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Heavy flavor vs. multiplicity

* Good observable related to the underlying event accompanying heavy-flavor production in pp
collisions.
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* Good observable related to the underlying event accompanying heavy-flavor production in pp
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> Connection to Multiple Parton Interactions (MPlIs)
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7/

+* Helps to understand the strong hadronic activity associated with heavy-flavor production.
e.g g->ccbar, gqbar ->ccbar etc.
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Heavy flavor vs. multiplicity

* Good observable related to the underlying event accompanying heavy-flavor production in pp
collisions.

> Connection to Multiple Parton Interactions (MPlIs)
> Connection to final-state effects (color reconnection etc.)

7/

+* Helps to understand the strong hadronic activity associated with heavy-flavor production.
e.g g->ccbar, gqbar ->ccbar etc.

O/
L. %4

In particular, these measurements help in understanding the interplay between the soft and hard
mechanisms.
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J/Y(D) meson vs. multiplicity in pp collisions
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JHEP09(2015)148 (ALICE Collaboration)

¢ ALICE has measured D mesons and J/{ as a
function of multiplicity.

+»Mid rapidity J/{(D) yield (| n|<0.9) vs. mid
rapidity charged particles (| n]<1.0)

Observation:

>A stronger than linear increase towards higher
multiplicity

» Forward rapidity (2.5 < y < 4.0) J/{ yield vs.
mid rapidity charged particles (|n|<1.0)

Observation:

> Nearly linear increase

% The increase of J/Y and D meson yield with multiplicity reveals that MPIs are relevant for J/y and D

meson production.

* The higher multiplicity reach for pp collisions at Vs = 13 TeV might help to provide further insight.

ALICE
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VO
Triggering

TPC
-0.9<n<0.9
Di-e: p; >0 GeV/c
Single-e: p; > 0.2 GeV/c
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The ALICE Detector

EMCAL

High momentum electron
Triggering
PID

ITS (SPD+SDD+SSD)
Tracking

Vertexing

Multiplicity (|n| < 1.0)

Charged-particle multiplicity is
measured using the number of
SPD tracklets in [n|<1.

IO(Y) — prpr

MUON
-4.0<n<-2.5
Di-u: py >0 GeV/c
Single-p: p; > 0.5 GeV/c
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Charged-particle measurements

% Charged-particle multiplicity is measured using the number of SPD tracklets in Inl<1. Acceptance and
efficiency effects for the SPD have been corrected using a data-driven method.

@ 10 T T T T T = ™ L L B B B I L I
= ALICE Performance T 102 ALICE Performance
5 10 pp, V5 = 13 TeV E 3 pp, Vs =13 TeV E
2 ] 2 10°F E
s 107 i 8 5
raw ] n 1074F .o NAW =

42 1074 . NTrackIets . = Trackletz E
g 5 . eorrected ] 2 10°°F °N (;?:jj:s E
o 10 Tracklets g L 3
o Wy f 10°F 1

107° Minimum bias 2%, = Muon trigger Ay, E

. ] 107k 2 E

107 i LI 2 e . ]

I I I ! bbbt il = 10 ST

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

N Tracklets N Tracklets

dthakur@3' HF Meet-2019, Indore, India

ALICE



Charged-particle measurements

% Charged-particle multiplicity is measured using the number of SPD tracklets in Inl<1. Acceptance and
efficiency effects for the SPD have been corrected using a data-driven method.
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« The conversion function from corrected-Ni« to dNcw/dn, “ 7, is estimated using Monte-Carlo simulations.
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Charged-particle measurements

% Charged-particle multiplicity is measured using the number of SPD tracklets in Inl<1. Acceptance and
efficiency effects for the SPD have been corrected using a data-driven method.
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Counts

Signal Extraction

Dimuon, pp at Vs =13 TeV
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Fitting procedure based on
> Signal:

