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Abstract: Key to characterizing universality in critical systems is the identification of the RG fixed point, which is very often a conformal f
theory (CFT). We show how to use lattice operators that mimic the Virasoro generators of conformal symmetry to systematically extract, f
generic critical quantum spin chain, a complete set of the conformal data (central charge, scaling dimensions of primary fields, OPE coeffi
specifying a 2D CFT. We further show that, in the case of an extended superconformal symmetry, one can construct lattice operators that m
generators of the superconformal algebra, which allows us to identify superconformal primary states.
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critical spin chain

N
H: E hj
j=1

on the circle

Belavin, Polyakov, Zamolodchikov, Nucl. Phys. B 241, 333 (1984)
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critical spin chain 1+1D CFT

N central charge: ¢
H = E h;
. " primary fields: Ay, s4
1=1
OPE coefficients: C?'
i P23
on the circle

(3-point correlators)

Belavin, Polyakov, Zamolodchikov, Nucl. Phys. B 241, 333 (1984)
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critical spin chain 1+1D CFT

N central charge: ¢
H = E h;
. " primary fields: Ay, s4
1=1

| OPE coefficients: (7(‘;’,:(753
on the circle (3-point correlators)

Belavin, Polyakov, Zamolodchikov, Nucl. Phys. B 241, 333 (1984)
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outline of part 1

critical quantum spin chain Hamiltonian

4

low-energy eigenstates + lattice Virasoro generators

\ 4

complete conformal data
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conformal data: 141D Ising CFT

.
central charge: ¢ = 3
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conformal data: 141D Ising CFT

& i
central charge: ¢ = 3

scaling operator dimensions
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conformal data: 141D Ising CFT
central charge: ¢ = 3

scaling operator dimensions ’ )
g op primary fields
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conformal data: 141D Ising CFT
central charge: ¢ = 3

scaling operator dimensions ’ )
g op primary fields
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(not involving I)
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lattice low-energy spectrum (Ising model)
critical spin chain 1+1D CFT

energy eigenstates
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lattice low-energy spectrum (Ising model)

critical spin chain

energy eigenstates

141D CFT
energy eigenstates
L X
.’Tv!
) 1 11] I } |
21 C
Ec‘f - 5 C
=7 Ba=33)
2n
Pc‘.v = f’-‘;u
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lattice low-energy spectrum (Ising model)

critical spin chain 1+1D CFT
energy eigenstates energy eigenstates
4 z . | ° ® Py ] : z | e ° @ ® [ ] -
i" 3 . * L4 * @ 3 34 w @ ® ° v
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px N/f2r
o) e _ 2T C
E,=A+ —(Ay— =)+ O(N~* B = LA,
27 27
P, WS” Py = 7 O o

Cardy, Blote, Nightingale, Affleck (1986)

Pirsa: 19040111 Page 15/63



extracting conformal data

critical spin chain 141D CFT

low-energy spectrum
central charge: ¢

|" ;s ] . . . ] i z
S 1 I O some Ay, ¢
] . L) . ]
, . primary fields: Ay, s¢

\ B : - % . (P
b _ 27 | ) (3-point correlators)
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extracting conformal data

critical spin chain 141D CFT

low-energy spectrum
) central charge: ¢

| -‘ O T R )
P : * . 3 some A‘f” S —-..) q
L ] . . ] / L
. . . l;
, S primary fields: Ay, s¢
\ B : o B . (91
B i %(A i %) L O OPE coefficients: C,
b _ 27 | ) (3-point correlators)
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identifying primary states on the lattice

critical spin chain 141D CFT

Virasoro generators

(ladder operators)
distinguish primary states
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identifying primary states on the lattice

critical spin chain

“lattice Virasoro generators”
distinguish

“lattice primary states”

Koo & Saleur (1994)
AM & G. Vidal, PRB 96, 245105 (2017)

1+1D CFT

Virasoro generators

(ladder operators)
distinguish primary states
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identifying primary states on the lattice

critical spin chain 141D CFT
N -I
Hoos Z e~ IR p 1
Jj=1 |

“lattice Virasoro generators”
distinguish

Virasoro generators

“lattice primary states” (ladder operators)

distinguish primary states

CFT — T CFT | TCFT
H n — Ln. + L -n
Koo & Saleur (1994)
AM & G. Vidal, PRB 96, 245105 (2017)
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identifying primary states on the lattice
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identifying primary states on the lattice

<d)011t|H1 +H_1+ Hy + H—2|d)in>
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identifying primary states on the lattice

