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1. Semileptonic decay widths

The total decay width for semileptonic— | transitions, with = s,d, is given by

2 2
M= Mol [ V&P~ 1296 A (PP do, CEY
where |V | is the modulus of the corresponding CKM matrix element for a semileptonicl
decay (Ves| = 0.97345 andV,g| = 0.2252 [1]),Gr = 1.166371) x 10~ MeV 2 [1] is the Fermi
decay constan, M (P’,M’) are the four-momentum and mass of the initial (final) bargpa,P —

P’ andw s the product of the initial and final baryon four-velocities=v-v' = . P — %
In the decayw ranges fromw = 1, corresponding to zero recoil of the final baryon, to a maximum
value that, neglecting the neutrino mass, is givemsy wWmax = % which depends on the
transition and wherais the final charged lepton mass. Final§?#(q) is the leptonic tensor after
integrating in the lepton momenta. It can be cast as
aB 2\ 0P 2 q*qP
27°(q) = A(q°)g"" +B(q") 2 (1.2)

where explicit expressions for the scalar functiéig?) andB(g?) can be found in Egs. (3) and
(4) of Ref. [2].
The hadron tensa##, 3 (P,P’) is given by

%aﬁ(R P/) — i Z <B’,r’ 5/“3(0)
r

= 11 87118
25112 B,r P) (B.r' P'|34(0)

B.r B)", (1.3)

with J the initial baryon spin,/B,r I5> (\B’,r’ I3’>> the initial (final) baryon state with three-
momentumP (P’) and spin third component (') in its center of mass frame. Baryon states
are normalized such thdB,r’ P'|B,r P) = 2E (2m)® &, 63(P — P'), with E the baryon energy
for three-momentun®. Our states are constructed in Appendix A of Ref. [3]. Fina][j/(O) =
W, (0)y* (1 — y5)W(0) is thec — | charged weak current.

For the actual calculation of the decay width we parameterize the hadroniix elatments
in terms of form factors, which are functions @for equivalently ofg?. The different form factor
decomposition that we use are given in the following.

1. 1/2— 1/2 transitions.
Here we take the commonly used decomposition in terms of three egtiey, F3 and three
axial G, Gy, G3 form factors

(B'(1/2),1' B | 34(0)[B(1/2),1 B) = B (F') { ¥ [Fa(®) ~ ¥6G(@)] + V¥ [Fo(@) — 6Gol(®)]

FVH Fa(@) — 6Ga(@)] JUB(F).  (1.4)

Theu, are Dirac spinors normalized &s/)"u; = 2E /.
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2. 1/2 — 3/2 transitions.
In this case we follow Llewellyn Smith [4] to write

(B'(3/2),r'P'|®(0 )v“(l—ys)%( )|B(1/2),rP) = GF,.(B) M (PP)UP(P),
cy cY
MH(PP) = [ (oM — V) + (“’q P - qAP’“)+M52(gA“q'P—qAP“)+CXg“]Vs
C3/\u A / A p/U CA)\u géAp
(@ -ty + ( q-P' = P¥)+C5g™H + maatat (1.5)
Hereuﬁ'r, is the Rarita-Schwinger spinor of the final spin 3/2 baryon normalized thath

(U§)TuP'Y = —2E' &, and we have four vectoC, 5 5(w)) and four axial €545 6(w))
form factors. Within our model we shall have ti@#(w) = C¥ (w) = C5(w) =0

3. 3/2— 1/2 transitions.
Similar to the case before we use

(B(1/2),1" P | 0y (1~ y6)We(0) | B(3/2),1 B) =
BB PIEP)) = B ()P4 P) Yl (P)
\/
~3

N c oV

FAHP,P) = (— (@ — q'yH) - M‘}z (g q-P—q'PH) - M%(QA“q P —a"PH)+C{a"H) e
c

(= (@ —d v - M‘,‘2< g'#q-P—q'P¥) +CAgA“+Wq o). (1.6)

Again, and within our model, we shall have tig(w) = C¥ (w) = C5(w) = 0.

4. 3/2— 3/2 transitions.
A form factor decomposition for/2 — 3/2 can be found in Ref. [5] where a total of 7 vector
plus 7 axial form factors are needed. In this case we do not evaludtathéactors but work
directly with the vector and axial matrix elements.

Expressions relating form factors to weak current matrix elements casube in Appendix
B of Ref. [3].

Heavy Quark Spin Symmetry (HQSS) imposes constraints on the form factbese con-
straints have been deduced in Ref. [3] using the Trace Formalism [6; i§duiring invariance
under separate bottom and charm spin rotations. Though these relatosisictly valid in the
limit of very large heavy quark mass and near zero recoil of the fingldmathey turn out to be
reasonable accurate for the whole available phase space.

