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The Final States t +K-K-X in Jets as Signatures 

of s:-s: Mixings 
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Significant mixing is expected between the neutral bottom mesons 8°-8° in 
s s 

the standard model of weak interactions. We propose measurements of the 

\
e+e-l b6 +--

processes pj) ~_. \.......fo. t K K X + c. c. as a measure of such mixing. Rates 

are presen"!:;cd for energetic botto;.l (:uark j e·i.;s, produced in e + e- annihila-

tion. 

' Supported by CAICyT 
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' 

1. Introduction 

A non-trivial test of the standard model of electroweeak interactions lies 

in measuring the strength of the flavour changing\~F\ = 2, ~Q = 0 transi­

tions among the neutral meson systems K0 -R0
, 0°-0°, 8°-8° and 8°-8°. Ex-

s s 

perimentally, such transitions have so far been observed in the K0 -R0 sector 

only, {hough there exists.some preliminary evidence from the CERN PP data 

that such mixings may also be present among the neu~ral bottom mesons. i) 

The presence of the\~B\ 2, ~Q = 0 transition involving the neutral 

Uottom mesons have a number of interesting phenomenological consequences, 

two of which have received experimental attention. The first concerns the 

production of energetic same-sign dileptons in the processes e+e-~ b5 ~ 

:: :: 2) 3) - - :: :: 1) t t X ' and pp- bb _,.,t f X. The second method involves the measure-

+ - - ! 4) 
ment of the electroweak charge asymmetry in the process e e - bb-. t X , 

