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and the even-I. moments of the polarization distribu-
tions) for strong decay and found them to be consistent
with zero.

The conclusions that may be drawn from the *(1530)
analysis described above are (a) the spin must be
greater than -'„but need not be more than s, and (b)
the *parity is that of a I'3/s (or Dsts) state rather than
of a Dsts (or Fsts) state. The comparison of the spin
g' values of Table II with the distributions of Fig. 3
and also the comparison of the I'3~2 and D5~2 curves of

Fig. 2 support statement (a). Examination of the
parity x"s of Table II (in comparison with Figs. 4
and 5) indicates that the Dsts hypothesis is discriminated
against with perhaps a &~3% confidence level and thus
supports statement (b).

We express appreciation for contributions made by
other members of the Alvarez group in the acquiring
and processing of the data discussed here. We thank. in
particular Deane W. Merrill for his interest in the final

stages of analysis.
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Measurements of the di8erential cross section for the reaction y+p —+ x +w++p have been made at
several angles for photon energies in the range 550—1000MeV, using the Stanford Mark III linear accelerator.
The ~ were detected and momentum-analyzed using a 90' magnetic spectrometer. It was found that the
reaction was dominated by the quasi-two-body photoproduction p+p —+ ~ +Q (1238) especially near the
threshold for this process. At low momenta, the w were identified by range. At high momenta (&250 MeV/c),
the contaminating electrons were eliminated by using a lead and scintillation-counter sandwich system, The
yields of both x and ~+ from hydrogen were measured, and the normalization was obtained by comparison
with the known cross sections for p+p —+ m++e. Computer calculations of the shapes of the yield curves
expected from two-body and three-body production enabled the data to be separated into the two possible
states p+p —+ 7f +g~ (1238) and y+p —+ g +w++p. Angular distributions and total cross sections are
presented.

I. INTRODUCTION

'HE photoproduction of pion pairs from protons
was first observed by detecting negative pions

emitted from a hydrogen target placed in the brems-
strahlung beam of the California Institute of Technology
synchrotron. ' ' This effect was confirmed at Stanford
by Friedman and Crowe. 4

The first detailed study of the reaction producing the
negative pions, y+p —+ sr +sr++ p, was carried out by
Bloch and Sands" at the California, Institute of
Technology. They detected the x with a magnetic
spectrometer and used measurements of single x+ photo-
production to normalize the m yield. We have adopted
the same technique, but the high intensity of the
Stanford Mark III linear accelerator has enabled us to
obtain much more data and to analyze in detail the

*Research supported by the U. S. Once of Naval Research
under Contract Nonr 225 (67).
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Rev. 99, 652 (1955).' V. Z. Peterson, Bull. Am. Phys. Soc. Ser. II, 1, 173 (1956).
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shapes of the bremsstrahlung yield curves, giving infor-
mation on the final state.

A group at Cornell also studied the photoproduction
of pion multiplets using a hydrogen-filled diffusion cloud
chamber. ~ ' In this work, the dominant process was
found to be y+p ~ rr +sr++p, and this reaction was
analyzed and total cross sections for incident photon
energies in the range 400—1000 MeV were obtained. The
detailed analysis of this reaction led to the conclusions
that the m+ and ~—

play markedly different roles so that
the process could not be described by a simple statistical
model and that an appreciable fraction of the final state
was reached by formation of the two-body system
sr +Pa (1238) with subsequent decay of the S* into
sr++ p.

These conclusions were the motivation for our study
of this process in further detail, and our analysis of the
shape of the x yield curves has allowed us to separate
out the two-body channel and obtain angular distribu-
tions of the m in the center of mass for the reaction

y+ p —& tr +Ã*(1238).

