Introduction to Integrability

Lecture Slides, Chapter 7

ETH Zurich, 2024 HS

Pror. N. BEISERT

(©) 2014-2024 Niklas Beisert.

This document is protected by copyright. This work is licensed
under the Creative Commons License
“Attribution-NonCommercial-ShareAlike 4.0 International”

(CC BY-NC-SA 4.0).
©0Ee

To view a copy of this license, visit:
https://creativecommons.org/licenses/by-nc-sa/4.0/.

The current version of this work can be found at:
http://people.phys.ethz.ch/~nbeisert/lectures/.


https://creativecommons.org/licenses/by-nc-sa/4.0/
http://people.phys.ethz.ch/~nbeisert/lectures/

7/0:02:10 — 7/0:30:02 (0:27:52)

> Loug Quendon Cheuws

L—w
1\| MQﬁkmw Chectroun

(‘emwob vaec \0) \"C‘C%@r-)*( E=0 for a0 _ a¢ L—=wm
CovCider C'-\AQLC(V( UACu.Al-( ’“""33\"”""5 M (V\Cixeo(')

U"\OM \}JUM\O-US ‘k(;.‘[gr (03 L Retrw eﬂ(l/ (ob M&ﬁufﬂ( N € OCun iw’ﬁazr \Au\,..‘a_q,

WL o : S (03 L— Ve — L iy T O asgoe_ |l \o:) betv o T €T
Ou—2 Q= Uy — O ¢
Ll

v ,
" modh wowbtus ¢ Wy Fonge dookweem —2 LU do <3 C%onmwcou woery))

7-2



S\l\d \\V Hc Quo M/‘/A vmods I-,

: VA
i Lt 2 ( T\ GARY L2 Tw
Ll L% wrme © oy vedeob™ T e
o cages |nl e\l ; W U aceese w findle <= 0 ac lover ecerqiy, -
. C 2Tn | i |
&??Cox\—vktg he< L =) L= EI‘K e_, L~ [ e = )__2/ A :”'
Ceyere\ H&ﬁuous MW (L -ﬁ(‘)(-eo* n, << L [ixeor OU\S'HH%UCsL\ weHug
scellesvg e \ : Grsk Uy €Y W= W
- \00 Vu UL*“ ~ \03 L/ﬁm /2(\\4&,* \ A | O
U = Upg—t L/?mk'u'm\"{*( — L V\L'V'L, Staalt

Cna\l gacv(v\’aﬁvs Y\'\G% =5 exeltaNeowc \\.\{[c&,\'wzqka( o Liee WMoy o=

7-3



‘(ﬁf eqvc.,\ o o wou\us oo aMa,\k_(k MQC—J\L'\

L
v, = — .
L= o < B_UK Loc e\ Balhe roofe Wi meda netaer vy .
: _—
3 UU.*‘/?— _ ux «u 2 2
L (oj S, < Thh < C Y O<50“' /L’ )

+ O (4/50m2>

UM-OL—‘: :—(Sbk'g\)
C
2 2 "\ 2 ot
—h%bﬂ,u ‘ﬂzv SU(,. « E = O CG/ 25op s Colobo—y
= EUL._,— 8\)&/ Mdg g\l‘ ~ (-C _(‘
L€ ":\' “

7-4



Meguon Spechruwa Mw,

N\ U ed
cogos/h s A S
ool T —
. =1 ‘
nw=>
w=-1
. —
?: 2 H(A L E';, Z HM
n n
Uhe Cree Vosemg fu < onsele

7-5




7/0:30:02 — 7/1:10:33

3.0 Fervowa'?wd-;c: (6t nvu—

wlet hepyeas beys-dh O ( I/L})

Csugicksr E ™~ \V\V\ﬁ' =9y ek (MXW Aeles ab we<l Cdos o
L-l “’\ewL_ ~) =

Cel/\ﬂ—/-&.ns/ @;(64’)'&.(.7@:-—‘5 GL Meu—«_,/ Mach‘o-.ﬂs

C v
SR I (G por Lot
o ¢ N ;G ( 'ECTL* TO°">
s 1 ? , ——) . : :
° 739
/4 1
M My

7-6

(0:40:31)



cali-< - o5 -
Rescal S of le—gfts C ® . ok le—gh L Lo

ol Rectal pecrenaaler Qe oo\ U“A: 71_: 9

TS“/M(bo“' cleecle g r@&c/gr.v(&o( 'b-( cet :D: UK'D‘L OL o feoog :Do‘. w &
bo[h-. C d.LM Qt?t" puk-‘c/(;\\"g, @{U’ daficel oot
£ ST e
an\y o et ey.

