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Introduction . - =
miralea

up charm yop / photon Higgs Boson

e m~173 GeV — top quark has many unique features

o decay quicker than hadronization and gpin decorrelation e 1 e

o Yukawa coupling O(1) (e | FIUJ M 7170 é

o top signatures for many BSM models é — = s
p sig y HE V,u U g §

e Precise measurement of m_crucial | G | B |
o EW precision tests
o  Higgs production, self-coupling, top-quark loops
o Stability of SM ...
e LHC is a top factory
o ~140/fb per experiment @ 13 TeV
m ~830 pb (tt) + ~300 pb (t)
o Expected ~250/fb per experiment @ 13.6 TeV
m ~920 pb (tt) + ~330 pb (t)

e m measurements challenge for theory & experiments

Standard Model

Absolute stability

0.05 0.10 0.15 0.20
as(mz)

control uncertainties at per-mill level

@)

: Qg see also ATL-PHYS-PUB-2021-034
© modelling uncertainties _—"and Miguel’s talk on tuesday PhysRevD.97 0560062
@)

interpretation of measurements: thC — mtpo €



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.056006
https://cds.cern.ch/record/2777332

Outline

CMS

o tthar £+4jets CMS-PAS-TOP-20-008
e single-top t-channel JHEP 12 (2021) 161
e also: CMS-PAS-TOP-21-012 presents a thC measurement obtained from a
cross-section
o this was already covered in Matteo’s talk!

ATLAS

e tthar soft muon tagging TOPQ-2017-17 arXiv:2209.00583
o tthar £ ATLAS-CONF-2022-058



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
https://link.springer.com/article/10.1007/JHEP12(2021)161
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-012/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

CMS

Top mass £-jets CcMS-PAS TOP-20-008
B N 36/fh @ 13 TeV

e 1 isolated e or u
. > (EMSiPti corr:ct I e 3;:9':91t B,
® >4 jets 8loong. Siidons HILE -
. : : : ; : Dn::ertamt %Ql 25'3:Ituet f erore
o 2 b-jets (WP e=78% with light-mistag rate 1%) 2o iy S b
e kinematic fit: ¥* minimization 2 2o '
o 4 permutations: 2 b-jet <> b-quark x 2 10000
neutrino o 5000
pT . ) . = 1.8=
o uses 4-mom. of lept., jets, p,™** , resolutions g T
. . 9 a : 100 200 300 400
e Select permutation with max P, =exp(-x~/2) = [GeV]
e [Lvents classified as P,,, < and > 0.2 oM Prmiy ¥ 1ot 359101 (2700
s eyt st e Guooo) mc gt 1 after fit
B 40000F =§ﬁv‘?§§°ih . =§J§%'fs" 3 & 350000 ?“3‘;{2": CTEd Eé+bg?nU|tUEt 1 and
E |:mulnmace & o . . - E 2 Unce a|ny ) Diboson 3
N S Main olgservables. gzggggi . Py,>0.2
15000 reco 15000¢
o e m " for P, ,<0.2 10000
5000% 5000
% 1.9% g 1.9
8 05— 40 § 0.5
? ? 700 200 300 400

P <0.2 rn{.t [GeV] 4:



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html

Top mass E——j ets CMS-PAS-TOP-20-008

Additional observables included in the

measurement to constraint syst. uncertainties:
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The mass is extracted from the
observables with a profiled ML fit
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e+jets obs. bins



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html

Top mass ¢-1jets

JEC flavor bottom
FSR PS scale X—Xg
FSR PS scale g—qg
CR: gluon move

CR: QCD inspired

BG W+jets

Early resonance decay
BG QCD multijet

JEC abs. MPF bias
Underlying event
ME/PS matching

JEC rel. sample

bJES Bowler-Lund central
e SFs

bJES Peterson

stat.

JEC rel. FSR

JER I |<1.93

JEC abs. scale

JEC flavor light quarks
bJES Bowler-Lund
FSR PS scale g—gg
Calibration

JEC pileup data/MC
bJES semilep. B decays
u SFs

CMS~rreliminary
1§

I + jets 5D:|m1 =171.77 + 0.38 GeV
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36fb ' (13 TeV)

pre-fitimpacts []8+A6 []8-A0
post -fit impacts[J6+A0 [J6-A0 [IMC stat.

