Charged pion, kaon and proton production in
pp and Pb-Pb collisions measured with ALICE

Raill Tonatiuh Jiménez Bustamante
for the ALICE Collaboration

Instituto de

Ciencias
Nucleares
UNAM




= Qutline =

& Motivation

& ALICE detector

& Particle ldentification (PIV) Method
& Results:

%  Measurement of particle spectra and particle ratios in pp
and Pb-Pb collisions.

& Cownclusions

e

J. Jimenez e s e e s e s s e e e Nicloaroe
UNAM




= Motivation =

Information we obtain from transverse momentuwm, pr, spectra in different systewms: pp, p-Pb, Pb-Pb

reference for Heavy lon collisions, parton-parton interaction.

® —b -+ @

p-Pb collisions: reference for Heavy lons, Formation of medium? collective effects?, radial flow?

hot and dense medium . Sensitive to QGP effects: collective expansion, quark
recombination, and jet quenching.
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= Motivation =

=276 TeV

<Ncoll>d2Npp/dedy © 70 - 80%

NN

Raa =

For pQCP processes:
Raa <1: suppression
Raa=1: no nuclear effects

Ras1: enhancewment

The particle identifiaction is erucial to
understand the medivm effects

ALICE, Phys. Lett. B 696 (2011) 30-39
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= Motivation =

In particular at high pr:

Measurements sensitive to the flavor of the initial hard scattered parton provide
confraints into the jet quenching mechanism.

Does the interaction of hard partons with the medium modify the abundances of
identified particles spectra?

e. g.

Interactions with the medium, enhanced by parton
splitting.

Prediction: Modify the high pr identified particle
ratios in heavy ions versus pp collision (Raa)

S. Sapeta and U.A. Wiedemann, Eur.Phys.J. C55 (2008) 293
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= ALICE detector =

S
1AW

ALICE is optimized for charged Particle
IDentification (PID) in the central
pseudo-rapidity region Inl< 0.9
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= PIP in ALICE =
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= PIV wethods =

: P10 downe track by track,
selecting exclusive 3 sigma bands for each particle.
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: Pone in the relativistic rise region of the BB
curve where <dE/dx> separation between particles with
different masses is nearly constant.
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<de/dx> (by) & o (<dE/dx> ) are extracted from data
using VOs daughters and pions + electrons from TOF.
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http://es.wikipedia.org/wiki/Gamma
http://es.wikipedia.org/wiki/Gamma

= Results: pp collisions =
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= Particle ratios =
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Ratios K/ and p/t at different energies are , , ,
the same (within uncertainties) Pythia 8 relates the peak in the p/pi
ratio with color reconnection

Neither K/ nor p/T are reproduced by theory mechanisi ->flow like mechanism.
or MC wodels at pr higher than 1 GeV/e.

[Ortiz et al, PRL111, 042001 (2013)]
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\s=| sNN=2.76 TeV

® 20-40% Pb-Pb
ALICE ® 40-60% Pb-Pb
PRELIMINARY °
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@, Range of combined fit Tc ]

—o— positive ®s, B, OO : o[ —=— positive ™%

& negative P, —a— negative \ .3 [ —e— positive .
combined fit  Deg . POgg.. i combined fit Ry N —&- negative T, B, P
---- individual fit R --== individual fit M - combined fit ", [OKE,
s, === individual fit

80-90% 5 o

0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 25 3 Sloa oo le v be oo by o4
p, (GeV/c)

Individval fits describe data over the full pr range.
Spectra well described by the Blast-wave model.

Extrapolation agrees with data in central collisions -> Purely

drodvnamica = kinetic freeze out .
hydrodynawmical = transverse expansion velocity
Schnedermann et al, Phys. Rev. C 48, 2462 (1993) Parameters: (744 = exponent of the velocity profile
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= Statistical model =

The integrated ratios can be interpreted
in ferms of the thermal models.

Statistical model calculations agrees with
most ratios.

