
Read : Gina K
,
62=0 → ticQ)

.

wbyigyqatpo.gg:D ?

0ps. of
the fam V={Q

(for some t ) acts tnriatly on

d- cohomology . (Ss→G=[Q,
trfhf-hc.pe -M = fatigue

- S

PBC

change s → St JV

sftai-7-1.D.mx e
-SN

= J e -s) said = this H
a-

zp ① operation : mb dats m faff
cmlmbute

.

=) = o .I
-

- Ss
.. lies:D -

- o.ci:71



Genoatit : Gia a Sym . Sf SEES
4 SD4-

( Sg ) = Staple-5438g

= f ( SD te
-""

g )
-

= 0 . (Ward id)
-

mere generally : consider O sik IQ
,61=0

-

f @ c-if O .
.
.
- o) =o .

-

In Witten 's twisted Susu theories
,

Tm '" - { Q , 7µW)
#-

* ¥ny×, =3 insensitive to Sgm .



Differential forms interlude :

#thmanifold µ

is made from Ac; . . - ip (X)

A = t.fi
.

Ai
.
. .

. ipcxldx
"
n . . . ndxip

dxi are cord
.
differentials . ie cotangentwees. .

Recall : A tangent vector to M
at p .

v E TpMM .

is V = Vi Fyi Xia,

V-fi.M-R.tt path xict , thnyhp
•
-

rate of charge
of f along path

at p

s
. daff -- don't ftp.
-

q
-

Tpm -- span12.3 .DX '



cotangent vector = elements of Tp*µ
eats vectors gives # s.

dxic ÷. ) = Sign .

dxi④Tp*M
=
-dxindxi E M Tp*M
=

am;¥ih?
-

seaming.mu . )

n
p - fans on M i a

a
NCM)

smooth over Rl

(Apr Bg ); . . +5-
"ftp.AEiin.ifipxi-ip.is

Tannage ones poms
Ddd : RP-SN

" '

da dingy
←'
"

'

CdAp) in.im ,
-_ It" Hi

,

Air . - ipad .



d
'

-_o because an ,2J=o .

=

ID: Xp all . Apa MCM)

↳ ApeR€
stokesthfxpd-p-i-fq.AM
( d is the adj of 2 under

$ are raining then,mdp?7Iam)
AD * '

- RP → rn
-P n - dinµ .

*4) in . .
.in
= Ffp

.

Ei
,

.
. in Wii

- ie

(M , w) = fungi * w inner prod . on DMM)

#n*w - Give



Return to NLSM
#

"

slim?Hiram a-

Atoll 07 c→ A e rocu)

Aik) 4*10> C→ Aidoo c-N'(M )

(Apk Ai
.
. . .ip4i¥ . - kirtles ex A.

" idol
"
-a . . -add"

c-RPM

H -

-

p
Nim .

QLAP > = Id Ap >
TEfun.

Gt removes a fermi Yi , different in the
c

'

chicken .

Cet ( Ap ) =2¢ip Ai
, . . . ,

4*4 . .
. #"P to >

=ldtA) .



(y , dtw) E ( dy , w) . Ta, y .

dt = s * d # .

s= It
.

dependsns.T#.n*af*...::::n
.

if 2M
-

- o

roti Cdt 72--0 .

H = IE Afa ) = { (ddttdtd )
Msm

⇒ ↳ place-Beltrami
op . on forms.

Susu g. s .

6143--0443=0 .

5 a harmonic
p - form .

F1 AP > =p IA
" 7=0 DA =o .

pth
# z harmonic f- furs = DMM) . Betti
-

# ofM.



tr C-if = & GDP b4M7 '- XCM ) .

NUM f = o
onµ

t¥2l
m [H , KJ = o.

→ k acts on each RP
-

[ K , a) '-O-

let BP Ck ) = # { harmonic
{ Ck ,F) =o.

f- fans we
enae K of K)
KAI

. ..ie
-
- KAI

. .ch .

