
target :

small parameters : n
""-3--2--2 •

"
2-
✗ = , ,

• # of componentsof
ni "" " 50137→ SO/3)

a Rep of 5 larges nap. of 501€

• # of components of 2-* = c. ~

SUCH → SUCN )

i
-

Éizmi -_%
•

\
,

m= .

hit = 2-
* TAZ
↑

2 gen . of SVU)

7µm-_flDñ]e-¥%"gqzy(i
ons
'

=#
' =/ ftp.pztpapyje-fd

"× /¥
"

/ e - int)zT- it/ 12-12-11
.



2- integral Is gaussian !

Zeph = ffdtdztdAdh] e-
Id ☒ - iazi

- ii. ( 12-12-42)]I
= fldAdt] e-

~ SCA
, d)

% '

e-
NS[ A- ,dJ

SEA, d) = Trh C- (2- iai + id )

- n
' -2

g-. fit

a- ¥+481 .⇒
.

^"f¥±;:±
ii. ±

510¥ ] -- v f. d-'kachi-1) - V1

◦=¥⇔ f¥¥±= ^;÷ .

conditions
.

=



If I 1=0 ⇒ 2- massive→

mb → no SSB

D= ' til :÷±;¥s:÷~
scaling '

he

⇒ I = 8441 . ⇒m .

-

where? %ÉÑ%j a particle on ERN
"

.

Compact . )
1 Laplacian

H = - 8¥ ?g¥m→8P .?⃝ , ,, , µ,
, gym y



D--2 g-
2
= f ¥, = -¥h¥

→ 1 = 12e-
4%2 drinensional(trannvtiakm )

Mz = If = he
-2%2
<< 1

(Haldane gap .)

D= } 1g. -- f ,¥÷, = ¥11 - Fcarctan¥)
→ 1- ÷. = ✗ arctau §≥%
-

✗ = § > ◦ .

↑÷. :-#
← nosdut .



Ifl' :zfd I e
- Seeold )

↑
Minimized when b- = 0 .

gigi ⇒ 2=0 ⇒ no mass

→ SSB . 2- 's are

= goldstones .

DSI : gi
'
= fat'¥~¥I

m2 = if 9';!÷)¥2 as g→gi .
i
universal
exponent .

Correlative functions : v. 2 : < 5%751×13=-5%7

¥:Édñ lñxñlna (Ns -

-

""÷ )



St-1×7=2 @✗+ in") /o) (n"- in ")(✗7)
-

nx tiny = 2-+0+7 = 2-1*2--2 generic :

⇒ Sm≠m'(✗ I = ( 7¥10) 2-m.la 2-man 7%1×7)

IGHT + Ochi)

GCXI = Lzmt (072-1×1)
ind . ofm

= ¥ fldtl 2-1%771×1 e
T.dk#i+t)zatz,
+ mi÷1 ]

✗ ft'ʰ¥÷; ≈ ,÷¥ e- ""E
¥ e-

1×4}

⇒ } = ¥1 .
D= 1 : f. Ig .

D= ? : }=Ñe¥
.



D 2 } ≈ i' ( ¥ _ 4¥ )
"

fngsga@elaofoisg7-1n.mi - lzm'T have same

behavior . ]

Dynamical gauge field : fluctuations

=¥a%=m¥v]
= Wo + W

,
+ Wz + 6183)

↑ P -

End of a. V linear in Ag V -

asking.

we :*: - ◦ ÷:[1 = m2a-- o

point
of Sea.



Wz = ≈ Jot"q[ V (g)Mg ) v1-g)
+ aµ(911TMq) an 1-97]

11-47 = fd-%a2.im?Tkk-iqI+m7
, . , .• -r- _ ,

⇒ Fu
1T"491 = m?⃝m +m.gg/hr-A7z-P--sa-"÷::%÷;÷ , - isms :÷.
Wand id ⇒ of

"

ITM 191
= o

in D=' : Timon £ lq2gm - qn%)

⇒ Wz - % foix FµFM + more

derivatives.



1D 1 : AS = f 4¥ F-da .

-

total deriv . ftp.Z m
closed

.

mflds .

Chan # of
the gagehildcmfig .

2- = § ei•Q Zg
NUM on 5 mV : S2→ S2 .

• = winding #

⇒ for N=2 ② = ZITS •

-

h : f- ✗ Eat' n' dnbndn
'

.

Large -N diagrams :
& rectory 0cm ¥?

-
-
-

[ = { at-05 + Inciter -1%-5.5 .



Put thy in g.
cabane.cn?--fasfd-

" k

,
,

= fab fat "h e-
'" ✗
dock)

¥ = -2% ( fat fed + facfsd
c d

un
3C

+ fad Sbc )

÷=-÷Én+Ñsf;÷÷
%'

- gfas fat"qAoG)
Ind

. of N.
~N?

EE -0 us
⇒ cactus

w
→ +

-A 8- +R



% -⇒ ✗

s.IE#TostsEwi- g-
→ 0

.

LARGE N fixed g.= 't Hooft parameter .

=µ+¥É•-
{ Ecp) = EE = Hd"ʰˢrlW+b

+6¥ TÉfP ! ↑-
⇒ [IN = Ini

- ind
. of p.



< 6am Yslyl > = Jab fat"h e-
""""

spin

*=
. < :

""

>-1¥.[nay, g , ,

y→✗ Y
'
= J d-% dflk) = g-

'

§
.

fd-Dkfsr-lhl-ci.im?s-)--fd-DpDrlp7--fd-Dp'p2-cm2-
{

↳
y
'

= fd 'p E-
p4m↳gy~

egn determining y ~ mass try
.



Layerrfactorizatni :

Iain: LICH ally1) = Colin✗Ily)) -10%7.
I any invariant of the large

-N group

es :<
"¥ "¥≥•= ? ? +

= QQ + 6%7

( " "" ¥↑=¥E + ¥8T
s
"

t
-

:

= <61×1.641✗ "If") + 6%1→ =

Mean field theory works for singlet operators



É¥
'

= CY , cp# 4 , (B) 6 a lpz ) Ya 1PM≥

= :X:-c :*:# + uaii

Claim : chains of 5- channel
*
bubbles win .

:N⇔
are down¥
by ↓ .

* decorated'm cacti :¥
=* So→AF

.

⇐ Efa = u.im#4-E



Clarin :

GT¥a = - Alexterrae )
"

I 1÷µp
,
+p.IO#Llp7-=fd-'ksflk1Splpth1--µ

.

✗ = so
"
( En) -2.4

= sit 1%7? 2-4^8 É:L

= si zu g- L

-si § L .

.
. .

Why the bubble chain ¥ the r propagator !

e

# *"
= far . -1¥ + freie



-5¥ Seals) --f¥+tlnG+m4r)

Gac = < 0
, a
> =(fÉgqSqdÑ

=L
g-¥¥ñÑ

so

Covets : ① Large - N us . Wimiaov .

② 0 ~ 42 is a composite operator

but < o o >
has poles

at p2 -- m2 .

Gq
, ,

= - sit 2-ngeylpi-p.lt 61N
"

) µ
geglpt-i-f-d-ns-ra.im



F- ÷

trhy Ks 2- + id ) + it

¥C2- + it)

= KlugHI) + i I. 2s

+ tbgl