Extended Crystal Ball function

> Background:

variable-width Gaussian function

Dielectron, pp at Vs =13 TeV

G B T T T T T T 3
= e Opposite Sign ALICE Preliminary ]
g 100? ® Mixed event pp \s =13 TeV =
Q 4 Like Sign | lY|<°~:N E
= 80 655 vl _gg
8- { i (chh/dr])
1 4
» B 1y I\ + N
< 60 + | 1 —
SO0 I dtedlln) | | ]
3 LLasWTPOeLL *
S 4o ;&éa‘ v “M"ﬁ% E
) B -
L) 4 =l
C 1B sl b1
o T ey
9 e+ s b e
< 50 e Signal 4
> E —MZ Ny, 108+20 3
= 40F + sB: 04%01
=4 E /Il 1 Signif.: 5.3 +0.9 =
< |
¥ 30 | E
& ook I E
2 20f L B
S 10f [t (I hid il L4
Q El { + + L =T+ X [Tt 4 + 13
el e i B B e i e
g 11t HEST T3
-104-¢ t 1 B - _;
= 1 1 1
32 34 36 38 4

2 52 54 26 28 3
m,., (GeV/c?)

> Signal:

bin by bin counting in 2.92 - 3.16 GeV/c?

> Background:

Subtracted using normalized
like-sign pair distribution
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J/iy vs. multiplicity in pp at Vs =13 TeV

* Highest ever multiplicity reached by ALICE in pp collisions
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* Almost linear scaling of relative J/{ yield with relative charged-particle
multiplicity is observed.
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J/iy vs. multiplicity in pp at Vs =13 TeV

* Highest ever multiplicity reached by ALICE in pp collisions
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* Almost linear scaling of relative J/{ yield with relative charged-particle
multiplicity is observed.
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.
e Faster than linear scaling with multiplicity for J/{ at mid-rapidity in pp at vs = 13 TeV

Pi.e. w/o rapidity gap between signal and multiplicity estimator
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.

e Faster than linear scaling with multiplicity for J/{ at mid-rapidity in pp at vs = 13 TeV

Pi.e. w/o rapidity gap between signal and multiplicity estimator

¢ Introducing a rapidity gap: significantly reduces deviation from linear multiplicity scaling

ALICE
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.
[ J

Faster than linear scaling with multiplicity for J/y at mid-rapidity in pp at vs = 13 TeV

Pi.e. w/o rapidity gap between signal and multiplicity estimator

¢ Introducing a rapidity gap: significantly reduces deviation from linear multiplicity scaling

¢ Sign of autocorrelation (e.g. jet bias) w/o rapidity gap between signal and multiplicity estimator
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.

e Faster than linear scaling with multiplicity for J/{ at mid-rapidity in pp at vs = 13 TeV

Pi.e. w/o rapidity gap between signal and multiplicity estimator

¢ Introducing a rapidity gap: significantly reduces deviation from linear multiplicity scaling
¢ Sign of autocorrelation (e.g. jet bias) w/o rapidity gap between signal and multiplicity estimator

e Physics scenario such as saturation would influence differently HF production at mid or forward rapidity
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Vs and rapidity dependence of J/y vs. multiplicity
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e Similar trends observed for forward-rapidity J/J in pp collisions at Vs =5 and 13 TeV.
e Faster than linear scaling with multiplicity for J/{ at mid-rapidity in pp at vs = 13 TeV

Pi.e. w/o rapidity gap between signal and multiplicity estimator

Introducing a rapidity gap: significantly reduces deviation from linear multiplicity scaling

¢ Sign of autocorrelation (e.g. jet bias) w/o rapidity gap between signal and multiplicity estimator

Physics scenario such as saturation would influence differently HF production at mid or forward rapidity

¢ Linear trend is also observed for light flavors, where there is rapidity gap in the measurement of
multiplicity (by forward rapidity detector VOM) and signal (by mid-rapidity detector ).

