Multiplicity-dependent
quarkonium measurements

Oscar Boente Garcia*
10/01/2024

Quarkonia As Tools 2024

*oscar.boente@cern.ch

Laboratowe anr
& s Leprince-Ringuet



mailto:oscar.boente@cern.ch

Why measuring quarkonia with multiplicity?

* Quarkonium production mechanism in
hadronic collisions is not yet fully

=6
understood
- Several approaches (NRQCD with
different LDMEs parametrizations; _
—H

|CEM) coexist
- New observables are needed!

* Measurements of hadron multiplicity produced along with the quarkonia may reveal new
information:

- extra gluons from octet produce additional particles in the final state, but underlying
event (UE) activity is very similar to that from the octet — see Lidia’s talk of yesterday

- general purpose generators are, in general, not able to describe underlying event
activity of quarkonia events

* We need to have a good description of the UE
* Charged particle multiplicity is a first proxy of the UE

* |n this talk, | will review of some of the quarkonia studies at LHC that are looking into this
concept

Oscar Boente Garcia Multiplicity-dependent quarkonium measurements 10/01/2024




From small to large systems: quarkonia

@&2:IIHIIHIHII”|'3
= 21.8F LHCb 4 LHCb =
= @1 6EF E
* Multiplicity dependent studies in small systems AR F comovers
. . . ~ &l4F =
can help benchmark quarkonium studies in AA = HF E
- Help understanding complex dynamics of large E E
systems, many effects at play 08k
e Study case: quarkonia final-state effects 0. ]
. . . 04 5 p <25 GeV/c :
- usually claimed to explain excited-to-ground 0ok _8 16 T V
state suppression ob i VSNNT ©
- in comover scenario, stronger effect in JHEP 11 (2018) 1‘91 =2 O 2 4y*
backward region of pPb due to higher
multiplicity (JHEP 10 (2018) 094) o FORRTSLAZ.pRS0OPOL BRI
: : : e 127 p <30GeVic CMS T ]
- can we see this also in pp at high-multiplicity? ] f;I<2?4G v S T ocon
L RSB bibh o L
*pp data would offers larger statistics to : Y(1S) (015 PoPbp) |
better characterise the mechanism B! 5 Y29 T ]
. T . Tos YGS) T ]
Accurate quantification of this effect needed for
interpretation of quarkonium data in AA 041 ¥ . e L TE
0.2f = T
. I Im A I E.]I Itgj I ¥ I > Lo T
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arXiv:2303.17026 (N
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From small to large systems with multiplicity

ALICE: PRC 91, 064905 (2015)

e (Charged hadron multiplicity is becoming more and

T I T T T T l 1 T

- Glauber-MC

2
i - S
more used as a proxy for medium energy density S 600 p-Pb sy = 5.02 TeV
e An alternative to collision centrality, which has large = 3107
biases in small systems 200 :
- Pro: use same variable across different systems 10°
)( - Con: less direct connection to phenomenology 200 -
* In pp collisions, multiplicity can be related with
multiple parton interactions (MPI) g 10°
e |mportant notes: particle multiplicity is not a
“universal” variable as it depends on: g o T T T T T T T T T T T T T T T T
. . . E [ pp Vs = 13.6 PYTHIA 8 (Monash)
- detector acceptance, also in relation with < [ — selectionont-p
quarkonia kinematics 15[ selection on VOM

- charged particles pr (soft-hard scale)

-
(=)

OIIIIIIIIITIIIIII

- if detector efficiencies and backgrounds are
corrected

- charged particle definition (see ALICE-
PUBLIC-2017-005)

* Special care when comparing measurements from z 10 T

5 20 25 .
different experiments (dN Ch/dmmko_s
Phys.Rev.D 107 (2023) 7, 076012

(6))
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Observables studied so far

Self-normalised production with multiplicity

- Study multiparton interactions effect on

quarkonia production
Focus of this talk

Ratio excited-to-ground state with multiplicity

- Study presence of final-state effects sensible to
quarkonium binding energy/size

 Azimuthal correlations with multiplicity — See talk by Chenxi tomorrow!

e Quarkonia in jets — discussed yesterday by Lidia
4.9 fb™1(7 TeV)

* Quarkonia polarisation with multiplicity: CMS s o =05 a0
1 HX frame ® 15-35 GeV —— %,=0.0 A, =0.25

- How do charmonium production description

depends on multiplicity — Test LDMEs
universality

- Measurement of Y polarisation by CMS
(Phys.Lett.B 761 (2016) 31-52)

