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we want a better understanding of this process.
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motivation |

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

N

DELPHI Data
---- SLD Data

« b-hadrons leave a striking experimental signature < R S
= ! it Z 350 ATLAS Simulation Preliminary S

and Z - lcos 0,4/ <07 i

— 3: ete —bb, \s=91.2GeV a

. . 2,57 | D

* there Is a unique correspondence to the Z o oyas 3
originating b-quarks B i 2
<

=

<

—_l
TTTTTTTI

* ergo a precise probe of QCD

O
&)

O_

. b-fragmentation currently tuned to e*e~ data oz o408 0B E/E _

(from Z — bb decays) some tension between ete™ — bb
measurements of b-fragmentation

e ... then extrapolated to the L HC environment

. . - parton-shower generators are also
* t0o what degree Is this correct” not in good agreement
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precision direct top-mass measurements
play a key role in the LHC’s long-term m, strategy.
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top-quark — b-hadron momentum transfer is a key uncertainty!
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ATLAS-CONF-2022-058
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https://arxiv.org/abs/2209.00583
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-058/

motivation lil

critical for delivering the best physics
results with b-jets.

b-tagging efficiency and b-jet response are
very sensitive to fragmentation.
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ATLAS Simulation Preliminary

Vs=13TeV, |n| < 2.5, b jets

DL1r ¢ =70 % Single Cut OP
Nominal: Powheg + Pythia 8

Data Calibration
MG5_aMC@NLO + Pythia 8*
Powheg + Herwig 7.0.4
Powheg + Herwig 7.1.3
Sherpa 2.2.1
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41.9 fo'' (13 TeV, 2017)
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Cttevents e )

- AK4]ets(p>3OGeV),,,/’ ..... ............

+ DeepJet

—&— DeepCSV

—&— DeepJet with SF applied
+ DeepCSV with SF applled

[

misid. probability
=

udsg
- -
| A udsg with SF applied |:::::0 7 £
A ¢ with SF applied -

(addition mine)

ATLAS DL1r working points

*

b jet eff'iciency

in the machine-learning era, small mismodeling of b-jet
iInternals has large conseguences.

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

b-frag with ATLAS 2022 10 17



measurements

two recent measurements at ATLAS in dijet and ¢f final states

Short Title Journal Reference Date Vs (TeV)

= AL R HL AL IR AL LRI LA IR
§ " ATLAS \s=13TeV, 139 fb" —e- Data E
b fragmentation in ttbar events at 13 TeV Submitted to PRD  28-FEB-22 13 = PO0E 50 GeV<IOJ:t<70 GeV :gli’;rr?;)ldel E
S 700037 <2<0.44 --- Combinatorial =
@ = B—JyX =
Exclusive b fragmentation at 13 TeV :,;15,: 1220210 seauc21 13 £ — Mo
Ll 500;— —;
400F- =
e provide excellent coverage where LEP data can't reach -2 E
200 —
 and extremely complementary to each other 100 B - - - —
e this is the "first generation” of such measurements 5
* many aspects could be improved! .
Q

JHEP 12 (2021) 131, PRD 106 (2022) 032008
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https://link.springer.com/article/10.1007/JHEP12(2021)131
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.032008

observables

* both measurements unfold related observables to particle level:

3 — 2
e 4= PB- pjet/pjet
rel __

¢ pT — ‘ pBX p]et‘/‘p]et‘ dljet Only)

¢ P = pT/avg(p ’) (¢f only)

« Ccharged particle multiplicity, ngq (¢t only)
. dijet: measure full B — puK and full jet momentum 7 T

e 11 measure “charged momentum” of b-hadron and jet
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comparisons to data

