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A	Large	Ion	Collider	Experiment

9 Submitted	Articles	(since	last	LHCC,	Dec	2nd 2015)

PERFORMANCE
Particle	identification	 in	ALICE:	a	Bayesian	approach	
à arXiv:1602.01392	[physics.data-an]	 EPJ+

FLOW
(2)

Anisotropic	flow	of	charged	particles	in	Pb-Pb collisions	at	√sNN =5.02	TeV
à arXiv:1602.01119	[nucl-ex]	

PRL

Charge-dependent	flow	and	the	search	for	the	Chiral	Magnetic	Wave	
in	Pb-Pb collisions	at	√sNN =	2.76	TeVà arXiv:1512.05739	[nucl-ex] PRC

CORRELATIONS
Multi-pion	Bose-Einstein	correlations	in	pp,	p-Pb,	and	Pb-Pb collisions	
at	the	LHC	à arXiv:1512.08902	[nucl-ex]

PRC

LIGHT FLAVOR
(4)

Production	of	K∗(892)0 and	φ(1020)	in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.07868	[nucl-ex]

EPJC

Multiplicity	dependence	of	charged	pion,	kaon,	and	(anti)proton	production	
at	large	transverse	momentum	in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.03658	[nucl-ex]

PLB

Multi-strange	baryon	production	 in	p-Pb collisions	at	√sNN =5.02	TeV
à arXiv:1512.07227	[nucl-ex]	

PLB

Centrality	dependence	of	the	charged-particle	multiplicity	density	at	mid-
rapidity	in	Pb-Pb collisions	at	√sNN =	5.02	TeVà arXiv:1512.06104	[nucl-ex] PRL

HEAVY FLAVOR Measurement	of	D meson	production	versus	multiplicity	
in	p-Pb collisions	at	√sNN =	5.02	TeVà arXiv:1602.07240	[nucl-ex] JHEP
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A	Large	Ion	Collider	Experiment

5	Accepted	Articles	(since	last	LHCC,	Dec	2nd 2015)

CORRELATIONS
Multiplicity	and	transverse	momentum	evolution	of	charge-
dependent	correlations	in	pp,	p-Pb,	and	Pb-Pb collisions	at	the	LHC EPJ C

LIGHT FLAVOR Production	of	light	nuclei	and	anti-nuclei	in	pp	and	Pb-Pb collisions	
at	LHC	energies PR C

HEAVY FLAVOR
(3)

Measurement	of	D+
s production	and	nuclear	modification	 factor	

In	Pb-Pb collisions	at	√sNN =2.76	TeV J.HEP

Measurement	of	electrons	from	heavy-flavour hadron	decays	
in	p-Pb collisions	at √sNN =5.02 TeV

PL B

Transverse	momentum	dependence	of	D-meson	production	
in	Pb-Pb collisions	at √sNN =2.76 TeV

J.HEP

F.	Ronchetti	- 125th	LHCC 6



A	Large	Ion	Collider	Experiment

11	Published	Articles	(since	last	LHCC,	Dec	2nd 2015)

FLOW Elliptic	flow	of	muons	from	heavy-flavourhadron	decays	at	forward	rapidity	in	
Pb-Pb collisions	at	√sNN =2.76$	TeV

PL	 B	753

CORRELATIONS
(3)

Centrality	dependence	of	pion	freeze-out	radii	in	Pb-Pb collisions	at	√sNN =	2.76	TeV PR	C	93

Forward-central	two-particle	correlations	in	p-Pb collisions	at	√sNN =	5.02	TeV PL B	753

One-dimensional	pion,	kaon,	and	proton	femtoscopy
in	Pb-Pb collisions	at	√sNN =2.76	TeV

PR	C	92

JETS Azimuthal	anisotropy	of	charged	jet	production	in	√sNN =	2.76	TeV Pb-Pb collisions PL	B753

GAMMA Direct	photon	production	in	Pb-Pb collisions	at	√sNN =	2.76	TeV PL	B	754

LIGHT FLAVOR
(3)

Centrality	evolution	of	the	charged-particle	pseudorapidity density	over	a	broad	
pseudorapidity range	in	Pb-Pb collisions	at	√sNN =	2.76	TeV

PL	B	754

Pseudorapidity and	transverse-momentum	distributions	of	charged	particles	in	
proton-proton	collisions	at	√sNN =	13	TeV

PL	B	753

Search	for	weakly	decaying Λn and ΛΛ exotic	bound	states
in	central	Pb-Pb collisions	at √sNN =	2.76	TeV

PL	B	752

QUARKONIA
Centrality	dependence	of	inclusive	J/Ψ production	in	p-Pb collisions
at	√sNN =	5.02	TeV

JHEP	11

COSMIC RAYS Study	of	cosmic	ray	events	with	high	muon	multiplicity	using	
the	ALICE	detector	at	the	CERN	Large	Hadron	Collider

JCAP	
1601
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Results	from	RUN2

Pb-Pb √sNN =	5.02	TeV

F.	Ronchetti	- 125th	LHCC

Centrality	dependence	of	the	charged-particle	multiplicity	density	at	mid-
rapidity	in	Pb-Pb collisions	at	√sNN =	5.02	TeVà arXiv:1512.06104	[nucl-ex] PRL

Anisotropic	flow	of	charged	particles	in	Pb-Pb collisions	at	√sNN =5.02	TeV
à arXiv:1602.01119	[nucl-ex]	

PRL

8



A	Large	Ion	Collider	Experiment

Charged	Particle	Multiplicity:	Pb-Pb @	5.02	TeV

Centrality dependence of hdNch/dhi in Pb–Pb at
p

sNN = 5.02 TeV ALICE Collaboration
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Fig. 1: Values of 2
hNparti hdNch/dhi for central Pb–Pb [4–7] and Au–Au [8–12] collisions (see text) as a function

of
p

sNN. Measurements for inelastic pp collisions and pp collisions as a function of
p

s are also shown [26–28]
along with those from non-single diffractive p–A and d–A collisions [29, 30]. The s-dependence, proportional
to s0.155

