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* Unitary & local QFT in AdS,;, 4
* Lowest-E, N-particle states at spinJ

Goal: E'=E—Jat] > 1
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Introduction

What?
* Unitary & local QFT in AdS,;, 4
* Lowest-E, N-particle states at spinJ

Goal: E'=E—Jat] > 1

How?

No interactions: orbits bound by Rpg4g

degeneracy ~ JV 2
* Perturbation: yy(J) < Egap at

weak coupling or distances ~ Rpg45 log )/
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Introduction

Main result:

Most of the large-] spectrum is
quantum mechanicswithh = 1/]

How?
E' E'
* No interactions: orbits bound by R 4g A A
degeneracy ~ JN 72 r Egap

* Perturbation: yy(J) < Egap at

NE!

weak coupling or distances ~ Rpg45 log )/



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

EFTin AdS,., 4 CFT,
distance, 1/E’ > Rpgs Lightcone limits
locality crossing
N-particle states E' = NE] + yn(J) N-twist primaries A — ] = NAg + yn(J)
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EFTin AdS,., 4 CFT,

distance, 1/E’ > Rpgs Lightcone limits

locality crossing

N-particle states E' = NE] + yn(J) N-twist primaries A — ] = NAg + yn(J)
Conjecture:

Same N-body problem at large J for CFT,

Evidence: Lightcone bootstrap of (¢ ... ¢ ... d)



Plan

1. States

2. Tree-level interactions
3. J=1/n

4. Lightcone bootstrap



1 States

* Free scalar @, m§ = Ay(Ap — d)

* Here:min E' = NAg, |, = 0=

(0|D(xq) ... P(xp) |¥) = (prefactor) X Y (ay, ..., ay)
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* Free scalar @, m§ = Ay(Ap — d)

* Here:min E' = NAy, |, = 0>

(0|D(xq) ... P(xp) |¥) = (prefactor) X Y (ay, ..., ay) @
\ Sd_l’];]J_

a = e" 9~V tanh psin 6
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1 States
il

* Free scalar @, m§ = Ay(Ap — d)

* Here:min E' = NAg, |, = 0=

(0|D(xq) ... P(xp) |¥) = (prefactor) X Y (ay, ..., ay) —
C " Dse1yy,
Ay

e Y(a;) € HIZ(D)®N from M1PAHAe ~ pyand h =

class

a = e'@~t tanh psin 6
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1 States
il

* Free scalar @, m§ = Ay(Ap — d)

* Here:min E' = NAg, |, = 0=

(0|D(xq) ... P(xp) |¥) = (prefactor) X Y (ay, ..., ay)
@Sd_ll./)]l

- Y(a;) € HL2(D)®N from M P2 =~ pand h = A

class

— i(¢_t) 1
* [so(D) = SU(1,1) lowest-weight states: a=¢€ tanh p sin 6

]N—Z

Y(da; +B) =V ¢P(a), dimHy; = T
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2 Tree-level interactions

e Liny = A PO, integrate out =

o
Sl
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2 Tree-level interactions

e Liny = A PO, integrate out =

* Degenerate 15t order QM perturbation theory:

(W1 lyN e€IW,) = (1 Vinel ¥2) = (W1 (@) Uy (a, @) 1P, (a))

o
Sl
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2 Tree-level interactions

e Liny = A PO, integrate out =

* Degenerate 15t order QM perturbation theory:

(W1 lyN e€IW,) = (1 Vinel ¥2) = (W1 (@) Uy (a, @) 1P, (a))

o

)

1 — la:12)(1 —
UN=Z Q@< + =< = ®; NbgreeZ(( |al| )(

ja; —

i<j 1<j

‘2

Sl

Ag

“HZ));Z
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2 Tree-level interactions
» Example: N = 4, ] <120, dimH < 331, (ApA,) = (1.234,0.6734)
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2 Tree-level interactions
» Example: N = 4, ] <120, dimH < 331, (ApA,) = (1.234,0.6734)
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3/ =1/n
Berezin-Toeplitz quantization [Berezin 1980]
1. Holomorphic 1(z) on CPV~2
2. Measuredp; ~e % J#(..)
3. “Toeplitz” operator: Pyo U;(2,2), U; ~ J*H + -
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Berezin-Toeplitz quantization [Berezin 1980]