P SD w: flv) - &L <z 4o o €D,

L A e
@) L3 \) D
5 ) W

-7



Specleal Cuve

av o) .

b ectoce QUQS('MW‘(‘JK rb»cc\’o.. qCO) “= S -L—S
qé7 ¢ Oealy ke 6% C orcerd loc Uzo ol v D

o D, wheqel gq. al0€D) [qlox©)
U\M (Q(()—t %\-ect(\,.i))—: PATIZIN Q}( Ué’:Du

£0
Glo) \s e claet ob ¢ to-glucted (n -Q(u\ (« ofter cluet
r\k‘QCXNA éq. d.QLC(&v:M—-l) ﬂDv(‘.MI\OH oé q(d) ""L"\‘ou)(ﬂ a et

Q(U‘(Q): Z‘WMW—O((U-{_) '
(¢ cotouo g L K < dzm‘c’(' (Ob\ ZTA'MK ((we—\feﬂo e"‘;hc)
q{dd\s SQe&‘«fr—\ (vve Qos b U-"T of H&QI—\.—% sl cesn.

7-8



J((()M.Luomia_t Frona wark how do  gGfecia  coct [ie,f of q- Hess. (e Clee

Yoo wee@d colecect shles @ Son Y, slle [S\ < (,L

relele (S> 4t a clespical sp\l veckor €e§ lg\< §|=~;(;A*'§'Z§)

-~

sbleic. S as @ vel. << g1 = g
for atat. dyguebie X2 <X = L ((1+ §60 X)
x(o[ HQ‘M, dﬂ'\—S /)()
<%, >>:1"'),)ﬂ (Tl( (k SJ TRIA J"‘)( e 6()"“))
=41 (1+ G5 @) b [18)i®) = Lt (15 2) U5 )
pea . - { ‘)"~!
%))bgf“ ‘Z, ( [ - §J SJ"&\-)
3

7-9



N

Coetimuiue L}l ot clace. Miserede wae . e gecccﬁ.s a:%D

Snwoofh G Q&w&&\@-— Q (X\ Lo wlon S" o Bo \ocgd Q’K‘QS
§‘)‘= g()c»)
- - =300
to(x {(1-5 (S+aS«;a* $'+.)
.5 —4 c

[pj)( ' ft.. = T’f(c\ (o(x (-Q”)-I

Cowt 1uyous HUQCMV-Q IMoo&(( ;.L—Le«?rau,c

“

7-10



7/1:10:33 — 7/1:46:30  (0:35:57)

1.2 AvaFmowoswlié Grsvw L Shala

Bibane\ e b

'\:'wowoj woie o 2l Sens  alisd \M<1\

oe-(. Wwolld Lle alyenekiny gpive (LAY

So gc(t»-ovo..‘f«.’ cered fecdl  poiss ('N;) \\!A)

~ M e do Reeer oS Quetn  cog ((‘L)-@(M‘) o W‘LB -1

loole Sec ewsrgy ei(BA«—ddﬁu cp -\ co\_(;‘j e -0 cocle .
¥0Y wote Than T sgime o~ \'M) Exe

(o cohe Wl givs (wte Seiw \'/,_ - Qeqown . \ t~o -

Covmdr  eesilq [qlobally wale all exies 1o (LT WELLD

e \ , an e she (le.
~ C N~ O clavickow = Cervor . G.€. o cll o §re(
‘to‘eo(b%» 20 \ﬁ & J . . s \1“%‘— \ \ LI‘L) \/‘M‘{QJ‘U‘\»TX
“ lecuSe e ol Co L

o). Rdher et L= need BULL B9 Cor pegrec.

7-11



B Equaboug (o m@»ﬁwowb grov ek oot

clsver  all Roga wols w. b be tec 3 g r el Qﬁv&e‘f’aﬂ

L=<t

lob o1 = ;TI' ng(d) — 2{ 0t L WIVTL (@3 hrew el ot nes te.(as
Qu A A1 9 S (T (3 is Lotueew ~T\( o\
\ : L 2
L=t

N 1 A :
. = Vlkk—-((— LM 'LP»?’LQQL‘ (Uo\»/) axe,@hxféu\‘cwg o L.\C \‘Jeyar_s-

( A o v Gl A,
hw Obec \\JU—OQL3 e Ksheg weos Q.C-%'Q- --)—z‘a\f\\kc-(-.z" L W= s U eSce ok

¥ a“ Oﬂ\a" wods WMot occuRied o weock once
We 24 of o0fcu it wods g wosh Lok e 6 CcuRied.

