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Motivation

 Desire: transform the TBA of AdS/CFT into a finite
component NLIE Kazakov et al. ’11

Why?
TBA has disadvantageous properties
o Infinite components

« Due to discontinuities —> non-local
,Non-local” infinitely many unknowns are joined by the eqs.

Balog,Hegedis,

« Numerics: time consuming & hard to reach high precision

4lvw :

NLIE formulation:
- Higher numerical precision
- Less computational time
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Concept of deriving-an

the SU(2) case

 The SU(2) type cases: Kliimper, Pearce '91, Destri de Vega ‘92, Gromov,
J. Suzuki ’98 Dunning 03, Heged(is '04, Kazakov,

0(4) o-model Balog, Hegedlis '09, R. Suzuki’11 etc. Vieira ‘08
0(3) o-model 1-dimensional chain like TBA

SG at 5 — 877 1 massive node

TBA equations:

InY, =—0,0mL coshu+[In(1+Y, 1)+In(l+Y,1) *s s(u) ~ e
Y-system: A. B. Zamolodchikov ‘91

YIY =(1+Y_)(1+Y) fHu)=flutiz)

Diagramatic represenataion: O(4) o-model
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The SU(2) NLIE

T-system: discrete Hirota equations
TrT, =0 ol 4Ty Ty ) = fluz ikl

. . . Krichever, Lipan,
Solving T-system via Backlund transtormations: .o ann. ERNET »
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TQ-relations:

T QY = 10 QM = ol Qo2

T. Q[—S—Q} — T Q[—S} — _pl Q[S}



The SU(2) NLTE

All quantities are built from the elementary blocks:

TBA Y — Ts—l TS-l—l 1 4 YV — Tg—|— Tg,—
ST Pl pls) T D ol
NLIE: ,  QF™T; QN T B
= O—+—2 ol == By =140,

Functional equations:

TBA —> NLIE:

-~ O—O0—O—@—0O—0—0—0—0O—
*

Y, =In(1+Y,_ 1)*8+1n(1+YS+1)
|
B B
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The SU(2) NLIE

Equations for b, :

Definition of b,

~ NLIE

Analyticity propertiesof 7, ,d,p () ,Q _

Inb, =InBy*...+InB,x...+1In(l+Y,)*

Important point:

Local formulation of the TBA equations!
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The AAS/CFT case

[~ 4lvw : L 4lvw
S .5 S Y-system: GKV-og
3lvw 3lvw
SU(4) =8 — v+ y- — (1 + Y;:,s—l) (1 + Y;z,s—l—l)
2lvw ! 2lvw S TS (1—|—1/Y 1 )(1—|—1/Y 1 )
@_3._@ : a—1,s a+1,s
+(L) - 1|VWE\ lﬁllvw +(R) 1€
+ + ~ £ Q
‘L ; = 2. = ; J' . YQ €
- =
35??% jﬂi@ 1w —%) 1. —\({z) Iw j@\@fi 3w Bombardelli, Fioravanti, Tateo ‘09
— — Gromov, Kazakov, Kozak, Vieira ‘09
SU(2) SU(2) Arutyunov, Frolov ‘09
TBA eqs: InYs =54+ KapxIn(l+Yp)

We need quasi-local TBA equations so that the SU(2) and SU(4) parts could be
transformed into NLIE

Quasi-locality: TBA eqs. generate only few neighbour interactions

SU(2) part: NLIE V R. Suzuki ‘11
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The SU(4) case

- Ty T
T-system: 7.7, = Tut1s Ta_178+Ta,S+1 Thon y, . = Losti Tos

Ta—l—l,s Ta—l,s

Solution via Backlund transformations: Krichever, Lipan, Wiegmann,
Zabrodin ‘96

Q(4) Q(?’)
Possible construction of an NLIE:

Build some b( functions from Ts and Qs
Functional relations: "BosBas=1+Yu1s"  Bas=1+0bg,

Definition + analyticity information:

bys = Bygx..+In(l+Y,,)*



The quasi-local formulation of the TBA for

AdS/CFT
Extremalization of the mirror free energy /La
4lvw : : 4lvw
! S ¢ &
5
Canonical form (completely non-local) 3ivw 3lvw
(completely )™ e—o—a
Kernel identities l ) 4
A N CZD — 2lvw
. o (o . = =/
Simplified form (partially local) livw 3 |
+(L) YW +(R)
. . = =
Kernel identities | + local equations T g T

Hybrid form Ars‘oo -—-@—@—& 10— @ O & &
1 -®

3w 2lw 1w 1w 2lw

Kernel identities l + local equations

Quasi-local form
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From Canonical to Simplified TBA

Demonstration:
1 — 1
Y@ o (14— ) e K — I — / > e s K,
n mlw n + Y(a) * m’.m 1l 1 — 1 m, mn
m!|w Y_(a
Kernel identities:
Z (1 + K)n m x Kfm, =S 671,1 (]_ —+ K)T_Lflm, — 571‘7% — S In,m
m ' ’ '
g 1
In,m — 5%—1,7)’1 + 5n—l—1,7n s(u) = 4 cosh 294

