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Overview and plan

Central idea
Preserve (some) susy in discrete space-time

— practical lattice investigations ik /

Goals » Wm;};HHﬁ

1) Reproduce reliable results in . 1 -
perturbative, holographic, etc. regimes R
2) Access new domains TN

seon | PRELIMINARY
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Overview and plan

Preserve (some) susy in discrete space-time
Reproduce reliable analytic results

Access new domains

Lattice A/ = 4 SYM formulation highlights
(I) Dimensionally reduced (2d) thermodynamics
(I1) 4d static potential Coulomb coefficient

(1) Anomalous dimension of Konishi operator

Open questions and future directions
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Motivations

Lattice field theory promises first-principles predictions
for strongly coupled supersymmetric QFTSJ

QFT Holography

)

(Derek Leinweber)
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Obstruction

{Q&,@L} = 260" . P, broken in discrete space-time
— relevant susy-violating operators

Scalar mass Yukawas Quartlcs Quarkmass  Gluino mass
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Solution

Preserve susy sub-algebra at non-zero lattice spacing
= correct continuum limit with little or no fine tuningJ

Equivalent constructions from topological twisting and deconstruction

Review:
arXiv:0903.4881

Need 29 supersymmetries in d dimensions
— d =4 picks out N =4 SYM
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Quick review of ' = 4 SYM

Arguably simplest non-trivial 4d QFT J

SU(N) gauge theory with four fermions W! and six scalars v,
all massless and in adjoint rep.

Symmetries relate coeffs of kinetic, Yukawa and * terms

Maximal 16 supersymmetries Q. and Q;, (I=1,--- ,4)
transform under global SU(4) ~ SO(6) R symmetry

Conformal — g function is zero for any 't Hooft coupling X = g°N
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Topological twisting for ' =4 SYM

Intuitive picture — expand 4 x4 matrix of supersymmetries
1 2 3 _ —
Q. @ & 4\ _ Q+ Qv+ L + Luynrs + s
—1 —2 —3 —4 — Q@+ Qava+ Qavyalb
Qi Q Qi Q with a,b=1,---,5

R-symmetry index along each row x Lorentz index along each column
— Q transform in reps of ‘twisted rotation group’

SO(4);, = diag|SO(4).,. ® SO4)r SO(4)z € SO(6)R

Change of variables — @ transform with integer spin under SO(4) 4, )
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Topological twisting for ' =4 SYM

Intuitive picture — expand 4 x4 matrix of supersymmetries
1 2 3 _ —
Q. @ & 4\ _ Q+ Qv+ L + Luynrs + s
1 =2 —3 —4 — Q+ Qava+ QavbYab
Qi Q Qi Q with a,b=1,---,5

“Twisted supersymmetries’ Q

transform with integer spin under twisted rotation group

SO(4);, = diag|SO(4).,. ® SO4)r SO(4)z € SO(6)R

Can preserve closed subalgebra {Q, Q} =202 =0 on the lattice

)
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Susy subalgebra from twisted N’ = 4 SYM

Fields also transform with integer spin under SO(4)s, — no spinors

Qa and Qd — Q, Qa and Qab
Voand ¥ — 7, 1, and xap

A, and ®' — complexified gauge field A, and A,
— U(N) = SU(N) ® U(1) gauge theory

Twisted-scalar supersymmetry Q
correctly interchanges bosonic «+— fermionic d.o.f. with Q2 =0

Q-Aa:¢a Q¢a:0
QXab:*?ab Q]azo
On=d Qd=0

N bosonic auxiliary field with e.o.m. d = DA,
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Lattice N = 4 SYM

Lattice theory looks nearly the same despite breaking Q; and Qg

)

Covariant derivatives — finite difference operators

Complexified gauge fields . A; — gauge links U5 € gl(N,C)

QA; —QUz=1q QYa=0
QXab:_fab QA; —QU,=0
On=d Qd=0

Geometry: 7 on sites, 1, on links, etc.

