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ng Chromo-EM field in RHICs

Color Glass Condensate (CGC)

Higher energies (smaller x > 0)
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Strong Chromo-EM Field Phenomena

Field strength: gBa~ 100m? Phenomena

Lifetime: T <1 fm/c

* Gluon saturation; Collective flow

* H.F. and Jet momentum diffusion
* Spin polarization & alignment
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Framework: Classical colored particle dynamics (Wong

S.K.Wong, Il Nuovo Cimento 65A, 689 (1970)
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Chromo-EM Field Effect on Hard Probes 6

Spin Degrees of freedom are missing for quarks and gluons

Why spin matters
» Stern-Gerlach force in highly non-uniform Glasma field V(H B)

» Spin polarization & alignment (heavy flavor hadrons)
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Non-Relativistic Treatment Grassmann Variables
Issue: Not applicable for RHICs Issue: Numerically impractical

dz’ P i = eP*
dt ~ m
; awrpap _ €9 T—
i , o Pt = ¢gF*"Q°P, — D'F,
d; - 9o, (mF® — PIFY) egFrQ = ¥ )" Q%
m "
g ;g e a v Mya
_ %QaSJ(DZB,]J) Pt = egF* " QY
dQ., g S A = —igu g, AN — WFM;AW
= 7fachc (Pz Z+ SlB;,)
dt m
a8 __ 9.0 piigs Ao = igut ANy + T EL
=-2Q,F
dem Q® = Alte ) = —ih, 1
= AcledNd ;w n¥Pv

N. Linden, A. J. Macfarlane, and J. W. van Holten, CJP A. P. Balachandran, P. Salomonson, B.-S. Skagerstam,
and J.-O. Winnberg, PRD 15, 2308 (1977)

46, 209 (1996)
Pooja, S. K. Das, V. Greco, and M. Ruggieri, EPJP 138, N. Mueller and R. Venugopalan, PRD 99, 056003 (2019)

313 (2023)
Conclusion&Qutlook

EOMs in Yang-Mills

Introduction



EOMs of Spinning and Colored Particles 8

Wigner-Function Based

Dirac-Equation Based
Issue: Constraints not preserved

Issue: Constraints not preserved
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EOM Requirements
» Lorentz covariance

» Constraint preservation

P? — %ug i m? =0 Mass-Shell Condition

PES,, =0 Tulczyjew-Dixon Spin
Supplementary Condition

SWSW — 82 PP y

On=0 Qn=d® ¢°q¢.... Classical Casimirs Conservation

« Arbitrary chromo-magnetic moment (Landé g-factor # 2)
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EOMs by Constrained Hamiltonian Formalism

Examples: charged particle in e.m. field

Constrained
Hamiltonian Lagrangian Formalism Hamiltonian Formalism
» Systematic treatment on
singular Lagrangians S = fm/d'r —e / A, dz" H=1/(p—eA?+m?+ed
» Constrained orbit, Gauge d de P
theories, general relativity a(mnv) =¢E +e(v x B) dat VP L m?
» Classical dynamics: dP dx
Hamiltonian formulism easier at cE +e dt * B

than Lagrangian with
constraints
*  Quantum Mechanics: QCD 1

1 .
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EOMs by Constrained Hamiltonian Formalism

Constraints
1 1
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Dirac-Bergmann Algorithm and EOMS

F = {Fa HP}pB Q-Sa = {¢a,HP}PB ~0
Dirac-Bergmann Algorithm

+ Generate new constraints or impose restrictions on the Lagrange multipliers
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EOMs of Spin Vector
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Implications

» Additional spin-dependent velocity

» Uniform fields — reduces to TBMT-type equations but with
modifications

* Richer spin dynamics
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Applications for Chiral Particles
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Derived EOMs contain quantum corrections as Wigner function approach
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Applications for Chiral Particles
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Conclusion & Outlook

Established covariant EOMs of Spinning

& colored particles in Yang-Mills fields
e Lorentz covariance

»  Constraint preservation

» Arbitrary chromo-magnetic moment Than k VOU!

Outlook
*  Phenomenology: Heavy-flavor momentum
diffusion; Spin polarization & alignment

» Developments: Kinetic theory; Gluon
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