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THBSPECTROSCOPY C!!?NBW PARTicLEs" 
Susan: GoldJIlltier 
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Depil~t'!Dent Of"PhySics~~nd Lawrence Berkeley Laboratory 
'·uniV:ersi~yofJ:alifor:~ia. ,Berll:el~y. Californi~ gil. 7~ 

.,-

I. INl'RODUCTION AND OUTLINE 
- . .. 

LBL-6732~.· 
4\ •• ::' .,f .. 0;, 

Here I mean by "new" particle~ that,~ wil,l lim~t myself to those 

hadrons' oontaining one or 'I!I9re charmed quarks .and to the anomalous ell 

events liS' intl!r);,J:"eted [~tl1e" heavy. lepton' hypC)thesis. I will .thus. not 

ri!View the' .recent ev.id~ce .for baryon-antibaryan bound 'I!tates. As. we v 

.have learned frOm Leon, Lederman's talk these are not.!!! the new particlesJ 

he',has, ~re"sentedCleai-cut :evidence f.o~ another "brand new", particle (or 

par.ticles) :·;I;';teferto Lederman's talk'at this conference.·for. the details. 
'. - -:~. .' .' -'.J _. " '.:: .. "-

'We,can,divide the'se 'newly ,~iscovered7particles into six experimental 
'. cllteqoJ:'ies •. ,' , 

(i) 

The. fir~t three of'these cat,79or,tes. c~rres~d, to pS,ion spe~trosC()py. 
"?C=: l~- J narrow states with Spin parity. and: charge. conjuqation. 

.[s ~ 1;73 Gev; .. ' ! . 

While there is;nothilll1 intrin~~CallY special ~t JPC = C- . versus 

some other quantum nu~er of ·the,. cc C state, it has had enormous experimental 

consequences. ~Thefa~ that ~tiie~e vector mesons 114ve the"quant~ nunibers 

of the' pb'!ton, MS been ~esponsible for the opening up of, the neW physics. 

This all~ed • prodU~ti~n yla '~e vi~~l ehoton of e+e~ annihilatio~ and .. - . '" ~. 

siiDllaiiyi the discovery of,'the,.J'becausE!'Qf the very characteristic signa.,. 

turi/ciia )ligiDias1. ei';C!:¥.on ~ir\orl1paii-)Which.Can be dete,*ed in an 
eno~sbacJi~~oUnd ofot~e~hIld~nic. ~tafes. ..... ....•. .:. . ~. . , . 

, (iIl ,jc'';' .. l''~;'~~d~*i~s'~iih'':4"s''>··l~~73 Ge~,~ehi~hermilss ~t ' 
, . p!#ib:i1s. ·'Th~~e.~~~·SC,;fU': only Observed in' forma'tion experimehts 

. ,~~th~ ~irtual,pJi;~n. ~f '~+.~-' annih'iia~ion. 
,:(ui) J~./..i~-'J .na:~r~:su~~! the~i.~~soiis.~·: ~ere these states .of·posi-:-

~ <'.,~,-,.-;..>.-•. -</~-:...~:,"-•. ,:;;,. -..-·-c~.·-'.t_+"·::,,,'-:·_t'~·.-~~,· ___ :.,_c ,. _.' .,,·.< .. ··-'::"f·- . :.,-' ,.,.I~_. ,:-'" _ 

.. ' 'dYe clUlrgin::onjugation ha:vel>eenreached'. vi:a':radiiltive decay frOm: 
"·'i·;. ···~;f-;i,an;i'.~·;<~(r~faf' riO~orr'~Sp~i~~'~:Stat~s'~V!'beefi 

. "", 6~~ea~'>:' ",.. -" 
'. A~1:;th~~:~~ieSc..re"isosi';9lets' ~ the ~videnee 'is'~ ~eryc;r6Odtli4t' 
tii~ec;;riliiBi~t-'~'cc quarkpair~' 'They have· "hidden 'chBrm"'~rthe"charm" 

=""",,,~=",-~,",:':c"'" ,:,:."r!i~&:;iW:~~1i:i;·:~1~~£~~j 
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,iIl4i.C?'!8:d:'~",~,,:J~i1!,J!~~i~~~J,~les. Here. the' charmed ana-

,'~r:~~t~j;~1~!}J~;~~~~~i:~~~:·~:~:!;~:C:'f 1 Wi:y: S= 
. allC(';~:Lgl1t'~idenc:~f~r Ch =: '2 baryons. 

'J~it;~.FU~,:~ ~~t?~.~~~~9}~~[~ ~xy~~iS." 

:~ ;The:,iIa~Btateswit:h~the9iaa~tuin;nuiabers 'of 'the photon Jpc = 1-:::­
':inHo~;l9i4:.th.;]"hole picture~fPartic1ephysi'Cs Changed with 

":~tl;'di'=o~;::i:)~ .the t/J.'· :Pi~e·l·iuJsb:ates the,;MlT-~NL discovery of 

t¥Ii,fJ;~~[Si.Ac.i;LBJj·"iScOVerY'Of' the t (1U!d' the rap.i~cOnf~rm&t.iOIl of ~th 
,'- :<, :".-'"'''::..;-;~., -: :'; :--~~.! . .:: . ,-'. \-. .' :' ~ " . . ~ . , ;, b:\r\i:,h,q~Ii~~~~ '.~asCa,t~~,.'r.igUre 2 illustrates hClllat S!£AR within 10 

·~a:-,w~:'Bwitched,to·~e· "sCa~ing mode" .. ;. oile· point per MeV per minute. 

~~s ~~;sh~~ the tci.~IY and shO~i.y thereafter qave the t' ~ Figure 

~,:,t~~:'~t£t~;:tt:i~~~:':; '::;e::~~ ::~:~:'~th l::ntum 

. '. I\IUIIbers~' of the pho~on sh~i1811 up: See Fi9~ 3. ~ " 

,,:,' .' ~~' Brei~-Ni9ii~ resoMn~e expr~sslc:in for a final state channel a is: 

,,':: , 

'--".~:i, :.~:,~.. ,,_~ .. -:_.~ :.' . • .' 

'whue r ",r' .r .:are ~etotalwidtli ., .width f'?,r' final state "a" BoP. elastic 

Ecm 

•• ,;.-!j , ~ 

~'~!~~~~ti.~;:~~;".~ir~~t~~f~~::'~~S ~en~[r+i')' r e 
:':~::aet~ii\atiOii, of, r. This ,exPression -- aftiE- radia-
"!";t"''';;;--:'l-'''->~_';'''""::''~'-·;''::";·'!~t··"",.,.··;::-:.~!·,~· • _, " • ,. 

