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Phenomenological Study on Heavy Hadron Weak Decays

ABSTRACT

The weak decay of heavy hadrons is one of the ideal places to test the
Standard Model of particle physics and to search indirectly for new physics. With
the progress on large experimental facilities in recent decades, the theoretical
study of heavy flavour physics has entered an era of high precision: the increasing
accuracy of experimental measurements also requests more precise theoretical
predictions. On the one hand, although the branching ratios and CP violation
of numerous decay processes of B mesons have been measured experimentally,
there is a paucity of experimental results for the decay of B, mesons, especially
for the quantity Acp, which describes the CP violation, where experimental
results are scarce and the measurement errors are large, and there is a lack of
theoretical global analysis of the processes of B/Bs meson decays. On the other
hand, new heavy hadrons have been continuously searched. For example, in 2017
the LHCb Collaboration discovered the first double heavy baryon =} via the

cc

decay final state AT K ~nt7~ | and in 2018 the LHCb Collaboration went on to
precisely measure its lifetime as 7=+ = (2567003, = 0.014) fs . The use of these
new heavy hadron decays to test the Standard Model and probe for new physics
requires the development of new theoretical approaches. To address the above
issues and challenges, this thesis will discuss and investigate the theoretical and
phenomenological aspects of double heavy baryon decays and meson decays at

colliders.

In this thesis, we first analyse the weak decay processes of the double heavy
baryons Z.., Qee, Zpe, 2be, Zop, sy and compare the amplitudes of their decay pro-
cesses. Based on the SU(3) symmetry of the light quarks, we can write the
hadron and the weak decay operators in the form of integrable representations
of SU(3) respectively. Using the given SU(3) representation one can obtain the
corresponding effective Hamiltonian, which can be expanded to calculate the ma-

trix elements for the double heavy baryon decay. Through the SU(3) symmetry
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analysis, we derive the relationship between the amplitudes of different decay
processes. The results will be useful for the experimental searches for more dou-
ble heavy baryons, and in combination with the experimental results, the validity

of the quark model and the SU(3) symmetry breaking effects can also be checked.

In the framework of the light-front quark model, we also analyse the ¢ —
d/sltv,b— c/ul"v,b— d/sl*l™ induced transitions. Both spin 1/2 and spin 3/2
baryons are considered.In the calculations, the form factors in weak decay matrix
elements of the the double heavy baryons are calculated using diquark picture and
taking into account both scalar diquark and axial vector diquark contributions.
Branching ratios and decay widths are predicted with the helicity amplitude
method. The decay channels that are most likely to be found experimentally
are given after an exhausting consideration of 239 double heavy baryon decay

processes.

In this thesis, we then adopt the PQCD factorization approach based on the
framework of kr factorization for global analysis of the two-body decay of B/Bs
mesons. The different decay processes of B/Bs mesons have different kinetic
mechanisms, but they all depend on the same non-perturbative parameter: the
light-cone distribution amplitude. Thus we analyse the processes from B/B;
mesons to two pseudoscalar mesons, one pseudoscalar meson to one vector meson
and two vector mesons, and fit the necessary input parameter to calculate these
processes: the Gegenbauer moment in the light-cone distribution amplitude. We
also point out the processes that partially require higher order corrections in
PQCD. We also fit the CKM phase angle v with the following value: v = (75.2+
2.9)°. These could be a guide for future work on theoretical calculations and
experimental measurements.

Following the previous analysis, we study a three-body decay of By, B, —
D77~ | in the framework of PQCD. In contrast to the two-body decay, the
three-body decay has a complex mechanism. The contributions of the resonant
states fo(500), f0(980), fo(1500) and f5(1790) in the final states w7 of this process
are also considered. The results obtained are also in agreement with those mea-
sured experimentally, which is useful for testing the PQCD factorization method

and the mechanism of B meson many-body decay.

The research in this thesis is closely related to the experiments. For the

—iv —
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double heavy baryons, which have not yet been found experimentally, the the-
sis gives extensive theoretical predictions. For the B/B, meson decay, which
needs to be measured precisely experimentally, the two-body decay process is
comprehensively analysed and its three-body decay process is also analysed and
calculated precisely. In the future, we will continue this work to pursue more
predictive theories in double heavy baryon decays and to explore corrections of

their higher-order contributions in B-meson decays.

KEY WORDS: SU(3) symmetry, double heavy baryons, light-front quark
model, light-cone distribution amplitude, PQCD factorization, B meson two-

body decay
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Fig 1.1 Elementary particle in standard model.
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Fig 2.2 (a) represents SU(3) octet and (b) represents SU(3) decuplet.
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Fig 2.3 Spin-1/2 singly charmed baryons. Here (a) represents SU(3) anti-triplets 3 and (b)
represents SU(3) sextets 6. The spin-3/2 singly charmed baryons only have SU(3) sextets
6 as shown by panel (b) just with the replacement “B. — B”. For spin-1/2 and spin-3/2

singly bottomed baryons, a replacement ¢ — b is needed.
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Fig 2.4 Spin-1/2 doubly charmed baryons form triplet states under light quark SU(3)

symmetry. It is similar for the doubly bottom baryons and the bottom-charm baryons.
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Fig 2.5 Feynman diagram of in full theory.
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Fig 2.6 Feynman diagram of decay process induced by ¢ — sud in full theory.
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Fig 2.7 Feynman diagram of decay process induced by ¢ — sud in effective theory.

o ¢ — d, s ltyiBSHIT R
Haale > dys ) = S5 (Valdyu(l = 2)dlmm(l - 19)]
V2
FVA L = 3s) (1 = 3)0]) . (2:28)

o b—u, cl SR

Hen(b— u,cl°m) = % (Veolma 1 = )bl (1 = 5)14

Ve [E7, (1 = 75)0] {17, (1 — 75)%])' (2.29)

o b— sITITIFEFHMRE SR (FCNC) 7%

Hoplb = s1°1°) = (jivwv;:[Zc Oi(k) + Ciry (1O,
- Cus(1)Oscs(42) + G (1) O (1) + Olko)omA(u)] ,

(2.30)

H Oy ~ OV O, Osc BFFIEIED — syTTEk B0 — sit i fE . 2.30m 4
Afﬁﬁ‘ﬁ’]“ﬁ-‘ﬂ/ﬁj}.

o Vi-METF
O1 = (Sacs)v-a(Csba)v-a, Oz = (Saca)v-a(Csbs)v-a,  (2.31)
o QUDAHGKEISTF
O3 = (8aba)v-a zq:(q_BQB)V—/h Oy = (55ba)v - AZ(Qan)V A,

Os = (Saba)v-a2_(qsq8)v+a, Os = (3pba)v-a Zq:(qaqﬂ)wrm (2.32)

q



LE B RFH TR LRI T 55 R AR I MER BT

o WIHEHTT
Oz, = g2 Mp5a0" (1 + 75)ba Ll
Osc = gmpSac™™ (1 + 75)T25bsGe,,, (2.33)
o HFHMHRGI
Ogy = (3D)y_a(ll)y, Oroa = (5b)y_a(ll) 4. (2.34)

EFCNCHRR M THE A, HFFOr Ogy MO0 A TELF FIDTIR,  HARF A iR
B I SRR AE ATk e 2 R R GURBT A TTRRTE DL T b — sl 1 HIHIUH PRI
A LS R

Gr

b sltlT) = ——Ly,ypie
M(b — sll7) \/EthVts o

X { <Cg[§’)/#(1 — 5)b] — 2mb07[§iaw,%(1 + %)b]) "

=

+ (Cro[57u(1 = 5)b]) W“%l}- (2.35)
= b= d/sqiFE FHIAFRER LR

o 10
Hepp(b— d/sqq) = 71;{ Z VsV [C10] + 0203] - thVt*DZCiOi} +H.c.,

q=u,c =3

(2.36)
HtD =d, s, HEMERFERN
o i-IMERT
O = (Gubp)v-a(Dsga)v-a, OfF = (Gaba)v-a(Dpgs)v—a, (2.37)
o QCDAHE ST
O3 = (Daba)v-a ;(%%)V—A, Oy = (Dgba)v-a Z(%%)V—A,

q

Oy = (Dubo)von S@dven. O = (Dabo)ys S (@dp)ven
q q

(2.38)



-3 SUPNES 2R E o NG

o FLEIMIGEIETT

07 == %(Daba)VfA Z: eq’(@éq,ﬁ)v+A7 08 ==

q

(Dgba)v-a Z eq(0,45)v+a,

3
2
q
. o 3 - ny
Oy = 5(Daba)v—a ) eq(Tsas)v-a, O = §(D6ba)V—A E :€Q’(Qaqﬁ)V—A‘
q/ /

q

(2.39)

222 BFEMETHITERZE

IR RE 5% 7 SHATHE R T T 50 1 S AR T R WU R ) SR i — D B R e Jm —
By UBSTMAREAB — MMy, 58 T HRFE TGS IR IR K58 RN

M(B = MyMs) = (M, My|He1(0)| B). (2.40)

H T QCDH I L EE PHRLN., 50 P AE FLAE (R TE 5000 S AR S8, 78 5%
TE A — A = Fh ORI BB AR G ATV SU )R RRPE TS
EMQCDHE it 5. HrpSU(3) X FR I 7 i A1QCDH it 5 &8 T AR Sl Jr k.
SU (3)X RV 7515 7T LB SU (3) BEM B i, ¥ — DA FER IR
ANSU BT LHRIE I Z 0, SU(3)A AT 299k ME 7] B B /E N 7E 288 FiA 15 2
WAL RS 51 & R QCDEUNE B T B TR B, dd i fEAs
MEATELE B A EEE R R E N R, HT SR MR
515, B REAE FR 25 PP BB R0 (1) 5 7 52 AR A3 A A (1) B 2 BE AR IR 11k
AR, KT B — M ZRIE R, 7R85 RN ReARAH LA FH A X s mT LK JE
PR BEAR X I AN =1 BE bR B X sk 5 201 20 F, 1 HLRE 8% CRAUE S 38 4 i 45
RRAHMERM. AT LABA T ARS8 A4 18] B2 A 243 5 7 0 2 b g R 7
Wik

mE2.8 (a) Frow, B TR ERTIRS AR =55, Hp—Xf
IERF WA AL T My, 53— N5 MBI T RS 5 RN F W EH S
WA MMRL T NIKIAEE S R Fmy, — oo, B — MsFIERI> AR EAE
FIE LG RE N 1, BV 2 B AR /S 1 X dsiES E ZE DOk, 1 R SR T A A
S RN FEAR PRI AR, AR E (E2.8 (b)), JR%E 50 5 My M ki
T2 E AR SR A R X 1, AR ) U5, AEQCDIA 1AL HE4E



LE B RFH TR LRI T 55 R AR I MER BT

M, M,

bl

B 28 BATHAKREMNE ZE.
Fig 2.8 Feynman diagram of B meson two body decays.
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Fig 3.1 one loop and radiation correction feynman diagram of v* — g¢ process.
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Fig 3.2 Lowest-order feynman diagram of v* — 7y process.
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Fig 3.4 A Leading Order diagram for the B(pg) — Ma(p2)Ms(ps) decay.
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Table 4.1 SU(3) amplitudes for doubly charmed baryons =.. and Q.. decays into a singly

charmed baryon.

channel amplitude channel amplitude

S e i = A A A
A T = = LA A

=5 — X0ty asV = = =0ty a, V>

=h — 20ty e Qf = Z0ty | —aV

Qf B0y |

QF — Qv asVr

¢ d/s b u/c

Ty [
Ly

B 41 REREFE AQ  FEXTHF LA,

Fig 4.1 Feynman diagrams for semileptonic decays of =.. and €...

1
D(E = 3SHty) = TQf - Z0%1) = 5F(ch — Yty)
Veal® _
= L(EF — =),
|‘/cs|2 ( cc c V)
1
LES =2 ty) = T(EL - 20%1) = 5P(Q; — QUty),

) = T(5, = S0l v)=T(Q, = Q1 D),
) = T(Qy — =),
[(E), = S p) = 2I(5;, —» S0 0) = 20(Q;, — EX17 D),
) |vcd|2
|Ves |2

= (). = 5, 1tv) = I(Z) — Zlty),
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L — =0ty) = T(EL — 5, 11),
1
LE, = Sl'v) = T(Q. = 5 lTv) = 5T(E = 5 1)
7
= ’VCS’QF(:;C — ZP0T ),
1
(E —» El'v) = T(E, = 5 1) = 0@ - Q1)
DS = E4p) = D(E), - S 0) =), — Qi D),

N0 5 A D) = T(Q) — =),

N(E, =S p) = 20(Z), — XHv) =20(Q), — = ). (4.6)

X R R R AR D 5 s A R R A S MRS e HAT ECE A
SRS WEA, PLVEERIESU (3) M AR N s = E AR, BTN
THELIE RN R A Tl 8 TioxS T AR RS, MR T R TS A =1
SEA, ENNRIESU Q)MIRMEN I 2 2R %, TR TR
fliid.

4.1.2 IEBRRTITIE

PAZ Q. ZEAL ], 8RR E TR AR REERTF. Rk
R ARANE R IR EME R B2 32 He — sdus ¢ — udd/ss Fle —
dsuils T AT, IR AE 5 A8 B BE AT 500G 2 T RS A TO s A T R R B
(V—A)(V — ARV — AV + A), BFEBCHEWRBEESE . AWSU(3)XT
FRETTTHRE, BAEBRMEEGERSE W MRS W HEFH— AN RS
FHEAE, PTG EBERSUB)RRN3I®303=333060 15, ALa LUk
W S5 F SU ()R RRYE D R = AN AT A ROR I B Hyw HgMHy 50 X T
He — sduifs SR LR RV AR, B IERISU(3)RARN:

(Hg)y! = —(Hg)y’ =1, (His)s' = (His)y” = 1, (4.7)

ZREFICKMAEFEV Vg ~ —sin(00) MV Ve ~ sin(0c), He — udd/5s15 3R
PUAR T I AR A [ 1 S -

(Hg)i' = —(Hg)s* = (Hg)y® = —(Hg)3' = sin(fc),
(Hi5)3' = (His)3" = —(His)y” = —(His)3 = sin(6c). (4.8)
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Fig 4.2 Feynman diagrams for Z.. and 2., decays into a charmed baryon and a light meson.

MHc — dsuids 5 XE R P R AR AR S g i S il 2o
(Hg)gl = —(H6)12 sin? 4, (ng,)%l = (H15)é2 = sin’ Oc. (4.9)

HEH MR E T AR RRE T MEN TSI RIE2. 1N e, 8
WRE T [)SU (3)3RA “37 F“6” pidt, TRTHIMSU(3)\E. RKERWRE
TR RIRIISU (3) AL i & Ry

Hepr = bs(Tee) (Tea) iy Mf (Hg)y + ba(Toe) (Teg) yjy M (Hg)!
+b5(Toe) (Tea) g M (Hg) ! + b6(Tee) (T o3) i) M (Hos )y
oo (Toe) (Teg) g M (Hns) (4.10)

RAZERE TN 6" RoRSU (3) MRS H RN

Hepr = bio(Tee) (Tes) iy M[ (His ), + bin(Tee) (Teo) iy M (His )i,
+b19(Tee) (Tew) (jay M (His)]' + bis(Tee) (Tes) iy M{ (Hg){*
+b14(Tee) (Tes) gy MY (Hg)?'. (4.11)
RS I HISU (3) AN B, AR SC MG T 4 OZ14% i AR ¥ 19 Fh IR 128
BEW RN REN TR SRR E 7R, X fE 1 2% 2 E
WEA2fT7R. A AR ST 5l 45 H H 54 10R0 504 153 ) 46 R AE R4 23R
H14.3,

S TR E T AR EFREN TR, ERIASHN TR E
Ny ARSBEFHBJNESHTES. WA, A XA ETF/N\NESKER
NTTF = €1 (T3)7'e FET HRIESU (3) A2 R E W 20T, B EEREH
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Fig 4.3 Feynman diagrams for =, and (.. decays into a light baryon and a charmed meson.
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Table 4.2 Doubly charmed baryons decays into a cgq (antitriplet) and a light meson.

channel amplitude channel amplitude
=t =2t by — 2bs + b ELF = Afnt (by — 20y + bg) (—sin(6c))
=L ASK by — bs — bg + by ELt S EFKT (bs — 204 + bg) sin(dc)
=f — Eq0 2b4—\/b§—b7 =t Arao (b3—2b4—b6\—/«-§2b7)sin(()c)
E; N 5:77 721,4%,731)7 E; . Ac+77 (73b3+2b4+2\b/%+3be)sin(ec)
= — =0t by — bs + bg — b7 EL = EFKY (204 — bs + br) (—sin(0c))
Qf 5 ZHK by — 2by — b St ZOK* (by — bs + bg — by) sin(6c)

=++ + 5+
== ATK

(bg — 2()4 + b()) sinz(GC)

Qf 5 AFK

(2b4 — b5 + b7) sin(&c)

=+ + 70
2o ATK

(bd — 2b4 — b()) Sin2(t‘)c)

+ _=+.0
Qf - =frn

(bg*bs*b(}*lﬁ) sin(OC)
V2

+ +.0
Qf — Afrn

—/2b;sin’(6¢)

+ =+
Qcc — —c 77

2
(—3b3+4bs+bs+3bs—3b7) sin(0¢)
V6

Qf — Afn

\/§§(2b4- bs) sin?(6c)

+ =0+
QFf — =)r

(bd — b5 + bﬁ — b7) sin(@c)

+ _ =+ 50
Qf - EfK

(bg - b5 — b6 + b7) sin2(90)

+ =0+
Qf - EK

(b3 — b5 + bg — b7) (— SiDQ(ec))

TRIFRIEA T 51K Z AL :

—m

(T..)'D
(TCC)ZEmEijk (T8)51(H6)§j = _2(ch)l

ij i im
eiji(Ts); (He)l = —2(T0e) D e (Ts)k, (He)™,

—i

D'eiji(To)k (Hg)i™. (4.12)

XEWREIX VR 5 M 2 (8] AP B B, e EHRIE B PY AN 250 H 7
EHMASU )AL RIEH T AR R, T2 PLgh SR 1 AR 2 & 1 )\
HAMEATWISU (3) AL H RS % il £ -
Hers = co(Toe)' D iy To)E (Ho)™ + cr(Tue) D cigne(To)k, (He )™
ts(Tee) D i Te)%, (i)™ + ca(Toe) D eiji(Te)%, (Hi5)i™(4.13)
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Table 4.3 Doubly charmed baryons decays into a cqq (sextet) and a light meson.

channel amplitude channel amplitude
70 _ n
=++ ++ =++ ++..0 (b10—=b13) sin(6c)
EHt o SHE bro — bus =it Dty (ro=hi sinféc)
Sy St bio+2by, +b =+ ++ 3 -
e TP ST % e T Zc n —\/;(blo — blg) SHl(ec)
=+ ++ 50— =++ ++ (b10+2b11+b13) sin(0¢)
e — Ec K b12 - b14 See — Ec ™ - /2
Ect N Z?FO blO+b12\;§blS*bl4 EZ:Jr N E/C+K+ (b1o+2b111r/b§13)sin(9c)
—_ —_ 1 —_ _ .
.:.:'; — :/CJ'_TI'O b (—2b11 + b12 + b14) ‘::—c — EZ—J'_?T (b14 — blg) sm(@c)
— — 2b11—b12+3b — 1 .
:;rc — .:ICJrT] =ULL BL i odl 2\1/%+ 14 ‘:‘c+c — Eiﬂ'o 5 (bl() + 2b11 — b13 — 2b14) SIH(QC)
—t =10, _+ bio+bia+biz+b =+ + (3b10+2b1142b12—3b13) sin(fc)
Ef — 20 10 12\/513 14 = — Sy _ s
E:_c — QSKJ'_ b12 + b14 E(t — Eg?TJr (b10 + b12 + b13 + b14) (— sin(@c))
Qj‘( N E’;’FO b10+2\b/1271*l713 ch — E/C+KO (2b11*blzir/b§14)sin(9c)
n 01 —t —10 T+ (b1o—b12+b13—b14) sin(6¢)
QL — Qe bio + bi3 =L = 2K =
—_ . 9 _ .
:.ij_ — E:J'_KO (b10 — blg) s (6'0) Qj; — ET-’—K (b12 — b14) SlIl(Hc)
Ez.c_‘_ N Z;,.K.t,. (b10+2b11+b;3) sin?(0¢) QZ—C N EZ—FO B (21)11*1)124\’/%14) sin(0c)
_ 3 — .
:(—:&-c N E:_KO (b10+2b11 ;%B)sm (6c) Qj_c N .::3+7T0 % (b10 + by — by + b14) sm(@c)
- 0 2 - 3b1o+4b11+b12—3b13—3b14) sin(0,
S = LK (bio + biz) sin®(0c) QL — Efn — (Shao+ebu 122\/5“ —
— ) -0 b1o—b12+b13—b14) sin(6
QOf = S5t (b — bu)sin®(0c) | Qf — =0t — to—brathihie)alnBo)
.. 92 .
Q;rc — Zjﬂ'o b14 Sin (QC) Qj; — QSKJr (bl() + b12 + b13 + b14) SIH(QC)
+ + (b12—2b11) sin*(c)
QCC 4> EC n \/g
0 02
Q;rc — ECTF+ (b12 + 514) sin (90)
+ =1+ 770 (bio+bi2—bi3—b14) sin’(0c)
Qf - 27K 7
+ =10 T+ (b1o+bi2+bi3+b1a) sin?(0c)
Qf - =K >

[F f AR SC 25 O SR 1 32 AL B L1+ M E A1 .S U (3) AR AT R 3 1

=

H
Hepr = da(Toe)' D" (Th0)ii(His) + ds(Toe)' D™ (Th0)ijm(His)y . (4.14)

AN WRE TR R EFHMENTHRSE, BRI E S R AR
4.5 HoR,

IAEZ B, MR, N THF MRS wNEREFHEN T, ©
ITHISU (3) 3R 7~ 5 58 WK B 7 BUH S8 N TR0 R 75 BB 885 v 4 i ik =5 e R AT
HH R 5 5 52 A8 15 5 1A WU B R B -3 AR TR 25 o 2 T 40 9 DU A2 AL

b— ced/s, b— cud/s, b — ued/s, b — qqd/s, (4.15)
H gt BB 5 wxt. X T Hb — ced/ s 3 1 XCE K HE 53 .J /o Fl Ik H
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Table 4.4 Doubly charmed baryons decays into a light baryon in the octet and a charmed

meson.
channel amplitude channel amplitude
= XD —C7 —Cy == XtDf (—c7 — c9) sin(fc)

=+ 0p+
=L —=AD

—ce—cr+3cg+3cg

NG

=+ +
=T —=pD

(—c7 — ¢9) sin(bc)

Ez—c — 2tpo —Cg — Cg Ej_c — AOD:_ 7

2 = 2°DY il =t 5 yODF (et esteg) o]

=L - ='Df —cg+ ¢ =L —pD° (—ce — cg) sin(6c)

Qf — =Dt —cr + ¢ = —nD" (—ce — 7 4 cs + ¢9) sin(6c)

e=t — pDY (e7 + ¢9) sin?(0¢) QFf — A'DT _ (06—207—3%8)%(90)
=f —nDf (c7 — ¢9) sin®(0c) Qf — ¥+tpo (—ce — cg) sin(6c)
Qf — A°Df 2 (—cg — c7) sin®(0c) Qf — XD —(Cﬁcﬁfg)m(ao)

—V/2 (cs + c9) sin?(0c) Qf — =°DF

(*Cﬁ — C7 + Cg + Cg) sin(@c)

Qf — XD

Qjc — pDO (Cﬁ + Cg) SiI’lZ(Hc)

Qf - nD* (cg — cg) sin®(0c)

R AL BEETREHNET T ESAENTHSU(3)HR M.
Table 4.5 Doubly charmed baryons decays into a light baryon in the decuplet and a charmed

meson.
channel amplitude channel amplitude

=it o v Dt s =+t o ATD* — 2astlbo)

=F — Yo 2 =rt 5 DY e

=t L $Opt V2 (d+ d) =t ATDO — s sinféc)

=t o 20D7F e = — A'D+ — dardy)sin(bc)
OFf - =D+ 2y =t 20Dt @ (dy — ds) sin(6c)
=it ATDY 2dssin (0c) Qf — 2+ DO Ao

=t 5 AODF 24 sin’0c) OF — $OD* \@ (ds — dy) sin(6c)
QO — A+DO e Qf — Z0DF Al il
Qf — A'D+ 2dssi\1;;(9c)

O 5 $ODF \/g (dy + ds) sin®(6c)

TR, BN HEIRERSU (3) = HA. XS FESU(3) A w5 fil &
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Fig 4.4 Feynman diagrams for =y, and 2, decays into J/v and a bottom baryon.
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Fig 4.5 Feynman diagrams for =, and {2, decays into an doubly heavy baryon and an

anti-charmed meson.

