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I In this talkO

U Top quark productions: analysis:

u

cC. CcC.C. . -

ttW differential cross section measurement and charge asymmetry with Run 2 (CMS).
ttW differential cross section measurement and charge asymmetry with Run 2 (ATLAS).
ttginclusive+differential cross section measurement (CMS).

ttgdifferential cross section measurement (ATLAS).
tWZ observation (CMS).

ttggobservation (ATLAS&NEW!). More top physics and analysis
in Markus + 2 s « ® s talRlls N | s i «

U EFTintenpretation, analysis:

0
0

Measurement of ttll at high-mass with EFT (ATLAS).
Search for CP violation in events with top quarks and Z bosons (CMS).
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Measurement of ttW
| Cross section with Run
2 data




ttW inclusive, differential and charge asymmetry ATLAS
measurement with full Run 2 EXPERIMENT

JHEP05(2024)131
i Limitations/difficulty in signal modeling are a big challenge.  * £ Ll !
U Two final states (2Iss and 3l leptons) splitted in different . ’ : N
categories based on: lepton charge, lepton flavor, jets 7 7
multiplicity and b-tags multiplicity . q
U Also 10 CRs are used in the measurements to study the
normalisation of the leading backgrounds . ¢ w9 w= ¢ W=
R Differential measurement:
groopamas A R A ' Using 2 regions for 2Iss and 6 regions
Inclusive measurement: 48 regions for 2Iss |}, e A R B for 3l.
channel and 8 regions for 3l channel. o 5 1 0 Used 6 variables based on previously
— 880 + 50 (stat) + 70 (syst) ol } I obselrved dlscrepanC|es
S 3 B EELEE
[ ATLAS 7 . s ,
1 Tension between the | e
1 predictionss and the ¢ :
| data remains. F :

Used 6 obsernvables!

] |

1 Agreement: of 1.4s _ ! s R - =

. Charge asymmetry: Consistent - === o waemw o L
with SM predictions . R e e

L | | | ]
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o ATl = 0.33 +£0.05 (stat) £0.02 (syst) | T Tan T T

Particle-Level N,
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https://link.springer.com/article/10.1007/JHEP05(2024)131

ttW differential and charge asymmetry
measurement with full Run 2 S PASTOP24-003

U Tensions between previous inclusive measurements and el e
SM predictions at NNLO. lepions leptons
i Signal is modelled using aMC@NLO with multijet merging [+ _—
up to 1 jet. il
U Two regions of measurement: 2 leptom same-sign (21ss) : \: -
and 3 leptons: (31). Also, validation and control regions to 2l same-sign light jet
StUdy the baCkgroundS . ,51°*CTMS.P’?f’Wf”?f¥ I I1qsiP"l(1ngV __x10"°CMS Preliminary_ 138 fo' (13 TeV I
A 4  Data (MVA-based method) | > r I  mate s
METHODOLOGY 2 S S taw " awemows | ; Charge asymmetry:
) ;.:’_ Sof — — FxFx arXivi1209.6215 g 16:_ — —- FxFx arXiv:1209.6215 . . . g
MVA method: 5 | P 0B 0728 £ 1 recanivasoe | |+ Consistent with SM predictions .
.. 3 ol i RS -
l_':l In 2lss. ) i }%) | 3 12;— =—— ER CMS Preliminary g8 fb-' (13 TeV)
U Looser lepton selection. ol ] 100 11 2° R~
. . . . . i i o . g | served:Ac=-0.1942g176
U Purity of signal achieved with a : & ERN R < Expected: AL = ~0.085:313/
MVA (36 input variables). 20f 3 R iy ]
c: ‘ 2%— ‘%_‘ { — : 5
Counting; method!: 5<12 S PPN PR B e [ (L |
.. £ S0.8E L [ ] -
U 3l and 2Iss as complementary - So 2k =T 111 :
. . . 14 8 by — i R S B B 3F
U Tighter lepton selection. 304 - - :
. . 0-60 =% 0 o — o 0 200 400 600 800 7oo0, | ol
U Lesspurity Hy (GeV) Hy (GeV) :
I : 1
Results compatible:withinuncertainties s A Slight tension withhSM| predictions < Tos
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html

Measurement of ttg
| cross section with Run
2 data




ttginclusive and differential measurement

Wit

ISR

U Two sources of the process:

U Simulated separately at NLO
and LO using aMC@NLO.

