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Heavy-Ion Collisions
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Heavy-Ion Collisions
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M2 ~ 2 x 10* MeV? ~ 3 x 10!* Tesla ~ 3 x 10!8 Gauss




Angular Momentum & Magnetic

Field in Nature

Nature Angular Momentum in
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Spin and Angular Momentum
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Conclusions




Vorticity in Nature

Nature Vorticity (s'!)
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Angular Distribution of Vector
Mesons

Nucl. Phys. B 15 (1970) 397

A\ = Helicities
p = spin density matrix
M = Decay amplitude

Quantization axis
»  Normal to production plane
»  Normal to reaction plane
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Angular Distribution of Vector
Mesons

In terms of spherical harmonics

Integrating over azimuthal angle

Normalized spin density matrix — Trace = 1

dN '
dcosd = Nop [1 — po,o + cos?6 (3p0,0 — 1)]



Difference between Lambda
Baryon and Vector Mesons
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Detectors

ALICE @ LHC STAR @ RHIC
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Data Set

Collision system

pp at 13 TeV, Pb-Pb at 2.76 TeV, Au+Au at 200 and
54.4 GeV

Rapidity

ly|l <0.5

No. of events

~43 M (pp), 14 M (Pb-Pb), 520 M (Au+Au 54.4
GeV) and 350 M (Au+Au 200 GeV)

Hadrons pp: K%and ¢
Pb-Pb: K ¢ and K{°
Au+Au: K%and ¢
Background Mixed events (LHC) and Rotational Method (RHIC)

Efficiency x acceptance

Corrected

Quantization axis

pp: Normal to production plane (PP)

Pb-Pb: Normal to production plane (PP), event
plane (EP) and random event plane (RndEP:
randomizing the event plane angle in azimuthal
plane)

Au+Au: Noraml to Event Plane and 3D random
Event Plane
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Angular D1str1but10n of Vector Mesons
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Spin Alignment of Vector Mesons (Spin 1)
and K (spin 0)
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Physics Process and Theory Expectation

Physics Process Theory Remarks
expectation

Vorticity Poo(®) < 1/3

Magnetic Field Poo(B) > 1/3 Electrically Neutral

Vector Mesons

Electrically charged
Poo(B) < 1/3 vector mesons

Hadronization Poolrec) < 1/3 Recombination

Poolfrag) > 1/3  Fragmentation
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Z. Liang et. al., Phys. Lett. B629, 20 (2005) Y. Yang et. al., Phys. Rev. C 97, 034917 (2018)



Data and Theoretical |

HxXpectation

Centrality dependence of Angular Momentum
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Energy Dependence
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Summary

v'First evidence of spin alignment in
vector mesons in high energy heavy-
ion collisions. Both RHIC and LHC
observes it.

v Measurement coupled to Event
Plane — vanishes for random Event
Plane

v'Spin alignment not observed in
proton-proton collisions

v'Spin alignment not observed for spin
O particles in heavy-ion collisions s



SUrprises
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Outlook




Prof. Rajiv Gavai
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Back Up
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