*No significant dependence with multiplicity -0

Fraction of transverse process: 50 > 0%

Seen --== Ay =04 A =00 Ll A, =0.0 A, =10
---- X =04 A, =-04 ... Ap=0.0 A, =-0.4
*Higher-mass feed-downs (P states) A0
: : : 0 10 20 30 40 50
complicate interpretation N¢h
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Quarkonia with
multiplicity from ALICE



Quarkonia production with multiplicity in ALICE

_ only ]/l// — €+€_ (hard 1/1(25) orY (figure from David Dobrigkeit Chinellato)
Central barrel low statistics) Muon Arm
|y] <0.9 - prompt & non-prompt separation _'_'f_'_'_'_'___‘_________’___'_'_'_'ff_'_'_""'"'"'""'_'_'_'_'_'_'fjjf_'_'_'_'_'_'_'_'_'fﬁf_'_'_'_'_'_'_'_'_ =
TPC } o)
_________________________________________________________ =
B ITS (SPD) 3
_4'\1“0”<ari“2 5 ] -decay — pruT Iy w(28), Y T VAT
Yy ‘ - inclusive measurement B Yo o S ZDCAT
D B I Ty s
Multiplicity determination rapidity

e Define activity classes with SPD (midrapidity) or VO (forward+backward)

e Average charged particle multiplicity in each mult. class measured at midrapidity (with SPD)

SPD activity classes VO activity classes
-'g T | T T T | T T T | T T T | T T T | -'(2 T T T | LI | LI | L | LI | LI | L | LI
C . C .
S (6L AUEm fo=ioTev 3 MBS | § 1090 Ao p ts- 10 Tov 3 P Mogerevent
© 8 —o— EMCal triggered events 1 © 10° —e— EMCal triggered events
10 E . —5— Example data taking period
107 . E; 10
sF - 107
10°E 4o
EO o 106
10° | o s
= .l. 10
4
10 EE.: 104
3
10 E E 10°
10°E E 102
B 1 1 1 1 1 1 1 1 1 1 B | 101 | I | I | | I | I 111 | | I 1
0 20 40 60 80 100 0 100 200 300 400 500 600 700 800
N VO amplitude (a.u.)

Green: multiplicity intervals used
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Jy production with multiplicity

* Midrapidity: faster than linear
growth

- ALICE, pp
[ Inclusive J/y — u*u,25<y <4

20 F Mult. classes: In | <1

[ % V5=5.02 TeV (INEL >0)
| A Vs=7TeV(INEL)

15_— ® {s=13TeV (INEL >0) H

- No difference observed when
using SPD or VO event activity
classes

dN"" 1 dy
@N™" /dy)

* Forward: mostly linear trend, but
there is a 4.9¢ deviation from

- Inclusive J/y — e*e’, ly 1 <0.9 linear aty/s = 13 TeV
[ 4 V5=13TeV (INEL>0, SPD) $
10F + Vs=13Tev (INEL>0, VO) &r . e Inclusive measurement — harder
I, to interpret, as non-prompt
B T i :
5[ b8 L - % . production comes from B decays
‘_jjﬁ.ﬂ---‘ " . - Good prospects for Run 3,
O ..hm-él-”’l‘ﬁl L i1 I L 1.1 I L1 1 1 I L1 1.1 I L_L 1 1 I | . l- prompt & non-prompt
0 1 o 3 4 5 6 7 8 separation with MFT
N, / dry - MFT might be able to directly
an_ / dn>|n|<1 measure multiplicity in the
forward region
forward 5, 13TeV: midrapidity J/y (Run 1) midrapidity J/y (Run 2) central Y:
JHEP 06 (2022) 015 PLB 712 (2012) 165-175 PLB 810 (2020) 135758 arXiv:2209.04241
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J/y production with multiplicity: model comparison

e Faster than linear increase reproduced by different approaches: «%“
- Color string reconnection, gluon saturation, coherent particle Basic MPI scenario: N & Nypjs < Nch
production, 3-gluon fusion in gluon ladders/pomerons... s g S
- Additional complexity to the simple MPI scenario /NQ independent from Ngp,
Constant
 Excited state y(25) in forward shows comparable behaviour to
J/y (JHEP 06 (2023) 147) . dNg
(AN

