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Abstract:

Superconvergence relations for N+N-+5+p and N+N=+m+w are

considered which follow from high energy behaviour. Saturating these

g

relations with a number of low-lying states we obtain EQE- = 0,06, and
wl

m, = o and gpwn = 21 (GeV) } in good agreement with experiment.

Assuming p-meson universality and vector meson dominance we obtain g = 2.8,
8. " 6.4, pr = 10.3 in agreement, and wa = 4,0 in disagreement with the

results of a least—squares fit of low-energy lI-N data.



I. introduction.

Strong interaction sum rules following from dispersion relations have

recently been proposed by two groups of authors(l)(z). In particular,

the interest in the "superconvergent' sum rules was stimulated by the
(1)

work of de Alfaro, Fubini, Furlan and Rossetti . An amplitude which

is superconvergent obeys the sum rule

SIm T(s,t)ds = O.

Applying this to elastic n—p scattering and saturating with =, w and §

4g?
2
these authors(z) got giww = —*ﬁgﬁ. and go@1T = 0, Subsequently Frampton

(3) 0

and Taylor could show that the inclusion of higher states is necessary

to avoid contradictions. An interesting example was given by Gilman and

(4)

Harari who considered current algebra and superconvergence sum rules

together,

In the present work we apply the superconvergence sum rules to the more
complicated problem T + ¥ + 7 + o and W+ N7+ w The interest

in this type of processes lies in the fact that they involve pure mesonic
and mesonic-baryonic coupling. Therefore, they give relations between
these two types of coupling constants. In the s—channel ¢ + N » 7 + L,
this problem was treated by Graham and Huq.(s)
In Section II we derive our sum rules. We start with the s—channel
helicity amplitudes free of kinematical singularities and examine the
high-energy behaviour. In Section III we saturate the sum rules. The
intermediate states are selected according to their quantum numbers and

their mass values. Conclusions of our results are briefly outlined in

Section 1IV.

IT., Derivation of the Sum Rules.

We first consider the process

(A)....ﬁ‘!"N--‘ﬂ + n

It can be described in terms of six invariant amplitudes which are free

(6)

of kinematical singularities
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(1) T(t,s) = ) a,(t,s)s;
1=]
(2) s, = v(ep) s, = Y2 (yk) (e*p))
8y = YSCS'Pz) 8g = 'Ys("fk) (E'Pz)
54 = vo{eoy) Sg = Y2 {yk) (eev)

P, and p, are the 4-momenta of the antinucleon and nucleon respectively,
k and ¢ are the 4-momentum and polarization vector of the p-meson,

and ¢ is the 4-momentum of the 7. Furthermore we define the scalar

invariants

(3 t=(p + pz)z, s = (p, - k)z, u={p, - k)2

In order to find out which of the invariant amplitudes are superconvergent,
we first look at the kinematical singularity-free helicity amplitudes(7)
in the s-channel p + N » 7 + N. The high energy behaviour is then

determined by the leading Regge trajectories, Among the six helicity

amplitudes, we find the following two with additional convergence factors

i 1
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(4)
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with © the scattering angle in the s-channel and k = |kl. For t » =

a-1/2-1 J-1/2

¢1 and 95 behave like ¢t Only Regge poles with parity P = -(-1)
can contribute to the combination ¢| + 95, whereas only those with

P = (-l)J—]/Z contribute to ¢l = 9y Thus for isospin I = 1/2 oy * 4y is
controlled by the NY trajectory with «(0) = ~.8, and for I = 3/2

by the 4, trajectory with a(0) = O3for I = 1/2 9y = ¢, is controlled

by Na trajectory with o{0) = -.4, while for I = 3/2 no trajectory is
known experimentally. Therefore we conclude that ¢1 = by and ¢] + ¢, are

superconvergent for t - «,

Next we need the relation between the helileity amplitudes and the inva-

riant amplitudes. After some algebra we obtain
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P -
9 * 4y = V2 —Lﬁl—l-\(chl - M(E, + M) | a, + (Vs - Ma,

(5)

ay - (Vs + M)a;|

Py
by = 0y = VI 'LzTJ'\j(El + M) (B, ~ M) i

As 2 and a, are superconvergent also in the u-channel, we can write

the superconvergence sum rules

z Im [ a, (t,s) + (Vs - M)a4(t,s)“ dt = 0
(6) - -

3 Im [ a, (t,s) - (Vs + M)aa(t,s)- dt = 0

- L

In the analyticity domain these relations should hold for all s, and that

allows us to write down sum rules separately for a and a, at s = 0

(7a)
Im a](t,suo)dt = 0

(7b) S Im 34(t,s=0)dt = 0

for the two isospins I = 1/2 and I = 3/2 which can be exchanged in the

s=-channesl.

