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PROPERTIES OF TH¥ B'(1235) MESON PRODUCED
IN TT" p INTERACTIONS AT 7.1 GEV/C
Ronsld Laurence Ott

- Lawrence Berkeley Laboratory
University of Californie
Berkeley, California
15 September 1972
ABSTRACT .

The mass, width,.D/S ratio, production cross section and
branching ratios of the B+(1235) meson are determined from the
reaction TT+ p‘—+-B+(1235) p at 7.1 GeV/c. Chung énd Berman-Jacob
analyses of the (J7{ decay angular distributions show that the
spin-parity of the B(1235) is JP =1 or 24, 37, ... . The mass,
width, and D/S ratio, determined from an analysis of the maéé and
decay angular distributions agsuming that the.spin-parity of the
B(1235) is JF = 1%, are found to be El; = 1.252%0.006 gev, [T =
0.156*0:02% Gev, ana [5/[™ = 0.0079°% which 1natcates that the
decay is entirely S-wave. The B(1235) production.crqés section is
found to bé h2t$ ‘Lp at this momentum and upper limits for the
branching ratios fo%'the'decéy of the B(1235> into other possible
channels relative to (W[ vere determined to be F7TI/AWTL <0.15,
T('iﬂu)'ﬁ‘ <0.15, KK/WTr €0.08, and ¢7‘(/w7‘(<o.025 with 90%

. confidence level.
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I. INTRODUCTION

In 1937 Yukawa pr0poséd that the fundamental interaction
between nucleons is the exchange of.a virtual quantum whose mass
could be related to the range of the intefaetion. It is this
distanée'aud the strength of the interaction which have prevented
the development of a quantitative theor& of stroné interactions.
Attempts to understand the interactions between hadrons have beén
in two directions: (1) the comprehension of the dynamics of these

interactions, and (2) the discovery of symmetry relations among

the particles. Khowledge of the properties and quantum numbers of

the known elementary particles is germane and, in fact, crucial to
the development of any comprehensive theory of high energy physics.
In this thesis we attempt to determine the properties and quantum
numbers of the B(1235) meson produced in.the reaction T(d' p =
B+(1235) P at an incident plon momentum of 7.1 GeV/c. At this
momentum the data differ from those of other experiments primarily

in (a) the absence of snomalies and interference effects found in

'[_l'i p interactions at 3 to h:Gev/e, (b) a larger B(1235) signal to

W 7T background ratio, and-or (c) a greater number of B(1235) events

above background because of larger statistics;
The analysis is limited to a determination of the inherent pro-

" perties of the B(1235) and does not attempt to resolve the question
of its production mechanism in this reaction. vThese properties
include ite mass, widt,h, and spin-parity assignment. If the spin-~

P

parity of the B(1235) is J = 1t the two-particle ()7 decay mode

can have relative orbital angular momentum Y,J = 0 or 2 (S-wave

or D-wave), ‘each of which can be considered & separate decay
channel. with partial widths rg and r‘g at resonance. The quotient
r‘g/r\g is referred to as the D/S ratio.

The B(1235) meson has been studied previously in '/Tt P, D, KD,
and 71’ interactions ﬁth results for its mass and width which.
differ by several standard deviations and with uncertainty remaining
in itsv spin-parity assigmient. Its only confirmed decay mode is
B(1235) == (,)(784 )77 and upper limits héve been determined for
several other possible decay channels such as /( /(, KK TII( and

—t t
¢'_' The 71 p—+3B (1235) p productions cross section does not
decrease rapidly with energy, and at this momentum the cross section
is in the range 20 to 50 ub.

Values obtained for the mass of the B(1235) vary from 1.200 to
1.260 GeV with weighted average ER = 1.233.:0.007 GeV, while values -
for its width range from 0.078 to 0.203 GeV with weighted average
I"\R = O.tht0.009 (}eV.l There is an apparent discrepancy between .
the width of the B(1235) found from an analysis of '/-(;t D interactions
and that determined from pp annihllatmns at rest. 3,k This is pro- -
bably the result of uncertainty in the very large w/( background
in the reaction p P-"w/l ’/T- which is also complicated by
crossing () bands.

Several attempts have been made to determine the intrinsic spin-

parity of the B(1235). 3,5,6,7

P + -
J =2, 3, ... where the oberved polarization of the B(1235)

P +
indicates that J =1 is more probable.5 From an analysis of the

Ascoli et a8l find either J = l or



P

+ P
production Dalitz plot Bizzerl et al find that J° =1 end J° =1

are equally probable while other spin-parity assignements give

3 The results of Carmony et al support the

unsatisfactory results.

JP = 1  assignment although statistical limitations and background
‘ 6

do not allow the elimination of other possibilities.” Werbrouck et

al find that J°

with 0¥ = 2*, 3, ... improbeble.! In addition, it was determined

= 1+ is the most satisfactory spin-parity assignment
that-the ratio of the megnitude of the D-ﬁave amplitude to the
magnitude of the S-wave amplitude is O.hf0.2,and that the relative
phase between these amplitudes.is less than hSO. .

In Section II we describe the bunched structure of the primary
electron beam and the secondary beam optics configuration. Section
I11I is a discussion of the daté reduction and experimental detection
efficiencies. In Section IV we discuss the reaction Tff P -~
'I‘('+T{+ p',"("lTo for M{(bF) € 1.750 GeV including the () Dalitz plot
anomal&, a possible G)TT kinematic enhancement at M(UJ?T) < 1.2 GeV,
and production channel interférence effects from the reaction 7TA P
— A++(1236)7T*77—7T°. Tﬁe B(1235) spin-parity analyeis, mass,
width, . and D/S iatio determination, production cross section, and

branching ratios are presented in Section V. In Section VI we discuss

and summarize our results.

“le
II. EXPERTMENTAL METHOD

Events used in the analysis of the B(1235) meson were produced
in the Stanford Linear Accelerator Center 82 inch hydrogen bubble
chamber which was exposed to an RF separsted 77*_beém of momentum
7.1 Gev/c. '

A. PRIMARY AND SECONDARY BEAM STRUCTURE

The Stanford linear accelerator is a disk-;oaded waveguide
operating at a frequency of 2856 Miz. Consequently‘the emerging
electron beam is strucﬁured in time. Electrons are emitted from the

accelerator in approximately 2 ALsecond bursts, each éontaining many

pﬁlses separated by the RF period and roughly 1/36‘of the RF period -

in width (Fig. 1). At the electron target secondary particles are
Pproduced with this same structure in time but, of course, they are
not monochromatic and secondaries of the same momentum will separate

in space-time because of mass differences. Pulses of equal mass

~ secondary particles will broaden due to momentum differences, and

if the momentum bite is too large RF separation of pions and kaons
will be less effective and préton contamination will increase. The

bunched structure of the secondary beam allows one to use & single

RF separator instead of two which would be necessary with a continuous,

high energy beam.
B. SECONDARY BEAM CONFIGURATION
A diagram of the secondary beam configuration from the.electron
target to the hydrogen bubble chamber is shown in Fig. 2.8 B6O is

a vertical bending magnet which levels the 18 Gev primary electron

7]
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beam and steers the electrons in the vertical plane. é60,61 is a
quadrupole doublet which focuses thé electron beam onto the target
while Bél is a horizontal bending megnet which steers the eléctrons
in the horizontal plane. The electron target consists of.a beryllium
rod approximately one radiation length long (0.25" x 0.25" x 12.0")
suspended by thin wires from an insulatéd cage. A ZnS screen used
for monitoring the position of thé‘eiectron beam is placed between
the target and therbeam dump, a water-cooled cylinder. The secondary
beam optics are designed to accept secondary particles produced at

about l° from the primary electron beam direction where the pion

" Plux is at a makimum. The secondary beam optics can be divided into

three main parts: (a) momentum analysis, (b) RF separation, and (c)
beam dispersion for ﬁosition—momentum correlation in the chamber.9
Quadrupole doublet Q1,2 (horizontal megnification = 1/2 and
vertical magnification T 2) focuses the target source onto a three-
foot Fe collimator Fl with a vertical‘opening of 1/2" and a horizontal
opening of 5/8". Dipole DL (horizontal bend of 1.3°) provides disper-
sion at F1 so that collimation in.the horizontal plane allows a
momentum bite of Ap/p = 5% while collimation in the vertical plane
at Fl narrows the.vertical image at Fe. Q3,4 is a quadrupole doublét
which focuses the beam at F1 onto collimgtor F2. It 1s adjusted so
that the magnifications in both pianes from the target to F2 is
approximately one. D2 is a dipole (horizontal bend of 3°) which
removes from the beam the dispersibh introduced for momentum selection
at Dl. A Pb vertical collimator Ch is‘positioned so that the beam

does not hit the irises of the RF separator and a small bending

6=

magnet D2.1 steers the beam in the vertical direction so that 1t

- will hit the bubble chamber which is higher in elevation than the

electron target.

The distance from the electron target to the BF separator is
chosen such that the difference in time at which the pions and
kaons arrive at the separator is one-half the RF period. This
allows maximum separation of pilons and kaons while protons, which
have spread across the RF cycle because of the momentum bite at
Fl, will be rejected at F2 during threé-fourths of the RF cycle.
Only one RF separator is needed because of the bunched structure
of the SLAC beam in comparison with the use of two separators with
continuous, high energy beams. The separator, a 12 foot long, disk-
loaded vavéguide which operates at the same frequency at the electron
accelerator, can be phased to deflect kaons upward (= 2 mr.) and
pions downward (= 2 mr.). The kaons ére stopped at F2, a three-
foot Fe collimator with a vertical opening of 5/8" and & horizontal

opening of 1/2", while the pions and approximately one-fourth of

the protons go through. A proton telescope consisting of scintillators

Sl, S2, and a nitrogen Cerenkov counter C (at 240 PSIA) is placed
behind collimator F2 to detect.protons.

Two bending magnets D3 and D4 (horizontal bend of 4° each) pro-
vide dispersion in the bubble chamber fdr position-momentum correla-~
tion. Q5,6 is a quadrupole doublet which paralléls the beam before
D1 gnd Q7,8 1s a second quadrupole doublet which focuses the beam
onto the chamber and adjusts the magnification from F2 to the

bubble chamber to be about 1.5 in:both planes. BC is the 82 inch



hydrogen bubble chamber which was pulsed at 2 pps. The primary
electron beam intensity was adjusted so that there were 10 to 15
beam tracks in the chamber for each beam burst,
Kaon contamination of the beam is negligible while proton
" contamination is less than 1% and muon contamination.from pions
'decaying in flight has been estimated to be lesg than a few percent.
| C. PATHLENGTH
The pathlength, which is a measure of the total flux of Ty |
particles which went through the chamber, has been determined using
two different methods.lo Using the total number of beem tracks, ‘the
fiducial length, and corrections for bad film frames and beam .
scatters at the entrance to the chamber, the pathlength was deter-

+
mined to be ;l: 44.820,7 events/‘[b. An independent calculation

using the known total cross section and a determination of the

totél number of interactions with corrections for detection 1néffi-’

ciencies gave ;t‘= h2.8tl.0 events/ﬁ[b which we shall use in the
determination of cross sections. The discrepancy is the result of
muon éontamination of the beam which was not accounted for in the

first calculation and which would tend to increase the pathlength. .

-8-
IIT. EXPERIMENTAI, ANALYSIS

A. SCANNING
The B+(1235) meson,'produced in the reaction
T p—57(1235) p | o)
decays through strong interactions into U)?T’which is the only

confirmed‘decay mode:

B (1235) = L (T8 T (2)
However, there may be seversl other decay channels including
BY(1235) — TYsUO)TT (3)
B'(1235) —» ¢(1oi9)‘n* ()
B*(1235) = TP77° ~(5)
and B*(1235) == k' K° N ()

Reactions (2,3,4) may appear in the chamber as four-prongs while
reaction (5) may sppear as & two-prong. Reaction (6) may be seen
as a vee two-prong since the K° is required to decay visibly in the

chamber. More than 700 000 pictures were taken of an exposure of

» :
" the SLAC 82 inch hydrogen bubble chamber to the RF separated I

beam.
Scanners were required to record events for all topologies

within & well-defined fiducial volume except those which occurred

'on bad film frames and those which could be associated with an

11
incident track which was non-beam. In addition, scanners were
required to recognize events with one or more positive tracks
which were heavily ionizing in all three views and which did not-

decay. These events are called HEAVY while all others are called

“
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LIGHT. In this way most of the events with momentum transfer
squared to the proton less than 1 (GeV/c)2 could be identified
without measurement and fitting. The number of events of each
topology which were found 1s approximately:

TWO-PRONG 437 700 EVENTSF

FOUR~PRONG 445 900 EVENTS

VEE TWO-PRONG 29 000 EVENTS

All of the film wés scanned once and a fraction depending upon

topology was reséanned and conflicted.12 Although several topologies

have been scanned more than twice, the sample of events used in this

enalysis was derived from those events found in the first and

second scans.