5TeV,25<y<4 I13TeV,25<y<4 13TeV, |y| < 0.9

3 20_Illl|IIII|IIIl|||l|||III|IIII|IIII|IIIII||I||III|II|||I|II|IIIIIIIIIIIIII|IIII__IIIIIIIII|IIII|IIIIIII|||I||I||II§‘IIII
= 4ol ALICE pp, V5 =5.02 TeV ALICE pp, Vs = 13 TeV -+ ALICE pp, 5 =13 TeV &
—~ [ Inclusive J/y — p*u,25<y<4 Inclusive J/wy — p'u’,25<y<4 T Inclusive J/y — e'e,ly1 <09 o
5 § 16k Mult. classes: In 1 <1 Mult. classes: In | <1 [ Mult. classes: In |l <1
~ ~ o L
s = t =—e=Data T ==g= Data / -+ ==ge= Data
2§ 2;14'_ === linear - == linear . 4L === linear
SIS | EEEPYTHAS2 ) B PYTHIA 82 Jir  EEE PYTHIA 82
~ o [ EPOS3 / W EPOS3 / 4t [ EPOSS3
- [ Percolation @ Percolation - [ Percolation -
[ s 3-Pomeron CGC mems 3-Pomeron CGC HEHE]  wem 3-Pomeron CGC i
107 s CGC+ICEM /' s CGC+ICEM / " mmmm CGC+ICEM §
[ CPP CPP ' ]
8 .7
6 .
af ]
2 :
0: Dl b bvene e b bvara be o IIIII|IIII|IIII|IIII|IIII|IIII|IIII: TI-FT.|||||||||||||||||||||||||||||||||:
0 i1 2 3 4 5 6 7 1 2 3 4 5 6 7 i1 2 3 4 5 6 7 8
dN, /dn NE=O dN. /dn (NELO dN. /dn NEL>0
PLB 810 (2020) 135758 ——— cn’ 91 cn’ 97
(dN_7dn) i @N_Tdn) @n_Tdn)
JHEP 06 (2022) 015 ¢ ch byl<1 ch i<t
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Y (1S) production with multiplicity

e ALICE Y(nS) with forward muon arm: e CMS result at midrapidity:
- Linear trend, similar pattern as J/y - growth faster than linear, similar to J/y
Q L LR DL RN IELENL AL BRI
é 12__ ALICE pp VE _ 13 TeV __ (/D’_} :I [ | L | L I T T | L | L I L | L (L l:
o =
= - - — 7_ - —
TS b Y(S) i 25<y <4 : T P ls =276 TeV 5 :
2 [ eY(19) ] = s ® PPb sy =5.02TeV E
[ = S . .
L 4 Y(2S ] - [ -
B e M TEEE = | % PbPb |5y, =2.76 TeV :
- x Y(3S) : 5[ ly V<24 -
L CM _
6 ® |- - -
4:_ , ﬂlﬂ ..... ¢\|;$$ ) = yasy 7 g
E e ; - (Y (1S) L e L
2 *’* | ] 3 - % -
¥ ] of % N
~ ] | | ] - e -
=S o g - PR -
515 29} z I CMs -
s|_s ofF . - ¢ ly 1<1.93 -
2R : P You :
~ 1.5 L E 0T @I b e b e L
SN ' * o : 0O 05 1 15 2 25 3 35 4
? ? 1"% """ : t‘ """ L. [ S ‘; NTI<24, le<2'4)
Z>‘ 2>‘ 05E $ EF _ tracks < tracks / total
© '\O/ 1 1 1 1 A 1
0 1 2 3 4 5 6
N /dpy [NESO ALICE forward 5, 13TeV: JHEP 06 (2022) 015
@N_ 7 lye CMS midrapidity Y: JHEP 04 (2014) 103

Oscar Boente Garcia Multiplicity-dependent quarkonium measurements 10/01/2024
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Excited-to-ground state ratio with multiplicity

 ALICE measured ratios of w(2S)/J/yand Y(nS)/Y(LS)

- only in forward region with muon arm, inclusive w(2S5), J/y

w(2S), J/y: JHEP 06 (2023) 147

Y: arXiv:2209.04241

3 2 T T T [ T T T ] T T T l T 3 LI I LI I LI L I LI L I LI L I LI L L I LI i
m [ ALICE, pp, Vs = 13 TeV ]z 3F ALICEpp {5 =13 TeV E
S ——— - iy, y(28) - ptp,26<y <40 1 ~~ - Y(1S),Y(2S) » u'w,25<y <4 ]
| 15[ ¢ Daa N § 5’;:’, 25F o Data — 3-pomeron CGC -
g g B PYTHIAG2 0 CR) 7 Gomover 1 zlZ “IPYTHIA82  F=PYTHIA8.2 (noCR)
E’ E’ i 1 Hl1s 2r [ comovers CPP .
~~ ﬂ S B :
— -
AN [/ [5‘ i
p— a B D7, _
Q|8 b 1
S| 505 —
2SS ]
O i 1 1 1 I 1 | | | | ] | I | 0 B L1l 1 1 I L1l 1 1 I Ll 1 1l I L L 1 1l I L L 1 1 I L L 1 1l I Ll 1
0 2 4 6 NELSo 0 1 2 3 4 5 6
chh / dn chh / d77 INEL>0
<chh / dT]) Inl<1 <chh / d77> Inl<1

