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INTRODUCTION 

. Thl. the.l. prea.nt. th. flrlt ob"fVltlon of the .0 axlal victor ... on vil 
the deeay .0 + ~.O in tha rlactlon 

r,'-p + .On 

L w"o 
1+ vy 

o 0 " Thl difflrlntlal crot ••• ctlon of th. proc ••• B + ww tl al.o calculltl •• 
Tha data for th:1a nacUoft .. ri takan at the Arlonne .ational Labonto~ 

alro Cradient SynChrotron ln • hilh .tatt.tici (> 8 M 106 trill.r.) eountlr-.plrk 
Gbllblr axp.ri .. nt (1-397)1 ualft1 incident plonl of .amtntu. 1.45 OaV/e. 

A ••• criptlon 01 the Ixpert •• nt vi 11 bl Ilvea ln Plrt t. WI vill dttcUi. 
• t'hl dlt.ll1 of tha dit. analY1i1 and pnllnt our flnal rllulu in 'Irt 11. 
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CHAl!,TBR l 

APPAlU.TU8 

Our 11lIIph of l"nU trom th. proo ... ' 

''-P'" "+II.,Io,,on 
1 .. yy 

+yy 

(hntlfter rd.rrld to a. 4" ,"ntl) " •• obeainld limultanloualy vith th. COUIC" 

t1.on of dlu for Itudy of th. r .. ctlon. 

and 

- + • 
'IIP+"II'l" 

1+ l'Y 

ualna ln inddent ,. b ... of DlOlllnt. 8.45 a.v/c It tb. zes in Deal.ll'. 1975 

Ind April. 1976. 

roI' th. relction 

(1.1) ; ,.p ... ,on 
1 .... ,0 

1 ... 'YY 

all ChI 'Ü.al .0 dlea, 'l'o4ucaU .,ft "taot.d. dia char ... partiel... Uliq • 

..... tiDM1' ~po1t ..... t loward .,.o.tn.tttr (In .palk .".fl), _d tha 

._ r~. ~, _ .. ef • Irr., of ,,' ,.. •• Il •• ,U.a. ,t •••• '-7 tbr. .park 
" ~ 

.... ".' lb. """01\ .iI ,Ilot "Meta.. 'liaI .... '_"&:.1 ltro\lC II IbCM\ i. 

tl.v. ~ aH .i~"'''' • ""U iD the fol1owiq Uc.Une. , , ( , 

, ~ l:'y l, , 

l , ~ 
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The pion beam (8ee Figure 2) WB8 produced by directing 12 GeV/c protons at 

Il beryilium target in the Extr.cted Proton Beam II of the zes. Ne •• the parUdes 

produced at l~ degrees were focuaed by a two-stage beam transport system onto 

horizontal and vertical beam veto seintillation counters. BVl and BV2, situated 

120 lnches downs treal1l of the liquid hydrogen targe t. 

The first stage produeed a momentum dlspersed focus at the position of th. 

beam counter hodoscope BR - a set of .even finger counters. each subtending Il 

lIlomentUlll bite of Is% FWl\. The second stage recombined the mOl1lenta. focusing the ,- -
1 

beam ooto the BVl an,d BV2 counters. where all non-interacting be. events were 

rejected. Beam particles outside the one inch radius hydrogeo target were re

moved by the hole anti-counter BHR + BHL. We averaged 60,000 beam partleles per 

pulae. of which 85% pused v{ thin the hole. 

~e beam partiele direction vas determlned by meaos of four magnetostriative 

readout spark ehamen. spaced 36 lnches apart upetream of the hydrogen target. 

The slope and intercept of aach trajectory were measured to w1tb1n i.1 mrad and 

:t.OlS loches (FWHM). respectively. A .ummary of the beam characteristice 18 

liven in Table 1. 

~ Charged Partiele Spectrometer 

t'he charged partiele. t -1aO_ntl vere .uured by _an. of a .pectrometer 

loeàted .t_diately downstre. of the hydrogen tarlet &rad H'. lt con.isted of 

a let of five aapatoatrictlve reaclout .park dt_era on e1ther .ide of • vide 

aperture aqnet (SCM104). vith l 'IP 40 inche. htah by 60 inch •• vide by 32 inche. 

ci..p• Th ....... t 'c-..rnnt vu aet to produce • central field of 5.9 kHogaua., ~~ 
,,1th an i"te,rated field of 2'40 ka-1.... Th. tbinn ... of th ••• pet, cOIIbined wt.tf 
the eloat poaldonina 9f th. chaabera te> it. pena1tted • IOoc! acc:eptanee for vide 

oa18 track •• 

o.tf:1la of tb_ ch.rled particle detection equipaent and .park cbl1lber di1Den

.10"1 an
l 
U.ted 11\ t~l. 2.' A 5 IV pul •• vu applied to tb .. ch_erl for eadt 

, . 
tri",T HIlI,d. 'lbt. .... do ... ,-lna tbyratrOl1-capacitor bant œlt.. A potentta1 

, , ( , 

of 75, VDC .e .. iDtalaecl on al1 cbaaber. to belp CI_T .".y t'h. loab_ct débris 
" , 

,.. au., cbaraed tracb. _~" addition to t,b1tl, '. lin. 600 nate' pula ... 

~ppU.ed alter .. ch trJ. ... l" ,to l'.we TetteSual ionilaUon frOllll th •• patt •• 
" • J '1 1 • 

.. . 

----~--- -----
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The aas in the chatllbers vas a lIIixture of 90% neon and 10% hel1lD1. Bthyl 

alcohol vas added to the gas to queneh the Iparks. The entire gas systflll was 
3 

recirculated and purif1ed through a "Berkeley gas cart" syatell . 

To elll11inate the atIlbiguities which arise wen lIIul tiple sparks occur, two 

chambers upstream and two chambers dOWDstream vere rotated by 4~ d6greea and 15 

degrees respectively. Spark positions in the chambers vere obtained by magneto

atrictive v1re readouts, uslng a Science Acees80rles Corporation (SAC) acaler 

system interfaced to CAMAC. Bach plane W8S instrumented to hand1e up to four 

sparks. 

Il.C. Photon Detector 

The -g8D11118 rays vere detected, and their energies determ1ned, using a system 

of lead a1ass Cerenkov counters and magnetostric tive readout spark chambers. 

The ~art of the detector which measured the position of the shower or1gin 

cons1stedt of a lead sheet, 1.6 radiation lengthg. wide (conversion probability • 

67%). folloved by three spark chambers, two of vhich weTe rotated ni degrees to 

resolve mult1-track amblguities. These spark chambers vere closely apaced, with 

• gap of only ~ inch betveen the lead and the first chamber. Thu8. the tightly 

collimated showers (rms angle per stage 18 - .2° for E - l GeV photons2) resulted 

in a ainaie spark position whlch vas taken 8S the ahower conversion center. The 

po.ition resolution vas lReasured uaing electrons transported to the deteetor ln 

• ttat bua, with the reaolt Ax - .3" (FWHH} holding for aIl enargiea from BOO MeV 

to 2.S GeV. This rssult applied alao to incident photons becQuae of ~be very ... 11 

lu.ra! apl'.ad of tbe .econdary elsctrons. The second and third aparlt cha.bers 

luppl1ed Inforution fol' .howe1'8 which vere misaed by the fint spark cbamber, 

and wr. allo uaed to confira and resolve Ibower positions. To ensul'e hiah effi

ct.ney for lIultl-apark .".ntl, .acfl'Plane was instrumented to handie up to 8-12 

lparka. FOT th.se ehaabar."the spark digitization vas performed by Borer scal.ra 

1nterfaced to our CAMAC ayati.. 
The eneraies vere .asured ualng 1 56-dement lead glass Irray placed lm-

_d1atel, downltre. of the g .... chUlbera. The l.ad glass blocks were atranged 

ln • l)'1IIIIetrie array with a 111811 beu hole (Figure 3). Each block .Murad 71t 

inch .. by 71t inches 1.y 12 inches (10 radiation l'naths) and WIS viewed by a 5 

in~ photoauttipl:Ler att.chad to the dOWftS~ream faee. The aiana1 froa ,ach tube 

____ l'IUW .... '''''''''ll ... n ...... ' "'J"""_""'" _. ____ ,.''''''ltll&Lt __ l ........... ____ .... _ ~-- -----

,.{AI 

" 
j' ~"-'~t~~ : 

~.:\%" ~,,~ 1 
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vu dig1tlEed by An Analog ta Digital Converter (AOC) and the infot'lllltlon .. d. 

avalUbie to the onl1ne computer vla CAMAC. The AOC r •• dins, corrected for ... 11 

geometrieal losses, was then proportional to the eneray depol1ted in the block. 

The meas",red energy reaolution for a 2 Cev ..... ahover vaS 18% FWHM. 

Il.D. Antl-counter System 

Events accompanied by charged partielee or gamma raya that vould go unde

tected by the apparatus vere removed by an anU-counter system. 

To reject gamma rays and charged particles recolling at vide angles. the 

four lataral Bides of the hydrogen target were covered by four al ternate layera 

of 1/8 inch scintilla tor and 1/4 inch 1ead aheeta. This target anti-counter (TA) 
; 

setup is shown in detaU in Figure 4. Events vere rejected if one or l'IIOre counter. 

detected 8 partic1e. A1so, part of the data (~19%) was taken vith the 1eS8 strln

gent constralnt that the event was rejected if two or more of the anti-countera 

were aet. AH tarlet anti-counters were 1atched and recorded with eAch event to 

.llow the off1ine investigation of the above TA veto constraint; in particular. 

