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INTRODUCTION

These lectures are intended to provide an elemeﬁtary
introduction to the theory of weak interactions, particularly
as it pertains to phenomena studied in Fermilab experiments.
High-energy neutrino scattering is emphasized, whereas the
voluminous literature on nuclear 8-decay (a'principal concern
of the adolescence of the subject) is utterly neglected. The
newly~-discovered neutral currents are treated at some length,
and I discuss {(but only operationally) such conjectural
entities as the intermediate bosdns. Unified (gauge) theories
of weak and electromagnetic interactions lurk near at hand.

. I place a high premium on carrying through calculations.
For all the subtle and beautiful concepts in which modern
gauge field theories abound, the low-order (tree) diagrams
for processes of practical and pedagogical interest lie
within the computational ability of all. Conseguently, I
will perform calculations in detail instead of meref& guoting
Fesults.

There exist numerous introductions to the subject which
are of a high pedagogical standard. I am partial to those
that served as my introduction:

E.D. Commins, Weak Interactions(New York: McGraw-

Hill, 1973).

L..B. Okun', Weak Interaction of Elementary Particles »

{(Oxford: Pergamon, 1965).
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J.D. Jackson, in Elementary Particle Physics and

Field Theory, vol. 1 of the 1962 Brandeis Summer Institute

Lectures, ed. K.W. Pord (New York: Benjamin, 1963), p. 263.

There is also the encyclopedic treatise, Theory of Weak

Interactions in Particle Physics, by R.E. Marshak, Riazuddin,

and C.P, Ryan (New York: Wiley-Interscience, 1969}. Regrettably,
all these works predate the recent renascence of interest in
weak-interaction phenomena inspired by experiments with high-
energy neutrino bgams at CERN, ANL, BNL, and Permilab. I

shall therefore try to concentrate on new phenomena and leave

to the textbooks extended discussions of the old.

Two shortcomings of lectures by an amateur are easy to
foresee and difficult to eliminate. The first is the inevitable
lack ¢of the sort of peggpective which an expert would bring
to the subject. Second, my innocence of the literature means
that useful and deserved citations to original work may be too
frequentiy overlooked. For these defects I must ask the
reader's indulgence., Credit for any evidence of good taste
and insight must go to Ben Lee and especially Helen Quinn,
who have given me the benefit_of their expérience in many
conversations.

The lectures have been confined almost exclusively to
the weak interactions of leptons. The very interesting
practical case of neﬁtrino scattering on nucleons can be

treated, at least in the parton irodel, by transcription of the
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results presented here. In a perfect world, that transcription
would have been included in these lectures. Howewver, a
workmanlike treatment would have required roughly doubling

the length of these notes. I have excused myself from this
effort on the ground that much of the material‘té be covered

can be found elsewhere.



®

NoloTon  gnd verTiong
I war A Pudh mdue. Q f‘cuq—uc”oﬂn

A = (R, LA, (1)
and. AL oo ,f/u'du.c;t ,(.,a |
AB= A+B- A3, " (2)

T Drae T-maliicy  avw Hiunwahion:

> [o -iF¥ o
K = . —p ? {3)
AV 0‘

whie the  Podi maluies o

o1 o -4 i o
q‘(lc), U",‘._-(; o)) 0‘3-(0 -l)) (4)

amd | |
. 0 -1
sttll‘-h}a‘ﬁ =( _ 0) “)

-4
- a—! %*\.V 5' !’)UPYV.
[ ;J. ﬁfL o . CLM.JC'L L)

= (1200 Y, =5 K
Ty = | My, =3, %), (7)



é

The ¥~ avaloiecs .aa/as»z? M st anls Clranmcladien
M,Caﬁ.ew,

D Tb= L+ L1, = 280, (s)
D’S;r= - .Jr..Tg‘

a— t«.u. ,fa.«,&‘cb. Mul mucwa&m ?
amd  Spia - S ia deseaibd 6# e pesitive -
Wﬁ_ AfAM.M— : Uslp)  The f@(—vccﬂ% 5

..oa,na-f«u CSp=0,  Ss=1. In U mwt
ﬁ‘mqm_ww)gzzom prianisalion

Peclon S= (?, 0) The /)osit(vc "'.Dhixj?
Afw.m. Aa’&:vféu T Bnac ,aruaa;m
(m+t E'f) ug{p) = 0. (1)

T adpt  spne Tlp) = wlp) G sellis e

Z,(p) (m+i¥p) = 0. [10)
The Mgaiéu.:-z-.mgg owlions Vilp) aud
V) = wlp 'y, cougod G anGyacGelo. o
Wowm, T dac agabon .o

{-m+ 1 3'-};) HA fp) =0 (11)

T-'";fr') (wm+p) =00 )



The ajwéww AL M’bm’aﬂgxd. At Aot

JR(P) ul‘(P)-: 2m éAt‘“‘ (13)
Wl (p) = ~Zméan (14)
Wl vlp) = 0= yilpup), (15)

wheas, new” A’. ;«-*iimfwwf L j‘.igznw:.ﬁw o lfk'J ﬁx&atj
OPMGE"L' s 3’ '3 (a'-lfl'md 5} be 2x ﬁﬂcﬂ{; l&i Converenss, 1 |
,PMZJLM . O?r/lﬁml whath oot W@ Aael

(

A = 2 WP &)= m-p ()
A= Z WP THE) = -meiBp, n
i\H; (P) = ullp) allp)= (m—LK-P)‘(HLXJ 3‘5), (v§)

| —2 "
AL = W Flpd = G-l g ¥-s), (14)
; 2
Tha f%q.-c-.j avlts adw of G {""f'f“( A
e Lv'&uﬂmuhi w‘ Araces
CL(XP] =0 | | _ | (20)
bledd  monder of Y-aehice ) = € (21)



tWili) =4 {22)
(¥ ¥b) = 4$00b (23)
(5w ¥b B-c v-4)= 4 Uab)ed)
. {24)
(g cNbd) + {a-d)b.c))
t U‘s)f-o - \15)
% (¥, 6 ¥b) =0 2¢ )
Gl YaBbTc¥d) = 465, Oxby cpdy, (27)

_ It 4o comwmalomes um%LL 2t Have n gﬁguat
f:w\ ‘fﬂ T spinot. The Fositfve anergy apietn with
psminGams P almxg 793 ]c-n‘ll'vz Z-0x(3  amd -h&:;‘lj A
v ul(fi‘)=~fé7m—{§;b), | (28]
PRITIN Xy = (¢) and X (7). Th ofz;.mcf-u 1{1£3;)
oL jf"‘:”\ f/UCL;ULcl:L"YI p{c@xaﬁﬁ (G e Lt H—0)
Thaes,

L+ %) ug (p) = »Jfrn’_ﬂ'u%zfy (_f:) (29)

ond. ——
$01-5) us (P) = JCim

(1= F) ( Xf) ‘(50)



Arespme T:-W Anasaleg s .a Colis (um — 1)

E'(f‘i‘xg)_l{_t(f‘) = ([P) (31)
omdk |

.21{}_-5’5) T {ID) = (M;(P)), (32)
a ' u.'t% n;,mmm rd (A!- 2 = 06‘59)

Apones o it F
Ao obrlaond *(17 PURRPYS'S V- % S ) g- axls ao
-10,8/2 X
o(c,cs% S Bsind

o S Q +_[-."u:s g

= NJEHM : 2’ 2hg! (33)
(dCCS-z_ - i&su;-i )’;’:{ ?
(CXSR:‘V\%_ + Fgcs%)%ﬁ

ot w1 (0), pr 00 o Aulieh )

Goneer.  Vidfy _that z(uar,) aet oo Muf;
J&o@m o?,wziﬁ.‘u ’fm /U-c /)"utt\(f w% sfum{ﬁ)

Towarr e wtl&is whach LAt uas f“L
o Te  wvamalim. of maluy lwmiats QW theag :
’

t‘*l\;&v f""j’ﬁ't = (SY'“' v T N &y i)

B "\h((’ gO\,. - Z\ yr) (3+)

e (ur Spg = e Ty)



= - - e ) (35)
‘E%r" E“rf’o-'c = ¢ (Or‘a cvt T OpT Ovs
\ = b Sy {34)
éxfﬁv faf:.sz - v o
‘ 3
= 2%, _

Eiase E«eﬁ



@

f—W-L- F Live, KC L Tfuf (# O‘{ fuf L (W1¥e L'{z (.[ L \S( (lt,r’t.(ﬂ.k_
J

_ Wf. A j«m o "”‘f"" Ll “Z

AJALA%Gm f»hmcmwm- T 'am Ain w&;a/&c*n

v{ FaVl Cx:vwafr%w oz’ e Aecal r—u fmwm

el o Aumple 2iliawtions, Lt wo

Ml? covaiden  The f/ugu‘c/d«:rw of VBN OUD

'.afm—/&'m fo'vw of The rnferactitn. Then

‘ of ke "esruet” cJ\.MoZ ;w:_ V-4 stuctine.
The  mosT f.mmd- maluy A

fb«' o NS /CI\A/kgk /cWiJ ve ,{/u&/\_acﬂam)
| fu_‘, o‘ derivaluwve f""‘l’i‘"‘"j") Ao

