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Punktlich sind die Gewissenhaften und die Neugierigen.
-Arthur Schopenhauer
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IGST 201 |
Gong Show

Punctual are the conscientious and curious.
-Arthur Schopenhauer

Pirsa: 11080066 Page 4/128



IGST 201 |
Gong Show

Punctuality is the thief of time.
-Oscar Wilde
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6 Talks
|0 min each

First gong after 8 min

(| questuon each,
for applause, ...)
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Holographic three-point functions of giant

gravitons

Agnese Bissi

Niels Bohr Institute

August 18, 2011
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Holographic three-point functions of giant
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gravitons

Agnese Bissi

Niels Bohr Institute

August 13, 2011
Perimeter |nstitute

based on hep-th 1103.4079 (JHEP 1106 (2011) 085)
with C. Knistjansen, D. Young and K. Zoubos.

irsa: 11080066 Page 11/128

|
-

-

e
s
S
o
b 4
gL
k2
-
=
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@ Building blocks in conformal field theories are 2-point and
3-point functions of local gauge invariant operators.

(See lamik's talk and Gromov's talk)

(01(x) Oi(y)) = ‘Elm

Cﬁk
(O,(x)(?j(y)(f)k(z)) = ‘X B yIA"._Jr_A_;._ﬂ* |y B Zlaf+&*_ :

e Xlﬂrf—nﬁ.ﬁ —ﬂj

o We compute the structure constant for the 3 pt function of
Qo

*b"lr::i,.;“ 9
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@ Building blocks in conformal field theories are 2-point and
3-point functions of local gauge invariant operators.

{See lamik's talk and Gromov's talk)

-

di;
0 0i) = =, &
Ci

(Oi(x)O0j(y)Ok(2)) = x — y|BtBi—Baly _ 2B +Bu—D:

- 5 '&,‘ +48y —ﬂj

@ We compute the structure constant for the 3 pt function of

@ 2 giant gravitons and 1 light operator
© 2 Schur polynomials and 1 chiral primary
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@ Giant gravitons have dimensions ~ / A and the light operator
has dimension ~ 1 = semiclassical method.

[Zarembo. 2010]

Strategy }
@ Two point function: D-brane solution continued to the
Euclidean Poincaré patch
@ Vary the Euclidean D-brane action in accordance with the
supergravity fluctuations
@ Evaluate the fluctuations on the Wick rotated giant graviton
solution i
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e Giant graviton with worldvolume R(C AdSs) x S3(cC S°).
@ The action for the D3-brane is

N
Sp3 = —F/d%"( —g — P[Gi])
where g.p = . XMOpXpm, a.b=0, .. .. 3 — worldvolume

coordinates, X™ — embedding coordinates and
Coxixaa = cos* 6 Vol(Q3)

[Grisaru Myvers Tafjord. 2000]

@ The three point function structure constant (for giant
gravitons on S°) is
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Giant graviton on Ac

o Consider a giant graviton with worldvolume R x S3(C AdSs)

@ The action is

Spz = — >3 /d4 v—g + PlG])

where
— _cinh? 0
Ctﬁ Ny —— sinh pV0|(Q3)
[Grisaru Myers Tafjord. 2000]

@ The three point function structure constant (for giant
gravitons on AdSs) is

d/2 —J/2
tese {3 0+8) )
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SChur ootvno 13l

Dual objects

@ Giant gravitons are dual to Schur polynomial operators:

[Corley Jevicki Ramgoolam. 2002]

1 ’.rr ) jrr'n]'
KRn(Z) = ;?T Z \Rn(o-) Z.f'ltl. o Z 1

- i
JESH

where R, is an irreducible representation of U(N) described in
terms of a Young tableau with n boxes and yg (o) is the
character of the element o in the representation R,.

@ S giant gravitons = Antisymmetric representation
e AdSs giant gravitons = Symmetric representation

@ Light operator dual to single trace chiral primary

@ Note: There is no limit in which the Schur polynomial reduces
to a chiral primary.
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(X (Z)xk—s(Z)TrZ?)