U Overlap with tWgremoved
with a diagram removal
method (DR1).

Production, + decay:

h full Run 2

=

W

ol <l
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Decay final state

prieductionn or decay.

Events / 0.17 units

04y = 134 £ 7 (syst) £ 3(stat) fb

pred
Utf’y

Only production-:
Oy = 04 £ 4 (syst) = 2 (stat) fb

pred

tty

= 123+ 16 fb

= 55+5 fb

2025/6/12

Data / Pred.

x10° CMS Preliminary

138 b (13 TeV)

10 4 Data I ty prod. [ tiy decay
ty (¢+) [ others I twy
1~ I zy 1SR zyFSR [ Nonprompt
7)) Postiit Unc.

0
1.4p
1.0
1E
05 mData/ Prefi
~E ¢ Data/Postfit . ‘ .
0495 i 5 5 55 3

35
AR(y, closest )

1 ..
| ©
| -
L |
|U)
S
R <)
1 £
s
.
o
|1 @
.L—
| E
- 0
I
I
I

do/dpy (v) [fb/GeV]

Pred. / Data

107

CMS-PASTOP-23-002

CMS,

PARTICLELEVEL

138107 (13 TeV)

CMS Preliminary S

¢+ Data
T Totalunc.

T [S@Etune.
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Good agreement with the SM prediction !!

ttg/tt ratio: Measured both

I inclusively and differetially :

! R = 0.0125 4= 0.0005 (syst) &= 0, 0002( st

Top quark charge asymmetry:

Ac = (—=1.2+£4.2)

x10° CMS Preliminary 138 b (13 TeV)
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- 07 1 Stat. unc. 3
- E — Rgy, (MG5 NLO prod. + E
=~ 06> MGS5 LO tty decay), x*/ dof = 10/6
& 050 Rsy, (MG5 NLO prod. =
© “E PH-+Pythia tf decay), %2 / dof = 39/6 3
S E E
o 04 —
© 0 3E E
at) =t e R E
0.22— . ; —
0.1 3
1 1 1

= [
8 15- B
-qo; 1= ¢ ) + 1 + 4 =

20 40 60 80 100 120 140 160 180

Particle level pr({ 1) [GeV]

Associated top quark production including EFT interpretations with ATLAS+CMS


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-23-002/index.html

ttg differential and asymmetry measurement
with full Run 2 ATLAS

U

Productiom

JHEP10(2024)191 < EXPERIMENT

Two sources of the process: preduction, or decay. Simulated
with aMC@NLO generator .

Study two different channels (single lepton and dilepton
channel) with two different approaches.

Also control regions to study the backgrounds

I Differential measurement:

_ | £ e IaTeV 401" o Dun B rocuctor T o paa ymmm..m: | U Separate channels and combined .
] L ilepton eca) -take B > 1600—Single e, mn ity cocd e — e . . .
Single leptom: |2 s Pl | | smm =i e || U MADGRAPH prediction understimate
. . ost-Fit 2 Uncertainty--- Pre-Fit ost-Fi re-Fi
Use of a NN with 40 variables to ! Y o ‘ il. tt T ET T
. . : f ] 9 3 Foamas  Data
separate signal (ttg production ) I 1000f- 11 S 102;—r 13TeV, 140" —MGS5_aMC+P8
. 00" 2 £ Single lepton + Dilepton gﬁf’_ﬁlﬂggm
and backgrounds (itg decays, , - I % g 10 St uncertainty
photon fakes processes and other - ool : 2
processes with prompt photons). f“; i —— . .%
Osingle lep. — 704 4+ 5 (St(lt) + 49 (Syst) fb . E 115 ; _ ;ﬁ ;;35_4,./7;/,*/74..../);,%.,..9 CI . . §
g 085:— —Z a E ':
! 075702 03 04 05 05 07 08 09 1 ®75 6762 03 04 08 06 07 08 85 1 I —
Two leptons:: | NN output N utput procucton) | | 2
: : Ay, —— 0
Binary classification NN (signal- | Combined measurement in agreement with SM: | d e . ]
' ' - 8 osf E
backgrounds ) with 16 variables. | . . l ol g0 180200250300 350" 460" 456500
Tproduction = 319 £ 4 (stat) = 15 (syst) fb . o1 GeV]

