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The “Top” of precision measurements at LHC

t(t) +X rare processes
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tt+y:inclusive and differential cross sections = secceus

B 1. Selectlon: tt+y production .
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tt+y: inclusive and differential cross sections — eccene

CMS-PAS-TOP-23-002

p 1. Selection: tt+y production
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tt+y: inclusive and differential cross sections

|HEP 10 (R024) 191
CMS-PAS-TOP-23-002

B 3. Results: tt+y cross sections for production and decay
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EXPERIMENT

tt+y: inclusive and differential cross sections — eccene

CMS-PAS-TOP-23-002

B 3. Results: tt+y normalized and absolute differential cross sections for production+decay for various variables
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tt+y: inclusive and differential cross sections — eccene

CMS-PAS-TOP-23-002

B 3. Results: tt+y normalized and absolute differential cross sections for production+decay for various variables
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tt+y:inclusive and differential cross sections — secene

CMS-PAS-TOP-23-002
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tt+y:inclusive and differential cross sections — secene

CMS-PAS-TOP-23-002
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tt+Z and t+Zq

%k Not enough CP violation to explain baryon
asywmwmetry observed

- motivates searches for additional cP violation
sources from new physics

%k NP cawn be parameterizeo by EFT

- CP-odd operators ¢t and c'iz, modi{g t-v(Z,W)

Lnteractions

- SM-BSM interference proportional to 1/A2 (linear),
gives rise to CP-odd contributions
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CMS-PAS-TOP-24-012
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%k 3 leptons: e or

% 1 lep pair opp-sign same-flavor

* 21 jet
%k 2 1 b-tagged jets

B CP-odd observables using
physies-tnformed ML

- SM contribution CP-invariant

- pure BSM contribution CP-
invariant (quadratic)

- CP-odd
(Linear)
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_tt+Z, t+Zq: CP violation

CMS-PAS-TOP-24-012

P 3. Results:

- CP-odd observables constructed using physics-informed
ML techniques employed for first time in tt+2Z anad
t+2Zq events

2.7 (-2.0) < chw < 2.5 (2.0)

-0.2 (-1.5) < clz < 2.0 (1.5)

2

=0 _

= - Good agreement with sSM

- Pre-fit vs post-fit deviations: slight ¢z
asywmwetry, mild excess of obs events
(consistent with previous ttZ measurements)
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TOPR-2023-02

%k 3 leptons: e or

% 1 lep pair opp-sign same-flavor
%k =2 jets

%k 2 1 b-tagged jets

B tt+LL to search for BSM physics

- probe of ttll tnteraction vertex

- translates in unique sensitivity to
four-fermion EFT operators

- considering di-leptons high-
invariant mass phase space
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t+II: production and LFU violation

3. Results: several interpretations - ——
ATLAS Preliminary Other WCs fixed to 0
Vs=13TeV,140fb™" mmm =001 mm =1 G =4n? |
- EFT coefficient: flavour-inclusive, for first . ———
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C.. NN
- configurations to test Lepton flavour Ce ——
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e
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i
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CMS

103k Theory prediction
E® 13.6 TeV (L<5fb)
mom 13 TeV (L<138fb7")

A 8 TeV (L<19.6fb")
102} wva 7 TeV (L<5fb")
e B 5.02 TeV (L<231nb™")

o
A
‘

e

(=]
=)
T

t+W

Production cross section, o (pb)
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%k Single-top production Lnvolve Wtb EWK vertex: ..
- important test of 3rd-generation quarks ewk
Lnteractions 10 -
2.0 & I

- sensitive to W4y vertex corrections |fivVi|2 from
BSM physics

7 I - I I 7
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Data/Theory
5

l t +W [ fijets tchan & W Ulchan fiZ W GH tH tWZ gy ty tZq ftt

- 26% of total single-top production at 13 TeV

Phuys. Rev. D110 OF2010
- dilepton channel: clean signature, lower bkg

selected most recent results
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t+W: inclusive cross section

B 1. Selectlon:

% 2 leptons: e, y opp-charge
% =1 jet, =2 1 b-tagged jet

%k categorization based on jets and b-tagged jets muiltiplicity

% MVA techniques
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t+W: inclusive cross section o 220 7

