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Why is the Threshold Region interesting?
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Modelling the “Toponium” effect




Modelling the “Toponium” effect

150

e approximate toponium effect with a
scalar resonance

e manually set parameters to position
resonance at threshold

® pure spin-singlet

(expected for dominant contribution of “toponium”)

® easy to compute




Modelling the “Toponium” effect

1S, GFRW i

e approximate toponium effect with a e based on NRQCD Green’s function
scalar resonance describing the tt system

e manually set parameters to position e use Green’s function (GF) to
resonance at threshold reweight (RW) tt matrix elements

® pure spin-singlet ® close to spin-singlet

(expected for dominant contribution of “toponium”)

® easyto compute e harder to compute




Searching for
“Toponium”


https://doi.org/10.1088/1361-6633/ae60a0

Dedicated Search

e dedicated analysis in dileptonic tt events
(full event reconstruction)




Dedicated Search

e dedicated analysis in dileptonic tt events
(full event reconstruction)
e angular variables provide separation power

as “toponium” close to a spin singlet
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Dedicated Search

e dedicated analysis in dileptonic tt events
(full event reconstruction)

e angular variables provide separation power
as “toponium” close to a spin singlet

e 9 Signal Regions (SR) based on angular
variables in the tt center-of-mass frame
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e dedicated analysis in dileptonic {t events
(full event reconstruction) "
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Dedicated Search

—— PH7hvg T+ tW

e dedicated analysis in dileptonic £t events g B
(full event reconstruction) PPoma s o1
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Measuring the
Yukawa Coupling
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https://doi.org/10.1007/JHEP01%282026%29117

Y; via tt
®* Oy sensitive to top-yukawa coupling
(especially in threshold region)

e provides complementary approach to
traditional measurements of Y,
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Y; via tt
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Y; via tt

®* Oy sensitive to top-yukawa coupling
(especially in threshold region)

e provides complementary approach to
traditional measurements of Y,

e template fitin m,s
(Y, to stabilise fit as dependence is
quadratic)
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Measuring the
Top-Quark Mass
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https://doi.org/10.1007/JHEP12%282025%29023
https://doi.org/10.1007/JHEP04%282026%29099

my via tt + 17

e extract mass from differential
cross-section at parton level
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my via tt + 17

e extract mass from differential
cross-section at parton level

e unfold pg to parton level
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my via tt + 17

e extract mass from differential
cross-section at parton level

e unfold pg to parton level
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m; via tt + 14

e extract mass from differential
cross-section at parton level

e unfold pg to parton level
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m; via tt + 14

e extract mass from differential
cross-section at parton level

e unfold pg to parton level
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my via tt + 19

e extract mass from differential
cross-section at parton level

e unfold pg to parton level
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My,
e highest sensitivity to 17 in
threshold region

e unfold to parton level
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my via tt + 19

e extract mass from differential
cross-section at parton level

e unfold pg to parton level

2m0
Ps =

My,
e highest sensitivity to 17 in
threshold region

e unfold to parton level
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M via tt +

. . 2,
® mass values obtained via X fit

23
m; = 170.731 157 GeV

2 7
my = 171.697,9 GeV

e 2 — 7 less sensitivity to 1,
in threshold region
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my via J /1

e motivation: less sensitive to jet
reconstruction
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my via J /1

e motivation: less sensitive to jet
reconstruction
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M via J/’(,b

.. " : X
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Measuring CKM
Matrix Element V;

30


https://doi.org/10.1007/JHEP07%282026%29078

V. via tt

3o tension in measurements using
B hadron decay

IV, [107]

PHYS. REV. D 113, 012008 (2026)
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https://journals.aps.org/prd/pdf/10.1103/x87q-tld5

V. via tt

e 3o tension in measurements using
B hadron decay

e {t provides complementary
measurement at perturbative scales

IV, [107]
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https://journals.aps.org/prd/pdf/10.1103/x87q-tld5

