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CERN

Phenomena in p-Pb collisions

p-Pb running at the LHC

« September 2012 pilot run

* 4h data taking
« ub' per experiment

« January 2013 production run

» 3 weeks data taking
* 35 nb-! delivered to ATLAS, CMS,
and ALICE (1.6 nb-'to LHCb)

* beam reversal (p-Pb < Pb-p)

ALICE p-Pb @ 5.02 TeV

« 4 TeV proton beam on 1.57 TeV/nucleon
Pb beam
* center of mass energy of 5.02 TeV
per nucleon pair

* center of mass per nucleon par
shifted by Ay = 0.465 in the direction

of the proton beam
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Phenomena in p-Pb collisions

p-Pb running at the LHC

« September 2012 pilot run

* 4h data taking
« ub' per experiment

« January 2013 production run

» 3 weeks data taking
* 35 nb-! delivered to ATLAS, CMS,
and ALICE (1.6 nb-'to LHCb)

* beam reversal (p-Pb < Pb-p)
ALICE p-Pb @ 5.02 TeV

« 4 TeV proton beam on 1.57 TeV/nucleon
Pb beam

Many more interesting results from this data set

 center of mass energy of 5.02 TeV
| : 9y are available than what can be presented in
per nucieon pair 20min. Only a biased selection can be shown in
this talk...

* center of mass per nucleon par
shifted by Ay = 0.465 in the direction

of the proton beam
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Phenomena in p-Pb collisions C lﬁw

Why do we investigate p-Pb collisions?

 Traditional idea: reference for Pb-Pb collisions in order to investigate cold
nuclear matter effects.

* However, the data turned out to be very interesting in itself:

* Do we observe collective effects in a small system such as p-Pb
collisions? Is there hot matter in local thermal equilibrium created?

* Do we observe an enhancement of high-pt particles with respect to pp
collisions while we see a suppression in Pb-Pb collisions?

* What can we learn from heavy flavor and electroweak bosons?
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Phenomena in p-Pb collisions

Introduction — collectivity

* It is important to distinguish between

» a system of individual particles and

A A
Y& sok, o\
)

» a medium in which individual degrees of freedom do i
not matter anymore and we can apply thermodynamic
concepts.

7

o

* Thermodynamic concepts are typically used
for systems with large number of particles
(> 10%) particles in local thermal equilibrium.
« central (0-5%) Pb-Pb collisions (LHC): dNcw/dn = 1600
* high mult. (0-5%) p-Pb collisions (LHC): dNcw/dn = 45
* pp collisions (LHC): dNcn/dn = 6

* Lifetime of the system must be long enough so
that equilibrium can be established by several
(simulations about 3-6) interactions between
its constituents.
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Phenomena in p-Pb collisions

Introduction — collectivity

* It is important to distinguish between
» a system of individual particles and

* a medium in which individual degrees of freedom do
not matter anymore and we can apply thermodynamic
concepts.

* Thermodynamic concepts are typically used
for systems with large number of particles
(> 10%) particles in local thermal equilibrium.
« central (0-5%) Pb-Pb collisions (LHC): dNcw/dn = 1600
* high mult. (0-5%) p-Pb collisions (LHC): dNcw/dn = 45
* pp collisions (LHC): dNcn/dn = 6

* Lifetime of the system must be long enough so
that equilibrium can be established by several
(simulations about 3-6) interactions between
its constituents.

Success of hydro models
describing flow effects in
Pb-Pb supports idea of
matter in local thermal
(kinetic) equilibrium.

%7
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Phenomena in p-Pb collisions C E RN

Introduction — collectivity

* It is important to distinguish between Success of hydro models

 a system of individual particles and describing flow effects in

* a medium in which individual degrees of freedom do Pb-Pb supports idea of
not matter anymore and we can apply thermodynamic matter in local thermal
concepts. | (kinetic) equmbrium

/}W/ f 5 ‘};‘ ‘

* Thermodynamic concepts are typically used
for systems with large number of particles Success of thermal models

> 104 rticl in | | thermal ilibrium. describing hadron yields in
(> 10%) particles ocal thermal equilibriu Pb-Pb supports idea of
» central (0-5%) Pb-Pb collisions (LHC): dNcn/dn = 1600 matter in local thermal

 high mult. (0-5%) p-Pb collisions (LHC): dNcw/dn = 45 (chemical) equilibrium.
* pp collisions (LHC): dNcn/dn = 6

* Lifetime of the system must be long enough so
that equilibrium can be established by several
(simulations about 3-6) interactions between
its constituents.
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Introduction — collectivity

* It is important to distinguish between

Success of hydro models

» a system of individual particles and describing flow effects in
* a medium in which individual degrees of freedom do Pb-Pb supports idea of
not matter anymore and we can apply thermodynamic matter in local thermal
I N
. L 4 / ‘v
* Thermodynamic concepts are typically used

for systems with large number of particles Success of thermal l_rnode!s
> 10%) particles in local thermal equilibrium. describing hadron yields in

( 0 ) particies ocalthermal eq Pb-Pb supports idea of

» central (0-5%) Pb-Pb collisions (LHC): dNcn/dn = 1600 matter in local thermal

« high mult. (0-5%) p-Pb collisions (LHC): dNcn/dn = 45 (chemical) equilibrium
* pp collisions (LHC): dNch/dn = 6 : %

* Lifetime of the system must be long enough so
that equilibrium can be established by several
(simulations about 3-6) interactions between
its constituents.
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Phenomena in p-Pb collisions

Radial and elliptic flow
Isotropic radial flow
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Anisotropic (elliptic) flow

Spatial deformation Azimuthal (¢p)

pressure gradients
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[hep-ph/0407360]

Anisotropic particle density
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Phenomena in p-Pb collisions

Angular correlations and double ridge (1)

* Di-Hadron correlations study anisotropies in the
particle production on event-by-event basis.

* In Pb-Pb collisions, they are associated with
elliptic flow resulting from the hydrodynamical
expansion of the system and the initial collision

geometry.
[1009.4122] [1210.5482]
(d) CMS N> 110, 1.0GeV/c<pT<3.OGeV/c (b) CMS pPb s, = 5.02 TeV, 220 < NCffline < 260
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Phenomena in p-Pb collisions (N E/RW

Angular correlations and double ridge (2) ~

* Triggered further measurements from ATLAS, CMS, ALICE...

* From the high-multiplicity yield subtract the jet yield obtained in low-multiplicity
events (no ridge) — double ridge.

 Correlations of non-identified and also identified particles.

