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To what extent das W depend on thepath ?
Take G abelian

wc-wo.eielc-c.tt

if c- C' =2R - µ .
eiefpf
-

N
F-- DA .

1)ei§ciA=w÷f .
E.nlThe diploma is :

eie-R-RF-s-keseiefvdt-2R-o.pl -- C-C
'

If F-dt , Ai smooth Bu± {d*F=*je
then dF=ÑA=0 . d F =*jm .



eiefvdf = eie SEIN =
eie.fm =eieq=! ,
②

⇐ eq e- 21T¢ q = magnetic charge in V.

Dirac quantization conditions . ✗ = { integers}
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choose tr TATB = tzg
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✗
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arbitrary gouge
• value <→ redundancy .
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• Increase
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funds crowd C-
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• currency 4 ⇒ Higgs field
intrinsic value

• local obviousness ← mass functor .



4.5 Actimsforgagefields
Sym [A) =

-ztgzfdx tr Fm Fm
• gaze init
• Lorentz mi 't

1 = [D) =L 2 + A ] ⇒ lAJ

⇒ [ of ] = 4-D ( like Maxwell )
D) Y : irrelevant

17--4 marginal Day : Relevant
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wat⇒
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= of data)
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total

derivative
eg D=4,6=01,7 : F n F = d(AnF)



So = osmdw sofzmw
→ So doesn't affect Eon

" " put . theory .]
( even in the NA case ✗ ¥n . .. = does )

• claim : Jt ^ . - - Éa=nE 21 .

Pf : in discussion
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IF ^F = J Fo ,F→ dtdxdc.dz -1 . . .

is odd under CP or T .

In OCD Gee, -1-0 produces an EDM for neutrons
.

But EDM of neutron
± o in expt .

→ O•e☐ E 151° .

" strong
CP

- Problem
"

.

Dodd : Scs [A)
•¥" / Â Éi¥ - - -

-

¥ of those

In 3d :

Sitt ) = 1¥ ftrftnf + 3- ANANA )
M

- is not a total deviation →
does affect eom .

o k is ohnienscmbu
. Lorentz inv 't

(marginal )
. Is gauge init if 2M

--4 .

• breaks P ,
T .



Lyn ~ D
" but Las - DB

Tenebrous
-

-
gui is irrelevant in 13<4erratum :
-

Lcs governs quantum Hall physics .

• is another gauge
- init way to give

the photon a man .

fnG" f-fnax-ifcs.ms massive
vector .

- -

¥ralDxlvFiF
is irrelevant in D< 6-



charged Matts : 4am → A,¥%ñ
- some ref R of G .

Dull = ( 2m - iTpfA;) 4
-

FnoaÑgG rings R .
↳ ArinDil .

Ly = i 4-0^124 - VIX )
OR

Lq = DnÉDMI - VIII)

gouge
-unit

Lorentz init .

choi§Reps of fanionsReps of
scalars

self- couplings of fans & scalars.



4. 6 T-erm.in/ath1nkgrals-

{ 41×1 , -4141 }
=i-hftcx.in#ocanoniIiTlal-relins
{ Oi i = t.nlGrassmann variables

Coard . differential
→

a. a- - a. a. [÷÷÷ :Toi -
- o

multiply & add y ¢ cuffs →
Gessner

algebra
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fn : glo, , O, )
= a + bQ + coed QQ,

*
-
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,
ever)=o { add , add } = 0 .

)odd
b-- 3%

,

c-- ¥
Taylor's thin for Grossman ran D= 82oz

.



Integration = differential- f- grasmn
✓are

Integral-
Tane

: f4d4= I f1d4=o

1 = 54-4 d4dÑ =
- fit dEd4

fd4, . . dlln ✗14-7 = 24 . - -2h ✗ .

ffcn=fJd×f(✗taifÉa=o
J (A -11301 do = fdO( A -1 Blotd)do .

if 202--0 .

f e-
a -44

d4-d4 = + a .

Fait
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A
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TIE 4) = fit e-attain
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"

)ij
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- Ctkxjl ? .

T

complete square
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= e
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'
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"
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4. Mrs 41×7 choose d- to

f- (4.) run, f-[4)
disaetizeiz.MU

2-Fix] =/[DIDEge
ifd¥§i☒mN

+ g-4+4-7]
T

III.dÑiÑid4. = det ( iD-m)

expif.syn-fix-m.iq
.
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=
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