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Recent ARGUS and CLEO result.s on T \f>pton and charm are revi('w('d. Ma.ny 
T branching ratios have been precise-Iy mf>ilsuw<! including 6( 7- - h-r.°'IT ) -= 
(25.87 ± 0.12 ± 0,42)(jr,. The 'Iichf'l pp.rametpr 71 has been measured fqr t.he first 
time (11 = 0.03 ± 0.18 ± 0.12) using the shape of 111 \1 on spectrum in the decay 
T -+ J.lvv. Using spin cOITf>lations of ,+7- prodlJ("('d at ,IS = 10 GeF the partltncter 
iAV has been measured to be AlA\' = 1.021 ± 0.028 ± 0.0:30. New excit.ed charmed 
meson (DsA2573)+) and haryon ( \;+(2.1):)0)) htlvc been observed. New Cahibbo 
suppressed DO decays ha.ve been 1'1("flsured a.nd evidence for the doubly Cahibbo 
suppressed decay DO -+ !\'+r.- ha$ heen ohtai'ned. Absolute branching ratios of n° 
and D+ mesons helVe h(~n determiaed using corn-lations with soft. pions from D-+ 
decays. 

Fig. - 9, ret. - 19 



1 Tau lepton 

1.1 Branching ratios of T decays 

For quite some time the sum of mea.'iurerl f'xdusive branching ratios of rlepton was smaller than 

100% [1]. H(}wev~r in so-callfOd global approach there was no deficit [2}. The major uncertainties 

were in the channels with 11'0. Most accurate mf"a.'mrt'ments of T df"C8yS into on chargpd lliu:lron' 

and 2,3. and 4 11'0 were per~ormf"d by CLEO [3J. 

In Ol"df't to convert tIICS~ ratios into hranching ratio.'i one needs B(r- -+ h-1r°v). ni"centlr 

CLEO performed a prcdsion'mf>asureJrl('l1t of this channel [4]. Thf'Y st.udied f'\'f"l1ts in which 

both r decayed into h±Jt°v "nd pvr>nts in which one r decayed into h*1I'°1l while another 00(" 

into ClJii./lIIii, /,±r,°IJ. or "+I,-h%(1I'°)v. 
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is in a good agrC't'rnenl with llw ALEPiI lIIf'i""'Irf'IIll'ot I:I} hilt somf'~\'hal "i~l)('r tlliHl pn'villtls 

mraSlIrpnwnts hy other /!;roups ( M·t· ri~. I). l·.,ill~ this rl"SIIIt CLr.O oll!<\ills Jll"illlrltill~ l'<ltius 

for multi ,,0 final slAles 
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Table 1: Branching ratios of T one-prong decays. 

Mode Expt 8(%) 

e - ;Je V" 

Jl- ii" lIr 

1t-lIr 

CLEO 
WAvg 

WAvg 

17.97 ± 0.27 

17.34±0.16 

12.56 ± 0.21 

h-1foVr CLEO 25.61 ± 0.43 

h-1f°1r°Vr CLEO 8.84 ± 0.46 

h-1r°1r°1r°Vr CLEO 1.05 ± 0:15 

11:" rrorr01f°1r°Vr CLEO 0.1!i. ± O.Oi 

h-i\O(rrO)/lr 

(1\:0 -+ 1\[" 1r0;rO) 

\VAvg O.!l2 ± 0.11 

h- .."Jllr~v.> -+ ;rO~,. \\'Avg 0.14 ± 0.0-' 

h-,/rrOIl CLEO 0.06 ± 0.01 

('I -+ ",/"y') 

Total Sl (j., ± 0.76 

Topcllo~i("itl 1-prong WA \' p; 8.'>.11\ ± O.H) 

discl'cp"ncy 0.·)2 ± 0.79 
---­

. Table' 1 rmmmarizps branching ratios of T on('·prong dc'cays with CLEO mra.cHlrpmpntsshown 

'\'herJ A\'ililahl<'. Thl' sum of ('xelusive branching ratios pr"dically coincidps with tl1P topologica.l 

onf'·prong hranching ratio. ThC'I'l' is no indic"tioll of tIl(' Olw-prollg deficit illly more. 

The analysis of thC' slH'ct.ral fllnction in thc' rr-r.°/I filial slat.· 1'('\'('.1ls prC'sC'lIsc' of p' with 

mass of ]351 ± 17 !\feV ilnd width of ·I~G ± ....)S i\!I'\'. 

