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Executive Summary

© MAzk ainEgson A ia

* Heavy ion “standard model”; works at
LHC, but late and early stage”?

] <veD AAA ANDERTOONS cop
\

\

"I'm here about the details,”

e Similarities between pp/p-Pb/Pb-Pb

e Traditional flow observables also
seen in p-Pb (& pp?)

e Spectra “flattening” w/ mass
ordering < radial flow

e Correlations & ridges < anisotropic flow

* Particle ratios change little from small to large systems (caveat:
strangeness), small systems towards gran canonical equilibrium?

e Tension of Pb-Pb ratios with SHM

e ... but the devil is In the detalls
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PP results: state of the art



M. Floris

PRC 89, 034919 (2014)

l ' |

L
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0-5%
~1]30-40%

Exp / theory

, |
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Hydro models give a satistactory description
Pure hydro: not enough flow
Hadronic interactions: too much flattening®
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B/M ratios: the rise and the fall

ALICE, PRL 111, 222301 (2013)

o w 22 [
X b ¥<0.5 ALICE: Pb-Pb at |s,,=2.76 TeV
< 18E —4- A/K 0-5%
1 .6 3 —4- A/KS 60-80%
’ | 4 : systematic uncertainty
N Theory 0-5%
1.2 — Hydro VISH2+1
- ---- Recombination
i3 -- EPOS
0.8 —
0.6 —
0.4F
2F R A ——— '..
o T ye
O | | | I I | I I I |
0 2 4 6 8 10 12
p. (GeV/c)

Radial Flow explains rise
Recombination describes some features of the data
Realistic models: “bulk” flow and hard fragmentation
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B/M ratios: the rise and the fall

Recombination describes some features of the data
Realistic models: “bulk” flow and hard fragmentation

M. Floris

A /K Ratio

2.5
- arXiv:1502.06213

2.0

0.5

IIII IIIII I IIIII I IIIII I IIIII I IIIII I IIIII I IIIIIIIIII Ill
O ALICE -

— coal.t+frag.

/ \\ =+ w/0 s-h coal.

/ — - only coal.
/ \ |- only fragm. _
‘- coal.tfrag. no flow |

0.0

Radial Flow explains rise
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B/M ratios: p/®

e Splitting of Rep at RHIC
of baryons and mesons

Annu. Rev. Nucl. Part. Sci. 2008. 58:177-205

I [

was used as argument Iin
favor of reco

= it
* but Rcp is influenced _ *ﬁﬁ*ﬂ--ﬂﬂ#i * H
[T

by reference Ro | LE2T. ...

|

e —

AKE @ AN+A l ‘.
— x* ~.! p ’
AK2 YE+E | Tmeeee +
Q 0-5%
* Q+Q
’ | 1 - 40-60%

Transverse momentum p_(GeV/c)
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B/M ratios: p/®

e Splitting of Rep at RHIC %
of baryons and mesons
was used as argument Iin S
favor of reco %

* but Ree is influenced %
by reference g
M

* The d meson has the same
shape as p: mass ordering
(radial flow)?

* (in a more realistic reco

model p ~ ¢, but
fragmentation?)

e Do we need recombination?

ALICE, arXiv:1404.0495

- Pb-Pb | s\ =2.76 TeV 0
- A/K
1.5 Centrality 0-10% .o S
i o
¢ v
o 'S
i ¢
1_ ¢ . i
| ¢ p/TC 1
0’ ******* T * _
_ ¢ ** *
0.5 ® P A Q’ ¢ ** ® ¢ *
i ¢ ®
’0 ** p/(l) XO1 ¢
- o
I o ALICE
O IM oo e e e ]
0] 1 2 3 5

e |s there a unique signature of recombination?
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Elliptic flow at the LHC

llllllllllllll

l'lllllllllll'llllllllllllllll'll N 0.3 lllllllllllllIlll'llllllll'llllllllll'll'llll

N —
> 0.16F Pb-Pb {5, = 2.76 TeV (ALICE preliminary) _ - > Pb-Pb (s, = 2.76 TeV (ALICE preliminary)
0.1 4F  VISH2+1 Phys. Rev. C84, 044903 (2011), o~ _*=~ 0.o5f VISH2+1 Phys. Rev. C84, 044903 (2011)
" E  centrality 10-20% Ly “““F  centrality 40-50%
0.12F o7 B .
- 0.2
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0.08F 0.15F
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x o T 01
0.04 o K+ K C
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Mass dependence of v2 ~ In line with hydro

Too much ft

Not enough flow with pure hydro
ow with hadronic phase for p wrt hyperons

inverted mass-ordering (/A\-=-p, instead of p-/\-=)

Unkqovvn cross sections in UrQMD?

