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The observed resnnances ares

Angul~r momentum Decay mode

T - svin and Parity and Mass.
T - (’—6) L L phes 2T (750 Mav
= o width 80 Mev
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In Sakurai's theory (is the vector theory of strong interactions )

there was already a prediction for two distinct T = O vector mesons.

{dentify W amd ) r
He now identifies the two observed resonances A ’lo (for
the latter he assumed the snin party assignments) with the two vector

| mesons and argues sut their respective roles.

A, It is shown that CC)O with a ler-or mass should be counled to

' the baryonic current while the 3253 with a lower mass couples the hyper

Lcharge current on the following arguementss

" In this model the pseudoscalar =H and ﬁC should emerge as tightly

bound states of N N and f¢ /\ respectively. bound by a heavy

neutral vector mesons. ‘ence the counling of the baryonic vector meson
must be stroneer than the counling of the hyverchange vector meson since
otherwise we should expect a v~ry tightiy "ound E: ﬁJ system which
does not exist.,. In principle a study of the k:hJ scatteoring ampditude
as a function of momentum transfer should reveal the mass of the corp-

1ing particle, IT YL were to be counled to the hypercharze current bo

the [ =] and T =0 kK N amnlotude must have noles at
S \
s 771W7 with equal residues but no noles should be present at
=3 — ® L ) ¢ Q o+ — o C .:. = s -‘ & R -
5 = =2 I QP o ., Q § 2 2 =2 - 353 53 8 & g
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at predent.' [Ihe better

1.

3
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method could be to study the effact from nuclear forces. Since the

t

baryonic \/.YTL_ is respnonsibhle ?or t%o.stvvng binding between fJ ;3—
or ﬁJ ;K. the same would cansze a renulsion between FJfJ which
accounts for the renulsive cora., Breit has shown that with a vector mes
son mass of Q—“fﬂJjT— the core radius would become too large in the
sense that the central force would he dominated by the repulsion due
to the vector meson. But the guantit-otive estimate is not at all rigo-
rous. But Sakurali bhases his conclusion of the C{) being the strong
counling between the barvonic current only on this evidence i.,e,
7YUOJ L Er'(q W?va "is a better condidate" than

WYVYD =4 TMJTT— so that 0 is the vector meson associated
with the Ch field while ¥l , is the one associated with B Y

1

field, But the more encouraging feature is that in f£f awd 77‘#11

eollisions C{) mesons show up nuch nore than 11/ . He then draws
attention to the fact that thus nnt all strong interactions are as
strong as nossible as assumed by Chew and Frautschi,
0

B.. The -VU with a mass lower then /j is helpful in the under-
standing of the isoscalar form factor of the nucleon,
The Stanford evneriments have reve=led that the neutron charge ®EIx

et Sl A8 b R o t Y
eloud has a fairly large f jbkﬂ charged 'fringe!. This means that
the average mass state resnonsible for the isoscalar form factor nmust
be lower than that resnonsible © or the isovector form factor. Thne

tentative figures were

//m’ZT—)_ &
’ vl T 5T et L
o (‘> | e — /5

E ~ = =
= 3 R o~ Q 5§ = &5 & T 3 § % = 3
S el
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so that /b e 2P ” \,V\_"u;!.x_ 50 - ohat C{) { M(/‘t> YYU}J}

would be of no use but 7] wonld do the iob. The naradox that 71}

o

which is less strongly counled o f{/! then { should be respon-
i I— 6 ( i e 2 T« - S T ST

sible for (not (J ) - is only apnarent, if he universal

3 it o 2 G : . -
C»’)U.Ollng eonstant ot rz/ to nypercnarge current defined at //-> — O

= = ) ’z__

does not differ anwnrecishly {rom Q,FJf\~ at /5 e 4 WYbe
then there must be a suhstantial conmtrihution o F}AD from the one

'7L state since hoth 7?43 and the 'isoscalar nhotons! are couvled
to same conserved hynercharge curraont,

Moreover in a *heory which 1s symme-

1]

tric between ﬁJ QNLQL
(@]
lar proton —> (O is forbidden

(WU( N)’\/O )

Y &
( Baryonic current 1s even under b(. L but h.c. current-
is odd )
We should exvect : -
5 i

LN

B B My B Q/Q YYU ) i
Fa R ip i = [T Gz]

Y+ v, i = Yw(,, - otkm,
o Abaten
It is shown audely
, £ — 'y NN '
B - T s ~ 1
- ~_

v

This seems to make the theory more nlausible i.e. to introduce V. me-

sons in the beginning rather them give them a dynamical origin (Chew)

Tn his second naper he gives a theoretical basis for his arguments

JQ

with an assumption of invariance qnder reflection in hypercharge space.

jarnd ~ < = = ; 2
=) = 3 N : Q = = @ >~ o = e = .=
B =2 = 3 M © 4 £ B s B35 & S 5 S =

a - R s
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The transformstions are

ﬁD - 2 > L ]
| : T
{ }L e Lo
“k 77~‘_
Eom i ) \h
& S
T et
EHilE e
P e . e il
= 2k s Yeond! x
e even _—_ has sni el K 1is 'gzood' to.the extent )
: i
A USRS § ) XZ 1.2 Q - — ’77~ =)

. /™ :
since it changes sign under [K . 1t
B oxist., It dis known that *

—
i
Re, f/} — T] 3= ﬁj S e T

consider X

A

PRSI,

Fi invariance forbids e

MNoiged 'S

resonance.

2.

s

change between

2 Ir C&) is even under then
N orbidden™ (d,e, W T s TTT7X
the narrow width »= (L) 1is explained.

should be zero.

/\\//

must trangform

A
U B s

T A (2+2++ Smreg
7T+2(T:'> s A
B
T+ T ACT=0

raust he

Wk e

even

N%
A

~.

T+
Lt

and one pion ex-

also nredicts

= : r i
SO R

3 \
ﬂi“>1i is odd under ﬁi J - Thusg




and the e.m. interactions of

. /%AL —_— — %{}A ander K

#le strongly interacting particles is also invariant under Ei since

both the t[;l and 1] changesign under. K . This requires that

O 3 : 1
A~ omd S A anomalous ma% moment should bhe

/LA. ( iE:i) o flfﬂ. C }Dj?

~

fzora?

/

/KA' <j :Ej> o ~i/LL s n“/)
LGSt == )

3s well ( i.e. of Strong-

e B e Y
ATEeTraCtions

Do 1z &1 *3 imnosed on weak iataerw

1y interacting particles). We bove

<_>< ( CrRh S TS ( Aoy TT—‘+ to)

(seems me to be true) -
The question is whether k\ jnvavisnce is fundaaental and 1if so
whyz
sre invariant

catgl vector ceunlin

the Tunisicata
_L - spin ecurrent transforas

Ul

According to UTSI tt S

S G- A

under R where /f ¥ conpled

like
§+ | / =
/\
; J

B white Y, is edd, 8ince TI'= NN

and the Ck) is even under 4y
o A~"inite transformation properties

B N A they should have
ad hoc but T AZ

under Fl tho! the
will vanish with is. not borne out by hyperfragaent

D)

N — o i -
— o — . N t — D = R 3
= -
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_W=§¢ F< does not explain narrowness of (5 but perhaps the
smaller nhase space and weaker rVﬁJ-P makes it narrow.

