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Introduction

before collision after collision

« Extremely small lifetime of Quark Gluon Plasma (QGP) produced in
relativistic heavy ion collisions. Dynamical evolution of the system.

« No direct detection possible of the intermediate system

« Indirect probes: final state particles coming out from the collision zone
(anisotropies, jet quenching, heavy quarks,...)

18-05-2026 M.Witek - Flow measurements at LHCb 3



Flow in heavy-ion collisions

* Flow analysis is a tool to understand the hydrodynamic behavior of the
Quark Gluon Plasma, and measure parameters such as the viscosity of
hot QCD matter
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upgrade

« Optimized for flavour physics but serves as a general purpose detector in
forward region

* Fully instrumented in forward region (2 < n < 5) suitable for heavy ion physics

e, u K, p,y, particle and jet identification
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Data samples

Collider mode

sw =82 TeV =50 TeV
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Collider mode is the basic mode of LHCb
operation

Results for Pb-Pb and p-Pb, Pb-p from Run2

(2016-2018)
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Two particle correlation method

d°N 1 d°N - Direct measurement of V. needs
_ : NP _ n
E dp? 2 ppoTdy(l + 2; vucos[n(¢ = ¥gp)]) <:I determination of reaction plane (Wgp)

Two-particle correlation method to disentangle flow coefficients.
* no need to know reaction plane.
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Subtraction of non-flow contributions

High multiplicity Low multiplicity
LHCb Pbp sy =8.16 TeV

away-side (AN /d7n)=4738 SN, <15

— 0.041 near side |An|>1.8 cut to
?,:-0.035- ---- supress non-flow short-ranged
= 003 - SN contributions (resonances,
<0.025}- 2R ki | minijets, decays, ...)
3 0.02§
|

g

19 7 A
ity | =5
near-side Flow information

Region of flow information include also non-flow contribution. It can be subtracted using
method developed by CMS PLB 765, 193(2017). No flow assumed for low multiplicity.

C(Ad) = G(l L2 (00 + dy) cos[n(Agb)])

n=1

d, to be subtracted using low multiplicity bin
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Particle Flow in PbPb Collisions

LHCb PhPb {5y = 5.02 TeV 1<p, <2GeVie 2<p, <3 GeVie

ClARAG) [arb. unit]
I} L 1

ClA7 Ag) [arb. unit]

U, in forward rapidity smaller than mid-
rapidity in PbPb systems, v is similar
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Phys. Rev. C 109, 054908
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Puzzle of small systems

* It was assumed that QGP formation requires large nuclear
volumes and relatively long-lived fireballs.

« Small systems p-p, p-Pb, Pb-p exhibit some of the features of
collective flow signatures like long range correlation (ridge effect),
strangeness enhancement.

« Attempts to explain:

— Hydrodynamic behaviour (tiny QGP droplet)

— Initial state effects (gluon saturation)

— Colour reconnection (rearrangement during fragmentation)
— Final state correlations trough multiple scattering.

— Combination of the above effects?

Understanding these effects in small systems is an important open question.
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Two particle correlation p-Pb

LHCb pPb \/_SNN —8.16 TeV JHEP 10 (2025) 124
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Two particle correlation Pb-p
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v, as a function of p;
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» Distribution before and after non-flow subtraction.
+ Expected soft QCD behaviour of increasing at low p;, maximum at around 2.5 GeV/c, and
decreasing.
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Eliptic and triangular flow vs dN_,/dn

JHEP 10 (2025) 124
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V, predictions
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* Results are compared with a (3+1)D hydrodynamic model which is calibrated
using proton-proton collisions at different energies in mid-rapidity regions

» QOverestimation for forward rapidity data
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Eliptic flow in different prranges
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SMOG

The LHCDb fixed-target program

System for Measuring Overlap with Gas

BEAM

(2015 — 2018) 0O Higher gas pressure Run 3 (2023 — 2026)
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‘

