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ALICE

INTRODUCTION
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Goal of heavy-ion collision %
experiments
ALICE
a Study the physics of strongly interacting
matter at extreme energy densities, where the
formation of quark-gluon plasma (QGP) is

expected

a The existence of such a phase and its
properties are key issues in QCD for the
understanding of confinement and Chlral-
symmetry restoration S O $ o

= ,»’- Instituto de . __________________________________________________________________________________________________________________________________________________________
e~ B NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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RHIC’s results %

ALICE

a Experiments at Relativistic Heavy-lon Collider
(RHIC) reported the formation of a new state
of matter characterized by a strong collective
flow and opacity to jets

a We are therefore studying a strongly coupled
QGP (sQGP) whose properties are more
interesting than those expected from theory
(instead of having a gas with little or no
interaction among quarks, we have found a
system which behaves as a perfect fluid!)

? ‘ Instituto de . __________________________________________________________________________________________________________________________________________________________
e 0 NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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final detected

Relativistic H@GVY-IOH Collisions particle distributions
Kinetic
made by Chun Shen freeze-out
Hadronization
—’3 Initial energy
: density .

collision 3
overlap zone
pre-
equilibrium : :
ynamics viscous hydrodynamics free streaming
collision evolution i
t~0fm/c t~1fm/c T ~ 10 fm/c T ~ 1012 fm/c

]"55‘.\T\,JT(;'\.(‘1{,T' «
Ciencias ¢
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ALICE

THE ALICE DETECTORS

Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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The ALICE apparatus

ALICE
ALICE is a dedicated
heavy-ion experiment

\Z@| O Excellent particle
¥l identification (PID)
capabilities
d Excellent vertex
capability
 Efficient low
momentum

tracking — down to

~ 150 MeV/c
ALICE, 1JMPA 29,1430044 (2014)

» Instituto de
| #  Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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~ 7 TRIGGER
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ZDC
~116m from I.P,

DIPOLE
MAGNET
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Instituto de

Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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HMPID

T S - 4 Forward detectors
7B | VO (trigger, multiplicity, centrality)

ZDC
~116m from L.P,

= J

TRIGGER
~ \CHAMBER
ZDC
~116m from I.P,

DIPOLE
MAGNET
ABSORBER

Y Fos Instituto de
e i NCitT:-ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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N

( Strip ) ( Drift ) ( Pixel )

Forward detetors
VO (trigger, multiplicity, centrality)

TO (timing)

TRIGGER
- \CHAMBER
ZDC
~116m from P,

v ’ PHOS

DIPOLE
MAGNET

ABSORBER
Instituto de
@ Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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N

( Strip ) ( Drift ) ( Pixel )

| E
| ,/54! Central barrel:

2n tracking and PID
In|<1,B=05T
(HMPID RICH: |n|<0.6, A$=57°)

e TDI D

~116m from L.P,
u/ 1/

Different PID techniques

Decay Topology
TPC rdE/dx
777777777777777777777777777777777777 HMPID
777777777777777777777 TOF
77777777777 TPC dE/dx
TSdEf@x
il L oo |

DIPOLE 1 10

MAGNET P, (GeV/c)
ABSORBER
&2 |nstituto de
Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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TOF
Fits to time of

flight
distributions

Charged pion, kaon and (anti)proton yields

counts

10°

10

107H=E

—e— data

—— pion expected

—— kaon expected

—— proton expected
mismatch

24<p <25 GeV/c
minimum bias

wmmn

Topological identification

= —> AIU
Q —> AK
N —> prv

Tracking:
TPC and ITS
PID:

TPC dE/dx

: g Ciencias
g P Nucleares
4 V2e UNAM
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< 1600F

1400

Counts

1200F

1000

800

600

400

200 s

10 0 10 20 30 40 50
noK
ALICE Preliminary + :!'
— + e
L ," ! Min. Bias p-Pb s, = 5.02 Te
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0.1

extraction using different detectors
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O Data
—— Multi-Gaussian fit

dE/dx in TPC (arb. units)
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0.04
0.02
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-0.02

ALICE

TPC

Fits to TPC
dE/dx
distributions

x10°

| —e— Data, like-sign bkg subtracted
I — Breit-Wigner peak fit

: — Residual background ALICE preliminary

Statistical uncertainties p-Pb {5y = 5.02 TeV
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Min. bias, -0.5<y <0
70=p <80 GeV/c
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R
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TRACKING

CHAMBERS

% ~ /MUON '\
: FILTER /&=

= TRIGGER
~ \CHAMBER
—
s ~116m from I.P,

' ] More details about detectors:
“* | G. Herrera’s talk: 4/11

Y &y Instituto de
NCitT:-ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

HEAVY-ION RESULTS

Instituto de
Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
Nucleares
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We produce a hot system %

& S
Q
% I [e]ALICE | HLICE
S 108 0-20% Pb-Pb s, = 2.76 TeV 3
NES: — AP Te) 1 The direct photon production has been
Zlg [ @gﬁfE-Nfg“” HAOTMEV measured in Pb-Pb by ALICE
° °-'__ 0-20% AU-AU (S = 0.2 TeV -
2°>’ i —Aexp(p/ Tetr) ]
a oL T, = 239 + 255 £ 79° MeV N
N E =
102 E
ol E
10_3:_ —s— [ | PHENIX, PRC 91, 6, (2015) 064904
s e 1 ALICE, arXiv:1509.07324
] SO
107 4  The pyrange 0.9-2.1 GeV/c can be
- - described by an exponential with an
Al | | | | ] inverse slope parameter of 304 MeV
10 0—| L1 3 I I | 5 I | 3 [ | T | 5 [
P (GeV/c)