Coe 11= — — —
T 0@ (D) s (D) (D)) (TrZ 1 Te Z7)
Jrss 1 [T(N+J+1) T(N+1)
(RS =75 { r(N) r(N - J)}

[Kristjansen Plefika Semenaff Staudacher. 2002]

K
R DxR(2) =]]J(N-1+))

=i

K
NAENAZ) =N -i+1)
= |

irsa: 11080066 Page 19/128




@ Expand TrZ” in the basis of Schur polynomials

TrZ' =)  xgr,(90)xr,(Z)
R;

VKIH;:J(—J—I(N —1)
VAN + () o+ )

S -
Cok—s1=

(J—1) V’r' H:=k—_f+1(N —p+ 1)
\/"JNJ(1 el )

Cik—sy=(-1)
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@ Schur polynomials = large Young tableaux

@ Chiral primary = small operator

k
N—oo, k—oo, o finite J<k J< VN

I

Grss = 75(1+7)

(—1)“—1}% (1 . %)J“z
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Giant gravitons & light operator |

. k k\ 72 k
ck.k—J.J = \/j*N_ (1 2 —N“) —%—;:)-} JfN—
1 i\ 42 K\ —472 K
- 3 =
vl N N ks N
= ).
Schur polynomials & chiral primary '

A J-1) 1 By
G = (DY )ﬁ (1 = -ﬁ)

. 1 i\ /2
Cok—s1= 77 5 N
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(Xk(Z)Xk—-1(Z)TrZ?)

Chk—31=— = = : =
V (Xk(Z2)xk(2)) (xk—s(Z) xk—1(Z)) (TrZ1 T Z7)
jesn 1 [T(N+J+1) F(N+1)
T = J+1{ r(N) F(N—J)}

[Kristjansen Plefla Semenoff Staudacher. 2002]

k
R DR(2) =]]J(N-1+))

=

k
0D @) =]J(In-i+1)
=

irsa: 11080066 Page 23/128




@ Expand TrZ” in the basis of Schur polynomials

TrZ' = " xg,(90)xr,(2)
R,

TTk _
- (o p
T IV )

Vf H;=k—J+1(N — i+ 1)

G =15 - 1

irsa: 11080066 Page 24/128
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Giant gravitons & light operator
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Schur polynomials & chiral primary
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@ Schur polynomials describe giant gravitons only when size of
the operator k is of order N.

@ Schur polynomials do not reduce to chiral primaries for %

small.

@ Construct an orthogonal basis which interpolates chiral
primaries and Schur polynomials.
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Introduction

Giant gravitons & light
Schur polynormails & ch___ _

@ Schur polynomials describe giant gravitons only when size of
the operatar k is of order N.

® Schur polynomials do not reduce to chiral primaries for
smail.

@ Construct an orthogonal basis which interpolates chiral

primaries and Schur polvnomials
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Living on the edge

Vidas Regelskis

Department of Mathematics
Umiversity of York

Based on:
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Living on the edge

Moeotivation: |f you would ever have choice, choose an integrable edge of the
world to live on.

Subject: Boundary scattering on a semi-infinite line - Yangians and Quantum
Affine Algebras.

Applications: Open spin-chains in AdS/CFT and Deformed Hubbard Model.
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Boundary scattering

Consider boundary 5catter|ng which presenre:s h C g, with bulk gmrerned by
Y(g): AP —Fol+11, AJ = Pel+103°+ M2 P21, 7 s ul?

bc+
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Boundary scattering

Consider boundary scattering which preserve:s h C - g. with bulk governed by
Y(g): AP =1P21+1J°, AP =1PR1+13°+ 1f2I°RI, J*— uJ?

bc+

A letg=h=m. [p.h]Ch. [h.m]Cm. [mm]Cm, and JP9<cm. J'Jch.
= Y(g.b): IP=TP+if2.(J9F +J19). AT =JP21+12JP +f2, 193

4" q

[G.Delius, N.MacKay. B.Short '01]
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Boundary scattering

Consider boundary scattering which preserves h C g with bulk governed by
Y(g) AP=P1+1]°. *'a_qll 11 Ja lfa 'b 2 JE. *'2,_}UJ3

A.letg=h=m. [h.5]Ch.[p.m]Cm. [mm]Cm, and JP9<cm. J'Jch.
= Y(g.h): J":""—!—ifﬂ,(ﬂ"f—ﬂfﬁ) AJP =]PR1+15 J"-l—fp xF

