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ALICE primary goal : Quark Gluon Plasma (QGP)

QGP study via heavy ion collisions at the LHC: e0~10-40 GeV/fm3

• Global observables

• Light hadrons

• Strange hadrons

• Quarkonia

• Open heavy flavours

• Electromagnetic probes

• Jets and high pT hadrons 

• Hypernuclei, anti-nuclei 

As a function of rapidity, transverse momentum, 
azimuthal angle, centrality, centre of mass energy, 
reaction plane, fluctuations, small systems (pp
and pA), correlations …

QGP 
probes

NuPECC Long Range Plan 2017
http://www.nupecc.org/lrp2016/Documents/lrp2017.pdf
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http://www.nupecc.org/lrp2016/Documents/lrp2017.pdf


ALICE Detector (Run1 and Run2, 2009-2018)

• Excellent (low pT) tracking performances
• Excellent particle identification at mid-

rapidity
• Good secondary vertexing reconstruction
• Electromagnetic calorimeters
• Muon spectrometer at 2.5<y<4
• Minimum Bias Trigger and centrality 

measurement

JINST 3 (2008) S08002
J. Mod. Phys. A 29 (2014) 1430044
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The LHC roadmap (with heavy ion runs)

• 10-fold higher luminosity in Pb-Pb collisions at the highest 
centre of mass energy (5.5 TeV) from Run3

• All 4 experiments will take part in the LHC heavy ion runs
• Also reference pp and pPb runs, and lighter ion runs (Ar or Xe, 

as in 2017) foreseen
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(Chamonix WS, F. Bordry)



ALICE strategy for Run3 and Run4 2021-2029

Higher sensitivity to low signal/background observables, low pT heavy 
quarks, rarest probes, …

PbPb MinBias 50 kHz

New read-out electronics
New TPC GEM chambers

New DAQ, reconstruction, 
analysis system

Inner tracker (ITS) upgrade

New forward tracker (MFT-

New forward calo (2024)?

New observable 
studies possible

Global observables…....

Light hadrons….............

Strange hadrons…........

Quarkonia…..................

Open heavy flavours…..

Electromagnetic probes. 

Jet and high pT hadrons.

Hypernuclei, anti-nuclei..

100-fold larger sensitivity than Run1 and Run2 (reading out ~300 Hz PbPb)

Better 
significance
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Low signal over background: hardware trigger filtering nearly impossible at low pT



Physics Performance of the Upgraded ALICE

Example: Nuclear Modification Factor (RAA) for Charmed D0,D+-, DS mesons
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Improvement of the statistical significance on the suppression pattern
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ALICE Detector Upgrade (LS2) 

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

New RO architecture
(TPC, Muon Spectrometer, 

TRD, TOF, PHOS, 
EMCAL/DCAL, ZDC)

New Muon 
Forward Tracker

New TPC GEM-
based chambers

New Be beam-pipe

New MB trigger 
(FIT)

Grid Computing Center – Computer Room A 

Computing O2

New Inner 
Tracking System
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ALICE Detector Upgrade
Letters of Intent and Technical Design Reports 

• ALICE TDR for LS2 Upgrades
– CERN-LHCC-2013-019 (System upgrade)
– CERN LHCC-2013-013 (TPC Upgrade)
– CERN-LHCC-2013-023 (ITS Upgrade)
– CERN-LHCC-2015-001 (MFT)
– CERN-LHCC-2015-006 (O2)

• ALICE upgrade LoI and its addendum 
– CERN-LHCC-2012-012 (LoI)
– CERN-LHCC-2013-014 (addendum)

D. Silvermyr - ALICE 9Mar 13, 2018 9



High Luminosity - LHC Yellow Report
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Working Groups:
1. QCD, EW and top quark physics
2. Higgs and EWSB
3. BSM
4. Flavour
5. Heavy Ions

HL-LHC Physics Workshops:
1st WS: 30 Oct – 1 Nov 2017: https://indico.cern.ch/event/647676/
2nd WS: 18-20 June 2018: https://indico.cern.ch/event/686494/
3rd WS: Fall 2018 - YR close-to-ready

WG 5:
• Participation from all 4 experiments
• Asked to consider Heavy-Ion & ALICE 

operations possibly also in Run5(?)
• Most recent meeting March 6:
https://indico.cern.ch/event/698005/

https://indico.cern.ch/event/698005/


Lund Heavy-Ion Group
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• 3 Seniors
– Anders Oskarsson (retiring Nov 2018), David Silvermyr, 

Peter Christiansen
Also Evert Stenlund (emeritus) + now advertising for new BUL

• 1 Postdoc
– Tuva Richert (VR international postdoc, with NBI)

• 3 Ph.D. Students (+ 3 master students)
– Jonatan Adolfsson, Martin Ljunggren*, Vytautas Vislavicius*
– Now hiring new PhD students to replace finishing students*, 

and e.g. work on new KAW project 
• Activities 

– Group: ALICE
– Individuals also work on detector R&D for: ILC (TPC), nnbar

experiment at ESS, ESSνSB + approached re. collaborations at 
other facilities (electron-Ion Collider, s/ePHENIX, FAIR/CBM,…): 
have more opportunities than we can pursue...



