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introduction and motivation
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://www.sciencedirect.com/science/article/pii/S0370269317308948

starting point and final goal

Eur. Phys. J. C79 (2019) 368
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6863-8
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g’ + + the scale y = myz
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§ o perform precise measurement of doz/dm
e extract running by comparing to differential
- theory predictions in MS scheme
»
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event selection and signal definition

cMs 35.9 b (13 Tev)
>
2016 data: 35.9 fb—! (13 TeV) § 4 Data
2 Signal
offline selection ] u !gna ®)
i Wsignal ()
o eFp* with pry(p) > 25(20) GeV [signal ()
e jets with pp > 30 GeV considered 200 M signal u,)
o b-tagging used to classify events 100 DBa""g“"::‘cd
z N
e kinematic reconstruction of tt system N systamt
in events with > 2 jets — m{$™ 400 600 800 1000 1200 1400 1600 1800 2000
e [GeV]
signal definition and scale choice
P o - bin  range [GeV] i [GeV]
. tzzs:jlejz|ll;lrito 4 subsamples in bins of 1 =420 384
P it , , 2 420-550 476
e each subsample treated as independent signal, 3 550-810 644
and corresponds to a bin in doyg/dm; 4 > 810 1024

o representative scale uy assigned to each signal:
1k = centre-of-gravity of parton-level m;

4/7
Deutsches Elektronen-Synchrotron (DESY)

Matteo M. Defranchis




likelihood fit of do;/dm; and top mass extraction

o fit performed in categories of b-jet
multiplicity and bins of m{$*

e systematic uncert. constrained
within visible phase space

e dependence on mi\dc fully
incorporated in the fit

response matrix embedded in the
likelihood = maximum likelihood
unfolding to parton-level

e m¢(my) extracted in each bin of mz
independently via x2 fit of theory
predictions to data

e m¢(my) converted to mg(uk) using
one-loop RGE solutions (nf = 5)
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extraction of the running

running r(p) is defined as ratio of mg ()

to reference mass mg (fivef)

th: r(p) = me(p)/me(pref)
exp: rx = mt(uk)/mt(/lref)

e r(u) depends solely on RGE

e r, benefits from cancellation of
correlated uncertainties

— choice: pief = p2 = 476 GeV
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extraction of the running

running r(p) is defined as ratio of mg ()

to reference mass mg (fivef)

r(p) = me(p)/ me(purer)

exp: rx = mt(uk)/mt(/lref)

e r(u) depends solely on RGE

e r, benefits from cancellation of

correlated uncertainties

— choice: pief = p2 = 476 GeV

e result compared to value of my(my)
extracted at NLO from inclusive o

e good agreement with RGE on a wide
range of scales, up to pu > 1 TeV
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summary and outlook in a nutshell

o first experimental investigation of running of the top quark mass
e good agreement with RGE, up to u > 1 TeV

« looking forward to NNLO calculations in the MS scheme to probe
the running at two-loops precision
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summary and outlook in a nutshell

o first experimental investigation of running of the top quark mass

e good agreement with RGE, up to u > 1 TeV

« looking forward to NNLO calculations in the MS scheme to probe

the running at two-loops precision

Thank you for your attention!
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b-tagging efficiencies

b-tagging efficiencies are determined in situ by exploiting the tt topology,
separately in each bin of m;

S1kb = Lo (Mk)Aseleselzeb( - Cll;eé)
S2kb = EO-(Hk Aselsbel Cb (6{;)2
Sc/:ther = ‘CO-(#k selesel [1 - 2€b(1 - C.b 6b) - C{){(E{;)q

o €k is the efficiency of the full selection in m; bin k
. eb is the b-tagging efficiency in m bin k

o CK represents the residual correlation of tagging the two b-jets
b eP gging J

— all parameters are derived by the simulation and depend on the
systematic uncertainties
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fit strategy

binned Poisson Likelihood

« X is the set of nuisance parameters
e wj is the normalization of background source j

o m(Am) and 7(w;) parametrize the prior knowledge of m*® nuisance
parameter and j* background normalization
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details about the fit

fit performed in categories of b-tagged jet multiplicity and bins of m{$®°

o b-tag categories constrain b-tagging efficiencies

e my; categories sensitive to different signals — constrain Uigk)

e categories with < 2 jets, where kin reco cannot be performed, included in fit
e increases visible phase space = reduces extrapolation uncertainties

for each category and sub-category, suitable differential distribution fitted

° m?{;“ distribution used to constrain mi\/[c

e p7 of softest jet in event used to constrain JES

o systematic uncertainties profiled in Poisson likelihood and constrained
in the visible phase space

o additional uncertainties assigned to extrapolation to full phase space

(constraints in modelling uncertainties NOT considered in extrapolation)

— this procedure yields results that are unfolded to the parton level
with maximum likelihood method
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post-fit distributions of fit inputs

CMS-PAS-TOP-19-007
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http://cms-results.web.cern.ch/cms-results/public-results/superseded/TOP-19-007/index.html

differential cross section predictions

« differential predictions @NLO obtained with version of MCFM where
my, treated in MS scheme (Eur. Phys. J. C74 (2014) 3167)

« only theory calculation available with top mass in MS scheme
« evolution of QCD couplings at 1-loop, 5 flavours

o scale choice: p, = pr = my(my)

o interfaced with ABMP16_5_nlo PDF set: only available PDF set with
mg in MS scheme, consistently with calculation
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measurement of the slope

essence of this measurement: extract slope of NLO running, taking
my(u2) = my(pres) as reference

o r(p) = mg(p)/me(p2)
° lk2 = mt(uk)/mt(u2)' k=1,3,4

advantages uncertainties in the ratios

« slope r(p) directly related to » fit and extrapolation
RGE prediction o PDF and ag from ABMP

e ratios ry» benefit from partial eigenvectors

cancellation of correlated

uncertainties e scale variations in MCFM not

meaningful here, as scale

o [iref = [ to minimize dependence is being investigated

correlations between o all correlations properly taken
extracted ratios into account
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running of my: results
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— observed running consistent with RGE

rio = my(p1)/me(p2) = 1.030 £ 0.018 (fit) T35 (PDF + ag) T390 (extr)

—0.002
rp = my(p3)/me(p2) = 0.982 £ 0.025 (fit) TS0 (PDF + ag) T4 (extr)
rap = my(pa)/me(p2) = 0.904 £ 0.050 (fit) T459 (PDF + ag) T4 (extr)
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significance of the observed running

observed running parametrized as

Fxn) = x[r(p) =1 +1

Xmin €xtracted from x?2 fit to ryo:

e correlations in extracted ratios

such that studied with toy experiment
procedure
o f(1,u) = r(p) — RGE running o correlations fully taken into

° f(o’ ILL) = 1 — no running account in estimate of Xmin

Xmin = 2.05 £ 0.61 (fit) *93L (PDF + ag) T935 (extr)

— compatible with RGE within 1.10
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