Osingle lep. = 116.1 +£1.7 (stat) + 8.0 ((syst) fb i

I The EFT iinterpretatiom is; discussed! laten!!! |

2025/6/12

Associated top quark production including EFT interpretations with ATLAS+CMS


https://link.springer.com/article/10.1007/JHEP10(2024)191

I Observation of tWZ
production




Observation of tWZ production at the CMS
I experiment (Run 2 + Run 3) CMS-PASTOP-24-009

b/b WE b/ we Improve: of the previous measurement:
NS U Adding Run 3 data (previous used only Run 2 data).
U State-of-art of ML techniques and reconstruction methods to
CANTTTTTTY t/t g t/% achieve unprecedented sensitivity.

U Two regions:of measurement:: 3 leptam and 4 leptans:. Also control regions to study the backgrounds.

200 fb”’ (13 TeV and 13.6 TeV
— T T T T

3 an 6 Te
200fb1(13 d 13.6 TeV)
T T T T T T ‘ T T T ]

U Four control regions: 2 achieve control of £ . Fous R NARRE A woy |y AT |
o " Prelimina W WZ+b W Nonprompt MitZq = [CMS —_—
WZ/ZZ backgrounds & two to help to & e o mwn Cwxe | g ok priminar IO
improve the modelling of nonprompt o | : —36CL |
leptons (mainly DY and ttbar). ] 3 S
ik Multivariate: analysis approach: Discriminate — **°f ERPY-1S ¥ Bestil -
between signal (tWZ) and main backgrounds 2% E b E
(ttZ+W2). 100 i
1.5 -
013 Tev = 248 £ 38 (stat) = 35 (syst) fb & AR g
— = 1.2F - = .
013.6 Tev = 242+ 62 (Stat) + 46 (SySt) f b g 1%&-%)Wé@éa/////%/////-y?///zﬂ///mﬁff?////ﬁ% 1;
Agrees with the standard model (SM) predicton © 9% 3 o5l b
gre o (SM) p 0604 05 06 07 08 09 1 06 08 1 12 14 l-l1'6
within 2.3 standard deviations. {WZ outout node iz
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https://cds.cern.ch/record/2932252?ln=de

I Observation of ttgg
production




https://arxiv.org/abs/2506.05018 EXPERIMENT

I Observation of ttggproduction ATLAS

U Using full Run 2 data in a single lepton region.
U The signal cannot be simulated at high-order accuracy
using ME generators interfaced with parton shower.

e HEQRY g €ross section ratio

Cross section £ solarias oData | Wy 4 . : . .
0 A multivariate analysisusing a BDT © | s=13Tev. 140" Ohfakey — Eefake 3 U ttg production and decay in the single
] 70:—Slnglelepton [Ctey (prompty).Otheryy— |ept0n Channel.
is performed to separate the : 7Uncertainty 1. . :
sianal and backaround 60/~ Post-fi <+ U A four-class NN is used to define a
) 13 bl g t'. £t 500 = region enriched in production events
u : tvarla es (|c;]roper €S Oh t N ok and three control regions enriched in
photons, suc as  photon decay.
i 30
separations of different ob'ectg) u No avallable calculatlons of the ratio that
P J ' would allow for a direct comparison .
Tityy :242”%55%& 242+0 0.5 (stat t%‘%%(syst)fb E‘é 1.25 }
Goodl anreemant: befiuaan § AT Dominatedd by statistical uncertaintiess in
_ g[ . . -" ' | ° 0'50 Ol‘l 02 03 04 05 06 07 08 09 1 b@)th measurementt
data and/ MIC predictionss e T o e
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| EFTinterpretations




