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Introduction

In this talk, will discuss three ttW results from ATLAS and CMS

Standard Model Total Production Cross Section Measurements Status: February 2022
ATLAS cross-section — 500 "
Q 107 e ATLAS Preliminary

o
ATLAS-CONF-2023-019 5 1 JE=7813 T/
CMS, cross-section
JHEP 07 (2023) 219 10° ~o

Theory

LHC pp V5 =13 TeV

IEl Data 32-1391b!

% LHC pp V5 =8 TeV
ATLAS charge asymmetry © B e
JHEP 07 (2023) 033 LHC pp V5 =7 TeV
3
10 o Bl Data 45-460
o0
) o
10 S O a Ll o O O
. “,n u?af o] oo
10 4
2fb o \g: & B
1 ;i} o o www
E (|
n
101 i “m
(x0.3) I wwz
x02g
1072

PP w V4 tt t Wt H WwWw

t-chan

WZ ZZ tttW ttZ tttit
s-chan WthVV

Matt Klein

New results on {tW production with the ATLAS and CMS experiments

Top2023

2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-27/

ttW Cross-section Measurements

Rare but important process in the SM - sensitive to complex higher order corrections and a background
for other SM and BSM processes that can give same-sign or multilepton signatures, e.g.:
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CMS and ATLAS have performed {tW measurements with the full LHC Run 2 dataset

- CMS Paper: JHEP 07 (2023) 219
- ATLAS Note: ATLAS-CONF-2023-019
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-013/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-26/
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

L HCHWG-2022-003 ttW Simulation

ATLAS signal samples:

e Nominal sample produced in Sherpa2.2.10 (includes 0‘0‘32 and aas3 contributions)
e Event-by-event corrections to account for ¢’ * and o
e Separate sample produced in Sherpa2.2.10 that corresponds to a3as contributions

CMS signal samples

e Nominal samples produced in MadGraph5 aMC@NLO v2.6.0
e Take into account aa * and aa ® (QCD contributions) and «® and a’a_ (EWK contributions)
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https://arxiv.org/abs/2301.11670

Event Categorization

Both ATLAS and CMS analyses consider events with 2 same-sign or 3 e/u

Drops most ttW events, but SM background with 22 same-sign leptons is small
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ATLAS-CONF-2023-019 ATLAS Yields

B PromptLeptons [ Charge misID + conversions [l Non-prompt leptons [l ttW

Strategy: Divide events into  so00
*f* and #0407

Background estimates: -

Prompt leptons: from MC

Charge misID+conv.: mislID  *®°

from data, conv. from MC
Non-prompt: from MC =l

ttW: Signal, from fits

2+ - oee+ 2e-
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

ATLAS-CONF-2023-019 ATLAS Control Regions

Normalizations constrained by dedicated control regions for Diboson, ttZ,
conversions, and non-prompt heavy flavor lepton background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

JHEP 07 (2023) 219 CMS Yields

B Prompt Leptons | Charge misID + conversions [l Non-prompt leptons [l ttW

Strategy: Divide events into 5000
*¢* and *1*0°

Background estimates: 4000 -

Prompt leptons: from MC

3000
Charge misiD+conv.: misID
from data, conv. from MC 2000
Non-prompt: from data 1000

ttW: Signal, from fits
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html

JHEP 07 (2023) 219 CMS: 2L Signa| Extraction
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html

SHEP AT CMS 3L Signal Extraction ETAGERGY
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html

JHEP 07 (2023) 219 CMS Control Regions

Main backgrounds: non-prompt leptons

Matrix method to estimate, validated in ttZ+WZ CR: 3L with ttZ+ZZ CR: 4L with
regions formed by inverting p_ ™ cut Im(#) - mZ| < 10 GeV Im(#) - mZ| < 10 GeV
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html

Source Uncertainty [%]

J H E P 07 (2023) 2 1 9 . Experimental uncertainties
ATLAS. CONE 2023019 Uncertainty Breakdown
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