M. Floris
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Elliptic flow at the LHC

X ~ 0.3
> 016F  popb n%m: 276 TeV (ALIICE plrellm:nary)l e g - Pb-Pb {5, = 2.76 TeV (ALICE preliminary)

0.1 43_ VISHNU Phys. Rev. C89, 034919(2014) B O 0.25F VISHNU Phys. Rev. C89, 034919 (2014) .

" 'E  centrality 10-20% b centrality 40-50% g
0.12F n

- 0.2_— -

0.1F - ]
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P; (GeV/c) p. (GeV/c)

T
Mass dependence of v2 ~ In line with hydro
Not enough flow with pure hydro

Too much flow with hadronic phase for p wrt hyperons

inverted mass-ordering (/A\-=-p, instead of p-/\-=)

Unkqovvn cross sections in UrQMD?

M. Floris
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Sub-nucleonic fluctuations

100 . . , . ,
= - 20-25% e, IP-Glasma 000 -----
L 10 | Vv, IP-Glasma+MUSIC =~ —— |.
O v, ATLAS —e— |]
?.': 14
S -
™ 01} pr> 0.5 GeV
g % mml<25
O o5 1 15 2 25 3
Pre-equllibrium dynamics e
100 , ,
d D- = 20-25% |eg IP-Glasma  ----- |
ana sub-nucieon C < 10 Vs IP-Glasma+MUSIC ~ —— ||
' ' »© V3 ATLAS ——
fluctuations crucial to s
2 :
— e >
reproduce E-by-E results T 01F  pr>05Gev
o Inl <2.5
0.01 1 1 1 l 1
o 05 1 15 2 25 3
V3/(V3), eal(e3)
100 | , . . . . :
= + 20-25% |g4 IP-Glasma 0 ----- i
L 4ol V4 IP-Glasma+MUSIC =~ —— ||
< v, ATLAS —— |
- T4
S |
T 01
a [
0.01
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Equilibrium SHM Fits

o

(rpod.-data)/mod.

o
o

(mod.-data)/c,,,

A DO DN B

M. Floris

n|K:[Ko[K[w|[p[A]=]Q]d[EH][He

el . ALICE Preliminary

E

E
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el
: E|
gr Not in fit

D il : <
¢ Extrapolated : : : 3

Model T (MeV) V (fm®) +2/NDF
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: [:L[:]E-i:lﬁa-ﬁl--ﬂl-[:;li----j,[:iﬂl-----# _d] ..... _p¢¢__+1|l]+_f¢_¢__}%£_+:{]_;
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[00 few protons

i relative to pions

Petran et al, arXiv:1310.5108
Wheaton et al,
Comput.Phys.Commun, 180 84
Andronic et al, PLB 673 142
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Equilibrium SHM Fits

dN/dy

(rpod.-data)/mod.

o
o

(mod.-data)/c,,,

M. Floris
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[00 few protons

i relative to pions
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Equilibrium SHM Fits
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Equilibrium SHM Fits

o[p[a[=z]afd[iH][He
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Equilibrium SHM Fits

n | K:| KO |K*

o[p[a[=z]afd[iH][He

310° — -
3

g T ~156 MeV, "

“H 3 models agree oon 'NB
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Petran et al, arXiv:1310.5108
Wheaton et al,
Comput.Phys.Commun, 180 84
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Equilibrium SHM Fits

n | K:| KO |K*

o[p[a[=z]afd[iH][He

310° — -
3

g T ~156 MeV, "

“H 3 models agree oon 'NB

07 F o - {RAIC

102 s ol v (i g \/S =200 STAR
) el b R ] XE/NDF~

4 E =+ SHARE 3 4476 + 696 Té
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B 05 Froti N T W W W—_— i Too few protons
i i e T relative to pions
Bosfo T IR :

(mod.-data)/c,,,

A DO DN B
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Petran et al, arXiv:1310.5108
Wheaton et al,
Comput.Phys.Commun, 180 84
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Origin of the “Proton anomaly”
* Too few protons relative to pions: hadronic phase?

e Supported by centrality
dependence
(uncertainties?)

