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“There always seems to be something going on in Geneva,
and I never know quite what it 1s.”

Drana Fradon (1/30/1965) Return to Main Menu »
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ALICE : A Large lon Collider Experiment @ LHC
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A snapshot of the collision of 2 Lead nuclei (Pb)
... With the shutter speed at 10?3 seconds !

Lot’s of production ...
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At RHIC: ¥7Au+1%7Au at Vs, =200GeV
About 9000 particles produced per central collision

1/09/10 Corfu Jens Jorgen Gaardhgje, Niel
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ALICE designed to study the

Heavy lon collisions @
=> new physics regi

dN/dn=8000.
Large dynamic
Excellent PID
Measure ha
Data rate
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LHC:

Partonic matter
QGP

Vs=30 times RHIC
energy and 230
times SPS energy

SPS:

Onset of
deconfinement
Critical point?
Chiral symmetry?
Hadron physics

Temperature [MeV]
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Ultra-Relativistic Heavi lon collisions at LHC

Quarks & Gluons

¥ RHIC

Critical Point

Hadrons

Gas
Licguicd '- Neutrosn Stars J _ :

M e
Net Baryon Density
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HG-QGP phase transition

3 flavour
2+1 flavour
2 flavour
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Chiral symmetry breaking and coupling to quark condensate
gives most of the mass of light quarks

Quark Mass:

® observed mass
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Greatly increased rates for
heavy flavors, quarkonia lepton decays, jets,... at LHC
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y Strip Drift ) (_Pixel ) ﬁ
:
-

TOF

B Collaboration:

> 1000 Members
> 100 Institutes
> 30 countries

Detector:
| Size: 16 x 26 meters
Weeight: 10,000 tons

HMPID g '
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ALICE 5 years ago




ALICE inner tracker, TPC and FMD
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ALICE TPC

QJ
® minimal material budget
© composite materials => 3.5% X0

@  sensitive to stress and deformations HV electrode 1100 kW)

field cage

® high track density

© low diffusion & low space ¢
‘cool’ drift gas (Ne/CO,/N,)

@ electric field (400 V/cm)
© high granularity (550k

@ tight tolerances in cc

readout chamber

1/09/10 Corfu
16 PLC 20J. Schukraft



L&

266nm UV Laser for TPC
Crucial for V. &
ExB space charge correction.

Laser Photo electrons from central
electrode arrival time




ALICE Forward multiplicity Detector (FMD)

FMD: 51200 Si-strips in 5 rings at high eta
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9000
E SPD outer laver

8000 :_ ! SPD Inner laver 5

70001 FMD30 e . M D20
= 6000 e  FMD2i
Ea - :
= ~ iF ¥
i :51 MDIi :
o — :: ;
= = :
T 4000— )

= -
Z_ _F
T30004—
- i
2000
i e
5 n m ] n E 1
0 2
Pseudorapidity

Inner sensor

Signal/Noise = 40

Excellent
energy
response




FMD installation
close to the IP (2008)
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LHC Startup 10/9/2008: 100 million hits on CERN’s homepage,
> 1.5 billion viewed LHC news clip on TV

September 1
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Fear of, or hope for, Black Holes ?

n vie exaltante du roi de Suisse Par Plonk & Rﬁplﬂﬂk http.'!l'jhelvetus;ehrablc-g.net}

Grice au CERN, les mondes paraliéles sontenfin perpendiculaires
Le récent trou noir de Genéve ayant agrandi leur terrain de golf, les monarques
de toutes les galaxies peuvent enfin mesurer leur handicap respectif.
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BACK AGAIN
23 Nov. 2009. First p+p @ 900 GeV
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First ALICE results with p+p

Apply vertex cut

L pas g -
R }’ y 26TV & Count tracklets in ITS
10 ' i ;ﬁ I
m-?SDI I - |—1i0| o0

Reconstrucled - verlex posilion (cm)

|

At 900 GeV can
compare to old
data from UA5
experiment at

SPS.

