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ABSTRACT

The differential cross saction for B° production iirthe reaction v p =+ B%n,

at an incident besm momentum of 8.85 Gav/c, has been measured in a counter-spark
chambar experiment at the Zero Gradient Synchrotron of Argonne National Laboratory,

Results are presented goé a-sample of 1781 events. The R° cross section shows

no sign of the forward turnover predicted on the bdasis of A, axchange.
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"

RRSUME
la saction efficace différentielle pour la formation de B° dans la rfaction e
»p + 3°n, ) une impulsion incideate de 8,45 GaV/c, » &té mesurée dans une ex- R
périence exfcutée au synchroton du Argoone National Laboratory. Nous présentons A
les résultats pour un Schantillon de 1781 Gvénements. La section efficace dif- 3
férentielle de 3° ne démontre pas le "trou" vers i'avant prédit sous la présomp-
tion d'dchenge de Ay, N
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. ‘ INTRODUCTION

. This thesis pressnts the first observation of the B axial vector meson via
the decay B° » ur® {n the reaction

The differential cross section of the process 8% » wr® 1s also caleulated.
The data for this reaction ware taken at the Argonne National Laboratory
Zero Gradient Synchrotron in a high statistics (> 8 x l&')6 triggers) counter-spark
chamber experiment (l--397)l using incident pions of momentum 8.45 CeV/c.
A description of the expariment will be given in Part I. We will discuss
. the details of the data analysis asnd present our final results in Part II.
\
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4 . ‘ CHARTER 1
o .- APPARATUS

) Qur sample of avents from the process

+ o ;

v 1%n%n

* Yy

"pew

+ ¥y

(herenfter refarred to as 4y eventa) was obtained simultaneously with ths collac-
tion of data for study of the reactions b
" p »e"2%n

. Y

and

vp+rtrnn
* vy

using an incident ¥ beam of momantum 8.43 CeV/c gt the 208 in December, 1973
and April, 1976.
Tor the reaction

(x.1) *p + 3%

all the '!ilul »? dacay produats wers detectsd) the charged particles, ueing a
conventional dipols lqim forvard spectrometer (ten spark chambers); and the
samma rays, by means of an array of 36 lead glass blocks precaded by thres spark
chaubsrs, The neutron wis not detactad. The experimental layout is shown in
Pigure | and discussed tn deteil in the following ésctions, - |
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S1.A. Bean

The pion beam (see Figure 2) was produced by directing 12 GeV/c protons at
a beryllium target in the Extracted Proton Beam I1I of the 2GS. Negative particles
produced at 1k degrees were focused by a two-stage beam transport system onto
horizontal and vertical beam veto scintillation counters, BV1 and BV2, situated
120 {nches downstream of the liquid hydrogen target.

The first stage produced a momentum dispersed focus at the position of the

beam counter hodoscope BH - a set of seven finger counters, each subtending a

momentun bite of }} FWB. The second stage recombined the momenta, focusing the
beam onto the BV] an;l/ BV2 counters, where all non-interacting beam events were
rejected. Beam particles outside the one inch radius hydrogen target were re-
moved by the hole anti-counter BHR + BHL. We averaged 60,000 beam particles per
pulse, of which 851 passed within the hole.

:l'he beam particle direction was determined by means of four magnetostrigtive
readout spark chambers, spaced 36 inches apart upstrean of the hydrogen target.
The Blope and intercept of each trajectory were measured to within %.1 mrad and
$+.015 inches (FWHM), respectively. A sumary of the beam characteristics is
given in Table 1.

§1.B. Charged Particle Spectrometer

The charged particles' momenta were measpured by mesns of a spectrometer
located immediately dowmstream of the hydrogen target and H§. It consisted of
a set of five magnetoatrictive readout spark chambers on either side of a wide
aperture magnet (SCMI04), with a gap 40 inches high by 60 inches wide by 32 inches
dnp. The magnet current was set to produce a central field of 5.9 kilogauss, Nl‘/\/
with an integrated field of 240 kg-in. The thimess of the magnet, combined ﬂ.ﬁ“
the close positioning of the chambers to it, permitted a good acceptance for wide .
angle tracks. f

Details of the charged particle detection equipment and spark chanbar dimen- 33‘
sions are listed in'n'htgh 2. A S KV pulse vas applied to the chambers for each e
trigger sensed. This was done Wsing tlgytatron-upncitor bank units. A potential N
of 75 VDC vas umumﬂ on all chambers to help clear svay the ionized dedris g !

from stray charged tracks. _i;n additfon to this, a 1 'KV, 600 nsec: pulse vay
applied after each trigger to remove redidual uniigeion from the sparks.

'
%
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The gas in the chambers was a mixture of 90% neon and 10X helium. Bthyl
alcohol was added to the gas to quench the sparks. The entire gas system was
recirculated and purified through a “"Berkeley gas cart" syatenB.

To eliminate the ambiguities which arise when multiple sparks occur, two
chambers upstream and two chambers downstrc;am were rotated by 45 degrees and 15
degrees respectively. Spark positions in the chambers were obtained by magneto-
strictive wire readouts, using a Science Accessories Corporation (SAC) acaler
system interfaced to CAMAC. Each plane was instrumented to handle up to four

sparks,

§1.C. Photon Detector

The gamma rays were detected, and their energles determined, using a system
of lead glass Cerenkov counters and magnetostrictive readout spark chambers.

The part of the detector which measured the position of the shower origin
consisted of a lead sheet, 1.6 radiation lengths wide (conversion probability =
67X%), followed by three spark chambers, two of which were rotated 124 degrees to
resolve multi-track ambiguities. These spark chambers were closely spaced, with
a gap of only & inch between the lead and the first chamber. Thus, the tightly
collimated showers (rms angle per stage is -~ .2° for E = 1 Gev photonsz) resulted
in a single spark position which was taken as the shower conversion cemter. The
position resolution was measured using electrons transported to the detector in
a test beam, with the result 4x = ,3" (FWHM} holding for all energies from BOO MeV
to 2.5 GeV. This result applied also to incident photons because of Ehe very small
lateral spread of the secondary electrons. The second and third spark chambers
supplied information for showers which were missed by the first spark chamber,
and were also used to confirm and resolve shower positions. To ensure high effi-
ciency for multi-spark events, ucﬁ/plane was instrumented to handle up to 8-12

sparks. For these chubernﬁhs spark digitization was performed by Borer scalers
interfaced to our CAMAC systées.
The energies were measured using a S6~element lead glass array placed im-

mediately downstream of the gamma chambers. The lead glass blocks were arranged
in & symmetric array vith a small bean hole (Figure 3). Each block measured 7
inches by % inches by 12 inches (10 radiastion lengths) and was viewed by a 5

inch photomultiplier attached to the downstream face. The signal from each tube

R PP T
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vas digitized by an Analog to Digital Converter (ADC) and the information made
available to the online computer via CAMAC. The ADC reading, corrected for small
geometrical losses, was then proportional to the energy deposited in the block.
The measyred energy resolution for a 2 GeV gamma shower was 18X FWHM.

§1.D. Anti-counter System

Events accompanied by charged particles or gamma rays that would go unde-
tected by the apparatus were removed by an anti-counter system.

To reject gamma rays and charged particles recoiling at wide angles, the
four lateral sides of the hydrogen target were covered by four alternate layers
of 1/8 inch scintillator and 1/4 inch lead s}:eets. This target anti-counter (TA)
setup 1s shown in detail in Figure 4. Events were rejected if one or more counters
detected a particle, Also, part of the data (-19%) was taken with the less strin-
gent constraint that the event was rejected if two or more of the anti-counters
were set. All target anti-counters were latched and recorded with each event to
allow the offline iavestigation of the above TA veto constraint; 4n particular,
to correct for the loss resulting from good events being vetoed by recoil neutrons.