'.~" !i,,;t:"':'';;;:~c:lrr have 'lieen applied -- ,is essentially independ~t of e.E, 

,,~~~,5~~:.,:,~}~~~~~~~c,"Lato~~~~ ,are ~l.,~. J'b. ~V ~t: ~e, ,/J, 3.~" 
'ji~~i:a.':~~~~~1'!i;~I~t,t:h!l.;J,!19it~"c;l~~ined in· the 3 •. 2:::- 5. 9Gev region rBl\ge 

;;;;~ltJ£~~J';~::"!;1~.~:':~:'J ~ ~?~.~... ., Q.45 



t",_ ~ ";:i: will:, 1'lI9~ repeat here· th~ det~iled stu'dies of the'·, d~~c~y .. _properties 

'arid qua¢um numbers' of 'the\. t 'and,,' (see for eXilmple~e, rev;i~ ,by 

Trilqn(2)~ 

levels,with Jpc = 1--
, .-

3 

two broad resonance states -- characteristic of decay into 

'open'channels -- in distinction to ~he 'narrow 1t, and V· states whose decay 

is'bel:1eved to be inhibited by the Ok~Zwei9-lizuka; rule3 ,..- ";~re dis-' 

co~ered. Avery broad state of r "" 200 MeV centered at 4. 1 ,c-e~ and a. 
less broad state ,4.414 Gev, r = 33 ± 10 MeV. 'With DIOre data the broad 

state gives strong indication of further substructure, but so fa~ the full 

complexity of this energy regiqn is not completely resolved. Figure 4 
shows, the entire data for 'R '" 0h dlo 'up to '7.7 GeV. The data on this . ,. a Illl 

, figure COIIIe/il' from NO'fOsiJ;lirsk, ,orsay ~ " Fr.~scat i, ,CEA' and the SIAC-LBL 

"experiment. afsp~~' In the 4 to 6 Gev~egionstheieis good qualitative 
, • ".- r'" . 

agreement as far as the resonance peaks a,re concerned between, the SLAC-LBL 
'~ • .~. I _. . , '. ' 

data .and that frOm DESY, both PWTO and DAsp;as 'p;esented at this con-

'ference by, Timm. ~awever thel'e is, a dis,crepancy by about 1 unit in, R with 

the SLlC-LBL data giving the higher R valu.es. This discrepancy lies within 

,the syst'~atic errors quoted by the various. ~eriments. Here it must be 

remembered that· the main systematic uncertainty comes from the Monte-Carlo 
'.,' I 

cal~tationS of the e.fficienc~es. More ~ew, data will be needed to under-

stand and' resolve ,this disCrepancy. 

,.:A brand, l!-,~cont~iJ:Jution presented at this, conference by Litke comes 

from ~e;"LeadG~~SSIl a~ition,t9 the SPEAR Mark I detector -- a LBL-SLAC-

:,:~,~~~!.;~~.!~~~~!~ .• ,:: .... ,.!,,' , .. ' . .' ' 

, ~.;Ii'iguie 5,,~~!i,this:~,rEl.l!lIlt.: a neloiresonance·jlt' 3;7'12 Gev'just above 

D5',ihi-es~ld '. ';ilii.~w~t. . ii ~~~ th~ ~esollilnce 'deJays '~~cii;lallyinto 00 50 

~.;:: ..• "'- '.', <j.~-< ',:'" '., ,~\:}: ,. " <" '-", '.' '~':. • 

and DD. 'InFJ.g. 5a one notes the very pronounced radiative"tail from 
'.-r ',,' ~ .~ ~', _ . ' - • . . 

the t', in Pig. 5~ all r~i~tive effects have been Subtracted'and a fit, 

,}?~~~:!~i,~~~f:~!,~~~~~~~~,Iex.~i.~i~ri 'is 9fv~''''A:·3nlresona~ce had . 
beenprecUcted. atraughly this energy. 'A 'summary 'of- the relevant rasa-

nanc~'~~~ciSgi~in:'1'able ':i:.Figur~6'~~s':the·3;i,to 5 Ge~ '" 

region. in detail~ 

~", ... : ~~':~~i.-;;;U~PiOduction of low momentum DD pai;s at this resonance, 
, . t" 0 +.'. '. ~-

gives a new. ma~s measureme"t o'~ the' D and D as will be discu~sea below. "~"': 

, orb'e nar~'&tates";ith JPf? /:.1-- "'C" 

~~jI' ",:'. ,;:~iJ~·~~:::~;~~f.~t~t'~~~iet:l~~.~!J~~i.~rfl;i1r~}~,,~:~;~S:~~;,~~t~r.MiJ~~:1;~i~~i 
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."<tj({:{;::;;~~~;9~,:~~r~~~~~I,fo,r_:thi~lo~~ieil ~ r •• a~liI;: •• r fl the ful~ 

., . ·vt"t~.?ree:f.1 t.h.'!ll!Irt.~~!·1I1dtlr:to-e1ect~an '1'1!rl,"lnd Bee 11 the bronChlne 
. :,nfr.ctian'.t·oli!lect .. an··a.irs.· .. ".: . . 

:~~~. r .. - ". re~ 
<keV/liZ)" Cifev/cZ). ·(k.vic2, 

0.069 ! 0;009 

• :.(3684; , 3'84:t 5 0.228 to.056. 
:~: ·;.r' ""'"..:. .... Co;:. ~. ' ~ i;,J' .-,',,' ! _~:. ~ <' .. '_ 

2.1 ;t 0.3 (9.3 :t 1.6) • 10~3 

0.37:t 0.09 (1.3 t 0.2) • 10-5 

-, ,.,.' 

~414 :t 7 33 t II) 0.44 ! 0.14 (1 •. 3 t 0.3) • 10-5 

t(4100) 
, <~ ; . ...:. : -;"" ,'" '. 

:"l!DO (ulIE_alved) .: .. 

-. ~ ,~~~~, i.~l~de e 0.13' unc .... talnty in th.· absolute ener9'y' calibratiQIl at 
• • :_';S~."', 'l'he ..... difference b .• t .... n the .(]61111.) and. t( 3712) 18 88 t '3 
~.Ke1I/c2 ... '"ll Msllies' are. q .. ated relative to the t(~) uss. .. .;~ ":- ""' , ;::-- '. - .. -." . 

. "'nez:gy-d.ndent .. ~dth .valuated .at th~ I114SS of the resonance. 
- . 

<!able 11. .Br.nch1DtJ frecti,anl for t' -t m and for 'inclusive r raYI • 
. Bt • Blt' ... rXl)~X~ -t, .... ). 

SJ.IIc..LBL DIlta 

;: ~ ~ (Ka~;·'.; >~~JI.j - ~ t.' ... \"Xl) 
'.'.' ','r . _ , "". (I) . 

'356ft 7 

~U.:t7 

~13:t9 

IIPPSSSD Dati 

- f' .. 

2.2~ 1.0. 
, 

,.O:t 1., 

8(t' ... Y'X') 
(I) 1 



are' reached by radiativ~ decay from the t". There is one such state 

x(2a3Q),' ob~erved at m~SY only, which' is reached by radiative decay from 

tJie t/J. The DASP exPeriment at DORIS obserVed a 4 ~.d. peak t/J ~ rX, 

X ~ IT as reported by Timm at this conference. 

There are three diff~ent types of information on the X states. 

These are: 

(a) The reactions t' ~ 
The reactionS 

+ - + -
-0 ee orlll!. 

.' -0 rlXi 

I ... r2* 
first'observed at DORIS for Pc =.X(J,500), have been discussed by Timm at 

this conference. See also results in Table II. 

(b) The' inclusive r spectra 

5 

The r spectr~ has been. studied by Whitaker et al. 5 in the SLAC-Ll!.L 

Magnetic Detector at SPEAR/and by Biddick·et al. 5 in the Maryland-princeton­

Pavia-uC San Diego-StAC-Stanford NaI detector in the east intersection 

region at SPEAR. 