»Event activity associated with production of light flavor and heavy flavor is nearly same.
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Model Study: Mid-rapidity J/¢ yield vs. multiplicity in pp at Vs = 13 TeV

n
N

>‘ />\‘ _I T 1T I LI I T TTT I LI T TTT 1T T TT "ll 1T T 1T _L
L ®__ E ALICE Preliminary 3
5% 20 pp, \s = 13 TeV E
T3 gL Inclusive J/y — e*e (ly| < 0.9) =
- 10% normalization uncertainty ]
16— o Data _:
14 :_ ------- Ferreiro et al. _E
- Tt EPOS3 (D, 2 < p, < 4 GeV/c) ]
12/ B pyTHIA 8 (Monash 2013) $ ) -
10— [ Kopeliovich et al. / _:
8- =
6 =
4 =
2 =
0 : 'l ‘l’l 111 l 11 11 l 11 11 l 11 11 l 1111 l 1111 I 1111 l 111 1 %
0 1 2 3 4 5 6 7 8 9
dN/dn
(dN /dm)

% Stronger than linear increase of J/y yield is observed
towards higher multiplicity

Theoretical models
> String percolation
> Hydro dynamical evolution (EPOS3)
> Multiple parton interaction (PYTHIAS)
> Contributions of higher Fock states

Ferreiro PRC86 (2012) 034903
EPOS3 Phys. Rept.350 (2001) 93
PYTHIA8 Comput. Phys.Commun.178(2008)852

Kopeliovich PRDS88 (2013) 116002
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Model Study: Mid-rapidity J/¢ yield vs. multiplicity in pp at Vs = 13 TeV

dN,,/dy
@N,, /dy)

>

>
>
>

22_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"'lIIIIIII_L 3 _||||I|||||||||]||||I|||[||||||[ i IIIL
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18- Inclusive J/y — e*e (ly| < 0.9) ] 93 E; ~ Inclusive J/y — e*e (ly| <0.9) R 7
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16 o 3 T E data Pythia 8.2 (Monash 2013) \ E
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F o=t EPOS3 (D, 2 < p, < 4 GeV/c) . T om HHHH 4<p <8Gevic N
120" B8 PYTHIA 8 (Monash 201) $ ) B T v N 8<p, < 11GeVie || Sy
10:— |:] Kopeliovich et al. -~ —: 15__ + 0 p, <30 GeV/c !I' X 2 ]
8F- = - d -
i 3 10 - 4] 0/ 4 2
= 3 - ] ‘/ﬁ -
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- —111llllllllllllllIlllllllllllll[lllllllllT
% 1 2 3 4 5 6 7 % Nd 9 0 ! 2 ° ¢ ° ® de/d,Z
o/dn @N_jdm
<chh/d n) ( ch n>INEL>0
% Stronger than linear increase of J/y yield is observed % The high p, analysis is based on EMCAL
towards higher multiplicity triggered data
Theoretical models
String percolation % The increase of J/y production as a function of
Hydro dynamical evolution (EPOS3) multiplicity seems steeper at higher transverse
Multiple parton interaction (PYTHIAS8) momenta
Contributions of higher Fock states
% The p; dependence behavior is explained at least
Ferreiro PRC86 (2012) 034903 . . . o
EPOS3 Phys. Rept.350 (2001) 93 qualitatively by PYTHIAS, which includes MPI
PYTHIA8 Comput. Phys.Commun.178(2008)852
Kopeliovich PRD88 (2013) 116002 processes.
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What does PYTHIAS tell us ?

* J/P production has contributions from dedicated processes in PYTHIAS:

v  Initial c or b quarks originate via first hardest 2->2 partonic interactions

v" Has finite production probability from the subsequent hard processes in MPI

n

° o > 2_I T 1T I T 1T I LI I T 1T T 1T T 1T T 1T T 1T T 1T I*I'

v¥" Heavy quarks from gluon splitting S8 E ALICE Preliminary :
>z 20 pp, Vs = 13 TeV =

s . L. T T 18—_InclusiveJ/y/—>e*e' (ly] < 0.9) =

v Gluons from initial/final state radiations = 10% normalization uncertainty .
16:_ e Dat =

v Color reconnection (at the hadronization stage) 1 e PYTHIAS (Monash 2013) 3
12/ —

10— —

8 =

6 =

4= -

2 =

0: 1 I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 I 111 I;

0 1 2 3 4 5 6 7 8 9

dN/dn

(dN_/dn)

% The events with a small number of MPI contribute to the low multiplicity interval, while high multiplicity events
are dominated by a large number of MPI

* Monash 2013 tuned PYTHIAS8 describes well the data in the low multiplicity region
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What does EPOS3 tell us ?

