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— process implemented in the POWHEG-BOX-RES, which describes WWhbb in dileptonic
decay! which can be interfaced with a parton shower

Includes double-, single- and non-resonant diagrams:
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+ corresponding NLO corrections

Ldifferent flavour, local code modification in athena to allow same flavours

— ATLAS also requested to merge change in official [bb4(-dl/-s| beta git-repo]


https://gitlab.cern.ch/tjezo/powheg-box-res-bb4l-sl-beta/-/merge_requests/12
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Output from bb4¢ ME calculation: initial state + bb¢*t 1,0~ 7, final state

— no information about intermediate resonances
— technical issues in POWHEG generation
+ recoil distorts invariant mass of resonances in PS
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e Improvements in bbllvy modelling with bb4/
e Usage of resonance histories in bb4( events

e The allrad multiple radiation scheme
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Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO

e T S+ 2Re L T+ LD UL

instead of MM F o PN ::: (tt 4+ tW DR)

o off-shell effects accurate at NLO
e top decay description at NLO
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Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO
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Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO — tW DR/DS uncertainty removed
o off-shell effects accurate at NLO

e top decay description at NLO
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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

b ; .
t . \

M:- instead of M x =
[ AL

full top quark propagator

al
v

Breit-Wigner
e top decay description at NLO
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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
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Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO — DR/DS uncertainty removed
e off-shell effects accurate at NLO — line shape uncertainty removed
e top decay description at NLO



Improvements through bb4¢ compared to tt + tW
e correct treatment of tt/tW interference at NLO — DR/DS uncertainty removed
e off-shell effects accurate at NLO — line shape uncertainty removed

e top decay description at NLO
g 9 N Wt
W& w- instead of LO top decay
W =
t

t g
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Improvements through bb4¢ compared to tt + tW

e correct treatment of tt/tW interference at NLO — DR/DS uncertainty removed

1/0de/dz

e top decay description at NLO

— discussed in [bb4(-dl/s| paper]

Fragmentation function for B-jets
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— plots with old bb4¢ process version
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o off-shell effects accurate at NLO — line shape uncertainty removed

Fragmentation function for B-jets
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https://arxiv.org/abs/2307.15653

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 decay description at NLO

To use bb4l as a nominal MC sample, we need to generate and check the associated modelling
uncertainties
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Uncertainties in

e Powheg hard process

LR, 1F scale variation

PDF uncertainties

hdamp

bb4l: as in Powheg Sudakov
bb4l: inverse width correction

e Powheg-Pythia8 matching

p%‘_a'd variation

bb4l: scale resonance veto

e Pythia8 parton shower

A14 Varl tune variations
(underlying event variation)
Colour reconnection

Pythia8 splitting kernel variations
(pr and cys)

Recoil uncertainty

Alternative parton shower:
Herwig?
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— what can we do with new tt, tW and tW resonance histories?

[previous bb4(]

[new bb4c-dl]



https://arxiv.org/abs/1607.04538
https://arxiv.org/abs/2307.15653

Using bb4/ resonance histories

oeo

ll Resonance histories:

ME scale variations

Can we vary the ME scale independently in tt and tW projected resonance histories in bb4(?
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e tt resonance histories:

po = [(m? + p3 ) (m? + pr2)?]H/*
e tW~b resonance histories:

Ho = [(m? + p2 ) (m2 + py 5)2]1/*

bb4l MC in ATLAS 24" June 2025 10
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Can we reweight partonic tt distributions to higher order on-shell tt predictions?