JHEP10(2024)191 EXPERIMENT

IEFT Interpretation In ttgprocess ATLAS

-=-=- 95% CI (exp.)
+  Standard Model -

expected to be sensitive to several EFT operators (highest sensitivity to _
CtB and th) 2i—
U A combined measurement with ttZ slightly improves the limits, in the

i The differential cross-sections as a function of the photon p; are € G—GIILIASH T o I e)
. . . . & =13TeV, 140fb™" % Cl (obs.
interpreted in the framework of the SMEFT The ttgproduction process is & | SverTa=iTev - %zjbzné%z

5 4 —— 68%Cl (exp.) |
S
&

credible intervals for C,, obtained with the independent quadratic fits |
are reduced by up to 20%. ol ) il
= LU AR RN AR AR RARRE RERRE RS I .
% — ATLAS ° Data . T T T I T T T I T T T T T T | T 1T T T | T T T T [ e R i | R ]
O] : ,@ =13 TeV, 140 fb1 —_— MG57&MC+P8 : ATLAS ﬁ onI -2 -1 0 1 2
& ol Singlelepton + Dilepton ReCwz 13 Vs =13TeV, 140fb™" AL/ S(Cigl/N? [TeV-2]
= Uk ImGu=+13 3 SMEFT A=1 TeV tty + i § SO T T T T T T T
8 S E ImC,,, =-1.3 . ¢ QGlobal mode > - ATLAS 68% Cl (comb.) -
- ----Re dtB =+15 . Global quadratic fit, marginalised 68% ClI E I Vs =13TeV, 140fb™" W 95% Cl (comb.) |
- Fe CtB =-15 «+ o o | SMEFTA=1TeV ¢+  Global mode i
- ImGCy=+15 95% Cl = L +  Standard Model |
i3 nCe=-15 adle e . e 3 2 i
E tat. uncertainty 7 rCcwl— T et = I m 95% Cl (i2)
r i Total uncertainty i w— 68% Cl (tty)
L S— , S[Cmll e - < | 1o m. 95% Cl (ify)
s RICisl S E— — |
L 1 1 1 0
S 3 !
B . S[Cisll— B ovommppn. e —
E . ‘ X ) ‘ ) ) ) ; I I I I I I I I I I | | I | | I | r
a 50 100 150 200 250 300 350 400 450 500 -3 -2 -1 0 1 2 3 10,
p,(¥) [GeV] C/N? [TeV 2]
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https://link.springer.com/article/10.1007/JHEP10(2024)191

https://arxiv.org/abs/2505.21206

Search for CP violation in events with top
quarks and Z bosons

CMS,

U This search targets dimension -6 CP-odd EFT operators
using combined Run 2 and Run 3 data.
u C\, and Cly, modifies ttZ and tZq (via tW coupling)

respectively .

w T T T T T T T _ T T ]

T 300-CMS 4 Data 4

[ F 2 ... MtZq

i} E u =
250: 1

U Use of CP-odd observables: constructed via

CP-equivariant function :
8i(x) = fi(x) - fi(CP(x))

CPV observables
as a new key of
EFTtests.

138 fb' (13 TeV) + 34.7 b (13.6 TeV)
T T T T T T T

o

2025/6/12

U Two CP-equivariant: neural networks separately to be sensitive to
C'; and Cl,,. The output is a CP-odd score.

U If shows asymmetry under SM, it means new CPV signatures.

