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• dimensional 'reduction of N=1 D= to $4M
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Gauge field : Amy = ( Ape > Ei) i=1 . . . 6
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• Sib = 8016^7/8015) → all symmetries Arabized geometrically
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Kilda keeps:
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Two expansions of the same function
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• one gluon loop pea two Planck units of area
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Circular Wilson loops

w(c) = ?I±(Fit
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- Harmonic sums :
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-to - loop quantities in planar N=4 SYM

haveuwi.fenmtnauseedentat.it#VEx-a-Anomalous dimension of twist- z operators

On = ta 2- D+M2

= 14+2*2%2 - ¥r⇔-*($> 1-8-33 -2$-22,1+281%-128^-8-a) + ⇔ .

E#④ Cusp anomalous dimension :

w) ≈ (&/
"
☒"P
"

p⇔p(*a) Et -4*1×70 them : ☒E-
*•

ftxllnmi

flat - Fitz - ¥É×¥-sÉ÷→^¥¥ - ¥gñ(:%÷ +43Gt) -1 " .

tsauscedeutalitg 1*7=1 &



Ex (3) Basso - Dixon and ladder integrals .

• Emmeeige in the fishnet limit of Wee Sem
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Konishi operator :
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symmetry €72
factor ↓↓

= 6×2872 ✗ (s÷x.ro/2--j?*?-%ea-*za
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counting
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• these diagrams leg - diverge :
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< KGE / K'6) 7=-1%77*-11, - ¥¥Ta know?)
• need multiplicative renormalization :

kite = 2K'

manifestations
a-- e- + :# e. ± |y!!!!!

•a log - dependence on ⇒ .
Outta dies conformal invariance, aeration to soaking

hence ¥, (t - illusion?) has to be regarded as j.gg#-+*-j I.
expanded in * = ?&¥-p
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Heeter mixing .

Generic sealant osepaton :
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• meanest - neighbor " interactions
"
: ¥ is Hai - suppressed
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⑤I .= 2:p. OP

Dilatation operator (mixing matrix) : D= 2-
" Tifa + L .

D. 4-
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- D is the ktaniltonian of an 80167 spin drain

- rfi' " ' i6↳ is the spin - drain wavefunction

* € # / µ

¥
translational inv. trite cyclicitg
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H= ¥:(2- 2P-e.am + K'ein )

D= ✗ It =
U
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Konishi operator : K = Sitta €:$;

☒pin chain of length 2 :
the
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☒
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The eigenvalue :

8=7%-2.22. . (2-2+6) = 31¥
At 1$
P ¥ Anomalous dim

, of Konishi op.



Petard operators

H = (2- 2Pa
,
*,
+ K'

e. en )
1--1

Ground state:

1-1107=0

(e--P) 107=0 & K 107=0
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Explicit parameterization:
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y→ - complex 6- oectax with y→! e
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Mixing matrix :

D= L + ¥EÉʰ- ☒e. e-a) =L. + a¥¥É:(1- E.E.)

Heisenberg Hamiltonian ?



- How to include other operations?

L=taFµ? ,
?⃝= ta -10-4

,
d=taDµ$Du$, . . .

- At higher loops ✗augie of interaction grows :

He
,
l-11,1*2

--

¥¥ .

Also
, operators of different length start to mix :

ta (aaFÑ + as
,
III. $; -15 ; + a%EiIj$iI; + a ,=ÑP

"
I:X)

1--2 L= It 4=4 1=333

- Mixing matrix by itself is not an invariant object .
We are interested in the Eigenvalues

( and in principle eigenfunctions) .
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H=É:(1- P-e.eu)
1=1

'The goeexnd state : AP↑↑↑A↑↑↑↑↑↑↑↑↑↑ ~ ten ☒
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2- =# + i#

1- - Magnon state :

↑↑↑↑↓↑AM↑↑↑↑↑↑AT
•→

pipe
HIP≥ = ECP Ip) Elp)=4sin2-

2- magnon state:

↑A↑↑↓↑t↑↑↑↑↑b↑↑↑↑↑'t

•→ ←⑧

Pe P2

.

•

/ p, p, ≥
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U
,
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Ulp)=Éctg¥



Bethe Aus±
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Bethe equations :

tipi" ¥, Stipj > Pre)
= A- ( periodicity of wavefunction)

F- = Elp;)

- Only wonks in integrable models



Etat seedier of thieving m•d•Il.

