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Free scheme: solution

Solution ®(x,t) = [ 27Tw(k:) [ iw(k)t—z’kxa—l—(k> 1 e—iw(k)t—l-ikma(k)}

from equation of motion: w(k) = \/k2 + m? from commutation relation
[a(k),at (k)] = 2mw(k)s(k—k) ;  [at(k),at (k)] = 0= [a(k), a(k)]

Energy Momentum

H= ][5 (k)w(k)a (k)a(k) P=]5 (k)ka (k)a(k)



Free scheme: solution

Solution ®(x,t) = [

- w(k:) [ iw(k)t—ikaza+(k) + e—iw(k)t—kikxa(k)}

from equation of motion: w(k) = \/k2 + m? from commutation relation

[a(k),aT(K)] = 2nw(k)s(k—k) ;  [at(k),at (k)] =0 = [a(k),a(k)]

Energy Momentum

H = f2w(k)w(k)a+(k)a(k) P=/> (k)ka (K)a(k)

Hilbert space H = {a"‘(kl)a"'(kQ) ... 10) = |kq, ko, .. >} where a(k)|0) = O



Free scheme: solution

Solution ®(x,t) = [

— w(kz) [ iw(k)t—ikwa—l—(k) + e—iw(k)t—l—ikxa(k)}

from equation of motion: w(k) = \/k2 + m? from commutation relation

la(k),at (k)] = 2rw(k)s(k—K) ;  [at(k),aT (k)] =0 = [a(k),a(k)]

Energy Momentum

H = f2w(k)w(k)a+(k)a(k) P=/> (k)ka (K)a(k)

Hilbert space H = {a"‘(kl)a"'(kQ) ... 10) = |kq, ko, .. >} where a(k)|0) = O

state Energy Momentum
vacuum |O) 0 0
one particle state |k) w(k) k

multiparticle state |k1,...,ky) w(k1) +...w(ky) k1 4+ ...+ ky



Free scheme: solution

Solution ®(xz,t) = [ [ w(k)t—ikz g+ () 4 e_iw(k)t_l'ikma(k)}

27Tw(k)

from equation of motion: w(k) = \/k2 + m? from commutation relation

la(k),at (k)] = 2rw(k)6(k—K) ;  [at(k),aT (k)] =0 = [a(k),a(k)]
Energy Momentum
H=[5 (k)w(k)a+(k)a(k) P=5 dk(k)ka"'(k)a(k)

Hilbert space H = {a+(k1)a+(k2) .. |0) = |kq, ko, .. >} where a(k)|0) = O

state Energy Momentum
vacuum |0) 0 0
one particle state |k) w(k) k

multiparticle state |k1,...,kn) w(k1) +...w(ky) k14 ...+ kn

Kk
S\ —=
'localized’ state |f(k)) = [ QWw(k)f(k)a"F(kNO)
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Free scheme: correlators
Local operators : 0310, 1P (z1,t1) ... 0N, " MD(zn,tN) :

Normal ordered products ( creation operators are on the left )



Free scheme: correlators

Local operators : 9310, 1P (z1,t1)...0: V0, Mb(zn,tN) :
Normal ordered products ( creation operators are on the left )

time ordered product

P(z1,t1)P(z0,t2) if t1 > 1o

T(P(x1,t1)P(x0,tp)) = {@(x27t2>¢(:51,t1) if to > tq



Free scheme: correlators
Local operators : 0310, 1P (z1,t1) ... 0N, " MD(zn,tN) :
Normal ordered products ( creation operators are on the left )

time ordered two point function

dkodk ) ) —t5)—13 —
<O|T(¢($1at1)¢($27t2))|0> =/ (QOW)Qlk%_k%_zmz_l_ieemoal ta)—ik1 (w1 —22)




Free scheme: correlators

Local operators : 950, 1P (z1,t1) ... 8QN8?%M¢(xN,tN) ;
Normal ordered products ( creation operators are on the left )

time ordered two point function

dkqdk ' ' —t5)—i _
O|T(P(x1,t1)P(x2,t2))|0) = [ (207r)21k%—k%—ZmQ—l—z‘eeZkO(tl to)—tk1(z1—x2)

