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Cold nuclear matter effects

pA Collisions are important to study cold nuclear matter effects (CNM).
2 Initial state effect :
e Parton shadowing due to modification of nuclear PDFs.
e Color Glass Condensate CGC i.e medium with high density of small x
gluons.

2 [ntial- state effect :
* Energy loss energy lost by partons via gluon emission.

Initial

C

2>

* Interaction with cc.>moving particles.
* Nuclear absorption due to the interaction with the nucleons of the colliding
nuclei.
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Cold nuclear matter effects

pA Collisions are important to study cold nuclear matter effects (CNM).
2 Initial state effect :
v Parton shadowing due to modification of nuclear PDFs.
v Color Glass Condensate CGC i.e medium with high density of small x, self
interacting gluons.

2 Intial- state effect :
v Energy loss energy lost by partons via gluon emission.

Initial

>
v Interactlon with Comvmg partlcles

Pruele1— ( neglected at LHC energles)
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Nuclear modification factor

Goal : to understand the CNM effect on the particles production by
comparing cross section in pA collisions to pp collisions

O
D:Dd-l 4 } pP-Pb |s,,=5.02 TeV, inclusive J/y—pu*y, 0<p_|_<15 GeV/c R - ‘ &
Ly (-4.46<y_ <-2.96)=5.8 nb™, Lim (2.03<y__ <3.53)=5.0 nb™ pA =
1.2 <N > . e=ee
coll
CI:?El }
EPS09 NLO (Vogt)
CGC (Fuijii et al.) 1
i ELoss with q =0.075 GeV?/fm (Arleo et al.)
I — EPS09 NLO + ELoss with qo=0.055 GeV?/fm (Arleo et al.)
0llllllllllIJIJ]lll!LIlllllllllllllllllIIlIIIIII |
4 -3 2 -1 0 1 2 3 4 > Y.p;..

cms

if R, #1 - nuclear effect
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Charged-particle multiplicity

Goal : gain some insight into the processes occurring in the collision and the
interplay between the hard and soft mechanisms in particle production.

e Charm and beauty are produced in hard processes.

* Alarger multiplicity in events with charm production
with respect to those without charm was observed
in 1988 by the NA27 Collaboration.

* At LHC energies, a correlation between the heavy
flavor production and charged-particle multiplicity
was found.
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The ground state “J/W¥”

JHEP 07 (2018) 160

ALICE
o 1.4
e p-Pb {s,=8.16 TeV
1.2 ® ALICE inclusive J/y
O LHCb prompt J/y (PLB 774 (2017) 159 )
T ———— ]
0.8+
016 = EPSO9NLO + CEM (R. Vogt)
E nCTEQ15 (J. Lansberg et al.)
0.4 e  EPPS16 (J. Lansberg et al.)
i CGC + NRQCD (R. Venugopalan et al.)
r CGC + CEM (B. Ducloue et al.)
0.2 = Energy loss (F. Arleo et al.)
"~ —— Transport (P. Zhuang et al.)
| === Comovers (E. Ferreiro)
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ycms
OQuarkonia as tools T.TORK

Agreement between ALICE and LHCb
results.

Results is described by different
models:

» Shadowing.

 nPDF.

« CGC.

* Energy loss.

e Transport.

« Comovers.


https://link.springer.com/article/10.1007/JHEP07(2018)160
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J/W at midrapidity

Eur. Phys. J. C 78 (2018) 466

ALICE
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) prompt J/y e ALICE

.= CGC + CEM (Fujii et al.)

| [ CGC + CEM (Ducloue et al.)
| ."CGC + NRQCD (Ma et al.) R
- []ELoss with q0=0.075 GeV?/fm (Arleo et al.)

[ ["/EPS09 NLO + ELoss with g =0.055 GeV?fm (Arleo et al.)
| - = EPS09 LO central set (Ferreiro et al.)

