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Abstract

The problem whether the inte1¥Fetation of strong interactions
as high energy effects of the Universal Fermi Interactions
(UFI) is consistent with experimental evidence on parity con-
servation in low energy nuclear physics is investigated. The
parify non conserving part of the one nucleon off shell m-N

#]

vertex, which originates in the UFI (which we consider smeared
out with a heavy vector boson of such a mass, that they bind an
extreme relativistic nucleon - antinucleon pair into a pion) of
the nucleons, is evaluated using di;persion methods and is found
to have a relative magnitude of order 10-5 when compared with
the parity conserving part, This yields & parity nonconserving n-N

scattering amplitude of the same relative order of magnitude, a

result which does not contradict the existing experimental data.
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1. Introduction

Since at high energies the local Universal Fermi Interactions

.

(UFI) become strong it has been proposed 1) that they might bind
a N-N pair into a pion and account for the strong m-N interaction.
The UFI being parity nonconserving (PNC) oie would expect that
they induce a rarity nonconservation also ‘nto the strong inter-
actions. On the other hand there is good experimental evidence for
parity conservation 2) (the relative stregth of the PNC amplitude
is of crderf&10-4) in low energy nuclear physics., It is therefore
nacessary to investigate whether the PNC in strong inferactions

criginating from UFI is compatible with the above mentioned

experimental evidence.

1) £, Baunmann, ©.G.0. Freund and ¥, Thirring, Nuovo Cim. 18, 906
(1960) and B. Jouvet (private communication to prof. Thirring)
*
[ .
2) D.E, Wilkinson, Fhys, Rev, 109, 1610 ,1558)

F. Boehm and U. Hauser, Bull. Am, Phys, Soc. Ser. II 4, 460

(195¢9)




dren das dhecrsiical point of vicr the problem of PNC in strong

interac®lons has been discussed by many authors 3) It has been

oroved *hat brcause of charge symmetry for the m-N vertex with

the two nucleons on the nass-shell ,CP invariance implies P and

1

s

veviancs separately, Mavertheless thig is not the case if

~we of the nveleors is kept off-shell. Since in 7~N scattering
E

cvch o wvertcx plays an important role, it is intéresting to get

the
2n 1den aboutfordor of macnitude of it-s TNC part. This we shall

L ]
40 using dispersion thneory. Wc shall write a dispersion relation
P27 the M- vertex with onc nucleon off-shell and shall consider
in the unitariiy relation the lowest mass parity conserving

(%,N) and the lowest mass PNC (B,N) states (B being the inter-

nediate boson of the UIT interaction). For the mass M of the

V. Thirring, ¥uel. Thys. 10, 97 (1959); 14, 565 (1960)
V.G. Solovie”, Wurl. Phys. 6, 618 (1958)
G, Morpurgo and B.F. Touschek (unpublished)

5. Tubind and T, Walecka. Z“hwvs. Rev. 116, 194 (1959)

G. Bavtoa, Luovo Cim. 19, 512 (1961)

(O]
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intermediate boson we shall insert the value deduced in ref. 1)
from the condition that the UFI be strong enoug" to bind an
extreme relativistic N-N pair into a pion. It is this choice of

» .
the value of M that makes the whole calculation nontrivial, since
in this case the UFI coupling constant gFMZ is of the order of
unity and its effects could be comparable with those of strong
interactions; another choice of M (say of the order of magnitude
of the nucleon mass) would imply the usual weak interaction,
which is evidently negligible against the strong 7-N interaction.
It is this strong energy dependence of the UFI upon which the
philosophy of the whole program initiated in references 3) and
1) rests.

Cur result is the following: the PNC admixture in the one

nucleon off-shell M-N vertex induced by the(ﬁ,N)intermediate

2

state is of the order 10™° m/M ~10"° (m = nucleon mass) in

©
amplitude. This is consistent with the existent experimental

evidence 2) and thus shows that the model advanced in ref. 1)

cannot be discarded by parity conservation arguments in low




energy nuclear physics.,

2. The one nucleon off-shell M-N vertex,

We shall consider the vertex ® *

F 3

Lo} £(0) #0510 = - 1eTp iva [vsFl(x) . in(x)J -

> ' . iyp u(p,s) () =
(o,/m)/2 (28 )}/

(1)