Matrix elements of ®

Using Poincare invariance: (0| P (x,t)|k) = <O|e_th<D(x, O)eth|k> — piw(k)t—ikz
and so for t1 > to

O|P(z1,t1)P(22,t2)]0) = fQw(k)@lq’(l‘l,t1)|k><k|¢(fb‘2,t2)|o>

Wick theorem



Perturbative scheme



Perturbative scheme

Use pertrubation theory: | £ = %((%CD)Q — %(&CCD)Q — %mQCDQ — AU(P) = Lo — Lpert

®(z,t) satisfies: (972 —924+m2)> = AL [d(z,t), P (x,t)] = i6(z—2z )



Perturbative scheme

Use pertrubation theory: | £ = 2(9;®)? — 5(8:D)? — 2m2d2 — AU(DP) = Lo — Lpert
2 2 2 p

®(z,t) satisfies: (7 —2+m?)> = AL [®(z,t), P (x,t)] = id(z—a )
Poincare invariance: ®(z,t) = e Hidp(z, 0)e it d(z,t) = TP (0,t)e

Energy H = Ho + A JU(P)de = Hg + Hpert Momentum P = Py



Perturbative scheme

Use pertrubation theory: | £ = %((%CD)Q — %((%CD)Q — %mQCID2 — AU(P) = Lo — Lpert

®(z,t) satisfies: (97 —2+m?)d> = A [®(z,t), P (z,t)] = id(z—a )
Poincare invariance: ®(z,t) = e Hidp(z, 0)eit d(z,t) = TP (0,t)e

Energy H = Ho + A f[U(P)de = Hg + Hpert Momentum P = Py

Perturbation does not change the operators O =: 9% ... 9P :
and the spectrum (except mass) [special perturbation]




Perturbative scheme

Use pertrubation theory: | £ = %(8,5@)2 — %(&ECD)Q — %mzcb2 —AU(P) = Lo — Lpert

®(z,t) satisfies: (972 —924+m?)> = AL [d(x,t), P (x,t)] = i6(z—2 )
Poincare invariance: ®(z,t) = e Htdp(z, 0)eit d(z,t) = TP (0,t)e

Energy H = Ho + A f[U(P)de = Hg + Hpert Momentum P = Py

Perturbation does not change the operators @ =: 8P ... 9P :
and the spectrum (except mass) [special perturbation]

0(0|T(O1...0xe' ] Hperty 0y,
o(0|Te! | Hpert|0y,

Correlators: (O|T'(Oq1...0x)|0) =

<O|T(Ol ce ON)|O> — |00 (=)™ O<O|T(Ol o ON(f Ude)n)|O>60nn

n=0 nl

for normal ordered perturbations all terms are finite
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CFT scheme

Hilbert space H = ) (; ;) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lg(Lg) as h (h)



CFT scheme

Hilbert space H = 2.3i,i) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (h) Energy H = Lo+ Lg, Momentum P = Lg— Lg



CFT scheme
Hilbert space H = 2.3i,i) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

513 _
|z—w|2(h+h)

h.w. operators: (O|®;(z,z)P,;(w,w)|0) =



CFT scheme

Hilbert space H = >_(; ;) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

_ _ 04
h.w. operators: (O|®;(z,z)P,;(w,w)|0) = |Z—’w|2](h+}_l)

] |
y

Operator - state correspondence

Operator algebra [P;] [ij] = >k Cf}'[cbk] {P(x,t)} — H



CFT scheme

Hilbert space H = >_(; ;) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

_ _ 04
h.w. operators: (O|®;(z,z)P,;(w,w)|0) = |Z—’w|2](h+}_l)

] |
y

Operator - state correspondence

Operator algebra [P;] [ij] = >k Cf}'[cbk] {P(x,t)} — H

Lee-Yang model: the only pr. field ®, 1 1, = ® and [P][P] = [1] + C’g; [D]
(—5.—%) b



