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EFTs interpretation covered in Maryam'’s
talk about EFTs in the fermionic sector!
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Differential ttW with full Run 2



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html
https://cms.cern/news/mind-gap-top-quark-pairs-w-bosons-continue-defy-latest-predictions

ttW differential:

motivation

This is the first differential measurement of ttW in CMS.

Tensions seen with SM
even at NNLO in the

previous inclusive
measurements.

For this measurement: signal is
modelled using aMC@NLO with

multijet merging up to 1 jet.
Compared to state-of-the-art
predictions at particle level.
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ATLAS B ATLAS- this result
s =13 TeV. 140 fo! 2 CMS (JHEP 07 (2023) 219)
Stat. + Syst. Stat. only

JHEP 05 (2024) 131

NLO+NNLL
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Presented in this talk:
> Differential cross section
> Leptonic charge asymmetry


https://doi.org/10.1007/JHEP05(2024)131

ttW differential: selection strategies
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Two regions of measurement: two leptons with the same electric charge (21s53),
and three leptons (3/) with two different approaches for 2|ss.
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ttW differential: selection strategies

Two regions of measurement: two leptons with the same electric charge (21s53),
and three leptons (3/) with two different approaches for

MVA method Counting method
% Uses alooser selection on leptons % Usesatighter selection on leptons
% Purity of signal (or S/B) achieved with ' | % LargerS/B
an MVA % Direct unfolding to observables

Used in the 3/ measurements
Used in the measurement

(andin as complementary)

> In both: various validation and control regions to study the backgrounds.



ttW differential: selection strategies

The differential measurement is split in two regions with two strategies:
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> To get the result, these variables are unfolded using maximum likelihood (ML) fits.
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[ e
ttW differential: differential results

x10°2 CMS Preliminary 138 b (13 Tev)
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Results compatible within uncertainties and in slight tension with SM predictions. 9



Events / bin

Data / Pred.

channel

ttW differential: lepton charge asymmetry

CMS Preliminary 138 fb' (13 TeV)
Frregor s o as] 7 r] Ty rEE Tt rTE]
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W
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with a DNN used to select " Result is consistent with the
the second lepton from the top G SM expectation. 10



Inclusive and differential
tty with full Run 2


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-002/index.html
https://cms.cern/news/shiny-top-quarks-what-happens-when-top-quarks-emit-light

tty: motivation

Several features to study from the
process:

>

>
>

Direct access to the ty coupling
(serves as a precision test of the SM)
Sensitive to new physics (EFTs)
Measurement of some top
properties

Presented in the talk:

** Inclusive cross section with
full Run 2

« Differential cross section

% Top quark charge
asymmetry

% Ratio of xsec between tty

and tt (in backup, details in

the PAS)
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tty: signal region definition

e W )
A%
> Production: y generated from b
Two sources the top or ISR o
of tty > Decay: y generated in the v

final states b )

. ef\
Both sources simulated separately at NLO -
(production) and LO (decay) using b
aMC®@NLO. Y
€+

tWy overlap with tty removed with DRa g )

(diagram removal) method.

R
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tty inclusive: results

Fiducial cross section measured

x10° CMS Preliminary 138 fb™ (13 TeV)
[ | ti ML fit: 2 = _
|mp emen |ng d . S 1o ¢+ Data B ¢y prod. I tty decay
) ~ L ty (¢+) [l Others N twy
Production + decay: S 1 M zy 'SR Zy FSR Nonprompt
2 = V) Postit Unc.
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o
o))
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o
~

o
o

@nly production: )
afg;)d = 54 + 4 (syst) + 2 (stat) fb

—_

e 2 ES POVEEY IXY XYY WYY W | %
= Data/ Prefit
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with prediction: Ly 0.5 1 15 2 25 3 35
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Data / Pred.
O OO

ProomavroO
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tty differential: results
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General good agreement with the SM in the nominal simulation.

n
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tty differential: top quark charge assymmetry

Same procedure as ttW but with the top _ 10°_CMS Preliminary 138 o™ (13 TeV)
E : ¢ Data B iy pod. I ty decay
quark (parton level). P P —— DA ——
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n
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> Inagreement with the SM expectation: [ Ac®M = 0.005 + 0.002 ] 16
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Inclusive and differential tW
with Run 3 (2022)

JHEP 01 (2025) 107



http://dx.doi.org/10.1007/JHEP01(2025)107

tW measurement: introduction

First measurement in Run 3 of a single top process.