N
Hepr = ar(Twy)' (Hs)’ (Tv3)1is) J /¢ + aa(Tww)' (Hs) (Twe) iy J/4,  (4.16)
H(Hy)o =V (H3)s = Vie EATNMNH) PR EONEA 4. XA G 2 10

i
IR A] LA R SO0 E R T 5 AR B E R E T (beg) UK R F IR, BT
(1) 2% 2 B4 5 7R, XSS FE I SU (3) AN AR NG 25 i &N

Hepr = as(Tyw)'(Hs)’ (Toe)iD;j + aa(Tw)' (Hs) (Te); Di, (4.17)

ASCHUEHD — ced/sif 5 100 R 5T 5 AR ik FR 1 5 45 R Y 7R R4.6
PR ¥ e R IR B e T T R B 4h b — cad/s, b — ucd/s, b — qqd/s, 55
(I Z0 A1 T AR I SU (3) AN ARG RS 2 i 2 A B PR . FHD — cud /s 3 1%
AR FEII AT 53 NP Sy IOy 52 A% B H IR B 1 (bgq) AT ZR AT T~ DL L S T, 5
AR B W E IR E T (beq) AN T, EAIIGZEEMRSU (3) I\ ESER,

(Hs)i = Vog, (Hs)i =V (4.18)
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Table 4.6 Doubly bottom baryons decays into a .J/¢ and a light baryon.

channel amplitude channel amplitude
Zpy — NI/ a1 Vg Ep — ZpD” azVy
Epp — EpJ /¢ aVy | B — EpDy asV
Sp oS J | aVE o | 2 520D a, V7,
O o S J/0 | —aVyy | 29— Q0D a,V:
=, DI/ | | By o ELD | (as+an) Vi
20, — 20 /4 e = — Z9.D; asVz
Ep = Sy Y| @V | By o QDT asVy
= — S5 T/ e Q,, — =0.D; asV
Q, > E | | Q- D" asV
Q= O J /Y aVei | Q= QD | (a3 + aa) Vi

b?c b b b b
\b® AT N

jq q\ q
@

E{] 4.6 Ebb ﬁ"be %?ti'liiﬁ"*ﬁ%(bcq)ﬁviéﬁ%éﬁ% %@o
Fig 4.6 Feynman diagrams for =, and €2, decays into a doubly heavy baryon and a light
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®

®

_
LS

meson.

XL R 2 2 O A TR 4.6, X R IR SU (3) AN ARG 200G i £ K

Heps = as(Tw) (Toe)i M (Hs)j, + ac(Ti) (Toe); M (Hs )3
+aq(Ty) Tbc)ka(Hs)gas(Tbb)i(Tbé)[ij]ﬁk(Hs)i;
tag(Ty)' (Tya) D" (Hs)] + aro(Tw) (Tos) 11y D (Hs)}
—|—CL11(Tbb)i(TbG){jk}Ek<H8)g; (4.19)

i
i

Has ~ ar A=Ay 3 A8 B 0 Bk 5 1 (beq) A T HISU (3) A 1] ) HR 18,
ag ~ ay NZy Ry, 3 A8 3 B K 5 1 (bgq) IR N T I R I SU (3) A 1T £ iR
AR R RRAERATRAST . THKREHb — ued/sT5-F INZp M Q=
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Fig 4.7 Feynman diagrams for =, and €2, decays into a bottom baryon and a charmed
meson.
% AT Sy F2y, B EIREREF (beg) AT M3 1.
Table 4.7 Doubly bottom baryons decays into a bcq and a light meson.

channel amplitude channel amplitude
B = S (a5 +ar) Vi | Zp— Qun —(“6_%%
EI?Z) — EZFCK_ (CL5 + CL7) Vu*s E’I;) — Egcﬂ'_ (CL5 + (16) u*d
D e el T S
=0, 20K azV, =, — W01~ agV
5o ey S Top S ELK el
=9 — QY 10 %—\2“2 Oy — Q7™ asV2y
=9, — Q) KY a;Vi O — WK~ (a5 +ag) VS

7 B H R E T (bgq) MR BB T RIS AR BTG 25 & A2 SU (3) X R T ] 43
?\j ccgn ﬂ] 44677 %/j——\"

(Hy)" = —(H5)* =V, (Hg)" = (Hp)™ =V,
(H3)" = —(H3)" =V, (He)"™ = (He)" = V. (4.20)

XL RERSU (3) AL A RO S e A SCRT AR HY

Hepr = bi(Tow) (To3)iij Di(Hy)* + bo(Tow)* (Tha) iy Di(HE )
+b3(Tiw) (T3) i1 D (Hg )* + ba(Top) (Tv6) iy Dic (H )7
+b5(Tip) " (Tvs) (i3 D (Hg )7 + b6 (Tw) (Tvs) iy D (Hg )", (4.21)

AT R o 2 BN EA.8, THRGRIRAERLIIOY. wIEREHD — qqd/sTF
FITCREA, X—RETHEE IR R EWE, EMEEEHO 200,
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Table 4.8 Doubly bottom baryons decays into a bgq and a charmed meson.

channel amplitude channel amplitude
Zp = MDY (as —ag) Vo | E§, —» Spp°  efonla
29— =D (ag —ag) Vi | EY — X, DT an Ve,
S — 5, DT —ayVi =9, — =0 D0 —<“10+;%1>Vu*s
=, = 5D aVi | ER, - E DY ke
Sy — 5 D° agVy, =), — =, DY %
5D -V | E, QDI anVy
Ey, — 2y D’ aoVyq
Eyp — =y D° ‘“0—\/?15
0, — =, D0 N
Qy — 0, D° aoVy

=
i

-

E] 4.8 Ebbﬁﬂbef{ﬁi'lﬁ"*i%(bqq)ﬁﬂ}i%@'l\%%% %Iﬁo
Fig 4.8 Feynman diagrams for =, and {2, decays into a bottom baryon and an anti-

charmed meson.

MR R, SEr A B L TR RS 0 ek

G B B 10
Herr = TZ{VubVJq [CLO™ + Czogu] — ViV [ZC@} } + h.c.. (4.22)
1=3

MIRIESU (3)RFRPERI A RS, et 2o, ZBSUB)RIM ALK
AN, LR EE R SU (3) I AR R 7 il

33®3=3®3®60 15. (4.23)
SFFAS = 0F AR AL, WEEEHRIISU (3)ANaf A3 Ry 159,72,
(H3)> =1, (Hg)i’ =—(Hp)i = (Hg)3’ = —(Hg)3’ =1,
2(Hy5)y” = 2(His)T = —3(Hi5)5" = —6(Hy5)3° = —6(Hy5)3" = 6. (4.24)
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Table 4.9 Zy,and )y, decays into a bgq and an anti-charmed meson.

LRI T 55 R AR I MER BT

channel amplitude channel amplitude

20— AOD° (—by + 2by +b3) VI | 20 = 5D~ (by + be) V7

20— 20D (=by+ 2y +by) V| E0, = 5D (by + bg) Vi

Sy = AJD™ = (b —2by +by) Vi | 2, - xgD” Gl

Z, = A)D; = (bi+by) Vi | E o EpD) (el

Ep — 29D~ 20,V R L
=, = 5D (bs — by) Vi =, - Nyp; Lol

QO — AVDT 2,V Sp o 5D (by—be) VI
Qy — E)D~ — (b1 +b3) Vi Ep— EDT V2b5V
O, = 2D, — (b =2+ by) Vi | 5, o 5D s
0, —~ =, D (b1 —b3) Vg 0, = 30D; V265V
0y — =P D™ %

Q;, — Z0D; w
o, -z, D Gl

O, > D (b — bg) VE

FIFEXSTAS = 12, R T2 424 h ffatr2 M3 H kAN AT 19 8. & ek
B Wb — qqd /s NIRRT 73 NPT R AR R RSN IR T (bgq) AN
BT HEAR LR NE T HBA T34, ERISU(3)ANAAT R & il &

2T ks

M (Hs) + c1o(Th) (Too) iy M (Has)7!
k(Hw)il + 012(Tbb)i(Tbﬁ){jk}Mlk(Hw)gl
To6) iy MF(Hg)7! + c1a(Tiw)' (To) ny M (He)?!
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Fig 4.9 Feynman diagrams for =, and 2, decays into a bottom baryon and a light meson.

b b b b b b

b b b

B 4.10 Zpp #oQp B L 2R E T ABANT 0957 2 B,

Fig 4.10 Feynman diagrams for =, and €2, decays into a bottom meson and a light baryon.

w(Ts)h (Hy )jn+f3(Tbb) (Tlo)zyl(H3)
B"(Tw)ij(Hi5)Y + f5(Tyw)' B (T10)ijn(His)? . (4.25)

Fe e, Ny PO, 3 A8 B R B 1 (bgg) MR A T HISU(3) A AT 23 4R I8, d, f;
N M, 3 A2 B F 1 MBS T HISU(3) A AT 29 PR ME. e A1 H 2% 2 & 73 5l a0
KI4 TR A 10T IR Sy Ry 52 A8 ) B R 1~ (bgq) R A2 - BIHR TR Eﬁfrﬁ
RIMAERATOMRAL I TTZ g A, 5 78 B H 1 FIBS -+ (IR ME 1) 11 55 45
INERAN2MIRAIBFT 7R X T Ep M M FE AR, EATEEA L — ccd/s,b —
cud/s,b — ued/s,b — qqd/siFFWAT LLHCc — sdu,c — udd/ss,c — d5uifs T
Epc MRS BRIR L, HEAESUB)N T RE, H0Z wEA S-S
HIZp M FE AL AT LA Z,, A1 Q HIZE ARG RAF R, R FHEAESU (3) A ALA s %
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Table 4.10 Doubly bottom baryons decays into a bgg and a light meson induced by the

charmless b — d transition.

channel amplitude
—0 0.0 __c1—c2+c3—2c4—5ce+6¢c7
=0 0 c1+co—3c3+2c4+2c5+3cq
Zpy = Ay NG

01—03+C5—CG+3C7

—Cg + 2¢4 — 5 + 3¢y

—C1 4+ ¢y — 3+ 2¢4 — 3cg + 2¢7

61—62—03+204—C6—267

Oy — AVK— Co+2c4 — 5+ 7
w = Sem —c1 —c3+c5 — 3¢ + 7
- = 0 c1tecs—c5—5cg—cy
- —_— _c1—2co—3cz+4ca+es+3c—3cr
Qp = E41 /6

cg + 3ci0 + 3c12 + €13 + C1a

% (—cs + co + Berg + 6c11 — 13 — 2¢14)

cg+cog+3c19+6¢11+6c12—3c13
2v/3

cog — 2¢11 + 3¢12 — C1a

cg—cio+3ci2—ciz+ciq

V2
Egb _ EQ;K_F c9—2011\4}g012—014
E&) N Egﬂ'_ 08+09+3010+\?§11*2C12+013
El;, R Eb_’/TO _Cg+69—5010—jgll_2012+013
Eb_b N Eb_?? 08+09+3010—\2/%11—2012—3013
:b_b N E;)_KO 08—1—09—010—\2/%11—2812—013
o ZSK_ 09+6011\;§C12+014
v Zb_FO €9 — 2c11 — 12 + C1a
l:b N Eg()ﬂ__ cg+3cip—ci2+ci3—cia

V2

% (—Cg + 5010 + C12 — C13 + 614)

— —=/— cg—2co+3cio+4ci1+c12—3c13—3c14
= 23

— - 170
be — Qb K Cg — C10 — C12 — C13 — C14
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Table 4.11 Doubly bottom baryons decays into a bgg and a light meson induced by the

charmless b — s transition.

channel amplitude
_bb—>ADK c1 —c3+c5 — cg+ 3¢y
“bb - “(b)ﬂ'o 62—263-1—204\-/%05-&-466—%7
Ebb - Ebn *201+cz+2c<4/%05+6067907

=0 ==t

Cco — 2¢4 + 5 — 3c7

= 07—
=, — MK

—c1 — 3+ ¢5 — 3c6 + 7

== =0, —

Cco +2¢c4 — 5+

—— ——_0 _ c242c3—2c4—c5—4cgtcy
=bb — = T \/5
—_ — —2c14+c2—2c44c54+6¢6+3c7
Zob " = 1 V6
o — E0K - —c1 + ¢ — ¢33+ 2¢4 — 3¢ + 2¢7
— —_—0
Egb — E*K— cg + 3cip + 3ci2 + ci3 + cia
0 cg—ci1o+3ci2—c13+cia
=100 1
_‘bb — =y 5 (Cg 4+ 4cig + 6¢11 + 319 — 2¢13 — 614)
—10 —2cg+c9g+6¢10+6¢11—3c12—3c14
—0 ——_+ co—2c11+3c1a—c1a
Spp = T V2
=5 — Oy K Cg — 2¢11 + 3C12 — €14
07— cg+3cip—ci2+ci3—cia
S — 2 I Cg — C1g — C12 — C13 — C14
—10 c9+6c11—cia+cia

1 (—co +4cip + 211 + c12 — 2013 — C14)

—2cg+cg+6c10—2c11+c1a+3c14

Ep = Zp 1 2V/3
Eyp — O K° Cg — 2¢11 — Ci2 + Cua
=10 T — cgt+co+3ci10+6¢11—2c12+C13
Q, == 'K i /2
~/— cg+cg—cip—2c11—2ci12—ci3
be — =K /2
be — Q T \/5(2010 — C13)
2
be — Qb n —\/g (Cg 4+ cg — 3c19 — 2¢11 — 2012)
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Table 4.12 Doubly bottom baryons decays into a bottom meson and a light baryon induced
by the charmless b — d transition.

channel amplitude

Egb N AOES _d1+2d2—d3\—/%d6+d7—3d9
=0 EOES d1+d375\l};6dgfdg
Egb—>E+B_ dg—dg—d6—d7+3dg+3d9
Egb — EOEO di + dy — d6 — 3d8 — 2d9
=, — StB. | dy 4 ds — dp + 2ds — dy
Eb_b — =B~ —dl — dg — d7 — ng — 3d9
QI;) SN AOB; d1*d2+2d3\7€6le+2d7+3d8
Qb_b_>2+B —dl—dg—dﬁ—d8+2d9
Q&) — EOBof _d1+d2+d6\/§+d8+6d9

Qy, = pBy | —d2+d3 —ds — d7 + ds + dy
Egb N A+B; f3+6g§+f5)
Egb N Aoi f3*2\1}§+6f5
E’lo;b N Z/OBS f3—2\]};€+6f5
_ — 6f1—2
2o — AOBO f3+\]}% f5
=y~ AB fs—=2(fa+ f5)
—- -5 —2(fa+
=5, — X' B, e

_ _ 6f1—2
be L YOR : fa+ \J}% f5

- — —2(fat
be N Y BO f3 E}’% f5)
0, 5= T A5

i B AN T AR e
Tvy — Tbc; T, — TC, B — D. (426)

Xt T H e TR AR T N E ANy AL R W] UL E ANQ AR LIRS 2], B
(NS AN Wi

T =Ty, T.—T,, D— B. (4.27)

2oL HI SO B R T 99 AR M 0, H AT O 28 ) PAZS W E R - A 5
TR R A, AR PUX S ATE 1 J N, R B SV 3 AL
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Table 4.13 Doubly bottom baryons decays into a bottom meson and a light baryon induced

by the charmless b — s transition.

channel amplitude

=0 ABY —2d1—d2—d3+%+d7+9d8+3d9
=0 03" d27d37d6%7+3d87d9
=Y, — X B | —dy + d3 + dg + d7 — 3dg — 3dy
=0 — nB, —dy — dy + dg + 3ds + 2,
E&) N AOB— 2d1+d2+d3+6\l;g-d7+3ds+9d9
Sy =SB | dy—dy+ dg + dy — ds — do
E’I:b N ZOB_ d2—d3+d6\—/§7—d8+3d9

=;, — pB. dy + dy + dg + ds — 2dg
O, — pB’ —dy — ds + d7 — 2ds + dy
Q,, — nB~ dy + ds + dy + 2ds + 3dy
=0, — X+ B L0t ls)
=0, — OB’ L2l
=0, — =B, Leafian
E — 2B fotbiss
=, — Y B LA
=, — =B, Ll
Q, — E°B- R
O, >="B Lo 2at )

0y, = OB, fs=2(fi+ f5)

R, EBRNEREEREASE. Tansat 7EMQ 2R R EER
VFREARIE, Sy A1 58 A8 B R b £ 70 1V 32 AR T8 A=, A1y, AR R LR VP 32
Wi, Z%HAIR TAEME 145 R B8, 2 MO MR G v 2 AR E
(K53 SCECHAE A 7 LDy Zp Q0 ZE AR R EU AR VPR ARIE I ) S iR 2
B H 2 VBRI Z 0 F1Qy AR LR RV AR TE 1 43 S LA T3 2 JUAE £
IR AR 2 AT R 414 T4 15813416,

SU ()R FRIE 7572 — b S 22 (1 SR BRI 7C o AR k. fEskie b
B YN IRUE I R 5 AR, AT SU (3) X FRPE 2 I 5 ik R G
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Table 4.14 Cabibbo allowed =.. and ..decays.
=t 5 St = — (AF KO, ASK*0) Qf — (EFK0, =5 K*0)

=+ =+ ,0
—cc — —c 4

=+ =0+
e =y

=++ ++ (0 Y+ f7H0 =+ ++ - + =/t [0 T/ *0
== (BTKO ST K0) EL—= XITK Qf — (EF KO =2 K*0)
Tty St =+ + 0 Y+ |#0 + 0+
=t 2 = = (BFKO EFK*0) Qf = Qln

= = (B0, X071t
=t 5 QKT
SHt o (DD, YA DY) S o (DT, S0DT, S0DY)  QF — (20D, =0D)
ch — (E+DO, Z'+D0)

EL — (E°DY,E°D7)

K 415 B Ao REF FILBAFIR T E,
Table 4.15 Cabibbo allowed =, and .decays.

Ep, = Syt =) — (AYKO AYK+0) Q0 — (E9K0,Z0K0)
Egc — (Egpov Eb_ﬂ-Jr)
Eh — (B KO, K) =), = N K Q. — (EPK°, ZPK0)
= =T =}, - (SR, SYK0) Q) - 0t

e = (X905 1)
2. — QKT
= — (BTBY Y BY) =) - (SPBRYTBY) QY — (E°B°,E°BY)
=0 (X°B, 5B, A°B)

= - (2'BL2"EY)

Epe = (EST /Y, EFT/Y) S = (EQJ /Y, EDT/Y) O — (QRJ/Y)
=+ = - =0 = - 0 -
—bc - “ijrDs —bc — ‘—‘0+ch ch - Q;;DS
=+ ) =0 -
=y — QLDO = — QLD
=t (:-H-W— =+ 0) =0y =t 00y =+ -
—bc —cc y Sl —bc —cc be —cc
= = (LK QFK*0) Q) — Qfr
E;C — (AjDO, EjDO, ZgDJF) Egc — ZSDO Qge — (ESDO, E’CODO)
=y — (E2DF,EZPD))

W T ERE T Z 0, Qe Znes Qe S, QpIER PR BRI R EA, HHT
SR b A ATRERI B B FR e X I TAEX 4 5 SE50 AR XE IR — 8
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Table 4.16 Cabibbo allowed =, and (2y,decays.

B = G0/, E0T/0) By — (B J/U B TY) Q= (4 J/Y)

=0 — 5L Dy = Q, — Q.D;
=9, — Q9. .DO = — Q) D
E = (e, Eper”) Epp = She Q= Ep
S — (KO, QG K0) Oy = Q™
Egb — (ASDO, ngO Epp — Z;DO O — (Eb_DO, E;)_DO)

Zp — (5, D By DY)

42 KMERRETHNEREFERENGES I

FE20174, LHCbEAEH H R KB E R EFEL 8, 2 5, Stk
AR AN W b R E 4 R R E T A T A 3 AR SRR 1 R RS R AR S W
WRE R AR AT RS . 2017 G AT S S A (o B DD Tl E T A E Rk
TEL A —AEREE 2t W, XA FEE2018FE MW LHCh AR A
LB BIEHAT L, ST ERE TR MEIR TAECEA TIRZ i
Jig 152:33,39, 40,87, 80106] - g5tk SR R B - A AR X — AU, AT AE G TS AR Y
N R R R AR AT B AT

B WA B2 H T LE AL A R A SRR i e B A AR Y (1) — /> R
P TERERE PR AR SRS, WRIE SR A R S AR R — R
Wi AE, ERENEREETTM. BT REEQCD U H A W KoMk, AT
PUIX — I 2 2 — N AR RS A B0 A ERE AN SR I S P & . BT
FAFFCNCIEFE M /0 S B H A~ 10624, NI E F A M FCONCIEFEH &
TR/ AR B RHEAL IS EE RS, A B Six — I FE 2 oA T R

FERG— T BIE T, A ORI SU (3) % B it 4k ] 7 1F 43, H 2 a7 B 0 %o
FRVE 73 T 38 RAFAE R IR 78 70 B Fh B 25 RS 31 5 A 30 1 AH B AR F A A
AR E B MLE SFARYE BT A BE4S R AN I FE AR 1 2 AR 58 B i B4R 5
SLSU (3) X RRMEAE S FE T eI 22 5 AN AR P2 B 1. S8R 18] BRL IR0
PE BT E A AN RE T R SR8 B FHEIREUS KBk, IE WA L2 /Al
U, KTFE LN T BRI, X W E R E T IS A AT, R
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W AR T B N ok NS e AR e s WL T . AT RIA TR S
T AR T SR *X}@%E%Wﬁlﬁ v Z AIFIA EAE A, X AR T R
AR TE IR 25 T BRIETEAIRIA Fo AT TERG A H T A E K 1 55 5 A
PRI TS .

421 IBPNE

BRI, — IR RE A AR T8 AT LS RSO 2 18] AR I P 4> 0

dl’ =

dIl, | M|? 4.28
QMA M, (4.28)

Hrph MANEER PR, dIL, AntR 2SR, DARIE s i e o8 i, &
(AR AT LS %
M = (B [Hes1(0)|By). (4.29)

EXHB) EH ALy, ATRADGHT S v R R )

TR SRR R e A N o TS, Herp R AR Dol 3ROk
SETHEA T HUR A 4D TS oA, PR AL 1,

T TR, HE MRS RN TS DLRRN
M(P3HL, L)) = / (Ep P p 2P — iy — )

X Z W& (1, D2, Ay A2) 1 (1, M) @2 (p2, Aa)) (4.30)

A1A2

Horb (sl Ep, Mpo € LAETCHEARPR R T, ENIRNESDEITaI R M A NE
SEASR S LR L. AL ICHEAR bR 2 P Bl B 1 3E N

p=(p,p",pL), (4.31)

Hopt = p" £ p% pr = (p',p?). RAB0P =FNEP, pr, ol LR Np =
(pt,pL). WIEBNEP, phngl’Jfﬁ R LR RlpT = (m? + p% /pT)e A
Nk SRR 2 7% v 2 18] 1 N B3

pf:$P+, p;:(l—ﬂf)P—’_,

piL=aP +ki, pu=(1-2)P.—k. (4.32)
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FE A0 (51, Pa, A1, Ao) AFHIRZIFLL j A 7 Bl B 2 18] 43 A7 B R 5, &)
PLRINN:
1

\Ijié’z (ﬁlaﬁ?a >\17 )\2) = <LS, LZSZ|LS7 JJZ>R§;S§2 (ZL’, kL)¢LLZ (IL', kJ_)v (433)

%

Hhgr, (z, k) NREIR A5 % 5B B AR IR B TRY: (. ko )RR M
AR e FE AE 25 21 B BeAEZS AR 5 [, BﬁF~+B/\<LS, L.S.|LS; JJ.)RH
- LT 7 5 R T o A - e B R A R (w, ke ) HIRE SN

RS% (wky) = > (| RY (1= 2, pr,ma)|s)de| R (2, —p1, ma)|so)

51,52

11 11
<22 8182| SSz>, (4.34)
HHR v 2 Melosh B AT«
. _up(pi,s)ulpi A) _— v(pi, Nvp(pi, 8)
_ m,-+xiM0+i5'5>\-ﬁl><ﬁ, (435>
Vi (mi + 2 Mo)? + pt
HorbupRGRT B A DirachéfE, I H
2, .2 2 4 2
Mg:m1+pL+m2+pJ_‘ (4.36)
T i)
BEAMETT AEH RYS: (o, ke )N RTE R, AR RE T 5H
RS, (o k) = MBS oDV 2a), (437

\/§M0(Mo + my + my)

Kb My = /MZ = (my —m2)?, P =pi+pe WTERNTL = y50 T4
AR R DL, (2, k1), AR SCABE o3 A o8 25 T 2L

(2, k) =4 )Y e exp —F (4.38)
¢LLZ y 1) = E leQMO 2—52 . .

BRI

drxd?p L

/%ﬁm;@mﬁbmz@mﬁ = 01/,L0L, L. (4.39)

KRR BEAE AT O A2 s AU I A T 2 H— R R
(M(P', 7', J)M(P, ], 1.)) = 2020 P*6*(P' — P)oyspy.  (440)

], G



LE B RFH TR LRI T 55 R AR I MER BT

Q1(p1) q(p})

5=

diquark(ps)

B 4.11 diquark B TR EAREF R LB ERE TR T A,
Fig 4.11 Feynman diagram for doubly heavy baryons B into a spin-1/2 and spin-3/2

ground-state baryons B’ with two spectator quarks as a diquark.