7 J. M. Sellen, G. Cocconi, V. T. Cocconi, and E. L. Hart, Phys.
Rev. 113, 1323 (1959).' B. M. Chasan, G. Cocconi, V. T. Cocconi, R. M. Schectman,
and D. H. White, Phys. Rev. 119, 811 (1960).
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II. THE EXPEMMENT

The Experimental Equipment

A diagram of the basic experimental equipment is
shown in Fig. 1. Electrons from the Stanford Mark III
linear accelerator struck a 0.036-cm copper radiator.
The beam, containing both electrons and photons, then
passed through a ditching magnet, which removed the
charged particles from the beam, allowing the photons
to pass axially through a cylindrical liquid-hydrogen
target 5 cm in diameter and 30 cm long. Negative pions
emitted from the target and transmitted through the
90' bend, 112-cm-radius spectrometer were detected by
a suitable counter telescope placed at the focal plane, in
a well-shielded cave. The spectrometer was supported
on a gun-mount which enabled the detection angle, 8 to
be changed remotely by swinging the gun-mount about
its axis which passed through the center of the liquid-
hydrogen target.

The photon beam position was continuously moni-
tored by means of a television camera viewing the light
spot produced by the photons in a cesium bromide
crystal mounted accurately on the downstream window
of the hydrogen target vacuum chamber. The beam
spot was typically 6 mm in diameter and could be
positioned to +1mm. The beam direction was known
to within +5 mrads.

The liquid-hydrogen target was of the condensation
type and was constructed for a previous experiment by
Browman and described in detail by him. One modifica-
tion made was to attach a thick copper heat strap con-
necting the target cell, containing liquid-hydrogen under
excess pressure of 1-,' atm, to the reservoir containing
liquid-hydrogen boiling at atmospheric pressure. This
was to ensure that the hydrogen in the target cell did
not boil and so produce fluctuation in the effective
density of the target.

The magnetic spectrometer has been described in
detail elsewhere. " In this experiment the entrance

CU
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aperture was limited by a mask containing a hole 12.7
cm high and 7.6 cm wide, placed about 75 cm from the
center of the hydrogen target. Since the spectrometer
has no focusing in the nonbend plane, the angular
resolution was determined by the size of the defining
counter at the focal plane and the size of the entrance
aperture. This produced a resolution of &15 msr. The
intrinsic momentum resolution of the spectrometer is
&0.1 jo, but for this experiment the defining counter
was allowed to accept +1-,'%%uo since high momentum
resolution was not necessary.

The counter telescopes used to detect the pions trans-
mitted by the spectrometer had to reject the background
of electrons also transmitted. Adequate rejection was
obtained by utilizing three different techniques in
different momentum ranges. In all cases the defining
counter was 7.6&(7.6 cm and was preceded by an
absorber of suitable thickness to stop protons which
were transmitted when the spectrometer was set to
detect m+ mesons.

For the very low momentum measurements, p & 140
MeV/c, the pions lost much more energy than electrons
in traversing the plastic scintillator; thus good rejection
against electrons was obtained by pulse-height dis-
crimination. However, as an additional safeguard, a
5-cm-thick Lucite Cerenkov counter, C was also used to
veto electron events. For this low-momentum range, the
telescope was simply two 7.6)&7.6-cm scintillation
counters backed up by the Lucite Cerenkov counter. A
detected pion was signalled by a 12C coincidence. With
this arrangement the rejection ratio for electrons was

typically 300:1.
Figure 2 shows the counter telescopes used in the

intermediate- and high-momentum ranges. In the range
120 MeV/c(p &240 MeV/c a range telescope was
used. A wedge of polyethylene absorber, placed after
the proton stopper, was used to compensate for the
momentum acceptance of the defining counter and so
produce pions with equal momentum. By adjusting the
amount of absorber between counters 2 and 3, the pions
were made to stop in counter 3. Counter 4 was a veto
counter to eliminate electrons. In this arrangement, a
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Pro. 1. Schematic diagram of experimental arrangement.
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FIG. 2. Two of the counter telescopes used to separate
m mesons from electrons,
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pion was signalled by a 1234 coincidence. This telescope
gave typical rejection ratios against electrons of 100:1.

