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Motivation

Chiral phase transition under different condition have been widely studied(such as high
temperature, electromagnetic field, rotation and so on). Especially, rotation has attract many

attentions in the recent years as rapid rotation exist in non-central heavy ion collision
(w~10%1s71)

What about the acceleration?
Acceleration:

The famous effect induced from acceleration is Unruh effect. ., prp 14 (1976) 870]

The Hawking—-Unruh effect predicts that the accelerated observer sees Minkowski vacuum
state as a thermal bath of particles with temperature Ty, = a/2m.

Particle in heavy ion collision may undergo a typical acceleration a ~ 1 GeV (T ~ 200 MeV)

[D. Kharzeev Nucl. Phys. A753, 316 (2005)]




Formalism
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Gap Equation(most simple form), when T = %
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Chiral condensate as a function of acceleration Chiral condensate as a function of rotation

When T = Ty, both acceleration and rotation reduce the chiral condensate, leading to the
restoration of chiral symmetry.



Critical acceleration

We define critical acceleration a. where the m reach to zero.
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The critical acceleration (a.) decreases as the angular velocity increases.
The effects of rotation become increasingly significant with increasing radius.
The rotation at r = 0 still has an effect because fermions have a spin of 1/2.
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Condensate as functions of rotation w

= Acceleration and rotation induced the pion (°) condensate when T # Ty
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The constitute quark mass m and m° condensate as functions of I

(Cao, G., & Huang, X. G. (2016). Physics Letters B, 757, 1-5.
arXiv:1509.06222 )

= The total condensate(p) rotate from the o-direction towards the m-direction which can be also verified in the
presence of parallel electromagnetic field(B - E)



Result

n2m

a
n=0.8

condensate/GeV

0.20
015[
0.10

0.05F

|||||||||||||||||||

1

2\2
Total condensate: p = (m2 + 0 )
—m 70 0
a = 05 GeV condensate/GeV a=0.7GeV
0.20;
0.15} \
AY
\
. |
0.10f \
0.05;
20 lwl/GeV T s 10 s g0 leleev

condensate as a function of rotation with different acceleration

= With a larger a, the constitute quark mass will decrease to zero while the rotation increasing.

= There exist a region(red dash line) we cannot find solutions that satisfy both gap equations simultaneously.

= |In the parallel electromagnetic study, they call this “chiral phase instability” [Gaoqing Cao arXiv:2308.16448]



Summary

» When T = Ty, both acceleration and rotation reduce the chiral condensate,
leading to the restoration of chiral symmetry. The critical acceleration (a.)
decreases as the angular velocity increases.

» In the presence current quark mass and T # Ty . There exist a non-zeros neutral
pion condensate with the presence of a - w. The total condensate(p) rotate from
the o -direction towards the m-direction which can be also verified in the
presence of parallel electromagnetic field(B - E)

» When the chiral phase instability show when the constituent quark mass reach
zero. In this region, we cannot find solutions that satisfy both gap equations

simultaneously. At this point, we only have one gap equation for the pion.






Formalism
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