Thp seilrch for nC'nt.rillolcss T dec"."s pcrfornH'd h.\' ('LEO restllt ('d III a considC'l'ilhl(' im­

provement. of tipper limit.s ,IS call Iw S('('I\ ill lahle 2. 

CLEO has illso impro\'C'd .acc\ll'Cl("Y in T (i\·('·prolll?; hl'ClIIChillg rill ios .1lld Cahihho-Sllrpr('ssC'cl 

T decays [6J. ThC'sp result.s arc ShO\\'ll in t ahks :\ (llId I r(,s(lccl i\'C'ly. 
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Table 2: Upper limits·for. branchmg ratios at 90% @ CL in units of 10-6 • 

Detection Events CLEO PDG ARGUS
 

chanrwl
 

Decay 

efficiency, % passed 

20.'1 0 3,3 27 13 

T- -+ p-e+e­ 19.6 0 :1.4 27 14 
1I----.:..---~------_+_--_4---4l_--~----

H),9 0 3..1 16 1-1
 

r--+F.-I'+/l- 18.8 I 0
 :3.(1 27 19 
~_--,.----~ -- ..--4----+------l-l----l------ll 

T--+f+/l-/l- l!J.l 0 3.~ 16 18 

;--+/1-11+1/- 1.'),!) 0 -1.:1 1917 

1.1 ..) o 42 

1·1.(; o I .J ,6 58 
---41---1---0---41 

1-1.9 1 7.7 ·12 

I.')}) 17 IS 

1:). J 

o 
0 -l!J 10-UI·\.) I 

!1.1 0 I 7." :31/ :H-i!1 
If-------+---I-~. 'i---#--------lr-----..;j 

1- - JI- r. - ". + i .·1 I II I·) 'ii ­

i.8 I 0 ' l'i_'i_.\tl_-_,7_+..f I_1O 

_T_-_.-+__/I_+_T._-_Tr_---I 
11_,1."_'_--I_._O_ _4-(_i._9_-It--_:l_~I_-t-~ 

1 - -+}/'"... - - J, . - - - 2 _ '_)0 .10 - ~ II . I ;)'.J 

1l--------~--._----_+_--__I-----~.---1i-----_il 

T- _te-pU lG.2 01.2 fi:l!/ 19
H---------I-- ­ I 

1'- -+ C-A'·I) 1 10.7 ll--_O_-+-l_fi_,:_i ' ;il I _:I_S_-4l 

11• r-.-' f -rr'··u~~1:-_1_-+___ - 1. - I 

~ -+ Il-l I I.lJ =1 0 , 1 ;j.i !r~l~-,~ 
r- -; II-/\'·n 7.:2 I 0 !/.-l II "'l~/ '11;' I11-______ 

- I 
I J. 'I 

r- -+ It- /,-.0 7,~ 0 ~.7 Ii ~ I ­ II 
11. ---' __-.L__---lL-_-L-__._..I.- -"'J 
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Table 3: Branching ratios of five-prong T decays (CLEO),
 

Decay mode 8{%J 

T--t 3",-271'+ 2:: 0 neutrals liT 0.097 ± 0.00,5 ± 0.011 

r- -t 37r-21r+llr 0.077 ± 0.00.5 ± 0.009 

T-' -+ 31r-2lr+1r°llr 0.019 ± 0.004 ± 0.004 I 

3r.-21r+27r°llr < 0,011 % © 90%CL 

Table 4: Branch'ing ratios of Cahihho 8uppressffl r decays (CLEO) 

Dc-cay mode:' B[%] 
r­ - /\'- X liT 1.60 ± 0.12 ± 0.19 

t--K-IIT OJ)" ± 0.0; ± 0.09 

r- -/\'-1(°'/r 0.51 ± 0.10 ± 0.07 

r ­ - 1\' -rrorro'/r <. 0.1 'ft, 90% ('L 

1.2 Lorentz structure of T decays 

in contrast. with t.lw siLllillioll ill T hrallching ralios wlll'r<.' illl Inajor Inoc!f>S have alrf'ady ht"en 

mf'asllred. the' study of Lon'nlz slrwl1ll'f' of T d('c<I~'s is still ill ilR iniliill stag('. Neglrcling 

radiative corrt'cl.ions and finitc' I1lnSS dr('cls on(' C<l1I wrile III(' I('pton moment.llm spf'ctrum in 

t.he d('cay T -+ (/i/I as: 

r/r r-Ivv 'I { • :l·~.r 1111 2,1( 1 - :r) 
ex J,·(,"(:r 12(! - .r) + fJ' (-.- - 8) + '1' -. -"'--- ­

(/Od.r .l mT;r 

_/', . ( . cos 1/ . II (I - .1') + " . (1~.1' - 8)1} . (1) 

w\wre ;r == 2 . E', /111 r is thl:' scaled Il'ploll I'll ('I'l!,.\'. 1) t Ill' nIlgll' h('1 \\' ('11 t h(' T spi 11 it lid 111<> \('plon 

momentum, i1no (>r the T pol'll'i;t,at ion. 

