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Abstract

We consider weak decays of heavy hadrons (bottom and channfeie the heavy quark acts as a spectator. Theses
decays are heavily phase-space suppressed but may becpenamentally accessible in the near future. These decays
may be interesting as a QCD laboratory to study the behawbtlre light quarks in the colour-background field of the
heavy spectator.
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1. Introduction

Weak decays of heavy hadrons play an important role in sgapin understanding of heavy quark physics, see [1] and
references therein. Aside from the decays where the heaaskgundergoes a weak transition, there is also a class of
decays in which the heavy quark acts as a spectator and theyligrk decays in a weak transition. Depending on phase
space, this can be either— u or in one case alsd — u transitions.

Due to the very small phase space available in this classoafydefor charmed (strange) and bottom (strange) mesons
only semi-electronic decays are possible. While the sniafp space substantially suppresses these decay modegy mak
them dificult to be observed, the small phase space allows for saiafétical predictions, since all form factors need to
be known only at the non-recoil point.

For some of the heavy baryons we can have - aside form theedenironic and semi-muonic decays - also nonleptonic
(pionic) modes. However, due to the small phase space theipiguite soft in the rest frame of the decaying baryon,
which will make the observation of these modes quitédalilt.

Since thes — u andd — u transitions have been investigated in all detail in ordjrtzata decays as well as in kaon
and hyperon decays, there are no expectations to becomveettsany physics #ects beyond the standard model in
these heavy-flavour conserving weak processes. On thelathdr theses decays could serve as an interesting cross chec
of our understanding of light quark physics, since the hemark in all cases acts as a spectator. Thus the physicsarase f
an investigation of such processes is to test the behavidight-quark systems moving in the (static) colour-backgnd
of a heavy quark.

These decays have not yet attracted a lot of attention. Hexvthe pionic heavy-flavour conserving baryonic decay
modes have been investigatedlihl[2, 3] where the relatiohedd decays with the hyperon decays are considered. The
same decays have been considered using a model in [4].

In the next section we first gather all the decays which arsiptesfrom the viewpoint of phase space and discuss the
hadronic matrix elements for a weak transition of the ligh&igs. It turns out that the fact that we are basically at zero
recoil (i.e. the velocity of the heavy quark does not charmdjejvs to have on the one hand normalization statements for
the form factors derived from the flavour symmetry of the tigharks, on the other hand the heavy quark spin symmetry
allows us to obtain relations between various decays. We fitet discuss the semi-electronic and semi-muonic decays
for which we can get quite accurate predictions; in a secteqa\ge look at the pionic decays, which cannot be predicted
that reliably; however, we obtain a few benchmark numbensifapplying naive factorization.
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Table 1: List of heavy charm and ground-state barypns [5]ssviar thezg baryon taken from Refl[6] and masses &jf andZ;~ baryons are taken
from the latests LHCb measuremenit [7]. In the second columiisivthe total angular momentudnand parityP of the hadron and in the third column
we give the total spirs, of the light degrees of freedom.

Baryon Mass [MeV] JP S Quark Content IG13)
A 2286.46 y2* 0 c(ud)o (0,0)
Tt 2453.98 yo+ 1 c(uu)y (1,12)
=t 2452.9 y2r 1 c(ud); (1,0)
DY 2453.74 y2r 1 c(dd); (1,-1)
pYan 2517.9 32 1 c(uu)y (1,1)
s 2517.5 32+ 1 c(ud), (1,0)
30 2518.8 32+ 1 c(dd); (1,-1)
IChe 2467.8 y2r 0 c(suo (1/2,1/2)
52 2470.88 y2* 0 c(sd)o (1/2,-1/2)
B¢’ 2575.6 y2* 1 c(su)1 (1/2,1/2)
=0 2577.9 y2* 1 c(sd); (1/2,-1/2)
Bt 2645.9 32* 1 c(su)1 (1/2,1/2)
z:0 2645.9 32* 1 c(sd), (1/2,-1/2)
Q0 2695.2 y2* 1 c(s91 (0,0)
A§ 5619.5 y2r 0 b(ud)o (0,0)
z 5810.3 y2* 1 b(ud), (1,0)
% 5811.3 y2* 1 b(uu), (1,1)
z 5815.5 y2r 1 b(dd), (1,-1)
%0 5949.3 32* 1 b(ud), (1,0)
ot 5832.1 32* 1 b(uu); (1,1)
ey 5835.1 32t 1 b(dd); 1,-1)
Ep 5793.1 y2r 0 b(suo (1/2,1/2)
gy 5794.9 y2r 0 b(sd)o (1/2,-1/2)
=hy 1/2+ 1 b(su)1 (1/2,1/2)
By 5935.02 y2* 1 b(sd), (1/2,-1/2)
Cha 5949.3 32* 1 b(su); (1/2,-1/2)
gy~ 5955.33 32+ 1 b(sd)1 (1/2,-1/2)
Q 6048.8 y2* 1 b(s91 (0,0)