6] g
oo 2T Ty is ' forbidden !
N T T
: CA%D > I+ f‘\(ﬂ is allowed only if two are
I in odd /{/ state.

SAKTTRAT*S MODAEL OfF STRONG INTERACTIONS.

It is know that the varions symmetrv models oroposed for explain-
ing the strong interactinsng have r>t been successful in all points and
Pals has vointed out that no internal symmetri~s stronger than those
impIied by charge indenendence works t» all orders which are not con-
tradicted by exveriment. For examnle, the 'global! and cosmic symmetrie:
P have not led to any fruitful nredictions. “okurai feels that the Yukawa
gounlings may themselves be nheonosennlosical marifeztations of some othe:
ore fundamental counling which-shosuid he derived he axrloiting the
existent symmetries.

Ine wnown conservati-ns laws -re

1.  Baryon nunbor (B cons-rvation =and which'is exacet and the bar-
ynelc charge can be taken =3 a dvnamiza! attribute sand

2, Conse~ ~ti~n »~f 1. gspin (T) w" ~h implies charge independence

- which we sssume 1s exs~%t in “hn absence of e.m., and weak couplings.

In addition to B and T we need 'n~ aore auantum no., to specify

a particle which n2y either ne 9 o 3 or Y. Sakurai chooses Y
since 9 does nnt scem fo tharacterise strong interaction since even
tleptons carry charc2 snd also one of ovact conservation laws. (2) 1is

(e
A e

broken by the verv counling ving rise to conservation of . Between
N

and Y he chooses 7 since systems of half-inftegral T can product

5 = = S © ~ S ——
S b o B & g 2 S = 2
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To formulate the conservation 1laws of internal attributes for

gaquation (1) we =eply }AC> 4 Q}G%)\! AC> where A is

a real constant and ]ﬁ;> has a definite [ which implies
) —> of BA WV for the field operator 1}/ -.

And invarianrce of the Lagr=nigian under this leads to conservation of

L LT A
ES . Similarly for sp»in we have \+/ s 0 q%/ where
;\ is a constant real vector in space, The laportant point is

=t the phase Tactor ;K is not a function of svace-time in contrast

with the electro magnetic guage transformation, &.e,
te AN (x)

W-——-——} e 174/
has to be counteracted b,

e e
A/* /%\/“+E§u

if the guase transformation is to be 1locsl. Yang and Mills have shown

that if the ] _ spin guage transformatior is to be local then we_are

gt
. . 3 ¥ s il
forced to introduce a vector field with :[h spin unity counled uhiver-

sally to the ]j— spin current .~ constructed out of all fields

with L~ spin.

Sakurai points out that a conservat.oh law of an internai attribut:
implies a vector tvoe intofﬂctiﬁn aprrésmonding to it so that the law i &
eonsistent with the local concent. Wheo this is generalized to B and
Y conservation, we are led ©to 3 fundanental vector counlings which

are the 'only' ones, i.e.,

o e T
s

j"?’ s ﬂfT s t};" (1)
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B’:VJB

where are the vector fields analogous to

If the fields were bare we have

> I el —
i A 5 Ay
;5; =t (EUN E{ igj \]Q i) 2—?(-jzh \€é
4 et Qteliiags x O Pr
e 8\/+/U\ ar . C X
11 E‘D i il QL"K/ 2] CfﬂLI 0 Cﬁm}
| DL/A/ ) aaC 'Bac/“
-
+3§{m e 4
B AL gl i
b = " -+ 78 N
/U, T f\yhjp{;l \+?J : ‘_:&\ilaxf; b \iéﬁ;k-\éi £,
“LL\{’EWOAVZ <5>
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L) ; (7)
where (\#ﬁzi is the Adirect »nroduct -7 a 4 compnt. Dirace spinor
% £\.J) ° 1in Lorentz space and 3 comnt, iso vector in iso space and
80 on, L
The last term in (4) is because the E%bt field possesses 1 -

J
spin so that it can interrct with itself., If the field operators are

'dressed', the counling is stil? unaffected in the low-energy limit

/
and the :F /5 are not renormalised. by this process. The counling

between a bare vnroton and Ei is same as that between a 'dressed!
proton and E% since F{i—r_ can interact with the - spin

of 71, as well as 7T;+ <I?>/‘ . This universality is compared to the
conserved vector current of Feynman and Gell-Mann., Sccondly, the
universality is undisturbed by the other fwo cuplings unlike in the
global symmetry andel,

Thirdly, the coupnling guarantees PCT invariance.

Propertics of the B fields:=

1. Under G conjugation we have

l
|

@i &) 4

$)
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-
O
[

R =l
G, @]Gf g B/A\/ m  @TIN

St |
G, BMBG‘ S Bu.B (c) @T) W

() — = - e - =
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SRR
GG = T

In 'Ca) . there is a minus sign from G =ay on
'—1"—' - 3 H. X S . -
and so %yu has a minus sign since it is a vector while
i N/
o B sl j:z ’ do not, s5 that G—, ovw B does
s 4 M s . . Py =
not give a Mumuh sign, This impnlies that if /”hg‘r e, 1

it decays int»
S
QT+ N :

i
Now since terms like /[A,

stro‘ngly while BB)V; /_u,> 3 Tr
Sf - L T

they will

O
decay to ay will be T 4+ Y

the de

wlio

Is)
1S,

- and

o]

=

[ra
2 A L4

nnt there the field

o
o]

cannot be massive and this term i introduced does not satisfy the guage

principle, Barring the field which at least interacts with

fJ~ .
itself and so can nroduce = self..iass the &i and fields cannot generat
8 mass at all. He sugsests that an effective interqc?ion hetween [3 2
and BY mav give rise to a mass.

~ 2- /"

fil

If the coupnling constants were small an exchange

of a single B quantum between two currents would lead to an effective
/ 2-// e L R, ‘
}_} — ..)T T iR % o
i it / /L""

4 ’IT/’V&
R e, i i
§ ‘ P

e T § :
4 ‘ . ke R D g
J % 2e G i
) a 0 1 T
/ f P K + M
£ T N ;
for small momentum transTers. This seems gimilar to the current
\/ — A weak counling.
Predictions of the theory. \
1, It is known that low-energy 1~ N Scvgve: T= 4
3 2

interactioson is not attractive whilo is ' net Tepalsive.

¥E el
to 7%/ 2

Here the 55- State notential 1'57/ LA a4 e
&

uantity,
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This 1s because here

2| (4200l T en |- lnThy
‘ - O

Gt rn T T so that the spin

dependence is not sufficient to exvlain this, But here the form

Bhile in general the foram is

7 .
:TL . :T- civeos thig direetly. But this makes the

_r'://)éi tmo mttraciive wh%if T 3/5L is too repul-
e
sives that a term like :\ Cﬁl““ LC?J Otf% With >\ j> O
; 7] £y

b 45 necessary so that again as in the Yukawa case there i1s no quanti-

tative agreement. The p-wave is same as 1n statie theory.

