINATION

Miop determination including
the top-mass dependence in [ i

LO I'iop relation

3
r® = gp— (1
! i 814/2 My

Result

my — 172.97 4 0.43(0)(})) T 0-46(t.h) GeV

Moderate reduction of exp. uncertainties
(limited precision of data at large my,)

Reduced theoretical uncertainties
Competitive with dedicated measurements
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World average [ppGz3] s 2
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SUMMARY

Simultaneous determination of my,, and [I';,, from a single measurement

* First m,, with full NLO treatment of non-resonant and interference effects
exploiting the bb4l Monte Carlo event generator

» Using ATLAS measurement of mminimax gt ,[s=13 TeV

« Multivariate Linear Template Fit to study sensitivity to my,, and [,

Already competitive uncertainties to dedicated measurements
Results consistent with world average and previous determinations

Top-quark mass effects in 'y, provides small additional sensitivity to m,,
with dominant model uncertainties found to be reduced

Promising avenue for future LHC measurements
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