- " [\!\QE‘ Ema, | Page 1
Bs-vvt' }Mwﬁ% e

Estimates of Decay Branching Ratios for Hadrons ‘

Containing Charm and Bottom Quarks

James D. Bjorken

I. Introduction

. With increasing samples Qf F, D, B, ..., there will come the
poasibility of discovery of more exotie species of hadrons containing ¢ and
b quarks, e.g. be, sse, ccu, cec, ‘bcu, w- . In order to search for these, it
is 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 lifetimes and
Cabibbo allowed branching fractions of hadrons containing ¢ and b
quarks. How the tables are generated will be described as we go along.

[I. Charm Decays ;
A. b' decay

A Jot is known about this pﬁﬂiﬁlm We don't make use of this
information here, and in the end compare with the dn.tn. to get an idea
of how accurately we do.

1) Lifetime

The spectator model should work best for D" (i.e. cd - (sud)d).

We take a lifetime T ~ 9x10 1353:, consistent with the spectator model.

(
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2) Semileptonic Branching Ratios
With no nonleptonic enhancements, we expect
evfpyvfud = 1/1/3

We assume (in general for charm decays) that the final hadrons are
in the ground-state hyperfine multiplet, in this case either Q7 (K) or 1”
(K*). We choose to favor K over K out of gut instinect (M1 weak
transitions are robust).

- 3) Nonleptonic Branching Ratios

We assume

-
I (D=~ K +.)
= 1

-
rm—-R"+.)

This assumption will be generalized throughout; different charge states
of interesting final-state particles (i.e. K’'s, baryons; not pions) are given
equal weight in the inclusive spectra.

In partitioning out the exclusive channels we adopt the following
procedure. (This will be generalized to all charmed hadrons)

i)Add enough *" or ¥ to balance the charge in the decay, i.e.

D'#Krr + .. (branching ratio = 30%)
D' K°" + .. (branching ratic = 30%)

We call these enumerated final-state particles “significant.”

ii) Estimate a residual Q value for the additional pions (represented
by the three dots) as follows

—
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a)Assign: for each pion 400 MeV
for each kaon 600 MeV
for each nucleon 1000 MeV
for each A 1170 MeV
for each L 1250 MeV

b)Subtract the assigned energy of each of the significant
particles from the parent-particle rest energy to get the Q

value. Thusa
for D = Ka2's + .. Q = 470 MeV
for D"~ K% Q = 870 MeV

iii) Distribute all the additional pions according to a single Poisson
distribution, with
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iv) For a given multiplicity n of additional pions, apportion the
charge states according to the following recipe:

n =0 (no additional pions)

1 (one 79
2 s 60%
*“x° 40%

+ -0

3 Ty T0%
7%2%2° 30%
4 e 35%
r v 1o 55%
x5 °%° 10%
5 Yy 30%
¥ x°x%° 65%
122%¢%x%° 5%
8 e ey 20%

A .

e e®® 50%
*

r £ 1%%%%°  25%

%% %%%° 5%

The Poisson probabilities

weighted by these fractions, are plotted versus 1 in Fig. 1.
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The weights assigned to the charge states somewhat favor 7° over
x*. This evidently is negotiable, The above algorithm is in general.
rather arbitrary looking. Our only justification is that we have looked at

some alternatives, and they seem to be lesa reasonable.

4) Discussion of the “‘Rosenfeld Table”(Appendix):

The above information allows generation of the information in the
Rosenfeld table. We divide the nonleptonic modes into two classes, those
without 7°, and all others, We also classify the fraction of decays into
one-prong, three-prong, etc., as well as the fraction ‘“‘accessible”™, i.e. with
no missing neutral pions.

In parentheses are shown the observed branching fractions. The
agreement is not impressive. But it is not terrible either. Results
should not be trusted to better than a factor of two.

B. D° Decay

Here there is a ‘*‘capture’” (W-exchange) mechanism, allowing ¢ to
annihilate its companion i into sd. Presumably this kind of thing
accounts for its shorter lifetime. In general, if capture is allowed we will
diminish the lifetime from 9x10713
the semileptonic partial width. Therefore the semileptonic branching
ratios go down from 20% to 9%.

zec to 4::10-1.35“. without changing

. Note that for the D° the values of T increases, leading to a plethora
of nonleptonie final states and smaller branching ratios.

C. F* Decay

Again there iz a capture mechanism cs —ud and we assign

3x10"135ec as the lifetime. For this particle, there are several judgement

calls to make, e.g.
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i)For semileptonic deca.ys,' what are the final states of the s3 system?
We choose 7,7’, KR, ¢. We must also not forget the pure leptonic ™,
mode!! ' '

it)Where do the s8 quarks go in the nonleptonic final states? Wa
take the partitions

F -» KKX 15%
X 15%
X 15%
X 10%

iii) What fraction of nonleptonic final states do not contain s§
(because of the annihilation mechanism)? We take

F-~X 30%

Amongst the decay channels with decent branching ratios we find

some familiar ones, such as K'K'r (2%) and $x (4%). The channels
20 7 (3%) and £ ¢« #"'x"(2.5%) look attractive as well. Also a nice one
-+ +

is KK'x'# (3%). To go much further appears to require good %
detection.

D. A _Decay

The A, (cud) can undergo a capture reaction cd - su, and we
assume a short lifetime of 3x10"'%sec. Because for capture the final s
and u quarks have rather large momenta relative to the spectator u
quark and to each other, we believe it likely that for this mechanism the
final baryon will be & nucleon. '
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For the spectator decay mechanism, the spectator diquark has [=0; if
matches best to final-state nucleon or A rather than I, We assume for
the nonleptonic processes

A > NEX 50%
AX 25%
X 10%

For semileptonic final states, we take equal probability for N and A, and
negleet L.

E. Decay of (use)’, ie. A"

This configuration allows no capture mechaniam; hence we choose a
lifetime of 9x10 !3sec. - In semileptonic decays the final ssu syatem can
find itself in =, AK, or LK final states. We partition these (rather
arbitrarily) in the ratio 2/1/1. Similarly, in the nonleptonic decays, we

chooae
ATezX 30%
ARX 10%
IKX 15%

NEKEX 3%

The promising decay modes seem to be =7« (7.5%) and, not

surprisingly (?!), the discovery mode AK™x'w’ (4%). The =°r" (3%) and
+ * -

2% x x (3%) modes look decent as well - assuming =° is easy to detect.

o

JF. Decay of (cad)®, i.e. A

This configuration is quite distinet from A’, inasmuch as it allows
.a c¢apture mechaniam cd — su; hence the lifetine and mix of final states
should be in analogy to Ac+. We take, therefore, the
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lifetime to be 3x10"%sec. The mix of semileptonic final states is the
same as for A": Z/AK/LK = 2/1/1. However for the nonleptonics we

choose
A% X 25%
AKX 20%
IKX 20%
NREX 20%
Promising decay modes appear to be AK r»" (5%), Kt x" (3%), and
pK'K'r" (3%).

G. Decay of T° (ss¢)

For this interesting baryon, the spectator model should apply, and
we take a lifetime of 9x10" %sec, and & mix of final-state baryons similar
to what was chosen for A" (usc)., For semileptonics we take 0/ZK =
2/1. For nonleptonics, we assume

T% 01X 30%
KX 20%
ARRX  10%

It is tempting to consider NKEKKX as well; at least a search for the
mode pK'K'K'r"r" might be well-advised!!

In addition to the discovery (?7) mode "K' r" (5%), favorable
channels inelude 07 + all charged (12%), and perhaps AR°K™x" (8%).
The mode AK'K'r'x’ (1%) is a long shot.

