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Prologue: inhomogenous XXZ

Consider the inhomogenous XXZ spin chain ! Smﬁm sinh?—m) 0
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Prologue: QFT as a continuum Ilimit
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Prologue: QFT finite volume form factors
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Prologue: QFT finite volume form factors
topological charge Q = X ,,(03, + 03, 1) +— [& Jo(z,t)dx = [} 9P (z, t)dx
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we need the continuum limit of (o), = emptiness formation prob.
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In the continuum Ilimit the volume expansion is like the LeClair-Mussardo
formula
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Sine-Gordon/massive Thirring duality
m2
32

1
Lsg = S0,D0"P + 57 cos (BP) : 0 < B2 < 8,

9|
Semiclassical sine—-Gordon theory
+ loop corrections

\
Quantum sine—Gordon theory

| Finite size corrections

S — matrix, masses

strong-weak duality:

Massive Thirring model
A
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+ perturbative corrections 52 2p
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Perturbative QF T : sinh-Gordon

The simplest interacting QF T in 1+1 D: £ = %(8t¢)2—%(8xg0)2—?—22 (cosh by — 1)

interesting observables: finite size spectrum, L 2

finite size correlators ;(0|O(it)O(0)|0); = 3, |1.(0]O(0)|n)|2e~Ent

Too difficult, instead \
Infinite volume — LSZ reduction formula
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(P}, p5|0|p1, p2) = DiD5D1D2(0|T(Op(1)e(2)¢(3)¢(4))|0)
where D; = i [ d?z;e"Pi® "t {65 — 02 + mz} amputates a leg 4+ puts it onshell

Consequence: perturbative definition, calculational tool: [Arefyeva et al]

5(0) = 1 - §ivPcscny - Plesgesen-) | siesceeeo=i? | o (1)

Mandelstam variable s = 4m? coshzg where 0 = 01 — 0> rapidity: p, = msinh 6;

known analytical properties: unitarity, crossing S(0) = S(—0)~1 = S(ix — 6)
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S-matrix bootstrap

S-matrix bootstrap: Calculate the two particle S-matrix [Zamolodchikov? '79,Dorey]
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S-matrix bootstrap: Calculate the two particle S-matrix [Zamolodchikov? '79,Dorey]

SV
e, L /N

Infinite volume — crossing symmetry, 0 — 1w — 6 in rapidity
(E(0),p(0)) = m(cosh,sinh )

. 0 Simplest solution:
i TT-0 . 2
sinh-Gordon o= 20,
5 S(Q) — Sinhf#—isina 8m—+b
sinh@-+:sina

91 92 92 Gl—in 91 92

S(01 —05) = S(0) = SGir —0) = S(—0)"1:
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Finite volume spectrum

CFT  Luscher Bethe-Yang
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Finite volume spectrum

Spectral problem

Polynomial volume corrections:

E(p1,. ..

CFT Lu
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Finite volume spectrum o xx
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Polynomial volume corrections: . ’
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Spectral problem
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Finite volume spectrum

Polynomial volume corrections:

Bethe-Yang; p;, quantized: eiijS(pj,pl) ...S(pj,pn) =1

p;L+ ) t109 S(pj,pr) = (2n + 1)

Ground-state energy from
Euclidian partition function:
Z(L,R) =p_soo Tr(e HDRY = ¢=Eo(L)R 4

Exchange space and Euclidian time
Z(L, R) —R—o0 Tr(e_H(R)L> =R—00 2n e_En(L)R

Large volume: Bethe-Yang can be used

CFT

Luscher Bethe-Yang
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| | | | y | | y | T y
T T T T T T T T T T T
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Main contribution:
finite density p, pj,

piR+ > 3109 S(pj,pr) = 2n+ 1) — R+ [(—idylog S(p,p'))p(p)dp = 27(p + p1)

Z(L,R) = [d[p, pyle~ LEER) = [ ((ptpn) In(pt-pn)—pIn p—pp, In pp)dp



Spectral problem ol

Finite volume spectrum "

Polynomial volume corrections:

Bethe-Yang; p;, quantized: eiijS(pj,pl)...S(pj,pn
piL 4+ S +109 S(pj, p) = (2n + 1) L