JHEP 07 (2023) 219 " T .
ATLAS.CONF.2093.019 Inclusive ttW Cross-section

NLO+NNLL 592*1% o7 fb JHEP 08 (2019) 039
) Eur. Phys. J. C 80 (2020) 428
FxFx 722’”71_78 fb JHEP 11 (2021) 029

L Theory cross-section uncertainties include
ATLAS Preliminary —®— ATLAS- this result scale variations+PDF uncertainties

Stat. + Syst. Stat. only
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/
https://link.springer.com/article/10.1007/JHEP08(2019)039
https://link.springer.com/article/10.1140/epjc/s10052-020-7987-6
https://link.springer.com/article/10.1007/JHEP11(2021)029
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

ARASLOREZ2S0E Inclusive and Differential Fiducial Cross-sections

FaalEW) = 217 = + (stat ) +

(syst) = s 7+

> (tot.) fb

Absolute and normalised cross section at partlcle Ievel measured as function of different kinematic variables
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

ATLAS-CONF-2023-019

Differential Cross-sections: N jets (Example)

Example differential results, for absolute and normalized x-sections
Results shown for Njets; analysis also measures:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

Leptonic Charge Asymmetry

Top quarks (antiquarks) expected to be produced with more forward (central) rapidities from q7q initial states

Can probe leptonic charge asymmetry in ttW:
i o N (Anf > 0) —= N (An¢ < 0)
" N(Anf > 0)+N (Ant < 0)

gg initial states dominate in tt, which complicates asymmetry measurements. In ttW, g initial states
dominate.

Additionally, the W boson in the initial state causes polarisation of the tt pair, which further leads to observable
asymmetry.

AC" measurement probes both effects
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ATLAS (s =13 TeV, 139 fb’

Measurement and Results

N
| —e— 159+0.40 Ny (A7)
= 1.28 +0.15 Ny, (A1)
o 1.05+0.14 N, (AT
I
- 1.04 +0.10 N/e (A7)
+ 0.98 +0.09 N/ (AM)

I
I
- 0.98 +0.08 N (An")
. 083+0.09 | N (an)
I
. 127 £0.40 | N (AN)
I
|
—e— 0.74 £0.34 Y
- -0.12+0.14 AL (TW)
b b b b b Lo o b
0 05 1 15 2 25 3 35

Similar to overall strategy in cross-section measurement

Primary differences:
- 3 lepton only
- Normalizations of backgrounds with Ay™ and A7 treated separately

Reconstruction level:
Observed: -0.12+0.14 (stat.) £ 0.05 (syst.)
Expected: -0.084 +0.005 -0.003 (scale) £ 0.006 (MC stat.)

Particle level:
Observed: -0.11 £ 0.17 (stat.) £ 0.05 (syst.)
Expected: -0.063 +0.007 —0.004 (scale) £ 0.004 (MC stat.)

Results compatible with SM expectation

Matt Klein
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Conclusion

e CMS and ATLAS have performed ttW measurements with the full LHC Run 2 dataset

e Measure larger-than-expected cross-sections, with statistically consistent results between the experiments

e Also performed leptonic charge asymmetry measurement, which, as with other charge asymmetry
measurements, shows agreement with the SM

ATLAS+CMS Preliminary =
LHCIOpWG E 13 TeV, June 2023
gy =0.7270 0a(scale) +0.01(PDF) pb I o, =086 00 (scale) + 0.02(PDF) pb D Oy X20= 0.038 0 9%3(tot.) pb x 20 I oy, x5=015£0.03(tot)pbx5 [E oy =0.770.14(0t) pb
JHEP 11 (2021) 29 L EPJC 80 (2020) 428 - JHEP 10 (2018) 158 - MadGraph5_aMC@NLO E MadGraph5_aMC@NLO
FxFx@2J+NLOZ+NLO :  NLO(QCD+EW)+NNLL : NLOQCD : NLOQCD :  NLOQCD
Omeas. T (Stat.) £ (syst.) el stan :
: 4
0.89 +0.05 + 0.07 pb : ey ATLAS, L, =140 fb
tHtw : ATLAS-CONF-2023.019"
0.87 +0.04 + 0.05 pb : T CMS, L, =138.0fb
5 arXiv:2208.06485
. 0.99 + 0.05 + 0.08 pb S, — ATLAS, L, =139 fb”
ttZ : EPJC 81 (2021) 737
0.95 +0.05 + 0.06 pb - a—— CMS, L, =775 0"
: JHEP 03 (2020) 056
- - =1 .
thy+HWy en 0.0396 +0.0008 *§ %22 pb x 20 P ATLAS, L, = 139 ", Vis 1
: JHEP 09 (2020) 049
- 9 .
tty dilepton 0.175 +0.003 + 0.006 pb x 5 = —to—i CMS, L, =138f0", Vis 2
: JHEP 05 (2022) 091
- - A
tty I+jets 0.798 +0.007 + 0.048 pb ——fo—i CMS, L =13710", Vis 3
H JHEP 12 (2021) 180 *preliminary
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ] 1 I ] 1 1 I 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
G [PD]
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CMS Event Selection

