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The production and decay properties of the B meson are studied in the reaction m+p — ao7r+p at 5

GeV/c, where a cross section of 98+16 pb is found for the final state p B+. The production angular
distribution of the B+ shows a forward peak, a possible shoulder at t' —0.25 GeV', and a small

backward peak. The most likely spin-parity assignment for the B is found to be 1+, and the D-wave
fraction in the B decay is -11%.The differential cross section and density matrix elements of the
B+ suggest a dominant co-exchange contribution. The suppression of A, exchange is also apparent in a
study of the reaction vr+p 8 6". We obtain for t, /, & 1 GeV' an estimated cross section of
15+12 p,b for B 5++ production, which is about 5 times smaller than that of pB+ at the same t'
region. The reaction mm' 77'co, extrapolated to the pion pole, is found to yield near the 77'm threshold
cross sections smaller than previously expected.

I. INTRODUCTION II. EXPERIMENT

Detailed results have recently been presented on
the properties of the B meson from several 7T'pf

experiments. ' ' Unlike some older results, ' where
the resonance interpretation of the B was dubious
due to an anomaly in the & Dalitz plot, or due to
a "Deck"-type ~7T kinematic enhancement, the re-
cent experiments find that the B is a well-defined
resonance with quantum numbers I = 1' and
J = L' or 2, 3, . . . where 1 is favored. How-
ever, there are no reported results on the mech-
anism of the reaction 7T'p B'p or on the final
state B'd" from the "missing mass" 6"7T'7T MM
events.

In this paper we present results on a study of
the reactions

+ + + + + - 0
7T P «B Py B «(d7T, (d «7T 7T 7T

The data for this study come from a complete
subsample of -320000 pictures, which is -40/o of
the final sample of a high-statistics experiment
taken at the SI.AC 82-in. hydrogen bubble-chamber
exposed to a separated beam of 7T" mesons. The
events were measured on the Weizmann Institute-
Technion Spiral Header and processed by the pro-
grams POOH-TVGP-SQUARE. After two measure-
ments we obtained 8.36+ 0.38 events/p, b for the
sample of successful 4-prong events. Applying ap-
propriate cuts to clean the final sample, ' we got
24094 events for the final state 7T'p7T "7T 7T' and
15765 unique events"" for 7T"p7T'7T MM. The cross
sections for these final states were found to be
2.93' 0.29 and 2.20+ 0.30 mb, respectively, where
the errors include systematic uncertainties.

Ill. EFFECTIVE MASS DISTRIBUTIONS

+ 0 ++ 0 0 + - 0 ++ +
7T P «B 6, B «Q)7T, M~7T 7T 7T, 4 «P7T

(2)

at 4.93 GeV/c. Experimental details are given in
Sec. II. Effective mass distributions and the values
of the mass, width, and cross section for the B
are shown in Sec. III. In Secs. IV and V we de-
scribe the production and decay distributions of
the B meson, respectively. The spin-parity of the
B is discussed in Sec. VI. A detailed study of the
production mechanism in reaction (1) is given in
Sec. VII and the D-wave fraction of the B decay is
calculated in Sec. VI1I. Reaction (2) is described
and discussed in Sec. IX and some implications
concerning the reaction 7T7T-7Tw are given in Sec.
X. The conclusions are summarized in Sec. XI.

The effective mass distribution of M(tt'tt st') in
the final state 7T'p71- 7t

7T' is plotted in Fig. j.. A
very strong to(784) signal is seen on top of a. small
background. tThe background is only -16/o in the
narrow to band defined as M(st'tr st') = O. t6-0.81
GeV. ]

ln Fig. 2(a) the mass distribution M(glott ) is
given for the 5031 events with M(tr'tt tt') in the to

region defined above. A strong B signal is clearly
seen, and the background under it is significantly
reduced by removing ~-7T, 7T 7T' events with
M(ptr'z) in the 6 ' region [M(pttz') & l.4 GeVj pro-
duced peripherally with t 'a(= ~t~ —

