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DRAFT 

Estimates of Decay Branching Ratios for Hadro~ 
Containing Charm and Bottom Quarks 

07/22/ .. ~ 

eo.- V 
t 

Jame1 D. Bjorlr:eu 

I. Introduction 

With increa11ing 11ample11 ,_f F, D, B, ... , the?e will come the 

possibility of dillcovery of more exotic speciel of had?ona containing c and 

b quarks, e.g. be, ssc, ccu, ccc, bca, ... . In ordu to search for these, it 

ill useful to anticipate their decay modes and branching fractions. This 

note attempts to do this via an unsophisticated, common-sense approach. 

Our output is a set of (theoretical) "Rosenfeld tables" of lifetimee and 

Cabibbo allowed branching fractions of hadrons containing c and b 

quarks. How the tables are generated will be described as we go along. 

II. Charm Decays 

A. 
.. 

D decay 

A lot is k:nown about this puticle. We don't make use of this 

information here, and in the end compare with the data to get an idea 

of how accurately we do. 

1) Lifetime 

The spectator model should work best for o• (i.e. c'ii ... (su'ii)u). 

We take a lifetime .,. N 9x10·13sec, consistent with the spectator model. 

I 
I 

('- ,. 

• 
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2) Semileptonic Branching Ratioa 

With 110 nonleptonic enh&11cemt!Ilta, we expect 

ev/ Jjv/ua. = 1/1/3 

We UIIWI18 (in general for charm decay,) that the final hadro11S a.:e 

in the ground-,tate hyperfine multiplet, in thit cue either o· (K) or 1· 
• • (K ). We choose to favor K over K out of gut instinct (Ml weak 

tr&Il8itio11S aze robust). 

3) NOI1leptonic Br&11ching Ratioe 

We U11WI18 

+ 
r (D - K" + ••• ) 

:a 1 
+ 

r (D - K 0 
+ ••• ) 

Thia ueumption will be generalized throughout; dil!erent charge states 

of interesting fmal-1tate particle. (i.e. K',, baryons; !!21 piou) are given 

equal weight in the incluaive epectra. 

In partitionin1 out the a:clu1i•e channeil we adopt the Collowing 

procedure. (Thil will be seneralised to all charmed hadron.I) 

i)Add enoqh • or 1i to balance the charge in the deca7, i.e. 

o• .. K·.,•,.,+ 
o• -t K0

• 

+ ... 
+ ... 

(branchin1 ratio = 30'.!li) 

(branching ratio = 30'.!li) 

We call these enumerated final-state particl• "significant." 

ii) Estimate a r•idual Q value for the additional pione (represented 

by the three dots) u followa 
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a)Aii•im: for each pion 400 MeV 

for each kaon 600 MeV 

for each nucleon 1000 MeV 

for each A 1170 MeV 

for each I: 1250 MeV 

b)Subtn,o:t the &uigned energy of e&o:h of the signifio:&nt 

partides from the parent-particle rest energy to get the Q 
v&lue. Thus 

for 

for 

+ ... ~ 

Q - 470 MeV 
~ 

Q :::: 870 MeV 

iii)Diltribute &11 the &ddition&I pion, &eo:ording to & 1in1le PoiHon 

distribution, with 

< n > - Q 

400Mev 
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iv) For a given multiplicity n of additional pion,, appo,:tion the 

charge atata accordinc to the following recipe: 

n =O 

l 

2 

3 

5 

6 

( no additional pione) 

(one ,r0
) 

+ -,r It 60% 

40% 

70% 

,r + ,/ ,r-,{ 35% 

,t ,r-,,o,,o 55% 

"o ,..o "o ,,,0 lO% 

+ + • - 0 

It " """ 
30% 

"+ 'lt-"o"o"o 65% 

,ro"o"olto,ro S% 

+ + + .... 

" " " " " " 20% 

"+ " ... ,..-,..-,..o"o 50% 

lt+,...,..o•o•o"o 25% 

"o"o"o"o"o"o S% 

The Poiucm. p,:obabilitia 

nn,11 

nl 

weighted by th- fractione, are plotted venua ii in Fig. l. 
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The weights ueiped to the charge statea somewhat favor ,r0 over 

,r*. This evidently ia negotiable._ The above algorithm is in general. 

rather arbitrary looking. O~ only jU11tification is that we have looked at 
some alternatives, and they seem to be less reasonable. 

4) DiscU11sion of the "Rosenfeld Table"(Appendix}: 

The above info=tion allows generation of the information in the 

Roaenfeld table. We divide the nonleptonic modes into two classe11, those 

without ir
0

, and all others. We also cluaify the fraction of decays into 

one-prong, thr-prong, etc., as well u the fraction "accessible", i.e. with 

no ID.iseing neutral piOD.11; 

In parentheses are shown the obae,:ved branching fractions. The 

agreement is not impi:essive. But it is not terrible either. Result!! 

should not be trW1ted to better than a factor of two. 

B. D0 Decay 

Here there is a "capt~e" (W-exchange) mechanism, allowing c to 

annihilate its companion ii into ,;a, Preaumably this kind of thing 

iu:counta for ita shorter lifetime. In general, if capture is allowed we will 

diIQ,jnish the lifetime from 9xl0"13sec to 4xl0-~3,ec. without changing 

the semileptonic partial width. Therefore the 1emileptonic branching 

ratioe go down from 20% to 9% • 

. Note that for the D0 the values of ii increases, leading to a plethora 

of nonleptonic final statee and smaller branching ratioe. 

C. + F Decay 

Again there ii a capture mechanism. ci .,. ua and we a1111ign 

3x10·13sec u the lifetime. For this particle, there are several judgement 

calls to make, e.g. 
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i)For 11erniJeptouic decay,, what a:e the -final states of the si system? 

We chooee 'l,f/', KR, ;. We must also not forget the pure leptonic TVT 

mode!! 

ii)Where do the si quarks go in the nonleptonic final states? We 

take the partitions 

F-.KXX 15% 

,,x 15% 

;x 15% 

'l'X 10% 

iii) What fraction of nonleptonic final states do .!l.21 contain ss 

(because of th• •nnibilation mechanism)? We take 

r-. X 30% 

Amonpt the decay ch&Illlels with decent branching ratio• we find 
some familiar 011.e., such u K,.K·1.-•(2%) and ;,r,.(4%). The channels 
....... -(3%) &Ild ,, .. ,, .. ,, .. ,,-,,-(2.5%) look attractive u well. Also a nice one 

is ltK-? ?(3%). To go much further appean to require good 'I 
detection. 

D. A Decay 
™C 

The Ac (cud) can undergo a capture :eaction cd ... su, and we 

assume a ahon lifethlw of 3xlo-13sec. Because for capture the final s 
and u. quark• have rather large momenta relative to the spectator u 

qua:k and to each other, we believe it likely that for thla mechanism the 

final baryo11 will be a nucleon. 
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For the spectator decay mecha.niam, the spectator diquar.lt hu I:::O; it 

matches best to final-state nucleon or A rather than !:. We assume for 
the nonleptonic processes 

A-NKX SO% 
C 

AX 25% 

i:x 10% 

For aemileptonic fmal states, we take equal probability for N and A, and 
neglect !:. 

E. Decay of (use( 1 i.e. A+ 

Thia configuration allows no capture mechanism; hence we ch0011e a 

lifetime of 0x10·131ec. · In seinileptonic decays the final eeu ayatem can 

find itself in :, AK, or !:K final state,. We partition these (rather 

arbitrarily) in the ratio 2 / 1 / 1. Similarly, in the nonleptonic dec11,y11, we 

chooee 

A+-.=X 30% 

ADC 10% 

true 15% 

NKKX 5% 

The promia,ng decay mode, seem to be :·,.,+.,+ (7.5%) 11.nd, not 

11urprisiJ1w (?!), the diecovery mode AK·.-•.-• (4%). The : 0.-• (3%) and 

:
0 ,,+ .-+ .-· (3%) modea loo.It decent u well - 11,111nrning ~o is euy to detect. 

,F. Dec•y of [c11d)0, i.e. A 0 

Thie eonfl('IU.tion is quite distinct from A+, inasmuch u it 11.llows 

a capture mechanism cd - au; hence the lifetime and mix of rmal states 

should be in •n•logy to Ac... We t11..lte, therefore, the 
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lifetime to be 3xl0"
13aec. The mix of semileptonic final states is the 

same .. for A+: :/AK/f.K = 2/1/1. However for the nonleptonics we 

choose 

A0 
.. :X 25% 

AXX 20% 
l:KX 20% 

NltKX 20% 

Promiainc decay moda appear to be AK"r• (5%), i:·K·,.•.,+ (3%), and 
pK·K· .-+ (3%). 

G. Decay of T0 (sec) 

For ihla interatin& baryon, the ,pectator model 1hould apply, and 
we take a lifetime of Ox10·13aec, and a miJ: of flnal-,tate baryons similar .. 
to what was choaeD for A (use). For •emileptonic• we take D/:K = 
2/1. For nonleptonia, we ... ume 

T0-DX 30% 

:KX 20% 
AltltX 10% 

It is tcmptinc to consider NKKKX as well; at least a search for the 
mode pK·x·x· .-.. .-.. micht be well-adviHdll 

In addition to the discovery (??) mode :·x·.,• ., .. (5%), favorable 

channeia include D~ • all charced (12%), and perhap, AR0 x·.,• (6%). 
The mode A.K-K·r• .,• (1%) ii a loq ,hot. 