CFT scheme

Hilbert space H = >_(; ;) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

570 _
|Z_w|2(h+h)

h.w. operators: (0|®;(z, 2)P,;(w,w)|0) =

] |
y

Operator - state correspondence

Operator algebra [P;] [ij] = >k C%[q)k] {P(x,t)} — H

Lee-Yang model: the only pr. field ®, 1 1, = ® and [P][P] = [1] + Cg;cp[(b]
(—5.—%)

Relevant (integrable) perturbations



CFT scheme
Hilbert space H = 2.3i,i) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

513 _
|z—w|2(h+h)

h.w. operators: (O|®;(z,z)P,;(w,w)|0) =

X

5. ||
V

Operator - state correspondence

Operator algebra [®;][P;] = > ij[qu] {D(z,8)} - H

Lee-Yang model: the only pr. field ®, 1 1, = ® and [P][P] = [1] + CHp [P]
(—5:—2)

Relevant (integrable) perturbations S = S¢pr



CFT scheme
Hilbert space H = 2.3i,i) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

513 _
|z—w|2(h+h)

h.w. operators: (O|®;(z,z)P,;(w,w)|0) =

X

5. ||
V

Operator - state correspondence

Operator algebra [®;][P;] = > ij[qu] {D(z,8)} - H

Lee-Yang model: the only pr. field ®, 1 1, = ® and [P][P] = [1] + CHp [P]
(—5:—2)

Relevant (integrable) perturbations S = Sopr — Apyir J dt [ dax P (x,t)



CFT scheme
Hilbert space H = ) ; ;) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

h.w. operators: (O|®;(z,z)P,;(w,w)|0) = z—w 2R

X

s ||
V

Operator - state correspondence
Operator algebra [®;][P;] = >4 ij[cbk] P (@ (2,1)} ;)_(
Lee-Yang model: the only pr. field CD(_l 1y = ® and [P][P] = [1] + C’CCE(D[CD]

Relevant (integrable) perturbations S = Sopr — Apyir J dt [ dax P (x,t)

Hilbert space does not change
Assumptions: spectrum, operator algebra smoothly changes



CFT scheme

Hilbert space H = 2.3i,i) Vi ® V; where V; h.w. reps of the left chiral algebra

with eigenvalue of Lo(Lg) as h (k) Energy H = Lo+ Lo, Momentum P = Lg— Lg

h.w. operators: (O|®;(z,z)P,;(w,w)|0) = PESWICE

C .
w

Operator - state correspondence

Operator algebra [P;] [ij] =2k ij[q)k] {P(x,t)} — H

Lee-Yang model: the only pr. field ®, 1 1, = ® and [P][P] = [1] + CHep [P]
(—%,—%)

Relevant (integrable) perturbations S = Sopr — Apyik J dt [ dx P (x,t)

Hilbert space does not change Operator content
Assumptions: spectrum, operator algebra smoothly changes — | Bulk operators [1],[®(x, )]




Perturbative — IFT scheme



Integrable Langrangian:

Perturbative — IFT scheme

£ = 5(0;9)2 — 1(8,9)2 — ™ cosh(VAd)




Perturbative — IFT scheme

Integrable Langrangian: | £ — %((%CD)Q _ %(8xq>)2 _ mTQ cosh(ﬁcb)

Local operator algebra, spectrum smoothly changes:
Operator content O =: OFd ... dld :

Only one selfconjugate particle with mass ()



Perturbative — IFT scheme

Integrable Langrangian: | £ — %(8,5@)2 _ %(@xcb)z _ mTQ cosh(vVAd)

Local operator algebra, spectrum smoothly changes:

Operator content O =: 9Fd ... 9l

Only one selfconjugate particle with mass ()

Energy H = Hg + Hpert, Momentum P are conserved (£ = P = 0) and generate

d(z,t) = etHidp (g, 0)etHE d(z,t) = 2P (0, t)e 2

Energy: £ = w(k) = \/,LLQ + k2 = ppcosh® Momentum P =k = psinh @



Perturbative — IFT scheme

Integrable Langrangian: | £ = %(8tq>)2 — %(axcb)Q _ mTQ COSh(\/XCD)

