Universitat
Siegen

u

Top-gquark mass, properties and
cross section in ATLAS and CMS

Markus Cristinziani (U. Siegen)

on behalf of the ATLAS and CMS collaborations
Weak Interactions and Neutrinos, WIN2025
9-13 June 2025, Brighton, UK

WIN 2025

ATLAS

EXPERIMENT




Content

Overview of the most recent top-quark results by ATLAS and CMS

» tt and single top-quark cross section
* top-quark mass and other properties

M. Cristinziani Top-quark physics @ WIN2025 2


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Content

Overview of the most recent top-quark results by ATLAS and CMS

» tt and single top-quark cross section
e top-quark mass and other properties

Full list of top-quark results for reference
e CMS [Link]
o ATLAS [Link]

M. Cristinziani Top-quark physics @ WIN2025 2


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Content

Overview of the most recent top-quark results by ATLAS and CMS

» tt and single top-quark cross section
e top-quark mass and other properties

Full list of top-quark results for reference
e CMS [Link]
o ATLAS [Link]

Here, will cover five results, all using full Run-2 dataset (13 TeV)
™ tt production at threshold axwasezss

« £ WbWb dilepton production ceer.20s0s

e & Top-quark mass at high transverse momentum ens. tet. s s7 (2025) 139508

® € Quantum entanglement and &
o § Test of lepton flavour universality in W decays euens. 1.5 (20241993 uiep 05 2025) 038

mag|C Rep. Prog. Phys. 87 (2024) 117801 Nature 633 (2024) 542 Phys. Rev. D 110 (2024) 112016 CMS-PAS-TOP-25-001
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tt production at threshold

Top-quark bound state? umss et et gt

 |ifetime of top-quark is too short | + i ¥ d + ...

» still QCD predicts quasi-bound tt states gumsele—f  gumml o< 7 gumml e g
below the tt threshold

 dominant component Is pseudo-scalar

At threshold

e non-perturbative
o colour singlet 's'"
« attractive potential v = - %ﬁ — peak

r

e colour octet 's'®
- - 1 og
« repulsive potential v(r) = p—

r

* pbut: no MC generator available
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tt production at threshold

Top-quark bound state? gamwr et gummi et g
e lifetime of top-quark is too short h + 4 B+ i EE + ...
» still QCD predicts quasi-bound tt states gumul——f Gl g
below the tt threshold 3.5 [
. . | Kiyo et al., Eur.Phys.J. C60 (2009) 375 |
 dominant component is pseudo-scalar
3 |
25 |
At threshold > '
Q)
: < 2
e non-perturbative 8
e colour singlet 15(51] = g color-octet _
. attractive potential Vi) = - =5 - peak S : :
. 1 color-singlet -
e colour octet 's'®
sive potential L S 05 [ .
+ repulsive potential vi») = -— 5 1 LHC VS = 14 TeV :
* but: no MC generator available 0 B e

335 340 345 350 355 360 365 370 375 380
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tt production at threshold

Top-quark bound state? R T —

e lifetime of top-quark is too short t4 - A - T + ...

» still QCD predicts quasi-bound tt states gl e—F  guml < gamml e j
below the tt threshold

. including Coulomb resummation for bound-state effects and
Garzelli et al. Phys.Lett.B 866 (2025) 139532  tnyreshold resummation for emissions of soft and collinear gluons

* dominant component is pseudo-scalar R — B EEAaRs Esamss ERRRREEES :
3 NLO+NLL, NRQCD singlet, pur = M = 2 my - _
- NLO+NLL, NRQCD octet, HMr = MF = 2 M R .
| NLO+NLL, NRQCD sum, Ur = Mg = 2 my — J
i OO S v
2.5 [ e X KRS —
At threshold = | e E
: & > X
e non-perturbative = : :
. _ 4 a = i _
« attractive potential v(r) = - 3—5 — peak g - -
g o 1 [ |
e colour octet 's'® ; i
: : 1 og - -
« repulsive potential v =——= 0.5 -
* but: no MC generator available B S B B B :
330 340 350 360 370 380