Process (et (=0~ (E0FP+ (E0FP—
e Same-sign tEW 677+21 355412 1194-+92 653+54
° pTEIGt?]d *’};302(556) f\‘;r w(e) Nonprompt 2490 £ 600 2360+570 325475 298 +71
o p,(otherf) > e : _ _
o m(t) > 30 GeV Charg_e misID 5204110  520+111
o AR()> 0.4 ttH 167 +34 169+ 34 56 + 12 57 + 12
o |m(ee) - mZ| > 15 GeV tZ/ " 335+26  333+26  145+13 147413
® Trilepton Diboson 382+88  285+65 468-+91 380+75
o p(lead?) > 25 GeV Other 178 +34  126+27 434+82 335+7.4
o p;(other £) > 15 GeV Conversions 177 + 54 192459 229471 240+74
o |m() - mZ| > 10 GeV
o m(l)> 12 GeV Total background 4250 + 620 4000590 639480 600476
o Njets=2 Total prediction 4920 + 620 4350+£590 758481 663476
©  Nbjets21 Data 5143 4486 834 744
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ATLAS-CONF-2023-019

ATLAS Signal Region Selection

Signal region preselection 2088 3¢
Lepton definition TT LTT
Lepton pr [GeV (20, 20) (10, 20, 20 — — —
i v (GeV) Yy ) |0 SR | £7¢T SR |[£7¢7 ¢ SR | £ 74" SR
jets = =
60% % ttw 261 £+ 20 472 + 30 64+ 6 116 £10
Migs = LETen B tEH 66+9 | 66+9 29 + 4 28+ 4
Mgk g or Mygr,— [GeV] > 12 ttZ/7* 9549 100 £ 10 69 + 8 72+8
im3E,- —my| [GeV] - > 10 tty* (LM) 9+5 9+5 2.6k 1.5 2.6 & 1.5
|mgee — my| [GeV] - > 10 Diboson 16 +£5 22+6 9.0£2.7 1244
Mat Conv | 11.1 3.3 1945 25+0.8 39+£1.1
Inclusive cross section measurement HF 35+ 11 30+ 10 6.2+ 2.6 6.6+ 2.6
Lepton charge split @ter L) e Ly HFel 14+6 15+ 6 2.9+1.3 2.0+0.8
Lepton flavour split (up, e, pe, ee) - (Q_MiSID 8.2+2.7 8.2+£27 0.69 + 0.15 0.66 +0.13
Jet multiplicity split (3, 4, >5) (2, >3) tttt 9L 7 9+ 7 4.0+ 3.2 42+3.3
: i . Other 32+5 42 +6 18.6 £ 3.1 25.0+£3.3
b-jet multiplicity split (1, >2)
Total 557 £ 16 790 £+ 24 208 £ 7 273+ 9
Total inclusive SRs 48 8 Data 546 803 225 269

Differential cross section measurement

Lepton charge split (etet ey (ete= e oot
Number of OS-SF pairs split = (0, 1, 2)
Total differential SRs 2 6
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ATLAS-CONF-2023-019 ATLAS Object Selection