III, Saturation of the Sum Rules

In order to exploit the sum rules in Equs. (7a) and (7b) we will try to
saturate them by number of low-lying intermediate states in the t and
u-channels. Candidates among the known particles and resonances are the

T, W, ¢ A], N and ¥*, The following couplings shall be used:

TN g

£
=, - u o, . _pN— vou
PN 2 gy v (v, ulpy)e” * iz v (po ulpyke
Bt
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(8)

. oy 5 H
ANN: 1 gAlN v (p])y ' ulp,) e

T oig e” (qn + q)u

o
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TP gpwﬂ EGBYﬁ (pi + p2) e, k' e
H v
. ok
thoi g ~ EEE_EEE Y _(qn )4, . EI_ AOBY q k.q MKV M
1°° e % 12 q° v H 2 pvpy *na Bn A
n my

u

Here M is the mass of the nucleon, M* that of the u*, e” and eﬂ)are the

polarization vectors of the A] and w respectively. q, is always used for
the 4—momentum of the exchanged particle. The couplings wNN and ¢NN are
defined analogously to the coupling oI, and 79p is defined analogously to
the coupling nwp. The ol* coupling should be described rigorously by three
coupling constants, but we will here confine ourselves to the so called
"magnetic dipole coupling," since we shall include the contribution of

the N* merely as a correction.

First we try to saturate Equs. (7a) and (7b) for the process (A) with

n,w,% and N as intermediate states. We find contradiction between the
equations for I = 1/2 and I = 3/2, so that we have to take into account
Al as an intermediate state. Furthermore, to obtain more independent

equations, we consider not only process (A) but also

(B) N+ N1+ w
(C) N+ N1 + 0.

These processes differ only in lsospin structure from process (A). For

process (B) Equs. (7a) and (7b), saturated with p and ¥, gilve

M2+mi
(9 - pr " Bowr "o +2g v g =0
gf
wh
(10) gpN ) gpwﬂ + M 0

Combined with the analogous equations for the ¢ they yield

2 2 2
pr(M + mq)) + 2M

2 2
gpN

(1) EEEE_:_fgg = gp@ﬂ
Zng - wa 3pwﬂ £

gpN

QN(M + mi) + 2M
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We apply the Gell-Mann—Sharp-Vagner model(g) to the decays w » 3m and

¢ -+ 3u; with the masses and branching ratios from the Rosenfeld Tables

7 (8) ! 1

of September 196 we have By = 19(GeV) ~ and 8om = 1.3(GeV) .

We note that

£ £

(12) --?-.Ii = _EE = u o+ ‘Jn = —0.12
Baont Bl P

should hold approximately, pp and My being the anomalous magnetic moments

of proton and neutron, respectively. Inserting this in Equ. (11) gives

(13) Ben
gmN

= 0.06

One would also expect such a small ratio in the quark model, where in the
ideal mixing the ¢ is build up only from X-quarks. It is also in
agreement with the result obtained from a least-squares fit of low-energy

- data(lo).

Now we examine the sum rules from process (A). Since 8w and gp@n are

emall compared with the other couplings we will drop the contribution of

the @& and keep only 7, w, Al and N, This gives us the equations

(14)
I\iz + mi M(mi - mz - mil) 2Mm§
- 288 s Y EonBown T T 8y B 2 ~ 8y oy By 3 T 48E =0
! m i m
A A
] 1
(15) |
Mz + mg M(mi - mi - mi ) Mmf
o+ —i - =
488, ¥ T iBoum * 28, y 8L 7 ey q Br —T T %8By
2M 1 m ] m
A A
i 1
e m_ = m2 -m -
B _ o "y “ i
BuN Bown ~ BA.n BL T Ba w ST 2 * 2 0
1 i 2mA

(7

Bott Bpum © ng]n By, ¥ &N 81
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From these expressions, together with Equs. (9) and (10), we obtain

after some slight rearrangements

(18) Bown M o - Font - 4ett oo pr _ 4o
Z Z - - Y4 Z
g Bont Bpur Ol M) BN By I M)