In the forward direction, the two sets of counters, AAl and AA2 (Figure 1),
limited the allowed solid angle to that covered by the spark chambers and the
gamma ray detector. Rach set of counters was made sensitive to gamma rays by
covering 1‘ta upstream side with k inch lead sheets. BEvents were rejected if one

of these counters detected a particle.

§1.B. Fest Logic and Trigger System

A system of scintillation counters was set up to detect, and isolate fron
umwanted background, all evients consisting of two or three charged pions, two
Or more gamma rays, and a glow recoil neutron. Table 3 lists all counters. Sig-
nals from all counters cofcerned were combined in fast electronic logic modules to

produce a trigger. trigger was then used to initiate the firing of the spark
chambers, the gating of the gamma shower ADC's, and- the storing of the resulting
CAMAC information,

1?\0 fast logic initiated an event trigger vhen a trua condition resulted

for the sxpression
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BEAN - HJ - CHARGED . GAMMA - ANTI ,

where each term i{8 described below. A simplified trigger diagram is shown ;;n

Figure 5. - ¢

-

1) BEAM = S1 - Bl - B2 * (BHR + BHL) - (BVl + BV2)
A beam particle, indicated by a count in each of the counters S1, Bl, and
B2 and none in the halo-counters BHR, BHL, must have interacted in the target be-

cause no counts occurred in the beam veto counters, BV1 and BV2.

) w

The HJ counter, immediately downstream of the target, had a 1 inch radius
hole centered on the beam. We demanded that at least one charged particle fire
HP to avoid false triggers caused by back-scatters from the lead converter trigger-
ing the H2 hodoscope. Monte Carlo simulation showed that at least one charged
pion per event left the target at 4 degrees and fired HJ, for every B° event in our
kinematic domafn.

3) CHARGED = H2

We aleo demanded that exactly two or three elements of the 30 element scintil-
lator hodoscope H2, located downstream of the last gpectrometer chamber, be set
off. In the less stringent "loose trigger" mode of data collection, the H2 con-
straint was relaxed to the requirement that two or more particles be present after
the magnet, to permit the offline investigation of the effects of the H2 constraint.
In particular, ve wanted to study the losses due to false triggers caused by back-
scatters from the lead converter immediately downatream of H2 (the BJ counter was

not 1001 effective in eliminating such false triggers). A

4) GAMMA = GHF * GHR (22)

The gamma trigger vas supplied by two identical l6-element scintillator hodo-
scopes, CHF and GHR, on either side of the spark chamber—lead converter "sandwich".
A shower vas indicated by a count in an element of GHR with no count in the corres-
ponding element of GHF. At least two such "no-yn"‘ combinations were required to
initiate a gamma trigger. Again, some of the data was recorded under a looser
"ly-trigger” (~22X) to parmit offline investigation of the losses due to the
goriu gamma trigger.

N
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$)  ANTI = AAL 4 AA2 + TA (21)

There were to be no cowmts in any anti-counter. In the "loose trigger"

mode, the TA requirement was relaxed to the condition TA (22) .
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CHAPTER 1

DATA COLLECTION AND RECONSTRUCTION ARALYSIS

§1.A. Online Data Collection and Analysis

Data acquisition and online analysis were performed on a General Automation
SPC 16/85 computer interfaced to the experiment through a standard CAMAC network.
The raw data for each event was stored in an event buffer consisting of 260 16-bit
words. The collection system was capable of recording up to forty events per
600 msec 2GS pulse. All raw datawere recorded on magnetic tape for later off-
1ina analysis.

Approximately thirty percent of the recorded events were analysed online
during the 4-second intervals between ZGS pulses. This provided a valuable means
of monitoring the performance of the apparatus. All spark chamber efficiencies,
scintillation counter participations, and lead glass block participations were
readily available for a continuous and rapid check of the equipment performance.

§l.8. Calibration Data

a) Spectrometer Data: ,

To determine the exact spatial position of each chamber, the spectrometer
chapbers were fired and data recorded for a non-interacting beam svent at the
start of each 2GS pulse, This information was used in the offline analysis as
a check on the surveyed positions of the spark chambers.

Also, the distance between the rear and ftont f:lduchh was wmonitored, thus
allowing-the distance par scaler count to be updatcd for nch magnetostrictive

ribbon. This updating corrected for the aging of the ridbons and any temperature
effects, ’

b) Lead Glass Blocks:

The snergy deposited in sach lead glass block was proportional to the ADC °
digitization readings. However, the proportionality constant varied dw to
changes in the photomultiplier tube gain; these were caused largely by shifts in
ssbient temperature. To wonitor the relative gain drifts between tubes, the
light output from a nitrogen laser was piped to aach block via fibar optics.
Laser pulse height data wererecorded at the start of each IGS pulsa, and then

\ '\
i

#




%, N ” 1 - e ; A -
' » P ¥
. ‘5 N T s, e A . Nefhy ) ' v
.yt b - e o - N . viskime i ey *
1)
0 used by the offline analysis program to update the gains on & run-to-run basis.

Twice daily, the laser pulse heiphts were recorded and utilised by the online .
‘ analysis program to remove drifts.
An absolute calibration of each block was obtained by comparing the known
" »° mass to the mass of the 400 ,000 ° d_ecays recorded during data-taking. The :
dominant contribution to the error in the »° mass measurenent came from the un- '
certainty in the shower energies, The gain of each c\.ﬁ)p vas therefore correctad
® by the method outlined in Figure 6. Briefly, for all two-gamma shower events, a
‘ digamma mags distribution wvas formed for each block, with the histogram of each
block being incremented whenever it was the center for one of the two showers.

The ratio of the centroid of each block's histogram to the actual v° mass was

{ then calculated and used to correct the tube gains. This process was done at the

) end of the month's run.

§1.C. Offline Analysis ¢

All recorded avents were analyzed offline on the University of Toronto IBM
370/165 computer using esgentially the same software as the online program. How-
ever, the offline program made much greater use of the calibration data mentioned
in section §1.B. A description of the software is given in the next saction.

An analyred event buffer for all events with two or more charged particles
was recorded on magnetic tape for further analysis of specific interactions. A
breakdown of the recorded events is given in Table 4. About 28X had two oppositely
charged pions; of these, sbout one third had two or mora gamma showers.

$1.D. Raconstruction Software

The reconstruction software, as mentioned above, was essentially the same
for online and offline analysis. The sequance followed in the reconstruction ¢f
an svent is outnnid in Figure 7. The ewvent reconstruction program was glivid-d
into three bisic sections: the besm, the charged particles, and the ;aﬁa rays.

a) Besn Reconstruction

The womentum, direction and pmit&n” of the incident pion upstresm of the
targat veu' determined using the information from the bean momentum hodoscopa
and the beam spark chambers. All multiple besm track events were rejectsd and

]
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corrected for. If a beam particle fired more than one beam hodoscope element,

the event was taken as having one counter set at the average position.

b) Charged Particle Momentum Determination
The first step in determining the charged particle momenta is the calcula-

tion of the particle trajectories. A conaiderathe amount of time was saved by
demanding that in each view the sparks for a track candidate fall within a road
defined by the charged particle hodoscope element dimensions, an imaginary grid
similar to the charged particle hodoscope at the magnet center, and the hydrogen
target dimensions. Tracks were first gsearched for in the downstream Y view and
then in the downstream X view. For the rotated chambers, cross checks were done
between the two views to further constrain the track candidates. The entire
procedure was repeated for the upstream chambers. At this point, the track can-
didates having common sparks were pruned, and the tracks with the lowest chi~
squared values were kept. The upstream and downstream were next matched at the
magnet center. A common .ianteraection pointv of the two or more tracks with the
beam track was also demanded, Analysis was aborted for events which did not have
at least two such tracks. Before calculating the momentum of each charged par-
ticle, the tracks were corrected for bending outside the magnet, caused by the
strong fringe field. Figure 8 shows the reconstructed trajectories for a three-
pronged event. ‘ :

The momenta of the surviving tracks were determined using the known corrected
trajectories, in conjunction with a mntm function consisting of a fourteen-
tern polynomial, This momentum function vas thveloped3 using numerical integra-
tion of Monte Carlo generated tracks. A detailed magnetic field nap vas available
for this purpose.