Electron Muon
Lepton definition L | M | Mo | T L ] M ] M., | 74
Isolation Yes Yes
Non-prompt lepton WP No Tight | Tight-not- | VeryTight No Tight | Tight-not- | VeryTight
VeryTight VeryTight
Identification Loose Tight Loose Medium
Electron charge-misassignment veto No Yes N/A
Electron conversion candidate veto No Yes (except €”) N/A
Transverse impact parameter <5 <8
significance |dy|/0,,
Longitudinal impact parameter < 0.5 mm
|z sin 0|
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AILASLOREZ023018 - ATLAS Control Region Selection

Control regions for: | Diboson tz Conversions HF non-prompt | 3£IntC I 3tMatC | 3LttZ | 3¢tVV
N > or 3 - 0 = W = = 7T3£07 13.0+0.9
Ny—sets 169% | > 1 p5% op > 9 7% 0 57% 1 p7T% tle i = = 10.0£ 1.5 43£0.6
Lepton requirement 3¢ upe” 2488 téZ/’Y . - 20l =D Jo0L28
PRI A tty* (LM) 41+9 1544 | 0.056+£0.032 | 0.41+0.25
Eeplon.dgfiniip (L, M, M) (T Mex) = (Mo T) = (Mexs Mo) Diboson | 0.035£0.020 | 0.88+0.20 |  35+11 99 + 28
Lepton pr [GeV] (10, 20, 20) (20, 20) Mat Conv 1.24+0.9 3419 0.48 £0.3 2.3 &=0.7
mot,— [GeV] > 12 > 12 HF - = 1.20 £0.35 84427
|mff£_ —my| [GeV] <10 > 10 - HFel - - 0.40 +0.22 71+24
Mg — mz| [GeV] B <10 B QMiSID = = 0.19+£0.13 0.8+£0.4
mop (Lo, Eff«'iss) [GeV] - < 250 for TM,, and M., T pairs gither : : 6; i }9 0'012521:::02'818
Region split = = internal / material | subleading e/p X (TMey, Mex T, Moy Mey) Total 219 50 £ 8 137 £ 21 246 < 20
Region naming 3(VV 30ttZ 3¢IntC 20tt(e) o, > 20tt(e)ar, 75 2088(e)pr, ar,, Data D) 54 139 160
3¢MatC 20t () s, > 2006 (1) ar, 5 2066 (1) s, 0,
| 20t ()7, | 2066 (W)na 1 | 206t(e)Taa,, | 20tt(e)nr, 1 | 2€6t(1)nr na,, | 2€0t6(e)ns, .

tHW 18.0£ 2.5 7.3+1.2 104+14 5.14+0.5 244+0.7 1.8+0.5

ttH 5.8£1.0 2.8=£0.5 3.5+0.6 1.72:4:0.32 1.11.40.21 0.79£0.19

th/’y* 11.5+14 5.3 £0.6 6.8 0.7 3.24+04 2.08 £0.29 1.5+0.19

tﬁ/* (LM) 0.27£0.16 0.54 £0.33 1.6 £0.9 0.94+0.5 0.11 £ 0.07 0.19+0.12

Diboson 10.6 £2.2 5+1 6.7t14 2.3+0.6 1.4+04 1.16 £ 0.3

Mat Conv 1.3+0.8 1.0+04 5o ol B 1.5:41.3 1.5+0.5 0.95+0.31

HFpu 75+ 11 224 2.0£0.9 814+1.6 13.1+£25 3.0+0.8

HFel 1.3£09 45+1.5 27+ 9 4.14+1.2 1.44+0.5 3.5+£1.0

QMisID 0.21 £ 0.09 0.43 £ 0.35 4.2 +2.1 20+14 0.31£0.2 1.3+08

tttt 0.06 £ 0.05 0.029 £0.024 | 0.030 £ 0.026 | 0.018 £0.016 0.032 £ 0.026 0.013 £ 0.011

Other 5.3£0.8 1.88+0.17 3.6+0.4 1.494+0.17 0.72 £ 0.09 0.49 £0.07

Total 129+ 11 50+ 4 69+ 7 30.4£28 24.0+£238 14.6 +1.8

Data 135 49 72 24 23 15
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JHEP 07 (2023) 219