In the range p, &240 MeV/c, the electron contami-
nation was eliminated by using a lead-scintillation
counter sandwich. The electrons produced an electro-
magnetic shower in the lead in which most of the energy
was propagated down the telescope in the form of
photons. The photons were not detected by the scintil-
lators, and the pions were signalled by 1234 coin-
cidences. The rejection ratio in this momentum range
was strongly dependent on the amount of lead in the
sa.ndwich which was limited by the range of the pion.
At 240 MeV/c the rejection was 200:1 but became
much better at the higher momenta, being 2000: 1 at
400 MeV/c.

In all the telescopes, conventional scintillation
counters were used which consisted of square sheets of
scintillation plastic coupled by Lucite light pipes to
R.C.A. 6810A multiplier phototubes. The outputs from
the anodes of the phototubes were transmitted on
RG-62/U coaxial cable to the counting room. Com-
mercially available Chronetics fast logic was used to
determine the coincidence requirements.

The electron beam current was monitored by inte-
grating the output current from two secondary emission
monitors in the beam which were periodically calibrated
against a Faraday cup although it was not necessary to
know the absolute efficiency for this experiment.

The Measurements

The yield of s. mesons was measured for fixed p and
0 in the laboratory as a function of incident electron
energy from threshold up to the maximum energy avail-
able ( 1100MeV). The machine energy was increased
in discrete steps, usually of 50 MeV. Uncertainties in
the detection efFiciencies of the telescopes were removed
by measuring the yield of s.+ mesons at the same p from
single m+ photoproduction. The detection efficiency q
was then evaluated using published data on the differ-
ential cross section for m+ photoproduction. ""For the
high-momentum runs where the telescope contained
many radiation lengths of lead, the data were corrected
for the slight difference in interaction lengths of m+ and
x . In the worst case this correction was only 5%, and
so could be evaluated with some confidence by inter-
polation from measured x+ and m cross sections, "even
though no data exist at exactly the energy region desired.
Background runs were taken periodica, lly during the
measurement of the yield curve by replacing the liquid-
hydrogen target cell by an identical, empty cell, which

"R.L. Walker, J. G. Teasdale, V. Z. Peterson, and J. I.Vette,
Phys. Rev. 99, 210 (1955).The cross sections used were evaluated
from the table of average experimental values of the coefBcients
A, 8, and C in the expansion of 0 (e) in polynomials (Table III of
this paper).

~ F. P. Dixon and R. L. Walker, Phys. Rev. Letters 1, 45$
(1958).

'

"A. Abashian, R. Cool, and J. W. Cronin, Phys. Rev. 104, 855
(1956).

was contained in the same vacuum chamber and was
moved into the beam line by raising the complete liquid-
hydrogen cell and reservoir system. The empty target
background was typically 5/o and was subtracted.

The efficiency of the telescopes for detecting electrons
was measured by detecting elastically scattered elec-
trons, after removing the copper radiator and degauss-
ing the ditching magnet. In most of the runs, the
e%ciency for detecting electrons was small enough to
make corrections for electron contamination negligible.
In a few of the runs in the intermediate momentum
range, a small correction was applied which was always
less than 10jo of the peak yield of s. .

Yield curves consisting of the number of ~ mesons
per incident electron as a function of incident electron
energy were obtained at various laboratory angles 8 for
m momenta of 80, 100, 123, 142, 160, 180, 200, 240,
300, 350, 400, and 450 MeV/c. In all, 64 yield curves
were obta, ined of which 7 were cross checks of the results
using alternative detection telescopes in the regions
where two diRerent telescopes could operate success-
fully. From the shape of the yield curves, the contribu-
tion from y+p-+7r +X* was separated out, and 57
measurements of the differential cross section for this
process were obtained for eRective photon energies be-
tween 575 and 950 MeV.