[G.Delius, N.MacKay, B.Short '01]
B.letgicgr=g9g.<¢-andJ2 =J]+a(Jg)cg.. J2 =J]—a(Jg) cg-.
= Y(gxg.g): IJ2:=J2+1F2, (J°I% +JJ°)

[N.MacKay, V.R '11]
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Boundary scattering

Consider boundary scattering which preserves h C g, with bulk governed by

Y(g): AP =F21+12]%, AP =1*21+12J°+ 2 I° I, J°— uJ?

A.letg=h=m. [h.h]Ch.[h.m]Cm. [mm]Cm, and JP9cm. J'Jch.

= Y(g.b): JP =] + %f‘;i(ﬂ"ﬂf—ﬂfj"). AJP=]P21+1 ;-:jp—|—f§,~Jq g

[G.Delius, N.MacKay, B.Short '01]

B.letg,Sgr=9.Sg-and J3 =] +a(Jg)cg..J2 =J] —a(Jg) €9-.
= Y(gxg.g): J2:=J2+1F2 (J°J% +J%J°)

[N.MacKay, V.R '11]

C.letg=bh = Y(gg): I®=[°T%+3F5I0° I+ 350 T
AJ?P=J%x1+1x0JP+F2 (f;e[jd.jb] 2 J€ +f3,[§‘.,yd] 2 .I") +0(1?)

[N.MacKay, V.R '11]



Integrable Boundaries

The well known integrable boundaries in AdS/CFT are:

1. D3 ‘Giant graviton' brane wrapping maximal S3 — AdSs x S°

1.1 Z =0 "Giant graviton”
1.2 Y =0 "Giant graviton”

2. D7 brane wrapping entire AdSs and maximal §° © §°

2.1 Z=0 D7 brane
22 Z =0 D7 brane

3. D5 brane wrapping AdS, x S C AdSs x S°

3.1 “Vertical” D5
3.2 “Horizontal™ D5

a & - -
1ot e = Wi b F=— R=

C. Ahn. D Bak, Z Bajnok. H Chen, D Correa, N.Dorey. D Hofman. | Maldacena.

R Murgan. R Nepomechie, K Okamura. L Palla, S Rey. € Shi. € Young. N MacKay & V. R
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Boundary scattering

Consider boundary scattering which preserves h C g, with bulk governed by
Y(g): AIP=P1+1]J°, AP=]"21+1 ,i:j"— %f;c:b * JC. I"‘ — uJ®

A.letg=h=m. [h.h]Ch. [p.m]Cm. [m.m]Cm, and JP9cm. J'/ ch.
= Y(g.h): IP=TP+Lif0.(J0F +J19). ATP =JP21+10JP +f2, 193 T

qi

[G.Delius, N.MacKay, B.Short '01]

B.letg,Sgr=9.%g- andJ2 =]} +a(Jg)cg..J? =] —a(Jg)<g-.
= Y(gxg.8): I =T +1f2,(J°I2 +J8J°)

[N.MacKay, V.R "11]

Cleeg=b =VY(gg): I®=[T+35I%0° I+ 35T
AJ?=JP214+1JP +f3, (f;E[J".jb] 2J¢ +FL [3°,7% < JE) +~0(7?)
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Integrable Boundaries - Scattering Theory

Brane Boundary algebra Boundary rep '
D3h/D7h psu(2|1) x psu(2/1) 121 |
D3v psu(212) x psu(2|2) x ®3 vector = vector |

D7v su(2) x su(2) x psu(2/2) x R? 1 vector

D5h psu(2]2), x R3 1
D5v psu(2]2), x R3 vector
Bulk algebra - psu(2(2) « psu(2 2) = &>

Pirsa: 11080066 Page 45/128



Reflection from the D5h brane

(—u.—-p) (v.p)

n
©
|
)

(u.p) —u.—p)
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Reflection from the D5v brane

(—u.—p) (x8) (u.—p)
" K(p.xg)
— 5(p.—p)
. k(p.xg)
(u.p) (xs) (—u.p)
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Outlook

» Boundaries are rich in integrable structures.
» They have secret symmetries originating from those of Y(g).

