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Let’s define "high multiplicities”

QGP

Final state

Collective effects

Heavy ions

Quarkonia dissociation

High multiplicities

* High multiplicities refers initially to heavy ion physics and the

: : uarkonia regeneration
study of QGP via probes such as quarkonia Q g
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Let’s define "high multiplicities”

QGP

Final state

Collective effects

Heavy ions

Quarkonia dissociation

p-Pb High multiplicities

* For quarkonia study, the knowledge of initial state and
cold matter effect is a requirement!
* Itis “controlled” by studying p-Pb systems
a 2r

Quarkonia regeneration

Q:% 18 L ALICE, p-Pb \[s_NN =8.16 TeV, 2.03 < Yo <353 L.
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Let’s define "high multiplicities”

| |
Final state QGP

I Collective effects |

Heavy ions
Quarkonia dissociation
| p-Pb | High multiplicities
Quarkonia regeneration
PP

| Initial state |
Small systems

Cold matter effect

* Since the LHC era, high multiplicities are also linked to smaller systems than heavy ions
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What is a small system for QGP physics?

Nature Physics 13 (2017) 535-539

» Small refers to system size: protons in initial stage E R R Eﬂl ' Eﬁltﬂll[ﬂiﬂl
» But with sometimes a final state looking like a large :_310—1 2Ks -
system, at least for charged particle multiplicity B T 0 oy
(] i
=S A+A (x2)
» For LHC RUN 1+2 energies, idea of reference system © 1
still valid for pp minimum bias. High multiplicity '% i b g -
events represent a small contribution to the total © E4E06) |
cross section [H]
0O(10%) in statistics [H] [H]
Q+Q" (x16)
ﬁ&‘? .. E
pp/pPA/AA at the same multiplicity, is it the same % e ]
behavior, role of geometry, role of collectivity? S AT e pps=TTev

N O p-Pb,{syy=5.02TeV |

How is done the transition from small to large ? i 0 PO, sy = 276 TV
—— PYTHIAS8 .

How does the collectivity emerge ? T oo LHG

" |

Quarkonia and small systems ? 10 T/T;—’ | ""'1"02 - ""'1"03
<chh/ d 77>|n|< 0.5
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Let’s define "high multiplicities”

Final state | QGP I

I Collective effects |

Heavy ions
Quarkonia dissociation
| p-Pb | High multiplicities
Quarkonia regeneration
PP

| Initial state |
Small systems

Cold matter effect

In this talk high multiplicities refers to charged particle multiplicity in the final state,
independently of initial state and/or energy
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Quarkonia in “high multiplicity” environment

| |
Final state QGP

I Collective effects |

Heavy ions
Quarkonia dissociation
| p-Pb | High multiplicities
| Comovers | Quarkonia regeneration
op | fragmentation l

" saturation | Initial state |
Small systems

Cold matter effect
| Multi-parton interactions |

Quarkonia is a rich tool for high multiplicity studies being as well
linked to initial and final state
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Do we understand initial conditions?
What kind of initial conditions can let pp collisions to reach high density ?

Multi Parton Interactions (MPI) are good candidates

v" A naive picture v" A less naive picture

‘ ‘ =

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

If we want to understand high multiplicity events/small systems/emergence
of collectivity, it is mandatory to understand initial state and relation between
soft and hard component of events

Multiplicity differential studies and exclusive measurements
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Quarkonia production as a function of multiplicity
The observable

Relative quarkonium production yield as a function of relative charged multiplicity

Study of J/y as a function of multiplicity first proposed in 2010 (Nucl.Phys.Proc.Suppl. 214 (2011) 181-184)

dN,/dy
< dN,/dy >

dN,, /dn
> <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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Quarkonia production as a function of multiplicity
The observable

dN,/dy

< dN,/dy >

>

The production
is independent
of the
underlying event

dN, /dn
<dN,, /dn >
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Quarkonia production as a function of multiplicity
The observable

dNQ/dy The probability to
produce the hard
process scales with
the mean multiplicity
(the naive MPI
picture)

>

< dN,/dy >

The production
is independent
of the
underlying event

dN, /dn
<dN,, /dn >
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Quarkonia production as a function of multiplicity
The observable

dNQ/dy The correlation with mean The probability to
multiplicity is more complex produce the ha"_j
due to hadronization in final process scales ‘_N't_h_
state, saturation effects the mf-:an mlflt'phc'ty
(limitation of the number of (a basic MPl idea)
MPI), hardness of the probe

(mass and py)

>

< dN,/dy >

The production
is independent
of the
underlying event

dN, /dn
<dN,, /dn >
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Quarkonia production as a function of multiplicity
The observable

dN,/dy When reaching high* multiplicity, new regime Thedproba:u:yt:
< dN,/dy > 4  including for example: collectivity, QGP droplets, Procuce the har

. . L. . rocess scales with
comovers dissociation of exited states P e
the mean multiplicity

(a basic MPI idea)

The production
is independent
of the
underlying event

dN, /dn
<dN,, /dn >

* high should be defined : how many times the mean mult ?
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Related theory in one slide

» EPOS: EPOS3 vs. EPOS3.2

Initial
+
Final

Initial
+
Final

EPOS 3 : collectivity explains qualitatively the deviation from linearity

EPOS 3.2 : impact of collectivity in small systems is reduced and implementation of a coherent saturation scale
along the model which lead to a different repartition : number of MPI vs. hardness of each =>explain STAR

data at lower energy (smaller impact of collectivity)

https://indico.in2p3.fr/event/14438/contributions/18404/attachments/15245/18743/orsay.pdf

»> PYTHIA

Various production mode (hard process, MPI, ISR/FSR)
MPI scenarios, also linked with the repartition : number of MPI vs. hardness
Several final state mechanisms: color reconnection, string shoving
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Related theory in one slide

Initial
+
Final

Initial
+
Final

Initial

Initial

Initial

» EPOS: EPOS3 vs. EP0OS3.2
*  EPOS 3 : collectivity explains qualitatively the deviation from linearity
*  EPOS 3.2 : impact of collectivity in small systems is reduced and implementation of a coherent saturation scale
along the model which lead to a different repartition : number of MPI vs. hardness of each =>explain STAR

data at lower energy (smaller impact of collectivity)
https://indico.in2p3.fr/event/14438/contributions/18404/attachments/15245/18743/orsay.pdf

> PYTHIA
*  Various production mode (hard process, MPI, ISR/FSR)
*  MPI scenarios, also linked with the repartition : number of MPI vs. hardness
*  Several final state mechanisms: color reconnection, string shoving

» Kopeliovitch et al. phys. Rev. D 88 no. 11, (2013)
*  High multiplicities reached due to contribution of higher Fock states (increased number of gluons) , leading to
an increase of the probability to produce a J/W/ Nuclear effects in pA similar to high multiplicty pp collisions

» Strikman et al. phys.Rev.Lett.101,202003(2008) Prog.Theor.Phys.Suppl.187,289(2011)
*  Parton density in pp collisions (PDF) impact parameter dependent (centrality of a pp collisions) Enhanced effects by
fluctuation of small-x gluon densities