Tht" ~ficlwl Parillllel.f'rS I'. If. { and" ilJ'" oll1billil( iOll:-: of I hI' It'll compl('. cOll~lill~ constants 

of the mosl genNal four-f(,l'Il1ioll I1.ltlli!(oniilll describing kplonic T drcil~·S. III I h(' Stalldard 

Model, pure V - A int.ernClioll is ('X 1)('('1 ('d wi t h fl = 0.7.'). 7/ = O. f. = I. (\'1(1 fJ = O.7r,. Different 

valu('s of Midw\ pilrilllwlers \\'oilid dl'lIlOlIslr,llc ('xisl('llcc of Nc\\' Physics bf'yonclllw SI~ndard 

Modd. 

Thf' ~Iid\(" parilllwlcr fl hilS h('('\1 llWilS''''C'd Ily :'{'\'('ral ('xp('rinwlIts wilh 11)(' most Ilccurate 

mf'IUlI\rf'm('nt ('omillg from ,\ IlGUS Ii] fJ = O. j·12 ± 0.0:1.; ± 0.020. AnGUS hl\!' obsf'rvC'd for the 

first. time parity violAtion in T cl(,Cil~'S <1,:<1 (it'IC'rl1lillNlllr h('licit.y [8] hI" = -1.2.')±O.23:!:~:~. Th(' 



module of the Michel pa.rameter 1~,1 was <llso measured by ARGUS [9] If,l = 0.90 ±0.13 ± 0.08 

while itspositive sign can 'be obtained from a combination of LEP and ARGUS mea.'lurements. 

Recently ARGUS performed a precision measurement of 

where gv and go4 are veclor and axial vector decay consta~ts of T lepton. The contrihlltion of 

scalar (g5) and pseudoscalar (gp) couplings in T decays has also been investigated. A precise 

measuremertt of the ahsol~te value of 1'.4\' becomes possible by exploit.ing spin correlations in 

T+T- events where both T leptons decay semi.hadronically. • 

The electroweak produdion of T pairs in f'+ e-' collid~rs leads to correlations hf'tw(>('n the 

spins of hoth :- lept.ons. which hecon:lf' ohsf'n'<lhlf' ill tht> i\llglllar correlatiolls hrlw(>f'11 t.hf' final 

st,ate "adrons. For eXiunple in the case of a vanishillg T mass t1u.· T leptons ha\'e always oppositf' 

hdicitics, reslIll ing in strong correlations h(>tw('('n 1hf' df'cay product.s of the T If'plolls.. Bl'callst> 

of expt'rimental advantages. l\ large hranching rill io of allout 2.51;{, l\nd a high <1<'11'('( iOIl f'fficif'nQ' 

for t.hl" decay r- -+ 7I"-7I"°V, • the followillg I'(,ilction was considered 

+- +- -+0 -0(' e -+ T T -+ /1, r. r. V,7I" r. . (2) 

Tht' paratnf'ler 1'~\' is dclc-rmillf'd using a likdihood 111('1 hod which exploils th.. wholf' kinl'­

matical informat.ion of reaction (2). Thl' !'qllillWI matrix f'1('ml'nt ('nt('ring till' likl'lihood f"m·tion 

has !>f'<'11 c1f:'riw·d in \10J and can he ",rittc'n as 

with a (a('tor C illd('pendent on 1.~,' an<1 fl!nctiolls It( ii) amI 1J( 0) ",h"rf' t; l'f'pr(,sf'lll S f'1('w'll 

measurahle quanlilif's (ninl:' angl(·s lmd two ill\'arilllll IllMiSf'S). SOIlll' of Ihi·sf' qllillltilil'S il,r(' ollly 

dt't,l'rminf'<! up to a twofold- amhigllily. h('callSf' III('." r('qllirp IhI' knowh"dgf' of tIl(' T direcl ion 

of flight, whi<-h cannot be:' ml'as\lrf'cl din'clly wilh tl)(' AnnES <1('I('clor. TIlt' killl'lllali{'al 

information of thl' ohser\'ed hildrollic d(,cil)' products of t!l(' T )lilirs <'01IJ'lrilins Ihl' T dire'clioll 

up to two soillt ions [10J. Th(' SU 1TI of Ilw I \\'0 r('slllt iII~ Sljll "n'<1 lllilt rix el('IlWIII s for (,ilc!' e\'Pllt 

can dirl'ctly be IIspd for tllf' likelihood al1illy~is. IIf'CaIlSI~ phil!-'(, space and flllx filclors call ("('I 

sincl' only lik('lihoocl ralios are (ollsidl'!'f·d: 

