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The ALICE Experiment

Theory Meets Experiment 2013, 10-12 June 2013, Warsaw, Poland 2/31Adam Kisiel (WUT)

LHC Heavy-Ion running LHC Heavy-Ion running 
• Two heavy-ion runs at the LHC so far:

• in 2010 – commissioning and the first data taking
• in 2011 – already above nominal instant luminosity!

• p–Pb run moved to beginning of 2013
• jan-mar 2013 - 30 nb-1

• (for rare-probe statistics equivalent to ~0.15 nb-1 of Pb–Pb)

• Followed in 2013 by Long Shutdown–1 (LS1)

year system energy √s
NN

TeV
integrated 
luminosity

2010 Pb – Pb 2.76 ~ 10 µb-1

2011 Pb – Pb 2.76 ~ 0.1 nb-1

2013 p – Pb 5.02 ~ 30 nb-1
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ALICE – dedicated heavy-ion ALICE – dedicated heavy-ion 
experiment at the LHCexperiment at the LHC

• particle identification (practically all known techniques)
• extremely low-mass tracker ~ 10% of X

0

• excellent vertexing capability
• efficient low-momentum tracking – down to ~ 100 MeV/c

vertexing
HMPID

ITS TPC

TRD
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The QGP at the LHC
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Theory Meets Experiment 2013, 10-12 June 2013, Warsaw, Poland 6/31Adam Kisiel (WUT)
Interplay of soft and hard process

First day measurements which can exclude models
 Phys. Rev. Lett. 105, 252301 (2010)

PbPbpp

Charged particle multiplicityCharged particle multiplicity

Theory Meets Experiment 2013, 10-12 June 2013, Warsaw, Poland 7/31Adam Kisiel (WUT)

Volume at freeze out: ~ 5000 fm3

x2 of RHIC

Initial volume ~ 800 fm3

Hotter, bigger and longer-lived

Lifetime from collision to freeze out

~  10 fm/c

30% longer

Source size for hadron emission is determined 
by two-pion correlations methods:
Hanbury-Brown Twiss (HBT) 

PLB 696, 328 (2011)

Volume and lifetime of the source Volume and lifetime of the source 

Theory Meets Experiment 2013, 10-12 June 2013, Warsaw, Poland 7/31Adam Kisiel (WUT)

Volume at freeze out: ~ 5000 fm3

x2 of RHIC

Initial volume ~ 800 fm3

Hotter, bigger and longer-lived

Lifetime from collision to freeze out

~  10 fm/c

30% longer

Source size for hadron emission is determined 
by two-pion correlations methods:
Hanbury-Brown Twiss (HBT) 

PLB 696, 328 (2011)

Volume and lifetime of the source Volume and lifetime of the source 

Hotter, denser (x2.5),
bigger (x2) and longer
lifetime (30%) as
compared to RHIC!
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Focus on hard probes:
Before we can utilize hard probes/jets (and their 
modifications/tomography) to probe the medium in 
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
    Comparison of pQCD calculations with p-p measurements   

p+p

Jet
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heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
    Comparison of pQCD calculations with p-p measurements   

p+p

Jet

2) Control experiment: 
    Measure initial state/Cold Nuclear Matter (CNM) effects;
    Probe the “cold medium” via p-Pb collisions (compare to p-p)

p+Pb

Jet
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Nuclear Modification (RAA) in p-Pb Collisions
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arXiv:1210.4520 [nucl-ex] PLB 696, 30 (2011)

Strong supression in central Pb-Pb
fingerprint of

hot QCD matter !!

ongoing comparison
 with models

p
T
 < 2 GeV/c : suppression

2 < p
T
 < 4 GeV/c : rise to 1.1

(Cronin effect) 

RpPb ~1   p
T
 > 6 GeV/c

- Binary scaling
- Absence of 
      nuclear modification

Initial state effects small

Strong suppression
•  increases with centrality
•   NOT initial state effect
•   Final state effect

R
PbPb

R
PbPb

R
pPb

RRAAAA of charged particles in p-Pb of charged particles in p-Pb

Strong suppression in central Pb-Pb collisions
RpPb (minbias) consistent with unity in p-Pb collisions

Average number 
of p-p collision
in A-A collision 

No “Effect”:

• R < 1 at small momenta -
  production from thermal bath
• R = 1 at higher momenta where
  hard processes dominate 

PRL, 110, 082302 (2013)
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Charged Jet RAA in p-Pb Collisions
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Heavy-flavor RAA in p-Pb Collisions
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Heavy-flavor RpPb (minbias) at mid-rapdidity 
consistent with unity in p-Pb collisions
(within uncertainties)
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J/ψ and Υ RAA in p-Pb Collisions
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J/ψ and Υ RpA"
!  Measured in p-Pb and Pb-p 