X XCE R E R U, BT B) ] LA 4.30kE R, (HENTRH
1E J %5 5 2 RS T B 1 — M B = AN S A . A SCAE OG5 e AR A 3R
TN R EL TS A B R X T diquark UG 1281520, B P LA T 2 24,
ARICKEFFH R E 5w Mdiquarkd B, PLHCERRE A+ diquark B br &
MR EM M. fEdiquarkEB T, AICSEEdiquark 125 FEWRIE M H iext PR,
PG5 w B A v E 1 [ WRE E e R B diquark 327 oK. TR v AT DAL
b5k, T4 H E T AEdiquarkE T IR IR,

T AR L RMRERE T SLROL, vk B ek 5
b
1

B.. = 7 [(—\/7561(02(])5 + %cl(czq)A> + (' < 02)] : (4.41)

AR T R E IR 5 5 AN 825 T 1 00 R A AH AL U R
, RFRER AP IEES ol RS wost i IS . N T80 — MRS
FH—AN 8225 T 1) A ZH R B R B — 25 (S, Qpe) (Zhes S2.)» ‘EEdiquark3E T
FRRAE ] Jie i R H 73 70

V3 1 V3 1
Bie = —=7b(cq)s + 5bleq)a = ——-c(ba)s + 5e(ba) a,
, 1 V3 1 V3
B, = —ib(CQ)s - 7b<CQ>A = 50(561)5 + TC(bCI)Aa q=u,d,s. (4.42)

B ANES W ERE T RIE B IR R AR 2, AR B =&
SMNESRIMF IR He EWRE T = E A diquarkdt N RIS B g
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A
AF = —%d(cu)s + ?d(cu)A _ %u(cd)s _ ?u(cd)A,
=t = Es(w)s+ Ls(cu)a = Sules)s — Lutes)a
= = Lstedst Lostedia = Sdles)s - Ldes)a. (443)
HEIRE T /N EATEdiquarkdE N FIRIE B e K ECh
i % ?u () + %ul(cﬁ)A + o u2)] |
St */;d(cu)s + %d(cu)A - ?u(ed)g 4 %u(cd)A,
S % -§d1(0d2)5 + %dl(ch)A +(d o d2)] ,
= = Dslew)s + gaen)a = Sules)s + sules)a
=0 = */;s(cd)s +gsled)a = \?d(cd)s + Jd(es),
£ = = BB 2(ost)s + Sstest)a+ (51 0 3)] S ()

AERSGH T & RS o i ER E T HWE B e s 8, a1
5 T [ E R E T R PR BOR 75 20K B U 188 %5 T o B U S TR RT . BRIk
LLAN N T ORI TS 5e B0, RS 53 445t E i3 /2010 SR 5L (YRS A i
P PREL

Bhyw = 4(Qd)a=q(Qq)a Bhey = V2a(Qq)a,
Bogy = Q@M= Q'Qq)4 Byo, = V2Q(Qq)a,
d,s; QY =e¢,b. (4.45)
Mdiquark 1 78 1 H e fh &K E, 3/28E R E 7 IRIE B ek R B i K e f
il 2R Rediquark fF 7B, A1 00U IR B 1 4R AR 230 A R AT T ST
0T, R TR A B R B A AR R AL

TR B TS B R A

ws z(ﬁ17ﬁ2,)\1,)\2) =

QA
I
S
=

1
\/2(p1 P+ mq My)

u(p1, M)Tsayu(P, S2)p(x, ki),
(4.46)
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1

BB, ) = V2(p1 - P+ my M)
1° 1 0

ﬂ(pl,/\l)ri(l’z,)\Q)Ua(RSz)ﬁb(% ki),

(4.47)
A (R % B diquark S A THATYY, AR A ek el e g R
Vs My +my + my _
'n = — Ao) — = * Ao) - P
A \/§ <¢*(p% 2) P-p2+m2M0€ (]92, 2) >’
a *Q pg * =
r¢« = - Ay) — = Ay) - P ). 4.48
A (6 (P2, A2) 7 p2+m2M06 (P2, A2) ) (4.48)

FABHEIRE Y, ERTIH TS H, A EEIR. WERE R R
MG EAEN W A S M. HTFONCHE RS AREE, TR RIZ H AL
HR E T 55 AR I FCNC I 2 R AR iR -

GF Olem
11+ 71— _ = * e
M(B = BIF) = = VoV 3"
{ (Cgﬁ(q2)<8’|§% (1 —~5)b|B) — 2mbC$H(B'|§wWZ—2(1 + V5)b|B>> Iyl
+ (Cro(B'|57,(1 — 75)0|1B)) lv“vd}- (4.49)

LA CAE RS B A, SRR A B R I Wilson R ML DY S
RO VEAMIATT DL WL 12, Wilson RELC, MEIE R L i, e s 5
o & T R TR 1

Cy =1.107, C,=-0.248, Cs=—0.011, C4= —0.026,
Cs=—0.007, C5=—-0031, C&F=-0313, Cy=4344, Cyo=—4.669,
(4.50)

Hhmy = 80.4GeV Flly = my poree VEEEIRIE T H T Wilson RECcs fncg!! &
frI5E A 154

CcH = 7 —C5/3 - C,
1
CM(g?) = Co(p) + h(ie, §)Co — §h(1, 8)(4Cs +4C, + 3C5 + Cp)

1 2
_§h(0’ 5)(Cs 4+ 3Cy) + 5(303 + Cy + 3C5 + Cs), (4.51)
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/E:*EF'§:Q2/7TL%; 00201+302+303+C4+3C5+06y mc:mc/mbo ;’E)‘(EP
SR

8 8 8 4
h(z8) = 51 %—§lnz+ﬁ+§x—§(2+x)|1—x|”2
y <ln %:zﬂ —iw), xz%<1
2arctanﬁ, :UE%>1
8 4 8 4
h(0,8) = —§ln%—§ln§+ﬁ+§m. (4.52)

I A S ) PRI 0 ) R 5 R M8 77425 R A ol i 3 M A #0 FY)
PR H x L, Hrpie ol LEEIHE, Mk 750 8B (P, S.)[57,(1 —
V5)b|B(P, S.)) A SCr B E S Hb

1

/ / ! 1 ! —
(By(P',S" = §7SZ)|Q1%(1 —75)Q1|Bi(P, S = 5752»

= u(FP',S)) ['Vufl,S(A)(qz) + iauqufQ,S(A)(QQ) + —f3,S(A)(q2)}U(P, S.)

14

_ . q
—U(Pla S;) [Vugl,S(A)(qz) + ZU#VMQQ,S(A)(qQ) + MQ&S(A)(Q?)]%U(P’ S2),

/% / ! 3 ! — 1
(B; (P8 = =, SDlain" (1 = 5)QulBi(P.S = 3,5.)

2
pe q p M2 - M12
5 2 2
= 1a(P', 8)|£1(¢") 37 (1 = 360") + Do) g (g = PY)
P M2 _ M/2 N qaq,u
g @)~ L) |su(P 5.)

, N P M2 - M12
(P[P~ £0) 4 eala?) (= P

+13(q%)

po M2 - M/2 N qaq,u
8 g gm0~ ) |u(P.S.), (4.53)

ST 5P B 5 — R R TG (B (P, S Si0wq” (1 + 75)b|B(P, S.))» EHI%
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BN

v

/ roQr 1 I\ = ;
<Bf(P 75 = §>Sz)|QlZO-;u/qM<1 +75)Q1’B7,(Pa8 =
fls(@®)

1
§>Sz)>

il oo . q"
= u(F',57) [m(q Vo — 44) +ZU#VMf2,S(A)(q2>}u(Pa S2)
ooy [ sl @) S S I
+u(rF, z)[m(q ’Yu—qqu)eruuMgz,S(A)(q )]75“( ) S2).-
N BN v 1
(B} (P, = 5, 8Dldriouw 7 (1 + %) QiIBi(P, S = 2, 5.)
Pa Q/ Pa M2 M/2
— Q! Tr 2\N" (A A T _ DM
w80 |1 (6) 37 (0 = 50+ @)y~ PY)
Pa M2 M/2 q
+£1(¢") 15— + £1(@) (9™ = ) | su(P.S.)
~ L p Q/ P M2 M/2
+%@ﬁ%§@ﬁﬂw—?w+£ﬁmﬁFjr—q—W)
P M2 M/2 qaqu
- o
e (@) ¢ E @)~ ) |u(P 5.) (4.54)

N DL TS AR B S B BRI OC, 1/2 — 1/23 R FE
5 - H R o AT PLS AE

,52))

vipr oo _ b - 1
<Bf(va = §7Sz)|Q1'7M(1 - )Q1|Bz(PaS = 5

_ 3 ¢ (' Ky )p(w, kL)
B /{d 2} \/pirp/ (p1 - P+ miMo)(p) - P+ mj Mp)
X Z (P', STy (#1 + m) (1 — 5) ($1 + ma)Lsayu(P, S-),

A IN[= - q”
<Bf(P>S :§>Sz)‘qllalwﬂ
o' (@' K )o(w, ki)

B /{d3p2} + ./t D /
2\/29117 (p1 - P+ myMp) P1 P’+m1M)

X Z (P, S F:S‘(A ($) +m))io,, (1 +75) (#1 + ma)Tsayu(P, S).

(1 +75)Q1|Bi(P, S = %,SZD

o

iIQ

(4.55)
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1/2 — 3 /238383 P2 1 9 146 [ 70 AT LLS R

,52))

1% Dl Ql IN| = 1
(BY (P',S" = 575)\(117“(1 —Y5)Q1|Bi(P, S = 5

_ 3 ¢'(@' K)o, ki)
o {d p2} /4 D ! D ! /
2v/pi P (o1 - P+ myMo)(p) - P+ m/ M)

X Zua P/ Sl F,a p/l + ml)’yu(l - ’75)(%1 + ml)FA} u(p, SZ)?

V

ipl ol S 1
(Bf (P, 8" = > z)\Q1WwM(1+%)Q1|B( :§,Sz)>

_ ¢ (2 K )p(x, kL)
B {d p2} + ./t D N 5Y] Al
2\/p1p (p1 - P+ myMy)(p) - P'+ m) M)

v

X Zua (P',S0) {F'a #+ ml)zauy&(l +795) (#1 +m1)Ta| u(P,S.).
(4.56)
Hr
mip =mg, mM;=mg, My =My, (4.57)

py (D)W CR) ZERHNUEE, P (P)AY] (K) SETHNsIE. N
RATKG LIRS, MEREERRR Z 0 = A TS BT 2R

B BT E R RSB YIRS E TR RN A 5 &
WERE S EAERAITRE . HEPHBIMAES S T RE RN 12
f1GeV):

my, =mg=0.25 m,=0.37, m.=14, m,=4.8. (4.58)

TS B AR R (ISR diquarkif) e, A3 Blmigq = migq) =
mg -+ mye BORFHROKMAEFESHC (41

Gr=1.166 x 107°GeV ™2, |Vy| =0.218, |V | =0.997, |V =0.0422,
|Vis| = 0.00394, |Vis| = 0.0394, |Vig| = 0.0081, |Vj| = 1.019.  (4.59)

BT BB R A S EG T PR O R 1 ) 55 5 AR AT HAK Y 23
e

422 BEL2VNEKRETFRBREL/2EFHAR
TEVEAITA1/2 — 1/2 ERE TR RS2 AT, B8 H e =4
=R
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£ ALT IHEMREE TR T (GeV), F & (fs)F B AL & H A g (1951400,
Table 4.17 Masses of all baryons (in unit of GeV), lifetimes (in unit of fs) of parent baryons

and the shape parameters ’s in the Gaussian-type wave functions [135-140]

Jig | 3.621 | 3.621 | 3.738 | 6.943 | 6.943 | 6.998 | 10.143 | 10.143 | 10.273
FEar | 256 45 180 | 244 93 220 370 370 800
E% A+ E++ E+ 20 E+ E/+ EO E/O QO
ik | 2.286 | 2.454 | 2.453 | 2.454 | 2.468 | 2.576 | 2.471 | 2.578 | 2.695
HY | A | 02 | | =2 =D = =5 Q,
JFi&E | 5.620 | 5.811 | 5.814 | 5.816 | 5.793 | 5.935 | 5.795 | 5.935 | 6.046
E? E*++ E*Jr E*O E/*Jr E/*O Q*O E*++ E*+ Q*+
ik | 2.518 | 2.518 | 2.518 | 2.646 | 2.646 | 2.766 | 3.692 | 3.692 | 3.822
EF |t s s 5 5o s 5 o
JFE | 5.832 | 5.833 | 5.835 | 5.949 | 5.955 | 6.085 | 6.985 | 6.985 | 7.059
Buleq) | Baica) | Bsical | Beleq) | Polea) | Puppg) | Batq) | Bsipa) | Bepal | Poivg
0.470 | 0.470 | 0.535 | 0.753 | 0.886 | 0.562 | 0.562 | 0.623 | 0.886 | 1.472

1/2 — 1/2 AR HIfT B AE,

o c— d, st

=++

—cc

(ccu)

=1 (eed)

Qf (ces)

=+
—bc
=0

—bc

. (cbu)

=2 (cbd)

0/ Ye(cbs)

Ll

1

AF (dew) /SF (dew) /207 (scu),

Y

o(ded) [20(scd) /20 (sed),
o (des) /2 (des) [ (scs),

AV (dbu) /20 (dbu) /2 (sbu),
5 (dbd) /= (sbd) /24 (sbd),
=, (dbs) /=, (dbs) /2y (sbs);
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=9, (bbu) —
= (bbd) -
Qb_b(bbs) —

‘_‘bc/“ (bCU)
=9 /2P0 (bed)

—bc

e/ Qe (bes)

1

1/2 — 1/2 A MFCNCH L,

5 (ubu) /= (cbu) /241 (cbu),
AD(ubd) /9 (ubd) /=3, (cbd) /= chd),
=0(ubs) /=0 (ubs) /2, (chs) /2 chs),

S+ (ucw) /S (ecu),
Af (uced) /X (ued) JZ2 (ced),
= (ues) /E0 (ues) /L (ces);

o c — u iIFE,
Ert(ccu) — Xt (ucu), EL/ED (cbu) = S (ubu),
Ef(ced)  — Af(ucd) /S (ued), Z5%/=0(cbd) — Ad(ubd)/¥)(ubd),
Qf (ces)  — Ef(ucs)/EF(ucs), Q% /Q09(cbs) — Z)(ubs)/ZEL(ubs);
o b—d, s iTFE,
=9, (bbu) — AY(dbu) /59 (dbu) /=) (sbu),
= (bbd) X5 (dbd) /= (sbd) /- (sbd),
€y, (bbs) — =, (dbs)/Z, (dbs)/Qy (sbs),
5 /2t (beu) —  AF(dew) /S (dew) /20 (scu),
=0 /20 (bed) — Xded)/Z2(sed) /2R (sed),
Q) /U0 (bes)  — Zdes) /=R (des) /Q2(ses);

HELERATHEFHH» SR ORAEE TamfFE S EH, FHESEER
15 PO AR T A SR A B B2 P DG A5 S A A T 5 HE XU vk 1 RO 4R
FEREARI T, 22 )5 F PRI AR M 1 D7 A TF S W B R B 1 (AR T . L

PRIZE FE HRIE T AR I N4, 7RI A AR,
EYCHT = B R diquark A S 5248, 7] D% I diquarkafs 8K 55 48 46 [
TCE RN Ay — = A
(Zo|Ly|Zp) = cs(s[di]|L,[b[di]) + ca(s{di}|T,[b{di}), (4.60)
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* 418 We—d,s, b= u,cAre = u, b— d, sHEFL/2 - 1/2 NERE T REERE A
AR E S H T,

Table 4.18 Results of the overlapping factors for the 1/2 — 1/2 transitions induced by
c—d,s,b— u,cand ¢ — u, b — d,s. For example, the physical form factor of transition
=T = AL, flé_% = csfi.s +cafia can be calculated with cg = v/6/4 and c4 = v/6/4.

transitions cs ca transitions cs ca transitions cs ca
B (cou) = A (dew) | 8 VG| B (cbu) — AY(dbu) ¥3 V3 o (chu) — AY(dbu) | -1 3
= (ccu) — SF (deu) —% g = (cbu) — B (dbu) -3 2 "'Jr(cbu) — X9 (dbu) ? ?
EXF (ccu) = EF (scu) % % = (cbu) — =3 (sbu) % ? ¥ (cbu) — _b(sbu) -3 3
= (ccu) — EL (scu) —# g . (cbu) — EP (sbu) -3 1 EpF (ebu) — B (sbu) % %
=k (ced) — 29(ded) -3 1 Ed.(cbd) —» 3y (dbd) | =22 | 2 | Z0(cbd) - X; (dbd) | Y& | L
= (ced) — E0(sed) Ve ¥G |29 (cbd) — =, (sbd) 3 3| =20 (cbd) — B (sbd) | —3% 3
Ef(ced) = E0(sed) | -2 | Y2 | E) (cbd) — =y (sbd) | -3 1 E0(cbd) » = (sbd) | B | LB
Q. (ces) — E%(des) —Y8 | Y8 |00 (chs) = Ty (dbs) | —¥2 | —¥3 | Q%(cbs) — E; (dbs) i -2
Qi (ces) — 20 (des) 32 | V200 (chs) =, (dbs) | -2 1 Q2 (chs) — =, (dbs) | B | X3
Q. (ces) — Q0(scs) -3 1 Q0 (cbs) — QU (sbs) | =22 | ¥Z | 00 (chs) — Q (sbs) v | Y8
Z0, (bbu) — S (ubu) -3 1 =i (bew) — S (ucw) —¥ g Zpf (beu) — S (ucu) —@ —@
Ep(bbu) = Zfi(cbu) | B2 | 22| Ff(bew) 5 L (ceu) | B2 | 2| B (beu) 5 EfF (ccu) | P | -
ED(bbu) = Zif(cbu) | =8 | & | 20 (bed) — AF(ued) | - | =2 | E(bed) = Af(ued) | -1 2
=, (bbd) — A (ubd) —Y8 | Y8 | =0 (bed) - T (ued) | -2 1 EQ(bed) = TH(ued) | —¥3 | -3
E;,(bbd) — X9 (ubd) 32| V2 R0 (bed) — _.‘((,cd) 32 | V2 =20 (hed) - Bh(ced) | X8 V5
=, (bbd) — Ep.(cbd) BTﬁ ? Q). (bes) — ZF (ucs) 7\15 7? '[)(b( ) — 25 (ucs) -1 3
B, (bbd) — Zp2(chd) | —8 | VB szb (bes) — B (ues) | —2 1 2 (bes) — B (ues) | —L2 | -4
Q;, (bbs) — Ep (ubs) 7§ - % Q9. (bes) — Q. (ces) BTﬁ % Q2 (bes) — Q. (ces) % %
Q (bbs) — S (ubs) | =22 | 520y (bbs) > Du(chs) | BE | S |0y (bbs) > Of(chs) | - | B
Eft (ceu) — ZF (ucu) -3 1 = (cbu) — S (ubu) 7ST¢§ % Ept (cbu) — S (ubu) % ?
=h(ced) — AF(ued) | —¥8 | 8 1 =0 (cbd) — Af (ubd) | —¥3 | —2 | =0 (cbd) — AD(ubd) 1 -3
=k (ced) — BF (ucd) 32 | V2| =0 (cbd) — T (ubd) -3 1 :';g(cbd) 29 (ubd) vi | 4
Qf.(ces) — =& (ucs) @ @ Q). (cbs) — =5 (ubs) 7§ 7§ Q2 (cbs) — =9 (ubs) 1 3
Q. (ces) = =L (ues) 3—‘1@ # Q0. (cbs) — i (ubs) -3 1 Q{g(cbs) 0 (ubs) @ @
Sy (bbu) — = (sbu) % @ = (beu) — =X (scu) % ? ZpF (beu) — =X (scu) 1 3
E;, (bbd) — E; (sbd) V6 e T =D (bed) — E0(sed) v3 B =0 (bed) — Z2(sed) 1 3
Epp (bbu) — =5 (sbu) 32| V2 = (bew) — 2T (scu) -3 1 Bt (beu) — Zt (scu) | —¥3 ¥3
E;, (bbd) — Z5~ (sbd) 32 | V2| =0 (bed) = EL(sed) | -3 1 EQ(bed) — B (scd) | =3 | -3
Q,,(bbs) — € (sbs) 7% % Q9. (bes) — Q2(scs) 737‘/5 g Q2 (bes) — Q2(scs) 7§ @
29, (bbu) — AY(dbu) V6 S =S (bew) - AF(dew) | 2| B S (beu) — A (dew) 1 -3
Oy, (bbs) — =, (dbs) | —¥8 | =8 | Qf (bes) = Z0(des) | =L | =3 | QP (bes) — E(des) | —1 3
B9y (bbu) — S9(dbu) | =32 | ¥2 | =/ (beu) - SF (dew) | -3 1 :;,j(bcu) =S (dew) | -3 | -8
5, (bbd) — 35 (dbd) -3 1 _bc(bcd) - X0ded) | 22 | ¥2 :gi(bcd) - Eo(dcd) RV
0, (bbs) — S (dbs) | =32 | Y21 QP (bes) — EP(des) | —2 | L | QQ(bes) = E0(des) | 2 | -2
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Hoheg, cAWR 18 B e 3 R B HE S K 1. A SCH R 5[di) R R br Zdiquark,
FI{ di} 3 7 il 2% B diquarke A SCHRF 38 28 5 BE o0 Hh i) & ] 1 51 8 R4 18
T I ) H AR B oo S AR R GRT5 se R B3R, A ST DAt i
1f € XHITAR A T #Eq® — OALHIME, #hIRITVER BAZ25 192, T kA -t w)
CIMEFERE 7T —FE 5 A B2

FPY = coFg + cpFy, (4.61)

EA NS B AR AR B diquark. 4 T ARBURARD 73 ¢ MIAmE, A A
M=MZEMN, TR IR H T R

1 - o_ (4.62)

mpole2
HAFONERA FHEP? = OIE. MR Te — u,d, siEFE, mypo 73 5l
H(1.87GeV, 1.87GeV, 1.97GeV. XFTb— u,d, s, cidfd, KRS HAL T
ESN|

F(¢?) =

F(0)
1+ 0 (5 )27

2
Mg Mgy

F(q*) = (4.63)

TEREXAN T R AR LT EHIRE F1Eq? = {-0.0001, —2, —4, —6, —8, —10} &b 11
BESERUE RS Eom 0. Am A HIEEE RE, SHE I8

F(g) = — O

g ra(m) "

2
Mgy fit

TRFF1Eq? = O IEMSEUL BRI S HURTERA10B5R4.24, LA,
ARG T AN R TR B B2 I AR Ak h 2 T B4 12 4. 13, — A
REFE R R RS S EY, — SR W AT LR AR T f10,3 811 2 37
AAFH B NEERAFCNCIESHEY), — AVNTFE. WEH A LLIE B EA &
M2 XA, TEAREFIRFRE .

AT BT RITRARE 7, AR SCHEE T R A e FE IR R 1) 77 kv E B E ik
T 55 AL R IR

B S gh A L I AR SR T 2 B e FE R I 1) 52 L

HV3 ., = (B (NI QIBi(N) €y, (),
HAY , = (BrN)@y" 15018 (N) ety (Aw).- (4.65)
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%419 ¢c = d, sHEFHIL/2 = 120 TR E T R LKL LT ARE T f; 54) #29i,54)
FEq? =0 /ey AEL R,
Table 4.19 Numerical results for the transition 1/2 — 1/2 form factors f; s(a) and g; s¢a)

at ¢ = 0 of ¢ — d, s processes.

F(0) F F(0) F(0) F(0)
SEF AT
0.495 gres The 0.332 0.489 —0.111
=t+ At
—0.621 S TNl 1.004 ; 0.290 —0.325
=t+ At S++ At
0.832 g5 he —2.957 faee 78 0.648 0.943
0.536 grE e 0.422 0.529 —0.141
—0.732 gy e 0.561 0.427 —0.177
0.620 g e —0.808 0.423 0.215
0.588 9T 0.424 0.582 —0.141
—0.817 g5~ 1.105 0.270 —0.358
1.056 955 = —2.936 0.873 0.927
0.626 gres T =e 0.507 0.620 —0.169
= =
—0.904 g5 e 0.641 0.397 —0.203
= =/
0.858 Tee=e —0.014 0.665 —0.057
F + =0
g TEe 0.501 e =e 0.357 0.496 —0.119
+ =0 ¥ =0
fo*“g —0.666 gy e 0.875 0.351 —0.283
Slce = 0.741 —2.588 0.555 0.819
n)+ —=/0
Fle e 0.529 0.419 0.523 —0.140
o+ =0
falge T e —0.741 0.553 0.453 —0.175
ot =0
e e 0.593 —0.857 0.398 0.234
T 0
e e 0.618 0.500 0.613 —0.167
—+ o
g e —0.901 0.653 0.430 —0.208
+ o
Sie e 0.837 —0.159 0.645 —0.005
=T _, A0
s 6 0.455 0.274 0.454 —0.091
=+ _, A0
fabe —1.471 2.114 0.023 —0.702
=pe A 1.469 She o 15.140 Soe 1.319 5.021
3,8 . EENC] — - 3,A - .
) =D ~G)
Soe T 0.517 gibe T 0.370 Toe Fe 0.516 —0.123
= =" =
foge T —1.716 Sue T 1.388 oo T 0.305 —0.460
= = =
fobe T 1.115 gohe T —7.892 fobe T 0.946 2.598
=0 = = = = =
Lhe TP 0.537 grbs TP 0.353 Lee TR 0.536 —0.118
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0 Numerlcal resulls fOl" the lransi ion 1/2 1/2 fOl“m faClOI"S and

i,S(A) gi,S(A)

2 _
at ¢ = 0 of ¢ — u processes.

