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LHC Heavy-lon running

* Two heavy-ion runs at the LHC so far:
* in 2010 — commissioning and the first data taking
* in 2011 — already above nominal instant luminosity!

* p—Pb run moved to beginning of 2013
* jan-mar 2013 - 30 nb-"

(for rare-probe statistics equivalent to ~0.15 nb-' of Pb—Pb)

* Followed in 2013 by Long Shutdown—-1 (LS1)

system energy \/SNN integrated
TeV luminosity

2010 Pb - Pb 2.76 ~10 pb™
2011 Pb - Pb 2.76 ~ 0.1 nb”
2013 p—Pb 5.02 ~ 30 nb”’

Adam Kisiel (WUT) Kielce, 14 Dec 2013

2/30



Pb-Pb collisions in ALICE

Study strongly interacting matter under extreme conditions
of temperature and energy densities
in events of extreme particle multiplicity

Fully characterize the events
Challenge for the experiment
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ALICE - dedicated heavy-ion

experiment at the LHC
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* particle identification (practically all known techniques)
« extremely low-mass tracker ~ 10% of X,

* excellent vertexing capability
« efficient low-momentum tracking — down to ~ 100 MeV/c

1
P, [GeV/c]
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Volume and lifetime of the source
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Source size for hadron emission is determined
by two-pion correlations methods:
Hanbury-Brown Twiss (HBT)
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p, domains

Identlfled -particle p_. spectra up to 20 GeV/c
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95 % of all particles below 1.5 GeV/c : particle production a non-perturbative process
« Low-p. <2 GeV/c : dynamics of bulk matter described by Relativistic

HydroDynamic Models (RHDM)
« High-p_ > 8 GeV/c : spectra reflect interaction of partons from hard scatterings with

the medium
« Intermediate p. 2 < p_<8 GeV/c : interplay of soft and hard processes
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Collective expansion

p; spectra and azimuthal corerlations (v )

4
< —>
X / i N X é
In a thermalized system If the system is
the radial expansion is asymmetric in spatial

driven by the pressure coordinates the
gradient from inside to expansion will lead to

/ \ " outside resulting in anisotropy in momentum
p boosted p_ spectra and space (v, - azimuthal

decrease in HBT size correlations)

Pre-Equilibrium
Phase (< 1,)

The final state anisotropy at low p_. is calculated using hydrodynamics, taking as input:

* initial conditions (eccentricity, volume, energy density,..)
* properties of produced matter (viscosity, ...)

« v,atlow p_: collective bulk phenomena, degree of thermalization
v, at high p_: path - length dependence of energy loss
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Shape of the low-p.. spectra well

described by modern hydrodynamic
models (3D, with viscosity, resonances
included, sometimes coupled to hadronic
cascade codes), similarly to collisions at
lower energies

Overall normalization of each spectrum
can be modified independently in simple
“blast-wave” models, but in full
hydrodynamics they are tied by the
“statistical” temperature
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Strange particle spectra
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Hadron yields vs. statistical model
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Hadronic re-interactions ?

p/rtand A/mtratios at LHC lower than at RHIC

F.Becattini et al. 1201.6349 J.Steinheimer et al. 1203.5302
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Femtoscopic correlations
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Quantum statistics leads to enhancement of identical
bosons emitted close-by in phase space which modifies
the 2-particle correlation function.

CF relates via Fourier transformation to the space-time
distribution of the source. Used in particle physics to
measure source space-time size with pions (Goldhaber,

Kopylov&Podgoretsky)

Transverse radii show decrease of apparent size with
increasing transverse momentum. Qualitatively
consistent with hydrodynamic predictions.

