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Motivation

> Deconfined/Hot QCD matter -> QGP
- Chemical equilibrated particle production
- Collectivity: radial and elliptic flow
- Energy loss in strongly interacting medium
-- Jet quenching

» Used to study the Cold Nuclear Matter effects
> Suited to explore the transition between Pb-Pb
and pp collisions

P : @ » Testing pQDC calculation and tuning of MC generators

QCD medium in small system??
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ALICE (A Large Ion Collider Experiment)

THE ALICE DETECTOR

ALICE
‘el ITS (Inner Tracking System)

d. VO and TO

e. FMD v' Tracking and Vertexing
v Particle Identification (PID)

i®

TPC (Time Projection Chamber)
v' Primary vertex determination
v" Main tracking device
—®»— v/ PID via dE/dx in gas

ITS
FMD, TO, VO
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TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD
18.zZDC

19. ACORDE

cmNOnRWNE

TOF (Time-Of-Flight)
v' PID via time-of-flight measurement

HMPID (High Momentum Particle

Identification)
v' PID via cherenkov angle measurement

Decay Topology

G TPC rdE/dx
VZERO scintillator detectors: T BT
‘ m””m””mﬁfPCdEMX 77777777777777777777777777
v' Centrality definition in Pb-Pb (VOM) o msaEe
v" Multiplicity event classes in p-Pband inpp (VOM) | . . ... . . ...
(VOM = VOA & VOC) | ! " e
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Particle identification

ALICE
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Transverse momentum spectra in pp
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ALICE, pp INEL, |y| < 0.5

10
s =5.02 TeV (preliminary)

S =7 TeV (PLB 760 (2016) 720)
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v" Harder spectra with increasing center of mass energy (V's)
v Soft regime (< 1 GeV/c): no change
v" Hard regime: significant dependence on /s
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Mean p; in Pb-Pb

ALICE
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v' Central Pb-Pb: <pr> of K*9, p, and ¢ is similar
-- mass ordering -> Consistent with hydrodynamics
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Mean p+ in pp, p-Pb and Pb-Pb
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v' Central Pb-Pb: <pr> of K*9, p, and ¢ is similar
-- mass ordering -> Consistent with hydrodynamics

v" Mass ordering only approximate for peripheral Pb-Pb, p-Pb, and pp
-- Resonances behave differently from long-lived particles? Baryon/
meson difference?
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Differential particle ratio in p-Pb

- VOA class (Pb-side) B
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ALICE

Compared with
ratios from pp

v p/m

-- Multiplicity dependence at low
and intfermediate p;

-- No system and energy dependence
at high p;

-- 60-80 % is similar to pp

v K/

-- No multiplicity dependence
-- Similar to pp
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Differential particle ratio in Pb-Pb

(p+P)/(n"+7)

(K'+K)/(n+m)
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Proton to pion ratio: System dependence
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v' p/m: qualitatively similar flow-like features in pp, p-Pb and Pb-Pb systems

v For 2 < p; < 10GeV/c, ratios increase with event multiplicity

v At high p; (>10 GeV/c¢) the ratios in pp, p-Pb and Pb-Pb are independent of event

multiplicity
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printegrated particle ratios
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v' A smooth transition is observed from pp to p-Pb and Pb-Pb
v" No significant energy dependence is observed as a function of (dN,,/d 7)

v" The chemical composition is independent of the collision system at same (dN,,/d 7>
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Blast-Wave Model

Simplified hydrodynamics model

d’N

R .
- “fmrlo p,sinh(p) x| Pr cosh(p) rdr
P 0

1
Tkin [), T

m, = m’ +p§, o= tanh'l(/J’T), B, (r) =B, (%)

E

B+ — radial expansion velocity
Tin — kinetic freeze-out temperature
n — velocity profile

Caveats

results sensitive to fit range, particles
included and uncertainties considered

Simultaneous fit to the x, K, p spectra with
The Boltzmann-Gibbs Blast-Wave model
-- Good description of data
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Blast-Wave Model
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Combined fits of m*, K#, p, p in pp, p-Pb, and Pb-Pb

v T, nearly constant for pp, small decrease in p-Pb

v" Radial flow < £ > increases with multiplicity/centrality

v" High multiplicity p-Pb vs Pb-Pb: parameters show a similar trend
-- Consistent with the presence of radial flow in p-Pb collisions
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Blast-Wave Model
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Combined fits of m*, K¢, p, p in pp, p-Pb, and Pb-Pb
v’ At similar (AN, /dn), Ty, is similar for the two system, whereas
(Bp> is significant higher for p-Pb collisions
v" Color reconnection in pp models can mimic the increase in radial flow
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printegrated particle ratio
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Thermal model predictions
K*9/K ~ 0.29, $/K ~ 0.12