+» EPOS3 imposes the same theoretical scheme in pp, pA and AA systems

I\
N

rrrr[prrrrrr T[T T T T T T T T T T T T T
= ALICE Preliminary

T pp, \s =13 TeV

18 E Inclusive J/y — e*e (|y| < 0.9)
C 10% normalization uncertainty

+

v Initial conditions followed by a hydrodynamical evolution

AN, /dy
(AN, /dy)
n
o

o Data

v Initial conditions based on “Gribov-Regge” formalism.
Multiple interaction occurs in parallel 14

—4— EPOS3(D,2<p_<4GeVic)

LO—G—IIlIIIlIII|III|III|III|III|III|III|III|II

OO
4
N
w
|
(6]
»
N
[o¢]

dN,/dn
(@N_/dn)

% The EPOS calculation is for D meson, which should be a very good proxy for J/y.

+» The good description of the data with EPOS3 model shows that the energy density reached in pp
collisions at the LHC is high enough to apply hydrodynamical evolution

+» Result of EPOS version 3.1 and 3.2 differ significantly
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What does Percolation tell us ?

High-energy hadronic collisions are driven by the
exchange of color sources (strings) between the
projectile and the target

The number of parton-parton collisions is reflected
as the number of produced strings (Ns)

v J/Y multiplicity a N;

v" Charged particle multiplicity a VN;

22 R o e R e

+

- I

E ALICE Preliminary

E pp,\s=13TeV

18- Inclusive J/y — e*e (ly| < 0.9)
[C 10% normalization uncertainty
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14:_ ——— Ferreiro et al. _:
12 —
10— -]

8~ —
6 —
af 5
2 =
e il | 1
00 : 74 8 9
dN,/dn
Model: Phys.Rev. C86 (2012) 034903  ‘Na/d™
4
E@ 10 -
z ALICE, pp@ 7 TeV
=
-}
° ’/'
mid-y /

" fo rwa"}d -y

| |
] 1 2 3 4 5 6

dN,,/dn/<dN,,/dn>

Ferreiro et al. Phys. Rev. C86 (2012) 034903
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What does Percolation tell us ?

% High-energy hadronic collisions are driven by the
exchange of color sources (strings) between the
projectile and the target

¢ The number of parton-parton collisions is reflected
as the number of produced strings (Ns)

v J/Y multiplicity a N;

v" Charged particle multiplicity a VN;

At Low multiplicity

aN
ni/y _ _dn
(ny/y) (d—IZ)

22T e i

= ALICE Preliminary
E pp,\s=13TeV
_Inclusive J/y — e*e (ly| < 0.9)

+

18 ¥ . =
[ 10% normalization uncertainty i
16:_ e Data -
14:_ ——— Ferreiro et al. _:
12 =
10— -
8 =
6 =
4 -
2 =
Euie il it il rd i,
T 7 8 9
dN,/dn
N
Model: Phys.Rev. C86 (2012) 034903  ‘Na/d™
4
E@ 10 |-
z ALICE, pp@ 7 TeV
EY
-} L
° ’/'
mid-y /
6 :"/
* forward-y
4
2
00 1 2 3 4 .’L 6‘
dN_,/dr/<dN_,/dn>

Ferreiro et al. Phys. Rev. C86 (2012) 034903

ALICE
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What does Percolation tell us ?