* Azimuthal projection is decomposed into Fourier components: v2 and vs dominant

ALICE
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Phenomena in p-Pb collisions C lﬁw

LS
Angular correlations and double ridge (3)
* Mass ordering observed by ALICE and CMS
— reminiscent of Pb-Pb phenomenology
» as expected from hydrodynamic behavior: p = fy-m
[CMS-HIN-14-002]

0.25

0.2

0.15

0.1

0.05

S — 0.3 CMS Preliminary pPb
\Syy=5.02TeV,L =35nb’"
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[1307.3237]

CMS: no subtraction of peripheral events!
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Phenomena in p-Pb collisions C lﬁw

Angular correlations and double ridge (3)

* Mass ordering observed by ALICE and CMS
— reminiscent of Pb-Pb phenomenology

~7_~"

» as expected from hydrodynamic behavior: p = fy-m

04

[CMS-HIN-14-002]

ALICE 50-60% Pb-Pb | s, = 2.76 TeV

03[ CMS Preliminary pPb
\Syy=5.02TeV,L =35nb’"

[1405.4632]

CMS: no subtraction of peripheral events!

LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch



mailto:alexander.Philipp.Kalweit@cern.ch?subject=

0.10

0.05

Phenomena in p-Pb collisions

Multiparticle correlations

« Confirms the previous picture with an alternative

method.

* v2 stays large when calculated with multi-particle

correlations (different sensitivity to non-flow effects!).

* c2{4} < 0 above Nc¢h > 80 — v2 becomes real
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Phenomena in p-Pb collisions C E R N

pr-Spectra — radial flow?
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1/Ng, 1/27p_ OQN/(dedy) [(GeV/c)?]

data / model

Phenomena in p-Pb collisions

—T T T T T T
] Blast-Wave

=u=t EPOS LHC

= = =« Krakow

GOGE DPMJET

104"'1' 1

10° :&‘f"..-;\ -Pb
wEN, P

10"
102 7

10° -
10
10°
10°
107 T A+K(0.01%)

A )

W~

10°® .
1'51’ “ w4+ '
0.5 : ,
1-51 K'+K
0.5
o, p+P
0.5 =
1.? 3 Kg
05F
1'? A+A
0.5 .

8 10
P, (GeV/c)

pr-Spectra — radial flow?

Hydrodynamic models
(EPOS, Krakow) show a

better agreement than QCD
inspired models (DPMJET).
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1/Ng, 1/27p_ ?N/(dp _dy) [(GeV/c)?]

Phenomena in p-Pb collisions
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pr-Spectra — radial flow?
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Hydrodynamic models A combined blast-wave fit to

(EPOS, Krakow) show a the data (simplified hydro
better agreement than QCD model — Tkin, B) gives a
inspired models (DPMJET). reasonable description.
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data / model

Phenomena in p-Pb collisions

CERN

pr-Spectra — radial flow?

ALICE Preliminary, p-Pb, | 5, = 5.02 TeV
VOA Multiplicity Class (Pb-side): 0-5%
—4— x* +x (100x)
®— K + K (50x)
= K (25x)
®— p+P(1x)
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Hydrodynamic models A combined blast-wave fit to

" 0.0-1.5GeVie

(EPOS, Krakow) show a the data (simplified hydro

" 0.3-3.0 GeVic

better agreement than QCD model — T, B) gives a
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Phenomena in p-Pb collisions

pr-Spectra — radial flow?
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Phenomena in p-Pb collisions

pr-Spectra — radial flow?
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(B

A combined blast-wave fit to
the data (simplified hydro
model — T«in, B) gives a
reasonable description.

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

p-Pb and Pb-Pb data follow
the same trend —
consistent with a collective
expansion.
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Phenomena in p-Pb collisions

pr-Spectra — radial flow?

10° g ALICE Preliminary, p-Pb, | s,,, = 5.02 TeV
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(B

A combined blast-wave fit to
the data (simplified hydro
model — T«in, B) gives a
reasonable description.

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

p-Pb and Pb-Pb data follow
the same trend —
consistent with a collective
expansion.

PYTHIA 8 with color
reconnection shows a similar
trend (without hydrodynamic

flow).
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Phenomena in p-Pb collisions

10° & ALICE Preliminary, p-Pb, | 5, = 5.02 TeV
10° VOA Multiplicity Class (Pb-side): 0-5%
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(GeV/c)

T, (GeV

0.18 :— { % =
u S .
0.16 SN [ ; ‘ %JF\TH ALICE —
0.14F o * + -
n - e .
012 0 00O S -
n - » RIS .
0.1 g .Q% —
:_ —e— ALICE, p-Pb, \s,, = 5.02 TeV _:

0.08 - VOA Multiplicity Classes (Pb-side) .
006F ALICE, Pb-Pb, \s,, = 2.76 TeV -
' - —— ALICE, pp,\s =7 TeV -
004 " PYTHIAS8, \s = 7 TeV (with Color Reconnection) _-
"W £ —=— PYTHIAS8,\s =7 TeV (without Color Reconnection) ]
11 2= T P N P PR PR PR ST ST S

%.2 0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7

(B

A combined blast-wave fit to
the data (simplified hydro
model — T«in, B) gives a
reasonable description.

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

PYTHIA 8 with color
reconnection shows a similar
trend (without hydrodynamic

p-Pb and Pb-Pb data follow
the same trend —

consistent with a collective

expansion. flow).

Other effects can mimic flow-like patterns! And also pp

data shows a similar trend..
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Phenomena in p-Pb collisions

Particle yields and chemical equilibrium (1)

* Multi-strange particles are of particular interest as their production rate is
sensitive to the system size.

* In high multiplicity p-Pb collisions similar values as in central Pb-Pb
collisions are observed for = (dss), not quite for Q (sss).

=/1T Q/1T

THERMUS 2.3 model - Pb-Pb \ Sy = 2.76 TeV

x10° . x10®

:_ ALICE Preliminary -ll-;’ ~ ALICE Preliminary

u + 1 GSI model

- ‘e N T, = 156 MeV +

:_ H :/ : THERMUS 2.3 model __+ ______ ____+__%__
— H H H "\08_ ------- Tch=155MeV -

I | g QB R + B

= ! 1 S L 1

— H ! ] + — m

- ALICE ' 0.6—

u @ - ALICE

— . p-Pb |\ s, =5.02 TeV ~ L

- VOA Mult. Evt. Classes (Pb-side) B H . p-Pb \ s, =5.02 TeV

- 04— VOA Mult. Evt. Classes (Pb-side)
N GSI model Y ppls=900GeV - H

- Ten = 156 MeV B H A ppls=7TeV

- A pp\s=7TeV 02—

T, =155 MeV -

Pb-Pb \ Snn = 2.76 TeV

10

102

10°
(dN_/dn )

lab” [17,_ < 0.5

10

102

10°

@N_/dn )

ch ~ Tlab’ln_[<0.5
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Phenomena in p-Pb collisions

