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e Rare process at LHC 10% g 1 —iiz
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e Charge asymmetries already at LO . o / — W
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Background process to ttH and ttit srak ;
Irreducible background to same-sign dilepton 28 1 - [f:V] L
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searches Report of the Topical Group on Top quark physics and heavy flavor

: : — duction for S 2021
Leading order only includes ¢¢’ initial states production for Snowmass

gq channels open up at NLO and ggat NNLO

[gg can be accessed in NLO W calculation]
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Theory status
e Soft-gluon resummation

Stable tops matched to parton shower 1000 . , , ;
Cordero, Kraus, Reina ‘21 —e—i o =M/2  o(pp = ttW + X)[fb]
900 | =2 _
NLO QCD and EW for stable tops T —e—t o= Q/2 VS =13 TeV
Frixione, Hirschi, Pagani, Shao, Zaro “15 /Frederix, Pagani, Zaro ‘17 800 e iy |

T —e— o =Q

NLO QCD with off-shell effects

Bevilacqua, Bi, Hartanto, Kraus, Worek ‘20 / Denner, Pelliccioli ‘20
NLO QCD and EW corrections with subleading contributions 600 ]
with off-shell effects ]

Ansgar Denner, Giovanni Pelliccioli ‘21/ Bevilacqua, Bi, Cordero,
Hartanto, Kraus, Nasufi, Reina, Worek ‘21

FxFx jet merging up to two jets with EW corrections and
subleading contributions
Frederix, Tsinikos ‘21

ttWj at NLO QCD with off-shell effects Kulesza, Motyka, Schwartidnder, Stebel,
Bi. Kraus, Reinartz, Worek 23 18 ‘20 / Broggio, Ferroglia, Frederix, Pagani,

. Pecjak, Tsinikos ‘19
Approximate NNLO QCD
Buonocore, Devoto, Grazzini, Kallweit, Mazzitelli, Rottoli, Savoini ‘23
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https://arxiv.org/abs/2101.11808
https://arxiv.org/abs/1504.03446
https://arxiv.org/abs/1711.02116
https://arxiv.org/abs/2005.09427
https://arxiv.org/abs/2007.12089
https://arxiv.org/abs/2102.03246
https://arxiv.org/abs/2109.15181
https://arxiv.org/abs/2109.15181
https://arxiv.org/abs/2108.07826
https://arxiv.org/abs/2305.03802
https://arxiv.org/abs/2306.16311
https://arxiv.org/abs/2001.03031
https://arxiv.org/abs/1812.08622
https://arxiv.org/abs/2001.03031
https://arxiv.org/abs/1907.04343
https://arxiv.org/abs/1907.04343

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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https://arxiv.org/abs/hep-ph/0609017
https://arxiv.org/abs/1310.7439

K =22
Setup of the calculation
pp = et vep v, T b + X
e LHCwith /s =13TeV
e Diagonal CKM matrix
e 5-flavour scheme
e Top-width is a fixed parameter throughout the calculation T'}t@..; = 1.33254 GeV
e Full off-shell calculation = + SR + NR + interference + Breit-Wigner propagators
Single-resonant Non-resonant

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


https://arxiv.org/abs/2305.03802
https://arxiv.org/abs/2003.00896

K =22
Setup of the calculation
pp — e v v, T bbb + X
anti- kr 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
3scale cholces: g —pp=pp =" Hr=pr(e) +pr(r) +pr(u7) + pF™ + pr(va) + pr(b2) + pr(in)
Er =
Ho = iR = pF = — Er = \/m} + pa(t) + \/m} + p2() + \/m¥y, + p3(W) + pr(i1)
mw _
1o = HR = pF =My + % Q= |M(t) — mu| + |M(t) — me| + [M(W) — mw|

