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ALICE physics primary goal

3

Quark Gluon Plasma: Deconfined state of matter produced in heavy-ion collisions 
heavy ion collisions at the LHC: e0~10-40 GeV/fm3

NuPECC Long Range Plan 2017

Study the QGP properties 
• Parton interaction with the medium
• Collective phenomena
• Temperature, energy density

Using several probes 
• heavy-flavour,quarkonia,                  

light hadrons, jets, photons,…

As a function of 
• rapidity, transverse momentum, 

azimuthal angle, centrality, centre 
of mass energy, reaction plane, 
fluctuations, small systems (pp and 
pA), correlations …



Suppression of high pt D mesons in Pb–Pb collisions at
√

sNN = 2.76 TeV ALICE Collaboration

 (GeV/c)
t

p
0 2 4 6 8 10 12 14 16 18

c)-1
 (G

eV
 |y

|<
0.

5
|  t

dN
/d

p

-510

-410

-310

-210

-110

1
Centrality 0-20%

pp rescaled reference

Pb-Pb

Centrality 40-80%

pp rescaled reference

Pb-Pb

 meson0D

 (GeV/c)
t

p
2 4 6 8 10 12 14 16 18

-5

-4

-3

-2

-1

1

 5.3% norm. unc. on pp ref. for centrality 0-20% not shown 
 7.5% norm. unc. on pp ref. for centrality 40-80% not shown 

BR syst. unc. not shown

=2.76 TeVNNsALICE   

 meson+D

 (GeV/c)
t

p
2 4 6 8 10 12 14 16 18

-5

-4

-3

-2

-1

1
Systematic uncertainties

from Data

from B feed-down subtr.

 meson+D*

Figure 5: (colour online) Transverse momentum distributions dN/dpt of prompt D0 (left) and D+ (centre), and

D∗+ (right) mesons in the 0–20% and 40–80% centrality classes in Pb–Pb collisions at
√

sNN = 2.76 TeV. The

reference pp distributions ⟨TAA⟩ dσ/dpt are shown as well. Statistical uncertainties (bars) and systematic uncer-

tainties from data analysis (empty boxes) and from feed-down subtraction (full boxes) are shown. For Pb–Pb, the

latter includes the uncertainties from the FONLL feed-down correction and from the variation of the hypothesis on

R
prompt
AA /Rfeed−down

AA . Horizontal error bars reflect bin widths, symbols were placed at the centre of the bin.
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Figure 6: (colour online) RAA for prompt D0, D+, and D∗+ in the 0–20% (left) and 40–80% (right) centrality

classes. Statistical (bars), systematic (empty boxes), and normalization (full box) uncertainties are shown. Hori-

zontal error bars reflect bin widths, symbols were placed at the centre of the bin.

may depend on centrality. For the pt interval 6–12 GeV/c, the suppression increases with increasing
centrality. It is interesting to note that the suppression of prompt D mesons at central rapidity and high
transverse momentum, shown in the right-hand panel of Fig. 7 is very similar, both in size and centrality
dependence, to that of prompt J/ψ mesons in a similar pt range and |y| < 2.4, recently measured by the
CMS Collaboration [25].
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ities [7] but is in agreement with some models that include
viscous corrections which at the LHC become less impor-
tant [12,15–18].

In summary we have presented the first elliptic flow
measurement at the LHC. The observed similarity at
RHIC and the LHC of pt-differential elliptic flow at low
pt is consistent with predictions of hydrodynamic models
[7,14]. We find that the integrated elliptic flow increases
about 30% from

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV at RHIC to
ffiffiffiffiffiffiffiffi
sNN

p ¼

2:76 TeV. The larger integrated elliptic flow at the LHC is
caused by the increase in the mean pt. Future elliptic flow
measurements of identified particles will clarify the role of
radial expansion in the formation of elliptic flow.
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FIG. 4 (color online). Integrated elliptic flow at 2.76 TeV in
Pb-Pb 20%–30% centrality class compared with results from
lower energies taken at similar centralities [40,43].
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FIG. 3 (color online). Elliptic flow integrated over the pt range
0:2< pt < 5:0 GeV=c, as a function of event centrality, for the
2- and 4-particle cumulant methods, a fit of the distribution of
the flow vector, and the Lee-Yang zeros method. For the cumu-
lants the measurements are shown for all charged particles (full
markers) and same charge particles (open markers). Data points
are shifted for visibility. RHIC measurements for Au-Au atffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV, integrated over the pt range 0:15< pt <
2:0 GeV=c, for the event plane v2fEPg and Lee-Yang zeros are
shown by the solid curves.
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Figure 3: RAA in central (0–5%) and peripheral (70–80%) Pb–Pb collisions at
√sNN = 2.76 TeV. Error bars

indicate the statistical uncertainties. The boxes contain the systematic errors in the data and the pT dependent
systematic errors on the pp reference, added in quadrature. The histograms indicate, for central collisions only,
the result for RAA at pT > 6.5 GeV/c using alternative pp references obtained by the use of the pp̄ measurement
at √sNN = 1.96 TeV [26] in the interpolation procedure (solid) and by applying NLO scaling to the pp data at 0.9
TeV (dashed) (see text). The vertical bars around RAA = 1 show the pT independent uncertainty on ⟨Ncoll⟩.
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Figure 4: Comparison of RAA in central Pb–Pb collisions at LHC to measurements at
√sNN = 200 GeV by the

PHENIX [30] and STAR [31] experiments at RHIC. The error representation of the ALICE data is as in Fig. 3.
The statistical and systematic errors of the PHENIX data are shown as error bars and boxes, respectively. The
statistical and systematic errors of the STAR data are combined and shown as boxes. The vertical bars around
RAA = 1 indicate the pT independent scaling errors on RAA.

Centrality dependence of the charged-particle multiplicity The ALICE Collaboration

Centrality dNch/dh hNparti (dNch/dh)/
�
hNparti/2

�

0–5% 1601±60 382.8±3.1 8.4±0.3
5–10% 1294±49 329.7±4.6 7.9±0.3
10–20% 966±37 260.5±4.4 7.4±0.3
20–30% 649±23 186.4±3.9 7.0±0.3
30–40% 426±15 128.9±3.3 6.6±0.3
40–50% 261±9 85.0±2.6 6.1±0.3
50–60% 149±6 52.8±2.0 5.7±0.3
60–70% 76±4 30.0±1.3 5.1±0.3
70–80% 35±2 15.8±0.6 4.4±0.4

Table 1: dNch/dh and (dNch/dh)/
�
hNparti/2

�
values measured in |h | < 0.5 for nine centrality classes. The

hNparti obtained with the Glauber model are given.

