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1. Introduction

The Y(45) resonance is an idcal system to study weak b flavoured decays. The
resonnnce lies above the open B meson threshold and therefore decays entirely into
BB meson pairs |1]. A b quark in the B mesou decays cither into a ¢ or & « quark
emitting a virtual W boson, which then can weakly disintegrate into an electron
and its antineutrino. The mass and spin of the final state meson influence the
transition probability and the shape of the electron spectrum. Due to the heavier
¢ quark mass compared to that of the u quark, non-charmed mesons (X,) are in
general lighter than charmed mesons (X.). Hence the electron spectrum originat-
ing from B meson decays to non-charmed wesuns extends to higher energics and
this difference can therefore be used to measure the transition b—u . Several
models predict the partial width and the shape of the electron spectrum of the
B — cvX, and B — erX, transitions. We weasure the electron spectrum from
Y(4S) decays, B

¢'¢” — Y(45) -~ BB ()

B— ¢X

and then fit the data to the assumption that the spectrumn cousists of a b—c , a
b—u , and a e—s ( from subsequent decays of charumed particles ) contribution,
Those contributions are converted to brauching ratios and arc uscd to easure the
Kobayashi - Maskawa 1uatrix elements. The Y(45) resonance ix produced on top
of a large continuum - sce figure 1. We use two data samples one "ON” T(45)
and the other one in the continuum below the T(4S5) resonsance for background

subtraction. In addition the background from particles faking electrons from
Y(4S) — BB  hadrons

is investigated. The paper is therefore divided into the following subparts. After
this introduction we first discuss the theoretical wodels of B meson decays, their
precdictions for the electron spectruis and their impact on the analysis. Then
the Crystal Ball detector is deseribed. Chapter four explains the data analysis. In
chapters 3, 6, and 7 we disscuss the results for (b su}/(b ¢} and for the branching
ratio BR(B » crX¢) aud the systetnatic errors, respectively, In the last part these
measureinents are compared to previous results from other experiments. Moore

detnils of the analysis can be found in |2].



2. Predictions for the Electron Spectrum from B Meson
Decays

In order to extract branching ratios and widths from the measured elcetron spec-
truin, we need theoretical predictions for the shapes of the bc and b—u spectra.
We write the clectron spectrum as dI'/dE,, where T is the partial width of the
decay B —+ ¢ X. The differential energy spectrum dI'/dE, depends on the spin
and wass of the individual final states in the charmed channels X! (i = D, D*...)
and the v quark channels X; (7 - #,p...) and on the Kobayashi - Maskawa matrix

elements |3} Vi, aud V. It can be written as

dP(B --+(VA) 2 dr(B—#ﬂl —
paiih S Vi i Sy tietel S
dE. = IVl dE, >

¥ F e

dI‘(B — eul*’)

The spectra dI(B -+ evX)/dE, can be calculated using models for the weak
matrix elements between the B meson and the individual final state mesons. The
Kobayashi - Maskawa matrix elements |V;3! aud |Vi3| are free paramcters in the
model and have to be measured by the experiment. The weak matrix elements
Lhave been calculated by several approaches: Altarelli, Cabibbo, Corbo, Maiani
aud Martinelli (ACM) [4] modified the free quark decay by considering a spectator
quark and gluonic corrections. Grinstein, Isgur and Wise (GIW) [5], Wirbel, Stech
and Bauer (W5B) [6], Koner and Schuler (KS) [7] and Pietschmann and Schiberl
(PS) [8] use cither non-relativistic or relativistic calculations to get the anatrix
elements of the weak hadronice current.

2.1 Free Quark Spectator Model

To start the description of the weak decay of B miesons we first briefly deseribie
the decay of free quarks [4). Here the light quark in the B aueson is regarded as
a mere spectator and the B ieson decay is approximnnted as the decay of a free b

quark into cve or ervu. This model predicts for the electrou spectrum of b — evce

dI‘!f;q' 2 dl‘(l. — e m-) Gr”’z
P _ v aztb o Vil? x —ED .
3y = [Vall x —5 = | ooy * 9(%7) (3)
. #2122 w1 o @)3 - 27)4 (3 z)=1]
with g(z,2) - ——- (1. 1) R
and z = m./my , @ = E,/my where . (np) denote the ¢ (b) quark masses,

respectively, They arc free parameters in this model,

The shape of dT'/dE, may be significantly changed by effects ignored in the free



quark model, However, the total semileptonic width T calculated in this model is

expected to be reliable (5] Integrating cquation (3) over x yields

.y L G}m:
'y = ll"fbl r 'q‘(b - I_J!’C) — |Val® '1—9_2_1‘,5 * 'f(z) V (4)

with f(z) —1 —8:7 - 82¢. =% 2424z,

Replacing ¢ by u in equations (3) and (4) gives the results for the b—u transition.

2.2 Modifled Free Quark Spectator Model

Atarelli, Cabibbb, Corbo, Maiani and Martinelli (ACM) [4] have modified the free
quark spectator model to include effects of binding the b quark insidc the B meson.
The b quark is assumed to be moving with momentum p'inside the meson, where
P is distributed according to a Maxwell distribution :
W) A (- n_;;_j) | )
dpl  VmpF

with an ndjustable Fermi motion parameter py. Together with the spectator quark

the b quark forms the B meson of mass Mp. Energy and momentum conservation

yields for the effective b quark mass

nag — ﬂfl:; 5 le,, - 25!5\/ I};P 4 17?3,, (6)

where m,,, is the wass of the spectator quark. |77 is constrained to a region where
m? = m?. As the termn M} = (5.280GeV/c?)? (9] is much bigger than the mass
of the spectator mfp ~ (0,15 GeV/e? )’, a variation of this m,, contribution can he
neglected. A varintion of the spectator mass in the argmuent of the rool can he
absorbed in an offective change of the average momentum pp. Henee the theory
has the three frec paraneters we, my, pp. The B mceson mass is taken from: other
measurements (9], The electron spectrum in the T(4S5) center of mass system is
obtained by boosting the spectrum (3) with momentum |p] of the b quark and the
momentum of the B meson (Py - 0.325 GeV/e or 43 = 0.06(9]). In addition the
model takes into account the effect of soft gluon radiation. This correction can by
written as: Q(.:’.,:r)‘ © 1 - 20,G(z,7)/37. It has to be mmltiplied with Equations
(3) and (4). For non-zero quark masses (- 0) G depends only weakly on x
and can be integrated independantly of equation(3): G'(:) = [ G(z,x)dr. G is
tabulated in the literature [10]. With the quark masses m = 1.60 GcV/e?y m, -
4.85 GeV/c?, my, - 0.15 GeV/c? and the strong coupling constant «, = 0.24 one
obtaines for the gluonic correction: Q(: = 1.60/4.85) = 0.88 in the b—c channel
and Q(: == 0.15/4.85) = 0,82 in the b—u  channel.
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2.3 Non- relativistic Constituent Quark Model
! 2 5
In general the electron spectrum of the weak decay B® — et ¥, X% can be
written { neglecting the effect of the electron mass ) as;
af GRMp (7)
dr dy - 3273