- Color reconnection (CR) in PYTHIA almost no effect
No significant deviation

from unity is seen - Need more precision to distinguish decreasing trend of

comover model

10/01/2024
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Ratios Y (n5)/ Y (1S) with
event activity from CMS



Y (nS) cross-section ratios in pp collisions

JHEP 11 (2020) 001
JHEP 04 (2014) 103

e Study cross-section ratios of Y (7.S) as a function of multiplicity
e Use pr > 7GeV (trigger requirement in high-statistics sample)
Multiplicity N, i tracks with pia > 0.4 GeV/c, | n'™| < 2.4, efficiency corrected

racks*
0.5 CMS 4.8 fo' (7 TeV) 05 CMS 4.8 fo (7 TeV)
i —+—Y(2S) / Y(1S) E pﬁu [GeV]:
o Y(3S) / Y(1S) 0.4k +-20-50
_h —~ F e, +15-20
N b 03: R +11-15
~— — kL o~ &
R T - = v et
= I e e R 7-9
2 o2 I R
= = Ty Te M 4045
- [ & . e P s
0.1 0.1 Sk
: : T o900
- P > 7 GeV, |y < 1.2 - y .
AN N N Y N T N N A S M A AT N A AN N N A oo b b by b b by
°% 20 40 60 80 100 120 140 “% 20 40 60 80 100 120 140
Ntrack Ntrack
Clear decreasing trend with More pronounced

multiplicity, decrease
Y3S)/Y(S) > Y(2S)/Y(1S)
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Y (nS) ratios: local multiplicity dependence

JHEP 11 (2020) 001

« Use ¢ to study dependence with local
multiplicity and underlying event

Y (nS)momentum direction

wl 3

Transverse

- distinguish effects from feed-down and

Forward

production (linked to toward & backward) 2m
from UE (transverse) 3
05 CMS 4.8 o' (7 TeV) 5
' "~ Forward: % Y(2S) / Y(1S) —9~ Y(3S) / Y(1S)
" Transverse: —+ Y(2S) / Y(1S) — Y(3S) / Y(1S) Backward op\ 1T ac}(;i;‘gggﬁ?tum
0.4 i Backward: —¥ Y(2S) / Y(1S) —% Y(3S) / Y(1S) 3
LY .
0.3 ' W*@:;: - 35 - Similar trend for the three regions, main
> ] R 5 - : Ag
— - differences at low N
_ % track
‘2 0.2 _—g Vg o - Decrease also observed in transverse
=t 5338 & .m - region
0.1- * could indicate of correlation with UE
! " " - keep in mind correlation between
O O _| R R R |p1|- |>| 7| G|e|\l,| I.|y | || <| 1|.2| | dlﬂ:erent ]\I'[?aq::k eStImatorS
0 10 20 30 40 50
No?

track
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Y (nS) ratios: dependence on isolation

JHEP 11 (2020) 001

» Define acone around Y: AR = \/(Anz + Ag?) < 0.5

* Need to correct for some feed-downs:
- significant bias at low multiplicity from Y (25) — Y(18)z "z~

CMS 4.8 o (7 TeV) o | |
0.5r * Aiming to see if comovers are affecting
- Y(2S) / Y(1S) the ratio
_ AR _
0.4) 7 Nia =0 - | ,
- - NOR =1 * No significant differences between different
o F j ; . 4 NAR =2 track multiplicity in the cone are seen
— B ' AR
;:0-3__ § ¥ = e 1 Nugoy > 2 * My thoughts:
~  f * lY(3S) / Y(1S)
@ 2i_ 4 6 NR =0 - Rather high p2* may result on reduced
cer i ¢ o - Nyggy = 1 comover effect (?)
~ T e B gt | M= 2
- ONRR 52 - Could it be interesting to study UE activity
0.1 for the different categories (for instance
= pp pp
i p_>7 GeV, |y <1.2 using Ntfaqék)
i 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1 | 11 1
O'OO 20 40 60 80 100 120 140
N

track
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Y (nS) ratios: dependence on event isotropy