NN for AA collisions is indicated by a solid line: similarly a dashed line shows an s0.103
NN dependence in pp

collisions. The shaded bands show the uncertainties on the extracted power-law dependencies. The central Pb–Pb
measurements from CMS and ATLAS at 2.76 TeV have been shifted horizontally for clarity.

b = 0.155±0.004. It is a much stronger s-dependence than for proton–proton collisions, where a value
of b = 0.103± 0.002 is obtained from a fit to the same function [28]. The fit results are plotted with
their uncertainties shown as shaded bands. The result at

p
sNN = 5.02 TeV confirms the trend established

by lower energy data since b is not significantly different when the new point is excluded from the fit.
It can also be seen in the figure that the values of 2

hNparti hdNch/dhi measured by ALICE for p–Pb [25]
and PHOBOS for d–Au [11] collisions fall on the curve for proton–proton collisions, indicating that the
strong rise in AA is not solely related to the multiple collisions undergone by the participants since the
proton in p–A collisions also encounters multiple nucleons.

The centrality dependence of 2
hNparti hdNch/dhi is shown in Figure 2. The point-to-point centrality-

dependent uncertaintes are indicated by error bars whereas the shaded bands show the correlated con-
tributions. The statistical uncertainties are negligible. The data are plotted as a function of hNparti and
a strong dependence is observed, with 2

hNparti hdNch/dhi decreasing by a factor 1.8 from the most central
collisions, large hNparti, to the most peripheral, small hNparti. There appears to be a smooth trend towards
the value measured in minimum bias p–Pb collisions [25]. The data measured at

p
sNN = 2.76 TeV

[4, 26] are also shown, scaled by a factor 1.2, which is calculated from the observed s0.155 dependence of
the results in the most central collisions, and which describes well the increase for all centralities. Given
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Centrality dependence of hdNch/dhi in Pb–Pb at
p

sNN = 5.02 TeV ALICE Collaboration
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Fig. 2: The 2
hNparti hdNch/dhi for Pb–Pb collisions at

p
sNN = 5.02 TeV in the centrality range 0–80%, as a function

of hNparti in each centrality class. The error bars indicate the point-to-point centrality-dependent uncertainties
whereas the shaded band shows the correlated contributions. Also shown is the result from non-single diffractive
p–Pb collisions at the same

p
sNN [25]. Data from lower energy (2.76 TeV) Pb–Pb and pp collisions [4, 26], scaled

by a factor of 1.2, are shown for comparison. The error bars for p–Pb at
p

sNN = 5.02 TeV and lower energy Pb–Pb
and pp collisions indicate the total uncertainty.

that the uncertainties at the two energies are largely uncorrelated, the ratio between the data from these
collision energies is consistent with being constant [22].

Figure 3 shows a comparison of the data to some of the models which were compared to the measure-
ments at lower energy. The curves shown are predictions of the models, without any retuning of the
parameters based on the new data presented here.

The two-component model (EKRT [31, 32]) combines perturbative-QCD (pQCD) processes with soft
interactions, tuned to

p
s = 7 TeV pp and lower energy Pb–Pb data. It includes a strong impact parameter

dependence of parton shadowing, the depletion of the parton distribution function at Bjorken-x smaller
than about 0.1 [40]. The dependence for quarks is fixed by the experimental data on deep inelastic scat-
tering and that for gluons determined by the centrality dependence of multiplicity in heavy-ion collisions,
which limits the rise of particle production with centrality. They can broadly describe both the shape and
the overall magnitude of the dependence of multiplicity on centrality.

Predictions from commonly used Monte Carlo generators, HIJING [33] and EPOS LHC [39], are
shown. The data at

p
sNN = 2.76 TeV were previously compared to HIJING using gluon shadowing

parameter, sg, values of 0.20 and 0.23 [4]. The higher value gave a better estimate of the overall nor-
malization, the lower one a better agreement with the shape. At

p
sNN = 5.02 TeV a larger sg value of

6

• result	at	5	TeV confirms	
trend	established	 by	lower	energy	data	

• strong	rise	 in	Pb-Pb is	not	solely	
related	to	the	multiple	 collisions

0-5%
0-80%

• ”invariance”	of	dependence	
from	centrality	with	respect	 to	energy

• smooth	trend	towards	value	measured	
in	minimum	bias	p-p	and	p-Pb collisions	

F.	Ronchetti	- 125th	LHCC

Centrality	dependence	of	the	charged-particle	multiplicity	density	at	
mid-rapidity	in	Pb-Pb collisions	at	√sNN =	5.02	TeV à arXiv:1512.06104	[nucl-ex]

Key	input	for	simulations	and	models
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A	Large	Ion	Collider	Experiment

Anisotropic flow at 5.02 TeV ALICE Collaboration
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Fig. 1: (color online) (a) Anisotropic flow vn integrated over the pT range 0.2 < pT < 5.0 GeV/c, as a function of
event centrality, for the two–particle (with |Dh |> 1) and multi-particle cumulant methods. Measurements for Pb–
Pb collisions at psNN = 5.02 (2.76) TeV are shown by solid (open) markers [20]. The ratios of v2{2, |Dh | > 1},
v2{4} and v3{2, |Dh | > 1}, v4{2, |Dh | > 1} between Pb–Pb collisions at 5.02 TeV and 2.76 TeV, are presented
in (b) and (c). Various hydrodynamic calculations are also presented [25, 27]. The statistical and systematical
uncertainties are summed in quadrature. Data points are shifted for visibility.

hand, non-flow contributions to multi-particle cumulants vn{4}, vn{6}, vn{8} are found to be negligible
in events with large multiplicities characteristic for heavy-ion collisions [37].