¢) Gsmma Shower Energy and Position Raconstruction

Events with one positive and one negative charged track were then checked
for the pressnce of gamma showers. The reconstruction software was identical
for all events, regardless of the nusber of gamma Tays present. The procedure
followed in determining the energy and position of e gaama ray shower is sum-
aarized in Figure 9. All candidates for showers were first required to have
deposited an energy of at lesst 30 NeV in a single lead glass block., Then the
| gasma chanbers were checked to see if, corresponding \to that shower, there existed
|nt least one X and ons Y spark in either of the fi chambers, and at least

.
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. onc‘con!im?\g spark in a subsequent chamber. The shower center was then taken
to be the positipn of the leading X and Y sparks, or as the average position if
more than one leading spark°was found. Ambiguities resulting from the overlap of
charged and gamma showers were eliminated by rejecting an event if eny gamma
shower vas found to be within 7.5 inchea of an extu‘polaud charged pltt/l'ch
trajectory. ‘

The shower energy was determined by adding any enexgy dcpc;l:lted in surround-
ing blocks to that in the leading block, and then corrscting for energy losses in
the lead converter, around the photomuktiplier tube, and in the junction batwesn
blocks, épt all events with two or more showers (regardless of the actual number
of showers), the two showers forming an effective mass closest to the ¥° mass
were found and put first and second into the final analyszed event buffer in de-

creasing order of energy. The rest of the gammas wére buffered into subsequent
positions in decreasing order of energy. In Figure 10, we present the reconstruc-
tion of a two gamma shower event.

\
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. CHAPTER 2

KINEMATIC ANALYSIS

§2.A. Analysis of Four Gamma Events

Among the total number of good events, i.e., two oppositely charged pions and |
two or more gamma showers, 4X were found to have four gamma shower candidates. [

All such events were extracted and analysed assuming the hypothesis (X = meson)

"p+Xn
L’ wr®(2) |

(11.1) +yy , ‘
i + vt ) .

) bl 4 S

We had 38000 events, each with six possible combinations, as there are six

\ ! o ways to form two 7°'s out of four gamma rays. Our convention for the numbering

of these combinations is summarized in Table 5. For each combination we also pre-

sent in Table 5 the fraction of total events for which this particular combination

was the "best" fit to the hypothesis II.1 (the mathod for determining the "best”

combination is discussed in Chapter 6). Examining Table 5, one notices that 86X

i ‘ of the “best" combinations are either combination 1 or 6. This is due to the

j internal ordering introduced by the reconstruction program. The gamma ray pair
: forming an effective mass closest to the ° mass was stored in the first two buf-
. fer positions. Yor this reason, in the following we often plot effective wmasses
k i ueing cosbination 1 only, or the sum of combinations 1 and 6. This is done simply
for convenience and doas not seriously bias the plota ss the contribution from

. the other cosbinations is small. ¢

b ) Combination 1 of our {nitial r+l-YYYY(W) data sample is presented in Figure
v:f 11. This *u the starting point of our analysis and the only cuts applied on the
@ data were done to avoid reconstruction problems for low momentum particles and

foefficiencies of the detectors mear their edges. These are cuts 1, 2, 5 and 6

of Table 6. Thers is a slight indication of some signal around the B(1.230) mass.
@ Also-given, in Figure 12, {3 the yy effectiva mass from the sawe initial sample.
This plot represents the aum of combinations 1 and 6 of 'n°( 1) {or, equivalently,

.
9
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)
This data sample was then subjected to the analysis described in Figure 13,

using the rest of the cuts given in Table 6. Briefly, for a combination with both
gamma pair effective masses within 40 MeV of the »° maps, a "2C" £it was applied.
Both pairs were conatrained to yield the »° effective mass. Then the nucleon
misaing mass was calculated and combinations satisfying a cut of .5 -~ 1.2 Gev

the sum of combinations 6 and 1 ofﬂno(Z)).

were “3C" fitted. The "2C" missing mass and missing mass squared are plotted in
Figure 14. The "3C" fit again constrained the gamma pairs to yield the x° mass,
plus imposed the additional constraint of forcing the missing mass to the neutron
mass. The three pion "(ﬂ+'a-1r°(l)) effective mass was then calculated and the com-
bination tested for the cut .740 2 "3C" w 2 .820. The "3C" u» effective mass is
plotted in Figure 15. Again only combinations 1 and 6 are used. Surviving cém-
binations are then "4C" firted to hypothesis 1I.1 yielding our final wr® sample.
After each fit (2¢, 3C and 4C), evente in the lowest 5% confidence level region

were rejected. ¥

It is important to point out that often (=50 of events) more than one com-
bination of an event passed the above cuts, As already mentioned, the method of
determining the best combination will be presented in Chapter 6. We have a total
of 1781 events with at least one combination surviving all cuts; their effective
masa spectrum is shown in Figure 16.

Detniled analysis of the cuts applied in our kinemstic analysis, and of our
final wwo sample, will be deferred to Chapters 5 and 6.

§2.B. Analysis of Five Gamma Events

Our sample of evente with two oppositely charged pions and two or more gamma
shovers also contained some 4000 events (.4%) with €ive gamma rays. Wa suspacted
that & large part of these events might actually be four gamma events vith the
addition of an accidental gamma ray, which was either due to the presence of an
actual mcotuhtod showsr or, more likely, "crutod" by the reconstruction soft-
vare. The four gemaa rays giving the best ° pairs were kept and analysis pro-
é«dod onctly as axpleined above in §2.A.

Again dctnncﬂ analysis will ba' deferrsd to chnptcr 5.
S ' :
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CHAPTER 3

EXPERIMENTAL RESOLUTION

Decailo&hntudiu of the measurement errors were mads by n previous experi-
nnt3 using the same apparatus. Thase reasults, with minor modifications due to

higher average momenta, vere also valid for this experiment.

14
$3.A. Bean L
Frow Table 1, the beam womantum error was
\ (11.2) & . 005 (rwm) .
; P ~
" The beam slope errors were very small with o~
O e
j (11.3) ao(RmM) = ((1.3 x 10092 + (Lo15/p) ey '
i o vhere the first term represents the angle error due to position measurement, and

the second term is due to the multiple scattering of the beam in the target (t =
number of radiation lengths of hydrogén sesn by the bean and p is given in GeV).

i
LY ,

33.B, Charged Particles

/' The charged particle womentum arror was given by S

5

any 2oy = (0207 + oD

The first \l:n-n is due to multiple scattering of the particles in traversing the
. spactromater, The uconi term was found by using non:-imtnrdcting besm svents. A
womentum error of 9% (M) vas calculated for beam particles, corresponding to
a position error o! .*ohindm (N) for each spark. Since typical two track
avents had an avnm position error of ' QS {nches, the weasuremsnt exror at other
: momsnta was then appro tad by cxetmlnﬁng the bean nnmrum:-. '
0 © . The errorfa the ebaﬂnd pnnicu ‘angle measuremant vas . Q

b
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. (11.5) AO(FWHM) = ((.0014)° + (.036/p)°t)" .

The second term dominates the calculated error. It represents the multiple scat-
tering in the hydrogan target. The first term was an estimate of the angle error

i{n the position measurement.

