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INTRODUCTION




The LHCDb detector

=< Overview - Run 2

Single arm forward spectrometer with
excellent vertexing, tracking, PID and
~unique coverage2<n<5

BeAL, Ml M4 M3

SPD/PS M3 - 25 Omrad

VErtex LOcator (VELO)

Muon stations

Tracking system

Calorimeters
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

The LHCDb detector

=< Overview - Run3

Single arm forward spectrometer with
excellent vertexing, tracking, PIDand .

/ / unique coverage2 <7 <5 \\ o electromice

/ ECAT; Sah va M5 \\
M3 \

“QN" / //
VErtex LOcator (VELO)

Muon stations
new electronics

“e\N\' Vertex)
Tracking system N

Calorimeters
new electronics
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065

The LHCDb detector

< Experimental setup

* Beam colliding systems:

—p pp
=) P pPb (forward)
« g @ 1.5<y* <45
Pbp (backward)

-39 <y*F< =23

Pb mp <= @

Pb — <. PbH PbPb
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Quarkonium production

< QGP

* Beam colliding systems:

- pp
—> 4u Db P o)
Pb mp <= I_)??s(iaycﬂlf Viaid;.s

2 PbPb
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State of matter at high temperatures and
densities where quarks and gluons are no longer
confined but exist as in a deconfined ‘liquid-like’

configuration
(jet quenching, strangeness enhancement,
collective flow phenomena, quarkonium
suppression) |

Bound heavy quiarkpairs: cC
charmonium and bb bottomonium

QUARK-GLUON PLASMA (QGP)
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Quarkonium production

< QGP - Quarkonium production

% Beam colliding systems: COLOUR SCREENING

Quarkonium production suppression

. ¢ PP Start of collision QGP Hadronization

pPb (forward)

- Pb '
« 1.5 <y* <45 §

Pbp (backward) » Colour screening in QGP prevents T/Te _1/r) ]

—55<y*<—25 | binding of ¢ pair 2
.o The amount of suppression is
related to the properties of the QGP, h J/W
such as its temperature <T,
w(25)

Pb mp <=

Pb — <. Pb PbPb

QGP
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https://doi.org/10.1140/epjc/s10052-008-0847-4
https://doi.org/10.1140/epjc/s10052-008-0847-4
https://www.nature.com/articles/nature06080

Quarkonium production

< QGP - Quarkonium production

% Beam colliding systems: RECOMBINATION

. Quarkonium production enhancement
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o At sufficiently high ,/syy, ¢ and ¢ are abundantly
produced ( > 100 pairs at LHC)

« These ¢ and ¢ quarks in the QGP can be recombined
to form quarkonium states

Pbp (backward)
—S35<y*< =25

Pb mp <=

Pb — < Pb PbPb

QGP
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https://www.nature.com/articles/nature06080

Quarkonium production

= CNM effects

* Beam colliding systems:

P pp
—p P pPb (forward)
« b ﬂ 1.5<y* <45
Pbp (backward)

Pb mp <= @

Pb — <. Pb PbPb

—S35<y*< =25

Lidia Carcedo Salgado
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Quarkonium production

< Small-systems

* Beam colliding systems:

mp pp BASELINE
—p Ph pPb (forward)
« ﬂ 1.5<y* <45
Pbp (backward)

Pb mp <= @

Pb — <. PbH PbPb

—S35<y*< =25
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Quarkonium production

< From small to large systems

* Beam colliding systems:

BASE

mp G pp
=) pPb (forward)
« Pb ﬂ 1.5 <y* <45
Pbp (backward)
Pb »4- @ -55<y*< =125
=
Pb — <. Pb PbPb 8
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QGP-like signatures have been
observed in small collision systems at
high multiplicity!

What about quarkonium suppression?

This motivates the study of
quarkonium production as a function of
multiplicity / centrality from
small - - large systems

EPS HEP 2025


https://www.nature.com/articles/nphys4111
https://www.sciencedirect.com/science/article/pii/S037026931630747X?via=ihub

Quarkonium production

< The co-mover model
* Beam colliding systems: Co-mover interaction model
: " Quarkonium suppression is caused by final-state
mp G Dp ‘é’ interactions with soft particles (co-movers)
0 produced in the same collision
cC
- « Ph pPb (forward) 4/ D
1.5 <y* < 4.5 ——— = - -\
D
Pbp (backward) <
P mp <= 55 <yt<—25 The w(25) is more g
suppressed than the J/y  z 06
due to its larger size % 0.4 7
B-  The suppression increases o 022 [
PbPDb O £ 0. 0.18
Pb =+ Pb O  with the density of the = 2 ’ 0.05
medium ° oo &

