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Motivation
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Motivation

tensor network ~ geometry
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Motivation tensor network ~ geometry

so what?

» geometry contains structural information C() ~e U5

exponential
correlations

1008000000000 0001
A \ S(l) ~ const

¢ constant
. . . entanglement
LIJlllz"'lN - | LI',> C(l) 1 entropy
2N complex N spins ‘ 7 v

. . ower-law
coefficients P :
correlations

I S() ~

log
logarithmic
o hologra phy AdS3/CFT2 entanglement
entropy
MERA = time slice of AdS, MERA = kinematic space (integral transform)
Swingle 2009, 2012 Czech, Lamprou, McCandlish, Sully, 2015-2016

(hyperbolic Disk) (de Sitter d.S»)
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Manifold

2d manifold M = Euclidean spacetime

(To, Xo)

set of coordinates

(7, %)

metric
v (T, X)



Manifold -> Discretization

2d manifold M = Euclidean spacetime

set of coordinates

(7, %)

+ metric
Juv (T, x)

tensor = patch
of spacetime

S

(To, Xo)

if each tensor is equivalent...

then we lost the metric!



Manifold -> Discretization -> connectivity
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te patch of flat deficit
spacetime angle
flat spacetime curved spacetime
excess
angle

this is NOT what we will do today




In this talk we focus instead in two other types of discretizations

(1) scale discretization

ety
”””””I

(2) lapse and shift discretization

TR




(1) scale discretization

we can find
2d topological disk coordinates T x) = 62¢(T,x)5
is conformally flat (7, x) gm’( , X) uv
such that
continuous o(t,x)
scale factor — 2 log?2
equ(T,x)
—1log2
—0log2




(1) scale discretization

we can find
2d topological disk coordinates _ ,2¢(1,x)
T,X)=¢€ o)
is conformally flat (7, x) 'g/'“’( , X) 724
such that

gu(Tx) =220(0§, nez

discrete ¢(7,x)
scale factor — 2 log?2
ez¢(r,x)
—1log?2
7 —0log 2
region of flat =~ “—__ region of flat
geometry geometry
1 / 4 .
9 (T, x) = ?6,“, “~ . 9 (T, %) = 125,



(1) scale discretization

we can find
2d topological disk coordinates _ ,2¢(1,x)
T,X)=e¢e )
is conformally flat (7, x) Guv (7, x) [73%
such that

Suv (T; X) — 22n(r,x)8uv n €7z

— 2 log?2

—1log2

—0log2

%\ ”””””
P ot e aveveveveld
e at T

O ——J




two types of tensors:

= patch of flat

+

tensor A

spacetime

Q

tensor w
= glue connecting
regions
with different
scale factor

actually, ...
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(2) lapse and shift discretization 2d manifold M
= Euclidean spacetime
set of coordinates

time
/ (t,x)
slice Z
T=Tq metric
v (T, X)

distance
in direction
parallel

B (x1) shift 5(x)  to )

lapse

a(x)

distance
in direction
normal

to )




B (x1)

shift f(x)

without lapse

lapse a(x)
without shift

distance
in direction
parallel

shift f(x) to Z

lapse

a(x)

distance
in direction
normal

to )



lapse and shift discretization

| YT

shift 5 (x)

without lapse

lapse a(x)
without shift

discrete
shift f(x)

discrete
lapse a(x)
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Manifold + Euclidean path integral

2d manifold M = Euclidean spacetime

set of coordinates

(7, %)
M
metric
guv(Tr X)
n field
¢(1,x)
Euclidean path integral Sg is an Euclidean action
+ Selo] e.g.
= —OELP
g f D(pe Sele] = dedx\/gg’”a#qoaV(p




geometry

path integral geometry

P1

path integral

Pa @2 on patch of
flat Euclidean
@3 spacetime
patch of flat
tensor A Euclidean Z(@p1, 02, 3, 04)
spacetime
= j DpeSEL¢]
P1,92,93,P4
(MERA tensors)
/al rescaling of rescaling of
coordinates coordinates
):{ at fixed time slice and fields