. . |
m=2m =]V 0 e &b g%y,

whed  The ofjA@tama d: au

Scokar 1
'Pitud:.‘m-slil’\ 5
/.{:"\M"l.tl U-l}
Vieldy ?f;\
Aclul viciau }?’"'5
NMLL‘*N? Tal  naediene setae c(( it wal m;'[&u;_
A"
ffuid ..‘{’,c{{"/;a.ui-:({ elieacs,  w ay ac €

r I * - ' ' I . f
L‘( - (]( = [ otHhelt o Ny Dagh froa i tess of



jwaaii % In  eddilion, 4t wld 46 aonveant
Ae _m'.«-’p,(;c[ 4 O ovnbualions Ve As
avbach o bu bl w U';\Wxﬂ? Tt maliay
dernine 9 ittwm. Lel wo  newr (.L‘mfafc
L ,ﬁ/‘-‘:” Mc:ﬁfm whaeh arises zéfum_,
Laeh . anGaaclion A AGruin.  whiidl  avach
Thio  LXACALL s md? 0—{ aco-dimi Q.
AnZEnedl ff /clwvxjui curnent nlingelions, we.
ahall fcwcf. it a u.z...rv.i’. A.fo/u. el afane
we dies ek et wntra Tions,
fm whaeh  The Apace “Lini pluclunt oo
th Daan  _eatabliohd,



ve — ve omd. ve — ye
Notation omd  Rinemalics.  T,2(E,7,,%,%,)
Va1 g
Vor ‘%1_'
€at
€t = P

= (€,E,0)
fi'-‘ ,(ime,o,o) |
P = (e, ?'co:ﬂ._, ?'s5in 8.}
qu(UE+me-) €-Pensp, - P'sia 0.)

) E”WEU.E

/

fh = 7 meE | Bt ~ME

Pt L MelErmeED gz nelEmeer):
o EomeE Uy = -weLll-y)

r1 i ng = -l\‘-eE'3 J

2,9, = ~Mme (Eome) = - €y



%= —mE = EFos@ ~Plegt- £'(E+m)
E(€'- P'as 0. )= m(gem-€7)

%‘.rt = 'fE(E’— P'usé;) = “m(E*‘m-E'.)

$ %7 Ft‘E?’usﬂt-ﬁ/{- mE+ EE'

-E(€-P'essB.) - nE

]

= “'I{E"M)‘: fa'fa-“"t 7

In  Cm -tw—:. 2 -

-“ 1‘! )
.. .
e e m e/ et g

> Js'fe
wz fPFEmt N
h G‘"’:"f: °)') Ts'z('”’; f‘wgJ r‘sG\O)

I L N G ALY

?n‘%n R OO T ’?(?* w) =~ -ZFL . -
Y‘.q}_": r:_.%' = rzc,osg— ?03 ~ —Y‘(l-usg)
'Y"?":: -Pluse—w‘z -‘r"(\-i-usB)
L -Y"l\-i-oosﬁ)

—~—

. —
i -.,“met.



(1) Scalpr Inaacdion @  ve -» ve
M= Bl ule, p) Tle,p)Grds) ulbyg))
Imi™ = t«[u;(e-)y,)a(e,y.)uh,‘p)il(v,%z_)] <
» 'OL[(14—'65)uly,%,)&(v,e{,)(\-‘b’s)w(ejf‘,)u[e.)f,,)]
*mt T t\[(m-i‘f-y.)('i.y"{*)] - __4?‘\9[1_
meend Taw: -
S+ (-390 (1= 95 )m - 2% p,) )
=2 WLOe ¥ (A8 4 ) m- ¥ )} = - 35,9,
mi*= 31[1‘.(1-1 T
ﬂ\llpf_l\oug. ovtr mtiad et s?(vu:

Mt = 1o WG o

———

dr - _mi* _ _—h!n?' = 21— o)’
a0 . C4wts Z_Slo‘-i."?-" bRt
= mk (\-u:.sa)L'
o
)
o= |dr dl= mE J de(i-2)"
all b



Nc,‘hc.’_ (1—-(4:;‘.-.0)"" l[l*}j)r) 3: C,/E
Oy dfl 32T mE
= mE (\-g]L
lw

i) Sceken thuﬁ'xm Ve —>ve
- = Te) wle g wle,p)+¥sd vl g.)
T2 6 [ln-00p )7, Dl [ H08g) (07 po ) ]
This Ao ’M;"f'l‘a gh<—-'? 9, on ve  aunult
ml" = UE SN REN

or = mE
d-a 21
J = mE
2

(i) Pseedesclon  whuchon Ve — ve
~ M= a(v)%u) ‘ES M(C)?|)G(C)F,_)USU+ BS)\&(.V,%.)
\Wﬂlf‘ T [\--5 {m -1 ’6\?‘ )[“3.5 RERE 1)] t\(“"‘?;)(ﬁib’-".)’\\—?g Hm- ;TT”)J
= sl 0w acatan wic wachon

N w .
\W) ‘(Sttndc kak.t&.\ L-\‘&-U.LC'*\O\\ Ve VL

bL\ vind M :\.\ u\.q&\ U,\'\l 1‘\(‘\0'\'\



@@

WV} Tensen (’.au?hé Ve —?ve
-m = Uulvjqr, WRNLR D Tl , fud T (14750 wly, 8]

P 4 gt e+ 2 5h fe- B D)
= (94m1EL(l+\a)L

do._ wE i
45 ”‘.{(HB |

%
T= ImE

3
(V;) TWM | Cj’ufabna) ;e '—)‘l:‘-'e.
;TL m = 'L"[v,g't,) v wle, r‘) X e, r,) T (1% )‘U‘(‘V,%z_)

SIS NI N RS RIS
= L:"'}m"':'('l-ba)‘- ‘ '

43
o= mE
3T
viv) S-T I@E«,{w“e{) Ve —» vl

~im= kv g ulep,) e, p) (e ¥s) wlv g,

+ o« (v;};) Sy ;*(‘:)Y\) J\({}{’J *')';\,:(H.%) u(V,‘t.) ‘



lnﬂa_%m\u Woms = |
alv,q.) ule,p)kle, pyl 7, uly, 40
< wle,p ) (ir3s) wlv, 30 @iy, 4 Xi-%) T 162
+ Ry g oy uleyp) R le, ) wly, g0 2

7

e p) o, (14%) 'ul'v.,si.,—) alvg, =¥ dule,p)

= U\I(m-f.‘ﬁ-f,) Ty (-CF‘%:ﬂi&[(w‘a’s)(—CE-(TI)g-rw {m-2 'J-?a_ﬂ
+ Wio. tm-:r-r,)(-;x\et,ﬂzn I:crr,, (s (-7, X“"”“T‘ﬂ

T < 8.3,- 90 MU ¢ % SR

T (XI':‘V (\6‘73(3%3)‘] = 4(*t71 Erw - ﬁr%v + ﬁ,y ?x.r-]
:-tq, [Sl‘q Yr' Tﬁ.b] - —4‘1, '1-:. 5".1

winw Bpep)) = 4l p, - py )

! Y,y . g a : . E
w \\m\?- = 6a(~rlr clh,' - t\lr r'l-v )(%lr Plv - er %Lv )

= elpg eh Pt
doyr.  2mE (144)i-y)
;‘;1— = 3747

2 g I (-4 = dmr

- AC

O
Yot

1]

L%}



(.V‘u'.:) ST l:mt/kfﬂ/wv\('—( )
G g o ve
]W“L: i?'b(r'-'il (li‘-'f'.- Pnf." Q:.‘-?,_,)
'= ium‘E‘[n—'Lz)

do- . ZmE h‘-’-a)

'1:’6 — ye.

iu?l V-A ve — Y&

p)

i E[V)%L)Tr(\-rrs)u(e)?,) ileJ ?,_) B’r (t-i-fs)alv,q_,)
b= Wl (9080 -3 Y, (186, =
> GOS8 (-3 3y (m -0y, )]

Az 2 0%, (01390 %, (-i5.4.)]

=8 [ﬁ.r v gr.v a\l'fL + flr'}w‘] t 8 E#}U? E“'t'- cfn} O3y e
110 ‘_(\'55)‘3‘}; (-‘15-1‘).37 ( -t 5-?;)]

®

]

S PN R *‘w?-v] IS R



Arw %rg = b4 [Zr‘.:“ P'-‘cil + ZP"P‘ Qt,"lz]' |

St [t pr st pa by 2o ?}} wnch o

2= 2
o qu Eo\_‘m;g [?,u ?,F ‘7,_r Plé' + ‘i:.a. T;Jp rw’fz‘;'] /)uc_LM
+ bt Engs Caorr Oux &y Y18 e fio T
g—;f gTi | ?‘}:.’_ f Ff 7
La.ct C.M\ :_th.g (65? 6:: - Cr&c- CES ) :.,'..,ng'c ff’? T

Imit= 256 (f,‘ﬁ,)(?,_-jz)

= 256 mrE"
4z | 4mE = dmE
3" N
G N-A Ve e
gric—--; %-z, o Ve

mi= = 256 (p, cl;,)('}\-l'f:.)
= 230 m"ELU‘\s)L

4mt (\'“3)1-

T -
!

= 4mC
5TC



{(x1) VA+A ve —» Ve

-1m= at'\))tll) Tr(\—Fs)u{e) Y‘) \I(E, ?L‘) }F (Hb’s)u(v)s}_,)

Sowe 00 voleatim e-ﬁ \"-—A-) ,cuxur‘t wat Agd SLBM/

I'ml™= 256 (I‘VTJ(‘L - %,,?