since the (AB! = 2 interactions lead to the "wrong-sign" lepton and hence 

tend to decrease the electroweak asymmetry. However, none of these measure­

ments by themselves would distinguish between the mixings in the 8~-B~ 

a:d+B~-8~ mesons, since either of the two transitions would lead to the 

t-e-x final states and the reduction in the rate for charge asymmetry 

~~~-~-

In the standard model one expects significant 8~-B~ mixing and negligible 

8~-B~ mixing. 5) In a number of non-standard scenarios, however, there 
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exist additional effective interactions which may enhance the Bd-Bd mixing 

amplitude. For example, in the supersymmetric extension of the standard 

model additional mechanisms which enhance the Bd-Bd mixings have been 

recently emphasized. S) It is therefore imperative to be able to distinguish 

experimentally between the Bd-Bd and 8
5
-8

5 
mixings. In principle, some of 

these tests have already been proposed ?) which consist of measuring the 
+ -+ 0 - - -o a i: 1 ± ; 

final states l t A , ! t A and !. '~- f in the fragments-

tion products of bottom quark jets initiated by the hard collisions 

(e+e-, pp) ~bbX. Another test, which suggests itself naturally lies in 

scanning the region at and above the 45 resonance in the final state 
+ + 

e + e- ____. r -t- X . In practice' the former tests would require a very 

high bottom hadron statistics, which may or may not be available in the 

near future. Theoretical interpretation of the signal in e + e-~ l :± f :1 X 

in the region "T (I\~ ) ) 1'1 "> 4, is a potential-model dependent enterprise, 

since the branching ratios for 0 ( V\ <i:) - Bs 8s ) l3s S~ , ed 8c:i etc. are 

needed, which can at best be modelled. In any case there is no signal yet 

from the CESR/DORIS data of either Bd-Bd or Bs-Bs mixings. Model dependent 

calculations S) estimate that a signal is expected at 1i(SS) but would 

require an integrated luminosity of 1000 pb-1 . There is no evidence of B-8 

mixing from the PETRA/PEP data either 3), 4), nor it is expected with the 

. . 9) 
present lum~nos~ty 

The aim of this paper is to devise a new test of B-B mixing which i) is 

experimentally measurable, ii) is less dependent on the production cross­

section 15' (B
0

X) and the semileptonic branching ratio BR(B
0

- t*X) of the s s 

s: meson and iii) could distinguish between mixings in the 8~-B; and . -
8s-s; mesons. 

.• 
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2. Proposal 
+ - -

We propose measurements of the final states l- K~ K+ X in the bottom quark 

jets produced, for example, in the processes 

r···-1 -l~~ -1L_. t'K_K_X • c.c. (1l 

as a measure of weak mass mixing in the B -SO mesons. The test implicitly s s 

assumes that the decay products of b and b do not contaminate each other, 

in other words that the b and b hadrons are well separated spatially; a 

criterion well satisfied by jets at PEP and PETRA and in pp collisions. 

The main idea behind the "decay" of an excited b-quark, b......, l+K-K-X, as 

a measure of B -B mixing is rather simple. The decay of a b-quark produced 
s s 

in a hard collision follows a certain fragmentation weak decay chain, the 

general features of which are now well known experimentally 10 ). Thus, con-

centrating on the semileptonic decays of the bottom hadrons and the final 
± 

states containing charged kaons, K , one schematically has 

b- l, 

I,_,. 

~) + (~l 

L 
L____. k'X, .... 

0 + .0 ... -

( D, D , D , D , · .. ) t 'e 
L.... k-X , .... 

( •• ) + s -
1 ......_kx, .... 
4( + •• - k; X 

"·) , ... )l'tl ' 

(2) 

(3) 

where only the Cabibbo-allowed decays of the D0
, D+ and F+ mesons are shown. 

+ 
Since D0 , D+~ K+X decays are Cabibbo forbidden but F+-. K·x are Cabibbo 

allowed, a good two-Particle inclusive final state to enhance the 8~(8:) 
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- + - + ... 
signal should be in the decays 8- l K X, 8 -t. K X. Next, we remark that 

all experimental measurements of particle production in jets give a suppression 