Fig. 2: Dependence of (dNch/dh)/
�
hNparti/2

�
on the number of participants for Pb–Pb collisions at

p
sNN =

2.76 TeV and Au–Au collisions at
p

sNN = 0.2 TeV (RHIC average) [7]. The scale for the lower-energy data is
shown on the right-hand side and differs from the scale for the higher-energy data on the left-hand side by a factor
of 2.1. For the Pb–Pb data, uncorrelated uncertainties are indicated by the error bars, while correlated uncertainties
are shown as the grey band. Statistical errors are negligible. The open circles show the values obtained for centrality
classes obtained by dividing the 0–10% most central collisions into four, rather than two classes. The values for
non-single-diffractive and inelastic pp collisions are the results of interpolating between data at 2.36 [19, 23] and
7 TeV [24].

model, and are listed in Table 1. The systematic uncertainty in the hNparti values is obtained by varying
the parameters entering the Glauber calculation as described above. The geometrical hNparti values are
consistent within uncertainties with the values extracted from the Glauber fit in each centrality class, and
agree to better than 1% except for the 70–80% class where the difference is 3.5%.

Figure 2 presents (dNch/dh)/
�
hNparti/2

�
as a function of the number of participants. Point-to-point,

uncorrelated uncertainties are indicated by the error bars, while correlated uncertainties are shown as the
grey band. Statistical errors are negligible. The charged-particle density per participant pair increases
with hNparti, from 4.4±0.4 for the most peripheral to 8.4±0.3 for the most central class. The values for
Au–Au collisions at

p
sNN = 0.2 TeV, averaged over the RHIC experiments [7], are shown in the same
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Long-range angular correlations in p–Pb collisions ALICE Collaboration

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 av-
eraged 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. Also shown for comparison is the subtracted associated yield when
the same procedure is applied on HIJING shifted to the same baseline. The figure shows only statisti-
cal uncertainties. Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated
uncertainties are less than 1%.

the above-mentioned incomplete near-side peak subtraction on v2 and v3 is evaluated in the
following way: a) the size of the near-side exclusion region is changed from |Dh | < 0.8 to
|Dh |< 1.2; b) the residual near-side peak above the ridge is also subtracted from the away side
by mirroring it at Dj = p/2 accounting for the general pT-dependent difference of near-side
and away-side jet yields due to the kinematic constraints 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 [34] 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
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For central collisions 0-5% we observe that at p
t

⇡ 2
GeV/c v

3

becomes equal to v
2

and at p
t

⇡ 3 GeV/c v
4

also reaches the same magnitude as v
2

and v
3

. For more
central collisions 0-2%, we observe that v

3

becomes equal
to v

2

at lower p
t

and reaches significantly larger values
than v

2

at higher-p
t

. The same is true for v
4

compared
to v

2

.
We compare the structures found with azimuthal cor-

relations between triggered and associated particles to
those described by the measured v

n

components. The
two-particle azimuthal correlations are measured by cal-
culating:

C(��) ⌘ N
mixed

N
same

dN
same

/d��

dN
mixed

/d��
, (3)

where �� = �
trig

��
assoc

. dN
same

/d�� (dN
mixed

/d��)
is the number of associated particles as function of ��
within the same (di↵erent) event, and N

same

(N
mixed

)
the total number of associated particles in dN

same

/d��
(dN

mixed

/d��). Figure 4 shows the azimuthal correla-
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FIG. 4. (color online) The two-particle azimuthal correla-
tion, measured in 0 < �� < ⇡ and shown symmetrized over
2⇡, between a trigger particle with 2 < pt < 3 GeV/c and
an associated particle with 1 < pt < 2 GeV/c for the 0–1%
centrality class. The solid red line shows the sum of the mea-
sured anisotropic flow Fourier coe�cients v2, v3, v4 and v5
(dashed lines).

tion observed in very central collisions 0–1%, for trigger
particles in the range 2 < p

t

< 3 GeV/c with associated
particles in 1 < p

t

< 2 GeV/c for pairs in |�⌘| > 1.
We observe a clear doubly-peaked correlation structure
centered opposite to the trigger particle. This feature
has been observed at lower energies in broader central-
ity bins [32, 33], but only after subtraction of the elliptic
flow component. This two-peak structure has been in-
terpreted as an indication for various jet-medium modi-

fications (i.e. Mach cones) [32, 33] and more recently as
a manifestation of triangular flow [10–13]. We therefore
compare the azimuthal correlation shape expected from
v
2

, v
3

, v
4

and v
5

evaluated at corresponding transverse
momenta with the measured two-particle azimuthal trig-
gered correlation and find that the combination of these
harmonics gives a natural description of the observed cor-
relation structure on the away-side.
In summary, we have presented the first measurement

at the LHC of triangular v
3

, quadrangular v
4

and pen-
tagonal particle flow v

5

. We have shown that the trian-
gular flow and its fluctuations can be understood from
the initial spatial anisotropy. The transverse momentum
dependence of v

2

and v
3

compared to model calculations
favors a small value of the shear viscosity to entropy ratio
⌘/s. For the 5% most central collisions we have shown
that v

2

rises strongly with centrality in 1% centrality per-
centiles. The strong change in v

2

and the small change
in v

3

as a function of centrality in these 1% centrality
percentile classes follow the centrality dependence of the
corresponding spatial anisotropies. The two-particle az-
imuthal correlation for the 0–1% centrality class exhibits
a double peak structure around �� ⇠ ⇡ (the “away
side”) without the subtraction of elliptic flow. We have
shown that the measured anisotropic flow Fourier coe�-
cients give a natural description of this structure.
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J/ψ suppression at forward rapidity in Pb-Pb collisions at
√

sNN = 2.76 TeV ALICE Collaboration
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Fig. 2: (Color online) Inclusive J/ψ RAA as a function of the mid-rapidity charged-particle density (top) and

the number of participating nucleons (bottom) measured in Pb-Pb collisions at
√

sNN = 2.76 TeV compared to

PHENIX results in Au-Au collisions at
√

sNN = 200 GeV at mid-rapidity and forward rapidity [4, 5, 20]. The

ALICE data points are placed at the dNw
ch/dη |η=0 and ⟨Nw

part⟩ values defined in Table 1.
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Fig. 4: Product of the three pion HBT radii at kT = 0.3 GeV/c. The ALICE result (red filled dot) is compared
to those obtained for central gold and lead collisions at lower energies at the AGS [35], SPS [36, 37, 38], and
RHIC [39, 40, 41, 42, 30, 43].

The systematics of the product of the three radii is shown in Fig. 4. The product of the radii, which is
connected to the volume of the homogeneity region, shows a linear dependence on the charged-particle
pseudorapidity density and is two times larger at the LHC than at RHIC.