E £(0) F
See e 0.536 —— £(0) F F(0) F
, : g 0.422 FEer e 0520 _— F(0)
— See ) s . Ece—Se
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oo s . Eee—Se
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—0.005 | gTSIA | gggs | fTER0oAR : 93,4 * | —1.491
s, . be b 7= o
0.344 =00 AP Do 0.021 | g/° " | —0.304
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Table 4.21 Numerical results for the transition 1/2 — 1/2 form factors f; () s(a) and gfg)( A)
of doubly bottom baryon By, decay with b — u, ¢ processes. The parametrization scheme
in Eq. (4.64) is introduced for these form factors with asterisk, and Eq. (4.63) for all the

other ones.
F F(0) Mt 6 F F(0) Mt ) F F(0) Mt )
w0102 | 335 | 0.84 [ fFRT | —0.149 | 3.06 | 0.92 | fi277 | —0.004" | 313" | 0.99"
grRTF | 0.094 | 3.36 | 0.76 | g5R T 0013 | 3.36 | 111 | g5 ™™ | —0223 | 3.35 1.14
DTl 0.02 | 3.8 | 0.94 | fETM | 0096 | 328 | 095 | fi% T | —0.068 | 3.44 | 113
T | —0.031 | 335 | 0.76 | g3% 7" | —0.003 | 3.46 | 121 | ¢5% " | 0.071 | 3.37 | 1.16
S-S | oam | 423 | or6 | £ | —oeso | 315 | 046 | S0 | 0006 | 336 | 6.76
G| oass | 354 | 019 | 227 | o087 | 097 | 0.06° | 527 | 0573 | 134 | —033
l':jf‘mg? 0.469 | 3.88 | 0.74 ;”;*35'3 0318 | 518 | 2.26 fﬁf*sgl —0.079" | 5.06" | 3.69"
ibj*:w —0.153 | 3.53 | 0.19 ,f’f;”ség 0.032° | 0.61* | 0.03* g;”f{ﬁ"gl‘) —0.208" | 1.62* | —0.00"
Sp=™ | 0100 | 340 | 0.86 | 5T | —0136 | 310 | 093 | £ | 0008 | 032 | —0.01
ib;b*"b 0.087 | 357 | 091 | g2 | 0041 | 270 | 089 | g% | —0.208 | 2.99 | 0.89
S0~ 0100 | 322 | 096 | 527N | 0092 | 336 | 099 | £ | —0055 | 379 | 145
=M 0029 | 3.56 | 091 | go% ™ | —0.013 | 2.68 | 092 g;iﬁﬂo 0.096 | 2.98 | 0.89
D= 0,098 | 3.36 | 086 | fow ™t | —0.137 | 3.09 | 095 | fiw T | 0.004 | 0.88" | 0.06°
g ”= | 0.086 | 3.50 | 0.89 g?fg’ﬁgb 0.034 | 270 | 0.89 ggfgﬁ“b ~0.283 | 3.01 | 0.93
== 0007 | 319 | 097 | 7 | 0090 | 332 | 099 | £ | —0057 | 365 | 135
gru = | —0.029 | 3.49 | 0.89 gﬁb}“b —0.010 | 2.67 | 0.91 | gy~ | 0091 | 3.01 | 0.92
2w== | 0099 | 333 | 085 | 7 | 0147 | 3.06 | 094 | £ | 0005 | 3637 | 1.60°
o= | 0091 | 335 | 079 g;fgﬁ% 0013 | 319 | 099 | i~ | —0226 | 320 | 113
7= | 0,008 | 3.16 | 0.96 | foy o= 1 0094 | 326 | 0.96 fow7= | —0.066 | 342 | 1.15
2= | 0,030 | 3.34 | 0.79 ;f;fa” —0.003 | 3.23 | 1.00 | gy | 0072 | 331 | 114
f?gw“?/? 0457 | 4.27 | 0.81 éfgﬁ“m —0.633 | 3.20 | 0.49 ;fgﬁﬂg? 0128 | 270 | 1.76
ﬁ@*“gf 0432 | 376 | 0.31 | ¢S~ | 0.019° | 2.06° | 0.34° 2@””’5‘) —0.004* | 1.68" | 0.21"
1:3,%25,2 0455 | 3.92 | 0.79 féfbﬁ“( | 0302 | saa | 283 | ff7% | oomt | 2820 | 0.6a°
gffb}”ég —0144 | 375 | 031 | g% | _0.003* | 1.88* | 0.27" 2%”9’5/‘) —0.014* | 1.57* | 0.19*
RANRTERE 28 2 G458
L 2
1V d == (it = L),
3 \/? M
1 1.1 ro1
N O ]
1 1 1 2 1 1
gk -~V (- angt™ e Lol
3 \/q_
1 1,1 M-—-M 1,1
HA;1 =i\/2Q+ (—ngQ B g %),
HVZ) ., =HV3 ., Hj@, g = —HAY (4.66)
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4.22 Same with Tab. 4.21 expect for bottom charm baryon B,.., decay.

F F(0) Mg 5 F F(0) M 5 F F(0) M s
={) oz, =)z, {0 e * * *
L be 0.143 | 3.76 | 0.66 2 be —0.067 | 3.23 | 0.72 falbe 0.001 1.12 0.11
=0 s, =z, =z
be 0.123 | 4.17 | 0.85 955§ 0.046 2.81 0.76 95 % —0.197 3.07 0.68
Ei’j*zc Eg’c)—;):c E;,:_.)—‘Zc
Wi 0.138 | 3.34 | 0.77 | f% 0.147 3.42 | 0.71 f5l% —0.095 | 3.54 0.78
=) L5, =) s, =) xn
g% ¢ —0.041 | 4.07 | 0.81 | g,b% ¢ —0.011 2.75 | 0.95 g% 7 ° 0.057 3.04 0.68
=) sz = =) 5z
Loe 0.546 | 5.01 | 0.64 | f,be —0.245 | 3.63 | 0.45 fabe 0.049 2.84 1.49
é(l)ﬂEpp Ej(/)ﬂ:,-r E,(/)ﬂE,-C
g b 0.512 | 5.12 | 0.51 | g,b 0.086 4.19 2.20 g5 ° —0.492 6.16 5.80
E’gQHECC =) 5zee =) 5z
Lo 0.536 | 4.17 | 0.61 | £, 0.488 4.33 | 0.59 fabe —0.167 | 5.52 1.81
Eg')a:m El() ) 5 Zee El()/)A»ECC
g, 0 —0.171 | 4.96 | 0.49 | g, —0.019 | 4.63 | 5.41 g5 b¢ 0.133 7.25 12.30
=0 AT =00 AT =0 AT
27520 0.143 3.79 | 0.68 f;’?sc)oﬂ ¢ —0.055 3.27 0.73 f;?)oH ¢ 0.009* 0.52* 0.06*
! ’ ’
= AF = AF = AF
be TR 0117 | 451 | 116 | gyte ¢ 0.070 | 2.80 | 077 | gyt ¢ | —0.224 | 2.99 | 0.68
=(N0_, \ =(no_ 4+ =(no_ \+
fibe ¢ 0.138 | 3.37 | 0.80 | fybe € 0.147 3.47 | 074 | fibe e —0.087 | 3.71 0.88
Eg’C)OHAz’ EgQDﬁAI El()lc)oﬁ/\i
gy k¢ —0.039 | 4.38 | 1.08 | g,°¢ —0.019 | 2.75 | 0.89 | g b¢ 0.067 2.96 0.68
Q0 =+ Q0 =+ Q0 =+
0.133 | 3.66 | 0.70 | f, b ¢ —0.060 | 3.17 | 0.77 | f, b ¢ 0.004 0.59 | —0.04
0% =t 0.111 | 4.15 | 0.97 2,00 = 0.053 2.77 | 0.84 2,00 = —0.204 | 2.98 0.73
9, 5% . . . 9, 5 . ) ) a5 i ) _
0 - 0 - 0 -
fnlglc) -=f 0.120 | 3.29 | 0.82 fn'(’lc) =t 0.135 3.37 | 0.77 fn'(’/C> =t —0.084 | 3.52 0.86
1,A N N N 2,A N N N 3,A N N N
ng’c)oasjr szé?oﬁ\sj szg’zoqu
9, % —0.037 | 4.07 | 0.93 | g,% —0.014 | 273 | 098 | g,% 0.061 2.95 0.73
f“g/ﬂ)o_EéJr 0.133 | 3.64 | 0.69 f”g/c)u_’gﬁ —0.067 | 3.14 | 0.76 f”g/c)o_’Eé+ —0.001* | 2.30* | 0.40*
n . . . . . . . , . . .
0 _ 0 _ 0 -
op ==t | ope =t . o == | s |
9, % 115 | 3.97 | 0.82 | g,'% 0.038 2.81 0.84 | g,% 0.185 | 3.04 0.74
Q{0 =k Q{0 =t Q{0 =t
fybe ° 0.129 | 3.27 | 0.81 | f,°%¢ 0.136 3.34 | 0.75 | fib¢ —0.089 | 3.42 0.80
QN0 _ =it QN0 _ QN0 _
9,% ¢ —0.038 | 3.89 | 0.79 | g,% ¢ —0.010 2.76 1.04 | gyt ¢ 0.055 3.03 0.74
fnégoénjc 0.540 | 4.79 | 0.61 fng/c)o%nj“ —0.267 | 3.42 | 0.42 fng/c)o%nj“ 0.034 5.44 | 48.00
1,5 . : : 2,3 . . . 3,3 . . .
(N0, o+ QLI (N0, o+
ce 0.513 | 4.64 | 0.31 | gy e 0.039% | 4.04* | 2.72% | g b % | —0.379% | 6.47% | 10.50
V0 ot n(b’c)oqszjc n(b’c)oqszjc
0.532 | 4.05 | 0.60 | £, b 0.476 422 | 059 | fob —0.178 | 4.72 0.99
(N0 ot (N0, o+ (N0, o+
Q Q Q QF Q Q
g % c | —0a71 | 453 | 031 | gyt ¢ | —0.004% | 2.41% | 0.57% | gibe | °° | 0.008* | 4.79* | 3.69

HpQy =2(P- P+ MM') = (M + M')? — ¢? M FIM' 535l RH KA T 1
JE. X (V-AD LS e fE R

Ho, =HV ., —HAV - (4.67)

AN SO FEAR T8 5 R R AR AL AT 1 AR A A>3 73

ar al'y — dl'p
= L 4.
i PP + i (4.68)

HY S R ) TR T A AL PR 3Rl 3 AR 98

AU, G:Verm? @|1P, , ~1 TR

- Hy g+ [Hz2, F), 4.69
dg? (2m)3 oaar2 ool T 1HZ 1) (4.69)
dlr _ GE|Veru|? q2|ﬁ’|
dg? (2m)3  24M?

(HE P+ 1), (4.70)

l\Jb—‘m\»—A
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Table 4.23 Numerical results for the transition 1/2 — 1/2 form factors fz(?( ) and gE?( 4)
of b — d processes. The parametrization scheme in Eq. (4.64) is introduced for these form

factors with asterisk, and Eq. (4.63) for all the other ones.

F F(0) | mn 5 F F0) | mm 5 F FO) | ma | 0 FO) | mu 5
=], —AY Ay - =0, =AY -

flé,, ) 0.100 3.40 0.86 N 0.087 3.57 0.91 fJ(,;l . 0.100 3.22 0.96 —0.029 3.56 0.91
fowThe —0.136 | 3.10 | 0.93 ) 0.041 | 270 | 0.89 S 0.092 | 3.36 | 0.99 —0.013 | 2.68 | 0.92
0.008 | 032 | —0.01 —0.208 | 2.99 | 0.89 —0.055 | 3.79 | 1.45 0.096 | 2.98 | 0.89

0.072 3.32 0.89 0.114 2.93 1.12 0.104 3.27 | 0.90 —0.040 2.94 1.10

0075 | 3.30 | 0.76 0001 | 373 | 093 —0.045 | 3.20 | 1.74 —0.030 | 3.74 | 0.93

0.102 3.35 0.83 0.094 3.36 0.76 0.102 3.18 0.94 —0.031 3.35 0.76

—0.150 3.06 0.92 0.012 3.42 1.17 0.096 3.28 0.95 —0.003 3.57 1.32

—0.004" | 3.24" | 1.09" —0.222 | 3.36 | 1.16 —0.068 | 3.44 | 1.13 0070 | 3.38 | 1.17

0072 | 3.25 | 087 0154 | 275 | 117 0.105 | 3.21 | 0.88 —0.053 | 2.75 | 1.14

0085 | 322 | 074 0090 | 400 | 1.25 —0.047 | 3.16 | 1.71 —0.020 | 4.02 | 127

0.098 | 3.36 | 0.86 0.086 | 3.50 | 0.89 0.097 | 3.19 | 0.97 —0.020 | 3.49 | 0.89
—0.137 | 3.09 | 0.95 ; 0034 | 270 | 0.88 0.090 | 3.32 | 0.99 | gy —0.010 | 2.68 | 0.90
e, A N . o o, e,
fwTE 0.004" | 0.96" | 0.06 9,870 —0.282 | 3.01 | 093 —0.057 | 3.64 | 134 | gguT™ 0.091 | 3.01 | 0.93
figw™ 0.069 | 3.28 | 0.90 0.119 | 2.88 | 1.14 0.101 | 3.24 | 0.91 | g/ —0.041 | 2.80 | 1.13
faow ™= 0.074 | 3.26 | 0.77 0.088 | 3.74 | 0.98 —0.044 | 318 | 1.73 | g3 b —0.020 | 3.75 | 0.99
= o
SRt 0099 | 3.33 | 085 0091 | 3.35 | 0.79 0.098 | 3.16 | 0.96 | gyt —0.030 | 3.34 | 0.79
= = R
N —0.147 | 3.06 | 0.94 0013 | 3.19 | 0.99 0004 | 3.26 | 0.96 | gyt —0.003 | 3.23 | 1.00
el —0.005" | 3.63" | 1.60" | gyw 0 ~0.226 | 3.29 | 1.13 —0.066 | 3.42 | 1.15 | gy 0.072 | 3.31 | 114
fraw™= 0069 | 3.24 | 0.88 0148 | 276 | 1.19 0101 | 3.20 | 0.89 | g; 4" —0.051 | 2.76 | 1.17
fagw = 0.080 | 3.20 | 0.76 0.087 | 3.93 | 1.21 —0.045 | 3.15 | 1.71 | g5 0070 —0.029 | 3.95 | 1.23
=+ + =+ +
Sre A 0143 | 374 | 0.56 0117 | 448 | 1.06 0138 | 328 | 059 | g% M | —0.039 | 435 | 007
S04 At
—0.055 | 3.19 0.55 0.070 2.67 | 0.52 0.147 | 3.39 | 0.57 | g,% e —0.019 | 2.60 | 0.56
=N+ +
0.009 | 2.60 | 3.48 —0.224 | 290 | 0.50 —0.087 | 3.63 | 0.70 | gyt ¢ 0.067 | 2.87 | 050
) X . R ) =)t oay R O R
0.068 | 3.54 | 0.61 —0.010" | 0.80" | 0.34 0138 | 3.42 | 0.58 | g ° —0.002" | 2.31° | 0.68

0.110 3.85 0.51 0.142 3.59 0.43 —0.046 | 2.79 1.24 —0.045 3.62 0.42

0.143 3.71 0.55 0.123 4.13 0.75 0.138 3.24 | 0.57 —0.041 4.03 0.70

—0.067 3.15 0.54 0.046 2.70 0.52 0.147 3.34 | 0.55 —0.012 2.58 0.57

0.001* 1.227 | 0.11" —0.197 2.98 0.51 —0.095 | 3.46 | 0.61 0.057 2.95 0.50

0.064 3.51 0.59 0.006 7.53 17.40 0.135 3.37 | 0.56 —0.007 3.65 0.79

0.119 3.71 0.47 0.140 3.70 0.49 —0.047 | 2.77 1.19 —0.044 3.74 0.49

0.133 3.60 0.57 0.111 4.09 0.83 0.129 3.18 | 0.59 —0.037 4.01 0.79

—0.060 3.07 0.55 0.053 2.63 0.54 0.135 3.28 | 0.58 —0.014 2.56 0.58

0.003 0.35 —0.02 —0.204 2.88 0.52 —0.084 | 3.43 | 0.65 0.061 2.85 0.52

0.064 3.40 0.60 —0.001* | 0.92* | 0.14% 0.128 3.30 | 0.58 —0.004 7.27 16.40

0.105 3.64 0.50 0.131 3.54 0.48 —0.044 | 2.73 1.19 —0.041 3.57 0.48

0.133 3.58 0.55 0.116 3.90 0.68 0.129 3.16 | 0.58 —0.039 3.83 0.65

—0.067 3.04 0.55 0.038 2.67 0.55 0.136 3.25 | 0.56 —0.009 2.57 0.60

—0.001" | 1.89" | 0.46" —0.185 2.95 0.53 —0.089 | 3.33 | 0.61 0.055 2.93 0.53

0.062 3.38 0.58 0.010 2.96 0.46 0.126 3.26 | 0.56 —0.008 3.05 0.51

0.110 3.56 0.48 0.129 3.62 0.52 —0.045 2.72 1.16 —0.041 3.65 0.53

Lo P = Q@ Q- /2M,
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Table 4.24 Same with Tab. 4.23 except for b — s process.

F(0) My § F F(0) My ) F(0) Mt 5 F F(0) My )
0.141 | 3.56 | 0.81 = 0122 | 3.73 | 085 0140 |3.35 | 0.89 | gr%7= | —0.041 | 3.71 | 0.84
~0.189 | 3.16 | 0.83 0.056 | 279 | 0.82 0123 | 355 | 0.96 | ¢5%~= | —0.017 | 2.77 | 085
0.016 | 0.34 | —0.02 ~0.406 | 3.14 | 0.86 ~0.066 | 4.27 | 1.85 0130 | 3.3 | 0.86
0.091 | 343 | 082 0156 | 2.84 | 0.95 0134 | 338 | 0.83 —0.054 | 2.85 | 0.93
0.108 | 3.42 | 0.70 0128 | 3.96 | 0.96 —0.061 | 3.25 | 1.54 —0.042 | 3.97 | 097
0143 | 352 | 0.79 0130 | 353 | 0.70 0142 | 331 ] 087 | %7 | —0.043 | 351 | 0.70
—0.202 | 313 | 0.81 0024 | 345 | 1.24 0129 | 3.46 | 0.91 Su== | 0,007 | 351 | 135
0.003* | 1.05* | 0.10" | g —0316 | 358 | 1.24 ; —0.080 | 377 | 124 | g%~ | 0100 | 361 | 127
0.091 | 337 | 079 | /3% | 0198 | 270 | 100 | fI57% | 0135 | 3.32 | 080 | g/ | —0.068 | 270 | 0.97
i 017 | 335 | 068 | gpe” ™ | 0127 | 410 | 126 | £/57% | 0063 | 320 | 151 | g33°7% | 0042 | 422 | 128
o™ 039 | 349 | 080 | g™ 0125 | 353 | 074 | T | 0137 | 320 | 088 | giu ™ | —0.042 | 352 | 073
faw™™ | 0198 | 3.3 | 083 | g™ | 0028 | 316 | 100 | frw”® | 0125 | 344 | 092 | gon”™ | —0.008 | 316 | 1.03
S ) 0.003" | 1007 | 0097 | ghwT® | 0332 | 344 | 112 | g™ | —0077 | 377 | 128 | gu ™ | 0106 | 346 | 114
FrEnT™ 0088 | 336 | 081 | g s | 0186 | 271 | 101 | fianT® | 0130 | 331 | 0.82 | g™ | —0.064 | 272 | 0.98
fas "™ | 012 | 333 | 070 | gys ™ | 0423 | 400 | 119 | 007%™ | —0.060 | 320 | 151 | g™ | —0.041 | 412 | 121
== | 0208 | w07 | o066 0.167 | 499 | 1.32 =% | 0196 | 3.56 | 074 Ef(’?ﬂs' —0.056 | 4.81 | 1.19
2% | Zoore | 837 | 0.5 0.097 | 284 | 0.70 % | 0203 | 368 | 069 | oo = | —0027 | 278 | 0.3
=0o% | go1st | L4dt | 074t —0.320 | 3.08 | 0.60 —0.110 | 4.05 | 0.92 0.098 | 3.04 | 0.60
=205 | goss | 385 | 074 —0.021" | 0.92* | 0.23" 0180 | 369 | 069 | g7 7% | —0.001" | Lo0" | 027
£rEo | g0 | 413 | 054 0202 | 3.86 | 047 —0.064 | 543 | 29.40 ff?“s“ —0.064 | 3.88 | 0.46
= 0204 | 4.04 | 0.64 0.174 | 4.66 | 0.99 0.197 | 353 | 0.72 gng ~% | _0.058 | 452 | 091
—0.090 | 3.35 | 0.64 0074 | 286 | 0.70 0204 | 363 | 067 | i | —0.019 | 2.80 | 080
I 0.007 | 0.07 | —0.00 —0.300 | 3.15 | 0.61 —0.118 | 3.86 | 0.80 | g5 0.088 | 312 | 0.62
fioee 0083 | 3.82 | 071 —0.006 | 0.50 | —0.03 0177 | 3.65 | 0.67 | gi "¢ | —0.006 | 6.30 | 5.21
faz 0169 | 401 | 051 | g, 0200 | 395 | 0.52 i —0.065 | 5.16 | 23.60 | g7 7% | _0.063 | 398 | 0.52
e 0102 | 391 | 066 | 7% % | oa6s | 440 | 090 | 7 7% | st | 345 | 074 | g% % | —0.055 | 420 | 085
200 o001 | 325 | 067 | o2 % | ooss | 286 | 077 | 2% 7% | oao1 |35 | 070 | g% 7% | —oo17 | 281 | 096
A0 o004 | 008" | .07 | g2 | _oass | 313 | o066 | s0% 7% | —oawa | 372 | 080 | g% 7% | o0ss | 311 | 067
ff_:v‘»?““‘l 0081 | 368 | 072 | g7 | o001 | 0.90° | 0.07* ij’(’Z‘mﬁ“g 0.169 | 3.54 | 0.68 gf‘j’si‘mﬁ“g —0.006 | 3.65 | 0.58
T | om0 | e | 053 | gT%0 ™ | oass | 386 | 057 | A7 7% | 0063 | 4.90 | 1050 | 7% 7% | _o.060 | 390 | 057
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Fig 4.12 ¢* dependence of the form factors for the transition =Y, — E;. The two graphs in
the first line correspond to form factors with scalar diquarks, the two graphs in the second

correspond to form factors with axial-vector diquarks.

TR, AL S

2mp M
FY(¢®) = G filg®) — CF q‘; 1 (d?),
2y M
Gl (¢?) = C(q*)gi(e?) + CsF q’; gl (¢,
FiA(q2) = ClOfi(q2)7
GNP = Cugi(dd). (4.72)

FERMAC S T, 25 a1l iR e S IR i 1 BLAR Rk 5

2
YV YO ((M+M’)F1V - q—F2V> :

3.0 V¢ M
1 M+ M’
VY = WA (-FY TR ),

27

1 / 2
gAY E = Ve ((M — M")GY + qMG;/) :

30 NG
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HAY: = i\/2Q; (—GY M MM /GV)

HVY A = HVS

HAY = —HAY, .

Hy\, = HVS — HAVY . (4.73)
W FIRNERERIE ) M5 R G H —8, R T A,
F' = F

)

G/ — G (4.74)

7

BEAMEE IR H5, | 2 4 B T B A 45 HY

1 _1 </ 2
VY = mv T = Qs <(M — MF{* + q—F;‘) :

—5,t 5t \/q_z M
1 1 2
_gAtE = oAt = Y (e - Lap),
-3t 30t \/q_2 M
Hyy = HVY) — HAY. (4.75)

28 pHIR e FEAR IR 5 P2 SRR 2 5, AT A~ 2B At i 142 %
&

T PIRL (4.76)
dq?d cos b 16(27)3M2\/q? . .
/\I:':I 1
M2 = §|)\|2(IO + I cos @ + I cos20), A = TF th[;O;em
JFH

3 V-1
Iy = (¢ +4ml)(!H \2+\H U+(2q +2mz)(!H IQHH,%,Z!Q)
+(g’ —4m?)(—|Hl’5 —\H \2+ \H !2+ !H )

+8mz(|H |2+!H ),
L = 44/¢*(¢? —4ml)Re(H )

19 1
27 27

1 _1
o= (@ —4md)(H P+ H =2 B = ol
27

vl _1 1
12 H7 2 H_’ 2

15} Ayil
+|H%71 * + ]H_%7_1] —~ 2|H_;0]2 —2lH, ). (4.77)
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Table 4.25 The decay widths, branching ratios and I', /T'rs for the transition 1/2 — 1/2

with the charge current.

channels '/ GeV B I'y/Tr channels '/ GeV B 'y /Tr
=5 > Afity, | 797 x 1071 | 3.10 x 1073 2.42 =9, = Sy 1.06 x 10716 | 5.96 x 107° 1.27
gff - sHity | 1.09x 107 | 4.25 x 1073 0.86 29, = Ef 1o 6.02 x 1071 | 3.38 x 1072 1.42
= =Mty | 8.74x 107 | 3.40 x 1072 3.07 =0, > 5t 3.21 x 107 | 1.81 x 1072 0.84
=fF - =ity | 1.43x 1071 | 5.57 x 1072 0.94 =, = AVl 2.39 x 10717 | 1.35 x 107° 5.93
2 - Uty 2.17 x 107 | 1.48 x 1073 0.86 =y, — S0 5 5.29 x 1077 | 2.98 x 107° 1.27
=, - 2%ty 8.63 x 107 | 5.90 x 1073 3.10 S, — EplT o 6.02 x 107 | 3.38 x 1072 1.42
=, - 20y 1.41 x 107! | 9.67 x 1073 0.95 =, = Ell o 3.21 x 107 | 1.81 x 1072 0.84
Qf, —» 2%*y, 5.87 x 107® | 1.60 x 1073 2.94 Q,, — E0lT D 2.18 x 1077 | 2.65 x 107° 5.98
Qf, —» 201ty 1.03 x 107 | 2.83 x 1073 0.87 Q,, = =017 4.87 x 1077 | 5.92 x 107° 1.28
Qb — Qlity, 2.80 x 10713 | 7.67 x 1072 0.94 Q,, — QLT 5.24 x 107 | 6.37 x 1072 1.64
Q,, — Qi g 2.55 x 107 | 3.11 x 1072 0.89
do= ATy, 4.62 x 1071% | 1.71 x 1073 213 | 5 - sfti7o | 8.00x 10717 | 2.97 x 107° 1.13
g5 =2ty 5.54 x 10715 | 2.06 x 1073 079 | Ef — =75 | 426 x107 | 1.58 x 1072 2.21
=) = =ity 4.89 x 1071 | 1.81 x 1072 2.70 =0, = AFITp 1.76 x 10717 | 2.48 x 1076 6.24
=L = =0ty 6.73 x 107 | 2.50 x 1072 0.89 =, — Ejrﬁl 4.00 x 1077 | 5.65 x 107 1.13
=0, = 5, 1Ty 1.10 x 107!* | 1.55 x 1073 0.79 =), > BT 4.26 x 107 | 6.01 x 1073 2.21
20, » 5,1ty 4.85 x 1071 | 6.85 x 1073 2.71 Q). » =i 1.40 x 10717 | 4.69 x 1076 6.21
29, = 5, 1Ty 6.73 x 10~ | 9.51 x 1073 0.89 QY. — ”’+l_ 7 3.27 x 107 | 1.09 x 107° 1.16
Q). = 5, 1Ty 2.93 x 10°1% | 9.81 x 107* 2.73 Q. — Qjcl 4.11 x 107 | 1.37 x 1072 2.15
Q). —» =1ty 3.96 x 107% | 1.33 x 1073 0.90
Q). — Q, 1ty 1.01 x 10713 | 3.36 x 1072 1.03
= = Aty 6.24 x 10715 | 2.31 x 1073 074 | b > =ftime | 331 x10717 | 1.23 x 1075 5.75
g - =ity 2.02 x 1071 | 7.50 x 1074 3.75 E;F - ”++z—- 1.86 x 107! | 6.90 x 1073 0.95
=5 - =ity 5.91 x 10~ | 2,19 x 102 0.88 =0 Ajl 7 1.38 x 10717 | 1.95 x 1076 1.21
===ty 2.65 x 107 | 9.83 x 1073 4.33 =0 5 uriTy 1.65 x 10717 | 2.34 x 107¢ 5.76
20— o, Ty 4.01 x 1075 | 5.67 x 1074 3.78 =0 =25y 1.86 x 107! | 2.63 x 1073 0.95
g0 5,1ty 5.84 x 107 | 8.26 x 1073 0.88 Q) - =Fg 1.14 x 10717 | 3.81 x 107¢ 1.27
g0 o5, 0ty 2.65 x 107 | 3.75 x 1073 4.33 QP - BTy 1.35 x 10717 | 4.52 x 1076 5.85
Q) - =, 1Ty 3.38 x 107° | 1.13 x 1073 0.92 QP > ofi7g 1.85 x 107! | 6.18 x 1073 0.95
O = 7 1.62 x 10715 | 5.42 x 107* 4.25
Q0 — ity 4.40 x 107 | 1.47 x 1072 4.76
L o
IR AL AR [ T Rl B ) 2 AR T ERLAR
_
dr'y [P -3
= {(* +2md)((H"} 2+ 117 1)
dq? 12(27)3 M2/
2 A=3)2
+(q” 4mz)(IH | +IH, *F)
1 1
+6my (|H 2 P + |H’f; ™},
k) 29
=
dl'r 2 || |pi] 2 72 Vi—3 |2
= W {(a* +2m)(H P12+ |H 2 )
dq 12(2m)3 M2\ /¢

