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motivation I
the fragmentation of -quarks into hadrons is of interest for many reasons.b

• -hadrons leave a striking experimental signature 
and…


• there is a unique correspondence to the 
originating -quarks


• ergo a precise probe of QCD


• -fragmentation currently tuned to  data 
(from  decays)


• … then extrapolated to the LHC environment


• to what degree is this correct?

b

b

b e+e−

Z → bb some tension between  
measurements of -fragmentation


parton-shower generators are also 
not in good agreement

e+e− → bb
b
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motivation II

precision direct top-mass measurements 
play a key role in the LHC’s long-term  strategy.


top-quark  -hadron momentum transfer is a key uncertainty!

mt
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https://arxiv.org/abs/2209.00583
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/
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motivation III
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critical for delivering the best physics 
results with -jets.


-tagging efficiency and -jet response are 
very sensitive to fragmentation.

b

b b

in the machine-learning era, small mismodeling of -jet 
internals has large consequences.


may lose ~10% of  signal -jets in data c.f. simulation.

b

b
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measurements
two recent measurements at ATLAS in dijet and  final statestt̄

• provide excellent coverage where LEP data can’t reach


• and extremely complementary to each other


• this is the “first generation” of such measurements


• many aspects could be improved!
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JHEP 12 (2021) 131, PRD 106 (2022) 032008

https://link.springer.com/article/10.1007/JHEP12(2021)131
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.032008
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observables
• both measurements unfold related observables to particle level:


• 


•  (dijet only)


•  (  only)


• charged particle multiplicity,  (  only)


• dijet: measure full  and full jet momentum


• : measure “charged momentum” of -hadron and jet

z(L) = ⃗p B ⋅ ⃗p jet / p2
jet

prel
T = | ⃗p B × ⃗p jet | / |pjet |

ρ = pB
T / avg(pℓ

T ) tt̄

nB
ch tt̄

B → μμK

tt̄ b
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comparisons to data
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• ATLAS A14 tune + Lund-Bowler fragmentation tuned to A14 
 performs best


• Peterson model strongly disfavored in both measurements


• Herwig 7.0 and some Sherpa versions are also disfavored, but 
improvement in later versions and with some tuning.

αFSR
S
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comparisons to data
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comparisons to data
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comparisons to data

beware!


details of -fragmentation 
and top-quark decays


depend strongly on

parameters that need

to be carefully chosen


in current MC generators.

bATLAS
√

s = 13TeV, 36 fb
−1

Data
Sherpa 2.2.1
Sherpa 2.2.8 (Z + bb tune)
Sherpa 2.2.8 defaults
Sherpa 2.2.10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1
/σ

d
σ
/d

z
ch L
,b

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0.6

0.8

1.0

1.2

1.4

zch
L,b

R
a
tio

to
d
a
ta

ATLAS
√

s = 13TeV, 36 fb
−1

Data
Sherpa 2.2.1
Sherpa 2.2.8 (Z + bb tune)
Sherpa 2.2.8 defaults
Sherpa 2.2.10

0

0.1

0.2

0.3

0.4

0.5

1
/σ

d
σ
/d

n
ch b

3 4 5 6 7 8 9 10

0.6

0.8

1.0

1.2

1.4

nch
b

R
a
tio

to
d
a
ta



Chris Pollard	 Warwick -frag with ATLAS   2022 10 17b16

correlated mismodeling
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comparisons to calculations

arxiv:2102.08267

• to support more precise direct top-mass measurements, first ~analytic 
calculations of similar distributions


• substantial interest in comparing unfolded data

• challenging, though: probably needs interface to hadronization MC.

https://conference.ippp.dur.ac.uk/event/891/contributions/4908/attachments/4018/4649/AlexanderMitov-b-fragmentation.pdf
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impact on top mass analyses

recent top mass analyses from ATLAS and CMS are dominated by 
uncertainties related to 

QCD radiation in top-quark decays, -fragmentation, and -decays.b b

ATLAS-CONF-2022-058 arXiv:2209.00583 CMS-PAS-TOP-20-008

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/
https://arxiv.org/abs/2209.00583
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
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summary and outlook
precision physics with -jets in the final 

state requires an excellent understanding

of -fragmentation.


experimental methods at the LHC have 
been recently developed that can 

substantially improve this for the future.


there’s still enormous room for these to 
grow in the coming years.

 cannot take this for granted.

b

b

→
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