H. Decay of (ccu)'”

This doubly charged stable hadron would be wonderful to see
(literally; four times minimum ionization!). The spectator mechanism
should dominate; however, since either ¢ can decay, the lifetime is cut in
half. We take 5x10 *3see. The semileptonic branching ratio is still 40%.

O
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The final states will be rick in A" (cus} and A? (eds), along with
#*
DA, D A,*KAC, etc. In addition, we can expect considerable amounts of
J=3/2 A =* A + £. (The expected hyperfine splitting is ~ 200 MeV)

There is also another J=1/2 cus, cds doublet (the analogue of L°, A°
in the SU(4) 20 multiplet) sometimes called S; this pair is expected to
be ~ 100 MeV in mass above the A’s and decay radiatively to them.
We shall, in this case and hereafter, not distinguish between excited
hyperfine states of charmed baryon or meson systems, but assume that
these radiative or pionic decays are incorporated into the quoted

" fraetions.

Thus A stands for A .
(A,. — A7) J=1/2
(A — Ar) J=3/2

D atanda for D‘
D = Dr, Dy

Note that 2 prongs dominate the (ccu)“ decays; this is an interacting
“active target’’ (emulsion, streamer chamber, scintillating fibers, etc.)
signature: 4 x minimum - 2 x minimum, |
We partition semileptonic decays as follows
A/DA/DL/KA, = 6/3/1/2

Nonleptonic decays go according to a pattern similar to A" and T

(ceu) — AX 30%

ADX  10%
DX 10%
AKX 10%

~ Interesting final states include A" + charged #'s (6%), A%r"x" (8%), and
D°Ar'x" (5%), and A K'r'x" (5%).
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J. Decay of (ccd[f

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
A, We take 7 = 1.5x10° 13 gc. The total semileptonic branching
fraction, however, is the same as that of A, namely ~ 15%.

For ae:mleptomc decays the final state partitions are taken the ‘same

as for (ccu) However the capture mechanism should suppress A’s in -
the nonleptomc final state, and the DEN final state should aiso be
included. We choose the partitioning into nonleptonic final states as.

follows

(ced)” — AX 30%

DAX 30%
DIX 20%
Ki X 15%
DNEX 10%

Favorable decay channels, other than A + all charged (8% in toto)

appesr to be DAy’ (8%), DA (3%), DAr’ (2%), D pK'x" (2%), and

A KT (3%).

K. Decay of |ccs|+
The spectator model should apply here; hence we taia a lifetime of

5x10'135ec ‘and total semileptonic branching ratio of 40%. The partition
among semileptonic final states is taken to be

T(ssc)/DZ/RA(qsc) = 2/1/1

=
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The nonleptonic decays are given the partition

(ces) — TX  25%
DX 0%
AKX 15%
AKKX  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 MeV,

Interestmg nonlept.onu: ﬁna.l state modes 1nc!ude T° + all charged
(9. 5%), D% " (2%), A°K'r' 7" (4%), and A, "ROKxr" (7%).

L. Decay of !ccc)”

This most elegant of the charmed baryons is of marginal
accessibility, but would be a most impressive state to observe. The
spectator mechaniam evidently should dominate, and we take a lifstime of
3x10"134ec. and total leptonic branching fraction of 40%. Doubly
charmed baryons should dominate the final states; we take a pmmon for
semileptonics of

(cea)/(cen) /(ced) = 3/1/1

For nonleptonics, we include token Mu of DA. DDA final states are
barely above threshold, and probably can be safely ignored. We take for
the nonleptonic partition

(cce)™ —  (ces)'X 35%
(ecu) KX  10%
(ced) KX 10%
ADX 5%

Favorable nonleptonic modes include (ces)” + all charged (12%),
-+ 1- J

(cer) " K'x" (2.5%), and (ced) K r"x
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OI B - Decays

" A. General Remarks

An easy model for B-decays seems to work in interpreting CESR
data on B-meson decays, Not only is the ‘“spectator’” model expected to
be dominant (corrections will be discussed later}, but a “‘factorization’
approximation seems to be reasonable as well. By factorization (Fig. 2)
we mean that for nonleptonic decays, we replace the iepton pair by a
quark pair (ud or cs) which fragments into hadrons independently of the
c-quark and the spectator quarks present in the parent hadron.

The P.+y2_ mass distribution from semileptonie b-decay is
straightforward to calculate, and is exhibited in Fig. 3. The M2
distribution is essentially a quarter of a circle, with endpoint at M? ~ 10
GeVZ. When the Ly, is replaced by ud, the finsl hadron system in the
rest frame of the ud pair will be an isotropic distribution of pions.

Taking
M-
= _ _ud
1 = {00MeV

as before givén a reasonable charged multiplicity (e.g. _nch = 5 at the y
mass), although perhaps a little on the high side. This ud system will
hereafter be called the ‘“‘virtual W, | '

Th: c-quark from the b-decay is sssumed to fragment only inte D
and D'. If the virtual-W system has low mass, the c-quark will have
relatively high momentum (~ 2 GeV), and it may not easily combine
with the spectator system into a ground state hadron containing hadron
quantum numbers. Nevertheleas the c-quark is only semirelativistic (7 <
1.5), so that it need not generate a jet of qq pairs in its own
hadronization.
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All this defines an essy phenomenology. The first problem is to
estimate the pion multiplicities associated with the TWd ‘“‘virtual W”. We
divide the “W” masses into five bands centered at 0.8, 1.3, 1.9, 2.4, and
2.8 GeV; for each interval we compute T and distribute pions according
to our Poisson distributions, finally collecting together the decay rodes in
Table I (Appendix). While multipion final states are prevalent, they are
not overwhelmingly dominant, We see that ~ 25% of the “W?* final]
states contain no missing 7°’s, and that the mean charged ‘W’
multiplicity is 2.9. We note that CESR quotes |

E
B—-D D =+ ({nch:‘» = 3.4) Nonleptonic
*
B-—D, D + ({nch::r = 0.2) + P.'il'p‘ Semileptonic
implying an experimental “W” charged multiplicity & 3.2.
Thus far we have neglected less common, but very significant final
states. On the semileptonic side there is b -'cr":'f,r. suppressed by phase
space by a factor ~ 3 relative to the ce v, or cp ¥,  channels.

Nonleptonically, the c¢s final configuration is also suppressed relative to
¢id by a factor 3. We take the fractions to be

h - ceTe 16%
cA U 16%
A
TV, 5%
cud 48%
ccs 16%

The mass-distribution for virtual W -~ cs is shown in F:g. 3. The lowest
20% of the mass dmtnbutmn in dommtad by F and F higher up there
should be a strong D, D + K, K component. We take

g = F 20%
FX 40%
DKX 40%
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In the above and hereafter we do not dimi_nish F from F* nor D from
x

D.
Finally we note the rare but important mode
b =+ sy

with 1% observed branching ratio. The residual s-quark has a.
momentum of ~ 1.8 GeV in the laboratory frame. This implies (for B
or B d) a mass of the residual =q system ~ 1100«500 MeV. This implies
the mean number of additional piona is rather small (2 ~ 1.3+1.3) and
reasonably large exclusive branching fractions (relative to b —+ ¢ + all)
can be expected. ‘

B. Decay of B’

Nomenclature for B’s ia miserable, but we don’t fight it: B; = Pu.
The spectator system is taken to be 30% D°X with a Q-value of 300
MeV (i = 0.7). We aiso admix 20% D'r'X. The table can be
matmtly constructed from the pre:edmg material. Recall that D and D
are not distinguished here; & D /D ratio of 2s1 is a reasonable choice.

