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» Research Motivation: Experimental Status and Theoretical Progress
» Research Scope: Study of Weak Decays in Bottom-charmed Baryon
» Results: Branching ratio, Decay asymmetry parameters

» Summary
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Experimental Progress
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No significant signal 1s observed

within the invariant mass range of
3.6 to 4.0 GeV/c?.
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No significant excess 1s
observed across the searched
mass range.
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The LHCb collaboration observed
no significant signals in the imvariant
mass range of 6.7 ~ 7.3 GeV.

So far, the doubly heavy baryon
containing a bottom quark has not
yet been discovered experimentally.



Theoretical Advances
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Nonleptonic Weak Decay
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Short-distance amplitudes under the factorization hypothesis:
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Long distance contribution

The triangle diagram ﬁhe hadronic strong interaction Lagrangians

strong Lps,s; = 9pB,8; Tr[Bfivs PBy],
JIY — " favs,B; _ .
— EVBiBf = flVBz-BfT"'[Bf'Yp,V Bi] + TT[BfO’uya vV Bi],
+ . Lppy =19pps/yp¥® (0aDD — D3aD) ,
weak Lpp=i/p = —9p-D.1 /€ 8atbs (8,D:D + DO,D?),
B Lo =900y [zpa (aaD*ﬂD;; - D*ﬂaaD;g)
strong + (0a4° Df — 4P9aD) D™ + D** (¢20,D5 — 0.1°Dj )| .
H. Y. Cheng, C. K. Chua and A. Soni, [Yan, et al, PRD46,1148(1992)]
Final state interactions in hadronic B decays, [Casalbuoni, et al, Phys. Rept.281,145(1997)]
Phys. Rev. D 71, 014030 (2005) [Meissner, Phys. Rept.161,213(1988)]

Q. Wu, et al, Phys. Rev. D 104, 7, 074011 (2021)
C. J. Xiao, etal, Phys. Rev. D 100, no.1, 014022 (2019)



Input parameters

Bottom charmed baryon 5. Theoretical prediction

Masses douly charmed baryon E7; F |[F(0)|ma| 0 F F(0) |mae| &
: - scalar (0+) (=& BB | _
singly charmd baryon £ PDG i uarlﬁs ) f1:+ - 0.550(4.45)0.43 2’ " 0.230(4.07|0.47
9 g5 0.530(4.57]0.44] g5 | ~0.043(3.900.48
* =t _ = =+t =
D and D” meson axial vector (1+) f;f:ﬁ“fc+ 0.527 (3.78/0.55|f5* =" | 0.525 [3.91/0.48
Theoretical clalculation: diquarks. gy e [~0.146(4.76{0.38| g5 ¢ [—0.060{4.500.51

Transition = —s—— — = = = -
form factor “ﬁéﬁ:—iﬁﬁfﬁ%ﬁ%@ ~ W.Wang, F. S. Yu and Z. X. Zhao, Eur. Phys. J. C 77(11), 781 (2017)

QCD sum rules X. H. Hu, R. H. Li and Z. P. Xing, Eur. Phys. J. C 80(4), 320 (2020)
Decay constants and Strong couplings Therotical clalculation
Ip. JD* Jr/w
249.9 + 0.5 [20] 314715 [90] 407 £ 5 [91]
9D,D,J/¥ 9D*D,J/V 9D* Dz J/V
6.247 '35 [92] 4.397 730 [93] 4.96 & 1.42 [94]
9=tr=tDf 9=tt=tpit IaraoDF IaFAO DI

2.17 £ 0.68 [71] {2.44 +0.83,6.68 & 2.38} [71] —8.747;2; [95] {4.477771,—2.945 35"} [95]




Strong couplings(LCSRs)
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Threshold:

Coupling|s, (GeV?) [M? (GeV?)
B..B.D 15~19 3~4
ByByD | 51 ~ 57 4.5~5
B,.B.B 51 ~ 57 1.6 ~ 2.0
ByByB | 107 ~ 117 | 8.0 ~ 8.5

Eur. Phys. J. C 85 (2025) 6, 625

(MmpB,, + ().3(;(‘\’)2 <Sth < (MBy,e + ().T(i(*\':)‘").