Mtt ( GeV )
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tt production at threshold

arXiv:2503.22382

Simplified model
« pseudo-scalar simulated with m, = 343 GeV and I', = 2.8 GeV

Dilepton tt selection

 reconstruct tt system analytically, after smearing (100 times)
to account for resolution
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tt production at threshold

Simplified model
» pseudo-scalar simulated with m, = 343 GeV and I', = 2.8 GeV

—— A resonance
— H resonance

Dilepton tt selection

 reconstruct tt system analytically, after smearing (100 times)
to account for resolution

Observables
e M Chog = €7 - €7, and ¢, (flip one £ in top direction)
» can distinguish between /A (pseudo-scalar) and H (scalar)

1.0 0.5 0.0 0.5 1.0

— A resonance
— H resonance

—+= Nt

1.0 0.5 0.0 0.5 1.0
Chan
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tt production at threshold

Simplified model
» pseudo-scalar simulated with m, = 343 GeV and I', = 2.8 GeV

Dilepton tt selection

 reconstruct tt system analytically, after smearing (100 times)
to account for resolution

Observables
e M Chog = €7 - €7, and ¢, (flip one £ in top direction)
» can distinguish between /A (pseudo-scalar) and H (scalar)

Modeling
e tt with Powheg+Pythia

e corrected to NNLO QCD, NLO EW by reweighting
in bins of m¢ and cos 67

e normalised to NNLO+NNLL cross section

M. Cristinziani Top-quark physics @ WIN2025
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— H resonance

— A resonance
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Observation of pseudo-scalar excess

Simultaneous profile-likelinood fit to m1,7, ¢y, Chan

=
o
W

Events / GeV

Ratio to FO pQCD + BG
o =
© o

CMS 138 fb~1 (13 TeV)

¢ Data mmm tX o Unc.
tt W Other
__ ;1 < Cﬁel < _% | _i <IChan < _%

.1t Postfit (Fd pQ'CD' + BG + n't) |

— N, o(n) =8.8+¥12 pb

1300
Myt [GeV]

400 700 1000
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Events /| GeV
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©
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¢+ Data mmm tX mw Unc.
tt mm Other

-
o
w

| | ' 1 1 | 1
_—<Che|<§ _§<Chan<§

- Postfit (Fd pQCD' + BG + r|'t) |

— N, o(ny) =8.8%12 pb

1300
m [GeV]
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Ratio to FO pQCD + BG
=
o

=
o
(O

Events / GeV

O
©

CMS 138 fb~! (13 TeV)

¢ Data mmm tX e Unc.
tt W Other

'—'<c}]e|<'1' | %<'chaln<'1'_'

- Postfit (Fd pQCD' + BG + n't) |

— nw o(ny) =8.8%12 pb
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1300
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Observation of pseudo-scalar excess

Simultaneous profile-likelinood fit to m1,7, ¢y, Chan

arXiv:2503.22382

CMS Simulation Preliminar (13 TeV)
CMS 138 fb~! (13 TeV) CMS 138 fb~! (13 TeV) CMS 138 fo~! (13 TeV) ¢ F 0l 1 T =
¢ Data mmm tX Unc. ¢ Data mmm tX Unc. ¢ Data W tX unc.| ™7 os -+ A resonance =
tt mm Other tt B Other tt mm Other F :
8103:1<che|<—% —1 < Chan < —3 8103*_%<Che|<% —3 < Chan < 3 8103§ 5 < Chel < 1 5 <Chan <1 0_4; _:
=~ i ~ ~— n Bl
V9 wn N 02 —
+J +—J +—J - |
C (- (- ; 0_0_ RN BRI AR i AR R A
Cl>) G>) g) 1.0 0.5 0.0 0.5 1.0
LLl LL] LL] e ] Chel
o 1o 2M|S ISirrlwlaz‘ilonlPrle/ilminalryI N (|13|Tel)
E ig | - | ! iil\/!tt_ -
8 I . . I , , I 8 ] 8 , , , , , , 0.8 E_ i : resonance_:
+ 1.1 Postfit (FO pQCD + BG + n¢) + + 1.1 Postfit (FO pQCD + BG + ny) : 06| —
a | a a | 2 B
8 k + + l 8 8 + + | = ]
Q P +% . l Q { | o et ebeepedtes L 02 =
1.0} Pt 1.0 1.0f=# = i :
O T + + ! * | O T + O ' + H + | T o T T 0.0 =L RN AR A
L L L . 1.0 0.5 0.0 0.5 1.0
@) @) I | O . Chan
e’ ' )
© g.gl— ne oln) =8.8%17pb | © g9/~ N oln)=8.8%17pb | © .9/~ N oln)=8.8%17pb -
) " ! . . ! . . ! . . ! L ) " ! . . ! . . ! . . ! . ) " ! . . ! . . ! . . ! .
&U 400 700 1000 1300 &U 400 700 1000 1300 &U 400 700 1000 1300
Myt [GeV] mit [GeV] myt [GeV]
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Observation of pseudo-scalar excess