» Reflection from D5 is equivalent to bulk scattering with periodic and
periodic twisted® bcs.

» Boundary scattering is closely related to the scattering in bulk
(we have obtained some fusion rules).

» Bulk and boundary scattering in AdS/CFT in closely related to the
Deformed Hubbard Model.
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Qutlook

» Boundaries are rich in integrable structures.
» They have secret symmetries originating from those of Y(g).

» Reflection from D5 is equivalent to bulk scattering with periodic and
periodic twisted® bcs.

» Boundary scattering is closely related to the scattering in bulk
(we have obtained some fusion rules).

» Bulk and boundary scattering in AdS/CFT in closely related to the
Deformed Hubbard Model.

» Open question: what is the underlying symmetry of non-susy boundary?

» |s there a connection with the Pohlmeyer reduced theories?

Pirsa: 11080066 Page 49/128
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Falaco Topolegical Defects

Surface 2D Singularity

-
Transverse Torsional Waves

Torsion String Singularity
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— Hybrid nonlinear integral equations
for AdSs x S°

|
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Hybrid nonlinear integral equations
for AdSs x S°

Rvo Suzuki (Utrecht University)
arXiv:1101 5165, J Phys A44 (2011) 235401
Gong Show @IGST2011, Perimeter Institute, August 2011
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Motivation

The exact energy of AdS/CFT/integrability can be computed by
Thermodynamic Bethe Ansatz (TBA) equations.

<k = =g TBA gives us the precise dictionary

5. AdS® x Ss, one-loop .

32 between the states of N=4 SYM
and AdSs x S° superstring via A=E

50
48
46
44
42

I'BA resalt

\ ?
5 10 IS 20 Osyn — O

V=4 SY M. live-loop
[Sorry for lack of citation |

However, in practice, it 1s difficult to solve TBA numerically.

|[Problem 1] TBA is too complicated.
[Problem 2] TBA depends on the value of coupling constant.

= TBA(A < A7) #TBMESNY), (=123,...)

cT



From TBA to NLIE

Rewrite TBA into nonlinear integral equations (NLIE) for finitely many variables.

O
1)

)
D
)]
{
)
)]
(
4h
]
@
L
¢
4]

Fas F s 1 :
LY ¥ e

- - 5 L -

e 3

¢ 900
-+

TBA at honizontal wings: log Yy, =log(l ~ Yy 1) (1 =Yy 1) *s

Need to know Y,;. ;.. to compute Y,;, = Cannot truncate at finite M/ !

NLIE: loga. =log(l +a.) » Ay —log(l +a,) » Kf'—"_"‘_ + log(1 + };:;lu_,} XS+ ...

Closed equations for (as.a.) and Yy, (M < s —2)!
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Simpler equations may relieve the problems of TBA




Construction of NLIE from A T-system

TBA in general: Formulated by the mirror string hypothesis
NLIE in general (not just AdS/CFT): How to formulate?

This “how-to” was known in cond-mat people (A Klimper.J. Suzuki. )
But theirr methods were not general enough for the application to AdS/CFT

[ “generalized™ their construction of Avbrid NLIE.
applicable for any integrable models with A T-system.

>
su(2); ° sui2) g Application to AdS/ CFT;
| . ] horizontal wings go away
=~ - o \ (This NLIE is hybrid because
o 2 S - TBA is used in the vertical wing)

-

Page 58/128
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Key i1deas of hybrid NLIE in general

Recall that 1. TBA = Y-system + discontinuity relations
2. Y-system = T-system by change of variables
Tsyseme T T =Ta 170110+ Tas 1710012
The trick 1s
3. Linearize T-system (= TQ-relations of (krichever Lipan Wiegmann Zabrodin] )

4. Choose the “proper” gauge invariant variables

i s B B Q.. .T-
1+ﬁ,E?a 1+ . 1+a,EQ1“" ==
Ql.a—l Ll.s Qlu"‘*l Ll.s

T:.s.L:.L; , are Wronskians of Q

Remark on generality:
We only need the Wronskian formula for T by Q’s, and good analyticity of Q.

itsa: 11080066 Page 59/128

e rest of derivation i1s simple math. imvolving no approximation. no ansatz
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Physical role of new variables

In the XXX : model, (a; . a,) represent the spinon excitations

Here spinons refer to elementary excitations over the AF vacuum.