J 2 
2 Ill· I -I 1 I I ) -, '2 1LhAl') ~ . ,\I, (0 "': ..1\) + ,,\1,'«(1 i,w) . 

I 
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•	 This pseudo-likelihood function does not include background. Corrections in "Y~". due to 

background contribution have been determined using Monte Carlo simulation. Using the like­

lihood fit corrected for the background contribution ARGUS obtaint>d: 

"Y~V = 1.043 ± 0.056 ± 0.060. 

Together with the measurement of "YAV by AHGUS in 1990 [8J this leads to a very precise 

determination of the parameter ")'..w: 

"(AV =1.021 ±0.028 ± 0.030. 

A scalar-like coupling in T decays results in an asymmetry ill the subprocess "oJ: _ 11"*11"0, '-iio_......,. 
Absense of such an asymm~try leads to an upper limit,:, . , 

9s +gp . .f.~ $ 0.3,) (90% Ig CL), 
gv 

where Is is the scalar form factor, 

While t.he shapt'S of hoth elec\.mn and muon sp('clra in T df'('ays arc Rellsitive 1.0 t.l~f' Michel 

pllrampt,('r p, thf' '1 piHl\meler afT('cls only th(' mllon spectrum. The valup of '1 hal'l no effed 

upon tht> electron moment,um spectrulll heClll1Rf' til(' I ('rills ill expression (1) cont ai ning " alRo 

cont.ain t.he very I'mall fad-or m./m T • 

In the laboratory frame at fi = 10 GeV th.. dqlf'ndencf' of the lepton momf'ntum spec­

trum fmm the Michl'! parameters is substantially smoot.hed by t11f' LorPlltz transformation and 

hpncc' the sensitivit.y 10 ~1ichel paraln~ler~ il:' I'edu("r<l. The optimum ,c;emit.ivity t.o I he Michel 

Pa.~ampINs (land 'I is achieved ill th!:' t rest fralllf'. Partially t.his sensit.ivit.y ('an Iw rt'coverf'd 

by t.ransformation of the lepton 1ll0nwnltlm from lahorlltory frilm(' to a psemlo-rrsl framf' . 

. In order to jlf'rform the LorPIlt.z boosl inlo thp T resl. fral11P, the T fom-momf';,IlIm has to 

be known. The T ('!wrgy is dclertnined hy IIIf' hC'illll rllel'gy of 11)(' !It.orage ring lip 1.0 initial 

st.ate riidiativp ("olTrctions. The dir('dion of till' T cannol be (,XilCtly rf'conslruclC'd sincf' lIlp. 

nt'utrinos escapl' t h(' detection. It ("an, howl'\'('I', hC' iltf('rrcd from IIU" dil'l'ct ion of thp sysl('m of 

chargf'd hadrons origllinaling from tl\(' decay of lilt' 01 Iwl' T Irpt.on in tllf' P\'cnt which is required 

to decay eit.llt'r illt.o (:Ih):!: 01" into (3/')±",o systf'lll. 011(' to its rclati\"(·ly high mass this l'lyst.f'1ll 

gives a good approximation to the flight, (Iirpction of il s paTenl T and, ("onsf'qu('ntly. of t11(' T. 

under stlldy sinc(' holh T leptons 'Hf' flying hack·to-back. The rest systf'm dl'l('rminf"d with 

this approxima.tion can be callcd "psf'lIdo rest. fram('~. 1\·lonl(' Cilrlo calculalions show thal this 

approximaJion works well both for T - ph):!:" and T _ (3h)*",ov decays. So on(' can \lse all 

3-prong T d('eay Illod('s in order to enlargf' thf" st itl ist ics.. 
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Figure 2: Prf'diction for the spectrurnof f'lt'CtJ'on~ wit II p = O. 'i5 allcl p = 0 (A) alUl fOl' tnitOns 
wit.h " = -0.:) and " =0~5 together ·\\·it.h th.. pion spt:'drurri<>f the df'fa~' l' - 1l'I'r (U). 

the expt><'ted momentum spectrUril of cl('('troI111 from '1' -. eVil clrCa~'!; in IhI' T f>~~lIdo i'e5t 

frame is shown in Fig. 2A for two\'altws of tllP. pal'l\l1Ic·tcr p. 