- =--EPS08 LO central set + o, = 1.5 mb (Ferreiro et al.)

| --- EPS09 LO central set + c,,, = 2.8 mb (Ferreiro et al.)
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« R, at midrapidity
* Described by CNM models which contain shadowing, CGC and energy loss.
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https://arxiv.org/abs/1709.03089
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-5881-2

The excited state "W(2S)”

JHEP07(2020)237 (68 IHEP03(2016)133
ALICE
0 1 8 L e 2 T | T T T | T T T | T T T | T T T
% r ALICE, Inclusive y(2S), Jiy — '~ B C
o C k - - —@— LHCb, prompt y(2S
1.6 - p-Pb VS_NN =8.16 TeV, P, < 12 GeV/c a4 1.8 F LHCb W (O TRAT)
- " WEs) 1 .6F PPb \ sy =5 TeV -
141 ¢ J/iy (JHEP 07 (2018) 160) OF NN EPS09 LO
3 1abs %/ EPS09 NLO
1.28 i nDSg LO
1.28% % ——— E. loss
10594 —— I . - %, ‘ -+=:=+ E.loss + EPS09 NLO
0.8F F
B 0.8
06F % F
2 0.6
0.4r EPS09NLO + CEM (R. Vogt) -
L nCTEQ15 + HELAC-Onia (J. Lansberg et al.) 04
02k CGC + CEM (B. Ducloue et al.) 0 -
r C loss (F. Arleo et al. 2
O 71 L1l I 1111 J 1111 I I;-1lerl-glyl LOLSLS L( l Il lr le? lel lal J) L1l ‘ 0 - ] 11 | E pTI< 14 GeV/CI‘ l l I
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* Y(2S) experience a stronger suppression than J/y at backward rapidity.
* Initial state CNM effects did not reproduce the W(2S) results at backward rapidity.
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https://link.springer.com/article/10.1007%2FJHEP03%282016%29133
https://link.springer.com/article/10.1007%2FJHEP07%282020%29237

Rpr

Y(2S) With final state effect calculations

1.81
T ALICE, Inclusive y(2S), J/y — u'u-
1.6 p-Pb sy =8.16TeV, p_<12GeVic
14 e CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
& s y(28) Jy
1.2 E Comovers (E. Ferreiro, PLB 749 (2015) 98)
: -y(@s) =y ] : e
1f- R B e e b W(2S) is better described with final
ga o llE state models “Comovers” i.e
L s e A g interaction of the J/W or W(2S) with
0.6F _J& i the co-moving final-state hadrons.
0.4F
L e y(29)
0.2F ¢ Jy (JHEP 07 (2018) 160)
O:IIII|IIII|IIII|IIII|IIII|IIII|III||IIII|IIII|IIII
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ycms

JHEPO7 (2020) 237

ALICE
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https://link.springer.com/article/10.1007%2FJHEP07%282020%29237

J/V¥ yields Vs charged-particle multiplicity

|NSD

oo

(@)}

dN / dy
(dN / dy)

4_

T T T | T T T l T T T | T

ALICE, p-Pb, \s,,, = 8.16 TeV * J/W¥Y normalized yields Vs normalized
charged-particle multiplicity.

L

Jhy — utu
® 203<y_  <3.53(p-going) o
B 446<y_ <-296 (Pb-going)

* Increase with increasing multiplicity.

.
-
A R R B

]
.:.:. » Different behavior at forward and
5 backward rapidity (different bjorken x
regions.)
+ 1% corr. unc. not shown
l"‘..|...|.1.|
% 2 4
chh/dn | @ p-Pb(p-going direction)
<dN S dm Ly |
JHEP09(2020)162 £ ) } o Pb-p (Pb-going direction)

ALICE
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https://link.springer.com/article/10.1007%2FJHEP09%282020%29162

J/¥ Vs multiplicity and model calculations
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JHEP09(2020)162
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ALICE
[m)]

2) [ T T l T T T l T T T l T ] %
— | ALIGE, p-Pb, {5,,,=8.16 TeV ] —
> > 8 Jy -t N ‘é“g\
2° - -446<y__<-2.96 (Pb-going) ] E 2
% E L 4 | data 1 oI

6 B ~ EPOS without hydro ]
B EPOS with hydro B
4 I i b ]
o ﬁfﬂﬂé N
[ .’li." + 1% corr. unc. not shown B
- -’- -
O | S 1 | 1 1 1 | 1 1 1 | 1
0 2 4 6 .
dN., / dn