) Xe2 Xel XeO J/qp
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https://arxiv.org/abs/2411.05669

Quarkonium production

& ()bsel'vable l“ pp and pr More details in the backup
* w(25)-to-J/y Op2s)  Vys) o Etot Jhy o B J1y
—coct " =
cross-section ratio Ot Niw  €ormas)  Buos)
* As atunction of multiplicity Nf;;/cks = number of VELO tracks used to reconstruct the PV
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Quarkonium production

& ()bsel'vable i“ pp and pr More details in the backup

* w(25)-to-J/y Oys)  Nuas) | Eoray . By

cross-section ratio o o N X o X B
JIy JIy tot,yw(2S) w(2S)

2 T T [ T3 {g4000'l""l"" 8.‘105 L B - N 40— ——— 71— 7 7 7]
o\ - Fit for J/ - ~ Fit for J/ ; f ' ~~ ~ P i
S il lj;t—:l)zrltiw LHCb {s=13TeV - %3500 —;t—g;taw LHCb Vs=13 TeV N LHCb pPb ysgy =8.16 TeV > 1oof LHCbPPb sy =8.16 TeV -
g0 F —wul E 23000 - — toul i g 0F Tvevaa = oof. Ve :
S ,f  prompt : S prompt o — w(25) total fit <, - —(29) total fit ]
'é 10° E  non-prompt E :2500 _ non-prompt 5 10° N 0 ]
@) - wrong PV . %2000 wrong PV § N Frompt 2 [ Prompt i
10% g - - - background : = g 1500 - - - background B 102 ! Nonprompt " 60 Nonprompt * I -
= e = O - )2 .
C 5 g - --Background = 40 - --Background | Ehii!l ]
1000 QO N .= C -
| T4 500 F S 20 s # __ IR
1 il “ N j 7 R 5;555;;:3;;- * O 11
l A ] " 1, Jpmemsssssssmasnsguiinahgnk () mmmmieerenpopn¥ gl g 1 | T Y .I inii.__ _____ NN iuh L . 0 P EPEETTR RS NSNEais NN L
-10 -5 0 5 10 3000 3050 3100 3150 3200 ~10 -5 0 5 10 3600 3650 00 3750 3800
2
' inlici PV
* As atunction of multiplicity N = number of VELO tracks used to reconstruct the PV

tracks
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https://link.springer.com/article/10.1007/JHEP05(2024)243
https://arxiv.org/abs/2506.08624

Quarkonium production

& ()bsel'vable Il’l pp and pr More details in the backup
* w(25)-to-J/y Op2s)  Vys) o Etot Jhy o B J1y
cross-section ratio am N]/w Er0t(2S) %w(zs)
Oy (25), Cy(28).n! Oty
Normalised ratio for multiplicity bin n Normalised e — M
O Jhy.n Ln 61//(2S),n/ Zn O Jhy,n
* As atunction of multiplicity Ngc‘l/cks = number of VELO tracks used to reconstruct the PV
L> Non-dimensional multiplicity Ngc‘lfcks/ < Ngc‘lfcks >NB
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Quarkonium production

= (Observable in PbPb

More details in the backup

LHCb

I 1 |
- Data

N\C 10* |
X W(Q,S)-tO-J / /4 %J/l// v GW(ZS) B Nl//(ZS) o 8t0t, Tl E \Sxn = 5.02 TeV PbPb T-Tigzé El)gsnizlngl
cross-section ratio B 5 T N o = 10 90% < Centrality < 100% - Backeroun
Ww(25) Ty Jhy totp(2S) 3
S 10
% }
. . S 10k i
As & funct f ralit Percentile label that informs R T byt + |I|.|,|,|ili§
S a tuncton or centrall 1l ; AT ;
* y us how or i LI i

a heavy-ion collision is

Associated with the impact [ o)

parameter, b, and with the
mean number of participating | g 2

nucleons, <N,,, > S

Obtained from Glauber
Monte Carlo (GMC) model

Lidia Carcedo Salgado 16

m(u+u) [MeV/c?]