Whitaker at al. use r conversion in the small amount of material, 

0.05 radiation length, composed of the beam pipe and "pipe counters" near 

the center of the SLAC-LBL detector. Figure 7 shows .the spectra at the 

.• and t' as well as the. r-detection efficiency. One r line E = 261 ± 10 
r 

MeV, is observed at the t'. The results are given in Table II. 

Biddick et al. use a detector shown in Fig. 8 consisting of large NIlI 

scintillation counters as welt as proportil;lIial .wire ~mbers .and. propor-. . 

tionaltube countera.· The. resulting y-spectra for ._andt' are. shown in 

Fig. 9.ind· tile: results ~f a fit to the daU:' are given: in Table II. The ,. - . . 
agr_nt ~n the'two ~r~ments forS(t' -0 rX(3415» is excellent. 

'Dle cOIIIpiIrison for Sf '". 8(t' ~ rX)B(X ~ rt) h.:;;~ever differs by as much 

~s 2'S.d. 

. (c) '!lie X... hadroll' deeayS 

ThahAdronic X .decay atatea are given' in Fig. '10 from the SLAC':'LBL 

'data'o~ TanenbauDI etal. 6 : Here ·the final states have be;n fitted a~~ 1C 

'fita With a catasing T ray by application of the bubble chamber fitting 

programSQ1;IAW'to the SPEAR detector data •. Tal!les III to V~~Ullll1lU'ize these 

data and Tables, VI from vannu~ci. et .a.l. 7. aid VII show' some corresPonding 
.' . '-

decays at the 'f/J and ~. respectively. 

~, '-.. -; 

, . . . 

FroiD the fits to the hadronic finai stateswe.,~lSo ge~/~.~~ti~~\,'h':'~~~2;~~;f~{ 
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; .~\:>~~.~~" ': ~;"'/'f ::'',,{}-'!_~;;i~~~~ . 1;:?:~ . . i:! ~;;,} 'i~8.::::t .~~:",;- "- {;~; '" ,:yy;: 
" •• ~ . .', lZ-t ,. ' ·0.19. 

&~;~,:"~;.,,~~,, ,t, ri·.'~ ;:(:;,,::~~~~, 

~~~~~~~111 ~~, "',_ ' . O;I?" 
'.+.-..+'It-I3,Ul 0.11 

~+.-,f. 
, .+.-.+.-.+.-

." 

U;~6', 

Jl,~ ~ 

1 t 1 

,0. la, .' 

0.08 

-O.OOl~ , 

.,' , .. ",:";i'<:',:JC(·,j·4°';:·' -' ,-, .','" 2 
(7.8t 2.3)'. 10 (l.0 ~,O:l) 1<10-

'i;;~£~~O:~~": ~~~3 -", '(4.6 ;~:9)1< ~0-2 
, (2.8 I: 0.7) I< 10-]' (l.7 .: 0.') I< ~o-i 

,~.7:t 1::'~}lr'~ 
(1:' t 0.5) " 10-3 

OJ "(2 ~ 2 ).1< 10-3 

(0.6" t 0.2) I< 10-'2 

(1.9 .~ 0.7) I< 10-2 

(3 t 3 ) I< 10-2 

~ .... at" ~,y'X.) :. 0.0'15 •• obcainild '"_ aaf.... The ,,~<on quoted fo~ B(X... f) dD 
,", : ""-'.&llcll1d."Cha'oYU':ll,Kala:WI~"rt.lntJ: of "S,W._CD th •. eJ<I<D".(.: .0.(026) in a(,' .. rlli. 

~1. Iv;' X(:!ic,) b"anchiAg "aU" •. 
~1Ioda •• t. 'IftICS-ac, 1(", .. :,X) I(X" I) I(X," f). 

...• +.-.+.- 74 :t 12 0.20 

." -;" 'p.~ 

(1.,,,~ 0.4) ,; 10-3 ( 2.0 t 0.6; I< 10-2 

.+.-.:t'It- 24 t 7 0.11 (o.a t, 0.3) ~ io-3 1.1 t 0.4) I< 10-2 

,:.+.-tl, ' 6 t " O.lt (1.2 t,0.8)' .. 10-' 1.7 t 1.1) I< 10-1 

J;, .t.-;~f.-.~.-:- 48 t. ~5 0.08 (1:' t O.n I< 10-3 ( 2.7 t 1.1) " 10-2 

, Itt". ~" ~., ' 
'.J 12 t.' 4 ".0011 (2;4 t 0.11) I< 10-2 (34 t 11 ) I< 10-2 

'~~_~~. iI(" .. J'lt) • ~.071', froe,·.ef •. ,. Th.' Ul<Dr • .p.ced fDr a(x .... I) do not include 
',CIIa owrdlacal •. uncarta4m:y of m w. co the aroo" (!. 0.019) in B(~' ... r ll ) • 

• ' i, 1", 

.~. , 

;;';';':"';~"~.' 

~~~~ ... ~~-.::,:~ .. ~~~, ! " .:,j':~".:.';,~~,'.t.,.~:,i:.~ .. ~_~,~." 1.; ~ ;:.;. r - . - ''-'', t: 4;: 
;':~"~,.: , . \ :;<'f~';~~~i~;,:~, ";~' .; 

0.18 

".,.' -:!: 
0.20: .' 

.' . (1.9 :t 0.8) II 10-4 

,. . 
(1.7-.0.')-11 10-3 

'.-}i."'< 
;i;{:::'~,~:';\j~.-&- . '41 t.... O~12' )1.S,:~"O.4,) ~ 10-3 , 

.1.,;:',- 'ti~~t--.'!',~,c -' -U t,' ,J', ·~·O,~,!" '.' i~.ul~ii)~lo-4 

, . -z 
(2;4 ! 0.6) II 10 

(2~1 :t 0.6) II 10:Z 

.(].7 ! 1.4) II 10-3 

(l~3 t 0.11) II !O-2 

(14 t 8 )," 10-2 f,~_~; ··'rj;·;;·;·~·; :':;:.' ::::::::: :::::. 
... :'~·;'t:.2\;j_~:~':'LT~;·":'-~"'-' -~_~ '1" r 

',~.~~,~','.-:: _.: -:. ev ..... 11(" ... y:X) • O:~ fm.,Ref:'~. ' Tha enora quoted for a(.x -0 f) dD noC inciude 
::.~ ; .. :.' , , '1 :""tI!e ~1i11 .... 1. """l.rt:alnc1 o:if:'29~' d ..... co' the errOl: (! 0.020) in a(t' .;. rX'). 

\~~~';t~~;;@.~k~i~fff'iL~\ ;', . 
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;ro.P.DlDcr JleC~ Made 
OIeervecl IlUllber ' lfflc1e1l~ Bruchilla Ratio 01: Eveote 

yc YL ,- <4 0.23 <8.9 z 10-' 

+ - - all 1.7 !, 1.7- 0.0lI0 U.6 + 1.6) z 104 •• 
,,+,,- - 1.8 !, 1.4. O.O]/; 

- ;... 
all (2.0 !, 1.6) z 10 

~~+ all 126 !, 1, 0.13 (2.6 + 0.7) z 10-3 

rfi-o + j;Or..o 4, !, 7.8 0.0It4 (2.7: 0.-;) z 10-3 

,,+,,-- + "-,,.+ 48!, 7.7 0.0lI0 
. 