<chh / d?]) 7] <1

T T l T T

ALICE, p-Pb, |/, = 8.16 TeV

Jy - pt
2.03 < Yoo 3.53 (p-going)

+ data

l T T

EPOS without hydro

EPQOS with hydro

[ IR

| |

(5" See Johannes presentation about EPOS.
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https://link.springer.com/article/10.1007%2FJHEP09%282020%29162
https://indico.cern.ch/event/1084752/contributions/4632842/

Y(2S)-over-J/¥Y double ratio
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- 4@

& . . r . ] . ’ " T " . . I r ” " T . » . . y . " . ' - '—% ; T T T ] T T T I T T T I T T T I+ T T T T T T T T T ;

1 220 ALICE, Inclusive JAv, w(2S) — wu- 7 = 22 - ~ALICE, Inclusive Jiw, w(2S) — uu-
Q_’ ok I4'46 <y . < -2.96, p, < 20 GGV/CI ks _En 2] 203 <y <3.53, p <20 GeVic —
%) L al i .
b‘“; 1.85— Bata Eorinvste (Ferreiro)_E b; 1‘85 Data Comovers (Ferreiro);
= 16f p-Pb S =8.16TeV o 3 = ] p-Pb {5, =8.16 TeV o E
ﬁ% 145 p—Pb {5, =5.02TeV = - —8 LAF p-Pb {5,y =5.02TeV = |£ g
= el 3 S 12F -
o B Q r g
T A qﬂ. ] B @ ------------------------------------ 1
o 08F E o 08F -
06F $ % # E gl [ﬁ ‘
0.4 |:+] - 043— 3
021 = 0.2F -
O C L - ‘ L L ‘ L L I L L ‘ - L ‘ - L ‘ L L L N 0 : 1 1 1 ‘ Il Il ‘ 1 1 1 I Il 1 ‘ 1 1 1 | 1 1 1 ‘ Il 1 1 &

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
<NC°"> <Ncoll>
« <N_,> is proportional to the charged-particle mutlpilicity.
JHEP 02 (2021) 002 « Comovers model described the double ratio Vs <N__ >
ALICE
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https://link.springer.com/article/10.1007%2FJHEP02%282021%29002

Open charm



R ., of Prompt D? at forward rapidity

L% JHEP 10 (2017) 090

225 S
MD- 7 =4 LHCb prompt p’ LHCb 2
pr BRIy fS=o T8 » Prompt D° meson Vs rapidity.
N =1 EPS09LO ]
- — EPS09NLO p, <10GeV/ic
15_‘_ === nCTEQI15 A ° St : tf d
SE.. mmcGe ; ronger suppression at forwar
rapidity than backward rapidity.
1_- ..... -
ssf i * CNM effects reproduced the
B ) behavior of R Vs y of D° meson.
[ 1 - ] ] |
— -2 0 g 4
y*
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https://link.springer.com/content/pdf/10.1007/JHEP10(2017)090.pdf

R ., of Prompt D? at midrapidity

6l JHEP 10 (2017) 090

L 1 r v 7 v 1T v v T .
E —- LHCb prompt D°  LHCb -
E I LHCb prompt J/y \[s\ =5 TeV ]
[ E=1EPS09LO ]
E — EPS09NLO Pos 10 GeV/e ]
- --=nCTEQIS 9
== 1
= ]
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Rpr

1.6

1.4

PRC 94, 054908 (2016)

ALICE

T ALICE

p-Pb, \sy=5.02 TeV ]

Prompt D mesonsl -0.96<y  <0.04

—=— Average D°, D*, D™

0.6) - 3
0.4[- -~ CGC (Fuji-Watanabe) ]
[ == pQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]
0_2__ ----- Vitev et al.: power corr. + kT broad + CNM Eloss ]
I Kang et al.: incoherent multiple scattering ]

C 1 1 Il | ‘ L 1 1 L | 1 I Il 1 ‘ Il L Il Il | 1 1 L 1 | Il Il ]