Simultaneous profile-likelinood fit to m1,7, ¢y, Chan

arXiv:2503.22382

CMS Simulation Preliminar (13 TeV)
CMS 138 fb~! (13 TeV) CMS 138 fb~! (13 TeV) CMS 138 fo~! (13 TeV) ¢ F 0l 1 T =
¢ Data mmm tX Unc. ¢ Data mmm tX Unc. ¢ Data W tX Unc.| ~° o[t~ A resonance =
tt [ Other tt [ Other tt W Other I :
3103;_ —1<Chel<—% —1<Chan<—% ElO?’é —%<Chel<% —%<Chan<% §103;‘ %<che|<1 %<chan<1 0_4% E
g g g o -
C C C E 00_ | | | | | | | | | | | | | | | | | |
Cl>) G>) G>) ] 1.0 0.5 0.0 0.5 1.0
L] Ll Ll . Cnel
B ) CMS ulatlon Preliminary (13 TeV)
_8 c;_g 10:—|' | | 1T | | I_II_ISNIttI I 1—:
_ —I o —— A resonance
8 , , 8 - 8 , , , , , , 085 ¢:resonance =
+ 1.1; i + + 1.1 Postfit (FO pQCD + BG + ny) - 06| —
a | a) a | .E E
2 | ol . o 2 s L U S |
o , o | o ¢ 44 bdortbdo | 02|~ =
1' ' ' + % 1 { 1 ¢ T | - il
O O + + + ! * | O O T + 1 O O + H + * o T T 0.0 Il RN AR A
L L | L . 1.0 0.5 0.0 0.5 1.0
@) @) I | O . Chan
S 0.9} Mv oln = 8.8Irzpb o 0.9 Muoln)=88Iy3pb e 0.9/~ Muoln)=88Xr7pb
&U 400 700 1000 1300 &U 400 700 1000 1300 &U 400 700 1000 1300
Myt [GeV] mit [GeV] myt [GeV]
Clear excess in low m,; and most pronounced in high ¢;,; = o, = 8.8 £ 0.5 (stat.) "} (syst.)

Caveat: tt threshold difficult to model; can’t distinguish #, from generic pseudo-scalar A
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WDbWDb production

Scope:

e Tackle the tt/tWb interference:
differential cross section for one variable and
in a region with enhanced sensitivity

 Help WbWDb modelling:
differential cross sections for several kinematic
variables in a more inclusive phase space

CERN-EP-2025-094
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WDbWDb production

Scope:

e Tackle the tt/tWb interference:
differential cross section for one variable and
in a region with enhanced sensitivity

 Help WbWDb modelling:
differential cross sections for several kinematic
variables in a more inclusive phase space

Strategy: cut = count — unfold

e fiducial phase-space with 2b and opposite sign ep
* unfolded at particle level (iterative Bayesian unfolding)
 compare to NLO+PS predictions

