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» At extremely high temperature and energy density

* QCD predicts that nuclear matter transitions into a deconfined phase
quark—gluon plasma (QGP)

* Heavy-ion collisions are a laboratory to create and study QGP
* QGP formation is well established in PbPb Final detected

particles

Time: 0 fm/c <1 fm/c ~10 fm/c ~1015 fm/c
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» At extremely high temperature and energy density

* QCD predicts that nuclear matter transitions into a deconfined phase
quark—gluon plasma (QGP)

* Heavy-ion collisions are a laboratory to create and study QGP
* QGP formation is well established in PbPb

How do QGP signatures evolve with collision system?

Do final-state heavy-flavour effects persist in light-ion
systems?
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LHCDb Detector in Run 3

JINST 19 P05065 (2024)

* LHCb: a single-arm forward
spectrometer covering 2 <n <5

» Optimized for heavy-flavor (c, b)
physics
» Excellent tracking and particle
identification capabilities
* Ap/p = 045% —1.1% forp = 2 —200 GeV/c
* In Run 3 the detector was upgraded

* fully software-based trigger
* new tracking systems
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Small Systems with LHCDb

LHCb Operations Plots
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like effects as a function of system size

* LHCD collects a diverse data set O Colisondata gy Fredargetdaa s
spanning multiple collision systems o - s
* a unique opportunity to search for QGP- v e

« Small systems are interesting

 challenge the traditional picture that
QGP-like behavior appears only in

Integrated recorded luminosity [nb ']

5 2 R R 8 2ER TR 3R R 2R %2R R E 2T g 2 <
heavy-ion collisions
hh EE R LS R AR RS
. Run 3 Collision system
QGP effects in AA:
* Energy loss in plasma
» Hadronization following deconfinement
pep p o

low multiplicity

high multiplicity
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 D° production Ratio NeNe/OO
« Beauty Production in OO, NeNe, and PbPb
* Highlights from Y suppression in pO, OO | NEW!

6/24/26 . HP2026 6



D? Production Ratio: NeNe / OO

DY production ratio NeNe/OO

* Many detector and normalization
e R(p) = (N po/dpr) “ effects cancel in the ratio
P (deo/dPT)OO T Y * The pr shape is the main

Measure yields

___________ | l observable

. | per p; bin | * R(pt) = constant — geometric scaling
__________ * R(pt) # constant — differential nuclear
NeN 00 00 s .
nyoe € Nipel modification or QGP formation onset

n_OO X E_NeNe X NNeNe . ) ]
i i [nel * Provides first direct test of
Corectby | Normaize by umber | SyStem-size dependence of
efficiency |1 of inelastic collisions + charm production and possible

modifications
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Prompt D° - K~* Reconstruction

Light-lon Data at \/syy = 5.36 TeV

 Event selections

- consistent with displaced D decay

topology
« particle identification

» Excellent tracking and vertexing

provide very clean D°

* 0.5 GeV < pr(D?) < 20 GeV
«2.0<y (D% <45

400000 1

Candidates / 2 MeV

LHCB-PAPER-2026-008

300000 1

200000 1

100000 -

t

Background
Fit
Data

LHCb
00, 5.5 nb™ !

v/ SNN = 5.36 TeV

l:,()

1775 1800 1825 1850 1875 1900 1925 1950
m(K~7t) [MeV]

60000 -
O
= 500001

a\
~ 40000 1

N

3
= 30000 -

")

S 20000 1

<
© 10000+

t

Background
Fit
Data

LHCb
NeNe, 0.51 nb™?

A/ SNN — 5.36 TeV

1775 1800 1825 1850 1875 1900 1925 1950
m(K~7t) [MeV]

6/24/26 . HWP2026 8


https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553
https://cds.cern.ch/record/2955553

Prompt and Nonprompt Extraction

log(XIZP) Fit

* Prompt and Nonprompt components
are separated using fits to x5
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» D’(p1,y)
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LHCB-PAPER-2026-008
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. . . . . LHCB-PAPER-2026-008
First charm measurement in light-ion collisions

nNeNe 00 NIOOI
° — 1 1 ne
R(pr) = .00 X NeNeXNNeNe 140
n; j Inel | - (Nooi ) / {Neak
| Yields : 'efﬁmency' lNormallzatlon l 1351 EPPS21
————————————————————— ¢ LHGCb, \/sny = 5.36 TeV
S 1.30-
The measured pr dependence is 25 1
not described by nPDF-only ~ _ e
EPPS21 expectations =TT Ty MR R
nyNeN )
* R(pr) = ( Neoti e>/< coll) by binary 1.151 ?
collision scaling expectation | : 10 15 20

« suggests that a simple geometric- pr(D°) [GeV]
scaling picture is insufficient
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LHCB-PAPER-2026-008