B e T E XN 3tate zives é—- T TE_ = 5&,

Y

e | _ o and R R e O 0 fer T =g 88
that = O state must be very attractive which ovredicts an

és state =) pesomanch.
'l e Az for the if resonance which can be »nredieted from the Yang
lfMills élb‘Tf ~-antum <.fT':.f) 7*:“}> decaying into we here can have
 two three Il .rasp. 1o ffa~' & }IIT = :L state correspo-

§ nding to Eﬁf\ bl N S AR

I'he 2 highsr resonances in TN in T= ‘2, and one

T . v : d o
- N <t=+o mav be velated to the [=act that there are
4y
nds of Eﬁ gunata with b= 0 and one with N

oy - — . G fo)) . g ~) S S
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. =L |
et - The T LD = and TT' ﬁB total oronss sections sre fls
{ébove thé 3 higher res-nhances. If these resonances could be produced
By the same mechanism »® tha res~nance we sh~uld expect higher resonance
6. The wid

th of the thrae higher resonances are too narrow to be

feeounted for by the usual mechksilams.

B interact: us,
1) while |b nad m> Y , K has both >/ o e
K N hwe +v€ Y while K have —Ue Y

30 Vif\/interqction is renulsive while K, N} is attractive

rovided YJkan interaction \_—~ nlay unimportant roles.
P

The /b Wave T:O T Ty SR e KN ’interactions

are revilsive — seen also frou F(ﬂk f) data.

. , - I < - i
2) The sv»in nart zives —T%%# _é?i- = »Q%. Far L e i
- s

and —-;5f th=5 (1) should be undisturbed

E jf'\///'"n’/b > 3( /+’T/‘
) With this aqoamn ion tha el state for 1< ’\} has
to be mor2 renulsive than ‘T’:: O . Which acrees with

=

e inent, from experiments he arrisies

i}_ 2 \\\ \fvy// f\\ ﬂ;7’
& e £ b gt i ' 4%

'ﬁe than tacikles thn gunstisn of the distinctinon of a3 fermbn

For g massless vTield 2] /T—

W"Qﬁvﬂ%ﬁLks i,

e V/U_C’\ e “Wﬂ/w & el anEldE

Ao




leaves }ﬁ invariant, TIa this theory since we assume that all magses
are due to strons and e.m. interisctions, when these are switched off we
cannnt distinguishrbotweon “ormon and anti-fermion even for barvons and
| leptons since the counline constan%ts ego t5 zero and hance the internal
attributes alsn zn td zero. To write the con=orved wurrent for fermi-
onic charse when YW =y 5§ = 5‘\,:; fir ce g e =

we must project the true forminn state. The fermionic charze operator

é;lr: givas
AT e o { >
LYEITY >[: - & E ¥
We try to rina [~ F such that

where } Fi is a linear combinatiosn of th

e 16 1nier}endent Deric
b . : A é j( :
matrices, we can show that / e ere are real. Sinct
eigen values »: mes“rix must be we are led to the only
|' . .
ossibility %}r:_:tljand ‘A = ©  ye.can define the true fermion
state with s [ andi so lestons and baryons are fermions. rhe

MX/;;_-?iuvonallﬂn~ the C%.F— faeans that as e.m. and strong

= « 57 that the conserved curr,..is

L,I"Y‘W( “> a4/ W ol el Y - A_ of weak interaction

Yang and Mills argunent.

Invariance under gusge transformation of the 1st kind is equivalent

pthe statement that the phrses are irrelevant, But locality demands

relative nhases should be unrelated

e /@cje.
S/ >e./ﬂ
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Ei isi-a.function’of « But demand of guage transformation
necessitates the o istence of ﬁin_) av vector field which trans-
i i
\forms as : i

FAMESS

e, Ot

In the Lasg. We have ?k
TRRRIE s Ok G ¥
. % o
E—> pr-(\{/ leY~LQ§,/w£Y ///»y/
chE R N T
-t /,z " b

£
<3
y

/"lv\, to exist and renlace ’a}/\/\a /a/(,\~1-\€ ﬁ(,

But if we allow

then t ransformation is automatically 2btained.

| G partty. feei L C e u/l> .
is as WO pseudn vectsr
I F
T—'\ T\ I o — —-/
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LIE GROUP DYNAMICAL TORMATISM AND THE RELATION BETWEEN

«  QUANTUM iND CLASSICAL MECHANICS,

In. this paper, the aﬁ;ﬁars claim to have develovned a formal.theory
of generalized dynamics which includes the classical and quantum mecha-
ﬁics as special cases. The dynamical struc%uve.of the theory is that
Bt o I.ie aleebra of functions of. the basic dynamical variables which
b provides the infinitesmal generators of the groun of dynamical trans-
formations, The perticular renresentation t.@8,, .Teal variables or ope
'Qators chosen for tho algebra is relevant only ¥or a physical interpre-

.

ation and not Tor the dAynanical atructure analy is

It is well-known *that the Tormal rslationshin between quantum anda
' classical mechanics is in the analogy hetween commutators and Poisson
B brackets and the Heisenberg and Hamilton's equations of motion. Moyal

1has Pormulated ouzantum mechanics in terms of Tunctions in cl

=

ssies

(V]

'hhase space such that corresponding to the commutator or two overators

there ig a eompnlicated function which is not the Pdsson bracket. The

| o
1

ipresent authors show that this bracke: has the properties of g Lie

Btecket. Thus furctinns on the nhase snace foram a Lie algebrs with

quantum mechani-s,

Classical Mechanics.

e classical statistical meohﬂﬁ“al state of a systea is describe
SG space . F'? of thé svstem where M} _is ¢,/ dimensional :
Sty dictribation. Tnoetion £> Crﬁﬁ‘ on thﬁﬁ%naoe i Al

%} Fw (canpnical ocoordinates and aomenta)
Ry L S




I _ ff‘(M)ow =1

(1)

The expectation valus ~” a funstion A L Ff) of the dynamical variable

LA T S
‘ (2)
Qlhd o state 1s vire iF
: |
—5’1_,‘:‘;([\/}) - g (M*”\,/) P
nd the time evolution of the functions A C(\ﬂ) is
AL [AH’”) 3 HC”B]
0 P®.
i (a)
. ‘
F% (Pﬂ) is the Haniltonian and ¥ \Jwag is the Poiason
‘ - " '
";cket._ The exnectation value at tine of the physical auantity
is
Lady - | fem Aceddn
: (5a)

6}

ff(fﬁ?} is constant in htime, Here we allow each noint in vha:
e to move along the trajectory gziven hyl (4) and averaze over Fhe
B Gictrihution since we know by Liouvilleds theerem that the

t of density at an infinite$imal element of nhase snace remains
ant as that clement moves along its trajectory. But ve may as

