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Outline

ALICE

e |ntroduction

* Nuclear modification factors in minimum bias p-Pb
collisions measured by ALICE

- Need for centrality dependent measurements
» Centrality determination with ALICE
* Possible biases on binary scaling

- Study of correlation of bulk particle production and
semi-hard scattering in p-Pb using di-hadron
correlations

- Bias inclusive charged hadron production
* Conclusions
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ALICE
* Field developed from

- crucial control-experiment to study cold nuclear effects and to
establish a baseline for Pb-Pb

- to an area where on could see some interesting effects
e eX. suppression of away-side correlations (RHIC)

- saturation ?

- Groundbreaking discoveries ... but also new challenges

“Double-Ridge”

ALICE
p-Pb \s,, =5.02 TeV
(0-20%)-(60-100%)

1 \15< p, <20 GevVie
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Study of p-A Collisions ...

' ALCE
p-Pb |[S, = 5.02 TeV
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Nuclear modification factor

d N°*/d p “binary scaling” in Glauber model
* (pr)= = ! <N__ > number of binary collisions
pA T <N >dep/d coll o
coll x4 Pr  (“nucleons hit in the nucleus”)
do™™* » 2 y 2\ _ij—k 2 2
a7 oc f (xLQ )ij (xsz )oo (xlszjpT/Z,Q )OD,HX(Z, O )o FS effects
T

- In absence of strong final state effects, RpA provides information about
nuclear modifications of the parton density function

C. Salgado etal. JHEP 0904:065,2009

1.5 antishadowing Fermi-

Write Y- : motion

Az, Q%) = RM=x, Q%) fCTEWM(z, Q?)

Two regions important at the LHC 6 L
- ShadOWing Yo+ shadowing
- anti-shadowing -
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ALICE

valence

Ry

sSea

EPSO09

C. Salgado et al.

gluons

JHEP 0904:065,2009
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Where are we ?

Shadowing

e

ALICE (LHCb)
. Fwd / Backwd ... SRR SR T—

LHC Central

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

_ PHENIX Fwd

T T T T TP - T ey 2909090 g e A

S
(very schematic) -

o - J/lIJ .............

%Séturation ?

2
Ifr‘IIIIIIII| IIIIIIﬂ] IIIIII||] IIIIIIﬂ] IIIIIIII| IIIIIIII| I

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

=|:III| 1 1 - N - e P . 1 IIIIIII| 1 Ll L1 1Ll

10® 10° 10 10 102 10" «

Possibility to approach saturation scale in perturbative region.
Most of measurement performed in shadowing region.
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E C —— MRST2007 LO* ]
o i CTEQ6L ]
—— MRST2001 int. _
| [ }
\s = 14 TeV
10° =
" DLsoft+hard NN ... 7
DL+CDF °
107 TPLm = oo oo s o \ E
| ‘ | L1 | | ‘ L1 | | L1 | | | L1 ‘ | | |
1 2 3 4 5 6 7
mein [GeV] °

Figure 1: The inclusive hard cross section for three
different proton PDF's, compared to various extrap-
olations of the non-perturbative fits to the total pp

cross section at 14 TeV centre-of-mass energy.
M. Bahr, J.M. Butterworth and M.H. Seymour, The underlying event and the
total cross

section from Tevatron to the LHC , JHEP 01 (2009) 065 [arXiv:0806.2949 ]
[NSPIRE ].
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Multiple-(Hard) Collisions

In pp hard cross-section exceeds the
total cross-section, strongly indicating
that there are multiple semi-hard
(perturbative collisions per event)

N_  binary collisions implies >> N__

semi-hard-scatterings in addition to the
hard process studied

Correlations between hard process and
bulk of particle production ?

Possible consequences for centrality
determination (to be discussed later ...)

2 2 2
ff(xl,Q ;xl,l’Ql’xl,2Q2’ )



ALICE

Results for nuclear modification factors in
minimum bias p-Pb collisions (Vs, = 5.02 TeV)
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Inclusive Charged Hadrons