Susy lattice action (QS =0) from Q2. =0 and Bianchi identity

N _ 1 1 _
S= Tr | Q ( xabFab +1Dalhda — 510 | — —€apcde XabDPc Xde
s 5 4
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Five links in four dimensions — A lattice

A, ~ 4danalog of 2d triangular lattice

Basis vectors linearly dependent
and non-orthogonal

Large Ss point group symmetry

Ss irreps precisely match onto irreps of twisted SO(4)4,

5:4@1 1/)a—>’l/),“ ﬁ
10=624: Xab — Xuv) Eu

S5 — SO(4)4, in continuum limit restores Q5 and Qg
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Checkpoint

Analytic results for twisted ' = 4 SYM on A; lattice
U(N) gauge invariance + Q + Ss lattice symmetries

— Moduli space preserved to all orders
— One-loop lattice § function vanishes

— Only one log. tuning to recover continuum Q, and Qp

[arXiv:1102.1725, arXiv:1306.3891, arXiv:1 408.7067]J

Not quite suitable for numerical calculations
Must regulate zero modes and flat directions, especially in U(1) sector J
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Two deformations in lattice action

SU(N) scalar potential oc p2 Y-, (Tr [Ualda] — N)2

Softly breaks susy — Q-violating operators vanish o 2 — 0

U(1) plaquette determinant ~ G ,_, (det P, — 1)

Implemented supersymmetrically as Fayet—Iliopoulos D-term potential

Test via Ward identity violations: Q [ni/alls] # 0

02

[N =4sYM. UQ)
124 005
0.15

Q0| 0.1 90|
VD +F? el
005 | 0.005
0 - - - - 0.002
0 005 01 015 02 025 03 035 120

N =4SYM, U(2)

Unimproved ~——
Improved —a—

w
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Advertisement: Public code for lattice ' = 4 SYM

so that the full improved action becomes
Simp = S;xm + Setosed + Soft (18)

= T
S = P 2T

— Fa) Fan(n) = xan(m) Dty () = n(n)D ()

+ % (ff,”ua(n) +G (det Puy(n) — 1) ]IN> ] — Siu

a#b

Sdet = —GZ Tr [(n) Z [det Pa(n)] Tr [ty (n)ve(n) + Uy ' (n + Tib)va(n + b))
)

N (=
Seclosed = o, Z Tr [fubcds Xde(n + fla + iy + ﬁc)D{(- )Xab<n)} )

s;,n=‘ 222( o)A (n)]—l)Z

=100 inter-node data transfers in the fermion operator — non-trivial. . .

Reduce barriers to entry — public parallel code at
github.com/daschaich/susy

Evolved from MILC lattice QCD code, presented in arXiv:1410.6971
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(I) Thermodynamics on a 2-torus arXiv:1709.07025

Dimensionally reduce to 2d V' = (8,8) SYM with four scalar Q,
study low temperatures t = 1/rg «— black holes in dual supergravityJ
s
For decreasing r, atlarge N | aXiv:1709.07025 7= cmmN $
(\'z’%@ 3’&
< -
homogeneous black string (D1) N A
— localized black hole (DO) s SE
& R

N

P
L #0 &
N\
o,}‘b

“spatial deconfinement”
signalled by Wilson line P,

PrL=0
r} = cpours o Z

5 BQM limit .
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N = (8,8) SYM lattice phase diagram results

=
nLoad Good agreement
a=4 . . .
o with high-temp. bosonic QM
"
1 . ) 1 . .
08 : - Consistent with holography
0.6 4
oap e at low temperatures
“-(—j ] e arXiv:1709.07025 | 4
0 0.5 1 1.5 2 2.5
1
arXiv:1709.07025 N =(8,8) SYM
Example spatial deconfinement 1. a=4
iy . . . L
transition in Wilson line | v
P ¥
§
.. . SUG) 1634 —t— § %,
Fixing aspect ratio o = r; /rz = 4, | SU 16w o $a * |
02 SU9) 24 x 6 —F— ¥ ﬁ l-nl"};cr
scanning in rg =r;/a U226 e
0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28
s
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Dual black hole thermodynamics