Oy 29 oo M y) - 4r? -yl — vy 1 - Af—-—&tz-s-])
(.ngf g |2x( AI:,-l-/ T Y Y M2 y

with = = E,/AIB‘ y = (Pp — Px)*/M} und Pgp,Mp:Px,Mx denoting the 4-
momenta and the masses of initial and final state mesons, respectively. The form
factors a, and 4 have to be calculated for the individual decays. This is donc

by GIW(5] using a non relativistic constituent quark wodel. Harmonic oscillator

wave functions are used to caleulate the weson wave functions with a ‘Coulomb
phus linear® ¢— § potential ansatz. The form fuctors o, 3,7 are calculated for the
transitions to final state mesons with 18,1P,2S quantuin states. The calculated
transition rates (B -+ D, D*,D**) saturate the free quark prediction in the casc
of b= , where the transitions to D, D* account for =~ 90% of the calculated rate.
For b »u , mass states up to 1.5 GeV/e? are taken into account. As higher mass
states will contribute only to clectron energies below =~ 2.2 GeV the predicied

inclusive electron energy speetrum is valid only above = 2.2 GeV. Henuce we usce

the b—u prediction for the calculation of brauching rativs and |V| only above
E, - 22 GV, Thus only

BR(B -+ «1rX(185, 1P,..S),,) etend of BR(D — erX,)
_____ et Bl
BR(B » cvx(15,17,28)) """ BR(B 3 cvX.)

is predicted.

2.3a Corrections to the non - relativistic Constituent Quark Model

Altomari and Wolfeustein (AW) |11} have modified GIW’s model in the b+ ¢

channel, They trent the coustitnent quark masses slightly differently, but get
quite similar numbers for the B — ¢vD channe] ( table 1 ). In the B — cvD*
channel they have tested the dependence of the semileptonic width as function of
‘at’, a factor appearing in the calculation of the formfactor 5. It was set to 0 by
GIW. With AW’s preferred value for ‘a4’ the semileptonic width I'(B — cvD*)
becomes smaller by a factor of 1.78 compared to the prediction by GIW.



2.4 Relativistic Bound State Model I

The third model, by WSB [6], uscs relativistic bound state wave functions to
calculate the rates. Formn factors are calculated in the infinite momentum frame
at ¢* — 0, i.e. at the electron endpoint. The quantity ¢ in WSB's model is
called 3 x .M} in the paper by GIW. The foriu {actors are extrapolated o g? 3 0
under the assumption of nearest pole dominance. Only transitions to the 18 final
states D, D and =, p, respectively, have been calculated. Fullbwing the grguments
discussed above, this implies a lower fit limit of E, =~ 1.7 GeV for the b—c
transitions nud E, = 2.3 GeV for b—u . Oaly

— o B - erX,
BRB — cvmyp) instead of BR(B -» evdy)

BR(B -+ eD, D) BR(B - cX.)

is predicted.

2.5 Relativistic Bound State Model 11

The fourth model discussed now, by Kérner and Schuler (K8) (7], uses in principle
the same ansatz as WSB, but take dipol formfactors for the ealeulation of the decay
into " and p mesons. Siilar quantities like the averlap factor of the initial and
final state meson are used. The valididty limits for the prediction of the inclusive

clectrons spectrum are the snne s gquoted for WSB.

2.6 Nou Relativistic Scalar 4 Vector gg Potential

The last model is proposed by Pietsclunann and Schéberl ('S) |8] The parameters
of their quark potential model, were the potential consists out of a scalar aud »
vector part, were tuned to fit the charmonium and hottonium states. Since we
already find serious discrepancics between the data and the prediction the b—c
channel, we cannot evalunte weaningful (h—u)/(b +¢) ratios with this model,

Therefore we neither deseribe nor use their b= prediction.

2.7 Comparison of Predictions

In table 1 the nsed parameters and predicted semileptonic widths are summarized.
For the by channel the predictions agree quite well, if one applies the AW
correction to the model by GIW. Figure 2 shows the b— ¢  spectra nonualized
10 1 for ACM and GIW. The models by WSB, KS and P'S have been normalized
to 0.9 asswning, thai the missing higher spin = and mass - states will contribute

o~ 10% to the decay. The shape of the contribution to the electron spectrum from

e

o



variouns models.

Model
ACM | GIW | AW [ WSB | K8 PS |

- [GeV/c?) | < 4.85 ] 6,120 4.900 | 4.800 | 5,240
m, [le’/c’] 1.607 | 1.820 | 1.800 | 1.700 | 1.700 | 1.850
Mud {GeV /r ] 0.150 | 0.330 0.250 { 0.350 | 0.340 |
T = T o Jf(AVal) 307 scc | ] )
B — cv D 11.0 | 12.3 £.1 8.3 7.2
b iev D 412 | 231 | 21,9 | 25.8 |-68.8
B v (D | v')"" T 1 522 | a4 | 30.0 | 341 | 76.0
B — ow (D) D7) 1 10% 574 | 38.9 | 33.0 | 87.5 | 83.0
_J.B,.L'E""' X 365 | 8RO | _
Ty = (B = J/(RVal?) 10" /see | |

J (3 2.0 7.4 125

B onp "] 160 26.1 | 33.0

B — v (n A ) 18.0 33.5 | 40.25

B - o X(15,1P,25)., 57,0 |

B X, 750

Table 1: Comparison of parancters sud predicted semileptonic widths by the

these channels is determined by the lurge masses of the mesons involved. Exept

for the model by PS all predicted shapes essentially agrec,

model by PS is much softer.

amplitude - see figure 2 and table 1.

The spectrum of the

The b-+u specira show a difference in shape and

One reason for the different width in the

meson decny wodels is the different treatainent of the constituent quark masscs

in the models although the gquark masses m, 4 used are nearly identical. While

GIW usc the so called ‘mock masses® 1 -

the suw of the constituent quark masses

- for the weson wasses, RS and WSD use the meson masses themsclves for the

calenlation of the formfactors. Especially in the B — 7 chiaunnel this choice has

a wmajor impact on the formfactor 4 (o sud 4 arve zevo for this decany ). As g is

praoportional to exp( 1/m,...

) in GIW’s model, u choice of 1, -~ 700 or 140 M cV’

casily explains the factor of 3 in the difference in the semileptonic width of the

D — « transition. For the decay to n D meson the difference between the mock
winss and the meson mass is much smaller and hence alsoe the difference in the

semileptonic width between the modcls.