# Minimum bias  
# Coverage: pT>0 
          -4.5<ycms<-3 U 2<ycms<3.5 

!  Ref. cross sections at 5.02 TeV 
from interpolation (2.76 and 7) 

!  J/ψ RpA  
# Described by shadowing  
   (+ coherent energy loss in nucleus) 
# CGC seems to over-suppress 

!  Υ RpA 
# Consistent with J/ψ but clearly 

smaller y dependence 
# Shadowing alone over-estimates 

Future Trends in High-Energy Nuclear Collisions, Beijing 19-22.08.13                         Andrea Dainese" 38"

J/ψ RpPb:
• Described by shadowing
• CGC overestimates the
   suppression at large y

Υ RpPb:
• Consistent with J/ψ
  (weaker y dep.)
• Shadowing alone seems
  to underestimate the
  suppression
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Before we can utilize hard probes/jets (and their 
modifications/tomography) to probe the medium in 
heavy-ion collisions we first have to establish that:

1) The probe is calibrated:
    Comparison of pQCD calculations with p-p measurements   

p+p

Jet

2) Control experiment: 
    Measure initial state/Cold Nuclear Matter (CNM) effects;
    Probe the “cold medium” via p-Pb collisions (compare to p-p)

p+Pb

Jet ✓



Jets

Michael L. Knichel Moriond 2012 18       .

•
 

single particles observables depend on fragmentation function

•
 

full jet reconstruction (~parton energy) and jet R
AA 

is the most 

obvious to study parton energy loss

jets in ALICE are coming soon:

•
 

EMCal was fully installed in 2011 run

•
 

dedicated jet trigger

•
 

underlying event and background subtraction has been studied

•
 

background fluctuations are important in Pb-Pb!

jet in EMCal (Pb-Pb)

Hard Probes in Pb-Pb Collisions
(a small selection ...)
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Nuclear Modification in Pb-Pb Collisions
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!  ALICE and CMS are 
consistent within overlap 
region 
!  Same R 
!  Different constituent cuts 

!  Complementary results 

CMS and ALICE 

Rosi Reed - Hot Quarks 2012 18 
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No suppression of hadron yields in p-Pb
No suppression of direct photons, W, Z0

Strong suppression of hadron yields and 
in Jet RAA in central Pb-Pb collisions

➜ Energy loss of colored probes in the QGP
at the LHC is a final-state effect! 
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Jet Structure in Pb-Pb Collisions
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R=0.2

R=0.3

Ratio of jet x-section R=0.2/R=0.3 is sensitive 
to broadening in the jet structure:
Pb-Pb jet structure consistent with vacuum jets;
no jet broadening (within R=0.3) observed! 
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Hadron PID in Pb-Pb Collisions
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Similar RAA for pions, kaons and protons at high-pT

Proton/pion ratio at high-pT consistent with vacuum
➜ Particle composition unmodified in Pb-Pb collisions!
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“Jet PID” in Pb-Pb Collisions
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Trigger
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A closer look via two particle ΔηxΔΦ correlations;
Isolate jet-like and bulk-like region:
p/π in bulk region consistent with inclusive ratio
p/π in jet consistent with vacuum
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D and B RAA vs. centrality
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RAA of D and B vs. centrality"
!  Comparison of charmed mesons (ALICE) with J/ψ from 

beauty decays (CMS)  

 

 
!  First clear indication of a dependence on heavy quark mass:  
                                        RAA

B > RAA
D  

Future Trends in High-Energy Nuclear Collisions, Beijing 19-22.08.13                         Andrea Dainese" 18"

With this selection: 
•  B <pT> ~ 11 GeV 
•  D <pT> ~ 10 GeV 
 

!"#$%&'()*+,-"+%))-,(*%./"(.0"1(,(.+-"
23.+*%./"4."'&51"(.0"51&51"+%,,4/4%./""

(6"789"-.-):4-/"$46;"<7=9>"

!"#$%&'()&*&+(,-."/&+0"12(34(536013.7(
!"#$%&'()#!)#*&%#+,-./#0!(('$!1'2!"#

#

/34#5/3#6789#:#4*!0;&!(<=#4>%?%"#@#8AB7CB6789#

Charm Meson
D <pT> ~ 10 GeV

J/ψ from bottom
decay (CMS)
B <pT> ~ 11 GeV

First clear indication of mass dependent
partonic energy loss in heavy-ion collisions!
Bottom less suppressed than charm and light flavor!
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•
 

single particles observables depend on fragmentation function

•
 

full jet reconstruction (~parton energy) and jet R
AA 

is the most 

obvious to study parton energy loss

jets in ALICE are coming soon:

•
 

EMCal was fully installed in 2011 run

•
 

dedicated jet trigger

•
 

underlying event and background subtraction has been studied

•
 

background fluctuations are important in Pb-Pb!

jet in EMCal (Pb-Pb)Hard Probes Summary:
The energy loss of colored probes in 
the QGP at the LHC is unambiguously a 
final-state effect! 