We see that favorable nonleptonic search modes include D? + all
charged (11.5%) and D°F” + ail charged (4.5%). Of the final states
containing ¢, the modes § + all charged (0.2%) and ¢K°r" (0.35%) are
“accessible”,

C.. Decay of B‘;

This meson, potentially important for CP violation and mixing
studies, can decay via ‘‘capture’”: Bd —<¢u. Relative to the D°, this
effect should be of diminished importance. Specta.tor decny widths scale
roughly as ('.'Q-vnlm':)5 while capture goes as (Q-vnlue) For spectator
decays, e.g. B and D’ , we have
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5
(") & 1(B") = (‘j’rﬂ) vy d? 10"
' D

Taking |V, |2 ~ 5%, this gives

2
Q)" w20
Qp
and for the suppression-factor, Q 2
D 8 (0.3)

However, the capture 'a.lm depends upon lf(O) Iz, the square of the wave
function at the origin which probably increases somewhat in going from
D to B (we take 25%). This leads to the estimate

Charm _ Bottom
Spectator width 104 25ect lﬂlzm'lf
Capture width 1.5x1025ee"1 55x1012gec”]
Total D°(B%)width 2.5x10"%sec’l = 1.55x10'%uec)
Lifetime 4x10 " 3gec 6.5x10 1 35ec

We round off to 7x10™*¥sec. (The message here is not that capture
effects are this important in B-decays, but that they may be important)

Final states from the capture mechanism are emergent from a ‘‘two
jet” cu system; essentially D + jet of pions. A rough estimate gives a
mean pion multiplicity 1 ~ 5%1. We assign the total semileptonic
branching fraction to be 25% and give 30% of the total width to the
capture process. Note that the multiplicity from the u jet is different
than from “fragmentation” of a low-mass *‘virtual W ud system; it is
bigger! |

The favorable nonleptonic search modes are similar to B;; D? + all
charged (4.5%), D° + all charged (9.5%), and D"F" + all charged (2.5%).
The $K'r" mode (0.35%) looks especially nice.
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D. Decay of g2

There does exist & capture mechanism bs —»cec for this mode, but
phase-space and dynamical suppression probably makes it less
consequential than for B g o8 far as overall lifetime is concerned. We
give it an overall branching ratio of 5%, just for the record. The
remainder of the phenomenology closely follows that of the B;. While
the F~ final states presumably dominates both semileptonic and
nonleptonic decays (according to “‘factorization’’) there may still be a
significant fraction of DK as well. We assign 20% to these modes.

Note no DD + r's are included in the table, despite an assumed 5%
total branching ratio. This is because the Q-value is so high that no
single mode has a branching fraction 3 0.5%. Favorable nonleptonic
search modes include F~ + all charged (9%) and (?) F'F' (2.5%).
Decays into y + all charged (0.1%) and $K_ + all charged (.15%) are
available for studies of mixing and/or CP violation.

E. Decay of B

This difficult meson is an average of y and T. Either b or c can
decay via spectator mechanisms, and in addition there i s capture
mechanism Bc - ud, ¢8. We assign a lifetime of ulﬂ'um, with 10% of
the total width allocated to capture. The semileptonic branching ratio is
~ 40%, with partition as follows

B /B_K/BK/DD/1 /9 = 6/1/1/4/2/2

Factorization then determines the remaining nonleptonic modes.
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The B: has a pure leptonic TV, mode which may be suppressed
considerably by helicity conservation., The estimated width is

(MB Sk

Mgp

- 2-
r(be—7v,) _ lFbc

- 2
(s —1v,) IF cs ‘
= (5=37)x(3.1)x{.05)
=08 =« 0.5
For the F, the estimated branching ratio is 2%. Here we take-l.E%.

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

We note that ~ 8% of the B: decays go through the §. Thia may
be the most promising mode to pursue. Other candidates are B + all
charged (11%) and DD + all charged (4%).

F. Decay of (bud)® or Ag

This ground-state bottom baryon can decay viz a capture mechanism
bu-— cd analogous to that present in Ac. The estimate made for Bg
applies here, except that we should normalize to Ac, not to D°. We

may write
ot T *
B . 0.8 + 04 D
"bud The
or
Nonleptonic capture rate 0 D+ . )
Nonleptonic spectator rate Tac

For our choice of Tpy*/7, = 3 we g_et"rb“ = 6x10 133ec along with a
very appreciable capture rate,
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The presence of “‘capture’” leads to a ‘more energetic final-state c-
quark and an enhancement of DN final states; hence a significant
breakdown of “‘factorization”. For the spectator modes we take the ratio

AL/DN = 4/1

as for semileptonic decays. For the capture modes we assign the
partition

AZ/DN = 1/2
Significant decay modes include A: + all charged (7.5%) and A:F’ + all
charged (2.5%). The ¢ decay modes appear more difficult than for the:

B-mesons, with y£* + all charged (0.08%) perhaps the best bet.

Note that the other J=1/2 bud s-wave baryon and its J=3/2
hyperfine partner are expected to be more than 140 MeV above the A;.

G. Deecay of E? (bus)

This baryon has properties very similar to the bud iuuyon. The
capture mechanism bu — ¢d again exists, and we again take 6x10"135ec.
as the lifetime. For semileptonic decays we take a production ratio

A'/A°/AK/DY = 4/4/1/1

For capture modes the ratios are assumed to be

A’/A°/AR/DY/DEN = 1/1/1/1/1
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The large variety of final states dilutes branching ratios; the most
favorable would seem to be A + all charged (4.5%), and AF™ + all
charged (3.5%). In the § modes, 92 + all charged (0.15%) seems
somewhat favorable.

H. Decay of ':'" {bsd)

This baryon has no capture mode; we take a lifetime of 10 1%sec and
a 40% total semileptonic branching ratio. The partition in semileptonic
modes is taken to be

A/AR/DY = 8/1/1
Factorization implies the same partition for nomleptonic decays.

The decay modes of (bsd)” seem somewhat more friendly than (bau);
promising modes include A + all charged (7.5%), AF~ + all charged
(3.5%). The ¥ modes include y2 + all charged (0.2%) and 9AK™ (0.2%).
This iatter mode may be diluted by partition into $IK"X modes, which
we have here (unjustifiably) ignored,

J.  Decay of 0, (bss)

This baryon also has no capture mode, so that its phenomenology is
similar to the (bsd)”. The semileptonic {and nonleptonic) partition is
taken to be

T/AK/ZD = 8/1/1

Notice that because the final state is often T°, of order 50% of the final
states are in one-prongs! Promising decay modes inciude T® + all
charged (9%), TOF" (4.5%), 90" + all charged (0.1%), and 92 'K'r"
(0.1%).
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K. Decays of beu, bed, bes ‘"

These baryons are probably only marginally accessible, and the ennui
of this writer prevents him from forming compendia for these decays,
This lack of enthusiasm is compounded by the complexity of the decay
schemes., There are two competing spectator modes

b=c+ W (lﬂuuc'l)
c—s+ W (lﬂlzsec']‘)
along with the capture mode,

be = cx (2::10123&'1)

which we guess to be enhanced by a large |f(0) |2 for the be diquark.
In addition, for the beu there is the capture mode

bu —ed  (0.8x10%2sec})

while for bed one has

cd = su (1.5x1012=e¢'1) ‘

This leads to the expectation that, of these three baryons, bed has the
shortest lifetime and bes the longest. We guess as follows:

(bew) T = 2x10 13see
(bed) r = 1.5x10" 3sec

(bes) T = 2.5x10" 3sec

However, if the A: lifetime is shorter than our estimate of 3x10-lasec.,
the estimated lifetime for the (bed) should be reduced accordingly.
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TABLE II. Deeay Modes of the Virtual W age 21

W =ud
MW GaV E Frutiog Exelusive Inclusive
1 3 5 7 9 1 3 5 T 9
0.6+0.4 >05 13% 5% 05% —~— — @ 12 1% — .- —
1.320.3 2.3 20% 2.0% 30% 1.0% — — 10% 8% 2% —
1.9+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% - 25% 10% ™% 1% -
2.820.2 8.0 19% —  0.5% 1.0% 0.5% 0.5% 2% 9% 6% 2% 1%
Sum 99% 9.0% 7.5% 4.5% L.5% 05%| | 35% 41% 19% 4% 1%
Exclusive fraction = 24% 'nch = 29
W =+ 3
F’ (60%) F, , 20%
Frrw, 5%
Frrarx 0.5%
F 10.5%
* 0.0
Fr0n050 ’i’:ig
Frox 3
Frrrs® 1%
D'K°X (10%) D.K® 2%
(m=L1.5) DK r 1.5% .
D K%° 3%
e,
rrr 1
D'K'rX (10%) D'K's 8%
(1=0.5) D'K'ry° 3%
(]:f'K*X) (10%) D :+ 2%
n=1.5 DK »rx 1.5
DK’ 0 3%
DK x°r° 1%
DK s »»° 1%
D°K°r"X (10%) D°K°x’ 6%
1=0.5) (10%) DK°r"#° 3%



A dix: Estimated Decay Properties. of Hadrona
Conta.inmg Charm an% Bottom Qqus

D" ( cd) m=1870 7_29110'133&.

