


TPC relativistic rise dE/dx

- fit of 4 Gaussians (1, K, p, e) in intervals of n and p-
« peak positions and width fixed from identified particles

« T, K, p spectra on statistical basis for 3 < p; <20 GeV/c

€;100 T

n L]
90 JLICE

80

70

dE/dx in TPC (arb. unit

60 !

m 1 I 11 1 I 111 I 11 I:
2 4 6 8 12 14 16 18 20
J p (GeV/c)

d'N, _Ed'N, xx from TPC dE/d
— ‘ room X
dydp, pdndp, &,
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Identified hadron spectra in p-Pb collisions

multiplicity classes from VOA detector

spectra combined from low-p; and high-p; analysis

p-Pb

Q K+ K S . p+Pp
SRR CRE L R
1) S 102 K S 107k P
ALICE = ALICE = i ALICE
PRELIMINARY < 10 PRELIMINARY = 5 PRELIMINARY
p-Pb, {s = 5.02 TeV 3 p-Pb, {5 = 5.02 TeV 5 F p-Pb, {Syy = 5.02 TeV
O<y__ <0.5for p_< 2.0 GeVic Q. 1 O<y_ _<0.5 for P 2.8 GeVic Q. 3 O<y, _<0.5 for P 3.0 GeVie
U’cmjr:o-3 for prl 2.0 GeVic S 10" {ycmsr?o.sfor p, > 2.8 GeVic S A h/cmsr:o.sfor p,>3.0 GeVie
o o o 3
o= E
. 3 10 . = -
- o —— E
-o—_.__._ Qn—1 0? - - -
.- & 4 ¢++ -.-.-o- [ e
- = 10 *y —— d gy
- s =10° 'S = L
= - 3 510 - | 3 F ot
= 10 k- VoA mutiplicity . = 10 VoA mutiiplicity e, ed = 10 EVOA muliplity I, .
——0-5% (64x) -h"% -4 0-5% (64x) == E —4— 0-5% (64%) S . =
107 5-10% (32x) 107 5-10% (32x) 107 = 5-10% (32x) ==
10-20% (16x) 10-20% (18x) 3 10-20% (16x)
10 20-40% (8x) 10°® 20-40% (8x) 108 b 20-40% (8%) E%
40-60% (4x) 40-60% (4x) E 4 40-60% (4%) =
-9 [ —#-60-80% (2 -9 [ —4-60-80% (2 9 [ —4-60-80% (2
10 80—100/%( ()wdx) 10 807100/%( ()1{];0 10 3 80405%( (>1()x) %
10—10||||||||||||||||||||||||||||| 10710||||||||||||||||||||||||||||| 10710'|||||||||||||||||||||||||||||
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P; (GeV/c) P, (GeV/c) P, (GeV/c)
« harder spectra for higher multiplicities
[

mass ordering of 1, K, p: harder spectra < larger mass
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Identified hadron specira in Pb-Pb collisions

« shape of the spectrum in Pb-Pb differs from pp reference | Pb-Pb

- difference most pronounced in central collisions

ALICE |5, =2.76 TeV
+ 0-5% Pb-Pb

10°9
10°Fg

S
Q)
>
@ 10 = 60-80% Pb-Pb
= a pp (Scaled, N )
o~ 1 coll
> 10\,
o - A, - _
A ]
o R i A K
-~ 107F "= 2 SIS P -
Q 5 % =||=-I=_I=I A T m:-: AA -
Cﬁ é'&. A, L7 . A e A
10_5_ =ﬁ= = = AT -5 == a A -
= - é’.&. T ':é::&. o, oo e A -
Zm — :ﬁ:':ﬂ::é: —1 dmA L, e A
= .l S T Ty, ===
> 10°F + ; T P == T = == .
o n+n K +K =7 p+p —
© i 1 T =
10—9|IIIIIIIlIII|IIIIIIIlIIIIIIIlIIIlIIIIIIII|||||||||||||||||||||||||||||||I|||I||||III|III|III|III|III|III|III|IIIIIIIIIII
0 2 4 6 81012141618 0 2 4 6 8 1012141618 0 2 4 6 8 101214 16 18
pT(Gerc)

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]
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|dentified hadron ratios p-Pb

« no multiplicity dependence in K/1r p-Pb

« K/ ratio reaches ~0.55 at high p;