, to correct for the 10s8 reaulting from good events being vetoed by recoil neutrons. 

ln the fONard direction, the two Bets of counterB, Ml and M2 (Fllure 1), 

Hmi ted tbe allowed soUd angle to that covered by the spark chambers and the 

g&\\lll8 ray deteetor. Rach set of counters was made sensitive to a-A raya by 
1 

covering Ita upstream aide with " inch lead aheets. Eventa vere rejeetjld if one 

of th.se counters d.teeted '8 partiele . 

.!!.:!.:. 'ut Lode ad TriueI' Syat •• 

A .y.t .. of le1ntillation counten v ... et up to deteet 1 and bolate froa 

uawanted bacltarolmd, .11. nt. cona1ttlna of two or three ehar,ed pion., blo 

or .on • __ rayl, and a low raco11 neutron. Table 3 liata a11 countera. Sia

nab froll aU count.ri co eerned vere cotlbined in fut elactronlc l011e: .adule. to 

produca a triller. tduer vas then .ed to initiate the firina of the .park 

ch"'n, the latlq of the ..... Ihower lDC'l. and- t1:!e nOTin, of the re.ultlna 

CM4AC lnforution. 

~ fut 1011e bUiated an nut trlap<r wb.n a true eanditf.OIIl nau1ted 

for the 'lpreaalaa 

• 

,.. 
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BEAN • .. • CHARGED • GAMMA • »fTI , 

where each tenn la deacribed below. A aimpUfied ttlg .. r diagre 1& ahown !p 
1" .f Figure S. .-

1) REAN· S1 • BI • B2 • (BHR + BRL) • (BVI + Bn) 

( 

A beem partiele, indicated by a count in eech of the countera SI. BI, and 

92 and none in the halo-counte>r& BHR, BRL, must have interacted ln the target be

cauae no counts occurred in the "beam veto counters, BVI and BV2. 

2) 8(1 

The 8(1 counter, i1llDediately downstream of the target, had a l inch radiW!l 

hole centered on the beam. \le demanded that at leaet one charsed partiele Ure 

H' ta .void falae triggera caused by back-eclltters from the leed converter trig8er-

ing the H2 hod08cope. Monte Carlo simulation showed that at leaat one charged 
o pion per event left the target at 4 degrees and Bred H~, for every B event in our 

kinematic domain. 

l) œARGED - R2 

We a180 demanded that exactly two 01' three elements of the 30 element scintil

lator hodo8cope 82, located dOlinatream of the lest spectrorneter chamher, he set 

off. ln the lel8 atring.nt "looae trlggt!r" mode of data collection, the R2 con

.traint WBa relaxed ta th. require.nt that two or more particle. he present after 

the mqnet. to perait the offlin. inve.tigation of the effects of the 82 cOll.traint. 

ln partlcular, ft vanted to .tudy the 10aaes due to fal •• trigger. caU8.d by bac:k

Icatter. frOil the lead converter 1_dlately downettellll of R2 (the Rf couattr v .. 

not. 100% effective 1n el1a1naUng auch falle trillera). ' 

4) GAMMA· ëiii . GRil (~2) 

11Ie g ... triller wu lupplied by two idtntt1cal 16-elnent ac1ntUlator hodo

ICOpa., GIF and GHR. on e1thlr aid. of the .park cha.ber-lead converter "sandwich". 

A ,abower vu indlcated by • CO\llt ln an ele.nt of CHR vi th no COUftt ln the correl

poacH.na el ... nt of CHF. At lu.t ~ lueh "no-y.~" ea.b1nattona vefe requit.cl to 

ltd.tiatt a ._ triger. I.&l1n ..... of tbe clata wu recorde eS W'lder a lOOItr 

"ly-tn..-r" ("221) to pePlit off1tu. Inw.tl,ltioa of the 10 .... due to the 
, 

'oral .... trtaPr. 

o 
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S) ANTl· Ml + AA2 + TA bl) 

Thera ".re to be no eoUlttl 1n 11I.y anti-eounter. la the "10011 tribU" 

.octe, the 1'A requinllMlnt wu relaxed to th, condition TA (.~2). 
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CHAPTIR 1 

DATA COLLECTION AND RECœSTRUCTION ANALTSIS 

Il.A. Online Data Collection and Analya.is 

Data acquisition and onUne anaiJala vere perfomed on a Geaual AutoaatiO\\ 

Stc 16/85 cOlÇuter lnterfaced to the nperi .. nt throuah a .taadard CAlfAC network. 

The rav data for each e .... nt vaa atored in an ..... nt buffer con.bUna of 260 16-blt 

vords. The collection Iystem wu capable of recordina up to fort y aventa pet 

600 mec ZGS pulse. AU raw data vere recorded on mean-tic tape for later off

Une anal,aia. 

Approxiaaeely thirty percent of the recorded eventl vere analy.ed OnUne 

durlns thè 4-aecond intenala between ZGS pulse.. Thie provided a valuable .ana 

of moni torins the performance of the apparatus. AU apark chaat»er effle1.neie •• 

lc1ntlUaUon counter participations, and leed a16s8 block participationl vere 

l'eadily avaUable for a continuouB and rapid check of the equiplllnt performance. 

il.8. CeUbratiO\\ Data 

a) Spectroaeter Data: 

To deteradne the exact .paUal poaition of .. ch ehuber. th •• pectro_ter 

c:hubers were Und and data recordad for a noa-bterectins be_ avent at the 

atart of eaeh ZGS pul .. ". 'l'hia infol'lUltioD v .. \II.d in th. oftUna analyaia .. 

a check on the luneyed pOiltioo. of th •• part chlllben. 

üao, the dS..tance betveen the rear cd ft'Ont fiducS.ala vu Mftitorad, thua 
. '. 

al1ow1D1Ath. diltuce plr aealer count ta be updat.d for .ach _petoatr1ctive 

rtbbOll. "l'hi. upclatlD1 corrected for the "lOI of tbe rlbbona' and a..., tnperaturt 

v' 

b) Led Cl ... Ilock.: 

'lb. enalU .poai ted ln •• ch lead 8lu. black vu proportiOl\ll to the ADe Ù 

cI1pt1 •• tlOll readiBl'. 8owe'Mr. the proportiOilIUty COMtat "'aded cba to 

ch...,.. in th, pbotoaù1tipUer tub. Ida; the .. vere ca •• d larlely 8)' Ih1ft. iD 

_i"'t telfll'atun. 'to wm1tor the relatlw .aln drUt. betweeD tube •• the 

@ l1pt outp,t boa a ntcnaQ lau v .. pipecl io eaeb block via Uber opt~ca. 
Lanf ,ulM hatabt data .. ru.cet.cl at tlle etart of e.ch lOS pul •• , _cl tlum 

.' 
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used by the offUnt analyai, prosra. to update the .alnl on a run-to-run b .. iI. 

'!\lice daUy. the laser pulse helghta vere reeorded and utUlud by the onl1n. 

analyais ptogram to temove drifta. 

An abaolute cal1bntlon of each block waa obtained by cOIIIparlna the known 

",0 .. aa to the 1III8S of the 400,000 11
0 decay. recorded durlng data-taklna. The 

cIoIdnant contribution to the error in the If
o ... a _ .. ure_nt ca .. froll the un

certainty ln the Ihower enaraies. The sain of each t~. wu therefore corrected 

by the method outl1ned ln Figure 6. Briefly tv for a11 two-salllla shower ewnU. a 

di ..... mus distribution wa8 formed for each block. with the hhtoaru of .ach 

block belll1 incremented whenaver 1t wu the center for one of the NO ahowera. 

The ratio of the centroi<! of .ach block', h1etoafalll to the actusl .0 .... wa. 

tben calculated and used to correct the tube sains. Thil procelB wa. done at the 

end of the month's run. 

.!!..&:. Offline Anabais 

AlI recordad event. vere analYled off Une on the University of Toronto IBM 

370/165 computer usina es.entieUy the .... oftware a. the onlin. proa't8a. Hw-

8vet. the off Une proara lIlade .ueh areater use of the caUbration data 1II8ntioned 

in .ection Il.B. A deacrlptlon of the aoftware la glven ln the nlxt section. 

An analyaed avent buffet for aU events vith two or more c:harged partlel.a 

v .. recorded on _&petie tape for further .ndy.iI of specifie interactions. A 

bnlkcSovn of the reco~cl" twntl 11 aiwn :ln 'l'atÙe 4. About 281 ~ad tvo oppa.lttly 

dlaraed pion.: of tb.,., about one third h.d tvo or aoTl ...... tuNera. 

!.!:lb. JacœatructiOll Softw.re 

'lb. nCOftatructlOD .ofwan, u .-ttOllad above. vu e".l\tlally the .... 

for 01111 .. ,.cS offliae ana1711.. 'nt •• ~uenoe follwed in the reconltruct1oh of 

an t'Mllt 18 outl1n~d ln naure 7. 'l'ha .WIlt nconatruetlOll proar. w. ~vided 
iato thru bulc IIctloa.: the b .... tIl, charpd,particle •• and the I-a raya. 

a) .... lacon.ttuctloa 

'the __ nt_. cI1l'1ction aà4 pOli tl_ of th. Incl dent plOtl upltre .. of tba 

taqat ven de tenlnad , ua1na the Ùlforut:l.on fna the bau aoM'èM bodOicopa 

ncl th. ba ... part ch"'H. A11INlti~le ba. track ewnt ... n rej.cted and 

'" 

/ 
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o correc:ted for. If a beall parUele fired more 'th an one beam hodo.cope elellllnt. 

the event was taken .a hanng one counter set at the average position. 