B. MEASUREMENT
All events were measured at least once on a Spiral Réader. Four-
prong and vee two-prohg events which failed to fit any kinematic
hypothesis of the first measurement were remeasured on a Spiral
Reader or on a Franckenstein. In order to maximize the number of
vee two-prongs some of the twice-failing events of this topology
were measured a third time. Only a small éample of the two-prong
events, including both passing and failing events.on the first

measurement, was remeasured to determine the measurement efficiency

" and measurement ambiguities for this topology.

C. COMPUTER ANALYSIS
Measurements were analyzed using the Alvarez Group standard
programs which use the measuring machine output to geometrically

reconstruct the tracks in three dimensions and perform a chi-square

-10-

fit to several reaction hypotheses aécording to the event topology
using conservation of energy and three-momentum. In addition to the
three-dimensional track reconstruction information from ionization
densityl3, range-momentum relations for stopping particles, momentum-
position aﬁd aﬁgle-position correlation in fhe chamber (beam averaging)
is used.9 .

Four-prong events are fitted to reaction hypotheses which include

T r—=T P | (7)
and T T T i T , (8)

Vee two-prong events are fitted to reaction hypothese which com-

prise

p—=K p K , (9)

i\

L
while two-prong events are fitted to reaction hypotheses which

include

T e oM | (20)
: +
and T =TT e (11)

The kinematic confidence level of a constrained fit is required to
be greater than 10-5.1h

Events from reaction (7) were selected from the sample of passing
four-prongs; & fraction f = 20ti% of this topoldgy had been second;
scanned and conflicted, and events which failed on the first measure-
ment were remeasured. Events which fit the reaction.'/'r+ p —e
77*7T+ pjT"TTo were selected for analysis if (a) there were no four-
constraint fits with kinematic confidence level greatgr than 10'5,

(b) the kinematic confidence level of the fit to reaction (7) was

greater than 10'3, (c) the chi-square calculated from ionization
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density information for this hypothesis was less than five plus
the minimum ionization density chi-square for all hypotheses of
this event, (d) the sum of the kinematic and ionization density
chi-squares was a minimum for all constraiced fits, and (e) the
corfesponding zero~-constraint missing mass calculation satisfied -
-0.10 € (Missing Mass)® € 0.15 Gev®.t” |
" Reaction (9) 1s a seven-constraint hypothesis while reactions

(7,8,10,11) have only one kinematic constraint.
‘ D. DETECTION EFFICIENCIES

To determine the number of events in each decay channel of the
B(1235) one must correct the apparent ngmber of events for detection
inefficiencies and selection cqts. We found that the detection
efficiencies for four-prong events with small momentum transfer
squared to the proton, where resonance production is most likely
to occur, are the same as those for all HEAVY four-prong eventc.

1. SCANNING EFFICIENCY

The sample of events used for analysis was obtained frbmbevents
found in the first and second scans of fhe film, The scanning
efficiency was computed for the entire'sample using events from a
fraction £ of the film which had been scanned twice and conflict
scanned.12 The efficiency for each scan was determined from this
fraction of the film using the Geiger-Werner method, which assumes
that the probebility of an event being found is the same for all
events of & given topology and that the scans are independent.16

The efficiency El of the first scan is given by

«12-
= ' 1
E| = NA/(NA + Ng + Np) (1)

and the efficiency E, of the second scan is given by

2

E, = NA/(NA + N+ ND) (2)

where NX is the number of‘events‘given efficiency X by the conflict
scanner. These assigned efficiencies are defined as
(A) The event was found correctly on both scens.
(B) The event wés found correctly on the first scan but not
found or incorrectly identified on the second écan.
(C) The event was_found correctly on the second scan but not
:found_or incorrectly identified on the first scan.

(D) The event was not found or incorrectly identified on both

scans.

- The scanning efficiency for the entire sample is, therefore, given

by _
= + - E )E. '

ES El : 4t l) 2 . : (3)
where f is the fraction of the film which was second-scannéd.
Although the scans are not independent this method is useful when
the scanning efficiencies are high. Only passing events were used
to determine the scahning efficiency since many of the failing
events were incorrectly identified by the scanner and did not

belong to the sample. A small correction has been made to the

number of events NC which were found on the second scan and not

3¢

e e
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found or incorrectly identified on the first scan; some of these
events whiéh failed on the first measurement have not been remeasured
while other failing eventis have ﬁeen measured twice. The correction
was based on the second measurement passing rate for events of the
same‘topology. Table (1) shows the scanping efficiencies and
statistical errors for each topology. _

2. MEASUREMENT.EFFICIENCY

The measurement efficiency EM of the sample 1s defined by

E = NUMBER OF PASSING EVENTS ()
"M = NUMBER OF MEASURABLE EVENTS

vhere the number of measurable events is the number of recorded
events minus the number of unméasurable events. An unmeasurable
event is one which has either been misidentified by the scaﬁner

§r else identified correctly according to the scanning instructions
but (usually) the result of an incident ﬁon-beam track. The.number
of unmeasurable events was determined bj looking at twice-failing
events of each topology on a scanning table. It was found that
3tl% of the recorded twofpronés, Stl% of the recorded four-prongs,
and Btl% of the recorded vee two—brongs are ﬁnmeasufaﬁlé éventé.
These unmeasurable events, which are not part of the experimental
sample, are also excluded in the pathlength determination.

Events which are assigned a vee two-prong primary event type by

the scanner may degenerate into a two-prong secondary event type if
the vee is fouhd to be unassociated with the vertex, for example.

However, not all of the two-prong events which have been given

«lh-

incorrectly a vee two-prong event type will degenerate intou » two-
prong event type; some of these two-prongs will stiil paes us vee
two-prongs. Since it is not known how meny of the vée two-prongs
sre actually two-prongs one cannot corréct the measurement efficiency
for this contamination, but one can try to'gstimate it. One cen
compute the measureﬁent efficiency_;f the total vee.twéfprong
sample wﬁich includes for vee tyo-prongsiand two-prongs. This will
be a good estimate of the actual vee two-prong measurement efficiency
if ﬁhe difference betwéen the vee twp-pfong and the two-prong measure-
ment efficiency is not large, and the sign of tﬁe bias of this
estimate can.be determined by noting whether @he actual two-prong
measurement efficiency is larger or smaller than this estimate.

Table (2) gives the meassurement efficiencies and statistical errors

for each topology according to measurement number.
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IV. THE REACTION 77" p—=T1 71" PTCIT.

The decay of the B+(1235), produced in the reacf.ion ’/T'+ p —>
_W+ﬁ+ .p‘fr-’/"'o, may be artected by tinal state interactions. Indeed,
reaction (() tor events wita M(4#7[) £ i.‘(SO GeV is characterized by
the production of Af+(123b) and severai.meson resonances. An enhance-
ment can be seen in the region or the /3(765) in the (77*77'),
(TTT°), end (7Tﬁﬂ'°) mass distributions above & large T7 T( back-
ground (Figs. 3a,b,c). The 7’((5148) and w(78h) are clearly obser.ved
in the (71 “f°) mass distrivution (Fig. ka) for M(377)°< 1.0
GeV; at thg peak of the (.O the signel to noise ratio is epproximately
8.5 ﬁo one. There are 227 events with both pion triplets in the w
mass region 0.765 < M(TT 7T 71°) € 0.805 GeV vhere more than 5200
events have at least one pion triplet in the ) mass region. In the
analysis, events with both pion triplets in the 0J>mass region are
given weight one-half and counted as separate events. The (477) mass
distribution (Fig. 5a) shows an enhancement in the region of the
B(1235) above a large 4T( background, and an improvement in the
signal to noise ratio ca.nAbe pbtained by chobsing events with at
least one (377)° triplet in the (x) mass region as shown in Fig. (5b).
A background complication is introduced by A++(l236) production;
Fig. (6a), which shows the (7T+ p) mass distribution, indicates that
7T+ p-—o-A++(1236 )7'4#74-'-7(0 is a strong production channel for
reaction (7) at 7.1 GeV/c. If one selects events with at least one
(77:77’770) triplet in the W) mass region, spproximately 28% of

these events have a (T".; p) mass less than 1.k GeV (Fig. 6b); the

~16=-

total number of events has decreascd because of the (3’,'(')0 mese

++
cut, but the A" signal to noise ratio has increased. A Dalitz

plot of Me(’]Tg p) versus Ma(w’ﬂ',;) is shown in Fig. (9). Further

. improvement in the B(1235) signal is possible by removing events

with at least one ('/TF p) combination in the A' ' mass region M(7r+ P)
+
= 1.23620.120 GeV, as shown in Fig. (5¢); the removal of a't
reduces the background sbove the B(1235) considerably. In Section
‘ ++ ’ —0
C we will discuss the effects of A (1236) production. The (77 p)

and (7f p) mass distributions (Figs. 60‘; d) indicate that A+(1236)

o)
and A™(1236) production are negligible in this reaction. Tig. (5d)

shows the (wﬂ'*) mass distribution for events ﬁth both- pion
triplets in the (i) mass region which peaks at ilow (u)‘,T*) mass.
A. INVESTIGATION OF THE (Q(76l) DALITZ PLOT ANOMALY
An anomely concerning B(1235) production and the (WDalitz piot

was reported by Goldhaber et al in an analysis of the reactions

‘ t
p—T 7T

T(': p'/T'[TO at 3.65 and 3.7 GeV/c.l7 The ()(784) decay

matrix element squared is proportional to the parameterl8

P xP
+ -

Q + 2QM

CA- (5)

where 'f"+ and '13_ are the three-momenta of the 7T+ and '/T- respectively
and Q is the total kinetic energy'of Vthe three pions in their centér
of mass, and M is the sum of the' rest masses of the three pions. A -
contour /\: & constant can be defined which divides the J% =17
decay Dalitz plof into an inner and an outer region which contain

equal numbers of events from the decay. If there is an isotropic
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phase space background from unasnociated (377')0 the contribution
of these eveﬁts is divided in proportion to the area in éach
region. Approximately 29% of the total area is contained in the
inner region while the remainder is in the outer region. The
normalized Dalitz plot is shown in Fig. (7a) for events with att

removed. The Dalitz plot variables X end Y are defined by

(1, - 7.)/J3 @ | © (6a)
T/Q - (6v)

>
]

and Y

where T+, T, and To are the kinetic energies of the 7T+, TT-, and
7T° respectively in their centér of mass. The inner end outer regions
are shown separately in Figs. (Tb,c) for ;L: 0.006, and the
resulting (7TA7T-7T°) mass distributions are shown in Fig. {(4b)
for the inner region (/\} 0.006) and in Fig. (be) for the outer
region ( A{ 0.006). The (1) enhancements are about the .same for
both regions while there is a considerable difference in (377)0
backgrounds. ‘Since the Dalitz plot for the 7? decay peaks at low
pion kinetic‘eﬁergies, the 7} sighal is large in the outer reg;on
(Fig. lc) and small in-the inner region (Fig. Ub) (377)0 mass
distribution. - ]

Goldhaber et al found that when one selected pion triplets in
the () mass region the resulting (h?T)t mass distributions showed
a B(1235) enhancement for pion triplets from the outer (377)0
Dalitz plot région while the distributions for events from-the inner

region, which has a bettér () signal to noise ratio, did not show
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a significent peak in the region of the B(1235). The ()77 ) mass
distribution, with A" removed, for the inner and outer (37770
Dalitz plot regions (Figs. 8a,b) do not give any evidence for this
effect at 7.1 GeV/c; strong B(1235) signals are clearly seen for
both regions. There are 926 (671) events with M«A)7T*)4S 1.4 gev
for \ 20.006 (A €0.006). |

B. INVESTIGATION OF A POSSIBLE w(78h‘)77’ KINEMATIC ENHANCEMENT.

A second effect was reportéd by Chung et al, in an analysis of
the reaction 7 p——--'j}"'> p77’7r-7ro at.3.2 and 4.2 Gev/c, who found
that the B(1235) was consistent with the hypothesis of a kinematic
enhancement.19 Evidence for this hypothesis was (a) the B(1235)
enhancémentvwas'strongly correlated with nucleon isobar production,
and (b) angular distributions were consistent with a ‘)-exchénge
model by Deck, Maor, and O'Halloran which resulted in a broad
enhancement\in the region M«*)frp) = 1.2 GeV.

