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ALICE @ LHC

Time Projection Chamber (TPC)

Inner Tracking System (ITS)

Forward Muon Arm

Transition Radiation Detector (TRD)

Time-of-Flight (TOF)

Electro Magnetic Calorimeter (EMCal)

Photon Spectrometer (PHOS)

High Momentum Particle 
Identification  (HMPID)
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High Level Trigger (HLT)
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Data taking - p–Pb
p
sNN =5.02 TeV

4A. Andronic - ALICE collab.

focus: min-bias data; optimized 17 kHz IR, 1.6 kHz readout

95% e�ciency with full suite of sub-detectors

ALICE@LHC in 2016
• pp at 13 TeV: 

exciting prospects with a very large 
min. bias (and high multiplicity) sample
(ALICE IR: 100 - 550 kHz)

• pPb: Ion run this year (finishes on Monday): 
Complementary physics questions lead to 
two periods of pPb

– √sNN = 5 TeV, Pb-Pb reference energy, low lumi, 
small burn off, long fills 
from soft to hard probes and 
from minimum bias to high multiplicity
study QGP-like signals in small systems
(ALICE IR: 17 kHz)

– √sNN = 8 TeV, larger cross sections, high lumi, 
beam reversal, short fills
focus on hard probes and quarkonium physics
(ALICE IR: 300 kHz)

ALICE: very stable, operational efficiency > 92%

CKB 4ALICE@KHuK 2016

Data taking - pp
p
s =13 TeV

2A. Andronic - ALICE collab.

IR: 100-550 kHz, triggered and min-bias data

Optimized for MB
IR: 17 kHZ
Read out: 1.6 kHz



Detector Performance in Run02
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Laser	calibration
intervals

Example:	TPC	currents	stability

time 7+	h	data	taking

Example: TPC PID: dE/dx Example: Hypertriton reconstructio

Compressed	raw	data	size	(TB)	for	2016

Example: HLT compression improved by 20%

Data reconstruction / analysis

19A. Andronic - ALICE collab.
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ALI-PERF-114838

Pb–Pb
p
sNN = 5.02 TeV full

data set reconstructed

Hypertriton production

about half of all Pb–Pb statistics



p-Pb@8.16 TeV in ALICE
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One of the first events from Nov. 26th



Impact on Physics Results
• Physics Board (ad personam): A. Androic (GSI)
• Physics Working Group Conveners (8 PWGs) 

– O. Busch (U. Heidelberg/Tsukuba)
– designated: A. Marin (U. Heidelberg), L. Cunqeiro (U. Münster) 

• Editorial Board
– Y. Pachmayer (U Heidelberg)

• Conference Committee 
– C. Klein-Bösing (U Münster)
– designated CC Chair: R. Averbeck (GSI) 

• 40 PhD Students, 18 PostDocs + 29 Physicists 
• Essential contributions analysis, calibration, paper committees 

and internal review committees 
• Supported by Tier2 center (GSI) 
• Publications in 2016: 29 (all time high) 

– 2015/16 56 publications
– Total: 152 publications, 166 submitted
– More than 18000 citations

4×500+,  (4+10)×250+,
(4+10+36) )×100+,
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pp vacuum QCD

+ initial state and (cold)
nuclear matter effects 

p-Pb

Pb-Pb + Quark-Gluon Plasma

string breaking,
MC-tuning

non-perturbative
(low pT/soft)

perturbative QCD
(high pT/hard)

PDF x pQCD x FF

scaling laws
CGC?
“Cronin”-Effect

PDF à nPDF
final state 
interactions?

thermodynamics
energy density,
temperature,
collectivity, 
chemical composition

jet quenching
modified FF

Key questions: What are the properties of the QGP?
Evolution/connection of particle production
in the soft regime from small to large systems? 



HEAVY IONS AT 5 TEV
Run02: Pb-Pb
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Pb-Pb 5.02 TeV
Multiplicity 

Multiplicity in AA measure for initial energy density

– 0-5% most central dNch/dη = 1943±54

– Particles per participant pair:
Trend for AA confirmed, 
stronger increase than for pp and pA

– Remarkable agreement of centrality dependence 
(similar also to 200 GeV, factor 2.1 to 2.76 TeV) 
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l Momentum anisotropy characterized by 
harmonic series

l v2: elliptic flow, v3 triangular

l Test of equation of state and initial 
conditions via hydrodynamic calculations

l How perfect is the fluid?