Local operator algebra, spectrum smoothly changes:

Operator content O =: OFd ... dld :

Only one selfconjugate particle with mass ()

Energy H = Hg + Hpert, Momentum P are conserved (£ = P = 0) and generate

Pd(x,t) = ethCD(x, O)e—z'Ht : d(z,t) = eiPxCD(O,t)e_ipx

Energy: £ = w(k) = \/,u2 + k2 = pcosh® Momentum P = k = usinh6

notation |k) = |0)

Higher spin conserved charges Fy, = g, cOShnf and P, = q, Sinh nf




Integrable Field Theory scheme v; = sinh §;




Integrable Field Theory scheme v; = sinh 0;

Bulk multiparticle state: with n particles

V1 > V2.0 > .. > Yy
—

VAVEEVANE ERVAN




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle state:

V1 > V2

S




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢t — —o0

V1 > V2
—

VANEERVAN




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: £ — —o0 times develop

v1 > v2 Vl > V2
—_—

J\R S T




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: £ — —o0 times develop further

V1 > V2 V2 <
—

VAN 7& JANEVAN




Integrable Field Theory scheme

Bulk two particle in state: ¢t — —o0

V1 > V2
—

V; = sinh QZ

Bulk two particle out state: ¢ — oo

VANEERVAN AN




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: t — —o0 Bulk two particle out state: ¢ — oo

Vl > V2 V2 < Vl
—=

Free, noninteracting in particles Free, noninteracting out particles



Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢t — —o0

Vl > V2
—

VANEERVAN

Bulk two particle out state: ¢t — oo

Free, noninteracting in particles <«

S-matrix

Free, noninteracting out particles



Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢t — —o0

Free, noninteracting in particles <«

01, 05)"

S-matrix

Bulk two particle out state: ¢t — oo

— Free, noninteracting out particles

S(|61 — 62])]01, 62)°ut



Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢t — —o0

Vl > V2
—

VANEERVAN

Free, noninteracting in particles <«

01, 00)"

S-matrix

01 > 0>

Bulk two particle out state: ¢t — oo

— Free, noninteracting out particles

S(161 — 62])]01, 62)°ut



Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢ — —o0 Bulk two particle out state: ¢ — oo
V1 > V2 V2 < Vl
= —= = — =

Free, noninteracting in particles «— | S-matrix | — Free, noninteracting out particles
61, 62)" = S(|61 — 621)]61, 62)°"*

01 > 0>

01, 62) = S(01 — 62)]02,01)




Integrable Field Theory scheme v; = sinh 0;

Bulk two particle in state: ¢ — —o0 Bulk two particle out state: ¢ — oo

V1 > V2 V2 < Vl
—=

Free, noninteracting in particles «— | S-matrix | — Free, noninteracting out particles
61, 62)" = S(|61 — 62])]61, 62)°"
01 > 0>
01, 62) = S(01 — 62)]02,01)

Integrability — factorizability:

101,02, ...,0n) = [ S0 — 0)|0n, 01, ..,01)
1<



Consequences of integrability

Integrability — infinite conserved charges — shift the trajectories



Consequences of integrability

Integrability — infinite conserved charges — shift the trajectories

t t

v,

\A s




Consequences of integrability

Integrability — infinite conserved charges — shift the trajectories

t

)
Sgﬁ(e) 6 =61 — 0>



Consequences of integrability

Integrability — infinite conserved charges — shift the trajectories

3

Factorization

A
Salgy (01 — 02,02 — 03,01 — 03) = S}3(01 — 02)S05(01 — 03)S,5(02 — 03)

Yang Baxter equation

A 5
5%(91—92)557(91—93)5 5(02—03) = S5 (62 —03)Sah(01—63) S5 (61 —62)