Peaking of the proton-proton scattering angle in the N* rest
frame in the forward direction was shown by Chung gﬁ al to be
consistent with ;)-exchange production of N*(lSZO) and N*(1680).
resonances. In -addition, the B(1235) énhancement was shown to be
associated ﬁith the production of N*(1520) and N*(1680) and peaking
of the proton-proton scattering angle. Therefore, if ‘)-exchange
was responsible for N production, the B(1235) could be the result
of a broad kinematical enhancement wﬁich was a consequence of the
peripheral N* production mechanism. We find that neither of these

observations is consistent with data from reaction (7) at 7;1 GeV/e.

A Dalitz plot of M‘?(Tf; D) against Me(wﬂ';) shows (Fig. 9) that
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in this reaction B(1235) production occurs independently of any
baryon resonance in contrast with the Strikiﬁg interference effect
found at lower energy in '/Tt p interactions. Although there is some
simultaneous production of both B(1235) and A++(1236), the crossing
Dalitz plot bands constitute only a few percent of the B(1235)
region. The distrii)ution of momentum transfer sg_uared ffom the target
to the outgoing proton for events with at leéét one pion triplet in
the (A) mass region, with A++ removed, is shown in Figs. 10a,b,c) for
the Lower (M(()TT") € 1.085 GeV), Central (1.085 < MW7) € 1.365
GeV), and Upper (1.3t5 < M(w’ﬁ*) € 1.535 GeV) ((*)'/'ﬁ) mass regions.
If one assumes that the differential cross section is given by the
usual e At peripheral matrix element squared, one finds that the

slope

-
]
]
2l
&le

is in the range A

3to 5 (cev/_c)'2 for both the B(1235) signal’
" and the W ba.ckground.zo v
€. T p—eatt(1236) 77T PRODUCTION CHANNEL EFFECTS
'fhe decay of the ‘B(l235) me son is a two-step procésé in which
the decay of the B(1235) into w'/_(' is followed by tbe decay of the
(,g)i into '/_(*T('-’/'('O. Let 6 and ¢ be the polar and azimuthal angles of
the () momentum direction in the Jackson rest frame of the B(1235)
and let ﬁ and ¢l be the polar and azimuthal angles of the normal
to the () decay plane in the () helicity rest frame as shown in
Fig. (11) (See also Appendix A). It will be shown that A''(1236)

production does not appreciably distort the cosp and ¢{ distribu-
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tions used to determinc the mass, width, and D/S ratio of the

B(l23:5) and that a simple ('/T* p) mass cut will remove the A7 in

a known manner.
The distribution of cos@, ¢, cbsp, and ¢{ for the Loﬁer, Central,
and Upper (w’/_("') mass regions 1s shown in Figs. (12a,b,c) through

' ' . ++ : :
(15a,b,e). The production of A’ can distort these anguler distri-

‘butions, especially if there are interference effécts between the

AH(1236)T(*T¢"-7T° and B’ (1235) p production channels of reaction

(7). Since A++ production is significant in this reaction one must

.determine to what extent this production affects the B(l235) decay

angular distributions and correct for this distortion in the analysis.
Figs. (12d,.e,f)- through (l5d,e,f) show these same angular distri- R
butions for events which, in addition, have Aﬂl’+ removed.

The distribution of cos® for events with at least one pion triplet
in the () mass region is shown in Figs. (16a,b) for M(ﬂ: D) §lh
GeV, where ’ﬁ’; is the pion which is not in the ) and which wiil be
referred to as the béchelo:_r pion. The distribution indicates fhat

AH is produced with nearly all of the ’,T:; going backward in the

(.Q'iT; center of mass. This is, not unuaual kinemaf,ica.lly since the

polar .axis is along the incident '/_('+ beam direction and the target
proton momentum is highly peaked in the backward direction

because the B(1235) is produced with relatively low kinetic energy.
Therefore, the outgoing proton, which is peripheral in this reaction,
and the bachelor pion both are moving backward in this reference
frame, a condition which does not contradict the low (7'(': p) mass

enhancement at the A++(1236).
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We can use this property of the cos6® distribution to determine

: + , :
~ the effect of A * production on the cosﬁ and d angular distri-

butions. Instead of making & selection cut on the ('/T" p) mass to
remove AH, one could select events with cos@ < 0; although this
—t

reduces the B(1235) signal more than does & (7{ p) mass cut, it

has the distinct advantage that one can readily calculate the -
distribution of cosp and ¢ for B+(1235) p events with little

++
A (1.236)’}7"/'("/70 embiguity. Integrating the decay angular distri-
bution (See Appendix A) over the backward hemisphere and renormalizing

one finds that

1'(4)

2 ‘ZZ w(p,d;o,¢) sino dé ag (7N

L}

EA)

The distribution of cos( and G for events with cos® <0 is the
same as that for events with no selection on cos®, and one has
avoided distortion of the cosp and d aﬁgular distributions as a
result of'A++ production which occurs almost entirely for cose > O
af. this momentum. The distribution of cosp for events with cos6 < 0
(Figs. l7a,b,c) indicates that Af+ pfoduction does not appreciably
distort the cosf distributlon (Figs. lbe,b,c) and that & (T )
mass cut to remove Af+ does not introduce substantial systematic
errors (Figs. lhkd,e,f). A

Production of Af+(1236) does affect the cos@ distribution which
is used in the spin-parity analysis. However, there is evidence that

a™t production does not interfere with B(1235) production, and only

20—

a small amount of hWackground is found under thé Af+(1236). Consequently,
we assume tnat a (77* p) mass cut to remove Af+ does not appreciably
éffect the B(1235) decay angular distributions.

In conclusion, we find no anomalies or interference effects
associated with the B(1235) whiéh have been reported at lower energies
or in other interactions.

D. SAMPLE OF EVENTS FOR ANALYSIS OF THE B(1235)

The intrinsic spin-parity, mess, width, and D/S ratio of the .
B(1235) were determined using events from reaction (7) with at least
one pion triplet in the (1) mass region and with Af+(1236) removed. 2+
The result of this selection was a sample of events with an excellent
B(1235) signal to (W 7{ background ratio which is imperative in the
spin-parity analysis and desireable in the mass and width determination.
Fig. (5c) shows the (W77 ) mess distribution and Figs. (23a,b,c,d)

show the m = O moments of the I(F?,Cl) angular distribution for

~ these events.
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V. DETERMINATION OF THE PROPERTIES OF THE B (1235) MESON

The following properties of the B+(1235) meson were determined
from an analysis of the decay B+(1.235)—»(,g_)(78bf)'/'('+ using a sample
of events from reaction (7):

(a) Intrinsic spin-parity

(v) Isospin, G-parity, and charge conjugation eigenvalue Cn
of the BO(1235)

(e¢) Mass and width

(4) Production cross section in the reaction TT* p-—b-B+(1235) P
at 7.1 Gev/c

We slso attempt to determine upper limits for the bfanching
ratios of several other possible decay channelé,_including TTTE

TI'/T; KX, and ¢'I_('relative to the T decay mode.
‘ A. SPIN-PARITY ANALYSIS

The Chung spin-parity analysis for boson resonances which decay
into a spin-1 andva spin-0 particle is described in Appendix B, and
the Berman-Jacob spin-parity analysis of two-step decay processes

is described in Appendix C. The parameter

W2 - JS3/B _E a@n) (8)
J(J+1) - 3 )

‘where €, is the relative (W-B parity is plottediin Fig. (21) for
i normal (dashed curve) and JP abnormal (solid curve). If the spin-

2
parity of the resonance is known, the sign of_RM indicates whether

J{J+1) is larger of smaller than three. A chi-square can be calculated for

-2k

various hypotﬁeses of spin-parity (See Appendix D) which can be
used to determine how well each JP assignment describes the data
if one spin-parity is dominant.

Although the Chung and Berman-Jacob analyses are expressed in

different notation it can be shown that these analyses, in fact,

- glve thé same information if Lmax = 2 and have the same spin-

P +

p arity ambiguities. In the Chung analysis (with L =2) if J =1

P

(1) is a solution of Egn. (B~5) then J° = 2" (27) 1s aleo &

solution, while in the Berman-Jacob anal&sis Rﬁ = =1.22 (+1.22)
for ¥ =1t (1) and 2" (27). Therefore, one must determine the
épin-parity of the decaying resonance independently of Eqns. (B-5)
and (C-T7).

We found that we could not determine a spin-parity series for
the B{1235) using Eqns. (B-3,4) which relate several G({ m;IM)
functions. Instead, polarizétion information froh the (1) decay
might be used to résolve this problem. In terms of the helicity
amplitudes g;L (see Appendix A) the distribution of cosp.is given
by

I(B) = 3/2 [-Igolecosep + lsllzsinzp] (@

If the () is longitudinally polgﬁzed (g % 0) then JP 417, 2%, 37, ...
since 8y = 0 for this series, while the absence of longitudinal
polarization implies only that JP ¥ 0~ since 8, could be small for
§ L - A '

In a Chung analysis one must first determine whether or not the

spin J of the resonance is non-zero using the properties of the
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G(€ m;IM) functions. If J = O then G(20;00) = - \/—2% and. G( § m; Ly)
vanishes for L > 0. Fig. (18a) shows that G(20;00) # - \/;75 in

the region of the B(1235) and, in fact, it is positive. In addition,
G(00;22) and G(20;20) are non-zero in this region by two to three
standard deﬁations (Figs. 18b,c). The G({ m;IM) are consistent
with zero for € -0ana2 (the only possible values) and L > 2

50 that G(Lm;IM) = 0 for L D27 if J = 1. |

The (u)?T*) mass distribut;on was divided into six 120 MeV
intervals from threshold to 1.655 GeV and an analysis was completed
of each interval. The distribution of chi-square is shown in Figs.
(19a-r) for st normal (corresponding to 7?::-1) and in Figs. (20a-f)
for J¥ abnormal (corresponding to 7?: 1) as a function of J(J+1)
in the Chung enalysis (with L = 2), and in Figs. (22a-f) as aA
function of Rﬁ in the Berman-Jacob analysis for each QA)7T+) mass
1ntervai.

We divide the discussion into three parts - (a) Region I (M(Q)?T*)
£ 1.175 GeV), the background region below the B(1235), (b) Region
11 (1.175 S MW7) € 1.295 Gev), the B(1235) region, and (c)
Region III (1.295 < MW7) € 1.655 GeV), the background region
above the B(1235). In the analysis we look for minime in the chi-
square distributibns near integral values of sﬁin J. The spin-parity
series was determined from W-polerization information whenever
possible. However, the analysis is not meaningful if one spin-parity
is not dominant in each mass interval.

Region I: The chi-square distributions for the region MQLVT*) €£1.175

GeV as a function of J(J+1) iﬂ the Chung analysis are shown in Figs.

«26=

(19a,b) and (20a,b). In the interval M(u)’/—('*) £ 1.055 GeV one might
expect an abnormal spin-parity state since LJ = 0 usually dominates
at threshold due to the orbital angular momentum potential barrier.
There is & minimum in the chi-square distribution for JP abnormalA
near J(J+1) = 1/2 and & broad minimum for large J(J+1), while a
maximum in the chi-square di'stribution for JP normal occurs for
J(J+1) = 3 and a broad minimum for large J(J+l) (Figs. 19a,20a).

In the Berman-Jacob analysis & minimum in the chi-square distribution
for this interval (Fig. 22a) occurs for.ﬁﬁ = 0.0htg:gg, where Fhe
errors are defined by the chi-square interval )(iin+l, which allows’
solutions for J £ 1 and for large J in both spin-parity series

(Fig. 21). However, in this interval G(20;00) # - ,/2_/_3 which shows
that spin J = O 15 not a solution. '

If the (1) is not longitudinally polarized (go = 0) then

1(B) = 3/2 sinzp | (10a)
ana @.an = [1(B) YUB.a) a cosB . (100)
‘ - - 1/\eoT ‘ '

The (Yg(p,d)) moments, which are shown in Fig. (23b) as & function
of «A)7T*) mass, differ from this expected value by two to four .
standard deviati&ns in this region which indicates that the Lk)is
longitudinally polarized and, therefore, the spin-parity isAabnormal.
Although the minimum chi-square in the Chung analysis for JP abnormal

occurs for J(J+1) = 1/2 it has been shown that J = O is not.a solu-
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tion and we conclude that JP = l+ if there is one dominant spin-
parity in this interval.

The chi-square distributions for the interval 1.055 & M((A)',“‘* )
< 1.175 GeV as a function of J(J#l) in the Chung analysis are
shown in Figs. (léb,EOb). There is a minimum in the chi-square
distriﬁution.for JP abnormal near J(J+l)‘= 2, while there is a
maximum in the chi-square distribution for aF normal for J(J+1) = 2
and a broad max;mum for large J(J+1). The minimum chi-square in

.the Berman-Jacob analysis occurs for R; = ;3.2Otii?9 (Fig. 22b)
which allows JP -1t orv2+, 3, ... if one spin-parity is dominant.

