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Introduction

The story begin with charm decays. On theoretical side,
» Small energy released, perturbative methods unreliable
» SU(3) analysis, the light front quark model, QCD sum rules, ...

» Plenty of data for charm meson decays — Topological approach

Chau,’86; Chau,Cheng,’87; Bhattacharya, Rosner, '08; Cheng, Chiang,10’;

See Prof. Geng & Prof. Yu’s talks
Li, Lu, FSY, ’12; Geng --
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Introduction

What can we do in doubly charm baryon decays?
» SU(3) analysis: Ji xu’17; Qi-An Zhang '18
» Calculation of form factors: zhen-xing Zhao& Yu-Ji Shi’17-

> Calculation of BRs

» No experimental data — TA looses it power

» Models are needed — The rescattering mechanism

R.H. Li, C.D. Lu, W. Wang, F.S. Yu, Z.T. Zou, PLB767(2017)232
F.S. Yu, HY. Jiang, R.H. Li, C.D. Lu, W. Wang, Z.X. Zhao, CPC42(2018)n0.5,051001
L.J. Jiang, B. He, R.H. Li, EPJC78(2018)n0.11,961
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The rescattering mechanism

» D meson decays:

Xue-Qian Li, Bing-Song Zou, Phys.Lett. B399 (1997)297-302;

You-Shan Dai, Dong-Sheng Du, Xue-Qian Li, Zheng-Tao Wei, Bing-Song Zou,
Phys.Rev. D60 (1999) 014014,

Medina Ablikim, Dong-Sheng Du, Mao-Zhi Yang, Phys.Lett.B 536 (2002) 34-42

» B meson decays:

Hai-Yang Cheng, Chun-Khiang Chua, Amarjit Soni, Phys.Rev.D 71, 014030(2005)

» Baryon decays:
Fu-Sheng Yu, Hua-Yu Jiang, Run-Hui Li, Cai-Dian Lu, Wei Wang, Zhen-Xing Zhao,
Chin.Phys. C42 (2018), 051001
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Framework

For adecay B — i, there s
(i;out|Q|B;in)* = Z<i-out|j;in><j;out|Q|B;in>

= Z - (j; out|Q|B;in).

WithS =1 +iT , one has

2 Abs (i; out|Q|B;in) = Z -(j;out|@Q|B;in).
PRD 71,014030
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Framework

More specificly, for a two body weak decay

Weak decay at short distance. Strong interactions at long distance.

The dispersive part can be calculated by

1 (% Abs A(s'
Dis A(mp) = — ~ ° 77(7:92)d8/ PRD 71,014030
7-‘- S - B
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Framework

The rescattering part 7™ (pip2 — {qr}) calculated with the chiral Lagrangian at the hadron level

Lerr =Lanh + Lonn + Lass + Lo + Loxr + Lppp + Lopp + LrpD + Lyp*D+,
Lrhh =9x8s8s 1T Bei751186) + GB35, T B3iv511Bs] 4+ {grBe8, Tr[Beivs11B3] + h.c.},

Lonh =f1p848, TrBev,, V* Be] + @Lﬁm&%auvv&]

+ fipBs8, T B3, V" Bs] + f22p 5558 T [ B30, 0"V B

m3

2 n1_ f2p6663 3 WY/ V12 Bs =
4+ {f1pBeB;, L7 [Bey, V¥ Bs] + ———-Tr[Bs0,,,0"V" B3] + h.c.},
me + m3
L.58 =g=581T[Bivs118],

Lo =f1,88Tr(Bv,V"B] + MTT[B(;W@“V”B],
B

_0 W + *+
y it P K
S T
2m e
19pnm
['pﬂ'ﬂ' = (

v uguan |

¢
0 AF =+
_Yooo P9V, — O,V VEVY] = DER Pt Yy V)V sel M L% )
Eppp—\/i 7”[(,,“— uu) ]—W r[(vu - V,u) I, —=c — S 0
L,pp =— z’ngD(Dia,%DjT - aupipj’f)(v“);ﬁ, | ST )
Lrpp = —gxp+p (D' D7 + DytoMTL;; DT, S aive 1 A
Lopp+ = igpp-p+ (D} 0, D31 — 0,D; D) (V)i + dif,p-p D} (9"VY — 0¥ VH)iD3. - ve
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Doubly heavy baryon decays