B der the nhyslcal function f% to be constant and average

lespoct to a distributi~n wnich has undergone the inverse tide




e LT e

e f $y () ALY

o LR o f/{ SR {’\/1>7
o . L dpe

| By (4) %ﬁ

5.4b)

4 (b)

Fal

sana~atas an element of the group of canonical transfor-

mation., We limlt ourselves Tto cases where F1 is g nower series expans

; A e " Al ; . 7 :
and *ske for simolicity a sysfo: with one vair of J - 6 }9 1040,

L
A A T
H (b4) =% 37 p

P an that (4) 1is

 enyy lh,
S = / _

6 ta)

8lmilarly for i’ or we can ahsorh the time devendence into

Bhe nroverties of the 2. B,

Tor real numbers @ ﬁL I and functions 4, B, C,

[A @B+ 4 C_]m i /F\A ) BJ + 4 [A) C:]
: % e

s - o PB(sa)
(Lwsoncty)




J , {h .
L__/% ) ’/\:] G>,§5 =0 anti~-symmetry . (2b)

[A)ij@ =B

_;02@3 (8¢c)

g e =
[A) [B)Cﬂ - 'LB) E,‘\” il LL} [AJ Pﬂ '(Jg)cobi identity

Thius the real linear space nower series in dyvnamical variahles forms an
infinite dimensional Lie algebra with P.RB, as Lie bracket.

Operator renresentation.

To every real function /% ( Ff) we shall a Hermitian operator 4

on a Hilhert space so that we have a linear corresnodence and to P.B.

there corresnonds a comautator and

| Ay BY 4Ny = Ta (4 b)

(9)
7)
We shall also need onerators ”g h1' corresnonding to nure to state
i

Bistribution and all other states are 3inermositions so that all that

we need is 53 " : T
A(M) o A [/Ar L. <M>J

(20a)
pl fA(w>L(M>¢u

i (10Db)
3 h ' }
where et £/P7' G; ﬁiﬁ’ (}43 d ™M :
—_— U e / | /
Sl B M Y i i
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the aomnutator corresnonding to P

B8 that we need the commutator rules

19
Then since
\/»ifﬁll (F%/ St (M) i ] & (HRP4) b(}ﬂmN’Q
Zay Lo "
2 ey e
we need
- ; P o e
e e ) S
o A SR
(12)
Bl (9) 1i¢ also satistied and
: : i ) 7 ;
o A ST AN
el o il
-l St e ey
N /? / SR s :
pi f J N 1s Hermitian then operators corresponding to real func-

ptions ave Hermitian and if
{3 N 7 ' . " } 1% /,
j’ { i /) d / 'f . ke
~ (13)
then il TS :
[ [4 T A Ly ,‘{%
B ‘> o A : .
. ) (14)
e ; \: i
B0 that (1) to iy <j// = J, (15)
So that f) the atate a7 fthe aystem
7 " /‘ [[" \\
<f v t> et i (16)
The commutator is

,
I 5 ! 9 O
i\JAFQk%H)[WMXN]
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In eeneral (10) does not nreserve multinlication. In fact (12)

il N e
are inconsistent with assigning the onerators ( q/“(:) tD 7/
; 0
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Which can be simnly verified. S5 the relation beitween functions and
overators will not preserve aultinlication, It is also seen that 'gp1'

cann>t be + W& definite and have a discrete spectrum. If so we
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of the system, i.e., a nure stase cannot be associated with a vector in
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Quantun Mechanics.
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Is each gquantum mechanical state o7 a sysiem one can qasociate (
(Moyal) a quasi-probability disirihution function if (Pﬂ) on the nhas

space i; P7‘} similarly to any nhrsical guantity ropresented by

9nerator A  thore corresnohides a Tunction A4 (1) which classically
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fwhere  Cod | ] = Ot , «» It is shown that the

Moyal bracket satisfies linearity, anti-symmetry and Jacobi ide
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Bor pure state density onoraiars 'S = f) so that we can
Blentify the pure statns with vectors of Hilbert space. But the Tunc-
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vhere (29) 1is the quantum =2nalosue of (192) ., SInce this determines

£
[

the structure of the Lie Alzebr~ correspmonding to power series ef %JJ#D .

y

it determines the dynamnics of the Tormalism, For ocxample if
- ﬁ; - q) then ({{
: S

89 that while these studies Tacilitate

o

comnarison of quantum to classi-

al mechanics, the nhase-s»nace Tormnlation i3 not suitahle Tor s physfeal

faterpretation of quantum mechanics,

Classical annroximation to guantun mechanics..

Oince in this schexn the difference between real variahle and onera-

'.Jo

fior formalism is only due to a choice of the representation of the group,

the equations of motior {and not *the P.R,) are taken as the starting

e
and if 1 is a nure state cerresovondime teo eigen vector state
> g s
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Sunmarizing we have geen that both cla=sical and gquantum mechanics
eat into a formal scheme. Suitable dynamical variahles and a quantity
to Jescribe the »nrobable distribution are chozen. The bracket relation
between functions o7 the dynamin wvsariagbles is assumed - leading to a
Lie alzebra. The +wanrasentation for these allows the foramulation of a




ON TE7 DISPERSION TUEGXY 07 DIREST WCLEAR REACTIONS.

(T.3. Shapiro)

The aim is t» develon s disparsisn *thoeretie aonroach to nroblems
\

like
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SF e e R
' o

A+’ — > B + %( S
Kinematics. }—Py

and

Two indenendent variables ' ——Px i F

gn bheoseloeiesd from

B)  The X.E, of th- colliding narticle, =
the squapne of the vﬁﬂe?;nm transfer
57‘/— = \:D}. — P)’\
(1)

2 . r_r;l—— -?\j 2 r A% %J = .

=5 A LN Vi ' Y is the threshold (2)
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ither F 2 b are selected as indemendent variables
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IT. Tnitarity and Anal *‘nitv,
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where s el i e
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and = a4 [ A= A.)— . R = BT'

and

(4)

where the argumcnts of *ho function Aenote the moments of the state:
and XL and :\ denotes an s mogregate of diserete -~uantum numbers.
/ is the absorntive —art »f h )
; Kl is the absorpt ant o K i® main postulate
.
ift!at MKQ 1s gn analytic Turetion of @ 3 except for

pﬁleé'a”i branch =nairfs, Thmagh M Ly U 3 E) is a many valuned

uncthon o 351 with only sne of its sheets i.2. the chysical sheet

e B WI (2)
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Bole Granphs.

IT we take the case when in T ——%:F one nmartiecle ’6’ is
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Absorbed when »{)/ it Tl i e i s O S S T then (4) 1is
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(c) ‘ (heavy pick up)

{(d) Corresnonds tp formatisn »f =~-mound nuveleus. This corres-

nonds to comnlex noles in unvnhysicsl sheet while in the physical sheet 1
eorresnonds to i-valved Teynmann craphs with hranch point singularitics,
But for (a).-(4

which emission o
to such states of
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JIRLD O AN , 7
( T.D. Lee, P, Markstein and: C,N.Yang).

