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Motivation : Separate heavy quark spin symmetries

make it possible to describe the semileptonic decays

= L 2W1m, QW - Wi

in the limit my, . > Aqcp and close to the zero recoil point
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HQS constraints on SL FF’s and I'’s of doubly heavy baryons.
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— (%) For instance, let us study E.](O/:) — ES;? SL decays,

be Pu = M_() Vi, Py = ma(*)%ﬂ =m_()Vp T ky

“be

Near the zero-recoil point w =1 (w = v -v’') k small
| Spe: IM > residual momentum = k- v = O(l/magz)).

To represent the lowest-lying S-wave bcg baryons we

use wavefunctions comprising tensor products of
‘ Dirac matrices and spinors, namely:

;L [(1+¢)%Lgu”(v’r)

bc - 9
| Sgq; IM > : :
| Boe = [T [0 ]
q Bie =%t = || e
| dap

a, B3, v Dirac indices and r baryon helicity label. These
wavefunctions can be considered as matrix elements
of the form <O|caq_CBb»Y|BI§;*)> where ¢¢ = ¢! C with
C' the charge-conjugation matrix.

J. Nieves, U. Granada 3




International Workshop on Heavy Quarkonium 2007

Under a Lorentz (A), and b and ¢ quark spin (5, and S,)
transformations, a wavefunction I',z ., transforms as:
Tu — S(AMLCS™HA) S(A)u
' — S.I Syu
States normalised using tuTr(I'T): mutually orthogo-

nal and have a common normalisation (I’ = A°T'T7?).
States where the b and ¢ quarks are coupled to definite spin,

1 1 1, V3 1
— : = — p— _ c p— 7 = — _ c :17 = —

Spe = 0;J 2) Q\Sq 0; J 2>+ ; |Seq J 2>
1 V3 1,1 1

S C:17J:_ — —_— ca — ’ _= — — c :17 = —
3 3

S C:17J:_ — c :1’ = —

b 5) = 1Sy =1J=73)
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Remarks:

¢ We have not used definite spin combinations di-
rectly for the b and ¢ quarks. The reason is to make
both the spin transformations on the heavy quarks
and the Lorentz transformation of the states con-
venient, making it straightforward to build spin-invariant

and Lorentz covariant quantities.

¢ We could have combined the b quark with the light
quark to a definite spin. This would clearly interchange
the spin transformations and alter the appearance of spin-
invariant and Lorentz covariant quantities. Physical re-

sults should of course be unchanged.
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For the cc baryons,

B = —\E[O;W%LB%(%T)

B = v2[i9, ] 0+ su(v. )
RSN (£

Y

cc 9
e the two charm quarks can only be in a symmetric spin-1

state: B’ and B,. correspond to the same baryon state =...

e normalisation: there are two ways to contract the charm
quark indices, leading to tuTr(I'T) + @' T'u. To have the
same normalisation as for the bc case, we have to include

extra numerical factors
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. construct spin-invariant and Lorentz covariant ampli-
tudes for the weak transition matrix elements,
SL Egz) =% decays <~ ME weak current J* = ¢y*(1—~5)b
We first build transition amplitudes between the Béé*) and Eg)
states and subsequently take linear combinations to obtain tran-

(%)

sitions from =; '’ states. The most general form for the ME
respecting the HQSS is (j* = ~*(1 — ~5)):
(EW) v, k, M| JH(0)|BE 0, MY = Gice(v, by, M) j#upe (0, M) Tr[Tpe Q2]
+ ﬂ'cc(va kv M/)Fbcﬂfccj'uubc(va M)

I've — Sclbe,  Upe — Sppe

I'ee — fccS;ra acc_>acc‘sqL

C
et = Sejts)
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. construct spin-invariant and Lorentz covariant ampli-
tudes for the weak transition matrix elements,
SL Egz) =% decays <~ ME weak current J* = ¢y*(1—~5)b
We first build transition amplitudes between the Béé*) and Eg)
states and subsequently take linear combinations to obtain tran-

(%)

sitions from =; '’ states. The most general form for the ME
respecting the HQSS is (j#* = y*(1 —~5)):
=00, ke, MYTH0)| By v, MY = fige(v, k, M')SESej" S Sytune (v, M) Tr[S.Tpe 2T S]]
+ tige(v, ky M') ST S DT e ST S35 Syupe (v, M)

Iee — Sellbe,  Upe — SpUipe

I'ee — chsia acc%ﬂccsi

cj'h = SetSy
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where M and M’ are the helicities of the initial and final states
1 /
Q=-——7n(v-v)

V2

is the most general Dirac matrix that can be written in

terms of the vectors k£ and v.

e terms with a factor of ¢ can be omitted because of the equa-

tions of motion (Yu = u, yI' =T, y,u* =0, v,u” = 0),

e terms with ¥ will always lead to contributions proportional
tov-k=0(1/m_u)).
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Remarks:

e If the b and c quarks become degenerate, then vector current
conservation ensures that n(1) = 1.

e Savage and White (PLB 271 (1991) 410) found similar
results: approach where the two heavy quarks bind into a
colour antitriplet which appears as a pointlike colour source
to the light degrees of freedom + “superflavor” formalism
of Georgi and Wise. We find two differences to their results

(one of these was already pointed out by Sanchis-Lozano
PLB 321 (1994) 407).

e Our approach, where we consider the spin transformations
of each heavy quark explicitly, is straightforward and

similar to that used to describe B. meson decays: Jenk-

J. Nieves, U. Granada
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ins, Luke, Manohar and Savage, NPB 390 (1993) 463.