» CGC phys. Rev. D 98 no. 7, (2018) Eur. Phys. J. C 80 no. 6, (2020)
*  Gluon saturation in initial state impact particle production
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» EPOS: EPOS3 vs. EPOS3.2

Initial
+
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+
Final

Initial

Initial

Initial

Final

Final

EPOS 3 : collectivity explains qualitatively the deviation from linearity

EPOS 3.2 : impact of collectivity in small systems is reduced and implementation of a coherent saturation scale
along the model which lead to a different repartition : number of MPI vs. hardness of each =>explain STAR

data at lower energy (smaller impact of collectivity)

https://indico.in2p3.fr/event/14438/contributions/18404/attachments/15245/18743/orsay.pdf

»> PYTHIA

Various production mode (hard process, MPI, ISR/FSR)
MPI scenarios, also linked with the repartition : number of MPI vs. hardness
Several final state mechanisms: color reconnection, string shoving

» Kopeliovitch et al. phys. Rev. D 88 no. 11, (2013)

High multiplicities reached due to contribution of higher Fock states (increased number of gluons) , leading to
an increase of the probability to produce a J/W/ Nuclear effects in pA similar to high multiplicty pp collisions

» Strikman et al. phys.Rev.Lett.101,202003(2008) Prog.Theor.Phys.Suppl.187,289(2011)

Parton density in pp collisions (PDF) impact parameter dependent (centrality of a pp collisions) Enhanced effects by
fluctuation of small-x gluon densities

» CGC phys. Rev. D 98 no. 7, (2018) Eur. Phys. J. C 80 no. 6, (2020)

Gluon saturation in initial state impact particle production

» Percolation model phys. Rev. c 86 (2012)

Non linearity due to a reduction of the number of charged particles due to percolation of strings

» Comovers Phys. Lett. B 749 (2015) arXiv:2006.15044

High density final state environement dissociate events depending on their binding energies
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Charm/beauty vs. mult

- utw, |y[<0.5, pr > 0 GeV/c
-e*e’, |y|<1, p; > 1.5/4 GeV/c

/v - U, 2.5<y<4, pr > 0 GeV/c
/v - U, 2.5<y<4, pr > 0 GeV/c
/v - U, 2.5<y<4, pr > 0 GeV/c

- e*e’, |y[<0.9, pr >0 GeV/c

/v - e'‘e, |y|<0.9, p; >0 GeV/c
- W, 2.5<y<4, pr > 0GeV/c

/v - W, pr > 0 GeV/e 2.03<y,m<3.53 (p-going)
-4.46<y:<-2.96 (Pb-going)
-e*e -1.37<y,<0.43 p; > 0 GeV/c

iyA) - W, pr > 0 GeV/e 2.03<ym<3.53 (p-going)
-4.46<yn:<-2.96 (Pb-going)

iy - transverse energy deposition in the backward (3.1<7<4.9)
- -2<y<1.5,8 < p;<40GeV/c

W(2S) - W, 2.5<y<4, p;> 0 GeV/c

DO, D*, D** - Hadronic decay, |y|<0.5, 1<p; <20 GeV/c

DO, DY, D** - Hadronic decay, -0.96<y,,; <0.04, 2<p; <24 GeV/c

D,*,D+ - Hadronic decay, -0.96<y,,,; <0.04 , 2<p; <24 GeV/c

Non prompt J/W -e*e’, |y|<0.9, p; > 1.3 GeV/c

pp
pp

pp

pp

p-Pb

p-Pb

P-Pb

pp

pp
p-Pb

p-Pb

pp
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200 GeV
500 GeV

2.76 TeV

5.02 TeV

7TeV

13 TeV

5.02 TeV

8.16 TeV

5.02 TeV

13 TeV

7 TeV

5.02 TeV

5.02 TeV

7 TeV

STAR

ALICE

ALICE

ALICE

ALICE

ALICE

ALICE

ATLAS

ALICE

ALICE

ALICE

ALICE

ALICE

PLB 786 (2018) 87-93

Preliminary
Paper in preparation

Phys. Lett. B712 (2012)
165-175

- PLB 810 (2020) 135758
- Paper in preparation

Phys. Lett. B 776 (2018)
91-104

JHEP 2009 (2020) 162

Eur. Phys. J. C 78 (2018)
171

Preliminary

JHEP 09 (2015) 148

JHEP 8 (2016) 1-44

JHEP 09 (2015) 148




Charm/beauty vs. mult

I N I

Y(1S) -e*e’, |y|<1, p;>0/4 GeV/c 500 GeV STAR  Preliminary
https://drupal.star.bnl.gov/STAR/files/Up

silon_PWRHIC_LK_2018_1_7.pdf

Y(1/2/3S) - prw, |y 1<1.93, pr > 0 GeV/e pp 2.76 TeV CMS JHEP04(2014)103
Y(1/2/3S) - uHw, |yl<1.2, 10<p; <15 GeV/c, 15<p; <35 pp 7 TeV CMS  Phys.Lett. B761 (2016) 31-52
polarizations  GeV/c
Y(1/2/3S) -, lyl<1.2, pr> 0 GeV/e pp 7 TeV CMS  JHEP11(2020) 001
Y(1/2S) - W, 2.5<y<4, p; > 0 GeV/c pp 13 TeV ALICE  Paper in preparation
Y(1/2/3S) - prw, |y 1<1.93, pr > 0 GeV/ce p-Pb 5.02 TeV CMS JHEP04(2014)103
Y(1/2/35) - 1y1<1.93, pr> 0 GeV/e p-Pb 2.76TeV  CMS  JHEP04(2014)103

HF - Single-y, 2.5<n<4, 2<p;< 20 GeV/c pp 8 TeV ALICE

HF -c,b->e, |Y,ax]<0.8, 0.5<p;< 30 GeV/c pp 13 TeV ALICE  Paper in preparation

HF -e*e’, |y.1<0.8, pr. > 0.2 GeV/c, high mult pp 13 TeV ALICE  Phys. Lett. B 788 (2019) 505

HF - €7, 1.06<y,,,<0.14, 0.5<p;< 8 GeV/c p-Pb 5.02 TeV ALICE

HF -c,b->e, |y,a<0.8, 0.5<p:< 26 GeV/c P-Pb 8.16 TeV ALICE  Paper in preparation

SARAH.PORTEBOEUF@CLERMONT.IN2P3.FR




J/W in the central rapidity region

PLB 810 (2020) 135758

Z 20_I T TT | T T TT I T T | T 1T I T TT I T 1T | T TT T I_
T F ALICE pp Vs =13 TeV -
<18 Inclusive J/y, |y| < 0.9, p_ integrated -
e o v, lyl <0.9, p_ integ E
23 23 -~ SPD VO -
S |8 14 * = Data ]
- — ---PYTHIA H’] .
120 L. PYTHIA, prompt E
10 —
8- -
6 =
4 =
21 =
O: | | | | | | L 111 | L 111 | L 111 | L 111 | 111 I:
o 1 2 3 4 5 6 7 8

dN/dn i<t

(dN_/dn)

INEL>0
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J/W in the central rapidity region

