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tt and associated production channels at the LHC

Aug 2023 [CMSPublic/PhysicsResultsCombined] CMS Prehmmary

5.02 TeV CMS measurement (L <302 pb™)
7 TeV CMS measurement (L <5.0 fb™)
8 TeV CMS measurement (L < 19.6 fb™")
5 ; ; . 13 TeV CMS measurement (L <138 fo™)
. . - | @ 13.6 TeV CMS measurement (L<1 o)
5 _'-=n J.;t,(.sa | . - —— Theory prediction
5 2. S 2, 74 s CMS 95%CL limits at 7, 8 and 13 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

It: theoretical status

o tt cross section @ LHC

Heymes, Mitov, Pecjak, Scott, Wang, Yang '18; Catani, Devoto,
razzini, Kallweit, Mazzitelli '19 '20; Kidonakis, Guzzi, Tonero '2

'19; Czakon, Mitov, Poncelet '21]

Zanderighi '20 ’21]

Cascioli, Kallweit, Maierhofer, P
Pellen ’18]

F =

Theoretical uncertainties (|3 TeV)
NNLO QCD : ~ 5-6%
aN3LO QCD+EW : ~ 3%

Jezo, Lindert, Pozzorini '23

[Phys.Rev.D 108 (2023) 5, 054012]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.054012

Recent progress in associated tf + X modelling

~ First NNLO results — ttH, 1t W

Catani, Devoto, Grazzini, Kallweit, Mazzitelli, Savoini 23
Buonocore, Devoto, Grazzini. Kallweit, Mazzitelli, Rottoli, Savoini '23 See also talks by

A. Kulesza and

© NNLL resummation — ttH, ttZ, tt W, tttt M. Grazzini

© Complete NLO — 1y, ttyy, tiW, ttZ ...

[Kulesza, van Beekveld, Motyka, Stebel, Theeuwes, Moreno
Valero; Broggio, Ferroglia, Frederix, Pagani, Pecjak, Tsinikos,
Yang] '17-22

Denner, Pelliccioli ‘21 H
Pagani, Shao, Tsinikos, Zaro ‘21 orders
Denner, Lombardi, Pelliccioli ‘23
Stremmer, Worek '24

Matching,

Shower
< « Precise predictions for inclusive production & hadr
rates
* Impact of subleading perturbative contributions Resohant
at integrated and differential level structures

G. Bevilacqua SM@LHC 2024



Recent progress in associated tf + X modelling

o Matrix element corrections (MEC) to top
decays in MC@NLO based simulations

Frixione, Amoroso, Mrenna ‘23
Frederix, Gellersent, Nasufi ‘24

(N

o Improved resonance-aware matching for
off-shell tf + tW simulations (POWHEG)

* Improving hard-recoil effects in
radiation off top-quarks

Jezo, Lindert, Pozzorini ‘23

N

* Improving description of single-
resonant contributions

» Extending bb4l generator to
semi-leptonic channel

[EurPhys.J.C 83 (2023) 10, 970]  [Eur.Phys.J.C 84 (2024) 4. 410 ]
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https://link.springer.com/article/10.1140/epjc/s10052-023-12154-x
https://link.springer.com/article/10.1140/epjc/s10052-024-12737-2

Recent progress in associated tf + X modelling

(" Fixed-order NLO )

o Off-shell studies — X (X =y, j, W, Wj,Z, H, bb)

[G.B., Hartanto, Kraus, Worek ’'15-‘16] [G.B., Hartanto, Kraus, Weber, Worek '18-'20] [G.B., Bi, Hartanto,

Kraus, Nasufi, Worek '20-'21] [G.B., Bi, Febres Cordero, Hartanto, Kraus, Nasufi, Reina, Worek '22]
[G.B., Bi, Hartanto, Kraus, Lupattelli, Worek ’21-'23] [Hermann, Worek '21] [Hermann, Stremmer, Worek
'22] [BI, Kraus, Reinartz, Worek '23]

[Denner, Pellen "17] [Denner, Lang, Pellen, Uccirati '17] [Denner, Pelliccioli '20-'21] [Denner, Lang, Pellen
‘21] [Denner, Lombardi, Pelliccioli '23]