Iu figure 2 also a prediction of the clectron spectrum from subscquent ¢— s

transitions is shown. This prediction is taken from the standard Lund string




fragmentation program 6.2 {12]. It is not well tested, because not all the B —
X. transitions have been measured in rate and X, monentum distribution. But
nevertheless it gives an approximation of the expected shape, As the main interest
lics on the electrons from: direct B meson decays we set the lower limit of the
electron spectrum to be fully analyzed sbove 1.5 GeV'. Using the ‘date below
= 1 GeV would require a more accurate knowledge of the e — s transitions.
The upper bound of the electron spectrum is sct by a kinematical limit of the B
meson decay. The B mesous are produced nearly at rest (8 = 0.06).” Hende the
maximum momentum of particles cowing from B meson decays is about Mp/2 =
2.63 GeV/c. If one decay product has a nun zero mass of e.g. 2.1 GeV/e? the
maximum momentum reduces to 2.2 GeV'. In this publication we do not mcasure
b—u branching ratios, but ratios of branching ratios (b—u)/(b—¢) . This has
the advantage that the b quark ( B meson ) mass does not need to be knowa very
precisely, as the term m§ ( M} ) in the semileptonic widths in (4 and 7) cancels

for tlas ratio.

3. The Detector

The Crystal Ball detector [13] at the storage ring DORIS II at DESY has been
used to measure thie inclusive electron energy spectruin from B mesou decays, The
detector is shown in figure 3. It consists of 672 Nal(T() shower counters which
detect photons and electrons with good spatial aud energy resvlution, Each shower
counter has the shape of a truncated triangular pyramid pointing to the ete”
interaction point and is viewed by a phototube. The Nal counters form a sphere
of 10 radiation lengths thickness ( corresponding to about 1 nuelear interaction
length ) covering 3% of the 47 solid angle. Two holes are left for the beam pipe.
'T'he 60 crystals next to the beam pipe are called tunnel crystals, An additional 5%
of 47 is covered by endcaps, consiting of 40 Nal(T¢) erystals. Electromagnetically
showering particles deposit = 98% of their cnergy in 13 adjacent crystals in a very
symmetrie paticrn. Charged hadronic particles deposit very often ouly energy fromn
mininium ionization, s 200 MeV in one or two crystals, If a hadronic interaction
takes place the deposited energy is much higher, but the pattern of the hadronic
shower is very irregulur. Iu the mnain ball (without endceaps) the encrgy resolution
for clectromagnetically showering particles is og/E == (2.7 3 0.2)%/ ‘\*/E'/Eﬁ'
The angular resolution varies with energy between 1° — 2° for electromagnetically
showering particles. A time of flight system located at the roof of the detector

housing covers 25% of the solid angle. Together with a timing information frow




the wain ball it is used to detect cosmic muous. Charged particles are detected in
a set of 800 proportional eluminum-tube wire chambers assemnbled in 4 eylindrical
double layers eround the beam pipe. The . tubes are filled with & gas mixture of
79%ATr 4 20%C 05 + 1%C H, at & pressure of 1 bar. The tubes are paralle! to the
beam axis ( z coordinate ) and are >~ 64 cm long at & distence of 6.2 em away
from the beam axis ( innermost layer }-and =37 cm long atewdistance of 148 ém
( outermost layer: }.. The.outer layer covers. 77.8% of 4n solid angle.. .Charge ..
division readout allows a determination of the z position of hits from electrons
with an u?-curu.cy o, ™~ 2 et/ 0.6 cm in the inner / outer layers. In athimuthal
direction a resolution per double layer of =~ 50 mrad / 20 mrad in the inner /
outer double luyers is uchieved. The beam pipe has a thickness equivalent to 0,017

radiation lengths, each double layer has 0.01 r.l.

4. Data Analysis

The data samples used in this analysis arc listed in table 2. The luminosity
is obtained by measuring large angle Bhabha scattering in the main ball with
a systematic accuracy of 2.5%[14,2]. The cvents satisfy our total energy trigger,

which is fully efficient for events depositing at least 1.8 GeV in the Nal(T?Z) crystals

which lic within |cos 8| - 0.85,

ON Y(45) | continuum | BB
Lwminosity |[pb ] 75.6 | 185
“observed hadronic events | 288563 | 56720 ~ 60000
l produced hadronic events I | = 64000

Table 2: Data sa.mplcs uscd

4.1 Event Selection

The seleetion for hadronic events has to remove background duc to becam-gas and
bean-wall interactions, cosmic rays, two photon induced events and QED, espe-
cially ( radiative ) Bhiabha, cvents. The center of mass system of beam - gas and
bean - wall interactions is boosted along the heam axis while for ¢t ¢ interactions
the center of mass systen is identical with the laboratory frame. Other than mul-
tihadronic events hiave mostly a smaller multiplicity. Those charactersistics arc

used to distinguish the event classes. In detail we do the following. We define the
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672
energy seen in the 672 crystals in the main ball us Epyry - Z E; and a connected

=1
region ({ = CONREG ) as u group of adjacent crystals with.euergies greater than

10 MeV each. Hadronic events then have to pass the following selection criteria:

1. The first group of cuts suppresses QED events.
We require & minimum multiplicity: There should be at least 3 energy clus-
ters. withvam suergy Eponpre » 100 MeVieach,
If radiative Bhabhas have photons with more than 100 MeV the two fol-
lowing cuts reduce them further more: Events should have at most 1 energy
cluster with Eponpia > 0.80 Eypaam end should not have any energy cluster
with Econgre = 0.80 Egpanr if Egary » 0.75 Eep.

1$4

Beam-gas and beam-wall interactions deposit a lot of energy at small angles;
we therefore demand: Erpnwner/Epary < 0.5, where Erynngy is the sum
of the energies deposited in the 60 tunnel erystals of the main ball. This cut

is almost 100% contained iu the next cut, It is only noted for completeness.
y P

3. Against beain wall and bean gas we cut in the following quantities: We define

1 B . . :
the absolut valne of the vector sum g = L E; #;|, where n; is a unit
EpaL |
vector pointing to the center of the i** crystal, and the normalized transverse
1 &L .
energy of au event E..,., Eor. L E; siné,. We apply the following cut
M =
in the (3, Eyrans) planc: events are accepted if they satisfy E,,... > 0.2,

- 0.7, and E,_,,, = 0.5/ 4 0.1. This cut is represented as a line in figure

4 where we show the (A, Eyq,,) plance for a representative subsample of all
recorded ON Y(45) events and for events with separated beaus, where
we expect no apults - hadron events. Clearly visible is the rejection of the
nou ' events, This cut in Ey.,, requires implicitely a minimal encrgy
Epary ~0.2Ecp 2.1 GeV oat the Y(45) resonance.

An event which is aceepted by all those cuts is ealled o hadronic event.

