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In inelastic p+p collisions, the interaction objects are patrons. In a single p*p collisions, a large number of interaction of partons
occurs in parallel which is called as multi-parton interactions (MPIs)[1]. If the interaction involves large p; transfer, the semi-
hard interaction multiple interactions of partons lead to the production of heavy particles like J/¥.

for the

studies of J/W

1. Recently, ALICE has observed that the relative J/W yield increases nearly linearly with charged particle multiplicity in p + p collisions [Figl].

2. These results leave some curiosity:

Is the behaviour solely due to MPI at the partonic level or it has some contribution from CR at the final state?
What will be the energy dependence behaviour of MPI and CR?

What is th with

*

.

 How do the higher states of charmonium behave?
*

& o T e

3. As PYTHIA8 well explains the trends up to (dNc,/dn)/(< dNc,/dn >) ~ 4.5, we have tried to study the multiplicity dependence and
the contribution of §g — CC and G — cC toward J/W production using pQCD inspired model (PYTHIA8).

[P ———

PYTHIAS Settings

4C-Tuned PYTHIA8 is used for the analysis[3].

[+ General Settings
+ ISR and FSR is ON for the whole analysis
+ MPI with CR/MPI is used

[ specific settings

Effect of hard QCD processes on
of J/W produ
Effect on yield
< Contribution of gluon to J/W production
higher compared to contribution of quark.
“ Inclusive hardQCD processes is dominant
over gg — ¢ and qq — cC.
< The contribution of MPI to the J/W
hard J/W) is dominant

+ Multiparton-Interactions:bProfile=3, to allow all
incoming patrons to undergo hard and semi-hard
interactions

+ ColourReconnection:mode(0), MPI-based scheme of CR

+ HardQCD:all=on, inelastic, non-diffractive components|

process and is with

Effect on <pp>

< The <p_> of J/W for inclusive hard QCD
is less

of the total cross section for all had QCD processes.

Formula
The relative J/W yield is defined as:

Yore
K¥ae>

where, i stands for its multiplicity bin.

qq — cc.
“ Inclusive hardQCD processes contains semi-
hard MPI, which lowers down the <P> of JW.

% <p> of J/W increase with increase of
dicates more harder J/W are

+ These setting reproduces ALICE Results i
Q\alyala is extended for all other LHC energies T

keeping the same setting

Energy dependence and CR effect on J/W
production

kproduced in golng from low to high

to 99 — cC and

To understand the Possibility of system formation in

4+ The J/ W relative yield increases linearly with
charged particle multiplicity

+ The hard-MPls increase with centre of mass
energy and is more significant for higher
multiplicity

+ To getaqualitative idea, it is fitted with a
phenomenological function f(x) = A x/. Here “n”

indicates the rate of increase of relaive JAy yield
with Vs

+ n-parameter is plotted versus multiplicity. It is
found that n is negative for Nch < 20 and is

events for pp@13 TeV, we define

R, — (AN/Newdpr)sor1o/<New>us

vp r‘néwa guzdﬂr)usr§< oh>s0-170

R, — (@N/Newedpr)so—ro/<New>o_s
o = (d@ Néﬂ.uzﬂm‘)n 57‘4V< oh>s0-170

Observations

+ For pr < 2 GeV/c, Rpp shows 10%

suppresslon
# Thel st

positive for N, >20

+ N, =20is the threshold number of charged
particle multiplicity in the final state for . o
substantial MPI effects on the charmonium o

production oo T T
+ Color has more touw |
production at higher multiplicities as well as

higher center of mass energies

+ The difference between CR and no-CR is very | Iecs

=T

reveals that final state effects have littls

le
\Io JAy production and it may be from the hard MPIs
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towards high multiplicities.

+

are produced from initial hard processes.

pp collisions is different than MBI.

N

"

+

4+ MPI drives the J/W production with little effect of CR in pp@LHC ent

+ From <p,>study, it is found thatgg — c¢ dominates over 47 —+ ¢C

rpp trends shows that even at high centre-of-mass energy of pp
collisions, regeneration is negligible and almost all the measured J/W

Rpp shows suppression: the QCD medium formed in high mnlliplicily/
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Motivation: The pp Collisions

+ At very high LHC energies, protons are no more a point particle.

up

charm

> anti-charm
up Ll
down —- . N
- > down
¥
proton up
gluon
proton
gluon
proton
| S
Energy
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Motivation: The pp Collisions

+ At very high LHC energies, protons are no more a point particle.

