Instituto de
Ciencias
Nucleares
UNAM

. o
I"'._ T > A A
\.\ . S O A 5 [\
A |
dq " 7, {
| |- .0 B e ] i i =
L i
| b
. . - - i . & bl —
y y y ¥ : % " g -~ ] g " av 7~ v/ ~y @ S a _I=I.C
-(III[]| - \rt @, > 1 | INn \ »
] | 7
T A g | s ¥ \/
- = ;
— d | 4
%o b

7 Antonio Ortiz Velasquez

BNL Nuclear Theory Seminar
March 20, 2015.

taken from Stefan Gieseke®©



Instituto de ﬁ
Ciencias
Nucleares
UNAM -
Outline

»pp and p-Pb collisions.

» Their role in heavy ion collision physics.

» Results for high multiplicity pp and/or p-Pb collisions:
sphericity, ridge and flow patterns.

» Flow-like via: multi-parton interactions (MPI) and
color reconnection (CR).

» Flow-like vs flow (hydro): study using LHC data.
»Can jets also mimic flow? Study using event shapes.
»Summary.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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N”mgeal of pp and p-Pb collisions in
heavy Ion experiments

> pp and p-Pb runs were thought to provide trivial
reference for Pb-Pb physics. The main purpose
was to allow the extraction of the genuine
properties of the strongly coupled Quark Gluon
Plasma (sQGP).

> e.g. Jet quenching effects can be quantified
through the measurement of the production of
hadrons at large transverse momenta (p+) In

vacuum compared to that in the medium.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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Average transverse sphericity vs event multiplicity.
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Average transverse sphericity vs event multiplicity.

First observations
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Ridges in small systems

pPb

PP
fewfm /S .i 1 fm

Gunther Roland, March 4 2015
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also anisotropic flow

pPb 5 TeV

220 < N°™M"® < 260 |
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. March 4 2015
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Hydro calculations gives a qualitatively good description of data:
P. Bozek, Phys. Rev. C85: 014911 (2012).

E. Shuryak and |. Zahed, Phys. Rev. C88:044915 (2013).

P. Bozek and W. Broniowski, Phys. Rev. C88: 014903 (2013).

A. Bzdak et al., Phys. Rev. C87: 064906 (2013).

G.-Y. Qin and B. Mueller, Phys. Rev. C89 044902 (2014).

K. Werner et al., Phys. Rev. C89: 064903 (2014).

P. Bozek et al., Phys. Rev. Lett. 111: 172303 (2013).

But, its applicability in small systems is questionable.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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Hydro calculations gives a qualitatively good description of data:
P. Bozek, Phys. Rev. C85: 014911 (2012).

E. Shuryak and |. Zahed, Phys. Rev. C88:044915 (2013).

P. Bozek and W. Broniowski, Phys. Rev. C88: 014903 (2013).

A. Bzdak et al., Phys. Rev. C87: 064906 (2013).

G.-Y. Qin and B. Mueller, Phys. Rev. C89 044902 (2014).

K. Werner et al., Phys. Rev. C89: 064903 (2014).

P. Bozek et al., Phys. Rev. Lett. 111: 172303 (2013).

But, its applicability in small systems is questionable.

Other approaches which do not invoke final state effects nicely reproduce some features
of data.

» Color Glass Condensate.

A. Dumitru et al., Phys. Lett. B697: 21 (2011).

K. Dusling and R. Venugoapalan, Phys. Rev. D87: 094034 (2013).

Y. V. Kovchegov and D. E. Werterpny, Nucl. Phys. A906:50 (2013).

» AMPT model (incoherent elastic scattering of partons).
G.-L. Ma and A. Bzdak, Phys. Lett. B739: 209-213 (2014).

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 10



Instituto de

Ciencias
Nucleares
UNAM
0.1 T T T T T T T D.DS T T T T T T T
Gluon v,(2PC) at 1=0.4 fri/c Gluon v(EP) at 1=0.4 fm/c
0.08 | X p+Pb (const. quark proton) o | 0.04 | p+Pb (const. quark proton) L
/ p+Pb (spherical proton) | p+Pb (spherical proton) O
Pb+Pb (b=0 fm -- central) o AN Pb+Pb (b=0fm -- central) o]
0.06 . 0.03 .
Pb+Pb (b=11 fm -- peripheral) L] Pb+Pb (b=11 fm -- peripheral) L]
Ky 0.04 - o 0.02
0.02 + 0.01
0F 0}
0.02 - 0.01 i
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
pr [GeV] pr [GeV]
W’ - ”
K. Dusling and R. Venugoapalan, Phys. Rev. D87: 094034 (2013). p, (GeV/c)

Y. V. Kovchegov and D. E. Werterpny, Nucl. Phys. A906:50 (2013).

» AMPT model (incoherent elastic scattering of partons).
G.-L. Ma and A. Bzdak, Phys. Lett. B739: 209-213 (2014).

Recently, it has been demonstrated that calculations of single and double inclusive gluon

distributions in classical Yang-Mills simulations of pA collisions give azimuthal anisotropies.
B. Schenke, S. Schlichting and R. Venugopalan arXiv:1502.01331v1

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 11
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ata also show a mass ordering
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The mass ordering could be also explained w/o invoking final state effects, for
example multi-parton interactions + color reconnection mimic radial flow.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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Multi-parton interactions

A. Ortiz (BNL Nuclear Theory Seminar)
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Basis

Due to the simple fact that hadrons have
structure, multi-parton interactions (several
distinct parton-parton interactions in one
and the same hadron-hadron collision) can

OCcCur.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 14
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Basis

Due to the simple fact that hadrons have
structure, multi-parton interactions (several
distinct parton-parton interactions in one
and the same hadron-hadron collision) can
occur.

The first crucial observation is that the t-channel
propagators appearing in perturbative

QCD 2 — 2 scattering almost go on shell at low
p,, causing the differential cross sections to

become very large, behaving roughly as:
dt dp;

2 4
t Pr

dO,,,x

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 15
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Basis

Due to the simple fact that hadrons have
structure, multi-parton interactions (several
distinct parton-parton interactions in one
and the same hadron-hadron collision) can
occur.

