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- Straightforward interpretation of pQCD o

Multi Parton Interactions (MPI)

Theoretical basis to understand

T. Sjostrand and M. van Zijl, Phys. Rev. D36 (1987) 2019.

- Global event properties of non-diffractive, minimum-bias pp

collisions

- Jet pedestal effect (underlying event)

ALICE, Journal of High Energy Physics Volume 2012, Number 7 (2012), 116

Underlying event
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MPI

Basic Concepts

Peter Skands Nur__nber of 2_—»2_scatterings per event
arXiv:1207.2389 [hep-ph] (naive factorization):
8 TeV pp 0'2_>2
10° = <n2—> 2>
E 2—’2(p meln)I mein t t
. B —&— TOTEM o, (data)
107 —— 0,=0.130 NNPDF2.3LO
E —&— a,=0.135 CTEQ6L1 < n >
i ——€X n
- p—(n)
i In reality:
= 10 0CD 222 e Color screening regularizes increase of
: (Rutherford) cross-section at low p.
1= g 5 => pedestal effect
- e 3185 Eﬂﬂﬂg e Impact parameter dependence

=> pedestal effect

10'1 | | 1 1 1 | | 1 |

e Cut-off at high n because of energy

Expect average pp event Cons_erVation_ o
to reveal “partonic” => high multiplicity event structure
structure at 4-

> GeV scale!| o Coherence (color reconnections)

=> <p,>(M)

—_ 2 .
do, ,=db? T (b ;..)
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http://arxiv.org/abs/1207.2389

Coherent MPI Effects

ALICE Phys.Lett. B727 (2013) 371-380
<p.> vs Multiplicity

- pp I1s=7TeV 4

o Data
09 F <

0.8 i— PYTHIA 8, tune 4C
r ¢ without CR
0.7 - & with CR
0.6 Y
0.5
20 N 40

ch
ALICE,charged particles
[71<0.3, 0.15<p_<10.0 GeV/c
Rise of <p_> cannot be reproduced by

incoherent superposition of MPI

Color Reconnections (CR)

long strings to remnants
= comparable n., /interaction

= (p1)(ncn) ~ flat.

shorter extra strings
for each consecutive interaction

= <pJ_>(nch) rising.
T. Sjostrand
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MPI in different collision systems

Commonality High-Multiplicity-pp and central p-A, A-A

- Large number of (initial) parton-parton scattering and overlapping
strings

High multiplicity pp

- small p-p impact parameter, (Poissonian) upwards fluctuations
- possible competition with increase of <Q*> and fragmentation
A-A: nMPI dominated by centrality (large N_ )

p-Ain between

- p-Acentrality dominates, however, N_ small and p-N geometry
important

High multiplicity pp as reference for p-A ?
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Structure of High Multiplicity Events

* Color screening regularizes increase of
cross-section at low p_

=> pedestal effect
* |Impact parameter dependence
—=> pedestal effect
* Cut-off at high n because of energy
conservation
s hi o
* Coherence (color reconnections)
=> <p >(M)

Can we experimentally corroborate the MPI| model for high multiplicity pp ?

F——] ALICE
PHOJET

1 —
——— PYTHIA8 4C
PYTHIA6 Perugia-0 (320)

- superposition of 2—2 scatterings
- increase of nMPI vs <@*> and fragmentation

A oAn
g;?_-""—fegéﬁ —+—— PYTHIAG6 Perugia-2011 (350)

0.8

1N, dN/dAg

0.6—

Study angular correlations as a function of multiplicity:

- per mini-jet: triggered azimuthal correlations
- as global event property: transverse sphericity
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Multiplicity dependence of di-hadron
azimuthal correlations

Subtract underlying event and determine correlated yield per trigger particle
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Fragmentation bias results in non-linear increase of
number of particles with p_> 0.7 GeV. ‘

Ratio MC / Data

In|<0.9, p_>0.2 GeV/c

charged’

A. Morsch WWND2014 Galveston, Texas



Multiplicity dependence of di-hadron correlations
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Heavy Flavor: J/Y

Phys.Lett. B712 (2012) 165-175
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Approximate linear increase of J/{ yield with multiplicity.
nMPI ~N_ _ vyield for any 2—2 process approx. ~ N_
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(BN/dydp ) / (N°/dydp.)

B feed-down unc.