2. Heavy flavour conserving weak decays

Looking at the spectroscopy of the ground state mesons tdrnand charm we infer that only semi-electronic decays
are allowed, if we assume that the heavy flavour remains coedeThe mass é@erence between the charged and neutral
D meson allows for a semi electronic decay through-a u transition, all other decays we consider will be induced by
ans — d transition.

Strange mesons with a heavy flavour can decay semi-elecalnithrough ans — u transition; for theBs-meson
decay, the final state can béBaor aB*-meson, while for th&s-meson the only possible final state i®ameson, since
the D* is too heavy. In all mesonic cases no hadronic decay is dessiice the phase space is too narrow.

Table[1 shows the spectroscopy of heavy flavoured baryoniengt states. From the point of view of the heavy mass
limit, the spin of the heavy quark decouples, making the taig/ground states particularly simple [8, 9]: They consist
of a heavy quark, acting as a source of a static colour field,aasystem of light degrees of freedom having either spin
s =0orl.

Out of these many baryons, only thg, the Q). states as well as th#&,, theQ, states can undergo a heavy flavour
conserving weak transition. Unlike for the mesons, the plsaace of the baryonic weak decays allows for a semi-muonic
as well as for a hadronic decay with a pion in the final state.

Table[2 lists all possible heavy flavour weak decays for mottmd charm hadrons. The second column in the table
lists the mass dlierences of the initial and final state heavy hadrons. We hateatl mass dferences are large compared
to the electron mass, so we can neglect the electron mass faltbwing, while we have to keep the pion and the muon
mass.



Table 2: List of heavy flavour conserving weak decays as disaliin the text. The masdfdirence isAm = /(M —m)2 — mf, for the semi-muonic
decays andm = M — mfor all the other decays.

Decay Am[MeV] JP = JF sS—oS, Quark Transition
Semi-electronic decays
D* — D%"y 4.8 0 -0 1/2 - 1/2 d—-u
D{ — DO%ty 1035 0 -0 1/2—-1/2 s—u
Bg — B ety 875 0—-0 1/2—-1/2 s—u
B - Bety 416 o -1 1/2 - 1/2 s— U
20— Aley 1844 1/2* —» 1/2* 0-0 s—>u
20 - Ttey 180 1/2* —» 1/2* 0-0 s—u
Bl - Xttey 138 1/2+ — 3/2* 0-1 s—u
Q0 - ey 2274 1/2t —» 1/2F 1-0 s—u
Q- Efey 1197 1/2* —» 1/2* 1-1 s—>u
Q0 — Etey 49.3 1/2+ — 3/2* 1-1 s—u
= — Age*v‘ 1754 12" S 1/2° 050 s—u
Qp - Eev 2557 1/2t —» 1/2F 1-0 s—u
Q- Eﬁ)e’V 1/2t - 1/2* 1-1 s—u
Q - 0y 995 1/2F > 3/2F 151 sou
Semi-muonic decays
20 Ay 1512 172" > 1/2° 050 s>u
Qg - Biuv 2014 1/2t - 1/2F 1-0 s—u
Q0 Erey 56.1 1/2" — 1/2* 151 s— U
g, — AE}FZ 1400 1/2t —» 1/2* 0-0 s—u
Qp = Zuy 2328 1/2v — 1/2* 1-0 s—u
Pionic decays
B0 — Afn 1844 1/2* —» 1/2* 0-0 s—u
Ef — Afn° 1813 1/2t - 1/2* 0-0 s—u
Q0 - Ein~ 2274 1/2* - 1/2* 1-0 s—u
Q8 — =070 2243 1/2* —» 1/2* 1-0 s—u
2 — Al 1754 1/2t - 1/2F 0-0 Ss—u
By — /\gﬂ'o 1736 1/2t - 1/2F 0-0 s—u
Q) — B 2557 1/2t - 1/2F 1-0 s—u
Q - Egno 2539 1/2t - 1/2F 1-0 s—>u

