/Fe ymidn - ﬁhof&n fer tex funcﬁ'ong;
) - (0],
O, (b,b) =¥, &+ O8]

"
tree
SO = N A
Lg=p-p S

— zQec/al/ D=0 ( n&t‘\/ef/:u,perﬁ'q'a,/// ( e.,

[oj-dc‘derge,nce Ao m ?en&rd Formula
( all Zoaps)
— E@w'udenf/j /
anaLyS"S : LF‘ UOJP/J = (O , since can

y2

be ”‘“‘jh{’ of as coetficient of 1;9— A/u%
((aa p
| Lag/zangfdn > ca_n_/f have I;L éc A>)<C[)wu.bh'njs)

(assuming [60“/5“"‘351 >0 ,1e, renarmalizable theary)

moré gou_'c Id}/ use dimeasional

1
[6.3./ can 'brg /\/(M or b m,?///éad— then
m, 4., P —> 0 (mit doges n't make Se_n§éj

/p( mensignal ”arjum@n/é" valid For all infertachons

which are renormalizable coni'r/'baa‘:'nj +o @, €d
Yukawa,’.'e',qs (n /Oo‘b .. and al /OOP—Ofder}



— T 3e,nera.,€ [a,L( /oo‘b// structure in Dirac
< e Lk S| [IOO,b
pac [ ke ) /ﬂ,u, O/c.ﬂ/’y/,g,c/,uu
(no ’}’S ar ’Y/,L ’}’g Auwe fo parr'éj /'nuar{ance)
= By Lorentz indariance , we muest
o vamente ard g bl

r]#(laa/’/oC (]b,u o g#)ﬂ_ + Yy + T (Zuor,b’j

? a c tu el def"ec of d.'uerf@nce { o wered
by 1 (as comlbarea’ 1o nar’ue,/gu?éerﬁ'a’al/
qﬁor ﬂ X (/,LU preces ,“‘3'/ —Finite/'

onlj & coetficcent @O?-/d{‘/ej;@

—Apove s fFor 'Fermion(ﬁ/ //)hofon bef'nj,
on or of~ shg/(/(/(jeneral kinematics] - ..

..onto sp ecial case Olﬁgar% fermions 9/ ~she,/a/

{phdkdn must be Dﬁffshe,a/ e-g, sﬁa/&‘eﬂnj of
electraon of offF hecwf nelect s éy phm‘on exchan ¢

wh@re/ M/Sfﬂj Gor daon z*dené/f# L current

conservahion  we can re-write 11 term




in terms 9f Yy, T pev gfw'nf
(F’“(P’M - Ve Fy (‘Zz/“%ui"@/?z//
(See LP sec 111 or PS ge,c.é.Z/

= F, (4% = & (tree] +w
(Fuiz_ere form—tactors]  (1og-jdivergent

FZ (0) [’Fim‘(:e‘] IS anomalous mafncﬁc
MOM&VM/L JgF fermion {Sec. [(.2.2 of
LP or sec. 62 of PS)

— Onto 1 - losp eshmate fﬁues
[o?—ab‘a/e/r?&nce £om foﬁk I8

[ |
Py\/\/}éf-\'/\/kﬂ/()/ ph JL‘?O/: fermion
K b/_l_ K pro/)qgafafs

b+ k
‘e

— Calcdate (usfng D//VIREG'/ -‘wA;?'(
i) practce ; (ii). relation to &



based an gauge jnJariance , hence
cruecal 4o wse DIMPREG[(cf. hard

cut -off (see HW21: general Seding- up
in LP sec ]1.3)

@Ia‘/. confirm wno yreduction of
di\/&r?@nce /no “Su rlbn'geg ‘// » after
all , no princple at ,D/a.y nere

| (d
- &7&1/1/ apove arjum@nfs Veell

£ p pho{;dyt —Fermiion vertez even with

Yu kau)a((— é)E_D/ ‘nferachion
//5 \\/
P

-

:

| “ | ot
— And , sinc€ ja,uﬁe, inJariance n
- N
used above (for lp bYf itself)
we can f‘o/"&‘d‘?e ‘o vertex in
\b"“’e ‘yu,kawa /ﬁe/drg as we/U A