Figure 1 (a) presents the centrality dependence of v2, v3 and v4 from two- and multi-particle cumulants,
integrated over the pT range 0.2 < pT < 5.0 GeV/c, for 2.76 and 5.02 TeV Pb–Pb collisions. To elucidate
the energy evolution of v2, v3 and v4, the ratios of anisotropic flow measured at 5.02 TeV to 2.76 TeV are
presented in Fig 1. (b) and (c). Assuming that non-flow effects are suppressed by the pseudorapidity gap,
the remaining differences between two- and multi-particle cumulants of v2 can be related to the strength
of elliptic flow fluctuations, which are expected to give a positive and a negative contribution to the two-
and multi-particle cumulant estimates, respectively [11]. Moreover, the multi-particle cumulants v2{4},
v2{6} and v2{8} are all observed to agree within 1%, which indicates that non-flow effects are largely
suppressed. It is seen that v2{2, |Dh | > 1} increases from central to peripheral collisions, and reaches a
maximum value of 0.104 ± 0.001 (stat.) ± 0.002 (syst.) in the 40–50% centrality class. For the higher
harmonics, i.e. v3 and v4, the values are smaller and the centrality dependence is much weaker.

Furthermore, the predictions of anisotropic flow coefficients vn from the previously mentioned hydro-
dynamic model [27] are compared to the measurements in Fig. 1. (a). These predictions combine the
changes in initial spatial anisotropy and the hydrodynamic response (treated as systematic uncertainty
and shown by the width of the bands). The predictions are compatible with the measured anisotropic
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Anisotropic	Flow	in	Pb-Pb @	5.02	TeV
0.2	<	pT <	5.0	GeV/c	

Out-of-plane

in-plane

v2		

Anisotropic	flow: measure	of	the	
momentum	 anisotropy	of	the	final	
state	 	particles.

Sensitive	to	
• Initial	collision	 geometry
• Transport	mechanism	

F.	Ronchetti	- 125th	LHCC

Anisotropic flow at 5.02 TeV ALICE Collaboration

The goal of studies with relativistic heavy-ion collisions is to investigate the Quark-Gluon Plasma (QGP),
a state of matter where quarks and gluons move freely over distances large in comparison to the typi-
cal size of a hadron. The transition from normal nuclear matter to the QGP state is expected to occur
at extreme values of energy density (0.2–0.5 GeV/fm3, according to lattice Quantum Chromodynamics
calculations [1, 2]), which are accessible in ultra-relativistic heavy-ion collisions at the Large Hadron
Collider (LHC) [3, 4]. The study of such collisions provides the unique opportunity to probe the proper-
ties of the QGP in a region of the QCD phase diagram where a cross-over between the deconfined phase
and normal nuclear matter is expected [5–9].

Studies of the azimuthal anisotropy of particle production have contributed significantly to the charac-
terization of the system created in heavy-ion collisions [10, 11]. Anisotropic flow, which measures the
momentum anisotropy of the final-state particles, is sensitive both to the initial geometry of the overlap
region and to the transport properties and equation of state of the system. By using a general Fourier
series decomposition of the azimuthal distribution of produced particles:

dN
dj

µ 1+2
•

Â
n=1

vn cos[n(j �Yn)] , (1)

anisotropic flow is quantified with coefficients vn and corresponding symmetry planes Yn [12]. Due
to the approximately ellipsoidal shape of the overlap region in non-central heavy-ion collisions, the
dominant flow coefficient is v2, referred to as elliptic flow. In the transition from highest RHIC to LHC
energies, elliptic flow increases by 30% [13], as predicted by hydrodynamic models that include viscous
corrections [14–18]. Non-vanishing values of higher anisotropic flow harmonics v3–v6 at the LHC are
ascribed primarily to the response of the produced QGP to fluctuations of the initial energy density
profile of the colliding nucleons [19–22]. Moreover, due to such fluctuations each flow harmonic vn has
a distinct symmetry plane Yn and recent measurements of their inter-correlations provide independent
constraints on the QGP properties [23]. The combination of all of such results demonstrates that the shear
viscosity to entropy density ratio (h/s) of the QGP produced in ultra-relativistic heavy-ion collisions at
RHIC and LHC has a value close to 1/4p , a lower bound obtained in strong-coupling calculations based
on the AdS/CFT conjecture [24].

Recently, predictions from Niemi et al. on anisotropic flow coefficients for Pb–Pb psNN = 5.02 TeV col-
lisions using the EKRT model were reported in [25]. These predictions have a special emphasis on the
discriminating power between various parameterizations of the temperature dependence of h/s. It was
argued that in the transition from 2.76 to 5.02 TeV, the elliptic flow estimated from two–particle correla-
tions (denoted further in the text as v2{2}, where the number in the curly brackets indicates the number
of particles that are used in correlation [26]) can increase at most ⇠ 5% for all centrality classes. Details
of the increase depend on the parameterization of h/s(T ). On the other hand, higher flow harmonic
observables, like v3{2} and v4{2}, are predicted to increase more rapidly, 10� 30%. With a different
approach, where previously measured values of flow harmonics at lower LHC energies are taken as a
baseline, Noronha-Hostler et al. [27] predict a larger increase for both elliptic and triangular flow in
peripheral compared to central collisions in transition from 2.76 to 5.02 TeV. They conclude that the
anisotropic flow already reaches saturation and its maximum value in central collisions at 2.76 TeV.

A necessary condition for the development of anisotropic flow is the initial anisotropy in the interaction
region of the two colliding ions. These coordinate space anisotropies are described in terms of eccen-
tricities, that are not directly accessible experimentally. Nonetheless, the theoretical modeling of such
eccentricities is actively being studied. For instance, hydrodynamic calculations based on a MC-Glauber
model and MC-KLN initial conditions do not agree on the details of the saturation of elliptic flow at LHC
energies [28]. However, with these two initial state models, it was shown that the final spatial eccentricity
decreases monotonically as the collision energy increases [28], and is expected to become negative only
at the very large collision energies available at the LHC (see Fig. 9 in [28]).