M. Cristinziani Top-quark physics @ WIN2025
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WDbWDb production

Scope:

e Tackle the tt/tWb interference:
differential cross section for one variable and
in a region with enhanced sensitivity

 Help WbWDb modelling:
differential cross sections for several kinematic
variables in a more inclusive phase space

CERN-EP-2025-094

Strategy: cut = count — unfold

e fiducial phase-space with 2b and opposite sign ep
* unfolded at particle level (iterative Bayesian unfolding)
 compare to NLO+PS predictions

Modelling of WbWb and interference
between doubly and singly resonant production

bl — bl byl bl b>ly
m_. . . = mln{max (m ,m ),max (m ,m )}
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WDbWDb production

CERN-EP-2025-094

Measured distributions at particle level
e profjets, £, 2b systems
* prand myof 2b2¢ and 2b2{2v systems

®* Nijets
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WDbWDb production

N

!

Measured distributions at particle level :

o profjets, £, 2b systems =

* prand mrof 2b2¢ and 2b2{2v systems g

®* Nijets ‘E’

Integrated cross section

e fiducial 2b-exclusive and 2b-inclusive

e systemaic uncertainty dominated by

flavour tagging and generator modelling _

2b-exclusive region ogq = 5.77 + 0.01 (stat.) *0-3/ (syst.) + 0.05 (lumi.) pb Z;
2b-inclusive region o = 5.97 +0.01 (stat.) *0-37 (syst.) = 0.05 (lumi.) pb ’

M. Cristinziani Top-quark physics @ WIN2025

—

10"

1074

107°

1.5

CERN-EP-2025-094

ATLAS Preliminary @ Dpata
is=13TeV, 140f6" - -
WbWD dilepton

eu, N
! b-jets

-

PWG+PY8 (DS)

- Stat. unc.

IIIIIII| I q

— PWG+PY8
- = PWG+PY8 (bb4l)

Syst.+Stat. unc.

LlllIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| I

—— PWG+PY8
= =+ PWG+PY8 (bb4l)

-+ =+ PWG+PY8 (DS)

m" [GeV]

minimax
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WDbWDb production

Measured distributions at particle level

CERN-EP-2025-094

- § EATLAS SO e o e et e E

* profjets, £, 2b systems T 10" E-WbWb dilepton B Stat, unc Syst+Stat. unc. 2

e prand myof 2b2{¢ and 2b2{2v systems 1% e -

* Niets ;; %— _%
Integrated cross section . B
- fiducial 2b-exclusive and 2b-inclusive g T e T s :

» systemaic uncertainty dominated by g E

flavour tagging and generator modelling B

2b-exclusive region ogq = 5.77 + 0.01 (stat.) *0-3/ (syst.) + 0.05 (lumi.) pb By [ e e e -
2b-inclusive region o = 5.97 +0.01 (stat.) *0-37 (syst.) = 0.05 (lumi.) pb ES e T -

Prediction
Data
o
I
I

0 100 200 300 400 500 600 700 800
pib” [GeV]
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WDbWDb production

Measured distributions at particle level

CERN-EP-2025-094

' § EATLAS SO e o e et e E

* profjets, £, 2b systems T 10" E-WbWb dilepton B Stat, unc Syst+Stat. unc. 2

e prand myof 2b2{¢ and 2b2{2v systems ? e -

* Niets ;; %— _%
Integrated cross section . B
- fiducial 2b-exclusive and 2b-inclusive g T e T s :

- systemaic uncertainty dominated by g E

flavour tagging and generator modelling B

2b-exclusive region ogq = 5.77 + 0.01 (stat.) *0-3/ (syst.) + 0.05 (lumi.) pb By [ e e e -
2b-inclusive region o = 5.97 +0.01 (stat.) *0-37 (syst.) = 0.05 (lumi.) pb E‘o" o T -

Bottom line

* best agreeing after NNLO reweighting
 interference handling: DR better than DS

Prediction
Data
o
I
I

0 100 200 300 400 500 600 700 800
pib” [GeV]
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Miop at high transverse momentum

