
ALICE Experiment 
-- Topics & upgrade plan -- 	

Hideki Hamagaki
for the ALICE Collaboration



Institute for Nuclear Study
Graduate School of Science

The University of Tokyo



Contents	
•  Introduction
•  Heavy flavor in pp & Pb-Pb collisions

– Production cross section of heavy quarks in pp
–  J/ψ yield versus Nch in pp collisions
– RAA for D mesons 
– RAA for J/ψ    --  recombination
–  v2 for D and J/ψ   -- charm thermalization

•  Results from p-A collisions
– Ridge in p-A collisions

•  ALICE upgrade plan
•  Summary

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	

2	



INTRODUCTION	
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LHC	  at	  CERN	  
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circumference	  =	  27	  km	  (Yamanote-‐line	  =	  35	  km)	
√s	  	  	  =	  14	  TeV	  for	  p	  +	  p	  	  	  	  	  	  	  	  	  	  √sNN	  =	  5.5	  TeV	  for	  Pb	  +	  Pb	  
√sNN	  at	  LHC	  =	  28	  x	  RHIC	  =320	  x	  SPS	  =	  1000	  x	  AGS	  
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A Large Ion Collider Experiment
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Startup of ALICE	
•  2009/11/23: First pp collisions at 900 GeV
•  2010/3/31: pp collisions at 7 TeV
•  2010/11/8: Pb-Pb collisions at 2.76 TeV/A
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dNch/dη ~ 6.0 dNch/dη ~ 1600
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ALICE Run Summary
•  pp collisions at √s = 7 TeV in 2010– 2011

–  Int L = 16 nb−1 (with INT trigger)
–  Int L = 4.9 pb−1 for rare-event triggers with EMCAL, PHOS and MUON

•  pp collisions at √s = 0.9 and 2.76 TeV
–  Int L = 0.14 and 1.3 nb−1, respectively. 

•  Pb-Pb collisions at √sNN = 2.76 TeV in 2010 and 2011
–  Int L = 10 μb−1 in 2010
–  An order of magnitude higher in 2011
–  Triggers in 2011

•  Most central and semi-central events, and rare event selection with EMCAL, 
MUON, and ultra-peripheral collisions

•  p-Pb collisions at √sNN = 5.02 TeV in 2013
–  4 TeV for the proton beam and 1.58 TeV per nucleon for Pb beam 

1.7×108 events 

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	
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Centrality Determination
•  In Pb-Pb, clear correlation between collision geometry (impact 

parameter) and experimental observables
–  Centrality measure, based on forward detectors

•  ALICE
–  VZERO scintillator detectors
–  VZERO-A: 2.8 < η < 5.1 and VZERO-B: -3.7 < η < -1.7

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	
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HEAVY FLAVOR 
IN PP & PB-PB COLLISIONS
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Heavy Quark Production in pp
•  Two-gluon fusion process 
•  Copious production at LHC

–  Charm: ~5mb@2.76TeV (8.5mb@7TeV)
–  Bottom: ~0.3mb@7TeV

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	

10	

GeV/c  
t

p
0 2 4 6 8 10 12 14

b/
G

eV
/c

µ
   

|y
|<

0.
5

 | t
 / 

dp
σd

-110

1

10

210

310
+π - K→ 0D

-1 = 7 TeV, 1.6 nbspp, 

P
W

G
3-

P
re

lim
in

ar
y-

02
4

 = 62.3 mbMBσ

 7% global norm. unc. (not shown)±

ALICE Preliminary

stat. unc.
syst. unc.
FONLL 
GM-VFNS

GeV/c  
t

p
0 2 4 6 8 10 12 14

b/
G

eV
/c

µ
   

|y
|<

0.
5

 | t
 / 

dp
σd

-110

1

10

210

310
+π +π - K→ +D

-1 = 7 TeV, 1.6 nbspp, 

PW
G

3-
Pr

el
im

in
ar

y-
02

5

 = 62.3 mbMBσ

 7% global norm. unc. (not shown)±

ALICE Preliminary

stat. unc.
syst. unc.
FONLL 
GM-VFNS

GeV/c  
t

p
0 2 4 6 8 10 12 14

b/
G

eV
/c

µ
   

|y
|<

0.
5

 | t
 / 

dp
σd

-110

1

10

210

310
+π +π - K→ +π 0 D→ *+D
-1 = 7 TeV, 1.6 nbspp, 

PW
G

3-
Pr

el
im

in
ar

y-
02

6

 = 62.3 mbMBσ

 7% global norm. unc. (not shown)±

ALICE Preliminary

stat. unc.
syst. unc.
FONLL 
GM-VFNS

Figure 1. Preliminary pt differential cross section for D0 (left panel) and D+ (middle panel),
D∗+ (right panel) in pp collsions at

√
s=7 TeV, compared to FONLL [7] and GM-VFNS [8]

theoretical predictions.

calculations [14].