The unique solution of Equ. (18) is

(19) m, = m

2 . _4g®
(20) gDLUTT =

M2 + m2
P

The first of these two predictions is satisfied experimentally with an

error of about 17 (8). It is also obtained by exact SU(6)-symmetry. With
(%;) = t4.4, Equ. (20} gives B ™ +2] (GeV)#l, in remarkable agreement
with the experimental value gpww = (18 & 3)(Gev)u]. Additional information

1s needed for predictions of meson-nucleon couplings. We take the relation

(21) £
N
__E)._..;:lu—un==3.7
gDN P

ALERN

which should approximately hold in the vector dominance mode

(12)

Furthermore we assume p-meson universality

1
(22) gpN 2 gpﬁﬂ

2

g
With these assumptions and with (—%%E) = 2,5 which has been calculated from

the width of the p-meson(8>, we obtain from Equ.(18) (without regard to an

overall sign)

(23a) 2.8, = 6.4, £ = 10.3

Eoi ” BN

(23b) wa = 4.0

We want to compare this with the results obtalned from a least-—squares
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fit of low-energy N-N data, made by Kdpp and Séding:(lo)

1+
[¥%]
Hh
!
|
O
o
+
o
[p*]

= 3.9 & 0.4, = 7.7 1.9, £ . =13.1

€N 8N oN
We see that Equ. (23a) is in qualitative agreement with Ref. 10) but
that Equ. (23b) is in strong disagreement. Equ. (23b) disagrees also
with the assumption in Equ., (12)., The origin of this discrepancy can be
traced to Equ. {(10). If we would forget Equ. (10) and would use

Equ. (12) instead, we would have

(23¢c) me = ~0.77

instead of Equ. (23b), and this would in a trivial way establish agreement
with Ref. 10). '

By the way we remark that by including the ¢-meson we would not get

Equ. (19) but

2 2

2 4g2 m,o- mp

(24) gp@ﬁ T2 2" 2 2
M™ +m m, —-m

P P o

This shows a direct connection between the small fraction of ¢ » 3n

and the w—p mass difference. Instead of Equ. (20) we would have

2 nz - m2
(25) g2 - e , 0 w
D W 2 2 2 2
M™ +m m, — m
o ¢ ]

and this does not change significantly the numerical value of gowﬂ

as compared with Equ. (20).

Gilman and Harari(a) considered superconvergence and current algebra
relations for the process @ + p > 7 + p and derived g = 0. Using this
result in Equs. (14) - (17) we would be led to a contradiction with our
assumed p-meson universality and would obtain results in disagreement with

Ref. 10). To solve this contradiction we would need a transverse admixture

of about
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Finally we shall also take into account N¥ as an intermediate state.

The exact expressions would become very clumsy, however, and some couplings
are not known very well. Therefore we will treat the contribution of the
N* merely as a correction to see whether our previous results are changed

significantly or not. The righthand sides of Equs. (14)-(17) are now

6 0.9 ErNN* G d
changed from 0 to O'l7gnNN* G, to -0. SgnNN“ G, to -0,23 e an to

Brmx ¢
0.92-—73;——— respectively. From these new equations we obtain an

additional constraint

(26) f

which supports our assumptions Equ. (21). Instead of Equ. (20) we get

a more complicated relation, but if we take BNt - 17 from the width of
the N*(B) and G = 15 from Ref. 13) the numerical value of gpmT is altered
only about 10% to B + I9(GeV)ﬁ]. Therefore, the values in Equs. (23a)

and (23b) will also change only by about 10Z.

The inclusion of the N* also enables us to estimate the coupling of the
Al—particle, because now there is no longer a contradiction to the result
of Gilman and Harari(4). We can take g, = O and with g, = 57 (GeV)_]

we cobtain

(27) 1.2

gA]H -

1V. Conclusions.

Two of the six invariant amplitudes for the processes H+N-»>1%+p and

W+ N-+1+w were found to obey superconvergence relations. Saturating
these relations for the first process with n, w, ¢ and N, we were led to

contradictions. Saturation with #, w, Al, H for the first process, and

saturation with p and N for the second process gave m. = mp and

Bown 21(GeV)_l, in remarkable agreement with experiment. Assuming vector
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dominance and p-meson universality we obtained BoN = 2.8, g, = 6.4,

pr = 10,3, in agreement and wa = 4,0 in strong disagreement with a

least-squares fit of N-N data. This disagreement was due to an equation
for the second process. It might possibly be improved by inclusion of
an additional higher resonance, Furthermore it was seen that inclusion

of the N* changed the results only by about [0Z.
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