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Differential tt production at the LHC

— study kinematical & topological distributions: tt Events in ATLAS and CMS
v QCD+EW Test Run 2 Run 3 till now
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Today's Menu: review of RUN 2 results

 Make a round trip through the observable systems and kinematic distributions
o« Compare most comprehensive ATLAS and CMS results with state-of-the-art predictions

Observable systems
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Decay particles: ,b,q,9’

Additional jets



Decay particles: 1,b,9,9’

Additional jets

Today's Menu: review of RUN 2 results

 Make a round trip through the observable systems and kinematic distributions
o« Compare most comprehensive ATLAS and CMS results with state-of-the-art predictions
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Models to compare to

e NLO+PS Reference model: POWHEG+PYTHIA (POW)
« Effort towards common ATLAS/CMS tt MC settings
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= Known since long time: NNLO improves pT(t) prediction
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‘NLO+PS pr(t) problem” - learn from multi-differential studies
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= Do we need further studies?


https://cms-results.web.cern.ch/cms-results/public-results/superseded/TOP-20-006/CMS-PAS-TOP-20-006_Figure_014-a.png
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Non-zero pr(tt) directly
sensitive to NLO QCD

T— e

= Large theory scale
Uncertainties
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= Both NNLO and POW exhibit some wiggles around the data

= Need NNNLO
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+ Mi < Let’s focus on = ~0(1 GeV) sensitivity to top quark mass

* Top Yukawa coupling
e Soft/virtual gluons

e Toponium \

See 2403.01313 for an overview of mt measurement techniques



https://arxiv.org/abs/2402.08486
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= Excellent description by POW, maybe also because MC

tunes were tested against earlier ATLAS & CMS tt+jet data?
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e fails in the rapidity separation to the 2nd |[eading jet: that is an o(as*) observable
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O

) particle flow

L ooking even deeper into tt events:

—
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= POW predicts

* Tuning of MC generators

= |[more 3 jets like » Better modelling of heavy quarks and boson hadronic decays

POW/ATLAS: = 1 topologies

Large-R jet ©

* |mprove performance of jet taggers



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112016
https://arxiv.org/abs/2407.10879

Decay particles: 1,b,q,q’

Conclusion o

Additional jets

Broad wealth of topologies and object kinematic distributions in tt events studied by ATLAS &

CMS with RUN 2 Data, with total samples of o(10M) tt events after event selections

No model is able to describe all distributions
NNLO improves NLO+PS descriptions for LO observables, e.g. Pr(t), but not so much for

higher order observables, e.g. P(tt)
Multi-differential distributions seem less well described, example: the precise ATLAS

measurements of | AD¥ | : meH
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Decay particles: 1,b,q,9’

Outlook ,(9)

e Run 3: Additional jets
e Awaliting first differential o results

e Expect to collect ~200M+ tt events per experiment (end 2025)

e Exciting new methodic avenues ahead:
e dmoyw/dxm using Machine Learning (ML) unfolding, example:

ATLAS Z+jets 2405.20041 with m=24; Find here recent overview talk on ML Unfolding do« Future
e Providing deep tomography, perhaps even anomaly detection For stringent SM tests
e Compete with/complementary to profile likelihood fit unfolding? with the heaviest elementary particle

k.

e ML based improved top tagging and kinematic reconstructions
e rapidly growing field = measure more accurately and in finer bins



https://arxiv.org/abs/2405.20041
https://docs.google.com/presentation/d/1xioH1sQRsDOLgEXjSkc0J90ytGlqJROxoVHUA-supRg/edit#slide=id.g2f2466d69ba_0_0

Backup
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pT(JVV1 ) |+jets, Particle level, Resolved

|
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= ATLAS expands jet pt to 2 TeV!

= SHERPA provides improved description


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112003
https://link.springer.com/article/10.1007/JHEP08(2024)182

pT(J 1 ) Particle level, with 1 boosted top quark
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= POW with problems for leading additional jet pt distribution, for various Nextra jets

NNLO reweighting helps!
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y(tt) vs m(tt) in bins of Nextra jet

CMS 2402.08486 Dilepton, particle level 138 b’ (13 TeV)
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= Known from 1904.05237 to provide simultaneous sensitivity to mt, as and g(x)

Could still explore a great variety of not yet measured triple differential ow, e.g. y(t):pr(t):m(tt)
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pT(t) In blnS Of m(tt) Dilepton, Parton level

0.004 CMS Preliminary dilepton, parton level 138 fb' (13 TeV)
-7 . — ' I ' I ' I T | J | T - T | 1 [ T -
% 300 < m(tt) < 450 GeV 450 < m(tt) < 600 GeV 600 < m(tt) < 1500 GeV o
o, 1 1 {1 ® Data, dof=8
= 0.00312°* o POW+PYT, x2=83
"j_ - 0 0 FXFX+PYT, y2=152
S, 1 2 POW+HER, y2=41
'8 0.002 - —+ et + _ Total unc.
E Stat unc.
) g O.EIA
oeA
0.001 o
o®oa
A a0, o A . B A .
© E 12} ° 1 | | -
9| . ] : : , °
n-n 1__OD‘:‘°% Anc_nﬁol:l/\ — A
0.8} 1 o o4
0.6 — . 1 . L . - . l L L . - , L . L
200 400 200 400 200 400

p_(t) [GeV]



https://arxiv.org/abs/2402.08486

1/6 do/dAn(t,t)

Ratio

A}/](l—, Z) |n blnS Of m(tf) Dilepton, Parton level

35.9 b (13 TeV)
1 I 1 I 1

I ' | ' ' | ' |
" 400<M(ff)<500GeV | 500<M(if)<650GeV [650<M(ff)<1500GeV| ° Data, dot=11
0.2 - T T 1=— POW+PYT, ¥2=66
1==- POW+HER, %2=68
0.15 1== MG5+PYT, y2=124
1IN POW+PYT unc.
0.1
0.05
| | | | | | | |
1.2 ;
1 BEESRRSSTSS T N e N N\ \
| s 0000 s B e RN R R N R R
i Is ¢ -



https://link.springer.com/article/10.1140/epjc/s10052-020-7917-7