4.2 Electron Selection

A bump crystal is defined by a local maximum of energy deposited in a CONREG.
Each bump together with its 12 closest neighbouring crystals form one cluster. The
direction of the cluster ( in ¢ and @ ) is obtained by an energy weighted suuw of

the directions of the center of the 13 erystals. The energy assigned is the sum of
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the energies of the 13 crystals with a small empirical correction, depending on a
ratio of energies deposited in the 13 crystals. On an electron candidate we imposce

the following requirements:

» The pattern of the lateral energy distribution in the Nal must be consistent

with that expected for a single electromaguctically showering particle.

e The angle between the cluster direction and the beain axis must give | cos @) <

0.70 which is'within tlre solid augle covered by all 4 tube.chambers.

o At least 3 hits in the chambers must be cousistent with the direction of the

cluster.

Figure 5a shows thie electron spectrum ubtained after those cuts. In order to show
the full spectrum the data is plotted using a logarithmic binning of 3% width.
That kind of binning results in an approximately constant resolution per bin over
the entire energy range. A clear signal around 1.5 GeV energy is visible in the ON
T(45) data but not in the continuum data, On the ¥(4S5) there is still a large
background from contimmum events. Therefore in order to further more suppress
non BB events, we demand the number of butaps to be 7. Figure 8a shows the
nuiuber of bumps for events which have an clectron in the cuergy range 1.5 GeV .
E, <« 2.7 GeV. Compared are ON T(45) data with the continuum data. In
addition a Monte Carlo estimate of backgronnd from 71 events is overlayed. In
figure 61 the continnum subtracted distribution of ON T(45) events is shown,
togethier with & Monte Carlo prediction for Y(45) » BB events. Continuumn and
7T events have a low mmliplicity. Further suppression of the non BB events is

achicved by a cut in the Fox-Wolfram event shape parameter H2 [15]

3., EiE;(3 cos? ;- 1) < 0.55

H2 - 2(3 E.)? > ®)

where L, is the encrgy deposited in the bump erystal ¢ and « is the angle between
bumps. Quly bumps in the main ball excluding endeaps are used. The cut in the
H2 parameter is illustrated in figure Ta and 7h. The last two cuts are placed
in such n way that alimast uo Y(4S5) events are lost (<. 0.5%) which avoids an
increase of the systematic wucertainties. But almost all remaining QED and 7%
events are rejected. The rejection of the remaining QED Bhabha events which
radiated a photon or showered in the beam pipe is shown in figure 8. Bhablu
events contain only electromagnetically showering particles and therefore deposit

all their energy in the ball. After the cut on H2 and the number of bumps the




peak due to Bhabha events at Egp is rewuoved, Figure 5b shows that these two
cuts reduce the continuum contribution to the electron spectrum above 1.6 GeV
by more than a factor of 2. In the following only the spectrum above & 1.5 GeV
is analyzed since there the efficiency is under control and the background is small.
We turn to a linear binning, when plotting the spectrum. This is reasonable,
because the resolution is approximately coustaut over this range. It has also the

advantage of casier comparison with measurements by-other groups..i .

4.3 Elﬂciéncy Calculation

To estimate the detection efficiencies the standard Lund string fragmentation pro-
gram version 6.2 [12! was used to simulate the decay of T(45) — BB . The

generated events are passed through a complete detector simulation, This simu-

lation includes the following steps:

1. Electromagnetically interacting purticles are handled by the electromagnetic
shower development program EGS [16].

e

. The interaction of hadrons is simulated with the GHEISHA 6 program [17].

3. Extra energy deposited in the erystals by heam related background is taken
into account hy adding specinl backgronnd events to the Monte Carlo events.
These background events are obtained by triggering on every 107th beam

crossing. with no other condition.

. The events are then reconstracted using our standard software and subjected

to the sane cuts us the data,
" The hadronic detection efficiency for T(45) — BB — hadrons is found to be:
€y = (93 4 1)%)

For decays, where one B meson deeays semileptonically into cvX and the energy

of the electron is greater than 500 M1, the hadronic detection efficiency is
€li¢ (93 { 05)%1

The product of the hadronic event selction efficiency ey, and the electron selelee-
tion efficiency e, is the total cleetron efficiency ¢ = ey x ¢.. We use 2 different

nmicthods to determine the efliciency.
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1. First we generate Y(4S) -~ BB Monte Carlo events where onc B meson
decays semileptonically and the other one according to the standard LUND
string fragmentation program. The events are then a.naljzed as described
above. The total efliciency ¢ 1o find electrons in these events is shown in
figurc 9 by open circles. We then fit a third order polynomial to the points
the solid line. The dashed lines mark a 4.5% deviation frowm the fit function. .

2. Monte Carlo genezated electsons are merged isotropically it selestéd highn b
multiplicity "ON'T(18) ™ hadronic events. We reguire, in addition to the
hadron sel(‘!ttion.‘ that the hadronic event Las more than 6 bumps. This is
done in order to reduce the 2= 20% contribution from ¢g and 77 events to the
ON T(15) data smnple. Merging clectrons isotropically into low multiplicity
{ two jet like events ) results in too high an efficiency, because the overlap
of the merged clectron with other particles becomes less likely. This method
gives a measurement of ¢, and we assume ¢ = ¢, x 0.93 for those events too.

The solid points in figure 9 show the result obtained by this method.

We then compare the two resulting efficiencies in figure 9. At lower electron
energics the merging method results in & significantly higher efficiency. This is due
to the faet that in the werging method the electrous are distributed isotropically
in the events. But for slow electrons from B -» cvD, D* decays the probability for
the electron ix high to overlap with the decay products of the D, D* mesons, while
at higher electron energies the electron is more likely backwards to the D or D*
weson, This was confined by the comparison of the efficiencies to detect electrons
in T(45) Monte Carlo events and to detect merged electrous in the saine Monte
Carlo cvents, We use the fitted line of figure 9 for the clectron efficiency, From
the comparison of the efficiencies obtained by the 2 methods we get a systematic
error on the efficiency of Ae/e -0 5% for clectron cuergies above 1,5 GeV, where

the two efficiencies obtained by the different mcthods agree.

4.4 Background Estimation

Besides electrous fromn & v aud b su transitions, those from ¢—s arc present.

In addition the following background sources contribute:
1. Charged hadrons and photons faking electrons.
e The contribution frou photons faking electrons is determined by mca-

suring the neutral enecrgy spectrum and acaling it down by the con

version probablity in the beam pipc and the chatnbers. The ncutral
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spectrum measurced ~ continuum subtracted - is shown in figure 10a.
This specirum has still to be multiplied by the conversion probability
{ Pronvert } to obtain the fake electron contribution from photons, This

COIVCIBION probubili ty varies from 4.6% nt 1 GeV to 9% ot 2 GeV. This

change comwes from the fact that most of the photons comc from 79 de-
cays. At 22 GeV nearly all photous froan e o% form e single.clustes and....
the probability to find it charged is 1 (1 Ptonocrl)a' The conversion