— Recall : for {77'}“,)/ gauge Mvariance (or
w T l\denﬁ'%g/ (Nftorms us beforehand W ot

(all losps) D = 2 [swperticial) —> D =0 (actaal)

but cctimate For 1- loap dc'ajram s
shows D=2 it Onlj after ca/c/ufa,ﬁ'ndq/
regu/a.r/%ing (oof M—‘te?ral [Maf too.
with DIMREG | not hard cut-off) that
we explicibly see guadratic divergence

dica ppear (a?a,m/ fot of wo vk //
While 7£0r/ chiral szrnme/hy/Dich
ctructure tells us D =1 (superticeal)
— D=6 (dﬂ‘ﬁﬁe,ren.ﬁ’ princeple than For
77,,01/)} then even [y‘dugh/ ect mate



for Zfloo/) d(aj/‘zams Shows Same

,
packed -up (47‘: no,eded’/ 53/ ca/cb«/aﬁn?
looﬁ |n 'tegxza!/ bt wi ot nged,'nj
+o fejw(ar/'-ze etc. /afa/n/ hard cut-off
will also lower diuergence/ cince 3@&56

t'nd@//anf/e (S /Lo—(f’ rea,ty at /b(aj here)

Mext step s add('n; fcounferéerﬂ
—fo l(ou)/'nj s suflficent  since cﬂ/‘/e/‘jenaﬁ
is aaly in VY, term (at all (gops)
(T) — ,
ch = -Q(Zl-']}e’%’ﬁ/w , agam Same
farm as %Qlags,‘cd = —ea 777}(%

— (hoice of kinematcs for 75,‘1,‘”; Z—) ,

AOM exfernaj FerM('OnS 0”-Sh@d /Pzzp/zzmz)
and %F/ﬁho{ou Mdmewfb‘m/o#_ghe,(// e

— nital & Fnal Fe rmion momenéu.m/sfat‘e
s Ssame !
So, really ts g —0 ( specitically < m) eg,

non - relat vicshe /aﬁamic st tem



Ta thic sltuation , chaoose CT so that it
e

classical

ezaoé’/} cancels /()0/9 contvibution to

L e e
@———)O — ac{assr'cay
= %

Since for both Fermions be)uj an Sheﬁ(/buf

g% need not vanish) e have

09 /00/ .
lﬁﬂ(l P)/P2:' [:’szz) _ 'V,u Fl( P/iz/_(_Lin:uu Fz/iz/

we get [FI(IOOM[@Z: o] = -—Q[Z—(——l)}

—_——

Commen‘fs on /,‘Ateréfei—aﬁ'ang of choice of 2,

— C/OVIS;&(ef/nf non-relatvishc Form of spinars,

we can Show /see LP sec l1.2.1 &2 PS sec.é-Z)
hat in abgve [imit [ Pl; b'*= 2/~ %ﬁ()//
only cou,b/«'nﬁ +fo ele ctrostatc Ibo+en79'a,[(¢/
surives [ajaiﬂ, from u /’/l u/,—i'e., co w,blz'ng to
ma_?ne//'fc vector potenfal [A] requires at
(cast one power ot g

= above (k/’n@mab'c/ aouﬁ?uraﬁon meas wyes



electric C//\ar‘je, co thate what then seems to be chgsen 2o
be same as classiced ...but jusf to complete

the picture, note that fult photon pro,bagzu‘ar

mn fhes //m/-f/iz—;O/ was also Wehocen (Via. '2'3/i‘e-,

cT for Tpv) to be same &S classical and
dressfng [ge,(yﬁ.. C”e’ff/ of external fovrmion
vanishes choice ot ZCT/JSOALgmaﬁca”#

@"ﬁd( ! COu/ﬁ/[nj to EM fiefd s same as
classical in this case, z'-e./lé Q}/So that

L L . i
e here S as wme aswred /n (e.y./ atfomw c
-1

2 _— .