Some measurements were also made of the yield of
x+ mesons above the threshold for m-pair production.
Unlike the x yield, no sharp rise in yield was seen in the
region of X* production, so it was concluded that the
process y+P ~ s.++X*' was not contributing signifi-
cantly to the m.-pair production, and that we were detect-
s.+ mainly from decay of 1V*++~ s.++p.

III. THE RESULTS

The dominant production mode of x-pairs was
found to be that with the quasi-two-body 6nal state
s +X*(1238). Hence it was useful to make the
analysis follow closely the analysis of single-pion photo-
production, for example y+p ~ a++n, which was the
reaction used to normalize the data.

The measurement of the yield of ~+ mesons at Axed

p and il from single-pion photoproduction gives the
differential cross section o+ (p, g) in a very simple way,
because the kinematics of two-body photoproduction
impose a 6 function constraint on the energy of the
photon (k) initiating the reaction. As a result the yield
of x+ as a function of incident electron energy, E has a
shape characterized by the bremsstrahlung function
4 (E,k) which rises steeply at threshold (8=k,) and
then atta, ins an a,lmost constant va, lue when E is about
50 MeV above threshold. Figure 3 shows a typical m.+

yield curve illustrating this feature. The diRerential
cross section can then be related to the height of the
yield curve in terms of the detection efficiency, target
thickness, radia, tor thickness, and accepta. nce of the
spectrometer.
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p = t40 Meu/c

I9 =l&Zo

k =z65Meu

Pro. 3. Illustration Of a typical
x yield cGI ve.

8(35 .$ o'+ (P,8) ls thc m'+ dlffercntlal cl'oss scctloll 111

the center of mass corresponding to production of x+
with momentum p and angle 8 in the laboratory;
(dQ~/dQ) is the solid angle transformation factor; DQ is
tllc sohd allglc of tllc dctcc'tloll systc111 Rnd 7f(p) ls 'tllc

CKciency of the counter telescope when detecting pions
of momentum p.

The yield may be expressed in a more convenient
f01D1: 1

I"+(Z)=J+(P,8)lt(P, 8),*(P,8)k,e (Z,k,), (3)

IOO
l l

500
E,(Meu)

THRESHOLD

J+(p,8) = (dQ*/dQ) (p/k, ) (dk/dp)
= Jacobian for s+ photoproduction;

IC(P,8) = r(8) (~P/P) ~Q~(P) .

In this experiment, Eq. (3) was utilized together with
the known value of o+*(P,8) to evaluate E(P,8).

Analysis of the Yield Curves

A. n.+ retd from y+p~ s.++I
The kinematics of the two-body anal state give the

following relation for the energy of the photon initiating
the reaction:

1 m '—(m„'+m.')+28.m„
kg=-

2 m~ —E +p, cos8,

where E, p, and 8 are the laboratory total energy,
momentum, and angle of the detected pion.

The yield of x+ then depends on the number of
photons of energy k& available at the given electron
energy E, which is given by the well-known brems-
strahlung function, C (E,k). We can express the yield
of m+ per electron as

V+(E)=C (Z,k,)8k,r(8)~,*(p,8)(dQ*/dQ)aQ~(p), (2)

where bk~ is the photon energy interval corresponding
to the momentum acceptance of the spectrometer
= (dk/dp)hp; T(8) is the H2 target thickness in protons
crn '. LThe angular dependence comes about because
the spectrometer sees a length of target which is a func-
tion of the angle. T(8)~ (1/sin8) except at angles

The situation would be identical for the reaction
y+P -+ Ir +E*if i—t were not for the width of the Ã*
resonance wh).ch necessitates thc replacement of thc 8
function constraint on k by an equivalent Breit-Wigncr
constraint. However, it is still true that if the measure-
ment of the yield curve of m is continued to su@ciently
large E, then the yield should attain a constant value
which can be directly related to the cross section for
producing X*+s in a manner similar to the s.+ case.