Semileptonic Decays -

e:uex 20% Kf’e:u! 8%
B uﬂx 20%) K xr e v 8%
K're fe 6%
Nonleptonic Deacays
KrrX (30%) Kr.x, 8% H,u
@=1.4) Kr'e's's 4.5% e
Krrx° 10%
K:r:r:#:tg o %
Krxr7x 1r° 1%
Krrrxxrr 2%
E°r'X  (30%) Kor, | 3%
(r=24) Kor+1r O 4.5%
K'rrrryx 1% 5
ot 0
Koo g
KorJ*w_iro 1.5%
KJJ_._:_IO o 4.5%
Rorrrrr o 15%
K'rrrxrx'x 1%
Prong Distributions Accessible Fractiona
Prongs Semileptonic Nonleptonie Total 13% all charged
. 9% X + all charged
1 28% 15% 43% :
3 12% 33% 45%
5 - 8% 8%




D° (§) m=1870 r—dx10  osec.

Semileptonic Decays

* -+
evX (9%) Ke v 4%
X EQ%} K?#;ﬂ:ue 2%

# Kre Ve 2%

Nonleptonic Decays
3.5%

KrX (40%) K'x_ | _
n=2.4 Krrr _ 5.5%
Krrxrrx 1.5%
-+ 0
BT 4%
Ko xn1 2.5%
%_nr*r_wo o 5.5%
K:::::;;;?:fxg L5
RKrrrranx 1%
., OO, 3
Ror s v 'r'r's  0.5%
R%° 5%
K:l:lg o 3%
K oFoToo o 3%
K'vx'x'x 1%
Ko 'xx° 7%
Ror x1%° 4%
K% rx°»%° %

K:‘l:l:l':t:l‘g o L5%
Krrrrrex 1%

Prong Distributions Accessible Fractions
Prongs Semileptonic Nonleptonic Total 11% all charged
9% XK + all charged
a - - 12% 12%
2 16% 7% 55%
4 - 21% 1%
-] - 3% 3%



A%

" {c3) m= 1075MeV _ r = 3",.9-13#_" ‘
Semileptonic decays
e:ux %) K Kew 1.5%
45X (7%) KOR%'S 1.5%
T (2%) pey, © 232
qe 1
‘yﬁ 1%
Nonleptonic Decays
K'KrX (5% KK 2% X (10%) prt
@=1) K K‘r* “x 0.5% &—1 4)( ) z'x*x*r' 13%
- # -
U, e %
(_ '0)+1+X (5%) K°K'r's" 5% 71y 5 ,° 1%
S
K'K°%  (5%) E°K] . 0.5%  ¢r X (15%) ¢
(M=2) KK 'x'x 0.5% ﬁ=1.3)( ) :#+1+l. ;g‘é
‘ RK x 1% T x° |
R°K. ff: o 0.5% gr*up’r“' 1:%
RK ' rx° 0.5% e 1%
K°R°r'X  (5%) K°R°" 2%
(@=1) KOROx's"s" 0.5%  1r'X (30%) 7.7 3%
n=4.0 Lk kK 2 2
K°R%%"»° 2% (3=4) :r*:r"r*:*’r"t'x" gg%
(15%) 9, 1.5% 12 2.5
'(7“_2 3) nrrr, 2% 7.1°2° 2%
mErrr 0.5% r 122%° 2.5%
e . OEA 4.5%
¥ AL Ay
g :rgir: o 1.5% r:'*’.:'o'o'o g%
ey 1.0% AL 1.5%
g:: °'° ig N EEE 1.5%
Prong Distributions Accessible Fractionsa
Prongs Semileptonic Nonleptonie Total ng ;ll chunll gcl;d 1
+ all charge
1 9% 27% 38% 1% 7 all chuged
g 5% 37% 42% 35% ¢ ¢+ charged
3 - 11;/2 11% 6% KX + all charged




Ad

-

- _ =13
A cud m = 2280MeV T = 3x10" Vaec

Semileptonic Decays

e:ve)JCc {7@ .;t{e:h' . 3;
v 7 LN 2
v Eu?zen/: 2%
Nonleptonic Decays
Ar'X (25%) Ax_ | 5% pK'r'X  (15%) pK.-l‘: . 7%
(@=1.7) Axxx, 4%  (v=0.7) pKr x v 1%
AT sy 0.5% pK r x® 5%
.o pK x 721° 1%
Arxd 7.5% pPK'r'r r9®  0.5%
Ar gt o 2.5%
Az 20%0%] 1% pR°X  (15%) pR? . 3.0%
Avxwx o 2.5% (@=1.7) pRor'x 3.0%
Ay £ 2% 1% p'%gx: o 4.5‘52
. . PA XX 1.5
CreX (3%) Urix, 2% pRor r'r° 1.5%
(5=0.8) P ar 1% e .
0 o + nK'r # X(5%) nK'r~ 5%
N (__1 X ) (3%) g oFe + . Oég (n=-0.3)
n=1.6 3K .
Pt o o 0.5% aR°r'X (15%) nK°r: . 7.5%
. ... (n=0.7) nK°f+r T 1%
r'x (4%) L x x 0.5% oK r, ° 5%
(d=2.6) L 1% | nKox wor’ 1%
DI 0.5% oR%r 1 #'x° 0.5%
Lrrxx 0.5%
Prong Distributions Acceasible Fractions
Prongs Semileptonic Nonleptonic Total 8% all charged
‘ 10% A + all charged
1 10% 42% 52% 6% K + all charged
3 4% 31% 35“/;2 4% L + all charged
5 - 2 2 ' ‘




e v X
AV #x

A" (cau)

13y,

Semileptonic Decays

(%

(15%)

(15%)

(5%)

(4%)

Prong_Distribution

Prongs Semileptonic Nonleptonic

1
3
3

30%
12%

=2460MeV T=9%10 “sec. .
§?e:ut 6%
et I
AK e u: 3%
AR 1o v, 1.5%
AK'x e v, 1.5%
)X Koe v 2%
I°K % y: 2%
Nonieptonic Decays
- *-, *,
C ok 75% L['K°X  (2.5%) [K° 0.5%
E'w:x:t;r' 1% (n=1.5) I R%%° 1.0%
3 0K 5
=1 x 1°n° 1% CKr'X (2.5%) LKT. 1.5%
o w (@=0.5) LK'r 1 1%
= 3
s 3% °R%'X  (2.5%) E°K°f: 1.5%
Ee e 4.52; (@=0.5) %K% 2° 1%
i 9k ¢ 4 1.5
A 1.5% I°K'r'f'X (2.5%) .
. (a=-0.5) K v 2%
mof‘_ o 2.5% o+ +
AR%x 1.5% L[RraX (25%) ..,
- . o% (n=-0.5) IK'rx 2%
AK x 4 ‘ .
NERX (5%) pKoK: o 1%
(®=0.7) pROK 1’ 0.5%
pRoK'y, 1.5%
nK°K%r 1.5%
Accessible Fractions
Total 85% = + all charged
= 6% Z° + all charged
33% 63% 1.5% K + all charged
18% 30% 4% A+ all charged
1% 1% 1.5% I + ail charged
2.5% AK® + all charged