CMS Post-fit Plots

138 fb™ (13 TeV) p .

g | | | l | | I L 138 fb (13 TeV) 138 fb” (13 TeV)

| ¢ Data -Diboson ] [ep] LS REARE RS RN RIULLE IULIULE EARLEN IULIULE IULIURE IS o AR REARE RN UL RE BN IR UL UL U LR LU
:>J)600 gllf.\)lil)gmentary . W [ Conversions 8 CMS ¢ Data | Diboson - 8 CM ¢ Data mm Diboson

r I Other I Charge misID I o Postfit ttw [ Conversions | © Postfit ttw I Conversions

I Postfit R I Nonprompt - ; +OS+ I I Other M Charge misID | ; _OS_ I I Other [ Charge misID

L etz ... Total unc. _ £ 500 e o tiH B Nonprompt 1 € e [ ttH B Nonprompt

4001 fi f$ /- fi f¢ f+ | L%J o Total qnc. . L%) B ttZ/y* . Total unc.
m 2 3j > 3j 2j 3j >3j 7 R
200
0 .0 .0
5 14 T T T T - 3 t2r 1 3 14r -
o F ' ' H ' - = 1.1 ] =~ 1.2 -
o 12 L , . : . ] o [ R > a3 > > SRR = J a ;a R . Ehnas SREtEY SR BUEERL SEERRY TR SR CUCES - _
& 1%\}\*\\\\N\Q\\\*\-\\\\*\\\l\&#\\\\— D B R x-w\\x-\-‘l\xi-\cx\\\#\; o 0 g;l i\%\\\%\\\*\\\\%\\\%\\\ &;\\\*#\\“*\W\;\\X\?\\\*\\&*E > 0 81—— R R SR A L *\*\\\\\ﬁ
© - 1 1 1 1 = = 4N i += O i
+ 0.8 1 1 1 + 1 — © 0.8F J © 0.6 .
© F i . . . . . . . . . . ‘ . . . . . . .
N 0.6 : 5 . — . — — ; — P — — e 0 0.1 02 03 04 05 06 0.7 08 09 1 e 0 0.1 02 03 04 05 06 0.7 0.8 09 1
. NN discriminant NN discriminant
Number of b-tagged jets
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CMS Results

Sensitivity mostly comes from dilepton channels

Compatible results across regions

138 b (13 TeV)

— Stat. unc.

Total unc.

7

ee

eu
uu

Dilepton
Trilepton

IIIIIIIIIIIlIIIlIIIlII

Combined

T l T T T I T T T | T T T l T T T | T T T l T T T I T T T | T
CMS = Measurement |/ EPJC 80 (2020) 428

| JHEP 11 (2021) 29

/
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

Nominal +stat +syst

845 +117 +111
996 +61 +68
868 +63 +64
905 +42 +51
649 +104 +96
868 +40 +51

III|III|III|III|III|I
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Fiducial Cross-section

Objects
Electrons pr > 10 GeV and |n| < 2.47 (excluding the LAr crack region with 1.37 < |n| < 1.52)
Muons pr > 10 GeV and |n| < 2.5
Jets Anti-k; R = 0.4 jets with pp > 25 GeV and |n| < 2.5
b-jets Tagged if jet contains a ghost-matched b-hadron with pr > 5 GeV
Epss Vector sum of p(v) for all neutrinos in the event not from hadron decays

Overlap removal
Electron—jet | If AR(e,jet) < 0.2 (excluding b-jets with pp < 200 GeV) remove jet
Jet—lepton If AR(¢,jet) < min(0.4,0.04 + 10 GeV/pr ) remove lepton

Selections

20 Exactly two leptons with the same charge

Both leptons have pp > 20 GeV

Niets = 3 (Njers > 2) with at least one b-jet for inclusive (differential) fit

myp > 12 GeV for same-flavour pairs

3¢ Exactly three leptons with a total charge of +1e

Both leptons from the same-sign lepton pair are required to have pr > 20 GeV
Njeys = 1 with at least one b-jet

mye > 12 GeV & |my, — my| > 10 GeV (for OS-SF #¢)
[ngg — mz| > 10 GeV

ora(ttW) = 21.7 711 (stat. e gyt )= 217 = iy > (tot.) b
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Differential Measurements