* Problem with nuclei?
e Unknown cross sections?

e How can we validate (or
falsify) this hypothesis?

e Alternative scenarios
* Non-equilibrium models — Additional measurements, nuclei?
* Flavor hierarchy at freeze out — Fluctuations and lattice
* Missing hadronic states — Lattice and Quark Model

* How can we get to “precision™ physics?
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Origin of the “Proton anomaly”
* Too few protons relative to pions: hadronic phase?

e Supported by centrality S 200 ;
180 ;
dependence § o=
(u ncertaintieS?) 140 F + o3 Igzdron Freezeout Curve
- ys. Rev. C 73 034905
. . 120 | i
* Problem with nuclei? . L P Rev Dss0s4502
. 80 — * g/?:;sl.zggl\ifréursnsg;4907
e Unknown cross sections? ol 0 ARG Hher Moments (HI
40 | o Latt_ic:cj4l-(|)igl.11e5r7l\éloments (RHIC)
¢ HOW Can We Valldate (Or i ¢ With.afterb.urner
. . . 20 - Phys. Rev. Lett. 111 082302
falsify) this hypothesis? N e ———
0 50 100 150 200
u, (MeV)

e Alternative scenarios

* Non-equilibrium models — Additional measurements, nuclei?
* Flavor hierarchy at freeze out — Fluctuations and lattice
* Missing hadronic states — Lattice and Quark Model

* How can we get to "precision™ physics?

M. Floris », Incontro Fisica loni Pesanti — Bologna - Maggio 2015




op and p-

me

11



Hints for radial flow In

& 10t LN L L AL AL LR R R B
< 10° B ALICE, p-Pb, {Sy=5.02TeV [ Bjast-wave
> 12 E WO Vows <05 S EPOS LHO ALICE, PLB 728 (2014) 25-38
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S : R F e ]05% F bedos%
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= K (0.1x) 1.2 =
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A N L 1 0.8E ==
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. . 0.4 ;— o —
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S _ p, (GeV/c)
S Ks
Y A +A
6 8 10
p+(GeVic)

Hardening of spectra (reproduced by Hydro)
and mass ordering (B/M enhancement)
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QCD Inspired models

A/ Kg versus transverse momentum at /s = 7 TeV

Y o1 - —e— Data ¥ 4
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M. Floris

Flow like eftects |

N QC

Recent developmen

ts: M

A/ Kg versus transverse momentum at /s = 7000 GeV

;—JHEP03(2015)148 Dl DSY
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R + t
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D Inspired models

Pls + Improved color

reconnection and color ropes
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Anisotropic flow in p-Pb

. <4 GeV/c
<2 GeV/c
SOC

P-Pb |sy = 5.02 TeV (d) CMS N> 110, 1.0GeV/c<p_<3.0GeV/c

|\ (0-20%) - (60-100%)

~

o <

£ 085 Qﬁ
ol S

43 0.80 >3

355 <]

B3 0,75 E

2 2

Mass ordering and magnitude similar to Pb-Pb
Hydro models explain this naturally
CGC models provide an alternative?
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Anisotropic flow in p-Pb
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Elliptic flow in pA is a collective effect

0.10

0.05

M. Floris

L L B L B A B | | | I
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L 1 -
| O VA2, IANI>2} _|@ace 0O
-1530[1 O v{4} [ . + ’ ig+ ?
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i obPh e Vv {LYZ} 1 oPb CMS Preliminary
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Higher order Cumulants consistent:

it IS a col

ective effect
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Strangeness production in p-Pb collisions

)/ (U + w)

|(x]

)

x10° . x10°
. - ALICE Preliminary B ALICE Preliminary
u + 1 GSI model
- 2 L T,, = 156 MeV +
6 e p—
H ~ = THERMUS 2.3 model ~ _ _ _ __ f ______ | __. +_ ) f .
H j— 08'_ ------- Tch’ 155 MeV
i3 SUPTE | LSO, S b1
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4 ALICE 0.6—
- c = ALICE
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- 0.4 VOA Mult. Evt. Classes (Pb-side)
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10 10° 10° 10 10° 10°
dN /d dN /d
< ch 77Iab>|77|ab|< 0.5 ( ch 77lab>|r7mb|< 0.5