H = ¥:( t-P-e.eu)

Bethe Ansatz equations ,

÷÷÷÷=¥.:÷T÷
F- = ¥ ,uj*÷ / =L * FEE/

e
"#
= Tj ÷¥_ / E - o Ctnaie eyeHeitor
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IEEE casemate dimensionExample :

{ u
,
- in } ~> total momentum is zero

and 4=4

u - l-a) + i

a- (*) - n
.

⇒ (u*ÉF=(m- É/
3

⇒ ☒ = ¥2
.I ::÷⇒: ----

• = :-# - ±÷¥=÷é
42

F-
agrees w. explicit calculation fees K' = ta Ii Ii

But we are dealing with Q
,

= ta { A
,
W }2

Siupersymmetsyn :

=(QaQÑ .
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Nested Bethe ☒nsw_tz
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$067 spin dliain :

H = (1- Be,e+, + ¥ Keita )
1=1

Three sets of ☒apidities :

change flaws
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to;} 44.7 4W;}

momenta
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Wai + I¥)t÷'¥⇔÷÷::÷÷÷÷:(-1
2 -1 G

JU = {-1 2 -

g- ?⃝ Cartan matrix of 80167

or -1

9 =/ ) Dynkin labels of the spin riepxieseutation

☒-8--0
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Global symmetry of N=G $4M : É(w=4 super conformal algebra )
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Suk
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can't. R- symra.

a---0×-0-0*-0-☒ o

f: : - a 7
- 1 2 -1

M =

µ
-1 2 -1

-12¥ ÷ !
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Fermionic duality
MIN me

to;?
-0--0×-7 - -

l
b Change of variables in the Bethe equations

1%
-☒- - - -☒-☒---

comespond to different Landings of psuk.GG) :

O- - -
-

--0×-0--0-0-☒- - - - - - -⊖

I
r ↓

☒-☒- - --
- - --0×-0-80- - ☒--☒

I
w

↓
☒- -- -D--n --80-0-08. - -

- - -- -0- ----④ distinguished grading

( can be generalized to higher loops)
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Kinematics :

$ - matrix :
E=E(p7

e. g. 80167

He
8,9--9/4+ at + e. K)

""

ij

↑ ↑
-1

dressing phase
/

fixed by Yang - Banter
equation( fixed by *nitanitg an☒ crossing)



Integrability teEEEp In Ad$kPFhn-
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Tatu dies Ñati

ept-ff-I-zs.in#P--?Fi*i-..a-su
☆

1- + ¥2 s.in#z + . . . ¥-1,2T
(Heisenberg model) (xelativistie mode on the string world sheet)

↳*to
• planar perturbation theory has finite

*#☆¥-→ """° * •"""☒""° *⇒

-11-2
• →→ scaling limit ?

Ads → ds /Polyakov/
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biplane E-place
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↑

↑•
-7¥

,
7¥. _¥--•→" shoat" aunt told
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1. ←☆1←__*←**

1
"

long
"

cut



Dniester selfie teem EhEkwEioaniabI

f±(u)=f(u±É)

÷E÷:÷E÷7
Weak coupling :

so ≈ 4¥F it + ". ( quantum deformation of rapidity)

string coupling :

It + E- Usta
.

fÉ%+
.
)= f- Ma. ± it) -h= 7¥



Escutia Betke equations

sulk) sector : deformation of Heisenberg model

ffjI-g.io/b--TQzr=sGej,ae#-----i----Uj-iiu?⃝K¥j

-µ_→
daesang. (Boise.at - Eden - Standautres) phase :

↳±, (*,g) = →
" ✗Get y

-) - i ✗(a- iyi
-I - i ✗Get,y+) + i ✗Car, y+)

1- fee Efz+ ¥ - w - ¥7)
✗trip = -if ÷ 89¥; ÷. .u.w-lu-I-h.ttlwki 1- ( 1- i¥¥f☒ + ¥ - w - ¥))

• minimal solution of the crossing equation



Keep pining connecting
operator of length L :

ten Eia ' "
#
in

¥.⇐E
a-

¥*⇔± ÉI'¥↑É *
1- - deep 2- loops 3- deeps (L-17 - loops

• At ☒ ( ni ) - the wrapping and - tile orange elf interactions
- e-

becomes bigger than the length of the spin drain

Ii

Bethe Ansatz Breaks down.

: How to Hankie wrapping corrections into account exactly?