§3.C. Gamma Showers

Por symmetric ° decays, the fractional error in the digamma effective mass
is directly proportional to that of the measured gamma energies: e
2
")

2 " KEE,

/

Therefore for E, = Ez = E,

1

10 M L

M 2

Por these dacays, plots wers made of the digsmma mas® spectrum as a function of

gamma energy. For each energy, the width of the peake ylelded thé uncertainty
in the energy. A fit to the correlation betwaen the energy and its uncertainty

B gave
1

¥l (11.6) 8B (M) = 085 4 A3
- “ ' ﬁ

The shower position error was found by considering electrons transported
through the spparatus. The pdsitions determined by the spactrometer wers compared
with the positions found at the converter. The result was )

‘ (1.7 / ‘ . Ax(TWEM) = 3" J

for all energies batween. 800 Mev and 2.5 Gav.

)




§3.D. Resplution Functions

An estimate of the error in the various derived quantities of a B° meson
event is then obtained using the formulae (II.2 - II.7) to smear the appropriate
quantities in conjunction with a Monte Carlo simulation program. The predicted
experimental mass diatributions.: for the w°. w, B° and Aeutron are gi\vnn in
Figure 17, The events were simulated with t-distridbution as predicted by the
data and vith Breit-Wigner mass distributions of 10 and 125 MeV (FWHM), respec-
tively, for the w and 8°.
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CHAPTER 4
EXPERIMENTAL ACCEPTANCE

To find the acceptance of the apparatus for the wr® reaction, we used a
Monte Carlo simulation program described in Appendix A. Randomly generated
events were deleted if they failed the geometric and kinematic cuts of Table 6.
The program also included the statistical removal of events due to the charged
pions decaying in flight, and the interactions of the pions and gamma rays in
the hydrogen target. The whole process was performed for eight t-bins, with an
average of 100,000 events generated for each bin. The final acceptance curve is
plotted in Figure 18, and the acceptance for each t-bin is listed in Table 7.

It is important to note that the acceptance does not include an extra t-
dependent correction due to the "tight" trigger mode of data collection. The
stringent demands of the "tight" trigger caused losses of good events due to:
(1) the rejection of an event because of a single neutron recoil setting a TA
counter; (i1) the rejection of an event by the H2 requirement -because of extra
counts. These extra counts come from sources such as the backscatter of shower
particles, the presence of delta rays, beam interactions after the hydrogen tar-
get, etc. These corrections are calculated in Chapter 7.

The average acceptance for our reaction is
.039 + .004 .

The error bounds are not indicative of statistical error (<.001), but rather are
a measure of how well we understand our acceptance., Various tests of the Monte

Carlo program (see Appendix A) lead us to believe that the relative error in the
acceptance is 10X. This is a conservative estimate.
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. CHAPTER S J
SELECTION OF FINAL Evzﬁ SAMPLE »

i

In this chapter we will first discuss the reasons for our various cuts and
the loss of good events resulting from those cuts on our data. We will then dis-

cuss the background and how we contend with it.

§5.A. Kinematic and Geometric Cuts

These cuts are summarized in Table 6., Briefly, cut 5 removed the possibility
of biases due to the inefficiencies of the detectors near their edges. Cut 6
removed events in which the measured energy of a gamma shower might have been
augmented by the energy of a charged pion due to the proximity of that charged ‘
pion to the gamma shower. Cuts 1, 2, 3 and 4 were applied on the data to avoid
reconstruction problems for low momentum particles.

The losses duve to the aforementioned cuts are corrected for in the Monte
Carlo acceptance calculation presented in Chapter 4.

“E .

§5.B. Neutral Pion Mass Cut

To isolate combinations with two ¥°'s in the final state, a cut of 95 MeV to
175 MeV was mede on both (yy) effective masses if they survived the previous cuts.
The effective mass spectrum for the sum of combinations 1 and 6 is given in Figure
12 with lines indicating the cutoff region. The data was fitted to a gaussian plus
a fourth order polynomial representing background‘. We obtained a width of
24.0 ¢ .5 MeV (FWHM) for the »° peak. This is in excellent agreement with the
resolution function of Figure 17, The fractional loss of good events due to the \‘

»° mass cuts is thus < .1X vhether one uses the resolution function or the fit
to the data. These very loose mass cuts were used as slightly tighter cuts did
not significantly improve the signal to background ratioc of the B° in the final
wr® sample. Since we are dealing with low statistics we opted for the larger
data sample.

$5.C. Missing Msss Cut

.The "IC" missing mass and missing mass squared for ‘events with two *°'s are
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given in Figure l4. There is a clear neutron signal on a large background. We

feel that some of the background comes from the contamination of our (Bon) data
by 2%'s, e.8.,

v p » B%a%(1234)
(11.8)

0
+ on

Results from various fits to the missing mass data lend support to our claim.
The data were first fitted to a mass resolution function shape (for the neutron)
plus a fourth order polynomial and then to neutron and 4° mass shapes plus back-
ground (represented again by a fourth order polynomial). The latter was a 60X
better fit, and produced a 285 t 10 MeV (FWHM) neutron centered at ,959 + .002 GeV
and a 390 : 10 MeV (FWHM) A° centered at 1.250 * .005 GeV.

lution in the mass region concerned, we obtained a width of 135 & 10 MeV (FWHM)
for the A°. We discuss the background further in §5.F.

Folding in our reso-

In order to remove most of the above contamination and other sources of back-
ground, we make a .5 - 1.2 GeV mass cut on the "2C" missing mass for all events.

The fractional loss of good events 1s estimated to be (2.4 ¢+ 1.0) X.
§55.D. Omega Mass Cut

The "3C" three pion effective mass for those combinations with two neutral
pions and a "2C" recoil mass satisfying the appropriate cuts is plotted in Figure
15. There is & clear w(783) signal sitting on small background (the background
is approximately 35X in the region defined as w). A mass cut of 740 -~ 820 MeV
was made to isolate combinations with an y ip-their final state. As was the case
for the neutral pions, we chose these limits to improve statistics. Tighter cuts
did not significantly improve the final B° signal.

The calculation of the good event losses was done by choosing the background
regions shown in Figure 15 and assuming a fourth order polynomial fit to the back-
ground between the two areas. The result was a 25.5 & 2.5 MeV (FWHM) signal,
iwplying a fractional loss of avents of < .1X. To account for the experimental
mass resolution in the w mass region, the resonance shape was deacribed by a
Breit-Vigner function with the mass resolution folded in; the resulting fit is
shovn in Figure 15. The fitted values for mass and width of the u are

I . P TOCIERISICE————
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§5.¥. Background
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) ~ 781 t 3 MeV
Pw) = 13.0 t 2.5 MeV

in close agreement with the world average valuess-

The decay matrix element squsred or Dalitz plot density

- - 2
% A = |P'+ x P“-O'

%(m§"/9 - m:)2

for the three pion events within the mass cut is shown in Figure 19. The distri-
bution is consistent with that of a JP = 17 particle. Also plotted (Figure 20)
are the dipion effective mass (M ; _) and y = p « §, where p and § are as follows:
the omega decay is analyzed in terms of a single pilon plus a dipion. The pions
of the dipion are assigned a momentum ;'(in the dipion rest frame), and the re-

waining pion is assigned a momentum‘; in the w rest frame. The results are con-
sistent with that expected for the w6.

§5.E. Summary of Good Event Losses

Since we are calculating the cross section for

(11.9) L wx®
L» all

we must correct for unseen w decay modes. This correction factor is simply

.899 & .006°.

The above factor and all wmass cuts are listed in Table 8 along with the
calculated event loss fractions. The net correction factor was calculated to be

67 .09, This factor will be used in the differentisl cross section calcula-
tions.