- ® > Instituto de
e G NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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R 0
< Nucleares

With a strong radial flow

ALICE, PLB 736 (2014) 196-207
ALICE, arXiv:1506.07287

2 ',w Instituto de

10°
o I
)
~~
> i
O 10f
S
>
©
|_
Q 10°°
©O
~—
Z
Al
©
=l
Q.
=
QV
Nl
~—
Ciencias

UNAM

ALICE |5, =276 TeV T

—— 0-5% Pb-Pb (x32)
—*—5.10% Pb-Pb (x16) -}

10-20% Pb-Pb (x8) Te

—¥— 20-40% Pb-Pb (x4) T
—*— 40-60% Pb-Pb (x2) T

—4— 60-80% Pb-Pb (x1)

T T
Low p; (<2 GeV/e):

Flattening of the
spectra going from 7
peripheral to .
central Pb-Pb .
collisions 4

e _
Te ]
N |

':'vt:

g —
“ PN = _
* Eﬂil —e
0 ”"m 5
% = S —
© e S
© o C— W -
O —
+P o

6 81012141618 0 2 4 6 8 1012141618 0 2 4 6 8 1012141618

p. (GeV/ce)

ALICE

November 3, 2015

Antonio Ortiz for the ALICE Collaboration
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With a strong radial flow

S 6
S Ol = Aeemmmeaem ] ALICE
S B —#— STAR, Au-Au\s,,, = 200 GeV ]
S 0 i ;= g, -5 PHENIX, Au-Au s, = 200 GeV ]
i - i ALICE, PRC 88, 044910 (2013)
< B © 1+ (x 100) 7
> 10 ceungico ] =
q}?\}_ o i VISHD.1 . " @@K‘+K'(x 10) 2 < 0.2 T I, I L I AILICE IFII’[I Ralng ™ ]
(% '__f:K':d Oo %“?’g" ] 8 018 & : T 05<p <1GeV/c J
= 10° :_ ---‘E::!OSW 0-5% Central collisions - —: ~ - ° K:0.2 < p <1.5GeV/cH
3 S I | — ! M o £ 016__ 80_90/0 H p 03<p <BOGeV/C—
= T T T T T T < N : :
B ‘\‘ S T[+ +X 7 014 _70 800/ PSRN U U 3 H -
_ 1 —*muwjﬂ‘_":_—":‘?—':“"‘“{' N °.- E%; " ]
3 [ i 0.12 | | RS S R S =
§ =T 1 1 1 1 = - AR e L. 0_50/0—
g W ] 0.1 :_ i RN O [(5""? _:
s Lw s K rK "' E'STAR, Fit Range L
[ R Sl i 008 E":05<p <0.8GeV/c 0-50% "
- I L I LI I B | I DAL B | I LI L I LI DL I - ' : K: 0-2 < p < 0-75 GeV/ C :
15 - 4y P+P 006_p 035<p <1ZGeV/c —
:\‘:"'~ ‘“*}& ..................... ] — — L I_
1 R R e GRS 2 0. 25 O 3 O 35 0 4 0 45 0 5 O 55 0 6 0 65 0.7
P P e e EPEPEPEPE BPRPEPEP <B>
o 1 2 3 4 5 .
p. (GeV/c) Stronger radial flow at LHC than at RHIC
Instituto de
Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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We also see elliptic flow

ALICE 10-20% Pb-Pb |5, = 2.76 TeV

ALICE 40-50% Pb-Pb \s,, = 2.76 TeV

04ox K
=p+p 0
0.3*A4A TE+E
Q0

V,{SP,|An| > 0.9}

ALICE

—en* K
#p+p *0
—*A+A TE4E

240

Aﬂﬂllﬂlﬂn
.,? ;,gfv Instituto de

S Ciencias
N /2 Nucleares
s UNAM

>
Ps (GeV/c)

ALICE, JHEP 1506 (2015) 190
Low p+: particle mass dependence consistent with elliptic flow accompanied by the

transverse radial expansion of the system with a common velocity field

November 3, 2015

Antonio Ortiz for the ALICE Collaboration
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Jet quenching

ALICE
[ “Simplest way” to establish the

properties of a system: The effect is quantified with the

J Calibrated probe nuclear modification factor:
] Calibrated interaction

O Suppression pattern tells about

density profile d’N, .
(] Heavy-ion collisions oAby
 Hard processes serve as R, = dydz 5
calibrated probe (pQCD) <N >d N,
Q Traverse through the medium and “U dydp,
interact
O Suppression pattern provides
density measurement R, » = 1 2 no nuclear effects

R, # 1 = (hot or cold) nuclear effects

@ 5 Instituto de
e~ B NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
8 P ucleares
e UNAM XV MEXICAN WORKSHOP ON PARTICLES AND FIELDS 20




Jet quenching

ALICE
[ “Simplest way” to establish the

properties of a system: The effect is quantified with the

J Calibrated probe nuclear modification factor:
] Calibrated interaction

O Suppression pattern tells about
density profile d°N, .,
J Heavy-ic The Mexican theory group is very active in this direction (also in
 Harc the investigation of the QCD phase diagram)
calib A. Ayala, |. Dominguez, M. E. Tejeda and A. Aranda, ...
0O Tray PRC 92, 024910 (2015), arXiv:1510.08548, arXiv:1509.03345,
inter arXiv:1509.00663, ...