2.1. Form factors for light-quark currents

To describe the decays shown in Table 2 we need matrix elsnoélight-quark currents with heavy hadron states. The
heavy quark is in these decays only a spectator and acts infthiée-mass limit as a static source of colour. In other
words, we need to look at the transition in light-quark sysie the colour background created by the (static) heavylquar
This picture allows us to obtain information on the form tast

The four-momenta of the initiaH; and finalH¢ heavy hadrons arp* = Mw and p* = mv*, respectively, and
o? = (p - p’)? is the momentum transfer squared from the hadronic to then@psystems. Instead of the momentum
transfer squared we use the variable v- Vv,

2 2
W=M+m2 q

2Mm ’ (1)

where the kinematic boundaries are given by

M24mP o (M-m?

lswsWmae = —o0 2Mm

1, @)
showing that the range a¥ is tiny for all decays listed in Tabld 2, since in all casbb{ m) < M. Assuming that the
form factors are slowly varying functions of the kinematariables, we may replace all form factors by their values at
w = 1. Thus in the following we only need to obtain some insigkd ithe form factor in the region~ v'.



For the mesonic decays we define the relevant form factorg g5 u, d, 9)

(Ht(P)Iq"y.aHi(p))

N = (V+V),DiW)+..., (3)
(Hi(p, )ldyysalHi(p) .
T = i(w+1e@a W) +..., 4)

where we only show the form factors relevant for the leadiagtgbution in the limitv — V. In Eq. [4), ¢, is the
polarization vector of the excited final state mesdt{p’, €). Taking the heavy quark as static, we need to look at the
transition of a light state with the quantum number of thétiguark in the mesohi; into the corresponding final light
state inH¢ via the vector and axial-vector (light quark) current.

Furthermore, despite of the heavy quark’s colour field, ititet uark system has &U(3),_ xS U(3)r chiral symmetry,
which is generated by the currents(ifh (3) aldd (4). Howeves symmetry is spontaneously broken to the uSid(3).,r
flavour symmetry of the light quarks. Assuming that this syetmypis exact, we derive from the conservation of the vector
current the normalization statement

(D+(1) =1, (5)

while the light-quark flavour symmetry does not tell us ainygtabout®a(1).

The case of the baryonic decays is more interesting, simdegtit-quark systems are composed of two valence quarks.
For the case of a transition between twe-like” heavy baryons (i.e. baryons intgqq)o configuration) the light quark
current mediates a transition between two spinless st&aghermore, in the heavy mass limit the spin of the baryons
is the spin of the heavy quark, which in the infinite mass lirinains unchanged; consequently, the relevant matrix
elements in the region~ v’ can be written in terms of a form fact@8(w) as

(En(v. 9 [SyuU[ An(V, 9))
(2 (v. 9 [8,75U] An(V. S))

where the ellipses denote subleading contributions inithie V — v'.
The light degrees of freedorp in the “A-like” heavy baryons form a colour anti-triplet as well asaamii-triplet with

respect to the flavour symmetBAU(3),,r of the light quarks. By the same argument as for the mesosi, cae obtains
a normalization statement for the form fac&(w),

us(V, YuA(V, S)BW)(V+ V), + ..., (6)
0+..., (7)

B(1)=1. (8)

With the same reasoning we can obtain some insight into tire factors for the transition from aA*like” heavy
baryon to a Z-like” heavy baryon, i.e. baryons intdqq): configuration. In the heavy mass limit, the heavy quark spin
remains unchanged, and the amplitude is determined byahsition of the 0 state of the light degrees of freedom into
a 1* state. In this way we get for~ v/,

(En(v. 9 [SrrsU Zu(V. 9))
(En(v. 9 [Sulzn(v, )

whereu; (uf) is the spinor of the heavy quark in the initial (final) sta#w) is an unknown form factor, and the ellipse
again denote subleading terms.