- probability for w singleploton is.obtaiued.by. analyzihg cte™ — vy

events,

e We find the background from charged hadrons from B meson decays
to the electron spectrum above 1.5 GeV to be less than 2 events. This
nuinber is deduces in two ways. First of all one hins to take into account
that the momentuin spectrum of particles froon B meson decays be-
comes zero for momenta larger than =z 2.7 GeV — see chapter 2. Hence
the spectrum of particles is much softer than that obtained fru decays
of the Y(15) resonance or continuuin events, The encrgy response of
the Crystal Ball to hadrons is such that only a sinall fraction of the
total encrgy is seen. Figure 11 shows the deposited energy of Monte
Carlo generated 7' of 2.0 and 2.5 GeV energy. Restrictiug the analyzed
cuergy range to E, -~ 1.0 G¢V a reduction factor of 200 is achicved.
Applying the pattern cuts for selecting clectromagnetically showering
particles the rejection factor is increased by a factor of 25. Assuming
0.1 charged hadrons with energy greater than 1.5 GeV per BI event we
calculate a background of «. 2 charged hadrons from 60000 BB vents,
In addition we mensure the charged hadron background by the encrgy
loss, dE/dr, in the wire chamber, which is different compared to that
of electrous. Figure 12 shows the pulse height distributions of differ-
cnt particle types obtained by suming up the pulse heights from the
individual Javers, corrected for different pathlengths iy the tube cham-
bers. The backgronnd contribution is then obtained by eomparing the
clectron spectra resulting frown two different ents in the chamber pulse
height. The charged hadron background spectrum obtained in this way
is displayed in figure 10. Also this method gives a hackground of 1+£1.0

events. A detailed discussion can be found in [2].

¢ The hadron and photoun backgrounds together arc leas than 1 % of the

Y(45) contribution for energies above 1.5 GcV . At about 1.5 GeV



the background from photons dominates, while towards lower encrgies .
the contribution froin chiarged hadronic background becomes dominant.
Below 1.5 GeV the backgrouud contribution from charged hadronic
background through rises exponentially towards lower energics. This is
the reason for the peak at = 200 Ml from minimuwm ionising charged

hadrous in the observed electron spectrum ( Figure 5b ),

2. Contribution from the continuuwn productivn:. Jaor this contribution we takc. ..
# snicoth function, which is obtained by a fit to the continuum data. Figure
14a shows the spectrum obtained from the continuum data sample together

with the simooth function fitted to the data.

4.5 Method used to extract Branching Ratios and Kobayashi - Maskawa
Matrix Elements from the Spectra

The predicted spectra are boosted with the B motnentum to the T(45) rest frame,
folded with the energy resolution of the detector and corrected by our detection
efficiency. The size of those two corrections is shown in figure 13. In detail the
efficiency correction is done in the following way: let dU'/dE, be the predicted
electyon spectrum from B meson decays boosted to the Y(45) center of mass
system and folded with the energy resolution. Then T is the expected spectrun

for a 100% braching ratio { c.g. for the channcl b-se ),

dlq 1 2 NOb
T - Er = = r Er '3 Er Bh 9
b (Er) dE, P.-a{ ¢(E.) en.(E.)} o (8)

with N;’;’-I‘; - N*(ON Y(45)) — r x Ny*(continuum)

and T the partial width of the models uscd.

Le. using WSB’s model one Lins to replace T by D(B  » e D, D*). N*(ON Y(45))
and NP (continuum) are the munbers of hadrons found on the T(485) resonance
and in the contimuun respectively, 1 4.028 1 0.009 is the ratio of ON T(4S) and
continuum luminosities corrected for the difference in beam energy. As noted in
equation (9) the two hadrou efficiencies ey, and ey cancel each other, Thercfore
also systematic errors of the event simulation program cancel too.

We use the following functions to describe the measured electron speetra:
Y, Y(E.) is the functional form accounting for the observed electron spectrum
from the Y(45) data

€ x Tyl L)

2
Y(E) = CxTie(E) + ,




+ & xT(E.) + Bx F(E) 1 K xQ(E) (10)

The quantities C,%’,S,B, andK are expluined in detail now. After fitting with
equntion (10) to the data, the intensities C, S are the measured branching ratios.
Using c.g. the model of WSB yiclds ¢ = BR(B — evD, D*).

¥ is the ratio of branchiug ratios. For WSB's wodel we get ¥ = FBB%ET:E'I;' .
‘The Kobayashi - Maskawa. qmatrix elements are obtained by, see equation 2 und

table 1 -

Val? = ¢/(7y x T'p)

with 75 being the B meson lifetime. In the model of WSB the part of the electron
spectrumy unsed in the fit corresponds to transitions B v evD, D* ouly, hence
I",;, = f(.B v erDy DY) The ratio of matrix elements is obtained by:

, oL .
I"ult/‘t‘bil - (7.' X r(‘h/rub

¢.g. using the model of WSDB’s one hus to replace I, - (B — cvD,D*) and
Tuh == T(D -~ evm, p). Analoguos considerations hold for GIW's model.

Q is the continuum contribution described by a smooth function
QUE,) - exp(aE! 4 BE? i AE! 4 8E!) with a,3,7,6 free parameters determined
by the fit. F represents the fake electrons, V. - V(E.) is the functional form

accounting for the abserved electron spectrum from the continnum data

V(E,) = K¢ Q(a,3,7,6) (11)

We perform a maximun likelihood fit with Poissonian error distribution. The fit is
done simultancously to the binned T(45) data N**(E,) = N,, and to the biuned

continuum data A" (E,) =1 M;. The likelihood function is defiued liy:

¢ i }r.N. .- \" ) -‘,-.h’,
L . (T Y ( )
I:I N;! l}] M)}
, (5 - B.)Y (A - v R
> OX) (‘- 20;‘; > eX) -‘._ér.;:. e (12)

Here the first and second terin represent the likeliboods for the Y(48) and con-
timunn data, The 3™ and 4" tenn form constraints. The first one constrains
the backpground intensity B by the weasured bockground intensity B,,, the accond
restricts the intensity of the continuumin contribution A to the weasured product
of continuum intensity K¢ times the lnminosity ratio ». To compare results from

different fits we calculate a 32 according to {19] from the result of the fit:

A =2Y (N - N4 N ln})—v,'-) (13)



