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Abstract 

!SSN 04!8-9833 

The Crystal Ball collaboration has measured the energy spectrum of elec
trons from semileptonic B meson decays at the e+e- ·storage ring DORIS II. 
Branching ratios and semileptonic widths have been measured using several 
models for the hadronic matrix elements. The branching ratio for semilep
tonic B meson decays into a ch81'tlled state X.- has been found to be BR(B---> 
evX.-) = (li.9 ± 0.4 ± 0. 7)% independent of the model used. The result for the 
Kobayashi- Maskawa matrix element IV.,~ol is 0.054 ± 0.005±0.005. The result 
obtained with the different models varies by at most 0.004. Upper limits on 
IV..t.JV.,~ol have been obtained. The weakest upper limit of IV..t./Vw) < 0.26 is 
obtained using the model by Grinstein et al. with data of electron energy 
Et > 2.4 GeV. In addition we identify the decay B-+ evD., v•-+ 1t~1=X 
and obtain a lower limit on the ratio of branching ratios 

BR(B -+ evD•) 
BR(B-+ evD•) + BR(B-+ evD' > 0.4 at 90% C.L. 

•Extended version of a. talk given the 22nd Renconhes de Moriond Les Arcs, France, March 
8-15 1987. 

Introduction 

The T ( 45) resonance is an ideal system to study weak decays of b quarks. because 

the 1 ( 45) resonance - which lies above the open b quark threshold- decays entirely 

into BB meson pairs :z:. A b quark in the B meson decays into a cor u quark 

emitting a virtual M' boson. which then can disintegrate weakly into a an electron 

and its neutrino. The differential energy spectrum dfjd:r (x = 2E-:!mb) of the 

electrons depend on the spin and mass of the individual final states in the charmed 

channels x; ( i = D,D· ... ) and the u. quark ch&nnels Xt (j = 1r 1 p ... ). It cari be 

written 

dr(B-+ evX) 

dx 
-IV 1, ,.-- di'(B ~ evX;) IV. 1, ,.-- di'(B ~ evX!J 
- cl>l L d:r + ub1 L.., d:r . ' 

(I) 

Integrating dr / dx over the normalized electron energy :r results in the total semilep

tonic width r. This width should be about the same as that obtained from the 

free quark (f.q.) model. Hence for the channel b---+c 1 holds the equation [3] 

r,, 

"' 

h BR(B ~ ev D,D', ... ) 
TB 

ll-~1>i 2 L i'(B ~ evX~) 

, 2 • 2 G}m: me lt,,l r,.,.(b~evc)=IV,•I --/(-) 
19211"3 m~o 

with f(z) = 1- 8z2 + 8z6 - z8 - 24z4 lnz. 

(2) 

Knowledge of the electron energy spectra dr j dx for different final states - or the 

branching ratios B R and the B meson lifetime TB - allows the determination of 

the Kobayashi-Maskawa [4] matrix elements IVc~>l and IV .. ~> I· 

Data analysis 

The Crystal Ball [1] detector at the storage ring DORIS II has been used to mea

sure the inclusive electron energy spectrum from B meson decays. The detector 

has been decribed in detail elsewhere [5]. Briefly, it consists of672 Nal(T£) shower 

counters which detect photons and electrons with good spatial and energy reso

lution. Each shower counter has the shape of a truncated triangular pyramid 

pointing to the e+e- interaction point and is viewed by a photot.nhe. The Nal 

counters form a sphere of 16 radiation length thickness covering 93·:~ of 4-n- solid 

angle. Two holes are left for the beam pipe. An additional 5% of 411" is covered 

1for b-.u a similar equation holds with c replaced by u a.nd D, v• by 1r, p 



by Nal(T£) end-caps. Charged particles are detected in a set of 800 proportional 

tube chambers assembled in 4 cylindrical double layers around the bam pipe. 

The data analyzed are equivalent to an integrated luminosity of 75.6 pb- 1 on 

the T(4S) (64590± 1300 produced 1"(45) events) and 18.5 pb- 1 in the continuum 

below the resonance. 

