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Theoretical predictions for ttbb

 NLO QCD calculations with stable top quarks:

(Bredenstein, Denner, Dittmaier, Pozzorini '08,'09,'10 |Bevilacqua, Czakon, Papadopoulos, Pittau,
Worek '09 | Worek '12 | Bevilacqua, Worek “14 [Buccioni, Kallweit, Pozzorini, Zoller '19)

 More realistic studies:
e NLO QCD matched to Parton Shower

(Kardos, Trocsdanyi '14 | Cascioli, Maierhéfer, Moretti, Pozzorini, Siegert '14 | Garzelli, Kardos,
Trocsanyi '15 | Bevilacqua, Garzelli, Kardos ‘17)

* NLO QCD in NWA

(Bevilacqua, Bi, Hartanto, Kraus, Lupattelli, Worek 22)

e NLO QCD with full off-shell effects

(Denner, Lang, Pellen ‘20 | Bevilacqua, Bi, Hartanto, Kraus, Lupattelli, Worek '21)
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SETUP:

e NLO QCD

¢ 5 flavour scheme
e |HC 13 TeV
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Full Off-Shell calculation:

Off-shell t and W described by Breit-Wigner propagators
Double-, single- and non-resonant top contributions
included

All interference effects consistently incorporated at the

matrix element level
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Narrow Width Approximation:

Off-shell t and W described by Breit-Wigner propagators  tand W produced on-shell

Double-, single- and non-resonant top contributions * Factorization of the cross-section in production x decay
included * NLO QCD corrections to both production and decay
All interference effects consistently incorporated at the 1 | S 2 _ 2
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matrix element level
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Results — LO vs NLO

Bevilacqua, Bi, Hartanto, Kraus, Lupattelli, Worek, JHEP 08 (2021) 008
a [fb] +5sca1e [fb] _5scale [fb]

LO  6.813 +4.338(64%) —2.481(36%)
NLO 13.22  +2.65(20%)  —2.96(22%)

* Huge NLO QCD corrections (~94%)

* Reduction of theoretical uncertainty

* Scale dependence main source of theoretical
uncertainty (PDF ~1%)
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Ho = HT/S - LO

do /dpr(by) [fb/GeV]

107

@)
= 3t ]
@)
2 o ]
Z S —
I 1
1
0

0 100 200 300 400 500 600 700 800
pr(by) [CeV] ;



Results — Off-shell effects

10
— off-shell
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Results — Off-shell effects

oNEO [fb] Hlscate [fD]  —dscale [fb]

Off-shell  13.22  42.65(20%) —2.96(22%)
NWApn 1316 4+2.61(20%) —2.93(22%)

Integrated level:

Negligible off-shell effects (~0.5%)
Same theoretical accuracy

Differential level

Negligible off-shell effects for standard observables

Significant off-shell effects in observables with kinematic edges
Large differences between full off-shell and NWA (~66%)
contribution dominant after kinematic edge

do [dMyin(e'b) [fh/GeV]
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b-jet labelling

2 } b-jets from top

\\\\\ b b
= < } b-jets from Higgs ) } prompt b-jets
b

Prompt b-jets represent background to Higgs boson in ttH(bb) - Prescription
to distinguish between b-jets from top and prompt b-jets needed



b-jet labelling

NWA is reference: knowledge of the

Q = [M(t) —my| x |[M(t) —my| x M (bb)
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decay chain — we can distinguish
prompt b-jets and b-jets from top
decays without any reconstruction.
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do JdAR(bb) [fb)

do [dM(bb) [fb/GeV]
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Summary ttbb

* Huge NLO QCD corrections = 94%
 Theoretical Uncertainties = 20%

* Significant off-shell effects observed for observables with kinematic
edges
* b-jet labelling
* Prompt b-jets as a background to Higgs boson in ttH

* Simple prescription to label b-jets as effective as machine learning techniques

Thants you!
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LHC Setup

Input parameters

Gr =1.16638 - 1075 GeV~2, me = 173 GeV ,
mw = 80.351972 GeV , THNFO = 2.0842989 GeV ,
myz = 91.153481 GeV , TYLO = 2.4942664 GeV .
[y _shen = 1.443303 GeV [Pt —shell = 1.3444367445 GeV .
[FRQwa = 1.466332 GeV | INERa = 1.365888 GeV.
Cuts

pr(l) > 20 GeV , ly(l)| < 2.5, pr(b) > 25 GeV, ly(b)] < 2.5,



Comparison theoretical predictions full off-
shell ttbb

do /dpy(ba) [Ib/GeV]
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Predictions for ttbb at NLO

101 : :
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Off-shell 13.22 (2)  +2.65 (20%) —2.96 (22%) +0.5% S
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b-jet labelling

Theoretical approach

Selected history: ¢t — Wby, t — W ™ by - (bb)top = b1bs (bb)pmmpt = b3 by

Selected history: ¢ — W“Lbl? t - W~ bybsby —— {(bb)tol’ = b1be (bb)Prompt — b?b?]

{ ‘@@L ; DISCRIMINATORS

%’7’& . pT,maX(b?}) V ARmin(bz’bj)

%

Identifies the b from antitop Identifies the prompt b-pair




