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QCD under new extreme conditions
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Lattice QCD

difficulty with Finite baryon density, Real time dynamics Continuum

Phenom. effective models: (p)NJL. (p)QMC...

Field Theory:

DS Equations

HD(T)L , pQCD, XPT

FRGE, Sum rules

AdS/CFT, AdS/QCD




CJT effective action of QCD
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Gauge field fluc. induce 15t order PT of CSC in dense QCD
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Introduction of ﬁ3 term in free energy by flucts. Inducing 1st

order PT in stead of 2nd order PT in MFA
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Nonspherical states in dense QCD with B
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Anomalous Transports

What are their effects to the QCD transports

Micro-quantum anomaly + B/ Q - macro-transport (CME/CVE)

Search in HIC

~

Astrophysics, cosmology
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Under B & vorticity @ =V X v
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Hou,Liu,Ren, PRDS6 (2012) 121703®
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sQGP matter via AdS/CFT

4dim. Large-Nc strongly coupled
SU(Nc) N=4 SYM ( finite T).

Maldacena ‘97 i Conjecture

Witten ‘98

Type Il B Super String theory on AdS5-BH X S5

Some complicated Field theory calculations become
Weeenussennnunnnennnsennnsly »Z simple “geometric’ problems in higher dimensions



Phase diagram @2+1 flavor

Holographic model: [1] RG. Cai etc, Phys.Rev.D 106 (2022) 12, L121902 » e-Print: 2201.02004

> The action:

T T .
Sy= f Pry=g[R — SV, V6 — LT, P — ,

2K%s

where the potential and Kkinetic functions read

’ b
- 2 < 2 6
V(qb) = —12cosh {Cl qb] * (661 ) ¢ + CQ¢ ! I Capturing the behavior of EOS at zero chemical potential. I
1 _
Z(qb) = 3 sech [C4¢53] + o5 -I Capturing the flavor dynamic.

1+c¢
> The metric:

d 2
ds? = —e ") f(r)dt? + %T) + r2(da? + da3 + dxd),

b = ¢(r), Ay = Ag(r),
1 2m 4

» The Hawking temperature T —

L e )2 S = =T
and entropy density: A f (Th)e @h‘ effective Newton constant




Phase diagram @2+1 flavor

» Thermodynamics with rotationm:
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» Thermodynamics with rotation:
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ID: Yan-Qing Zhao, Song He, Defu Hou, Li Li, Zhibin Li, JHEP 04 (2023) 115+ e-Print: 2212.14662

» 2+1flavor: » Pure gluon(/iz = 0):

v black solid line: denoting the location of CEP. A 579
v' At high Tand small fi: Being the smooth crossover. Analytlcally: TC (CU) - TC V 1 — w2t
v At low Tand large fig: Being 1st-order transition. . . . .
V ot mmT | fi, LT, feep b

T Mev)

To(w)/T.(0) ~ 1 — cw?

v At finite fiz and smaller w.

The value of c depends on /ip.

] Wjp=0MeV

B jip = 300 MeV
W jip = 500 MeV
H fip = T00MeV

. 0 200 400 600 800 ] N
o04h | alvev] . . ] Chen, Zhang, Li, Hou , M.Huang ,JHEP 07 (2021) 132
0.0 0.1 0.2 0.3 0.4 0.5




Static isospin matter: pion superfluidity;
sospin matter under rotation: emergence of rho condensat
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Rich phase structures found;
Could be relevant to low energy |
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Phase Structure with magnetic field