N5 = 0.9 TeV
. ALICEppNSD = ALICE pp INEL
s~ UASPPNSD & UA5ppINEL

CMS pp NSD

Pseudorapidity n
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First LHC data publication. Submitted 6 days after data taking

volume 65 - numbers 1-2 - january - 2010

1/09/10 Corfu



[
J
S 6
41—
- ALICE INEL>0
2 e 09TeV -
i | 2.36 TeV |
[ A 7 TeV i
0 1 1 1 I L 1 1 1 ] L 1 1 ] L L 1 1 J [ L 1 1 ] 1 L L
1.0 05 0.0 0.5 1.0

ALICE: subm. to Eur. Phys. Jour. (2010)
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UA1 (pp) NSD

UAS (pp) NSD
STAR (pp) NSD
CDF (pp) NSD
CMS (pp) NSD
ALICE (pp) NSD

4 points at the same
energy slightly shifted

dN o/
4

T | B | '| 1] T

O a = p O

[}
= o T

I arXiv:1004.3514

« B 4 ® »

ISR (pp) INEL
UA5 (pp) INEL
PHOBOS (pp) INEL
ALICE (pp) INEL

ALICE (pp) INEL>0
1 1 i 11 1 1 1

107

10°

10°
Energy s (GeV)

ALICE: Charged particle multiplicity in p+p @ 0.9,2.36 &7 TeV

. =T "
ALICE INEL>0 In|<1
O s 09 TeV — 2.36 TeV
L 0.9TeV —=7.0TeV
PHOJET O u
PYTHIA
O =
Perugia-0
PYTHIA
O [
ATLAS-CSC
PYTHIA ” .
D6T | |
0 20 60
Increase (%)

Power law dependence fits well

Significantly larger increase
from 0.9 t~ 7 72V than in MCs

Increase in dN_/dh Vs [ ALICE (%) | MCs (%) |
inn|<1forINEL>0 09> 236TeV (23.3%£0.4 ,.*'' [15-18
arXiv:1004.3514 0.9>7TeV  '57.6%0.4 .36 | 3348
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T Integrated triggers |

Integrated triggers [millions]

Rapidly settle into stable running ...

— = Total CINT1B triggers

w
3

= Total recorded events

-
I

"| —=— Total CMUS1B triggers (x30)

i

TTTT ]"I"'I N '["I"T"I_r'

ALICE efficiency

-
R

interaction trigger
=_ muon trigger x30

time {days)

HC STAELE BEAMS

l_r_j‘-‘T.-——-‘

ALICE PHYSICS RUN TIME

0
30/03/2010 29/04/2010
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8l K — uv decays
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Checking the PDG...
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Counts [145 MeWie’]

[
th

JJV > efe
central barrel

Work in progress:
J/W , charm, ...

Y- pw
Muon Arm

ppsa=T Tel - Without alignrent pp we=7 TeV - First alignment
: o o ©
= O ".;_=HI' ' Al l:_t Al |;_|4-
u &0 B0 N
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Entries / 8 MeV/c?

pp\s=7 TeV, 1.41 x 10° events, p'tr> 2 GeVic
T ‘ T 1 1T ‘ T T .\ T ‘ T T 17T | L ‘ T 17T ‘ TrIr T
D' K ntrn*

ALICE Performance
13/07/2010

ALICE

[N

Mean = 1.870 +0.001
Sigma = 0.013 £ 0.001

n

Significance (2c) 18.2 + 1.
S (20) 508 £ 30
B (20) 273+ 8

L4 4

on

+ 17

]

£LO-HZAEOMd

1.7 175 18 185 1.9 1.95 2 205
Invariant Mass (Knn)[GeV/c?]
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Tracking works beautifully
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<PH> (ADC ch.)