ALICE, Phys.Rev.Lett. 110 (2013) 082302 arXiv:1210.4520

III|III|IIIIIII|IIIIIIIIIIIlIIIlIIIIIII
ALICE, charged particles

_ e p-Pb \s,, =502 TeV, NSD, | ncms| <03

\Syn = 2-76 TeV, 0-5% central, | n| < 0.8

A Pb-Pb \s,=2.76 TeV, 70-80% central, | n| < 0.8
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Suppression at high p_seen in Pb-Pb is final state effect.
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Jets

p: 19 I Pb-Pb /s, = 2.76 TeV
% 2 T T T T T T T T T - T T T T T T m i 0-100/0 Centrality
e [ —_—— ALI.CE c_:harged jets p-Pb 5.02 TeV I | Charged+Neutral Jets
on:n i anti-k; jets R=0.4, |7|<0.5 Antik_ R = 0.2 hl<0.5
- Reference: Scaled pp jets 7 TeV 1 r . "_T =0 <0
15} . ] - 1k Leading charged track p_ > 5 GeV/c
— Systematlc uncertainty 4 T
Pt 0.15 GeV/c
Biased pp reference

ALICE

PRELIMINARY

[ Uncertainty reference +

| Glauber ]

ALICE

PRELIMINARY

0. 2 2 2 I L L 2 I . . L I . 1 . IlII|IIII|JIII|IIIIIIIII|IIII|IIII|IIII|IIII

20 40 60 80 100 %0720 50 60 70 80 90 100 110 120

p; jet (GeV/c) pch+em (GeVlc)
’ T,jet

Suppression seen in central Pb-Pb is final state effect.
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s

ALICE

Open Heavy Flavor

1.8

Average of prompt @, D*, D *
op-Pb, \ISNN =5.02 TeV

1.6

1.4

1.2

min. bias,

-0.04<y__ <0.96

APb-Pb, \ISNN =2.76 TeV

0-715% centrality, I){:mS

I<0.5

2IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

ALICE

PRELIMINARY

Filled markers : pp rescaled reference
Open markers: pp pT-extrapolated reference

Nuclear modification factor

HHH-E'—E——E—_EI_

0
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30

P (GeV/c)

nuclear modification factor

3
B I | | | I I I | I I | | | | I | ) I I | I I I I I | ]
B —4- ALICE bc —>(e +¢)/2, TPC-TOF, ALICE reference |
i —#- ALICEbc — (e +¢)/2, TPC-EMCal, ALICE reference ]
25 - ALICEb,c — (e +e)/2, TPC-EMCal, FONLL reference —]
B I normalization uncertainty ]
oI L ]
i HF Electrons ]
15 ] -
T | —
qul e ) S v % ...................... .
- ALICE  p-Pb, \F 5.02 TeV, min. bias, 0.14 <y _ <1.06
| PRELIMINARY _

L | T T S N I L 1 Il I 1 Il L | L L 1 | Il 1 L I L L Il

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

Strong suppression seen in Pb-Pb is final state effect.
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Quarkonia

ALICE

0
£ F P - 1.8——
n:n_ 1.41— P Pb‘ SNN — 502 TQV % U)ﬁ i ALICE inclusive J/\V—>|J-+P-- s RPbe
E e Inclusive Jiy—p*’, p.>0 (arXiv:1308.6726) 1.6F v T Rl Roagk
10 e Inclusive T(1S)-pu’w, p >0 (preliminary) PﬂLII'HEREh 14 C Roupy? | Sy=2.76 TeV, 2.5<y__<4, 0-90% (submitted to arXiv)
% ' N R:,"P";' 1 |Sy=5.02 TeV, 2.03<y_ _<3.53 (preliminary)
1:. ﬂ __________________________________________________________ 12F Ryaa™: | 5=5.02 TeV, -4.46<y__ <-2.96 (preliminary)
: / : [Jtotal uncertainty
OB NN 1 R
08— m .
- %— """ 0.8F
0.6— E-ﬂ- L
B 0.6
0.4 :_ EPS09 at LO: Ferreiro et al. 0.4 :_ ‘ ‘
B Shadowing: T(1S): Eur. Phys. J. C (2013) 73:2427 C '_H_ H
0.21— . . 0.2 [ hypothesis: factorization of shadowing effects from the two
~ Shadowmg: Jfljj' arXiv:1305.4569 C nuclei in Pb-Pb and 2->1 kinematics for J/y production
: 0lllllllllllllllllllllllllIIl
D 1 I L1 I 11 1 l L 1 1 I Lt 1 1 I L1 1 1 I L1 1 1 | L1 1 1 I L1 1 1 J 11 I 0 1 2 3 4 5 6 7 8
-4 3 -2 -1 0 1 2 3 4 pT(GeV/C)

ycms

« Shadowing seen in the forward direction
e Direct consequences for suppression seen in Pb-Pb
. Expected to enhance J/y recombination effect at low p_

- Important to check N__ dependence !