(6-6,)/6

01 02 _ 03
Am, [GeV]

-0.3 0.2 -01

CMS-PAS-TOP-20-008 LV

e Most precise result to
date with 0.38 GeV
uncertainty!

e Data stat 0.04 GeV

e Dominant uncertainty
b-jet energy correction

e [FSR description from PS
is important and has a
strong constraint (see
next slide)



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html

TOp mass E——j ets CMS-PAS-TOP-20-008 CMS

1 . CMS Prelimina I+jets, 35.9 fb™, (13 TeV)

ISR/FSR PS uncertainty: = S, s awe
. 3 F @ ttwrong mm Wijets 3 [ ]

e 32 uncorrelated variations of @'’ Fuummicnes Ezdes 0 g i724[cms ]
f 2 d f 60000? 777 Uncertainty — Diboson ] E- | Preliminary ]

a ractor 2 on Hp an £ 50000, / ool ]
non-singular terms ¢NS 2 40000, E i ‘
(see PRD.94.074005) 28222 ; 172 ]

e cNS separately varied for 5 - ]
: o : _

branching type 2 L |
(g—22,2—09,2—0qg,q—0qg) £ o |

= 00 250 300 .

ml\';\e/co [GeV] 171.4_— ]

e pull due to m,"* 171.2F ]
e result assuming full correlation m =172.14+0.31 GeV T
o more compatible with previous results 0 02 04 06 08

FSR

(which assumed correlation)

e pulls to different NPs support choice to decorrelate  Previous result Eur. Phys. J. C 78. 891 (2018)
mt=172.254-0.63 GeV ;



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.074005
https://link.springer.com/article/10.1140/epjc/s10052-018-6332-9

TOD mass Single—top JHEP 12 (2021) 161 CMS
= = 36/fb @ 13 TeV

e t-channel single-top events: q q
o independent sample @ lower kin. threshold
o different syst, less affected by Color Reconn. W™ £
e 1 isolated e or u, 2 jets, 1 b-tagged b
o WP:e=55%, mistag 0.1% light and 6% ¢
e top 4-momentum from decay products g b
o my, applied as constraint
Wi sewaTey W  somisTey QCD bkg from m,, fit
§ o 2] % o e template from
2 om0 s o non-isolated lepton events
& osf ZETI i " e e method validated in events
Gl with no b-jets
o o o 1_gm ; : e 50% uncertainty assigned
= COSTICIPIPRNSISS Y. S XTPTR e e es | to yield and shape
my (GeV) My (GeV) e events with m >50 GeV

mp = \/ (P + PE™)? = (pyg +22")% = (pyy +Py) are used afterwards 8



https://link.springer.com/article/10.1007/JHEP12(2021)161

TOp mass Single—top JHEP 12 (2021) 161 CMS

o

. " . . . .
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L c
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i BDT response
Rank
Variable Muon Electron Description L
Aijr 1 1 Angular separation in (7, ¢) space between the b-tagged and untagged jets 0.‘6‘ — .0235. = '0.‘7‘ — ‘0|75I — IO!SI = b|85
Untagged jet |7 (|77j'|) 2 2 Absolute pseudorapidity of the untagged jet BDT selection threshold
my 3 3 Invariant mass of the system comprising the b-tagged and untagged jets
cost” i J Cosine of the angle between the lepton and untagged jet in the rest frame s .~ 6 5 % (mUOIlS) , 60% (electrons)
of the top quark 81g
my 5 5 Transverse mass as defined in eq. (4.1)
FW1 . 6 First-order Fox-Wolfram moment [65, 66] (electron final state) L owW Correlatlon between B D T
[Am | 6 7 Absolute pseudorapidity difference between the lepton and b-tagged jet 0
pb}»-l—p‘il,‘ 7 8 Scalar sum of the py of the b-tagged and untagged jets SCOFG aﬂd mt (_ 1 3 A))
| 8 Absolute pseudorapidity of the lepton (muon final state) 9



https://link.springer.com/article/10.1007/JHEP12(2021)161

TOp mass Single—top JHEP 12 (2021) 161 CMS

A0 o 35.5')fb:1(153T§V)
& sfoms + Data
ML ﬁt tO Czln(mt/l GeV) ; :/i’ 201T -f-Ch.
£ ef , W, s-
e (QCD bkg subtracted before the fit g CfEOT-08 ot
L o I BV +jets, VWV ]
e signal, tt, EW component modelled with ‘ Cloco 7
. . I ) Stat @ syst
analytical functions 2
e peak position ¢ is the POI L = =
e validated in region with inverted BDT cut 58 Z"."W’”‘”;””‘”‘“””‘”:I;’”””"”‘””’?
e sig and bkg normalization profiled in the fit ¢
e all other uncertainties externalized o S PR
2 r CMS $ Data (QCD subtr.) ]
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https://link.springer.com/article/10.1007/JHEP12(2021)161

