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We consider the p-z mass difference on the basis of a dispersion
theory. We evaluate the inelastic and Regge contributions by using
(1) the T,(q* v) dispersion relation subtracted at »=0, (2) predictions
of the vector-meson dominance model for inelastic electron-nucleon
scattering, and (3) total photoproduction cross sections of the proton
and neutron given by simple Regge pole fits of the experimental data.
Thus we find sMinel(p—n)+-5MReege(p—n)~0.4 MeV.

§ 1. Introduction

Recently a series of interesting experiments! of inelastic lepton-nucleon scattering
has been carried out and the results have determined the inelastic electromagnetic
nucleon form factors. Several interesting theoretical models have also been proposed
to explain the feature revealed by these experiments. The typical examples are the
vector-meson dominance (VMD) model,® the parton model,?® and the Regge pole model.»

In this paper we consider the p-n mass difference starting with the Cottingham
formulation,” which relates the mass difference to the experimental differential cross
sections for elastic and inelastic electron-nucleon scattering. Especially we estimate the
inelastic contribution to the p-n mass difference. We then use the VMD predictions
for the form factors W, and W,, and total photoproduction cross sections of the proton
and neutron given by simple Regge pole fits of the recent experimental data. For any
4I=1 mass difference Harrari® pointed out on the basis of a Regge pole model that we
should introduce a subtraction for the amplitude T;(g2, v) since its behavior at high
values of v is dominated by the A, Regge pole. Therefore, using the Tj(g2, v) dis-
persion relation once-subtracted at v=0, we also estimate the additional contribution
arising from this subtraction.

§ 2. Electromagnetic self-energy of the nucleon

To first order in the fine structure constant a the electromagnetic self-energy of
a nucleon has been expressed as

oo 2rq 2__ 3,2 .
dM= *74:,2SO%—j‘_qdv(qz—vzﬁ/szl (g%, i) —q‘qzl—Tg (g2, i), (1)
where T1(q2, v) and T5(g2, v) are related to
— 2.9\ . T2(q? v) My My
Tw(q? v)=T1(q? v) (gw'F}+ M2 (Pu+ q2 414) <Pu+ q? qv)’ (2)

which is the forward Compton amplitude for the scattering of a virtual photon with
mass —qg2 and laboratory energy ¢°=p from a nucleon of mass M and momentum P.

*Department of Engineering Physics.

(1)



138 Norikazu MORISHITA

For T1(q2, v) and Ts(g?, v) we consider fixed-g2 dispersion relations in the variable ».
Following to the Harari’s argument, we assume that 71(g2, v) obeys a once-subtracted
dispersion relation® and T5(g2, v) an unsubtracted one as follows

16M3

Tiet »=Tate2, 0+ % SO i@+ e 72 @)

L 22 (= ImTa(g? v)  a@vf
T I V2 —p2 v

ImTz (g%, V)
V'2—p2

, (3)

4 Mg+

Ta@? =2 s+ 2]

—Zv'dv, (4)

where f1(g2) and fa(q?) are certain combinations of the electric and magnetic form
factors of the nucleon and »: is the inelastic threshold. In order to determine the
subtraction term we use the conventional Regge pole model, in which the asymptotic
form of T1(g%2, v) is expressed by the leading trajectory As as

T\R(g2, v)=B(g?) 1+exp(—ima(0)]

2(0)
sin ra (0) v ()

where a(0) =a42(0) is the #=0 intercept of the A, trajectory, which is about 1/2~1/3,0
and B(g?) is its residure, of which the explicit form will be given in the next section.
In order to simplify our calculation we take the value
a(0)=1/2. (6)
We also write an unsubtractzad dispersion relation for 73 (qZ%, v) — T R (g2, v) and obtain
w  16M3 q?
Ti@® v —TiR(@ v =" o010 + 5% F2@®)
2N ImT1(q%v) ., 245, o8 N O(g2)
e e AL ICORE S= O D

where N(g2) defines the beginning of the Regge asymptotic region. By putting »=0 in

(7) we find the subtraction term 7T1(g2, 0). Thus we can write down as

a(0
Titer, w=2 i@+ L @+ L 1D
2N<>IT2 s el
+”Ltq mvl(quw dv+~7t—6(42>50;3m—v’,’—, (8)

After some analysis we obtain
OM=03Mel 45 M inel + § M Regge + § M, inel, (9)
where 6Mel and 6M,irel are the contributions of terms involving the elastic and inelastic
subtraction terms obtained from (7) with »=0, respectively, therefore §Mel becomes
the Cottingham’s expression® which follows from the unsubtracted dispersion relation.
The term d6M,Regee, which is the subtraction contribution except the elastic and inelastic
subtraction contributions, is given by

bMResze=— 3% [ "8 (g% N12(g2) dg?, (10)

where «(0) has been replaced with 1/2. The inelastic contributions are given by

} N(g®
S M inel = .._2_71%50 ‘;‘lzj ! ( 1+\/1+ )Wl(q2 v)vdy
— |y 428 N2 (g2 dg?, an
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inel_ @ (dq? w[ v2\ (L . g __l] 2
oMot =2 4 [ (1+q2)( 1+\/1+ﬁ) > Waa2, vvay, (12)
where we have used the Drell-Walecka form factors Wi(g2, v) and Wy (g2, v)” which
are related to the absorptive parts of 71(q2,v) and T»2(g2, v) as
Wi(q2, v) =nImT; (g2, v) (i=1, 2). (13)