We have not yet specified the spin of theltke” heavy baryon which can be eithef2 or 3/2. Projecting out the
relevant components by combining the polarization vectdhe light degrees of freedosj with the heavy quark spin
[8.1€],

Ui (v, 9us(V, S)e, AW) + ..., 9)
O+..., (10)

1
2 = e [6; - 500+ VM} ur(v.$) = IV S). 1
1 1
2 = [:—%(yﬂ + V,’l)yv] ug(v,s) = 73(7;4 +V)ysu AV, 8) (12)

we get for the relevant matrix elements from Eq. (9),

(Bn(v. 9 [$,ysu ZF2(V.9)) = Ta(v. IRFHV, S)AW) +... (13)
(Bn(v. 9) [S,7su] 252V, ) = %JE(V»S)(W+\/;4))’5U2’1/2(\/’5')A(W)+---’ (14)
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whereR:*? is the Rarita-Schwinger field for the spiri8baryon and™/2 is the spinor for the spin/2 baryon. Note
also that we have replaced the heavy quark spin of the isitiéé with the one of theX-like” heavy baryon of the initial
state.

Close tow = 1 we can replacé&(w) by A(1) however, in this case we do not have a hormalizationrsiaté, since
the axial current generates a broken symmetry. Howevertdaitee heavy quark’s spin symmetry we get the same factor
A(2) for both the spin 22 and the spin & case.

Finally, the heavy2-baryons also decay weakly, so we also have the case of areaititriplet 1" state decaying into
a heavyE or £’ baryon. For the case of & 1» 0* transition we get the same structure as for the-©01* (up to complex
conjugation), while the case€ 1> 1" needs a new discussion.

For this we start again form the heavy mass limit and noteltegheavy quark spin remind unchanged. The underlying
1* — 1* transition via a vector current is usually described in ®aofsix form factors out of which five vanish as- Vv'.

The transition amplitudes via the axial vector has to haved-Civita-tensor and hence will vanish fer— v'. To this
end we get in terms of a form fact@(w)

(Qu(v, 9 syl (v, 9)
(Qn(v. 9) [Sy5U[ 27 (v )

Again we have not yet specified the total spin of the baryonisil&¥he initialQy will have total spin 12, the final states
can either be spin/2 or 3/2. Using Egs.[(111) and{12), we can project out the relevamipmments and obtain

ui(v, Sus (v, S)(e” - €)(v, + VI'J)C(W) +..., (15)
O+.... (16)

(Qn(v. 9 [Sruu =7, 9)

:_i%@ﬁmgﬁbﬂ+v6g?ﬂ@csxv+vhcmo+“., (17)
(Qn(v. 9 [sruu =5, 9)
= STl 95 0" +V) (o V)35V, ) (V4 V), C) + .. (18)

With the same arguments as above, we can re@éegby C(1) in the limitw — 1. Since the transition proceeds through
the vector current, and the light quark states in the indtiad final state belong to the sa®&J(3)_.r multiplet, we infer

c1)=1. (19)

2.2. Semi-electronic decays with conserved heavy flavour

In this section we will calculate the decay rates of heavyefla conserving semi-leptonic decays. TdHle 2 lists all the
possible semi-electronic decays of bottom and charm hadrdhe dfferential decay rates for exclusive semileptonic
decays are in general given by

ar Gzwm®

- __F 22 _
Gw = 1923 Vexmlm VWi — 1 P(w) , (20)
where
P(w) = Hy (v, V)L (v, V) , (22)

with H,, andL,, are the hadronic and leptonic tensors, respectively.
The integration ovew can be performed when settimg= 1 in the hadronic form factors. To this end, it is useful to
expand in the small velocity fierence
V=v-A, A=v-V.

