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Cross sections have been measured for the inelastic scattering of 7 and 7~ mesons from *H
and 3He in the 10-MeV interval just above the breakup thresholds, for incident pion energies of 142,
180, and 220 MeV and scattering angles of 40°, 60°, 80°, 90°, and 110°. No significant departure
from unity is observed for the ratios of charge-symmetric cross sections. Comparisons are made with
elastic pion-scattering and inelastic electron-scattering data.

PACS number(s): 21.45.4+v, 24.80.Dc, 25.10.+s, 25.80.Ek

I. INTRODUCTION

Pion scattering provides a means of exploring the
structure of nuclei in a way which depends on the distri-
butions of protons and neutrons within the nucleus. As
reported in earlier papers [1-4], elastic pion scattering
from the mirror nuclei *H and 3He has revealed a vio-
lation of nuclear charge symmetry. This effect is signifi-
cantly larger than can be accounted for by the Coulomb
interaction, and has been attributed to the differences in
the proton and neutron radii for these nuclei. A promi-
nent feature of the 77-3H and n+-3He elastic-scattering
angular distributions is the non-spin-flip dip near 75° in
the center-of-mass system. This is a consequence of the
Pauli principle, which inhibits spin-flip elastic scatter-
ing from the neutron pair in 3H and the proton pair in
3He, in conjunction with the strong angular dependence
of m-N elastic scattering. The two ratios of the charge-
symmetric cross sections, which we call the simple ratios,
are

ry = do(nt-*H)/do(n~->He)
and

ry = do(n~-*H)/do(n+-3He) .
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The ratios r, and r2 are dominated by scattering from the
unlike (odd, unpaired) and like (even, paired) nucleons,
respectively, of the trinucleon system in the angular re-
gion of the non-spin-flip dip, that extends approximately
from 50° to 90°. The superratio R, originally defined in
Ref. [1], is the product of r; and r,.

Pauli blocking does not apply to inelastic pion scatter-
ing, in which the trinucleon breaks up. There is no reason
to expect these reaction channels to demonstrate a large
violation of charge symmetry. The charge-symmetric ra-
tios are expected to be close to unity, since the cross sec-
tions are determined primarily by the charge-symmetric
elementary pion-nucleon amplitudes, modified by the ef-
fects of the nuclear medium.

The data on inelastic pion scattering presented here
were obtained simultaneously with those of Ref. [4]; they
did not require extra beam time. The results are sub-
ject to larger systematic uncertainties than the elastic-
scattering data, because the inelastic data are distributed
over all missing energies above the breakup thresholds,
while the elastic-scattering events are concentrated in a
single peak. The inelastic data therefore require much
larger background subtractions than do the elastic data.
Also, the ratio technique, which has proven to be so ef-
fective for elastic scattering, cannot be applied directly
because the breakup thresholds for 2H and >He differ by
0.8 MeV. Therefore, the cross sections were obtained for
the first 10-MeV interval above the breakup thresholds.

II. EXPERIMENT AND DATA REDUCTION

The experimental setup and procedures, as well as de-
tails of the beam monitoring, were identical to those of
Ref. [4]; we shall summarize them only briefly here.

The measurements were carried out at the Energetic
Pion Channel and Spectrometer (EPICS) at the Los
Alamos Meson Physics Facility (LAMPF). The hydro-
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gen and helium samples were contained in high-pressure
gas cells, 2.5 1 in volume, at 30 atm pressure; the sam-
ple masses were 18 g for 3H and 9 g for 3He. The ra-
dioactivity of the 3H samples was 186 kCi. The sample
masses were determined with an accuracy of 0.3% by di-
rect weighing before and after the experiment, and veri-
fied by PVT measurements. The target cells were stacked
in a ladder-type sample changer, together with 2H and
1H cells and an empty target cell for normalization and
background measurements. The cells were irradiated in
sequence (see Ref. [4] for details).