~
t~,„) & 1.0 GeV'

(shaded histogram). A good fit is obtained (full
curve) by assuming a linear combination of an S
wave, Jackson-type resonance shape for the B
meson, ' reflection from the final state d "~, and
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results. ' ' No anomaly in the e Dalitz plot is
found, and the B signal appears strongly with a' s
located at the center as well as at the periphery
of the Dalitz plot. In cases where two (IT w II')
combinations fall into the po region (226 out of the
5031 Io events), we took for the forthcoming angu-
lar analysis the combination closer to the center
of the cu Dalitz plot.

IV. PRODUCTION DISTRIBUTION
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FIG. 1. The effective mass distribution M(7r 7r ~ ) in
the reaction Yr+p —~+P 7r ~ 7r (2 combinations per event).

The differential cross section for reaction (1) is
presented in Fig. 3(a) as function of f~p (= If1
—ItI,„, where the average ItI;„at our energy is
-0.02 GeV'). This distribution was obtained by fit-
ting the (dm' mass plot as above at various d'

slices, but with fixed mass and width values for the
B as obtained from the total fit. A B signal is seen
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an invariant phase space for pn'&. The mass,
width, and cross section" extracted from this fit
are M=1220+ 't MeV, I'=156+ 22 MeV, and o(B )
=98+ 16 p.b, in good agreement with other recent
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FIG. 2. (a) Effective mass distribution M(( ~+) in the
reaction ~+p 7r pcs, c 7r 7r 7ro. Full curve is fit to
Jackson-type resonance shape for the B+ meson, reQec-
tion of 4 '~ andp7r'c phase-space. In the shaded plot
the A c' peripheral (t& & &1 GeV") events are removed.
(b) —(e) Unnormalized moments ~V& —SVl4, defined in text,
as a function of ~~+ effective mass.

FIG. 3. (a) Differential cross section dÃ/dt' for the
reaction ~ p B P obtained. by a background subtraction
method described in text. Note the break in scale at
t' = 1 GeV2 (1 pb/GeV2 =-6.0 events/GeV~). (b) Helicity-
nonflip contribution at the meson vertex of the differential
cross section poo dN/dt' for the S meson, where p00 is
calculated from the NSM M&~ for all events [Table I(a)].
(c)-(h) Decay "agular distributions cosy, g, cosg, Q in
Jackson (J) and helicity (B) frames. Upper histograms
include all events in the B region 54(c 7r+) = 1.16-1.32
GeVl. Lower histograms are plotted after subtracting
background distribution from control regions A and C
of Fig. 2(a). The curves are obtained by inserting into
Eqs. (10)-(13) the best values of the free parameters
IEpI ppp, and pt t derived from the NSM {Mt &fp) for-
all events ITable I(a.)l.
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at all t' values and the distribution has the follow-
ing features: peripheral production consistent with
meson exchange dominance peaked near t'=0 fol-
lowed by a possible shoulder at t'-0. 25 Ge&2, and
some backward (baryon-exchange) produced B
(4.8+ 2.0 /p of the total B signa, l) at 6 & t~~ & 7 GeV'
which is equivalent to u~~+&0. 8 GeV'.

M(J, J,) - Q EgD~ 1($80)D ~0((y0),
~ =0, %1 g

(3)

where gz are helicity amplitudes of the w and

+1~E1~'=1. 8 and p are the polar and azimuthal
angles, respectively, of the ~(p ) in the B rest
frame. A right-handed coordinate system is
chosen so that the z axis is either in the beam
direction, i.e. , Gottfried-Jackson (J') frame, or
along the B direction in the c.m. system, i.e.,

