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basic ideas



Basic ideas

doubly heavy baryon decays: Q1Q2q9 — q1Q2q

o Weak decay: Q; — ¢}, spectator [Qqq]: diquark ( J¥ =0T, 11 )

e Ground state: L =0

Q1(p1) q;(p})

[Q24](p2)




Basic ideas

cc sector

=4 (cou) — AF (deu) /S (deu) /27 (scu) /EL (scu),

—cc C

=" (ced) — X2(ded) /22 (sed) /=0 (sed),

QF (ccs) — Z2(des) /=R (des) /92 (ses),

CcC

bb sector: ...

bc sector: ...



Overview of LFQM
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Overview of LFQM

B(P,S,S.)) = / ([@p H{Pp)22n)363(P — 1 — o)

X 30U (1, B, M, Ao (o1, M) (] (2, M)

A1,A2
. dptd®p )
p= ", p), {p}= 2(%);, 0°(p) = 6(p™)8%(pL).
__pitm’

p
pT



Overview of LFQM

pf:lejL, p;:xQPJr, 1+ 29 =1

P11 =z1P) — ki, Doy =x2P) +kJ

P :4-momentum of baryon @

M :Mass of baryon

D1, P2 :4-Momentum Of Ql, [QQQ]
m1, mg :Masses of Q1, [Q29]

P =p1 + po
M? =pP?



Overview of LFQM

In P rest frame,
PH = (M07 O)

€1, €: Energy of Q1, [Q24]
ki,k,: 3-momentum of [Q2q]

—I_cl, —k,: 3-momentum of ()



Overview of LFQM
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Overview of LFQM

U5 (1, Pa, My do) = Y (MR (@1, =k, ma)|s1) (o[ Ry (w2, k1, ma)|so)

)4 ) .
X (5515 S[di]32|§sz>i90(xv k1),
L a(p1, \)Tu(P, S,)
— 1y N1 y M2
v/ 2(p1 - P 4+ mq M)
Ot =1
1 I' = —%75;5*(292, A2)

H. W. Ke, X. H. Yuan, X. Q. Li, Z. T. Wei and Y. X. Zhang, Phys. Rev. D 86, 114005 (2012)
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Overview of LFQM

WSS (1, B, A1, Ae) = 3 (M [RY (w1, —k i, ma)|s1)(Ae|RY, (z2, ki, ma)|s2)

O+
1+

51,82

1 1
X (—81; S[di]32|§sz>[90(xa lﬁ)]a

2 o

A¢(CE,]€J_)

A=1

A — 3(M9m1—|—p1~P) _
3Mom1+p1-P+(2p1-pap2-P)/m3

3/4 7.2 2

- s €1€92 k -+ k

k —4 | = A & z
bl kL) (52) 2129 Mo eXp( 232 )
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Form factors



Form factors

(B'(P,S)I(V — A),|B(P,S.)) = u(P, S,) [wfl(qz) + iaw%fz(qz) + qﬁ“fg(qz)] u(P,S,)

v

P, |1 () + 0 a0+ n()| reulP, )
¢/*($/, kl)gb(xa kJ_)
P (p1 - P+ miMo)(p - P+ m' M)

x a(P, ST (f, + m})yu(1 — 18)(p, + m1)Pu(P, 5.)

(B(P S|V - A)BP5)) = | o

Q1(p1) 4.(p))

[Q29](p2) 14



Form factors

() :/ drod?k, ¢' (o, Ej_)qﬁ(a:, EJ_)[E_]_ : Eﬁ_ + (z1 Mo + mq) (zy M+ m))] O+

2(27)3 - S
Al oMo + 82 [ + etz + 2]

.mﬂ=/@f?ww@w@a%%ra+mmme%m+mn
(2m) Vﬁmu+xﬂﬁﬁ+ﬁﬂ[wﬁ+mM%V+Eﬂ
f2(q?) _ 1 /dm2d2kL qb’(:c’,k’ o (ac, 1)[=(mq +a:1Mo)kl gL + (m} +$1M0)lﬂ qL]
M a1 2(2m)? \/[ (my1 + 1 Mp)? + kz] [(m& + 2 Mj)? + kf]
92(q°) _ 1 /dxzdzlﬂ_ ¢/(5’3/7k’ )$(, J_) —(my +$1M0)kj_ gL — (m] ‘|‘$1M0)kJ_ q.]
M a 2(2m)3

[ (m1 + 21 My)? + kz] [(m'l + x| Mj)? + kf]
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Form factors

o [ gt
1(6%) =575
8P+P,+ 2(27(' 6\/{]]1,’[}1 pl P+m1MO)(p1 P, +m1M0)
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Form factors

=++ =+ + =+ =0 0 =0 = -
baryons Q. “bc “be e =bb —bb s

—cc —cc

masses |3.621 [9][3.621 [9]|3.738 [58](6.943 [58]|6.943 [58]|6.998 [58]|10.143[58][10.143 [58] |10.273[58]

lifetimes | 300 [21] | 100 [21] | 270 [61] | 244 [46] | 93 [46] | 220 [61] | 370 [46] | 370 [46] | 800[61]

TABLE I: Masses of quarks and diquarks adopted in this work

Moy | Mg | TMs | Meu Med Mes
0.250.25|0.37|1.4|11.4 4+ 0.25|1.4 + 0.25({1.4 + 0.37

TABLE II: The parameters 3’s adopted in this work

Bc[cu]a /Bc[cd]a Bc[cs] 5d[cu]7 /Bd[cd]a Bd[cs] /BS[C'LL]7 5s[cd]a /Bs[cs]

0.753 0.470 0.535
F(0)
F(qz): ) 72 —|—5(q2 )2
m%t m%it
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Form factors

