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1. Introduction 
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i 2. Predictions for fbe Electron Spectrum from B Meson 
Decays 

r2(l z2 
with g( ;;,x) - - 

ir] I(1 Z)(3” 2x) -I (3 z):‘] 
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(1. J-p 
nud 2 = m,/tnb , x = EJntb wlwrc- rtt, (TN~) denote the c (b) quark masses, 

respectively. Tlbry arc free para:net.ers in this 1uod~1. 

The shape of dI’/d,& may be +,nificmatly cbangcd by effects ignored ia tllc fr-cc 
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quark model. However, tku: total serrtilcptonir width I? c.alculatcd in this model is 

nxpcc,ted to bc reliable [S’j. Intel;rating cqua,tion (3) over x yields 

2.2 Modified Frtc~ Quark Spcctntor Model 

Ata.relli, Cabibbo, Corh>, Maiani and Martinelli (ACM) 141 have modified the free 

quark spectator model t.0 irlcluclc effects of binding the Ir quark inside the B meao~l. 

The b quark is assumed tu be mnviuK with moment.um p’inside the meson, whcrc 

p’ is distributed a.Crorchg t,o a Maxwell distribution : 



2.3 Non- relativistic Constituent Quark Model 
4 4 t 

1~ ~c1~era.l t.lw electron spcctruln of the weak decay Bii -+ e+- GE;,x’-+ cm lx 

written ( ne&ctiilg CLc effect of the electroll lJ!llhss ) as: 

with x - Er/M~, y - (.?‘B - p~)‘/Mh twtl PR, MB; Px, M,y denoting the 4- 

ll)olllcnta and the Intescti of initid mid find st.n.t.e ancsous, rcsycctively. The form 

fact,og-s (I, [$ and -, hnvr to 1~ c.nlculntcxl for th individual decays. TLis is done 

by GIW[ri] using R 11011 relativistic coust itutwt qurwk 1110clc1. Harmonic oscillator 

wave fuuctjoils are used t.0 ra.lrulni.~ tllr 111escsn wave functionb with a ‘Coulol~lL 

plus litlear’ q - ?j potential ausatz. The form factors u, /3,-r are calculated for the 

trai16itions to fiual st,n.te 113csous with IS, lP,2S q uantuu~ states. The calculated 

t.rnnsit.iol~ rates (,B -3 D, D’, D+*) saturate the frzc quark prediction in tllr catic 

0ib-lr , where the tramitions to D, D’ account, for 2 90% of the calculateed rntc. 

For b r.rr , allass 6t.at.m up to 1.5 GrV/c’ are takeu bit.0 account. As l+Jler iua~s 

statrs will coutSril)ute otlly to clec.tron encrgic*s IwAow 2 2.2 GcV the predict,cd 

inrlusivc clcct.rm e~c?tgy spectrum is valid ouly allow 2 2.2 Gel’. Hem-.e wc use 

t*llV h--r?1 prediction for the calculntiorl uf Lmilcl+ ratiuk and 11<,bj only alove 

E, - 2.2 Ccl’. Tllus only 

.BR(B --t wX(lS,lP,2S),,) i,‘~,r,~ic~ ,,f BJJ(D ---) CIA) -- -.--- --- - -. --- 
BR(I? + crL-4-(1S,lP,2S),) * BR( I3 .+ Cl/x’,) 

is yrcdictcd, 

2.h Correctiow to the non - rcletivistic Constituent Quark Mu&l 
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2.6 Rcldivirctic F3ound State Model II 

2.8 Nom Rclntivistic Scalar -f Vector gq Potential 

2.7 Cotqmrisou of Predictions 

to 1 f(,)r ACM ~1x4 GIW. The atodds hy WSB, KS and I’S have been normdiaed 

t-0 0.9 n.ssuiniag, thtil the missiug higher spiu Ulld 1llHsS - statce will c.0ihribui.e 

? 10%. t.o the dccny. The shape af the: contribution to the electron spectrum from 
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3. The Detector 

The Crystal Ball dctc-ctor 1131 nt the st.oragc ring DORIS 11 at, DESY has lx-cm 

sliowc:r is very irrcK&.x. 111 t.11~ Irlttjtb hll ( without. tndcaps) tlir cncrKv rcaolutiorl 
. .-.-- 

fm clcctrou~~gnet.icnlly ~il~werit~g pnrticlcs is ax/E 7. (2.7 A- 0.2)X/ QIE/GrV. 

