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Hydrodynamics Aims
Known relativistic hydrodynamical solutions

QGP: hot, expanding perfect fluid

At freeze-out baryons get polarized
(assuming local thermal equilibrium also for
spin degrees of freedom)

Many known exact hydrodynamical solutions

Polarization could be calculated in exact analytical
hydrodynamical solutions

Measurement of this polarization: recent interest

First analytical formulas for the polarization
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Hydrodynamics Aims
Known relativistic hydrodynamical solutions

Known relativistic hydrodynamical solutions

@ Many numerical simulations
@ Importance of analytic solutions: connection between the
initial and final state

o Hubble flow (1+3D)
T. Csorgd, L. P. Csernai, Y. Hama and T. Kodama,

Acta Phys. Hung. A 21 (2004) 73

e Rotating and accelerating expanding solution (1+3D)
M. I. Nagy, Phys. Rev. C83, 054901 (2011)
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Hydrodynamics Aims
Known relativistic hydrodynamical solutions

Investigated solutions

@ Accelerating expanding solution

o Hubble flow (143D
( ) M. I. Nagy, Phys. Rev. C83, 054901 (2011)

T. Csorgé, L. P. Csernai, Y. Hama
and T. Kodama,
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Polarization

Single particle momentum distribution and polarization
Saddle-point in

Polarization fou

Polarization

@ At local thermodynamical equilibrium particles get a net
polarization proportional to the vorticity of the inverse
temperature field
F. Becattini, V. Chandra, L. Del Zanna and E. Grossi,

Annals Phys. 338, 32 (2013)

@ Measurements in STAR: polarization of A baryons
— analytical solutions are also interesting
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Polarization

entum distribution and polarization
Saddle-point int on method
Polarization fou r

Single-particle distribution

e Single-particle distribution (1/2 spin particles): Fermi-Dirac
distribution

1
exp {Bup“ — ’;-(();))} 1

f(x,p) o (4)

where g+ = 75’(‘;) is the so-called inverse temperature-field.

o If the exponent is big, we get back the Maxwell-Boltzmann
distribution:

f(x*, pt) = 47TnT3 exp ( - puﬁ"“). (5)
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Polarization

Single particle entum distribution and polarization
Saddle-point int tion method

Polarization four-vector

Single particle momentum distribution and polarization

@ Formula for the polarization four-vector:

1
(SC,p))! = e (1 = £(x, p))Ps 0, (6)
and integrating it over the freeze-out hypersurface, we get
(S(p))* = fd3Zprf(Xap)<S(Xap)>#
J BT, pf(x, p)
F. Becattini and |. Karpenko, Phys. Rev. Lett. 120, no. 1, 012302 (2018)
e Cooper-Frye formula for the invariant momentum spectrum:

dN o
g = /d 5, 0" F(x, p), (8)

(7)

where ¥ is the space-like 3-dimensional freeze-out
hypersurface.

F. Cooper and G. Frye, Phys. Rev. D 10, 186 (1974). 716
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Polarization

Single particle momentum distribution and polarization
Saddle-point integration method

Polarization four-vector

Saddle-point integration method

e Calculate the following integration:

/g(r)h(r)d3r ~ g(Ro)h(Ro)/d3rexp {—;(r — Ro)M(r — RO)} =

(2m)*
detM

= &(Ro)h(Ro)

Rg: saddle point
M: second derivative matrix
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Polarization

Single particle momentum distribution and polarization
Saddle-point integration method

Polarization four-vector

Polarization four-vector

@ Using the saddle-point method and with the approximation:
1
_ k()

exp {Bﬂp“ T(X)} +1

f(x, p) x <1, (10)

we can write 1
(SOx, P = e ps 0,5, (11)

and we get

B )SP)E 1 ,
<5(p)>ﬂ - fd3):1,p”f(X,p) ~ simgﬂ r paauﬂp r:Ro. (12)
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ic Hubble flow

ng solution

Polarization

Spherical symmetric Hubble flow

Interest: polarization four-vector and invariant momentum spectrum.
@ Velocity, particle density and temperature fields:

