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Evidence for conf .
invariance of 3D Ising

TOCONFORMAL BOOTSTRAP

Dq island Etstowk
,

Paulos
,

Poland ,SR,
Simmons - Duffin

• Vichi 2012 2014

Kos
,

Poland
,

Simmons - Duffin 2014↳ kotnipgkisdii.si?:nI?YstittYdiozY
Simmons - Duffin 2016

• Evidence for a

3dunit=FT
Iwith

.

2×2 global symmetry
one Z . even and one Zh - odd scalar

Dqe 1.41262560 ) Doe 0.518148940 )

en Excellent agreement ( but more precise)

- with lattice MC for V
, y

Hasenbnsch 2010

- with RG determinations from ¢
"

theory
Guida

, Zinn - Justin 1998



�2� LATTICE MONTE CARLO

Little work

→
Not much interest until recently

→Not so simple
E. g.

not
easy to test Polyakov 's triangle

const

( QCK ) 021×2) 031×3 ) > = -

|X|z|h' 23 1×13/4132 1×23/4231

hiz3= Dit Dz - Dz



Existing tests use boundaries 1defects
�1� Cosme

,
Viana Parente

Lopes

, Penedones 2015

3d Ising
inside a sphere 1×1<-12

- Measure tpt and

Zpt functions

- Guf .

in
. ⇒

free b. c
.

( 12=1 )

( Ecu ) > =
c-

( 1- nz ) DE

( otxnolxn > = a.xfjbI.gs .[5=←x¥Tx⇒]

[Proved by mapping
one point to the center ]

Cf also Gori
,

Trombettoni 2015 for 3D percolation



�2� Bills
,

Caselle
,

Gaiotto
,

Gliozzi
,

Pellegrini 2013

Monodromy defeat

change sign of coupling

3

defeat
,•%T/÷

"

go

Conf .
in

.

±
( 6446 ) > = austeiok . ¥.fr#4



�3� THEORETICAL ARGUMENTS

Scale invariance ⇒ conf . inv
.

?

Review : Nakayama 2013

Classic argument [ Polchinski 1988 ]

• To have (global ) conformal iw
. need

85 '= S In ofeu ddx =o ( * )

for Eµ infinitesimal conformal

•

qev
+ Over a % @.E)

• 2.E = 0 for Poincare
= const for scale

= linear in x for SCT

Tin = 2v% Lvr ⇒ conf .
inv

.

.

Tenn = du W
"

⇒ scale iw
.

T
vivid current

Careful : W may
not be

gauge
in

.

[ El . Showk
,

Nakayama ,
SR 2011 ]



So scale without conf . :⇒

TµM = 2~ W
"

W is not a total

derivative

[ T ]=d⇒ [ W ] =D -1

Sufficient condition for conf .
inv

.

NO VIRIAL CURRENT CANDIDATE

#ihnski
1988 ]

to
9

.
WF in D= G- E

The only vector
op , of dim 3+0 (E)

Is g- dry #of (f)



Define

Men
= lowest vector

-

za - even

parity - even

not a total derivative

. What is

DT
in 3d Isiy ?

• If can show D✓ > 2 ⇒

( physics ) proof of conf .

iwv
.

Controversy Delamotte ,
Tissier

,
Wschebor 2015

•

"

proof
" thatsj > 2

• I believe wrong

• Can say a few words if you
're interested



1802.02319 w/Meneses
,

Viana Parente Lopes
,

Penedones
, Yvernay

• Showed D✓ > 2 using lattice MC

• a lattice test of conf .
iwv

.

• unlike

previous

tests
,

we test

the underlying reason rather then

consequences .-
• Not an easy measurement because

Dv is large .

• NB : nothing is known about Dv

from the bootstrap ,
since

6×6
,

6× E
,

Ex E $ ✓µ



Dfexpectations from Wilson - Fischer

• ZD V ~ L
. 6IzE ,

D✓=14

• 9D free massless scalar

✓ ~ y

£6.2545599

D. ✓ = 11
also [ Meineri 2018 ]

⇒ So in 3D we expectD✓= 040 )

Bad news for MC :

( 0 > ,
~

coast
L so

or

E.g ,

L= 10 ⇒ ( o > ~ to
. ' °

• Need 1020configurations to resolve

a. Cf . 10
't

CPU cycles /year

s



scn ) = ±1 Isiy spins

17µs= said ) - skin )

:
-

Vfat= scx ) Tfscx) ¥
,

[ th SG ) ]2

simplest Zz - even lattice vector operator
which is not a total lattice derivative

ILATTiCE-CFTMATCHING-V.at=-
const ✓µ + .."

among which total derivatives , !

a) of scalars + dµE + .  . .

lsq : 1.41

2) of tensors + &Tvf +
. . .

Stl = 5.5 from
bootstrap



• Expect
< vnlat > ,

=
of

Lso

O is the lowest of Yu
, que ,

5Th

• Particularly annoying %E

A ( of E) = 2.41 close to 2

.

Our idea : integrate around a circle with

periodic b. c
.

FFx
y.

Ty ,⇒= f Jg Vlaxtlx ,y,z )



• Kills q( scalar ) contributions

( but not 0Ij )

• Must impose b. c
,

in y ,

z directions

to break x→ - x symmetry
so that

( Alat ( y ,z ) > # 0
.

• After some b. e. optimization
we measured

< Heat > = q÷±,
( Lst )

300 CPU -

years

⇒ •
Dv >5.0
•

D @Then )~~ 6.5

so most likely Dv > 5



SUMMARY

• Revisited conf .

inv
.

of 3d Ising

•
A new lattice proof of confinv

,

via lower bound on

virialcandidatedimenenDv > 5,0

• Can this he proven analytically ?



"

Proof
" of Delamotte et al

• Work in discretized of
"

theory

••Vµ=
ytfg ¥

,

Eh45

= -2 ya ) Dnycx) ycxtei ) ycxtej )

eiej -

⇒ ? ? ?

= R ( 9
") bizarre gain

•
C Yk ) Vµl°D<~<Tfnlg

")Dµ(g" D

~

1-

1×12 ( Seti )

• ⇒ Dv > Detl
>p2

Can be also shown

rigorously using Lebowitz

inequalities



. The problem Is the =D @4)
claim

• They give incomprehensible ( to me )

arguments appealing to UV - completeness

of @"b

. Confused UV with IR ?

Need to set the record straight