'83‘ 35 rI_I [ | T T | T T | T T | T T | T T | T T | T T | T T | [ IJt
N o L L B B B L B L L o S - —— Data .
2 — ATLAS \s=13TeV, 139"  B* — Jip K* : o 3 - —— Pow+Py8 A14 rg = 0.855 a5>" = 0.127 + | }
0 - ot o - 2 - aMC@NLO+Pythia8 =1
I 5— 50 G.eV<pT <70 GeV anti-k, jets R=0.4 = 2.5 [ - - - Pow+Py8 Monash I--- o
ke . e Data (stat. @ sys.) _ 5 - e Pow+Py8 Monash Peterson I """ E
A . —+— P8 (Monash + Peterson) | _ - =4 .
4~ —»— P8 (Monash + L-B) ] 1.5 ATLAS Ii * -
- —— P8 (A14 + L-B) ] — 13 TeV fb—1 A -
32 _ v P8 (A14-rb + L-B) 2 l o | vs=131eV,36 L _+'_ =
— —=— Herwig 7 (ang. ord.) = A - L :
— —8— Herwig 7 (dipole) - - 05 F i B —
. —e— Sherpa (Lund) i e = e t - bW .
2[C o Sherpa (cluster) = i = | H
= R -
- == dijet - 2 -
B == i o
0k oo b v b v b v b 1 ] § ad 0 7
(U 2 E_ I I II:| Total Lljncertaint)ll _E 06 _II [ | I | [ L1 | I | [ L1 | I | [ L1 | I | [ L1 | [ II_
= = L = 0O 01 02 03 04 05 06 07 0.8 09 1
() 15:_ . —A— A —A— _9:_ ch
N 1&&“‘“&*‘4& %MH‘L ) * =% : ZLb
O = X b i = E ,
= 05 . . . . . B  ATLAS A14 tune + Lund-Bowler fragmentation tuned to A14
g 3 _ = (xg‘gR performs best
a Zf_m - T E
S~ — = . .
Q RS ES S = R = » Peterson model strongly disfavored in both measurements
03 04 05 06 07 08 09 1

. * Herwig 7.0 and some Sherpa versions are also distavored, but
improvement in later versions and with some tuning.
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comparisons to data
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clear i1ssues with low-Z

spectrum for some
generators

Ikely due to

mismodeled
g — bb fractions

t — bW analysis can

help disentangle effects
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Ratio to data

1/0‘d0‘/dZE,hb
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beware!

details of b-fragmentation

and top-gquark decays

depend strongly on

parameters that need
to be carefully chosen
in current MC generators.
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Ratio to data
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comparisons to calculations

* {0 support more precise direct top-mass measurements, first ~analytic
calculations of similar distributions

e substantial interest in comparing unfolded data
» challenging, though: probably needs intertace to hadronization MC.

.C'Q. :1 | ] | 1 | | l Frnri 11 I I | l | TTT1 ] 1 | T : r 1
X' 350 —+ Data = B 05| t-decay m, = 172.5 GeV a,: NNPDF31 NNLO
> 3 - —— Pow+Py8 A14 r5 = 0.855a5R = 0.127 o o
B - -~~~ Pow+Her 7.1.3 + | 2 0.
= oB5L Sherpa 2.2.10 = )
C : . Eﬂ/o.:
2 — | | — ~—
1.5 S— ATLAS 1 L _f %0.‘
- v/s=13TeV,36fb | : - =
LS For= . 30.1
0.5 N = -~
E Y . T o
0 . A |"w'*'+"|"'|"|"?'l aean L Ll T 2.
__[_I,I_l,’_l__}_l_|_l_l_wl_,|_l_l_[l¢. RN AN NN ANEN
1.4 — g —
""" E O L
1.2 ' E
[ . I - > 1.
© | | Q
§e) | — + 1.
o ' T el / =L
o Foe o ~ 0
T 08— -
0.6 — | 0.1 0.2 0.3 0.4 0.5 0.6
11|1|w 11|11w 11111‘ 111]1 1[111 1111‘ 11[11 E(B)/E(B)ma.x
O 01 02 03 04 05 06 0.7 08 09 1 :
arxiv:2102.0826 7
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https://conference.ippp.dur.ac.uk/event/891/contributions/4908/attachments/4018/4649/AlexanderMitov-b-fragmentation.pdf

iImpact on top mass analyses

Pre-fit impact on m;:

Am, [GeV]