= 1356 mlfrl 31’

Ao 4mE gt
dla T
g = 4mE
¥
(xi1) VA Ve —s Ve
o E T o oL ve
ds . 4mE 31
% o
g = 4mE
3

Wa Mfm&xi.BL own AL in
delv-n) o dz(ven)

dx . do(sPT)
% o % %

N '_mm.( ,%W.



| Wﬂn\% Ve ve
S?F %(1—3) 3
T (Hud]1 (\_23)1
ST 2 (!+3)h—~6) 9_(\—23)
V-A 4 4[\-3}1
V+A | 43" 4»3’—
fdonse Grd ('r/mt\ r'\f.r/da_ -
Not‘kzi N %i& _ w«&“ um uam :’LL&U‘W\ : uwimmhm
[SVEE E,c‘ui:{:\(\b_m o STPMfLQ et Ay o T sl
MJ"C Obh.{:v\

For Ta phosiely intacsiy V-A cas,

Y\LMC'\‘\W T'\ ve .‘J(-&VW’\A-Y:& 3 MLCTJA»jva G/?-)‘

O‘U.A C,C\LE thﬁ

_—-—

SII-:.
%

*)

. L

cADss ko S N AT
. z -~ -
lﬁ\E T~ = 2 LG-L = L7Zxf2 ﬂCm"'
w : ™ x (_é'_ )
IGS.’.‘."\,
, 2 * N : .. -¢!
ImE G U-.j) I = __)___L__( = G711 &40 ¥ cCmt
wo "~ LYy X (_f_—__ )
{ =}
el jaed
.\q} \
y

J



o .
aaide:
S J V]
0
) w Amv:&'an v
| - e
dﬁﬁ“: a0 am h f;vc
] v
Mon m |
- E"(ff—
Te M‘Liﬂmz-l -
v
ansl.

frp = o E
?l'fz = e
. ‘-”'CE
pope= -m + -{/‘L’m;)/
l P‘.?z ] ef’- ¢ 2
e Telmes
Fz? - "MeE,-f { )
e 1+n‘)
%-g:: ——_l.t E-€') - [yt /2
bd4nts ‘?‘f"‘ /.“.‘)/z
I—L;- Pm
?‘p\ = Mz+ =
d m*+ 2mE ﬁt - 1
. do . N
a—_-—’“llg zmm')
B lsm('q)(v Tz l. E
_ [pt-mt)
o))

= 26%m
E[ ﬁr——L]

im€E

de (
v,‘emeﬁvg)/&i
A [1- [pt-w)
="

Q d




a2 B

ﬁ P
L I | { I K2
- . [=]
: 3°
: .
- -8
" / | . |
- N , — mw
ﬁl l/
et SR WS WY VR YOOI I T BT T N SO R ,0.
S o o S P M.

(n9e2%)0/ (nre—2")0

Ev, GeV



Jl': | J'tvs-
oQmued ! {.«um! :

_ ve — ve iy, MM‘M C; pal S
- wave
ACO. mvg ParZual - anve (bvu.'fa. m{% /\1.?44.1.-\.! 2

aT< L
2

,{_m,'f, A CC\»\f wiad

=14

L R A "
-~ .:‘TQ F /u, ) TER VYN AY Oll.‘(tl t\{,?
tl\f Q.E\'\gi( .\\\L\'\t C\'\\.-\* i“ -

4 v LA
? < ::l/t\GL)



e fm P < 368 GeVic. Thio muamo

s< 3.81x00” G'eft, and E,< 3.73 x 108 Gev.
Codd zhe vielatom of um:tﬁ»b;% te /’Lf”.:n-fdx.uﬁ
n -fugkm b 7 T stcend rden ,  we mag

/wrwuﬂ/b e d&azutm

?LV e’:..

fnw—ua\

: 2 4 - : .
- = _g‘_ _(_1_71_:)_4 fd 4 u(e,,o,,),rr(ur,)(—_t;rﬁ)ar (is¥)
ule,p,) &(v,9,) Jr(n)’s)(m -5p) Y, (44 ) [v,,)

L(r +ret)

) d‘:(l _ci?o g e \ _,‘_,. o
T ' (Uw.’.'\"j"- WU

Tha (b.q..u\ NUN -{‘ /C'N T\xktthkt‘h“} Uﬁu.j, jL s
ML .lL\c\. e AAN Lach OWk ‘-[ r«t“\-ukml_u{u

'Ch.cu}. W, .\.x\.a.g* L-\j Lo AN (s \\} e Somcland
J v ‘

Toe LU .
CALSS sielun at *;U-J-f\ il L'j\\' by ey
4 .

i ‘ :
([‘H Lil\(&‘k\':-‘. :\i\“l ) L\ i ’)) ‘CA‘:( . LL\ ENTN ‘.'!t:—;.“;.("'_.h



Ao el Tl Uj welet lesen  cxcha vkj(. Tha

nbunmed G fesm W pual Have Uﬂd. Dt
f)w /}i,\_&;".ﬂ N |
( ) Lt carvnwiy e/m.ijt. *7

(2) It  smust ‘6-(_ Aa kA Mu-ive)

(7 /Uf/u‘abm,. L  ahnt namih o»{ e

wreak Tﬂu , -
(3) Its ,m,;% A-Mc{ma.

w A

0L rach vellin, we shatl u.vemwuj

V2

3 = (G sz- /\:_i )
The  W-boson fm.rxj«tb«. Py
/




The  malinx M_ f«n ve > ve Ao

—-n} = G’M: af(*) F“) T (i+ D'_g)ufv) #,)

vZ
£y
o G F SR ulv,5.)%, (|+Is)u(e)r.)J

LR M)

{‘,\.:’ Tlr.' (1”‘ Gwd ‘k-p = I”} "‘l,_y : aa‘V\A- Wg Ge
Drac ,Q%Aaﬁ:m ) w T/a.;;a( ot w Tho G famet
Ao kke /M5 B G te o ppagalit ondaibulls
m\,ﬂa r@(‘m,-“/m,,")) and  Cam -64,* sa.{zl’a Agjéf,Z{d.
WMSC - A.ﬁ.maiw Y /.MAV-PLJ (/¥ a/mfi,( t(d.l.

we  imemlud  n Tk _,g,,ubct vauﬁaa /'am?

o M/ ONS) Wikl fuTis eonpuheTon,
e -ﬂ.a.\!e,

dr . 2wmE6e:
ol U+ &RYMT)




1+ W€/, F

S M a4z 1%

l ZmE

- |
= My (1 -

m€ L T+ 2m€ /.t
= _ i

1+ 2mE /N2

T= ZmEG" ochio 2 - of o.l,uJ,__
tlﬂy\,o 0. Cowa v
‘-kuak M-Uw

R (1+ 2mE/ME)
.L(m b= GLM-JZ'
' L

E—

This & a CJu_n.t ,Cw»?uvem..x oven the Te—w:t-'crurﬂa«a

ow&.-m Aomawws: the  S-unve

Uu.wa, bl o
am?«!.'«w vielalis TCLLG:G-I_ -~ wave umlhxi‘%. To pun
Tl we wule ) . | ‘
fle) - 2%%A = @&y b Fl-ws)]”
= LS (men) Pyleso) W
P = :



l—hl S (l"l'b\.f,('c.l:uii A

D= Nz §F' Jf"d(/;:r.sﬁ) w1+ ff (1-co:6)]

Te ot

Tl == [ 2t (1-cesE)
i j :}f___

du— = -—_;F" d (cez0)
Mz

- Cldpingt |
M= Z6pt [ de M § oW
. ivT ,[‘ f
= GMS e {n 4pt/mat )
T & P
= JUJ i+ 2mt/ﬂd
f;_u.. 3( )
The Comeliauntl 0{ fﬁw ove umﬁ!u—g ,u
Mo <1,

whach MnfM -
E < H Frr] - 1)
NeTeo  T1aC on Thi e My — % 0

nicoia e jowt -Couples sl
‘ E< R /(;‘»ﬁ.



Thezt

vi oCalione

Muw

45
SO

- 100

100 ¢

WAL

£LAgus

Llin on., Ffo Ta MM Lt wo  conTinat
& n vut?aﬂ A4 /:,cm.n_?ww 0‘3‘ Tt W.
N In Ve éc,alﬁfu--n ao
i Ak 5- C}\..'L'r\..nd 5C ;‘}u d.ﬁ.,v nLo.P Cress 3eclus
ifr‘) e lp) u
"( T Ce )
!HJ 3-[ + ) hf& J
:lm_.Eb [‘)g‘!-} T-:g'?"‘;gt‘-
90 /\etp =55 Ok

C read



“
Liplenie Dicay of w*
e (p) In the W Aot -tmmz
F-(zﬂwsme o, szusQ, £M.)
g (zn,meo -iM, wsb, ,.N-v)
mf‘*"“‘*b‘l‘“"b’ U d‘“?"? W g=(F,0)
We et i wengehian. TR maluy  eliment
“ —im = Q(e) P)'b”u(HTs)u‘(v;;) Ep (GM.«%’Z)VL
m!* =-Dc[?f'ﬁ(E+Fs)(—i‘f‘.‘r}(l-ﬂ's)3-5‘(-’-"-7"'P)_J GMS AT
= t2nll-%) ¥ ergv.et zr-r] M/

v (1)

=rblegetpeepgrepeg g hoy e
A%

LOnBMMi Pw{m@yxﬁ}m €= (0,01, 0)= E’*) se  foned T

Ve Rto.