(3.2 : c.6) z 10-3 

JtOi-1IO+ ior.-aD 1 !,2.7 0.00'1 < ;.0 z 10-3 

"+ltu-+ K-It .. + -1 !, 2.7 0.006 < i., Z 10-,3; 
+-.t- .. 

205 it 17 (7.2 !, 2.3) • 10-3 .. ,," all ; 0.016 
IttoOi-ooae: i"ox"o '40 ~ 8.4 0.016 (6.7 + 2.6) • 10-3 

l[aDioo 1., !,li 0.048 < ;;., 11 10-3 

,,"01 .. 0 2., !, 4., 0.009 < 2.9 • 10-3 

.. +.- 23 !" 0.0113 (1.4 + 0.6) • 10-3 

., Sl 0.023 ~ '3.7.10-4 
+-+-.t- au 3O:!: 6 0.026 (3.1 + 1.3) • 10-3 •••• "It 

+-+-
~3 0.013 $l.,-Z 10-3 ..... 

"+1.-,,+,,- aU 19 !" o.~ (0.7 + 0.3) • 10-3 

fll[+"- 14 !" 0.0lI0 (0.9 : 0.4) • 10-3 

." 6!,3 0.020 (0.8: 0.,) • 10-3 

... -,,+,,- .0 309!, 50 
-, 2 

au 0.073 U.2 + 0.3) • 10-
aft,,- 22!,12 0.068 (0'.8 : 0.,) • 10-3 

lilt· -2 !, 2.4 0.034 
- ... 

< 1.6.10 

fll\ , !, 2., 0.013 (1.0 + 0.6) ,.10-3 

.+.-,,+,,-,. 
' .... ~2 0.011 's 1:3 • 10-3 ' 

2( ... -,.0,," all 6'15 + Jfo- 0.17, .( li.o !, 1.0" ..... , . " - ., 
+ - 348 !, 40 0.14 (6.8 + 1.9) x 1O~3 GIl. 

lilt .. 8l!,20 0.11 (1.9 :; 0.8) x 10-3 

p0.a: +~!, ]/;',i!:.J2 0.018 (8.4 '±, 4':,) • 10-3 

3(".-.).0 au 181,!, 26- 0.062 (2.9+ 0.7" 
u.1{ 140!, 30 0.044" , '(8~5 i; 3.4) x 10-3 

4( ... -,.0 all 13 !, 4- 0 .. 014 (9.0t 3.0). 10-3 
+-0 (,,0.0 + rt.+)' 153 !, 13- 0.12 (i.3 + 0.3" ••• 

2(".-) ali 76 !, 9" 0.19 (4;0, :;'l~O) x 10-~ 
3(.+.-) au 3e !, 7- " 0.080 (4,.0 't '2.0>X 10-3 

<,NooS •• marked with an aaterisk "ere cal~lated from a smaller data sample. 
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the de~al. angu~ar d~stributions from which spin" information can be derived. 
. ':." ,'.... ' . • . . . do: 2 

,We ,can analyze the' d~ay'" t' .~~'T)(.1n.terms,of 'd'cos8 ,- 1 + a cos 8 

vhe~ 8 i~ the angle at which the T is emitted rela~ive to the. incident 
. '-"~;":'''-'--'.-~''-~ "'~'~-':'I':'._'''. __ ~ '.T •• _~";,, ~_. _ ......... _~_ ••• "_""." "-"'_ ,"___ _ ,'~., _. ' 

, ·,p6sitro~direct'io.l.l. ". 'l'hen for:" 'J!X) :,,0: we get a uniquepredicti'on a ... 1.' 
~ "":'-';-'-:". ;."'-."' ...... , .. :., .:'~~'_.' >::::.,~ .. :.~ . .r" ... 

;" For ,~(X) =:1 aDd 2 . the .predictions .are not: unique.))u~ as~ming only' a 

dipOl~: ampiitud:e' gi ~e~ a'.. - o. 33 and it = 0.08 respeCtively. se~Ta~le 
:nIi. :'for theexPerimSntal values' of a . 

• '~r~ 'one co also sfUdy the decay 

X .... rt 
I ..... +r 

where now th~ T direction i8 takenr.elaUve to the ," diref1:ion. Here the 

same angular distributions obtain for' the' same.assuaipticms as above. Final­

ly-one can' use the full angular correlations in the easeade~. 

+ -t' .... TIlt , X .... T2t t .... , , 

a~'di8CUssed in detail in fanenbaum et al. 6 The current status on the 

spi~parity of ~e X states is Summarized in Table VIII and Fig. 11. 

Residual problems 

" As dis~sed by Jackson at this conference if we accept .the x(283Q) 

and x( 3450) 'as the 'icaRd '1~ respectively, the lart;Je splittings and the 

observed·r~d~ative. rates, are hard· to understand. Also there is the problem 

why are th~e'no hadranie decay modes obser'red for these objects? In the 

case. of· the x'(2830) .olle cOll14 a~que that hadfonic decay modes could be 

hiad~ uoftg th~ enormous ))aCk~nd,Of hadronic d~cays from the t involv­

i~1'.~i:S8iilg JI~~ HoWeVer at the ~(311-50) within the present statistics no ' 

,e,;idcinci~:oh, ~dro~i~d.s ob~en~.: B~i:h t:he~e. subjects will require mOre 

da~a/ L . .' ~. - ,_. " . '. . '. ' 

,.' '\!ipal~f~h¥e ~S,~Doth~ st~te Prec1icted,thelpl'JPC= I+- negative 

CJu;J;.9~':¢~nju~t~qn .~t'e which caMOt'·/3ereached.bY· radiiitive decay from 

" 'r~~ti::~~~:~~~; ~~~~~ been. *;~~:~s yet. 
i' '. '~I • (i,: 

"::::~'-.;.i· i. ",Ill: .,cHARMED :PARTICLES 

.,.;.)The,ppertiesof Charmed mes'ons, . 

'The~e.;i~'b:I n~L'~ery llttl~',douht- that the new narrow resonances at 

'i86;'M~Vjc~:wJi'i~h decay int~' strange' final' states ate the DO and D+ predic-

:t~·by ~~tm 'thii~ty.-" 
~.': ~)~'~!!i~,,'ar~'five' new itemS reg&,rding charmed mesons: . "" ,{.~. -. ... - - ,. _. 



,. 
Tabl.e VI~. t' (3684) b~~nching r'atios into all charged hadrons. 