Andreas Morsch, CERN LHC Seminar 12/11/2013
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Y' same Q° but stronger suppression

PHENIX arXiv:1305.5515, to be publ PRL

1.& T T T T TTT1T T T T T TTTT T T T T TTTT
backward . . T E ' NA38 piA I
(highest co-moving density) forward =>1.6F ~ NA50 p+A 3
o It = & HERA-B p+A ]
~ n nclusive J/y, = 1.4 - -]
ENTI I 2 F ® PHENIXd+AuMB 1
(?)\ O 85— PRFE‘LIEEICNRERY E 1'2__ F 3 NASU Pb‘l‘Pb -
N s — B v NA3S S+U N
2 07 A3l J&} S 15‘*@;;% :
208 h Tosf Tf E
s 050 [ — =06 +““~ =
2 g4F 2 F q‘ .
o E = 0.4 i? -
S 03f S r \lf& » ]
0.2 :_ ® ALICE, p-Pb, | s\=5.02 TeV (preliminary) : - - - .

[ ] 1 L1

=/
F

IIIIII 1 1 11 1111
10 100

. - HIJING
0- 111 I-l 111 I-l 111 I-I 111 I-l 1111 | 1111 | 1111 | 1111 I 1111 I L 111 d";#&]ly-:D
yCI’T'IS

E m PHENIX, d-Au, | s,,= 0.2 TeV (arXiv:1305.5516)

o
|
Q0
=k
8
=1

» 20% difference between forward and backward suppression

« Qualitatively consistent with break-up by co-moving medium
e But also large effect in the forward direction.

« In trend with multiplicity dependence observed p(d)-A and A-A at lower s
» Important to check N_ dependence.
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% Multiplicity dependent studies:
Double ridge

o 4 GeVic
" <2 GeV/c 60-100%

ALICE

2< pT,trig <4 GeV/c

p-Pb\s,, =5.02 TeV

p-Pb \ s, = 5.02 TeV
1< pT,asso

1= pT,assoc <2GeVic 0-20%
g 1.4 :L’ ]
5l =
I B =S 0.4
2|5 124 — Zl5 041
TIT 1 A ]
£ N - 2:: ]
0
A 2 2<p, . <4GeVic P PPbisy=502TeV . : 25
-2 1 0 AO \tg L Prassoc < 2GeVie y 0-20%) - (60-100%) 2 XO) (
SPD event selection i '
g L]
s Symmetric
g 9- - L] L]
i Near-side Away-side ridges !
I z|50
1 0.85
I £

2
N
1er°" ALICE PLB719 (2013) 29

ATLAS Phys. Rev. Lett. 110, 182302 (2013)
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. I\/IultlpI|C|ty depende nt studies
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0.65
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ALICE,charged particles
|n|<0.3, 0.15<pT<10,0 GeVic

PYTHIA 8, tune 4C
¢ without CR
4 with CR

p-Pb \ sy, =5.02 TeV

# EPOS

O DPMJET

O HIJING

& AMPT

— Glauber MC

I B RRA R
T 1P Gl
A RARAR T
oo
A

A Data

Pb-Pb \sy =276 TeV ]

60 80

ALICE; arXiv:1307.1094 (accepted PLB)
Indication collective flow in high multiplicity p-Pb

or Color reconnections = coherent effects between strings = some form of collectivity
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PRELIMINARY
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ALICE

Nuclear Modification Factor for p-Pb

ALICE, Phys.Rev.Lett. 110 (2013) 082302 arXiv:1210.4520 Minimum Bias:

II|III|III|III|III|III|III|III|III|III

1.8; ALICE, charged particles d NPA/d P . d NpA/d Pr

(T, )do™dpy (N )d N™/d p;

Rﬁf(pT)

—i
(¢))
'
|
-
o
id
o

\Syn = 2.76 TeV, 0-5%central, | n| < 0.8
A Pb-Pb \s,,, =276 TeV, 70-80% central, | n| < 0.8

1.4 =
i of 1 Average p-Pb overlap function <7 ,> determined
&k HHHHHHHH EEEE __________ E by total (geometric) p-A cross-section:
g u : |
i : EEB@ E (N oon) =208, /3, =6.9 with
09| : 7 On=70mb
044 7 0,p,=2100mb
_  gummE® " @_:
b (T D =(N )16, =208/2100mb ™ =0.098 mb ™
P, (GeV/c)

How can we make this measurement centrality/multiplicity dependent ?

_ dN"™dpy  dN™/dp;
(Tya')do™/dpy (Ngy)d N™/dp;

coll

R (pr)
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<N_ > for centrality classes

ALICE
e Centrality event classes defined using centrality estimators

- Particle multiplicity or summed energy in given pseudo-rapidity
region

- Centrality defined as percentiles of the multiplicity distribution
 For each centrality class, two independent questions

rt’  coll

- Q1 How many collisions: Npa N ?