This paper is » renort on the numerical compatation of the cross

sections for the ahove nrocesses, Thorefore a brief survey of weak in-
Geractisn theory with particula= aupha-is on *he intermediate vector

L ¥'e

b0son hynothesis is nacessary.
It 1s well krown that a seneralisation of the four-feraion inter-

fgction leads to the current-current tvpas o7 an interaction Lagrangian

A e ;rfj.-f%.@
T = (3&) + @)+(bw) +(F 1)

fhe pairs have been constructed con the hasis.of the known orpericental

ééc% that all observed. decavs satisgty the
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/AQ Hla tingtde DML 4 -
AS/\Q Sperni i o ()ug.)(f@) ;

;‘not shserved, Tho inclusion of the aclil-interaction terms like
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6) (6 )_J> : . leads to the scattering
on ‘Ironortionsl Lo (j‘l-,\\x | O oy

g in the absence of a ! ;}f (7_ picture it woull have been of

h ¥ s e ; )
e arder C%LT'. Making use; of this Tact the following experiment
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the Michel pbaraneter - 1is a Tunctisn-of the various
counling strengths and °Y 3/4, 3But the introduction of W
Ting the swectrum 52 that the ef“ective “§ is

oy 1 ™ LGl
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which is consistent with exi=*inr data,
6. 1In case we want to incluie neuiral eurrents also, we need to

nostulate the existence of neu*tral vector mesons LJO
o Sl

It is easy to see that  LJ

—-T#— L/, . If there was

niy one neutral }/\,' Y then the field 5 s hermitian
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and there®ore counles ~ith a hermitian current. Frnce the
nart of the neutral ~urrent vill eontair both
/ Wwoukd fead Lo AL
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which acvees with the rasults of a noint interaction, If /U»kl-: 5
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Shnce the neutriges can interat:s only waatlv, when- W can be

produced energaticqlly,  This will he the main nnde., Thus we can look
for the Aigs ,.‘",,;-s ~ AP 3y 3 a+ f 14 Nl i 3 :
f theldiasgaiioky o ¥ into (Af T and AAL in the
presence oF 3 nucleus, 5 conserva enarszy ard adnentum,  <hus we can
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and cross-sectinh e <’0( Z.> e ine nrﬁsent paper zives a
numerical comnutahiion of the nrose-qnn%iﬁns for }:Ei . The two pro-
cesses have the same difTerential eross-sentions by the Tollowing theoren.
2) ™r process (2) econsider a nirvor reflection of (1) with
all. momenta and helicities reversed, The d4ifferential eross-
sactiosn tH lowest srder in € and ?, are the same, To prove
this we merTora the C5P ovneratbn on the lentﬂné and the
F) onoraiion 9n the nucleon which lesves the system iavariant.
b) In. (1) if helicities nrs held Tixed a mirror reflection of
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For the production from a freec nraton or ineoherent production

R Zﬂ. FIZ{Z{”“'L G (Oﬂ *i}f’ﬁmD

’,J = (_7’1 I ‘
¥ (3 i ‘o 2
' ‘D~F)/\ /')’./
with the normalization 7L
Ltfa’ _Céff = C‘f; LA;, = 1
(12,
" for the Diract sninors and
o Ll (e B LR
2,
f:/ and Fi}qqre tha form factors ~f the proton taken froa Staulorid
exneriments. Tha differential ~roaz-section
- R R O TR (
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DBy - —r»)
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i /
hero CXC~ and L%£> are the contributions from the two diagrams.
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herent cross~-section is 521 (coherent) and on protons it is C)b :

§ 1 & —— .
‘he total )2_ totgl) is computed from

, % e i
:, e e <~ O b e ,K el e (coherent)
(20)
b — ) e :
Ihe correction tern S SN2 </C4>Q$)L5thl) is to substract

out the contribhutions from those inonherent nroces=:as, Included in

;Z O} which gives rise to small nomentun tvans®aers and hence prohi-
i/

]

hited as inecoherent processss, It is s

i

i
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een trh-=t
L the contributiosn from coherent nrocess dorinatas since the ﬂin;mum of
momentum transfer becomes snaller and the coherent ~moeass dominates.
The energy ﬂistribution is carried hy W 3o that the f&, from W
decay will be more enersatic than the scchmnanying /AL .

(Note. iy grrive at the interaction between a comnlex wactor field wilth

nan-vanishing »est-mass an7 the alectromagnetic field
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RELATTIVISTIC YODEL FIELD THEORY WITH SINITE SELF-MASS

&3l

=
2

The main nbhjective of such model field theories annears to be the
solution of problems under annroximations which violate minicun number
of assumptions of the comvlete field theory. In thls model, tﬁe axmion
that is violated is that »T cerossing syanetry and therefore the Mandél-
stam representation, The dispersion relations in energy are assumed to
hold for all amnlitudes and unitarity gives the absorptive narts in the
nhysical fegions. The absorptive varts in the unphysical reglon are
_assumed to be zero which vislates crossing symmetry. Then the dispersion
£

relations form an infinite set of coupled integral equations for all amn-

litudes and an exact solutinns to this set in some simnle cases can now
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where Fﬁti are the total mass of [ o } .

Actnally in the derivati-n of the 2hnve ounression for any particular
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in the nhvsical »ogion of the crossed process. An inclusion of this

would 1rad us to a Mandelstam reprosentation annloying the nrinciple of
erossing svmnetry.
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defines our theory. But even so, a solution of this set of eauations

cannot be proved to be unique. BRBut we may guess a suitahle one such
that all };} = O except thoze for which (2) and (3) differ
v .

only in that any nuaber »f & particles in have been replaced by
particles in j-'gns vicé versa and for which and contain at least one

A or one Dbf ' pair. This is consistent it 1is possible to obtain

Pan exact solution for this. (woild this ~snant to a one meson anproxi-
;mate say for ol T think It im, with-The : added restric-
tion that NN or it scattering anplltudes are 0 ) The

fease of R scattering is now #igeussed in detail.
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Hence (5) reduces %o
\

— o Nz
‘ \ } e & P { e J
) i (\J x‘ O = P \ = / TC/S)
and inserting (6) into (2) we zet
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or AR seatterins as well with

| Similar consideratinns may be qnnlig%
and the atates n= AB

2 -
N\ A A =
/S: (}'Jﬂ-ﬁ/) R / =
° will c~ntrihute., This however leads to an lntegral

equation counling 4B 1t3elf and the wrgcess AXR

sgattaring ©o 1tseld
- tn = singe nnenupnled eguation

it doeos noc lasd

B+ + TET and so

but is one of theee amplituiles descrihing
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o solve this, define

5 hiesY
/ | N \
5 Z- i e
D = /84 [ | “h\o‘i?.
(2)
The analytic properties of ‘jgifa\ follow-froe (1) tovether with the
/ N

assumption that "1 (A) has no zeros so that the analytic properties

of §,)(}%> can bhe dednced, Thus we infer
&

fI)(,&) has no poles sn Fhat the assumntion (2) thatnﬁr(%) has mo

W zoros is consistent. As P e

D Lo e (e g8
/,:— P A N 53 J / /g e ‘)

. 4 " N 2N e : p y
Thus if 18 too larze, i L) will haveha zero for some
B ' A A
A A which imnlies a w»ole of (%) which was not present

,4lin the original equ=ti»n, Thus (2) and (2) are solutions of (1)

only for small values of g .