Thus the qualitative signature of S~ production in
the final state is a yield of m which rises fairly rapidly
in a manner characterized by the E~ mass and width,
and becomes independent of E at the higher energies.

B. ~ Field from y+p~~ +Ir++p

1 r' (m, '+m, ')+2—E m~k=—
2 m„—E.+p. cos8~

where k is the energy of the photon initiating the
reaction and r' is the invariant mass squared of the re-
coiling PIr+ system. In analogy with the n.+photoproduc-
tion we de6ne k~ as the photon energy when r'= JJP 3f
being the mass of the E~ (1238 MCV). The threshold
for production of s.-pairs, ko is given by Eq. (4) with
rl= (m,+m.)l.

From Eq. (4) we see that for every possible value of
tile 111VRIIRIlt Illass Of 'tllC ICcolllllg ps'+ SyS'tCIII thelC
corresponds a de6nite photon energy to produce a m

of the correct p and 8. This is an important point be-
cause we shall identify the "two-body" cross section
for y+p ~ s-+Ã~ at 6xed p and 8 with the photon
energy k& corresponding to recoil of invariant mass
1238 MCV. It should be noted, however, that the photon
energies initiating the reaction vary as we consider
diferent regions of the mass spectrun1 of the Ã* and are
specified through Eq. (4).

In order to describe the yield of m we need the
probability that the pm.+ system has invariant mass r'
as a function of r' Lor equivalently of k speci6ed through
Eq. (4)j. Here we recognize two possible situations.
The PIr+ system can exist in a nonresonant state in
which we assume that the invariant mass distribution is
dependent only on phase space. On the other hand, the
pIr+ system can be produced in the S*,and we describe
the mass distribution in this case by a E-wave Sreit-
g ignt,*r r|;sonance multiplied by the phase spa, ce, Tht:

The spectrometer in this case measured the yield of
Ir

—per incident electron at 6xed P and 8 as a function
of E.. The kinematics of the three-body 6nal state give
the following relation:
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probabi sties orb b'1' f these two situations are uesig p
. d nated, k, following:

and p'(k), respectively, and are given by

p(k) =a(sin8. /kr')(p. '/E )

&&([r'—(~„—~.)'][r2—(~„+~,)21}»', (5)

I' (E)=AS(E)+BS'(E),

A =J-(p,8)K(p, 8)a *(p,8),
B=~-(p,8)~(p,8)=*'(p,8),

sin8 p
' MI'

'~k~=b
E, (.—M)+Mr

where

r —m„—m~ ' r' —m„m~ '

[M' —(m, m—)'j[M' (r—e„+m.)')

(6)

(7)

d,nd

S(E)= kC (E,k)p(k)dk,
kp

S'(E)= kC (E,k) p'(k)dk.

p'(k)dk= 1,

p(k)dk= p'(k)dk.

The parametrization of the 3,
~ ~

3, * distribution through
E s. (6) and (7) gives reasonably good agreement wit
the results of m-p phase-shift ana y, pe —

'
nal ses es ecially within

'dth from the central value, using F of 94Meone wi
of x er incidentWe can now describe the yield o x p

electron:

F' (E)=~ (P 8)&(P,8) *(P,8)-kC (E,k) p(k)dk

0=P-wave Breit-Wigner widtrr,

h 'dth of lV* and equals 94 MeV; and a, 6 areFoist ewi o
n such thatnormalization constants chosen suc t a

In order to evaluate 0 p, 8 the integrals S(E)
d S'(E) were calculated numerical yll and the coeall