© On-shell studies (full NWA) — ttjj, ttyy, titt

G.B., Lupattelli, Stremmer, Worek '23
Stremmer, Worek '23

Dimitrakopoulos, Worek '24

Matching,
Shower
& hadr.

v

Resonant
structures
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Recent progress in associated tf + X modelling
| Fixed-order NLO )
o Off-shell studies — X (X =y, j, W, Wj,Z, H, bb)

[G.B., Hartanto, Kraus, Worek ’'15-‘16] [G.B., Hartanto, Kraus, Weber, Worek '18-'20] [G.B., Bi, Hartanto,

Kraus, Nasufi, Worek '20-'21] [G.B., Bi, Febres Cordero, Hartanto, Kraus, Nasufi, Reina, Worek '22]
[G.B., Bi, Hartanto, Kraus, Lupattelli, Worek ’21-'23] [Hermann, Worek '21] [Hermann, Stremmer, Worek
'22] [BI, Kraus, Reinartz, Worek '23]

[Denner, Pellen '17] [Denner, Lang, Pellen, Uccirati '17] [Denner, Pelliccioli '20-'21] [Denner, Lang, Pellen
‘21] [Denner, Lombardi, Pelliccioli '23]

© On-shell studies (full NWA) — ttjj, ttyy, titt

G.B., Lupattelli, Stremmer, Worek '23

Stremmer, Worek '23 Disclaimer
Dimitrakopoulos, Worek '24

A limited selection of results will
be discussed in the following.

Main focus:

Impact of full off-shell effects
Complete NLO corrections

Modelling of resonant structures

G. Bevilacqua SM@LLHC 2024



Offshell in a nutshell

b

~ Simplest example: pp — bbWTW~
“Off-shell”
b b
L W
< ‘\]\]\’W_ o
g SV N - W

“Double resonant” “Non Resonant”

“Off-shell” = DR + SR + NR + interferences)

SM@LHC 2024
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Narrow Width Approximation

) T./m, ~0.008  Ty/my ~ 0.026
© Simplest example: pp = bbWTW~™ — NWA
“Off-shell”

g&f;@;\\b—

“Double resonant”

* “Non Resonant”

(1 tf 9

1 ['t—0 iy 2 2 r
Lim = 0= Gz~ e 000 —m) + OGS

Off-shell effects are suppressed by powers of I',/m, = O(1%) for
sufficiently inclusive observables — not always true differentially

SM@LHC 2024

G. Bevilacqua



Off-shell effects
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GB, Hartanto, Kraus, Weber and Worek

JHEP 03 (2020) 154
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https://link.springer.com/article/10.1007/JHEP03(2020)154

Narrow Width Approximation: tf + tW

© Simplest example: pp - bbWTW~™ — NWA

“Off-shell”

8

g&f;m;\\g

“Double resonant”

(1 tf 9

“ “Non Resonant” ™

I'\/m — 0O

Overlapping t£/tW(b)

N

Diagram Subtraction (DS) <> Diagram Removal (DR)

G. Bevilacqua
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it — tW interference effects

« Semi-leptonic channel

ATLAS Collab., Phys. Rev. Lett. 121 (2018)] -
L ) J . ; + —_—
I 1 I 1 I I | I 1 I 1 I I 1 I 1 I 1 1 I pp é f yf f Vf bb
i e | Data, stat. uncertainty i
_ ok,
1072 = - [ Full uncertainty E 3
- o * Powheg+Pythia8 I"'vivbb . * Full off-shell vs 7z + tW(b) at NLO+PS
S i oy % Pawheg+Pythia8 tt+tW (DR) i
O ¢ Powheg+Pythia8 tt+tW (DS) .
G 10°% * ¥ MG5_aMC+Pytia fstw (OR) 3 Full off-shell models well all regions
E;( - %% 4 MG5_aMC+Pythia8 ti+tW (DR2)
bé i Vi {1 « tt+tW(b) |DR,DS differ numerically
BT|ES 10_4 — “&z —— . .
5 ot E < systematic comparisons
© :* ¢, =T .
- i $7 -
L - ATLAS LA
. (s=13 TeV, 36.1 fb R —
1075 o Fibb+X 4 Model All bins ~ m@inimax > 160 GeV
S B B ] i PownEG-Box i+ (W (DR)  0.71 0.40
2 PowHEG-Box tt + tW (DS) 0.77 0.56
& : R, MG5_aMC 7 + tW (DR) 0.14 0.17
0 ] S ?sgi ............... *} ................ 1) MGSaMCii+W DR) 002 0.08
§ e ANaey 5 g POWHEG-BOX £*v¢~vbb 0.92 0.95
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o
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m‘,}‘?mmax = min{max(mblfl ; mbzt’z), max(mblfzs mbzfl)}
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.152002

