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ABEL IA N HI166S-K|BBLE MODEL

5?‘0"* fmm a com/o/ey sé’alar

He/o[ 476() ana{ a rea/ vedar
freld A, (x).

0 nem tcs

¥i= T Y Y I e
0% igA")G + W 80 - 2 (478)"

W“f-h 5{7 = QJAP- 9{.7 Aa‘.
9,’/\///( 20. Mass l‘em/u"'!?‘% has the

nWwrong : Sign /

£ ;'nVﬂrlbniL unafer gauge frans-

form afion

Pt = e X 4 9&,055() , A (x) => A,[x) -2“ 6’&)/
fak g (x) I’Zﬂ/.



The (wrefpondmg eq:,mffom of
motion have Celassical) solution of
lowest enerqy

d0) = ) =% , AL)O

w i th e
V= = > O

Perfurba/;ve ?ua/nhzfafmh e)(/oam
sion arpound this selution.

Ansals
¢6‘) _V¢ R?{E).MI&)

R I - real ;ra/ar f;‘e/;jj.

Mintmal solution becomes

e

Rel=A =0

Hence for H)-' R.I A. are the basic
fwl/s 0; t‘he form alism. ¢ "s forgo#en.



J

Gauye lransf'ormal;onr -/ranscrf,éaé/e
N heéys /;‘e//s, éa/’ neo /anyt‘r o# ﬁﬂ'}‘r‘c
t‘m(#r?}‘/"

Except: The /y/tgs:‘ca/ “trelds Lpl)

an o
Yk R&) « 37 [R) +])]

[Hfjjf f:‘e//) are qgauge mvarian -

Transcrobe £ into new ool

2/ i £" *Lé-?__;‘fi/ /
o
&; : terms of order ¢ m basirc f,‘eb{_f
Aconstant £, has been /}a//m:/ es ryrele-

v and.
And : ﬂep/_ace Ay, a5 parameters by

M =
m=gvet— M lp

They are the masses of the gawge boson

am/ H}e H:‘_gg; Par/'l‘cle ,hnce measur ﬂu”-



Then
Y= R6 + 35 [RG) + 76T

E‘&(Vl eqwa}l’ﬁﬁf_ (Mboafc‘men/ o,f pfyngm:‘(ﬂ-

(o mIA” 79 A" emdeT = - S
=/ ﬂﬂ
. T
“(D +M ) R aalh o ' ﬂR
v s S'e-'n‘ i
"'DI mg‘bAv = Tz’:“"‘ e ﬂ[

Gaug e INVAriancesy A/o/afg Q/A fo £ J.s.
of A7 - equa}?an, Gires -m (1.6.;. of L-equution)

Hence {hese equa}r‘m! possess a.fo/uk‘om
onlg rf lﬁe Caﬂy}/%tq (OI\/I./'I‘?’)

(”'Vﬂ// Jolen /’f"‘(y‘?

?’3: 2"' ﬁﬂ f’Mﬂ[ “0
is sk feed- Lt 1 sat s Fred (v owv case
(forma”ey , 1.6 nonren orma/f&ed), esseq/'r‘al/y

because the F:‘&/V( e?ua/-s‘mtf are oer I‘Vea/

from o Lggran g an.




| 5
fn/oar tant: Exp/f&;f' verification [cke tHhis:

‘ {.)-' COn}ffb waan ‘/0 ¢' r's
F<gllaitIR- gR(al +m3 4)

In:er/'wn 0# R an/ I eq«m‘:on! g:?/dr
Lerm 010 3 ofp{&l' m e Fr'?lﬂ(f Wh:t‘/r ’5
mncelleo( hq -f';'& { - Con /l‘;bu/‘con ?/ Fo ?'
Ver;f:w/mn 07[ er/ z/&n} )Ly nses ﬁ&/l’/

3?(4&}}0'15/ [00&5 FI“'.? Au,z 's ne /ro,élem
in PT-

——

ll‘h.ea" /Cf-cnd‘nu» 04& Fc\',d ¢7u.a/—u}/u;
0 jau«l e F'“”é‘“ = ques/-:‘on : whal B
{"E/pk“y oy conlent p,C e f’/eary

Answeer [les ,n -



“Un itary qgauge = Mysicol gmuge /

Defe‘ned by gauge condiFion
=0

Left with 1 Frelds only - R, A
=y Nee only 2 frold equations —

Forgef [- equ alion ( tonsegusnce of A-29.)
~ Field equations:

(a+m A <70, A = A
=-2pmA R -4*47R")

-(g+M*] R 2l a6 )

.Perfurbar}:‘on }A&U"g- [”.9 Ve,_f:'a”)

Fun/ame«l'a/ oé)'ecls are not Hhe
G'rem’; funck'wu bu/ the ngﬁfman
funchions, They mush sellsfy #he freldd
eyuafronf £ no lenger of fan da menta/

lmpar tance.