A nd 8 were adjusted to give t en
' '

e best least-cients Ml

or the ur osesquares oq 6t t the measured yield curves. For e p p
isi '

to theof 6tting, on y s a is i1 t tistical errors were assigne to
ield so that the &' probability could be used as a es oyieldsot a e

the adequacy of our analysis. iince acce table X' values
were obtaine or ad f ll the yield curves we feel the tec-
ni ue is accep at ble even though we have imp ici y

ossible interference between the resonant anIlCl

nonresonant production. Figure a s
ield curves wit e'th the 6tted function I' (E).Figure

shows the "unfolded" yield and displays graphica y ell the
ss distributions de6ned in Eqs. (5) and (6).invariantmass is ri u i

error weh 6tted value of 8 and its associate eFromt e e v
+ ield at theobtaine o.d *'(z 8) using the measured m. yie a

to evaluate E(p,8). The error on 0. (p, )
'-0 in-

cluded the 6tting error, the error on the m

aswel ast esa'1 h t tistical errors from both the x and m+

ields.
1 1 r distributions we associated

~ ~ ~

In order to plot angu ar

where

+rr *'(p,8) kC (E,k) p'(k)dk, (10)
P&= l60 MeV/e

8~= 65O

J'—(,8) = (d0*/dO) (p/k, ) (dk/d p) -Jacobian for
'r+p ~ 7r ~ ev~S* evaluated at central mass
value of 37*;

Ap
K(p, 8)= T(8) an~(p);

8~ is the center-of-mass differential cross section

b t r whenrecoilvr+Pisnonresonant;anda *',8
h t -of-mass differential cross section pon for ro-is the cen er-o -m

1 8 in the labora-ducing m with momentum p and augie in e

The Jacobian, which has small k dependence, has een
ulled out of the integral and evaluated at

assuming recoil of a unique mass o
Rewriting q.E . (10) in a simpler form, 'we have t e

Pro, 4. (a)
yield curve showing
theoretical 6t. (b)
The same theoretical
Gt after unfolding
the bremsstrahlung
spectrum. The sym-
bols are explained in
the text.
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FIG. 7. Angular distributions of r in the center-of-mass system
for 7+p ~ x +E*for photon energies of 900 and 950 MeV.

method of least squares by polynomials of the form

0 ~ i i i I »» I

+I 0 -I
cas 8

0 i i t & I i i i i I

+I 0
0*(g)=P a cos"8*. (12)

FrG. 5. Angular distributions of ~ in the center-of-mass
system for p+p —+ ~ +N* for photon energies of 575, 600, 625,
and 650 MeV.
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Fro. 6. Angular distributions of ~ in the center-of-mass
system for y+p ~ m +N~ for photon energies of 700, 750, 800,
and 850 MeV.

the cross section 0 *'(p,8) with the two-body cross
section o*(tt) at Axed photon energy, k, in analogy with
single-pion photoproduction. The center-of-mass differ-
ential cross sections for y+ p ~ m+E~ as a fu. nction of
cos8* are shown in Figs. 5—7, for values of k& from 575
to 950 MeV.

The diBerential cross sections were 6tted by the

The highest power of cos8* was determined from
observation of the X' probability of the 6t for different
values of /. If / were chosen too large then the X' was too
small. The angular distributions for k~=575 and 600
MeV were well 6t with 1=1.All the other curves were
successfully 6tted with t=2. The 6tted coefFicients,
together with their standard deviation error, are given
in Figs. 5—7, which also have the best-fit curves drawn
through the data. The total cross section for y+p~
~ +E~ was evaluated by integration of the differential
cross section, using the best-6t coeKcients and their
associated variances and covariances.

The nonresonant production of m has no simple
analogy with the two-body single photoproduction,
since there is no preferred value for the invariant mass
of the recoil ps+ system, and so the higher the energy
of the incident photons, the greater is the invariant mass
of the recoil. Since the probability of producing an
invariant mass r2 is almost independent of r', there is no
simple normalization for p(k). However, in order to ob-
tain a value for the cross section for y+ p —+ n. +~++p
including both 37* production and nonresonant pro-
duction, we have used the normalization given by
Eq. (9). The physical interpretation of this normaliza-
tion is that we associate the process with the photon
energy k&, and we have normalized such that we have
equal probability for producing recoil-invariant mass
greater than or less than the X*mass, the total proba-
bility being unity. With this normalization we can
identify A+8 with the differential cross section for
y+p~ s +m++p, and hence obtain the total-inte-
grated cross section for comparison with earlier data.

