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High Energy Heavy lon Collisions is an emerging field of research

LARGE amount of energy involved

RHIC at Brookhaven National Laboratory
100 GeV/nucleon — Gold nucleus

each nucleus _
100x197 Gev ie. 19.7 Tev

Sy =394 TeV

LHC at CERN

JE =1154 TeV Lead — Lead collisions




A large amount of energy is deposited in a small region
of space in a very short time

In this region the density of energy is very large ... this may
favor the appearance of new forms of matter

matter 1n extreme conditions

The search for new forms of matter under extreme conditions of high energy
densities is an important objective of high energy heavy ion collisions
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Big  quark-gluon proton & neutron
Bang plasma formation

‘lun:un( -"ln'“ K lnu K
time 10 °s 1095

| aboratory

v/c = 0,99999993
Lorentz Contraction : 7 fm — 0,003 fm

The mini Big Bang

1. Accelerated ions
collide head on

2. The energy of
collision is materialized
into quarks and gluons

3. Quarks and gluons
interact via the strong
interaction: matter
equilibrates

4. The system expands
and cools down

5. Quarks and gluons
condensate into
hadrons




Phase Diagram of QCD Matter
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LHC heavy ion runs

« Two heavy-ion runs at the LHC so far:
« 2010 — commissioning and first data taking
e 2011 — above nominal instant luminosity

« p—Pb nextyear — 2013
« plan for ~ 30 nb

pilot run September 12th successful !

 Long Shutdown in 2013-2014

year system Energy Integrated
Vsyy (TeV)  luminosity

2010 Pb - Pb 2.76 ~ 10 ub?
2011 Pb - Pb 2.76 ~ 0.1 nb
2013 p -Pb 5.02 ~ 30 nbt



The program of ALICE




ALICE=1200 members

132 institute
36 countries
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PERFORMANCE
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all known techniques for

particle identification:
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E/dx (arb. units)

all known techniques for
particle identification:
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all known techniques for

particle identification:
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all known techniques for 109<m <09
particle identification:
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7 modules, each
~1.5x1.5m?

all known techniques for

particle identification:
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Single Diffraction (SD)
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Double Diffraction (DD)

Pseudorapidity gap



Non Diffractive (ND)
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Summary of measurements on Diffractive Physics

Measurements of Diffractive and Inelastic Cross Section
Eur. Phys.J. C73 (2013) 2456



Event samples

Data at three energies: /s = 0.9 2.76 7 TeV
Low luminosity, low pile-up:

average number of collisions per bunch crossing = 0.1
Trigger used: Minimum Bias — OR i.e.

at least one hit in SPD or VZERO
VZERO signal should be in time with particles produced in the collisions

DATA

JVs=0.9 TeV 7 x 10%°vents

Js=7.0 TeV 75 x 10%vents

Js =276 TeV 23x 10%°vents

Filled and empty bunch buckets used to measure beam induced
background, accidentals due to electronics noise and cosmic showers



Minimum Bias Trigger - OR




>Q >i theory

P P P

P P P X P X

elastic - single - double - diffractive proton-proton scattering
v v dN
3 F . & &

Eap
= ¥

“*+1 """!

o experiment
el




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

/

muon spectrometer

nNc<0 1l-arm-L
nc>0 l-arm-R

Example of R-side SD topology Example of DD topology
aN aNn
| 7 d
: H . |
L[] [[R) 1] ]
i 1 | | | 1 Pl L
0 5.1 N -3.7 0 B 5.1 n
1-arm trigger event 2-arm trigger event
Ne=; (ML Mr)
if largest An > d; and dp 2-arm

if both

-1 <mandlg < 1 2-arm

If
If

nr< 1 l-arm-L
N> -1 l-arm-R




arxXiv:1208.4968 [hep-ex]

2-arm events tuning PYTHIA and PHOJET double
largest An | diffraction to experimental width
distribution of two arm events
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* OnceDDis chosen theratios 1l-arm-L and 1l-arm-R to 2-arm
can be used to compute SD fractions.


http://arxiv.org/abs/arXiv:1208.4968

efficiency/in-efficiency versus diffractive mass for SD :
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at high energy the ratio
remains constant

ﬂ ratio ratio side asp J-"l OINFL

(TeV) definition per side fola . .