I/é\ 1 l:— T I T T T I T T T I T T T I T T T I T T T I T T 1 I |—:ll I/g 0.7 _— T I T T T I T T T I T T T I T T T I T T T I 1 T T I l_._
g 0.9 VOAmultiplicity | K/y E +; o E VOA multiplcit T E
= 08F +05% allcE o = | f +05% ALICE ]
|¥ E 20_400/0 PRELIMINARY E IQ_ __ 20_400/0 PRELIMINARY __
— -P =5.02TeV 3 0.5F -Pb, \ s\ =5.02 TeV
v OTE 4 60-80% PP \syw=002TeV 3+ TV 4 60.80% P 1 S ]
+¥ 0.6 & m = = oud - 0<y,,<0.5 for p, < 3.0 GeV/c E
= = — = B - = 4 ]
0.5F o MM E — C |V n|<0-3 for p_>3.0GeV/ic
0.4F BE 0.3F i =
5 : S a1y, Ek‘:;: -
0.3F = 02F & e =
0.2F 0<y,, <05 for p_<2.8GeV/c : e :
o1E Y orel<03 101 p, >28GeVic 3 0.1F B S e === s
: I 1 I 1 I 1 I 1 1 1 I L L 1 I L 1 1 I L E B 1 1 l 1 1 L I L L 1 I 1 1 1 I L 1 1 l 1 1 1 I L 1 1 l 1 :

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, (GeV/c) P, (GeV/c)

* enhancement of protons at intermediate p;(2-6 GeV/c)
« p/irratio ~0.1 at high p;
* results from low-p; (< 3 GeV/c) and high-p; (> 3 GeV/c) analysis
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ldentified hadron ratios in Pb-Pb collisions

* p/tr up to ~0.8 around p; = 3 GeV/c (central 0-5%) Pb-Pb

* K/ and p/1r diferent from pp at intermediate p; (radial flow)

- atlarge p; particle fractions do not differ from those in pp

+D fa =
o H ALICE \"SNN—Z.?G TeV

KK 0-5% Pb-Pb

2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
pT(GeWc)

L
T « 0-5% Pb-Pb — Krakdw
- i s pp p/T K/r ==+ Fries etal. -
T T EPOS i
3 S I
© L T =
r [ T ekt H j; i

| EE -+ olele| o é ¢ + + * a

0.4F ¢ + i =
I . T i
0.2F ) 'E*‘E' --------- T -
A . T ]
i oSN e B R ]

0

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]
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Identified hadron R,

pp reference from interpolation

- w, K not different charged particle R,

o 2
o C -
4 gf ALICE preliminary
| TT
1.6
1.4
1.2
1 f-----f
= ] III.lII
0.8 g
0.6 NSD, p-Pb ﬁ:s.oz Tev
0.4F [ = | nsn, 05<y,, <0 for p <20GeVic
02; 03< y,,  <03for p >20GeV/c
L all charged, | ﬂmsl <03
R BN R AU Eur R SRR B
0 2 4 6 8 10 12 14
P, (GeV/c)

« mass ordering in the Cronin-region: m, K, p, =

« notable enhancement for p,

s 12 = ALICE preliminary
1.6
1.4
1.2F
R T b bndiodjof it PPN P N gt (POG pre
0.8
0.6 __ NSD, p-Pb ﬁ =502 TeV
0.4 K'+K,-05<y, <0 for p <28GeVic
0_2;_ a"cm::;j ,::Ii (;.zfor p.>28GeV/ ¢
‘Cl_2I HE|3H|8‘IH1|OIH1|2|H14
P, (GeV/c)

* Cronin peak in charged R, from protons

* Ryp, of m, K, p consistent with unity at large p;

Michael L. Knichel

Quark Matter 2014, 19.05.2014

NSD, ppbﬁ -502TeV
[ = | pp, 05<y,, <0 forp <3.0GeVic
03<y,. <03 torpT> 3.0 GeVic

|<0.3

| I

mc.ms

all charged,

P B
12 14
P, (GeV/c)

4 6 8 10

ALICE preliminary

NSD, p-Pb \l' S = 5.02 TeV
E E,-+E, -05<y <0

all charged, |nCMS| <0.3
P IR I SIS S

L
12 14

4 6 8 10
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Identified hadron R, 5

* mass ordering at intermediate p; Pb-Pb
* less suppression of protons
: - d’*NAA /dnd
at intermediate p; Raa(pr) = e G/p p;?dﬁ(lim

- at large p; (> 8 GeV/c) no difference
between particle species

£o ALICE 0-5% Pb-Pb _f_D ALICE 60-80% Pb-Pb :
0.8 o -+ — (114 ¢
06:_ oy A J p+p+ K++ K- _:: A +ﬁ* [ ) TI ? “_:
= ¢ Charged . — A E
o —— @ T ]
0.2 - =
é :| T T T T i T T ——Tt+t+—+T+++1 ::| T T T T } T } +—+ '[ T —— i T ]
r = -+ =
= - T m
0.8F " KK + ; _t_ 3
0.6F L P*P F .u!ﬁ; ¢ +_:
0.4F i: =
= T =
0.2k Iég;;jﬂm"f —+ =
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Pr (GeV/c) ALICE Collaboration, arXiv:1401.1250 [nucl-ex]
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Summary/Conclusion