Strangeness enhancement in p-Pb collisions!

e — reaches the Pb-Pb (GC?) value

e () not yet

Recent developments in QCD inspired models provide also
some strangeness enhancement
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p-Pb, 0-5%
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p-Pb, 0-5%
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p-Pb, 0-5%

o
o

o

(rpod.-data)/mod.

o
o

(mod.-data)/c,,,

A DO DN B

H° Not in fit

| 0 Extrapolated

Model T (MeV)
—THERMUS 2.3 GC 158 £2
- [== THERMUS 2.3 GC 159 + 2

r (fm)

3.40 £ 0.11
3.40 £ 0.11

1 (fix) N/A
N/A

0.98 + 0.03
1 (fix)

=+ THERMUS 2.3 SC 158 £3

Fe=tpmeine=-

-QDE -------- -E --------------
S A A e R N R A S R N E
_ .................................... R T e EETTTISS SORSPIRRIOIT SORRSS NOpSoeeoes _;

Fit quality not good
1 Note:

e () and = pull In
opposite
directions

® Vs compatible with
1 1f free

o ow mult; ys< 1
(not shown)
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p-Pb, 0-5%

H° Not in fit

| 0 Extrapolated
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Fit quality not good
| Note:
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e () and = pull In
opposite
directions

® Vs compatible with
1 1f free

o ow mult; ys< 1
(not shown)
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Pb-Pb wrap up

Hydro + chemical equilibrium describes data at first
order, but indications of additional eftects

Initial conditions & late stages to be further
constrained/understood

p-Pb (& pp?) wrap up

Hydro does a good job, but QCD-inspired models
and CGC provide plausible alternatives

What Is the mechanism at the origin of the results
seen in pp, pA? y




Questions

* How does the system evolve
from string fragmentation to
hydro?

e |s there life after
“freeze out” (dynamics in the
hadronic phase)?

* Do we need recombination?
How it evolves from pp to
PbPb? Relation with string
melting/color ropes?
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HBT and Hydro in pPb
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Observable Consequences: Flow

Isotropic (radial) flow
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Observable Consequences: Flow
Isotropic (radial) flow

g_
£
2 |
0
O
. . . . m- —m, (GeV) m- — m, (GeV)
Anisotropic (elliptic) flow n T
Spatial deformation Azimuthal (¢) . . . .
oressure gradients Anisotropic particle density
Pb +Pb,b=7fm
dN
X — ]+ 2vlcos[cp =4 ]+ 2vzcos[2(cp -, )]+ 2v3cos[3(cp -y, )]+ ..

do
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Observable Consequences: Flow
Isotropic (radial) flow

g_
£
2 |
0
O
. . . . m- —m, (GeV) m- — m, (GeV)
Anisotropic (elliptic) flow n T
Spatial deformation Azimuthal (¢) . . . .
oressure gradients Anisotropic particle density
Pb +Pb,b=7fm
dN
X — ]+ 2vlcos[cp =4 ]+ 2vzcos[2(cp -, )]+ 2v3cos[3(cp -y, )]+ ..

do
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What about the p/d?

Does the p/d constrain annihilation? The idea:

d/p o< S/p — once the proton number and entropy is fixed so is the d/p
Of course we can have annihilation before 'chemical freeze out’! )

Scenario 1
@ Both are fixed at a specific Ty, then also d/p is fixed at that Togy
@ Consistency! Therefore: No annihilation

@ But that of course has to be the case since we have defined Ty that
way: A tautology

v

Scenario 2
@ There is no single Tog

@ Then d/p should be fixed whenever the proton number and entropy
are fixed.

@ d/p is consistent with the 'effective’ Ty of protons.