A? (csd) m = 2480MeV o= 3x10']‘33ec. Ae

Semileptonic Decays

VX (%) Tew. 2% AK1%y 0.5
BX [7% E;x?e:pe 1% A%{ox'e*ve 0.5;?
g X 1% L K've ¢ 1%
AKe v, 1% - K% Y 1%
Nonleptonic Decays
=X (12%) =1, 2% KX (3% 'K 0.5%
{n=1.7) =y 2% (@=1.5) . ) £:K'1r;1r' 0.5%
. : LK 1
§_"J§ o 4% .!‘.°K°X %) I°R° ?
Rkt 1 3 5 0.5
e e 1% (a=1.5) (3%) IR r 0.5%
-0 -0 * - .
9% (12%) 2% 1.5% I°K%° 1
(1=2.7) Eat M X 0.5% %
o0 L°R°X (3%) I°R°, 0.5%
20" 0 f% (a=1.5) L°R°r"x 0.5%
e 0%
ggr?r?r: . égg L°K%° 1%
=% 0 x .
% r'2°1° 1% I°K'r'X (3%) I°Kx” 2
2% r 1°r%s° 0.5% (n=0.5) (3%) %K r' s 1;5
AR%X (12%) AR® 1.5% L[R°%'X (3%) IR 2%
(@=1.7) AR®r % 1.5% (4=0.5) %) LK% 1° 1%
0.0 : —— S
KBRS 3% ’5,-3;_’5;," (3%) LKx'x 3%
AR®r x x° 1% - ' -
. . pR°R%r'X (3%) pE°R°r 3%
AK7'X  (10%) AKx) | 5%  (@=-0.3) ;
(m=0.7) AK'r 7 x 1%
AK w70 3% pR°K'X (6%) pK’K. ., 3%
AK's % 0.5% (a=0.7) PR°Kr'x 0.5%
I(:_tK;g )X (3%) g:%gw: o i% pR%K"1° 2%
n=u. r
pK'K'r' X (3%) pK'K'r 3%
(n=-0.3)
nK°R°X (3%) nR°KR? 1.5%
. @=0n) " BEOROr 1%
: nR%Kr'X (6%) nR°K'r" 5%
(2=-0.3)
Prong Distributions ' Accessible Fractions
Prongs Semilegtbnic Nonleptonic Total 3% ;a.ll charged -
0 - 4% 14% ;gg 0 11111 ‘i‘iﬁ‘i‘i
2 16% 47%  63% 3% KO + uil charged
4 - 12% 12% 6% A+ all charged
4% L[ + all charged
3% AK -+ all charged



‘ AT
T (sse) M _~ 2740 MeV r ~ oxigrl

Semilentonic Decays

e VX EZD% ge v, 8%
,u BX (20 ° e 4
# f;? 4%
...'K° ue 4%
Nonleptonie Decays
X (30%) 2°r. 6% °K'r'X (5%) K7 ., 2%
(@=1.6) R 5% (3=0.9) ) K x 0.5%
e xnrrrx 0.5% oum + 0
s ‘ Ky 2%
g-'*': o g% K 2 0.5%
T Ax .
D}}fw‘_’w" ‘ 1% AR°R°X (3%) AR°R? | 1%
g_r it +1r_r: o 3; (@=0.9) AR°R°s° 1%
TRy 1
o s o+ AR°Kr'X  (6%) AR°Kx" 6%
iEKr X (5%) ZK r, | 2% (2=-0.1)
(@=0.9 SR T x 0.5% .+ .+
0.+ o AK’Kr v X (1%) AKK'x # 1%
é%o'*'o o Ogg [@=-1.1)
=K% r'x .
z K' 'X (5%) ZKr'x 5%
=-0, 1) |
K% (5%) E°R2 . 1%
(a=1.9) %K% x 1%
z%R%° 1.5%
£ 0.5%
°R% " r'1° 0.5%
Prong Distributions Accessible Fractions
Prongs Semileptonic Nonleptonic Total lgg E * ﬁ c]]::rrgﬁ
T o+ charg
0 - 6% 6% 2.5% =K° + all charged
2 40% 35% 75% 2.5% =° . a.l.l charged
. 4 ~ 18% - 16% 2% 3°K° + all charged.
6 - 1% 1% 1% A + all charged

_ 6% A + all charged




APr X
(n=1.1}

= 3840 MeV

> >>>

+"

(15%)

-
ay

s}

Prong Distributions

Prongs Semileptonics Nonleptonic
38%

2
4
8

36%
4%

5%
1%

Semileptonic Decays

r = 5x10° 1333:

5% DoAT 1%
25% D ,;Ief,, ¢ 1%
2.5% D'L% 1%
3% K"A#e ; 1%
1% K A e V 1%
Nonleptonie Decays
15% D'AY'X  (5%) D'Ar’ 3
, gg (E=0.4) (&%) D Ax"x 13‘5

. DU x'X (5%) D°Ar'r 5%
1 ggg (m=0.)

1% D't'X (2% DI 0.5%
1.& (@=1.2) DL x° 0.5%
0.5% DIr'X  (4%) D'« 2%
5% (0=0.2) D% 2%

2% DIfr'X  (2%) D°°r'x 1%

5% (2=-0.8) DIlrrx 1%

1% AK°'X  (5%) A'R%f 2.5%
0.5% (d=0.8) AKOT 0.5%

1% A‘KJJ 1.5%

A:K r 1°2° 0.5%
+ - - -
(ﬁ:ﬁgrﬁ X (5%) AKTr 5%
Acceasible Nonleptonics
Zowd 76 A+ all coered
) +
4% 5% A_ + all charged
19% 3% AR + all charged
1% 8% DA + all charged
6% DI ~

A&




'y
(ced) _m = 3640 MeV 7 = 1.5x10 13sec

Semilegpénic Decan

+ + L.
evX (1%) Ale v 2% D2ke'v 1%
pX 27% Ad%elu, 1% DoAre% 0.5%
Arev, 1% E-Afe 5 0.5%
Kiev, © 0.5%
Nonleptonic Decays
ATX (15%) . ., . DIX (4%) DI° 0.5
(m=3.1) A:fﬂ . 2% (A=1.2) ) D 1%° 0.5§
Arzrx 1% D°r’ 0.5%
40 % DL"¢° 0.5%
A x%° 1% DIx'X (6%) D'L'r 2
AJ?_':?;S 1% (@=0.2) ) D%, 2%
Agaw 2% Di'rx 2%
Agrrx o 1% e . ..
A g axay 1% D°I'r'2'X (1%) D°C'«'x 1%
i JIIEA 82% (n=-0.8)
TR .