Bya Monte Carlo calculation it was showlJ lllat t11f> arcura.cy of.t he p mf';l<;urdnellt i,; higher 
. .'. 

in the.,. pseudo rE'st fram(" by a faclor of 1.5 in ("a~ of the Aunos ..lata !;arnpl(·. t\ similar 
~ ~ .; 

ronsiclerl\tion for l.he 'I parameter I('ad~ to a rorrr~poncfing gain in prrclsion hy A fador of 2. . 
The spectrum of mlloJisfrorh T - I,ii" decays caklllal,.c\ in the psclido fest fr"mr (or " = -0), 

and" =0.5 wit.hfixrd value of p ~ O.;!) is shown in Fig. 2ll. 
Muons with momenta below 81>0111 1 Gd"le ill 'he laboratory franw,nl" hot he u~1 in 

ana-Iysi!'! beClllll;(> o.f t.hc background from pions from r-- r,-" circa)'. Jlo\\,(*\,(>r t.hey can 

parti"II)' b~!lC'par8t('c1frolTl pions in flif' T P~f'lI(IO' rr~l framf'. Pion niomC'nlllm !lp('('trum in' 

the T fest fraO)t' is a<felt" fllllcl.ion. III til(" p~C'lIc1o rC'st rr~me jllriUlSr()f'In~ infoa hr~i\d pC'ak 

( 'w.('Fig. 21l ). !'lC'\'C'l'lheless Ih('rC' is still a liIl'gc> rf'~ion whrre. piolls llJl(lallUOns ,m' Sf'llMa.trd 

kin('matically. ThC'r....fore it is Ijossihlr to usC' f IWIll in itnal~'sis of thr Illlion ~Pf>rt runL This is 

anot,hrr "ch-Antage of the pSC'llclo l'C'st frilllH' method. Figures :J and -t show f'!(·('11'01I alld mllon 

sp("("lrll in t.h(' pS('udo rest.fnllllc ohla;nc·d hy.:\R(;l·S. 

Thrllt. of theS(' l'Iprctr., wif:h ,Hl iI~Sltlllptioll p, -= '(1,. = P gi\'('s 

(I = O.7:n ± O.01fi ± o.n:!O. 

'1 = O.O:l±O.I~±O.12. 

This is the most pt'C"cjse lllC'ilSUf('I1,wnl of(l III r ....... (1'1; flC'Oly and llwfirst 'IlW;lSIII'C'IlWllt o( 'f 

u!';ingmuon momrnlum spectrum. Th(' ohlailll'd J'l'SIIItS <Ire ill gClnd ap;l'c"'III"nl withth,. S~f 



8
 

~
 
~ 2jOO ,-f-'\

_____ p.0)35 
, \+*,,2fX}() ,, \. 

-+-
, +,

1
lJOO ,,

•,
1000 

, 
......... 

jOO .,, 
..."..., 

0 
0 02 0,4 0,6 0,8 12 U 1,6 1.8 

PM GeVlc 
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2 CHARM 

2.1 Charlll spectroscopy 

Charm spectroscopy provides good testing ground for different theoretical approaches including 

fashionable Heavy QUflrk Effective Throry (HQET). Excited charm mf'~ons Me of spf'cial inter- . 

est betause their param~ters can be related with parameters of excited beauty mesons which 

are considered as a potent,ial source of tagged 8° meson~ for CP violation studies. 

There should be 12 L = 1 charmed mesons: 6 relativly narrow st.ates whose light (luark'8 

total angular momentullI is j, = 3/2 and fi very broad stales with jl :;: 1/2~ 

All these nalTOW r('SOllflll("CS have' IWf~n oh~f'r\'ed [11 J. (':<('(.'pI fol' 1.!1f"' dlilrlTIP<! sl ri"l~f' ,Jp = 2+ 

meson. d!'signilt.f'd O;·t, At. this confr-renee CLEO illlollllC'ed 111<' Ohf;('I'\'iltion of Ihis nwsoll 

[12J. Fig: !) shows Ill(' DO /\'+ in 'ariillll mass sppdruln obtaine(1 hy CLEO (in fac:t it shows 