.
RQSU//'-' 7}7‘-” W/myc}fonf aré Ié.scr:"ﬁty/

by sector qraphs (generalizved Feynman
graphs)

Ek’ﬂm g’% (now (w /7-j/;ace)
KA AG) R (’)Z = 7 sechor graphs
vev

\/5'35;0)" }a “Un p'{':k‘ reos

‘Z’*,b,,}}/e : u;aal Fegmrm, grap/.f, w2 FA

Jeff"'f'aﬂﬂﬁalors - Ln T "-gecfors

) 7
: 2. o
f;v: e :’; (7;“"- !;'..'7-' f-m" +E
) 4

1, =L —
RR < 20 pSM ke

Ver/'f\“’f as usual 5/2//‘!/eo( from 'ﬂnu;.

)

In T -seckF Aor 3 g Nn,/er -(op)‘uya/es. (/n """f’““’]
cross-propa gators i Solutbions of fhe

Frfe F,‘O/( A eq « afions p oél'a}nea/ Froa

*" by




-

L

Amlsie — g: (F)
Calse fer M-PM)

Ju 5;":‘f/m H‘tm At(ar /fh 9 2‘0 ,l/;e.re rw/é’}

Fhe ;e—bhf /'0pa ators are fhe Ire
Canki-) /‘;‘mt-arfzreaf f,,,,qc/’fohs of the Free

W/-fnnc/':‘ans serving as cross ,propagav‘or;'

05/‘&«: dorf Theorem . These rwk! p/ef;‘ne,

M-*funm‘fon.f f«l‘i} fy*"nj all M‘ﬁ/rll'man
propecties (Lorents invarfonce  localty,
J'feo/'rum(c/“fkf/fapor}y), ‘n the case of
the wm"v(’drg Jauge eyven /90;,‘/-/’}/;7(7.

l{tﬁ. s A &)’k"l V/vr,—’-’.‘ Aﬂﬂ' 2 £ H, /70’(,) cere
0, LFINAITE
O.85. o Comm, Malh Phys. 152,623, 7995
o /pffﬂur[m/c‘/e, KEO nncf.-. 2 o070

But must also solve Hhe fild equabions.

This is the case | [ f the seckor propagaters
o5 Aefned ghove cre propa gaters v He

sense Of the *’)\earg of d:‘ﬁ‘e/&ml:‘a/ e?f.

Means the follvwing:



Transform the fiolf egs. ok p-space.
Wr ke them ;o m alr ' fv/m

Lo R,
o~(z) . R=(g)
WL . 7,
b= o e
O /a’-_”x

Then the red eq. o5 solve bg

v =FLR
with
plarfil T s’é'ﬁ»'f"[ é
0 4
P~-M~

Thes s well e f«‘nca’ e,)(cef/' al e
s chells prem® o prr A%, Bub Hare

g



A0

the Osten Jorf thevrem odemonds Hhe hole

P

5 - S 2
@b - 3> 247 "b i -SéC/OT'J'.

Thi's leads Fo the Fﬂn Jlrar choree
Cpem™ it )-‘4 elke. A—pllf/" From thet 1A
prapagahr con Afioy also Frees the

normal sation of He free 2-poia} funchion
Serving as cross propageters. Hence Fi

Condr F ron repluces fully the cer of
the Can on:'(a/ farma/ﬁfm.

Wott:, From these W-Funchons we can

Ca[ta /M‘é /4& f;'mc-ar/erce( fuqc/r‘mr_r 07[
n c'n}!raal(/ag F,‘&/ds‘,a: }’Ci‘nj g,‘vn ly

l/re, Fc«mr‘[:‘ar &ynmﬂﬁ "“/QS- TA/‘S /S
83500A'a/ fo'r LSz rea/uwfz‘pq ,Cozma/r'.rn.
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,,Pfﬂys Yeal ™ gauge?

Physical objec;Ls of &« theory:
a) Observabls - must be gauge iy ar’onk

b) Physical states

% : state Spact of the U/—-gaug&

At fn‘r;f : 4/“ ’s 3enerafeo/ from the
vatuum ) bg a/y/a/y;‘ny palgnana‘a/:
in the F,‘ela/s A,.,R, (%'7/7»%”)

BuF: The same space is generated
bg the gauge Ihveari'ant Ff“'ffﬁfs /j/, ’Z/

Proof-’ A,,. and R can be e,x/re;;ez/ as
funcf:‘ons of by, and v

i YaR: &R
5oh/aHe far R . (/nPrab/ema/—:‘( n ,aen‘ur-
bation theory.