The first crucial observation is that the t-channel

propagators appearing in per{ Each hadron-hadron
QCD2 - 2 Scattering almost collision contains several

: : - few-GeV parton-parton
p;, causing the differential crq ™" 0" (MPI)!

become very large, behaving Tougmy as:
dt _dp;
2 4
Pr
At LHC energies, the parton-parton cross section

becomes larger than the total hadron-hadron
cross section at p_ scales of order 4-5 GeV.

P. Skands, “Introduction to QCD," arXiv:1207.2389v4
March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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http://arxiv.org/abs/1207.2389v4
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Basis

In the limit that all the partonic interactions are independent and equivalent,
one would simply have a Poisson distribution in the number of MPI, with
average:

(n) (mein): OZ*ZCSPTmin)

tot

O, IS the Inelastic hadron-hadron cross section and p,,, IS a lower cutoff
scale.

Some considerations:

» The Interactions can not use up more momentum than is available in the
parent hadron.

> In Pythia-based models, the MPI are ordered in p;, and the parton

densities for each successive interaction are explicitly constructed so
that the sum of x fractions can never be greater than one.

P. Skands, “Introduction to QCD," arXiv:1207.2389v4
March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 17
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Jet #1 Direction

Lepton-Pair Direction

» Hard jets appear to sit
on top of a higher
“pedestal”’ of underlying
activity than events with
no hard jets.

March 20, 2015
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The ALICE Collabhoration, JHEP 116, 2012.
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Jet #1 Direction

Lepton-Pair Direction

» Hard jets appear to sit
on top of a higher
“pedestal”’ of underlying
activity than events with
no hard jets.
2> Centrality bias in pp

collisions!

March 20, 2015
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LHC events have multiplicities in nondiffractive events (8 TeV LHC)
complicated structure, the 0.12 — T
: . ~ strings crossingy =0
different phySICS —‘ primary hadrons in lyl <0.5
COmpOnentS (MP| ISR 01k charged patrticles in lyl <0.5 -
FSR, BR) may produce high
: 0.08 | -
density Of_ color charges, T. Sjostrand, “Color reconnection and
that may interact (color € o |- its effects on precise measurements at
reconnection) in a nontrivial £ the LHC", arXiv:1310.8073v1
nonlinear manner. 0on I
To quantify the effect, let -
us consider MB events, ——>>0 f

String width ~ hadronic width = o
= Qverlap factor ~ 10!
Larger for hard collisions
(small impact parameter)
March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 22
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Color reconnection

In Pythia, the final step at parton level before the hadronization is the color
reconnection CR, its aim is to describe the hadronization of a many parton
system in a single event with multiple hard sub collisions.

A /\_1 A
= 1.\“—-'m i e '
- _,/'_ \ . _.--"gjr\k““m I"'\ - /)_ \.
S e e s N P /-c::
\ N T
N < h'\/} - ~
\’/J Y"

(a) (b) (c)

Fig.2. (a) In a hard gluon-gluon subcollision the outgoing gluons will be colour-
connected to the projectile and target remnants. Initial state radiation may give
extra gluon kinks, which are ordered in rapidity. (b) A second hard scattering
would naively be expected to give two new strings connected to the remnants. (c)
In the fits to data the gluons are colour reconnected. so that the total string length
becomes as short as possible.

G. Gustafson, Acta Phys.Polon.B40:1981-1996,2009

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 23
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Color reconnection

In Pythia, the final step at parton level before the hadronization is the color
reconnection CR, its aim is to describe the hadronization of a many parton
system in a single event with multiple hard sub collisions.

o -
P o~ A
/'—""-. \_1l. /—-'::-:’-ﬂi\NM \H_‘I }_.-") H.
- -\ - d b
o P R e ol e
\\x o {\ T ~ - F\ .// *
'u._‘\ R F— Hm“_«_’:: — " _y _‘/_.-—{
" o . \\_ .
v \\/ v

The tune 4C (Pythia 8.1.2), uses a model where either
all or none of the final-state partons of a MPI system nay give
are attached to the string pieces of a higher-p_ system, fattering

. ] o ants. (c)
In a way so as to keep the total string length minimal. \g length

DECOIES ds SIHOTD ds PosslDIe,

|:3 colour-

G. Gustafson, Acta Phys.Polon.B40:1981-1996,2009
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%R IS heeded to describe data

CR is the mechanism which produces
the rise of <p_> with multiplicity

(p,)(GeVic)

—
—

-

=
[£=]

=
oo

0.6

0.5

0.4

0.3

0.2

March 20, 2015

:I | | | | T T | | | 1T 17T | L L
= Pythia 8, pp Vs=7 TeV j
-« Tune 4C (with CR)
- o Tune 4C (w/o CR) 4
= No p, cut. -
9 *
3 0 3
F 8 ]
;_I 1 11 | 1 11 1 | 1 11 1 | 1 1 11 | [ | L1 1 1 | 1 1 1 I_;
0 1 2 3 4 5 6 7
dN,_ /dn
T, ja)

7000 GeV pp Soft QCD (mb,difffwd)
O 18 I Average P, vs N, (Nch >1, p, > 0.5 GeV/c) _] 2
~ [ =
o L " ATLAS Jes
~ 16 ¥ Epos —N
= “9- Herwig++ 1
- --# - Phojet o
14 R Pythia 6 ]
. =
| —*&— Pythia 8 T
o ¥ Sherpa -
1.2 ]
1 .
0.8 —
—H<
Q
§ 1e
i 18
06— ATLAS 2010_S8918562 s
[e]
Epos 1.95.crmc.v3400, Herwig++ 2.6.1a, Phojet 1.12a, Pythia 6.427, Pythia 8.170 She@a
—I L 1 L | L 1 L 1 L | L | L 1 L 1 L | L | L 1 L I_ E
0 50 100
N ch

CR is the ingredient to reproduce
the rise of <p_> with Nch.

0.516------
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CR produces flow-like effects

» A string piece moving with some transverse velocity tends to transfer that
velocity to the particle produced from it, albeit with large fluctuations,
thereby giving larger transverse momenta to heavier hadrons.