tensors w, u

at fixed time slice




From now on, we focus on lapse & shift representation

Claim:

we can use tensors A, w, u 700
to apply geometric gates ):(
fime in the Hilbert space Vs of a time slice

slice

homogeneous inhomogeneous
Euclidean time evolution Euclidean time evolution
A Xy Xp
\ § ¥
lapse A
\
homogeneous inhomogeneous
rescaling rescaling

w w
X X
it ARRRARRARRS ] bsaad | |
bl X
u Y, A



o

rest of the talk: provide evidence for this claim time 31—

slice

plan:

\%
* quantum spin chain (QFT on the lattice) tttt sttt H“ble:t

space

* show that such gates act geometrically on the low energy states Vz

problem: how do geometric gates act on low energy states?

solution: we know the answer for a critical guantum spin chain (= CFT on the lattice)

geometric gates = conformal transformations

. inhomogeneous
inhomogeneous i
) . . rescalin
Euclidean time evolution &
XL XR

w
* “ H\M\H
ba X
Y, A



from quantum spin

critical -
) Hamiltonian or from statistical
Ising model ( Boltzmann weights ) m—> tensor A
H= Z ofall, +of algorithm
transfer matrix e —0TH

‘ + + * + + + | Example: Ising spin chain on 24 sites

2w - c
1) dimensions R B S S 3 LN
a«a =7 ™ 7> 3 - L} L 2 ' . 2 ¢ B
< 2- ¢ ¢ =

translation e —i6x P

_ 21 _
b= L (Lo = Lo) conformal
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a L a



Example: Ising spin chain on 24 sites

there are 3 conformal towers

4 - .7.\'./ . yvY . .V ‘ v ’ .7.\'./
N B o Y ¢ Y o g towers are not mixed by
geometric/conformal transformations
< 2 e e e
) ' s Wa) = Gl¥a) = ) Aeg %)
- low energy _ B low energy
0- i} state in geometric states in
T T T T T T T T one tower gate same tower
-4 -3 =2 -1 0 1 2 3
S
this is a geometric gate this is not a geometric gate
4 - ® ® ® ® .'.a . !' & .' ° !' . .'.c
3 - Q & ‘ o o Y ° L. o =°
a2 _+_ + o' { e @
0 i
-4 -3 -2 -1 0 1 2 3 -4 -3 -2 -1 0 1 2 3 4
) S



inhomogeneous
Euclidean time evolution
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_ —aK K~eWH +e WH_
H [ ||| Kmemie B
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T _ _
Example: Ising model on 24 sites (12 - 12) H,=L4+1L
ground state |]1) stress tensor |T) = |L_2]1>
41 we . : . . Mo 41T mve 2 :
3 ° . . : ° 3 = :
) g2 %L .
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Euclidean

path
integral A
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algorithm
MERA

tensors | : :
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tensor

network

equalities
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ground state |Il)
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3 &
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Conclusions joint work

(in preparation)

(1) tensor networks can be used to represent

Euclidean path integrals on curved spacetime geometry

(2) tensor networks can implement geometric transformations

(in the Hilbert space of a quantum spin chain) corresponding to Ash Milsted
Perimeter Institute
homogeneous inhomogeneous
Euclidean time evolution Euclidean time evolution
A X Xp
N § ¥
A
X
homogeneous inhomogeneous
rescaling rescaling

w w

QMW H\M\H
ba X

% Y, L Y

*smoothers X;, X, Y;, Yr, are required



Conclusions joint work

(in preparation)

(3) from this path integral geometric perspective,

V4

MERA is “rescaling without Euclidean time evolution

Ash Milsted
EUC“dean Change Perimeter Institute
time of scale
evoIEtll_cIm o _iD

|

Euclidean path integral Euclidean path integral . MERA -
in flat spacetime in hyperbolic space limit of shift without lapse
(only rescaling,
(only Euclidean time evolution) (both Euclidean time evolution and rescaling) i . no Euclidean

time evolution)



THANKS!