2

Anisotropic	flow	of	charged	particles
In	Pb-Pb collisions	at		√sNN =5.02	TeV
à arXiv:1602.01119	[nucl-ex]	

elliptic	

higher	harmonics	

elliptic	

higher	harmonics	
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A	Large	Ion	Collider	Experiment

Results	from	RUN1

p-Pb √sNN =	5.02	TeV

F.	Ronchetti	- 125th	LHCC

Multiplicity	dependence	of	charged	pion,	kaon,	and	(anti)proton	production	
at	large	transverse	momentum	in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.03658	[nucl-ex]

PLB

Production	of	K∗(892)0 and	φ(1020)	in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.07868	[nucl-ex]

EPJC
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A	Large	Ion	Collider	Experiment

Pion, kaon, and (anti)proton production in p–Pb collisions ALICE Collaboration
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Fig. 11: (Color online.) Particle ratios as a function of transverse momentum. Three different colliding systems are
compared, pp (open squares), 0–5% p–Pb (open circles) and 60–80% Pb–Pb (full diamonds) collisions at

p
sNN =

7 TeV, 5.02 TeV and 2.76 TeV, respectively.

and above for pT > 1.5 GeV/c. Quantitative differences are observed between p–Pb and Pb–Pb results,
but they can be attributed to the differences in the initial state overlap geometry and the beam energy.

〉 η/d
ch

N d〈

Pa
rti

cl
e 

ra
tio

0 20 40 600

0.2

0.4

0.6
ALICE

 = 5.02 TeVNNsp-Pb 
 = 7 TeVsINEL pp 

 = 2.76 TeVNNs60-80% Pb-Pb 

 )-π + +π )/( p ( p + ×3 
0 20 40 600

0.2

0.4

0.6

 )-π + +π )/( - + K+( K

c < 20 GeV/
T
p10 < 

Fig. 12: (Color online.) Particle ratios as a function of hdNch/dhi in each V0A multiplicity class (see [30] for
more details). Three different colliding systems are compared: pp, p–Pb and peripheral Pb–Pb collisions.

The results for the particle ratios suggest that the modification of the (anti)proton spectral shape going
from pp to p–Pb collisions could play the dominant role in the Cronin enhancement observed for inclusive
charged particle RpPb at LHC energies. To confirm this picture one would have to study the nuclear
modification factor as a function of multiplicity as we did in [44], where, the possible biases in the
evaluation of the multiplicity-dependent average nuclear overlap function

⌦
TpPb

↵
were discussed. These

results will become available in the future.

In Fig. 12 we compare the particle ratios at high pT (10 < pT < 20 GeV/c) measured in INEL
p

s =
7 TeV pp collisions, peripheral Pb–Pb collisions and the multiplicity dependent results in p–Pb collisions.
Within statistical and systematic uncertainties, the ratios do not show any evolution with multiplicity.
Moreover, since it has been already reported that in Pb–Pb collisions they are centrality independent [46]
we conclude that they are system-size independent.

The strong similarity of particle rations as a function of multiplicity in p–Pb and centrality in Pb–Pb
collisions in the low, intermediate, and high-pT regions is striking. In general, the results for p–Pb

14

Multiplicity	of	π±,	K±,	p in	p–Pb 5.02	TeV

Pion, kaon, and (anti)proton production in p–Pb collisions ALICE Collaboration

The nuclear modification factor is then constructed as:

RpPb =
d2NpPb/dydpT⌦

TpPb
↵

d2s INEL
pp /dydpT

(3)

where, for minimum bias (NSD) p–Pb collisions the average nuclear overlap function,
⌦
TpPb

↵
, is 0.0983±

0.0035 mb�1 [42]. In absence of nuclear effects the RpPb is expected to be one.

Figure 9 shows the identified hadron RpPb compared to that for inclusive charged particles (h±) [52] in
NSD p–Pb events. At high pT (> 10 GeV/c), all nuclear modification factors are consistent with unity
within systematic and statistical uncertainties. Around 4 GeV/c, where a prominent Cronin enhancement
has been seen at lower energies [33, 34], the unidentified charged hadron RpPb is above unity, albeit barely
significant within systematic uncertainties [52]. Remarkably, the (anti)proton enhancement is ⇠3 times
larger than that for charged particles, while for charged pions and kaons the enhancement is below that
of charged particles. The STAR and PHENIX Collaborations have observed a similar pattern at RHIC,
where the nuclear modification factor for MB d-Au collisions, RdAu, in the range 2 < pT < 5 GeV/c, is
1.24±0.13 and 1.49±0.17 for charged pions and (anti)protons, respectively [20].

An enhancement of protons in the same pT range is also observed in heavy-ion collisions [35, 46], where
it commonly is interpreted as radial-flow and has a strong centrality dependence. In the next section, we
study the multiplicity dependence of the particle ratios to see whether protons are more enhanced as a
function of multiplicity than pions.
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Fig. 9: (Color online.) The nuclear modification factor RpPb as a function of transverse momentum pT for different
particle species. The statistical and systematic uncertainties are shown as vertical error bars and boxes, respectively.
The total normalization uncertainty is indicated by a vertical scale of the empty box at pT = 0 GeV/c and RpPb = 1.
The result for inclusive charged hadrons [52] is also shown.

