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Framework

String/gauge correspondence, addresses together
» understanding gauge theories at all values of the coupling
» understanding string theories in non-trivial backgrounds

m‘.'j ') N ’j “Quark-antiquark” potential
) - —y k e _

{

Type 1B strings in AdSs x S° Zavsing|o = //)X DW ¢~ Sstring
R x §° '

AdS/CFT C (—

\ 4

/

I iH 4P 34 ) ds
N = 4super Yang-Mills in 4d (wicy) = ~N P ef 14y 548 97)d
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AdS/CFT and exact results

Impressive progress in obtaining results exact in the coupling (here, planar AdS;/CFT,)

f(f}') Perturbative flg)=cqg+d+ ¢ L vy

string sigma model g

. Perturbative i 3 .
flg) =a g° b ;;l ... gauge theory 7 . VA \/”::’ M N —

» from integrability
» from supersymmetric localization
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AdS/CFT and exact results

Impressive progress in obtaining results exact in the coupling (here, planar AdS;/CFT,)

;o e
f(”) Perturbative f{!.ﬁ') =cg+d+-+...
__ slring sigma model g
W o
Perturbative —
Flg) = a g® +b ”l I gauge theory B g . R \/.rj,"“. M N _ R2
R © S 47 — Adna!

» from integrability (assumed)
» from supersymmetric localization (supersymmetric observables)

In the world-sheet string theory integrability only classically, localization not formulated.

The relevant string sigma-model (Green-Schwarz superstrings in AdS backgrounds
with RR-fluxes) is a complicated interacting 2d field theory which has subtleties also
perturbatively.

Call for genuine 2d QFT to cover the finite-coupling region.
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Motivation

Impressive progress in obtaining results exact in the coupling (here, planar AdS;/CFT,)

f(f]) Perturbative flg)=cqg+d+ ¢ == i g

string sigma model 4

. Perturbative § - ;
flg)=ag” +b 9"+ ... gauge theory 5 VA \/”?‘ m N _

dm 4 T A’

» from integrability (assumed)
» from supersymmetric localization (supersymmelric observables)

In the world-sheet string theory integrability only classically, localization not formulated.

The relevant string sigma-model (Green-Schwarz superstrings in AdS backgrounds

with RR-fluxes) is a complicated interacting 2d field theory which has subtleties also
perturbatively.

Call for genuine 2d QFT to cover the finite-coupling region.

with the aim of eventually extending this study to non-exact backgrounds!
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Lattice techniques in AdS/CFT

) Lattice 2d
f(q) Green-Shwarz string

Lattice 4d
N=4 SYM

g

[previous study: Roiban McKeown 2013]

Features:
» 2d: computationally cheap
» no supersymmetry (only as flavour symmetry, Green-Schwarz)

» all gauge symmetries are fixed (no formulation a la Wilson),
only scalar fields (some of which anti-commuting)

Non-trivial 2d gft with strong coupling analytically known,
finite-coupling (numerical) prediction.
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Green-Schwarz string in AdS; x S° + RR flux

AdSs xS

[Metsaev Tseytlin 1998]

Symmetries:
» global PSU(2,2|4), local bosonic (diffeomorphism) and fermionic (x-symmetry)
» classical integrability

PSU(2,2|4)
SO(1,H)xS0(5)"

manifest when written as sigma-model action on G/ H =
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Green-Schwarz string in AdSs x S° + RR flux perturbatively

Highly non-linear, to quantize it use semiclassical methods

. N T,
X=X4+X — =g [rn Saw 2 ]
- g g° ~

» General analysis of fluctuations in terms of background geometry,

[Drukker Gross Tseytlin 00] [Buchbinder Tseytlin 14] [VF Giangreco Griguolo Seminara Vescovi 15]

» Explicit analytic form of one-loop partition function Z = det Oy //det Op
for a class of effectively one-dimensional problems.
Several “vacua” (GKP string, quark-antiquark potential, generalized cusp)

have been “"solved” this way at one loop, and agree with predictions.
[Drukker Gross Tseytlin Frolov VF Beccaria Dunne Giangreco, Ohlson Sax, Griguolo Seminara Vescovi .... |

In BPS cases (e.g. dual to circular Wilson loop) more care needed:
- avoid measure ambiguities, considering ratio of partition functions
- choose suitable regularization scheme

