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(E:Jq)eri .. nt 272) "'"' the intent. of extr&et.11"9 th• l'e4iatlve decay 

vidd\a of the variOut '1Ctor and tenao~ ••ona. 'lbia work wp 

1nitl•t44 to turnlab e.)Cpe.r-1-.ntaJ. r••ultl for co.p.rJeon vith 

tht10rotle&l predlctiooe bue4 on uniury l)"n!lttry ac:M.9M, quark 

..,.,..,., and .. ctoc doftln.ance 90del• vlth the hope of aheddi.ng light 

second runnln; pu'iod of £272 on the exc:lutJon o t incident 200 CeV/c 

x• by copper &nd lead tar9et1 tor the pQrpole oC pr-.oiaely determin

ing the r•diative width for ' thc tranait.ion K.+(890) • K+Y. 

The oxpocimont waa pertorw.cd i n t he Hlll 1eoond•ry beam line of 

t ,ha toa1on Lab ut.lli&11\9 on enhanced, Cherenkov t•99ed , posit ive kaon 

bea.11, • forward ch11rgod particle GPoc'trOMt4t conti1tin9 ot drift. a.nd 

pro,por't.ional vi ro chuben, end a liquid ar90n ca loti•ter tor photon 

A Priu.koff t.ype analyti• of excl tatJon in U. nuclear Coulod> 

fie1d Uelad109 a lt.l'Oft9 contri.batlon to th• coherent. production pro

ce-• [roa ieoecalAr ·~ vu applied to det.11 tor both the ~·.0 

-.,cS It:•+ diec•v eodrt• of the 1•• (9'0). 'Thi- prod\lCtion d1.f-f•rent1-al 

I l9 ,, 
crou ••ction ea.n be vcittan u dCJ/dt' • a.0 + • A1 , wMre Ac• 

v 
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vi 

the o:nal~lc a.plit\MSe, &nd "-•• ~ •Uont ...,1it.S., an propor

Uonal to tho &q\ailft roou of r, u. r&d:Jativ. part.lal vidt.b, and 

C•' t.he • l•Mnta.cy •tr'enttb of the " exch&Agio J)l'OC!e'N on INCl . .on.s, 

respect.iwly. The &nqle 8 9*Uvres tl\e nl&t.ive llhaa• bebteeo the 

'ft\ia tt\rff .. P&r&m:tor fit to th• dat.a 9ave vit:ry oonslst.t\t. r.

sulu over tho ranr Of taroeta ~d final •t.aUI previously 9D

t10Nt4 and yielditd .,..19hte4 avera91• ofs 

•3.2J0.7 

Where the error• on r are at.atiatical •nd ayau·,...t.tc, respectively. 

"l'he re•Wt for r(K•+ (890) • JC+y) ii i n re.110Nl:ilt ag-n*111t-nt 

wi~ theor•ticol pr•dictiono, but th• valu. for c
1 

does not agr&e: 

with extropol•tion trorn lo~r oncr9y dtita. 
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C!W'l'f!R t 

INTROOOC'J'I()N 

A. J ntroduction to Ouant um(:hromo-Oynomlca 

Jn r~c:ont yoara. t he non-11.belian g6u9e theory ot Quan t um Ch.romo ... 

l>jnalllics {QCD) ha• eJner:9cd as the best candidate for 1 description 

of H~turo•a strong inter act.ion. 'ttKt auccossa' of t.ha local 9ouqe 

theory ot th• unJ.tied 'c11Cak-elect.rotW11qnetic i_nt e.ract:ion 9ive credence 

to the .U•or~lon t.hat tt:rOng fo:cc:es can aliio be undentood ln unrs 

of a local 9aU91' invar:lance and hint that. all fo~• Ny .aon be 

deacrl~l• in te11!1S of ~ner .end 9au90 fields invariant under An 

appropriate 9ro'UJ) of l ocol gal.>96 tran$fOrNtlon.1. 

~eoordinq to QC.O, the hadroni e buildinq block& of nuclear ..at-

ter o.re pict-ured as eotnp0s ite s ystems con&truoted frott a fundamenta l 

n-tuplet ot colored q uark$ (q} , ~nd a oorresponclin9 conjugate n•tuplet 

- l of ant.iquatk t (q). 'l'tlt-s• composite s ystems a.re onvieioned to be 

bound by the influ•nce of tbe excban90 o! colored 91.uonlc 9c.uge 

boson.s •n:>fl9 the consti t uant q11arks, and can bo pho.noenonol09ically 

groupc_d into s;u1t.1p1ets of the unit ary sy-t..ry 9roup SU(n). 

~tl..e.nU.l.ly, th.re now ~x.i.sts dire.ct •v1Mn.co foi- five ta•Sl 

t~s of !l.owr• (labels ot qua't'k idontiey) of quorkS (i.e. up (u), 

dOWn Cd) , at:range Cs) , cha.rmed {C'), «nd bO'tt()(I (bJ with a a-ix th 

fl.•vo.t (top} highly suspected on tho ~ounl!n of • aynvMt.ry o f 

- 1-

• • 

-2-

OO"r«&pondel\Of: bet.we•-n qal'k e.nd. lepton <)One.rations as i111Pli-4 by 

Ch<! SU(2) $ U(l) elec~ unifid fidd theory. 
2 

1'1is susp.1-

cion enaue• fr°" the co:ist-raint of renoa:w1liubilit.y vhich de~ds 

that in o.rder !or curr en t.s OO\lPled to QAv9e. t iel41 to be f ree of 

tria.n9l• anor.aliea , the nurrber o f fl•vol;"S mu•t be identical to the 

numbu~ of leptons . 

t'or tho p urpose s o f this "'"Or k. only ttie ••old " (i.e. p re 1974) 

quark• (u, d, s) need be consider ed and any 4ieQu1oion ot SU(n)tlavor 

will ~ re•tricted to th• ca$• n • ) . 

'ft\o notion of color as e dyna11.ical variable w•• in·troduoed to 

explain N .ny pua.sles inherent t.o th• ori9_lnal unoo1o·red scheme. 
3

"
4 

F'int. or all, it wu requi..?:ed t.o sol.\le the t.t1ol1cy pu.:.Ue COf\otm• 

ln!J tho •><Perine:nt.'1-ly obServed baryons •nd .-ons. 'lta• f.a.ct tbat 

baryon• could only be constructed frOfl'I quark tri.pleu (qqq) Atld the 

111eson1 fro111 quark-antiquark pairs (qi) indiceted a deepar symmetry 

ot Nature. The triality puzzl~ could :be: Wldar1tood it hadrons were 

i.o.nilootty col or s i nglet$ . 

color •Yll:!llCtrY a lso expl ained the riddl e of tho oxi.atenoe of 

the low-lying baryons (e. 9. d} whose spin etruct.ure, in principle , 

ahould !orbid their exi$tellO? by the Pauli Princ:1,p1e. a.cause the 

con.stltuenc quatk vavefanctlon is syr.DC"ti:ic in apin *-Ad isospin. 

color antisyerM\.ry v as -requi_red to ensUYe overall ant1syirzet.:ry of 

the wanf u.nctions. 

color also provided • means tor btinging tho currant a.lgeb r& 

caloulotion of the n° * yy decay rate into agi:o<1rn•nt wl~ e xper iment , 



. -and for •-Jlil>l&lniAig the •~ri:aon:u.l ratio a • o (• • .. ba4tc:JM)/ . .. . .. 
OI• • • II ll l. 

The local •v-U'l' CJrot:I> of che stC"OfM) lnwractJon .la uJte.n to 

be SUC3>c:ol o.r· The QCD qa.119• boSon.s e-.hlb.lt. exact SU(l) color,~ 

mrotry and are vroupod into an SUC3> 0010r oct•t. 'ltloao bosons couple 

only to color char9as and are incapablt ot tlovor d1tcr1nUnation. 

Of tho e>(pOr!Mntally accessible ay•tltnl tor to1tln9 •ome of 

~. ba1ic J>r•CtJ>tl of this theory, meeonic •Y•t•N pr•Mnt Ol\f! of 

th• •.l•l••t. 1'M •lecUOciagut.ic interaet:Jon bocv.on th• qUia.J'.)c 

and ant.1qua.ttt can1tJtueDts o.f siesons 1.s e.q>acJall.y ..._n.Abl• to 

a. ~ntJc•l Hodltls of Vector tle:Son bdl1tiw O.c•ya 

'1 •r 
1'.adiative dffays of the sort Mi (Ji ) • Kt(Jt ) • y, "here 

Hi,f •t• the 1nit1e.1 and fi~al meson st.ate• o! •Pift Ji,t •nd pority 

~i,f 4rO p1rticu!orly onli9htenin9 proboa ot oloctrom1gnotlc atru~ 

tur.c. Speo11J.cally, th.ls radiative decay proc:•o41 by ll'I0.41nJI of tho 

tra111i.on of t-t14>l• oloctroaa.qnet.ic radi•t.ion a ccorditi9 to t.he 

Mltctlon rul•• 

(11 

e.lenrlc t..rAAti Uon 121 

Ill 

• • 

MliM:h tblorett.cal tJrt.s-c.iga don u .. bHn de.ac.d to ud.1.:uve 

clt..,yo or tho oort v1.:r"c1- 1 ~ P1.l-o-1 + y v ltllJn tlMt &-a. of 

SU'(l) unic.ery •V-.try s¢be.sll-.s. 
5 

st.11ple qu.ar~ _,. ••• '· 7 •1 •.nd 

"9ctor don.lnanc• trl0d4ils. 9-l
2 

He.-e v RPl'•••nt• tM SU(l) vector 

••on nol\ot and P a.re the tnett\bers of th• pseu4°'calat nOl'lot. Acoord

in9 to tho Aul•~ (l)-(3), thi$ reaction Procood1 vi• o magnetic 

dl~ole (IUI tron1ltlon. 

Tho unitary symmetry sche• r el.ate• tro.n•itlon l'll&trix elesnentcs 

<vl"lrv> &1110n9 lS'ke rl'lultiplets of the SU(l) cla11lti c1tion, but its 

l "·1 ,-o =-2<X- all:.y> 

ttorct lw8> ropto1etntc the pure octet momt>tr of tht vector ncmot po.$

c•••ino uro J.aospin (l) and zero hyperch•r99 (Y). 

1'Ht na lvti or •iaipl• quarlt oodel wiodel .. 1ri:e1 iditntlcal preclic

tlona t.o the &bo'WO. bvt a.lSo a1l.olirs t!xtenalon to decwt• "-,t..ceat.able 

b)' unit.ary •YJ11DGtry techniques. 

ta th.U ~ .. the Ill u-am:ition uu1x •l--•t. l• t.Uu to be 

r .... , ot the ton. <.V u •a P)'>, and the t..ta.Mi tJ.Olll OC:C\11'1 vl1 a 1p1.a fl.ip 

o t • co.-.Utu..nt ci\l.ot-k with ~t\ietic lllDNnt ~1 Jn tho presence of 

• • 
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of the M9"i1tic tl•ld i 99ner•ted by th• 09'\lttod phot.on. Thi.I is 

cl•ul.y a •eal ... cl•u.ical tl't!aCMnt of the ca41•t-ion field. Also, 

ll 
the .&UtJ.v1t.y •saur.1>tJ.on 

U • I U. 
l l 

(4) 

ldlere the •~Uon inclt>t 1 t'\IM owr the con9t.ltutnt q-uadta,. hP 

be4n in-ed. runJM>r90 .. , ti.. qq pai ra f.n bot!\ tbe fio&l aad 

initial •ute• are u);en to bo ln the relative s-vave (t.-o) and, en· 

ti.sting S0(6) a)'9'11!t..ry.
14 W 1~c:o paru of t.he eeson vawitunctions 

• f Cr> ue t.U.en co tM lct.ftt.lcal. 
V,P 

21+1 J . (i.e. lo , ~re a • 
the tot.al p9ul•r lbOCl'lt.ntum, 2J ... l 9iv•• th• nWIOer of "'s9netio !lllb

sca.tea, L ii th4 orbita l 1n9ul.11r l90IDQntUl'I, and • the- spin an9·u1or 

-=oent\IN in apin 1pai09 tM r1dlat ive dec,.y V ... P + Y can M •x-

J 1 f proued a1 s
1 

• s
0 

• YJ •·•· tbG t.rip1-et atate trans o.a.a to a 

sin9lot otl'tu with t.ht om11•ion of • photon. 

A a.o"""·c:.lusic::ol tceotMnt of tho radS 1tton f.te1d t-0.ko• the 

a&g'.Mt.1c: field i ln tb• ttM1J tion a.:atrix •1C91tttt to be a oon••

quer.oe or t.h• vector potent11l A giener•t•d by th• eaitUd photon. is 

~~ nonn111nd torm of tho vector potontial of • photon ln the 

polarJ.zotion •tate A J.1 9iwn by 

(5) 

• • -WMre t l• the unit pol&rlutlon vect.ot ;and k i-• the v ave wet.or of 

the photon. llon, natut'al uniu of fl • o "' 1 ha.ve beO.n cboMn and 

will be .aed throogbout th!a ~is W'l-1••• otherwise not.red. 

Firar. tu orde_r to colcullte rumerlul nlue.1 for per-t:inent 

traMitJon t'ltU u.ting: th• quark DCMlel, th• qu..rk '4:v.etuncdon.s 

of tt.o l~volved &t•t•• ar• raqutred. The •tatea of iatereat in~ 

elude t_he X• + (890) and r• ... 0111• ... well .. th• ta-. t>+. r.0•. 

0 .. 0 
11 • • , and '" ~. required foT l at.er dlscvssions; th&a• 

v~velunctloas are list-ff 1n Tabl• l. ln this c,able, u, d, and 

s are tho llawr lllbel.a of tho apln one .. half spin stat•• a, and 8, 

the baaie autu vt~ 1pln \AP and down. re1pectively. Aleo, IGr.)1> 

ropn.MAU the 1~v-o purely aln9l•t. Mtt>.r or the vector noaet-. 

Clnly th• sz •l •t.atel of tJ\e vec:tor 'lllQaOnt •rt: gtven • 

LW1jngi Squ.atiort• 14) o.nd (5) . th• matrix eltfnl!nt ot tho lnte~ 

action Haan1ltonia.n for tM i th qurk w.ith endt•ion of •photon in 

k -

•• + 
µ '(k 

L 

2 2 
"'v - ..,. 

2'"v 

• • • 't'ak.lftCJ \.Ii • "1
1
0. -•l:"e O &r6 tho P•uli •~rice..a, au.:min9 over 

conati twent qua..r-U .nd photon polar! z.ationa. t.nd aver~int over 

inl.tl.al 1pin &Wbll of t.h• wet.or ••on, vo have dle reduced 
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TABLE I 

Quark wave!unetion$ of Pertinent vector and Pseudosealar 

s •0: • 

= .!.. 
16 
l . -

.f3 

I 0 l • > = -2 [co B- - o_S ) u u u u 

Mesons 

I + 1 ~ 
• > = - (a Ba - "as l f lrl Ii u u 

I + 1 ~ 
K > • - (OS- - 0-8 )fir) 12 us $1.a 

I 0 1 + K > • - 1a3s - a B->t<r> 12 • .-d 

• 

-s-

tt4fltiti on r4tes: 

<Hr <vi.111"Y>l 2
> = l<vl .. IPY>l 2 

). . a vg . 
2 spin 

These are cabulated in Table II for tlte decays of interest. 

T~'SLE II 

Reduced V Y Py Tr ansi ei on RateG 

l<K0 •1·1K0y>j 2 Cl/3) k(" + ... • "d 

0 With the exception of the result for the decay w
1 
~ r. Y. tl\e 

results tallied in Table 11 a r e all t'elated t :\rough SU(3) symmetry 

predic t ions, ti i t is assu..etl t i•at the 1:1 are sit+1ply propor tional 

t o the quark <::.harg,e s. In tt\e case o,f t.\\e (;.:. , the. quark model p'te:d1ction is 

• 
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TABLE I 

Quark wave!unetion$ of Pertinent vector and Pseudosealar 

s •0: • 

= .!.. 
16 
l . -

.f3 

I 0 l • > = -2 [co B- - o_S ) u u u u 

Mesons 

I + 1 ~ 
• > = - (a Ba - "as l f lrl Ii u u 

I + 1 ~ 
K > • - (OS- - 0-8 )fir) 12 us $1.a 

I 0 1 + K > • - 1a3s - a B->t<r> 12 • .-d 

• 

-s-

tt4fltiti on r4tes: 

<Hr <vi.111"Y>l 2
> = l<vl .. IPY>l 2 

). . a vg . 
2 spin 

These are cabulated in Table II for tlte decays of interest. 

T~'SLE II 

Reduced V Y Py Tr ansi ei on RateG 

l<K0 •1·1K0y>j 2 Cl/3) k(" + ... • "d 

0 With the exception of the result for the decay w
1 
~ r. Y. tl\e 

results tallied in Table 11 a r e all t'elated t :\rough SU(3) symmetry 

predic t ions, ti i t is assu..etl t i•at the 1:1 are sit+1ply propor tional 

t o the quark <::.harg,e s. In tt\e case o,f t.\\e (;.:. , the. quark model p'te:d1ction is 

• 
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hu bean ••t to unity. Actually, the integral of lnter••t la 
•• 

1 o3rrvcr1e11t·•rp<r> • l .. • .... - 16 
Id rlvlr)eog(k•r>tp<•>· 

an4 final 1taeee are c-vavu:, only the even part 
• • i k• r 3 • ~..,. .. • • 

of• contri.but.u. 1'llt 9lvu I 4 rfvlr)cosCk·r>r,cr> • 1 • 

2 2 4 • 2 2 17-19 k /6<r > + O(k <r >). Ti.king <r > + • 0.26 t 0.07 !a, 
. " + • 2 2 we h1iw foe K• • X y decay& k /6<r > .. 0.11 i 0.03. so. the •bl.tic 

o r long waw.len9th approzlution of ••ttin.g thl• int49ral to unity 

(l.e. vher. recotl effects ace ne9lec~edJ le only P•rtl•lly v•Lid. 

tl!Ployt,_, Perm •s Second Goldon Rule, 20 ve 99t tor th• v-+ tr 

wtltto P ii th• density ot acoeeaible final atatoa . 

:tt r1m1lne unclear whether a reletiv1Btio Ol' nontolat.ivlstic 

tr.atmant tor the density ot lit.ate• i& appropriate. loth form 

(relat.J.•latJ.c:) 

whtff •p • (~ + k
2

) 
112 

i• the onerw of tha final •t•t• pctudO"" 

1c1lar mt•on. 

SO, flnal~y. ve have, 

•• 
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k2 rev • Pyl ·-• r2 Ep l<vl•IPV> -•v 
(non-re la ti vlt tic) (6) 

lt2 
l<Vl•l"Y>l 2 (re:lat1vilt1o) ·-• (7) 

Ot tho decay• under •tudy hero, only th• uonai tf..on co + •°'r 
11 etr.cted by prOble• ••soclatod •ith octet .... intl•t al.ain9. 'the 

J)hya1ca_1 vector n.onet isoacalart w and + are t.aken •• a linear 

coot>lnoticn of tho pure •l.nglet <l"'i» o.nd P.,.. octet <1.,8> •tet..,,. 

•• cosey-1 • •ia9""• 

+ • -sin& y-1 • -e y-8 

HIN 8V l a t:he vector ~t -.laing angle .. aad h•• bl.-ft dieWrai.ned 

to be 40 ! 1• from the qulldrat1c ""'5C foou,la. 

-1 r. If ideal mixing <8v •tan 1/~2 • 3S.J•J J• •••um1d, th• 

euango qua.i:k content of tbe w vo.n1ehea, and tho • btCOIMM pOPUlated 

eolely b)t atra.nge quo.J"k•. (Asain. only the •,•l atattl are given.) 

l ~ 
)w> • - (o a.- • o6oa> t (r) h ... 

I•> • Q o..tl;l 
& • 

'l'hb MIWflC>ti.on s.bal-1 be &dopud in the ceN.ind4r of thl1 dls· 

c:u11lon and 9ivos rile to tht final tntry in Tiablt JI . 
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c. TheOretlc.al Pn4ict.ions for b4ie.tlve o.c:ay a.c..e 

Th•r• &h e&ny aveA-ues of app.roaeh in uUllaJ.nt the qu.a.rk 'l'IOdel 

c&lC"Ulate row ratea without any reference to other experi1110ntally 

dttocmincid radlat1vo widths. One technique it to a11wn.e tl'Lat the 

quark N.ljfntt.io f!IOlftOnts a.re proportional to tho qu,•rk chat.yes (i.e. 

th1.t tho Photon it ·a O·apin scalar) • Aa doducod trorn mea1u.nJ11.tnts 

ot the proto.n and neut ron magnetic rt10Mnu~ w have loli • (~) \IP, 

where " • 
2:;;.tt le the proton aac;ne.tic --.n~, t 11 ~ electron 

p p 

~, ,., la tM aua of the protea, and • t en the qvark cha.rgu 

(• • 2/.S., -1/l •• - 1/l e ) . 'ftai.s result. is then vsed iA i;qu-•,d.e 

<iona 161 ""4 171 .., IUM predictions of vidtn.. ftlu --

&aa\llllla Gx.dt. IU(l) a~t:ry. 

AltAtcnatlvely W4' ~Y use experim.entAll~ deriV11d value• tot ~1 
as dtduco.d: Cr'OIQ Mt.1Jurement$ ·of baryon ma~JnotJ.c mOMnt.a . 21 This 

Method ro1t1 on on implicit a$sumption ot SU(J) aynnetry brca.king 

which moy be 9honoMOnoto9ically understood by -.1i9nin9 different 

-····to~ 
1.14•·0.97l "1f' aod ua•-0.614.!.0.00S ~· vher• "tt l e the nuclu.r ut

Mton. Z)-2' n..ae rt.ults l.Jq>ly. ~h tM ... latlon u
1

• ~ 
,l 

l~ (fcYJ'Jla are poiAt-UJce Oir•c pa..rticle1), t:Mt '\ • •c1 fl •s· 

'"'-r• are a.lao iDdications dlat highet" o'l'dtr OCD cornctloctS 

portant. In th• abl:onc:e of a reliable calculot1on ot th••• cor-

• • 
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~ t.n thi• MnMr 9'>dify 'th.t retatiQn.9 be,bflM.1\ qu.aJ:'.k ~Uc: 

..,..nt.• pr .. c r lbed .by exact SU(l) ~try pr•Hntff e.a.rue.r. 27 •28 

Pt'9dlctlona for V • P"'( decay width• tro. th••• altUMi. ~ 

proach•• are 9lve.n 1.n 'tabl• lII. 29 'f'he l•t4i•t oxpert.nontal n.UJQl)er s 

•ro alao liattd for cotap&rison . 

~noth1r agproach i s to use one well·dttol'WlinOd radlativa width, 

1uoh •• ior w • TI
0yl and ext~late it tooth•~ dec•Y• via the pre-

viou11y develop9d formalisa. '?'his vort• bolt f or kinematic.ally 

aJ.allU deocaye heh &5 for the j) • wy decay vM.n the VidtJ\ r(to-+ a0 y) 

11 ued •• dM swrtln9 val~. Dnder S\lCb clr~u.ncu phase sp.11~ 

niu.r identity of caU.ses o:f cbe u a.nd p. In U\.ll ""· tM prediction 

11 f(p • wy)/r(• • •0y) • 1/9 Lor unvlol•~ed SU(l). 

.Ct. ia •w•cont that in the non-atra:n9e ••ct.or ot voctor Mson 

radiativo d•oaya, the theoroeical predictions ace in reaaona.ble 

•9toomont with experimentally derived reoulta, o~d a rea•onably self

oon1.i1t•nt picture of these decays has emer9e4. Thie can be con-

truted to the •t•tto of eon.fusion e.xlat.t.n9 a trrw yea.ti •90 before 

OU.- 9roup' a ftlOUU.tQJIOAt of f (tl ~ sy). lO 

•Kt.or aotOna. -. have in ~ liait of eucc. SU(J) e)WWuy - -
rcK0• • it

0y)/ruc•• .... x•y) =- .c.o. Fo.r br<*•n $0()), a.od u..tinc; non-

relativiatic J>h,u.e spac.4t. this rat.lo becoaie1 1 . 6•. Car-it.hers ot. 1.1 

found r (~• '"" ¥.
0
'f) • 1$ j; 35 keV, ll '!'hi• •a•utt'trlent 1.,.,licts a. 

Vl}UO ot !9 1 g keV for r(k*+(890) + k+y) in the li~it Of exact 

' 
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SU(3) ~c.ry, and a val• of 46 .::: 21 kcV if SU(3) vlolatloo 1s 

prediction• tor the per~lnont cedlative width1 •ro pre1~nt.ed u~~ng 

0 + • 
the o •s>•riiMnt a l ly detormined t,;,•ldths f o r w .. 11 y and o ·• u y aa 

lngut. and oxt.r•polat i .ng by meOllls- o·f tho qu•rk modol forsaallPI t o 

+ • 'thi1 th••i• rcporcs a measurement. ot r(k" (890) ·• IC y) • 51 : 5 

koV. Dlacua1ion of this rt1u.lt and it• l.m.plicatlon• wi l l b• post-

poned W\til Cha_pc.er vr1. 

D. Outli..M of Thesis 

Jn Chepter I.t, an introduction to tho th•or:y &nd phof'IOl'Onology 

ot cohe.rent pl"Od:uctlon prooea ... on ccaplex nuclei • re presonted. 

• inq to cohoront x • (890> production are d11cu•1~d, and thtlr rela-

tion to t llO exporimen tully rnoasured dittorentif' l <:to.Ga s•ctionu i s 

dtscrllHd. 

tat'90~ us.ct ere elucidat.c4. Following thia ar• doaeriptiona of 

&pO"Ctn.eUt', Ard the liquid .uvon ,pboton c:&lorl .. u.r C~> - Pi.nd..ly, 

tho int.r1c•e!o.• of the mvger 1091e for ••ch of the detect.ed fina..l 

sot-up to nionjtor variation1 in l>aalll flux aro o~pJ or~d. 
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ct.apt.er JV cleaU vi t.h the eailibration of t.ho apcctro.iotor. The 

poai tlons of the various speec-rooe.ter elt:M'nt• U 9iwn followed by 

t.M net.bod of c.tlbratlng the drift wire c hubor tl*C) ay1te.is.. ,,.e 

portor .. .nc. ot thSI 5ya teM is elso d11cu1aed. Followin9 t~l•, the 

dotorminotion of the onetCJY tealo to dtacriba4 "'ith OJl'!.Ph&Sit on t.he 

ca.l ibr•i.icn of the morontwn anal.yz.ing maqnet and th<t I.AC. 

+ 
n ctiona and tM f inal noraaU.z:at.ion of x • (890) c.!'09• 1-.c:t.tou to 

bo .. kaon Qcaye. Al-OOt the e.!fieacy or the *1onto Carl o pr09raa is 

•ll<PlOred via a dot&il•d co:t1pa.rison o! MontAt Clrlo and rta l d.ata ~e

•olt.$ for beu k.on Mc.ys. 11le x.•• (190) dat.a 1.s c:los•ly tcrutin.i%ed 

vlth partlcvl ar a tunciOA 9ive:n to e,..,ty u.rgo't. aubuact.i0tt•. blck-

9round•, ealculationt o f u~ equiva lent • for ont event, and do-

tenJ! n3tion ot C1nnl ux~erimental cro11 1actions. 

t lttlnq ~! t~ oxperl.mtnt.&l dif fertftti•l cross 1eetlon• a~d 

otbor e>eperiMnt•l dlau itnatlons o! lnten•t for t.ho v•riOff U.rCJOts 

6nd U nal staua are pres•nt-ed ln Cha pter vt. A three pi1r••tar a>del 

includin9 ~ r•dla t.198 vldt:h of th• K• '(890) l • e..plO)'•d in fi~ting 

th• e><PCri• ntal -t' di•t.ri.bution • 

O..s>te..r Vil la devoted to a d.leeu1elo" oC syat••tic e.rTOcs 

vidt'.h of the x• • (890J. f'ina-1 re-S-U.lu, thelr conaiste.ncy. Pd • co=-

~ruon with pre"ioua results a..ro a-110 prosonud ther•. 

• 



A. lntrod~tlon 

e·xd.t:e4 au.tit, napectlwly. A ttpn•ent• tM Ul'9•t n\tClev..• in ies 

9n>und acac., or 11t • vt..11-dl:finitd low-1,yJne eu:tc.cs awt•. 3• t n 

• the prHent e>q>erl1:1ent.el atudy, a l• identified: v.ith u incident. x 

of llO .. nt.wa 200 O.V/c. • • wi t.h tM: produced k • •Cito), •nd A vi th 

either-• copper or a lead J\.aclaus. M • ctiona •1111>lO)'.iD9 n\lell!Ar tar-

9et1. •r• U1otul in atudyin9 ret.ctiona with amall croe:• ••ction& on 

indivlduol nuol•ona bocauee of tho production ot\honcomient afforded 

by the conatructive ouporpo•1t.1on of nuolQon ptoduction A"Plitudos . 

Strict 1oloot1on rulo1 also a.pply tor nucloar p~duc:tion Vhich c::an 

help to 1u.ppi.:01 unintore1tin9 pro¢uetion ch1nnol1,lS 

rollowin9 Glaubtit. 
36 

coherent prOductiOn oC p&rU.cl•• on COi>-

plex nuclei by hlth enet'9)' incident particl•• i• ua.._d to be a 

seqoer,ce of .ultJple inter.ctJone io the t.•r,er nucleus t.N-1.oq place 

tht'QU9h •lntl• inc..ract.iocw vlth one or ~r• urttt. nucleon. Multiple 

of •diwa to heavy n\M:lei. corrolation9 botvffn l'lUCleons ln the 

-11-

• • 
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n. baaic U.IUl!IPU.Oll"I of ~ Glauber .oct.l, whl~ i• known to 

llt'Orlt wry --.11 for elutlc •cac-cerlnq of pardcle• oft nocl.ei 11, Ls 

th•t the a .,.tr;1x for t.1\4; put.le.le • • n\)C}e\11 A •catterln9 is 91~ 

by the product s 1 •• ·•w o.t tho •c.at.t.ering Ntrlc•• of the p.Artic:le a 

on individ\Nll nvc:loon• S.t. J n other worda, U1e n\l!CleAr produccion 

aapUtod• ie equal to th• coherent auperp09ition of prodtactlon oft 

individual rtuel.on... 

1be qUiU1t • DW!lben eacban90d 1.n ou.r spoolflc co»re_l'jt proee.u are 

c:M>H of the phot-c>a. l'be r••«ion can proce.1cl via oar·pbotoo .-,;change 

reauict tl\e cl .. • of f i.n&l aut.e partlcl•• a•. C.re must be ta.ke.n 

to •"P6r•t.0 the..le two contrl.butJona, and to undent.a.nd their s'l&bsr 

quont lnt• rtarence. 38 

Such ro11ct1ona lond theJtG•lvea w.ll to ox.perlJ'ltntal atudlo1 0£ 

t~ rodiativo d•o•y~ of the ordinary, low•lyin9 vector And b!lnaor 

mason•. ·ni1s isi a contaquonco ot th• char•oteri•tic •harp, fotva.rd. 

peok in pl'Oduct.ion cross aootion.a !ot COulombic production. These 

ctoti1 ... ctiona are directly prQPOrtion&l t.0 t.he r•diatlve decay vidth 

rta• • •Y) of tM t>Ccit.ed put icl• a • . oirect •uu~nta of tbe 

+ + reKUon x• (890) .. It Yr for exuipler a.re e icperiatnUUy ~ 411-

ficult btc1\lle of the ... 11 branching ratio C"' O. JO\) of this decay 

chant1itl. •H alao becavte of "'"" atlbigui~i•• t.hat caJ\ ari.se in 

isoJal-1"9 t.hla dec,ay fro. the .on .,_.~n.o.nt ca.a. • )J\ )lt+•o 

tlMJ at.ate ot 1e• '+ (890) de.e,ay wMro one photon Cto. t.he 11° • 2y decay 
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per l•ntal detector. 

