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Motivation | ALICE

p-A collisions: control measurement (beside pp collisions) in order to better
understand heavy ion collisions, i.e. disentangle initial- and final state effects

At high p; (final state effects)

- study parton energy loss mechanisms in QGP

At intermediate p; (initial state effects)

— obtain higher precision in the existing measurements (ITS, TPC, TOF)

- study Cold Nuclear Matter effects (e.g. Cronin enhancement) and
modification of particle ratios (p/pi and K/pi) by flow-like effects

- Importance of parton recombination <«—» hydrodynamical descritpion

At low p- (flow-like behaviours)

- study hydrodynamical description of the particle production

27/01/2016 Bencedi, Fisica de Altas Energias Seminario 3
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Motivation I ALICE

« Heavy-ion collision - sQGP formed
* Features of sQGP are collective fFlow and opacity of jets

* Collective behaviours are observed as azimuthal anisotropy

* Double ridge structure, long-range angular correlations in p-Pb collisions at high multiplicity
(near- and away side)
* Flow-like patterns observed
« Mass ordering and crossing is qualitatively similar to observations in A-A collisions at low p_can be described

by hydrodynamic models
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ALICE

The interpretation of these sQGP properties requires
| comparisons with reference measurements
-tk like pp and p-A collisions.

Recent measurements in high multiplicity pp, p-A and d-A
collisions at different energies have revealed strong
flow-like effects even in these small systems.

= evidence of radial flow-like patterns in p—Pb collisions!!]

= color-reconnection may produce radial flow-like effects!?

[1] ALICE Collaboration, Phys. Lett. B728 (2014) 25-38
[2] A.Ortiz et.al Phys. Rev. Lett. 111 (Jul, 2013) 042001, Nucl. Phys. A941 no. 0, (2015) 78 - 86.
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The ALICE apparatus ALICE
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ALICE, 1JMPA 29,1430044 (2014)
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The ALICE apparatus ALICE
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(trigger, multiplicity) -y T Beam energy:
e 4 TeV perZ

(resulting 5.02 ATeV)

L \/OA SPD

VOA: 2.8<n,,<5.1, positioned in the Pb-going direction
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ALICE, 1JMPA 29,1430044 (2014)
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Multiplicity estimation: VOA ALICE

ALICE PRC 91 (2015) 064905
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* For small systems there is a weak correlation between the impact parameter (b) and
the number of participants (N,,,)

e For this reason particle production is studied in event multiplicity classes
VOA estimator is used (as in the first ALICE publication on identified hadron production
in p-Pb collisions)

x VOA detector: 2.8<n,,<5.1, positioned in the Pb-going direction
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The ALICE apparatus ALICE
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Particle Identification ALICE

* Track-by-track ID (n-o cut) in the 1/B2 region Dedicated to charged hadron Identification in the

* PID in the relativistic rise using statistical approaches

intermediate momentum region
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* Tracking + standalone reconstruction: PID via dE/dx from SDD

Particle Identification using RICH technique in the
and SSD analog read-out

intermediate momentum region on track-by-track basis

+ Standalone tracking in the low-p_region (down to 100MeV/c)
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Particle Identification ALICE

Analysis

Published [38]
TPC dE/dx rel. rise

dE/dx in TPC (arb. units)

Published [30]"

" Included detectors: ITS. TPC, Time-of-Flight (TOF), HMPID. The

£
=
S results also include the kink-topology identification of the weak decays
3 . -
%i of charged kaons. E
© ]
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L PID Performance of PID
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ALICE

pi/K/p production at high p_ as a function
of event multiplicity

27/01/2016 Bencedi, Fisica de Altas Energias Seminario 13
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Multiplicity dependence of pi/K/p spectra aLIcE

p-Pb @ 5.02ATeV
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Multiplicity dependence of pi/K/p spectra qlLIcE