V. via tt

e 3o tension in measurements using
B hadron decay

e {t provides complementary
measurement at perturbative scales

e 8 regions based on heavy-flavour tags
— u of |V, tt, tt+c, tt+b
— c-tagging efficiencies and
mistag rates
(same data as default calibration)
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V. via tt

¢ 30- tenSIon In measurements USIng adapted from PHYS. REV. D 113, 012008 (2026)
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e (t provides complementary g B
measurement at perturbative scales N

o 6 _
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— c-tagging efficiencies and NS > E

mistag rates sl E

(same data as default calibration) 35 40 45 50 55 60 65

IVepl[1072]

e resultt |Vu|=(50"])) x1073
(equally limited by modelling & statistical
uncertainties) 34
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https://journals.aps.org/prd/pdf/10.1103/x87q-tld5

Conclusion

e observation of excess at threshold,
could be explained by NRQCD
including quasi-bound state

o better modelling of NRQCD
required

e threshold region sensitive to multiple
top-quark properties

e able to complement traditional
measurements with tf measurements
o testing fundamental SM parameters

Observation of
“Toponium”

o= 9.3ti:§ pb

My via tt + 15

my = 170.731117 GeV

My via J /1 my = 172.17 + 1.56 GeV
Y; via tt

Y: <21
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Signs in traditional t¢ Measurements

e {t cross-sections measurements are getting
very precise — 1.3% uncertainty for inclusive

ATLAS arXiv 2605.02341
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https://arxiv.org/abs/2605.02341

Signs in traditional ¢¢ Measurements ATLAS arXiv 2605.02341

e {t cross-sections measurements are getting
very precise — 1.3% uncertainty for inclusive

e reinterpretation of differential cross-sections
in the dileptonic channel of tt
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https://arxiv.org/abs/2605.02341

Signs in traditional ¢¢ Measurements

tt cross-sections measurements are getting
very precise — 1.3% uncertainty for inclusive

cross-section as function of m*
(+ various more)
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3

reinterpretation of differential cross-sections
in the dileptonic channel of tt

agreement improved by adding “toponium”
simulation

Threshold & ™ @@ &5

Region

ATLAS arXiv 2605.02341

I T I T T I k& & b I T TT I =5 3 §
o ATLAS
= e = 4
E %% s=13 TeV, 140 fo'' 3
E o - =
Fow o tf —>en 3
- o ' o eubb
b o
o L]
— o |
- L] 3
: o
i L]
= o —
L 1 I 11 1 1 I LR l 11 1 1 I 11 1 1 I 11 1
- PowhegMiNNLOsPYE ]
1—4&- Powheg MiNNLO+PY8 +tt . . —
Powheg MiINNLO+PY8 + n, 7
y $ 4]
S\ AN ¢*++H—
o ATLAS _
F\s=13 Telv,140fb'1 norm. fisep

ep
dilepton m ~ [GeV]

39



https://arxiv.org/abs/2605.02341

Signs in traditional ¢¢ Measurements ATLAS arXiv 2605.02341

tt cross-sections measurements are getting

. . . . I e e
very precise — 1.3% uncertainty for inclusive ATLAS (s=13 TeV, 140 fb’
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measured signal over prediction p = 1.22 4+ 0.38 (> 30)

(strongly depended on model and measured distribution) = Daniel’s talk 40
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Azimuthal Angle & 2D Distributions for Reinterpretation
of differential ttbar measurement ATLAS arXiv 2605.02341