PLB 810 (2020) 135758

z 20:I IAll_I||CIEI T |vl_l T I1|3I-II-I ;/l T TT I T 1T | T TT T I: > J/LIJ Central
L pp Vs=13Te E L
NS 185 Inclusive Jiy, [y < 0.9, p, integrated 1 » Multiplicity measurement central or forward
27z 180 opp o - » Observed correlation not linear (~quadratic)
3|8 14- = = Data < » Similar correlation, independently of the
- — ---PYTHIA H . rapidity region of the multiplicity measurement
125 L PYTHIA, prompt E
10 =
C T Mult
8F 7
- ] I A
61 -
41 =
2__ ]
- . Mult
O_ Ll b b b b b Lol
o 1 2 3 4 5 6 7 8
dN/dn i<
TAN A SPD
<dN°h/dr]>lNEL>0 nj<14
-
voC VOA
— VOC SPD VOA e -3.7<m<-1.7 2.0<n<5.1
y
Backward Central Forward
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J/W in the central rapidity region

PLB 810 (2020) 135758

z 20:I IAll_I||CIEI T |vl_l T I1|3I-II-I </| T TT l T 1T | T TT T I: > J/LIJ Central
e pp Vs=13Te B .
> % 18 | clusive Iy, Iyl < 0.8, p_ integrated . » Multiplicity measurement central or forward
27z 180 opp o - » Observed correlation not linear (~quadratic)
3|8 14- = = Data < > Similar correlation, independently of the
- — ---PYTHIA H ] rapidity region of the multiplicity measurement
125 L. PYTHIA, prompt g
10/~ 4 » Observed correlation not reproduced by PYTHIA*
o " 1 > Better than PYTHIA 6.4 (MPI)
6 =
- . Phys. Lett. B 712 (2012) 3, 165-175
i ER- 1)
: ] L 2F O Pythia 6.4 (ly| < 0.9)
21~ . \3, 2 o O Pythia 6.4 (2.5 <y < 4)
- ] Z |Z ©a
OO |!I||||2|||||3|||||i||||5[||||(|5||||;||||8 © g I
dN,/dp i< 1 ©GsfHgg
VATV Ry I
dN _/d = ©
¢ ch 77>|NEL>0 i 8086988895
J/Lp A ) . | . . . 1 . .
0 2 4
dN/chn
-~  voC SPD VOA  |> e ML
y (dN_/an
Backward Central Forward
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J/W in the central rapidity region

dN,/dy
N dy)

INEL>0

PLB 810 (2020) 135758

—_ —_ —_ —_ N
[\S) > » [02) o
T

—
o
III|III|III|III|III|III|III|II[|II\|II

OO

ALICE pp \s =13 TeV

Inclusive J/y, |y| < 0.9, P, integrated

SPD event selection
-8- Data
— PYTHIA 8.2

Prompt J/y
CPP

--- EPOS3 (no hydro)

— 3-Pomeron CGC

: é.\\

|III|III|III‘|III|III|III|I

{17t Percolation
— . CGC /
"""""" \J /\/\
‘I‘T“I"IIIIlllllllllllllllllIIIIIIlllIII:
1 2 3 4 5 6 7 8
dN_/dn In|<1
(dN _/dn)
ch = INELSO
W
~— SPD  |—>
y
Central

» Features catched by various approaches :
» Initial state effects with modification of
gluon distribution
» Percolation (reduction of multiplicity)

» PYTHIA 8.2 and EPOS 3 (no hydro) show a
departure from linearity, do not describe the
data qualitatively
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J/W in the central rapidity region

<30 e n
@ | ALICEppis=13TeV _
~Z [ Inclusive Jiy, ly| < 0.9 N
S| 25 SPD event selection —
M = 15<p_ <40 GeV/c ]
318 s ©8<p, <15GeVic B
C i4<pT<8GeV/c ]
Z_ ® p <4GeVic $ _Z
151 E ]
10/ o =
B ] ]
B e ’]
- et =X |
S 8 T v 7
A ]
~ 0_%—%%%—’—‘—'—%‘—‘—‘—'—%% ----- g __
Sls 4F -
_5_s
3B 9 w " '
\/\ 2 u @ : - m —
3 ;e B8 0 T §
3.3 1 )

Z 2 0 g 1 1 Il 1 1 1

T2 0 1 2 3 4 6 7 8
dN/dn i<t
(dN_ /dm)

INEL>0

3 30_| 17T | T 1T | T 1T I T 1T I T 1T T 1T T TT 1T I_

Y [ ALICEpp\s=13TeV ]
LN - Inclusive J/y, |y| < 0.9 -
Q? Qg 251 SPD event selection -
%_’ 12; - Data PYTHIA p_(GeV/c) ]
~ ool B — 15 .. 40 -

[ o s 8.15 ]

N 4.8 | [+J .

151 N

- e - 0.4 @/ - : H ]

10 c{ ®» S g —

L 7 e pr a

L - i ’

i Lo :

50— B —

C e i

i | )

C s i
Ow‘rﬁl L1 | | | | L1 | 111 | | | | | | | | |
0 1 2 3 4 5 6 7 8

dN/dn I

(AN _/dn)
ch = INELSO

» Correlation varies with p; ranges of the hard probe
» Number of MPI vs. hardness vs. initial state effects to built the multiplicity
» PYTHIA describes the data for p; > 8 GeV/c
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J/W in the forward rapidity region

In the forward sectors for pp at 5.02 TeV and 13 TeV —| Charged Quarkonia |->

particles y

Central Forward

C/\> 10 _- T T T T T T T T T T T T T T T T T T -_l"
m - ALICE Preliminary -
= gl Inclusive Jiy -, 25<y <4 ¢ 1 > The multiplicity is always
o |T - Mult. classes: <t LT - .
~I|~_ £ 7T . measured in the central
3|_356F ®pp\s=13TeV . — -
SIS [ epp1s=502Tev o . rapidity class
4 .-_ "\ ,.’9““ __
b o 3 » Adepletion below mean
P T : mult =1
1.4F - . . :
r 1 » Then linear increase, with
2% ’2\5 12p E.m I.E B d + B slope compatible with 1,
SIS g N . .
% ! -PJ"* ----------- L+ ------------------ E x=y correlation
2= o8k ¢ -
0.6 F ] » No energy dependence
1 2 3 4 5 6 7 8
chh/dn INEL>0
-PREL-310 <chh/d77> [m]<1
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J/W in the forward rapidity region

In the forward and central sectors for pp at 5.02 TeV and 13 TeV

20 LELELEL I LI L L I LI L I LI I T I T I
[ ALICE Preliminary
Mult. classes: |n|<1
15k Jw—oete,ly<09 _
L % pp, \s=13TeV
Jy - pun,25<y<4
[ = pp,1s=13TeV .
10F e pp, \s=5.02 TeV -
! 1 N
[ ¥ e '
d ¥ o -
I L____.‘I*m
- “i".-'
0 :d*-—l—r 1 1 1 I L 1 I 1 1 1 1 1 I 1 1 L 1 I 1 1 1 1 I 1 L 1 1
0 1 2 3 4 5 6 7 8
INEL>0

dN,, /dn
<chh/d77> Inl<1
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Quarkonia
(e*e’)
Charged Quarkonia
— _ _ S
particles (W) y
Central Forward