~., lfade Events Efficiency B(." .. f)· 

+-+-•••• 49 t 9 0.20 (0.45 t 0.1) x 10-3, 

.+.~+k-
(0.8 t 0.2) x 10-3 

53 ! 8 0.12 to -3 
(1.6 .! 0.4) x 10 

.+.-pp 
(0.4 t 0.1) x 10-3 

41 :t 7 0.19 to . 
(0.8 t 0.2) x 10-3 

.+.-.+.":.+.- 9 :t 5 0.08 (0.15' t 0.1) x 10-3 

a.,he ,.' ',branching ratios have been corrected in ord~ to. remove 
the IKInresonant background. fOr t' -t IIIIKK and ,.' .... IIIIPP, 
which can ijllso proceed by stroni) decay, the nonresonant 'back­
ground cannot be uniquely determined from our data. 'l'he smaller 
(larger) value for the branching ratio applies if the' decay is 
entirely electromagnetic (strong). .. 

lIIfonatSon 
iict.~e 

leate ... .... i. 
1(1415)' 
3U4 1 J 1Ie'l 

I('~') . 
J50 1 4 1Ie'l 

105SO). 
3551 t 4 1Ie'l 
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J'I • '+;, .j+ •• .J .,. • (If l"'el) 
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110 lDforutSoll 
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(andJ:h~,c~;r.e,spOri!,i,ng,chargeconj\l9ate s~ates). In ad9ition Li~ke in his 

~~,t~~~~~'i7i~:~r?~1~~6~' ~h~ed:l:r,,:v:~~c~ 'for the fUr.th~~ deca;_ nod~ 
~, D, -> KSII .. (5) 

", .:..- -: •••• ~ ~ ..... >< ... ~ •••• c.-: .... ; '"",. h • ~.; •• 

FigUr~12shows the i~variant mass'di'stributiol\s for rMctil;lns, (1- 4) at 
:roo .. _~,~:~-~,..rf<-j:: __ !'<'_', ",?"":.~~~.~,' .. ·.~:·:~,',~·'f.""·-- '~"".;. _. ,.' oj 

tile 'two, ;'Etlii:,ya,l\l~_s, studieli •• , 'As a,l1'D,' s, are, ,prod~c_f!d in, ass9ciat~ produc-
, ' "";".:;';"",-*"" ,', ", ", .' "", --", - ' 
,tion"sit,h is Il,.D 'or "more 'complex st,ate including a D we have appli~d a 

,~t~~·:~~:'r~~~il,~Y~t~niatl.8 .~V.' 'TlIi~ does' Bot iose. any' siqnalbut 

improves the sigilal-to-bacJCqr!Nnd ratio. 'Figure 13 shows the invariant 
,----,', , ,'" + - + '-, + - '± :I: + - + - :I: :I: 

mas"F'distr~butio.n' forn it " K K " n 11,11 , K J! :II , K K J! and KSJ! final 

states at'~; 0.3 G~V • The,' firsttwofill!ll. states 'show kinematic reflections 

~~_~!::!~,,(~+ ma~s p~ 'du~ to',d~fici~nci~s in time-of-flight id~nti-
addition th~se t~o final stat~s corr~ 

limits can be s~t on th~s~. Th~ 
. - + ': ,2 ' ' 

-+, K '\) = tan'Se iii 0..05 wh,.i.le 

~-;;~,,;;'i:S\f~~JtY)ts'u'pp.I~~~I~~d"'~§I::P'.Q025h:: For bOth t;h~se d~cay mode 
, , 'Ail~mea~red ~B values are 

r~ac~10~IS tiy compa;rison with the 

",' 

The,resUlts of the fit' are sum-

'* + -K n II 

0. 00
, + 0.;2, 

• ~Q.O 
0. 10. + 0..11 
" - 0..10. 



, 0-0 +-
Ta))le DI. Event populations .. eff1ciel\cies and values of a8 for several D , Dan4 D ,D decay modes. 

Decay HocIe 

-+ 
K,+"-

\, 

iO.+.,,-+1.0.+.-
- + :. K+.-.. + .. -
-++ 

r:,.+TI-Tl-
+ + 

fO,,- + r'.-
-+ 

." \I 

K-K+ 

tr+tr+tr­

.+r..+K­

K+tr+tr-

-+ 
K+tr-

iO\l+,r- +It°\l+tr­
-+ 

K+1f-1f+tr-
- ++ 

K+TI-.-

c... Ener,y (GeV) 

4.03 

4.41 

Bo. of !Venti 

182 ~ 18 

61 t 14 

95 ! Z3 

82 :t 14 

9.5 ! 6.5 

5 4 to 8.8 
• - 4.5 

5 2 + 7.5 
• - 5.2 

O 0 + 8.0 
• - 0.0 

2.1 + 7.1 
- 2.7 

0.0 + 4.7 
- 0.0 

92 ± 18 

55 ! 14 

119 :t 41 

67 :t 19 

Detection Cross Sectloa x 
Efficiency ai-.~.c;h~ "t~o 

oB (ab) 

0.25 ~ 0.04 0.51 ~ 0.11 

0.044 !' 0.001 1.09 !'0.:10 

0.09 ! 0.02 0.83 !' 0.27 

0.16 :t cr.03 0.40! 0.10 

0.01 t 0.01 c 0.18 

0.27 ! 0.04 c 0.04 

0.24 ! 0.04 c 0.04 

0.22 ! 0.03 c 0.03 

0.13 ! 0.03 c 0.06 

0.16 ! 0.03 c 0.02 

0.19 ! 0.04 0.30 ! 0.09 

0.037 '! 0.010 0.91 '! 0.3r.· 

O.OS! 0.02 0.91 '! 0.39 

0.125 ! 0.03 0.33 !" 0.12 
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I3;~;M~i,i\;: -
i~!t;":~t:S::,<t; 1,,:; . 

::::' '~~~~~;~ly:;~dugh, tr,he~eTi~ nO significant K* produCtio~ wl!ereasK+ n±po 

_. . $~~'fO'h~'th~ domiriant mOde •. This is illustrated in ~iq. '11... We firid 

~,'~'~:~'~~~!~~~~'~.nT"~'~V:"=,:l~i: ~: o,:~ 
.. '. . ~e ~J1Clus.ive,~ cr~ss "section,is .measureathrc:iil9h ::~e :'0 Ks.1 ·iI.~ ~ 

d~~~y .~~.;DTh:;~i";~~~tque~tionhere is to. obt~i~ a'pure ~.sampl~.: . 

Thed~ai~s.of:Ko s;ei!!Ct~~nare:giv~ inthe.~pl!r'·iiy·i.lith et al.9. Fi~re 
";:;;:-:.::' . """.'0 ....;:;: •.. ' .. ;.' .. : ,' .. ' c'· ........ ' . 

15 sh~s, ~e r~lt ofK!selecbon wh1.ch 1.1IC11ude a cut .on'the ang~e ~ 

. betWee~' the~;' dii~;:t1;'ii iah,f the' line £;om th~ origin to. the vertex of the 
• , -" ~ , ' , ' -;, .. > • 

ic°.;A:d~1iia11d ofa':~l~i~arid 1IIF."limUm verteXdlstaDce of 1 aDd'16 cm 
- _··:,1 •.. r _",:.,.-.,;.?:"; r;;,:..'_:."> , :'~",i.' 1~J0·.:.:,·i::·,_ .. ~ .. _~:< "~'~r_ <_'J, :~':o,,- '~.7'":':,: _. ,,;: ':~ ... ~.~: .. 

• ,>~e~p~~V~~Y~~~'~U~::~Il:~~ opening .alli}l~;.~f :~the;vee.,!,itlj. anaccept;~c:e 
l.nterva1·from; 10" to 170 '. ~fid '.';~re·.. . Fi91ire' 15 sh~~ . t~~ re~lting n +n;;' 

i~v~;'~~~~s·:~~e~fru~'.~t£~~ i~c~ent'~~n~~iei. 4l'03 aDd 7.3-.7:6 GeV." 
.. ·::i' ."".; •.. : ',,,.; . ",,:(. ,., .... '. .' ..' ,', ~", . '. 0 . " .. 

