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Introduction

* Matter-antimatter
asymmetry

* CP-violation
AACP = ACP(DO — K+K_)
— Agp(D? — 7n7)

= (—1.544+0.29) x 107*

* How to effectively
calculate the decay
amplitude of hadron?
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Introduction

* Heavy quark physics
* HQET

* QCDSR, LCSR

* pQCD

* QCDF

* The models

Hua-Yu Jiang Rescattering Mechanism 4
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Introduction

* In general, the study of the b- and c-hadron weak
decays based on topology diagram
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Rescattering Mechanism

Which can be calculated by
different method, such as:
Topology amplitude approach
(Hai Yang Cheng et.al),
Factorization (BSW),
FAT(Fu-Sheng Yu et.al),
pQCD(Hsiang-nan Li et.al),

Final state interaction (Hai
Yang Cheng et.al)



Introduction

* In general, the study of the b- and c-hadron weak
decays based on topology diagram

e —_— In FAT (Fu-Sheng Yu et.al)
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Introduction

* The long-distance contributions can not be
effectively calculated

* The final state interaction plays an important role

* Which includes the rescattering mechanism and
the resonance contributions

> fi(ps) .
Lipy) J1\Ps

M(p)

I5(p2) Ja(ps)

> J2(pa)
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Introduction

e 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,
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Phys.Rev.D 71, 014030(2005)

* Fu-Sheng Yu, Hua-Yu Jiang, Cai-Dian LU, Wei Wang,
Zhen-Xing Zhao, Chin.Phys. C42 (2018), 051001
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Introduction

* D—7r decay in rescattering mechanism

[1] Medina Ablikim , Dong-Sheng Du, Mao-Zhi Yang, Phys.Lett.B 536
(2002) 34-42
1
—A(D° - 7777) = A(D° - 7%7°%) — A(DT — 717°)

V2
* B— Dmdecay in rescattering mechanism

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

A(B’ = D) =V2A (B’ = D°2°) + A(B~ — D°r")

* Where they made a wrong assumption

Hua-Yu Jiang Rescattering Mechanism 9



Introduction

* This problem produce some effects, when we use the
rescattering mechanism to calculate.

* We will clarify the problem that has been displayed in
history in the using of rescattering mechanism.

* And we also will discuss the quark level diagram of the
rescattering mechanism.

* Actually, the rescattering process may be as a realistic
physical process, that is the exist of triangle singularity.

Hua-Yu fiang Rescattering Mechanism 10
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The rescattering mechanism

* The rescattering mechanism in hadron level

> fi(ps) Li(py) f1(p3)

Li(p1)

M(p)
Y I3(k)

I5(p2) fa(pa)

2 J2(ps)

* The effective Lagrangian We can get
Loj=Lpnt+ Ly + the Feynman rules
:—z'gpm(p:woéﬂﬂ'_—|—,0;7T+5“7r0—|—p37r_5“7r+) and

ig, (D" P, DIt — D70" P, D) - jche Feynman diagrams
in hadron level

Hua-Yu Jiang Rescattering Mechanism 11
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The rescattering mechanism

* The calculation approach of the triangle diagram

f1(ps)

M(p)

I5(p2)

f2(ps)

« There have two different approaches

--(a) Directly calculate the triangle loop and add a
form factor(cut off) to deal with the divergence

--(b) By using the optical theorem and Cutkosky
cutting rule and also add a form factor

Hua-Yu Jiang Rescattering Mechanism 12



The rescattering mechanism

e (a) Directly calculate the triangle loop

d*k A(B(p)_>Il(P1)I2(p2))A<Il(p1)Iz(p2) ﬂfl(?:%)fz(pzx))

(2m)* (pf —mi) (p3 —m3)

AN —m}

A2 —k2

* The weak decay form factor will introduce some
complexity in the loop integration

M(IhIQ;I?)) —

* The introduced form factor F(k?) =

2\ _ F(0) or 2y _ 2F(O) 2
F(q®) (1—%‘-’;2) F(q®) (1_051&2)(1_&2]\(22)

Hua-Yu fiang Rescattering Mechanism 13
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The rescattering mechanism

* (b) By using the optical theorem and Cutkosky

cutting rule
P4 P4

P2
P2 P
p
& - X Yk
P1 A
P1

D3 p3

(25) g 21E1 (2765)45 22E2 6*(p—p1—p) A(B(p) = Li(p) L2 (p))

TAACHIACHETACATACH)

AbSM (Il,.[g,_[g> —

AN —m}
AN — k2

* The introduced form factor F(k?) =

Hua-Yu Jiang Rescattering Mechanism 14
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The rescattering mechanism