Top mass single-top

improves by 30% wrt previous result!

mg = 172.13 £ 0.32 (stat+prof) "0 (ext) GeV = 172.137075 GeV

i 0.0068 0.0079
R, = = 0.9952 =+ 0.0040 (stat+prof) ") 0ee (ext) = 0.995270077)

Amy = m, — m; = 0.83 £ 0.69 (stat+prof) 14 (ext) GeV = 0.837]%2 GeV

Dominant uncertainties:

Stat 0.19 GeV, Stat-profiled 0.32 GeV

JES 0.4 GeV, b-tagging 0.20 GeV

Color reconnection, Early res. decay 0.24 GeV
b-quark hadronization 0.23 GeV

FSR PS 0.28 GeV

JHEP 12 (2021) 161 CMS
Stat + prof
Total unc.
CMS, single t (13 TeV) n——.——c
CMS, tt all jets (13 TeV) ——
CMS, ti dilepton (13 TeV) i
CMS, t / + jets (13 TeV) |
ATLAS, comb. (8 TeV) —y—
CMS, comb. (8 TeV) e
CMS, single t (8 TeV) —_——a—
v v b b b by el L Ly
168 170 172 174
m, (GeV)
. difference
at + prof
Total une. between top
----- SM prediction : and antl‘top
CMS, single t (13 TeV) ' ——
CMS, i/ +jets (8TeV) V¥
ATLAS, i | + jets (7 TeV) '—‘F —
...‘I..‘.I..‘.I‘...gunuI--..I..‘.
-2 0 2
Am, (GeV)

11


https://link.springer.com/article/10.1007/JHEP12(2021)161
https://doi.org/10.1140/epjc/s10052-017-4912-8

TOD mass SMT TOPQ-2017-17 arXiv:2209.00583 ATLAS
- 36/fb @ 13 TeV EXPERIMENT

e Identify semi-lept. decay of B-had.
o BR=20% for B—...—»p+X

fp
e Invariant mass m, — m,

o purely leptonic,

Q|

less sensitive to jets unc.
o more direct impact from b—B

fragmentation modelling

\ Soft Muon Tagging
\ (SMT)

1% proof of principle: CDF Phys. Rev. D80 (2009) 051104, m =180.5 &+ 12.5 GeV
Similar idea: with J/¥—pp from CMS JHEP 12 (2016) 123, m=173.5 &= 3.1 GeV 19



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.051104
https://link.springer.com/article/10.1007%2FJHEP12%282016%29123
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583

TOp mass SMT signal modelling TOPQ-2017-17 arXiv:2209.00583

ATLAS

EXPERIMENT

SLD  (r,=1.092 + 0.030)

OPAL (r,=1.023 + 0.019)

b-frag. universality for ee/pp assumed

DELPHI (v,=1.094 + 0.090) e recent results: deviations for frag.
ALEPH  (r,=1.070 + 0.035) fractions, but significant only at low-p
| \ | | e for frag. function, supported by recent
o o > 1 b . CMS studies CMS-PAS-TOP-18-012
Thus:
Hadron  PDG Pownto+Pymuia8  Scale Facor @ I, (frag. func. parameter in Pythia8)
B 0.404 + 0.006 0.429 0.941 +0.014 fitted on LEP+4-SLD data (now with
B 0.103 + 0.005 0.095 1.088 + 0.052 - ) ,
b-baryon 0.088 +0.012 0.047 1.87 +0.26 e fragmentation fractions and BRs
D* 0.226 + 0.008 0.290 0.780 + 0.027 reweighted to world averages
D’ 0.564 +0.015 0.553 1.020 + 0.027
DY 0.080 + 0.005 0.093 0.857 + 0.054
c-baryon  0.109 + 0.009 0.038 2.90 +£0.24 13



https://cds.cern.ch/record/2771694
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583

TOp mass SMT recoil n PS TOPQ-2017-17 arXiv:2209.00583

ATLAS
EXPERIMENT
recoilToColoured: For the first time used o

in 8.160 from 2012-01-23 uncertainty on gIU_OD emission E;OO?:;_ATLAS Simulation E
in t—Wh R Ty -

. inlnpactsfPS r{)lode{)ling of oo Pro A1 erw -

oluons from b—g sorsE E

on: e changes energy oo 3
distribution within jet 51_151“-' -------- S

5 o e changes jet p, due to i ;
TopUserHook: off + reweight by out-of-cone radiation — S e,
eikonal ratio (g + 1)/(g + W) impacts jet-based
9 measurement 09
A—W e b-frag. func. changed e

: as a side effect.