5.2 Transverse momentum and multiplicity dependence of particle ratios

The kaon-to-pion and the proton-to-pion ratios as a function of pT for different V0A multiplicity classes
are shown in Fig. 10. The results for p–Pb collisions are compared to those measured for INEL pp
collisions at 2.76 TeV [35] and at 7 TeV [38]. Within systematic and statistical uncertainties, the pT dif-
ferential kaon-to-pion ratios do not show any multiplicity dependence. In fact, the results are similar to
those for INEL pp collisions at both energies. The pT differential proton-to-pion ratios show a clear mul-
tiplicity evolution at low and intermediate pT (< 10 GeV/c). This multiplicity evolution is qualitatively
similar to the centrality evolution observed in Pb–Pb collisions [35, 46].
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• (anti)p	nuclear	modification	 factor	
shows	a	Cronin-like	 increment	

• π and	K	show	little	 or	no	nuclear	
modification

• p/π ratio	increases	 at	
intermediate	 and	high	
pT with	the	event	
multiplicity.

F.	Ronchetti	- 125th	LHCC

Multiplicity	dependence	of	charged	p,	K,	
and	(anti)	proton	production	at	large	pT
in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.03658	[nucl-ex]
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Production	of	K∗(892)0,	φ(1020)	in	p-Pb 5.02	TeVK∗(892)0 and φ (1020) in p–Pb at √sNN = 5.02 TeV ALICE Collaboration
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Uncertainties: stat.(bars), sys.(boxes)

Fig. 8: The (p+ p̄)/φ ratio measured in p–Pb in 0–5% and 80–100% V0A multiplicity classes, compared to the
same ratio measured in minimum bias pp collision at

√
s = 7 TeV [30, 64], 0–10% central and 60-80% peripheral

Pb–Pb collisions at√sNN = 2.76 TeV [33].

trend which includes protons and Λ instead. These results seem to suggest that a different type of scaling
holds in pp and p–Pb collisions and prepare the way for a more detailed investigation, which is however
outside of the scope of this paper.

4.3 Differential (p+p)/φ ratio

The multiplicity dependence of the (p+p)/φ ratio as a function of transverse momentum is studied to
compare the spectral shapes of φ mesons and protons [47]. The differential ratios for the 0–5% and
80–100% V0A multiplicity event classes in p–Pb collisions are reported in Fig. 8 together with the ratios
in minimum bias pp collisions, 0–10% central and 60-80% peripheral Pb–Pb. In peripheral p–Pb the
(p+ p̄)/φ ratio exhibits a qualitatively similar steep decrease as in pp collisions, and it is consistent with
the ratio measured in 80-90% peripheral Pb–Pb collisions ([33], not shown in Fig. 8). The flat behaviour
of (p+ p̄)/φ for pT < 3 GeV/c in 0–10% central Pb–Pb collisions has been previously discussed in [33]
and found to be consistent with the expectations of hydrodynamic models. In the 0–5% p–Pb, a hint
of flattening is observed for pT < 1.5 GeV/c, but systematic uncertainties are such that no conclusive
evidence can be derived. Despite being about 10–20% larger but compatible within uncertainties, the
best qualitative agreement of (p+ p̄)/φ in high-multiplicity p–Pb (0–5% V0A multiplicity event class)
is achieved with respect to the 60–80% peripheral Pb–Pb collisions, which has also a similar particle
multiplicity.

4.4 Integrated particle ratios

Particle ratios are useful observables to study particle production mechanisms by comparing particles
with similar or different strangeness content, mass and lifetime. Short-lived particles such as K∗0 and
φ are used in heavy-ion collisions to derive information on the lifetime of the hadronic phase and on
the mechanisms which take place before the kinetic freeze-out, such as re-scattering and regeneration.
If dominant over regeneration, re-scattering is expected to reduce the observed yield of resonances,
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Mass	ordering	observed	 in	central	Pb-Pb
collisions:	 similar	mass	à similar	 pT
• Hydrodynamic	behavior

K∗(892)0 and φ (1020) in p–Pb at √sNN = 5.02 TeV ALICE Collaboration
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Pb-Pb 2.76 TeV

Uncertainties: stat.(bars), syst.(box), uncorr.(shaded box)

Fig. 9: Ratio of K∗0 and φ to chargedKmeasured in the three collision systems, as a function of the cube root of the
average charged particle density (⟨dNch/dηlab⟩1/3) measured at mid-rapidity, used as a proxy for the system size.
Squares represent K∗0/K, circles refer to φ /K. Statistical uncertainties (bars) are shown together with total (hollow
boxes) and multiplicity-uncorrelated (shaded boxes) systematic uncertainties. Measurements in pp at

√
s = 7 TeV

and Pb–Pb collisions at √sNN = 2.76 TeV are taken from [30] and [33], respectively.

in peripheral (40–60% and 60–80%) Pb–Pb and pp collisions.
In order to quantify the evolution of the p–Pb ratios with multiplicity class, the ratios (y) have been
fitted with a first order polynomial, y = ax+ b, where x = ⟨dNch/dηlab⟩1/3. Only the statistical and -
uncorrelated systematic uncertainties, added in quadrature, have been considered for the purpose of the
fit. In p–Pb collisions the φ /K ratio follows the trend from minimum bias pp to peripheral Pb–Pb colli-
sions. The linear fit to the p–Pb data returns a positive but small slope parameter, aφ = 0.008 ± 0.004. A
similar fit to the K∗0/K ratio in p–Pb instead, results into a negative slope, aK∗0 = -0.030 ± 0.018. The
pp value for the K∗0/K ratio is consistent with the ratio in the lowest multiplicity p–Pb events. The slope
obtained fitting the Pb–Pb data, a’K∗0 = -0.016 ± 0.006, is interpreted as due to re-scattering effects in
central collisions [33]. The slopes in Pb–Pb and p–Pb are compatible within the uncertainties (about
60% in p–Pb and 27% for Pb–Pb), and the decreasing trend in K∗0/K may be a hint of the presence of
re-scattering effects in high-multiplicity p–Pb events and indicative for a finite lifetime of the hadronic
phase in p–Pb collisions. Further comparisons with models of p–Pb collisions which include resonances
and re-scattering effects would be useful to distinguish between the different scenarios.

