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Microscopic or first-principles

construction of  dual holography 

from quantum field theory



Nonperturbative generalization of  

the Wilsonian RG theoretical framework 

➔ Path integral reformulation of  

the functional RG equation



Dual holography as 

functional renormalization group
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𝑆𝑒𝑢𝑛𝑔 − 𝐻𝑤𝑎𝑛 𝐷𝑜′𝑠 𝑡𝑎𝑙𝑘 𝑖𝑛 𝑃𝑂𝑆𝑇𝐸𝐶𝐻



Inelastic neutron scattering (INS)

measurements as a function of 

transferred energy and temperature

at zero transferred momentum:

High energy INS spectrum vs. 

Low energy INS spectrum



Σ𝑋(𝒌) = 𝑖𝑣𝑋𝜸 ⋅ 𝒌



𝐿𝑜𝑤 𝑒𝑛𝑒𝑟𝑔𝑦 𝑟𝑒𝑔𝑖𝑜𝑛 𝑑𝑎𝑡𝑎





Condensed matter physics phenomenology (CMP-PH): 

To understand the spectrum of  quantum material 

based on effective field theory

𝑁𝑜𝑛𝑝𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑣𝑒 𝑅𝐺 𝑓𝑙𝑜𝑤

𝑓𝑟𝑜𝑚 𝑎 𝑤𝑒𝑎𝑘 − 𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝑓𝑖𝑥𝑒𝑑 𝑝𝑜𝑖𝑛𝑡

𝑡𝑜 𝑎 𝑠𝑡𝑟𝑜𝑛𝑔 𝑐𝑜𝑢𝑝𝑙𝑖𝑛𝑔 𝑜𝑛𝑒



Towards a nonperturbative theoretical framework: 

Functional Renormalization Group (FRG)
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Dual holography as 

functional renormalization group: 

Review



Explicit derivation 

based on Wilsonian RG

Application of  

functional RG kernel



Application of  functional RG kernel
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Some remarks

• Black hole geometry has not been derived yet. Cardy formula is not 

checked out explicitly in this case.

• Unfortunately, the resulting physics (phase diagram, correlation 

functions, critical exponents, and etc.) are given by mean-field types 

(i.e., N → ∞) essentially, and thus, no gains practically speaking.

• We need to develop a nonperturbative theoretical framework, of 

course.



Beyond the mean-field theory





Explicit FRG derivation















FRG formulation
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How can we reconstruct the corresponding geometry 

from both single-particle and two-particle spectra?



𝜑 ↔ 𝜙𝛼
2 & 𝑔𝜇𝜈↔ 𝑇𝜇𝜈

𝟏. 𝑰𝒏𝒕𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝒐𝒇 𝑹𝑮 𝒇𝒍𝒐𝒘𝒔
𝟐.𝑼𝑽 & 𝑰𝑹 𝒃𝒐𝒖𝒏𝒅𝒂𝒓𝒚 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒔

𝑒−∫ 𝑑
𝐷𝑥 𝑔𝐵

𝑢
2𝑁

𝜙𝛼
2𝜙𝛽

2

= ∫ 𝐷𝜑 𝑒
−∫ 𝑑𝐷𝑥 𝑔𝐵

𝑁
2𝑢𝜑

2 − 𝑖𝜑𝜙𝛼
2



𝜑 → 𝜑(0) + 𝛿𝜑, 𝑔𝜇𝜈 → 𝑔𝜇𝜈
(0)

+ 𝛿𝑔𝜇𝜈 , 𝜙𝛼 → 𝜙𝛼 + 𝛿𝜙𝛼

∫ 𝐷𝛿𝜑 → 𝜙𝛼
2𝜙𝛽

2 → 𝜑 1 , ∫ 𝐷𝛿𝑔𝜇𝜈 → 𝑇𝜇𝜈
2 → 𝑔𝜇𝜈

1
, ∫ 𝐷𝛿𝜙𝛼 → 𝑉𝑒𝑓𝑓[𝜑

0 , 𝑔𝜇𝜈
(0)
]

𝜑(1) → 𝜑(1) + 𝛿𝜑, 𝑔𝜇𝜈
(1)

→ 𝑔𝜇𝜈
(1)

+ 𝛿𝑔𝜇𝜈 , 𝜙𝛼 → 𝜙𝛼 + 𝛿𝜙𝛼

∫ 𝐷𝛿𝜑 → 𝜙𝛼
2𝜙𝛽

2 → 𝜑 2 , ∫ 𝐷𝛿𝑔𝜇𝜈 → 𝑇𝜇𝜈
2 → 𝑔𝜇𝜈

2
, ∫ 𝐷𝛿𝜙𝛼 → 𝑉𝑒𝑓𝑓[𝜑

1 , 𝑔𝜇𝜈
(1)
]

𝐽𝑢𝑠𝑡 𝑑𝑜𝑖𝑛𝑔 𝐺𝑎𝑢𝑠𝑠𝑖𝑎𝑛 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑙
𝑖𝑛 𝑡ℎ𝑒 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑓𝑖𝑒𝑙𝑑𝑠

𝜑 𝑘−1 & 𝑔𝜇𝜈
(𝑘−1)

𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑅𝐺 𝑠𝑡𝑒𝑝 (𝑘)

𝐻𝑒𝑎𝑡 𝑘𝑒𝑟𝑛𝑒𝑙 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝐻𝑒𝑎𝑡 𝑘𝑒𝑟𝑛𝑒𝑙 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛



𝑹𝑮 − 𝒊𝒎𝒑𝒓𝒐𝒗𝒆𝒅
𝑮𝒊𝒏𝒛𝒃𝒖𝒓𝒈 − 𝑳𝒂𝒏𝒅𝒂𝒖 𝒕𝒉𝒆𝒐𝒓𝒚

𝒐𝒏 𝒆𝒎𝒆𝒓𝒈𝒆𝒏𝒕 𝒄𝒖𝒓𝒗𝒆𝒅 𝒔𝒑𝒂𝒄𝒆𝒕𝒊𝒎𝒆
𝒘𝒊𝒕𝒉 𝒂𝒏 𝒆𝒙𝒕𝒓𝒂𝒅𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏

𝜑 ↔ 𝜙𝛼
2 & 𝑔𝜇𝜈↔ 𝑇𝜇𝜈

𝟏. 𝑰𝒏𝒕𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝒐𝒇 𝑹𝑮 𝒇𝒍𝒐𝒘𝒔
𝟐.𝑼𝑽 & 𝑰𝑹 𝒃𝒐𝒖𝒏𝒅𝒂𝒓𝒚 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒔
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𝐻𝑒𝑎𝑡 𝑘𝑒𝑟𝑛𝑒𝑙 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛



Eq. of the scalar (density) field









Einstein Eq.



Approximate solution











𝛼 = 𝛽 = 𝑢 = 1.0 & 𝜀 = 0.1

~𝑒
−

2𝑧

𝑙𝑎𝑑𝑠 ? ?



𝛼 = 𝛽 = 𝑢 = 1.0 & 𝜀 = 0.1

~
𝐷 (𝐷 + 1)

𝑙𝑎𝑑𝑠
2 ? ?



𝛼 = 𝛽 = 𝑢 = 1.0 & 𝜀 = 0.1



Discussion



From multi-particle spectra to black hole geometry