Efficiency/acceptance correction and normalised migration matrix and for N.

jets
calculated in Sherpa 2.2.10 with EWK corrections.
ATLAS Simulation Preliminary ATLAS Simulation Preliminary Migration Matrix
2 5 ! ! g ; ; ; . . . 100
L T T . P NN SISO OO NP + ....... — Z ., r =
2 : : i —_— ®» 4 90
o o ¥ ¢ + : e ¢ [0) ; i q i | { i
= : ' i > 3 : i i i i i i
L (93 b e +_ - e froimsie s peie e 2 == o mm o m TR - . -------- s = 80
U : : ° o : : Ui : : ! ! . : :
: : : ¢ 3 4 of : ! ! : m : : 70
¢! ' ' = B gl i i i i || 1 : ‘
0.25 e 1 | ) ! ! ] y { ' i
' ' ' © N 4t : : : ; : : : 60
3 4 5 6 7 2 3 4 5 2 3 4 5 6 Z 2 3 4 5 a s + T 1 i H \ .
2ISS++ 31+ 21SS 3l ) ; f : | : : 50
E e R F"""<""9 3" """"5R i | e mTTTTETs T=======" 1T
Particle-Level N l i ] | ? 3 i |
o E 4 : —40
Q 3 i i i ‘ ‘ i i
8 0.95 2 B i el ik el it =30
Q_ 7F 1 1 1 ] 1 1
§ e —20
< 0.9 9 st
S 4p —10
3
0.85 : : | ; , . . . . . . . Jo
SR T 5§ T T 3 45 P 3 i 5 A 3 i 3 i T 6 P 345 s 545 315 2 34567 234523452345 2345%6723452345234%5
21SS++ 31+ 0] 31+ [1] 31+ [2] 21SS-- 31-[0] 31-[1] 3l- 2] 2ISS++ 3l+[0]  3+[1]  3I+[2] 2ISS-- 3-[0]  3I-[1] 3-[2]
Detector-Level N Detector-Level NJ.ets
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JHEP 07 (2023) 219 CMS Uncertainty Ranking

—e— Fit constraint (obs.) —— +10 impact (obs.) —— -10 impact (obs.) CMS
Fit constraint (exp.) +10 impact (exp.) -1o impact (exp.) Supplementary
Cross section normalization of ttH I I I I ® : I
Cross section normalization of ttvV '—-O—-' H—'—'
Cross section normalization of VVV '—‘—.—‘—' "‘—'_'
ttw scale : 3
Luminosity (correlated) : -—h—- -——-
PDF shape for ttwW 5 l—o—- -——-
FSR scale for ttw — -——-
ttW color reconnection —— -——e—-
Nonprompt-lepton background (muon py) ——— -—-—-
Normalization of conversions _— -—-
Luminosity (2017) —_—— l_l
L1 inefficiency -—o—- -—-
ISR scale for ttwW : D o———— -—-—-
WZ normalization —— ——-
Luminosity (2016) —_—————i -—-—-
ZZ normalization . -—-
b tagging efficiency (light flavor, 2018) — i -—-
b tagging efficiency (heavy flavor, correlated) '—0—' '—-—'
ttZ normalization IO* -——-—-
Nonprompt-lepton background (systematic) : ll—o—- 1 : : : -—-—-
2 A 0 1 2 -0.02 0 0.02
~ ~
(6-6,)/46 Au
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ATLAS-CONF-2023-019