Lund Group Activities: Analysis 
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KAW grant (2017), with Peter C. and Leif Lönnblad as co-PIs to pursue this further

Traditional large system physics:
- jet quenching (LU),
- flow/collectivity (LU),
- quarkonia. 

New small system physics:
- strangeness enhancement (LU),
- flow in small systems (LU).

C. Bierlich



Lund Group Activities: Hardware
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Main current hardware activity (DS et al.):
• Development and testing of new TPC readout

electronics, incl. SAMPA chip

• Robotic mass test of SAMPA readout chips –
approx. 30k + 60k chips for ALICE TPC + MCH 
LS2 upgrades to be tested in 2018-2019

• Robot choreography video: 
https://www.youtube.com/watch?v=bMKY0eO7XQw



Summary/Outlook

• Factor 10 increase of the Pb-Pb integrated luminosity is planned by the 
LHC for Run3 and Run4. (Heavy Ion running may continue also in Run5?)

• Major ALICE upgrade during LS2 (2019-2020) to take advantage of the 
luminosity increase.

• 100 times more sensitive detector to study rare probes at low pT (e.g. open 
heavy flavour and quarkonium) in pp, p-Pb, Pb-Pb collisions for Run3 and 
Run4.  (More performance plots in Backup section) 

• Lund heavily involved in TPC upgrade, in particular readout electronics. Will 
also test SAMPA chips for Muon Chamber readout upgrade.

• Lund group also lead ongoing analyses, in particular investigating smaller 
systems (e.g. p-Pb, and pp in QGP domain).
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Backup 
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ALICE tracking performances (central barrel)
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Figure 7.1: Performance of the ITS stand-alone and TPC+ITS combined reconstruction
for di↵erent radial positions of the ITS layers.

possible radii that comply with the available space and integration constraints. Since
the track curvature in the ITS+TPC combined tracking is already constrained in
the inward propagation, it is advantageous to place an extra layer(s) as close a
possible to the inner barrel, as a bridge between the high-occupancy region close
to the primary vertex and the outer layers. The calculations done using the Fast
Estimation Tool confirm that an extra layer at a radial distance of 5 cm from the
beam line, would slightly improve the matching e�ciency at low-p

T

(see Fig. 7.1,
“L3@5 cm, L4@33 cm” setup). In these calculations, another layer was positioned
at a radius of 33 cm in order to add redundancy to the measurements in the outer
region, although its contribution to the overall reconstruction e�ciency is negligible.
The p

T

resolution obtained with the TPC–ITS tracking mode is almost insensitive
to the position of the intermediate layers. The ITS stand-alone tracking requires a
good curvature estimate at large radii. This requires shifting the middle layers close
to the outer layers (see Fig. 7.1, “L3@24.41 cm, L4@29.71 cm” setup).

• Material budget: Based on the most recent developments in pixel detector tech-
nologies, a substantial reduction of the material budget can be achieved by reducing
the thickness of the silicon pixel sensors and the material budget of the services
(mechanical support, power distribution, cooling system, read-out system). In the
simulations described in Sec. 7.4, an e↵ective material budget of 0.3% and 0.8%
of the radiation length was assumed for the three Inner and the four Outer Layers
respectively.

• Detector segmentation: The segmentation of the detector determines the in-
trinsic spatial resolution of the reconstructed track points. A small segmentation
is also important to keep the occupancy at a low value. An excellent resolution
of the first layer is fundamental for the resolution of the impact parameter at high
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Physics Performance of the Upgraded ALICE 

Low Mass dielectrons |h|<0.9
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Figure 2.54: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 · 107 events). No tight DCA cuts are applied.

The green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta
boxes indicate systematic errors related to the subtraction of the cocktail and charm contribution.
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Figure 2.55: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 ·107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

in Scenario 1, i.e. current ITS and 2.5 ·107 events. No particular DCA cuts are applied to reject displaced electrons.
The same spectrum after subtraction of the hadronic cocktail and the charm contribution (the ’excess spectrum’)
is shown in the right panel of Figure 2.54. The low–mass region Mee < 1 GeV/c2 is dominated by systematic
uncertainties related to the subtraction of the combinatorial background. In the mass region Mee > 1 GeV/c2, the
systematic uncertainties from the charm subtraction do not allow quantitative analysis of the thermal radiation
spectrum.