() 

b) Char8!d Partiel. Momentum Determination 

The tiret .tep ln detenlinlng the charged particle momenta ia the calcula

tion of the partiele trajectorle8. A conalderalhe amount of ti_ waa .eved by 

de_an ding that in e.ch view the .parka for a track candidate fall withln e road 

defined by the charged partic:1e hodoaeope element dimensiona. an iuginary gr1d 

eblil.r to the charged partiele hodoseope et the mlgnet center, and the hydroaen 

taraet di_nalona. Tricks were firat aearched for in the dawnstream Y view and 

then in the dow.tream X view. For the rotated chambers, cross checks vere done 

betveen the wo views to further conatrain the traek candidates. The entire 

procedure waa repeated for the ups tream chambers. At thia point. the track can

didates hanng common aparka were pruned. and the tracks with the loweat chi

equar~ valuea were kept. The upatream and dOWDstream vere next matched at the 

"anet center. A CO\lllllOt\ interaection point of the two or more traeka vith the 
~ 

beu track vaa alao demanded. Analyais vas ahorted for events vhich dU not have 

at l ... t tvo luch traclta. Bdore caleulating the momentum of each charled par

ticle. the tracka vere eorrected for bendlng outside the magnet, caused by the 

.trana frinae field. Fiaure 8 showa the reconstructed trajectoriee for a three

proqtd evant. 

The ..a.nta of tbe 8urv1vlng tracka vere determined uaing the known eorrected 

trajlctori •• , in conjunetion vith a \IaInt\ll function conailtina of a fourteen

tera polynOllial. Thil .... ntua functlon '"u developed' usina n-.rlw intI ara

ticm of MoIlte Carlp .. nerated tracka. A "-taUect .. etie field 1IIP vu a"atlable 

for thil pUrp08 •• 

c) c-. SbCNer IMre 8IIId Poei tiOll beon. trues,OI\ 

l'lftu vith ona poaltiw IIld one -neaath, charaed traclt vere th.n cheeted 

.( for th, preaance of • __ abCNIH. Tbe nconltruction .oftware "u icltntical 

for all s'NIlte, naarü ••• of th. nuaber of .... ,raya preelat. Th. proca4ure 

follCNId in cktenailliq the .uru II\d posi tion of.' ,... ray ahaver ta a ... 
1 

urt ... iD. l'taure t. A11 cacl1"tel for .hOVln VI fint l'equincl to ha" 

.... lted -,_ru of at leut ~ ltt' in e ainale ad al ... block. 'Dl1D th • 

.- ..... n _n cibe"d to ... if. eorreepondi 0 tbat ah0M8r. tbere 'lûtecl 

at l.ut o. X _d 0Il. l' .padt in elther of tbe fi chabsn, end at l ... t 

'.'.... pz 
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one conf1ndna .park ln a a •• aquent ch_er. Th. ahower center WAI then take" 

to bl tha p08itlpn of the l-.dina X and Y Iparka. or .1 th, • .,.raa- poaillon if 

.,n than ona lead1\\1 Ip.rk "Vu found. Allbi.auitie. nlultlna troll th. OVlrlap of 

charaed a"d • __ ahowerl ware eUainated by rejeeU". an ,,,.nt if any .... 

ahower w.. found to be wi thin 7 • .5 incha. of an extr~polat.d ehar.ad par~cle 

trajlc:tory. , 

'l'ba ahower .neray wa. det.mined by adcl1ng any ener., d,polt ted ln lurrouna ... 

10' block. to that in tb. le.d1ns b loc:k. and then c:ornctit\1 for enerBY 10 .... in 

th, l.ad convertar •• round th, photolaultipl1er tube, and ln th. junc:tiœ bltween 

blocb. 1:1' aU aventa with aro or "OH .honre (relardl.a. of the actuel nuaber 

of ahouera). the tvo .bowera fondna an effective ma •• elos.'t to thl .0 .... 
ven found and put firet and .econd into the final anely.ed event buffer in de

enuin. order of ener". 'lbe reat of the ' .... 8 wèTe buffered into .ubaequent 

poalt1ona :ln dlcr ... ina order of Inuay_ In Figure 10, we pre.ent the reconstruc

tion of a tvo a-- Ihower IVlnt. 
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CHAPTER 2 

llNBMATIC ANALYSIS 

~ Ana~sis of Four Gamma Events 

, '! 

\'\"1'7~ 
, « .. 

Among the total number of good avent., i.e.~ two oppositely charaad pionl and 

tvo or more gamaa ahowera, 4% were found to have four l.mma Ihaver candidatel. 

All .uch eventa vere extracted and analy.ad a8auming the hypoth.ai. (X • ... on) 

,.-p .. Xn 

1 .. 11111° (2) 

(11.1) Ln 

We had 38000 eventa, each vith aix pOlsible combinationa, aa there are aix 

wayB to fora tvo ,.0,. out of four gamma raya. Our convention for tha nuaberina 

of theBe coabinationa ia sURmarlzed in Table S. For each combination ve a180 pre

aent in Table 5 the fraction of total aventa for whicb thia partieular combination 

was the "best ll fit to the hypotheata 11.1 (the _thod for detendnilla the ''be.t'' 

comin.tion 1& diacuaaed in Chapter 6). l:ualnlng Table St one notieea that 861 

of the "bel t" cOllblnatlona are .Uher cOllblnation l or 6. 'l'h1l 11 due to th. 
1 

intemal ordering introduced bl the racon.tructlon prolra. The. __ ray pair 

fortd.q an effective .... do ... t to the .0 .... v .. Itored in the Ur.t two buf

far poeitionl. 'or thb renon, ln the followina ft often plot .rr.ett ......... 
uelltl cOllblnation 1 OIlly, or the •• of cOllblnat1on. 1 and 6. 'l'hi.' il clone 11Iiiply 

lor conwft1.nC8 _cl doe. IlOt .erlously bl~1 "the plotl Il tbe COGtrtltutlon frOli 

th. oth.r eoIIblnatiolW 18 ... U. " 
+-COIblnat1on 1 of our initial • w yyyy(4y) data ... p~e 1. pte ••• ted in rlau~ 

11. Thi.~. tha .tartina point of our analy.i, and tbe only cut. applled on th. 

data VIre do.. to avoid fecoa.truetlon probl... for l~ ao.entUi ,artlel.. and 
l.lUd_d.e of th. cletectC?t'I ftlar t'halr ...... 'l'h ... are cut. 1. 2, 5 and 6 

of 'l'abla 6. '!'here 1. a .u.bi lncltcatlOil of 'CM alanal aro\.U\d th. 11(1.230) ..... 

Aleo "Iiftn, ta Ptlure 12, 11 th. Tl afflctl". .... fr_ th .... initial .bpl •• 

'rhl. ·plot repre.ent. the •• of CCIIIbtMtIOil' 1 and 6 of 1°(1) (or. equtvalently, 

" .. 
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the sum of combinations 6 and 1 of&:l1!°(2». 

This data lample waB then Bubjected ta the analy.il delcribed in Fiaure 13. 

uling the rest of the cut8 liven in Table 6. Brleny. for a comblnaUon "ith both 

a_ma pair effective \1IaS8eS vithin 40 MeV of the ",0 malll, a "20" fit va. applied. 

80th paire "ere conlltrained to yield the !t
0 effective .a... 'l1\en the nudeon 

ml.sing ma88 was calculated and cambinations satisfying a eut of .5 - 1.2 OeV 

vere "le" fitted. The "2e" II\bll1n8 ma" and mi88ins ml" aquared are plotted ln 

Fiaure 14. The "3C" fit asain constrdned the gaftl'l\a palra to yield the '110 ",a •• , 

plus illlpoaed the additional conltraint of forcina the misaing man to the neutron 
" + - 0 mal8. The three pion (11 11 11 (1») effective mass was then calculeted and the COIII-

blnation teated for the eut. 740 ;t "3e" CI) ~ .820. The "3e" CI) .ffecUYII _.as 11 

plotted in Figure 15. Again only combinations 1 and 6 Ire uBed. Surviving eba

binations are th en 1t4C" fitted ta hypothesia 11.1 yieldlns our final "",0 ea!DpIe. 

After each fit (2e, 3C and 4C), events in the Ioweet 5% confidence level reglon . , ~ 

were rejected. • ' 

It is important to point out that often (1150% of evenu) more than one com

bination of an event pa8Bed the above cuta. Aa alread, mentioned. the .. thod of 

detemnina the best eombination will be presented in Chapter 6. We bave a total 

of 1781 eventa with at lelst one combinat ion lurvlving all cuta; thair effective 

ma88 sp8ctrum ia 8hawn in Flaure 16. 

Detailed analys1e of the cutl applied ln our kin •• atie analyai., and of our 

final ClI,/\,o lample, will be delerred to Chaptera 5 and 6. 