Off-shell tt @ NLO QCD + PS

. . "
+  Semi-leptonic channel (‘bbar-s1) qu+STmh—@ @_vq+STmh—DQ
pp — e+ye ]] bb t — Wb and W — qq¢’ decays | NLO+PS LO+PS LO+PS
tWb production NLO+PS LO+PS LO+PS
tt-tW interference NLO+PS - LO+PS
[Jezo, Lindert and Pozzorini, JHEP10 (2023) 008] off-shell effects NLO+PS ApPProx. aApProx.
non-resonant contributions NLO+PS — .
Comparison against on-shell 17 + tW generators — integrated level
inclusive phase space eTv.bbj7 fiducial phase space
E=05 E=0.2 * Impact of tW
o[ph] 2 | o[ph] I— | o[pb] NLOPS contribution: ~ 5 %
Tbba1—s1 Obba1—s1 Tbba1—s1
bb4l-sl NLOPS | 57.56(2) 1 16.30(1) 1 14.639(9) 1
bb4l-s1 LHE 57.56(2) 1 16.33(1) | 1.002 | 17.17(1) | 1.173
hvq NLOPS | 54.340(9) 0.944 ) 15.910(6) | 0.976 | 14.244(6) | 0.973
STutcn-DS NLOPS | 2.5194(3) 0.044 0.4877(2) | 0.030 |0.4232(2) | 0.029
STutcn-DR NLOPS | 2.5524(3) 0.044 0.5249(2) | 0.032 | 0.4683(2) | 0.032
hvq + STeten-DS | NLOPS | 56.859(8) 0.988 16.398(6) | 1.006 | 14.667(6) | 1.002
hvq + STuten-DR | NLOPS | 56.892(8) 0.988 16.475(6) | 1.011 | 14.780(6) | 1.010

G. Bevilacqua
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https://link.springer.com/article/10.1007/JHEP10(2023)008

Off-shell tt @ NLO QCD + PS

« Semi-leptonic channel ( bb41—sD qu+STmh—@ @_vq+STmh—DQ
pp — e+ye ]] bb t - Wband W — ¢¢ decays | NLO+PS LO+PS LO+PS
tWb production NLO+PS LO+PS LO+PS
tt-tW interference NLO+PS - LO+PS
[Jezo, Lindert and Pozzorini, JHEP10 (2023) 008] off-shell effects NLO+PS ApPProx. aApProx.
non-resonant contributions NLO+PS — .

Comparison against on-shell 17 + tW generators — integrated level

inclusive phase space eTv.bbj7 fiducial phase space
R=0.5 /=02 * Impact of tW
o[pb] —NLOPS o[pb] —~rtoss | OPb] B contribution: ~ 5%
NGRS LTS NEOPS
bb4l-s1 NLOPS | 57.56(2) 1 1630(1) | 1 |14.6399)| 1 i
bbal-s1 LHE | 57.56(2) 1 16.33(1) | 1.002 | 17.170) | 1173 | ¢ Small iz -1W
hva NLOPS | 54.340(9) | 0.944 | 15.910(6) | 0.976 | 14.244(6)| 0.973 interference
SType-DS NLOPS | 2.5194(3) | 0.044 )| 0.4877(2) | 0.030 |0.4232(2) | 0.029
STyecn-DR NLOPS | 2.5524(3) | 0.044 )] 0.5249(2) | 0.032 | 0.4683(2) | 0.032
hvq+ STween-DS | NLOPS | 56.859(8) |  0.988 | 16.398(6) | 1.006 | 14.667(6) | 1.002
hvq+ STween-DR | NLOPS | 56.892(8) |  0.988 | 16.475(6) | 1.011 | 14.780(6) | 1.010