in the production of sS pair from the vacuum li). In fact the world data 

is in agreement with the probability, f(sS) = 0.1 - 0.15 in quark jets. 

Hence it makes sense to use f(sS) as an order parameter. To leading order 

in f(s'S) one 
0 - + 0 ';;"')-

would have the fragmentation b- (Bd, Bu)K-X and - BsK X. 

Thus, in the approximation of keeping sin2 ~c. = 0 and leading Kt mesons from 

the associated jet accompanying the bottom hadron, the "decay" of the bottom 

quark jets 

(b or 5>~ ~· K'K'X (4) 

is forbidden! The situation is quite different in the presence of 8°-8° 
s s 

mixing. In that case, to leading order in f(sS) one wo-uld have b- 8°K-X, 
s 

B:K ... X in the ratio {1- ?ts) and j.5 where :X.s is the probability of the transition 

o -o 
Bs- Bs. This i-iOuld lead to the decays 

J.- (I>;) 

! -+ 
(I>s) ~ 'FL-~ _'_t_• ._ .. _ !Cx ' .... 

+ t ___ k-)( 

' (5) 

+-- - -+.;-
giving rise to the final states b -t K K X and b-. t K K X which are both 

Cabibbo allowed and favoured by the fragmentation process s- K- X. It is 

. . . o -o . . 
easy to see that 1n the same approx1mat1on B - Bd m1x1ng would lead to the 

... t. d 
final states (b or b) ~f K K- X. Thus, in the limit stated above observation 

- ± ""f -; o -o 
of (b or b)-t K K X in a bottom quark jet ~muld signal 8 -8 mixings. 

s s 

To quantify our proposal, we define the following ratio 

~- -. 
lo- t !<)<.X 

R l (k'l<"/ (<"!C) 
b___, (\Zii'X 

(6) 
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Then, quite generally for collisions leading to bb production one can express 

the ratio R as 

R~+.;li";.h<~-~. 
I 6(~) t eRl~ .. t i x) 5(1 • li"x) + BR(e1~ i'x) 5 ( '\•li"l<x)} 

~ (7) 

i6li3q) tBR (rof[i<x )j (1 .. .-x) + e~(effx) Sli •<Yx)\ 

~~here the sum L is over all species of the bottom hadrons Bq and f(q_,K+X) 

1 
etc. represents the 

could additionally 

probability of a quark giving a K+. In principle, . - -
have the decays Bq - ~ K K X, due to, for example, 

- +- -... 2 
Bs- -l ~K K K, but being suppressed by phase space and sin ~ 

must have negligible branching ratios (610-3). 

one 

they 

Now, in the limit sin2~ = 0 and leading order in f(s5) (keeping only the 

+ • 
valence K- hadron from the fragmentation process q- K X), we have 

R (l+k"/f•-11>) ,-1 6(13~) 81< ('to~ -l+ I( X) J (s..,. KX) 

cc(1:3;)B~<(t\ -f•-xJsc ..... •-xl 

_ M(12>~ ... j'!Zx) r;(, .BR('f'-:...k->;) 

(8) 

--- BR(_'t?~ ... (>:X) = i- 'Xs BR ('F+ ... n<) (S) 

where 1-s : T' ( e,~ ...,.. t i>t X) / T' ( B~ - t :t V2 X ) is the measure 

of 8°-8° mixing. Thus, in the limit that Eq. (8) holds, the quantity 
s s 

R. (f\t l·t / fk- k-) is independent of the s; -production cross-section 

E)(B:X), the probability f{2 ...,. K ... X) and the seraileptonic branching ratio 

for the 8° meson, It depends, however, on the inclusive branching ratio 
s 

+ + 
of the F- mesons, namely F-,. K-X. The quantity BR(F-- K-X)/BR(F+- K-X) 

in eq. (9) is expected to be around 1 in the quark-parton model description 
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+ 
of the F- decays, and hopefully should be available soon experimentally. 

In the real world, Cabibbo suppressed transitions in the charmed hadron 

decays 0°, o+- K+X and the suppressed fragmentation processes u, d - K-X 

and s- K+X would contribute to the final state b -f K+K•x, thus giving 

-++ -~. 
non-zero contribution to the ratio R{! K K/ ~ K K). In fact, as the virtuality 

+ 
of the b-quark jet increases, there would be an increase in the K multi-

+ - -
plicity in the jet, and the background to b...,.! K K X would become rather 

formidable. This is certainly not the case at PETRA and PEP. 

In the rest of 

and background 

this paper, we present a calculation to estimate the signal 

+ - -for the final state b- t K K X for realistic experimental 

conditions in e+e- annihilatoion at PETRA/PEP and LEP/SLC energies. 

3. Rate Estimates 

It is obvious from eq. (7) that we need three quantities to estimate 

"'------
R(l K K /l K K) i) the bottom hadron cross-section S'(BqX), ii) the semi-- . 
leptonic branching ratios of the bottom hadrons BR(Bq-t"'K.X) and iii) 