CERN

Particle yields and chemical equilibrium (2)

n | Ke K°\K*|¢|p\/\| IQld AHlHe

< Not in fit
F O Extrapolated

Pb-Pb-

Y

ALICE Prellmmary »
Pb-Pb fs,,, = 2.76 TeV, 0-10%

Model
— THERMUS 2.3

T (MeV) v (1m3)
155+ 2 5924 + 543
156 = 2 5330 + 505

E
E |- sl
E - SHARE 3

156 = 3 4476 L 696

o
&)

(mod.data)/c.. (mod.-dataymod.

|
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(mod.-dataymod.
o
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n

(mod.data)/c..

o

o~

A~ N O

n
LILJ LIl

Phenomena in p-Pb collisions

CERN

Particle yields and chemical equilibrium (2)

Klk[o]p

n | K=

Alz]e]d[2H]He

—a - ALICE Preliminary
- - A  Pb-Pb 15,y = 2.76 TeV, 0-10%

D oAmma W : : : : :

LI S A % % ' |
_ : i P :
< Nat in fi ' 5 :

L o Pb'Pb . —

i < E'xtrapolabed . : : : -3

T(MeV)  V(im) Y/NDF | 4
5524 + 543 : : :
5330 + 505

:E Model

— THEBMUS 2.3
E |- asl

- SHARE 3

15522
156 = 2
156 = 3

4476 + 696

; BA =28

———— Jssassnnnssse Sesssassnnns sy R ansans I..¢....§ ............. essssssssssss fesssssssssses Passessssssens - - . Qesssssssnns -
- : : VW : s : : z : ;
-t R -1 - - - - e - + B . .. B -& o ERY e . -: ------ e R -: e e Ié .
Y- ToF - WA - 1o - ¢1¢... ..... FAr T S SN ¢,.L,¢ NS B SR
" QE : : : : ] : . '-¢ : _p : Q : |% : | : . )
i Yesssnnnaaasns - SN - TR S Jesssssstisesspasasas L..... S assassssnney 00 O 8 S S -
o 500000000008 50000000000008 000000880000 0850088EE0000008888880000008558008000088005000000000000080088000000000EaNNa00II000aNNENNE00I0000aNNaNaessss00aamnaassiissan -
= — : R
"am s : .
S S St S UL A . A S S S —
—_—— . - -

s = s s S L amms
N -
. See v — v - H . LN - .
. S s A NI L SRS — s SEETELTIE: CSCIIIILI S YIS ST PO T S REPPPR ]
biafniod - Ca e _— .
|y P—— 200828 00000 R e — T e R e Ry -
e TR -SRI JSERRN W — ——

In heavy-ion collisions,

chemical equilibrium is typically

verified with a thermal fit in

which all particle yields are
described with the same
chemical freeze-out
temperature Tch=160 MeV.
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Phenomena in p-Pb collisions

CERN

Particle yields and chemical equilibrium (2)
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In heavy-ion collisions,
chemical equilibrium is typically
verified with a thermal fit in

which all particle yields are
described with the same
chemical freeze-out
temperature Tch=160 MeV.
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Phenomena in p-Pb collisions

CERN

Particle yields and chemical equilibrium (2)
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n ‘ K|K'|K*| ¢ | P|A | =|Q|d|[sH|He
i ) 0
—— . ALICE Preliminary .
‘ 3
: : p-Pb Is,,, = 5.02 TeV E
e SalEiias o : : ’
: : : : iplici -Si -59
? § § - . o VOA:« MU"IphFItY (Pb §|de)0 ?/o s
: e ol : : : : : : ;
. Dl J
< Not in fit p_Pb : : :
¢ Extrapolated LA -:l
Mode! T (MeV) v, re (fm) r (fm) ¥’/NDFf =% : ]
—THERMUS 23 GC 1582 1 (fix) N/A 3.40 £0.11 32.0/7 >
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In heavy-ion collisions,
chemical equilibrium is typically
verified with a thermal fit in
which all particle yields are
described with the same
chemical freeze-out
temperature Tch=160 MeV.

Works in 1st order also in p-Pb

collisions, however, the ¥2/nqgof

is slightly worse: =5 instead of

=2, mainly due to multi-strange
particles.
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Phenomena in p-Pb collisions C E/RW

What is the Rpa? -

* Modification of the spectral shape due to nuclear effects is quantified
based on the nuclear modification factor-

deA/de : w
>dN pp / dpy \TJ\??V

~ ;
\

Pb

——

RpA—<N

coll

* Number of binary collisions is calculated in a Glauber model:
<Ncoi>=6.9+0.6

* For pQCD processes: if Rpa = 1 — p-Pb collision is approximately a
superposition of independent proton-nucleon collisions and no nuclear
effects are present.
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Phenomena in p-Pb collisions C E RN

Rpa — examples

charged particles and jets D mesons (mid-rapidity) [1405.3452]

_Q [ L I | LI | I ] I LI l I L | I L | 1 ] L _

2_ — T T [ T T T [ T T T [ T T T T T ] m%' N ALICE p- Pb SN =5.02 TeV ]

’ 8: minimum'bias p'pb VSN = 5.02 TeV : 16 __ - Average Do, D*’ [).+ —_

8 . . —_ » -0.96<y _ <0.04 ’

- - charged jets ALICE Preliminary - 1.4 cms 3

1.6~ anti-k; R=0.4, 1 |<0.5 ] - :

1.4~ [—=—] charged hadrons, NSD, |7 |<0.3 - 1.2~ _ ~

1.2} - L e '?;‘—“’- ==H

1 0.8F —

0.8 - 0.6 - N

0.6 s uncertainty reference + = 0.4 :_ _:

' ROfmsszation I Glauber (charged jets) - " --- CGC (Fujii-Watanabe) i

0.4 B 0.2 == PQCDNLO (MNR) with CTEQ6M+EPS09 PDF ]

0 AT SR RN AN N TR SN (T SR T SN NN SR S S N S a [ e Vitev: power corr. + kT broad + CNM Eloss -

.% 20 40 60 80 100 %- 1 1 1 1 I 1 1 11 I L1 1 1 I 11 1 1 I L1 1 1 I 11 ]
p_or p_ (GeV/c) 5 10 15 20 25

[1405.2737] T Tjet p, (GeV/c)
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Phenomena in p-Pb collisions C E RN

Rpa — examples

charged particles and jets D mesons (mid-rapidity) [1405.3452]