At high e.nel'9le•, suon9 p.roduction i• •Mll 1n thl• torwa.rd 

COulolllblc re9ion. ttove,,..1', as t.bo proc:tuction a.n9lt lncr ta•e• the 

AllQ)litude1. S~pa.rat1on of these Wo etteou 11 bo1c done It h.iczh 

ono111At1 . lih.l.s vas t.he impotus tor ou.t g-roup'• mt1•ur01t11nt of tbG 

coho rent prod\)c:Uon of x •• (890) It. 1 labora tory enatqy of 200 GtV. 

c• n bit •lll>«•-4 la ti~ of four-vectors•• •a • •,. • • •. • .PA' 

whent the fourth oo::iponent of P 9ive• the pa.rt.icle enetgy. ud t:he 

firat threo 91"9 the componenu of the MO~ntu.s1 wctor. Fi41ure lb 

ehoW'I tho d1a9raai for PrimA.kott prod\>Ction of a•. 

rro• t.ht participating four-vectors we can !orM tho LC>rent& 

•c•l•r• •• (P .. + • A}
2 

• (P • • 

J .... enorty, a.nd q l t • C• 
1 

lq~tt of the 

fou~...-nt• trf.JD!er. 'IM aqua rod nor. ot tht 1,..oe ~ts of 

q
1 

u" De decoaipos.ed into t:ransvors. and 10tt9.it!OMSlnel coiiip(>M.nt:.a 

rtlaUw to the l'»l;Alltta "'IC'tOr of panlcle a, which dtt'lnot the 

I+ 2 2 2 
s-dl rectlon. a• qt • qt + q-z . 

• 

·-
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o) Laborato ry System 

-
-

b) 

q 

F!cure l 

• 
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whore q0 11 the relatJ.vistie kinetic energy i•9•rted to tho nucleus. 

&J.111ilarly , e t tho J-a• particle vorc.ex we h•vt 1J> " .,, • q. Squaring • •• 
t.hi1 it follCMI that 

2 •,._ ·-
(9) 

Jn o.tdtr f Ol'. t:hi.s reactiOft co p.rooe.d by oohtnnt excitation, in 

Whid\ the auvctu.re of the J'.KJCl.C!.1$ 1• 1'0t. probed beyond iu 4JrOSS 

di;•n.tiooa, and t!Mt Ulf lueccc o! indt:vld\aal nuc;-leuona can.not bl! 

whore P. it tho nucloar rodius. TM:in9 ,_ • 1.2 l\Vl tm, w'hel:'.'e A i.s 

t ilt •tomlo """'bor of the nuelout. this roetric tJ.on b1001n.ea 

110) 

Pot' a leM nucl•u (A • 20?) di.is i.aplies 1;1 ~ 21 MeV/C:,&nd it is 

obvi•• that cohere.nee severtly Uai u -..new. tr6"•le.ra e;0 sa.u 

11>i• eollvuco coriditlOA ......i in conjunction vlth 11q,..tion (8) 

u.i>ll•• q,,lfqf • l:il.n.A << 1- A recoli.nt l•od nucleus could have 

at lllOllt • kinetle enerqy of q
0

: 4 keV. and 1t lL l 1atl1Cy tho coherence 

condition, Uainq these re$ults in Equation (9), tht longitudinal 

• • 
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.,..n\\l'l tranaltr i• ....u .. ~ i!ld6-penden\. of nuir:l•t.r ~t. 

ror i.•·(~O) cohtrtnt. p~t.ion ac 200 GltY/c .. ve have qa • 1.4 'IMV/ c. 

Th• kin•a.ttic41 adniaua four-~ntUll ir""•t•r for p~uction 
• • - · + 

of patt1c1e 1.• is 9lvon by 'Im =- • 2p • • Poe K• (890) pro-
n • 

d\lCtJ.on tl\1 a to l.4 MoV/c at 200 GeV/o, and we. 100 that, in general, 

u1ino tho i>rovio\)!4ly dQrived r •tul.tn. that cia " qmin' rurther1it0re , 

for t.he r•l•t1on qrninR ~ 1 to hold .. hi9h •ntt9Y i ncident particles 

.,.. r~ulred. 
2 

Mal<l119 tlw "°""~""' < .. u. • \.in' 2 dat{niit<J 
2 

t' l t - t.aln• •n4 raotic.i.r.:; Wt ' a1n • - [ •,•u: •,] • -<I • 
~ 

W Cl ft vritt 

t •• 
2 2 2 

-q +q •-q 
• • t 

or -t' • qa. Thus , -t' 1$ just t.ho equare of th• tzansver$e tn01lllentum 
t 

tran1t•r, whtc:ll i n the high ener9y limit o f •~ll rnoi.ontum t:c-ans.fcrs 

ii givon 1imply by qt ~ P'91 ~here P ia tho laboratory morn~ntum of 

particlo• a en4 •\ o\'\4 0 is th• ecatttril'\9 anql•. 

1be condition c < O, required by at01DCtntu1t~e11nor&1 eoa.eerva tion, 

,wr•ntttl chat .any virtlJ&l partlcle1 Oll:C.h1nge4 Sn tho acatter

S....., proceae are space-lU.o. I.ft t.he c&M of an uch.anged 'Wirta.al 

phot.Oft, -{ < o; t.c)!Wewcr, the c:obercn.ea 

2 
be very nea.rlY real, so~ a O. 

ro•tl'lctSon fotot• it to 

'f't\ta aection is ccncloded vitll • dl1cu.a•lon of the expected 

. T h t.119ul•r d1•tr1.b~ions o f the x• (890) decay p~oducta. ln t e rest 

tr•mo ot t h• excited K*+ (890) (see ~i9uro 21) , t ho incident 
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(o) 

K•• .._ 
(890) y 

(c) HEL ICITY FRAME 

z _ targe t 
... - .. - : nucleu$ 

Incident _# ... ~ .. - ~ 

~''·~' K• 'c890) 
X I ~ Ysystt.m 

Figure 2 

• 

8 chor9ed pion 
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• j>t;todotlca.l•r I. c ln. be tat.en 'tO be a plane va.,.# &I'd Catt be de0»p0sed 

0 
ln t.ene o t t.he aprberie&l ba:r9Cln.ies# Y 1 (8,t) . lMre, refecenc:. is aade 

to th• Cott!rl-4-.Jaekson ~ .. whe~• tbe Y·•.al• 11 orthogonal to tht 

• pl'odi;tCt1on pl.rie. the g .. axis. is deflned by the 1ocidont X , •nd 

tho 1n9le1 8 •nd +.a.re the polar and •~imuthal •nvl••· SS.nee 

tho photon hAa epl~ ono, but only two helioity ttJtti•, i n Prirnakof f 

axoitacJ.on thll x •• (890) ea.n only couple t.o t.h••o htl1city states . 
. 1 -l 

They .ti.re doacribed by the sphe rical ht.r110nic1 Y 
1 
(O,•l a.nd Y1 (6,tP) . 

Pri-.M.oft: prod\liCtlon ot: tho x••(890) 1n it• re1t tcame 1• pictured 

ln PlfUft ?.. 

f'o.r the ca..ae of fi"t.ron9 exc:itatioa of tho 1t•• .. tt vill shortly 

,.,, v 111 be perait.ted. Although the 4rJ .-1 u thr•• he1-1city •t.llt.ts, 

+ only tl'Klte with non-~et<i proje~t::ion c.an couple to th• in~orrdn9 X 

l>l•n• wive to yield the J =-1 x• + (890). 

F'ivuro 2b depicts the c o t t £riod-J•ck1on trAlllO with tho t rAjectory 

. 
definln9 the Jn9lt$ 0 and 9. In t.hil fr•lllO, ~oth th• 

of th4H &"'Il l °" l!Mold foU- tho fom IY~(t •• ) + Y;1 (9,•>1 2 
• 

ain2h.ln2t. ltvi4-nce that it does is • auoacJ lt.:tlut.lon th•t. co

+ 
Mrently proctuc..s k.* (890) '".s b&ve been lsol•t.ed. Aleo shown 

ln rt9u:~ 2c i• the helicity r efer•nc. fr..... Tt.ia v l1.1 be Uffful 

ln •••inln9 tho otmjul&e dist.r.U::rutionl of beP K .. d•c•Y•• ln this 

C-t&•,th• &·1xla 11 dof'lned Alonq the U10montu1" vtetor of 

• 
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production plane. 

B. Prisakof£ Prod.uction 

'l'he Pri~akot t mechanism for cohorent production in the nuclear 

C.Ot..aloinb field was f i rst proposed as a means of 1r1easu.tin<J the n° life-

tim b i h -~ i 39 h . . e y us n9 a p oton ~am neident on nueloAr taf9ets. J n t is situ# 

ation, the p.r:·oduction cross section for n°•s i s directly proportional 

to t he n° l i£etim .. and scales with the square o( t he tartet nucl~ar charge z .40 

This same technique h~s been 49;:>liod to tha cohe~ent excitation 

of 200 GeV/c K+' s to l<.*+{$90)'s . · TM production cross section in 

this case is related to the radiati ve de-cay width of the K*+(890), 

+ + 41 &? 
f (K* (890) ..,._ KY>· ' 1T~nce. we have studied the inverse process 

+ • 
K + Yv • K* (890 ), wh~r• the virtual photon Yv is supplied by the 

nuclear Coulomb field. The rate of this reacti on is qua.rantoed to 

be identical to that of t he decay x•+ (890) + K+Y by detailed 

balance. 

Th~ cross section for Prim.a.k.off e xcitation of x••ca9-0) 1 s is 

written as 38, 43,44,45 

2 z2
" • IF (t,m) I - -:;-

¢ " 

whe~e z is the char<,Je of the nuclear te~et, o c 

(ll) 

1/137 is th• 

fine structure constant# CY(m2) is the photoproduct 1on cross section 

• + for K• (S90)'s on a K tar9et at the center ot mass ener9y m, And 

fc(t) is t he nuclear form factor with moditiC-Ati ons to t ake into 

account scatteri1l9 of tl~Q incident and outgoing states in and around 

• 
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th~ nucleus. Hore will be said ot thi t i n Chapter VI . 

Th• factor l/t 2 is r•prosentative of the photon propagator and 

causes the prod:uct ion to be very strongly peaked towards forward 

directions. HO'lo.•ever# at t.=tl'nin' where the inci dent and out.going 

p,art ic l e t r ajectories are paral le l , the cross section vanishe$ as 

requi red by cuxrent conservation. 44 

For photoproduction o f the state a • of mass m, which ..,.. a.$SWl'e 

write 

(12) 

ro.2 - 1Q2 
Whltte q it "' __ ia _ _,.a is the momentum ot the photon in t he a* cen«r-

of~tnass system, 3A and Ja• a r• t he spins of a and a•, r e$peetiv&ly, 

and T(Ya + a*) is th• ?-matrix e lement. 

Por the case of a vector particle of re sonant wiass m decaying 
0 

into two pseudoscalars, we use the r elativistic fom for the T-rnatt"ix 
46 

Here , I' {ro,) in the llUmer ator represents the mas.s dependent 
x 

pattial width r (a* -t- X) for the det0Ct4!d final StaC. X, and 
x 

f tot(m) in the denolf.inAtor is the Ma.SS dependent total width 

r tot (a• ... Anything); ray i$ the par tial width for the decay 

(13) 

a~->a·y. Since the K*(SOO) decays a.l.inost e xclusively to Kn (B.R. > 99\), 

The discussion of the functional 
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fo.m of the r( ... wJll be delayed unul Chaipt•r Vt. 

001rbinl119 ~r.lona (11), (12) and (lJ), the realllt 

d2o ... &20 
cu •• • ll 2 t-t • rca• .. •Y) aift 

dtda2 IU + ll ( 2 2» ,2 • . -. • 
· ~ •or to.Cal ~ • • ,.2 - .2,2 + <•or tot <a» 2 

0 

0 

rou.,.... 

jt
0

1tll 2 

{141 

J n the l!ait r tot(•) • 0, Cb4I 8reit•Wi9M.r t.era aho'Ye beCODes 

2 2 6Ca - •
0
). and the v.11 Jr:nown Pri.Mkoft prod\H:Uon croe.a section. 

fot'JMlla i• retrieved: '
5 

do 2 ClJ a • + 11 ~ " ) 
1 

- • BWZ Q. --=---- a• f (a• .. aY) 
d:t (2.Ja + 1) 2 _ ro2 

a• a 

The form t•~tor t 0 (t ) 4epend1 on the nucloar oh~rgo diatribu~ 

tion, and thG atfect of G0Atterin9 or o.beorption of incident •nd out-

, 9oin9 part.iclo.t whoa• impact paramatoru a.to 1101 then or equal to 

the rad1u.a ot the nuoleu1. At hi9h enorvlea &Ad low .oiMtntun tranc

fua. tho bulk of coulomb product ion la expect.ff to t &k• placo out

siM the nucleus. Ther efore. fc(t) ~ on t."9 9roe:s nuclea.r suue

aan or •in, a."'4 ool,y weMly on acat tertn, or ~cp·tJon ~ffecu. 

Tbe.rdon. Cor the foLLGWint d.iecu.aal.on we can tMa the variation 

of f
0 

(t) .ln. the vory forward r c;9;lon to be appro.lliaa"ly .a.ero. 

Th4t fo llowln9 oonsequie.nee• la:ciodiat.ely toll.ow• 

• 
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a t l,at'9er valM• of t. i t f a.ll• off u l/t. 

CU) ThO po.-itlon ot t.he 1t11.xl-.. U lnde-pe_ndent o f the t•.rge t nucleus 

a nd it.a holfht 9rovs u z 2
p

2 
. • 

(Ui)Th• lnt.egratod c·ro• • section tncro•••• 
2 

u Z 1.nP • • P tends to 
a • 

.lJ\flnity and • • becawe c.uon exchana• contribut ion• to cohe..rent pro

duct..lon c:roaa-aect.ion• t:Atnd t o fa.11 a t l•• •t u rapidi ly as l./P • a 

t.M Covl.c:mb c:cnt.ri.bot ion to cobu•t prod·uct.lon ~ the 

dl::-.1n.t.•t .. chu.1c:a at b19h e.nu¢••. 

c. C'obt-"•"t 5U"On9 !xcltation 

Coh•Nnt •tron9 production of the x••catO) on conpl ex nuclei 

ia expoctM to bo dolllnated by w oxch&n9e. ltl principle, ex.~han!}e 

of the vacu1,11r1 pole i• permit.t.ed, howevor, no a >e:per1110nul indication 

ot t hia contribution hat cvor been uvon. 'L'hio co.n be \ltldeTs tood 

aoe~ng t hAt t h• PoN.ron haa v;icu~ quantwn numbcart and. thetefoJ;e 

coul6 not provide « J P • 0- 4 1- tr1n11t1on . 

We "" t l so consid1r .xc.han9e of other Re99e trajK'C.Orie.t. 

~rl•nt•l 4at a. on t.ho reaction r.• + p - x•• (890) + p i.ndlc:.t.e 

dl.at. the t-chann.l oxcNnqe• are i~a.r,&nd have n.at.u.ral parity 

J + - • (1.e. T • O ,1 ,2 ••.• ). a.nd that U..-0 rewlta can be d.uczibe:d 

qu.11t.atlV91Y in c•"" of a ai.9;>1• ro-t0 
O.Xd\a.f\9• de9ene.rate RecJ9e 

pole analy1l1.41 ln tho llalt o f lar9e •.vtin9 the tif)IJl e ~rticle 

• 
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exchange model, 48 it is sufficient to consider only w e.xchan9·0 o.s con .. 

t.xibuting to the stron9 coherent production on nuclear tat9ets. 

The purely strong contribution to coherent prod\lction is t:hen 
38 

9iven })y: 

( l Sl 

where A is the nuoleon number of the tarqet nucleus, Ce is the 

normalization to production on a single nucleon, f 1 (t} it tho: nuclear 

to.cm. factor, ..,.hich contains t1tfects of scatUrin9 and absorption, 

and ew is 9iven by the bracketed tenn in Equation (14). 

The fot'm factor f (t} is numerically evaluated utili~in9 a • 
detailed optic.Al ll'IOdel calcul ation in whi.ch the disti::il)ution of 

nuclear Ntter in the nucleus is ais~u.med t o be of tho sa-.e form as 

its charge distribution. oeµ. ils are tound in Chapter Vl. 

that 

Ne..glectinq corrections to f (t) fo r the momen~and asgwnJ.ng • 
tht nuclear matter density C4n be approxiNted by 

2 
Plr) « e-(r/R) tor illu$trative purposes, then we have 

2 - tR /4 f (t)«e , 
s 

and tho following resul~ con~er-nin9 the strong col\erent cros,s 

section of Equation (15) en,ue: 

(i) It vanishes in the forward direction, r ises to a ~a.k at 

t.•4/R2 (takin9 R t.o bo. the radio$ of a lQ.tld nucleus, the peak 

o.;cur S: at t.-=0.003 GeV2 ) and then. for the cato ot a unifor m 

densit;y distr ibution. slowly oscilates accordin9 t<> ~!6 (t) 12 

. -1 
with the N!'lplitudes of oscillation falling as t 

•• 
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(ii) The pocition of the maxillrula is ess•ntially independent of t'he 

incident ~twn (1t t:nt.ers only throu.g;h t.min, which 9QeS to 

zero as Pa increases), and its h$i9ht goes as A4/ 3P:1• »ere 

use has beien made of the prediction of Regge theory that at 
2 (a -1) 

small values of t, c
5 

« Pa 0 o.nd also Of the fact t ho.t for the 

w--trajectory, a
0 
~ o.s. 

(iii)The integrAtod hadronic 
2/3 -1 cross $ection behavu like A Pa , 

thus providing fuxthe..r advantage in isolatin9 Couloab pr oduction 

at high enerqies. 

o. ~heoreticAl Coher ent Production cross Sections 

The total coherent production aanplitude ie a coherent sum of 

the electroiaa9netic. Pc(t,m), and hadronic, Fs(t,m), aatplitudfls . 

The theoretical 4.ifferential cros$ ~ection ea.n be ~ritten as 

d
2o i8 2 ~20 -=-=-

2 
,. IP (t,m) + e F {t,m) I + 

2 dt'dm e 9 dt'dnl 
incoher ent 

(16) 

where ·::c have i>\Cludcd o,n incoherent contribution to K*+ {$90) production, 

A~d 8 ii the relQtive phase between tho COUlOMb and stron9 aropli-

tudes. 

ffe~e we hbve adopted the convention of writin9 the di£.ter o.n-

ti&l crO$$ section in terms ot t' s ince~ 

qt i s the exper imentally twi)ASur ed quant.it.y 

.4.- and .. t• •q2
, where 

dt' t 
+ for each X* (890) event. 

The ~xper~ntal tri99ers (see Chaptor llt) strongly suppressed 

incoherent reactions and states involvin.g nuclc.ar excitations. 
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Consequently, because the incoherent contribution to the K*+ (890) 

sample was ~xpocted to be small, ab init io, it vas ignored in the 

a~lysis . Wt also assumed that non- resonant K• production in the 

+ K* (890) region (0.790 lleV < "'x• < 0.990 MeV)was not i~portant . 

ln Chapter VI, £quation (16) wil l be integrat~d over ~2 • and 

t ', to get expressions fo~ the forms 

do . f dm2 
d2o 

dt. 
d t•d11:12 

c: 7) 

and 

~ "' 2m J dt' d2~ 
dm 

dt'dm
2 

(16 ) 

respectiv<.:!y. 

The cx;>eri~cntal data ,o>:r:rossod separate ly ~s Oifferenti4!!:l 

cross sections in t' and m, wi l l be fit. ~o these ¢xpr cssions. 'the 

diffe>="ent t • dependences <:>t' the COulOfl'lb d.J~d w excl\angc r'roduct.ion 

mechanis.tns .,..ill Allow a.n cx:r~·~t.ion of their strengths (proporc.iO:'l.l~ 

+ + to r{x• (890) +KY) .a1~d. C
8

, rcs~.>0cciv;:ly) ,as well ~$ tho phas e 

an9le bet\;"een t.Mir :unplitudos ,by mc::ans of fits to Equati on (1 7}. 

Equation {19) ~ill be applied to the datA in order to extract t he 

Breit ... 1'1igner lino shti.pe parMiotors , m
0 

and f{in
0

) for the K••(890) 

re$OnMce. 

' 

' 

CHAP'I'EA I 11 

E>CP£JUMEN1'AL Sef ... UP 

A. Tll-t? aeai:n Line 

The forward, high resolution spectromet~r used i n this stuOy of 

+ the Yad:a~iv~ width o f the K* (890) u~son was sct~u~ i n the oost le9 

of t ho :•11 secondary beai111 l ine of t:he t·tnson Lab at Fei:.mil ab. 

A!ter injection il.lld acceleration to a mofl'lentvrn o! 400 Go.Vic in 

t ho F<Jrmi lab pul sed proton .synchr o t ron, primary protons: (~2 x io13 

p r otons per pulse) were extr acted from t he m.ain r i ng,over a one 

second "flat top", and t r an.sported to the twi t chyard area ".-her~ they 

t..·e·re .apportioned amon9 the ~C\1trino, Proton, and C~$On Lal>s. Typi-

12 
c~lly . .... 10 i.,rotons t..·ero dcliv~red to th¢ Meson .. center tllr9o t (15 i nches 

o! beryllium: 1.25 proton colli$iOn len9th& J in whi ch tho s~condary 

particles to l>e trbnSpOrt cd through tho Ml bebm lino woro produced. 

A schomatic representation of th• Ml l>o~m li~e is given in 

Figure 3. The •~Pta.nc6 of this boom line was ~l Vstcr for Second-

arie$ produced bet.,.·ecn 3.6 arad and l . 9 mrad relative to the i ncident-

proton beam. Most o f our dota was taken at a product ion an9la 0£ 

$ 2. $ nrad, this setting bein9 a coe1pr0rr.1se wi th other compe ti ng 

- 32-
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1'tw: moNntu. bite (6P/P) ot thi.s bea• was '\t)\ . 

Jn o.tdor to iM:.:dmize tht ka.on tlux, 11 pos.ltJvoly chaxqed beam 

• voa wolocted a.ince: the absolute t'l \1.X of K io 9roaur than K , and 

olso btcau•• the X+/n+ ratio i s lar9er t.hnn tho K-/'1- r•t1o. ~urther 

el\ha.ncem•nt of the ,1:.aon fraction of the ~""' wa.o achiaved W'ith a 

ber:ylllum liltor of adjustable thicknete. 49 Such • 1chtlfll! exploited 

tho latgor proton Oll'l;d pion absorption crou ••c·tion.s on nuclear 

i nt.o the bea.a at the sr:::mentm. dispersed focus at. '\. }l,()Q1 '\fbere the 

oftece:. of twultiple Coul~ scatteriDCJ on th• be&a wiuo 1111.n.iea.l. A 

coUlMtor ~t this point defined the &elect.ed belA llOMntum. 

and pa1104 throu9h ~ l7S foot lon9 parallel roqion which provided 

$1)4CO for boa.S1·&pecie1 ta<Jg.illCJ by two 4lf.ferent1Al. ctieronkov counters 

(Kl Md X2). A third Cher enkov ~ounter (Kl) wos located f u.cther 

dowt1.•tre.a.m. 1'11 counters were !1110-d with holi~ 4.n4 tho pxe&$ure 

in Kl voe adj111~ so it ,,.~oul<' .identity l:•on.a. °1h• function or t.he 

o!;he.r two Cho~nkov counters i s ill!f:laterial to th11 wortt, and they 

will ha·noefort.h be iq:r.o!ied. 

kl •c he.Ji• radiator v-a-s, "-100 feet lonq, •nd le h.&d a Chennko-v 

1tnglo of 7. S ftlfad. At. lts do\.nstreu end wu en olumln.lwd spherical 

concave nU.rror tof "-lOO £1et foca.l length,whtch reflected the cone 

ot Chorenkov radiation back to the upst-reo.m enc1 ot the CO\lnter,vhere 
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a rinq of •lx phot.ot.-ubo..t -. po&itlonH. Ouulde of t.ht..• rlng va.s 

_another ting of •ix pt»Otoc:t.lbe• that co'114 be illlpl«Mnc.M tor wt.olng 

purpoaee. "'-Y vere ftOt UMd lo thia •ltpet'hc:nc: . 

Moqu.at• f.aol.etlon of the kaon a l anal vu achlevtod bJ ceqvtring a 

tvo·fold (Kl2) or U.ree-fold (il.3) coiocidence of the lopcall7 OR-e4 

atg:na.l• fro. th• three pain ot adjacoot phototuboa. A preat:ure curve 

for both eodoa i• a.lY4n in Ptg. 4. The counter waa 111&ht.l)' tntffi-

cient due t o t he: ana\Jlar d'lverg•nce. of the beaa cauaed by the pr•••nce 

of the barylltt.a aNotber. ~•o vith the lus re•trlct iw rwo-fold re

qvi.t&M.nt , the pion conua!Aatioo of tbo bon at1o.al va• <1%. Moat of 

O\llr cr..ta va1 acc~latad vtth the: r*4drue.nt of lbo t~foJd kao.a. sig

nal (ll'2) in th• baTdv•r• trl&ser. lot'h 11.cMl•, Kll and U.l, vere 

latchN "ttb .wry t:'ftftt trtuer for contaainatton 1tudtu off-Uoe. the 

a auitablo co1nctd1n'e of bef'D acintillatlon counterw to be deec~ibed 

'• shortly. Wo ran typ1c•lly vi th lulon f luK•• of 4- S x 10 kaons per 

pulao, "With c·he kaon• compri•ing "'11•% of the bao.11. COnttatnat1on of 

this flux f tom pion1 and oth~r sourcea will be doscrtbed in Chopt•r 

v. 
Two 1/16 inch t.hic.k acintillator COWlt.er•, 80 .nd 81, were placed 

be.fore &nd •fter the ~r•llel c69ion prtV10U9ly de•crt.bed (see 

Pifare 5). Sl~ll !rem t.M:se counters ..,." ulti,..tely ~rt of tlW 

be._ de!tnlti.on, b~t becam.e of ~S:r di•t.anc:• tMwral b\lftClttd ftttl 

10°/o 

• 
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B2 at 62 fe•t upstr eam of the experimental tar<}et; and 83 at 16 feet 

upstream, were used to form the initial definition of a beam particle . 

A sch•matic plan ·view of the B272 spectroreter is shown in · 

Pi9ure 6. The f\Ulction and purpose o f its various element,s will be 

i ndividually described b4llow; the calibration of the!• cleirents will 

be di$CU.Sse4 in Chapter IV. 

B. Beu. Spectrometer and Tar99ts 

A module of tour emall-pitch (!.mm) propot"tional chcmbers (.11) 

was located just upstream of the beam counter B2. This module con-

sisted of t\90 x-planes and: tvo y-planes ,with one plane of the pair 

of fset relative to the other by half a wire spacin9 to give each 

$ta99ered doublet 4n effective wire pitch ot o.s nro. A similar modul e, 

J2, va$ placed 4 feet upstrea~ of the •xp$rimental tar9~t. These 

Chamber& usod a gas mixtu~ of 17\ i$Obutane, 4\ 'llM)thyl41,0.4\ freon 

813, with the balance a.r90n. Eect\ ehtuOOer was separately plateaued 

using ~atll par ticles, and th• voltage$ on the cathode planes we.re 

set between - 2.9 KV and -3.l KV. 

These two ll'IC>diulee were used to determine the inco..ing beam 

patticle t.rajeetory with an anqular resolution of O.OlS tarad. Sin<a 

the probability of multipl~ beam tracks at our i ntensities was at the 

(•• percent l•v•1, the nwnber oL beo.m trcicks was rutr-J.ctcd to OM to 

avoid compl ications a.rsd ambiguitie.s (see Chapt6r V). Signals ftOl:l 

one of the x- planes. in both J l and J2,wexe. in addition, used in a 

Matrix 8eb'I veto (J.lBV) that was part ot the hardware tri99er for 

candi date x••(890) events. 
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1.n9 t:he u..rget; t.b•••wn ...s t:0 •QPPl"t.N t.be: l~ Cs:Ktioa of 

incobe.cent e venc. •ftd e'NOU t.wolvina ouc.lur ucJt.a_Uou and/or 

A veto •clntill•tor CO\lnUr to.115• dia.), au, vas oenUr•d 

on the target and located 10 lnchff \q>9tnaa of it outside of t.be 

u~t box. '11\• incident beaia wu r•qu.1.red to paas thro\1gh a. hole in. 

this counter t.o e~lou the d•tinl t.ton of an acceptable beasi particle, 

i.e. 8 ! b0•8l•G2•83•iii. 

Allo locat.d in the tar9tt box Wtte 1 •cintillator counter used 

for puleo he19ht determination ft.tie S•oounttr1 1.5" x 1.S" x l/16"), 

located 6 i nche1 down1troo11 of tht tut'9ot. and a aocond veto counter 

wi th a hold of dlt..MtOJ' 1.2$••, It, which J)&ttially dofined the gGomGtric 

aceeptenct of tho •p1ctl'01Mt.tt. Tho int19ratod pul.Ao height flaft 

the S•CQ\rlttr vat 411cri•1nat9d and u•od (or trlggorin& purposes to 

select ~h• ""lti~licit7 of ch•Ta•d patlitle• l~~~~ni the ~arge~. 

The an.aloa elg:oal vat aleo 41&1tta.ed tor off-line ec.n.t.iny. 

1'\e detai lod .-r••t.ere ot the taf'9*t• •*' in this e.xpe.riae.nt 

•re Pl'e9enUd in ftbl• V. vt ~ both copptr (Cb) and lea.4 (Pb) 

t.a.rgets bO en.auff tl\at we undientood the ec.ali ng bebavioz o.f the 

• • 
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Coulo=.bic and strOf\9 production proc••••• with "uclear char9e and nucl eon 

nut.'ber. Also avllilablo w•s an C"U)ty (>fl') lucit.e tarqet llolder with whi ch 

dat.a ... ·as ta.ken to ~e tuqe:t-car:pty a\J.btractions from te.i-get-ioduced 

Ct'OS-S S«tlons. 

11\e t.argct thicknestca were chosen to nax.1"'1:te coherent X"+(890) pro-

duction. but to s11M)lt.an•®c ly koop .... lt.iplc: Coulo."tb scattering and photon 

converSioo in the f.,arcJOt to a D.lnl.,._, the COtGICT la an i1C1pOrtant. source 

of transverse mo:iie1'tutt re1olut.lon de9tadat-lon . 

1be difnl?nslou ot the ta_r-geea "'ere t11Caaured t.o ! 0.001 inches and 

their ~ssoS; were dcteri&incd to better tho.n 0.01 9r.un • 

TaJ"got 

MT 

cu 

Pb 

. 
c. CJlar9ed Particle Spoctroinotor 

l d K+ fl·--Tota gate _.. 

2. 745 x io8 

4 . 777 I( io8 

l. 4363 )( 109 

The desiqn of tho eha.r9od plitticlo s 1>cctrorno tt:r wa.g optimi2cd t'ot" 

tiox at its do~O$troao side. 'ltiie provided .,n cvACUllt.ed volumo in which 

0 + -as X + 11' 11' ) eoulc bo d., -
s 

t<r<:tod, unencumbe.cod by coa;:>licac.ione •riain9 Ctoa be?a interactions 

in thi& reqion . 
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1\Jo lea4-•cintil.lator veto OOUllterl, AOL and AOR, •t the de-c.),y 

ton'k's upstreASI neck de!ined • f~inch diameter e-.ntr.1.nco hole, and 

•i.U.lar veto a11etrblies , Al o.nd A2, l OC4te4 r~er dO'Jn1treaJll'I along 

ita le119th. furth•J:' defined this fiducial V'O.lums. 'ftle Al countel' had 

an ope-fU.n9 t.o Ntd\ the 8 in. x 24 ln- aperture of the mor.ic.ntu:ii anily&--

ing rne.c;not (8Ml09) . Surroundi.n9 the maqnot apEtrture, And lining the 

<lownstr-eam half of the a.;t*_rturc sides, Willre six lead-•c.intlllator veto 

counce.Q. kfK'ltn coUec-tiwl.,y u Mt. 'f'he AH counters uoun4 tho CtiagnOt 

~rt\l~ allO 11ot the fin•l liaaits on the ~oinetric oecoptonee of tho 

opectt~ter. while those inside the ..,,,9not vetoed l~moMentum. chatgod 

pa.rtJ.c:les tha.t. curled up i~14t t.he .agnet, and that would o~iac not 

have b&e.n det.ectcd. 

At the vory end of tho charged part:iol• s pectromotor , but in front 

of the LAC, \119.ro the count.us IA, VE, and •ix. counter• u1~0 3, Dl-OJ. 

Q wu a s...U 1.2S lncb diareter cowate~ cantered on the deflected 

beam, \:!Std to vetp non- intoroct.ing beam p.ortieles. v& 1nd the U and D 

counurs. we.re \Lied in conjunction with l091c siqna~a from the LAC to 

,,.to elastic scA~te.r.L.n9 Nckqround (tt• section &l. 