Data were obtained at laboratory pion kinetic ener-
gies T, = 142, 180, and 220 MeV at laboratory scat-
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tering angles 87, = 40°, 60°, 80°, 90°, and 110° for 142
MeV: 40°, 60°, 80°, and 110° for 180 MeV; and 40°, 60°,
and 80° for 220 MeV. Background spectra obtained with
the empty target were normalized using the measured
relative beam flux and were then subtracted from the
other spectra as appropriate. Examples of both raw and
background-subtracted spectra are shown in Fig. 1. One
can readily observe that the background rates for these
typical data range from about 30 to 70% for inelastic
scattering, while they are only a few percent for elastic
scattering. Absolute yields were determined from com-
parisons with 7-d and m-p elastic scattering (see Ref. [4]).
The relative detector acceptance as a function of position
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FIG. 1. Raw and background-subtracted spectra for ¥ and =~ scattered from 3H and *He at 142 MeV and 60°: (a)
n+-3H scattering; top curve, sample-in data, bottom curve, normalized (for equal pion-beam flux) sample-out data; (b) 7+-*H
scattering, (sample-out) background-subtracted data; (c) and (d) the same as (a) and (b) for 7w~ -3H scattering; (e) and (f) the
same for 77-3He scattering; (g) and (h) the same for 7~ -*He scattering. No corrections for acceptance (see Fig. 2) have been

applied.
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FIG. 2. Measured relative detector acceptance as a func-
tion of excitation energy, for 7% scattering at 180 MeV and
60°. The relative angular acceptance of the spectrometer is
scaled to 100% = 9.92 msr and the excitation energy is de-
termined from the focal-plane position via the momentum of
the scattered pion.

along the focal plane was obtained from a measurement
of mt elastic scattering from carbon, and is shown in
Fig. 2. The acceptance is a strong function of the posi-
tion of the detected scattered pion along the focal plane
of the spectrometer, and decreases precipitously as one
approaches the edge of the focal plane. The inelastic data
were analyzed in 2-MeV bins, and by comparing nomi-
nally identical runs, the data were found to be quite reli-
able up to 10 MeV above the two-body-breakup thresh-
olds (6.3 MeV for ®H and 5.5 MeV for >He). (Above
this excitation energy, the increasingly large background
subtractions, together with the approach to the edge of
the focal plane, resulted in fluctuations which were too
large to allow one to extract reliable results.) Thus, the
cross sections reported here are integrated over the en-
ergy bins from 6.3 to 16.3 MeV for 3H and from 5.5 to
15.5 MeV for ®He. The breakup energies for 3H (6.3
MeV) and 3He (5.5 MeV) are not the same because of
the n-p mass difference and the difference in Coulomb
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energy. The differences in Coulomb energy between the
n-d or n-n-p final states for *H (only one charged particle
in the final states) and the p-d or p-p-n final states for
3He (two charged particles in the final states) also should
be taken into account. Fortunately, the effect of the dif-
ferent breakup energies largely compensates for that of
the different Coulomb energies.

III. RESULTS

A. Cross-section ratios

The ratios of cross sections which require only the rel-
ative monitoring of the incident beam and correction for
differences in acceptance (see Fig. 2) are

p4 = do(nt-3H) /do (T -3He)

and
p— = do(n~->H)/do(n~-3He) .

These ratios have much smaller systematic uncertainties
(of the order of a few tenths of a percent, essentially
arising only from the uncertainties in the sample masses)
than do the simple charge-symmetric ratios 7; and r2 (for
which the systematic uncertainties are of the order of a
few percent, arising from the difference in monitoring of
the 7+ and the 7~ beams).

The superratio R = riry = pyp_ is likewise indepen-
dent of relative pion-beam monitoring, but involves all
four cross sections (instead of just two of them), which
therefore approximately doubles the statistical uncer-
tainties arising from background subtractions. The ob-
served large deviation of R from unity for elastic scat-
tering (Refs. [1-5]) is evidence for the violation of charge
symmetry. The results for the ratios of the inelastic-
scattering cross sections are given in Table I.