p* T ]
\ ALICE p-Pb ys_ = 5.02 TeV_ . i imilariti -
_% VS | JOA dasses (Pb.sie) el Similarities to Pb-Pb results are
‘ ] * 05% (x64) * 40-60% (x4) observed:
ol . ]
] " 510% (x32) * 60-80% (x2)
o NSD (X256) 1 ° o o
! . 10-20% (x16) + KR~ *+ 80-100% (x1) - A mUltlplICItY' and mass-
-2 - S ] i
: AN, o : dependent flattenimnglolthep:
Ny T (i ] - ]
e 1 Tt o ] spectra at low p; (< 2 GeV/()
Ty T ——] 2 +‘-0-*:===n=l—°—
-5 ++++ _._:_A_:***-'- . ———— "'1.""“',:*: *i*_
F e e ——— f Hardening th tra at high
i "'---.-_.__'_—0— . 1 ""'=..=.:'=*=' ening the p_spec g
N S S _T b+P e p.with increasing multiplicity
(N IR A S N N E O B O B B R I LT T T T T T T T T T 1T T T T T T T T 0T T T T T T 111
0 2 4681012141618 0 2 4 6 8 1012141618 | 10 T T 1
p (GeV/C) o I ALICE "%=2.76 TeV 1 —%— 20-40% Pb-Pb (x4) T -]
T o —e— 0.5% Pb-Pb (x32) 1 —*— 40-60% Pb-Pb (x2) E_ :
% 10- —=— 5.10% Pb-Pb (x16) —+ §0-80% Pb-Pb (x1) _-\ i,
S_D, 10-20% Pb-Pb (x8) g © pp(x1) \ ;
g | ]
S e ! :
Q 10° e . ]
L2 “:::::"'t 2 E
Z *nﬁ#“"’nh:"“ e —w—
“C i o Twy Tl Cboo * e
e P OOO **** %6 % i N B
—10"F o5 == %o, S S
Q L ) % o | . © ——
R [ T+ T °l] K+K 1
U T T T Y Y N Y Y B it
27/01/2016 Be <
~ 0 2 46 81012141618 0 2 4 6 8 1012141618 0 2 4 6 8 1012141618

P, (GeV/c)



A* I'lsT_i‘.-.Jtt)_de .
Ciencias _
WisNer =

ALICE

At low p_
the flattening and mass ordering of the p_spectra

can be studied by applying simultaneous
Blast-Wave fits

27/01/2016 Bencedi, Fisica de Altas Energias Seminario 16
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Blast wave Fits to the spectra ALICE

multiplicity increases

—~ 0.2 e e e e e e e e .

The Flattening and mass D o1sb 3
ordering of the p_spectra can S TE .
be studied by applying |~§ 0.16 3 E
simultaneous Blast-Wave fits 0.14 =
to pi, K, p, K°. and A p; spectra 0.12F 3
in VOA multiplicity classes 01E =
e Qualitatively similar 0081 ALICE, PP, [y = 5,02 Te E
behavior observed for p-Pb 0.06 VOA Multiplicity Classes (Pb-side) —
and Pb-Pb collisions 0.04 - —o— ALICE, Pb-Pb, s, = 2.76 TeV 3

e Larger radial flow 0.0 ST T PR DT PV PP PO PP POV T

' %.2 0.25 0.3 0.35 04 045 05 055 0.6 0.65 0.7

parameter obtained in p-Pb
than in Pb-Pb collisions B
at similar multiplicity

— consequence of selection bias of harder events?

— consequence of stronger radial gradients? (Phys.Rev. C88 (2013) 4, 044915)

e In p-Pb data there is a presence of flow-like effects
e In Pb-Pb strong radial flow is observed Phys. Rev. Lett. 109 (2012) 252301
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Blast wave Fits to the spectra ALICE
multiplicity increases
..................... »
< 0-2: AR AR AN IR IR IR IR IR IR AR
. 5 018F =

The flattening and mass = N % ]

: = 0.16F ® 3
ordering of the p_spectra = E [y AJEN by .
can be studied by applying 0.14 3 R ) E
simultaneous Blast-Wave 012 - 0 00O R oo =
fits to pi, K, p, K°, and A p; 01E s O Oy =
spectra in VOA multiplicity 008 —* ALICE. p-Pb, s, =5.02 TeV E
classes L VOA Multiplicity Classes (Pb-side) :

0.06 = —e— ALICE, Pb-Pb, s, = 2.76 TeV —
i C  —=— PYTHIAS, \s = 7 TeV (with Color Reconnection) ]

* Simulated pp events 0.04F = PYTHIAS, Vs = 7 TeV (without Color Reconnection) 3
(PYTHIAS8, CR) without 0.0%‘ co b b b o o oo Lo b Lo
hydrodynamical expansion 2 025 0.3 0.35 04 045 0.5 0.55 0.6 0.65 0.7
of the systern show similar By

trend to those observed in
p-Pb and Pb-Pb collisions
A. Ortiz et al. PRL 111 (2013) 4, 042001

November 3, 2015 G.Bencedi for the ALICE Collaboration 18
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Blast wave Fits to the spectra ALICE
multiplicity increases
..................... >