M( DO K+) - ;\/ ( f)O) + 186·1.:; ;\/d '/e'2), Thl' 1<'£ P<'il k is n (f'('<I-down I)('ak from Ih(' lJ~d2:;:J6)+ 

and the right. pf'ilk is a new l'('soniHlec. n.,(2.'i:lfl)+ (kcilys prf'dominillltly to n-,\. Tlte Q 

100 

80 

'60 

40 

20 

O~~"""'....I-""'--I--L...a....J~-'--l-.l.~.L..&.~"""'....I-.a.....l--L...&.-I 

2375. 2450, 2525. 2675. 2750. 
M·(OoK+) 

'valu(' for t!w f).o -+ J)0"u dceoy is n'ry slllilll. so ('\,('11 Illollgll I Ill' ;:-0 is 1101 dc'lt'cll'd, 1hI' pl"ilk at 

ilhOlll :n~:;o .\fd'/c2 i!' still \'cry narro\\'. TIl(' widlh of Illf' Ill'\\' I'I'SOllilIlCC' is ('ollsid('rillJI~'largf:'r 

than thl' dl'IC'c!or rrsollll iOIl of aho1l1 :l .\1ft '/r1 , Fil ,gin'" .H = 2.-)j:1.:\~:~~ ± n.s ± o.~) ,,,r\'/r'2. 
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and r = 15.6~U ± 3 MeV/c2 where the third error on the mass is due to uncertainty in [)O 

mass. 

CLEO finds no evidence for another possible decay mode of D5;(2573)+ -+ D-o 1(+ and sets 

an upper lim.t on the ratio of branching ratios: 

B( DsJ(2573)+ -+ D-oK+) 
8(DsJ(2573)+ -+ DO/{+) < 0.33 

at 90% confidence level. This ratio is expected to be small [13] dut" to limited phasf> :;pace for 

the decay to D-o K+. Although spin-parity of a new resonanct' is not establisht'd it, must be 

in the "normal" 0+tl~t2+t3- series ( because it decays st.rongly int.o DO/{+.). It is natural to 

identify this state as the D:t, tllf' 2+ partner of the D. I (2536)+.· 

Fig. 6 ilIustrat.t's the pl:cscnt knowledge ahont. chilrnwd Illt'sons. ~Iost. of til(' c1I1UIll f"xcited 

states have bet>n obst>rved by AIlGllS and CLEO. 

. ARGUS 

-.
CLEO .. 

OTH.:RS ." "." .. 

• 0Dz(2460J . 

D. (2420r-~;-...,. 

• 0"D (2010J ......·..1 ...... 

; 

en- cc'l es ­
Fig\ll'l' 6; Ohs('rn·d ("harm mC'sons (schf'matic). 

Last )'par at La Thllilc AHOl S ilIIIIOI\llCf'c! ohl,wr\'a.l.ion of tht' first. ('xcitl'c! c1IlHI1lNI haryon 

;\;+(26:10) [HJ. CLEO conlir;\I<'d this l"(·slIlI. lind ohs('n'pc! 011("' nJorf' f'xcitl'c! haryon [l!>J. Fig. 7 

shows t.itl' mass difTl'J'('Ill'C' '" (.\~ To' +7:" - ) - M (An. Tile' right Jwak cOlTPsp~nds to Ih(' 1\;+(2630) 

whilt' t.hc ldt one is a tlCW excited c!lill:nwd haryoll ;\;+(2,'j90). 

The mass difTl'rptlce M(.\~1i+1i-) - M(:\t) is l1lf'asUft>d to he :JOS.O ± 0.4 ± 2.0 MlT/c'l. 

The peak bpcome's more prollOIlIlCl'cl (Fig. 71l) if OIl(' scl(·cl.s comhinilt iOllS consistl'nl wit.h tht' 



Figure 

E~+",- or E~",+ final stilt('S. 

Theory pff'dicls a large 11111111,('1" of excited .\; And ~; har."on s [1 Gj. For charnwo hAryon 

just above thn'!'ltokl til(' phase SPI\Cf> for 1\: 11" Ch'CilY is much larg('r Ihall for At ",+ ",- <Iecay. 

TIlf'refofe ~; wOllld <I('cay m<linly to Aclf while for A; this dC'cay is forhidden hy ronsen'alion of 

isospin. Sinc{' 110 si~nal is ohserved in the I\,.r; it is nill mallo identify A;+(25:W) And A;+(2590) 

with spin 1/2 and 'J/'2 1\; statrs resp<'cti\'f'I~·. 