V. DECAY DISTRIBUTIONS

We performed a sequential decay analysis of
B -~m, ~ - n m p, using formulas and notations
of Hefs. 1 and 4. In this formalism the matrix ele-
ment M for the decay of the B with spin and z pro-
jection (J;J,) is given by

helicity (H) frame; y is normal to the production
plane, y = (1t. x 8); y and g are the polar and az-
imuthal angles, respectively, of the normal to the
w decay plane in the (d rest frame, measured in a
system x', y', z', where z'=p and y'=zx z'. In

Fig. 3(c)-3(h) we plot the distributions of cosy,
cos8~, P~, cos.8", and Q . The upper histo-

grams include all events in the B region [Fig.
2(a)], defined. as M(+1T') =1.16-1.32 GeV. Strong
asymmetries are observed, mainly in the cosL9

plots, due to the 6" reflections. The lower histo-
grams are plotted after subtracting the background
distributions of the control regions A and C [Fig.
2(a)], defined between 0.92-1.08 and 1.40-1.56
GeV, respectively, with weights according to the
fitted values of B and background in the B region.
The subtracted distributions are quite symmetric
within errors as expected for a well-defined J~
state. " These distributions are similar to others
obtained by different methods of 6" removal,
such as repopulation. " We thus justify this sub-
traction method as a tool to eliminate the strong6"background.

From Eq. (3) the decay probability is given by'4

p,F1,F~ C(JJI; -mm')C(JJI; -AA')D
d'W 3 (2J + 1)

dcos8 dP dc ogsd( 16

x d', (g)d'. ,(y),

where p, refers to the density matrix of the B, and C s are Clebsch-Gordan coefficients.
In Figs. 2(b)-2(e) we present the dependence of the following moments on M(~w):

M, =5 (d2OO(q)) =2((3cos2q-I)) =3~I.~'-I, (5)

M, =-5 (D ($O8o$)) = —,'((3cos'8 —1)) =@~
~

'
~, +1-

I+x I

M, =-5(ReD'„(Q8()) = —'~6 (sin'8cos2&) = -(-1)P(-,')'~'Q

M = —
4 (s111 gcos2$) =+&~i 1~ (3poo —1) for J =1

(6)

(8)

This is calculated by weighting various angular
functions with the decay distribution (4). P is the
parity of the B meson, and'

5J(J+1)
4J(J+1) -3

(J.') = Q m'p, „.
M, and llI4 are shown in the J frame„and M2 in the
H frame, since in these moments, structure is ap-
parent" at the B region [Figs. 2(b)—2(e)], and

thus we can use them, with appropriate bac.k-
ground subtraction" as described above for Figs.

3(c)-3(h), to calculate the unknown parameters
of (5)—(8). Since these moments are equal to the
"symmetrized" moments of Chung et al. ,

' inter-
ference effects between opposite-parity states
cancel out.

VI. SPIN-PARITY OF THE 8

The helicity-zero decay probability of the cu de-
rived from the normalized subtracted moment
(NSM) M, is small [by averaging over the three
methods of Table I (a)-(c), we obtain

~ F, ~

'
= 0.8+ 0.08] in agreement with previous results. ' '
This rules out J~=0 for the B meson. Comparing
the consistency of the results from moments M,
and M, in the J frame, assuming different J as-
signments for the B meson, we obtain the follow-
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TABLE I. Parameters for the sequential decay B cur', cu ~'~ T(Q in various t' ranges obtained by different
methods. 1. From normalized subtracted moments (NSM): (a) for all events; (b) for "repopulated" events (events
with cosa ) 0.65 are excluded, and events with cose &-0.65 are taken twice); (c) for backward-hemisphere events
(events in the hemisphere coso" & 0 are excluded). 2. From fitting the lower histograms of Figs. 3(c)—3(h) to Eqs.
(10)—(13) by the y2 method: (d) for the whole angular region; (e) with a cut (events with cos8+& 0.6 are excluded) to
remove D+'cu reflection. Errors are statistical only.