. AKX 8%) AR? 1%
A°T'X  (15%) Adr, , 1.5% (#=1.8) (&%) ARr'x 1§
(@=2.1) Adwrx, . 25% ATR?¢? 2.5%

NS A 0.5% A*Rx%x° 1%
. AR % 1 2 1%
ﬁg'*': o 113 KX % . .
Ik . " 7 AK'x 3%
A% x°x%° 1% (#=0.8) (%) N g 0.5%
Al x xx® 1.5% AK x #°
AT x Ao 1% AKx " xr° gg%
A% r %% 0.5% ¢ o
. DRNX  (5%) DK% 1.5%
D Aif.4 (10%) g +i .. fggg (0=0.3) (5%) D;%:nro 0.5%
n=1. ey . D 1.5%
- . D°K°11:f° 0.5%
D Ar0rd 1% DENsX (5%) DK%~ 1%
g +ﬁ: +:_ %y in?’g (4=-0.7) g +§:nl 1%
x 1
. | D'R’n 1%
0 O - +
% :3_3,‘ (10%) g °ﬁ:*,° g DR°nx 1%
Prong Distributions Accessible Fractions
Prongs Semileptonic Nonleptonic Total 3.5% A + all charged
45% A% + all charged
1 8% 45% 53% 11% DA + all charged
3 5% 30%  35% 8% DI + all charged
5 - 3% % 3.5% A_ + all charged

2% A®K® + all charged
2.5% IK® + ali charged
1% D + all charged



3300

m = 2800 MeV Al

- =13
T = 5x10 sec

Semileptonie Decays

e X (20%) T% 8%
s 15X EZO%; Tol'o:fya 4%
# =2D]e, v} 2.5%
ZPey 2.5%
AKeld 2.5%
A°K% ‘}e 2.5%
Nonleptonic_Decays
Tor'X  (25%) TOr, . 5% A'R°X (4%) A'K® 0.5%
(G=1.8) %:r:x .. 4% (m=1.8) ARy 0.5%
s 3 3P ¢ 0.5% o o
AK'rx 1%
T ad 7.5% A KR%%° 0.5%
T°t+sr°:ro o 25% AR% xx° 0.5%
T°'+f+#_ ’o 1% s - +
Tor 00 25% AKrX (4%) A K7, 1.5%
T s 1% 1% (n=0.8) A'Kxrr? 1.5%
®p'x  (2.5%) =°D . 0.5% A°R°r'X (4%) A°R%r" 1.5%
E=1.3) ggg::of 05%  (@=03) ) AR o 1.5%
- - -
=p%'X (2.5%) D% 2% (Aﬁof-orz;r X um A %
@=0.3) E ) i M 0.5% ‘R°1;°x - o
N A’R°K 3.5%) AK 1.5%
(s;n;f;;c (2.5%) :_f.:g:f* o 2;2 E=0.8) (3:5%) AKR°r® 1.5%
n=i{). = rr 0.5
. LEK*'X (%) ARK'« %
?_:D"; 7:)~ X 2%) =D 'x 2% ([E=0.2) (7%) i
N==l).
Prong Distributions Accessible Fractions
Prongs Semileptonic Nonleptonic Total 9.5% T° + all charged
7% =D + all charged
1 30% 28% 58% - 55% A + all charged
3 10% 28% 38% 2.5% AR + ail charged.
5 - 1% 1% 7% AK® + all charged




COALL

(cee) ™ m = 4925 MeV T = 3::19"13uc

e v X {ZO%; cea e v, 6%
s vxX 20% 1r°e A 4%
H ccs ') ey 2%
ccu) K au_v: 2%

ccu) K- e v, 1%

cen Ig Tev, 1%

ced K e v 2%

ccd K°1r° N 1%

ced) Kr'e ye 1%

Nonleptonic Decays

(ces)'*'X  (35%) (ces)ix, . 55% (ced) K°r'X  (5%) (ccd Kor, .
(n=1.7) ¢cs *r*,r*r; 5.5% ((' -)-0 é) (&%) {::d} Ro'x ggg‘é
. ces) TARX AN 1% o
ced) 'R 2° .
ccs :w:rg o 10% (ecd) KO0's Lo
ces) A XA o 3.5% (ccd) K2’ e X (5%) {eed) K x"x" 5%
ces) M v aTN 2% -0.4)
ces) N X AN 3.5%
ces) A ¥ A or0  LS% ADX (5%) A.D. 0.5%
ces) AT T 05% (m=1.3) ﬁ,,gorf o.sg
f
(cew) "R°X  (5%) { }“ ot 1% AD'x, | i%
(@=1.6) oy 1% A°D%r"x 1.5%
ceu) ‘Ko 0 1.5% | |
ccu K°r+ 0.5%
cen) KO #'wo 0.5%
(ceu) K 1'X (5%) Eccu K r+ . 2.5%
- (@=0.8) ccn) Krr o« 0.5%
(ccn) "K' f1° 1.5%
Prong Distributions Accessible Fractions
Prongs Semileptonie Nonleptonic Total 12% (ces)’, * nll charged
‘ 3% (ccu st all charged
1 s & BEviiEe
- _ ce charge
2 26% 30% 56% 3% {ced)"R® + all charged
3 8% 6% 14% 3% AD « all charged
4 6% 17% 23% ‘
5 - 1% 1%
8 - 1% 1%




AL

B, (Bu) = 5270 MeV_ 1 = 10" 12¢ee
Semileptonic_Decays .
e v 16%) DPe.v 6.5%
s 16%) Do n%’ 0.5%
T uf:, 5%) D?ar*e* ve _ 4%
Dxevw 3
e
Nonleptonic Decays
o _+ g + +
D°r'X (38%) go;*;x_ g% D{c3) (16%) ggF,, .. 2.5%:
O+ +" % + u +* s i%t
Dor a7 2% DOF* 10 -1 2%
Doy r Ay 0.5% it
DF'rx 1.5%
gol’: + neutrals s 3% D F*w+1r° 0.5%
7.7+ neutr 11
'Dgar * ar+’r ¥ +neutrals 5.5% D°D'K'x 0.5%
D'r 728 r raxr+neutrals 1% 'D°D°K°r+ 0.5%
Dr'r (10%) D-f:l: . 1% DD KX 1%
Drrrx. 1% D°D%Kx 2o 1%
Dy 0.5% . o
. KX (0.5%) yK_ , 0.1%
D’r _r_ : neutrals 2.5% (m=1.3) K 0.1%
D'x 7. 7.7+ neutrals 3% ' :
DIrrasr +neutrals 15% yK 7° 0.15%
yK xfr 0.05%
TR 0.05%
JK°r'X  (0.5%) 9K°r. 0.35%
(1=0.5%) yK°r"r° 0.1%

Accessible Fractions

Prong Distributions ‘
Prongs Semileptonic Nonlggtonic

Total 9% D° + all charged
25% D + all charged
1 25% 10% 44% 4.5% DF" + all charged
3 8% 23% 31% 1% DD * all charged
5 - 12% 12% 1%  DDK® + ail charged.
7 4% 4% 0.2% ¢ + all chuged
0.35% ’K + all charged




‘A\'!,

Prong Distributiona

Accessible Fractions

Qg@_d) M = 5275 MeV T = 7::10'133&\:
Semileptonic Decays i}
e:”e 10%) De Yo 4.5%
4V 10%) Dx 7e v 0.5%
T vf:_ 4%) D 01 e, u 3%
D% 2%
Nonleptonic Decays
D1 X (42%) D°x’ 2.5%+0.5%=3.0% D F %
Spectator:27% D_t:#:r:_ . 2%+1.5%=3.5% )’ 10%) g'§‘+1r+ﬂ' 0 g‘?:
Capture: 15% D s s xrx 1.5%+1%= 2.5% DF 2 1%
(@=4) Drresany 5%+0 = 0.5% D°F'r 1%
D'r. + neutrals 7%+5% = 12% DD'K'r, 1%
D r,%.%, + neutrals 0%+8% = 17% D'DOK%" 1
DA 7,740 + neutrals  4%+2.5%=6.5% D'D'Kr°X 1%
Dx 17 % xxx+neutrals 1%+ 0= 1% D DK#°X lé“c
22%) Dor, 1%+ 1%= 2% K'rX K2 &
Spectator 'TS/E D% t*ar'ir' 1%+ 1%= 2% ’=“r 035%) 1.7 o s
‘ o + . (_-n 0-3) ’K rx O.l.‘C
((za.pti):‘:e 15% D°r'rxxx 0%+0.5%=0.5% oy
n=>5 yK 0.35%) 9K° 0.07¢
D? ¢ neutrals 2%+ 1%= 3% (3=1.3) ( ) ;K"x*r 0.07%
D2r,x, + neutrals 2%+6.5%=8.5% ¥K°®  0u%
Dox 1r T.X_+ neutrals 1%+4.5%=5.5%
Dor's's ' xr + neutrals 0%+ 1%= 1%