O Suppression pattern provides
density measurement R, » = 1 2 no nuclear effects

R, # 1 = (hot or cold) nuclear effects

e ' S>» |Instituto de
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
R /5 ucleares
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The medium is opaque to jets
ALICE

ALICE, PLB 746 (2015) 1

< 1.2
< B -
T | ALICE Pb-Pb {s,=2.76TeV | Antike R=02 [n | <05 (9" 5 GeVie
O T S I
® Data0-10% [ ]Correlated uncertainty ¢ ¢ Data 10 - 30% [ |Correlated uncertainty
0.8 & Shape uncertainty L i Shape uncertainty
| = JEWEL | ==== JEWEL

L YaJEM L = YaJEM

0 L A A A | A A A A | A I I I I | I I I I | I
0 50 100 50 100
Pr it (GeV/c) Prjet (GeV/io)
Slightly more suppression in 0-10% Pb-Pb collisions
than in 10-30% Pb-Pb collisions
2 ' » Instituto de
Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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But, R p, consistent with 1 at high p;
ALICE

0.8

o 2T T I — —— —— I —
Q:Dd 1.85_ | minimurln-bias p-Plb VSan = E|>.02 TeV | _E
- = charged jets ALICE Preliminary .
16 anti-k; R=0.4, [ |<0.5 E
1.4 = charged hadrons, NSD, |r___|<0.3 _‘
=In Pb-Pb - .
collisions, Ry.<1 '“H T
is due to final + b
state effects -

0.6 . uncertainty reference +
I normalization I Glauber (charged jets)
0.4
0 | | | | | | | | | | | | | | | | | | | |
2O 20 40 60 80 100
r GeV/
pT © pT,jet ( © C)

=z ,-t-:-, » Instituto de
| ‘ NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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R\, for identified hadrons

ALICE Pb-Pb \/STJN =276 TeV
. 0-5%
O +TT
BK'+K
& P+p

oh'+h

44444

5-10%

ALICE, arXiv:1

506.0728

10-20%

40-60%

1 | | |

e

Ciencias

&)
g Pk Nucleares

UNAM

10 12 14 16 18

0 2 46

P (GeV/c)

| | | | | 1 1 | | |
8 1012141618 0 2 4 6 8

| | | | 1
10 12 14 16 18

ALICE

At high p; R, shows no particle species dependency

November 3, 2015

Antonio Ortiz for the ALICE Collaboration
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Hierarchy of parton energy loss
ALICE

L Radiative parton energy loss and
dense QCD matter is color charge
dependent (Casimir coupling factor)
R. Baier et al., NPB 483, (1997), 291

O Dead-cone effects: gluon radiation
suppressed at small angles (6<mg/
Eq)

AE,>AE, 4, > AE, > AE,

=>» Expected behavior at high p-:
RaA(T) < RyA(D) <Ry A(B)

W L Instituto de
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
%, Pl Nucleares
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Hierarchy of parton energy loss

ALICE, arXiv:1509.06888v1 H LIC E

2_I T TT T T 1T T T T T 1T T T 1T T T 1T T T 1T T T T
L 2 - | | | ALICE | L
0 Radiative parton energy loss and @ 1 gF 0-10% Pb-Pb, s, = 2.76 TeV -
dense QCD mat_ter. is colo_r charge 1 6l . Average D', D", D", [y|<0.5 ]
dependent (Casimir coupling factor) L o with pp p_-extrapolated reference
R. Baier et al., NPB 483, (1997), 291 1.4 - gﬂarge: particles, fg';(’-s =
O Dead-cone effects: gluon radiation ’ 23_ * Charged plons, nl<0. B
suppressed at small angles (6<mg/ T F .
Eo) I -
0.8 @ -
AE,>AE, s> AE, > AE, 0.63— _
=> Expected behavior at high p+: 0.4f H - iﬁﬁ‘*‘_*_E
RAA(T) <RpA(D) <Ry A(B) 0.2 N\, ettt E
L 111 | L 111 | L1l | || | L1l | L 111 | L 111 | L1l ]—
OO 5 10 15 20 25 30 35 40

P, (GeV/c)

0 g', Instituto de
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Hierarchy of parton energy loss

<1.4

ALICE

ALICE, arXiv:1506.06604v1

L Radiative parton energy loss and

dense QCD matter is color charge 1.2
dependent (Casimir coupling factor)
R. Baier et al., NPB 483, (1997), 291 1
O Dead-cone effects: gluon radiation
suppressed at small angles (8<mg/ 0.8
Eq)
0.6
AE,>AE, s> AE, > AE,
0.4
=>» Expected behavior at high p-:
0.2

RaA(T) < RyA(D) <Ry A(B)

0

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
i Pb-Pb, \/ SN = 2.76 TeV i
A (ALICE)5<p <8 GeV/c| |y|<0.8 7
i B D mesons (ALICE) 5<pT<8 GeV/c, |y|<0.5 ]
| c0.800, (empty) filled boxes: (un)correlated syst. uncert. ]
= 40-50% B

% B
n 30-40% 50309,
10-20% o
| 7wt shifted by +10in (N __) 0-10%

part

0 50 100 150 200 250 300 350 400
<Npart>
9 g', Instituto de )
e NC(ijg::gS November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Hierarchy of parton energy loss