F
15x1078; (b)p=0.1

1.x 1078}
5.x107%
0!
~5.x10°}

-1.x1078t

0.16 T r ' 0.16

------- (a) (b)
0.15F " Black:B=0 {4  [7TTmeeall Black: =0
~~~~~~~~~~~ Red: B=0.05 015 T Red: p=0.1 |
S 0.14f Bue:s=0.1 | S O[T T T Bueip=01s
[ [0 SN
O e
“|"_"0.13' 1E
0.12f
0.11 L . . 0.13 . . .
0 0.1 0.2 0.3 0 0.05 0.1 0.15

y B
ATHIC 2008, Tsukuba, Japan, Oct. 13 - 15, 2008

Zhou-Run Zhu, De-fu Hou, Inverse magnetic catalysis and energy loss in holographic QCD model, (arXiv:2305.12375).



Phase structure and critical phenomena in 2-flavor QCD
Yan-Qing Zhao, Song He, Defu Hou, Li Li, Zhibin Li ( Phys.Rev.D 109 (2024) 8, 086015 )
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Yan-Qing Zhao, Song He, Defu Hou, LiLi, Zhibin Li ( Phys.Rev.D 109 (2024) 8, 086015 )
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Phase structure and critical phenomena in two-flavor QCD by holography ( Phys.Rev.D 109 (2024) 8, 086015 )

Yan-Qing Zhao, Song He, Defu Hou, Li Li, Zhibin Li
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IN. Goldenfeld, Lectures on phase transitions and the renormalization group (1992).

| Lmrxs | a+28+9=2 a+B(1+4)=2.
I Experiment, 3D Ising Mecan ficld | DGR model Ours

a | 0.110-0.116 0.110(5) 0 0 0.113+5910
I B | 0.316-0.327 | 0.32540.0015 1/2 0.482 0.32270-000
I v | 1.23-1.25 | 1.240540.0015 1 0.942 1.24310008
| § 4.6-4.9 4.82(4) 3 3.035 4.8541045
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The spectral function of heavy vector mesons

Mamani , Hou, Braga, PRD 105, 126020 (2022)
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J/Y

Yan-Qing Zhao, Defu Hou, Eur.Phys.J.C 82 (2022)

® Spectral function:

12,1102+ e-Print: 2108.08479

As increasing magnetic field, the dissociation effect increases and it is stronger for the parallel case.
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Jet quenching in QGP
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Energy loss and jet quenching
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H. Liu, K. Rajagopal, and U. A. Wiedemann,
Phys. Rev. Lett. 97, 182301 (2006).
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NL correction to jet quenching parameter

Zhang, Hou, Ren, JHEP1301 (2013) 032
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Heavy quark potential V,

VITA)

2024/5/23

V(L) = Vo(L) + w213V, (L) + 0(w*)

1. Binding forcel

2. Force range I

6L =

_ (o)l
Vo (Lo)

w?13

JX. Chen, DH, H.C Ren , JHEPO3 (2024) 171 ,

Vo(Lo) =0

arXiv: 2308.08126
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Heavy quark potential V,

V(L) = V,(L) + %szZVl(L) + 0(w?)

. 1. Potential I
1 (b)
= 05
— 2. Force range l
SO | PR -
S
VO(L0)=O

-0.5¢ . .
! o . st = — 1) 5
: 4Vy(Lo) ~ °
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Dragging force JX. Chen, DH, H.C Ren, JHEPO3 (2024) 171, arXiv: 2308.08126

dp, 1 oL—>
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ar

1

Drag force of u component

dp¢ _ _Tl,'\/ZTZ 2 1
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d 1 TVA
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S. S. Gubser, PRD74, 126005 (2006); C. P. Herzog, etc. JHEP 07, 013 (2006).
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Summary outlook

Properties of strongly interacting matter under extreme conditions are
very interesting!

QCD Phase diagram under magnetic field & rotation (IMC)

Heavy quark potential and dragging force

Spectral function and heavy meson melting

How to understand the different results of rotation from lattice?

(Polarization induced by Magnetic field and rotation?



Summary

Properties of strongly interacting matter under extreme conditions are
very interesting!

- QCD Phase diagram under rotation and Magnetic field
- Transport properties of rotating magnetized matter

Heavy quarkonia
Jet quenching and energy loss

Thank you very much for your attention!
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Zhou-Run Zhu, Jun-Xia Chen, Xian-Ming Liu, De-fu Hou, Eur.Phys.J.C 82 (2022) 6,560.
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De Hass-van Alphen Effect with Rotation

Shu-Yun Yang, Ren-Da Dong, DF Hou, Hai-Cang Ren, PRD 107, 076020 (2023)
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In rotation, the thermodyn Equil. is established under a AM. The equal
distrib. of different AM states within a LL is offset by the nonzero AV
with higher AM more favored than lower ones, which amounts to lifting
the degeneracy of LL. The dHVA oscillation is thereby expected to be

reduced by rotation



De Hass-van Alphen Effect with Rotation
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Huge suppression of dHvA oscill. (17 order)
due to large size

Shu-Yun Yang, Ren-Da Dong, DF Hou, Hai-Cang Ren, PRD 107, 076020 (2023)



Gravitational waves from holographic QCD phase transition .

Zhou-Run Zhu, Jun Chen, Defu Hou. Eur.Phys.J.A 58 (2022) 6, 104
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Perspective
Relativistic viscous hydrodynamics with angular momentum

Duan She *”%' Anping Huang >%'!, Defu Hou®*, Jinfeng Liao"*
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Viscous Hydro with Ang. Mom.

Write down all allowed Lorentz structures to the correct order of

gradient expansion

TH = eulu? — (p + I1) AP 4 2uHg¥) 4 iV

NH = nut

yhal — yrgof 4oyl Arfle 4 Qu[a*r(”?] + 2ule
8
S* = pB* + B T* — aN* — BuasSH?

] + @uas

Plug these into the entropy current divergence and look for

conditions of positivity:
I=—¢f
e A
¢ =1 (GE o) = 2 on () 4 Zogn(2)]

T

2
T{:a)ﬁ = —xou® [(AﬁﬂAm + APAPY) — EAM?AW] VT(%)

Tl = —xeut (APAM - AwAT) Y, (S22)

07 = —xy(WPwrA™ — wrw AT ANV, (S2) + s ATAT AT, (22

Five new positive angular momentum

transport coefficients.