Holography: bosonic action +— dual black hole internal energy

3 for large-r; D1 phase o 132 for small-r, DO phase

Lattice results consistent with holography for sufficiently low t < 0.4

0.4

a=2 | B TE a=1/2 |
o | i % . )
" g éé %i %
- arXiv:1709.07025 )  arXiv:1709.07025
! (; T .LI..lr 0.2 0.3 04 0.5 0.6 0.7 ! 0 ) 1;(!“ i ;\I 0. I 0.2 l’l.2 (! 3 035 04 045 05
t t
Need larger N > 16 to avoid instabilities at lower temperatures J
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(1) Static potential V/(r)

Static probes —  r x T Wilson loops W(r, T)xe V(DT J

Coulomb gauge trick reduces A} lattice complications

& T
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Static potential is Coulombic at all A
Fits to confining V(r) = A— C/r + or — vanishing string tension o

— Fitto just V(r) = A— C/r to extract Coulomb coefficient C(\)

N =4 SYM, UN)
_oo1 | PRELIMINARY
-002
1%
-003 -
004 UQ) —o— El
U@) » A-
Ué) —o —
-005 . : : : :
0 0.5 1 1.5 2 2.5 3 35 4
rr
Discretization artifacts reduced by tree-level improved analysis )
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Coupling dependence of Coulomb coefficient
Continuum perturbation theory — C(\) = \/(47) + O()\?)

Holography — C()\) < vA for N — co and X — co with A < N

0.2

N =4 SYM, UN) ‘ ‘
PRELIMINARY Jf

0.15 +

-7 U(2), 8nt24 +——>¢—
% -7 8nt32 —o—
12024 ——
0.05 ¢ T 16024 —6—
U(3), 8nt24 +—_a—
-7 U4), 8nt24 +—xp—s
- Fit to perturb. - - -

0 0.5 1 1.5 2 2.5

/llal

Consistent with leading-order perturbation theory for A\ < 2
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(Ill) Konishi operator scaling dimension

Ok(x) = >, Tr [®'(x)®'(x)] is simplest conformal primary operator

Scaling dimension Ak(\) =2+ vx(A) investigated through

perturbation theory (& S duality), holography, conformal bootstrap

Ck(r) = Ok (x+r)Ok(x) o< r—28«

0.005

0.0005 -

‘SUGRA’ is 20’ op., Ag=2

5e05 |

"N =4SYM, U(2)
Konishi —A— |
SUGRA +---@--=

Will compare: € stor 9@
Direct power-law decay Sed7
Finite-size scaling seas | PRELIMINARY
Monte Carlo RG se — — . |
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(Ill) Konishi operator scaling dimension
Lattice scalars ¢(n) from polar decomposition of complexified links
Us(n) — 92N Uy(n) O’Y(n ZTr [0a(n)pa(n)] — vev

0g'(n) ~ Tf [pa(n)pn(n)]

Ck(r) = Ok(X+r)Ok(x) oc r—22x

0.005 . i
a N =4SYM, U(2)
¢ ) / 0.0005 - A Sl:]ogx];g :_g_: |
SUGRA’is 20’ op., Ag=2
5e05 | .
. 006 | (:)_
Will compare: C st —
i ©
Direct power-law decay 5e07
Finite-size scaling seas | PRELIMINARY
Protected Ag  ---------- .
Monte Carlo RG se : . . ]

r
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Scaling dimensions from MCRG stability matrix
Lattice system: H=),c; O; (infinite sum)

Couplings flow under RG blocking —s H(™ = R,H(-1) = 3, c(M o™

Fixed point — H* = R,H* with couplings ¢}

Linear expansion around fixed point — stability matrix 77

(0 = S -

aC(”)

(n) x i
) —cr=y
i i ; aCl((n,”

H*
Correlators of O;, Ox — elements of stability matrix [Swendsen, 1979]

Eigenvalues of T; — scaling dimensions of corresponding operators
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http://inspirehep.net/record/145377