v v Proton contains partons (quark and gluons)
charm v Quark radiates gluons and the gluon density is
up —f» - i more at very high energy.
R of »——tdown ¥ Gluon splits in to quark and anti-quarks or a
" prton up pairs or gluons.
gluon v At very high energy proton is treated as “Parton
prosen distribution”

gluon T. SjOstrand, M. van Zijl, Phys. ReV. D36 (1987)
proton

. >

Energy
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+ At very high LHC energies, protons are no more a point particle.
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charm v Quark radiates gluons and the gluon density is
up —f» - i more at very high energy.
R . »——tdown ¥ Gluon splits in to quark and anti-quarks or a
" prton up pairs or gluons.
gluon v At very high energy proton is treated as “Parton
prosen distribution”
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Energy
lTwo interesting questions !! |
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Motivation: The pp Collisions

+ At very high LHC energies, protons are no more a point particle.

up

v Proton contains partons (quark and gluons)
charm v Quark radiates gluons and the gluon density is
up —f - anchanm more at very high energy.
W < »——L down v Gluon splits in to quark and anti-quarks or a
" prion = up pairs or gluons.
gluon v At very high energy proton is treated as “Parton

e distribution”

gluon T. SjOstrand, M. van Zijl, Phys. ReV. D36 (1987)
proton

[ >
Energy
|Two interesting questions !! |
Associated Event activity

e Multipartonic interaction (MPI)
e Color-reconnection
¢ hadronic activity like

qq — cc 99 — cC

PHYSICAL REVIEW D96,114019 (2017)
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Motivation: The pp Collisions

+ At very high LHC energies, protons are no more a point particle.

- v Proton contains partons (quark and gluons)
charm v Quark radiates gluons and the gluon density is
P e ; anchanm more at very high energy.
A — > down ¥ Gluon splits in to quark and anti-quarks or a
UP_Q_\ .
prdton up pairs or gluons.
gluon v At very high energy proton is treated as “Parton
proton . . c _p»
distribution
gluon T. SjOstrand, M. van Zijl, Phys. ReV. D36 (1987)
proton
[ >
Energy
|Two interesting questions !! |
Associated Event activity QGP signature in high-multiplicity pp events
PY Multipartonic interaction (MP') e Strangeness enhancement (vature physics 13, 535-539 (2017))

¢ Indication of collective behavior at vs = 0.9, 2.76

L4 COIOr'reconnection p
. I . and 7 TeV. (W. Li, et al., CMS Collaboration, J. Phys. G 38 (2011) 124027, V. Khachatryan, et al.,
* h adronica Ct“”ty li ke CMS Collaboration, JHEP 1009 (2010) 091 )

qq — cc gg — cc e J/W Suppression?

PHYSICAL REVIEW D96,114019 (2017)
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Motivation: The pp Collisions

+ At very high LHC energies, protons are no more a point particle.

up

Proton contains partons (quark and gluons)
Quark radiates gluons and the gluon density is
up - more at very high energy.
down

* »——tdown Gluon splits in to quark and anti-quarks or a
up —g—\c —— :
priton ﬂ r‘\[up pairs or gluons.

charm

anti-charm

PN

Yy

A aliian A A% A hiclkh anarauv nratan ic fraatad ac “DaviAan
> />\, 10_ - 18~ 1r 71 T T T T T TTTTTTTT YT
o | ALICE pp Vs =7 TeV ALICE

2_ 2_ - 16 PP \S = 7 TeV PYTHIA B.157
- - +, -
= | = i W JAp =t (25 <y <4) # non-prompt J/y
o | ® Jhp — ete (lyl <0.9) (& ] 14
L Normalization
uncertainties not shown
— 12 -
Normalization uncert.: 1.5% -
s | |
— 8k

41—

- ’ 7
1 1 1 L 1 1 1 1 2+ —
s o
L’ A
1 2 3

0 2 4
dN_ /dn & N B S
dN_ /A [4epog(2015)148 |(ANe/dn) / (AN /)

Phys. Lett. B 712, 165(2012)

+ Some of the question can be answered by pQCD inspired model like PYTHIAS8, which describes well the multiplicity
dependence behaviour of particle production.
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Simulating J/W using PYTHIAS

«» Advantages of PYTHIA8 over PYTHIAG is inclusion of MPI in harder scale

e  Which can produce “c “ and “b” quarks via first 2 -> 2 partonic interaction
¢ Finite probability of production in subsequent hard interactions

* “4C Tune” is used, which well explains the charged particle multiplicity in pp@ 7 TeV

(J. High Energy Phys. 03 (2011)032, Phys. Rev. D 95, 014016 (2017) )