Hadronic events are selected by removing background due to beam gas inter

actions, cosmic rays, 2 - photon induced events and QED events. The remaining 

data sample contains contributions from the T( 45) and the continuum production 

in a ratio of ::::: 1/3.8. A bump crystal is defined by a local maximum of energy 

deposition in the crystals. '\\Te demand the number of bumps to be > 7 and the 

Fox-Wolfram event shape parameter H2 (6] 

"· E·E·(3cos' a ~ 1) 
H2 = LJ•,J ' 1 •.J 0 55 (3) 

2(~;E;)' < . 

where E, is the energy deposited in the bump crystal i and o is the angle between 

bumps. Only bumps in the main ba.l.l excluding end-caps are used. These cuts have 

almost no effect on l'(4S) events, but cut away almost all rT and remaining QED 

events. The electron candidate in the hadronic event has to be tagged in the pro

portional wire chamber. Its pattern in the Nai Crystals has to be consistent with 

the lateral energy distribution of a single electromagnetically showering particle. 

Besides electrons from b----'>c (intensity C) and b-tu (intensity U) transitions, 

those from c--+s (intensity S) are present. In addition the following background 

sources contribute 

• hadrons and photons faking electrons (intensity B): we measure the hadronic 

contribution by the different energy loss in the wire chamber compared to 

that of electrons. The contribution from photons are determined by mea

suring the neutral energy spectrum and scaling it down by the conversion 

probablity in the beam pipe and chambers. The conversion probability is 

obtained by ,analyzing e+ e- - fi events. 

• contribution frOm the· continuum production (intensity IC): for this contribu

tion we take a smooth function, which is obtained from a fit to the continuum 

data. The intensity K. is scaled by the ratio r of T( 45) j cuntinuum lumi

nosities. 

All contributions are shown in figure 1 . The efficiency corrected and background 

subtracted spectrum normalized to the number of produced B mesons is shown in 

figure 2. 

2 

As we want to measure b--+c and b-u contributions only, we use the data 

abmlf E~ = 1.5 GeV. when· the c-s and fake electron contributions are small. 

Csing the data below E~ ~ 1.5 GEl: would require a very accurate knowledge of 

the background and the c-s intensities and shapes. In order to extract branching 

ratios we have to use theoretical predictions on the shape of the spectra. For fitting 

to the .observed electron energy spectrum (figure 1) these predictions are boosted 

to the T( 45) restframe, corrected for detection efficiency and energy resolution, 

We then perform a maximum likelihood fit simultaneously to the binned T(45) 

data Nr>l>•(£€) = }'f;. and to the binned continuum data ."A.f01"(E.) := Mj· The 

likelihood function is defined by: 

e-Y,. y.N, t:-V,. '\..".M' 

L~ll( N'' )xil( ",' )xexp( 
' ,. J 

(B ~ Brn)') X exp( 
2u~ 

(K.- r ·K.c)2 

- ' ) 
' (4) 

Here the first and st'cond term rt'present the likelihoods for the T(45) and contin-

uum data. The 3. and 4. term form contraints, first to the brackground intensity 

B by the measured background intensity Bm. The second constraint restricts the 

intensity of the continuum contribution I( to the measured product of continuum 

intensity ICc times the luminosity ratio r. 

Y(E~) =:: Y; is the functional form accounting for the observed electron spec

trum from the T(45) data 

Y(E, I ~ C(l>-->c) + U(l>-->u) + S(c~s) + B(backg.) + /C E(a,{J, -,, li) (5) 

and V(E~) = V; is the functional form accounting for the observed electron spec

trum from the continuum data 

V(E,) ~ICc E(a,{J,-y,o) (6) 

where E = exp( aE: + /3E; + iE; +bE:) (7) 

The intensities C,B,U,S,K.,ICc and continuum parameters a,/3,/,b are deter

mined by the fit. As the background (B) and the C-4& (S) contributions above 

E~ = 1.5 Ge V are small and rather similar in shape the intensity B is not deter

mined by the fit: a higher intensity B would be compensated by a smaller C-48 

intensity S and vice versa. Therefore the value of the intensity B does not influence 

the b-+c and ,,_u intensities C and U, but only the c-ts intensity S. 

The parameters a, /3, i, 6 are determined by both, the T( 45) data and the 

continuum data. This method is useful, as we have only a small continuum data 

sample. The continuum contribution in the T( 45) fit is constrained in shape 

3 



and intensity by the data between E, = 2.6 Gd' and 4 GeV where no other 

contributions exist. This met.hod gives confidence in the function representing the 

continuum contribution. The result agrees well with the predicted shape from the 

fit to the contiuum data alone. For the intensity of the continuum contribution 

we find, t.hat the fitted value K is within 0.087o of the expected value r x Kc from 

the luminosity ratio, with UJ<IK = lo/c used in the constraint (4). 

