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The landscape of 17 + X SLAE

Top Quark Production Cross Section Measurements ATL-PHYS-PUB-2022-031
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— Need to pin down Niets, Npets in tTW* production
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https://cds.cern.ch/record/2693930

ttW as a BSM test bed - EW eftfects

Even though W is not fully understood, can use it to probe BSM physics

tW — tW scattering accessible via pp — ttWj

— complementary sensitivity to t — Z and t — H couplings

68. 95% CL

~5-10% of total tt W cross section

_, 195 b7
-2 - —1 ‘ 0
1511.036/4 .
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https://arxiv.org/abs/1511.03674

ttW as a BSM test bed - QCD eftects Si

Even though W is not fully understood, can use it to probe BSM physics

L e q t g t
Top quark rapidity asymmetry
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Asymmetry masked by large gg — ff contribution at LHC

— Enhanced asymmetry with W= ISR!
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https://arxiv.org/abs/1406.3262
https://arxiv.org/abs/1207.0331

Search for leptonic CA in ttW by ATLAS SLAC
+ Manifests in leptonic charge asymmetr
U 4 ATLAS-CONF-2022-062
N(A¢ > 0) — N(A¢ < 0)
7 _ y Y Af — = )
A NAY > 0)+ N(AL < 0) 7 el = 1| 0
+ Select events with 3 leptons, 2Q £ 1, > 1b 7
_ t
e Small fraction of total decays ttW (~1%) \ il U
e Use BDT to associate lepton to top quark s ~ 1 ]~
t
+ Define CR to constrain dominant backgrounds A >
o 11/, ttH; take leptons (HF, y-conversions) .
W+ b
+ Extract AZ at detector-level, use profile likelihood /WM\\
. . . v . q v
unfolding to get fiducial A” at particle level
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-062/

Top assignment from with BDT
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Control regions
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Particle-level unfolding

+ Fiducial region slightly looser than detector-level + Profile likelihood untfolding, no regularization
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Results SLAL

Detector-level

. o Pre-fit impact on AL: AAL x 107
+ Leading uncertainties come from 0=0ra0 | 0=040 6 4 2 0 2 4 &
. . . Post-fit impact on AL: ATLAS Preliminar
A A ~A A y
deCorre‘atlﬂg baCkgrOUﬂd NF 1N An bIﬂS .6=€)+A9 0 = B-AD (s = 13 TeV. 139 fb"

e Modeling uncertainties for ttW, ttZ

Detector-level Af(tlTW) — _O 123 T O 136 (Stat ) + O 051 (SYSt ) T E+k>s (FxFx) |

v (SR-2b- IowNjet An', bin 0)

Expected AL (tr‘W)Mc ~ _0.084 t%%%g (scale) + 0.006 (MC stat)  +(onscom ar. om0

ttZ PS
Y (SR-2b-IowNjet, AN, bin 0)

o Y (SR-1b-IowNjet, AN, bin 0)
A" (tz‘W)pL = —o 1 12 + o 170 (stat ) + o 055 (syst )
N JER effective NP 3
JER effective NP 2
JER effective NP 9
JER effective NP 4

+ Dominated by statistical uncertainties W PS

ttW scale var. (u )
v (SR-1 b—IowNjet, AN bin 0)

Particle-level

Expected Af(tt_W )Mc = —0.063 +% %%ZL (scale) = 0.004 (MC stat.)

e Trade-off in o - BR for cleaner asymmetry environment

ttZ A14 var.

only gets better in Run Ill and beyond! S T S IR
-2 -15 -1 -05 0 05 1 15 2
(6-6,)/A0
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Summary

+ The 1tW process anomalously large cross section in data in tension with best models
* Spurred many developments in phenomenology community

o Until 1tWis better understood (NNLO calculation), challenging tor ML analyses (e.q. ttH-ML, tttt)

+ ATLAS collaboration pursuing robust program ot measurements of W process

e Presented first search of leptonic charge asymmetry of ##W at the LHC!

+ Ancillary Nz (An~) = 1.59 * 0.40 consistent with ATLAS/CMS measurements

e Difterential cross sections with full Run Il dataset will help resolve tensions

Thanks for your attention!