Preliminary Ak results from Monte Carlo RG

3.2 T T

Analyzing both O3 and O v T

R U bootstrap - - - N =4 SYM, UN)
3r 2), 8¢ —x— ]

u )124 i PRELIMINARY
08 16*

U@B), 8% —x—
124 —a—

Imposing protected Ag =2 wl v
— Ak()\) looks perturbative vo | NLOPe

22 +
Systematic uncertainties from )
different amounts of smearing o on T s o as  as

Complication: Twisting involves only SO(4)z € SO(6)g
—> Lattice Konishi op. mixes with SO(4)g-singlet part
of SO(6) g-nonsinglet SUGRA op.

Working on variational analyses to disentangle operators

v
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Future: Pushing A/ = 4 SYM to stronger coupling

v Reproduce reliable (4d) results in perturbative regime

— Check holographic predictions and access new domains

Sign problem seems to become obstruction

1 K P8 X T T T T \4
08 | X x 4

0.6 - %

0.4

Re(e'®)
0.2

N =4SYM, U(2)

0.1

0 0.5 1 1.5 2 2.5 3 35 4 45
/llat
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Quick review of sign problem
(0) = % / [dU][atd] © e SeUUl Dl U]

Complex pfaffian pfD = |pf D|e’* complicates importance sampling J

(0e?)
We phase quench, pfD — |pfD|, need to reweight (0) = ———*
(€)oq

1 X X T T T T
08 - X g 4% |
06 + ¥ ;I(
04 F

Re(eiu)
02 -
N = 4SYM, U(2)

e o5 1 13 2z 25 3 35 4 a5

Alat
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N = 4 SYM sign problem puzzles

, oA x
e i N = 4SYM, UNV)

0.999 ? *

g % Jr

0.997

Re(e'™)

Pfaffian nearly real positive
for all accessible volumes
(at fixed A\t = 0.5)

0.996

N=2 —%—
N=3 —o—
N=4 —b&—
0.995 L
50 150 250 350
= Anti-periodic BCs
N e RS
%M'K b 3V el
X X>s<
(e"),, extremely sensitive )glx x
to boundary conditions * i
*
But other (O t! X ¥
ut other (O),, are not! % *
Hxx 143K xx
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Future: Lattice superQCD (in 2d & 3d)

Preserve twisted supersymmetry sub-algebra on the lattice
Proposed by Matsuura [0805.4491] and Sugino [0807.2683],
first numerical study by Catterall & Veernala [1505.00467]

U(N,) SYM Adjoint Model
(U Ui, (0,00 X))

2-slice lattice SYM
with U(N) x U(F) gauge group

. .

Adj. fields on each slice E 4.3
. . ) y A * 2 (N A Ar)
Bi-fundamental in between 2, Sy . g o
- &
Decouple U(F) slice z L
. . g/ ¢ *  *arXiv:1505.00467
— U(N) SQCD in d — 1 dims. =y : . i
<= Frozen (Non-dynamical)

with F fund. hypermultiplets U(Np) SYM Adjoint Model
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Dynamical susy breaking in 2d lattice superQCD
Auxiliary field e.o.m. — Fayet-lliopoulos D-term potential

F F
le_)aUa—l—Zd)ia,-—i-rHN — SDOCZ(TF [¢i§_bi+rHN] )2

i=1 i=1

Zero out N diagonal elements via F scalar vevs

or else susy breaking, (9n) = (d) #0 «— (0|H|0) >0
N>F: spontaneous susy breaking, 033 ”Z
o light goldstino e -7
Sk se88gecccoss g88s N L
$99o S eas" o0 16x6 : Ne < Nf Prast
9o oot ¥ 16x6 : Ne > Nf el
7o
2
— 0} = = 16x8:Nc<Nf Z
= s 8- 16x8: Ne>Nf
e .
=2 \ o
= 2 ® K~ 16x12:Ne<Nf
= | oy
=-1s ' =« N<F: noise . ‘)’ O 16x12: Ne>Nf
AW ;/'/
e B [ %— 16x14 : Nc < Nf
)\’:--';/ *— 16x14: Ne>Nf
-20 [ xxigy
. . . | aEXii505.0046 arXiv:1505.00467
0 5 10 15 20 25 008, ;

