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QCD matter
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Study of nuclear matter
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% Collectivity in small systems? i

C

So far, pp and p-A collisions were playing the role of control experiments
= disentangle the so-called cold nuclear matter effects from those attributed to the
hot and dense QCD medium (sQGP) produced in central heavy-ion collisions

Striking findings in high multiplicity p-Pb events
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% The ALICE apparatus o

ACORDE

o Moderate magnetic field
(B =0.5T) in the midrapidity
region

TRACKING
o Low momentum tracking o
down to pr~100 MeV/c - ¥ /L

o High granularity to cope
with the high occupancy

=~/ TRIGGER
CHAMBER

ZDC
~116mfrom P,

o Extensive Particle
[Dentification (PID)
capabilities

DIPOLE
MAGNET

ABSORBER

More information:
ALICE, IJMPA 29, (2014) 1430044
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Decay Topology
o b TPC rdE/dx
o Moderate magnetic field Ny HMPD
(B=0.5T) in the midrapidity  gEESS== ~—~ T or
region o TeCdEx
ITS dE/dx
o Low momentum tracking o L o
down to p;~100 MeV/c 10" 1 10
g (GeV/c)
: :
o High granularity to cope -
with the high occupancy

o Extensive Particle
[Dentification (PID)
capabilities

DIPOLE
MAGNET

ABSORBER

Central barrel: : :
. More information:
2mn tracking and PID ALICE, IJMPA 29, (2014) 1430044

Inl<1,B=05T
(HMPID RICH: |n|<0.6, Ap=57°)
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Inner Tracking System
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The ALICE apparatus o

=R Forward detectors
' (trigger “event activity”)

o Moderate magnetic field
(B =0.5T) in the midrapidity
region

| A

HMPID
~.( FMD

o Low momentum tracking
down to pr~100 MeV/c
N

o High granularity to cope i L
with the high occupancy

,,~\
D

[Dentification (PID)

o Extensive Particle ‘. Niass = |

capabilities ' ’ e
. .MAGNET
2 \OA More information:
ALICE, IJMPA 29, (2014) 1430044
VOA detector: J (2014)

2.8 <n <5.1, positioned in
the Pb-going direction
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—— Glauber fit

= Multiplicity is defined as the
number of charged particles per event

10 E_M — 0 500 1000 E
I @@ §
ilel2] 2| 2 2 1 = Linked through the impact parameter to
0 gle ) 8| g S = the collision centrality in Pb-Pb
-2 I | L | I P I PRI R A SIS | IR A i | I‘
10 0 5000 10000 15000 20000

VZERO Amplitude (a.u) ® ALICE measures the event activity

Phys. Rev. Lett. 106, 032301 (2011) o .
at forward rapidity with the VO detector

2 EALICEp-Pb s, =502TeV ' -Pb
S [ <+ Data
S T | . e | , T
G107 \BD-Glauberfit k_044)‘° N ‘ i » Wide range of measured multiplicities
— E foeaae, partx = M R=U ° .
el — : ; = from <dN_ /dn>~ 2in pp
Eﬂ 0° 3 ™ R I = {o <chh/ dn> =~ 1600 in central
- (> : Pb-Pb
10% =
Clel el | R @ i
10°=18 3| F | § |8 52 -
8|28 | 2|5 S -
000 200 300 400 500 -

VOA (Pb-side) amplitude (arb. units)
Phys. Rev. C 91 (2015) 064905 Stefania Bufalino - MPI2016



Spectra evolution in Pb-Pb iR

. — 0.2 ;T ]
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1F
. B.)
g or = Mass dependence of the spectral shape
o 1F = radial flow
CU -
S F = Blast Wave

= simplified hydrodynamic model

' e . . ) : = Well descnbed spectral evolution

PR IR R 1 3
o 1+ 2 3 4 5 6 d°N p,sinh p m, cosh p
p. (GeV/c) L K| —+ rdr
Phys. Rev. C 88, (2013) 044910 p’ kin Ty

Schnedermann, Sollfrank and Heinz Phys. Rev. C 48, 2462 10
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s Spectra evolution in p-Pb i