The detailed about the setting is in back up slide
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Simulating J/W using PYTHIAS

«» Advantages of PYTHIA8 over PYTHIAG is inclusion of MPI in harder scale

Which can produce “c “ and “b” quarks via first 2 -> 2 partonic interaction

Finite probability of production in subsequent hard interactions

* “4C Tune” is used, which well explains the charged particle multiplicity in pp@ 7 TeV

(J. High Energy Phys. 03 (2011)032, Phys. Rev. D 95, 014016 (2017) )

[ub/(GeV/c)]

d’c
dedy

Data/MC

TN T o et ocn o e
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2 ® o 3 10000 [~ — = aL O ALICE Data
.. N § =
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P, (GeVic) y Ngi/<N,>
Eur. Phys. J. C77, 392 (2017)
Phys. Lett. B712, 165 (2012)
< PYTHIAS is well explaining the experimental data!
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Energy dependence of J/W production

e The J/W relative yield increases linearly with charged particle
multiplicity.

+ 7 TeV

¢ The saturation of relative J/W yield towards higher multiplicity bins
needs to be understood.

e The hard-MPIs increase with center-of-mass energy

® n-parameter vs. Nch

v’ negative for Nch < 20
v'positive for Nc, > 20

- 0o 1 2 3 4 5 6
- 1 Ngn/<Ng>

@ MPI with CR
2MPI with NO-CR

NJ,“/<NJ,W>
O N A O OO N H OO 0 O N A O ©

+» The event activity beyond Nch = 20 is more prominent
to the production of charmonia

005
E % 5-10
= ¢ 1020 f(x) = A x"
E 4 20-30
E v 30-40
E . 40-60 _ -
£ m 60-150 T .

02 .

-0.2F -
4

1 1

1 1 1 1
0-5 5-10 10-20 20-30 30-40 40-60 60-120
\/g Nch

v “n” indicates the rate of increase of relative J/W with Vs

NJ/w/<NJ/\p>
O - NWPH,OIHOO)ON 00 ©

( Phys.Rev. D97 (2018), 094002 )
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Effect of color reconnection on J/W production

e Color reconnection has more contribution to J/W DB
production at higher multiplicities as well as EC) F @ 13TeV -
higher center of mass energies. 9 oL ¥7Tev ]

: F ¢ 502TeV ]
8 15 -+ 276 TeV * 7
Expected reasons A, TE vooTey + ]
Z_’ 1 __ I T ]
v  High density of color partons V ’ ?
"> 05F 4 .
v’ Substantial overlap of color strings in position and Zﬁ - 3 Y ]
momentum space leads to higher probability 0 £ A N U E U R

0 20 40 60 80 100 120

of color reconnection
Nch
v Partons from two MPIs connect, hence probability
of combination of charm and anti-charm quark

increases
( Phys.Rev. D97 (2018), 094002 )

nclusion of the st

v At the final state, CR has less contribution to J/W production. Most of the J/Ws are coming from the initial event
activity.
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Multiplicity dependence of quark/gluon contribution to J/W production

The effect to yield of J/W I R o O BAAAIRAAIRaAdnaassnaaaseasssnass
12~ QCD processes + 'E
e Contribution of gluon to J/W production is little higher of © HardQCD I ]
compared to contribution of quark. g | 4997cC ] o ]
2 |8 g Vv og—cC F ]
S la o ]
¢ Inclusive hardQCD processes is dominant over gg — cc 5 _|88 of . .l ¢ ]
and gq — cc. B EEa: ] °
Vv 4._ [ ] _:— ) ]
e The contribution of MPI to the J/W production (semi- o & . a ; + o .
. . T . . e R A . CETTTTPFEPPPEREP) SRR
hard J/Y ) is dominant process and is increasing with Oﬂ_’,f, T PN T T I
mUItipliCity- 0 20 40 60 80 100 120 5 10 15 20 25 30 35
NCh NMPI
17— T
Effect to <pr> of J/ W QCD Processes
- - 161~ o HardQCD ] 7]
¢ The <pr> of J/W for mclusweﬁhard QCD processes _ £ 451 a gg—cT T -
is less compared to gg — cc and qq — cc. % g 14l v d@—cT | |
18 L S
¢ Inclusive hardQCD processes contains semi-hard S Ba X
MPI is lowering the <pr> of J/W. AR 2 x } -
[eNgNeN - x ° ]
viv I o o
* With increase of multiplicity, <pt> of J/W is 1k § _
increasing, indicates more harder J/Ws are 0.9 Ls 1
produced as we go from low multiplicity to high 0 20 40 60 8,21 100 120 140 160
multiplicity. ch
(arXiv:1808.01841)
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Medium modification factor (Rpp/Rcp)