12.B. AnalY818 of rive Gama, Evants 

Our aampll of lventl vith two 0ppo.Ully char.ed pione and two 01' .ore • __ 

Ihonre allo contained aOIlt 4000 aventa (.41) vith live 1 __ ray.. WI 'Ulplctl4 

that a 1ar,. patt of the.a t""ntl llilht actually bl four a-- tvent. vith the 

additlcn of an aceidental a_a l'rh vbich vu a1thar due to the pr ••• nee of • 
" 

actual UDcottelatee! allanr or, acra l:Utlly, "cr.atd" by th. hconltruction loft-

.aH. 'l'1\a four , .... raya liviq the b •• t ,0 pain vere ttapt a4 a"alyll1 pro

c.ect.d ex_ctly u txpla1ne4 abo .. ln 52.A • 
• 

Alain detaU.a .. alyl:l.. will he' .ferred to ~apttr S. , 

, ! 
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CHAPTBR3 

EXPERIMENTAL RlSOLUTION 

, 

\ , 
1'"/" 

'. 
• " ft. , )1' 

\ 

3 Detalle1 Itudtel of the IIIttalurelllnt errorl "ere lIIad. by a prlviout exp'r1-

.. nt utina tlte UIII! apparat... Th •• , ra.utt., ,,1 th ainol' IlOd1fleaUon. due to 

Maher lverlae IIOMnt •• were allo vaUd for thil experimlnt. 

rroll Table l, the bu. IDOMntum Inor v •• 

(II .2) Al. .OOS (PNB) . 
Il 

The be .. Ilope uror. ver. very ImaU vith .. ,......-...., 
/ ( 

(11.3) t.9(FWllM) • «1.3 )C 10-4)2 + (,OlS/p)2 t )" 

whete the tint term representa the anale errar due to poli tian menure_nt. and 

the .econd tertl ia due to the Ilultiple Itltt.ring of the he ... ln the tar,et (t • 

n\llber of radiation len8thl of bydl'Oa.n ••• n by tbl ba. and p il 81ven in GeV). 

(11.4) 

, 

.êR.(NII) .. « .028) 1 + (.Of3p) 2)" • 
P , 

'Ibe Urit ten i. d\ll to au1t1pl.e leattert"" of th. parUel.. in tr.ftHiq th. . ' 

';'Cltr .. ter. • .. con4 tiN VU fouacl '-7 utlna non:"t.nterlctina b ••• Vlnt.. A 
1 \ \ q ~ u 

___ "tua afl'Ot of 'l' Ct:-) vu calculatecS fol:' b •• partiel... corre.pond .. ", to 
. \ ' . 

a politl<oa arrof of .'04 \ in ••• (,.) f4Jr nch .park. ltl\~ t"tc:al ~ t'tadt 
~ \ ' " 

j-p 

ewat.lIacl ••• , ... ,~~,. anor of .:.q~ tnchai. tha "a,ubI!Iftt .~f:r at other 
... ",ta ... thea ."ro."" ta,· a.tr..-latifta tha be .... aauHMfttl. 
el. • ...... ç f ' , , ~ 

... rrot la .... _. ,.,anieM Mlle, .... un."1: vit . 
. , 

. ' q , 
":~ 

, . 
. .. )' 1 

" 

, , 

, 
, 1 
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(I1.S) 

Tht .aeond tonn domlnatea th. cAlculated error. 1t representl the multiple IClt

t.ring ln the hydro,.n taraet. The fint tarin Will an "Itlmate of the anale error 

in the polition m.e.urement. 

n.c..:.. Olmm. Showef.8 

o 
Por .ymmetrlc w dec.y., the fractional error in the digamma effective mala 

11 dlrectly proportion.1 to that of the rn ... ured gamma rneraia.1 / 

2 M12 - kEIE2 1 

aMa ( aR i 2 al2 2 } ... 2--
Bl 

+ E2 M12 

Therefore for El- E2 • B, 

aH - -..l!! 
M 12 K 

Por the •• dec.ye, plota wett _.de of the di ..... ml ••• p.c~rum Il • ~ctlon of 

..... eoera,. Por .Ich en.ray, th, vidth of the p.ak, y181ded t~:,rtllntY 
ln th, eneray. A fit to the corrllation blbraen th. Inlr" and itl unelftainty 

1·"11 

(11.6) Al (NOt) •• 055 + dl! . 
1 Ji 

The Ihower po.ltion Irror w.. fouad b, eonlid.rin, el.ctronl tranlportld 
tbtoup tbe apparatUi. 'rh. pOlit1on, detlnlned by tbe ,p'ctrOMttr nr. cOlipand 

vUh the pOIHtonl !ound a"t th. conftrter. 'I.'h. l'tIlult WI' 

(11.7) / Ax(NII) • .3" 

• 

\ 
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~ Reaolution Fun~tions 

An est~te of the er~or in the varioua derived quantitl88 of .' BO 
.. éOn 

avent i8 then obtained ùsing the for.ulae (11.2 - II. 7) to .... r the appropriate 

4luantitiea in conjunction vith a Monte Carlo ai.utation' proar... The predicted 
00' experiDental _a. cu..t~'1.b1ltloft .. ·" for the. , Cal, Band BeutrQn are 8iven in 

'taure 17. The events vare at.ulated vith t-dlatribution a. predicted b1 the 

data and vith Breit-Wigner _a8 distributions of 10 and 125 MeV (FWHM), respec

tively, for the w and ,0, 
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CHAPTER 4 

EXPERIMENTAL ACCEPTANCE 

, d 

o 
To Und the acceptance of the apparatus for the!JI1l' reaction, we used a 

Monte Carlo simulation program described ln Appendix A. Rendomly generated 

events "ere deleted if they failed the geometric and kinematic cuts of Table 6. 

The program a1so inc1uded the statistical removal of events due ta the eharged 

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. wi th an 

average of 100.000 evente generated for each bin. The final acceptance curve ie 

plotted in Figure 18, and the acceptance for each t-bin la llsted in Table 7. 

It is important to note that the acceptance does not inciude an extra t

dependant correction due ta the "tight" trigger mode of data collection. The 

atringent demanda of the "t1ght" trigger caused losses of goad events due to: 

(i) the rejection of an event because of a single neutron recoil setting a TA 

counter; (H) 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 o particlea. the presence of deI ta raye. beam in teractions after the hydrogen tar

get, etc. These corrections are calculated in Chapter 7. 

The average acceptance for our reaction i8 

.039 ± .004 . 

The erraI' bounds are not indicative of etatistical erraI' «,001), but rether are 

a meoure of how well we underatand our acceptance, Vadous tests of the Monte 

Carlo progr .. (aH Appendix A) le ad us to believe that the relative error in the 

aecept .. ce 11 101. Thi. 18 a conaervative esti •• te. 

,_ fi 
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CHAPTER 5 ,J 

SELECTION OF FINAL EVE~ SAMPLE 

In this chapter ve will first discuss the ressons for our various cuta and 

the loss of good even ts resul ting from those cuts on our data. We will then dis

cuss the background and how we contend with it. 

i5.A. Kinematic and Geometrie Cuts 

These cuts are summarized in Table 6. Briefly, cut 5 removed the possibility 

of blases due to the int>ffidencies of the detectors nesr 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 samme shower. Cuts 1, 2, 3 and 4 were applied on the data to avoid 

reconstruction problems for low momentum particles. 

The 108ses due to the aforementioned cuts are corrected for in the Monte 

Carlo acceptance calculation presented in Chapter 4. 

§5 • B. Neutral Pion Mass Cut 

To isolate combinations with two .o's in the final state, a cut of 95 MeV to 

175 MeV W8S made on both (yy) effective masses if they survived the previous cuts. 

The effective mass spectrum for the sum of combinations 1 and 6 ia given in Figure 

12 vith Hnes Indicatill8 the cutoff region. The data was fitted to a g8usslan plus 
4 a fourth order polynomial representing background . We obtained a width of 

24.0 ± .5 ~~V (~ for the W
O peak. This ls in excellent agreement vith the 

resolution function of Figure 17. The fractlonel 10ss of good event. due to the 

.. 0 ... s cuts la thua < .1% vhether one usea the resolution function or the fit 

to the data. These very loose "'1 euts ~ere uaed 88 slightly tishter eut8 did 

Dot eigDifleantly l.proYe the almal to background ratio of the BO ln the final 

IIlWO •• ple. Stnce ft are deaUng vith 10w .tat1atlc8 we optecl for the Ieraer 

clata 8l111ple. 

...... 
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given in Figure 14. TIlere ia ft clear neutron signal on ft large background. We 

fee1 thnt some of the background comes from the contamination of our (Bon) data 

by Il 0, 8. e. g .• 

(Il. 8) 
1I-P .. B060(1234) 

1 .. n1l
0 

• 

Resulta from various fits to the missing mass data lend support to our claLm. 

The data vere firat fitt~d to 8 mass resolution function shape (for the neutron) 

plus a four th arder polynomial and then to neutron and 6° mass shapes plus back

ground (represented again by a four th order polynomial). The latter was a 60% 

better fit, and produced a 285 i 10 MeV (FWHM) neutron centered st .959 ± .002 GeV 

and a 390 ± 10 MeV (~ hO centered at 1.250 ± .005 GeV. Fo1dlng in our reso

lut ion in the maS8 region concerned, we obtained a width of 135 ± 10 MeV (FWHH) 

for the AO. We dlscuss the background further in §5.F. 

In order to remove most of the above contamination and other sources of back

ground, ve make a .5 - 1.2 GeV mass eut on the "2e" missing mass for a11 events. 

The fractional 108s of good events is estlmated to be (2.4 ± 1.0) %. 

i5.D. Omega Mass eut 

The "Je" three pion effective lIlasS for tho8e colllbinations vith t'Wo neutra! 

piona and a "2e" recoU U88 satisfylng the appropriate cuts is p10tted ln Figure 

15. There la a clear w(783) signal sitting on small background (the background 

1. approximately 35% in the region def1ned as w). A masa eut of 740 - 820 MeV 

... _de to isolate cambinationa vith an w irvthelr final atate. As vas the eaae 

for the neutral piana, ft choae theae li1lits to improve statiaUes. Tlghter cuts 

did not 81anificantly l.,rove the final BO a1gnal. 