ALICE, arXiv:1506.06604v1 H LIC E

0.4

e,

g 1 .4_I 1T | T T | T T | T T | T T | T T | T T | T TT I_

O Radiative parton energy loss and T [ Pb-Pb,ysy=2.76 TeV i
. 1ol A (ALICE)j8<p <16 GeV/c]|y|<0.8 ]

dense QCD matter is color charge “L m D mesons (ALICET82p <76 GeV/c, ly|<0.5 1
dependent (Casimir coupling factor) [ @ Tonprompt v (CMS) 6.5<p, <30 GeV/c, Iy|<24 |
R. Baier et al., NPB 483, (1997), 291 | (empty) filled boxes: (un)correlated syst. uncert.
O Dead-cone effects: gluon radiation i I
suppressed at small angles (6<mg/ 0.8~ G ”
Eq) - ]
0.6/~ 0-20% -

AE,>AE, 4> AE, > AE, i -

=>» Expected behavior at high p-: 0.509% F ez
0.2 20-100% 30-40% , ~no [T
Rua(m) <|R (D) <R, A(B)‘ v B
| ©* shifted by +10 in (N an) 0-10%
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
% B0 100 150 200 250 300 350 400
<Npart>

,;?' > |nstituto de
i _y"’" 5 I\ICi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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R\, for inclusive J/y

ALICE, JHEPO7 (2015) 051

s 15 ® ALICE, Pb-Pb, |s,,=2.76 TeV, |y|<0.8 H LIC E
@ 'Y 4 cwms, Po-pb, |s\=2.76 TeV, | y|<2.4
& PHENIX, Au-Au, |5,,=0.2 TeV, | y<0.35

AAAAAA

< O\ O\ N
OSSO \ \ \
% % %Y ‘\\\\ \. \ \ . *
RGN QAN
XX SESSSSONN OO \
N
00000 AN \. N
0 e e e R S S N e o NN R R R RN
0% SOOI N\
N

‘‘‘‘‘‘‘

05$w&§s%®®@

8
P, (GeV/c)

In both models, the rise of R,, towards p;= 0 is due to the
dominant contribution from J/y regeneration via coalescence

Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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JIY R,a at very low p+

ALICE, arXiv:1509.08802 H I- I C E
ALICE, Pb-Pb (s, = 2.76 TeV
25<y<4 Strong enhancement in the p;
+ 0 < p_<0.3 GeVrc, global syst = = 15.7 % interval 0-0.3 GeV/c
ol + 0.3 =< p, < 1 GeV/c, global syst =+ 15.1 % RAA~7(2) for the 70-90%
+ 1< p_ <8 GeVlc, global syst == 11.5 % (50_70%) Centrality
ol Common global syst = + 6.8 %
The production cross section
associated with the observed
excess is obtained under the
1 i hypothesis that coherent
8-?: g § photoproduction of J/y is the
0.6 - underlying physics mechanism
0.5F g
0.4IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
0 50 100 150 200 250 300 350
{ Noart?

%0 ,g' > |nstituto de
i, g Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
v P Nucleares
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pp and p-Pb physics %
ALICE

p-A collisions together with pp were playing
the role of control experiments. Why?

Q To disentangle the so-called cold nuclear

matter effects from those attributed to sQGP
produced in central heavy-ion collisions

, 2’.» > Instituto de . ____________________________________________________________________________________________________________________________________________________
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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But how cold is the “cold matter™?
Striking findings in high multiplicity p-Pb events ALICE

<% ;,, ,. Instituto de . __________________________________________________________________________________________________________________________________________________________
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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But how cold is the “cold matter™?
Striking findings in high multiplicity p-Pb events  ALICE

O Long-range angular correlations

- 2 <Py <4 GeVic -Pb |/, = 5.02 TeV
on the near and away side Tirig P-Pb Sy

- 1 <Py o, <2 GEVIC N (0-20%) - (60-100%)
Q Azimuthal flow !

0.25 T T T

v
< ALICE
(‘;. p-Pb |sy, =5.02 TeV
ot 02 (0-20%) - (60-100%)
\;7\' » mh AT
0.15 _+__‘
*K op
‘ —— »
==
0.05 —':! -
N o
o_...1....1....1....1....1....
0.5 1 15 2 .

ALICE, PLB 719 (2013) 29-41
CMS, PLB 718 (2013) 795
ALICE, PLB 726 (2013) 164-177
ALICE, PLB 728 (2014) 25-38

W L Instituto de
e NCi?ncias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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p+ spectra vs. multiplicity

Similarities to Pb-Pb results are observed:

ALICE

o A multiplicity- and mass-dependent flattening of the p; spectra at low p; (< 2 GeV/c)

C\I'J_|1O4III|III|-III|III|III|III|III|I III|III|III|III|III|III|III|I
§ io° T+ T p+p
8 1021 % High multiplicity %
= ALICE . ALICE
/; 10 PRELIMINARY PRELIMINARY
T_ p-Pb, \'s\y = 5.02 TeV p-Pb, \s\ = 5.02 TeV
o 1 O<y,, <0.5for p_<2.0 GeVic O<y,, <0.5for p_<3.0 GeVic
S 1 ly,.J<0.3 for p_>2.0 GeV/c ly,,J<0.3 for p_>3.0 GeV/c
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Blast-\Wave fit results