The intensities C,B,%,S,K,NC and coutinuuin parameters a,f3,v,é are deter-
mined by the fit. As the background (8) and the c—s () contributions above
E. - 1.5 GeV oare small and rather similar in shape, the intensity B is very corre-
Inted 1o the c—s intensity §. Due to the constraint in the likelihood for B with
ou/B 1 the fitted B is in partice not a {ree parameter, but comcs out to be

cxactly at the mensured By value. The parmweters a, A,7,6 are detcrmined by

both, the T{45) data. and the continuum data. -This method. is.useful, as we have -

ouly & small continuum data sample. The continuum contribution in the T(485)
fit s com;,tra.im-d in shape and inteusity by the dats between E, = 2.6 GeV and
4 GeV where we assume no other contributions. This mcthod gives confidence in
the funetion representing the continuum contribution, The result agrees well with
the predicted shape from the fit to the continuumin data aloue. For the intensity
of the continuum contribution we find that the fitted value A is within 0.08% of
the value 1 x K¢ expected from the luminosity ratio, with ox /K - 1% wused in
the constraint (12). A fit with the continuum function @ to the continuwn data
alone gives n \?/d.o.f. = 60.6/63 - 56% C.L. Other functious like a polynomial
and / or single exponentials give a 1? much worser. All coutributions to the ON
T{45) spectrmn are shown in figure 14b, The background from charged hadrons
and photons faking electrons is added up and displayed as a single line. The effi-
ciency corrected, contimiin and background subtracted spectrum normalized to
the number of produced B mesons, is shown in figure 15 and listed in appendix
A. As we want to measure b-+¢  and b-—u  contributions ouly, we use the data
ahove E, :. .50 GeV, where the ¢ 25 and fake clectron contributions arc small,
Using the data below E, =~ 1.3 GeV would reguire a very accurate knowledge of

the backgrouud and the ¢ vs intensitics and shapes,

5. Results on the Ratio of Branching Ratios (b—u)/(b—¢)
and on |V,,/V)|

Here and in the following chaprer we present and discuss the results of the fit of the
data, #x shown in figure 14, to formula 10 which contains the electron spectrum
shape and the braunching ratios of its various contributions. The MINUIT [18]
program has been used. For the b—oe and b su spectruin shapes the theoretical
models deseribed in chapter 2 arc used.

The first glauee shows that thic weasured electron spectrum from B meson

decays does not extend to E, > 2.4 GeV no b—u  transition is seen and we

will give upper limits,



Starting with ACM’s model, we caunot determine from our measgured spectrum

the frec parameter m, with meaningful errors, becausc no significant b-u signal

is found. We therefore calculate the upper limit for various values for the u quark

mass 711, shown in figure 16. For higher iuasses the upper limit gets weaker, because
the predicted spectrum becomes softer and comparable to the spectrum from b—e
decays. A u quark mass m, = m, would result in 10 upper Litnit as then.the b-c-
aud b +u predirtions are identical. For u quark masses below 400 MeV/e? the
upper hmit i ld!'u("ndexﬂ of ‘m,. Henccfurth ee use m, = 160McV/c? as in the
paper by ACM,

The upper limit obtained with the different wodels are shown in figures 17 and
18 as a function of the lower fit range in the electron spectrum.

Using ACM’s model with pp and i, free we obtain an upper limit
BR(B—cvX,)/BR(B ycrX )« 4.5% and {V/Va] < 0,15 at 90% C.L.

The best fit valnes for those parameters arc: pp = (388 + 52) McV/c and m, =
(1607 +46) MeV/c?. With equation (6) we obtain for the b quark 1uass an average
value - ny, .. (4.85 1 0.68)G eV /et where iPl - pr was used.

In order to get the (b »u)/(b-+¢) values iudependent of the measurcd b re
contribution we increase the lower fit it to higher energies, where the b—c
contribution becomes sinaller and goes to 2ero above E, = 2.4 GeV. Fixing all
the parameters to the hest valnes previously found  also the b.ac contribution ¢

but not the (b »u)/(b ¢} jutensity I‘f) -~ we obtain an upper lmit
Brb seru)/BR(b—crve) - 5.4% or [V /Va! < 0.16 at 80% C.L.

independent of the b s contribution in this energy range (sec figures 17 and 18).

As the GTW model has noe precise prediction for b -+ » with E, < 2.2 GV, we
proceed in the following way: we determine the intensity € of the b-+¢ transition
for clectron energes E, + 1.5 GV otogether with a free b—u  inteusity ".—', then
fix the b »e intensity C, background B and continuum contribution K and finally
find the upper it op

BR(B ¥ "/Y(lu.',lp,a- )N) , ‘-""
EU TR R T - 4, 0% ] t 909
BR(B -» «rX(15,1P,25),) 6% 0r|1i | v 0.216 at 90 % C.L.

oh
for the spectrum above E, 2.2 GV (sec figures 17 and 18).
For electron cuergics E, - 2.4 GeV, where the b se contribution is zero — but
using the previously measured b v contribution - we find
BR(B — (1 X(15,1D,25).) Vin
— Se-ol s G.5% or | =] < 0.26 at 90 % C.L.
BR(B = enX(15,1P,25Y,) = &2%orlg: | < 02026 90 % C.L




Ewploying the WSB modcl results in an upper limit on

. , |
_BR(B — rvm,p) - 2.6% or “_“3 < 0.15 at 80 % C.L.
BR(D — evD,D*) Ve

using the data above £, = 2.3 or 2.4 GeV. For the KS model we obtain an upper

linut on

BR(B — cvmyf) 5o ar |<21 . 0.14 8t 80 % C.L.
BR(B —icr:D:I) b

when using the data-above E, — 2.3 or 2.4 GV

6. Results on the Branching Ratio B — evX. and on |V

- T .[ BR(B - X)) {Val b(b—-m)/(b—-bc) ) y? -
Mode] 1% 10 ? 10-2 d.o.f.
ACM T 11204 05407 53105 1.641.6 39.2/40
pr and ni, freeg best
pr == (388 | 52) MeV/e
m, = (1607 1 40) MeV/e?

GIW ; X=(1S,1I,25) 1194 04407 42205 20+13 39.9/42
GIW + AW 11.9404+07 51405
WSB ; X .- (15) 108+ 0.4 0.7 551405 0.070% 39.8/38

KS X (19) 101405407 50105 06152 40.2/38
PS:X (1S) 141 1 0.8 1 0.7 4.04 0.6 35.5/38
Avernge; X all

| ACM+ AW+WSB+KS | 117 1 054 0.7 524 0.5

Table 3: Results on BR(B -+ ¢ X,) and |V4| The errors quoted are: statistical
and systematic for the branching ratio measurcwent and experimental in the case
of |Vo]. The experimnental error of Vi is ealculated by adding the statistica] and
systewatic error and that of the the B meson lifetimie in quadrature, It is domi-
nated by the B meson lifetimie measurement. The error on (V| due to theoretics)
uncertantics quoted by all theories is about 10%.

if the b-su contribution would not be swally it would be incorrect to measure
the inclusive b-+¢ intensity with the models by GIW, WSB, KS and PS which do

not fully predict the b—u  spectrum at lower clectron cnergies where the b-ac




intensity is determined. However, since the b-+u  contribution is small and we
can calculate the branching ratio BR(B — evX,) and |Via| using all meson decay
models. With free b—u contributions, which are not significant and therefore only
quoted for completeness, and a B meson lifetime of 15 = (1.1840.14) x 107 *sec {20]
we get the results listed in table 3, The models of ACM, GIW with the AW
correction, WSB, and KS give consitent results. The model by PS gives a very high
branching ratio of 14.1% for the 1S states alone. This is due to the fact, that the
predicted spectruin is very soft and only the high enexgy part is fitted. The model
can not deseribe the lower energy part, where the predicted spectrum lies above
the measured one, when fixing the amplitude by the fit to cuergies greater than 1.7
GeV, where only D and D* contribute, This model can therefore be ruled out by
our measurewent and is not used any further. If we assumne that the higher spin
states  which have not been calculated ~ add 10% 1o WSB'sand KS's branching
ratio we get an aversge total branching ratio: BR(B — evX,) = (11.740.4+0.7)%
for all four models. Applying the correction by AW to GIW’s we average the results
from the four models and obtain |V4| = 0.052 £ 0.005 + 0.005.

