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grating our data. The integrated cross section
for iq'( greater than 0.1 (GeV/c)' and for K in
the range of 0.6 to 6.5 GeV is 0.77 p.b.
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Results from muon-proton inelastic scattering are used to investigate the form of
0.~&(q, X}, the quantity commonly called the "virtual photon-proton total cross section. "
Fits to 0~& have been made for photon energies 0.6 (6.5, and 4-momentum transfer
squared Iq2I up to 1.2 (GeV/c)2. Measurements of the real photon-proton total cross
section 0&& (A) have been included in the fits. The forms of rho-dominance theory
which predict &r~ (q2, K) = v (IC)/(1+ I q2 i/m 2) are in agreement with the data.

In this Letter, we will discuss the interpreta-
tion of the muon-proton inelastic-scattering
cross sections presented in the preceding pa-
per, ' which we will refer to hereafter as I. The
one-photon exchange mechanism can be assumed
to dominate the inelastic-scattering cross sec-
tion, as it does the elastic, ' since the exchange
of a second photon would be expected to be sup-
pressed by a factor of approximately 1/137 (the
fine-structure constant). At the proton vertex we

are studying inelastic processes in which addi-
tional hadrons are produced. Thus we have a sit-
uation, unique in elementary particle physics, in
which a single virtual particle coupled to the
strongly interacting particles is exchanged.
These processes are then not only functions of
the particle, but also of its "virtuality" or q' val-
ue. In experiments in which only the scattered
lepton is detected, the total cross sections for
the absorption of virtual photons can be deter-
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mined as functions of the q' and energy of the ex-
changed photons. These cross sections, O'T(q, K)
for transverse photons and o, (q', K) for scalar
photons, are related to the experimentally deter-
mined differential cross section'.

d'o/dq'dK = I ~(q', E)oz (q', K)

+ r, (q', K)o, (q', E)
= I' T(q', K)[o~(q', K)+ eo,(q', K)]
= 1'~ (q', K)o,„(q',K).

o,„=(oT + eo, ) is the total cross-section com-
bination which will be considered in this paper.
q is the square of the four-momentum transfer
from the muon, and K is given by K = v-iq'I/2M,
where v is the laboratory energy of the virtual
photon and M is the proton mass.

1 T is the flux of transversely polarized virtual
photons defined by

iq'I/2
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e is the ratio of the flux of scalar to transverse
photons. Here e is the fine-structure constant,
E (E') and P (P') are the laboratory energy and
momentum of the incident (outgoing) muon, and
m is the muon mass.

The values of O„given in Table I of I are
shown in Fig. 1. The points at iqei =0 are de-
rived from recent bubble-chamber measure-
ments ' of o z~(K), the photon-proton total cross
section. As iq'I goes toward zero the values of

o'e„z(q', E) approach o&~(E) within our errors, as
they should. ~ The inelastic cross sections fall
off slowly with iq'I, decrea, sing on the average
by a factor of 2 from iq I=O to iq i=0.5 (see I).
If the inelastic cross section had a form-factor
term such as the (1+1.41iq'I) 4 term in lepton-
proton elastic scattering, ' we would expect a de-
crease more like a factor of 10.

The application of the vector-dominance model
to lepton-proton inelastic scattering invokes the

0 0.4 0.8 l.2

Iq 1(GeV/c)~

FIG. 1. The "virtual-photon-proton cross section, "
0~+(q, K), as determined by muon-proton inelastic
scattering. The data at Iq2 I=0 are bubble-chamber
measurements of the total photon-proton cross sec-
tions. The curves are for the fit oe+(q2, K) =S(K)/(1
+8, )@2 I) rvhich has a 65% probability of fitting the com-
bined data. The fitted value of R is 1.88 +0.22 (Gev/c)2.

concept that the virtual photon couples to the pro-
ton through the vector mesons, and that the
strength of the coupling is independent of q'. We
assume throughout this Letter that the contribu-
tion of the + and p mesons can be neglected.
Naively one would expect that o,„&would have a
q' dependence given by the square of the rho-
meson propagator, namely, (1+ iq'I/m ~')
However, preliminary results from this experi-
ment' and from electron-proton inelastic scatter-
ing' showed that the q' dependence of O, „p is
more like (1+ iq'I/m ~') '. Sakurai' then showed
that when polarization considerations are taken
into account, it is possible to obtain the relation-
ship, era(q', K) = (iq'I/m ~')or(q', K). The use of
these concepts leads to the equation

o,.p(q', K) =[1+Iq'Ilm p'] '[1+ ~(lq'I/m p')] o( ).K

Now for our data, ~ given in Table I of I is close to unity, so that

o(q', E) = [1+iq'I/m, '] 'o „(E).

(2)
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Detailed considerations by Sakurai lead to a variation of Eq. (2), namely,

a,„(q',K) = [I+ (q'(/m, 'I '[I+ e((q (/m, ')(K/v)'t(K)]a, (K).

$(K) is the ratio of the total cross sections for
scattering of longitudinally and transversely po-
larized p mesons on protons and is expected to
be close to 1.