Properties of the S-matrix from the perturbativ scheme

Definition S(0) =out (61, 602|501, 02) s = (62,01]61,6) where § = 07 — 65 > 0
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Properties of the S-matrix from the perturbativ scheme

Definition S(0) =ous (61, 02|S|01,02) s = (62,01]61, 6) where § = 07 — 65 > 0

Analytic structure



Properties of the S-matrix from the perturbativ scheme

Definition S(0) =ous (61, 02|S|01,02) s = (62,01]61, 6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

< | reduction formula | —

S matrix correlators




Properties of the S-matrix from the perturbativ scheme

Definition S(0) =ous (61, 02|S|01,02) s = (62,01]61, 6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

_ < | reduction formula | <~
S matrix correlators

< out|O(x,it)|01,0o,...,0n > |=| 276(01 — 0)(out\O|O(x,it)|0,...,0n >




Properties of the S-matrix from the perturbativ scheme

Definition S(0) =ous (61, 02|S|01,02) s = (62,01]61, 6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

_ < | reduction formula | <~
S matrix correlators

< out|O(x,it)|01,0o,...,0n > |=| 276(01 — 0)(out\O|O(x,it)|0,...,0n >

_7—1/2 /OO d(it/) e—’i(iw(el))(it,) /OO dw’e—ip(el)wl{_ai/ - (95/ 4+ mQ}

—




Properties of the S-matrix from the perturbativ scheme

Definition S(0) =ous (61, 02|S|01,02) s = (62,01]61, 6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

_ < | reduction formula | <~
S matrix correlators

< out|O(x,it)|01,0o,...,0n > |=| 276(01 — 0)(out\O|O(x,it)|0,...,0n >

_7-1/2 / ity e~ ilw0)) ) / > dw'e—z’pwl)x’{_ai, — 52 +m?)

—

< out|T(P (it )O(z,it))|02, . . ., On >




Properties of the S-matrix from the perturbativ scheme

Definition S(0) =out (61, 602|S|01,02) s = (62,01]61,6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

_ < | reduction formula | <~
S matrix correlators

< out|O(x,it)|01,02,...,0n > |=| 276(01 — 0){out\O|O(x,it)|0>,...,0n >

_7-1/2 / ity e~ iw @)t / > dm'e—z’pwl)x’{_ai, — 52 +m?)

< out|T(P (2, it YO(z,it))|0, . .., 0p >

Analytic continuation in 01:

(time reversal) it — —it continuation: | 81 — im — 01 |Unitarity| S—1(0) = S(—0)

Crossing (x,1t) — (—iT,X)| 6 — %T — 0 | Crossing | S(0) = S(im — 0)




Properties of the S-matrix from the perturbativ scheme

Definition S(0) =out (61, 02|S|01,02) s = (62,01]61,6) where § = 07 — 65 > 0

need: analytic structure of known: analytic structure of

_ < | reduction formula | <
S matrix correlators

< out|O(x,it)|01,02,...,0h > |=| 276(01 — 0){out\O|O(x,it)|0>,...,0n >

_z71/2 / ity e 0D / °° dx,e_ip(el)wl{—ai/ — 9% +m?}

— 0

< out|T (P (2, it YO(z,it))|0, . . ., 0n >

Analytic continuation in 67:

(time reversal) it — —it continuation: | 87 — im — 01 |Unitarity| S—1(0) = S(—0)

Crossing (x,1t) — (—iT,X)|  — %T — 0 | Crossing | S(0) = S(im — 0)

Singularity properties of the correlators: Landau equations




Singularity structure: Landau equations
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Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles
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Singularity in correlation function= on mass shell particles




Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles
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Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles

/ /
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Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles

/ /

/ (plvm 1) (p4,(k)4) \ / (pllo‘) 1)

(g0

(Py2) 1

Coleman-Norton interpretation
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AN AN




Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles

ﬂ (pl’wl) (p4,w 4) ﬂ (pl’ml)
(P30 1 (p,0)
N\ N\

(py00,)

(P 7

Coleman-Norton interpretation

Cutkosky rules: replace (w? — p2 — m?2 4+ ie) 1 with 2761 (w? — p? — m?)