Parameter
y2 from

Moment Eq.
(Method of calculation)

All t' t' & 0.1 0,1 & t' & 0.25 0.25 & t' & 0.45 0,45 & t' & 1

Number of B events 584+ 70 110*22 109 ~27 130+ 22 104 +27

M, (a)

M, (b)

M& (c)

(10) (d)

0.01 + 0.07 —0.09 + 0.16

0.15+0.07

0.09+ 0.09

0.01 + 0.08

0.02 + 0.15 0.06 + 0.13 0.17+ 0.17

J
PQQ M,' (a)

M4J (a)

(11) (d)

(12) (d)

0.57+ 0.08

0.61 + 0.10

0.56+ 0.09

0.88 + 0,21

0.50 + 0.16 0.34 ~ 0.17 0.54 ~ 0.17 1.04 ~ 0.25

PQQ
H MH (a)

M," (b)

M& (c)

M8 (a)

{12) {d)

(12) (e)

0.69 + 0.18

0.80 + 0.30

0.85+ 0.31

0.33 + 0.17

0.59+ 0.16

0.64+ 0.16

0.98 + 0.37

0.70 + 0.37

1.35+ 0.63

1.54 ~ 0.86

0.13+0.37

—0.33+0.41

0.35+ 0.46

0.49 + 0.54

0.97+ 0.46

0.69 + 0.32

0.65 + 0.33

0.71+0.20

0.47 ~ 0.75

0.02+ 0.44

0.37 + 0.25

0.40 ~ 0.32

M5, M6 (a)

(13) (d)

-0.06 + 0.13

-0.03 ~ 0.09

H M M (a)

(13) (d)

—0.07 + 0.'14

-0.06+ 0.14

BepJ

RePH&Q

Mp (a)

M' (a)

—0.22+ 0.12

0.27 ~ 0.12

ing results in agreement with Befs. 1—5 (see Table
II; similar results were obtained in the II frame):
(a) 8~=1, and the series 2, 3', . . . are excluded
due to disagreement between M, and M„(b) the
series 2', 3, . . . is acceptable but improbaMe
since it gives exceptionally high (J', ) projections,
in contrast with the nature of a peripheral reac-
tion [Fig. 3(a)]. This series could be excluded
provided ~I', ~' were significantly different from
zero (Chung equal. , in Ref. 5). However, this is
not the case in our data (Table I).

VII. PRODUCTION MECHANISM

Assuming 4~=1' as the most probable assign-
ment for the B meson, we calculate from the

normalized subtracted moments" the spin density
matrix elements of the B, shown in Table I, for all
B events and for various t' regions. Integrating
Eq. (4) with respect to all but one variable a.t a
time yields4'

—= ill+ l(31&ol' -1)(3cos'X -I)],dcos X

—= —Il+ I&.I'(3poo —1)cos20J,
dW

' — (I -3poo)cos'8
aW 3 1 3jy, /'

dcos 8

+ l(1+ I+el'+vol(1 —3I+ol'))
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(g 2) 1/2X {M3') X ay

1'
2
3+

{~)

0.52+ 0.24
-0.70 + 0.32
-0.50+ 0.23
—0.40 + 0.18

0.35+ 0.12
0.49 *0.17
0.53 ~ 0.18
0.56+ 0.20

Q 4
10,8
12.4
12.8

0.44* 0.11 0.61+ 0.07

0 ~ I

TABLE II. Comparison behveen moments M& and M3
and the spin projection (J, ) ' of the 8 meson for vari-
ous J assignments. Errors are statistical only. x and
(J ) are defined in Eq. (9) and calculated from NSEI for
all events |Table I(a)]. y is given by [xgf&) -x(M~)] /
((Z x(Mj))'+(ax(Mf))'j.

gP
X

butlon at the meson ver tex (l&,~ = 0), thus implying
that cu exchange (M~ =0) is the main contributor
to reaction (1).

