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— focussing on dilepton version of [bb4(], i.e. bbl—¢'*Dyuy final state

e comparison of bb4¢ ATLAS nominal sample to tt + tW MC ATLAS sample
e development of systematic uncertainty model for bb4¢

e comparison of size of systematic uncertainties in bb4¢ and tt(-+tW)



https://gitlab.cern.ch/tjezo/powheg-box-res-bb4l-sl-beta/
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Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO — DR/DS uncertainty removed
o off-shell effects accurate at NLO — line shape uncertainty removed
e top-quark decay description at NLO

— good approximation in tt Powheg-+Pythia8 through matrix element corrections in
Pythia8 [JHEP 10 (2023) 008]
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https://arxiv.org/abs/2307.15653
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Uncertainties in
e Powheg hard process

® LR, uF scale variation

e PDF uncertainties

A hdamp

e bb4l: as in Powheg Sudakov

Compare size of modelling uncertainties in
bb4l and tt
— understand differences

e Powheg-Pythia8 matching

o phard variation

e bbA4/l: scale resonance veto
e Pythia8 parton shower

e Al4 Varl tune variations
(underlying event variation)

e Colour reconnection

e Pythia8 splitting kernel variations
(ur and cps)

e Recoil uncertainty

e Alternative parton shower:
Herwig7?
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Generally good agreement between ME scale uncertainty
in bb4¢ and tt + tW

— slightly larger bb4¢ ME uncertainties in myp-tail and
more shape effects

MC / bbae

Also reasonable agreement when split into resonance
histories

— even though central scale definitions differ:
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tt — emission only from the production process
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— parton shower generates emissions with k1 < k%, k¢, a € {ISR, b, b}
e Emissions from production process: main31 (the same for tt and bb4{)
e Emissions from decay process: [dedicated bb4¢ UserHook (Py8)] or [shared library (H7)]


https://gitlab.cern.ch/atlas/athena/-/blob/main/Generators/Pythia8_i/src/UserHooks/PowhegHooksBB4Ldlsl.cxx?ref_type=heads
https://gitlab.cern.ch/atlas/athena/-/tree/main/Generators/Herwig7_i/BB4LHerwig?ref_type=heads
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No dedicated bb4¢-PS matching:

— in general higher shower starting scale of emissions from top-quark decay

— more radiation off of b-quarks: less high-z B-hadrons and broader b-jets

Very good agreement of dedicated bb4¢ matching effect in Py8 and H7 in b-jet properties
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Matching uncertainty definition in production
= varying matching scale k}be

[ pt‘ra"d = 0 (default): pr of Powheg emission w.r.t.
emitter (SCALUP)

. pti;’"'d =1 (uncert. def.): min pp of Powheg emission
w.r.t. all incoming and outgoing partons
] pqﬂa'd = 2: min pp of all final-state partons w.r.t. all

incoming and outgoing partons

[ATL-PHYS-PUB-2023-029]
tt+PS bbal+PS
O
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One sensitive variable: second leading light jet

Typically expected
— from ISR parton shower emissions
— same variation expected in bb4/{ and tt v
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https://cds.cern.ch/record/2872787
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Matching uncertainty definition in top-quark

decay

= vary k7 definition of PS emissions in
top-quark decay
— only applicable for bb4¢ MC
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Expectation: influence on b-jet properties v
(small influence on additional light jet
distributions)
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. — same influence of all ug splitting kernel variations except
= for FSR Q — Qg splitting kernel (Q € {b, t})
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Fragmentation function for b-jets

Possible explanation: NLO top decay description in bb4¢

GDf
\
bb4l =

OO

FSR a (adr)
= FSR pp (qdr) bbae

"

08 — bbat LIS Pipbar — e ]
« bb4l pRa" %pbae e RO Oy
os i} tt =

e e

O

var. / nom.

bbae o ou(mz)ibbat — ol mm)itt
09 * bbag i (m)ibbat -t ma
| | | I I
0. 02 0.4 3 08 7.0

2 = P Pollpjell®

— larger variation in tt4+PS v
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Vary as in Powheg Sudakov (by using PDF set with
different as(Mz) value) [Eur.Phys.J.C 78 (2018) 6, 458]

bbal =

— no variation in tt+PS, but in bb4¢+PS v


https://arxiv.org/abs/1801.03944
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— new nominal bb4/-dl sample has Py8 recoil-to-top setting as default!
Recoil uncertainty definition: comparison to recoil-to-colour setting

PYTHIA

recoslToColoured = on

g —tdipole treated as g — b:
Phase space & recoils set by b
Affects b fragmenta

PYTHIA

recolTotaloured = off

L ®  Correction factor

L,

g —tdipole treated as g — W:
Phase space & recoils set by W

[Graphic from Peter Skands]
Recoil-to-top works for bb4/¢ events in [Py8 > 8.313]

b more “normal"?
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— good agreement between uncertainty in bb4¢ and tt (only affects 2nd and later gluon

emission)


https://pythia.org/download/talks/SkandsTop22.pdf
https://www.pythia.org/history/
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Uncertainties in L
e highlighted some aspects of bb4l

 Powheg hard process systematic uncertaintiy study in ATLAS

* 1R, iF scale .variation o studies described in

o |Druncerainties [ATL-PHYS-PUB-2025-036]

® Ny

. b;&? as in Powheg Sudakov e on-going work on systematic uncertainty

study with Tomas Jezo, Jonas Lindert

* Powheg-Pythia8 matching and Stefano Pozzorini

hard

e p7" variation
e bb4l: scale resonance veto
e Pythia8 parton shower

e Al4 Varl tune variations
(underlying event variation)

e Colour reconnection

e Pythia8 splitting kernel variations
(kg and cps)

e Recoil uncertainty

e Alternative parton shower:
Herwig7



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-036/
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Uncertainties in L
e highlighted some aspects of bb4l

 Powheg hard process systematic uncertaintiy study in ATLAS

* 1R, iF scale .variation o studies described in

o |Druncerainties [ATL-PHYS-PUB-2025-036]

® Ny

. b;&? as in Powheg Sudakov e on-going work on systematic uncertainty

study with Tomas Jezo, Jonas Lindert

* Powheg-Pythia8 matching and Stefano Pozzorini

hard

e p7" variation
e bb4l: scale resonance veto
e Pythia8 parton shower

e Al4 Varl tune variations
(underlying event variation)

e Colour reconnection

e Pythia8 splitting kernel variations
(kg and cps)

e Recoil uncertainty

e Alternative parton shower:
Herwig7

Thank you for your attention!


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2025-036/
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Output from bb4¢ ME calculation:
initial state + bb¢T v 0~ Dy final state
— no information about intermediate
resonances

! technical issues in POWHEG generation
! recoil distorts mj,, of resonances in PS

(some analyses need tt information)
Resonance history projections
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— large normalisation effect
— shape variation in particle-level m; distribution strongly reduced compared to parton-level m;
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