Thr anguhr rc?sulution varies with energy between 1” - 2” for elcctromaglletically 

showering pmticles. A tixrw of flight system located at the roof Of the detectfor 

housing covers ~5% Of the? golid angle. Together with a timing information from 
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the lllttiu ball it, is used to detect cosmic rnuo~b:. Charged particles art detcct,ed in 

a Ret. of 800 proportioual aluminuxn-tubr wire cL&xrs arrsembled in 4 cylindrical 

double layers around .thc beam pipe, The .tubes art filled with a gas mixture of 

7Z)‘&Ar + ZU%CU~ + IYJCH, at R prcssurc of 1 bar, The tubcb are parall& to the 
\ 

\MXU~ axis ( z. coordinate ) and are 2 04 cnt 1w1~ at ts distance of a.2 cm away 

frown the beam ais ( innermost. ,lapcr. 3 .aad T, 37 cm. loagat:!IiwhJtcmas Qf.1&8: Cm : 

( outermost &yca: ). The, outer layc+ covers, ,?,7.8.%, of 47r tilid. -angle.. .Chargc 

division readout dlr!ws a deternlination of the z position of hits from electrons 

wit,11 an 4iccuracy c-r2 PY 2 r7t1 / 0.0 ct~t in the inrtcr / outer layers, In athimuthd 

direct,ion P resc>llltiull per doul)lc lnycr of 2 50 twa~ / 20 twrad in the inner / 

outer doublr lny~s is cd,ievrd. The beam pipe 11~~ a t.hickncss equivalent to 0.017 

radintioil lengll~s, c~cli ~\~ttl~lC ln.yrr has 0.01 r.1. 

4. Data Analysis 

The dn.ta sarnplcs nsrd in tllih analysis arc list+ed in table 2. Tht luminosity 

is obtained by measuring large angle I3habh~ scattering in the main ball with 

R systmmtic accurncy of 2.5%[34,2]. The cvcnts satisfy our total energy trigger, 

whirl1 is frdly cfiicieut. for events depositing at feast 1.8 Gr:V in the NaI(TP) crystals 

whil-11 lit withill ) ~0s 81 2:. 0.85. 

4.1 Event Selection 

Tlrc* wlrr~i~m for hndrcmic crcntn htrs to rcmovc background due to beam-gas and 

I.wrt.l;~-w~~ll intcrnct.ic,ns, rosrnic rays, two pldou iutluced evex1t.n stud QED, cqx- 

t-idly ( r~~ctirrliw ) Rliablm, c3Tlll.s. Tlw ccutcr of mass system of beam - gas and 

beam - wail interact.ions is boosted along the beam axis while for c’ c int’eractions 

I 1~ ctwtw of ZUISS syr;tcln is identical with t.hc laboratory frame. Other than mul- 

tilmdrollir evc?at.s lmve mostly a snmllcr nmltip1icit.y. Thaae clmrrrrtersistks arc 

used t.o distinguish t,he eveut classes. ln detail we do the following. We define the 
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refiion ( f CONREG ) a.5 a group of adjacent crystals with.tlkergies grtatar ~tbal~ 

10 MeV each,. HHa.dronic ,events t,hen have to pnss the following selection criteria: 

1, The first. eroup of cuts Rupprctaec; QED cvc1ltb. 

We requirr tt ulinimuna multipticity: Thcrc tJ~~uld be at. least 3 energy clue- 

QersPwith\an ~~~clrwy d?f-m~~(; h 100 M*V ~~arh:~ ~1 

If radiative Bhabhas have yhot.ons with more than 100 MeV the two fol- 

low-iug cuts reciucc them further morr: Eventb should have at most 1 energy 

cluster with E(?ONREC ..> 0.80 E,IJEAM and should IIU~ hve any energy cluster 

with Ec-(,,vvHhc; 1:. 0.80 EaGAM if ERALL :.- 0.75 ECM. 

2. Bcank-gns nnd 1wnr11-wall iz~tcrnctioua A-posit a lot of cntrgy at small atrglcs; 

WC tlkcrcfore dcrnarlcl: ET~INNE,,/E~ALL *: 0.5, where J?&-U~~J~JEL is the sum 

of the en~rgir*w deposited in the GO tuuncl crystals of the main ball. This cut 

is almost. lOO”/, ronttinerl in the next cut, It is only noted for completeness. 

3. Ap.insb \J~:~uI wall and beam gas we cut iu the follawiug quantities: WC dcfinc 
1 672 

t,hc nbsolut vahrr. r,f t11c vcrt.or SUlII p = - 

I I 
z 
- & ii; , where ii is a unit. 

