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Experimental status

ATLAS+CMS Preliminary Vs = 13 TeV, November 2023
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Experimental status
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Theory status
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ttWj at NLO QCD with off-shell effects
Bi, Kraus, Reinartz, Worek ‘23

Approximate NNLO QCD + NLO EW
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Soft-gluon resummation
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Setup of the calculation
pp — e, T b + X
Single-resonant Non-resonant

Bi, Kraus, Reinartz, Worek ‘23 Diagrams created with FeynGame
Harlander, Klein, Lipp ‘20

Full off-shell calculation = + SR + NR + interference + Breit-Wigner propagators
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Setup of the calculation

LHC with /3 = 13 TeV

Diagonal CKM matrix

5 flavour scheme

Top-width is a fixed parameter throughout the calculation T} 5@gen = 1.33254 GeV

anti- k, jet algorithm with R = 0.4 Cacciari, Salam, Soyez 08
charge-aware b-jet recombination scheme with exactly 2 b-jets

bg — b, bg — b, bb — ¢, bb — b, bb — b

Inclusive event selection

3 scale choices: Hyp
Mo = R = PF =

Hy = pr(e") + pr(th) + pr(p) + p7*° + pr(by) + pr(b) + pr(i1)

2 ?
po=pn = =8, Bp=/mi 4 03 () + fmt + 03(E) + \fmdy + EOV) + pr(i)
my ~ i
Mo = Hr = g = My + % Q= |M(t)—my|+|M({E)—my| +|MW) —mpy|

PDF sets: NNPDF3.1 NNPDF Collaboration 17, CT18 CTEQ-TEA collaboration ‘19, MSHT?20 Bailey, Cridge, Harland-Lang,
Martin, Thorne ‘20
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Computational framework

Ossola, Papadopoulos, Pittau ‘08

van Hameren, Papadopoulos, Pittau ‘09

CUTTOOLS

Bevilacqua, Czakon, Garzelli, van Hameren,
Kardos, Papadopoulos, Pittau, Worek ‘13

HELAC-1LOOP

HELAC-NLO ONELOOP

van Hameren ‘11

HELAC-DIPOLES

van Hameren ‘10

Czakon, Papadopoulos, Worek "09
Bevilacqua, Czakon, Kubocz, Worek ‘13

e HEPIot for reweighting of scales, PDFs and change to more exclusive cuts
Bevilacqua (unpublished)
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Results are stored in modified Les Houches Event Files aAwaii et a1 '06 and ROOT Ntuples Bern et al. 13
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Fiducial cross-sections
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Bi, Kraus, Reinartz, Worek ‘23

LO results have about 40% scale uncertainty

NLO results have 10% scale uncertainty and 1.2% internal PDF uncertainties
NLO results for different scale choices differ by up to 3%

LO cross-sections differ by about 36%

Differences in K-factor driven by LO result
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Stability

Results could depend on large logarithms
introduced from cuts

e We study dependence on cuts for pr(j1),
pr(b) and pp

e Uncertainties keep similar relative size

e Size of K-factors changes slightly
= driven by LO predictions

[ Results under great theoretical control! ]

Institute for

Theoretical
Particle Physics
and Cosmology

Bi, Kraus, Reinartz, Worek ‘23

PDF  pr(j) o0 ab]  date  oNO [ab] Oscale SppF K
NNEDF 26 i@ ool M98 HRnil N 1%
30 1034 IRTGE 1308 TlGE hoamg 127
35 95 MNSGw 1212 Il i 130
0 ss4 IR0 129 TNIGe Niawm 192
cT 25 11 FiGng W07 TG DG 106
30 192 YpiGwm 1204 TRiGee 5 108
35 1082 orGm 199 TGk Dilmg L1
0 991 TpiGe 1T FitGEe el 113
MSHT 25 1245 TR w20 FROGGH 10k L4
g e ERTE B0 Aok fabn Ui
35 1000 YpiGen 1200 TN GE Driwg 120
0 s NnGw 128 INE Nsaw 12

12


https://arxiv.org/abs/2305.03802

Differential distributions
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e 80% correction in tail outside of uncertainty

e Scale uncertainties are reduced from 40% at LO to
below 18% at NLO

e Shows importance of NLO corrections for ttWj

e Similar observations for Hp
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e Constant differential K-factor at
about 20%

e Uncertainty reduced by factor 4 to
10%
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Differential PDF uncertainties

e Small difference due to PDF set choice
about 2%

e Internal PDF uncertainties go up to 4% level
in the tail for CT18 and 2% for NNPDF3.1

e Both are negligible compared to NLO scale
uncertainties at 18%
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Additional jet activity in ttW
ttW+ ttW+ tw+ ttW+j
J%W/:s [ab] oy 7 [ab] O'%M;?) [ab] ok 7 [ab] affl‘:‘imw s lab] o +n,]LW /o [ab]
+24% +38% +23% +37% +24% +41%
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Bi, Kraus, Reinartz, Worek ‘23

e {ttWj contribution to inclusive NLO ttW sample is 50% - 70% depending on scale choice and
perturbative order

e Additional jet activity needs to be understood already at the integrated level for the ttW process

e NNLO corrections or merged samples should be used instead of NLO ttW

15
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Additional jet activity in ttW
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uf™ = Hyj2, uf™ = Hr/3, NNPDF3.1
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Up to 30% difference in tail