The hard core of the jet, after energy loss, 
seems to fragment vacuum like:
No broadening or change in PID is 
observed!

For the first time:
Mass dependent partonic energy loss is 
observed (bottom loses less energy than 
charm and light quarks)

Observations are (qualitatively) consistent 
with a pQCD-type energy loss picture in 
which a significant amount of energy loss 
happens at early times with the “lost” 
energy thermalized in the medium and the 
leading parton fragmenting vacuum like!

6

In order to clarify the situation, in Fig. 5 the depen-
dence of the energy deposition on the initial parton en-
ergy E0 is shown. This mainly affects how soon finite
energy correction become relevant. The dependence of
the total mean energy deposition on initial parton energy

can be well fit by ∆E ∼ E0

1GeV

0.37
. This suggests that at

good part of the normalization difference between Figs.2
and 4 is due to the difference in E0, which is confirmed
by an explicit calculation.

V. EVENT-BY-EVENT FLUCTUATIONS

A. Fluctuation sources

There are multiple sources for event-by-event fluctu-
ations around the mean energy deposition of a shower
given an in-medium path. They can broadly be grouped
into the following categories:

• fluctuations of the energy deposition of single par-
tons along their path

• fluctuations of Npart(z) in the shower evolution

• fluctuations in the background medium density,
translating into fluctuations of the transport coef-
ficients

The approximate scaling of medium effects with ∆Q2
tot

identified in [20] and explicit calculations in [43] suggest
that fluctuations in the medium density are a subleading
effect. On the other hand, the relative strength of the
Crescendo effect observed in Figs. 2,3 and 4 above the
baseline calculations that contains already fluctuations
in the energy deposition of single partons suggests that
particle numbers are large and the dominant effect are
fluctuations in Npart(z) which are captured by YaJEM.

B. Results

In Fig. 6, the mean energy deposition of a 120 GeV
gluon is shown along with the energy deposition in 10
individual events. The fluctuations are fairly strong, up
to a factor three different from the average, and thre rel-
ative strength of fluctuations persists during the whole
evolution. Upward spikes in the energy deposition can
clearly be seen and identified as the emission of a daugh-
ther parton to the point that it is resolved by the medium
where the length in x of the upward spike correlates with
the energy of the daughter parton and the (fluctuating) ê
governing its energy loss — as soon as a daughter parton
energy is depleted, the total energy deposition decreases
again.
The strong fluctuations seen in this result argue that

in order to have a realistic picture of energy deposition
into the medium, the average energy deposition is not
sufficient and EbyE fluctuations need to be taken into
account.

0 1 2 3 4 5 6
x [fm]
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0.1

1

10

dE
/d

x 
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eV
/fm
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ΔQ2 = 8.0 GeV2, ΔE ~ 7.6 GeV

120 GeV gluon jet
L = 5.8 fm, hydrodynamical medium, YaJEM-DE

FIG. 6: (Color online) Energy deposition of a parton shower
initiated by an 120 GeV gluon placed into the center of an
evolving medium, shown both as mean value and for 10 in-
dividual shower events. The relative strength of q̂ and ê is
determined by data.

VI. SCALE SEPARATION AND ENERGY
BALANCE

Let us now return to the effect of q̂ on the energy bal-
ance. In YaJEM, a shower gains the energy for transverse
broadening largely from the medium. The microscopical
interpretation of this is that medium partons are being
’swept away’ by the shower and hence become correlated
by the jet, thus if their energy is formally counted as part
of the jet, the in-medium jet energy keeps growing [20].
As mentioned before, this is not a reasonable physical

interpretation, because there is no physical distinction
between soft medium and soft jet gluons, and hence soft
gluons can not be counted as part of a perturbative jet
inside a medium. For a proper interpretation, we need
to introduce a separation scale between hard perturba-
tive and soft fluid-like physics below which partons are
counted as part of the medium. Note that there’s an im-
plicit assumption involved that the medium is strongly
interacting and manifestly not perturbative below the
separation scale — with just a separation scale selected,
even a vacuum shower would lead to a positive energy de-
position for the simple reason that some radiated gluons
would fall below the separation scale, however no such
reasoning is justified since the emission of soft gluons
appears to remain sufficiently perturbative in vacuum.
The assumption is hence that soft gluons would not only
fall below the separation scale but also be subject to the
physics conditions below the scale, i.e. they would be
isotropized just as the rest of the bulk medium.
A priori the choice of the separation scale is not

unique. We might think for instance of a fixed momen-
tum scale or a multiple of the system temperature T .

T. Renk, arXiv:1306.2739

http://arxiv.org/abs/arXiv:1306.2739
http://arxiv.org/abs/arXiv:1306.2739
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✓ Concerning 
hard probes!



