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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 covering2 <n <5

* Optimized for heavy-flavor (c, b)
physics
» Excellent tracking and particle v s w
identification capabilities e ) i
« Ap/p = 0.45% —1.1% forp = 2—-200GeV/c
* In Run 3 the detector was upgraded =i
* fully software-based trigger ‘"
* new tracking systems
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Collision Systems at LHCb

LHCb Operations Plots
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* LHCDb collects a diverse data set O Collison data gy Fvedtargerdaa | mmonory |
spanning multiple collision systems vl . =

* a unique opportunity to search for QGP- o =i cioy
like effects as a function of system size 10 iAoy

« Small systems are interesting

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

Integrated recorded luminosity [nb ']
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» Cold Nuclear Matter (CNM) SSSE SRS EE R
. Run 3 Collision system
QGP effects in AA:
* Energy loss in plasma
» Hadronization following deconfinement
pp P & O

low multiplicity

high multiplicity
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https://lbgroups.cern.ch/online/operations_plots/

How Do We Study Medium Effects?

Heavy-flavour Production

« Charm quarks are produced early
« experience the full medium evolution

Final detected

* Quantified relative to a pp baseline -
or small systems i

* how particles are modified through
the medium

* pr dependent modification of

open-heavy-flavour yields

» separates initial-state effects from
possible final-state effects

arXiv:2303.17254
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- D? production Ratio NeNe/OO 2260527273
* Beauty Production in OO, NeNe, and PbPDb Licsricure2025.017
* Y suppression in pO, OO LHcb-raper-2026.027 | NEW Preliminary!
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D? Production Ratio: NeNe / OO

- D? production ratio NeNe/OO o
* Many detector and normalization

Rior) (dNDo/de “ effects partlall3./ cancel |r1 the ratio
Pr (dNDO/de)oo PP * The pr shape is the main
___________ observable and isolates nuclear
| Measure yields : l effects
' Lperprbin__ |  R(py) =~ constant — geometric scaling
nNeNe 00 NOO * R(pr) # constant — differential nuclear
i X i X Inel dificati GP f f t
200 < gNeNe X yNeNe modification or QGP formation onse
1 1 ne
_______  eeeeeee—-—----- * Provides first direct test of
| | Correct by : Normalize by number | system-S|ze 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

* LHCD collected OO and NeNe
datasets in 2025 correspond to
iIntegrated luminosities

« O0:55nb1
« NeNe: 0.51 nb~1

 Displaced decay vertex _-"
» Momentum alignment with PV =~

 Large impact parameter i
significance for daughter tracks - ~

arXiv:2605.27273
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Prompt D° - K~* Reconstruction

D° Acceptance

« Candidates' kinematics
* pr(K,m) > 400 MeV
*p(K,m) > 5GeV
e 2 < n(K,m) < 4.7
 Particle Identification

» Excellent tracking and vertexing

provide very clean D°

* 0.5 GeV < pr(D°) < 20 GeV
+2.0 <y (D% < 45
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Background LHCb
Fit 00, 5.5 nb™ !
t Data /5NN = 5.36 TeV

1775 1800 1825 1850 1875 1900 1925 1950

60000 -
O
= 500001

o\
~ 40000 1

N

3
= 30000 -

")

S 20000 1

<
© 10000+

m(K~7t) [MeV]
Background LHCb
Fit NeNe, 0.51 nb!
+ Data A/ SNN — 5.36 TeV
NeNe

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

7/1/2026 ' Small Systems Workshop | 10


https://arxiv.org/abs/2605.27273

Prompt and Nonprompt Extraction

log(XIZP) Fit

* Prompt and nonprompt components
are separated using fits to x5
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Candidates

» D’(p1,y)

arXiv:2605.27273
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NeNe, 0.51 nb™?
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https://arxiv.org/abs/2605.27273

. . . . L. arXiv:2605.27273
First charm measurement in light-ion collisions

NeNe 010 0]0)
Pt) = .00 ~NeNe NeNe '
i i NInel _____ <NNeNe> / <NOO

coll coll

————_ - m s e e o = - o o o e o .

| Yields : ! efficiency | | Normalization 1 1351 —— EPPS21
_________________ ¢ LHCb, \/syy = 5.36 TeV

* The measured pr dependence is 22 | o
not described by nPDF-only ~ = > }4 --------
EPPS21 expectations ~ - =% s :