+(q*

T H A
FCNCiZ 2 75 %4 .26 81 415,

_1
—amB)(H P+ Y P ) (@7s)

AR 3 AR 98 L 45 R far HEL IR TR S B O R AR AR 250 [&4.14,
PR D A SC R T S5 30 A7 AE 15 R AR b

LA B

THEFHEZ A MASE UL TR R A N S B AR A 7 Bl A A
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Table 4.26 The decay widths, branching ratios and I'z,/I'rs for the transition 1/2 — 1/2
with FCNC.

channels T/ GeV B I'/Tr | channels T/ GeV B I'y/Tr
29, > Apete 4.15 x 10721 | 2.33 x 107° 5.28 =9, = Spete” 1.62x 107 | 9.13 x 1078 4.70
=), — Shete 1.05 x 1072 | 5.91 x 107 0.90 =9, — =leter 4.32 x 10710 | 243 x 1077 0.85
Sy = S, ete” 210 x 1072° | 1.18 x 1078 0.90 S, — By ete 1.62x 10712 | 9.12x 1078 4.69
Qp, — Zp ete” 3.79 x 10721 | 4.61 x 107? 5.24 S — By ete” | 432x1071 | 243 x 1077 0.85
Q2 ete” | 971 x107% | 118 x 1078 0.90 Q= Qete” 8.05x 1071 | 9.79 x 1077 0.85
=0, — Adptu— 3.98 x 1072 | 2.24 x 107° 6.88 =0, — Eoutu” 1.56 x 1071 | 8.75 x 107% 5.99
20— =0utu~ 8.69 x 1072! | 4.89 x 107° 1.33 =0, = =20utp™ | 3.61x 1071 | 2.03x 1077 1.20
T, 2> Sy e | 1.74x 10720 | 977 x 1077 1.33 =, > Ey ntuT 1.56 x 1079 | 8.75 x 1078 5.99
Q= Zypt 3.63 x 10721 | 4.41 x 107° 6.90 =, > E ute | 3.61x1071° | 2.03x 1077 1.20
Q= Z, ptpT | 798 x 1072 | 9.71 x 1077 1.35 Q= Qutp” | 670 x 10719 | 8.14x 1077 1.21
20— Adrtr— 1.51 x 10722 | 8.49 x 10~ 5.83 20— Edrtr— 6.68 x 1072 | 3.76 x 107° 5.71
=0, — 0Tt 3.39 x 10722 | 1.91 x 10710 1.16 =9, = =0T 1.54 x 10729 | 8.65 x 107° 1.05
g, 2> S, 7hrT | 6.76 x 10722 | 3.80 x 107 *° 1.16 g, > 5, 7T 6.65 x 102! | 3.74 x 107° 5.69
Q= S, 7hrT | 1.22x 10722 | 1.49 x 10710 5.52 g, > S ttrT | 1.54x1072% | 8.65 x 107° 1.05
Q=5 rTT | 296 x 10722 | 3.60 x 10~ *° 1.17 Q= QT | 278 x1072° | 3.37 x 1078 1.08
=5 o Afetem 3.71 x 1072 | 1.37 x 107° 5.29 =) s Efete 1.19 x 10719 | 4.43 x 1078 4.90
g = Stete™ 9.04 x 1072' | 3.35 x 1077 0.81 ) — 5] 2.97 x 1071 | 1.10 x 1077 0.77
20, — 2Vete~ 1.81 x 1072 | 2.56 x 107 0.81 2. = E 1.19 x 107 | 1.69 x 1078 4.90
Q). — Z0ete~ 3.03 x 1072 | 1.01 x 107° 5.14 =), > = 2.97 x 10719 | 4.20x 1078 0.77
Q). — =lete 7.69 x 10721 | 2,57 x 1079 0.82 Q. — 5.17 x 10719 | 1.73 x 1077 0.78
g o ATptu | 354x1072 | 1.31x107° 7.20 = - 113 x 10719 | 4.18 x 1078 7.17
ch - Stutu~ 7.66 x 10721 2.84 x 107° 1.11 Ebt — 2.41 x 10719 8.93 x 10~8 1.15
=0, = 20t~ 1.53 x 10720 | 2.17 x 107° 1.11 =0, — 1.13x 107 | 1.59 x 1078 7.16
Q) — =0utu~ 2.89 x 1072! | 9.68 x 10710 6.95 =0, — 2.41 x 10719 | 3.41 x 107% 1.15
Q). — =%t | 6.52x 1072 | 2.18 x 1077 1.13 Q) — 4.19 x 1071° | 1.40 x 1077 1.17
= - 3.28 x 10722 | 1.22 x 10710 12.5 g - 8.64 x 10721 | 3.21 x 107° 11.9
= - 6.92 x 10722 | 2.57 x 10710 1.68 = - 1.73 x 10729 | 6.41 x 107° 1.72
=0, — 1.39 x 1072 | 1.96 x 1071° 1.67 =0, — 8.60 x 1072! | 1.22 x 107° 11.8
Q). — 2.12 x 10722 | 7.09 x 107! 9.20 =0, — 1.73 x 10729 | 2.44 x 107° 1.71
QY. — 5.17 x 10722 | 1.73 x 1071 1.55 QY — 2.62 x 10720 | 8.77 x 107° 1.60
= - 3.23 x 1072 | 1.20 x 107° 0.84 = - 1.08 x 10719 | 4.02 x 107% 0.82
=k - 3.50 x 1072! | 1.30 x 107° 4.76 S 1.15 x 10719 | 4.25 x 1078 4.60
=0 — 7.01 x 1072' | 9.90 x 1071° 4.76 =0 — 1.08 x 10719 | 1.53 x 1078 0.82
Q0 — 2.78 x 1072! | 9.30 x 10710 0.87 =0 — = 1.15 x 10719 | 1.62x 1078 4.59
Q0 — 2.93 x 1072! | 9.80 x 10710 4.75 Q0 — Qlete™ 1.97 x 107 | 6.58 x 1078 4.60
=h - 2.70 x 1072 | 1.00 x 107° 1.20 sl s EfuteT | 8.72x10720 | 3.23x 1078 1.26
=h - 3.34 x 1072 | 1.24 x107° 6.40 b s EFfutuT | 1.08x1071 | 4.00 x 1078 6.68
=0 6.68 x 10721 | 9.44 x 10719 6.40 =0 2%t~ 8.72x1072° | 1.23x 1078 1.26
Qf — 2.32 x 1072! | 7.77 x 10719 1.25 =0 > 2Putp” | 1.08x 107 | 1.52x 1078 6.67
Q0 — 2.79 x 1072 | 9.34 x 10710 6.36 Q0 = Q0utu~ 1.85x 107 | 6.19 x 1078 6.68
=F - 1.60 x 10722 | 5.93 x 107! 0.90 gl »Errtr 4.26 x 10721 | 1.58 x 107° 0.91
=5 2.70 x 10722 | 1.00 x 10710 8.06 Bl s Efrtr 7.27 x 1072 | 2.70 x 1077 8.91
=0 — 5.40 x 10722 | 7.63 x 107! 8.04 =0 — 207t 4.26 x 1072 | 6.02 x 1071 0.91
Q) — 1.27 x 10722 | 4.24 x 10711 0.86 20 - =0t - 7.25 x 10721 | 1.02 x 107° 8.86
QY — = 1.86 x 10722 | 6.21 x 107! 6.86 Q2 — Qlrtr— 1.02 x 10720 | 3.41 x 107° 7.60

SR Z. TEIRE TR Z R4 2T R R R ZE D IR WS E TR
IWSHp,. REETIARSH S M diquark i

HARWREMREA T, HPRRERABVSETBRSEG. K
SETIIRSEBy diquarkff 5 & AR 7 B8R S AR R 1 B Bomporee LA
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% 4.27 A 5 AT K4,
WRA B = Pair, By = Bar Foma

KRB TR ZE7H. LT F
= M(ewyo X ZNHRAAARIA F SRR HF 3 10%.

—AHAT A, BmAIRE

Table 4.27 Error estimates for the form factors, taking =f" — AT as an example. The

first number is the central value, and following 3 errors come from §; =

Bzt+, By = B+

and mg; = M(cy), respectively. These parameters are all varied by 10%.

F F(0) F F(0)

SETOAT 0,495 40,020 £ 0.034 £ 0.042 | £55 N | 0.489 4 0.019 £ 0.034 £ 0.042
== Sty
=% —0.621 £ 0.119 + 0.065 + 0.227 | f55 0.290 = 0.074 = 0.080 £ 0.199
~++_)A+ :++_)A+

o 0.832 4+ 0.130 + 0.165 £ 0.202 | f5 0.648 £ 0.122 £ 0.170 & 0.194
LA SLToAL

9 0.332 % 0.020 % 0.004 £ 0.086 | ¢ —0.111 £ 0.007 % 0.001 = 0.003
=i 5AT =oAL

g 1.004 £ 0.059 + 0.199 + 0.170 | ¢5% —0.325 £ 0.021 % 0.065 = 0.058
SIT AT SIT AT
= —2.957 +0.973 + 0.804 + 0.731 | =% 0.943 = 0.330 % 0.264 & 0.247

(S 0
FEELE — AF Ty M=), — Zet

e 7'\]%
[(E5F = Atity) =

['(Zp — Spete) =

(7.97 £0.65 £ 1.28 £ 1.55 + 1.65) x 107'° GeV,
(1.62 £ 0.69 + 0.96 + 0.17) x 107" GeV,

(4.79)

AP H =ASEFIN10%, BRGNS Em 0.7 515%.

4.2.3 BRI 2VEKRETRBRES2EFHAR
TERN BT TAEMAES:, BRI HTA /2 — 3/2WEMKE 7B

%.5'30
FHRE S01/2 — 3/2 A,

e c—d,s

=t (ccu) —

= (ced)  — X0(ded)/ZH0(scd),

Qf (ccs)  — Z29(des) /00 (sces),
o b— u,citFE,

=0, (bbu)  — X7 (ubu)/ZiT (cbu),

== (bbd) — 530(ubd)/Z50(chd),

O, (0bs)  —  EpO(ubs)/Q2(cbs),

51 (deu) /20 (seu),

—0

=5 /2 (beu) —
(bed)
0./ (bes)

—=0
—bc

ubc/u (cbu) —
She Eb%(d)d)
0./ (cbs)

—=/0
—bc

Y0(dbu) /20 (sbu),
= (dbd) /=0 (sbd),
S (dbs)/QZ (sbs).

_>
_>

Y (ucw) /25 (ccu),
Yt (ued) JZ5 (ced),
S (ues) /S0t

%

— (ces);
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Fig 4.13 ¢* dependence of the form factors for =), — AP . The first four graphs correspond

to form factors with scalar diquark, the last four graphs correspond to form factors with

axial-vector diquark.
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FCNCHESHI1/2 — 3/23E47,

® C — Uﬁ%lﬂjfy
Eff(ccu) — TEt(ucu), Z5/EF(cbu) — X (ubu),

Ef(ced)  — i (ucd), 29 /20(cbd) —  TiO(ubd),
— —

QF (ces) Et(ues), Q% /9 (cbs) =79 (ubs);

20 (bbu) = X30(dbu) /2O (sbu),  Ef /20 (bew) — X (deu) /Z0T (scu),
== (bbd) — S0 (dbd) /20 (sbd),  E0/E0(bed)  — £9(ded) /0 (scd),
O (bbs)  — 277 (dbs) /" (sbs),  Q4./QL(bes)  — EFO(des) /0 (ses);

M E Y, 1/2 — 3/213 82 R B R BB 70T BL % B diquark ) 2R 8 4 R
b A oS S AN . HORTE B e R A1 B S R AE R4 28 45 . (H
R HEBIRS M T N EIES/2ME T, EMdiquarkZi 8 HgE 2R &, il
AKX RGHESH FealMH.  (EFFFTERFE F X PR b, &S0 H
1/2 — 123 d M A S E . BARERR4.62. 4.63F1K4.64,
XHEEES HIPIRE T = 0 REUE S RMUE S Eum iy, 6. £4.2945
TRE RIS ERE R RE -, R430G6H 7RSS WK H TN
WA R R T R B4 169 R 2 T faf IR AT FCN O F2 AR R 7
B 245 PR i 28

I TP R PR AR M R VA 2 A PR S L/2 — 3/2XU IR E T AR
RERIPE SRR

HV3 ., = (BE NI QIBi(N)) €y, (),
HAY ,, = (BN 35QIBi(A)) gy, (Aw), (4.80)
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* 428 c—d,s,b— u,c Frc > u, b— d,sEF1/2 - 320N ERETRELRT A
F O RAEL R,
Table 4.28 Numerical results of the overlapping factors for the 1/2 — 3/2 transitions

™

induced by ¢ — d, s, b = u,c and ¢ — u, b — d, s.

transitions ca transitions ca transitions ca
”**(ccu) — Y (dew) % Ep(cbu) — S;0(dbu) | 5 | E(cbu) — S;0(dbu) §
= (ced) — 229(ded) 1| E)(cbd) — Si(dbd) | 2| =0 (cbd) — Si~(dbd) | B
Qfi(ces) = Z2%des) | J5 | Wu(cbs) = Ey(dbs) | § | Q(cbs) = S5 (dbs) | P
=t (ccu) — ZFF (scu) % = (cbu) = Zp0(sbu) | & | Zpf(cbu) — Z0(sbu) g
Ef(ced) — Z20(scd) 5 | Ehelcbd) = =7 (sbd) | 5 | E(cbd) — = (sbd) ?

QF (ces) — QO0(ses) 1 Q) (cbs) — Q; (sbs) g Q0 (chs) — = (sbs) | L
29, (bbu) — it (ubu) 1| Ef(beu) = ZE (ucw) g il (beu) = X (ucu) —@
Z,,(00d) — ;0 (ubd) % =9 (bed) — St (ued) | L | E0(bed) — St (ucd) | —L2
Q,, (bbs) — =0 (ubs) % Qp.(bes) = EF(ues) | & | QR(bes) — Z0 (ucs) —§
=9, (bbu) — Z;F (cbu) 5 | Elbeu) — E5 (ccu) g EpF (beu) — Zx (ccu) 7?
=5, (bbd) — Z30(chd) 2= | ED(bed) = EF(ced) | 2| ER(bed) — Zxf (ced) | —¥E
0y, (0bs) = Q2(cbs) | J5 | Dp(bes) = QiF(ces) | B | QR(bes) = Qif(ces) | =L
S (ccu) = X (ucu) |1 E(cbu) = T (ubu) % =t (cbu) — Xt (ubu) | D
Ei(ced) = it (ued) | 5 | Ep(cbd) - Sp0(ubd) | 3 | EQ(cbd) = 5 (ubd) | 4
Qf (ces) = =0t (ucs) % Qp.(cbs) = ZpO(ubs) | 5 | Q(cbs) — =0 (ubs) g
=9, (bbu) — =0 (sbu) % Eh(beu) = Et(scu) | 5 | E(beu) — X (scu) —§
Z;,(bbd) — =7 (sbd) % Eh(bed) — E0(sed) | & | ER(bed) — Z0(scd) —§
Q, (bbs) — ;™ (sbs) 1 Q) (bes) — Q0(ses) g QP (bes) — Q:0(ses) 7?
=9, (bbu) — 30(dbu) % Zh(bcu) — Xit(dew) | 5 | E(beu) — S (deu) 7?
Ep(bbd) — S (dbd) | 1| E)(bed) — B0(ded) | L2 | EQ(bed) — B0(ded) | —E
0y, (bbs) — = (dbs) T | elbes) = EF(des) | 5 | Q(bes) — =X (des) -4

FITEAR IR 7R B 45 R 2
. . o
T = A = “

e \[\/ M’2 C ooy MM, ey QiQ-

1/2.0 2M M’ 2M2 M’
—1/2 . 153 1/2 Q4 13 Q- 153

HA3/2 R AVAORS Pl HA1/2 1= 3 {94 ~ ;

A2 2VQi[M*—M?—¢* 1,8 M+ M 153 QuQ-
o = T3 Py T vV T VR VT
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Fig 4.16 ¢* dependence of the transition Z, — Yjand €, — =" form factors. The

numerical result of the parameters F'(0), 6 and my;, are shown in Tab. 4.30.

Hooh p27F g3 E g2 B SURIL/2 — 3/20 B Wk 3 T RS A A AR B T
M ORI AR A BT IR B 2 9B 2040 I BRI

H)\/’)\W - HV)\)/\’)\W — HA/\/7)\W. (482)
WA 2 AR FE N
ar'y, G% 2q2|13’| —1/2)2 1/2 |2
i@ = Vool g el + 1H a0,
dl'r G%’ 2q2|ﬁl| 1/2 2 -1/2 2 —1/2)2 1/2 2
d_q2 = (27T)3|VCKM| 24M2[|H1/2’1| +|H—1/2,—1| +|H3/2,1| +|H—3/2,—1| ]

(4.83)
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XFFONCHE SR AR, W IR E N

w1, = (G5 @) BOW)sr (1 = )bIBOV)
=2y (B (Xl (14 35)blBOV) ) 5. (),

mi = (GBI 1 - wHBO) T
HS = (CuoBYWN) 59 (1= 1)blBO) e (M),
P = (ow<6<*><X>|w<1—v5>b|B<A>>)j’;_Q, (4.84)

FEFCARIE 7518, A i 5

1.3 off 2T M
FHP) = CMA) T () — ot

7).

o 2mbM 77T
() + CsF p 027 (g),

w\»—A
N)\OJ

G'(¢*) = ')

F (g% Ciof? 2(6Y), GM(¢») = Cog? *(¢%), (i=1,2,3,4).(4.85)

TR e FE AR IR 1) B A R 0
Al 4 A-L 2 — Q. M?P—M”?
—HV HV%J —Z\/j Q+2MM/ M -Fg 5

i Alv_ Q+ M2 - M/2 A
Ly T HALT = \[” I VA
Hy't = HVW — HAG (4.86)

HA*

B AR SCAR RIRE 4G ARG 70 35 48 B 52 (R g A 2 R

dr G2 Ve 20ng ﬁ/ ﬁ %
Tr - Celloo a2 1'{<q2+2m?><|H12\2+|H i)
dgq 24(27r)5M2\/_2
A, 2 A, 2 é
g — am) (H 3P + | H 2 )+ omp (H 2+ 1 H# ) )
(4.87)
AUy GhVoxu|*a2,| Pl
dg? 24(27r)5M2\/_2

{2+ 2ot (HE P+ (AP R )

A A
Hla? = amB) (P AR T iy ) ) (4.89)
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Fig 4.17 The differential decay widths dI'/dg* and dl'r/dq* for the processes By, —
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B(ELT — 21T y) = 5.57 x 1072,
B(ELT — ZFty) = 3.40 x 1072,
B — Q%) = 7.67 x 1072,
B(E;C — ZX1T ) = 2.50 x 1072 (4.90)

BEAMR T BL_E B ME R SRASCS T T 5 4

o FCNCiE S M EA R, | = e, ufI i B2 1 42 75 JF 2 HI1R /N, H
&l = TR R A L RT AN — e XN = TR FE A
A ENMIFL,

o RAEARTEH —en B 7 AT FE 19k B WSU(3) X Fx 14 43 Bre X
LLSTU (3)RTRRPE AT 45 2R, 45 2 AN RERRPE A R R GTRRYE 5C R o

F<H++ — A+Z+Vl) = F(Qjc — Egl+yl>,
I(E) — AO tu) =T, = E,1Ty),
I(E. - S%y) =T — 271y,
IS — = Om/l) = 10(Q), — 71Ty,

")

I(=0 — 2<* =T — =), (4.91)

C

ARSI BT AT ST (3) M B PR R
S il — A

‘ 4.92
R (ER L, BAAD) (4.92)
IR JE 2 X AR SU (3) X R R IR R
[r(aj; = Aflty) =T(QF — Eglm)] = 26.3%,
SU(3)
[r(z;c L ADF) = T, zbm)} _ 36.7%,
SU(3)
[F(E,jc — Sty = T(Q0, — z+yl)} = 36.4%,
SU(3)
[F(E,; — =01y) = 1), — o lm)} = 45.2%,
SU(3)
[F(Egc — S9Tp) =10, — =Ty )} =226%.  (4.93)
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% 4.29c— u,d, sEF01/2 — 3/2 REIALGHKETL, feg £¢° = ORI HRAEL F. H
KRBT 5B XA K462, 2 TFe— u,d, siTAE, my.. 2 HH1.87, 1.87, 1.97 GeVo

Table 4.29 Numerical results for the transition 1/2 — 3/2 form factors £; and g; at ¢> = 0
of ¢ = u,d, s processes. The parametrization scheme in Eq. (4.62) is introduced for these
form factors, and the value of the singly pole mpes are taken as 1.87, 1.87, 1.97 GeV for

c — u,d, s, respectively.

F F(0) F F(0) P £(0) = #(0)
5N 0079 | g5 5 [ —0.645 | £5¢ 000 | 0.047 | £5%¢ 0% [ —1.969
gr ¥ | 5702 | g5 | 602 | g5t P | 0947 | g5 % | 0.303
7 0079 | £5475 | _0.645 | £5 5 | 0.047 | f£5¢ 7 | —1.969
g2 | 5702 | g5 | 3602 | g5 | 0047 | g5 | 0.303
2505 017 | £2 0T | 0665 | £90 050 | 0.046 | £ | “2.045
g7 | —6.244 | g2 | 3856 | gf7=" | 0.980 | g2 | 0.389
£ OEETT148 | £ 00 | o714 | £24 0507 | 0.049 | £ =0 | _2.207
gi 7= | —10.350 | g5 7= | —6.428 | g5 5 | 1315 | g 5 | 0404
5= 1148 | 5= | Zor14 | 5= | o0.049 | £ = | “2.207
gr =" | —10.350 | g5 =" | —6.428 | g5 | 1315 | g7 | 0.404
2500 T a7 | f2500 T o732 | 940 % | 0049 | £9277%7 | —2.359
g2 | 10,670 | g4 | 6551 | g2t | 1337 | 9409 | 0415
g5 U0 Cpesa | 59 0% | o028 | £50 U0 | o026 | 57 % | —3.365
g0 N o s70 | g5 T | _e337 | g5t U0 | 1412 | g5 0 | 0.561
23N 1600 | £50 V0 | _0.931 | £ % | 0.026 | £ % | _3.377
g T | J12810 | g5 T | 6479 | g5 7 | 1419 | g% 7% | 0.559
£ 049 | £ 2COS0 | 1010 | 290 | 0034 | £ | _3878
g2 = | _o3010 | g7 | 12440 | @277 | 1732 | g5 | 0475
£200 0= | 036 | g5 0= | _1.034 | £500 =7 | 0030 | £900 0= | _3.863
gb | _oa640 | g% 7 | —13.000 | g5 " | 1926 | g5 " | 0.583
20T 060 | €50 05 | —1.045 | £500 %0 | 0.031 | £5 7= | —3.910
g ET | as.050 | g5 ST | —13.770 | g5 S | 1061 | g5 0 | 0572
PO Q% 5o Q% a5 i~
£, —2.345 | fyre —1.177 | £5c T 0.046 | £, —* | —4.661
g2 N | 40,500 | g8 N | —27.300 | g% | 2520 | g0 | 0428
2% | o070 | g5 | 5702 | 50T | _ors3| g5 P | 20103
£57% | 0645 | g™ | 3602 | £57 % | _1.380 4% 1195
fee e 0.047 gooe e 0.947 £500 0.095 g 0.537
£500% | 1069 | gfeY | 0393 | 5T | —1726 | g5 | 0.157
£ e 0.534 | gl===¥ | o469 | 750N | go21 | g7 | 12,050
fLEeem =0 0.330 gl=e=t | 1394 | 150N | o370 | 2SN | 6959
fZ‘E(.(:A)Zﬁ 1.076 gZEC(»HEi 0.032 fZEz(,?HZZ 0.518 gfag?ﬂz; 0.122
£040= | 1069 | gP=0 | 13300 | £20 7% | _o916 | g2 =" | —7.008
£9E0=ET | o811 | g2E0=T | gy | £20 S | 1902 | g2 S | _4.130
£9L0F5 1 0000 | g2 | 1366 | £200 0% | o6t | g = | 0,746
FeSET | o530 | gQkoEST | g 99 AE | 962 | g | 0,104
fTOLDEET | 6og | gTREECT |y sy | £TUCOS | gorr | g7 | 18,000
fTOLoSET | g 395 | gTORDECT | o 5go | g THIUSE | o505 | g2 S | 10,710
FTOLDEE | 383 | gTOLOSEY | g oo | g7 0S| g gas | g7 | 0140
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% 4300 — u,c,d, sHEF81/2 — 3/2 REAAZGHBIRE T£,40g; £¢° = 0 BHELE R,
RS IRE T A AR XA K4.64, H AR F X4.6369 55 MM Ko

Table 4.30 Numerical results for the transition 1/2 — 3/2 form factors £; and g; of b —
u, ¢, d, s processes. The parametrization scheme shown with Eq. (4.64) is introduced for

these form factors with asterisk, and Eq. (4.63) for all the other ones.