0.0  larm-J2arm 0.0576 £ 0.0002 Lside 0.10+002 021 +0.03 consistent with
l-arm-R/2-arm  0.0906 + 0.0003 R-side 0.11 + 0.02 UA5 pp

276  l-arm-L/2-arm  0.0543 +0.0004 L-side 0.09+0.03 0.20°(0:
l-arm-R/2-arm  0.0791 £ 0.0004 R-side 0.1 113;3;1

7 l-arm-1/2-arm  0.0458 + 0.0001 L-side 0. miﬁ% 0.20' 107
l-arm-R/2-arm 00680 £ 0.0001 R-side 0. ]Dl,:,:ﬂg

A

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

Vs (TeV)  opp/oiNneL with A > 3
0.9 0.11+0.03

276 0.12+0.05
7 0.121093




Measurement of Inelastic Cross Section
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Measurements of
Diffractive
Cross Section

with inelastic cross section and
relative rates we obtain SD and
DD cross sections

for /s = 0.9 TeV we do not have
vdM scan and g}, from UAS
was used
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Central Diffractive Physics

Central diffraction in proton proton collisions at /s =7 TeV



Double Gap topology as a filter for Central Diffraction

Central Diffraction CD with single CD with double
Diffractive Diffractive
dissociation dissociation

gap gaps gap

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

production of meson states: glueballs, hybrids,

A search for structure in the mass spectra of exclusive decays suchas =n* 7~
KtYK- 2n*2n~ KYK nt nm™ etc.



Double Gap topology

VZERO-C VZERO-A
-3.7 to-1.7 2.8to5.1
FMD-C 5PD outer layer FMD-A
-3.4 to -1.7 -1.5to 1.5 1.7to 5.0
SPD inner layer
-2to?2
| ] ] l | | ] ] l |
I | | | | | | | | |
-4 3 -1 0 1 3 4 5
1.8 gap
. 1IIs. 44944
central
2.8 gap gapc activity gap A 4.2 gap
-3.7<n=<-0.9 10.9<n<0.9 0.9<n<5.1

—. Number of Double Gap events

Npg =

Number of VZERO-L =R coincidence

Potential measure of the amount of
Central Diffractive events in Minimum Bias data



Double Gap fraction in proton proton +/s =7 TeV

a - .
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we are exploring the invariant mass distribution



2011 data
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

Exclusive resonance production in proton proton at 7 TeV cms
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Studies in Ultra Peripheral Colisions



Two ions (or protons) pass by each other with impact parameters
b > 2R. Hadronic interactions are strongly suppressed

Number of photons scales like Z? for a single source =
. exclusive particle production in heavy-ion collisions
dominated by electromagnetic interactions.
The virtuality of the photons — 1/R ~ 30 MeV/c
Coherent production:

Photon couples coherently to all nucleons
<p,>~60MeV/c; target nucleus normally

does not break up

Pb Pb Incoherent production
Photon couples to a single nucleon
h = B Quasi-elastic scattering off a single nucleon
3 <p,>~500 MeV/c
entral rapidity A big jump in energy ...
Fb Pb RHIC: W ~34GeV
Y+p - Jy+p HERA: ‘Nﬂmﬁ ~ 300 GeV
modelled in pQCD: exchange of two LHC: W . reaches up to 950 GeV !

gluons with no net-colour transfer




two muons in the muon arm

one muon in the muon arm one in the barrel

two muons in the barrel
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In agreement with models that include moderate gluon shadowing:
AB EPSO09 parametrization



possible improvements to ALICE performance on
photon induced and diffractive physics



AD

detectors: Beam Diagnostic and Diffractive Physics
A
ADC
19 m
= ‘
AD-R

VZERO-R . P
VZERO-L 5 -V

ADA B —
17 m AD-L



LTV IENEER T P AT

T, R Y

 Two arrays of 4 scintillators 25x25x4 cm
surrounding the beam pipe both sides of the

: ey interaction point. Hamamatsu fine mesh PMT
* Conceived for diffractive physics
.  Readout board: Beam Phase Intensity Monitor

* Bunch by bunch rates, collision and background.



AD Aside AD Cside




The readout system in Control
Room

« BLSboards connectedto AD
« The boards need clock/orbit signals
to work

ADO channel

clock/orbit =T Z&
signals 4 )

BLS boards



Beam Losses

- Losses during injection: ALICE under the fire of showers

Losses during circulating beams: beam Halo, fast losses
due to scraping, losses due to beam movements,
increasing background, beam-beam effects, efc...

Luminosity
Independent luminosity measurement: cross-check with official
ALICE luminosities measurement
(from trigger rate)
May be provide Lumi to ALICE when not
available (detector not running or not ready
during collisions). Bunch by bunch luminosity.

Physics

Forward Physics



During the injection of Beam1 in Fill 2054, four big losses were observed and AD signal
reproduced them very well.
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When the LHC problem was solved and the beam injected correctly,

ADA didn’t see significant losses anymore




performance on April 12 2012

Bunches seen in the BPIM
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VDM scan on December 1, 2011

same class of bunches

lhc_bls:BLSfbls03

The 4 curves are the bunch-by-bunch rates, integrated on the
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ALICE — Diffractive R

D -
‘ \ I t « Measures relative rates of

background particles and collision
products entering ALICE

Present:

" —y Y i SR T [

* beam monitor with
asynchronous read-out
of charge deposited in the
detectors — working

Future:

* interesting diffractive
physics using the particle
identification of ALICE ... '
could be offline trigger




Run 2: Diffraction (SD and DD)