% High-energy hadronic collisions are driven by the
exchange of color sources (strings) between the
projectile and the target

D

% The number of parton-parton collisions is reflected

as the number of produced strings (Ns)

v J/Y multiplicity a N;

v" Charged particle multiplicity a VN;

At Low multiplicity

aN
ni/y _ _dn
(ny/y) (d—IZ)

ALICE

At High multiplicity

nigy i
I _ _dn_

2

22T e e

+

= ALICE Preliminary
E pp,\s=13TeV
18- Inclusive J/y — e*e (ly| < 0.9)

[C 10% normalization uncertainty

L] Data

——— Ferreiro et al.

l\||||||||||I|||I|||\l|l|||||ll||

(D—blllIII||II|I|I|IIIIlIIIIIIlllIIIIIlIIIlII

8
6
4
2
1% il [N |
00 & 74 8
dN,/dn
Model: Phys.Rev. C86 (2012) 034903  ‘Na/d™
s
E@ 10
3 ALICE, pp@ 7 TeV
>
=) L
g
° ’/'
mid-y
* forward-y

dN,,/dn/<dN,,/dn>

Ferreiro et al. Phys. Rev. C86 (2012) 034903
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What does “higher Fock states” model tell us ?

% Higher Fock component: In high energy nuclei, ffzo_g;'$'EP13'¢lvv " :
gluons at small-x overlap longitudinally, act as a fila o el b Loy E
single source of gluons “E o oma E

14:_ //// Kopeliovich et al. _E

12— =]

+» The inelastic collisions of the Fock components t0F- / -
lead to high hadron multiplicity i ////////// E

= //}//// E

] ‘B / E

% The relative production of J/{ IS enhanced in By ///*/ -

such gluon-rich collisions e e et s e s
Model: Phys. Rev. D 88, 116002 (2013) ‘@e/d7
T
oy dNP? /dy RPP N; /q, P/ dy - Vs=7 TeV _
R, = |
pp J/v dep d [ e lyl<0.9 _
~ Ng [y @ la| g L ._
= [ '
o2 5

< More gluons participating in collisions with RyPP > 1, 251

explains why Rp,"/"¥ rises with increasing Ry,
0
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Summary

ALICE has performed the study of J/@ as a function of multiplicity for pp collisions at Vs =13 TeV, where
the highest multiplicity measured by ALICE in pp collisions has been reached
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Summary

ALICE has performed the study of J/@ as a function of multiplicity for pp collisions at Vs =13 TeV, where
the highest multiplicity measured by ALICE in pp collisions has been reached

> Forward rapidity quarkonia vs. mid rapidity charged-particle multiplicity is showing
almost a linear increase, irrespective of collision energy.

>}/ production at forward rapidity is approximately linear as a function of mid-
rapidity multiplicity, while a faster than linear trend is observed for J/y without

rapidity gap.
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rapidity charged-particle multiplicity study.
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almost a linear increase, irrespective of collision energy.
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rapidity charged-particle multiplicity study.
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differently HF production at mid or forward rapidity.
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Summary
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> Forward rapidity quarkonia vs. mid rapidity charged-particle multiplicity is showing
almost a linear increase, irrespective of collision energy.

>}/ production at forward rapidity is approximately linear as a function of mid-
rapidity multiplicity, while a faster than linear trend is observed for J/y without
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> New results hinting for auto-correlation and jet-bias for mid rapidity J/g vs. mid
rapidity charged-particle multiplicity study.

> Another possible explanation: Physics scenario such as saturation would influence
differently HF production at mid or forward rapidity.

> Event generators including MPI reproduce well the data, thus revealing the
importance of MPI in hadronic collisions.
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Summary

ALICE has performed the study of J/@ as a function of multiplicity for pp collisions at Vs =13 TeV, where
the highest multiplicity measured by ALICE in pp collisions has been reached

>

Forward rapidity quarkonia vs. mid rapidity charged-particle multiplicity is showing
almost a linear increase, irrespective of collision energy.

J/W@ production at forward rapidity is approximately linear as a function of mid-
rapidity multiplicity, while a faster than linear trend is observed for J/y without

rapidity gap.

New results hinting for auto-correlation and jet-bias for mid rapidity J/ vs. mid
rapidity charged-particle multiplicity study.