Within hydrodynamic scenarios, the decoupling time for hadrons at midrapidity can be estimated in the
following way. The size of the homogeneity region is inversely proportional to the velocity gradient of
the expanding system. The longitudinal velocity gradient in a high energy nuclear collision decreases
with time as 1/τ [52]. Therefore, the magnitude of Rlong is proportional to the total duration of the
longitudinal expansion, i.e. to the decoupling time of the system [31]. Quantitatively, the decoupling
time τ f can be obtained by fitting Rlong with

Rlong2(kT ) =
τ2f T
mT

K2(mT/T )
K1(mT/T )

, mT =
√

m2π + k2T , (2)

where mπ is the pion mass, T the kinetic freeze-out temperature taken to be 0.12 GeV, and K1 and K2 are
the integer order modified Bessel functions [31, 53]. The decoupling time extracted from this fit to the
ALICE radii and to the values published at lower energies are shown in Figure 5. As can be seen, τ f scales
with the cube root of charged-particle pseudorapidity density and reaches 10–11 fm/c in central Pb–Pb
collisions at √sNN = 2.76 TeV. It should be kept in mind that while Eq. (2) captures basic features of a
longitudinally expanding particle-emitting system, in the presence of transverse expansion and a finite
chemical potential of pions it may underestimate the actual decoupling time by about 25% [54]. An
uncertainty is connected to the value of the kinetic freeze-out temperature used in the fit T = 0.12 GeV.
Setting T to 0.1 GeV [55, 36, 30, 56] and 0.14 GeV [57] leads to a τ f value that is 13% higher and 10%
lower, respectively.

7 Summary

We have presented the first analysis of the two-pion correlation functions in Pb–Pb collisions at √sNN =
2.76 TeV at the LHC. The pion source radii obtained from this measurement exceed those measured at
RHIC by 10-35%. The increase is beyond systematic errors and is present for both the longitudinal and

Centrality Dependence of p , K, p in Pb–Pb at
p

sNN = 2.76 TeV ALICE Collaboration
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Fig. 11: (color online) Blast-wave parameters (a) hbTi and (b) Tkin as a function of dNch/dh , compared
to previous results at

p
sNN = 200 GeV [5] (full systematic uncertainties for both experiments).

particles can in principle decouple at a different time, and hence with a different hbTi and Tkin,
from the hadronic medium, due to their different hadronic cross section. These fits by no means
replace a full hydrodynamical calculation: their usefulness lies in the ability to compare with a
few simple parameters the measurements at different

p
sNN. As will be discussed, the param-

eters extracted from such a combined fit depend on the range used for the different particles.
Our standard fit ranges were therefore chosen to be similar to the ones used by the STAR col-
laboration at

p
sNN = 200 GeV/c at the low pT end. The high pT boundaries were extended to

higher pT as compared to STAR, since at the LHC it is expected that the shapes are dominated
by collective effects out to higher transverse momenta. The results of the fit are summarized in
Table 5 and shown in Fig. 10 (a) and in Fig. 11. The 1-sigma uncertainty ellipses shown in the
figure reflect the bin-to-bin systematic uncertainties. The uncertainties shown as dashed bars
and reported in Table 5 also include systematic uncertainties related to the stability of the fit:
the effect of the variation of the lower fit bound for pions (to test the effect of resonance feed-
down), the sensitivity to different particle species (i.e. excluding pions or kaons or protons)
and to fits to the individual analyses. The value of hbTi extracted from the fit increases with
centrality, while Tkin decreases, similar to what was observed at lower energies (Figs. 10 and 11,
Tab. 5). This was interpreted as a possible indication of a more rapid expansion with increasing
centrality [5]. In peripheral collisions this is consistent with the expectation of a shorter lived
fireball with stronger radial gradients [10].

The value of the n parameter, Eq. (3), is about 0.7 in central collisions and it increases towards
peripheral collisions. The large values in peripheral collisions are likely due to the spectrum not
being thermal over the full range: the n parameter increases to reproduce the power law tail.

In order to further test the stability of the fit, it was repeated in the ranges 0.7–1.3 GeV/c, 0.5–
1.5 GeV/c, 1–3 GeV/c (“high pT”) and 0.5–0.8 GeV/c, 0.2–1 GeV/c, 0.3–1.5 GeV/c (“low pT”)
for p , K, p respectively. The effect of the fit ranges is demonstrated in Fig. 10 (b). As can
be seen, while the value of hbTi is relatively stable, especially for the most central bins, the
value of Tkin is strongly affected by the fit range, with differences of order 15 MeV for the most
central events. For most peripheral events, hbTi shows some instability. However, it should be
noticed that this parameter is mostly fixed by the low-pT protons and its uncertainty increases
significantly when the fit range for the protons is reduced.

The combined fits in the default range are shown in Fig. 4, compared to fits to individual particle
spectra. The dotted curves represent the combined blast-wave fits, while the dashed curves are
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QGP behaves as a near-perfect liquid, opaque medium, charm quarks strongly interact with 
the medium, and collectivity-like behaviour is observed in small systems  



QGP Physics results at forward rapidities at the LHC
More than 30 published papers at forward since 2010
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PRL109 (2012) 072301 250+

6 The ALICE Collaboration
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Fig. 3: J/ψ yield dNJ/ψ/dy as a function of the charged particle multiplicity densities 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 measurements 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.

range under consideration here (dNch/dη < 32.9). Therefore, these corrections and their correspond-
ing systematic uncertainties cancel in the ratio (dNJ/ψ/dy)/⟨dNJ/ψ/dy⟩ and only the uncorrected signal
counts have to be divided. The number of events used for the normalization of ⟨dNJ/ψ/dy⟩ is corrected
for the fraction of inelastic events not seen by the MB trigger condition. After applying acceptance and
efficiency corrections these values are in agreement with those that can be obtained from the numbers
quoted in [8]: ⟨dNJ/ψ/dy⟩ = (8.2± 0.8(stat.)± 1.2(syst.))× 10−5 for J/ψ → e+e− in |y| < 0.9, and
⟨dNJ/ψ/dy⟩ = (5.8±0.2(stat.)±0.6(syst.))×10−5 for J/ψ → µ+µ− in 2.5 < y< 4. In the case of the
J/ψ yields measured in a given multiplicity interval, no trigger-related correction is needed, since the
trigger efficiency is 100% for Ntrk ≥ 1.

The systematic uncertainties are estimated as follows. In case of the di-electron analysis, the absolute
differences between the resulting (dNJ/ψ/dy)/⟨dNJ/ψ/dy⟩ values obtained by using the like-sign and the
track rotation methods define the uncertainty due to the background subtraction. It is found to vary
between 2% and 12% for the different multiplicity intervals. For the di-muon analysis this uncertainty
is evaluated by varying the functional form of the background description (polynomial instead of sum of
two exponential). It depends on the signal to background ratio and varies between 3% and 4%. Since
for the muon measurement it is not possible to associate a measured track to the interaction vertex, an
additional systematic uncertainty arises from pile-up events. Among the vertices inside these events