Fa N
(1+Y:,)=(01+a,)(1+a,)

- . “mesons “quarks

= : Or magnons Or spinons
\
Spinons ’
Why do we identify (a; , ag) as spinons’?
Antiferromagnetic [ as(v) ~ 4" Z(v) = counting function J
vVacuum

Z counts Bethe roots and holes on an equal footing,
ki which is useful to study excitations over AF vVittitim.



Key ideas of hybrid NLIE in general

Recall that 1. TBA = Y-system + discontinuity relations
2. Y-system = T-system by change of variables
Fsysemr T T =T 37010+ Tas 1 Tauis
The trick i1s
3. Linearize T-system (= TQ-relations of (krichever Lipan Wiegmann Zabrodin| )

4. Choose the “proper” gauge invariant variables

s LE Q 85— T-—S
L pa =St g Sres,
Q1,1 Ly, Qi1 L,

T:.s.Li s .L;  are Wronskians of Q

Remark on generality:
We only need the Wronskian formula for T by Q’s, and good analyticity of Q.
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rest of derivation is simple math. involving no approximation. no ansatz



Physical role of new variables

In the XXX : model, (a; .a,) represent the spinon excitations

Here spinons refer to elementary excitations over the AF vacuum.

[ 1+ Vi) = (1+a)(1+d,)

“mesons’ “quarks”™

3 Or magnons Or spinons
\ J

Why do we identify (as , ag) as spinons’?

Antiferromagnetic [ as(v) ~ 4" | Z(v) = counting function J
Vacuum

Z counts Bethe roots and holes on an equal footing,
EeL e which is useful to study excitations over AF va&itim.



More Questions

o Physical roles of new variables in AdS/CFT ?

o General construction of NLIE, and
application to the vertical direction?

o How many critical coupling constants in
NLIE?

o Any implication for “integrable lattice
regularization”™ of AdSs x S° superstring?
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o Lifting asymptotic degeneracies

Stin J. van Tongeren

August 18, 2011

Alessandro Sfondrini and ST [ 1 106.3909]
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Gleb Arutvunov and Sergey Frolov [ 1103.2708]
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A qualitative feature of the AdSs x S° string spectrum not
captured by the asymptotic Bethe ansatz
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A qualitative feature of the AdSs x S° string spectrum not
captured by the asymptotic Bethe ansatz

Finite size effects are not simply quantitative
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Outline

i - R

o Asymptotic degeneracies

o Lifting via finite size effects

o Two concrete states
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Asymptotic degeracies |
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Asymptotic degeracies I

e Expected: degenerate superconformal multiplets
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Asymptotic degeracies |

e Expected: degenerate superconformal multiplets

e Manifest su; (2|2) = sug(2|2): Z, symmetry in spectrum
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Asymptotic degeracies |

N e i s

o Expected: degenerate superconformal multiplets

e Manifest su; (2|2) = sug(2|2): Z, symmetry in spectrum

» Asymptotically there can be more!
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The asymptotic Bethe equations

1! N—
n ) k! Koy —_ @ [F
s - ¥ g =k | ey
= ] =" l l Sﬁl{g]@k-PfJ ry () \/ —
=1 1=k a=L R =1 'tk o .r{ Kk
Kf _f x } —_— I|!l 4 E_l-lj U{f_'!' o (ex) i
_TT Yk s I H k ! g
il la) ke e |cx) (ex) i
=t Yk — X oSy —wp - ¢
Kfuu: (ex) (cx) i KE-, (ex) (ex) 2
w,  —UV -+~ ’ — ——
= () (ex) i (a) \a) . 2
=1 Wy —V T o=t Wr W TS
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The asymptotic Bethe equations with K’/ = 0

tiin I .:_‘:'?"*_.'—5 K' Ko (a)

e _.:‘_—_L__'_: ) -r o \ r_
e _ iped k [ k
I I =™ | I Ssi(2) (Px- P1) T i \/ =t
| I=1.1%#k a=LR I=1 Xk — ¥ “k
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The asymptotic Bethe equations with K/