% 5 10 15 20 25

P, (GeV/ce)

The overall Rppb is compatible with unity
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https://link.springer.com/content/pdf/10.1007/JHEP10(2017)090.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.94.054908

Prompt D-meson Vs multiplicity

JHEP08(2016)078

BN s nans o e e B B A - TR PRETAN PR L PR BT RS [T L Pt T LIy I
g 18 ALICE = o 14- 7
S b PO Bn=502Tev E "g [
g F 4<p <BGeVic. |y, |<05 ] - 12F -
o4 12 + D” mesan . . I
~— I & D meson ] 2 E
= 10 % D" meson 3 Q:b 10 )
%'— E e - r
S ¥ T I .
3 % ¥ E g 6F 4 ;
el 4 ® 3 E‘ [ o * ]
2 o ronsmemete S S 4 el -
g 2. TN PP P PV TP T P % .-*:'-"' ]
g 0.4 B Irection hypothesis: = 172 (2) & low (high) multiplcity 3 2 -ﬁ g =
c ozf = ~ - 4<p_ < 8GeV e
e E| d o T 1
;:_GZE— - .-------.---.---.--------.-------.---.---.---------_': -ﬁ‘l L1 11 I 111 I 11 11 I 1111 I 1111 I 1111 I 'l |-
g-nf— . . . . E 0 1 2 3 4 5 6 i
0o 1 2 & 4 & © 71 B ©
(dN/cin) / (dN_fchn) (dN/dn) / {chhfdn}

* Increase of normalized yields of D-meson as a function of charged particle multiplicity .
* The trend of the results was reproduced with EPOS event generator.
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https://link.springer.com/article/10.1007%2FJHEP08%282016%29078

Bottomonia production



R Y1sVsy

pPb

@ 1.4 _l TTT TTTT LI I TTTT I TTTT I LI ‘ TTTT I TTTT I LI TTT \_
o - p—Pb \s,, = 8.16 TeV, Y(1S)
10k e ALICE, p_< 15 GeV/c 1 o ; :
c o LHCb, p, "« 25 GeV/c (JHEP 11 (2018) 194)r Hint of strong_er suppression at
R e i forward rapidity than backward.
& — i
0.8 $ . .
: % + ] « Agreement between ALICE and
0.6 $ g LHCD results.
C EPS09NLO + CEM (R. Vogt et al.) ]
0.4 B EPS09 + energy loss (F. Arleo et al.) 7
h Energy loss (F. Arleo et al.)
i EPPS16 reweighted (J. Lansberg et al.) ] . .
0.2 nCTEQ15 reweighted (J. Lansberg et al.) 5 * Described by models include CNM
L nCTEQ15 + comovers (E. Ferreiro) . effects_
0 -} 1 1 1 | 111 1 I 11 1 1 I | T | I 111 1 I 1.1 1 1 ‘ L1 11 I 111 1 I 11 1 1 [ 111 \_

-5 -4 -3 -2 -1 0 1 2 3 4 5

PLB 806 (2020) 135486

ALICE
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R va(1 s)Vs y

p
PLB 806 (2020) 135486 A@ Eur. Phys. J. C 78 (2018) 171
@1-4_""""I""I""I'V;'I L L L L R R I ° Do e
o : p—Pb Ys,, = 8.16 TeV, Y(1S) . = - =
1oL « ALICE, p_ < 15 GeV/c ] x - ATLAS p+Pb, [Syy = 5.02 TeV, L =28 nb™ -
: o LHCb, p-r «< 25 GeV/c (JHEP 11 (2018) 194): L T(1S) op, VE =5.02 Tev’ L=25 pb-1 |
(T e i 1.5 P, <40 GeV N
5 S i ]
0.8 % :&ﬁ 1 = E 1
= ] 1.. ...................................................................... —
06F + - E e i
: ; ]

I EPS09NLO + CEM (R. Vogt et al.) i £ mﬁ_‘f il
0.4 N EPSO09 + energy loss (F. Arleo et al.) N - "
R Energy loss (F. Arleo et al.) g 0.5~ =
i EPPS16 reweighted (J. Lansberg et al.) ] i |
Q2 nCTEQ15 reweighted (J. Lansberg et al.) ] E 4
L nCTEQ15 + comovers (E. Ferreiro) . - [ | | | -

Foqaalmpielesrslonnglowmelerivloginliaselorpplvgql Ot ——rt —t—L hoeeld bl
052473 2 4 0 1 2 3 4 5 g . $ . 2
Y ine : . . y*

* a suppression at midrapidity.

