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ects of string theory (1)

tivistic theory for 1-dim. Object
al invariance

consistent superstring theories in 10-dim.

cetime with YM gauge symmetry based on
s of Lie algebras SO(32) & Eg X Ej

| ompactiﬁcation of extra dimension
- CY;3 for low energy N=1 SUSY



J1d as yects of string theory (2)

iIc & unique compactification which
n particle physics results and
2na like supersymmetry etc.

unsuccessful
mbers of false vacua ~10°99
1pe, anthropic principle?

In old approach quantum gauge field theories for
nature are included in String theory.



AdS/CFT (1)

ity between string and gauge theory
e supergravity background

ar horizon limit of multiple

s can be mapped to the conformal gauge field
efined in lower dimensional spacetime.

aphic principle

In AdS/CFT, specific string configurations on AdS
‘backgrounds have corresponding dual descriptions
as composite operators in CFT.



S

AdS/CFT (2)

conjecture

N=4 SYM in 4D

~ coupling constant A = gy, *N

number of colors N

En 4 N)} = {Dn (A, N)j

\ ﬁ_R_zl__gS

“planar diagram”



dS/CFT (3)

T is not included in but equivalent

lual, perturbative regime of gauge (string) theory.

= What idea was helpful for us?



~and Integrability

AdS/CFT, integrable structures

erpolation method for integrability ->
Bethe ansatz equati

-system

- Integrable aspects of String theory”



SIiNng non-linear sigma model

m Type IIB superstring on AdSs x S>

S = Qi f d°¢ [V=99"" G (2) 02" Oy + (v/=gg""6"" — €s")0" pa Dy + O(6")]

B Super-isometry group : PSU(2,2|4) D SO(4,2) x SO(6)
= Difficult to quantize strings in curved background
= One way to circumvent

- Penrose limit and its curvature correction

 2drtdr +d2’ +dy’ — (2% +07) (dzT)? +

2 (2% — o) dr~da™ + 22d2* — Py — (2* —o?) (dah)?]
+O(1/RY) .




Reduced model (1)

= 5+3 Cartan generators of SO(4,2) X SO(6)

{1'.5?_“_4&55] — dp® — cosh® pdt® + sinh? p (:d";-'g + cos?y dgﬁf + sin® dqi:ﬁ) ;

‘15?55} = dip* + cos® ¥ dp3 + sin® ¥ (:dﬁ'g + cos® 0 dp? + sin® dgﬁ) :

B Rotating string ansatz

&i(1,0) =71 (0) exp{ivi(T,0)} =ri(0) exp {i [wiT + a; (0)]} ,
N (7,0) = 8y (o) exp {id, (T, 0) ) exp {i [w,T + G (0)]} ,
ri(o+2m)=r;i (o), 0 ('cr + ‘2?r} = (0)+2mm; (my; € Z)

sr(0+2m)=s,(0), fGr(o+ 2?r} Br(0)+ 21k, (ko=0; k1o €Z) .




Reduced model (2)

able system - particle on sphere with the

/2.2, 9 —2
Yoilweri+vir, ”)

r
E—

¥ . Vsl
N .1;.'1! p "‘-". a_ge . T J
(.‘r.i-_rj +wirr; + _) ?

.'r'!-.!: T‘ ?_

0 = 5" wyuy + 69 wjv; .
- if we confine to sphere part, then the 15t equation
becomes a SG equation.



Reduced model (3)

ry on R X S* in static gauge could be
reduced to SG model from so called Polmeyer

—

O0,0%E —I—fD'm, dUERNE

= For .example, SG kink mmms) Giant magnon
@ O(4) model ‘ complex SG model




lassical Integrability (1)

= Coset construction of string action : SU(2) sector

Som = _L'l /M de / dr [l Trjj + 1:'rfiﬂ_.}fu']zj|
i Jq ! 2 ' ’

lI'j-l—_'.-lF— - a—j+ + [j'l-*}—] =0,

- 1, o
Jo=9 Uag 8,8_Xp=0,
dyj_ +0_jy =0,
B Rescaled currents are flat too.