 (GeV)s
10 210 310 410

b)
µ ( cc

→
pp

σ

10

210

310

410

ALICE Preliminary (total unc.)

ALICE extr. unc.
ATLAS Preliminary (total unc.)

ATLAS extr. unc.
LHCb Preliminary (total unc.)

PHENIX
STAR (dA)

HERA-B (pA)

E653 (pA)

E743 (pA)

NA27 (pA)

NA16 (pA)

E769 (pA)

NLO (MNR)

ALICE Preliminary

Figure 2. Total charm production cross section as a function of centre of mass energy for
various experiments [9, 10, 11, 12, 13].

4. D meson Analysis in Pb–Pb Collisions
A similar analysis strategy has been adopted for Pb–Pb data as for pp, but with a tighter
selection due to higher combinatorial background. The D0 → K−π+ signal was measured in
five pt bins in the range 2 < pt <12 GeV/c and the D+ → K−π+π+ signal in three bins in the

3

J
H
E
P
1
1
(
2
0
1
2
)
0
6
5

 (GeV)s
210 310 410

b)µ (y
 /d bb

sd

1

10

210 = 7 TeV,  |y|<0.9sALICE, pp      

= 1.96 TeV,  |y|<0.6s   pCDF RunII, p   

= 0.63 TeV,  |y|<1.5s   pUA1, p   

= 0.2 TeV,  |y|<0.35sPHENIX, pp      

FONLL   

ALICE extr. unc.
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(FAPESP);

National Natural Science Foundation of China (NSFC), the Chinese Ministry of Education

(CMOE) and the Ministry of Science and Technology of China (MSTC);

Ministry of Education and Youth of the Czech Republic;

Danish Natural Science Research Council, the Carlsberg Foundation and the Danish Na-

tional Research Foundation;

The European Research Council under the European Community’s Seventh Framework

Programme;

Helsinki Institute of Physics and the Academy of Finland;

French CNRS-IN2P3, the ‘Region Pays de Loire’, ‘Region Alsace’, ‘Region Auvergne’ and

CEA, France;

– 17 –



J/ψ production as a function of dNch/dy 
in pp collisions at √s = 7 TeV

•  dNJ/ψ/dy depends almost linearly 
on dNch/dy 

•  Not accounted for by the direct 
hard process, as implemented in 
Phythia 6.4

•  Suggesting the effect of MPI 
(multi parton interaction) in c-
cbar production
–  c-cbar production is NOT be a very 

hard process at LHC?
•  Further studies are interesting for 
Υ, open charm, …

2013/08/01	
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Fig. 3. J/ψ yield dNJ/ψ/dy as a function of the charged particle multiplicity den-
sities at mid-rapidity dNch/dη. Both values are normalized by the corresponding
value for minimum bias pp collisions (〈dNJ/ψ/dy〉, 〈dNch/dη〉). Shown are mea-
surements at forward rapidities (J/ψ → µ+µ− , 2.5 < y < 4) and at mid-rapidity
(J/ψ → e+e− , |y| < 0.9). The error bars represent the statistical uncertainty on the
J/ψ yields, while the quadratic sum of the point-by-point systematic uncertainties
on the J/ψ yield as well as on dNch/dη is depicted as boxes.

Fig. 4. Relative J/ψ yield dNJ/ψ/dy as a function of relative charged particle mul-
tiplicity densities around mid-rapidity dNch/dη as calculated with PYTHIA 6.4 in
the Perugia 2011 tune [35,36]. Shown are results for directly produced J/ψ in hard
scatterings via the NRQCD framework at forward rapidities (2.5 < y < 4) and at
mid-rapidity (|y| < 0.9).