Theory models with QGP effects... Possible recovery at high py:
» Predict a non-constant pr dependence i radiative loss regime
* CNM-only |- (NX) /(NS
 decreasing toward py 1.35 - ONM
 CNM + radiative loss: CNM-+Rad.
e Wweak DT dependence 5 1.307 1 CNM+Rad.+Coll.
C o > LHCb, /sxn = 5.36 TeV 1
« CNM + radiative + collisional loss: Qg 195 + N ’
* best describes the observed trend ///7/@\/\/\/ ~
» The data favor calculations including 1201 “ﬁ 0
final-state charm-quark energy loss — 1 T
over CNM-only expectations 1157 . - -~ )
. ponsistent with QGP-like effects Rise at low pr: | pr(DY) [GeV]
* in the model, the larger NeNe system diffusion/radial flow

produces stronger modification Dip near 5-10 GeV: strongest

sensitivity to energy loss
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Beauty Production

0 . . LHCB-FIGURE-2025-017
 Prompt D" establishes a handle in OO and

NeNe e T
. 2 /3Ny = 5.36 TeV, 5.5 nb™! Partial reco.
* beauty is the natural next step = o
* B~ is reconstructed with D°(» K~ n*t)n~ 7
« feasibility of fully reconstructed hadronic B g [
meson measurements S AN +

* Test of the mass dependence of energy 000 S0 500 05400 5500

m(D™) [MeV /]
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mod|fy a heavier pr()be? g Vo =536 ToV, 0.51 b | Partil o
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* LHCb Measured Y(nS)/Y(1S) ratios in pp, pO, OO

Y Suppression in Small Systems

LHCb-PAPER-2026-027

« Use Y suppression to explore QGP formation threshold in light-ion

systems

 Fit utTu~ — extract yields & ratios
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Y Ratios in pp

LHCb-PAPER-2026-027

* pp gives baseline Y production in

vacuum

 agrees very well with previous data

* No /syy dependence

* much of the energy dependence

cancels in ratios

- the initial hard bb production is
common to all Y states

LHCb Preliminary

SIS, .
New Data o '
Vs = 5.36 TeV —e-i
- LHCbpp
2<y<4.5
(s=7TeV - +
's=8 TeV o "
(s=13 TeV . ol
I BN AR B SR A A R | L1
0.1 0.15 02 0.25 0.3

Oyms), BY(nS) = wp”)
Oyasy” B(Y(IS)— utu-)
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Y Ratios Across Systems

* pO: moderate suppression

LHCb Preliminary

LHCb-PAPER-2026-027

relative to pp
 due to CNM effects

* OO: stronger suppression by a
factor of ~2 (4.80 from pp)

X

B(Y(nS) > pupu7)
B(Y(1S) = u*u~)
-
b
|
+

« Sequential suppression of Y(nS) 225150
beyond the CNM baseline °

* Could be due to emergence of 0.1¢
QGP! 0.05F

<
LHCb%

¢ Y(25)/Y(1S)
¢ Y(3S)Y(1S)

6/24/26 HP 2026

50— OO s~ OT CW



Y Double Ratios

« 25 double ratio in OO has 5¢ difference from pp
« OO, PbPb data different trend from pO, pPb

* 3S double ratio suppressed across systems.

« Weaker binding energy, more susceptible to CNM and QGP effects.

« 3S in OO has 3.30 difference from pp
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https://indico.cern.ch/event/1428985/contributions/7006760/

» First D° production ratio in OO and NeNe shows non-constant p

dependence
» suggests QGP-like effects may be present

 Clear B~ - Dz~ signals in OO, NeNe, and PbPb
» open the possibility of future mass-dependent energy-loss studies

* Y measurements show stronger excited-state suppression in OO than in

pp and pO
 consistent with a possible final-state contribution
LHCB-PAPER-2026-008 LHCB-FIGURE-2025-017 LHCb-PAPER-2026-027
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Run3 Luminosity

Total recorded luminosity by year — PbPb
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From OO/NeNe to PbPb: Large-System Anchor

LHCB-FIGURE-2025-004
I | I [ I I | I ! I I | ]
LHCb Preliminary ~res D% K
400 PoPb 2024 {5, = 5.36 TeV * Background

. —e— Fit
0.43 nb — Data

x10°
L] I [

* LHCDb collected its largest ever sample of PbPb & =
data in Run 3

e Liny = 2.2nb"1 — x10 compared to Run 2

300

Candidates / 4 MeV/

* OO/NeNe onset regime — PbPb large QGP
regime
» where beauty modification is expected T A
* The ability to reconstruct D® and B~ e
demonstrates LHCb’s potentials W R

/SNnN = 5.36 TeV, 0.43 nb! Partial reco.

— Fit

 access previously unexplored kinematic regions
using heavy-flavor probes
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Compare to CMS Preliminary

CMS-PAS-HIN-25-015

CMS Preliminary Run2 5.02 TeV, Run3 5.36 TeV
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