» A string piece has a larger transverse velocity the closer to each other the
two endpoint partons are moving, which is precisely what is favored by CR
scenarios intended to reduce the string length.

” Scattered parton 1

Scattered parton 2 (Q
@ o,

Beam remnant Beam remnant
A. Ortiz et al., Phys. Rev. Lett. 111, 042001, 2013.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 26
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CR and hydro calculations
confronted with LHC data

A. Ortiz (BNL Nuclear Theory Seminar)
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Average p.vs m

Pythia 8.201:

T. Sj6strand et al., § 2 "L"""""""'C

arxiv:1410.3012 > pp \s =7 TeV (MB)
o 1.8 /V
©) = Pythia 8.201 (Monash 2013)

Tune Monash 2013.

P.Skandsetal., EPIC74 1.6 o Pythia 8.201 (Monash 2013 no @)L

(2014) 8, 3024. Q
In Pythia 8, the average p, canbée 1.4
affected by:
> Collective flow-like due to 1.2
transversely boosted string
pieces (<p.> ~ k*m, PRL 11, 1 n

042001, 2013).

> At each string breaking the q 0.8
and gbar are supposed to
receive opposite and 0.6
compensating p. kicks

according to a Gaussian 0.4
distribution in p_and p,

separately (Gaussian [0 J2J NS S T S [ S S S S T S
fragmentation p.). 0 0.2 0.4 0.6 0.8 1 1.2

. : Mass (GeV/c?)
Different scaling for b
ar',derz,eensosrf:?mg or haryoens http://home.thep.lu.se/~torbjorn/pythia82html/Fragmentation.html

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 29
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Scaling with m/n_

Pythia 8.201: 9
T. Sjéstrand et al., L
arxiv:1410.3012 > 18
Q)
Tune Monash 2013. g 16
P. Skands et al., EPJ C74 -
(2014) 8, 3024. Sy
To facilitate the comparison (e.g.
slopes) between bayons and
mesons, the hadron mass is divided
by the number of quark (nq). 1

When color reconnection (CR)is 5 g
switched off (independent
fragmentation of the partonic 0.6
systems), mean p_ roughly scales

with m/nq, <pT>~constant*(m/nq). 0.4

With CR, flow-like effects appears 0.2
and the universal scaling is broken:
the <p_>s for baryons and mesons

scale with m/nq, independently.

pp \s =7 TeV (MB)

= Pythia 8.201 (Monash 2013)
o Pythia 8.201 (Monash 2013 no CR)

*Here lines are the fits to data.

N + 1100
o KRg P

—~ 10"
A EK 0

-0

0.1 0.2 0.3 0.4 0.5 0.6
Mass/n, (GeV/c?)
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15 20 25 30 35 40

When the number of multi-
parton interactions is
increased (large multiplicity)
we observe an overall
increase of the average p..

The mean p_ is larger when

CR is activated. Baryons
have an overall larger mean
p, than mesons.

Without CR, <p_> is still

closer to the universal
scaling with m/n,.

— 10?
3

10°

March 20, 2015

0.8

0.6

0.4

0.2

A. Ortiz (BNL Nuclear Theory Seminar)

Pythla high multiplicity

B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 A
- pp \s=7TeV, 7<(chh/dn)/(chh/dn><8 : .
- = Pythia 8.201 (Monash 2013) ]
— o Pythia 8.201 (Monash 2013 no.Q,R)" —
2 E
- *Here lines are the fits to gata 7
E 1 1 7I.ci-l I 1 1 1 1 I K /Kg 1 Ipl 1 I :EI: /Il((:* 1 ﬂ) 1 1 glz- 1 1 IE
0 0.1 0.2 0.3 0.4 0.5 0.6

Mass/n, (GeV/c?)
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—I ' I I I C I ' ' I '
1.6 ALICE, p-Pb, \ s\ = 5.02 TeV Mean p. increases with the event

&)
~
% L VOA Multiplicity Classes (Pb-side) multiplicity. The effect is mass
Q) 1.4 — 0 < <05 dependent.
= - UV <Veows <Y i
Q  12r —
- ¥ I
1 & *IA+A S
: 21Pp+P :
. & -
0.8 @" v | KS §
. — -
06 K'+K _
5 « = **T  [Crsr -
04 | & l‘ i = @ i il . . . R EEE =
10 10°
(dN /dn )

lab mlabl < 0.5

ALICE Collaboration/PL B728:25 (2014). ) ch » 33
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'@ <p_>vs N_ in p-Pb collisions

§ 1.6 ALICE, p-Pb, \ sy = . 02 TeV Mean p_ increases with the event
[ L VOA Multiplicity Classes (Pb-side) multiplicity. The effect is mass
Q) 1.4 0 05 dependent.
St - V<Yows <V [
= B We want to study <p_> vs hadron
3 1.2 L ; mass for a given event class
1 :— & * A +A —:
i 5lp+p ]
0.8 i * %ﬂ v Kg .
- g o
0.6 - e 21K +K —
- e . - ¥ o | Tt + 1T -
L - i
04 T i = : ] . . S P | =
10
(dN_ /dn )

ALICE Collaboration/PL B728:25 (2014). ' lab’ [, | < 0.5 2
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<p.> VS hadron mass

» Points obtained from fits to the data reported here: ALICE Collaboration/PL B728:25 (2014).

Mass (m) is divided by the number of quarks constituents (n q)

G _I 1 1 T I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 T 1 I 1 l_ T 1 1 T I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T I 1 1 1 1 I 1 l_
> 1.8 P-Pb s =5.02TeV 3 E p-Pb sy =5.02TeV =
?\: {gf. = mesons - 4 . = mesons _ - e
& [ o baryons Low Multiplicity 1 E o baryons High Multiplicity ]
~ 14F 4 F 3 -
12F 4 F ’ -
- ? 1 E ]
LI K'/KS  po 3 F = K'/Kg p A ~
0.8 ! ERS E
0.6 |- 4 F . E
0.4 (dN_ /dn >m 0s=980 b (dN_ /dn >m|abl<°-5 =45.00 -
O 2 C 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l_

' 0.1 0.2 0.3 0.4 0.5 06 0 0.1 0.2 0.3 0.4 0.5 0.6
Mass/n, (GeV/c?) Mass/n, (GeV/c?)