* no deviation from N__,, scaling in high p; p-Pb

col

* atlarge p; R,p, and Ry, universal for hadron species
particle ratios not different from pp = vacuum fragmentation

* mass ordering at intermediate p; similar in p-Pb and Pb-Pb (flow?)
« Cronin enhancement in p-Pb caused by protons

* description of R, over full p; range remains a challenge for models
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ECQ C ALICE prellmlnary & [ ®m h, Pb-Pb (ALICE) ® I, p-Pb 5, = 5.02 TeV, NSD (ALICE) 1 | &;? ‘5
1-8:_ B 0.’." 1.8 4 b, Po-Pb (CMS) — * Y. Pb-Pb {5y =2.76 TeV, 0-10% (CMS) - ‘,}‘) o \fg o N
1.6 B 216 Sy = 276 TV, 0-5%| | & W=, Pb-Pb 5, = 2.76 TeV, 0-10% (CMS)] g,)\&\ é N © S
- £ I v Z° Pb-Pb |5 = 2.76 TeV, 0-10% (CMS) S = ?'_, &\&\m

E r O I
1.4_ g 14F 1 Y < S O N
1.2 I N SanSSy
e — 1.2] I ] ANSoOwS
[ ] N o
fl,'l:'lll ing 1 I!l_“““ i ﬂ _____________________ ___________ 1 @ O N ENE
0sE — R —ﬁ% €380 03
= 0.8 [ 1 98338083
0.6 NSD, p-Pb VSTNIN=5'02TEV = @ 1 & = S | V4
: + - b Q= . :
04 = ] =+, 05<y,, <0 for p <20GeVic 0.6 | @ E @ : E‘ o X 8898
A 03< y,, <03for p.>20GeV/ ¢ 041 H A SoS oo
020 [ ® ] p+p.-05<y,, <0 forp <30GeV/c ] Wgﬁﬁ E E 1w Lu\ w Q‘\ Q Q\
r 08<y_  <03for p.>3.0GeV/ic LL 1 O O0OMmwWumm
C CMS T 02 -~ E e E E E

e by b b b by by | |
0 2 4 6 8 10 12 14 0 e L ] OO 00
GeV/c 0 10 20 30 40 50 60 70 80 90 100
pT

‘collective effects: C. Andrei, Mon 12:00 e
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EPSO9 nPDF for Pb nuclei

b Pb b
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Rcp Of jets and charged particles

* R¢p of charged jets similar to R, of charged hadrons at
comparable parton p;

% 1 éf Ch. particles Jets .
Q. . | ALICE ALICE Ch. Jets R=0.3 1
1.6 (0-10%)/(50-80%) |_® | (0-10%)/(50-80%) =
14 CMS ATLAS Calo Jets R=0.34
19 ~ (0-5%)/(50-90%) | © | (0-10%)/(60-80%) ]
s i
1: Pb-Pb \s,=2.76 TeV +
0.8¢ ﬁ#
0.6 ]
— _._—[::_i;-+- :
0.4 ﬂ,—.@— + e
0.2
0 : 1 | 1 1 1
10 ot
track 4J€
P P (GeV/c)
Np dz ¢ d d ALICE Collaboration, arXiv:1405.1849 [nucl-ex]
Rop(pr) = < "f’”> ‘g‘/ 1ePT ALICE Collaboration, Phys.Lett. B720 (2013) 52-62
(NS¢, d*Ng, /dndpy ATLAS Collaboration, Phys.Lett. B719 (2013) 220-241

CMS Collaboration, Eur.Phys.J. C72 (2012) 1945
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R,, double ratio

« partial cancellation of systematic uncertainties

(&)

ALICE 0-5% Pb-Pb \s,,= 2.76 TeV

Double R,, ratio
I

L K +K T+ =
:“1 . RAA / RAA i
T i R IRE™ -
B 4 i
o A _
r A T
= & g
1%" i e TN -L—F' | ity R e
_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | I_
4 6 8 10 12 14 16 18
pT(GeVKC)

ALICE Collaboration, arXiv:1401.1250 [nucl-ex]
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R.pp, cOmpared to predictions

o-Pb {5 = 5.02 TeV ] « gluon saturation models (CGC)
are in agreement with the data

| ﬂ‘*#ﬁr ““““““““ H “““““ ‘ « NLO with EPS09s PDF and

E DSS fragmentation functions

Saturation (OGO 16BK E are also in agreement
0.4 .- Saturaiiop (CGC), IP—$at . . _:
E]:ni 1.42_-NLOpQCD:shadowing,EPSDgs{x“} _f ° LO pQCD o+ cold nuclear