5 Conclusions

The production of K∗0 resonances and φ mesons in p–Pb collisions at √sNN = 5.02 TeV has been mea-
sured with the ALICE detector, including multiplicity-dependent transverse momentum spectra, mean
transverse momentum and particle ratios to long-lived light-flavoured hadron production. The system
size dependence of these observables has been studied by comparing the p–Pb results with previous
measurements in Pb–Pb and pp collisions. In all collision systems, the mean transverse momentum in-
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• φ/K- not	suppressed	 in	in	Pb-Pb
• x10	shorter	 lived	K0*	is	suppressed	 in	

Pb-Pb (re-scattering	 of	decay	products)
• Hint	of	suppression	 seen	also	 in	p-Pb

Production	of	K∗(892)0 and	φ(1020)	
in	p-Pb collisions	at	√sNN =	5.02	TeV
à arXiv:1601.07868	[nucl-ex]

F.	Ronchetti	- 125th	LHCC 13
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Overview	of	2015	Operations

F.	Ronchetti	- 125th	LHCC

p-p	@	13	TeV
Pb-Pb @	5.02	TeV

high	
multiplicity	

central		Pb-Pb collision	

calo jets
(DCAL)

14
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ALICE	Data	Taking	Profile:	RUN2	vs	RUN1

ALICE	Week,	CERN,	December	16,	2015

High	Level	Trigger:	
TPC	clusters
compression

High	Level	Trigger:	
No	TPC	clusters	compression

7.3PB	(one	replica)

à 7.2PB (one	replica)
• 60%	(4.5	PB)	during	pp	
• 40%	(2.7	PB)	during	HI	(+pp-ref)

TS1
SCRUBBING

TS2

TS3

F.	Ronchetti	- 125th	LHCC

RUN1::2010à13	
RUN2:	first	year

15
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Overview	of	p-p	Data	Taking	at	13	TeV

F.	Ronchetti	- 125th	LHCC

LHC	restart	 (INDIV)
• diffractive	data	

taking:	 collected	
165	ME

50ns	and	25ns	trains
• Instantaneous

luminosity	
up	to	5	Hz/ub

• Campaign	 for	
minimum	bias	
and	rare	triggers	
at	low	pile	up	(μ)

16
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Average	pressure	in	straight	section	
• 2012	Stable	Beams	

1380b:	~3E-8	mbar
• 2015	2244b:		~4E-9	mbar
~	x10	improvement	

4364
(809b) 4402

(1177b)
4428

(1289b)
4440

(1465b) 4557
(2244b)

Pressure-normalized	 background	
is	flat:	background	 correlated	
only	to	beam-gas	events

25	ns	Trains:	Beam	Induced	Background	

LHC
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HI	2015:	Ultra-Packed	Schedule

Proton
Cycle	
2.51	TeV

Ion
Cycle
6.37Z	Tev

ALICE	polarity	flip

vdM scan Quench	tests	

lumi

coll

Crystal	collimation	MD

F.	Ronchetti	- 125th	LHCC

60%	

p-p	ref
SETUP
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LHC Lumi Production	in	HI

Excellent	LHC	availability.	ALICE	average	levelling	time:	2.46	h	

ALICE	Design	luminosity

25/11

kb=10-50	

kb=250	

kb=426	

Van	der	
Meer	scans

`Crystal	
coll.	MD

kb=474	

Source	
refill

ALICE	
polarity	
reversal

Start	of	
HL-LHC	HI kb=518	

BFPP	quench	
test&recovery

Collimation	
quench	test	

100_150ns_518Pb_516Pb_492_444_24_22inj
100_225ns_426Pb_424Pb_400_362_24_19inj
100_225ns_250Pb_250Pb_216_236_24_11inj
100_225ns_250Pb_250Pb_216_236_24_11inj
100_225ns_51Pb_51Pb_33_18_16_4inj
100_225ns_51Pb_51Pb_33_18_16_4inj
Single_10Pb_5_6_2_10inj

Ramp	up	steps	

Plot	from	J.	Jowett

F.	Ronchetti	- 125th	LHCC

0
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ALICE	leveling	 time	at	1000	kHz/b

CMS	OFF

[h]

[fill	#]

Bunch
Spacing	
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2
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8
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Background:	EMD	in	IR7	TCP,	Losses	on	IR2	TCT,	ZDC

IR8IR7 IR1

Note:	LHC	performed	studies	 to	
prevent	the	problem	 in	the	future.

208 82 12 18220 27Pb C n CPbγ
++ + ⎯⎯⎯→ + +

TCP	outer	jaw
orbit	in	horizontal	plane

IR2	(Left)

J.	Jowett
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Example	of	ALICE	Pb-Pb Running	at	1	kHz/b

1	kHz/b
1.3	kHz/b

HLT	event	
compression

Sub-detectors	
running Concurrent	

trigger	sets

Online	HLT	TPC
clusters	compression	

All

Data
rates

F.	Ronchetti	- 125th	LHCC

Muon

Min	Bias
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2015	Pb-Pb Run	at	5.02	TeV

F.	Ronchetti	- 125th	LHCC

(43% of RUN2 target)
157 ME MinBias

22
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TPC	Calibration	
• Gas	was	changed	from	Ne:CO2 to	Ar:CO2 (90:10)
• Space	charge	distortions	 in	the	bulk	of	acceptance	as	expected
• Excessive	space	charge	distortions	 observed	at	IROC	chamber	

edges	and	a	few	specific	OROC	points.
• RUN3-like	correction	procedure	 (TPC	to	ITS+TRD	 track	

interpolation)	 to	correct	distortions	down	 to	the	intrinsic	
single	track	resolution developed	and	deployed	in	calibration.