¥ wiﬂk\dou re

7-12



T\ ag T Mocis &S ol 7. M=r (Ggroe L eve)

L=1Y -1 -3 -5 b +< 3 +1
@ O @€ O e © @6 O e O e © é
M=
~ \
e = l’ézt>y\—'(2\l~-t\ N, = ‘\:LM -k *s

\wbegret Equaheus ab L@
Rekts soots on wal gris | wcecdvee q dh..g.\n( e(u) (@/o tescalinvy o)

p((ﬁ - —“‘: %'(\J t(w L S dV p(\l‘) C(\uwﬂ-q) '(-\u\.tc‘x\ o,
0 —N J
;\7;@{\;:4 0= Wuacdonn @3\ - ‘l% dv oW orcten (0-0) - 2w gdv olv) <37
-

-0

7-13



dilecarel wiboo oy \ 2dv 00 o el =0

;l—:‘:\ﬂ’ N« (u=)"

eogeel 4___—\( o \Las &Q&-em‘,c& Qe ™ Foori e Fraw glonctow
< (o

P

P70 Aot

f
®

v 1< | !
VG Cd(louk) \\J'eqm( (d +e

| (
e
e = RO = 5Ten)

‘
2 cosh (V)

L: arc"*o'v\ S (‘,{TU)

=

péU)-—r 1’((“)':' %-&-

7-14



()[0\»\«/& (}c\,\& ’-Q'(cpal\’%

& do ©ofv) _(81fa
t=LCL S A:L(fi ’:LJdée.(é'/ R (&) :2_\,(0‘37- < W

P=0D or P=T eckblhclea ’(‘L,,ceu)k Pocty orgetets
OF waPd wenbele nw cochedile g = TWw (L
O foc Mz LU/2 evan
F; ,{ o Cor MoUlL 6dd

A\u) Mo J = L/Z - M <=0 Cpn- 6  Shale

7-15



7/1:46:30 — 7/2:08:59  (0:22:29)

7 .L( gf\ “oWwny

Modh wlpes ercopshom with 62 gap v pefbect gequecec. ak k~ o,

(onsidter difaeces b guoot ghele @) = SPLol= ()
> o)

D= 2oceton (1= 2 [dv O cuetonCoid =2 | dve - T g (o)

00 -
d/\qef,v(\@(-g wek. o p (o Qielas ’/L, "‘6%5 ‘\*\1

€b )
— S }dv 5@1 - ’?175@(0)' 2—2: S (v~ = o

A< (0=VV*

— 0
Q'\é'h--( L&
ma.,,&s o Uo vo-rable 50 qez.

!
L 2 w3 W (B2

Colved W 3R(O) = —

7-16



C’(two\a Vo Redhes

ewuw b

(o, b
de e~

e(o) = — 8

2 ekl (872)

—

o

e\ (TTU o)

pMonertonma C(M(”" ? (Uo) = U (du ge (O\ (T - w(;\‘om. ('2\))

d (spar SVom Catahom
S SR S

6u\q  coverss

Qs wh““»‘ 53% =L (ER(O\ ’712) = "-('L ~) Gp.mo—g Leve R

= 1 acctom Y (Bu) -1 w

\

e (\ﬂ = —T gw (- ?)

~T < \s(u.\ Z 0O

7-17

=T

—e |
AQ?\

T

\/?'

— V



’p\’“'\S‘lLQ\ Gevom GAelay Spiwowm ts a llechue e(m‘rw«,‘ ox ol gs.

Cpivov s Qe Ou\'\l{ Cou—e \w QoY . Cpie O
Q.  Pomy oc CRlews e QN A

‘Pf/ €( < ?7/ Ef"; 6(?;7 ~< Q(?'L\

Co- g‘\‘(ﬂ,ﬂ_/ Q¢co % cho— O\b Lac e (Aub\.—:\-,’;(>

— -3 -6 =6 < <

6 © © 0O ¢ © @ 0 § 6 © &
"

5\’\“!""4 (P~ om L

7-18

o VL Befla root

— € )

. e I

..“lf;z’

o~ ge 1noliey  amolor 9ap

—o V



7-19



7/2:08:59 — 7/2:15:06  (0:06:07)
+ < Coecloo v Ouerweny

D}S\Y:"’“k\’“ 60 Mﬁ"( -QC%,Q.—?LVM GJ\* (Q""V’ C o

—Cmowov C&mo\d\ e E=co P J= L/L
D\\““\‘e"h’\ “"\-C"V‘-" \‘W‘J"\QJ at c(\/lk o ae U uinNR(S H\ e oCtRulor—
= Ut e 2wt > L e reg betowie
=2 M = T JETemTh
b DN g egres ML g e o o Wty
E'V\/L - Pae v / T~ L
-b - ZTTq:(uul ™ TRV < S A
o detas . Go- £ LT TETI T deg s

S

7-20



	7 Long Spin Chains
	Title
	7.1 Magnon Spectrum
	7.2 Ferromagnetic Continuum
	7.3 Anti-Ferromagnetic Ground State
	7.4 Spinons
	7.5 Spectrum Overview