_Q [ L I | LI | I ] I LI I I L | I L | 1 I | _
2Ty & | AUCE prsN_502TeV:
’ 8: minimum'bias p'pb VSN = 5.02 TeV : 16 __ - Average Do, D*’ D." —_
N . I . N -0.96<y__ <0.04 i
- - charged jets ALICE Preliminary - 1.4 cms 3
1.6~ anti-k; R=0.4, |n_ [<0.5 ] - :
1.4~ [—=—] charged hadrons, NSD, |7 |<0.3 - 1.2~ _ ~
1.2} - L ""'?;T- ==H
1 0.8F .
0.8 - 0.6 - N
0.6 s uncertainty reference + = 0.4 :_ _:
l ROfmsszation I Glauber (charged jets) - " --- CGC (Fujii-Watanabe) i
0.4 B 0.2 == PQCDNLO (MNR) with CTEQEM+EPS09 PDF ]
0 AT SR RN AN N TR SN (T SR T SN NN SR S S N S . [ e Vitev: power corr. + kT broad + CNM Eloss -
.% 20 40 60 80 100 (b_ 11 1 1 I 1 1 11 I L1 1 1 I 11 1 1 l L1 1 1 I 11 ]
p_or p_ (GeV/c) 5 10 15 20 25
[1405.2737] T Tjet p, (GeV/c)

In general, no
significant modification

observed in the 10-30
GeV/c region.
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Phenomena in p-Pb collisions

CERN

Rpa — examples

charged particles and jets

2_ 1 1 1 I 1 1 1 I 1 I I ] I I I I I 1 I I _
1 8: minimum-bias p-Pb |s,,, =5.02TeV ]
[ F==+— charged jets ALICE Preliminary -
1.6~ anti-k; R=0.4, |1 |<0.5 ]
1.4F = charged hadrons, NSD, |n__ [<0.3 -
1.2} -
1
0.8 _E
0.6 . uncertainty reference + =
0.4 I hormalization I Glauber (charged jets) -
O 1 1 1 l 1 1 1 I 1 1 1 I L 1 1 l 1 1 1 l :
20 20 40 60 80 100
p_or p_ (GeV/c)
[1405.2737] T Fjen

In general, no
significant modification

observed in the 10-30
GeV/c region.

R pPb

D mesons (mid-rapidity) [1405.3452]

I

llII]IIll[llll]lllllfllllll

ALICE p-Pb, [5,,=5.02 TeV

1.6 Average D°, D", D -
E -0.96<y__<0.04 ;
1.4 —
121 .
1:_" ................ :"::_;:-‘:. ———___—:—_n_ E
N - il .
0.8 =
0.6 - -
0.4 -
- ---CGC (Fujii-Watanabe) ]
0.2 == PQCDNLO (MNR) with CTEQEM+EPS09 PDF
[ e Vitev: power corr. + k_broad + CNM Eloss -
I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 | 1 I 1 1 1 1 I 1 1 ]

% 5 10 15 20 25
P, (GeV/c)

The suppression effects seen in AA collisions are not due to
cold nuclear matter effects. They are final state effects in AA

(energy lost in the medium).

— see also talks by E. Scomparin and B. Cole
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Phenomena in p-Pb collisions

CERN

Charged particle Rpa

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

\

i

* Going to even higher pt, CMS
observed an enhancement in the

i=0=3 | i 3 LI | 3 3 | EE 3 | | j 6 |
| | | | | I

IIT]ITIIT

Illlll I | lllllll

—e— CMS, In
— e ATLAS,
ALICE,

<1

mi<1

n|<0.3

™S mm

...............

(S e ™ |

pPb /s, = 5.02 TeV, charged particles

w

llllll 1 1 lllllll

|

i1

TEED

........

W e B [

charged particle Rpa. ATLAS now
confirms this observation.

illllllllll:,

* No explanation yet for this
phenomenon!

|

* PDFs are expected to be modified
In the nucleus. However, anti-

| R

'
& l Sand

=lllllllllllllll ottt ot it bk ot ot

.....

shadowing seems to be insufficient.

 Jet fragmentation needs to be
checked, because the Rpa of jets is
approximately equal to one in all
three experiments.

lll

10
P, [GeV/c]

* Different impression of CMS/ATLAS
vs. ALICE data...
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Phenomena in

p-Pb collisions

Charged particle Rpa

1

LS~ antishadowing Fermi-
i motion
Ya
1O =i s\
< .o i
5 I
0.6 — -
Yor shadowing
02 - [0902.4154] );(a );(e
| |||||||| | | I | e R
10~ 10 10™
W

- Ye

O\
\

7~

* Going to even higher pt, CMS
observed an enhancement in the
charged particle Rpa. ATLAS now
confirms this observation.

* No explanation yet for this
phenomenon!

* PDFs are expected to be modified
In the nucleus. However, anti-
shadowing seems to be insufficient.

 Jet fragmentation needs to be
checked, because the Rpa of jets is
approximately equal to one in all
three experiments.

* Different impression of CMS/ATLAS
vs. ALICE data...
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Phenomena in p-Pb collisions

Charged partICIe RpA « Going to even higher pt, CMS

rr—————— observed an enhancement in the

1 85— CMS Preliminary [CMS-HIN-12-O17] _: Charged particle RpA. ATLAS now
[ pPb |5, =5.02 TeV : confirms this observation.
1.6F n,=69 e 1  * No explanation yet for this
1.41 - phenomenon!
. 1.2 -« PDFs are expected to be modified
g et in the nucleus. However, anti-
s ) 85 : shadowing seems to be insufficient.
oo | 1+ Jet fragmentation needs to be
0.6f22*" o CMSCharged Particles In }<1 checked, because the Rpa of jets is
0.4 EPS09 fDSS NLO ° y=0 -] approximately equal to one in all
0 of E three experiments.
E Helenius et.al, JHEP 1207 (2012) 073 }
O”.IHII L y 1 1 111l . r 1 1 111l ;
10° » Different impression of CMS/ATLAS

10
P, [GeV/c] vs. ALICE data. ..
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Phenomena in p-Pb collisions C\E/R[—V_j
Charged partICIe RpA » Going to even higher pt, CMS

observed an enhancement in the
(Charged) Jet Rypy charged particle Rpa. ATLAS now

2_[ 1 I | L II 1 I | | LI I_ . . .
L ab e CMSTljet-05<n, <05 E confirms thIS. observatlon..
" - ALICEchargedjet, -0.5<n_<05 - * No explanatloln yet for this
O o AmAsfuljer 03<n_<03 | phenomenon:
4 - * PDFs are expected to be modified
1oL E in the nucleus. However, anti-
5 15 H H H HMHHH H . shadowing seems to be insufficient.
s 1 [ W 1F
XX - $ 1« Jet fragmentation needs to be
0.8 3 E checked, because the Rpa of jets is
0.6F - approximately equal to one in all
0. 4_ _ three experiments.
0.2} -
02 o T » Different impression of CMS/ATLAS
0 30 100 200 vs. ALICE data...

P, [GeV/c]
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ALICE / CMS

Phenomena in p-Pb collisions C E R N

The need for 5 TeV pp reference data

* N.B.: There is no data at the reference energy! The proton spectrum is
interpolated/extrapolated from 2.76 TeV and 7 TeV data...