F F) | mg | o F F(0) My ) F F0) | mg | o F F(0) o )
£ | 0032306 | 062 g7 | —0142 | 230 | 087 | £0° | 0153|342 |054] g = | 0040 | 400 | 107
075 | 012|320 064 | 57 | 0065 | 0817 | 028 | £597F | 0196|345 055 | g5+ | 0182 | 3.63 | 0.61
£07% | 0003 | 201 |057| £ | 0101 | 317 | 062 | £47% | 0005 |3.25 048 | g7 | 0041 | 340 | 054
075 | a0 | 3.21 | 061 | &7 | 0142 | 359 | 0.66 | £ | _0375 | 366 | 051| g% | 0251 | 4.05 | 0.54
5% | 0126 | 3.06 | 0.62 | g% | 0283 | 270 | 051 | £55% | 0120 | 341|054 | @55 | o028 | 201 | 0.36
25005 | 0002 319063 | g857F | 0131 | 243 | 108 | £2500F | o152 | 344|054 | g5 | 0125 | 407 | 086
505 | 0960 | 320|061 | g7 | 0031 | 345 | 078 | €755 | 0905 | 3.66 | 050 | g5 | 0124 | 3.89 | 057
% | 0230 3.04] 063 | g% | —0.145 | 220 | 0.86 | £ 0% | 0152332055 | g% % | 0.035 | 465 | 231
£257%7 | 0169 | 318 | 064 | g™ | —0.068° | 1217 | 0.84 | £20 7% | _0.186 | 3.36 | 055 | g "% | o158 | 372 | 075
7% 0003 | 2.89 | 058 | gl 0.180 | 315 | 0.62 | £57% | 0004 |3.15 | 049 | g2 % | 0141 | 330 | 0.55
£ | 0474|318 061 g% | 0137 | 356 | 066 | 2% | 0365 353 | 051 | gl % | 0231 | 396 | 057
9% | 0193 | 314 | 063 | g% | 0277 | 260 | 051 | €79 | 0118 | 332 055 | g% % | 0037 | 275 | 039
£9%7% | 000 317|064 | g8 % | o108 | 243 | 107 | €50 | 0143 | 3.35 | 055 | B0 | 0105 | 437 | 131
£ | 054 | 318 ] 0.61 | g | 0030 | 342 | 078 | €50 | 0084 | 353|051 | g | 0111 | 381 | 0.60
7% | 0172|315 080 | &% | 0108 | 270 | 184 | £ | 0108|323 054| gv7 | 0021 | 386 | 101
2075 | 0129 317 [ 000 | g7 | 0057 | 0547 | 006" | £ | _0.145|3.25 | 054 | g™ | 0120 | 344 | 0.58
0% | o002 295001 &% | 0136 | 315 | 080 | £ | 0003 306|051 g+ | 0006 | 321 | 0.54
2075 | 0355318 086 | &7 | 0009 | 346 | 082 | £°7% | _0270 | 344 | 051 | g% | 0am | 375 | 0.52
200 | 0001 | 3.04 | 0.89 | g7 | 0215 | 2.82 | 0.82 | £7% | 0082 |3.22] 054 | "5 | 0.025 | 204 | 0.44
5005 | 0067 36| 000 | g% | —0.107 | 305 | 324 | €050 | 0100 | 324|054 | gPH | 0080 | 382 | 0.79
72075 | o188 307 086 | g7 7% | 0019 | 334 | 114 | £75% | 0207 | 343|051 | g5 | 0086 | 359 | 0.55
2075 | o168 | 304 | 091 | g% | —0.103 | 270 | 186 | £ =" | —0.106]3.13 ] 055 | g %" | 0016 | 513 | 3.95
0% | 0126 | 316 092 | g% | —0.052° | 0467 | 0.04° | £27 % | 0135 | 316 | 055 | gl =" | 0200 | 353 | 071
£5757 | 0002 | 295003 | g% | 0132 | 314 | 001 | £2577% | 0003 | 296|052 g% | 0005 | 312 | 055
25075 | 0348|316 | 0.88 | g% | 0007 | 342 | 083 | £ 7% | _0.250 | 331|052 | g% | 0157 | 366 | 0.55
P 0088 | 313 001 | g% | _0.206 | 282 | 0.83 | €705 | 0080 | 313 | 055 | g5 | _o.032 | 277 | 0.45
%757 0065 | 315 ] 0.92 | g% 75T | Zo101 | 3.05 | 324 | €55 0101|315 055 | gE %0 | 0064 | 416 | 1.26
%75 0081 | 316 | 0.88 | g% 75 | 0019 | 330 | 114 | €705 0107 | 331 052 | "% | 0075 | 352 | 0.58
0% | a7z |315| 080 | g% | 0108 | 270 | 184 | £ % | 0108 | 324|057 | g ¢ | 0021 | 386 | L02
£07% | 0120 317 [ 090 | &7 | —0.056* | 0.51° | 0.06" | £ | _0.145 | 3.26 | 057 | g | 0120 | 345 | 0.60
£07% | 0002 295|001 £7% | 0136 | 315 | 0.89 | £97% | 0003 307|055 | g4 | 0006 | 323 | 057
£07% | o355 318|086 | &% | 0009 | 346 | 0.82 | £97% | _o270 345|053 | g% | oama | 376 | 054
£2575° | 0168 | 314 001 | g% | —0009 | 271 | 187 | €% = | Z0.106 | 3.15 | 058 | g™ =" | 0016 | 5.08 | 370
£ | 0125 | 316 | 092 | 27 | —0.049° | 027 | 0010 | 2975 | Zoass | 317 | 058 | g =" | 0100 | 354 | 0.74
20750 | 0002 | 205 093 | g% | oas2 | 314 | 001 | £ | 0003 | 298|056 | g % | 0.005 | 314 | 059
7= 0347 | 317 | 088 | g7 | 0.097 | 342 | 0.82 —0259 | 332 | 054 | g™ 7% | 0157 | 367 | 057
£ | 0752 | 352 | 053 | g7 | —2.306 | 241 | 177 —0479 | 3.88 | 041 | g% | —0.210" | 1.02* | 0.54°
£507%e | 0473 | 3.69 | 0.62 | g7 | —15727 | 3.127 | 12.40° 0443|396 | 042 | g% | 0027 | 1550 | 028"
£507% | 0011 [3.09|040 | g7 | 0920 | 352 | 053 0.019 |3.79 | 0.32 0.620 | 3.87 | 0.41
£07% | 21513 | 357|050 | g7 | 0376 | 6.07 | 3.37 ~1.038 | 4.18 | 0.35 0573 | 576 | 1.35
5% | 0704 | 357 0.57 | g™ | 1877 | 249 | 200 20500 | 370 | 037 | & " | _0.368 | 6.29 | 257.00
5% | 0450 | 373 0.66 | g™ | —1220° | L70r | 1530 | €20 0% | _oads | 377 | 0.38 | g 0% | _0.149% | 0.38" | 0.03"
£2507%0 | 0010 | 3.19 [ 044 | g% | 0860 | 357 | 057 | £2507% | 0010 | 348|024 | g% | 0665 | 369 | 0.37
£200% | _1ass 362 055 | g™ | 0308 | 528 | 186 | €M% | _1o71 | 394|031 | g% % | o530 | 613 | 2.23
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Table 4.31 The decay widths, branching ratios and I'y /I'rs for the transition 1/2 — 3/2

with the charge current.

channels I'/ GeV B I't/Tr | channels I'/ GeV B I'y/Tr
EfF - Xrtity | 143 x 1075 | 555 x 1074 | 0.92 | E) - Siflty [ 233 x 10717 | 1.31x 107° | 0.94
EfL - 20ty 12851071 195 x 1074 | 0.92 | E, = S0y [ 116 x 10717 | 6.52 x 1076 | 0.94
Qf = =0Ty | 1.35x 1071 1 3.69 x 1074 | 0.93 | Q = =% 5 | 111 x 10717 | 1.35 x 107° | 0.97
EfF = Bty | 174 x 1071 1 6.76 x 1073 | 1.08 | E) — STy | 3.68 x 1071 | 2.07 x 1073 | 0.42
EL - EFOy 1741071 | 119 x 1073 | 1.08 | = 50 | 3.68 x 1071 | 2.07 x 1073 | 0.42
Qf - Q0 Yy, [345x 1071 | 945 x 1073 | 1.07 | 9y — Q25 | 4.57 x 107 | 556 x 1073 | 0.45
Ef = S0ty 116 x 1071 [ 431 x 1074 | 0.69 | Ef — SrFip [ 355 x 10717 | 1.31x 107° | 0.89
) oSl [220%x 1071 1324 x 1074 | 069 | E) - STy | 177 x 10717 | 251 x 1076 | 0.89
Q). = Zp ity [ 7.38%x 10716 | 247 x 1074 | 0.81 | Q) — =0 | 1.37 x 1077 [ 459 x 107% | 0.95
E,,t = 0y | 136 x 1071 | 5.04 x 1073 | 0.78 | Ef — =7y | 1.06 x 107 | 3.92 x 107% | 1.46
). ==ty | 130x 107 | 1.84x 1073 | 0.79 |2, » =Ty | 1.06x 1071 | 1.49 x 1073 | 1.46
Q). — Qg Fyp | 150 x 107 | 5.03 x 1073 | 1.00 | Q9 — H~p | 7.31x 1071 | 244 x 1073 | 1.21
EF = 50ty | 348 x 1071 | 1.20 x 1073 | 0.69 | Zpf — ST | 1.06 x 10710 | 3.94 x 1075 | 0.89
EL =Xty | 6.87x 1071 | 9.71x 1074 | 0.69 | 0 —» STy | 5.32x 10717 | 7.52x 1076 | 0.89
QY > Zp ity [221x 1079 | 740 x 1074 | 0.81 | Q2 — =0T | 4.12x 1077 [ 138 x 1070 | 0.95
- —'*°l+ 4.08 x 1071 | 1.51 x 1072 | 0.78 | Zf —» S~y | 3.17x 1071 | 1.17 x 1072 | 1.46
ER =TTy 390 x 1071 | 551 x 1072 | 079 | E2 = Exfi | 317 x 1071 | 448 x 1072 | 1.46
Q0 — My, | 451 x 107 | 151 x 1072 | 1.00 | Q2 = Qxfi g | 219x 107 | 7.33 x 1073 | 1.21
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Table 4.32 The decay widths, branching ratios and I', /I'rs for the transition 1/2 — 3/2

with FCNC.
channels '/ GeV B I'/Tp | channels I'/ GeV B I'y/Tr
B — I%ete 1327 x 1072 | 1.84x107° | 0.80 | =p — Zplete | 145 x 10710 | 815 x 1078 | 0.75
Ep— Sy efem | 6.52x 1072 | 3.67x107° | 0.80 | T, — S etem | 143 x 1071 | 8.05 x 1078 | 0.74
Q, =Sy etem |3.06x 1072 | 3.72x107° | 0.81 | Q — QY etem | 271x 107330 x 1077 | 0.74
) — S0utu 256 x 1072 | 144 x 107 | 135 | =9 — Zp0utus | 119 x 10710 | 6.69 x 107% | 1.12
Sy Siptps | 511x 1072 | 287 x 107 | 135 | E, — S putps | 117 x 10710 | 6.58 x 1078 | 1.12
Q= Sy ptpm 240 1072 | 292 x107° | 136 | O — U ptps | 222x 10710 | 270 x 1077 | 1.12
) = 50T 127 x 1072 | 7.13x 1071 | 176 | E) — EpOrtrT | 8.18 x 1072 | 4.60 x 1070 | 1.87
Sy S ThrT | 252x 1072 | 142 %x 10710 | 176 | E — T | 7.96 x 1072 | 448 x 1070 | 1.88
Q= =t | L14x 1072 | 1.39x 1071 | 175 | Q) = 4 rFr | 145 x 10720 | 1.76 x 1078 | 1.85
S = Tifefer |351x 1072 | 1.30x107° | 0.71 |5 — Erfefe” | 1.24x 1071 | 4.61 x 1078 | 0.66
2. o Tleter | 7.02x 1072 9.92x 107 | 0.71 | E), — Ef%te | 1.24x 10710 | 1.76 x 10°° | 0.66
Q) = E0%tem | 2.77x 1072 9.26x 1071 | 0.75 | Q) — letem | 2.07x 1071 | 6.92x 1078 | 0.68
L o Dtptpm 13.09x 1072 | 115 x107° | 091 | & — Erfptus | 1.07x 1071 | 3.98 x 107° | 0.86
)= S0ty 1618 x 1072 | 8.74x 10720 | 0.91 | =P, — =X0utpm | 1.07x 1070 | 152 x 107% | 0.86
Q9. = =0t~ | 241 x 1072 | 8.07 x 10720 | 0.98 | Q9 — Outpm | 177 x 10710 | 591 x 107% | 0.92
Ef o et | 419%x 1072 | 155 x 10710 | 136 | — EXFrtr | 1.33x 1072 | 491 x 107° | 1.37
) - T0rtrT 1838x 1072 | 118 x 1071 | 1.36 | =P, — =0rtrT | 1.33x 1072 | 1.87 x 107° | 1.37
Q). — Zx07 T | 255 x 10722 | 853 x 1071 | 1.37 | Q) — 077~ | 1.72x 10720 | 5,77 x 1070 | 1.37
o Srfete | 1.05x 10720 | 390 x107° | 0.71 | = — Erfeter | 3.73x 10710 | 1.38 x 1077 | 0.66
E0 = X0etem | 211x 10720 | 298 x107% | 0.71 | EQ2 — E0etem | 3.73x 1071 | 527 x 1078 | 0.66
QP — Z0ete |831x 1072 | 278 x 1072 | 0.75 | QP — Q%eTe” | 621 x 107" | 2.08 x 1077 | 0.68
Ef o Srtutes |927x 1072 | 344 x107° | 091 | - Ertptps [322%x 107 [ 1.19x 1077 | 0.86
Ep = X0ty | 1.85x 1072 | 262x107° | 091 |ZP — =0t | 3.22x 1071 | 455 x 107% | 0.86
Q0 — =0t~ | 7.24x 1072 | 242107 | 0.98 | Q2 — Outp | 531 x 107 | 177 x 1077 | 0.92
S et | 126 x 1072 | 4.66 x 10710 | 1.36 | Zpf — Ertrtr | 3.98 x 10720 | 147 x 1078 | 1.37
P — S0rtrT | 251x 1072 | 355 x 10710 | 1.36 | Z0 — =X0rtrT | 3.98 x 1072 | 5.62 x 107° | 1.37
Q0 — EX07Fr | 7.65 x 10722 | 256 x 10710 | 1.37 | QP — %7 Tr~ | 517 x 107 | .73 x 107% | 1.37
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m4, EESFYENHACEHEN TS NERAR. ELRAH, B
T T.: BaBar. Belles. LHCbFCAUES] 7 F 8 MBI+ 242 1 Fdf 1214,
XL E P AT LRI R B A F 5 WA IQCD3 /1%, & BLH KRR
M CPRE IR (PR I AEAE P B 20 MLHCh A Belle-11 & 1F 41k 2= 3515
T2 BEE. S0 R G RN, FEERR T, fE R SR B R
AN B T2 AR FIQCDANEE 5 5 5 T HUAR T BRIk . SIe s 53
WIS Z A PR iR 56 5 25 7 S35 R iR 2 [l B T — e 22 5, X w]
RE VA IR F R AER Y 2 A B B 2. X T BE PR A8 AT BB IR N Hh B R B A T
FARRIQCD3) 172, i b i 55 1 5 AR TSR ) B AN R

FEBA T AR F b7 58 Jil Bom, it KT QCDHM T R E Aqep, X135 BA
T RZARAITQCDI T AT B 171 H A T3 A48 A n] R (1 80 1 WL 2
IR e T LA R HCR IR, TE R AR HERR R 0807445500 2 A e il
WSS 58 T R HE D AT R IE (LCDA) o, BRI T (3840 = 20 /A BR () mT
PLEAT AT 5. 5T e HE o A iR ie AR 2 AR i, He 2Em, S5
TR, BE I B 777 (QCDSRFIF AR A QCD) i %E FILCDAEL
E MSEIRECHE T 3 EU M LODAES o] LAy iz FH 2B TH 5 b, AR EEAEPQCDAE
ZURBA TR A AT HEA A, BT N PQCD T VA AT B 1
R, 5 TR BA R 3 AR — AN R A AT, R ST I6 H5OH Y
HLOCDAH I AEFIRE TR R T 55 AR FR /R (Gegenbauer ) H FICKMAH M. 55 =774
WFRBN FI— DR L B, — (DY, D) atr—, HAsxFatr AKXA1%
FE T Hrp S IR A M TImk. MLHCb&E4l@E I M EBA T = AA R T H
BeCPHEIR RN 2 Jg 11451401, S J0 8 ) 3 A — AN HIF L CPABER FHT 1 B RG] 37
U

5.1 PQCDAEIEIBNEE

PQCDJ7 V& KT S R AR A T B 74k g B BRAL PO BT AR HY 2
DR s A ELAE P LE Ry BE A DX S MR B A DX B AR A R VD B RN, AE v g
PR IX L e R BRI A2 S T B, T AE R REA R AR BE AR IX
s el T OB R RE SRR AN R T S £ 9 AR R ) U SR AR AR 2
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P AN RERR, DRIL A2 —FOER DB A FREAR B oTike A5 IS th ]
AT RIAARE 2 55 AR, B AR R B i T R AR R P A [ g
A F B DX TR e 8 0 ARSI B 2020 e PR3 A R B SR AT At T
BB 2LAMT IR AEQCDILRE o %5 7 J= 1 _E HIUH (T SEIE & & A TR 2L &
it PORAUMILE R L. o HORTOR B T B3 Bz Jo 53 /8 1 DXk i) ok
HIE? — 0. FEJGHEARAR N e LIRS

= (KT k™ kL) ~ (A A N) = k2~ A2 0, (5.1)

Fo X y/ha. JEHEARFRIE LAEA 27 C &gt Mok T RS A SR E
VR E N, ERSIENP = (Q,0,00), HHQ ~ mpNEKIINRE. =
(6|3 55 Al R TATI e MDA, ERshEN

k'~ (Q,02/Q, N). (5.2)

R #iKinoshita-Lee-Nauenberg (KLN) g ¥ 17, g #onT LLIE 37 2 & 2 (8] A
FLARIH . PR DR A ) B S 5 IR W AT DA AT GG ) B8 A5 S A% v 18 3 4 O
WSS PR 7 AT R B R 25

PAB/NFMAEAE B — MoM3 A, E5 DABERI 2 E. R RS T 3)
B LIRRN

mp mp
=—=(1,1,07), ki = (x1—=, 0, k1),
PB \/5( T) 1 ( 1\/§ 1T)
mp mp
= —(1,0,07), ko = (x0—=, 0, kar),
D2 \/5( T) 2 ( 2\/5 2T)
mpg mpg
= ——(0,1,07), ks = (0, 23—, ks7), 5.3
=2 0.1,00), ks = (0,752 k) (53)

Hpgy poflps s HABA T RIREK T Mys M3 E. Tk ABN T H %S
ﬁﬂ"]iﬂ%, k2\ ksﬁ%’]ﬁﬂi%ﬁ*ﬁ%MQ\ MsEF'E?%}EE/‘JﬁJ%o T~ 252*[1%3%5'7']?9
S shE S E. ERAE3W ke kop kg7 M RVIREH 73 1 7 3)
o

TEPQCDJ 5 N B — My M F2 1 32 AR PR MR 7] DL BT It i Bl S50 A% Al
AT A BRI S R -

(MyMs|Hepf|B) ~ /ﬁﬂmfbd%ﬂwﬁxw®3@g®M4@ym@wg

H(k17k27k3at)] 3 (54)
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ko D2

b N . k3

pPB b3

ky

]@ 5.1 E(pB) — Mg(pg)MS(p3) lﬁ{$§gﬁﬁiéﬁéﬁ%%% “;%]go
Fig 5.1 A LO diagram for the B(pp) — My (p2)Ms(ps3) decay.

HCH) hp = t BEFR F MHIWilson R H, Pp(k)) NBA T R E, Doy (ke)
Dy, (ky) RPN RKEN TR RE REH (ko ko, ks, t) 72 AT Sl 40 ) B A%
S %. IEMNRTTEPTIE, (ESRT BRI AE R oo A AT B IR AL ORI IL 4.
KRB, R — R B 2 A RO O PR AR N A AE R, i IR
UK HI 30X 650 K T S P i A EL A R 5 B, — B2 EE AN T AR B0
TS 0TI BR RO B, — R FH o B SRR B8 77 925K 0 300 R AN
Sk s 1991 SR 2 J5 1 45 B 2 43 2 — > Sudakov A Fexp[—S(xi, by, )] FEXT
U B2 AR B TR, B — ODX S 23 H RO B 0T, Ak B x5 001 e
LRMEE R IE T, R SGE DR, el SRR
21F2(3/2 + ¢
Silz) = ﬁr((1/+c))
N AR AT R AR JEHE AT IRIE (LCDA). A il BRI # R
TEKIE L E. B TERITAERE TN

[z(1 —x)]°, ¢=0.3. (5.5)

(PO Omsl0) = e [ daet™ 5 o @) 4 2umeo” o)
P F = 06|

af
V(. €5)|01a(0)is(2)[0) = % [tz [mv fiov(@)+ 7 #ol(x)
+mv¢;<x>] |
aff
(V (D, &)]g10(0)G2s(2)[0) = %V [z [y gy )+ i 4

+mvieﬂyp0757“e}”n”vg¢%/(x)}aﬁ , (5.6)
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HPN, = 3RAEHE, moNERNTPRFERE, myeREN FVINHE
&, e Mepir NN FEE AL R B, v AT EN R E, AT E XN

v=12p/Mp, v-n=1. (5.7)

75,670 (58 1 R B r] AZ IR IEAZ 5 iR fRIK - (Gegenbauer) 2 THOREIT,
B IR ORI 2 T AT T 1) R B N s AR R R A, TR O

@@)zzé%ﬂmfwb+dﬁﬂ1z)+gﬁﬂ — 21)

—|—a403/2(1 - Qx)]

Sh) = I (14 ey O~ 22) + af O - 20)]

oh(z) = _2\/f§T [Ci/2(1—2 )+aT201/2(1—2x)],

pv(z) = 2% z(1 - )[1—|—a1”03/2( )+a§”C§’/2(1—2x)],
3fv

t o 3fV 2 s _
¢V(x) - ZW( ZIL') ) ¢V(x) - 2\/2—M
oL (z) = %ﬁ;ﬁﬂl—@[L+d%f”ﬂ—2@+a#@?u—2@],

0la) = s [l+(-20], Gl -

Horb i) s AR PR /R 2 00N

(1 - 23:)7

(1—2z), (5.8)

1 1
G =t GRI =56 -1), G = S5 - 3),

G = s G = (s 1),
1—85(1 — 14#% + 21t). (5.9)
A5.8H fp, fur FFINEAR TR, BATH AT DL G bl S 56 A & ) R A1
AR R ORI, AR fRIRA T IIMSE, X TFBATRUL, ERCHE A

ElE (LCDA) E{ﬁ;@(ﬁ

() =

/ élw; et {01ba(0)g5(2)|B(ps)) =

s { o onth) = 2 Guw] | s0)

=
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Ho kAR E 7w sh & Hn = (1,0,07) filv = (0,1,0p) N L EHN K E.
T o (k)BTRS AR PO, 7EA & b fi B B A 115 R 2 D s HX

2 2 Tn2B():E2 1 2 2
Bs)
Ho 9 BNt A — A S 65, (2,0 = 0)dz = fo /(2V/2ZN)TE e
NBs ST IR E L

5.2 PQCDIERTBN FRARTMEESH

B S EXE T B TSR e H i %, AR PQCDHEZ T B
Cafy T REMI. EL£PQCDIEH MBI ARMIN S B R IR /K A8 KA
T AR ok E Y, EAEQCDRATRLIU AN FQCDIT i 24y 148
TR 90199, fE ey | KEBH T REAEIEN S K, AFRHNBA T
(KPR 32 A AEPQCDHEZE A — A~ R GEVE AIBE FE 368 P S 36 Bedh #0555 e
T Z B SRR CKMAAESH. EPQCDIIE LA 1 —Fi
fIFB: PQCDEHESE, XA ERAKIHr AIE BT PR BN T fE.