B Monodromyv & Transfer matrix
~ D

(zx) = Pexp (— /m da J, ) = Pexp ::E;:r% ( J+
. Jo y i

J0 F \ r — 1

trQ(z) = 2cos plz),

= Local charges can be obtained from quasi-momentum.
= Resolvent and integral equation [l aN.L

x—1 x+1

G(x+i0) + G(x — i0) = 2{ dy L) _ 37 “1 +2mn,.
X—y X —




Ck

-~

sical Integrability (2)

ation of full coset construction

on semisymmetric superspace are
symmetry.

nown example
al algebraic curve
1se the integrability
poles in Monodromy
- 8 Riemann surfaces with poles and cuts
~ - Can read analytic properties
- Efficient way to obtain charges and leading
quantum effects




lassical Integrability (3)

= MT superstring action

2 2 2 3 2 2
1 = wug+us +uy+uy +uy +uj,

2,.2_,2 2 2 9
1 = Vg + V5 — Uy — V3 — Uy — V.




lassical Integrability (4)

ion -> path independ. -> Monodromy

= Analogy of Mode numbers and Fourier mode
amplitudes in flat space



slassical Integrability (5)

Fermions s
AdSy

XX

Fermions :

[0\
P2
p3
P4

—Ji+ Jo+ Js
\ S~ —Js

—poi(l/x) — 2mm

—pas(l/x) + 2mm

—po1.a3(l/x)




Glassical Integrability (6
= Scaling limit of all-loop BAES

Ky +71

Uk — U — 57
2 .
[ =——1I
Ugp — Us ; + 1
=1k 2k T U2y TR G
Ka Ky +M

i
H uz g — U2; + M L3k — Ty
_ L i I | _ T
i=1 Ug p — U j 5Th =1 L3k — Ly

L K _
— 4 +m M 2 + .-
Lok Lo — Taj I—g 1’21‘4,&34,3 9

+ —m T _ 42/9-7 T
Lok T —r Pl = g7 20

i 1= 922714y ]

K s
ﬁ Uk — U + 57 H 1 — g* /21 p2y ]
i=1

K

Kaq i K i
U — u3j + M H Ugp — U+ 3

i
Ugp — Usj — 35T Ug g — U5 —

J=1

j=1
» ﬁ 1 —¢*/2z, ;' a1, ﬁ T35 — Ty ﬁ T5j = Ty
ﬁ us gk — Ugj + %Tﬂ ﬁ Tsk — x:jg
o1 Usk — Usg — 37 ion ok — Ty

ﬁ Ugk — Ugj — 17 % Ug g — Uz + %m ﬁ ugk — urj + L

Ug ke — Ugj + 112 i1 Uek — Usj — L T Ug g — U — 5

ﬁ Uy g — Ugj + %’-‘?ﬂ ﬁ 1— gQ;’ZxT,kfo
j=1

] — 1
Urk — UG — 5 1 — gﬂjzx',j%}?

J=1j#k

i=1




Examples : Circular strings (1)

= Circular string solution

’ L * A q-' .y 3
- . i(wsT+m . 2w .
Uo + 12U =/ — € W v =4 — EI{-WET‘H?’JJ :
L Il _L_EITE 4
; /2 i(waT+mao) - Si i(wiT+ki0)
Ug + Uy = [ — € ° T, U4 Uy = e !y
E |‘4 "."I'i‘l'l"l

[
. L
Vg + 15 = [ — €T,
A

7i

i=1

2 ..-)Ag '
xwﬁ_r +k‘, K _Zéj +Z 7u3+m .
i=1

W — wy

2 2 2
w; =v-+m;




ExXamples : Circular strings (1)

B Quasi-momenta

g ~ R TR oz +a(z) — mgcosf
_a"’;(l/ I‘) ~ b"' ) —C ( 1/ I‘) A . my — wix + (my — wer) cos b + x cos 2y(—w; + myx + (wy — myx) cosb)
by a.(z) d(1/x) e