11' S'l.l.mlary, the chacged veto 10910. •trobed by tho be.a~ signal 

82·83; cAn bQ written a$ : 

CH>JICC Wto i B2•83•8ii•iiA· "fv.· (IOL + AOll + H) • Al• ii2• M 
l 

(see Fi9w• 7). 

The trockin9 element• ot the $poetromoter consiatod of mul ti-wiro 

J)roportiona.l che'9bers {kWPC' 1) and drl.ft vJ.re chblb«!r• (DNC"s). Tho 

HWPC's: we.ra used both (or tti99er.ing purposes, o..nd u an ai.d i n tho 
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olf-llne ceconatntctlon events. 'The DNC1 
• ""*·r. co.pl•t.ely p&s:Si¥e 

during d.ata aoqu.laltlcm. l'De.ir hiCJb.-precisi.oft uadtir19 capabillt;y pzo

vided hiqh-roaolution information tor cha.CCJed-partlcle t£aj•ctori••· 

Tbt •pect.l"Oft9*Ur utillud •ix pl•Ms of O.l Inch p.ltch Hh'Jl'C's with 

a toUl ot 134.C ••M• wi~•· The pl&n•I were •rranqtd in doubleu, •~h 

one off1et tron it• partne~ by hal f a wire spacln9. ThOr• wer~ two 

x-doubl.eu, PlX anO P2, and on• y-doublet, PlY. PlX and PlY vue . 
lo«ted u,pa·tream of the ma9riet, and ho.d a in. w 24 in. active area.a to 

•tch tJw .agat •perturo~ P2' bad M 18 il\. x )S.2 ln. active .rea, 

&n4 was ..ogntied fluah to U.. ~~t:reaa f.ce of tho 8Hl09 M19:ntt-- "'9se 

chad>en \ll"t<l a 24\ bQbuqtte, 4'\ •t.hylal. O.l\ freon 81). and re

N-ioder •r9Cr-J 9U tdat:ure, Sl ~ ..._~ ope.ratecJ with -2. 9 kV on tbeU 

cathode pl~••. 1'he PlX and PJ.Y doublet• vent conu.lned J.n 9as .. ti91\t 

bo:xes, vith e.ach llftbe.r o.f the pe,i¥ el•cuically i•olat.ed troe the 

othor by a 9.round J)l&ne. 1'he two P2 chubera Yor-e constructed in etu\d

alone taahion. Doth boxea Al\d fr ee•atandinq cha..Wor1 hao alwainized 

~ln vin6Qws for •h1e14ill9 purposea • 

.,_An• were provided tor c.-pacitJ.voly oo·vplin9 a nog•tiw l \lolt, 

10 ns vldo, l ft9 r1M--tilllll! poise to the h.iq_h voltaQ• c&blt1 •upply1"'9 

tl>ese cMMoa. ,,,. puise ..U <enoiaat.ed cbr°"9h 50ll .., ti.. ''°""" or 

the p\IUJn9 c•ble . '!bl& pu.lae .. trana.Utt·ed t.hroui)h tM c·haeber 

cathode pl&M'.s .. v» then capilCitively COQS>led to W aaode plaae, &Dd 

c&-us.od all chamber tnOde vS.ru to tr1999r choir •"ll'llf.ler c:M.nnels-

11\is pul.8• w-aa COf'DPutor in1t.iatad# and • tast t1199er pu11e, utoed to 

l&tch the ~hariber anpliflet •ign.als, ,...,, sinl.ltaneoualy 90.nerated. 

. '• 

-«>-

7b1• elt cuon.lc. te.s-t.in9 f.Chece vaa invalWlb.lt ln dob\af9l-"9 v.wPC 

-..,llti•r .tlec:uonic::s .&Rd the assocJ•t.ed lat.ch.int e:lrcvi"Y· A 

diA9t"&lll ot thl1 •che'lllt it s~ in l'i~u.re a. 

a.ch KolPC aJ&Pli.f-ie..r card (8 cu.n.ne.la p.-r c.ard) fed o\ drivor 

board which could produc. three dlf terent &•t• o f output. One set, 

An ECL 4iftorenc.ial ,pair, went through lSO toot lOn.g dalay cable• 

to t:ht inl>\'t ot la~e-b CU'ds. 'lt\e presence of 11 au1Url>l• sltnal 

(in O\lt c••o U2•&3•Bii'•iiA> in coincidtnce with tho chub•r sl9na.l. on 

the latch ca.td vould caua• • 'binary svl~ t.o be .. t. Upon t'ecoi.pt 

of • f in.al tr199U'. tJ\i.a lAfo.r=a.t.1.oa ..,., sttob9d into a ~ffu ..-ory 

to be: reed by th.- on-li.oe cccputer (POP~l-SJ. and thtts tit.rltt•n onto 

•gr,.etic i.ap.9 a10in9 with ot.ber diigit.ize:d 11\Conaati.on. 

Ano·th..r 1et of o\Ltput5 VilS utilizod only on thO PlX doublet. 

Thot• eivnal• w•rG: used ln concert vlth a eiail•~ ••t ot aiqnal• 

lrotr1 Jl and .12 to lortn a Matrix: B~a• V•to, •• alre.ody Mntio·ned. 

ln ocdtr to elJll'linAto a_t a possible aource ot bt1C)(;9round t.ho&e beam 

pe.niol•• interactin9 in the spe.c.troneter 1t••1f t'oC).Ol proton ab

sorption len9th•), and t'hO•• from non-interact.1'n9 be.un halo D.iaslnt 

the IA veto oount.e.:t. sign&ls f:rOG the "ires hit. in Jl and .J2 ·wero us.d 

to pro~ct. t.be be-a11 pa.rtie.le's t :rajec:tory t.o th• PlX dlx*>let. Only the 

1. 2 1 hCh vi de cent..n.l teCJ.ion o _f th1 • doubl•t "•• ioPl•wnted fo.r '1S• in 

th ie ""to . 11 • vu.a .a tlU& re<Jlon of <he oo\lblet alpled d>4 puuge 

of • ch1r9od part.!c:le t.hrou;:h t.ho re91on.a• projecud by .J1 a.nd Jl, an 

tmv lo91c pule• vas tor01d. Mowo~r. in o.tder not to voto evenU 

vf\ich •Y haw •cattore-d at lartJI? •n9les only ln tho y-dir.-C'tion. 
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the traver••l of • charted pa.rtich. 'Dlls •lpa l was detlned •• 

... ; • llBV•llV. 

AA ~i.ionat.1 ••t. of outpu.t.s utilliied s i9o•l• froa &ll the HWPC 

vlro1 in evury chal!lbex for a fast aultllevel pceptocossor built by 

Pendlab. lh•t .,., Uled to count the nuaber o f cont1CfU'OU8 "bita• o r 

wir6 firing• in a pl~o. $l The PlX ADd PlY d o\abl ou v•~ vsed in such 

bK:Au. Ute ct'Ml.r9ed t:r•cks wre o fte" at i...,. an9l•• downatro• of the 

at.l ot N 9net a.nd cv.\d not b4 •>9e'C·Uld t.o fin th4t altunat_lng nel 9hl:l0r

int win• in the Pl doublet. This countl"'9' •che111e v;;at: n.ttrred to aa 

tra~ counti09, and the urdt:a t.bec=selve.1 •• tr-.ck count.en (TC).. Eada 

unit allowod 1epoar•tt output s19nals tor l,?,3,4 or ~ S cont.19uou1 

bunche• o t "hi ts• per p.lane. "'"e unlu w n a uobeO ~ the co.incldenc 

atonal 02·~l·Dii' to dotormlne their •t•tu&. 

-n... ~ty-four planes of Otte'• ,,,.re 6tlN!r•tl'd into four aodW.e•. 

1)l•t'J1V. 'fhct aontO ... itO& -.,ore apa.ced. at 0 .8 inche• for • IUXiau.m 

drift •p.te• of 0.4 tbehes. '-here YeN • toQ.l ot 1032 ••n•• vit•I. 

tu tifjht., bo-.a with s•pa.at:• qu suppli•s. '!he ch.ubera i..n the 

.octules dioiwrtatre.a.a of the A}9net were coafifJUred ln at.and-al.ofte lliCde 

IUJ>ply . wt -- a SO\ etl\a.M.. SO\ ae90A qa1 alxtuq tn thu• c:hubers. 

E"ch cha1nl)•T was individually auppJ.i4cJ with it1 two h19h voltages. HVS. 

' 
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are •hown in Fiq. ' · aa are somo typical plate•u curvoa . All owc•c vore 

opera t.ed vSth HVS.- 1.8 KV a nd 1rvo•-2. 8 JCV, 9iv.lnv a field grad ient o f 

-.bout l.O KV/ ca ec roaa the driCt •pa.ce . Thi.1 vu nolllna l ly • bovo the 

Grlt: velOQlty 1a t.uration pol nt for this 9 1• mixture. 54 

£ach mod\ll1 cons isted ot thr oe pairs o r doublets arr•n9ed i n 

au 99ered fatJ\ion to aJ.d 1n ruiov-ing l eft - r l9ht ...W9u.i tl1 1 . 

i ·•·. which • 1d4 of the unu vin the cha'f'91d .,.ntcl.e praued . lo 

doublet.a of 8 in. • 24 1n . actiw a re a. The DXI IM>dule vu of a 

alalhr atta "9D1nt with the u-.doublet replaced by 11 v-doublet 

(v1r.s •t - .>0• to t.he vertical). the downat:rN• DNC'• h-4 1"'91'.r 

ac t ive a roa.1 (OJl.11 18 i n . x ,44 .8 i n . , 01-v: 24 in. 1t 57.6 in.) an4 

th& modulta contla t.ea of an x-doublet, a u-dou.blot wi th wir e.a at 

+18.S• to th• vortica.l, &nd a v-double t wit'h vJr11 at -1e.s• to tho 

ss. 

l .n rocon•tNCting charged parti cle t rajoc:to rJ ••· int ocNtion 

CroCI th• uiwt.na.a DffC's wu used in conjunct.ion vlth data f~ U)t: beaa 

•n9lo thro\l9h t he 1n119net#a.nd honce the partlcl1 ' 1 momentU111 . 1t101e 

d•ta allowed dttetm1nat1on o f t ho transverae ~•ntwa !or each charged 

• 
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particle , needed tor dotorll\ini n9 -t ' = 
• .. • .2 

(4 ~t ) for t he parent par
! 

tlole • ue..re the smnnw1tion index i tuM ovor •11 detec~ decay par

t!C"l•c. 

Siqna.l.s froa the DWC sense w.it"es were diacriminat.ed, amplified, 

and Gh.llped t o ECL diCfere.ntiaJ. pair output oi~lna.ls by amplifier 

card• mounted on the chambnr s . each O.lll()li fier catd had eight cl\on-

DI-Dn and DID- DIV Md a-epa.rately ild,u.st.a.ble thresholds, which were 

••t to ""l 111V on the card.s. AfUr traveling th.rough a 1-50 foot.-

long flat cable, the ECL lovol o utput$ woro: di9it1zed \rsJn9 IACt'Oy 

2"170A 96- c hannn! C-~ltt Chaiaber Oi91tizorn. The l~a<li n9 edqc. of e 

differential p.&1-t inpul •ta.rte-.d the ti.mo d1gitJ:.er cou:nt inl) prcx:o••, 

~icb was tcm.lnated by the le•di.DCJ edge of a &top 

1i9nal. This s-top si9nal wu ~n to all cha.nnel$ o! the ti• 

dl9iti:zer,ond was !Supp.lied by the f inal event tri99er which • 1110 

9~ted o ft the oxperil'IOnt vi~ the da ta acquialtion computer, and 

in1tiatod t h e transferot digital intor..tion tor that event to 

ttorage . 

Since t hese t.im1 d19Jtii,.in9 units wou ld ~act wi th each •tort i n .. 

put, it was necessary to define a ! 200 na window aro und ueh u11oa.ble 

inco.tng beaa particle in which no other boa:a particle \ilas allovetd to 

•ppoa.r. "l'b.is re.s-t.rlct.1on vtll be discussod in .:>re det:aJl in soot.ion 

.e. 

A s hort lon9 th of twisted wit;:e, t:eniinated t hr ough 50 Q to tho 

• 

-s2-

9l'Ound of the ru11p11tier , was t aped aoroJ11 the inpu t p ads of ooc:h ampli

fier card. A pulao identical t o t hat u&od to pulse the HWPC h.i9b vol-

t~• line vas sent dl.r:ough thi$ vii'• tor the pw:-pose of eali-

br.ating the tint cli9.iti.zers. 1':he scheM eomployed a technique eJJ:dla.r 

to that for pulsin9 th• f!NPC •s. trowevor, in this case the tim& de ... 

lay bet"-'een p1,1lai09 t he DWC's amplitiar card& , ~nd s ending • 

stop pulse to the t1mo di9itize~s was cyclod lhrou9'h four 1tan-

diard va.1ues $Ct by a p~a:mable del.ily unit under coniputJer control . 

to calibrae. •~ch channel of tb• ti11e d!9it..lzers by calculatin9 

o 9aln (slope> a~d offs.ct {intercept) from the r e l$ti onship 

bebt<t:e.n actlllt.l ol.-.poed ti.me and the nwr.bclr of couot .s the ti• digi

tizer rec.o~ded. A diagraa of this SChHll 1.s show" iD P"l9u.re 10. 

The analysis of tlt.11 calibration dau vW be pres-ent•d in ct\l.pter JV_ 

As previoue l y mentioned, the mo.onto of ch•rg6d particle• was 

sio~sured with t ho Did of a BM109 d i polo 1Mgrtet o f aperturo a in. 

(\QttleaUu.d 24 in. <horizontal) . A curront of 2900 a mpereo •Ul>Plied 

the magnet with • r•1ulting i n tegrated f ield length o f li•lt.J6.07 kG-m• 

yieldift9 a u•nsvor•• illlf)ulse of 1.081 QeV/c. 1'he bethod ot c.ali.b-rotion of 

the BM109 is found in Cha,pter IV. 

To minilll'li"&c boc.kgrourid i nt.ractiont in t he e:pe ctro..et cr itsel f , 

&ny open area s froo of expe-r i nenta.l oloM:nts were filled with heli um 

filled bags. 'lheee included tM SJ)IC.t l>et~n t>I and DJJ, between DI.II 

• • 
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o. 

A 1.1q\tid •t90'\ a.loc-laet&r (U.C) o f 32 ln. )t S6 ln • .ctive area 

v.u .....S to .... u.re:. vlt.b hJ.¢1 prae:iaion,. tile podt.lona and ener9iu of 

high *""f'9Y pho'toft• ln the final •t.ate. lt ~d • !aye.red c:on.stt\ICtion, 

tvo layers of which ar• 1hown ln rig. 11. I.a.ch l~or cona-l•uct of 

0.063 ln. of. copper -clad 0-10 printed clrcult 'boud, and a 0.080 in. 

load pl• <o Mld 0.0~ l.Jt, ._. by G-10 Ol)4cen •round t.h• ed<jeo. and 

by ••11 G-10 but ton ,tp1.cen 1 n tho • cti ve • rea.. Al 1 voids vere filled 

ne:Uc •hoW•r, initiated by th• incident h19'b entl'9Y photon. 'ltte verti

cal atrip9 Cx•ltripa) o•t4nd1td tho full l ·•n9th of the board• whi le the 

horicontal •tripe (y-1tri91) wore bit•ct.od b)' a t.hln etched 9ap in~ 

Tl'>t detector we.a cOfl't).rieod. of 61 • uch cell• tor: a total of 25 

radiatJot\ t onvtha o t tniltOrial. 'lhl• amOunted to 1.6 proton inte.racuon 

length•. o'.ll of tM x .. atris- at 1 COIJUl)C)n x coord.1n1to in th• front and 

y-cul.pi1 •t • CNC •on y-coord.IM.tez the in4kpendtft00 of tl\e left and 

t'!ght y - •t"rl pa W&.a -.int&ift4'd, howewr.. l!t&C:h O( th.He ~ groups 

of •tripe wen he.Id at 4Jl'Ound po«.•t.1•1, and led to a t:M.f"9'9 se.n:s.it.ive 
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stcJJ)I) •• ""tll •• • Cut. •n&lo9 al9nal Cor tri996·ri.ftv putpoMS. 'l!J-uc 

..a.11109 aiigNl.a, ai.o proportJ.onal to m. collecu4 cbat'CJI!' (i.e .. t.o tho 

eMr9Y dopooltod by ti>• b.!9h •ner<n photonl OOll14 be lndivldudly 

tor tho calor l .. ter. "9:teronce 57 provid .. a 4et4lled desccipt.1oo of 

tho &t1Pllt1or e lecuoftica~ the pul•• h.eltht dlgitid.nt electronics, and 

tM ayaua tor atint chi• digital J.nfoC"Mtion. •eot••..lbl• to the on-1-ine 

~r. 

1be Hn•ltiw portloo o! tM det.ctor vu 1-rsed in Uquld. ·~ 

contaln.td in • 1t;9tnle•• au.I c:ryoeut. cool•d. by licra.id nit:r09ea. '!here 

\t&• '\.l r adiation l•ntth o f utuial ln front ot the a ctive YOlioe of 

jacket wall1. and '\-20 inchee of aU.c.E'01phgr•• {ov&cuated glue s$1he.res 

or 50-1$0 I"' dtwnotor Md denr!ty '\0. 019 qr/c.,3) used to t ill tho void 

botW(IOn th• detector itoel! o.J\d tha wall oC th.• e ryoctat. 'l'here wo.$ a 

0. 7$ in. 'lOl• through the mJddlt o( th• d.et•ctor for t.ho beam to pas& 

th.rou.9h. 'ftli• 1if61 f il led "'it.h an •vacuat.ed quarts tt.t>e to minWze 

boa.i inwr•ction• in t .he deuct.or. 

,er pul• . &ach c:hl.t\nol "u lntarrocJ•t.ed by a ac.nnl"'I M:>du1• to 

H• tl i t .I dj9it!ud pulu hott'tf'lt: s!t;Ml ..,.,. 6boW: a (lff-aelect.ed 

thrw-.hold ("\1100 HoVJ. It it. w..~ c.ha level and •trip ~r"ess ve.re 
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Sltnil a r to the KWPC'a tnd ONC 1 1, • pulsing ayatem ""•• lmpltmtnted 

to injoct a knavn a.mount o f cM1"99 into the input of • •ch MWlifier 

tot call.brat ion s>u.JPO'••. 1hi1 &llowed the 9ain of •&Ch upl.if.ier 

to be nooic:o.red throughout the runaln.9 period. "flliA •chne co11ld 

allO be uployed in a llOde when no che1'91: v.s ln)ected,-4 the read

ovt: t.h.rubolct v.as S•t to a..ro1 lit t.hi• caae .. the 4191.tiud alc;nat 

fro11 the &r.pWle.r Wd •l'tly tM pedelt.al of iu internal pulae 

holfht dl91tlzer. 'Jhu.1, dritta in pod.ottala could al•o 1M wionitored. 

trl991r (H• 5tct1on E). An t.b1olute callbr.at.ion of ttie LAC vu ob-

uined uai.ruJ SO CieV/c elect-ton• in the be••· '!bi• vl l l " diac\IS.Sed 

Jn O\a,ptor IV. 

rot tr199erlt\9 P\&tt>08••· tho ta•t. an.l og signal• tra. tho a.pli

f iota for the upper halt ot tho t ront y-atr i ps ver • SUl'IU!llld eogether 

to t orm tho &iqn.al ! . Th• a nu-,11twlo ot th.ia aiqnal Wtlf proportional up 

to tho tn011JV depr:>aited by • photon in the froQt u,ppor half ot tho ae-

t.aetor ('\.13 radiation len9thl). Tho h1dron induced background in this siqnal 

w1.1 •>CPK-tad to bO ..,.ry &.all. A aiallar au. va:s perfor.od vith the 

lowier y-suipe to fona the ai9n.11 &down. A noise a\j)tractiofi f::mD 

th••• •i9f'al• v11 achJe~d by uk.1"9 t .h• el9na.J tram edc;a. at.rip& 0£ 

t ht detector outside of th• lp9ctrCMMt.er ac:eept.a.ncet matc.hln9 it in 

1t.r0ngth to the noi•• on ttw l up' •nd ! down 1l9n:ala. invortinv it, and 

adding it. tl'u:ough a p1.11Jw fan•lnt to the e al\d !:...__ aig:nals.. A 

up -· 
total tDttt:Y sl9M]. E • pJ'OP(>rtional to ~e tot.al e.norw deposited 

tot 

-se-

in the dlftector, ,,, •• der i ft4 tro. th• . ... £ ~ g + a . 'lh• 
• tot up down 

1NLl09 cln:uit.ry fro• which th••• eignal.1 •~ derlvod. 11 41a9ra111Med 

in r t9ure 12 ,a.a 11 th• 1n06n1 of apocifyirtiq thresholds !or the E· . 
up 

!down, .and s tet si41Mll by inputting the•e siC)'nal• to pul.ae hoight 

cliacriaiu.t.lon llPite Md .. 1.ctl"'9 the .approprl&t• 4J.ac::ria1n..Uoa 

l ewl. 

!. bperiaet1tal Tri99on find. O..ta Aoquiaitlon 

~n though ov oacperiJnont a~rted • 191\t dittoront, qpera -

• t.iona lly eo~rent tz1991l"t:. onl y those genaaln to th• x• (890) 

at.udy v i ll be e>epilo~d. ""-•• lnc l\Mto data trl991n foe H.lectlon 

of t<••teoJ events. bla. tr1999ra for aon.itorin9 be•• flua. and• 

LAC 1y1te .. ,a1 p~ovio..,.ly 1ntntionod. 

ThQ x• + (890) • YO-nt ttitJ9on wore d~•igned to iaolato the 

+ o+ +-• 
and the K'· (890) -+- K 11 • w 11' 'II' • 

+ •o + • +•-tho decay tank, of th• aort K .. • • • a Yr and X • I I • , 'MH 

Che,Pter v. 

The tint atore.ntntion•d a.c:ay mode """' isolaUd by tho -P-

t .rl9901"" twburo tl'ie nama la Ckrlrlvo4 f rom its use in 4otoctin9 co

• 0 ber.ntly vcelud P ••on• Yit h t>id-r subaeqoent decey to • • • 
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data:. 'l'be second final stat e was isolatAtd by t.he"V-trigger!' where the: 

naiae arises from t h4 tact that i t was s et to detect final states with 

neutral particles emeE9ing from the t a rget, and decaying into a char ged 

.particle pair in the decay tank. 

Speeifically, the !)-trigger was s ot- up to detect one cbar~d 

particle in the cha.rqed par ticle spectroneter and at least one phot.on 

in th• lJ\C. The V-tri9ger was tune-d to isolate thtte charged par-

ticles in the speetr<m&ter, but with only on• l eaving the target. 

The v ... tri9g0r Jnade no use whauoewr of c.alorimet.ric inforTiation 

from the LAC,whereas thQ p-trig~r demanded a minil'ft.W' of energy de-
. 

po!S i ted. in the LAC,and other requirements utilizi ng the LAC, the VE 

<X>\alter, and the U and l> counters . These deta i l s 11ill be described 

shortly. 

1'.i .-entioned earlier, an acce.pt&.blG incident beam particl• va$ 

defined by th• l ogi.cal product B = BO•Bl·B2• B3•8H. All of the timing 

83, the beam oounttr nean:st the target . After suitable delay, the 

ing itself. This vu the first st.age of all real data triggers, and 

tox-ced all acceptable beam particles to be isolated in titlle trorn 

any other by _! 200 nsec. 'l'his wa$ n•cessita"d by the $in9le hit 

capacity of the owe t.i..ma-to- d-igit"l converters {LRS 2170A). Because the 

iaa.xi mum drift time of electrons in the owc•s va.t 200 n$ec, a char9ed 

traC:k associated With an event induced by another beaa particle 

wi thin this ! 200 nsec window would have had its hits re9istered i n the 

t i D? di9ititer s it its i onized •lectron$ were the la$t to drift to 
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t>\e OiC'• sense witt. 'Thereto~, this window eliminated MY otrbigu.ity 

o:r conf\lsion that might ot.herwi•• have occurred i n reCOJ\1tructin9 

char91-d tracks. '!'his 9atit19 introduco4 a contribution to tho ovora11 

exporimonta..l dead-tinie of 'VlO\ at the intensiti•s at Which wo typi

C<illY tock dat• (3-6 x io5 partlcle•/"1>111). 

ror the p-ttl9ger. on1y a lover liai t of JO aV (~respiond1.ng 

{LRS 62lBL) wa& applied to tho S•counter pulse height($~~ SO). 'l'o 

i80late 11n9le cbar ged-p&rtlcl• production for the V·trl99or fr0tn the 

more copious three cbarged p1:1irticlo production rate , an 

upper cut-off Sl was inipoud Of\ the S-COW'tter pul$e hei9ht. *the 

lower lJtrllt on S "'<lS tlle a.a.me u tor the p ... u-i9ge.r, and the s-counter 

ftqUire•nt for the V-tri996r can elthe..r be writttn U SO < Sy ~ Sl 

or sv • so•sl. corrections t.o pr'OduetJ.on rates nec:easit.atod by these 

S--ooW\tcr thro.sholds will be ~i•c:uste<f .Ln °'.apter v. Tho s ... countor 

pul&-e height for each event va• 4ig1tlzed, and bGca.m. a po.rt of the 

eventrdat.a record written U> ugnotic t~. This intomotion t11cili-

hei.9ht vindcJws ~ on the S'"CO-'\l\t&-r signal . 

""- HBV2 loqic d.ttcri..bed in S.ct Jon c va.s btil.U-ed u • veto in 

both the p and v tri9qe.rs for roosona previously elucidAUd. My 

chor9od particle in the final tt•te within a 0. 3 mraa •catterin9 

an9l.o of the i ncident. betrint partiolo trajectory. as dot11rmlnod by the 

Jl and .:J2 etta!llbers,. and passin9 through the av counter, would, assust1Ln9 

perfect efficiency, activat.o th.la veto.. In practice. itl otCidoncy 

" 

4>2-

wu lilflited to '\.92\ by chamber ine fficiency Co£ficiency '\.0.98) ,and 

tho wio.ti-ix- olectronicr. af!icioncy ('\.O. 98). The statue of the MBV 

And BV coWlter signals ton or oft} wete separately latched in a oo-

fncidence ~giceor by t~• acaoci~t.4d eVe-nt trigge.r~end 1ubeequ1ntly 

vri tuin to mA-gnetic tape tor off-line study. 

The tra~ couricer logic use.d in the o ~ V-trl.99ors is shown 

in l'i!JU..te 13. 'l'be .trl99•r requ1re9'1Mts ot the.s• $.19J1Al• wo.r• reJ..a

tJvely loo.s:e to allow t.ho po..s•ib111ty of 0-rays being produced in 

the c:ha_mbeJ"s .and to take account of noise in the Mtr¥PC'o. 

Tho p-ttiggrer required only tl t.hf"C-6-- of- f'our co.t.nclda.nce of any 

it both recorded two, •nd it also deinanded ~ 4 track• 

in the PIX or PlY doubl•t, agoin,with a veto lf bOt.h doub~•ts 

rc9iGtered one or four trocka. This logi c can be vritton ••: 

TCP = ('P 
1 

• l or i> wh•re i label• tho four clifferent ' 
track ccunteX• (PlX. J)lY. P2Xl, 
and PlXl), and ; label• Che pos
sible cori>in.ation• ot three of 
the:ca. 

In orCe.r to supprea• tho back9ro\U\d in the P-t.t"ig901: due to 

OlOStic sc~tte~ing o! tho 1ncidont bQam hadron wi th enorqy de-PQtit.ion 
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in t.hO l..N: 9r••ter thA.n tho ctot threshold, tvo approact..1 wre 

_.d. Th• first method exploited .acrientuna c:on1erwt1on 

+ tn x • (890) d•<=•l's,.and t.he f~ard produetion ot coh•c•nt ev.nts. In 

an a\'eragci ••nse. the charq~d and neutral enerqy fro• ct.c•y• 

•uch •• 11t•• (890) .,. K+1to would tend to foll on e ither 1.lcLI of a hori-

zont.l plane bisecting tho I.AC. Por thie reason. • welt or slx scin-

tlll•t.Or counters tu1 1 2,l and Dl,l,lr each 18 1n. ~ t6 ln.•l/8 in.) 

._.. moun tod in front. of the active area of th• U.C1 the u 

count.or• Above tho eent•r-ltno.and th• D coW1ton below. ,,,. £ 
1;p 

and »dOw'n 1 l 9n.als ,dac-cc~d e.arller in Section D,.,.,.,.. uaed iP 

u tocl•t lon w.a.th cigM.1.• froo these eoanten to e.nut• Wt the x• 

,lane. EMrqy above thrffhold drllpolit.ed ln ttt. wppet half ot the 

.tho aamt woe tr:ue for t.ho Lovor ha.lt of tho L~. A\10, •V4nta lifltl\ 

moro t.h6n ona. U or o counter rc9ioterin9 PA&at\qo ot a chor90d par-

11'Mt above tec:hn.iq\IC '-'~• 1upple.r.cnted by a veto •i9n.al from the YE 

c:owred the re9loo or vp/dovn Allbiquicy ne•r thot C9ncer-llne of 

t.he u.c:. •nd ¥.s posit-loned t0 lnurcop-c: t.he .. jo-~lqt o t ...,.,11 

+ 
anqle •J11tic sc•t.t•~er• v ith on1y a s.a.11 lot:• of ~- (890) ~vents. 

oli9ned with chc odge of U-. BA aci.nti llac.or countor • 

• 
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The final l.M: calorioetric require91!nt l.n t.he p-~i99er wae fox 

the: energy de-po•iU.d. in the detector to be abo..,. the tot.al energy 

tbn:.shold •et by the diserihlination l.evel on Btot" '!he total p-tri99er 

l.J\C logic roqulte111ents are detai l&d in Figore 14. 

One lo•t te~rk cono&rns the relatively slow reoponoo of the LAC 

electronic.a in digitizing the s trip pulse tiei9hte (1•4 Rtferone6 58 for 

details). In otdor , to minimize dead-time c11uaed by th1$ relatively 

slow proc~••· t~e fast charged particle 10910 tor tho o ~nd v tri9qers 

w4s toniod tirot 1nt.o pre-tri~rs. lf the•• p·re-tri.ners We.re 

s.a.tia!J.-9. A •iqnal 1o1aa sant to the LAC to 1A1Wto pul-M he.ight 

di9.1t.la.U'f and tead-out. 'fbe$e pre--tri'19*n verot 

,,. o ~ CW.RGEO V£'IO LOCJ.c·so"rcp· (MBv2 + llBl 

PJQ; v ! CtL\J\GeD V2"ro LOGIC·so· Si·n:v·KBV2 

rn tho cuo of cile J>- tri9ger, i £ the turthar requitetne.nts i1r1P<>sed by 

the LAC y ... 109ic "''tro not met# A fast abort signol wa1 ae.nt to the LAC 

read-out •Y• t 61'1 to c l ear it and ready it for tho naX't trlggor. If 

the J..AC y-l09io ~as satisfied tor the ~tri9qer, (ond ol~aya tor the 

V·t.rl99er) di9tt.izin9 end rea4-out c<>ntinued to conoluston •s long as 

the b•M eignal 80•81 w•s also satisfied. l\fC.r an obor't, A 150 lJhe 

set,UrMJ tiM vAa ttqu.ired by the digitU.inc; eyate•. Outi09 thi.s 

pedod Ute uJ.991r logic was. qotod ofi by the LAC Clear Bu.sy (LC8) 

£;.i'9"'a.l. >. sc:Mx.At.-lc of the pYe-triqgOT 109ic is 1.ncludecl ln 

Fi9ure 15. 

The total p and V•trigger logic ean be written as1 

0. 
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P i a •ov.JQP wro LOGtc•so•or.: • c11&v2 • Vl!)'CfOR>-y-LOC;Ic ,,-t..s p -

V ! a
96

...,4CHA-D Vl'TO tOC1C•IO•U•~·iev2 ·~(0ll) 

-.- ~(oa) , • .,,. lo91ul ... or ·~·· .,., ..... fnm the d>.ree 

6ecay U-i'ff!*.H,. req:u.Jred Utat 0. 1J91Ml JU2 be p.-esen-c. sg.:at.ed was 

that. portion o! the blaa flux &l9nal •· ut•n dUt'int tho one second 

•a:p·Ul· of t.taa p.rtlcles,. ,...Uftlnt afur lll;>oaitlon of the !200 nsec 

ded tlne .and the LO 9atet,, Md futt.hilr 91tcd bV tM data. aoqu.i&ition 

COftP\tte r. 