Ground-state energy from
Euclidian partition function:

Z(L,R) =p_ oo Tr(e HDR) = ¢=Eo(L)R

Exchange space and Euclidian time
Z(L,R) =R-yoo Tr(e M) =p 57, e” PnlLIR

T — 1 Pu(P)
Saddle point : e(p) = In ph(p)

Ground state energy exactly:

Luscher Bethe-Yang

E

~—_D

m

0

%
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N

[

%

L

o

>
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L4
— I } T N } } b1 } } y | T y
) T LB T T T T T T T T T

p

Main contribution:
finite density p, pj,

e(p) = E(p)L + [ 2id,log S(p/,

p)log(1 4+ e—<®))

Eo(L) = — [ 52 log(1 + e=<P))

[Zamolodchikov]
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Form factor bootstrap

Correlation functions: [Smirnov, Karowszki] (0|O(it)O(0)|0) =

Sn %f% . f %|<O|O(O)|917 o 9n>|2€_m(2i cosh 6,)t

2,
0



Form factor bootstrap

Correlation functions: [Smirnov, Karowszki] (0|O(it)O(0)|0) = 2, A
1 2 n
46 ; (S |
Yo S G- [ BE0IO(0)[61, - ., O} |22 Cosh 00t 00)
Form factor bootstrap: E 8,-2in
(010101,...,0n) = A Y o 0 - & == &8 8 - 8

F(01,...,0n) =  F(0>,...,0n,01—2im) = S(0;—0;,41)F(01,...,0;41,0;,



Form factor bootstrap

Correlation functions: [Smirnov, Karowszki] (0|O(it)O(0)|0) = Zne O
1 2 n
0 ) _
S ar f G2 [ Ln1(0]O(0)|61, .. ., )| 2emm (i cOSh b)) 00)
Form factor bootstrap: ﬁn
(00|61, . . 0n) = oh o Lol
F(61,....00) = F(6,...,0n,0,—2i7) = S(6; 02_|_1)F(91,.. ;1,00 0n)

Singularity stucture ﬁ\ K %

—iReSQ/ZQF(Q, +1m, 0,041 ..., Qn) = (1 — Hz S(@ — Qi))F(Ql, Cee Qn)



Form factor bootstrap (0.1

Correlation functions: [Smirnov, Karowszki] (0|O(it)O(0)|0) = 2, e e
dé " _

S G2 [ BR(0]0(0)]61,. . ., ) [2e ™M (2 COSN Ot ©09)

Form factor bootstrap: ﬁ\

<O|O|(9]_, : 9n> — 8y - 6 Bisy - 8 - 0 iy O

F(@l,.. Qn) — F(@Q,.. Qn,el 2271‘ = S(@ 92_|_1)F(91,.. Z_|_1,

Singularity stucture ﬁ\ f\ ﬁ

—iReSQ/:QF(Q, +m,0,01 ..., Qn) = (1 — [z S(@ — 92))F(91, Cey Qn)

Solution for sinh-Gordon: f(01 — 65) = e(P+D™H)7109S - D9y = £(6 + ir)
[Fring, Mussardo, Simonetti]



Finite volume form factors
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Finite volume form factors
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Finite volume state [{6;})1, = {n;}) OCe00 0000 00 00 o
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Polynomial volume corrections: Q; = p(0;)L+ Y +1og S(8; —0;) = (2n; + 1)«

Normalization of states: [{n;}) = |{9(¢{}9> S where pp, = det|9;Q);|
Pn{1Y4

N’ N’
Nondiagonal FF: (0%,...,00 |0|0n,...,01); = Fotm(6 \’/’;’0%9”""’01) + O(e~™L)

[proved Pozsgay, Takacs] Crossing 0 = 6+ i




Finite volume form factors
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Finite volume state |{0;})r, = {ni}) CCe0e 0000 000 V00 OO

L

Polynomial volume corrections: Q; = p(ej)L—l-Zk%log S(O;—0;) = (2n; + 1)

