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Abstract

The polarization of free Dirac fermions can be described by helicity, which represents the projection of the spin along the direction of motion. The helicity operator commutes with the
Hamiltonian and therefore helicity is a good” quantum number, even in the case of massive fermions. This opens the possibility of defining a helicity current”, J3;, which is conserved
for free fermions. In the case of massless fermions, J; transforms covariantly under Lorentz transformations. Integrating its zeroth component over the spatial volume gives the helicity
charge, () g.

Consider now an ensemble of interacting fermions with a slight helicity imbalance. Due to the helicity-violating pair annihilation (HVPA) processes, the helical imbalance will dissipate
in time. This poster addresses the calculation of the typical timescale of the helicity relaxation time in the high-temperature, deconfined phase of the quark-gluon plasma, by employing

the Boltzmann collision integral for the HVPA processes.

1 Helicity current

e Helicity h = S - P /p represents the projection of spin onto the direction of movement.

o Working with momentum particle [U, x(z)] and anti-particle [V, \(z) = i7°U¥, ()], we

have
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o For massless particles, H = 10, = —i7"y-V = 2py°h and U, (V,, ) become simultaneous
eigenvectors of H, h and ~°:
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e The helicity current J4, = py*hip+ (hip)y*4) is conserved for on-shell fermions, 8,4, = 0,
allowing the conserved helical charge to be introduced:
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2 Lorentz covariance of the helicity current

e The helicity of a massive Dirac particle depends on reference frame.
e In contrast, the helicity of a massless particle is Lorentz-invariant.
e Question: How does Ji; transform under Lorentz transformation?

e Consider the Lorentz transformation A:
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o For U, \(z), one can show that
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o Consider now Jy*(x) = Mz)y"hab™ (@) + (heto(x))y"90" (), which reads

T (x) = Nyp(A o)y D(A) hy D(A)(A ') + hec, (7)
where we used D(A)y*D(A) = A*, 4.

e D(A)h,D(A)p(A ) can be evaluated at the level of the expansion (1), by considering:
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where we used h,Upy x(2) = Uppa(2)X. Noting that D(A) = D(A™Y), Eq. (5) implies
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oIt can be shown that O(A™', Ap) = —6(A,p), and thus D(A)h,D(AN)U,\(A"'x) =

Upx(A'z)X. Noting that a similar relation holds also for V, (A7'z), we find
D(MNh,D(MY(A 1) = hy-p,ap(A ).

e We thus conclude that Ji(z) transforms covariantly:

Jh(z) — () = M, J5(A ). (10)
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3 Kinetic model: Helicity imbalance

o A fluid of spin 1/2 (anti-)particles can be described using four distribution functions,

1
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where p# = four-momentum (p’ = |p|), o = %1 for particles/anti-particles, A = £1/2 =
polarization and u* is the local velocity of the fluid.

o it = (uy, pha, pgr) = charge imbalance and q, )\ = (o, 2\, 20\) correspond to : @V/A/H g
e We impose the Boltzmann equation, p*d,fp » = C|f] and assume spatial homogeneity.

e Considering 2 — 2 vector interactions, C'| f] conserves Qy and Q) 4. (g broken by helicity-
violating pair annihilation (HVPA) processes of the form eje;, — €] e, with cross section:
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e The charge currents can be computed via (dP = dp/[(27)3Ey); g = no. of dofs)
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e We seek to compute the relaxation time 1.00 | O —
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o Eventually, 7y = 67°3/(g9oycpT), with [2)
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e When py = 0, we find

6 250 MeV 1 \’/ 2
77 = 0.196 X 7;5 ~ ( - ) < ) (—) x 4.804 fm/c. (16)
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