Polarizaﬁion information for this interval indicates that the
{) is longitudinally polarized. However, there is a large resonance
contribution to the amplitude in this interval so that polarization
information may not be useful if the.resonance does not alsp have
‘abnormal spin-parity.

Region II: The chi-square distributions for the region 1.175 K
MOTTT) € 1.295 GeV are shown in Figs. (19c,20c) as a function of
J(J+1) in the Chung analysis, and in Fig. (22c) as a function of

Rﬁ in the Berman-Jacob ans;ysis.’Using the properties of the G(4 m;IM)
functions we have shown that the spin J of the B(1235) cannot be

zZero.

In the Chung analysis the minimum chi-séuare for JP abnormal
(Fig. 20c) is near J(J+1) = 2, while the chi-square distribution
for J¥ normal (Fig. i9c) has a maximum for J(J+1) x 2 and a broad
minimum fdr large J(J+1). In the Berman-Jacob analysis the chi-square

+0.13

distribution (Fig. 22¢) has & minimum for Ri = -0.69" 512 Where
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R2 = 1.22 for JP -1 Therefore, the Chung and Berman-Jacob

M
+ -
P = l+ or2, 3, ... if there is one dominant

analyses allow J
spin-parity in this region.
If the spin-parity of the B(1235) were JP normal then g, = O

end the (1) cannot be longitudinally polarized, which implies that
2
I(p) = 3/2 sinﬁ

and (Yg(ﬁ,d)) = - l/\/20'/T

The (Yg(‘3,(1)) moments (Fig. é3b) differ from this expected result
by three to four standard deviations in this region which indicates
that the (1) 1s longitudinally polarized. If this polarizetion were

the result of the abnormal spin-parity of the B(1235) alone then we
could conclude thsat JP = 1+. However, there 1s enough background in

this region to account for this polarization so that JP = 2+, 3-,

cannot be eliminated.

Region IIT: The chi-square distributions for the region 1.295 £
M(WTT") € 1.655 GeV are shown in Figs. (19d,e,f) and (20d,e,f)

as a funetion of J(J+1) in the Chung analysis and in Figs. (22d,e,f)
as a function of Rﬁ in the Berman-Jacob analysis. In the region atove
the B(1235) there is an increasing probability of other ZJ-waves
and also resonances in the R-region. It is not as likely, therefore,
that one spin-parity is dominant in each interval and, consequently,

polarization information would be less useful.

The chi-square distributions for the intervals 1.295 < MEOTT +)
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& 1.415 gev and 1.535 £ M(w’/-“+) £ 1.655 GeV in the Chung analysis
for J° abnormal (Figs. 19d,f and 204,f) have minima near J(J+1) = 2,
while the chi-sgquare distributions for JP normal have maxima for
J(J+1) = 2 and broad minima for large J(J+1) which is not unlike

the chi-square distributions in Regions I and II. In the Berman-
Jacob analysis for these intervals there are minima in the chi-square
distributions for R§< 0 so that dF = 1% or 2%, 37, ....would be
allowed if one spin-parity were dominant.

In the interval 1.415K M(w’,T+)@.-535 GeV, however, there is

a minimum in the chi-square distribution in the Chung analysis for
JF normel near J(J+1) = 2; while a maximum appears in the chi-square
distribution for JP abnormal for J(J+1) = 2 and & broad minimum
for large J(J+1). This is just the opposite of the generél features
of the chi-square distributions for all other intervals. In the
Berman-Jacob analysis the minimum chi-square occurs for R§‘> 0

(Fig. 22e) so that J* = 17 or 27, 3%, ... would be allowed if one
spin-parity were dominant in this interval.

The possible (1) 7{ decay mode of the g(1680) can be seen in Fig.
(5c) above a large background. Both mass-width (ER = 1.682 GeV and
qu = 0.157 GeV) and spiﬁ-pa;ity (JP ='37) assignments of the
g(1680) were determined from an analysis of the J[7{ decay mode25,
while results from a study of other decay modes, such as (A)T(’,
indicate there may be more than one resonant state in this region
because of the discrepancies of bLranching ratios, masses, and

widths.26. Because of the large amount of background under the g(1680)

it is not possible to measure its spin-parity directly without some

improvement in the signal to noine ratio.
B. ISOSPIN, G-PARITY, AND CHARGE CONJUGATION EIGERVAL /=
The B(1235) decays into LL)?T-and, therefore, it must have
isospin and G-perity IG = l+.
The charge conjugation operator C changes a particle state into

its antiparticle. Therefore, particles which are eigenstates of the

_charge conjugation operator must have baryon number B = O, charge

Q = 0, and hypercharge Y = 0. The charge conjugation eigenvalue. of

such a neutral system is given by
I
C=(-1)"¢ (11)

Thus thg charge con,jugation eigenvalue of the Bo(l235), which
decays into (A)’/To, is C = -1 since I =1 and G = +1.
- C. mass, wm, AND D/S RATIO
The mass, width, and_D/S rgtio vere determined by fittiné the
amplitudes for the two-step B(1235)_decay simultaneéusly to the

mass and angular distributions assuming that its ihtrinsic spin-

P +
- parity is J° = 1 . Explicit dependence on the production mechanism

is eliminated by integrating the anguler distribution (Eqn. £=9)
over angles 9, ¢, and ¢ and using the trace normalization of the

density matrix [& to obtain

135 f Tl [p]

which is independent of [2LM,. The helicity amplitudes g;\ can be



expressed in terms of partial wave amplitudes aL using the relation

g(at +1)% (Lox Alo )
(12)

BT

where (§ 1By L
Assuming that the total a.ngular momentum of the (,O 7t system is

J = 1 over the mass reglon of interest, the helicity emplitudes

become
aO - \/?az
8y = ; p (13)
° " [l + [l + 5P JF
8, ¥ \/3/2 a + 1/2 &, o

and 84y = .y 1

" V3 “a‘ol2 + Ial' y +|a2|2]2
and therefore

(B) = , ' (15)

Iao|2+ 3/2 lal|2(l-coseﬁ Y + 1/2 Iaelz(;+3coszﬁ ) +'\/_2Re(aoa;)(1-3coseﬁ )

| J M) is the usual Clebsch-Gordon coefficient.

and (Yg((s,-d.))=

2 [lao]® * foa]® + eol"]

The mass distribution is given by

sl + foyf? ¢ o )

where M is the (w',“"") mass and l folz, which is a coupling constant,
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has been set equal to one arbitrarily.

The m = O moments of the angular distribution are defined by

<gi(p,a)> =fr<p> 0(B.d) 2 cosg (D

" Substituting I( ﬁ) into this expression one finds that

(Y:(P,a)) -0 for { foor2  (18a)

- la.ll2 |a2I2 - 2J—Re(ao ;)

NN

The m = O moments (Eqn. 17) are shown in Figs. (23a-d) for { = 1,

(18b)

2, 3, 4 as a function of (w'/_f*) mass for events with at least one
++ 21 '

pion triplet in the () mass region and with A' removed. Within
statistical errors the moments are zero for L £0or2 for M(Q)'/T" )
£ 1.535 GeV, and since (Yg(p, 0)) € 0 in this region there must
be P-wave or S-wave - D-wave interference contributing to the
amplitude (Eqn. 18b). The distortion of the cosﬁ distribution
. —t ++ ’
introduced by the (7{ p) mass cut to remove A can be assessed
by calculating the m = O for events with cos® < O instead, as shown
in Figs. (2ha-d). The moments are very similar, differing by a slight
shift of the (Yg(p ,d.)) moments toward more positive values in
the background regions above and below the B{1235).

To determine the mass, width, and D/S ratio the region M(u)ﬂ* )
£ 1.535 CeV was divided into intervals and the amplitudes given

by Eaqns. (15 and 16) were fitted simultaneously to the ((,()',""‘~ ) mass
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' 0
distribution (Fig. 5¢ - 10 MeV intervals) and to (YQ(P’d )]

(Fig. 23b - 50 MeV intervals) for 'events with at least one pion

' +
triplet in the () mass region and with A removed.zo Several

'hypotheses which differed primarily in LJ-wave background were

sttempted.
1. Basic Hypothesis

The basic hypotheéis is that of a JP = l+ resonence with mass

E_ and total width r‘R at resonance which decays into both S-wave

and D-wave w'/T channels with S-, P-, and D-wave background. The

VD/S ratio ‘is defined by
D/S RATIO = rR/ r‘R : (19)

R . :
where l_‘o and r‘g are the S-wave and D-wave partisl decay widths
st resonance and vhere the total width | = [; + ['2'

An ?,J-wave Breit-Wigner amplitude can be written

l?n o
£, - M- 1[)/2

A‘i"(m) - 1/2 (20)

vhere rlp is the total width for resonance production (assumed to
be S-wavé) R F(M) is the partial width for decay into the zJ-wave
channel, E_ is the resonance mass, and RM) is its total width.

The ¥ jovave partial width, which depends on the orbital angular

momentum potential and phase space, 1s given by

2 1t
[TET] 2
- + X :
Q(M) - ' fl“ (@)

[ % -]z..
2 2
Q- + x .
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where q 1s the U.‘Tr center of mass momentum

[M2 - (Mg + MT‘—)z] [(M2 - (Mg - r4~)2]

Q= 1t
. mz

R denotes the value of the. subscripted (superscripted) quantity

at M = ER and x represents the reciprocal of the radius of interaction
which was taken to be x = 0.100 Gev/ec. The total resohance width

is given by r'(M) = Z r'(M), where the sum is over all chamnels

and partiesl waves. With these assumptions the partial wave

anmlitudes can be written

o = + B [ R J (22a)
-M-1 0
E, [y /2 W, o
ar q 7% o
al = Bl [ R ] (22b)
Mg Qg
(o 3
and a, = 1/2 B2 [q Ep Q ']2 e
5 - + B2 R (24(:)
-M~-1f(M
ER |—'( )/2 M e QR
where B l I e f« represents the LJ-vave background amplitude

divided by the square rcot of three-bocly prhase space, é.nd Q is the

B-p center of mass momentum

2. [S_- (MD+M)2][S-'(MI-M)2]
ks

where S is the total center of mass energy sciuared. A parameter
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0K Ki £ 1 multiplying the cross terms is allowed to vary to
determine the coherence of the ,ZJ = QO'and 2 backgrounds‘with
respect to the phase of the resonance when the amplitudes are
squared. The background amplitude magnitudes IBZ' (L=0, 1, 2)
are linear functions of the (0)77*) mass and the phases 81

(£ =0 and 2) are constants. There are, therefore, a total of
fourteen parameters to be_determined: mass, width, D/S ratio,
background amplitude magnitudes (6), phases (2), and coherence
(2), and productién partial width (a normalization constant).
This represenﬁs a minimum number of unknywns consistent with the
physical assumptions.

The mess resolution (Fig. 25) has been shown to accurately
represent the uncertainties introduced by multiple scattering
and ﬁeasurement e1-r01'.27
The parameters were determinéd by finding a minimum Qalue of

chi-square given by
60

o) =¥ fan) Y |
xZ - Z‘ [(AM) e( ] " (23)
&),

' th 92
]i [(xg(p,d»:@- (B, A, }

ag° [Yg(p,d)]

2. RESULTS
For purposes of reference and comparison with other experiments

we fitted the (Q)7f+) mass distribution (Fig. Sc) to an S-wave
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Breit-Wigner resonance with a non-interfering quadratic background.

From a chi-square fit with ;(iin = 39.52 and 53 degrees of freedom,

the mass and width were determined to be
. .
- Eg s 1.243-0.006 Gev
and [ < 0,136 053 cev

We found four related solutions to Eéns. (17,18b) using the
perameterization given by Eaqns. (22a,b,c). The mass Eg depends
on the relative resongnce-background phese in the S-wave while
an ambiguity in the D/S ratio is a consequence of the behavior
of Eqn. (18b) as a function of D/S. The width [ was found to
be somewhat independent of these uncertainties. We will describe
the solutions and argue for the elimination of three of them in
the discussion.