=@

|“r: - '[fl] 3

X,

iped R f

I = epi I | Sﬁli"}(pk pi) I I I I - {m =
— Iﬂ ;_I_L“R f_l -tk f o 1

K' (o) _ - /'___
— }k -tf 'tf
(ex) i V —

=1 Y — X X
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The asymptotic Bethe equations with K’/ = 0

S 11
="_=—_ K! Kl'n: r_ - TL&] fr' r_
e _ iped - X — Y X,
== l =&# H Ssi12) (Px-p1) H H —— \/ =
5 I=1J#k a=LR =1 Xk — Y “k
K' (a) - § 4
1_1-

The same equation for all y roots!
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Asymptotic degeracies 11

Redistributing y roots between left and right sectors gives the
same momenta, hence degenerate energies
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Lifting degeneracies
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Lifting degeneracies

mgeren o Finite size energy:

= K! > B
= E Er — : E d ﬁ log(1l + ¥Yp)
N S Y- - du < ¢
= —1

Pirsa: 11080066 Page 102/128




Lifting degeneracies

o Finite size energy:
= = K! S0 .
1 dp? |
E:§£}( = ZTTX_:I_/JHI 10g(l+YQ)

e Y, from TBA: different eqs — different Y, — different E
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Lifting degeneracies

E o dp?
E=) &- ZIZ/dumlog(lﬁ-YQ)

=i =
e Y, from TBA: different eqs — different ¥y — different E

e Lischer corrections are already manifestly different

Pirsa: 11080066 Page 104/128




Two states

State | KT | KT [ K& [ KT T Weights
S © |42 | 0] 0 [[2J-10py)|
oren v 4 1 1 0 |[1,7—-1,1]33 |
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Two states

State | KT | KT [KE "KM T Weights
© [4] 2 |0 | 0 [[2,J-100p4
eren v 4 1 1 0 |[1,7-1,1];33

Asymptotically identical energies
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Two states

State | KT [ KE [ KT [ K™ | Weights
—‘=— e 4 - 0 0 [E*J o I*OE{Z.-H

Asymptotically identical energies

Explicit different TBA equations
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Two states

i | KL TKE [ Weights |
e 0 | 4| 2 0 0 |[2J-10;y |
| t l 0 | [LJ-L1]s3 |

'
I
I
K
&

Asymptotically identical energies
Explicit different TBA equations

Leading order finite size correction (J = 4):

e =—(37 CON+53¢0-FF <N~Tg <O+ 33 <O+ 1ozg ) 8™
~ —0.2761 g"*
EY, =— (50 D)+ CO-2R (Mg S5+ 5 C3)+Ta57 ) £
~ —0.1889 ¢!




The main point

The ABA misses qualitative information on the string spectrum.
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The main point

The ABA misses qualitative information on the string spectrum.

Finite size effects contain this information.
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Two states

Pirsa: 11080066

State | KT [ KT [ KT [ KT T Weights
) (R) f_aii
e | 4] 2 0 0 | [2,7-10l4

¥ |4 1 | 1 | 0 |[L,7—11]53

Asymptotically identical energies
Explicit different TBA equations

Leading order finite size correction (J = 4):

I . TE e I R M AT
EEJ :_(Tf"*i-“thff‘-“}*—j‘j‘a{?}————- .

~ —0.2761 p'*,

231 . v RN 53 ... SO .
Ef’ﬂ :—(33: gill!+ﬁg{9l—15 { -

~ —0.1889¢'*.
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Strings on AdS; x CP° vs. Bethe Ansatz:

the All-Order Equivalence

Gianluca Grignani, Davide Astolfi, Andrew V. Zayakin

INFN Perugia.
italy

August 18, 2011
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@ The one-loop correction to the single-magnon dispersion
law is finite (and exponentially small in J), supporting the
evidence for
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@ The one-loop correction to the single-magnon dispersion
law is finite (and exponentially small in J), supporting the
evidence for a; = 0 rather than for
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@ The one-loop correction to the single-magnon dispersion
law is finite (and exponentially small in J), supporting the
evidence for a; = 0 rather than for a;, = —'22<. Thus the
Gromov—Vieira asymptotic Bethe Ansatz is confirmed
rather than semiclassical calculations.
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@ The one-loop correction to the single-magnon dispersion
law is finite (and exponentially small in J), supporting the
evidence for a; = 0 rather than for a; = —‘—‘ Thus the
Gromov—Vieira asymptotic Bethe Ansatz is confirmed
rather than semiclassical calculations.