As already mentionsd sarliar, we fesl that some of our (B°n) data ia actuslly
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(11.10) l* nyy

+ vy .
The contamination is expected to be minimal for data taken under "tight" trigger
conditions (one or more TA veto event). However, under "loose" trigger require-
ments (two or more TA requifed to veto event), Monte Carlo simulations show that
the acceptance for (v p + BOAO) is approximately 50X that of (v p + B%n). We
took 201 of our data with a "loose" trigger. A cut of l.2lGeV on the missing
magss removes some of this background but a 2° fit to the wmissing mass shows that
38X remains under the neutron peak. This is taken into account by using a 8°°
type reflection as part of the background of the "4C" wr® sample. That is, events
vere simulated vith a A° mass distribution (mass < 1.2 GeV) and then "4C" fitted
to give the required wr® distribution.

Another source of background that we investigated was the reaction

"p W°8°

hd !\'No

(11.11) MR

4+ -
"Iﬁ"o

;T

However, our apparatus has no acceptarce for this reaction, the neutral pion (from
the A° decay) being too "soft". Our data confirms this, as effective mass plote
of nx° combinations show no signal at the 2° mass.

We also considered the 4000 5y events and the possibility that these events,
or some part thereof, might actually be 4y events with the addition of a fictional
gama ray. Therefore, tha 5y data was analyzed as detailed in Chapter 2 and the
results were as follows: only 26 events survived all cuts and their ux® effective
sass plot had no significant enhancement anywhere. Noreover none of these events
had a missing mass within 100 MeV of the neutron mass,.implying a very poor fit
to the hypothesais )

- o '
{11.12) Yp+Bun + le (fictional)

, - v

B i
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It would appear that almost none of the Sy events were of the type II.12,




CHAPTER 6
FINAL B® SAMPLE

In Figure 16, the mass distribution M(ux®) is given for the 1781 events with
H(w+w-w°(l)) in the w region and both M(yy) in the »° region. As explained in
Chapter 2, there are six possible B® combinations for each event. Whenever two
or more combinations survived all cuts, the "best" B° combination was chosen to
be the one with the largest v decay matrix element. It is the effective mass of
these B®'s that has been plotted in Figure 16. The predominant feature is the
strong 8° gignal. We have 840 events in the B° region, defined as

M(wn®) = 1.155 - 1.305 Gev .

No anomaly in the w Dalitz plot is foundu’ and the B° signal appears strongly
with w's located at the center as well as at the periphery of the Dalitz plot.
A good fit is obtained (full curve) by assuming a linear combination of & Breit-
Wigner resonance shape for the B meson (with resolution at the B mass folded imn),
reflection from the state B°A°, :;nd the Monte Carlo gex’\erated phase space for
we'n. The resulting fit is shown in Figure 16. We obt':\!.rfd g

M(B®) = 1.232 ¢ .008 GeV «
I(B%) = 147 ¢ 20 MeV s
and x2 (67 degrees of freedom) = 78 .

The fraction of good events lost due to the B® mass cuts is (.23 & .05).

We remark that the apparent disagreement between the width of our observed
signal and published datas is, we believe, due to the poor statistica. We have
already‘shown, by our calculation of the x° and w resolution functions, that our
errors are reasonably well understood.

We present angular decay distributions although, owing to low statistics,

the results are far from conclusive. In our analysis, we used the following
convention: O snd ¢ are the polar and azimuthal angles, respectively, of the
U(;.) in the B rest frame. A right-handed coordinate system is chosen so that
the s~axis is along the B direction in the overall C.M. aystem, i.e., helicity ‘
{R) frame; y is uormal to the production plane, ; - (;h ® 'i); X and ¥ are the
polar and aximuthal angles, respectively, of thg normel to the w decay plane in
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the o rest frame, measured in a system x', y', t', vhere T - ;u end ';' “gxzg'
(in the B rvest frame). See Figure 21.

In Figure 22, we plot the distributions of cosb and ¢. The upper histograms
include all events in the B region (Figure 16). The ‘lower higtograms are plotted
after subtracting the background distributions of the control regions A and C
(Figure 16), defined between .96 - 1.06 and 1.4 - 1.5 GeV, respectively, with
weights according to the fitted values of B° und background in the B region. Both
upper and lower histograms are corrected for acceptance.

The subtracted distributions are alwost symmetric (within errors) as expected
for a well defined P scate (tightening the »° and w mass cuts does not signifi-
cantly change the distributions). The results are far from conclusive and a larger
sample is d\lndod before any meaningful angular analysis can be performed. We are
currently asnalyszing data obtained in subsequent expetinenta7'8 and expect to in-
crease our g° sample fivefold. In Figure 23, we present the cosy and ¢ distribu-
tions.
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CHAPTER 7
INEFFICIENCY CORRECTIONS

In calculating our cross section we must correct for inefficiencles of the
apparatus and of the reconstruction software. We discuss these corrections below

and summarize the information in Table 9.

§7.A. Gamma Ray Conversions Upstream of the Lead Converter

The loss of events due to gamma rays convertfng inside the hydrogen target
was included in the acceptance calculation. That loss due to conversion along
the trajectories towards the converter was calculated independently. The loss
wvas determined by calculating the amount of material traversed by the ganma rays.
The greatest contributors to this effect are the spectrometer chambers (aluminum
and mylar sheets). From their known collision lengths, the probability of con-
version for 2y events was calculated to be (9.8 + .9)X 3. Therefore, for 4y
events, it is simply (18.7 + 1.1)X.

§7.B. Bvent Rejections by Gamma Hodoscope Trigger

In Part I, we saw that an event trigger occured only if at least two NO-YES
combinations were found in the paired gamma hodoscope. This requirement was a
potential source of bias because charged particles from the w decay and back-
scatters from the lead glass were also seen by GHR. We expected this effect to
be quite small as we require four NO-YES combinations. We investigated this
problem with data taken with a weaker gamma trigger requiring only one NO-YES pair
(~22% of data). No losses whatsoever were found.

L

§7.C. Conversion Bfficiency of Lead Converter.

t

The gamma conversion efficlency is highly dependent on the effective cutoff
energy for cbaerved secondary elections. However, this cutoff energy is very -
difficult to measure since it is dépendcnt on the position of the conversion in
the lead, and the energy and.emission angle of the slectron. Therefore, the value
for the single gemma efficiency 0mn taken as the average between an upper limit
based on pair production predictions, and a lower limit from published Monte Carlo

.
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‘ results.

The upper limit was obtained by using the theoretical pair production cross
section limiting value of 7/92 to scale the thickness of our lead converter (1,6 RL),
ylelding a conversion efficiency of 71.2%.

The lower limit was obtained from published Monte Carlo results for photon
showers by Messel and Crawfordg. The secondary cutoff energy for our detector lies
somewhere below 10 nev3. Ffbm the shower tables a value of 62.9X is predicted for
a 10 MeV cutoff. We believe the parameters of our system lie between the two ex-
tremes. Therefore the average was taken, (67.1 t 4,5)%, with a systematic error

covering the two limits. By raising this result to the fourth power, we obtain
the 4y efficlency, (.203 t .021).

§7.D, Gamma Software Reconstruction Failure ‘

The software reconstruction inefficlency was weasured by hand-scanning 1000
2y events on a CRT display by means of an ipteractive program that permitted oper-
ator determination of gamma showers. The result for the 2y events was an ineffi-

_ o ciency of (2 ¢ 2)X. For 4y events, the inefficiency is simply (4.0 t 2.8)X.