138 fbo' (13 TeV) + 34.7 fb' (13.6 TeV)
s, M Results are consistent (mostly)
with the SM.
CP violatiom sensitivity, IS maostly,
drivem by, the:linear tesmn.
First limits on the linear term of

Ratio to SM

138 fb' (13 TeV) + 34.7 fb' (13.6 TeV)

200
150

100

50F

o]

05 + Data — Prefit = Postfit (lin.)— Postfit (quad.)
- 1 1 | 1 | 1 1 1

5 4 -3 2 -

1.0 1.2 3 4 5
Discretized c,, score

138 b (13 TeV) + 34.7 fb' (13.6 TeV)

CMS & Data

[o2]

O o N Wbk oo~
[RARAN MRS LARS RAALE LA LAY |
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138 fb"' (13 TeV) + 34.7 b (13.6 TeV)

t CMS Quadratic fit

 — Fixed cl = —1.4724

Fooe Profiled :W J;
q quantiles Cw=-07"45

3540 12 3

27 < ok, < 2.5 O

138 fb”' (13 TeV) + 34.7 fb™' (13.6 TeV)

t CMS Quadratic fit
— Fixed C:Z= 1‘3+gé
Eoeee Profiled | fos
q quantiles c;= 12705

15105 0 05 1 15 2 .
C
—02 < cl, <20/
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Measurement high -massttll production and

ATLAS

ILFU—inspired EFT interpretation  anastorozoos0z At experiment

t
g g

Z/y g

it

Three different fit strategies:

u Shared WC across all leptons
(flavour-inclusive).

U Independent WCs for e and m
leptons (flavour-split).

U Test LFU with C, a C,, (flavour-
relative).

Events

Result of SM signal ttll
measurement with a significance
of 2.9s:

Data / Pred.

wll =1.04+0.4

2025/6/12

t

U New measurement of off-Shell ttI*l- at high invariant mass

. £ (mll>101.2 GeV) that is sensitivity to the effective coupling .
U Search of LFU violation that could be present (flavour-relative
- WCs).
U Search for new physics via four-fermion top quarkdepton EFT
operators (dimension -6).
o U Signal region splitted by flavor and using 13 control regions.
T T e T T § Famas e me 1 U No significanttdeviagions<friomm
10° f;;;ifTev, 140fb"-l\3"\":" =g||:1,1wz w E):t_lif‘TeV' 14°fb'1.w =::,2 wz 3 the SM.
SRLthghmieo ety Fewr SRILutighmhw e P remcew ] U Wilson coefficients: consistent
Dy Wiy 3 with zero.
¢ = 1.0, 3.0 TeV? = =" 1.0,- 30Tev? ] ATLAS| ! ' ' Other WCs fixed to 0
___________ Vs = 13TeV, 140 fb™! = ci1 68% Pseud. CI = c;p; 68% Pseud. Cl |

% % |
C 2 | Cie 33/
e 22
£ . - < 1 1
75 4 J( o ¥ .
04™360 300 400 500 600 700 800 900 1000 500 sbj 350500600300 800 go/f)oo Ciea ] T
m(e'e) [GeV] 40 30 20 10 55 1.0 2.0 3.0 2.0

Ct B

— Cin 95“4:6 Pseud. CI — iz 95% Pseud. Cl

Wilson coefficient /A2 [TeV-2)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-02/
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I Summary and conclusions

u

Several new results of top production including EFTinterpretations were
presented . In general, obtaining good agreement with SM predictions .

Measurements of top quark production processes are of great interest in
studies of Standard Model physics as well as in searches for beyond
Standard Model .

Recent public results from both CMS and ATLAS provide competitive
measurements.

Obtaining competitive results and gaining a detailed understanding of
the processes allows for the exploration of new physics and the
imposition of constraints on EFToperators.

Wit the: upeamingcRum 33 manyynewrestilts arecexpectedt | !
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ttW differential and asymmetry measurement with
| full Run 2 g g ATLAS
JHEP05(2024)131

Signal region preselection 2£SS 3¢
Lepton definition Tr LTT
Lepton pr [GeV] (20, 20) (10, 20, 20) 2 |epi@ﬂ1 Same-slgn Categ@ﬂe&:
o OF
mé+£_ [GEV] > 12 E L] L] T T T T T T T T T L T L] L] L] L] T T T T T T ﬂ 100 L L T T T T T T L T T T L] L] L L L T T T T L T
ImSF,_ — my| [GeV] ~ 10 5 160F ATLAS # Data Clw miH ] § [ Amas # Data CIitw mtH