G. Bevilacqua SM@LHC 2024


https://link.springer.com/article/10.1007/JHEP10(2023)008

Off-shell tt @ NLO QCD + PS

: : -
+  Semi-leptonic channel (‘bbar-s1) qu+STmh—@ @_\rq+STmh—DQ
pp — e+ye ]] bb t — Wb and W — qq¢’ decays | NLO+PS LO+PS LO+PS
tWb production NLO+PS LO+PS LO+PS
tt-tW interference NLO+PS — LO+PS
[Jezo, Lindert and Pozzorini, JHEP10 (2023) 008] off-shell effects NLO+PS ApPProx. aApProx.
non-resonant contributions NLO+PS — -
Comparison against on-shell 17 + tW generators — integrated level
inclusive phase space eTv.bbj7 fiducial phase space
E=05 E=0.2 * Impact of tW
o[pb] LOPS o[pb] <ioss | olpbl OB contribution: ~ 5%
Opba1—s1 Tpba1—s1 Tbba1—s1
bb4l-sl NLOPS | 57.56(2) 1 16.30(1) 1 14.639(9) 1 _
bba1-s1 LHE | 57.56(2) 1 16.33(1) | 1002 | 17.17(1) | 1173 | - Smallif-1W
hva NLOPS | 54.340(9) | 0.944 | 15.910(6) | 0.976 | 14.244(6)| 0.973 interference
wtcn—D NLOPS | 2.5194(3 0.044 0.4877(2 0.030 | 0.4232(2 0.029 —
Pleeen™D 51943) 2) 2) * tt + tW accurate
ST,ecn-DR NLOPS | 2.5524(3) | 0.044 | 0.5249(2) | 0.032 | 0.4683(2) | 0.032 st~ 19
hvq + STwten-DS | NLOPS | 56.859(8 0.988 16.398(6 1.006 | 14.667(6 1.002 )
- ’ ®) ] (6) ©) < using MEC
hvq + STuecn-DR | NLOPS | 56.802(8) | 0.988 i 16.475(6) | 1.011 | 14.780(6) | 1.010

G. Bevilacqua
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https://link.springer.com/article/10.1007/JHEP10(2023)008

Off-shell tt @ NLO QCD + PS

« Semi-leptonic channel [Jezo, Lindert and Pozzorini, JHEP10 (2023) 008]
pp — e*v, jjbb

Comparison against on-shell 17 + tW generators — differential level

M
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https://link.springer.com/article/10.1007/JHEP10(2023)008

Off-shell tt @ NLO QCD + PS

[Jezo, Lindert and Pozzorini, JHEP10 (2023) 008]

* Inverse-width expansion

< removes “spurious” terms O(a,)

+ O(a,) effects numerically larger than tW:

& Obb4l-sl 1.074

0)
hvq+ST no 1/T's expansion

I I
NLO r,NLO NLO rl (0)
exp — —
dogwa " = < H T donwa Z T Ao\ wa
rex 10 ] ez 10 ]
I I
NLO r,NLO NLO Z rl ()
CXP —_ —
do g e = ( H T A0yt shell T do g el
re# r,0 i ez 10 ]
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https://link.springer.com/article/10.1007/JHEP10(2023)008

Off-shell ttbb @ NLO QCD

« Di-lepton channel [GB, Bi, Hartanto, Kraus, Lupattelli and Worek, Phys. Rev. D (107) 2023]
pp — eV u"v,bbbb

NWAfull

Full off-shell vs NWA (double res.)
Modelling oNLO [fb]  Sscate [fD] Gﬁ;cz:ﬂl -1
Off-shell 13.22(2)  T300 B +0.5%
NWA 13.16(1) 1505 o) —
NWALOdec 13.22(1) 37 Go)  +0.5%
NWA 1o 13.011) 55 oy —11%