t 
the fragmentation probabilities f(q- K X). ~Je use the QCO improved quark-

paTton model to estimate 6 (e +e--bb) and adept the fragmentation model 

for the quark jets, originally due to Field and Feynman 12 ) and adjusted 

to describe the general profile of heavy quark jets measured in e+e- experi­

ments at PETRA and PEP. The most important feature of this modification 

for our purpose is in the longitudinal momentum distribution of the bottom 

hadrons, 'tlhich have distinctly harder momenta as compared to the leading 

particles in the light quark or gluon jets 10) •11 ). We use the parametriza­

tion of Petersen et al. 13 l for the bottom hadron 

5 ( •e) = 

- 8 -

.. .. (1-<e. )l. 
l. 

[<~c•-•el- (•-,.,)- ee<e.1 
(9) 

where E~ :. 
~e. "• 

:2E0 

..fS 
and €. 'C 0.02. 

5 
, compatible with the measurements 

in e•e- experiments. The momentum distribution of the K mesons in the process 

"-~"---E___.U,1J +"' ",~x (10) 

is then considerably soft, as can be seen in figs. (1), where we have plotted 

• the fragmentation functions D (Z = 2EK/ '(S) for q- K X, q = u, d, s with the 
< + 

normalization j D(Z)dz = f(q .... K-X). Fig. (1a) shows the D{Z) distributions 
0 

for a typical PETRA energy VS = 43 GeV and should be representative of 

the high energy data from PETRA and PEP collected at ~ = 29 - 46 GeV. 

Fig. (1b) shows the same distributions at Ys = m 2 ~93 GeV, relevant for 

the LEP and SLC experiments. Since the general features of the quark jets 

observed at PETRA and PEP are remarkably well described by the fragmentation 

models 14 ) of the type we are discussing, we expect that the distribution 

functions D(Z) shown in figs. {1) should be rather close to the experimental 

distributions, though ~1e are a1r1are that an analysis of the bottom quark 

jets as depicted in figs. (1) has not yet been undertaken. 

The flavour distributions O(Z) shown in figs. (1) are quite instructive. 

They give a concrete meaning to the concept of allowed (valence) and 
~ 

suppressed (sea) q + K X fragmentation transitions. 

s-quark 
0 

accompanying a B meson in 
-s•l<:/k.s+ 

a jet, the ratio 

For example, 
S•k/K.+ 

]) (•) = 

for an 
, .. }c.-x 

D C•l 
, .. j,:i'.)( 

has the value: D (a) .) g for Z ;3:0.1 and this ratio 
:v c• l 

becomes >20 for Z >0.3. Thus, the ability to detect • energetic K- mesons 
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is at a premium! This is all that one needs to show that 

6 (8° K+X) /6'{8°K-X) '"'< 1 for realistic fragmentation functions in the absence 
s s 

of B5-B: mixing. 

Our next task is to calculate the inclusive bottom hadron cross-section 

ei{BqX) in continuum e+e- and PP collisions. We argue that it is very plausible 

to assume that given the inclusive bottom quark cross-section, S{bX), the 

inclusive cross-section for producing a bottom hadron 5(BqX) is determined 

essentially by the probability of producing a quark-antiquark or diquark 

pair from the vacuum f(qq), f(qq). These probabilities have been well measured 

in the light-quark fragmentation processes 11). We argue that the functions 

f{qq), f{qq) are approximately independent of the flavour of the decaying 

quark. This assumption is implicit in most fragmentation models in vogue 14) 

and appears rather plausible. However, it has not yet been directly tested. 
• • 

He remark that measurer11ents of the cross-section ratio 6' (F-X) /6(0°' -X) 

would be very welcome to determine f(sS) for the charm quark jets. ~~ith 

this assumption we have 

15 ( ()<j X ) = 6 (I:> X) H 1'i ) 

6 C\,x ) = 6' (bX) 5 (jj) 

where ES'(bX) is obtained from perturbative QCO. For example, 

6 ( ._+ tZ- - 1:> X ) 

6 (aitZ- __.. r"f-) 
= 

1. 
3 

( 1. + 
<¥s(Ci> 2

) 

TC ) 

(11) 
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It is well known that exact 'iJlOli) contributions 15), as well as all order 

contributions in leading log iS) to ES (e +e-.....,. bx) ·are entirely negligible 

upto and including LEP energies. This means that the multiplicity of the 

bottom hadron in a jet is at most 1. iS) 