are ignored. A J/ψ cluster is a string formed by a cc̄ pair produced
via parton shower evolution which has an invariant mass that is
too low for the standard Lund string fragmentation procedure and
thus does not correspond to a well-defined hard scattering process.
The calculation shown in Fig. 4 is thus the ratio of the multiplic-
ity distributions generated for minimum bias events and events
containing J/ψ from hard scatterings. It exhibits a decrease of the
J/ψ multiplicity with respect to the event multiplicity, which in-
dicates that hard J/ψ production, as modeled by PYTHIA 6.4.25, is
not accompanied by an increase of the total hadronic activity. Fur-
ther studies with other models such as PYTHIA 8 [38] and Cascade
[39] are needed. It should be pointed out that our measurement
also includes J/ψ from the decay of beauty hadrons, which is not
part of the shown PYTHIA result. The fraction of J/ψ from feed
down can change with the event multiplicity and can therefore
contribute to the observed multiplicity dependence. However, since
this contribution is on the order of 10% [6,7,11] it might be only a
small contribution to the observed differences between model and
data.

On the other hand, the increase of the J/ψ production with
event multiplicity, as reported here, might be due to MPI. In this
scenario the multiplicity of charged particles is a direct measure-

ment of the number of partonic interactions in the pp events. If
the effect of MPI extends into the regime of hard processes, also
the J/ψ yield should scale with the number of partonic collisions
and the observed correlation will result. It has even been conjec-
tured in [40] that the increase of the J/ψ yield with dNch/dη and
the ridge phenomenon observed in high-multiplicity pp collisions
[23] could be related. They might both be caused by the lateral ex-
tent of the gluon distributions, in combination with fluctuations of
the gluon density. The presence of these fluctuations could signifi-
cantly increase the probability for MPI and thus cause the observed
rise of the J/ψ yield.

The multiplicity dependence measured here will allow a di-
rect comparison of the J/ψ production in pp to the one observed
in heavy-ion collisions. With a mean value of dNch/dη of 24.1,
the highest multiplicity interval shown in Fig. 3, for instance,
corresponds roughly to 45–50% centrality for Cu–Cu collisions at√

sNN = 200 GeV [21]. In order to establish whether any evidence
for a J/ψ suppression is observed already in pp, a proper normal-
ization is needed. This could be provided by a measurement of
open charm production in the same multiplicity bins. Correspond-
ing studies are currently ongoing.

In summary, relative J/ψ yields are measured for the first time
in pp collisions as a function of the charged particle multiplic-
ity density dNch/dη. J/ψ mesons are detected at mid-rapidity
(|y| < 0.9) and forward rapidity (2.5 < y < 4), while dNch/dη is
determined at mid-rapidity (|η| < 1). An approximately linear in-
crease of the J/ψ yields with the charged particle multiplicity is
observed. The increase is similar at forward and mid-rapidity, ex-
hibiting an enhancement relative to minimum bias J/ψ yield by a
factor of about 5 at 2.5 < y < 4 (8 at |y| < 0.9) for events with
four times the minimum bias charged particle multiplicity. Our re-
sult might either indicate that J/ψ production in pp collisions is
always connected with a strong hadronic activity, or that multi-
parton interactions could also affect the harder momentum scales
relevant for quarkonia production. Further studies of charged parti-
cle multiplicity dependence of J/ψ , Υ , and open charm production,
also as a function of pt, will shed more light on the nature of the
observed effect.
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D Yield in pp Collisions
•  dND/dy is almost linearly 

dependent on dNch/dy 
•  Similar trend to that for J/ψ	
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An interesting pp study

Measurement of D meson production vs. charged particle multiplicity in pp
collisions at

p
s = 7 TeV

Motivation:
understand the contribution of Multi-Parton Interaction
check for any collective behavior in high multiplicity pp collisions (higher mult. than
in Cu–Cu collisions at

p
s

NN

= 200 GeV at RHIC)
reference for analogous measurement with J/ [ALICE Collab., Phys. Lett. B 712 (2012) 165]
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Exclusive D Meson Measurement

•  D has slightly larger RAA over π and K in all pT 
range, while behavior is similar

•  Different behavior between Λ and mesons at pT < 8 
GeV/c, consistent with the quark recombination 
picture
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D mesons RAA: comparison with non-prompt J/ 

Testing the mass hierarchy of energy loss. Expected: RAA(c)<RAA(b)

First comparison performed in 2012, however: hpD

Ti 6= hpB(!J/ )
T i

New data allow for a comparison in a compatible pT range of D and of the parent
B of non-prompt J/ 
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•  Non-prompt J/ψ from B 
decay