Pb-Pb 5.02 TeV
Flow Harmonics

For collective system spatial anisotropy of 
collision zone causes different pressure gradients 
à momentum anisotropy

CKB ALICE@KHuK 2016 11

  
n

v 

0.05

0.1

0.15 5.02 TeV
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

|>1}η∆{2, |4 v

{4}2 v

{6}2 v

{8}2 v

2.76 TeV
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

|>1}η∆{2, |4 v

{4}2 v

5.02 TeV, Ref.[27]
|>1}η∆{2, |2 v

|>1}η∆{2, |3 v

ALICE Pb-Pb Hydrodynamics

(a)

0 10 20 30 40 50 60 70 80

R
a

tio
  

1

1.1

1.2  
/s(T), param1η
/s = 0.20η

(b)

Hydrodynamics, Ref.[25]2 v 3 v 4 v

Centrality percentile
0 10 20 30 40 50 60 70 80

R
a

tio
  

1

1.1

1.2

(c)

Different strategies

average, then evolve evolve, then average

initial energy density

faster
more approximate

initial energy density

more precise
more costly

You will hear words like
single shot hydrodynamics event-by-event hydrodynamics

Björn Schenke (BNL) QM2012 23/42

(B. Schenke)

Phys. Rev. Lett. 116 (2016) 132302

on average single event

Further constraints on η/s via temperature dependence of higher harmonics v3 and v4.
Consistent with models using either constant η/s or η/s(T).



Pb-Pb 5.02 TeV
Nuclear Modification Factor

Common explanation: Strong final state interaction of leading parton (energy loss).
Little change from 2.76 TeV, hotter medium partially compensated by flatter parton spectrum.
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• Charm quarks produced in	hard scatterings
• Charmonia dissolved	in	QGP	(Matsui	and	Satz 1986)
• At	LHC	energy,	J/psi	is	dominantly	formed	by	

statistical	hadronization or recombination
(Andronic et	al.	2003

• Expect	RAA(5	TeV)	>	RAA(2.76	TeV)	for	integrated	yield
• Confirmed	via	ratio	of	RAA at	the	two	energies	

à reduced	uncertainties	on	RAA and	models
• RAA 15%	larger	than	at	lower	energy
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Very	versatile	probe	testing	dissociation/recombination	
and	parton energy	loss
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Pb-Pb 5.02 TeV
Latest Results

CKB ALICE@KHuK 2016 14

⌥ production

12A. Andronic - ALICE collab.
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ALI-PREL-108625

an intriguing result ...even if, considering uncertainties, not a large e↵ect
expectation from the sequential “melting” (Debye screening): R5.02

AA  R2.76
AA

do we see (re)generation? (in QGP/at phase boundary?)

Minimum Bias: Enhancement even for much heavier Υ



A CLOSER LOOK AT RUN01
pp p-Pb and Pb-Pb
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Multiplicity-dependent enhancement of strange and multi-strange . . . ALICE Collaboration
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L, X�+X+ and W�+W+ measured in |y|< 0.5 for a se-
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models based on relativistic hydrodynamics. In this framework, the pT distributions are effectively as
due to particle emission from collectively expanding thermal sources [44, 45].

The blast-wave model [44] is employed to analyse the spectral shapes of K0
S, L and X in the common

highest multiplicity class (class I). A simultaneous fit to all particles is performed following the approach
discussed in [25] in the pT ranges 0–1.5, 0.6–2.9 and 0.6–2.9 GeV/c, for K0

S, L and X, respectively.
The best-fit describes the data to better than 5% in the respective fit ranges, consistent with particle
production from a thermal source at temperature Tfo expanding with a common transverse velocity hbTi.
The resulting parameters, Tfo = 163 ± 10 MeV and hbTi = 0.49 ± 0.02, are remarkably similar to the
ones obtained in p–Pb collisions for 20–40% [25], where hdNch/dhi is also comparable.