The DCA resolution of the current ITS allows for some limited suppression of displaced electrons (see also Fig-
ure 2.51). In the left panel of Figure 2.55, the inclusive e+e� in Scenario 1 is shown after application of tight
DCA cuts. The relative contribution from charm can be suppressed by about a factor 2 (compare to Figure 2.54,
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

performance study is extended to semi-central collisions, where elliptic flow is most pronounced. The e+e�

invariant mass excess spectra in semi-central (40–60%) Pb–Pb collisions is shown in Figure 2.59 for Scenario 1
(left) and Scenario 3 (right). Note that relative systematic uncertainties in semi-central collisions are smaller
than in central collisions, due to larger S/B (Figure 2.53) and a smaller relative contribution from charm due
to hNcolli scaling. The absolute statistical uncertainties on v2 as a function of Mee are shown in Figure 2.60
for Scenario 1 and Scenario 3. After the high-rate upgrade and with the new ITS, invariant-mass dependent v2
measurements with absolute statistical uncertainty of order s(v2) ⇡ 0.01–0.02 can be achieved.

Information on the early temperature of the system can be derived from the invariant-mass dependence of the
dilepton yield at masses Mee > 1 GeV/c2. To quantify the sensitivity of the anticipated measurement we employ
an exponential fit, dNee/dMee µ exp(�Mee/Tfit), to the simulated spectra in the invariant mass region 1 <Mee <
1.5 GeV/c2. The fit parameter Tfit is compared to Treal which is derived from the same fit to the thermal input
spectrum. The ratio Tfit/Treal for Pb–Pb collions at 0–10% and 40–60% centrality is shown in Figure 2.61. Only
the high-rate scenario with new ITS (Scenario 3) allows a quantitative extraction of the slope parameter in the
relevant Mee range, with statistical and systematic uncertainties in the range of 10–20%.

In conclusion, the measurement of e+e� production in central and semi-central Pb–Pb collisions at
p

sNN= 5.5 TeV
provides unique experimental access to modifications of the vector spectral function and restoration of chiral
symmetry, the early temperature of the system, and the equation of state of partonic matter. With the upgrade of
the ITS and TPC detectors such measurements become feasible. The new ITS detector will allow for a significant
suppression of combinatorial background, and a separation of prompt from displaced electrons, the latter mainly
from correlated charm. We demonstrated that this leads to a significant reduction of the main sources of systematic
uncertainties. Moreover, the upgrade of the TPC with GEM readout will allow for continuous operation, making
possible to record Pb–Pb collisions at a rate of 50 kHz. This improvement in statistical accuracy will enable a
multi-differential analysis of the dilepton excess as a function of Mee, pT,ee, and the orientation to the reaction
plane. We have shown that observables that parametrize the corresponding dependencies can be extracted with
unprecedented precision.

2.4 Jets
The main motivation for measuring jets in heavy-ion collision is to map out the properties of the created medium
via its interaction with hard scattered partons. Hard scatterings (Q2 � (2 GeV/c)2) occur in the early reaction
phase (t ⌧ 1 fm/c), well before the formation of a hot and dense medium and enable in principle the tomographic
study of the medium. The basis of this approach is that the initial production of hard scattered partons is well

Drastic reduction of systematic error on background estimation
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Physics Performance of the Upgraded ALICE

Charmed and Beauty baryons |h|<0.9
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Figure 8.19: Nuclear modification factor of D0 from B decays (left) and J/ from B
decays (right, only statistical uncertainties) for central Pb–Pb collisions (L

int

= 10nb�1).

 (GeV/c)
T

 p
0 2 4 6 8 10 12 14 16 18 20 22

pp
/D

)
c

Λ/(
Pb

-P
b

/D
)

c
Λ (

1

10
 = 5.5 TeVNNsPb-Pb, 

, centrality 0-20%-1 = 10 nbintL

 param (2.76 TeV)S
0/KΛALICE 

Ko et al. (200 GeV)
TAMU, Rapp et al. (2.76 TeV)

Figure 8.20: Enhancement of the ⇤
c

/D0 ratio in central Pb–Pb (0–20% for L

int

=
10nb�1) with respect to pp collisions. Two model calculations [62, 69] are also shown.

the nuclear modification factor of D0 and J/ from B decays is shown in Fig. 8.19. For
prompt and non-prompt D0 mesons, the uncertainties for p

T

> 16GeV/c were extrapol-
ated from those estimated at low p

T

. For all particles, it is assumed that the pp reference
has negligible statistical uncertainties with respect to Pb–Pb. Some of the systematic
uncertainties are partly cancelled in the ratio (tracking and cut selection e�ciency).

Figure 8.20 shows the enhancement of the ⇤
c

/D0 ratio in central Pb–Pb (0–20% for
L

int

= 10nb�1) with respect to pp collisions. It is assumed that the statistical uncertainties
for the D0 measurements and for the ⇤

c

measurement in pp are negligible with respect to
those for the ⇤

c

measurement in Pb–Pb. The points are drawn on a line that captures
the trend and magnitude of the ⇤/K0

S

double-ratio. Two model calculations [62, 69] are
shown to illustrate the expected sensitivity of the measurement.

New observables in Pb-Pb: baryon production in the charm and beauty sector!

For the moment, only observed in pp and p-Pb collisions: https://arxiv.org/abs/1712.09581
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