·Finall!"Fiij ... ,i~\allio shoWs the proper time distribUtion ofthe"K candi-

J dat~s. ~:;h~' s~raight' lin~s" cor~espoDd to th,e accepted xi lifetime.- F~qu~e." 
,,1~,~~~s:;~e.raj;i~}~~:2dKiOHa~. This can.b.e interpreted as thefrao­

t1on.of ~Vent~'with ca" n~tr.a1 Ki t.~e~s~~Ption is made that. the number of 

AsmaY·be.noted at 4.03 aDd '4.1...1 there is a distinct 

.:~ri~~.tfiti:~~i;~~~.~:4~~l~~::.as.'~ .. 2a~/o~. ~h~s 
.the·;i::a~ioof':tlii!:neutral~i( t:ross . section~.to, the ,,: pair' 

: .eicti.oll •• ;o~er~' . .()ri~;~a~:·()~~~r;;~;th~: pJks ~t '4; 03· im~'4. 41 ~;,ery' di'io­

In.additloil'on~·,~o't~B a'gene~a1 increase from a level ~f about 

. "GeV"re~ion~o~~t2heY9Dd ;~e'onsE!t of'the cha~m thi:e~~old; 
.. :. . '·fD~S~)s~O'.n';~Y·Timm are v~ simUar except"that; 

for tliis is appar~ntiy 
~ . , 

just at the 'peak of 'this 

. n~ar.: i.. .. 1.. i ·are .. averages 'over a iDuch wider 
.. '. . . .,.. >, ." 0 _." ..... : . . 

:f.ortheKSP~od1lc~ion. 1:n Fi~. :"~7a 

a~ :h~ 3~4:"".4GeV'reqion. . 'We .. '. ".:.~ .. . -". - . . -

t.wIC) .. I:l,11.1;1:1IN):l.C)nl"aieconsistent; However, 

.... ' .... '..4Q'·_ . Q" .. ~' .. n."'" ~cess.~th~ 4'.1i3' re~~ruance region 
- ~ , '. -' .' .' ',,' .' -" _. ~ "J-' 

;'~c)!!i~ln,ai~e,CiJOY:CIlar:lIll.;J?f<l~l1t;t:iOI~."":'. 1011'iq. 17b the' enez:gies . 

',,:,i~.":7~6~!~;,1;.;'~~~a~~~n '. 
, cOnSistent,' suggesting ., ... 

··;::tii~j~i~~o~t:~~;~~~ ~., 



.-, ,already at the 1975 photon confere~e by Schwit~er!;for allrcharged pa,rti­

'cles' c;mbined. A ~imple interpretation, of thi~' exce;s "~omes., from th~fact 
\ ~t Cha,:tIII~, mesons '~reproduced '~~ p~irs and 'thus .'~~ '~e~~~~ries fr~ ;', 

. .' - ~ ,- . 
: ~ac:h'" D.wh~cli again ~s to de~ay ~nto at least two~.part~.cl,es, are limited 

, , 

to X values less, thani O.5.-

(~.)S~Udt ofthe'r~Usystem ~gainst~D' 
. lri-rtlJ:-.i&;,~lr·shm. t~e(back9r6~~ract't!d) r'ecc#l massdistribu-,o 

t~~:~:gai~t~:;~o whe~eh~ea'i:ithe ~tasaaipie'~ 'are' addelt together; Thus 

i~,thj.s ~i~;~ ~w~· ~,;~. abi~~lY n~~~~iform inte~at'~ ··~~minosi~y· disttibu­

. ti~n. f~~ ,E . = 3.9 - 'I,.: 6 Gev •. · Of tbefoUr ~Oii.iri.mt JtiuctUres, t:h~ 
. : - . _ .. em , \ "' .. ;:_ . . . '. ~. . : _ . 
seco~ alllf third' peaks come l.arqely f~om the '4.028 'GeV .data:~·:- We obServe' 

. . .., " ", . 2 ,,' . 2' . " 2' 
nar:r~.p~lts. in Mre~oh a~ a ~8.Ef .~ev/e I ~2OOj~V!c: I a 2116'J4ev/e. :­
and a,.br~der peak at ali 24-40, MeVre. We interprot 'the first'tJi:'ree 'peaks 

as fol1c:111~lO: 
#, . e+ e- :... ... DOSo.~ . (6)-' 

e it-e -.:. D~i5i1Oand.OODjIO:( 7) 

'e+ eo. ·:....·D~OO4ICJ (8) 

A ~iori. a.nal~:erJlAte ~~Bibi~ity eltists'for the'~i'rct-penj viz~" e+e- -0 
~..H.O" r-.(~ (1{'::)1~_"! ::>:", "~".,:!. c:. ' ... ~. -: ' ',', .""';'._~:' " -:'.-.. ":.':.-.: .. ",.: 

D D a~ c:Jiatgeconjugate.. This inteEPZ'e~tiOn however caD' be ruled out I 

ascq be:~~';:fr~mFi9.''i8a.'a~;b.·· Th.~· cil~esi,i ~i~'#9ure '1a~<cal~U-' 
latedonthe haliis<of reaction (8). We observe a clearcut shift aDd, ' : 

.. broadening of the peak a~ ;.. 2145 Mev/c2 (B ;. 4.o2e) to . .:;; ~2200 Mevie2 

(B'~'4.4l5r.·.:Theeftha~e.m~t'at>244o~evi::2 a~~idth r sl.iOQMe'!l/e2 · 
. ,c.""'._/:::~'::":<':':';':':'~" .<,~.~.~ " " ", ',' :'(\"'," _ ,', .~*_,. ,-.' .. " .",' ::. '," 

could.be dUe J:o, ~1~1I)ody,*ocesS!!S such as D.D lI, 'forexalilple 'or, 'altema-
,,- , ">.1 ;.,,'~"~:'''' .• '''''-''~'i-; .. -:: ...... ;._> ., .. :: .;"-'," .',~~'_.,.: .;_ .• ~ .,'; ..•. ',:,. ".; .. :.:~.L':r ". ,. '.' 

tiy!!ly, 'p~C!,i~nof a charmed st~t.~.of higher, masis~ 
.' . : .. : ',., , .,,' ',,, .• ,' ,'" ' " , " ' '. ,'. 0::1::1: 

I!!~,.'~~~"'II~i1di~'Mrecoil distr~tion':for th'1 exoti9;cMnnel K'lI~ I 
. . -r,;;, . .',: _. ";"!:. . .': .' _," . ...... ..' . _ .~. _ :" _ .... ,,' ~., " . .' . _. . , 

,t1!e~.b!lcl'~ ,~s more seyere.andthe d!l,ta is of a l~~ statist~Cal sigDt-

·····~~~~4:~J~~@zt~,e!~~,:~f\-
,,:'~E,.i.:f\J,';;<\ ee.,,-oD,D· andChargecolllu,9.lite' < (9)-

Alsoindieationa 



-, . 