The pT-integrated yields are computed using the data in the measured ranges and extrapolations in the
unmeasured regions. In order to extrapolate to the unmeasured region, the data were fitted with a Tsallis-

5

Evolution of Particle Ratios
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• Smooth evolution of particle ratios with multiplicity.

• Slope strongly species dependent 
• steepest for multi-strange baryons.

• Values of (geometrically large) fireball reached 
with pp and p-Pb collisions 

• Plateau in strangeness production demonstrates
that grand-canonical limit is reached for large 
systems with Tch at QCD phase boundary

• String hadronization models do not describe data well 

arXiv:1606.07424
(submitted to PRL)

How well do we understand hadronization?

Is there a fundamental difference between pp and Pb-Pb
or are the same mechanisms at work for large 
multiplicities in small systems?



Identified Particles in p-Pb
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Are there collective effects at work?
(Previously observed by ALICE: Long range angular correlations, mass ordered v2)

Species (mass?) dependent 
enhancement of particle 
production in p-Pb
persists to large pT.

High pT à back to unity 
(confirmed by ALICE jets)



Flow Harmonic Correlations in Pb-Pb
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Test	correlation	between	different	flow	harmonics	via	4-particle	correlations	
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Phys.	Rev.	Lett.	117	(2016)	182301
Editors’	Suggestion

(Anti-)correlations	between	v2 and	v4 (v3)	
observed.	
Non-flow	effects	modeled	by	HIJING	show	
no	correlations	à true	collective	origin.
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Further/better	constraints	on	medium	η/s	and	
initial	conditions.	
Currently,	neither	constant	nor	T	dependent	η/s		
provide	consistent	description



Heavy Flavor
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y = 5.02 TeV, -1.065 < NNsp-Pb, 

Phys. Lett. B 754 (2016) 81

ALI−PREL−114361

JHEP	09	(2016)	028p-Pb: Phys. Lett. B 754 (2016) 81-93
Pb-Pb: arxiv:1609.07104

Towards extraction of heavy quark transport coefficients 
(together with data on D mesons, incl. v2)
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Anomalous evolution of the near-side jet peak shape . . . ALICE Collaboration
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Fig. 1: Left panel: associated yield per trigger particle as a function of Dj and Dh . The background obtained
from the fit function has been subtracted in order to emphasize the near-side peak. Right panel projections to the
Dj and Dh axes overlaid with the peak part of the fit function.
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Thus in Pb–Pb collisions, the background is characterized by four parameters (C1, VnD) where VnD are
the Fourier components of the long-range correlations [35], and it should be noted that the inclusion of
orders higher than four does not significantly change the fit results. In pp collisions, the background
consists effectively only of the pedestal C1. The peak magnitude is characterized by C2, and the shape
which is the focus of the present analysis by four parameters (gDj , wDj , gDh , wDh ). The aim of using
this fit function is to allow for a compact description of the data rather than attempting to give a physical
meaning to each parameter. Therefore, the variance of G is calculated reducing the description of the
peak shape to two parameters (sDj and sDh ). To describe the evolution of the peak shape from peripheral
to central collisions the ratio of the width in the central bin (0–10%) and the peripheral bin (50–80%),
denoted by sCP

Dj and sCP
Dh , is also calculated.

In the data a depletion around Dj = 0, Dh = 0 is observed at low pT, however, the fit function does not
include such a depletion. To avoid a bias on the extracted peak width, some bins in the central region are
excluded from the fit. The size of the excluded region varies with pT and centrality (from no exclusion
to 0.3). Thus, by definition, the peak width describes the shape of the peak outside of the central region.
The central region is quantified below by computing the difference between the fit and the per-trigger
yield within the exclusion region.

In Pb–Pb collisions, the obtained c2/ndf values of the fits are in the range 1.0–2.5; most are around 1.5.
In the highest two pT bins (i.e. in 3 < pT,assoc < 8 GeV/c and 4 < pT,trig < 8 GeV/c) the values increase
up to about 2.5 showing that at high pT the peak shape starts to depart from the generalized Gaussian
description. In pp collisions, the c2/ndf values are in the range 1.3–2.0.