Mean p_ seem to scale with m/nq, <p;> -~ c(m/nq).

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 35



Instituto de
Ciencias
Nucleares
UNAM

<p.> VS hadron mass

Mass (m) is divided by the number of quarks constituents (n q)

» Points obtained from fits to the data reported here: ALICE Collaboration/PL B728:25 (2014).

6\ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 l_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l_
> 1.8F P-Pb sy, =5.02 TeV 1 E p-Pb \sy=5.02TeV -
?\: 162_ = mesons - 4 . = mesons _ S E
& [ o baryons Low Multiplicity 1 E o baryons High Multiplicity ]
~ 1af 1 F =
o qE More parallel E
= K/K® A 4 F = A e
0.8 1 F E
0.6 4 F e
0.4 (AN, /dn 0y 105=980 3 | (N, /AN ), 5= 4800
02 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 I 1 l_ 1 1 1 L I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l_
0 0.1 0.2 0.3 0.4 0.5 06 0 0.1 0.2 0.3 0.4 0.5 0.6

Mass/n, (GeV/c?)

Mass/n, (GeV/c?)

Larger c is obtained for baryons than for mesons. The data are fitted to linear functions, the
parameters as a function of multiplicity are studied in the next slides ...

March 20, 2015
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Study using heavy ion data
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<p.>vs m/n_
Nucleares g
comparison with Pb-Pb

UNAM
Low multiplicity events

’G2:'"'"'"""""""""""":: LI B B B B B
E 1.8 Pb-Pb \ s, =2.76 TeV 3 E p-Pb sy =5.02TeV -
~ 1pf " Mesons Centrality: 80-90% 3 £ " ™Mesons p-Pb =
o F o baryons Pb-Pb 1 F o baryons .
~ol4r g o ]
12f + 1F u =
= KKS p, A 0 41 F = KK p A E
08 1 F ' -
- ¥ 1E .
0.6 — 0 =
0.4 ° (dN, /dn_ )=1340 - | (N, /a0y s = 1610
02:. PRI S [N U T TN N NN T T T M [N S TN T M [N TN T ST S [T SN M T S .: - | PRI T N T T T N [N TN T T S [N S N N T .:
0 0.1 0.2 0.3 0.4 0.5 06 0 0.1 0.2 0.3 0.4 05 0.6
Most of the points obtained from the data Mass/ng (GeV/c?) Mass/n, (GeV/c?)
reported here: _ »
ALICE Collaboration/PR C88, 044910 (2013). Mean p, for A and K% in Pb-Pb collisions are
ALICE Collaboration/PL B728:25 (2014). derived from spectra reported here:
ALICE Collaboration/arXiv:1404.0495 ALICE Collaboration/PRL. 111 (2013) 222301
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Low multiplicity events
/G 2 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_ B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_
E 1.8 Pb-Pb \ s, =2.76 TeV 3 E p-Pb sy =5.02TeV -
~ 16| " Mesons Centrality: 80-90% J [ " Mesons p-Pb =
o F o baryons Pb-Pb 1 F o baryons e
R g o ]
121 4 F : —
e q1F = KZKS  p- A e
- 1 E i Larger slope. 3
0.8 e I - ]
06 1F - :
0.4;— (dN /dn_ )=13.40 —; ;— (dN,, /dn_ >m|abl<°-5=16'10 —;
0 2 C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_ C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 I_
“0 0.1 0.2 0.3 0.4 0.5 06 O 0.1 0.2 0.3 0.4 0.5 0.6

March 20, 2015

Mass/n, (GeV/c?)

Close to the universal scaling: <p,> ~ constant*(min )

A. Ortiz (BNL Nuclear Theory Seminar)

Mass/n, (GeV/c?)
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<p,>vs m/n

UNAM

(P, 7 (GeV/c)

comparison with Pb-Pb

Central vs Peripheral Pb-Pb collisions
Centrality: 80-90% Pb-Pb Centrality: 0-5% Pb-Pb
rrr[rrrr T LI BN BELILENL A BRI BN B
Pb-Pb \ s, = 2.76 TeV Pb-Pb \ s, = 2.76 TeV
= Mesons = Mmesons
o baryons [}J

N}

—_
oo

—_
(o))

o baryons

—
N

—_k
[\

—h

o
o'

o
o

o
~

(dN_ /dn_)=13.40

1 L I L 1 1 1 I L 1 1 1 I 1 L 1 1 I 1 L L 1 I 1 1 L
0.1 0.2 0.3 0.4 0.5
Mass/n, (GeV/c?) Mass/n, (GeV/c?)

(dN, /dn_ )=1601.00

L1 I 1 1 1 1 I L1 L1 I L1 1 1 I L1 1 1 I L1 1
0.1 0.2 0.3 0.4 0.5

1 1 I
0.6

0.6

o
)M

oIIIIIIIIIIIIIII|III|III|III|III|III

© IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

In the most central Pb-Pb collisions a deviation from the
universal scaling, <p.> ~ constant*(min ), is observed.
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Central vs Peripheral Pb-Pb collisions
Centrality: 80-90% Pb-Pb Centrality: 0-5% Pb-Pb
O " WAL L L B L L BN L BN S [ L L I L L BB L I L B LR B
> 18F Pb-Pb s, =276 TeV 4 E Pb-Pb sy =276 TeV =
% 16:— =  mesons 4 F = mesons E
o~ [ o baryons 1 E o baryons : .
~ 14 g [ el > —]
12f 4 F ]
g 1 -
0.8 4 F -
0.6 4 F —
0.4 (dN /dn_ )=13.40 -4 E (dN, /dn_ )=1601.00 —
C PR I T T T AN T T T I M T S M N S M ] ] d C PR I T T T SN T TN M [N SN T SN S T S N | I n
02 ;

0.1 0.2 0.3 04 0.5

Mass/n, (GeV/c?)