The calculation of the 800d avent l08sea vas done by ehooe1ng the baek8~0Ul\d 

reglona .hawn in Piaure 15 and .. aua1ng a four th ol:der polynomial fit to the back

Iround between the two areu. Tbe l'eault .u a 25.5 t 2.5 MeV (FWHM) signal. 

illply1na a fr.ctional los8 of avent. of < .1%. To account for the exper1.ental 

.... naolution ln the 411 .... relion. the reaonance .hape vu d •• cribed by a 

lreit-Wlper fUllctlOl'l vith the .... reaol\ltiOll. folded ln; the re.ultli1g fit ia , 
ahown la rt.aun 15. !he littad val._ for .... and v1dth of tha fil are 

, " 
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781 ± 3 MeV 

f(w) - 13.0 ± 2.5 MeV 

in close agreement vith the world average valuesS • 

The decay matrix element squared or Dalitz plot density 

dJ) 

for the three pion events within the mass eut i8 shawn in Figure 19. The distri

bution is consistent with that of a JP • 1- partiele. Aiso plotted (Figure 20) 

are the dipion effective mass (M + _) and ~ - p • &, where p and q are as follawa: 
1r 1r 

the omega decay 18 analyzed in terms of a single plon plus a diplon. The pions 

of the dipion are 8ss1gned a momentum q (in the dipion rest frame), and the re-
.... 

maining pion i8 a8signed a momentum p in the ru rest frame. The results are con-

siatent with that expected for the w6. 

~ Summary of Good Event Losses 

Since ve are calculating the cross section for 

(11.9) 

1I-P ... BOn 
1 ... 11).0 

1 ... aU 

we .ust correct for unaeen III clecay' mdea. This correction_ factor il 1111Ply 
5 .899 t .006 • 

The above faetor end all ... s eut. are liltecl in Table 8 along vith the 

calculatad e'Vent 10 •• frac:t1ona. The net correction factor va. calculatecl to be 

.61 t .09. Thil factor will b. used in the dUferentta! croas aection calc:ula

tiOD •• 

At aln", _tl_let a.Uar, .. f •• 1 that •• _ of our (BOn) data b actually 
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"-p + BOAo 

1+ nyy 

+ -+ 11 11 yyyy 

The contamination is expected to be minimal for data taken under "tight" trigger 

conditions (one or IIIOre TA veto event). However, under "100se" trigger requin

lIents (two or more TA required to veto event). Monte Carlo simulations show that 
- 0 0 - 0 the acceptance for (11 p + BA) Is approximately 50% that of (" p + B n). We 

took 20% of our data vith a "loose" trigger. A cut of 1.2 GeV on the llissing 
o maas removes some of this background but a A fit to the m18sing mass shows that 

38% remains under the neutron peak. This is taken into account by us1ng a 80 Ao 

o type reflection as part of the background of the "4C" 11)11 sample. That 18. event8 

vere simulated with a AO mus distribution (mass < 1.2 GeV) and then "4C" Utted 

to give the required 11)11
0 distribution. 

Another source of background that we investigated waB the reaction 

- 0 0 
11 P + II) A 

'-~n1l0 

(Il. 11) 
1 .. yy 

Bowever, our apparatus has DO acceptaace for th!, reaction, the neutrel pion (from 

the AD dacay) being too "soft". Our data confiru thia, as effective II&SS plots 

of n'l° cOllblnationa show no _1anal st the A
O 

maas. 

Sle a180 conddered the 4000 Sy aventa and the poaaibl11ty thst th .. e e'Venta t 

or 'OM part thereof. 1daht actually be 4y events vith the acidition of a fic:tional 

.... ra>]. Therefore, th. Sy clata vu anal)'ud as detailed in atapter 2 and the 

reeulte ftre as follows: on1)' 26 eventa .urv1ved a11 eut. nel their dO effective 

.... plot had no .tanifieant enhanc: ... nt .nyvh.re~ Noreovu none of theae .wata 

hlet a absina lUI. Vi thin 100 lteV of the neutron .... ; ,,1aply1na a very pool' fit 

to tha hypotheata 

(11.12) 
.-p + BOn + ly (fletional) 

1+ ,+""yyyy 

, . 
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lt would appear that al.ost D.on. of the 5y eventa vere of the type Il.12 . 
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CHAPT!R 6 

FINAL B
O 

SAMPLE 

ln Figure 16, the .. ss distribution M(~.o) II given for the 1781 eventl vith 

H(w+w-.o(l» ln the ~ reslon .nd both N(yy) in the .0 reglon. As explained in 

Chapter 2, there are six pOlsible BO cambin.tiona for each event. Whenever two 

or more combinations lurvived aU cuts» the ''helt'' 8° c01lbin.tion vas chosen to 

be the one with the largest ~ decay matrlx element. lt is the effective ma •• of 
o these B 'a that bas been plotted in Figure 16. The predom.inant feature la the 

atrong BO signal. We have 840 eventa ln the BO region, defined as 

o 
M(~. ) • 1.155 - 1.305 GeV . 

16 0 No anomaly in the ~ Dalitz plot la found and the B 11gnal appeara Itrongly 

vith w's located at the center as vell as at the periphery of the Dalitl plot. 

A good fit ia obtained (full curve) by 8aluming a 1inear combinat ion of a Breit

Wigner resonance shape for the B mason (vith resolution at the B maaa folded in), 
o 0 - , 

reflection from the sute B Il , and the Monte Culo ge~erated phale apace for ) 

~.on. The resulting fit la ahawn in Fiaure 16. We Ob€ai~d ( 

and 

M(BO) .' 1.232 ± .008 GaV 

r(Bo) • 147 ± 20 MeV 
2 .. 

X (67 deSre81 of freedca) - 78 

Th. fraction of Scod event~ lost due to the BO 
.... cut. 1. (.23 ± .OS). 

\le r .... dt thu the apparent dil .. re •• nt between the width of our ob •• rved 

.ipa! and pubUshed dataS ia, ve believe. clue to the poor statiatic:a. Ve h ..... 

alnady'ahown. by our calcul.tlou of the '10 and III r&aolution funetione, th.t our 

arrors are rauonabl, vell underetood. 

va pre •• nt qular clteay distributions althouah. ovinl to lOtI ~tatiat1C8, 

th. reaul ta are far froa cODel.i _. lu our _81'1111, ve ua.cl the followiq 

c;Gawnùœ: e cd • are tlle polar and a.1IIuthal IUIl... hap.ctivel" of the ... 
.. (p.) 1'1l the 1 nat fr_. A rlaht-bande. coord1"ate .,at .. :la cbOHn ao that 

the .-uta 18 alOIII t'be 1 \ 41nctlon ta the owrall C.M •• yata, i •• · •• bel1c1ty 

_ (11) fr_: ,18 Mraal to the productiœ plane, -; • (;11l )( Î); X ••• are ,the 

polar ad ut_thal .. 1 .. , napeetlvely, of the no'iul. to tha .. clecay pl •• iD 
\' 

. -" 
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/ 

...... .... ...... 
the., raIt fr ... Mnund in a aylte. x'. y'. Cl. ""ere l' • P .d y' • • JI( .' ., 
(:ln the B nat fr ... ). See Pl,urt 21. 

In nlun 22, ft plot the dlltdbutlona of cose and t. The upper hiatoar .. 

inc:lude aU eventa iD th. 1 n,ion (Piaure 16). The lover hiatolr ... are plottad 

aftar lubtract1na the backlfOUftd e!ietrlbutlonl of the control reaiona A md C 

(Fi.Uh 16). defi_d between .96 - 1.06 and 1.4 - 1.5 GeV, re.pectively, vith 

velpta ac:c:ordlft8 ta the fittad •• 1,*. of ,0 and bac:katound in the B tlsion. Both 

upper aDd lover hiato,r ... are correctecl for accept'ance. 

the aubtracted diatrlbutloll8 are alaolt .,-aetrlc (vlthln errora) as explceecl 

for a ... 11\ .finee! JP atate (tlahtenina the .0 and w .a •• c:uta do .. not 118n1f1-

cantly cllaqe the dlltributlonl). The ~.ulte are far frOll conclusive and a 1at'l81: 
\ 

1 ... 1e la _.d befoh any .. anlnaful anaular an.lyab can be performed. We are 
l ' 

curAntly •• 1y&11\& data obt.1ned ln aubaequent exped1lent81•8 anel expec:t to In-

creu. our BO laple U .. fold. In l'1lure 23, WC! pre.ent the coax and .• dhtrlbu

tionl. 
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CHAPfta 7 

lNEFFICIENCY CORRECTIONS 

ln calculating our cross section ve must correct for inefficienc'ea of the 

apparatus and of the reconstruction software. We discUS8 the se corrections below 

and summarize the information in Table 9. 

S7.A. Gamma Ray Conversions Upstream of the Lead Converter 

The 108s of events due to gamma rays conver;Jns inside the hydrogen target 

was included in the acceptance calculation. That 10ss due to conversion along 

the trajectories towards the converter vas ca1culsted independently. The 108s 

vas determined by calculating the amount of materiai traveraed hy the gamma rays. 

The grestest contrlbutors to this effect are the spectrometer chaftbers (aluminum 

and mylar sheets). From their known collision 1engths, the ptobabiliey of con-
3 version for 2y avents vas calculated to he (9.8 ± .9)% . Therefore, for 4y 

events, it i8 slmply (18.7 ± 1.1)%. 