Phys. Rev. C 91 024609 (2015)
Thermal Model: J. Stachel et al., SQM 2013

S

o~ Nap’ln | <0.5

K*0/K:
v' Decreases with increase in centrality

v" Significant suppression in central Pb-Pb
collisions w.r.t. peripheral Pb-Pb,
pp and p-Pb
-> consistent with K*9 rescattering as
the dominant effect
-> lifetime of K*O ~ lifetime of the hadronic
phase

Life time
(fm/c)

K% ~4.16
o) ~ 46.3
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printegrated particle ratio

v 05 N I SR B K*9/K:
o ALICE Preliminary ]
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o i + Pb-Pb m e 1
0.3F E#[HD [1): ERJC 76 245 (2016) . v' Significant suppression in central Pb-Pb
; #’H H ; ; collisions w.r.t. peripheral Pb-Pb,
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: $/K . . N -> consistent with K*? rescattering as
il oot 8 i -G the dominant effect
-0 o- ]
N e e TR R, <
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AN,/ dnlab>|77,ab| <05 v' Independent of collision centrality /
multiplicity event class in Pb-Pb,
p-Pb and pp
Iboe/r'lzn Slomgg eilﬁrl'(e'cjlgfluz)ns v" Ratios for central Pb-Pb collisions
o ' consistent with thermal model prediction
Phys. Rev. C 91 024609 (2015) v No r‘e-SCGTTer‘ing effects is observed
Thermal Model: J. Stachel et al., SQM 2013 -> due to Ionger' o lifetime
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R, 4 energy dependence
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Summary

<+ Particle spectra and ratios

-- Spectra become harder (mass dependent effect)
-- Central Pb-Pb: <p; (K0)> = <p; (p)> # <py (b)> — consistent with hydrodynamics
-- Deviation from mass ordering observed in small systems and peripheral Pb-Pb
— Baryon/meson difference or resonances do not follow?
-- Depletion (enhancement) at low (high) pr in the p/m ratio
-- Chemical composition hint to be independent of collisions system at same <dN,,/d 7>
-- Central Pb-Pb: K™ suppressed (— re-scattering), ¢ not suppressed (longer lifetime)
-- Rescattering (and regeneration) in the hadronic phase can affect yield of short-live
hadronic resonances such as K*©.
-- <pr> and <p> larger in small systems at similar multiplicities
— Radial flow in small system? or QCD final state mechanism (Color reconnection) ?
-- Strong hydrodynamic collective expansion in Pb-Pb at 5.02 and 2.76 TeV

» Nuclear modification factor

Similar suppression for all the light hadron considered at high p; in central Pb-Pb
Baryon/meson differences at intermediate p;?

— Does similar R,,(in /sy = 2.76 and 5.02) suggest larger energy loss in

medium at /sy = 5.02 TeV ?
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Thank you
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Differential particle ratios in pp

Particle ratio
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v' The peak shifts to higher prwith increase in energy

v PYTHIA describe at low prand over estimate at high py
K/

v" No significant energy dependence

v PYTHIA describe at low pyand under estimate at high py
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K*%and ¢ spectra comparison with energy
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pr spectra in p-Pb and <p> comparison

ALICE
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pr spectra in Pb-Pb
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v' Spectra become harder as the multiplicity increases

v' Change is most pronounced for heavier particles
-> Effect of radial flow
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Blast-Wave Model in pp and p-Pb

ALICE
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Blast-Wave parameter: diff. fitting range .
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Motivation

ALICE

Resonances can decay inside the hot and dense matter due to their short lifetimes
(few fm/c) and can be regenerated by final state interactions -> sensitive to the
evolution dynamics

v'"Modification of yields and particle ratios as hints of regeneration/rescattering effects

—Regeneration: Pseudo-elastic scattering of decay products e.g., nK->K*->nkK
—Re-scattering: resonance decay products undergo elastic scattering
or pseudo-elastic scattering through a different resonance (e.g. p)
resonance not reconstructed through invariant mass

v'Comparison of hadrons that differ by mass, baryon number and strangeness content
can help to understand particle production mechanisms

v'Study of the nuclear modification factor provides information about in-medium energy
loss

Measurement in pp is a reference:

v' for the nuclear modification factor

v" for tuning QCD-inspired event generators

Chemical freeze-out

Z S L A
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ALICE
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Rypp ® at 5.02 TeV
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ALICE

R, 4 centrality dependent 5.02 TeV
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