. p
Miop [GeV] 0 = B+A0 0 = B-A0 _03-02-01 0 01 02 03 CMSPrellmlnary 36 fb (1 3 TeV)
RGSUlt 172-63 POSt-fitAimQ\aCt On mt’i A TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT I + jets 5D: mt — 171 .77 + 0.38 Gev pre_fit impacts D§+Ae Dé_Ae

Statistics 0.20 6=0+A0 [6="06-A0 | ATLAS . =pull | post-fitimpacts[Jo+A0 [J8-A0 [JMC stat.
Method 0.05 4 0.04 ~e— Nuis. Param. Pull | Y8 =13TeV, 36.1 JEG flavor botiom —— | o] | [N o
Matrix-element matching 0.35 £ 0.07 - | FSR PS scale X—~Xg : : ———— . 074 :0.14
) . BR b—C—u e FSR PS scale q— —— : : :  0.46 10.14
Parton shower and hadronisation 0.08 & 0.05 7 - iy gluon?nojg = = g 5  oae 5 5 o1t
Initial- and final-state QCD radiation 0.20 £+ 0.02 {fISR-h,,,_ (ST from bic) o CR: QCD inspired g _'—“ ' oas : : o
Underlying event 0.06 &= 0.10 7 - BG W+jets -— . 076 : 0.09
: - o : Early resonance decay —— : ©0.33 1 0.09
Sl reconnection , 0.29 = 0.07 Z+jets norm. (bb/cc) —® BG QCD multijet — § . 0.66 : 0.08
Parton distribution function 0.02 &= 0.00 SMT-fake norm. o JEC abs. MPE bias ' ; : ——— iy
Single top modelling 0.03 £+ 0.01 BR b—c—u E0 Underlying event . . 0.51 0,07
Background normalisation 0.01 £ 0.02 ErTniSS soft track resolution (para.) .. l\jlé/cl::s Imatchir:g : '_.—_' 0.48 0.06
| : rel. sample . : . 0.90 : 0.05
Jet energy scale 0.38 = 0.02 JES (modelling 1) . bJES Bowler-Lund central -— . 0.82 : 0.05
b-jet energy scale 0.14 4+ 0.02 b-tag (b 0) . e SFs n ; : 093 1 0.05
Jet energy resolution 0.05 £ 0.02 £ 1SR-u_ (SMT from b/c) —e— bJES Peterson —— . 0.50 : 0.05
Jet vertex tagging 0.01 + 0.01 JES (pile-up, p topology) . stat ; ; ; . 0.04
b-tagging 0.04 + 0.01 ET™® soft track scale . R I<t 85 e e S S 004
Leptons 0.12 £ 0.02 Muon identification eff. (syst.) ’ JEG abs, scale : . . 0.98  0.04
Pile-up 0.06 &+ 0.01 JER F JEC flavor light quarks » 0.97 ;0.04
. b-prod. frac. (baryons) ® bJES Bowler-Lund = 0.86 0.04
Recoil effect 0.37 £ 0.09 1SR (s rom W) = FSR PS scale g—gg - 102 004
Total systematic uncertainty (without recoil) | 0.67 £ 0.05 F o FoR . Callibration § § § LS
Total systemati tainty (with recoil) 0.77 + 0.06 y 5 (=0 pleup daralli® GRS T Eessd I R S M L
otal systeinatic uncertamty (With recol : : ff PDF 2 —e- bJES semilep. B decays - : . 0.96 : : : : : :0.03
Total uncertainty (without recoil) 0.70 &+ 0.05 Pile-up , o , u SFs » . o0e8| ;i i N i 003

Total uncertalnty (Wlth recoﬂ) 0.79 4+ 0.06 _2| | |_|1|.|5| | |_|1| | |_|O|.|5| | |(!)| | |(|).|5|| ! |L| ! |-;.|5|| ! |2 ) _q 0 1 o 03 -02 -01 0 01 02 _ 0.3
(68-6,)/A6 (6-6,)/A6 Am, [GeV]

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

recent top mass analyses from ATLAS and CMS are dominated by
uncertainties related to
QCD radiation in top-quark decays, b-fragmentation, and b-decays.
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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

summary and outiook

precision physics with b-jets in the final
state requires an excellent understanding
of b-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.
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