ALICE, PLB 728 (2014) 25-38

e . < 0-2_'"I'"'I""I""I'"'I""I""I""I""I"'_
To study the multiplicity > - .
evolution of the spectral ) 0.18 S % -
shapes we made a g 016 SN N N T E
simultaneous Blast-Wave fitto = g 14F ~ (%\, Ay ) =
n -~ N ]
m, K, p and A p; spectra - N S T .
L . 012 Seo Y. Q —
o Qualitatively similar - PR % 4 ]
behavior observed for p-Pb 0.1 IR T Oy
and Pb-Pb collisions 0.08 - —e— ALICE, p-Pb, |/s, = 5.02 TeV ‘\\‘:;} =
- Larger radial ﬂO_W . 0.06 :— VOA Multiplicity Classes (Pb-side) —:
parameter obtained in p-Pb 0.04F ALIGE. Pb-Pb. )76 ToV ]
than in Pb-Pb collisions for Q4E o PO, sy =276 Te :
. . T Coaa oty by boa s s by bo oy o by wa s by a by a1y oy ]

a similar multiplicity 003 5 025 0.3 035 0.4 045 0.5 055 0.6 0.65 0.7

(8.)
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Blast-\Wave fit results

ALICE, PLB 728 (2014) 25-38

o ~ 02T T
To study the multiplicity > (s E
evolution of the spectral 9} 0.18 E % n
shapes we made a g 016 NN AN N B
simultaneous Blast-Wave fitto =~ o14F _ X A =
n, K, p and A p; spectra I R Q -
012 "==uo__ T R S =
a0 But care needs to be taken - il L TS I ;~~~Q-Q_5,\ .
. . . - T EmaaL A3 —
with the interpretation 0.1 e e . m __-___. S
because the model also 0.08F —* ALICE p-Pb, |5y =5.02Tev. .
. - VOA Multiplicity Classes (Pb-side) 3
describes the p; spectra of 0.06 F —e— ALICE, Pb-Pb, |5, = 2.76 TeV =
pp events generated with [ = PYTHIA8, {s =7 TeV (with Color Reconnection) 3
Pythia 8, where no hydro 0.04 :_ —=— PYTHIAS, \s = 7 TeV (without Color Reconnection) o
. . Coa oo Uy o s by s by s by s by w s by by by v a by gy o7
expansion is assumed 00827025 0.3 0.35 0.4 045 0.5 055 0.6 065 0.7
ALICE ICN group, PRL 111 (2013) 4, 042001 </3 >
.
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Blast-\Wave fit results

ALICE, PLB 728 (2014) 25-38

o -~ 02T T

To study the multiplicity > - .

evolution of the spectral 9} 018¢ —}{ —%E .

shapes we made a g 0.16F 2y %h | ALICE 3

simultaneous Blast-Wave fitto =~ o 14F _ X Al I 3

m, K, p and A p; spectra I R L Q .

012 "=eec 0000 " ™ e € S =

0 But care needs to be taken - aL T P -

with the interpretation 0.1F R 50;;/ ______ o __-__5; :\ =

- @ — e , P-FD, S\ = ©- e ¢ ]

because the model also 0.08 VOA Multiplicity Classes (Pb-side) ‘ E

describes the p; spectra of 0.06 [ —©— ALICE, Pb-Pb,ys\, =2.76 TeV =

events generated with "UF T ALIGE pp \s=7Tev .

PP . g 004F ™ PYTHIAS, \s =7 TeV (w?th Color Reconnection) .

Pyth|a 8, where no hydro - —=— PYTHIAS, \s = 7 TeV (without Color Reconnection) 7

. . Coa oo Uy o s by s by s by s by w s by by by v a by gy o7
expansion Is assumed 00557025 0.3 0.35 0.4 045 0.5 055 0.6 065 0.7

ALICE ICN group, PRL 111 (2013) 4, 042001 </3 >

T

pp collisions also exhibit the same radial flow-like feature
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Blast-\Wave fit results

ALICE, PLB 728 (2014) 25-38

—~ 02—
To study the multiplicity >
evolution of the spectral o 018 —}{ _%E
shapes we made a g 0.16 NN %h |  ALICE

simultaneous Blast-Wave fitto = (14

i I PRELIMINARY

n, K, p and A p; spectra 012F bee o TUIRe—a.. kS .
a But care needs to be taken B e - ~omgh
. . S o Y S e 3
with the interpretation 0.1 ALIGE, P55 . " LS.
—— , p-Pb, \s\ = 5.02 Te P
becagse the model also 0.08 VOA Multiplicity Classes (Pb-side) ‘
describes the p; spectra of 006 —© ALICE, Pb-Pb,ys,, =276 TeV
t ted with . —— ALICE, pp, \s =7 TeV
pp events generated wi 0.04 —m=— PYTHIAS, \s = 7 TeV (with Color Reconnection)

TTT[TTT[TIT[TTIT[TTIT[TTT[TIT[TTT]TTI
I
J
I
I
I
]
J
J
'l
&

Pythia 8, where no hydro —=— PYTHIAS, {s = 7 TeV (without Color Reconnection)
expansion is assumed 0.02 =——= p— e e

achieved in high multiplicity events
|. Bautista et. al, PRD 92 (2015) 071504
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Blast-\Wave fit results

ALICE Preliminary, p-Pb, {[s,, = 5.02 TeV
VOA Multiplicity Class (Pb-side): 0-5%
* (100x)
" (50x)
—5— K (25x)

—H— A +A (0.1x)

—@— E +E' (0.05x)

—— Q +T (0.01x)
Blast-Wave
global fit

'fit ranée: 0.5-'1 .0 Ge'V/c

" 0.2-1.5 GeVic

0.0-1.5 GeV/c

" 0.3-3.0 GeVic

0.6-3.2 GeV/c

" 0.63.1GeVic

0.8-3.8 GeV/c
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VOA Multiplicity Class: 0-5% ALICE