Spin symmetry for both the b and ¢ quarks enormously

(7%) =)

simplifies the description of all ZE; ' — Z¢¢ 177 decays in
the heavy quark limit and near the zero recoil point. All the
weak transition matrix elements are given in terms
of a single universal function. Lorentz covariance alone

allows a large number of form factors (six form factors to

—/

describe =y, — Z.., another six for 5;, — E., eight each

—x =/

for =p. — 2., B, — =25, and 5y, — Z¢¢, and even more for

=K , =k )
\-ch \-JCC .
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n(v-v')

Pl 2
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Test: QM [EPJA 32 (2007) 183 ]
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. 1/2 — 3/2 spin transitions

- = ()
<E207 r’ ﬁ/ |Efy'u(1 - 75)19(0) ‘—"E)/l’ r p> o a;w( )I‘Aﬂur ” (p)
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e )(g”d ) + ﬂ;lz( )(gk“qp’ p™") + CE (w)g + 62( )qu“

and 3/2 — 1/2 transitions...

(B, 7" B [y (1 = 45)b(0)| Eiye, r ) = e (B") T s (5)

Y
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and 3/2 — 3/2 transitions, =; _ —

. ~ 50 FF’s

— (FHFHF)R2
. 34G,
— F+FF,
. -V3G,2

N = _, =*
“bc — cc

=1 %

~“bcT — cc

—% =

vector, r=3/2 - r'=3/2
vector, r=1/2 .. r'=1/2
axia, r=1/2-r'=1/2
axial, r=1/2 -.r'=-1/2
axial, r=1/2 -r'=3/2
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HQSS constraints on semileptonic decay widths

G2 m_.(*) Wmazx
I' = 4\ b ]2 —cc / dw Vw? —1 LM H,,
327 <*,) SN~
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.2

For the actual doubly heavy baryon masses wyq, =~ 1.22 (1.08)
for bc — cc (bb — bc) transitions. The different differential decay
widths dI'/dw show a maximum at around w =~ 1.05(1.01) =

n(w) — H,,| and approximating

~ Mer S M= 0 MN= N TN =x*

mEbb m’_‘Zb 9 mEbC '_'bc \_lbc 9 —iCC —cc
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predict that some ratios between different decay widths
should be approximately 1...

Hernandez et al. Ebert et al. Guo et al.
bC — CC arXiv:0706.2805 [hep-ph]  PRD70 (2004) 014018  PRD58 (1998) 114007
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Guo et al.

PRD58 (1998) 114007
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Pl 2

J. Nieves, U. Granada

n(v-v')

d37“1 d37“2 exp[—iE-Flg/Q] [\IICEC(I‘l, ro, I‘12)]* \IIEC(I‘l, ro, I‘12)

Diquark Picture and Link to B. Meson Decays

3.5 I I 3.5 I
3P S 7 3 be 7
2.5 - N - 250 1 A s
- /N Ebe VAR ch
! I/ ' \\ // \
é T // : \\ i T I/ ‘ \\\ i
S l/ \\ II \\
= 15 1 \ - 15F 1 \ _
= /’ \ , I, \\
Q‘ / \ . N
1 — ,I \\ = 1 — ,I \\ |
," /, \ ." II \
: ’l \\\ ] "’I \\\ -
0.5 o . _ 0.5 o N
','I/ NN\ ,"/I \\\\ QCC
0 J | -4 T 0k | | ceo )T~
0 02 04 06 0.8 1 1.2 0 02 04 06 0.8 1 1.2
Thyhy [fm)] Thyhy [fm)]

<= Jacobi’s coordinates, Q, Q" = c, b.
Qc DIQUARK

ri2 L 11,72 = Yo (ri,ra,ri2) 8 Pgc(riz) é(rgeq)
RELATIVE MOTION OF q AND A POINTLIKE Qc DIQUARK

N——

21




International Workshop on Heavy Quarkonium 2007

n(v-v') = /d3r12 exp[—ik - F12/2] [‘I)cc(ru)]*(l)bc(ru)/d37“¢5*(7“)¢5(7“>

~"

1

where 7 = 7, and in the d°r integral we have replaced ¢(7peq)
by ¢(r) since ey = Teeq + O(712). This approximation leads

to uncertainties of O(r%,) after integration,

n(v V') = / 311 oxpl—ik - T12/2][®ec(r12)]* Bpe (r12)

which has an identical form to the expression of the form
factor A, unique form factor which describes the B. to

n. and J/v¢ semileptonic decays, in terms of wavefunctions
of the bec and ¢c bound states (Jenkins et al., NPB 390 (1993)
463).
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This does not mean that n and A are identical because the Q)

and QQ potentials used to compute the diquark and meson

wavefunctions are not the same. For example a \;\; colour

dependence ()\; are the usual Gell-Mann matrices) would lead

to VQQ = VQQ/Q. [ approx wfnt overlaps (solid lines) vs IW funcs (dahsed lines)]
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1.3
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J. Nieves, U. Granada

The w? slope of the A form factor is indeed smaller than that
of n, but the ratio is around 1 to 3 rather than 1 to 6, so there are sig-

nificant corrections to the Coulomb wavefunction description.

Conclusions

e Separate HQSS make it possible to describe all SL

= L 201m, ol a1y

decays using a single form factor. Similarly for bb — bc

decays.

e We have discussed the resemblance of the bc baryon

decays to those of B. mesons to 7. and J/¢ mesons
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e Lattice QCD simulations work best near the zero-recoil
point and thus are well-suited to check the validity of

the results.

e QM calculations consistent with HQSS 7

— Results by Hernandez et al. (FF’s and decay width ra-
tios), and Ebert et al. (decay width ratios), compare
well, within expectations with HQSS

— We detect problems either in the model or in the

calculation performed by Guo et al.
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