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OUTLINE

» Multi-Parton interaction study: physics motivation

» The ALICE experiment

» Underlying event measurements
» Multiplicity dependence of two-particle azimuthal correlations

» Charm production as a function of multiplicity
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Multiple Parton Interaction (MPI)

v" A naive picture

» Several interactions, soft and hard, occur in parallel

» The number of elementary interactions is connected to
the multiplicity

» Several hard interactions can occur in a pp collision

> In this picture : particle yield from hard processes should
increase with multiplicity
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Multiple Parton Interaction (MPI)

ALICE

v" A less naive picture

Some of the parallel interactions are soft

Energy and momentum conservation
Impact parameter dependence

Re-interaction of partons with others: ladder splitting

vV V VY VYV V

Re-interaction within ladders either in initial state
(screening, saturation), or in final state (color

‘_ reconnections)
» Initial state radiation (ISR) and final state radiation
(FSR), hadronic activity around hard processes

=> Test interaction between hard component and soft component in pp
collisions : full collision description, color flow, energy sharing.
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Koba-Nielsen-Oleson (KNO) scaling

Needs for MPI

ALICE

Evolution of the charged particle multiplicity distribution in proton-proton collisions P(N, ) with
Vs follows KNO-scaling with
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Different multiplicity distributions When self normalized : KNO scaling

NSD events in full phase space measured by the SFM (Split Field Magnet) at ISR energies
Compilation from J. Phys. G 37 (2010) 083001

Up to Vs=200 GeV, it works pretty well!
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Needs for MPI

Koba-Nielsen-Oleson (KNO) scaling
At energies greater than Vs=200 GeV in pp and pp collisions,

_ ® ISR 30.4 GeV _ ® ISR 30.4 GeV
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NSD events in full phase space
Compilation from J. Phys. G 37 (2010) 083001

Violation of KNO-scaling (Vs > 200 GeV)

Phys. Lett. B 167 (1986) 476

Deviation from KNO-scaling increases with /s

Can be interpreted as a consequence of particle production through (soft) MPI
Phys. Rev. D 84 (2011) 034026 Hep-ph/1106.4959 Phys. Rept. 349 (2001) 301 Hep-ph/0004215 J. Phys. G 37 (2010) 083001
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Needs fqr MPI

ALICE
pQCD and inclusive observables § Limitation at high energy
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Needs for MPI

ALICE
v" A less naive picture

v" A naive picture

o o

o o

v A more complex picture

» High multiplicity 7 TeV pp events comparable to RHIC Cu-Cu collisions PHOBOS, Phys. Rev. C 83,

024913 (2011)
dN_PP/dn up to 70, dN,,€u-CU/dn= 75 in 25-30% at V's=200 GeV, dN_,A+-AV/dn= 73 in 50-55% at v's=200 GeV

» Collectivity in pp k. Werner at al. Phys.Rev.C83:044915,2011 / k. Werner at al. J.Phys.Conf.Ser.316:012012,2011

> Final state effects on quarkonium pI‘OdUCtiOH in pPp collisions s. Vogel et al. J.Phys.Conf.Ser. 420 (2013) 012034/ T.
Lang Phys.Rev. C87 (2013) 024907

» Quarkonium production mechanism still to be understood, while open charm and
beauty production is well described by pQCD

Understanding of elementary interactions in pp collisions is crucial:

Interplay soft-hard, MPI structure, Underlying event (UE)
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Where to look for MPI? %

ALICE

We have been knowing since the 90t™ that MPIs are necessary to describe all
features of pp collisions at high energies both for soft and hard production

MPI directly connected with multiplicity

Multiplicity differential studies and exclusive measurements

Seen by others @ LHC
» CMS

Jet and underlying event properties as a function of charged-particle multiplicity in proton-proton
collisions at\/s =7 TeV  Eur.Phys.J. C 73 (2013) 2674 hep-ex/1310.4554

mmmm) Need MPI to describe data, even if actual description not satisfactory (PYTHIA, HERWIG)

Y production as a function of multiplicity

» LHCb

Observation of double charm production involving open charm in pp collisions at \/s =7 TeV  JHEP06(2012) 141
Observation of | /\-pair production in pp collisions at \/ s=7 TeV/  Phys. Lett. B 707 (2012) 52

m===) Double charm and J/Psi production agree better with models including double parton scattering
(DPS), 2 explicit hard interactions

Cf. P. Bartalini tomorrow: Signals of MPI: current status and future experimental challenges?
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Where to look for MPI with ALICE?

ALICE

» Underlying event measurements

Underlying Event measurements in pp collisions at Vs = 0.9 and 7 TeV with the ALICE experiment
at the LHC, JHEP 07 (2012) 116

» Multiplicity dependence of two-particle azimuthal correlations

Multiplicity dependence of two-particle azimuthal correlations in pp collisions at the LHC
JHEP 09 (2013) 049

Multiplicity dependence of jet-like two-particle correlations in p-Pb collisions at +/. Syy = 5.02 TeV
arXiv:1406.5463, submitted to PLB

» Charm production as a function of multiplicity

J/W production as a function of multiplicity in pp and p-Pb collisions

J/W production as a function of charged particle multiplicity in pp collisions at Vs =7 TeV
Phys. Lett. B 712 (2012) 3, 165-175

D-meson production as a function of multiplicity in pp and p-Pb, Paper in preparation

Non-prompt ] /¥ as a function of multiplicity in pp collisions, Paper in preparation

No inclusion of <p;> vs. N; A/kO; long range angular correlations (ridge)
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AD Antiproton Decelerator CTF3 Clic Test Facility CNGS Cern Neutrinos to Gran Sasso  ISOLDE Isotope Separator Online DEvice

The Large Hadron Collider (LHC)
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ALICE
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ITS dE/dx (keV/300um)

TRD dE/dx + TR (arb. units)

ALICE Particle identification
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v" extremely low-mass tracker e.g. low material budget

v particle identification down to p; ~ 100 MeV/c
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Where to look for MPI with ALICE? %

ALICE

» Underlying event measurements

Underlying Event measurements in pp collisions at Vs = 0.9 and 7 TeV with the ALICE experiment
at the LHC, JHEP 07 (2012) 116
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Underlying event measurement

ALICE

pp collision description “a la” PYTHIA

1 hard scattering on top of underlying
event (UE) activity

UE = fragmentation of beam remnants
+ MPI
+ initial and final state radiation (ISR/FSR)

Leading-track

Energy scale given by the leading particle
(approximation to the original outgoing )
parton momentum) £

Toward: |Ag|<m/3
Transverse: m/3<|Ag|<21/3
Away: |A@|>21/3

.........
e,
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ot
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o
ot
Pl
.