Doubly heavy baryons (spin-1/2 triplets)

B.. =+t =+ O
CC* —cc Y “—cc? CcC

. —+ =0
Bye: =5, Z0, @

Doubly heavy baryon weak decays under the rescattering
mechanism in progress or finished
Be.c = B:P :HY.lJiang, F.S. Yu
B.. — B,V :L.J.lJiang, B. He, R.H. Li, ’18
Be.c — B.D :).J.Hou, B. He, Y.R. Wang, R.H. Li
By. — By P : Prof. Z.J. Xiao
Bye = ByV' :B. He, J.J. Hou, R.H. Li
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B..— B.V

L.J. Jiang, B. He, R.H. Li, EPJC 78(2018)n0.11,961
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B.. — B.V :Topological contributions

The tree level low energy effective Hamiltonian:
Hegs = %5 5 ViVan[C1(m)O1() + Co(m)OY(10)] + e
q=d,s

Topological contributions for B.. — B.V decays:
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Diagrams in the rescattering mechanism

M

\__/

Its contribution depends
on whether there exists a
resonance particle with
nearby mass to the
mother particle.

Can be calculated directly

or by the optical theorem.

In the optical theorem
method, a
phenomenological factor
is associated with the
exchanged particle.
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Absorptive part of the amplitude is calculated with the optical theorem.

L D4
q2 q2 E/_,_
p D ////'
=p > X VE
q1 \\\\\
p3 D3
Emission contribution
dominates at short distance, {, )
which is calculated with ¥ b ¥ [
factorization approach. | \ ) \
An example:
- RO/K* -

M(Z5 — =)=

=0/

S /A
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=t — B.V:BRs

Channels BR(%) | Contributions | CKM Channels BR(%) | Contributions | CKM

B o SR | 5407220 Csp.C CF_| Eff 5=rp" |159872% | Tsp,T,C’ CF
=t = pt | 1654702 | Tsp, T,C" CF | =tt —»¥fpt | 1.057008 | Tsp, 7,07 | SCS |

Sl = Afpt | 095T00; | Tsp. 7,07 | SCS | ELF - 2ol | 045703 Csp,C SCS

ST =Yt | 014755 Csp, C SCS | Eff — ;j+¢ 0.0970:0% Csp, C SCS
=t 5 =Kt | 0591080 Tsp, T, C" SCS | =kt - = K*t | 0.8070- 1 Tsp, T, C’ SCS
EfF S SFKFT | 0.067000 Tsp, T, C’ DCS | 57 — ASTK*T | 0.057500 Tsp,T,C" DCS
=R - K0 [ 0.02700] Csp,C DCS

» T topology is the dominating contribution; Not so sensitive to long distance
contributions.
» Ctopology is estimated roughly to be about 30% of T; sensitive to the long
distance contributions.
» Considering the detection efficiency, =+ — =+ K* is chosen as reference of
the discovery channel [CPC42,051001].

R @SR ARSI & (BRI R
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Channels I'/GeV CKM Channels I'/GeV CKM
=t SR | (84248815101 | CF | X 5 AYE | (7.06778) x 10714 | CF
=f - 20t (3.831040) * 10713 | CF | =X 5 =% | (477103 10713 | CF
+ 5 =t p0 1.8271-5%) % 1013 =+ 20 | (6. 13+§l %i) 10714 | CF
(2. 47+§ ;(1, x1071° | CF
= (5. 25)* 1071 | CF
(9.9070:21y,10-17 | CF 104 | CF
= =YX (1.317597) * 10~ | SCS =L — 36 55:) % 1071 | SCS
=F — Ytw (2.217525) 107 | SCS | =L — Afw | (1017, %3) x*1071° | SCS
:jc — XpT (6.01755%) 107 | SCS | =L —Xt¢ | (1.547;;) x1071° | SCS
=F = Ato (2.617750)« 1071 | SCS | =f — 29K+ | (1. 30+8 00) * 1071 1 SCS
=t 5 20K | (21979 19)x 107 | SCS | Ef — ZFK*0 | (1.00795%) 10~ | SCS
= -2 K0 | (153710 «1071% | SCS | 2F — ©Ftp | (9.087930) « 10717 | SCS
=L o XFK0 | (4.877355) x 10710 | DCS | =f — AFK* | (2.547722) x1071° | DCS
=F - YOKt | (2.88770) *10~*° | DCS

Estimated with 7o+ = 45fs,
3.1%, 3.5%)],

H.Y. Cheng, PRD98,113005

BR(El, — =

BR(E}, — =2
=+ %) € [0.4%, 2.5%)].