09.10.2014 13 / 16




M. Floris

identified hadron pp-spectra
Data: ALICE. VISH2+1 pre-diction: PRC 84 (2011) 044903)

o 106 L L B I — T T T T T ] T T T T ]
’§ [ (x 10000) pp collisions | & 0-5% central AA collisions _|
> T e i

Q 104 L

O

ot —

N K (x 1000)

%‘ 2| ¢ %o

Qr— 10°¢ ° ®

o (e}

= " % , ¢

P o
v 1

- Lp () (x 100]" & 1

§ .. o 4

~ 0-2 N 8 T

~ [ —m— CMS (:rt‘,K’,p),ngS_NN =276 TeV T VISH2+1

3 - —B8- CMS (K B), pp s, =276 TeV 1= HKM © ALICE, Pb-Pbys,, =276 TeV -

3 4| —® STAR(x'K',p).pp |S,, = 200 GeV = Krakow #STAR, Au-Au,\s, =200 GeV

- 07 ~©— STAR (K B), PP |5, = 200 GeV + =« MUSIC + UrQMD & PHENIX, ll\u-l’uls.\fs_NN =200 GeV

1 1 1 1 | 1 1 ! 1 | 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 0 1

my; - m, (GeV/c?)

2 3
my. - m, (GeV/c?)

A purely hydrodynamic description does not produce quite

enough radial flow in central collisions (although it qualita-

tively reproduces the much larger mass splitting of wva(pr)

due to stronger radial flow at LHC compared to RHIC)
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0-08 f T T TITrT TTTT] TTTT] T ™1 T
0.06 F ¢
: b ¥ :
0.04 | : Q =
I { - .

0.02 |- ; é ® ALICE —
_ % STAR -

N 0 . 2 S & PHOBOS -—:
- [ PHENIX .
-0.02 | H NA49 —
N O CERES -
-0.04 - + E877 —
N X EOS ~
-0.06 - ? A E895 —
B ¥ FOPI ]
-0.08 o o o —

10 102 10°

M. Floris

RL 1095, 2

52302 (2010)

\/Syy (GeV)

Average in line with expectations
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Transverse momentum distributions

ALICE, PRC 88, 044910

p:

IIIIIIIIIIIII|IIII|IIII|IIII|III? 104

Range of combined fit -
_ i

IIIIIlIIIIIIIIIlIIIIIlllllllé-lo5

C}l 6 LI
< 10" 5%,
@5, Range of combined fit J-E 3

Range of combined fit

HSH N
Y =
i t>H

:!‘:;G; 30

~— 10'1 E o pOSi’[iV&; : :g_

| —o— positive '“'“;g_” Sa_ ) " o positive i
- = negative %’ﬁ% g S, E —=— negative e, e e N E = negative
102 Eo combined fit 3 - combined fit 9‘;.;;,,=== 4 A combined fit
- — — individual fit 80-90% -~ 10 E— — individual fit 10 E— — individual fit

EI 1 11 I 1111 I 1 111 I 1111 I 1111 I I Y O 1 0-4 L 1 0'5 .
O 05 1 15 2 25 3 O 05 1 15 2 25 3 0 1 2 3 4 5

p; (GeV/c) p; (GeV/c) p. (GeV/c)

80-90%3@ iy

|||||||||I||||||||||||||||"'I|| 11 1 1 1 1 1 1 11 1 1 11 1 1 I

e Clear evolution of spectra with centrality.
» Central collisions: flat at low pr, nearly exponential at high pr

* Indication for collective radial expansion
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Ratios, system size dependence at the LHC

M. Floris

0.4

0.2

K/m || p/m [|[A/KO|| =/ || Q/mt || d/p ||He/d|3H/mt|| /K ||K*/K
- dn 0 BR = 25% O &
ALICE Preliminary °* pp\s=7TeV
¢ Extrapolated (Pb-Pb 0-10%) * p-Pb \s, =5.02TeV
@ Extrapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% -
' ' ' * Pb-Pb Vs, =2.76 TeV, 0-10% °
.. I +
: N -
- ) - . ¢ ¢
o o S ¢ o~ i " .
X 1 x 3 x 0.5 x 30 x 250 x 50 x 100 ><41o5§ X 2 X 1
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Ratios, system size dependence at the LHC

M. Floris

K/m || p/m [|[A/KO|| =/ || Q/mt || d/p ||He/d|3H/mt|| /K ||K*/K
- g 0 BR = 25% X
ALICE Preliminary | * ppis=7TeV
0 Extrapolated (Pb-Pb 0-10%) p-Pb Vs, = 5.02 TeV
4 ; .
0 & Extrapolated (p-Pb 0-5%) | VOA Multiplicity (Pb-Side) 0-5% -
' ; | * Pb-Pb \s,,=2.76 TeV, 0-10% °
0.2 A U A ¢
A {} % SR :
X 1 x 3 x 0.5 x 30 x 250 x 50 x 100 ><41o5§ X 2 X 1