Centrality classes

100 - 90

90 - 80

30 - /0
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https://arxiv.org/abs/2411.05669
https://arxiv.org/abs/2111.01607
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6,25)/ 011, VS multiplicity in pp collisions

atv/s =13TeV

> L4f LB A B S BB
2 13F : LHCb pp Vs=13TeV =
¢ 12F =
g LIE ﬂ :
= - .
g 1 S — R o m E
O - : .
Z 0.9 —
- 8 -
0.8 [+ prompt EI—_
0.7 §—+— non-prompt _E
-] co-mover model -
I T TR TR TR NN TN SN SAN TN NN SUN SRS SUN S NN TN S SN S R S

O°6O 1 2 3PV PV4
NU&CkS/(Ntracks)N B
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[JHEPQ0S(2024)243]

* Normalised ratio of y(25)-to-J/y integrated
over 2.0 < y<45and 0.3 < p;, <20 GeV/c
versus non-dimensional multiplicity

v Non-prompt (from b—hadrons) ratio:
- No dependence on multiplicity

v Prompt (from the PV) ratio:
- Evident decrease with multiplicity
- Agreement with co-mover predictions
except at low multiplicities

* Comparison with previous measurements
shows compatibility between results

18 EPS HEP 2025


https://link.springer.com/article/10.1007/JHEP05(2024)243
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6,25y 011, VS multiplicity in pPb collisions

aty/s =8.16 TeV T

=) Pb pPb (forward) <= Pbp (backward)
- ﬂ 1.5<y*<4.0 Pb = —-50<y*< =125
s 6p0—mmm——m———————— 17— s 16— — T
S 1 4F i LHCb pPb |5y =8.16 TeV - S 14b LHCb Pbp sy = 8.16 TeV i
\g | 15<y <40 - \g -50< y* <-25 |
bS- 1.25— [E $ _E bﬁ- 1.25— @ H] E _E
3 Er " $ """"""""" o ¢_ 3 o $ """""""""" -
g 0.8 % $ - '?‘é 0.8F % [ll] $ —
~> 0.6+ Prompt — >~ 0.6+ Prompt —
- + Nonprompt . -~ + Nonprompt
o4c- 3 o4 T
0 1 2 0 1 2
NEZCKS/ <]\ItP;chs>NB N tP;chs/ <N tP;chs>NB
v Non-prompt ratio: v Non-prompt ratio:
- No dependence on multiplicity - No dependence on multiplicity
v Prompt ratio: v Prompt ratio:
- Decrease of ratio with multiplicity - No dependence on multiplicity
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https://arxiv.org/abs/2506.08624

6,25y 011, VS multiplicity in pPb collisions

aty/s =38.16'TeV b

003 I I l | I | | | |
 LHCb pp V5 = 13 TeV v J43sRellel consistent W|th

’\5_ _ -
S : -
0 ol i Suggests that a similar environment is
0.025F —+— LHCb pPb =8.16 TeV 9gest: .
S - A LHCh ngp \/V:,E _816 TZV - created in the final states of both systems,
% 0.02 " H ; ALICE PbPb N\/EN*N = 5.02 TeV — where the suppression is dominated by
2 - I & - co-movers
> 0015 = : -
= - . backward
S 001F 41 v [Pbp ratio compatible with PbPb ratio
o) : - Suggests that a similar physical effect is
0.005 | — present in both systems, where additional
- - suppression mechanisms such as QGP
1 L 1 ] 1 1 1 | ] 1 1 ;
0O >0 20 0 could exist
dN, /dn
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https://doi.org/10.1103/PhysRevLett.132.042301
https://arxiv.org/abs/2506.08624




6,25y 011, VS centrality in PbPb collisions

aty/s =5.02TeV s s D
~1_ 007 — . . .
2|3 L e LHCb 5.02 TeV PbPb, 1 * Crosg section ratio of y(25)-to-J/yasa
3= 0.06F —— ALICE 502 TeV PbPb, - function of the mean number of participating
%|° [ —=— LHCb 13.0 TeV pp, - nucleons, <N,,, >
,I.\° 0.05 :_ LHCD 8.16 TeV pPb, _:
i }: ~ —— LHCb 8.16 TeV Pbp, 1 * Comparison with other collision systems:
S 0.04 - —
:% g : 1 v IRSMBIRE results show no dependency
\5_5 003 | = on <Npart>
|5 . 1 v Agreement with result within
002 - | | - uncertainties
001E t { % % %_: v Agreement with LHCb and ' pPb /
TE - results (< N,,,, > = 2 and 8, respectively)
oF .
1 10 10
N !
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https://doi.org/10.1103/PhysRevLett.132.042301
https://arxiv.org/abs/2411.05669