[Kruczenski Tirziu 08] [Kristiansen Makeenko 12] [Buchbinder Tseytlin 14]
[VF, Giangreco, Griguolo, Seminara, Vescovi 15] [Pando-Zayas Trancanelli et al.16]

y, VBSCOVI, Ise thin 17 agnazzo, edina-mincon, Zarembo eaina-mincon, isey in‘ arembpo
VF, V Tseytlin 17] [C Medina-R Z bo 17] [Medina-R Tseytlin, Z bo 18
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Green-Schwarz string in AdSs x S° + RR flux perturbatively

Highly non-linear, to quantize it use semiclassical methods

& - ]:ﬂ I“,) 3
X=Xag+X — I'=g |1{)+—1—|—-—:+._,
g g*

2 loops is current limit: “homogenous” configs, “AdS light-cone” gauge-fixing
[Metsaev, Tseytlin] [Metsaev, Thorn, Tseytlin]

[Giombi Ricci Roiban Tsevtlin 09] [Bianchi? Bres VF Vescovi 14]

UV divergences: set to zero power-divergent massless tadpoles (as in dimreg),
all remaining log-divergent integrals cancel out in the sum (no need of reg. scheme).

AdSs x S°: non-trivial test of UV finiteness and quantum integrability.
AdS,; x C'P?: quantum consistency of the string action proposed in [Uvarov 09,10] ,

non-trivial test of all-order conjecture for h(\) in ABJM magnon dispersion relation.
[Gromov, Syzov 14]
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Green-Schwarz string in AdS5 x S° + RR flux perturbatively

Highly non-linear, to quantize it use semiclassical methods
'y I'p

o~ = ] :
X=Xg+X — I'=g|lo+—F+—+.::
g g=

Efficient alternative to Feynman diagrams for on-shell objects (worldsheet S-matrix)

i i unitarity cuts (on-shell methods) in d=2

/ [Bianchi VF Hoare 2013][Engelund Roiban 2013] [Bianchi Hoare 14]
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The cusp anomaly of NV = 4 SYM from string theory

Ubiquitous observable in gauge field theory, it governs:
- the renormalization of cusped lightlike Wilson loops
- the IR structure of gluon scattering amplitudes

- the large-spin (= — 1) behavior of anomalous dimensions for “twist-operators”
(OPE description of deep inelastic scattering)
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The cusp anomaly of NV = 4 SYM from string theory

Comp|ete|y solved via |ntegrab|||ty [Beisert Eden Staudacher 2006]

Expectation value of a light-like cusped Wilson loop

(l?l"’[(}"”Hl)D ne &

AdS/CFT

_Jf(.'l‘) ¢ In I_LL{

UV

mep = /IIJ(?XHN(S(}'] e Stp (Xeusp +6X,060)

String partition function with “cusp” boundary conditions .

Xcusp 18 the minimal surface

dz? + dxtde— + dae*dx

[Giombi Ricci Roiban Tseytlin 2009]

2
ds AdSs —

-~
&

(i 1
2= - BT o=
(o)

ending on a null cusp, since x 1

I |
r = —— xte™ = — —z*
20 2

= 0 at the boundary z = 0.
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The cusp anomaly of N’ = 4 SYM from string theory

Completely solved via integrability. [Beisert Eden Staudacher 2006]

Expectation value of a light-like cusped Wilson loop

(VG 1n ZIR
(I'i'![(j(']l.‘-{])]> ~ € -l(i)@ll\-'
Z(‘ll.‘-ii) = /[L)(S.X’:HL)(SQ} (1._3[”;("X""""‘T‘+'s'\"'sa) — (_J__P(!I'[' = (.J-_\f.(!.f

String partition function with “cusp” boundary conditions .

AdS/CFT

Perturbatively

. 5 72, 11x? N .
F(@D)]g—0 = 8¢~ [I — T‘q“j + i (,r - ( 1 SQ;;) _q{' + ] [Bern et al. 2006

3In2 1l
f(g)|gs00 = 49 {l : = A J [Gubser Klebanov Polyakov 02]
R N dr g  167* q* [Frolov Tseytlin 02][Giombi et al. 2009]
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Green-Schwarz string in the null cusp background

The (AdS lightcone) gauge-fixed action for fluctuations above the null cusp is

-ﬁ-usp 4 / f”’"""ifrllw [Giombi Ricci Roiban Tseytlin 2009]

;,_,;-\/)3

Lewsp = |Orx + é..::|'~] - —:_][ |Osx: —fé.:::|‘“J . (i),,::"“ | .}3:“'” - 1:7"'-"- ZNT; (p"”"\‘)”. u-’) + ~I, (c’)_;_:"” -

Baf—

+i (0°040; + 1'On; + 0,0,0' + nidm') — & (nin:)°

+21 [ZI:T;:‘”!;' (/‘)M)‘.J ((',L()-f — %(}-1 —f‘i}-"l ((')_5.;1.' —%;r)) + S—I;;;:'"""'u.,-{';‘)‘!“)"-’i (('),J)_}‘ - %()J‘ —{—é;}_}- ((‘)H.f‘ — %;r.’)’)]