Normalization of states: |[{n;}) = |{9(Z'{}0> > where p, = det|0;Q)|
Pn(1Y;
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Nondiagonal FF: (0%,...,0,.10|0n,...,01)1, = N/ + O(e )
PnPm,
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[conjectured Pozsgay, Takacs] where po = det|da; Qo




Finite volume form factors
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Finite volume state |[{6;})1, = {n;}) OCe00 0000 00 00 o

~2n p
L

Polynomial volume corrections: Q; = p(8;)L+ Y i 1 log S(8; —0) = (2nj+ 1)

Normalization of states: [{n;}) = |{0(i{}9> D where p, = det|9;Q);|
Pn{1Y;

. . _ FTL m(gl ,...,ggfn,en,...,el) _ L
Nondiagonal FF: (0,,...,0/ .10|6n,...,601); = —°* N —I—O(f mly
[proved Pozsgay, Takacs] Crossing 0 = 6 +ir
Diagonal FF: (01,...,0,|0|0n,...,01), = ZaugnFépa + O(e ™)

[conjectured Pozsgay, Takacs] where pqo = det|8aiQaj|

F5(01,02)4+p1(01)F{(02)+p1(62)F{(01)+Fop2(61,0
<91792|O|92791>L: 2( 1,02)+p1(01) 1(53(95710(2)2) 1( 1) 0p2(01,62)



Finite volume form factors

P

Finite volume state [{0;})r, = [{ni}) CCe00 0000 000 V00 OO

L

Polynomial volume corrections: Q; = p(8;)L+ Y i 1 log S(8; —0;) = (2nj+ 1)

Normalization of states: [{n;}) = |{9(i{}9> D where p, = det|9;Q);|
Pn{1Y;

: | I:l: 6, 9, 9 9 _ Fn—i—m(gl ,...,57’71,97@,...,01) O —mL
Nondiagona :{(07,...,0,,|0|0n,...,01), = N/ + (f )
[proved Pozsgay, Takacs] Crossing 0 =60+
Diagonal FF: (01,...,0,|0|0n,...,01), = ZaugnFO‘po_‘ + O(e ™)

[conjectured Pozsgay, Takacs] where po = det|8aiQaj|

F5(01,02)+p1(01)F$(02)+p1(02)F{(01)+Fopo(61,0
(01,05]|0)02,01) 1 = 5(01,02)+p1(01) 1(52)(05,19(2)2) 1(01)+Fop2(01,02)

BY: Q1 =p1L —1log 5(91 —(92) = 271 and Q1 = poL —1log 5(92 —(91) = 27TNno



Finite volume form factors

P

Pl SLALLLEL LI S
Finite volume state [{0;})r, = {n;}) - ’

Polynomial volume corrections: Q; = p(8;)L+ Y i 1 log S(8; —0;) = (2nj+ 1)

Normalization of states: |{n;}) = ’{e(i{}g y where p, = det|0;Q)|
Pn{1Y;

: _ By, (04,00 0n,....01) s
Nondiagonal FF: (0%,...,0/ 10|0n,...,01); = —*F N —I—O(f 20
[proved Pozsgay, Takacs] Crossing 0 =60+
Diagonal FF: (01,...,0,|0|0n,...,01) = ZaugnFépa + O(e—™)

[conjectured Pozsgay, Takacs] where pqo = det|8aiQaj|

(01,60]002,67); = 2 <91»92>+p1<91>Ff(9§2>;gf’10 (29)2)Ff(91)+F002(91,92)

bt 0 |=BmBL2te(E+ Bl $(0) = —idylog S(6)

P0L02) = T BL+ e

and p1(01) = E1L+¢ ; p1(02) = EoL + ¢



We need F (01 + €1, ..