•  Previous comparison in 
2012: ⟨pD

T ⟩ ≠ ⟨pB
T

(→J/ψ)⟩ 
•  New comparison:  

compatible pT range for 
D and the parent B of 
non-prompt J/ψ 

•  RAA(np-J/ψ) > RAA(D)
–  Getting clear in the new 

comparison
–  Mass hierarchy in energy 

loss process



Ds
+ vs D0,+

•  Larger Ds/D ratio in Pb-Pb than in pp for pT < 8 GeV/c
•  Qualitatively consistent with the quark recombination 

picture; additional Ds production in Pb-Pb collisions
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J/ψ at SPS & RHIC

•  J/ψ suppression; proposed as a probe of deconfinement 
by T. Matsui and H. Satz (1985)

•  Anomalous suppression was observed in Pb-Pb at SPS
•  Suppression with a similar magnitude to SPS was 

observed at RHIC

Cesar L. da Silva - Quark Matter 2011 - Annecy, France 17

[arXiv:1103.6269v1]
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L. Yan et al, PRL97 (2006) 232301 

recombination 

total 

dissociation 

Comparison with Models
•  Sequential melting
•  Dynamical dissociation
•  Quark recombination



•  Not significant contribution 
from recombination process at 
RHIC

X. Zhao, R. Rapp et al. arXiv:0712.2407 

absorption 

T.	  Gunji	  et	  al.	  PRC	  76	  051901,	  2007	  



RAA(J/ψ) at LHC	


•  RAA(J/ψ) is large at LHC
–  RAA(J/ψ) at mid-y > RAA(J/ψ) at forward-y

•  RAA(J/ψ) is large at low pT
                  is small at high pT


Consistent with large contribution 
from recombination process
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       J/ψ elliptic flow v
2 
- results

MB

7.8fm

7.8fm

MB

20-40%

20-60%

7.8fm

● J/ψ v
2
 is consistent 

with zero at high-p
T
.

● J/ψ v
2
 measurement 

disfavors coalescence 
from thermalized 
charm quarks.

[1] V. Greco, C.M. Ko, R. Rapp, PLB 595, 202.
[2] L. Ravagli, R. Rapp, PLB 655, 126.
[3] L. Yan, P. Zhuang, N. Xu, PRL 97, 232301.
[4] X. Zhao, R. Rapp, 24th WWND, 2008.
[5] Y. Liu, N. Xu, P. Zhuang, Nucl. Phy. A, 834, 317.
[6] U. Heinz, C. Shen, priviate communication.

STAR Preliminary

v2(J/ψ) at LHC

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	

19	

J/ψ Elliptic Flow in Pb-Pb Collisions at √sNN = 2.76 TeV The ALICE Collaboration
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Fig. 4: (Color online) Inclusive J/ψ v2(pT) for semi-central (20%–60%) Pb-Pb collisions at
√sNN = 2.76 TeV.

The v2 was measured in the pT ranges: 0–2, 2–4, 4–6 and 6–10 GeV/c and the points are located at the measured
〈pT〉uncor. Calculations from two transport models [22] and [23] in the same kinematic range are also shown (see
text for details).

small variation with centrality, the 〈pT〉uncor stays in the range 3.0–3.3 GeV/c indicating that the bulk
of the reconstructed J/ψ are in the same pT range for all centralities. Thus, the observed centrality
dependence of the v2 for inclusive J/ψ with 1.5 ≤ pT < 10 GeV/c does not result from any bias in the
sampled pT distributions. For J/ψ with pT < 1.5 GeV/c (not shown) the v2 was found to be compatible
with zero within one standard deviation for the four centrality classes. The 〈pT〉uncor ranges from about
0.75 to 0.9 GeV/c.