QQ - equation. : Heisenberg m*del-rm -~ ~

Bethe equations :

= ITE!
Aj - iz k≠j Uj - Un - ri

Baxters polynomial : and its denial :

0*61=1%7.lu- u;) iIax=ÉiT↳ - %)
jet

QQ - equation :

ñÉi-aiuT
F-

L -A- egs . fat 1--1 einknewuus

• determines both Q and £

BAES ⇔ QQ - egs.
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f-
a
,

"

9=-1,4

①
j > Q

"
j=a . . .4

'↑ ↑
I

_←m#→→Es N-**←•

"¥.
"¥.&

• QQ - Allatoona

• conditions on analytic continuation }} des "be th" non- peat'Ubative spectrum

of Ad's/CFP
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Bciseat 's $ - matrix.

Asymptotic Bethe Awsat#
$ - matrix

- title m.o.dy.uami.es : T.BA As C-

• t.pt. functions : 401067107

• Juoae generally : foamfactors
Hexagon foam- factors

{ Psd . - - Pu 1067107

*. ..⇔, .µµ⇔. .⇔,/
Integrable D- branes

states :

✗pain pullBY

1-



Éaʰien functions

Foam - factor expansion :

41064 6767 = ¥1 f.FI?GE-ecpri--.- →
"""""+ "" '* Ketola . . _ put-12

④
Hexagon expansion in Ads/CFP



Incipient tactics end keeps
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Hexagon foam - factor :

TI
¥o•_%••?⃝

= < Papa mpn / bit

Pi Pz



Inherit functional
=

#*
*
¥¥

¥☒÷É¥: *¥ t:-#¥.&
}

summed

§ over

partitioned
between

the two

hexagons

✗ 0*0<0, ✗ = Ii ¥, f.Fida: Jaluit {0;} , {u;} / b)Th I {É; 1,4%17
partitions: n, n, n>=p

i='

{*;}WHY} = all phys . napiditi.es



IT.±eqIaᵈe D- branes
-www.nmt

D- banana

t.lk#.i.E:-F..-T-T--
Reflection amplitude : K' ablp?

Elastic ✗eflection ⇔ Integrability

2^(12*1) ≈ gag e-
Et."t.EE#-.-I.-.....

§¥H Affleck , Ludvig'sa
Doxey, Fioravanti , Rim,Tatro'o4"La
Pozsgay'

' to

g- function

-
cakaelfabl.ie by TBA B



D- brane

g- function
= { OCa.lt#÷•

0Gt) ae 'M

II. I:±É
.

Coulomb branch : defect CFF Heavy operator insertion :

1HHot
4$" t = Iii .



co-Ed brand

cabana potential in N=4 SYM :

F- -¥t×[Ei , # ;} 70

• teaches bono on

[Ei , I;] __ o

ai

&

= / " ?⃝ _ "

Coulomb branch
" of oaciia

3D

leis



GUNN)→ SUCN-a) ✗ Ula) :

E. E. I = 8*0 [ \

f.
*
a

↑
IT

:-#

""" " a.e.

☒ i¥



One-point functionser ~

Weak coupling :

[
" ""

" " " " ¥
.

:*
.

using

integrability
'? to > = ok 4-

• " '6 need to know

""" """""

*

g.wngaa.mg ,

+www.t.na.i.up,

¥±⇒→e⇔



Detect CFI

$, = t F- 1,33 I;=o 5--4%6

• ti foam te- dim up . of SMG) : [ti >tj]- i Eijktu

domain wall

µ ?⃝• ÉÉÑÉ⇔?
.*☆¥

¥ :

µ 010
I

so

such)→suCN-k)



fungoid function

D= a¥•ñi_ • - →
¥
' ta ti

,
. . .
#
in

f Ii → *i' = ¥

totes = ¥±- *
"
1- " '% to tin . . . tiw = ≤☒?

1B¥.
, . . .
i
,

= titi
,

. . _ ti
,

- matrix product state .

&'_•¥Q$3

f*•x=f¥¥É%¥⇒-$-✓A ↑
Gaudin sniper determinant .Or - functions



Gaudin superdeterminant ,

data-1
$ det G = -

dit G-

G'
± =(hE÷+I - K'I;>a) 8aborju-K-a-j.ae%

K'Fine - T.q.ru?iia+m;I-+--u..;-iu?iii+M;I-

• transforms nicely under fermionic duality :

-0-☒-- - -a--

↓siai-E-E.a.fi?Ea!?-i-.j$deta-Q-.---------0j-xO---



≤ ¥÷-0-

QEII) . "

P " '

Ooeanlap formula in different gradings:

O- -- -☒-0-0-0-☒- -- -0

a.
-0 ÷ -0

Ja

☒-- - - - -?⃝ -- - -④-☐-④ - - - - - - r . - - --
- - ¥0

I ⇒
& ¥ &

¥
I

€☆
• can be extended te all loops tf