Further evidence for this conclusion can be ob-
tained within the framework of the dual absorptive
model (DAM) '

by looking at the t' dependence of
p,",. Using' the NSM M,"for all events [Table I(a)]
to calculate p,"„one can see (Table I, column 6)
substantial depletion at the region 0.1 & t'&0.25

eV'. Th1s tendency 1s also seen when woo 1s ca
culated from the related moment

1
2+

3
{oo)

0.52 + 0.24
—0.70+ 0.32
—0.50 ~ 0.23
—Q.4Q *0.18

—0.35 + 0.12
—0.49 ~ 0.17
—0.53 ~ 0.18
—0.56*0.20

9.2
0.3
0.0
Q.4

-0.60+ 0.15
—0,52+ 0.14
-0.48+ 0.13

1.80+ 0.09
2.48 + 0.12
{0.70 + 0.03)J

M,"=-2.5((3 cos'8 —1)(2.5 sin')t —1))

= q, [1 —3/J(J+1)],

—.= —[1+(1—3 fz, f )p, ,cos2y] .dW 1
(13)

Inserting the best values of fF, f', p», and p, ,
calculated from NSM for all events [Table I(a)],
into (10)-(13)we obtain, after normalizing to the
number of events, the smooth curves of Fig.
3(c)—3(h) in good agreement. with the experimental
distributions with background subtraction as de-
scribed above (lower histograms).

The following features can be seen from Table
I for all t's: (a.) For the moments M~, M~, and
M,"which show structure in the B region [Figs.
2(c)-2(e)], high values of pa~, -0.6 and p,", 0.7-
0.8 are obtained. The first one is in agreement
with Refs. 1, 2, 4, and 7; the second one is fairly
consistent with Ref. 5 (poo= 0.55+ 0.05), but larger
than that of Ref. 4 (p,",=0.2+O. l). (b) p, , is cal-
culated as an average of the moments M,
-=(sin'6cos2$) =-0.4 M,p, „(J=1) and M, =-(cos2g)
= -0.5M,p, ,(J = 1), which do not show structure
at the B region. It is small and slightly negative
for both J and H frames. (c) Rep„calculated
from the moment M, =—(sin29cosg)
=-0.4W2M, Rep„(J= I) is quite large (--0.25 and
-0.25 for the J and H frames, respectively). (d)
The contribution of the unnatural-exchange pa, rt
to the B production in the H frame, calculated
from M,"and M,", M,"(Table I), is o, = (p»+p, ,)"
= 0.69 + 0.17.

The possible exchanges in the peripheral reac-
tion (1) are &u and A„which are believed" to con-
tribute dominantly to helicity nonf lip (Ms =0) and
flip (~~ =1), respectively, at the baryon vertex.
The distinct peak in the forwa. rd direction (t'&O. l
GeV') for the background-substracted B meson
[Fig. 3(a.)] precludes a strong contribution from
the net helicity-flip amplitudes M c 0 due to parity
angular momentum conservation. " Moreover, the
high p„value near t'=0 (Table I, column 5) is
consistent with a dominaiit helicity-nonf lip contri-

where no structure is observed in the J3 region, as
well as from fitting the lower histogram of Fig.
3(e) to Eq. (12) by the it' method [Table I (d) and (e)] .
In Fig, 3(b) we show, using M„ the helicity-nonf lip
contribution at the meson vertex (M~=0) of the
differential cross section p f,dN/dt' for the back-
ground-subtracted B meson. The dip at -6.2 GeV2
as well as the forward peak are consistent with a
strong contribution of

f J,(R&t') f', A = I fermi, to
the B cross section, which in DAM comes from
a net helicity-nonf lip contribution dA = 6, implying
again ~s =0 (~ exchange).

