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Introduction

o The elementary structure of doubly heavy baryons

o The diquark picture [QQ'] ¢

o Description for diquark interaction in NRQCD
o The light quark interact with heavy diquark

in HQET

o The spectroscopy of doubly heavy baryons

o The prediction in constituent quark model and QCD

Baryons quarks /(JP)
=rr =" = ¥
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Introduction

o Study the non-leptonic weak decay of doubly heavy baryons

o No satisfactory methods
o We develop a theoretical method to calculate these non-leptonic
decay modes.

o Factorization approach for T, C diagram
o Rescattering effects for C, C’, E1, E; and B diagram

o The prediction for =1t decay
o We recommend the processes of =/t — AT K~ ntnt and =7
as the first priority for experiments to search for the doubly heavy

baryons.

o We have calculated all the decay modes of B, — B.P.

5/25



OUTLINE

@ Theoretical method

6/25



The analysis of topology classification

o Topologies of two-body non-leptonic charmed baryon decays:

o Hierarchy in heavy quark expansion: [Leibovich, Ligeti, Stewart and Wise, PLE 586,337 (2004)]
SCET: [C/T|~[C"/T|~|E/T| ~ O(Agco/mq), |B/E| ~ O(Aqcp/mq),
for b decay: O(Aqcp/mq) ~ 0.2, ¢ decay: O(Agep/mq) ~1 .
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The short distance contributions of 7T and C

The weak amplitudes M(Be. — BLP) and M(B.. — BLV) generally
can be expressed as

M(Bcc — BLP) = EIB/(A-i- B’Y5)UB,

/
M(Bcc — Bé V) =€ UB’(AI'Y;L'75 + A + By, + B2%)UB

M75
for T or C topology decays, these parameters based on factorization hypothesis can be
expressed as

A= Mp(M — M)i(m?), B= Mp(M+ M )gi(m®),
M —
AL = —Mym(gi(m?) + g(m®) Ay = —2Mfymga(m?),

M+M’

By = Afym(fi(m”) — fo(m”)

), By = 2\fymfy(m?)

where A = %VCKMal(ag), m is the mass of pseudoscalar or vector meson. €* is
the polarization vector of the vector meson. We take the form factor from
[W. Wang, F. S. Yu, Z. X. Zhao, EPJC 77,781, arXiv:1707.02834].
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Rescattering mechanism

o Rescattering mechanism, for example for C and E;

a(u = me = 1.3GeV) = —0.02 for C short-distance contributions
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The optical theorem

o For dealing with the divergence, we adopt Optical theorem to

calculate the imaginary part of the amplitudes.

Abs(M (P—>p3p4))—22(H [ e e qu)

o Cutkosky cutting rule
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Calculation formulism

) e,
=i YK KO -
'K*i(k, /\/)
Lot = Lvpp + Lyw+Lps B, + LvB. B, =4 (o

i U w0 pok— %0 A % X" (3, 53)
Lok=k= = ﬁgpﬂﬂ[(a K HKH - K. 0"K H)Pu

+(8” K*—up: _ K:—aup+ﬂ) K 4+ (8up+l~LK:0 . p:auK*Op> K;_],
f-Zc_CK

YK s ++ w+p—+t —
Lrizoe = BT KD 4 20— 20O, KR,
my, + m=_

(ROK Lo s 10") = = oo/ V2] (ks N )ew (P2, Vel (pa, A) (265 )

€ (pa N)e (kN Ve (2, N) (26 = ) = €7 (o (2, X)el (K X) (5 + )]
-szECK*

(Z il oz |ZEKTY) = ik, Na(ps, s3) (75" + ok )u(pr, 51).

Mmp1 + mp3
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Calculation formulism
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The theoretical uncertainty

o Strong couplings between hadrons
— large ambiguities in literatures refer [arXiv:1703.09086]

o off-shell effects of intermediate states

A2 — m?

