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Massive Spt‘n-“ Xr 3
Del= 3 polarization stafes

i ~ 8 af
E=X¥XM

ot = B¥M
p=(M,o,o,o) ~—> (E,0.0,p) P=FF

€=(0.1.0.,0) (6, Le.e)
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] Transverse
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Grows as mergy
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Massive Nk 15
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> Off-shell = fhe Solor mode does propagate

# PO . gotode vt fame’  p=(JfE 0.0 )

- ﬁl»“’ i PP - 2'1-1-\1 \.-
M mE 4 *‘
1 ;
| ',,‘
W)  Qion deco
'L N yf
+ W
T----
SN0  “pinel’ .
>

-26-



Mot A RetE
Interadion L = 40 ( §: ouplng , O: field oporatov ) & £33,

OasPRE Mrdde, GnERG 4-m

9+ salar , spinee 3, Ero5GIGE
dim O dim G
<3 I Superrenormalizable.  (4?)
mn 0 renormalizable  (@F, Gue)

b megaﬁ\’e— nonrenormalizable ( Céwf‘", 44

(Super) renormalizable 13 (e ¢ AR cor G
) dim@=4, dm¢=3 >o0

uperrtnormalizable : Rk dd (sue) qraphs ¢ HVERLD

Yemormalizable : ¥Hcd3 (sw)graph @ fype o AR
(St ATRAR & pavomettr = DRWL 33 )

monrenormalizable : FRGE ~ ¥ H
(mo predictabeLifyd

e it Lo renormalizability (LA ER A Bea Lagm‘iano)
(37~ § (toupling) & Ak £, pLT23
WSS
wove L.
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A Y-toint function  (1PI, amputnted)

49\,0.!
R X(Pq' infevocHon
\'.\'.-" - 4 . 2 ﬁ' Y
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L
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Spin-1 B30 ABUER
Higher spm > More problem.

massless wector
Gouge sammewj must be hespected

CU=RSRETGABBER 1§ (minimal) Gauge Antiactinm o 3

massive Vector

Not all dim-4 inferactions ave renormalizable
ecamse the propegalor has o boad high-enerqy  beltaviow,

izn s n Bid

é Spoianeously brolen  gauge theory
massive QED
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G’auis.. mferaction
1. Obtained by the Teplacement % > Du

2. Uniuers‘ali.ig

There is only one couplm8 constomt  (for eack simple group )
( However. U(4))

The quige wferacion of & pavkicle ¢s fotally determined

b3 knowing e vepresentolion of the particle .

3.  Conserves fermion d\mLB

W (V-a¥) Y - Au
= (vta) QL‘G’,“’L + (v-a) q;p.?qu’g - A M

Brmkinj of fermion dtiml;t‘ S enfirely due Yo
G woss m or a Yukawa ntwackon.

( However , omemaly
T
must be absent for a gawge current

& Nonrenormolizable efedive unorackon of Qamge bosov.
o oo construcdled ffom. D and Flu

ex.) Furmion onomaleus moment EF'G',,JP EwW

fermion ' seaguit” Yg0 ¢ B

-

A
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pari’ry as @ low-energy Symmevy

ﬂﬁ\ k"ﬁ-ﬁ* l‘\a\\‘?/( oA &,ﬁﬁ% f)\ 2.3747\(: ‘h\n\lb‘?)a-“\
£Sdh & (C\F4 & RBTD,
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(o massless scalars / formions

(32eR)
Gouge duforackon.
( 9 CPL‘G,.“K_ + 89@27,.‘(—‘& D An
'fwniom mass
m(FLYe + ‘IR“h.)

formion mass form % qange oavariant 2B 3Z8h =G,
boep o Ble e B wTHnEhSio.
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There is mo surprise  that
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LIST OF PoSSIBLE INTERACTIONS
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spin O 2z 1
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Yukawa Sl one
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scalar
0 3 4
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¢

Super verormali2olole.
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Prescription for  model  building

1. Fix the Gouge.  Grovye
%ou%zbm Cletwrmined.

poromelns © Qouge (ouplings, (#of Simple 2 Ou) fastve. )

2. Fix the represmtukions of femions and salowe

%uv%t OnlaocHons of mottiea pmk'dc Gred the fota) fermion rep.

(mo mew parawes) ol e il v

3. e global Spnmeties 4§ neded

k. Write down oll pesssble mass ferms and Ciliackous
(Q(uhr petemiiol
Compodthle, oith the SymmetAles and ulenwas /
poromelers, ¢ Scalor pofombiol ponamatuas (¢% e’ %)
formiown masses
\dukaum c.:«.n.inr\as
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