AWAY &

Vs=0.9 and 7 TeV, p; threshold: 0.15, 0.5 and 1 GeV/c

Study of charged particle in the three regions gives insight into the UE behavior
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Underlying event measurement - A@-correlation %

ALICE
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Underlying event measurement — Number density %
Vs =0.9 TeV Vs=7TeV ALICE
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Underlying event measurement - Number density

ALICE

Comparison of number density in the plateau of the Transverse region (underlying event)
And dN_ /dn in minimum bias event
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Underlying event measurement - Summed p;
Vs =0.9 TeV Vs=7TeV ALICE
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Where to look for MPI with ALICE? %

ALICE

» Multiplicity dependence of two-particle azimuthal correlations

*  Multiplicity dependence of two-particle azimuthal correlations in pp collisions at the LHC
JHEP 09 (2013) 049

*  Multiplicity dependence of jet-like two-particle correlations in p-Pb collisions at +/. Syy = 5.02 TeV
arXiv:1406.5463, submitted to PLB

sarah@clermont.in2p3.fr 20




Multiplicity dependence of two-particle azimuthal correlations

ALICE
Probability distribution of the azimuthal difference: AQ=@;,-0,,c
Trigger particles: py ;> Prig™™ [1[<0.9 N.ig: number of trigger particles
Associated particles: pr, yss0c > Pr,assoc™ ™ 111<0.9 N,...: number of associated particles
= ] . 1
Pair-yield per trigger as a function of Ag: ay = AN gy
dAgp Ntrig dAC”
= Data o Fit-function to unravel the azimuthal correlation main
= Cconstant components
S' :— - 1. Gaussian NS
_g 2 2 Gaussian NS Combinatorial background
S 4
8 E
Zﬁ f_ — f(ACD) =C N%\r-side peak: 2 Gaussians
= 2 2
S, b ’ A Ap
g [ + A, exp| - + A, exp| —
Z t 207 207
= F 1 02
— B : :
: | | | l | | | | A 2
- 0 1 2 3 r3 —JT
1‘ Ao (rad.) + A3 exp| — ( L 3 )
t 20,
Near-side Away-side

Away-side peak: single Gaussian

The fitting parameters are used to construct observables
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Multiplicity dependence of two-particle azimuthal correlations%

ALICE
Observables definition

1

v" Per-trigger pair yield in the combinatorial background <Nisotmp> =—C
Ntrigger
. I 11 . N2
v’ Per-trigger pair yield in the near-side peak <NassoC m de> =— (4,0, + 4,0,)
trigger
. - . . 2”
v' Per-trigger pair yield in the away-side peak <N asanc, away_side> e (4,0;)
trigger
N..
v Average number of trigger particles <N trigger> =
events
<Ntrigger>
v' Average number of uncorrelated seeds <N - Seeds> =
<1 + N assoc, near + away, pr > P yig >

Nyjigger SENSitive to MPI and parton fragmentation

The ratio reduces fragmentation contribution

Number of uncorrelated sources of particles
=> linked with the number of MPI in the event
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Multiplicity dependence of two-particle azimuthal correlations(f
ALICE

Per-trigger pair yield in the near-side peak Per-trigger pair yield in the away-side peak
B e o ~, 0.8— —— ALICE T3]
£ 1.4~ = PHOJET ’ 3 — = PHOJET . g
P 12— —— PYTHIA8 4C ) s + + n % 0.7— __+  PYTHIA8 4C
g PYTHIAG Perugia-0 (320) P ¢+ WEoeel 2 06— PYTHIA6 Perugia-0 (320) -y
8 1 —© — PYTHIAG Perugia-2011 (350) ] [ g —o— PYTHIAG6 Perugia-2011 (350) s
g it % 0.5—
< AN, ©
0.8 e Z" g4
0.6 ™ gL PR el
- = 0-3_
0.4— See%® pp @\s=7TeV pp @\s=7TeV
Il <09 0.2 ml < 0.9
0.2— .x P, > 0-7GeVic 0.1 P, >07GeVic
pT,assoc> 0.4 GeVic ’ p‘ i > 0.4 GeV/c
© I I 1 1 A S B | R N |
z z
o ~
= Q 2
2 k)
5 5
14 o
Ncharged, nl < 0.9, p,> 0.2 GeV/c Ncharged, nl < 0.9, p.> 0.2 GeV/c
» Near-side pair yield grows as a function » Away-side pair yield grows as a function of
of multiplicity multiplicity
» General trend (increase with multiplicity) » None of the MC is able to describe near-
present in MC side and away-side simultaneously
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Multiplicity dependence of two-particle azimuthal correlations(f

Per-trigger pair yield in the combinatorial background

~ 40— —e— ALICE ~ —e— ALICE
£ 35— — = PHOJET g, —=— PHOJET
s —+— PYTHIA8 4C £ 40— —*— PYTHIA84C
2 30— PYTHIA6 Perugia-0 (320) =z PYTHIA6 Perugia-0 (320)
~ —o— PYTHIAG6 Perugia-2011 (350) ~ —o— PYTHIA6 Perugia-2011 (350)
25— 30 2
20— g
15— 20
pp @\s=7TeV
10 nl <09 10 pp @\s=7TeV
5 Priig > 0.7 GeV/e il < 0.9
P ass0c > 04 GeVie Py, >07GeVic
[N M B | P R RS |
s S15
2 .
a2 a
o 1 o 1
= =
0038 )
0.6 = 0.5
o o

charged, [n| < 0.9, p_ > 0.2 GeV/c

50

ALICE

Average number of trigger particles

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

» Deviation from linear increase at high
multiplicity

» Linear increase as a function of multiplicity

» Well described by the MC
» Both MPI and hadronic activity increase

with multiplicity, leading to an increase of
particle above a p; threshold, not
reproduced by PHOJET

JHEP 09 (2013) 049
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Multiplicity dependence of two-particle azimuthal correlations %
ALICE
Average number of uncorrelated seeds in PYTHIA

- 1E — r
Z% :‘o ngT?-II\ASG_ L % 50__ + p_>0.7 GeVic, In| <10.0
= —o— Perugia-0 (320) o L
& 107 =%, —e— Pro-Q20 (129) e s _+_ p_>0.7 GeVic, [n| < 0.9
— F & S B “
o) - % - 40j
© B ° ~ Pythia6 Perugia-0
S 107 s ~
e E i L pp@Vs=T7TeV
o - = 30j
C Z i
103 ~ [
E 20_—
"l B
- 10~
10'5'7 || ‘ | I | 1] ) ) ‘ 1111 l LAY 1| | { ) ] I‘ 1| ‘ 1| / ‘
0 10 20 30 40 50 60 70 0 5 10 15 20
Nypi Nypi

» Ny;p; = number of hard or semi-hard scatterings in a single pp collision

» Perugia-0 and Pro-Q20: 2 different tunes with a good description of Tevatron data and LHC
predictions phys. Rev. D 82 (2010) 074018

> Lead to different probability distributions of Ny,

> N

uncorrelated seeds

directly proportional to Ny,
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Multiplicity dependence of two-particle azimuthal correlations

ALICE

Average number of uncorrelated seeds

~, 25(— —e— ALICE
S —a— PHOJET
& —a— PYTHIA8 4C
3 20— PYTHIA6 Perugia-0 (320)
= —— PYTHIAG Perugia-2011 (350)
g8 15— el
c RS v
=1 Pk
= et

pp @\s=7TeV
ll < 0.9
P, vg > 0.7 GeV/c

s
©
(]
(6]
=
Qo
©
o
Ncharged, nl < 0.9, p,> 0.2 GeV/c
N <N trigger>
< uncorrelated seeds > B 1
+ N assoc, near + away, pr>pr yig

» Low multiplicity: linear increase

» High multiplicity: increase less than linear
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Multiplicity dependence of two-particle azimuthal Correlations

ALICE

Per-trigger pair yield in the near-side peak, evolution with Vs

[ —=— ALICE (pp @ \s=7TeV)
L ---a--- ALICE (pp @ \s = 2.76 TeV)
- v ALICE (pp @ \s = 0.9 TeV)

-
N f
T

assoc, near side >
—r

(N
© ©
» o0 -

TIIITIIITIIII

e 9
[T

> 0.7 GeV/c
p. > 0.4 GeV/c
T, assoc

I
o]

C¥ b b by b b b a by

0 10 20 30 40 50 60 70
Ncharged, nl < 0.9, p.> 0.2 GeV/c

—

—

assoc, near side >
—
N &

N
o
(=)