Boosted top-quark decay products are

collimated

e can be reconstructed as a single large-radius jet

e simplifies the reconstruction compared to
iInclusive phase space 1734

o expected to reduce the systematic uncertainties 3 1732

Three observables = three handles
e average top-jet mass: sensitive to Miop 172.6

Ratio to fit
OO ==
©
o

M. Cristinziani Top-quark physics @ WIN2025

ATLAS

Vs =13 TeV, 140 fb”’
¢+ Pseudo-data points

Linear fit
m, = 172.45 + 0.46(m - 172.5)

171 171.5 172 1725 173

173.5 174

m, [GeV]
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Miop at high transverse momentum

Boosted top-quark decay products are

collimated

e can be reconstructed as a single large-radius jet

e simplifies the reconstruction compared to
iInclusive phase space

e expected to reduce the systematic uncertainties

9000""I """" L L L

I
ATLAS Simulation — Nominal
Vs =13 TeV, 140 fb™
JES modelling 1 variation

— +10

— -1o

Three observables = three handles

e average top-jet mass: sensitive to Miop
* Minv Of 2 light jets inside top-jet : JES uncertainty

Events / 3.75 GeV
S
S

4000

3000

2000

o)

-

-

o
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

1000

1.1
1.05}- o — T

0.95/- T ——
0.9/ _

60 65 70 75 80 85 90 95 100 105
M. Cristinziani Top-quark physics @ WIN2025 mjj [GeVZ 8

Ratio to nominal


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
https://doi.org/10.1016/j.physletb.2025.139608

Miop at high transverse momentum

collimated

e can be reconstructed as a single large-radius jet
e simplifies the reconstruction compared to

iInclusive phase space

Boosted top-quark decay products are

e expected to reduce the systematic uncertainties

Three observables = three handles

e average top-jet mass: sensitive to Miop

* Minv Of 2 light jets inside top-jet : JES uncertainty

* Minv Of tiep and closest additional jet: recoil scheme

uncertainty

M. Cristinziani

Top-quark physics @ WIN2025

Events / 20 GeV

Ratio to nominal

1000

900
800
700
600
500
400
300
200
100

1.2
1.1

1
0.9
0.8=

150 160 170 180 190 200 210 220 230 240 250 260 270

=13 TeV, 140 fb™

w12 -

LAS Slmulatlon

— Nominal

—— Recoil-to-top

|

m, [GeV]
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Miop at high transverse momentum

Boosted top-quark decay products are

collimated

e can be reconstructed as a single large-radius jet

e simplifies the reconstruction compared to
iInclusive phase space

—h
-
o
o

TLAS Simulation

= — -
o expected to reduce the systematic uncertainties § 900 o 13rov 140 f  — Nomina =
N osoo- T ’ | =
Three observables = three handles 2 700" - recolotop -
e average top-jet mass: sensitive to Miop & 6005 E
e minv Of 2 light jets inside top-jet : JES uncertainty jZZf E
* Minv Of tiep @and closest additional jet: recoil scheme a00F :
uncertainty 200, E
. . . . . 100 =
Simultaneous profile likelihood fit to the I :
three observables e T =
» reducing uncert. due to JES and recoil by ~80% e 2k E

< 150 160 170 180 190 200 210 220 230 240 250 260 270
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7\

Miop at high transverse momentum ¥

ReSUIt mtop — 17295 -+ 053 Gev Phys. Lett. B 867 (2025) 139608
— most precise ATLAS miop measurement in a single channel