-· Typ1c•1 C> and V•t_ri9~r rat.1 on th• leAd ur9et were ""l. 2 :ic 10 

-s and '\ol.S x lO ptt incident kaon, re1pecdvoly. S'pocial data tapes 

were al.so Writtan vith vatio\il •l9nal• Cauch •• MBv2.ve,TCp•1°Cyl re

ftle>ved trom tho trJg91n, tor vut'J?OOO• ot •tudyJ..n9 th4ir etteces in 

order to tune tha Monte Col\t"l.o p.-091:•m tor co.lou1at1on of g,eornet-ric 

acceptance• und rtconatruction ottioiencL01. 

Other t%1Q'9'0t• ot int.OteDt inoludod two typo~ of non-interacting 

quiromQl'lts wore 9Jven by tl'MI lo9Scol product 

ceauy vlt.h othtr dat•. were .-ne .. ated b'f ,. well--de!lne-d bea. 

particl.e 9•c:-td by a s>ul••r vhorM rat.e vu .Sj"9ud to ~ '\6 

of tbt.s.e t:J'PCl' of trS991n per !l'pill. o.u froa thi• t.ri~r vtre used 

• 

ti) be• f lu• cor--r-ections 

Cll) Urytt relatad flu• corcec-tJ.ON 

(lli)ape-ct..ro.t.er nl•ted flwc: cocnctJona 

U•) be.am iftu. .. ity nl•t.ed •ff•cu b the IMC•• 

(vJ eflid.•nct ot dait.a • c:quiaitJon .net conu..ination 0£ ..Ooos 

dou •l9Mla. 

tteas Ill. CUI. IUll. and (• ) vill be dl•c-d ..,. !J<E•ter detail 

in OloP.,.,. V .ud 1... U•I vJ l1 be od<lrened in Chap~ tv. 

l"or pw:poao• of obc..L.nlnv all9,..nt. dAt.a for the trae's aDd OIC*s. 

thl• t.tl999r vaa •1..ao used. vlt.b the IJf.109 UCJM:t. off,and the BA 

particles. 

Th• other beam ttiQ;Or "''' knOWTl •• tho ''first beMI • trigger " 

bOcaun 1t had the tD1• cS.fi nitS.on •• tho 1'anOom beam tri9gor,buc 

with th4I pu11or tlAt• romoved and copl,o.oo4 with a 9ilte qenerator 

that 9ated t,11• trJ.qqctr o t i tor th• r.m.#indor of the sJ)Jll after 

its (irwt fu1til.1Mnt. 'l'hit 1nit1•1 t.ri99or was alwnost essur•dly 

the CJ.rat wcil.l dofinod, unacot~rod boam P•rtiol• to enter the 

GPOCt.roMt.4t 11ftor the 9ac. dctfinin9 t.ht spill \las opened. This 

epill 9ate opened 0,01 ••c •lt:•r p.rotona ft'Otn th• •in ring we.re 

daUw.rcd t.o th• nu.on-Center ~•r9et -"d bl•m. be9an to coeie dovn 

th• Kl beaa line &Ml wu clo1ed •t t.he end of tl\e l S4tc du:ra.tion 

• • 
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~ l•st t.rigigter ot 'ntere•t vu the calll>ration t:rigge.r. Thia 

t.xigqer vu l.niU..tAd by the on-U.M ............ bet-• spllU, .. d v u 

associ ated vith the e&l1br•t.loo pul.•J.ng o.t t.he *PC"•• DWC'•• and 

LAC.u previous l y de1cr1Md. 11"9 e le..enui or UMt54 Live tdne.r• 

a.re di~r..,,..d in P1vuto l.S. 

ror the ._oluto ent.t9)' c.allbr• t.lon of' the u.c, a •pec.ial trig

ger va.s aec-\ll) utll i t int e ltM:nt.a o t Ut:e o-c-riwe.r. ~ tar} and VE 

Yetoe.s we.to n.owd •• " ·•• the LAC Y-lo91c. ~ Ml b•• ll.M vu 

tuned to tc&Mport. so O.V/e not• t-iYO •econd&.rles,Pd th• El CheRnlov 

counter v.,. set to 14-ndt'y • l•rtrons. ft1s vu the sole O.rent:ov 

$ lc;n41 ~d in th!• tr1999.r . The TC 1091e vu 90difitd to t.ak• 

acoount of thit po11iblllty of bff9111atr.itl\tn9 phot0.ns froa electrons 

radiating in th• HWPC'a. A ••rio• ot dediea.ted rut\• wen •xecut•d 

vi th this trig;er, ra•ult• f rom wh ich w'll be diocusaod 1.n the next 

chapter. 

\4>Qn fulfi.llrnont ot AllY of tho•• ulggere , tho on-lin11 COl'l'l9Uter . 
qa.ted off tho oxperlmtnt (.l.t. ~am oount1.n9 ac:al oro , dat.tl ac:qulai-

tion logic, and ot.hor di9itJ.&1n9 modules), and coadi n9 of d.igitel 

information via tho CAHAC inttr!ac.. vaa initiated. Th.ia data was 

then vritte.n to aagnet.l c upe at 800 bpl tor pen.anent •to~A99 a.nd 

anUys.Ss b)' the otf•lJne recon1lru.cUon 4."ld analysis proqr-. A 

block dJagr• ot Uw d.tt• flow la C)J"n Sn ri90re 16. 
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CllAPTEll IV 

CU.I:BRAT·ror1 o.r seJ:CT:l()Kl'ID 

"· Al19nMnt end C•librat:ion of tho wir• Ch..e.rs 

Data Ito• •tr~iqht-through beam tr1991ra,d•1ct1bod ln Chaput 

Ill soction 1, were used to align the MGtc•1 1nd. providod initial 

ali9n1Mnt •nd calibration data for the owc•a. 'rhi• dot.II waa taken 

with the tutl09 .agn•t off. 

'rho bN91 4efWng J6,?(:•S. J1 and J2, wn u.1ed to Olflnt the 

laboretoey oootdlute sysce. vi th the a·axi• deflMd by, and po!.ntiJl9 

alont, the «nt.ra.l axis of the ~ for • noalNl be .. tuna. 'The 

po1it.J.w y-axlt pointed: wrt.i.c.ally.and the x-ax.l• v.1 defined co have 

a r19ht-hand4d coordJn.a~ syste:a. 

'l'ho a-poalt.J.ons for a.ll of t"be *"C'a wet• .. 11ur1d "idl a. tape 

m1a1ur1,and t .ho chanbers were assused co bo ptirptndicular t.o the 

&•ax.la and •t their desi9J"ed angular ot'1tntatlont. Al•o, the 1onso 

w1M 1paoint1 wore aasUollllBd to ~· consu.nt acto•• tho actJ."e a-r~ of 

eoch chubec and at their nominal valuea. Tho Ali9NDO:nt ~r1unetet's 

tor t .he to."PC' I we~ thus l.itrit:ed to thtir 1.•po9ltlon1 ,,-na thelr 

tranaver•• J109lt.lon.s.,vhich vere de..f1M4 by the 4leu.nooa of the 

••n•• vir•• tart.hut fros:; t:he .z· .. a.x.ls. 

'the alif.nMl\t. pan•t•rs toi- the- Jl and .J> cbMlbere we.re 

Na.aurH rtl•tlv. to the ce.nt;roid.s ot' x •n4 y diatrlbotlon• for the 

aro ... INtnt.lon-4 bcaa t uno. Data f·roa hi ta lft t.ht•• chuber• 'fa.s 
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thtn uaed to project ea.ch beMI tl'ack tr.tjectory to the down1t.rea.i HW'PC 

planoa: , and to predict tho gotJJ.tlon of tho track in those Chambers . 

Tho deviation be.tween th is projoct.ed position and the aatumod 90$1-

tion o f the vlre that si9naled tho ~sseige of the particle WA.t formed, 

s~ over al.I events, and thon ainim.i:z.ed. 'l'hu.s, the oUut o f the 

usUMd ch.uiber position ll'o. i ta ACt~ posit ion vas de fined by t.he 

Man of the deviations. "lbe dlstrlbut.ion o f the d4vi•tion• had a 

ch4r&ettzistic width due to tht: f1nite resolution of ~h• MWPC•a, No 

correl•tion• voro foWld bttweon the deviations ot the x b.nd y ohAmt>trs. 

'l'hla rttult jU$tified the aosu.wt9tion that the MWPC's woro moun.tcd At 

th•lr dfflgnod angular orient.at.ioM. 

A •iallar projection or: beui part icle uajectorliM tO ooch of the 

in the tzaversed dri ft cell and the measured drift ti-ao, .u vell .st to 

d.etorml.nl t:he a.li9nw1ent pa.ra.m~ttr cl't.aracteriring the plano'• trans .. 

vor1c posi tion . ~gain, the =·p081tions of the c harnbor• "°'o daterm.itMid 

with a tape 1neasure,. and perptndiaularlty. to t h• t-axi&, nomln0-l angular 

ori.on·tatlons, and fixed no-nain.al seru:e vire spacings ,,,..ro 01sutned. 

prine!ple. the absolute apa.ee•tiee c.allbration ot each chad>er CO\lld 

yield th• ionizAtion electron drift valocit.y in the a.rQon~othane gas 

adxtuce (AS&uming a llnear relationship), and an overall zero point 

tor tlJftin9 measurel'Ml.nts. Tho&o pArameters are related to tho elope and 

int•rctpt of the position vorsul tl..a. respectiv«ly. 

• • 

-1•-

one f inal approxi.nio.t1on • ••u•d throughout thls an61Y•i• is that 

the measured drift tiM doo• not correspond to the charged track's 

di.stance o f closest eppr0&ch to tho sense wire, but to tho distance 

meo•ured petpendicularly to the z-a.xis . The distinction la ~tant 

tor the 5:111all en9le.s ot inclination considered here, or in our subse-

quant ~•lysi.s. 

c:a.llbret-1.on, an aside on the cal ib.ration of th• dtift titne di9itize.rs 

1& i n order. As tnentioncd 1n Section cot Chapter III, bet.wean spi lls, 

C09g)uter contro lled pulsin9 of the ~ amplifier& waa pc.rton.ed. 'l'he 

tl!IC delay between -t-htu pul••• a.nd the ensuing calibration trigger, 

vhleh also acted a.s a s-top aignal to die di9itlz.ers. v•a cycled through 

four do.lays that were s~ccd a·t SO nanoseconds. A fJ.t by a l•ut 

,e,quarres method to a at.raight Una ett-&J>lis hCod a l'.·olat1onship bee.ween 

al>l:olute tirre, t, and the related n~r ot 419itit.or count.a, c . The 

puil.lllatere ot this relation1hi,p con.1>ise.d ot a 9 a.ln . 9 , o.nd a.n offset, 

b,. tor ea.ob di9iti zer. ehannel for eve ry data run. For ro41 data, the 

abeolut.e dt'i.ft time io a given owe cel.l was then glveo by t • 9 •c + b. 

The preliminary bWC c.-alibratlon a1'd a.lignce.nt coMilted of 

flttinq the distribution ot tht J1 and J2 proje.eted po1i~.ion• "p at 

ooch bWC plane versus mca1und drift ti,;ie, su:sano.d OV•r •ll event&, 

to the tont1 (x -$1 = v
0
(t-t ). A plot of theso di•tributions for 

p 0 

typical upstream and downstroo.rn chairbe rs 1s shown in ••igures 17a and b. 

Here, s is the a$sumod poiition of the fir ing sen•o wir•, v0 is 
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the drlft wloclty,&nd t
0 

19 an ownll tJait offaet rtlatlve co the 

4'Ct'Uilll tiM of tM ch&r99d ~rtieJe• • pat••911 th.f'OU9h the cla.ad>er. 

Ve ca.n v·rite 1 • x
0 

+ c. ~ro x.
0 

la ~ •ctutl po.aJ.Uon o.f tbe 

algnalllnq wlre, and c 11 a cornctlon to be applied to the ass\JJl:W!d. 

poaJtJon. The pa.ra .. te.r.1 c, v
0

, •nd t
0 

wr• t.hon aol'\#04 for by o 

leatt aqu..rea oothod for •ach ohasbot. 

Tho ro1ultant. corr~t1ona c were applled to the aurting va.ltte-s 

for the owe all9n•nt P&r&lflllte_n,&n4 a.n avera911 drift ve.loc.ity and 

t.1aie otfMt voere separately calcuilt!ld for U.. 1.!pCt:ra .. and dovn-

t.ain.d beceu.H of t.bdr dif!c:rlft9 field vir. ~tr1e.a. !hi.& 

eothod waa iu.rat.ed unt.11 tho parami:te ca coaver9ed (S lter&ti«l;s). 

'lhlt proc:ed.uR au.ffttnd froni. fo\U' 1hortccnin9&. One was that 

the error ln th• projected poaition of t.he bou. J)lrtlol• trajectory 

'itOrtentd with d1at•noo from the bo•~ MWPc•1 to "" 0.02 inches at the 

pasitlon ot DlV),and oonetquentl.y 411contlnuitlo• i n the space- time: 

relatlonthlp noar the aonao wire, and At tho od9• ~f th1 drift co l l, 

becemt IMared end ro~dW out. Another wa1 that it lb!Pl•d only 

tho «ntr•l por-tion lradi.ua SO.$ inchet) of ••ch chamber. Tbe 

thlrd problo• w.1a th11t,•o;e.n at low Ma. lnt1uiti .. C'\.40-SO x 103 

pe.tticl••/spil.l). tb ... •pece-tJ .. d~rtbut.SOft9 bee...-. di.s-tort.cd 

by th• pf'tMnct of U. be .. as • rdvl t o f the buL ld .. up ot ~ce

ch•r91 1.n tht. n,ton. Piguff• 1111 &nd l 8b ~ tMa e.ffeet on 

M-nlfctat.ed itMU ln • local roduotlon in chubor tfflclency in 

•• 
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• 

the boaa r•91on. This vas refl•cted 1n the reconttruct lon efficien-

c ato, reconatruction. of the beun tr•ck through th• DWC"t exceeded 

95\ orticionoy whi l e only '\6\ ot tho lt&ttor type •vont.t wro r~oon-

atructed. Thit offoct 11.U:ted tM 1tral9ht•throt)gh blaa DWC cali

bration data to j,_t two tape;S Uk.en at lntioMit.lea of $10) pa.r-

tJcl.ea/spll l . 'lt>e fil>&l «- vu that ooly • Uodced R<Ji"" 

nl•tiq to tho drift space. such an effect cert.•inly c aused 

bU.s l a th• ttu. 

In order to clrcu.vent: cbe:se dltticult.I:••· .t aiont HPhistlcated 

chambor wa# soporatoly fit for th• porarMtttre c. v0 , and t
0

1 ho~ver • 

dev1at.1ont in th• c h•tnber angular orienution1,bO, in ita z .. po&ition, 

4&, and a potaibl• unl-forD scaling factor in the t e:AH v lre apacinq • 

wlth one a.nd only one l\it. i.!'l ea.ch o f the t.velw qpsue.,.. and down-

ttt•aa ch..O.n,wec• $e1ected. Theto 4ate verc obt.elnod with the 

8Kl09 •9'\0t on,Md there.fore the ~tnaa and dcMn6u-oaa ch•Jlbe.rs 

'J1\la Cit;dnq proced'!J.R aadtl use or t.h• t>-t.ter t'e90luc.1on of tho 

DWC'• Pot ao to f iM the cha.cqed p.f.rtlcle t.rajectory. 1'190, because 
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u. na'or fr•etJ.oa o.f the. d.ata upeir.• of tM 8Hl09 vu outside ot 

~ beu c.gJ.on .. and the Btl09 &111,net. fu.rWr d1sper1ed th4 trades .. 

thia facilit.At.ed aa.pU-"9 ac.rou the &Na of chi dowMtt•&a cbaribe.n, 

and provided • un1fom a.aavlift9' acroe• the drift cell. 

'Tho data wR \Jiited to fona the deviatJ.on• c.
11 

bet.won dM! 

•••u.t•d and the o)l(plcted post Uon of pa11a90 of oach particle through 

uch plan., vith UJ>Str•• and do'tnat.ro .. date treaud 1oparatoly. 

,,. •• ia 

clj • b.,•1coa•1 • bti•1•in01 + "oi"°"'1 • Yoj•b•~t 

-•o ( t.-to > + - "•i I 1 

when c.he •~e-riPU label -
j t.h event i• the i th pt..&ne •rad 

is tho tot1l doviation,wlth cont.1'lbut.iona !ro• •n oY*r•ll trans-

vor•• diepl•comont ot the oht.mbor. a unitor'!R •o•llno ot tho sense 

wlre 1paoln91 an oft•et 1n th11 •n~ular oriontotlon of tho c hamber, 

and an 0Cl1•t i n tho chombor'• measured ~~po1ition. Only terms to 

tint ordor in t.1,o corroction1 bavo l>o.on tat.aiMd. Hero 

u1 j • bxj&1eo&81 + byjs11tn81 + x0 jcoa&1 • v0,ala9i 

Ylj • -byj"1"°"81 + b•j•1•1n81 - 1ojC0401 • •oj8 ln81 

•1, • -b.,<04'• - b,,•ln81 

&Ad the • / ... eign ault.lplyiACJ vD ruulta: tl"Om th• l•ft•cight ao

l>i9Vity ot po41lt!on vithln a drift. cell. ft"9 p~r aig:.n tor each 

• 

-eo-

DNC•e. Thi.a ..,_.. the OA1y 1-put. fr09t the ntOOntt.ructJ.on P"'91'• to 

the calibr ation analyaie. 

In the above expression•, z 1 and e1 •re the ua\mled z-po&ition 

th 
and an9ulu orie.nution of thl: i DNC, and bx.j' byj • • 

0
,, and Y

0
j 

are t.he JC and y •10991 and in·tuc•JK9, reapoctJ~ly. of tho jth 

particle t.rajectory. 'l'ho tr•j•ctory pa.r.,..t era voro obt&inld usi.ftq 

dlt.I f l'Oll the oth9r eleven owc•a .. vi th th.- 1th chlltber conpletely 

pualve. The owr-detend.ne:d aet of equation• 9iwn above we.re 

then eolved by .. l•Ut 8q,\MINS Mthod to 9iYe Ci . (~. 68 •• 6.ai. ~ 

a dtUl "'tlOCitY v
0 

and Uno o.ffsot t , for ••ch plane. s~rt.ift9 
l 0 1 

Yalu.a tor c.
1

, v
0 

, &nd t. ve-re fro11 tho prelialna..ty DWC c..Ubra.-
1 °1 

tion . and lt va• initially es1U1110d th.at t; • t.e
1 

• Aa
1 

• O~ This 

procedure wa1 °'en it.oratod W\til the piir0Mtior1 conv•.rged (6 it•r-

ationa), 

lrt pr•ct.ioo , tho 1co.t.torln9 an9).111 for t ho u.pttren.,. tracks were 

too small tor th1• procedura to be atntitivo to 601 , A1
1

, or c~: 

Howavor, tho an9ltl ot the dQt.mttree..m data prowd to be s-uUicitntly 

lar99 to ahow that t.h••• para•t.era ,...re conaiatent. with the no.iina.1 

v.J~• c1 ••• A81 • A.&1 • c; • O). 

P.1M1 re•ult.a ot the fit..t.ir19 ahoued tMt. ftOl'l4 of ~ PIC trans ... 

v•r•• s:o-J,tlOM e:Mnged by .ore than 0.005 inchn relative to t:he 

IA•I < o.os 1~ •• 1681 < o.s ... .a. 011d l•'I < l •lo-•. 0nco it 

• 
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\B.5 seen that. U.t• exu• t•'f'M P"' a n19li9i.b.l• conttilNtJ.<:s'I ~ 

the de'riaUon•. the fiu wre lillit.ed to the t:h.riee parAMt.a.n: c 1• 

v
0 

, and t. f or ••ch plAln•. 
1 °1 

Afdn, u i t.er•ti,,,. prOOOdure vaa 

initl._tod unt.11 atal• v..iuita VU• roached. M a\llt.ra9e of U.o \IP"' 

1trean drift w l ocitte• and tJ.r.ie off aet• 94ve 0.00202 lncb/nsec 

~ -1•.6 ns•c, rttpe.o\1v.ly, INS Cor t.1\e dovf\$tr4.U1 s.t. o! ~ 

be-rs, t.be awra9 .. •re 0.00194 inctVneeo a.nd -17 • .t ntlc. PifUff• 

l.9a and 19b ahaiv the •S'M'H•C.1N ,..lationship, •~ owr all QSt-

~ and dovnlt.te• c:h.ube_n, r••pecti~ly, \llin9 linear flu to 

tbl 4ai;a and ua.lnq the val,..• qiaoUd above. 1n the recon9tnac:tlon 

of real «au. Mp.1rat4lY litud d·rift. wlocit.ie.. and c.in4i offsets 

wen used foz •.ach ~r. 

Plgure.a 20., ond :ZOb 1hOW, retpectively, tho dlst.ribut.lon of 

dev.iationa ot uaturod tf'Olll pr9dictod J>O&itiona (USincJ ro1ult1 ot Uie 

f lnal onalytJ.•) tot dtt• 1~d over oll ~pstreom,, and bown1troa.m 

c:hamb•rs. untold.i."9 tho error in thu axt.tapolated ohergod-pai::ticls 

po.Sitton, tho10 4iotribution1 9.tv. RMS widtt'l.s ot o.ooe i nch•• af'IO 

0.010 inch•• for up•troom And downat-roa• reeults, roapeotlvoly, 

these value• r eflect th• re1olutlon o f t.he otfC'a, and i191ply an9ular 

res.olut.iona of 68 ._ 0.06 a'tad, 60 • 0.06 DrAd, aM 68 • 0.04 11cad, 
• y • 

68
1 

.. o.lS ar-4, for the uipe:tr1 .. , .net dovm:t:rt,,. aeu ot owc:•a, 

re,gpect.i" ly. 

Fi9Q.CU 2la -4 2lb ahow. tot dau tm!l!lled over All upsuea. 

and dowJWtrean cha.-.bera, rotpectl1i1t.ly, the distribution o! &lviac..lon.s 

u a_ function ot poaition v lthlll a drift cell. 'ltte difft.rGncea 
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5pace-U.. rel at.ianshipa near the se.nso win and at tho -49* of the 

drift. •pac., and can be attd.but.94 to th• non-unlf'.oraity of the 

•ltculc tie lda ln the•• re91.on.s. Alto, eftecu ftOll th• ti.Ma de-

ve.lq&tnt of the ! nduced puh• en tM .. ,,,.. vir• co. Jn to play 

59 
for thoM pvtlcl .. pa.a.sing wry near to the .. ns• v lre. An in-

terutl.At oon.Mq:U.~ oc tM ant.l&~trY ot the deviat.S.on• Ulout 

• 
angle t.rajectoti•• pd, pro..,idin9 ••ch chNber det.ecta th• p.asaaqe 

of a giv.n Ch•t'9•d 96.Ctlclo, th• of fecu or thl• non-unifoi::.l.ty 

in dotendn1"g ita p0aition t•nd to concol. 

Pi9u.rc1 22a and 22b thow, tor ui>•tr:•IM a nd cSow·nttroam chamber-a , 

respect1vtl.y, d\e RMS wldihc of t ho diatrJ.bution• of dovJ.&tions 

wit.h projaction erron re SIOvod, Al a funotion of dlau.nco !ta• the 

se.nst 111J.re. The decrtaso in ruotution error near tho aonse w-ire 

is p't1la~ly • ,...ult o~ pri.a.cy ioni zation 1cati1tlcs, and t hat. 

near t.be ed9e of th• dr.llt cell can be, att.rlbut.4 to dis~r•ing 

60 
• f feCU over l.or9e drltt dlatancea. Thi effect or having .,.re 

f ield ~Jn9 vift-• in t;be ~t.cea. d\Mlber• on the ruolution is 

UCO eppa.rent. 

• 
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9. c.libratioa or the tsome.ntu:a Ana.Jy&lng "*P•t 

'Tt>e INlOll dipole -""~ vu - to <le .. ml .. ~~rtlc1e 

llhQIMftt&. It wa• ast\lllled that: the inteqral ot Ult ~not.le field 

al0fl9 • uaj•cto.ry v• con.st.ant, &bd, J.n t•ct:t • atudy ahoved t.hat 

tht i111PUl•• wt• ontir•ly in tho bending tx-z) plano . A po1si~le 

rout.ton of the (i.•ld &bout tht. z.-axia (or a rot.&tiQC\ of the up

•tr••• DWC 1yatern relati~ to the down1treai. •Y•te:nu th• effects ar. 
' 

tho ..._., vae inveat.i9•ted using P-tr19'fJer event• that hA.d ono and 

only one hit. 1n Mch of the CMC' s. A rotation of th1.ll ao.tt voul4 

NnJfut itHlf in causing the -ea.sured clown9t.r•ae x and Y slopO• ot 

the uajec:mr:y. .b~ and b;. to be cixt:ures of the t.ne a lope.s. bx •nd 

b (h•re we tre•t th• proble• as if 01••• \ofer e rout.ion• of the 
y 

'!bat la. b• = b cos-8 + b s in& Mid b• • b cos& - b 1in8. 
1t .. y y y x 

All\llrling 0 ii ...all, ve bavCI 6 • 

'ti• equ;ate4 wit.h the upstream y-slope, because the NCJn•t 1• a.aS\IOIOd 

to bond in only the x.-z: plano. "l'le meaJ'\ of th• di.-tr-ibution of 8 

obuined trom tJ\oae events showed that any a1.)0h • rout.ion was 

""91i9iblo. 

Th• 1'-PQ9itlon of the cente.:i::: of the •gnat. vas det.etllli.ned by 

f ind.J-Dlil t.he z.--posi~ oI the int.e.cMc--tion (&¥itrt.ex> ot t;Spatre .. ...S 

down.1t.rea,. part-lcl• trejectoritt o.xtrapolaud to the N9'f'Ot. tol' 

upt.U•Ut uejactorl•• vi.th JI! and y al.opes nea.i- a.ero, •nd a ben41"9 

•ntl• o f Ci t.bro\119h tho aa.gnet. the ~-position of tho 

2 
NCJMt. a

0 
ta 9tven by z.0 -=- svert4'lll! - I.+ /8. 

cent.er of the 

or th• N9not# a1'd •n approxWtion. for small •ha.I been used. ,,,. 

j·- -

--
t.•ra ptOpOtt..lOM.l to t2 &d..aU trc. c.he .-.nt-- deptade..C. of the 

•Wirt.ex s>09i.tion 1 this sort: of te~ w-a• .,..,1191.ble t or th• ~le 

ot dau uaed :o dot•nrln• &0 · 

Oh&rged-puticle aomi:iinu. vere c:&lcul•ted J.n U. anall btlnd1D9 

•JUJlO J.mpult• opproximation, 1.e . p • l~. Haro ., .ia th.a bend.lnq 

•ncJlO thr0\t9h t ,he Ngnet, given by th• diff aronc• l'I\ t.ho hori&00t.t.l 

1lopo1 ot th• ontrene• and exit particle trajoctot1ea,ond ~ la th• 

trans¥1tl• i.iapul•e 6p iaparted to th• cha1'9ed partlcle. 

sinco th• raa;n•t pos.itlon and a:n9ula.c orientation ~re "We.ll 

e•t.al>l.lahed, ~1.il>.r&t:icm o.f t:h• 8"109 N-CJJWt COl'\ala t-4 l".'ltrelY of 

dlleendnln9 l. Tbis wa.s done to fltsc. order by ecal.int vith Ng-

A fine . -
I • 

+ -
accotding to ). • (l -t E}). GO that tho mean of thO I Tl mass epectr\llh 

(a ... ual"'9 it to be Caussian-dis-tribut.ed) coincided v J t:h th• accept-4 

0 
value for tho ma11 of the ~ •. 

It CM be Mown lA th• bi9h U0¥'9Y liait that# if We aouu.re 

a ....,, NII ot •' Cor t.h• k: vhen lta trua val1» ll •• t: is 9twn 

2 2 2 2 by £ • C• - D' )/2 (a' - 2-..>. An aMly•1• of tM.. sort. 1od.i«ted 

tMt l bod to be lncreuod by a t.c= ot t .on. 9i•int • Lloal 

Yf.lUO for tho N9net traMverse. kic k of 1.082 C.V/c. A Caus1-1.an. 

+- u tit. to the • n .ass spect.r\:111 (i9norlnq J'IOf\"'C.uaaJan u s), apply-

ing thit oorrectlon to the ~: wnas• i• shown !n Fi9uro ala. 

, . 



140 

"' I 00 1-z ... 
> ... 60 

14000 

10000 

a:. "' w 1-
IXl"-Z 
;iO~ 
~ w 

6000 

2000 

20 

0.1 

• • 

-69· 

(al 

*-t I \ 
I \ 

I \ 

tl- ~ -y \ ,. \ 

K•'c890J-K~7T• 
[71•71-

Cu+ Pb 

m0 •0.4977 
•0.0003GeV 

CT : 6.1:t0.3 MeV 

, ~ + ...... 
0.48 0.5 . 0.52 m.· .. -<GeVJ 

(bl 

• • a K-1111 

lyy 
Pb 

CT ' 6 MeV 

0.12 0.16 0.18 

F.16w'o 23 

,. 
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• - 0 
The mean ot tho if " 1r1as e in thi• fit ooinoidas with the acce_pted X8 

Sl +- -ma.es • and indicate• a reaolutio:n of 6 Kev for the ~ • invariant 

...... 
Suhsequeot t.o the correction of the u9netic fi*ld, the total. 

+ energy of thea.a ••tr.it x.• (890) •v•nt.c vu rec•l.cul4t.ed, and frc:sa a 

ca:ussian tit to thi• d i.at:ribution. yielcSad a l!e.an va.lue of 203.6+ 0.1 

GeV. 'ft) chec:JI; for .coniet c.nay, the cn.cqilea of a uuiplo ot. beat. 

+ + + -IC. + • • 11 dcc•Y• t ra. the t a.rget region wa.e al.so fitted to a 

Ga.ussi..an toe the reconst:i:vctod tot.al enercJY an4 p:rovided a aiean val\14 +. -of 203 .4 t- 0.1 GeVJ a G&ueeian flt to the n eonstructied n 11' 'Ir in-

As a final rem.ark, the oniJUlo r reaol.ution' of the Olic•s lo.plied 

a resolution on the bondin9 Ohql o of 

into A ftlt011111ntum ~esolut1on of Ap/p • 

!' 0.07 UU'.ad . 

-s 6.5 • 10 p 

'l'his translated 

for each cbarqed 

track. 'l'he teconstrueted llDOf!!OntWI distr:ibution for boo t.ri<J<J•rs 

accumulated with t.ho BHl09 N 9not on (via the "first beui• tri9gu) 

had an RMS width o f "'' GcV/c . Vnfol4ln9 the contribution to this 

width from the un~rtointy i n tooUurin9 ..or.antwn indicated a mofl'll)ntum 

aproad ot the- i ncldont be.am ot ""6 r;;,,cv/c (RMS 4ispe.rsion) . 

c. C•llbt'ati on of th• Li.quid Ar9on C•lori•tet 

lA analogy with t.ho c~llbr•tlon o! tho drift tl~ di9itiz.ers .. 

the puJ..se-hei9ht d.19.it-iz.er• for e ach o.f the LAC cbAnnal as:ipU ! itt_rs 
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'fero pul&ed wl ch cali~at.ion tri9ge.t'S betwe..n spills to OJC tr•ct the 

anailogous electronic c•librat.ion pue.etu:a, nuely, the 9tJ.n e nd 

pode•t.a..l. For •Y9ry data run,. an av.rap ~st.el and 9aln VWN c:al-

cu.Lat.eel for e'V'ltry ch.aAMl. The va.rlaUons iA eleetroratc t • ln• t.hroug.h

out the rurt.nl"9 Pl'tiod were neg1i9ible, and a l.1 were t:.herofore 1et to 

unity. The abtoluto. cal.l.br•tl.on of tho t.J\C u&i"9 beam • loctrqn.1 oom-

pens•t•d for c honn.tl·to•chan.oel variation• in overall 9.Un. Tho cal-

c\lla t&d aea.n val.ue• tor the chann•l pe:dea~l.a fo r ea-eh run wtro •\\b-

U&c:Ud t:ro. the numbtt of 4lg.1tiz.er counts in t'.e11.1 dat.a . ""- podut.al 

levels •axi-4 ~t vith incident be• inun.sJ.ty,. espe-clelly M:a.r 

tbc t.aa hole of tho 4euctor . An eiipirlcally ctet.erained pedeet.al cor-

r•ctlon, depend!Af on tMt• int•na.ity, woa the.refore •PPlied to the 

ch~ls in t.M• revloa. 