The Blast-wave model is compared to the p;

distributions of =~ and Q-

o Using the parameters obtained from the
simultaneous fit to i, K, p and A, the
model describes the = and Q- p; spectra

Common kinetic freeze-out describes the
spectra in high multiplicity p-Pb collisions

o This feature is also observed in pp events
simulated with Pythia 8

o In central heavy-ion collisions, the multi-
strange particles experience less
transverse flow

PLB 728 (2014) 216-227
PRC 90 (2014) 054912
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Particle ratios (/A\/K)

Similar behavior is observed when we compare the three colliding systems

In Pb-Pb the effect can be explained with flow and coalescence H LIC E
o _|IIII|IIII|III|||||||||||||||||||||||||||||__|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|II__|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|II_
X 2F ALICE Preliminary pp Vs =7 TeV I~ ALICE p-Pb |, = 5.02 TeV T ALICE Pb-Pb |5, =276 TeV -
<. | B3 01%,(dN_sdn) =213 T E=-0-5%, (dN_/dn) = 45.1 I B2 0-5%, (dN_/dn) = 1601.0 ]
1'8;_ = 70-100%, (dN_/dm)=2.3 | == 60-80%, (dN_/dn) = 9.8 1 F=80-90%, (dN /o) =134 |
1.6 (VOM Multiplicity Classes) T (VOA Mult. Classes - Pb side) T
1.4F + ]
2 . 1.2F = -
s g [
g [y T ;
. 0.8F T :
3 06 1 o 1
= - - T
g8 0.4 ¥ =F
& K I
0.2

O%HH“HdHHthHHthHHth&%HH“HdHH“HdHHthHHthd

01 2 3 45 6 7 801 2 3 4 5 6 7 801 2 3 4 5 6 7 8
P, (GeV/c)
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Particle ratios (/A\/K)

Similar behavior is observed when we compare the three colliding systems

In Pb-Pb the effect can be explained with flow and coalescence H LIC E
o _||||||||||||II|!||-|||||||||||||||||||||||||__|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|II__|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|II_
¥ 2 ALICE Preliminary pp \s =7 TeV |~ ALICE p-Pb Syy = 5.02 TeV T ALICE Pb-Pb \s,, =2.76 TeV 7
<. | B3 01%,(dN_sdn) =213 T E=-0-5%, (dN_/dn) = 45.1 I B2 0-5%, (dN_/dn) = 1601.0 ]
1'8;_ = 70-100%, (dN_/dm)=2.3 | == 60-80%, (dN_/dn) = 9.8 1 F=80-90%, (dN /o) =134 |
1.6 (VOM Multiplicity Classes) T (VOA Mult. Classes - Pb side) I N
145 T T ;
3 : 1 I ]
Sz 1.2¢ T T ]
= I 1 I ]
: Tt 1 T ]
. 0.8F T T .
5 06 ] T ]
= 0.4 ——+ ]
= - i ]
02__ =l o ___ —.
O:llIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II:- . - il
o 1 23 45 6 7 8|More details: 7 8
] , .
G. Bencedi’s talk: 3/11
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Nt vs. dN . /dn

—— GSI-Heidelberg model - - - THERMUS V3.0 model
Pb-Pb - T,,=156 MeV Pb-Pb - T, =156 MeV

X

i

o
&

ALICE

30

O
O
IIII|IIII$IIII|II
|IIII|I:I:fI:I|IIII|I

ALICE

Preliminary p-Pb ys,,=5.02 TeV
VOA Mult. Evt. Classes (Pb-side)

[+ ]pp (INEL) ¥s=7 TeV

[ = | Pb-Pb ys,,=2.76 TeV

20

MC productions - pp Vs=7TeV
Pythia6-Perugia2011-NoCR

Pb-Pb ©

——— Pythiaé-Perugia2011-WithCR [= Jpreliminary pp ¥s=7 Tev
—— Pythia8-Monash-WithCR VOM Mult. Evt. Classes
G | | Lol | | ||||||| | | Lot |
1 10 10 10°
<chh/dn>|n|< 0.5
N/t ratio increases with multiplicity, similar
dependence in pp and p-Pb collisions
Instituto de
Ciencias November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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=/t vs. dN_./dn
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p P b 3 ALICE
El Preliminary p-Pb sy, = 5.02 TeV
VOA Mult. Evt. Classes (Pb-side)
2 E|pp (INEL) Vs = 900 GeV

MC productions - pp Vs=7TeV [+]pp (INEL) Vs = 7 TeV
—— Pythia6-Perugia2011-NoCR  [«]Pb-Pb ysy, = 2.76 TeV
—— Pythia6-Perugia2011-WithCR EI Preliminary pp Vs =7 TeV
—— Pythia8-Monash-WithCR VOM Mult. Evt. Classes
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-
e
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Inj< 0.5

The effect is strangeness-related and not baryon-related
(Strangeness enhancement in pp and p-Pb)
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Summary %
New exciting results for small systems
ALICE

Several similarities among pp, p-Pb and Pb-Pb
collisions have been reported

Q p; spectra show flow-like behavior

a Indication of strangeness enhancement in
pp and p-Pb collisions

a No indication of nuclear modification at high
p+ In p-Pb collisions

[ November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Other highlights

; -e- ALICE ;
° E *He-*Fe --- CPT prediction ; 110
» d-d .
' 3 = -8
P AT RTNY SRR R - e
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Nature Physics 11 (2015) 811-814
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Other highlights

