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Heavy flavor program in ATLAS heavy ion group

Heavy flavor efforts in ATLAS heavy ion group:  
2~3 analyzers for HF hadron 
2~3 analyzers for HF jets 
+ full support from the entire heavy ion group 

• Small ATLAS high-lumi. pp B-physics group; stronger connection, 
heavy ion studies sometimes benefit HEP studies  

• Strong ATLAS high-lumi. pp heavy flavor jet tagging group 

ATLAS HF program has been focusing on the semi-leptonic decay 
muons recently 
Significant efforts in HF jets with good progress 
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Small group trying to 
make big contribution



Tools for studying HF hadrons
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• Measure open charm and 
beauty at the same time 

• Hard to extend to high pT due 
to W decay background
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• Only probe high pT open beauty 
• No access to low pT due to 

trigger threshold

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-064/


ATLAS trigger system

~1 GHz

~100 kHz

~1000 Hz

MUON

Electron

Offline reconstruction & Analysis

Software based Trigger

Hardware based Trigger

Rate

𝜇s sec hour yearns ms

Time

Collisions • Muon: Muon Spectrometer tracklet 
• Jet: Calo energy tower  
• Minbias in dense environment: Calo energy sum 
• Minbias in small system: MinBias Scintillator hits / random
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ATLAS tracking system
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Impact parameter resolution 
in pp collisions

Tracking efficiency 
in Pb+Pb collisions

PV resolution vs. beam 
spot in pp collisions

https://link.springer.com/article/10.1140/epjc/s10052-017-4887-5
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2016-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2016-008/


ATLAS muon system

Precision chambers 
• MDTs |η| < 2.5 
• CSCs  2.0 < |η| < 2.7

ATLAS RPC acceptance ~ 80% overall
6

Fast trigger chambers 
• RPCs  |η| < 1.05 (barrel) 
• TGCs  1.05 < |η| < 2.4 (end-cap)

For muon with pT = 5 GeV, 𝜂 = 0: 
• ID pT resolution ~ 2%, dominated by 

multiple-scattering 
• MS pT resolution ~ 6%, dominated by 

energy loss fluctuation

by J. J. Goodson



Selected results — muons
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• HF muon in pp can be compared to NLO pQCD 
calculations, large contamination from W at high pT 

• Charm/bottom discrimination using impact parameter 
allows probing charm and bottom at the same time 

• Charm/bottom muon azimuthal anisotropy measured in 
pp and Pb+Pb with good precision, especially for 
bottom muon; same measurement in p+Pb would be 
valuable to constrain models 

• HF muon can be used to tag jets, events, or correlation 
with other HF probes
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Phys. Lett. B 707 (2012) 438-458
Phys. Rev. Lett. 124 (2020) 082301
arXiv:2003.03565

Systematics limited for yield measurements 
Statistics limited for flow measurements, would be 
benefiting from more luminosity, especially in small 
systems

http://dx.doi.org/10.1016/j.physletb.2011.12.054
http://10.1103/PhysRevLett.124.082301
http://arxiv.org/abs/arXiv:2003.03565


10 15 20 25 30
 [GeV]

T
p

0

0.05

0.1

0.15

0.2

2v ATLAS
-1 = 5.02 TeV, 0.42 nbNNsPb+Pb, 

 < 2, 0 - 60%y, ψNon-prompt J/

Selected results — non-prompt 𝜓

• Full Run2 13 TeV pp data, 139 fb-1 
• FONLL over-predicts the production rates at high pT, 

likely from FF at high pT
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ATLAS-CONF-2019-047 
Eur. Phys. J. C 78 (2018) 762
Eur. Phys. J. C 78 (2018) 784

• Non-prompt J/𝜓 RAA and v2 
measured in 2015 Pb+Pb data 

• Could be extended to higher pT with 
full Run2 data to be compared to 
HF jets measurements
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Small systematics 
Straight forward background subtraction method 
Usually limited by statistics, benefiting from more 
luminosity
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Selected results — D meson
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• D* cross section in 7 TeV pp data 
• Can be compared to NLO pQCD calculations

• D* and D0 cross sections in 8.16 TeV p+Pb 
• Comparable with FONLL w/o any nuclear effects

Nucl. Phys. B 907 (2016) 717
ATLAS-CONF-2017-073
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They show the detector feasibility for D meson analysis 
Large MinBias data (1/4 of full rate) collected in 2018 
Pb+Pb runs, ideal for studying D mesons

Based on MinBias or random triggers at low pT 
No PID in ATALAS, heavily rely on tight cut on the 
decay topology 
Usually systematic limited

https://arxiv.org/abs/1512.02913
http://cdsweb.cern.ch/record/2285811


Heavy flavor jets
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FIG. 4: Comparison of theD∗± production rateR(pT, z)/∆z in different jet pT and z bins between the measurement and the MC
predictions of PYTHIA, HERWIG, POWHEG+PYTHIA and POWHEG+HERWIG. The values corresponding to the integrated
pT range are shown in the bottom right Figure. The insets show the ratio of the measurement to the POWHEG+PYTHIA

prediction.