0.6

0.1 0.2 0.3 0.4 0.5

0.6

Mass/n, (GeV/c?)

In central Pb-Pb collisions, the ¢ meson <p_> is the same to that for protons.
Is this an universal scaling with hadron mass and not with mlnq?

March 20, 2015

A. Ortiz (BNL Nuclear Theory Seminar)
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Central vs Peripheral Pb-Pb collisions

Centrality: 80-90% Pb-Pb Centrality: 0-5% Pb-Pb
/G 2 B 1 ] I | 1 | I | 1 1 I 1 ] 1 I 1 ] | I 1 1 | _ B 1 ] 1 I 1 | 1 I ] 1 1 I | | 1 I 1 I _
E 1.8[- Pb-Pb {8, =2.76 TeV 3 E Pb-Pb sy =2.76TeV -
= 16 - = mesons 4 F = mesons E
o~ [ o baryons 1 E o baryons .
~ 141 = e
- The fits only use pions and kaons. 1 | The fits only use pions and kaons. ]
1.2 0 F g
e S -
- v 1F .
0.8 e I ]
0.6 4 F =
0.4 = (chh/dnIalo Y=13.40 JF (chh / dnlab Y=1601.00 ~
0.2 B L I 1 L 1 I 1 L L I 1 L 1 I L L 1 I 1 1 1 T B 1 I 1 1 1 I L 1 1 I 1 1 1 I 1 1 1 I 1 1 L T
0 0.2 0.4 0.6 0.8 1 1.20 0.2 0.4 0.6 0.8 1 1.2
Mass (GeV/c?) Mass (GeV/c?)

Actually, the answer is YES, but this scaling is only observed in central
(0-40%) Pb-Pb collisions (the effect is not present in p-Pb events).
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e\ 0Or P-Pb, the scaling with mass
"% is seen in hydro calculations
but not in data

High multiplicity p-Pb
——

6\ 2 B 1 I 1 1 1 I | 1 ] _
> 1_8:_pr\NN_502TeV E
0] C = mesons :
~ 16 © baryons .
Q - = hydro, P. Bozek et al., NPA931 (2014) &88‘.' ]
R R =
[ “’ m] ]
Actually, the calculations for p-Pb 1.2 PR E
. ) . J - ot KK . p A
collisions gives a scaling of <p_> with 1 . -
// n e 2 .
the hadron mass. Here we do not 08 IS -
observe the dependence with the - et ]
. - & —
number of quark constituents. 06 .4 n
0.4 (dN_ /dn__ >m 105= 4500 =
3 . = B 1 I 1 1 1 I L 1 1 I 1 1 1 I 1 1 1 I 1 1 L T

— p-Pb data behave like Pythia with 0244 0.2 0.4 0.6 0.8 1 1.2
MPI and color reconnection. Mass (GeV/c?)
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From Pythia studies:
» Without color reconnection (independent fragmentation) we observe
an universal scaling of <p_> with m/nq.

» When color reconnection is activated (flow-like), baryons and
mesons follow different linear trends, ¢, > c,,, for low to semi-high

multiplicity. At high multiplicity, c_ = c,,.

Summary |

From studies with data:

> pp, p-Pb and peripheral Pb-Pb data behave like Pythia with color
reconnection. Is this an indication of flow-like in small systems?

» The central Pb-Pb collisions indicate an universal scaling of <p_>

with m, and not with m/nq.

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar) 44
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Can jets also mimic flow?
Study using event shapes.

A. Ortiz (BNL Nuclear Theory Seminar)
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: Transverse spherocity

Soznj i Z“’TX”' Defined for pp events

e ° 2 pr, having at least three
primary charged hadrons
within a given acceptance,
Inl<np, and with transverse
momentum above a
) threshold.
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O _ cn/ 9N
3 pp Vs=7 TeV, 0 < CaN.jan) <

Pythia 8.180
0 01 02 03 04 05 06 07 08 09 1

Pencil-like limit

March 20, 2015

Isotropic limit

53
IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII

dN/dn
pP @=7TGV,0< W<1

Low mid-rapidity
charged hadron
multiplicity

107
10°®
107
Pythia 8.180
10—3 IIIIIIIIIIIIIIIIIIII
0 5 10 15 20 25 30 35 40

number of multi-parton interactions, nMPI

E. Cuautle et. al., arXiv:1404.2372
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N, S, and MPI

""O\ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-ISIIII-BIIII-Il r]1:3 I5IIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII
N o N . .
= E oo (5=7TeV, 6 < —Na/d__ S 1E pp fs=7Tev,6< —edM__5 High mid-
(dN_/dn ) = (dN_/dn ) -
10 . & 4o : rapidity
charged
102 102
hadron
10 10° multiplicity
107 107
10° 10°
10°® 10°®
107 107
. Pythia 8.180 . Pythia 8.180
L 0 01 02 03 04 05 06 07 08 09 1 LY 0 5 10 ; 15 & 20 25 30 35 40
So number o¥ multi-parton interactions, nMPI
I I
A A o
1
Pencil-like limit Isotropic limit E. Cuautle ét. al., arXiv:1404.2372
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U“AM;LJet production vs N and S,

Fast jet 3.0.6 Average number of jets vs multiplicity

o —~ 10T N L L I L LA LR
M. Cacciari, G.P. Salam and G. Soyez, S oE pp Vs=7 TeV, Pythia 8.180 pv— >Q.2
EPJC72, 1896, 2012. ® = S|
O o mmmoo< 0504 =
»Anti-k,. algorithm N oE E04<5<06 :
T - A7 mmm 06< 5;<08 =
Qh 6:_-0.8< SO<1.0 =
rJetsize, R=0.4 Y sE £
o it < E _F
> Min py Jet: 10 GeVic=- -
»Only charged 2E .
- 1 — — D
constituents. E e
0 2 4 6 8 10
dN/dn / (dN_/dn )

(Jet multiplicity distributions are shown in the

backup)

*The inclusive case (w/o any cut on S,) roughly follows the magenta points
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Jet-p, vs N, and S,
Fast jet 3.0.6 Average jet p_vs multiplicity
~ Vg T T T 1T T T T 1 T T T [ T T T T T T
M. Cacciari, G.P. Salam and G. Soyez, ° = . 3
EPJC72, 1896, 2012, 3 AR =
. > =) — I 0. .
>Anti-k; algorithm. 5 f =m0 5
D:,: 35 E_ a0 _E
»Jetsize, R=0.4 TS E
— 25 —

o}
>Only charged ~ =
constituents. - B e :
’ : * ° dN_/dn e dN_/dn %

(Jet transverse momentum distributions are
shown in the backup)

*The inclusive case (w/o any cut on S;) roughly follows the magenta points
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Jets may mimic also flow?