Different behavior when

introducing a rapidity gap

between the multiplicity
estimator and the J/{
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Y in the forward rapidity region

Charged .
In the forward sectors for pp 13 TeV | particles Quarkonia >
Central Forward

12
ALICE Preliminary

10L pp, \s=13TeV ]

| INEL>0

» The multiplicity is always
measured in the central

Mult. classes: |n|<1 rapidity class

dN /dy
(dN / dy)

[ ®Y(1S) » u'w,25<y<4 ]

! uTh ? 1 > Adepletion below mean
6F ®Y(2S) > u'u,25<y<4 T p

: + ......... I multiplicity = 1
i g _

* ; ----- 1 » Then linear increase, with

Y B slope compatible with 1,
I T T | | | | ] x=y correlation
OO 1 2 3 4 5 6
chh / d77 INEL>0
ALI-PREL-309774 <dNCh / dﬂ) [71<1
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Quarkonia production as a function of multiplicity

2 o N 2 ST
m 18| ALICE.pp, s = 13 Tev E g - ALICE Preliminary .
ui— L x Inclusive J/y, |y| < 0.9, arXiv: 2005.11123 [nucl-ex] T—_— L Y(1S), Jly — W.25<y<4 A
~1ak : - 1 ~ 2.5 Y =, y
|16 e Inclusive J/y, 2.5 < y < 4, Preliminary = 71 P i .
o {4F ¢ T(19).25 <y <4, Preliminary * E | =2 t Mult classes: [n]<1
== [+ Y(2S),2.5 < y <4, Preliminary + \Z/ \Z/ 2 - -
'0'912:- -y =X 1 - ~ | ® pp,\s=13TeV
C o| 2 [
10F ¥ E =|=1.5F ]
8F - ¥ A4 < I +
6— Yo } ----------- = 1—"" """ + """ ... + """ L SEEERE + """""""" * """"" +-
4:_ *i _____ + ----- %H ] : :
2- *,‘*¥ _ 05- _
O:gﬂ-*‘l-?l L1 1 I L1 1 1 I L1 1 I L1 1 1 I 11 1 1 I L1 1 1 I L1 1 |- B N
O 1 2 3 4 5 6 7 8 0 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
chh / dT’ INEL>0 O 1 2 3 4 5 NeL 06
@N , /dm e dN,,/ dn

(chh /dm Vi<

ALI-PREL-309513

» Y have similar behavior as J/{ in the forward sector within current uncertainties

» No effect seen with respect to quark content or mass
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Y: What about rapidity gap ?

._lIIIIIIIIIIllllllll]lllllllllllIIIIIIIIIIII_

/mf\\ | /’: :I T T | UL ' LI | LI | T TT I T TT LI LI TT I:
é’ 7:— O pp s =2.76 TeV ﬂ _: g 7— O pp Vs =2.76 TeV —
X Vs = . z F ]
= I VSN =470 1€ i =~ [ * PbPb )/s =2.76 TeV ]
SC | cwll\1 <24 ] a 5/ I cw'|1N< 2.4 -
4;— @)y T _; o Y(18) - _:
- (Y(1S) v e . “Yasy ' .
3 " . ------ * + ] 3 '_<Y(1 S + .
- § N 9 + ]
2 g : o % E
C 6.0 ] Z " ]
£ e oMs - Lt OMS
- xS Yol <193 7 T ly 1<1.93 -
@O, JHEPO4(004)103 ), |, ] oy JHEP 04 (2014) 103 " CV ]
00 0.5 1 1-5 2 2.5 3 3.5 4 oo.ﬂ'l (I)lsl 1 11 ‘ll 111 I1|5I 1 1 I2|I 1 1 I2|5I 11 I3|I 1 II3|E,I 1 1 I4|.I 11
mi<2.4, ,\ Mi<2.4 . . . .
Niracks /<Ntracks )total EEPI > (E_Tl >4>tota|
» CMS observes a strong increase of Upsilon > Linear behavior measured for forward E;
states in the central rapidity region (pp 2.76
TeV) Y
» Qualitatively similar to what we observe for — E Niracks Ey >
J/P and D mesons in similar rapidity region Backward Central Forward

SARAH.PORTEBOEUF@CLERMONT.IN2P3.FR 30




Y: What about rapidity gap ?

A | | | | I I l !
Z 12 STAR p+p @ 500 GeV |y|<1

® (19 p,>0 GeV/c

¢ Y(1S)p >4 GeVic

8! [l PYTHIAS STAR HF tune Y

[ PYTHIAS STAR HF tune Y p >4 GeV/c

— N —>

Central

STAR observes in pp at 500 GeV
in central rapidity region a
deviation from linearity which is
not significant with current

— Percolation model J/y

2
STAR Preliminary uncertainties
| | |
00 0.5 1 1.5 2 2.5 3 3.5 4

Ncr/<Nch>
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Exited to ground state ratio ?

. p
oS dHEPOMQUOY _CMS Preliminary 4.8 fb (7 TeV)
w F ] -
go 45f CMSpp Vs=276TeV  CMSpPb |5, =5.02TeV ] 30_5_ pT(w)>7 GeV, ly(uu)l<1.2
@ [ o rxESTIS) ® T(2S)Y(1S) > i
;0'4:_'?1'38/1'18 ® Y(3S)/Y(1S E —~~ B
035:_ OIS oS A UC) 04_— e Y(2S)/Y(1S)
. o - N i + *Qé
0_3:_ IyCM|< 1.93 E P - ’, 4 .
: + 1 sl e E%E@ D E+j
0.25[- (% * E :
02 : ' bt 4 oo th. - Y(3SYY(1S)
o.15§—¢+ — T ‘
= g E i !
0.15 + Bl . 0.1_—
0.05F 43 . :
Oo:l L1 I L1 1 I L1 1 l L1 1 I L1 1 I L1 1 I L1 1 I L l: O_ | | | I ' \ \ | . . . I . . | | | . l I ' l I I I l I
20 40 6 S0 100 120 140 0O 20 40 60 80 100 120 140
Nlracks N1H<i4
racks

» CMS observes in pp at 2.76 TeV and 7 TeV and p-Pb at 5.02 exited
to ground state disappearance in the central rapidity region,
confirmed by analysis with sphericity and kinematic region of VI S
multiplicity (forward/backward/transverse) y

Central

Y
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Y: Exited to ground state ratio ?