i 4L . z Z
mi™ = +t{"izfcosze My MaTeseg | GMSS
4 LN 4

= F4M, (1-cesz€) GM /2

aw b e Mw (1- cos’®)”
4l et M etz
W= \“l'%f S.J" Jd (1= 2*)



=437 x 10’4 MeV ( Mw ')3 ,

(| GeVicr
Enovmple Mw= 37.3 GeV - W(W s e v )= 22,15 MV
A , G4 4t/
Hdiu‘.t3+1: = "q‘s,(l,ﬁ, 0,0)

X, . 1 *
Il *= %{'—g S0 B M png g

E)« 8;‘ i “wl
. ?\‘HS; %‘r v Ps» GT.‘:'
«_/- M,L;'

3 {"E.‘isf:. ]74 *t £ 94 t:fg + E,c};"{" P~ 'c’l'.-},c,"f,}
T

- ——-'-'""——'._—-.-._‘ T

_'%\d.{ + 038 + cos® 4+ cesd +cp:.6}

\-——T—-—.-.J

1 sl - FAPE
7 n _% u\sB] GMu Nz
:;--éc::.‘e

= zn.,’-[1 - 2c0sB + osO] GME

Vi
'4 . -
= GW vz (1- st
R N
dv _ w) _ GM<® (1 -cesB)
d ot Mw S
=~ 3 ) i T o
W= kt&s_.jdeh-':) = oM
il 2 / ey



<ZVi
P heedy -, 57 e and e Aot clengu
sicdm. Thaos g0 Wi ey |
: .
Htlicifa - dw/dR |
+1 GME  (1-ces8)*
o 3211‘1'-2
0 o M 3 sin*b
lentz
-1 GM.:S (14 ces8)*
. . sama‘ﬁ |
Th  gmsuian ned oAl L0y U tmdiroand.
e vl s - Y |

w'? ‘I[Ji AD i«biddﬂm (é=o?> bt O=m o §i¢

vV Vv

Neliee ot —im wt — ety , the silielin o

averad. . e et e owedlid Mu&aﬁtja&s}

T fcht; 3¢ Gon duntelim,

€
wwﬂ ’H 0:0 atlowed.
Al

T‘\&o u ot o 1 Y, =\[2 \(. C‘E’ C ir'-'..‘ L‘.L CLL"I PR

The ot anlGarae Goona



ﬂ/wm.q < on W P/LC clasc C.m

In fwm% Jiz}a&'nie u{.&'uéu, , W/ma&to&én

_fyl.ou._zdo ‘63 A d&ajmw
' € w! e

’ o.md

v . v‘e
[ (A) .

It o plausible (owd alee i) that guph (8)
',W‘d“’ Tha _atomamr Ceoilbelim suee mi<HS,
In addition, fmmqat W f)uduc,um Ao fvmd.
of T puedued W fww\ our ‘fémw-de( of
AL deeay:  the  W'owit e prodyeed

wm o a ,&ft—fwuﬁzd Aol Afecauae. e et
rewlume oo gt Aandid,  This am Toon  sveass
Ahat A fcu'&m fwm The d.ecag‘ Wrsety
wid e omtld (rekeand a Ge WP ot

f\aw-(. eladled Q.O'wflo-r :L_&'cw 'fl‘l i Cacr

1;‘. f) — ’,L\‘ W+ f7 .
'f\.lud 7 (,L(.{ I8 .Ft_mfc Lera el -(:7 , bl m;,f. at.'G:m‘;
UI('C.(k(iL.\~j |

%



&P

Laf. 7 4 v (161).

J. S, bu,ﬁ ord M. Vellwnwn PA7 Lt S, 9%,
1Si (19¢3).

ZW. Brewm and T Smith, Phys. Rev. D3, 207 (1571).

R.Ww. s'wum R Hebbs, and T. SwiM, PL-’J R, Dg
794 (1977). 2

lbw.ﬁu.ti Tl loms  withh W:h

Nt fave alnmd7 munlioned. Ahot uerwu
Ao iroduction  of T infivmedisle boson
»{JGM e d;.vmab«u of Aht  S-wowve ompl Lol
?\. Ve cg.ltzij_ L aplwoduets  powr cb.mymcu
i othen processes. The most  oifobralid Manufvel.

Lo VTV Y N s V] rpelion
Ny — w*w

Y) fvut(’) Wflw»-uf. -{7 m Gld- Wamm, M. L.

_Goto(buzh, N. Kutl, and FE Low, Phys. Rw. (1] /518

(1161). +m um,n..x., e diagram

&, L‘H*’ which, MAM} N s
> .

v v
%l ?:.




——
-—

we d.“k’m( _P:: _?'__-k

-N= GM.; (v ) $u 02 (1+7%5)(m-{¥. 7).

EcS ((P*+ m*)
1'5: “"‘ 55)(L[V q.,
M We.o: N :
4, = (0,0,Q,4) _ 9. (0,0,-a,i8)
.+ = {Ksin 8, o, KUSG,EQ) +.= (—Ksung, )-KcoSO,iG)

K= QhMy
Ez‘ —M\: - z1l“‘k+ .
= -My + Q" aKcosb

i (Ei+ t\i,,(eatn.n L%)
Ft dongitudinal  pelanizolion,
(R = &
G‘.L ‘!«ual\ Irangis,  we ,uwﬁm. have
-im = S:‘-_xr(v JY-k. (‘”5)(»’&‘11‘?))Bkdtﬂ')“w %)



um?j e Dlrae .u‘«) K~51., u.(v,&,)fo nd
%(v,ar,_) ¥4, =0, wt mplas |
TRy BlRy-¢ 0= -3.1.
TR — 3. [R.-g)= 3-D
te  oblow . . |
-m= % %"lv,gr,)"‘-f (l{li‘s)li«l’ Y (148 )ulv 4.,
whind,  we awt .wm;aurhu diseanded. M. -N_M‘,
3232 = B amd U¥)*=204%), so we

Hane ) L
-iM =GVZ ¥V, %) 3"2 (1+%) ubv,g,). .

mit= 26t [1:20475) (13-4 1-%) £ 2(-i7-4,1]

= 46" [(-%) 7.2 ¥q, 7.2 7-3,]
= u,s‘[zi-ef, 14 - ?19“‘%1] |

166" [2(q-KQeeso]” +m‘[e‘—kau;9~n.,‘]]
= 37-GLQ" ‘[Qz- 26K o380 + Klm"n.e + Q%"'K.Qoo.;e -H:]

AGE [1 - 3K s + Kleos*d - M,;"l
2Q T 28"

< s* | Egiu;mluxl.a) the seeond- ndenc



&7
/wvfm'—bifim o Be vV daelic ocatlining  omplilade,
A v v
AP -Pw’w&mi Ao 5

2

o "F]'u
2
v ¥y |
Somet the hke /M0 pew of e W
Pp 3“’“ AL o AL ot diverngimczs

Am sach }wglw\. oden, Cwe el -ft,.\d SOmL
Oﬁ Mulwg A /ALJ?/L}MWL orden
4‘? onden. RN s \ o) AR Adf

To do 0 we shetl Have MM N
dinTaz-u and awrTh, D, s fuﬁafw
mag bt ok i S. Togletan, Oom. Plys. 83,
7101974), QA e ’R&{}:._la, i Docudieso of Qo
Firet M wum,am&m Famdamin il ?L;,;_;c_,:?waﬁ._d-

v

dl“%,_agumwmvzw

(Ve ?ﬂk MMCH’H) p ‘}-S‘]]




| @
One «Foss‘.&hf? e Ao umwdatt  a puw needlial
Vel pontiche i A S-chamel ) omd  adjust 5/
w? w”
| Mfiw?.s G canmcd Zh
2° umsleainatle gurwﬁ. 0‘6 TAe
. B wliction ,uxdwch fﬂf
3 Whet /fn» can The cw,ai»au
takt?  Fn A wfb? nuTrinos | L
Lo nalimal /ehoos-t.

N 'v'(v,%,,)’f (lﬂrs)ulv %),
_7? AE‘;; z ” %mmﬁ”ﬁedw
conmndisn , st Mi -fy‘m
Ai)LJdPh k) , — koG
+ t(d"“(k#k'f yf *4+'L)n(}f+“ E_F';
Fonet. - " R.B,

M A i) B (4 sy ) S
-iM= AN v ) B (175 ) ulv, g, S (R%2 1Y '

{RE ? ({l.}" -) + ‘k.rfg..,“ - -&_“ S.VP
-+ ‘((3.,“ KF - ng .‘I} '&+“ P
whew R= &+k_— 9+ 9

Ri~ -s




We mos meghel Do RR, pace of The z°
.f»\.opa_rm ud?wwa/w»&w&m/&;du
WMMWMM/& m, .