In fig. (2a) we show the differential cross-section ... ... . 
+- - o- o_ 

for the final states e e ....,.. BuK X, BdK X and Bl X 

.1. 

6(o1) 
d..- c:.-.e<l<) 
d>, 

for Ys = 43 GeV, assuming f(sS) = 0.15. Similar cross-sections are showh 

for y; mz = 93 GeV in fig. {2b). The hierarchy in the cross-sections 

is very striking, with E) (B:K-X) ~S"(B~K+X) being the largest and S(B:K+X) 

the smallest cross-section. For the particular choice of f(sS), we note 

that E)(B:K-X)/S"{B:K+X) ":::::: 5 for Z 

~10 for Z ~ 0. 2. In the presence 

expected in the cross-sections for 

2Ek/ Vs ~ 0.1 and this ratio becomes 

of s:-s; mixing, no change is really 
+ - ~ ., ! 

e e - BuK X, BdK X but the cross-sections 

6'(B°K-X) and 6'(8'\+x) are expected to change. They would tend to each other 
s s 

o -o 
and become identical for complete Bs-Bs mixing, in which case 

d s- ( + - " - \ ds- ( + _ o +x) -- e e. -B5 k X);:;. -- e. e --Bsk' 
J~ d< 

for all values of Z. This is an effect hard to miss for detectors having 
0 + 

a good Bs and K identification! 

How does one tag on the Bs meson in a bottom quark jet produced for example 

at PETRA/PEP and LEP/SLC energies? There might be more favourable decay 

modes discovered in the course of time, but as of now we recall from the 

discussion above that the decays B-+ t-K+X are expected to provide a s:-
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enriched sample. To that end we need the branching ratios for the decays 
- ~ + ~ 

Bu -.2.-K-X, a; ... .f.-K-X and a:- rK-X, none of which are presently available. 

We make the assumption based on the quark-parton model that the semileptonic 

branching ratios for all three bottom mesons are close to each other, 

BR(B --.rx) ~ BR{B
0
d -l-X) ~ BR(B"' -!-X) 

'u s 
(12) 

Then, since the transition b ~ c completely dominates over the transition 

b ~u, 17 ) and the two-body leptonic decays of the bottom mesons are also 

negligible, the X in Eq. (12) essentially consists of (0°, 0+) + and 

+ - 0 0 . . 18) 
F + ... for the Bu,Bd and 8s sem1lepton1c decays ~ 

to know the inclusive branching ratios for D0
-. K-X, 

\·Je, therefore need 
+ + 

o+~ K-X and F+ ..... K-X. 

The experimental situation about D0 and D+ decays is quite satisfactory 

17 ) , with about 80 % of the exclusive D0 decays and 85 % of the o+ decays 

now well measured. Only one of the measured exclusive D0 decays namely 

0° _. K-K+ involves a K+ with a branching ratio BR(D0
-. K-K+) = (0.6 ~ 0.09)%. 

There are several exclusive modes known for the o+ decays involving K+. 

Summing over all of them, one gets 8R(D+~ K+X) = (2.8! 0.5) %. Thus, it 

seems that the Cabibbo suppression is really working very efficiently in 
+ + 

the D~D- decays. The experimental situation about F- decays is rather unsatis-

factory. However, since the dominant decays of the F+ would involve the 

+ "' ,+ - -decays F - ( SSJ w \\ , ( sS) (ud), and ss would give '(_ , '(_
1

• '\' ,KK, we 

expect substantial branching ratios for the decays F+-. K+X and F+-. K-X. 

Certainly in this case, no Cabibbo suppression is operative for F+_. K+X. 

In table (1) we list the inclusive branching ratios for the D0 ,D+ and F+ 

decays that we have used in our calculations. The two set of values for 
+ 

the F- decays bracket the expectations in a number of models 19) and pro-

- 12 -

... 
bably represent a fair indication of the uncertainty in the F decays. We 

have used the Cabibbo suppressed 0° .. K+X, D+- K+X inclusive rates from 

the 1984 Particle Data Table (POT) 20) and have incorporated all the known 
+ 

and updated exclusive decays of 0° and 0- l?) . In our opinion the inclusive 

branching ratios for 0° ;:!:. - K+X are rather high in PDT and so our background 

estimates 

~ 0 
F and 0 

are somewhat exaggerated. Before we leave the discussion of the 

decays, we note that since the decays D+,oo-. ~x~{x are very 

much suppressed but the decays F+~~X have been measured, another potentially 

interesting final state to detect 
-lo - i + I 

0 
Bs-Bs mixing would be in the final states 

~. ... ~-·~tx,l ~<zx. 

4. Results 