* No rapidity dependence at midrapidity
observed.
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R ¥"S)Vsy

p
1.4 e .
T ALICE p— Pb\(— 816 TeV 1
x 1'2;_ Y, p, <15 GeV/c E
0.8 =
06 ! _
~ ] A hint of stronger suppression for excited
e g E states compared to the ground state at
0.21- = Y(2S) nCTEQ15 + comovers (E. Ferreiro) . forward rapldlty
of 2 YBS) x(s) | xes) 1@ E
£ 1 _q#_ -------------------------------------------------------------------
T 0.5 ¢ vesymis) - YESNUS) i c
e [ e Y(3S)r(1S) MYES)T(1S) . . . . ]
g 057 3 2 -7 06 1 2 3 4 5
< ycms

PLB 806 (2020) 135486

ALICE
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v(1S) Vs mulltiplicity at midrapidity

/A :I | IR ) [ TSl | | I O | 8 [ I L | ‘ {THEL S B | | | I O L !!\:
5\’-)/ = O pp\s=2.76TeV g
= ]
5 6:— ® pPb \ San = 5.02 TeV _:
= Pbe))shiN =22476 TeV -
5 Yeul < 2- A * Increase of the Y(1S) as a
A T(S) o function of multiplicity.
- (X(1S) . e QF . . _
S * - * Similar to the behavior of J/{) and
oF Lt % : open heavy flavor.
B @ ) ]
i - CMS ]
5 S ly /<193 1
O:ﬂ"ﬁ. \OJ 1IN | | [EYE) | 1| | I | ‘ | O | 9 [l | 08 i | Jiy \A
0 0.5 1 1.5 2 25 3 3.5 4
Mi<2.4, ,\ mi<2.4
Ntracks /<Ntracks >total

CMS
é JHEP04(2014)103

OQuarkonia as tools T.TORK



v(nS) Vs multiplicity at midrapidity

Ouarkonia as tools

= :!II\|I\II‘II\I|\III||Il|||||i|l||||‘|"': -~ :|||w|||\[|||\||||\||||\||||\|||\|||\|||:

Q 7 O ppis=276TeV = ® 7 % ppis=276TeV e

£ | mpPb\s,=502TeV ] € | % pPb sy =5.02TeV ]

g8 it gl w6 -

= e ‘ ] = I 1

S ‘ o 50 i

4 Y(28) B 4 Y(39) i .

- (r(2s) | ; - (X (3S)) I | S

3 | * . 3 ’ ‘ =

B o e E 2 L : Jr .

& il CMS ] i "’ et CMS ]

B .,.' = - ""‘. —

8/ ek el <193 7 = Yoyl <193 1

g 0_-1"|-'|'-||\||\||\||\||\||1|||||||||\||\||\||\||_ 0_'1'-I"I‘i\"III\‘III\IIII\IIII\!Ill\llll\llll\llll—

o 0 0.5 1 135 2 2.5 3 3.5 4 0 0.5 1 1.5 2 25 3 3.5 4
mi<2.4 mi<2.4 ml<2.4 nl<2.4
le:J Ntracks /<Ntracks >total Ntracks /< Ntracks >to‘(al
=

CMS

® y(nS) increases with increase multiplicity.
« Stronger increase for the results in pp than p-Pb.
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Summary

* Charmonia production at 8.16 TeV :
- J/W stronger suppression at forward rapidity.
- WY(2S) experience a stronger suppression than J/¥ at backward rapidity.

- Final state effects described the W(2S) production better than CNM effects.

- Increasing of J/¥Y normalized yields as a function of charged-particle multiplicity.

