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Part I: Concepts and Motivations
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Understanding the properties of strongly interacting matter

T,GeV QGP

restored chiral symmetry massless quarks
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Fundamental Interest To undersatnd the universe

Early Universe Compact Stars
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@ QCD is described by

1 — .
L = —ZGZVG’W” + 1 (i) — m) ¢,
With
Go, = 0, AL — 0, A5 + gj“bcAZAf,,
and

D, = 8, — igT°A%.
@ Global symmetries (m = 0):
SUL(2) x SUR(2) x Uy(1) = SU2)y x Uy(1)

@ Uy(1) is anomalously broken.
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Shuryak,Phys. Rept. 61, 71 (1980)

@ Absence of confinement in the T'— oo limit.

@ The main idea : In this limit the quantum fluctuatons of
gauge fields can be neglected — Treated as classical fields

@ This can be justified :

In Matsubara frequencies w,, = 2mnT in limit of T'— oo only
n = 0 is relevant — zero frequency means no dependence on
7 — Integrating over 1/ T leads to the classical expression for
partition function

Z = /dVeXp(—ﬁH)
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Polyakov, Phys. Lett. 72B, 477 (1978)

@ At hight T the free energy will tends to the

F(R12) = constant

Rio—00

Where Riand Rj are the coordiante of two heavy charges.

e If confinement was present (F o< Ry2) for small T, then
heating the confining fields will lead to a phase transition.
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Chiral symmetry breaking
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What is the phase diagram of Quantum Chromodynamics?
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arXiv:hep-lat/0701002

@ At low T and p: Dilute gas of hadrons.
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arXiv:1406.1367

@ At small i and finite 7> 130MeV: Lattice.

@ Small T close to the nuclear matter saturation density.
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Miransky and Shovkovy, Phys. Rept(2015)

1 dpydp, 1 —i(Ent—pyy—p:2) (1)
e = 53 G

W (€ (7) + I 62 (o, 7))

11/21



Part 1l: Chiral symmetry restoration in a rotating System
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In classical physics:

md = Fr — mAo — 2m& x 5— m& x r— mQ x (Q x r)

Earth's
. spin axis.

Aieee!
Centrifugal!
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@ Many constituents of the matter are simultaneously moving.

@ A good way to describe a rotating system is to consider the
coordinate transformation to the rotating frame.

@ The rotating matter and its constituents are at rest in the
rotating frame.

14/21



Dirac equation in a rotating frame:

.0 B iqeB
[mo <3L —iQl, — %012> + iy <3 4 e y) + i’ (ay - Zq; 73> +iv°8, — m] ¥ (z) =0,

We restrict ourselves to the case of am <« m?2.

i(y D)E} ,, = KES . (v Pen),

With « = +1 and
]Ei,n — o (Brt—pz2) (73+f:11>\ +737f— ) = —i'c(E»;i—pzz)Ipi(I)
JEo) B igeB
y D =iy (at — b, — %012> T iy (6 4 fae y) T2 <ay - “162 z) + 0.,
1+ iyty? N
et (1) (0 D

=

Ex . = £41/p2 +2X|qeB| + m? — KQ(Z+ 5) =€ — Kk,
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Gap equation

m 5 A ) +( ERTRS )2
— j— .A Nk RN 1_ +Q'— Qi
¢ lzkn( s on g g [ et 99— Sl - )]
Where
1 |geB| (M5q+|e+1\)!
[ = —x/2_|€+1]|/2 _ . .
S Ap K |[+ 1|! 27‘,qu! e x 1F1( qu,\e+1|+1,z>,
1| laeBl (N, + 14!
+ - q —z/2_|€|/2 . )
@sq,xe,k e 27N, e z 1 Fy (—qu, el + 1; x) ,

And = |¢eB|R? /2,
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qu:A‘i' B ,
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a)sg=+1,0a,=7

N. Sadooghi, S.M.A.T.M and F. Taghinavaz, arXiv: 2108.12760

e 1%t root
= 2™ oot
v 3" root

b) sy =+1,5=+1, a, =7, 1% root
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N. Sadooghi, S.M.A.T.M and F. Taghinavaz, arXiv: 2108.12760
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N. Sadooghi, S.M.A.T.M and F. Taghinavaz, arXiv: 2108.12760

a)a,=10,x=5,RQ=0.5

b) x = ap/2, T =200 MeV, RQ =0.8
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N. Sadooghi, S.M.A.T.M and F. Taghinavaz, arXiv: 2108.12760

a) a,=10,RQ=0.5 b) x = ap/2, RQ =0.8
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Thank You For Your Attention!
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