Solution I: The mass, width, and D/S ratio were determined to be
+ i -
Eq = 1.235-0.005 GeV
MR . 0.147%0.021 cev
R/[R _ . A +0.05
and r‘z/r‘g = 0.00" " 2

from & fit with )(2 = 45,95 and 58 degrees of freedom, which

min
corresponds to a confidence level greater than 80%, where the
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errors were found vy determining the fourteen-parameter )(iin+l
surface. Several terms in the amplitude squared are shown in
Figs. (26a), the total amplitude sguared; (26b), S-wave resonance

squared; (26c), P-weve background squared; {26d), D-wave background

squared; and (e), S-wave resonance and D-weve background interference. -

The solution paremeters are surmarized in Table (4).
The S-wave background was found to vanish 1n>this solution
while the P-weve and D-wave béckgrounds, which are primsrily
determined by (Yﬁ(‘},(i)), cennot also venish. The phase of the
D-wave background is close to llOo s0 that the S-wave resonance
aﬁd D-wave background interference peaks above the mass of the
resonance to account for the minimum in the (Yg(iB:CI)) distribution
(Fig. 23b).
Solution II: From & study of Eqns. (17,1&b) and the properties'of
the first solution it was found that a second solution was possible
by interchanging the S-wave apd P-wave background amplifudes.of the
first solution. The D-wave ba;kground magnitude, phase, and
coherence wefe not changed while the S-wave background phase was
chosen so that the S-wave and D-wave backgroﬁnd interference was
'negative to compensate for the absence of P-wavelbackground in
Egn. (le). The S-wave coherence was set eqgual to one since the
P-wave background of the first solution was large.
. Using these initia; condition the mass, width, an§ D/S ratio

were determined to be

Eg = 1.252%0.006 Gev

rﬂ
and [“:/['g = o.oofgzgg

from a fit with ;(2 = 42,95 and 58 degrees of freedom, which

min
corresponds to a confidence level of approiimately 90%. Séveral'

terms in the emplitude squared are shown in Figs. (27a), the total
amplitude squared; (27v), S-wave resonance squared; {27c), S-wave
resonaﬁce—background interference; (27d4), S-wave background squared;
(27e), P-wave background squared; (27f), D-wave background squared;
(27g), S-wave resonance and D-wave background interference; and
(27h), S-wave and D-wave background interfereﬁce. The solution
parameters are sumﬁarized in Table (4).

The P-wave background is small'but non-vanishing because.the
S-wave and D-wave background interference cannot be large enough

to compensate for the D-wave background squared in Egn. (18b). In

- this solution the S-wave resonance-background interference, which

contributes to the mass distribution (Eqn. 17), peaks below the.
mass of the resonance'aﬁd réquires the resonance mass to increase,
wﬁile the S-wave resonance aﬁd D-wave-backgrouﬁd interference,
which contributes only to (YZ(‘B,C()), peaks above the mass of the
resonance. No up-down ambiguity in the sign of the relative S-wave
background - D-wave background phase was allowed by this solution.
Solution III: A third (and-fourth) solution follows from the
behavior of (Yg(ﬁs,ci)) as a function of the D/S ratio. If, for

example, there were no background then Eyn. (18b) becomes
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|a2|2 -2 \/ERe(aOa;)

(B, = : 2
S PN

since D/s = 0 is a solution. In terms of the D/S ratio this can

be written

|o/s|- 2yZ | o/ :

20T [1 + ID/SI]

which also hee the solution |D/S| = 8. This solution will ve

%y

\

<
no

modified by the presence of background, but the ambiguity still
exists.

Thé initial conditions for the third solution were obfained by
setting the D/S ratio to & and interchanging the S-wave and D-wave
background phases in the second solution. The mass, width, and

D/S ratio were determined to be

= 1.256 GeV

“R

M - 0.155 gev

and {’g/r‘g = 200.0

from a £it With‘)(iin = 42,57 end 58 degrees of freedom. The solution
parameters are summerized in Table (L).

Although there is now a large D-wave resonancé contribution to
(Yg(ﬁ‘,d )} (BEqn. 1ib), this is nearly equelled by a negative

contribution from the resongnée-baékground interference. The phases
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of the S-wave and D-wave background were interchanged so that the
D-wave reéonance-background interference in this solution is the
same as the S-wave resoneance-background interferénce in Solution

II.

Solution IV: The initial conditions for the fourth solution were
obtained by setting the D/S ratio to 8 and intercnanging the S-wave
and D-wave background amplitudes of the first solution. The D-wavé
background phase was chosen so that the S-wave and D-wave backgfound
interference would contribute negatively to (Y2(63,Cl)) and equal
the contribution from the D-wave resonance amplitude. The mass,

width, and D/S ratio were determined to be
Eg = 1.255 GeV

M - 0.152 gev

and l—'g/["g = 23.4

2
min

parameters are summarized in Table (4).

from a fit with j( = h2.7l.and 58 degrees of freedom. The éolution
In this solution, although the S-wave resonance is small, the
S-wave background is quite large and the S-wave resonance-background
interference péﬁks below the resonance mass and requires it to
increase. The D-wave background phase is approximately -38°-and the
D-wave resonance-background interference, while having little effect

below the résonance, peaks above the resonance mass to account for
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the minimum in the (Yg(@,d }) distribution.

D. PRODUCTICK CROSS SECTION

5 —t +
The production cross section for the reaction 7] p —wB (1235) p

at 7.1 GeV/c wes determined with the assumption that W) 7( is the
only decay mode of the B(1235). The number of observed events from
this reaction was found by fitting an S-wave Breit-Wigner, with
mass E, = 1.243 GeV and width ™ - 0.134 GeV, and a polynomial
background of degree three to the (477T) mass distribution for events
with at least one (377)0 pion triplet in the (UJ mass region and

2
MWTT) € 1.750 cev.2?

+118 _+

It was found that 1163 219 B (1235) events are observed in the

region MWTT ) 1.750 GeV from a fit with = 76.65 and 79

min
degrees of freedom. This number must be corrected for (a) the
mass cut, and (b) experimental detection inefficiencies.

From fitting the (37770 mass distribution in the region 0.725

M(3'T) 0.045 GeV with a relativistic Freit-Wigner amplitude
and guadratic background it was found thatl77tl%iof the (L) signal
is contained in the interval 0.765 M(37_7 0.t05 GeV. The mass
and width of the (1), which were allowed to vary, were determined
to be By = 0.7812 GeV and [® - 0.0123 cev.

Three sources of detection inefficiency were considered: (1)
scanning, (2) measurement, end (3) final state embiguities. The
scanning efficiency was determined for events with small momentum
transfér. squared to the proten ( -tp p.< 0.02 (Gev/c)a) and found

)
to be consistent with that for &8ll four-prong events. The measurement

efficiency fqr thése events was examined by compéring thg ratio

~42a

of the number of events passing on the second measurement to the
number of events passing on the first measurement to the same
ratio for all four-prong events. Results indicate that there is
no significant change in the scanning and measurement efficiencies
for events with small momentum transfer squared to the proton
from reaction (7).

There may be final state ambiguities which result in a change
in the number of events of a given reaction. Estimates of corrections
to the number of events of the reaction ,( p-—a-/‘ ,‘ p/‘ “
as & result of several possibly ambiguous reaction hypotheses
have been determined.
(8) 77" p—=T" pT T TT° (track ambiguity): It was found that
pion=proton track ambiguities are negligible. This is primarily
the result of the change in ionization density chi-square when the
pion and proton tracks are interchanged. Most events are peripherally
produced and the proton is slow and easily recognized. )
() TC 1)—--7"'+ P7f + missing mass: Ambiguities involving this
reaction are also negligible when at least one (7T*7T- missing mass)
triplet is required to be in 'the (1) mass region.
(c) 7r+ p-—a-77*77*77377- n: Two methods were used to estimate the
correction for ambiguities involving this reaction. In the first
method, events from reactions (7) and (8) were generated according
to periphera; phase space and fitted using a modified version of
the Alvarez Group program SIOUX. It vas found that 8184 of the
TTA7T+ p7TrN events and 20-13% of the T’+“ T 7T n events fit

the>§mbiguops-reaction. However, no ionization density information
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is used to discriminate vetween hypotheses, the result of which is
a large uncertainty in the ambiguity measurement. At this energy
one might expect a change in lonization density of three to five
when a proton is assumed to be a pion and conversely in these

reactions. This method, therefore, is not very useful.

- A second method involves changes in the missing mass distribution

when an event is assigned an incorrect reaction hypothesis. For
example, the missing mass distribution of events from reaction (7)
‘is not the same as the missing mass distribution of events from
reaction (8) which have reaction (7) as a prime hypothesis’(loyest
sum of kinematic and ionization'density chi-squares), and the
spparent missing mass distribution 1s some linear combination of
the missing mass distribution for events from reaction (7) and the
missing mass distribution of ambiguous events from reaction (8).
With the as;umption that the actual missing mass distribution is
that for events which have reaction (7) &s a prime hypothesis aﬁd
which do not have reaction (8) as a secondary hypothesis, and that
the ambiguous distribution is thet for events which have reaction

(8) as a prime hypothesis but which also have reaction (7) as a

secondary hypothesis, it was determined that 4Z1% of the 7747T* TN

events, and, similarly, 9th% of the 7T*7T+7Tﬁ77- n events are

actually events from the ambiguous reaction. The apperent number

of events from reaction (7) 1§ 2.620.2 times the apparent number
* of events from reaction (8).

{d) Degenerate vee four-prongs: Events which were assigned a vee

four-prong event type by the scanner may degenerate into a four-

=4l

prong; event type if the vee is found to be unassociated with the
vertex. The number of such events which have reaction (7) as a
prime hypothesis and thch are not included in the sample is
equivalent to l.StO.S%_of the apparent number of events from
reaction (7).

With corrections to the observed number of B(1235) events for
the (3777°"ﬁass cuf and fof experimental detection inefficiencies

the production cross section is given by

ghuess) N Ex By
production
EroPs %w)\

where No is the number of observed events, EA is the correction

for final state ambiguities, EN is the correction for unseen decay
modes of the (A), E,y 1s the correction for the (377)0 mass cut, Eg-
and EM are the scanning and measurement efficiencies, and ;\is the

vathlength. This becomes

O«B(leés)

production

(1163_219

(1.0120.02) (1.10%0.0k)

(0.77%0.01) (0.982%0.001) (0.947%0.014) (L2.8%1.0

= h2f$ [Lo

)/J'b

where the scanning and measurement efficiencies for HEAVY events

has been used.
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E. BRANCHING RATIOS

P

If the spin-parity of the B(1235) is J = 1" it cennot decay

into 7770, TI'/T, or KK channels through strong interactions because

perity would not be conserved. In addition, the quark model predicts

that the ¢'/T/w'/T branching retio vanishes since ¢ = ,\ /\ would
result in a disallowed duality diegram. We will show that these
branching ratios are consistent with zero and determine an uj)per

limit for each channel with a 90% confidence level.

— T e (7T

(a) B+(1235) ) mass distribution for events

+ .
~ from the reaction '/T" p—>Tr p‘/'fo (Fig. 28) shows that the

TUTT/WTT vranching ratio is coneistent with zero. We would be

able to detect 220 events above background, and including & correction

for scanning and measurement inefficiencies the branching retio
B— T{Ti/B=>WTT < 0.15

and is consistent with zero.

(v) B+(1235)—_->n7'("+.: The (7177’*) mass distribution from the |
reaction 7'("" 13—-»-7'("+ ’/T+ p'/T-'/TO, .where at least one pion triplet
is required to be in the (WJ mass region 0.525 &£ M(37( ° £ 0.550
GeV, is shown in Fig. (29) with a'" removed. There is no evidence
for B—-T?'/TAand we estimete that we could detect 60 evénts above
background. With corrections for neutral decays of the Tl and

scanning and measurement inefficiencies, the branching ratio

B .,—>T{77/B—’(A)7T < 0.15.

L6

and is consistent with zero.

(e} B+(1.'235)—>-K+ }—{0: The (K+ ;\:0) mass distribution for events from
the reaction '1—4"' P K" P ;o’ where the ;0 is required to decay
vigibly in the chamber, does not give any evidence for B — KK

(Fig. 30). We estimate that we could detect 40 events above back-
gr<->und. with corrections for u.nseén decays of the ;o and scanning

and measurement inefficiencies the branching ratio
- —
B KK/B—0J) T < 0.08

and is consistent with zero.

(a) B*(1235) _>¢77* The (X K*J7") mess distribution for the
reaction Tﬁ P -—-’/T" K+ P K-, where the (K+ K ) mass is required
to be in the (X1019) mass region 0.944 € M(K" K7) € 1.044 GeV, 1s
shown in Fig. (31). There is no evidence for B—™ (be ahd we could
detect 20 events above background. With corrections for other decay

modes of the ¢(1019) and scanning and measurement inefficiencies

we find that
B—->¢’/T/B—> W7 < 0.025

and is consistent with zero.
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VI. DISCUSSION

The reaction '/'T+ P.-a-TT+7T* p?Tﬁﬂ'o at 7.1 GeV/c provides a
satisfactory final state from which to determine the properties
of the B'(1235) meson. There are no Dalitz plot anomalies nor eny
-interference effeets with baryon resonanceé which have been reported.
in 7Tt p interactions at 3 to 4 GeV/c.IFinal states produced in
proton-antiproton interactions have difficulties related to croésing
() bands, background, and poor signel te noise ratios. In thié
reaction we cen determine to some extent fhé PN T T T
production channel interference effects, which appear to be
negligible, since.nearly all of the_af+ is prodﬁced with the
bachelor pion in the»backward direction relative to the incident
pion beam in the 0)7T'ceﬁter of mass, and the cosFS distribution
" for events with the bachelor pion in the forward direction is
theoretically the same as that for B(1235) évents without a
selection on the bachelor pion direction. Obviously this relies
on the peripherality of the interaction and may not be useful at
lower energies, while at higher energies the production Cro6s
section is smaller.