To allow a direct comparison with current model calculations, the inclusive J/ψ v2(pT) was also cal-
culated in a broader centrality range, namely 20%–60%. Figure 4 shows the inclusive J/ψ v2(pT) for
non-central (20%–60%) Pb-Pb collisions at √sNN = 2.76 TeV. In this broader centrality range, the mea-
sured v2 signal in the pT range 2–4 GeV/c deviates from zero by 2σ . The same trend of v2(pT) is
observed in the 20%–60% and in the 20%–40% centrality classes. This trend is different from the STAR
measurement [15] at lower collision energy, which is compatible with zero for pT ≥ 2 GeV/c albeit in
somewhat different (10%–50% and 0%–80%) centrality ranges. Also shown in Fig. 4 are two trans-
port model calculations that include a J/ψ regeneration component from deconfined charm quarks in
the medium [22, 23]. In both models about 30% of the measured J/ψ in the 20%–60% centrality range
are regenerated. On the one hand, thermalized charm quarks in the medium transfer a significant ellip-
tic flow to regenerated J/ψ . On the other hand, initial J/ψ emitted out-of-plane traverse a longer path
through the medium than those emitted in-plane resulting in a small apparent v2. The predicted maxi-
mum v2 at pT ∼ 2.5 GeV/c results from an interplay between the regeneration component, dominant at
lower pT, and the initial J/ψ component which takes over at higher pT. The first model [22] is shown for
the hypothesis of thermalization (full line) and non-thermalization (dashed line) of b quarks. The LHCb

7

•  Sizable v2(J/ψ) at LHC, in 
contrast to the case at RHIC
–  Non-prompt-J/ψ is ~7 % for pT < 12 

GeV/c from bottom decay 
•  Condition for finite v2(J/ψ) = 

Recombination of charms with 
finite v2

•  Consistent with the two model 
calculations
–  Both models assume charm is 

thermalized (and flows)
–  Two cases for bottoms: thermalized, 

and NOT thermalized 
    -> need more statistics to judge

arXiv:1303.5880	  

APhysPolBSupp.5.323	  



Open Charm v2
•  Sizable v2 of D mesons at LHC, 

suggesting rapid thermalization of 
charm
–  It also serves as a strong backup of 

the finite v2(J/ψ)


•  Non-prompt J/ψ and D for 
investigating bottom 
thermalization will be the key 
measurement
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Figure 9: Predictions for the elliptic flow v2 of muons, electrons,
non-prompt J/ψ, and D mesons.

respectively.
Finally, the question arises, what we can learn from the

comparison to experimental data. Due to the transport
character of BAMPS we have access to all the collision
properties during the whole time evolution. Figure 10
sheds some light on why the experimental data can be
fairly well described with the K factor.
For the elliptic flow isotropization is important and,

hence, the transport cross section and transport rate are
the relevant quantities, since they weight the cross section
and rate, respectively, with the angle of the diffracted par-
ticle. In the left plot of Fig. 10 the time evolution of the
mean transport cross section is shown in the central re-
gion of a heavy ion collision at LHC. The value for charm
quarks, including only 2 → 2 processes, is about 5 times
larger than that for gluons, which interact also via 2 ↔ 3
processes. As a note, the 2 → 2 and 2 ↔ 3 light parton
processes can describe the elliptic flow data of light parti-
cles [31, 33, 35]. Due to the large charm transport cross
section also a sizeable elliptic flow for charm quarks builds
up.
For comparison we show also the charm transport cross

section under the assumption that the medium is ther-
mally and chemically equilibrated. These values are
smaller compared to the full heavy ion collision, where
the gluon fugacity is below unity, which leads to a smaller
Debye mass and, therefore, larger cross section. However,
the sensitivity on the fugacity is reduced when considering
the transport rates since the density also enters. The right
hand side of Fig. 10 shows that for the charm transport
rate the equilibrium curve is only a factor of about 1.4
smaller than the values extracted from the full heavy ion
collision.
The reason for the large charm cross section is the ef-

fective treatment of the Debye screening on the heavy fla-
vor sector and the additional multiplication of the factor
K = 3.5. Since the binary pQCD cross section is domi-
nated by small angles, the total cross section can be one

order larger than the transport cross section, which is too
large for partonic interactions. Therefore, we will inves-
tigate in a further study radiative processes, which can
lead to an effective energy loss and isotropization (cf. also
Ref. [22]) without the need of large cross sections, as it
has been demonstrated with gluons and light quarks in
BAMPS [25].