. - 2 —1
— E‘( 1 / :1?') d( 1 / '.'1?') a_ (1) (mg F mg) cosysin @
(Z[ x) c(x) b a (1/x L (g + ma)z? — (mg — m3) — 2wy
B il : h 2 —1
—my + wiz + (my — we x) cosd

2 —1

sin -y sin ¢
sin 2

27k — ky (22 — 1) cosf
|

(kacoshp F kq)sin

ky (22 +1) — 2waz |
———————sin¥sinhp

i —1

ki (2?4 1) — 2wy
2 —1

+ cosh p + ko cos )

cos 1 sinh p

o= B 2Tk x +—==K(1/x)

2= P34 = 5 "2 1

| | .- | += h_(:.i::] —m
_Egr—_l}—i (LI') —l_ T

— 2 K(1/x)




(siant magnon solutions

= Giant magnon solutions

- dual to fundamental
excitation of spin-chain
- Dispersion relation

. - r— XT
T ma = —1 Clg =
magnon r— X—



PUantum effects from Al. curve (1)

B Ouasi-momenta make multi-sheet algebraic curve.
& Giant-magnon -> logarithmic cut solution in

complex plane v— X+
Gma.gncm = —1 I'Dg ( Y_)
T — =«

= Deforming quasi-momenta - Finite-size effects

- Classical effects : Resolvent deformation

- Quantum effects :

Gﬁnite = —21 IDg (

Adding poles to original curve




PUantum effects from Al. curve (2)

= Fluctuations of quasi-momenta

eigenmodes ‘ notation

m Circular strin
Circular string Vol i Lo T r

S :
e O] i

Fermions ‘ VI2+n2

AdS; | VTP +m?




Poantum effects from Al. curve (3)

= One-loop energy shifts

7+4sinp —4cosp+sin §

167 (sin§ —1)

= From exact dispersion,
we know one-loop effects

are finite-size piece.



e

ay -
6 pa(r) = 5 —

+ s, pnll'tj

T 1’1—1"'
+ilog (

ﬁ) + &1 5 ['1}

r_ X+
1log
o (kl — X~

2 — 1

— kT
o ) + f,:n p4{11

b7 =p/2+7RQ: < —p/2 —7h0Q;
¢3 =p/2+ 7B(2L — 3Q); ;-'f'r —p/2 — w3(2L — 3Q)

m Curves with extra phases

B Quantum finite size effects from al.curve matched
well with those using Luscher’s method.



HWASsUperstring on AdS, x CP,

= Algebraic curve of AdS4 x CP3 Superstring

T . AR o rah o o yah
0 + 1!I'—"m “—” - f'_:'u (_) + (—"-u “—” - r—"-u _) + {—'lr EI} - {—"r EDJ + {;r ( _)
1 £ T, T

0 R & O
—qr = — 7 +Gulz)+ Gy (x) —Grlz)+ G (0) — G, (;)

—qgs = Gy (z) — Gy (0) + Gy (E) —Gylz)+ Gy (0) — Gy ( — .

= 10 Riemann sheets
m CP3 structure -> multi-resolvents -> Various GMs



Wpen strings - Y=0 brane (1)

= Open string boundary conditions

dsks = dXdX +dYdY +dZdZ, with |[X[*+|Y]*+|Z)* =1

Dirichlet : Y |,—0r =0

Neumann : 0,X|,20,-=0, 0,Z|,20-=0

= Difficult to directly construct Monodromy
= Scaling limit of all-loop Bethe equations

N +1

1
e 2P T So(pspe) Ry (py)  [] Solpr, —pj) R (—ps) T Solps.pr) =1
k=j—1 k=1:k+£j :




Wpen strings - Y=0 brane (2)

B Quasi-momentum can be constructed and
compared with Y-system result by L. Palla.



PPEn strings - Y=0 brane (3)

ontour technique

= Strong coupling effects




Discussions

ctures in string theory

ced models, we can fully use
aic curve.

imit of BAEs and Y-system
computation of quantum effects
curves in other models
\gldS;,, S4, AdS3, AdS,
- Beta-deformed theory, Open string theory
0 Final destination : Quantum algebraic curve (?)
- Today, in 1305:1939, P-system (?)