P- -Pb spectra pp reference

2:1 UL l LI L I UL I LI I LI L l: 2:1 LI I UL I L L I L L L I UL I UL L 1:
1812 pPb spectra, ALICE (J1/<0.3) / CMS (fnl<1) - 1.8« ppref., ALICE (|1|<0.8) / CMS (|<1) -
1.6 - 1.6f =
1.4 E o 14f E
1.2f 1 812 k

:;3“"%"‘,--%“ A . ) PPN T X T U S -

m:“.;;§; * ...... + .......... { ................. _<: (Lg E
0.8:— “ B = 0.8:— B
0.6 3 < 06F 3
045 Accounts for 1/3 of the E 04— Accounts for 2/3 of the -
0.2~ difference.. - 0.2F difference.. -

0:1 o d e s s o a e sy e by [-: 0:1 L1 oo da g a by by s by I:

10 20 30 40 50 60 10 20 30 40 50 60
P, [GeV/c] P, [GeV/c]

* Also needed for;: 13 TeV * 82/ 208 = 5.125 TeV |
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Phenomena in p-Pb collisions

Rpa at intermediate pr

* The second interesting region is
around 3-6 GeV/c — Cronin peak

* Shows a strong dependence on
particle type:

* N0 peak for pions and kaons,
* rather pronounced for protons..

 This could indicate that it is caused
by the mass dependent hardening of
the pr-spectra as predicted by the
radial flow picture.

—
W
llllll]lll

O\
\

i

b
—
N

lllIIIIIIIlllllllllllllllllllllllllllllllllllllll

ALICE p-Pb | s,,=5.02 TeV, NSD
arXiv:1405.2737

1.2 _i
1. n o E
o9 ++ £
® =

0.8 E
0.7 _;
0.6§ _i
0.5 charged particles, |__| < 0.3 E
04lllllllllllllllllllllllllllllllllllllllllllllllllaE
0 5 10 15 20 25 30 35 40 45 50
p, (GeV/c)
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Phenomena in p-Pb collisions

Rpa at intermediate pr

* The second interesting region is

NSD, p-Pb |\ s, = 5.02 TeV

u n+m,-05<y

. o 2
around 3-6 GeV/c — Cronin peak n:% - ALICE preliminary
1.8
1.6F- MH
* Shows a strong dependence on 1 ab R
particle type: 1'25 L]
* no peak for pions and kaons, i BRE AN 5. Pl 55
* rather pronounced for protons.. 08 d T ' ;;;

0.6

» This could indicate that it is caused 4[4
by the mass dependent hardening of
the pr-spectra as predicted by the G e Yous B Py 7 S TS

radial flow picture. o 2 4 6 8 10 12 14
pT(GeV/c)

<0 for p_<2.0GeV/ic
CMS T
-0.3< Y oys < 0.3 for p,> 2.0 GeV/c

O p+p, -0.5 < Y ous < 0 for p, < 3.0 GeV/c
-0.3< Y ous < 0.3 for p.> 3.0 GeV/c
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Phenomena in p-Pb collisions

Quarkonia — Introduction

A precise measurement of
quarkonia is crucial for the
understanding of regeneration

effects in Pb-Pb collisions which

probe de-confinement in PbPb.

* [n addition, these measurements 102

can help to constrain nuclear
PDFs.

* More details in the next talk by
E. Scomparin...

(\T\ E 1 I LI I| I I | L I I I | L L l|
§ - dhv CMS Preliminary 2013
S 10° P, O ¢ pPb s, = 5.02 TeV
5§ n v(2S) L =35nb’

c 4

Q 10 \

: (e

10°

N

10

lllll lllllllll lllllllll lllllllll lllllllll lllllllll 11l

=M

1 lllllll | 1 lllllll | | lllllll

1 10 102
m,, (GeV/c?)
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= - L L L L
Quarkonla (1) ™ 141 (a) :;;'bcvl:_gsm —4— LHCb, Prompt J/y
_ L S ™ p, <14 GeV/c I

* In general, nuclear absorption effects are 125 -

_ SN .

small at the LHC. Precision of the data F Ropo 1
allows for quantitative comparison with [ " Sy 5
theory. 0.8 . .
_ o - EPS09 LO R A RN ’

* Theoretical predictions based on nuclear AT B B """--+~.:‘\"\ "

shadowing (EPS09 + NLO) are in fair 04f — Eloss "N
. *"} - -~ E.loss + EPS08 NLO R

agreement with the J/y and data. o
Similarly for models including also y
partonic energy loss.

JHEP 02 (2014) 073

« Same picture for Y production. A

5 L., (-4.46<y  <296)=58 nb".‘ L_:?ﬁyswk 50nb"

« While models predict identical behavior woro_sensa
for J/w and W(2s), the data shows e
differences. |
— hint at final state effects o
— unexpected, because charmonia 0
formation time is larger than cc crossing . 0Py
time in the nucleus T T Pr e apie-s A
— Suppression due to interaction with the 04 3 2 a0 1 2 3 4y“

(hadronic) medium created in the
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\
- £ VL L N L
QuarkOnla (1) ™ 141 (a) :;;'bcﬁ_ﬂnv —4— LHCb, Prompt J/iy
: h ™ p, <14 GeV/c :
* In general, nuclear absorption effects are 1200 .
small at the LHC. Precision of the data E Ropp -
allows for quantitative comparison with B :
theory. 0.8~ R S e ]
_ o X EPS09 LO o §
Theoretical predictions based on nuclear AT B B ""-f\,‘\'\_ .
shadowing (EPS09 + NLO) are in fair 04f  Eloss R\®
. Tk --l“E. Ioss-'»lEF'SOSNLOl Lo
agreement with the J/y and data. e
Similarly for models including also y
partonic energy loss.
JHEP 02 (2014) 073

Same picture for Y production.

While models predict identical behavior
for J/p and w(2s), the data shows
differences.

— hint at final state effects

— unexpected, because charmonia
formation time is larger than cc crossing
time in the nucleus

— Suppression due to interaction with the

(hadronic) medium created in the
collision?
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p-Pb \s = 5.02 TeV

ALICE (JHEP 02 (2014) 073): inclusive J'y
Lo (-4.86cy _ <-296)=58nb", L_ (203<y__ <3.53)=50nb"
ALICE Preliminary: inclusive J'y +e'e’, p >0

L, (1.37<y__<0.43)= 52 ub"

W, O<p <15 GeVic
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)

P 5 GoV'/im (Arieo ot al.)
Loss, q =0.055 GeV'/im (Arl

' Ee. P
-4.46<yus<-2.96 2 -1 0
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* In general, nuclear absorption effects are 125 -
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small at the LHC. Precision of the data F Ropo 1
allows for quantitative comparison with [ " Sy 5
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agreement with the J/y and data. o
Similarly for models including also y
partonic energy loss.
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« Same picture for Y production. A

5 L., (-4.46<y  <296)=58 nb".‘ L_:?ﬁyswk 50nb"

« While models predict identical behavior woro_sensa
for J/w and W(2s), the data shows e
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— hint at final state effects o
— unexpected, because charmonia 0
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Quarkonia (1)

* In general, nuclear absorption effects are
small at the LHC. Precision of the data
allows for quantitative comparison with
theory.