57.8. Event Rejections by Gamma Hodoscope TriSSer 

ln Part 1, we S8W that an event tdgger occured only if, at leaat tvo NO-YES 

ca.binations vere found in the paired gamma hodoscope. This requirement was a 

potential Bouree of biaa beuuae charged parUdes from tbe III clecay and back

acattera ftom the lead alaaa were a180 aeen by GRR. Ve expected thi8 effect to 

be quite 8111811 as ve require four No-YES cOIIbinations. Ve inveatigated this 

probl •• vith data taken vith a vaaker a_a trigger requlrlng only one No-YES pair 

(-221 of data). No losle. wbataoever vere foune!. 

!!& Conversion Blfleteney of Le.d Con_t'ter, 

The , .... conversioQ efftciency t8 high1y dependent on the effective cutoff 

• nerlY for obaened aecondaTY electtona. Rowever t tbil cutoff enerBY ia very , 

difficult to __ ure l1ace tt i. deplndent on t~. position of the conver.lon in 

the leld, _cl tbe .... r&1 -.d.l1da8ion angle of the dectron. '1'herefore, the value 
(J 

for the ataale 1_ .fficl.ney vu taken as the aver ... betwao an upper l:La1t 

..... d ~ pair pnduetion prediction.. and a lover liait fr~ pubUahecli Monte Carlo 

,\ ~ ~ . 
J:"t;}f! 

~,,,'" 
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results. 

The upper limit vas obtained by usina the theoretieal pair production cros. 

section limiting value of 7/9 2 to scale the thicknes8 of our lead converter (1.6 RL), 

yielding a conversion efficiency of 71.2%. 

The lover llmit vas obtained from published Honte Carlo results for photon 

sbowers by Hessel and Crawford9 . The secondary cutoff energy for our detector Iles 

someWhere below 10 HeV3• From tbe shower tables a value of 62.9% ls predicted for 

a 10 HeV cutoff. We believe the parameters of our system lie between the tvo ex

trames. Therefore the average vas taken, (67.1 ± 4.5)%. vith a system.tic error 

covering the two limits. By raising this result to the fourtb pover. va obt.in 

the 4y efficiency, (.203 ± .021). 

17.D. Gamma Software Reconstruction Fallure 

The software reconstruction inefficiency was mealured by hand-scanning 1000 

2y events on a CRT display by maans of an iQteractive program that permitted oper

ator determination of gamma showers. The reBult for the 2y eventa vaB an ineffi-

4Ct ciency of (2 t 2)%. For 4y events. the inefficiency ia aimply (4.0 t 2.8)1. 

o 

§7.E. DiBit~on Scaler Runout 

We atudled the possibility of 10sin8 a real gaama shower due to an lnsuffieient 

nuaber of acalers. We expeeted thia effect to be aubstantial sinee a atudy of ly 

eventa showed a (.70 ± .03)% 10as 10 • The aethod employed is quite ai~le. The 

spark positions for each X and Y plane were read, atarting et the positive X, and 

positive Y ends, respectively. Therefore, a scaler runout would r.sult in a de

pletion of the negative X and Y positions, in contraIt to the expected I,...try 

about the odgln in the norul 100% efficient case. \le atudleêl on1y the Y plane, 

a. the X plane ia not expected to be s,..trlc due to the 2.5 degree anale hetwe.n 

tbe spectroaetet' Z-ax1. and the target Z-axis. We plotted the y poait1on of 155,000 

.havera and deterained tbat theTe va. a depletion of 6650 .havera in the nesative 

y Telion. If ve attribute thi. d,pletian coaplete1y to 8caler runout, th.te il a 

10 .. of (4.3 :1: .4)% per plane. ThuefoTe, the total 1088 due to .caler runout 1. 

(8:. :t: .6)%. 
e 

v 
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o ~ Partial Gamma Detecto! Inefficiency. 

o 

This la a tlme dependent correction that was handled by the reconstruction 

software. , The participation of each gamma cham~er plane in each event W8a continu

Dusly monitored and recorded. At the end of a run, the efficiency of each chamber 

and the single gamma efficlency were c81cu~ated from the individual participation 

ratios using the procedure deacribed in Appendix B. However, theae figurea were 

calculated for 2y eventa only, since the largest fraction of our data waB 2y 

events. 

For 4y eventa. the effieieney ia expected to be lower because the same charge 

ia diatributed among .ore .parka. Separate single gamma efficiencies for events 

with three or more g&mmas were not ca1cu1ated by the software. We studled this 
1 d 0 problem and determine the effieieney for the final ww event sample of Figure 16 

uelns the same method deacribed in Appendix B. The aingle g~a efficieney for 
o these eventa was (.974 ± .010). Therefore, the net efficiency for the ww events 

was (.900 ± .018). The single gamma efficiency for a1l 2y events (.986 ± .002) 

18 already taken into aecount ln the effective beam flux (a factor of .972 ± .004 

for two gamaas), and thua, the effective correction factor ta be uaed ls 

(.930 ± .018). 

17.G. Partial Char8!~Spectrometer Inefflciency 

Again thl. la a ti.e, depandent correction which val handled by the reconstruc

tion loftware. This factor vu talten lnto account in the caleulation of ef(ective 

be81l. 

n .B. Be .. CODtaaination 

The .uen contint in the he .. va. fOUQd to be (2.0 t .6)% at 8.45 GeV/c by 

... urina the -.,unt of be .. that traver •• d thre. fHt of at •• l. laon contamina-
. 11 

t:lon v .. Iniut.d at .61 (pubUahed yleld curve. ) and Ileetron cootlll1naUon 
o 

ahould be nt.liaible ( •• ~re pha~e .pace r •• trictioo.). 

n .1. Clagecl Ha lattraction ln htector 

PrOIl th. lm .. cne ••• ctiou of 1IJ1ar. abaln_ etc •• an ect.auado.. of 

\ 
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(2 l 1)% 1& determlned for an incident pion. Thus. the probabiUty of loBina GAI!! 

or both pions 18 (4.0 ± 1.4)%. 

!kh 'l'leM Trisser Lasses 

:'----., 
Aa mentioned ln ~art l, !loat of our data V88 collected ~er 8 "tight" trigger 

.,de whlch demanded that two or three 82 lc1ntillator e1ement. ~e hit IInd no TA 

elamenta be set. To' pettnit offline inVestigation of tbe effacts of tbelle con

.tr.tnta. Ille coUected -18% of our data under a l'lQose" trigger which demand,d 

H2 ) 1 and a1lowed one TA to be set. Subsequent investigations showed that our 

tiaht H2 conatraints eauaed an (8.1 :1 .5)% 1088, and tightening our TA requlrements 

C8uaed a further (15.6 :!: 1.4)% 108s. Investigation of other reactions by membera 
12 of our collaboration bavC' shown the TA 1088 to be t-dependen t • Howaver, ow1ng to 

our pOOl' Itat1stics. lIE! uae a CODstant correction w!th systematic error cover1ng 

aIl t-dependent fluctuations. 

'lbe product of then NO factora with a dilution factor (to account for the 

bet that only sorne data wU taken under a tight trigger) gi ves ua our final effec

tive correction of (.800 ± .014). 

~ Mi8cel1aneous Corrections 

\ ' 
Los8ea due to lc1ntUlation counter ineffic1enc1ea (cracka, etc.) were ealcu-

lated to be (3.2 ± .8)%. Thi. va. deterwdned by interactive .canning of 1000, 

,,,.,,ta pra a CRT. The target wa •• urrounded by a Is-inch layer of polyethylene to 

stop làw eneray partielea. Therefore, ve can ilnore 10.1.8 due to a ray creation 

lnside th. target. 

, \ 

Th, e~~t 10" fraction. caUltd b, th. 1neffiel,ncie. d •• eribed in thi, oh.p-
0, 

ter IH u..ttd ln Table 9. 'lb. finll O'MnU corr.c~ion factor il .098 t .010. 
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CHAPTER 8 

DIFFERENTIAL CROSS SECTION 

niCl di fferentia1 cross aection WAS calculAted uBing the following exprellion -

(II .13) 

where 

da Y (t') Il 10 JO 
dt'" • 8 )( N Il C )( At' )( A(t') 

2 ub/(GeV/c) 

Y(t') • yleld of good ~ents ln each t' bin 

B 

N 

t 

• total effective beam flux 

• number of protono in the hydrogen target 1 cm 

• constant corrections 

2 

6t' • t' interval (t'· t - t i ' where the averAge 
m n 2 

tmin at our energy 18 -.009 GeV ) 

A(t l
} • acceptance ln each t' bin . 

The conBtant correction factor (E) 18 the product of the correction factor 

due to mass cuts (Table 8) and that due to ineffic1ency cornet ions (Table 9). 

We correct the total beam flux for spectromater and gamma chamber Inefficiencie8, 

.nd for 10.le8 due to the presence of dual beam tracks ln certain eventl (-121). 

'lbe result 18 the effective beam flux, and it il thie number CS) we uae ln the 

da/dt' ca1cu1etlonl. 