The cross sections as a function of photon energy for
both y+P ~ ~ +n++P (including E*production) and
«» y+p~~ +E*are shown in Fig. 8, together with



2r —PA I R PHOTOPRODUCTION 8EL0% 1 BeV

IOO-

90-
CORNELL DATA

so-y+p —v+v+p~ i
70-

IIo

~ 50-
Kl

40-
b

30-

20-
PRESENT J ),+ p

DATA

Jy'+p ~7T +7P+p
N~

THRESHOLD

0 i l li l

0 500 600 700 800 900 l000
k MeV
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IV. CONCLUSIONS AND COMPARISONS
WITH OTHER EXPERIMENTS

The experiment seems to be in excellent agreement
with the early results from diffusion cloud chamber
measurements, ~' and the results reported from the
Cambridge Bubble Chamber Group. "

Photo pair production of m mesons proceeds at thresh-
old predominately through the rr +N* channel. The
cross section rises rapidly at threshold, peaks in the

"Cambridge group report to the Hamburg Conference, June
1965 (unpublished).

region of 650 MeV, and drops slowly at higher energies.
The angular distributions are relatively Hat in the neigh-
borhood of threshold and become increasingly forward-
peaked at higher energies. The peak of the cross section
does not coincide with the position of the second reso-
nance. A possible explanation is that, as in inelastic pion
scattering, there is a substantial contribution from the
P11 state in the region from 600 to 700 MeV. As both
the D» and P&1 intermediate states lead to isotropic
angular distributions for the m=E* final state, it is not
readily possible to difkrentiate between these two
possibilities.

In view of the presence of the states P'J/2 P3/2
Ii 5~2 plus retardation terms in photoproduction, ~'—"we

have not attempted any detailed analysis of our angular
distributions. The results could be explained, however,

by a strong P» contribution at threshold with increasing
contributions from retardation terms at higher energies.
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Search for the Decay q ~ ~'+e++e *
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A search has been made for the decay g -+ 21-0+e++e, which should be very rare if C is conserved in

strong and electromagnetic interactions. We have found no events consistent with this decay in a sample
of q produced in the reaction X +p —+ h.+q. The upper limit for this decay, at the 90% confidence level,
is R= (q ~ vs+ e++e )/ (s -+ p+y) (0.047.

I. INTRODUCTION

'HE failure of CI' (charge conjugation times
parity) conservation in the decay of long-lived

E' mesons into two pions' has stimulated interest in

*Work performed under the auspices of the U. S. Atomic
Energy Commission.

f Present address: L.P.C.H.E., Centre d'Etudes Nucleaires de
Saclay, Gif-sur-Yvette, Seine-et-Oise, France.

II Present address: Yale University, New Haven, Connecticut.
**Present address: University of Massachusetts, Amherst,

Massachusetts.' J. Christenson, J. Cronin, V. Fitch, and R. Turlay, Phys.
Rev. Letters 13, 138 (1964).

tests of C conservation in strong and electromagnetic
interactions. " One test which has been suggested4
makes use of the fact that the electromagnetic decay

tl' —p s'+e++e—

is forbidden to 6rst order in the electromagnetic

2 J. Prentki and M. Veltman, Phys. Letters 15, 88 (1965);
S. L. Glashow and C. M. Sommer6eld, Phys. Rev. Letters 15, 78
(1965).' T. D. Lee and L. Wolfenstein, Phys. Rev. 138, 31490 (1965).

4 J. Bernstein, G. Feinberg, and T. D. Lee, Phys. Rev. 139,
B1650 (1965); M. Nauenberg, Physics Letters 17, 529 (1965).