Systematic uncertainties connected to the measurement are determined modifying the event and track
selections. In addition, uncertainties related to the cut on pairs with small opening angles and neutral-
particle decays, as well as the sensitivity to the pseudorapidity range are considered. The difference in
the extracted parameters is studied as a function of pT, centrality and collision system, but these depen-
dencies are rather weak and one uncertainty value can be quoted for each type of systematic uncertainty
in most cases. Finally, the different sources of systematic uncertainties are added in quadrature. The ex-
tracted peak widths are rather insensitive to changes in the selections (total uncertainty of about 2–4.5%),
while the near-side depletion yield is more sensitive (about 24–45% uncertainty). The contribution from
resonance decays was studied by performing the analysis separately for like and unlike sign pairs, and a
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the x-axis combines the pT,assoc and pT,trig axis, and therefore, a uniform trend of the values is not expected.

This increase is quantified for all pT bins in Fig. 3 by sCP
Dj and sCP

Dh . The increase is quantified with
respect to peripheral Pb–Pb instead of pp collisions to facilitate the MC comparisons discussed below.

In pp collisions, the peak shows circular symmetry in the Dh–Dj plane for all pT. In Pb–Pb colli-
sions, the peak becomes asymmetric towards central collisions for all but the two highest pT bins. The
magnitude of this asymmetry depends on pT and is largest with about 70% (sDh > sDj ) in the range
2 < pT,assoc < 3 GeV/c and 2 < pT,trig < 3 GeV/c. These results are compatible with a similar study by
the STAR collaboration at

p
sNN = 200GeV [12], which is detailed in the companion paper [33].

In Ref. [17] it was suggested that the interplay of longitudinal flow with a fragmenting high pT par-
ton can lead to the observed asymmetric peak shape. The authors argue that hard partons are interact-
ing with a medium which shows collective behaviour, contrary to the simpler picture where the parton
propagates through an isotropic medium with respect to the parton direction. In their calculation the
scattering centres are Lorentz-boosted by applying a momentum shift depending on the collective com-
ponent transverse to the parton-propagation direction. The calculation in Ref. [17] for Au–Au collisions
at
p

sNN = 200 GeV expects a 20% increase from peripheral to central events for the Dj direction and a
60% increase for the Dh direction. Despite the different centre of mass energy and collision system, the
calculation is in quantitative agreement with the results presented in this paper.

In order to study further the possibility that an interplay of flow and jets can cause the observation, the
data is compared to results from A Multi-Phase Transport model (AMPT) [36, 37]. Two mechanisms
in AMPT produce collective effects: partonic and hadronic rescattering. Before partonic rescattering,
the initially produced strings may be broken into smaller pieces by the so-called string melting. Three

6

Impact of collective effects on jet fragments:
Hadronic rescattering is essential. 
Broadening correlated with strength of radial expansion. 

hadrons associated with 
a trigger particle 

away side

near side

Combinatorial background and long-range 
correlations (collective flow) subtracted 

Remaining jet peak broadened in η
and depleted at mid rapidity

arxiv:1609.06643



Dielectrons in Pb-Pb
Penetrating probes emitted throughout the evolution of the system, similar 
to photons but additional handle via invariant mass + potential in-medium 
modified spectral functions (e.g. ρ broadening)

First measurement in Pb-Pb (low mass: mee < 700 MeV/c2)  
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Within	large	uncertainties	no	enhancement	
of	dielectron production	 for	pT >	0.4	GeV	
observed,	
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Figure 8.24: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right)
for 0–10% most central Pb–Pb collisions at

p
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0

cut is applied. ITS PID is not applied. The green boxes show the systematic uncertainties
from the combinatorial background subtraction, the magenta boxes indicate systematic
uncertainties related to the subtraction of the cocktail and charm contribution.
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Figure 8.25: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right)
for 0–10% most central Pb–Pb collisions at
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s
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cut is applied. ITS PID is applied. The green boxes show the systematic uncertainties
from the combinatorial background subtraction, the magenta boxes indicate systematic
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structure of neutron stars. Depending on the strength of the YN interaction, the collapsed
stellar core could consist of hyperons, strange quark matter, or a kaonic condensate.