The quantity p, is the one measured with both the
best relative precision and the best absolute accuracy,
because the 77 beam is about five times as intense as
the 7~ beam and the 3H target contains twice as many
atoms as the 3He target. Thus, we compare, in Fig. 3, the
values for p; (or the weighted average of p; and 1/p_)
determined from the inelastic data of the present experi-
ment (and a previously unpublished point at 180 MeV by

TABLE I. 7% trinucleon inelastic cross-section ratios.

2 r2 P+ p— P, P, R
Tr = 142 MeV
Brab = 40° 0.97(29) 1.03(18) 0.42(9) 2.37(57) 2.45(49) 2.30(65) 1.00(31)
60° 0.99(16) 0.96(7) 0.47(4) 2.02(23) 2.04(16) 2.10(32) 0.95(15)
80° 0.81(12) 1.29(12) 0.53(4) 1.95(25) 2.42(23) 1.52(23) 1.03(16)
90° 1.06(24) 1.08(15) 0.56(7) 2.03(39) 1.90(25) 1.89(41) 1.14(26)
110° 0.85(24) 1.07(13) 0.54(5) 1.68(44) 1.97(24) 1.56(44) 0.91(26)
T- = 180 MeV
Brab = 40° 0.94(11) 0.95(8) 0.51(4) 1.74(18) 1.85(14) 1.83(22) 0.89(12)
60° 0.76(8) 1.07(9) 0.58(4) 1.38(15) 1.83(17) 1.30(14) 0.81(10)
80° 1.19(19) 0.99(10) 0.73(6) 1.60(22) 1.35(12) 1.62(26) 1.18(19)
110° 1.14(35) 0.87(17) 0.74(11) 1.33(37) 1.17(20) 1.53(49) 0.99(31)
Tr = 220 MeV
Brab = 40° 0.79(6) 0.38(3) 2.05(17)
60° 1.12(23) 1.02(9) 0.72(6) 1.59(27) 1.42(13) 1.56(30) 1.14(23)
80° 1.41(56) 1.05(31) 0.90(21) 1.64(57) 1.17(25) 1.56(65) 1.48(59)
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the authors of Ref. [3]) with the values for p; determined
from the elastic data of Refs. [3-5]. It is readily apparent
that the inelastic data remain nearly constant while the
elastic data vary substantially. The values for p_ for the
inelastic data also remain constant, with greater experi-
mental uncertainties (mostly statistical), while those for
the elastic data again vary substantially.

The quantities p4y and p_ are ratios of cross sections
that have been shifted in energy, because of the different
breakup energies for ®H and 3He. This procedure intro-
duces an additional uncertainty of several percent. There
is no energy shift, however, for the ratios

P, = do(n~-*H)/do(n+-3H)
and
P, = do(nt-3He)/do (7~ ->He) .

In fact, these ratios also are structureless for inelastic
scattering, and their ratio P;/P, agrees with p4/p_,
showing that the use of py/p_ does not produce mis-
leading results because of the energy shift. (Specifi-
cally, within experimental uncertainties, P;/P, agrees
with py/p_ for 8 of the 12 measured points, is slightly
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FIG. 3. The ratio p+ (see text) for (a) T» = 142 MeV; (b)
for 180 MeV; and (c) for 220 MeV. The open symbols repre-
sent the elastic-scattering data from Ref. [3] (squares), Ref. [4]
(circles), and Ref. [5] (triangle); the solid symbols represent
the inelastic-scattering data from the present measurement
(circles), and an unpublished datum from Ref. [3] (triangle).
The present data (solid circles) represent the weighted aver-
age of py and 1/p_ in order to minimize both statistical and
systematic uncertainties; in nearly all cases, these averages
are indistinguishable from the values of p, alone. The solid
lines connect points calculated from n-N data [6] assuming no
nuclear-medium effects.

larger for 3, and slightly smaller for 1.)