* The short-distance amplitude
d b S
A(B(p) = L(p) L (ps)) .b > <§ >.“ ". .
d ) d

* We deal with it in naive factorization approach
(BSW), to avoid double counting

GFr . . o R
(BeM|Hep | Bec)sp 27;‘/@(/ Vugar () (M [ay*(1 — 75)ql0) (Be|q v (1 — ¥5)c| Bee)

v Gp_ . b s
<BC]\J‘Heflecc>gD ZTQVC(]/V;an2(,u)<]\”[|q/7ll(1 - '75)61|0> <Bc’u7u(1 - VS)C’BCC>

Hua-Yu fiang Rescattering Mechanism 15



The rescattering mechanism

* The hadron-hadron scattering amplitude

A(I1 (p1)12 (p2) ﬂfl (p3>f2 (P4))

* We calculate this amplitude based on the hadronic
level effective Lagrangian

* Chiral effective theory
* Heavy meson chiral perturbation theory

Hua-Yu fiang Rescattering Mechanism 16
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The rescattering mechanism

e Reliability of the rescattering mechanism

Ratio
BR(%) 0.10¢
50¢
Z;"’ r*0
0.08F
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4
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1 . . : - 1
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FIG. 3: The absolute branching fractions of ZIt — Ej“"F*O and pD*' (top) and the ratio of

B(ZfF — pD*) /B(ELT — Z;’""F*O) (bottom) as functions of 7.

[Fu-Sheng Yu, Hua-Yu Jiang, Cai-Dian Lu, Wei Wang, Zhen-Xing Zhao,
Chin.Phys. C42 (2018), 051001]

Hua-Yu fiang Rescattering Mechanism 17



The isospin triangle relation

e SU(3) r flavor symmetry and SU(2) , X SU(2) , X SU(2)
symmetry (lIsospin, U-spin, V-spin)

* One of the importance of the su(3) - relation or

isospin relation is to test the self-consistency of
the theory

e Usually, the U-spin and V-spin symmetry will
have a relatively bigger breaking effect

Hua-Yu fiang Rescattering Mechanism
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The isospin triangle relation

* The different definition for the hadron matrix B
isospin doublet (“) ( d ) or V-spin doublet <d> ( ’ )
S

d) \-u —-d
m° + Ts Tt K- p_0_|_ Ws p+ K*+
NERG NG oz
- 71'0 UE 0 — /00 Wwsg %0 0 __ uu —
m -+ K p -4 K 70 =
NERRTC NERRTGC 3
K_ EO _\/%778 Kﬁ }?*0 _\/gCUg

T Ts + + p° Ws + n
- ==+ K -+ K
V2 Ve V2 6 F T
- 7° Ns _ p° Ws . 0 —uu
- + K° —p + K L
V2 46 V2 46 \/5
_ g 2 * — - %0 2
_K KO _\/;178 _K K - §w8
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The isospin triangle relation

* Take B— Dr as an example:
* In the topology amplltude approach

) ~ - c = =
d i
d
d
d u d -
= -« - (7] B

1
— (-C+E
T+E 2 ( )
A(B*—»D*n ) =+/2A(B° = D°z°) + A(B~ — D°r")
Hua-Yu Jiang Rescattering Mechanism 20
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The isospin triangle relation

* We can also directly calculate the relation by the
isospin relation

— — 11 _ 1 1 — 11 _ 1 1
0 — — |[— — T = = - |—- - — +: = [— — 0: = - |- - —
B"=bd = 2,2>,B bu 5 2>,D cd 2,2>,D cu 5 2>

WO:UE_dE——H,O),W‘Zdﬁz—|1,—1>,Heff:—|1,—1>, b— cdu

\/2
2 2

<D°7r°|Heff|B°>=—£A§+£Ay 3 113 1
1 9 5 2 20 2 2
(D7~ |H.,|B°) = §A3‘|‘ 3A1 q - 1 111 1
={2-323)

{(D°m~ |H s|B~) = A§
2

ﬂA(EO %DOW()) +A(B =D ) :A(EO %D*w‘)

Hua-Yu Jiang Rescattering Mechanism 21



The isospin triangle relation

* In the topology amplitude approach

-T—E ﬁ(—C‘FE) -T—C

V2A(B® = D°7°) + A(B* - D*n ) =A(B~ - D’n")

Hua-Yu Jiang Rescattering Mechanism 22
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The isospin triangle relation
* We can also directly calculate the relation by the
isospin relation
go_pz (LN o |1 LN o L1V, o |11
B°=bd = §,§>,B =-bu = 5 2>,D =cd = 2,2>,D0— cu =g, 2>
dd —uu _ _
0= ﬁ““ — 1,00, 7 =—du=1|1,-1), H,=|1,-1>, b—cdu
— 2 2
<DO7T0|Heff BO> :§A§_§Al7 <3 ]. 3 ].>
2 2 As=(=,— ==, =
B . 5 37\20 2120 2
<D+7T_|Heff B0>:§A§+§Al B 1 111 1
o h={3-232)