NWAprod, exp 12.25(1) fgigg gggg —6.9%

NWAprod,Lodec  13.11(1) 576 03] —0.4%

(

NWA predictions based on different
accuracies in top decay modelling

G. Bevilacqua SM@LHC 2024


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014028

Off-shell ttbb @ NLO QCD

[GB, Bi, Hartanto, Kraus, Lupattelli and Worek, Phys. Rev. D (107) 2023]

« Di-lepton channel

pp — eTu,u _DﬂbEbB

Full off-shell vs NWA (double res.)

NWAfull

oNLO

Modelling oNLO [fb]  Sscate [fD] NG 1
" Off-shell 13.22(2) | T306 oy} +0.5%
 NWAgu 13.16(1) | s gggg _

NWALOdec 13.22(1) 3T G0 +0.5%

NWA 1o 13.01(1) 135 ey —11%

NWAprod,exp ~ 1225(1) 1550 03] —6.9%

NWAprod,Lodec  13.11(1) 7576 0200 —0.4%

«  Genuine off-shell effects:

+0.5 %

G. Bevilacqua

SM@LHC 2024


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014028

Off-shell ttbb @ NLO QCD

[GB, Bi, Hartanto, Kraus, Lupattelli and Worek, Phys. Rev. D (107) 2023]

Di-lepton channel

pp — eTu,u _DﬂbBbB

Full off-shell vs NWA (double res.)

oNLO

Modelling oNLO [fb]  Sscate [fD] NG 1
Off-shell 13.22(2)  T300 B +0.5%
NWA 13.16(1) 1305 o) —
NWALOdec 13.22(1) 3T G0 +0.5%
NWA 1o 13.01(1) 135 ey —11%
(NWAproq,ep  12:25(1) ) T550 o) —6.9%
((NWAproq,Lodee 13.11(1) ) e as) —0-4%

* Impact of QCD corrections to
decays: —7 %

G. Bevilacqua
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014028

Off-shell ttbb @ NLO QCD

« Di-lepton channel [GB, Bi, Hartanto, Kraus, Lupattelli and Worek, Phys. Rev. D (107) 2023]
pp — eV u"v,bbbb

NWAfull

Full off-shell vs NWA (double res.)

Modelling oNLO [fb]  Sscate [fD] Gﬁ;cz:ﬂl -1
Off-shell 13.22(2)  T300 B +0.5%
( NWAg 13.16(1) ) *505 Gos) -
NWALodec 13.22(1) 3T G0 +0.5%
(NWAproa 13.01(1) ) 350 sy —1-1%

NWAprod, exp 12.25(1) tg:gg gggg —6.9%

NWAprod Lodee  1311(1) 7558 050 —0.4%

+ Impact of t = Wbbb decays:
+1%

G. Bevilacqua SM@LHC 2024


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014028

Off-shell ttbb @ NLO QCD

« Di-lepton channel [GB, Bi, Hartanto, Kraus, Lupattelli and Worek, Phys. Rev. D (107) 2023]
pp — eV u"v,bbbb

Off-shell effects at sub-percent level for most observables used for precision SM studies
Threshold observables (interesting for searches) are naturally more sensitive

10"

—  off-shell a1 —  off-shell - - SR _
—— NWAg 10 NWAi - - NR
- 1071 e - - NWALodee =
(D) ~ .
O -3
2 . < 10 !
e ].0 3 E - _| ,,,,,,,,
- - Fa
- = 10—') L, | =,
-3 ~ s
Iy ~ | b o -
S) B I -1 -
= _ = -7 | - -
1074 ¢ 10 !
LHC;3 NLO I LHC,3 NLO
|
].0_5 ' : : - : ' ' 1()—9 i
= 2.0 i 2.0
% 7 _ | 90%
S 10 510 Z
Z 0.0 ' - - - - - ' Z. 0.0 et —
0 100 200 300 400 500 600 700 800 (0 100 200 300 400 500 600 700
pT(bl) [GCV] .‘[‘1'2(” [G(‘\'I
Mry(t) = min  |max{ Mr (pr(e* X,),pr(v1)), Mr (pr (1~ Xz), pr (v2))}]

