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(1) to~other with the

assumption th8.t "\ ()) ) hes I'll) Z8r':JS so th8t t~Q l3nalytic properties

of Dch)
~

nC8) has no poles so t;h:~t th81s8umDtio~1 (8) that T(J:»

Thus if
2-

I.:> <.. r-

D (h) -::-/\

111here ~ is at pr-0s<:.nt an 8Y>bi.trary n'.Y"]bor 1nd on th~ assumption

t~at TLA) has no zeros OXC0Dt p:JssiblY'!·.~ -:;;::jt- ~ 'J "'I /\
I 4-\ .~

(where Numorator of \. ), -'- 0) but this zeros does not imply a pole



-"I'in __ and we have

...-- / -~ '\I) C. / ..1 j....L.,

.J) and'T in (4) c:JDstitutes·'1 mOTe (.1,cneral solution of (1) from

which the earlier case is got by sca+;irlg 'A::: 0 Le. (5) is a solution

of (1) for such values of thAt ]) U, \ has no zeros and hence

Ill:» has no 'Gales not allowefl by (1). '£his restricts the range \.

In (5) 1) ())') has no poles and so (Co)

From (1)
T(» ') is')n tho real axis above r

is to be a zero we helve

r'L_ 6
L- L

~c - \ /0..-- ~-
,~

/

If 1(h b ) + 0 on the 0ther hrmd we must ha'll"€ J)(.--8o) -:::0

and from (5) we see th~t if J) (,,80) -::::-0 then



_.1~~

/.)0 _ J..-lL j
- ~O /

16\\ 2_

4- t"'1 'L

'.
,-- L-- .....•..•

,-<

- j, __ 'J __ ;.) '~\J_ (
L_ /,' .- ,I' J _)

and (5),

6
L

-8 - Ai.-

. '\ '-'--1 ( ;('And l\ is rGIAted tCl ,.,)



and A '>

S hO'l,r S t hood:: '1 S

--) - .>-/ lbl\ L

and from (4) we see that T (6) --) ~ 16\1; lo d \ 0 \ independent

of the sif?;n of ~ 'this j S sl1ffi./'ient to guarantee the existence

of the I..J.nsubstrCJcted disnersi.on relatj.on, (5). Since 7- has no poles
if u. '-

":~ -::: / l.

poles so th8t..=D would have the cOr'T'esnon"iY)r:; zeros. But 1)
never have zeros for negative ~ i.n. ghost states. From (5)

?.

ter'l1 in j) is --\-\JQ aWl (~, ~:,~ 0 ·i-oY -0 ~)-C )that the A

"-
while ~

is too lar~8, there may be ref?;ion

1\ ~. ,:,c:tr:i.ct~_()Y)on the Tr; size of ~ L

('0 L and is '.1'1'1.1: ':lithin certain ranr:es of those.



I-~

and T' "N'v ~J)(8') ~. 0

,])(1.:,) is the ccmventi8nal de,term nAntal functi8D for S-wave

G13 sCAttering. (13) is also equ1v!:llcnt to

\"hich alcmg 1tlith the analytic nronertio""~ T'

1-/~-!L\- --~----~. - i
I \ 6T\ 2,./.

1..1 )'t--



;

J-
l

Id-l
---, t, ''\ - I rC:~--/~ ~/ ( /\ --)) - l 6:::)

~alent t~ a set of Feynman graphs formed by all chains built out of
(a) and (b). ~his can be ~erified by computing the scatterin~ produced
by the sum of such dia~rams hy the usual Feyn~an technique and c~mDar-

In lowest orier the Feynman amulitude by graphs in (1) is

~
I

Il AD -+

~ ano q _, are the unrenorrnal iserl coupling constants anrJ.
. 0 d u

~ the nhysical mass. ~he ~hase shift in lowest order



;

i /' +\,,-' '. \.')

where ~ is the c.m. phase shi:'t and i:
and energy of tho DRrticle; c.J =-(,~{YJ1_

J

o

,
\. if' ,

.rwd C:) are tho c. m. '11omontum
,~ ._ (I ;~2. 1'-/\ 2.-)' )1_
-I' _.- \IJ -- --- .