EUALL ;-I 
vect,or pointing to the c~eiltrr of the P crystal, aud the normalined transverse 

cikergy of an cvriit E,r,l,,r 
1 ,E 

Er’bi i=l 
j!Ji sin 8, . We apply the following Cut 

ill the (/j, ILrr8 ) plauc: evei1t.s are acceptrd if they satisfy E,,,,, > 0.2, 

I+ ’ 0.7, and Elrnnl .a 0.5 I+ + 0.1. This cut, is represented as a lint-t in figure 

4 whcrr WC’ &ow the ($, E,,,,,, ) +ir for Li rcyrcscntativc subsamylc of all 

rccordcd ON Y(4S) rvcnts and for evcr1t.s with xeyarated teamti, where 

WC‘ cx]rc~cl 111) llIull; - lln~lri~f wct~l~k. Cletirly visilsle is the rej?jrc.tiou of t,hc 

11011 f : f cbvcnt.s. Thi:. cut. in E lrurrr requires implicitely a minimal energy 

E=I)ALL ‘. 0.2E;,-~r 2.1 GcI’ ht. the T(45) rcboirancc. 

A bump crystal iti dcfiucd by a local maximum of energy dcposittd in a CONREG. 
Each hump t,r)grt.hcr with its 12 closest neighbouring crystals form one cluster, The 

dircc.bion of the cluskr f in v aud 8 ) is obtained by an energy weighted L~UIII of 

the dircrtions of the ccnkr of the 13 crystals. The energy assigned is the sum of 
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the cnergjes of the 13 crystals with a small empirical correction, deyendiug on a 

ratio of energies dcyosited in the 13 crystds. On an elcctrotl candidate we impost 

t,lrc- followinK requirement 5: 

l Thc?.yzatteru of the lat.cral energy distribut,ion ill the NtJ must.be cansiettnt 

wit.h that expected for a single clrc trolnap;ncticdly showering particle. 

e At least 3 hits jn the chambers unmt Lc cumistent. with the direction of the 

cluIh?r . 

H2 - 
C*,J EiEj(3 CCJfi’ cti,j -. 1) ---- Kc; JqZ <:,, 0 * 5:, 9 



c . 

pctdt durr to Bhttbha events at ECYM is POIIIWV~. Fjgurc 5b ~AOWR that these two 

e.ut,s reduce the continuum contribution to the electron spectrum above 1.6 Gcf’ 

by ~nor(! than a fflctor of 2. In the followixq only thr syec.truna above .* 1.6 GcV 

js a.xllJyzcd since tllcrc the efficiency is under control and the background is small. 

We turrl to a linear binning, when plottiq the spectrum. This is reasonable, 

because the resolution is approxima.tely rorlatant~ over this ranpz. It has al80 the 

ndvar~h~p *rPl easier -oorq~nrino~ -with natxsurciuatrta by. other goaups., j I ., 

4.3 Efhkncy Colculntion 

1. El(,ctrullla~netic~l~ internetinK ptuticlea tire handled by the electromagnetic 

thwt:r dcvclopmcnt program EGS [lo]. 

2. ~hc iiit,era.e.t,jojl of hadrons is simula.t.ed with the GHEISHA 6 prqraln [IT]. 

Tl1c p’<‘d”Ct, of 1.11V ll(ldr&C PW)LI Wlct.ian sfhir11cy cfl c and the electron sdclce- 

tjon eficjenry F, js t.ljc: total clc7ct.roil cfiicirncy (: = e,,r x c,. WC! WC 2 different, 

methods t,o dct.crrniirc: the efficiency. 

11 



1. First we geucrate Y(4S) -3 BB Monte Carlo events where UIIC B meson 

decays semileptvtG.a.lly RIK~ the other ant accordiug to the standard LUND 

strirqq fragment&m progrltrr~. The eveuts mr theu andyced as described 

nhvc. The total eflicicncy c 10 fimi electrorls ill these events is shown in 

figurr! 9 by opt=ri circles. WC then fit a third order polyur>utial.to the poialts 

the solid liue.. The* dashed lims mark n zl. 5% deviation fr~~xr the fit. functiox~. 





- . --. -- ----, 

. . 

4.6 Method used to extract Branching Ratiue m~cl Kobayashi - Maskawa 
Matrix ElcmcnCs from the Spectra 



(13) 
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5. Ehmlts on the Ratio of Elramching Ratios (h+~)/(&-+(-) 
and on p-#,,,/l:.,,I 



. 
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GIW ; x+s,lr~2s) 
GTW + AW 

WSB ; x -7 (1s) 

i 
-.--.. 