<d)011t|H1 +H_1+ Hy + H—2|d)in>
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extracting conformal data

critical spin chain 141D CFT

low-energy spectrum

5 —r—1 . > central charge: c
% SN N (N S W S S — primary fields: Ay, sy

OPE coefficients: (%" _
P2¢3
Hn- (3-point correlators)
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extracting conformal data

critical spin chain 141D CFT

low-energy spectrum

IR L > central charge: ¢
' —— primary fields: Ay, s,

OPE coefficients: C(f'ld)-s

(3-point correlators)
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OPE coefficients via lattice primary operators

critical spin chain 141D CFT
:’ffd); <q‘)1‘(/‘) M) > C:ﬁ:¢> (g[)(ul(bu:w)cu)

YZ, AM, G. Vidal, arXiv:1901.06439 (2019)
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OPE coefficients via lattice primary operators

critical spin chain 141D CFT
Congs = (01]62/05) Corga = (9571057165™)
=

g (@)

primary field operators

YZ, AM, G. Vidal, arXiv:1901.06439 (2019)
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OPE coefficients via lattice primary operators

critical spin chain
Cinsa = (b1l 2|03)
- 7

P;
find lattice primary field
operators variationally

(d)(f.'..,'rr,',_)| (/) ‘]>

2

141D CFT

03’); ¢3 - ( d) (ir!“rr | d).(é"""' | @bfg”>

d) CFT ( T )

primary field operators

<(;/)('.r'1.-,?'r:;)(‘*I“’."| (f)(*;,wr ’[("Iv"t“)

YZ, AM, G. Vidal, arXiv:1901.06439 (2019)
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OPE coefficients via lattice primary operators

critical spin chain 141D CFT
CoLy, = (D1]d2]¢s) Conps = (01105 05™)
—
=7
d) (f) CFT ( 7 )
find lattice primary field primary field operators

operators variationally

(d)(f.'..,'rr,',_)| (/) ‘]>

2

<(;/)('.r'1.-,?'r:;)(‘*I“’."| (f)(*;,wr ’[("Iv"t“)

accuracy ~ 10”7
(for Ising model)

YZ, AM, G. Vidal, arXiv:1901.06439 (2019)

Pirsa: 19040111 Page 29/63



Pirsa: 19040111

extracting conformal data

critical spin chain 141D CFT

low-energy spectrum
————) central charge: ¢

7

) primary fields: Ay, s¢
lattice Virasoro / _

“paps

AM & G. Vidal (2017) (3-point correlators)
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extracting conformal data

critical spin chain 141D CFT

low-energy spectrum

————) central charge: ¢
/;7 primary fields: Ay, s¢
lattice Virasoro >) :

AM & G. Vidal (2017) /’ (3-point correlators)
lattice primary

operators

YZ, AM, G. Vidal,
arXiv:1901.06439
(2019)

“paps
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extracting accurate, precise conformal data

puMPS for the ground state

) Rommer & Ostlund (1997)
1) A . . - .—-J . A Verstraete, Porras, Cirac (2004)
A Pippan, White, Evertz (2010)
‘ ‘ \ I T Pirvu, Verstraete, Vidal (2011)
. | s. . . A
X

puMPS Bloch states for excitations )

N
> ¥ 1 GEEHEHE R
A

P |

Rommer & Ostlund (1997)
Pirvu, Haegeman, Verstraete (2012)
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extracting accurate conformal data

critical spin chain 141D CFT
® @ ®
T & T 4
4

0 i Y I I 0 ?‘

N —H 32 |sing‘CFT
j’;ﬁj
o 1CT

lattice

YZ, AM, G. Vidal, PRL 121, 230402 (2018)
[model: O'Brien & Fendley, PRL 120, 206403 (2018)]
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extracting accurate conformal data

critical spin chain 141D CFT
® @ ®
1 & off L 2
@
0 4 v v ?
N = 32 @ suMPS lsing CET
! y TIs:29
T " OTCI
0= — S— —
- k lattice
N = 256

YZ, AM, G. Vidal, PRL 121, 230402 (2018)
[model: O'Brien & Fendley, PRL 120, 206403 (2018)]
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extracting precise conformal data

Critical Ising model

e exact puMPS  error
0.5006 &
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YZ, AM, G. Vidal, PRL 121, 230402 (2018)
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the story so far

critical quantum spin chain Hamiltonian

\ 4

lattice Virasoro generators + low-energy eigenstates

\ 4

complete conformal data
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extension to richer symmetry

we assumed only conformal symmetry:

) \
o ’Nf('ﬂ = ]-_)O‘n‘—l--m,[]

LS, LT = (n = m) Lt + 15
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Primary fields may be related

hj = —(X; X1+ Z;) + M(X;X541Z542 + Z; X101 Xj42)
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