Similar sensitivity to the full Run 2 result (JHEP 07 (2023) 046).

Main challenge is to separate the signal from dominant and irreducible
tt background.

Diagram removal and subtraction procedures to avoid double counting.

g t q t



http://dx.doi.org/10.1007/JHEP07(2023)046

tW inclusive: strategy

) _ x10° 34.7 fo (136 Tev)
Selected these 3 regions in OS eu g oo T . Jbam 1
h i ® 1g0f CMS . tW =
to get the cross section: & 160f . E
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> 2j2b 10022 o ineenany 4
80 _
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(Number of jets, number of b-tagged jets) 20



The inclusive cross section is measured

tW inclusive:

results

performing a ML fitin:
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> Subleading lepton ptin 2j2b
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tW inclusive: results

o) r T | T 7]
. . = 100— CMS

The measured cross section is: S T .
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0 — . -1 ]
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(1/0,4)do/d(leading lepton pT) (1/GeV)

Pred. / Data

30

25
20
15}
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tW differential:

results

To measure the differential cross section only the

-1
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e
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All MC models in good agreement with the SM and data.
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Summary

Several new low cross section measurements with full Run 2
(specially differential)

In general, good agreement with the SM in the presented
measurements

ttW keeps having tensions with the predictions — more study in
Run 3

Many of these analyses have EFT interpretations that you can see
in Maryam's talk.

First single top measurement with Run 3 with very good
performance.

Many more analyses on their way with Run 3 data!!

24
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Why measuring the top quark?

*

*

Very useful to test the standard model (SM) very precisely:
o  Proton components, CKM matrix, cross sections...

Present in BSM processes.
o Dark matter, EFTs, exotic processes...

Also present as background in lots of SM processes:
o Diboson, associated Higgs production...

Full Run 2 (138 fb™) allows to observe the low cross section
processes.
Beginning of Run 3 (35 fb™) also allows to get results at a new

energy regime.
27



ttW differential: selection strategies

The differential measurement is split in two regions with two strategies:

> Exactly 2SS leptons > Exactly 3 leptons
> pT>(25,15) GeV > One pair with opposite sign (OS)
> mll>30GeV > pT > (25, 15, 15) GeV
> Vetotomllinthe Z peak (+- 15 > mll>30GeV

GeV) > Veto to OSSF mllin the Z peak
> MET >30GeV > Atleast 2 jets (1 b-tagged)
> Atleast 3 jets (2 b-tagged)

28



ttW differential: backgrounds

Several backgrounds to deal with:

Non-prompt leptons

Charge miss Id leptons

Conversions (tty, ty and Zy)

Irreducible backgrounds (ttX, WZ, ZZ7)

131

Estimation

Data Driven

Data Driven

MC samples

MC samples

29
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( Events / unit )

# Data/Pred.

ttW differential: data-driven estimations
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ttW differential: lepton charge asymmetry

Categorization:

3l signal region
! , !
0 OSSF ] 1 OSSF
r M(I'T) < 110 GeV ] [ M(I'T) > 110 GeV
b ¢ P! ! 1
[ < 4j J[ 2 4 ] < 4j [ 2 4j ] < 4j [ 2 4j
! . : .
2b [ =2b [ <2b 22b
LA Jle JLe Jlo Jle JUr Jle Jim )




tty: signal region definition

. ) x10° CMS Preliminary 138 b (13 TeV)
Production: y generated in ISR > 99
TWO sources y g 8 0.8:— ¢ Data - tty prod. - tty decay
_ ) = tty ¢+) [l otrers T twy
of tty > Decay: y generated in FSR S O7F 7y ism Zy FSR Nonprompt
g 0-61= [///////], Postit Unc.
. [} E
Event selection: T osf
0.4
> Atleast 2 OS leptons 03F-
> Exactly 1 photon 02F
> Lepton pT > (25, 15) GeV 01
> mll>40GeV 612_
> Vetotomlland mlly inthe Z peak (+-15GeV) & |, .. .
> Atleast 2 jets (1 b-tagged) g 05 )
>