Theoretical predictions based on nuclear
shadowing (EPS09 + NLO) are in fair
agreement with the J/y and data.
Similarly for models including also
partonic energy loss.

Same picture for Y production.

While models predict identical behavior
for J/p and w(2s), the data shows
differences.

— hint at final state effects

— unexpected, because charmonia
formation time is larger than cc crossing
time in the nucleus

— Suppression due to interaction with the

(hadronic) medium created in the
collision?

1 [1405.5152]tco -

pPb \s,, =5 TeV

0.8
~
0.6 ] }—1 N\ -
0.4 E.loss+EPS09 NLO  —@— LHcb, Y(1S) .
02f —— Y(1S) ==+ LHCb, Prompt J/y ]
- Prompt J/y —A— LHCb, JAy from b ]
o.l...l...l...l...l.'
-4 -2 0 2 4
y
JHEP 02 (2014) 073
%14_ p-Pb \s, = 5.02 TeV
c ALICE (JHEP 02 (2014) 073): inclusive J'y '), 0<p_<15 GeV/c

0.6

0.4

0.2

014

L., (-4.46<y  <296)=58 b’ L (203<y _ <353)=50 nb"
ALICE Preliminary: inclusive J'y +e'e, p >0
L, (1.37<y__<0.43)= 52 ub"

EPS09 NLO (Vogt)
CGC (Fujil ot al.)
[ ELoss, q =0.075 GeV'/im (Arieo et al.)

[ EPS09 NLO + ELoss, q =0.055 GeV'/tm (Arleo et al.)
l - A A ' l A ' 1 - - l - ' -

4 3 -2 -1 0 1 2 3 4
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Phenomena in p-Pb collisions

Quarkonia (1)

* In general, nuclear absorption effects are
small at the LHC. Precision of the data
allows for quantitative comparison with
theory.

Theoretical predictions based on nuclear
shadowing (EPS09 + NLO) are in fair
agreement with the J/y and data.
Similarly for models including also
partonic energy loss.

Same picture for Y production.

While models predict identical behavior
for J/p and w(2s), the data shows
differences.

— hint at final state effects

— unexpected, because charmonia
formation time is larger than cc crossing

-o ' L) Ll Ll ' Ll L) L) l Ll Ll L) ' Ll Ll Ll l
£ ]
o 14 [1405.5152]LHCo :
pPbys,, =5TeV 1
1.2 —
1fF- -
\\\\ ]
0.8 T =
\ =
0.6 T, —
.~ . ‘
0.4 E.loss+EPSO9 NLO —e— LHCb, Y(1S) “d
02f —— Y(1S) ==+ LHCb, Prompt J/y ]
-« -~ Prompt J/y —#— LHCb, JAy fromb ]
0.|...| P S SR RS B
-4 -2 0 2 4
y
0
u;%‘ 1.8  ALICE, p-Pb |s,,= 5.02 TeV, inclusive J/y, w(28)-'y
" A Jy
1.6F o w29 arXiv:1405.3796
1.4 5
1.2
1578
0.8 ,,,,,,,,, B
0.6} . i ;
0.4} |
" EPS09 NLO (Vogt)
0.2 = ELoss with g_=0.075 GeV"/im (Arleo et al.)
[ EPS09 NLO + ELoss with g =0.055 GeV*/m (Arleo et al.)
0* AAAllLLLlLLLLlLlLJl‘AAAAlAAAAlALALlALLAlLLLLlLLAA

time in the nucleus
— Suppression due to interaction with the 5 4 3 2 4 0 1 2 3 4 5
(hadronic) medium created in the
collision?
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Quarkonia (2)

fad ﬂ‘r g e
« Excited Y states are less 8100 ¢ O TET g e R
suppressed with respect to gmoo:— : :6:
the ground states in min. " oot booma 4T ¢ dam
bias p-Pb collisions than in L | packaromnd S S packarond -
Pb-Pb collisions. “0of 200
200f 100
07 07 l 8””9 ll11011”111““11211”113””14
 However, the suppression of My (GoVIC) My (GVIC)
excited states seems 10 vary g o ] & et s pmesciror momfesrins
with the event multiplicity 9 S | Y
(same in pp). oef- ves) | 0% Y(2S)
oaf Y19 4 oaf % Y(iS) -
0.252— | * %* ' E 0.252— + ++ . . —
« It is and open question if et LG o t | %
excited states add ot oms TL ‘% % ot oms % J[ J{
multiplicity (event selection ~ *= Wi T4
bias) or if the activity ! 0 g 10° 10 10 s 10

suppresses excited states
(as in Pb-Pb collisions).

[1312.6300]

LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch



mailto:alexander.Philipp.Kalweit@cern.ch?subject=

w
o
L

do/dy [nb]

Phenomena in p-Pb collisions C E R N

Z° production in p-Pb collisions (1)

* New in the LHC energy regime... = 2200 Z seen by CMS in p*u-(similar
for ATLAS). Also results from LHCDb, but with much smaller statistics (= 15
candidates).

 Similar studies for W* and W- (= 21000 W—p+v, = 16000 W—e+v).

 Hints of forward-backward asymmetry might help to constrain nuclear
PDFs...

[CMS-HIN-14-003] [LHCb-PAPER-2014-022]

] Y I T ‘g 16: CMS P T I T T T I T Y T Y I T™TT Y S 40
L reliminary 4o B Lo N
E 14~ pPb s, =5.02TeVL, =346nb" = i stat. LHCb preliminary i
8 - ] “i L syst. pPb \s,, =5TeV 7
o 20 - 1 30F -
- ); O i ®  FEWZNNLO + MSTWO08 ’
E r = 0 FEWZ NNLO + MSTWO08 + EPS09 (NLO) .
S o0s _ _
_ 5 08 20 i -
_  CMS Preliminary ] T L B .
_ pPbys, =502TeVL, =346nb" ] 0.6p - LJ - -
- 1 ~ —e— Data ] B .
- —*— Data i 0.4+ MCFM+M ~ 10[F =
[ eeeee 208 x (MCFM+MSTWOSNLO pp—Z—»uit) b S CPMMSTWOBNLO pp-5Z-app ] I _
o 208 (MCFM+MSTWOBNLOYEPS09 pN->Z-sj) o —— MCFM+MSTWOSNLO+EPS09 pN—Z—up ] i i
F -~ 208x (MCFM+MSTWOBNLO+DSSZ pN—Z-ik) - “E MCFM+MSTWOBNLO+DSSZ pN—Z-pp . - o o E
L ‘ L | L L l L L L L I L L L L ‘ 1 'S L L ] 0 i L L L L l L A L L l L | L i l L L L | ] O
Yem. Iyc.m.| -50<y<-25 1.5<y<4.0

CMS LHCb

LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch 24



mailto:alexander.Philipp.Kalweit@cern.ch?subject=

Phenomena in p-Pb collisions C E R N

Z° production in p-Pb collisions (2)

* Their production is expected to be unmodified by any medium effects and
should just scale with the number of binary collisions.