~—

PPP
M B o

PYT

Perugia-2011 (pp @ s =7.0 TeV)
Perugia-2011 (pp @ \s =2.76 TeV)

Perugia-2011 (pp @ Vs =0.9 TeV)

HIA h

Inl <09
Pl > 0.7 GeV/c

, trig
p > 0.4 GeV/c
T, assoc

Ta‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\

0

10 20 30 40 50 60 70

N

charged, nl < 0.9, p.> 0.2 GeV/c

N

~—

assoc, near side >

[ —— Phojet (pp @ {s=7.0 TeV)
1.4 Phojet (pp @ | = 2.76 TeV)
1. 2; Phojet (pp @ s = 0.9 TeV) l
i PHOJET i
0gl Wﬂf*
0.6/ -’/—; M
’ : _"': {. .l.{. _[_ .[I
0.4
Lo M <09
Lo > 0.7 GeV/
0.2p > z: " >04 Gevie
Td\q\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
0 10 20 30 40 50 60 70

Ncharged, Il <0.9, p.> 0.2 GeV/c

» Near side yield at same multiplicity bin grows with increasing center -of -mass energy

> Splitting between slopes for different Vs is larger for PHOJET

JHEP 09 (2013) 049
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Multiplicity dependence of two-particle azimuthal correlationsf
ALICE

Average number of uncorrelated seeds, evolution with Vs
~ 25 | —=— ALICE (pp @ \s=7TeV) /\m 25  —=—— Perugia-2011 (pp @\/s = 7 TeV) /\w 25 N - PHOJET (pp @\/s = 7 TeV)
§ [ - ALICE (pp @ \s = 2.76 TeV) 3 i N Perugia-2011 (pp @\'s = 2.76 TeV) § i . PHOJET (pp @\'s = 2.76 TeV)
[«1]
% 20} v ALICE (pp @ \s = 0.9 TeV) § 20’_ v Perugia-2011 (pp @\'s = 0.9 TeV) § 20'_ v PHOJET (pp @\'s = 0.9 TeV)
5 = 8
e I e i c
g 15 § 15 f-:!:ﬁ § 15[
= > | PYTHIA ‘ > | PHOJET
5- 5 5 :
L i nl < 0.9 i nl < 0.9
p]_,trig > 0.7 GeV/c P“ > 0.7 GeV/c p. - > 0.7 GeV/c
IR IR AR AR AT AN TN AT AT AT AN ™ _ A T T T T e _H.l.,..IHHIHHIH:.IHHIHHIH
0 10 ’ﬁo 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Charged, ml < 0-9; PT >0.2GeV/c Ncharged, h’]l < 0.9, pT > 0.2 GeV/c Ncharged, h,“ < 0.9, pT > 0.2 GeV/c
> Only a small Vs dependence
» At high multiplicities, the number of uncorrelated seeds saturates.
JHEP 09 (2013) 049 sarah@clermont.in2p3.fr
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Multiplicity dependence of jet-like two-particle correlations in p-Pb collisions%

ALICE
§ 20— o 07<p_  <p_  <50GeV,data Le]
> Long-range angular correlation B T ol S Prosse S Pryy T 20 SeVic, T
g g g s [ = 20<p <p/ '<50GeVi,data
subtracted (ridge) § g5l " 20 Prassoc < Pryg < 5.0 GeVic, fit L]
s L il
2 | p-Pbsy=5.02TeV [
. . e B ICa)
» Linear increase (fit in dash-dotted) 10— i)
L (@
n =
B JL
m
— /B
: . 5 R
» No evidence of a saturation in the B 9,0'0
I e L aemess ==
number of MPI - e R
L S, - ==
- o, E_EI.EI-E-E‘E'E'E”"
0_ 1 Iéla- 1 | 1 1 1 1 | 1 | 1 | | 1 1 1 1 ‘ 1 | 1 1 | 1 1 1 1 I 1 || 1 1 | 1 1
% 12;_ ' systematic uncertainties
gn . . ol © - >
» Similar behavior as in pp collisions Doy 5" |
E 1: e S - - - u

10 20 30 40 50 60 70

(N_ Y (Inl < 0.9, p_> 0.2 GeVic)
ch T
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Where to look for MPI with ALICE? %

ALICE

» Charm production as a function of multiplicity

* J/W production as a function of multiplicity in pp and p--Pb collisions
J/Y production as a function of charged particle multiplicity in pp collisions at Vs =7 TeV

Phys. Lett. B 712 (2012) 3, 165-175

* D-meson production as a function of multiplicity in pp and p--Pb

* Non-prompt]/W¥ as a function of multiplicity in pp collisions
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Charm production as a function of multiplicity %

ALICE
NA27 publication T T T T T T T
Comparative properties of 400-GeV/c proton-proton _ ,_qj_i D
interactions with and without charm production. — 1471_ /' o \q: _
By LEBC-EHS Collaboration (M. Aguilar-Benitez et al.). o [;] S
CERN-EP-88-77, Jun 1988. 16pp. ?\ ?
Z.Phys.C41:191,1988. ? \.\ T
= N\
= 452 T h -
N ®
Charm production = event with 3,4,5 = L
prongs (signature of charm decay) ¥ o,
- \
& -3 0o Events with charm \'\
_ _ 1T 07 production ¥
“It is clear from fig.1 that the multiplicity . \
distributions for interactions with and e Events without charm L
without charm are different. ... It is natural production \
to interpret these differences by the more 10“* o _
central nature of collisions leading to charm
production.” ' ’ , | | | |

0 4 8 12 16 20 24 28

Charged multiplicity,n
sarah@clermont.in2p3.fr 21




Charm production as a function of multiplicity %
ALICE

» The observable

Relative charm production yield as a function of relative charged multiplicity

Charm will be a generic term to refer to quarkonia (J/¥) and open charm (D and non-prompt ]/
Y) production

A

dN, /dy
<dN, /dy >

dN,, /dny
<dN, /dn >

Self-normalized quantities, x label: z KNO variable

2 advantages :
v' from analysis, various corrections cancel in the ratio
v' for comparison, easier to compare various energies and systems
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Charm production as a function of multiplicity

» xlabel
Multiplicity estimator: N,

racklets

B

ALICE

Phys. Lett. B 712 (2012) 3, 165-175

Tracklets = track segment reconstructed inthe 5, 151 = —
SPD pointing to the primary vertex in |n|<1 % we, | | 1 ALICE ppVs=7TeV
(‘stiip ) ( Drift ) ( Pixel ) _‘g ! ¢ ! In|<1.0
' o : | e, ; ;
o | L e, ! | |
102 & L e, I l
e 3 |
S — ‘”“‘\\.,\,‘ /3 L 10°® E:L i E E i '0.. i
dN ch / d’? L N tracklets 0I — é [ - ‘lt = é
T chh / d77 T <N tracklets > M
(dN_ /c)

Example for the ] /W analysis in pp collisions at
Vs=7 TeV
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Charm production as a function of multiplicity

ALICE

» ylabel
Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

cyield/event in a given
] multiplicity range

AN, /dy o _ LY e x N
< ch /dy > [Ym[ /(8 X Nmt / reey )] c yield/event integrated in

event i
multiplicity
> _I LI I LI I rrd I T I LI | I L
© | ALCEPreliminary = 1<Pr=2 geV/c
B . . —=— 2< p <4 GeV/c
No acceptance correction: cancel in ratio 2 T
p qc__) 1F p-Pb, | sy =5.02 TeV 4<p <8GeVic =
; =il . ) i ; L - D'— Kt —+—8<p <12GeVic 7
Trigger efficiency (e™88°"): correct for the fraction of inelastic [ o e 12< p<24GeVic ]
events not seen by the MB trigger condition R ; .
. L : 107 =
Efficiency correction (€): example for the D*,
efficiency does not show a strong multiplicity
dependence [ e .
. | ! : . 10°E E
I This generic formula will need adaptation for the various 2 .
analysis (J/¥, D) U t
11 I 111 I 111 I 111 I 111 I 111 l 111 I 111 I L1l I 111