Vi__ miss
Zi Pr =P;

G. Bevilacqua SM@LHC 2024


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014028

Off-shell ttZ @ complete NLO

Multi-lepton channel [Denner, Lombardi and Pelliccioli, JHEPQ9 (2023) 072]
pp — e v u v, 7Tt bb
LO, LO, LO,
4 A O(a’a®) O(a,a’) O(a®)
oo = 108.756(5)734>% ab

23.7%

S N AN
\_ Y,

O(a’a®) O(a’a’) O(a,a®) O(a®)

NLO, NLO, NLO; NLO,

Ratio to LO; — —

(o) — U.

» Subleading effects (NLO, ;5 4) of the order of |7% at integrated level

+ NLO, impacts up to -10% differentially — EW Sudakov logs at work

See also talks by S. Schumann and A. Kulesza
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https://link.springer.com/article/10.1007/JHEP09(2023)072

On-shell tt + ny @ complete NLO

. Di Iepton channel (Full NWA) [Stremmer and Worek, arXiv:2403.03796 [hep-ph]]
pp = e v u"0,bby(y)
LO, LO, LO,
@(aSZ(I4+n) @(asa5+n) @(a6+n)
/ EW\ / EW\ / EW\
@(a3a4+n) @(a2a5+n) @((X a6+n) 7+n)
Ratio to LO; : NLO, NLO, NLO, NLO,
(Y — V. (0 . (o) . 0
0 - 1. (0 . (Y — V. (0

* Dominant NLO, correction essential for precise predictions
< residual scale uncertaities ~ 6%

» Subleading effects (NLO, 3 4) at the level of 1%
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https://inspirehep.net/literature/2765813

On-shell tt + ny @ complete NLO

pp = e+1/e,u_Dﬂbb}/(;/) (Full NWA) [Stremmer and Worek, arXiv:2403.03796 [hep-ph]]
10°] 3 — NLO
b LO ¢ NLOqcp 10771 t LO ¢ QCD
- { NLO § NLOpq = f NLO 4§ NLOpq
(%5 10! NNPDF3.1 o= Ep/4 C NNPDF3.1 i = my
o £ 104
= 102 £
£ S
o) =
= S
5 103 5 1077
pp = tty + X pp = ttyy + X

1.2 1.10

1.1} 1.05¢
2 \ 2

0.9¢ | : 0.95 ‘

0.8 ' - - - - 0.90 -
S } LO2 } LO3 } NLO; § NLO3 } NLO, S }LO; } LO3 § NLOy § NLO3; § NLO,
S 0.00 5% 2 0N * S
8 S -10%
& _0.05 \ g

0 100 200 300 4 500 0 100 200 300 500 00
PTy, [GeV] PT v [GGV]

- NLO, enhanced up to -10% in tails of dimensionful observables

+ Neglecting y brehmstralung and subleading corrections in decays ( = NLO,,; )
is accurate at 2%
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https://inspirehep.net/literature/2765813

On-shell ttjj @ NLO QCD

- What’s the impact of different resonant contributions on fiducial cross section!?

S | 17 (7 TeV, semilept) — onio = 323 (Prod) 40.5 (Dec) = 288 fb

-25% of oy o [Melnikov, Scharf, Schulze '12]
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On-shell ttjj @ NLO QCD

« Di-lepton channel (Full NWA) [GB, Lupattelli, Stremmer and Worek

Phys. Rev. D (107) 2023, 114027]

pp = e U u0,bbjj

AR(jb) > 08| — ono = 1462 (Prod)+0.2(Dec) = 1225 fb

AR(jb) > 0.4] = oo = 1662 (Prod) + 2.4 (Dec) = 1460 fb

-14% of ox; o

1.75¢
{ LO ¢ Ful ¢ Mix
4001 el . {  NLO 1.50} AR(jb) > 0.8 ¢ Prod. ¢ Decay
_I—I—'—T— NNPDF3.1 l NNPDF3.1 o= Hr/2
= ; = Hrp/2 ,
% 300| L[ | po = Hr/ R R S R s et
< —\___,_,—'_'_'_l_ ----------------
2 1.00
< = =
< 200} | | | o T
= * S oo AR(jb) > 0.4
l T=
100} | 2
s : 2L
‘ g 00 Relative contribution of
1.70 0.25! Prod & Mix at differential level
Q L35 b = '
S 1.00 "
3 T
Z. (.65} » | < « 005 L —— e B
0-3% 1 2 3 4 5 0 i 2 3 4 5
ARjj, AR;,
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114027