These results are inconsistent with Fox" who
claims that the spin-flip contribution domjtnates
rea, ction (1) a.t 5 GeV/c. In particula. r we do not
agree with the conclusion of Ref. 17 that the peak
near t'=0 is due to ~7r(l ) background underneath
the I3, produced by p exchange, rather than to the
B itself, since the peak in our data, contrary to
previous exper1ments, ' comes from a. back-
ground-subtx'acted procedux e. Moreover, sub=
stantial contamination of p exchange in the B sig-
nal originating from J~=-1 yields pcs = 0.10@0.08
and p„=0.05+ 0.09 from M~ and M4, respectively,
which strongly contradicts the value of. -6.6 ob-
tained from Jj)/I,. and j/I4 with eJ =1' and from /M,

'
which is parity-independent (see also Table II).
We thus conclude that if the J3 structure is due to
a, combination of two objects": o.(J~=1 )+(."~ == o.)
(J' =1'), then (a.) if n ~ 0.5, p„(l') turr's to be un-
physical; (b) for o. &0.5, p«(1')»p«(l ), contrary
to the result p„(l') =p„(l ) of Chung etat. '; (c)
for p„(l') =- p„(l ) the most probable value for n
is zero with a. 1-s.d. uppex' limit of e &6.2. ,'"-im-
ilar results were obtained also for the x'egion
t'&0. 1 GeV . The shape of Fig. 3(f) is also incon-
sistent with pure one-pion exchange (OPE) (p~,
=1) originating from J~= 1 which should yield a g
distribution [see Eqs. (6) and (11)] proportional to
(1 —cos2$). We also claim that w exchange origi-"
nating from 1 background is small in the vicinity
of the B region since it should yield' fF f'=0,
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thus widening the typical structure in the M, mo-
ment. We do not see such an effect and the width
of the M, structure [Fig. 2(b)] is consistent with
the width of the B [Fig. 2(a)J.

VIII. FRACTION OF D WAVE

The fraction of D wave to S wave in the decay
B'-~g' was calculated by using the relations
Fo=S —WD, F, =S+D/vY, and the expression
(Lynch, Ref. 5)

8 IFOI2 —1. = [(D/S)'5 2n(D/S)]/[1 + (D/S)'],

where D and S must be relatively real for a reso-
nant state U.sing our average value for IE,I'
=0.08+ 0.08 we obtain two solutions for the D-
wave fraction Fn =

I
Dl' /(I Dl' +ISI'): 0.11+0.14 and

0.61+ 0.14. The ambiguity between the solutions
can be resolved if the sign of the interference
term between +, and I', is known. From the value
of ReEP', calculated from the relevant moments'4
we have found a better consistency with a positive
phase, in agreement with Befs. 5 and 7, thus pre-
ferring the first solution with the small E~ value.

IP.OI'&0, iP.:I'&0, leos(~: ~.')l «1
2

The (w'z MM) mass plot of reaction (14) for
events satisfying the above-mentioned cuts" is
shown in Fig. 4(a), where we have imposed a f'
cut between the target and the 6" of 1.0 GeV'
and a h" cut of 1.16-1.28 GeV. A significant
signal (-6 s.d. ) is seen at a mass (1274+ 'f MeV)
higher than the mass of the B and is probably due
to the f' decaying into v'n n'v', which is not re-
moved by the ru cuts (18) since the M(v'v m')

coming from the f' decay strongly overlaps with
the cg mass. Other possibilities are that the signal
is due to (a) D-ri„m'v (g„-neutrals), but when
we plot the MM for the 1300-MeV signal we do
not see any q„; (b) A,'-q, w'(q, -n'~ w'), but
since the method used to enhance the ~n' final
state can also be used to enhance the g, p' final
state, we have looked at the overlapping region
between the two, and no signal at 1300 MeV can
be seen. Thus, the signal comes most probably
from the f ' and/or B

Since we see an f'- w'w'v g signal in the final
state

IX. SEARCH FORE' 6++ PRODUCTION

To get more information on the B production
mechanism, we have looked at the I, =0 con' state,
where the B cannot be produced by co exchange, in
reaction (2) which contains two neutrals. Due to
the narrowness of the ap, we can obtain a better
estimate of the cross section by using simple kine-
matical considerations to constrain the channel:

r'p- a"r'p-MM, a"-pp', MM~ 2m, o.
I I I I l

(a) f'&IO Geg

I I I

(bid' O. I GeV

mp 4 mmmm, 4 pn

we have faked the ~z' cuts (18) on this final state,
assuming that two identical pions are unmeasured,
and fitted it to anf