To comprare results from different fits we calculate a \ 1 according to [7] from 

the result of the fit: 
\' 

,' ~ 2~(Y;- N,~N, ln"
1
;') 

Models used to determine BR(hc) and BR(hu) 

(8) 

The first model, which we use to calculate branching ratios, is a modified free 

quark spectator model by ACM et al. [8]. In the free quark spectator model the 

energy spectrum2 df c~>l dx is given by:3 

dr,,fdx ~ IV"'I'd:i'fdx = 

I I
' G}m: x'[1- z'- x] [(1- x)(3- 2x) + (3- x)z'] ( 

v"' --x 9) 
9611'3 (l-x)3 

where z = mu,~lmb and x = 2E~Imb. Boundstate effects of the b quark together 

with the spectator mass m." inside the B meson are modeled as follows: the b 

quark is assumed to be moving with momentum p inside- the meson, where Pis 

distributed Gaussianly in all 3 coordinates: 

dN(IPll _ 4 IP1' ( _IP1' l 
dlfi1 - v'if P}. exp P} (10) 

Together with the spectator quark the b quark forms the B meson of mass MB. 

Energy and momentum conservation yields for the b quark mass 

mi = M~ + m~"- 2MB.jiPF + m~" . (11) 

The electron spectrum is obtained by boosting the spectrum (9) with momentum 

I:P1 of the b quark and the momentum of the B meson4 = 0.325 GeVjc. Obviously 

the theory has some free parameters, namely m0 m.,,PF,m•p· The B meson mass 

is taken from other measurements [9]. As the term M~ = ( 5.280 Ge V j c2
)

2 is much 

bi:.>,ger than the mass of the spectator m~" ::::::: (0.15 Ge VI c2 )2 , this m~" contribution 

"dT,.b IS olltlllned by replacing c by tt 
3integrating (9) over .x results in formula (2) 
4a higher B meson momentum results in a harder electron endpoint spectrum. 

4 

can be neglected. The spectator mass in the argument of the root can be absorbed 

in an effective change of the momentum P.F. 

As we find only a small f,....., 11 contribution - see next chapter - we cannot 

determine the 11 quark mass mu with our electron spectrum. Therefore we deduce 

upper limits on b-11 for a fixed 11 quark mass of m., = 150.i\1el'/c2 , as used in 

the paper by ACM. But in addition we give the dependence of the upper limit on 

b------111 /he as function of the u quark mass. 

Hence we treat only 2 parameters, the Fermi momentum PF and the c quark 

mass me. as unpredicted and free in the fitting procedure. 

lu addition QCD corrections are applied. The <"Orredion 

Q(,: . .r) = 1- 2a,G(z,.r)/37r has to be multiplied with formula (9). For non-zero 

quark n1asses (:: > 0) G does not depend on x. and can therefore be factorized. 

G is t-abulated in the- litrature )0-. -With a strong coupling constant a. = 0.24 

we obtain for the b->11 channel JQ(O,l5/5,x)d.r = 0.82 and for the b----'>c channel 

]Q(1.6;5,x)dx = 0.88. These corrections will be used for ACM's model when 

calculating }~b and V~,b from the measured branching ratios. 

The next model is the- non-relativistic constituent quark model by GIW [3]. 

The calculated transition rates ( 1 S, lP, 25) saturate the free quark prediction in 

the case of b....., c . For b -----> u , mass states up to 2.5 Ge VI c2 are taken into 

account, but half of the predicted free quark rate is missing. As higher mass 

states will contribute only to electron energies below ::::: 2.2 Gel' the predicted 

inclusive electron energy spectrum is only valid above::::: 2.2 GeV. Hence- we use 

the b------111 prediction for the calculation of branching ratios above Ee = 2.2 GeV only. 

AW [16] have applied corrections to formfactors in GIW's model in the B - evD" 

channel. These corre-ctions result in a significantly smaller predicted semileptonic 

width r£b(AW)/fco(GIW) ~ 0.68. The predicted spectra B ....., evD and B....., 

evD' are very similar in shape. The superposition of the single predictions will 

therefore change only in size but not in shape. Hence the results obtained in this 

analysis will scale with the change of the width. 