⇒ trfnk-p.I.tn b'""K = kfck ) .
lefschetz

weknowci-oindex.tl
d- ⇒ in d : rt's RP

C Ker d : zP→rPH

ked :RAM
"

de Rham cohomologyHP (M) = Emir of M .



NOI : NLSM has a tire - reversal syn

¥÷:÷: : :*:*. I
-

* : RP → rn -P .

y
't '

. . . # Pio, *→ y*P" . .
. 4*40,

↳ ← empty .

is a particle - hole tant .
Tite

The NUM in D--2. has archival syn

Ye 854 , y
'
= it.si

In the Weyl basis : A-- (oft
.

)
= 808

'

Qe- ± At
.

.

F- At
.

= t.Q-i.rs .

ie { Ts , d- 3--0 just like fat,af=o .



same
=3 E > o come in pain of opposite
atg chirality⇐D- end)

E- = o are singlets .

→ fr rt is topological .
fr ft K .

" "

-

explicitly : 4
"

,
4i* are 8 enginetotes

80=(8-1)

But 6581 -- o .

pi : 4*4-4
"

.

to >← 4*1.4*40>
-

y
' x'it .

. . 44*103 -
ng fi, ..int

"'t
. - y

':*
-
-

-

5)2=1
.

to compute +85 i D- Compose

Lng
D ' ① r

"-9 into

the. -- Ecb't - b? ) eyirstah toff.
G- °

← b9± = # 21 harmonic
= signal) HIRHBRsycatlnn.me . forms



trt.sk = [K.rs ) -- o.

I ⇒ r9④rh7

Eiislbiisbii ) =¥¥seigfa
-

and K )
when q

-
- h-q .

r9=, =
self -dallas, g - forgers.

Ef : h = 4 , 9=2
n -- 2 , g =/

e-
-

-

T
GTs

= f curvaturean

tfxcm)
-

= S.D¢D4DuTe
- S

ind . off .
PBC Etcetp)-- EE) =p

tfhfo
-

= § . . . =fd4id4id4" e
- S

omfg
m S4=o
-



suit constant ) ⇐ f 647/0*474/0
+ Rijheuiykyiye
-

fd4 4=1 . Sdt I = o .
⇐
y A- 173 . so Erkki )
- T

fan dxndyndz
r' (pi ) Erick ) = fan

aol.fi/IndyitfxdYndzttfydzndxtf.dxndy=fiEijhdXdndxk
=

dfitifdxi (grad ) ,dffdxndg.dz/-eod/fidxil-c/2yfz-2yfy)dyndz-cyclic
court

=
'

z ! C- ijhrdifj film
dye ndyn .



d (f-
+
dy ndt t . . . ) = Teifi dxndyndz

' d① .

dlo- foul = grad d( I - fuk cud

da - fu ) = chi .

=

I give a fluid flow an X

electrostatics :
" T = 84 ?

EI - Fg on X - Sahay ) .

#
EMIL .

F = DA = Ei
dxindt +Bxdyadzt . . .

= Ei dxindt t Bi fish dxindxh

*F = - Bidxindt + Eitiizkdxindxh .

Maxwdlis :(away frm charges) :{dF=o # d
'
-

- o

dtf =o .

-



O = dtf a FAA) ← J Fm
-

- o
.

• DIE #

SAI = - Ee. I Fn * F

= -
'

ye. J FmFm Tg d
''x

.

Mainxwadwm → Ef ] , I #F) c- Hku)
µ = RY ifcharges)

ee
static charge at o .

T
Rt Its}

f- = q drift =-D f- gant )
Ift

.

[f) = o c- HIM)

dr = Xindi , * dxndt
- dyrdz .

⇒ * f = q
t dyndzxydzndxtzdxndy

[*F) to in H2



pairing btwn
trout and Hz ( M )

↳* F
= 4kg =D prone

that #f )

gaussian
→

to .