0

Strangeness enhancement
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Ratios, system size dependence at the LHC

0.4

0.2

0

K/m || p/m [|[A/KO|| =/ || Q/mt || d/p ||He/d|3H/mt|| /K ||K*/K
C b o BR = 25% O o
ALICE Preliminary | * ppis=7TeV
¢ Extrapolated (Pb-Pb 0-10%) | ® p-Pb \sy =5.02TeV
& Extrapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% 2
' ; | * Pb-Pb \s,,=2.76 TeV, 0-10% *
RS -
. e ¢
::4}5 {F +ﬁs S -
X 1 x 3 x 0.5 x 30 x 250 x 50 x 100 ><41o5§ X 2 X 1

Strangeness enhancement

M. Floris

K* suppression
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Ratios, system size dependence at the LHC

K/m || p/m [|[A/KO|| =/ || Q/mt || d/p ||He/d|3H/mt|| /K ||K*/K
- dn 0 BR = 25% o b
ALICE Preliminary | * ppis=7TeV
¢ Extrapolated (Pb-Pb 0-10%) | ® p-Pb \sy =5.02TeV
04T & Exvapolated (p-Pb 0-5%) | VOA Muttiplicity (Pb-Side) 0-5% .
' ; | * Pb-Pb \s,,=2.76 TeV, 0-10% *
e I T +7]
774}; {F +ﬁs {F - -
0 Lx1 x 3 x 0.5 x 30 x 250 x 50 x 100 ><41o5§ X 2 X 1
Strangeness enhancement K* suppression
Deu

M. Floris

‘eron enhancement
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Ratios, system size dependence at the LHC

p/mt ||[NMKC|| =/mt

Q/mt

d/p |[He/d|H/m || /K

K*/K

dn o BR = 25%

¢ dr

0.2 -

X 1 X 3

ALICE Preliminary
¢ Extrapolated (Pb-Pb 0-10%)
ir Extrapolated (p-Pb 0-5%)

x05 | x30

°* ppis=7TeV
e p-Pb sy, =5.02 TeV
VOA Multiplicity (Pb-Side) 0-5%

x 250

* Pb-Pb Vs, =2.76 TeV, 0-10%

[e]
[e]
=D T e 1
[e]
—Fo3

x50  x100 : x410°: x2

X 1

Stra
Deu

M. Floris

ngeness enhancement
‘eron enhancement

K* suppression
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Ratios, system size dependence at the LHC

K/m || p/m [|[A/KO|| =/ || Q/mt || d/p ||He/d|3H/mt|| /K ||K*/K
- g o BR = 25% o @
ALICE Preliminary °* pp\s=7TeV
¢ Extrapolated (Pb-Pb 0-10%) * p-Pb \sy, =5.02 TeV
04T & Exvapolated (p-Pb 0-5%) VOA Multiplicity (Pb-Side) 0-5% -
! * Pb-Pb \s,, =2.76 TeV, 0-10% *
SN RS SN B O -
el (w) -~ ~*; *‘
A %ﬂs A o
0 Lx1 x 3 x 0.5 x 30 x 250 x 50 x 100 ><41o5§ «2 . x1
Strangeness enhancement K* suppression

Deut

M. Floris

eron enhancement
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pp ratios, from RHIC to LHC

K/m || p/m ||[AV/KC|| =/m || Q/m || d/p ||He/d|[xH/mt || ¢/K ||K*/K

- pp\s=09TeV
> pp Vs =2.76 TeV

ALICE Preliminary . .
04 |  |eppVs=7Tev

o PHENIX, pp \s = 0.2 TeV T
o x* STAR, pp Vs = 0.2 TeV L
; ; : : : M T
M I_I |—|I_I- ,_|+ i
*'1 e o % = L
u’ .u: L
. . - I_I (I . | . . . . .
0.2 - N -
'_I EEE : N : 1 : : : : ) :
I_I|—||—|E] *rl-ll_ll_l
008 o l_, ¥ : 9
g é é . =R e
. STAR: T o B
. /\+/\ . . . . . .
x1 | x3 © x05 : x80 :x110°: x50 : x100 : x410°: x2 | x1