Radii increase with final-state multiplicity
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Coherence in I3 -
pion emission
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* At low momentum limit not
reached. Possible
interpretation: 10-20%
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chaotic” limit reached
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arXiv:1310.7808 [hep-eX] Q, (GeVic)

Adam Kisiel (WUT) Kielce, 14 Dec 2013 14/30



Radii scaling with multiplicity

HBT radii scale roughly
linearly with multiplicity3

with different slopes in pp
and Pb-Pb

HBT radii in Pb-Pb vs. trend
from lower energy AA:

— Rlong: perfectly agree

— Rside: reasonably agree

— Rout: clearly below the trend

Behaviour of all 3 radii in
qualitative agreement with
hydro expectations

— Rout/Rside decreases with

s due to change of the
freeze-out shape
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Baryon-antibaryon interactions

In baryon-antibaryon systems the
dominating source of correlation is the
strong Final State Interaction.

The FSI has contribution from annihilation.

Strong FSI (with annihilation) can be
considered in two regimes:

- low relative momentum — leads to
femtoscopic (anti-)correlation

- large relative momentum — leads to yield
decrease via annihilation

If annihilation is responsible for lower
proton yield — it should also be seen in
correlations
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Models vs. identified-particle v,

v, shows mass ordering up to multi-strange baryons
v, vs. p. described by hydrodynamical models
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Higher harmonics and initial state

dinitial geometry not described by the ideal almond shape
o Fluctuations of initial energy/pressure distributions lead to “irregular” shapes
that fluctuate event-by-event
o Higher (odd) harmonics each one having its own symmetry plane

dHigher harmonics more sensitive to the value of shear viscosity
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Hydro simulation of initial state (ideal and viscous hydro):
fluctuations of initial state are damped by viscosity

ALICE coll., PRL 107, 032301 (2011)
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V,, V., V, Versus p_
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v_measurements up to 20 GeV/c — where dominated by jet quenching

Non-flow effects suppressed by rapidity gap or using higher cumulants
Non-zero value of v, at high p_ both for An > 2 and 4-particle cumulant
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Fluctuations contribution to v,
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Fluctuations independent of p_
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ldentified particles at
intermediate p.

® charged particles ®

® @ @ different centralities for identified particles
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Baryon-to-meson ratio: p/n

® proton—proton @« ®ee Pb—Pb different centralities

o 05%PoPb (5= 276TeV AN | o 5-10% PoPb (5= 276TeV | o 1020%PbPb (5= 276TeV
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P, (GeV/c)

p/mratio at p_ = 3 GeV/c in 0-5% central Pb—Pb collisions factor ~ 3 higher than in pp
at p, above ~ 10 GeV/c back to the “normal” pp value

recombination — radial flow ? R.J.Fries et al., PRL 90 202303; PR C68 044902
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Baryon-to-meson ratio: A/K’

Baryon enhancement at LHC

* larger than at RHIC
« extending to higher p;

* well described by models
like EPOS

Effect of radial flow?

extends farther than expected
from radial flow

OR

Recombination of quarks?

<@ Qg
5] qﬂuﬂq Sah
S8 9egJe9
ey gnxﬁ‘;} 'q.l
“ﬂ' g " g GLWQJ“

p-(qg) =2 Xp-(q)
P:(qq9) = 3%p:(q)

Pb-Pbat s, = 2.76 TeV, |y|<0.75

EPOS A0-5% —&— 0-5% centrality
217v3 020-40 % | —%— 20-40 % centrality
e ¥ A0-60 % | —¥— 40-60 % centrality
imi 4 B0-80 % | —#— 60-80 % centrality
Prellmmary —eo— 50-90 % centrality
—o— (ppat {5 =7 TeV)
k. —— t¥s=09TeV
R (pp at ¥s = 0.9 Tev)

A A Ay data ploinls include stat. errors
A estimated syst. error ~10 %
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o
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P (GeV/c)

RHDM Recombination? Parton energy loss
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dN_ /dn in p-Pb collisions

T | I

-------
.- -

25 B

— T § ¢ E I ]
Pb, |s,, = 5.02 TeV

-
-~ - --
------- /__-‘
-
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-
- - -,
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- '« ALICENSD ---- 31 no Bhfg'éﬁl :
- Sat. Models: o 5,=0-28 [6] g
5[ —- IP-Sat [5] BE20 nq shad. [4] N
g KLN [3] — BB2.0 with shad. [4]:
- CBK [7] e DPMJET [32] ]
1 | | 1 1 | 1 1 | | |
00— 0 2
nlab

NSD p-Pb at 5.02 TeV |n| < 2
dN_ /dn : 16.95 £ 0.75

Disentangle
- final state effects : hot QCD matter
- initial state effects: cold nuclear matter

Probe nuclear wave-function at small x

QCD at high gluon density:
parton shadowing, gluon saturation?