Uncertainties for both processes
similar at 6% - 8%
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Additional jet activity in ttW
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uf = He2, utt™ = Hy/3, NNPDF3.1
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ttW slightly prefers back-to-back
emission of h;and b,

Shape distortion up to 20% with
uncertainties covering 4% - 7%
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Summary

e NLO corrections small on integrated fiducial cross-section level
e Upto 80% NLO corrections in specific phase-space regions

e PDF uncertainties are negligible compared to scale uncertainties
e Contribution of ttWj to ttW is about 50% - 70%

e Large shape distortion due to additional jet on differential level

Outlook

e Improve our off-shell ttW predictions by merging ttW + ttWj at NLO

e Compare different approaches like exclusive sums and MiNLO merging



Thank you for your attention!
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Backup: Cuts and input parameters

e Cuts
pr(€) > 25 GeV ly(£)] < 2.5,
pr(jp) > 25 GeV , ly(e)| < 2.5,
pr(j) > 25 GeV, ly(j)l <25,
ARy > 04, ARy =04 .
ARjg >04, Aij > 04,
AR =04 ARy > 04,
e Input parameters
G, = 1.166378 - 107> GeV ™2, my = 172.5 GeV,
my = 80.379 GeV 0 — 200726V
my = 91.1876 GeV TYL0 = 2.5074GeV .
I} Ot shens = 1.45766 GeV I} 6fehen = 1.33254 GeV

20



Institute for Rm
" Theoretical

Particle Physics

and Cosmology

Backup: Resummation

Kulesza, Motyka, Schwartlénder, Stebel, Theeuwes 20
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Backup: Subprocesses

Leading order:
e 12 subprocesses with 1868 Feynman diagrams each

ud i du — e, [Ta7M Tty bbg, c§ | ¢ — ety TN 7% U bbyg,
gu | ug = e ve v, 7T, bbd, gd | dg — e ve v, T v bW,
gc/cg—etveu v,y bbs, 95/ 39 — e v v, T bbE,

22
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Backup: Subprocesses for real emission
Bi, Kraus, Reinartz, Worek 23
PARTONIC NUMBER OF NUMBER OF NUMBER OF
SUBPROCESS FEYNMAN DIAGRAMS CS DIPOLES NS SUBTRACTIONS
99 — et ve p~ v, T bbgq 16662 36 9
qq' — et vep~ v, T U bbgg 16662 40 10
q9 — etve v, U, bbg'g 16662 36 9
qq' — etvep v, v, bbqq 6240 12 3
qq — eTve u~ v, 7, bbgq’ 6240 8 2
qq' — et ve p~ v, T v, bbbb 6240 16 4
qq' — et ve v, U, B QQ' 3120 8 2
qq — eTve p~ v, T, bb QQ 3120 4 1
qQ' — eTve v, T, bbqQ)’ 3120 8 2
bb — et ve p~ v, 7 vr bb qq’ 6240 12 3
bg — et ve p~ v, TV bDBQ 6240 16 4
bq — et ve v, T bbby 6240 16 4 2
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Backup: Stability
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Backup: Exclusive samples for ttW
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(nr,ur)  ofYs(N;=0) [ab] oV (N; =1) [ab] o}V, (N; 2 0) [ab]
(1o, o) 104.6 720% 141.9741% 246.415-0%
(hR,ur) 605 (N = 0) [ab] 807y (Nj =1) [ab] 6oV (N; > 0) [ab]
(240, 2410) +21.1 (+20%) —38.4 (—27%) —17.2(=7.0%)
(10/2; p0/2) —45.7 (—44%) +58.1 (+41%) +12.4 (+5.0%)
(240, o) +19.1 (+18%) —32.3 (—23%) ~13.2(—5.3%)
(1o/2, o) —40.0 (—38%) +46.6 (+33%) +6.6 (+2.7%)
(110, 2410) +4.1(+3.9%) —7.8(=5.5%) —3.8(—1.5%)
(10, to/2) —3.1(—2.9%) +8.7 (+6.1%) +5.6 (+2.3%)
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Backup: Exclusive samples for ttWj
(uropr) gy (Nj=1) [ab]  ofV /(N =2) [ab] o3y, (N > 1) [ab]
(110, 120) TRt 83. 750 14237 1
— — —

(bR, pr) Oy’ (N;=1) [ab] 6ol (N; =2) [ab]  dole,” (N; > 1) [ab]
(2110, 2410) +9.9 (+13%) —21.4(—34%) —11.5 (—8.1%)

(10/2, 110/2) —37.4 (—48%) +35.7 (+56%) ~1.6 (—1.1%)
(2110, 140) +9.0 (+11%) —18.0 (—28%) —9.0 (—6.3%)
(110/2, o) —28.7(—37%) +27.8 (+44%) —0.9(—0.6%)
(s Zita) +3.5 (+4.5%) —4.8(—17.5%) ~1.2(—0.8%)
(o, p0/2) —3.5 (—4.5%) +5.5 (+8.6%) +2.0 (+1.4%)
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