F(t,m) = (S

)n1 t:(p3_p1)27 n=1

Where /\ = meXC + nAQCD [Cheng,Chua,Soni,PRD 71, 014030(2005)]

o Results are very sensitive to the value of n

o No first-principle calculations 1
f p
or n T k
o We take n from 1.0 to 2.0 P>
N P4

—_—
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Results analysis

[B(Ejj — Y HH(2455)K™0) = ( ) ) % (3.8 ~ 24.6)%]

300fs
Baryons Modes amplitudes Bip
= (ecu) sz+(2455)7*0 Asa C defined as 1
pD*+ Mg C’ 0.04
pD™ Mg C’ 0.0008
=+ (ccd) K™ Asd(C + Ey) (R-/0.3) x 0.22
Y IH(2455)K Asd E1 (R-/0.3) x 0.008
=0 %)\sd(C’ - B) (R-/0.3) x 0.04
AD* Asa(C' + B) (R,/0.3) x 0.004
pD° AdB (R-/0.3) x 0.002

B = TR S AFK - rtat) ~ 0(10%)
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:++and s

—cCC Ec

decays

Branching ratios for the =/ Fand = — B.P decays in units of 1073.
Par Modes B(LD+SD) B(SD) Modes B(LD+SD) B(SD)
S AfAT 3.96 ~ 4.30 3.86 Sint 2.44 ~ 2.61 2.48
71.5 ~ 107 67.6 SAY o 47.4 ~51.9 47.1
AEKY  0.33~0.34 0.32 TEKT 0.18 ~ 0.22 0.17
=fK*  5.35~5.83 5.38 =IFKT 3.05~3.23 3.03
sr+K°  4.05~275 0.015 THtK®  0.011~0.088 4.4x 1075
Tita%  025~1.89 63x107*
=t NFr© 0.05~034 33x107% | Ziq° 0.137 ~0.88 2.1 x107*
=0 115~ 74.4 =q0 1.08 ~ 6.42
AFK® 0012~ 0.10 27x107° | TfK® 0.020~0.16 1.9x107°
AFK® 118~8.81 0.0096 SiK® 546 ~37.0 0.0051
=Ko 0.10 ~ 0.65 =HKO  0.044 ~0.30
=0pt 26.0 ~ 39.1 22.4 =0nt 15.5 ~ 15.7 15.6
TOort 1.86 ~ 2.57 1.65 oK+ 0.115
=0KT 1.79 ~ 1.83 1.78 =0kt 1.04 ~ 1.21 1.00
QK+ 0.16 ~0.94 TfFr~  0.014 ~ 0.088
TEKT 0.30 ~2.12
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Branching ratios for the Qf.— B.P decays in units of 1073.

Modes B(LD+SD) B(SD) Modes B(LD+SD) B(SD)
A0 5.7(107%) ~ 0.0042 Yrr0  2.2(10~*) ~ 0.0015
=tn0 0.11 ~ 0.63 =0 0.015 ~ 0.14
AR 0.015 ~ 0.099 YK’ 0.006 ~ 0.037
=+ KO 0.0027 ~ 0.020 2.1(107%) | =LFKO 0.03~0.2 1.2(107%)
=+K° 2.0~ 12.4 0.00725 | =+K° 3.1~ 18.8 0.00416
=gt 0.99 ~ 1.04 0.98 =0+ 0.73 ~ 0.92 0.69
ot 3.9(10~*) ~ 0.003 Qort 26.0
=0K+ 0.082 ~ 0.084 0.081 =OK+ 0.047 ~ 0.048 0.047
QUK+ 1.68 ~ 2.07 1.61 THtr~  5.6(10*) ~ 0.0042
THK- 0.0072 ~ 0.052
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For our next work

o To calculate all the final states of non-leptonic two-body decays
of the doubly charmed baryon B in our theoretical method.

o all B, — BV
o all B.c — BD/D*
o To study By and By decays, and calculate their non-leptonic
two-body decays. So that we can help the experiment looking for

these particles.

o Try to develop a more credible theoretical method to study and
calculate the singly and doubly charmed baryon decays, that can
promote our further understanding of the perturbative and
non-perturbative QCD dynamics.
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Brief Summary

o We have developed a theoretical method to calculate the branching
fractions of some processes of =..decays.

o Factorization approach for T, C diagram
o Rescattering effects for C, C’, E;, E; and B diagram

o We have calculated many decay channels, and the branching ratios of

these channel have a relative large value and can be used to find =}.*.

Bl — £ (2455)K™ = AF K- ntrt) ~ 0(10%),
BE ==t = (7.1 ~ 10.7)%.

=1 Thas been discovered by LHCb, through the first channel

—cc
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Thank you for your attention!
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