* Models that include shadowing or saturation approximately get right value

Adam Kisiel (WUT)

Kielce, 14 Dec 2013

arXiv:1210.3615 [nucl-ex], Phys Rev Lett 110, 032301 (2013)
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dN_/dn energy dependence
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Long range correlations in p-Pb
Correlations between a trigger and an associated particle

PP [t =502 Near-side jet
(A ~ 0, An ~0) _
2 <p,trig <4 GeVl/c

__— Away-side jet 1< p,,assoc < 2 GeV/c
(8¢ ~ T elongated in An) 20% highest multiplicity class

Near-side ridge
(Ad ~ O, elongated in An)

Can we separate the jet and ridge components ?

No ridge seen in 60-100% and similar to pp
- what remains if we subtract 60-100%?

0 )
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0 Lo T2 A double ridge!
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PLB719(2013) 29 2 A -
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The double ridge

Projections to An

Excess in the correlation yield between 13 0.88/—p-Pb | 5,y = 5.02 TeV o |agl<w3
sl S [ (0-20%) - (60-100%) 0 |Ag-7| <3
the two multiplicity event classes % ossl- 2<p,,, <4GeVie . Fomaimmaso
a - 1<p <2GeVic
2< P < 4 GeV/c p-Pb | s, = 5.02 TeV E‘ 0.841— Tassoc
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2

Two ridges:
Magnitude the same
and fairly flat in An
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Fit allows to extract V
v_ coefficient
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Comparison to models

3+1 viscous hydro in p-Pb collisions
Boxes: ALICE data for 0-20%

v - p-Pb 4.4TeV o S S
2 01g P L 008
{]{]8 :_ ‘_,-' ..... ‘:'- _: 8 8 g
- g I o st i
006 [T geny, 18 S j 2
o - 3 I
0045 '*_.*"L ..... 11< Npart <17 - ;._3 004 [ . | i g
0.02p BN, <10 13 0 32
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Vs 0.1f <N 1 14 S0 3 =
008 yyon.. <17 1D 0-20%  20-40%  40-60%
0.06F i 0
0.04F L ] _ .
0.02F AN <10 - Near and away side yields:
e * vary over a large range
0 05 1 15 2 25
p, [GeV] - agree for each p_and event class

Common underlying processes?
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Summary

* ALICE is obtaining a wealth of physics results from the first

two LHC heavy-ion runs:
* bulk, soft probes:
* spectra, yields and particle chemistry
* elliptic flow of identified particles
* higher harmonics momentum anisotropy
* femtoscopy

* Entering the precision measurement era

* Important new findings from the p-Pb run
* Total particle multiplicity discriminates models
* The “double-ridge” structure appears

Adam Kisiel (WUT) Kielce, 14 Dec 2013 30/30



	Slide 1
	LHC Heavy-Ion running
	Slide 3
	Slide 4
	ALICE – dedicated heavy-ion experiment at the LHC
	Slide 6
	The source
	pT domains
	Collective expansion
	Low-pT particle production
	Strange particle spectra
	Slide 12
	Femtoscopic correlations
	Slide 14
	Slide 15
	Slide 16
	Identified-particle v2
	Flow – identified particles
	Higher harmonics and initial state
	v2 , v3, v4 versus pT
	Slide 21
	Identified particles at intermediate pT
	Baryon-to-meson ratio: p/p
	Slide 24
	Slide 25
	Slide 26
	Long range correlations in p-Pb
	The double ridge
	Comparison to models
	Summary