Sysfems (g — O Luwf/ , e, ez/[47T}: O(&ED’@

[qu“ﬂ/ e/}%‘&éh/e CO“P//’!j 7C0r ?23&0/357

h{jher energies, will then be A Ferent :

we will calculate this runnmj /Qfer...‘}
— EZpand/'ﬂj Qround il/: O y /-e,, keep/ug
leading terms for g F0 ,6 we obfain

COuP/Mj fo Majneﬁ'a Held Fl. (o) Jives

Dirac mag nehc mo ment 9=2, ,'.e,) $ame as tree, since



fFul( .
Fre(0) = Q (tree) + 1% /0) + 8 (2= 1) frome < 7T
- & (CTchaSen to cancel /00/5/

—

whife FZ(O) (¢ anomalous Majne;/'ai mo ment
[or (8-2)3 - [Fz,z (3" 0 witt give ever

hi?he/z_ grder effects 3
_/M/T /Jenﬁéy — %1 = 22

(See se/para,i’e note For ﬁrOOf/

Com men/fs on '2", = Z5 . since (tE

based on &KED ja,u.ge |nvariance, we
see tat

(]). i+ owill not be valid F we wse
reju/(a'{fdf /Scb(/h as Ward cut- ol which
breaks 3d,uje

(2). (t holds (—For phc)fdn o/erf@Z/ evea F

we us e ‘/uéa.wa inferacﬁon [a/h/ch (S

flu/ar/'a.nce ccee HwW 2-1

ns; A '
ide loop ,ie.,

REP ?&“?e —in «/ar('an{—/

o (
Z, from s 2, From
h h

(

(/\/0 fe/ h s Au‘ﬁcerem‘ 7Cor e/ec—fron ug.muon..,)



3l ts valid for all chiices of gauge
fFxang parameter (£) cince we Lidnt
have to s,beu'%j ot in brov/nj wT i dentity
Hou)euer/ 21 (0" %2/" bg (tcelf — IS
depenﬂeaf on &  in fact, for £=0

( Landau gauje/ At s »/-im'ée _,,aga,in/

Cuch Mat 2, = 2, always. .

@. an ama[o;ows relaton does not

hdfoa fdr pure Ve baw a /’heoy/smce
we don't have WT [dentity in Hat

case) | 1-e,

(not photan
Lg/ (Ve will Show /a/tf@r/«exé fo,b[c/

Ma/f 2): %2 encurées y'a,/?o o7£ 6(30{7'/'6
charge of elecktraon +to mwon or



;SrofOn IS not modifred [vs. classical

value ) by [cobsS , even If
fﬂﬁefQC'ﬁdVlS I [oo’bs [e.g./ Yubawa
Cawﬁl‘hﬂé/ ave d«’ﬁcerenf fav‘ deoi’rdn

vs muan/prd‘é’dn

 whereas -—g/veﬂ H# 4 above —

rato of Yukawa coupling of

electron tg muon - ¢ mod fied

at lodp - [evel [u)e'ﬂ come back

to this b@/nf at end gf course
in the context ofFf GUTEK (}

_ F[na//}/ check th o (P/L“MP/—[— C/T/

Irg HVI lf@ (JI.UC }"? ences n r./-LUOUP/

canceled bj C‘T/ evean F fe/rmiows
off —shetl and g F+O [generat case/.

a bit suptler than for 77'/“/&2/



Since ‘there oare maore €e vy ms

(Dirac Sfrucfu)’&/ | %1'5 g,’%uaﬁ‘on:

n“(yeuéra/): ’y,uﬂFl _['@P//—_FZ +@7€—, P:,,,
Spv bV F4 + Tpv P G

[cf Up = Yy Fo(a? + (v g Fp(g7

for bahh Fermons bec"n.? on-shell

bt not photan (g F9/

—> v, Flo) for 9209 (eg,

atomic Sgsﬁems as assumed
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w hile chaogimg C 7/

———§ee $@P6t}‘af€ VlOlf'@t esgen%{a((d%/

&({vefg@nce dnli /I F/ (O/,..