0 005 ] 1 015 02
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Recap: An exciting time for lattice supersymmetry
v Preserve (some) susy in discrete space-time
— practical lattice N' = 4 SYM, public code available
Reproduce reliable analytic results
v 2d N = (8,8) SYM thermodynamics consistent with holography
v Perturbative static potential Coulomb coefficient C(\)
and Konishi operator conformal scaling dimension A(\)
Access new domains
— Understanding the sign problem at stronger couplings

— Lower-dimensional superQCD and more. ..

/ ool lm | |r\||\\l(v B *
e

[
‘

David Schaich (Bern)
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https://github.com/daschaich/susy

Thank you!

Collaborators
Simon Catterall, Raghav Jha, Toby Wiseman
also Georg Bergner, Poul Damgaard, Joel Giedt, Anosh Joseph

Funding and computing resources J

usQcb
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Backup: Breakdown of Leibniz rule on the lattice

{Qa,f?d} =20 . P, = 2ic 0, is problematic

= try finite difference 0¢(x) — A¢(x) = L [p(x + a) — ¢(x)]

Crucial difference between 0 and A
Algnl = a ' [¢(x + a)n(x + a) — p(x)n(x)]
= [A¢]n + ¢An + a[Ag] Ay

Only recover Leibniz rule 9 [¢n] = [0¢]n + $0n when a— 0
= “discrete supersymmetry” breaks down on the lattice
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Backup: Complexified gauge field from twisting

Why combine A, and ' — complexified gauge field A, and A;?

This is source of U(N) = SU(N) ® U(1) that complicates lattice action

Schematically, under SO(d),, = diag[SO(d),,. ® SO(d)g]

A, ~ vector ® scalar — vector
¢! ~ scalar ® vector — vector

Easiest to see by dimensionally reducing from 5d

David Schaich (Bern) Lattice N/ =4 SYM ECT*, 5 September 2018
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Backup: Aj lattice from five dimensions

Again dimensionally reduce, treating all five gauge links symmetrically J

Start with hypercubic lattice e
in 5d momentum space ees*® °
\ ‘.....
ssi‘...
Symmetric constraint 3,9, =0 /o o oR @ P &
projects to 4d momentumspace / © ¢ @O @ @
) . e .é 0P © o
88 geies
Result is A4 lattice : pe) :,'o : @
— dual Aj lattice in real space ' 0‘:‘ @)
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Backup: Restoration of Q, and Q_, supersymmetries
“Q + discrete Ry C SO(4),, = Qa and Q"

Test R; on Wilson loops Wap = BaWap,
tune coeff. ¢, of d? term to ensure restoration in continuum

Results from arXiv:1411.0166 to be revisited with improved action

0.08

N'=4SYM, UQ2) £x12 —o—
6 18 —¢—
oorsl ®  PRELIMINARY €2 % L2 |

0.07 |
LW-Wy 9065 |
n\Ww

0.06 |-

0.055 -

0.05

0 2 4 6 8 10
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Backup: Problem with SU(N) flat directions

112/ Nat too small — U, can move far from continuum form Iy + Ag

Example: =0.2 and Ay =2.5 on 8x24 volume

Left: Bosonic action stable ~18% off its supersymmetric value

Right: (Complexified) Polyakov loop wanders off to ~ 10°

03 le+10

N = 4SYM, U(2)
025 83x24 le+08
02 bt 1e+06
mlgm IS (IPL)) 10000
0.1}
100
005 | N =4SYM, UQ2)
! 83 %24
! 0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
MDTU MDTU
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Backup: Problem with U(1) flat directions