The leptonic tensor becomes fpe= Mv — mv = (M — m)v + mA, neglecting the electron mass

L/lv = guqu — Quly (22)
(M- m)z(guv - VW) — 2Mmg,(w - 1)
~m(M — m)(AuV, + V,A,) — MPALA, .

We shall compute the total rate, including only the leadargtin the mass élierence 1 — m). The integration over



Table 3: Branching ratios for semileptonic meson decayssasissed in the text.

Mode Decay Rate [GeV] Branching Ratio
D+ — D%*v 1.72x 1072 271x 1078

D — D%"v 440x 10720 3.34x 108

B — B ety 1.90x 10720 437x 1078

BY — B ety 1.38x 1072 3.17x10°

w yields the expressions

e - ).
i

i

meaxdw(w_ ST - (%QMTY . O((M“;8m)8) , (25)

i

72wmwlﬁﬁﬁt7 - OGMﬁggf)’ >

1

which show that a one power ofi(- 1) in the diferential rate counts as two powers & ¢ m) in the total rate. Hence,
looking at the expansiof (22) of the leptonic tensor we nioa the leading terms df,, are already of ordem\ — m)2.
Note that, depending on the hadronic tensor, even the lastiterolving A, A, needs to be kept, sind® = 2v- A =
2(1-w) ~ (M —m)2.

For the hadronic tensor this means that we need to includetballeading term witth = 0, which is in all cases of
order M — m)°. The simplest process is the decay-8 0~ between ground states, where we have a light quark transitio
in the background field of the heavy quark. Using the discusBiom the previous section, we insert for the hadronic
tensor Eq.[(B)

H, = 4M2V,y, . (27)

Inserting the integral(24), we get
. G2
ro-0 = 6#.JFFJVCKMF('V' -m). (28)

For the transition 0 —» 1~ mesons we obtain for the hadronic tensor fréin (4)

Hy = 4MADAL)P ) 6
Pol

4M2|®A(1)|2(gpv - V}IVV) . (29)

Using the integrald (23) and (24), and keeping only the ledirder, we get using(4) for the total decay rate

. G2
o=t = o VeklP(M - m)@a(1)?. (30)

For our numerical estimates shown in Talle 3 we shalibag¢l) = 1. Note that the result faba(1) = 1 just reflects
spin counting, furthermore, the sum of the two rates is juststal, spin-summed decay rate for the sgihlight system
decaying in the colour background of the heavy quark.

Table[3 lists the rates and the branching rati)sfor the mesonic semileptonic decays. Note thattie— D° decay
is ad — utransitions, while all other decays ase- u.

With the same method we can discuss the semi-electronigygexfeheavy baryons. As discussed above the light
degrees of freedom are more complicated in this case. Forehson we introduce the notation, where the superscript
denotes the spin-parity of the baryon transitions, whigestbscripts denote the spin-parity of the correspondamgsition
of the light degrees of freedom.



Table 4: Decay rates and branching ratios for semi-eleictitoeryon decays as explained in the text.

Mode Decay Rate [GeV] Branching Ratio
20 5 Afey 7.91x10°1° 1.35x 1077

20 - Trey 6.97x 10724 1.19x 10712

Bl - Xitey 3.74x 1072 1.26x 10°%?

Q8 — Erev 2.26x 10718 2.36x 1077

Q- Efey 3.63x1071° 381x 108

Q0 - Efey 1.49x 1072° 157x 10718

g, — Ageﬁ 6.16x 10°1° 1.46x 10°

Q) — Eev 4,05x 10718 6.78x 107

Q, - Eley 327x 1028 5.47x 10716

For the decays of the ty® — Aev where the light degrees of freedom are in a spineless statepbtain using{(6)

12+ GEIVekml?

g = — o3 M-m°, (31)
where we have used the form factors obtained in the previobsestion. Note that this is the same result as for the
mesonic 0 — 0~ transition, which is not surprising, since this is just andgss system of light degrees of freedom
decaying in the colour-background of the heavy quark.