7. Systematic Errors

For the (b—u)/(b »¢c) limit the knowledpe of the absolute energy scale is esscutial.
The scale of the measured energy hias been found to He

Epue = Epgaured(=5 1 6)McV at 2 GeV, The encrgy measurciuent is done in the
following way:

» The crystals are calibrated at beam energy (=~ 5 GeV) with Bhabha events
and scaled linearly.

¢ Au cupirical correction for lower energies up to 600 AL eV has been tested {21
with 2 photon reactions forming 7%, 7’ in the processes
‘e = e'e 1%,y (— vv) and with photous from the processes T(25) —
Y1T(18) — y4I*1" and T(25) — 7°x°T(18) » 7%+~ , I*/- standing
for electrons or muons. Another test energy at 600 MeV below Epp . at
has been obtained by analyzing Bhiablia cvents from the Y(15) resounuce
with the energy scale obtained by the T(45) data/ Both datasmuples were
taken within two days. This cmpirical correction predicis that the encrgy

measurement is (25 4 4) Ml too low for an electron of 2 GeV,

» This effcct is more than compcensated by:
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- Extra encrgy of (+23 1 5) McV added to the electron energy from
other particles in the hadronic event. This was tested by comparing
the encrgy measured for Monte Carlo electrous in the "empty” ball and -

in hadrome events,

— A (47 1 1) McV correction at 2 GeV to the measured energy due to
the electron selection used in this analysis, which prefers to select more
clectrous with a.higher energy responsean the wrystalstthanithe :duts

Jused 3 thie ealibrafion procedure,
The contributions to the systematic error of the b—c measurement are:

» Varying the cnergy scale within the limits obtained above gives no visible

cffeet for the & e branching ratio.

¢ The largest contribution to the systematic error on the b—c branching ratio
is ABR/BR <. 6%. It comcs from the efficiency deteniuination, to which we

nssigned anu crroy of Ae/e - 5%

Other sources of systematie errors are:

relative efliciency to secept an cvent as hadronic for events where oue B

meson decays semileptonically comnpared to all other decays Ae/e < 1%,

e nuniber of observed T(4S5) eveuts AN/N - 2%,

® varying the fit range gives o change of less than 1% in ABR/BR,
o changing the encrgy scale by 10 M eV changes ABR/BR by less than 1%.

The total systematic ervor is obtained by adding the individual sources in quadra-

ture. For the weasurement of the ratio (b w)/(h—>¢c) we have verified that

e the efficiency for the bsu channel is the greater or equal compared to thnt

for the b e channel.

¢ the upper limit becowes swnller, if one scales the wmeasured electron energy

to lower energies.




87.081.88 12:82 DESY B24

8. Comparison with other Experiments

8.1 Comparison with results from ARGUS [22] {23] [24]

BR(B — cvX{15,1P,25),) _.
. er Y . . - < 8%
ARGUS quotes an upper limit on BR(E — ' X(15,1P,25).) o

obtained with GIW’s model in the electron energy range E, > 1.6 GeV. With a
modified frec quark spectstor model aud « limited data sample of 12 pb~! ARGUS
gets a branching ratio BR(B ~+ evX;) - (12.0+0.9+0.8)%. ARGUS has measured
the decays B s ppri,and. B — pprix° with branching ratios of (3.7 1.3 3"
1.4) 10 "¢ and (6.0 4 2,0 4- 2.2) 107*, respectively. From these measurements they
deduce a lower limt of |V /Val = 0,07,

‘8.2 Comparison with results from CLEO [1] {25]

Beside other models CLEO used ACM's mnode]l with a parmneter choice fixed to

pro= 215 McV/e and m, - 1700 MeV/e?, They get an upper limit of

< 2.70/6 at 90 % C.L

A branching ratio BR(B -- errX() = (11.0 £ 0.3 £ 0.7)% is weasured. Using the

saince fit parameters the Crystal Ball experiment obtains

BR(B — cvX,)

_ 0wl 2.6‘7 t 80 % C.L.
BR(B »erX,) oat e

and BR(B — c¢rvX.) - (11.0 1 0.4 £ 0,7)% with a y?/d.o.f. . 43/42 - & very
similar resnlt.

8.3 Comparison with results from CUSB [20]

Using, ACM’s model with a fixed parncter setting of pp - 150 McV/e and
i, 1700 MeV/e? an upper Lt of

BR(D »+.rX,)

: - 5.0% at B0 Y% C.L.
BRD X,y °OOAmBARCL

is obtained. A branching ratio BR(B — c1rX,) =2 (9.0 4 3.0)% is mcasured.

Doing the snme we obtain

BR(B - (rX,)

) —— «z 1.6% nt 90 % C.L.
BR(B — 1:X,) % o e CL

and BR(B » crvX.)  (10.7 1 0.4 +0.7)% with & x?/d.o.f. = 52/42,
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9, Conclusions

With the Crystal Ball detector we have measured the inclusive electron spectrum
from Y(45) decays. Using four different theoretical models for the matrix elements -

and the shape of the electron spectrum an average branching ratio
BR(B - crX,) = (11.71£ 0.4 £ 0.7)%

has heen obtained. The 'thodel by PS ¢in jl?elm&edubuhétidoeslnot fisttiithe datal i

The average result on the Kobiayashi - Maskawa niatrix element is
[Ves! = 0.052 & 0.005 L 0.005

using four models - with the correction by AW to GIW’s wodel. For the ratio of
AVin/ Venl we obtain an upper limit dependent on the model used. WSB.KS and

ACM give a conscrvative upper linut of
Wan/ Vel - 0.15 at 90%C.L,,

if one uses the data above E. = 2.4 GV where no b—c¢  contribution is present.

GIW gives a siguificantly weaker upper limit of

Vo /Vip] - 0.26 at 90%C.L.,

due to the softer spectruin in the b +u channel and due to the larger semileptonie

width predicted for the & »¢ channel. Applying the AW correction to the B —
cvD” channel the upper limit goes down to |V /Vi| < 0.21.
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Appendix A

The electron spectrum of B meson decays, normalized to the number of B mesans.
Background and continuum contribution are subtracted. Data are corrected for
detection efficiency, 'The errors quoted are statistical ouly. A common systematical
crrur of AN/N — 6% hax to he added.