ATLAS Uncertainty Breakdown

e rel
Sy %] | Sl %) | SHER%] | S 1%
ttW ME and PS modelling 6.0 7.0 6.0 8.0
Prompt lepton bkg. norm. 2.6 2.5 1.6 2.2
Lepton isolation BDT 2.3 2.3 1.0 1,2
Fakes/V'V /ttZ norm. (free-floated) 2.3 2.7 1.8 2.5
Non-prompt lepton bkg. modelling 1.9 1L 2.3 3.1
Trigger 1.9 1.8 0.5 0.7
MC statistics 1.5 1.6 1.9 2.5
ttW PDF 1.5 1.4 2.1 2.8
Jet energy scale 1.4 1:0 0.8 I:1
Prompt lepton bkg. modelling 1.3 1.3 1.3 1.9
Luminosity 1.0 1.0 0.08 0.13
Charge Mis-ID 0.7 0.7 04 0.5
Jet energy resolution 0.5 0.6 0.7 0.31
Flavour tagging 0.28 0.33 0.5 1,0
ttW Scale 0.21 0.9 1.4 1.9
Electron/photon reco. 0.15 0.2 0.12 0.3
MET <0.10 <0.10 0.17 0.4
Muon <0.10 <0.10 <0.10 04
Pile-up <0.10 0.25 <0.10 0.3
Total syst. 8 10 8 10
Data statistics ) ) 10 16
Total 9 11 13 19
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JHEP 07 (2023) 219 CMS Charge Split

Ob bl M SM prediction
servable easurement NLO +NNLL NLO + FxFx
Tiew 868 -+ 40 (stat) = 51 (syst) fb 592 T>° (theo) fb 722 T74 (theo) fb
T+ 553 4 30 (stat) £ 30 (syst) fb 384 133 (theo)fb 475 125 (theo) fb
Titw— 343 + 26 (stat) =25 (syst) fb 198 135 (theo) fb 247 732 (theo) fb
Cawt /Ow—  1.61 £0.15(stat) 107 (syst)  1.94 7037 (theo)  1.92 7037 (theo)
CMS 138 fb' (13 TeV)
_I 8 : T T T T I T T T T I T T T T I T T T T :
c y - // — Observed ]
Q F ¥/ JHEP 11 (2021) 029 ]
AN 6 i
| n B 6s8% cL .
5F B o5 cL =
4F E
3F —
2 —
1= / —
O - |/| 1 1 | 1 1 1 1 | 1 1 1 1 -
1 1.5 2 2.5 3 3.0

ofw* / Ofw”
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Leptonic Charge Asymmetry

Other results that include charge-asymmetry measurements:

ATLAS+CMS Run 1 combination: JHEP 04 (2018) 033

CMS Run 2 boosted top-antiquark: 2208.02751 (accepted by PLB)
CMS Run 2 top-antiquark (partial dataset): JHEP 02 (2019) 149
ATLAS, top-antiquark: JHEP 08 (2023) 077

ATLAS, tty: Phys. Lett. B 843 (2023) 137848
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ATLAS-CONF-2023-019

Differential Cross-section Variables

Variable

Definition

]Vjets
HT,jets
HT,lep

AIklb7 lead

|Ady, ss|

|Any, ss|
j\4jj lead

Number of selected jets with pp > 25 GeV and |n| < 2.5

Scalar sum of the transverse momenta of selected jets with pp > 25 GeV and || < 2.5
Scalar sum of the transverse momenta of selected leptons