The study of the production of 3

⇤

H, 4

⇤

H and 4

⇤

He via their mesonic weak decays is
addressed here. In particular, the following decay channels (and charge conjugates) are
considered:

3

⇤

H ! 3He + ⇡

�
,

4

⇤

H ! 4He + ⇡

�
,

3

⇤

He ! 3He + ⇡

� + p .

The Pb-–Pb data set collected by ALICE in 2011 only allowed for the detection of the
hypertriton 3

⇤

H and anti-hypertriton 3

¯

⇤

H with poor significance. The detection of heavier
(anti)-hypernuclei is precluded with the present statistics.

Like for the heavy-flavour analyses, the benefit of the ALICE upgrade for the detection of
heavy nuclear states will be two-fold. On one hand, the main advantage will originate from

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 The ALICE Collaboration
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ALICE	upgrade:	better	suppression	 of	
background and	increased	event	rate
and	lower	pT cut-off	(0.2	GeV)



UPGRADE
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Installation during LS2

end of 2020s 
(beyond LS3) 



ALICE Upgrade
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Further develop ALICE unique strengths
• low pT tracking
• particle identification
• vertexing
• small radiation length

Focus on high-precision measurement 
of low pT rare probes, which often do not 
allow for low level triggering

Target 
Pb-Pb recorded luminosity: ≥ 10 nb-1

(factor 100 increase in sampled events)

Strategy
Read out all Pb-Pb interactions with 
50 kHz (continuous e.g. for TPC 
+ online data reduction), 
lower material budget

Complementary to ATLAS and CMS



ALICE Upgrade 
German Contributions
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TPC Upgrade 
H. Appelshäuser (U. Frankfurt, PL), C. Garabatos (GSI, DPL), C. Lippmann (GSI, TC) 

HLT Upgrade
V. Lindenstruth (U Frankfurt, PL), T. Kolleger (GSI, TC)

Involved groups 
(TPC, TRD, HLT)
GSI/EMMI 
Universität Heidelberg
Universität Frankfurt
Universität Münster
Universität Tübingen
TU München
Universität Bonn 
FH Worms



Upgrade: Online-Offline (O2)
• Design, prototyping and testing 

new O2 related concepts in Run02 HLT
– Further development for compression
– Online reconstruction, calibration, 
– …

• HLT handles a significant part of the MC generation 
workload when not used online.

• HLT supplies the largest infrastructure for the 
computing upgrade project development and testing

CKB ALICE@KHuK 2016 25

1 GPU ≈ 125 × CPU

FPGA clusterfinder.



To	operate	at	50	kHz
=>	no	gating	grid	
=>	need	to	minimize	ion	back-flow	to	keep	
space	charge	distortions	at	a	tolerable	level	

Replace	wire-chambers	with	quadruple
Gas	Electron	Multipliers	(GEMs)

• 100	m2 single-mask	foils
• Alternating	standard	

and	large	pitch	
• Limits	ion	back-flow	

into	drift	volume
• Maintains	excellent	

dE/dx	resolution

plus	new	readout	electronics

TPC Upgrade with GEMs

BASELINE SOLUTION: 4-GEM SETUP 

Piotr&Gasik,&TU&München&

Baseline&soluGon:&4RGEM&setup&

6&

Triple'GEM+principle+of+operation+

� Fast%electron%signal%(polarity!)%
� %
�����
����	�%
� ��������	�
����������electrods�%
�%Gas%gain%about%a%factor%3%lower%than%
in%MWPC%

GEMs%are%made%of%a%copperAkaptonAcopper%
sandwich,%with%holes%etched%into%it%

Electron%microscope%photograph%of%a%GEM%foil%

20%

Standard GEM (S) 

140μm&

Preparations for GEM4 Gas-Studies Conclusion

The Large Pitch GEM

MB, Julia Bloemer, Korbinian Eckstein, Andreas Hönle — Ion Back-Flow measurements at TUM 20/22

280&μm&

Large-pitch GEM (LP) 