For the final states with &*like” baryon we obtain from Eqsl_{14) and {13),

1/2+—3/2* G% |VCKM|2 5 2
l—‘0+_>:|_+ = W(M - m) |A(1)| s (32)
+ + 1 + +
1/25-1/24  _ 1/2553/2
lﬂ0+—>1+ - Ero+_>1+ > (33)

where we again note that the sum of the two rates is just th#t kes obtained for the mesonic 8- 1~ transition. Again
this is due to spin counting, since in both decays we obsetranaition of a light 0 state into a light 1 state, however,
with different spin combinations with the heavy quark.

Finally, utilizing (1) and[(IB) we find for final states wittf &-like” baryon,

1/t G2 Vekml?
1/2v>1/2v F 5

s = —ps - M-mp2, (34)

2% = o(M-m"). (35)
where the last line means that this transition has an additisuppression factoM — m)?/M? compared to the other
decays, the rates of which are all of the orGé(M —m)®. Since we only considered the leading terms of the form facto
for v ~ v, we cannot obtain a result for these decay on the basis ofsbass$ion in sectidn 2.1.

For our numerical estimates we shall gtl)|> = 1; in Tabld4 we list the branching ratios for possible selecionic

baryon decays with conserved heavy flavour.

2.3. Semi-Muonic Decays

For a few of the baryonic decays phase space is large enoadjbuofor semi-muonic decay. In this case we have to take
into account the magsg, of the muon in the leptonic tensor

_ (- m)*(2e” + ) o (9°)° - 3mig? + 2mp
207 " (@)

Ly 0y » (36)
withg= Mv-mV.

The muon mass is of the same order as the makeselince 1 — m) between the initial and the final state baryon, and
thus an expansion ifM — m) as in the massless case is spoiled by the presence of theyaiM — m) ~ O(1). Hence
we perform the integration over the phase space after adinigethe leptonic tensof (B6) with the hadronic tensorgsmak
atv = v without the expansion§ (P3) arld {24) performed in the massiase. The results for the rates and branching
fractions are shown in Tab[é 5. It is interesting to note thatbranching ratios for the semi-muonic channels are radt th
much smaller as it is suggested by phase space;fiieistés due to the presence of the muon mass in the leptoniartens
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2.4. Non-leptonic (pionic) decays
The non-leptonic decays with conserved heavy flavour aratareisting QCD laboratory for light quarks and gluons
moving in the background field of the heavy quark; for thissteathey have been studied already to some extendiin [2, 3]

and we mainly update these analyses.
The relevant ffective Hamiltonian is the usualS = +1 weak-transition Hamiltonian, which reads

4G
HY = Fvus cho, (37)

4G
= \/g VUSVud [C (SL'}’puL)(uL)’”dL) +C_ (SLVde)(UL)’”UL)
whereC, ~ 1.3 andC_ ~ —0.6, and where we omitted all contributions with very small &ih codicientsC;.
This part of the fective Hamiltonian is sfticient for the heavy-flavour conserving decays of bottom dasyhowever,
as has been pointed out by Voloshin [2] there is anotheraetesontribution for charmed baryons

4Gk
V2

generating a dierence in the decay amplitudes for the heavy-flavour coirspdecays of charm baryons compared to
the corresponding amplitudes for bottom baryons.

Since the phase space of the pion is rather small, one mapaseft pion limit to gain some further insight [2]. The
soft pion theorem allows us to write

(}-{é;) Vcsvcd [C (SL'}’;ICL)(CL)’HdL) +C. (SL'Y/ldL)(CL'Y”CL)} (38)

a V2
(B Herl Bin(B, = 0)) = = (B [ Her. Q2] 1) . (39)
whereQg is the axial charge corresponding to the pion
% = [ U, Q5= (@) (40)
@ = = [ d (@grorsu - daors) (41)

andf, ~ 130 MeV is the pion decay constant.
It has been shown in Ref./[2] that in this limit the transiaare dominated by th® wave and are purelgl = 1/2.
Thus to a very good approximation one has

