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Where is Jilin (吉林)?



Challenging problem in QFT
• In strongly correlated systems, particles tend to 

form bound states. 

• Meson, Baryon in QCD 

• Cooper pair in a superconductor 

• etc..



How to evaluate bound 
states?

1. Lattice simulation 

2. The use of the Bethe-Salpeter equation in QFT. 

3. The use of duality



Regge trajectory
• e.g. Excitations of rho meson (vector meson)
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Contents

• AdS/CFT correspondence and Regge trajectory 

• Wilsonian Renormalization Group 

• From Wilsonian RGE to holographic equations



AdSd+1 spacetime

scalar cavature in d+1 dim



AdSd+1/CFTd conjecture 
(gravity/gauge conjecture)

gauge coupling in d dim.scalar cavature in d+1 dim



Dynamics on AdS
• Free scalar (spin-0 pion,            ) theory on AdS4+1 

• Equation of motion for 

• This equation of motion is equivalent to  



Dynamics on AdS
• Considering dilaton effects, 

• where 　       is given in terms of         . 

• Solving the Schrödinger equation with U(z), we can 
obtain the eigenvalues! 

or



Application to Regge 
trajectory

• If U(z) ~ z2, the Schrödinger equation reproduces 

• This explains the Regge trajectory! 

• But, how to obtain such a potential? 

• This is a big open question. 

• Our method provides U(z)!
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Wilson Renormalization Group
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 Critical exponent

• RG eq. around FP g* 

• Solution of RG eq. negative 
eigenvalue k ! 0
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Equivalence
• Identification I: 5 dim coordinate = cutoff scale 

• Identification II: n-point functions = wave functions



AdS spacetime



Application to  
3d scalar theory

• We demonstrate bound states of scalar fields.  

• Two-point function 

• Zero momentum limit



Demonstration
• 3D scalar theory 

• Gaussian fixed point (UV FP) 

•   

• Wilson-Fisher fixed point (IR FP) 

•  



Demonstrate
• 3D scalar theory (which is well-understood) 

• Gaussian fixed point (UV FP) 

•   

• Wilson-Fisher fixed point (IR FP) 

•  



Excited mass spectra of 
bound state



QCD?
arXiv: 2303.00723







SUSY??

• Meson/Baryon mass spectra are well-
reproduced from superconformal QM. 

• Emergence of SUSY from QCD dynamics?

H. G. Dosch et. al.  
arXiv: 1801.00607 
Phys.Rev.D 91 (2015) 8, 085016



Summary and discussions
• The flow equation can be regarded as the Schrödinger equation on AdS 

spacetimes, 

• where 

• A duality is encoded in the fRG! 

• Fixed point = scale (conformal) invariant point 

• Scaling law (Critical exponent) determines the potential. 

• The Regge trajectory implies the existence of an IR fixed point in QCD, at 
which the scaling law gives U(z) ~ z2. 

• Light-front quantized QCD: φJ(z) is associated to spin-J mesons. 

• Emergence of SUSY from QCD dynamics?