Heavy Flavor: Open Charm
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Approximate linear increase of D-meson yield with

multiplicity.
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Eur. Phys. J. C (2012) 72:2124

Transverse SphenClty

Global event property:

L _
Sxy =

Sp = ——2
== Xo+ Ay

1 ZL o pmp%,i)
ZipT’i - PTi PziPyi Pyi

Eigenvectors )\1, }\2

22

1 isotropic
0 jet like

- Increase of multiplicity due to MPI increases sphericity.

>O00 M

ALICE
PHOJET
ATLAS-CSC
PERUGIA-O

PERUGIA-2011
Pythia8

PP PYTTY PTPTY PYTTY POTTY PPV u

N

o (P, > 0.5 GeVic)

- Turning point in MC towards more “jettiness” at high multiplicity not seen in data
(only leveling off)

- Limit on sphericity not yet reached in soft collisions.
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MPI in p-A:
Why is this interesting ?

b o

Ja U Va2

s

Large number of MPIs easily accessible

Overlap in reaction zone of similar size as in pp
Incoherent or coherent superposition ?

Incoherent superposition as reference

- But how to obtain this reference for a given centrality
estimator ?

- Where does it work where does it fail ?

A. Morsch WWND2014 Galveston, Texas
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Scaling

 Factorization

<n>2a2(pA> Solfaluber< >2e2(PP)

e Important: this implies that yield of hard processes scales
like

gﬁuber< )22 (pN )/<”>2a2 (Pp>

(n),_,(pN)/{n),_,(pp)=1 for minimum bias,
but can be # 1 for event centrality classification based on multiplicity.

p-Pb is in between pp and Pb-Pb.

Like in pp, multiplicity can bias the number of hard scatterings per
binary collisions

A. Morsch WWND2014 Galveston, Texas
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Biases from I\/IultlpI|C|ty Fluctuations ?

§_ I llll I ppbatv_ 5.02 Tev J ZE wools Pb—Pbat\[_ 27TV
= H'kl , ‘“C‘H
Compared to Pb-Pb Sl bPb 1 - a:\ Pb-Pb 1
. 20-— h - 1'1_ 1:. 1 3
- Looser correlation between ' I - LAY 1
N . and impact parameter (b) 5 a'*-.. W, ]

-

100 l.:".."'i,‘-qq

15000

[=1]
[=]
o

- Looser correlation between °
Npart and Multiplicity

-3
[=]
=]

multiplicity

g
=]
I

What distinguishes |
cent1 from cent2 for the same NcoII ? 200

Is it relevant for other
physics observables ?
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Biases

o

Multiplicity Geometry . : b 1P
: Toy: C 1afE ‘
- Pythia6 Perugia-2011  F
- + Glauber MC A TE ==
- Z12F -
L Q - _'__|__|__'_—o— —— A
3 V. 1B e -
5 £
- .- HIJING Glauber
e F wo el. scattering
20 40 60 80 1_{]00 0.8% ...EI'.....'lO....1|5....2|0..
Multiplicity [n| < 2~ ™ N
: : : rt
m —|HUJING pPb at Vsyy = 5.02 TeV first discussed in: pa
= f ; Jiangyong Jia, Phys.Lett. B681 (2009) 320-325,
- ArXiv-0907.4175 [nucl.th]
- (M) (Bxn) = Opara T (D)
e WU o S
15 —-—-.-_.__.__.__,_++§_|__|_ In
- T leads to long-range correlations
- of multiplicity fluctuations
50" 10050 500 T 250 300

VOA Multiplicity
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Detectors for Centrality Estimation

Quartz-Fiber “Spaghetti”

P | Pb Zero Degree Calorimeters

TPCHITS
Tracks |n| < 0.9 *¥

TPC :

T Inl<2; |n|<1.4

2 layers Si Pixel | [\ =F=

I~ _ = I ...................
z=-+112.5m
| Centrality Estimators discussed here:
N - | CL1:  Clusters in 2" Pixel Layer
VZERO-A VZERO-C
Scintillator Hodoscopes VOA- VZERO-A Multiplicity
z =340 cm z=-90 cm VOM:  VOA+VZERO-C Multiplicity
2.8<n<5.1 3.7 <n<-1.7 ZNA:  ZNA Energy
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Biased Nuclear Modification Factor

Symbols ® MC: Glauber + Pythia

20 22

(- | III 1 | 1
10 12 14 16

18

P, (GeVic)

