TECHNION-PH-96-8

Weak Radiative Decays of Beauty Baryons

Paul Singer and Da-Xin Zhang

Department of Physics, Technion — Israel Institute of Technology,

Haifa 32000, Israel

Abstract

Weak radiative decays of beauty baryons into strange baryons, induced by the elec-
troweak penguin, are estimated by using a quark model approach. Relations between
formfactors in the semileptonic and in the weak radiative decays are derived within the
heavy quark effective theory. The partial decay widths are found to be of the order
of 107"MeV for Ay — Ay and =, — Zv and of the oder of 10" *MeV for Q, — Q.
The 2, radiative decay is thus expected at the sizable branching ratio of approximately
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The investigation of the electroweak penguin transition b — s7v is of prime im-
portance, both as a test of the standard model[l] and as a possible window of new
physics[2]. The recent observation of the exclusive process B — K*vy with a branching
ratio of (4.54+1.5+0.9) x 107°[3] and of the inclusive process B — X,y with a branch-
ing ratio of (2.32 4= 0.57 4= 0.35) x 107*[4] constitute solid evidence in the support of
the interpretation of these decays in terms of the short-distance b — s7 transition.

The theoretical treatment of this basic loop process using renormalization group
equations to treat perturbative QCD corrections has been improved during recent
years[5], following the original assertion[6] on the role of the QCD corrections in increas-
ing the rate of this process to bring it into the realm of observability. The full leading
order calculation of the process has been completed[7] and the next-to-leading order
calculation has also been partially performed[8]. At present, the theoretical uncertainty
of the standard model calculations is of the order of 30%[9] and the experimental errors
are even slightly higher[3, 4].

Along with the improvement in the theoretical calculations by the completion of
the next-to-leading order calculation which should reduce the theoretical uncertainty,
and the expected increased accuracies of future measurements, it is of obvious interest
to investigate additional physical processes which are driven by the b — s+ transition.
The weak radiative decays of beauty baryons are natural candidates for this task.
Indeed, preliminary estimates on such decays were undertaken recently by Cheng et
al[10] and by Cheng and Tseng[11] and an overview of this topic is given in Ref. [12].

In the present work, the weak radiative decays of the beauty baryons are inves-
tigated by the use of the quark model employed by Hussain et al[13] and by Kérner
and Kramer[14] to treat the semileptonic and the nonleptonic decays of heavy baryons.

In their model, spin interactions between the spectator and active quarks are ignored



and the g?-dependence of all the formfactors are taken as pole-like. This approach is
consistent with the heavy quark effective theory(HQET), as applied to baryons[15].

The lowest lying baryons containing one heavy beauty quark can be classified into
3, 6 and 6* under the SU(3) flavor symmetry of the light quarks[15, 16]. From among
these states, only the spin 1/2 baryons Ay | Eg’O of the antitriplet-baryons and 2, of
the sextet-baryons are expected to decay weakly. We consider here the weak radiative
exclusive processes which can be induced by the short-distance b — s+ transition; these
are A — A%, E,° = Z04[10-12] and Q, — Q7. Additional radiative decays like
Ay — Xy, Zp — =4y, which are caused by weak bremsstrahlung quark processes, were
found to be very rare[10] and will not be of our concern here.

The basic mechanism for the decays considered here is assumed to be the quark

level transition b — sv, given by the following amplitude[5-9]
A= EE I (VP (1 + 95) + ma(1 — 15)lb 1)

where Vj;, and Vi, are Cabibbo-Kobayashi-Maskawa matrix elements and F),, is the
field strength tensor of the photon. The coefficient ¢&// (1), which is the combination
of several Wilson coefficients running from p ~ my to u ~ my, has been calculated|[7-9]
to be

¢ (my, = 4.5GeV) = 0.32, (2)

when one uses m; = 174GeV and Agep = 200MeV. A different choice for the renor-
malization point p introduces the large uncertainty we mentioned.

In order to calculate the baryonic transitions induced by b — sv, our basic tool
is the heavy quark effective theory which permits to relate[15, 17] in the heavy quark
limit the formfactors of the magnetic transition (1) to those of the semileptonic decays.

Moreover, we treat the decays under consideration here as heavy-to-light (b — s)
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quark transitions. Throughout the present paper, we neglect corrections in the mass
parameter of the order 1/my,. Needless to say, a more accurate approach should consider
the mass correction as well, especially when the above mentioned uncertainty in (2)
will be reduced.