; 0-2 _I LI I LI I LI I LI I LI I LI I LI I LI I LI I | L I_

Q [ _

G 0.18 |- =

E r ’ - :

I--x0.16 :— " e AF —

~ K ]

0.14 .. =

0.12 | =

[ pp Vs =5.02 TeV Pythia 8.180 .

O1E o 0.0< 5,<0.1 e

008 ¢ 09<5,<1.0 E

0.06 =

- ALICE p-Pb {[sy=5.02 TeV :

0.04 " w PLB 728 (2014) 25-39 E

0 02 _I L1 1 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 1 I_
02 025 03 035 04 045 05 055 06 065 0.7

(B

E. Cuautle, A. Ortiz and G. Paic, arXiv:1503.03129
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Particle ratios

)

. , O inelastic
O inelastic

dN/dn
(dN_jdn ) o<m<1<’
dNg/dn .
(dN_jdn ) o<hi<1™

n (S50<0.2) 6 < (
dN/dn

- 6<(W)0<w<1<

¢ (5,50.8)6<(

;f
L

p
o
w
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
IIII|IIII|IIII|IIII|I

pp Vs=7 TeV, Pythia 8.180 pp Vs=7 TeV, Pythia 8.180

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 I 1 1 1 I 1 1 1
2 4 6 8 10 12 2 4 6 8 10
P, (GeV/c) P, (GeV/c)

—
A"

Like in data!
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: 100 :. 1 s 20‘ | T T T | T T T | T T T | T T T I T T T ]
£ 9 ™ T 5 pp Vs=7TeV, Pythia 8.180 E
5 = s - mmm 0.0< S,<0.2 —
= 80 = 16_—-0.2<Sg<0.4 — —
70 E - @ 0.4 < S5<0.6 —_— ]
E — 10’ 14:_ e 06< SO<0'8 —— e _:
60 3 3 12:_-0.8< Sg<10  —— E
" e oF — 3
3 10 - _ J
30 E 6 F- =
20 E N — E
Pythia 8.201 tune Monash 2013 3 — S ]
10 op \s =7 TeV (inelastic) 3 ) — =
- T EEEEE EEEEE NS NN N I: 10-3 : | I I I I :

5 10 15 20 25 30 35 40 0 0 —— 5 —— 4 —— 6 —— 8 —— 10
Nipi dN/dn /¢ dN_/dn )

» The selection on S allows to identify and analyze two extreme cases: the jetty-like and

the isotropic events.

» This selection entails a much smaller fluctuations on the number of multi-parton
interactions on the selected classes.

» The present work strongly suggests that the selection in multiplicity is much less potent
than the one combining multiplicity and transverse spherocity.
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(\IL\ 104 TTT || TTTT | TTT I| TTTT | TTTT ||| TT | 1T || TTT ||| TT || TT I% A 104 TTTT | TTTT | TTT I| TTTT | TTTT ‘ TTTT || TT || TTTT || TT || TT Ié
§ . pp \s=7TeV, |y|<1 ] § . pp \s=7TeV, |y|<1 =
10 = 10 =
8 ¢ 7+ 7 (100.00x) 3 8 ¢ 7+ 7 (100.00x) 3
= 10° z 10 E
g e K*+K (50.00%) = e K'+K (50.00x) 3
-c:;: ® p+p(1.00x) 3 -c;.s: ® p+p(1.00x) -
1 = 1 =
O_ E - Blast-Wave (global) 3 O_ ~ —— Blast-Wave (global) =
Q 107 4y < Q1o -¢4- =
E _ E -¢- E
8 e Yo = & .y s

102 e 4 102 .- .
> E - = > -0 e E
[ E —— 3 [ o ¢ _‘_5
510’35 o = 510’3 .
104 -, H 210 e m e *+ =
V] E - —— 94 o =
© s | With CR ] Tl + Without CR ; .
10° __dNg/dn - 109k -
= (dN, /dn> 3 3
— 10-7:€II || | 11 | L1 | 1] ! L] ! L] ! L1 ! || . || ! || IJE: 107 11 | 1] | L] | L] | L] 1 | | || | | || | || IIE:
Y 14F  pythia 8.201 (Monash 2013) = =
0.6 ;_( ﬁT y=0.49, Tkin =0.12 GeV, n=1.77, x?3/n.d.f=11.74 _E _E
R S S S S A B B o""i'"'2'""3'""21”"5‘3""é""7'""é""é""1_c
P, (GeV/c) P, (GeV/c)

Simultaneous blast-wave fit to the pion, kaon and proton spectra. Within 10% the spectra
are well desribed py.the model \ Pmc;olor reconnection is on.

emingr
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(\Ij 4 TTTT | TTTT | TTTT I TTTT | TTTT | TTTT ‘ TTTT | TTTT | TTTT | TTTT
O pp \s =7 TeV, ly|<1 é
S ¢ w+ 7 (100.00%) 5
2 10 o K'+K (50.00x) 3
O 4028 0 Kg (ES.OOX) 7
~ ® p zr p (1-)00X) =
oS ¢ 0 (0.50x 7
S 10 0 A+A (0.10x) E
N E+Z_(0.05X) 7
© S Q+0 (0.01x) E
= 7" ——,Blast-Wave (global)
Q.10 o ¢ -0, =
B . e, =
N 102 o e T
C|>.) E E—_D_ — =
— -+ — .
510’3 . -, Yo T
—~ = * o o ]
10 B, e =
“i ° = fﬁf#ﬁ- 7 o
10° B8 E
= 24— 4+ 3
100 _idNy/dn =
= (dNC /dn> =
107§I |1 | || | || I T | || | || ‘ || | 1| | I iE
" 14F  pythia 8.201 (Monash 2013) =
O 12 -
= C ]
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MC / Fit

IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIII
pp Is=7TeV, |y|<1

¢ 7w+ 7w (100.00x)
K* + K (50.00x)

K (25.00x)

p + p (1.00x)

¢ (0.50x)

A+A (0.10x)
E+E (0.05%)
Q'+ (0.01x)

4 — Blast-Wave (global)
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Same result when heavier hadrons are included.
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Color screening

Used to suppress the number of interactions, at low p; and x; if the
wavelength ~ 1/p; of an exchanged coloured parton becomes larger

than a typical color-anticolor separation distance, it will only see an
average colour charge that vanishes in the limit p; — 0, hence leading to

suppressed interactions. This provides an infrared cutoff for MPI (D1in)-
dpy ,  dp;
p; <p3"+p§"min>2

With p;,.,., = 1.5-2.0 GeV - finite MPI number.

P. Skands, “Introduction to QCD," arXiv:1207.2389v4
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Strenght of QCD Interactions

“1n QCD, quarks and gluons are 0

the elementary degrees of o (Q)

freedom. il
“ Quarks and gluons carry “color

charge” as an additional

quantum number. 03l |
“ A pronounced variation ¢
(“running”) of the strong fine
structure constant with (space- 02|
time) distance or momentum
transfer Q.
0.1}

Confinement

%Penu*bme‘QQD‘)-—l

Most of the proton mass
comes from QCD (98-99%),
this happens in the region of
confinement, where we can not
apply pQCD.

Only phenomenological
models exist.

Q region where the strong
interaction is really STRONG,
room for new discoveries!

IQCD a4(Mz)=0.1189 = 0.0010

1

10 100

Q [GeV]
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Parametrization of <p.> vs m/n_
(p-Pb data)

A. Ortiz (BNL Nuclear Theory Seminar)
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Slope vs N (mesons)

’('D\ 3.5 B LI I rriri I rrri I rriri I rrri I rrri I rrri I rrri I LI L L I LI _
The slope increases § - .
with the event © 3 = p-Pb\s, =5.02TeV —
multiplicity, then it E F -
shows a weaker rise. 08>_ s :_ _:
nof + + -
21 L * —
- ' .
15 # -
e —
0.5 :_ Points obtained from fits to the data reported _:
r here: ALICE Collaboration/PL B728:25 (2014). -
O :I L1l I | I .| I | I . | I L1 11 I L1 1.1 I | I . | I | I .| I L1 11 I | | I L1l I:
0 5 10 15 20 25 30 35, 40 45 50
(dN _/dn)
ch m,_|<0.5
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Slope vs N (mesons)

’(;)\ 3.5 B LI I rrri I rrri I rrri I rrri I rrri I LI I LI I rrri I LI _
C - —
§ ; = - P-Pb \ sy =5.02 TeV E
% — a, log(x) , x?/n.d.f.=0.30
Q 251 ]
9o [ -
@or +
2 — —
Data are well _ i
described by a _ N
logarithmic function. 1.9 —
1= —
0.5 :_ Points obtained from fits to the data reported _:
T here: ALICE Collaboration/PL B728:25 (2014). -
O :I L1l I | I .| I | I . | I L1 11 I L1 1.1 I | I . | I | I .| I L1 11 I | | I L1l I:
0 5 10 15 20 25 30 35,6 .40 45 50
(dN _/dn)
ch m,_|<0.5
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’('é)\ 1 : LI I rriri I rrri I rriri I rrri I rrri I rrri I rrri I LI L L I LI :

§ 0.9F = P-Pb \ sy =5.02 TeV =

E 08F — oy x™, x?/n.d.f.=0.08 =

& 0.7F =

@ = -

o 0.6 =

O - -

0.5 ;— —;

04 g_ . - = J+—-;

03" =

The constant vs = =

multiplicity can be 0.2 . . . —

: - Points obtained from fits to the data reported =

described by a power 01E- here: ALICE Collaboration/PL B728:25 (2014). 3

law function. T E =

OO:I L1l é L1l I1 IOI L1 I1 |5I Ll I2|0I | | I2|5I | | I3IOI L1 I3|5I Ll I4IOI Ll I4|5I Ll I;O
(dN _/dn)
ch m,_|<0.5
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Parametrization

<pT>:OLOXa1+OL210g(X)y

dN ch m

X

A. Ortiz (BNL Nuclear Theory Seminar)
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Using the parametrization to explain
the meson <p.> in MB pp data

March 20, 2015 A. Ortiz (BNL Nuclear Theory Seminar)
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aluating <p.> at N__ for MB pp
T ch

G 2 B 1 1 1 I 1 1 1 1 I 1 | 1 | I 1 1 1 1 I 1 1 1 1 I 1 | || | I | ' |
S -~ Mesons 7]
> 18F —— pp\s=0.2TeV (dN,/dn = 2.25, PHOBOS PRC 83, 024913, 2011) __
0] - — pp\s=0.9TeV (dN,/dn = 3.81, ALICE EPJC 68, 345, 2010) =
= - — pp\s=7TeV (dN_/dn = 6.01, ALICE EPJC 68, 345, 2010) .
- 1.6 = ppis=10TeV (dN,/dn = 6.50, I. B. et al., PLB 715 230-233, 2012)
~ 14 a
<pT>=OLOX(X1+(1210g(X)y 1.2 :_ _:
x= chh _m 1 :_ _:
B dn I n, 0.8 :_ _:
A prediction for higher E E
center-of-mass energy is 0.6 — —
included. Modest increase - Z
for pp at Vs = 10 TeV, with 0.4 —
respeCt to 7 TeV’ due to the : [ L [ L I L [ ] L I L ] L ] I | L [ L I L [ L [ I L ] [ ] I ] I:

expected small multiplicity | 0-2, 0.1 0.0 0.3 0.4 0.5 06
Increase. Mass/n, (GeV/c?)
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<pT>: O‘0)<al"' oc2log(x)y

chh m
= y=—
dn n

X
q

(p_ ) (GeVic)

The multiplicity-based
parametrization describes
qualitatively well the
behavior of data.