§7.E. Digitizasfon Scaler Runout

We studied the poseibility of losing a real gamma shower due to an insufficient

number of scalers. We expected this effect to be substantial since a study of 3y
i events showed a (.70 t ,03)X lossm. The method employed is quite simple. The
B spark positions for each X and Y plane were read, starting at the positive X and
positive Y ends, respectively. Therefore, a scaler runout would result in a de-
pletion of the negative X and Y positions, in contrast to the expected symmetry
about the origin in the normal 100X efficient case. We gtudied only the Y plane,
as the X plane is not expected to be symmetric due to the 2.5 degree angle between
the spectrometer Z-axis and the target Z-axis. We plotted the Y position of 155,000
showers and determined that there was a depletion of 6650 showers in the negative
Y region. If we attridbute this depletion completely to scaler runout, there {s a

loss of (4.3 ¢ .4)X par plune., Therefore, the total loas due to scaler runout is
i (8.4 ¢ .6)%. :
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§7.F, Partial Gamma Detector Inefficiency

>

This is a time dependent correction that was handled by the reconstruction
software. The participation of each gamma chamber plane in each event was continu-
ously monitored and recorded. At the end of a run, the efficiency of each chamber
and the single gamma efficiency were calculated from the individual partiéipation
ratios using the procedure described in Appendix B. However, these figures were
calculated for 2y events only, since the largest fraction of our data was 2y
events.

For 4y events, the efficiency 1s expected to be lower because the same charge
ig distributed among more sparks. Separate single gamma efficiencies for events
with three or more gammas were not calculated by the software. We studied this
problem and determined the efficiency for the final wr® event sample of Figure 16
using the same method described in Appendix B. The single gamma efficiency for
these events was (.974 t+ .010). Therefore, the net efficiency for the wr® events
was (.900 t .018). The single gamma efficiency for all 2y events (.986 t .002)
is already taken into account in the effective beam flux (a factor of .972 % 004
for two gammas), and thus, the effective correction factor to be used is
(.930 + .018).

LS

§7.C. Partial Charged8pectrometer Imefficiency

Again this is a time dependent correction which was handled by the reconstruc-
tion software. This factor was taken into account in the calculation of effective
bean,

] 1

$7.8. Bean Contamination

I

The muon content in the beam was found to be (2.0 t .6)X at 8.45 GeV/c by
measuring the amount of beam that traversed three feet of steel. Kaon contamina- .
tion was estimated at .6X (published yield curvenu) and alectron contamination
should be negligible (severe phase space restrictions).

§7.1. Cherged Pion Interaction in Detector °

. v

‘Prom the known cross sections of mylar, aluminum etc., an attenuation of

1
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§7.L. Summary

(2 + 1)X 18 determined for an incident pion.
or both pions s (4.0 ¢ 1.4)X.

Thus, the probability of losing one

§7.J. Tight Trigger Losses

PRI
As mentioned in Part I, most of our data was collected Umder a “tight" trigger
wode which demanded that two or three B2 scintillator elements fie hit and no TA

elements be set. To permit offline investigation of the effects of these con-

straints, we collected ~18% of our data under a "laose" trigger which demanded

H2 > 1 and allowed one TA to be set. Subsequent inveatigations showed that our

tight H2 constraints caused an (8.1 t .5)X loss, and tightening our TA requirements

caused a further (15.6 t 1.4)X loss. Investigation of other reactions by members

of our collaboration have shown the TA loss to be t—dependentlz. However, owing to

our poor ntitiatics. we use a constant correction with systematic error covering
all t-dependent fluctuations.

The product of these two factors with a dilutlon factor (to account for the
fact that only some data was taken under a tight trigger) gives us our final effec-
tive correction of (.800 1 .014).

§7.K, Miscellaneous Corrections “

Losses due to ncintilfntion counter inefficiencies (cracks, etc.) were calcu-
lated to be (3.2 t .8)X.

svents pn a CRT.

This was determined by interactive scanning of 1000

The target was surrounded by a k-inch layer of polyethylene to
stop low enérgy particles.

inside the target.

Therefore, we can ignore losses due to § ray creation

0

The everit loss fractions caused by the ine!fieiencun ducribed in this chap-
ter are listed in Table 9. The final overall correction factor 1s .098 2 .010.
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CHAPTER 8 ,
THE B® + wr® DIFFERENTIAL CROSS SECTION

The differential cross section was calculated using the following expression -

30
! 2
(11.13) - e Ty (cev/e)

where

Y(t') = yield of good e¢vents in each t' bin
B = total effective heam flux
N = number of protons in the hydrogen target / cm2
€ = constant corrections
At' = t' dinterval (t' =t - toin’ where the average
toi, 8t our energy is -.009 Gevz)

A(t') = acceptance in each t' bin .

The constant correction factor (¢) L8 the product of the correction factor

due to mass cuts (Table 8) and that due to Inefficiency corrections (Table 9).

We correct the total beam flux for spectrometer and gamma chamber inefficiencies,
and for losses due to the presence of dual beam tracks in certain events (-12X).
The result is the effective beam flux, and it is this number () we use in the
do/dt' calculations.

The differential cross section for reaction II1.9 is presented in Figure 25
‘and listed in Table 10. The error bars are only statistical errors and do not
include an oversll normalization (systematic) error of 19%. The integrated cross
section is 11.0 + 2.1 yb. This distribution vas obtained by fitting the wr’ mass |
plots at various t' slices, but with fixed mass and width values for the B as L
obtained from the total fit. The background subtractions for the smaller t bins
used for the differential cross section were obtained by interpolating between

these fitted points. The fractions of good evants per t' bin, as determined by
the above fite, are summarized in Table l1}.
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CONCLUSIONS

We have described the investigation of the decay

0
B+ wr

+ -0
+rnw

and calculated the differential cross section. The mass and width of the B® are
in reasonable agreement with the published data on the charged B.
The B® differential cross section is quite broad and shows no forward turn-

over. Several papersl have proposed A, exchange as the most important mech-

anism in B° production. A, exchange, whic: couples mainly to helicity flip at
the nucleon vertex, shouldl’ produce a forward turnover in the differential cross
section. The lagk of a forward turnover and a small integrated cross section
indicate that Az

conclusion has been reached from analysisl9 of charged B production.

exchange does net play a strong role in 8° production. A similar

As already noted we are currently analyzing data obtained in subsequent ex-
perinents7‘8 and expect to increase our statistics at least fivefold. This will
permit the angular analysis of the 8° decay products and the determination of the
B° density matrix elements. This will, in turn, allow us to greatly reduce the
error in our acceptance calculation, which is due to the presently unknown distri-
buotion of B’ helicities. The uncertainty in acceptance ig currently one of our
largest systematic errors. V

Assuming that what we are seeing is indeed the B® (3P - 1+), the determination
that Poo is large (implying natural ;arity exchange) , together with the lack of
a forward turnover, would be very troublesome as we k?w of np I = 1 natural parity
exchanges with large helicity non-flip Eouplinga.
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APPENDIX A
ACCEPTANCE CALCULATION

The cross section had to be corrected for losses due to:

a) the geometry of the detection and triggering apparatus,
b) the triggering constraints, and

c) the geometric and kinematic constraints of Table 6.

This correction was done using a Monte Carlo simulation program producing events

of the form

"p-+Pn
l-v vr°

*YY

+ - o
+rAw

+ v .

Each event was described by four kinematic quantities: the beam momentum,
the four-momentum transfer squared, the (Vuo) effective mass, and the (x+w-w°)
effective mass. We applied the program to our particular decay, P -+ B and v + w,
and calculated the acceptance as a function of t. The B® and w masses were gener-
ated randomly with Brelit-Wigner distributions of width and mass as given in refer-
ence (5).