Now, kk=—K -Q*=  -28*+M,"
—Ls + M, |

L-iM= AN (v, 4,) ‘l(m,f—{s)a’-(k*-&-)
| ME(- s +M) )

R M {5 ) V- (hy- k) —xis v lk,- k)/

- (14-75)&(1! ?, _ ,
A (-im) — _&_v(v*,){?l*—ﬂr}?’(kpk)

E —»oo

_ (1+3’5)u.(v"_?,)

In Mams of Ba variable P=g-k,=4-1,
indoodunerd. o The L&cﬂ»n-uw WA, we
pmay /ufl.au. U lk,- & )“'-'2.'6'.? felovetm 5fdnm-
T W, Vi Do ek by Mo Diase gn ]
Thaw  im A Ajanuy,emut ,mm#
our Lo oLLa,guvm ,u

(-iM) — [GE - AN (A+1+1) v'(vr,_')lf-?(u),’,—)ahf)



2o,
This sl showo That The oljcion e
'fuz}\-muﬁ fehavion oi A checTrom 'Mdp?(
S- chammal ?r&. Aormn ,.{ gl Ctruf-&wjé of

G¥z — AN(L+1+x) = O, (%)
Aot edn M(daMﬂ.a, cam. be  dena. ' :
?”“‘“—‘L ow ¢ pdulrald  veerme dosen Ha
o it - VV) we Q. EL‘L

umfiun' (4
and. @ avuve ol o ﬂ.l.m e, N PP
of & Fsg RUd Thung, s aatiedt,

(2) Anlnn a U vé
Aroson L pt Tk ssibie  cunl




&
Th#ﬁb&&noiwwlﬁw

in ““""ﬁ‘j MM,fmwuLM.s
(most specifiatly e h’/mspg modsl G te
discuond Adow) omd e pradablily of Ak
""“3? Miliivs  Ttamer Mw.amd\f&
W;.U.MM wigyho. In ﬂcwoj
173, menlies wendle b dey  sedasTi YN
CERN 7S amd {? Fimadols ’”"W 1A.
,MMMMMVMMW
MM MJ-MM 0{ .fa-AJO-culaAa
i gt Gy e Gapetle oy o
T el of T Dt
%e—*;’/f‘e.

Th  gpacetmt  luwclune of Ta  nediaf
WM 'mm%mmd.
The  maest _populan Mw'cthw;twmk
ormL %«M‘n"‘ VEA.  Howwer,  Consldunotle



&)

| ,,.ﬁnt A0 gou anlo MM&QMJ. )(m. o-
gwwl W?Aul anol’?su Theot Aﬂoﬂz
OAL pummaniztd W ummer Jcheol «&clbu 4?

SL adlu, mu» Tntinacloon ?W
Yond. Cerntt”  TAS

A

J.J. /Jnkw\m. " Neatrald OAMM w<Yhsul G‘(w;L
Tﬂu«a P/uamhw CERN- TH. 209§

omd.  in L. wdfwﬁw' Lol o2 e 1575 StAC

&m-fl/w-u.



&

Newliod  Cuvnt  Intuactions - Gewenal JPw-f;w
Strmclins.

We our  eoalon encist the wJAai
Cast. WL nowr Xkt pta.cCons

.

fL},e v, e

Pt B e
. Pf—'”"? F ?_»’;‘C -
) Scalon mﬁmui«m) v.e
Iml* = 32 (P| ?z)(“l“z) = 32m7‘5131'
dr_ 1 iwml* 4T = wmlt
J-‘a 2 fntmE b4t m E
_ cor -
3 ‘3 -

i) Sealan Galineeliom ,  Tpe
ml" = 32 {p g -q)

de . mE a"
- —z—&- - r A )
{w) Psundoscalon imbroetion A
. Sa/wd. a0 ,o(‘,n.f.a/u -
(LV) ?S-LM-AJJ slan mﬁ/\.ﬂ-‘tﬁﬂ'\'\ VP"Q

Sami o pcalan



<z
lv) Tmm w*f‘“‘% vf‘e

i = 6t {24 g * 29 Bl T SRR
= G‘%u"t"[l(l-a) + 2 - Y ]
= Hn"EL[ 4‘f}+"’1
= 2sem e [1-14]"
da _ tmE E (1-44)"
% -
(vi)  Twman wa“}, Vpe -
l'm,"-.- 6f[2 ?"f'f“'i" -g-Zf?,<r,_ f:-'?: - ?‘.'{"7‘ 71]

%%_"= 9_':75("‘{3?? -

i) ST I.EA:?,\M.U.) "lj._e. _
o 1 e e - e ope)
= IUN’EL{l_ (\- )1)
= 128miEY( Z‘&'_}L) :

(viii) ST &£, Ve

Imlt= 128 (pf. pus, — G e b5,

do _ gmEli-igly
oha" 117



(ix)  v-A, | n.e
imi*= zse(?,-g.)('p;-qb),

do . 4mE
dﬂ -
(x) V-k, .Vt

| tml*= 258 (f; 1»7(74 )
ég_'s ﬂ'_m_g {l-a) :
dy = . ® L
B I T T S
ml*= 255-‘?.'?1 ?z.'?r
do .ﬁn_g(l—sll
B R A

W vea, Te
Imi®=" 2s6 1292 %1
ds:- tnt

omald*“l"'{jd@



- we e
S P mEyt mEut
’ T E
. 4mE (1- 4497 ImE (1-14)"
T _n__( 3) % -+
S, ?)- £ 4mE o (42 ,,, -4
S,0)-T | .i?c_li&(l ..3) i%z{l })
V-A 4mE 4mE (p;)"
T T
VA 3m_e_(\—3)‘_ 4mE
w T

do- = da(sPT) + do(v-A) , do(v+4),
B “4 44
o e L VTS~
dove a 'u:mjrnim Basrwmm: Mﬁ‘ VEA
Om%«-Q.AA duls Tai budion fom e pmatalid

S phela ST wf*%?
iy B A R iged

3) d = ' dﬂ' ‘
Q‘(-j>—— Ldg 3;—7—/‘){;&3 jf&'

=

3



Gemarol el Gl Caal -
<3>Vﬁ€ ’ <\a>

35,7 0.75 X3
T 0.3721 0.372]

GpT 0.625 0.615
V-A 0.5 | 0.25

VA . 9.2 0.5

Loy [y s v o
[l areprmsy /(0g im0 g
= (3R )/(4e)

= (14-1“3)/( 2-6+1 Y= 02 ol - (3129
48 12-




) | s oy
WM@ Model Thrdicliowa {vu. L.'g:m o hiruing
)

, Thys, B
) ' dat [S-.WLwag) L7
19, 126%01967).] L0 a ,,,..).L P
L.H" —_> . R - " M .
W 4l o a.d.d&ﬁmlf- Af'ﬁm I
X

P AW
y uﬂﬂ'n)szu
1

. . L l

ot M asf‘s:; corecd  canddaTe

BD-MAL amd- o4

;aua-a. | .
o " ﬂ;n;uﬁ :{«aluo.&n\

Lreinrs Xo



@D

Fo'lm,fw\fow urcmu.d.am.ﬂgmﬁﬂz

Fopmar rults o Aiplonct procussss. Dapamraticly,

Aleat  ann |
v o -
| 2
—w = (GM#) Tia'r(HUs)e
o 7.
e * e e e . . .
y | '/' |
>Ww..., ° _ 1 {GHe TV 4%y
? J'i(»ﬁ’.t)_ ks
e _

L ( %_{)V"évr\ﬁh-zsnLu+r5)}e

whine R= 2si’fy, | = 25’6,
Jomd M= Mt suﬁ@w) (673 Gevle i Our,

o ol _L.. 1 3 € o
ll\o. mfrda.wt cwufl-wa .faAmeIM. 8, o
Ramsum as The Wuwbo\aa 047(! It wett
somelimee B cmvewint O wub X, 2 52 G

‘ We powr Aaat  apelionw  which
OCCtun Mujk e rdral el inToaachon.
& uu.}ul bamet o DeRicpda G_mal,t?h:w, aned
QW) Mad, ?Uﬂl.\ l} (19 14)!



(e
O

yl"'e — }{F‘e V,u%'i- e)?l
K= (11'41) = (?1‘ T‘-)
z_» K’-= _?_?‘.'1‘; = 'ZmEg
})q' e’h
‘ _ KKy
Sim = GME g7 (rrdulg) B TR
24z A2 M)

. Gle p) T RO-3s)+L{1x5 )} wie, pi)
Ta O K Ky Mbajﬂ-‘;*
,&mfo&t. We ,U.utfa. hawe.

Mt = GEM 6 [ )9 ) -0 B )]
8 [kaml]*
x I [B’F{Klf—)’s)+th+35)}{m-LT-f,)ml*’s) +L{1-75)]
% (m-i8eg,0]

19 Gaer: -2 W[0-¥)0, %9, 5 ¥4,]

 B[3nT0 < G 3 * T - Epper S fig e e ]
2 tace: s - W [RHBN)  CO-BR B Ep A Fp]

= -B[l?ﬁ% L‘-){ f'rru - Jhr P'.P‘ + farrl,\}

+ til‘ L) E“P.‘S aur FIP SFA f’-&]



lMl = b 2___-'°+ lﬁ + Ll)(zh (il rt 1l-+ th '11 P" ci')

B[v'lt +K*
(8 -12) E-(Pra £lgu't ap ip 8va s E‘P%'S 6""'?“‘}
- /
Zf&:g)‘:‘ E'Iv‘fﬁr fl .‘zE ? gv ?lf' :

.o 2["1; 5;:_?—3:@‘3] 7"’f ?’3’?“

S 2pg e g .
|'M| 'M[r‘qr‘%*l. +Tn?f&%1"] ,
B CET e
U ' '; & [+ REw€i1y)']
d;a b4umE [1 + %r 2emE

GmE 1 [ 2+ B2 (1-4)"
2 {1+ MmEg/Mz )" "

i

do= = §'mE [(2xu-1)'+ 4 (1o9)* ]

-&:6— 211: (1+ ?.mEa./H‘I]
For H b4 mE
T= GmE [(zx.,—ﬂ + 4x2/3]
27t
e (V- A)[(Z"w"” +4x3 /3]
p

= 4.3x 10V om (1 ) [bxw-1)"+ 4x.2/3]
GeV



L de (2xu-1)" + 4;:.,"(1;3_)_

v d‘j (2%~ 1) + 4x4*/3 o
Ve — Ye .. o _
o We have m«l? b el M /mf{aume,-i “

_a_lg___ G’mE [(Zx.., N i-4) + 4xd -
~ dda ' 27 [1+ %’lf_}]} S

, ————— e ne 4w —_—

; E’L '- ,ng ,>>m E TTTTTTT o rmmTr SRR ﬁ T _'—' Tt T

. & - G'mE [(2x~ 1)/3 + 4Xw] ;_ff_'_
B Tw

430 x 10~ [(Zx.; 1) Y34 4x,.,] Cm? ) |
. . GV

1 doe _ (qur 1)* (- 9) +‘f‘xi_
T Ay T (ake-1)t/s xS

The GMaamﬂL Collaloration

-4

0‘,}& < 0.26 x10 (407. C.L.)