We may also construct more solutions i.e. define
: s ..\‘ Al
Bl

J

e // A

(4)

Where '>\ is at presant an arbitrary nunber and on thg assumption

e 7 ’«{_ - oy L
| that \Qﬁ) has no zeros exeent (possibly 0. T/ T é //7\

=3

(where Numerator of \ 4-);3: O ) bput this zeros does not imply a pole
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1o I and we have

. 0 | ’/L. 4 )

SR A — / //('—- el 5
;g — f e S -P SR e
(5 (LT J _/L A - M

i

4—{"’1 e )
(5=t
' (5)
which is an exnlicit form for A , Reversing the roles of
:I) and [ in (4) constitutes a more seneral solution of (1) from

which the earlier case is got by seating 7\::(3 i.e, (5) is a solution
of (1) for such values of that DO Aas no zeros and hence

’ngb) has no woles not allowed by (1). This restricts the range)v

In (5) D(A> has no poles and so T¢(o>) no zeros exceot possi-
bly atso. From (1) it is seen that the only place where a zerod could
occur for ﬁﬂ;ﬁys is on the real axis above /fA' «  Therefore if

is to be a zero we have

(6)
so that \.~ = ™y
(7)

If‘-j@éoh)qé o on the other hand we must have D) =0
and from (5) we see thgt 1f g (}80).:_ O then
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- j\ 4; O and >\ t> TS;_ . Thus the range of >~ can-
be outside the interval
(

if P

—3~ Dy : i o
&\ (_/(-,r\’ —) — >\ / LT S5 fog l,)@)

/ ‘ <
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and from (4) we sec that | 4 e ok [98\15\ indevendent
of the sign of jx . This is gufficient to guardntee the existence

of the unsubstracted dispersion relation, (5). 8ince / has no poles

by definition except at £ = M~ , so |, should have no zeros
but if we allowed for ‘Eff\J bound systexs. There would be additional

poles so that D would have the correspon:ing zeros. But 3) should

never have zeros for negative A i.c. zhnst states. From (5) we see

] _ SE
that the X term in P is 4ve and (T o Jov 4N M ) )
?_ : -
while % term is ——\J@ o  Fop-sufficiontly baree. -~ =N A the
;\ term dominates., But if 4 is too larza, there may be region
~ oM Ly 5
where 1D becomes -—\ja . A “natriction on the »n size of 8

relative to X is hence necessarv tn ansure that 75 will have no

zeros. Then the solutiors for W sn2btidring devends on two coupling

econs tants A and ¢~ and is valid within certain ranges of these.

¢

We now note that sinco crossing symmetry dnes not exist we nave only

= - =

one non-zero nhase shift is onv  3-wave scstterin= exists. Definps
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and iifﬁﬁx/iz>(53 = O S ‘4-vxl‘ from (5) we get

plies L b - p
B D)

and so TI(A) is the conventional determ. nantal function for S-wave

(333 scattering. (13) 1is also eqguivalent to

T D)= —tor, J(8) Re DB

(14)
which along with the analytic proverties of - gives the integral
equation e
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Comparison with perturbation expansion.

We have defined 3)(Qé> in (5) and from (12) we sce that

corresponds to the following two Feynman diagrans.

\ /
A \ '
N b
\__\ / £ %/ {
o vz /
L eany A 9
R

| 06

It is hencé to be expeaced that the entire scattering (£ 18 equi-

wvalent td a set of Feynman graphs formed by all chains built out of

by the sum of such diagrams by the usual Feynman technigque and compar-

ing this with the .. relations.

In lowest order the Feynman amplitude by graphs in (1) is

(1)
where §\C> and 3(J are the unrenormalised couplineg constants and

/M' the physical mass. The nhase shift in lowest order

(a) and (b). This can bhe-verified by computing the scattering produced
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is the c.m. phase shift and 9, and CO are the c.m, momentuam

where g

bl T 24 2l
and energy of the narticle; :( ; \ 3 i A / e e Y )
G 3 \ &
Thus in lowest order (By the determinantial method)
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(3)
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(4)
and the scattering amvlitude in lowest order is
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which is identiealfwith the previous solutinn excent that we now have

>\O and 30 . It can be shown that the succeeding orders serve

to alter (5) by revnlacing )\ _ and . %h by the renormalised ones

>\_ and 9 o To see tris we consider this second order deter-

minantal apnroximation.

The granhs

- The Feynman amvlitude is

| e -,
by o= d b : : :

S 5. it — \ 2 e
8 g e Gy (¥'=p=Tp)=M

C‘“LX))T‘QJ LB\F.J'

,/L L’LC ) </g«' —*>

(6)

And by the usual Teynman parametrization we {ind
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where
TR () jdx PRy *x)-s/q-n/ﬂj'—,
/(C )‘)/u//_f l
so that
. L \\!':/ 8§ - !{ =
B g\_jgéﬂ;ur) -L/ 9 fanle e £ ) i
o T e
(8)
# and OL is a constant ziven by
!
et « gL My '
: U e G n) oy ™
. (9)
And now
TooD B 500 ), amSe” | D
(10)

and from (4) and by evaluating the integral
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The function | (s in (11) == with the function defined by
(8) and now substituting (11) and (7) into (10) we get
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% . Thus suaming 21l Feynman granhs of (2)
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and may have a nole above /* . The

ucner nole exists

which 1s identical with the dispersion theoretic result. But whereas
in the latter apnroach W and %liwere resricted in this method w have
Lt yet got any restrictions, Trig is beena=a, Lhe Tove 5T Ehe Ck
rela.’ons used did not allow for 4 © bound states. But if for ex-
anple N O o T must have a nole below /M}“

]

l)%y

o

2 o o o 1 P m |
vanishes for ,ﬂt SRS R G S . Above only the
g } /
real part of the ) o can vanish in which ¢ ase V' (&) has a reso-
nance. - The lawer nole must renresent s hound state if it occurs for
A3 O and an unphysical state if at & = O or below.
We know
A5 /
A = \
D Q‘S> D l\f\f ] Q) $ON 9 VA
* ‘VD_Y‘-( - (\ - ’ i i
_ e
| 1T ()
and so l T oty from below at both A— = o NIRRT S
R U o 3 et A . /Q T“- L )
has a pole at & = /u Wit e & e ¥ residue ©e | & — 29
// i i .
below the »ole and - & o3 abave, . If L Q and %j is small
2 et
thenY) has oo zerss so [ 4is the only nole in |  (see (a) ).

milst have geros above

N D> o el
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and below /u‘ « 1T Bne