0 20 40 60 80 100120140160 180200
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J /¥ production as a function of multiplicity in pp @ 7 TeV

ALICE

The electron channel in the central The muon channel in the forward
rapidity region (|y| < 0,9) rapidity region (2,5 <y < 4)
% I a) Jy — ee N 60 B
3 ot TiRe R
= i 0 Track Rotation % 40 }r , o
o i H 164.6x 10° evs. o 262.0 % 10° evts.
? o0 L ﬁi 1<N, <9 J 1<N,, <9
() - i o 20
2w LT S
2 T e s g | Tm
> 150
s 9 S 4
100: ++ + ly| <0.9 O 25<y<4
%ﬁii%%ﬁ%téﬂi 07 10" evts. 30 - w\ 15.3 x 10° evts.
50 4)%%& 81Ny <50 20 b , 31<N,, <50
5 ) :
L 10 [
I ig@é@%@a@% g
o-——— ... . % 0 )
2 3 4 5 2 3 4 5
m,, (GeV/c?) m,., (GeV/c?)
Sarah@clermont_in2p3_fr Phys. Lett. B 712 (2012) 3, 165-175
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J /¥ production as a function of multiplicity in pp @ 7 TeV %

ALICE
Approximate linear increase of | /¥ Phys. Lett. B 712 (2012) 3, 165-175
yield as a function of multiplicity | 10F
O |o ALICE pp \s =7 TeV
2 rapidity regions compatible within I
b Z_’ Zﬁ i m Jy-ouu (25<y<4) —
error bars T T ® Jiy—e'e (ly| <0.9)
(apart from the highest multiplicity bin) _
i i i I Normalization uncert.: 1.5%
2 possible interpretations: 51 [ﬁ
» Hadronic activity accompanying J /¥ production [
» Multi-parton interaction - @
! 0
But: i ~ -
Correlation extends over three rapidity units Pp |
Correlation extends up to 4 times the mean 0 2 4
multiplicit
ultiplicity ch h/dfl
(dN_/d)
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J /¥ production as a function of multiplicity in pp @ 7 TeV %

ALICE
> ComDaFISOI’I Wlth PYTHIA 6.4‘ Phys. Lett. B 712 (2012) 3, 165-175
>|= |
« Tune PERUGIA 2011 LR, 2F O Pythia 6.4 (ly| < 0.9)
S| 5 [m [0 Pythia6.4 (25<y<4)
* Direct]/¥ production only % % “a
J/W produced in initial hard interactions e 1 — 8gfg 85
@] @ 8 O
95eBH8 N
Trend not reproduced by PYTHIA 6.4 1 . 8"
MPI without charm in subsequent interactions 0 2 4
MPI ordered in hardness dN,,/dn
(chh/dn)

-
=]
T

Red: |y|<0.9
Blue: 2,5<y<4

dN,, /dy/<dN,, /dy>

o«

0 1 2 3

Phys.Rev. C86 (2012) 034903

dN_, /dn/<dN_/dn>

ah@clermont.in2p3.fr

» Comparison with the string percolation model

Total multiplicity and number of | /¥ proportional to
elementary initial parton-parton interactions
(elementary strings)

Close to a MPI scenario

Reproduce the trend observed in data
Caveats : post-diction

S



J/¥ production as a function of multiplicity in p-Pb @ 5,02 TeV

ALICE
Definition of forward and backward rapidity in p-Pb collisions

Muon: forward rapidity
p-going direction
2.03<y<3.53

Muon: backward rapidity
Pb-going direction
-4.46 <y <-2.96
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J/¥ production as a function of multiplicity in p-Pb @ 5,02 TeV

ALICE
N 6—
5 C Inclusive J/ y— ", pPb ﬁ =5.02TeV,0< p_<15GeV/ ¢
> . . .
5 5 +203<y <353, p-going direction G . .
2 [ - -446< 5" <-2.96, Pb-going direction ] * Strong increase of relative | /W yields at
< 4 forward and backward rapidity with
) o F relative multiplicity
S af (4]
< 3 e . . u
° ot ® (] * Similar behavior as in pp collisions
2__ o [
— (N}
- . * Deviation at forward rapidity
1 - ALICE Preliminary
E " - + 3.1 % normalization unc. not shown
1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 | 1 1
OO 1 2 3 4 5
chh/dn /< chh/dn ) 115,
~ [ Inclusive Jiy — u* W, p-Pb ﬁ =5.02TeV,0< P, < 15 GeV/c

« 203<y_  <3.58, p-going direction
» 446 <y <-2.96, Pb-going direction

EM@

Q
* Relative J/¥ <p;> saturates around dN /dn/ ; 105
<dNCh/drI> ~1,5 \,Q;

e Same behavior observed at forward and 0.95

backward J /W rapidity
0.9
ALICE Preliminary

IIIIllllllllllllllllllllll

0.85

1 I 1 1 1 1 I 1 1 1 1 I
3 4 5
dN,/dn/ (dN_/dn )
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D-meson reconstruction

o, 6000 -
S rD*— Kt and charge conjugate, 2<pT<24GeV/c
| > L
D-mesons reconstructed in ALICE central Barrel 2 Fmin. bias p-Pb, {5 = 5.02 TeV, 102 M events
= 5000~ -
R L
E —
i L
0 >K- + ( 0 o ) 4000_—
> D K*m* (BR 3.88 /0’ ct=123 Hm - pEeFERI,E,ECE Significance (30) 59.7 + 0.8
» D*-> K n*n* (BR9.13%, ct=312 um) [ slomz0ta S (30) 7166 + 133
¥y 0—t+ 0 ’ 3000— S/B (30) 0.9926
> D*->D0rt (BR 67.7 /0, StI'OIlg decay) L 1 = 1.869 + 0.0003 GeV/c?
L 6 =0.010  0.0003 GeV/c?
2000
@
1000\|IIII|J\IllIII\‘IIIIlI\\JlIIII‘\JI
- 17 175 18 18 19 1.95 2
Selection based on decay vertex and PID UL
multiplicity bin [1,8] multiplicity bin [9,13]
b T T T o 80 T T T T S ”“_ T T T T
3 [ PP\7TeV,314x10° events 2 [ n- (145562 0.08) Mevic? 2 | u-(145.43+ 0.05) Mevic?
S0 Significance(30) = 26.3+ 0.8 5 Z | significance(se) = 7.5+ 1.0 = Significance(@) - 13,2+ 0.8
5 -~ e < ignificance = 2% 0.
% S(30) = 14151 58 8T S(3c) = 78+ 8 ] %‘5"" ’ S(30) = 218+ 16 7
5 5 i
£ aoof- . 4<p_<8 GeV/c T Wt
% T 40 100 J
. ALICE [
B PERFORMANCE 20| 504 .
8/11/2012 of, - [
o = (565 + 24) keV/c®
1 =(145.45+0.03) MeV/c? )
0%38 0.1 0145 015 0155 0%35 0.14 0.145 0.15 0.155 0%35 ote 6145 X3 biss
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"\le"‘ multiplicity bin [14,19] multiplicity bin [20,30] multiplicity bin [31,49]
m‘“a /, “‘U rTrrrrrrrrrrrrrrT T “‘U" rrrrrrrrrrrr T T T T T T NQ rTrrrrrrrrrrrrT T T
= % u = (145.52 + 0.05) MeV/c? % [ Significance(3c) = 16.0+ 0.8 % Significance(3c) = 11.4+ 0.6
! = 0| significance(3o) = 13.4+ 1.0 ] = S(30) = 478+ 29 = o S(30) = 363+ 29
v‘faﬂ‘e‘e' (S; S(30) = 280+ 20 gsoo— 23
g = E