§ 3. Estimation of the inelastic and Regge contributions

In calculating (10), (11), and (12) we need the explicit forms of W1(q2, v), Wz (g2, v),
and B(g?), and so we now consider these functions. Recently inelastic electron-nucleon
scattering experiments have been carried out widely, and the results have determined
the inelastic electromagnetic form factors. At present there exists no complete theory
by which we can calculate the form factors. However, several interesting theoretical
proposals have been made for the form factors. As one of these proposals let us take
the VMD model.

The form factors Wi(q2,v) and Wy(q2, v) are written as

K
Wi(q2, v) ZWUT(CIZ, V).

K (1+Rox(g?
ir%a Zz—_lfv—z( +R)or (g2, v), (14)

Wa (g2, v) =
where K=v—q2/2M, R=o.]/o1, and or and o, are the transverse and longitudinal virtual
photo-nucleon cross sections, respectively. The VMD model predicts that o1 in inelastic
electron-nucleon scattering is given by?

ora, v) = (" ) (2) o (KO, (15)
where (e/ f,)20,5(K) is simply replaced by the total photoproduction cross section
o;n(K). According to the Regge pole model let us consider that o,n(K) consists of a
constant contribution due to Pomeranchuckon #-channel exchange and another contribu-
tion to go to zero as K—»co due to the /=1 trajectory exchange. The difference
015 (K)—o,2(K) consists of the contribution only due to the I=1 trajectory which is
dominated by the A, trajectory. We use the value for o,,(K)—a,,(K) given by a
simple Regge pole fit® of the experimental data,

K(61p(K) —0,0(K))=24.6K«® (GeV-pub). (16)

With the above assumptions we obtain comparatively simple forms

63.3x10-3/ m2Z \2

P2 ) — T2 (02 ) — e 1/2 -1

W2 (g2, v) —W" (g3, v) = ir2a (qz-}-m,?) K1/ (Gev-1), an
63.3x10-3

2 2 2

Comparing (17) with (5) we also obtain the explicit form of B(g2)
B (a®) — B (g =— 5Ny
Using (17)~(19) we can canried out the calculations of (10)~(12). Since &M,inel
and oM, Regge depend on the Regge asymptotic cutoff N(g¢2), we reasonably consider
that N(g2) is greater of the order of 2 GeV than the elastic threshold ¢2/2M. The
evaluations of OM,irel (p-n) and SM, Regee (p-n) are displayed in Table I,

(39

WP (g2, v) = Wi (@2, ) == 0

(GeV-3/2). (19)
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Table 1. Calculations of 5M,inel(p—») and 5M ,Regee(p—un) with N(g*)=c+q?/2M.

SMI (p—n) MeV)  sMFe(p—n) (MeV) Total (MeV)
c=15 GeV —0.32 0.71 0.39
2.0 GeV —0.37 078 041

25 GeV —0.41 0.84 0.43

The contribution 6M,inel(p-n) depends on the ratio R=or/or which has measured
experimentally only for very few values of g2 and K. For values of K/q2<(3 GeV~1, the
results indicate R<<0.5.» And R may smoothly vanish for g2—0 since o, must vanish
there. For these reasons we may assume that R is a constant of the order of 0~1,
which gives us
SM,inel(p—p)~0.01 MeV. (20)
Thus we may sppose that SM,inel(p—pn) is fairly small for unknown R. We then obtain
the final result,
OM,irel(p—n) +OM Regge (p—n) +dM,inel (p—n)~0.4 MeV. (21)

§ 4. Closing remarks

As is well known, the elastic term in (8) yields dMel(p—n)=~=0.8 MeV,!» while the
observed p—n mass difference is —1.29 MeV. We can see from Table I that the inelastic
contribution gives a right sign but the Regge contribution of the subtraction term has
a positive sign compensating the inelastic contribution. Finally a small positive con-
tribution, 8M,irel(p—n) +SM Reege(p—n) +-OM,nel(p—n)~0.4 MeV, aggravates the situa-
tion. Thus it seems impossible to understand the p—» mass difference within the
framework of dispersion theory as long as we rely on the way investigated here.
The VMD model is supposed to be best when g2 is small and » is large. Therefore, it
is not clear that the contribution from the high-¢2 region has reasonably been estimated.
We may also need to consider the presence of I=1 and J=1 fixed pole!D together with
the usual Regge poles. Lastly we only refer to an interesting fact that several authors!!,12
have attempted to calculate the Regge contribution in various procedures, but their
predicted results do not always give a same sign.
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