Connected form factors

.,e_fn—l—en,@n,...,el)
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Connected form factors

We need F (01 +¢€1,...,0n 4+ €n,0n,...,071)

BUT: kinematical singularity: F(0+€,0,01...,0,) = L(1-1; S(0—0,))F(01,...,0n)

FBL+ 1,00+ en,On, . .., 07) = 22000 4 oy

€1...€En



Connected form factors

We need F (01 +¢€1,...,0n 4+ €n,0n,...,071)

BUT: kinematical singularity: F(0+€,0,01...,0,) = L(1-1; S(0—0,))F(01,...,0n)

FBL+ 1,00+ en,On, . .., 07) = 22000 4 oy

€1...€En

Connected form factor: F¢(04,...,0;,) = nlajs _, | ecindependent part




Connected form factors

We need F (01 +¢€1,...,0n 4+ €n,0n,...,071)

BUT: kinematical singularity: F(0+€,0,01...,0,) = L(1-1; S(0—0,))F(01,...,0n)

F@y 4 €1,y 00+ en,On, ... ,0p) = =2mini1Cin 160y

€1...€En

Connected form factor: F¢(04,...,0;,) = nlajs _, | ecindependent part

Graphical representation: F(01 +€1,...,0n 4+ €n,0n,...,07) = >_graphs Fgraphs
[Pozsgay, Takacs]

graphs: oriented, tree-like, at each vertex only at most one outgoing edge

contributions: (iy,...,7;) with no outgoing edges F“(0;,,...,0;, ),
for each edge from 7 to j : factor %gb(ei = @3));



Connected form factors

We need F (01 +¢€1,...,0n 4+ €n,0n,...,071)
BUT: kinematical singularity: F(0+¢,0,01...,0,) = L(1-1; S(0—0,))F(61,...,0n)

F(e_l —|_ €1, 0_77, —I_ €En, 077,, c ey 91) — Za’il---ine’il"‘e’in —I_ O(G)

61...€n

Connected form factor: F¢(04,...,0;,) = nlajo _, | ecindependent part

Graphical representation: F (01 +€1,...,0n + €n,0n,...,07) = >_graphs Fgraphs
[Pozsgay, Takacs]

graphs: oriented, tree-like, at each vertex only at most one outgoing edge

contributions: (i1,...,7;) with no outgoing edges F°(0;,,...,0;, ),
for each edge from ¢ to j : factor %qﬁ(@i — 05),

1 2 1 2 1 2

which gives F4(01 + €1,02 +€2,02,01) = F5(01,602) + %¢12F§(91) + %¢21F§(92)



Idea: take (0,04, ..

Proof of Zauafara

Pn

 Fopt1(8.8, 800,01

v/ Pn+1Pn

and 0 — oo
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Proof of Zauafara

Pn

Py 1 (B )
v/ Pn+1Pn

with Q;. = p(Q;)L — 1Yk 109 S(H"i —6,.) —ilog 5(9; — 6) = 27n;

Idea: take (0,0,,...,00.10|0n,...,01)L and 0 — oo



Proof of Zauafara

Pn

Py 1 (B 1)
v/ Pn+1Pn

with Q; = p(@;)L — szk;&j log 5(9; — 9%) —1log S(@; — 9) = 27rnj

Q; — Qj = EjLej + Yprj Ojr(ej — €x) — 65 = 0;Qpep — 65 =0

Idea: take (0,07,...,00.|010n,...,01)r, and 0 — oo




Proof of Zauafara

Pn

Py 1 (B )
v/ Pn+1Pn

with Q;. = p(@})L — 1Yk 109 S(Q/?' —6,.) —ilog S(@} — 6) = 27n;

Q;' —Qj = EjLej + D k:k#j ¢jk(€j — €) — 0j = 0;Qpep, —0; =0

Idea: take (0,0,,...,00.10|0n,...,01)L and 0 — oo

graphs: oriented, tree-like, at each vertex only at most one outgoing edge,
vertex with no outgoing edge can be black or white



Proof of Zauafara

Pn

Py 1 (B )
v/ Pn+1Pn

with Q;. = p(@})L — 1Yk 109 S(Q; —6,.) —ilog S(@} — 6) = 27n;

Q;' —Qj = EjLej + D k:k#j ¢jk(€j — €) — 0j = 0;Qpep, —0; =0

Idea: take (0,0,,...,00.10|0n,...,01)L and 0 — oo

graphs: oriented, tree-like, at each vertex only at most one outgoing edge,
vertex with no outgoing edge can be black or white

contributions: (iy,...,7;) with no outgoing white edges F“(0;,,...,0; ),

for each edge from ¢ to j : %qﬁ(@i —0;), it black edge %:



Proof of Zauafara

Pn

Py 1 (B 1)
v/ Pn+1Pn

with Q; = p(@;)L — sz‘k‘#] log S(@; — 9%) —1log S(@; — 9) = 27Tnj

Q; — Qj = EjLej + Ypparj Ojr(ej — €x) — 05 = 0;Qpe, — 6, = 0

Idea: take (0,07,...,00.|010n,...,01)r, and 0 — oo

graphs: oriented, tree-like, at each vertex only at most one outgoing edge,
vertex with no outgoing edge can be black or white

contributions: (iy,...,i;) with no outgoing white edges F“(0;,,...,0; ),
for each edge from ¢ to j : %qﬁ(@i —0;), it black edge %:

F5(01,02) + S¢01% + D18 + 22 4 9915 F5(01) + 2F5(01) + 2901 F5(62) + 2 F5(62)



Proof of Zauafara

Pn

n n' N/
Idea: take (0,6.,...,0.|00n,...,00) = FQWl(@j%em"’el) and 0 — oo

with Q= p(0))L — i Cp.p2;109 S(0; — 0}) —ilog S(0; — 6) = 27n;
Qi — Qj = EjLej + Yprj Ojr(ej — €x) — 65 = 0;Qpep — 65, =0

graphs: oriented, tree-like, at each vertex only at most one outgoing edge,
vertex with no outgoing edge can be black or white

contributions: (i1,...,4;) with no outgoing white edges FC(GZI,... 0;,),
for each edge from ¢ to j : ?‘745(9 0;), ith black edge
O O O o o O [ [ O—=0 Oo—@ Oo=—=0 oe—O

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
F£(01,02) + Z¢01% + S8 + 22 4 9915 F5(01) + 2F5(01) + 2901 F5(62) + 2F5(62)
use BY to eliminate §: “22%% = EhL 4 o1 = p1(02) and 2% + 9158 + 29012 = py(01,62)

giving: Ff(01,02) + p1(02)F5(01) + p1(01)F5(02) + p2(01,02)



Proof of LM
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Proof of LM

LeClair-Mussardo formula
from thermal evaluation:
(0|0]0Yf =g oo TrH(OQe HIWIRY /7(L R) + ...

A C——




Proof of LM

LeClair-Mussardo formula
from thermal evaluation:
(0|0]0Yf =g oo TrH(OQe HIWIRY /7(L R) + ...

Exchange space and Euclidian time
R%ooTr(Oe_H(L)PO/Z —R—o0 Tr(e_H(R)L>/Z

_ > n(n|O|n)e= EnlLR
—R—o0 Zn c—En(D)R

A C——




Proof of LM

LeClair-Mussardo formula
from thermal evaluation:
(0|0]0Yf =g oo TrH(OQe HIWIRY /7(L R) + ... .

Exchange space and Euclidian time .
R%ooTr(Oe_H(L)PO/Z —R—00 Tr(e_H(R)L>/Z T,_,.— """"""" o SHRIL '\.

_ > (n|Oln)e EnllIR

—R—00 TS o —En(DR Main contribution:
finite density p, pj,




Proof of LM

LeClair-Mussardo formula
from thermal evaluation:
(0|0]0Yf =g oo TrH(OQe HIWIRY /7(L R) + ... .

Exchange space and Euclidian time .
R%OOTr(Oe H(L)R>/Z — R—o0 Tr(e_H(R)L>/Z ~o T e o HRL '\.

_ > (n|Oln)e EnllIR

—R—00 TS o —En(DR Main contribution:
finite density p, pj,

we need (p, pn|Olp, pn) in a highly excited Bethe state [Pozsgay]

. _ F¢ps
Large volume: asymptotic formula 2oua Fara can be used as

Pn

zaugnFcpa — F+limp—oo [ 9F0(9)pn 1l +...leading to Fo+ [ QFC(Q) - 6_(29)4'




Proof of LM

LeClair-Mussardo formula
from thermal evaluation:
(0|0]0Yf =g oo TrH(OQeHIRY /Z(L R) + ...