The simple ratios r; and r; and the superratio R for
the inelastic-scattering data reported here are typically
consistent with unity, while the values for 7o and R for
the elastic-scattering data in this angular range almost
all lie two or more standard deviations above unity [4].

B. Cross sections

The measured doubly differential cross sections [in
mb/(sr 10 MeV)] for the inelastic scattering of charged
pions from >H and 3He are listed in Table II and shown in
Figs. 4-6: Fig. 4(a) shows the cross sections for = +-3H
and 7—-3He for T, = 142 MeV as a function of center-
of-mass angle 6. m.; Fig. 4(b) shows the cross sections
for #~-3H and w+-3He, with a scale change of a factor of
2 for comparison purposes; Figs. 5(a) and (b) show the
same cross sections, but for T, = 180 MeV; and Figs.
6(a) and (b) show the cross sections for 220 MeV.
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FIG. 4. (a) The integrated-over-energy (see text) doubly
differential cross sections for inelastic 7*->H and =~ -*He scat-
tering as a function of center-of-mass scattering angle for
T, = 142 MeV; (b) for 7~ -3H and n*-*He. The 10-MeV
energy interval runs from 6.3 to 16.3 MeV for *H and from
5.5 to 15.5 MeV for ®He.



1886 B. L. BERMAN et al.
TABLE II. n* trinucleon inelastic cross sections [mb/(sr 10 MeV)).
nt-3H n~-3He n-3H nt-3He
T =142 MeV
Oap =  40° 0.305(54) 0.316(71) 0.747(71) 0.728(109)
60° 0.242(20) 0.244(34) 0.493(35) 0.513(39)
80° 0.135(11) 0.168(23) 0.328(22) 0.255(18)
90° 0.132(14) 0.124(23) 0.252(22) 0.234(24)
110° 0.137(12) 0.161(35) 0.271(26) 0.252(22)
Tr =180 MeV
Bl =  40° 0.589(46) 0.628(69) 1.090(74) 1.151(92)
60° 0.192(13) 0.254(22) 0.352(21) 0.329(21)
80° 0.078(6) 0.066(9) 0.105(8) 0.107(9)
110° 0.053(6) 0.047(12) 0.062(7) 0.072(11)
Tr =220 MeV
O =  40° 0.538(46) 1.102(77) 1.402(99)
60° 0.124(10) 0.111(17) 0.176(14) 0.173(15)
80° 0.029(3) 0.021(9) 0.034(6) 0.032(6)
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FIG. 5. (a) and (b) same as Fig. 4, but for T, = 180 MeV.

FIG. 6. (a) and (b) same as Fig. 4, but for T = 220 MeV.
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One can make several observations from these data.
First, a cursory comparison of the pair of cross sections
shown in each of the six plots shows that they are sub-
stantially the same, and indeed, this would be expected
if the cross sections were nearly charge symmetric, in the
absence of large asymmetric Coulomb effects. Second,
a rough comparison of the (a) plots with the (b) plots
shows that the cross sections shown in the latter plots are
approximately twice as large as those shown in the for-
mer; this would be expected if the pion-trinucleon cross
sections were dominated by the elementary pion-nucleon
amplitudes at or near the A resonance, since there are
twice as many neutrons and half as many protons in 3H
as there are in *He, and if the 7#*-n and 7w~ -p ampli-
tudes were unimportant and could be neglected. Third,
a more careful comparison of the (a) plots with the (b)
plots reveals that the cross sections in the latter are not
quite twice as large as those in the former, but fall about
15% short of that value; this would be expected if the
wt-n and 7~ -p amplitudes were about one-third as large
as those for 7*-p and 7w~ -n, which in fact they are.

