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• Cosmic Ray Physics with ALICE

by A. Fernandez            today  17:20

• Heavy ions physics at  ALICE CMS and ATLAS 

by B. Wyslouch tomorrow   4-August

• Photon and neutral pion production in pp and PbPb collisions at the 

LHC energies in ALICE.

by Podist Kurashvili 5-August

• Transverse polarization measurement of Lambda particles with 

ALICE at the LHC

• By Liliet Calero 8-August

ALICE talks 



ALICE
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Phase Diagram of QCD Matter



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

• 2010 – commissioning and first data taking

• 2011 – above nominal instant luminosity

• p–Pb  next year – 2013

• plan for ~ 30 nb-1

pilot  run September 12th    successful  !!!

• Long Shutdown  in 2013-2014

year system Energy

√sNN (TeV)

integrated 

luminosity

2010 Pb – Pb 2.76 ~ 10 mb-1

2011 Pb – Pb 2.76 ~ 0.1 nb-1

2013 p – Pb 5.02 ~ 30 nb-1

LHC heavy ion runs



ALICE heavy-ion program approved for ~ 1 nb-1:
• 2015         Pb–Pb at √sNN = 5.1 TeV

• 2016–17   Pb–Pb at √sNN = 5.5 TeV

• 2018 Long Shutdown 2 

• 2019 probably Ar–Ar high-luminosity run

• 2020 p–Pb comparison run at full energy

• 2021 Pb–Pb run to complete initial ALICE program

• 2022 Long Shutdown 3

This will improve statistical significance of our main results  (~ x 3) 

The program of ALICE



ALICE proton proton



VZERO (trigger)

h: (-1.7, -3.7), (2.8–5.1)

T0 

ZDC (centrality)

FMD (Nch -3.4<h<5)

PMD (Ng, Nch)

Muon Spectrometer 

(-4 < h < -2.5)

Central Barrel

2 p tracking & PID
|h| < 1

ALICE=1200 members

132 institute

36 countries

ZDC

ZDC

AD

AD



HMPID

ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

5

inclusive and exclusive

particle production in 

centrally produced 

systems, in various 

channels …

in progress





•True cross sections at LHC 

energies are not known 

• Scaling of cross sections with 

energy is model dependent 

PHOJET
Default 

fractions
PYTHIA

0.134 SD 0.187

0.063 DD 0.127

Diffractive and Non Diffractive Interactions 

non diffractive      no gaps diffractive       gaps

color exchange colorless  exchange 

p

p

p

p p

pp

p



V0A V0C

Outgoing undiffracted

p beam 
Diffractive 

system

Single Diffraction (SD)

0h

Pseudorapidity gap



V0A V0C

Diffractive 

system (2)
Diffractive 

system (1)

Double Diffraction (DD)

0h

Pseudorapidity gap



V0A V0C

Non Diffractive (ND)

No pseudorapidity gap



ZDC

V0A

AD

Instrumentation for diffractive physics 

in ALICE  - today
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VZEROA

VZEROC

VZEROA

Trigger

Centrality 

measurement

Beam Gas 

suppresion

Event plane 

determination 

3.3 m

0.9 m 1.58.2 h

7.17.3  h



Event samples

• Filled and empty bunch buckets used to measure beam induced

background, accidentals due to electronics noise and cosmic showers

DATA



Minimum Bias Trigger  - OR 

over   8    η units  before 

over   13  η units  now 

ALICE Diffractive

ALICE Diffractive C-side



Summary of measurements on Diffractive Physics 

Measurements of Diffractive and Inelastic Cross Section  

Eur. Phys.J. C73 (2013) 2456



elastic - single - double  - diffractive proton-proton scattering  

theory

experiment



ALICE
V0-L

-1.7< η< -3.7
V0-R

2.8< η< 5.1

lowest- highest - pseudorapidity 



muon spectrometer

offline event clasification:  “1 arm-L”     “1 arm-R”       “2 arm” 

2-arm

2-arm

1-arm-L

1-arm-R

1-arm-L

1-arm-R



2-arm events tuning PYTHIA and PHOJET double 

diffraction to experimental width 

distribution of two arm events 

adjusted

PYTHIA PHOJET

0.9 0.12 0.06

7.0 0.13 0.05

PHYTIA

tuned

PHOJET

tuned

0.9 0.10 0.11

7.0 0.09 0.07

• Once DD is chosen the ratios     1-arm-L    and    1-arm-R   to 2-arm

can be used to compute SD fractions. 
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http://arxiv.org/abs/arXiv:1208.4968


• efficiency/in-efficiency  versus diffractive mass for SD : 

probability of not detecting

efficiency for a SD to be 

classified as 1-armL(R) 

efficiency to be

classified as 2-arm

efficiency to

be taken as 

the opposite

efficiency of SD & NSD

to be classified as 

1-arm L(R),  2-arm

PYTHIA 6

efficiencies used: 

mean between

PYTHIA and PHOJET



results symmetric despite different

acceptance from ALICE

corrected for acceptance, efficiency, beam background, electronic noise 

and collision pileup 

DD events defined as NSD with large gap

at high energy the ratio 

remains constant 



Measurement of  Inelastic Cross Section 

MB-and : coincidence of VZERO-L

and –R in a van der Meer scan

acc. and eff. determined 

with adjusted simulation



Measurements of 

Diffractive 

Cross Section 

Gotsman et al.

Goulianos

Kaidalov et al.

