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What?
• Unitary & local QFT in AdS!"#
• Lowest-𝐸, 𝑁-particle states at spin 𝐽

Goal: 𝐸! ≔ 𝐸 − 𝐽 at 𝐽 ≫ 1
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How?
• No interactions: orbits bound by 𝑅!"#

degeneracy ∼ 𝐽$%&
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• Perturbation: 𝛾$ 𝐽 ≪ 𝐸'() at 

weak coupling or 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞𝐬 ∼ 𝑅!"#	log	𝐽
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How?
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𝛾$(𝐽)

𝐸'()

𝑁𝐸*+

𝑅!"#	log	𝐽Main result:
Most of the large-𝐽 spectrum is 

quantum mechanics with ℏ = 1/𝐽



6

Motivation: “Coarse” holography [FKPS-D’13,…,FFL’24] 

    
EFT in 𝐀𝐝𝐒𝒅#𝟏 𝐂𝐅𝐓𝒅
distance, 1/𝐸+ ≫ 𝑅!"# Lightcone limits
locality crossing
𝑁-particle states 𝐸+ = 𝑁𝐸*+ + 𝛾$(𝐽) 𝑁-twist primaries Δ − 𝐽 = 𝑁Δ, + 𝛾$(𝐽)
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Evidence: Lightcone bootstrap of ⟨𝜙…𝜙 )𝜙… )𝜙⟩ 

Conjecture:
Same 𝑁-body problem at large 𝐽 for 𝐂𝐅𝐓𝒅

EFT in 𝐀𝐝𝐒𝒅#𝟏 𝐂𝐅𝐓𝒅
distance, 1/𝐸+ ≫ 𝑅!"# Lightcone limits
locality crossing
𝑁-particle states 𝐸+ = 𝑁𝐸*+ + 𝛾$(𝐽) 𝑁-twist primaries Δ − 𝐽 = 𝑁Δ, + 𝛾$(𝐽)

Motivation: “Coarse” holography [FKPS-D’13,…,FFL’24] 

    



Plan

1. States

2. Tree-level interactions

3.  𝐽 = 1/ℏ 

4. Lightcone bootstrap
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1 States

𝑡, 𝐸

𝑆"#$, 𝐽, 𝐽%

𝜌• Free scalar Φ, 𝑚-
& = Δ, Δ, − 𝑑

• Here: min 𝐸+ = 𝑁Δ,, 𝐽. = 0 ⇒

0 OΦ 𝑥* … OΦ 𝑥$ Ψ = prefactor × 𝜓 𝛼*, … , 𝛼$
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1 States
• Free scalar Φ, 𝑚-

& = Δ, Δ, − 𝑑

• Here: min 𝐸+ = 𝑁Δ,, 𝐽. = 0 ⇒

0 OΦ 𝑥* … OΦ 𝑥$ Ψ = prefactor × 𝜓 𝛼*, … , 𝛼$

𝛼 = 𝑒% &'( tanh 𝜌 sin 𝜃

• 𝜓 𝛼/ ∈ 𝐻𝐿& 𝔻 ⊗$ from ℳ12(33
*)(456127 ≅ 𝔻 and ℏ = Δ,%*

• Iso 𝔻 = 𝑆𝑈(1,1) lowest-weight states:
 

𝜓 𝜆𝛼/ + 𝛽 = 𝜆8 𝜓(𝛼/), dimℋ$,8 =
𝐽$%&

𝑁! 𝑁 − 2 !
+ ⋯

𝑡, 𝐸

𝑆"#$, 𝐽, 𝐽%

𝜌
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2 Tree-level interactions

• ℒ6:5 = Λ	OΦΦΣ, integrate out Σ

OΦ OΦ

Σ

Φ Φ
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2 Tree-level interactions

• ℒ6:5 = Λ	OΦΦΣ, integrate out Σ

• Degenerate 1st order QM perturbation theory:

Ψ* 𝛾$5477 Ψ& = Ψ* 𝑉6:5 Ψ& = ⟨𝜓* 𝛼 𝑈$ 𝛼, m𝛼 𝜓& 𝛼 ⟩
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2 Tree-level interactions

• ℒ6:5 = Λ	OΦΦΣ, integrate out Σ

• Degenerate 1st order QM perturbation theory:

Ψ* 𝛾$5477 Ψ& = Ψ* 𝑉6:5 Ψ& = ⟨𝜓* 𝛼 𝑈$ 𝛼, m𝛼 𝜓& 𝛼 ⟩

OΦ OΦ

Σ

Φ Φ

𝑈& =3
'()

𝛼/ 𝛼;

∞∞

∞∞

∼ 𝑏)*+,,<
%-.

(1 − 𝛼% /)(1 − 𝛼.
/)

𝛼% − 𝛼.
/

0!
/



16

2 Tree-level interactions

𝛾<
𝑏=5477

• Example: 𝑁 = 4, 𝐽 ≤ 120, dimℋ ≤ 331, Δ,,Δ> = 1.234,0.6734

𝐽
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3 𝐽 = 1/ℏ 
Berezin-Toeplitz quantization [Berezin 1980]

1. Holomorphic w𝜓 𝑧  on ℂ𝑃$%&

2. Measure 𝑑𝜇8 ∼ 𝑒%8𝓚	𝐽#(… )
3. “Toeplitz” operator: 𝑃AB2	𝒰8 𝑧, ̅𝑧 ,   𝒰8 ∼ 𝐽#𝑯+⋯
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3 𝐽 = 1/ℏ 

ℳ12(33 = 𝓚ähler, 𝜔 = 𝑖𝜕𝜕̅𝓚/2, 𝑯 = Hamiltonian⇒
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3 𝐽 = 1/ℏ 