6,25y 011, VS centrality in PbPb collisions

— [arXiv.2411.05669],
at S -— 5 .02 Tev accepted in JHEP
~_ 007TF/—/—mm 17— . C . .
A . ] * Cross section ratio of w(25)-to-J/y as a
SIS [ —— LHCbS02TeV,20 <y <43, this - function of the mean number of participating
é B/ O 06 _ o SHMe 502 TeV,2.0<y <45, _ nUCleOnS < N >
o | - TAMU 502 TeV,2.5 <y < 4.0, NI - ’ part
Tl 0.05 - 1 ¥ Comparison with theory predictions:
+ | = _ -
= - - :
T 0.04F 4 v model underestimates data,
U - - although showing a flat trend
<= 0.03F - SHMec assumes that ¢ quarks are produced in the
S‘ ~ ® .
% | " . collision, conserved throughout the QGRF

002 F 7 thermalised in the medium, and then hadronised at

T E the phase boundary
0.01 Pz, v BAMBN model is in better agreement
with data

0 TAMU is a transport model that respects detailed

balance and simulates the gradual dissociation and
regeneration of charmonia
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https://arxiv.org/abs/2411.05669
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Run 3 outlook

x LHCDb has recorded an unprecedented sample of PbPb collisions (£ ~ 0

ty to separate

prompt and non-prompt
production

* Poss

iInosity might

¥ Increased lum

* Down to a centrality never

allow to observe more
quarkonium states in PbPb
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PbPb, |[5,=5.36 TeV
2023, Run 278233

LHCb prel

Q\
-
s

achieved before due to the power
of the newly upgraded detectors
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Run 3 outlook

< Fixed target mode

¥ LHCb has a unigue system called SMOG to
Inject noble gases allowing to operate
in fixed-target mode

nett O
allows to take data
simultaneously to \ y
beam-beam R

-t ppipHe pp+pAr —+— pHe

1.2

. -t pp Reconstructible PV LHCb Simulation
T 1 , |
s b WY
5 0.8 t
gL b
g 0.6
Q - °
2 o4l nominal
- E interaction
. point

ik

| -
0 100 200 |

500
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* Fixed-target samples collected in 2024

_ = | | | | | | ]
5 10° = LHCb | 2024, 5, =709 Gev [ 2024, 5= 113 Gev =
— 100 2016, sy = 110 GeV 2017, sy = 68.6 GeV =
Z _ 2016, {55y =86.6 GeV —— 2015, (s = 110GeV =
5 _
= See J/y =
= l peak in —
o Juliette’s =
= talk! —
© .
o0 =
2. -
= -
— -
—2 | | | N
10 pH, pD, pHe pNe pAr PbNe PbAr

See J/y and y(2S) Collision system

peaks in Juliette’s talk!
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https://doi.org/10.1103/PhysRevAccelBeams.27.111001
https://doi.org/10.1103/PhysRevAccelBeams.27.111001
https://doi.org/10.1103/PhysRevAccelBeams.27.111001

Run 3 outlook

< Thelight ion run

* The light ion run started last week! Really important run for the heavy ion community!

% LHCDb plans to take fixed-target OH, and NeNe at , /syy = 70.9 GeV simultaneously to OO and NeNe
at | /syy = 5.36 TeV, respectively

Time: 0 fm/c < 1fm/c ~10 fm/c ~101% fm/c

LLHCb Bl \s\\ =5.36TeV

(—
-

[ IIIIII|
L | IIIIII|

[—
S

[ Illllll
|| IIIIII|

Integrated luminosity [nb™']

(—
S
(\9)
|||||

PbPb pO 00 PbPb pPb/PbPb

2024 | 2026 NeNe pO 0O, NeNe
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https://doi.org/10.1140/epjc/s10052-024-12935-y

© Thank yoeuiforlyour attention!






