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The question of the effect of a T - W scattering resonance
in the J=T = 1 state on T -~ N  scatering has recently received
a good deal of attention. This problem has first been investigated by

1)

M + 7N + N reaction amplitude involving the 7 -7V phase

Frazer and Fulco who derived the integral equations for the

shifts. These equations were applied by Frazer and Fulco to the problem
of the isovector nucleon form factors 2).

In a recent investigation 3 we have obtained single one-dimen~
sional representations for the T™- N scattering amplitudes by means of

the Cini-Fubini method 4)y 5)

. This representation includes all the
results previously obtained by Frazer and Fulco and furthermore allows
one to obtain definite predictions for the low energy 7 - N phase
shifts in which the effect of the J =T =1 T -1 resonance is
taken into account. We wish to report here on the comparison between

the predictions of our theory and experiment and show that a good agree-

ment between the two is obtained.

A conclusion opposite to ours has recently been reached by
Frautschi f) who finds a 7Tv —7Tv effect much too large to fit the
F%/L ™~ N scattering lengths. In view of this we wish
to discuss the point of view we have adopted in I and explain the reason

for the disecrepancy pointed out by Frautschi.

Let us write the T -7 scattering amplitude in the J=17=1

state in a simple Breit-Wigner form

i

{;1n~== < A S;n = }{ (1)
33 ‘tP\"t "»ff’
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where ,él_-~/u‘ j) is the pion momentum in the centre of
massusystem and - 43{1 and "6 are the constants describing the position

and width of the resonance.

Consider now the ([ - N scettering channel and for example
the p-wave isotopic-spin-flip emplitude. It has been shown in I that,
in the limit of a narrow %1 — TL resonance, the contribution to this

7)

amplitude arising from 3{ - TU resonance scattering is

(en)

) 3 — N
R~ 2 L b )

where lﬂ/ and F{ are the total energy and pion momentum in the c.m.

system,t{)—-(kﬁylf) M and M are the pion and nucleon masses and
the functions F;g are given by

Ry TP g
= _ ) -
k.t \ k[|(+-2k20‘y)/tg‘

This term has to be added to tne contribution of the Born term and of

the 33-resonance (whica we ghall csll the "nucleon term").

The two constaats C> and. 02 determine the size of thé effect of

1
— e .8 -
the TC - 7{ rescnance cr. . ~ N scattering )_ The main cause of

6)

disagreement between the worl: in reference 7’ and our own lies in. the

different value used for ifg nd in the determination of the value of

6)

are much larger than ours. We i-ish therefore to discuss in some detail

these two constants in the sense that the values used in reference
our procedure for determining these constants and, in particular, to

clarify what information can be obtained from the experimental data

on the eleotromagnetic structure of the nucleon.
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The effect of the T —~T resonance on the absorptive parts
"V v
of the isovector nucleon form factors G \ (‘t) and G)_ (‘L) is given, in

9)

the limit of a narrow resonance by ~

_Lm G“({) ::—T\‘ﬁc'g{’t‘? 5(tR~t)

IwéaVU*z’ﬁﬁczﬁzéftR“U (3)

It is clear that the comparison of Eg. (3) with the experimental data
on the form factors, either by means of subtracted or unsubtracted
dispersion relations can only yield information on . _tR and on the
ratios CT /3/ and. C—z/ b/ + The comparison was carried through
in I by means of subtracted dispersion relations which lead to ex-

0
pressions for &, (1) and 6‘2\/ (1)  of the Clementel-Villi 10) form

Gllt) = £ (1 At )

1

G () ?.z}(\ N QL%) (4)

where V?‘ = "1C|/‘£z’?b’ and )72=—1HC7_/?V_L_R'/,_D/ . The ex-
pression (4) for C—;]\_’(t) is known to give an excellent fit to the

|
data with 72 = 1.2 and the mean square radius ro:(Q’]l /JCR )/"

-1%3 '11)

=.8x10 “cm . Furthermore, the experimental near-equality of the

charge and magnetic moment form-factors gives 17 | 12 .

12)

These values yield

L= 224 W, Gy ==-2cep Cile=-172
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It must be empnhasized that as one has no independent deter-
mination of ¥ one cannot obtain from electromagnetic data ‘alone the

gsize of the effect of the TC TU resonance on TC - N scattering.