Ostapchenko 

Ryskin et al.

with inelastic cross section and

relative rates  we obtain SD and 

DD cross sections



Central Diffractive Physics 



Central Diffraction CD with single

Diffractive 

dissociation 

CD with double

Diffractive 

dissociation 

Double Gap topology as a filter for Central Diffraction 

production of meson states: glueballs, hybrids,  

Low mass central diffractive final states decaying into a small number of particles

A search for structure in the mass spectra of exclusive decays such as  

2 2 etc.



Double Gap topology 

Number of Double Gap events

Number of VZERO-L –R coincidence

Potential measure of the amount of 

Central Diffractive events  in  Minimum Bias data

4.2 gap 2.8 gap 

1.8 gap 



Double Gap fraction in proton proton   

• fraction

uniform over

several data 

taking periods

Next:

turn it into a

cross section

we are exploring the invariant mass distribution



Exclusive resonance production in proton proton at 7 TeV cms

Minv for  two track events 

with gaps on both sides

Minv for  two track events 

with-out gaps.

361  M events with the Minimum Bias Trigger 

32.3 M events with primary vertex and exactly 2 tracks in the TPC+ITS   

29.2 M events with no gaps  

2011 data



Studies in Ultra Peripheral Colisions 



Central rapidity



two muons in the muon arm 

one muon in the muon arm one in the barrel 

two muons in the barrel 



AB EPS09 parametrization 

In agreement  with models that include moderate gluon shadowing: 





A new sub-system for diffractive physics, bringing the total number 

of sub-detectors which make up ALICE to 19



ALICE

AD

the 19th system of ALICE 





Final position 
A side



Run 2: Diffraction (SD and DD) 

ADA and ADC counters increase the pseudorapidity coverage from 8.8 to  13.2 

A sideC side
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Integration of AD-L and AD-R  in ALICE would enhance considerably the 

efficiency at low diffractive mass.



Integration of AD-L and AD-R  in ALICE would enhance considerably the 

efficiency at low diffractive mass.



PHOJET    7 TeV

PYTHIA 6    7 TeV

VZERO, SPD & FMD
VZERO, SPD & FMD+2 stations
VZERO, SPD & FMD+4 stations



PYTHIA 6    7 TeV

PHOJET    7 TeV

VZERO, SPD & FMD
VZERO, SPD & FMD+2 stations
VZERO, SPD & FMD+4 stations

As defined in the recent paper:   arXiv:1208.4968  accepted in Eur. Phys. J. C



the boxes

indicate

the 

difference

between

pythia6

& phojet

diffracted mass
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SPD

& FMD

VZERO

SPD

& FMD

VZERO

SPD

& FMD

VZERO

SPD
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+
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• luminosity upgrade – 50 kHz for Pb–Pb collisions and 2 MHz in pp

• improved vertex measurement  and tracking at low pT

• preserve particle-identification capability

• high-luminosity operation without dead-time

• new, smaller radius beam pipe

• new inner tracker (ITS) (performance and rate upgrade)

• high-rate upgrade for the readout of the TPC, TRD, TOF, CALs, 

DAQ-HLT, Muon-Arm and Trigger detectors

• Muon Forward Tracker (MFT) 

• Forward Calorimeter (FoCal)

• target for installation and commissioning LS2 (2018) 

• collect more than 10 nb-1 of integrated luminosity
• implies running with heavy ions for a few years after LS3

• physics program – factor > 100 increase in statistics
• (today maximum readout  ALICE ~ 500 Hz)

• for triggered probes increase in statistics by factor > 10

• ALICE upgrade Letter Of  Intent submitted to LHCC 

ALICE upgrade



• A rich program on  Pb–Pb, proton-Pb and  proton proton in Run 2.

• Low pT , photon induced and diffractive physics obtains now a boost 

with the installation of a new detector that enhances the potential of 

ALICE.

AD forward detectors are now taking data. We are in the process of  

evaluating the performance (efficiency, purity for selecting 

Diffractive events but also as a general trigger system for ALICE)

• Cosmic Ray Physics with ALICE

by A. Fernandez            today  17:20

• Heavy ions physics at  ALICE CMS and ATLAS 

by B. Wyslouch tomorrow   4-August

• Photon and neutral pion production in pp and PbPb collisions at the 

LHC energies in ALICE.

by Podist Kurashvili 5-August

• Transverse polarization measurement of Lambda particles with 

ALICE at the LHC

• By Liliet Calero 8-August

Conclusions





HMPID
ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

SSD

SDD

SPD

Inner Tracking 

System

3 silicon technologies

low momentum 

acceptance

high granularity

low material budget



HMPID
ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

for tracking 
and PID via 
dE/dx

- 0.9 < h < 0.9

drift gas
90% Ne - 10%CO2

Time Projection Chamber

largest ever: 88 m3, 570 k channels



HMPID
ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

Multigap Resistive 

Plate 

Chambers

Time Of Flight

DOUBLE STACK OF 0.5 mm GLASS

Edge of active area

cathode pick up pad

cathode pick up pad

anode pick up pad

Resistive layer (cathode)

Resistive layer (cathode)

Resistive layer (anode)

Resistive layer (anode)

5 gaps

5 gaps

for p, K, p PID 

p, K  for p <2 GeV/c

p for p <4 GeV/c

- 0.9 < h < 0.9

full f



HMPID
ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

Transition Radiation Detector

for e PID, p>1 GeV/c for e and high 

pt trigger,  p>3 GeV/c

Large (800 m2), high 

granularity (> 1M ch.) 

- 0.9 < h < 0.9

fiber 

radiator 

to induce 

TR  

(g > 2000)



HMPID
ITS

TPC

TRD

TOF

all known  techniques for 

particle  identification:

High Momentum Particle 

Identification

7 modules, each 

~1.5 x 1.5 m2

RICH