R = R:g"

oo
6=0
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Y,

) Ro =
R(‘ YJ'%R: ‘%":’z%@
ete.

i) 9“ o s UA’/b -2/’3“',4’, =-m"/4/, fﬁ/, /A,,R)
a m* = '.965/', "ﬁ/g /A/,R)

Solv able })7 rnduchion , S1ncL I?p contarns
an exp’:'cr‘f Faclor g

Hence 4/ 'S , n o Nl/lfex ya uge lm/armn/
ﬂﬂ/ }hﬂf 5“1 ﬂ/?ffﬂff!&/& Cano{ dﬂ/e fpr /ég;,ca/
stafe space”

Problem: The A-A-propegator
Gov - _ég'

P M 6|&

has o bad high-energy behaviour = {heory

non-renormelizghle?

Meqns :‘naf:‘yfofcca’ yrapﬁs n }!r‘gh or/!r,,r
have o ve/ bw/ non- r(narma/reaﬁ/e uly-
behav itor! C/aummq Fhet the ‘theory Y
nevcrl—ﬂelessmnormalfz.—aue- amountrs to Aeiming

ex Hﬂu‘w e can C&ﬂa Fr‘o:rs' lvc/w&en Qrapﬁ: R



5*0‘”0’“'0( Pf OCé dure 5 61010{ i qauge -)f)‘y;‘nq
term” = (4, A7) fo £ =5 renormulieoble Fheory
Bub - misnomer, physical equivalence to HA

must pe prove A!

More natural. .[f the olesired cancellations
haf,;cn this mus¥  be Frova£/& ‘n the torrect
theor y |

fo‘f"w’* to achieve in (/-'yaug&. Eusier
(tn @n a/a/)rafr !\ﬁ/'b dc‘fpcerenf’ [/’rue.’) ]“ wqgé€.

WIGHTMAN 6 AU GES

Acluss of covariant, loea!, gauges, bkl
as Follows:

Start from (omf,covara‘anf' Z-por'n/',cum/ﬂr‘m
solving the free field equations of the HU -mao!
Use them as c(o;:-prapajafar: in the sechor
grophs of o given WA funchion. Caleulute

the Corres pon Aing Cank')fime ordered 2 - por'at
funchons . Use thew as seclor propuagators.
(The Vertices are oerived as uswal frow Zous )



P

Then (Ushendor f theorem) these W~ functiont
- satisfy e M‘?h*mah ’praﬁerh‘ﬂs. They Aeline
a F,‘&(a( }'/l cw'y ;

But these W must solve the enteraching
f,‘efol e?uah(om‘ Thts s achieved by
adoing an addFroneal refw'rcmenf.-
The seckor /’af?agaﬁon 7’1(/) must be
connecked fo prop‘zygl-or; (i the PDE sense
by ne
L= ¥ E (p) .

(T}lfs COnﬁ/t‘/':‘bn faﬂg rqﬂa“‘ the cer DP the

canon real farm -

Def- The matriy £ & a prop ey afor malriy
I'F oF Ia/rkfﬁef
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_ R
and R a E-veur (ﬁ[) fa;{r‘sfy,‘ng H e
Rz

War of (‘0{%/’57“57
-ffpf.ﬁ” r{M ﬁE =

)foe, by L 'S f(‘nqo{[ﬂ/‘ ¢ }l%ce Pcanfw/' be
olebined (ke ia U-9aupe) as f—""L-4

These con ot vons £y the f"‘r//aya/r_r
of our graph rules up Fo an arkitrary
rew! covarient funckion T( y")_

The case most surted to owr puppose is.
KT () 9y, =: 1,7 (p) §¥(prg)

f“" (’a)"' [ Fuv * ::: ) P":'m"'*l'c

-t

trr ) = oo

e [p) = -4'-. lp) = * w0
e LP) = —‘:F-:.’e

Here the A/'Av ;Lﬁ-g a nirce Hl/*ﬁ&ﬁav:‘or,
at the cosf of .‘nh'ao(ucr'n,g @ 7/.0;} ";"{“



But the UV -problem  has not Asappeared,
it has mergly been shiffed to the inixed
A- I-/rapﬂja,f-ar;. BM} this J'/H'f?‘ m aker

('t easier to prove _j?/tg;l‘mt renormal’zah /|y,

M— gauge. Kh e 4& gener uleo/ frwn S
by Fhe gauge-invarrankt £ilelds 6,,(?

