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Bulk reconstruction by deep learning

1. Why and how? 1903.04951
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2. Space emergent from data o
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AdS/CFT
(No proof, no derivation)

Classical gravity theory
in d+1 dim. spacetime

Quantum field theory

in d dim. spacetime
(Strong coupling limit,
large DoF limit)
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@ Space emergent from data ”

Simplest holographic model

Classical scalar field theory in unknown 5-dim. spacetime
1802.08313

S = /dnd‘lx\/detg [(0,0)° — V(9)] 1809.10536
ds? = —f(n)dt* + di? + gn)(da? + - + da_))

) 3 A

_ Vgl = —ﬁ¢2 + Z¢4

Data: (do, Z[60)) ‘1.2
@ ; o(n) o

(gb‘n:ooa an¢|n:oo>8n¢‘nzo> <
00 7 0




@ Space emergent from data

Equation of motion as a feedforward NN

Eq. of motion c‘ﬁgb + h(n)0y¢ — oviel =0

@ metric  h(n (b llog\/f ]

Discretization [ ¢(n + An) = ¢(n) + An=(n)
Hamilton form 7 (& Ap) = =(n) + An (h(n)ﬂ(n) ~ 5V(¢(n)))

@ ! 6p(n)

Feedfoward neural network for classification
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@ Space emergent from data

Training with QCD data : quark condensate

Lattice QCD data at T=207[MeV]
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¢o : Quark mass

[¢0] : Quark condensate
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@ Space emergent from data

4/5
Training with QCD data : quark condensate
10*0-epochs I
0.10  meowaemeemesssaarecy 15 i
T N Emergent metric h(7) !
& 0.08 % !
> i
G 0.06 Q i
= 5§ I
S 0.04 g :
S l
¥ 002 % 7 :
SRRy o g T g horizon
0.009.000 010 <50 5 10
quark mass [GeV] layer

Trained values of potential :
1/L=237(3)[MeV], A/L=0.0127(6)
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@ Space emergent from data o/
Training with QCD data: hadron spectra

Input : PDG data for rho meson mass

2005.02636

miY = 0.77 GeV, m$? = 1.45 GeV

e Positive
Negative

Bulk model: Dilaton ®(z), metric ds? = ¢*4®@ (dz2+nﬂydx”dx”)

Result: Emergent metric
B'(z) = ®'(2) - A'(2)
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@ Gravity reconstructed 7

Two independent information of metric

Gravity model
Action s=c / d%@(}% — %gMNan)aNQ + V(<I>))

Metric B’ (2) Metric h(n)

Quark
potential

Meson Chiral
spectrum condensate
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@ Gravity reconstructed 7

Two independent information of metric

Gravity model

. 4
Action 5= / Payg(R - 56"N 020N + V(@)

. .

Metric B’ (2) Metric h(n)

B'(z2) = ®'(2) —A'(2)
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@ Gravity reconstructed 2/7
Deriving the dilaton potential (T=0)

Gravity model

. 4
Action s=c / d%\/g(R - ggMNaM@amp + V(<I>))

f 2108.08091

1010 V(D)
Metric B’ (z)

108 | »

106 L

B'(z2) = ®'(2) —A'(2)

50
20
8
6

v

______ V =12cosh(1.4339)

------------ V =12cosh(1.4309)
—16.77892 + 5.9439*
Cf. [Gubser, Nellore, 0804.0434]

Meson
spectrum
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Gravity reconstructed

It’s a nice dilaton potential !

Gravity model

c 4
Action s=c / d5x¢§(R — 39" ou®OND + V(<I>)>
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0.60 | “oen,,
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P
Fit the asymptotic part by V(®) ~ ¢2Q*aF
for different values of dilaton initial cond.

Cf. [Gursoy, Kiritsis, 0707.1324]
[Gursoy, Kiritsis, Nitti, 0707.1349]
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V =12cosh(1.4339)
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—16.778P2 + 5.943P*

Cf. [Gubser, Nellore, 0804.0434]
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@ Gravity reconstructed

30 F
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String frame metric has a bottom

Gravity model

b 4 AN
Action s=c / dsx\/ﬁ(R ~ 39"V On®OND + V(<I>)>
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@ Gravity reconstructed o
Prediction of string breaking (T=0)

Action S=c/d5xf(

Gravity model

3g‘ O BN D + V(<I>)>

Quark potential
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@ Gravity reconstructed o
Deriving the dilaton potential (finite T)

Gravity model

Action s=¢ / d%f( - gMNa 1 POND + V(<I>))

f 2111.2?7??

Metric h(n) V(@) e ,

trial H1
trial §2

I
S 5 10 horizon
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condensate
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@ Gravity reconstructed .

Prediction of string breaking (finite T)

Gravity model

. 4
Action s=c / d%\/g(R - ggMNaM@amp + V(<I>))

. .

Metric h(n)

A metric
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