A Chung and Bermen-Jacob analysis of the QTI engular distributions

as a function of Q07T+) mass shows thet (a) the spin-parity of the

P +

B(1235) is8 J° = 1t or 2 » 35 oo, and (b) the spin-parity of the
— P

UU/( background may contain J° normel components. In & Chung

analysis one first determines the spin-parity series of the decaying

resonance using properties of the G({ m;IM) functions. If the spin
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is non-zero then J(J+l) can be calculated directly using tie

G(lln;LM) weighted averages (Eqn. B«5). However, in this experiment

we found that the spin-parity series of the B(1235) could not be

determined using these properties (Egns. B-3,L4). A determination
of the spin-parity series from.LOfpolarization information was
not pbssible since oO?T background could account.for longitudinal
polarization of the () if the spin-parity of the 5(1235) were J°
normal.

In the determination of the mass, width, and D/S ratio of the
B(1235) we found four relsted solutions to Eqns. {17) and (i8u)
which describe the ()77 ) mass distribution and (Yg(P,d))
moments. Solutions III and IV follow from Solutions I and II and
the behavior of Eqn. (18b) as a function of the D/S ratie, We
attempted to eliminate these golutions, which have a large D/S'
ratio, by looking for inconsistencies in the cos® distribution,
but ﬁithout success. A solutlon with a large D/S ratio contradicts
the result of an analysis by Werbrouck et al which in&icatéd that
the D/S ratioc should be small7, wvhile an S-wave decay is preferred
because of the orbital anguler momentum potential barrier, although
quantitaﬁively thls depends on the radius of interaction. Ve assune,
therefore, that D/S = O is the physically correct solution.

Solutiops I and IT are related by an ambiguity in the S-wave and
P-wave backgrounds. In the first solution the S-wave background
vanishes while the P-wave background is quite large st threshold
and nearly constant over the-reéion of interest. Although this may

be possible physically it is not very probable; orbital angular
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momentum zero is usually dominant at thre.shold due to the centri-
fugal barrier potential and the small amount of kinetic energy
available. In the second solution, however, the S-wave background
is large near threshold and the P-wave background is small but
non-venishing. Thie solution is in agreement with a)-pola.rize.tion
information and results. of the spin-parity analysis for the interval
M((‘)'/T*) £ 1.055 GeV which ind.ic.ated that JP abnormal is dominant
in this region.

Ve have determined improved upper limits for the branching ratios
of the JT T and nT(' channels relative to (W7T. The TT 71, 7?77; KX,
and W mass distributions are consistent‘v:lth results for the
branching ratios of the B(1235) meson determined by previous
experiments - no evidence for decay channels other than w'/T has
been reported. If the spin-parity of the B(1235) is J% = 1% 1t
cannot decay into' ‘/TT(; Trl_l: or Kf(- if the decay ié the result of
strong interactions since parity must be conserved. The measured
breanching fractions of these possible decay modes provide a
physical test of the spin-perity determination.
~ The B(1235) production cross section for the reaction ‘ﬁ"L p -
T pTTTT° at 7.1 GeV/e, determined to be (f= éef? o, 15 -
in sgreement with other experiments. Fig. (32) shows a compilation
of the 3(1235) production cross section as a function of incident
beam momenta for Tl'i P intersctions by T. Ferbel.2

A sumary of the preperties snd quantum numbers of the B(1235)

meson is presented in Table (5).
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. APPENDIX A

DECAY ANGULAR DISTRIBUTION OF THE B(1235)

The décey of the B(1235) mesen is a two-step process in which .
the decay of the B(1235) into W(T84)TT is followed by the decay
.of the (A) into '/T”/'("'ﬁ'o Except for a coupling consta;nt, the rate -
of this two-step process is determined by the production mechenism
of the B(1235) end the amplitudes of the first step of this prbcess.
The production mechanism, which may involve the exchange of Regge
trajectories such as the Tl'or (J.), is not well known, and 1t is
not our purposé to resol_ve this question.' However, kinematic
information frem each step of the decay process allows one to
determine several intrinsic properties of the B(1235) meson.22

One can write tﬁé_ 2J+1 pure state vectors of the B(1235) as a
superposition of the totel anguler momentum eigenstates |JM) where
J is the intrineic spin of the B(1235) and M is the spin projection

along the gquantization axis in its rest frame

IB(2235), ) = . S lawy (A-1)
M
for =1, 2, ..., 2J+1. Since the dynamical state of the B{1235)
is incompletely known, one can determine only the probebility P(M)
that the B(1235) is produced in a state |JM). It is convenient to
describe this statistical miture of states using the density

operator p defined by -
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p- Z |3(2235), & )((2235), oL (+-2)

Z Z cg' cgz |JM)(JM'|

d, o MM

Z R, o 1wl

M,M'

where pM M is the B(1235) density metrix. The probability P(M)
$] R

is given by

P(M) = Z ¢ |? - /:{(,M (8-3)

In the B(1235) center of mass let P(9,#) be the three-momentum
of the () where & and ¢ are the polar and azimuthal angles of the
(V) momentum direction in. the Jackson coordinate system in which
the Z-axis is along the incident '/'f" beam direction, and the Y-axis
is along the préduction normal (Fig. 11). >The.relationship between
a st.ate | M), which is an eigenstate of total angular momentum, and
a state [P,0,d, /\) » which describes the two-particle decay system

with relative three-momentum 2P(9,§) and helicity A 1in the rest

'Prame of the decaying particle, is given by the Wigner formula

N~

2J+1 (J * . v
Lm)v = [T’ﬁ'] fDM, (¢,8,0) |p,0,8, ,\) sino do daf  (a-L)

Then the transition matrix element T(AI)M which describes the decay
2
of the B(1235) in & pure state |JM) into the two-particle state

W77 in a pure state | P,0,d, ,\) is given by
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A Tg) - <w(78u)'/T;P,e,¢,/U'TI_B(1235);JM> (a-5)

[}

2J+1.
i pla)*
[ m—] P S

- where the helicity anpiitudes are defined by

g/\ = (W(784)TT;P,0,4,A | T|B(1235);helteity=\)  (A-6)
for /‘, = -1, 0, +1 where T is the usual transition operator;

In the ) center of mass let /n\(p,a) be the normal to ‘the
'('*77-'/'('0 decay plane where p and d are ﬁ_he polar and azimuthal
angles of the decay plane normal in the w-helicity rest frame in
which the Z'-axis is along the direction of the (U in the center
of mass of the B(1235) and the Y'-axis is along Z x Z' (Fig. 11).

In this reference frame the spin projection of the (A) aleng the

Z' axis is just its helicity /\4 and the transition matrix element

(2
To,

into the three-particle state 0T in a pure state In(P a)

helicity—o) is given by

(T, @), 07| aXT8) ) (aeT)
; 3

= (1)* a,o

7| wpo

where the helicity amplitude fo is a co\_zplihg constant.

The transition matrix element T for the two-step deeay of

o,M

‘the B(1235) in a pure state |[JIM) into (71

}\ which deseribes the decay of the (U in a pure state |j=l m= ,\)

-5k

T

in a pure
state with helicity zero is the product of the transition matrices

for each step of the process, and, therefore

T = T(Q) ?(1) , o : (a-8)
= £ 2 : ,6,0) D ( »d,0)

A

For systems' gpecified by a density operator p the expectation

value of any function F(A) of the observables A 1s the trace of

LFr)
(F(A)) = Trace pF(A)

Then the decay angular distribution of the two-step decay of the

B{1235) is given by

W(B,a;6,9) = Trace O ITI2 (A-9)
3(2J+1) If |2 Z p g
16:uE /\z\M,M' M ’\ ’\

pld)* (J) (1) (1)
/\(¢,o ,0) Dy W, ) .(¢,8,0) D o(d, p »0) DYy (d, 3 ,0)

The density matrix pM M depends on the production mechanism of
14
the B(1235). By integrating over the angles 0, @, and ( and using

the orthogonality properties‘of the D-functions and the trace



normalization of the density matrix

Z pM,M= 1

one obtains an angular distribution I(P) given by

f w( p,a 39,@) sine a6 ag ad. (A-10)

elslt I Il [ ]

which is independent of )OM M explicitly. If parity 1s conserved
2

1(B)

then |g1|2 = lg'_ll 2 and hence

<I(P) = 3/2 .[lgo|2 cosaﬁ + Iglla sin%] (A=11)

where fo has been set equal to.one.
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APPENDIX B

CHUNG SPIN-PARITY ANALYSIS

The spin-parity of a boson resonsnce which decays into ‘a spin-1
and a spin-O particle may be determined directly from experimen_tally
measurable averages.zu ‘

Let 6 and § be the polsr end azimuthal angles of the spin-1
perticle momentum direction in the Jackson rest frame of the
decaying spin-J boson resonance, and let ﬁ and ¢! be the polar
and azimuthal angles of the gpinel pﬁicle decay indicaﬁor in the .
spin-1 particle helicity reference frame. {See Appendix A &nd Fig.
11)

The measurable avex;agee
(20 +1)(2L+1)

. % 3 .
G(&“‘;LM) = (1'2(9,¢)D}(4]:i (9:¢10)> (B"l)

3

are used directly to determine the spin-parity of the decaying boson

regonance where the r;j are multipole expansion parameters of the

Spin-l particle density matirx

. —_ 1
TE(Q:'W - - [h”T <Yz(p’a))0‘,¢ fixed

—_— -2
(to1o|40) (2-2)

3
where the average is taken for fixed © and @, and (1 0 1 0 I £ 0)
is the usual Clebsch-Gordon coef’f’icien\:.25 The parameters L and M
are related to a multipole expansion of the density matrix of the .

spin-J resonance in the Jackson rest frame.



-57-

To determine the parity, suppose
(&) J = 0: A1l G(4d m;1M) vanish except G(00;00) = \/I-/gand
G(20;00) = - \/% since only one orbital angular momentum ZJ =1
is possibile.

(b) & >1: If the parity is such that & = J then
G{21;IM) = O for L even (2>2) and L odd (B=3)

and 6(00;1M) = /2 G(20;1M) for L even (32)  (B-k)

" However, if the parirty..‘is such that LJ = J%1 one may have G(21;IM)

=0 1r LJ = J=1 dominates over LJ = J+1 so that (B-3) is & strong
test only for L éven_._( 22).
To determine the sp‘ih J of the boson resonsnce directly, one

uses the relation

J(I+1) = : (B-5)

L(I+1) G(22;1M)

7[[2L(L+1)/3(L-_1)(m2) ] 2 [Ja_c(oo;m) + G(20;LM)] + 2 6(22;1M)

where L is even {(22).and 77 = 11, If the orbital angular momentum
ZJ of the two-particle decay system satisfies: EJ =5 (J) then
TI =1 (~1). The functions G({ m;IM) mey be determined from the

relations

1
—

G(00;m) = [ﬁﬁ ] (2o, 9) (-6)
3

58+

1

2
1077(2L+1) ) *
end Glemt) = - | — (B.a ) (4,0,0)) (37)

Eqn. (B-5) is correct for both reel and imaginary perts of G( & m;1m)
separately. To determine the minimum velue of J consistent with the

date one uses the condition G(Lm;LM) =0 1f L > 2J which is a

" result of conservation of angular momentum in the' fnultipole

parameter expansion. If Lmax is the largest value of L for. which
the G({ m;1M) ere non-vanishing, there are Lmax(Lmax+h) /4 independent

tests of (B-5).
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APPENDIX C

BERMAN-JACOB SPIN-PARITY ANALYSIS

Using the results for the angulaer distribution of the E(1235)

two-step decay one can express the density matrix p' of the
. . 2

1
Q) with respect to the ()-helicity reference frame in terms of the
helicity amplitudes g 1 and the demsity matrix R{ yr ©f the B(1235)
td

in the Jackson coordinate system. From quantum mechanics one finds

that

ted

pr-1 prt | (c-1)

vhere T(l) is the transition metrix for the decay B(1235)==(JTI.