> ALICE observes same behavior as a

e L

o L ALICE Preliminary : function of multiplicity for the 1S
Z i <
_——25F Y(15),Y(2S) - wu,25<y<4 ] and 2S states

ol o [ ]

ol = | Mult classes: [n]<1
212 2r 13 TeV 7 » Caveats to compare to CMS: not
~ [~ - [ = .

| @ [ Pp. 18 © ] exactly the same observables,
2; 2;1 5— ] definition of multiplicity, INEL>0

o St I

e a physics phenomenon:

: 55 hadronization of Upsilon,
] dissociation in final state
’ 1 . ° 4dN o/ d5n INEL>06 * adefinition of the
. @NC—/dm " observable (multiplicity
- Charged _ on estimator)
| particles Quarkonia —;
Central Forward

SARAH.PORTEBOEUF@CLERMONT.IN2P3.FR 33




Y: Exited to ground state ratio ?

o 3 T T T T I T T T T I T T T T I T T T T I T T T T I T T T T 3
_‘/\ : .. : /\A/\A -lllllllllIllllllllllllllIllllllllllllll-
2 [ ALICE PreI|m|nar+y_ : s‘g 5’;1 [ CMS data from: doi:10.1007/JHEPO4 (2014) 103 ]
/\;\(7?5 F Y(1S),Y(2S) »p'p,25<y <4 . Z [Zo5F Y(8)rE@) >y, 1<1.93 ]
2% ZE [ Mult. classes: |7|<1 PN P Mult. classes: Inl>4 ]
2F : Sl of ]
\\/ \\/ L ® pp,\s= 13 TeV ZP 2>~ 2: ® pp, (s=2.76 TeV :
nl o [ ’ 1 [ — stat+syst uncertainties
g ZE;] 5 - N 1.5 :— —— Linear Fit, const: 0.99 ‘:
| U S S — O S S S
+ ¢ |
0.5 . 0.5F .
O:IIIIIIIIIIlllllllllllllll'l'l: O:lllllllllllllllllllllllllllllllllllllll-
0 1 2 3 4 5 NEL 06 0 0.5 1 1.5 2 2.5 3 3'5|n|>4 4
dN,, /dn |NE> =
TAN 7 AN Inl>4
@AN_ /dm) e (E]7)
% ST T T T T T
8| 2 [ oMS data from: doi-10.1007.HEPO4 (2014) 103 ]
2 \2/2.5:_ Y(18),Y(28) > ly_ 1<1.93 .
\E’u? \@ F - Mult. classes: Inl<2.4 ]
S| 2 o o i-amsrey ] » Replotting CMS results as double ratios
[ — stat+syst uncertainties E
5 — ot . sope: .04 : » Decrease not excluded by ALICE results

0 i 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 ]
6 05 1 15 2 25 3 35, .4
Ntracks

< Nlnl<2.4 >

tracks
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W(2s) in the forward rapidity region

OA 8 C T T T T T T T T T T T T T T T T T T T T T T T T T T T ] ? 1.6 [T T T T | T T T T I T T T T | T T T T | T T T T T T T ]
%_ 7E  ALICE Preliminary, pp, Vs = 13 TeV #j_ g 15E ALICE Preliminary, pp, Vs = 13 TeV E
zE;ijl6;_'1|f(2S)ap,L;,r,2.5<y<4 ‘ E \}/\\}1.4;°J/1|I,\|I(2S)euu‘,2.5<y<4 _
2@} 2§ 5 _ yx ¢ _ Za 3@ 13 _ -~ Constant fit: C = 0.996 + 0.022, x%/ndf = 2.11 _
O | 4 :_ \:I Systematic uncertainty /,/ _: N N C — Linear fit: Slope =-0.045 £0.018, lendf =1.47 ]
R Oy ] ST 12F E

r 9. ] =l - ]

° ; MRl :

1 ke = » E

F o ] 091 =

0 R - C ]
s|51.4F 0.8 -
3178 1oL [+j 7 - ]
2=z ' ] . -
R | ! B I - E«’a -------------- 3 0.7 E []Systematic uncertainty 3
N N 08 f_ _f 06 Coovov v b v v by b by by T

< %0 N 3 0 1 2 3 4 o INEL o6
=z o 1 > 3 4 5 6 (ANg/dn |7

|3 chh/dn INEL>0 <dNCh/d7]> n1<1

» W(2s) over J/W double ratio to be investigated further at RUN3
» Potential dissociation not excluded

Charged '
o particles Quarkonia >
y

Central Forward
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Changing system: p-Pb to Pb-Pb

N L ' I i
ST gl ALICE b
E E L Jy -t J
515 L p—Pb, \ISNN =8.16 TeV I:l:l A

~ L e 203<y, <353 (p-going) P

6 ® -446<y__<-296 (Pb-going) —
- 25<y <40 L 1
T A pp,(s=7TeV E@ 7
B * Pb-Pb, \,SNN =5.02 TeV ]

4 — [ m R W -
B ’ (- 7
= + 1% norm. unc. not shown at 8.16 TeV |
B + 1.5% norm. unc. not shown at 7 TeV

| 1 L 1 |

4 6
dN,, / dn
(dN_ 7dn)

Inl<1

Charged .
o particles Quarkonia
Central Forward

-4.46<y,_ <-2.96

» Similar behavior from pp, to p-Pb (Pb-going) to Pb-Pb

» p-Pb (p-going) presents a different trend

SARAH@CLERMONT.IN2P3.FR




Changing system: p-Pb to Pb-Pb

>’ /gﬁ - ALICE - 8 T ‘ T T T | T T T T
O | | _ Z r b
s 8& Iy o ] = 8l ALICE, p-Pb, (s, = 8.16 TeV i
_ - ENIENEE S N w -
SIS F P-Pb, sy = 8.16 TeV ! = OIS b liawey <29 (Pb-going) ]
~ - e 203<y_ <353 (p-going) R —[~ L A0S Y s < T going i
B~ ® -446<y__<-2.96 (Pb-going) i 2 |t daa I:':I L
r 25<y, <40 7 ~ 6 [~ | EPOSwithout hydro 7
A pp Vs=7TeV @] ] i ) ]
. = % Pb-Pb, \/S_NN _5.02TeV - i EPOS with hydro ]
_ e = _ af f
- [y - e . B ]
— 2 - —
+ 1% norm. unc. not shown at 8.16 TeV r i.”li ‘ + 1% norm. unc. not shown N
+1.5% norm. unc. not shown at 7 TeV | P L | | 4

) | ) ) ) | ‘ O B 1 1 | 1 | 1 1 1

4 6 0 2 4 6

dN,, / dn NP

dN_ /d — o’ -
il AN Td e

<chh / d7]> Inl<1

(=] T T T I T T | T T T ‘ T
1%}
-~ ALICE, p-Pb, |5, = 8.16 TeV

> />\~. 8 Jhy -t

3 3 2.03< Yome < 3.53 (p-going)

2|12 + data

EPOS without hydro

» EPOS3 describes this kinematical feature

EPOS with hydro

+ 1% norm. unc. not shown

| | | | 1| | ‘ LN | -

dN,, /dn NP
AN, 7 dm) e
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Open questions

* Behavior with respect to energy and multiplicity
-> event with same multiplicity in final state are (or not) similar (500 GeV up to 13 TeV)?

* Behavior with respect to systems
-> event with same multiplicity in final state are (or not) similar (pp vs. p-Pb vs Pb-Pb)?

Behavior with respect to the nature of the hard probes (quark content, production
mechanisms, closed vs. open charm/beauty)

Behavior with respect to the hardness of the hard probes (invariant mass, p; bins)
* Behavior with respect to the multiplicity estimator

What is the elementary building block of hadronic interaction, MPI vs. nucleon-
nucleon, is there a continuity from pp to AA and energy?