To be more quantitative, the cross-section ratios p,
(or 1/p_) were calculated from tabulated 7+-p and =~ -
p data (Ref. [6]), assuming that do(n*-n) = do (7~ -p)
and do(nr7-n) = do(w+-p) and that no nuclear-medium
effects play a role. The calculated results are shown as
the solid lines in Fig. 3, and are nearly independent of
angle for a given pion energy: 0.60 £+ 0.02 for 142 MeV
and 0.58 £ 0.01 for 180 and for 220 MeV. The average
experimental values for p; and 1/p_ are 0.51 £ 0.06 for
142 MeV, 0.65 + 0.08 for 180 MeV, and 0.61 &+ 0.15 for
220 MeV. Even this rudimentary calculation agrees re-
markably well with the data.

Finally, perhaps in all cases but certainly in most, the
3H cross sections fall off somewhat more slowly with an-
gle, and hence with increasing momentum transfer, than
do those for 3He. This would be expected if the size of 3H
were smaller than that of 3He, which in fact it is. Gibbs
and Gibson [7] have analyzed the superratio data of Refs.
[3,4] to find that the source of the charge asymmetry is
just this—that the neutron radius of 3H is 0.030 + 0.010
fm smaller than the proton radius of 2He and the proton
radius of 3H is 0.035 4 0.007 fm smaller than the neutron
radius of 3He.

IV. DISCUSSION

A. Comparison with elastic pion scattering

Inelastic pion scattering at low to medium energies can
be characterized in two ways, depending on whether the
process is dominated by pion scattering from the nucleus
as a whole (incoherent but quasibound) or from the in-
dividual nucleons in the nucleus (quasifree). The former
case holds for barely inelastic scattering, where the re-
coil involves all or most of the nucleons in the nucleus,
and the latter for quasifree scattering, where the recoiling
body is a single nucleon.

It is illustrative to compare the kinematics of the scat-
tered pion for 7-3H and w-p elastic scattering, as can be
seen in Table III. Quasifree scattering resembles the kine-

TABLE III. Kinetic energy (in MeV) of the scattered pion
for T, = 180 MeV.

glab 7!'-3H w-p
40° 172 161
60° 166 141
80° 155 124
110° 146 98

matics of free m-p scattering, with a small energy shift
that depends on the assumed Fermi momentum distribu-
tion. For m-3H, this is about 6 MeV, which is accounted
for by the binding energy [8,9]. The values in Table III
show that with the possible exception of 6;,, = 40°, this
experiment is concerned with barely inelastic scattering,
since we report on pion results that are only 6-16 MeV
from elastic scattering.

(1) For barely inelastic scattering, the kinematics of
the scattered pion are very similar to those for elastic
scattering except that the kinetic energy is some 10 MeV
or so less; this requires that the recoil nucleus break up
but that the fragments have very little relative momen-
tum. The data presented here belong in this category. In
the impulse approximation, the cross section for barely
inelastic scattering is the incoherent sum of 7-p and 7-n
scattering times the probability for finding the nucleus in
the appropriate kinematic state, for which we will use the
appropriate nuclear form factors. For wt-3H scattering,
for example, the lowest-order approximation is

dofr**H] = I*[do(r*-p — n*-p)|Fy
+2do(nt-n — mt-n)|FL|?] , (1)

where the asterisk indicates that we are considering
barely inelastic scattering. TI'* is a correction factor
for three-body kinematics, nuclear shadowing, and final-
state interactions; F}, is the proton matter form factor for
3H and F, is its neutron matter form factor. With this
approximation, we obtain for the ratio of barely inelastic-
scattering cross sections

_ 2do(n™-n)|F,|? + do(n™-p) | Fp|? 2
© 2do(nt-n)|F,|? + do(nt-p) | Fp|2 )

P

in which the strong final-state interactions partly cancel
one another (although the electromagnetic ones do not).
This ratio also is less subject to experimental uncertain-
ties than is the absolute cross section.

In the region of the A(1232) resonance, we have the
following approximate relation:

do(rt-n) = ldo(nt-p) .