,H. Decay of (ccul ++ 

Thi, doubly charced atable hadron would be wonderful to see 

(literally; four timea minimum ionisation!). The spectator mechanism 
should dominate; however, since either c can decay, the lifetime is cut in 

half. We take 5x10·13aec. The semileptonic branchin& ratio ii still 40%. 
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The final states will be rich in A+ (cua) and AO (eds), along with 
• DA, D A, KA , etc. 

• C 
J=l/2 A ,_, A + ff. 

In addition, we can expect considerable amount11 of 

(The expected hyperfine splitting is N 200 MeV) 

There is also anothel' J=l/2 cus, eds doublet (the analogue of t 0
, A0 

in the SU( 4} ~ multiplet) sometimes called S; this pair is expected to 

be N 100 MeV in mass above the A's and decay radiatively to them. 

We shall, in this case and hereafter, n2!. distiJ1guish between excited 

hyperfine states of charmed baryon 2£ meson systems, but assume that 

these radiative .2!. pionic decays are incorporated into the quoted 

· fra,;tions. 

Thus A stands for A 
* (A - A7) J=-1/2 • (A -+ Aff) J=.3/2 

D stands for D 
• D - Dff, D7 

Note that 2 prongs dominate the (ccut+ decays; this is an interacting 

"active target" (emulsion, streamer chamber, scintillating fibers, etc.) 

signature: 4 x rninimnJl1~ 2 7 rninim1Jm. 

We partition se!l1ileptonic decays u follows 

A/DA/Dt/KAc =- 6/3/1/2 

Nonleptonic decays go according to a pattern similar to A+ and T0
: 

(ccu) - AX 30% 
A.DX 10% 

i:nx 10% 

AcKX 10% 

Interesting fin&! states include A++ charged ff's (6%), A0 1,+ff+ (8%), and 

D0 Aff + it (5%), and AcK" ff+ ff+ (5%). 
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J. Decay of (ccd) 
+ 

This decay allows the capture-mechanism cd ~ su from either C· 

quark; hence we may expect this baryon to have half the lifetime of the 

Ac. We take 7' = 1.Sxl0"13sec. The total aemileptonic branching 
fraction, however, is the e!!l! u that of Ac, namely .. 1S%. 

For semileptonic decays the rma1 state partitions are taken the same 

as for (ccut•. However the capture mechanism should suppress A's in 

the nonleptonic final state, and the D'RN final state should also be 

included. We choose the partitioning into nonleptonic final states u 
follows 

(ccd) 
+ - AX 30% 

DAX 30% 

DCC 20% 

KACX 15% 

DNXX 10% 

Favorable decay channels, other than A + all charged (8% la toto) 
appear to be D0 A,,+ (8%), D+A (3%), D+A,.,+.-· (2%), D+pK~.-· (2%), and 

A K",r+ (3%). 
C 

K. Decay of (ccs} + 

The spectator. model should apply here; hence we take a lifetime of 

sx10·13sec and total serni'eptonic branchinc ratio of 40%. The partition 

among semileptonic rma1 states is taken to be 

T(sac)/D:/RA(qsc) = 2/1/1 
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The nonleptonic decays are given the partition 

(ccs) - TX 25% 
:DX 10% 

AKX 15% 

ACKKX 10% 

• * 
Note that the J:3/2 T - T + 7 included in what we call T. The T 

- T mass splitting is expected to be '" 80 Me V. 

Intereeting nonleptonic final sta.te modes include T0 
+ a.11 cha.rged 

(9.5%), :::-D0 ,t,.• (2%), A°K·,.+,.+ (4%), and A/K°K·w• (7%). 

L. Deca.y or ( CCC l ++ 

Thia most elegant of the cha.rmed baryon, is of ma.rginal 

accessibility, but would be a mod impre111ive sta.te to obaerve. The 

specta.tor mechanism evidently should dominate, and we ta.ke a lifetime or 

3xlo-13sec. a.nd total leptonic branching fra.ction of 40%. Doubly 

charmed ba.ryona should dominate the final atate1; we ta.ke a. partition for 

semileptonica of 

(cca)/(ceu)/(ccd) = 3/1/1 

For nonleptonica, we include token amount. of DA. DD.A final ata.tes a.re 

ha.rely above threshold, and probably can be safely ignored. We ta.ke for 

the nonleptonic partition 

•• + 
(ccc) ._ (cca) X 3S% 

++ 
(ccu) KX 10% 

(ccdtKX 10% 

ADX S% 

Favorable nonleptonic :mode1 include 
(ccu) ++K-,..+ (2.5%), and (ccdtK-,.-• ,..+. 

(ccs) 
+ 

+ all charged (12%), 



Page 12 

m. B • Decan 

A. Gene1'&1 Remuks 

An euy model for B-decays seems to work in interpreting CESR 

data on B-meaon decays. Not only ia the "spectator" model expected to 

be dominant (eorrectiona will be diacuaaed later), but a "factorization" 
&ppro:zimation seems to be reasonable &1 well. By factori:1atio11 (Fig, 2) 
we mean that for nonleptonic decays, we replace the lepton pair by & 

quark pair (iid or cs) whieh fragments into hadroua independently of the 
c-quark and the spectator quarks preaent in the parent hadron. 

The .t + lit mass distribution from 1emilepto11ic b-decay is 

straightforward to calculate, and is exhibited in Fig. 3. The M 2 

diatribution ia esaienti&lly a quarter of a circle, with endpoint at M2 .. 10 

GeV2• When the e.v,_ ia repw;ed by iid, the f1nal hadron system in the 
relt frame of the ua pair will be an iaotropic d.inribution of piona. 

Taking 

M.id 
n = 400MeV 

u before give1 a reasonable charged multiplicity (e.g. iich = 5 at the ; 

mus), although perhaps a little on the high aide. Thia ua system will 

hereat\er be called the ''virtual W". 

The c-quarJr. from the b-decay ia assumed to fragment only into D • and D . Jf the virtual-W system hu low mua, the c•quark will have 
relatively hip momentum ( .. 2 GeV), and it may not easily combine 

with the spectator system into a ground state hadron containing hadron 

quantum numbers. Neverthelel. the c-quark ia only semirelativistic (7 $, 

1.5), 110 that it need not generate a jet of qq pain in its own 

h&dronization. 
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All thil defines &U eas1 phenomenolou. The first problem is to 

estimate the pion muhiplicities associated with the ud "virtual W". We 

divide the "W" m.asaes ui.to five bands centered at 0.8, 1.3, 1.9, 2.4, and 
2.8 GeV; for each interval we compute ii and distribute pions according 
to our Poisson distributions, fmally collecting together the decay modes in 

Ta.hie I (Appendix). While multipion fmal states are prevalent, they are 
not overwhelmingly dozninant. We see that .. 25% of the "W" final 
state11 contain no mi111ing ,r

0 's, and that the mea11 charged "W" 
multiplicit1 ill 2.9. We note that CESB. quotes 

Nollieptonic 

• B -D, D + (<nch> == 0.2) + (11,_ Semileptonic. 

implying an experimental "W" charged multiplicity 11 3.2. 

Thus ra.r we have neglected les11 common, but Verf sign.ific&Ut final 

states. 011 the semileptonic 1,ide there ill b -er v 1" suppru1ed b1 phase 
space by a factor .. 3 relative to the ce-ii8 or Cf'-71

11 
channels. 

Nonleptonically, the cca fmal configu.ratio11 ii also suppre111ed relative to 
ci.id by a factor 3. We take the Cractiom to be 

b - ce v1 
16'6 

Cf'::., 16% 

C'7' II 1' 5% 

ciid 48% 

cca 18% 

The mu.dlatribution for virtual W - ci ill 1howu iD. Fig. 3. The lowest 
•• 

20% of the mw distribution is dominated bf F ud F ; higher up there 
• • should be a strong D, D + K, K component. We take 

cs-F 20% 

FX 40% 

DKX 40% 
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• In the above &lld hereafter we do not diminish F from F nor D from 
• D 

Finally we note the ra:re but import&llt mode 

b ... ,; 

with 1 % obaerved branching :ratio. The re11idual a-quark has a_ 

momentum 0£ .. 1.8 GeV in the laboratory frame. Thia impliee (for B u 
or Bd) a mau of the reeidual sq system ,. 1100•500 MeV. This impliee 

the me&ll number of additional piom is rather small (ii ,. 1.3•1.3) and 

reasonably large exc:lusive br&llching f:rac:tions (relative to b -+ ; + all) 

C&ll be expected. 

.. 
B. Decay of B

11 

N<>meiirlature for B'1 is miserable, but we don't fight it: e• "' 'Su. u 
The spectator 1y11tem is taken to be 80% D0 X with a Q-value of 300 

MeV (ii "' 0.7). We also admix 20% o·w•x. The table can be 
• inat&lltly comtruc:ted from the preceding material. Recall that D &lld D . ' 

a:re not distinguished here; a D /D ratio of 2• 1 is a :reasonable choice. 

We see that favorable nonleptonic search moda inc:lude D0 
• all 

charged (11.5%) and D°F+ + all charged (4.5%). Of the final states 

containing ;, the mod• ; + all charged (0.2%) and ;K0 w• (0.35%) are 

"ac:cessible". 

C. Decay of Ba 

This muon, potentially important £or CP violation and mixing 

studies, c&ll decay via "capture": 15d ... cu. Relative to the D0
, this 

effect should be of diminished importance. Spectator decay widths scale 

roughly u (Q-value)5, while capture goes u (Q-value)3. For spectator .. .. 
decays, e.g. B and D , we have 

·-
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-

Ta.king 

r(D+) II r(B+) ""'(QB)51vbcl2 r{D+). 
. Qr, . 

lvbcl2 .. s%, this gives 

( ~)S II 20 

and for the auppresaion-factor. 