¢ Medium modification ( or biasing to the pp reference) is calculated as:

T T T T T L L

r ] [ | L B .
* 80< N, < 170 scaled by <N_ >, ;7o [ X 80= Ny, < 170 scaled by <N_>¢; 17, ]
F'g 10} @ 0< N, <5scaled by <N_>,; o T 10°°f ®MB scaled by <N, > 4
F ] > o ]
) o 1 F
S [ -o—%- 16 [ %o
v Y INT = r —%- 1= o 1
< Nen >mB (d"\'/}\'ct.'ldp'l')t‘o—170 3 10°H" ‘i = %JO‘G?E - 3
Rm' - T TIN ) g 3 * k- g &y E
< J’\'ch 80170 (d-\'/‘\‘cv!dp'l').&lU s r o k- 5 r &%
Z - * £ T
B 107k Rl =NTiRs S o 4 3
5 *_ %3 3 F 3
=° o 1z E A
= 1= [ o1
= o ] ]
10 e LA 3
4 4 4 E. ..o PP IR B B B R
R <1Nch>0._5 (d"N/‘!\|Cvtdp‘1‘)80-—l70 9_"'|"'l"'l"'l"'l"_ LR B B B B B
Cp — y r v | R | 3— R -
< Neh >80-170 (d"\' /‘chtdp'l‘)()—S 3_ P ] PP
25 .
o T 1e
T ST ¢ 18 o %}%} .
o 4} 4 C
3r a %} 1  15F {:} .
2+ o -
1:9-_"0'_07_-0::@: ------------------- - 1—_0-_----_0_-_0_-'&:9_ --------------- -
ol ___C_)]___l___l___l___l__
2 4 6 8 10 2 4 6 8 10
p, [GeV/c] p, [GeV/c]

® For pr< 2.0 GeV Rpp show around 10 % medium modification(or biasing), where as there is no medium
modification observed from low-multiplicity to high-multiplicity (Rcp).

e QCD medium formed at high multiplicity p+p collisions is different than MB. (arXiv:1808.01841)
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Summary

v pp@LHC energies, MPI drives the the quarkonia production with little effect of CR at the
final state

¥ gg — cc dominates over qq — cc as we go from low multiplicity to high multiplicity

¥ Rpp hinting that the QCD medium formed in high multiplicity p+p collisions is different
than that of MB

Thanks !!

Collaborators

D. Thakur, Dr. R. Sahoo, Dr. S De, S. Dansana
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Summary

» General settings

v ISR and FSR are ON for whole analysis
v" MPI with CR and MPI with no-CR are used

» Specific Settings

v" Multiparton-Interactions:bProfile=3, to allow all incoming partons to
undergo hard and semi-hard interactions

v ColourReconnection:mode(0), MPI-based scheme of Colour Reconnection

v' HardQCD:all=on, inelastic, non-diffractive component of the total cross section for
all hard QCD processes

v" p; cut off 0.5 GeV/c is used using PhaseSpace:pTHatMinDiverge, to avoid
divergences of QCD processes in the limit p;>0
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Relative Yield y(1s)

Relative Yield y(1s)

Vsan

e 13TeV
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Medium modification factor (rpp)

Tpp =

Y <p1®>ith-bin = Mean prof it" multiplicity bin

v <pt?>me = mean prof MB

e <p2> attributes toward the multi scattering of partons
in the initial state. Hence, can be treated as random
walk in transverse momentum space.

e <pr*> is predicated to increase linearly with the mean
path length of the traversed parton.

e At SPS almost all the measured J/ are produced via

initial hard processes and the increase with centrality/
multiplicity.

(arXiv:1808.01841)

2 P
. @T)i‘“bin i ]
2 ‘ - -
al 16 — —
(pT)MB L :
ER 4T o .
-G C 7
% |L1V 1.2 ¢ —
N B ° ]
- ) 4
U B
. ]
08__. P | | | P T I....I_:
0 1 2 3 4 5 6 7
<nch>i bin
<nch>MB
1.6 ) o—o O
a SPS
NA 1.4
Q‘-‘
l 1.2. |
2104
- o -
v 08 \ RH'C
0.6 Data from NASO 2000
’ ¢ Data from PHENIX 2007
0.4
-~ ___LHC __
0% 100 200 300 400
NP
( Nucl. Phys. A834(2010)249C )
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