Angular distance between the leading lepton and the leading b-tagged jet

Absolute azimuthal separation between the two leptons of the same-sign pair
Absolute pseudo-rapidity separation between the two leptons of the same-sign pair
Invariant mass of the two leading jets with pp > 25 GeV and || < 2.5
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Differential Measurement, p-values
Observable | NDF | Sherpa 2.2.10 | MG5aMC+Py8 FxFx | MG5aMC+Py8 Incl. | Powheg+Pythia8 | Powheg+Herwig7
Xz [ p-value Xz I p-value xz I p-value XZ [ p-value xz [ p-value
Niets 5 24 0.79 4.2 0.52 2.8 0.73 2.9 0.72 2.6 0.76
. H jets 5 0.7 0.98 1.1 0.95 0.8 0.98 1.5 0.91 2.0 0.85
2LSS, normalized Hyep 7 | 36| 08 |38 0.80 3.4 0.84 3.4 0.85 3.5 0.84
ARjp, tead 7 2.0 0.96 2.4 0.93 2.6 0.92 2.6 0.92 2.5 0.93
X-SecC |Ady ssl 7 0.6 | 100 | 0.7 1.00 0.9 1.00 0.8 1.00 0.9 1.00
[Any, gs| 6 6.5 0.37 7.3 0.29 11.4 0.08 9.5 0.15 94 0.15
Mji 1ead 6 4.9 0.56 2:7 0.84 7.2 0.30 9.0 0.17 10.9 0.09
Observable | NDF | Sherpa 2.2.10 Off-Shell MG5aMC+Py8 FxFx | MG5aMC+Py8 Incl. | Powheg+Py8 Powheg+HT7
X‘ I p-value | x I p-value Xz I p-value X | p-value X I p-value XA I p-value
Niets 3 0.2 0.98 - - 0.2 0.98 0.3 0.97 1.0 0.80 1.1 0.79
H jots 4 | 14| o084 - - 0.9 0.92 1.9 0.75 24| 066 |33 051
. Hrp ep 5 1.0 0.96 3.4 0.64 1.3 0.94 17 0.88 1.5 0.91 1.4 0.93
3L, normalized ARy, 1ead 5 | 40| 055 | 35| 063 |50 0.42 3.7 0.59 37| 060 | 38| 058
|Ady, ss| 5 27| o075 | 22| o081 |26 0.76 9.9 0.82 24| 079 | 23| 080
X-SecC |Any ss] 5 | 26| 077 |56]| 035 |29 0.72 2.3 0.80 20| 084 | 21| 083
L lend 5 | 01| 1.00 - - 0.2 1.00 0.4 0.99 07| 098 | 10| 096
Observable | NDF | Sherpa 2.2.10 | MG5aMC+Py8 FxFx | MG5aMC+Py8 Incl. Powheg+P8 Powheg+H7
xz | p-value xz | p-value xz I p-value xz p-value xz p-value
Njets 6 3.1 0.79 3.2 0.79 20 0.84 2.3 0.89 2.6 0.86
Hr jets 6 2.7 0.84 2.9 0.82 1.6 0.95 0.9 0.99 1.4 0.96
Hr jep 8 5.3 0.72 5.2 0.74 2.5 0.96 1.9 0.98 2.8 0.94
2LSS’ asymmetry ARy, lead 8 4.1 0.85 4.5 0.81 3.3 0.91 2.9 0.94 3.4 0.91
[Adn, ssl 8 6.7 0.56 7.5 0.49 6.0 0.65 5.8 0.67 6.1 0.64
[Any, ssl 7 4.5 0.72 4.5 0.72 3.3 0.86 3.2 0.86 3.6 0.82
Mi; lead 7 5.3 0.62 5.7 0.58 4.4 0.74 3.5 0.84 4.0 0.78
Observable [ NDF [ Sherpa 2.2.10 | Off-Shell [ MG5aMC+Py8 FxFx [ MG5aMC+Py8 Incl. [ Powheg+Py8 [ Powheg+H7
I X I p-value [ X l p-value | X l p-value l X I p-value l X I p-value l X I p-value
Niots 1 15 | 0.3 = = 1.9 0.76 17 0.78 25 ] 065 | 18| 077
ias 5 2.4 | 0.80 - - 2.6 0.76 2.7 0.74 36 | 061 | 28| 073
Hey ., 6 1.5 0.96 3.1 0.79 1.6 0.96 1.5 0.96 2.0 0.92 1.5 0.96
3L’ asymmetry AR,IT)"_‘ILM 6 1.6 0.95 2.2 0.90 2.6 0.86 2.5 0.87 3.0 | 0.81 2.3 | 0.89
Ay ss| 6 48 | 057 | 50| 055 |54 0.49 5.3 0.50 6.1 | 041 | 54| 050
|Any, ssl 6 25| 08 |36 073 |31 0.79 3.0 0.80 35| 075 |30 o081
M;; 1eaa 6 1.3 0.97 2.2 0.90 1.5 0.96 1.6 0.95 2.3 0.89 1.6 0.95
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