(D°7~ |H.4|B~) = As
)

ﬂA(EO %DOW()) +A(§0 —>D+7r‘) —A(B- — D% )

Hua-Yu fiang Rescattering Mechanism 23



The ITR in rescattering mechanism

* The isospin triangle relation should also be kept in
rescattering mechanism

* To obtain the isospin triangle relation, the assumption
had been made[prhys.Rev.D 71, 014030(2005)]

* Since the wave function o= %4 —uwv = ut—dd

V2

Hua-Yu Jiang Rescattering Mechanism 24
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The ITR in rescattering mechanism

* Consider the next two points
* First, the two diagram can not be canceled

f. -
> >

* Since, the two amplitudes aren’t identical
* In Lattice QCD, the first one can be easily calculated

Hua-Yu fiang Rescattering Mechanism 25
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The ITR in rescattering mechanism

» Second, the phase difference should be considered

U _ (v Uu _ u
] i ] ~ mt
+ U + d
£ U P d
_ B + _ B 0
d ) i @" d ) i "

 Since the exchange of the final state will also
produce another relative minus sig

Hua-Yu fiang Rescattering Mechanism 26
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The ITR in rescattering mechanism

* Consider the external W-emission diagram T in the
weak vertex, then in isospin symmetry

d

b c

A(B°—D'r )= T =AB —D’r)

* We calculate T in naive factorization approach
T(B° - Dt ) :i%vcbv::dEl (1)|(m3 —m3) £, F§” (m?2)

Hua-Yu fiang Rescattering Mechanism 27
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The ITR in rescattering mechanism

* The relation only depends on the scattering process
* And the corresponding Feynman rules

(P (R)m™ (ps) |77 ) =igpmre, (k) (p1+ p3)*
Cpm (BT (pa) |77 ) = —igpmmes (k) (pr+ p3)*
<7T? (p4) |D0 (pZ)D*i (k)> - /I:gD*Dﬂ-Eu (k) (ip4)

(n®(p)| D+ (p) D"~ (k)) = - ﬁg (k) (ip4)

(D°(py) | p° (k) D° (p)y = - ﬁg (k) (pa+ ps) "
<DO (p4) |Pi (k)D* (p2)> = —19,pp€, (k) (p2 + p4) #

(D" pulp® (k) D" (ps)) = ﬁgpmeu (k) (o + pa) ™

Hua-Yu fiang Rescattering Mechanism 28



The ITR in rescattering mechanism

* The relation only depends on the scattering process

’ Kk
g B ’D*DﬂgD*Dﬂ])/l’pil(_.,(//11/ + ;,ﬁ?)
AD'm™ = D'm) =|— ) 2
— M
g K,k
1 g/mn‘gﬁDD(pl + ])3)/’(1)2 i 1)4), (_g/”’ + IIIT>
+1—= : . -
/2 k% — mf,
L Kk
AD e s Do) |, oo g + )
T — ™) =]+ A -
V2 k% — m3,
. kok,
g/mng/;DD(pl T ])3)/’(])2 + p4>l (_g/“’ + I/IT>
c— /’
k2 — m?

AD*n™ = D*n7)
1 ],mn.,(/,»DD(])l + ])3)/1(])2 + 1)4>I/<—g/l’/ -+ iL"L)

V2 k2 —m2 l‘
V2AD 7~ = D°7°) + A(D°n = D7) =A(D*'r = D*r)
Hua-Yu fiang Rescattering Mechanism 29
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The ITR in rescattering mechanism

* We can simply obtain the ITR of B— D=

V2A(B° = D°r°) + A(B- —D°n~) = A(B° = D*r~)

Hua-Yu fiang Rescattering Mechanism 30



The ITR in rescatter

4 ) T
2|9 o, ?’
WD, S

4

INng mechanism

* The relation only depends on the scattering process

i Kk,
A(D%r~ — D) g0-Dxgp-D=PrPi( =Gy + S70)
4 m™ — T = — P
/ ( k2 —m3,
L v kyky
1 Yprr9ppD(P1 + P3)" (P2 + P1)" (=G + 55°)
+ — , . -
/2 k? —mg
Ly kyky
L . 1 |90-D=9D DD P (=G + )
A(D*rn~ — D% =|— — 2
V2 k> —m3,.
! v A'/,l»',/
GprnGppD(P1 + P3)" (P2 + Pa)" (=G + )
+ 9 9 :
k* — m?
AD ' — D)