Source Uncertainty [GeV|
JES +0.29 | | fommr = L '
Radiation (ISR and FSR) £0.17 ATLAS +jets boosted
Colour reconnection (CR1 and CR2) + 0.15 _ '
JES heavy flavour +0.14 Direct top quark mass measurements . Total uncertainty
Parton shower and hadronisation model + 0.14
JER +0.10 m, = total (stat. = syst.) [GeV]
MC statistics + 0.08
Underlying event + (0.08 I+jets, 7 TeV, 4.6 fb™ 172.33 = 1.27 (0.75 = 1.02)
Recoil + 0.07 1
it closure 007 Dilepton, 7 TeV, 4.6 fb 173.79 = 1.42 (0.54 + 1.31)
Background modelhng - + 0.05 All jets, 7 TeV, 4.6 b’ . — 1751 1.8 (1.4 = 1.2)
Matrix element matching (p° = 1) + 0.04
b-tagging + 0.04 Dilepton, 8 TeV, 20.3 fb™ 172.99 = 0.84 (0.41+ 0.74)
Igfizlser—order corrections i 88; All jets, 8 TeV, 20.3 fo 173.72 = 1.15 (0.55 = 1.02)
T + 0.
Pileup + 0.01 I+jets, 8 TeV, 20.2 fb™ 172.08 = 0.91 (0.39 = 0.82)
JVT + 0.01 1 BB
PDF + 0.01 Comb., 7+8 TeV, < 20.3 fb’ e 172.71 + 0.48 (0.25 =+ 0.41)
Leptons + 0.01 . 1 L . N
Luminosity < 001 _eptonic inv. mass, 13 TeV, 36.1 fb L e 174.41 = 0.81 (0.39 = 0.71)
Total statistical + 0.27
Total systematic + 0.46 L 1 | L 1 | L 1| L 1 | | 1 | JHEEE H L 1| L 1| L 1| L 1 | L 1 | |
Total 053 162 164 166 168 170 172 174 176 178 180 182 184
il m, [GeV]
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Miop at high transverse momentum

N

!

Result: miop = 172.95 + 0.53 GeV
— most precise ATLAS miop measurement in a single channel

Source Uncertainty [GeV|
Radiation (ISR and FSR) + 0.17
Colour reconnection (CR1 and CR2) + 0.15
JES heavy flavour +0.14
Parton shower and hadronisation model + 0.14
JER + 0.10
MC statistics + 0.08
Underlying event + 0.08
Fit closure + 0.07
Background modelling + 0.05
Matrix element matching ( pl%ard =1) + 0.04
b-tagging + 0.04
Higher-order corrections + 0.02
Emiss +0.02
Pileup + 0.01
JVT + 0.01
PDF + 0.01
Leptons + 0.01
Luminosity < 0.01
Total statistical + 0.27
Total systematic + 0.46
Total + 0.53

M. Cristinziani

Phys. Lett. B 867 (2025) 139608

ATLAS

Direct top quark mass measurements

Tevatron comb., 1.8+1.96 TeV, < 9.7 fb™ Gk

LHC comb., 7+8 TeV, <20 fb™
ATLAS, leptonic inv. mass, 13 TeV, 36.1 fb™

CMS, l+jets, 13 TeV, 36.3 fb™

CMS, I+jets boosted, 13 TeV, 138 fb™

ATLAS, I+jets boosted (this result), 13 TeV, 140 fb™" r+e+

----- l+jets boosted

. Total uncertainty

m, = total (stat. =+ syst.) [GeV]

——e——  174.30 = 0.65 (0.35 + 0.54)

172.52 + 0.33 (0.14 = 0.30)

171.77 £ 0.37

173.06 + 0.84 (0.24 = 0.80)

172.95 = 0.53 (0.27 = 0.46)

160 165 170
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175 180

m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2022-24/
https://doi.org/10.1016/j.physletb.2025.139608

Quantum entanglement and magic

Top-quark entanglement observed

® in dilept()n events by CMS Rep. Prog. Phys. 87 (2024) 117801 and ATLAS Nature 633 (2024) 542
* in lepton+jets events by CMS  #hus. rew 0 110 20241 12016
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-007/

Quantum entanglement and magic

Top-quark entanglement observed

® in dilept()n events by CMS Rep. Prog. Phys. 87 (2024) 117801 and ATLAS Nature 633 (2024) 542
e in lepton+jets events by CMS  #hus. rew. 0 110 (20241 12016

Allows to interpret tt pair as two-qubit system

e paves the way to a deeper connection between quantum information science and
high-energy physics
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Quantum entanglement and magic

