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Quark model

Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
(fermions) (bosons)
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Observation of EfF

-l. -I. H N |Iu.ll JN

Phys. Rev. Lett. 119. 112001
Mme++ = [3621.40 + 0.72(stat) + 0.27(syst) + 0.14(Af)]MeV /c?

—cCcC

Phys. Rev. Lett. 121.
Ter+ = [0.25615037 (stat) £ 0.014(sysD]Ips 052002 2018)  4/99
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Theoretical framework

= Doubly heavy baryons decays
Anti-triplets

Excited étates




spin 1/2— spin 1/2 or spin 3/2: V-A Current and F(ﬁ
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The effective Hamiltonian =

= The Hamiltonian for ¢ = d,s v,

T (Vals 1 = ) (1= )]+ Viald (1 = )l (1= )1

= The Hamiltonian for b = u, cl™ v,

L (Vaale (1= W[ (1 = 35)0] + Vil (1= 1) [ (1 = 35)m)

* The Hamiltonian for b — slt1~

Heg(b — slTl7) = _—vﬁ, ZC (1)O
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For b quark decay

Y =
E VQ+ Fla) = g2 q>
y : + T 1 — + 5( )2
Hg._':l = —1 \/q—z ((ﬂrf — ﬂ«f i . mflt mflt
v = For ¢ quark decay
H}, =i\/2Q, (—gl - QE) | For ¢ quark decay
F(0)
2) —
Aty _ CiWVerul® €0y oy, ), Flay=""p
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[Q2q](p2)

B(P.S,S.)) — / (d®p1}{dp2}2(2m) 28 (P — 1 — o)

q;(ph)

X Z U5 (B, Po, A1, A2)|Q1(p1, A1) (di) (pas A2))

A1,Ag
 For the baryons with
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spin1/2
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\/2{})1 . P -+ ﬂllﬂifg]l

For an axial-vector diquark
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Ref: Chun-Khiang Chua, Phys. Rev. D 99, 014023 (2019)
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Light front quark model

N — "N

= For the baryons with spin 3 /2

1

_ w(pr, A\ (p2, A2)ua (P, S2)é(z, k1)
\/2(3}1 P-l—mlfbfg) : : AN 72 *
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(ﬁ (Pz, 2) P'p2+mgﬂvfgf (Pz, 2) )
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Transition matrix element : LFQM

a1

F f f 1 r —
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1
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— [(dm}
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KZU (P, SU)Tls 4y (py + mi (1

92))

| M)
+ my) Ry u(P, S:)

1 Tensor current
kel Y g _ _ -
(By (P, 5" = S Sl i el) [Bi (P, S Z’Sz} For FCNC channels
‘ ¢ (' K )o(x, k) v
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f 2\/pfp1+ (p1 - P+ myMy)(p) - P' + m! M}) qm‘“’ M (1+75)Q
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Transition matrix element: form factors

/IN\T & uJ—i
/ roo 1 Iy = 1
=u(P',S;) {T.ufl,S{Aj(qg} + iﬂgui—_jffg,ﬂ{dqj(qg) + %fs,sm;(qg) u(P, S;)
1% ¢ ! 3 ST 1
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—i_fS ( );u'g qg q —I_fd,;l(q )(g o qg ) F}'du(P: Sz)
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Form factors
parametrization

4

Transition
matrix element

Light Front Quark
Model
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Extraction of transition form factors s
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Form factors
parametrization
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Transition
matrix element

Light Front Quark
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Overlapping factors

ahSe " ﬁi

Physical form factors
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For example:

AFEad L
1 <3 1
Eg_c-l_ = ﬁ [—7C1(CZCI)S + Ecl(czq)A + (Cl — CZ)]
1 V3
AL = —Ed(cu)s +7d(cu)A

1( V3 1\ ve| . _ 1
o) <2x(3) - 5| =5l

siroat V6 V6
FPhyS o 4
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The numerical result of decay Widthsﬁ

VAR N nr
channels '/ GeV B Iy /Tr channels '/ GeV B ' /Tr
= s AR (707 < 10717363 < 1077 2.42 :Eb — X1 [1.06 x 10719]5.06 x 107°| 1.27
LT = X T [1.00 x 1071 4.98 x 107*| 0.86 | Zhy — E,.077; |6.02 x 1071338 x 1073| 1.42
ST = Ry |8T4 x 10713.00 x 1072 3.07 | 2, — =175 [3.21 x 1001 1.81 x 107%| 0.84
EX — EF 143 x 107(6.52 x 1072| 0.94 ubb — ARl" 7 [2.39 x 10717(1.35 x 107%| 5.03
EL =Xy (21T x 107330 x 107°| 0.86 | =, — Xpw |5.20 x 10717]|2.08 x 107°| 1.27
= =%y (863 x 10711.31 x 1072 3.10 _% — _grr 7 [6.02 % 10714(3.38 %« 1072| 1.42
EL 5 EP ey |1.41 x 1071215 x 1072 095 | E5 — S0 [3.21 x 1071 1.81 x 1072| 0.84
Qf — ZE0Ty |5.87 x 107'°(8.92 x 10| 2,04 | Q. —+ =) |2.18 x 107'7]|2.65 x 1077 5.98
Qf. — ZE0T |1.03 x 107157 x 107°| 0.87 | Q;, — =31 m |4.87 x 10717502 x 1077 1.28
Q. — ﬂi}ﬁm 2.80 x 1071(4.26 x 1077%| 0.94 | Q,, — Q.17 [5.24 x 1071*6.37 x 1072 1.64
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H’+l+vl) - 21-‘('-'cc
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129

l+Vl)

\
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merical analysis

Z
-

1 1 Number
r (5 =3 with charged current) ~(10715~10713) of Charged

current
channels
r(L5 3 with charged 10-16~10-14) 1 1
5 = 5 with charged current ~( ~ ) 525 57 90
L 1 3
[ = with FCNC)~(10721~107") 2 2 50 >

1 3
[ — 5 with FCNC)~(10722~107")

May be firstly examined in experiment. LHCb, Belle-II

B(EF - E0ty)~2.15%x 1072 B(Ef- E%%v)~1.31 x 1072

B(Ef.» EPL1TY)~2.5 X 1072
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Summary

e —o 0

The transition form factors are calculated within light front quark model.

This work modified the baryon wave function involved axial-vector diquark: T’

For the baryon wave function is decided by the spin and flavor space wave
function, the physics form factors is FPWSIS = CoFg + C4Fy.

This work study four kinds of the doubly baryon weak decays and find that :
1 1 1 3 1 1

r <§ - 5 with charge current) >T <§ - 5 with charge current | > T > - > with FCNC
r L3 i hFCNC

> 5 - 5 wit

= These channels may be firstly examined by experiment:

B(Ed— EL1Mv)~2.15x107%  B(Er— E%*y)~1.31 x 1072
B(Ef.» ELX1Tv)~2.5 X 1072
= We compared our results with SU(3) symmetry results.
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