
5-2 T-¥ty
Context : Bosons in a V11 ) symmetry .

-

(13--1-11)

. ✗ represents [ bi , bjᵗ]= fij , [ bi,b;] __ 0 .

ftp.t, -_ -584 :-b; + b.c.) + ¥ {nilni - 1)
< ij > ↑

nibi . much Tini
sym .

=o it
hi = ◦ORI .

FhuU
✗ = ¥24, { St;=b;t f. =3 ;

.

H=H×y= - Y [ . -17.4;) + 1- §?
cij>

V. =#
"¥4 can be solved by TW !
-_

d



PLEAS : { Eni , d;] = - ifi;
¢i = ¢ . -129

,
n c- 21

bi = e-
i # Jni

, bit = Jni @
+i¢i

-

Hart = -5¥, (Jnie
"#¥> Jn;

+ he . )

+ % { nilni -1)
-

n {ni

If Chi> = no >>I Ñ
,
= not Ñui

<< no . ⇒ bi = e-
i#Tui

-

≈ e- idifno
.

⇒ Hoste = - J E cos Idi -01;)
cij>

⑤ =
.

2Jno .) + ¥§HnÑ
no = My SSI .

"

Rotor model
"

.



21¥ : ⇒ sn=o .

-

17:11am)

In , ¢)
- i → s¢g .

minimize

-as /di -¢;) → ¢i=¢; =# Vi
( Superfluid )

ttnw-UEni-TE.co/di-¢;)
EVEN? - T.EC - I / & . -4;i )

≈ { cnet.at - asha)¢u&h )
m

^

goldstone mode /pharm) w .

=
+ • 1805) +4¢ )4+ . :)Left = ¥ ( aioli

¢→ ¢-1 C- is V47 sign . . fs=⑦ ,c= JFU .



lnD : < dcx.tt 419077 - lug (✗^✗m)

GRIS at large × .

{ bt (✗i b co> ) → 0 as ✗→x .

↳ d> 1 : <btw bio))→
<btw) <blob
-1-0

[ Hohenberg-Manin
-Wagner

-Clemen ]

In the 9--1+1
"

SF
"

phase :

< 5%1 bio ) ) = < ei¢" ' e- i¢•) )

= ÷n n=es .

"

algebraic long range order
"

.

- -

Molt
"¥ÉF%¥.

" SF
"
(d-- 1)

Lbᵗ×bo7~é"} 2b¥ bo> ~ ¥,



Masden¥7, scalar in 13--1+1 :

relativistic

SET] =I Jdtfdx /1%412-(2×45)
= 2T /dxdt 2+4 2- ¢

2 ±
= { (2+1--2×7

in a circle ✗~= .

¢14T) ≈ ¢ cx.tl/-2U-.V- ✗it .

This is a NLSM w/ targets pace s
'
_

Sf ¢
'
) -_ 1-Jdxdtg 1¢12#2%15

Msu
£ IT

tmetui on target sp.
4¥ = cords on

" "

.

MI : di = ¢2 Radius of target spaces
'

=
⇐ R .



R= 1- = Tes .

◦ → 8
¢ ? ¢+21T space tanpt
⇒ only ein ¢ nex space

is well - defined .
-

◦ = ¥↳+ , * 82m¢ ✗ 2+2-10

→ (✗ it ) = 4,1×-1 ) + ¢n(×
' )

= ¢, (-21
+ 1%1--2)

( 2- = ✗+ it ,I=✗- it )

¢ = 12¢ ≈ § -1211-12 . ⇒ e
" "EÑ

is well-def'd ."RH¢i= @ÑT



transl . ri the

¢ → ¢ -1£ targetspace

⇒ jµ= -12m¢
←

" momentum
"

(Bosun # )
Mi

¢/✗it 1=-417+1-12km ,
MEI

¢ ^

4 #

as long asi:¥÷;÷:÷÷
¢1✗ it I -1 2AM

m = winding # 7
in C- 21

the sting =.

217m = ¥ ¢(✗ it 't
" "

d% 2×4 = [j°d✗
✗= O

O o

Jr =# 2×0,74) = ÷, Enno
"

¢ .

JJ
,
✗ Em 0^2

"

¢ = o .



1%(1-+11) = §
,
+ (pink#✗I - iF¥

,

ein ein 1+-1×1

4pct-x) = Jr + Cri-int -✗7- iF¥¥É÷é""-⇒¥ .