Another possible explanation: Physics scenario such as saturation would influence
differently HF production at mid or forward rapidity.

Event generators including MPI reproduce well the data, thus revealing the
importance of MPI in hadronic collisions.

Thank you!!
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Multiplicity determination

% Charged-particle multiplicity is measured using the number of SPD tracklets in
In|<1. The variation of the SPD efficiency with the z position of the primary vertex (z,,.,)

is corrected using a data-driven method.

0 -~ | '. o vrechled ALIC')E PerférmanceI
AN = <Ny > (ZV) — <Ny > (ZV) Yo e A e
<Nk > (Zv) £ 822 e
=z =
corr ~ 20} L i
Ntrk (ZV) — Ntrk(zv) + ANrand 215l |
z 8 .
ST 16} Muon trigger
% Here, AN, 4 follows a Poissonian distribution > e

centered around AN.

K72
%

O o L
z,° corresponds to z .., position where <N, >
is maximum.

% The efficiency loss at z, and other track-to-

particle-corrections need to be taken into
account to evaluate the actual charged-particle
value.

<dNe,/dn> — <dNep/dN>INEL >0

Events (arb.units)

R

H0 5 0 5 10
Zvertex (Cm)

T T T T =
CE Performance

pp, \s =13 TeV

T
ALl

. NI’aW

Tracklets

corrected ]
* NTrack\els 3

Minimum bias "o, E
s
v

L Il 1 Il 1 .I 1]
0 20 40 60 80 100 120 140 160
N.

Tracklets

Tracklets

—_

) < Ncorrected>

raw
Tracklets ”’

(N
N ® © o

Events (arb. units)

—
w

_
—_

T
. ¢ Neereeed s ALICE Performance
B pp,\s=13 TeV

Tracklets

CONT

Tracklets

% The conversion function “ f ” is estimated using Monte Carlo simulations.

102k,

pp, 15 = 13 TeV

ML B L B IR -
ALICE Performance _]

. Nraw E

Tracklets

corrected
Tracklets

? : ') 3

3 Muon trigger a'a.... ]
A

S I T I B B B e i

0 20 40 60 80 100 120 140 160
N

Tracklets
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Y Vs. multiplicity

a 0.5:I T T | T T T I T T T | T T T | T T T | T T T | T T T | T l: a 0.5: IITI T T T lll[ll T T T llllll T T L :
EO 45f CMSpp (s=276TeV  CMSpPb sy =502TeV ] = 0.45F PP V5w =276 TeV  pPb (s =5.02TeV PP sy, =276 TeV
@‘ ; > YT(2S)/Y(1S) ® Y(2S)/T(1S) g O Yoyl <1.93 ® |y, /<193 P Iy, <24 g
= 04 o y@s)r(s) = Y(3S)Y(1S) B = 04p E
o ] o™ E ]
0.35F = o 0.35¢ Y(2S)
- © E . D oy
- ] i E .
0.25F + — o 0.25F + -
- ° 3 N F ¢ 3
= = g 0.2F + =
0.2 % + : 3 2 5 :
0.15F 3 E'.: 0.15 =
- " E T E ]
0.1? o . —E = 0.15— CMS _E
0.05F PR 0.05}- :H; =
0 : | - | | - I | - | 1 1 | L1 1 | L1 1 | L1 1 | L1 : 0 :l 111 1 1 L1 111l I 1 1 L1111l | L 1 11 I:

0 20 40 60 80 100 120 140 2 3

i<2.4 10 10° i<z 10
Ntracks tracks

The excited-to-ground-states ratios, Y(nS)/Y(1S), are found to decrease with
increasing charged-particle multiplicity.

The tightest bound state, Y(1S), was observed to be less suppressed than the more
loosely bound excited states, Y(2S) and Y(3S).