"Encrgy  dN/(dENp) error T Energy dN/{dENpg) - error -
[GeV]  11/GeY 1071 /GeV 10 2] | [GeV] [1/GeV 207Y) [1/GeV 1071
0.626 ~  1.44 031 T 1.820 0.719 0.080
0.675 1.21 0.27 1.875 0.718 0.076
0.726 1.13 0.24 1.925 0.582 0.070
0.775 1.43 0.22 1.975 0.564 0.068
0.825 1.44 0.20 2.025 0.426 0,061
0.BTH 1.01 0.1% 2.075 0.3R6 0.058
0.925 1.14 0.16 2.125 0.224 0.049
0.975 1.15 0.15 2175 0.183 0.045
1.025 0,989 0.14 2.225 0.05] 0.035
1.070 1.06 0.13 2,275 0.076 0.037
1.125 0.803 0.12 2.8256 0.046 0.033
1.17h 0.902 .11 2.37h 0.058 0.034
1.225 0.761 0.10 2425 - 0.010 0.027
1.270 0.907 0.10 2.475 . 0.035 0.023
1.325 1.00 U.10 2.525 0.006 0.027
1375 0.KK82 0.10 2595 - 0.014 0,025
1.420H 1.006 0.10 2.625 0.014 0.027
1.475 1.1 0.1n 2.675 0,024 0.028
1.525 1.08 0.099 2725 0.003 0.025
1.570 0.970 0.094 2.7 0.007 0.025
1.625 1.08 0.096 2.825 0.010 0.025
1.670 0.843 0.086 2.875 0.026 0.027
1.725 1.00 0.090 2.925 0.00 0.022

L 1.715 1.056 » 3 0.091 '?:?75 - 0.002 0.020




Figure Caption

1 &, s a function of center - of - mass energy in the T(4S5) region. The curves are
plotted to guide the eye. '

2 The electron spectrumn as predicted by ACM, GIW, KS, PS, and WSB, smeared with
the detector tesolution. The various predictions oare labelled with the authors symbols,
Those parts where the predictions are complete are shown in bold symbols
a) The normalized spectrum, ?’rﬁ'. N = 1.0,1.0,0.9,0.9,0.9 for the models ACM,
GIW, WSB, K&, PS, respectively. In addition the prediction from the Lund Monte
Carlo program for c—s is shown as a histogram.

b) |Ven 30V /dE, and [Viy|*dV /dE,

8 The Crysial Ball detector

4 Hadronic event sample: The 8, Firan. plane. The vvents accepted are in the upper lefi
part. No other cuts are applied.
a) Representative ON Y(4S5) data sample.
b) Separated beam data

§ 'The raw electron spectrumn. Crosses: ON Y(45) data; circles; continuum data.
a) after electron selection cuts.

h) after additional cuts: number of bumps » 7, H2 < 0.55.

6 Number of bumps ( multiplicity) for events with electron candidates with 1.5 < L, =
2.7 GV,
a) dots with error bars: ON Y(45) data; histogram: continuum data; shaded histogram:
Monte Carlo 7+ events,
h) dots with error bars: ON T(44) data, continuum subtracted; histogram: T(45) —
It Monte Carlo events,

7

HZ for events satisfying electron candidates with 1.5 GeV < B¢ « 2.7 GV
and number of bumps - 7.

a) dots with error bars: ON T(45) data; histogram: continuum data; shuded histogram:
Monte Carlo 77 events,

b) dots with crosses: ON T(45) data, continnumn subtracted; histogram: T(45) —
D1 Monte Carlo events,

Enang for ON Y(45) events with at Jeast 1 electron candidate.

Histogram: without eut in number of bumps and 72, Shaded histogram: with cut in
nummber of burtnps ~ T and 1272+ 0.055
8 Total clectron detection oflicieney. « o, ¢,
Open cireles: from T(45) Monte Carlo, Solid line: fit 1o open circles. Dashed line:
fit 1 5%, Solid points: Efficiency from merging clectrons into T(15) data

10 Bacgromnd contributions to the electron spectrunt

n) Neutral spectrumn from BB decays measured with the same cuts employed for the
clectron spectrum.  The continuum contribution has heen subtracted from the ON
T(45) data by a smooth function fitted to the continuum data. The fit shown is used

to describe the neutral spectrum from Y(45) decays. These data have still to be mul-
tiplied by the photon conversion efliciency.

[
-3



XEROX TELECOPIER 495; 7~ 1-88; 3:07AM

H 49 4P 89983282> 4153233626; H#31
B7.01.88 12:86 DESY 931

b) Background from charged hadrons from BB decays to the obhserved electron spec-
¢rum. The shown fit. is used to describe the churged background from Y(45) ducays to
the electron spectrum.

11 Energy deposited in the Crystal Ball by 7% of 2.0 and 2.5 GeV cnergy, a8 Monte Carlo
simulation. The peak at 1.2 GcV results from minimum ionizing particles. -

12 The sum of the pulse heights (ph) from single particles in the proportional aluminutn
tube chambers for different particle types,
Solid linc: B GeV electrons; solid histogram: 5 eV annons; dashed histogram: low
energy muons{ of = 100 MeV Kinctic energy); crosses: minimum jonizing particles in
hadronic events, ‘selected by pattern cuts in the ball. The pulic height-in each layer
is normalized to ‘the pulse height obtained with Bhabha vvents. The pulse height is
corrected for the different pathlengths through the chamber due to different incident
directions 8,

13 The electron spectrum as predicted hy KRS from B — evn in the I meson rest frame,

after boost to the T(45) restframe -3 = 0.06, and after smearing with the detector
resolution.

14a The measured electron energy spectra. a) for continuum events. The fit shown is
described in the text. Note the different bin sizc compared to that of the ON T(45)
data -fignre 14h. The Juminosity scale factor r = 4.028 practically compensates the
factor 4 from the diflferent bin size therefore the two plots can be directly compared.
hin sizes. ‘Therefore the 2 plots can directely he compared.

14b b) On the T(45) resonance. The predictions shown are from ACM, they are cor-
rected for detector response.

156 The inclusive electron energy spectrum from B mesons from T(45) decays, corrected
for efficicncy and hackground subtracted. The data are normalized either to the munber

of produced I3 mesons {left hiand seale) or to the integrated luininosity (right hand scale).
Predictions are from the ACM madel,

16 Upper limit ou BR(B + e X, )/ BR(B + e X, ) using ACM’s mmodel for different
quark masses, The curve is a smooth function fitted to the points to guide the eyc.

17 Upper limit on BR(B — cv X, )/BR(DB -+ cvX,) for different models as funtion of the
lower limit in the eleciron energy F, used for the fi1. Open symbols are for cuinparison
ouly. as they are outside the valid fit ranges. For GIW and WSB only some finul atates

have bheen calculated and therefore X . (15,10,25) for GIW and X = 18 for kS and
WSH.

18 Upper limit on [V /Vias! for different madels and fit ranges, Open symbols are for
comparison only, as they are vatside the valid fit ranges.
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