(~~)2 "'II~ II (0.3) 

However, the capture &lao depends upon l;(o) 12, the square of the wa.ve 
function at the odgiu whieh probably · increues somewhat in going from 
D to B (we ta.ke 25%). Thia leads to the estimate 

Spectator width 
Capture width 

Total D0 (B°)width 
Lifetime 

Charm 

1012sec"1 

1.sx1012aee"1 

2.5xlo12aec • 1 

u10·13sec 

Bottom 

1012--1 

.ssx1012aee"1 

l.55x1012aee·1 

6.5xlo"13sec 

We round off to 7x10·13sec. (The meaaage here is not that capture 

effects m this important in B-decaya, but that they may be importaut) 

Final ata.ta from the capture mech&Uiam are emergent from a "two 
jet" cii system; esHD.tially D + jet of pious. A rough eatimate gives a 
meu pion multiplicity ii .. S•l. We aaaign the total semileptonic 
branchin& fraction to be 25% aud give 30% of the total width to the 
capture pl'Oeesa. Note that the multiplicity from the ii jet is different 
thau from "frapeutation" of a low-mus "virtual W" iid system; it is 

bigger! 

The favorable nonleptonic search modes are aimila.r to a:; D0 + all 

charged (4.5%), o· + all charged (Q.5%), and D"F+ + all cha.rged (2.5%). 
The ;K+ 1[ mode (0.35%) looks especially nice. 
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D. Decay of B~ 

There does exist a capture mechanism os ~ cc f'or thi11 mode, but 

phase-space and dynarnical suppreuion p,:obably makes it leu 

consequential than for Bd, as f'u u overall lifetime is conce,:ned. 
give it an ovei:all b,:anching i:atio of 5%, juat for the i:ecoi:d. 

remainder of the phenomenology cl01ely follow, that of the B + • While u 

We 

The 

the F" final 11tate1 presumably dominates both semileptonic and 

nonleptonic: deca11 (accoi:ding to "factoriza.tion") there may still be a 

significant fraction of DX as well. We auign 20% to thme modes. 

Note no DD + w'11 are included in the table, despite an assumed 5% 

total branching ratio. Thia is because the Q-value is so high that no 

single mode hu a branching fraction .1' 0.5%. Favorable nonleptonic 

search rnodes include F" + a.11 charged (9%) and (?) F"F.,. (2.5%). 

Decays into ; .,. all charged (0.1%) and ;K, + all charged (,15%) ue 

availa.ble for 11tudie1 of mixing and/or CP violation. 

.,. 
E. Decay of Be 

This difficult meson is an. average of ; and T. Either b or c can 

decay via spectator mechan.isrn.a, and in addition there is a capture 
meehanisrn. oc ... ua, ci. We u1ign a lifetime of u10·13

1«, with 10% of 

the total width allocated to capture. The 11ernileptonic: branching ratio is 

,. 40%, with partitioa. u ronow. 

Factorizaiioa then determinm the remaining non.leptoaic modes. 
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The a: has a ,pure leptonic r11,,. mode which may be suppressed 
considerably by helieity conservation, The esti.Inated width is 

r(bc- rv,,.) ::: jFbcj
2
·( M 8) 

r(ci-rv,,.) IF ca j2 MF 

- (S•3!)x(3.l)x(.05) 

::: 0.8 • 0.5 

For the F, the estimated branching ratio is 2%. Here we take 1.5%. 

(This estimate also looks in line with what we have taken for the 
nonleptonic capture (i.e. annihilation) mechanism. 

We note that '" 8% of the a; decay11 go through the t- This may 
be the most promising mode to pur11ue. Other candidate, are B + all 

charged (11%) and DD + all charged (4%). 

F. Decay of (bud)0
' or A~ 

This ground-state bottom baryon can decay via a capture mechanism 

bu- cd analogoua to that present in Ac. The estimate made for Bd 
applies here, except that we should normalize to Ac, not to D0

• We 
may write 

or 

_N_o_n_le_p_t_oru __ ·c_ca_p_t_ure __ r_a_te_ ,. 0.1,,.~+ _ 1) 

Nonleptonic spectator rate , ac 

I . -13 I . h For our choice of rD+ ,,.Ac ::: 3 we get ,,.bud :: 6xl0 sec a ong wit a 

very appreciable capture rate. 
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The presence of "capture" leads to a more energetic final-state c­

quar k and aa enhancem.ent of DN final states; hence a significant 

breakdown of "factorization", For the spectator modes we take the ratio 

as for sem.ileptonic decays. For the capture modes we assign the 

partition 

Significant decay m.odes include A: + all charged (7.5%) and A:F- + all 

charged (2.5%). The ; decay m.odes appear. m.ore difficult than for the 
B-m.esons, with ;i:" .. all charged (0.08%) perhaps the bat bet. 

Note that the other J==-1/2 bud 1-wave baryon and its J==-3/2 
+ hyperfine partner are expected to be m.ore than 140 MeV above the Ab. 

G, Decay of :b (bus) 

This baryon hu properties very sim.ilar to the bud baryon. The 

capture m.echanism. bu - cd again exist., and we again take 6x10·13sec. 
as the lifetim.e. For sem.ileptonic decays we take a production ratio 

For capture m.oda the ratioa are usu.med to be 
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The large variety of final states dilutes branching ratios; the m.ost 

favorable would seem to be A + all charged (4.5%), and AF- + all 

charged (3.5%). In the ; m.odes, ;: + all charged (0.15%) seem.11 
som.ewhat favorable. 

H. Decay of =t, f bsdl 

This baryon has no capture m.ode; we take a lifetime of 10-12see and 

a 40% total semileptonic branching ratio, The partition in semileptonic 
m.odes is ta.ken to be 

A/A';K/DY = 8/1/1 

Factorization implies the same partition for nonleptonic decays. 

The decay m.odes of (bsdf seem som.ewhat m.ore friendly than (bs.u)0 ; 

prom.ising modes include A .. all charged (7.5%), AF- + all charged 

(3.5%), The ; m.odes include ;: + all charged (0.2%) and ;AK- (0.2%). 
This latter m.ode may be diluted by partition into ;tK-X m.odes, which 
we have here (unjustifiably) ignored, 

J. Decay of Db (bss) 

This baryon also has no capture mode, ao that its phenomenology is 

similar to the (badr. The semileptonic (and nonleptonic) partition ia 
ta.ken to be 

T/AX/ED = 8/1/1 

Notice that becaus.i the fl.nal state ii often T0
, of order 50% of the final 

states are in one-prong1! Promising decay IQ.Odea include T0 + all 
charged (Q%), T°F- (4.5%), ;o- + all charged (0.1%), and ;=.-K-,,+ 
(0.1%). 
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K. Deca.n of bcu. bed. bes 

These ba.eyons a.re proba.bly only ma.rgina.lly a.cces11ible, a.nd the ennui 

of this writer prevents him from fo:iming compendia for these decays, 
This lack of enthusium is compounded by the complexity of the decay 
schemes. There a.re two co!llpeting spectator modes 

a.long with the capture mode, 

which we gue1111 to be enha.need by a large l;(o) 12 for the be diqua:k. 

In addition, for the bcu there ii the captu:e mode 

while for bed one hu 

cd-su 

This leads to the expectation that, of these three baryons, bed hu the 

shortest lifetime a.nd bes the longest. We gu- as follows: 

{bcu) 

(bed) 

(bc11) -13 
T' = 2.SxlO sec 

However, if the A: lifetime is shorter than our estimate of 3xlo-13sec., 

the estimated lifetime for the (bcd) should be reduced a.ccordingly. 



TABLE II: Decay Modes of the Virtual W 
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w .. ua: 

MwlGeV) n Fraction Excl1111ive Inclusive 

1 3 s 7 - 9 1 3 s 7 9 

0.6•0.4 ? 0.5 13% 6.5% 0.5% - - - 12% 1% - - -
l.3•0.3 2.3 20% 2.0% 3.0% 1.0% - - 10% 8% 2% - -l.9•0.3 3.8 26% 0.5% 2.5% 1.5% 0.5% - 8% 13% 4% 1% --
2.4•0.2 5.0 21% - 1.0% 1.0% 0.5% - 2.5% 10% 7% 1% --2.S•0.2 6.0 19% - 0.5% 1.0% 0.5% 0.5% 2% 9% 6% 2% 1% 

Sum 99% 9.0% 7.5% 4.5% 1.5% 0.5% 35% 41% 19% 4% 1% 

Excl1111ive fraction == 24% ii~h == 2.9 

w-ci 

F+ (60%) 
+ 

29% F .. + • 
F;lf+"+ •• 5% 
F,r,r,r,r 0.5% 

F+ o 10.5% .. " F ,,o,,o 2.5% 
F•,,o,,o,,o 1.5% F+ + • o 3% •" " " F ,,• ,,·,,o,,o 1% 

o•K°x (10%) o•Ko 2% 
(ii=l.5) D •Ko,r + ,r" 1.5%. 

o•Ko,,o 3% o•xo .. o,,o 1% o•xo .. . 0 1% I' " " 

o ·K· ,,·x (10%) o•x• · 6% + .... 0 
(ii=0.S) DK ,r ,r 3% 

o°K·x (10%) D°K+ 2% 
(ii=l.5) D°K•,r•,r· 1.5% 

DoK+ ll'o 3% 
DOK+ ,,o,,o 1% DoK+ + • o 1% I' " " 

D°K0 ,tx (10%) DoKo,r+ 6% 
(ii=0.S) 0 oKo.-• ,,o 3% 



K",.,+ ,.,+x 
(n=l.4) 

K0 ,.-+x 
(n=2.4) 

Appcdix: E.timated Deca,J Properties. of Ha,d?ona 
Conta,ining Chum a,n Bottom Quuks 

+ ( "") 870 -13 Dcu m-1 r=9xl0 sec. 