@ In the two-particle sector the finite-size (1/J) corrections to
magnon interaction energies on the string side and on the

{I'J

ethe-Ansatz side agree up to the 4! degree in \' = &

et
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@ The one-loop correction to the single-magnon dispersion
law is finite (and exponentially small in J), supporting the
evidence for a, = 0 rather than for a;, = —2=. Thus the
Gromov-Vieira asymptotic Bethe Ansatz is confirmed
rather than semiclassical calculations.

@ In the two-particle sector the finite-size (1/J) corrections to
magnon interaction energies on the string side and on the
Bethe-Ansatz side agree up to the 4th degree in \' = ;

Thus we conjecture that the asymptotic all-loop

Gromov-Vieira Bethe Ansatz agrees with strings in all

orders in \' at strong coupling.
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String Hamiltonian in the Penrose Limit

The plane-wave fermionic Hamiltoman is
where the conjugate momenta are = —= = =(2P_ +P_yw andp. =P
he quartic purely ferrmionic Hamltonian 1s
The mixed cubsc Hamuitoman is
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The mixed quartic Hamiltonian

——ug Y Se(3B, g + B _ X)) + —(B.saPu i + BossXi ¥ + B 7Py + B ey
S 4 : .
4 8 3 B
S % miff b B X -, N\ s (Dip X X =N D;: X X p;)Ba

3 3
——3% « (B _; — B DiPx — X X -(B_; — B g X~ — X py
4 —— —
ey

N (pip i g S (X 'pl - X"HE — S (pip ' x'\¢
. o 4C
F— S (X" g — pX) - — N (g + X' X)X - — N (X' + p XX
-ll_-:.— -l._-: ﬁ.' lt_‘ —I

E
E
|
o
s
|
L,
-
|
A
ol
-
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Technical gamma-matrix stuff

The oHowInNg comDiINanons of gamma-mainces Nave oeen inroguceq or Drevity

g — L B = — Ol
= 2D 25 DE = 20C =
- W 2PT a1oal a = 44T 2PTg10aln
— 3p 3 23 B - 30 3 J1231
- = = = 0~ o £ i s s 0~ .
abhe =t abre = o = ahe-ad 2w e a

T
IL_I
0
1
1
J
|
]
=
1
f

-

i

1
1

1

]

1
=
-

’) et . E
4 -
= 3 D L T rYr.o = .. i, n , ~“r.g
“a ; g 2 “ab i = -
The protector P is defined as
3 =l
D 2
4
NN
= 123 i1\ Y49  "S58 B 678~ ' 49 & i -
g o = = =, - T s - = |y = = = =
Here we assume that ¢ cbeys PP — ¢ ne profeciors -~ dare defined as
- T 1588 T ' 4958 - — ' 56/8 - 3
- " _ . - = . - |
and the reiation among F and | S
_— — — = = o - =
s T ! 5878 - U 4088 = S567H L 3
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String calculation: Dispersion Laws

Bosons
For the heavy bosonic states
E:r:-&w bason Q. n N ( 1_
CHEQ'; ‘T" Q_'
Fermions
For light states
E_-,'gﬂf Eerrmon ! .I'T: T‘ 1 -
! - 2cR%, <=\ Q-
For heavy states
Ené&w ferrmon O 4 n° \_“ '

V|

[ 1
cA2Q, L=\ Q

In the strong-coupling limit A( \) has an expansion

h{'\} \éi~

"= f1¥51% our dispersion laws we can see that a, — 0

L
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Mixing Matrix for Two-Magnon Sector from Strings