Caveats, discussion should include also < p; >, multiplicity studies, DPS, centrality
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Conclusions

» Essential to understand the building of multiplicity in hadronic collisions, connected to
hard processes, especially for quarkonia

» Need to understand the initial state of hadronic collisions and how the multiplicity
is built up to the very high multiplicity sector (pp vs. p-A vs. A-A)

» New observables, soft-hard correlations in pp collisions

* Within current uncertainties : no energy dependence, quark and mass content at forward
* Rapidity configuration of the measurement (multiplicity and quarkonia) plays a role : linear
or quadratic

» Strong impact on event generators : MPI vs. jet fragmentation vs. saturation vs.
collectivity

» To be continued in RUN3
* hadronic activity around quarkonia and fragmentation function

* increase of statistics and new opportunities like sphericity, event
classifier (R;)
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Dissociation in final state ?

» Not directly MPI studies, but related physics that this kind of observable can help to
answer :

=> Creation of a high multiplicity environment: potential dissociation of exited
state with a comover like effect

> Related measurements

* Upsilon exited states suppression with CMS

* Not clear if it is a final state effect (dissociation in dense environment)
or initial state effect (production, MPI (hardness bias), hadronization)
* Compare with J/W in the same rapidity region

=> See recent ALICE measurements for J/W and Y at forward

* Psi’ suppression at RHIC in d-Au and LHC p-Pb rEP 12 (2014) 073)

* Measure W in pp 13 TeV vs. mult and compare with J/W in the same rapidity
region
* Compare W’ from different systems and energy at same mult and mean mult

SARAH.PORTEBOEUF@CLERMONT.IN2P3.FR 41




Event generators

Goal (dream ?) :

» To reproduce entirely an event : particles in final state with all properties
» Should give access to exclusive observables

» Different from a calculation/computation usually inclusive and for one observable
(for example p; spectrum in pp -> J/¥ + X)

Strategy :

* Initial state

e Elementary interactions : soft, hard, both?
e Radiation

* Remnants

* Multiple interactions

e Underlying events

* Particle production (string picture)
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Why to use them ?

» Simulate events for detector/analysis purpose
s Generate events for corrections

e Test an analysis process on MC data prior to real data

e Test your comprehension of your detector
(MC = Event generation + Geant simulation of detector)

> Model Comparison

* If you look at inclusive observables,
maybe there is a model on the market that will be more adapted

* If you start looking at exclusive staff : particle correlations, soft vs. hard, ...
Event generators trying to [reproduce all aspects of the event could be of interest

New observables in quarkonium production
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Quarkonia and HF vs. charged particle multiplicity

» Comparison with PYTHIA 6.4

" ALICE pp \s = 7 TeV *  Tune PERUGIA 2011

B Uy (25<y <4) * Direct J/W production only

e Jy—ee(ly<09 L] J/W produced in initial hard interactions

dN,,/dy
(dN,, /dy)

i Normalization uncert.: 1.5%

5l Trend not reproduced by PYTHIA 6.4
[+j MPI without charm in subsequent interactions
MPI ordered in hardness

) BE
i = — O Pythia 6.4 (ly| < 0.9)
Ll \2, 2 O O] Pythia 6.4 (2.5 <y < 4)
- L Z |2 ©g
T |©O
'1 1 1 | 1 1 1 l 1 1 ~ 1 i @ @ 8
0 2 4 : "Bagy )
Phys. Lett. B 712 (2012) 3, 165-175 i g
chh/dT] i D%@@BSBQD
(AN fam) 0 5 i
Phys. Lett. B 712 (2012) 3, 165-175 chh/dn
d Nch/dn)
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Quarkonia and HF vs. charged particle multiplicity

JHEP 1509 (2015) 148

different sources

N
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Quarkonia and HF vs. charged particle multiplicity

JHEP 09 (2015) 148
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PYTHIA simulations for new quarkonia measurements

PYTHIA 8.230, pp Vs = 13 TeV, nondiffractive events

~ 20T
3|2 18- v (y<0.8) E . . _
S|_3S (sf —*— inclusive 7 » Latest PYTHIA version, continuation of
Z’[=z° 8t _«— NRQCD g . . .
© 12 145 _= cluster collapse . previous woks at 7 and 8 TeV, identifying J/W
10:_ """" Iinear _:
8F £ —_| > Different contributions,
j; ' E Inclusive in black is the average
2f E
Y1 T2 3 s s e 7 PYTHIA 8.230, inelastic events
dNCh/dn >‘ />\‘ 20_| T TT I T T 1T I T T 1T I T T 1T I T T 1T I T 1T I T 1T I T 1T T 1T T I_
(Inl<1) TR, F Y(nS) (2.5<lyl<4.0) E
<chh/C|77> %_’ %ﬁ 185 —e— inclusive .
. T OBE e y(1S) E
» For Upsilons, the three states b —m v E
b Y(@S) E
» Similar conclusions for both, difficulties Wb T inear 3
to reproduce dependence up to high s 1y T =
mult of ' =
4= =
2 =
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Plot: courtesy of Steffen Weber arXiv:1811.07744 (dN_/dy)
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S GDR QCD 1-2 June 2017 IPNO — Klaus Werner — Subatech — Nantes 27

Increasing  (dn/dn(0))
corresponds to increas-
ing Npom. With QS(Npom)
dn/dpy => Increasing

« Recent development : EPOS 3.2 small Q => Earger meerons

=> harder strings

large Qq
=> é%
Pt

=> more high pt particles
=> Strong increase of (p;) with (dn/dn(0))

Slides stolen from Klaus Werner Parton distributions
https://indico.in2p3.fr/event/144 38/

GDR QCD 1-2 June 2017 IPNO — Klaus Werner — Subatech — Nantes 29 GDR QCD 1-2 June 2017 IPNO — Klaus Werner — Subatech — Nantes 30
EPOS 3 compared to ALICE data EPOS 3 compared to RHIC data
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S GeVic oo S | v Increase
5 =5 t
A - hydro on/off QQ - 0o’ stronger
= i has small effect = B than at LHC
i eee diagonal L et
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Building multiplicity: Final State Radiation for
quarkonia ?

s 20— RRRERRES e » s the different behavior in different
g [ ALICE Prehmmary | . . .
= [ Mult ciasses: i<t - rapidity region of the quarkonium due to
NN r e 1 . . . .
S el (o ) the hadronization in final state?

> = ’
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% -\% I -pr:t,\s=H1u3TeV g +

10 e pp, 1s=5.02 TeV -

| —— AU
st JAEE. S
: ad ]
__,;*f'IIIIII
T S RS S TN *\ I
chh / dn INEL>0

AN, /dm g

ALI-PREL-310724
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Building multiplicity: Final State Radiation for

quarkonla ?
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> |Is the different behavior in different

rapidity region of the quarkonium due to

the hadronization in final state?