C

VOA Multiplicity Class: 0-5%

& 104""|""|""|""| """ C """" AR IR .
S ALGE, ?»Lpsb)zé”&mif 5. ZX The Blast-wave model is compared to the
> , E VOA Multiplicity Class (Pb-side): 0-5% . . .
210 BN —— e (100%) pr distributions:
= o™ —®— K+ K (50%)
— —=— K3 (25%)
> 1 —®— p+p(1x) .
g 10 e gl,;gﬁléfvf:élﬁ » parameters obtained from the
- i obal fi . .
S 102 ° simultaneous fit to =, K, p and A
G 10
g 10° » combined BW fit describes the spectra
q 10 . .
= g0 fairly well also in p-Pb
Z 07
~— e ol o by oy Vv o by o by n g by v a by s b Ny 1y

158 ' PAIARARIRADIRG: Common kinetic freeze-out describes the

- ge: 0.5-1.0 GeV/c ) ) . o o
1E spectra in high multiplicity p-Pb collisions
15¢ 0.2-15 GeVie
1E . . .
g o In central heavy-ion collisions, the
0.0-1.5 GeV/c

multistrange particles experience less

transverse flow
PLB 728 (2014) 216-227
PRC 90 (2014) 054912

0.3-3.0 GeV/c

data / model
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1 2 3 4 5 6 7 8 9
P (GeV/c)
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Spectra evolution in pp

Similarities to Pb-Pb results are observed:

multiplicity- and mass-dependent flattening of the p; spectra at low p; (<2 GeV/c)
. . . . ‘._A L] L) L) Ll L L} | 1 L) 1 | 1 1 L) L] L] L] L L] L] _ n++n_, K++K-, p+§
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? 22
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101 pp at \s=7 TeV x:l (g(x224))
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= Qualitatively similar behavior observed for
pp, p-Pb and Pb-Pb collisions

*[ arger radial flow parameter obtained
in p-Pb than in Pb-Pb collisions for a
similar multiplicity
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Blast Wave fit results i

L./%

Multiplicity evolution of the spectral shapes

-~ 02— T
S n . .
& oisf 3 Results of the simultaneous Blast-Wave
= - oy 1 £
< 016F L = AN . 4 fit to =, K, p and A py spectra
. F Ny .
014 e —
012k o e mm—. Q o 3 = care needs to be taken with the
01 T, !..___“"‘."---_._e;;6 1 interpretation because the model also
L S "y — .
0.08E —— ALICE p-Pb, |5, - 5.02TeV =5.<  J describes thg pr spe.ctra of pp events
: VOA Multiplicity Classes (Pb-side) 1 generated with Pythia 8, where no
0.06  —o— ALICE, Pb-Pb, s, = 2.76 TeV 1 hvd . d
— —=— PYTHIAS8,\s =7 TeV (with Color Reconnection) . y Iro expansmn 1S assume
0.04 :_ —&— PYTHIA8, \s = 7 TeV (without Color Reconnection) _:
oo s by o s by s sy Loy o s by s by s by vy by o by . .
00927025 0.3 035 0.4 045 05 055 0.6 065 0.7 2 other final state mechanisms can

(B.) mMimic the effects of radial flow!
ALICE, PLB 728 (2014) 25-38 T
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Baryon to meson ratio i

(e
o F j — 1 T o [ N 1 T 7]
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5 - VOM Multiplicity class: e C VOM Multiplicity class: PP ;
(&) - () r e P -
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F PP ] 0.15F =
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e Z I
fe! [ o -
s o T
[ ©
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# No significant multiplicity evolution for the ratio K/m as a function of p;

»Depletion at low p; and enhancement at intermediate p; for p/x
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Baryon to meson ratio
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1 1 LI II 1 ] 1 ] LI II
- ALICE Preliminary pp Vs =7 TeV
I-— F=—] VoM Class I, (dN_/c) = 21.3
- [==—] VOM Class X, (dN_/dn) = 2.3
(VOM Multiplicity Classes)
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i© 0.8
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o

N’

o
(o2}
T l T

o
S
T T I T T

T ALICE p-Pb V =5.02 TeV
| —=— 0-5%, (dN Jdn) =45.1

[—=— 60-80%, <chh/dn> =9.8
(VOA Mult. Classes - Pb side)

" @

- ALICE Pb-Pb 1 =2.76 TeV
[ = 0-5%, (@N_ /dn> =1601.0
—=—] 60-80%, (chh/dm =555

= At intermediate p; (2<p;<10 GeV/c), the proton-to-pion ratio increases with

event multiplicity

= The behavior of this increase is qualitatively similar to that observed in Pb-Pb

collisions

P (GeV/c)

