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ATLAS detector
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Insertable B-layer
New layered at 33 mm 
installed in 2014
Improve tracking and 
vertexing

Inner Detector (ID) |η| < 2.5
Calorimeter (CALO) |η| < 4.9 
Muon Spectrometer (MS) |η| < 2.7

Forward Calorimeter (FCal)
3.1 < |η| < 4.9 
centrality classification
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Muon detecting with ATLAS
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ID
CALO

MS

All ATLAS HI heavy flavor 
measurements are based on 
muon final states 
High quality muons leave 
tracks in ID and MS, and lose 
energy in the Calorimeter

𝜂 = 1.05

𝜂 = 2.4

𝜂 = 2.7

The ATLAS MS covers |𝜂| < 2.7

0 < |η| < 1.05: best resolution 
1.05 < |η| < 2.4: worse resolution; large fake rate
2.4 < |η| < 2.7: no ID tracking, no triggers

ΔEloss 3GeV
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Data samples
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Year Species √sNN [TeV] Lint [nb-1]

2010 Pb+Pb 2.76 0.01

2011 Pb+Pb 2.76 0.15

2013 p+Pb 5.02 28

2013 p+p 2.76 5000

Heavy flavor muons

ATLAS-CONF-2012-050

ATLAS-CONF-2015-053

Quarkonia

RPC 92(2015)034904

ATLAS-CONF-2015-023

ATLAS-CONF-2015-050



Hot medium
Heavy flavor muons in Pb+Pb
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Heavy flavor signal extraction 

6

ID
p/p∆

0.4− 0.2− 0 0.2 0.4 0.6

ID
p/

p
∆

/d
µ

 d
N

µ
1/

N

0

2

4

6

8
 Simulation PreliminaryATLAS

 = 2.76 TeVNNs
 < 6 GeV

T
5 < p

| < 1η|

Pb+Pb 0-60%
signal
background

p-p
signal
background

ATLAS-CONF-2015-053

ID CALO MS

𝑝ID Δ𝑝calo+𝑝MS

Signal well-separated from background
Very similar for pp and Pb+Pb, no centrality 
dependence

|η| < 1.05, 4 < 𝑝T < 14 GeV
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Figure 3: Muon differential cross-section as a function of the muon transverse
momentum for |η| < 2.5 compared to theoretical predictions. The Drell-Yan com-
ponent corresponds to the Z/γ∗ for Mµ+µ− < 60 GeV.

data [31]. A full set of smearing parameters for the MS and ID are obtained,
and the corresponding effect on the combined muon derived. The corrected
sample is used to obtain the unfolding coefficients Cmigrationi in Eqn. 1. The
uncertainty on the unfolding coefficients is determined by varying indepen-
dently the cross-section values of the heavy-flavour and W/Z components by
30% and 10% respectively. The associated systematic uncertainty is at the
level of 0.1% over almost the whole spectrum with a maximum value of 1.2%
around the W/Z Jacobian peak.

6.6. Muon production cross-section result

The signal fraction of the muon transverse momentum spectrum has been
corrected for the trigger and reconstruction efficiencies and unfolded from the
detector response. Figure 3 shows the resulting inclusive muon differential
cross-section for muons within |η| < 2.5 as a function of pT, compared to the
overall theoretical expectation. The expected W/Z component comes from
MC@NLO [32, 33] using the CTEQ6.6 PDFs, normalised to the cross-sections

16

Phys.Lett.B 707 (2012) 438
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Signal extraction in data
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Template fits to extract heavy flavor component from inclusive 𝜇± yield
Good agreements between data and templates
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Nuclear modification factor
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No obvious dependence on 𝑝T
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HF muon RAA vs. b-jet RAA
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Centralities (averaged over measured ranges) are similar 
Weak (or none) 𝑝T dependence in both measurements
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Kurt Eduard Jung
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HF muon RAA vs. D meson RAA
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Very different behavior compared to the D0 or inclusive hadron

Significantly smaller suppression for inclusive HF muons 
Strong momentum dependence for hadrons and c-jets

Flavor dependence of quenching

30

No indication of sizeable difference 
between D0 and charged particle 
RAA

This does not necessarily mean that 
energy loss by c-jet and light quark 
jet are the same

c-jet fragmentation: shape of spectra is 
slightly different
Large fraction of c-jets come from gluon 
splitting