Reconstruction of the top quark 0100 200 300 400 500
pr(lead. top)[GeV]

32



x1o‘*_ CMS Preliminary 138 fb" (13 TeV)

E 3- 4 Data I tty decay [ tty prod.
2 F ty(¢+) [ we) I zy SR
2 2'5:_ [ ] ZFSH B others [ Nonprompt
tty: backgrounds
)
Processes split in genuine photons and %15t
- 1?}///77///’%///7//”///4///b‘///9‘///of//’//fﬁ#/‘ﬁf/’/’f/%%%‘//#///}”/,/7
non-prompt photons. £ os-
i
. . . 4 60 80 100 120 140 1%0([][1)8[0(58\2/(])0
Genuine photons: estimated with MC
samples — main background is Zy gxmz c”:S ley_ o soen 12 i:m)
o M e w2
. . 2 1.2+ FSR thers Nonprompt
Non-prompt photons: estimated with a E 377 P
data-driven method os 7
o.ef
:
02k
2:
8 s
§ 05I—
i
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m(¢ ¢ y)[GeV]



tty: non-prompt estimation

Using ABCD method to compute the contribution

1 ch

Nonprompt photon events

Genuine photon events

Sideband regions defined as a function of: - 0
> PF charged isolation 14t
> Width of the electromagnetic shower .

(Signal region) B

Barrel selections
Endcap selections

0.01015 0.012 o .
0.027 0.034 inin

nonprompt y contribution = Z(Datag x FRY x kglc) — Z(genuine MCZ x FRY x ki{,lc)
L] L]



tty inclusive: fiducial selection

Selections Lepton Photon Jet Bjet

pr (GeV) 15 20 30 30

7] 2.5 2.5 2.4 2.4

Multiplicity > 2 1 > 2 >1
Other requirements | m(¢¢) >30  AR(vy,¢) >04  AR(vy/{jet) >04 -
Origin prompt  not from hadrons - -
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tty differential: systematic uncertainties

Source

Corr. (period) Corr. (process)

Experimental

Theoretical

Integrated luminosity

Pileup reweighting

Electron reconstruction and identification
Muon reconstruction and identification
Photon reconstruction and identification
Nonprompt photon estimation

Trigger efficiencies

L1 prefiring

JES

JER

b tagging

UR scale

U scale

PDF

PS scales: ISR

PS scales: FSR

ME-PS matching (lgamp)
NNLO QCD reweighting

tt cross section

tW<y cross section

Zy+jets cross section

tty production/decay fraction
Zy+jets cross section depending on jet multiplicity

X LA X XSS

SN N N N NN N NENEN

SN NN I EENENENENEN

| x x N2

Main syst.



tty differential: tty and tt ratio

A tt enriched region is defined (no y)

x10° CMS Preliminary 138 fb” (13 TeV) x10° CMS Preliminary 138 fbo™ (13 TeV)
>0.24 >
Go.22 ¢ Data B vtota [ & ¢ Data B ot [
= iy Ny e 2 o v+ ey G
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[
T

A o Jﬁ;.m‘
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=3
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F ¢ Data / Postfit
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e e [T T TLTJ*

[ ¢ Data/ Postfit

oo
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ty¢+) I wy)
1.2 M zy 1SR

Events / bin
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pr( 1)[GeV]

40 60 80 100 120 140 160 180 200
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138 fb' (13 TeV)

/| Postfit Unc.

Zy CR

.
tH{+X)

I others

Data / Pred.