The geperation of events went as follows: the B® was made to decay to wn’
in the B® rest frame. A right-handed coordinate system was chosen so that the z-
axis wvas along the B° direction in the overall C.M. system, i.e., Helicity frame;
y was chosen normal to the production plane, ; - (-‘;1n x -i). The 3° mass uniquely
deternines ﬁm' - ]-l:'°| and a choice of 0“ and (cos8) j completely specgify the four
momenta of the w and 1°. We assumed that the B® ~+ un® decay is uniquely S-wave
and thus cost and ¢ were randomly chosen. This is somewhat incorrect as the inten-
sity of the D-wave has been found to be 4-9113’“
was taken into account in the overall error caldiulation.

Next we considered the v decay. There are five independent kinematic vari-
ables (:;-glacting spin) wmeeded to describe the 3 decay of the w. Three variables
are useded to describe the orientation of the decay plane (v rest frame) in space,

that of the S-wave. This error




.
:
. . P R ! R
vy R " L U
% & i L ; .
W b f ¥ PAFPEe it . iy
- Gl 5 $ A RN H v PR L t
N ’ g - ] \ e U ¥y oy ooy A . . . I
ora e vy P [ " o v : N . MR .
: N ; SO E Y P> i i
R PN R v &‘,h Yyl PETRE T T L ks A,ﬂy‘:,tg:‘ et fon Vet ¥ v i
O P . X ooae v e - N . N 2 N p ! ;
et vyt o, AT ek R Bt o L £ 3.
’ RN - e . :

The decay plane is then parametrized by two more variables, We chose the dipion

effective mass, M"ﬁ... and $+q = cosf = y : Ty

y ?

# 'o(p) )
M)

4
] Myte-

The distribution for these two variables in the decay of a JP = 1~ particle
is given by (6,15):

ﬂ::\- " (me'n'l""n‘ ’Mwo) 3xF(M'+'_ Mo+ ’HI") 3)
33
=pq
and
-g:-‘- -1 -wd) .
vhere )
¥ 2 _ 2%, 2 - - 2.k
'(R:ynl) - (x (y % ’) )zix (Y —“) )

Ve now consider the orientation of the v decay plane. The » was made to
decay in the u helicity rest-frama; 1.e., the u‘gdircction was chosen as the z~
axis, and the y-axis vas chosen along T'xT in the B° rest frame (z' is the = of
the 3° helicity freme described earlier). Lacking density matrix information,
we assumtd uniform distributions for the three sngles describing the decay plane
in spacs. To obtain an estinate of .the errot involved tn nsking such an assumption,
. ] . ! .

¢
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ve calculated the acceptance as a function of cos0', wvhere 0' is the angle between
the z-axis (beam direction) and the normal to the w decay plane in the lab. Our
error was estimated at being less than 8X.

After a complete event was generated, it was rotated to an arbitrarily chosen
production plane and transformed to the laboratory frame. The production plane
vas then randomly rotated about z (the beam direction) and the ¥®'s allowed to
decay uniformly in their respective rest frames. The geometric and kinematic
constraints of Table 6 were applied, and events failing the cuts were deleted.
Then the two following trigger constraints were checked:

a) the presence of at least one charged particle outside the one inch hole

in the H¢ counter;
b) a unique H2 hodoscope element for each charged particle.

Events were also rejected statistically to account for decays of the charged
plons in flight, and interactions and conversions of the particles in the hydro-
gen target:

a) Chaxged Pion Decay in Flight

Probability of decay = (distance in inches s_)f(;(:ﬁg:f;;:ggt to last chember)

b) !+,I* Interactions in Target

¥
Probability of interaction = (path length in hydrogen target im inches)x.00325,

assuning an interaction cross-section of 30 wb.

¢) Conversion of Canmas in Target

Problbi.uuty of conversion = (path length in hydrogen in inches)x.00198,
assuming a scaling of the thickness by .69.

' The final acceptance was the fraction surviving all the cuts and deletions.
As a check on our underatanding of the acenpunee, ve plotud the ugnituh of
the momentum of various particles; first, ss pr-dicted by llon:o Carlo -m:latiou.
and then as obtained from our data (ses Figure 20). We have good agresment in

(]
<@
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al) cases.

Our acceptance is tabulated as a function of t', in Table 7, and plotted in
Figure 18.

The acceptance as a function of cos®, cosy, ¢ and § was also calculated so
as to correct angular distribution plots. 0 and ¢ are the polar and azfmuthal
angles, respectively, of the w in the B® rest frame, vitl§ X, v, and ¢ as in the
8° helicity frame; ¢ and ¢ are the polar angle and asimuthal angle of the normal

to the omega decay plane in the o helicity rest frame.
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O APPENDIY B .
GAMMA SHOWER CHAMBER EFFICIENCY CALCULATION

In the gamma system there were two views - plane x and elevation y - each
having three planes. We label the three x planes l, 2 and 3, and the three y !
plenes 4, 5 and 6. A shower was accepted if one view had at least two planes
firing, and the other view had at least one plane firing.

We make the following definitions: i

= efficiency of chamber plane {1

§ o humber of times the plane contained a spﬁrk
number of tracks through the chamber

§ P, = participation ratio of plane i for a found event .
| .

\ .
o humber of times the plane fired in a found event
! number of found events

: Then the probability P(22) of at least two of the three planes in one view

firing is given by
(B.1) P(22) = eicj(l-sk) + ei(l-sj)ek + (l--s;:l);:j:k + €445 \
= eicj + €6t ejek - Zeiejck » {(1,3,k) = (1,2,3) or (4,5,6).

Therefore the probability PY of finding a shower, when one is present, can easily

) be found to be
& .
3 . (8.2) P =2(22) xR (22)
+ P:(Zz) x (C‘(l‘es)(l"tﬁ) + cs(l“‘)(l"tc))
H
) +2(22) x (g (1-c ) (1-gy) + £y (1c)) (1Y) .

| We can nov write axpressions for the participation ratios, using the defini-

tiod for P, and the expressions (3.1) sad (B.2). For the x view,
\




.3 .l.,..l_ - 51(22) + (cz+e3~e2c3) x (eb(l-—es)(l-qs) + cs(l—e4)(l—e6))
) € PY

5.4 EZ i} P (>2) + (¢ A ] 3) x (e‘(l—es)(l-eﬁ) + es(l—e‘)(%—es))
* €y PY

Pq PJ(BZ) x (e, +c,-c,€,)

(B.S) -E-; = PY ; .

Identical expresgions hold for the planes of the second view under the ex-
chanse (1 2,3) «(4,5,6).

To calculate the single shower efficiency Py, vwe needed the efficiencies €
g In (B.2) to
4 o0 the right-hand-

side of (B.3) - (B.S)/ were taken as the P g A nev set of & 4 vere found and the

given the I’1 from the recorded data. This was done by solving for ¢
(B.5) using an iterative procedure., The starting values for ¢

process was repeated until stable results were reached, usually after ogly a few
iterations. The single shower efficiency was obtained by substituting these final
chamber efficiencies into (B.2), and the four gamma shower efficiencies easily
followed.

lav
i
#,
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TABLE 1
E-397 BEAM CHARACTERISTICS

Momentum - , 8.45 GeV/c

Bean Spill - 600 msec (FWHM)

Final Focus Spot Size - " x ig"

Flux - 6 x 104 pilons per pulse
Production Angle - 1.5°

Momentua Bite - 2% 2

AP/P - .005

Bean Spark Chamber - J Spacing = 36"