JHEP 11 (2020) 001

2
Sphericity: St 24 ST ! Z L ( Pri PP y’> p;: momentum of every

- M+ v ZipTi P1i \ DyiPyi pyz,- event charged particle

i

Interpretation:
- St = 1 = isotropic event

- St = 0 = jet-like event ; SCMS 4.8 1 (7 TeV)
* No suppression at high multiplicities with Tt Y@ Y08
low St (jet-like events) - —4-0.00 <S; < 0.55
- could indicate that suppression 0.4 i g'gg igT: g'gg
mechanism is connected to UE & ; NP A + 4+ 085 <S. < 1.00
 Events with low St have a higher pt on E: 03 ¢ ¥ i ; * - [Y(3S) 1 Y(1S)
average I T e 40,00 < S; < 0.55
—~ r 4 055 <S, < 0.70
- could py biasing be also behind this Dol % ° % e THENY —+— 0.70 <S; < 0.85
difference? ;‘—:, T 3 g ¢ —+— 0.85 <S; < 1.00
] e
e Sphericity not infrared safe, other 0.1 e
alternatives (JHEP06(2010)038, H
JHEP08(2020)084) i pt* > 7 GeV, [y™| < 1.2
O-O_|||||||||||||||||||||||||||
0 20 40 60 80 100 120 140

N

track
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w(2S)/J /'y with
multiplicity from LHCb



w(2S)/J/y with multiplicity from LHCb

New! arXiv:2312.15201
* New LHCb measurement: arXiv:2312.15201

« Measure multiplicity dependency of y/(25)/J/y ratio in pp collisions at \/E = 13TeV

* Key points:

Exploits huge LHCb dataset in pp from Run 2 — double-differential study in y and p

Charmonia measured precisely down to very low pr

Separation between prompt and non-prompt (from B hadrons) charmonia
Event multiplicity variable: normalised number of PV tracks

o L L B LA DL B R Iy & L L
Q B . _ .
= —_ Fit for y(2S) _ N - Fit for y(2S)
> 140 |5 _ _ =
: 1 data LHCb s=13TeV 2 10° & +data | LHCb (s=13TeV
<1 — total fit ‘ = |3 - — total fit |
. ) f - C
S ooF  prompt " E S [ prompt
> » ] Fc% 10?2 & non-prompt
‘% 80 | - - wrong PV %é — @) E - - wrong PV
= [ ---background A /%% a [ ---background
= 60 7 - I
S C 1 . 10 &
40F 7 - :
20 - ] B
3 , N
L] . 1 1T i
o EUEPRTRRT AL s | uiidl
3600 3650 3700 3750 3800 -10 -5 10
2
M- [MeV/c?4] t, [ps]

Prompt & non-prompt signal extraction for4 < N>V, < 20,2.8 <y <3.5and 6 < pr <8GeV/c

tracks
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w(2S5)/J/y cross-section ratio

New! arXiv:2312.15201

CGC+NRQCD, NLO NRQCD: PRL 113, 192301
Measurements: PR C95 (2017) 034904 (refs.

« High precision using full 2016 dataset of 2 fb~!!

therein)

Vamn 10 L 1 1 1 1 I 1 1 1 1 I 1 1 1 —
N = =
~ - -
- 9 —~  —*— CDF18TeV,p+p NLO NRQCD =
= — -
%b Y= LHCb 7 TeV p+p (prompt)  fese] CGC+NRQCD =
>m= . = —— HERA-B 41.6 GeV p+A —— CMS 7TeV p+p =
~ - ]
:v\])\ - == ALICE 13 TeV p+p = LHCDb 13 TeV p+p, prompt -
= 6 -
Ab - OERKK 4
4 5 — 000""“”"‘ —
@ — 000””““‘ -
5‘ : : AKX ."000”’ :

m 4 — e ataled G !
: OY O :
- i -
3 | -
L i -
2 :_ | L] s f’."...‘ “,’,,..0,0,00000’0’0’0‘ -
’$0¢ RS QRRAXA -
= =
0 - 1 1 1 1 | 1 1 1 1 | 1 1 1 =