T [ = _#1% p-Pb at 5,y = 5.02 TeV —_— -KO
S T =& ni< 0.3 —— o
== H 3 i “"»A°
E 2— N Common syst. error H LICE
2 < L — _Eent ED-BU%;*E normalisation error .PREI.I MINARY ¥ -
I3 e X Tt _T__I_—T——I— . _RAN©° f
§ mriireeg b type | —+— 60-80%
n'.é:h -III..' e » 8 I + - Oo
e I B
1 i : -
¢ Setasseae o dN™/d py
Q PA ( Pt cent ) — Glauber pp 71
| I I I I I TI' 5 ¥ v il NCOH dN /de

- Bias at high p_ described by incoherent superposition of pp collisions.
- For most peripheral p-Pb, good agreement also at low- and intermediate p_.

- Strong deviations for all other centrality bins !
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<Qppb> p,.>10 GeV

Centrality Estimator Dependence

CL1 |n|< 2

" < Pb
3 cLi |3 ..
. VoM | O °
3 VoA | 2 '
— A 14
£ o 12
- OQ' 0.8
- Toy MC V06
— Glauber + Pythia 04
— 0.2
I R T TR (R O 0
Centrality (%)

Strong long range correlations.
Bias at high centrality decreases slowly.

-3.7<n<-17
SPD  voc

- CL1

—— VOM

ALICE

PRELIMINARY

—— VOA

p-Pb at ys,, = 5.02 TeV
nl< 0.3

20 40 ) 80 100
Centrality (%)

[ ) Y

Reduced bias with VOA due to particles
from target fragmentation.

A. Morsch WWND2014 Galveston, Texas

18



<p.> In p-A

 What can be expected for p-A

- More overlapping strings = stronger CR effects ?

- Can we construct a pp reference

- Standard Glauber approach: <p_> = const = <p_> (pp min. bias)

» Include measured <p_>(N_) dependence assuming

ch

N, (pPPb)=N_ /2* <N >in Glauber fit

- m Data

_p-Pb |5, = 5.02 TeV

o
i
i
=0

rrrr

ALICE Phys.Lett. B727 (2013) 371-380

L]
-------
e oL

- o
mir®
'''''''
mir
o

O DPMJET
O HIJING
A AMPT
w EPOS

— Glauber MC

.20.

1401

60 80
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Incoherent
reference

- Coherent / collective
1 effects needed to describe

data (EPQOS)

- Would CR also reproduce
the data ?7?
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ldentified Particle Spectra
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0.2
0.18
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0.14
0.12

0.1
0.08
0.06
0.04

T.. (GeV)

0.0%.

Common Fit to 1T, K, p, A

Phys. Rev. C 88, 044910 (2013)

Centrality

—e— ALICE, p-Pb, \s,, = 5.02 TeV
VOA Multiplicity Classes (Pb-side)
—o— ALICE, Pb-Pb, \s,,, = 2.76 TeV
—u— PYTHIAS8, \s = 7 TeV (with Color Reconnection)
—&— PYTHIAS8,\s = 7 TeV (without Color Reconnection)

N

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

B

Similar trends for Pb-Pb and p-Pb
In Pythia8 pp trend reproduced with CR switched on

A. Morsch WWND2014 Galveston, Texas

A. Ortiz et al., Phys. Rev. Lett.
042001 (2013)
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v,{2PC, sub}

v, from h-(11, K, p) Correlations

p-Pb

025 1 [ TR T TR I R IR R
[~ ALICE |An| > 0.8 (Near side only) _

C p-Pb |5, =5.02TeV )
02 (0-20%) - (60-100%) | =
— ®mp AT i ]
0.151— _+_ —
- *K ep i
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N :’.l'::t—t— ¢ Phys.Lett. B726 (2013) 164-177 ]

0 _I L L L I L 1 L 1 I 1 L 1 L I L 1 L 1 I L L L L I L L 1 L I L 1 L 1 I 1 L 1 L I-
0.5 1 15 25 3 3.5 4
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Pb-Pb 10-20%

0-25 Pb-Pb \s_NN =2.76 TeV 10-20%
b @
0.2 + | ¢
FRELIMINARY +
@ A* + |
[ ]
0.15 ] s
0.1 _-:ﬂ; 4 + 2 .
g o
_' ;§+ . V,{SP, Ani=1} Vv {EP, JAn|>2}
= (=)= [o]x
W ;* -ﬂ. ®p [®p+5
[ K Phys. Lett. B 719, 18
L] [ L
+“. | (A | | | |
0 1 | 1 1
0 1 2 3 4 5 6
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Mass ordering like in Pb-Pb !