1
9
If we make the simplifying assumption that
2 _ 2
F, =[1-¢e(t)]F, , (3)
we obtain the ratio

Py = 171+ 0.8¢(t)] . (4)

Our experimental results for P; are given in Table I. They
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show that at each energy e varies monotonically with ¢,
which implies that the proton form factor for 3H differs
from the neutron form factor, and that the difference de-
pends smoothly on ¢. This is consistent with the detailed
calculation of Ref. [7].

(2) For quasifree scattering, the pion interacts primar-
ily with one quasifree nucleon. The energy loss of the
pion is comparable to that for scattering on a free nu-
cleon, and is much more than it is for barely inelastic
scattering. The cross section is the incoherent sum of the
free pion-nucleon elastic-scattering cross sections, modi-
fied by nuclear-medium effects, including the Fermi mo-
mentum of the initial-state nucleon, a reduced effective
nucleon mass to account for nuclear binding, and mul-
tiple scattering. The cross section depends only weakly
and rather indirectly on the nuclear wave function. Thus,
in the lowest-order approximation,

do[nt-*H]** = T'**[2do(r-n) + do(r"-p)] (5)

evaluated at the appropriate energy, the double asterisk
indicating a quasifree-scattering process. From Eq. (5)
we obtain the ratio of cross sections

_ 2do(m™-n) + do (7~ -p)

P = 2do(wt-n) + do(wt-p) (6)

Experimental data for the ratio P}* for the related case
of pion quasifree scattering on 3He in this energy region
has been obtained at PSI and LAMPF [8,9]. The chief
difference between P; and P;* (or between P} and P**)
is the angular dependence, which reflects the fact that
barely inelastic scattering depends critically on the nu-
clear wave function. In our approach, this dependence is
expressed via the ratio of the matter form factors. On
the other hand, quasifree scattering is insensitive to the
nuclear wave function, and the ratio P}* agrees very well
with the ratio of the elementary 7-IN cross sections (see
Ref. [9]). Comparison of Egs. (1) and (5) shows that the
cross section for barely inelastic scattering is expected to
be much smaller than that for quasifree scattering. This
is in accord with measurement.

Here we wish to compare barely inelastic with elastic
pion scattering. The cross section for the latter depends
on the coherent sum of the elementary m-N non-spin-
flip and spin-flip amplitudes f and g, respectively, and
also must reflect the effects of Pauli blocking resulting
from the antiparallel orientation of the spins of the paired
nucleons, e.g., the two neutrons in 3H. In the impulse
approximation, as discussed in Ref. [3],

do(n*-*H — nt-3H) 2 T{|f (= *-p) F,(*°H)
+2f (" -n) F(CH)?

+g(=t-p)F,CH)?} . (7)

As noted above, the angular dependence of the non-spin-
flip and spin-flip amplitudes, f ~ 2 cosf and g ~ sin0,
results in the non-spin-flip dip in P; at 6 = 90° in the
m-N system, which is at about 78° in the m-3H system.
Following Ref. [3], we have

do(r~-3H — 7~ -3H)
do(n+-3H — 7+-3H)

P=

(%+2at)2+%-i—tan20
14 204)2 + Ltan26
3 1

=0.9

(8)

where 0.9 is the ratio of nuclear shadowing corrections,
g/f = ; tanf, and oy = F,,/F,. The experimental val-
ues for the weighted average of P; and P, from Refs.
[3-5] are shown in Fig. 7, together with the evaluation of
Eq. (8), and are compared with the present data for the
weighted average of P and P}. The spectacularly differ-
ent angular dependence of the ratios P, and P/ clearly
illustrates the usefulness of the impulse-approximation
calculation for ratios of cross sections. .

The cross sections themselves for elastic (Fig. 6 in
Ref. [4]) and inelastic (Figs. 4-6 above) scattering can be
compared as well. The gross features at T, = 180 and 220
MeV are in reasonable correspondence, but at T, = 142
MeV there is a marked difference between elastic and
barely inelastic pion scattering which is not understood
at present.