Rt g
coincides with,xm we have
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These may beco&k\,\whysical say for large ¥ i \
“ . SR ™ | 1 l
3 in (a) |) can be maie to have 2 | |\ / \
x ! \
one of them in _5 , We may also obtain | ! — \‘l
. s — ;~i~ ——— ‘l i ¥* i
the reg ons of 2\ and /J for which N ‘_g =on
¢ | 0% \
i \ V4
these difficulties arise as follows, ? 3 i h-
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¥ 2y o) s A T el
ML () = 5 o)
fot e
> increases below /- and becomes {\Ve at /"
3 X p
——> It remains the uoto 8~ > &I and then
!.L. . FAIS 2
decreases - hahing a single max. bet. [/ and i .
The following conclusions may now be drawn:
QL ‘lb-'rql 2 - o
Ele LT % == v y the only possible zeros are £, and
%
A . The former does not gige a pole to [ ana £ >LTM
so only the R@ :D vanishes and so renresents a resonance in T .
- e a zero of 1) 1implies that
L] \a (5 4 % ZrS tad} 2
R G S € il ERE ) e (v
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only bet /’\« en £ o T A8 £u0 zeros of 1)

must be confined to the reginn Yo A Ao and AT
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'« Or else-they can exist only for

% L +
'>/g :>‘4¢1 | when they correspond to resonances. Thus

the only time when it can become unohysical is if N >N and

i . el : B PAE g £ X\ |pTtE

3 Do <o - lo Se fe A //\.‘ S J 7 i*f'\ . And lf \.3 / 'ZT;)/
{ (=

zeros must be confined to complementary regions,

If should be stressed that in this approach one avoids ghost diff-

iculties, since the assumed dispersion relation has no poles in the

— Ve axis, But if we externed the theory for all values of
Y and <§ then this difficulty would arise. For cértaln ranges of
and it agrees with the original theory but for others the

extended theory agrees with a modified dispersion of T3 bound states.

But: 1f 8 has zeros for A L O then we have ghosts.

Sets of Feynman granhs for other processes in the model can be iden-

tified as built out of basic Feynman granhs.

- N = ’ / The "eynman graphs for AB
\’ /7( \\ //X‘ \ // 4
ol 5 Scattering are -
Lo . TRt
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Sl

p i % // / \\
which when stretched ocut are : L e o / /J
8 \
N i g
X s ~ o N4
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A 3\
RA.® DECAY MODES 0F W )]/ MESON
1

The work decay modes of resonances are discussed and it is shown
that the effe~t of final state interaction may enhance these modes so
tha*t they are comprable to the strong modes.

The decays considered are

b
- /14'.¥ /H‘—

S e (2)

5 (3)

The (3) may be relatively frequent due to the possibility of
the S resonance i.e. the T =/ T =1 , 7T W resonance
may enhance the mode. The strons decay mode of <) (750 quV-fZ:eé)
1s 3w mgde and similarly for 7)) ( 550 ngw) s These are said

to be resvonsible for the isoscalar form Ffactor of the nucleon.

It is now sugzested that if «J  and 'YL- participate in form
factor experiments, it would mean that (O and 7] is @apled both
: Lok, Tl z :
to the nucleon and the electron. The coupling 1s order g since

it is mediated by a virtual photon. And so we should expect a simidar
coupling mechanism between &)C'Qu} and
any other changed particle. This means

the above three weak decays may occur, The

: £ P s /)
first two will 4iffer only by the .iasg 4iff- ; o
//L e . 5 : N AN
erence of and 2 while (3) vionlates :
W m % ~ 2 29 Q
| spin. The counling may be different
s e [ g

due to the intrinstec strong interaction.

of bl(ﬂ) with baryon pairs but it should exist.
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Let the vector (change) counling of
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the disnersion theoretic exnression for the isoscalar form factor
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(5)
2
and it has been estimated that o i and O /LﬂT
o . : 20 -
F 25 and " Fﬂ—(—'w // ~) Lo and
e /.
{ . el i e
s (Leptomic) SR e
o e o =0 -3,
R(p e iy - ) Wi ey s

To obtain the branching ratios “For‘the rare modes we must buow
the partial width for the strong decay mode ( w3 — 31X i
Bxperimentally only its upner limit is givén W o O {‘"Q\/
If can be calculated if M| — T e : is known and this

azain can be found by the Gell-Mann Zacharigsen method, If we set

O e ; 9
T /T\" R ot (for ¥} ) and since the Gell-

imate T . : ‘
Mann estimate for n° AN w T3 Mev go that the

partial width for the 3Ir aode is o Mov . .
To compare thig with the width for ) if other conditiorns are

equal, the TGRS (o state of a neutral vector meson

varies as @4 (8 = g values of the decay) which is 50 for ()

Therefore



Where we have taken into account the reduction in the ) width due to
invariance under hypercharce reflection i.e.. If both (p and v are
even under @3\_ g this may reduce the #idth xhm by a factor of 10,
There we see that the lentonic decay modes occur say for 1%
then the Tt’+' o may occur about 10% of the tiame.
For WﬂL however no enhancement due to final state interaction

is possibilel.

e

At oy
‘\ W= g J:Q\(ido C‘/G.L/cm'

¢ + s : L i
sl A R IR i e Cl/cml/@rrMQU'

and similarly we obtain about 3% for mode and 5% for the
HRY mode.

"Concluding we have the following results:e-

1. There exist Goldbereser-Treiman tyne relations for &) (}mL}

meson which nredhct the rare decay modes (o — T*+;FTT—_)Q1+_,+ e

"with branching ratios 10% and 1% resnectively provided (J wldth is as

narrow as .05 + - The J’ resonance enhancement is responsible
for the comnarative increase in the width of the 2 mode, This is

not nossible for the W\b meson however,

i In the previous paper by Sakural we saw that invariance

_ » : #
tforblds! W — W & T g Y mode ( U (jTT LIKTT?)

O

is odd under TR ) and since AVW —3 ,—YQf; Wy S

is forbidden by (EE invariance if W T o= is in even relative

orbital state and by change conjugation in invariance'for odd relatives
? state, Under such circumstances the most favoured e.m. decay ic

perhavs the ' 4+~ mode., And if this is enhhnced and if O width
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. ot
1s very narrow we should expect a spwlions { peak in the T[T (Tx Q

\

value distribution but not for the W= WS Q ' value.

This can be investigated in

: ® e
 Son NS i B i

O . Jonz
Of course, the real f meson may also have intringic weak decay modes

A Lo : LN <: oe. = CZ%’+—gf- )
6 - Q 4 ¢ . itk ‘ o ! .

——

1 i

would be much less favourable than for () because of the presumably
Tgrge width =\ U0 Lt et Al s Aoy
s In snite of the small branching ratios the leptornic decay modes

may be observable in 3 snark chamber,

TESTS 07 THE SINGLYE PION =XCHANGE MODEL

This »naner su sts a simpnle and yet an experimentally feasible test

of the swngle -nion exchange model,

=

Consider the collision between narticles b and Q‘ s resul-
| S
» . . 1 ! !
t%ng in two/grouos of outgoing particles ( - G F;Y\ and
k; ".R"'kww\ ) loe resbict ourselves to eonfigurations where the out-

going vparticles as viewed in the barycentric system form well defined

: Pz Y P
cones consisting of | b_ and ! 'ﬁ» % and
S oS Dl S

=

assume that selection rales permit the exchange of a single pion,

pat— Ly frm 4k — fR'F 450
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And the invariant momentum .
J %
) = ) |
N k’swz és — lzkt"j(.