— reweighting partonic top-quark distributions to NNLO QCD + NLO EW tt predictions
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https://cds.cern.ch/record/2872787/files/ATL-PHYS-PUB-2023-029.pdf
https://arxiv.org/abs/1705.04105

d

Usual POWHEG radiation scheme — keep only hardest emission (usually from production)

b b b
» . ! | W r t W
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b b 3

g, Py
(Gout) + ZA #d%

) W
W ;

—" do = B(®p)d®p |A

Multiple radiation scheme (allrad) — merge emissions into single event with multiple
emissions

’ L ! ¢ W ¢ W+ :

p p. 3
E i i

& do=B@s)des ] [An(qm.t) + Aa(k?)%w AP

Q=0Qp,0p,QISR
lllustration taken from [J.M. Lindert, QCD@LHC]
— differences in NLO+PS matching in tt and bb4/
+ need to check that everything works technically with new LHE format (e.g. Pythia8
recoil-to-top)


https://indico.cern.ch/event/516210/contributions/2244090/attachments/1325969/1991204/JL_QCDLHC16.pdf
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tt — emission only from the production process

\/ ~<j/ o parton shower \
S 5
/\/\MN., W e
b

P
bb4¢ — merge emissions into single event with multiple emissions

R
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— parton shower generates emissions with kr < k%, k¢, a € {ISR, b, b}
e Emissions from production process: main31 (the same for tt and bb4{)
e Emissions from decay process: [dedicated bb4l¢ UserHook (Py8)] or [shared library (H7)]

— some differences in the modelling systematics between tt and bb4¢ could be due to different

generation method


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

pu fraction of b hadron in leading b je. Bar chart of Bijet width
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— consistent behaviour when applying or not applying dedicated bb4¢ matching in Py8 and H7
— no dedicted bb4¢ matching: more PS radiation off of b-quark, less hard B-hadrons and
broader b-jets
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Fragmentation function for B-jets

PSPy (GO T
8 FSR (i) 6b4bAC

42 FSR g 09 pa=05/btet? 199 FSR =050/t |
----- bbALFSR g >0 1y =200bb4¢ 999 FSR ip =20 |

—— BbALFSR g qq jin = 0.51bb 110 —qq FSR =050/t |
-+ b2 FSR g qq pa=2.0/bb4¢ 19 G0 FSR e =20us |

UTFSRG™ 0 7= U A O - Og FSR gr=05mt
bb4? FSR Q- Qg = 2.00bb48f Q -+ Qg FSR 1= 2.0u1/f1
| | | | .

0.2 0.4 0.6 0.8 1.0

z = ppt-pallpel?

— reasonable agreement of all ug splitting kernel variations
except for Q — Qg splitting kernel (Q € {b, t})

Possible explanation: first emission from top-quark decay
already done by POWHEG (NLO top decay description in
bb4r)
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— same influence of all ug splitting kernel variations except
for Q — Qg splitting kernel (Q € {b, t})

Possible explanation: first emission from top-quark decay
already done by POWHEG (NLO top decay description in
bb4ar)

— vary ag in Powheg Sudakov (by using PDF set with
different as(Mz) value) [hep-ph/1801.03944]
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https://arxiv.org/abs/1801.03944
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Check influence of alternative tt resonance history projector, when available

LO|2 LO |2 LO |2 LO |2
[MP12 = Mgl — IMGo5l° — IMER]

How to normalise bb4¢ MC sample?

e normalise the cross-section of all bb4{ events, which where projected onto a tt resonance
history to the [NNLO QCD+NNLL on-shell tt cross section] and bb4{ events projected
onto a tW resonance history to [NLO+NNLL cross section tW cross section]

e scale to tt + tW sum of higher order cross-sections

e total cross section needs to be scaled to data in the fit by analyses (not possible for all)
”

Should we reweight bb4¢ events projected onto tt resonance history to on-shell t higher-order
predictions?
— more in Diptaparnas talk



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopNNLORef#Single_top_quark_tW_channel_cros
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var / bb46(-dl/-mod)

— reasonable agreement in reco-distr. (also
reported by CMS)

What is different between new and old bb4l
sample?