Monopole condensation — confined lattice phase
not present in continuum A =4 SYM

03
1 : T
N =48YM, U(2) H N =4SYM, U(2) -

[

s 4
= . NE= b
. (%) = (1,0) a (u.x) = (1,0) N =48YM, U(2)
os 08 (%) = (1,0) 3
B
02 x
s . 06 °
(pLy {Re detP) om)
0 N H
* o1
* L
x 2 x [
02 . N .- ™ x &
a
0 0 0

Around the same 2\ 4 =~ 2...
Left: Polyakov loop falls towards zero
Center: Plaquette determinant falls towards zero
Right: Density of U(1) monopole world lines becomes non-zero
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Backup: Regulating SU(N) flat directions

Add soft 9Q-breaking scalar potential to lattice action

N — 1 1 —
S= Q| xabFab +NDalla — snd | — —€abede XabDec Xde + ,UZ 4
A 2 4

2
V= Z <l1\ITr [Ualda] — 1> lifts SU(N) flat directions,

a

ensures Uy = Iy + As in continuum limit

Correct continuum limit requires 12 — 0
to restore @ and recover physical flat directions

Typically scale poc1/L in L — oo continuum extrapolation

David Schaich (Bern) Lattice N/ =4 SYM ECT*, 5 September 2018 29/29



Backup: Poorly regulating U(1) flat directions

Until 2015 we added another soft 9O-breaking term

2
Ssott = 3, 22( Tr [Uald ] —1) +r) |detPay — 1P
a

a<b

More sensitivity to « 002 R
than to HZJ 0041
0.06
(sp)—18
18 .08 +
Showing Q@ Ward identity o1}
from bosonic action anl N =4SYMUQ)
0.14 -4 . . . .
<SB> = 9N2/2 0 0.2 04 06 0.8 1
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Backup: Better regulating U(1) flat directions

N

1 _
S o [Q <Xab.7:ab + \l, 77d> 4€abcde XabDec Xde + [ ]

n{paua +GY [detPap — 1]]1N}

a<b

Q Ward identity violations scale o 1/N? (left) and o (a/L)? (right)
~ effective ‘O(a) improvement’ since Q forbids all dim-5 operators

[

N =4SYM, U(2)

-0.03

006
(s)-4.5N?
45N°
009
012
Unimproved ——
" N = 4SYM, UW) . Tmproved —a—
0 14 /3 1/2 20 1/16 1/12 1/8 1/6

1/N? alL
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Backup: Supersymmetric moduli space modification

Method to impose Q-invariant constraints
applicable to generic site operator O(n)  [arXiv:1505.03135]

Modify auxiliary field equations of motion — moduli space
din) =D Us(n) —  d(n) =D\ Ua(n) + GO(N)Iy J

However, both U(1) and SU(N) € O(n) over-constrains system

1

02
N=4SYMU2)  x N =4SYM,UQ)
44 Unimproved —3¢— A =1
x/( Over-constrained —&— o1
015 Improved —A—
/ s)-18
[se)-18] o1 L 18 o0 o
1
X
0.001
005 X
— Unimproved —>¢—
i Over-constrained —&—
e &&= e I ved —a—
o Lot . . 0.0001 4 i
0 5 N o s o 120 116 1/12 1/8 1/6 1/4
Alat a/L
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http://arxiv.org/abs/1505.03135

Backup: A = (8,8) SYM Wilson line eigenvalues

Check ‘spatial deconfinement’ through Wilson line eigenvalue phases J

o Phase of unitarized Wilson line eigenvalues, 24nt12, t~0.3 0. Phase of unitarized Wilson line eigenvalues, 8nt16, t~0.46
arXiv:1709.07025 =1 Su(6) ’ arXiv:1709.07025 3 su(9)
f £ su(9) 0.35 _ =3 sU(12)
0.20 E=al SU(12) 030 IIT [T D SU(16)
- 1.
g g I
% 0.15 % - % 0.25 H
g g
H o 5 5 0% it
2010 \ q £
" otoi Faba 5015 tt
& < gxg’gtgzg & nan
0.05 050801050 010
} 0$00705030%0)
olototololo 3
otototols MR
0.00 %940:9:9] 0.00 JLEPENENNNT el
-n -3 0 1 n -n -3 0 1 n
Phase Phase