There is a theoretical possibility'of determining C, and C2 in

terms of the TU - N coupling constant f2 and the 33—resona;ce para-
meters. This determination is based on the work of Frazer and Fulco

on the TU +TU - N+ N reaction amplitude 1). These authors have
obtained the following expressions for the ’ﬁ: +TC —PD N+ T p-wave

helicity amplitudes f+ and f :

a : :
toey= M J Imf.(t) 4k
- = _\0%/‘ L) F () (5)

where gyyv\'F_f (;t’) is known in terms of f2 and the 33-resonance
parameters and F:Tl,(tlt) is the pion form factor which is known in
terms of Eqg. (1). Eqg. (5) can in principle be used to determin.eC1 and
02. We wish to point out, however, that some of the integrals appearing
in Egs. (5) are divergent and that even those which do converge depend
strongly on high t/Eontributions where the exoressions for ffrw\43:f(:if)
can no longer be trusted. A determination of C1 and C2 along these lines
has been carried out by Frautschi and Walecka who find C1 = =2.2,

02:: -O.74/u:’ . This determination, together with the much smaller
value of i:¥l ( ~N 11.§/u,2) used in reference 6) is the cause of

the large disagreement with experiment pointed out by Frautschi. At the
time I was being prepared, we had reached a similar conclusion as re-
gards the s-waves and we decided for this reason to abandon the deter-

mination of C, and O, by means of Eq. (5) which is, in our opinion, the

2
weakest point in the theory. We therefore consider C1 and 02 as free

parameters to be fitted to experimental data on TU - N scattering and
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nucleon structure. From the discussion of the form factors it is seen
that there is only one remaining free parameter, say C1 which we shall
determineby fitting the TC - N s-wave phase shifts. The procedure,
13)

which we shall discuss below, yields

C = -1,0 (:2:5 - .ZZSJ'Z;fo‘
f = »376/5' be=22.4 x> )

It is obvious that this choice of C1 is indeed compatible with the
data on the electromagnetic structure of the nucleon. Thus we feel
that the criticism expressed in reference 6) that the agreement with
the TC - N phase shifts is obtained at the expense of failing to

explain the nucleon structure is not justified.

Let us finally discuss the comparison between our theory and
the experimental phase shifts, restricting ourselves to the isotopicg
spin flip combinations which are only affected by the TU - Tf: inter-
actions in the T = 1 state. The expression for the s-wave amplitude
is

o A3 . <
f-f"= *g%gcif?ﬂ(l‘}’q'ﬁ + b

S S

where b is an unknown paraemeter depending on the contributions from
higher meass intermediate states. As shown in Fig. 1, the best fit is
obtained for the values C1 = -1,0 and b = —.O?/n _2. There is some
departure from experiment in the medium energy region which might be
due to a deficiency of the experimentel deta. It would be very im-
portant to have more experimental information in this energy region

to clarify this point. The fact that the value C1 = 0 is clearly
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excluded shows the necegsity of a J =T =1 TC - TC interaction
in order to explain the s-wave phase shifts.

The comparisén between theory and experiment for the f11 - f31
combination is shown in Fig. 2. The excellent agreeunent between theory
and experimenﬁ is due to the presence of the pion term Zﬁq.(227 in which
there are, of course, no remaining free parameters. It should be noted

that the nucleon term alone even has the wrong sign.

For the J = 3/2 p~-wave amplitudes, the pion term is consider-~
ably smaller then for the J~ = % ones: no essential deviation from the
usual effective range formila is to be expected.

() (%A)

If one considers '4%93/;T fD,géL, (Fig.3) one finds that,
ag for p-waves, the nucleon term by itself gives a contribution of the
wrong sign end that a T( - T(interaction is definitely needed to fit
experiment. Because of the 600 MeV resonance for the D13 wave the
rescattering correction is sizeable and its inclusion improves the

agreement between theory and experiment.

In conclusion, the introduction of a T =7 =1 pion-pion
resonance with the values of the parameters given in Eq. (6)‘gives a-
very satisfactory agreement with the exisfing experimental data on the
isovector form factors und the 7T - N phese shifts. The remaining
problem is to explain the discrepancy between our "experimental"

» and the "theoretical" ones given in reference 6 .
6)
out using the value 'ifF?FVZQjJ? (suggested by a more careful analysis
of the experimental data on)tﬁe form factors 14))

15

reduced to a factor MNJ 2 « This discrepancy is due, in our opinion,

values of C1 and C2

We wish to point out that if the calculation in reference is carried

, the discrepancy is

to imperfect knowledgeof the high energy contribution to the integrals
16)

in Eq. (5) , which can cause considerable errors in their evaluation
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It is hoped, therefore, that a more reliable method of solution of the
Frazer-Fulco equations would lead to values of C1 and 02 closer to those

proposed in this paper.

We wish to thank Professor S. Fubini for‘having read the

manuscript and for many fruitful discussions.
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Fig. 2 -
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Figure Captions

The isotopic spin-fiip combination for s-waves

for several valucs of C,i and b.

'The experimental points are from:

Anmval Internationmal Conference on High-Energy
Physics 1958-1959.

A. Stenghellini, Muovo Cimento X, 398 (1958).
W.D. Walker et al., Phys.Rev. 118, 1612 (1960).

The isotopic spin-flip combination for the P, waves.
P

The theoretical curve is drawn taking C1 = =1.0,

The experimental points are from the same data as

Fig. 1.

The isotopic spin-flip combination for the D waves

3/2

with C1 = - 1.0, The experimental points are from

the same data as Fig. 1.
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