(2B(oh Dy, Slestand) Nominal in better agreement with NLL

resummations — reweighted to that
e No dedicated tune yet! 14

see slides from P. Skands



https://indico.cern.ch/event/1011206/contributions/4243528/attachments/2199479/3720400/Skands21-top.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583

Top mass SMT: results

Pre-fit impact on m:
[]6=0+A0 [ 16=0-A0
Post-fit impact on m;:
o =0+A0 16=06A0

—e— Nuis. Param. Pull

BR b—t—u

BR b—u

tt ISFt-hmp (smT from b/c)

ttr,

Z+jets norm. (bb/ cc)

SMT-fake norm.

BR b—c—u

E™S soft track resolution (para.)
JES (modelling 1)

b-tag (b 0)

tt ISR—uR (sMT from b/c)

JES (pile-up, p topology)

E™SS soft track scale

Muon identification eff. (syst.)
JER

b-prod. frac. (baryons)

tt ISR (sMmT from W)

T a R

tt PDF 2

Pile-up

-2

Am, [GeV]
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TOPQ-2017-17 arXiv:2209.00583

PrIor LALE BLELIL L LR AL R LB

[ ATLAS ¢ Data ]

r Vs=13TeV,36.1 1" []tt (smT from b/c) ]

I OS selection W {7 (smT from W)

[ Post-Fit [ {1 (smT fake) ]
[l Single top _
[[]Other backgrounds|
77 Uncertainty

20

40 50 680 70 80

my, [GeV]

ATLAS

EXPERIMENT

174.41 + 0.39 (stat.) + 0.66 (syst.) + 0.25 (recoil) GeV

Final result from ML

profiled fit on M o
Recoil uncertainty not
profiled

Result stable vs
changes of selection
or tune (i.e. Monash
vs Al4-r)
Compatible at 2c

level with previous
ATLAS/CMS results

15



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583

see also Dimbiniaina’s poster! _ ; ;
= 139/fb @ 13 TeV EXPERIMENT

Updated dataset and new Machine Learning method for event topology reconstruction

e 2 isolated e or u with opposite charge

o >2 jets, 2 b-jets & 50000 f_étﬁtze'n'a' - ';tbi')tzés'o'n' ' ATLAS Preiminary -
. . . > E_ * s=13TeV, 1390 ' 5
o WP e=70% with light/c mistag £ 70000 I S0 P I e 1ePOm T Gilepton--
rate 0.2%/10% % 60000 -
e m, <15 GeV or within 80-100 GeV 000 ot pre-selection
vetoed for ee/uu events 40000
e DNN to identify b-jet/€ pairing using zzzzz:
o AR and inv. mass of {bh-pairs ool
o pqand n of £b-pairs -
0 o 12
o pqandn of leptons, b-jets s g
T 09
O il B B ¥ . 05 06 07 08 09
e Select permutation (out of 2) with DNNign
highest DNN score
o good data/MC agreement! classifier performance doesn’t depend on m,


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Top mass €0

Optimised selection:
e DNN,. . >0.65
o Select the Cb-pair with largest p,,
e For that pair, p, > 160 GeV
e b-jet in that pair must be leading b-jet

The invariant mass of the selected Cb-pair,

m,, 8" is used as observable.