_ oY
0-{; e 1.3+ 0.8 xio0

A
Wu}wbua' odel (ot Fig«u p. 54 ). %';zﬂu

}:Lz? A/h‘f!? 0.1 £ :.u\"9<04-

Cm?



Mo Gomnolly,  we oy txpues
R="gat g } il
L= gg"‘gv‘

G’(\}e) = GEE [ (34 4’3\;) + 3{ (ja'j'l)]
g‘“}g) .-=— _g__:_tnl_g _',!/JAJJV)Z 4 {3,,‘;:/)']

Cvidudly i Ba Weinboy S

3v = 1(L4r)

4o = .._i+?.s£n"9w)

oed  n Te  oonverdionate %?d-w
Tty 3n 3v=o_ The  anailalle dolos
Dem  allow vilure »{ jk“*"'"“ 3‘, i B
Ao sadid  agion of Mo Fgen o p55



"\V;e

fA

p

T T T 1
- 2 f— ___‘.‘V,.A’.’,_ - R —
? Yl -
aa R 0
o -4 R VeV, e -~ -
R R s V-
B i e G
- ul 3 L.. --W,v,,e. : —_ / . . ‘/' =
; . ““.\ O Lo - P . / - -
N I e e VY S VO -
Y R A 4 [ B Bt
= T RS e S
-...;___ _2 [ . : ___/.__.,.__.._-’ _.._._.._..__.,..'_.7_5__.._,,-_ .______'._.___-
o b e T N0 L Uger . |
. .. . - . Li :{— . f ’
- - \. . _ : I
W T T e —~ -
ST S ]
o LA . i
S 1L 1 L L
R 0.7 0.4 0.6 o.f 1.0
) o sin’8,,

UFpin Wlnal AT hsat) 1ol FL $68)
ARG 2 (oad  pan)
Fﬁi\'t . : Mmﬁr

C.r<'5:l'|:9h:< c";—

FIE 7/ SRV S ECENIY 1a

-

5@‘.29‘,- < k?‘

Lo~ =



907 CL uﬂm
L;m,'t for' v

f‘i)\

~ . =
7 /

. J/
~do +iec

;ee (Irvi

v e n’ .
1
[

NE — DSAVANNAH

RiveER)

&

ety



Modificotiims Ao ALA‘/L#.A purnanl proceoats,
i g 7 7
| We  new oludy  The phamgts G ad allowed "
poosts Ve ad e aallniy  which

Ve — vee. |

T WL MI MM
| ' B R
F=p- ?, $2 r.

fr:,(f? m’ﬁ' wl, qﬁ) 7‘»“* ¥s) ulv.) g,,) i(e,ft)'fr(lﬂ's)ule,h)
+2ﬁlf:1f\:ﬁﬂ ilv,9,) tha_\?s)ulv,%,). N
ale ?L] St %)« RU-¥%)} u.lt,f )
awhins, B!«, Lalin, WWOJ_ I fave futng  At-deasd
,u:WJu(cAmgL Jim. In e, Mtof —Cu.?z.
IVE  macsts, wt Lane.
m|* 33-: SURIEAICE SRR AR AE E?,,)J x
t [r (ul‘s)(m ‘rf'”‘ AL TS EH) I

i.b‘.[a:&(l_fli']’s) *P\Ll Ys))( ¥ ?)(Lll Fs)'l"i H’Ks))\m R r )]
+ [l i) ) (L0-Ts) e RO TS D m- 0900 ] |

-im =



&7

|3¥ tace, - "Zts[(i-‘fsn'r U‘?, ¥, F-?,]

= ‘x[?af.?ly-;)“’ ?l.?" +?'V?*f - f"'u's &‘f‘ ?’P S"?;‘]
24 ﬁAm, *%(}.‘t Um.ntﬂ

RANUS A TR RN

-

‘BIU,YH /mf &8 + ]Nf/. ufr (rpﬁa}“?’f]
2% . 22 B @

’

- LB [Ren) M—r,)} RIRATY

N = ~2 [(al"' Ll)(rlrr:v - 6}"”;.'% *fw r'f) + {E L )fﬂrr ]
24 B, 30 tace B |
- =-u w -1 B ¥-pa 7 "f;] |

d = - 2

2 U/um B+l +2(R%¢ _))(fa}..fw —6}, lP. *fwfar) |
+18 +8L ""2‘“‘31)] E“f" g pia $ gv f&r

Thie s LdinTicad o e Y e

wu;? wihh ke /_—+ L/-Iz.

A mE [(2xy+1)*+ $x7 (i- ,)

e = G'mE [(wa“)z+ ' /5]

2T



|
33 Lhe sams  Aokam, fﬂ- ﬁe_eie'mwe
do _ G'mE [(Zx..-u)l(l-a)”- 4x..;‘]
dﬁ . 27
q" = szE ((ix.,u)‘/s + 1xJ‘J.
27

The f«uu,zu pross  stelims | as f“otmw ,{

T Wulwbua a»yﬂ., ot shsum wm  Te {.dm.?

Fl:rulfr 5. |
That ane dota. - on Ve ocaitining

fmm*wicaumqwoi

-T.uﬁnu and.  cilobtralsw.  Thest Jore fton

%mfﬁ, Chem and L, PROS, H7H1972)

Atpnt: F. Bainas, B W. Sebel, WS Gusn, Sauint rrt. vcz-tor- 1)

[F
/JAJQ.VQ Leundo g 3* M‘Lav’ dang.
d.zfm.d as
3;5: i(L-r) -1
5v= 4{c+r) -1 .
_m«?, 4= 3,,=-0. ( Thio dﬁ.{«;»ivqm As CovaiSGat
with our  ddstmsaion v.f 1/)“6 AQM..J).
The  allrwed n.ngwn Ao ohown o g 53
Tt imclodes the Weinbin model | Ik
sm?0, £ 0.3 |



YT T [T T T T T
-\ ) -
./t
| \ -
A
o) / -
-y N Ry N
! A \
AN 1
o Y] . > W =
& Wn / / ,Ve
| N\ |
i //////// |
o 11 Liisada v -
— W od
N o~ 4“0 . An.w
( .
WY (%a/a L) %D

olé 0l8 IIO

0.4

0.2

swnm?8,,



<\&) m ve Acaﬂh,ing.

V-A Thuow
dd‘(ve-»ve)/dg ax 1

<3> = fda Hdo"/da /0‘ = '/2.
dcr{ve—-»ve)/da o< (i- 3) .
(a)‘-’ fdy 3(1 3) /0“' o

et fis]
- =%'[e,'-s+3]=_"t; A
Mintoy Thay, o o
f[(: ~2x)* ("3) + ﬂ]gdg o

<3>_ o o

f[ f'_';";‘jj ] g; |  _' Z

= (__z_L + 42 o
i (1- z,g x> L o
k2
3 .
= [—4x + 4%+ 292%
G -1b x +164% +4Ex E

L¥xt —lbx +4



X <§‘> Vee <3>V,-¢ $Pve <37%e
o] .2500 0.5003 0.5000 0.150e
0.l 2895 0.4949 04977 0.2652
0.2 .3929 0.467717 0.2952
0.3 4P - 0.3929 0.438F 0.3292
0.4 A1 0.18%5 : 0.3430
0.5 Y11 0.2500 0. 4%0¢% 0.357}
0.6 41117 0.269% 0.471% 0.3679
6.7 ©.299% 0.4745 0.3743
c.¥ . 4588 0.324% 0.4720 0.38%0
0.1 : 0.3430
. 0.3834
1.0 .4¥07 | 0.3571 0.4677 0.3129
FO‘I. V!‘e Jc_n.m&né,)
{yp= (- Zx
d =
“-ZX) + __é.
_ 3
= 3(-xy+ x*
z
a{i-zx)t + 2%
Fer Vel ;W;,
' 2
<3>‘-‘- (H-Zx) ___E.. _%(I-J-Z}‘) + xt
(“’z")z + .‘_'2.. 3(1+2x)° +4x®
-3

(1#2x)% + 2457

o
[

axr R+ 98

[



<

0.5

0.75 |-

0.25

1.0



Lg«tm dacays of Z°
We Muammm,&fnwm.a
Ml'a,&fﬁrmy
2 3

b\/fW—ee v)= G My.
— 6 {z

Th cmfmm.{ Z— AL L mf«&t%
.Maou) M-;M-w{ /w.ag Wﬂm,ﬂ

_¥~—*vv

IM[Z"’Vv)l .-L Mz Imiwor el
- e o Hw.. L

w(z*'—»vs)j:é"f c‘n:’“ _ 33200 s /My )
o2 V2 1 GeVia
2= etem o
-im = (GM:)” 1 éar[au-ws) Lh+wle
=/ %
for X o Ccast o{’ J.rmao. fa-lmfbdlm we. fuve