Top-quark entanglement observed

® in dilept()n events by CMS Rep. Prog. Phys. 87 (2024) 117801 and ATLAS Nature 633 (2024) 542
e in lepton+jets events by CMS  #hus. rew. 0 110 (20241 12016

Allows to interpret tt pair as two-qubit system
e paves the way to a deeper connection between quantum information science and

high-energy physics
Here: consider “magic” M,

» reflects how far a quantum state is from being efficiently simulated by classical
systems

» for tt system use magic defined in helicity basis {n,k,r}, see White&White ehsrewo 110002 115016

. log 1+ Yienjr (P + PH] + Lijenk,r Cij
_ ) _ —
1+ Eien,k,r (Pzz T Pzz) T Ei,jEn,k,r Clzl

» with polarisations P; and spin correlation coefficients G;
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-001/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-007/
https://doi.org/10.1103/PhysRevD.110.116016

Observation of entanglement and magic

Phys. Rev. D 110 (2024) 112016

tt £+jets channel

* events reconstructed using a neural network
e events divided into categories via lepton flavour, number of b-tagged jets, and NN score

Full angular information of two decay products to measure P and C

e e.g. alepton and a down-type quark
e using templates to fit the effect of one non-zero coefficient at a time (reweighting)

MS 138 b (13 TeV)

C -1
300 < m(il) < 400 GeV o Data — 5,CMS 138 for (13 TeV)
_ N stat, total unc.| By
B Ae=1.24=0.11 — Powheg+g8 i 5 - Data
c-1 | -0.027+0.060 —af ==+ Powheg+H7 | —f O ol stat, total unc. ?
P. [ 0.004x0.034 i -+ MG5+P8 I i + -
P, 0.015=0.029 ot = -+ MINNLO+P8 " ey g - Powheg+P8 1
P 0.001= 0.022 i HH - | - e
ﬁt | -0.063+0.033 —— i —— § 2 1.81 Powqeg+P8+nt — e e
B, | -0.012:0.029 -—:-' I '_-.]qh N - e Powheg+H7
P. [ 0.003x0.022 i 16— - - MG5+P8
C, 0.269= 0.070 ——— i —e—y c - _
Con | 0.540:0.042 p—— | " [——s OC - -.-..MiINNLO+PS8
Co [ 0.427:0.074 —_ | 1.4
C, |_ 0.074x0.084 — . — I e P e i S
Ci | 0042015 E » . 1 i E » . 1 L -
C,. L 007%0.12 . — 1 i —_— " <] 19—
C, [ -0.061:0.073 —" | ——H It~ =
Cu [Z 006:012 —— ——— e 2.2(2.4)o 6.7(5.6)0
« | 007=0.11 . . i ' . . |
‘ | I | | | | | | | | | | | | | | | | | | | | | | | IIIII|IIII|IIII|IIII|IIIIIIIII : ¢ Separablle States ¢
~0.6 ~0.4 0.2 0 0.2 0.4 06 -01 0 01 02 0.3 I
Coefficient value A(data, Powheg+P8) m(tf) < 400 GeV m(tt) > 800 GeV

lcos(0)l < 0.4
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~J

M, 138 fb™' (13 TeV) 138 fb™' (13 TeV)
47 cms 7 Data - CMS 7 Data
1 o[ Preliminary 1 stat, total unc. - Preliminary 1 stat, total unc.
- Powheg+P8 - Powheg+P8
= e Powheg+H7 — e Powheg+H7
085 S MG5+P8 - S MG5+P8
- e MiNNLO+P8 - e MiNNLO+P8
0.6:— - T
0.4F = SHE uE
0.2 e < | Icos(8)] < 0.4
O I I I I I I

Observation of magic in tt

M2 > 0 — observation

CMS-PAS-TOP-25-001

138 fb' (13 TeV)

CMS

Preliminary

Data

stat, total unc.
Powheg+P8
Powheg+H7
MG5+P8
MiNNLO+P8

H-ITI“

300-400 400-600 600-800

> 800

m(tf) [GeV]