* R(pr) ~ (Neoii )/ {Neon) by binary | |
collision scaling expectation - -

« suggests that a simple geometric- pr(D°) [GeV]
scaling picture is insufficient
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arXiv:2605.27273
Theory mOdels Wlth QGP effeCtS. . Possible recovery at high pr-
» Predict a non-constant p; dependence » radiative loss regime
*CNM-only (NS (NGR
* decreasing toward pr 1.351 CNM
« CNM + radiative loss . CNM-+Rad.
e weak D dependence Q1.30' + CNM+Rad.+Coll. |
C . 7 LHCb, /sy~ = 5.36 TeV
« CNM + radiative + collisional loss 22 | g N ’
* best describes the observed trend = "!" """" 7 77700l AL
- 1 90 S EERERRESSSSSSSISSSSSO NN
 The data favor calculations - {
including final-state charm-quark !
energy loss over CNM-only 115/ o - .
expectations Rise at [o0 o D) (G
. . . PT pr(D°) [GeV]
» consistent with QGP-like effects diffusion/radial flow
* in the model, the larger NeNe system Dip near 5-10 GeV: strongest

produces stronger modification 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 +

* Enabling a future test of the mass 000 5100 | o 000
dependence of energy loss

* is the medium dense and long-lived enough to yo | LHCE prelminary - B D

modify a heavier, less easily quenched probe? 2 e
f\ = 157 { Data
- \ 810
te=" 1 amiE -~ ; \m[E = ’
L = l ] € - ‘ -1 ?6 5
= ‘\v ™ ~ I © | i bl
<\ oy

~ gOOO 5100 5200 5300 5400 5500

Larger energy loss Smaller energy loss m(D°r~) [MeV/c?]
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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 wren D= K
400| PbPb 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

Candidates / 10 MeV /c?

8000 5100 5200 5300 5400 5500
m(D7™) [MeV/c?
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Y Suppression in Small Systems

* Y Cross Section Ratio * LHCb measured sequential
suppression of bottomonia by

s 2Y(nS) — Ny(ns) . BR[Y(1S)-»utu~] _€Y(1s) glc’l)dylng Y(lS, 25, 35) N pp, pO,

oyias) Nyas) BRY(S)-putu~] eyps)

» Ratios: Y(nS)/Y(1S)
F-—- - - r :
1 Inclusive yields ; 1 Branching Ratio I 1 Efficiency | * Double ratios:

* [Y(nS)/Y(1S)]po,00/[Y(nS)/Y(1S)]pp

» Evaluate CNM vs hot-medium
effects in small systems.

gacc Etrig grec ¢PID ]
e X irig” X fee E}S%S) * Explore QGP formation
Yo Eyms) YOS Y0 threshold in light ion systems
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Y Suppression in Small Systems

. _ ] LHCb-PAPER-2026-027
* pp: baseline Y(15, 2S, 3S) production in vacuum

* pO: controls for cold nuclear matter effects
« O0O: may have evidence for additional suppression in QGP

x10° LHCb Prellmlnary

~ 4o = ey . ~ [T A~ T T T =
& F LHCb pp ] 1201 | lLHCb pb RS 160; | LHCb oo ]
> 3 ls=536Tev 5§ > [sxn = 9.62 TeV > 1401 sy =536 TeV
& 30F - . 2100:_ + Asymmetric ] g 120F + .
S 25) 1 S0 beam energies | S jg0; + 1
NS 2ok 1 2 ﬁ cause rapidity < el ]
S 2 > o0f +shlft of ~0.4units | 3 O
% 15p E S I 5 60r %% .
D 10F . ) Es o 1 & 400 . Jf % .
. n ; 2 M Rt § ;
o] A A ] 20[%¢ : .
T A OW W ﬁﬁwl‘m - f. .Wﬁ%ﬁ%@w@
9 9.5 10 105 11 105 11 % 10 105 11
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@® pp .pO m‘.oo
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Y Suppression in Small Systems

LHCb-PAPER-2026-027
 Fit u™u~ — extract yields & ratios

« Simultaneous fit across all systems, allowing yields and background to vary
« Signal: Double sided Crystal Ball, shape fixed to MC.
« Background: exponential