Coupling |SU(3) g Coupling [SU(3) f fa

SEYAFDT| @ | 5.34+086+£054+£0.58 | ELTATDT | B} 6.73 £ 1.09 £ 0.69 £ 0.49 19.60 £ 3.15 £ 2.23 £ 1.19
SHYEDH| @3 | 2174£035+£0224+0.11 | SEED: | b3 2.444+0.39+0.20 £ 0.24 6.68 = 1.08 = 0.57 £ 0.73
SEAFDY | —a? | =530 +£086+£0.54+0.58 | SEAFD® | —p3 | —6.70 4 1.08 £ 0.69 = 0.49 —19.50+£3.14 £2.24 £ 1.19
SEEODF | @ | 217+035+0.22+0.11 |[EL - E0D: | b3 2.444+0.39£0.20 £0.24 6.68 = 1.08 = 0.57 £ 0.73
QF=FD0 | —a | -1.824+0.20+0.23+0.14 [QF - EFD*0 | —b3 | —2.20+0.31 +0.23 +0.23 —6.13 £ 0.78 £ 0.67 = 0.70
QFE0DT | —a? [ -1.83+£0.30+0.23+£0.13 [QF, - E0D*+ | —b3 | —2.21+0.31 £0.23 +0.23 —6.15 £ 0.78 £ 0.66 = 0.70
SEAYDT | 63 | 53940894048 +0.14 [5f — AVD*H| b3 16.30 £ 2.68 £ 1.48 £ 0.42 43.30 £6.75 £ 3.94 £ 1.04
SEEIDF | a3 | 6.62+£0.90+0.59+0.44 [ZF - =0D | b3 10.70 £ 1.46 £ 0.95 £ 0.27 34.50 £4.26 £ 3.07 £ 1.44
ZOAIDO | —ad [ =539 +0.89+0.49+0.14 [ Z0 — AID*0 | —b3 | —16.20£2.68 + 148 +0.42 | —43.20+6.74 +3.93 + 1.04
=0=-DF | a3 | 12504174 £ 1.10+£0.59 (29 — =7 D:t| —b3 | 20.40 + 2.67 + 1.80 + 0.58 68.00 £ 8.31 £ 6.01 £ 2.50
Q0 =9D0 | —ad [ =7.02+1.03+0.62+0.49 [ Q0 - =9D*0 | —b3 | —11.20+1.64 £ 1.01 £0.34 | —37.10+5.03 +3.30 £ 1.71
Q=7 Dt | —ad |-13.10 £ 1.95+ 1.16 +0.63|Q). — Z; D**| —b3 | —21.80£3.10 £1.93 £0.67 | —73.30+9.92 + 6.49 + 2.83
SEAFBY | a3 [ 10.80+£1.69 £3.01+1.08 |5 — AFB0| b3 | 87.80+ 13.50 + 17.80 +8.73 | 126.00 & 18.20 + 25.60 + 12.60
SEEFBY | a3 | 5.284065+1.01+0.37 |55 5 EFBO| b3 | 40.40+5.01 + 8.30 £ 2.50 59.60 £ 6.71 £ 10.70 & 3.56
SOAFB™ | —ad |=10.80 £ 1.68 +3.00 + 1.07|Z0. — A} B*~| —b3 |—87.80 % 13.50 & 17.80 = 8.73|—126.00 = 18.20 + 25.60 + 12.60
S0EFBY | a3 | 5.284+065+1.01+£0.37 (S0 =B | b3 40.40 £ 5.01 £ 8.30 £ 2.50 59.60 £ 6.71 £ 10.70 £ 3.56
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The obtained branching ratios for the two modes are both of order 10™%.

There 1s no experimental data on the absolute branching ratios since the
fragmentation fraction of the b quark to A, baryon are not well determined yet.



Summary

» Theoretical studies on the weak decays of bottom-charmed baryon contribute to experimental detection.
» Applications of the LCSR method:

Determined the strong couplings between double-heavy baryons, single-heavy baryons, and heavy-flavor
mesons.

» Analysis of weak decays in double-heavy baryons using the rescattering mechanism of final-state
interactions:

» Calculated the non-leptonic weak decay branching ratios of B.. = B.P.
> Calculated the non-leptonic weak decay branching ratios of /. — J/WET.

» Significance: Our calculations provide critical guidance for experimental searches of doubly charmed
baryons and bottom-charmed baryons.