4. Conclusions

Results on the elliptic flow and the nuclear modifica-
tion factor of open heavy flavor at the LHC are calcu-
lated within the partonic transport model BAMPS with
nf = 3 + 2 flavors. To get the correct initial heavy quark
distribution we employ mc@nlo which is in good agree-
ment with p+p heavy flavor data at

√
s = 7TeV. The

binary cross sections of heavy quarks with light medium
particles are obtained from pQCD with a running coupling
and an improved Debye screening motivated from hard
thermal loop calculations. By scaling the binary cross sec-
tion by a factor of K = 3.5 to account for radiative contri-
butions and quantum statistics we find a good agreement
with the heavy flavor electron data at RHIC. Calculations
with the same parameters are carried out at the LHC for
heavy flavor electrons, muons, D mesons and non-prompt
J/ψ. We find that our RAA calculations slightly underes-
timate the experimental data for all heavy flavor observ-
ables. In a future study we want to investigate this in more
detail by explicitly including radiative processes for heavy
quarks [9] and study whether a phenomenologicalK factor
was satisfied. The D meson v2 agrees well with the exper-
imental data. Furthermore, we make predictions within
the same framework for the elliptic flow of heavy flavor
electrons, muons, and non-prompt J/ψ at LHC energy of√
s = 2.76TeV.
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p-A Collisions
•  Reference of the initial state of A-A collisions

–  Cold nuclear matter (CNM) effect
–  nPDF; possible gluon saturation

•  Recent findings indicate that p-A may provide a unique 
circumstance to study early stage, the least known 
stage, in heavy ion collisions
–  Origin of fluctuations
–  Thermalization process; highly non-perturbative & non-

equilibrium process
–  TO MY SURPRISE: Space-time evolution as an thermalized 

system??
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p-Pb Runs at LHC
•  √sNN = 5.02 TeV

–  4 TeV p beam / 1.58 TeV per nucleon Pb beam
–  Rapidity shift of 0.465 (in proton-going direction)

•  2013 Feb./March run with both beam directions (p-Pb and Pb-p)
–  Low luminosity running; ~130 million MB events (50 µb-1)
–  High luminosity running; ~30 nb-1 (muon trigger -> J/ψ)

•  A straightforward correlation between     
collision geometry and multiplicity is not 
found in p-Pb collisions

•  Event classes are defined as percentiles 
of the measured sample
–  VZERO scintillator detectors to 

measure particle multiplicity; 
2.8 < η < 5.1 and -3.7 < η < -1.7

–  Only Pb direction (2013 analysis)
ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013
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The Near-Side Ridge
•  Well known feature in Pb-Pb 

collisions (à collective flow)
•  Observed in extremely high-

multiplicity pp collisions by CMS 
•  Somehow expected in p-Pb, but 

still surprising, in particular, 
because of its amplitude
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The Double Ridge
•  No ridge seen in 60-100% and similar to MB pp collisions
•  Subtraction of (peripheral yield) from (central yield) to 
“isolate” ridge contribution from jet correlations
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Projections to Δϕ	

•  Modulation mostly of cos 2Δϕ 

type
•  Small but significant cos 3Δϕ 

term needed

•  Same procedure applied  
on HIJING simulated  
events à no significant  
modulation remains
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v2 and v3 Coefficients
•  v2 and v3 as a function of pT for 

different event classes (each 
60-100% subtracted)

•  v2
–  Strong increase with pT
–  Mild increase with multiplicity

•  v3
–  Increase with pT within large  

uncertainties

•  Similar results by ATLAS
•  PHENIX reports similar v2 

values in d-Au at 200 GeV (arXiv:
1303.1794)
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•  Question is whether hydro is still applicable in a system 
with a transverse extension of a few fm?
–  Maybe so, since the effective interacting range in sQGP is less 

than 1 fm
–  Maybe NOT, since surface effect should be dominant …

v2 of π, K, p

ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013
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ALICE,	  arXiv:1307.3237	  
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Mass ordering in v2 
suggests collective 
flow in the hadronic 
phase, where mass is a 
factor to make v2 
different



ALICE UPGRADE PLAN
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Present ALICE program
2013–14: Long Shutdown 1 (LS1)

–    completion of TRD and CALs
•  2015: Pb–Pb  at √sNN = 5.1 TeV 
•  2016–17: (maybe combined in one year) Pb–Pb at √sNN = 5.5 TeV 
2018: Long Shutdown 2 (LS2)
•  2019: probably Ar–Ar  high-luminosity run
•  2020: p–Pb comparison run at full energy
•  2021: Pb–Pb run to complete initial ALICE program
2022 Long Shutdown 3 (LS3)

•  Physics reach extended by the new energy and completion of TRD 
and CALs

•  Improvement of statistical significance of our main results by a 
factor about 3  --- this is enough?