ℳ12(33 = 𝓚ähler, 𝜔 = 𝑖𝜕𝜕̅𝓚/2, 𝑯 = Hamiltonian

“Momentum space”
• 𝜓 𝛼 → w𝜓 𝑧 , 𝜕C → 𝑧, 𝐻𝐿& 𝔻 → 𝐻𝐿& ℂ

• 𝑆𝑈 1,1  lowest weight → 𝑧* +⋯+ 𝑧$ = 0, w𝜓 𝜆𝑧 = 𝜆8 w𝜓 𝑧

⇒

Berezin-Toeplitz quantization [Berezin 1980]

1. Holomorphic w𝜓 𝑧  on ℂ𝑃$%&

2. Measure 𝑑𝜇8 ∼ 𝑒%8𝓚	𝐽#(… )
3. “Toeplitz” operator: 𝑃AB2	𝒰8 𝑧, ̅𝑧 ,   𝒰8 ∼ 𝐽#𝑯+⋯
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3 𝐽 = 1/ℏ
Classical limit:

•ℳ12344 = Gr# 2, 𝑁 /ℤ5

• 𝓚 = 2 log∑% |𝑧%|

• 𝑯 = #∑%-.
6𝓚/$

78 9%9̅&

0!
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3 𝐽 = 1/ℏ
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𝔻

arg(𝑧)
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3 𝐽 = 1/ℏ
Classical limit:

•ℳ12344 = Gr# 2, 𝑁 /ℤ5

• 𝓚 = 2 log∑% |𝑧%|

• 𝑯 = #∑%-.
6𝓚/$

78 9%9̅&

0!

𝔻

arg(𝑧)

ℝ*,$

|𝑧|

𝑯 = 𝑯8;< 𝑯 → ∞
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3 𝐽 = 1/ℏ

𝑛(𝐸′)
𝐽&/48

• 𝑁 = 4, 𝐽 ≤ 120

• Vol 𝐻 ≤ 𝐸+  from 
Monte Carlo (10D 
sample points)

Density of states:  
= >'

( ?>(

@;8ℋ
= BC2(E?>()

BC2 ℳ)*+,,
+ 𝑂 ℏ
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3 𝐽 = 1/ℏ

• 𝑁 = 4, 𝐽 ≤ 120

• 𝜔*,& = 𝑯E6: 𝜈*,&

Lowest energies: harmonic oscillator

𝐸H = 𝑯8;< + ℏ(𝐸)
I +𝜔I𝑘I +⋯+𝜔5'/𝑘5'/) + 𝑂(ℏ/)
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4 Lightcone bootstrap
𝜃

𝜕𝔻

1. 𝐂𝐅𝐓F on ℝG×𝑆F%*

2. Weyl transformation [AM’07]:

ℝ×𝑆F%* ≅	AdSH× 𝑆F%H with 𝛼!"#! ≡ 	sin	𝜃	𝑒/ I%G

3. Euclidean time: (𝑡, 𝛼) → (−𝑖𝑡J, 𝛼), where 𝐸+ = −𝑖𝜕G|C
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4 Lightcone bootstrap

⟨0|𝜙 𝑡*, 𝛼* …𝜙 𝑡$, 𝛼$ m𝜙 −𝑡$, 𝛼$ … m𝜙 −𝑡*, 𝛼* |0⟩  for 1 − 𝛼/ & ≪ 𝑒%&G"# ≪ 1 
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4 Lightcone bootstrap

+ perms +⋯+
1 K1

2 K2

𝑁 N𝑁

𝜎

𝑁 N𝑁

1 K1

2 K2

⟨0|𝜙 𝑡*, 𝛼* …𝜙 𝑡$, 𝛼$ m𝜙 −𝑡$, 𝛼$ … m𝜙 −𝑡*, 𝛼* |0⟩  for 1 − 𝛼/ & ≪ 𝑒%&G"# ≪ 1 
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4 Lightcone bootstrap

+ perms +⋯ =+
2

1 K1

𝑁 N𝑁

K2
1 K1

2 K2

𝑁 N𝑁

𝜎

𝑁 N𝑁

1 K1

2 K2

𝐸+ = 𝑁Δ, + 𝛾$ 
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4 Lightcone bootstrap

+ perms +⋯ =+
2

1 K1

𝑁 N𝑁

K2
1 K1

2 K2

𝑁 N𝑁

𝜎

𝑁 N𝑁

1 K1

2 K2

#

⟨𝑒C|
(1 − 𝛼/ &)(1 − 𝛼;

&
)

𝛼/ − 𝛼;
&

K$
&

|𝑒C⟩

⟨𝑒C|𝑒C⟩
= ⟨(…(	+ℋ,"	(…(⟩

⟨(…(+ℋ(…(⟩
  

𝐸+ = 𝑁Δ, + 𝛾$ 

⟨0|𝜙 𝑡*, 𝛼* …𝜙 𝑡$, 𝛼$ m𝜙 −𝑡$, 𝛼$ … m𝜙 −𝑡*, 𝛼* |0⟩  for 1 − 𝛼/ & ≪ 𝑒%&G"# ≪ 1 
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Outlook

• Prove 𝐽 = 1/ℏ for 𝛾$(𝐽) in 𝐂𝐅𝐓𝒅
• Lightcone bootstrap as large-𝑱/low-𝑬+ 𝐀𝐝𝐒𝟑 EFT
à c.f. planar conformal gauge theory [BGK‘03,…,AEKMS’10,…]
à c.f. large-𝑱/near-threshold for S-matrix [CSZ‘22]
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𝐽
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Thank you!