e bb4{ version

e corrected matching factor between
4FNS ME and 5FNS PDF

e inverse width corrections can be
used in new bb4l (effect small)

e resonance histories: old bb4/: tt
and Z — WW, new bb4/l: tt,
tW—b, tW+b

e matching settings:
old ATLAS bb4¢ sample:

pr7rlaxMatch — 0/1’ pdef =1
new ATLAS bb4¢ sample:
eraxMatch =2, pdef =2

e recoil settings:
old ATLAS bb4{ sample: recoil-to-colour
new ATLAS bb4l sample: recoil-to-top
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NLO+PS cross sections (dilepton):

bbal: 87.1 pb

bb4l (inv. width corr.): 81.9 pb
tt hvq: 76.9 pb

tW DR: 7.6 pb

tW DS: 7.5 pb

tt+tW DR: 84.5 pb

Higher-order cross-sections (inclusive tt, tt dilepton branching ratio 10.5 %):
e 833.9 pb [Comput.Phys.Commun. 185 (2014) 2930] [Recommendations]
e 79.3 pb [hep-ph/2102.11300] [Recommendations]


http://inspirehep.net/search?p=find+eprint+1112.5675
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
https://arxiv.org/abs/2102.11300
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopNNLORef#Single_top_quark_tW_channel_cros
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NLO+PS matching uncertainty introduced for ATLAS top-quark MC samples in
[ATL-PHYS-PUB-2023-029]

— changing of the veto-scale of the Pythia8 parton shower via pThard variation

— creating holes and overlaps in the phase space covered by Powheg and by Pythia8

A/ PPS il

n

Number of additionsl jots pulcev]

p1 GeV]

— now technically also working in bb4¢ (with modified bb4¢ UserHook)


https://cds.cern.ch/record/2872787/

— reasonable agreement between size of parton shower uncertainty in bb4¢ (with dedicated

matching) and tt
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U Partonic top reweighting

CMS, 13 TV, #f dilepton, particle level
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i var/nom  MC/bbd¢

var tf / nom

var tW/ nom
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u Py8 splitting kernel variations in b-jet fragmentation

function

Katharina VoB (Universitat Siegen)
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U Number of b-jets: splitting kernel variation
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Powheg-+Pythia8 matching:

Py8 unrestricted shower + veto Py8 emissions
if kt > pyete

Matching settings:

e veto scale py°t©

pThard=0: pr of Powheg emission w.r.t.
its emitter with Powheg pt defintion

e kr definition for PS emissions
pTdef=2: use Pythia8 pr defintion
pTdef=1: use Powheg pt defintion

kp < pysto
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Powheg-+Pythia8 matching:

Py8 unrestricted shower + veto Py8 emissions
if kT > p‘-,’—Eto

Matching settings:
e veto scale py°t©
pThard=0: pr of Powheg emission w.r.t.
its emitter with Powheg pt defintion

e kr definition for PS emissions
pTdef=2: use Pythia8 pr defintion
pTdef=1: use Powheg pt defintion

— even though pTdef=1 is theoretically more
sensible, pTdef=2 results in much better
data-MC agreement in Njes distribution

+ same setting as applied in ATLAS tt hvq
and tt MiINNLO Powheg+Pythia8 MC sample
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— new nominal bb4(-dl sample has Py8 recoil-to-top setting as default!
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7 Ml EE5=5
[G ra ph |C from Peter s ka ndS] ; 11 —. PP8 bbaidl rec-to-top/PP8 bbdi-dl rec-to-col -IQ
Recoil-to-top works for bb4¢ events in [Py8 > 8.313] 3 E

2= py /il
— good agreement between uncertainty in bb4¢ and tt (only affects 2nd and later gluon
emission)

Recoil uncertainty definition: comparison to recoil-to-colour setting



https://pythia.org/download/talks/SkandsTop22.pdf
https://www.pythia.org/history/
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— number of additional b-jets not well described by neither tt hvq nor by bb4/¢
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Applying Herwig7 shower variations to bb4¢(:
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(Py8 shower is also a dipole shower)
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