On-shell ttitr @ NLO QCD

47 channel (Full NWA) [Dimitrakopoulos and Worek, arXiv:2401.10678 [hep-ph]]
g OOyt 9 L 9O ———t g t pot ———
A _ _ I t _ scale uncertainties
—— t t @ PDF uncertainties
G t “my<£ >m§t
95000 et 9 [ 90000 e————1 G [ MSHT20- e — —s
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\_ J
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'_'2: 103 : oNLo [ab]
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Residual scale uncertainties:
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O(20%)
g 2.0 A
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I1o = Impact of QCD corrections to decays:
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https://arxiv.org/abs/2401.10678

© Precision tf + X phenomenology sets a number of theoretical challenges

Perturbative accuracy * Decay modelling * PS matching & modelling

o Many interesting developments in recent times

Accurate predictions for inclusive ¢f production rates (aN°LO)
First NNLO QCD results for ttH and tt W

Soft-gluon resummation for several ¢f + X channels

Full off-shell calculations, in some cases with complete NLO corrections

Improvements in PS matching: resonance-aware, MEC ...

o Off-shell computations for multi-leg processes are CPU intensive
Most of them are NLO fixed-order results — parton level

Upgrading to NLO+PS accuracy is computational rather than conceptual problem

Thank you for your attention

G. Bevilacqua SM@LHC 2024




Backup slides
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Single-resonant production (tW)

~ Beyond LO: overlapping 1t < tW(b) Fe/m, = 0

g A:‘th
o

(Azt)

- Diagram Subtraction — DS

: , 2 _ 2
. Diagram Removal — DRy 1 |Ayylpg, = Ay

DR, : |Aw, ng= Ay >+ 2Re(A, AX)

SM@LHC 2024
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Technical aspects of off-shell calculations

One-loop correction type Number of Feynman diagrams . + — 7/
Example: gg — e"v,u™ 0,bbbb
Self-energy 93452
Vertex 88164
Box-type 49000
Pentagon-type 95876 Partonic N umbe.r of Numl.)cr of Number o.f
Subprocess Feynman diagrams CS Dipoles NS Subtractions
Hexagon-type 11372
— etw, u~i7, bb bb 41364 90 18
Heptagon-type 3328 99 7€ Vet Vi B _)'q Q
qq — et ve ", bbbb g 9576 50 10
Octagon-type 336 o
I A 9q = e v =i, bbbbg 9576 50 10
@l number - [gg channel] 271528 ) 93 — €T ve =, bbb 0576 50 10
e ———

S s TS
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On-shell ttyy @ NLO QCD

* Interplay of resonant contributions: [Stremmer and Worek, JHEPQ8 (2023) 179]

Di-lepton —  on o = 0.07130 (Prod) +0,02863 (Dec) = 0.1773 fb
44 % of on1
Semi-leptonic — oy o = 0.1405 (Prod) + 0.03629 (Dec) = 0.2973 fb
40 % of onp
1072 4 Full 4 Mixed ¢ Full ¢ Mixed
{ Prod. ¥ Decay _a| e/ ¢ Prod. ¥ Decay
< 10 E_E:ZCH | NNPDF31 i = Br/4 _ 1075 TS, NNPDF3L po— Er/d
S w0 =
§ § 10-7
% 10_8 5
~ 10~

10~ di-lepton semi-leptonic

10 .....
S
Qo‘;é 0.5
0.0 0.0
0 100 200 300 400 500 600 0 100 200 300 400 500 600

PTm, [GeV] PTs, [GeV]
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