We turn now to derive the formfactors required here. For a baryonic transition
induced by a V' — A current between spin 1/2 baryons, one generally has six formfactors.
However, in the limit of the heavy quark mass mg — 0o, using HQET one can express
the relevant matrix element in terms of two independent formfactors only[13, 15]. Thus

one has for A, — A (and a similar expression for =, — =),

P

mAb

< Al59u(1 = 95)b| Ay >=un(P)[F1(q%) + Fa(q”) Z—]u(1 = s)ua, (1) (3)

For the transition €, — 2, where we have a heavy spin 1/2 baryon belonging to the
6-representation decaying into a spin 3/2 baryon belonging to the decuplet, the matrix

element involves six independent formfactors[17], which for the V' — A current is

< Q57 (1 — 5)b|2% >

= ﬂQ(Pg)a[gaﬁ(C1 + Cy

+ P~ 75(05 + Cs i )]Vu(l — 75)\/2(7% + n]zlgﬁ Jug, ().

maq, maq, b
Relating now by HQET[15] the formfactors in (3)(4) to the matrix elements for
the radiative decays, and contracting these with the electromagnetic tensor F),,, one

obtains

FH < A|50,, (1 + 75)b|Ap >= FMan(Py)[Fi(¢%) + Fa(q?) A

Ay

Jou (1 475 )us, (P1) (5)



for the weak radiative decay A, — Ay (or Z, — Zv), and likewise

P PP
Fi < Q50,1 +95)bQ > = Fraig(P)alg®(Ch + Co—2) + =1 (04 + 0y —2
mgq, mge, maq, mgq,
P“ m 1 P
+ 4P (Cs + Co—2))oyu (1 + 75)\/j(7ﬁ + L yug, (P,)
mgq, mgq, 3 mgq,

for €, — Q. A possible alternative approach which was used before[10, 11, 18] is to
establish firstly the relations between formfactors in the rest frame of the initial heavy
hadron and then to boost them to a general Lorentz frame. However, certain difficulties
occur[11] when carrying out this procedure for the A, — Ay, Z, — =7 decays.

In our approach to the weak radiative decays, we use eqgs. (5)(6) with formfactors
from the quark model as determined previously for the (V' — A) current induced transi-
tions. To calculate the decay rates for the various processes, we proceed as follows. For
the L — %7 transitions, we use (5) with the formfactors of Ref. [11] with monopole

2
behavior and pole masses My = 5.42GeV and M4 = 5.85GeV, which gives

Fi(q%> = 0) = 0.059(0.11), F3(¢q* = 0) = —0.025(—0.019), (7)

where the two given values are for the vector (axial) currents. Using now (7) and (1)

with Vi = 1, Vi, = 0.04, this leads to
[(Ay — Ay) = 1.45 x 107" MeV; T(Z, — Zy) = 2.18 x 107" MeV. (8)

If we use a lifetime of 7(A;) = 1.04ps[19], which has an experimental uncertainty of

about 20%, we arrive at a predicted branching ratio for A, — Ay
BR(Ay — Ay) ~ 2.3 x 107°. (9)

A similar figure would be obtained for =, — =+ decays, except that no measurement
exists at present for the Z lifetime. Our result in (9) is smaller than the 107° order of

magnitude obtained in [10], though quite close to the recent result of Ref. [11].
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A similar approach is used for the decay €2, — y. In this case, using the quark
model of Ref.[13], we obtain

Ci(g®) = (ma, +ma)” = q2H(q2),

4memQ

(10)
Co(q?) = Cu(¢®) = Cs(¢*) = Cs(¢*) =0,

1- (mﬂb - mﬂ)2/m1270le

1- q2/m1270le 7

H(?) = V3

where again a monopole behavior, but with same pole mass of 5.42GeV has been used

for all the formfactors. Taking a mass for €2, of 6.08GeV, we get
(2 — Q) = 1.63 x 107 MeV. (11)

It is interesting to remark that transitions involving 2. — ) are similarly larger than
those for A, —+ A and =, — Z by one or two orders of magnitude in the decay
rates[13, 14, 20]. These results are apparently a result of the strong ovelaps in the
light flavour wavefunctions between the initial and final states in 2, . — €2 transitions.
Additional support for this picture is the fact that the lifetime of )., recently measured
to be 0.055 x 10~ '%sec[21], is considerably shorter than those of other weakly decaying
charmed hadrons, which can also be understood qualitatively in this way[22]. The

branching ratio for {2, — 2 is then

()

Br(Q, — Qy) = 1.3 x 1074[0.5 < 10-Tsec

l (12)

where we have normalized the  lifetime to 0.5 x 10712sec. The branching ratio in
(12) is larger by two orders of magnitude than that of A, — A~y in (10). Thus, from

the present calculation, the 2, — 2y decay mode is appearing as the most attractive
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baryonic exclusive channel for an alternative investigation of the b — s7v electroweak
penguin.

We conclude by a discussion on additional advantages of studying the weak radiative
decay of the beauty baryons. Among these processes, =, — =~ and {2, — (2 are the
cleanest on the theoretical side. Neither of these processes involves the W-exchange or
the W-annihilation diagrams, which give additional contributions in the weak radiative
decays of other b-hadrons. Also, the long distance contributions in this b-sector are
small and under control[23]. Thus , the measurements of Z,” — =~ and of {2, — Qv in
future experiments, together with their improved theoretical estimations, will be helpful
to obtain the needed insight on long distance contribution in weak radiative decays of
the other beauty hadrons, as well as on the question of W-exchange contributions in

those decays.

This research is supported in part by Grant 5421-3-96 from the Ministry of Science
and the Arts of Israel. The research of P.S. has also been supported in part by the

Fund for Promotion of Research at the Technion.



