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Theory Framework
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e do;; computable with perturbative QCD

_

e Factorization scale ftr to separate the long distance effects from short
distance dynamics

e Non-Perturbative inputs coming from Parton distribution functions /i.j,
quark masses, &'s (fit from experimental measurements, lattice
computations... )




Theory Framework: 11 + X @LHC

e Most of the tt pairs produced in the threshold region
(non-relativistic effects play a crucial role)

e [nvariant mass distribution is the choice at Hadron Colliders

 QCD factorization allows a simple expression

— __ __ I

f/ '
|

S T L T P
‘ Mtf (Sa Mtt_) — Z dr dr (7-7 :uf) t
0 i i

| thf

K - | 1,])




Theory Framework: 11 + X @LHC

* How to describe bound state effects? &7
g "0000%¥000O0

e Non-Relativistic QCD is the way
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e NR QCD allows a factorization of dé;;/dM;
Kiyo, Kuhn, Moch, Steinhauser, Uwer (EPJC 60 (2009) 375-286)
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/" e Hard function for production of a state
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Theory Framework: 11 + X @LHC

Spin

Orbital angular
momentum

Singlet (1), Octet (8)

Color State

“e Non-Relativistic Green Function \\
Responsible for bound state formation

O 9
O

9 D000¥VO00 ‘.o
& ... 'Il
A (O ... ’Mtf
O ofefaily
9 . 000000000 __ . 9999




F;; contribution
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e Evaluated with pQCD at NLO accuracy

e Threshold logarithms from soft regions 2z = p/T — 1 dominating the
contribution £ ® F

e Resummation up to NLL accuracy for gg — 153] (1S£)
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NLO-+NLL accuracy




Green Function Contribution
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* Responsible for bound state formation due to

multiple gluons exchange S g
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e Only dependent on M;; and I'; >> Aqcp
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e Evaluated at NLO in QCD t .

* The nature of QCD potential strictly
depends on the colour structure of




Impact of soft gluon resummation
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NNPDF_3.1_NNLO_as_0118

OéS(Mz) — 0.1180

Up to 10% from soft gluon resummation
for the considered channels

No large threshold logarithms from the S -wave channels
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Theoretical Predictions at \/3’ = 13 TeV
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Theoretical Predictions at \/3’ = 13 TeV
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Comparison with CMS analysis
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- POWHEG NLO scaled to NNLO+NNLL

i singlet+octet, NRQCD NLO+NLL, Ug = Hf = 2 my

e NLO-+NLL with NRQCD
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e Fixed-Order terms at , NLO and N
NNLO g
(Garzelli, Mazzitelli, Moch, Zenaiev [2311.05509]) 2 5

e NLO POWHEG rescaled to = 2
NNLO+NNLL 5 1

(Thanks to Anuar, Grohsjean, Jeppe, Schwanenberger) 1

* NRQCD only valid for |Mi —2m:| <5 GeV o5
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From NRQCD to NNLO
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Modelling 1 resonances

 CMS analysis based on NLO POWHEG predictions rescaled at NNLO+NNLL

* Bound states simulated by introducing a new particle 7/ with mass and
decay fitted for M,; € 337, 349] GeV (Fuks, Hagiwara, Ma, Zheng [2102.11281])

* Matrix element re-weigthing with NRQCD Green Function
(Fuks, Hagiwara, Ma, Zheng [241 1.18962]) not yet implemented
for analysis
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Modelling ¢ resonances

e No accountmg for QCD hlgher orders effects
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Modelling 1 resonances
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CMS-PAS-HIG-22-013
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-013/index.html

Conclusions and Outlooks

e NRQCD methods highly useful to provide reliable theoretical inputs for the experimental
analysis

* Pseudoscalar particle to model “toponium" formation below the threshold
e NNLO corrections to Green Function (O(10%)) in the peak region

* NNLO corrections to hard function f;; (O(10%)) at the threshold

e [ower bound estimate ondo / thg for M,z ~ 2my

e Forthcoming refined study about the impact of parameters settings
( me, as(Mg), pr, ps, PDFs sets)

* More accurate matching prescription

e Other observables to be considered, kinematic cuts...




Thank you for the attention!!!