The third model by "\\'SB [11] uses relativistic bound state wave functions to 

calculate the rates. Only transitions to D,D• and tr,p (=: lS)) respectively have 

been calculated. Following the arguments discussed above, this implies a lower fit 

limit of c::: 1.7 GeV for the b-e transitions and:::::- 2.3 GeV for hu 

" 



Results on the Ratio of Branching Ratios b~<tfb~c and 

w,,n~,l 

As we do not find a significant b__,u contribution we calculate 90 % C.L. upper 

limits on b-+ujb--+c . They are shown for the different models in figures 3 and 4 

as a function of the lower fit limit. 

Using ACM 1s model with free Pp and me we get an upper limit BR(B-+ 

evX,J/BR(B-HvXc) < 4.5% or lllu~./'Vcb' < 0.147 at 90% C.L. The best fit. values 

for those parameters are: Pp = (388 ±52) Mel'.lc and mr = (1601 ::1::: 46) MeV/c 2 • 

Using equation (11) we obtain for the b quark mass an average value< mb ·>= 

(4.85 ± 0.68)GeVfc2 where we used iPi = PF-

Figure 5 shows the upper limit obtained by the same procedure buf for various 

values for the u quark mass m,.. For higher masses the upper limit gets weaker. 

because the predicted spectrum becomes softer and comparable to the spectrum 

from he decays. A u quark mass mu = me would results in no upper limit as the 

b---+e and b---+u predictions are identical. For u quark masses below 400 MeV/e 2 

the upper limit is independent of mu. 

To get b---+ujb-+e values independent of the measured b----te contribution we 

increase the lower fit limit to higher energies, where the he contribution becomes 

smaller and goes to zero above E~ = 2.4 Ge. V. VIle fix all the parameters to the 

best values previously found (besides the b-+u intensity U). We obtain an U.L. 

BR(b---+evu)/BR(b-+evc) < 5.4o/o or ll-'.u./Yct>! < 0.16 at 90% C.L. independent of 

any measured he contribution (see figures 3 and 4). 

As the GIW model has no precise prediction for b -~o u with E~ < 2.2 Ge V, we 

proceed in the following way: we determine the intensity C of the b-~oe transition 

for electron energies E., > 1.5 Ge V together with a. free b----tu intensity U, then fix 

the he intensity C, background 8 and continuum contribution A-. and then find 

the upper limit on 

BR(B ~ evX(lS, 1P, 2S).) < 4.6% o• I Y.w I< 0.216 at 90 % C.L. 
BR(B ~ evi(lS,lP,2S),) Y,, 

for the spectrum above Ee = 2.2 GeV (see figures 3 and 4) 

For electron energies E., > 2.4 Ge V, where the he contribution is 0 we find 

BR(B ~ evX(lS, 1P, 2S).) Y.w 
BR(B ~ evX(lS, 1P, 2S),) < 6.5% m ! v"' I < 0.257 at 90% C.L. 

Using the WSB model results in an upper limit on 

BR(B ~ ev" p) Y.w 

B ( 
' < 2.5% o• 1-1 < 0.149 at 90% C.L. 

R B--+ evD,D•) Vct> 

6 

usin.f! thP Jata above£,---- 2.3- 2.4 Gf \" 

Results on the Branching Ratio B ~ evX, and lv~,l 

If the- b----t!l contribution would not be- small. it would be incorrect t.o measure the 

inclusive b _,,intensity with tht' models by GI\Y and WSB, which do not full~

predict th(' b----tu spenrum at lower electron energie~ where the b ----t c intensity 

is determinf'd. Fortunately. the b- u contribution is small and we can calculate 

the branching ratio BRIB -? wXc~ and ;l~ni using all3 models. With free b-+u 

contributions. which arf' not signifi,ant and therefore only quoted for completeness, 

and a B meson lifetime of TB = (1.13 :r: 0.14) x 10~ 12 sec [15] we get the result of 

table 1. 

Table 1. Results on BR(B--+ U-'Xc) and !Vcn! 
--~---- ·--· BR(B----.cvXc) ~~~b: 

Model '~: 10~ 2 

GIW; X~(lS,lP,2S) 111.9±0.4±0.7 4.3 ± 0.5 ± 0.5 

GIW + AW I 5.2 ± 0.5 ± 0.5 

WSB; X~ (IS) ' 10.8 ± 0.4 ± 0.7 5.6 ± 0.5 ± 0.5 

lr->ujb->o 
10-2 

2.0 ± 1.3 

0.0 ~g:~ 

x' 
D.o.F. 