References

[1] For a review, see: G. Ricciardi , DSF-T-95-39, talk given at International Euro-
physics Conference on High Energy Physics (HEP 95), Brussels, Belgium, 27 Jul

- 2 Aug 1995.

[2] For reviews, see: J.L. Hewett, SLAC-PUB-95-6782, presented at International
Workshop on B Physics, Physics Beyond the Standard Model at the B Factory,

Nagoya, Japan, 26-28 Oct 1994; F.M. Borzumati, Z. Phys. C63, 291 (1994).
[3] R. Ammar et al. (CLEO Collaboration), Phys. Rev. Lett. 71, 674 (1993).
[4] M.S. Alam et al. (CLEO Collaboration), Phys.Rev.Lett.74, 2885 (1995).

[5] B. Grinstein, R. Springer and M. B. Wise,Phys.Lett.202B, 138 (1988); R. Grigja-
nis, P. J. O’Donnell, M.Sutherland and H. Navelet, Phys.Lett.B213, 355 (1988),
(E) ibid B286, 413 (1992); G. Cella, G. Curci, G. Ricciardi and A. Vicere,

Phys.Lett. B248, 181 (1990).

[6] S. Bertolini, F. Borzumati and A. Masiero, Phys. Rev. Lett. 59, 180 (1987); N.G.
Deshpande, P. Lo, J. Trampetic, G. Eilam and P. Singer, Phys. Rev. Lett. 59, 183

(1987).

[7] M. Ciuchini E. Franco, L. Reina and L. Silvestrini, Nucl. Phys. B421, 41 (1994);
G. Cella, G. Curci , G. Ricciardi and A. Vicere, Phys.Lett. B325, 227 (1994); M.

Misiak, Nucl. Phys. B393, 23 (1993) (E) ibid B439, 461 (1995).

[8] M. Ciuchini E. Franco, G. Martinelli and L. Reina, Nucl. Phys. B415, 403 (1994);

M. Misiak and M. Munz, Phys.Lett. B344, 308 (1995).



9] A.J. Buras, M. Misiak, M. Munz and S. Pokorski, Nucl. Phys. B424, 374 (1994);

A. Ali and C. Greub, SLAC-PUB-95-6940 (1995), unpublished.

[10] H.-Y. Cheng, C.-Y. Cheung, G.-L. Lin, Y.C. Lin, T.-M. Yan and H.-L. Yu, Phys.

[11]
[12]

[13]

[14]

[15]

[16]

[18]

[19]

Rev. D51, 1199 (1995).
H.-Y. Cheng and B. Tseng, Phys.Rev. D53, 1457 (1996).
P. Singer, Nucl. Phys. B(Proc. Suppl.), in press.

T. Hussain, J.G. Korner, M. Krdmer and G. Thompson, Z. Phys. C51, 321 (1991);

T. Hussain and J.G. Kérner, Z. Phys. C51, 607 (1991).
J. G. Korner and M. Kramer, Z. Phys. C55, 659 (1992).

N. Isgur and M. Wise, Nucl. Phys. B348, 276 (1990); H. Georgi, Nucl. Phys. B348,

293 (1990); T. Mannel, W. Roberts and Z. Ryzak, Nucl. Phys. B355, 38 (1991).

T.-M. Yan, H.-Y. Cheng, C.-Y. Cheung, G.-L. Lin, Y.C. Lin and H.-L. Yu, Phys.
Rev. D46, 1148 (1992); P. Cho, Phys. Lett. B285, 145 (1992); Nucl. Phys. B396,

183(1993): (E) ibid. B421, 683 (1994).

F. Hussain, D.-S. Liu, M. Kramer, J.G. Korner and S. Tawfiq, Nucl. Phys. B370,

259 (1992).

N. Isgur and M. B. Wise, Phys. Lett. B232, 113 (1989); Phys. Lett. B237, 527
(1990); Nucl. Phys. B348, 276 (1991); Phys. Rev. D42, 2388 (1990); G. Burdman

and J. F. Donoghue, Phys. Lett. B270, 55 (1991).

D. Buskulic et al. (ALEPH Collaboration), Phys.Lett. B357, 685 (1995); R. Akers

et al. (OPAL Collaboration), Z.Phys. C69, 195 (1996).



[20] Q. P. Xu and A. N. Kamal, Phys. Rev. D46, 3836 (1992).

[21] P.L. Frabetti et al. (E687 Collaboration) , Phys.Lett. B357, 678 (1995); M.IL
Adamovich et al. (WA89 Collaboration) , Phys.Lett. B358, 151 (1995); M.IL.

Adamovich et al. (WA89 Collaboration), CERN-PPE-95-105.

[22] B. Blok and M. Shifman, talk at the Third Workshop on the Tau-Charm Factory,

June 1993, Marbella, Spain; I.I. Bigi, preprint UND-HEP-95-BIG02.

[23] E. Golowich and S. Pakvasa, Phys. Rev. D51, 1215 (1995); H.-Y. Cheng, preprint
IP-ASTP-23-94; N.G. Deshpande, X.-G. He and J. Trampetic, Phys. Lett. B367,
362 (1996); G. Eilam, A. Toannisian, R.R. Mendel and P. Singer , Phys. Rev. D53

(in print).

10