PLB712 (2012) 165 50+

J/ψ photoproduction in ultra-peripheral Pb–Pb collisions ALICE Collaboration
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Fig. 3: Measured coherent differential cross section of J/ψ photoproduction in ultra-peripheral Pb-Pb collisions

at
√

sNN = 2.76 TeV. The error is the quadratic sum of the statistical and systematic errors. The theoretical calcu-

lations described in the text are also shown. The rapidity distributions are shown in a), b) shows the cross section

integrated over -3.6 < y < -2.6, and c) shows the ratio of the cross sections in the rapidity intervals -3.1 < y < -2.6

and -3.6 < y < -3.1. The dashed lines in the lower two plots indicate the three model categories discussed in the

text.
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J/ψ Elliptic Flow in Pb-Pb Collisions at √sNN = 2.76 TeV ALICE Collaboration

Table 1: ⟨Npart⟩ and VZERO-A EP resolution for the centrality classes expressed in percentages of the nuclear
cross section [19].
Centrality ⟨Npart⟩ EP resolution ± (stat.) ± (syst.)
5%–20% 283 ± 4 0.548 ± 0.003 ± 0.009
20%–40% 157 ± 3 0.610 ± 0.002 ± 0.008
40%–60% 69 ± 2 0.451 ± 0.003 ± 0.008
60%–90% 15 ± 1 0.185 ± 0.005 ± 0.013
20%–60% 113 ± 3 0.576 ± 0.002 ± 0.008

) c (GeV/
T
p

0 1 2 3 4 5 6 7 8 9 10

2v 

-0.1

0

0.1

0.2

0.3
 < 4.0y = 2.76 TeV), centrality 20%-40%, 2.5 < NNsALICE (Pb-Pb 

 1.3%±global syst. = 

Fig. 2: (color online) Inclusive J/ψ v2(pT) for semi-central (20%–40%) Pb-Pb collisions at
√sNN = 2.76 TeV (see

text for details on uncertainties). The used pT ranges are: 0–2, 2–4, 4–6 and 6–10 GeV/c.

the time projection chamber (TPC), with pseudo-rapidity gaps ∆ηV0A−TPC=1.9, ∆ηV0A−V0C=4.5 and
∆ηTPC−V0C=0.8; second, VZERO-A, ring 0 of VZERO-C and VZERO-C-3rd ring, with pseudo-rapidity
gaps ∆ηV0A−V0C0=6.0, ∆ηV0C0−V0C3=1.0 and ∆ηV0A−V0C3=4.5. The differences between the EP reso-
lution for VZERO-A obtained from these two sets of sub-events are taken as systematic uncertainties.
Since v2 is measured here in a wide centrality class, the resolution must reflect the distribution of events
with a J/ψ within the class. Therefore, the EP resolution for each wide class was calculated as the average
of the values obtained in finer centrality classes weighted by the number of reconstructed J/ψ . Table 1
shows the corresponding resolution for each centrality class which is applied to the results reported in
this Letter.

The J/ψ reconstruction efficiency depends on the detector occupancy, which could bias the v2 measure-
ment. This effect was evaluated by embedding azimuthally isotropic simulated J/ψ → µ+µ− decays into
real events. The measured v2 of those embedded J/ψ does not deviate from zero by more than 0.015 in
the centrality and pT classes considered. This value is used as a conservative systematic uncertainty on
all measured v2 values.
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Excess in the yield of J/y at very low pT ALICE Collaboration
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Fig. 3: (Color online) J/y RAA as a function of hNparti for 3 pT ranges in Pb–Pb collisions at
p

sNN = 2.76 TeV.
See text for details on uncertainties. When assuming full transverse polarization of the J/y in Pb-Pb collisions, as
expected if J/y are coherently photoproduced, the RAA values increase by about 21% in the range 0 < pT < 0.3
GeV/c.
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Suppression of ψ(2S) production in p-Pb collisions at √sNN = 5.02 TeV ALICE Collaboration

B.R.·σψ(2S)
pPb B.R.·σψ(2S)

Pbp
Tracking efficiency 4 6
Trigger efficiency 2.8 (2 − 3.5) 3.2 (2 − 3.5)
Signal extraction 9.5 (8 − 11.9) 9.3 (8.6 − 12.7)

MC input 1.8 (1.5 − 1.5) 2.5 (1.5 − 1.7)
Matching efficiency 1 1

Lint(uncorr.) 3.4 3.1
Lint(corr.) 1.6 1.6

Table 1: Systematic uncertainties (in percent) affecting the measurement of inclusive ψ(2S) cross sections. The
Lint uncertainties are splitted in two components, respectively uncorrelated and correlated between p-Pb and Pb-p,
as detailed in [33]. All the other uncertainties are uncorrelated between forward and backward rapidity. Uncertain-
ties refer to pT-integrated quantities and, where they depend on pT, the corresponding maximum and minimum
values are also quoted. The efficiency-related uncertainties refer to muon pairs.

B.R.ψ(2S)→µ+µ−σψ(2S)

B.R.J/ψ→µ+µ−σ J/ψ
(2.03 < ycms < 3.53) = 0.0154±0.0019(stat.)±0.0015(syst.)

B.R.ψ(2S)→µ+µ−σψ(2S)

B.R.J/ψ→µ+µ−σ J/ψ
(−4.46 < ycms <−2.96) = 0.0116±0.0018(stat.)±0.0011(syst.)

In Fig. 2 we compare these ratios with the corresponding ALICE results for pp collisions [36], obtained
in slightly different centre of mass energy and rapidity regions,

√
s = 7 TeV, 2.5 < |y| < 4, as no LHC

pp results are available in the same kinematic conditions of proton-nucleus collisions. The pp ratios are
significantly higher than those for p-Pb and Pb-p, which are compatible within uncertainties.
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Fig. 2: The cross section ratios B.R.ψ(2S)→µ+µ−σ
ψ(2S)/B.R.J/ψ→µ+µ−σ

J/ψ for p-Pb and Pb-p collisions, com-
pared with the corresponding pp results at

√
s = 7 TeV [36]. The horizontal bars correspond to the width of the

rapidity regions under study. The vertical error bars represent statistical uncertainties, the boxes correspond to
systematic uncertainties.

The double ratio [σψ(2S)/σJ/ψ ]pPb/[σψ(2S)/σJ/ψ ]pp is a useful quantity to directly compare the relative
suppression of the two states between various experiments. For this analysis, since the collision energy

7



Remaining questions about QGP at the LHC
Higher precision and new probes

ü Characterisation of the QGP at the LHC: viscosity, diffusion 

coefficients, initial temperatures, screening scales, …

ü How does collectivity develop? the small systems

6
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CONDITIONS OF TEMPERATURE AND BARYON NUMBER DENSITY

2. PROPERTIES OF STRONGLY INTERACTING MATTER AT EXTREME 
CONDITIONS OF TEMPERATURE AND BARYON NUMBER DENSITY

add an additional heavy-ion accelerating scheme 
to the current facilities, providing extracted 
heavy-ion beams up to 19 GeV per nucleon for 
fixed-target experiments. The aim is also to arrive 
at very high beam intensities, comparable to 
those at FAIR. 