A

8 bosons: x,z*, zM (M =1,---,6), 2z = Vzp2M;
8 fermions: 0 = (0,)t, n* = (n;)T, i = 1, 2,3, 4, complex GraBmann;
p™ are off-diagonal blocks of SO(6) Dirac matrices

A\

v

A\

(pMN }’; are the SO(6) generators

Remnant global symmetry is SO(6) x SO(2).
Fermionic interactions at most quartic.
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Lattice QFT basics

Discretize Euclidean worldsheet in a grid of lattice spacing a, size L = N a.

+

Fields ¢ = ¢, defined at £ = (an,anz) = an.
a) natural cutoff —i <pu,<Z =

o

b) path integral measure [D¢| = [[,, don.

Then [ [],, d¢n e Sdizer via Monte Carlo: generate an ensamble {®;,..., ®x}

of field configurations, each weighted by P[®;] = a,/l:l

Ensemble average (A) = [[D®] P[] A[®] = L K | A[@,] + O(-L.)

Vv 2%
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Lattice QFT basics

Discretize Euclidean worldsheet in a grid of lattice spacing a, size L = N a.

+

Fields ¢ = ¢,, defined at £ = (an,ans) = an.

=1

a) natural cutoff — = < p, < = ———

o

b) path integral measure [D¢| = [[,, don.

Then [ [],, d¢n e Sdiser via Monte Carlo: generate an ensamble {®1,..., ¢y}
of field configurations, each weighted by P|®;] = ﬁf/ul

Ensemble average (A) = [[D®] P[®] A[®] = L K A[®;] + O(-L
. K £Lai=1

Vv K

e=SEI®il dot 0,

GraBmann-odd fields are formally integrated out: P[d;] = >

» action must be quadratic in fermions

_____ Introduce ry fields
(complex bosons)

» determinant must be positive definite

) 3y - b 7 |
= /Df; D¢ ,.*.f"’“EC(O},(.J,,.) 3¢

det Op -~ OF)
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Lattice QFT basics

Discretize Euclidean worldsheet in a grid of lattice spacing a, size L = N a.

Fields ¢ = ¢,, defined at £ = (ani,anz) = an.

=1

a) natural cutoff —i <pu.<Z i

o

b) path integral measure [D¢| = [[,, don.

Then [ [],, d¢n e Sdiser via Monte Carlo: generate an ensamble {®1,..., ¢y}
of field configurations, each weighted by P[®;] = 5,/“1

Ensemble average (A) = [[D®] P[®] A[®] = L K A[®;] + O(-]
" K £ai=1

Vv K

e=SEI®il dot 0,

GraBmann-odd fields are formally integrated out: P[d;] = >

» action must be quadratic in fermions

_____ Introduce fields
(complex bosons)

» determinant must be positive definite

) ) 1 ' i e = | .
PEO - (det (_);f‘, Op)i = /DC D e J A% (0OL0p)™ 4¢

Pirsa: 19110109 Page 19/38



Four-fermion interactions

Linearization via Hubbard-Stratonovich transformation

exp {— _q/ dt ds L',,.l} ~ / dep dp™ vxp{ —g / dt ds Laux }

! 9 £ ra L8 .
vxp{ q / flf(f.?[ :!.-3- ('fﬂ'f;,-)“ | (:’g znmpMN Jju-’) J}

~ / DoDM exp { — g / dtds [:l;qf')z + %qﬁ n® + :l;(q.’iM_)B -1 ifz oM (;;__,.,‘:J.\;'jj,-p‘”"\”}'r;")]} ;

» 47 bosonic auxiliary fields ¢, M (M =1,--- ,6)
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Phase problem

Even with Pf(Op) = ¢’ (OO 1)7, vev's can be still obtained via reweighting:

[ D® APf(Op) e 512

A =
< ) I DP Pf(Op)e S[e]