LO pQCD + cold nuclear matter

matter: too low at high p;

* none of the HIJING 2.1
predictions are consistent with
the data in the full p; range

@ ALICE, NSD, charged particles, |n_ | < 0.3

Er:% 16;— 4y HUING 2.1 :E";&E :;o.ea :  DPMJET (not shown)
1_4__:..' :".. ---- DHC, no shadowing _ g =
1.23;: I Li..._ DHC, no shad., indep. frag. ] descrlblng dN/dn Very We",

but fails to describe R p,,
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Ropp: cOmMparison to ATLAS

L0 I|III|III|III|III|II TT I T |III|III|

1.6 _ =

o | ATLAS Preliminary

- p+Pb L =1 ub™ -

14'_ \Sy=5.02 TeV |

I Ll ]
Iiimy

: f e

| M —
0.8 [ — N
I $ ATLAS |y*|<0.5, 0-90%
0.64 } ALICE In, |<0.3, MinBias i
0_4_ |||||||||||||||||||| L1 I |||||||||||_

2 4 6 8 1012 14 16 18 20 22

p, [GeV]
ATLAS Collaboration, ATLAS-CONF-2013-107

pilot run data
ALICE: Phys.Rev.Lett. 110 (2013)

ATLAS 0-90% centrality

consistent within
uncertainties

no sign of Cronin-
enhancement in ATLAS
data
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p/m ratio in p-P

b and Pb-Pb

« similar trend vs. centrality/multiplicity

 much stronger ,,baryon enhancement® in Pb-Pb
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R,a Of charged m, K, p

0-5% central 60-80% central

< 25 o
< I POPD |y =276 TeV 0-5% < 257 Pb-Pb | Sy, = 2.76 TeV 60-80%
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L — [m K'+K p.<3GeV/c p.>3GeV/c
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p_ (GeV/c)
<
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oL VS o . - Pb-Pb |5y, = 2.76 TeV 60-80%
ALICE Preliminary arXiv:1401.1250 o oL —_ .
: o T4 ,DT <2GeV/c pT >2 GeV/c ALICE = . - ALICE Pre\}lmlnary arX|V14O1V1250
e KK p, <3 GeVic p, >3 GeV/c PRELIMINARY| S 7t++1t ) p; <2GeVic P, >2GeVic ALICE
15[ PP p.<3GeV/c  p. >3GeVic [ KK Pr<3Ce¥lc Py 3Gelle —
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p-Pb collision geometry
p-Pb Pb-p
- '""‘“‘"""’3-‘-‘-‘-‘::.«‘~\_) \/SNN =5.02 TeV S TN \/SNN =5.02 TeV

Pb

Pb

N - mm—meee—- . TTEETEETTT q‘"_@-—-—
§ Pb Pb & p
>0
Nian < 0 nlab>0 n b<0 Mab
y>0 y<0 <0 y>0
Nems = 0 Nems < 0 Nems < 0 Nems = 0

the direction fo the proton is always at positive y =y, and positive n
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Transverse momentum resolution in Pb-Pb

=
° pT resolution almost >Q:|_014__ ALICE, Pb-Pb, \sy, =2.76 TeV, n|<0.8
. . . . B ° TPC-ITS p_resolution
independent of multiplicity %‘ 0125 it (p,>1 ge\,,c)
« same performance - e
in pp and Pb-Pb 0.1~
 resolution estimated from 0.08-  ALICE
covariance matrix of the i
Kalman Filter algorithm used 0'06:_
for tracking 0.04L
« verified with invariant mass
: 0 = et 0.02
analysis of K° -> - and
cosmicraymeasurements 00||||||||||||||||||||||||
10 20 30 40 50

« syst. uncertainty on the p, (GeV/c)

resolution ~20%

resolution: o(p;)/pr ~10% at 50 GeV/c
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Track selection & ALICE performance

« tracking based on combined information from TPC and ITS
* two hits in the ITS, one in the innermost two layers (SPD)
* long tracks in the TPC selected (resolution at high p;)

* tracks must point to the primary vertex

ALICE Collaboration, arXiv:1402.4476 [nucl-ex] ALICE Collaboration, arXiv:1402.4476 [nucl-ex]
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04 _ ‘§ centrality 0-5% 1
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af ] ° 071
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0.2 _ = 9 A ® strict DCA cuts
0 1_ —— pp Vs=8TeV E = 0.6 + o loose DCA cuts ]
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« overall acceptance x efficiency lower than TPC efficiency

« contamination corresponds to strict DCA cuts
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PID in ALICE
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ALICE Collaboration, arXiv:1402.4476 [nucl-ex]
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