00
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1
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0.14

1
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Non-prompt J/¥

Secondary vertex reconstruction with the SPD
— allows separation of | /¥ from B-decays

data pp, Is =
ALICE 7 TeV
=======. fit, signa

— ALICE pp, 1s =7 TeV

L Sl fit, prompt Jiy 2.4 < Me'e) < 4.0 GeV/c®
i, J/y from b-hadrons 2
fit, background x?/dof =13/20 f‘B —

4 < nTragklets < 9 b
N rompt] /'Y + NJ/‘I‘(—hB

i Hy HHI i

2.4 < M(e'e) <4.0 GeV/c?

idol = 1728 Fraction of non-prompt J /¥
measured using the unbinned 2D
log-likelihood fit procedure.

N J/Wehy

fit, background 13/dof = 25/23

Entries/40MeV
Entries/40um

4 < nTracklets < 9

+++++ ad

22/ dof = 23/31 0
A E
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27112012
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D-mesons (DY, D*, D**) in pp collisions at Vs =7TeV in

tral idit ' <0,5
central rapidity region (|y|<0,5)
/Q\l— 14_ LA L N [N B I B B [N N B I LB B B | M /\’_ ERERIR s o a /\'_ r ——————r ; .
C 7 Q 14— — Q 14 -
S F ] T L ] T 1
T ol AU 7 B of AU 1 B of 1
D L a O\ 1 2 _— PRELIMINARY —— D\ 1 2—— PRELIMINARY ——
(\IZ F ppls=7TeV 5 = L ppis=7TeV T N =z L ppis=7TeV ]
k 0 N - + — = * -
S 10— D" meson, |y|<0.5 He - ‘\-\'g 10 D" meson, |y|<0.5 ] ‘\ig 10 D " meson, |y|<0.5 .
~ - +1<pT<2GeV/c 4 Z C +2<pT<4GeV/c ] Z C +2<pT<4GeV/c ]
F 8 —=2<p <4GeVic | . ~ gl *4<p,<8GeVLc . —~ 8-_—-—4<pT<BGeV/c .
-8‘ C +4<pT<BGeV/C ] [oR r ——8<p.<12GeVic 1 Q r __8<pT<12GeV/c ]
> & ——8<p, <12GeV/c ] g r T T ] i< [ ——12<p <20GeV/c 7
'O — - — — — —
= C . S 6 ] S 6 F3 ]
prd C ] > C _i_ ] S I @ ]
N 41— — & - — & — _
2 F ] s 4 ] ] v 4 @ 1
2 i - 2 i - 2- :
: ! +7%/-3% normalization unc. not shown ] r ! +7%I-3% normalization unc. not shown | r ! +7%/-3% normalization unc. not shown T
6 (NP - i S S S RS R B . Ceme o e e e e e ] . I S T N RS SIS I W
5 0'4? B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E g 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E § 041 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
g 02 E g 0.2F 3 c 02F =
E 3 R ek e M 2 F s ot s e ot s e et ]
-8 E B -8 OE B 3 -8 05 i T A aTaT ST i TS e T e ST o]
-ac) o ; '_E .g 02; _":'L""_"";';';é _8 _02.:_ _:
QO -04F ) = Qo -04F ‘ = O -04F: ‘ =
m 0 1 2 3 m 0 1 2 m 0 1 2

4 5 3 4 5 3 4 5
dN,,/chn / (dN_/dn) dN,,/chn / (AN_/chn) dN,,/an / (ON_/dn)

Approximately linear increase with charged particle multiplicity within uncertainties

Similar trend in all p; bins, the current uncertainties prevent to conclude on a
possible p; dependence

Vertical size of boxes : systematic uncertainties wo feed-down
Horizontal size of boxes : systematic uncertainty on dN/dn/{dN/dn>

Bottom panels line: relative feed-down systematic uncertainties
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D-mesons (D?, D*, D**) in pp collisions at V's = 7 TeV in

ALICE
central rapidity region (|y|<0,5)
» Comparison with inclusive ] /¥ » Comparison with non prompt J /¥
s (frodeecay) N
T Loy T i \s=7TeV .
Q 14 pp\s=7TeV - o | PP i
© 14: — ¢ D°meson, |y|<0.5, 2<p_<4 GeV/c ] -C>J. B * — ¢ Df meson, |y|<0.5, 2<p <4GeVic
S ,,F ALCE . & D' meson ly|<0.5 2<p'<4 GeVic ] Syl HALCE, - # D meson, [y|<0.5, 2<p <4 GeVic ]
S 12 e + D" meson, |y|<0.5, 2<pT<4 GeV/c ] a L — 4 D" meson, |y|<0.5, 2<p <4 GeVlc |
NZ C +7%I-3% normalization unc. not shown ] (\% B ¢ Non-prompt J/y — e+e-’ ly|<0.9, pT>0:
g 10__ b J/\V —e'e, |Y|<0-9, pT>O k ] \\/ 15—_ +7%/-3% normalization unc. not shown —_
g L e Jy -, 2.5<y<4.0, p,>0 ] —~ -
Q_l_ 8 [ 1.5% normalization unc. not shown ] (o} : :
C ] i)
S : S . :
° 6 — S 10 ) ]
a- C ] 9, i ]
Z - - - -
© 4 E e 5 ; -
-, & E : o :
R S P P R S st - SV
CC) A - g “E B fraction hypothesis: x 1/2 (2) at low (high) multiplicity 3
2 o2F 3 c 02p E
2 o : -
© s 5 -02F
3 E 8 -04f .
- . : 3 o 0 1 2 3 4 5
m 0 1 2 3 4 5
AN, /cin / (AN_/dn) dN,y/dn / (N /o)
Prompt D meson (2<p;<4 GeV/c) and inclusive Prompt-D mesons and non-prompt J /{
J/¥ (pr>0) yield show a similar increase with present a similar trend within the current
charged particle multiplicity. statistical and systematic uncertainties.
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D-mesons in pp collisions at Vs = 7 TeV

ALICE
» Comparison with PYTHIA 8 e 10 e
% 9 E_ Average D-mesons, |y|<0.9 _E
Improvement of MPI scenario o YE  —— First hard process 3
(charm in subsequent MPI) % 8 —e— MA =
< E  —¥— Gluon Splitting from hard process 3
~ 7F ISR/FSR - =
Various contributions to the total D-meson > 5 = oo @ Y57 TeV l_ -5- 3
production ;C! = PYTHIA 8.157 Simulations SOFTQCD 3
O 5 E_MPI On/FSR On /ISR On / Colour On '+' —E
« First hard process: flat aF +_._ =
E -0~ 'T 3
 MPI, ISR/FSR, gluon splitting increase trend 3 = et Wyt- | ey E
with increasing multiplicity 2F - . T +_ o =
{E: s rgaA-rAA A AA b A A #—"" 3
In question: relative amount of each contributions ;%- 1 | | | | =
Major contribution (~60%) from ISR/FSR % 1 2 3 4 5 6

dN,/dn / (N_/dn)