Tsai" has derived a vector-dominance predic-
tion which differs from Eq. (4) by factors like
(K/v) and in the interpretation of the energy at
which cr ~(K) is to be evaluated. A11 predictions
must agree when ~q'~ becomes zero, but, as dis-
cussed by Tsai, "there is really no unique way to
make the extrapolation away from zero, so that
it must be left up to experiment to determine the
correct form. The vector -dominance predictions
are supposed to be best when ~q'~ is small and v

is large, therefore, it is not clear that the re-
finements of the theory are very meaningful in
the region where they can be tested. For this
reason, and because of statistical uncertainties
in the data, we shall restrict our attention to the
cruder forms of the vector-dominance predic-
tions.

We have fitted data in Fig. 1 with the expres-
sions

a,„,(q', K) =S(K)(1+x,~q'()

(linear),

„,(q', K) =S(K)(I+& lq'I) '

(5)

(inverse linear),

a,„p(q', K) =S(K)(1+Ro(q'()

(inverse quadratic). (7)

Equation (5), the linear form, has no theoretical
significance. Equation (6) is the vector-domi-
nance prediction of Eq. (3). Equation (7) fits the
supposition that 0 s is very small in this region
so that only the square of the rho-meson propa-
gator appear s.

Since a,„(q',K) must approach a z~(K) when
Iq'(-0, we must expect S to be energy dependent.
The fitting procedure allows S to be separately
determined for each K bin, but 8 is considered
to be independent of K. Therefore, there are six
parameters, the five values of S, and the single
value of 8 in each fit. The values were selected
to give the minimum y', and the uncertainties in
the parameters are the standard deviations. Fits

to our data were made both with and without the
use of experimental values of a&~(K), but most of
the analysis presented in this paper makes use
of them. We obtained these values of a&~(K),
listed in Table I, by interpolating and averaging
the published values' ' to match our K bins. The
errors include our relative normalization uncer-
tainties. The results in Table I obtained using
the a&~(K) values show that the linear fit is poor
(6%%uc confidence level), but the inverse linear and
inverse quadratic are good (65%%ua and 50%%ua confi-
dence levels, respectively). The values of a,„
predicted by these two fits differ by only a few
percent in the q' range covered by our data. The
curves shown in Fig. 1 are for the inverse linear
fit with A =1.38 (GeV/c) '. If we constrain R to
be I/m ~', the confidence level for the inverse
linear form is 50%%uo. Our results are therefore
in agreement with the crude vector-dominance
predictions of Eq. (3), which assume that a ~/aT
=(q'~/m~'. There is as yet no direct experimen-
tal verification of this assumption. If 0~ is small
in this q' range, vector dominance would predict
aT =a,„~=oz~(1+~q'(/m ') '. The y' for this as-
sumption is 146 for 26 degrees of freedom if we
use the a&~(K) values, and it is 63 for 21 degrees
of freedom for the muon data alone. Vector
dominance can, therefore, only fit the data if
a~/a~-~q'~/m~'. We have also fitted the data by
the more detailed prediction of Sakurai given in
Eq. (4). For $ =1.0, we find s =0.99 (GeV/c)
with a confidence level of 30%. The best fit to (,
constraining A to be 1/m ~', is $ = 1.6+ 0.2 with a
confidence level for the fit of 11%. If the same
fit is made using data with K ~ 2 GeV, where the
considerations of Sakurai are more appropriate,
g =1.2 +0.2 with a 50%%ua level of confidence.

Although we have been able to fit the data with
an R value independent of K, it can be seen from
Fig. 1 that there is a slight tendency for 0,

p
to

fall more rapidly with q2 at the higher values of
K. Now, in the region where K and v are signifi-
cantly different, there is an arbitrariness in the
distinction between virtual-photon flux and cross
section which can affect the interpretation of the
data. As an example, we have considered the ef-
fect of using the quantities o„„and -0, de-
fined by Gilman. " a„, and -a„,

g
are ~q /K

times ar and a~, respectively, where ~q ~
is the

laboratory momentum of the virtual photon.
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Table I. Values of the parameters & and ~(E) for the best fits to various equations for 0~~
gyp ls the experimental value of the photon-proton total cross section integrated over the in-
dicated K bins. K is the equivalent photon energy defined in the text. a~+ i is the Gilman
form of the virtual-photon cross section defined in the text. Prob. is X probability for the
fit. The errors in the parameters are the standard deviations.