00T € [2.4%,2.9%)],

—cc

/
—_ —’0
BR(EL - 20p") €

L.J. Jiang, B. He, R.H. Li, EPJIC 78(2018)n0.11,961
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Channels I'/GeV CKM Channels I'/GeV CKM
OFf - ErK | (1.381149) % 10713 OFf - E+K" | (2.647272) %1073 | CF
Ol = Qept | (1357053 « 107 | scs
U= ATK | (4.28758) 10714 | SCS
Qf =200 | ( ) (8.227960Y 1015 | SCS
Of 2 Erw | ( ) (2.877089) 10~ 14 | SCS
QfL = 20" | (2857013) (1.867175) %10~ | SCS
Q5L =256 | (945755 e (4.187092) . 10-11 | SCS
QF — SFHK* | (1.63729) « 10717 | SCS | Qf — = K0 | (4.777595) 10716 | DCS
Qf = ¥t¢ (8.4579-:2)x 10717 | DCS | QFf — Af¢ | (4.257553) 10717 | DCS
Qf, = EUKT | (1.005070,) ¥ 107 | DCS | Q) — EPK*F | (1.125,77) 10719 | DCS
Qf - =FK*0 | (6.2475753) x 1071 | DCS | Qf, — XFTp= | (1.207,33) * 10717 | DCS
QF = 2Fp0 | (4277558 x10717 | DCS | QFf — AFpY | (4.107557) + 10717 | DCS
QL = Sfw | (1.747752) %1077 | DCS | QFf — Afw | (1.767752) 1077 | DCS
Of = 2% [ (1397359« 10~ | DCS

H.Y. Cheng, PRD98,113005
Estimated with Totr. = (05, BROQL — =t K*) € [0.5%,3.3%], BR(Q}, —

=K € [1.0%,6.1%],  BR(QL, — Q%") ~ 10.0%.

L.J. Jiang, B. He, R.H. Li, EPJIC 78(2018)n0.11,961
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B..— BD

- Why this process?

- Because we can.
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No, we turnéd ol stereo down by sending a snall

HIRA B+ AZ X AN?

Here is the question. Why?

B 217 A

BeGause we can.

J.J. Hou, B. He, Y.R. Wang, R.H. Li in preparation
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Pure bow tie contribution.

Y
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(B)

J.J. Hou, B. He, Y.R. Wang, R.H. Li in preparation
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=+t
21T — BD

Channels BR(1073) Channels BR(107?)
T+ 5 »tDt 2£B+§£ =L = ¥TD ] 16.067,0%
TS YTDT [ 0170 = YT 26B+{%F

0.16715

3.38
—2.06

001705,

0.13
—0.07

(hannels

F/G@V

Channels

=+ 0+
=2l — XD

(5. 93+2 o5 ) * 10710

=t 5 ADT

(5.847292) x 10715

=t 5 30D

= — E+DO

(1.23%527) * 10710

=L - 2+D*0

1.85737

'—‘—I— O *—l—
= = XVD;

Eg; — ADT | (3.00729

=t *+
=21 — AD:;

00 O ~J00 B hopiis ¢

=+ sF
= —=nD

—+ =y
=1 — pD

3.2675°7
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187
1.59_1.13
2

8

g

1

=+ F
= = nD;}
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Q.. — BD

Channels I'/GeV “ Channels T'/GeV

QOf —E0D" | (1.887 55 10~ OF 5 =0D*F | (4.99720) %102
0l > STD7 | (L76714) « 1075 | SCS [ Q) 5 S"D°F | (180735) <10~

Of 5 ADT | (L7570« 10- | SCS | QFf — AD*F | (7.657500) « 101 | SCS
Qf — Z0DF | (9.937:%5) 10716 | SCS | QF — Z0D:F | (4.26755%) 1071 | SCS
OF - 20DT | (23772105101 | SCS | QFf - =D | (6.917521 %105 | SCS
OFf = x0DF | (117719 %10~ | DCS | QFf — 20D | (1.687192)%10-1° | DCS
QOF & pDY | (L74T205)%10-17 | DCS | QFf — pD*® | (3.8372%8%)%10-1° | DCS
QF = nDT | (4.327330) %1071 | DCS | QFf — AD:* | (1.06752L) 10716 | DCS
Qf — AD] | (7.005550) 107" | DCS | Qf —nD*" | (274755 1017 | DCS

