VoLuME 10, NUMBER 6

PHYSICAL REVIEW LETTERS

15 MARCH 1963

linearity is good to 1 part in 2000. This is the
calibration which was used in the investigation
on B2 and N'2, and we found that the end point
of B2 is in agreement with the value from the
reaction data'? within the experimental uncer-
tainty of 0.3% of the end point of the Kurie plot.
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A recent experiment by Danby et al.' showed
that if the reactions

v, +n—p+e” (1)
and

v th=n +et (2)

have cross sections comparable to those of

vV otn-p+p” (3)
" pru
and
v +p-n+put (4)
M p K
at the observed momentum range, then v, is,
most likely, different from v . Nevertheless,

it could be argued that the form factors for the
heavy-particle currents in the e*-producing re-
actions might be very different from that in the
u*-producing reactions at momentum transfers
greater than, say 200 MeV. K this were the case,
the observed absence of Reactions (1) and (2)

unless an absolute theoretical lower limit could
be established for the rates of the e*-producing
reactions without a relative comparison with that
of the ui-producing reactions. The purpose of
our first remark is to point out that such a limit
can indeed be set, provided one assumes the
conserved vector-current hypothesis proposed
by Feynman and Gell-Mann? to be correct for
Reactions (1) and (2). Recently, striking con-
firmation of this hypothesis has been obtained by
Wu, Lee, and Mo for the case of 8 decays of N'2
and B'2.3

Let do(1) and do(2) be, respectively, the differ-
ential cross sections for Reaction (1) and Reaction
(2); let do be their arithmetic mean:

do =3[do(1) +do(2)]. (5)

In terms of the form factors* gy fy» and g,
the cross section do can be written as a sum of
two positive terms

would not imply the existence of two neutrinos do =d0V +do,, (6)
where i=c=1),
= -1(7 .2 -1,212, 2 - 2)-1 2 - 2, 2, 2
do,, (4n) " *dq ){[(2mnkV) q ]gV +[2 (2mnku ) (mn +2ku)q ][(2man gV) +a¥, 1 (1)
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do, = (471)'‘(dqz)lgrA2{(2ku2)"q2 +1

+[1- (2mnky)"q2]2}. (8)

q° is the square of the 4~-momentum transfer, k,
is the energy of the neutrino (or antineutrino) in
the laboratory system, and m,, is the mass of the
nucleon. It is important to notice that there is
no interference term between the vector form
factors and the axial-vector form factors in the
expression for do. Therefore, we obtain the
inequality

> . 9
do doV 9)

Assuming that the conserved vector-current
hypothesis is correct for 8 decay, the form fac-
tors g, and f, for Reactions (1) and (2) can be
obtained from the known isotopic vector parts of
the charge and magnetic form factors F, and F M
of the nucleon.® We have (in the absence of an
intermediate boson)

gV=GV[FQ+(up- wIF, |

and
fV=cV(2mn)“(up - F (10)

where Gy, is the Fermi coupling constant (G v
=10"%m,,”?), and Hp=1.79 and py =-1.90 are,
respectively, the anomalous magnetic moment
of p and that of » in units of the nuclear Bohr

magneton. In Fig. 1, oy, is plotted by using
FQ=FM=(1 +55q%%)73, (11)
where a=0.8x107*% cm, and oy =ldoy.

In the experiment by Danby et al., there are
about equal numbers of neutrinos and antineu-
trinos. By using this lower limit of the cross
section and the known flux, we conclude that if
ve =vy, then a total number N, of e* should be
observed during the experiment by Danby et al.,
where

N >12. (12)
e

This number is subject to an error of +30% due

to poor knowledge of the flux. At any rate, this

is in disagreement with the experimental result.
This lower limit is independent of any symmetry
assumption between e* and u*.