    The Control experiment: 
    Measure initial state/Cold Nuclear Matter (CNM) effects;
    Probe the “cold medium” via p-Pb collisions (compare to p-p)

p+Pb

Jet

✓ Concerning 
hard probes!

BUT: Surprise concerning the 
         “bulk” properties in high
          multiplicity p-Pb collisions:
          The twin ridge structure!

Just a quick look ...

Theory Meets Experiment 2013, 10-12 June 2013, Warsaw, Poland 29/31Adam Kisiel (WUT)

|Δϕ| < π/3
|Δϕ - π| < π/3
Remaining Δϕ

Projections to Δη

Projections to Δϕ

Fit allows to extract 
v

n
 coefficient 

Excess in the correlation yield between 
the two multiplicity event classes

Two ridges:
Magnitude the same  
and fairly flat in  Δη

PLB719 (2013) 29

b
a

v n
n =

The double ridgeThe double ridge



Joern Putschke, ISMD 2013

Fourier Decomposition of the twin Ridges
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Fourier decomposition of remaining ridges 

9 

Phys. Lett. B719(2013)29 

Initial state: 
•Color glass condensate? 

Final state: 
•Multiparton interactions? 
•Collective effects? 

Second harmonic larger 
than third 
Higher harmonics negligible 
Increasing with pT 
Depending on centrality 
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Assoc.

Trigger

Δϕ=ϕTrigger-ϕAssoc.

v2>v3 in central p-Pb collision
vn increasing with pT

centrality dependence visible

p-Pb: 0-20%-60-100%
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PID v2 in p-Pb and Pb-Pb Collisions
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Similar&features&in&pTPb&and&PbTPb:&mass&ordering&at&lowTpT&&
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Similar features of v2(pT) in p-Pb and 
PbPb collisions observed:
Mass ordering at low-pT 
(in Pb-Pb attributed to hydro behavior)
Proton v2 > pion v2 for pT>2 GeV
(constituent quark scaling in p-Pb!?)

arXiv:1307.3237

http://arxiv.org/abs/1307.3237
http://arxiv.org/abs/1307.3237
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PID in p-Pb Collisions

20

IdenBfied&parBcles&in&pTPb&

SQM(2013,(M.(Ploskon(

15&

η/dchNd
10 210 310 410

S0
 /
 K

Λ

-110

1

 = 7 TeVspp 
 = 5.02 TeVNNsp-Pb 

 = 2.76 TeVNNsPb-Pb 
By = A x

 (1x)c < 1.00 GeV/
T

p0.80 < 

 (1x)c < 2.30 GeV/
T

p2.00 < 

 (2x)c < 2.90 GeV/
T

p2.60 < 

 (1x)c < 1.00 GeV/
T

p0.90 < 

 (1x)c < 2.20 GeV/
T

p2.00 < 

 (2x)c < 2.80 GeV/
T

p2.60 < 

 (1x)c < 2.20 GeV/
T

p2.00 < 

 (2x)c < 2.80 GeV/
T

p2.60 < 

ALI−PREL−54719

•  Baryon(to(meson(ra8o:((
•  similar&trend&of&p/pion&raBo&in&pTPb&as&in&PbTPb&per&dNch/dη&&
•  follows(a(powerTlaw&with&a&same&exponent&B(pT)&in(two(systems((although(

in(p<Pb(much(smaller(than(in(Pb<Pb(case)(<(similar(case(for(proton/pion(ra8o(
•  Same&trend&in&protonTproton&collisions&

)c (GeV/
T

p

0 1 2 3 4 5 6 7

B

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5
B)η/dchN = A (d

S
0 / KΛ

 = 5.02 TeVNNsp-Pb 

 = 2.76 TeVNNsPb-Pb 

 = 7 TeVspp 

ALI−PREL−54727

Lambda/Kaon(ra8o(vs.(charged(par8cle(mul8plicity(density(

PbTPb&
pTPb&
pp&

J.(Anielski(Fri(15:40(

R = A(dNch/d⌘)
B

Similar trend in p-Pb and p-p collisions compared 
to Pb-Pb collisions as function of dNch/dη 
(although smaller in p-Pb)
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The “bulk” in p-Pb Collisions ...
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ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.

DRAFT v0.84 $Revision: 631 :$ $Date: 2012-12-01 16:02:43 +0100 (Sat, 01 Dec 2012) :$

TwoTparBcle&correlaBons&in&pTPb&
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The control experiment p-Pb
revealed surprising results in 
high-multiplicity p-Pb collision:

Mass ordering of v2 at low-pT 
is observed, as well as similar 
trends in particle ratios as 
function of dNch/dη!

Are we seeing hydrodynamical 
behavior in p-Pb collision or is 
it the CGC!?

Very Interesting observations and more to come ...