We now discuss the results for the final states most sensitive to the issue 

o -o . . + - - i: ± 
of Bs -Bs mXlng, namely e e - bb ...... t t X , 

+-- +++ -t 
e+e- ~ bb- -t -K+K+X, .t. -K-K-X, t -K-K+X. To 

t -
~-~·X and 

remove the background from 
+ 

the processes e + e- - cC - t. -x and the cascade decays e + e--- bb - b-X, 
L--C --t. 

t+ -
leading also to the final states e+e- -.~-L-X, etc., without any 8-8 mixings, 

we have put a cut-off on the transverse momentum of the leptons measured 

with respect to the jet-axis. Similarly, since the signal/background ratio 
+ 

is expected to improve with the increase in the momentum of the K-, we 
+ 

have put a lower cut-off on the momentum of the K-. However, in view of 

the limited range available in most ~ devices, one cannot arbitrarily 

increase the cut-off on EK. '.-Je have chosen (i) }T>i.O GeV, pK>0.5 GeV 

at '{;. = 43 GeV and (ii) ~T">1.5 GeV, pK=> 0.5 GeV at {; = 93 GeV. 

In Table (2) we present our results for the final states e+e- ~!-f.. x,t.KKX 
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t + 
for 'fS;; 43 GeV with all possible charge combinations for L-and K- The 

corresponding results for y; ;; 93 GeV + cuts (ii) are presented in Table 

(3). The choice of 105 bb events in e+e- continuum represents a reasonable 

sample for the kind of effects we are discussing, though for ·maximum mixing 

15;; 0.5, one may already be able to see a definite trend with 104 bb events 

also. 

Concentrating on the results of Table (2), which are representative 
. !t ;+-

energy, we note that the dilepton ratio J t X ~ t X 

for 

the PETRA/PEP 

for )!,~ 0 to X,~ 0.5. The ratio .6(lkk)= rises from 0.21 to 0.38 
Gli-•Y)- S'(fi•'<+) 

6(f•·•-J +6' u-~··· 
decreases from 0.37 to 0.14 in the same interval. 

~·lith the cut-offs (i}, 
.. f 

the rates for 
+ - -

( k' I:' X 

are higher as compared to rf X events. At {; ~ 93 GeV, relevant for LEP/SLC 

energies and the cut-off (ii) the dilepton 
•• 

ratio ft-xj~+tx rises from 

0.045(Xs;; 0) to 0.175(Xs"' 1}. In contrast the ratio 1::. (!KK) 
+ - -- + + 

decreases from 0.41 to 0.23. The rates for the ~ K K X states are now sub-
+ + 

stantially higher than those for the f- f- -X states. The decrease in the 

ratio /::. ( t KK) as a function of Y.s is a special case of the results shown 

in figs. (2), where it was shown that the cross-section B°K+X and 8°K-X 
s s 

tend to each other with increasing X-s . As is obvious, for equal number 

of bb events, the change in fl ( t. KK) due to B-8 mixing is more marked at 
+ 

lower energies than at higher energies, since the K- multiplicity in the 

bottom quark jet is lower at lower Ys, resulting in smaller background. 

The actual contribution to ~ (e. KK} from the s: -B; mixing, namely 

t;[~kK, ;<s)- 6(tkk,y,•a) 

ll(tkk1 y.,.o) 
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, is independent of f(sS). 

In contrast, the dilepton ratio 

........ A. 
(t-xjl.'~"' depends on f(sS), since the numerator receives contribution only 

when a 8° is present. The actual measurement of A U. KK) (i.e. 
s 

signal+ background} however, would depend on f(sS) as shown in fig. (3), 

where we have shown A ( t KK) as a function of )!5 for ...fs "' 43 and 93 GeV. 

In fig. (4), we show hm-J to determine f(s"S) in bottom quark jets, where 

we plot the branching ratio for the inclusive final states 6' (e + e- ---r 
• + .. +++ +~-

( [K+K- + t_K_K_ + t -K+K+)X involving l-and K-, as a function of f(s"S) 

for the range 0.1 < f(sS) < 0.2. As expected, the cross-section 

6'(e+e--+lKKX) depends linearly on f(sS) and a measurement of this quantity 

should already be possible with the existing data at PETRA/PEP energies. 

This would then provide an independent measurement of f(sS) for bottom jets 

in the same experiment ~~here effects of 8° -SO mixing are being looked at 
s s 

and would fix f(sS) for both the 1::. ( LKK) and t't=; t'( measurements. 

Finally, in fig. (5) we show the dependence of b. ( t. KK) on the assumed branch­
+ 

ing ratios for the inclusive decays F+_. K-X. This serves as a fair indication 