There are 24 states. 8 boson-boson and 16 fermion-fermion that are tree-level degenerate and could mix in the
NLO. We have checked by the expliat calculation of the moang matrix which s depicted here

that there are no mixings. however. different states acquire different energy carmections in the - order and thus
show the energy shiits for the whaoile sinng spectrum in terms of power

degeneracy is partally ifted. Here
SXpansion

) 22 43 A as Multiplicity
1 12| 96 768 | 6144 | 2
S 4 | 32 256 | 2048 10
1] 4 32| 256 @ —2048 10
2 12  -96 768 | 6144 )
Let us proceed to Bethe Ansatz now o
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Mixing Matrix from Bethe Ansatz

Boson-boson spectrum from Bethe Ansatz. £inite-size

3

. - - & - 0 & oJ = - - = 8
. . . 1 3 T —An - \ 32 = y +256n" =" \
2 1 A - i 6 i ~ 8 _f 3
2 0 1 1 -4 = ~32m " [ A - 296m " ( A
s - 5 ¥ 2 P v _4 = = ; o 4 - - <) +
1 -2 =2\ 120t =% (A —96n° =5 (\ -768n° =% (A
= = §_4 2 5_& = 3_3 3
2 0 1 ! 1 — " A —4n" T \ -32n" = \ 2560 x (A

Fermon-ferrmon spectrum from Bethe Ansatz

L
4
i)
ey
M

~ 4 L B 3 .- 4

1 1 2 2 0 —4n" T ~32m° =" )\ — 256" =" A
- - 4 _4 = - H 5 s

2 0 2 2 a | maeN —12n" x* < ~-96m o )\ — 768 =2 )\
= k) a2 L | = " ~ i SR 4+ 4

¥ ] 2 # : -3 T - | "= _dzﬂ.._- \ . L o5 i ¥
: — . — .
2 0 2 1 a —4m* e A\'C ~32r8 =% (A —256n° x2 0"
T 1 A ] =] fiu 1 - - 1

1 I ) | —mfrt ~4n” =4 \'= -32n° 7° A" 2561 = A
: 4 4 P e ' — =) 4

2 0 2 1 0 4n’ = -32n° =° (A - 256n° =

& 4 - = ~ A — & o T o 3 "-"",..-.n:_.'_l" =]

| 2 J 0 = L A -1 ! — 32 \ — 200 y
. o 4 4 . = ~ p—— - = i

2 0 2 y g —4n \'< ~32n° =° (A -256n° =° )
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Comparison of the Two-Magnon Sector

Finite-size carrection is given as -SETes:
Soson-bDoson Spectruim comparnsaon
Expansion coefficient Muitiplicity Carresponding BA states

3+ 3 dry dy 3= Ky s M Ko K,

0 -4 32 - 256 2048 2 2 0 ! ! [

1 4 32 256 2048 4 2 ¢ 1 ! "hranch 2

branch 1
2 12 36 768 5144 2 ‘ ! ! ' __ 'oranch 2
Expansion coefficient Muitiphcity Corresponding BA states

3 3 3 3y S Ky K K4 K> L@

1 —12 36 76 6144 | 2 12 4 2 2 0

0 4 32 256 2048 8 1 1 2 2 )
5= J - ! Joranch 1
3 & ~ L ™
& LJ il Ay L]
g 1_ = - “branch 2
= - - L -

1 - 32 256 204 6 1 1 2 1 Ohranch 1
! ' = “branch 2
- - - & '1
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Conclusion

Was it what we have expected?
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Conclusion

Was it what we have expected?
— Jein!

@ Yes, given that we believe in the “all-loopness” of the
Gromov—Vieira Bethe Ansatz
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Conclusion

Was it what we have expected?
— Jein!
@ Yes, given that we believe in the “all-loopness” of the
Gromov—Vieira Bethe Ansatz

@ Not necessarily, since we know e.g. about three-loop
discrepancies at weak coupling; problems with wrappings
etc..
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Conclusion

Was it what we have expected?
— Jein!

@ Yes, given that we believe in the “all-loopness” of the
Gromov—Vieira Bethe Ansatz

@ Not necessarily, since we know e.g. about three-loop
discrepancies at weak coupling; problems with wrappings
elc..

Thus a nontrivial test of the Gromov—Vieira Bethe Ansatz has
been performed in the one- and two-magnon sectors by
comparison with exact string perturbation theory at strong
coupling.
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