ALICE, Pb-Pb, \s =2.76 TeV, 0-5%
STAR Au-Au, \s = 200 GeV, 0-5%
PHENIX Au-Au, s = 200 GeV, 0-5%

BRAHMS Au-Au, s =200 GeV, 0-10%
Cleymans et al., Tch =170 MeV, Mg = 1 MeV

Ratio particle/antiparticle compatible [ NSRRI
with unity at LHC energies. | |

ALICE, Phys. Rev C 88, 044910 (2013)
Bad description for protons.
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= Blast wave fit =

Low pT spectra for collisions

—r 1T r
—&— ALICE, Pb-Pb |5, = 2.76 TeV
—#— STAR, Au-Au\ s, = 200 GeV

Most of hydro models provide a reasonable

description of the measured spectra at pr lower
than 3 GeVze.

VISH 2+1: viscous hydrodynawmics without
description of hadronic phase. (low pr). Thermal
paricle yields with Tcn=165 MeV.

i VISH24+1
— HKM
= KrakGw

1/N,, 1/(2mp_) * NI(dp_dy) (GeV/c)*

HKM: hydro*UrQMU additional radial flow built by
hadronic phase which also affects particle ratios as
a result of inelastic interactions. (low pr)

. introduces non equilibrium corrections due
to the bulk viscosity at the transition from the
hydrodynawmic desceription to particles which changes
the eftective Tgh, (low pr)

Data/Model

: uses breakup of the flux tubes created by
initial hard scatterings. These flux tubes constitutes
bulk matter and jets. Pescribe the spectra for all pr.

ALICE, Phys. Rev. C 88, 044910 (2013)
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Data/Model

VISH2+1
= =HKM

= Krakéw

= Blast wave fit =

—o— ALICE, Pb-Pb |5, = 2.76 TeV
—#— STAR, Au-Au\s,,, = 200 GeV

n* + 7 (x 100)

K*+K (x10)
ey p+Pp(x1)
5 %@;@OJ
70-80% Central collisions LP

Low pT spectra for collisions

Hydro wmodels fails in the description of data,

ALICE, Phys. Rev. C 88, 044910 (2013)
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= [nterwmediate pr =
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Low pT -> hydro wmodels (Krakow & HKM)
o/pi enhancewent around pr 3 GeVVe. Intermediate pT: recombination (FRIES)
EPOS -> all pt range:
hydrodynawmics (low pT)
medium wmodified fragmentation for quenched
jets (intermediate pT)
vacuum fragmentation (high pT)

Collective medium response.
Push from radial flow?

Decrease at high pT.
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= [nterwmediate pr =

a) Correlation

4 GeV/c < pnrig <8 GeVic
1 GeVic < Pr oo < 2 GeVic

Pb-Pb 2.76 TeV 0-10%
nl <0.9

ssoc /dANdAQ (1/rad.)

t

1/N_dN

Jet = Peak — Bulk

p/pi ratio in the jet and bulk

Pb-Pb, \'s, = 2.76TeV, 0-10% central

[} Bulk Ratio (-0.52 < A¢ < 0.52,1£0.6 < A1 < £1.5)
ﬁ Peak - Bulk Ratio (-0.52 <A¢ < 0.52, 0.4 < An < 0.4)
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S. Sapeta and U.A. Wiedemann, Eur.Phys.dJ. C55 (2008) 293:

(a) Fragmentation in vacuum

One expects energy loss affect jet hadrochemistry ->

Projectile gluon the interaction of a parton with the QCP
medium transfers color between partonic projectile and
target.

Color flow in parton shower-> Affect hadronization.

(b) Medium-modified
fragmentation

Flavor or baryon number can be exchanged between
medium and projectile.

Projectile gluon ___2;:::13::::}‘!

Target parton

Instituto de
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d*N g4 /dprdy
<Ncoll >d2NPP/dedy

Pb-Pb \s,, =2.76 TeV 0-5%

® T+T
A pP+p

+
(] sys. uncert. ALICE

l PRELIMINARY

are compatible.

No difference in energy loss.