2.2 Cabibbo-suppresed D meson decays 

CAbibho suppr('s('c! 0 meson d('(ay~ art' not 1I1lrJprstood \\"('11. For ('x;\ln\>l(' it i!' slill not c1N\r 

why B( DO -+ 1\'+ f\'-) is 2.:; ± 0.·' I imps lingrl' Ihall B( IJO -+ ,,+r.-). III till' fOlll'·hody final 

states situat.ion is rew'rs('d: 

A s~'sl f'mal i( sllldy of all POSS! hk Cid ihbo Sll pplt'SSI'r1 dli,nn decays is proha1.ly J'('quir('o to 

undrrst.and the und('r1ying llJ('cltallisll1s. 
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Table 5: Branching ratios for Cabibb0-8uppressed 1Y' meson decays in %. 

Channel . ARGUS CLEO E691 

K"!'K+1l'+1l'~ 0.31 ± 0.05 ± 0.04 0.24 ± 0.08 . +0060.2Lo:05 ± 0.04 

KOKo +­••1l' 1l' . ·0.17=*: 0.05 ± 0.04 

K-GK-:1r+ 0.32 %0.10 ± 0.07 

g-GK+1l'­ 0.17 ± 0.09 ± 0.07 

tP1l'1r 0.15 ± &.04 ± 0.03 0.19 ± 0.05 

fjJpo 0.J5;t: 0.04 ±0.03 

Recently ARG~JS obser..ved lfJ decays into /,'_0 /,'-1r+. i\-O/\+7(-. and I,'~ l\~1r+1r- (see 

Table 5). Bra.nching ratios are normalized tlsing 8( DO - J(-1t+1r+1r-) = (7.5 ± 0.5)%. H is 

interesting tOnQle t.hat 8(lfJ _ /(-OK-1(+) is twke larger than 8(DO -+ [(-o/(+'1t-) and that 

8(DO -.K°f(°1r+1r-) is comparable to BlDo - 1r+1t-1t+1r-). 

2.3 Evidence for doubly Cabibbo-suppressed.decay. DO -+ !\-+1r­

The reaction DO _1,+ 7(- canocntr t>ither through a Douhly Cahihbo SuppresRt"<1 Decay
 

(DCSD). or thmugh poDO lriixillg: hoth or whkh arf' fltlhstant.iaUy stlppressf'd ill t.h(' Standard
 

. Model. Any highlysuPllWSs(·d w('ak dt'('i\Y is of grf"l\t int.ert'st. ~incE" ~xot.k c1t'<'ay mt>chanisms
 

could .cotnllct.f" wit.h t.he Stitndard, Mo<lC'1 l)roc('lJses. Ingcllerali without. mt>a,clllring t.ht' decay
 

time diHtri·hut,ion.~ne cannot. licpari\tf'J)CSf> and mixing. 
, 
Tht' best ·limit. on ncso COIl1C'!\ from ARGtTS (Ii): . 

. 8(J)O -+ 1\+7(-) 
R = L~(f)O:"'" 1"-7r+) < 0.009. 

. . 

white the h(,8t limit on I.nixi'llg was obt.ainc·cJ hy E691 (181: 

R < O.OO:Ii. 
. . 

neC'e~tly CLEO obs(·..v(!(1 Uw dc~(·ay DU -+ H+ ll"- lIsing DO from the decay D-+ -+ 11'+ DO 

t19]. Fig. 811hoW8 1Iu.·1)0 mas!\ ill tllf'lllltsS{liffc'r('I\C'{" ~M = M(I\'1r7r) - M(I\1r)- A1(lI')'llignal. 

region ~ncr mass diff('n'lw" liidt·hnnd suhtraction. TIH're is a very clean'signal for .the df"Cay 

DO -+ h'+ll"-~ 

Very strict cnts havt' b<.'Ctlapplif'd on particle idf'lltification. track clnality and kinematic 

.pl'()pt"r~ieshf nit" C'omhiilation ill order t.o rf'movc all possi~le sourc~s of background from [,- ",+ • 



Right sign 

1000 

1.73	 1.91 . 2.10 

K 1t mass (GeV/c2
) 

Figure~: The DO mass in the l1la!'!'; difT('fcllcl" signal regIOn after mass difference ,;ideband' 
subtractIOn. 