» Therefore they can also help to constrain the centrality approaches.

Glauber Glauber-Gribov
§l_01-9' I L 1 | R ) L )
> 3__ i — AN e s S e e e s S S e S S S S p e S e e s s S S
=} - ATLAS Preliminary p+Pb 2013, L, =29 nb™ \[syy = 5.02 TeV . 1\3‘_ ATLAS Preliminary p+Pb2013,L =29 nb™ \[s = 5.02 TeV
L 2.5 + + = K
é - 3 é + ? * * *
2 2iF i &% * *
© - + 4 ‘
-3 -3 1.5 * +
% 1 % y T E
ci Glauber (Q=0) - 3 1= Glauber-Gribov Q=1.01 ]
- & 0-10% Centrality,{y*)=0.23 = 0.08 - A = =@ 0-10% Centrality -
2 —A— 10-40% Centrality, (y?)=0.16 + 0.06 4 - - “A— 10-40% Centrality =
z° 40-90% Centrality, (y*)-0.58 + 0.16 = ’% 0.5 ~ E%— 40-90% Centrality —
~ =~ CT10 Model . 2° = * —— CT10 Model! .
| P P P B P B PP B &=, 0‘_,,,,,.1..,11.1..1....1.1.1...1.,.'
-2 -1 0 1 2 3 Z4 -3 -2 -1 0 1 2 3 24

<
<
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Phenomena in p-Pb collisions C E/RW

Summary and conclusion

* Alot of interesting physics results from this particular data set...

* Pb-Pb like features are observed for the bulk of the produced particles at
low pt: v2, radial flow, thermal fits..

* No indications of quenching at high pt (charged hadrons, jets, open charm,
heavy flavor, electrons, muons). However, CMS & ATLAS observe a yet
unexplained enhancement at high pr...

* Quarkonia measurements provide an essential baseline for the
understanding of the Pb-Pb results. Electroweak bosons can help to
constrain nPDFs and centrality estimators.

 Very interesting times ahead of us...
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p-Pb collision geometry

p-Pb Pb-p
SSeleeleds RS\ ‘\ISNN = 502 TeV > ""‘-"?-.‘-_-._-__.__ \ \ISNN = 502 TeV

Pb

Pb i |
- 4 TeV

rr——— f— .. TTTTTTOS S RRERELEELELE
p Pb Pb p

Map < 0 Niab > 0 Nip < 0 N > O
y>0 y<0 y<0 y>0
Nems > 0 Nems < 0 Nems < 0 Nems > 0

the direction fo the proton is always at positive y = y_.. and positive .
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LHCf Rpa measurement

* RpA measured at low pr (< 0.6 GeV/c) and very forward (y > 8.9).
* Reproduced by models, helps to model nuclear effects in cosmic ray air

showers.

LHCf {s=5.02TeV =°
89>y  >-9.0

—e— LHCf

—— DPMJET 3.04

- = QGSJET II-03

- - - EPOS 1.99

[TYYYfrYrttrlrYrrrlyrrrJryryrryrrrr] g
- - =8
1
LHCf {s=5.02TeV «° -
90>y, >-9.2 E

05 06

P, [GeV]

u:go-e""l""I""I""I""l""
0.7F LHCf ¥s=5.02TeV =° ] LHCf ¥s=5.02TeV =° ]
94>y >-96 - 96>y >-10.0 ]
0.6 fab B 0.6 b B
0.5 B 0.5 R
0.4 . 0.4 .
0.3 - 0.3 >
0.2 0.2 — =
0.1F 0.1 -
- sl gy I .... 7

% O =01 "02 03 04 05 06

p. [GeV]

[1403.7845]

a4
T ——
0.7F LHCf y8=5.02TeV = =
f 92>y >-94
0.6f - 4
0.5F E
0.4F B
0.3F -
E e E
0.2 -
0.1F " I~ 7 _"“___:
>...l....l....l....l....l.,..
O 61" 02 03 04 05 0
P, [GeV]
0.8 Frrrrrrr ma/manass o
0.7F LHCf ¥s=5.02TeV =°
- 100>y >-11.0 7
0.6F o =
0.5F v
: e ]
0.4f B
0.3F -
0.2F {-—0—- -
01E _ R el R, E
- 1
l‘jlllljjl llllllllllll lll‘l
" 01"02 03 04 05 06
p, [GeV]

CERN
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CERN

Compa

risons w

I I

25

-------
~.

I I I 1 I I

p+Pb, s, = 5.02 TeV

- -
- - -

- b
-

i 1.8 F p+Pbys,, =5.02 TeV —
— 1.6 = @ ALICE, NSD, charged particles, I'ncms[ <03 =

1.4

1.2 —H
* E ]

0.8 -

0.6 Saturation (CGC), rcBK-MC b

Saturation (CGC), rcBK =

iy W Saturation (CGC), IP-Sat

1.8
1.6

Shadowing, EPS09s (=) -
LO pQCD + cold nuclear matter =

ol HIJING: Ry
L+ ALICENSD ----2.1noshad.[6] 18 1'2 n : + E
i — 2.15=0.2 ] ' o & .

- Sat. Models: - % 0-28 (6] :m 1 S@ T
5 | _ |P-Sat (5] T BEZO no shad. [4] N 0.8 | J
" - KLN [3] — BB2.0 with shad. [4] . 0.6 E
[ e reBK [7] — - DPMJET [32] 1 o4 i .
0 1 | 1 1 | 1 1 1 | 1 1 1.8 HIJING 2.1 _ Dcl;C', s =0.98 __;
-2 0 2 1.6 - DHC, no shadowing -
n ~ DHC, no shadowing and ]
lab 1.4 independent fragmentation
1.2 i e I —
[PRL 110, 032301 (2013)] i g ele A4PYhd I ¢
b ﬁ ..... ' E
0.6 [ :

04 [ ‘ 1 1

1 1 1 1 1 —
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)

[PRL 110, 082302 (2013)]
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0.8

0.6

0.4

0.2

ith saturation models

JHEP 02 (2014) 073

p-Pb \s,, = 5.02 TeV

ALICE (JHEP 02 (2014) 073): inclusive J'y "y, O<p <15 GeVic
| . (-4.0&y‘_<-2.ﬂ): 58nb", L (my_cw): 50nd’
ALICE Preliminary: inclusive J'y e, p >0

L, (1.37<y__<0.43)= 52 ub"

1

Wl |

EPS09 NLO (Vogt)
CGC (Fuli ot al.)
-~ [l ELoss, q,%0.075 GeV*/im (Arieo et al.)