' resonance plus background.
Assuming a ratio'2 of (f-w" n zov')/(f v'7T'm v )
=2, we have subtracted the appropriate amount of

(14)

Assuming that (a) we have only two w" s: n' and

v,', and (b) the ~ has zero width"o, ne can ex-
press' in the n'z MM or equivalently in the un'
frame the absolute value of the momentum of each
m' as well as the cosine of the angle between the
two p 's in terms of measurable quantities:
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where EMM and PMM are the missing energy and 3-
momentum in reaction (14). The component u&v2O

in the effective-mass combination M(n v MM) is
thus enhanced by requiring the cuts

FIG. 4. (a) ~+~ MM spectrum of reaction (14) for events
with t& & &1 GeV2 consistent with having an ~7r final state
according to the cuts (18) described in text. Events in
shaded histograms are due to f ~ ~ +& (see text).
Solid curve is fit of the unshaded events to B meson
plus background which is estimated by the dashed line.
{b) Effective mass distribution of 7r ~ in the final state
4++7(+sr (upper histogram) compared with upper limit
for ~7( events gower part) extracted from the final state

~ 7l MM as described in text. Both distributions are
for the ~-exchange dominated region t& z, & 0.1 GeV .
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f' from the w'v MM channel, as shown in the
shaded part of Fig. 4(a). Only a. small residual
signal is apparent and the unshaded histogram
was further fitted to a B meson resonance with
fixed llf, I' values as found in reaction (1) plus
hand-drawn background. The solid curve in Fig.
4(a) describes the over-all fit, and the dashed
line gives the background estimate. We thus ob-
tain an estimate for reaction (2) for t~~& 1 GeV'
of 69+ 58 events, corresponding to a cross sec-
tion" of 15*12p.b, which is smaller but not in-
consistent with that given in Bef. 6. The errors
include systematic uncertainties in the estimate
of the background under the B'. Comparing with
the number of B events of reaction (1) for t~~

&1 GeV' (Table I) we obtain 0.19+0.16 for the
ratio of 6"B'/PB .

We have seen earlier that B -resonance pro-
duction is dominant in the low-mass w7T system
in reaction (1) thus masking any w-exchange ba.ck-
ground underneath it. A better place to study the
7T-exchange contribution to the ~7T system near
threshold is in rea.ction (14), where the B' pro-
duction was found to be small. Since the &7T sys-
tem in the reaction

+CO p7 0
7T 7T ~ 437T (20)

can be coupled only to J~=1,3, . . . , it turns
out' that iF i

=0
Following the cuts (18) which were imposed to

enhance the cu7t' content in reaction (14), we can
boost 7T' from the co7T,

' to the + rest frame and ob-
tain the angle between 7T' and the ~ direction:
cos(n„', &u) . This quantity wa, s calculated" and
found to have a well-defined distribution for events
with iE, i'=0:

W[cos(7t', &u) ]=0.32[1+1.t cos'(z', &u) ] .
(21)

Comparing the experimental cos(v'„, m) distribu-
tions for various &7T' mass slices with the pre-
dicted one (21), we get after appropriate subtrac-
tion of the f'-4n signal a better upper limit for
the number of vv' events" produced with iF, i' = 0.
This upper limit near the w7T threshold region is
shown for the 7T-exchange dominated region t~/
&0.1 GeV' in the lower part of Fig. 4(b) as com-
pared with the "elastic" 7T'"7T"—7T'7T off-mass-
shell reaction produced in the final state 6' 7T'7T

with the same t' cut.
This comparison can be further converted into

an upper limit for reaction (20) on the mass shell
by assuming that the extrapolation to the pion pole
is the same for both reactions. Using the extra-

polated values obtained by Bef. 24 for the reaction
-7T'7T, we obtain upper limits for

&x(v'z -cur') of a &0.68, 1.37, and 3.53 mb for
E. (v'v -&uv ) averaged over the intervals
0.92-1.18, 1.18—1.26, and 1.26—1.34 GeV, re-
spectively.