.. 

~~~~~~~::E'~~~~"j;~:::,i1,:~~~. :J'··i~! 
?; •. " '-~~+~-'n+DO "~served J(i6) 
•• :;"- :,' ..... oS" • • 

j," • 1 ~ _ '.. iI+ + ·!O-!~:~U~~-1::'-~:::: ;'_)~_';;._':.. J .. -y. '.';: ';"0: \ .. .;-- ~ -
:~: .... , >-!,a":,!~~}S~!,~-:".R· i.·~;1V?;~7_.d~~~''o~~~we:~v~~.~~n~~the Ec.m = 5.0 

.:-:__ .o;:;t,1.~!~~~i~~'!~c?'~,~~~Z;~,,!~;~~~~~. ,,::~~~~~.~ ;:~~,~e~y,,~, b~O~S r~:i!y 
::, .... "dete.c:t~" ,as __ 4isCQsE!~ iI)..E:eldDian,et al. 'In Fiq. 19 we shCIW the K it 
~." 4: .. -....... : ..... :..::~ ~ .... ~c.,.J. ~" - ... '.' ~: -.':~:: •• " . '"-' "-c:f" .. ;" ol.::-'':. -:.' -:-" .' . 'I" •• - - :),-,. ! ?" ,- '_r',::-~ ,'., ~ ;c._ .,' ,. ; _ '. , .' 

\; ,', _ massAi,st~bIl~.i~W' .f,o~ I) , l'ilfil!!l~~a--:: ;>11.:5~'Gev/c. ife ,note a clear althOUgh 
" -_.' ",; ./' .. ,.' _ u~"::::':_. ,,:). __ ..;_.~l~. ~:.,-~: ·~~o " ~ ;'":'" ,.j,-:'-'.-~:.~ .">-").:. - ~',.,' \'" \;.:.,. _ ~: :., . '. 0" 
''''',somelfhat, broader I) , peak.,. 'We 'then select Kn combiM.tions in the D signal 
,' .. ! l :".'.::~ •. ~.>-'~~:-"'! .~ ... ~t. ,.~"'~"-'~'~!, ,;:;t.:"·.!'_~1.~,f=· ~':;f.·.t·-,·j\~ :o,":'+l .• !,:..h. L·;:';.,·:., ,,-~!i,!':=' " '; ._. ~. . 

;;: C (iSlIP ,:, .. 19~O:;~v/c'4 :a~, C!i'l!IPUte the D.n:~ss ' coillhiriAtlons.· The quantity 
~::.. ".':-'-'.:-'-"'-__ !~"~:'--;'j: ~- - ":";"'--;' i,; __ <'.~ ". -~ ~ ...... ,-; <:.'-.:i(.': ~~ J.~' 0 ",_ .. '0' .", ',' 

~t;>.,isp.r~isely ~aBUred,is themas!!·di.f~erence "(0,.) .,.·II{D )~ . This 
?~~"."'""."i:"<}:-,,,,~::~ -!r:.'_."" :J:"; ?··~._·-~_'i~;:;~· :<::;~':' '. , .. <,~.' -,,;.-<. ... ~'.! )_ .... '.' I + o· 
uss 'di'fferenc'e is plotted ,in Piq., 20. Pnim.this data we find ,the DiI' - D 

;' ': : .~!J!\;liff~~C:'e .. to'.~ 1It5.3·:t CI.5 ~Vl-c.~,~ ~ivaient~y,):he O· vaiue for 

.(\.; ;.", deb1ay-;~~: (:16); i. ·5 .. 7':t.-o~, "Hev. we4'Us~' this·'~foDDatiori as' a cOnstraint 
~:-:~~.~.'.: .'.~~\/~ ... .' "-".:"._' '; _>: '., .I.':':'-; .. t··,':.-:'., ':: '<.: ." 

L::":i~Jth~ !DIUsdet~i~tions 'below..TlI;e~~~v~ .. Width of the peak in Fiq • 

.. 20. 'ls ,cQnsiBtent:')IIIi:th, the,. expeCt;ed~esciliition from Mbnte-~rlo calcula-

:····~~ii'a~~~=:~~~= 
;':' We can then consider ,mouientum distributions p of tHe two:-particle system. 
-,;>~:." --:-~h:~~.',~ ~ .o..(,,*,_! .-~i;..:.-~_·~·:,,,, ~-.~' .~~. ::' _.:::.-._._-;L ...... ~., .• t: .?-.~::;.~~~.!~~-:.--' ". ". j -:~ ... " , :.," .: .... ~ 0 
:.~, . In ,Fig .•. 2J,b.wE!':sbow the '_entUm:,spectrum'~or the two-body decays of the D , 

-." ,:." ' .. ' .,. , ..• • ,.!-::i~'·'"c;"; .. ;:·,, c,: ,:",_.' ,".--;' ". : ~ '+:t : 
,~V~~y;.(J.J~~~!r)~~;IiI.,-.tn Fiq.21c tlie' flame for the K It-. system. Fiqure 

", ".',;H.:" \:;->;:,;,::\.t'~.-~.!'.:.';'.\..:_ .• ' ---~~~ ":,. ...~ "":."" ,~, .... 0 .. , . 

5:;;;~;,~t:,~J~~;H:~1l~~~~~~~r~1'~'~il~~~E!!I~eS' c20Dni~~i:~ 't;~ ,~~ ~ ,_'c~~,~,· *"* 
~~~;~~j~~~~~~'i!,}~;:';~~~j;~~!~ to ~r,~'?~~~~~;~o D 0 

'the' obseried D'S'. It 

is' a ~~Bitive fwiction . 
',,--. .)' . 

FOr'. decaY'we get 
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process (i2foo~ (16), is a.,s~nsitiVi!.funct:ion o,f P:3' viz. ,dM(D~)E! - 0.1 . 

dP3
•· -, .• ':"" ',' ....... 

. . . "'';'* 

;~ff.~:.~~flnd I'.e~~'and its associated shoulder is due to DD (and charge 

~onj~~~~~ production, process (7). . Here as we lIote'from· Fig. 21a ther~ 

are four. contributing ~rocesses.The 'central value of 11'2 determi.nes 

"n + "D~' "h~~e the shape of
P 
thesliOUlder and ,peak determine the relative 

contributi9M of the four processes. ·'Finally the third "peak" (which. 

appe~s ~ie:;.rlY in ii 20 Hev/c bi,nnirig'» is due to DO production, process 

. (6). ,A siDi£iar --, though 'simpler -.:. .situation holds' f~ the D+ spec1:rum. 
- ~ I . 

We bave ,fitted this data under ~o: separate sets of as~mptions: 

the normal fit 'and the isolJpin constrained fit. '!'tie detailed descriPtion 

of.the as~umptions:are giver. in Goldhabe'r ~t al. 10 The data were fit under' ' 

both' sets of assumptions, !'lith various St;u:tiDg points~ background fu!ICtions, 

~nd res~iutions in order to study thestability,o{-tJie f~sults. Some paralJloo 

etersvary oUtside of statist;i.cal errors depending OD the type of fit. 

, ',TO get'a feeling. fortheiletw~ typ~S'~f fit~-i~ .colu~· 2 and 3 'Of 
-'. • . - -0I!i -', •.••• :... . . • 

, Table:,X. we show a~erage values ob,1;ained from a number of different versions 
'. ." '- ',' _. -". - - ~. - " . . . 