o 7 E T T T T =
E FATLAs | .,~_ 3 E : —— ! ATLAS E
& 6F (s=13Tev, 140" - 3 ettty : o orooool ocecet (5213 TeV, 1407
B [ eti sep . ] 5 '°°°°o;. ! e H *50% o tT sep 7
r - 5 . ' o LS .0 '
z 5:— © eubb - E = 1072 |z §E> S .:;:o : e e epbb —=
8 F - o il “’E ol H -0 ' L=
4 = o ® S i - : E'. oo i g
: - o 1 3 B : ro-o-® : =
o[t ™ 4 S el : i : 3
r o 31 B 107 H ! ' .0 =
fomomouomor™"™ 3 (\g = ‘ ' . oro- 3
2F 3 = : ' : s g
g ] Z : E e ]
1 . . : ! o
o [ ‘ N 107 Em* <80 Gev 180<m™ <120 GeV {120 <m™ <200GeV im™>200Gev 3
X N V- R ¥ S 0 w2 0 w2 0 2 0 w2
= - : 8 - o - . — — . — .
Ric Shmn.. L : :
= ¥~ Powheg+PY8 +n; H ﬁﬂ 2 11 _+ PowhengV&*n H i :
g 3 ’ : ; aveyi
g 1+-H-|-|Pm&1 B s L AR g 17;,, ALy e N A | ;Wu!'.‘.'.".#{ .m.{.ﬁ#,,g,.,
#} M* 09F : b ;

0.95) . norm. tt%ep 0.8 ' ‘ o ) . M norm. tisep |
e T enhag PYE UNLD tow | J 8 q9F " powheg,bys NNLO rew ™ T N =
S1053 Eommesrtve NS ?3512 S P e = PowhesioYe m:tg:zx:;' : E ]
3 - : : ]
g 144-]4'4'#1-1’44,—!”!0;;;;&;;&; g 1££-¢£‘-4..m.-¢-v v et | ,Lqr J' -;{-1—::: i

o 09— : - ]
m0.95— . norm. “_>eh‘_ 08 - : ‘ a ) ! norm. tf—>elu_—
2 e powhes MINNLO:F‘Y8+' ' 8 12 Te T Powneg NI OrPYE ! T ! ! i
A B e A L S : : -
° 5 " H :

g 1M-l-lm;##¢u¥¥¥w »ﬁ- ﬁH 2 1;.—.7-..“‘,,,4*. e - aW"‘“ A g}%ﬂ':!
091 : : B ]

0.95 C ! . ] ]
] 'y s t L "Ae“ 08— : . i ) : norm. tfsep —|
© | -3 Eomeabhilii¥® & S 1.2 —e— Powheg hMI&PYB H T T T f J —
31'05 ) oot S ﬁﬂ 3 == m’:ﬁg'ﬂﬁlﬁmifm : '
el . 1 '

[ e v | - : : r
g ﬁwfbwﬁ#w&'*x"'f l**&ﬂ 2 1prararerararaver: M A o T v g | *-*- ﬁ"&*i”ﬁ*
09| : i :

0.95 L ' : :

norm. eubb | ! ' H 5
— 0.8 ; | . i . i nom. epbb —
005 5725 3 /) 0 2 0 /) 0 2 41
- en
dilepton A¢™ [rad] dilepton A¢™:m®* [rad]


https://arxiv.org/abs/2605.02341

Event Selection for Observation of “Toponium”

SRs CR-Z ] CR-Fakes

= 2¢ with p(€) > 10 GeV
> 1 trigger-matched lepton with pt > 25/27/28 GeV
> 2 jets with pt > 25 GeV
> 1 b-tagged jet (70% efficiency WP)
mee > 15 GeV for ee and ppu events

my; < 500 GeV
E'Tniss > 60 GeV for OSSF events ’ —
LELF eiex/#iﬂx LEpE

|mee —mz| > 10 GeV | |mee —mz| < 10 GeV | |mge — mz| > 10 GeV
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Model Comparison & Systematics for Obs. of “Toponium”
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Top Yukawa

e semileptonic final state

e 1lepton, >=4jets, >=2 btags
o ETmiss >30 GeV, mTW > 30GeV (etjets)
o  ETmiss + mTW > 60 GeV (mu+jets)
e dedicated algorithm for tt reconstruction