A
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voc
-3.7<n<-1.7

+6%/-3% normalization unc. not shown |

F = 3%unc.on N, /(N_) notshown
Lo T | I | | i ‘"')l |

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

s 0.2 3
T e — e

'$ G; e -

g-o2F T e

o -04 3

VOA
2.0<n<5.1
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» Not only quarkonia and open heavy flavour

P 45 _l 1T | LI | L L | LI | 1T | T TT | L | LI | rrTT | 1T I_

. = ~ ALICE preliminary, pp \s = 13 TeV N -

» Some examples : ° 40 Mic-pseudorapidity mult.classes (7] < 0.8) S
5 - h' b, <0.8 P 3

(\IZ 35__ I2<pT<10GeV/C /I ,, 1

* Charged hadrons © ~ 0 4<p <10GeVic vy ]
~ - " 6<pT<10GeV/C ’l ,I E 3

= 30 P —

. < — 1 / .

* Strangeness ongoing ° o5F .. CONJanyisy E
5 - = 6.49 + 0.19 -

> - - -PYTHIA 8 (Monash)  6.87 3

N 20 R e

~ = ]

15 III =

: - EI .

- @lIl 3

10 5@4:-: =

- @' fa Uncertanties ]

S5 Py —— Stat. —

- P ] Syst. Uncorr. .

0 1‘[—]4 —I FI 1 l 111 1 I 1 1 1 1 l 1111 I 1 1 1 1 I 1 1 1 1 I 11 11 I 1 1 1 1 l 11 IJ:

0 1 2 3 4

(&)

6 7 8 9
dNgy/dn / (dN  Jd ) =0

ALI-PREL-137044 71<0.5

—_
(@)
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Y direction

T
3

Transverse

Forward

3
Interactinon
Point
Backward '
2t Transverse
3
(a)

CMS-PAS-BPH-14-009

0.4

Y (nS)/Y(1S)

0.3

0.2

0.1
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CMS Preliminary

4.8 ' (7 TeV)

—e— Y(2S)/Y (1S) Forward

P (u)> 7 GeV, |y(up)|<1.2

L L L LY NP Py L P 0 GLAL L L L
B
L

-=-Y(3S)/Y(1S)
—%— Y(2S)/Y (1S) Transverse -+ Y (3S)/Y(1S)

—4— Y(2S)/Y(1S) Backward -A Y (3S)/Y(1S)

0 10 20 30

(b)

40 5
Nh]|<2.4

tracks
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Multiple Parton Interaction (MPI)

ALICE
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

YV V VY V 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

N

=> Test interaction between hard component and soft component in pp
collisions : full collision description, color flow, energy sharing.
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D-mesons in pp collisions at Vs = 7 TeV

ALICE
» Comparison with PYTHIA 8 ~ 10
%“ 9 E_ Average D-mesons, |y|<0.9 _E
Improvement of MPI scenario a YE =k First hard process 3
(charm in subsequent MPI) % 8 —¢—mA E
= E  —¥— Gluon Splitting from hard process -
Vari S N 7E = ISRFSR ... =
s contributions to the total D-meson E 3
arivus | T 6 wewrTe T =
production =P PYTHIA8.157 Simulations SOFTQCD =
S 5 E"MP1On / FSR On /1SR On / Golour On :*— == =
* First hard process: flat 4E il B =
« MPI, ISR/FSR, gluon splitting increase trend 3 ;‘ o :E:-f-"f' _%_ Y _;
with increasing multiplicity 2F = _+_ o =
(g Ttttk T E
In question: relative amount of each contributions ;# | | | | | =
Major contribution (~60%) from ISR/FSR % 1 2 3 4 5 6
dN_ /dn/ (dN /dn)
3 2O e ey S sorrace | o e T ! o
B . imulations .
8 [ MPIOn/FSR On/ISR On/ Colour On PP @ Vs-7 TeV ]
Z= b IR e 1 Slices with the total number of MPI in the event,
T 2r I D, |y|<0.9, 3-4 MPI -y ]
A D. [¥|<0.9. 5-6 MPI rouped by 2
N i ] BOEREENY
T = | | 1 Red (no selection) is the sum of all contribution
T = e 4 :
S T I I T 7] Each slices has almost the same weight in the total
= - :%;:p- %ﬁb— J s 1 contribution
. Al fﬁ"ﬁ:- - 7  Zoom on the different contribution
_ TR e T - . :
051 g™, o A | - What we expect from MPI: addition of MPI built
Ve i e = i T : the multiplici
1 . plicity

chh/dn/ (dN /dn)
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Quarkonia and HF

vs. charged particle multiplicity

PYTHIA 8.183

e All contributions for J/W
production
Works pretty well

e Up to Event activity = 3 only

NJ/\;!

Rongrong Ma, Hard probes 2015

A =
z§12 ~ p+p collisions @ 500 GeV
vV L x STAR: J/y—-u*y, |y|<0.5, pT>0 GeV/c
_ x STAR: J/y—e'e), |yl<1, p_>4 GeV/c
10_ ' PYTHIA8.183 default: p >o GeV/c
~ == PYTHIA8.183 default: p >4 GeV/c
g— — Percolation model: p >0 GeV/c
6 STAR preliminary
4__ ,.-?::."‘._: ..........
2 __ - ——od B
= .-.-.'-;".”..._.’;;-Si.-. a '.S’TAR data points
R s, e I et ."T‘T’f“f"fg i \ (".' st AP
0 0.5 1 1.8 2 3 4 4.5

Event activity \




Understanding quarkonium production in
dense hadronic environment

» In the quarkonium sector a large fraction of LHC Runs 1+2 results are linked with the
associated event activity

» But, quarkonium production are not yet understood and no theoretical knowledge about
guarkonium fragmentation function, poor implementation in MC event generators

» A key measurement is quarkonia in jet, see workshop Quarkonia as Tools*

» First measurements from CMS: J/i less isolated in data than in PYTHIA 8

pp 27.39 pb™ (5.02 TeV)

pp 27.39 pb™ (5.02 TeV)

81— : : . 81— : : .
Jot axis 75 Prompt JAy CMS : 75 Prompt JA CMS ]
E 1y, <16 Preliminary ] F[16<ly, <24 Preliminary ]
6E 65<p_, <35GeV ] 6 3<p_, <35GeV 1
Sy <24 “=Data Y T<24 “=Data
N F yjet ! =+ PYTHIA 8 ] N F yJ'et ’ =+ PYTHIA 8 ]
o 5 25<p_ <35GeV - S 5 25<p_ <35GeV ]
E F T,jet 1 E F T,jet
T 4F = T 4F -
™ [ i ol L i
u ] u —t—
2- = ] 2r - :
11 N e T
= =] F —{— ]
0 ! | | Cl ] ot Lo o \ N
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
4 4
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Looking for the proper scaling quantity

» To go beyond the Glauber model for heavy-ion and avoiding normalizing by N,

» To have a quantity system and energy independent
» What is the best system size estimator?