The owra11 c•lib«atJon for conver t.int the counu in ••di LAC 

~annel diqi~izor c.o an a.btolute wa. obtained usinq a SO Gt;V/o electron 

b001;m, At thl• moir.ont.wa, tho M-l seeon4dry beam contained 'Vl.0\ eloo-

trons. 'I'heee oloctrOn• woro u990d with t~ Kl Cher•nkov eountor . 

ud their aoaienta vore ato.aai.ned using the DWC sysu. and the aHl09 

Dfo41Mt.. The beMi w•• avt1pt ve.dcc.lly ~• t?le LAC in t-wo "/ •e&na 

o! the det.ector at two al'pil.rau x. posi tioc•, us-1-~ • d.lpolt .atn•t 

(ZlPM: e:ee Pi9ure J) jw1t upstrea. of t.he c..orget A9ion . 10 cali -

bcate tba X"-·&t.ri,pa of tht UC# the be•.• vas pitched at two different 

y coordinates <-,•tn .. uln, tbt £1-PM dipole) .. ud the LAC w•1 ltApped 

hori.tontally acroee the Mu. 
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Once the J>.ion background f•l••ly t1t99od by t he Kl councer •• 

e.lecuons, and •ltc-uone w.itb accc.panyi.nq br.....,.atrahl\11'19 photone,. 

2 0 2 
vu• elisl'l•t.d r ..... - ci.ta, the ~tity x A f (El - Ill) .... 

fooied for each LAC channel. s.n th9 ew. on i ! .s ove.r a l l *Wnt's1 

£1 is tM enerty u •a•ured by the LAC, separately ln the • and y 

vitwt, and £~ 1• 9iv1.n by.£~= v 1/ 2 - g~CX, where Pt. l• the IDOfUntum 

of the electron •• moaa~rod by the char9cd particle •peot~ter, 
' 

And £~ is th• •Mt9Y deposit~d: in the ba.c.t h•l-t of tho t.AC1 a: 
.1.& the enertY d~ted in the f ront of the LAC (tither ln the x or 

iJI die y Strl~), 

We ca.n vrJto SJ • t •,nij' 
j th 

the di9itize-r count.a in t.h• j 

ilnd ~ • 

ct\a.nno1 f or 

BACX 
t aj nlj' V'here "tj aro 

' th W l event, •j la t he 

cillbratton c:::oMt.a:nt tor the j t:h ~l in tho front ot th4 LAC, and 

a~ Ls - - Lor the jth cMnnel lA ti.. bad of th4 LAC. ..., .... 

little elect r0fM9net.ic ene't'qy w•s dl@Ol'J.ted 1n Ute bac- halt ot the 

4.ttoctor, th••• la.tte.t: con.e ta.nts wer• J>OOrly deteJ'll\ined, and thctn.-

for:e 01si9ned t ho conotant value of 13 MeV/count. Alao, aner<rY 

re'°lutiOl"I 1t\ldi0-1 indicated that if tM etr1ps enterin9 the •Wl'llM· 
t.S.cc ~e \ft-r e liait.-4 t.o the f iv-e s:uipe abou~ the ~r N.aS....., 

2 tho resoloUon wa• optJaizcd. Kln1a1a.acion of the X yit.lded the 

&bsol.ut• c.attbratJ.on constants foe the front chM~l• of Uio LAC. 

Data fro• thoeo oloct.ron-·induced tboweors -.ere a.leo u.414 to 

dete.raine the pac••t.r• de:scribinq th• lat.o.ral. 4-Yelopunt o.t 

electt~dc •~rs for w e in recoMt:nJct.i"9 a.ult1phot.on ow.nu. 

Stach shape par,..te r• "'-ZO useful Jn 1eP9r•ting owrt~, "9 enef9Y 

• 
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dlstrlbut.ions for these k.iAds of eve.nu. 

Through the e.xpo.rlsienta.1 runnltKJ period ("\o3 months), e sli9ht. 

lncreaM in the o~All gain of the detector wea ao·t.d, as •v1deneed 

by an inorea.10 in th6 bro photon invariant 1t11.•• (l"OCll t;ampl•s of 

.. + 0 + 
be•• K .. n • "" 11 yy decays. AS a.lr•ady gt.a tad, the electronic 

94..ins were o•stntio.lly constant, and even t.llo\Hjh tho cause of this 

effect ia uneertain, it may b6 related to tht: 9roduo.l Ertiezing out 

of •lootrono9ative impurities in the liquS.d ai;90.n. 

To fir•t order, this gi:adual increase in 91.in waa t.akon into 

account by oon1tor109 the b.'0-photon invariant 11\11.aa from K+ • .•.o 

4•c.tiya, and qplyi09 o linear tire-dept-ndent cor-rttctlon to the gCl.iJ)S 

in order to fore• tbo mean of this .. s:s distrll:Nt1on to roughly co

o 51 
incido v ith the •cceptf:d value tor the ••• of the w • s....u. 

run- to-run Y•riat.ions in th4" • 0 
tN.S.S that still remained (typically 

<l\) we-re coi-rectod f\lrth•r by etfl'Pi~i.cally changi,n9 tlie 901-ns so a.s 

to Corea th• moan ot th• t\ltO-photon invariant mat• in any run to co

incide exactly with the in.us o f the 7r
0

• 

+ + 0 Further study of x -... ~ ~ da~ i»dicAted a depundtnce of the 

• tota.l reconst.ruc:te.d «nergy of the K on the onc~y ot: tho recon-

structed s0 • At bi9h u0 energies, the t.otal reconatructed onerty 

disttlbution t.endod to £•1-1 o .ff. it.is ..,as •ttrlbut&d w Jo.aJt.aqre of 

s.ow ot tho 1° eno%'9Y out: of the baclt o f tho LAC. To corre-:t. for 

thi•, ucb photon anel'CJY W4.$ redefined accordi"9 to e .... E' • Q2 + SE:2, 

whero £ w&• the o.riqinal rocons-tt'uctAd photon enerqy , anJ Q and 8 

were pare11eters to be determined. 'lh•te conatente wore obt.ained 

• 
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+ + 0 + troa K • • • • 11 )""( data by a lease. squar:ea solution to the over-

dote.rained s.et of equations 

and 

ClC£U + E21) + 
2 

111&)1 
2 

• £2i1 • 2 total - 6c.hargtd i 

""'yyi + ~ (Eli + £2i)/2 . ,. 
WO 

Here s
11 

&Dd E
21 

are the orig.in.al reconstructed ,PhOton energies. 

cy.,J i1 th• or-igina.l recons~ t~photon invariant JaSS, and 

• Ech d i ia the enezw of the 'S , 6.S dete.cai.ned by the cha~d 
• -rtJO • 

;or1::icle opectroftettr for the ith x• decay. The total one..rgy of 

the ow:nt Etotol 91U t l xed at the previous.ly dotea.ln•d value of 

204 GoV, end the. 'l'IU& u.
110 

,.,as eet. to its accepted ve..lu•. Tb.• fia:st 

tquotion abovo follows from energy conaervation1 tho •o~nd r•sults 

fro~ coc•lculot1nq the two-photon mass after redOfining the u0 

energy, ond retalntllg" te£1'11s to first order in 8. 

The lea.ct -SqU4t'41 &<>lution yJ..cl~ed Cl • O. 9956 anct 8 = 

- 4 -l l. 789 • 10 Gov • and all ot the one-rgy 111tuurc9r1onts from the LAC 

were corr .. pOnd...lngly adjvst.ed. 

rlgure llb &bows the 't'WO-pbot.ol'I J.nvAtlant aasa diattibuUOn for 

pboton.G tcoo .::• ~ •+•o decays after t.be flnal LAC oncrqy ca.lib.ration. 

No «•trictiona have been applied to t.he photon one1'9i•• other than 

tho$o roeultlng fro~ geOCl'etric ace.ptance. ,..con_etructlon efficiency 



I 

and cut.e applied c.o llntM.tic va.r-l&bl• • o f the p1nnt k.,._ (He 

Chapter Vl tor • de1e.l'iption of C\llt.a uaod to l.olaw 11:.• 4ec:•yS) . 

lgnorlng ~ ftOO•Gamtl&n tai ls, an mts wldth of 6 KeY vet fO\.nli 

for diia dJ1ttibuUon. 'Thi &QPeri..,oe:-4 1-x.t.h C\lr'W it a ftOnte 

Carlo prediction Cwr roaol utloa t u:nctlon) r.o1'9i1Lind t.o th9 nud>er 

ot evenu v lth 0.110 eov < 9yy < 0.160 aev. 

Once I.he •n.orvy CA1U>roti01\ o f the- J..M: v u ott •bUahed, ._ st.Udy 

of corcectiona to its noaiNl &li91"JD1'l't and po.it.ion pa.r..eterc wat: 

initiated. A9•1n, t.h• pos1Uon o f t.be LM: And it• rota tion about 

- ""-- ,f - • .. 0 ~ &-ax._, were in..tt.1,.ted vsln9 th• K • 'I • data. these 

dee:,aya occur at t • O, Md U..Hfote the u-u1ve.ne ..._nball ot tbe 

reeonatTUCtitd a0 
9N.tt balance Wt of t.M • •. I n the &Dall ·;;mq1-e 

app.roxiaatJon, the ~nta o f Pt !o't' t.ho 1° are 9lvtn by 

Pt • te1x1 + a2M2)/s N'd Pt • cs1v1 + 12y2)/i, whe.re a1, 2 a re t he 
Ok y 

11' dee~ photon ono.rgJ.••· x1 , 2 t-nd y 11 2 Ana tha x and y d1•tonce$ 

of tho rtc:on.atruoted photon• f rom t ho •Mtr1,polntod bt o.m K + t.ro. jectory 

at th• u.c , and. & i.o the' dlatanco Cro• t ho. poi nt of d.ocay ot tho K+ 

to tho I.AC. Th• s. coordJnato of tho point ot dtoay "'•• give.n by 

the & .. coordln•tA of the ai.dpoint of tho abortut line c1191111nt join· 

• + + .r.-ng t ho lnclde"t »e .. K tra jectory and the 11 trajectory. 

Def lnlft9 pos1t.i0ft offceu Ax. ~y, .ncS A&, 111'4 a.n &nq"\llu- o f f

••t tJj for the LAC, we caa " cite for tho 1th n:co.natructe.4 1°: 

- · 

&nd 

W\oro, r e taiAint only flrat order urms in ot ruu, 

+ " • 68 -

Au~n9 th•t -t &nd .. p a re 9lV11n by value:• t ro111 ~ 
"'1 tyl • 

char 9td• pa.rt.icl11 •PGC:t.'C'ONt e.r for tho 1f • , ve can e xtract a l east -

1qut rt• eolution for the off••t•. Ro•ult.. in4icated that 68 • ~% • o , 

to withln atatiot lcal accurooy. but the x and y position• of the LAC 

were &hlfted by - 0.032 i nchtt of'ld - 0.004 !nchoo, ra•pectiv~ly . Such 

111\1111 oorrectiona may teem notli9iblo, b~t th ~oUQh th•l~ aa;>plica-

tion die PT re.S.olut.ion for k1- • W+flo dK:,YI ( ... Chapter V) !~roved 

by "'10\ , 1nd1c:Atln9 the &eMltivity o f the dat.a to 1uch •Slllll e ff;e<;ts . 

The LAC •ntrtY an.d posit.ion ce.solutlon1 f o.r tle<:t.rO*'lagnetlcally 

ind~ thowera ~,.. &tteaained fro91 J>09itrone frc:a x:• • • •. 0 v tx ) 
e3 

decay• •l.eo collected alonq vi th t:he P-t.ri999e-. rt41ure 24& ab::lws 

th• correlatiOI\ betvetft t:.be enorcw o f the poeltron u M:a.a:\ged by the 

LAC(!.~) and th.at dotenain.<J by the '"~-'tod-s>artlclt •~te.r 

(C$P, J tho devUtJ.on bot.wean thoao two MH1111urq1r.e:nu u a function o·f 

• 
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poeitron oner9y 1s displ"yed i n Figure 2• b. 'rho lineo_rity of response 

of th• J..AC i• Se-en to be better than l\. o~r t:h.l.s ene.rgy rang-e. 

Piqvre JS diaplayg the variance of the dcvlat.1on1 betv4:c.n 

tho poaitron ener9Y 3S measured by the LAC and that de

e.ermined by tho charqed particle 1pectro1r1etor, as • function of 

poeiuon e nOt"9Y· Th.e $uperimposed tit to the data hoe the fotwi 

o2 • (0 .14 ./E) 2 + (O. '$Sl 2 • 'the. first t.e.w:m r&tl.ects tho sampling 

eta.tiotioo o~ the detector, while the •eoond t.erm haA its soUl'ce in 

U!Pl-lfier noiee, reeonstruction difficulti.eo , drifta in a.m;pli.fie-r 

gedese•l• and gains, a.od a ni.a-11 non-unifoCllity of ro.aponco a.long 

the lengt.h of thO charge coU.ct:i..n9 strip•. 

P19:1.lft 26a ahov.s the deviation i.n tl°'• x-viw of the recon· 

atructiod position of the posit.ron in ~ LAC frOCI it.a p:Jsition pro-

joctod by the DWC' s. Unfolding •r-rors in the DWC projection <lives 

a 1patial rotolution of <0. 04 inches. 

Fi9uro 26b ahows the position E•aolution obtained for had.ronic 

- + • + -showe-.ra troin n 's resulting frOfll'I K ... lf I w doc•yc. This kind o f 

. + 
d.atA· ..,la.O accepted by the V-tr ·i9ger ooneurrontly with X" (8"90} 

C:Andid•t.4. cve.nta. Again, the deviations are b<ttwoon tho position 

of the •~rin9 11- as deteralned by tho LAC and thet dete.rlftined 

tron tht CWC proje.ct:ed posit,ion .in the x-vi«N. A roaolution o.f <0. 4 

inchos tor hodronlc l>ho..-en is indicatod. tn reconstruction of events, 

a.ny diatrll>ution of energy in the LAC "'hose eent.er coinclded with.in 

0. 75 l.nchoa of an eJCtra._polated cbar9e4 track woa t•9~d as a "'charged-

photon ovorlap"f and this •photonn was elisinbted from further 

con11do.rat101t. OVO to the lbr9e uncertainty i" 1Maaurln9 the 
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i..dtona VO\lld bo ..U~y trea<ed u photon•. Hance, fl.Ml ...... 

-.uWng n c:h&r904 h&4rons and • phou.u could bo lftoorrioct.ly re-

of probl«IDll v ill be 41.ac:ussed in Chapter V. 

All the ai1qnmont on.d calibration ~r111110t.•r• vere inoo~orated 

into tho HOnt• Carlo ~cSel for the experinwnt. A deacr1pt1on of 
• 

• 

• 

A. Montt Carlo Model of £xpQrimant 

Jn or~r to obtain absolute croaa 1oot..1ona , • thoro1.19h \11\der-

flc1enc:y, and lh• efficacy o f the l.\C in dtlt.ectln9 photon•. Aleo, 

the •ftnt re00n9tnart1on e.fficiency, and tho ef!ecu of tho re-

oC the•• effect.a wen: calculattd usll)t a Konic.o C&rlo ev..nt 

9fnorator, and • software simulation o t: th.e apoctl'OIMte r. 

Evonta woro 90noro.ted according to 041rtain dotault d11tr1butions, or 

w.z• 90ft•raud KCOrcl.in9 to dielu funct.ion di.at.ributiona ln ,..... 

and in c. and vltJ\ An iaotropic di•t:rlbution o f 6tc11Y ANal•• ln the 

int to the i.Jt,put dlat.cl.butions expected tor c:ohere.nt product.loo, and 

• 
vtt.h deCltY atMJlU in U.. Gott.f:ried-.Jadc.lon tr .. dl.at.ribut.ed u 

ein2S..in2+,as OJllPl:Qted for the ~1 of cohenntly pntd~d J ,. l 

-102-
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ancec and t:d.999r 1ngi efficl•noi .. vece ilflOMd. 

1'be. p&rMe:C.ra dtflnla9 th• OOllPU~r •.bolated J&elc»ot bum. 

+ 
~r•nt. s• (890) e...enu w re 

decay &.-vertex . ttu.ltlple •c•t t.erlhf of chU'91'4 pan:.iel.e:e v lthift tbe 

target wu t&kon inw accoW'!t. 61 '?tie ori.ontation of the productlon 

plane abovt the btiaa tr• jtcto.ry vu 9on1rat9d t'AndOlllly. secondary 

decays of ~0 ·a and K: '• wore van•ratod with i110tn>pio an9ular 

4ittr1.butlon1 Jn thoir ro1t tr•Mtt. Pinal-1toto particles were 

then tracod through t:h• •PO:c,trolf!IUr, t.nd 9oomot.ric o.nd triggering 

constraint• iJl\l)Otc'ld. 'tho co11ib1nnitJ.on <>t t hueo t:wo effects can ba de

fined U tho 9conll>ti'J.C AC:COptllnCo , and dott:nnined qu&int1tAt1v&1y 

from the t•tio of t h.o nwnbot ot ownta P•••in9 these estrictions t:o the 

+ + .. .. 
a.nee f or the final 1ut•• K yy 61'14 'If • " .,.,. 0.56 and 0.52. re-

spect.ively . 1'hil portion of t.hG Mof\t.o CAtlo DOClel was k nown 

as the event 9onecotor. 

• 
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LAC v_hQn c&.ll•d t.o.r. b;ptirt. .. nt.&lly c!ourained r esolutions, ef-

(1 ) spatial r•10lut.loa• of the CINC'•••• veil aa i:he.ir pos.itlon.$., 

aiz.u of act..l•• a.rou,&M delo"r10U9 eftecu ~ to t.be bea.:a 

•nd hadronlc ahowu• 

(ill) the •pa_rtu.r·a, lon;tJ\, • nd po1lelon of t:hG BH109, its aag.netie 

flold atr•"9th, and it• ofCoctive length 

(iv) t he pro10:nce ot tho })oAm holo in tho LAC, l!he size of its 

son.tit1vo •RA, end i t • J>O•ition 

vereo ai&e ot tho 1ncld1nt boo~ 

(vi) the po11tions ot tho oc1ntillotot oountor1 BV, BA, Vt. and th• 

(vii) tho officionci•• of the KIV An4 TC logic 

(vi1l) t he ofliclonci•• •nd noi•• c•t•• t oe th~ MWPC'a and che DWC's 

(.ix) n01u rat•• tor lftd1vi du&l I.AC ct\annel1 

foe both t'YPK of •howera 

• 
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{xU) the r•te of hadronio intAractiol'I in the U.C 

(xi1i)e.ner'9}' th:resholdl tor £up' !:down' and Btot c) c.v, 3 c.v, 

and 6 CeV, resp&etlvely )for t.11• in a1-al&Un9 the UC 

y -109lc 

(xiv ) hrlu:tJ~ a.rla.iNJ troa the fact that e ach of t.'- dri f t 

time cli9itisu -h ti..s riogle hit ~lllty. 

As a us-t of ·m. Honu C-..rlo ucbniqu., .,.-..wp-erl llOfll vue ~ 

betwHn Monte CU-lo predict.ion•, and real dau. di•ttibuti oaa tor 

• + • 0 ... 
various kiMMtical va"C"iable• for beo x. ... • • • w yy and 

+ + + -K • 1f u 1f deeay1. For t.he: ttonte C.rlo ailltulation of tho latter 

decays, events Ye.re 9anorated to w>.lfoaily populat<t the fl.nal 

state phase space. Jn tM C-"09p&rative M&ly1t1. the cuu epplled 

t.O the Monte ~~lo data vore idant 1CA1 t.O those lmposod on W 

nt.t data. 

+ + 0 ... 
For the K ~ • n • w ':'fY data, ovonta vore i1olAttd u•tn9 the 

klntlflfttical cut11 

ti) The total reeons~ructtd tner9)' of tho ovent h•4 t.O be betwoen 

1.9<& CeV and 214 GeV . 

(U) The reCO!lstructed two-phot.Oft lnvarlut M•• bad to bee in tM 

range o.UO GeV to 0.160 ~v. 

(iii)t'he energy de.~iwd by t.he cha.r9ed particle in the IX coul.d 

be no ~e than 90\ ot 1t1 t.otal ont.rCJY. Thie elin1inated 

+ + 0 K • e ~ v events which 1urvlvocl other cute, 

(iv) Tho event ba4 to have a ~•t.rvcted t oC <0.002 GtV2 • 1b.e 

pbyaiea.l eve!tits occur •t t.-01 hc:lliteve.r, tJM flftite t.ranawn• 

(Y) 

.. -~ ... . ... -- -··--·· " 
• • 
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1110mtntm1 resolution of the •JCPet"t..nul apper•tua c•u.ed the:se 

events to be distribuc•d accoi-din9 to • Cau1slan Cor vo.ry nearly 

CausaLan) distributi on in PT. 

As:&weing ~at the chargied pa..-t.ic:le vu a pion, the r·•con•tructed 

lavad.ant ..an ~d to ti. l n <he r&no;e O.<SO C:.V to O.SSO CeY. 

+ 
(vi) A cut on the IC decay wrux va.s i11pOSed1 the- let"r va.a ct.fined 

u the mid-point of dM ehcwt.eat line s.,.._nt jo1Alft9 t.hct 1oci&tnt 

+ 
hua t~ aacl the • trajectory. Th• r&09• ot th le cut vu 

vaci-4, but CJ•M-relly VA• nauicted to bO 1.n tho de.CAY tank. 

Thia will be ex;poM-4 on !Ater. 

Besidu these k1ne:aat.1c crut1, other CNts u.sod to ••lect. candi-

elate evo.nts included: 

U) An iniUal cut ,a,ppliod to the data to tnAW'• iu q;u.ailty: 

A pc>9.l-1bili~y ex:isted (at th• l•ve.l of "'l' l chat W HWfC in.foo:ia-

tion tor any 91ven event w•e aaaoclatad Yith hit• 9tn•rattid by • 

bewa part.iole arr:ivJ.n9 loter in ti•. Thio rosult.-d fro.- not being 

ll>lo to g-Ate off $00n cnou9h 1ubtoquont HWPC latcltin9 •igrna.l..11. This 

condition wa..s detected by Jl!Onl torin9 W time interv•l. bo.tw•en the 

lut ~ latching •19N-1 end Ute tJ.ae for tM ace~~ event. tri99er. 

IChen this time inte.rv•l wa_1 not proper , the ewnt.s vere el.lalnated. 

troa !ur·U.Of" considei:ation. 

(ii) A requirement that t.htn be one and on.ly on• rocon.atructed 

i ncident be.am track. At tho b0a111 tnt•n•iti•a vo took data, a amall 

probabili ty e>tisted tor there to be llOte t.Mn ono ~ J*rtic:le in 
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aiqnals in the Jl and/or J2 cM..t>ora. 119ai1', to avoid confusion 

(iii) All eve.nt:a we.re requlr-' t.o be t.e99'ld as boa-induced 

(Kl2 &iqnalJ , 

(iv) A r~uLrement that there be a 1.ingle reconsuucted char9ed 

• same char90 u the incident It • 

(v) A roqulronicnt that two photons (J'K)t includin9 •coarged-

As •t•tcd in Section C.o t Chapter JV, lt tho nedi~n of the 

ener9Y deposltad in tho LAC wao outaide of A 0.75 lnch ~adiu• of 

the position of on extrapolnttd charged ... track trajee:tory to tho LAC, 

this energy val con.sldoretd to b4- deposl.ted by a reU phot.on. con

sequently, ctue to the finlct 1pat.l&.1 te:.olutlon ot the LliC Cor 

+ • 0 + 
had.conic ahowera, 11ome K • 1f • • tt yy ovo_t1U \lllOCO reconstruc ted 

~ith thr•• photon• in the tlnal 1tate. tn ordex to avoid 1011"9 

t.ttr .. lnvul&nt .. •n• for .,.1r ocs.W..not.1~ ot photon$ ve:re cal 

c\llated:, and the pair with • N•• eloseat t.o the a0 wa.1 r ·otaiMtd 

+ 0 
and used to rocalcul•t• tot.al entt'il)', t, and th• • • us.1, 

• 
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oe:pd.on t.hat. tMre could be thr•• reconatructo4 photons in the event. 

,,.is &ample w•I ~i.ned vl t.h the OV4nU fo\#ld in the two-photon mode. 

A siailar appr-a.ch v•• used vlU. th• 1t•• (890) • x•,o + x•n uu. 

cherc be three reconatruct.ct c.ha"J•d uacke ""°4.e total c:har9': vA.s 

that of tbe incldect It+. UC' lnfo-raat:.ioo vu not u.sff in the anal.ys-1,s 

ot the.so oventa. Additional k.ineN.t.ic cute inetlvded tb.at: 

(i) 1'h• total rcconatructed enerqy ot the t.hiee cha.r(Jed par-

ticles be bot.v1on 194 GeV a.nd 214 Gov. 

(ii) INo to t.h• poont ,,. resolution ln thi• .:>de, U. recon-

2 
atructed t had co be < 0.004 0.V • 

(iii) A11W!'lin9 the ch~rqod particles w•r• all piona, tho in· 

variant m.aoe of tho ove.nt W4'1· 1n the ro.nge 0.4SO CeV to 0.5SO GeV • 

• (lv) A ran~ tor tho 1--vertieea for th• X d~ay that waa 

f'U.$on.able. 'lta• dec&y point was doftnod •• the i position that 

mlnirnit.ed th• NtS dispora1on of tho thro• chorg~ tracks about the 

incide.nt Mu tr.ck. A dl ecu.aion of U.. critttria ~ to cut on 

.. • 0 • • ...... 
tions for tho K ... 11 11 a.,_d X .. 11 1J 1J data 9•v• va.lue.s for tho IUiS 

• • 
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an ·W>'•Md 

pndlctlona (••pt-c{ally for absol•te decay rat.el,, a a.-wrtex cut OD 

x.• • s•w0 decays fro. 40 inches to 140 inche1 t.ccm t.ho target was 

+ ... -f"ot ch• K .. • n • .wnu a cut ot 90 - 190 inche• va.s 

\lled. 'l'h4l10 cbo.lcea we.re dict•ted by the followin9 con•ldieorati.ons. 

For th• ac.• - .•,o decay rw;Kte, ablOliat.e certainty••• t'oqui.red that 

the CS.cay ac:tU&lly occurred ~tA• oC the t-oovnter. despite h.aviiiig 

been i-.coaatrw:t•d "°""•t.r•aa of it. (bec•U94' of r•aolutio11). a blu 

~ auppr•uion of real e-vonts lD the t.a.t9•t. n91.on c•u.ed by the 

0 • -
conve.ulon of pboton9 frc. • decay to t • palre l.n th« t.A.f'9•t. 

such event• vou.ld t ·ypicallY be vetoed by \ho P·tri99or. slnee: this 

effect w•• not incorpor•ted into tho Mont.e Carlo altwlatf.on, • 

lowr out-off w•• llr$Olod on ,tllc vortex diltribution. Th• upper 

limit on tho t-vortox cut wae Qhoecn to a void 4acay1 toO clote t o 

2 
tho PlX HWJ>C, Whtra mod•ling e>t t h• MBV Y4to would .Ncomo overly 

• aenaitiva to 40t•ila of • traject-orlea clo•• t.o thoea of th.e inci-

+ de.o·t: K • 'Thia ••me •ort of ar9Ull'IOnt applied tor cht cholce of the 

• .. + .. 
u,ppe.r cut•otf for the ~ .. • • I ~y t. .. wrt.ex dJttrlbutton. 

'the: mon conqrvat.i .. lQllllttr cvt-off in th• l•tt4tr .,.se vas 

• • 

-uo-

dl:::ltrmat.r• .. of c:t. 5-oountAr; if they did not, thu• vovld be • .-qr 

press ion ot real o ... au or1411.DatiN; in front of the $-CQWl:t.er, tel.a

tlw to tb• HontA C.tlo cat.e. bee•~• the a·ooonter ~uirnent of 

h.&YiDCJ onl)I ono ch•r9ed p.9.tt.lc.1• (i.e. ii> in tho Y-tr·199U" wos not 

t:Ak•n propOrly irito account. in t.he Hotlt.e C•rlo 1110del. 

'Ibo aboW &•vortex cuu •re used in th• tollowin9 co.pa..ris.ons 

of Monte Carlo •nd real clata for x• docaya. unl••• otbtirwise noted, 

• + 0 • • • -
di..auikuona Cor JC .,. • • • a.nd x • • 11 • dil:caya. 

'lhe Lbe aoc•pt.o4 r-vlom: of a.-wrtex tu 1.n4icaUd by the artoWS) • 

reatonl for tho lo••e• AN.I' t.hc ur9ot re9ion havt: alr-eady been 

mentioned. ~leo. :bath graph• aholif • •li9htly ta.11ur tall-oft of the 

Monte C6rlo pcodictlono r.lativo to tht d•t•. A di•cusnion of thi $ 

+ 
offtc:t, a.I it appl S.o.1i1 to th• t1ormoll.zotlon of t.ho ob:1orved K• (890) 

yialci. to tho ob•oa:wd JC+ decay•, .,J.11 b• prottnta<l Jn Section .e. 

'tho K• doc•Y diatri.butiOI\• for total rooon1uueted onorqy ilre 

pl't•tnted in P19ur•1 28• and b. Tho a1.1,p9rl.mp00td our"41• are the 

MontA carl.o predictJ.ona noo.ali&ed to the nu.Dt..r of t¥tnU bl!areen 

the arfV'l"9 (194·214 <;eVl. leealde t.h• incident Maa _,.,nt.\'111. ·bad 

• aprNd of "'4 C.V/c, the ~·· vidtht ot the-•• dl•tzl.but.J.ons 

La •ttr!buttd to the racolutJon of th• •peetr..-ur. ~-" i.s 

.reatonablt •vret.ent bet.~e" data and Mont• Carlo. 
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Pi9ure 196 show'S t.be 4iltslbut1on of U.. ener91 asJ"ft'lltty 

1£1 - £ 2 (/!&1 • t 21 for the - pbotoM !n. t.MI• SaM decaT•· 

191».rlng accept&DOI and t-.cotl9tnctJOI' •ffid.ene:1H. thi• di.-tribu-

u ... -1d be U.t. 1"" fall-otf at 1\1911 u~uy (i.e . .me.. the 

pbOtons &o. the a
0 

d!K'"J .,..,.,_ '" t.M w
0 ,..t fnme close to the 

night direct.ion of th• • 0
) U a &"6au,lt o t reeonsc.-nct.ion losses 

tbl total nuaOer of avonta. t'hle ooc·ro1pond1 ouctly to the 

• • 0 
fxaction of tt ... 1' ll evenu r•oon•tr"10ted, where only one photon 

ia requirod J.n t.ht final atat.O (tho rni1e in9 low energy photon 

doe• not adver1oly afteot caloul1t.iont of toe.al aner9y, t, or in-

variant nw1taJ. Tho Hont.o Carlo prod1ctJ.on io oiven by tha solid 

curve, a nd J.1 notmAlixod to the total numbor ot ovents . Again, 

the a9recment 11 qood. 

Fi9ure 2'9-b •t'low• tb.e d~t.1t.ribut.1on ot the cosine of the polar 

decay '"'91• oC d'lo w• fro• Ki - ,•.o d•c~• in the helicity trNtte 

• of the K • Th• 1..iperl lflPOtl•d curve 11 tho MOnt.e Carlo result 

no.-allsed to the total n\alllber of event .1. 
+ • 0 

Since J: .. 1' • decays 

• • 
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• + 
l.nc::teue.• (1.e. u the r dlt kt1on ln :.tc: ro•t !ra:r.o of th:: k 'be-

e.xpl•ined by ~. loe.a.o.a o f ~to ewnt a d1,1e to U.e t.ri99ering o f 

.a.tle:.1 Uait in t.he ..-ont\19, t.hoy arc ... lM> Vdto+d b)r t.he Vt:~~

Sirac:e the :-0 •s ln thU tt'9l• e re of lOiit s:o:-.cr.toc. there uo &ddi-

the I.AC enc.rc)y dou not ••co-9 \.he &tot t.hr••hold vat• in the U.C 

,·-logic. 'fbo eqro••nt bet.vocm t.ht: dau .nd t'..onu Cerio is <JOOd. 