300-400 400-600 600-800

Agrees well with SM prediction

First experimental measurement of magic at the TeV scale

M. Cristinziani

> 800

m(tf) [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-001/

Test of lepton flavour universality

SM assumes equal couplings of e, 1, and 7 to the W boson

JHEP 05 (2025) 038

Top-quark pairs provide a substantial dataset
e tt = WbWb — 2vb £vb, pure sample
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Test of lepton flavour universality

SM assumes equal couplings of e, 1, and 7 to the W boson

JHEP 05 (2025) 038

Top-quark pairs provide a substantial dataset
e tt = WbWb — £vb £vb, pure sample

Measurement of the ratio B(W — t)/B(W — ev)
 Tag-and-probe
e T Is selected using 7 — evv decays to reduce uncertainty

- Differences in electron pr and |d,, | help separate
Wor—oeand W —oe
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Test of lepton flavour universality

SM assumes equal couplings of e, 1, and 7 to the W boson

JHEP 05 (2025) 038

Top-quark pairs provide a substantial dataset

— = S B B B B BN BRI B AL L
* tt = WbWb = tvb tvb, pure Sample g 107?— ?ET:l?gTev 140 fb" : Ilgrac;[;pt e (17 or Wt)
% 106? Nominal sarr,lple Bl -— e (tt or Wt)
. *GE) 105' ue, 20<pT(e)<25O GeV | |Fake e
Measurement of the ratio B(W — tv)/B(W — ey) & " Popostri Prompt o ot fom o W
10% rom Z — 1ttt
7~ Uncertainty

* Tag-and-probe .
e T Is selected using T — evr decays to reduce uncertainty @

» Differences in electron pr and | d,, | help separate
Wo1r—oeand W —-oe

. 107"
% ;.::1 2 9/////////%// /{4;//
R‘Z obtained from simultaneous fit of } 0-90"'o'.as'"0'1'"0"1'5"o'z'"o'zs"o's"oés"oa“oas“os

ld,(e)l [mm]

electron pr and | d, | distributions
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7\

Test of lepton flavour universality ¥
RY =0.975%0.012, =+ 0.020, R = 0.9995 + 00044

JHEP 05 (2025) 038 Eur. Phys. J. 84 (2024) 993
| | | | | | | | | | | | | | | | l | | |
ATLAS 1 —a&— CMS ATLAS :
_ - Phys. Rev. D 105 (2022) 072008 ;
Vs =13 TeV, 140 fb " LEPS | .
Phys. Rept. 532 (2013) 119 ete —=WW, {s=183-207 GeV :
: —e— PDG average ATLAS — o
S: Phys. Rev. D 110 (2024) 030001 op—W, V5=7 TeV, 4.6 fb” !
: LHCb : N
-1
~ pp—W, Vs=8 TeV, 2 fb :
i CMS T
ATLAS - this result : pp—tt, Vs=13 TeV, 36 fb” :
Statistical Uncert. : . PDG average ——i

] Systematic Uncert. T T

—e— Total Uncertaint S : -
m ATLAS (this result) s
| | : | | pp—tt, Vs=13 TeV, 140 fb” ;
L L L L L L L L L L L L L L L L L L L | I I I | I I I | I I I | I I I ! I I I | I
0.9 0.95 1 1.05 1.1 0.92 0.94 0.96 0.98 1 1.02
B(W— tv)/B(W— ev)
B(W—uv)/B(W—ev)

R/f/Ve is the most precise measurement

Measurements agree well with SM prediction
No sign of lepton flavour violation
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Summary

Several new top-quark results with Run-2 data of LHC by ATLAS & CMS

Cross-section

» Observation of a pseudo-scalar excess near tt production threshold
 WbWD dilepton production

Mass
* Jop-quark mass at high transverse momentum

Other properties

* Quantum entanglement and magic
e Test of lepton flavour universality in W boson decays

Top-quark sector still very attractive for precision measurements,
search for new physics and (new!) for guantum information studies

M. Cristinziani Top-quark physics @ WIN2025
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