PERSPECTIVES ON  
FACILITIES, COMPUTING  
AND INSTRUMENTATION 
Facilities and Experiments Several facilities in 
Europe are currently  in operation, in construction 
or in discussion, to provide heavy-ion collisions 
at various energies, to explore different regions 
of the phase diagram. We give a brief overview 
of the facilities and the relative experimental 
programmes for the next decade. We start from 
facilities which are existing and operating (the 
LHC), continue with those whose realization is 
already approved and on-going (FAIR and NICA), 
and then discuss further plans which are under 
exploration for the future (NA60+ at the SPS, 
AFTER at the LHC, the Future Circular Collider). 
LHC Run-3 and Run-4 and relative upgrades LHC 
experiments made terrific steps forward in the 
comprehension of the QGP using Run-1 (2009-
2013) data. The higher statistics which is being 
recorded during the on-going Run-2 (2015-2018) 
will further solidify the physics programme which 
was planned for the first inverse nanobarn of 
integrated luminosity. Nevertheless, the precise 
determination of several observables in PbPb 
interactions and the study of the rarest probes 
require a higher integrated luminosity. With 
a ten time larger data sample and upgrades of 
the detectors, the experiments will address the 
following topics (among others): the study of 
charm and beauty quark production down to 
very low transverse momenta and their possible 

thermalization in the medium; the elliptic flow 
of prompt J/ψ, the measurement of the J/ψ 
polarization and the study of the ψ(2S) with 
uncertainties as low as 10% down to zero pT ; a 
precise investigation of the jet structure as well 
as jet-photon and jet-Z0 correlations; the study 
of the production of light nuclei, hyper-nuclei, 
and the search for exotic compound hadrons; the 
measurement of low-mass di-leptons to give a 
determination of the temperature of the source 
emitting the thermal di-leptons: an integrated 
luminosity of 10 nb−1 would allow a statistical 
precision of about 10% and a systematic 
uncertainty of about 20%. 
The main strategy to increase the luminosity in the 
PbPb Run-3 and Run-4 at the LHC is to increase the 
total number of lead nuclei stored in the machine. 
This goal can be achieved by reducing the bunch 
spacing within the PS batches and/or decreasing 
the SPS kicker rise time to reduce the bunch 
spacing in the SPS. A peak luminosity exceeding  
6 · 1027cm-2s-1 can be achieved. The actual schedule 
foresees 2.85 nb−1/year integrated luminosity, 
starting from 2021. The LHC schedule for the 
present Run-2 and the future runs is shown in 
Figure 9, which emphasizes the heavy-ion periods 
and reports the integrated luminosity requested 
by the ALICE experiment. 
From 2021 on, the LHC will operate at the nominal 
center-of-mass energy of 14 TeV for proton-proton 
and of 5.5 TeV per nucleon pair in PbPb collisions, 
and will make a significant step forward in the 
luminosity. The long shutdown LS3 will prepare 
the machine and the experiments to a further 
jump of a factor 10 in proton-proton luminosity, 
with the High-Luminosity LHC entering operation 
in 2026 with two runs presently foreseen (Run-4 
and Run-5). Concerning PbPb collisions, for Run-
3 and Run-4 the experiments have requested a 
total integrated luminosity of more than 10 nb−1 
(e.g., 13 nb−1 requested by ALICE) compared to 

ü 10-fold higher 
luminosity in Pb-Pb
collisions at the 
highest energy in the 
centre of mass

ü All 4 experiments will 
take part in the LHC 
HI runs

ü Possible interest on 
lighter ion run (Ar or 
Xe)

5.5 TeV5.0 TeV
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Several year R&D program developed a solution with 4-GEM chambers
- Different GEM hole patterns on each GEM helps to block ion backflow
- Tradeoff between energy resolution (large gain in first foil) and ion back 

flow (IBF) (small gain in first foil)
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Eight voltages (DV on 4 GEMs and DV on 4 gaps) makes huge parameter space to scan
Curves of energy resolution vs ion backflow show a region that meets our design goals and a larger 
region that gives acceptable performance to meet the physics goals.
Calibration method for correcting space-charge distortions is already in use for the current run 
and handles variations even larger than we see in prototype chamber.
→Poster: Space-charge distortions in the ALICE TPC in RUN 2, Ernst Hellbar
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Solution – Technology Choice
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ALICE Detector Upgrade

Increase of luminosity (50kHz IR) and improve vertexing and tracking at low pT

7

TPC, Muon
Spectrometer, 

TRD, TOF, 
PHOS, 

EMCAL/DCAL, 
ZDC

Muon Forward 
Tracker, high 

resolution, low 
material budget

New TPC GEM 
Chambers (low 
ion backflow, 

continuous RO)

New beryllium 
beam-pipe 

smaller radius

New MB 
trigger 

detector FIT

Grid Computing Center – Computer Room A 

Computing O2

3.4 TBytes/s
100 GBytes/s 
Online reco

33

FIT = T0+ and V0+

T0+ modules

− Improved T0
− Rectangular quartz radiators
− New sensors MCP-PMT
− Larger acceptance
− More channels
− Upgraded electronics and readout

− Improved V0
− Faster plastic scintillator
− Monolithic structure
− Reduced fiber length
− New sensor (SiPM or MCP-PMT)
− New electronics and readout

V0+ sectors

Zhongbao Yin@LHCP201720/5/2017

New  Inner 
Tracking System, 

high resolution, low 
material budget



ALICE Detector Upgrade for Run3 and Run4
Letters of Intent and Technical Design Reports

- ALICE TDRs for the Run3 
upgrade
- CERN-LHCC-2013-019 (System 

upgrade TDR)
- CERN LHCC-2013-013 (TPC 

Upgrade  TDR)
- CERN-LHCC-2013-023 (ITS 

Upgrade  TDR)
- CERN-LHCC-2015-001 (MFT TDR)
- CERN-LHCC-2015-006 (O2 TDR)

8

- Alice Upgrade LoI and its addendum 
- CERN-LHCC-2012-012 (LoI)
- CERN-LHCC-2013-014 (addendum)



MFT Principle 
High resolution muon vertexing for the ALICE  muon spectrometer
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MFT Principle 
High resolution muon vertexing for the ALICE  muon spectrometer
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Upgraded ALICE tracking capabilities
Muon Spectrometer (2.5<h<3.6) MFT+Muon

11
Frontal 
Absorber

MFT Muon Spectrometer

Displacement beauty decays 
in z (for any pT, even for pT=0) 
due to the rapidity boost. 
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MFT design goals

• Vertexing for the Muon Spectrometer at forward rapidity
– 5 detection disks, O(5 µm) spatial resolution
– 0.6% of X0 per disk
– -3.6 < h < -2.45
– Disk#0 at z = -460 mm, Rin = 25 mm (limited by the beam-pipe radius)

• Good matching efficiency between MFT and Muon Spectrometer
– Disk#4 at z = -768 mm (limited by FIT and the frontal absorber).

