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A tribute to Prof. Bikash Sinha
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Nataraj is alone and silent.

Prof. Bikash Sinha

My pranam to Prof. Bikash Sinha, he will be remembered for pioneering
contributions to several fields of science, institutions, service to the country,
support for worldwide scientific programs and nurturing several young
colleagues across different fields. We will miss him and may his soul rest in
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Barnett Effect and Einstein-de Haas Effect
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Rotation = Polarization Polarization = Rotation

Einstein, de Hass, DPG Vanhandlungen

Barnett, Phys. Rev. 6 (4) 239, (1915)
17,152 (1915)

Barnett, Rev. Mod. Phys. 7, 129 (1935)

Can we see any such effects in heavy-ion collisions ?
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Time evolution of heavy-ion collisions
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Time: 0 fm/c <1fm/c ~10 fm/c ~10'5 fm/c

e

The ALICE experiment:

Two interesting large initial state effects A ey o 6D

Angular momentum
Magnetic field
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Angular momentum and magnetic field

sz ~2x104%MeV2 ~ 3 x 10" Tesla ~ 3 x 10'8 Gauss
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Vector meson spin alignment
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Observable: Angular distribution of vector meson

0 Vect Quantization axis

ector meson R ol
- Mass - 896 MeV/c? g |- | LIRAC AT 5
- Lifetime -4 fm/c
- Spin 1
- Decays to K* and p (B.R - 66%)
- Quark content (d,s)

K. Schilling et al., Nucl. Phys. B 15 (1970) 397 It Beam axis
dN
= (0,0, A\, \| MpMT|0, , A\;, A
dcos0do (0,0, A1, Aa| MpMT|0, 0, A1, Ag)
— Z Z {ﬁJ 'il)': }'1: A9|ﬂf|}'1’r} l:}.v|p|/“-.1ﬂ} </‘hr” |ﬂfi|ﬂJ ﬁf)._. }-1: AE}
Av Ay
. Quantization axis
A = Helicities » Normal to production plane
p = spin density matrix (Momentum of vector meson and beam axis)
M = Decay amplitude » Normal to reaction plane 8/25
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Observable: Angular distribution of vector meson

In terms of spherical harmonics

Integrating over azimuthal angle

Normalized spin density matrix - Trace = 1

Poo: Probability vector meson is in spin state = 0

Poo = 1/3 = No spin alignment of |

dN .
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Physics process and theory expectation




Spin alignment of vector mesons
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Phi-meson spm alignment - RHIC and LHC
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Phi meson spin alignment - Physics

Requires presence of a new strong force field - phi-meson vector field

Like electric charges in motion can generate an EM field, s and sbar quarks in
motion can generate an effective @-meson field.

The @-meson field can polarize s and s quarks with a large magnitude due to
strong interaction, in analogy to how EM field polarize (anti)quarks.

1 [ [
P Z/g (t, X, Ps/sT) = Ewy + 2m, y- @X Ps/§) <= vorticity
QS QS ~
= 2m,T By =+ ngTY ' @X Ps/§) < EM field
g dp A .
+ Zm'iT-B(p,y + qugTy -(E ¢><Ps/§) <= strong force field
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Global hyperon polarization observable

e Magneto-hydro equilibrium interpretation

Lambdas are “self-analyzing”

* reveal polarization by preferentially emitting
daughter proton in the spin direction

E. Cummins, Weak Interactions (McGraw-Hill, 1973)

P~exp(—E/T+u,B/T+@&-S/T+ji-B/T)

e for small polarization:

o =0.642 [measured]

ANE . . .
p, 1s the daughter proton momentum direction in the A frame

0<IPl<1:
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Hyperon polarization at RHIC and LHC
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Hyperon polarization at RHIC and LHC
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World data on vorticity

* terrestrial atmosphere: w ~ 104 s
« core of supercell tornado : w ~ 101 s
* solar subsurface flow: : w ~ 10° s

* high vorticity (104
of Jupiter’s Great Red Spot

» Heated, rotating soap bubbles (102 s1)

ocean flows: w ~ 10> s

s 1) in the “collar”

Largest
values in
heavy-ion
collisions

Atmospheric vorticity



Quarkonia polarization - observable

- 2 % Heavy quark pair production occurs early in the
uarKkonium .. .
d collision (t ~ 0.1 fm/c) and can experience both the
rest frame - . .
0+ short living B and the L of the rotating medium
production

plane \.

Dilepton decay angular distribution

« W(cosH, p) x ﬁ (1 + Ag cos? 6 + A4 sin? 0 cos2¢p + Agpsin26 cose)

s 2 Polarization parameters
;:j (A6, A4, Aoy ) = (0,0,0) = No polarization
| (/18, Apr Aog ) = (+1,0,0)= Transverse polarization

(A6, A, Aog ) = (=1,0,0)= Longitudinal polarization
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dN/dcos@

J/¥Y polarization
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D

J/¥ polarization and spin alignment
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Measurement of the J /4 Polarization with Respect to the Event
Plane in Pb-Pb Collisions at the LHC

S. Acharya et al. (ALICE Collaboration)
Phys. Rev. Lett. 131, 042303 - Published 25 July 2023
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OPen charm POICII‘iZCI'I'ion ALICE: QM2023
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Open charm polarization
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Summary

K ¢ D™ J/W P (25) Xc Y(nS)
PP poo~1/3 poo~1/3 poo~1/3 poo~1/3 poo~1/3
1/3
Pb-Pb poo <1/3  poo < 1/3 poﬁi;pT/ poo < 1/3
low pr low pr low pr
poo > 1/3

At RHIC
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Conclusions

e Polarization and spin alignment measurements indicate response of the
medium to large initial angular momentum and magnetic fields

e |arge global spin alignment for @¢meson. It cannot be explained by
conventional mechanisms. However, it can be accommodated by a
model with strong force field. Global spin alignment for K* meson seen
at LHC

e Polarization of hyperons suggest creation of a medium with large
vorticity

* Measurements have driven this area and seems to have brought new
observations in the field. However, a comprehensive understanding of
the underlying mechanisms at play lacking. Theory calculations required
to understand these phenomena across collision energies.
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