Semileptonic Deca,ys 

(20%i K
0
e:v 8% 

20% K" ,r e },r 6% 
Kol'oe e 6% 

N onl!l!tonic Deca,I! 

(30%) K:.-:.-: + _ 8% 
K"'"'"'"' 4.5% 

K- + + o 10% ........ K-.-•., tto.-o 3% K-.-+., + .,o.,o.,o 1% K" + + +. o 2% .......... 
(30%) x0 

.. : .. 3% 
Ko.- "" .,- 4.5% 
Ko•••-- 1% .......... 
Ko.,• .,o 7.5% 
Kol'• .,o.,o 3% 
Ko.-+ .,o.,o.,o 1.5% 
Ko.,+.,+ .,-.,o 4.5% 
Ko,r'" .,• .,-.,o.,o 1.5% 
Ko.,+.,+ .,-.,o.,o.,o 1% 

Prong Distributiom Accessible Fra,ctioM 

13% all chuged Prongs Semileptonic Nonl!l!tonic Total 

l 
3 
s 

28% 
12% 

15% 
33% 
8% 

43% 
45% 

8% 

9% K • all chuged 

Al 

•:•,><"<-,,,, ..... ,-

;····:.r:-

~·_,!):i.:g·,:.~ 

.. · .. ,.' .. ,,,.,.., •... =·· . 



D0 (cu) m=l870 -r=u10· 13 sec. 

Semileptonic Decal! 

+ 

~~~l 
• + 

4% e+v X Ke ve 
µ v;x Ro. 2%. ll' e II x· o + e 2% ,r e Ve 

N onle2tonic Decais 

x·,.,+x (40%) x-,,.+ .. 3.5% 
(ii=2.4) x:,r·:"'+"': - • 5.5% 

K"' ,r ,r "',r 1.5% 

K" .. o 6% 1f ,r 
R ..... .,o.,o 4% 
R"ll' .. ll'oll'oll'o 2.5% R-++-o 5.5% "'+"'+"' ,r R"r I' .. - .. o.,o 2.5% 
R"ll'+ ...... -.. oll'oll'o 1.5% R" + ,. + •• o 

1% ll'll'll'll'll'll' 

R°x (40%) R0 ,r:,r: 5% 
. (ii=3.4) Ror "' .,-.,- 3% Ro + + ..... 0.5% ll'll'll'll'l'I' 

Roll'o 5% 
Roll'oll'o 3% 
Roll'oll'oll'o 3% 
Ro"'o"'o"'o"'o 1% 

Ro"'+"'."'o 1% 
Ro"'+"'."'o"'o 4% 
Roll'+ .. -.. o,,.o"'o 3% 

Ro.,• .... .,-.,-,,.o 1.5% 
Ko"'•"'+ ,r,t•o•o 1% 

Prong Distributiona 

Prongs Semileptonic Nonleptonic Total 

Q 

2 
4 
6 

16% 
12% 
37% 
21% 

3% 

12% 
55% 
21% 

3% 

Accessible Fractions · 

11 % &11 charged 
9% K + &11 charged 

A2 



+ 
3x10·13sec 

A3 F [ci} m= 1975MeV ,,. -
Semilmtonic decal! 

+ 

~~~} 
K+K"e+v 1.5% evX 

µ;·vex K';t0 e+~ 1.5% ,,. .. { ;e+ve 2% 
11e ¥ 1% 
11'e 3 1% e 

Nonle2tonic Decazs 

K+K·,,.+x (5%) K+K·,,.+ 2% + , + fn• X (10%) 'I/• .. + - 2% K+K. + + • (ii=l) 1t 1t • 0.5% =1.4) '1/'!t 1t 1t 1.5% 
K+K·,r•,ro 2% ff'•+ !to 3% 

K°K"1t+1t+X (5%) K°K"1t+ It+ 
,,.,,•110110 1% 

5% , + + • 0 
1% " 1t 1t 1t 1t (ii=0) 

K+K°x (5%) K°K+ 0.5% ;11•x (15%) + 
4% ;11. + -(ii=2) K°K+11•1r· 0.5% (ii:1,3) ;11 1t .. 2% 

x<>x; .. o 1% ; .. •,,o 5% KOK .,o,,o 0.5% ; .... ,,o.o 1.5% K°K+ +. o 0.5% ; .... tr+ .. -.,o 1% tr tr 1t 

K°K0 ir+X (5%) K°Ko,,.+ 2% 
ir•x (so%) (ii=l) K°Ko + +. 0.5% .... -

3% ,r I' If 
l'+tr+'I(+ - -

K°Ko.,+ ,ro 
(ii::4,0) ........ tr+l'+lf - - - 2.5% 

2% .. tr 'I( .. .. tr ,r 0.5% 

,r+X (15%) ,, .. ; + • 1.5% .,•.,o 2.5% 
(ii,:2.3) 'fl'+tr+lf+ - - 2% .,•.,otro 2% 

,, ... If If If 0.5% .,•.,otrotro 2.5% + + - 0 
4.5% ,, ..... o .... ~tr 4% I' .. -.o,,,o 4% ,,, ... ,,,o,..o 1.5% If+ I' .. -.,o,..o,..o 3% ,, .. + ,,,o,,,o,..o 1.0% + + ......... 0 
1.5% •+lf+I'. I' If ... + .. 0 

2% If If .,-.,-tr·,,,o,..o 1.5% 'lft+•,..,r_ lfo o ,,. .... 1% 

Prong Distributio1111 Accessible Fractions 

Prongs Semile2tonic N onleptonic Total 8.5% all charged - 6% ; + all chuged 
1 9% 27% 36% 4% '1 + all chuged 
3 5% 37% 42% 3.5% '1' + all chuged 
5 11% 11% 6% K~ + all chuged 
7 1% 1% 



A .. 
<: 

(cud) m == 2280MeV 1" = 3xl0"13sec: 
A4. 

Semilmtonic Dec:aI! 
+ 

H~l 
.. 

3% e .. vex Ae V 
- tr 2% p. vvX K.pe .. v 

K ne 1' 2% e 

N onle2tonie Dec:&I! 

A, .... X 
.. pK",r .. X K" .. (25%) A,r + + _ 5% (15%) p ." .... - 7% 

(n=l.7) A,r ,r ,r 4% (ii:::0.7) pK ,r +" ,r 1% A + .. .,. •• 
,r ,r ,r ,r ,r 0.5% pK",r ,,o 5% 

A,r+,ro 
pK",r+ ,,o,,o 1% 

7.5% K" + + - o 0.5% p ,r,r,r,r 
A,r + ,,o,,o 2.5% 
A,r+,,o,,o,,o 1% pK°X (15%) pKO 3.0% + + - 0 A,r + ,r + ,r ,r 2.5% (ii==l.7) pKo,,+ ,,- 3.0% 
Air ,r ,,-,,o,,o 1% pRo,ro 4.5% 

i;·,, .. " .. x I:" + + 
pR,o,,o,,o 1.5% 

. (3%) ,r ,r 2% pR,o,r+ ,,-,,o 1.5% 
(ii=0.6) I:" .. + 0 1% ,r ,r ,r 

nK",r+ ,r+X(5%) nK" + + 
I:o,r+X i;o,,+ 

,r ,r 5% 
(3%) 1% (ii==-0.3) 

(ii==l.6) to + + - 0.5% "+" ,r nK0 ,r+X 0 + I:o,r ,,o 0.5% (15%) nR "+ + 7.5% 

I: .. X i;+ + - (ii==0.7) nK~"+"o"- 1% 
(4%) +" ,r 0.5% nK "+" 5% 

(ii=2.6) I: ,,o 1% nKO,r ,rO,rO 1% I:+ ,,o,,o 0.5% nKo++-o 0.5% ,r ,r ,r ,r 
I:+ .. - 0 0.5% ,r ,r ,r 

Prong Distributiou Accenible Fractions 

Prong Semileotonic Nonlmtonic Total 8% &11 charged 
10% A + &11 charged 

1 10% 42% 52% 6% R + &11 char&ed 
3 4% 31% 35% 4% t + &11 eharged 
5 2% 2% 



+ Ox -13 AS' 
A (cau) m-2460MeV 'T"= 10 sec. 

Semilel!tonic Decal! 
... 

~20%l 
-o + 6% evX " e V 

+ex 20% =- + -e 2% }' V }' :off l+'J 
- ff \ 2% 
AK0 e vee 3% 
AK0 ff:e ... v l.S% 
A~-! f v: 1.s% 

~{o:+~ 
2% 
2% 

N onlel!tonic Decal! 

-- • •x (1S%) 
_ .. + + 

7.S% i:•x.°X (2.S%) t•x:o 0.5% = ff ,r ':_.ff+ff+ + -
(ii=0,7) = ff+ff+ff ff 1% (ii=l.5) i;+j{offo 1.0% 

-- 0 5% = ff+ff+ff 
i:•K-?X i:•K·? :·ff ,r ,,pffo 1% (2.S%) 1.5% 

-o ·x -o + (ii=0.S) i:•K-? ff0 1% 
= ff (15%) = ff 3% 

i:°Ro,r•x (ii=l.7) 
-o ... + - 3% (2.5%) i:°Roff: 1.5% :ffffff -o + 0 4.5% (ii=0,5) i:°Roir ffo 1% - ,r ff - + 0 :o't ffoff 1.5% 

i:°K·,r• ,r•x -o .., • .. 0 1.5% (2.5%) = ,r ,r ,r ,r 
I:°K"?? 