Figuroa J.o. tind lOb thOM t.M recc>ntUUC:tOd inv4r10:nt. US& for 

Carlo e)(J>t>Ctat..ion i• 9ivon by tho tol ld eucvat. whteh aro noraalized 

to the number o f ovonu bot.:woon t.ht orrowe (i .u. bet.Ween 0.450 eev 

and 0.550 oev) . "1• d1U1 indlo.,t..o WtS -·Jd~h• or resolutions of 

+ .. + • 
'\.8 Mev o.nd "-' KoV for tho 11 ;y~ n.nd Tl 11 Tl l nv4rt.ant l':'laSCes. . re-

speotivoly. Ttu1 »or.t• Cnrlo 1>rodlct:.1ont ot• ln qood o,9recrnent ~ith 

t.h~ data . It ia 1ntAro1t.109 to nQtO that tho }'IOote C.n,lo result 

•or , ..... + ... - 1 • • " l l th ~ ., .. nvAc~~nt ~•D• poo ~• at ~ 80l'r.<lw11•t At9cr v~ ue an 

e~ct•d Cor tha dQ.t•· 11'1 faot., ltudlot h•'"" •ho...·n thbt the r e

con~t.ructod K+ ma11 for thi• doc•~ mode incre~•o•. !rOlll it• no~lnal 

v~lue in tho tar9ot re9lon, 11 the r•ntJ• o! tho ~-YOrtex cut ls 

i!KMa). tn thl1 r..,.ard, tho ;:ont• C..1'10 t••ul t t r.ck• the dat.a 

e itltO:lllely well . 

• • 
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.,. •o -+ ++-
tic»• for ,; • • r Md Jt • w 'I • on d)4: ~Y, copper, and lead 

t,a..rq•t.a,. n.a~ctive.ly. 'ftl• sol.id lines an the Mont• Carlo pn-

41ct1omi normalised to the n\lflber 0£ event• vith t < 0.001 eov
2

. 

At •lre~dy noted, the Monte caxlo contained corrtotlon1 tor a\l.ltlple 

est.J..rn.t.ee th.ti actual PT' H&oluti.on of the o)(plri•ntal •A>A.r•tl.*S. 
4 .:; 

ue-s..nv that t.h• Pr resol.\ltlon function a.er", P,.) oan be 

__ ._.d_ bv • Gaus&ian disttllMlt!an 

(19) 

.. 
which 9iv10 th• probtbility'ot .eo1uring 1 tran•var .. JtOmtntua. P'f 

.:; 
for an evont whtn it& tru• value waa PT' we woul4 t~ct tha t -

+ diauibutlon fot" x decays to have the form OlCP90t4d for roaolu• 

tlon •••rin9 or Mcaya at t ... 0: 

•• lndlcated by t.he expone~tial fof'JIS oC tho1t d!1tributlon•. ln 

• 

• 

-ue-
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~inciple, tM 
2 

total viJCi&nctl ln PT' op • •hovld COftUln • l l conUi-
T 

tni..rtnt. •~tTOMt.er r-.olvtloo, vhl~h Lncludes 

•p.ct:rOMc..er and in th• t,&rfet. ~r .. th• Mont.• CAr lo •i.,.la-

ing other then in the t.a-rC)*t , since i t wo• c:..0.nOM to i ntroduce 

pl•Jna aoae of tha dlaenipabey be.tween t:he Hon~ Cat'lO •.nd the data 

in Fi9uM 311 there v.u 1.52 x io-2 r ediatJon le..ft9tM of .ate.riol. 

ln ~·1, .12, and va.riout be• coun:ter• u~tr ... o f the Uf'IJ\lt •nd 

4.Jl x 10- 2 t-.dia Uoa luttha o f Mteri&l bttveen the t&rf*t a.nd 

ta.r9ou. 

Another afftc't th•t .., •• found i n tittin; K.+ ... 11""w0 t-disbtlbu-

ttone was that tho oxtr•ctod value• for op d<!1Mtnded on the out-off 
T 

used fo% t ho dooty •-vortex. '!tie aarn.o bfftct appoacod in the 

Mont. Ca_\'lo (••• Plgute• 3la ~ 32b). ln otder to 9a1n ~ 

1n»i9ht. into the PT reaolut.lon for k • • (890, ewnu Cdoca:yinq to 

• 0 + 
t.ho toop0l09lcal ly •lal l a.r final •'-•U J:. • .. X yy). tM P.,. re:eoolu• 

+ + 0 + u.on tor It • • • ,. • yy events vu e..Uned f\a_rt,.her . 

A flt •U pt.l'"fouitd on the values of o , !or x.• - .-..o decays. 
T 

... a fw.ction or •·wrto.x. loT all t&T9•t• for bOt·h real and Monte 

carlo ~ta . The f it •••Ulfllld a linee.r •ponditnce o f o , on dec.e:y 
T 

• • 
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s-wn.x, and t.OOlt the fo .. o. • lo2 + .,2 • && whtn i !Abeb the 
.1 0 Ci 

tM'91t c:yp., 0
0 

.1a the cootrlhut:ioa to o il'lhennt to tbe •ee-c
PT 

ttoNt4r, 00 t a tM contribut.1on froll ..Wt.l.pl• ac1t.tetlft9 in ~ 
th 1 

1 ur~1t, t 1• t.he d1cay i;-vertex and a, aa1..-..d to bl inc:t.pendent 

of t•C9•t mac.rial, was a para.eter. The titted rtoult• tor the 

data, and tor the Monte carlo a.re shown by tho dotted lint• in 

Pi9ur1• l2a, and 32b, res~etively. 1'le fina l 

t.alned tor data and for the .Monte Car.lo event• 

valuu ot o o~ 
Ci 

•9t9ed to within 

tor • "1.90 •9reed to vJ.th.iA sti.t:is-U.cal error .. howievu, the fitted 

v&l\llM Ur o
0 

did not &gXee. 

Thua, it. waa apparent that. o and ita deptDdOnot on z .. vute.x .. 
PT 

•-1 •xtncted tr°" the Monte Carlo, ..,.. conelat-ent vlt.h t.hat e x ... 

t~aoted troM the 4oi:&, up to an over-all ott .. t. At the t.ar9et, th.ls 

could ba oxpr11M0Gd as 

o! (re.al dau) 
T 

2 
• op (Monte carlo) .. 

C-~en iftto acC'O\int ~ ca lculatinq Op 
T 

• tor the x• (890). 

• • 
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e. NorNllutloe. 

• • TO ••tr*"~ tlle p&rtio.l width r (It• ll90) • It Tl lro. tbe •asu.nd 

s:• • (l90) t • dlltrl.bot.lons, t.be Latt.r Md t.o bt f i nt conw.rted to 

lbtlolut1 Oto•• sections. Correctiortl not addrMMd ln tho Monte 

Carlo llOd•l, and ease..nti&.lly independent ot k1 ntmotic• i ncluded: 

COrr1otiona to the gated bear. t l u_x 1noident on o.ach tor9et and 

Addi ttonal apec::trcmete.r related oorrt:ctione. 

l&ch of tho•o ad41t.ional corrections w1l l bo d1acrlbed 1"l owr an l sr 

port.Mt conectlon, appiled co the. obs•rwd yl•l4 of Jt• + (890) •vients .. 

+ 
baMd on the -•....,d yS...ld of - I< docays into -lo¢c&lly 

•1.Uar tl.n•I atatas, anrapou<ed to th4I ....,.. r.91on. viU al.so 

be •>cploNd· Purt.be.r co.rrecti(IQ$ to t:l'8 x •• (890) &au rnu.lti.09 

froa tpeouoeete.c acceptanct$. triq9ertnig et'tlcJeric:iu. n:coostruc

t~on e ff1c1enci••· the effects of cut.t opplltd to the dat &,. decay 

bronch1no ratio•, an4 e111pty targ6t aubtraotiont wlll btt d.lacuseed i .n 

Seotion C. Po11ibl0 sources of back9a:-ound to tho K' .(090) ai9'l'1al 

wi11 •l•o be 4t.1eue~ed there. 

I. OOrffct.lons to tho g:&ted kaon be•• tl\iX included• 

(1) A OOrftcUCO for be .. k-a thot O-eq-tly 0.c.ioyed ~ 

•t.a• ot "M t.&t90t. to a siogle c~ particle Cai>d neu.tt&ls) 

~ch • t.1-U •at.bf:ied the bNa do tini ti.on. 'Ible cortteticm .,_ ob-

• .. • 0 
t.a.lnitd fn. U.e Monte CLrlo by C)C:nerilt:ift9 K dec•y• to " "· • 'I • 

·W*•0
t
0

• ~ + • 0v, and e •w0 v, s-tartintJ Ml-t-w11y throUCJb ~ Xl Cbe>renkov 

count..-r (to Nk• certain th,at- the partiole could O. tagged). the 

kaon ~•• allowed to dec•y accordin9 to an ox,ponontial doeay 
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di•trl.but..io.n i n mean Uboratory ll.i9ht le.nqth; the dac:.oy .., ... w !c;hted 

by tho corresponding branching rotio, and then checked to C4e that 

th• event still sati•fied tht bo•.m scintillator oounter requirements. 

Thi.I cor:.tection. is called "Chercnkov co.ntalllination .i1 •. 

(ii) A correction for tl'l4I pio.n cont.A1Clnation of the Kl.2 k•on 

+ + + - + tw f'in.al titate copolocJios K yy And • a • for the x• (890), and 

+ ++- + + 
• yY • nO 11' 11 lf for K decay•. The K dacay rates over tho • ppropriate 

c .. ve rc.x ran9eS .were measured to.r kaons ta:99ed usi nq bot:h tho Kl~ and. 

Kll Chorenko v si9nals. Tho l&tteE ~as an absolutely puce kaon ai9-1lal. 

'ltlO r • tJ.o of t.he ~4$urect doc::•y r•Us tound J.n t.hc Kl.) ..od• r:o tha:t 

in t.h• Jtl2: lllO!!e provided tbe oortectJ.OI\ tor p1on conuatn.aUon 

C .. Chtrenkov contalld.nation 12•). 

(1iiJ A correction for tho restrict.ion i9!J)Osed on the data tba.t 

tMtt be one and. only one. ~o..m tta.c.k . '11\ia eorr actlon vas c:al.culated 

for o ach target usoing the correct.ion. observed for rand~ boam 

tx19gan. 

(lv) " correction for the absorption of tbe incident x• upatteaa 

-· the J1 or J2 ch~rs. or aoteri.al in between, a!:!Ounted to 6 . 1 x10 

proton a.bsorptlo:-. lengths . The m&terial in the incident beam. tpa<:-

t -romoter was ignored becil.u&e on i nteract ion in i t vould oither ca.use 

tho au voto to f iie, or moro than one b•a. track would bl rocon-

atructed. 

• • 

It. Ta.rqet- ,..lat.ed corrections included: 

+ (i ) A correction for the a.btorption of the inciOent K beam in 
1/2L fl<+) 

tho ta~ot. 'l'hl.s correct.ion v u 91.ven by e abs tor x•• (890) 
1/Labs CK'"l + 

evonts and e for K dec:aya . Mere R. is the tb1ckneaa of the 

tar9et. a:nd Labs ( IC+) i• the ._+ absoi:pt.ion length in the t.rget 

Nttrial .at 200 GeV/c. 51•62 

Cl.1) A tarqet. veto correction , which incluClecl th• t f fecte of 

vetoea fro. 6-ra.ys and r•nd.oin f i ring& of veto counters. 'This cor-

roction was calculated from the obsei:ved rates in th• Vl- 4 counters-

{Ui.) A correction for the abso.rption ot the fln.al state pa.rt.i.cl.es 

in the ta.rqet. 'this inoludod conversions of p hotcn• tro111 a0 ckoay to 

• - 0 • e pain. FOl:' t.he ~x. flnal st.tit.e. 1 t vu ess~d that itc ..b.sorp-

tion cross uction \taS equal to that for JC+' s . Por tho eonvera ion 

of lfo photons, the oorrec:t!on factor was obtained by into9ratin9 the 

e quare of the attenuation tector e-
7
/9 x/Lo over the tox9et thickness, 

whoro x 1$ the d.i stance the tvo photon& trevel th.rough tho tarfJet , 

&nd J.
0 

ls the radiation length of the tar9•t Nterial. SO ThiJ~ 9ave 

a corroctioo factor for a w0 (convo~sion o f 

tar9et ot thickness t, of (14/9)(t/L0 )/(1 -

eit:bet photoa, for a 
-04/9) (l/t.

0
) 

e ) . 

1II. The ~ctrometor-rel&c:.9d cortections ineludcd1 

(1) A corr•ction for tho loss of <JOod events due to poor 

qua l ity >twPC data. This o f'foct wos do.scribed in section A of this 

• 
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(tl) A oorrtction fO't" the efficiency of the 5-co\l'lur, whos• 

obta1nod with r.indoia ... beaa tri99&r events. 

Ciil) A correction for the loss of eventa in th• p a_na. v-tr199ers 

r•1ultinq from di1criNnation of the S-counter put•• hol9ht. 'This 

+ +o + + +• lll>dt>I .,.,.. obU-lned frc:D beaa ll - • • a.ad I: • 1 • • deceys. 

f'i9ur1 33 lhOWI the pulae he;ig.ht Spectrum tor: ttMIO .r1ndollt"'bCam 

.. + + -t~i990~. a.n4 that tor V-tri99ers (cloan K • w n ~ evtntt ), nor-

iMli•od. to the nwnber of random--beam event.I botwoen t ho a.trows . 'rho 

cro11•hatchod 11t:9lon1 •how the loss of v-trl99er •~nt1 Jo the Landau 

t.all r19lon o t the dlatrlbut.ion d~ to th• ii nqulr• .. nt. &n4 a. 

••ller loea for •-11 pu.lse beig!).t ev..nta dut; to th.e IO ~ceae.nt.. 

(iv) A cornctlon for ~rpt.lon of the flaal-1uc.. pa.rticlu 

ill t.h4i 5-«>unt.er, c..lc:vllud a..s in cha t1.r99t.•relaCAd corr•cUon 

(il-1J1 there ._.re 4 .6 • 10-l radiation le"9t.h•. and 2.e • 10-3 

proton &bacirptlon .l.nvths. of satedal in th• s.-aounter. 

... x 
" w Cl) 
x :z: 

0 w -
(/) ... 
..) ::> 
::> ID 
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CZ: ... w Cl) ... -z:O 
::> 
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0 
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-
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,.,,, A correctJon for th«= vetoift9 of CJood ewnu by tho M> •nd 

tt count.en ctwe to 6·nY•• random f.lr-in;s. ab4/or • alaa11.-nt of 

the " CQW\tc.r du lf\9 pert. of the runnincJ pa clod.. Thi• couecti.Oft 

-.s ~t.uai,ne4 by eualnlpg the ra.te of firln9 of t.beso COW\Wd 

tot" ra.ndorn•beo• ovonc:.. 

(vi ) A correotlon tor the vetoin9 of 9ood event• by thu P.l, A2, 

and M Yflto counter• u a result of rando• !irlnqa, or 6·ro.y1 

,.ae.ntocl in. the upat.reao HKPC'_.s or DWC'a. Thi& corn-c·tion WU cal

cul.ated iG • ~r el.Uar 'CO co.rncU.on (v), and thin ,.U.tJ.pUed 

by the n.Ullber of cNrCJOd particles 1.ft tho t lul •tat•. 
(vii) A corre ct.i.Of\ tor the absorptlon oC final-at.ate par-tJ.cles . 

0 
ln th• 1pecuo.et•r· Thi• incl~ conver1ion of photon.I froa • 

dec~y to • + • - pal n. 'ftle conu-ibud.on• tro11 •~trc:eet.e-r el.e•nts 

C•ucb u the av, BA, and VB count.era), whoa• •ffecu va.d-ed "1th 

flnal•1tate wpol09Y• were ~temined u1in9 th• tt:>nte Cttlo program. 

(Th• a.ount of m..t.crial i n the s~ctrowator ran9ed from 0.073 to 

0.075 radiation lenqth•, and fro• o.022 , to 0.026 proton -.t>•orption 

l engths, 46ptndi"9 on the type of eve.nt.) 

(vUi.) A corttCdon for" die 4--e•Y of t inal-•t.at.e pert.J.cl• vit.hin 

tM apectro.eur. c:orTftC"ti.oM !or eaeh final st.at• veN etCCllahed 

vith th• help of tho Mon.ta c.e..r10 J>l'09ru. Final •t•te pion• an4 

k60M .. n al~ to 4Se,uy a.long their flight s-U• and ewnu in 

wblch the.so particle• dec:•Yed v itb.i.rl U.. confines ot the •~U'01111:te.r 

• • 
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all th• a1,,ow •ffect• a.re tabul..aited in TOle• VJ.A t.hroogh vt.D for 

+ + o + + ++- + •o + 
K • • • ... • yy, K • w 'W 'I" • K• (890) • K • - S. Y'f, &n.4 

• ..o+ + +-x• (890) ... &: • • 11 • • e-vents • • 
The final concern ot this sect.ion 1• • dt1eus.aion ol thta nor-

+ . + 
~lization of tho K• (890) y1tld to t::hnt oboervod fr~ ~am ~ de-

• cays. If tho Qb11Y'Wd yield o1 be•m k dttcaya 4if!ered fXOJlt Monte 

+ 
ca.rlo e·>q>ec t.atlcma. w "'°Wd el(p9Ct. tha t th• 1t• (890) yle..ld 1n 

top0l09lcally •1•11.ar dec4Y chaM•l• -.Id i.. •illilarly •-d. 

Tb• ~t likely c•IJllM• for such ai•crep..-.cie• oould b9 attributed 

to either iapet'fect eodaling of tM ••rl-.enul appar • t \&9 in the 

Monte Carlo,. ot to ac.e unknowa e.f.f.ct a.tfli.ctincJ th• appaz•tus. 

Pre1u:aably, the be• 1t* dec:ay 6Dd ~•" (890) product.ion yields would 

be 11.aiJ.&d.y aft.ct.ad and &ny st.aeh U.1 ut.ion• voWd tend co can-

• c11 out in a r.1at1vo norni.al i z.ation ot yiold.9 t.o K dec.tiy• • 

Pi9ur• 34• • how• the r av beam K+ • n*w0 decay r a to ti.o . the 

n~r of oburved events selected through cut• 91ve:n in soct ion A, 

divided bV t.h.1 9at.e4 lt.aon b4:.u:i fl\a)() 1th• r .. ults are for t.he ditc.a:y 

a•wn.e.x n:ft99 of U to 2:25 in<:bes, plotud u a fun«ion of UtlpOral 

count •r •ffic1ency and randof.I vetoa on • run-by-run bdia. 'l'h• 

celat.ive QOnat.Mcy of d\e oor-rected r a te• owr th• entlr. run la. 

lndlcat J.ve of the at.AhUit:y of the eqolpmnt, ab4 aupfOrtl the 

• c:lai• ~t non.lia.&t.iOfl of the oble_r---.CS JC.• (890) yield on ••ch 

• 
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to• t l\l.X, Taqet ae:J..-.ted. a.ncJ S,peCU490t•r Rel•ted corr.ct:ions fo.& the oec.y 
+ + 

k ... l'Y 

.9e• flax c:iorr~·t:l•• 

l. 
2. 
3 . 

•• 

OWcoMov cont.aaln.t.t.1on 11 
CNNM.ov conua.ln•t.ion 1 2 
Corroct1on for one be .. trade + 
C:Or.roc.tion for •t>torption of incident K 
upat.ro•• of t•r~et 

Ta~gct. roi&t•d corroct1?n.• 

l. 
2. 
3, 

+ l\bsott>tlon of inci4ont K in t arget 
correction tor t•t90t vatoes 
COt'l'OC.tion foT abaorptlon ot f-ina.1 staite 
il'l tU'VOt 

Sp!ct:'l'OllCtor reUt.ed oott9et lons 

1. 
2. 
3. 

4. 

;. 
6. 
7, 

8. 

Oonect.Jon tor lo11 of 9ood da.t:.a 
Correctioft C.Or S"'"OOUl\tu e.f.Uc.1.enc:y 
COniKt..lon tor 1- coun.u.r pUse be.igh:t: 
dt.crlawtlon 
co.rnctlCMt tor AbeOrptlon of final st.ate 
in &-Q>U6UC' 

cor·roction t •ctor foe NJ + K vctoe.s 
COCl'\IC:tion tactor for Al, A2, AA vetoe.s 
Cotr"Cct lon for •btotDtion of (i.n&.l &Ut.o 
in epoc trot'llQtor 

Cl>rccction tor docAy of t~n~' •ta.te i n 
apcotrou.ot•C" 

'taro;et 

Ellpty O>pper 

1 .004 • 0.000 1 .004 .. 0.000 
l .011 • 0.012 J.020 t 0.008 
1.041 • 0.003 1.056 • 0.002 
1.000 • 0 . 000 1.000 • 0 .000 

1.033 ! 0.000 
1.016 1 0.001 1.098 !: 0.003 -

1.011 • 0.002 1 .022 t 0.001 
1.007 1 0.001 1.000 ! 0 .000 
l.Oll i 0.001 J.000 ! 0 .000 

(K+) 1.002 1 0.000 1.002 t 0 .000 

( .. ) 
(y) 
WI 
( .... ) 

1.126 • o.oos 
1.010 • 0.001 
1 .0~ • 0.001 
1.060 • 0.002 
1.~ t 0.002 
1.004 • o.ooo 

!'ULC Vt.• 

l.107 t 0 .003 
1.013 t 0.001 
1.020 • 0 .001 
1.060 t 0.002 
1.060 :1 0.002 
1.004 • o.ooo 

Le.cl 

1.00< • 0.000 
l.020 • 0.005 
1.050 • 0.001 
1.000 t o.ooo 

l.005 • o.ooo 
1.046 • 0.001 

l.023 • 0.001 
1.006 ! o.ooo 
1.00• • 0.000 

l.002 • 0.000 

1.145 t O.OOJ 
1.013 • 0 . 001 
1.020 1 0.001 
1.060 • 0.002 
1.060 • 0.002 
1.004 • 0.000 

• 

.... Plwc. T.ar9ec ae.lat.ed, and Speccrc.ecer .. l4ud. oonecti.o.."'5 to:r m• Dec.a.y 

Seo flux oorrec'tiOIMI 

l. 
2. 
l. 
4. 

CMreAkov oontaal.Mt..1.on f l 
Che tenkcw contMii1'.&t1on 12 
c.o.rreotion for one be.,. track + 
COr~oction fo~ aO.orption Of inci6e.nc K 
u.o•troui of tatgot. 

Tatqot r•l•tcd corroot!ona 

1. A.b•orption o t 1no!dQnt K+ in target 
2. corroot.i.cm (ot U.'t"9•t. vet.oes 
3. OOrroction tor al>•orption of final state 

in t.t.rtet 

$pe.cuoaet.er r•L&t.ed correct.ions 

1.. con.cU.on foe lo•• o! (jOCd. ~~ 
l.. Corrcc:Uon foz l•oount.e.r e.!!_icieoey 
3. Cono«.!on fo~ S--t.u P'he beit;l>t 

cU.sc-cW..,tlon 
4. e»rract.Lon toe ~cpt.1.oa. of !in.al. st.au 

in s-counur 

S. Correcc..lon !•ct.or tor AO+ R ve;:oes 
6. corr•ct.J.on eactor fo.r l'.1, A2, m vetoes 
1. COrr•Ction fot Abt;orptJ.on o t final st~te 

in t peotrointtt•r 

8. correotlon for decay of final state in 
spce c trOft'I tor 

. . .. ... x • • I' • 

Ellpty 

l . OQ.4 t o.ooo 
1.012 t 0.043 
l.04t s 0.003 
1.000 • o.ooo 

Y.a.r,et 

Q)ppe:-

1.004 ·± 0 .000 
o.968 .± o.o~ 
1.056 t 0.002 
l.000 .t o.ooo 

Le.cl 

l.OOt • 0.000 
l.OlS ! O.OlO 
1.050 • 0.001 
1.000 • o.ooo 

1.033 • 0 .000 1.005 • 0 .000 
1.016. 0.001 1.098 • 0.003 1.046 • 0.001 

1.018 • 0.002 1.022 : 0.0Cll l.02) • 0.001 
1.007 1 0.001 1.000 ! 0.000 1.006 .: o.ooo 
l.099 • 0.010 1.Ul t O.OU i.016 • o.ooe 

(K+) 1.002 S 0.000 1.002 t 0.000 1.002 • 0.000 

l.125 • 0.005 1.107 • 0 .003 1.145 1 O.OOJ 
• 1.0)1 1 0.002 1 .039 • 0 .002 1.038 t O.OOl 

(• ) 1 .018 • 0 .001 1.018 10.001 1.018 t 0.001 
(TI+) 1.018 1 0.001 1 .018 • 0 .001 1.018 • 0.001 
(•") 1.010 • 0.001 1.018 • 0.001 1.0 18 • 0.001 
( li) 1.001 1 0.001 l.007 ! 0 . 001 l.007 1 0.001 

· - !- - - !··--· 

' .. 
f 

' .... 
~ 

• 

• 

, 
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'l'ABu; VJ .c 
leu Plvx, TAriw:ot ltela.t.e;d, and SprectrcMt.er: Rolat.e4 Co~reetions for the 

+ + 
JI: • (890) • K rt Oilta 

&ean flux correction• 

l. Choretll<ov cont&otl.nat.ion l l 
2. Chlrt:nkov cont&N.nt.tion 12 
l. Correction for one beu t.raek • 
4. Correct.ion for ·~•orpt:ion of incident X 

up•tr4>#fl of t•,r9ot 

Ta~get relottd corr•ctiona 

l. 
2. 
3. 

+ 
Absorptlon ot 1nci4ont K in tarqet 
CQrrect1on for tar~ct. vetoes 
Correc tion tor ab1orption ·of fi04l1 state 
in tarqet 

spoctrometor C*lAto<I correct.ions 

l. COnectl.oo t or: 106• of 9ood data 
2. Col'recUon lor a-counter efficiency 
3. Corroction for S-,counta:r puhe height 

dUc-ri.otn.t-ion 

•• Correction tor absorpt1.on. of fina.l st.ate 
in S-eo\J'nter 

5. Correction factor tor AO + H votoes 
6. COrt'~ction foctor for Al., A2, AA vetoes 
7, Correction for obtorvtion of final at.at~ 

in svcct1"0G10tor 

e. co~roction tor decay ot final atatd in 
spectromoter 

(K'J 
(2y) 

btpty 

1.004 ! o.ooo 
1.018 1 0 .012 
l.048 t 0.003 
l .ooo • o.ooo 

1.016 • 0.001 

1.018 1 0.002 
1.001 !: 0.001 
1 .013 i 0.001 

,~·, 1.002 t o.ooo 
(y) l.004 .t 0 . 000 
(y ) l.004 1 0 . 000 

1.126 1 o.oos 
l.010 • 0 .001 

(K+) 1.017 i 0.001 
IY) l.059 i 0.002 
<Yl 1.059 1 0.002 
(K ) 1.010 .t 0.001 

Table VI .D 

TAr98t 

~ 

1.004 "!. o.ooo 
1.020 t 0.008 
1.0S6 t 0.002 
1.000 t 0.000 

1.016 t o.ooo 
l.098 t 0.003 
l.014 ~ 0 . 000 
l.3$2 t 0 .003 

1.022 t. 0.001 
l.000 i 0 .000 
1.000 ! o .ooo 

l.002 : o.ooo 
1.004 ! 0. 000 
l . 004 i 0.000 
1.107 :t 0.003 
l.013 .t 0.001 
l.017 i 0. 001 
l.059 ± 0.002 
l.059 i 0.002 
l.010 .t 0 .001 

"9d 

l. 004 1 o.ooo 
l.020 . o.oos 
1.050 ! 0.001 
l.000 • o.ooo 

1.003 t o.ooo 
l.046 1 0.001 
l.002 ~ 0.000 
1.178 • 0.003 

l.02l .. 0.001 
1.006 .t o.ooo 
l.OCM • 0,000 

.1. 002 .!. o.ooo 
l. 004 .t 0 . 000 
l .004 • o.ooo 
l.145 !: 0.003 
l.013. 0. 001 
l.017 1 0 . 001 
l .os9 ± o.ooa 
1 . 059 • 0.002 
l.010 ± 0.001 

D•All Plu.x, 'T•r9et. Rel.a.:t-ed, ane Spec-tro1114te.r blat.ed Con-ection.s tor t.1\e 
+- .. + .. 

~ (690) ... 1r Sf # O&t& 

aeaa. flw< correotions 

l. 
2. 
3. 
4. 

Cherel\kov contui.tnation 11 
Chere.nkov conta91'11nat ion l 2 
correct.ion for on• l:>eeJll. track + 
Coi"roction tor lll>aorption of incident K 
Upstream ot ta('90t 

~a.rget related corroctlon_• 

l. 
2. 
3. 

+ Ab50rpt1on ot incident K in ta.r9et 
Corr•ction for t•rget vetoes 
Cornet.ion tor Abwoz:ption of fin.al state 
in ta,rqet 

Spcetroaete.r reU.tcd. co.rrect.iona 

1. Correct.ion for loaa of good data 
2. Q:lrrecc:ion f-or S--COUftt.u efficiency 
3. Correction for S-counu.r pU.l.te heiqht 

d.iscriaination 
4 . Correction tor &bsorpt.i-otl of t .in.al at.ate 

in s-co\lnt•z: 

S. Correction faccor tor AO + tt votocs 
6. Cot:rdct-!on factor tor Al, A2, AA veta.s. 
7. COrroot1on tot abtorvtion of final stato 

in l ,PGCb::'Oll10tOZ: 

8 . Correction for doc~ of f inal atat• in 
epectront0t•r 

(lo) 

'"'> 

(K~) 
<n• ) 

('If +l 

<•·> 
(n-> 
(3n) 

~ty 

1.004 • o.ooo 
1..012 .! 0.04.) 
l.048 1 0.003 
1 .000 ; 0.000 

1.016 • 0.001 

l .018 • 0.002 
l.007 1 0.001 
l.089 • 0.010 

1.002 • 0.000 
l.002 • o.ooo 

i.126 • o.005 
l.031 i 0 . 002 
l.016 • 0.001 
l.017 • 0 .001 
1.017 • 0.001 
l.007 1 0 .001 

Ta..x9ot 

Copper 

1.004 1 0,000 
0.968 ' 0.034 
l.OS6 : 0 .002 
1.000 • o . ooo 

1.016 ~ o.ooo 
1.098 • 0.003 
1.014 ' 0.000 
1.011 , ·o.ooo 

1.022 • o . 001 
l.000 • 0 .ooo 
l.111 • 0 . 012 

l.002 ± 0.000 
l.002 • 0.000 

1.107 • 0.003 
l.039 ± 0.00 2 
1.016 • 0 .001 
.1.017 : 0.001 
1.017 • 0.001 
1.007 ± 0.001 

t<:ad 

1 .004 ! o.ooo 
l.OlS t 0 . 020 
l,050 • 0 .001 
l.000 . 0.000 

i.003 t o.ooo 
l.046 1 0.001 
l.002 • o.ooo 
1.003 • o.ooo 

1.023 • 0.001 
1 .006 • 0.000 
1.076 1 0.008 

1 .002 !:. 0.000 
1.002 • o.ooo 

l.14S t 0.003 
l.038 • 0.001 
l.016 1 0.001 
1 .017 1 0 .001 
1 .017 • 0.001 
1.007 i 0.00) 

' ~ 
~ 
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• 

t.aC91t owr dw whole rwudng pa.riod to the oorrespondia.9 yield for 

t.opolo91c.Uy • ••• l•r be.a.a 'I.+- decays is not. eol!Pt"09.1•-4 by o::intaai na-

tlon fio. d.ata of au:spe.-c:t quality. 

n.. calcul•tlon o t the$• no.naallution L•o'tofe ont.ailff fora-

• int t.ht r•tio o f the expected K deo.y yield, d1t1m1nod f rocn the 

Mont• Carlo, to the fully oorrected ob11rv1d y1old. "l'h~ e)Q>ected 
. 

yiold wa• calculated frotn th• well e1tabli aha4 lif1·tl11e and branch-

ln9 rat.ioe of t.he x. +. 51 

• • A ~rl1on between data and Monte C.clo K dec.1,a indicated 

that t.hU r•tJ.o vu • fuoetion of the poeltJ.on ot the decay wrteJt. 

ftd• dUcr•PMCY 1* .in addition to ~ lat"9* d.iff1r1nca• a.ln.ady 

dec:•y i:-werux n1.a.r the t:a.rge:t: (e:e.1 f'lgure 21). (Sen ve are r•

ferrin9 to ~ ao111eVbat ll'IQre rapid f•ll-oft 1n th• Monte C:.rlo 

r.l1tivt tO d•u at larger i-vettlx value•.) 18•oau.to tor the 

K' +(890) t.he nonnalication to the K+ 4ec•y• va1 ~quired at tho 

~itlon of tho tar9et, the nonnalization correction tactor tor 

x.• dtc•y• in th• decay tank \tas extr•Polaud to tho targ•t. ftlese 

oor n c tion• wn Obtained for each o f ~ x• dK&y .adea (i .e. 