>
B
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Signal Regions SLAC

+ Lepton selections

e Use single and di-lepton triggers - increase efficiency

e Standard quality requirements (impact parameters, vertex
association, calorimeter coverage, isolation BDT)

Pre-selection

Sherpa signal samples

Ne (E=e/p) =3
py (19/2%/3) 2 30GeV, 2 20GeV, 2 15GeV Nominal: Sherpa 2.2.10 NLO QCD+EW
2. lep. charges +l (+1j@NLO, +2,3,4j@LO) + Sherpa PS
mpoF > 30 GeV
Region-specific requirements Alternate: MG5 aMC@NLO NLO QCD+EW

SR-1b-lowNjers | SR-1b-highNjes | SR-2b-lowNjes | SR-2b-highNie (+1j@NLO, +2j@LO) + Pythia PS w/ FxFx
Nijets 12, 3] > 4 [2,3] > 4
Nb-jets =1 = > 2 > 2
ESS > 50 GeV > 50 GeV _ _
Nz _cand. -0
Tight leptons TTT
e /v ambiguity-cuts all pass
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Control region definitions SLAC
Pre-selection
Ny (£ =e/p) =3
pp (15°/274 /3" > 30GeV, > 20GeV, > 15GeV
Sum of lepton charges 11
myy > 30 GeV
CR-ttZ CR-HF, CR-HF CR-~-conv
gtst/2nd/3xd 0ee (le iy Lle, Lel, ell
Nthb Z -} Z 2 Z 2 Z )
Nb-thb > 2 =1 =1 > 1
Eass - < 50 GeV < 50 GeV < 50 GeV
NZ-cand. =1 =0 =0 =0
Tight leptons TTT TTT TTT TTT
e /v ambiguity-cuts all pass all pass all pass > 1 fail
14
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Svstematics b kd 1 AS
yS eImatiCs DlIea OWn O IMNS
Detector-level Particle-level
. . . . - .
Leading uncertainty is background N AT
asymmetry eStImatlon Experimental uncertainties Experimental uncertainties
Jet energy resolution 0.013 Leptons 0.014
Pile-up 0.007 Jet energy resolution 0.011
+ Additional MC sensitivity in PL due  b-tagging 0.005  Pileup 0.008
. . Leptons 0.004 Jelfli:)ilergy scale 0.004
to response matrix bins pmies 0004  Ei 0.002
Luminosity 0.001
Jet energy scale 0.003 et o taoe 0.001
o o Luminosity 0.001 it bl '
+ Stat|St|Ca‘ UﬂCertalntleS ‘arger due . L. MC modelling uncertainties
MC modelling uncertainties ey .
. . . _ ‘ ttW modelling 0.022
tO blﬂ—tO-blﬂ COrre‘athﬂS tt_W model.hng 0.013 tt Z modelling 0.017
ttZ modelling . 0.010 Non-prompt modelling 0.015
Non-prompt modelling 0.006 Others modelling 0.015
tt H modelling 0.005 W Z/ZZ + jets modelling 0.014
Other uncertainties ttH modelling 0.000
Ani dependency 0.046 Other uncertainties
MC statistical t it 0.019 Unfolding bias 0.011
statistica’ uncertammty ' An¥ dependency 0.039
Data statistical uncertainty 0.136 MC statistical uncertainty 0.027
Total uncertainty 0.145 Response matrix 0.009
Data statistical uncertainty 0.170
Total uncertainty 0.179
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Top quark asymmetry SLAC

+ Same underlying dynamics manitest differently at Tevatron (pp) and LHC (pp)

6 Asymmetry arises from interference
effects at NLO QCD

IIAL‘IIII

do/dy
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q Q
4 i =
0000001 00600601 Aé <0
q Q

3 [
y - (b)
2 [~
f t - ——{TTETETY>—
B v A >66666ﬂ"< Al 0
g 0o 40000990 4——
- (2)  (© (d)
Tetatron -1
—_— e -2 0 2 Effect of (2) is dominant, leading to
Y y overall positive asymmetry at LHC

9802286 2807420
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https://arxiv.org/abs/hep-ph/9802268
https://arxiv.org/abs/hep-ph/9807420

LHCTopWG #f + X Summary SLAL

ATL-PHYS-PUB-2022-030

ATLAS+CMS Prelimina _
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ttW : Phys. Rev. D 99 (2019) 072009
0.87+0.04 * 352 pb 5 —— CMS, L_=138.0 b
| - CMS-PAS-TOP-21-011 *
: 1
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https://cds.cern.ch/record/2812501

Partial Run |l Inclusive Cross Section by ATLAS
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https://arxiv.org/abs/1901.03584

. . 1 A~
Full Run Il Inclusive Cross Section by CMS SLAC
2208.06485 -1
I | I I I | I I I | I I I | I I I | I I I | |13ISIfb| I(T 3I -I-ley) 550 CMS 138 fb (1 3 Tev)
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- CMS + Measurement ]/ EPJC80(20200428 | £ | 4 pestst :
- —— Stat. unc. | JHEP 11 (2021) 29 - % 500 —— JHEP 11 (2021) 029 -
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https://arxiv.org/abs/2208.06485

tt Charge Asymmetry at the LHC SLAC
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