AK0 ?X ARO+ 
(ii=-0.5) 2% 

(5%) ff+ 2.5% 
I:"Ro,r•,r•x (ii=0.7) ARow l'o 1.5% (2.5%) 

I:"Rol'+.+ 
AK",r•?x AK",r+? 

(ii=-0.5) 2% 
(4%) 4% 

(ii=0.3} NKRX (5%) plt°Ro 1% 
. (ii=0.7) plt°R0 ff! 0.5% 

plt~~ff + 1.5% 
nK ,r 1.5% 

Prong Diatributi!!!! Acceaible Fractiom 

Prong Semileptonic N onl@tonic Total 8.5% : + all charged 
6% :° + all ch-.rged 

l 30% 33% 63% 1.5% R + all ch-.rged 
3 12% 18% 30% 4% A•+ all ch-.rged 
s 1% 1% 1.5% I: + all ch-.rged 

2.5% AR0 + all ch-.rged 



-· +x : 11' 

(ii=l.7) 

::OX 
(ii=2.7) 

AK°x 
(ii=l.7) 

(12%) ~: < + • 
: II' II' II' 

_ .. + 0 =., I' _ .. + 0 0 = II' 11' 11' -·••-o : II' 11' 11' 11' 

(12%) AK0 

AK0 ir+ ir-

(3%) 

AKoll'o 
AKoiroiro 
AK0 ir + ir. 11° 

Prong Distributiom 

m - 2460MeV 

Semileptonic Decays 

2% 
1% 
1% 
1% 

Nonleptonic Decays 

2% 
2% 

4% 
1% 
1% 

1.5% 
0.5% 

2% 
1% 
1% 

1.5% 
1% 

0.5% 

1.5% 
1.5% 

3% 
1% 
1% 

5% 
1% 
3% 

0.5% 

2% 
1% 

(3%) 

(3%) t°R:0 

t°Kor•ll'-

t°K°x 
(ii=l.5) 

t°Koll'o 

(3%) t°R'.0 

t°K0 ir+ f 

(3%) 

t"K"? 1r •x {3%] 
(ii=-0.5) .. 

pK°K0 fX (3%) 
(ii=-0.3) 

pK°K"X (6%) 
(ii=0.7) 

pK"K"ll' .. X (3%) 
(ii=-0.3) 

nK°K°x (3%) 
(ii=0.7) 

t°Koiro 

t"K" .... 
- ll'.11'. 

pK°K" 
KOK• .. -p II' II' 

pK°K"ir0 

pK"K"r+ 

Accessible Fr&etion1 

0.5% 
0.5% 

1% 
1% 

0.5% 
0.5% 

1% 

0.5% 
0.5% 

1% 

0.5% 
0.5% 

1% 

2% 
1% 

2% 
1% 

3% 

3% 

3% 
0.5% 

2% 

3% 

1.5% 
1% 

Prongs Semileptonic Nonleptonic Tot&l 

14% 
63% 
12% 

3% 
4% 
2% 
3% 
6% 
4% 
3% 

&11 chuged 
: • &11 charged 
::

0 + &11 charged 
K0 

• &11 charged 
A*• &11 chazged 

0 
2 
4 

16% 
14% 
47% 
12% 

t • &11 charged 
AK

0 
+ &11 chazged 

A6 



To (ssc) M., 2740 MeV 1" " 9xlo-13sec. 
A1· 

Semile:etonic DecaI! 
+ 

~20%J a·e·v .. 8% e II X 
+ e 

20% ~~,!e ¥3 4% µ vµX 
4% 

--xo + e 4% • e II 
- e 

Nonle2tonic DecaI! 

n-,tx (30%) a:": .. _ 6% :
01c?x (5%) -oK- + 2% :: ,,. 

(ii=l.6) ll_,r+,r+,r+ - - 5% (ii=0.9) -oK- + + - 0.5% :: ,,. ,,. ,r 
ll ,,. ,,. ,,. ,,. ,r 0.5% 

-oK- + o 2% a· • o 
:: ,,. ,r 

9% -oK-+oo 0.5% 1f 1f :: ,,. ,r ,,. 
a·? ,..o,..o 3% 
a·,..+,,.o,,.o,..o 1% AX°K°x (3%) Alt°R:0 1% - + + - 0 ll ,,..,,..,.,,.,,. 3% (ii=0.9) Alt°R:o.,o 1% 
a· .. I' ,r·.,o.,o 1% 

Ax°R:· .. ·x 
ue0 ,tx --xo + 

(6%) AX°K"w 6% 
{5%) :: ,r 2% (ii=-0.1) 

(ii=0.9) --xo••- 0.5% :: I' I' I' 
AK•K·w .,•x (1%) 

--xo + 0 
AK-K·,r•,..+ 1% 

:: .... ,,. 2% {ii=-1.1) 
:°"KO ,r 11'011'0 0.5% 

-·K· + •x = 1f 1f 
(ii==-0.1) 

(5%) --K- + + :: ,r ,r 5% 

:°K°x {5%) :°Ko 1% 
(ii==l.9) ·°R:O + • 1% = ,r ,r 

:°R:o,..o 1.5% 
:°R:o.,o,..o 0.5% -°KO+• 0 0.5% = ,r,r,r 

Prong Distributions Accessible Fractions 

Prongs Semile2tonic N onl9tonic Total 12% a· + all charged - 5% :· + all charged 
0 6% 6% 2.5% :°"KO+ all charged 
2 40% 35% 75% 2.5% :

0 + all charged 
4 - 16% 16% 2% :°It0 + all charged., 
6 1% 1% 1% A + all charged 

6% A + all charged 



++ 
Sx10·13see (ccu) m = 3640 MeV ,,. = 

Semi!mtonie D~al! 
+ .... 

5% D0A + + e+11 X i20%J A,.e II 1% 
µ ,,ex 20% A0 1f~e:11e 2.5% Dor.'f.e! ,,"e 1% µ 

A,.11' ! "e 2.5% o+r.o + e 1% 
D,.Ae "e 3% K0 A !efP 1% 
D A11'0 e "e 1% K"A <:> ,. -e 1% c " e 11e 

Nonle:etonic Decals 
+ +x .... 

1.5% D,.A11',.X (5%) D+A"+ A,,. (15%) A,."+ ,. • 3% 
(ii=2.1) A+"+"+"+ •• 2% (ii=0.4) D+A11'+,..o 1% 

A " 1f 11' 11' 11' 0.5% n°A ... ,,.+x + + 0 (5%) D0A.+,,,+ 5% 
A+"+"o o 4% (ii=-0.6) 
A,.•,.1t .,,o o 1.5% 

D+r.+x D+t+ A ,r "o" .,, 1% (2%) 0.5% A++ +. o 1.5% (ii=l.2) D+t+ "o 0.5% 1(1f1f11' 
+ •,.. ""0 0 1% A+1t+1t+1t.,, .,, 

Dt11'+X Dor.+ 1f + A " " "·"o"o"o 0.5% (4%) 2% 

Ao"+ 11',.X (15%) Ao.,,+,..+ 
(ii=0.2) D+r.o.,,+ 2% 

4.5% 
Dr.1.+ .,,+X (ii=l.l) Ao+++. 2% (2%) 0 0 + + 

1% •••• D ,.t _ "• 1t,. 

Ao.,,+.,,+ .,,o (ii=-0.8) Dl:1f11' 1% 
5% 

A+Ko11'+X Ao•+.,,+ .,,o.o 1% (5%) A~o.,,+ 2.5% Ao11'+1f+11'o.,,o.,,o 0.5% (i!=0.8) A!io,. + • 0.5% o+++-o !io1f+1f • 
A11'11'1t1t1t 1% A • •o 1.5% 

Atxo ... •o•o 0.5% 
C 

K"A ........ X 
(ii ~-2) 

(5%) A+K ....... 
C 

5% 

Prong Distributions Accessible Nonleptonics _ 

Prongs Semil9tonics Nonlmtonic 

2 
4 
6 

36% 
4% 

38% 
15% 

1% 

Total 

14% 
19% 

1% 

.. 
A

0 
+ all charged 

A + all charged 
A + all charged 
A~o + all charged 
Di + all charged 
DI: + all chazged 

AS 



A'"X 
(ii=3.l) 

o"AX 
(ii=l.4) 

(ecd) 
.. 

(15%) + ., • 
A ,r ,r 

A
++ .... 

11' 11' 11' II" 

.. 
(10%) D,.A + 

D Mt ,r· 

Prong Distributiona 

rn - 3640 MeV 

Semileptonie Decav 
~ 0 .. 