39.9/42 

39.8/38 

ACM 12.0::: 0.5 ::i:: 0.7 5.4 ± 0.5 ± 4.0 1.6 ± 1.6 39.2/40 

PF and me free, best 

PF = (388::: 52) 2\fd"/c 

me= (1601 .:::_ 46) AfcV/c2 

The errors quoted are: statistical and systematic for the branching ratio mea

surement and experimental and theoretical in the case of IVcbi· 
The experimental error of ~b is calculated by adding the statistical and sys

tematic error and that of the the B meson lifetime in quadrature. It is dominated 

by the B meson lifetime measurement. 

The size of the theoretical error in the determination of Vcb with ACM's model 

is due to the smeared b quark mass. 

If we assume that the higher spin states - which have not been calculated- add 

10% to WSB's bran,_hing ratio we get very similar results for the total branching 

ratio: BR(B ----t evXc) = (11.9 ± 0.4 ± 0.7)% for all three models. 

Figure 9 illustrates the shape of spectra from the different theories used. Only 

those parts of the calculated spectra are shown, where the predictions are complete. 

Although the amplitudes of the he predict.ions differ by a factor of~ 2 the shapes 

of the spectra are very similar. The AW correction has not been applied to GIW's 

7 



model iu tl1!' pluto.. Ficun· l(J ;,hnw,.. tl1e },- ·c ~JH"Clra tJonnalized to 1 fur AC).l and 

Gl\Y. \\·sn nwdt·l ha-o bet'u Hnrnmlin·d to 0.!1 ''"'"nminc. that tl1e tni>'siul! hicher 

spill ltt1d ma,-,:- states "·ill contr:ilmtt> 101-; to th(• "Jlt'Cil"nm. 

TiH· /r-->u ~pe•tra show a differetH'e iu shapt> aud amplitn(k. Thi-o is tl\{· rt'a»t•H 

for thF rliffr:-rFnT upper limit,. olnaiw"d with tht• 3 Illude-b-. 

Comparison with other Experiments 

Comparison with results from ARGUS [12] ~13~ 

. -- . . BR.B -•II'.\{15.1P.2S),1 , .. 
ARGl:::. quote,. an upper hunt <ll! ------ ·--·-··--- ----- C 1 

BR1 B --• t 1•.\i 15.1P.2Si,. l 
obtained with GH\"~ tllodel iu the electron er.crg:r range E, 1.6 Gtl'. \\"ith a 

modified free quark spectator model anrl a limited data S<tlllple ()f 12pb·J ARGl'S 

get~ h bfanchiug: ratio BR(B ___, o-'X,.I '-'- [12.0-= 0.9~ 0.8)'}(. 

Comparison with results from CLEO [2] 

Beside other models the~· used AC1I's model with a fixt':'d parameter setting of 

Pr = 215 Jld',c and me= 1700 .Ud'/c2 • They get an upperlimit of 

BRiB ---l t·vX,.) _ 
0 

_ 1.,. 90 
, .. C I 

·- _.l '1- at ·t . ,·. 
BR(B- wX,) 

A branching ratio BR(B ._ wXc) = {11.0::::: 0.2::::: 1.0)1;( is measured. l'sing the 

same fit parameters the Crystal Ball experimeut ohtaius 

_B;,R,C(c;B;;---'-""'X.;"cl . ., (·• 1, C I , "- _.6 -'t at 90 11 .•• 
BR(B-+ wXc) 

and BR(B ._ evXe) ::::- (11.0:::. 0.4 :::r:. O.i)r;{ with a _\ 2 /D.o.F; 

similar result. 

Comparison with results from CUSB [14] 

Using ACM's model with a fixed parameter setting of PF 

me ::::: 1700 .\! f Y/ c2 a,n upper limit of 

BR(B- evX") 
BR X ) 

< 5.5% at 90 % C.L. 
(B._ ev c 

43/42- a very 

150 Md~/c and 

is obtained. A branching ratio BR(B ._ evXe)::::: (9.0± 3.0)% is measured. 