Prongs Semileptonic Nonleptonic Total 4.5% D° + all charged
9.5% D° + all charged
0 - 3% 3% 3.5% DF' + all charged
2 23% 32% 55% 1% DD + a.ll charged
4 1.5% 31% 2% 1% DDK? + all charged
6 - - 11% : 0.25% 9 + all charged
8 2% 2% 0.15% yK? + all charged




v Al4

BO(Fs) m =53707 7= 103

Semileptonic Decays
e, (16%) Few . 6.5%
p% (18%) Fra's'y 0.5%
TV (5%) Fgle'y 4%
D°K’e, 1.5%
DK% 1.5%
Nonleptonic Decays
FrX (35%) F'rx, , _ 3.5% F(8)°  (18%) FFT 2.5%
Frxr, 3% F'Frx 0.5%
Frrxxy 2% ' FF.a° 2%
Feerrrny 0.5% F'D K «’ 0.5%
. F"DK° 0.5%
F'x, : neutrals 10% F'D Kr'X 1%
Fr 7% + neutrals 13% F'ODQKIOX 1%
Frxxxx + neutrals 5.5% D'KF, 0.5%
Froaxrsara + neutrals 1% DR°F 0.5%
- D°K'r"X  (4%) D°K'r. 0.5% yK'E'X  (.25%) yK'K" .05%
DQK.I:I*I'- 0.5% (a=1.4) ( ) :K:K'f:' 05%
D°Kx, + meutrals 1% $K'K'«° 05%
DoK't+l+l: + npeutrals 1.5% ' : |
D’K*' s 5 ¥ + neutrals 0.5% {_KOK")X - (.25%) ’Kg%: . .05:}6
. n=1.4 JK'K'r 05%
DR’r'X (4%) DXor, , 0.5% §K R r° 05%
DR rox 0.5% . . ‘
DK 7, ! neutrals 1% 9K K%X (25%) 9K “Kor 15%
DEK 7.7 o + neutrals 1.5% (n=0.4) JK K°r v 07%
DR’ £ 7 r# + neutrals 0.5% . .
“K'r'X (25%) 9K°Kx, 15%
n=0.4) FR°Kr v°  07%
Prong Distributions Accessibla Fractions D |
Prongs Semileptonic Nonleptonic Total 9% F° + all charged
1% D + all charged
0 - ~ 0 | 1% DK + all charged
2 A% 25% 56% 3% FF + all charged
4 1% 21% 22% 1.5% F'D + all charged
8 - 9% 9% 0.1% ¢ + all charged
8 - 2% 2% 0.15% 9K_ + all charged
1% DT + ail charged




E; (Be) m = 6300 MeV t = dx10" %see - ALS
Semileptonic Decays o
ey 16%) B%'v 6%
wv, 16%) B'K &y : 1%
i 5%) BgKle - 1%
DDea *ve 2%
D°D% 2%
.8 Ve ¢ 2%
¥é v, 2%
TV, - 1.5%
Nonileptonic Decays
B%'X (20%) B°r. 8%  D°D°X (7%) D°D°r" 1%
(a=1.1) B x'r 2.5% (7%) DD " x 0.59’2
]
B%% | 7% DD + neutrals 1.5%
B:I';‘l':fg L5% Dngir:x:r}g.eutrm 2%
g.;*f*x_ 0."{% DD r x 1 r +neutrals . 1%
TYy
8
. . 7.X (6%R) n.x 0.53%
B KX (1.5%) B K° 0.5% ¢ ey 0.5%
(@k1) BUK°s° 0.5% ¢ '
[+ +
. . £, * neuirals 1.5%
BKTX (1.5%) BIK't" 1.5% 3:::::{ + neutrals 26
(T:.“=n) N 71 + neutrals 1%
BIR°F'X  (1.5%) BIK°r 15%  9X  (6%) g, 0.6%
@Lo) pralr 04%
. rTYrrx 0.2
BRK T 7'X (1.5%) BIK'r'r" 1% ”,, )
(T.-Ld=-1) : $7_ * neutrals 1.5%
. - . ' fr T %+ neutrals 2%
D DX (7%) g*g"" .. Oég §7 T £ *x + neutrals 1%
Ty ‘ . :
DDy xxx 0.5% J(E(alel) pions) (§%) No tabulation
n=
D.D’x, : neutrals 1.5% _
D Dz« x_+ neutrals DKX (5%) No tabulation
DDrrzxx + neutrals 1% (n=e6)
Prong Distribution'.‘ Accessible Fractions ..
Prongs Semileptonic Nonleptonic Total 1.2% ¢ + all charged
4.5% ¢ + all charged + neutrals
1 30% 25% 55% 8.5% B, + all charged
3 8% 19% 25% 25% B, 4 * al charged
5 _ 10% 10% 2% B ’g'K + all charged
7 4% 4% 4% D% all charged

* 1. & ¥ are taken as zero prong (!)




D'or'X
apectator:
capture:;

(i=4.5)

D*pir'r']{
spectator:
capture:

(5=3.5)

D°nX
apectator:
capture:

(n=5.5)

PP X

spectator:
capture:

: A2 (bud) -1 m = 5600 MeV. 7 = 6x10 Usec
’-Serrﬁi‘en tonic Decaﬁ : ”is -' o
(10%) Aiep, 6%
o) hede- 2%
neIf:e 1%
D°pe v, 1%
Nonleptonic Decays
(37%) A’ 1.5%+0=2% A@yX (8%) AF 2%
25% ) IRy 1.5%+0.5%=2.5% ¢ R £ 1%
12% ﬁ:tg,f::r'f 1%+0.5%=2% AFay, 0.5%
I NN TSNS 0.5%+0.5%=1% ADK &, 0.5%
c .l:D K’ 0.5%
Ax, ¢ neutrals 6.5%+1.5%=8% .
A, Ay + neutrals 8.5%+5%=14% DN{cs)’X (2%)D nF~ 0.5%
LICIEIE K I neutrals 4%+3%=T% D pF 0.5%
A7 x 2 50 % +neutrals 0.5%+0=0.5%
. e F‘Yx (0.04%) A , _ 002%
(8%) D nn ny 0+0.5%=0.5% n=2) pAx ¥ 002%
3% Dnrwany 0+0.5%=0.5% PAx 005% .
5
D.nx, + neutrals 1%+1%= 2% L 002%x2=004%
D ns ¥ % + neutrals 1%+2%= 3% gL man v 002%x2=.004%
Dnt s xxx + pneutrals 0.5%+1%=1.5% ¢ 005%x2= .01%
(5%) D.pry 0.5% NX(0.02%) #Kp .005%
0 D, pr x_ + neutrals 1.5% n=1})
6% D.pr rx s + neutrals 2.5%
Dpr 2 vas s +neutrals - 1% Prong_Distributions Accessible Fractions
(5%) D°n + neutrals 0.5% Prongs Semileptonic Nonleptonic Total 7.5% A + all charged
0 D:n‘l:ll + neutrals 2.5% 2.5% A + all charged
5% Dnrx xw + neutrals  1.5% 0 - 1% 1% 1.5% IF + all charged
2 25% 21% 40%  .01% ¢Y + all charged
o b .. 4 - 28%  28%
(8%) D prn ¥y 0+0.5%=0.5% 6 - 18%  16% -
3% Dprransx 0+0.5%=0.5% 8 - - 3% 3%
5 , _
Dupl; + neutrals 1%+1%=2%
Dopl+:;l' + neutrals 1%+2%=3%
D7 » £'x 1 + peutrals 0.5%+1%=1.5%