 These are relative small numbers in p-Pb
* Fluctuations are important.

- Q2 How unbiased are the nucleon-nucleon collisions ?

<N > <N > .y .
coll 1 coll 2 What distinguishes cent-1 from cent-2 for the
same N 7
cent-1 _ coll _
Is it relevant for other physics observables ?

coll

Let's start with Q1 ...
Andreas Morsch, CERN LHC Seminar 12/11/2013



Percentiles example

ALICE

’-:“ T T 1 T T 1T 1 T 1T 1 | T T 1 | T T 1 | | L | | | 1T T 1 | T T 1 | | L I:

S =

. ALICE p-Pb at \!s =5.02 TeV Pl ]

S —05% @ U ]
D . 3 5-10% ALICE

£ 10 B 10-20% PERFORMENCE
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S S| gg-so% 3
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Andreas Morsch, CERN LHC Seminar 12/11/2013



Detectors for Centrality Estimation

Quartz-Fiber “Spaghetti”
Zero Degree Calorimeters

ALICE

p‘hpb

TPCHITS
Tracks |n| < 0.9 *¥

TPC :

2 layers Si Pixel '
| Inl<2;n[<1.4 |

N

Il VZERO-A  Scintillator Hodoscopes VZERO-C

z =340 cm z=-90 cm
2.8<n<35.1 -3.7<n<-1.7

Andreas Morsch, CERN LHC Seminar 12/11/2013

z=-+112.5m

Centrality Estimators discussed here:

CL1:  Clusters in 2™ Pixel Layer
VOA: VOA Multiplicity

VOM:  VOA+VOC Multiplicity
ZNA:  ZNA Energy

19



Estimators sensitive to ..

ALICE

Pb-Fragmentation

;-p

50

m=2DC-C T 2DC-A =
405 | m—TPC i3
3 VZEROG mmmmmmm' | | || ssmVZERO-A E ZDC
30 LD E el =
2 L gesiees® . 3
256 B N . =
= BN R 4 = ol
2055 Ho B 4 =
i € T » =
155 aoces o7 gestteseanettens, S 3
10 o 5<b<s ".o;'i ‘el @ i
SEL OB ee® e e, % Slow Nucleons
3 % oan ARt M e S SR SO
0— 2 A;MQ| Lo Iy by Py bty oy by iy [ s . .
0 8 6 -4 -2 0 2 4 6 8 10 Nucleus fragmentation model:

Black nucleons: evaporation

Grey nucleons: knock-out

Binary p-N collisions (eg F. Sikler arXiv: 0304.065)

N =N -1
art

coll p
Particle production modeled by

Negative Binomial Distribution
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Excursion:

ALTGE NColl from Glauber Monte Carlo

 The two colliding nuclei are represented by randomly distributing the A
nucleons of nucleus A and the B nucleons from nucleus B in three spatial
dimensions according to the respective density functions (Wood-Saxon)

- a minimum distance between nucleons can be imposed
 Arandom impact parameter is drawn from do/db =21t b

* A nucleus-nucleus collision is treated as a sequence of independent binary
nucleon-nucleon collisions

- nucleons travel in straight lines dP=4nr'p(r)dr

- collision takes place if the distance d gg? | oo Saxon i) = (1ol 20 coxp( Yo ()

r,=6.78 fm
d =0.54 fm

n = 7.14e-04 fm*
o =0.00

| dp=1

-10 -5 0 B 10 <16 <10 -6 0 & 10 1& E
1 |
|

L1l ‘ L1 ‘ L1 - ‘ 1 Ll | Ll ‘ L1l ‘ - ‘ -
x (fm) z (tm) % "2 4 6 8 10 12 14 16 18 20
r [fm]

Andreas Morsch, CERN LHC Seminar 12/11/2013
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Possible extensions of the “black-disc” MC

ALICE

 Smear p-N impact parameter according with exp. distribution to take into
account matter distribution inside p (ALICE)

« p-Eikonal (HIJING, Pythia, ALICE)
- interaction probability depends on p-N overlap

* Glauber-Gribov (ATLAS, CONF-2013-96)

- fluctuating p-N cross-section (fluctuating proton configurations)

(Y
® b ot

Ja U Va A\

Unclear how to relate N_ to fluctuations for the hard cross-section at high Q% and low x