Doing the same we obtain 

BR(B ._ evX.,) o: 
BR(B ._ t:~--'X~) < 1.5rc_ at 90% C.L. 

and BR(B ._ evXc) = (10.7 ± 0.4 ± 0.7)% with a x 2 j D.o.F. = 52/42. 

8 

Result on the Ratio of Vector to Axial Coupling 

"-,. u:o.(· tht:' dt·cay •hain B ___, c11D' ___, u1Dr.0 to measure a ratio of the axial and 

Yel"tor •oupiing~ 

BR(B ___, n~D·) 
R ~ ···--· 

-- BRi B ___, wD· l- BRf B ____, cvD) 

For this ami.lysi~ we used lf45) data e-quivalent to a luminosity of92pb- 1
• 

B nteson d1·r&.ys are tagge-d ·with electrons with E. > 1.8 Gel-'. This high cut 

Yahw ou the e-lt'ctro!J ene-rgy imvlies that first of all no other (charmed) mesons 

heside~ D and D" will contrihutf'. Ou the other hand E" is small and therefore 

the D" rf'coils ngainst the electron. resulting in an approximately 2 body decay 

signature. 

The decay D• ___, Dr.0 i!> tagge-d by a slow 7r
0

• Due to the small mass difference 

mv·- mv:::: 140 .Utl' c 2 ) the 71'
0 nunnentum in the D" rest frame is small, 

p,.o ::::: 40~\1 tV! c. Boosted by the n· momentum the 1r0 preserves approximately 

the n· dire•tion and is therefore expected to be found opposite to the electron 

direction and with rather small momentum (p,.o < 240 MeV /c). 

Figure 6 shows the two photon mass .\!., ... distribution for events with at least 

one electron of energy E~ 1.8 Gd" and with the momentum of the 11 system 

in the range 30 Mfl'.1c ·· P"'·· 240 Mtl'Jc. A clear 1r
0 signal is visible, but on 

top of a large combinatorial background. An accepted 1r
0 has to be in the)'} mass 

range indicated by the dotted window in figure 6. 

Figure 'i shows the distribution of the angle between the fast electron and the 

reconstructed slow 1r0 • \\"e observe a signal at cos{c 1 1r0 ) < ~0.9 v.-ith a statistical 

significance of :1 'ij 
.:.V - ]\'Background 

v'l!:S-;--- 6.42 ::::: 3.9 a. 
120 ~ 78 

V ~\'Background __,_ {_h.Ysachground ) 2 

The events from the .H.,~ sidebands in figure 6 are used to measure the background 

below the ,.,ignal. We perfom a fit with a quadratic polynominal to the cos(e,1r0
) 

distribution of events from the M--.~ sidebands. After subtract-ing the fitted poly

nominal brtckground from the distribution shown in figure 7 we get the cos( e, 1r
0

) 

distribution in figure 8. Also shown as a histogram is a prediction based on the 

model by GIW ~3] for the decay chain B -t evD• -t evD1r0
• The normalization 

of the Monte Carlo calculation corresponds toR= 1, i.e. B decays into n• exclu

sively. The decay of the D and the second B meson are modeled with the Lund 
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Monte Carlo program [18: with updated branching ratios ~19·:· TlH: efficiency to 
reconstruct the 1r0 in the decay D' --4 D1r0 comes out to be .::: 15o/c .. 

To calculate the ratio R we measure t.he branching ratio BR( B --4 Cl-'D") and 
the inclusive branching ratio BRIB ~ cvX) above 1.8 Gel" assuming that onl~· 
D and D' are produced. Extrapolating from£, .> 1.8 Gd" to the full spectrum 
we obtain the preliminary result R = 1.2 ± 0.5 .::r: 0.4. !'iot.e. that our estimate 
of R is the result of two independent measurement.. namely BR( B - evD') and 
BR(B- evX). Therefore R rna~· fluctuate above 1 within experimental errors. 

The first error arrises fi-om statistics onlr. The second, systematic error in
dudes the uncertainty in the branching ratios D" - D1r0

, in the angular distribu· 
tion of the expected (t,7r0 ) signal. as well as the uncertainty i.n the extrapolation 
of the measured fraction of the D, D" branching ratios to the full electron en· 
ergy range. Also contained in the systematic error are theoretical uncertainties 
estimated by comparing model predictions from GIW [3j. WSB ~6j and Chau et 
al. [20[. 