AL BT T P AR SE AR IS B AR BE A R0 % i

10

Hepp = G_\/g{ Z VaoVyp [C1OT + 0205} - Wb%BZ;CiOi} +He, (5.12)

q=u,c i=
Hrp O, N RBI S FEEAT, CoNM R Wilson R E. RAEA R0 %5 & 1) 244
RA22T R e GrABKREEL, V), D = d, s HICKMZ 4. M iiE
F1O1 OFHFEXT MQCD B B BRI B DT R, O3 ~ O NGB RF. XT
NF B — Mo M3Id A2 RIE 1 7] DA% B BN ARG 1 7 i 70, N
Gr Gr

M= TVl [AU(B = M) | = LV [At(B = M2M3)], (5.13)

HH A, (B = MoM;) IR EITTRRIRIE, A(B — Mo M) ARG EITTERIRIE. M
VU5 3 A RO R G T 2R Bk 702K, IRIEM AT 7p =25 LL,LR,SP.
HALLENTF(V — AV — B, LRANT(V — A)(V + AFERF, SPXM
F(S—P)(S+P)HFF. HF(S—P)(S+P)HFFH(V —A)(V+A)HF M Fierz2E
HAF R WRAZ MR 2 KR, ARG AT LAy N IUZE: AT R0 R S L
ARATA TR S AT PR A 3 K B RAS AT DR 1A K P MR 9 e 7 2 e (1 7
BERIPE, HohdE—RAEAH AN ASF 9 & B . EATT 9t 2 R RO HE
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Fig 5.2 Emission diagrams with possible four-quark operator insertions.

. > @%%2 b\//b
M /®\A\L; m
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B 5.3 WA FAREAE R B eERE 2 A,

Fig 5.3 Annihilation diagrams with possible four-quark operator insertions.
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5.2.1 PQCD¥iEEE

ARICH g th 2 M THRISU )RR, B 77 LG =4 R EE
X BT LIS RS x 3R R K

B~ = (1,0,0), (0,1,0), B.=(0,0,1),

B
0
My =M, = |1
0

0 0
) MK+ :MK*"" - 0 0 3
1 0

MKO — MK*O -

Y

o o o o o o

0
0
0
0
0
1

0 0 0

0

0 0
0, M, =M,= 001,
0 1

0
0
0
0
V2M, =V2M, = 1
0

o O =

0
Mo =M, = M, Mg- = Mg = My, Mgo = Mg = Mj-o.(5.14)

0
0
0
V2Mpo = V2M 0 = (o -1 0
0
0
0

171 4 18 E B R R BRI .S U (3) R RS

100 0 0 1 0 0
(Su_ O O O 5 Ad— 1 s As: O s eQ_ O _% O
000 0 1 0 0 -1
(5.15)
PN

I TEIREEAERE, R IHA S S R LEAERE TH R B M AR T AR IR 1 2 3K

Au(B — MyMy) = |FF(ay) + MEE(C))| BMab, MoA,

I a) +
+ | a)

ann

+ MEF(Cy)| BMo AT [5,05]
+ anﬁl(Cl)} B MsMaA,
)

+ FLL (&1
(

)
v [FEE () + MEE (O }BAfTr[a M M),
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At(B — M2M3) =

+ + + + + o+ +
=€
AAAE\/\A

(110) +MLR (07) +MLL

Hra, AWilson REHIH A, E XN

CL1:CQ+C1/3, CL2201+02/3,
agp—1 = Cop_1 + Con /3, a2 = Cop + Con_1/3 (n > 2). (5.17)

TEARSCH TAEH, B CKMA PR 2 Z 1 = M o8 & U0, 7y Hodr (1) 95 48
1 3 () FH CKMAE B J0 3K 58 St

Vs = [Viple™™. (5.18)
ke FAGHESR TR, 42 B 205 47] LUK+ Z PP QCDIR IR TE 5 11 43 o hill 5 5

MH. 58T R B b b, dar~ SudakovE 1Sy Wi B £ J, AT Wilson R $LC %%
JUMER

A=¢p@CROH®J,®S® b, @ by (5.19)

PRI AR S A1 1935 bR B0 mT DA% I s AR TR /R 2 AT, PQCDIRIE th n] L%
A R M b AR PR R 2 IR T, K 200 SNSRI AT 15

M~ alal My, (5.20)

9
n,m=1
E el Mol N iRORREE, BN ESAL THRME S s 85y, B BLA] PR
Hke T M, BENPQCDEHE S X TBAF = AR A EFRN T EB —
PP, HHEHENI x OB X TREN T HAESRN THREN THLEB —



LGl R F a0 L $hE  PQCDIHEFHAEL T B/Bs TR M T

PV, RN x 4 x 2. HP“x 2"FKIRB — PVsHB — Vy Pyl i
X FBA TREARHNRENTHEEB - VV, BHEE N4 x 48, ERF s
MR REEARH T RSN T, MEBIREM,,, AT RN, AXAFE>4E
*W\%ﬂﬁ%ﬁi)ﬁﬁﬁﬁﬁﬁ%%*ﬁ%%%ﬁ, AT DS BIA RS AR IR TE. XA R
K T A ELRE. XTB — PVHB - VVBMERLRE, E11803E48
PRIE T LAY B — PPt FR 3 ph B 45 2. 284 A XM
o RHTHE:
03 (w3) = Ip(Ms)Ighs " (z3), O% (w3) = Ioes" (x3), (5.21)
5 (v3) = 105" (x3),
L] @ED{@]
05 (22) = Ip(Mo)Igdy " (22), 0% (z2) = Igoy" (x2), (5.22)
B3 (22) = Iod" (25),
Hrp oM PTRIEFRA IR, ot RREN TR R, (M)A
17 Mn = P,
Ip(M,) = { (5.23)
1, M,=V.

REUMBES T X5.1%. E£B — VVEBEFIRE W 5 ALNT=501, H

% 5.1 B — PP 2|B — PV/VV 69T %A F I, 69 FAL,
Table 5.1 The number of I of replacement rules from B — PP to B — PV/VV.

Feynman diagrams I (emission) I (annihilation )
factorizable | unfactorizable | factorizable | unfactorizable
LL Ip(My) Ip(My) Ip(Ms) Ip(Ms3)
LR 1 Ip(Ms3) Ip(M,) 1
SP Ip(Mj3) 1 1 Ip(My)

LR Sy B N TS [R5y B
M = My + Myéyp - €5 + iMpe®®1Pes e 35 p27p3’) (5.24)
p p3
Horp My My 350K H S AID-3 K&, MpR HP-IE AL, T35, 195 ) fif
BT, SudakovR . WA H. B — PP/PVREIRIEMB — VVHEIER
RS, B BEARRIA RGNS .
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5.2.2 BN FRAARRETHHERIUEG

N SO BA T B PR AR BEAT MR B b, B e A AR ST
WA T AT EE A B F AR AR 1) 2 S L B CPIE IR A p K T 8
BARPRR A ACKMAR A @3 (7)o FERLA 75 EANE ALK M least — x> (1sq) 5
15 T, Isqi i — PR B B Nk 22 2 TS vk, TR ZE 2 FISTIE SN

S = }:m — i, (5.25)
=1

Hr REFEIN B AR ZE, v g5 BN SE 36 B0 A4 R E, o B

ERECH. R AT BUE L MR g = f(x, B), AR E B AT
HWSHL ﬁﬁﬁﬁnsﬂﬁmd\@THﬂﬁﬂ X
a 19 -

2§: f%& —0, j=1,2,...m. (5.26)

TR AL E, AR BUSE I E RRIER. R CERENAESH

HIME AR Gk BT S G — AR RS (x, B) B ZE B — I R I 1

red) ~ e R e () 6
= f(x:,0") +Z=]ijABj7

HA kAR, J/&Jacobianpi#. 1ERF— RIEAR % Z FS 1A B /ME BT T
R EING

EEPABJ-TLLEXJacobiaH%EFi UPUESESIR T‘?*U\I%ﬁEF'%iMEEXBkH =
BY + ABje WG A SCEAE I VM- Hr ok b Rl R AR E 1, B EUR I 1)
. 3.)2
X?n = X2 + X?)rz’om X?)rior = Z % (529)
j J

AP N2, R YRR, o B £ 6 0 A SN IR A 5 2 3 L T o
i, ByAMAERRIMME. EAIAE S, 5;HQCDRABML H TS Mo, A
SCASE I QCDSRATA I FT = 1 L0 A% Y8 FE R AU A5 AR AR 2, AL
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TERA AT, A SCH 6 W 2E 5. 11 B A T % 5 8O A 28 M A 1 5
Hwp s XULHwp e BB AR X Tws, AR SHICHR PO
W, Blwg = 0.4GeVe A Twp A CH SEAE0.4GeVEN0.6GeViE [ A {47
Hi, RPlwp7E0.45GeV < wp, < 0.55GeVIT LA 45 Rifag. TR_RA R T
DA 25 B O R 2B, — KYK—, Kt~ , KOKFinta—, FIPQCD¥
PR EE T EATM 5 S AR FiRwp, Yo B Y AR 14 il 28 R0 S 56 25 SR kAT LL A
GER B RS A, FEAH AR ws, = 0.48GeV, LA VUL F2 1070 5 18
5 SEI0 AT

BR (B,.—K'K) (10°°)

0. 46 0.48 0. 50 0.52 0.54

0. 46

0.48 050  0.52  0.54
oy (GeV) oy (GeV)
s s
0.95 — . . . .
0 Fi ]
- £ o
) S 08 ]
— ~—
= ~ 0.8
E= ] +E 0.75
3 T o0
T ] o
&) = 0.65
Z -
= ] 0. 60
1 0.55
12— . . . — — . . . .
0.46  0.48 0,50  0.52 0.5 0.46  0.48  0.50  0.52 0.5
oy (GeV) oy (GeV)
. .

B 5.4 F#HIE T wp, R AR R A,

Fig 5.4 Dependencies of the experimental data and the reconstructed data on wp..

ACH B E I PQCDEE LM & MK S ERMW B — PP, VP
F2 173 32 LA B CPE IR 5 SR 30 3 E A7 L, PR 45 RBUE 3R 5 4. H
HH 2T 1 A p B0 7R SE B0 45 R 22 0 K, AR JUL6 e 1 PR a5 A K
CKMAHA. Twist-2F Twist-3M d iR O /R 5 I & L& 45 RAE RS 29 41 H H A
BEERWIN? /do.f. = 0.77. JTTFIIEERACH U NEEL:
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o ARSCHLA B E Bk SR R . T HL SRR R
0 DR — 5 B F0 95 0% P A LODAIR, T AR AR A s o, ok,
Rl ) £ A S 0

o SMRGIRIEGS, aff Flag iRl Er £ R 5 QUDRAIHLI F 2 [ 4 190192
fElo MW, QCDRAHINLS i & 54 %5 30,

o ARG T E I T UL PQCDIE T AL R I 25 i 1 IRk B 5 31 %%
FEARPRF-30% FMB IE 951991, {HZ PR N BAY 5 PR AR AN T B AL 4R i
HIRSER 8 IR 3 5E i, it AR MERS THRGULR B 2 1E 3 20 R 4t %
%o

o (HHERAIE, ASTHA HICKMEIH A ¢s(y) N (75.242.9)°FHIPDG 190
45 S (72.175:2)° A S IR P AL A B4 4 ik 001 945 R (69.8 £ 2.1 4 0.9)° A

W) e

o MWRSATRILUE Y, L& 1 2 EE & MBS 7 PR AR T R B
1B~ — 7K 17 SCHUAR 5 SE IR AT &

o XT—HEAZHUGNILRE, FlmEie BABRAAFEENEE, &
SCthgs T PQCDYELB T S HoR EATTH) SEI0 45 R Z AT PQCDH 5
URMI R, SR SRS 5. W BLVE A SIS R S 2 ATPQCDIT
B E R, BHEB — o "l Ace, £ K2 HKQCDIF
B DOL 10T A p UK 5K, T SEARAE X 090.009 £+ 0.019 10,

o TEARIHIFRAFEIA K REMSE AT EN, HlanlET B 1 hs
FERHE AR QCDI A S HUR IR 2.

o ARUHNE RIS T ARKEA FAEREN T O we ¢) KL

o [EAELHCHAIBelle-TISL5G Fh A da il Rk 2, 78 AR R AIHF P AT Z I
SHEABICPHIA A B — VV IR 2 #e

o IEWERS S K], HLUMEKPQCDYUKLI TS R EARE, ENEH
JE& T KB BTk 05OV 45 BRI e 19 B i
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% 5.2 Twist-2. Twist-3 45 7 i@ b9 ZARMR RAEACKMAR A 49 B &l b 25 R
Table 5.2 Gegenbauer moments and the v angle from a joint fit for the twist-2 and twist-3
LCDAs.

af ajy aj an,y ar., al af)
fit — 0.644 £ 0.075 | —0.414+0.098 | 1.08 +0.15 | —0.48 £ 0.33 0 0.16 £ 0.084
aff a¥f alf als, ak, al’l al’l ¥
fit | 0.331+0.082 | 0.28£0.10 | —0.398 £0.073 - - — | 0.137£0.029 | (75.2+2.9)°

% 5.3 Twist-2 45 k18 69 ZARAR R4E 69 QCD K AnHL W] £ R [150,152]
Table 5.3 Gegenbauer moments of the twist-2 LCDAs from QCD sum rules [150:152],

af a3 aj af! ag’

fit - 0.25+£0.15 | —0.015£0.025 - 0.15£0.07
af o o ol |

fit | 0.06 £0.03 | 0.254+0.15 — 0.03+£0.02 | 0.11 £0.09

k5.4 XA HECPHE IR Ap 0952 R 00 faiz A I 6y S E 2 ey 32t 45 R,
H P B R T30 AMARIT AR &

Table 5.4 Experimental data for branching ratios and direct CP asymmetries Acp 126,
and the theoretical results derived from the fitted Gegenbauer moments in Table 5.2. The

data with precision less than 30 are marked in red.

channel data fit

branching ratio Acp branching ratio Acp
B — KOK° 1.21+0.16 —60 £ 70 1.23£0.08 0+0
BY — KO 9.90 £+ 0.50 0+£13 8.98 £0.19 —4.02+0.48
B - K7+t 19.6 £ 0.50 —8.3+0.6 20.3 £0.36 —8.34+0.36
B — 7 rt 5.12+0.19 32+4 5.24 £0.17 23.2+2.1
BY = p°K° 3.40 £+ 1.10 4+20 3.06 £0.37 2.853 £+ 0.068
BY — n0K*0 3.30 £ 0.60 —15+£13 1.73+£0.10 —6.02 £ 0.6
BY — n=pt /7t p 23.0£2.30 13+6/—8+8 23.33£0.8 —243+1/81+1.1
B~ — K°K~ 1.314+0.17 4+ 14 1.47 +£0.09 225427
B~ — 'K~ 12.9 £0.50 3.7£2.1 12.99 £+ 0.23 —6.44+£0.6
B~ — K%~ 23.7 + 0.80 —1.7+1.6 23.15 £0.42 —2.84+£0.24
B~ —pn® 10.9+1.40 2411 8.73+0.25 242423
B~ — n'K*~ 6.80 £ 0.90 —-39+21 3.51£0.19 335+ 1.7
B~ — K K* 0.59 £ 0.08 124+ 10 0.476 £ 0.022 225+1.3
B, - K K* 26.6 + 2.20 —14+11 24.8£1.50 —-81+23
B, —» 7wt 0.7+£0.1 — 0.798 £ 0.092 —1.62+0.39
B, — K°K° 20.0 £6.00 0+0 26.2 +1.60 0+0
B, -7 Kt 5.80 £0.70 22.1£15 5.69 £ 0.64 22.1+£1.2
B, —» KtK* /K- K*t 19.0 £ 5.0 — 15.284+0.90 | —33.8+1.3/53.5+2.4
B, — K'K*/KOK*0 20.0 + 6.00 - 15.06 & 0.96 0+0
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% 55 3 F AR A P £k oy id 42 49PQCDAR 3k W 71 5 A= Z ATPQCDI 4£ 49

= [49,163,167,168]
=4 [

Table 5.5 LO PQCD predictions for the observables removed from the fit, and compared

with those in previous PQCD analyses [49163,167,168]

channel data fit PQCD
branching ratio Acp branching ratio Acp branching ratio

B — K*K— | 0.07840.015 — 0.155 + 0.027 52.0 £ 15.0

BY — nt K*~ 754+04 —27+4 4.93 £0.28 —52.0+2.1 5.1 [163]
BY — 70p0 2.0£0.5 —274+24 0.026 £ 0.0022 —47+ 21 0.15 [167]
B — K—p* 7.0+£0.9 20+ 11 4.41+0.6 48.3+4.9 4.7 1163
B~ = p K° 73+1.2 -3+15 3.39 +£0.55 3.18 £0.55 3.6 63l
B~ — p°K~ 3.7£0.5 3T+1 2.244+0.41 69.7 £ 3.0 2.5 [163]
B~ = a1 K* 10.1+0.8 —4+49 5.174+0.23 —0.61£0.19 5.5 [163]
B™ — 1 p® 8.3+ 1.2 0.009 + 0.019 4.61+0.36 —353£1.8 ~ 5.39 149
B, — 7 K*T 29+1.1 — 9.53 +0.24 —25,5+1.0 7.6 1681

5.3 PQCDIEZETB, — (D°, D) ntn~BSHK STk

B SR B S A T3 D2 5 e T SE AR 36 000171, e
PR T 357 O BIF T 1R 0 O ORI AR 2 BT B (3 2. LD 2 L0
T SR BRI BECPARRBREE 10190, Jeh, TR TE i [ FRARL A
FREAS L B 1R 11

FEHEW I, FTF ke TAPQCD T i & F ORI 7t 7 K& B, &
3 AR R P A g A (7,48, 84,158, 150, 168, 172189] 3 ANy st g SR L T — 3 o =
P AR 002000 75 A B = R 3 70 o] RN, a0 SR R AN RS KL T R SRR,
WA R AT e KRR e AERXBIG AL R, =ARIEFE AT DL 22 B vt i 4
KA T RF A SR, XA RS ST IO o A R R B
LIRS MAE IR S R DT lk. B INLHChEAE AN B, — J/ih(ntr™)gid F2 1
DB B 7t Y 32 BT R 1 S- RS £0(500), f6(980), fo(1500), fo(1790)42
fit, X — S tE I PQCDHESE N IR vF 545 2 T EpE P02, Rt st
£ By — D(f5(500) + £5(980) + £5(1500) 4 fo(1790)) — D[(x* 7~ ) s MR BO —
DY(DO)rrr— it . BARR UL, ASCRX HEIRES f0(500), fo(1500), fo(1790)1F
HiBreit-Wigner (BW) BHY P07} LR A £, (980) 15 FH FlattéfiE AL 0¥, BY —
DDVt~ I CPAERS AL & R RIED — cus b — uesf) T, BEXRCKM XL
1E =T B A AU, BRIz FE A B T 5258 B CMUAH 1 RS

=

HHo
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5.3.1 PQCDERTEFHLANXMITE

A S XA AR S A PR R R AL B, 32 AT A I PQCD AT
Wik, AN R A G N R

A~ / Ay d*kyd ks Tr[C (8) @ (k1) P (ko) P po (k3 ) H (K, ko, k3, 1)), (5.30)

Hrprtr rh MRS STk IS S B AR IE D, e 1HH B, — (D°, D)t il
2 F B A R0 2 &

Hepr = G—\/gVQbVqS(ClOl + C20,), (Q =c,u, ¢=u,c). (5.31)
ST B — DOt i FE, O = (Cabs)v_a(35ua)v_a, O2 = (Caba)v_a(55ug)y_ a0
SFFBY — Dot i FE, O = (abs)v_a(8sca)v_a, O2 = (Taba)v—a(35¢8)v a0
AR _F T 25t PR 5 5 1 1 1) Bl 2 R e 0 5 g R IR 1 A2 o B T A
SR\, ASCKBY — DOrta~ FIBY — DOxt i RExt B (1) 1675 2% 2 P 4 5l
AEE 5. HAAIBY — Drta=9fil, (a)s (b) AR B4 &4,
(c) (ANEEMERATTH TR EL (o). (F)NWAR AT H FALEKE, (2)-
(W) AW B AT A FAL K . %FF B — DOntr— & (40 st Al E—ANid 2
—Ff.  NIHASCRFCHEARFR A B — DO(DO)rta— [REh 1123047047, e
WIREN TR & RN

PBS = (p1+7p;7OL)7 P7r7r = (p;ru 07OJ_)7 PD = (pir _p;7mQBs/(2pf)70L) (532)

e BIBWHERB TN = (Ps, — Por)® = (1 - pmd, p = 1— 22, i
Hpy =m3, /(2p]), p3 = (m%, —¢)pf /mE . WEREEZS iR RIE, FTLLZ
B E L. HENFB. DZRFREZE. M LA Ems > mp, T
AL LA A5 X 22 AT TP S5 RIS p ~ 1, % ~ 0. T4
BT (B, D) FRUL 55 BN (ky, k)RR F P IELL 5925 55 (o) 0 B

]{71 = (O;$1P§g7k1L); ]{72 = ($2P+ O,I{IQJ_), 1{73 = (07$3P57k3L)- (533)

T

FIEAREND ML, AEPQCDHELE T A SCHE I nl N AL R S B (Fo)s ANATEA
TSI (M)s BT AT KB (Flap ) A0 AN T DR 1A K B (Mg ) R 50 SR AE



LE B RFH TR LRI T 55 R AR I MER BT

b L s b s
‘ - ;
w
(f)
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w u
b $ b b .
e N el
(e)

(9)

b 5 b
(I 5 = ([ 5 - . F A

(@) () c (@) () ¢

B 55 ZARREB) » DODO)rntn #9 2 B. AXNIEFHEFO, 09 A3 g & EI%
WA, EEAE S (a-d) o (a-d), WERHE A (e-h) Fo(e'-1)o

Fig 5.5 Feynman diagrams for the three-body decays B — D°(D®)w*7~. For the three-
body process, the operators in quark level are O, Oy, which correspond with two kinds
of Feynman diagrams: the color-suppressed and the W-exchange. The color-suppressed
diagrams are drawn in panels (a-d) and (a’-d’), further more, the W-exchange diagrams

are shown in (e-h) and (¢/-h').
NGRS
1 1/A
Fﬂe = 87T0Fm4BSfD / de’leL'Q/ bldblbg,dbg
0 0
QSB('Tlv bl){Ee1 (t61)h61 (1'1, T2, b17 b2)a2(t61)

[ro(1 — 229) (65, (55, 22) — Ol zn(22)) + (2 — 22)Prr (55, 72))]

—27"0¢fm(8,§, xQ)Eez(tez)hEQ(xlvx%blabQ)a2(teg)}a
327C rm 1 /A
M, = ST [ dndary /0 budbybadbsoi (1, b1) b (73, b))
{E€3<t63)h63(x17$27x3;blab3)
[roZ2 (5, (55, 22) 4+ OL (55, 22)) + T3Prr (55, 2)]

_Ee4 <t64)he4 (:Ch T2,T3, bl; b3)

[roTa (95, (s5, 22) — drr(55,22)) + (T3 + T2) (85, 22)]},
100 —
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Fann

Mcmn =
/E:“EPTO = m
tHssfluaf

87TC’Fm‘}3$fBS /1 dxodrs /I/A badbabsdbspp (3, b3)

{Ew, (tw,) P, (3;)2, x3, b, b3§a2(twl)

[T3¢mr (ull, ¥2) + 2rorp(z3 + 1)@ (ull, )]

—[xo@rr(utt, o) — 1orp (229 + 1)@ _(ut, z2)

+707D (1 = 202) S (ul, 2)] By (tuy ) sy (22, 23, b2, b )az (b, )},

327KCFT)’LB 1d d d /1/Ab db b db QS ( ) ( )
—— T1ATx2dT Xz b (b x b
\/— 2]\7 2 3 1 1020020 B 1, V1 D\L3, U2

{[z2¢mr (utt, x2) + rorp(22 + 23) P} (U, 22)
+rorp(xy — 23)¢r (ul, 73)]

Ery (tws ) Paws (21, 9, T3, b1, b2) Co (L)

+H—230nn (ull, o) — rorp(r2 + 23 + 2)P5_(ult, o)
+rorp(xa — x3)Pny (Ui, )]

Ew4(tw4)h’w4('rlax27$37blva)CQ(tw4>}, (534)

er, rp = :;;D; pr‘j%mé¥‘o ¢ﬂ-ﬂ—($§,l’2)5ﬁ]¢ﬂ-ﬂ-(ua,Qfg)ﬁ]\%ljy‘j

s s

5 Lt ARG X T AR DO R, AT AT B AL

KA EIRR TS REND S RE 8. F T IRERF A 08

M,

32nCpmy, 1d dyd /1/Ab dbybsdbsdp (21, by)dp (T3, bs)
T "bs X X xr v
V2N, R SR

{Eeg (teg)heg ('Tla X2, T3, bla b3)C2 (teg)
[7’0(5732)<¢fm.<8<§, x2) + gbZTr(SEJ x2)) + SL’3§Z57|—W(S§, xQ)]
— B (te ) he; (71, T2, T3, b1, b3) Cate )

[roZa(@, (55, x2) — G (55, T2)) + (T3 + T2) Prn(s5, 22)]},

1 1/A
Fann’ = SWCFm%SfBS/ dI‘Qd!L‘g/ bgdbgbgdb3¢D(I3,b3)
0 0

(B (tag Y (23, 23, b, byt [(1 — 22)bn (ul 3)

+rorp(2xy — 3)¢: (ut, x2) 4+ rorp(l — 2x2)¢zﬂ(uﬁ, Tg)
+H—230mr (U, x2) + 2rorp (23 + 1)@ (ult, x5)]
Eww’2 (tw’g)hw’2 (Ig, s, b27 b3)CL2 (twé)}a

— 101 —
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327TC’Fm‘]§S
V2N,
{Ew’ (twé)hwé (Il, Z2,X3, bla b?)CQ (twé) |:x3¢7r7r(ua7 JJQ)

1 1/A
My / A1 dvsdrs / bidbibadbad, (21, b1) b (@3, bs)
0 0

—rorp(1 — @y + 23) @5 _(uil, 9) + rorp (20 + 25 — 1)L (U, 72)
+ [(l’g — 1)rr(utt, xo) + 1orp(—x2 + 3 + 3) @5 (ut, 25)