(G3(uy))?



Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles

Qg Q. d

(p4-03 4) (pl’wl) (p4,(,34) (pl’wl)

(P03 7 (P23 7 ()
N \

Coleman-Norton interpretation

Cutkosky rules: replace (w? — p2 — m?2 + ie) 1 with 2751 (w? — p2 — Mm?2)

(G3(uy))? (G3(u1))?



Singularity structure: Landau equations

Singularity in correlation function= on mass shell particles

Qg Q. d

(p4-03 4) (pl’wl) (p4,(,34) (pl’wl)

(P03 7 (P23 7 ()
N \

Coleman-Norton interpretation

Cutkosky rules: replace (w? — p2 — m?2 + ie) 1 with 2751 (w? — p2 — Mm?2)

(G3(uy))? (G3(u1))? (G3(u2))*G*(u3)



S-matrix bootstrap
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S-matrix bootstrap

Integrability: shifting the trajectories —factorization + bootstrap

The only nontrivial scattering matrix S§(|91 — 6>]) = S(0)

0>0




Unitarity

S-matrix bootstrap

S(0)~ ! = S(-0)



Unitarity

Crossing

S-matrix bootstrap

2 2

S(0)~ ! = S(-0)

S(0) = S(Gim—0)



S-matrix bootstrap

2 2

S~ = 5(-0)

N|@ i
\ nlo
B 5
i/ 5
NS nlo

Unitarity

S(0) = S(Gim—0)

N‘X
5
5
e
nlo

Crossing

sinh 0—isin~y
sinh 0+ sin vy

Simplest nontrivial solution S(0) =



S-matrix bootstrap

2

S~ = 5(-0)

Unitarity

S(0) = S(Gim—0)

Crossing / '\

sinh 0—isin~y
sinh 0+ sin vy

Simplest nontrivial solution S(0) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):



S-matrix bootstrap

/s

SO~ = S(-0)

Unitarity

S(0) = S —0)

Crossing / '\

sinh —zsin ~
sinh 6+ sin~

Simplest nontrivial solution S(6) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

v < O boundstate



S-matrix bootstrap

/s

S~ = 5(-0)

N|@ i
\ nlo
3 5
i/ 5
ol o

Unitarity

S(0) = S(Gim—0)

N‘X
5
5
e
nlo

Crossing

sinh @—isin ~
sinh 84-zsin~y

Simplest nontrivial solution S(6) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

Bootstrap |




S-matrix bootstrap

/s

S~ = 5(-0)

N|@ i
\ nlo
3 5
i/ 5
ol o

Unitarity

S(0) = S(Gim—0)

N‘X
5
5
e
nlo

Crossing

sinh @—isin ~
sinh 84-zsin~y

Simplest nontrivial solution S(6) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

Bootstrap |




S-matrix bootstrap

0 /,
2

S~ = 8(-0)

Unitarity

S(0) = S(im—0)

Crossing

sinh @—isin ~
sinh 64-zsin~y

Simplest nontrivial solution S(0) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

Bootstrap |:

S’I’LG’UJ(9>



S-matrix bootstrap

2 2

S0~ = S5(-0)

Unitarity

S(0) = S(Gim—0)

Crossing

sinh @—isin ~
sinh @+42sin~y

Simplest nontrivial solution S(0) =

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

Bootstrap |

Snew(0) Sold(g + Z.U)Solcl(e — iu)



S-matrix bootstrap

/s

SO~ = 8(-0)

Unitarity

S(0) = S(Gim—0)

Crossing

sinh @—z sin ~
sinh 641 sin~

Minimality: all singularity has physical origin: v > O end of the story (sinh-Gordon):

Simplest nontrivial solution S(6) =

Bootstrap |

Snew(6) So1d(0 =+ iu) Sp1a(0 — tu)

for v = —% self-fusion: Lee-Yang,
for generic ~y sine-Gordon Bo, B3, ..., Bp,s,s