Mass difference of

(anti)Nuclei

L Highest precision
measurement of mass
difference in the nuclei sector

dImprovement by 1-2 orders of
magnitude compared to
earlier measurements

dConstrain on CPT symmetry
violation improved by a factor
2 for deuteron. First
measurement of A¢ for

(anti)3He

ALICE

% S
&) -e- ALICE >
S~
% _._s SHe-*He === CPT prediction E 10 S
O 4r - : 1 <
~ » d-d )
£ : 3. 30 . 18
I I I NI SRR B B - ——
-0.002 -0.001 0 0.001 0.002 He He H
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3 1 - 6
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—&— ANT71 -
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: 14
2 d-d é _ : 1
——6— DORG65 d-d —o— 1o
| ——o—— MAS65 —6+— DEN71, KES99
B ! i ! | | i | Ly
-0.1 -0.05 0 0.05 0.1 -1 0.5 0.5 1
A(m/lzl
(m/izl) - Ae,x
(m/IzI)A €

ALICE, Nature Physics 11 (2015) 811-814

November 3, 2015

1]
e e js',‘. Instituto de
RN £ ey Y . .
M B Ciencias
% P Nucleares
peergo”  UNAM
0

Antonio Ortiz for the ALICE Collaboration

XV MEXICAN WORKSHOP ON PARTICLES AND FIELDS 46



T T

Number of events

[ IIIIII|

10

I lIlIIII

—_
IIIII|

Cosmlc ray phySICS with ALICE %
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ALICE

|4

—+— Data

- = Monte Carlo: Fe as primary cosmic ray

|1 Illlll|

Monte Carlo: proton as primary cosmic ray__|
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Number of muons

ALICE

arXiv:1507.07577

0 The high multiplicity events observed in ALICE stem from primary cosmic rays with
energies above 10'° eV
O The frequency of these events can be successfully described by assuming a heavy
mass composition of primary cosmic rays in this energy range

[} £
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Cosmlc ray physms Wlth ALICE %

2 =
C
5 O\ ALICE -
210° E \ —+— Data =
o) — -
g E \ - = Monte Carlo: Fe as primary cosmic ray E
§ 10% | Monte Carlo: proton as primary cosmic ray:. =

10 E-

TE
=N S R

|4

ALICE

arXiv:1507.07577

—
o

20

60 70
Number of muons

O The high multiplicity events observe
energies above 10'° eV

O The frequency of these events can |
mass composition of primary cosmic

More details:

M. Rodriguez’s talk: 2/11
E. Gonzalez’s poster: 2/11
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Cosmic ray physics with ALICE .
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a Lo hber of muons

0 The high multintinitss ~vinnta » S mrimaans an smic rays with

energies abo |
O The frequenc. Tha N kS ) uming a heavy

mass composition of primary cosmic rays in this energy range
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International workshop

QCD challenges at the LHC: -
from pp 1o AA

W T LT

january 18-22, 2016 Taxco, Mexico

O Latest results on pp, pA and AA collisions at the
RHIC and at the LHC
0 QCD systems with high density of color
charges
International advisory committee O QCD inspired MC generators
Federico Antinori (CERN, Switzerland) L .
Peter Christiansen (Lund, Sweden) Local organizing committee
Paolo Giubellino (CERN, Switzerland) -Eleazar Cuautle
Larry MacLerran (BNL, USA) Peter Hess
Andreas Morsch (CERN, Switzerland) Antonio Ortiz
Jurgen Schukraft (CERN, Switzerland) 7 ' Guy Paié
Jun Takahashi (UNICAMP, Brazil) Genaro Toledo

a__l;ﬁ @ CONACYT https://indico.nucleares.unam.mx/event/qgcdchallenges2015
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Resonances iIn p-Pb collisions

LI l LI l LI l LI l LI l LI l T
| 0 o ALICE, Pb-Pb 2.76 TeV |
" m o ALICE, pp 7 TeV T
v 0.4 [ .. . GC Thermal model (T=156 MeV) i H L I C E
2 b ‘
o [ - K*/K
gosf rf : i g ]
g i
&)
S 0.2t H i
7))
O L et B
| ALICE preliminary, p-Pb 5.02 TeV (VOA multiplicity)
[ om (KHKO/K+K) o 2¢/(K™+K), -0.5<y <0 ]
0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
0 2 4 6 8 10 12
1/3
<dN d >IyI <0.5

The reduction of the K*9/K- ratio going from pp to central Pb-Pb collisions is usually
attributed to be a consequence of re-scattering of K*0 decay daughters in the hadronic
phase. ALICE, PRC 91 (2015) 024609

Results for p-Pb collisions are consistent with peripheral Pb-Pb collisions

B X5 Instituto de
] u Ciencias E November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Particle ratios
ALICE

At intermediate p; - ALICE p-Pb,\sy=5.02Tev | Pb-Pb, |5, =2.76 TeV

(2<p;<10 GeV/c), the proton- [ Preliminary e 0-5% I * 0-5% ]
H H H : i ® 60-80% T B 60-80%

to-pion ratio increases with 0.8/ p.<3.0 GeV/c T PLB 736, 196-207 (2014)

event multiplicity PLB 728, 25-38 (2014)
0.6 -+
The behavior of this increase I il
is qualitatively similar to that

observed in Pb-Pb collisions <o

[ VOA Multiplicity Classes (Pb-side)
0.4

0.2

1 Il
= T o

At high p; (>10 GeV/c) the o j =
particle ratios in p-Pb and Pb- g e e e e e e
Pb are consistent p. (GeV/c)