Exchange space and Euclidian time
R%wTr(Oe_H(L)R)/Z —R—00 Tr(e_H(R)L)/Z

_ > n(n|Onye= EnlLR
—R—00 E:ne_EM(L)R

A C——

L
e—H(R)L \\

/ ____ R\

Main contribution:
finite density p, pj,

we need (p, pn|Olp, pn) in a highly excited Bethe state [Pozsgay]

n

. _ F¢ps
Large volume: asymptotic formula Zaug oPd can be used as

—e(0)

Lata Tors — Filimy, o [ 2 Fe(9)?2-1 4 .. leading to Fo+ SOyt

Pn

Saddle point : e(p) = In Pr(P) e(0) = E(O)L — f%fb(@ — 0" log(1 + 6—6(9/))

p(p)

Finite volume expectation value: | (0); =3, 2 AL 1f 27r T _G(Q)FC(el, oo, 0n)

c—€(0)

[LeClair-Mussardo] excited states [Pozsgay]



AdS/CFT correspondence (Maldacena 1998)

Il superstrlng on AdSs x S?
L ASISISISIS,
5D sphere N p— 4 D:4 SU(N) SYM
._b '5D '
Lé) antsl ';jaecgltter 1 . o
2= — V(P, W) = [P, ]% + W[, V]
— - PSU(2,2|4)
o = B = 0 superconformal SO0 3xSO(1,4)
extra dimension gaugelnvarlants O Tr(q) ) det( )
S%v2 = R2 —++++-=-R?
B[22 (0, XM Xar + 0.Y M0V ) + . ..
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AdS/CFT correspondence (Maldacena 1998)

II5 superstring on AdSs x S°
A SISISISIS
5D sphere N p— 4 D:4 SU(N) SYM
= D
'—2) antsl ';jaecgltter -
?g B 2 [ d*aTr [3F? = 3(D®P)? +iVPw + V]
r— = V(P W) = L[, d]2 + V[P, V]
== PSU(2,2|4)
= 8 = 0 superconformal < 2)><Sb(1 7y
"M oxva dimension gaugeinvariants:© = Tr(®2), det( )
Do W = I - +++4+-=-R?
B [ 4297 (0, XM X0 + 0.Y M0 Yur) + ...
Dictionary
Coupl.: VA=1L7 g;=42 >0 A=gyy N, N— oo SIELE
(@87
oD QFT strong<s>weak (On(2)0m(0)) = 1520
String energy levels: E()\) 4 Anomalous dim A ()
E(A):E(oo)—l—%—l—%—l—... AN) = A0) + XA+ X200+ ...




AdS/CFT correspondence (Maldacena 1998)

II; superstring on AdSs x S°

A SISISISIS
5D sphere N p— 4 D:4 SU(N) SYM
> 5D _
'—2) antsl ';j:cgltter ) ) o
%:%) _ 7 [ d*aTr [ F? = 3(D®) tleDW+V}
i — — V(P, V) = 2[P, P2 4+ V[P, V]
= _ PSU(2,2|4)
> = B = 0 superconformal SO(gst(l’@
" [ exra dimension gaugeinvariants:O = Tr(®<), det( )
SOV2P=R? -4 +++-—=-R
B [ 4292 (9, XM X pr + 0.Y M0Yr) + . ..
. Dictionary
Coupl.: \/XZR—,, 932%—)0 A—QYMN N — o0 ?Ianar
(@8
oD QFT strong<«sweak (On(z)Om(0)) = 2AnC)
String energy levels: E()\) J Anomalous dim A()\)

E(\) = E(co) + 4+ 2+ ...

2D integrable QFT

AN = A0) + AA1 + N2As + ...

spectrum: Q =1,2,...