Andreas Morsch, CERN LHC Seminar 12/11/2013



ALICE

Events (a.u.)
=

Glauber Fit with NBD in p-Pb

- Same procedure as for Pb-Pb (ALICE, arXiv:1301.4361)
Centrality classes: Multiplicity distribution sliced into percentiles of

cross-section
Starting with the highest multiplicity = most central collisions

Obtain P(Npart) from Glauber Monte Carlo

. Npart is equal to number of ancestors

For each ancestor obtain multiplicity form Negative Binomial
Distribution (NBD) and iterated to fit NBD parameters
Obtain <N__ > from MC for each centrality class

ALICE p-Pbat \sy=502TeV
Data
NBD-Glauber fit

Negative Binomial Distribution :

n+k—1

f(nik, p)= (1-p)p"

= w=11.0 k=044
E ....‘.0.........'... §
10_3 B T P I e R ér
10 = =
2 VOA -
ol 2 8| & R o
519 9 (=] (=] o o~ ]
018 ¢ § | 9|8 =
2| ol o o o v T
0| © <t o - Ty} —
[ I I 1 | I I I | 1 I I I | 1 1 I I | 1 1 I I | ]
0 100 200 300 400 500

VZERO-A amplitude (a.u.)
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ALICE

@@ @

dN/dy (]y|<2.0) / TAA (pb)

CMS PbPb Preliminary 150.0 ub™ at\[Sy, = 2.76 TeV_

CMS-PAS-HIN-12-008

| ZO
° CMS
= Minimum bias 0-100%
Systematic Uncertainty
—— POWHEG (5% uncertainties)

Illll\IIIII|\III|I]\I|III | Illll\IIIIII\‘II
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Andreas Morsch, CERN LHC Seminar 12/11/2013

Binary Scaling in A-A

direct gamma PHENIX

4 50-60% x 3-107°
~ 60-92% x 10°

q‘ F— ~
) - LS - direct y p_ spectra
S o4l w, arxiv:1205.5759 T
© S > | Syn=200 GeV
g [— * 3
= 10°="® p+p
% -g_'_ B ™ - LIS - c,-::- T/ igtinel. » 10*
© 5 m-.®
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Zw - A “‘ ]
g = O,
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N el _,_...i__\v | ® 0-5%x 10
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1012 E —+ 40-50%x 10
10"3E
o

a)
10" B — : :
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Comparison to binary scaled pp pQCD prediction.



Ncoll from VOA

ALICE

Slicing (percentiles) Correspondence in Glauber MC
’g TTTT T TTT | T TTT | T IAII_IEIEI IFI)bl aI‘tl ISI |_Iééé_:_é\/l T T | T T TT | T T I; ;_\ : —M|n b|as
. 1 0-5% VS = 1 810k —g_?gg’/
2 1ot o 509 SLICE, @ — 10-20%
-.GC: 10 N 10-20% 03/05/2013 _§ "GC_; — 20-40%
] 4 — -60%
2 1 510 — Go80%
VOA | — 80-100%

10° E

b | FERFORMAMCE
03/07/2013

102

10

i\||||.||||..|.|.|....|... 1

0 100 200 300 400 500 600 700 800 900 0 5 10 15 20 25 30
VZERO-A amplitude (a.u.) Neoi

N_, fluctuations within the same class are large !
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ALICE

Glauber Fit Results

Glauber MC Parameters

1

p(r):p() I"—R

a

1+exp

R =6.62 £ 0.06 fm
a=0.546 + 0.01fm

Minimum NN distance:
0.4+£0.4 fm

pN Cross-section
o, = 705 mb

Proton radius
F\’p =0.6+0.2fm

)

A= IIIIIIIIIIIIIIII I LI | T 17T | IIIIIIIIIIII
ZQ 16E <NcoII>
Y : ® CL1
14} " VOM
A VOA
1= v b (imp.par.)
10 hs

N A O

oO

Centrality (%)

- NCO|| similar for different estimators

- Systematic error estimated by varying Glauber MC
parameters.
- MC closure test performed with HIJING.

Andreas Morsch, CERN LHC Seminar 12/11/2013
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Glauber Fit for Slow Nucleons

ALICE

 Same procedure, however, particle production coupled to to
model for slow nucleon emission.

- Properties of emitted nucleons expected to only weakly depend
on energy.