ALICE: excellent PID
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ALICE Identified Particle spectra

Negative

._..._']t-

—

J"H_HTIE
ALICE Preliminary

P Statistical Error Only :
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Antinuclei

700
600
500
400
300
200
100

ALICE performance
) work in progress

||III||I|I||II|||I|I|IIII‘I|I|
—|
||III||I|I||II|||I|I|IIII‘I|I|

Rigidity (GeV/c)
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Antiproton

=]
=3
L _
0.9 -
10 10° 10°
lw] I_' LA | ™
g | "
0.8+ — é
o8l -
7= \\ ; r
pp @\Ns=7Tev ) 0.6k .
- ISH » BRAHMS
: ¢ = ALICE » PHOBOS
+ STAR |
0.9~ = Data N %3 4 5 & 7 & @9 10
Fiessess: PYTHIA 6.4: ATLAS-CSC Avw
0.8- [ PYTHIA 6.4: Perugia-SOFT |
) SRS HIJING/B
ALICE: Phys. Rev. Lett. 105 (2010)
0.4 0.6 0.8 1
p, [GeVic]
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Also in p+p we see high multiplicities...
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Plans

21]1"DE|E? (
LHC 2010 AUM (3.5 TeV beam)

e« 2010-11: p+p (7TeV) & Pb+Pb (2.75 1

e 2012: shutdown (LHC magne f I S

e 2013-15: p+p (14TeV)+ Pb+F :§ .

 2016:  shutdown Det. i e

« 2017-19: %“‘ - ous oo
e 2020: shutdow m“‘f

° 2021_? Hard prc B0 100 110 120 130 14D

day of year 2010

e ATLAS and
probes, g
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* Elliptic flow: Ther

Physics with the Pb+PB run in Nov-Dec 2010

* Jet quenching: C
 Multiplicity :
* Stopping: B
* Direct phc
* Quarkoni

1/09/10 Corfu



Elliptic flow

Spatial anisotropy
translates into
momentum
Anisotropy due to
bulk collective
motion

Ed*N  d°N  d°N
dp3  ppdpprdydd) 2w prdprd

[1+2v1 cos(p—PRr)+2

/) 7~ N\

Hydro models reproduce v,. Require short interaction times and large cross sections => Liquid
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CHIpucC 11ow \VZ} dppedis uriiversdl
after constituent quark scaling

_lllllIllllllllllllll_l-llIIIIIIIIIIIIIIII_
0.3.1@) e m+r (PHENIX) - p+p (PHENIX) (b) |
m K'+K (PHENIX) © A\+1 (STAR)
« Ki (STAR) 0 =45 (STAR)

24

ZI+
_' go°l" P

Different Meson and Baryon flow
falls on universal curve after
scaling by n(quarks)

2 __EQM:{*; PR
o1 gt = -

Ll -
| ema m K'+K (PHENIX) O A+A (STAR)
i ."{;ﬂﬂ ] 0.1 * K¢ (STAR) O z-+!£-:3‘mﬂ]

M Y TR

||||||||||||||||||||||||||||||| |||||||||
-':'“F 1 | (a) e r*+1 (PHENIX) < p+p (PHENIX) \ (b) |

0 1 2 3 40 1 2
pr (GeVic) KE; (GeV)

0.5 1
|:|-Tfnq (GeVic)
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n's

4
L & ®
L » °
: . e o H20
®
3r S o Duality between string theory in
: He o ® ] _- AdS metric and Conformal
: ¢ = [e - Field theory.
oL * [ ] m
: ?v. " . ] Sugggest that lowest n/s =1/4m,
: %, " i.e close to RHIC results.
1t %
: Expect that partonic matter
~ at LHC may have higher viscosity
0 ?-&dSiCET--Bﬁuﬂd-------r----f- ----------------------------------------------- even if closer to ideal gas phase.
1.0 -0.5 C.0 0.5 1.0
(T-Tg) Ty
Kotvun, So
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Elliptic flow predictions for LHC

Au+Au Charged, b=6. 3fm

—=*— CGC+hydro, T '1DDMEV
—— CGC+hydro, T"=169MeV
»  CGC+hydrotcascade

—&

Elliptic flow at
LHC is expected to
be completely
dominated by
partonic phase.

Hirano et al.
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Hard scattering - Jets
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Jet suppression: p+p vs. A+A collisions

1/097100Corfu

p+p

Jet may be
modified or
suppressed

due to
interaction

of scattered
parton with
medium, e.g.
via gluon
bremsstrahlung.