,00 dispersion: eq(p)
Exact scattering matrix: Sg.qo,(p1,p2, A)

2

p
2sm 5

Y




How integrability works:

o Classical string theory
5
E
S quantum corrections
O
en
2 &
o Quantum string theory s ,§ 3
L E =
Xa(.:t finite—size S o &5
| solution | = § || &
corrections = = 3
5| & || &
Strongly coupled gauge theory > g .
>
loop corrections
Perturbative gauge theory
0 size

15



String interaction, 3pt functions

o Classical surface
=
="
=
S
@)
&
= X7 quantum corrections Y
gl) ) .
o <) E
String interaction vertex k E
I Exact finite—size /\ ks
3—point functions corrections | §
N O
s "IN A
/ \
/ \
\
X / > loop corrections
Spin—chain partition function
0 size

16



Decompactification limit of the string vertex
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Decompactification limit of the string vertex

Decompactify string 2 & 3:




Decompactification limit of the string vertex

Decompactify :<>@U©@ ® : @
string 2 & 3: |

S /1 ONN T /1 AN




Decompactification limit of the string vertex

Decompactify :<>@U©@ ® : @
string 2 & 3: |

S B .
M S @A VA
Form factor equations: .

Np(01,...,0n) = e PLUNL(0,...,0n,01—2in) = S(0;—0;,41)NL(...,0i41,6;,...)



Decompactification limit of the string vertex

Decompactify §<>@U©® @ @

string 2 & 3: |
g I ®
</ T RS /1 AN
| L
Form factor equations: _ _
Ny (01,....00) = e~ PILN, (0, .. en,el—zm_sw «92_|_1)NL( L 0ix1,05. )

Singularity stucture

B+ 8 6,

—iResy_ogN(0/ +im,0,01...,0,) = (1 —ePLT]; S(0—60;))N(04,...,60n)

@
@
3
@

<P
@

=]
@
=
@

P
@



The string vertex for L; = 0: diagonal form factor
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The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3 but L1 = 0O:




The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3




The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3

lLLocal operator form factor equations:
No(01,...,0n) = No(02,...,0n,01 — 2ir) = S(0; — 0;,4.1)No(...,0;41,0;,...)

—iReSQ/ngo(Q/ + 17,060,604 .. Qn) (1 — Hz S(@ 0, ))No(@l, ...,0 )



The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3

lLocal operator form factor equations:
No(01,...,0n) = Ng(02,...,0n,01 — 2im) = S(0; — 0;,4.1)No(-..,0;41,0;,...)

—iResg/ngo(G’ +1m,0,01 ..., Qn) = (1 — Hz S(@ — 92‘))N0(91, Cee Qn)

HeavyHeavyLight 3pt function strong coupling prescription

[Costa et al., Zarembol: Crur, = fworld sheet V(X [heavy solution(o, 7)])d?o



The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3

Local operator form factor equations:
No(01,...,0n) = No(02,...,0n,01 — 2ir) = S(0; — 0;4.1)No(...,0;41,0;,...)

—iReSQ/ZQNo(Q/ + e, 0,01 ..., Qn) — (1 — [z S(@ — Hi))NO(Hla Ceey Qn)

HeavyHeavyLight 3pt function strong coupling prescription
[Costa et al., Zarembol: Cryr, = fworld sheet V(X [heavy solution (o, 7)])d%o

for multiparticle state: Cypyr, = [modulispace {y;} V(X [heavy solution(y;)])d"y



The string vertex for L; = 0: diagonal form factor

Decompactify string 2 & 3

lLocal operator form factor equations:
No(01,...,0n) = No(02,...,0n,01 — 2ir) = S(0; — 0;,4.1)No(...,0;41,0;,...)
—iReSQ/ZQNO(Q/ + 1, 0,01 ..., 971) — (1 — [z S(@ — Qi))No(Ql, Ceey Qn)

HeavyHeavyLight 3pt function strong coupling prescription
[Costa et al., Zarembol: Crur, = fworld sheet V(X [heavy solution(o, 7)])d%o

for multiparticle state: Chpr, = Jmodulispace {y;} V(X [heavy solution(y))])d"y

classical diagonal form factors:

F5(60 ,9 —+ 0. F3(0 == 09-)ES(6
1,(02,01|V]01,05) 1, = 2(01,02) pl(plz)(ellfej)) p1(62) F7(61)

Explicitly checked at weak coupling [Hollo, Jiang, Petrovskii],
checked from hexagon [Basso, Komatsu, Vieira] by [Jiang]