= At high p; (>10 GeV/c) the particle ratios in pp, p-Pb and Pb-Pb are consistent

Stefania Bufalino - MP12016
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Baryon to meson ratio vs multiplicity
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—e—] ALICE pp \s =7 TeV
—— Pythia8 Monash No CR
------- Pythia8 Monash With CR

P T T T T T T T T | T
= 0.1 | 0.50 < p, < 0.55 GeV/c ALICE Preliminary | PYTHIA 8 with and Without Colour
F I ' reconnection
= 0.08 _' - colour reconnection describes
~ ' qualitatively better the data
[oX I
+ 0.06 _
Q. - o o
~ o004 LOW P, -
i | | | | | | | | | |
0.5 _ 2.40 < p_<2.60 GeV/c | B
0.4F -

= Mid p;,

oz—ﬁ ...... _

0.1 -| PYTHIAS8 T. Sjostrand et al., Comput.Phys.Commun. 178 (2008) 852867
I ' T ' 1| DIPSY C. Flensburg et al., J. High Energ. Phys. (2011) 2011: 103
10 C. Bierlich et al., J. High Energ. Phys. (2015) 2015: 148
(dN /d r]> C. Bierlich et al., Phys. Rev. D 92, 094010
ch [71<0.5 | EPOS LHC T. Pierog et al., Phys. Rev. C 92, 034906 (2015)
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e ALICEpp \s=7TeV  wwn DIPSY Color Ropes
——— Pythia8 Monash No CR
------- Pythia8 Monash With CR

% Baryon to meson ratio vs multlphc:lty

PYTHIA 8 with and without colour
reconnection

—>colour reconnection describes
qualitatively better the data

DIPSY:

—> Describes the measured trends in a
qualitative way

—~effect at low p; overestimated

'R 4] 050 p, <055 GeVic ALICE Preliminary |
+ e,
oo
l;) S
O e —— |
< 0% A g,
- .
I+ 0.06- R ) —
" q
o i -
todl Low pT _
L | I I I | | | I | I |
0.5:_2_40< p, <2.60 GeV/c ! ]
0.4l . |
Mid p; |
0.3- =
i = = :
e - :
0.2 B __
0.1F _
1 I | | | | I I | I
10
(dN ch/d77>|n|<0-5

PYTHIAS8 T. Sjostrand et al., Comput.Phys.Commun. 178 (2008) 852867
DIPSY C. Flensburg et al., ]. High Energ. Phys. (2011) 2011: 103

C. Bierlich et al., J. High Energ. Phys. (2015) 2015: 148

C. Bierlich et al., Phys. Rev. D 92, 094010
EPOS LHC T. Pierog et al., Phys. Rev. C 92, 034906 (2015)
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Baryon to meson ratio vs mult1p11c1ty

PYTHIA 8 with and without colour
reconnection

—colour reconnection describes
qualitatively better the data

DIPSY:

—> Describes the measured trends in a
qualitative way

—~effect at low p; overestimated

EPOS LHC:

Collective radial expansion

—> Describes only the trends for the
low py

| 0.50 < p_<0.55GeV/c ALICE Prellmlnary
"'\o‘ R IS Hl~l~'.'E.'
E~ . E.,.E.'.E’.' B _
8 e
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| | | | | | | | | |
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M Id pT \"o’ -
4B BBR?
- |E| ““" —
= | o | ]
10
<dNch/dn>|n|<0.5

PYTHIAS8 T. Sjostrand et al., Comput.Phys.Commun. 178 (2008) 852867

C. Flensburg et al., ]. High Energ. Phys. (2011) 2011: 103
C. Bierlich et al., J. High Energ. Phys. (2015) 2015: 148
C. Bierlich et al., Phys. Rev. D 92, 094010

EPOS LHC T. Pierog et al., Phys. Rev. C 92, 034906 (2015)
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* Several similarities between pp, p-Pb, and Pb-Pb
collisions have been reported

— collectivity, baryon/meson ratio,

Strangeness pI'OdU_CtiOH see Prabhakar Palni talk in this session

Predictions from Monte Carlo models show poor
agreement with the measurements

Further investigations are necessary to understand
the underlying particle production mechanisms in
smaller systems
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