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Rotating quark-gluon matter

Non-central heavy-ion collisions:
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Rotating matter is created
with angular momentum

L~10°

Theory:
a ~ 20 MeV Jiang,Lin,Liao (2016)

Experiment (global A polarization):
@w ~ 6MeV  sTAR collaboration (2017)
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QOCD phase diagram under rotation

Taken from: Baym,Hatsuda,Kojo,Powell,Song, Takatsuka (2017)
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Chiral transition of rotating matter

i Ji Li 2016
NJL model analysis shows... lang, Liao (2016)
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T Rotation suppresses the chiral condensate

More or less accepted consensus:
Critical temperature 7. drops with increasing @

Other studies: Ebihara,Fukushima,Mameda (2016); Chernodub,Gongyo (2016);
Wang,Wei,Li,Huang (2018); Zhang,Hou,Liao (2018); ... 4



Deconfinement of rotating matter

Lattice formulation of imaginary rotation: Yamamoto,Hirono (2013)
Braguta,Kotov,Kuznedelev,Roenko (2020,21)

Lattice result of the Polyakov loop in pure QCD
under imaginary rotation {2, = — iw:
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Deconfinement temperature 1 rises 1.(82))

TP =1-CQ;
with increasing @ T.(0)

At odds with chiral transition!? 1 + Cw?



Deconfinement of rotating matter

Fujimoto,Fukushima,Hidaka (2021)
Our result based on the hadron resonance gas model:
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Deconfinement temperature 7. drops

with increasing @

See also: Holography approach: Chen,Zhang,Li,Hou,Huang (2020)
Compact QED approach: Cherdodub (2020)

these works also give the same behavior as ours 6



Our phenomenological approach

Hadron resonance gas (HRG) model

total pressure: p(T, u) = Z piideal

" —

Only control parameter (T, i); Each particle’s contribution is very small,
Parameter free (fixed by experiments) but in total, it becomes big

deal _ 4 1 Pdkz pdk (2S. + 1)
pi o _871'2 u r Z l

L
Xlog{liexp 5 }
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| . particle specie (e.g., m, K, p, n, ...); k= \/k2 + ml.2



Rotating reference frame

General coordinate transformation:
X": non-rotating — Xx*: rotating

X x=4Xcoswt+ ysinwt

—

Yy  y=—Xsinwt+ ycoswt
1 - @ +y)o? yo —xo 0
A o _ Y -0
ox# ox¥ —XW 0 -1 0
0 0 0 -1

Energy spectrum: € - € — (£ + 5w

s=—-358,-5+1,---,5—1,5 for spin-S particles)



Rotating hadron resonance gas model

p(T, p, ) = pr"t

428,

T -
rot _ 4 = 2 2
pit =t | it | ;oo Zz J: (kr)
_ i‘_ 4 Si)a)' P
Xlog{liexp B = i }
Compare with non rotating expression:
pideal — J_riz a'k,?[dkZ 2S;+ 1)
8 |
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HRG model is purely hadronic model,
but how can it capture the deconfinement of quarks?



Deconfinement in hadron resonance gas

HRG blow up — Signal for deconfinement

P/T?
-1, pOCD gas
HRG - lattice QCD
I
~1, ~2-31,

Taken from: Baym,Hatsuda,Kojo,Powell,Song, Takatsuka (2017)
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Deconfinement in hadron resonance gas

4= NJ dm p(mye™™",  p(m) o ™"

Hagedorn (1965)

I';;: Hagedorn’s limiting temeperature

hadron mass spectrum:
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Taken from Rafelski (2016)
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Our criterion of deconfinement

For each given (i, @), we identify T that satisfies the
following condition as 7.

L (T=T,uw) =0.18

PsB
PsB = (N, 02 o l)p gluon + N, cAG”(pquarK +pantiquark)
P/Psg
@ =0
0.18
A

lattice data

I'(w>0) TJ(w=0)=154MeV

12



Deconfining boundary

Fujimoto,Fukushima,Hidaka (2021)
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Discussion: radial dependence

le—6 l"
L4 W =0.1GeV | | | _ Op(r) N
1.2t w =0.2GeV . P\T
Lol — w=0.3Gev <]>(T) — 9o
0.8} .
S, (G)(r) dV ~(dI(r)w
0.4} moment of inertia o 72
0.2} / _
ool | p(r)=p(0) + Ap(r)
0.00 _0.03 006 009 012 015 0.8 o
r[Gev—!] Ap(?”‘) ~ —T4T2w2
2
_ o 425,
rot _ 4 2 2 ..
P =t dkrjdsz_Z_ Z{ r-dependence originates here
( E .—(C+S)w—u.
X log lieXP[— ki ~ T ) ﬂl]}
\

14



Summary

- Estimated the rotation effect on the deconfinement
transition in QCD:

the critical temperature 7', drops with increasing rotation

- We used the Hadron Resonance Gas model: a
phenomenological and parameter-free approach

- Still there is a tension between our and the lattice result;
the lattice result only includes gluon. We are looking for
the thermodynamics at finite rotation on lattice.

- Radial dependent pressure may be interesting to see in the
future analysis.
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