This becomes

Using this relation 1t 1is possible to show by direct computation

(-1)°g 3(41)

hat
zfpl- . (6:9) sinZo af)
I[Q,l(0,¢) + p.'l’-l(01¢)] (300529 - 1) dQ

where dQ = 8100 @0 4f and £ 1s the relative ()-B parity, and

3 - J(J+1)

3 ,
pi,_l(9)¢) = ‘.‘h—’l_‘T';o—léfW(p,a;e,¢) q082d 31nP QP ad. (c-h)

(c-3) -

b0«
and Pi,1(0:9) + Py, 1089 = (c-5)
-—3——2- fW(P,d;0,¢) (3- Scoszﬁ) sinp dP ad

And, therefore

b (s1n%0 cos2d.)
((3c08%6 - 1) (3 -.Scos?B )

J .
3 = J(J+1)
Explicit dependence on pN N has been eliminated by teking ratios
C 3
of moments. Eqns. (C-3,4,5) were derived by Berman and Jacob to be
used directly in the determination of the spin-parity of a decaying

boson resonance.23 Moreover, it can be shown using Eqn. (A~9) that

2 (Re D 2(¢:9 a)) + (Re DM 2(¢;9)a))
I{r =
o2 <Re Dy, o(#:9,0) (5/2612B - 1))

[ (L€ 3w

3 - J(J+1)

- (c-7)

"for M = 0 and 2. Rﬁ is independent of the prodnction mechanism of

the B(1235) and depends only on the decay kinematics. Table (3) gives

values of RM for several spin-parity assignments.



61~ " -b2-

‘APPENDIX D 2. NON-NORMALLY DINTRIBUTED VARIABLES
WEIGHTED AVERAGES AND STATISTICAL ERRORS The varisbles Rﬁ ‘and J(J+1) given by Eqns. (C-7) and (B-5) are
' not normally distributed. However, for each hypothesis of such

1. NORMALLY DISTRIBUTED VARIABLES variables one can calculate a chi-square and different hypotheses
In computing the sample mesn of some function F(A) of the can be compared using a 1iklihood ratio or confidence level.
kinematicel variables A of the decay, events with one pion in the Suppose oneé has n equations 6f’the form

() mass region are given weight one and counted once while évents _
with both pion triplets in the (1) mass region are given weight » R = (Fk)/((;k)

(D-3)

one-half snd counted as sefparate events.
for k =1, 2, ..., n where (Fk) and <Gk) are expectation values of

WY
P4 . [ 1 '
o {F(a)) = i LA F(Ai)/ i vy (D-1) n functions of the kinematical variables A which are approximated
_ i=1 =1 '

i~ by
¥ 7 o
2 _ 1 ! ’ : _ ' ' o
- == g: v, F(a,) | : . ‘ .'(Fk} = i; vy Fk(lli)/ﬁ’:1 v, : (p-k)
_ N i=1 ) . : ' = =

where F(Ai) is any function of the kinemstical variables A, of the v ,

1'th event, w, = 1 or 1/2 is the weight function, N is the number : == ) w F (A)
.y 1 Y T L
- of events with at least one pion iriplet in the (1) mess region, and ) o ' _ . .
m : . 1 ’
R Y “ . " .
d N' = N + the number of events with both plon triplets in the () mass and (Gk) =— i A Gk(Ai)
iy N
region.
- The statistical errors are approximsted by the expression where wi = 1 or 1/2 is the weight function, N is the number of

. events with at least one pion triplet in the 0) mass region, and
Nl
o1 : .
a° [F(A)] = Z:l w2 (D-2) N' = N + the number of events with both pion triplets in the ()
- 2 1 . '
- : mass region. .

N
The equations to be satisfied by the parameter can be wﬁtten

x|t ' 2 ' 1 .' 2
; g w, F (Ai) - (; - A F(Ai))
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and for each vaiue of R one can calculsate a chi-square given in

matrix notation by

X2(r) =

[Fw) - rGan] =™ [@a) - rE@n] o-6)

where (F(A)) = (<F1<A))’ (F2(5)>, ceey (Fn(A))) and E(R) is an

error metrix given by

Ejk(R) =

1 SPTee *
= [Z A ][Z [F56ap) - mosap] [Flap) - Roy ()] ](D-?)

N Liza 1=1 _ _

For the Chung spin-perity analysis we have (with L = 2 and M =
o0, 1, 2)

= J(J+1)
(F,) = 6 6(22;2 x-1)

and  (6,) - N[V2 6(00;2 k1) + 6(2052 k-1)] + 2 6(22;2 k-1)

for k = 1, 2, 3.

For the Berman-Jacob spin-parity analysis we have (vith M = 0 and

2)
R - \/§7g J(J+1)

J{J+1) - 3

() = (re off), idhe,a) + (re pf2), (e,

and  (6,) = 2 (Re Déﬁ'a 088, ) (5/281aB - 1))
for k =1, 2.

10.

11.

12.

Blim

FOOTNOTES AND REFERENCES

P. Soding, J. Bartels, A. Barbaro-Galtieri, J. E. Enstrom, _
A. Rittenberg, A. H. Rosenfeld, T. Trippe, N. Barash-Schmidt,
C. Bricman, V. Chaloupka, and M. Roos, Review of Particle

Properties, Lawrence Berkeley Laboratory Report LBL-100,

April 1972.

T. Ferbel, in Meson Spectroscopy, W. A. Benjamin, New York

and Amsterdam, 1968, p. 372.

R. Bizzari, M. Foster, Ph. Gavillet, G. Labrosse, L. Montanet,
R. Salmeron, P. Villemoes, C. Ghesquiére and E. Lillestdl,

Nuc. Phys. BLh, 169 (1969).

C. Baltay, J. C. Severlens, N. Yeh, D. Zanello, Phys. Rev.
Letters 18, 93 (1967).

G. Ascoli, H. B. Crawley, D. W, Mortara and A. Shapiro, Phys.
Rev. Letters 20, 1h11 (1968).

D. D. Carmony, R. L. Lander, C. Rindfleisch, N. Xuong, and

P. Yager, Phys. Rev. Letters 12, 254 (1964).

A. Werbrouck, G. Rinaudo, R. T. Vaen de Walle, D. J. Schontanus,
C. L. Pols, N. Steif, G. Gidal, and D. Brown, Nuovo Cimento IV,
1267 (1970). ' _

S. Flatt, Manual for K82 Beam Watchers, Lawrence Berkeley Lab-
oratory Group A Physics Memo 646, 1968 (unpublished).

S. Flatte, Beam Averaging for the SLAC C-K Beam, Lawrence
Berkeley Laboratory Group .A Physics Memo 664, 1968 (unpubllshed)
S. Protopopescu, M. Alston- -Garnjost, and M. Bogdanski, Pathlength
for 7_82 Lavwrence Berkeley Laboratory Group A Physics Memo 750,
1972 (unpublished).

S. Derenzo, S. Flatte, and M. Rabin, Experiment 32 Scanning
Instructions, Lawrence Berkeley Laboratory Group A Physics

Memo 680, 1969 (unpublished). -

A conflict scan is a third scan in which the conflict scanner

decides which of the first two scans is correct if there is a )
discrepancy. '



9

5

13.

1k,

15.

16.

17.

18,

-65-

J. S. Denburg and G. R Lynch, BUBBLE ~ A Program to Utilize
t\he Spiral Reader Measurements of Track Brightness, Lawrence
Berkeley Laboratory Group A Programming Note P-160, 1967
(unpublished).

M. Alston-Garnjost, Event Types for K82 Experiment 30 and for
PI82 Experiment 32, Lawrence Berkeley Laboratory Group A
Programming Note P-170, 1970 (unpublished).

The corresponding missing mass calculation to reaction (7) is
8 zero-constralnt reaction hypothesis in which the mass of the
missing neutral (77°) 1s allowed to vary while the particle
1dentification of the visible tracks is \mchanged from the one-
constraint nypothesis.

W. T. Esdie, D. Dryard, F. E. James, M. Roos, and B. Sadoulet,
Statisticel Methods in Experimental Physies, North-Holland
Publishing Company, Amsterdam and London, 1971, p. ll.

G. Goldhsber, S, Goldhsber, J. A. Kadyk, snd B. C. Shem, Phys.
Rev. Letters 15, 118 (1965).

This definition of ,\ is an energy invariant genera.lization of

~ that used by Goldhsber et al (Reference 17).

19.

21..

22.

23.

2k,

25. G. Grayer, B, Hyams, C. Jones,;P. Schlein, W. Blum, J. Meissburger,

S. U. Chung, O. I, Dshl, J. Kirz, and D. H. Miller, Phys. Rev,

165, 1491 (1968).

The t' _ distribution for the interval 1.085 € MW7Tr") € 1.365
Gev (n:,)t shown) indicates there 1s strong forward-peeking for
.t' < 0.0k (Gev/e)Z.

’I'hé w mess region is defined to be the interval 0.765 £ M(3‘_')

€ 0.605 GeV, and the A'' mass region is the interval M( M p) =

1.23620.120 GeV.

We will use the seme phase convention as Berman and Jacob (Ref-
erence 23).

S. M. Bermen and M. Jacob, Spin amd Parity Analysis in Two-Step
Decey Processes, Stanford Linpar Accelerator Center Report 43,
1965 (unpublished).

S. U. Chung, Phys. Rev. @', Bl5k1 (1968).

28.

29.

. 30,

=66

W. Ochs, U. Stierlin, and P. Wellhammer, Phys. Letters 35B,
610 (1971).

Jd. A, J. Matthews, J. D. Prentice, T. S. Yoon, J. T. Carrol,
M. W. Firebaugh, and W. D. Walker, Nuc. Phys. B33, 1 (1971).
For references concerning the determination of the mass and
width of the g(1680) see Reference (1).

K. W. J. Barnham, D. C., Colley, M. Jobes, I. R. Kenyon, P. Pathak,

L. .Riddiford, P. M. Watkins, I. Griffiths, I. S. Hughes, J, W. P.

McCormick, I. McLaren, C. D. Proctor, R. M. Turnbull, and I. R.
White, Phys. Rev. Letters 24, 1083 (1970). ‘

M. Alston-Garnjost, A. Barbaro-Galtieri, W. F. Buhl, S. E.
Derenzo, L. D. Epperson, S. M..Flatte, J. H. Flatte, J. H.
Friedman, G. R. Lynch, R. L. Ott, S. D. Protopopescu, M. S.
Rabin, and F. T. Solmitz, Phys. Letters 33B, 607 (1970).

S. Derenzo, MINF68 - A General Minimizing Routine, La.wrence
Berkeley Laboratory Group A Programming Note P-190, 1969
(unpublished).

In the determination of the production cross section the kine-
matic. confldence level requirement is changed to 10-5_ and there
is no selection on missing mass.

There is an additional detection efficiency correction of 97 84
for two-prongs because of steep or overlapping tracks.
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TABLE 1. SCANNING EFFICIENCIES

-68=

TWO-PRONG EVENTS(®)

VEE TWO-PRONG EVENTS

Efficiency X HEAVY ~ LIGHT Total
’NAv | 1913 2067 4000
, 339 25% 595
L 163 123 286
Né?) 181. 137 318
N, o 17 34
By 92.2%0.64 9h.3%0.5% 93.3%0.1%

*
£ = 0.20%0.01

Efficiency X HEAVY LIGHT Total
N, - 1185 507 1692
L8 52 30 | 82
NC . 65 15 8o
Né‘,’) 72 18 9
ND 1 1 8
* ) .
Eg 93.8%0.74 96.4%0.64 9h.5%0.6%
_ . .
£ = 0.004720.0010
FOUR-PRONG EVENTS ¢
Efficiency X HEAVY LIGHT Total
N, 21978 1L35kh 36332
N b5 382 821
No. 'u71 ' 33k 805
Né?) W8 3k 820
N, : 16 13 | 29
E; 98.2%0.14 98.1%0.1% 98.2%0.1%

* ¢ = 0.20%0.01

(a) Scmning efficiency computed from five rolls (See Footnote 30).
(b) vCorrected for second measurement of failing évents which were
not remessured. ‘

(e) Scanning ef_fiéiency computed from 10% of the sample.
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TABLE 2. MEASUREMENT EFFICIENCIES
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(
THO-FRONG EVENTS'®)

- Correction for unmeasurable events = 0.97t0.01
. HEAVY First Measurement Second Megsurement
N .. Passing events 1241 - o 1309
Falling events 131 63
Measurement efficiency = 93.3%3.8%
LIGHT irst Mesurement Second Measurement
o Passing events 529 552
g2y Failing events 56 33
- + '
o Measurement efficiency = 93.2-5.7%
- Total First Measurement Second Measurement
Passing events 1770 1861
"3
i Failing eventsg 187 9%
- ’ Measurement efficiency = 93.253.44
o v (v)
'FOUR-PRONG- EVENTS
e
Correction for unmeasursble events = O.95-0.01:
" . :
HEAVY First Messurement . Second Measurement
- ' . Passing events .= . 2167 o 23106
— " Failing events Co- 3926 0 2287
: Measurement efficiency = Oh.T1.l%
oy .
LIGHT First Measurement Second Measurement
A . Passing events ko733 - 15206
Failing events . 2691 v 1558 -
Measurement efficiency =‘9h.btl.6%
Total Pirst Measurement Second Measurement
Passing events 35540 . 38312
Failing events 6617 - 3845

Measurement efficiency = 9h.6tl.3%

- VEE _TWO-PRONG EVENTS

HEAVY Pirst Measurement Second Measurement Third Measurement
Passing events 10143 11421 11489
Falling events 3029 1751 1683
Measurement efficiency = 9&.8t1.6% ’

LIGHT : Eirst Measurement Second Measurement Third Measgrement
Passing events 11093 12667 - 12736
Failing events 3531 : 1957 1888
Measurement efficiency = 9&.7tl.6%

Total © First Measurement Secend Measurement Third Measurement
Passing events 21236 24088 24225
Failing events 6560 3708 3571

Measurement efficiency = 9&.7t1,3%

() Feiling events from only five rolls were remeasured.