< 0-2: AR IR I AR AR AR IR I IR R
5 otsp | . =
The flattening and mass S 016E ﬁ%ﬁ %W_WL_ % E
ordering of the p_spectra |~§ E N % \% ALICE - -
can be studied by applying 0.14 3 R > E
simultaneous Blast-Wave 0121 - 00oo 5 E
fits to pi, K, p, K. and A p; 01E = LD Oy =
spectra in VOA multiplicity 008 —* ALICE, p-Pb, s, =502 TeV. -
il VOA Multiplicity Classes (Pb-side) .
classes 006 —© ALIGE Pb-Pb, s =276 TeV E
VY  —a— ALICE, pp,\%@ =7 TeV .
. - —=— PYTHIAS8, \s =7 TeV (with Color R ti T
* Simulated PP events 0.04 - —=— PYTHIAS, \(2 =7 T:V Eailthou(t)gglo(:CRO:cnoenCng):t?on) .
H W NS R NS N W I IS S N

I(w?c(l-rljglcllcgégfc):a‘fgg:rl:5|on 0'0%2 0.25 0.3 0.35 04 045 05 055 0.6 0.65 0.7
of the systern show similar <'BT>

trend to those observed in
p-Pb and Pb-Pb collisions
A. Ortiz et al. PRL 111 (2013) 4, 042001

eyl pp collisions exhibit flow-like behavior 9
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Blast wave Fits to the spectra ALICE

0<y <05 == EPOSLHC

Krakow

,'+.‘t' (1001) ........... DPMJET

+ K (10x)

K'+K

p+P

The p_spectra in high multiplicity pp and p-Pb

collisions show a clear evolution with multiplicity
— this effect is well known from heavy ion collisions

* models, e.g. the Krakéw hydrodynamic model,
reproduce the kaon and pion spectra fairly well
below 1 GeV/c

- A deviation For higher p_might show the limit of

hydrodynamical models. The data could indicate

the onset of a non-thermal (hard) component,

which is not dominated by the flow-boosted thermal
component in more peripheral collisions

* Models incorporating Final state effects, such as
EPQOS, give good description of the data

Common kinetic freeze-out describes the spectra
in high multiplicity p-Pb collisions
This Feature is also observed in pp events

simulated with PYTHIAS
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ALICE

Transverse momentum and multiplicity
dependence of particle ratios

proton-to-pion and kaon-to-pion
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Particle ratios,

"ALICE {5y = 2.76 TeV
+0-5% Pb-Pb T
8- <pp —+
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Pb-Pb @ 2.76ATeV
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ALICE
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1 1
5

1
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o INELpp Ys=7TeV

o INEL pp Vs =2.76 TeV

10-20% p-Pb

p-Pb @ 5.02ATeV

X
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2
P_
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K/pi and p/pi

ALICE

* Proton-to-pion ratios

* Strong mutliplicity
dependence observed for
p, <10 GeV/c

* Qualitatively similar to Pb-
Pb

« At high p_similar
behaviour to pp at 2.76TeV
and pp at 7TeV

rio
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Particle ratios
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, K/pi and p/pi

> ALICE |5, =2.76 TeV
[} +0-5% Pb-Pb T 10-20%
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a
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ALICE

* Kaon-to-pion ratios

* No dependence with
multiplicity

* Similar to those of pp at
2.76TeV and 7TeV

rio 23
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Multiplicity dependence of ALICE
kaon/pion and proton/pion particle ratios

. At intermediate p (2<p <10 GeV/C)' :I T T | LI | LI | T 1T | T 17T | LU | T T I::I T T T T | T 1T | T TT | LI | T TT | T TT | I:
the broton-to-bi T ti T 1~ ALICE P-Pb, sy, =5.02 TeV L Pb-Pb, |5, =276 TeV
e p pion ratio increases - Preliminary o 0.59, 1 . 059 ]
with event multiplicity (and a I . 60-80% T . 60.80°
corresponding depletion at low p,) —~ 08 p. <3.0GeV/c T PLB 736, 196-207 (2014)
B PLB 728, 25-38 (2014)
. . + - 1
* The behavior of this increase is t 0.6 +
gualtl)tatgvehl/l.m.mllar to that observed = | VoA Multiplcity Classes (Pb-side)
inP -P. collisions 2 o4 T 4
— its multiplicity dependence + L % .
for p. <1 GeV/cis a feature of SR . T ’ | ]
radial flow 0.2r } ]
_ - | 111 | 111 | 111 | L 11 | 111 | L1 | 1 11 | 111 | 111 | 111 | 111 | 111 | 111 | I_