* Open heavy flavor production at 5 TeV :
- Stronger suppression at forward rapidity than backward region of D meson.
- At midrapidity, R;p,, is compatible with unity.
- Increase of the normalized yields as a function of multiplicity.
* Bottomonia production at 8 and 5 TeV :
- Hint of stronger suppression at forward rapidity.

- Excited state suppression experience stronger suppression at forward rapidity.

- Normalised Yields are increasing as multiplicity increases.

OQuarkonia as tools T.TORK
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High multiplicity events in small systems

A Small systems = pp or p-Pb collisions

Unexpected observations in small systems at high multiplicity :

= Elliptic Flow : long-range angular correlation.
10.1007/JHEP09(2010)091.

= Enhanced production of strange hadrons similar to Pb-Pb collisions.
Nature Phys 13, 535-539 (2017).

How to interpret this behavior ?

> QGP droplets in high multiplicity events. Single parton interaction ¢

> Multi parton interactions : several interaction at parton
level in a single collision.

Multi parton interaction A&

OQuarkonia as tools T.TORK
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Y(2S)-over-J/¥Y double ratio
o o

1.6 T T T T I T T T T | T T T T | T T T T | T T T T I T T T T
L ALICE Preliminary, pp, Vs = 13 TeV i

T~ 141y, w(@S) o p', 25 < y < 4 d

| [ ] Comovers (E. Ferreiro, PLB 749 (2015) 98)

[ [JSystematic uncertainty ]
0.4|||||||||||||||||||||||||||||

0 1 2 3 4 5 6
dN_/d7 INEL>0

<chh/d 77) |n|<1
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Prompt D Vs multiplicity

i . T ~ [T T T T T T e
o 16 ALICE - S 25— ALICE —
No] B ] B 0 + *+ b
= 14F p-Pb \sy\ =5.02 TeV ] % - Average D, D", D*" meson H
g B 2<p.<4 GeVic, |y, [<0.5 H E o0k 2<p,<4 GeV/c, |y <0.5 s

= 0 — = ==

G 12F ¢ D° meson - R o) T ¢ ppis=7TeV ]
~ C & D" meson ] ~ C ]
~ 10 # D*"meson — ey - ¥ p-Pb, |5, =5.02TeV 9
s B " P 15— <
Q - e Q B =
o 8 e © E 5
S B i > E ]
= 5 = 2 1o -
=z °f . ey B .

™ B ] L e R e
SRR : O b ]

E E 5__ e lé;/;/iq% (3.19) in pp (p-Pb) -]

2 — “E + 3.1% normalisation unc. not shown = Bl N S o e —

B -h +6.3% unc. on (dN/dn) / (dN/dn) not showri | + - ;nsfj Iflﬁid/ 3/?32 '/"df]r; f]%tF’;)own B

B, NI S e B L :.;g.|‘.‘.|.‘.‘|...[|....\....n|‘.‘.|"..|.‘.._

§ 0.4 ;_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity —; 8 0.4 ? B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity *;
g 02F 3 = 025 =
3 OFF Ha_ T P T e T T TR Y. g o ;—“_‘TTL—‘ :
302 E D 02 e =
e e i 3 -04f . S
0 1 2 3 4 5 6 7 8 9 m 0 1 2 3 4 5 6 7 8 9
(dN,/dn) / (N _/cn) (dNy/dn) / (N _/dn)

* Increase of prompt D Vs multiplicity.
ALICE e Stronger increase in pp than p-Pb.
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ALICE, ATLAS and LHCb: RprV“S)

g T T T T T T T T T T T T T
o | ATLAS $ ATLAS, p_ <40 GeV i
" p+Pb, {5 = 5.02 TeV p LHCb, p; <15GeV i
1.5-71(18) + ALlCE,pT> 0 GeV ] . - o
i ] e Suppression at midrapidity !
= 0 =
. P e s ; - * No rapidity dependence at
- + 4] 4t : midrapidity.
- LK) | 4 | A
05— _
| — Comover Interaction ’
L E. Ferreiro, Phys. Lett. B 731(2014)57 _
T o 009w p T 5 5 w o5 o5 5 93 L
0 —4 -2 0 2 4
y*

& EP]C78(2018) 171
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