Raa no flavor dependence at high pr

Pb-Pb \s,\ =2.76 TeV 40-60%
*
[ K+iK

A

P
1 sys. uncert.
i .
AN
!.'.ni N
III

16 18 20
P, (GeV/c)

Predictions of significant modifications of high-pr particle hadrochemistry
induced by jet quenching are disfavored
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= RAA different mesons =

o % 0S% 03P 20RVI 0020V Lo e @ (1020) meson -> mass similar to

uncertainties: stat. (bars) prO'rO",

| % p+P 0-5% [|y|<0.5 pT<3 GeV/c, 0.8 pT>3 GeV/c] uncertainties: sys. (empty boxes)
® 0 0-10% [|y|<0.5] uncertainties: norm. (filled boxes)

" A K*0-5% [|y|<0.5 p,<3 GeV/c, 0.8 p_>3 GeV/c]

The Raa for @ wmesons follows the

same trend as protons for pr < 2 GeV/e

ALIGE (hydrodynawic region)

PRELIMINARY

For pT > 2 GeV/e we cannot conclude
anything because of the large
systematics.
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= A Fast look to p-Pb results =
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Spectra with individval blast-wave fits

pr coverage:
m 0.2 <pT<30 GeVi
K:0.295 <pT< 2.5 GeV/e

p: 049 <pT <40 GeVie

ALICE, arXiv:1307.6796
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Comparison between parameters for
the 3 systems:

The and data follows
the same trend.

e ALICE, pPb, {8y = 502 TeV If the spectral shape changes (at low
= ALCE, POPS, Yoy =276 TeY p1) are elated to radial flow.

—a— ALICE, pp, \s =7 TeV
=— PYTHIAS8,\s = 7 TeV (with Color Reconnection)

=+— PYTHIAS8, \s = 7 TeV (without Color Reconnection) FIOW il'l p_pb and PP C?
0.0%2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7

B

ALICE, arXiv:1307.6796

PYTHIA 8 shows a similar trend with the mechanism (CR) enabled

-> flow-like effects without formation of a medium.
[Ortiz et al, PRL111, 042001 (2013)]
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= Conclusions =

& The pT spectra of  /K/p for the 3 diffent systems were presented.

& Low pT spectra qualitatively well described by models with hydro:

® pp & p-Pb - Not clear whether the description is hydrodynawmical or due to other
mechanisw like CR. Blast-wave analysis shows similar trend as in Pb-Pb

®  Pb-Pb Very strong radial flow, Bolast-wave = 0.69.

& The intermediate pr region still need a comprehensive model description. The PIP provides
essential information (particle ratios).

& “Baryon anomaly” is a bulk effect, strong constraints for models.

& At high pr No flavor dependence of the Raa, this suggest significant modifications of high-pr
particle hadrochewmistry induced by jet quenching are disfavored.

& Still waiting for a model that describes the data in all pr regions.




= Spares slides =
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= Feed-down correction =

Secondaries correction with a driven method.

Applied to pions, antipions, protons and antiprotons.

—e— data p —— data

B primaries B global fit
B weak decays *

=== matenal
ALICE
PERFORMANCE
p-Pb s, =502 TeV
240472013

minimum bias
0.8 < p, < 0.85 GeV/c

101ll1111llllllllllllllllllllll.

3 -2 -1 0 1 2 3
DCA,, (cm)
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= Color reconnection =

FIG. 2. Illustration of the color reconnection in the string fragmentation model (picture taken from [14]). The outgoing gluons
color connected to the projectile and target remnants (a}. The second hard scattering (b). Color reconnected string(c).

- pp Vs=7 TeV
I a ALICE, preliminary
. Pythia 8, tune 4C
NLO, Phys. Rev. D 82, 074011 (2010) |

In Pythia, the final step at parton level before the
hadronization.
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“multiple hard subcollisions due to color string formations
between final partons from independent hard scatterings”

[Ortiz et al, PRL111, 042001 (2013)]
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EPOS: Dynawical picture for all pT scales.

Hard scattering: Flux fubes produced in elementary collisions produce string segments. 3 possible
scenarios;

- Matter evolve hydrodynawically and hadronize in soft hadrons.
- Energy scape and consitute hadrons outside matter Jet hadrons”

- Energy inside matter or at surface, however it has enough energy to escape as jets.
They interact with the flowing matter (“flvid-jet interaction”)

“Considering transverse fluid velocities up to 0.7c and thermal parton momentuwm distributions, one
may get a “push” of a couple of GeV to be added to the transverse momentuwm of the string segment.
This will be a crucial effect for intermeadiate pT jet hadrons.”
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