J.J. Hou, B. He, Y.R. Wang, R.H. Li in preparation
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Bbc — BbV

B. He, J.J. Hou, R.H. Li, in preparation
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Table 1: decay branching ratios of El_)t: — BV

Channels | BR(%) Contribution§ CKM || Channels | BR(%) Contributiony CKM
=0t 109227128 W 7o, 7,¢" | CF || 29pF 7.83810-929 I Top, T,C" | CF
YK | 3.854750% | Csp,C CF || ADpt 0.62009017 | Tsp, T,C" | SCS
»0pt 0.536 0995 | Tsp, T,C" | SCS | = p° 0.444705% 1 Csp,C,C" | SCS
20K | 03797005 | Tsp, T,C" | SCS || 20K+ | 0.359709%% | Tsp,T,C° | SCS
o 0.06419:9% | Cgp,C SCS || Bfw 0.057795%3 | Csp,C,C" | SCS
AR+ 1 0.0327000% | Tgp,T,C° | DCS || 20K*+ | 0.02970803 | Tsp, T,C | DCS
S,K 001255008 | Csp, C DCS

Calculated with 7—+

“be

— 240 fs . [PRD98,113004(2018)]

B. He, J.J. Hou, R.H. Li, in preparation
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Table 1: decay branching ratios of Z), — B,V

Channels | BR(%) Contributions CKM || Channels| BR(%) Contributions CKM
g, pt [7736 002 | Tsp, T, E CF | =pt 72000030 | Tsp, T, By CF
AVK*Y § 168871758 | Csp, C, Es CF YOK*0 §1.2827 55 | Csp,C, Es CF
s, 0t 11017018 Y 7oy, T, B, scs || =9p° W ' E CF
=00 0.38279322 | C' By CF || 200 0.334753%3 | Csp,C",C, By, By | SCS
=, Kt | 032479906 | T, T, B SCS || AYp° 0.16579199 | Csp,C",C, Ey, By | SCS
Q, K*F [ 0.081700%3 | Ex CF Ao 0.05170021 | Csp,C SCS
¥, K*F 1 0.0497000 | Tsp, T DCS || x0¢ 0.02870:037 | Csp,C SCS
=0¢ 0.026700% | Es CF SPK* [ 0.023700 | B2 CF
Adw 0.0157907 | Csp,C",C,E1, By | SCS || 2w 0.01575:015 | Csp,C",C, By, By | SCS
20K 1 0.01475008 | O By SCS || 22K 1 0.0147501 | O B,y SCS
Ew 0.0075:0%8 | ', Ey CF | 2w 0.00670%%¢ | ', B, CF
AIK*O 1 0.005709 | Csp,C",C DCS || X9K*0 [ 0.004750%3 | Csp,C",C DCS
i 0.00170 007 | B SCS

Calculated with

Tmo = 220 fs . [PRD98,113004(2018)]
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B. He, J.J. Hou, R.H. Li, in preparation