. > i Bl [ A2¢ Ao I_'|' ' i
[ D& I)L:- I.)C.,-"ilf"”f‘_bl” I dd {KU:).‘“ C)F) L <'4 (__.JH)”““

ey T 1 5 o 3.6
[ D& D¢ DE it o= S1®1-[ d?€{0p0L) 3¢ {e*®o=0

It gives meaningful results as long as the phase does not averages to zero.
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Phase problem

Even with Pf(Op) = ¢’ (OO 1)7, vev's can be still obtained via reweighting:

[ D® APf(Op) e 5P
] DP Pf(Op)e S[]

(A) =

! I)(I) I)C I)(: .,-"1("Uf‘_bl(bl_-’ cd {L,LL/);,-C)F) 4 ¢ <-4 (__-4“)”““

E gy et L 10
[ Dd D¢ DE ei® e SI1=] d2¢ {(OpOL) " 4¢ {e"Po=0

It gives meaningful results as long as the phase does not averages to zero.

] ] i
4 — L - | ] ="
;P R (1730 hfb g,,, <) :_éﬁ g ﬁ
) &=
E g " g
o 3 o
,U MK — ‘q‘_“‘
-= o Q 3
= (1] — i
b 5) @
2 ] =
— I =] =
= = p=t
= = =
=
0 0 LRI III‘ 0 !
L0 060402 0 02 04 06 08 1 Io—0s 0l 04 -02 0 02 04 o6 0§ | I 08 06 -0 02 0 02 04 06 08 |
T . 3y (18
Re(e*™) Re(e'™) Re(e*™)

Dedicated algorithms: active field of study, no general proof of convergence.
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Alternative linearization

T ; " ; _ b2 ; L
The phase is implicit in the linearization, like e 7@ = [dpe—a® Tibz

Consider a simple SO(4) invariant four-fermion interaction

1 , ) o : ~
Lip = - €abed Y (z) 'rj"r"(:.r') Y (x) 'a/_!"(.;:) = pob yab

where ynab _ ,,{/)ud_,h : yab _ L Eabod U Uf‘rl- Introducing Er—;—h —

p]

£| = LD (x(g})~

just exploiting the GraBmann character of the underlying fermions.

[Catterall 2015]

1 (Euh + Jcd ) rewrite

L cel I e ok c {\ f

- 1 JJ £ + 4 € .:-\[(a( £ f JII + IE ¢ ""-r- x’_(j [+ ‘f

4 d ’

< ab 5k | A o A

A s < £ oL p
L j L & oA * L-q;ﬂ‘, ( 2 b > )‘ ! beal f')‘""f;}

(= }’

= 4 /> 25
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Alternative linearization

In our case, (pM)im (pM)kn = 2¢mhn we analogously rewrite

] 2y 2 2.9 ]- ]
. /22 1212 LS
Lra=—-=n")"F z0°)"F 5E+i24;
O | vt ¢ Nyik, g . Y B | ]
Y =y, Zj () N () unLen iy =X E X

Choosing the good sign (), new set of 1 + 16 real auxiliary fields

- 12 2 v 12 2 52 I} ! / ‘T -
Laux = - 7" + 607 + :‘-_J_LJ P =t . [—r;“,x = Laux
Antisymmetry and I's-hermiticity (l’};l‘g =1, IJr = —1I')
0L =T50pTs, OFf = —-0Op

ensure positive-definite determinant (PfOFr)? = det Or > 0, and a real Pfaffian.

Page 24/38
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Alternative linearization

In our case, (pM)im (pM)kn = 2¢mhn we analogously rewrite

Y =mnt, Zj (P ) nNn(pT)anLen, iy =X E X

Choosing the good sign (), new set of 1 + 16 real auxiliary fields

12 , 5 2 ;
] 2 v 12 L% 1 1 ‘] ] ~ ~
L—;n[x — = ?] (f.? —|— ()(;’.J ‘|" — }" ) _I_ { ’J,‘ g L’}TL[IX — L;[[]X

Antisymmetry and I'5-hermiticity (l‘ll‘;, =1 IJr = —1I'5)

0L =T50pTs, OFf = —-0p

ensure positive-definite determinant (PfOx)? = det Op > 0, and a real Pfaffian.
In simpler models with four-fermion interactions, similar manipulations ensure a

positive definite Pfaffian. [Catterall 2016, Catterall and Schaich 2016]
Here, gain in computational costs but PfOp = ++/det Op.

