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Motivations



A schematic view of QCD Phase diagram
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Status of searching CEP
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Intro AdS/QCD



AdS/QCD

AdS/CFT conjecture
AdSs x S° <=mp N =4 SYM theory

If it is true for any gauge theory
(??2?)

String theory,

<¢===) | Non-Abelian gauge theory

quantum gravity

Then what is the dual string theory of QCD?
(It is nature to ask the question here)

2 <=p  (QCD

Question: Is it possible to find a string theory dual to QCD?

Top-Down models: D3-D7, D4-D8D8bar ...




hQCD model



HQCD model for 2+1 flavor system

Einstein-Maxwell-Dilaton system

Motivation

To cover the degree of freedom in QCD phase Diagram.
Quarks (chemical potential) & gluons(dilaton potential)
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HQCD model

Ansatz

EOM
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Boundary Stress Rong-Gen Cai, Song He, Li Li, Yuan-Xu Wang, 2201.02004
Tensor

On-Shell Action =QV = T(S 4+ S5)on—shell ;

10}

S0 = 5 f,soe AotV [2K — 6 162 — 4210 Infr] — bg* + PP nfr]

KN

C1,C2,C3,Cq, C5 | Effective Newton constant | 2, | Scalar source ) ¢+Renormalization b

kN
Boundary stress tensor
o 2 6(8 + Sﬁ')on—sheli
M 1500 1 /—det g Jgh ’ N

I . P e P 4b
N ﬂrli?*nc}or 2(Khﬁu_Kp:u_3hmx)_(§¢ ¢n 12 ¢ IH[T]—FE)QS hﬁw

1
- (F#PF"’p — é—lhﬂpr;xFPA)lﬂ[T]} ,



Rong-Gen Cai, Song He, Li Li, Yuan-Xu Wang, 2201.02004

C1,C2 M Effective Newton constant R Scalar source ¢s +Renormalization b

A. Bazavov et al. [HotQCD], Phys. Rev.
D 90 (2014), 094503[arXiv:1407.6387

[hep-lat]].
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Prediction of hQCD
model



S. Bors’ anyi, etc., Phys. Rev. Lett. 126

(2021) no.23, 232001
[arXiv:2102.06660 [hep-lat]]
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Induced gravitational wave

Strong first order phase transition will result in the
production of GWs:

bubble collision + sound wave + MHD

turbulence
GWs are dominated by sound waves with

energy spectrum

100\ 3 / ka \2
2Q) =85x107° ([ —
h*Qaw (f) = 8.5 x 10 (gn) (1+a)

X (%) vwSsw (f) -

a: phase transition strength parameter
v, - bubble wall terminal velocity

Hﬁ: the inverse time duration of the phase transition

n

H,: Hubble rate at the nucleation temperature T,
Jn: the number of degrees of freedom
k: the fraction of bulk kinetic energy relative to the

bubble
wall

}— DW Cg

sound _SNG§
shell

V.=0  V.>0 V.=0

fluid velocity

ava”ab'e vacuum energy_ Weir David J. R. Soc. A.376: 20170126(2018)
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(u, T, a) = (560 MeV, 104.71 MeV, 0.13) (red band) and (1000 MeV, 49.53 MeV, 0.33) (blue band).
The upper curve in each band is for f/Hn = 4 and the lower curve is for 5/Hn = §0.

The GW energy spectrum from our hQCD model 1s within the projected sensitivity of [IPTA
and SKA, thus can be potentially detected in the near future.



Summary

I. Pro;l)ose a hQCD model on quantitative
level to descrlbe QCD phase diagram.

II. EOS confront with lattice simulations at
zero/non-zero chemical potential.

II1.Realize QCD CEP and quantitatively
agrees with etfective field results.

IV.Stochastic GW spectrum induced by
QCD phase transition predicted.
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