• + -
• • • J .00 tor each of the ta..r99t:• (i .e • ...,ty, OOppt"r, 

+ and leM) Coe oorrectbq the tcpologic.ally • i allu ••t.s ot ~· (890) 

.S..ta. 

""'- •t.hod used for obtaini ng: these f.cton la 111\&tt.r•:ted 

.. .. 0 ... .. + -
lA 1'19ur.1 3Sa, ~ 3Sb for the decays x .. • 11' • and K ~ • • w ~ 

-"o 
x 
~ 

w 
I-
<( 
a: 
>-
<( 
<.> 
w 
0 

• • 

(al 
. K+ + o - .,,. ..,,. 

UNCORRECTED 
1.75 DECAY RATE 

t ; t ; + t 
1.25 + + 

t ; 
0.75 

(bl 
+ + 0 

K - Tr Tr 

CORRECTED 

2.05 
DECAY RATE 

t t t t t ; 
+ t t 1.65 

+ 
t. 

I .25L----....._ ___ _._ ____ _ 
500 600 700 800 

RUN NUMBER 

Figure 3~ 
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calQt.Ja ted OON.r SO-inch ranii:;es o f de~ a..-vorux betvetn 40 •nd 1.90 

d• t.. ro•pectl.,.ly. 8ecause o f pooc •ta tisetc:., a.net CM bl•• i n 

+ + + ... the r1tio out1lde of t he cho$en ra.Jl9• , tho K ~ w ft 1 ratios were 

Obt14nt4 tor on~y two po-ints . '!he r~1ultinq normal l1at1on f actora 

""'ro then flt vith' a linear depende:nCM on docay t•vor;tex for each 

t•~t. The nault a are indieate4 by t'he dotUd Jina• in Figures 

3Sa ~ 3Sb. M e.1CUapola ti.oD of those U t t.K form to the ta~ 

9•t po1ltlan then pve tbe corr~OftS to be -.:pplled to the x.•• (890) 

+ yie ld tor ftOl'aielint:ion to K ~ys. "l'bu• oorreet.ion. an given 

Jn t'abl• • VU.A and vn.B, 4.loc.9 vitb &11 CM previOlally der 1¥ed 

COr l'ect1on.. 

C. O.tondnatJ.on o f Absol.ute Cross scctiona 

+ 'the ove r al l 1cc1ptance t or K• (890) 1v1nt1 wa1 calculated 

u1 i n9 Ho nto C• tlo 9eoo.tated eve nts which weH 1\lbjGctoO to the 

dat•. P'roe thi• point cm, ove.i:a.ll • ccept.anoo..e "lll bit: ct.tined •• 

th• OOftYO.l\ltJ..oa of CJe<JM:tti4: ace.p~, tr'tterlf\9 • lticitncies .. 

reCOMtr~tJon e.Ulciei.:.iu, &nd vill include ,.,. •ft.cu o f all 

cuu •wlted to ~ dat.a. 'ttiese .re•t.rictione lin~lDd tM follow-

• 

• •• 
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I • 0 

t it: 
N 
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(i) A cut. to enaure th• quality ot the HWPC lntorut.lon 

(ii) The r.q\dr ... nt. ot • •lni;l• ncoMuucc.od inctde.nt bean 

.,part.id• and 

Ii.ill ,,,. roqvi,...n• tll&L th4t - parucl• be U<Jqed as a 

- 111 the IU2 c:Mrenkov "°""tee. 

• • Furtbe..r cute 1.-'ed oo CMdld.ttAt IC:• (l'tO) ...,.t.a in 1:he ~ yy or .. -
• • • f l.D&l at.at:• reqoired 1 

(iv) OM cllargo4 pu<icle an4 - pbocona (or three cbarqed 

cSota ' 

. . -pa_rtJcl .. Cor the I I I l'tlOde> with total ch•rqe idetlt.i-

ca.l t.o Wt. ot tM 1nci4• nt x•. 

Ci) Th11 totol t•OOn1truottd enarqy of th• event had to be in 

the ron91 194 ~v to 214 Gav , 

(11) Thv reconatruc:t•d -t' WAI roq~irtd po be la11 than 0.004 

2 OeV (to t nhanct aohtrtnt event• p~oduc-4 pradontinahtly 

by Prtm&ko!f eMcLt.ation). 

<•"9'1 O.llO Cev to 0.160 CeV. 

(iv ) 1t'9 IM.f9Y <Se-poeittd in the LAC by the cha.r99d particle 

colilld be no .:>re than 90, o.f tu toc-.al energy • 

(Y) • To be l&beled • 1.• (890), the roul recoru11t:racted invariant 

.... of the ew:nt, u1-.t~ the cb&c99'4 ~rticlt to be • 

• 
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kaon, had to be J.n th• ru91 from O. 790 GeV to 0.990 GeV. 

(vi) 1"be C'Mdid.at• it•• (190) ditc.ay &""'"rt.ex (calculaud ~ was 

• the I. die«y a•viert.ex) ., .. r•et.dcted to • 1"e9ioo •r"OQftd 

Cvlll 
+ • 0 

Finally, to • lialoac.e tht ~ bedcipC)W'd froa J:. ~ 'I" s 

• • 0 
decay• t.n4 tQ • l.••aer ••t•ncl f _ro., I. • e • v or 

• • 0 
X .. \I • v dtc~•>, wt.an the CS.C.ay va• reconst:NCted 

near tbl t&t'9Qt , t.nd t .be char9ed particle was 1noorrectly 

a1ai 9ned the keon ma••, a rtttriotton was irnpos.o.d tha.t the 

oh1t9od pa_rtiolo to bo • pion, bo le•a than 0. 580 GeV. 

Th11 cut played D mo ,or rolt 1n Oliiainatin9 beam x• de

cay beak9round in th• K+YY doooy Medo of the K•+(890) 

+ ei9nal vhil• rodualn9 th• K• (890 ) yield by only "'25\ . 

A cut of thi• aort wa1 n•c•••itatod by the fact th.at the 

epeict.roM:t•t dld not. 4-i•tJn.gu!1h bet.ween char<JCd pions 

or teona in tho fil\l.l •t•U· Thie re1utetion eUmift.ilted 

prlaarJ.l,y low-.eN x•s0 • wnu, c•u.J119 Hie overe,JJ 

• 0 
acc99unct co oo to M 'fO for JC • _.,ed be-1.ow '\O. 710 
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1'>o addlLlon..l restrictions ._.., to lt>Ol&te coherently pro-

• . - --~~ ... dur:ed x.• • Ct90) ew.nts detect.ed in the • • • tlnal atat.e bet~ 

c.hie &bow tOQu.lre•nts (J.). (1.i}, and (iv) Cfor thee• ditca.ya, the 

pri11•ry vertex roaol ution was detennintd to b9 "'8 inch••) aa wel.l 

~• the foJlQ\.linq cuts: 

4i) Tho reconstructed neutral ''V" d1oay k"'vtrtox vAO ~ostricted 

to tJ\o r•noo tro~ & • 40 inches to 240 inches. Monte C.rlo ai.uiula

tion of this decay indicated a resolution of '\o6 inoha• for tho te

con1truc:tod a - vert.e.x of the -v• decay. '!be &--ver-tox c:vt vq chosen 

;o avoid bte ... introdueed by c.be S-oosalter f'tlq'\lJrtMftt in ~ v-

tri991r Leff lff'-tJon A). 

'T'tMce ve_n t.wo possibl.e cboicd tor tJ"9 Mai9'\1Mnt oc charged 

pert1C'l11 t o t~ •v• a.'ld to the pro.pt. cMcay •1rt•tt of tht k• + (890Ji 

the choice • •• Ude o~ the basis of the •Mlleat Yll!M for t-hl 41.s

tlne• ot approach between the two char~od~partiole tr1jectorios 

tor t h" hypothe1ized "V", end on the diatan.ce o! cl.0001t approach 

ot t he incidont K+ beam tr.a.ck and the trajootiory of tho hy_pothe&ited., 

~1ti'10ly ch1r9od, pror..pt dte1y product. 

(i l) 'ft-.. roconstroet-M inva.r.ia:nt ..a•1 ot the neutra.l .. v• 

~rtJcl1, u•wd."9 both decay prod'1ct:• to ~ pion•, Md to be 

ber-tetl\ 0.480 Cov ~ 0.520 GeV to select the af.· The r9CQ\Struc-Ud 

invatlut ..... tpe.ct...n.19 for the other chol« of perticle• for the 

-v• 1howed abeolut11y DCt st:roi:tu:re, in4ic:•ti"4 t.h.at the exeellu·t 

tractlrMJ retolution of the ~rc;•d particle lptiCt.ro-.t•r inva.r-iobl y 

pxovided the r 19ht choice . 

• • 

-uo-

(ill) Por x·• • (89()) eandidates, U. tot.al .-.CO.•Lnact:.ed invarl.a:nt 

au• of the ..-.nt, .s.sud..ng all chill"9-4 ~rt.lole1 to ti. plon.s, vas 

reatricted t.0 t he range 0 . 790 GeV t.o O.MO C:.'1. 

The lf.,.1'+1'- decay ot tho tt•+(890) was not conumln•t-4 by~· 

decoy•. Tho LAC wbs not used in atudyln9 ~hia deoay. 

w. now preaent detailed comparieona botwoon tht xn data a.t\d 

"'°''" C•rlo expectations. All distribution• v1r• ael.at.ed vi.a the 

p.-.v1o1.19ly deac:ri.bad cuts . (An enpty-t1r99t. a\lbtraction bas been 

oppl~ to all o f the data.) 

1'1- - - 36b sbw <he ... .. _, .. - .. , .... dlatdbvt.1."" 

for the •1- ot evutt:s proch.lQed on the cos:iper •nd 1H4 Urg-eu. 1he 

--.oQ cw-w• ·~ a.re the Moat.e Culo pndic'Uona, nor-

.. u11d to tl'MI o\Diber of ewnca: betv.ten tl\4: •t'l'OWI (litbich a..l&O .in-

dlc•t• the ran.91 o f tb• cut appli •d to d\11 qut.nt1ty to Mlect a 

c lean ta.,ple ot K" ... (890) events. The agr11mont it Quite 9004. 

riouro• 3'1a and 37b show a oompariton b1tw•on date. o.nd Monte 

C•rlo tor t ,he total reconstruoted e norgy d,1• trlbut1on o f the 

candidat.4111 K"'+ (890) events, summed for CU •Ad Pb t.&£'9•U. The 

Hc>ft\4 C.rlo predict.lons are sqperispoted on the 4-Ui and ...n no-r

.. li&ed to the nur:ibars o f r:eal dau •veftU be:t..-.en U.e arrows. 

r tvvre. lk and l8b 9ive: t.M reCOft;ltruc:Wd ~too ..nd. 

• + +- -ne•t,r•l •v• Lnva.rl.-.t .asses, u foandl i• tM C. TI .ad • • • 

fiftAl•at•t• producu of it-* C890) decay. Th• Mont.• ~rlo pre dictions 

are 9lwn by tbe tmooth curves, and are norNliud to the numbers 
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&le to the f.a th&t the final fi.ne-t;UnJn9 of the I.AC UUCJY cali

bration vaa ac:cocnpllshed U$l"9 ,..0 •a from bft&.11 K• decay.. 'l'be 

•nor9y 1pectrwn of the s0
•g from d'I••• eventa i• qui~ ditf•rent 

+ For the x 

evont1, the f'!o s~trum is highly •k•wd toward• 1tl ~r klne

Jfttat1c limit ("' 183 QIV): where.as, th• tr0 OMl'9)' 1pectrurn for 11°•s 

+ deposited l a.nae .....,_,.u of eoe..rgy. Vhich vu not Q'Pical o f ~· (890> 

dec:ay 1°•a. ,,_ et:teet:s of 'this diacrep.ancy are q:u.ite airdaal a.

ca..,.. of the lOOM cuts applied to t.hi• d.l•t.rJbvtlon. The d.&ta. and 

aro in good e.9reeme.nt. 

•1V\l.:O 39a shows th• 4i.st.ribution of tvo·&>hoton o.ner9Y as:ym-

mO:tt:y for ~0 ·a found in t he K+yy tinal atate from K•+(990) 4eca.y 

tor Q"l\U pcod:uc.a. on coper &nd 'lead t•rtttl. '!'he •"PG'Ciarpo~ 

curw Jt the Moitt• Carlo expectation norulia..ct to tho n\llliber of 

1he dlatTUnation 0£ ttconst.l'"UC'ted ditc.y t: ... wrt.lcea. for those 

no-utral •v• JNl'ticJ.es satisfyi09 t.be cat1 to laolau x• • (890) • 
0 .. .. + .. 

K • ... " ll w •vonts, ls shown in F'igur. 39b foe event• produced • 

,, 
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'ftlo r••l<W1 for the d.laerepaney nea.r tho ta.r9.et H9l0f\ hu been 

"'• dl.I tribvtlon.I in the cot1.loe of the polar dcteay &1>91• in 

+ + 
~o Gotttriod ... Jac~aon tra..o for tll• K , And tho ~ r••ultin9 tro• 

+ +o · o+ 
X" (890) .. K 1f , and K

8
w decays t or ev.nts .-ec1.1111ulatA1d using th• 

ooppet' Md lead ta.rteU:. ~e shown in P'i9iires •o., and 40b, re-

.spectiv.1.)'. 'fb• •\IP9-Cif11POSed curve• are the He>ntt C•c-lo expiecta

• tiona for th• deco11y of .a coh•rently excited api,n-1 ~· (890) 

Hont4. C.rl.o pAd.i.ct.iona end de.ta. Deviat~• •t• JWo.1 ... 1, anO 

ne.9li9i.bly •ff•ct tho ccxnputat ion or overr:-ll •oo•pt.nce fO'l' t 'ho 

+ x:• (890) O.c•y aio6a•. 

'n\e correctionl for overa11 a-ccept&not, for tach t.a.rgrtt and 

+ t.he WO dK.ay l!Cde• ot the x • (890), were eva.luatod ualn9 t.1'• 

• • •cb&ni.o• ,s.-,. by t.ho partial vidt.h for it• UltOI ~ It Y de.:oy of 

• 50 k•Y, • 1tronq contr-tbuUo:n of • t renqth CS• 2.0 rf/b/GoV • end a 

• • 
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tJon giwn tli)' • r•leUvJ•t.ic B.c•Jt-4IJ9ner ft11ttlon (o"ttr the ranqe 

frwa the kiMaatic -1.nl ... to 1 .6 c;ev) diet.orted by the e.Uects of 

th• t'-0 cot\• rent production procet•• •· 'l'h••• di1Uibut1orw uud a:s 

it"tput to t.h• Motl~ Culo Ptot.ru ro.tult.t tn. • preU-1.n•ry analysis 

of tho r.• • (890) data. ..,,. dol:&lls uo 9i,,.n In Section E of a.ap

ter vt. 'lbe ac.• •ce90) evioAta 91:ne.rato4 by the Monte c.&rlo wan: 

all.ov-4 to dee«r ~cordiDI) to • sln
2
a.1.n1e dlltt1butlon 1rl the 

found to be ind<lpandent of t ') and ICI - 4btr!b.ltions, by passiJ>9 

th••• ewnts thJ:ough. thol- reconat.ruction &l\d an.al y•i• package used 

on the real data, and obaerving tho ratio of tM nu.mt>er ot ennts 

of the e:.:pexi•~ntol distribution. Xt was particularly !~port.ant 

• + + 
to uso tho cornet lfll.SI dilt.r-ibution !or tho K• (890) in tai. K yy 

final otatA because ot th• ~apidly chan91nQ aaccpt.t.nce across the 

+ ... + 0 x• (190) neonant pe.X, due to th• aev1re z.tnoval of x • 11 • 

to ~ ~U*<I t.o the t' di•ul'.bution. a re QiMn ln Tables Vll..A 

.tnd VJ-Z · • · The n\.:l:Mlber used tor th• -.r:y t.rtet 1• an a vera90 

of the ruulu tor copper and lead. 

- · 
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Uon• l" t.• and .u• to arrlw ac Uilolute c.t0ea ••c:tJons included 

+ oorrection.I for branching rat.ios of th• ~· (890) into dilf*ront 

VII.A and VII.8. 

t nollldcd are corrections tori 

O.c&.y Branchint ltttlo 

(I) K•"' (190) • 'J .. 10 1/3 

IU) • K• Cl90) ... s.o.,, .. V> 

Ulil .o . yy 0.988S. o.ooos (l!Of. S l ) 

(lvl K.o .. Ko 
• l/2 

Cv) 0 • -K • W • • 0.6161 • 0.0024 , ... f. 51) 

whero tho brl1\ch.ln9 r&tlos ot (1) ond (ii) follow fro• l1011pin 

• oon.urvat.lon in the •t.ron9 decay of the- k *- (890). and &r• cal· 

cuUWd fro• Clebsch-Gordan eoeft:!cJents oC on oK;Pan•i.on of th• 1'11" 

final etat• • in tarM o f total iao•p1n ei90n.1t•tel1 (iii) and CY) 

.are •lQ)reri .. nt.&lly det.raiaed, and (lv) is calc:W•ted !i9f!Or1nt 

a Yiol•tion) c.roa the e:xpa.nsioo or tlie hype_rchfif'99 ei91nat.-t• 

)>t0> of the atron~ ctoc•y in tor.I or the e.i9en1tatA• Ix:> and 

I~> o f the weak &oc•y HO>liltonion . we ob&erw only the quiclclY 

• 

-uo-

-Yl"9 eo~•ot1ent Jit:>. 
1'M: total corrocticm tactora to bet appli~ to the t• 41.•ui-

+ + + .. 
but.ion• are given tor all taxgeta, for the JC yy and • s 11' •tatH 

ot th• JC•+ (890)
1 

in Tahles vn .A and vu.a. 
th 

Th• &b•oluto partial crosa Qectlons to b4t •••i~d to the i 

data bin, ot an evont di stribution oonta1ninq n1 evenu, 11 t he n 

given by 

~ ... A ls ~ ~ 9Dlec:D.lar viiltht. o f the t.a..f'9et. .. urlal. 

N • 6.02J • io1> i• AYOf?-d:ro'• nuatiier, I) l• the UJ'9t!t de.n•lty, 
0 

l 
t S• it.I thickne•• (pt. is the thicknt:•s in \Jniui ot '1fll/ca ) • 

let') i la the totol correction t.octor oppUocl to the i th biJ\, 

and •flux" i• the •pproptiat-6 total 9ated U.00 flux. Aa .al~ 

Pointed out, t he (CPl1 9iven i n Tables v11.A end VIJ.B va"° i nde

P•f\dont o!' t' . 

To •ccount for conta:llnatlon of the it• t' (190) •ignal troa 

• • 
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TAble Vil.A 

TOt•lll or COrr.CUOM -lied to th6 ... . '"°' (• c•yy l t' 

Dia bi.hut.ion 

Correction 

l!lopty Qoppor 

l, be• flux cornet-ion.a l.07U0.013 1.04110.009 

2. tar'99t r•l•ua oor·rectiona 1 .0l6t0.001 l.56Jto.oo5 

3. •P*Ctro..ur nl~ted cor:roctions l.)7()10.008 l.JJU0.006 

4 . oorNc:ticn tor dec.y (x-••+1e• wo) J.ooo J.000 

brAAChJ.ng ratio ,. o • yy) 1.0llt0.001 l.012.tO.OOl 

5. t'.ator fro. norMliutioo 1.16110.054 1.11610.050 

• to K decays 

6. correc:c.Joo tor ac(lept•noe 3.86510.034 l. 895,tO. 03S 

Lead 

l.075!0.00S 

1.238!0.004 

l.39tt0.Q05 

3.000 

l.012!0.00l 

1.193!0. 047 

3. 8,)610.034 

Tot.al corroctJ.on factor 20. 10 ±o.99 11 .2~ 11.10 2s .13 ±1 .os 

.... ---· 
' . 
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TC1e VJt.a 

.. . . -
TOUl• o t Corr~tlana ~ll•d. to the K• (890) ( .. • • "I ) 

t • niatributJoa 

Correct.ion 

!~ty Cower 

l. be&a f l ux correc:t ion9 l.065t0.045 l.02610.036 

2. t.artet cela\*d cor·rections 1.016.tO.OOl l.UOiO.OOJ 

). ~c.r r.tated l .374 tO.Ol4 1.385•0.016 

oorr.cdOM: 

correct.ioo for 4Mcay 
• 0 + 1.500 1.500 4. ( X• •X w ) 

br~ch.1"9 t•tio (Ko •~I 2.000 2.000 

1.::..,.•.-1 1.45810.005 1 . 45810.005 

5. factor fl'Oe POru.l-
iutton co tc+ doc&Y• 

l.00<1•0.0•8 l. 30610. 037 

6. correction tor 5. 338!0.055 5.339:0.054 

ACClllPt•nce 

t.ead 

i.01a!o.on 

1 .05410.001 

1.397±0.0U 

1.SOO 
2.000 

1.458to. 005 

l. 300-'0. 034 

5.338!0.0SS 

'tot.al oortootlon taotor 34.82 t2.28 49.82 12.40 47.82 t l . 69 
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Here , the aubeor-lpt.1 A and KT rofer to the UriJOt type (-' • copper 

ot lead, MT • •lllPt:Y target.), and the nwaber of tlllS)tY t•rt•t in

duee.d twnu in c.t. l th bin is properly cor-recud by the co"ectlon 

t.ctor ~lier' end •ol<ablY -19htad by die -• of Ind-• """" 

• beaa taken on thi.a t.arvet . For tlie x.• t890) dJ.•t.c1.butJon9. the 

nol'lnll l Md '1)' t:ht f1e·tot' C'P i A/flu.xA • 

P'l9ure1 4la,b 1n4 4le,~ show the r:eoonatructtdi 1nverie.1't 

+ ... + - + 
•U•t• .for t h G tJ.nal 1ta te1 K yy and w 11 • , for oandldat• K• 

o.vt1nt1, u•J.n9 the previously deserU>ed cuu, 1ubl1qU4nt to t.arqe t 

U(»ty •~ti-.ctlona. After conver.slon. to o.bsoluu c~• Hctlon•, 

u1..n9 the Ub equivAlt nt:s per e ve.nt (Wlf
0
pt) (CP iA/tlv•A), d'l•M 

• dlluibot.lone U"e tlt: to extract s.• C890) lint-~ ~r..-~a: 

...... • o and vidt.h r<ao>. !he arrows in dwse tt9'1.cff 1ndtc•te 

th• .,_,. of M.IHI vsed ln the t• di.ff-.nnti•l c.roe1 Hct.ioas. 

''"""' 42•. b, e. ~ d ~ U.. recon1t rvcud t• dlatribu

• tJ.ona tor K• (890) events. After c:onve.raloo to abeolutt CJ"Oll• 

• 
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• • ••d to extract. the r•dlativo doe~ viddr of th• I(.• (890)' rcx• (890) 

+ • ~ y), the atrenqth of the elementary atrcm9 conc,ri.l)utlon to 

oohettnt production oC x •• (990) •a, e,, and tile nl•tive r>h••• 8 

t>.t .. en th• Coula.ib and at.rang ptcducticm. uplitud••· 

Th• Ub e.qulvalent.a ,,.r event for the t' dlltributJona, 

l'1N
0

P1) (CP A/flmr.,.>, tor the t•r~t ~a.meton li1tAd ln Table v, 

th• 9atAd kaon t'lwt on each U1'9't 9iven in s.ction 8 of Ch.tJ)ter 

Jll, and th• total correction factors li&U:d in Ta.bl•• VII.A and 

vii.a •re• 

Detected final &Ute l-l""barn equ.ivalont 
<!lb/event) 

cu + 
K yy 1.218 • 0.054 1333) ... -
1T 11 • 1.942 1 0.004 1!77) 

Pb K•yy 4.473 1 0,183 (4861 .. -• • • 8.31) 1 0 . 294 (256) 

• the number• in parentheaea 9ive t.he total number of K"' (890) a:.,.nts 

in the t• diatributi~ with - t• < 0.010 cev2, aurvlvi.no all cuts 

fl) ... 

100 

80 

60 

z 20 ... 
~ 
.... 
0 00 
a: ... .., 
::E 
~100 

80 

60 

40 

20 
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(ol 

• • 

K• 't890l- K' yy 

Cu 

0.002 0.004 0.006 0.008 0.010 

-1' (GeV1
) 

(bl 

K· '(0901-•• .. ·,.

cu 

0o 0.002 0.004 0.006 0.008 0.010 

-l'(Ge~l 
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(c) 

K,.(8901- K•yy 

Pb 

0.002 0.004 0.006 0.008 0.010 
- 11 (G~v• 

(di 

K .. (890)-11'•,,.•,,.-

Pb 

• 

0.002 0.004 0.006 0.008 0.010 
- 11 (GeV1 I 

• 

(aft.er an e.pt;y u.r,et a\abc:r6Ctlonl. The nl•tlw 1enaitivlty of 

the ... a\areMnta 1• 9lven by U. inven.• of th••• Lib eqlllv..ients. 

LMtl,y, we twn to a diacui&•ion of the poaa lbl• ~g-rounds 

+ 
in the ac.• (890) • 1CJRal h&ki.nq throug.h the reatrict.iona laipos.e.d to 

• +o + •o included bea• kaon decl.)'a o r t.ho tort IC • • • , at .. • 1 v, and 

+ + 0 • • s. • u • v .... well aa oonu• nation troa d.lffc:"tlvely pt'Oduced. 

+ + 0 0 0 • • • • ewntll, and oofl.crentl.)' excited ewnu lochM::iid by tho 

pion frM:tion o f the beaa.. 

• • 0 
M alreadV Nntioned, th• atrlct K • f 11 cut l q>0sed 

• on the JC." (890) deto el1N.nated thl.a source: of COl'\tP1in1t.J.on, and 

also tuppre11ed bea.m k
93 

ond l(µl dtooy contWMtiona. "°nu Carlo 

aiJMJ1At1ona ot thosct doo.oyt i ndJ.catod thot tho latter two decays 

were ollainattd a.t o 1oureo o l C01'tarnination by th• excello'nt enerw 

rc1olutlon of th• •P~ratu•· Although the nouttlno1 from the•• 

t:..lc.l• J.n the Ltn.l eblte dtPoe.it no 1110l'"• th.an 90, o r its tner9Y iD 

the U.C fu.rthor reduced the poulbilit.Y ot • IC.•> beck.9rounc1. Mante 

C4rlo • iauUtAon• of t:h .. • dee•ya •howitd that. thoM: e"tftu st.ill 

" • 

• • 
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p.nab; au cuts. ~W.d recon•tnact. to haYI auao1 well aboYO the 

+ ran9t1 chosen to select at • (890) ownt•. e.ac>t9round from dif-

• + 0 0 0 fr:actively p·roduced Q .. X t: 11 .,,.nta, where • low ener;y " WIAY 

haw qone \lr'ldetec.ud, vu &lao •hown to be M9li9U>le by • tlOit\te 

c.&rlo si.-ll•t.ion of ~ dee.ay, -.;•.in da& b> tlw exc.llent. t.' and 

f:M.%'91 resolvtion of tM ~•t.,, and the: low eM.rty thc.ahold 

!or photon ttCOft:StnicUOft. 

Thi.a 9ame ratlone.le _.,uM to the e.li.aination of dlftr.ct.l~ly 

+ o+o ++-
producad Q • J::

5
1' w ewn ta fll a aouroe of backqround in t.M: t 11 w 

+ doca.y chan.Ml of ch& x• (890), •• wu wrifi•d by Monte C.rlo r.-

aulu. Pion induced COfi't.a-.Lnation i .n thi• mode w1.1 a1.ao S9noced 

for reuon9 91 "'t-n a.bow. 

Therefore, as a retult. of ttont4 C.rlo altiul•tiona, tlw v.trious 

• requinment-• i:qtoaed t.o ••locl the 1.• (890) 1i9Ml "9ff dt.HIO:d to 

provide he9li9ible sourco.o Ot bac·k9round • .rid the t1nal • •l!Ples of 

+ 
1(11 Gvente were j~d1Jed to bo o•••ntially pur4 K• (090). 

• 

• 

, . 
' 

CllAP'l'BltVl 

Ft-TT111<i OP -.• + (990) Dl\U 

... lntroducUon 

Tllis cbo!>ter .S..1.a vith the r!~09 o f ti.. •-ri.,.nqily der1ve4 

+ 41.•tribu-Uons for the coh• ... ntly prod.uced c.• (l90l. tno\\lded are. 

fits to the polar-a.ogle docay dl•trlbuUona .in tho Got.t.lried-J&ekson 

frMe, o fit bO the •xtract the •an llfe-t.ino of the K: !rem. the 
+ 0 . 

);• (890) ... x.• d.t.ta 1aap.to, and fit.a to th• differential cross 

••ct.ions "'1/de and dO/dt' for the four dat.a MU,oonaiatin, of events 

obt.ai.ned on cop:xtr + + +- ... 
and lead t.ar90u: for th• K YY and • 1 • 

fin•-l •tates . A briof dtaquatlon of the oPt.ic..l siodol calculation 

of the form tactora t0 (t) and t
8 
(t), and the final thttoret.lcal 

t.orrM ot dO/d'"' and dO/dt' to be fit , ai-e a l10 pro1antt1d • 

a.. Ch~ on De<:•)' MCJUlU 011·tribut.J.on.s 

Plots o·f the polar tHc•t angle d.iat.rlbutiona in t.ho Gott.fried

Jackaon fr..-e fOJ: the I.• 1t1u.l t.1.n9 fl"OID tc.• • (190) • .,,+ ,o ,and tor the 

+ 0. 
" from the K • decay, after eorroction for ovo_rall •~Ptt.nce, • 
and. • :;.a.r9ct Clftl,)ty &ubtrac~i.on. aro ahovn in ri9u.r•• •la And 43b. 

T"flCS6- t!l-stribut-ions are ptoit:oa •• a functio.' of coa·ec;J. wtt...re 8 

-uo-
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i• t.h• po.tu • 1'9l•· Tbt.ao clat.1 inc::lude •V.nt.a vi th -t• < 0.004 Gev2 • 
ud J.nv&riant kll .. _., bet,vieG o. 790 GeV and 0.990 c.v. 

The con• ctJ.on.a tor ov.ra.u aocepu.n<:•• wee• calculated on a 

• bln ... by-bU. ba•il by g•ne.r•t:lnt Kii (890) evenu with the Monte Carlo. 

and lot.t int th.- ~·v with • ain
2
9sln

2
• de~ &n9"'1.ar 41.st~

t.lon. Tho bln·by·bin CCM8 accepunc.1 were •ltlply t.he r a tio of . 
t.,. nuN>er o f eveau au:rvivin.9 t:econ.atructi.Ot\ and analy11a to the 

nwt>er genera~ in each l;)ln . 1'he oorr.cUOt\.I eppllod to tile: 

data we~ ~ r.:ciprooals o~ t.lMM ac:~U.nc.•. 

Supe..tillpoaM oa P19'\U'ff •la and • lb are tho ti.n28 d.iattibu

+ 
tiont: ·~ tor x • (190) 4-c:aya, norNllhd to the total D\Dl:-

ber of correctH oven't• in each plot . ~ x.2 per 4eg'ree of 

freedo• for tho fit.a are 1.3/S •nd 2.8/1, roapeecivoly, lmplyin~ 

t hAt tho da~a a.ro indeed diatributta according to 11n2e vi tb a 

hi9h contidonoe level . The•• zecult.e indicate convinoin9ly that 

• tho aample conoiat• of ooherontly excited K• (090) events. 

(Th• 11n
2
&ain

2+ forwn i• e>q)e:et.od for Coulolllb o>ecitation al w ll 

11 for r.o-oxchange.) 

'l'l\o •z.1-..t.b.al. dJttrJbution. ln • Ar• not J)J'elent ed beet.use 

a t a;saa.11 val~• ot t•, the•• dlaLributiona are sov.rely af fected 

•n •lll>J9uity <-wnNK:t.109 • u c• ... 01 .tn detl.n.t09 th• orJ.ea.

t.at.lon of the product.ion pl&l'loO for 11.tch. evenu: .. and eonseque.ntly 

th• dlatr lbut-ione contain little intoraatlon. 