• Fast electronics read-out
– Pb-Pb interaction rate ~50 kHz, pp interactions ~200 kHz.
– Integration time and dead-time < 20 µs

13



MFT layout
920 silicon pixel sensors (0.4 m2) on 280 ladders of 2 to 5 sensors each.

IP region

Disk#0

Disk#1

Disk#4 Disk#3 Disk#2 10 Half-disks
2 detection planes each

z=-46.0 cm
z=-76.8 cm

MFT doses
< 300 krad

< 2x1012 1  MeV neq/cm2

-3.6  < h < -2.45
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MFT layout 
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ALPIDE  pixel sensor  (ITS Upgrade and MFT projects)
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 µm technology

- Sensor Size 15 mm x 30 mm. 
Pixel pitch 29 µm x 27 µm. 

- Event time resolution <4 µs
- Low power consumption                

~40 mW/cm2

- Expected radiation load in ALICE 
Run3 and Run4  <300 krad, 
<2.0x1012 1MeV neq/cm2

- Spatial Resolution 5-6 µm

16
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Monolithic Active Pixel Sensor – ALPIDE

CMOS Pixel Sensor using TowerJazz 0.18mm CMOS Imaging Process   
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DIODE
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TRANSISTOR

PMOS
TRANSISTOR

Epitaxial Layer P-

Substrate  P++

NA ~ 1018

NA ~ 1016

NA ~ 1013

▶ High-resistivity (> 1kW cm) p-type epitaxial layer (25mm) on p-type substrate

▶ Small n-well diode (2 mm diameter), ~100 times smaller than pixel => low 
capacitance (~fF)

▶ Reverse bias voltage (-6V < VBB < 0V) to substrate (contact from the top) to 
increase depletion zone around NWELL collection diode   

▶ Deep PWELL shields NWELL of PMOS transistors (full CMOS circuitry within 
active area) 
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Ø The Upgrade of the ALICE Inner Tracking System with the 
Monolithic Ac?ve Pixel Sensor ALPIDE

Ø Radia?on Hardness of Monolithic Ac?ve Pixel Sensors for 
the ALICE Inner Tracking System Upgrade

ALPIDE�
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ITS OB: 100mm thick
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MFT ladder
The base element of the MFT detector

ü Provide interconnection 
between sensor chips and 
the outside world

ü Transport data to the 
detector periphery and 
slow control to the chips

ü Provide proper power 
supply and reverse back 
bias to the chips

ü Ensure adequate stiffness 
for handling and assembly

ü Provide interconnection 
with the disk

ü Protect and insulate 
sensor chips

17



Design requirements
• Material budget: ~2 x 0.15% X/X0 (heat exchanger ~0.3% X/X0; disk 0.6% X/X0)
• Geometry:

– ALPIDE chip: 15x30 mm2, thickness 50 µm
– Ladder width: 16,9 mm
– Ladder length: 99.65 mm, 129.80 mm, 159.95 mm, 190.10 mm depending on the number of chips

• Positioning tolerances
– Sensor position precision: 5 µm
– Gap between adjacent chips: 150 µm
– Gap between adjacent ladders: 200 µm

• Types and quantities: 4 types
– 2-chip ladder: 32
– 3-chip ladder: 136
– 4-chip ladder: 96
– 5-chip ladder: 16
– Total number to be produced (1 MFT + ½ MFT + 20% spares + 20% assembly yield): 604

• Power dissipation: <50 mW/cm2

• Operation conditions: T < 30o C , non-uniformity < 5o C 
• Radiation conditions: 300 krad; 2x1012 MeV neq/cm2

• Handling and assembly: qualification and gluing on disk (heat exchanger)

18

1 full MFT



Flex Printed Circuit

• Chips are interconnected to a Aluminum Flexible Printed Circuit (FPC)

• It ensures data, slow control, reverse back bias and power supply from/to the chips
• Choice of Al and thickness: minimize material budget and voltage drop (impedance 100 W)
• Cu-FPC is the back-up solution

From ALPIDE chip to Hybrid Integrated Circuit (HIC)
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HIC gluing
Sensors gluing on FPC

ü R&D finished. Intensive work during 

the last year.

ü Many tests done for plenty of key 

parameters: Cu/Al, glue thickness, 

wedge thickness, glue type, …

ü ALICIA7 Module Assembly Machine 

has been installed at CERN-DSF 

January 18th 2017

20



First wire-bonded MFT ladder
In collaboration with the CERN bonding lab

ü Fruitful exchanges with the CERN bonding lab to 

optimize the process: cleaning, inspection, jig …

ü First wire bonded MFT ladder. Major achievement

ü Production of new prototypes ongoing
21



MFT ladder tests and qualifications

ü HIC test bench (based on MOSAIC acquisition card) fully operational

ü MFT ladder is read as ITS-IB stave
ü No master/slave protocol

ü Study the response of several HIC assembly with (pALPIDE3 chips)

ü Definition of the qualification process:
ü Parameters to be tested
ü Operational threshold and margins
ü Automatic filling of the QA database

ü Test of first wire-bonded MFT ladder

22

Three MFT ladder benches available



Disk structure

• Structure of disks:
– Heat exchanger
– Disk support
– PCB
– Ladders
– Mechanical elements

Disk 00 and 01 are strictly identical

Disk 02

Exploded view of Disk 00/01
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Disk Support 03

Disk support

• Design goal :
– Provide mechanical support to all elements
– Provide housing and precise positioning of all 

components

24

Disk Support 00/01

349 mm

14
1 

m
m

Thickness : 8mm / 14,1mm

512 mm

22
1 

m
m

Last prototype of Disk Support 00/01



Heat Exchanger layout
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• Cold plates (cooling and rigidity)
− Composite material ( M55J for prototypes, K13D2U 

for production)
− Embedded water pipes: polyimide, ∅ 1 mm
− Same design for front and rear

• Core (rigidity)
− Rohacel 31 foam (light material)
− Foam machined with gutters around water pipes

• Manifold (water repartition, mechanical fixation)
− Plastic material (PEEK)
− Two glued elements
− Standard connectors (Legris)

• Cold plates, core and manifold are glued together to 
built a sandwich

• Material budget below 0.3% of X0

HE assembled view

Cold plates (front and rear)

Manifold (In and Out)

Core



Disk Printed Circuit Boards (PCB)

ü Passive circuit,  
ü Ensure LV and BB
ü Transmission of high 

speed signal (1.2 Gbit/s), 
clock and slow control

ü Connected to the 
external world via de 
bottom connector

ü Similar architecture for 
all the disk types

ü To be used in the MFT 
signal integrity test

26

disk01 proto v2



Assembly PCB on Disk support

• PCB integration
– 2 positioning pins
– Locked by 2 screws for disks 00/01 and 02,

4 screws for disks 03 and 04 

• Geometry control
– Positioning accuracy of the PCB :  ± 50 µm
– Distance connector – HIC position pins : ± 50 µm
– Distance between 2 connectors ± 25 µm