RR(D -+ WX,.) p;t.\ -.-- jh+,r)/(l-tc) 
/‘X,’ ..-A... _ ------.“-’ 10 2 

12.0 ;! 0.5 :i 0.7 5.3 -f- 0.5 l.G Lc l.G 39.2/40 

11.0 j 0.4 rf- 0.7 4.2 i- 0.5 2.0 rt 1.3 39.9/42 

11.9 i- 0.4 + 0.i 5.1 It O,tr 

10.8 If 0.4 f 0.i 3.3 A 0.5 0.0 ";I; 39.8/38 

10.1 4. 0.5 .I Ki 5.0 + 0.8 0,G ';;x 40.2/38 

14.1 t 0.8 I 0.7 4.0 $ 0.G 33.5/3E 

11.; t 0.5 -i, l-J.7 t.2 z! 0,s -. . .-..------.-- -.,-.. . ..-- _.---_- 

If thr b..+,f, co~~t.rilmtion would 110t, 1~: srrmll, il. wauld bc immrrcrt tb nmmarc 

tl~c* inclnsivc 6. SC intensity with the modele by GIW, WSB, KS turd PS ~ltich do 

mot fullg prcdic-1~ tllr It-+ II cpcctruim at lower clcctron ttrergits wtcrc tlac b-+C 
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iutensitmy is deterrrriued. ~owcv~r, since the b- ‘t tt contribution is small and we 

Call cdculatc the brwtching ratio BR(B -+ et/X,) aud I&b\ uaillg all ~~l~s~ll decay 

lllodels. Edith free h-c?/ crmt,rjbutioas, which are not tiignificant and therefore o+ 

qtlot.ed fur coiq)let.eneas, and a i? meson lifetitnc of 7B = (1.13f0.14)~10~‘3~~e:e [20] 

WC gti, the result5 list cd in ta.l)lC 3, The models of ACM, GIW with the AU’ 

correctiolk, WSB, and KS give consitent resultb. The model by PS gives a very high 

branching; ratio oi 14.174 for the- 1s st.at.rs rtlone, This is due to the fwt, that the 

Imxlirted spectrum is very soft and ouly the high cuergy part is fitted. The model 

rt~~ llot describe. the lower merry part., where the prcdicbed spectrum lies above 

the* measured cmc, when fixing the amplitadc by t.he fit tu ermgits greater thm 1,7 

G’r\,‘, ‘u-here only D gnd I’?’ contribute. This model CRII therefore bc ruled out by 

our nwasurmwnt aud i~i not used any furthrr. If we assume tlmt tl~! higher spin 

fitates which hnvc lkot’ been calculated - add 10% to WSI3’saxd KS’s bra~~chinp 

ratio we act au average t,otal brltnchiug ratio: DR( B + CVX’,) = (11.7f0.4rf-0.7)%l 

for all four models. Applying t.ltc* correction by AW to GIW’R WC average tbr rcaultft 

from the four models and obtain \I’,,1 =I 0.052 f 0.005 31 0.005. 

7. Systematic Errors 

14 
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--- 

- Extra mcrgy of ( + 23 j: 5) MCI’ added t.o the electron energy from 

otlm pmtic.ks in the hadronic event. Thix wa8 teetcd by comparing 

tlw wcrgp ~nwsurrd for Monte Carlo elertrom in the “eznpt4y” ball ~sni 

in lrsdroriic evcrlts. i 
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8, Comparison with other Experiments 
8.1 Comparison with results from ARGUS [22] [ZS] [24] 

,8.2 Comparison with results from CLEO 111 [2R] 

BR( B --+ WA-,) --___ .- 
BR(B --+ l.l’...f 1 

<: 2.7%) n.t. 90 %I C.L. 

BR( I? ---a WAY,,) 
,-..------ *I 2.GD/o at 90 o/;\ CL. 

nq n ) CVX,.) 

am-i fiR(B --t (.t~x’,.) - (11.0 I 0.4 f Cl.?)% with n ,j’/d.o,,f. 43/42 - FL very 

siikii1n.r rf sd t . 

BR(l3 ---) t Y.‘X,, ) 
---- .:’ l.t% nt, 90 “r, C.L. 

&l?( I?- --+ rvXJ - 

aucl BR(B * CVX,) (10.7 5 0.4 f O.?)% with R ~‘/d.o.f. :: &Z/42. 