- Phenomenological model based on data at low energies

I F. Sikl Xiv: 0304.065
- Able to reproduce main features of ZNA spectrum er Ay

—_—— 1 0_2 — T T T T T T T T T T
> - ALICE pl—Pb at \[ST,‘N =5.02 TleV - P T T i
o] -+ Data = i # ]
b | —— SNM-Glauber fit 8 00025~ t —
= L2 S R ]
2 S ol .
103 S o002 -
L h il :
0.0015:— f 1y b E
10%} .o — ooor— ¢ LR =
t 2 R 2 R R, E S CF I B P A A
S =) o © o e 1 T ]
- o0 © ¥ qo ‘L’o ] 0.0005— 4 —
= @ S & Fuvd ] P ]
_5 ) ) ‘ ‘ ) ‘ n | ‘ ) !!H O_ L L | L L L ‘ L L L | L L L | L _‘
107, 20 40 60 80 100 0 2 4 o2 (Te\})o
E_ . (TeV) ZN
| Work in progress !
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ALICE

Npart

Compared to Pb-Pb »

- Looser correlation between

Npart and impact parameter (b)

20

;

- Looser correlation between
Npart and Multiplicity

400

What distinguishes
cent1 from cent2 for the same NcoII ?

Is it relevant for other
physics observables ?

200

[ p-Pbat \s,, =5.02 TeV =._= -
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Biases on p-N Collisions ?
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. More Information fom Glauber MC

ALICE

Multiplicity / Npart strongly biased for
peripheral and central collisions.

(This is a qualitatively a general result. All systems
with fluctuations and dynamical limits will show
this.)

Mean p-nucleon impact parameter
iIncreases in peripheral collisions.

Also softer than average collisions ?

Is there any dynamic interpretation
of these fluctuations ?
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/<m>

Multiplicity per N
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Biases and Binary Scaling
ALICE

 Models based on multi-parton interaction (MPI) include intrinsically
a fluctuating number of particles sources (hard scatterings). For
example HIJING (X.N. Wang and M. Gyulassy, nucl-th/9502021)

Mean number of scatterings per event obtained from impact

parameter b dependent proton-nucleon overlap function 7 (b, )

(Mg ) (bNN>: Ohard I N (bNN>

Poissonian probability for multiple hard interaction

Pl )= exp ()

Link between multiplicity fluctuations (bias) and number of hard scatterings !
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aiice  Qualitatively Two New Elements

d N"*/d p;
N dN™/d p,

coll

RpA<pT):

« For a given centrality percentile hard processes scale with

N cGol{alwber < Myard >cent/ < Miard >pp

- Foragiven p-Pb impact parameter b, <n__> depends on the
average pN impact parameter <b_ >

- Mainly important for peripheral collisions

- Here muiltiplicity cut acts also as a veto for hard processes.

Andreas Morsch, CERN LHC Seminar 12/11/2013
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Insights from Monte Carlo

ALICE

N_, scaling: n /N _ = const.
3 18 : -
= Number of hard scatterings per p-N collision
- J_|"r -vs N__ (no multiplicity bias here !)
S b - Deviation from N__ scaling
12F - -
: HIJING at Io.w N_, :geometry b |
hs p-Pb 5.02 TeV -athigh N_ : energy conservation (break down of
08 No shadowing factorization)
0.6
0 5 0 520 25
= 350 . : :
8 f Toy: p-Pb collisions described as incoherent
59 35 Pythia6 Perugia-2011 superposition of nucleon-nucleon
:_f:“ 25F + Glauber MC
- - vs centrality from multiplicity |n| < 1.4
’F - only multiplicity bias
15 - strong deviation from N_, -scaling at low and
1 high centralities.
05; | | L [ I I S
0 20 40 60 80 100

Centrality (%)
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Excursion:

What can data tell about multiple low-p_ scatterings in p-Pb

« |Important to get more insight into bulk particle production and hard
scatterings in a kinematic region where they overlap (low-p.)

« Triggered di-hadron angular (Ag) correlations are an ideal tool to
study mini-jets.

- separates overlapping particle sources on a statistical basis

- sensitivity to fragmentation properties and number of particle sources

10°

X

ridge (flow) has been subtracted

p-Pb \'s,, =5.02 TeV
0.7< P oaeos = Pring < 5.0 GeV/c

30-35% VOA Multiplicity Class (Pb-side)

Near-side

ALICE

PRELIMINARY

Chose p_ cuts large enough to be insensitive
to string breaking (> /\QCD)

and low enough to be able to get information about
particle production where multiple parton interactions
are important.