Our measurement on R is translated into a 90 % C.L. lower limit of R > 0.4. 
This is obtained from an integration of the likelihood function over the physically 
allowed range 0 S R ::; 1 including the influence of the systematic error. 

Conclusions 

With the Crystal Ball detector we have measured the inclusive electron spectrum 
from T( 4S) decays. Using 3 different predictions a branching ratio BR(B ---> 

evXc) = ( 11.9 ± 0.4 ± 0. 7)% independent of the model has been obtained. 
The result on the Kobayashi - Maskawa matrix element IVc~>! varies from 0.043 

to 0.056 using the 3 models due t.o the different predicted total semileptonic widths 
although the predicted shapes are nearly the same. Applying the AW correction 
to GIW's model results in a change of \l~b 0.043 to 0.05. Taking the corrected value 

all three models agree within errors. Hence we get IVc~>l = 0.054 ± 0.005 ± 0.005. 
For the ratio of IV,u)'Yc!>l we obtain an upper limit dependent on the model 

used. 'WSB and ACM.give a conservative U.L. of iVu~>/V.,bj < 0.15 at 90% C.L.! if 
one uses the data above Ee = 2.4 Ge V where the He contribution is zero. 

GIW gives a significantly weaker upper limit! due to the softer spectrum in 
the b---tu. channel and due to the bigger semileptonic width predicted for the he 

channel. 

In addition we identify the decay B --4 evD•! v• ---> 1r~1owX and obtain a lower 
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limit on the ratio of branching ratios 

BR!B ~ wD•) 
BR(B- tr•D•) _ BR(B- tvD) > 0.4 at 90% C.L. 

Note added in proof-reading 

The Argus collaboration has reported on July 21, 198i the observation of the 
decays B- - pP1t- ·and B 0 

- pfl1t_1T_ thus having given an evidence for b--4u 
transitions. The~· estimate a lower limit on 'l·'..!>/l'cl, > 0.01. 

Acklowledgements 

It is a pleasure for me to thank the whole Crystal Ball collaboration for the many 
things I was able to learn in the very inspired working atmosphere. 
Many thanks go to Thomas Skwarnicky for explaining me in detail his analysis on 
B --4 evD' and for a lot of other discussions. 

Last but not least I would like to express my thankfulness to Prof. J. K. Bienlein. 
He never let me loose the sight of physics in the maze of the IBM and supported 
me in various other ways. 

References 

[1~ The Cr~;stal Ball Collaboration consists of groups from the following institutes: Ca1· 
ifornia Institute of Technology, Pasadena! USA; Carnegie· Mellon University, Pitts
burgh, USA; Cracow Institute of Nuclear Physics, KrakOw, Poland; Deutsches Elek· 
tronen-Synchrotron DESY, Hamburg, Germany; Universitit Erlangen-Niirnberg, 
Erlangen, Germany; INFN and University at Firenze, Firenze, Italy; Universitit 
Hamburg, I. Institut, Hamburg, Gennany; Harvard llniversity, Cambridge, USA; 
NIKHEF and Universiteit Nijmegen, Nijmegen, The Netherlands; Princeton Uni
versity, Princeton, USA; Stanford Linear Accelerator Center SLAC and Stanford 
University, Stanford, FSA; Universit8t Wiirzburg, Wiirzburg, Germany. 

[2] M. Gilchriese, in: Proc. of the 23rd Int. Conf. on High Energy Physics, Berkeley, 
1986; R. Poling, in: Proc. of the 23rd Int. Conf. on High Energy Physics, Berkeley, 
1986. 

\3] B. Grinst.ein, M. B. Wise, N. lsgur, Phys. Rev. Lett. 66 {1986) 298 and California 
Institute of Technology preprint CALT·68-1311. In this paper refered to as GIW. 

[4] M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973) 652. 
i5J M. Oreglia et al., Phys. Rev. D26 (1985) 2259; 

E. D. Bloom and C. W. Peck, Ann. Rev. Nucl. Part. Sci. 33 (1983 143. 
[6] G. C. Fox and S. Wolfram, Nucl. Phys. Bl49 (1979) 413. 
[7] S. Baker and R.D. Cousins N.I.M. 221 (1984) 437. 

11 



[8) G. Altarelli,N.Cabibbo. G.Corbo, L.Maiani. G. Martinelli Nucl. Phys. B208 (1982) 

365. In this paper refered to as A CM. 

[9] New measurements of the T(45) and the B masses are reported in: D. Kreinick, 

Recent B Meson Results from CLEO, in: Proc. of the International Symposium on 

Production and Decay of Heavy Hadrons, Heidelberg, May,l986, K.R. Schubert, R. 