& Data/ Prefit

+ Data / Postfit

2 3

5 6
number of jets

05,00 Tt Ot 1

Inclusive

4

Differential

x10° CMS Preliminary
i RAAAS RARASE B

dR,/dps(t;) [1/GeV]

T[T T[T

R =0.0125 + 0.0005
(syst) £ 0.0002 (stat)

138 fb! (13 TeV)
T T T |

« Data
I Total unc.
[ Stat unc.

~—— Rgy (MG5 NLO prod. +
MGS5 LO tiy decay), x? / dof = 93/4
Rgy (MGS5 NLO prod.
PH-+Pythia tf decay), x? / dof = 983/4

| SN NS N

I

— b4 * L ¢ 7 T

Pred. / Data

|-

: : 1
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Parton level p(t;) [GeV]

37



Overview of the EFTs interpretation

ttX measurements can be interpreted in the SM-EFT framework for (mainly)
electroweak coefficients.

tty — previous result (JHEP o5 (2022) 091) with Run 2 studied electroweak dipole
moments characterized by the tZ(y) interaction vertex.

Recent results:
> Studying ttZ and tZq and odd > Also
coefficients from tZ coupling,

obtained
new limits in full Run 2 + 2022.

studied
coefficients from ttZ + WZ + ZZ in full

Run 2 getting limits for 10 flavour
related coefficients.

More details about these in Maryam'’s
talk about EFTs in the fermionic sector!


http://dx.doi.org/10.1007/JHEP05(2022)091
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-009/index.html

tW measurement:

strategy

Event selection:

At least two leptons
Lepton pT > 25 GeV

mll > 20 GeV

Only eu events with OS

VYVYY

Separation in various regions as a
function of the number of jets and
b-tagged jets.

Events

Data / Pred.

3 47" (13.6 TeV

180 iﬂ 0 | | T T 3 I|) ( T € l_
- +,F ¢ Data .

- mtt ]
1401 mDY
C | VV+itV ]
120~ mNon-W/Zz —
100 ROBeo s Uncertainty 4
RRRKKEES .

80 : —

(0,00 (1,0) (1,1) (2,0) (2,1) (2, 2)(|2 3,2 6)
(Number of jets, number of b-tagged jets)
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tW: particle level and fiducial regions

Particle level
selection

Fiducial selection

Object pr (GeV) 7|
Muons >20 <24
Electrons >20 <2.4, excluding [1.444-1.566]
Jets >30 <24
Loosejets  [20, 30] <24
Observable Requirement
Number of leptons >2
Leading lepton pr >25GeV
Invariant mass of all dilepton pairs >20GeV
Number of jets 1
Number of loose jets 0

Number of b jets 1 40



tW inclusive: uncertainties impact

—e— Fit constraint (obs.) —— +1o impact (obs.)
+1o impact (exp.)

Fit constraint (exp.)

JES - absolute

JES - quark/gluon (b jets)

Top p, reweighting

Underlying event

b tagging

Colour rec. (QCD-inspired)
Electron reco. eff.

Colour rec. (MPI tune with ERD)
Electron ident. eff.

JES - relative sample (2022PostEE)
Luminosity

tt normalisation

JES - quark/gluon (light jets)

JES - relativeBal

VV+ttV normalisation

ME/PS matching (tf)

Initial-state radiation (tf)

Trigger eff. (2022PostEE)

b tagging (2022PostEE)

JES - relative sample (2022PreEE)

—— -1o impact (obs.)

-1 impact (exp.) CMS
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tW differential: strategy

To measure the differential cross section only the 1j1b region is used

Event selection (fiducial) + veto to events with low energy (20-30 GeV)

Main keys from the analysis:

*

*
*

The signal extraction is performed by

background subtraction

Fiducial space to full space with TUnfold
Several schemes to remove the
interference between tW and tt are

tested

Events

Data / Pred.

50

1.2
1.0
0.8

x10° ‘ 34.7 fb"1 (13.6 TeV)
40T (i ¢ Data
CMS eu’ (1j1b) W
mtt
mDY _
: m VV+tV

_smg% m Non-W/Z

%¢ Uncertainty

IIIIlllllllllllllllllllllll

S5 o A A S S S SRS
| \ ® . E

1 2 ] >3
Number of loose jets
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