Global behavior of double ratio has been observed irrespective of the collisions
system; pp, p-Pb, and Pb-Pb.

dthakur@3'¥ HF Meet-2019, Indore, India 16



Analysis strategy

> Silicon Pixel Detector (SPD) is used for charged particle and vertex
determination

b — ete”

YYVYY

A\

MB trigger

-0.9 <1< 0.9

Track quality cuts

Rejection of tracks from photon
conversion

TPC electron identification

I — phr

> Dimuon trigger: MB and two opposite
sign muon tracks

> -4.0<1Mn<-2.5

> 17.6cm <R, < 89.5 cm

(R, = Radial position of the track at the

abs

end of the absorber)
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Energy dependence of J/ yield vs. multiplicity

? 10— T

m gk ALICE Preliminary E

——  _F Inclusive Jly — u'w,25<y <4 + :

>[5 8F mut. classes: <1 3

\§\§J 75_ = pp, \s=13TeV . L _E

2|3 6;‘ e pp, 1s=5.02 TeV + 3

~ 5F o ;
m-®

3k - __

25_ ,.0".' _E

1F ;

O:'i‘.".ll'"'I""I""I""I"ll|l|n|||...-

o

1 2 3 4 ) 6 7 8
chh / d77 INEL>0

<chh /A Vi<

* Trend is independent of colliding energy.

ZINS
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Double ratio

? 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 [ T T T T I T T T T I T T T T I T T T T l T T T T
E - ALICE Preliminary ] g r ALICE Preliminary
——o5F Y(1S),Jly - u'W,25<y <4 ] ——o25F Y(1S)Y(2S) 5 p'w,25<y<4
3~ | u _ ] AR _
o[ z | Mult. classes: |n]<1 Sl &  Mult classes: |n|<1
2|2 2f 1 2R 9
~ |~ ® pp,\s=13TeV — |~ ® pp,\s=13TeV
Z>~ =1 + + + 2% =1. : +
fEgr bt Doty g + 13‘"'} """ - + """""" + """" + """" + """"""""""""" ]
0.5F . 0.5F .
[ ! : L ! I ! L ! ! I L ! t L I : ! ! ! I ! ! ! L I 1 L ! 1 ] i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 I 1 ]
% 1 2 3 4 S e gi 0o 1 2 3 4 5 6
chh / d?] > chh / dn INEL>0
@N_ 7dm 1y AN,/ dn) i<

+» The double ratio Y(1S)/J/@ and Y(2S)/Y(1S) has been studied for pp@ 13 TeV

> The ratio is found to be unity irrespective of charged-particle multiplicity.
> The multiplicity dependence production is same for J/y, Y(1S) and Y (2S).

> Y(nS)/Y (1S), are found to decrease with increasing charged-particle multiplicity, when
Y and charged particles are measured in mid-rapidity. (CMS Collaboration, JHEP04(2014)103)
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Quarkonium vs. multiplicity

L DAL DL DL LN DAL LN DL L B < 3_""|""|""|""|""|IIII
ALICE Preliminary . C . ALICE Preliminary _
op, 15 = 13 TeV 3 e 25F Y(1S),Jy - pu'u,25<y <4 .
Mult. classes: |n7|<1 3 g/\g F - Mult. classes: [n|<1 ]

i : T 3 2 [ 2F .
* inclusive J/y — e*e, |y | < 0.9 + : = e pp. 1= 13 TeV

3 ] =

puu,25<y<4 1 = 2‘11 5F _
e inclusive J/y * E P4 . -
v Y(19) — SR T SR S S ;
= T(25) ¥ + ------------- E 8 ; : :
o ¢ * """ ! E 05F .
e 3 - :
‘-I‘ L1 11 I 11 1 1 l 11 1 1 I 11 1 1 I L1 1 1 l 11 1 1 I 111 I- O- 1 1 1 L I L L L L I 1 1 1 1 I 1 1 L 1 I 1 1 1 I 1 1 L ]
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6
chh /dn INEL>0 chh /dn INEL>0

@AN_ /dm i< AN, 7 dm e

¢ The multiplicity dependence production is same for J/{, Y(1S) and Y (2S).

» The event activity associated with the production of heavy-flavor is also
independent of quark content of the particle
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