Simplified equation:

n|w

1 — ()
IHYTE‘(B:IH (1‘|‘Y( )) S'Im,n_lnl YJZ *8'671,1
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Simplified TBA

| a
4lvw ' L |4lvw
==\ /L
= X @
5
3lvw 3lvw
A v\ A
=& X =
4
2lvw = A = 2Nvw
S= VY
1lvw 3 Z 1vw ®)
L +
+HL) @ =
S=aaVY) ?
2 ‘ S
O g pusmng A L A R 4 4 o
3w 2w Llw L R e 2w 3w

Y(“ >
Z 1 —+ YQ * KQy
_ Q=1

InY, =—L& + Zln (1+Yo)*...+ Z In (1 + = ) o+ (VY terms)
Y (0%
Q m,o

mlow
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Simplified -> Hybrid TBA

Transformation of sums: Arutyunov, Frolov, R. Suzuki ‘09
Z In (1 + @ ) * i — Zln(l + Yo ) *
m|vw Q

Kernel identity:

}Cm — S % (}Cm—l + }Cm_|_1) — 5}Cm 5}Cm’\" 0

Notations:

Lo =In(1+Yp) Lo =1 (14 YViojow)

NAo=In[1+ ! A =In(1+ !
Q — YQ mlvw — 111 Ym‘vw

In YQ LQ AQ In Ym‘@w — Lm\@w — Am\vw



Simplified -> Hybr1! |!g |

Local egs.
Afm\'vw — Lfm\'vw — (Lfm—l\'vw + Lfm—l—l\’vw) * S L‘m—l—l *x S5 — f2 ' 5772,,1

1-Y
f :lﬂ( ) * 8 / ---*}Cm
2 1=Y Zn

Finally we get:
Z Am\vw *x Ky = Z Lm\’vw * 5}Cm -+ Z Lm—l—l x5 * Ky, — f2 *x Ky

m=1 ‘mzl ] m=1
|
local

Hybrid form: Z Ao * v — Z Lg*...
e Q




Quasi-local formutation
Elimination of the terms: Z Lg* ...
Q

Starting point: local equations:
LQ :AQ — S % (AQ—l +AQ+1)—|—2AQ—1\vw * S Q :2,3,...

We get: /; *]CQ

ZLQ*]CQ =92 Z Apnjow * 5 * ]Cm+1+z Ao x 0o+ N x5 x K1 —Ap % 5 %Ky
Q=2 m=1 |©¥=2 ]

lgcal

Repeat the process:
Am\vw — Lfm,\'vw — (Lfm,—l\'uw - Lfm—l—l\'vw) * 5+ Lm—|—1 xS — f2 ' 5fm,,1

Z Appjpux $ % K1 = Z Lmvw*s*élCmH—l—z Lox s x5 x Ko+ Lijpux s % 5% Kq— fax 5% Ky
m=1 \m=1 ] Q=2

local



Quasi-local formulation
After elimination:

ZLQ*)CQ = ZLQ*S*S*}CQ + (local terms)
Q=2 Q=2

Linear integral equation for ) Lo *Kq?

Q=2
S* S totheright?  s+Kq+#Kg+s ggz
S * S to the left? f Lo(u)Ko(u, v) = Lo * Ko(v) @

—

Possible solution:
Lo(u) — Lo(u,v) = Lo(u —v)

Extend convolution: N
(F1 &) Fy)(u,v) = / dw Fy(u, w) Fy(w,v)



Quasi-local formulation
Property: if Fi(u,v) = Fi(u—v) and F2(u.v) = Fy(u—v) then:
(F1 @ F2)(u.v) = (F1 » F2)(u —v) = (Fa » F1)(u —v) = (F2 @) F1)(u, v)
The modification of the result:

ZLQ B Ko = ZLQ s ®) s ® Ko+ (local terms)
Q=2 Q=2

s &) s can be lifted to the left:
ZLQ DKo =5%s& ZLQ ® Ko + (local terms)
Q=2 =

Linear integral equation for Q(u,v) = (Lo ® Kg)(u, v)
Q=2

Explicitly solvable in Fourier space!



Quasi-local formulation

So we determined: (. v) — Z f Lo(u — o) Koo, v)
Q=2_"_
We need:
Z/ Lo(u') Kg(u',v) % Q(0,v) = Z/ Lo(—u') Ko(u',v)
Q=2"_ Q=2"_

Correction: start from local TBA of Ympw(—u) and Yo(—u)

So can determine:

Q(u,v) = Z / ﬁqu —u')Kg(v',v) with Lo(u) = Lo(—u)

Q=2 _"

>0

Q0,v) =)
@

2

f Lo(u') Kq(u',v)




Quasi-local formulation

Final result:

(

>0 1 — Yl
Z Lo+ Kg = LinearFunc < Ay, Ao, In ( ) Lﬁ‘i}w}

(o)
5 \ -V,
| a |
4lvw | A ﬁ Alvw
Sy —
5
3lvw 3lvw
—\ = |-
=@ =
2l )
VW | | 2lvw
\ —
1lvw 3 [vw
+L) = = R
@ = 0 =
2 | S
b A, ,F%; . . ‘ h A, AHh.
W 2w 1w B SR T 3w



Conclusions and workK1nprogress

« We liberated the TBA eqs. of AdS/CFT from all highly non-local
expressions and formulated them in a quasi-local form

- Advantages of this new formulation:
« Good starting point for an NLIE formulation

« Simplifies TBA equations & expressions for the physical
quantities like the energy.

- Work in progress:

» Understanding analyticity properties of T’s at all levels of
nesting

 Creating appropriate NLIE variables
e Set up an NLIE