Surface

charge c- HKU ) .
I

Include charge in Eon :

-
SS -- EA

F
would line trajectory of charge"minimally

"

.

-

=

⇒form gauge theory
-

Fz=dA ,
his inv 't under ANANDtoo

Fp+ , - d Ap , ftp.dhp-i .
ishi



SEA ) -- - Igf Fm , ' *Fm
-
=

( Fpa , Fptl)

= 11 Fp-i. IT .

* - f 59
Ftl ! fi , . . in ,

F
" - - ' c'
rt .

.

for p-- o , L = - I 645 .

massless
scalar

.

o
-

- fff = dtt , fry DF -- o )

mining : AS = Sx Ap
worldvolume V

P

ya charged Cp-Abram .

2-we can
-

if D= 2 model A let Fix
.

-
-
t
. * Fish .

-

in 17=2 this is a chi-I scalar
.



Duality: d Ap = * d ftp.p
DF = o → d*F -- o

{ dlxf = u / d ft e o .

Z = f[DA) e
- Ig- FDA-*DA

= f IdF) HAT e

- IgfF- * f ti fdFnA~

( SEAT . . .
=HIFI)

=/@AV) e
- EY darn * DAN

g ⇒ Yg
.

I: f- o , D
-

- 2 .

-

L -- i'g.HI
'

c→ - Eady
'

¢z¢t2U . has radius
has rachis

E- of . Yg ←→
g -

CTI Ft UI
go .



• for p ,

can make Non - Abedin

Fs = DA ,
- IA

, AA , Idt,
- di

feline -

algal -
ga
,
= dy

.
- IA , do - it.A

pet ?
-

. (ptpi )
• Scs [AJ =#fAF" - -

- id . of
metric

- if [ranks =D makes sense .

- is gauge in 't up
to a 1dg teem .

- fu D= 2+1

J A n F -

is gaussian
= - is more rebut

them Fnff

# .

I
'

-



Hodge duality on fairy
lid . of meaty .

{ harmonyinforms}
E-

cbnin HMM z Hn-PCM )
if Miscnnpao!

• It 2M=p
, any harmonic form 8

is closed f co-doted
alto dtr -- o .

(w, Sw) = f w n * Csu) = Hdwlitlldtyi30 70

[D= ddFTdtd = o ⇐ du -- o

AND dtw =o .

harmonicdaimyo
:
Any

proof
-

hPa w = da + dtp +rt
IF = imd ④ im dt to { harmonic } .



This dump . is orthogonal :

eg ( da , dtp)
= ( d2 , p )

- o .

( da
,
81=0 .

.
- -

=

If w is closed them

Tldtttdtp, dtp)=¥w, dtp )
I

= ( d¥, p )
= o .

=o

if w is closed
.

→ w
-
- da +t -

ie fan
⇒ [ w ) = [ 8) has a harmonic

representative .

It minimizes Ilwu
'

within EI
= g Wnt w 70



Six = #S . D= { d ,s*d* }
- -

⇒ * : harmonic→
harumi

form forms.

=p isomorphism * : HYMN H
" Fm)

.

Susy op of Mgm are the hermine

reps. of cohomology

nine cents - Getty ) = a

-

IfU is non -compact
=

HP (M) ⑦ HI
- P
Ch ) → RI

← p
*

n - p - fans ly compact support
.

-



S -- f dartedAt off
o --¥f= d*F + j

d*F=o or µ= space lchayes .
I

[ * F) c- HTM)

-
-

F t#F .

eEDp=o . and x
. Ennio

ie 2=10--0 .

⇒ 4=41tix)
E -

m¥f÷'vr=¥



is in a lattice model :

Nielsen -

.tn#!hfrI::msiO Vfw
zit doubling them .

= =

A zd G-T is labelled by Cfc. ) .

( Tt.tn#TtI7 - ¥,

Clair : Nonzero C+ - C
-

implies a gravitational anomaly .

=

(can't happen in a local tattie model
.)