£re i \5 = 13 TeV, 140 i mizy [@int Conv [ Diboson d [ fs=13Tev, 14010 mizy Eint Conv  [lDiboson
Imae — mz| [GeV] ~ 10 140F W ML WMat Conv  [HFL B HFel ] gol. W ML WMat Conv  [MHFR EHFel i

: 2 55(++) [JamisiD Wi [DOther | 2 s5(-) DamisiD Wit [DOther
Nigt, =9 120} Post-Fit #Uncertainty 4 | Post-Fit % Uncertainty

jets = I
ijcts >1 B80% oy > 2 pTT% 100} y 50_‘ : 1

Inclusive cross-section measurement gof
Lepton charge split (eret 0=67) (L4 0=+ eT) o0
Lepton flavour split (pp, ep, pe, ee) 4or
Jet multiplicity split (3, 4, =5) (2, =23) 20
b-jet multiplicity split (1, >22) ; 1_2 ! o \ : !
e ; : ;
TOta.] inch]ﬂive SRS 48 8 E o8 Fv’m*"f#‘;ﬁm.‘;“w—»’d-'*@dd-’fr‘l*’nETl‘fﬂdfh*i*?*ﬁd*i;”’gﬂf‘%*
10'4223‘ I I .ﬂlﬂlﬂl I * .ﬂ.ﬂ‘.ﬂ‘ .DIDIDI I I
Differential cross-section measurement BFE ﬁ; A ‘:i s¥gad ?i 555 ﬁ_ § % FFE gi_ g ‘:i

Lepton charge split (eret i) (ere e et ee uu eu He
Number of OS-SF pairs split (0,1, 2)
Total differential SRs 2 6
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https://link.springer.com/article/10.1007/JHEP05(2024)131

ttW differential and asymmetry measurement with
| full Run 2 g g ATLAS
JHEP05(2024)131

Signal region preselection 2(58 3¢
Lepton definition T Lrr . .
Y 3 leptons: categories:
Lepton pr [GeV] (20, 20) (10, 20, 20)
mt,- [GeV] > 12 o 20 , | , o 160 , , | -
e z L ATLAS  Data CJiw {1 ATLAS ¢ Data [Jtw .
Mo —mz| [GeV] > 10 i - E=13TeV, 140f"  [iH Wizy | 90 4l E=-13Tev, 140" m@iH Wiz
lmay — mz| [GeV] ~ 10 [ HWAL Eint Conv MCiboson ] W ML Oint Conv BDiboson
3 (+) WMat Conv OHFu 3 (- W Mat Conv OHFu &
Niets > 9 1501 Post-Fit @HFel CJoMmisip ] 120 past-Fit @HFel CJaMisio
i - L [JOther i [ L [OJOther ]
N&jcts =1 b50% or =2 bTT% B % Uncertainty i 100 = Uncertainty 7
Inclusive cross-section measurement 1m' ]
Lepton charge split (etet, o= 0) (AN Ny aras B
Lepton flavour split (pp, ep, pe, e€) B
Jet multiplicity split (3, 4, >5) (2, >3) 50
b-jet multiplicity split (1, >2)
Total inclusive SRs 48 8
. ] - :
Differential cross-section measurement ® 125 i %45
i &
- | TR e, v S AT - 1.5
Lepton charge split (et e o) (e e e etet) PN S R . M IS, -
T T
. . O 05 4 4 ! 0O 04
Number of OS-SF pairs split (0, 1, 2) 2 ey ; ey 2 oy ' ey
1Tk i 1p ‘3’:&3;_., 3 s 2% 4 16 18 ‘3’33& 3 o5
Total differential SRs 2 6
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ttW differential and asymmetry measurement with
| full Run 2 ATLAS