2 ;,,i D .,Ae v1! 
1% D A•"e u 
1% K0A·,..·/& 

K·At + e 
ce ve 

Nonleptonic Decan 

2% 
1% 

2% 
1% 
1% 
2% 
1% 
1% 

0.5% 
0.5% 

1.5% 
2.5% 
0.5% 

4.5% 
1.5% 

1% 

1.5% 
1% 

0.5% 

Dl:X 
(ii=l.2) 

oi:,,+x 
(ii:0,2) 

o°J:·,r•,r•x 
(ii=-0.8) 

A"K°x 
(i!:1.8) 

DKNX 
2.5% (ii:0,3) 
1.5% 

5% 
1% DltN,rX 

0.5% (ii:-0,7) 
1% 

7% 
3% 

(4%) 

(6%) 

(1%) 

(8%) 

(7%) 

(5%) 

(5%) 

1% 
0.5% 
0.5% 
0.5% 

o•i:o 
D"tOll'O 
D0 1:+ 
001:" ll'O 

D "t+ ,r· 
DOl:OI'" 
o•i:·I'· 

D°t"l'+I'+ 

Accesaible Fractions 

0.5% 
0.5% 
0.5% 
0.5% 

2% 
2% 
2% 

1% 

1% 
1% 

2.5% 
1% 
1% 

3% 
0.5% 

2.5% 
0.5% 

1.5% 
0.5% 
1.5% 
0.5% 

1% 
1% 
1% 
1% 
1% 

Prong Sernileptonic Nonleptonic Total - 3.5% 
4.5% 
11% 

+ 
A • all chazged 
AO 

+ all chazged 
DA .. all charged 
DJ: • all charged 
A + ail charged 

1 
3 
s 

8% 
5% 

45% 
30% 

3% 

53% 
35% 

3% 
8% 

3.5% 
2% 

2.5% 
1% 

A ~o + all charged 
IfK.0 + all charged 
D + all charged 

A9 



3)J'Oi) 

+ 
m ~ MeV 1' = sx10·13sec 

AlO 
(cca} 

' 
SemileI!tonic Decal! 

.. 
!20%l 

To+ 6% e II X e '1 + e 
20% T0 ,r0 e 11 4% µ II X µ -o0 o + e 2.5% : e II 

--p+ + e 2.5% - e J' A K"e 3 2.5% 
A°K0e+~ 2.5% 

Nonle12tonic Decal! 

To,r +X (25%) 0 + 
5% A+K°x (4%) A+Ko 0.5% To,r+ + • 

(ii:1.6) T "'+"+"+ - - 4% (ii=l.8) A +Ko,r+ ,,- 0.5% To ,r ,r ,r ,r ,r 0.5% 
A +Ko,ro 

To,,+ ,,o 1% 
1.5% A •xo,,o,,o 0.5% T°,r+ ,ro,,o 2.5% A+Ko + - o 0.5% ,r ,r ,r 

T°,r+ ,,o,,o,,o 1% 
A +K",r .. X A +K",r+ T°++-o 2.5% (4%) 1.5% ,r ,r + ,r ,r 

T°,r•,r ,,-,,o,,o 1% (ii::0.8) A •r,,• ,,o 1.5% 

::
0 o·x (2.5%) :;OD+ 0.5% A°R0 ,r+X (4%) A~o,r: 1.5% 

(ii=l.3) :oD+ + - 0.5% (ii::O.S) A°Ro,r ,,o 1.5% = ,r ,r 
500+ ,,o 1% 

A °K",r+ ,r•x A°K",r+,r+ 
::0o0 ,,·x -°Do+ (4%) 4% 

(2.5%) - ,r 2% (ii=-0.2) 
(ii:0.3) ~o,,•'lfo 0.5% 

A--it°R°x (3.5%) A +K°K.0 

::·o•,,.+x -·o• .. 1.5% 
(2.5%) = 'If 2% (i!::0.s) ACX°Ro'lfo 1.5% 

(ii=0.3) -·o• .. o 0.5% C = 'If 'If 
A--it°K" 'If .. X A;it°K"'lf+ 

-·0° .. ·x -oo + + (7%) 1% 
= ,r ,r (2%) = 'If 'If 2% (i!=-0.2) 
(ii=-0.7) 

Prong Distributiona Accei,sible Fractions 

Prong Semileptonic Nonl9tonic Total G.5% T° + all charged - 7% :D + all charged 
1 30% 28% 58% 5.5% A + all charged 
3 10% 28% 38% 2.5% ~o + ail charged 
5 -· 1% 1% 1% Ac O + all charsed 



++ 
(ccc} m - 4025 MeV 

Semileptonic Decan 

+ + (ccs) 1f X 
(ii=l.7) 

(35%) {ccs}:'/f: + _ 
CC! +'/f+'/f+'/f+ - -
CCII '/f 1f 1f 1f 1f 

++ 0.. 
(ccu) KA 
(ii=l.6) 

(5%) 

Prong Distributiona 

(ccu)::K:'/f: + _ 
(ccu) K '/f 1f 1f 

(ccut•K-'/f+ '/fo 

Prong Semileptonic Nonleptonic 

l . 3% 
2 26% 30% 
3 8% 6% 
4 6% 17% 
5 1% 
6 1% 

6% 
4% 
2% 
2% 
1% 
1% 
2% 
1% 
1% 

Nonleptonic Decays 

5.5% 
5.5% 

1% 

+ 0 + (ccd) K 1f X 
(ii=0.6) 

(5%) (ccd):Ko'/f: + _ 2.5% 
(ccd) K0

1f 1f 1f 0.5% 

(ccdtK0
1f+ 1f0 1.5% 

10% 
3.5% 

2% 
3.5% 
1.5% 
0.5% 

(ccdtK-'/f+'/f+X (5%) (ccdtK-'/f+,.,+ 5% 
(ii=-0.4) 

1% 
1% 

2.5% 
0.5% 

1.5% 

Total -
3% 

56% 
14% 
23% 

1% 
1% 

ADX 
(ii=l.3) 

0.5% 
0.5% 

1% 
1% 

1.5% 

Accenible Fraetiom 

12% + 
cca) ++• all charged 

3% ·~i--·.n-2% ccu + K0 + all charged 
5% ccd + + all charged 
3% ccd K0 + all charged 
3% AD + all charged 

All 



; B+ 1:§ul -u m - 5270 MeV r - 10·12sec. 

Semileptonic Decan 
+ 

t18%J 
0 + 6.5% ::~ D e .. v + 

18% D0 ,r ll':e V 0.5% 
7' 7' 5%) Do,roe v e 4% o· + .. e 3% ,r e ve 

N onle:etonic Decai::s 

D0 ,tx (38%) Do,,+ 
Do .. +. 

"'+"'+"'• • -Do,r ,r ,r ,r ,r 
no + + + + ..• ,r ,r ,r ,r ,r ,r ,r 

D~tr: :t _!leutr&la 
DO tr .. ,r + ,r .. ! 11eutr&ls 
D ,r + ,r., ,r + ,r •"' _+~l!!ltr&ls 
DO ,r ,r ,r ,r ,r ,r ,r •neutr&Js 

o· .... (10%) • + + 
,r ,r D."'•"'• • • 

D."'+"'+"'•"'• - -D ,r ,r ,r ,r ,r ,r 

D" + .. &la 
• ,r., ,r., :t 11eutr 

D. ,r + ,r + ,r., ,r + ! _!leutr&la 
D ,r ,r ,r ,r ,r ,r +11eutr&ls 

Prong Distributiona 

Prong Semil,rnto11ie Nonle1>tonic 

1 
3 
5 
1 

25% 
8% -

Total -

2% 
2% 
2% 

0.5% 

8% 
11% 

5.5% 
1% 

1% 
1% 

0.5% 

2.5% 
3% 

1.5% 

D(ei) +· 
(18%) D°F+ 

D°F .. ,r",r" 
n°F•,..o 

o·F+ ,..+ 
D"F+ ,..+ tr0 

D°D+K+,r. 
D°DoKo,r+ 

D°D+K,r°x 
D°D°K,r°x 

;K•x 
(ii:::1.3) 

(0.5%) ;K+ 
;K+ tr+ ,r" 

;K:,ro 
;K ,..o,..o 
;K+ + • o ,r ,r ,r 

;K0 ,r+X 
(ii=0.5%) 

(0.5%) ;Ko,r: 
;KO,r ,..o 

Accessible Fractiona 

g% D0 
+ all charced 

2.5% o· : all charced 
4.5% DF • all charced 

1% DD + all charged 
1% DDK0 

.. all. charged .. 
0.2% ; + all charged 

0.35% ;K0 
+ all charged 

A,,~ 

2'.S.%? 
o,s.%': 
"2~ ., .. ·,; , 

., ... ,(,"" 
;..,,, ..... .,, .. 
1.5% 
0,5% 

0.5% 
0.5% 

1%' 
.. 1% 

0.1% 
0.1% 

0.15% 
0.05% 
0.05% 

0.35% 
0.1% 



~(pd) M - 5275 MeV -r - 7xlo-13 sec. 