3
B

1% 3
=" n=no (10) . T=To (@) . (13)
T T

e T=Tp=const. freeze-out hypersurface.
. _ T

@ Saddle-point: Rg = 2p

e Polarization

(S(p)°=0, (S(p))'=0 = (S(p)*=0.  (14)
o Constant invariant momentum spectrum
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ymmetric Hubble flow

Polarization

Rotating and expanding solution
Fields:

2tr+B xr (T)3 Tng
=—F——>, n=n | — , T = .
t24-r24p2 To V(2 —=r2+p2)2+4p2r2— (B xr)?2
@ T=7p=const. freeze-out hypersurface is chosen.
@ The saddle-point: Rg=ap+5(pxB),

[T¢ 4+ B2D2 e—m
o = 2/8 ]_O—ZI.W and 5 = 2p2 . (16)

@ Momentum spectrum:

dn w3 Te73 Eerr
_ 17
‘B~ \/ 32p(m +¢) TP\ ) ()

(15)

where , ) )
e B-—(pB
Eur = mi o PE BN () (16)
75 4p?7s
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ic Hubble flow
ng solution

Polarization Conclusion

Main topic: polarization in rotating and expanding solution

o Polarization four-vector:

(S = o (‘E) (19
@ In the rest frame we get:
0
(S(P)) et fame = - P02 5| (20)
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Spherical symmetric Hubble flow

Rotating and expanding solution

Further investigations
Polarization Conclusion

Polarization vector figures: rotating and expanding solution

olarization, rest frame S, polarization, rest frame

py [GeV]
py [GeV]
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Polarization Conclusion

Polarization vector figures: rotating and expanding solution

olarization, rest frame S| polarization, rest frame

py [GeV]
py [GeV]
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Polarization Conclusion

Further investigations

@ Hubble solution
T. Csorgd, L. P. Csernai, Y. Hama and T. Kodama, Acta Phys. Hung. A 21

(2004) 73
w_ X" _ (T _ g (ToyE 1
=" n=m(2)Ws),  T=To(D) O
where
r2 r2 r2
V(S) =1+ bS, S(r) = 2>+ z (22)

/2 2 /22 72,2
X5T Y5 Z5T2.

@ Rotating Hubble-like solution
M. 1. Nagy, Phys. Rev. C83, 054901 (2011)

_r+Et+Bxr hen l'ﬁ
T t+(Er) “\T )
ToT (23)
T_ 0To
/121 (Br)2_B2r2_E22 1 (Er)?
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ic Hubble flow

g solution

Polarization Conclusion

Conclusions

@ Polarization four-vector and the invariant single-particle
momentum distribution

o Spherical symmetric Hubble flow
o Rotating and accelerating expanding solution

@ Many more solutions could be investigated

@ Disentangle the effect of acceleration, rotation and
temperature gradient

Thank you for your attention!
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Hubble flow

@ Momentum spectrum:

dn ng 7178 ToMm
—_ = — - 24
£ 73 exp T (24)

@ For the polarization four-vector 0,3, is needed:

8v Xy X,
8U6p — p P

+
SRR, (R4 PP

@ Using that ¢#777 is antisymmetric and 0,3, is symmetric we
get:

(25)

(S(p)°=0, (S(p))'=0 = (S(p)*=0  (26)

Balint Boldizsar Polarized baryon production in hydrodynamical solutions



	Introduction
	Hydrodynamics
	Aims
	Known relativistic hydrodynamical solutions

	Methods
	Polarization
	Single particle momentum distribution and polarization
	Saddle-point integration method
	Polarization four-vector

	Polarization
	Spherical symmetric Hubble flow
	Rotating and expanding solution
	Further investigations
	Conclusion

	Appendix