The low cross section of rea.ction (20) and its
slow rise contradicts previous works that have
considered it as a main contributor to the back-
ground under the B', ' and to the fast rise of the
7T'7T MM mass spectra near threshold in reac-
tion (14) as compared to the slow rise of
M(v v v v ) in reaction (19). We thus conclude
that this fast rise comes mainly from other final
states rather than from ~7T'.

To further check our result, we have looked for
the SU(3) symmetric reaction v"v -qp' that can
be obtained from 7T'p -4"q, 7T,'7T, ,' g, —7T,'7T., 7T',

where clear g, and 6" signals have been seen';
however, when we plot the 7T,'7T, mass spectra
after selecting events in the 7j, and 6" regions,
no p' signal is seen, thus supporting our ~71

result.
The upper limit for reaction (20) in the first

cu7T' mass slice can be compared with the number
of p -7T'7T events in the final state 6"7T'7T for
the same mass and t~z, slices after appropriate
subtraction of S and D waves. " We then get a
lower limit for the I=1, J~=-1 partial-wave elas-
ticity of g', ~ 0.92 for the ~7T mass interval
0.92-1.18 GeV, in agreement with the value g',
=0.98+0.05 of Protopopescu etal . ." However,
in Bef. 24, a large inelasticity is obtained for the
w v -v n F wave (J =3 ) above the +v thresh-
old. Our small upper limit for reaction (20) in
the first mass slice indicates that this result can-
not be connected with the +7T' channel and is pos-
sibly due to other effects.

We have studied the production of the B meson
in the reaction v'p -pv'e at 5 GeV/c, Strong
contamination of the quasi-two-body final state
6 '& is apparent„but does not seem to seriously
disturb the analysis of the B, since background
subtraction yields fairly symmetric an~mmlar dis-
tributions which ax'e similar to x'esults obtained
by repopulation and other methods. We get a
cross section of 98+16 p.b for the final state pB',
and peripheral production angular distribution
consistent with dominant meson exchange. A .

small backward produced B' also exists and will
be discussed at a later stage with improved
statistics. The helicity-zero decay probability
of the &u, iE, i', is small (-0.08+ 0.08) in agree-
ment with previous results. The favored spin-
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parity assignment for the B is J~=1' although the
natural series 2', 3, . . . cannot be ruled out, and
the fraction of D wave is 0.11+0.17. The forward
part of the reaction is consistent with a dominant
&u-exchange contribution, since p» is large, dN/
dt' has a distinct forward peak, and poHO dN/dt' has
a shape similar to the ~J, ~' Bessel function, im-
plying ~ = M„=M~ = 0. The unnatural-exchange
contribution 0, of the B production, found to be
consistent with zero, indicates that the contribu-
tion of cuts to o, is small, since no known pole of
the unnatural series can be exchanged.

The suppression of the A exchange part is
further substantiated in the study of the final state
B'6 '

by using the kinematical constraints of the
con'part in the m'n MM spectrum. We obtain for t ~~
&1 GeV' an estimate of 15+12 p, b for B'6 ', as
compared with 38+14 pb at t GeV/c inferred from

the reaction' p rs-B 6 which is —', of our reaction
by isospin conservation. ' This yields a ratio of
0.1S+ 0.16for a"B'/pB at 5GeV/c, remarkably dif-
ferent from ratios such as 6'"p'/pp" or 6"&,'/
pA,' which are" of the order of 1. The upper
limit obtained for the reaction n'"g "-p ~ near
the threshold region is also smaller than expected
from previous works. "'~
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