1. Holomorphic 1(z) on CPV~2
2. Measuredp; ~e % J#(..)

3. “Toeplitz” operator: Pyo U;(2,2), U; ~ J*H + -

=

M 1ass = Kahler,

w =i00%/2,

H = Hamiltonian

19



3/ =1/n
Berezin-Toeplitz quantization [Berezin 1980]
1. Holomorphic 1(z) on CPV~2
2. Measuredp; ~e % J#(..)
3. “Toeplitz” operator: Pyo U;(2,2), U; ~ J*H + -

= M 1ass = Kahler, w=1i00%K/2, H = Hamiltonian

“Momentum space”
» Y(a) » P(2),0, = z, HL*(D) - HL*(C)

« SU(1,1) lowest weight > z; + -+ zy = 0, YP(12) = VY (2)
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3] =1/h

Classical limit:

* Mclass = Gr™(2, N)/ZN

* K =2log),; |zl

K/2 )AO'

ZjZj

e H = #Zl<]( °
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3] =1/h

Classical limit:

* Mclass = GI‘+(2, N)/ZN

* K =2log),; |zl

K/2 )Aa

ZjZj

e H = #Zl<]( °
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3] =1/h

Classical limit:

* Mclass = GI‘+(2, N)/ZN

* K =2log),; |zl

K/2 )Aa

ZjZj

e H = #Zl<]( °

S,

H =H ;,




3] — 1/h n(E{pSE') Vol(H<E")
Density of states: = ————— O(h)
class

n(E" e N=4, ] <120

J%/48

* Vol(H < E') from
Monte Carlo (10°
sample points)

0.2

e

0.0 1 | I I I | 1 I 1 | I 1 1 1 1 I 1
0.00 0.02 0.04 0.06 0.08 0.10

1/J
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3] — 1/h Lowest energies: harmonic oscillator
Ep = Hypin + R(ESY + w1ky + -+ wy_2ky_2) + 0(h?)
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4 Lightcone bootstrap

1. CFT; on Ry x5t
2. Weyl transformation [AM’071:

RxS4™1 = AdS;x S473 with apgs, = sin 6 e!@™V

3. Euclidean time: (t,@) — (—itg, a), where E' = —id;|,

26



4 Lightcone bootstrap

1. CFT; on Ry x5t
2. Weyl transformation [AM’071:

RxS4™1 = AdS;x S473 with apgs, = sin 6 e!@™V

3. Euclidean time: (t,@) — (—itg, a), where E' = —id;|,

<O|¢(t1, al) (P(tN, aN)i(—tN, (XN) $(—t1, a1)|0) for1l — |C¥l’|2 << e_ZtEi <1
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4 Lightcone bootstrap

l - |
(0| (ty, ay) ... p(ty, an)d(—ty, ay) ... p(—ty, ay)|0) forl — |a;|? K e ?tEi K 1

perms
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4 Lightcone bootstrap

perms

l - |
(O|¢(t|1: ay) .. p(ty, an)P(—ty, ay) ---¢(<051)|0> forl—|a;|* K e™?Ei « 1
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4 Lightcone bootstrap

1 1 1 1
‘0 2
2 2 + 2 2 + perms =
N N N N E"=NAg +yn

A -l - || H) 2
(eal 2 |ea>
@i — ] _ ($-.® Pryn ¢--9)

H#
(Caleq) (& DPrD .. D)

l — |
(0|<I5(t|1: aq) ---¢(th» “N)flb(—t‘N» ay) ---¢(—<0‘1)|0> forl—|a;|* K e™?Ei « 1

=]
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Outlook

* Prove/ =1/Aforyy(J) in CFTy

* Lightcone bootstrap as large-J/low-E’ AdS3 EFT
- c.f. planar conformal gauge theory [BGK‘03,...,AEKMS’10,...]
- c.f. large-J/near-threshold for S-matrix [CSZ‘22]
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- c.f. large-J/near-threshold for S-matrix [CSZ‘22]

* New phases at large N = c.f. superfluid EFT [CK‘23]
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0 ~ 1 00
Thank you!
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