Pirsa: 19110109 Page 25/38



Spectrum of Op

From I's-hermiticity and antisymmetry,

P(A) =det(Op — AL) = det(I's (Op — AL) ')
= det(OL, + A1) = det(Op + A*1)* = P(—2*)*

1.5 . |
[+L.=8,g=257" n‘ L =8,gm=10r=1
1 "B ""f “ T o -
AR T ICET
o |
_ 1 . [ » ® e
: 1] > 0N
- (I} . [ ] ] . (| =
0.0 & x ‘1 [
o B " m:i;, i
I !}f‘- el \-\ ,—: e -" 1 . [
1.5} ! | |
15 | (.5 v} 0.5 1 1.5 | 3 9 1 0 | 0 3 |
Re(A) Re(A)

Spectrum characterized by quartets {\, —=A*, =X, A* }.

det Op = H |/\,'|2 |f\iJ2 — Pi(OF) = £ H "\rﬁ‘z

Choosing a starting configuration with positive Pfaffian, no sign change possible.
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Where are we sign-problem free?

Amsn 14
Tmin g = 10,7 =1
" o g = 30,1 =1
g=20,r=0
vg=>50,1r=0
10 )
8 |
6 __
4 ‘ i
O
9
5l g ; _ : ; A
0 0.02 0.04 0.06 0.08 0.1 0.12 N

Eigenvalue distribution of fermionic operators well separated from zero,
no sign problem for ¢ > 10, where nonperturbative physics is captured.
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Guiding lines for discretization

» Lattice perturbation theory “ ¥ continuum perturbation theory
» Preserve the symmetries of the model
» No complex phases
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Guiding lines for discretization

» Lattice perturbation theory “ ¥ continuum perturbation theory

A naive discretization p,, — p,, = 2

sin(a p,,) leads to fermion doublers,

0 —npl (p — -i%)p‘”u,_,“ 0
Ky —pol 0 0 (p1 — i2)ph uM
—(ph +i2)pMupy 0 0 —pol
0 (1 + 1 Z)ph,uM pol 0

spoiling UV finiteness (effective 2d supersymmetry).
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A Wilson-like fermion discretization

» Lattice perturbation theory “=% continuum perturbation theory
» Preserve SO(6), breaks U(1) ~ SO(2)
» No complex phases: (O} =T's O I's, (O = -0

Add to the action a “Wilson term”, K + W = K} to kill fermion doublers

W, —pol (P — i) pMuny 0
KW —pol : H! 0 (p1 — 'i‘._#)p'!:”n‘”
A = e . h I =
(p1 + ¢ -’;3’-);‘)'” Uy 0 W —pol
0 (B1 + 1 B)pluM pol w1
where Wy = L (p2 £ip?) pMupg, |r] = 1, and py, = fsin Pt leads to
“I‘TT v - 2 - 2
l\(l) _ Va [ dg[’ l-‘ih(:ﬁ'mz E_fi Jr.~:_inz —IfJ__;]‘r'(Hin"“' Q_}l +sin? L.}Jr%:)z{sin? fjl +sin? %1‘4‘&?[:}-
LAY 202, (2"7)2 ("'i”z po+sin? py 4 ,\-,;2 4 sin ,:;‘J }4 sind J-:zL .)hl
w
a—0 3In2 ., . _
> Vom® , cusp anomaly at strong coupling (|r| =1, M = ma.)

ST
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Parameter space, continuum limit (e« — 0)

» Two bare parameters, g = ‘l—ﬁ" and P* ~ m, assume the only additional scale is a

L
FiaT = Far (9, M, N) M=ma, N==

) a

» The continuum limit must be taken along a line of constant physics: curve in {g, M, N}
where physical quantities are kept fixed as a — 0.

-
: m* y I . 9
E.g. m2 = (l - + O(g “))
L*m; = const o (Lm)* = (NM)? = const.
» For a generic observable el T b

. | ) A
Frar = Frat(9, M, N) = F(g) + O(_) +0 (ﬁ MJ\)

]/

Recipe: fix g, fix A/ N large enough, evaluate Fy ar for N = 6,8,10,12,16,...;
Obtain F'(g) extrapolatingto N — oc.
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Measurement I: (x, x*) correlator
(,.j'l-,_-(f.; ln 6 (L

1L/ n 10, & 30
From the correlator of the « fields } Lin = 388~
Cp(t;:0) = } (z(t, s1)x* (0, s32)) n |
51,82 "
t21 e~ tMaLAT 5 |
l |I I‘:I I
0
1] 0.f I 2 2.1 ®
t M LAT
2
J“":' ?rr:'-!:
e m?2 | e Lm =1
(015 o PT. g = 0.04g |
orls S =T 0.8
0.4 -
0 = 0.6
. 0.4 o il $ I i y
Courtesy of B. Basso !
% 0.2
0.5 1.0 5 20 i
0 0.0 1 1.3 2 2, i ) |

Consistent with large g prediction, no clear signal of bending down.