ATLAS Simulation

g 008 {s= 13 TeV, >4j,>2b
§ 0,07 ATLAS Simulation E = 900
> [Vs=13TeV - ] o
8 o06b24.22b _ A0<mf<120GeV 1 s 800
3 0.06: 100 <m, m, < 250 GeV QE-,=
(U C . ]
%’ 0.05:— o] No selection e 700
& 04 i E 600

0.03F E

F I ; 500
0.02 v ':‘ - ’
G: L b 19 9 e l""‘"r*-r--~--t..: O
SR 0 05 1 1.5 400 500 600 700 800 900
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Event Selection & Systematics for m_t in tt + 1j

Uncertainty source Aml,m]e [GeV] MC stat. unc. [GeV]
Data statistics 0.33 -
. Detector unc.
e 1electron & 1 muon (opposite charge) b-tagging and mistag 0.4 0.06
Jets 0.65 0.06
() ETm | S S >3 O G eV Leptons 0.25 0.06
Others 0.18 0.06
== i Modeling unc.
¢ 2 bta g g € d J ets MC statistical uncertainty 0.08 -
1 1 Backgrounds normalization 0.02 -
® Ieadlng non_btagged Jet has pt > 50 Singli—top modeling 0.03 0.06
. H H MC nden .1 :
GeV (is considered the extra jet) e o o
Parton shower 0.43 0.14
Underlying event 0.39 0.12
Color reconnection 0.13 0.08
ME+PS matching: pl{‘“d 0.09 0.06
ME+PS matching: hgamp 0.26 0.06
ME+PS matching: line shape 0.38 0.12
3D NNLO reweight 0.21 0.06
PDF 0.26 0.06
Initial-state radiation 0.24 0.06
Final-state radiation 0.04 0.16
Factorization scales 0.09 0.06
Renormalization scales 0.03 0.06
Theory unc.
Scale variations +0.34-0.28 +0.05 -0.06
PDF & as 0.24 +0.06 -0.06
Total +1.47 -1.44 -
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Event Selection J/Psi

==1isolated lepton

>=2 jets with >=1 btag

2 soft muons originating from 1 vertex
consistent with Jpsi mass

pT (I mumu) > 25 GeV

10 GeV <m (I mumu) <160 GeV
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Parameterisation, m_Imumu distribution and comparison
with old values for m_t via Jpsi

- totalt 1o
2 A_T LAS — stat. uncertainty
1 2 1 n x/m Direct top-quark mass measurements — total uncertainty
() : My + total (stat. + syst) [GeV]  Ref.
f(x |m k) f— exp ATLAS dilepton 7 TeV, 46 b —t— 173.79+1.42 (0.54 £ 1.31) 4
0 ? 2 ATLAS lepton-jets 7 TeV, 4.6 fb! it ied 17233128 (0.75+ 1.04) 0]
271‘ - ln(k) - x 2 ln (k) ATLAS alljets 7 TeV, 4.6 o' : =] 175.10£1.82 (1.35% 1.21) 2
ATLAS dilepton 8 TeV, 203 fb”" o 172.99:+0.84 (0.41£0.74) Bl
ATLAS lepton+jets 8 TeV, 20.3 fb' A 172.08+0.91 (039 0.82) [
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> e SR E—— > T T[T T T T ATLAS combined | o 172712048 (02520.41) 6
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Event Selection & NN distribution for V_cb measurement

e ==1lepton
o ==4jets
e >=2 b orctags,>=1btag

Events

Data / Pred.

104 S ——
ATLAS ¢ Data [l single top
Vs=13TeV, 14010 .- - jes

10%%k ) Pre-fit, 3b1c . tv.-0+b [ Others
+ NN score boundaries [ Jftva-0+c 7/ Uncertainty

I:lﬁlel“O"'"ght S ﬁleI=1
Y ., /, /, <

102

10°

0.0 0.2 0.4 0.6 0.8 1.0
NN output