Left: o = 2 distributions more extended as N increases
— dual gravity describes homogeneous black string (D1 phase)

Right: o = 1/2 distributions more compact as N increases
— dual gravity describes localized black hole (DO phase)
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Backup: Static potential is Coulombic at all A

String tension o from fits to confining form V(r)=A— C/r+or

0.02 : : : :
PRELIMINARY N =4 SYM, U(N)
0 promareees @'31 """"" E """""""""""" 7
~0.02 |
o 004 |
oos | LPx24
UQ), L=8 3
L=12 —F—
~0.08 | L=16 —o—
UG). L=8 —bs
ol U@4),L=38 —— ‘
"0 0.5 1 15 2 25
Aht

Slightly negative values flatten V(r;) for rp < L/2

o — 0 as accessible range of r; increases on larger volumes
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Backup: Discretization artifacts in static potential

Discretization artifacts visible at short distances
where Coulomb term in V(r) = A— C/r is most significant

Right: Fluctuations around Coulomb fit highlight artifacts

P RELIMINARY PIN=asymuo) P %24
-oot -075 +
EEEIIITI
\%4 )
-003 W ¢ 125
83 x24
004 ue) 15
v o PRELIMINARY
s 1 15 2 25 3 a5 4 T s 1 15 2 25 3 s 4
r ) r
Danger of distorting Coulomb coefficient C J
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Backup: Tree-level improvement

Classic trick to reduce discretization artifacts in static potential
(Lang & Rebbi '82; Sommer '93; Necco '03)

Associate V(r) data with r from Fourier transform of gluon propagatorJ

1 T dtk ek 1 . .
Recall 122 —/7r 2r) K2 where P G(k) in continuum

T 4k cos <ir, . ?)
2

’
A; lattice — — = 4n? -
r/ —T (27T)4 422:1 Sir]2 <k . /e\u / 2)

Tree-level lattice propagator from arXiv:1102.1725
e, are Aj lattice basis vectors;

momenta k = 2T” 22:1 n.g, depend on dual basis vectors
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http://inspirehep.net/record/177358
http://arxiv.org/abs/hep-lat/9310022
http://arxiv.org/abs/hep-lat/0306005
http://arxiv.org/abs/1102.1725

Backup: Tree-level-improved static potential

Tree-level improvement significantly reduces discretization artifacts

0
N =4 SYM, U(N)
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Backup: Real-space RG for lattice V' = 4 SYM

Must preserve Q and Ss symmetries «<— geometric structure J

Simple transformation constructed in arXiv:1408.7067
Up(n') = EUa(NUa(n + [ia) 1'(n') = n(n)
Ya(n') = & [a(MUa(n + fia) + Ua(n)iba(n + fia)] etc.

Doubles lattice spacing a — & = 2a, with tunable rescaling factor ¢

Scalar fields from polar decomposition ¢(n) = e#(" U(n)
— shift ¢ — ¢ +log¢ to keep blocked U unitary

This Q-preserving RG transformation needed
to show only one log. tuning to recover continuum @, and QabJ
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http://arxiv.org/abs/1408.7067

Backup: Smearing for Konishi analyses

Smear to enlarge (MCRG or variational) operator basis
APE-like smearing: — — (1-a)— + g§> 1,

staples built from unitary parts of links but no final unitarization
(unitarized smearing — e.g. stout — doesn’t affect Konishi)

Average plaquette stable upon smearing (right),
minimum plaquette steadily increases (left)

v
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Backup: Dimensional reduction to ' = (8,8) SYM

Naive for now: 4d N’ =4 SYM code with Ny = N, =1

A; — A (triangular) lattice . A
Torus skewed depending on a = N;/L e
Modular trans. into fund. domain S
— some skewed tori actually rectangular et
Also need to stabilize compactified links |
to ensure broken center symmetries . 4
ar?(1v:1799.07925 v ‘ .
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