1
=+ +.0 =0 +..—
E5 Heg| Al = —(E{ | Heg| Aln) , (42)
(Bl Atn?) = - (=1l n)
1
=0 0,0 = 0_-
B [Heg| A = — (5 [Hegl Apn) , (43)
(Ml A1) = (55 Hrl )
and
1
Q| Heg| 20n°) = — (QQ [ Heq Efn) , (44)
(08 e 30%) = = (020l zer)
1
Q [He| Zc7°) = ——= (Q0 |Heg| Z0n7) . (45)
(04 il Zor?) =~ (@ Her =)
Table 5: Decay rates and branching ratios for semi-muomigonadecays as explained in the text.
Mode Decay Rate [GeV] Branching Ratio
0 - Afuy 13x101° 23x10°8
Qg - E;;r? 7.1x 10719 7.4%x10°8
Q> By 1.0x 1024 1.1x101°
E, — Ag}f? 9.1x 102 22x 1077
Qp = Eguv 1.7x10°18 2.8x10°




We first consider the decays of the bottom baryons for whichdeenot need to take into accouﬁ{éﬁf). Clearly
the matrix element of the weak Hamiltonian idfdiult to estimate, and we will be able to make only rather datalie
statements. We shall approach this problem from the poiatesé of the head quark limit: the heavy quark completely
decouples from the process, leaving a weak decay of a dkyatem in the background field of the heavy quark. To
this end, the amplitude for tHg, — A2z~ transitions may be written as

(Zp [Herl A=) = T=(V)ua (V) (5o [Hetl (U0 Yoy,
Uz (V)Ur (V) A((sd)o — (ud)or™) , (46)

where the subscript “ext” means that the transition is t@@kitace in the color-background field of the heavy quark, and
(aq)s, denotes a di-quark with total spga. Using this notation, the decay rate 8] — Agn_ becomes

VIMZ — (m - m)?|[ M2

— 2
o L (m+my)?] |A((sdo — (ud)or)|” - )

[(E, - Adr) =

Unfortunately nothing is known about the matrix elementfar di-quark decay, so we only can set this into a relation
with with the typical amplitudes for a weak transition. If wensider the weak decays of a pseudo scalar meson into a
final state of two pseudo scalar mesds» M; + M, we get

(M [Her| M1 M2) = 2M Vekm aweak s (48)

whereM is the mass of the initial state and the usual relativisticmadization is used. The value f@,ead covers only a
limited range when scanning over the weak decayB, & andK mesons

[awead ~ (1---2) x 10°. (49)
If the amplitude for the di-quark transition is of the samderof magnitude, we estimate
A((sd)o — (ud)or™) ~ 2M VusV:jd Aweak > (50)

where the spinors if_(46) are assumed to be normalized rativigtically. Inserting the numbers, we obtain the esties
given in Tablé®.

In the same spirit we can deal with the de€¢gy — Egn‘. However, here the di-quark of the initial state has spin one
S0 we get

(Qp [Henl Zpn™) = \i@ ; Uo(V)ys#(4) U=(V) (591, A [Henl (UYor Yoy - (51)
whered = +, 0 are the polarizations of the vector di-quark in the inisi@te. The matrix element will have the form
(591, A1 Hex| (U0 ) = (67(2) - V)A((s91 — (USor ) (52)
so we obtain, assuming equal amplitudes of all helicities
1

(Qp [Hen| Zpn™) = \/§(1 + W)l (V)ysuz(V) A (91 = (Ugor") - (53)

From this we obtain for the rate

([M? — (M — m)?I[M? — (m+ m,)?]) "2

(@, - Epr) = TP A (591 — (ugor) 2. (54)
Assuming agin that the corresponding amplitude is of theord
A((s91 — (UYor™) ~ 2M ViusV}iy Bweak » (55)

we obtain the numbers of in Talle 6.
The pionic heavy flavour conserving of charmed hadrons irvalso the pari-{é;) of the dfective weak Hamiltonian.
We first consider the dec&f — Afx~. Making use of the soft-pion theorem {39), we obtain

2
(ERNHQ| Aer) = —f—f <52
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In the infinite mass limit, only the vector current contriésitso we get

= + - G +
(EIHEI L) = -3 VeV (B2 @S d)| AL - (57)
It has been shown inl[2] that one may obtain information osétraatrix elements from the lifetimeftérences of charmed

baryons, assuming light-quark flavour symmetry. The nurfdaand in [2] is
(E2HQ| Ay ~ -2M x (5.4 1077) (58)

with an uncertainty of about 50%.