2. Results

The results we obtain for the semileptonic decay widthsbdifaryons are presented in Tables 1
(c — sdecays) and 2c(— d decays). We show between parentheses the results obtained ignoring
configuration mixing in the spin-1/@binitial baryons. Due to the finite value of the heavy quark
masses, the hyperfine interaction between the light quark and any ofafg tpearks can admix
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bothS=0 and 1 components into the wave function for total spin-1/2 states. Thuacthal physi-
cal spin-1/Zbbaryons that we caE(C%,), Ef:i) ande:t), Qg)), and that were obtained in Ref. [8], are
admixtures of the=gp, =, (Qcp, Q) States where theandb quarks are coupled to well defined
total spinS=1,0. While masses are not very sensitive to hyperfine mixing, it was pointedy
Roberts and Pervin [9] that hyperfine mixing could greatly affect thayeddths of doubly heavy
cbbaryons. This assertion was checked in Ref. [10] where RobertBenvih found that hyperfine
mixing in thecb states has a tremendous impact on doubly heavy bdryemr semileptonic decay
widths. These results were qualitatively confirmed by our own calculatiorein[B]. We further
investigated the role of hyperfine mixing in electromagnetic transitions [1linfindgain large
corrections to the decay widths. A similar study was conducted by Brariz iet Ref. [12]. We
expected configuration mixing should also play an important role fors, d semileptonic decay
of cbbaryons. Indeed, we find that configuration mixing has an importardteffeen the two light
guarks in the final state couple to total spin O.
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Table1: I decay widths for — sdecays. Results where configuration mixing is not consitiare shown in
between parentheses. In this latter caseéﬂié Efi) baryons in the table should be interpreted respectively
as the=[,, =, states. The result with a T corresponds to the decay of@hstate (see main text). The
result with an« is our estimate from the total decay width and the branchétig given in [15]. Similar

results are obtained for decays intov,,.

In Fig. 1 we check that our calculation respects the constraints on thedotors deduced in
Ref. [3] using HQSS. Those constraints have been deduced fﬁgghe—éngJr 3B andBl, =

%B’Cb+ ?Bcb, where the spins of the and light quark couple to total spin 1 and O respectively.
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10 GeV] [ [10-%4GeV)|
=% Aletv 0.219 (0.196) Q0 = efve 0.179 (0.164)
=@F 5 Nety, 0.136 (0.154) Q20 ;= ety 0.120 (0.133)
=+, 50ety 0.198 (0.0814) QP05 = etve 0.169 (0.0702)
=@+ 50ty 0.110 (0.217) Q20 =~ ety, 0.0908 (0.182)
=+, 5:0ety, 0.0807 (0.184) QP05 = etve 0.0690 (0.160)
=@+, 50ety 0.147 (0.0556) Q20 =gty 0.130 (0.0487)
S — N\Jetve 0.235 Q0 =, etve 0.196
Ziou— Zpetve 0.0399 Q0= =etve 0.0336
=i ZEO ev 0.246 Qégs—> = efve 0.223

Table2: T decay widths foc — d decays. In between parentheses we show the results withiofigeration
mixing. Similar results are obtained for decays iptovy,.
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Figure 1. Test of HQSS constraints: Different combinations of forictées obtained in this work for several
transitions with &\, in the final state§,;,, = 0). For the calculation we have taken the masses atthes,

to be the masses of the physical stﬂé}%ﬁé@. For very large heavy quark masses, HQSS predicts that the
combination of form factors in the second, third and fouittie$ should be equal, while for the first and fifth

line they should be zero. For other transitions see Ref. [3].

These hatted states are very close to our phyagfiland Béb) states. One sees deviations at the

2

10% level near zero recoil. Those deviation stem from corrections in tlezsie of the heavy
quark masses. In fact the constraints are satisfied to that level obagaurer the wholeo range
accessible in the decays. We found similar deviations in our recent stutig of—+ s,d decays
of double charmed baryons in Ref. [2], where we explicitly showed thiészepancies tend to
disappear when the mass of the heavy quark is made arbitrarily large.
Besides, in Ref. [3], with the use of the HQSS relations and assultigo= Mg, = Mg; and

cb
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Mg, = Mg, = Mg;, we have made model independent, though approximate, predictiondiésr ra
of ¢ — s,d decay widths otb doubly heavy baryons. Our values for those ratios agree with the
HQSS motivated predictions at the level of 10% in most of the cases. Wetdkpse predictions

to hold to that level of accuracy in other approaches.
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