1/N trig dN assoc/ dA(P (rad")
3
[=)

Away-side

p.>0.7 GeV

llIIIIIIIIIIIIIIIIIIlllllllllllllllllll

Ag (rad)

Andreas Morsch, CERN LHC Seminar 12/11/2013 Lines: Double Gaussian Fit 1



Near-side Yield

ALICE

Yields normalized per trigger particle

y 04 -
B C p-Pb,| s = 5.02 TeV 3
o 035 - 0.7<pT <P <5.0GeV/c &
y - voAm |‘ta's ST'C it c;;lg (Pb-side) ;
5 L uluplicity Classes -slae N
¢ 03 p-Pb
7] C 1)
= - z’
v 0.25 ¢ o o . e
0.15F %

C s
0.1 ©
: ALICE 8
C PRELIMINARY 3
0.05 =
- i)
0 C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 I 1 E

0 10 20 30 40 50

VOA
<Nch>

ni<0.9, p_>0.2GeV/c

central multiplicity for 20 VOA percentiles

No bias on near-side yield except for low multiplicities.
Bias to softer than average p-N collisions.
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ALICE, JHEP 09 (2013) 049

—e— ALICE
—=a— PHOJET
—— PYTHIA8 4C
PYTHIAG6 Perugia-0 (320)

——o— PYTHIAG Perugia-2011 (350)

PP

"“unu uuuuuu

pp @\s=7TeV

nl < 0.9

pT’ i ® 0.7 GeV/c

P ass0c” 0.7 GeV/c #

NS
AN 1]
L aspaeaatil
¥ ‘:\._.r:i,:";;';iﬁrqﬂ
Sseeeeeee I

—h

charged, n| < 0.9, p;> 0.2 GeV/c
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ALICE

A 0.25
g [ p-Pb | sy, = 5.02 TeV
g - 0.7 < P assoc < Pryig < 5.0 GeV/c
g b VOA Multiplicity Classes (Pb-side
g plicity ( ) ALICE
U i PRELIMINARY
¥ 045 [N1<0.9
i . o o 0
01
0.05
0 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 I 1
0 10 20 30 40 50
<Nch>V0A

nl<0.9, pT>0.2GeV/c

assoc, away side >

(N
o © 90 909009009
a D w b~ oo N

Ratio MC / Data

0.8

N

-t

Away-side Yield

ALICE, JHEP 09 (2013) 049

— —e— ALICE PP @\s =7 TeV
—=— PHOJET m <09

— —— PYTHIA8 4C Py, >07GeVic

| PYTHIAG6 Perugia-0 (320) Py seue > 0-7 GeV/E
—c— PYTHIAG Perugia-2011 (350) ' $

L b Y

charged, In| < 0.9, p.> 0.2 GeV/c

Same behavior for the back-to-back correlations (away-side)

Quite surprising result, since at the same time v and <p_> strongly increase.

One degree of complexity less !
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*

Number of uncorrelated seeds

% Zi = p-Pb Sy =5.02TeV " ~
g i _ 0.7 < P+ assoc < Prrig < 5.0 GeV/c : g
s 16F % In| < 0.9 .
> 14 _ _# z"
Vooo12F ALICE . =
C PRELIMINARY g, A
o .
8F -l
ar o o
2 0.“ VOA Multiplicity Classes (Pb-side) 9
: 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 g
00 10 20 30 40 50
<Nch>V0A

ii<0.9, p_>0.2GeV/c

25

20

15

10

— —e— ALICE
—==— PHOJET
—a— PYTHIAS8 4C

PYTHIAG6 Perugia-0 (320)
—o— PYTHIAG Perugia-2011 (350)

ALICE, JHEP 09 (2013) 049

T IO s A1
R T

pp @\s=7TeV
Il < 0.9
o > 0.7 GeV/c

To reduce sensitivity to fragmentation properties we define:

<N

trigger >

< Muncorrelatedseeds >=

<1+ N

assoc,near+away

charged, n| < 0.9, p.> 0.2 GeV/c

(In pp, more important for shape in pp)

Corroborates picture of linear increase of number of parton scatterings
with VOA estimator. No additional fragmentation bias at high multiplicity.
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scaling ?

coll, Glauber

ALICE

A% = p-Pb\ s, =5.02 TeV _
O — ” —
g 20— 0.7< P sesoc < pT’trig < 5.0 GeV/c | r’l < O ] 9 ¢
2 - VOA Multiplicity Classes (Pb-side) -
= - F ]
o 15— ) ]
f= — [ ] —
8 L * .
S .F ' ]

> 10 ALICE . -

v — PRELIMINARY . ]

- . —

— ® L —

5— s 2 ]

— oy = Up to 26% systematic uncertainties on ]

— .o‘ Neon, Glauver (MOStly correlated) not shown n

. 0= ... I I I 1 L | 1 l e

< L -
=)

> L i

§1.5— —

ir g

$ L P 1

= L e @ B B - = & . ) 1
Xm Pezzeeeenees ' R L } ""?‘"Q""Q“"‘“"Q“‘Q""’“‘g““‘.‘ ........................ |
i r . :
° - . =
- —
e - ]
g 0.5— —
= - ]
v - ]

0_ M- I I I S IR BRI B
0 2 4 6 8 10 12 14 16
Non, glauber iN VOA multiplicity classes
. . . . o _
- Approximate scaling within (10%) fromN_ = 3-13
Coll, Glauber

- Important deviations for low and high N__ => less / more semi-hard scatterings
per p-N collision ?

