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Introduction ||

Many theoretical determinations of the masses of
doubly heavy baryons.

Few studies of the decays

In this work we concentrate in the study of the exclusive
semileptonic ¢ — d and ¢ — s decay channels.

We will study possible violations of the Heavy Quark
Spin Symmetry relations among the form factors which
one expects to be sizeable in the charm sector.
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Three—body Hamiltonian |
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Three—body Hamiltonian Il
- -

® We use the AL1 potential [C. Semay, B. Silvestre-Brac, Z. Phys. Cs1,
271 (1994)]

2.2
_ K 27 e~ /%0 2mim; -
quzq(’r) = ——+Ar—A+ K’ 5 3 Ji%5 xo(mi’mj) =4 :
T Smimj T2 T mi +mj,

Parameters adjusted to the light and heavy-light meson spectra.

® For gq pairs we use
1 _
qq _ qq
Vq;j (r) = 9 Vq;j (7)

» Correct for the one-gluon exchange part

# Phenomenologically successful for the confinement part
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Baryon Wave Function

- N

We are interested in ground state baryons (L=0)

D =, Uny:
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Variational Ansatz

® We use a simple ansatz for the spatial wave function:
Phyhoq(T1,72,T12) = Ngb%l("“l)Qb%Q (r2) F(r12)

® @5, (rj) = (1+oyr;) ¢y (r))
Ground state wave function ng (r;) for the relative motion of the
light—quark heavy—quark system for the chosen potential,
corrected at large distances.

o Jastrow correlation function
4 2
2
F(’I"12) = Z a;j e_bj (riz+d;) al = 1
j=1
o N: Normalization constant
® Parameters of the variational ansatz adjusted so that (B |H| B) is

L minimized J
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Configuration mixing in ¢b baryons

- N

# The hyperfine interaction between the light quark and

any of the heavy ones canadmix S=0and S =1
states.

# This is due to the finite value of the heavy quark
masses.

=—t(1) __

2 =—0902E/, +0.431E,; M_u=6967MeV,

B9 =0.431E!, +0.902E,,; M_p=6919MeV.

0% =—-0.899Q/, +0.437Q,,: M, =T046MeV,

(1)
.,

Q) =0437Q,, +0.899Q,,; Mo =7005MeV,

ch

o |

Exclusive ¢ — s, d semileptonic decays of ground-state spin-1/2 and spin-3/2 doubly heavy cb baryons —p. 8



Semileptonic Decay Width |

-

-

® Semileptonic decay width

I = |Vy|?

» Hadronic tensor

HP (P, P')

Hos(P, P') dw

Gl% ]\4/2/\/1112 1£O‘B

St M

2J1+ - (B.1" P|J5(0)|B.r P) x

r,r’

(B',r" P'|J5(0)
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Form Factor Decomposition

-

(B'(1/2)," B'[T1(0)7" (1 = 75)Pe(0)] B(1/2),r B) = aZ (B){# [Fy (w) — 745G (w)] +

® 1/251/2

v [Fy(w) = 45G2(w)] + o' [F(w) — 75 Ga(w)] ul (P)

® 1/2-3)/2

(B'(3/2),r' P | T, (07" (1 — v5)0c(0) | B(1/2),r B) = @, (B") I (P, P')ul (P)

CV(w CV(w
(P, P') = [—3_,‘ ([ )(gA b — g yH) + —4_,‘ _,(2 )(QA“(JP’ — P+
CY(w
—5_,‘ [(2 )(g“‘qP — ¢ PH) + CY (W)gMH | 75
CA(w CA(w C’A w
+ —3_,‘([ >(g”‘ré — M) + —‘; _,(2 >(9”‘qP’ — P 4 C (w)gMH + : _,(2 )qu ]
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Semileptonic Decay Width |
f ' [107°* GeV] —‘

This work (1] [2] [3]

By — Bletr, 374 (345) (3.4)

By — EHiety, 265 (2.87)

2 By, 3.88 (1.66) 2.44 + 3.28°

Ot — Elety, 1.95 3.91)

By, — EPet v, 1.52 (3.45)

B — %"y, 267 (1.02)

B Blety, + Blety, + E%etv, 727 (7.80) (9.7 + 1.3)F

gt Sty 4.08

o~ ety 0.747

g — HBilety, 503

' [107 GeV]

QL — Qrety, 7.21 (3.12)
QS — Qpet, 3.49 (7.12)
Qg — Qe v, 2,98 (6.90)
NG =0 ety 5.50 (2.07)
Qn — Q. etw, 1.35

00— Qtety, 10.2
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Semileptonic Decay Width Il
B , -

I [107'% GeV]

S0+, AOgty, 0.219 (0.196)
'—f*‘;; — Ae*y, 0.136 (0.154)
g0+ 5 g et v, 0.198 (0.0814)
——f:lﬁu— — 30ety, 0.110 (0.217)
B+, 350,+,, 0.0807 (0.184)
HQ+ _, 550,+,, 0.147 (0.0556)
Er  Alet 0.235
B — lgf, v, 0.0399
B — S0ty 0.246
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Semileptonic Decay Width IV
B -

" [1071* GeV]

0 — Erety, 0.179 (0.164)
Q0 Eoety, 0.120 (0.133)
QL) — Bi-ety, 0.169 (0.0702)
ﬂf’,}f‘ — EleTy, 0.0908 (0.182)
Q) — Eimey, 0.0690 (0.160)
090~ Hi-ety, 0.130 (0.0487)
QY — B ety 0.196
O — Elety, 0.0336
QY — Erety, 0.223

o |

Exclusive ¢ — s, d semileptonic decays of ground-state spin-1/2 and spin-3/2 doubly heavy cb baryons —p. 13



Heavy Quark Spin Symmetry
- -

# In baryons with two quarks Heavy Quark Symmetry
cannot be applied...

# ... but Heavy Quark Spin Symmetry still holds.

# At zero recoil, where spin symmetry should work best,
HQSS reduces the number of independent form factor.

o |
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HQSS relations near zero recaoll

-

A number of relations between the form factors can be
obtained (see, for instance Section |V of PRD 85 (2012)
094035). As an example, we shall mention

-

9o Bcb — Ab, Eb

F1+ Fo+ F3 =0, Glzi

V3
9 Béb%Ab,Eb
Fi+F+Fys=n G =0

9 B:b — Ab, =b

M — M’ M(M—M’)
A A A
—C3 — —C} 5 +C5 = —n
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Heavy Quark Spin Symmetry
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Summary

- N

# We have done a systematic study of all dominant and
subdominant ¢ — d, s decays of bc baryons.

# We have worked in the context of a simple COM
scheme, already tested in the past.

# We have derived HQSS relations among the form
factors at zero recoil. We have tested our form factors
against these relations.
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