R

Prob. (GeV/c)
0.8 1.5

S {microbarns)

for K {GeV/c) of

2.5 4.0

Gyp
used '7

~ 0

Linear, Eq. 5

Inverse Linear, Eq. 6

.06 -.63+.06 195+12 146+ 7 119& 6 122+ 7 107+ 8 yes

. 65 1.38@.22 211g13 156+ 7 126+ 7 129& 7 11~ 9 yes

Inverse Linear, Eq. 6 with
R = 1/(mp)2

, 5p 1.71 222+13 162' 7 130+ 7 13.3+ 7 116+ 9 yes

Inverse Quadratic, Eq. 7

Sakurai, Eq. 4, ((Kj = 1

Inverse Linear to ~~
exp

Inverse Quadratic to 0'
exp

Inverse Linear, Eq. 6

. 50

. 30

.58&.09 208+13 154' 7 124' 6 127+ 7 112+ 9 yes

.99+.17 212+13 154+ 7 123@ 6 127' 7 112' 9 yes

2.16'.26 184g13 155& 7 130% 7 135+ 7 118+ 9 yes

. 75 ~ 86+ ]p ].82+ ]3 ]53@ 7 128~ 7 134@ 7 1162 9 yes

. 75 1.10+.42 202+ 23 150+17 111@13 122+ 14 92g16 no

Inverse Linear, Eq. 6 with
R = 1/(mp) 2

.55 1.71 230+ 23 171+17 126+ 13 139g14 103@16 no

Inverse Quadratic, Eq. 7 .65 .42+. 14 194+19 144+ 14 10.6gll 118g13 106+ 14 no

g (K) (micr obarns)
yp

201+20 151' 9 134' 8 127+ 8 l.25g11

Then we have v, ' =
(~q ~/E)g, „„,and fits to o,„',

with the inverse-linear and inverse-quadratic
forms, are also shown in Table l. The 8 values
increase, and the g probability for the fit im-
proves, showing that we have taken out some of
the residual energy dependence. However, we
have insufficient statistical precision to warrant
choosing between Gilman cross sections and the
Hand cross sections. If we require R = I/(m~'),
the inverse-quadratic form is still ruled out by
our data.

When this experiment was proposed, there
were no reliable measurements of o z~(K), and
this experiment, when extrapolated to a. ~q'~ of
zero, was considered a method of determining
o ~~(K). There are now reliable measurements
of v ~(K). It is interesting to examine the effect
on the fits of fitting the various equations to just
the muon-proton inelastic- scattering data. These
fits are given in, Table I for the linear and in-
verse-linear forms. The extrapolation to (q ~

=0
leads to predictions of o z~(K), which fluctuate
somewhat with the type of fit used and because of
statistical error. But o 7~(K) is obtained with an
uncertainty of the order of 10 to 20%.
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The possible near degeneracy in mass of recently detected massive neutral boson
states with opposite charge conjugation allows for the possibility that a relatively weak
t"-nonconserving interaction is enhanced in mixing these states. Some observable C-
nonconserving effects that are consequences of this mixing are discussed.

p+p T+ p +p +77,

1Vl+ = 2190+ 15, 20 &y+ & 80, (1)

p+p T- f~s+Ks+ &u,

M = 2176*10, y = 20',",. (2)

When considering the origins of CP nonconser-
vation there is, on the one hand, the hypothetical
superweak interaction' (or perhaps a cosmologi-
cal equivalent) and on the other hand there are
theories that try to give some less accidental ex-
planation for the dominant feature, namely the
overall smallness of the CP-nonconserving ef-
fects seen in the E'-E' system. ' ' The latter the-
ories suggest the possibility that symmetry vio-
lations of a few percent are present in other pro-
cesses, and perhaps not only in weak processes.
Effects at this level are barely observable in a
practical experiment at this time and so there is
a disconcerting near coincidence of the empiri-
cal consequences of vastly different hypotheses
(a relatively strong violation versus a superweak
violation). Despite this, small C- or T-noncon-
serving effects outside of weak processes are be-
ing sought in painstaking experiments. ' '

In this note we remark that certain fortuitous
circumstances in the spectroscopy of heavy bo-
sons may allow for further fairly sensitive tests
of charge-conjugation (C) invariance in experi-
ments that can be performed. Recently two heavy
nonstrange bosons states have been reported
formed"" inPP collisions, with the indicated
masses and widths (in MeV)

The subscript on T denotes the C eigenvalue of
the neutral boson. The T, has G parity G = -1 and
therefore isospin t = 1." The T has either t = 1,
G=1 or t=0, G=-1." There is also evidence for
a bosonic state at a mass of about 2190 Mev in
the reaction"

p+p-K +E + &u.

Further the pp total cross section shows an en-
hancement at this energy, but with a width of
about 85 MeV. '4 Finally the charged-boson miss-
ing-mass experiment, "

m +p-p+X, shows a
state at 2195 + 15 Mev with a width of less than
13 Mev. This discrepancy in widths could be
taken as suggesting that whereas both T, and T
occur in the PP reaction, only the T is appre-
ciably produced in the vr p reaction. The latter
circumstance is consistent with production via ~
(rather than p) exchange in the f channel since
the effective co-nucleon coupling is considerably
stronger than p -nucleon coupling. This explana-
tion would imply that the T has t= 1, G = 1, and
thus that the decays into 3w (pw) and 2wv are for-
bidden to occur strongly (but may occur via the
intermediary of a virtual photon). However, the
strong decays into s~ and pf are expected al-
though detection might be impaired, in the former
case by the presence of two neutral pions, and in
the latter case by the large widths and by the fact
that a large S-wave production" of pf may occur
near threshold, making detection of a small bump
above background difficult. There is also the de-
cay T -K'+ 4 +g which may be difficult to de-
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