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ABSTRACT

It is observed that the N invariant amplitudes A

‘and B, at fixed w =0 and I, = 1/2 , give rise to sum

rules of the type now becoming familiar from‘superconvefgencé
relations, even though'the amplitudes are not supéfconvergent.
With the s-channel (sl - nN) spectrum‘approximated by the
nucieon and the A(1238) , and the t-channel (n »-Nﬁ)
spectrum approximated by the p , it is found that the sum
fule obtained from the - B émplitude is satisfied very well,
while that from the A amplitude is not; It'is sPeculatéd
that this discrepancy mighﬁibe due to thé 1T S wave, which

is rigorously absent from the B -sum rule.
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I. DERIVATION OF SUM RULES

It has been.discovered recentlyl that sum rules can be
obtained from stiong-interaction scattering amplitudes whiﬁh
" satisfy dispersion gelafions énd.have sufficiently‘good
asymptotic behavior. The usual criterion for obtaining a sum .
rule is that the amplitude be "superconvérgenth; that is,
that ét high energylit decrease faster. than s_l . In this
paper we would like to observe that sum ruleslmay.be obtained
even from amplitudes that-ére not superconvergent, and to
discuss such a sum rule relating baryon to meson resonances in
nN scattering.

With s, t;',and u the usual Mandelstam variables, and
the =N emplitudes A and B defined by
T=-"A+r(qy + gy B/2 , it is known® that ab fixed w , both
A and B. behave asymptoﬁically as’ sa(u)*% where a(u)
is the leading trajectory in the u éhannel. Thus if for
u =0 all trajectories were below J = - % , these amplitudes

would be superconvergent, and we could write, for example,

for the amplitude B

f' ds [ImB(s, u = 0) + ImB(-s, u=0)] = 0O, (1)
/’E o :
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~where ImB(#s) 1is evaluated above the cut in the s plane,

and for the moment we are ignoring the complications due

. . . N

to;the'unequal n and N masses. If we consider the

amplitude that is pure isospin 3 in the u channel, we

would éxpect that only the nucleon_trajectory would be above
J =~ % ; the trajectory of the N (1518) 1is estimated to have
an intercept of J = - 0.9 or lower.3  If we write R(s)

for the leading term of the nucleon exchdnge cohtribution, we

have

R(s) = r(u =“O) [Cs)a(9)4%+ikfs)a(0)4%] y -3 <a <f% ,
| ' () -

S e

which takes the form

R(s) = x(0) (1« @R (ea)

for - s above the right-hand cut; we then expect that »
P(s) = B(s, u=0) - R(s) does decrease faster than st ,

and so we conclude

! as [ImF(s) + ImF(-s)] = O . | (3)
Jo o o o
However, we can see that ImR(s) + ImR(-s) = 0 , and so

. , , A/
Eq. (3) leads us back to Eq. (1). An identical relation holds
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for the amplitude A. We cannot break up the IHS of Eq. (1)
ihtoAthe sum of two integrals, since each separately would Ee‘
.divergent; neverthelgss, the imaginafy parts cancel in just
such a way as to make (1) true. OFf course this kind of
cancellation is not restricted to backwaréd N scattering;
it is a simple consequence of the nucleon's having even
signature, as expreséed in Eq. (2).
Since we do not know how to calculate the t-channel
(ﬂﬁrﬂ M) I=0 contribution to our sum.fule, we could not
compare it witﬁ experiment, unless it should turn out that
‘the I =0 contribution is small. We notice that the |
amplitude we are uéing is main}y IO= 1. in the‘ t channel:

I =% I =1 I, =0 .
B " - B° +1AE BY |

| Furéhermore, there are thé following indications that fhe
I=0 émplitude should contribute primafily to A rather
than to VB:V
(1) The wx s wave does not contribute to B at all.
‘(2) Therefore the lowest I = O 'résonant contribution to
B is from the fo‘, which isbalready at a fairly high

energy. Although there are no energy denominators in our
Lt . N

sun rule, the above considerations show that the high-

_ ener contributions of the s and t channels, while
gy »
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'nétrseparately negligible, must éend to cancel.