The differentlal croIs section for reaction II.9 18 presented in Filure 25 

and 11ated ln Table 10. The arror barl are only atatiltical error, and do not 

lnclude an ov.rall normal1&ation (ay'tamatie) error of 19%. The Integrated ero., 

I.etion i, 11.0 ± 2.1 pb. Thil di.trlbutlon wa. obt,lned by flttlng the wwo ••• , 

plot •• t varioui tt aliea., but with flxed ma •• and width value. for the BD •• 

obt.lned from the total, fit. The background aubtr.ctionl for the 'lOUer t bina 

uaed for the diffu.ntial cro ... action vera obtained by lnterpolatina betwe.n 

th ••• fitt.cl pointa. The fractions of good avanta per t' bln, ., detlrmined b, 

th •• bove fitl, are 'UIm.ri.ad ln T.ble Il. 
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CONCLUSIONS 

We have dèscribed the investigation of the decay 

and calculated the differèntial cross section. The mass and wldth of the Ba are 

in reasonable agreemeht vith the published data on the cbarged B, 

The BO differential cross section ie quite broad and shows no forward turn-
17 18 

ove~. Several papers ' have proposed AZ exchange as the most important mech-
o 

ania~ in B production. A2 exchange, whlch couples mainly to helicity flip at 

the nucleon vertex, should 17 produce a forward turnover ln the differentlal cross 

8e~tion. The laçk of a forward turnover and a smaii integrated cross section 
o indicate that A

2 
exchange does not play a strong role in B production. A similar 

19 conclusion has been reached from analysle of charged B production. 

As already noted we are currently analyzing data obtained in subsequent ex-
7 8 peri.enta t and expeet to inerease our st~tistlcs at lesst fivefold. This will 

permit the angulat" analysis of the B
O decay products and the determination of the 

BO density Matrix elements. This will, in turn, allow us to greatly reduce the 

error in our acceptance calcula~ion, which ls due to the presently unknown distri

bution of BO helicities. The uncertainty in acceptance ia currently one of our 

largeat ayatematic errara. 

Asaulling that what ve ue seelng 1a indeed the BO (JP • 1+) t tbe determlnation , 
that p la large (Implying natural parity exchange). tog~ther vith the lack of 

QO 

a fotward turnover. woul' he very trouble.oae' as we know of np I • 1 natut'8l parity . " 

exdl.ngea vith large beUd ty non-U1p coupU.ngs. 

l, 
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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 Honte Carlo simulation program producing events 

of the fOTm 

'Ir P .. P n 

1 ... V'll° 

1 .. yy 

+ - 0 
.. 11 11 11 

1 .. yy 

Each event was described by four kinematic quantities: the beam momentum, 
o + - 0 the four-momentum transfer squared, the (VlI ) effective mass. and the ('II 'II 'Ir ) 

effective uss. o 
We applied the program to our partlcular decay, P .. B and V .. III, 

o 
and calculated the acceptance as a function of t. The B and II.) mas,ses vere gener-

ated randomly with Breit-Wigner distributioos of width and mass as given in refer

ence (S). 

The generation of events vent 8S follows: o 0 the B was lIiade to de cay to C&)'Ir 

in the BO rest frs.e. A rigbt-handed coordinate systeDl was c:hosen 80 that the z
o axis was alona the B direction in the overal1 C.M. system, Le .• Helicity frame; 

~ ~ ~ 0 
y vu choaen nomal to the production plane, y - (lin li( B). ne B au. unlqœly 

cletetllines li 1- li' 01 and a cboice of • and (cose) fil coapletely 8pe~ify the four 
1'11.

0 
fil 0 

__ nta of the lai and 1. We as.\D8d that the B + 1'11,,0 decay is uniquely S-wa .. 

and thus cose and • vere randoaJ.y ehOSeD. This is somevbat incorrect .. the inten

aity of the kave hu been found to he 4_91 13 ,14 that of the 5-wav.. '!'hie error 

vu taIt.n iuto aceount in the owrall error cal~ulatlOQ • 

•• zt we cons1dered the fil deeay. 'l'bere are fi". independent ktn ... tic vari-

_les (_Ilec~ spin) .. edecl to .IC-ribe th.. 31r decay of the fil. 'l'ln: ... variables 

al» ..... d to dIa.cri ... the .orientatlon of the deeay p!.De (lai reat fr_> in .pace. 

" 
" , . 

~ .. 
<~ ,~~ t 

t(~~""":":: 

" 
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'lbe decay plane 18 then parametrized by two \lore variables. We chose the dlpion 

effective mass. M
lI
+

lI
-. and ~.c1 - cos8 - li : 

and 

11 

The distribution for these NO variables in the decay of a JP • 1- particle 

1s given by (6.15): 

l 3 • p q 

whera 

(x2 ( ) 2).< 2 < ) 2). 
P{x,y,.)· -y +. ait -y - ~ 

We now conaider th. onelltatioo of che h _ca, pl.... The III wu ... to 
o ! 

deca7 in th. III helid.t7 reat-fr_; i ••• , th ... ~nctlOD w .. c:hoeeD" the l-

m., and the )'-ad. .... cIl.ln al .. Î' ... :l.n the .0 r"C fr.. (a' 11 die • of 

tbe .0 h~lj,c:l.ty fr_ •• crib" e.Uer). LacUaa ..... lt:1.trb iDfonat1on., , 

........ d UIlifona dl.tdb~t1oaa fOI' th. thne _lu ditacriblàa tlte o .. ~ pl_ 
ln .pace. To obtâa .... due. of dae emt :1. .... 1* la _tq _. _ ...... t:iacl • . 

" 
" , , 
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ft calculated the acceptance as a funcUon of cose', where 8' la the anale between 

the &-axis (bem di rection) and the nOfllal to the II) decay plane in the lab. Our 

error was estimated at being les8 than 81. 

After a cOIIIplete event was generated. it vas rotated to an arbitrarl1y chosen 

production plane and transformed ta the laboratory frue. t'he production plane 

was then randomly rotated about 1 (the be .. direction) and the ,o's alloved to 

decay un1formly in their respective rest framea. 'lb.., geOIIIIettic and kineaatlc 

cons traints of Table 6 were appl1ed. and events fai11ng the cuta "ere deleted. 

Then the NO folloving trigger constrainta vere checlted: 

a) tbe presence of at least one charaed parUde outside the one inch hole 

in the Hf counter. 

b) a unique H2 hodoscope element for each charged p8Tt:l"cle. 

Events vere a1so rejected atatistically to account for decays of the charged 

pio~ ln flight. and interactions and conversions of the particles in tbe hydro

,en taraet: 

a) Ch_rled Pion DeCay in Flight 

Probabllity of decay _ (distance in inches frca tarse t to lest ch8llber) 
Bx(107.2) 

+ ... 
b) • ,1r Interactions in Target ., 
Probability of interaction • (path length ln bydroaen target in Inchea)x.OO32S, 

ueWlina an interaction cross-section of 30 lib. 

e) COD:verIlOD of G .... in Target 

u 
Pnbabil1ty of conver81on • (path l.natb in hydroa.a in inchea)IIt.OO198, 

•• tIÛIla a aealiaa of the thicbe8. by .69. 

t'he fillal acœpt .. ce , .. the fraction aurvivina all ~ the cub and cle1etlou. 

Aa a check GD our UDCIentand1ll1 of the accapt.CfI, ft plottecl th ... it .... of 
l , l , 

the ~t .. of vad0!ll partiel •• ; fint. ~ pndictecl" "ta Carlo .~at1GQt 

il\d tbea _ obtliDeCI fl'Qll our data ( ... 'laun Z4). '" 11 ... ,004 ....... t ln , 

" 
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a11 cases. 

Our acceptance 18 tabulated as a function of t'. in Table 1, and plotted in 

Figure 18. 

11te acceptance as a function of cod. cos., • and • vas 8laO c:alculated 80 

as to correct angular distribution plots. e and • are the polar and adllUthal 
.... 0 

angles, respectively, of the III in the B Rat frame, vith x, y, and 1 •• 1n the 
o ~ -

B helic:.1ty frame; • and. are the polar aDlle and aliautbal anale of the DOmal. 

to the OIIe.a decay plane in the /1) helicity rest fr ... 
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APPENDIX B 

GAMMA SHOWER CHAMBER EFFICIENCY CALCULATION 

In the gamma system there vere 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 

planes 4, 5 and 6. A shower was accepted if one view had at least two planes 

firins, and the other view had at least one plane firing. 

We make the following definitions: 

Ei • efflclency of chamber plane i 

• number of times the plane contained a sp\rk 
number of tracks through the ehamber 

Pi • participation ratio of plane i for a found event 

• numer of ti_a the plane fired in a found event 
number of found eventa 

Tben the probability P(~2) of st least two of the three planes in one viev 

fi ring ie given by 

(B.l) 

'l'berefore the probability P of fincl1na • ahaver. vben one 1& pre.ent, eau euUy y 
... foUDct tO be 

, (8.2) P • P (>2) x P (>2) 
Y x - , -

+ P.(~2) x (c.(l-cS){l\t,) + 'S(l-,.)(l-t,» 

\ ~ 

+ P,(~) x ('1(1-'2)(1-C3) + '2(1-t1)(1-c,» • 

Il an DOW vrite upnaaloae for the par~cip.tioa rat!.. _q tba MUaict_ for '1 _cl the -!praN1o .. (1.1) _ct (1.2h 'or, dia a ftaw~ 

t_....... e= 

'1 ',0-

\\ 



o 
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(B.3) 
Pl ~y<~2) + (&2+&3-&2'3) )( (&4(1-t5)(1-~6) + &5(1-'4)(1-'6» -. 
Cl P 

Y 

P2 Py(~2) + (&1+E:
3

-C
l
c3) )( (&4(1-&5)(1-&6) + &5(1-t4)(~-&6» -. 

E2 
P 
Y 

(B.4) 

P
3 

P ('::2) IC (t.+&2-Cl&2) 
-. y 
EJ P ;iJI y 

(B.5) 

ldenUc:al expre •• ions hold for the planes of the second vin under the ex-
1 0 

chanse (1,2,3) ++ (4,5,6). 