B. Comparison with inelastic electron scattering

Finally, it is of interest to compare our barely inelas-
tic pion-scattering results to barely inelastic electron-

T I
(a) Tnz 142 MeV

2 —
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1 —
I T : T T ]
(c) T,=220 MeV
2 . —i\ ]
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1E t .
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FIG. 7. Weighted average of the ratios P, and P, for the
elastic-scattering data of Refs. [3-5] (open symbols, as in
Fig. 3) and P/ and Py for the present inelastic-scattering
data (solid circles). The curves are evaluations of Eq. (8) (for
elastic scattering), which, strictly speaking, are valid only for
180 MeV. (a) show the data for T = 142 MeV, (b) for 180
MeV, and (c) for 220 MeV.
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scattering data which have become available with the
work of Retzlaff et al. [10]. The data are given in Tables
IV and V as functions of both the four-momentum trans-
fer —t and the total center-of-mass energy /s. Figure 8
shows our pion double-differential cross-section data and
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FIG. 8. (a) Cross sections for e~ scattering from *H (open
symbols, from Ref. [10]), compared with those for 7% scat-
tering at /s = 3.081 GeV (solid circles), 3.115 GeV (solid
squares), and 3.151 GeV (solid triangles), vs —t; (b) the same
for *He. The lines merely guide the eye.

TABLE IV. Cross sections (for error bars see Table II) vs
—t and 4/s [mb/(sr 10 MeV)].

—t (fm™2?) /s (GeV) #t-*H 7 -He = ->H =t- He
0.67 3.081 0.305 0.316 0.747 0.728
0.93 3.115 0.589 0.628 1.090 1.151
1.24 3.151 0.538 1.102 1.402
1.39 3.081 0.242 0.244 0.493 0.513
1.93 3.115 0.192 0.254 0.352 0.329
2.22 3.081 0.135 0.168 0.328 0.255
2.56 3.151 0.124 0.111 0.176 0.173
2.65 3.081 0.132 0.124 0.252 0.234
3.07 3.115 0.078 0.066 0.105 0.107
3.44 3.081 0.137 0.161 0.271 0.252
4.07 3.151 0.029 0.021 0.034 0.032
4.73 3.115 0.053 0.047 0.062 0.072

the electron-scattering data obtained at 67 = 54° at dif-
ferent incident energies, plotted as a function of the four-
momentum transfer. In the impulse approximation we
have

dole™-3H]* = I™oym|F.|?,

where o) is the Mott cross section and F, is the charge
form factor. Since F. and F), should have nearly the
same t dependence, we anticipate that the barely in-
elastic cross sections for pions and electrons will have
a similar ¢ dependence in the appropriate kinematic re-
gion. This appears to be the case at T, = 220 MeV but
not so at T, = 180 MeV in the backward direction. At
T, = 142 MeV, the cross-section shapes are totally dif-
ferent. Perhaps this should not be surprising, since the
elastic and barely inelastic cross sections are different as
well. One factor that probably contributes to the lack of
correspondence in shape is that the pion data should ex-
hibit interference between s- and p-wave scattering while
the electron data do not. (Diffraction minima for both
would occur only at a much larger momentum transfer.)
A full analysis of the comparison between barely elas-
tic electron and pion scattering will be the subject of a
separate work.

TABLE V. Electron-scattering cross sections vs —t and /s
[nb/(sr 10 MeV)].

—t (fm™?) Vs (GeV) e -*H e -*He
0.23 2.92 413(34) 134(36)
0.77 3.00 266(24) 492(37)
1.62 3.08 109(11) 188(17)
2.64 3.16 27.3(48) 58.3(69)
4.27 3.24 6.9(16) 10.9(19)
5.98 3.32 1.7(5) 2.3(6)
8.10 3.40 0.4(2) 0.4(2)

11.70 3.51 0.05(7) 0.06(10)
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