Jet suppression at RHIC

II||I1I[II|||:I

+ d+Au FTPC-Au 0-20%

4 —P+p min. bias ﬁh _

* Au+Au Central
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Jet Quenching
Phys. ReV. Lett. 91 (2003)

=> liquid Quark-Gluon medium
(sQGP).

See RHIC White papers

Nucl. Phys. A.757 (2005) 1-27
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Direct photons validate binary collisions scaling

g PHENIX Au+Au (central collisions):
- m  Directy
L - A
"H'!E i &
= GLV parton energy loss (dN¥dy = 1100)
- ]
B W
UL e
- AA
: *}ﬂﬂ it T .
107 r
_1 i i | i i i I | i i | | i i | i i i I L ] i I i | i | | i i

0 2 4 6 8 10 12 14 16
n-. (GeV/c)

Nuclear modification factor: R,,= (dN/dp,(A+A)) / (Nbin * dN/dp,(p+p))
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EVIDENCE FOR A DENSE LIQUID

Two phenomena in particular point to the quark-gluon medium being a dense liquid state of matter: jet quenching and elliptic flow.
Jetquenching implies the quarks and gluons are closely packed, and elliptic flow would not occur if the medium were a gas.

Jetof particles

Inacollision of protons, hard
scattering of two quarks produces
back-to-backjets of particles.

YT

Prl.'ltun

Ty i"..

LYY L. i:i
In the dense quark- 2800 ot ‘:.'
gluon medium, the jets 22 ottt ..
are quenched, like TV LY
bullets fired into water, smannt r
and on average only

sa®®a "—Uuark-gluun
single jets emerge. . medium

1/09/10 Corfu Jens Jorgen

Off-center collisions
between gold nuclei
produce an elliptical _
region of quark-

gluon medium.

The pressure gradients
in the elliptical region
cause it to explode
outward, mostly in

the plane ofthe
collision (arrows).

Fragment of
gold nucleus

gluon medium

A
%




e %)\ s

Rapidity shift: a measure of beam energy loss Y

dN/dy (p-pbar)

Before ¢ollision

After collision

Stopping

Transparency

E =m, cosh (y)
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°®

Systematics of Nuclear Stopping vs. Rapidity or E,__,

3.50
3
g‘m - 10 4 s
B net-barvons 62.4 GeV A5 e
NI - DO Wi it AN O
"".i"' = g 05 1 15 2 25 3 38 4 4.5{/' s
A = . i
k= 2= ;
-:E 1.5— » E802/E866
& = v E917
S = NA49 (PbPb)
o 53_ ¥ BRAHMS 62.4 GeV
= ® BRAHMS 200 GeV
l']?'ill"llllllII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 E 9 10

X



At RHIC (d+Au @ 200 GeV)
Jet suppression sets in from y=0 to y=3.2

2
E =0 hith £ oq=1 h'th | oy=22 b Foy=32
B 2 2 L B
e N 5 N
; [T b ; B
T g S s
¥ [ i i - I
0 : C - o
ﬂ:....I....I....I....I....I....I....:....I....I....I....I....I....I....:....I....I....I....I....I....I ........ NIRRT FNRTARERTE ARTRE RN
I 2 3 4 35 & I 2 3 4 35 6 I 2 3 4 5 4 I 2 3 4 5 6
p; [GeVie] p; [GeVie] p; [GeVie] p; [GeVie]

BRAHMS collaboration PRL 93 (2004) 242303

No suppression expected in d+Au. Particle production limited by other
means
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Why?
Color Glass Condensate?

C6C = Color Glass Condensate: a primer
Nucleons contain gluons.

In QCD qgluons can split into lower momentum
gluons.

This will lead to an infrared catastrophe for
low momentum gluons

Low momentum gluons have large wavefunctions.
When gluon density gets large, gluons fuse
again

This leads to a saturation of the gluon density

Nucleons and Nuclei may be seen as a
condensate of low momentum gluons

This is the BEC of the strong interaction.

Particle production arises mainly from gluon-
gluon collisions

Consequently, the number of produced
particles may be limited
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Gluon Saturation at LHC

Structure of & Nucléus

ke medium

saturation
region

saturation
region
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