/>\~2'5 ' PYTHIA 8.157 Simulations SOFTQCD | -~ @ veer Toy
- . imulations - ]
L [ MPIOn/FSR On/ISR On/ Colour On PP@ Y5=7TeV ]
Z L = o ¥Z§I§ ;N%Smeﬁmm -+ Slices with the total number of MPI in the event,
°T 2 7[<0:9, 3- -x- .
B —— D <0.9, 5-6 MPI 1
\\/ - —x—D, ¥<o.9. 7-8 MPI - grouPed by 2
> [ D 1S & e l ] ) g =T
D 45C D: hgigj 1314 Pl | | | 7 Red (no selection) is the sum of all contribution
[ R —5— D, |y|<0.9, 15- = o -
T —%— D, lyl<0.9, >16 MPI - -T ] . . )
5 I 1 Each slices has almost the same weight in the total
= - ;1::% %;ﬁ» O — contribution
L ?_ﬁt N 1 Zoom on the different contribution
0-5 Ly ""*“_,,._ e ] What we expect from MPI: addition of MPI built
3}3}_@ e 'V‘? T ~y- i the multiplicity
aii;_"/::hgﬁ v;mq-*-wl-l P YR N N A W T N
0 1 4 5

~ o

dN,,/dn/ (chh/d'r]
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D-mesons in pp collisions at Vs = 7 TeV %

» Comparison with EPOS

Initial conditions: - 7
marriage of pQCD+ Gribov-Regge Theory + Energy sharing A spectators / /

Same framework for pp p-A and A-A collisions —
Saturation scale

elementary

In EPOS Gribov-Regge multiple scattering gives naturally = interactions

N hard & N charged o N elementary interactions

N,..q = multiplicity of particles produced in hard processes

B z B \
- participants

N 8 = ] .
E g
2 1 E ALICE |
Y o6 E
55 2<p<4GeVic v
s RS R -1
2 E
1 |
O =" ||||‘||1|‘l||l‘llll‘llll‘llll‘llll‘llll

005 1 15 2253 35 445
Nch/<Nch>
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D-mesons (DY, D*, D**) in p-Pb collisions at Vs = 5,02 TeV in

ALICE
central rapidity region (|y,,,|<0,5)
/\l_ B T T T T I T T T T l lI T T T | T T T T l T T T T I T T T T ] /\}_ C T T T T | T T T T | T T T T I T T T T I T T T T I T T T T ]
s 14— APUCE Prellmlna_I[yV — % 14— ALICE Preliminary —
= - pb+b | Syn =9.02 Te . 4 - p-Pb |5, =5.02TeV, |y,_[<0.5 :
T {0l meson, IyIab|<O.5 7 O 12 . _
a - o 1<p <2GeVic . a - ¢ D" meson, 2<p_<4 GeV/c .
NZ o = 2< pl <4 GeV/c N NZ ~ & D" meson, 2<p_<4 GeV/c ]
o) — —«4<p_<8GeV/c ] © 10— *+ —
L - 8<p <12GeVic Al . N~ - 4 D" meson, 2<p_<4 GeV/c -
~ L 12<p_<24GeVic - g - 5
-+ 8¢ ! — - 8 —
Q [ E ] QT ]
o] L 4 | © B ]
s> o E G =
© ~ B T
N - ’ < - ’
< 4 g 1 &5 4 -
B L S A & g
2 - 21~ » -
: * +3.1% normalization unc. not shown : : o + 3.1% normalization unc. not shown :
| + 3% unc. on dN/dn / < dN/dn > not shown | + 3% unc. on dN/dn / < dN/dn > not shown
. ;l } ! } } } } ! } } } } ! } } } } ! } } } } ! } } } } . I } ..-] } ! } } | } ! ] } } | ! } | } } ! } } } } ! } } } } i
2 04F , . . 3 e 04F , . , 3
5 - B fraction hypothesis: x 1/2 (2) at low (high) multiplicity _ S - B fraction hypothesis: x 1/2 (2) at low (high) multiplicity .
c 02 E c 02 =
-§ O;—;‘:;.—H_H'— ....... ?TT—?'—%—----‘:‘"_"::-;';-;-::"_-_ .§ 0: """‘----------.......--.......-............;
5 025 T = 5 0.2F —
S -04f | | , E S 04f , ‘ . E
M 0 1 2 3 4 5 6 @ 0 1 2 3 4 5 6
dN/dn / (dN_/dm) dN,/dn / (dN_/dn)

» D*-meson yields show an increase with charged-particle multiplicity compatible within p; bins
» DO D*and D**-meson yields show an increase with charged-particle multiplicity
> DO D*and D**-meson yields are consistent with each other within uncertainties
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D-mesons (DY, D*, D**) in p-Pb collisions at Vs = 5,02 TeV in
central rapidity region (|y,,,|<0,5)

N | LI L L L L L L L L L L L L L B L L —~ 2_ T T T T LA L L L L L L L L B Y L L L L Y LB B B B
Q 14 ALICE Preliminary ] 3 - .
L ] \Y; - ALICE Preliminary .

2 pr\S -5°2Te\|; | --Pb 3 o 8¢ pr\s - 5.02 TeV p--Pbd
o 12p _._1<p <2GeV/c . Q\ 1'6; g V<0 =
< C —=-2<pl <4GeV/c . ~ 4 E
% 10F _._4<p <8GeV/c — £ e .
~ B ——8<pl <12GeV/c 7 O - 7
— C +12<b <24 GeV/c ] — 1.2 I —
= 8 ] 3 [ . - 11 ; oI S s
3 . S .F -
> 6 ] < 0.8 -
§ - ] o 0 6: ]
Z 4 ] - - 1<p <2GeVic -
E C § ] 0.4— —.—4<pT<8GeV/C -
2— — - —-—8<p <12 GeV/c n

: g +83.1% normalization unc. not shown : 0-2 - -+ 12< ,D <24 GeV/c ]

B l | t GI% unc. on dN/dln / < dN/dn > n?t shown _ - 3%unc. or|1 dN/dn / < dN/cljn > not shown | | 1 ]

§ 0.4 ;_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity —; § 0.4 ;_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity _;

c 02F E c 02F E

PR e —— ] g oF e =

el E ~=d © C 7

- 0.2 = o 0.2 =

3 0.4 . — E 0.4 . , ‘ 5

o 0 1 2 3 4 5 6 a8} 0 1 2 3 4 5 6
dN,/dn / (N _/dm) dN,/dn / (ON_/c)

» Average D-meson yields show an increase with charged-particle multiplicity
» Results in different p; bin are in agreement within uncertainties
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Comparing D-mesons in pp and p-Pb collisions

ALICE
7T T T T T T rrrrvr|rrr v r o T T T T T T T
14— ALICE Preliminary /%LICE Preliminary
D° meson, [ylab|<0.5 3 D" meson, |y|ab|<0.5

12—, ¢ pp,\s=7TeV

pp,\s=7TeV

2<p <4 GeV/c 2<p_<4 GeV/c
10— # p-Pb,|s,, =502TeV ¥ P-Pb,\sy, =5.02TeV

2<pT<4 GeV/c 2<pT<4 GeV/c

a NNl w o A
TTTT[TTTT T TTTT T TTT [ TTTTTTT T TTT
[ [ [ I I I I

(YP/(YPY) / (dN/dny/(dN/dn))

(PNP/dydp. ) / (N /dydp )

IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

» o0
IIIIIIIlIIIIIIIlIIIIlllllllll

L

i
lllIlllIllI‘IlllIlllIlllIIllIl

i 1 """"" EJ """"""""""""""""""""""""""""
2 I&’ ----- +7%/-3% (3.1%) in pp (p-Pb) o
.t normalization unc. not shown 0 5 T | o
. [ﬂ' 6% (3%) unc. in pp (p-Pb) - +7%/-3% (3.1%) in pp (p-Pb) normalization unc. not shown
PPt on dN/dn / < dN/dn > not shown — 6% (3%) unc. in pp (p-Pb) on dN/dn / < dN/dn > not shown  —|
. ‘#I } ! } } } } ! | } } | ! } } } | ! ] } } } ! ] } } ] . [ 1 ] Il il ! } 1 | } ! } } } 1 ! } 1 Il | ! 1 1 } } ! | } } } ]
g 0.4 = B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity 3 § 0.4 E B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity B
c 02 3 c 02 =
& OF - 3 OF -
'C|7 - ] 'ClJ E 3
8 0.2 B 8 0.2 =
D -04F E o -04F . . . =
m 0 1 2 3 4 5 6 m 0 1 2 3 4 5 6
o/dn/ (AN fdn) /AN / (AN fdn

» pp and p--Pb collisions present similar trends

» Highest multiplicity events in pp collisions mainly due to MPI’s

» Highest multiplicity events in p--Pb collisions also originates from higher number of
binary collisions




Comparing D-mesons and J/W in p-Pb collisions %

ALICE

/\ T T T I T T T T I T T T T

L =P - s
* In p--Pb collisions D and J /¥ show _8. 14— ALICE Preliminary —
an increasing trend with 3 - PPb sy =5.02 eV ]
multiplicity E o ¢ Average D°, D", D*" meson -
cx_lo B | ylah|<0.5, 2<pT<4 GeV/c |
« Deviation at highest multiplicity g 1 0:_ ¢ Jv o, 25<y, <4.0,p>0 B
— - o Jy - p, -4.0<y/ab<-2.5, pT>O .
Q 8 ]
But: 9 - 5
o 6 ]
D-mesons and ] /¥ are measured in < - 5
diff iy : S 4 % wn i
ifferent p; and rapidity regions S B ® o ]
Leading to different cold nuclear matter 2~ . ® ' = —
(CNM) effects and different Bjorken-x L8 . | |§3;°/j°u”n‘§”;ﬂ'gljlv‘;g?172%,"@},;“'3”;; shown ]
probed Values 8 04:_ 4 — -y —:
o 02F .
3 oF :
© - =
o 0.2 =
O -04f | | | =

m 0 1 2 3 4 5

N~ ool

dN,/dn / (AN _/dn
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(dzND/dyde) / (dzND/dyde)

B feed-down unc.

Comparing D-mesons in pp, p-Pb and Pb-Pb collisions

IIIIIIIIIIlI||I||||

N W A OO N 00 ©

¢ pp,\s=7TeV ‘H

¥ p-Pb,\s, =5.02TeV

>

&

LI I S N S B B L N L B B BN B B B

ALICE Preliminary
D° meson, v, |<0.5

LA I N B B B

g O
S
e
a* =2
o

2<pT<4 GeV/c

2<pT<4 GeV/c
Pb-Pb, \ 5, =2.76 TeV

2<p <3 GeV/c
L

- m +7%/-3% (3.1%) [1%] in pp (p-Pb) [Pb-Pb]
,@: normalization unc. not shown
Ll 6% (3%) [3.1%] unc. in pp (p-Pb) [Pb-Pb]
-°[& on dN/dn / < dN/dn > not shown

|IIII|IIIIIIIII|IIII|IIII“|IIII|IIIIIIIII

et SN N SN S SN TN N S ST S S S ST AN SN T T AN SO
T T T T T

I|"'|'\[§|‘III|III||III||IIII|IIIII

B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
B fraction hypothesis in Pb-Pb: 1 < R, (D from B)/R,,,(prompt D) < 3

bbb

o

dN,/dn/ (chh/dn>

(Y2 YY) / (dN/dm/{dN/dn))

B feed-down unc.
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ALICE
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ALIGE Preliminary PP
D" meson, |y|ab|<0.5 p__pb

L ,\s=7TeV

ngT<4 GeV/c Pb-- Pb
p-PDb, \ s, = 5.02 TeV

2<pT<4 GeV/c

Pb-Pb, \ s, =2.76 TeV

2<p_<3 GeV/c

-

|III[|IIII|III[|[III|IIII|IIII|IIII

+7%/-3% (3.1%) [1%] in pp (p-Pb) [Pb-Pb] normalization unc. not shown
6% (3%) [3.1%] unc. in pp (p-Pb) [Pb-Pb] on dN/dn / < dN/dn > not shown

PR T T S N T U TN NN S T T AN TN T S N T T SN S N SO S
T T T T T

o
o v
|

B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity
B fraction hypothesis in Pb-Pb: 1 < R, ,(D from B)/R, ,(prompt D) < 3

NI

» At low multiplicity, similar trend in the three systems

1 2 3

» In Pb--Pb collisions, reflects evolution of N_,, with centrality
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Comparing with Y in pp, p-Pb and Pb-Pb collisions

ALICE
9 arXiv:1312.6300
/\|_ :"'llllll T 'III|'|[|: A "= I L L L L L LB LB B I B B
9 o ALICE Prellmlnary pp S 5 o -
> D" meson, lev ol<0-2 P--Pb3 £ 'L pp2reTev ppb5.02Tev popb2zsTev .
O _F ¢ oppis=7Te 8 . C O x( r(1 Y(18) ]
DZ 7; 2<pT<4 GeV/C Pb__Pb:_ >\./-‘ 6 B Cl:]) Ygzgg : YEZ:; E:}I 1
E . ~ — ]
o 6: 2<p <4 GeV/c - [ B -
Z " 4 Pb-Pb,|s,, =276 TeV 73 = F ]
— 5: 2<p_<3 GeV/c ,»"“ ] >_‘ 5— B ]
Qr— c P EIF . - CMS Preliminary L ]
1< 4 E C ly,,,I<1.93 o
Q 3: @ . 4__ ..... -
()] - ] - .o° _
P o 3 - ﬂg i
2 e 3 & B B i -
- +7%/-3% (3.1%) [1%] in pp (p-Pb) [Pb-Pb] ] N i .
1= omslton s ol shown, - o | .
- /im on dN/dn / < dN/dn > not shown . 2_ ,,,, |
. _ﬁl | 1 ! 1 ] | 1 ! | 1 | | ! 1 1 1 | ! 1 | 1 | ! 1l 1 1 1 - ”O‘ .
8 0.4 :_ B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity —: — @ *[I'}v 1
2 0.2 E B fraction hypothesis in Pb-Pb: 1 < R,,(D from B)/R,,(prompt D) < 3 = - s i
g YV : : = ‘»"ﬂ"' ~
° E : .
5 -0.2F N _
(0] E
L -04F , . , E 0 tlllllllllllllIIIIIllllllllllllllllllll_
o 0 1 2 3 4 5 6 0 0.5 1 1.9 2 2.9 3 o0 4
dNCh/dn / <chh/dn> N|n|<2 4/ N|ﬂ|<2 4
tracks tracks

* Y measurement from CMS (Jnep 04 (2014) 103) shows increasing trend in pp, p-Pb and Pb-Pb collisions

* Increase up to 8 for average D-mesons and |J/W in central rapidity region, comparable to the
magnitude of Y(1s) measured by CMS
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ALICE

LHC schedule after LS1

approved by CERN management, LHC experiments spokespersons and technical coordinators Monday 2" December 2013