F.	Ronchetti	- 125th	LHCC

Start	of	data	reconstruction:	week	10	(underway)	

ALICE LHCC meeting 1.3.2016 Jens Wiechula 5

Executive summary
Distortion corrections

 Procedure tested and working

 Correction down to the intrinsic single track DCA resolution of 
the TPC (RMS ~1.5 mm)

 Minor technical details still being solved

 Foreseen start of production in week 10

D
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r 
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)

D
C

A
r 

(c
m

)A-Side C-SidePb-Pb
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HLT	monitoring
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EMCAL π0 DCAL π0
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EMCAL/DCAL	Performance

DCAL1	γ 
DCAL	L1	jet
EMCAL	L1	γ
EMCAL	L1	jet
MinBias

DCAL	installed	in	LS1
• EMCAL,	DCAL	(and	PHOS)

readout	and	 trigger	electronics	
upgraded	 in	LS1

• Development	of	readout
and	trigger	 firmware	

• Calibration	 with	beam	
• Validation	 of	L0	and	L1	triggers

F.	Ronchetti	- 125th	LHCC 24
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RCU2
INSTALLATION

RCU2
CONFIRM

RCU2	
RECOMMISSIONING

YETS	Status	Update:	RCU2	Installation	
• Radiation	 tolerant	FPGA	
• Increase	performance	 by	x2.6	by	bus	parallelization	 and	higher	link	speed.
• System	proved	to	be	is	fully	stable	at	3.125Gb/s	

(hundreds	 of	TB	transferred	 in	situ	no	errors)

• At	3.125	Gb/s	 ~x2	performance
increase	will match	the	RUN2	
targetin terms	of	central	events	

F.	Ronchetti	- 125th	LHCC

La
se
r

Co
sm

ic
s

25



A	Large	Ion	Collider	Experiment

RUN2	Overview	(from	ALICE	Perspective)	

F.	Ronchetti	- 125th	LHCC

Year System E	[TeV] Lumi [cm-2s-1] Rate	[kHz] Time

2015 pp 13 5x1030 300 14w

Pb-Pb 5.02 1x1027 8 3w

pp-ref 5.02 1x1030	 50 4d

2016 p-p 13 5x1030 300 28w

p-Pb 5.02(8.16) 1x1028	+1x1029 20(mB)/200 4w

2017 p-p 13 5x1030 300 24w

pp-ref(?) 5.02 1x1030	 50 7d

2018 p-p 13 5x1030 300 28w

Pb-Pb 5.02 1x1027 8 4w

pp-ref(?) 5.02 1x1030	 50 7d

26
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2016	p-p	Running

• InstLumi:	5	Hz/ub (300	kHz)	at	pile-up	(μ)	~	1-2%	
Preliminary trigger	scenario
• Central	barrel: Minimum	Bias	
– High	multiplicity	 triggers	
– jet and	quarkonia (TRD,	Transition	Radiation	Detector):	
– Calorimeters:	 L1	γ and	jet (low/high	 thresholds	EMCAL/DCAL/PHOS)
– diffractive	double-gap	 trigger	 (AD)
– single and	di-muon triggers	at	low-pT (1	GeV/c)	and	high-pT (4.2	GeV/c)
– Muon bundles	physics:	4-fold	coincidence	cosmic	trigger	 (ACORDE)

– β*	2.4	km	run:	ALICE	in	parasitic	data	taking	(at	her	own	β* of	10m)
– in	p-p	2016/7/8	aim	to	flip	the	dipole	and	solenoid	polarity

between	fills	(using	25ns	trains, no	extra	flips	planned)
– Use	external	h.c.	angle	200	ur	

à dipole	angle	effect	in	the	shade	of	ext.	h.c.	(no	extra	loss	maps	after	flip)

F.	Ronchetti	- 125th	LHCC 27
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RUN2:	p-p	Reference	at	5.02	TeV
In	RUN2	ALICE	aims	at	1/nb intlumi of	Pb-Pb at	5.02	TeV
• ~1000M	MinBias for	direct	reference	(same	energy)	at	low	pT
• to	be	collected	at	low	PU	(µ ~	1-5%)
Ø Uncertainty	on	

observables	as	RAA
at	low	pT is	dominated	by	
statistical	uncertainty	
on	reference data.

F.	Ronchetti	- 125th	LHCC

• In	2015	collected	130M.
~	800M	still	to	be	collected	
in	2	weeks	over	2017/18

• ALICE	view:	pp-ref	not	taken	
from	the	4	weeks	of	the	HI	time.

• Not	necessarily	attached	to	the	HI	block	of	the	year
28
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2016	Heavy	Ion	Run:	p-Pb
ALICE	desires	to	have	p-p	and	p-Pb reference	at	the	same	
energy:	5.02	TeV (p-Pb as	direct	reference	for	Pb-Pb).

4	weeks	of	p-Pb
• ~	9d	(3	setup)	@	5.02	TeV (6d	net)
• minimum	bias	leveled	at	1E28	Hz/cm2

• No	species	reversal
• Target	MinBias statistics:	1000M	events
• PU	of	0.5%	O(300b)
• 17d		(6	setup	+1	LHCf)	@	8.16	TeV (11d	net)
• Target:	20	/nb of	rare	triggers	at	1E29	Hz/cm2

• β*		and	colliding	bunches	TBD
• species	reversal:	YES		(10+10)	/nb

• 1	vdM scan	
• pp-ref	taken	in	2017/18	(p-p)

Hi	burn-off
Short	fills	 (5h)

Low	burn-off
Very	long	fills	 (20+h)

COMPROMISE	SCENARIO	(LPC)

F.	Ronchetti	- 125th	LHCC 29
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Upgrade	Status	Update
“RUN2	for	RUN3”:	tests	at	high	interaction	rate	

MUON	ARM	(Chambers	and	Trigger)
– pp	~3	MHz	à 42	Hz/ub (84%	of	equivalent	50	kHz	Pb-Pb)
– Good	MCH	HV	stabilitywith	respect	to	RUN2	rates	
TPC/TRD/TOF/ITS	(Central	Barrel)	
– pp	0.9	MHz	à 14	Hz/ub:	stable	response.