To calc:ulate the single shawn effic:1enc:y Py' we needed the efficienetes 'i' 
8iveR the Pl frOID the rec:orded data. This vas done by aolvina for Ei ln (B.2) to 

(B.5) us1nl an 1terative procedure. 111e startina values for E1 on the right-band

slde of (B.3) - (B.5), were tek.n a8 the Pi' A new set of Ei vere found and the 

procass was repeated untll atable re8ults vere reached. uaually after OtJ,ly a fn 

it:eratlo1l8. The Binale sbower efUeteney vas obtained br sub.titutil)8 theae final 

chaber efficienc1es Into (B.2). and the four 8U1U .howeT effidenc:ies eully 

follOYed. 
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TABLE 1 

E-397 BRAM CHARACTBRISTICS 

o 

, 8.45 GeV/e 

600 Mec (l'WHM) 

li' le li' 

6 x 104 pions per pulse 

.005 

Spaeing - ]6" 

Poelt1on reaolution 6x - .02" PWBM 

68 • .0002 

6xiaterc:ept • .030" 

120" cIownatre_ of hy4roaen tarpt 

~ . - , 

'. 

<~. 

~:1 .. 
, 
.' , 



..... 

" ',;'1. 
,'I-·:i 

"'" 

\, .-

" . 

() 

1 

1 

o 
1 

'j 

\, . 

Spark Chambers -

Upatreaa - 1 

2 

3 

4 

5 

Downatream - l 

2 

3 

4 

5 

Magnet -

'.' ' 

•• •• cl 
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TABLE 2 

SPEC'rROHETER CHARACTERISTICS 

Rotation 

0° 

45° 

0° 

45° 

0° 

15° 

15° 

0° 

0° 

0° 

Type 

Momina1 ra· dl 

Cen t r al Field 

She 

Center 

Active Area 

24" )( 16" 

28" )( 18" 

40" )( 30" 

42" 

4011 

S' 

S' 

S' 
S' 

S' 

)( 36" 

)( 40" 

)( 7' 

1( 7' 
1( 7' 

)( 7' 

1( 7' 

plcture frme 

240 kg-lnches 

5.9 klausa 

Distance from Tar8.~ 

19.00~' 

24.S0" 

29.75" 

35 .00" 

40.50" 

91.50" 

97.50" 

103.50" 

109.50" 

115.50" 

SCM-I04 

84" W )C 40" H )C 40" D 

63" from LB2 urget 

Chmlber Hi. Volt. -

taHout .. 

Metbod 

Capact tance 

'ulM Relabt 
ll1_ett. 

Delq 

cl.arial fteld 
Pul ... Pial. 

capacitor banlt cl1.c~ar .. 

10 nfarada 1 5' )( 7' area 

6.8D 

150 .. e 
550 n •• c 

75 V De 

10 - 600 UHe 

1 

.... tottrt\ctl"fi 
- "-

lM: .... * 4 8c.1en/,laH 

.. tln--' •••• 
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Ileaolution -
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TABLE 2 

" SPler_TlIl awtACTla:IS'l'ICS (eontinu.cI) 

Pol1tlon 

.... nta 

.. t,' f" 

, , 
"\ -

• l''{~~ 

\ 

.05" (PWIIM) 

41 (NIIM) at 2 C.V/c 

/ 

il 
.. 

r 

l , 

/ 



o 

, . 
,'~ 

" '. ," 

SI 

81 

82 

BIIR 

BIlL 

112 

aV1 
a'92 
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TABLE 3 

SCINTILLATION COUNTERS 

Position 1 Purpose 

Z clowns t ra am t 

Z-O .t LH
2 

targe t) 

1/16" JI 2" 'j( lit" 

l/8tt 
JI 3tt 

J( 3ft 

1/16'1 JI 2" )( 2" 

"tt IC 16" )( 24". 

vi th lit hole 

11ft' JI 17" )( 24". 

vith 2" hole 

openlng 26" )( 16" 

opening 40" )( 40" 

30 countar., e.ch 

1/8" le 4" )( 42" 

Je" )( 4" )( 4" 

16 co\l\tan. a.ch 
Je" )( r.r )( 30" 

-170.0" 

- 36 .0" 

- 25.0" 

+ 14.0" 

+ 23.0" 

+ 42.0" 

+122.8" 

+124.0" 

+129.0" 

4 altenate l.,er. of 1/1" acia

tillator ao4 J,lll le .. ah .. ca placee. 

.ach al. of tarpt 

Detect beam 

An t1 beam halo 

Signala a chargad parUcle 

at an angle to the beu > 40 

Anti pàrt:1clea ouulde 

fiduclal volume 

. 
Olarged partiele hodo.cope 

Veto non-:l.nteract:l.aa b ... 

!to a_a hodo.coJHI 
Y •• 

V.to partiel.. at vi_ a!41u fna tbe t'raet 

l' 

~." \ ., 
~~ • \# 

,t~,~~~ 
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TABLE 4 

, ",'~ 

" ,.(-: 
, . 

BREAKDOWN OF RBCORDED EVENTS 

Calibration events 

Double beam aventa 

Sina1e prona. three prons. or two 

pTona ._ charse aven ta 

Good tvo prong events: 

le.. than two aamma ahowers 

NO or more ,lIIIIIa .havlrs: 

two S .... Ihowera 

three samma ehowere 

four 8"- ahOll8ra 

( 

Peree"ntaae (X) 

4.0 

12.0 

56.S 

21.5 

11.6 

9.9 

7.6 
1.9 

.4 

\ 

"] 

.1 t· 
\, 

, 
, 

: 

. .1 

'. 

( 

• 
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o TABLE S 

COHBINATIOH NUMBE'RlNG CONVENTION 

10ft: The eubacriPt'~ 14the y refera to Its poe1ti01l in the _.nt buffer. 

n 

..-n' 

• , 1 ~ , . 
. \ 

te' 



C· 

1\ 

~ 

i') 

~ 
t 
~,"" 

.1< 

:~ 

t 
~~ ,,,. 
t 

o 

ct) 

• 
,~ , t , 

1 
.. \ 

j' 
1: 
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TABLE 6 

GEOMETRIC AND KlNEMATIC CUTS 

Eœw and ~nt ... Cuts 

1) Charged particle .aaenta , 

2) Gamaa ray enersies 

3) o Two gama rays fondng 11 (1): 

4) o 
'l'wo g81B8 rays fonain8 11 (2): 

Geo.try Cuts 

> .4 Cev/c 

> .2 GeV/c 

ratio Blow sa.a& enerp > • 11 
fast 1 .... energy 

ratio ~lOW , .... energy > .085 
ut 1 .... energy 

5) Ali cllarged and g .... ray trajectories within the detectors by 1". 

6) GS188 ray to charged particle distance at leaci convertor > 7.5" • 

, 'l 

.;'1 ,. 

" ., 

" 

; 

" " 

. , , 
, J 



o 

.::!: 

.00 - .01 

.01 - .03 

.03 - .05 

.OS - .10 

.10 - .20 

0 .20 - .30 

.30 - .40 

.40 - 1.00 

• 
. t 
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TABLE 7 

EXPEllUŒMTAL ACCEPTANCE 

; . 

Ac:ceptanc:e 

.048 

.047 

.047 

.04S 

.041 

.036 

.031 

.023 

l, ~, 
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, TABLE 8 

MAIS CUT COUICTIOMS 

Mua of (yy) 1 • Ils :t 40 MeV 

Maa of (yy) 2 • Ils :t 40' MeV 

Mua of (.+.-.°(1» - 780 ± 40 MeV 

"'of (w.O(2)} - 1.230 ± .075 GeV 

lIMa (neoil) betveeD. .5 _d 1.2 GeV 

lit uueen decaya 

COlllBctlON PAC'l'Ok • .61 ± .09 

, 1 

, , 
'.> 

< .001 

< .001 

< .001 

.230 ± 

.024 :t 

.101 ± 

.090 

.010 

.006 

" '. - . 

" -
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Correction 

TABLE 9 

UIEmC1BNCY COWCTIONS 

G-. rtry conversion up8trea of le ad con

verter 

a-a hod08cope rejection of good event 

Conversion inefficiency of lead converter 

G-. 80ftvare reconstruction failure 

D1&itlaation .caler rùno~t 

a.... partial c:h8llber ineffie1enc~ 

... coatallination 

a.&rpd pion interaction in detector 

CO.ter iHfficieney 

'llaht trlaer loNea 

œIIICrl. PACt'Ol •• ot8 t .010 

ca 

Fraction Losa 

.187 t .011 

no losses 

.797 ± .021 
"" , 

.040 t .028 

.084 ± .006 

.070 ± .018 

.026 ± .006 

.040 :1: .014 

.032 ± .008 

.020 ± .014 



o 

t' Bin 

.00 - .02 

.02 - .OS 

, 
.05 - .10 

.10 - .20 

.20 - .30 

.30 - .40 

0 
.40 - .60 

• 

(51) 

TABLE 10 

.,,0 .. 11)'1'0 DIFFEREt.~TIAl. CROSS SECTION 

At' lli.2 A(t') do/dt bb/Cev2} Statistlcal Irror 

• 02 49.1 .048 40.4 t 3.9 

.03 69.5 .047 38.9 t 3.4 
.1-

ff 

.05 96.2 .045 32.7 ! 2.6 

.10 146.5 .041 27.1 :t 1. 7 

.10 107.7 .036 22.7 ! 1.7 

.10 45.7 .031 11.2 :t 1.1 

,'" 
.20 42.4 .026 6.4 t .6 

t· ... 
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