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Kelvin-Helmholtz instability in high-energy heavy-ion collisions
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FIG. 1:  (color online) Growth of the initial stage of Kelvin-
Helmholtz instability in a 1.384 4 1.384 TeV peripheral,
b = 0.7Tbmax, Pb+Pb collision in a relativistic CFD simu-
lation using the PIC-method. We see the positions of the
marker particles (Lagrangian markers with fixed baryon num-
ber content) in the reaction plane. The calculation cells are
dr = dy = dz = 0.4375fm and the time-step is 0.04233 fm/e
The number of randomly placed marker particles in each fluid
cell is 8%, The axis-labels indicate the cell numbers in the
and z (beam) direction. The initial development of a KH
type instability is visible from ¢ = 1.5 up to t = 7.41 fm/e
corresponding from 35 to 175 calculation time steps).
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Rotation and Turbulence — 4 years later

* Experimental observables were worked out
- For two particle correlations arising from flow rotation
- For polarization from local vorticity & equipartition
principle (F. Becattinit et al.)
- Several works were published on these observables
mainly for ultra-relativistic energies, LHC & RHIC
- Preliminary STAR data in 2007 for A-polarizations were
inconclusive.
* Experimental measurements were repeated in the RHIC
Beam Energy Scan program and significant results were
found at energies:

--
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Rotation and Turbulence - (2015-16)
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Subtracting residual effect from combinatoric background below mass peak
* Correcting for feed-down from Sigma0O

® Previous STAR results (corrected for sign) continue systematics

[M.A. Lisa, et al. (STAR Collaboration), Invited talk at the QCD Chirality Workshop - UCLA,
February 23-26, 2016, Los Angeles, USA.]




Rotation and Turbulence — our 15t results
PHYSICAL REVIEW C 88. 034905 (2013) «—

ini.'* : 3 14 A polarization in peripheral heavy ion collisions
F. Becattini,'? L. P. Csernai,’ and D. J. Wang™* " | peripher:

From the PICR hydro we obtained flow velocity & temperature =
B (x) = [1/T(x)]u"(x)

with this B(x), & the equipartition principle we obtained the

polarization: : q :
2 Neglecting the 2"? term we obtained
M(p) = he de“) nr (V x B) the energy weighted vorticity and
8m f d%, p*np the polarization:
hp dX; p*ngp (8,8 + VB°)
[ he denp(Vxﬁ)

X : .
8m [dZ; p*np I(p) rav
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M,(p) in the rest frame of the A

Mo(p) = I(p) -II(p) - p,

pl(pY + m)

where ( po, p) 1s the A’s four-momentum and m its mass.



Exact model: Rotation and Expansion

* Later other groups, that had no initial vorticity in their Bjorken type initial states,
obtained polarization from the second term only, but much smaller ones.

* Therefore we now try to re-evaluate our results with all terms and in different
models.

* First we used a simple exact model for polarization:

PHYSICAL REVIEW C 92, 064901 (2015) «—
Yilong Xie, Robert C. Glastad, and Laszl6 P. Csernai
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Azimuthal HBT is Changed by Rotation

Azimuthally symmetric source but in phase space:
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Rotation and Turbulence
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Rotation and Turbulence
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Average A-polarization

* U+U reaction at Vs,,= 8 GeV
* Polarization in the Reaction Plane at
high p,is Mgy, ~ 8-9%

* Averaging polarization over the
whole p phase space =

* Forthe 1%term < My, > = 3.4%

* For bothterms < M, > = 2.9%
i.e. the 2" term may lead to 15% decrease
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Conclusions / Plans

 We are close to complete the study of
including the earlier neglected terms in the
polarization

* We will have to calculate the outcome of the
lower energy BES reactions in the PICR model
Vsyw=7.7,11.5, 14.5, 19.6, 27, 39, 62.4 GeV

* Based on the upgraded PICR model we will
try to make a relativistic exact hydro model
for rotation and expansion
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