><103 LHCb Prellmlnary

— 1 r T r T rrrr7rrrr] /'\160_| T T L I L Y L B B

) LHCb pp V1201 b) LHCbpO | % [ © LHCbOO
% 3¢ [s=536TeV 1 > ool (s =962TeV | > 1401 sy =5-36 TeV -
O 30 ¢ Data 1 O O 120} ] :
N 255_ — Total fit E S ool SN 1 The dominant
S TF =§g§;"”” S s 100f | systematics comes from
-~ o - uus ~ L ~ - ]
= 20¢ B Y GS) o ~ 60} ~ 80 1 the backgl:our_ld _
e 15F - - Background g i % 601 1 parameterization, driven
o C § 40 C .. o
> L > C
3 2 2 40 by limited OO statistics
201 208
- = Ok 4 v’ '.’ 0* - y > P
9 9.5 10 105 11 9 9.5 10 105 11 9 9.5 10 105 11
M., [GeVi/c?] M., [GeV/c?] M., [GeV/c?]

@@ pp “ pO Bm ‘. o]0
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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 SUppreSSi on LHCb Preliminary LHCb-PAPER-2026-027

relative to pp Si 0.3¢ LHCb %’6‘@
/
* due to CNM effects "1 0.25LE ; 4 \

Sl 0.251 Y@2S)/Y(1S) ]
* OO: stronger suppression by a S5 : b vosyvas) | ﬁ'
factor of ~2 (4.80 from pp) S| 020 1B
 Hard to say much about the 3S 22 015k 1E
with these uncertainties, but still A * e
Interesting. 0.1F 1
» Sequential suppression of Y(nS) 0.05E + + E (')
beyond the CNM baseline 0 00 :

- Could be due to emergence of O 0 15

QGP! N>

oo .0 OO
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Y Double Ratios

. . . LHCb-PAPER-2026-027
« 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

LHCIb Prelliminlary

_ 12 . L 12—
W i Y i
2l 2 - LHCb 1 22 - LHCb
S ST | AU S S ST | S
! | 1 els
3 08f { {1 s osf |
SE! ] SE ]
olo  0.6f + 1 blo 0.6 |
0.4F + - 0.4F
0.2F ] 0.2f I i
,2S/1S ,3S/1S .
0 [ 1 1 1 1 CMS 7 O [ 1 1 1 1 CMS 7
»O pPb Pbp 00 PbPb »O pPb Pbp 00 PbPb

1.6<y<4.l 1.5<y<4 -5<y<-2.5 2<y<4.5 [|y|<2.4 1.6<y<4.l 1.5<y<4 -5<y<-2.5 2<y<4.5 [|y|<24
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Compare to CMS Preliminary

CMS-PAS-HIN-25-015

CMS Preliminary Run2 5.02 TeV, Run3 5.36 TeV

1.2 . . . . : : ,
O YES)YIS) O Y@S)YUS) Double Ratio | LHCb Prelim CMS Prelim
1.0k OO pPb @@ OO © NeNe O PbPb i
' 5 2S/1S 00 0.50+0.1+0.03 |0.664 + 0.055 +
2 0.8r A PbPb Y(2S)/Y(1S) ATLAS PRC 2023 A 0.007
& ++ V' PbPb Y(28)/Y(1S) ALICE PLB 2021 3S/1S 00 0.45+0.15+ 0.05 | 0.392 + 0.077
@ 0.6f + . +0.023
O
>
8 0.4 + + | s
' + 00 shows good agreement within
@) . .
0.2} ¢¢ e ;. uncertainties
« CMS has no pO results
0-0 100 200 300 400 500

(Npart)
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» 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
arXiv:2605.27273 LHCB-FIGURE-2025-017 LHCb-PAPER-2026-027
1.40 1 e T
_____ (NNeNe) /(OO 125 LHCb preliminary ---- B~ — D'~ 22 03[ LHCb Preliminary | HCb ¢
oo ool S 2025 00 B Comb. NN 6\
1.351 CNM %100'\/sﬁ:5.36 ToV, 5.5 nb"! Partial reco. Sl 0251 B ¥ vesvas) %
CNM-+Rad. = —— Fit Eg ¢ Yasyyas) ¢
3 1301 CNM-+Rad.+Coll. S 751 }  Data T 02F .
.z ¢ LHCb, =5.36 TeV ~ 2| 2 -
?22 1.251 Vo ) & 5 | i $lg 0-15p
3 | -
s 0.1F 7
1.20 1 % 251 + - ]
© LN W 0.05F '
e : " = %0 %00 5100 5200 5300 5400 5500 NI 2
pr(D") [GeV] m(D'r™) [MeV/c’ ° . P
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