+rorp(zs + 23 — 1)L (ui, $2)} By (twy) Py (21, T2, 23, b1, 02)Co () }-
(5.35)

R4 2 3 AR U

e, (21, 22,b1,02) = [0(b1 — b2) Io(/ae;b2) Ko(1/Be;01) + (b1 > bo)]
KO V Beibl St Oéei mBSp))v
he, (21, 29, 23,b1,b3) = [0(by — b3)Io(/ac,bs) Ko(y/Be,b1) + (b1 < b3)]

% KO vV 5e]b1 6@ =
”rH \/ ’ﬁej bl /88]‘ < 07

hwk(xlax%b%bS) = (Z§ Ho \/ﬁwka St @wk/(mésp))

[0(bs — bs) H§" (y/@u b2) Jo /@ bs) + (bs < bs)),
P (T1, T2, 3, b1,02) = g[é’(bl — by) HY (/@ 01) Jo (/@ bs) + (b1 > 52)]

« KO \/ Bwlbl /Bwl S 07
WH \/ ’ﬁwl bl Bwl > Oa

(5.36)

Hik =1,2. 4,1 = 3,4, Iy, Ky MHy = Jy +iYy 72 WE Rk . %
HAE SR P M RS R A . fEBY — DOrtr i R, BRI T R
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(11 Be, / Buy P TAHK M e, [ v, (x = 1,2, 3, 4) IFET RIS N

e, = (1= 552)7”23507 Qey = 1‘1m?35,07 ey = 71(1 — l'z)mQBS%
e, = x1(1 — Z2)MF p, vy = Tz3my p, , = (1 — p+ z2p)my
Qg = ToT3ME_ P, Cyy = ToT3Mp P,
Bey = x1(1 — x2)m1295p’ Bey = 21(1 — $2)m2BSP7
Bey = [(w1 — 23)(1 = 22p) + (1 = p)|m,,
Bey = (1 — x2) (w1 + 3 — 1)m3 p,
B, = $2$3m2BSP> Bu, = $2!133m2BSP,
Bus = (13 — Il)ﬂﬂzmésl),
By = (1 — 21 — z3)(1 — 22p) — )m7, . (5.37)
BY — DOr il ARG R B A
o = (1 —x)mp p, ag = x1mpy p, e = 21(1 — 22)M3 p,
g, = 21(1 — :Bg)mQBsp, = (1= xzp)més, Q= x3m2Bsp,
Q= r3(1 — 372)77123507 Q= r3(1 — $2)m2BSP,
B, = x1(1 — z2)my p, Bey = 21(1 — x2)miy p,
B, = (1 — x2) (21 — m3)mp_p,
Bey = (@1 + 23 = 1)(1 = @2p) + (1 = p)m3,,
Buy = w3(1 = wa)mp, p, Buy = w3(1 — 2)mip p,

Buy, = (1 —x2)(x5 — 21)m3, p,

Buy, = (1= 1 — 23)(1 = p+ 2p) — V)i (5.39)
T R R SRS 2] 1 AT PR 58S, ()
21+20F(3/2+C)
Si(z) = ————[z(1 — 2)], (5.39)

V(1 +¢)
HAERTTHSH e = 0.4. kpERAEF 2] FISudakovH 1A

= Oy t exp _SBS t) — Smr(t — SD<t>>|b2:b37 (540)
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5 (1 dn

Sa,(t) = stewmmb)+ 2 [ Doam),
/b M

t

Spl(t) = s(zsmp,.bs) +2 / G0 (o)),

1/bs M

t —

Ser(t) = sCaam ba) + s((1 = az)m, b) +2 [ ; Loalanli). (541

X IE ERy, = —a,/m BEs(Q,b) I B ARFRIE AT LATE M rh 3R 2. fif
brEEN

te, = max(\/ e,/ Be;y 1/b1,1/by), te; = max(\/ac;, \/ Be;, 1/b1,1/b3),

tw, = max(\/Qups /By, 1/b2, 1/b3), tw, = max(\/aw,, \/ Buwy, 1/b1,1/s).

(5.42)
S B U AR AT LS A R A
A(By, — D’ztrn™) = S;/gvd’v* (Mero + Mezg + Motz + Mysa),
A(B, = D'rtn) = G—\/g V(Mg + Mosg + Mg + Mygas).  (5.43)
TR S ARA
dfff . T{ﬂu)olupgr AL (5.44)

Horhrg NBA TR H 1. |pi| F|pi| 2 Al fent MDIER 7 Bt R =381
éﬁxﬂﬁ, N

5.3.2 IESHRAIFNIAN

THA A FRE T A R e HE S A PR IE. BAFRRIEIE S 114 &
2. AT K Hw, = (0.50£0.05)GeV 108, ZEAFH K fp = (0.2340.03)GeV.
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A IA—AL KA [ o, (2,0 = 0)dz = [ /(2v2N.)E HINp, = 63.58. %S T
ST DRV, BRI

| =01 01D (o)) = e (P + iy s

. (2m)t a\Y)qp D))) = TN, D D)VsPD (K2 5’

(5.46)

BB

d'ks _Jp
/Wébz)(kz) RN (5.47)

0
Srpmg, — b

N ZHALTE A )

— mp + O(A)V A T-FAEFR B, 7EME T A R

ID g1 — )1+ Cp(1 — 2x2)]exp[ . “’%bg}, (5.48)

¢D(ZE2, bz) 9

2\/2N

HAp RSB EEC, = 0.5+ 0.1 705 = 0.209 +0.002 1) Flw, = 0.1 176,
TR TRt RS- A RIE 2%

(pi;wave = \/W PPrn(2,§,m )+mwwq)frw(27§>m72rn)
+m7T71’<77£¢ - 1)(I)Z7r(z7€7m72r7r) > (549)

oz N7 H oy IS i s & 5 PR D,,, D AL 47l
AN Twist-2F Twist-381 7> IR ME, moErtn BAZRE, Cntr Hrt i3]
B Uik R B A P2

FS (m72r7r)

24/2N,
S Fs(m72r7r) (I)T _ F(m2 )

O = , _
o 22N, ™ 2,/2N.

Hrp Fy(m2,) May 2y AN E AR BRI 7 M s iR R . ATt h &k
PARITIR, A B AR K F Fy(m2,) S EA i 7 AR BUE T sk, %t
F st~ AT RE, E RS IR £,(980), fo(1500)F £5(1790).
T uuE I nt n =T R EG, EATRT U BRI IEIRES N fo(500). X B FHIEAR

Q. = a262(1 — 2)3(2z — 1),

(1—22). (5.50)
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Kl F55(m2 )AL (m?2 ) E LA

MMy 980y — Mbam — UM £(980) (Grrprr + 9K KPEK)
+— 202m§?(1500)ei92
M5 (1500) — Miar — M fo(1500) 1 o (1500) (m2,)
+— 203m??(1790)6i03 )
M5 (1790) — Miar — M po(1790) L s (1790) (m2,)
F(m?2,) = O 500 . (5.51)

M5 500) — Max — iMge(500) L fo(500) (M2)

Hrbiey, ¢;f16;, i = 1,2, 38T HZSEL. Tg(m?2 ) BEHEbR 2 AL I 3L 3R 25 7548 5]

AT TR, S LIRS MIEEL. T HIRE £(980), f(1500)

A £o(1790) , A SCAF H Breit-Wigner (BW )£ 74
1

m% —m2. —imglg(Mmer) (5.52)
FEPRZ £0(980) M B iL K KW BIAE, A SCH Flattéfi R R .
! (5.53)

m?‘g(%o) - m72r7r - Z.Tnfo(980) (gmrpmr + gmerK).

HA A0 F prr Fprr N BT
dm2,. 2 4m2, 1 am2., 1 A2

_ s - 1 _ ™ _ 1 . K 1 1 B 7 '
m2_ =+ 3\/7 m—?m,PKK 5 2 + 5 =

(

5.3.3 BUEZER SO
TEAR AT S R AR ST FH TN R (Ge V) 2142190,

AI=2 = 0.250, mp, = 5.367, mpo = 1.869, my+ = 0.140,
Myo = 0.135, mg+ = 0.494, myo = 0.498, m, = 4.66,
mg = 0.095, 75, = 1.512 x 107*%s, Gp = 1.166 x 107°,

CK M4 6 HL
[Vius| = 0.2252, |Vip| = 3.89 x 1073, |V,| = 0.97345, |Vip| = 40.6 x 1072,
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% 5.6 FEAE P ERETHIH Tk,

Table 5.6 Branching ratios from the different intermediate resonances.

Resonances Branching ratio (x107°)

B2 — D° fo(500)[ fo(500) — 7] 0.1318:05 (ws) F0:00 (a2) £0 01 (Agep)
+0. 53( 2)+0.09(

BY — D° f5(980)[fo(980) — 7t _] 0.4540 15 (ws) 7075 o11(Agep)
BY — D f5(1500)[fo(1500) — wr7~]  0.11%0 % (ws) *998 (a2) 002 (Agen)
By — D° fo(1790)[fo(1790) — f] 0.035"0 012 (wp) "0 065 (a2) *8.002 (Agen)
BY — D fo(500)[fo(500) — 7 r~] 011005 (wi) T2 (a2) F 899 (Agen)
BY — D°fo(980)[£o(980) — wrx~]  0.164008 (wy) F01T (a2) *09 (Agen)
BY — D" fy(1500)] fo(1500) — +7r—] 0.0397 5015 (ws) 0092 (a2) 0001 (Agen)
BY — D°fo(1790)[ fo(1790) — m¥x~]  0.0117505 (ws) 0006 (@2) "0 000 (Agen)

3T AR R IAR FF (2, ) P I B8, A B, — J/grtr i F 5%
R 45 3R (GeV) 1207:216],

m(fo(500)) = 0.5, m(f,(980)) = 0.97,

m(fo(1500)) = 1.5, m(f,(1790)) = 1.81,

T(fo(500)) = 0.4, T(fo(1500)) = 0.12, T'(f(1790)) = 0.32,
Grn = 0.167, gxx = 3.47Gn,

co = 3.500, ¢; = 0.900, ¢ = 0.106, c3 = 0.066,

elz—g, 92:%, 0; = 0.

B RFEE —LIREN T T, RERA —Artr RS2 X

SE R K560 R, FoA 4 R RO B S TR — N R 20K E B R B
Fwy, = 0.50 £ 0.05GeV, 5 MRZEREArT o K EE e, =0.2+£0.2, H=
MRZERBEQCDIREA = 0.25 £ 0.05, FEFIKHEBA T FHdr. CKMAEFE T
MDA TR S ECH = AR ER/AD, HEANS ERRZEIF A % . M
S, AT RAFE H 2R IR 45 SR, Al ag ) A8 B AR ABURR. DR I 2R SR T 3 6 4 5 B )
TR FLAE B A TS RS S HAR A ME B NS R 25 &
T £5(500), £0(980), fo(1500)F1f,(1790) Bk i 5> L

(AQCD) x 10~ 6
(AQCD) X 10 (555)

B(B, — D’(w*n7)s) = 0.774015(ws) Ty 55(a2)

+0.1
0.1
D(wt7r7)g) = 0.47H012 (ws) 1033 (a2) T00
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KRB — DO f,y(500)[fo(500) — wta—], BY — D°£,(980)[fo(980) — 7],
BY — DO f,(1500)[fo(1500) — wta~] FIBY — DO fo(1790)[f(1790) — 7tn~] it
FEXT R IBY — DO(mtm—) o % A% i #2 2 21 1) D3 R 40 7 S916.4%, 59.3%, 14.6%
M45% o XFFBY — DO(rtr )ik #2, A AT 5T 8k 5 9124.6%, 35.2%, 8.3%
M2.4% o X R B fo(500)F0 fo(980) ke T F EE BT #k. N T HEB, — D(wm)s
By — DO(rm) s XPANERE, & stz th:

R1:

B(B? — D°(nt717)s)

BB Do)y~ o (5.56)
EAN SRR NCKMIEAR, T r2X AN gh 843 B A T CKMA FF i, AR
TEIEES HAH G CKM ELE

VenViis
Vuch’Z

Roxy = ~ 5.83. (5.57)

MCKMAFERE, B, — D°(rm) it B AR T ™ ., (EL B TAL A K
Fo B, — D(mm) il BRI AT B TALWAS e Sk T e B e T F6) 244
b A/MEIE. 9T W55 3 B CIMA i BRI R, ARSI N B3 Do

(217]

50 0f it — 50 A0 (o —
A(B" — Dops(rtn-)g) = AB) = D°(n"n7)g) £ A(BY? — D°(ntr )S)

V2
(5.58)
BN ORI 26 L 5.6 5 1 (@), (D). BEAMARSCIL E X Y&
Reps = 48(32 — Dcpi(ﬂ'Jrﬂ'i)_g) (559)

B(BY — DO(r+7~)g) + B(BY — DO(wt7)g)’

XA EL R AR SR AT R, Sy A AR LS 6 (o), (d). 2R
ARSCEWF TR T XA L FE S S bt Frotn- AR IR R, 45 R BRAE
K569 (e), (f).  BIHEES T IEHRAS £5(500), fo(980), fo(1500)F1 fo(1790) Y
o3 X AN AR 5T B AR, 7T DA B AE AN AR 5T B A Emy, (9s0) = 0.97Ge VI
PR, fo(980)ITTHR 5 T AEA LR E/N T 1GeVET, 3 FRAIEIRE f,(500),
FR B SRS TTRRAE R
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0.35
s &
g 80.30
r 4
O O
=) 2025
g &
0.20
9 100 50 90 100
Y Y
34 12
23 11
32 10
& dog
o 31 «
30 08
20 07
238 06
50 60 70 8 90 100 50 60 70 8 90 100
Y Y
- £(500) N
0(980)
5 (1500 5 o1
fo(1790 B
— —~ — tot
3 3 4
9 Q
5 5 3
ha) o)
gz gz
k=l =l

2.0 20

B 5.6 (a,b)H # o 5 L B(BY — Depr(mtn)g) sy 8 & #lo  (c,d)H 48 B2 84 4 32 A,
MBRopy My R e AP HEWMRHRAFE LA Ry = 73.5725% (e, )% 5
ABY — Drtr(e)feBY — DOnrtrn~ (f)M R EH L bMrn R E R E 6y T,

Fig 5.6 The dependencies of differential branching ratios B(B? — Dgpi(ntn™)g) on v
are shown in panels (a,b). For the panels (c,d), the corresponding physical observable
measurements Ropy are depend on . The shadowed (green) region denotes the current
bounds on v = 73.5722°. The differential branching ratios on the pion-pair invariant mass

in the (e) B — D%*7~ and (f) BY — D77~ decays.

— 109 —



LRI T 55 R AR I MER BT

— 110 —



BRE REERE

LR — 1300 T R A B B A AR 2R X RT3
KU, RS B I G RN T Y BN AT R D I B B A AN SRR T
Y ERME 5 5 THICE HE VR 9 7 55 58 AR X M T T T 9T

FERER IR T3 EA 510, BEARTE201TAELHCH R B E R E =4+, {H2H
W EXTWE R E P T AT S A 2. R SCURIESU (3) W FR 1 ADEHT 5
SRS TR A 7O E R 7 55 5 AR FE. AR SO e kS U (3) X FR Xt
MERE T Z e, Qe Zber bes Zoby QPR IEIR LRI A2 AT 5081, TLEL
TABATRISU (3)XARYE T IHRME, 25 T 5258 A T e R DL AR T8 1384, 14,
FANSFIRANCH . AR SCATHESLL B REHE S X L FE . S0 b0 ix e i 2
DAY BERE A BUHT RL 7t ] DLZE & B8 246 56 % 7 A5 AU RN 7 5 S U (3) o AR
PERI BB

HRAETCRT 5 R BN, ARSCHHE 7O ERE T LR R .
RS K I e i R 40 B /2 X0 FE IR E 5 3 1 /200 B vk B 1 AR I R AN 1 /200 B vk
TN /200 E R T R AR S R R O B A S T I AR S R IR
Fh T8 o S S R AR AR SO T B AT RE AR B T R R R T
SR J5 I TR R 7 RO e BE R 7 vE T 5 T AR o R A X
T239 8, ASCAH T T RefESLEe BRI AR E (504.90). &
TAERE G ESCHISU ()R FRYEREFT, BN T HASU(3) X IR IR B 58
# (R4.93). ASCHIWF T RN T 5250 S0 E R E T R EES AN
18

TEEMRSR T I8 EAM 5 —J7: B/BATEZTH, BMBT AL
23 FO2A TIRZBIVEHIE, M TE TS = 1IMB,M S, £k E
T8 1) 3 A0 3 2 1) 43 3 bR B B2 CPRM R Ak AR 5k = 1y EL I &K% 0 A R 3 Tt
BRI, HB/BANTEBKCDEHE T RAMSER . AXMNB/BAE
IR NT, AT CKMARE 5580 Ay A E e v 5 75 A SR AR &
FHE A PRNE (LCDA) RIS AR TR /R H. b AR 19 = SUHE 06 S 56 1 il =
AE RS RS, A SO e L TIA S 2B T B R E A S T
SIS R R ZERK R, AR DL BLE RIS 5 X Sl R I e
Wis, ALRMERME—ANS%, FlINB- — o p Rl fE, EMR & A SOt
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BRI BEECPHIAN Acplt T TE. WAMERSSH, ARG H 7T LsLi
BHANERE, A SCAE AR SEI0 1 28 B e 3k 8 1 25 S 140 [ 8 1 15 2 0
FREAH XA TR EMIEIE, BRI SR T T BA TR — A =4k
HANMEB, — DOntr—, @ E XY A E Repy AT LA B S2 58 B RUR
HICKMAH 0

ASCAE MR GRT 59 AR T T THERBT T, 25 T A i RefE s LR B
W E R TS, 2R T WERE FRIERHEA, 4 T CKMAE
BEIIAE A ye X LEHF A5 R SIS B A — 2 S5 M E, A CAESLE FEE
545 T R0
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XA ASRREFEERRTFIHERE

A04 FREBRTETFHRIEBRSEKEH

R T R 1 e 5 B KT LA S SO R T AR 4
ST W 56 2 0K 7R ) R IR BB R, 0 T Bog, (57, Qf. =0
Q) Heih, EIIBKIN E HE o HOA

1
Bogu 1) = (@Qa) ( (141 + 111 -2110)), (A1)
Hrhg=u,d, s F1Q = ¢, b.

S5 % v MBS S R R B T By, 0,0 ( S50 FIQY ) K, FHrkiE

1 1
IB@QMJW==<;§@hQ2+LbQﬂq)(;%CNT+¢¢T—2¢mu), (A.2)
FAR PR B 5 M N AR e T P A A ) B %65 5 ) 8 B 0] R s 1R R R

F B, 0, (St S0 RO WRIE F HER R ECH

1

1Baizq: 1) = (E(Qﬁ?z - Qle)Q> (7(T¢T iTT)) (A.3)

ﬁ\:EF'q:uds Q1:b$ﬂQ2_C
Mg A AN E S T E R E TR WRIE B R . BS,, (S50
Q0L X7 FHQ ) IIRIE [ EDE R ECH

188,,.1) = (a4Q) (%(m =2 w) , (A4)

Hrhg =u,d, sfQ = c, b.
HNERE T B, ,, (B =000 ¥ =) H PN AR [R5 %5 o K Rt
PR URS,  HBRIE H e sk Hoh

1B 1) = (%(qm + QQQ1)Q) (%(TW + 111 -2 TN)) : (A.5)
HA(q1, ) = (u,d), (u, s), (d, $)FIQ = ¢, bo JIHAFIANASIE 1155 5844 1 %F
PRGBS, ., (Af. EH00 A) FIZ) ) BRIE eI R 20k

|BQQ1Q2’ T <% 4192 — QQQ1 ) <E(T~H\ - \l/TT)) ) (A6)
Hei (g, ) = (u,d), (u, 5), (d, s)F1Q = ¢, bs
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A.05  diquarkE N EFHILKIE B HERK k3
FERT R PINAshE) =1 Mj, = KEA

J Z—M— f|m1 =-3) \/1m1 (A.7)

)R diquark3E 44 IR AL SR R E B e BRI N
01(q2q3) 4, 1) = \/gch L (q2q3)11 — \/gch 1 (4243) 10, (A.8)

HA(gag3)11 = (2a3) (1) (4203)10 = (4243) (%(N‘Fiﬂ)o br Ediquarkd {
FKomN
101(q203)5, 1) = @1 T (q203) s, (A.9)

ﬁ\:qj(qwa)s = (Q2Q3)00 = (QQQ3) (\%(Ti - iT)>°
S ETRE S, AT LML G &

419293 (%(TiT - HT)) = —%’(h(qws)s,ﬂ - ?|Q1(Q2Q3)A,T>a

414293 (%(TiT + It -2 TTU) = _g‘ql(qui’))Sa T> + %|QI(Q2C]3)A7 T>-
(A.10)

IXFEARSCHUR . 75 SO A FR R TE [ e ek U diquark B R R IR R R, B
RN R B EAE A H
A0.6 EEBEFHISUG)ITERE

Xt T R4 18R 284 MM E B 1, B 1 1 diquarkdE (KR IE H e e
HORITE SN, ASGESEH TIRIESU (3)MFRIER T . 1ESU(3)RIEXFRIE T
X R T = AT LU R

Boli= (22 =L ob), [B= (=0 = o). Buli=(3 = o),

(A11)
BH-NESWHEKE TR =ESH
) 0 Af ET ) 0 A =
B =|-ar o =], BF=|-2 o | (12
= ~E0 = 0
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LEZBRFH TR Pk A OGRS R AR TR

HEH ARSI ERETNESN

++ Ly+ L=t + 150 1 =00
- e 7520 V2" . Xy ﬂzb 735
BT = | Hor w0 LEo |, BT - | &% w0 AE
A1 =+ 1 =00 0o 1 =0 _1=— O
Vv2Te 2¢ c V2=b /2= b

(A.13)

X Fe— u,d, siHEFHIB. — B.

f:L
%H
il
=
H

of

Cs = [Bcc}i[BC]gﬂO} + [Bcc}i[BC]éij}O?’ J=u,d,s,

A 0 0 -3 0 0
/\EPOuds - 0 ) % ) 0 703}1178 - 0 y *% B 0 ,(A14)
0 0 ] 0 0 ~2
Ca = [Beolil B O) + [Becli[BJS 02, j = u,d, s,
A 0 0 1\ (o) (o
/‘E’:‘Oudb_ 0 ’ @ ) 0 70301&_ 01, % , 10 (A15)
0 0 o] o/ \o) \}
e —u d siFEFHIB,. — By T FE:
Cs = [BuclilBilS O} + [Bocli[Bi){ 03, j =wu.d,s,
v3 0 0 —3v2 0 0
/\E':'Ouds 0 9 73 9 0 ’O’?L,d,s_ O B _?)zlﬁ 5 0 5
0) \o) \% 0 0 ) \-u
(A.16)
Ca = [BuclilB) O} + [Bucil BT 02, G =wu.d.s,
ot 0 0 2 0 0
l:POuds = 01, % 1 0 7Oi,d,s = 01, % | O <A17)
0 0 L2 0 0 2
XFc— u,d, sEFMB,, — B, T2, HIRMEA
Cs = By lilBS O} + B, LB 02, G =u,d,s,
-1 0 0 V8 0 0
/\EPOuds 0 ) _i ) 0 703(15 - 0 5 @ 5 0 ,(Alg)
0 0 —1 0 0 st

=u,d
0 ({f) 0 0
01.02,.=o .| L, [o]|  (A19
: 0 0 ¥8

O klw O
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Xj‘ﬂ:b — U, d st gEﬁBbb — Bb l‘j‘j

Cs = [BulilBels O} + [BuliB)i 702, j=wu.d,s,
o] 0 0 -3 0 0
EPOuds 0 ) @ ) 0 70121,015_ 0 y —% y 0 (AQO)
0 0 o 0 0 -3
Ca = [BulilBo]y O} + [Byli[B)§7 02, j = u,d,s,
o 0 0 1\ (o) (o
I:':'Ouals - 0 ) % ) 0 7012,,)51}5 - 0 y % 5 0 (A 21)
0 0 o] o/ \o) \}
XFb— u,d, s FHIBy. — B ILFE:
CS = {Bbc]i[Bc]gﬂOl [BbﬂL[B(] U}O?a .] = u, d757
4] 0 0 22 0 0
/\qjoudé - 0 ) ? ) 0 70121,(1,3_ 0 5 —¥ 5 0 5
0 0 3 0 0 —3y2
(A.22)
Ca = [BicilBA O} + [Bucl[BJE 03, j = u,ds,
3 0 0 vz 0 0
7N EF[O'U, d,s — 0 ) ? ) 0 ’ Oi,d7s = 0 ) % 3 0 (A23)
0 0 v3 0 0 2
Fb — u, d, sEFIIB, — B, iIFE, HSUG)RIEAN:
Cs = B} JilBJS 0} + B, LB 02, G =u,d,s,
3 0 0 ¥E 0 0
HH0, 4, of.1s].[o].02u.=] 0 |.|-2].,[ o [, (A29)
0 0 L 0 0 — 6
Ca = By i[B)Y O} + (B JiBJS 02, j = u,d,s,
~3 0 0 — 6 0 0
Hao, .= o |, [-21.]0 [ 0kac=| o |.|-%|.] o
0 0 -1 0 0 — &
(A.25)
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MR B WA 2 maviRneEikIg7 &

N8 SO AT R T FE AR IR 7. R TARAT — Aok 2 A8 il B A 4
FEAR R A LU B
dl,, = oll, |IM|?, (B.1)

2mA

HorpdIL, An iR H 2 6], (M]*

NZ > MM,

f 51,82..-8n
Horb Ny ) IR B IR EL D s15msm X ARZS B ek A,
MET- 318 R] DLEE B PR IE AT SHE FE T A 4 R X B R
M(i = f) = (f|Her(0)]3). (B.2)
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