2013/08/01
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Scope of Upgrade 
•  Run ALICE at high rate, and inspect all events, in accord 

with the LHC luminosity upgrade; targeting 50 kHz 
minimum bias rate for Pb–Pb

•  Upgrade detectors and electronics by the end of LS2 
(2018), and run with upgraded program after LS2
–  Target: more than 10 nb-1 of integrated luminosity, which implies 

running with heavy ions a few years after LS3 (2022)
–  A factor of >100 increase in statistics; (maximum readout with 

present ALICE ~ 500 Hz) for core physics programs
–  For triggered probes increase in statistics by factor > 10

2013/08/01
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Core physics motivation
•  Main physics topics, uniquely accessible with the ALICE detector:
•  Heavy-flavor transport parameters:

–  diffusion coefficient – azimuthal anisotropy and RAA

–  in-medium thermalization and hadronization – meson-baryon
–  mass dependence of energy loss – RAA

•  Low-mass and low-pt di-leptons 
–  chiral symmetry restoration – vector-meson spectral function
–  space-time evolution of the QGP – radial and elliptic flow of emitted 

radiation
•  J/ψ , ψ’, and cc states down to zero pT in wide rapidity range

–  charm and bottom thermalization – RAA, elliptic flow
–  regeneration process – central vs. forward production

•  Jet quenching and fragmentation
•  Heavy-nuclei, hyper-nuclei & exotics

2013/08/01
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ALICE detector upgrade
•  High-luminosity operation without dead-time

–  Improved vertexing and tracking at low pT

–  Preserve particle-identification capability
•  Target for installation and commissioning LS2 (2018)

•  LOI approved by LHCC, TDR in preparation: 
–  New, smaller radius, beam pipe
–  Performance and rate upgrade of inner tracker (ITS)
–  Non–stop operation of TPC without gating grid; MWPC --> GEM 
–  High-rate upgrade for the readout of the TPC, TRD, TOF, CALs, 

DAQ-HLT, Muon-Arm and Trigger detectors
•  LOI in preparation: 

–  MFT: b-tagging for J/ψ, low-mass di-muons

2013/08/01
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Example: Heavy flavor production
•  Bottom via non-prompt D0 -> K + π  = mass 

dependence of energy loss
–  needs precision of the new ITS

•  Λc  = hadronization process; baryon-meson universality 
–  needs both: the new ITS and luminosity ~ 10 nb-1

2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	

34	

B/D RAA suppression Λc/D enhancement 



Example: Heavy flavor v2

•  Need >> 1 nb-1 for precise measurement of charm and beauty v2
•  Other key measurements: Λb, Ξc, B decays, virtual γ, ψ’, χc, tagged 

jets… 
2013/08/01	 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013	
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SUMMARY & OUTLOOK
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Summary & Outlook
•  ALICE has been producing rich results at full speed
•  Various results on Open heavy flavor and Quarkonia

–  Exclusive D meson reconstruction 
–  Energy loss and thermalization of heavy quarks in Pb-Pb
–  Recombination process for J/ψ production in Pb-Pb

•  Interesting results in p-Pb collisions
–  p-Pb May NOT be a mere reference of initial state in Pb-Pb
–  Double ridge structure is an example

•  Importance of data with higher statistics
•  A major upgrade

–  Pb-Pb data with 50 kHz (= MB Pb-Pb rate after LHC intensity 
upgrade); ~100 times more than current (-500Hz)

–  New ITS (inner tracking system), GEM TPC with no gating grid, 
faster electronics and wider bandwidth …
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BACKUP
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Wicks	  et	  al.,	  Nucl.	  Phys.	  A784,	  426	  (2007)	  

Gluon radiation probability: 

parton	  

hot	  and	  dense	  medium	  
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Heavy Flavor as Probes
•  Production = initial stage; pQCD
•  High pT à energy loss

–  Dead-cone effect 
gluon radiation suppressed at small 
angles (q < mQ/EQ) 
Y. Dokshitzer, D. Kharzeev, PLB 519, 199 (2001), hep-ph/
0106202

•  Low to medium pT à thermalization  
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How to Measure Heavy Quarks?