(] EPSO09 NLO + ELoss, q =0.055 GeV'/tm (Arleo et al.)
'AAlAAAJIJlAAllA llJAA lAAJAl L
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

In ZGK. = ig,t# A dp p2 In (1 + e_B(C(p)_ﬂu))
. 1 a(Tan) p— a(Tan) o 1 8(Tan)
SV du I ) % vV aT
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

19(T1nz)|, 9(Tnz) _ 19(TlnZ)

TV ou V. "V ar
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

(-) for bosons, (+) for fermions gL
(quantum gas) v - - \
= 5 e— 2 -5 C(' )— 4
In Zek, £9i5 573 /0 dp p*In (1 £ e~ PlP)=1))
_19(ThZ)|, d(Thz) _ 13(TnZ)
vV du % VvV aT
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

(-) for bosons, (+) for fermions gL
(quantum gas) v - - \
In Zox, = +gi—— | dp p?lIn (1 4 e B
n Zox. g'zw'zn‘*/g ppln(l+e )
Spin /
degeneracy
_19(ThZ)|, d(Thz) _ 13(TnZ)
vV du % VvV aT
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal

quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):
dispersion
(-) for bosons, (+) for fermions p2+m?  relation

8=
(quantum gas) v - \ / (relativistic)
InZgk, = +g;— :/ dpp ln(1:|:e B(e(p)— u)
0

Spin /

degeneracy
19(TInz)| , 3(Thz) _ 19(T'n2)
TV ou V. "V aT
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\
Thermal model for heavy-ion collisions
 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):
dispersion
(-) for bosons, (+) for fermions —/p2+m2  relation
(quantum gas) i \ / (relativistic)

In Zgg, = igi,L:‘/ dp p*In (1 £ e Plelpi—h)

2m2h 0 T
Spin /

Wi = pupBi 4+ psSi + prls, + peC;

degeneracy chemical potential representing
each conserved quantity
_19(ThZ)|, d(Thz) _ 13(TnZ)
vV du - )% vV aT
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

dispersion
(-) for bosons, (+) for fermions B=1 E; = 1/p? + m2 re[a.n‘.on.
(quantum gas) v . \ / (relativistic)
InZog, = +g¢;— / dp p?In (1 & e PlelP)—1i)
/gz 27?2,-1.5 0 PP ( T )
J spin Wi = pupB; + psSi + prls, + peC;
cgeneracy chemical potential representing
each conserved quantity
19(Tnz)|,, 9(Tnz) _ 19(TnZ)
n=— — § =
V.  du oV V  oT

Only two free parameters are
needed: (T,us). Volume cancels if

particle ratios ni/n; are calculated.
If yields are fitted, it acts as the
third free parameter.
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Thermal model for heavy-ion collisions

 Starting point: grand-canonical partition function for an relativistic ideal
quantum gas of hadrons of particle type i (i = pion, proton,... — full PDG!):

dispersion
(-) for bosons, (+) for fermions B=1 E; = 1/p? + m2 re[a.n‘.on.
(quantum gas) v . \ / (relativistic)
InZog, = +q¢;,— / dp p?In (1 & e PlelP)—1i)
/gz 27r2h‘* 0 . ( T )
y spin wi = ppBi + psS; + pr, Is, + pcCi
cgeneracy chemical potential representing
each conserved quantity
19(Tnz)|,, 9(Tnz) _ 19(TnZ)
n= — § =
V.  du oV V  oT

Only two free parameters are Partition function shown here is only valid in the resonance
needed: (T,us). Volume cancels if gas limit (HRG), i.e. relevant interactions are mediated via

particle ratios ni/n; are calculated. resonances, and thus the non-interacting hadron resonance
If yields are fitted, it acts as the gas can be used as a good approximation for an interacting
third free parameter. hadron gas.
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Color reconnection
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See also: A. Ortiz et al. Phys. Rev. Lett. 111, 042001 (2013)

CERN
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Phenomena in p-Pb collisions

Centrality — Introduction

* In contrast to Pb-Pb collisions, it is not z
straightforward to relate experimental s
quantities to the collision geometry, i.e. =

the number of participants Npart and
binary collisions Ncoil.
— 1IN p'Pb collisions: Ncoll — Npart - 1

» Large biases present in the system:
* Multiplicity fluctuations
* Jet-veto bias
« Geometric bias

* Most simple approach: only multiplicity
classes instead of centrality, but more
can be done...

LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch
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Centrality — Introduction

* [n contrast to Pb-Pb collisions, it is not = T
straightforward to relate experimental S 600f
quantities to the collision geometry, i.e. =
the number of participants Npart and 400
binary collisions Neol. o SR |
— in p-Pb collisions: Ncoi = Npart - 1 oy sool
* Large biases present in the system: 0
* Multiplicity fluctuations
* Jet-veto bias L %20000_.
» Geometric bias 155 § :
15000
* Most simple approach: only multiplicity 10000} _
classes instead of centrality, but more E .
can be done... Y i
Different experiments employ different R T Elt\cl')d -
part

approaches in order to deal with biases.
One needs to be careful in comparisons. LHCP2014 New York | 2014-JUN-05 | Alexander.Philipp.Kalweit@cern.ch 35



mailto:alexander.Philipp.Kalweit@cern.ch?subject=

Phenomena in p-Pb collisions

C

Centrality — ALICE

« Standard Glauber fit+event selection (a la AA) leads By oot * 20:40%
to results which depends on the n-region of the | N

centrality estimator.

« Example Qpa (not called Rpa, because collision

geometry is not properly reflected):
O - dN ,,/dp,
A
g <Ncoll>-dep/de

l

calorimeter) cause no selection bias on mid-rapidity

bulk production
-> used to bin events in classes

* Determine Ncoi/Npart by assuming one out of:

» Mid-rapidity dNcn/dn ~ Npart
« Forward dNcn/dn ~ NPPpart = Npart -1
* High pr yield ~ Ncol
* Methods reach consistent results:
* Ncoil consistent within 5-10%
* High pt Qpa flat (> 10GeV/c)

Standard Glauber fit+event selection

& [ pPb|s, =502Tev « 05% - 40-60%

5
O_o

O 2.5F cL1 aucepreumnary  © 5-10% - 60-80%
I « 10-20% « 80-100%

| 0 5 10 15 20 25 30
* Forward neutrons (measured in Zero Degree p. (GeVic)

p-Pb Vsm =5.02 TeV ;
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.
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Centrality — ATLAS

A different approach is used:

* The underlying model is changed from a
Glauber model to a Glauber-Gribov.

* NN cross-section is subject to quantum
fluctuations in the proton configuration
(controlled by fluctuation parameter Q).

* Model can be constrained by pp
diffraction data.
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