No infinite renormalization occurring.
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Measurement II: (derivative of the) cusp anomaly

We measure (Secusp) = g 2~ f'(g). Atlarge g,

(SLaT) =9 w 4+ €(2N2)

quadratic divergences appear, with ¢ = np,s = 8 + 17 = 25.

“Lll\\g) Flng a0 o g =100
i
o .
i i
2 i Gl
i )
o i 1)
20 . g=230
g =20
18 . 0=120
A i 15
1 r i 10
- i ] I
5 02 04 06 08 1 1.2 14 1.6 1.8 2 N2
1 /12 072
- £ 7 - p o I . .
Indeed, (S) = — %1% and Z ~ Il _(det ¢ ©) -, so for each bosonic species
(2N2)

there is a factor ~ ¢ 2 . In lattice codes, coupling omitted from fermionic part.
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Measurement Il: (derivative of the) cusp anomaly

3
&

We measure (Scusp) = g “22~ f'(g). Atfinite g,

2 3
g N\ = N M= pt ; c(g) rey 0
('5I4.L\'I'> =9 —3 — '/Iu\'l’(-q) | =L (2N =)
5 - o 27 ™
g=>5,Lm | 5 P —
¢ L0, L | ; i N
' g=120 Lin=1 6 lin. fit, g = 70
2 . | g =20, L f : . =
I“, £ g = 30, L = 4 quad, fit, g >= 10 .
:::. 1 il a0, Lon ]
by BN
=~ g =100, Lm = 4 12.6G
FI ¢ =30, Lm = 6
4
S 12.05
e
L ]
-~ So =g N* M2 ‘v B
< L5 125| --Agpn 0® T
-
- 12.45
I 1 L] - W »
12.4 _|
0 002 004 006 008 00 012 004 016 & F @ S g
ST 8 3
N

/N
In continuum, existing power divergences are set to zero (dim. reg.)
Here, expected mixing of the Lagrangian with lower dimension operator

O(s))r = Y. ZaOald(2)), o~ AP=10a]) o, o~ (D=[0a])

a:[On|<D
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Recent simulations

»  The fermionic correlator shows a linear (~ N, 1/a) divergence in the fermionic masses
(in continuum mff, = 3 are protected).
Strict analogy with lattice QCD in the case of Wilson fermions: for quark masses
a power (linear) divergence in the lattice spacing appears, related to
the fact that the lattice action for fermions breaks chiral symmetry.
Our case: easy to relate to (x) # 0, namely to the SO(2) symmetry breaking
by our Wilson-like fermions. We expect to cure it via additive renormalization,
fine-tuning a critical mass imposing the corresponding Ward identity.

» We are extending the window of simulations to ¢ < 5, where sign problem starts
to be severe and instabilities appear, due to the zero eigenvalues of Op.
Simulations are done with a modified, positive-definite fermionic determinant
(det ((3,,(:)'1';,) + p?) i (replacing the Pfaffian by its absolute value and adding a
“twisted mass”, infrared regulator standard in lattice QCD)

A 1

OW . " (det O l, Op)a
(O) = ( Jm . W =WsW,, W, = sign PfOp W, = — ’ i i
(W)m (det(O6, Op + p2)) 9

We notice that the sign-reweighting seems practically not to have effect on the
measured observables. Indicates deeper motivation for being sign-problem free?
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On the CFT side

Strong sign problem at strong coupling (A > 1), one tuning.
The control is in the perturbative region (matching with NNLO).
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David Schaich, "Progress and prospects of lattice supersymmetry”, talk at Lattice 2018
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Conclusions

Addressed the problem of quantizing the superstring sigma-model
in a non-trivial background at any value of the coupling.

Solving a non-trivial 4d QFT is hard — reduce the problem via AdS/CFT:

solve (finding a good regulator for) a non-trivial 2d QFT.

| presented a study of lattice field theory methods for gauge-fixed string o-models
relevant in AdS/CFT: address ab initio, non-perturbative calculations within them.

» The model — GS string on GKP vacuum - is amenable to study

using standard techniques (Wilson-like fermion discretizations, RHMC algorithm).
» We observe good agreement with expectation at large ¢,

and indications of non-periurbative physics;

Ongoing work on several open questions, which include the proper continuum limit.
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Thanks for your attention.
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