L4 PDF sets: NNPDF3.1 NNPDF Collaboration 17, CT18 CTEQ-TEA collaboration ‘19, MSHT20 Bailey, Cridge, Harland-Lang,
Martin, Thorne ‘20


https://arxiv.org/abs/0802.1189
https://arxiv.org/abs/1706.00428
https://arxiv.org/abs/1912.10053
https://arxiv.org/abs/2012.04684
https://arxiv.org/abs/2012.04684
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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


https://arxiv.org/abs/2305.03802
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Fiducial cross-section: Uncertainties
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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
Size of K-factors changes slightly
= driven by LO predictions

Results under great theoretical control!
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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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Mo = H7/2, NNPDF3.1
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e Constant differential K-factor at
about 20%

e Uncertainty reduced by factor 4 to
10%
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e Hardest b-jet and light jet are mostly produced back-to-back
e 2nd b-jet peak is smeared out
e Consistent with observation that light jet is emitted in production in 90% of cases

Q= |M()—mu|+ |ME) — me| + |M(W) — mw]| 12
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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+j ttW+ tw+ ttW+j
af-_f,w/3 [ab] oy 7 [ab] O'%M;?) [ab] ok 7 [ab] affl‘ﬁmw s lab] o +n,]LW /o [ab]
+24% +38% +23% +37% +24% +41%
Lo e 1sstiE 19s7t2E 1989 t0T) 20267 0 14104510
+2.8% +1.4% +4.6% +3.7% +4.5% + 0.3%
NUP: TEAGTTEe wegtld: waghlY 1gowiile magitie | magilie

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

e For experiments additional jet activity affects reconstruction

14
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Additional jet activity in ttW
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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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Difference is up to 24%
Overall shape distortion up to 36%
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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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Exclusive samples for ttWij

(uronr) Oty (Nj=1) [ab]  ofgr? (N; =2) [ab] o), (Nj > 1) [ab]

(10, 110) 78.6 T13% G 7 14287 54
(hR.pur) 0ot I (N;=1) [ab]  dolp, (N; =2) [ab]  doft . (N; > 1) [ab]
(20, 210) +9.9 (+13%) —21.4 (—34%) —11.5(—8.1%)

(o/2, po/2) —37.4 (—48%) +35.7 (+56%) —1.6 (—1.1%)

(210, o) +9.0 (+11%) —18.0 (—28%) —9.0(—6.3%)
(110/2, f10) —28.7(—37%) +27.8 (+44%) —0.9(—0.6%)
(k05 210) +3.5 (+4.5%) —4.8(=7.5%) ~1.2(—0.8%)
(1o, 110/2) —3.5(—4.5%) +5.5 (+8.6%) +2.0 (+1.4%)

Bi, Kraus, Reinartz, Worek ‘23
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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 More than half ttW events are in association with a light jet

e Large shape distortion due to additional jet on differential level

Outlook

e Combine our ttW and ttWj results into a merged sample

1L
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Thanks 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



T B | NIERSTY
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: Dependence on scales
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Backup: Differential distributions
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Backup: Exclusive samples in ttW

(nr,up)  ofl (N =0) [ab]  ofTo(N; =1) [ab] o5 (N; > 0) [ab]

+5.0%
9464 T50%

(nRr,pp) 8055 (Nj = 0) [ab] - d0ffV5(Nj = 1) [ab] 0}V, (N; > 0) [ab]

(110, 110) 104.6 720% 141,95

(2u0, 2410) +21.1 (+20%) —38.4(—27%) ~17.2(=7.0%)
(o/2, po/2) —45.7 (—44%) +58.1 (+41%) +12.4 (+5.0%)
(210, 10) +19.1 (+18%) —32.3 (—23%) ~13.2(—5.3%)
(10/2, 1o) —40.0 (—38%) +46.6 (+33%) +6.6 (+2.7%)
(10, 210) +4.1(+3.9%) —7.8(—5.5%) —3.8(—=1.5%)
(10, 110/2) —3.1(—2.9%) +8.7 (+6.1%) +5.6 (+2.3%)
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