0 5 10

p. [GeVic]
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http://@article%7BMa:2014mri,%20%20%20%20%20author%20=%20%22Ma,%20Yan-Qing%20and%20Venugopalan,%20Raju%22,%20%20%20%20%20title%20=%20%22%7BComprehensive%20Description%20of%20J/%5Censuremath%7B%5Cpsi%7D%20Production%20in%20Proton-Proton%20Collisions%20at%20Collider%20Energies%7D%22,%20%20%20%20%20eprint%20=%20%221408.4075%22,%20%20%20%20%20archivePrefix%20=%20%22arXiv%22,%20%20%20%20%20primaryClass%20=%20%22hep-ph%22,%20%20%20%20%20doi%20=%20%2210.1103/PhysRevLett.113.192301%22,%20%20%20%20%20journal%20=%20%22Phys.%20Rev.%20Lett.%22,%20%20%20%20%20volume%20=%20%22113%22,%20%20%20%20%20number%20=%20%2219%22,%20%20%20%20%20pages%20=%20%22192301%22,%20%20%20%20%20year%20=%20%222014%22%20%7D
https://doi.org/10.1103/PhysRevD.85.092004

Event multiplicity determination at LHCb

* Three multiplicity variables: Backward Tracks Forward Tracks

- Ngfward: tracks in forward direction used in primary F=3<n<-=2 2<n<5

vertex (PV) reconstruction
PV . , , : :
- Nbackward. tracks in backward direction used in PV
reconstruction
_ NPV — NPV +NPV

tracks backward forward

e VELO not forward-backward symmetric:
- more tracking stations in the forward region
- Use region of —60 < zp, < 180 mm to ensure
constant acceptance and self-normalised ratios

- Tracks not efficiency corrected (VELO efficiency
> 95 % in forward)

VELO XZ profile
backward-track modules forward-track modules

A I

A SIDE {"
beam envelope o ~5cm ad
3 z

= s
5 i ’ 15 mrad ‘ ’ ’oﬁ_:
= 3 AR~
g 7 L :
| = |
C SIDE LHCDb JINST 3 (2008) S08005

VELO performance JINST 9 (2014) P09007
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https://doi.org/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007

w(2S)/J/y with multiplicity from LHCb

New! arXiv:2312.15201

e prandy integrated resultin 0.3 < pr <20GeV/cand 2.0 <y < 4.5

e No significant dependency for

A7 77— non-prompt ratio
Q@ 1 3 E_ LHCb pp V5= 13 TeV _E - expected in principle as both
& - ] J/y and y(2S) decay from B
5 12F — hadrons
D 11 4  « Decreasing trend seen in
;% -1 m prompt ratio
z gt E
S - - « Comover interaction model
z 09 - S describes decreasing trend
0.8 F+ prompt & »m = - Estimates break-up of y(2S) and
07 "+ non-prompt K7 E J/y from partons or hadrons
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w(2S)/J/y: dependence with multiplicity classifier
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w(2S)/J/y: dependence with multiplicity classifier
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w(2S)/J/y vs mult.: kinematic dependence
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Conclusions

 We discuss several measurements to help describing interplay between quarkonium
hadroproduction and the underlying event:
- quarkonia self normalised ratios: faster than linear trend seen by ALICE (J/y) and CMS
(Y (nS) at midrapidity:
*a variety of mechanisms are able to explain the data

- CMS observed a decreasing trend of Y(35)/Y(1S) and Y(25)/Y(1S) with multiplicity, which
could be linked to the underlying event, but confirmation is needed

- new LHCb measurement shows a decrease of y(2s)/J/y ratio with multiplicity, which can be
explained by comover break up

e We need to better understand UE in events with quarkonia production:
- for example, measuring isolated quarkonia relies on a good UE description by generators
- need to propagate knowledge from measurements to generators (RIVET and tuning)

e Important to gradually build a global picture between systems of different size — evolve from
self-normalised ratios to direct multiplicity measurement

- self-normalised ratios do not allow to compare multiplicities across different systems due to
different (N ,)NB

 Many improvements achievable with Run 3 data (new ALICE MFT, much larger statistics
thanks to new trigger scheme; LHCDb, larger statistics, easier access to unconventional

quarkonia with new trigger, upgrade of fixed-target program) — see Rita’s talk for more details!
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w(2S)/J/y vs mult.: non-prompt kinematic dependence
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New! arXiv:2312.15201

No significant pr dependence for non-
prompt ratio

No significant y-dependence for non-
prompt ratios
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w(2S) production with multiplicity

Forward: JHEP 06 (2023) 147
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J/y production with multiplicity: pr dependence

midrapidity J/y (Run 2)
PLB 810 (2020) 135758
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