Meson D±,D0
Mass 1869(1865) GeV

BR D0 à Kπ	
 3.85 ± 0.10 %
BR D à e +X D±: 17.2, D0: 6.7 %

2013/08/01 ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013
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c c
0D

leptons from semi-leptonic decay

0DK−

π+ 

K+ −l
νl

Direct: 
DàKπ, DàKππ 



RD
AA/Rπ

AA at LHC
•  No large variation with pT

•  δpT/pT will be interesting 
to see
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Flow Patterns in Pb-Pb
•  For many it smells like flow, but does it flow?
•  Particle identification allows further tests
•  Particle-mass dependent effects emerge

Ellipdc	  Flow	  Radial	  Flow	  

Pb-‐Pb	  10-‐20%	  

π	  	  K	  	  p	  

pT	  (GeV/c)	  
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New	  Inner	  Tracking	  

	  	  seven	  layers	  silicon	  tracker	  
poindng	  resoludon	  improved	  ~	  3	  dmes	  

•  very	  close	  to	  the	  interacdon	  point	  –	  innermost	  layer	  22	  mm	  
	  

low	  material	  budget	  	  –	  X/X0	  ~	  0.3%	  per	  layer	  
	  

substandally	  improved	  standalone	  tracking	  efficiency	  	  
and	  pt	  resoludon	  

0,41

0,33

0,45

R3
7

3

2

R19,8

R22

R27
,5

inner	  barrel	  

new	  ITS	  

high	  rate	  
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TPC upgrade

44
2013/08/01

•  TPC	  condnuous	  readout	  without	  gadng	  grid	  
•  minimize	  ion	  feedback	  from	  amplificadon	  region	  	  
•  change	  MWPC	  readout	  to	  GEM	  readout	  
•  preserving	  tracking	  and	  pardcle	  idendficadon	  capabilides	  
•  online	  calibradon	  and	  data	  reducdon	  in	  HLT	  
•  at	  50	  kHz	  of	  Pb–Pb	  interacdon:	  reducdon	  factor	  of	  ~	  25,	  event	  rate	  

tape	  25	  kHz,	  throughput	  to	  mass	  storage	  20	  GB/s	  
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Typical Two-Particle Correlation  
in p-Pb Collisions
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Near-‐side	  jet	  
+	  resonances,	  ...	  
(Δϕ	  ~	  0,	  Δη	  ~	  0)	  

Away-‐side	  jet	  
(Δϕ	  ~	  π,	  elongated	  in	  Δη)	  

2	  <	  pT,trig	  <	  4	  GeV/c	  
1	  <	  pT,assoc	  <	  2	  GeV/c	  
40%	  lowest	  muldplicity	  p-‐Pb	  
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There	  is	  some	  thing	  more	  …	  interesdng	  	  
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h-ID Correlations
•  Typical features (NS + AS jet, 

ridge) also in h-π, h-K, h-p 
correlations

•  Project to Δϕ with η-gap on NS
•  Fit with 3 Fourier coefficients gives 

good description
–  Large first component due to recoil jet

•  Near side: mostly ridge
•  Away side: jet + ridge

–  affects also v2

•  Allows to extract vn coefficients
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ALICE,	  arXiv:1307.3237	  
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Subtraction
•  Subtract jet component by  

(0-20%) – (60-100%)

•  Residue of jet, in particular for 
pions
–  Most likely event-selection bias on 

jet fragmentation
–  Excluded due to near-side η-gap
–  Away-side contribution assessed in 

various ways (ask for details)

–	   =	  

h-‐π	


h-‐p	  
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vn Coefficients
•  First Fourier coefficients is 

mainly driven by recoil jet
–  Significant change in magnitude 

with subtraction (up to 10 times 
smaller)

•  Second Fourier coefficient 
changes with subtraction by  
20-40%

•  NB. Subtraction removes also 
baseline (b) from 60-100%

)/( 022 baav +=

0-‐20%	  

0-‐20%	  –	  60-‐100%	  
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here:	  η	  =	  ηlab	   ALICE,	  arXiv:1307.3237	  
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Color Glass Condensate
•  Gluon saturation at low x

–  New scale: saturation scale
•  Enhancement of "glasma" graph
•  Calculation for p-Pb LHC by Dusling 

and Venugopalan (PRD 87, 094034 (2013))

–  Good agreement, no v3 component, though

ALICE Experiment, presented in the PHENIX Workshop at RIKEN, Summer 2013
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HERA,	  EPJC	  (2013)	  73:2311	  

CMS,	  arXiv:1305.0609	  

PRD	  87,	  094034	  (2013)	  

1/
N
tr
ig
	  d

2 N
as
so
c/
dΔ
η
dΔ
ϕ
	


Δϕ	  (rad)	  

x	  

here:	  η	  =	  ηlab	  

2013/08/01	