(3) The absence of structure in the near-forward np
differential cross sections.indic;tes_that the "P (ang,
to & lesser extent, the P') tfajectory is coupled - | .
predominately to A near % = O.lL To the extent that

we can extrapolate along the trajectory, we would ex-

pect that the 2 is coupléd mainly to A.
Therefore we would hope to get a reasonable sum rule
from the B amplitude if we ignore the I = O part; for the

A' amplitude this is less reasonable, especially if the nx

. 8 wave is important.

T One final word on evaluating the sum rule is appropriate
at this point. A tfactable approximation which we employ is
" to take the discontinuitieé to arise from narrow resonances.

In this case, we have

ImB(s, w = 0) = & (residues of s-channel ?oles)-S(s - Ms2).

- £ (residues of t-chennel poles) &(s + N%Q - o - 2H2) .
(52)

The sum rule therefore takes the form

= (s-channel residues) = % (t-channel residues) . f(5b)_ .

)
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To begin, we shall include only the nucleon, A(1238) and
p pole contributions.
Since the r and N do have different masses, we

mist replace ImB(s) and ImB{-s)- in Bq. (1) by the

discontinuities BS and Bt" respectively, and extend the

integration down to the lowest, t threshold; Eg. (5) is

unchanged. Since the Legendre series for the discontinuities

(rot the full amplitude) converge everywhere along the path

of integration, the approximation of keeping only the lowest

partial waves can still be justified.
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II. CALCULATIONS

In this section we present the relevant pole terms : .g
for the s- and &t-channel states. We need an amplitude
in the u channel; this corresponds to-the

with pure I .=

1
2 .
combination [& (I.— 2) -
3 -2

W

(1 =-%ﬂ in the s channel.

Using the notation

| . To= /2N
| < y) 1 =1/

we find for the p contribution

I
1

M

1\ u M(1 -'Mp2/2M2)

A = log. g
° \-2/‘l 2 t_-MpQ_

and

- ‘// 1\ 1+ éuo

) - ‘
= | 2g, g, ————— . : A(6)
e :\\-2 /' PTe g Mp2 '

Here we have'written the pNN coupling, for the o of charge 1 ,

as
Qp_ ) - . .
v + =2 ¢ qixT, , A7

with the<normalization_ (proton[r5[protdn) = 1. The onx
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coupling is defined to be g (g, - a.) x T, ; experimentally
1M 2 : ?

i

we find glz/hn X% 2.5 (corresponding to a p width of 120 MeV).
Universality5 of the p-meson coupling to the isodspin

current would imply g, = %_gl . To relate g, ‘and ué to

measurable quantities, we can look at a dispersion calculation

of the nucleon form factors, in which we obtain

‘ electric ‘ 2 1 '
1-1 for 82 %
F = Bl B + (nonpole terms).
e MS -t ‘ :
magnetic o} 2up

: (@

From p - e+¢_ (or ete” colliding-beaﬁ) expefiments,é we
can in principle determine pr , so that the form-factor data.
can determine g2 . At.present, it appéars that pr = 2/§§l
(as would be expected from a dispersion calculation of the pion

form factor), so that the 5 residue in Eq. (8) can be written as

1 ' . _
Mpg r <: : :) , With r = 2g2/gl . Spearman's fit to the form-
2u ' '
o

 factor datal implies r = 1.6 and by = uv(= 1.85). Therefore

-the p-meson contributions to our sum rule, from Egs. (6), and

(8), are
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RésA (I =3)=2rg 2 u M(1 -.M 2/2M2) = hx x 9 é GeV
ptTu @ 1 VM e ’ ' ?
and ’
ResBp(Iu = ) =‘2 rg, (1 + 2pv) = by X 37.5 . | (9)
Next, we exhibit the baryon-pole terms. The nucleon pole
is
Ay = O
and

~e

where gz/hn = 14.5. Hence the nucleon contributions to the

sum rules are -

n
ojr
g
1
(@]

| ResAN(Iu ,.