] i =) Taking collider and fixed- Gases: Ar, Ne, He, H,, D,, O,
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target data simultaneously

Beams: p, Pb A Beams: p, Pb, O, Ne
— Q Injection of non-noble gases
LHCB-PUB-2018-015
100 times larger
Phys. Rev. Accel. Beams 27, 111001 statistics!
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Initial state effects

Collective flow coefficients are sensitive to the initial conditions
— Initial-state momentum correlations
— Fluctuations in the energy density
— Shape of overlapping region (fluctuations in geometry of colliding nuclei)

Collision of light ions is good tool to study nuclear structure.
— Ratios of observables in collisions of two ion-ion systems (ex. 2°Ne 2°Ne vs 60 160)
— Collision of light ion with heavy spherical one (ex. 2°Ne?%¢Pb)

Stable almond like initial geometry Initial geometry in small systems

B j @ O O(
e1%% ® @@

Distinguishing initial-state contributions from genuine final-state hydrodynamic flow is crucial
in the study of small-system collectivity.

y 3
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Nucleus geometry from flow analysis

LHCb-CONF-2025-001

Analysis performed using multi-particle cumulants technique, with rapidity gap An=1
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2ONe nucleus shape

SMOG2 Pb-Ne and Pb-Ar fixed target

-~ 0T T T L6 . .
(o] e 4 . |

oL o Loren 2 LHCD Preliminary 1 LHCb-CONF-2025-001
5 005 _—“‘W‘*ﬂ S 14fe 2024 PbA |5 =709 GeV
0.04 :'““;.:0'* LHCb Preliminary ] & *. 2-sub A7 =1.0 . . . .
ol : 2024 PDA {5 = 709GeV] = 12F M 02<p <3.0GeV 1 First experimental confirmation of
0.03F 2-sub JAn[=1.0 4 Z | oy ] .. . ) )
: o (’Z‘QOG&V | STt Tt S --+.#] the distinctive bowling-pin shape
E o0 P 1 5 osb™ 1 of the ground-state “°Ne
001 j’}PbA +:$:—§— z f ]
- v,{2} PbAr ] = [ ]
OF -+ v,{2) PbNe E &~ 06F ~-v, {2} ratio .
F - v,{2} PbAr ] - v,{2]} ratio
R %0 m 0 040 20 20 I
q.(EE*) [%] gL *L) [%] Phys. Rev. Lett. 135, 012302
0.06 —— — —_— 1.6 ——————————— — — -
i —— Pb+190 (PGCM) L (2} (®Ne, puz (x, 1, 2) - Poch
0.05 |- ——= "PPb+*Ne (PGCM) { =z [ -—— w{2} ]
e e TSPl 0Ar (NLEFT) ] ;{147 7 A
Suap ] Z
Z oot “Ar from NLEFT -
e 23ph - X /55 = 68 GeV E
R ] ¥
2 10F s
; 0.9 ;
e 08— e
0 20 40 60 80 0 2 40 60 80
Centrality (%) Centrality (%)

Consistent with (3+1)D hydrodynamic predictions
Phys. Rev. Lett. 134, 082301

Validation of hydrodynamical prediction of collisions involving light ions.
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Summary

The LHCb experiment conducts an extensive research program for ion-ion
collisions both in colliding mode and fixed target mode in unique forward
rapidity range.

« p-Pb and Pb-p results are similar, no dependence of v, and v; on Bjorken x
observed. Final state origin of flow?

* (3+1)D hydrodynamics models describing mid-rapidity flow in small systems
overestimate forward rapidity flow.

« For Pb-Pb collisions in forward rapidity v, smaller than mid-rapidity, v5 is similar.

* Flow in fixed target Pb-Ne collision sensitive to nuclear shape. Possibility to study
other nuclei.
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Kinematic regions of experiments
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Cumulants

A. Bilandzic, R. Snellings, and 5.Voloshin,
Phys. Rev. C 83,044913 (2011)

® Multi-particle distribution
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