\, Lf-

2-. ~"'.\ .,

f-t;2-
',),- /

/

1..-t -.Jt-L::: \ + _-c--.
j\

IcL /.>

I
II

/ /: 1.1-

TCh) - \~\\ l ~_Lt-\,r\2.-/
,.--'



.
which is irtentie81 with the previ~us soluti~n OXCGot that we now hAve

q
00

to al ter (5) by renlacing "A
o

and , 1()..by th~ renormalised ones

/
\ /

/
, /://. . / 1

\, I"

'. /
\/.,
/\ 1',

y~
/~

(

)I _)2. fl-
h_.b-p -\,/
I ' ,

And by the usual Weynman parAmetrization wo find

~

. C' is) \ eu C[·_-
~llVdQ _ -- --) I-L- \bIT 1.<-\ ~ .

1- .



..., \
r 1. ~ / A (U' <- ,

~l/\~)L . /:-C) ~,j " ILdv r_ +'11-.-- ~)
4-1T "'-- ',-- '-t \T ! t il _/

, )
j-L' -- I'!;~,-

I ()',)- \ Cr·) - J J X [,,3 )c a - x) 5/!±-- h 2.-- .

i" )c L!-)() f" 7-)if ~ I~ 'L

/

and J is a ccmstAnt i!iven by

I!d:L f d l~'/;(~L" X C l~X)fL/~_ M~L-



(

" l- ))/2.--
::: =-Ll- tf~

~''-

J ~l

(~\_t1-)L

The function \(.-5) in (11)--

\
)l,\\

where l L '2.-C~)L - AoL C 2; dQ ~-r ~o\ -=- \ + LCZ, d - d tJ
+- ~ --) -

, 0 -4\\ Lt\T 4-1\ It\\

Thus '-1- o'n J) 1_ has the Selma form of J)\ in terms of >- and



which is i~entical with the disDorsi6n theoretic result. But whereas
L-

in the latter 8DDroach 't-- and ~ were resricted in this method W) have

rela \, '~ns used did not alJow for \:5 \j
l-

(15) "\f /S ) !]Q§.l have a Dole belo'" /e...
/.2- .r h G 11'YJ er Dole exists i fl- J) y--)

l..- 4\\
L\ ~\ • Above,(only the

I

can vanish 1il ","hich case T 0) has a reso-

/'-.
T\real Dart of the ~~

lO'1
, !
v

I (?.,) --) 0 from belc:>w at bc:>th
f..'l-

vlith a ,...L.. \J C
I

-'I- v8 8bC:>"i/0. I'""' / ()-----

then J) has no zer:Js so

If ~) 0 'Kc:..V must

And ~ is small

\ (see (a)).

1'-'- • If c:>ne
. Qo

l,Vl thl.:8l.18l we have

,
, I"--.1

~.
I.

I



! i I \
\ i \ ) \

110 mRy als8 obt.~tn ---..::.--1 __ . J '-......-/ \ *
('2- ~., N.•..l \:?_.the re~ 8ns of \ and d for ,.;11ich I -,:/! ij----

these difficulties arise as fnllo~so \~.
1

\

These may become m~hysical ~ay for large
d L in (a) :D cat; be rnaie to have 2

L . L
increases belo'\v /4.- and becomes -+.\J<2.- at)'-1.

x "- {'ML.It remains the uuto A ? ~ and then
.; / L

a gd ''11'1

The follovJ1 n g; conclusi8ns may now be drawn:
'2.- \ 6\1 'L1. If 6 -- , the 8nly possible(S zeros, are h '.1

X ItM2..·Th.r.> .:J t· -, to T a"'d f ""',e(ormer '~oes no glue a po_e " ~ /
vanishes 8nd so rODresonts a resonance in ~the ~ 1)