New results provide more 
constraints on quenching models

CMS-HIN-16-001
Jing Wang
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HF muon v2
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1 Introduction

Heavy quarks, especially bottom quarks, provide an important probe of the properties of the quark gluon
plasma created in high-energy nuclear (A+A) collisions [1–8]. The masses of the charm and bottom
quarks are much larger than the temperatures attained in the plasma T ⇠ 200 � 500 MeV (see [9] and
references therein). As a result, the heavy quarks are mostly produced early in the collision at rates that are,
in principle, calculable using perturbative QCD, and their subsequent interactions with the plasma yield
experimentally observable signatures. At high transverse momenta, pT � m

b

, heavy quarks are thought
to lose energy similar to light quarks but with mass-dependent modifications to the pattern of collisional
and radiative energy loss [10–12]. At lower transverse momenta, pT . m

b

, the quarks are thought to
di�use in the plasma losing energy and partially thermalizing [13]. As a result of their interactions with
the collectively expanding medium, the heavy quarks may acquire an azimuthal anisotropy due to the
collective expansion of the medium. Past measurements of heavy flavor quarks in A+A collisions at
RHIC and the LHC using semi-leptonic decays [14–17] and direct reconstruction of heavy flavor mesons
[18–20] have shown both substantial suppression in the yield of heavy quarks due to energy loss and
significant azimuthal anisotropy. Measurements of the heavy quark yield and azimuthal anisotropy in
Pb+Pb collisions at the LHC can provide valuable constraints on plasma transport parameters such as the
heavy quark di�usion coe�cient and, potentially, distinguish between weak and strong coupling models
for heavy quark interactions in the plasma [5, 21–25].

The yield of particles produced in hard-scattering processes in A+A collisions is often characterized using
the nuclear modification factor:

RAA =
1
hTAAi

1
Nevt

d2
N

dpTd⌘
���cent

d2�pp

dpTd⌘
, (1)

where ⌘ is the pseudorapidity, the numerator is the di�erential per-event yield in A+A collisions for a
given centrality interval, the denominator is the pp cross-section for producing the given particles, and
hTAAi represents the nuclear overlap function averaged over the centrality interval. In the absence of
significant modification to the nuclear parton distributions and of final-state interactions of the outgoing
partons, the RAA should be unity. Measurements of the production of vector bosons [26–30] in Pb+Pb
collisions at the LHC have verified this expectation.

The azimuthal anisotropy of particles produced in an A+A collision is often characterized by coe�cients
v
n

in a Fourier expansion of the particle yield as a function of azimuthal angle, �, [31]

dN

d�
=

*
dN

d�

+ *
,1 +

X

n�1
2v

n

cos
�
n

⇥
� � �

n

⇤ �+
- , (2)

where �
n

represents the event plane angle for the n-th harmonic. In non-central collisions, the azimuthal
anisotropy is usually dominated by the n = 2 term due to the spatial anisotropy of initial state in the
transverse plane that results from the non-zero impact parameter.

This note presents ATLAS measurements of heavy flavor muon production measured over |⌘ | < 11 using
0.14 nb�1 of Pb+Pb data at psNN = 2.76 TeV and 4.0 pb�1 of pp data at

p
s = 2.76 TeV collected during

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the center of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the center of the LHC ring, and the y-axis points
upward. Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the beam pipe.
The pseudorapidity is defined in terms of the polar angle pipe. The pseudorapidity is defined in terms of the polar angle ✓ as
⌘ = � ln tan(✓/2).

2



“Cold” medium
Quarkonia production in p+Pb
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Quarkonium Signal Extraction
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Charmonium extraction
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Quarkonium Signal Extraction
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Quarkonium Signal Extraction
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Non-prompt J/psi RFB
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Non-prompt J/psi nuclear modification factor
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Qipeng Hu (USTC) Sep 28, 2015     Kobe, Japan
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Non-prompt J/psi vs. B+
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Prompt charmonium
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Bottomonium extraction

18

 [GeV]µµm
7.5 8 8.5 9 9.5 10 10.5 11 11.5

Ev
en

ts
 / 

(0
.1

 G
eV

)