Waldi (Ed.); 
S. Weseler, Experimental Review on B Meson Decays, in: Proc. of the International 

Symposium on Production and Decay of Heavy Hadrons, Heidelberg, May,l986, K.R. 

Schubert, R. Waldi (Ed.); 
C. Bebee, Exclusive Decays and Masses of the B Mesons, The CLEO Collaboration, 

Cornell preprint CLNS, 86/742. 

[10] N. Cabibo and L. Maiani, Phys. Lett. 79B (1978) 109. 

[11] M. Wirbel, B. Stech and M. Bauer, Z. Phys. C29 (1985) 637. In this paper refered 

to as WSB. 

[12] K.R. Schubert, Proc. ofth~ 23"d Int. Conf. on High Energy Physics, Berk~ley, 1986. 

[13] S. Weseler, Ph.D. thesis (1986), Heidelberg, unpublished. 

[14] C. Klopfenstein et al., Phys. Lett. 130B (1983) 444. 

[15] For a compilation of the B meson lifetime measuxements see e.g. Vera Liith, Lifetimes 

on Heavy Flavoux Particles, Proc. of the International Symposium on Production and 

Decay of Heavy Hadrons, Heidelberg, May 1986, K.R. Schubert, R. Wald.i (Ed.). 

[16] T. Altomari and L. Wolfenstein, Carnegie Mellon University preprint, CMU- HEP 

86 - 1987, Refered to as A W in this paper. 

[17] For calculation of significance see e.g. W. Eadie et al., Statistical Methods in Exper

imental Physics, North Holland, Amsterdam (1971), section 11.5. 

[18] T. Sj~strand, Lund preprint, Lu TP 85-10, 

also CERN Pool programs W5035/W5045/W5046/W5047long writeup. 

[19] Predicted and measured branchning ratios are taken from: 

M. Wirbel, B.Stech, M. Bauer Z. Phys. C29 (1985) 637; Z. Phys. C34 (1986) 103 

and Particle. Data Group, Phys. Lett. 1708 (1986) 1. 

(20] S.C. Chao et al., Phys. Rev. D31 (1985} 1756. 

12 

Figure Caption 

The measured electron energy spectrum on the T(45} resonance. The predictions from 

ACM shown are corrected for detector response. 

2 Inclusive electron energy spectrum, corrected for efficiency and background contribu~ 

tion; normalized either to the number of produced B mesons (left hand scale} or to the 

int.egrated luminosity (right hand scale). Predictions are from the ACM model. 

3 tipper limit on BR(B -· f'.VXu}iBR(B ____, evX,;-) for different models and fit ranges. 

Open circles are for comparison only, as they are outside the valid fit range. For GIW 

and WSB only some final states have been calculated and therefore X = (15, 1P, 25} 

for GIW and X = 15 for WSB 

4 Upper limit on il:,b/Vcbi for different models and fit ranges. Open circles are for com· 

parison only. as they are outside the valid fit range. 

5 Upper limit. on BR(B ____, evX..,)/ BR(B -> evX.,) using ACM's model for different tt 

quark masses. The curve is a smooth function fitted to- the points, to guide the eye. 

6 M.,.., for events with a fast electron and a slow 1r0 . The bins containing the 1r
0 and the 

sidebands are indicated. 

7 Distribution of the angle between a fast electron a slow :~r 0 . 

8 Angle between electron and 1r0 after backgronnd subtraction. The histogram is a predic

tion by GIW for the decay B _____. evD• ______, evD1r0 • The Monte Carlo calculation assumes 

B ______, evD" only (R = 1). 

9 dfjdE~ as predicted by theory. boosted to the T(45) rest frame, smeared with tht> 

detector resolution. 
l.solid: ACM; 2.dashed-dotted: GIW; 3.dashed: WSB. 

Only those parts are shown where the predictions are complete 

10 drcb/dEe as predicted by theory, boosted to the T(4S) rest frame, smeared with the 

detector resolution. l.solid: ACM normalized to 1.; 2.dotted: GIW normalized to 1.; 

3.dashed: WSB normalized to 0.9. 

Only those parts are shown where the predictions are complete 
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