_ift of canonical suppression in pp collisions at the LHC?
GC ensemble applicable in pp at the LHC? . -
ee, e.g. Becattini

Becattini et al, JPG 025002 (2011)
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pp ratios, from RHIC to LHC

K/m || p/m ||[AV/KC|| =/m || Q/m || d/p ||He/d|[xH/mt || ¢/K ||K*/K

o pp \s=0.9 TeV

| | | g g > pp \s=2.76 TeV
0.4 L  |eppis=7TeV

f f f ' f o PHENIX, pp \s = 0.2 TeV
x STAR, pp Vs = 0.2 TeV

ALICE Preliminary

Loe 1,

L =& ]
]

C ¥ ]
L & ]

[ e 1]
E:;]

C e ]
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L -e

[ -e-

o2f 0K

%3?5 i i i i i i i
= S BRI s s BT
T e

. STAR:
. AN
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_ift of canonical suppression in pp collisions at the LHC?

- - 7
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Becattini et al, JPG 025002 (2011)
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Recombination and anisotropic flow

ALICE, arXiv:1405.4632
ALICE 10-20% Pb-Pb |s,, = 2.76 TeV ALICE 30-40% Pb-Pb \'s,, = 2.76 TeV

V,{SP,|An| > 0.9}

Recombination and v2 = B/M ordering + NCQ scaling

$ central: mass ordering at all pt (close to p)
¢ semi-central: mass ord. low pr follows 1 high pr

M. Floris * Incontro Fisica loni Pesanti — Bologna - Maggio 2015




Recombination and anisotropic flow

o = 10-20% : 20-40% L 40-60%
g b -] !
1.8 .  ALICE PHENIX
o g ot o =
I - AK*
3, 10 =)
>
~ 1.4}
EC'
2 1.2F
1_
0.84
0

Jnq (GeV/c)

Recombination and v2 = B/M ordering + NCQ scaling

$ central: mass ordering at all pt (close to p)
¢ semi-central: mass ord. low pr follows 1 high pr

Violation of constituent quark scaling ~ +20%
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M. Floris

data / model

ALICE Preliminary, p-Pb, | s, = 5.02 TeV
10° VOA Multiplicity Class (Pb-side): 0-5%
—4— 1t + 7 (100x)
102 o K +K
e + (SOX)
10 by —E— Kg (25%)
.=§§§§F=- ) —— P+ 5_(1 X)
1 R —=— A +A (0.1x)
N —®— Z +Z'(0.05x)
NS —H— Q +0" (0.01x)
102 ia T EIE-,E, — Blast-Wave
=== EI_EEE—EI— global fit

10* ¥

10° g 2
10 R
10° B S <&—

“fit range: 0.5-1.0 GeVic

1.5F 0.2-15GeVic 3
1 = o I_ll ............. e _:
1.5 0.0-1.5 GeVic 3

0.3-3.0 GeVic 3
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GC fits at the LHC (pp collisions)

10

ot ot
o o o
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(mod.-data)/c ,,,
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M. Floris
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GC fits at the LHC (pp collisions)
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GC fits at the LHC (pp collisions)
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MC-Glauber

IP-Glasma

MC-Glauber -8 8

IP-Glasma -8 8
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Fireball expansion: the “standard model”

M. Floris

Temperature T [MeV]

.

Nuclei

Net Baryon Density
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Initial state Energy Stopping

Hard Collisions

Hydrodynamic
Evolution

Hadron Freezeout

M. Floris
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- Energy Stopping Hydrodynamic
Initial state Hard Collisions Evolution

._} e

Hadron Freezeout
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- Energy Stopping Hydrodynamic
Initial state Hard Collisions Evolution

Hadron Freezeout
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Energy Stopping Hydrodynamic

Initial state Hard Collisions Evolution Hadron Freezeout
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Initial state Energy Stopping Hydrodynamic

Hard Collisions Evolution Hadron Freezeout
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Initial state

hard scattering
thermalization

hydrodynamic
flow

M. Floris
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Initial state Energy Stopping Hydrodynamic

Hard Collisions Evolution Hadron Freezeout
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Fireball expansion: the

Observable consequences:

Elliptic flow (azimuthal asymmetry)
Chemical equilibrium (particle abundances)
Hadronization mechanism / recombination

Radial flow (pr distributions)
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