F.	Ronchetti	- 125th	LHCC

Status	of	main	upgrade	items
• Approval	process	of	ALICE	upgrade	concluded	in	2015
• Final	prototype	of	ITS	Pixel	chip	(ALPIDE)	being	evaluated	
• EDR	for	ITS	staves	in	April	2016
• EDR	for	TPC	GEMs	and	chamber	mechanics	done	(11/15).	
Final	prototypes	and	PRR	being	prepared.

• T0/FIT	(ALICE	lumi-meter)	prototype	installed	at	P2
30
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Summary

Physics	Output	(since	last	LHCC)
• 9	papers	submitted,	5	accepted	and	11	published
• Reconstruction	of	the	2015	Pb-Pbdata	started	

Operations
• Successful	detector	restart after	LS1	installations	(TRD,	DCAL)
• Beam	induced	background	in	p-p	improved	substantially	
• Good	running	efficiency	in	p-p	(4.5	PB	collected)
• Successful	p-p	reference	and	Pb-Pb runs	

with	good	running	efficiency	(~90%,	2.7	PB	collected)
• TPC	distortions	correction	procedure	implemented	and	

working
• New	TPC	readout	RCU2	installed	and	tested	during	the	EYETS

ALICE	ready	for	2016	data	taking	
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Backup
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L0	trigger	deployed	 in	pp-ref	run.	Physics	data	taking	with	L0	threshold	3	GeV:	0.5M	events	
triggered	by	CPHI7	in	CALOFAST	 cluster	with	PHOS,	 EMCAL,	 CPV,	VZERO,	 SPD,	T0.

L0	trigger	rejection	factor	in	pp-ref

L0	trigger	 enhances	 spectra	 at	high	p
T
.

Accumulated	 statistics	 allows	one	 to	
measure	 spectra:

π
0
up	to	p

T
=40	GeV/c

η up	to	p
T
=12	GeV/c

L1	trigger	deployed	 in	Pb-Pb run.	PHOS	L1	configuration:
lCINT7PHH:	Gamma	trigger	with	threshold	8	GeV &	CINT7
lCPER7PHM:	Gamma	trigger	with	threshold	4	GeV &	CPER7

Spectrum	of	ionization	loss	in	CPV

CPV	is	designed	for	photon	 ID	in	PHOS.	
Stable	operation	since	June.

L1	trigger	rejection	factor	in	Pb-Pb

PHOS/CPV	Performance
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pp	@	13	TeV
InstLumi =	5	Hz/µb
µ=	100%

High	Multiplicity	p-p	@	13	TeV

11	GB/s	sustained	readout		

Online	HLT	TPC	clusters
compression	(x5)

3	GByte/s	sustained	output	to
disk	storage	after	compression.	2016/7/8	~x2	with	TPC	RCU2	F.	Ronchetti	- 125th	LHCC 34



A	Large	Ion	Collider	Experiment

Luminosity	Evolution:	Prediction	vs	Reality	

Levelling	scenario	used	
is	the	red	line	(ALICE	only)

Simulation	without	LHCb (Michaela	Schaumann)

Fill	4695
(a	good	one)
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y	=	0.9727x	+	6.2476

0

100

200

300

400

500

600

700

800

900

1000

0 200 400 600 800 1000

ALICE	Luminosity	Normalization

The	ZDC	(Right	of	IR2)	was	used	for	luminosity	reference:
– ZNC	– neutron	ZDC	fired: σ =	213	b	(RELDIS	prediction	at	5	TeV)
– V0(0-60%	centrality):	σ =	7.7	b	x	0.6	=	4.6	b	(assuming	 7.7	b	hadronic)

Lu
m
iw

ith
	V
0	
(H
AD

)
Lumi with	ZNC	(EMD)

Excellent	agreements	between	rates
coming	from	different	detectors	
sensitive	to	different	proceses

1	kHz/b

F.	Ronchetti	- 125th	LHCC 36
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Pb-Pb 2015:	Detail	of	ALICE	Data	Taking	Profile	
Beam #	of	Physics	runs Physics	readout Physics recorded

pp 4050 12.5	PB 5.3	G events,	4.5	PB, 1.1 TB/run
HI 388 9.3	PB 0.6	G events,	2.6	PB,	6.7	TB/run
Total 4438 21.8	PB 5.9	G	events,	7.1	PB

Run	1	(2010-2013): 7.4	PB

Pb-Pb 2015	

6
GB/s
out

17
GB/s
in

ALL	events	x3	
(x4.5	TPC	only)

F.	Ronchetti	- 125th	LHCC

Data	Rates	with	old	(RUN1)	TPC	readout	
TPC	RCU2	operational	 in	2016
à new	target	rate	 after	HLT:	10	GB/s	(further	 compressions	 possible)
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2015:	p-p	Reference	at	5.02	TeV
7	days	(3	setup,	4	running)
little	contingency	

2016/17/18:	
847	M	events	still	to	be	collected	in	2	additional	weeks
• not	taken	 from	the	4	weeks	of	HI	time	
• PU	(µ)	of	the	order	of	1-5%	
• Not	necessarily	attached/close	 to	the	

HI	block	or in	the	same	year	or	in	two	
separate	periods

1	Hz/ub
RCU1

25	ns	filling	2015
1200b

F.	Ronchetti	- 125th	LHCC
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A	Large	Ion	Collider	Experiment

RUN2	TPC	Readout	Upgrade	(RCU2)

F.	Ronchetti	- 125th	LHCC

TTC

DDL2

ETH

LV

SmartFusion2:
Embedding	 Linux
Interface	DCS/DDL/TTC
FEC/ALTRO	Communication
Temp,	V,	I	Monitor

Radiation	Monitor:	Count	SEUs

RCU2	installed
• First	Commissioning	 successful
• FW	Update	done	(week	8)
• Ready	for	“black	laser	data”

and		cosmic	runs	
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