of the attendant uncertainty. However, this uncertainty is not due to some 

• 
artifact of our model but due to lack of experimental data on F- decays 

and we hope would be soon removed. 

5. Conclusions 

In conclusion, we have discussed a nell ::wasure,Ll(tl<K), of 9°-3° r:lix:\.ng, which s g 

we hope is useful for experiments studyi:tg bottom hadron production in the 

continuum e+e- and PP collisions. The measure is meaningful only for those 
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• • 
experiments having good l- and K- detection ability. It goes beyond the 

+ -+ + ~ 
standard technique of measuring mixings namely the ratio rt·; t e 
in (e + e-, PP) ~ bb - tf X and the reduction in the electroweak charge asymmetry 

• 
in the process e+e- ...,.bb--+ t-x, in so far as it is sensitive only to the 

8
6 -8° mixing. It depends on the semileptonic branching ratio BR(Be--.~-X) 
s s s 

• and the production cross-section 6 (B
8

X) like its other two aforementioned 

counterparts. We propose a method to determine f(sS) in the bottom quark 

jets; very probably this will determine E)(s:x). However, we do expect the 

dependence of A( tKK) on both E;'(s;x) and BR(B:-..l-X) to be mild, since 
• 

in the limiting case of sin2 ~ ~ 0 and leading K- mesons this dependence 

drops out. 

In addition, ~1e hope that the lepton-kaon correlations, suggested in this 

paper will bring us closer to an understanding of the heavy quark jet flavour 

profile. 
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Modes Branching Ratios (%) 

D0
- K-X 55.0 

D0 -+ K+X 9.5 

D+- K-X 30.0 

o+ -K+X 6.5 

case (i) case {ii) 

F+- K-X 20.0 30.0 

F+ -K+X 30.0 45.0 

Table 1: Inclusive branching ratios for the charmed meson decays used in 

the calculations. 



0 
N 

+ + ((x I+ -t I-t- - ± i 
\ !+"+lr:;X i+k.+~-x A(tkl<) ')(, rr-x 11-rx t t x ~· k k X 

0.0 35 735 I 0.045 
I 

420 I 1000 3640 0.41 
I ' 0.20 55 715 0.075 475 ' 965 3620 0.34 I 

0.30 90 680 0.130 525 935 3600 0.28 

0.40 105 665 0.16 540 925 3595 0.25 

0.50 115 655 0.175 570 900 3590 0.23 

Table 3: Estimates rates based on 105 bb eventsfor the production of final states 

e+e- _.bb-tf X, t.KKX ( t= e + f.l) at Vs = m
2 

= 93 GeV with cuts (ii) 

described in the text. 

+ + t'l'xj/(x - .. ~ + - t'\'ix 1--, rn l'fx /' K-k- X t k k+ X A(tk<) 

0.0 845 4065 0.21 590 1275 6010 0.37 

0.20 1100 3800 0.29 685 1220 5970 0.28 

0.30 1200 3710 0.32 750 1180 5945 0.22 

0.40 1270 3640 0.35 800 1140 5935 0.17 

0.5 1370 3540 0.38 845 1110 5920 0.14 

Table 2: Estimated rates based on 105 bb events for the production of final states e + e-- bb-+ t :[ X, 

tKKX ( t = e + ~) at VS = 43 GeV with cuts (i) described in the text. 
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Figure Captions 

+ 
Fig. 1(a): Fragmentation functions O(Z) for q ~ K-X produced in association 

with a bottom meson in the process e + e-- bb at ~ = 43 GeV, 

with f(sS) = 0.15 

1(b): Same as (1a) but at Vs m 2 ~93 GeV. 

.. 
Fig. 2(a): The differential cross-section 

j_ 

e;(l.J;) 
:!E_ ( a.•.-~s><-x 
d"t 

for the various bottom mesons 
• at ~ = 43 GeV, with f(sS) = 0.15. The Band K mesons belong 

to the same jet (hemisphere). 

2(b): Same as (2a) but at y; = m2 ~ 93 GeV. 

Fig. 3(a): The quantity 
-•- -,. I 

A(lki<)· [ SL•··--t•• ••x) -6 c.·.--t~ .-x)1 
- • • 1 Isl,..·--l~<•k•x) • 6 (••.-.t•l<. 1<. ~) 

as a function of the mixing 

measure f, at y; = 43 GeV with the indicated values of f(sS) 

and cuts. Note that tKK belong to the same jet (hemisphere). 

3(b): Same as (3a) but at Vs = m2 1:,. 93 GeV. 

Fig. 4(a}: The branching ratio 6(4-•ot--. LidO<) summed over all charged 
+ -) 6l··-- ~I> combinations of 

+ • 
t- and K- as a function 

of f(sS) with the indicated cuts at {5 = 43 GeV. Note that (tKK) 

belong to the same jet (hemisphere). 

4(b): Same as (4a) but at VS = m2 = 93 GeV. 

-~--

- 22 

Fig. 5: The dependence of the quantity A ( t KK) on the assumed branching 
+ 

ratios for the inclusive decays F+-. K-X (sets (i) and (ii) from 

table (1}) at VS = 43 GeV, f(sS) = 0.15 and indicated cuts. 
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