•  Requirements&not&fullfilled&with&a&standard&3RGEM&configuraGon&

•  New&readout&chambers&employ&standard&(S)&and&largeRpitch&(LP)&

GEMs&in&a&configuraGon&SRLPRLPRS&

•  OpGmized&HV&sejngs 

6/23&to&6/24/&2016& Annual&BTU&TCSM&Review&
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TPC Upgrade
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Project	Leader	
	H.	Appelshäuser	(U	Frankfurt)	
Deputy	Project	Leader	

	C.	Garabatos	(GSI)	
Deputy	Project	Leader	

T.	Cormier	(ORNL)	
Technical	Coordinator	

C.	Lippmann	(GSI)	

Electronics	Coordina8on	
T.	Alt	(U	Frankfurt)	

ROC	Coordina8on	
P.	Gasik	(TU	Munich)	

GEM	foils	
M.	Ball	(U	Bonn)	

IROC	
D.	Majka	(U	Yale)	

OROC	
P.	Gasik	(TU	Munich)	

HV	System	
R.	Renfordt	(U	Frankfurt)	
K.	Schweda	(GSI)	

FEE	
K.	Read	(ORNL)	

Readout	System	
K.	Oyama	(Nagasaki	IAS)	
J.	Mercado	(U	Heidelberg)	
T.	Nayak	(VECC)	

Installa8on	and	Commissioning	
B.	Windelband	(U	Heidelberg)	
J.	Rasson	(ORNL)	
C.	Lippmann	(GSI)	

Online/offline	compu8ng	
K.	Schweda	(GSI)	
M.	Ivanov	(GSI)	

Physics	Performance	
M.	Ivanov	(GSI)	

Online/offline	Reconstruc8on	
and	Calibra8on	
J.	Wiechula	(U	Frankfurt)	

Simula8on	
P.	ChrisTansen	(U	Lund)	

SAMPA	
ALICE	common	project	

CRU	
ALICE	common	project	

Design	and	Engineering	
B.	Windelband	(U	Heidelberg)	
J.	Rasson	(ORNL)	

PARTICIPATING INSTITUTES 
TPC Upgrade TDR Addendum 5

Country
Funding Agency City Institute

Brasil São Paulo Escola Politécnica da Universidade de São Paulo
Brasil São Paulo Instituto de Fı́sica da Universidade de São Paulo
Brasil São José dos Campos Instituto Tecnológico da Aeronáutica
Brasil Campinas Instituto Gleb Wataghin da Universidade Estadual de Campinas
Croatia Zagreb Department of Physics, University of Zagreb
Denmark Copenhagen Niels Bohr Institute, University of Copenhagen
Finland Helsinki Helsinki Institute of Physics
Germany BMBF Bonn Helmholtz-Institut für Kern- und Strahlenphysik, Rheinische Friedrich-

Wilhelms-Universität
Germany BMBF Frankfurt Institut für Informatik, Johan Wolfgang Goethe Universität
Germany BMBF Frankfurt Institut für Kernphysik, Johan Wolfgang Goethe-Universität
Germany BMBF Heidelberg Physikalisches Institut, Ruprecht-Karls Universität Heidelberg
Germany BMBF Munich Physik Department, Technische Universität München
Germany BMBF Munich Excellence Cluster ‘Universe’, Technische Universität München
Germany BMBF Tübingen Physikalisches Institut, Eberhard Karls Universität Tübingen
Germany BMBF Worms FH Worms
Germany HGF Darmstadt Research Division and ExtreMe Matter Institute EMMI, GSI

Helmholtzzentrum für Schwerionenforschung
Hungary Budapest Wigner Research Center for Physics
India Kolkata Bose Institute
India Bhubaneswar Institute of Physics
India Bhubaneswar National Institute of Science Education and Research
India Indore Indian Institute of Technology
India Mumbai Indian Institute of Technology
India Kolkata Variable Energy Cyclotron Centre
India Guwahati Department of Physics, Gauhati University
India Chandigarh Physics Department, Panjab University
India Jaipur Physics Department, Rajasthan University
Japan Tokyo University of Tokyo
Japan Nagasaki Nagasaki Institute of Applied Science
Mexico Mexico City Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de