C?f t~~se, fit.s, while .in column 4 of the' Table we present tlie parllmet~s we 
'-"' ,- ..... - .' . - . "\ - .' 

judge. to be.most reliably determined along'with our estimate of their.total' 
- < ~ .' ~ -:I -.J",. ,_ . . - . 

uncertaintY~.tnclUdin9 systematic errors. The solid curves of F~9S; 2lb and. 

21':: ~hoV'there5Uits'ofatypical,fit of the' 'seco~type~ 

We:ilote from Table X,th~t the relativ!! impor.tance of reactions (6), 

(7)~i{8) for the DO, D~chllnitels can be ~preSSed as: 

o°rf 'OoD~ 5°0*0 ,lIO-lIO 
+ ," o D ' <, 

t":. .,. 
0.2:100.,1 lj..o±'0.8 128:!:4o 

. .' ~ 
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~ - -'--~'-!~'~--:.~---~~-::-~'~:~-'- ---- > 

.\?' "'QlC,;(j)~03) 0.0.;,(0,02). :0.o,~~.03· 
,', . 'o:~2'{j):Oltf" 
""~~~7i~~~f 
, .. ~<:_. ':~ •... ;.,; ..... : ~'"'O}',,:., 

. 0:32(0.0,), ,~~,",:to.~' 
,-"", 
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• ,H(DiIO) =2096:t 1.5 Hev/c2 
. . . 2 

. H(D ..... ) = 2008.6:t 1.0 H~/C 
o -0·, ,: 

.. (d) D, .,.~D , m12'1ng 

We have obtained two independent results related to the. question of 

DO ~ DO m~ing.In 1:b;'~E ~ 3. 9 ~ ~. 6 G~v. ; data :we<~v~ estabiX~~ 'an 
,-, " ." '.,.. em·, .. '.. .'. ';": .. " '. 

upper limit on charm events exhibiting apparent .strangen~s ~olationl 

i;e., e'!l!nt;sw:b~e t:I:le )saan observed in the racO,i1 ~ystemhas the same 

charge as the, bon found in the DO. . We find .thati:~~s than 18~ of ev~ts 
cOI\~ining ~~°exhibit a~apparent strang~ness violati~n '(~ CL). 10 : 

, , ,., '13" , , 
It has been suggested, that the presence of. first-order I~I = 2 

neutral currents WOUld create ~o - DO mixing 'on time 'sca1e~ considerably 

shorter than the DO 1if~~me. . If this were true, nearly 1/2 of e~ents 
.-; . - '.. ·'·f '0 
containing a D ~uu1d exhibit strangeness nonconservation. Our results 

'clear1y ru1e·tJ1is out. 

, ., In the·E = 5": 7.8 GaV da~all .we , .c:m . have tested whether the decay 

pr~ee,d •. lls:, 

(exotic: final st~t~) .. ~ , . o -0'" 
.. as expected for no D - D mixing, or' as: 

D~.;..:, JC+if'. 

I ... K+JC- . (noneXoUc fiilal state) •. 

17 

At the ~i:Onfidence level, ,the. fraction of the time tlUlt a DOde~ays' as' 

i!, it were ~ ~ .( e.g. " to ic+,t 'iriatead ,of K~ II +:) ~s, 1e'ss than lei· ,The 

relationS~ipbetWe!m these two _surements depends in' detail 'on the DO 

p~uctlon mechllllism14 over the' full' ~~rgy range from 3.9 to 4.6 GeV, 

which i. ·unkn.c"'n ay.~res~~.·.,~. .' . ,.... ii-

. (e) MealNn.aentson:the'spUi .oithe D?' and D~P .': ,. 

'HiJ11yliln:~ .i~15·hiI';'~'~ri.that·'for D():andD-ItO spin. values less than 

2,tbe'~st.~~:Luell .• re a.and;l as:~~ed fr~: charm . theory. 

·c:bu.ecs"~zYDDli:.:.;" "";"" .<' '.:: .'. r;, 

Th~.'';'';ideri.:;~'foi';-cIlArmed'baEYOn;'~~ '"as reviewed at this ~J;1£~eDCe.'by. 
a "''';:~i)f,~e~~~t~~'I11i;~~.:~~~... , .... 

. ,IV~ .. ' 
• _-c.: ......... 

:The ,~esence ~~ .prop~ies of t;lie e-11 'I!vents, fj,~st. obS~~:byper1 .' ::. ': 

_:et,a~.11., i~ the S~:LBL ~xp~~:~t .et SP~"~~·"~~:::'ii~~~~~'-~~;·,tJri~ 

http://if.it


~~iil'\, " 
's",;, :,'. iM~,ndep~~imentS. "'1t1~ twO' experilllellts 'at DORIS PW'l'IJ and DASP as 

18 

""cr : ;'.',',;C,~,)~;,:";;,,:,, ~ r.-<', ':', ',C",, " ", ",' ';'c:-., ,~" '", '" " : 'C',' ',' ' 
::~;,i'," ::"discussed, in TimiD's, ,talkalld the Lead Glass wall eXperiment which gives an 
~.;,:",:- '.",<?:"~:',,,;-.:,,r,',,_,,,, ",~,:::; :'" ;,:,' "Co",,,,,,',~ ,",'L, ' ' 

,~~,~:'~:~~~~Le, ~~,~t;,~fica~ion as discUssed iii lrUe' s t~1k., " ' , " 
>- ' ' , On~'- neW 'feature given ill.; Perl : ~t, a1. is ,the detaHfid" stUdy, of ,the 

~:';/~:->1i:~-:~~~·.'::'::;·-:;'.f-~"<·.·~ ~..:>/":~-;?';.--!;..-~ .. ,,- - ~+: •.• ~-;:;~..t,,~ •• _'. ",' -' -.; .-." ".- __ . 

ph~~l,""ic!ll ell cross'sectl.on. At ,the peaks f~r cluu:m 'p'r~ction of 
'. . :":.t:f:" J:,::; _>~~ f:!''',::~, !£,-'.' :..~'-: ',:, ";, ""/ ;:.-;.;.!;: .. ..' ",:' _ '. ~ 

4~ o3a~ ,Ij.;,~l, Ge'.(, ,no increa~e' in ,thE! 'ell cross section' is obsetVed,showinq 
" ~~_:'·~':'f'''''.~.;c\~·;'';~_~.'':·'~;·-:·.;·: f~ ._,. -: '.' . _ . 

clearly that different phenomena are UlVQlVed. ' 

':I~'!vi~' ';;fth~i'i;~' menti~ned uikS'at this conference 'I will. not 

iu~~~~ ~YfUrther det~ii.1J here exeept to mention tha~the HeaVy Lepton 

HYl¢hesi~ 'a~~rs ,:t::C;be the~~t1i1uilY 1llte$etation of the phenomenon. 

'c ,:I ~t8b" t;;'th~nk 'M,j. Christina ~ank for her meticulolls work in typing 
" .' '.'c.-.~ '. 'i-;::~!.~ ~ -.- ft'.. '. . .; .. - '. 

and COmpiling, this report. 
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Fig., 21. (a) Illustrativeexall!ple of the contributions to the expec:~ed 
DO momentum spectrum, near threshold: 
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