and

. -]*-= —_: Kl.,' | :
| ResBy(I, = 3) = 8, = bx x 15, S (11)
The - A-pole terms can be evéluated by expressing A and
B ‘in terms of the partial-wave amplitudes.8 Defining the -

residue of the (3,3) partial-wave amplitude.by

- T ) 8 . 3 A
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ou exp{i. _533) sin 855 o ...B | ‘

a+w o (E-M)g P
we seev'that
E - M r
T = = .
2N 33 2 ,

Experizhentally, we have T = 120 MeV and A = L4/3 M, and so

35

Y., = 22.5 X 3/2 (gg/hn) . This is the same velue predicted

elther by SU6 or by the static bootstrap model.

We can now write the A pole terms in

" as

A and B

; YN br T3z | 3(§ + M)

AA(s,u=O)= . 5 _ 5

07 s -~ A 2(E + M)°
‘ i
y Mz-u22_§_+w2+2i
2s ' 2 ! o

“and (
_ RS RN
s u=0= () 23 (2
AN = = J 2 2
, 0 s - A 2(E + M)

The contributions to the sum rules are

1

+(W’M)/ ’
wea
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1
ol
S~
i}

ResAA(Iu 11.3 My,, = lbx % 18.8 GeV,

33

and

It
Nj=
S~

[t

ResBA(Iu 1k v =:Lm X 25.. (15)

33
The masseé, widths,:and elasticities of many - of the higher
baryon resonances are known,vand so we can compute their
contributions to the sum rules. However, it‘turns out that
all of theée contributions together‘are less than lOZf,bf the N
and A contributions, and so we shall continue to neglect them.
We are now in a position to evaluate our sum rules.

If we rewrite Eg. (50) as
1 | USRS | SRR ¢
i (s-channel contribution) = i (t-channel contribution), (16)

Eq. (9), (11), and (15) give

A sum rule: 18.8 (from baryons) vs 9.6'(froh o) in GeV (172)
and. . . _ )
B sum rule: 39.5 (from baryons) vs 37.5 (from o) . .- (170)

13
‘o
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Iil. - DISCUSSION

We note first that the B sum rule 1s well satisfied

th the erperimental values of the oNN couplings (as inter-

. preted from form-factor enalysis). Universality (which implies

r = 1.0 instead cof . 1.6) would rot have given such good

agreenent. Even within the resonance epproximation, we kave

-~

b

gher resonances,

[N

+

0

o
~
¢}
0
O
ja}
3
0
0]
w0

such as the I , any possidle secornd p ,” and th

seen in the missing-mass spectrometer work at CERV,. According -

to the arguments presented in Section 1, these higher-ener
contributicns to the sum rules should te small.

is indeed coupled primarily to A , it couid

=

»
If the f
perhaps account for some of the discrepancy in the A sum rule.

\

In addition, the xx 5 wave, which does notv contribute to B

‘at .all, makes a contribution to A which we do nov know how

to calculate. We do not even know the sign of this contribution,

but can perhaps estimate the magnitude of the low-energy s wave

by approximating

the low-energy spectrum by a ¢ mescn. From

a boson-exchange nodel of nuecleon-nucleon scattering, Ball,.

Scotti, and Wong ~ estimate the oNN coupling to he

A .
o = . oa . .
8 sy /hn X 5, If we arbitrarily assign the ¢ a mass of
h

500 MeV andi a width of 200 MeV, e ¢ would ecoatridbute about

2 GeV to the A sum rule, Eq. (17a), and so cculd account
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fbr‘about 1/4 of the discrepancy. In addition, there Iis
some evidence for an I = ¢ = 0 g vresonance lying undef—
neath the o ,12 and we have no way of estimating what its
'coupling to NN might be.

Because of these ambiguities, it is gifficult to draw
any conclusions from.the A vsum rﬁle; we would certainly not
like to useithis.sum‘rule to estimgte the-magnitude of the
- NN amplitudel The B sum rule seems to be well.satisfied

. by keeping orly the states. p , N, and A .
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particle with the quantum numbers of the p =and z mass
of 1.2 4o 1.5 GeV, from form-factor and Regge enalysis,
respectively.
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