> Multiplicity is the measured quantity (caveats: experimental estimator has to be well
defined)

> Multiplicity is protected from theoretical biases (N ., N, from Glauber models ...)

part’

> But hard to compare to formal calculation and first principle

Bjorken estimates Multiplicity per volume unit
nm 3 dNCh NCh

e~ —
ToA2 dn =0 R3

Problem of the definition of the normalization size in pp and p-Pb (A or R or ?)
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The transverse activity classifier

Leading-track

L ALICE Preliminary

| Uncertainties: stat.(vertical), syst.(box)

Events described as the association of:
* Aleading hard process
* An associated Underlying TRANSV”?
Event (UE)

ALICE Preliminary

—_
o

5< p':a"‘"g < 40 (GeV/c)

p‘Tfa°k >0.15 GeV/c,|n| < 0.8

1/Ng, dN,/dR;
57 —_

1072 PP 1s=13Tev
EEData
107 E=— pYTH|A 8 Monash 2p13 %
1ot S EPOS|LHC "
L S S e aese -
ie) ;
o
R S e e
o5 9 w L
0 1 2 3 4 5
— RT

sum-p_ density
— pp@13TeV
—- published pp@7TeV -

— Pythia8(Monash2013)]
p,> I0.15 G?V/c anf:i nl < 0I.8 . IIEPOS-LIHC . —

Transverse region

2EUETVI7TeV L Pythiag/Data T EPOS-LHCData

Ratio

1 TF e e e m—e—— - =
5 10 15 20 25 30 35 40
P72 (GeVic)

» The transverse activity classifier R; built as a
jet-free multiplicity estimator

N inclusive

= |
(Ninclusive> ransverse

Eur.Phys.J. C76 (2016) 299

Ry

» R; classify events in term of high or low UE
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Double Parton Scatterings

» ldentification of events with two hard processes

» In the DPS formalism they are independent (MPI) and factorize

A B
AB m O-SPS O-SPS m=2 when A and B are distinguishable
Opps = —— ———— m=1whenindistinguishable
2 O-eff

» Universality of g, in question

> Linked with MPI formalism and also with nucleon structure [JHeP 10 (2016) 063 ]
__JHEP 06 (2017) 047
i Q [ T

L o e e B S S S S |

. . . C\& F —+- Data = =~ E —+- Data E

> Potential signals with 4 leptons: J/Yp 2>} wLuchi3tev /A o T 3 2 F LHCH 13Tev o Tt
0 F 1+ Jfps 4 = F Iy + by

+IYIY+ Y, MY+ W, I +Z, Y +Y e — bhat I

LZ 3000 :_ A J/d’l +bkg _: LZ 3000 :_ """ J/i/h +l>kg -

bkg + bkg bkg + bkg

- 2000 F

» I/ + D mesons, measured by LHCb 2000

\
1000 F + s 1000 £
. . . £ 4 L | =
with D in the hadronic channel o
3000 3050 3150 3200 3000 3050 3150 3200

M(ufpy)  [MeV/e?] M(pzpy)  [Mev/e?]
» Require to investigate physics potential and feasibility with ALICE in Run 3 conditions:
with muons only, with muons + electrons, with muons + hadronic channels

» Possibilities should be enhanced by the continuous readout
The MFT will specifically improve the signal/background for channels where the signal is composed
of prompt muons. First study by D. Stocco and P. Bartalini

[PRD 90 (2014) 111101 , JHEP 1409 (2014) 094, EPJC 77 (2017) 76, JHEP 06 (2017) 047, JHEP 10 (2017) 068, PRL 116 (2016) 082002, JHEP 05 (2017) 013 ]
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MFT as a multiplicity estimator

> In addition to muon tracks, MFT will measure unidentified tracks

» Clear benefit for study of hard-soft correlations, like quarkonia vs. multiplicity, with a

multiplicity estimator in the acceptance of the hard probes

» Reaction plane measurement

—

A

>

o

(e]

* ' Q\é\"’ 0.8
z ,\00

1

x,b ¢

om

» Excellent reaction plane resolution with the
MFT, thanks to its high-granularity and the 0.2
possibility to perform a standalone tracking

4

a
o

(qV] IIII|IIII|IIII|IIII|IIII|IIII

_ ALICE Simulation
_ Pb-Pb,\ s, =2.76 TeV

A
¢

Backward n:
A MFT Upgrade
® TOC+ Upgrade —
© VoC i

Forward n: |
e TOA+ Upgrade —
= VOA+ Upgrade |
o VOA

(eXCIUdingContaminationSfrom nOisyCIUSterS) O Ca b b b b b b b b L

0O 10 20 30 40 50 60 70 80 90 100
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Opening possibilities for correlations in final states

» LHC results point to a need of a full tomography of the final state, understanding links
between the underlying event/bulk/soft part and hard components

» First measurements performed with Run 2 data at mid-rapidity for open heavy flavours

» Underlying event studies with a “muon” as leading particle

¢=0
.I_’_‘ C T | T T T T | T T T T | T T T T T
el
g L ALICE Preliminary _
H 3 pp Vs = 13 TeV, 0-0.1% VOM _
-Ag A +Agp 8 '27 - ¢ Jiy-hadron correlation -
=° T [ syst. uncert. B
Toward |A¢p | <60° © = F global syst. uncert.: 7% ]
—|<a C —
I 2 _
Jhp L 2p i
£ COENTL e 1
. . ?

< < - _
Transverse S 1 1 —
| Wyl <05 PYTHIA 8 (Monash 2013 tune) ]
Away|Ag|>120° L 5<Pr, <30GeVic —incl. J/y (x1.3, scaled to data at ©/2) |
0= 1 <Pr o0, <30 GeV/C --= prompt J/y (x1.3) —
Charged particles r Anl<0.2 -== non-prompt J/y (x1.3) a
Coevv v v v v b by v v by v v b 10

0 0.5 1 15 2 2.5 3

Ag (rad)

» Opportunities to be investigated in the muon channel with the MFT as a vertexer
and a multiplicity estimator
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Opening possibilities for correlations in final states

» LHC results point to a need of a full tomography of the final state, understanding links
between the underlying event/bulk/soft part and hard components

» First measurements performed with Run 2 data at mid-rapidity for open heavy flavours

» Spherocity analysis connected with hard probes

4 = Q‘n 6_|\||||\||||\||||\Illl\l\lllllllll\llll\l IIIIIII \_
3 An 4 a2 L ALICE Preliminary ]
A 3 r\ 4 7 5 5 pp, \s =7 TeV .
\2,'_ 50 ly| <0.5 ]
o Q C D° - K =* (and charge conj.)

- ° B
4 g 4 — 30< Ntsr:é:l)dels <81 —

'S qo —®— 2<p < 4GeV/c

}k V\‘ ' g r —®— 4<p < 8GeVic ]
k ’% 3_— —4— 8<p, <12GeVic 7
SO - O SO 9 1 o § - |:| Systematic Unc. 4

B = C

) < 2F

2 5 A Y E

So = ™ tning(pn 0 [ ZPT 2 F

- i = nx,"y,o T A Q
4 2 P 3 1
o
ws P 2 L
S, = 0 "jetty” limit (hard events) % 0

U 1 "isotropic” limit (soft events) 0 0 10. 2 0. 3 0. 4 0. 5 0. 6 0. 7 0. 8 0. g 1

Measured Spherocity (S.,)

» Opportunities to be investigated in the muon channel with the MFT as a vertexer
and a multiplicity estimator embedded into the ITS
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