27

Disk 00/01

Disk 00/01 produced by CCNU-Wuhan



Disk assembly

• Assembly tool installed on the Gantry @ IPNL
• Intensive R&D for the gluing process of ladder 

on disk
• Ladder are glued on heat-exchanger (SE 4445)
• Programming of robot displacement done

28

Reference spacer: 100 µm

Gantry Robot



Sensor Survey on Disk
• Disk is installed in its assembly jig

• Assembly jig is aligned wrt the CMM coordinates

• Determination of the coordinate axis origin 

• Disk alignment is checked wrt CMM coordinates

• Measurement of the sensor targets through the 

FPC openings

• Automatic storage of the measurement values in a 

text file (then transfer to the construction database)

29
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MFT Cone Elements

30
Power Supply Unit (PSU)



Cone design requirements: electronics
• Electronics functions

– Transfer data signals from the chips to the outside world
– Provide clock and slow control signals to the chips
– Provide power (analog, digital, back bias) and ground to the chips
– Transfer supplementary data from other sensors/devices (voltages, currents, temperatures)

• Electronics constraints
– Preserve data signals continuity up to 1.2 Gb/s
– Very limited space on disks to house DC-DC converters
– Data from other sensors/devices (voltages, currents, temperatures) should be integrated to the main data flow

• Disks are connected to Mother Boards (as electronics cards in a  crate)
• Data and slow control signals are transported via twinax cables
• Back bias, analog and digital power generation and latch-up detection are centralized in a 

Power Supply Unit 
• Voltage, currents and temperatures are monitored by GBT-SCA, installed in a PSU-

mezzanine
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Cone design requirements: mechanics
• Mechanical functions:

– Provide housing, stability and positioning to the disks (and PSU)
– Provide proper fixation and positioning to the barrel elements (patch panel and detector barrel)
– Provide water cooling to the disks (and PSU)
– Provide air ventilation inside the cone volume

• Mechanical constraints:
– Disk position accuracy (with respect to the cone): < 100 µm
– Maximum mechanical deformation of the cone structure: 100 µm
– Vibrational response compatible with targeted position accuracy

• Main mechanical element is a light skeleton (Aluminum): it provides rigidity and stability
• The skeleton houses all the active elements (Mother Boards and PSU) and services (power 

and data cables, water pipes, air ducts)
• Designed for easy assembly with possibility of fast interventions from the top

32



Cone skeleton layout
• Cone skeleton 

– Material: Aluminum Alloy 5083
• High dimensional stability during and after machining
• Possibility to have  half-finished product with good 

precisions
– Thickness tolerance : ± 100 µm
– Transverse and longitudinal flatness <350 µm/m

– Weight: ≈ 2,1 Kg
– Positioning pins 

• Norelem 03108
• Material: Stainless Steel
• Very precise adjustment: ± 12 µm

33



Mother Boards 012
MB012: Design almost ready. First prototype by the end of the summer
MB3-PSU and MB4 : Design started

34

MB for disk0/1 and disk2--version3

Top	view	
Some	attentions:
• We	have	confirmed	 that	the	company	can	produce	MB012	of	version	3
• Two	layers	FPC	are	not	enough	 for	all	signal	lines.		Three	pieces	of	FPC	from	the	

top	down	are	expected	to	be	2,	4,	6	layers
• The	PCB	is	expected	to	be	8-12	layers

Layout MB012



PSU: Electronics design and optimization

PSU to DISK 0-1-2 bloc diagram:
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PSU Layout

• Main board with 24 DC-DC converters (to supply the power for all the disks) and 

electronic components (for latch-up, BBIAS generation…)

• Mezzanine board with 5 DC-DC converters and 5 GBT-SCA (one DC-DC converter 

per GBT-SCA)

• Main board is water cooled 

• Prototype under development

36

PSU mezzanine board

Side view

PSU main board
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• Barrel function: MFT insertion and positioning
• Full scale mock-up built for integration studies

Service Barrel (Carbon Fibre)

Power linesWater pipesFIT

Patch Panel (Al)

Global layout of half barrel
MFT Half-Barrel

Detector Barrel (Carbon Fibre)

936 mm

1812 mm

1563 mm



Patch Panel layout – Full rear view
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PP body

PP closure
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• Between 132-272 high speed data signals (1.2 Gb/s) per disk
• Between 96-136 clock and slow control signals per disk
• Total of  1496 twinax cables for read-out
• 80 concentrator boards (RU) ~ 6 m away, where TID about < 1 krad

MFT Readout Architecture



RU and GBT-SCA communication
Testbench and ongoing test

• Specific to MFT: PSU (GBT-SCA) è RU
• Currently communicating with GBT-SCA

access to GPIO and DAC values

VLDB

FPGA Dev-board

E-link (HDMI)



Total LV module/line needs
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• 20 digital +8V (5 per MFT PSU)
• 20 analog +8V (5 per MFT PSU)
• 4 BBIAS +8V (1 per MFT PSU)
• 4 BBIAS -8V (1 per MFT PSU)
• 4 GBT-SCA +8V (1 per MFT PSU)

TOTAL = 104 LV lines
(52 power + 52 GND)
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ITS Cooling 
Plant

UX25
Water cooling
Air Circulation

MFT Cooling 
Plant

UX25

ITS
RU

P
P
1

Air Ventilation Unit
SX2 (surface)

SPD plant
location

MFT Cooling system layout
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Sensors RU Crates
Power dissipation (W) < 500 < 2500 

Pressure drop @ nominal 
flow (mbar)

< 300 mbar < 300 mbar 

Nominal flow (l/h) ~ 300 880

Temperature (°C) 17-20 17-23 

Access Side A Side C

Maintenance Long stops only Possible during short stops

Cooling system requirement
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WP9: Physics
ü Geometry description in AliROOT constantly 

updated and detailed

ü Migration to O2/ALPHA: workflow is defined and 

tools are under development

ü MFT O2 Goals end 2017: 
ü MFT Geometry 
ü Implementation of Active Volumes
ü First MFT MC simulation in O2/ALPHA 

ü Preparation for commissioning should start this 

year : alignment, calibration, clustering, 

standalone tracking

ü Implementation of the MUON-MFT matching 

algorithm in O2

ü More manpower is needed in this WP 45



Conclusion

ü R&D phase is in its final step and MFT is already in its construction phase (Sensors)

ü All Engineering Design Reviews passed 

ü Production Readiness Reviews scheduled to start this fall 2017

ü 2017/2018 will be the “production years”: enormous effort is needed by all teams! 
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Backups
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Physics Performance of the Upgraded ALICE

y(2S) 2.5<h<4.0

48

Completing the 
charmonium potentials for 
the study QGP at the LHC

With ITS and MFT: Prompt 
Decay separation and 
better S/B

Discrimination between 
models becomes possible.
Recombination time : at 
hadronisaton or in the 
QGP?

pT, y and centrality 
dependence
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Figure 2.41: Centrality dependence of the relative statistical error of the low pT J/y yield excess measured in
Pb-Pb collisions at LHC energies.