« At high p. (>10 GeV/() the particle

ratios in p-Pb and Pb-Pb are
consistent

2 4 6 8 10 12 14 2 4 6 8 10 12 14
pT(GeV/c)
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« Atintermediate p; (2<p,<10 GeV/q),
the proton-to-pion ratio increases

with event multiplicity (and a

corresponding depletion at low p,)

The behavior of this increase is

qualitatively similar to that observed

in Pb-Pb collisions

— its multiplicity dependence
fFor p. < 1 GeV/cis a feature of

radial flow

At high p. (>10 GeV/(¢) the particle

ratios in p-Pb and Pb-Pb are
consistent

27/01/2016

Particle ratio
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p, integrated
kaon/pion and proton/pion particle ratios

i

ALICE

_ ALICE P-Pb, {5y = 5.02 TeV

[ Preliminary o (-5%
= 60-80%

—

- 0'8__ p, <3.0GeVic

R | PLB 728, 25-38 (2014)
+ o

E 0.6_—

= [ VOA Multiplicity Classes (Pb-side)
12 44

+

o

® 0-5%

= 60-80%
PLB 736, 196-207 (2014)

IIII|III|III|III|III
Pb-Pb, |5, =276 TeV |
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0 0-5% p-Pb s, = 5.02 TeV
0.4+
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=g O
E

(p+P(n + )

+ O INEL pp Vs =7 TeV

¢ Pb-Pb 60-80% |5,

I E—
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g ¢

]
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p, integrated
kaon/pion and proton/pion particle ratios

ALICE

" ALICE
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The nuclear modification factor R ., For pi/K/p

d*Nppp /dydpr
Topy) d*cINEL /dyd pr

Rpr — <

(Topb ) = (Neon) /onn = 0.098340.0035 mb ™

In order to quantify particle specie dependence of
nuclear effects comparison to reference pp at the same
energy is needed
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The nuclear modification Factor RpP

X for pi/K/p ALICE

calculation of pp reference spectrum at 5.02TeV

No measurement was available in pp at 5.02TeV

Constructed from pp 2.76TeV and pp 7TeV (measured up to 20GeV/c)

The invariant cross section d?c: ;EEL /dydpr is interpolated bin-by-bin (p-)
assuming ¢y - \[ dependence

[ I I I l l I l l l
ALICE INEL pp

o \s=276TeV
* {s =502 TeV (reference)

e |, == ==
=== K'+K ——— = = 1
e
r T T —
R T T | Y
| m (s=7TeV/Is=502TeV |
m (s=276TeV/1s=502TeV
= 4
mjm| ® |

[ (GeV/c)
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x10°
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M

1/(2np,) d?s/(dp_dy) [mb (GeVic)?
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The nuclear modification factor R, for pi/K/p qi1cE

2
I I I | I | T | I | I | I | T I I | T R Pb — d Npr/dyde
ALICE NSD p-Pb \s,, =9.02 TeV P <Tpr> de]%TEL/dyde
1.5 I -
x| [k 1 * Measured for NSD events
5 Hptiii * l « Nuclear overlap <T > is not
Q Coep | d yet in mult. classes
LT - '%—I - == U B S W measured ye :
e i = f:g:gli +# : * ; * No pp measurement at 5.02 TeV.:
.- it has to be interpolated between
o h'+h existing measurements
0.5 o THHIT —
s K'+K - Atintermediate p; the proton R,
*x p+p shows a Cronin-like enhancement,
(') ' é ' zll ' é ! é ' 1'0 ' 1'2 ' 1'4 ! 1|6 ' 1|8 ' 2'0 while pions and kaons show little or
no nuclear modification
pT (GeV/C) « At higher p;the pion, kaon and
proton R, are consistent with unity

It has been proposed that in d-Au collisions the recombination of soft and shower partons in
the final state could explain the behavior of the nuclear modification factor at intermediate pT
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Summary ALICE

« p-Pb and Pb-Pb collisions have very similar behavior in many ways

 p-Pb: p; spectra show flow-like behavior

« p-Pb: multiplicity dependence of the proton-to-pion ratio vs. p; is

qualitatively similar to the centrality evolution of this ratio in Pb-Pb
collisions

» Cronin-like enhancement observed for protons at intermediate p;
(initial state effects); no nuclear modification at high p;
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ALICE

Backup slides
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Combined spectra ALICE
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