Our second remark concerns the consequences
of the possible existence of an intermediate bo-
son, W¥. If Reactions (1)-(4) are actually second-
order processes mediated by the exchange of such
a boson of mass my,, then (10) should be changed

Table I. Number of u* that should be expected in the
experiment by Danby et al. for various values of my,
and b. The actual observed number of events =29. Note
that these numbers are only valid to +30 % in the actual
experiment because of lack of knowledge of the neutrino
flux. They are listed to the above accuracy only to in-
dicate the sensitivity of this method of determining b.

T T T T T T T
o, IN 1073 cm2 _ll; Expected number

4+ 4 my, (107" cm) of events
- 1 500 0 20.0
500 0.1 19.8
3+ s 500 0.2 19.1
500 0.4 17 .4
o - 500 0.8 13.9
500 1.6 9.1
2r 1 750 0 31.0
750 0.1 30.6
r 4 750 0.2 29.2
750 0.4 25.4
(RS . 750 0.8 19.1
750 1.6 12.9
B 7 1250 0 45.2
1 | 1 | | | 1250 0.1 44.5
0 " R 32 1250 0.2 42.0
(Ky/mp) IN LAB. SYSTEM 1250 0.4 35.1
1250 0.8 24.7
FIG. 1. A lower limit of 3lo(v,+n—~p+e”)+0(T,+p 1250 1.6 16.7

—-n+e")].
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into

8y =GylF g+ Gy = F N1 emy 5"

and

= -1 - 1 -2 2]-1
fV-GV(Zmn) (up un)FM[1+mW q*]™".

(13)

In such a case, the heavy-particle current that
interacts with W* must be responsible for both
Reactions (1) and (2), and Reactions (3) and (4).
Therefore, if v, =v,, and if Ww* exists, the total
number N, of u* produced must be the same as
N_ (neglecting the mass difference between e and
pf, This does not agree with the observed result.

Furthermore, information concerning g4 can
now be obtained by using (6), (11), and (13). As
an ad hoc assumption, we may take g4 to be of
the form

gAz-GA[l +i %% 71 +mW"2q2]'l, (14)
where G4 =-1.25Gy,. Then, for example, we
may calculate how many events would have been
expected in the Brookhaven experiment for vari-

ous choices of my, and . The results of this

calculation are shown in Table I. The results
are not to be taken as any more than an indication
of the sensitivity of the procedure, inasmuch as
the neutrino flux in the experiment is not known
to better than 30%.
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The total cross sections for 7 on protons in the

energy range from 1.5 to 6 BeV have been meas-
ured in a transmission experiment at the AGS.
Many measurements have been made in the past
at pion kinetic energies below 1.5 BeV,'™ and
recently data in the energy range 5-20 BeV have
become available.*® However, in the intermediate
range, the total cross section has been determined
only at widely spaced points,?®®s7 particularly in
the case of 77 -p. It is the purpose of this Letter
to report new data in this range, taken in smaller
energy steps and with a statistical accuracy of
about 1%. These results indicate two statistically
significant and previously unreported pion-nucleon
resonances, one in each of the two isotopic spin
states.

The secondary beam was taken at an angle of
-15° to the internal proton beam of the AGS. The
particles, after collimation and magnetic analysis,
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were defined by 2-in. diameter scintillation coun-
ters S, and S,. The pions were identified by
means of a differential gas Cherenkov counter?
taken in coincidence with S, and S, to form a pion
telescope. Any pions interacting in the walls or
gas of the Cherenkov counter were swept away

by a second bending magnet. The flux in the tele-
scope varied from 2x10® per pulse at the lowest
momenta to 3x10% per pulse at 6 BeV, for an in-
ternal circulating beam of 3x 10! protons per
pulse. The accepted beam, whose absolute mo-
mentum was known to +13% and had a spread of
43 % full width at half-height, was then incident
upon a 48-in. long liquid hydrogen target, 6 in.

in diameter, and with 0.007-in. Mylar walls.

The pions which passed through the target were
detected in four scintillation counters S,_, the
outputs from which were separately placed in
coincidence with the telescope and scaled.