(b)'Meaaurement efficiency computed from 10% of the sanmple.



-Tl-

TABLE 3. Rﬁ FOR SEVERAL JP ASSIGNMENTS

=+

-T2~

TABLE 4. SUMMARY OF PARAMETERS - DETERMINATION OF THE

MASS, WIDTH, AND D/S RATIO OF THE B(1235)

0 Pl 3 e |t
o |-1.22]1.22]-1.22]1.22 |0.82]-0.82] 0.61]-0.61

Solution

I I
+ +
£ 1.235%0.005 Gev 1.252%0.006 cev
R T +0.021
r 0.147%0.021 gev 0.156 " 078 eV
+0.05 +0.06
Pg/rg O_'QO-_o.oo 0+90_0.00
2
IBOI 0 30.05 - 16.16M
5o 0 0.995
LN o 0.882
lBl|2 27.62 - 12.31M “bohk 4 b6TM
|132|2 -1.45 + T.05M -21.87 + 23.88M
$s 1.920 1.591
K, 0.585 0.69
M 8.33 a/q 462 o/
XC (woF) 45.95 (58) k2.95 (58)
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TABLE 5. PROPERTIES OF THE B(1235) MESON

Property or
Quantum Number

Determined Value

Evidence or Method
of Determination

- 1.252%0.006 GeV-

' Fit to (wﬂ*) nass

Decay ‘Modes

_Mass distripution and moments
Widih O'l%tg:gié GeV iiztxt'gb\(l(::{?)f inrdna::ments
D/s Rapio 0.00tg:gg gztﬁbﬁginga::ments
Sp,inépgrity F=1tor2t, 37, ... g;ﬁfpxgtiem‘xz"b
gs;;r;;:y -1 B(1235) == (W(TEH)TT
Onarge Conjugation o ¢, - (-1)%¢
W18 )T Mass distributdon

Branching Ratios

TITIWTT < 0.15
T(ﬁ]ﬁm'< 0.15

K KW < 0.08
QPRI < 0.025

Mass distributions with
corrections for unseen
decey modes and detection

" inefficiencies

-73-
Solution 11 v
B 1.25 GeV 1.255 Gev
l_'R. 0.155 GeV 0.152 Gev
Y I"gl 200.0 23.31
lBé|2 37.9% - 16.72M -b.T5 + 12.1bM
50 1.333 1.295
Ky 1.000 0.735
|5, |? -2.23 + 1.88M 15.67 - b.78M
|32|2 -23.03 + 2k.02M 1.11 + 0.61M
5o 0.322 -0.657
K, FO.6’+7. 0.963
'r% | 599 /o | 8.59 a/qy
u2.57 (58) §2.71 (58)

Production
Cross Section
T p—=B (1235) p
~ at 7.1 GeV/e

el
h2_7 /_Lb

(A)'[_('mass distribution
with corrections for (377)°
mags cut and detection
inefficiencies
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‘FIGURE CAPTTIONS

Fig. 1. Structure of the Stanford Linear Accelerator 18 Gev/e
primary electron beam.

Fig. 2. Schematic of the secondary beam optics configuration

V from the primary electron beem target to the 82" hydrogen
bubble chember. R

Fig. 3. Two pion mass distribution for T —»-'/T+7T+ YT °,.
(a) M('/TT{’) (two combinations), (b) M(’/_(*ﬁ'o) (two combinations),
and (c) M(TT 77°). :

Fig. &. (Wﬁ;ﬁo) mass distribution (two combinations) for
7""+ p_,.’/'[ﬁﬂ# p’/'(’-’/TO: (a) all events, (b) /\ > 0.006 (inner
Dalitz plot region) with st removed, end (c) A_ £ 0.006 (outer
Dalitz plot region) with A™' removed. v

Fig. 5. Four pion mass distribution for 77" P T 7"‘+ SYTIAE
(a) all evénts, (b) events with at least one pion triplet in
the (1) mass region, (c) events with at least one pion tripiet
in the () mases region and with At removed, and (d) events with
both pion triplets in the () mass region and with A’ removed.

Fig. 6. (Tp) mass distribution for 71 ' p —=T0 71" PIT 71 :
(a) M(TT" p) (two combinations), (b) M(T('; p) where the (ﬂ:ﬂ”’ffo)
mess is in the () mass region, (c) M(7{ p), and (&) M('_'[To p).

Fig. 7. Normalized three pion Delitz plot with X = (T, - T_)/V/3 Q
and Y = TO/Q where T, T, and 'i‘e are the kinetic energies of
the 'I-(+, Tl", and 7{  4in their center of mass and Q is their
totel kinetic energy for '/T" P —»Tf '/_l* p'IT-’/To with A’H removed:
(a) all events, (b) l 2 0.006 (inmer Dalitz plot region), and
(e) ,\S 0.006 (outer Dalitz plot region).

Fig. 8. ((L)'I_l’+) mass distribution for 7T+ b —>'/T+7T* p‘]'[’ﬂ'o with

A" removea: (a) A 2 0,006 (inner Dalitz plot region), and (b)
A € 0.006 (outer Dalitz plot reglon). v

Fig. 9. Dalitz plot of Me(a)ﬂ’;) against Mz('/TI: p) for ‘,T#p—b-
T P T '

Fig. 10. Distribution of momentum trensfer squared to the proton
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for T p—e-TO TT p’/T.ﬂ'O for three (af/'('+) mass reglons
below, centered on, and above the mass of the B{1235): (a)
M(TT) € 1.085 Gev, (b) 1.085 € M(WF7) € 1.385 GeV, and
(e) 1.365 < MWTT) € 1.535 Gev.

Fig. 11. Defiriticn of the angles used to describe the two-step decay
of the B(l235) where the Z-axls is along ‘the incident beanm
direction, the Y-axis 1s along the production Aorml, and 6 and
¢ are the polar and aziruthal angles of the (U direction in
the B(1235) center of mess (Jackson coordinate system); in
the {) rest frame this direction is the Z'-axds, Y' = Z x 2",
and ﬁ anéd (I sre the poler and szimuthsl angles of the normel
{1\(‘3 ,d) to the ’/T*’,T",TO decay plane (() helicity rest frame).

Fig. 12 - 15. cose, §, cosﬁ, and (I distributions for '/T+ p—rm
'/T"'ITF pﬁo with at least one pion triplet in the () mass
region for three ((L)?T" ) mass regions below, centered on, and
above the mess of the B(1235): (a) MW)< 1.085 Gev, (b)

1.085 € MWTT") € 1.365 gev, and (c) 1.385 € METTT) € 1.535
GeV. Subfigures (d,e,f) are ‘the seme distributions for events
~which, in addition, have ™ removed.

Fig. 16. cosd distribution for 77" p —= 71 71" TT T  with M(TTo7T T1°)
in the () mase region and (a) M(T('; p) < 1.4 Gev, and (b)
M('[T; p) > 1.k Gev.

Fig. 17. cosf3 distribution for 77" p—»77 77" P71 7~ with at
least one pion triplet in the () mass region a,nd with cosd <} 0
for three W) mass reglons below, centered on, and above
the mass of the B(1235): (&) M{OTr") < 1.085 Gev, (b) 1.085 <
MUTT") € 1.385 GeV, and (c) 1.365 SMOTT ) € 1.535 GeV.

Fig. 18. G(l m;IM) veighted averages for 77* p__..ﬂ}'ﬁ» pﬂ’ﬂ'o
with at least one pion triplet in the () mass region and with
A" removed as a function of (U)'ﬁ'*) mass: (&) G(20;00),

(b) 6(00;22), and (c) G(20;20).

Fig. 19. Distribution of chi-square as a funetion of J(J+1) in the

Chung analysis (with L = 2) for J° normel for six 120 Mev (W)
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mass intervals: (a) M(QTT) <€ 1.055 GeV, (b) 1.055 < MW7)
€ 1175 GeV, (e) 1.175 MW ) € 1.295 Gev, () 1.295 K
MWTT") € 1.115 Gev, (e) 1.115 < MWTT) € 1535 Gev, and

(£) 1.535 €< MWTT") < 1.655 GeV.
Fig. 20. Distribution of chi-square as a function of J(J+1) in the

Chung analysis (with L = 2) for JP abnormal for six 120 MeV (w7T")
mass intervals: (a) MOTT ) 1.055 GeV, (b) 1.055 <M(a)u )
< 1.175 GeV, () 1.175 € MWTT") € 1.295 Gev, (d) 1.295 €
MEOTT) € 1.515 Gev, () 1.415 € M(w'/'«’*) <1.535 6V, and
(£) 1.535 S MUWTT') € 1.655 GeV.

Fig. 21. Plot of the parameter

£ J(3+1)

: _ J(J-1) = 3
.as & function of spin J for J° normal (dashed curve) and JF

abnormal (solid curve).
Fig. 22, Distribution of chi-square as a function of Rf« in the
Berman-Jacob spin-parity analysis for six 120 MeV ((,\)’/T" ) mass
intervals (a) MW7) € 1.055 Gev, (b) 1.055 € MUWTT) € 1.175
GeV, (c) 1.175 € MWTT") € 1.295 Gev, (d) 1.295 § MUFT') € 1.415
GeV, (e) 1.415 € MWTT) € 1.535 GeV, and (£) 1.535 € MWTT)
€1 655 Gev.
Fig. 23. <YL( ‘3 a)) moments of the decay angular distribution for
p—c—-T*n Tl w with at least one pion triplet in the W)
. mass region and with A" removed as & function of (W ) mass:
(a) <Y B,d), (®) (O (p ayn, (e) (2 3(B,Q)), and <Yu(ﬁ al.
Fig. 2h, (Y (ﬁ (1)) moments of the decay a.ngula:r distribution for
the backward hemisphere (cos® < 0) for /‘ p-—)-n /( YT “
with at least one pion trlplet in the () mass region as a function
of ((.O/l )mass (a) (Y ((3 a)), (v) (Y (ﬁ al)), (c) (Y (p ,ad)),
and (a) (Yo(B,d))- ,
Fig. 25. Four pion mass resolution function for 7j p-a-‘ﬁ'*'ﬁ"' S YT
with at least one pion triplet in the (1) msss regibn and with

=+ :
A removed.
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Fig. 26. Several terms in the amplitude squared for Solution I as
a function of (w'/_{'*) mass: {a) total amplitude squared, (b)
S-wave resonance squared, (c) P-wave background squared, (d)
D-wave background squared, and (e) S-wave resonance and D-wave
background interference.

Fig. 27. Several terms 1n the amplitude squared for Solution II as
a function of ((U/( ) mass: (a) total amplitude squared, (b)
S-w_ave resonance squered, (c) S-wave resonance-background
interference, (d) S-wave background squared, (e) P-wave back-
ground squared, (f) D-wave background squared, (g) S-wave
resonance and D-wave background interference, and (h) S-wave

" and D-wave background interferg_nce.

Fig. 28. Two pion mass distribution for '/T+ P -»T p'ﬁo.

Fig. 29. W) mass distribution for '/T" p—o-‘ﬁ""ﬁ"" p',"",_,'o
“with A" removed. -

Fig. 30. (X" k°) mass aistribution for 77+ p —k' p K°.

Fig. 3. (¢(1019),( ) mass distribution for 7' p —=K 71" p K.

Fig. 32. B(1235) pmduction cross section as a function of incident
plon laboratory momentum in 'ITt P interactions (Reference 2).
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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