6,25y 011, VS multiplicity in pp collisions

alt\/ s = 13 TeV [JHEP05(2024)243]

x Fiducial region 2.0 < y < 4.5and 0.3 < p, < 20 GeV/c
x Double-differential cross-section for prompt and non-prompt J/y and w(2S) production in a given
(P> y) bin and multiplicity range:

dQU _ N(pTay)
dydpr L X €ot(pT,y) X B X Ay X Apr

¥ Double-differential ratio of prompt or non-prompt production in a certain multiplicity range:
op(25)(PT,Y)  Nyes)(PT,Y) y €tot, /) (PT5 Y) y Byt -

T Jh) (pT7 y) NJ/IP (pT7 y) €tot,1(29) (pT7 y) B¢(25)—)e+6—

¥ Ratio of production over an integrated

kinematics: ¥ Normalised cross-section ratio:
O .
Z' Ww(2S), -
J where j run. over | Gl/f (25).1 Gl/f (28 / GJ/l/f,n
2.0y alpr y)bins Normalised —
/ UJ/y/,n Zn 01//(25),71/ Gfll/f,n
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https://link.springer.com/article/10.1007/JHEP05(2024)243

Cy25)/ 011, vS multiplicity in pp collisions

at —_ 13 TeV [JHEP05(2024)243]

* Production of y(2S) is suppressed at low p; almost independent of multiplicity at high p;

> 1.6 ~ [ 1 r - 1 1 = 1.6 ~ | — 1 r 1 [ _
o T 19 -
> 14 @ LHCb pp Vs=13 TeV 1% 14 LHCb pp Vs=13TeV -
s 1 S B non-prompt _
© : n prompt 10 1L E
o 1 2 ~ 1 - -
8 | ﬂ'l 1 O — b -
= l ) 1.2 - ] ; -
T et B AE— R R e m—
S i - | - § N g
Z (.8 . 3 117z 0.8 —
i i _ - I
: "1 06 —
0.6 —+03< p_<2.0GeV/c — b —+-03< p_<2.0GeVic -
L=+ 20< p_<40GeVle —+—6.0< p_<8.0GeV/c - L —4—2.0< p.<40GeViec —+6.0< p <80GeV/c i
04~ 40< p <00GeVic, —+80< p <20.0GeV/c _ 0.4F 5 40< p,.<60GeV/c —+ 8.0< p_<20.0GeV/c —
e - . o e 1, - R T e T

0 1 2 3 4 0 1 2 3 4

PV PV PV PV
NtraCkSKNtracks)NB N tracks/ <N tracks>NB
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https://link.springer.com/article/10.1007/JHEP05(2024)243

6,25y 011, VS multiplicity in pPb collisions

— arXiv:2506.08624],
at S — 8 - 1 6 Tev [submitted to JHEP

x Fiducial region: 1.5 < y* < 4.0 (-5.0 < y* < =2.5) for pPb (Pbp) and 0.3 < p, < 14 GeV/c

% The cross-section ratio for a multiplicity bin i: * Multiplicity bins: pPb Pbp
O-;LP@S) BJ/¢—>LL+ T Y12(2S) Ntlz;i:ks Ntfx)'zx:ks
L= Yi 4-45 | 4-60
I YES)=uTuT Sapp 45-70 | 60-90

70-90 | 90-120
90-120 | 120-160
120-270 | 160-330

4-270 4-330
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https://arxiv.org/abs/2506.08624

6,25y 011, VS centrality in PbPb collisions

atv/s =5.021TeV [arXv.2411.05669)

x Centrality intervals (estimated using the total energy deposited in the ECAL), <N, . >,

part
and signal yields:  ~Gqprality (%) | 90100 8090 7080 6070
(Nt 2455 55130 130265 265480
N(JRp) | 596+£28 2099+52 3320474 2221+ 77
N(¥(25)) 130 53 = 14 68 £ 26 80 L 36

¥ Ratio of cross-sections multiplied by their branching fractions:

B((25) = prp~) o((25))  N®(Q2S)) ewo(J/Y)

B(J/¢Y — ptp~) o(J/v) B N(J/Y)  ewot(¥(25))
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https://arxiv.org/abs/2411.05669

Run 3 outlook

< Fixed target mode

* LHCDb has a unique system called SMOG to * SMOG2 improvements respect to SMOG:
Inject noble gases allowing to operate
in fixed-target mode . v X 100 more density that translates into a

massive increase in luminosity

v Precise luminosity determination (<2%
' systematic uncertainty)

v Wider choice of target gases:
' H,, D,, He, Ne, O,, Ar

{9 - 1 ppipHe pp+pAr —+— pHe
T —tpp Reconstructible PVs LHCb Simulation

A 64l | v Clear separation between the beam-gas and

nominal (beam-beam) interaction points that

0.8

0.6 —

PV reconstruction eff.

04l “nominal . allows simultaneous data taking with
02 nteraction . same physics performance
N point §

500 -400 —300 |-

Z [mm]
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