Semileptonic Decaya 

t
10%) 
10%) 
4%) 

D- + e V 
D- +. + 1r1re11 
D- o + e 

1f e II 

Do - • e 
1f e II 

e 

4.5% 
0.5% 

3% 
2% 

Nonleptonic Decais 

n-,tx (42%) o-1r: .. 2.5%+0.5%:3.0% D(ci) .. (10%) o-F+ 2% Spectator:27% 0·1r .. 1r .. ir: 2%+1.5%:3.5% D_F .. ,r'°ff'- 0.5% 
Capture: 15% o:1r .. 1r .. 1r .. ir:1r: __ 1.5%+1%= 2.5% o-F+ 1ro 1% (ii=4) D ,r ,r ,r tr ,r ,r ,r .5%+0 ::: 0.5% D°F+ff'- 1% 

o:ir: .t peutrala 7%+5% ::: 12% D-D +K+ 1t- 1 °c 
D_ tr+tr•ff'+ : peutrala 9%+8% = 17% D-DoKoff'+ 1 C"' , C 
D _ ,r +ff'+ ,r .. ff' .. ir _ : _neutrals 4%+2.5%=6.5% o-o .. K1r0x 1 "c D ,r ,r ,r ,r 'I( ,r ,r +neutrala 1%+ O= 1% o-o°Kff'0 X 1% 

D0 X ~2%) D~,r:,r: __ 1%+ 1%= 2% ;K•,r-X (0.35%) ;K+ ir- 0.25\'i Spectator: 7 D ,r+,r+,r+,r 1%+ 1%= 2% (ii=0.3) ;K•ff'-ff'o 0.1% 
Ca.pture: 15% D0 ,r ,r ,r ,r-,..-ff'- 0%+0.5%:::0.5% 

;K°x (ii:::5} 
D0 + neutrala 

(0.35%) ;Ko 0.01\c 
2%+ 1%= 3% (ii=l.3) ;Ko,..+ ,r- 0.07% 

D0 1r:1r: + neutrala 2%+6.5%=8.5% ;Ko,..o 0.1% 
D0 ,r+,r+ff'-,..- + neutrala 1 %+4.5%=5.5% 
D0 ,r ,r ,r•,r_,r_ir_ + neutrala 0%+ 1%::: 1% 

Prong Distributions Acceesible Fractions 

Prongs Semileptonic N onleptonic Total 4.5% n° + all charged - 9.5% D-: all charged 
0 3% 3% 3.5% DF .. all charged 
2 23% 32% 55% 1% DD + all charged 
4 1.5% 31% 32% 1% DDK0 + all charged 
6 11% 0.25% ; + all charged 
8 2% 2% Q.15% ;K0 + all charged 



,, B; (6sl 1" ::::: 10"12sec m ::::: 5370? 

i:lemilen+.onic Decal! 
.. te"J r·,:., • · 6.5% e.,ve 

I'.~ 16% F",r ,..:, v 0.5% 
1" 1" 5%) Fi,0 e -l'. e 4% 

D K"e 6 1.5% 
D"K0 e,. v: 1.5% 

N onleptonie Decax, 

r·,tx (as%) r·,..• 
.. + ...... 

F."+"+"+ •• 
F."+"+"+"+" ••• 
F,r,r,r,r,r,r,r 

- + ala F."+ .t peut: 
F_ "•"+"+ : peut:ala 
F."+"+"+"+". : peut:ala 
F ,r ,r ,r ,r ,r ,r ,r + neut:ala 

D°K·,..+x (4%) D°K",r+ 
D°K" + + -,r +" ,r 
D°K:,r,. ,t peut:ala 
D°K "+"+"+ • neut:ala 
D°K",r ,r ,r ,r",r" • neut:ala 

D"K0 ,tx D"Ko,r+ (4%) 
D'lto + • • 

o"+" ,r 
D""'K "• .t neut:ala 
D""'K

0
,r+"•": + neut:ala 

D"K0 ,r ,r ,r ,r",r" + neut:ala 

Prong DistributiOllll 

Prongs Semileptonic Nonleptonic 

0 
2 
4 
e 
s 

31% 
1% 

25% 
21% 
9% 
2% 

Total 

0 
56% 
22% 

9% 
2% 

3.5% 
3% 
2% 

0.5% 

10% 
13% 

5.5% 
1% 

0.5% 
0.5% 

1% 
1.5% 
0.5% 

0.5% 
0.5% 

1% 
1.5% 
0.5% 

F"(cit (15%) F"F+ 
r·r·,.. .. ,..-
F"F+ ,..o 
F"D+K+ 1( 
F"D°K0 ,r• 
F"D+K,r°x 
rioKJ°X 
D K"F 
D""'K°F+ 

;K+K"X (.25%) ;K+K. 
(ii:::::1.4) ;K+K.,..+ ,..-

;K .. K",r0 

tK°K°x ;K°Ko (.25%) 
(ii:::::1.4) ;K°Ko,..+ ,..-

;x°Ko,..o 

;x•x0 ,..-x 
(ii:::::o.•) 

(.25%) x·x0 ,..-

;K+Ro,..-,..o 

f,,°K",r+X K°K",r+ (.25%) 
:::::0.•) :xax·,, .. ,..0 

9% r· + all chaa-1ed. 
1 % D • all chuged 
l % DX° + all cha:ged 
3% r:r"' + all cha:ged 

1.5% F D + all chuged 
0.1% ; • all cha:ged 

0.15% ;K + all chllLl'ged 
1 % Dr1 + all chuged 

Al4 

2.5% 
0.5% 

2% 
0.5% 
0.5% 

1% 
1% 

0.5% 
0.5% 

.OS% 

.05% 

.05% 

.OS% 

.OS% 

.OS% 

.15% 

.07% 

.15% 

.07% 



B; C§cl m- 6300 MeV 1' - 4x10" 13 sec ,US 

Semileptonic DecaI! 

eve 
t6%l 

B0,itv 6% 
µJI 16% B*K"Fv 1% 
1' 1' 5%) B~~e:v: 1% 

goBo:•~ 
2% 
2% 

1/'-$ "e e 2% 
; "e 2% 
1' V 1' 1.5% 

Nonleptonic: 

B0 ,,+x (20%) Bo,,+ 
(ii=l.l) B• • • -,/l ,r ,r 

Bo,,+ ,ro 
B•,r• ,,o,ro 
B'iro,ro,ro 
B11r• w• w·w0 

II 

B+K°x (1.5%) B+Ro 
rn-'=l) B-Xo.-o 

u 
a•K·w•x 
rn½ 0) 

(1.5%) B:K·? 

~°Ro.-•x 
n=0) 

(1.5%) B~o,r+ 

B°K" ,r .. ,r .. X 
ft=-1) 

(1.5%) B°K" + + d I' I' 

o•o·x n•n· • (7%) + _,, .. + -n .. o_ ... w .. ir .. __ 
D0,r,r,r,r,r 

o:o:ir: : p.eutraJa 
o.0_1r.1r.1r. ! _peutrala 
D D • ,r I' I' I' + neutrala 

Prong Distributi<>1U1* 

Prongs Semileptonic Nonleptonic Total -
l 
3 
s 
7 

55% 
25% 
10% 

4% 

* 1/ & ; aze taken as zero prong (!) 
C 

6% 
2.5% 

7% 
1.5% 
0.5% 

1% 

0.5% 
0.5% 

1.5% 

1.5% 

1% 

1% 
0.5% 
0.5% 

1.5% 

1% 

DecaI! 

D°D°x (7%) D°D0 ,,+ 
o°i>o + ... tr ,r ,r 

D°D0 ir: : neutrals 
D°D0 1r .. 1r .. 1r:•neutrals 
D°D0 tr ,r ,r ,r" ,r· +neutrals 

1/c:X (6%) 1/c:fr: + • 
1/c:• ,r tr 

+ 
1/c:•+ t peutrala 
tJc:•+ir+•+ : peutrala 
f/ c:• ,r ,r ,r • + neutrals 

;x 
.. 

(6%) ;,, .. + -;,,.,1r .. 1r,. __ 
;. tr ,r ,r ,r 

+ 
;. + : neutrals ;w.ir.•: : peutrala ;w ,r ,r tr ,r + neutrals 

X(all piona) (5%) No tabulation 
(ii=6) 

DKX 
(ii=6) 

(5%) No tabulation 

Ac:c:e11ible Frac:ti<>IUI 

1.2% ; + all c:harpd 
4.5% ; + all charged + neutrals 
8.5% B

5 
+ all charged 

2,5% Bu .L+ au c.il.azged 
2% B 'dK + all chazged 
4% ob + all chazged 

1% 
0.5% 

1.5% 
2% 
1% 

0.5% 
o·.5% 

1.5% 
2% 
1% 

0.6% 
0.4% 
0.2% 

1.5% 
2% 
1% 



A+ ir-X 
•6ectator: 

capture: 
{ii=5) 

D+nir-x 
apectator: 

capture: 
{ii=4.5) 

n·p.--.-x 
apedator: 

capture: 
{ii=3.5) 

D0 nX 
apedator: 

capture: 
(ii=5.5) 

D0 pir-X 
apectator: 

upture: 

Semiieptonic DeeaYS . 
A~ fbudl 

_Jt·_--.-~ 
"::~S-

6% 
2% 
1% 
1% 

m - 5600 McV -13 
T - 6xl0 sec 

Nonleptonic Decap 

(37%) ,+.- 1.6%+0=2% •:rarx (8%) l+F-
25% Atir+ir_ir_ 1.5%+0.5%=2.6% ltF-iro 

12% ,:.:ir:•:•)~ __ 1%+0.6%=2% AtF-• -

Ac••••••• 0.5%+0.5%=1 % At»~'•-
A:0 Ko•+ 

•:•: ~ _neutrals 8.5%+ 1.5%=8% 
At•+•+•_ ~ neutrals 8.6%+6%=14% DN(ci)-X (2%)D+nF-

At''+ ir + ir +• _ ~ _n!Utrals 4%+3%=7% D0 pF-

Ac• 11' • ••••+neutrals 0.5%+0=0.5% 

»· + - -
~ (0.04%) ,. + _ 

(8%) +n•+•+•--- 0+0.5%=0.6% 2) #A•• 
3% D BIi' 11' ..... 0+0.5%=0.5% . #A•o 
5% + - • + 

D + nw + ~ !'-eutrala 1%+1%= 2% #E,.,• + -
D + n• +•+II'_ ~ !'-eutrals 1%+2%= 3% #t,.•:• .. 
D nir 11' • 11' 11' + neutrabi 0.5%+1%=1.5% #E • •o 

(5%) »:p.--.- 0.6% r:,NX(0.02%) #K-p 
0 D+P•:•~ ~ _neutrals 1.5% =1) 
6% D +P" + • +• _.- _ ~ !',eutrals 2.5% 