B 2. Results: combined fit to jet, b-jet categories. Syst unc. included as nuisance parameters
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. agreement within SM predictions
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CMS

108 TheorS/ prediction
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%k tt+cc processes: S
- wmodeling challenging
1074 PrErEEE
- Lleading background for searches and other ‘ : 7 |
A A g‘1.57 8 b
measurements, such at ttH(bb), tttt which provide 3 N [ | Y o I - I
. : %1.0-.AV|.III I IAVl I A -]
direct access to top Yukawa coupling Zos ! ]

tt ti+jets tochan W to_onan t1Z W tH tH tWZ gy ty tZq it

- recent measurements of tt+bb and ttH(bb) show

tt+=1c normalization larger than simulation value
JHEP 01 (2025) 068
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tt+cc: differential cross sections

B 1. Selectlon:

g t g t
%k 1 or 2 (opp-charge) leptons
%k =3 ordjets ;
% SRs and CRs categorized :
based on # of b-, c-tagged jets g C f g C t
§ WFamas  eDaa Etez Eiec
> 2. BRg: e ity B Borertes

- main bkg from tt+2 1b, tt+light

- normalization estimated from data
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tt+cc: differential cross sections

PLB 860 (2025) 139177

B 2. Results: fiducial differential cross-sections of tt+jets production
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Sepa mteLg
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MC / Data
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http://dx.doi.org/10.1016/j.physletb.2024.139177

Summary

p Run 2 and Run 2 data give access to very rare top processes

B New results with tnereasing precision despite small xsee:
thanks to optimized selections, Lmproved awaLgsLs technigues

b Direct probe for SM precision measurements
- putting SM to test with top quark rare processes, especially those
involving top quark EW couplings
b Probe for BSM physics:

- strengthening constraints on anomalous couplings, interpreted in
EFT context
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TOP QUARK

\_

- large mass

- short Lifetimee,
decays before
hadronizing
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tt+bb

5k tt+bb processes:

- modeling challenging: difference in interactions

energy scales with top and b quarks — different
process scales (mtop VS Mp)

- important test of perturbative RCP caleulations

- leading background for searches and other

measurements, such at ttH(bb); tttt which provide
direct access to top Yukawa coupling
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tt+bb: inclusive and differential cross sections

p 1. Selectlon: g SR t g FSR ]
b
%k 2 leptons: 1 e and 1 y, opp-charge
* > 3 b-tagged jets b
b
g b t g ¢
S1s0L ATLAS 4 Daamiv
¢+ Data = ttV
P 2. BRY: Q180 Vs=13TeV, 140" [iib " Single to
£2160F eu channel N gle top
£ >3b@77% post-fit  Mtic  MOthers
in bka f tt u>.|140 ttt B Exp. syst. unc.
- Mmain bkg from 120 Bt Total syst. unc.
- mis-tag jets in tt-c, tt- data-driven scale factors to 100
adjust composition in tt events 80
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- non-prompt or mis-ID leptons from data 40
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- minor bkg from simulation 0
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tt+bb: inclusive and differential cross sections

B 2. Results: fiducial and normalized differential cross-sections of tt+bb production in different phase spaces

, CMS 138 fb~' (13 TeV
' T B dL—LC‘PtDVL channel P : , ( )
* Data ®  Powheg+Pythia8 ttbb 3 |% 1.9 Powheg+OL+P8 ttbb 4FS Sherpa+OL tibb 4FS
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Powheg+Herwig7 m  Sherpa tibb Stat. unc. © 10l * Powheg+P8ti5FS (Upr=m1) ¥ MG5_aMC+P8 tibb 4FS (ms=Lmy)
" MGS_aMC@NLO+Pyth|§8 + Sherpa Total unc. : A Powheg+H7 tt 5FS (ppr=mr) MG5_aMC+P8 tt+jets FxFx 5FS
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. ; differential xsee | . ]
0 20 40 60 80 100 120 140 160 0.6 0.8 1.0 1.2 3 4
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)

=g - ATLAS(e-W): tot une 2.5-16% depending on phase space, best to date in e channel

- CMS(L+jets): tot une 6-17%, depending on phase space, most precise ttbb xsec measurement

- Results more precise thawn current theoretical predic’ciows une at NLO

23-30 March 2025

Deborah Pinna - UW

28