/{+/<-, "'+K-, f\·-,+1r 0• and /{-(+" filial stAlf'S. Thl'n' fife 19.1 ± 6.1 Ilignal t'Vf>nts in the 
I 

R = O.OOi7 ± 0.0025 ± 0.002.; Of n = (2.92 ± 0.9.5 ± 0.9.')) tsm 4 On 

where Oc is thf' Cahihho angle. Si,,((~ EG91 limit all n° DO mixing is smallf'r than the CLEO 

result it is natural to interpret it as DC'SD. 1'11(' fatl' fOf this decay is somewhat larger than 

naive expectations of tall 4 Oc' 

2.4 Absolute branching ratios of D lueson decays 

The DO _ 1\- K+ and D+ - /';-7T+1r+ c!('cay modI'S ar(' commonly IIsrd for normalizing 

other D branching rAtios. A prccio;;(' nWilS\lff'lllC'nt of llws(' modes is llf'('('Sllary to improve 
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the measurements of many DO branching ratios, as well as inclusive and exclusive B meson 

branching ratios, where the systematic error mainly consists of t.hf" uncertainty in 8(DO 
-+ 

f{~1r+). 

Recently ARGUS and CLEO performed measurements of the absolute branching ratios for 

D ~esons using a method similar to the one previously employed by lIRS (20) and ALEPH 121). 

In this approach, first the total number of DO mesons pJ'Oriuced in lhf" decay Do+ - D°7r+ is 

determined using a pllrtialreconstruction technique. Subsequent reconstruction of th(' cxclusive 

decay chains yields the num'bers of D df>cays ~f interest, thus allowing a measuremt>nt of the 

absolute branching ratios. 

DO+ mesonR ar(' produc('d copiollsly in Hw frilgnwntation of charmed <Iuill'ks ill til(' ron­

tinuum process e+r- - ct~ Th('st> Do+ havE:' il hard momf'ntum sped rllm and t1wl'('forE:' their 

dil'ection coincid('s dosp.ly with t Ii(~ jet axis. The a\'il.i1il ble energy, Q, in the Do+ -+ n° 7f+ 

decay is only 6 MeV so that tile anglt' bct\V('(·\) Ow Do night. direction all~1 the pion moment.um 

vector and hence th(' angle bpi W('C'II the jPI. axis and t he pion mqnwnlllm Vf'ctor is also small. 

Thert'forf' for Do+ -+ DU 1T+ \"C' f"Xpc'cL cos 0 c1osf' to unity, whf"I'e e is th(' anglf' hc-twrcn the 

jet axis and (1)(' pion momentum \,('dor. The uncorrdat.ed backgrollnd disl riblltion is cxpf"ct('d 

to have a smooth Iwhaviollt' llI'ar cos 0 =: ), which can 1)(' dt<>ckf'd using data. Th(' jrl. ilxis can 

be approximalC'd hy I.IH' thrust axis of till' evC'nl.. 

Thf' cose distl'ihlltioll ohtaitwd hy AHGllS [221 is shown in Fig. 9 for t.wo int.f'rvals of 

pion momenta. Thl-' IW<lk in Fig. 9a) is l1lilinly ou(' 1.0 pions from Do+ -+ It+ no <1C'Cl\Ys. 

Thp shape of till' pC'<lk was ohttlilH'd frolll tlH' dilla lIsing n>consll'lIctf'c1 D° drcays into /,'-7f+, 

l\'-7f+7r-7r+' and 1\'~'1r+ 7r -. Comparing tllf' Illlmhrr of fi"'coJlstrllded DO d('cayR wit h I Itt' t.otal 

nnml)('1' of C'nlr·j(,s in t he peak ill ri~. 9/\) ...\ OGllS til'! C'rmined DO branching rat.ios shown in 

Ta.hle 6 tog<'llwr wilh the' I'rsliits of CLEO ilml AtEPII. 

Tilhle G: () nw~on Immching rilt.ios ill 0/." . 

~1odf' :\IWPS CLEO ALEPH 
DO -+ /,'- 11'+ J.·II ±O.12 ±O.~~ :UI1 ± 0.08 ± 0.] 7 '1.89 ± 0.29 ± 0.16 

DO :..... {" - 11'+ 7r-1r+ (U,O ± 0.27 ± O.!); 

DO- (,'~tr+ 11'­ 5.0:l ± O.:l!J ± O. In 

J)+ -+ {,'-7r+1r+ 10.0 ± 1.0 ± 1.2 

. llsi ng tlll'ir C'xC'C'I\('nt photon del ('{'tor CLEO has I ilg~~pc1 D+ wit.h 1r0 rrom 11)(' dC'cny D"+ -+ 
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Figure 9: Distrihution of COR e for two intf'fvals of pion momentnm. 

1fODt. The obtained branching ratio for tl\(~ decay D+ -+ K- ir+ zrt [23])8 somf'what larger 

than the POG value of (8.0:g:~) % ( see Tahle 6 ). 
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