Di-hadron correlation analysis as a function of multiplicity provides framework in
which models for correlation between hard processes and bulk particle production
can be tested.
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ALICE

Bias from Different Estimators

 Different centrality estimators expected to show different
deviations from N__ scaling

At hlgh pT QPA(pT’. Cent): NGlauber — ¢1

CL1 (Clusters Pixel Layer 2): strong bias due to full overlap with tracking
region.

« Additional bias in peripheral event from “Jet veto effect”

« Jets contribute to the multiplicity and shift events to higher
centralities (p_ dependent)

VOM (VOA+VOC Multiplicity): reduced bias since outside tracking region

VOA Multiplicity: reduced bias because of important contribution from Pb
fragmentation region.

ZNA: small bias slow nucleon production independent of hard processes

d N**/d p, d N**/d p,

dN™/dp, T,""do™/dp,

coll

In general N_ for a given centrality class can not be used to scale the pp cross-section !

Andreas Morsch, CERN LHC Seminar 12/11/2013
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Mean Qppb at High p_

ALICE

g 2r
8 :_ i CL-‘I é 2:I TTT LI | LI | LI | LI 1T LI LI | 1T | rTT I:
o 1.8C 3 8F A Pb-Pb E
A F 2 @ p-PbVOA .
o 1.6 : * o p-PbVOM e
A - — oM >%1.6/— L P 03/07/2013 —|
& 140 Z r ® p-PbCLt .
g E 8 14f="" =
1.2F I St ]
— = C i g S Y I ]
1 PRELIMINARY 5 ¢ - o= S ]
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Centrality (%)

“S-shape” dependence as seen from multiplicity bias (Glauber + NBD fit),
Shape flattens CL1—-VOM—VO0A
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Comparison with Glauber+Pythia

——

s [ —& p-Pb at {5, = 5.02 TeV . Symbols @ MC
o | — b
% . H-gg%ﬂ

—— :
8 2 EEEN COMMON Syst. error F‘ I-IC E
E < L = cent 60-80% normalisation error PRELI MINARY
[T —_—— f
= <. -m- s 0 v —°

\M'“* W |
| ) - Lo o by v v b Lo 1 |_.|_| L 11| |*| ¥ |.||_| L1
0 2 4 6 3 10 12 14 16 18 20 22

P, (GeV/c)

- Bias at high p_ described by incoherent superposition of pp collisions.

- For most peripheral p-Pb, good agreement also in low- and intermediate p_ region.

- Strong deviations for all other centrality bins !
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ALICE

Conclusions

* |In p-Pb, centrality estimators based on multiplicity measured in |n| <
S induce biases on the average multiplicity per p-nucleon collision.

due to the relatively large fluctuations of the p-N multiplicity.

dynamical models of these fluctuations can relate this bias to a bias on
the binary scaling of hard processes.

Such a relation is provided by multiple parton interactions as used in
Monte Carlo generators.

The biases decreases by increasing the n-gap between centrality
estimator and momentum measurement.

 Measurements of multiplicity dependent di-hadron correlations
provide a framework to test models for correlation between hard
probes and bulk particle productions in kinematic regions where they
overlap

« Our measurements at low p_ show that there is no additional
fragmentation bias at high N_ and we observe biases on binary
scaling similar to the one at high p_.

Andreas Morsch, CERN LHC Seminar 12/11/2013
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X.N. Wang and M. Gyulassy, nucl-th/9502021

ALICE Some more details

* Interaction probability calculated from nucleon-nucleon
(pp) overlap function.

Xo(bfs)

TN(b>:2 O

o€ 4,5 K, 105). 5=/,

* |nelastic cross-section (1 — probability for no interaction)

do

inelastic

=Ttdb2[1—eXp(—2x(b, S))]:ndbz[l_exp(_<0soﬁ+0hard)TN<b’S))]

e Centrality integrated
0 14
<Ncol> A <nhard> (jlzsz <Ncol>
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