LS2 starting in 2018 (July) => 18 months + 3months BC (Beam Commissioning)
LS3 LHC: starting in 2023 => 30 months + 3 BC
injectors: in 2024 => 13 months + 3 BC
2015 2016 2017 2018 2019 2020 2021
Q11Q2{Q3{Q4|Q1iQ2/Q3/Q4(Q1Q2:Q3{Q4|Q1:Q2 Q3
LHC
Injectors
2022 2023 2024 2025 2026 2027 2028
Q1iQ2{Q3Q4|1Q11Q2{Q3/Q4|Q1{Q2:Q3/0Q4|Q1:Q2/Q3iQ4|Q1:Q2:Q3iQ4|Q1:!Q2iQ3:Q4({Q1:Q2Q3:Q4
LHC ]
Injectors LS 3 B Run 4
2029 2030 2031 2032 2033 2034 2035
Q11Q21Q30Q4|Q1{Q2/Q3{Q4]|Q1iQ2:Q3/Q4|Q1:Q2|Q3:Q4(Q1{Q2iQ3/Q4[Q1{Q2iQ3Q4|Q1{Q2|Q3;{0Q4
LHC
Injectors Run 5 LS 5
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ALICE running conditions during RUN II (2015-2017)

ALICE

2015 1-2*102° 10-20

Pb-Pb 5.1 10?7 8 YES 4
2016 p-p 13 0.5-1*10%! 500 YES 24 RARE

Pb-Pb 5.1 10?7 8 YES 4
2017  p-p 13 0.5-1*103! 500 YES 24 RARE

p-Pb  8.2(?) 0.5-1*102° 10-20 YES 2 MB

p-Pb  8.2(?) 102° 200 YES 2 RARE

Values to be compared to:

» £=4.610%° cm™?s!in Pb-Pb collisions 2011 (2.76 TeV)
» £=2103" cm?sin pp collisions 2012 (8 TeV)
» £=10%° cm?s!in p-Pb/Pb-p collisions 2013 (5.02 TeV)
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Looking at the future

How to improve our understanding of proton-proton
collisions and multi-parton interactions?

> More exclusive measurements and higher multiplicities

U More particles vs. mult Q Underlying Event (UE) event study with charm as
(W, isolated y and jets) trigger particle, “a la Rick Field”

Already discussed by F. Hautmann @MPI2011

Q p, differential study (started with D-mesons) 111, j/y PRODUCTION AND ASSOCIATED JET MULTIPLICITIES

> underlying event analysis using gluonic probe [cfr. Z+ jets]
> perturbative calculation down to p; of order my,

U Higher multiplicities and energies in pp
(RUN 2 @ 13 TeV)

oy -0 i
O Higher multiplicities and energies in §5"
heavier systems (p--Pb and Pb--Pb) . P S

(RUN 2 ~ 8and 5 TeV)

> See also: J/v vs. charged particle multiplicity ~ [Portebeuf & Granier, arXiv:1012.0719]
> J/ pairs as a probe of DPI [Kom, Kulesza & Stirling, arXiv:1105.4186]

[LHCb Coll., LHCb-Conf-2011-009]
L More on correlations and hadronic activity

around heavy-flavor

All ideas are welcome!
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Conclusions

ALICE
v" LHC made us enter a new era for the understanding of proton-proton collisions and multi-parton interactions

The ALICE experiment allows us to study MPI (3 related published papers and several analysis ongoing)

v Underlying event measurements

» Toward and Away region dominated by jet fragmentation (number density and summed p;)
» Transverse region dominated by UE activity, low-pT increase due to MPI, saturation independent of hard scale

v" Multiplicity dependence of two-particle azimuthal correlations

» <N correlated seeds™ €an probe number of MPI

» PYTHIA Perugia 2011 gives the best description of ALICE results

» At high multiplicities deviation from linear scaling

» Similar behavior of <N > in p-Pb collisions (no deviation from linear)

uncorrelated seeds

v' Charm production as a function of multiplicity
» ]/¥, D-mesons and non-prompt J /¥ self-normalized yield show an increasing trend with increasing
charged-particle multiplicity
» Suggest presence of MPIs at high multiplicities

» Trends compatible in pp and p-Pb collisions

\Is (TeV)

~ —— ettt — —
_8. Dpp \s=7TeV -
e T T = — ¢ D" meson, 0.5, 2 4 GeV/c ]
% E ] MB dN led by 1/2 E o 25 = ALICE (pp @ \s=7TeV) 3 JALICE ... & D’ meson, mzos 2ng:4 GeV/c
g0 "~ |./dn (scaled by 1/2m) o = 3 ALICE (pp @ \s = 2.76 TeV) 02 — 4 D" meson, ly|<0.5, 2<p <4 GeV/c |
= E @ «-- Under|ying Event L = g ALICE +7%/-3% normalization unc. not shown
— . — \s=0.9TeV, —
= 0'95 E 3 20 " Pp@1s ) © & Jy - ee, |y|<0.9, pT>0 ]
o08F Rt = s g ¢ Jy - p'w, 2.5<y<4.0,p >0 ]
E Rt E E Q_’_ 1.5% normalization unc. not shown —
0.7F = 8 ° ]
7 z 15 3 :
0.6F- 4 E z” & ]
= E - P .
0.5; , ? 10 Qé/ :
04F = i ]
F 3 o = ]
03¢ E 5 s N O R E I N R B
02i = ml < 09 5 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E
! E E P, w > 0.7 GeV/c :; —
0.1E—— 1 . : . . . ‘ ' 3
-1 ¥
8x10" 1 2 3 4 5 678910 0 10 20 30 40 50 60 70 g-
P

charged, n| < 0.9, p_> 0.2 GeV/c 4 5
1/ (chh/er

A bright future for the understandlng of MPI with ALICE during RUN 2
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ALICE

Back-Up
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Phys. Lett. B 727 (2013) 371
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ALICE

Why to compare to PYTHIA?

» Several possible physics interpretation:
= MPI,
» hadronic activity
» gluon fluctuation in the proton and proton size effect

» The model used need to provide the soft part and the hard part of the
event in the same computation, an inclusive computation is not enough.
MC well suited

» The hard part should contain heavy quarks: PYTHIA, Cascade.

» Even if we know PYTHIA is not intended for J/¥ study: a good start and a reference in MC world!
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How to produce heavy states in Pythia8 ?

¢ In the 2->2 first hard sub-process: hard production

1) Open heavy-flavour production 2) Resonance production

P P Pre-resonant state (NRQCD):
/ decay into J/WorY
C/\/\/~ gg->ccbar /
gc->gc¢
Can be color singlet
Partons, connected to strings gg->] /W+g
P p

+¢ In the 2->2 hard sub-processes of MPI: hard production
Same production mechanisms

Complement the contribution from first hard sub-process

+* Beam remnant treatment
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. , H
How to produce heavy states in Pythia8 ? g

¢ Gluon splitting (g->QQbar, gluons originated from ISR/FSR)

P
=. cc cluster decay into J /¥
P
_C;E_ Any hard 2->2
i sub-process (gg->gg for example)
Any hardi2-¢2 Other c¢/b connected to strings
sub-process (gg->gg for example)
Dartons-connettad-tostrings Color reconnection make this contribution
' & in PYTHIAG.4
P L
In PYTHIAS8 : cc->]/W¥, with c and c originating

from various sources, no explicit cluster state

( N.B Cluster: small peace of string, decay directly into hadrons)

¢ String fragmentation
A MB event can still produce J/¥ and D

< @ o —= . [ .
u m mesons via gluon splitting and string
fragmentation
= @0 O e O ® O ® O ® O—> LA :
S c oEmm ee Ewou CccC pair producthn suppressed as compared
— to u, d,s, but available
DO DO

Higher states not available sarah@clermont.in2p3.fr 80