MPI and CR also at the origin of flow-like pattern in p-Pb ?
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G, , (rad)

0.9

0.8

Wldth of the Balance Function

VZERO-A multiplicity (%)

= %0.95 p-Pb |/, = 5.02 TeV
;g/ 80l ALICE: Pb-Pb \s,,, = 2.76 TeV S @ 02<p  <p. <20GeVc
—~ _ /v AMPT
N —&— STAR: Au-Au |5, = 200 GeVy 0.5 -5 DPMIET
< ¢ systematics correlated A LICE
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o
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Centrality percentile VZERO-A multiplicity class (%)
L [ I [ I —
ALICE Simulation In expanding medium (Pb-Pb):
pp \s=7TeV
02<p o< P, <2:0GeVic - Width depends on creation time and degree of collectivity
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;‘S"Rn C - AMPT describes trend seen in data (contains collective effects)
- In Pythia, pp trend can be reproduced when CR are switched on.
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Direct evidence for low-p_ MPI

Di-Hadron Azimuthal Correlations

Near-side Away-side
- 04 0.25
A p-Pb, | 5, = 5.02 TeV A © i P-Pb | sy = 5.02 TeV
g 0.35 07 <P, <Pry, <50 GeVic '% L 0.7< P occoc < thrig < 5.0 GeV/c %
® VOA Multiplicity Classes (Pb-side) > 0.2 e e e .
= - VOA Multiplicity Classes (Pb-side
§ o3 s | plicity (P-side) al1cE
C - ~ L PRELIMINARY
. 0.1 &%s
V 0.1 5 __ “' % V : ..‘. ......
011 ALICE 0.05 -
0.05 - PRELIMINARY i
g | | | | | 0 i 1 1 1 1 | 1 1 1 1 | 1 1 1 I | 1 1 1 I | 1 ! 1 1 | 1
0 1 1 1 1 1 1 1 1 1 1 || 1 1 1 1 1 1 1 1 1 1 0 10 20 30 40 50

0 10 20 30 40 50

<N, ">, |n|<0.9, p, > 0.2 GeVic <N,,"">, In|<0.9, p, > 0.2 GeVlc

- Fragmentation biased only in peripheral collisions

- No modifications at high multiplicity.

- Absence of coherence effects for large nMPI might strong constraint for
models implementing such effects.
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Comparison to incoherent pp
superposition

Glauber + Pythia

N id CL1
(. near-side VOA
oo" " ¥ " 5 g o= . .
i ] - -
= | ]
- p—Pb Vs=5.02 TeV :
0.1 5:_ ptTng, paTSSOC> 0.7 GeVl/c "
N M <0.9
0.1
E : T @ [ ] & $ 3 3 * . :
0.051 away-side *
0_| | | | | | | | | | | | | | | | | *
0 20 40 60 80

Centrality (%)

Good qualitative agreement with data !
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ing ?
N_ scaling *

P
3 C p-Pb\ s, =5.02 TeV _
§ 20— 0.7< P sesoc < pT,trig < 5.0 GeV/c |r'| < O ] 9 . _:
8 - VOA Multiplicity Classes (Pb-side) .
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- Approximate scaling within (10%) fromN_ = =3-13

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

Rich phenomenology of MPI in pp used to constrain
models

- Observables first introduced by ALICE

« Transverse sphericity as a function of multiplicity
« Di-hadron correlation as a function of multiplicity
 Number of uncorrelated seeds

Interest in MPI in p-A

- Large range of MPI overlapping in small reaction region
- linearity with N__ studied with di-hadron correlations

A. Morsch WWND2014 Galveston, Texas

28



Conclusions

» Signs of Collectivity in p-Pb

<p >
. <p,

Blast wave fit parameter: T -<j >

Width of Balance function

Double ridge structure in di-hadron correlations

Mass ordering in v, of T, K, p

* Intriguing: Several trends as function of multiplicity seen
in p-Pb (Pb-Pb) reproduced by PYTHIA with Color
Reconnection

. However, jet-like angular correlations at low p_ do not
show any sign of coherent fragmentation effects.
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