Here we shall try to understand the the anatomy of these xrelgments a bit further in order to also include an
estimate for the pionic decays of thg. To this end we note that in the infinite mass limit we have tecm&&?) on static
heavy quarks moving with the same veloaitysince in the soft-pion limit the heavy quark velocity does change. As
a consequence we get

(ENHD| AGr) = 2M T (v)u,\(\/)( VeeViy 1 ) (59)

whereu is a nonperturbative hadronic scale of the order of a few heshtMeV, which is related to the wave functions of
the constituents at the origin. In fact, from the resuli gfj2 inferu ~ 300 MeV.

The full amplitude for=2 — Az~ consists of the two contributions froﬂ"{gf% and?{éff). However, nothing is known
about the relative phageof these two contributions, so one gets

fr

Assuming constructive inference we get an upper limit ferdbcay rates and branching fractions for these decayshwhic
is shown in Tabl€l6.

When considering the decagk — EZ.7 we need to take into account that the the light degrees odémeen theQ,
are in a spin-1 state. To this end, the relevant matrix elé¢ma&es the form

- Gr
<Eg [Hesr A;ﬂ'_> =2M UE(V)UA(V) (VUS e'¢aweak+ VCSV* ) (60)

1 _

(O M| =tn7) = 2M—— Ta(V)ys(a + Va)Ua (V) WO, (61)
V3

whereW” describes the decay of the vector di-quark into a scalaudiqunder the emission of a pion. Note that we

have not yet set = V', since the vector-spinor object for thr is transverse and the amplitude would vanishver v'.

In our estimates, we assume for the quanfity

W, =V, ( VesVig 1 ) , (62)
with the same hadronic parameterThis yields

(RHQ|=in) = 7(1+v\/) uQ(v)ysuA(\/)( VesViy ) (63)

Inserting numbers we can estimate the contribution Wﬂiﬁ As above, the relative phases of the contributions from
(Hé;) andﬂég are to known, we end up with a large uncertainty in our préatict

3. Summary

Heavy flavour conserving weak decays will very likely not adee our insight into weak interactions; however, they
may be an interesting QCD laboratory for the study of light«k systems in the colour-background field of a heavy
quark. While for heavy mesons this mainly is the decay of htlguark in such a background field, the situation for a
heavy baryon may be more interesting in this respect, shrecbght degrees of freedom form a more complicated system.

The semi-electronic modes are under reasonable thedredictiol and thus may serve as a benchmark test for the
pionic modes. Like in non-leptonic kaon processes, naiefation will probably not work, but the numbers obtaine
in this way may give a hint of the size of the branching fraasio Here it will be interesting to see, if some patterns
observed in the kaon system also appeatr, if the light-questesis decay in a colour background field.

One obvious disadvantage of these decays is their suppnebsough the small phase space. Relative to the major
decay modes, these decayffeufrom a suppression factol(— m)°/M® for the semi-electronic modes, and the phase
space suppression for the pionic modes is numerically atv@usame. This leaves branching fractions of the oder of
107% in the best cases, typically 10to 10°8. This makes the investigation of these decays a challennghd® physics
experiments.
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Table 6: Branching ratios for pionic baryon decays as emrpthin the text.

Mode Decay Rate [GeV] Branching Ratio
2 — Al (08---32)x 10" (19---76)x 1073
EE - Agno (04.---1.7)x 1071° (09---3.7)x 1073
Q, - - (0.7---26)x 10718 (L1---43)x10°
Q - En° (0.3---1.3)x 108 (06---22)x 10°®
Eg—>/\g7r_ <17x10% <3x10°3
Ef — AiA° <88x10% <6x10°3
Q0 — Einm <35x10Y <37x10°
Q0 — =040 <18x10Y <11x10°
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