CI P

23




Table 1: decay branching ratios of QY. — B,V

Channels| BR(%) Contributions | CKM || Channels| BR(%) Contributions | CKM
Q, pt 916875002 | Tsp, T CF || 20Kk [1.41773% | Csp,C,C CF
20K 1 0.8947524 [ Csp,C,C CF || 5, p" 0.351" 003y | Tsp, T, Ey SCS
=, pt | 034575052 | Tp, T, By SCS || Q, K** | 0.330700% | Tsp, T, By SCS
=90 0.0927019% 1 Cgp, C, B, SCs || =000 0.077100%3 | Csp,C, Fy SCS
AIK*O 1 0.020750%2 | ¢, B, Scs [ 29K*0 | 0.020700%2 | ¢, By SCS
=, K*t | 0.01615001 | Tsp, T, E; DCS || =, K*t | 0.014%50% | Tsp, T, By DCS
= 0.00973-907 | Cgp,C,C",Ey | SCS || 2% 0.00579-993 | Csp,C,C", By | SCS
0w 0.004700% [ Csp,C, B, scs || 20w 0.00370005 | Csp,C, Eq SCS
=0K*0 | 0.00370005 | Csp,C, Es DCS || Z2K*0 | 0.002709% | Csp,C, Es DCS
SPK ] 0.00275007 | Bo SCS || 19,0 0.00270:005 | E1, B> DCS
Adw 0.00275003 | E1, Ea DCS | 2w 0.0027500 | E1, Eo DCS
Ao 0.001 7001 [ ¢’ DCS || 206 0.00150007 | € DCS
S, pt 0.00170053 | By DCS || ADp° 0.00150 007 | E1, B2 DCS

2R @ SE I MBI IR S I 2

Calculated with 7, = 180 fs . [PRD98,113004(2018)] | B.

He, J.J. Hou, R.H. Li, in preparation
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Some discussions: B — D7 as example

» Isospin triangle relationship
» Relations between triangle diagrams and the

topological diagrams

H.Y. Jiang, R.H. Li, F.S. Yu
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AB’ D) = T+E€
AB™ = D7) = T4+¢C
A(EO%DOWO) = %(—CnLE)

AB’ = D) = v2A[B° — D7%) + A(B~ — D7)
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Quark diagram approach ( B

Resonance-like
diagram
neglected

D+

_’_DO

PRD 71, 014030
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FIG. 4:

PRD 71, 014030
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(e) ()

Long-distance ¢-channel rescattering contributions to B — Dmr.

T:
C:

7§D7

Csp + iAbs (4a + 4b + 4c+ 4d + 4e + 4f),

= Esp + iAbs (4a + 4c+ 4f).
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AB’ = Dtn) = T+€
AB- D7) = T+C

AB’ - Dz% = L(_c + &) | Different actually J

V2

!

AB" - D*r7) = Tep + Esp + iAbs + de+4f),

A(B~ = D°n™) = Tsp + Csp + iAbs \dg/+ 4b + 4c + 4d + 4e + 4f),

1
AB" = D7% = —5(—C+E)sn - %Abs (4b + 4d + 4e).

!

AB’ = Dtr~) = V2A[B° — D) + A(B~— — D7)

PRD 71, 014030 i@ AMBEIS G T & (BRI 29




Fig. 4a for different decays

B B

Dll D.
> D’ > D"

Opposite sign coupling constants in chiral Lagrangian.

1Abs 4a —iAbs 4a

AB’ = D) £ V2AB° — Dn%) + A(B~ — Dn™)
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The ITR in the rescattering mechanism

What if performing the calculation with the chiral Lagrangian in Feynman
diagram way?

The ITR should be respected in different groups of contributions, respectively.
For the case with intermediate state generated in external W-emission
contribution.

D’

B~ — DO~

D’

D

FO — D7V

f
.,
— >

p
R

—

f

D*
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The ITR in the rescattering mechanism

The weak vertices are identical in isospin symmetry. Therefore the relation is
determined by the 2-> 2 rescattering part.
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—UV§
m\f//u
D*(pa) J‘ D*(py)
//’/;U;;\\

AB’ = D*r) = V2A(B - D% + A(B~ — D7)

R @SR ARSI & (BRI R
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Test ITR in other cases

Substitute the intermediate state with excited state particles. ITR is respected.

——

_— Dl'

s [ ()
D

AB’ = Dtrn—) = V2A(B — D7) + A(B~ — D7)
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Test ITR in other cases

_ T

/’ll

1)(|

D

AB’ = Dtrn—) = v2A(B — D7) + A(B~ — D7)
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Let’s look back at the relations between
quark diagrams and hadron level diagrams
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Summary

» The rescattering mechanism can be used to estimate charm decays.
The decays of doubly heavy baryons are being calculated
systematically. = — EXf7T7~ and QF, — =7 K~ 7" may be
used as the discovery channel for =, and Q. .

» Performing the calculation with the chiral Lagrangian in a Feynman
diagram way can respect the isospin/SU(3) relations very well.

» The quantitative relations between the quark diagrams (topological

diagrams) and triangle diagrams may be not obvious and clear.
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