México
Mexico Puebla Benemerita Universidad Autónoma de Puebla
Norway Bergen Department of Physics and Technology, University of Bergen
Norway Bergen Faculty of Engineering, Bergen University College
Norway Oslo Department of Physics, University of Oslo
Norway Vestfold Department of Engineering, Buskerud and Vestfold University College
Poland Cracow The Henryk Niewodniczanski Institute of Nuclear Physics, Polish

Academy of Science
Romania ANCSI-IFA Bucharest National Institute for Physics and Nuclear Engineering
Slovakia Bratislava Faculty of Mathematics, Physics and Informatics, Comenius University
Sweden Lund Division of Particle Physics, University of Lund
USA DOE Omaha Creighton University, Omaha, Nebraska
USA DOE Houston University of Houston, Houston, Texas
USA DOE Berkeley Lawrence Berkeley National Laboratory, Berkeley, California
USA DOE Berkeley University of California Berkeley, Berkeley, California
USA DOE Oak Ridge Oak Ridge National Laboratory, Oak Ridge, Tennessee
USA DOE West Lafayette Purdue University, West Lafayette, Indiana
USA DOE Knoxville University of Tennessee, Knoxville, Tennessee
USA DOE Austin The University of Texas at Austin, Austin, Texas
USA DOE Detroit Wayne State University, Detroit, Michigan
USA DOE New Haven Yale University, New Haven, Connecticut
USA NSF San Luis Obispo California Polytechnic State University, San Luis Obispo, California
USA NSF Chicago Chicago State University, Chicago, Illinois

Table 2.1: List of institutions participating in the TPC upgrade.

45 Institutions (MoU 2016) 

MOU 2016: 45 institutes
Leading German contributions
GEM	frames
Chamber	assembly
Electronics	development
Online	calibration	and	reconstruction	
Integration,	commissioning	and	testing	



ROC
pre-production (final design) of GEM readout 
chambers almost completed

IROC chamber installed in the ALICE cavern 
for p-Pb run

Start of mass production in 2017

SAMPA (common TPC, MUON readout ASIC): 
MPW2 (Multi-Project Wafer) under test

Noise within specifications Gain, signal shaping, 
linearity, and crosstalk according to specifications

Confirm all TPC specifications by end of the year

First FEC Rev0 prototype cards available, 
tests ongoing

SAMPA and FEC
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Conclusions
• Fundamental measurements at a energy regime

– Pb-Pb 2.76 à 5.02 TeV, exploring temperature dependence 
– All systems at one energy 5 TeV pp, p-Pb, Pb-Pb

• More differential understanding of the QGP at 2.76 TeV
– New sensitivity to evolution, initial state and viscosity η/s
– Modification of jet structure and interplay of soft and hard processes
– Regeneration of quarkonia
– Constraining heavy quark transport in QGP

• And new questions on our understanding of small “reference” systems arise

• Upgrade program well under way and concepts already gradually integrated into ALICE 

• Exciting physics program for the coming 15 years to answer fundamental questions about 
– Survival of hadrons in the QGP, 
– Hadronization at the phase boundary
– production of loosely bound objects at high temperature
– modified jet quenching via correlation measurements with photon and Q-tagged jetst
– thermal radiation, temperature of the medium, chiral symmetry 
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8 TeV pPb
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Data taking - p–Pb
p
sNN =8.16 TeV

5A. Andronic - ALICE collab.

focus: triggered data; IR: ⇠300 kHz beginning of fill

p–Pb Pb–p



Detector Performance

CKB ALICE@KHuK 2016 33

• New Readout Control Unit (RCU2) for better radiation 
tolerance and faster readout (factor 2 for central Pb-Pb)

• Operation since 04/2016, some firmware updates during pp

Flash-based	FPGA:	
MicroSemi

SmartFusion2
Faster	optical	

readout	link:	DDL2	
@	3.125	Gb/s

Increased	bus	granularity	(x2)	
è highly	parallelized	readout

• Experience:	very	stable
– 1 issue	every	~50h	of	

running	 time
– Automatic	error	recovery	

during	 data	taking	
(PAUSE	AND	RESET)