£0_{bus) m_= 5800 McV 7 = 6x10 sec

- Semileptonic Decays =
5 + . b
- eV 10%) A eV 3%
ot (10%) A'2°5F 1%
T (1%) Alr eVl 1%
A R% S 1%
C e
Nonleptonic Decays
A'rX (22%) Alx; 1%+0=1% ARX  (8%) ARSsax 0.5%
Spectator: 14% A AN ' 1%+0.5%=15%  (1=85) ARy y 0.5%
Cag}ture 8% Arxmxan 1%+0.5%=1.5% f o
n= ' A K's" + neutrals 1.5%
A::: + neutrals 3.5%+1%=4.5% I‘Kol:f:t:_ + neutraly 2%
A 5 5% + neutrals 5%+3.5%=8.5% AR 2" 2 A x +nentrnls 0.5%
A S %858 + neutrals 2%+2.5%=4.5% f
ATzTnrrsx + neutrals 0.5%+0.5%=1% AK : neutrals 0.5%
) LK x5+ neutrals - 2.5%
A°X {12%) A:t:f+ . 0.5%+0=0.5% AKr s x + neutrals 1%
Spectator: 4%  AY.NAF 0.5%+0=0.5% . ‘
Capture: 8% A rnsrnx 0+0.6%=0.5% Afca) (5%) AF ' 1.0%
(H=8) o AFrd 1.5%
A_ + neutrals 1%+1%=2% AFsw : 0.5%
A 7.7+ neutrals 1.5%+3.5%=5% . . '
ADK 5 90+ neutrals 5%+2.5%=3% A% (cB) (5%) A°Fx, | 1.5%
AT AT EXY + neutrals 0+0.5%=0.5% A’F sy 0.5%
A'r s s x rxxy + neatrals O+0.5%=0.5% A’Fx o® 0.5%
DYX (12%) {Too many modes to tabulate) =X {0.3%) ¢9='x. 0.1%
sE_ect:tm: ;% (f=2) fE;:r*s" ﬂ.la
apture: §= 0.05
(m=5) 9=24° 0.07%
_, E T, . :
: ot A 0.05%
DRNX (8%) (Too many modes to tabulate) .- .
(n=3.5) JRYX  {0.3%) yAcK x 0.1%
_ (m=1) PACK® 0.05%
Prong Distributions Accessible Fractions ”“:K * ) '_]'ﬂs%
@ Semileptonic Nonleptonic Total % A+ all charged ‘K
Pronge Semileptonic Nonleptonic Tatal o Ao s U charsed 'EOK‘% gg:g
o - 2% 2% 1% AK® + all charged LK, :
7 % 1% % 1L5% K°F+ all charged LKy 0.03%
4 - 20% 20% 2 ATF + ol charged .
L] - "% oK 0.15% §2 + all churged
s - 2% 2% 0.1% A + all cherged




- - - www - e L) o tmnm

¥ o

: — EVE
. Semileptonic Deca: = (bds) m = Sﬂ‘ww T= {ID.S
3 fem e 2
bV eV
T (%) AT, 3%
AKey 1%
LR, 0.5%
Ax e""q .. 0.5%
D°e7, 1%
Norleptonic Decays
ATrrX (20%) Alrxr 2% ATN@)X  (8%) ALY 2%
Arrrr 1.5% AFrey  05%
INEXR XX 3 5 I 1% AFre 05%
Arrrrrsry 0.5% ADKrr 05%
. A DRrr 0.5%
A rx + neutrals 5% o
A7 2% + neutrals % AT(G)X (6%) A°F 1%
AT X XXAT + neutrals 3% A%Fr° 1.5%
AT rrxrrany + neutrals).5%
i ) =X (0.5%) ¢=” 04%
ATX  (20%) AT, 1% (8=1.8) Sy .04%
Acror s 1% =2 07%
Arsrxx 0.5% o
. =% 0.1%
Agar+ + neutrals 5% ;E"r'r“ 0.1%
A Xy + neutrals 3%
AT ATXN + neutrals 3.5% JRAX (0.5%) yAK 0.2%
AT T2 A0 AN + peutrals 05%  (@=0.5) yAK 1° 0.1%
. yAR%x 0.2%
ARX (5%) AKx 0.5% |
A:K:sr: + neutrals 0.5%
AK 7y x5 + neutrals 1%
AKxxxs + neutrals  0.5%
AR®r'x" + neutrals 0.5%

AR r'x"x + neutrals 0.5%
A:Kofr*x'r'r'r' + neutrals 0.5%

DAX (5%) D.Axx + neutrals 0.5%
D Ax rx x_+ neutrals 0.5%
DArxxrxf + neutrals 0.5%
. D%r 0.5%
DoAx, + neutrals 0.5%
DoAr x.x_+ neutrals 1%
DAx x 1'% + neutrals 0.5%
Prong Distributions Accessible Fractions
Prongs Semileptonic ‘Nonleptonic Total ‘ 5% A; + all charged
' 2.5% A" + all charged
1 16% 11% 27% © 3.5% AF + all charged
3 19% 21% 40% . 0.2% ¢Z + all charged
5 - 17% 17% 0.2% ¢AK™ + all charged
7 o % %
9 1% 1%



AL

ﬂ‘ (bas) = 6100 MeV r = 10" 240c
Semileptonic DQCH.E‘ -
T
eV 18%) T 7 6%
gt ;16% T22%8y 6%
T (%) A K e 1%
Ao, 17
2°D0e 7, 1%
ZDev, 1%
Nonleptonic Decays
T%r'X (40%) T°r’ 3.5% TOE)X  (13%) TOF 4%
TOr wr 3% ©) (%) ToF 72 0.5%
Tox, 1,5 2% TOFx 1.5%
sl OF AP oo 0.5% TOF »° 0.5%
T°1r + neutrals 10% TDD'KD 0 0.53%
T 1r 7.0+ neutrals 15% T°D K r 1%
T r x TX T + neutrals 5.5% T°DK x * x° 0.5%
Txrxirwﬂr + neutrals 1%
Tor'r 2’ £y + neutrals0.5% ToDOK ¢ 0.5%
, . : T°DK%r" 1%
AEX (%) A _K'x ¢+ peutrals 0.5% T°D°R%»° 0.5%
A K x 1r+ + neutrals 1%
AKxrxrar + neutrals 05% ¢'X (0.5%) 90" .05%
(n=2.1) W r 07%
A%R%r, ; neutrals 0.5% |
APR%r x"x_ + neutrals 1% 1%
APRPr s 2" r' % + neutrals  0.5% fﬂ'xfrc" - .05%
om0 yo'r 1 x° 05%
DX (5%) =D 7, + neutrals 0.5% '
~°D°1r 1.4+ neutrals 1% 9$R=X (0 S%) 9K = x 0.1%
D" r 1 r + neutrals 0.5% (T=L.4) ¥K%%r 0.1%
=D 7] + neutrals 0.5% yRO:" 03%
ED 7 1.1 + neutrals 1% ) . 03%
DY A XY + neutrals 0.5% yR%x° 05%
9K 3%° 05%
Prong Distributions Accessible Fractions
Prongs Semileptonic Nonieptonic Totai 9% T- + all charged
4.5% T°F + all charged
1 30% 22% 52% 0.1% 90" + all charged
3 5% 23% 28% 0.1% ¢=K'r + all charged
3 - O 11% 11%
7 - 3% 3%
9 - 1% 1%