F F(O) Tt ) F F(O) Mgt )

=TT + =T +

fiee 7% 10.653(1.72(0.27| foee ™ |—0.738/1.56/0.32
2Tt AT =t AT

g1 ¢ 10.833|2.03|0.38] g5 °° ° 1—0.053|1.12|1.10
SRS s SRS S5

f1ee ©10.653(1.72|0.27]| f5°° ¢ —0.738(1.96(0.32
SRS Yy CRSUNES D5y

g{°° ¢ 10.533]2.03]0.38] g5 °° °©1—0.053(1.12|1.10
=T BT =F+ =T

f1ee ¢ 10.754|1.84(0.25]| f5 ¢ 1—0.782(1.67/0.30
=t =+t =+t _ =+

gy “° ¢ 10.620|2.16|0.395| g5 ° ¢ 1—0.080(1.29|0.52
21T 3BT ETT BT

f1ee ¢ 10.754|1.84(0.25] f5 ¢ 1—0.782(1.67[0.30
=ttt =2/t =ttt =/t

gq©° ¢ 10.620(2.16|0.35| g5 *° ¢ 1—0.080(1.29|0.52
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Form factors

F F(O) met ) F F(O) ™Mat )

=FF _ AT =FF AT

free 701 0.637 |1.49]0.37| foee % | 0.725 |1.530.32
=ErT AT =ErT AT

gy “° ¢ 1-0.167{1.99|0.23| g5 °° ¢ 1—0.028%|2.03* |2.62*
RIS i =T nT

fiee c | 0.637 |1.49|0.37| f5 c| 0.725 |1.53 ] 0.32
CRSUEES s SRS yyy

gq°° ¢ 1-0.167]1.99]0.23] g5 °° ¢ 1—0.028%|2.03* |2.62*
ETT 32T =TT 5T

fiee ° 1 0.739 [1.58|0.36] f, °° <1 0.801 |1.62]|0.31
=Ert =t =Tt 2T

gy °“° ¢ 1—0.198|2.10|0.21| g, *° ¢ 1—0.018%(1.62*|1.37*
=TT SET =TT 5T

fiee ¢ 10.739 |1.58]0.36| f5 < 1 0.801 |1.62]0.31
=ttt =2/t =ttt =/t

gy “° ¢ 1—0.19812.10(0.21| g, *° ¢ |—0.018%(1.62*|1.37*

1+
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Form factors

Hch+ _ % [(_\/7501( 2U)S‘|‘ %cl(czq)A) + (Cl o 62)]
AF = —%d( W) + \?d(cu)
ATV = A)uELT) = esld[eu]s|(V — A)ulcleuls) + caldcu]a|(V — A)plcleu] a)
Cs — Cqp — \/—/4
F() = csF* (@) +eal (e
F = f1,2791,2
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Form factors
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Semi-leptonic decays



Semi-leptonic decays

dl'y  G%|Verum|? ¢*pM’

— = (|H%,0|2+|H—%,0|2)

dwo 2r)?  12M
dl'r G%|Veru|® ¢*pM’
dw (27)3 12M

(IHy 1?4+ [H_y 4]?)
channels '/ GeV B I'r/Tr
ErF — ATy |1.05 x 10714]4.81 x 1073| 8.52
2T = 2F11,19.60 x 1071°(4.38 x 1073| 1.28
=5 = =ty [1.15 x 10713(5.25 x 1072| 9.99
EXT 5 ETy[1.28 x 10713(5.84 x 1072| 1.42
=5 — X0ty [1.91 x 10714{2.91 x 1073| 1.28
=F = 2%ty [1.14 x 10713{1.73 x 1072| 9.99
= = 20y, |1.27 x 107131193 x 1072 1.42
QFf — 2%y, [8.06 x 10715|3.31 x 1073| 8.84
QFf — Z00Ty, (9.34 x 1071°(3.83 x 1073| 1.28
QF — Q0*y, 2,55 x 10713]1.05 x 10~1| 1.42
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Non-leptonic decays



Non-leptonic decays

p ((M+M)*—m? ., (M=-M)?*—m? ,
P 8 ( M? A"+ Ve |B|

A= -\fp(M — M') f(m?)
= —Afp(M + M')gi(m?)

channels I'/ GeV B channels I'/) GeV B

ST — Afat |8.87 x 1071°(4.05 x 1073 | — Afpt [2.32 x 10714(1.06 x 1072
=5t — Afal |1.02 x 10714]4.66 x 1073 |=FF — AT KT |7.79 x 10716{3.55 x 10~*
28 = AFK*T [1.09 x 10715(4.98 x 104
=X s Yrat 575 x 1071%]2.62 x 1073 |2 — Bt pT [2.47 x 10714(1.13 x 1072
Eft 5 YFK*T [1.28 x 1071%(5.83 x 1074 |=H — B KT [4.22 x 10716(1.92 x 1074
Xt o Efrt [1.57 x 10713(7.14 x 107 2|5 — =EFpt [3.03 x 10713]1.38 x 10!
Eft 5 EFK*T (119 x 107141544 x 1073 |28 — =X KT |1.31 x 10714(5.97 x 1073
ErF - Eat (1,10 x 10713(5.00 x 1072 |=HF — = pt (412 x 10713]1.88 x 101

—c

ErT 5 EFK*T(1.87 x 10714(8.54 x 1073 |2 — EF KT (7.48 x 1071%(3.41 x 1073
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Summary and outlook



Summary and outlook

diquark picture: J¥ =0T,17"
form factors fi 2 and g; o
semi-leptonic processes

non-leptonic processes

The 1/2 — 3/2 transition

Penguin dominated processes
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