/ 4
h

Regarded as a function of -, A , the transition amplitude has a

I L 44
N e R i . : =
pole at A = _ and the residues involves a product of

A Ty 1 . S Ey 3 e C {
the amplitudes [’ < b e S v S and M ( £~+Tr-—% Z,&Lif

|

which deuribei the resnective physical vrocesses. The point

’L IL "
A =M occurs outdide the physical domain for - o
7 e
PR D o LS S but in the model it is assumed

that the main contributinsn arised from the pole.

It is now suzsested that even 1f the 152' dependence‘is unspeci-
fied and even if the vertex functisns are rezarded as unknown the dia-
gram gives rise to testahle nrediction on the reaction spectrum. This

is because the structure of (1) implies that there is o correlation

Pl &
between the two groups of the particles: 3 F£ % and %;ﬁi j

)
o/

beyohd what follows from kinsematics. The result depends on the fact that
the exchanzed 71  has no spin.

The differential cross sectionn CL@‘ is ziven by

£ 3=




e

other | is the relative current of the incident particles, of the

square of the invariagnt transition amnlitude., Now for the perinheral

coliligion inieture,
3
i P )

(2)

This implies

1)~ In the system in which | is at rest, d o— showuld be invariant

—
under the simultaneous rotation of a3ll three vectors # ' about the
o A S ! 4 — bk
vector § of the virtual meson and % = 1 _S £ - e EL_ F
U ; /\~ L
C

2) Similarly in the *ﬂ~ rest frame, it should be invariant under ro-

= o
tation of k ¢ about ) = ~v§; L{

&L

If can be ovroved that this is exhaustive for fixed incoming energy.
; i I / 2,
T (4N =T (kD AT (k) + NCp)

s _—

In ' the rest frame fof pion, for given o and #' &<y“ should be
- . i ' /
independent of the orientation of the rlane defined by k and /<i
—> / / — ==t 5
about the line 9, = - ,r< f<L = b
Ifr_;)' [ 111 this 13 trivial 20 L RIS
© orng are collinear this is trivia 4
P P‘/\ , Z ‘QC }
3 ey

contains only one member, If b and b' are not collinear one

could out of this model, envisage a co”relatlon betwoen the directions
e e .

) y
defined by ‘}<_‘ X f< and }‘3 Y b . If this were

T A

to be detected, it would weigh heavily agaims t the single vpion exchange

model,
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HIGH ENERGY NWUTRINO EXPWRIMENTS

In this paper, zeneral forms for the cross-sections for neutrino
9
and antineutrino reactions are obtained assuming a 'noint! interaction
leptons, the form of the stronz interaction current being immaterial.’
2 5}

At the energy ranzes considered, the Te

=
B

mi form for the strong inter-
action current is not expected to hold while the lenton current form is
pected to have a wider ranze of applicability. The recent vpossibility
of doing hish energy neutrino experiment makes it feasible to extablish
the validity of this particular form of lepton currents to the Bev re-
gion, Thus fhe resinlts »nresented provide a method of verifying experi-
mently the validity of the assumption of a 'point! interaction for lep-
tons. That one is forced to employ a tarzet involving strongly inter-

acting particles and not say, electrons can he seen as follows:

We know that the effective Lazranzian for @ - decay

[ G /T' i >7 e |
b8 . e HE S I : Sai 1 e
(’ Q%%‘ E |y & ) J),_‘ ,,A/ 5 ( ) / "L' e C
) i (1)
where
E \ + . ;
s N S SIS ol
Jxo()]ﬁ e B TG ) A
and -
= e .
el \
(})\ CR)\/}Q = C »{L) Y( ‘()\ <‘+\(5‘)€

(3)

(s}

LOT

e3



This Lazranzian is of course, phenomenological and gives correct

o

results only when used upto 1st order in perturbation theory. In fact

the hicher orders diverze, Aand it can be shown that this holds only

for low momentum transfer, Consider,

€ i F PN ey R e (4)

The crosssections is

A & 3 . 2
/ 9 \ 22 A
Closr ey < b )

% il L)/) s C S
(5)
where }?D and Ci\uw are the momentum and solid angle subtended by the
outgoing leptons in the c.m, system. Now (s, has dimensions of (length
] = . s
(Note: In units of Eoeg B ol (energy) = L and (mass):Lﬂ)
= ‘ T e o i -6-3F _
andSO[:¢] S and | @ | = L te. (vl = L.4
i BT — 44+ A+3F o
kSR DR N S o P el G = } L = l:i

1 { i 2_
Trom this the structure of (5) 1is self-evident. Since (G)= )=
$0 1s o 3 so we need L:L' which can be #l;;‘ since this is the
only independent momentum in the problem, Now, from the unitarity con-

dition, for O~ waves,

B =30 2

(8)
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where the I, factor arises due %o averazing over the spin states of

the electron., Thus Terait's theory would be wronz for momenta (C.M.s)

~\ B e
LLU)CW > L_’“/ * ‘\] ~ 2o (hev

(7)
(from (5) and (6)

: 2y

- 1" g

_,i p £ ol o < \ I/ ‘L 2
W . )

since otherwise (5) would exceed the 1limit set by unitarity; But

S

quite possibly deviations from Fermis' theory set in at lower energies,
Supnose we assume that the theory is correct for momenta,
y |
Fu</l\_ ,
where [\ $8 some characteristic lengh so that one has two parameter

G and L so we can choose them as

1) A dimensionless coupling constant

and
2)  the characteristic lenzth., Thus the effect of weak interactions in
any process must their depend on a function of two dimensionless quan-

#

tities, @" apd bLf where P 1is a momentum connected with a

process and for a given process esannot exceed a certain D max. Thus

the statement, that weak interactions are 'veak! may imply either that
%% or P max | or both are small, That P max |  1is small

can however only be true with cirtainity when t> max is either a real

momentum of the nrocess or a cut-off determined by the s trong interasiions
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? v
energy of 4000 Gev due to the smallness of the electron mass.

- B0 -

The weak interactions may mainfest themselves through virtual processes

involving leptons and for those the only natural cut-off 1s given by
" istself. For such virtual orocesses one can have b -max |_
so that one is led to conclude that weak interactions are weak because

L . " ;
1s small that is we require

2

2 ok
g i |
(9)
and -so
Cae e oy
e o TR
' Co N #(_—):{’ -
(10)

Therefore: |
at 300 Gev there will definitely be from the FermiAtheory at

$-308 GeV there will probably be deviations.
) in (4) corresponds to a 1 Ib

But | Gev c.m, energy of )
Thus we
Which

are forced to consider reactions with heavies target particles.
One can

’fnaturally leads to complications due to stronz interactions.

"expect the. Fermi's theory to be applicable at low momentum transfers

(that is at hizh energies

that is