2.2.7 y(2S) Measurement

Due to the lower production cross section and the smaller branching ratio into dileptons, the measurement of
y(2S) is much more difficult compared to J/y . The y(2S) production is measured in nucleus-nucleus collisions
only at the SPS [60] and is described by the statistical hadronization model, see Section 2.2.1. Two scenarios are
considered for our estimates of the measurements in ALICE: production yield as predicted by the statistical model
and as in pp collisions, scaled to Pb-Pb with the number of binary collisions (Ncoll).

In Figure 2.42 the estimated statistical error of the y(2S) measurement in the Muon Spectrometer is shown as a
function of centrality for an integrated luminosity of 1 nb�1 and 10 nb�1. The full upgrade potential allows for a
precision measurement even for the relatively low production expected in case of the thermal model scenario.
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Figure 2.42: The estimated relative statistical error of the y(2S) measurement in the Muon Spectrometer as a
function of centrality for an integrated luminosity of 1 nb�1 and 10 nb�1. Two scenarios are considered: the
statistical model prediction (left panel) pp scaling (right panel).

In the dielectron channel the measurement is more challenging and can be achieved with good significance only
with the 10 nb�1 Pb-Pb data expected with the full upgrade, see Figure 2.43. Such a measurement will allow,
as for the case of the dimuon channel, to disentangle between a statistical production at the phase boundary and
production during the QGP lifetime.

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087001 The ALICE Collaboration
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!(2S)	Nuclear	Modifica.on	factor	and	ra.o	of	2S/1S

• !(2S) is expected to be more easily dissociated than J/!  
(lower binding energy) 

• Data shows a stronger suppression in semi-central and central collisions  

• For low significance : upper limit at 95% CL 

• More statistics are needed → upgrades for LHC run 3
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Physics Performance of the Upgraded ALICE

J/y elliptic flow 2.5<h<4.0

49With ITS and MFT: Prompt - Decay separation

Present measurement
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J/!	v2	results	vs	pT	and	theory	comparison

14

ALI-PREL-129969

• A clear v2 signal is observed in various centrality and pT bins 

• Comparison with transport model :  

• magnitude at low pT is reproduced by including a strong J/! 
(re)generation component 

• at high pT the v2 is underestimated (prompt J/!  from CMS also 
indicate a non-zero v2 )

ALI-PREL-128122
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Physics Performance of the Upgraded ALICE
Beauty measurement in the golden J/y channel

50

Down to pT=0, displacement ensured by the rapidity boost

72 6 Performance

Gaussian parameterisation of the original distributions, with the width given by:
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where t̄
z

is the mean value of the Gaussian distribution (for the prompt J/ component the
parameterisation is imposed to be symmetric with respect to t̄

z

, as justified by the shape of the
reconstructed distribution). The normalisation of the background being fixed from the fit on
the invariant mass spectrum, the inclusive J/ normalisation and the prompt/displaced J/ 
ratio are left as the only free parameters. The robustness of the prompt/displaced J/ ratio
measurement will thus only depend on the di↵erence in the shape of the t

z

distributions of the
prompt and displaced J/ . In Figure 6.21 the fit on the t

z

distribution is shown in three p
T

intervals from 0 to 3 GeV/c. The dramatic improvement in the prompt/displaced J/ separation
with respect to the analysis based on the t

xy

variable can be immediately appreciated by directly
comparing these plots with the ones in Figure 2.17 of [4], the t

z

distribution of the non-prompt
J/ appearing now strongly asymmetric with respect to the distribution of the prompt J/ , the
exponential shape of the right tail reflecting the life time distribution of the beauty hadrons. The
asymmetry of the background t

z

distribution results from the fact that a significant fraction of
the muons composing the combinatorial pairs are produced at finite distances from the primary
vertex, in the direction of the Muon Spectrometer.
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Figure 6.21: Fit on the total t
z

distribution in the J/ mass window 3.0 < m
µµ

< 3.2 GeV/c2,
in three p

T

bins down to zero p
T

(cfr Figure 2.17 of [4]).

Estimation of uncertainties and physics performance

The statistical uncertainties expected for the measurement of the non-prompt J/ fraction
range from 0.8% to 1.5% in the 0 < p

T

< 3 GeV/c range considered for the present study. The
values, reported in Table 6.4, include the propagation of the statistical errors in the background
subtraction.
Two main sources of systematic uncertainty have been identified for the measurement of the

prompt/displaced J/ ratio:

• the 1% uncertainty on the normalisation of the background component;

• the uncertainty on the shape of the t
z

templates.

The contribution to the systematic uncertainty coming from the first of these two sources has
been estimated by repeating several times the fit on the t

z

, each time fixing a di↵erent normal-
isation of the background, spanning the cited 1% uncertainty range. The di↵erence between the
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Figure 6.22: Left: expected systematic uncertainties on the measurement of the dis-
placed/prompt J/ ratio (cfr Figure 2.19 of [4]). Right: expected total uncertainties (statistical
plus systematic contributions summed in quadrature) for the measurement of the R

AA

of beauty
mesons via displaced J/ at forward rapidity, shown together with the expected performance in
the displaced D0 channel at central rapidity (see left plot of Figure 8.19 of [5]).

Pb collisions, and the precision measurement of low-mass dimuon production down to low p
T

.
For these physics studies, we shortly review in this Section the main results already discussed
in the ALICE Upgrade LoI addendum [4].

 (2S) measurement

The MFT tracking capabilities allow for a significant reduction of the combinatorial background
coming from the semi-muonic decay of light hadrons, mainly pions and kaons, and from non-
prompt correlated sources like open charm and open beauty processes. This background reduc-
tion is important for all signals, but is of major interest for the study of the  (2S) in central
Pb–Pb collisions, for which the signal-over-background ratio improves by a factor up to about 10
depending on the p

T

range. The very low signal-over-background ratio obtained with the cur-
rent MUON spectrometer makes the  (2S) extraction in the most central Pb–Pb collisions very
di�cult. The addition of the MFT, conversely, will allow the  (2S) signal to be extracted
with uncertainties as low as ⇠ 10% down to zero p

T

[4]. A precise measurement of the  (2S),
combined with the one of prompt J/ production, will o↵er an important tool to discriminate
between di↵erent models of charmonium regeneration in the QGP.

Low-mass dimuon measurements

The measurement of prompt dimuon sources in the low-mass region (below ⇠ 1.2 GeV/c2)
will strongly benefit from the addition of the MFT to the MUON spectrometer. A dramatic
improvement, up to a factor of about 4, is expected for the mass resolution of the narrow !
and � resonances, for which resolutions of ⇠ 15 MeV/c2 are expected: this will translate into
a significant improvement of the measurements involving these particles, allowing at the same
time a reliable identification of the underlying thermal dimuon continuum and the measurement
of the in-medium modified line shape of the short-lived ⇢ meson. A precision of about 20% is