• D* in jets obtained from 2010 7 TeV pp data 
• Mis-modeling of production of small-z D* in jets

• HF muons were used to tag HF jets based on 
relative pT in pp collisions, can be implemented in 
heavy ion collisions 

• Multi-variable based b-tagging is being testing/
optimizing for p+Pb and Pb+Pb data

HF jets can be tagged by HF hadron probes or SV 
based multi-variable tagger

The ATLAS Collaboration: Inclusive and dijet cross-sections of b-jets 3
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(a) Before b-tagging
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(b) After b-tagging

Fig. 1. Examples of template fits to the measured prelT distribution, before and after applying the requirement of L/�L > 5.85. The error bars
represent the data statistical errors. The differences between the data and the sum of the templates are covered by the systematic uncertainties
on the template shapes.

pT > 150MeV. The combined efficiency of the reconstruction
and the quality requirements is determined to be above 96% for
b-jets.

The secondary vertex b-tagging algorithm used, SV0 [31],
aims at reconstructing the position of the displaced vertex from
the charged decay products of long-lived particles in a jet. The
SV0 algorithm reconstructs two-track vertices from tracks in-
side a cone of �R = 0.4 around the jet axis that are signifi-
cantly displaced from the primary vertex, based on the three-di-
mensional impact parameter significance. Quality requirements
are applied to the two-track vertices to reject vertices that are
compatible with the primary vertex, are located at a radius con-
sistent with one of the pixel detector layers or contain tracks
that have an invariant mass consistent with a K0

S meson, a ⇤0

baryon or a photon conversion. A single secondary vertex is
then fitted to all the tracks which contribute to any of the re-
maining two-track vertices in the jet.

The signed decay length significance of the secondary ver-
tex, L/�L, is used to select a jet sample enriched in b-jets.
The sign of the decay length is given by the sign of the pro-
jection of the decay length vector onto the jet axis. Jets with
L/�L > 5.85 are referred to as b-tagged jets. The selection at
5.85 is chosen such that it produces a 50% b-tagging efficiency
for b-jets in simulated tt events.

4.1 b-tagging efficiency

The efficiency of the chosen selection on L/�L is estimated
with a data-driven method that uses jets containing a muon. The
number of b-jets before and after b-tagging can be obtained us-
ing the variable prelT , which is defined as the momentum of the
muon transverse to the combined muon plus jet axis. Muons
originating from b-hadron decays have a harder prelT spectrum
than muons in c- and light-flavour jets. Templates of the prelT
shape are constructed for each jet flavour separately. The tem-

plates for b- and c-jets are extracted from Monte Carlo simula-
tion, while the light-flavour template is obtained from a light-
jet enriched data sample. These are then fitted [32] to the mea-
sured prelT spectrum of muons in jets to obtain the fraction of
b-jets before and after requiring a b-tag. The fit determines the
relative contributions of the b-, c- and light-flavour templates
such that their sum best describes the shape of the prelT distri-
bution in data. Having obtained the flavour composition of jets
containing muons from the prelT fits, the b-tagging efficiency is
defined as

edatab =
f tag
b ·N tag

fb ·N
· C ,

where fb and f tag
b are the fractions of b-jets before and after b-

tagging is applied, and N and N tag are the total number of jets
in those two samples. The factor C corrects the efficiency for
biases introduced by differences between data and simulation
in the modelling of the b-hadron direction and by heavy-flavour
contamination of the prelT template for light-flavour jets. The
magnitude of these corrections is typically a few percent. Ex-
amples of fits to the prelT distribution before and after the L/�L

requirement are shown in Fig. 1.
The prelT method can be used to determine the b-tagging ef-

ficiency for b-jets containing b-hadrons that decay semileptoni-
cally. Studies have been performed to show that this determina-
tion can be extended to all b-jets and a systematic uncertainty
due to this generalization is assigned to the b-tagging efficiency
for all b-jets. A detailed account of the systematic uncertainties
in the b-tagging efficiency calibration is given in Ref. [33].

The discriminating power of the prelT method decreases with
increasing jet pT, hence this method can only provide a data-
driven determination of the b-jet tagging efficiency for jet pT
values up to about 140 GeV. For jets with pT > 140GeV, the
b-tagging efficiency is derived from simulation and multiplied
by a correction factor of 0.88 ± 0.18 that accounts for the dif-
ference between data and simulation observed in the pT range
90–140 GeV. Comparisons between data and simulation as a

Phys. Rev. D 85 (2012) 052005
Eur. Phys. J. C 71 (2011) 1846
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.85.052005
https://link.springer.com/article/10.1140/epjc/s10052-011-1846-4


Detector upgrades

Phase-I upgrade 
New small wheel  
Largely reduces fake muon trigger rate at forward, 
allows access to lower pT threshold muon triggers  
Available in Run3 (one side or both)

Phase-II upgrade 
ITK, -4 < η < 4 
Bigger, faster and better 
Benefit correlation studies 
and improve momentum 
resolution for tracks/muons 
~ 2027

New 
small 
wheel 
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Summary

• ATLAS has a small HF team, but it has full feasibilities for all HF studies 

• Currently focusing on completing the series of HF muon analyses; also interested 
in HF jets and baryons 

• Most results are currently limited by statistics, would benefit from more luminosity

better detector 
more data

more influential results

more people join the game
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