Wlz'—ete) = 2+ L) 6M,
2 LTtE

= W(Z—> vi) = (R¥*+ L),




rd

In A me&«? madsl.,  we tave A plicc Ty

Wilw—oev) = _,_Cz‘_z_ (37.3 Gev)
bz sLn39

= 3.446 x IO .sec" /sw® Oy,

WE—>v5) = gt (1.3 6ev) —
eV sw’Oy [1-sn*8u] "

= 4 Wiw—rev) /- ’“"'9*']
Wi —ee)= WiE— v ){[2x ) 4x‘)

The Anlvmadiole veelon Avson m.aa.a amd-

W”W“mmfﬁﬁ@



t

Partial Width, MeV

10

50

20

.
[ -] .
W o

s

B aasial

Mw-sey)




|

T‘{LHCAV;L!}&&“MN.
rreatld el tha malry  clawenl

We
du-aJ Lo the Maam
Pes o _ f\ v¥— W'W~ O (at 'fu’,h
t 41 7 ma«u, 1&1 ‘Ccmgtmla-all? fa(mzu
, Y 3 oW S)
q., * i—

cm— 26 v(ve; )B'I’(Hrs)ul ?,');_ .

a0 O LJ?J.CL\M HuL o”oafi /:han.;»!’ T/u.



: e aweluatid < &
St el )

N e Nolici that -lecausr we
'Djt‘f- | QAL Now” ucﬁuﬁ a-
= k4-9s _fog_w,j? ;‘\MJ{ ‘G-n)
L G Ni
) ofhn  velicts, Compantd
writh The  odiclion exchange diagiam.. e
Ak yEW Cﬂuf""*\(} Ao called 3 2+
malun  Aiment  as

-M = 3‘ (v, 4.) 72 (14 Vs )(M-iFD) Xg®
A% M)
A (I+7s)u(v) ?a)

N‘Z"‘ﬁ} ME.; W"‘g"’"‘“‘; amd. MM
we f“"‘

€y == *&/Mg) ‘

~M = -26° | v g )5k, 7D ¥4 (13%5)ulrg,)
7‘?}- > EH

Belivem Sposts we Cam  pubililit

. Fhi = TD; Fho=-7D,
* ' (147) o5,
M= 2e* 1| wiv,3) 7DV DTD(1+5) ulvs,
B R T

= %%; T (v, 8.) .0 (1+5) ulv,4,).



To Compane with de el MW dAhrM)
we nelt Ol m 5f¢hm 7D =-3.2 Th
g 7N

-m = 2[,@. __a}] v[v g},)ﬁ ? (1+7) wlv ?)

Vo
awvbich mum,umkqmvw
wuf«&w.a Lo clu)son - ax
whith . ,zgui/a,m Ve W wfu.g'
Mam%o—s o com-fll.ﬁ mm& with a fw«%rg
W-gmtrx ﬁmv lzfﬁu amd  no  nwdiad

n e
n dasle, \.15‘5.%-&1' Lrosons Mm %“fmkz& G%uk:w-

meodal, P Rew LK. 28, 1494 007). Y Qpparenily Mﬁ
As /h-o:uuvx} Ao f‘u\lbv-t ouA Wflale,

@ ol with  doth -ﬂauf Leplono amd

putal  cunnendy. TIndeed avenal puch ochtmss
Aae b dipcussed  in b ALlddan .

')

. Cmepew o nvﬁww



Fro duclion o:{ WMA% 5*2* N‘“E’} fag oo

&Mm,vmg,. btams  ors. mat

edinat  Tham /“yc) Ve Atems, Ml wus comaidin
Da poduclin o e g Like Keany  Loplon M.
[ SuwiretcTity ey, e p E>M  in oun

.f«w;m ducu.audh_] W mwd e-tm,wE
M-

he _V) ?"
M

oY Sl I e ot cepleg st

-iM= 6 7(v ) 9,) (u—b‘s)v—(n,P;)E.(v, ful o (lﬂ's)“(‘}f')

V2
The - et - s A adudical B et
{m. Ypoe—€vp (sef Y._U)?. It W

lml " 256 [ 1 1o ?'-
Th Riowmalico  cam Lo Nm_d_ oﬂ oA rnauily
{m. 'V € "’“/J Ve - 2
f‘ 1 _""ME P = ~mE + (M -mz)/"/

A mi® T, - (tew)

2 = )
_ 2Gm E [1__ (H'-_.ML) . . .
T AmE ] / ol

<
e L S Y SV YW ¥ o f"- Ut = 'y e,j with =M,



M—v e 3,

Hu-q M" ‘ucﬁﬂ >
Thio s VMG&AI!? AdanTieal ,CB A fuw.ba-.

faimbﬁcn o‘{ /u.—-a-yeve In Ch,awt
/cw.flma,&qut /GLMMA;I

-im s_e_u.(e,lﬂ 7 (J+Ys)b'(v g)vr(H fa)&' (147, 7'0'(; LJ

,a-Lw. it fant Mwm mmta.u

k"" L "é":' e

Iml'= _g: ﬁ[{»f”?,)(-t??)h i), (m JPHH:I' Y. s)]
tl A 1#3) (8- 0(1-15) ¥y (M- L0 R (1310 0:8)]

wher S A ke elechon s 1-veetsn, omd
'AM/U\-L M#% .st f?v«l& ?
-t [(1- 1L T-4 % (moid )4+ 05 %s)]
'-Lb\[(l-‘ls)‘lrrq?,,{m Sy s m¥sTs s Py 7-5}] .
w0300 W Yl + mill-708,%.97,7:5]
Wll-3 %09 %, ¥{ms-p)]

= 4lg (ms,-p,) 6' (ms - Jms, -

2 e j: e I’vgﬁ a3 J"'(m‘ uj su:.r Em
S

%-——r l ) P-—-’& m—-’ M 'd

12 e

|



o A Raee = 4[4(—»14,,-*.,) G (MAL-#L) 4 4, (114, - /“37
' Engr 4, gv‘"’”ﬂ‘ )

:Imi*= gg [17 Lms=p)-(-M}-4) -W)

-rz{ms.(-rl)(-MA;-&’)
+2 ?-.l. (ms-,p)- (-'M-t)'- 27-(—MJ-§ -4 "7‘)('”"}’)'(]
= 326% g4 [ms-p)-(-ma-4)
Nudnines umebstaved, S0 w2 sver
I Gyt
+)

aw= (2r)* 43? d% a'L ) (r-r?,-h! i)hl,
2E.  (m)P2E, rr2w, (zw)’?.w

. 26% o (ms-r).(-nj-k)jé_a._ a1 A1 g3 U*?-Q)
(r)® Eube .
4“"'__:

Q= k— a c1_+J. J .
&ra.bu.n. 3 o e fm ‘{"‘ which = L,
Q'-" LO LD-)

Sd"i § (9(+!.-Q)=

PR P8 Sf_s.-_ (9,-1) S(%m,,-—ib}
e, .
In G’Wt. A'nu.nl .TM) We= Wy g,,.l=—2w

3=-5mjd___w-f‘-w* (2w -0.)

n‘w b
=-N =k“a



W= 206" Q" (ms- p)-HA-k) £p
LRt Egeﬂ

In Fhe ﬁuwalzfﬂh /uwt'fww /jn(AO)

k= (0, iM), Thm . Q= (f,a{MQ))

. prmt=E )= fMi-iM)
zfoip 2EdE ns-p )= (m3+ E(-2)F 57, 7.5 -i8)
F"d I;Ed!: o - -

AW = ﬁ__, a [ms P) M A- ) .fd.EcLO.

u)*M
Qz": PL" (M‘E‘,) _'—"- fl‘E -M + ZHE&
= 2ME, -M*-mgt ~ IME,- M® = M(26,-M).
aw= 6% (26.-mM)tn 3-8 FmE, (p2)p-4 +mE 3.4
Cz:d
+ ME p-3 -ME ] £AE4N
whtrr I fave  powr st .E¢=f,_ ,m,?m

dw=_ti.r"u— T ) (=330 [Me, (- p. )] e, dEe 48,

et
€= 26./M; E= Melz | dE=Métn
dw= 6% MG-£)e n‘ Ede (t-—f.‘s: ){t-‘?‘-i) :
Gr)? -

2
Gt M’ u~5-am P P)(e= £*) de an

P %
) JM oul -LuLu -1 w
=0 aﬁnm

L




Dl{u'-t jf’—‘- Cos B

dW' G M° [(1-cose){e?- £2)de dlcoso)

4(2x)
coodw= GEME (%4 e’)de jda(t-i-e)
4an) , |
= dele?-
zam) f
= G'M° T <. 3474 /0'0'_.’1*)5 see "
T 192 TIE 7 GeV
‘&mumm;&,
e samt  ax ae /dta-g

i Iy E}Li e~ '_sfgw:,u/m,-'
- Ale) = n2{e*¢?)

2L

H

,S

O

o<
o 0.2 ca ce < 1o



@.