- - ieTlxeam (Mvg + 1000 ) + 2o ave (I (=0, +

2% " 2x

+ i f;(-x)J u(p,s) £y (M)
(»,/m)/%  (28x)'/2

Here p, s ( 6,)\) are the momentum and spin - isospin of the

nucleon (m-meson); f(x) (iy;g + m)Qf(x), yi(x) being the
54 e 2 2
nucleon field operator; g = p + ; x° = -q° (we use a (-1,1,1,1)
¥ i
metric);{‘l(, 2) is the form factor corresponding to the parity
conserving (nonconserving) part of the vertex. The first form
of the matrix element used in (1) follews directly from invariance
.

considerations under the Lorentz-group and PC-conservation, while

the second form (which we shall use in the following) is just a




D)

convenient rewriting of the first one 4) . Fork(i = 1,2) we
"‘.
assume the correctness of the following unsubtracted dispersion

relations

R

r'i(x) L. I/E-Z Im"i(x') éx' (2)
x'=-x-ic

Using standard techniques one can obtain expressions for the
absorptive parts of ri as sums over intermediate states of which

we select the lowest mass parity conserving (nN) (fig.l) and PNC
¥ :

(BN) (fig.2) states.
The contribution from fig.l to the absorptive part of [11 is, as

4)

one can easily see

[ ) - 20 ['3(x) (1=1,2  (3)
where

by (x) = sinay, (x) ettt (%)

hy(x) = sina(x) ei%" () (4)

4) The parity conserving part of the one nucleon off-shell m-N

vertex has been investigated by A. Bincer, Phys. Rev. 118,
® o ==

885 (1960)




a*

@ and @y, being the T = 1/2,s1/2 respectively T = 1/2 P /o
phase shifts of the m-N scattering.

Inserting (3), (4) into (2) one obtains two independent

homogene ous integral equations of the Omngs 5) type.
These can be solved in the normal way and for us it is important

to observe that they admit a solution of the form

M) = 6,(x)

7 ) = 0 (5)

with
Gl(x) = exp LQl(x) - Ql(m)}
(6)

0, (x) = 1/n f 1% ax

x'ex=-ic

The factor exp!_- Ql(m) J in Gl(x) is due %o the fact that by
rl .

definition ! 1(m) is normalized to unity. The solution (5) is

strictly parity conserving and it was to be expected that the

completely parity conserving graph fig.l should yield a parity

5) R. Omnés, Nuovo Cim. 8, 316 (1958)




conserving solution. The unyhysical integration rasgioa (x<0)

\
in (6) can be avoided using the relation

all(~x) = al(x) (7)

Now let us see the PNC induced by the grers: fig.2. The contribution

of this graph to the absorptive parts of ;‘ we conmpute using

o
first order perturbvation theory for the iw» ND vertices end the
nucleon propagator and inserting G,(x) for the 7N vertex
(marked in fig.2 by a cercle) since considaring the PFNC part
of this TN vertex would lead to higher order effects. Hence the

(ﬁ

contribution of graph fig.2 will not contain q and will thus
lead to an inhomogenity in *he Omnés equations. Writing down

these contributions in the above mentioned way using e V-A BN
@

interaction and performing the integretiors in the c.m. system

one obtains after lengthy but straizs" Torward comoutations

6) G.F. Chew, M,L., G:-ldberger, ¥F.E. Low, Y. Nemuvu, Phys. Rev.

106, 1345 (1957)
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In ':B(x) g2 & (:‘/“: 2-'(m+M)2} 1l
- (1) pi (x 7 )2 (nPeal) 2 2R e

xvj ey [

)
b V- m“'..V2

2o 2 2
M em-V } E(T)+

!i‘m(M2+a2) 1/2_m(m2+b2) 1/2;

e GE

m(m2+a2)l/';x(m2+b2)1/2:

3
2 .
2 2.2 7 ’]
Vo-n -M
et | 7(v) | (8)
e
where
2, 2 ,2\2 1% I 2. 2 242 172
a (x“+m"-N%)° _ e D= (x“+m u/w».l_ - 2
2 2
} 4x { 4x
L S L y J
/e
Ve = [t 2ab + m + 1= 2(n242) Y2 (1R4a2)1/? |
e # 3 5 [ % * ] (9)
E(V) = nv ‘_Gl(v) + Gl(-V)J +m !-Gl(v) — Gl(nv)“l
* * -l 2 *, . * !
F(V) = mv [Gl(v) + Gl(-v)J +V L(;1('») - Gl(--v)J
M, m,/ufare the B, N, 7 masses
L]
G is the BN coupling constant
The integral equation for {12 now reads
oo * 1
h,(x') | ,(x') dx'
F2<x> =1/n [ 22 | 2 + 1,(x) (10)
«00 .
x'-x-i€
with
) Br. 1
£y(x) = 1/5 [ 1ol 36 ax (11)
=00

x'-x-i€




We avre intcresiod in that aonl=ltian af the inhomogencons cqnation
(10) which in the homogeneous case (fz(x) = 0) yields the parity
conserving solution (5). This solution of equation (10) is 5)

r;(x) = f (x)cosa (x) + 1/= exp[ S>(x) + 7 l(x)] )

Pf £ (x )suﬁx (x’)expl g«(Y’)Jd., (12)

x'~x~i€

where

9(x) = 1/n Pf (=) ap (13)

x'-x

and again at the computation of the integrals use is to be made
: ®
of the relation (7). Egqs. (8) - (13) allow the computation of

lj (x) as soon as one knows M, m,p, G, o (x), (x).
2 L 1

3. Numerical results and conclusions

=
From (6) - (13) one sees that ’ Covomte dne dwd e Ta ol el(v)

-

and all(x) times certain functions of x between threshold and oo,
The values of these phasc shifts are not known in the high energy

region. Nevertheless one can overcome this difficulty reasoning

in the following way. At high encrgies the phase shifts »ill




10 -

have = big iaaginary part (dae to the predonminance of inelastic

effects) while their real part decreasses. Sinc- at the computation

.

of fz(x) the integrals of the @'z appear through the G{ factors
o)

i
!

=

in Im 5 and here the « integrals appear in the cxrenent, their

imaginary poirts produce only phnase fasters. An anzlegovs reasoning
is gﬁlid also for the second term in (12) wThere one has one more

integration and a sinCé1 which nevertheless hzs a modulus $=1

even at high energies, So one could take ihe recl parts of the al

and 011 phase shifts and ndd the modulaz of the two terms in

\12). One obtains in this way an uppe> lirii foxr the real value

— .
4

P . . . o . o
of | 2\x), Inserting in the formulze of scciion®2

|
o

{14)

2 - x){“(x -1,03)

(lo'lxg - 24.6% - 14.5)(3

al(}{) 13

A

(the puraboia or Wl being rhoosen to #i the experinmental data 7))

“) In (14) ¥ is diumensionless and numeiically egqual to the value
Py
of %/~q2 in BeV

7) E.L. Lomnn, 1958 Ann. In%t. Conf, oa Eigh Energy Physics st CERNV
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one obtains

e \ Fz(x) | ~ 1072 n @

|
v ! {—wl(x) t‘, , M

2
(15)
for the order of PNC ih amplitude near the. mar~ shell (the region
. . . . . 2,=2
interesting in low energy nuclear physics).Since G°M ° has to
_ e

equal the UFI coupling constent gy = 10 ‘572 one can from (15)

o
see thataf"VIO-7 M/m and thus strongly depends on M, Chosing
for M the value which is necessary for the UFI to bind an extrem
relativistic N-N pair into a T-meson which by ref.l) is -~ 400 BeV

ros

one finds’f

A

2)

££10—5, which does rnot contradict experimental

evidence . This same order of magnitude for PNC evidently

appears in the Born approximation to m-N scattering amplitude

—y
1

i
1! 2

i
due to the ! terms.,

It is interesting to remark that a perturbation theory treatment

‘ 2
of the graph fig.2 would yisld —}L L DR e el
) 2n2 M2

is independent of M and is smaller than (15). This happens

because for the particular case of a V-A interaction the graph

fig.2 gives a convergent result so that it cannot depend on the




- 12 =
graphs
cutoff mass. Nevertheless higher orde??would give divergent and
thus M dependent contributions which might be bigger then the
lowest order graph fig.2 and could account for the result (15)
obtained by dispersion theory. At any rate first order perturbation

theory cannot be relied upon in this case.
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Figure Captions
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External lines marked with a small cercle at their end represent

off-shell particles., .
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