0

2000

4000

6000

8000

10000

12000

14000

16000
ATLAS Preliminary

 = 5.02 TeVNNs+Pb, p
-1 Ldt = 28.1 nb∫

* < 1.20y-2.25 < 
 < 40 GeV

T
p

Data
Fit Model
Bkg

(1S)ϒ
(2S)ϒ
(3S)ϒ

*y
4− 2− 0 2 4

) [
nb

]
-
µ+

µ
→

(n
S)

ϒ
 B

r(
×

/d
y 

(n
S)

ϒ
σd

0

100

200

300

400

500
ATLAS Preliminary

 = 5.02 TeVNNs+Pb p
 < 40 GeV

T
p(1S), ϒATLAS 

 < 40 GeV
T
p(2S+3S), ϒATLAS 

 < 15 GeV
T
p(1S), ϒALICE 

Binned chi2 fit to per-event-corrected data
Upsilon(2S) and Upsilon(3S) are combined as Upsilon(2S + 3S)

-2.25 < y* < 1.2 and 0 < 𝑝T < 40 GeV. Thanks to the higher mass, a wider 
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ATLAS-CONF-2015-050
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Charmonium vs. bottomonium
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Reference based on interpolation
Upsilon vs. inclusive J/psi RpPb at low 𝑝T and prompt J/psi RpPb at higher 𝑝T

Charmonium RpPb and bottomonium RpPb show similar 𝑝T dependence 

Upsilon RpPb has no strong dependence on rapidity
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Double ratio
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Excited states production is suppressed wrt. ground states in most 
central p+Pb collisions for both charmonium and botttomonium 

May due to interaction with co-movers
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Quarkonia at Run ||
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What can be expected from ATLAS ?
✦ Improved cold quarkonia
✦ New results on hot quarkonia
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Summary

22

HF muon production in Pb+Pb

✦ HF muon RAA similar with b-jet, but different from D0 and charge hadron

✦ More suppressed in most central collisions

✦ Significant v2 up to 10 GeV

Quarkonia production in p+Pb

✦ Non-prompt J/psi production excess at low 𝑝T wrt. FONLL, more 
significant in backward

✦ J/psi and Upsilon(1S) RpPb show no strong kinematic dependence

✦ Excites states are suppressed in most central collisions wrt. peripheral

0.5 nb-1 of Run2 PbPb collisions collected, analyses are in progress
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ATLAS parallel talks
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✦ Measurement of the ridge correlations in pp and pPb collisions with the 
ATLAS detector at the LHC 

by Krzysztof Wozniak on Thursday 11:20 in Room 102

✦ Vector boson and Charmonium production in proton-lead and lead-lead 
collisions with ATLAS at the LHC

by William Brooks on Thursday 12:20 in Krutch Theatre



Backup



Qipeng Hu (USTC) June 27, 2016    Berkeley

Experiments at the LHC
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Centrality definition
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HF signal extraction for 2010 data
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Signal fraction and spectra
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HF fraction and spectra in 2010 data
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Mass ordering of RAA
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Gunther Roland QM’15  Student DayHard Probes of the Hot Medium 49

Flavors of Energy Loss

Qualitative agreement  
with expectation:  
• Mass ordering at low pT 
• RAA(b) ~ RAA(light) at high pT 
Much more to come this week 
from RHIC and LHC

LHC Run 2: fully 
reconstructed B mesons

n.b: s quarks are not “heavy” compared to  
typical QCD/QGP momentum scales

mc ~ 1.5 GeV

mb ~ 5 GeV

Buzatti, Gyulassy 2011

Bugatti, Gyulassy 2011
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CMS B+
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p+Pb beam configuration
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pPb Beam Configuration

17

      Pbp p/n

4 TeV
1.57 TeV per nucleon

- y + y

p+Pb collision beam configuration

The proton-nucleon 
center of mass (CM) 
frame has a shift of 0.465 
in rapidity in the proton 
beam direction.

y*:  CM rapidity being 
positive in forward 
(proton beam direction).

y* = - (ylab + 0.465)      p+Pb run period A

y* = ylab - 0.465)          p+Pb run period B
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RpPb vs. Centrality  (I)
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RpPb vs. Centrality  (II)
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Three interpolation functions used to 
calculate pp reference at 5.02 TeV, central 
values obtained from power law function.
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