D pir ir 11' • 1f • +neutrals 1% Pnnu: Distrihutiona 

{5%) 0 0.5% Prong Semlleptonic Nonleplonic Total D n t neutrals 
0 D0 n1f + ir: + neutr ah 2.5% 
6% D0 nir 11' .-11'- + neutrals 1.5% 0 1" 1% 

2 25% 21% 48% 

Do + - -
4 28% 28% 

(8%) ptr+w+• 0+0.5%=0.5% 8 16% 18% • 
3% D0 ptr 11 ,r-11-.-- 0+0.5%=0.5% 8 3% 3% 
5% 

Do -ptr + + neutrals 1%+1%=2% 
DO ptr + ,r :w- + neutrals 1%+2%=3% 
D0 p,r ,r ir_,r_11_ + neutrals 0.5%+ 1 %=1.5% 

2% 
1% 

0.6% 
0.5% 
0.5% 

0.5% 
0.5% 

.002% 

.002% 

.005% · 

.002%x2=.004% 

.002%x2=.004% 

.005%x2= .01 % 

.005% 

Acces11ihle Fractions 

+ 
7.5% At + all charged 
2.5% A + all charged 
1.5% If + all charged 
.01% #Y + all charged 



~b (bus) m - 5800 McV -13 
T - 6x10 SC<: 

S eniilepton ic Decays .· ' 

Nonleptonic Decay, 

A+ir_X 
Spectator: 

Capture: 
(ii=5) 

A°x 
Spectator: 

Capture: 
(ii=6) 

1%+0=1% 
1 %+0.5 "= 1.5% 
1 '5+0.5 '6= 1.5% 

3.5 "+ 1 %=4.5% 
5 "+ 3.5%-8.5% 
2%+2.5%=4.5% 

0.5%+0.5%=1'5 

0.5%•0=0.5" 
0.5%+0=0.5" 

O+O. 5'5=0.5" 

DYX 
Spectator: 

{12%) {Too many mode11 to tabulate) 
4'5 

Capture: 8'5 
{ii=5) 

DRNX 
{ii=3.5) 

{8%) {Too many modes to tabulate} 

Prong DlatrihulioM 

f!!!!!1! ~lleptonlo: Nonlg,lonic Total 

0 - 2" 2" 
2 24" 19" 42" 
4 ~ ~ 

' °" o" II 2" 2" 

Acaaihle Fractlom 

S" A• • all ••uged 
1.5% AO 

• all chuged 
I '!Ii I 11.0 

• all charged 
1.6% •j:· • all cl,uged 
2" A ,- • all charged 

D. II" fE • all chuged 
O. I" fA + all chuged 

A+RX 
~=-=5) 

(8'5) ,•xo + - --x·····---Ac o• • • • • 

,.+x0 ir: t neutrals 
!~:•+•+•: : _neutralu 
Ac Ir ft ft • • +neutrnla 

,:x: ! _!letttral8 
A•K ft+•+ + neutrals 
AcK"• • ,-.- + neutrn18 

A +(c11)" (5%) A+F-
A ·r-.0 

A+r-.•.-

A 0 ir +(cs)" (5%) A°F"w 
A°F+ + + -ft • ft 
Aor·.+ •o 

fEX (0.3%) F- + •+ 
{ii=2) ,=- 0 • 11 

F-0 
F-0•0 
,~ + -:: . . 

,itYX {0.3%) fAi!r,ir+ 
{ii=l) fA R.0 

,,!xo,o 

f[+K-
f[°Ko 
f["Ko,..+ 

0.5'5 
0.5% 

1.5% 
2% 

0.5% 

0.5% 
·2.5" 

1% 

1.0% 
1.5% 
0.5% 

1.5% 
0.5% 
0.5% 

0.1% 
0.1% 

0.05% 
0.07% 
0.05% 

0.1% 
0.05% 
0.05% 

0.03% 
0.03% 
0.03% 



• 

j; 

' 
e""'ii -e 
1'71' 
1" 1" 

::: -( bds) 

6% 
3% 
3%-
1% 

0.5% 
0.5% 

1% 

Nonleptonic Deca.ys 

A" ll'·ir·x (20%) A>·:.-: _ • 2% 
1.5% A ff ff ff ff + ... + - ..... 

1% A.,ff,.ff,.ff,.ff_ff_ff_ - -
A ff ff ff ffffffff,r 0.5% 

A:ff:ff· + neutra.la 5% 
A+ff+ff:ff·ff· + neut?a.la 7% 
A,.ff ff (J:"ff"ff" • neutra.la 3% 
A ff+ ff+ ,r ff_ff_ll'_ff_ff_ + neut?a.la0.5% 

A 0 ir·x (20%) A:ff: __ 1% 
Affffff 1% Ao++ ... 

0.5% ff ff ff ff ff 

A off- + neutra.la 5% 
A off:ff:.- • neutra.la 8% 
A 0 ff,.ff ,.ff:ff:ff: : _neut?a.la 3.5% 
AO 

ff ff ff ff ff ff ff + neuua.la 0.5% 

A;xx (5%) A;x·ff· 0.5% 

A;K:ff: : peutra.la 0.5% 
AcK ff ,.ff ,.ff + neutra.la 1% 
AcK"ff ff .-ff-ff- + neutra.la 0.5% 

A•x:.-:ff:: peutra.la 0.5% 
A~ ff,.ff,.ff _ff_ : peutra.la 0.5% 
Ac off ff ff ff ff ff + neutra.la 0.5% 

DAX (5%) n:h:r: : peutra.Ja 0.5% 
D.,Aff.,r.,r _ff_ : peutra.la 0.5% 
D Aff ff ff ff ff I' + neutra.la 0.5% 

D0Ar" 0.5% 

D0 Ar" • neutra.la 0.5% 
D0 Ar:ff:,..· + neutra.la 1% 
D0Ar r r"r"r" + neuua.la 0.5% 

Prong Distributiona 

Prong Semileptonic Nonleptonic Tota.I -
l 16% 11% 27% 
3 19% 21% 40% 
5 17% 17% 
7 7% 7% 
9 1% 1% 

A+ ,r·(cs)X 

A
0

(cs)"X 

;EX 
(ii=l.8) 

;1WC 
(ii=0.5) 

(6%) 

(6%) 

A"F",r" 
A "F· + + -,r 1f ,r 
A "F- - 0 

' + ffll' 
A D"K"ir",r· 
A "D°l:1:0 ,r" ,r" 

A°F· 
AOF•ffo 

Acc-ible Fra.ctions 

5% 
+ 

A + a.11 charged 
2.5% AO + a.11 charged 
3.5$5 AF" • a.II charged 
0.2% ;: + a.II charged 
0.2% ;AX.· • a.11 charged 

2% 
0.5% 
0.5% 
0.5% 
0.5% 

1% 
1.5% 

.04% 

.04% 

.07% 

0.1% 
0.1% 

0.2% 
0.1% 
0.2% 



+­
e ll 

+ e µ+J' 
T T 

AKX 

:DX 

(5%) 

(5%) 

m - 6100 MeV 

Semileptonic Decays 

6% 
6% 
1% 
1% 
1% 
1% 

Nonleptonie Oeeays 

3.5% T0 (es)X 
3% 
2% 

0.5% 

T0 ,r: + neutrals 10% 
T0 ,r ,r:,r· + neutrals 15% 

0 .... - .... 
5.5% TO ,r + ,r + ,r •" .". ! ;1eutrals 

T "•"•"•"•" ,r ,r + neutrals 1% 
T0 ,r ,r ,r ,r ,r",r",r",r",r" + neutrals0.5% 

A:K:,r: t ~eutrahi 0.5% 
A+K."+"+"+ ! _neutrals 1% 
A K ,r ,r ,r ,r ,r + neutrals 0.5% ;o-x 

A °R:0 ,r: t neutrals 0.5% 
(ii==2.1). 

A °R:0 
,r ,r ,r: + neutrals 1% 

A°R:0 ,r•,r•,r .,,-,,-+neutrals 0.5% 

:
0 D0 ,r· + neutrals 0.5% 

: 0 D0 ,r + ,,-,,- + neutrals 1% ;x::x 
: 0 D0 tr • ,r • ,,-,,-,,- + neutrals 0.5% (ii= l.4) 

-·o• · a1a 0.5% :. •"• ! peutr 
:.D+"•"•"- ! ;1eutrals 1% 
:: D ,r ,r ,r ,r 1r + neutralt 0.5% 

Prong Distributions 

.Prongs Sem.ileptonie N onleptonie 1:2!!! 

l 30% 22% 52% 
3 5% 23% 28% 
5 11% 11% 
7 3% 3% 
9 1% 1% 

• 

' 

(13%) T°F" 4% 
T°F""+ ,,- O,S% 
TOF·,rO . 1.5% 
T°F·.,,o"o 0.5% 

ToD"Ko,,o 0.5% 
T0 n·K-,,+ 1% 
T0 n·K·.,,· ,,,0 0.5% 

T°DOK·,ro 0.5% 
T°DoKo,,- 1% 
T°D°R:o,,-,,o 0.5% 

(O.S%);o· + .OS% 
;o·,r ,,- .07% 

;o·,,o .1% ;o·,,o,,o .05% ;o· + - 0 .05% " " " 
(0.5%) tK": + . ;xo::l,,r 0.1% 

0.1% 

;K°: 
;K·::O 
fl{°:ro 
;K·:o,,o 

.03% 

.03% 

.05% 

.05% 

Aeceaible Fractions 

9% " ·r- + ail charged 
4.5% T°F" + all eharged 
0.1% ;o· + t1l eharged 
0.1% ;E"K" ,r + all charged 