Fit performed in the range:
50 < m,, "e" < 140 GeV

Events / 10 GeV

Data/MC
=Y =T
oL

ATLAS-CONF-2022-058 ATLAS

EXPERIMENT

_I T | T T T T I T T T T I T T T T T T T T l T T T T I T T T T L
L e Data Diboson ATLAS Preliminary
FCJtt B t+X s B
W Single top [l NP/fake leptons s=13 TeV, 1291 ]
L[ Z+jets B3 Unc. --dilepton-- _
B after final selection 7
e | e r———— | |
Rhoe

50 100 150 200 250 300 350
P, of b-tagged jet from (Ib)-pair with largest P, [GeV]

17


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/
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Diboson ATLAS Preliminary
. X 5=13TeV, 139 fb '
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after final selection

250 300 350 400
P, of (Ib)-pair with largest P, [GeV]

Top mass €0

ATLAS-CONF-2022-058

ATLAS

EXPERIMENT

10% less events in data than MC, due to
known mismodelling of €b p,,
e partially coming from missing NNLO
corrections to top p,,

But:
e measurement is shape-only
e reweighting top p, tthar p, and
invariant mass to NNLO predictions
covered by scale uncertainties

no bias is expected by the normalisation
disagreement

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

TOp mass EE ATLAS-CONF-2022-058 ATLAS

EXPERIMENT

mgi:)epton =172.63 + 0.20 (stat) + 0.67 (syst) = 0.37 (recoil) GeV Esooo_— l;;'ll'l.lAlsllFl’rlellir;iln;rlyl B li ' 'd;tla d”ept'on BRRRRES
. ~ L {s=13TeV, 139 fb™ 1
Final result from unbinned ML fit mElegh 2,00 B - 172092079 04 -
e Dominant uncertainties are modelling (ME 2 r ]
algorithm, ISR/FSR, color reconnections) 2000 -
and JES - .
e New recoil uncertainty also dominant s
o no dedicated tune though, likely 1000,
overestimated
e C(Crosscheck for off-shell and non-resonant
effects using bb4l has been performed. The -
difference in m_is smaller than modelling 50 60 70 80 0 100 110 12'0mHJgh3'([>Ge\1;0
uncertainties ’
e Without recoil uncertainty, improves by
~17% the 8 TeV precision 19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Top mass €0

mIePO — 172 63 + .20 (stat) + 0.67 (syst) = 0.37 (recoil) GeV

top

Final result from unbinned ML fit m%High

e Dominant uncertainties are modelling (ME
algorithm, ISR/FSR, color reconnections)
and JES

e New recoil uncertainty also dominant

o no dedicated tune though, likely
overestimated

e C(rosscheck for off-shell and non-resonant
effects using bb4l has been performed. The
difference in m, is smaller than modelling
uncertainties

e Without recoil uncertainty, improves by
~17% the 8 TeV precision

ATLAS-CONF-2022-058

ATLAR

Myop, [GeV]
Result 172.63
Statistics 0.20
Method 0.05 £ 0.04
Matrix-element matching 0.35 =+ 0.07
Parton shower and hadronisation 0.08 £ 0.05
Initial- and final-state QCD radiation 0.20 £ 0.02
Underlying event 0.06 = 0.10
Colour reconnection 0.29 £ 0.07
Parton distribution function 0.02 £ 0.00
Single top modelling 0.03 + 0.01
Background normalisation 0.01 + 0.02
Jet energy scale 0.38 = 0.02
b-jet energy scale 0.14 + 0.02
Jet energy resolution 0.05 = 0.02
Jet vertex tagging 0.01 £ 0.01
b-tagging 0.04 + 0.01
Leptons 0.12 + 0.02
Pile-up 0.06 £ 0.01
Recoil effect 0.37 = 0.09
Total systematic uncertainty (without recoil) | 0.67 £+ 0.05
Total systematic uncertainty (with recoil) 0.77 £ 0.06
Total uncertainty (without recoil) 0.70 £ 0.05
Total uncertainty (with recoil) 0.79 £ 0.06
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

Conclusion and final remarks

o CMS l4jets CMS-PAS-TOP-20-008
171.77 £ 0.38 GeV
e C(CMS single-top JHEP 12 (2021) 161
m, = 172.13 £ 0.32 (stat+prof) 1057 (ext) GeV = 172.13775 GeV
e ATLAS Soft muon tagging TOPQ-2017-17 arXiv:2209.00583
174.41 +0.39 (stat.) = 0.66 (syst.) = 0.25 (recoil) GeV
e ATLAS Dilepton template mass ATLAS-CONF-2022-058

172.63 + 0.20 (stat) + 0.67 (syst) + 0.37 (recoil) GeV

e Just started to use full power of run-2 data(and run-3 ongoing...)
e More optimised and alternative experimental techniques being developed
e tthar modelling biggest challenge, need inputs from exp. and theory
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
https://link.springer.com/article/10.1007/JHEP12(2021)161
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
https://arxiv.org/abs/2209.00583
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