March 20, 2015
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Comparison with data

* pp\s=0.2 TeV (PHENIX PRD83, 052004, 2011)

m pp\s=7TeV (ALICE EPJC75, 1, 2015)

— + Ki‘ 0 0*

e pp\is=0.9TeV (ALICE EPJC71: 3, 1594, 2011; 6, 1655, 2011)

A

1 1 TE 1 I 1 1 1 1 I 1 I/KISI I 1 1 1 1 I IKI 1 1 Iq)l 1 1 1 I 1
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0.6
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The large uncertainties
on the baryon <p_>

measured in p-Pb data
do not allow to extract
the parametrization. Here
we only show the
behavior of pp data.

March 20, 2015

Adding baryons

(p_ ) (GeVic)
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A.

* pp\Vs=0.2 TeV (PHENIX PRD83, 052004, 2011)
e pp\is=0.9TeV (ALICE EPJC71: 3, 1594, 2011; 6, 1655, 2011)
m pp\s=7TeV (ALICE EPJC75, 1, 2015)

s |

o
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Adding baryons

=

(p_ ) (GeVic)

As seen in low
multiplicity p-Pb
collisions, baryons are
described by a linear
function with a larger
slope than the one
obtained for mesons.

March 20, 2015

2 B 1 1 1 I 1 1 1 1 I 1 I 1 I I 1 1 1 1 I 1 1 1 1 I 1 I | I I I A
g ~ % pplis=0.2 TeV (PHENIX PRD83, 052004, 2011) ]
"E ¢ ppis=09TeV (ALICE EPJCT71: 3, 1594, 2011; 6, 1655,2011)
1.6 = ppis=7TeV (ALICE EPJCT5, 1, 2015) P
1.4 //%/ -
1.2 =
| ~
1 —
0.8 =
0.6 —
0.4 = —
= -~ +100 — 100" -
02:4{‘.{7.‘:/.“...|K/.Ks.|p.../\.|5./f<..ﬂ).... s
0 0.1 0.2 0.3 04 0.5 0.6

Mass/n, (GeV/c?)
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Slope vs N (mesons)

’(;)\ 3.5 B 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I 1 1 I | L 1 I 1 1 _

(- — -

2 N Points obtained from fits to the data reported here: _

2 3 ALICE Collaboration/PR C88, 044910 (2013). g

S o5 o From linear fits to <p_>vs min E

o “VF T q a

2 :

Data are well _ i
described by a N
logarithmic function. 1.5 —
1 - = Pb-Pb\s, =276 TeV E

L — a, log(x) *, x2/n.d.f.=0.05 n

0.5 —

O : 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 1 1 I 1 1 1 I 1 1 I:

0 200 400 600 800 1000 1200 1400 1600 1800
CIVE
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Slope vs N (mesons)

Points obtained from fits to the data reported here:

A 35 - ALICE Collaboration/PR'C88, 044910 (2013). ' =~ " '~ " "7

S - ALICE Collaboration/PL B728:25 (2014). =

© 3 —

_ S - ]

A larger slope is ~ - _ _ .
obtained for p-Pb S o5 From linear fits to <p_>vs m/n_ _
o) - ]

data. ) 5'— E
The Pb-Pb an + + —+'- E
parametrization fails =
to reproduce the MB 1.5 —
pp results. - .
BT Pb-Pb \ s, =2.76 TeV 3

L — a, log(x) *, x2/n.d.f.=0.05 n

0.5 —

- --- From p-Pb data .

O B 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 1 1 I 1 1 1 I 1 1 1 H

0 200 400 600 800 1000 1200 1400 1600 1800
CIVE
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Thanks!

Universal scaling:

<>~ kxmin) (£ = Pb-Pb sy =2.76TeV
— a, log(x) *, ¥2/n.d.£.=0.05

0.5

’c;)‘\ 3.5 B LI I LI I LI I LI L I LI I LI | I LI I LI I LI _
< - -
7)) — & -
® 3k < -
C A N

= . &2 S _
P T -
Q 25 «@ | | -
o QO O P Universal scaling: <p.> ~ k,*m ]
(D —r \\\O @6 -
21_1-'_ \', I ] -

< A} | ._F _T__ —

‘\ t LY l + T :

\¢' , —

Y -

1. —

--- From p-Pb data

O L1 | I L1 1 I 1 L1 I 1 L1 I L1 1 I L1 1 I | L1 I | 1 1 I | L1

0 200 400 600 800 1000 1200 1400 1600 1800
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rEIast-wave fitted to p_ spectra

ALICE p-Pb data.

P T LI IR AR S I VAR I I I
iy < ALICE Preliminary, p-Pb, | s, = 5.02 TeV
° VOA Multiplicity Class (Pb-side): 0-5%
> —— 7+ (100x)
8 —@— K"+ K (50x)
= —5— KZ (25x)
= —@— p+P(1x)
% —HB— A +A (0.1%)
" L —®— = +Z (0.05x)
S 10" S —5— O + T (0.01x)
- 0 Naar: Blast-Wave
= global fit
s 10° =" —_—
Q  10* R
S -5 = el = — =
Q 10 = ‘:=.=._!_ o ~
A -6 T SN
= 10 S .
< 107 )
- AT S P T P T . VI Livs
158y ' “fit range: 0.5-1.0 GeV/c 3
1 ;_ X g . ............ e _;
158 ﬂ 0.2-1.5 GeVic 3
1 p— T SR
o 15F 0.0-1.5GeVic 3
(@] = e . . E
E 15F 0.3-3.0 GeVic 3
~ 1E crroasaases -
T qs5F 55 Gevie
"(.B‘ VE 0.6-3.2 GeV/c
© 16 g
1.5F 0.6-3.1 GeVic 3
1 ;_ PNE =z = = N o o _;
1.5F 0.8-3.8 GeVic 3
1 ;_ . ....................... _:
0 6 7 8 9 10
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