JHEP05(2024)131 EXPERIMENT

@ 10° T T T T T T T T T
— c . -
Control regions for: | Diboson iz Conversions HF non-prompt 2 ATLAS Prellmlnar)_r1 ¢ Data EltE\N .ttl_-l
. W Vs=13TeV, 140 fb Wtzy* @tiy*(LM) W Diboson
Lepton requirement 3¢ ppe” 2055 fiw ML W Mat Conv [[HFu W HFel
Lepton definition (L, M, M) (T, Mes) | (Mo, T) | (Mexe, Mey,) Post-Fit CJQMisiD [ttt [CJOther
10* /- Uncertainty - -- Pre-Fit Bkg.
Lepton pr [GeV] (10, 20, 20) (20, 20)
myt,  [GeV] > 12 > 12 — 10°
|m§fe_ —myz| [GeV] < 10 > 10 —
|m3£ — mzl [GeV] > 10 < 10 — 102
mer(fy, EXSS) [GeV| — < 250 for T M.y and M. T pairs
Niets 2o0r3 >4 >0 >2 10
Nb—jets 1 160% > 1 p80% op > 9 p77% 0 p7T% 1 57T%
Region split — — internal / material | sub-leading e/ x (T Mgy, Moy T, Meyx Mey)
Region naming 3VV 30tZ 3IntC / 20tt(e) sy, 20tt(e) pay, 1y 26086(€) Moy Moy -8'1 o5
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ttW differential and asymmetry measurement with
| full Run 2 ATLAS

JHEP05(2024)131
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ttW differential and asymmetry measurement with
full Run 2

JHEP05(2024)131
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ttW differential and asymmetry with full

Run 2 CMS-PASTOP-24-003

Backgrounds estimated with MC simulations excluding nonprompt contributions and charge
misidentification that are estimated with data-driven methods.

Nonpromtt estimatiom: Using a fake factor method . Get the fake rate and extrapolate to the signal
region .

Charge misidentificaitonn: Selecting events in the SRselection but with OS of DY + SSevents in

the Z peak.
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ttW differential and asymmetry with full
Run 2

2 lepton, same-sign region:

u
i

Exactly 2 same-sign leptons.
p> 25 GeV and p>15 GeV for the leading

lepton and the subleading lepton respectively.

Veto to the invariant mass of the lepton pair in
the Z peak (+- 15 GeV).
At least 3 jets (2 b-tagged ).

2025/6/12 Associated top quark production including EFT interpretations with ATLAS+CMS

CMS-PASTOP-24-003

CMS,

b

CMS Preliminary 138 1b' (13 TeV)
3 1400 srR2L ¢ Data g% Uncertainty -
o (Loose) [ tTW o Nonprompt
z 1200~ Postfit mmm Charge MisID pmm Diboson -
- Conversions X
E 1000 mm Other
@
& 800

[ = Data/prefit + Data/postiit

1 AR Ty ad L &

40 60 80 100 120 140 160 180 200
Leading lepton P; (GeV)

Data / Pred.

CM§ Preliminary R 1331b“(13TeV)

T
1] IZ_)ata m Uncertalnty 9
it 1 Nonprompt
[ ] Charge MisID  mmm Diboson
Conversions X
I Other

Events / 50 GeV

SR 2L B

(Loose)

Postfit

1.5F == Datajprefit 4 Data/postiit

Data / Pred.

100 200 300 400 500 600 700 800 900 1000
H, (GeV)

Events /9.72 GeV

CMSI Preliminary ‘ _ 138 fo! (13 TeV)
1200l SR2L ¢ Data s Uncertainty |
(Loose) [N tTW m Nonprompt
Postfit i Charge MisID i Diboson
10001 Conversions  mm X E
mm Other

[ == Data/prefit ¢ Data/postfit

8 1.5 E

o

=

O 20 40 60 80 100 120 140 160 180 200
Subleading jet P, (GeV)

- CMS Preliminary : 138 fb' (13 TeV)

53500 sroL ¢ Data s Uncertainty

~ (Loose) [ tTW mm Nonprompt |

Data / Pred.

3000 Postfit mm Charge MisID mm Diboson
Conversions [l ttX 1
I Other

1.2F —'Datalpreﬂi [ Daia/postfit ‘

3 4 5 6 6

Number of jets



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-003/index.html

ttW differential and asymmetry with full
Run 2

CMS-PASTOP-24-003
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