Run 2: 13 TeV pp
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• Charm quarks produced in	hard scatterings
• Charmonia dissolved	in	QGP	(Matsui	and	Satz 1986)
• At	LHC	energy,	J/psi	is	dominantly	formed	by	

statistical	hadronization or recombination
(Andronic et	al.	2003

• Expect	RAA(5	TeV)	>	RAA(2.76	TeV)	for	integrated	yield
• Confirmed	via	ratio	of	RAA at	the	two	energies	

à reduced	uncertainties	on	RAA and	models
• RAA 15%	larger	than	at	lower	energy
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- =
Near	and	away	side	ridges	have	similar	magnitude	
quantified	by	Fourier	decomposition dominated	
by	v2 and	v3

high	multiplicity										- low	multiplicity																		=							 double	ridge

Reminder
Double Ridge in p-Pb
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Hard Probes in pPb

CKB ALICE@KHuK 2016 37

)c (GeV/
T, jet
p, 

T, ch jet
p

20 40 60 80 100 120

p
P

b
Q

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
 = 5.02 TeVNNsp-Pb 

 = 0.4R jets, TkFastJet anti-

| < 0.5 (ALICE)
lab

η|

-0.8 < y* < -0.3 (ATLAS)

Centrality classes
ALICE    0-20%
ALICE  60-80%

ATLAS   0-10%
ATLAS 60-90%

ALI-PUB-105244

W and Z boson production (p–Pb collisions)

4A. Andronic - ALICE collab.

cms
ly

5− 4− 3− 2− 1− 0 1 2 3 4

D
at

a/
th

eo
ry

0.8

0.9

1

1.1

1.2

1.3

1.4 pQCD+CT10+EPS09

>10 GeV/c)µ

T
ALICE (p

>25 GeV/c)l
T

CMS (p

− W← −l

Centrality class
0-100% 2-20% 20-40% 40-60% 60-100%

> 
(n

b)
co

ll
m

ul
t

N
/<

 W
← 

µ
σ

10

12

14

16

18

20  = 5.02 TeVNNsALICE, p-Pb 
 > 10 GeV/cµ

T
p

 < -2.96cmsy-4.46 < 

Global uncertainty: 4.8%

arXiv:1611.03002

cms
lly

5− 4− 3− 2− 1− 0 1 2 3 4

D
at

a/
th

eo
ry

1

pQCD+CT10+EPS09
<-2.5)µη>20 GeV/c  -4<µ

T
ALICE (p

<4.5)µη>20 GeV/c  2<µ

T
LHCb (p

|<2.4)lη>20 GeV/c  |l
T

CMS (p
ATLAS

-l+ l→Z 

pQCD and shadowing calculations describe
the data

(another) proof of binary collision scalling
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Fig. 6: Lepton charge asymmetry of muons from W-boson decays at backward and forward rapidities measured
in p–Pb collisions at

p
sNN = 5.02 TeV. The vertical error bars (open boxes) represent the statistical (systematic)

uncertainties. The horizontal width of the boxes corresponds to the measured rapidity range. The results are
compared with theoretical calculations [22, 42] performed both with and without including the nuclear modification
of the parton distribution functions. In the top panel, the calculations are shifted along the rapidity axis to improve
the visibility. The middle (bottom) panel shows the data and pQCD (FEWZ) calculations divided by the pQCD
(FEWZ) calculations without nuclear modification of the PDFs.
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Fig. 7: Ratio of data over theoretical calculations for the production cross section of positive (left panel) and
negative (right panel) muons and leptons from W-boson production measured by the ALICE and CMS experi-
ments [15], respectively. The pQCD calculations are obtained with CT10 NLO PDF set and with the EPS09NLO
parameterisation of the nuclear modifications.

and tracking and trigger efficiency, which amounts to 4.8% (4.3%) in the Pb-going (p-going) sample, are
quoted in the figure.

If the W boson production rate is consistent with geometric expectation, the production cross-section
is expected to scale with the number of binary collisions for all centrality classes, provided that the

12

Eur.	Phys.	J.	C76	(2016)	271

arxiv:1611.03002

Electroweak gauge bosonsCentrality dependent jet production

No major effects on jets for “central”
and “peripheral” p-Pb collisions. 

No strong nuclear effects on electroweak bosons. 

Currently no surprises for hard probes
in small systems.