-- -- --- . 

9, Conclusions 

BR(B --4 cv&) = (11.7 f 0.4 * 0.7):% 

10. Acknowledgement. 
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-___ -- . ._.. -_. .-_- ___,. 
Cncrg,y dN/(dEiYlj) error 
Gel’] [l/Gc\‘.lW’j ~l/c;cl’ 10 ‘J _ -. _. _ ---. . . .-- 
).GZG 1,114 0.31 

0.x 
0.24 
0.22 
f-J.20 
0.1R 
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t-l.15 
0.14 
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0.111 
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0. It) 
O.lf) 
t-l nw . . 
O.U!hl 
O.O!hi 
O.OW 
O.OYO 
0.w 1 

1 tl 0,738 
0.682 
O&6!, 
0.426 
U.3R6 
0.224 
0.1R3 
0.061 
0.076 
0.04G 
n.059 

- U.UlU 
’ n.n3!i 

U.OOG 
- n.014 

0.1114 
O,QZ4 
0.003 
0.007 
0,010 
O.OZG 

(I.076 
ml70 
0.068 
0.061 
0.068 
0.049 
(1.045 
0.03.5 
0,037 
U.033 
0.034 
0,027 
0.023 
0.027 
n,o25 
0.027 
0.028 
0.025 
0,025 
0.025 
0.027 

0.00 0.022 
- 0.002 0.020 



1 

z 

Figure Captiom 

o,,,,iblr AS a funchn of center - of- ~LIASR energy in the T(45) region. The curves arc 

glpt.td tn pidc the- eye. 

‘l‘h &mm spcrtrum 6s predicted by ACM, GIW, KS, PS, Rnd WSB; ame~r-cd with 
t.hc deltxtor rc:SoIutiotl. The various predictions oare lbhelled with the authors sy~nbols. 
‘J’ho~e pnrts where the predictions ore cmnplet.c are shown in hold symhol~ 
a) The tlorlWbli2ed spectrum, f $,. Iv = 1.0, ~.o,o.g,o.g,o.g for the: mod& ACM, 
GIL+‘, WSB; ,KS, 1’S, respectively. ln addition the predictioa from t-hc Lund Monte 

Cftrla progmwh r-s irr shown RB a histogratrl. 
1)) ~\;~j?dl’e!J/fIE, old (Vu*(2Al',,b/dE, 



XEROX TELECOPIER 495; 7- 1-88; 3:07FIM ; 49 40 899832823 4153233626;#31 
07.01.88 12: 06 DESY 031 

h) background from charged hndrons from RB decay6 to the &served electron cpec- 
t.rum. ‘J’hc shown fit. JR used to describe. the cllcrrged background from r(4S) dtjcay~ to 
the ctertton q-wet rum. 

12 Thr 6u1n 0f the pdsc .heigJU I (p/r) from single part.icJes ix! the proportionlrl alumihun~ 
tube cJ~~nhers for different particle typic 
Solid Jim: fi C;c\’ .eJcctrom; sdid lki~lopriukl: 5 C;f,\’ t~~uons; dashed histogram: low 

enmgy muons( of & IOU McIr kinetic energy ); cr~ndes: minirnurn ionicing particles in 

hedronic events, saleeted by pattern ruts in the bnll. The pu~rlc~hdgltt~in each hyw 

is IJormalized t,o ‘lhe pulsr! height ohtnimd with Rhabhn.rvents. The ‘p&x height is 
corrected for the diffcrcnt pathlengths through the chamber due to different incident 
directions 0. 

13 The electron spcctruxu as predicted hg KS front I3 - (‘~71 in the i? tncson teflt frame, 
afm boost to the T(4.s) restframe -p = CJ.~IG, and after smearing with the detector 
rcaolut ion. 

14cc ‘J’hc 111ensurct1 elc*rt.ron energy sJ,ecl.ra. a) for continuum events. The fit shown is 
desrrihrd ix\ the text. Note the difJimnt bitI sizr compared to that of the ON T(4S) 
ht.13 -figure 14b. The luminosi1.y scale factor r : 4.02~ practically compensatcn the 
factor 11’ fro111 the difi~crenl bin size therefore the two plots can be directly compared. 
hiti simlh. ‘l’hcrrforc* t.hc 2 JnJoth can dircctely he co~nparcd. 

141) 1)) On the r(4,5) re11011anc1’. The predictiom shown are from ACM, they are cot- 
reel rrl for tlvI.t*cIor rc:q*ot~:z. 
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