A stanch 'b.wvg (M+)o—{ e G
Gloshow  varis /ufww 4& 3.C Banh,
& al.,  Phys. . Lot 32 4337 (1971%), who

=%

[Fo zt  du E'— e*uw ond Mbs ity
e Mflclid Aol o

= 6M° _ = 794x jo’ _P_L)Ssm‘;

- 96r? 16e¥
Tkt  thy Asli f"'— L e )

. e AMJ
adenTical rawlimes  w
Qosuman a Aramebi rsn Ao s vV

Mu* P S‘4— GeV/c%,
The Ao /oamw.!m it © Dteovat. The
,"CM.GM;%‘ )

_mm o ng) nagusnss fen M* with

WW Gz T e

meocsve Lhaan 7 GeV/ct Set, 2. .
T Primack. and H.R. Quinm, ﬂur' P, P 3:7/

(1972 K. Fejidaun, £ ol 1296 ) 2923(17).



foﬂ Cam conludn & Ov .wdl .Z-mGA.flAﬂAd.
'6-615»% The  Veelan - CA‘!M R
a2 A wd me o

R e

0-6 Mrn’ meb; mndad, M"ﬁmgmnﬂ /u@t
/;‘ o & ( HE Liwdd):
¢+ Prop- = 443 = -Z$
f—‘? = P+fe = ~3sfi-2)
[- 't = p g = -35(1+2)



—im= e* u.(ft,q 1Y 'U'(/u o) )U(e,[u-)ﬁ ule, p-)

+ _zg_giu(/ug)x [RG-T5) +1 1+ 7)] )?,)( 5)
v(e,f+)x [ﬂu-rs)u.(:.«zslj wle,p-)
i~ =X “hr"“?*m SRR A I ARIIN)

+m nly, (=i- Vs)*/-[f*fs)](-t3'§+)[kfl+fs)+tff~lsz]t,(-«.rﬁ

s b [a}[au-.xs)fL(ua',)]m-f-) Rl g) et (g, i )]

+ e*GMe* w0 MRk )t (-0)] 3, (i ¥a)
b f s s ¥y (-i84-)]

x B [7 L, ? )[RIH'B'S)'*’L“ 35)]7 [ ‘-a’ff)]
13 s 32e [e;,.f.'y P+ Grp 1. ,}

= 25L et [_s_?:}[{;_ﬁ) f’(l-i‘)Y: 6fn%® (1+89
16 .

s‘l-

Mﬁmmw eM crnss seclion As

MM—L N |
P

AL itmts 4s
do | wwi(#d) g . 4wl
dz 25

3s



@
222 G G Hu[f R4, )+ LP(0- rs) LY, 0, Ty
8(1- —]

x [{ Hiv X))+ LH1- 75)} f ¥, Vf,/
ﬁr——[fﬂ“ Y62 - pe+ 32 6 pegepr )
+ (®%- L)(Bl?*f? r_,, 32$+ F*% r }
= 4G { 1H) (1+27)s* & '(R’;L1L tsl}

[1"n]

. "-_Zﬁz__{ (Rz'*LL.)Z(Hz") +2(?1—L‘)1z}

Hewer e M weak- cross  Seclion e
do _ 1 Iml* _ G%s
d t gapts ” '

12yat [,_ s 7"
Mz




35 Arre e‘GH: | A |
e ! _ (Ret ]+ (R-0) 7, :
vz stu- “e:/,] [z S]’f ’ fe & a’.i']

(2 -
&[Z tL+ (-0) ¥ A ¥y 7 F'f*]

= \28 ix GM,*

ooy | W+ o)
HELT g ot - Gepeg-1)
= Brna GME." {Q-\-L}L; 1+ 2*) +4(K-L)22}
2 [l- Ht‘/s]

= Tbmea G Mt:. { }
G5 s

oag ot (1+2?) G Mg {(KfL)z(H‘T") +2e-t)%
d 4s kelz [s-H;] j
+ &s ) reat) +2(200)
m:r‘[1_ .s.,}z {(K “ee) t}
My

do(z) - .
2) - do(-2) de (2—-L):;\'GHEL ’s

A = da . afl ~ .
+ ' b V2 [s-Mg] dE{1e22]
~ @M (rR-L)° 2
mals [1-Me4] 1t E?
Tn he  Weinbiny  meachd, R-L=1
p- S . 2
L . L bt
ic={z e 5] I+2
G z

TS (T 9 LN 2"
3136Gevir)t §



@D

wamlly, wt  fave

A= Lpoxpe f[l-%idx (1 &V z
[ G1.3)* s 1+2t

o.zs/{(f-x,,,)x'.; - (313 Gev)z] 2

s +2*

i

| = alm, ) 2 frer).
Froek - back. nofio. . ) -

F-B _ moaGM 4 (20)" 35 .
Fe B_ wede [s-M] 2 | 4m«*
- sGMES o

wiadz [-N&]
i lbt«f’z/["e ’]_ '

= 3G (323 6ev) /[xj: --\) 67.3 ]

Y22
313 xlo"'/[ x(1-x9) - (37. 3) ]

i

i

-gO..(Xw,S)
The fmﬁwcmoufmdmfﬂ It
: Lnatmailive B _tha W#mwﬂmuﬁ

?«Jl
om_ah over a. pellale /Lamjl. 06‘ M Mgau 5‘
a/u;L zFosi.ULm -{;tam) amd ‘f»g /uuwucl]»} ont's



E>

acesplames m cos8 and ¥ L J..;fa;y.'u( pa
MGL ont’s M‘G_}."% L da fw\i%—w‘f(‘ﬁ?

ek, This 4ao At discueatd | llw. 567
J Godu~s MAHM&? R Dé, 33011478) 3_,““. uucz u3(n

J"‘VK% L ok, P*‘f Lfl. 43, ass (1972, The f,(,M‘}‘gm
orud ‘6““““’ b ben  measund I
leonad ) 2% ok, Phys. Rew. Lt 35, 1688 (1175), and
foe bum  Awicwd aumnm:a by TD. Tacksow,
LBL- 4232, U. Comtnini, £t of Lawve mountld
o SPEAR  axpuumisl B ntonch - ]ﬁn e 'f’“‘“‘%

V'wl-a-ﬁ*g au‘annd]a
The 047"‘»4. we  fanve w«faftd 44 Lo
smalt confuatd  with 20 EM effecds



’ L R = £ 3
: 1] i L i
i HLEHH i Qrtadds
g i i il m- oyt
B T {1 = L R
i S| j TS
+ T ! AEL |75
” T i Thl 0 ETT
: - -1+ H: :

£2 ; i

i
b

S WIARA S M
PIEI RS

b
P S

[ l!...- I

Y

'

10

adr~ 0o o

-

7 8 910

5 6



a Glm?s.v. a-g Hadronae  Wip K Infroelione - Chasm

We Ctonclude s Abwwtr-g Lo ctines
awtth o tvo brisf  meaZion of weak
bnaclione of fadrons. Tﬁ"’-l?w
alinaclions Lo Al fodrovic weak .
purnnly T .j'mg/eaa? e spactlime
oﬂi»ﬁ mwmwa Aﬁmw

J = u(dco39+s.w«9)

7T= (dcos@c-*-.smgc)u




In;C.L_._/CaM'ﬂu M?) we Aawe

\j; = Zddu cos*8® + Zsdu sin Bces 8
+ wd 3w smb s + WS5Tw AtO

- dudd es*8 - duis 50 cos 8

= Sudd $-~0c.o;9 ~ Suas a8

To ' we  par e E/u-m
fa, b} = o= (a5}
.{a)';}:: 50.5 ) )
(ﬁdju_ - JKL—LJ)CA-’LG = (ddXTwu- dduz ) os®

(-ddzw + tw +dd Tw -dd) etos0

= (Zw-dd) cos>H

(&35 - 5u@s) 562 0=  (Gu - 3s) s0

(kdFu- 54 2d)sinbBeosOz (Tudi -y $d) s cosB
= (~Zusd 4 wusd- 5d) smBcsO = 54 s cos O
(Ksdu- duis) 2onb cosB =
—_— O - -
Jﬂ. = Ww-dd cos*8 - 43 SmOwsH
= 5d saBeosf - 55 g6,

arbich  eonlans  [NS[=0, 1 lomens.

It o a fwﬂm fuz that 4540

-~ ds 3B cos O



il cunenls  Kave rel  fen  pbseaved.
Imded, Zbare pn Azuﬁfat A&ndbﬁan Processts
such 00 /A/», K*— vv, amd fw
ke K, -Ks o dﬁu« Thus, wt ansr
- palded upom A5 /uwmd_.tu..dﬁwkuu ““ﬁ%j
nulral g, The  camcllalion s f.vwwdzd
ﬁ;.xu. QLashowr - L&ﬂmiu—fﬁﬂuaf'— . ,
- mechamism o wkm& e
J'w" ildeosO +ssa&) 7 0
+ @ (scosB. - dsnbc), o

The I R suts) sugﬂt
woth M=+% omd  Charm = +1. Th

O’l.dAMMa u,d, s tw./e}MszaIt'
M a
uwt+cc-5s- dd

wuu; i fu-aﬁ_ AS#0 s

—-Gm+1



B /PP a f«id ke To do so,
5 ,:6 NV YY Zx )w.akcitm?’ﬂe 43 Tner ‘1 |

Wi)"20)' charmid ";‘-“-AW and ])M‘\ﬂ-fs

Om ~ aalndis Aiotuasion o{ -A«ZA
g VN aacliome i+ guerm um KL

Loilant.  prtio o‘ - 3.C. 'Ba/wk CALT 68-535

; 1975s.

| Dec.

el