2
mg

NG,

L 14 " k l/"ll‘
9prrGppD (D1 + D3)" (P2 + 1)’ (=G + L)
12

B i
—m;

V2AD 7~ = D°7°) + A(D*n = D' 1) =A(D°r — D)
Hua-Yu fiang Rescattering Mechanism 31
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The ITR in rescattering mechanism

* We can simply obtain the ITR of B— D=

—_— ~
w

e ])U

— J'_J“

V2A(B° = D°n°) + A(B* -+ D'r ) =A(B —D’n")

Hua-Yu fiang Rescattering Mechanism 32
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The ITR in rescattering mechanism

* For different intermediate hadron states or
different kinds of effective hadron coupling vertex

=y

=

Y D

D

ﬁA(EO —>D07r0) +A(§O —>D+7r—) —A(B- —D°n)

Hua-Yu fiang Rescattering Mechanism
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The ITR in rescattering mechanism

* And also, if consider the internal W-emission diagram Cin the

weak vertex, then in isospin symmetry
b c b c

d < <
A(EO%DOWO) — ¢ =AB — D7)
 We also calculate the short-distance contributions of C in naive

factorization approach (BSW)
C(B® = D1 ) =iZEV,Vifan (] (3 — m3) £, FEP (m2)

V2
. a, = 1.07,a, = 0.017

Hua-Yu fiang Rescattering Mechanism 34
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The ITR in rescattering mechanism

* If the weak vertex is € diagram

V2A(B° = D°n°) + A(B* -+ D*r ) =A(B~ = D’n")

Hua-Yu Jiang Rescattering Mechanism 35



The quark diagram of rescattering

mechanism

* The quark level diagram of B— D= in rescattering

mechanism

Hua-Yu fiang

’ o4 » \b
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How to get the quark diagram

 We combine the topology diagram of weak vertex
with quark level meson-meson scattering diagram

e R

* There have several different conbination

d d

Hua-Yu fiang Rescattering Mechanism 37
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How to get the quark diagram

* For baryon decay, this will be more complicated

Hua-Yu fiang Rescattering Mechanism 38
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The corresponding between quark
diagram and topology diagram

* The quark diagram contribute to the topology

—

Hua-Yu fiang Rescattering Mechanism 39



The corresponding between quark
diagram and hadron diagram

S—

Hua-Yu fiang Rescattering Mechanism 40
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Meson-meson scattering amplitude

* If we deeply understand the quark diagram of
rescattering mechanism, we can extract the
meson-meson scattering amplitude

* We can’t calculate these amplitude, except for
the Lattice QCD, actually only the first one.

* We can use the Cutkosky rule, the initial and final
state particles will be on shell in the scattering.

Hua-Yu Jiang Rescattering Mechanism 41



Triangle singularity

* If all the three intermediate particles are its mass
shell in the meantime, i.e., the rescattering
process being a realistic physical process

2

A
[
Y

oY

* In this case, the loop-integral will be divergence,
that is the triangle singularity.

Hua-Yu fiang Rescattering Mechanism
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Triangle singularity

* The criteria for the triangle singularity

m1m42 + m3M2
m1_|_m3

—mime < my < (M—my)?

* We can deal with the triangle singularity by
substitute the propagator of particle two with an
Breit-Wigner propagator, where the width of the
particle two are considered

) )
ps —ms ~ ps —mi + imy

Hua-Yu fiang Rescattering Mechanism 43



An introduction for our group

* We are studying the decay of doubly heavy baryons in
rescattering mechanism, including doubly charmed
baryon, bc-baryon and bb-baryon.

Fu-Sheng Yu, Hua-Yu Jiang et.al,
Rui-Hui Li et.al,
Zhen-Jun Xiao et.al

* We are also planning to study the singly charmed
baryon decays in rescattering mechanism.

Hua-Yu fiang Rescattering Mechanism
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Summary

* We introduce the rescattering mechanism in heavy
hadron decay.

* The wrong assumption was made in history to obtain
the isospin triangle relation.

* We clarify the error, and the ITR can be obtained
without any assumptions.

* We also simply discuss the quark diagram of the
rescattering mechanism.

* And the triangle singularity was simply introduced.

Hua-Yu fiang Rescattering Mechanism
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Summary

* We introduce the rescattering mechanism in heavy
hadron decay.

* The wrong assumption was made in history to obtain
the isospin triangle relation.

* We clarify the error, and the ITR can be obtained
without any assumptions.

* We also simply discuss the quark diagram of the
rescattering mechanism.

* And the triangle singularity was simply introduced.

Thanks for your attention!
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