2.. < )'bl\L-
q ---o ()

I

~'l/o
/J... 'l -I
, \

I.--/

zeros of 1)
and ') 0 'J:- ".11:- /s, ~ 0- u

only bet f'v'-- ,*' g +
t b J:" d t th . ,M 2...,/ /~ </ A 0mus e C8nLlne. 0 ·.0 roglon I _ ,



6 > ;8~ ), 4- \'1:L

the only time lNhen it can bec~me llrlDhysical is if

~o < CJ
I' '> _ /

/')/' / y. /'-'-.A""'· l)/
/' ----

and
if i::{2- \ liDTT'2-

'-0 }.--r:r

2-
and ~ then t!lis difficul.ty \iJ~Ul.j arise. For certain ranges of

and it agrees with the orig'n81 theory but for others the

~, /
-l .<
J/ \
\

\~
\//.. / .r----!

1 '''.

L-,() .. /
;\ /

I \ /; /I '

i
\

\ (
f/
I I '.
, {



resonance i.e. the T .:::::I } -T ::;:.1 resonance
(7tO MQv· 1":: 0)

is cru.pledboth
2The coupling is order· e_

it is mediated by a vtrtual Dhot::m. i\od so .'118 should expect a simiiliar
coupling mechanism between (".-0 ell \ and
any other changed particle. This m-eans

first two will differ only by thSJ8SS diff-
erence of j.A.., and ~ while (3) violates--__I spin. The counling may be different
due to the intrinsic strong inter~ction.
of WCY1J with baryon pairs but it should exist.
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the pnrtial width for the str:mp; decay ffi::>de( uJ -:; 3\\ ) 0

Experimentally ::>nlyits upger limit is siven ~2 0 \; .\( v' •

1l 0 +- y isIf can be calculated. if -,\\ kno\m and this

(for D ) and since the Gell-\.

T6 com~aro this with tho
e qua1, the \\ --r \I - IT 0

varies as a4 (Q. -:::-Q--.



even under ~

+
Q + e J

o CC'l)
)Q1- +~-

L....J wid t his as

J'JThe

not possible for the '/\. mcs~n h:Jwever •
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~ • i.C' TO -l\ " is in even relative..LnVarlAnce . '. II \'

orbital state and by ch2D~e c:JDjugati:JD in invariance for odd relatives

f state. Under such circumstances the most favoured e.m. decay is
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/,'J- 11.Regarded 8S 3 function of i n.. "~.l , the transition ampli tude has a
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other T is the relative currc;Jt 8L the incidont PRrticles, of the
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p' are not collinear one
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defined by j<. I X k)., and p ',( PI If this were

to be oetected, it woul,4 wei;:;h heAvily aC;Ainst the' single nion e.xchange



1!Je kn:Jw that the effectivo La~r::ln'si;:ln for P

-+
\iJ- c 'Q.



Gl - \)/
(0 .1...,

f ('" l~
I
I

( t:?-
\ \ \L.J

(Noi.Q.: In units of

and so [ PJ ':"L-)

61 has dimensions of (length
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From this the struc ture of (5) is solf -evident. Since (G):: ~
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L
only indenendent momentum in the problem. Now, from the unitarity con-

d'ition? for 5- 'Ii/aves?



(from (5) And (6 )
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since otherltliso (.5 )

b < '/IlJ t.
/- ~g some chArActeristic len$l so that one has two parameter

L so we can choose them as
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the statement, that \-leak int eracti,)rJs are f':le·Ak'may imply oi ther that

~~ or p max L or both arc sm.all. That

can however only bo true with • +- • .•.•. when pclrvAlrJll,Y
p max L



involving leptons and for those the only natural cut-off is given by
L istself. For such virtual Drocesses ::mecan hElve p -maxL

so that one is led to conclude that l~eak interactions are weak because
~ 'L- is small that is we re\luire
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L- 30~ GeV there ">!illprobably be deviations.