• 
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_ ... _ 0 + 0 ... 
Data on ~ 4-eay ._. fi"ee pa th or It•'• t roa 1.• (890) • x.

5
s 

dac• ys .... , u.aed t!O •xtnct: a neu ur ... nt ot the .,o • an U fe--U-. • 
A cut o f - t 1 < 0.004 c.v2 wu iapoMd on the deta, • l\d the re-

0 . 
COfta:cr\leted IC.

1
• .. ,, wae r~ired to f a-11 ln the tA."4)• fro. 

o . 190 GoV t o o. 990 c.iv. Pigu:re 44 lhOVO the 410trlbut1on o f tho 

X: l ifo-UNa in iu r e•t fram.e . aftu ._ppUc•ti on of overall 

bi.n-hy-bln a.cc-,pta.noe corr.ct..ioM and a bi n·by-bin upty t arget 

cala ced fraa the l4r9ntz dila ted life- t i u t • • yt ob9e.rved in 

the laborato.ty-. 81nce the x!'• traveU H a t nu.rly the spff;d 

o f l ight, ,. ' wa 1 c~lcvlauct froa W dltt~ trav.lled by t he 

0 K1, def ined • • t.he d!lt&J\C'e be tweeft th• poi nt of olo•e1t •ppro.ach 

• • ot t he n trajectory f rotn tho x• (890) decay and tn. i ncident 

• • 
beAra track. to th• recont truct&d u w· vertoK o f t he K: , di vided 

by the 1p1ed ot light . The LOrontc dilat~on factor y was 9iven 

by (p
2 • m2)~/~ tor th• K: , ao dotonidned from t he docay pions. 

'J"he dott:•d l i n• 1~rimposod i n Figure 44 i1 tho r••~l t 

of a ~it ot th• 
- t/T 

tom Ao 0 

life- t i .. t waa o . at t 0 .09 x 
0 

vit;h Uw voYld avarege . 51 

Tb• fitted re1ult ~or the K: 1ne-an 

-10 
10 ~ in 9004 aqreG'litnt 

"' .... 
~1000 
> 
w 
u. 
0 
a: 
w 500 
al 
~ 
::::> 
z 
0 
w .... 
c.> 
w 
er 
er 
0 
c.> 

......... 
........ =+ 

< 

• • 
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K• + (890)- K~7T+ 
L7T•7T-

Cu+Pb 

-
X

2
/DF =2.49/3 

-.... -.... _ 

100'--~~~-L~~~~-'-~~~~'--~~~~-

o 0.25 0 .5 0 .75 
+10 

L IFE - TIME x 10 (sec) 

1.0 
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D. Pittinq f"oz:.._U• for the Oif ·fere:nti&.l Croi1• Sect.ion 

The f0&"9 tactora fc(t). and fs (t) in Sql.J.&tione Cll,. and (1,), 

re1pcietlv.ly , ver• caleul•ted nU9e.l'ically osincJ an optic•l '*>de-1 

33 for the nuoltu1 . Specific details iaay bo found •laewh1r1 r 

howovo.r, 90IMt poi nu ot 91nc~•l inter.at are: 

( i ) Tht nuot'ear charge and ma tt.er 4isti:ibutiona wtrt ta'k1n 

to be id.otJ.-&l. 

(11) In evalu•tint f 0 (t), tht nuclear ehAr'90 distrlbution 

"6.S de:acribed by • •pbu• of Wlifcma ch.atge: _,._., ty. 

""'l• -wroxlution auf:f:ic-ed for Conlcwbic prodvctJ.OD 

•inc. m>tt. of the production occurs At large 1-.act 

s-r ... ten. The r•dlus of the nucleu va.s tU:en co 

b• r • fo2 • (7/l)(n/•) 2)~, vhere c • l.12 Al/) ferm1 
. 

(A ta tht nuc.leon· n\lllber) Md a = o.S45 fopai. Thia 

.r'411us io oqulva.lont to th•t in the Woodo•Sa)(on die

~trib\lt.ion. whi ch 1• uaed. in the calet1la tlon of t
8
(t) 

(iii) Sinco th• atron9 production ~litudo it sensitive to 

(iv) 

mt- ft\>C'lear ahlipe (production is ocmcftt,Y•t.od •\ the- au.r-

t a co ot tho nucleu1) . a Wood.a-Saxoo. por&Murtutlon 

f o:t the Nt u.r dt:nsJ. ty vu used- '!'bat ta .. 
r-c 

~I•> • p /(1 + oxpl-1). 
0 .. 

:Cf fe-c·t.s ot nuclci•r •btorpt.ion of the Jnco•in9 x• and 

• OUtCJOint JC• wore • ccoanted tor. 

(v) The croaa atct.1on• ot K" 's • nd K' s on nucleon• wcr• 

. , 
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Uken to be eqU&l, and 9ivn by a• • O(l-'i.G), wbe.re o 

+ 63 is g-ivon by the t.ota.1 crou se"-ion of r; •1 on nucl•on:a , 

and o ia the ratio of real to iu9inuy ~r·ta ot the 

fol'\lard x."'·proton aea.t-terin, a.plitudt 64 at 200 GIJV/o. 

Returni.n9 nov to Equations (17) and (1.8). Ind u1in9 Equation 

(16). and the dtf init.iona ot the production amplitudo1 r 
0 

(t,JO) 

and r 8 (t,lll), and th• 7'-..trix element give:n by £quationa (14), 

(lS), &n4 (ll). we can "rit.e 

t ' 
:i.. .. 2 r c.i .... 

do 0511 I dt' J;(t' ,m) (201 c;;• 2 }2 2 • 
(m -mo> • • or!Jf (.M.) o 

when 

k (t' ··>· 24 t.
2

(1 

2 
(~ 2 

.. 
1 2 a

1
s rl(l' to>I t2 Itel 

• -'"k 

+ C A
2t •Jt )2 

• • 

<(2~ Zl<>r a:y("'C•A2)~ 2 ~ 3/l (~) 2Ra(t t ' ) 
I• -'\:> c o 

Ul) 

and 

.. ' 
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(221 

'TM•• uo the ~•1c tb.or•dcAl foni• that vlll be yud ro f i t 

the eKperl•nc:..l cro.e aect.iona. The•• exprt1••lon• -were: fit using · 

W X
2 

".lnllOl. .. t.IOll pr09t'U ltl lf!IIT. 65 

E. rlto to do/~ 

Tho d lft on nt-1•1 orou Mction.a dlJ/dla tot K• • (8'0) production 

d. Tho overall. a«eptanco •• a functiot\ of .. , , , for each of these 

tribution1 hc.1 boon !1Jlly cOrrected. 't'hCI dato. are tor 1vente witli 

2 -t ' < 0.004 G<!V • 

At chit point. an • •ld• on tho det•rmlnatlon of ovoroll 

+ a CCitpt..neo corroctiona !or both tho K11 C890) , ... ,, and t' di1tri-

of t' over t.hCli r&n90 o f l.nter c1t to U:a . Hovcvor. tho .... accept-

t :r1butione involved an luce tive procea1. 'lr1t, a 1laiple: . undis-

0.6 
... 
u 
z 
" 0.4 ... 
4. ... 
8 0.2 

" 

6 

5 
~ -> .. 4 ~ -.... -.0 e ~ -~ 
e 
~ 
~ 

2 

(o) 

0 .8 

-1.68-

~ I I 
I I 
I I 
I I 

I f \ 

' 

K• '(890)- K' yy 
Cu 

- 11<0.004 Gev" 

l 

0.9 
MASS(GtV) 

1.0 I . I 
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0.4 
(b) 

0 .6 kl 

... w 
~ 0.3 u 

z 0.4 <( 
<( I- I-ll. ll. 

~ 0.2 w 
u 0.2 u u <( <( 

0.1 
0 

6 
25 . . . .... 

I ' • • • K (890)- ir ,,. ,,. 
K (890)-Kyy 5 Cu 

I 1 Pb 
- 1'<0.004 Gevi 20 I I 

- l'<0.004 GeV2 
~ 

I 

+ 
-

~ > 

f 
., 

4 
~ 
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-
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~ 
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l ~ E 10 
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' I l 
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I 

• 

K• '(890)- 11' 11' 11" 
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- t'<0.004 GeV
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f / 
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• to apec.ify the d.iaull>ution ot ~· (890) .. ,..._. in the ttoot:e Carlo • 

"'- tint.·~·· ICC:ept&nce c:orrectlon• to be tnUM to t' d1.au-1-

bu.tJ.on1 ver• calc:oa.lat64 and u.ed to 9et prellain.ry dist.rltMJitlons 

in dO/dl. TM•• cro.a t.c:tions veni then fl t (1•• Section £) to 

• • e-xuact pnliainary value• for rcx• (890) ... Ky), C
8 

and 8 (these 

init i•l r•••lt• vtr 1 •llro•t id4.ntic•l to the fJ.tial r••~lt.s). 'fhe.s• 

• result• vere th.n uaed to ulcul.A~ a dl-•tortAd k• (890) ll.no &hApe 

u 9'iven by Eq'Aatlon (20). ""• e.ne-r'9)' dependeoc.1 of the p&rti.a1 

vidtllt ...,.., par-.. dud u r0 • T
0

lq/'\,)J ~Ill/+~) .and 

~ • T lle/k 1
2 

:11<
2 

"tt
2 + t

2>. "4.r• q and ~ rotor to tho -nta rtvoo o' o 
or the ditcay pe.rticlea, and tbo uro 11'\lbeeri.pt 1nd.lcat -e.a evalua--

• tion a t th• 1t• (190) f't!90Dllnt at.11, in t M nit frUle ot the 

it•+ (810). I n t.M.11 1~r•uiona, tM f irlt fact.or• in ~enthesi.6 

th• other t actora a.re empirical. Th.11 now llne 1h~ w•• then 

introduatd i nto tho Honr.e Carlo pr09ram to t;lfntro.te K .. + (890) 

evont1. Din-by- bin corrcct.iono to tht mate d11trlbution1 for 

d•C.· Uting tho parAtlletorizationt for the p• rtial widths r KW(m) 

f.nd f xy<•> Wt boat t i t the d.at.a Cc.hoy vort found to be iden·ticAl 

to t .bO.M ori9lntlly choae n). U... owr•ll acc-epunce cornet.ion co 

tin.1 fora. 
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'tho theoretical ltn.o shape g:ive.n by f;q\&Ation lZ:O) tep.te:senu 

the lllOdificd relativistio resona.nt ah~e expected for the decay of 

+ K• (890) to two p~oudoccalar meson.vi the shape 1.e distorted by the 

is introd1.1ctd throu!Jh tho integral over t'. The integrand K(~' ,•) 

was evaluated nu1'1Grically at variou1 INIR& and t 1 bins usin9 the 

optical model prcvioiu.ly d.oceribed fo·r the e.o.lcul•tl.on o f fc and. 

f
9 

and, a9ain. the preli:a.lna.ry va.luet !ol' ryo• ca, and 6 "'ere u11-ecS. 

Because th• cut•of'f -t• < 0.004 eev·2 woa appliM to real data, 

SC11e.ared by exporiiaental resolution, K(t • ,m) was fir•t 11D.Oared by . - -tbe rektlutlon fta.:lc"tion R(PT. P?) (soo Equation (19) 1n Sectlon A, 

Chapter V) 

resulting c~p~~ssion for dO/d.m was t he n avcragod ova.r the cxpcri-

montal maaa bins and l it to che dato to extract thij resonant IMl.18 

a
0 

and vidt h r 
0

• 'lM' overall norCM1li1et.10A YA& ..Uowed tO va_ry 

freely. 

Sevoral por~QCtcrizAtions of tho partial vidth• wore invocti

ga.ted. 11osido10 the t ·\IO •lr"Jady m.c.nt.ioncd, which 9ove the be:s;t fit.a, 

tho foll<*in9 torr.ts v0:to also tried1 
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ryo !l</k0>
3 

a!tck
2 

+ k2) 
0 

rK\' • ryo (k/ko) 2 nV•o 

r 
Yo 0</kol J nV•o 

All of t.hose 9ave rceulu for m0 and r 0 vi thin 0.002: GeV 

the bO• t f i t.s . 

of 

+ 'rhc> belt-fit l.i.ne shapes for the J:• {890) a ro •hewn by th• 

Ootted Unes superiwpoaedi on tho data i.n P'igurea 4Sa-d. The ar·rows 

on tho figures •ho"' the range over which th• do.ta wer • fit to 

the theoretical line 1hape. Tho f lu as•l.mled that the.re ver• no 

ba~9ro\lnds. 

The fitted resonant parM11tor1 for th• tour data sets o.ro pre-

scntea in Table VIII. The crron quoted an purely statistica.l. 

The w19hud awrago !or the reson.ant. aiass is in qood a.91.'eoaent with 

We a cc:dpted value: Sl however, tho woi9}lt.ed aV\lroge for the widt.h i s 

s ome"'•hat below th• a ccopted value. 51 •66 

P. nu to ao/ dt' 

u1in9 Equation• (2)) and (22}, we can wtit• 

~· • 24 
.. 2 
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•tato up t.o .,.. N.Xl_... v.tne. f'Or t.bia M at.a, we choose 

~ • (1 ., CoV) 2 , and dupl i ea.ted this upp.r liN.t. ln th• Hc:lint.e 

C•rlo ''hon 9onei~t.ill<1 it•+ (890) cu.11•s in the proce11 Of c:•lcul1ting 

th., cwer.1.ll acceptance correction toi- t' d.11t.ributiona. the con.-

voi:oonH progtit·t i os of the above i nte9-ral• e.r• , t horotore, not 

Wigf'lor tora in tho-1a int.•9¥"als , and to the f aet t h.at tact.or e •W:h 

.a;• c•, fc, &nd ' • cSepend ot1ly ~.ly oei: • ••· ~ latt•r t.enl5 wre 

Uken ouca.id.o ot the int.o~rrai , ~ ev•l.uated at tht 1cupt.ed "Alu.e 

of •o tor U.. JC•• (890). 51 $.mstlt.uti.ft9 u.. par-.trla,ation.s of 

the puti&J. vidths rl<'J(•I a nd fn(•I COW>d <o pr:ovido the beat flt 

+ t o tho 1t• (890) ma11 1pectrom.. vo ca.'\ writc1 

2 t' 
Z of Yo~ If 12 

• c cl 

• c 
l 

(2J) 
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•!1r0l'l/q,,1 3~1ci2"¢11uv11:01 221cc11k2•k!11 

c.2 •• >,2 .. 21r ,ft, 1,,,,111 2 •• ,z11 2 
o o o ,,qo ··"o q "o 

f 2 •!r0 1q1q,,1
3 

:i.i!t<q
2

+<i!> 
C a dm 

2 

<ni
2
·m!1

2 
• ,.!rr

0
(q/q

0
1
3 2q!/cq2-ci!11 2 

• 
.2 

( 1 1,3 . "'\ 

J 
2 ~!1r0 <q/q0J 32~1q2-ci!11rck/k01 22k0/lk2+k!>1lr • 

c • 4- • .....,:;-.._,= 
3 l•2·•!>2..,! 1 r0cq/\,lJ~/lq2~11 2 <•2-.{1112 

'l'bes-e intatrala wen •valQtted o\l&lerl.ca.lly m .tn9 the keepted vorld 

a-.._ta91'• for t.he hi.son.ant pu:.eters • &Dd r for th4I ~·· (*90) 
0 0 

u... • ._.s1 

Before t~ttlNJ tM •JCPer1-.nt.a.l da/dt" di1t.rll>utiont: to P.qvation 

C2J). the theontticol oxpre&sion fll*;l$t. be hlOa.Nd to •ecount for the 

finite tl'AnlWt&CI rno•ntWl'l i:eaolution of th.e e>eperimontal o.ppor atus. 

The ex_,per1mentel oro11 aections are eonvolutlona of the truo form 

+ ~ 
ao/dt', ond the rotolutlon function ~(PT'~T) 9iven by rquatJon (19). 

We havtt 

"°} /" .: dOJ dt'• • dPt' a(P,..Pyl dt• 
...._red UM 

-• + 

The c.eanlnig of lltfP7;,PT), and the assumptions 1u:r~oundJnq lt• eho1ct, 

l.\'e 91 ~n ln Section A of the pre-vious chapter. 

" -

• 
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In order to aeeu tllit tbeott·ticaJ. e:.pre .. i.on, ~ ,...,a t)O ._...,_,, 

the va.rlance la PT foT ~ b.1"9et. .-1'4 for ~ f lnal 1ute. these 

• pe.n.Mter·1 "°'re 4ete.rained tt.t:i1>9 Monte C.zlo K-• (8t0) •"enta 

1 generated at t' • 0. 'lt!.e values for op at t• • O were the" ex ... 
T 

t r Ac·ted fro• the reconsuucted t • diatributiOl"ls. 'l'ht•o value.a wero 

aaa~d to bo inOepend•nt ot t•. Rt:callin9 thti f•ot that tho 

Monte C•tlo undeir.atlmaWd the PT' r•solut1on , •oo·h valuo of a! for 
+ T 

th& -.• (890) va1 increased a.a prescribed in Oh•Pter v , SectlOft ~-

,,.. fiA&l reeulte for op , vith the copper ta.rcJ•t. in pl-.ce, ven 
T + 

13. 9 llJtV/c ....S ll.8 lloV/c f<>r the de-.ctad fl.Ml •U.td It yy an4 . . -
••• # qo•pec-t.iYely. r-or the l•a4 U..CC)et,. the .. 1 .... ot op- "'I~• .. 
l2.2 Mo-V/c ~ 12.4 MeV/c,. .respectively. 

1'M: f..loel t.heoret.ic.al clltferenti6l CT01a •ectiona con.slated 

ot av•r•c;re• of the •••rd for:M,. lntegl'AUd ov•r tb.t experimtntel 

bin•. Tbe X
2 

IUlli of th« squares of the doviationa of the OXJ)Ori

tncn~l dat• pointJ fro~ theso theoretical bin avor~9e1, woi9httd 

by the t~v•r•o squaro~ of the e>cperi1r1ent•l •rrore, waa fot'l'Jle4 And 

min.iw.iud to o>t;tract th• values o.f the t'&diativ1 perti•l width of 

• • • the Jt• (890), rtK• (8tO) .,, ~ y) • thtt atren;th of t.he tlenent.uy 

•tt-ong contribution to cobitr-ent. product: ion o t the x •• Ceto). c
1

• &nd 

the rel•tlvie pba .. 8 Ml-"'*'IA the two Prod'\JCtioa upUWd••· 

ni. f 'ulty cor:nctff •xped111enU.l dtf!en.ndal c.TOS• -..ctJone 

• l• t •, for K.• Cl90) dai. obt&!Md bca copper and l ead 1.11r91u, 

are •hown in Pl9ure1 46& a.ad. 46b. As al~•dy mentioned, th••• 
diat.rJbutiona .refl4K:lt an effective- 1nt.egrat1on over the full 

A 



~ 
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• ... (890) llne •b&pe. froni th• kinematic ft\i.nil!IUlli to l.6 eov. 

"l'h• • upta.rimposed 4otto4 11-MI in these f i9Ul"U ro.11.al t fro. thci 

thre...,.para.te.r fits doscr~ above, ovor the r•ng• fro. t 1 • O 

to .,t I • 0.010 eev2 • '1'\e C0SulU1\t exttACted Y«_}U.a for f(I(• + (t9()) 

• • II:: Yl, C
1

,, and 8 &re tK-PJ•tad ln Table rx. 'lht q\»t.ed e.non &re 

punly 1tat1•• lcu. 

ln order to rtudy the U Mitlvity of the flu, u-o-per ... t.e:r 

fJ.u v1ro tri• d with c. or e fixed at. the value• of o.o tio .. . 0 rrb/ 
4 

OoV • ind 0 to 2n radian.a, l"etpi90t~~ly. The .Phi•• on9le e Yl~ied 
4 by "'°" t hon n/2 r •di ana when c• was chang• d by more thin ) mb/GtV 

• froni lta nomif'l.ll three-par-... ur t itted valQe; ~wr. r1x• (890) 

• • I. y) r ... ined throughout within it.a erl"Or 1.iaita.. M & fncnt .. e:d 

• f rOft 0 LO ,.. rNi .... c ~acl-4 by .... -.ch ... s lllbJt;av • AW•Ung • 
a • tn':lnf oorn:l•tJon bettNen U. t:J.c.i,ed results Cor c

8 
and t. A9&1n. 

• • tM ext.r.cted valu.a.c of f(k• (890) • JC Y) r6D&Jned v lthl" tho er ror 

lilllli•. except in tho n9J.on o f e :t ,.. radians , whor • th• d4vl•tJ.ons 

w•r• noverthel• •.t lee• than tvlc:e the at.at-lt>tic-.1 error•. A on• -

p&.r'AMter f it., pG..tfor.ed \fith Ct and 8 COnatra.iMCJ at •ero (i •• • 

as.tual"'9 pure Cou.lombi.c: pfOductionl, gave a wei9hted aver•9• over 

tho fou.r dat& ••t• o f 61 t 2 k•V. tbls error ia atatlat.tcal only. 

1'htee .. ,p1ra..etctr f itc, vlt.h -t• < 0 . 002 cev2, 9aw re1ult• con-

11.•t.ent with the t its to .. i • < 0.01 eev2. NMd.le11 to 11-y, c. 

an4 e wore poorly detiermlr.ed i _.n this cue, since th• flt "•• ...... 

suict.ed priu.tUy to the Oou.109ble pe.it. 

. .. \ 
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•t I ~U\9f' Of f (K•+ (690)~+'Y) c tax90t observed .. 
l lnal t t•tc tit (CcV~) l~eVl 1.i.tc;ov•1 . 

Cu K•yy < 0 .010 62. 6 2.9 • 1.0 

,,+v• .... < 0 .010 51 t 7 2. 8 ! l .l 

Pb K+Y'r < O.OlD 48 t 4 4. 2 : 2 .0 . . -
n • n < 0.010 47 :t () 4.9 t 2. 2 

Global f'it < 0 .010 51 t 3 2.4 :!. 0 .8 
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'rt. gain Aft un4eret&nding of' the e.f'f•cts of a pot;albl• &yei..a-

at.ic error 1.n t.h• value• ••d fo.r o~ in the re.solution SM•rin9• 
T 

of the t:MoreUcal c;rosa ..c:Uons,. thret-paraaetit..c f1u Oft all aau 

sot• vp to •t' • 0.010 v.v2 wtire perfonMd, allowin9 OP to va.ry 
+ + T 

by zlO\, The oxtrncte4 valu.el of f (K• (890) + ~ Y) wore C4Gn to 

vuy by roU91>1y ! 8•. 
Finally, • 91.obal fit ovor all four dac.e Mta, with tho nominal 

2 
v.iu.1 tor op , and a fitted ran9e up to -t• = 0.010 CoV , con-,. 
ttrainiQIJ c

5 
and 8 to be lndependent of t.aqe~ aat.td.&-1 .. vu ~r-

formod. 1he re1ulU of thi• fit are also 9iven in Ta.bl• rx, with 

onlr at.at.istic.al error• ahown. 

.. ' 

CIW'!l!:R vn 

CONCLUSIONS 

A. lntroduction 

lt ia appor•nt ltotn Tl.lblo IX that. the f its to th• •)(F«ri1Mntol 

dUf'erenti&l cco.a ••ctJ.on provide c:onaletent r&&ulu for 

• • res.• (890) • Ky), '!bit c:oMia·ceacy fosters a s.Mle OI coafido:Ace 

in these nu1ue1111nu, and encoura9e1 th• WUef that all poeaible 

systeMtie •r:n>n in 6e~r9iniD9 absolut.0 cross ••ct...looa haw bH.n 

?tcPUlY a.ldxeo...i. 
+ + "11\e fitted va.luaa of rtK' (890) • k Y) are rel atively inoen1i-

Uvo to targot. Ntarial.# lnd.icat.inig tha·t tugiet tel•tad eornction1. 

and biu.s, .rtect1ng cn:os,• Motions, have a.lao be.On ha.ndled cortectly. 

'l'tlti a9reernent o.C! \:Jl• oxtroctod result• to:r data from both d•o•y lrlOdes 

+ of the x.• (890), C41Ch d.t1Mnd.in9 OODplouly di.lferont h.\.rd'var• tr-1cr 

9-.r l'oquirolflCllnt.9, and pre1ontiA9 diffecent. dif!icultl•• in cecon-
. 

&truction <0.nd •ubaoquont •nolyals. supports the belief that tho 

t:.n•~t ot cornet.ion. tc.c.tof9 at'd non.;al.i:tatiOM Ma been 

""""''. 
'Therefore, th• cW.• ~r$ just:lfied that the task vhich this 

th .. is addr••Md hN bee.n .....,..ll.she:d1 wly, that a def1nit.1W- aeu\lH

+ nont of the radia~ive decay width of ~he Ka (890) has been obt&i,...d. 

-184-
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a. ,.l,.._l Maul U: 

Table tX. erron uaoclate:d with syst.e.1Mt:.1c ct"Oel Met.ton aoraal-

1&&t10ft unc:ort•inti•a,and unco:rta.1.ntles ln th• e>eparU..ntal •,. resolu

tJ.OC\ •'-'*t. be oon•ldate4 and appropria.Uly oonwlut.d with the au.tisti.-

+ 
ca.l orrora. Tho tonne\" are directly related to orror1 in r(K• (890) 

... x•y) thro~h th• oro.et ·s•ction for.vla (l!:quation (23)),whoreaa the 
. + • 

lattec trart1l&to into compounded enors in r tx• tB90) • X Y> by means 

o f the f1ttin9 proc:edu~. 

The ayaU:aatio norrali zat.ion e..crort: for both 1.•• (190) decay .odes 

arlM 1>'"1-rUr t.._ ..,,.,_,, factors cont.rit>ttlft'I to U.. cllocrepo:>cy 

btbfMA the e>ipe ri.Nnt::a.lly observed and tN t;Mor.Uc:elly •JCP*Cted 

<tour yald• for - - &eayin9 to cb&Mela -lotle&lly aieilar 

• to th• K• (890) f1Ml states. tties• sy•uaatlo errort •r• o•t.i•t•d 

• + + -
to bO 5\ -'ld 10\ of the total nonaaliution !Ot the K YY Jnd • 11 c 

final 1tate1, r••P•ctively. 

At nott4 •orl1or, • eha.n9e in tho OJtper1mtnta.l PT re1olution by 

! 10\ ••nifo•t• itaolf as a variation oE th• r••ultant titted solution 

• + 
for r1x• (890) +It y) by roughly! 8 \ . ~lnc• it lo ~u ... d -~a, 

+ T 
ta ~.nown to •n &C:C\J"f"lcy of s,.. u.e error c-ont.ri.~u:t.Jon to r (It• (890) 

• a.•y, ff'OM 1lft0ert.ainty in a is esUaated to be 4 \ for •11 the 4t:t.a. p 
T + + 

1"U.lnt •average o·f aaeb of the Cit-ted wlUH of r(x• (890) •I Y), 

weltht.cl by tM inveP« squares o.f the s.u.WUc:.l errors .. CJiwe.& tbe 

ret"1t rc1•• (890) • x"'v> • 51 :! 3 :!. t keV, _.,..,.. the errora repr:esent 

U.ln9 tho exoeptod ,YOrld averaqtt !or tb• total do~ wl.4tl't of the 

K•+(090), 51 th11 .ea.sure.-ent im.Pliee a radiative btanch11\9 ratio of . 
0.10 t 0.01 \ . 

Thie meaautement is i n ~lee. agt04HMl'\t wi th th• original 

+ 
~r lialt for this rate .. re.ported by 8011f1POr•4 •t al, ot rcx• ($90) 

• 67 • tc. y) < tO •ev. 'the ~t ia al.sO ou.Uent with the ea.rUe.r, 

- - " coaj~c:.e rHctloe, f{1t• (890) • I. y) • 62 t 14 MV. 

A wiohted awra9e of the eatracted v•lue1 tor c1 gives c8 • 

), 2 t o. 7 ri)/Gev4, W:her. the error i.s purely 1tati•t1c•l in n.ature. 

1'111 ro1ult d~a not agree well with an extra,polAtlon from lower 

•notty te•ult.1 ot Belft)Orad et ~l, aaau.in; on inwr•• dependence on 

A ~i9b~d awqge o.f the ttl•t.lw J)ttu• 9 beblft:n t.he two p~ 

d\K:'tion uipUtvdH ¢..s 8 • SC .!. 14 die9n••, When the- enor is pure1y 

c. 
+ + 

'f'h• rJ.n.ai value q\llOted above !or tho tt•M1tion rat.e K* (890)--+te. Y 

o&n .be oompored wittt an early mcta.suremant. •t orookhiavon energies for 

,, 



• 

-the vidtJ- fOt tho decay x0 • •> kOY. -
the r•tio rcJt

0
• • Jt

0
yJ/fCK:·• * .. r;•y) • 4.0. U1lr19 this prevlocas 

MU1Uemtat. Of rc.:O• • kO'f) • 7} :t J5 keV, 4lad the rff;u.lt prff~c.d 

here, ..,.. celcvJai. this raclo to be l. 5 :! O. 7. M dl•cu-t•ed in 

Chapt•r I, in the re9iae ot brokon SU(J), using qu.1rk iaognot.ic lllOGQnt& 

-th.ii l•N mot.bod tor ca.lculat.in9 Ute .rate roc0 • • ~Oy) 9i.vea Val.ta:s 

much hi9her than tho e~i•ntal resul.t. Thie dltticult.y 1• oo_.. 

+ • pounded by the feet that tJ>e •uuRant of T(K' (8901 4 K YI nporu.! 

A hlet.orlcal auapiciOll exit.et. conoerntn9 th• Hliabilit.y of the 

a.n.a.lr-11 1.a1•d ln the lint goneratJon radiaUvo dec.ay 1xperi.ata. 

ln JM:rtJ.cu.tar, tbe fi..nt •uureMnU for t..h• r•t.e• f>- • 1-y and 
• + 

.at• (890) • X Y lhowed an A de,Pen&lnce for 1Dt.a1u.nid v.:.iluea of C • 

• - -'tt\la effect w1• not aeen in the original K0- • K0~ data. 'l'hi• •ort 

ot effect c.an be o~ld.ned by 111n 11ovector exch•n91 (~) cont.rlbu-, 

69 tlon to atro"9 oohertn1: prod\lCttoc. 

Data tro. the pnvious eJCl)eriasnt. on tti• f> .. .. 1-y t.rM•ition 

oould not be re-analyzed to include an A
2 

exchan99 contribution. 

0Jn.9cequeot.ly, Wold e.xtract.e.d "idth ot r,o- • ,-Y) • )5 ! 10 k•v10 

U no lODfilr Hpnt.4 .s dtfi.n.ttlw. Also, dlt.111 fl"Ola the tint 

r'Ur\n.i "9 ~r1od of S272 on the- Q - ""' 1 'r dee~. \ltHtff. due to t>wt h&flh 

onet9Y ot tt\4J •)('.P*rirent, a.11 A2 exchange contributiol'I could be 

l9norod, ind&c•te r(p- ~ W-yJ • 71 ! 7 keV1 thil 1;r.oa with the 

... 
"' • ' 

.N:&"ult ot JO < r < 80 keV o:f the old 011q:1i1rJ .. nt obt.1.oed undiar weak.er 

Na'-Pti0ft9 (&.Kb as the posaiJ:)l• pr~cenoe oL i80Yltctor coot.d.bu

t.JOM to ltt'OQ9 coh!nnt production). 

Tho netl•ct of •uch iaovector contributiona in the analysis ot 

c.ro11 1ection1 obtbin-4 •t lower en.~1ea al.ao affect• the ex-tracti on 

o( etUUHMCntc of C8 • Because this waa °"'-tted in th• lint atudy 

ot 1t•• ce90J .. a:•y,. it soema eate to conc:lude th•t a di.net. cot11parl-

aon of our 1Ma.1urell'lent ot c v1th an t>ctre,poleted value fl'OID tha t •x• 
~rlMnt .t 1 invalid. 

PiMllr, our rfflllt. !.or r(K.••cno) • x •'r), eu.tnacl la Ugbt of 

theorotJ.C&l pnd.ictioos for r(~o. ~ Ko'r), ln4ic•ta that • n-.asm.e-

1118.1't ot the latter , 1n an l)(l»eriEnt "'hor1 the> Mparation ot the 

Co\Ll.ollt) and •tro.ng p.roduct1-en proces ... a ~ld be le.u IDOdel de

Pondent, alflht a. of great value in re..eolviftt the conandr-. th1$ ditcay 

p 71 pruent1 H9•rd.ln<J the rad.iatJ.ye deeay1 of the J • 1 to01on nonet. 

-
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