¢ = de +dr . = lot

⇒ ent = e-n .

q
= of , + qr = & fold✗¢ (×, t )
c. o.vn position of string

IT = TZ ¢ = T (2+4, + 2-dr )

217 j = it. = [dx 117×+7 = tfdx ¢ = LTZP
U O

L
M j,m c-X

P
= ¥, w =

In

=
'



[¢47 , ITC>7) = i fac- yl ⇔

Eq , , Pi )=i = [ yr , Pr ]

e? -- e- n[ en
,
et . ] = n fan ,

or [en,lm)=nSn+# [ e. F)=◦ .

H = fdx 1T¢ - L = ± /d×(¥ +1-(2×01)]
= Lj, / pier?)

+ it É(E. en +Ein )-14
h= I

= ¥ +1- kami) + a- NNn+Ñn)+st

JMl g f. 107=0 = Into> .

h > ° .

[pi- pi , w )=# w



① 1)
boson #

ÑÑ V47 ✗ Va )
¥7 winding

⇒ntex#

= UCH
,
✗ V11 /R

j↑ = ( ji
,
T = ( j-1,05{ jr ( ) = co , j -J

are
conferred 2+5=0--2-5-1 .

Observation : the spectrin is init meter

=j 1- ¥2T .

T-dval-ity.at,+¢r ¢,
-¢r

.

Vertexoperatvs : life ei¢ ~ b
< ECHACH > = -¥ bg±a < 4rem ¢ = -Hog?

<de Ole> = 0 .



✓plz .E) = : e
i ✗& + ftp.k-1) .

•

4,6-1=9 , -1 Pitti E En w
"

w≤ezñi%

: e'
"%"
: = ei-9rei-PR-eit.EE w

"

ei - §. Ew
"

g p - +
( sin for %)

✗(p. ) =<poly, ←eimiisertf.mma.tn#Lpo1eiPx14)=4cpo-ip7
In order fr V4 to be single valued under 01-4-11 It :

§ = 82-Gr .
p =

✗¥ c-21

Vqlollwip> = e'
"¥19T il⇒1Ñei%eeÉ¥p,e

↑
oscillate go Pnlwip)=o

n >o

-



= ei-E.cn/w- '¥ , p -1 ⇒ >

Otp c- 221 ⇒ 2
, p

both odd

{ 2- p c- 221 or both even .

a

#

< vq.tt#7Vap.lH)--xy?--zH-T
2-

2-MS.

¥.÷÷
.

""""""""""[ = Sad Sptq '⇐ charge
conservators

(hi
,
hr ) = ¥+421 § ) .

A- h
, -1hr .



Special values of TI radius of ¢
or BH coping

Jlu
.

-

• SU/2) radius when 2*-1=1 .

- fixed by T- duality .

V1 ↳ = V
, , ,

are marginal

Vdp = Ho and ↳ are
conserved
currents

→ SUR ) ✗ SULZ) symmetry .

( same as SUCH
,

WZW Model]

• free femim radius : when 24--1=2 .

-

<Viol 2- it)Vi◦(0,07 ) ~
D-
2-

= < 4+12-14+10))

↳ L = 4-2-4
t -1



bosoniain : 2m¢ 58,4
Ennio 4- first
? µ

SÑ30T¢ 4-44-4

• Supersymmetric : 24--1=2-3
¥"

-

V.
◦

has din (3-2,0)

is a supersymmetry current

Hut . Qg=§j◦•d✗
{ Q ,
t.tt



Lattice T- duality !•-¥-
→ ÷ ? / E .

_ .

My = ¢j+ , - Hj
⇒

= [ 24 Nj
j<J

=/# 7 bosons tothe

left of 5)at⇒ Tmj , -0s
'] = - ifjjl .

ei -05 = ei £-20T "5 ntatn the

phone 7
all

↳mstothdgftifjtlra-i.EE/Q-Y-:Q-Tbro .

= inserts a vortex
- J § coszamj Letner j and5'

'
.

'

SF
'

≈ 21¥ + Efim;-)
'

)



H-H.cn ? but -0 c- - a-I

=
'

Hom = VE if + Elam,-5

- Roos -0J
i

v1.*.Tai .EE?eI-xoso-
C- = ¢, - ¢R

Ps M @¥9s
is the
T-dal

✓arable !

[41×7
,
① = Zcti sign 1×-47

✗misrsinal .
→ cos inserts a vortex

✗→• ↓ dis irrelevant Kosterlittthoubn
and
,

transition
hj = 0

Moltlnsuaten gap less .



< ei
-047

e-
i °"
) =

✗
¥

A-- ites =!z

< bt b) - i > ↳ 7-_ Exe
,

= 44
at the tens .

Molt Insulate =

Vortex condensate .

§
,

def = 2am .

-

< I.pal . . . . 7 = < . .
. . )
fold =2ñmHp7



state - operator Corriere

O ✗+ it

'

¥≈x+L

/ G)- 010)

enegyeral sealing dim . of
6