Position resolution Ax = .02" FWHM

Beam Direction Msasuremant - 40 = ,0002
= i)
hinurc.pt -030
Yocus - 120" downatresa of hydrogen target
Hydrogen Target - 2" diameter x 16" length
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: ‘) 0 TABLE 2
SPECTROMETER CHARACTERISTICS v
" Spark Chambers - Rotation Active Area Distance from Target
Upstream - 1 0o° 24" x 16" 19.00" !
) 2 45° 28" x 18" 24.50" |
‘ 3 7 ¢ 80" x 0" . 29.75" o
i ) 4 45° 42" x 36" 35.00" 5
5 0° 40" x 40" 40.50" ,
Downstream - 1 15° 5' x 7 91.50" ]
. 2 15° 5" x 7 97.50" "
3 0° 5 x 7 103.50"
¢ 4 0° 5' x 7 109.50"
5 0° 5' x 7 115.50"
'Magnet - \
Type picture frame SCM-104
Nominal J/B-dl 240 kg-inches
Central Field 5.9 kgauss ’
Size 84" W x 40" H x 40" D oy
Center 63" from LH, target o
_ Chamber High Voltage -
Method capacitor bank discharge
Capacitance 10 nfarads / 5' x 7' area
Pulse Height 6.8V
Risetime 150 nsec
Delay 550 nsec
Clearing Meld 5v DG
Pulsed Meld 1KV -~ 600 nsec
Readout - 1
Method magnetostriceive .
o Systea SAC l&{u, 4 scalera/plane

cmtinued....
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TABLE 2

SPECTROMBTER CHARACTE

]
RISTICS (continued)

1
3
o
wl
bt
E)
4
o
g

05" (mMM)

Position

4X (FVHM) at 2 GeV/c

Momen tum
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TABLE 3
SCINTILLATION COUNTERS
Sige Position . Purpose
{ 2 downstrean,
2«0 at l.ll2 target)
l/l6n x 2" ® u’ll -
178" x 3" x 3" ~170.0" Detect beam
1/16" x 2" X zn - x.oﬂ
" n "
W' x 167 x 247, - 25.0" Anti beam halo
with 1" hole y
178" x 17" x 24", + 14.0" Signals a charged particle
with 2" hole at an angle to the bean > 4°
opening 26" x 16" + 23.0" Anti particles outside
opening 40" x 40" + 42.0" fiducial volume
30 counters, each +122.8" Cha‘rged particle hodoscope
llsl! x ‘Il x 42"
"

K" x 4" x 4" +H2.0 Veto non-intearacting beam

+129.0"

"

16 comters, sach +140,0 No gamma hodoscope
K* x 7 x 0™ T #1438 Yes
4 alternate layers of 1/8" sein- Vato particles at

tillator and K" lead sheets placed  wide angles from the target
aach side of target -
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0 TABLE 4
. BREAKDOWN OF RECORDED EVENTS
W
v ( |
Type Percentage (X) '
Calibration events 4.0 .
Double beam events 12.0 v
| ) '
' Single prong, three prong, or two
- prong same charge events 56.5 ,
o
] .
. Good two prong events: 27.5 Y
less than two gamma showers 17.6
14
two or more gamma showers: 9.9
0 two gamma showers 7.6
three gamma showers 1.9
four gamma showers .4
(
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TABLE 5 ‘v::‘ g;"*‘»‘. ]

COMBINATION NUMBERING CONVENTION e
L ¥
& 1 “:J ,
0 0 " n “-;;: ' ;"' ; :'
Combination » (1) x (2) Bast" Fraction VR
‘ AN Y l
1 ! 7172 N 7314 ! .417 . 3 -;:,J b“
2 '3 Y2y 041 .
3 LA '3 078 A

4 AL LA 014 e o

5 727‘ 7173 L047 \9:: ~

\1 Yq¥4 I, L1 R
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M.‘f

&, 0 TABLE 6

\:f o GEOMETRIC AND KINEMATIC CUTS

Enexgy and Momentum Cuts

' 1) Charged particle momenta > .4 GeV/c
2) Gamma ray energies > .2 GeV/c

® Oray. slow gamma energy

) 3) Two gamma rays forming w (1): ratio fast g energy > .11

E‘éﬁ

: 0 ny. slow gamma energy

;, 4) ‘Two gamma rays forming ¥ (2): ratio fast g energy > ,085

z

. . Geometry Cuts

5) All charged and gamma ray trajectories within the detectors by 1'".

)

6) Gamma ray to charged particle distance at lead convertor > 7.5".
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TABLE 7
EXPERIMENTAL ACCEPTANCE

Acceptance

.048

047

047

045

031

023



(49)

0 \ ] TABLE 8

MASS CUT CORRECTIONS

Mass of (YY), = 135 + 40 MeV < .001

Mass of (w)z = 135 & &0 MeV < .001

Mass of (v w x°(1)) = 780 + 40 Mev < .001

Mass of (wn®(2)) = 1.230 ¢ .075 GeV .230 ¢ .090 -
Mass (recoil) betweean .5 and 1.2 Gev 024 ¢ ,010

s unseen decays .101 ¢ .006

CORRECTION FACTOR = .67 & .09
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o TABLE 9 .

INEFFICIENCY CORRECTIONS

Correction Fraction Loss
Gamma ray conversion upstream of lead con- ‘ . R
verter ’ .187 ¢ .011 ‘
Gamma hodoscope rejection of good event no losses
5« k
Conversion inefficiency of lead converter .797 £ .021 )
Gamma software reconstruction failure 040 ¢t .028 ’
Digitization scaler rumout 084 t 006
Gamma partial chamber inefficiency . 070 + .018
@ .
. . Beam contamination .026 + .006
Charged pion interaction in detector .040 ¢+ .014
‘ Counter inefficiency _ 032 &+ .008
Tight trigger losses .020 &+ 014

CORBECTION FACTOR = .098 & .010
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TABLE 10

3° + ws® DIFFERENTIAL CROSS SECTION

¥
02 49.1
03 69.5
05 96.2
20 146.5
20 1077
20 45.7
.20 f.;.:.
&' Bmpe
00 - .03
S~ 10
"o - 3
.3 - 1.00

A(t')

do/dt (yb/Cev?)

Statiaticai Exror

.048

047

045

041

036

031

TABLE 11

40.4

38.9

32.7

27.1

22.7

11.2

6.4

GO0D RVENT PERCENTAGES

t 3.9

t 3.4
§

i 2.6

P

1.7

t 1.7

£1.1

t .6

Fraction of Cood Events

b4 2

A5 2

N2

| .58 %

.05

.05

<05




(52)

Moa gl

FIGURES




4 i L

FIGURE 1 Experimental Layout

1
\
- .
voadl e
« o r . -
Dt VG T




- g &
- :. = 28582 zssgl ‘['3"0'
B} ) ] 8Q1 1I"8'24
‘ : a = “zes1 282 2°5136"
7%
28C1 COLLIMATOR
fc CERENKOV COUNTER
(T
E
UPSTREAM SPARK CHAMBERS L BEAM 8 Z.G.S
LABELS WITH THE PREFIX 8
REFER TO BEAM 8 MAGNETS
B 1}3\
\/ Enl
= FIGURE 2 Basm Layout
Y " ” VSRR A — z ;J




a,\qk:“t N v . . ' .‘:,,." v - P
(55)
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FIGURE 3 Lead Glass Gamma Detector
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PICTORIAL VIEW OF TARGET AREA
e .
PRI )
N
: ” LIQUID HYDROGEN TARGET
4 /

/ TARGET ANTI-COUNTER

(SEE BELOW)

FORWARD CHARGED
PARTICLE COUNTER
L
SCHEMATIC VIEW OF TARGET BOX

1/4" LEAD

\

v

BEAM HALOD
VETO COUNTERS
(BNR, BHL)
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1) Formation of Histogram for Block N

A)Calculate Di-Gamma Mass For All Block #N Events

-

LS

Block #N
V \

1° Di-Gamma Mass

\ Block u/

B)Sum Over All Blocks

56 -/
2
\ I=]

C)Find Centroid Of Di—Gamma Mass Distribution And Compare
with True T ° Mass
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