ADA and ADC counters will increase the pseudorapidity coverage from 8.8 to 13.2
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Integration of AD-L and AD-R in ALICE would enhance considerably the
efficiency at low diffractive mass.
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Triggers for Diffractive Physics

Single
Diffractive
L eft

Single
Diffractive
Right

Double
Diffractive

Central
Diffraction

The triggers for Single Diffractive
SD-Lo = ~V0A A ~5PD AVOIC

SD-Li = ~(ADA v V04A) A ~SPD A (VOO v ADD)

SD-La = ~(ADA2 v ADAv V0A) A ~SPD A (ADD2 v ADD v VOC)

SD-Ro = VoA A ~SPD A ~VOC

SD-R; = (ADA v V0A) A ~SPD A ~(VOC v ADD)

SD-Ra = (ADA2 v ADAv V0A) A ~SPD A ~(ADD2 v ADD v VOC)
(2.2)

The triggers for double diffraction (DD);) are:

DDy = VoA A ~5PD A VOC

DDy = (ADA v V0A) A ~SPD A (VOC v ADD)

DIy = (ADA2 v ADA v VOA) A ~SPD A (ADD2 v ADD v VOO
(2.3)

and for central diffraction (CD).

Clh = ~V0A ASPD A ~VOC
Oy = ~(ADA v V0A) A SPD A ~ (VOO v ADD)
Cly = ~(ADA2 v ADA v V0A) A SPD A ~(ADD2 v ADD v VOC)



PHOJET 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events (%) Minimum-Bias (%)
VZERO, SPD & FMD _ SD-Lq 13.14 1.26 71.44
VZERO, SPD & FMD+2 stations SD-L, 27.66 2.25 £4.33
SD-L, 31.15 2.45 87.48
SD-Ry 19.68 1.08 68.45
SD-R, 30.92 2.55 83.17
S5D-R; 33.47 2.66 86.57
DDy 4.69 0.45 51.57
DDy 13.60 0.99 68.37
DD, 16.35 1.14 71.37
C' Dy 3.28 0.11 55.55
CD, 3.11 0.06 07.20
Dy 3.10 0.06 08.73
trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias (%)
SD-L, 11.30 1.80 50.95
S5D-L, 26.38 3.23 78,18
S5D-L, 31.54 3.56 84.84
SD-Ry 16.73 2.06 54.08
SD-R, 20.05 3.76 74.01
SD-R; 32.03 3.85 81.84
DDy 5.31 1.00 64,96
DD, 16.80 2.63 78.43

DD, 21.93 3.28 §2.15




PYTHIAG 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias(%)

1-Arm-Lj 23.61 3.87 58.36 VZERO, SPD & FMD

1-Arm- Ly 38,60 477 7742 YZERO, SPD & FMD+2 stations
1-Arm-Lo 41.25 4.71 83.84

1-Arm-Rg 30.23 5.79 49.93

1-Arm-R, 40.96 5.49 71.37

1-Arm-R5 42.79 5.17 79.14

PHOJET 7 TeV

trigger Efficiency Efficiency Purity (%)
Pure-events(%) Minimum-Bias(%)
1-Arm-Lg 27.01 2.87 64.67
1-Arm-14 41.38 3.67 T7.37
1-Arm-Lo 44 .85 3.82 80.59
1-Arm-Rg 35.10 3.97 60.73
1-Arm-Ry 46.00 4.19 75.49
I-Arm-Ra 48.53 4.21 79.17

¥

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



Run 2 2015-2017:

2015 proton—proton at \/spp =13 TeV

starting at \/spp =12 TeV -- 25 ns bunch spacing

 Possibility of low luminosity and low beam intensity
Minimum Bias Trigger - OR

« Lab energy increases —

- Better pseudorapidity coverage —

« UPC cross section increase with energ

Phojetl.12
central diffractive events

Run 3 2019 - 2021:

- proton—proton at Vs,, = 14 TeV
« Upgraded ALICE detector (Calorimetry, faster read-out,

new beam pipe, different Internal Tracking System etc.)
* New Trigger Detectors



ALICE upgrade




encore



Diffractive physics in proton - Pb

- diffractive physics in p Ais almost completely unknown

 One could analyze central diffraction processes searching
several final states :

« Compare pp and pA

proton

Pb



proton - Pb, 2 million events collected in september 2012

Pseudo-
rapidity
density ALICE Collab. arXiv:1210.3615
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ALICE Collab. arXiv:1210.4520

Nuclear I
Modification AJICE, charged particles
Factor o pPb, VSyy = 5.02TeV, NSD, 1, | < 0.3

1.6 o . Pb-Pb, VSyy = 2.76TeV, 0-5% central, [ < 0.8
A Rp-Pb, VSyy =2.76TeV, 70-80% central, [n| < 0.8

E

..- S m N | | E 8
0 ! | | | |
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. the suppresion observed in PbPb is not the
result of cold nuclear matter