But the physicel confent of the theory
mus be Fauge l‘np‘(eﬂeno{&n}': W,A skl ge-
ner wted frm JL 65 5/,, ’{ Ths zj, s now
o proper suhkspace vf the Lull skate fface-é’uﬁ
‘s mopped tnto rhedl by ohsery akles. =

Onlg }’/Le W‘funo/—v:’ﬂf aF /‘;,,,’Y ayL 04£

f’tyﬁcul f‘nf-trf.r/', an A o’n/(g thery re-
normedizaprlchy must ke proveo(
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Gonsider G0 Tl T2

(onh:‘bu»‘fqg 9r a’a}o ‘

— - cross line , The A,nen% Y atlached to
. #
a vertey belan,.‘ng te « term in ﬁ
(or to an externel vertex) L[dea : I- A -
'praﬂaja"ar contains fpccfor "'.ﬂ“ . Bt -

Ward ,‘a{énlw"-f—g = -:‘ﬁ_ﬁ’“:-h ﬂr

=2 can replace A, -end oF propugator by
[-ead | the /ropajw/‘l’ r by -5, lp) , the
negetive of an [-[-ﬂrapaga}or.

Nﬂ‘ 79“./‘( (0"‘26}.‘ T*-se(/;‘t/r repre.f&d’lf A

bime~ordeced produck of Lol iqchusling f*

A’?ﬁ, I‘n - j/ldt( e 'l.ﬂ/ =) 9/4 . Con /‘&(L)l ;g/m;

from E-dervations to pbe e}{/aec}e/.
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Bu/‘.’ ey,o/:‘u'}' ;#uo{y alc 5,5:/}3 ;-}'ru(/)('ﬂre,@
No contect terms ,f external Frlds of T*
are only E£, ¥/

Mice feature of +hs ,Nooﬁ : The necessary
concellations bet ween contrbhu 1‘;‘“; 9 rephs

Enva/ve on /q the end vertey of the C-A-
line and ks next neighboy s !

The same procedure s af/al;‘taile. Fo Fhe
T vend oF an /4,,-[ cross [i'ne

ReSW/fV Can omrt Hre a/mpqeraus m "eecd
eross [ines and ohaqge the 5rgn 0'/ AW RN

(ines -
£ 4/'*/’7*_[’_[ I:-...[ ) §

without changing the result,

More over . The same result ha//s, ' the
same yeplactment has already  peen
effecked with the sector propegetors ins)de
the two sectors.
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Theorem. The W‘ghf’mﬂn fwnch:‘rMS en A
(| related (par/'ia//g or fully fime-ordered)
funckions of the physical fields I-;,,, % 4

are (hentical tn HK and ;n the H eory
specified by omiting the mixed A, -I-

propé getors andd changing the Sign of
the [-1- propaq afors .

ACfua//g, this new , adxilicry }#heary
s the (d=0) verSion (,r Landec 9 e 74”)
of the tradional a,b/roarﬁ. Lt s renormals-
zabk ot least o the power-counting sense,

but also 1t « sheicker sensel

7522'90'; OF }'AL Téewe,. r's r‘np(u(//':‘vt
with rfSpec.L to the vrdew & of PT.

a) Theorem true for ¢ =Tor 2. Casy

b) If ftrue for 2~ seckor fun cFions
(n, T--DT--))e . then Frue for
n- seckor Functons (JL,.Ci[-w) - T,,é(m-) ./L)of
with the same f;‘c(o{s. Pecause all these
'fun c[n‘ans are /n Xx-Spatt bo un a/hry

V«’INS o,c HM Sléme ana/:,h‘(_ funcﬁ‘an.
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(,) Ampuf'ale«- fwnc/'fahf W:'Ho Ga'lm“')
for f;p[f) ([f"-ﬁ“') for "{[F) Then Theorem
true (f true For am/pu#a/"e&f funcé‘aﬂs,

Becﬂ.u.f‘? ‘Fu“ f«n&)"fanf um'quelg d(ﬁfﬂeo'{
by ampu tated ones.

0[) Theorem true far am,au/’aﬁo/ Z-—;ec/w-

funckons of orver 6. Because r'n cor responping
fWV"IeC/{ar jfafhﬁ

th ¢ seckors are of orders 04'{34 6.
= Induckive hwao thesis a/p/olc‘ctdfe

to them . Then cross- lines alse change-
a“& (f’om f//-fwu }‘oaum'{o‘wu;) bg /:rev:‘o«;

Rl‘gum -&n/‘.