N B Ncé?é]::gs November 3, 2015 Antonio Ortiz for the ALICE Collaboration
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Particle ratios

At intermediate p-
(2<q4Z 0.5

the

ratid %= V-

with
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e pp Vs=2.76 TeV, PLB 728, 25-38 (2014)

< 1

Also in INEL Vs = 2.76 TeV pp

intermediate p; is observed.

collisions the “bump” at

R
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The VOA multiplicity estimator

ALICE PRC 91 (2015) 064905 H LICE

- L B L R 102 e FrTT T T T T ' 102
g Glauber-MC jl §4 =, Glauber-MC il
Z 30 'p-Pb {Syy = 5.02 TeV Z 40000, Pb-Pb sy =276 TeV ]
1410° LY 1410°
] : sof 4 e
20 i i 3 y
14 10° [ b 1< 10°
] 3 2001 T B
10 . [
10° 1001 Tk
- z W
L L L -6 L L Ml 4 -6
% 5 10 15 10 % 5 10 15 20 10
b (fm) b (fm)

o For small systems, the impact parameter (b) is weakly correlated with the number
of participants (N,

o Particle production is therefore studied in intervals of event multiplicity. We use the
same estimator (VOA) used in the first ALICE publication on identified hadron
production in p-Pb collisions

ALICE, PLB 728 (2014) 25-38
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Nuclear modlflcatlon factor

n: 1 85— ALICE preliminary ALICE
1.6
1.4
- K
1.2 ﬁil'" I
1]— -- -_illlfL.FII N :E._..._i Tiu . |
: ,..-!!-:'—----——*w—— Bl il el B
O 8__ ._L-_ _:t‘—ji T \
- NSD, p-Pb \s,, = 5.02 TeV
O.GF' : [ m ] xx,-05<y_ <0 forp <20 GeVic
f -03<y Ms<0.3 for p.>20 GeV/c
0.4 K'+K,-0.5<y oms <0 forpT<2.8GeV/c
— 03<y <0.3 for pT>2.8 GeV/c
0.2 - [ m | p+p,-05< yCMS p 0 forp <3.0GeV/c
C -0.3< Y oms < 0.3 for p,> 3.0 GeV/c
B | | | | | | | | | | | | | | | | | | | | | | | | | | |
O 2 4 6 8 10 12 14

P (GeV/c)

At intermediate p; the proton R, shows a Cronin-like enhancement, while
pions and kaons show little or no nuclear modification
At higher py, the pion, kaon and proton R g, are consistent with unity
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Photoproduction in Pb-Pb UPC %

g 8- Pb+Pb — Pb+Pb+J/y |s =276 TeV  a)
I A e ALICE Coherent J/y
% - AB-HKNO7 e © Reflected
S e ngLIGHT . 523:22
ST LM-fIPSat
5 ----- AB-EPS09 . = _.-a.
r RSZ-LTA :' .’ s S .
m e AB-EPS08 ./ 7 o= T~
\: B AR
3:_ :“‘ o source
2
= d Photon from the Pb EM field
e interacts with the Pb nucleus

y (coherent) or with a nucleon
Good agreement with the model which incorporates  (incoherent)

the nuclear gluon shadowing according to the J Measured in Pb-Pb ultra
EPSO09 parameterization (AB-EPS09) peripheral collisions (b>2
ALICE, PLB 718 (2013) 1273 Rep)

ALICE, EPJ 73 (2013) 11 O Sensitive to gluon nPDF
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Reconstruction of D mesons

« D mesons reconstructed via hadronic decay channels Cefl"tlrlai t())asrrel

D? — K1r* cT=123pym BR=3.88%
D* — KT1romre cT=312um BR=9.13% H LIC E

D"— DT — K1 1T BR=2.63%

* Reconstructed secondary vertices
| L |

| §8°°°, 2<p <3 GeVic :

D? — K S — = 7000; D K+ :
. : - — A T" + C.C.

o B L 26000 (2 j
K dﬂlﬁht 121 - .’."q“"’_ — D reconstructed momentum E - 1
‘.'_'wf- - i ‘ i e i < 5000 nerlc;sgs:l *
pnm.u‘v wﬁu ,i—k& ondary vertex u 08/07/2013 7
e ’Decay |ength\ 4000t .
R :Pb Pb, Vs,,=2.76 TeV :

3000 Centrality: 0-10% -

* TPC and TOF used to identify T and K 2000 M= (‘)gf’j : gggl ge:/’g :
; ; - 0=0.014%0. e -

to reduce combinatorial background 1000. S (30) = 4351 + 243 :
- SB(30)=0.0936

« An invariant mass analysis performed 175 18 185 1.9 195 2 2,05
to extract the signal yield Invariant Mass (Kr) (GeV/c')
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Anisotropic flow
ALICE

Pressure gradient generates collective flow — anisotropy in momentum space

Py

» — atan 2
pressure and ?

Px
C A’ rd multlple collisions Px
coordinate space: momentum space:
initial anisotropy final anisotropy
\ M. Luzum, J. Phys. G: Nucl. Part. Phys. 38 (2011) 124026
d>N 1
B = om ppoTdy (1+ X%, 2v,c0s(n(p —¥,)))

Importance of v,:

O Constraints to initial conditions, such as particle production mechanisms.
O Probes freeze-out conditions of the system.

 Checks number of constituents quarks scaling.
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Heavy ion run

2010/12/06 21.35

LHC 2010 HI RUN (3.5 Z TeV/beam) LHC 2011 HI RUN (3.5 Z TeV/beam)
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