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Abstract

PHENOMENOLOGICAL STUDY ON WEAK DECAYS OF
DOUBLY HEAVY BARYONS

ABSTRACT

In the past decades, heavy quark decays have played a very important role in extracting the
CKM parameters in the standard model (SM), understanding the mechanism for CP violation,
deepening our understanding of dynamics in strong interactions and factorization theorem, and
constraining the new physics scenarios beyond SM. This, however, has only made limited use of
weak decays of heavy mesons/baryons with a single heavy quark. It is anticipated that weak decays
of other heavy hadrons like doubly-heavy baryons will provide equally important information.

In 2017, LHCb collaboration has announced the observation of the doubly charmed baryon
EfTinthe Zft — AT K~ 7nt7rt decay mode. After this observation, the experimental investiga-
tions are being conducted in a number of other decay channels and other doubly heavy baryons.
Thus from this viewpoint theoretical studies on weak decays of doubly heavy baryons, not only
=1 *, will be of great importance and are highly demanded. Some attempts have been made in
some literature, but the aim of this thesis is to provide a comprehensive study. In doing it, we first
investigate the 1/2 — 1/2 decays (here the 1/2 refer to the spin of the initial and final baryons),
1/2 — 3/2 case and flavor-changing-neutral-current induced process. In order to investigate the
model dependences, we choose two theoretical approaches: the light-front quark model and QCD
sum rules.

In the light-front approach, we adopt a quark-diquark picture to calculate the transition form
factors. We first consider the 1/2 — 1/2 transitions, and then the 1/2 — 3/2 case, which at the
quark level are induced by the weak decays of ¢ — d/slTv orb — u/cl™,. We derive the analytic
results for the form factors and consider both scalar and axial-vector diquarks. The obtained
form factors are then applied to predict the partial widths for the semi-leptonic and non-leptonic
decays of doubly heavy baryons. We find that a number of branching ratios are sizable and can be
examined in future at experimental facilities like LHC, Belle II and CEPC. These results are also
useful for a cross-check of =1 and the search for other doubly-heavy baryons. In particular, we

C

obtain the branching fractions:

BEIT =T = 6.18 x 1072,
BEHT = Zfrt) = 4.33x 1072,
B(EIM = Z 7)) = 870 x 107°.
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In 2018 the LHCD collaboration has confirmed the existence of =" through the first channel in the
above. Thus it is expected that the latter two channels could also be observed and more information
on =17 decays can be probed. In addition, the flavor SU(3) symmetry and symmetry breaking
effects in semi-leptonic decays of doubly-heavy baryons are explored.

Flavor-changing-neutral-current induced processes are considered as an ideal platform to
search for new physics. Baryonic rare decay modes, which are induced by b — d/si*l~ at the
quark level, are also important as its mesonic counterparts. Using the form factors we obtained, we
analyze the corresponding FCNC induced decay channels, and we find that most of the branching
ratios for the b — s processes are 1078 ~ 10~7, while those for the b — d processes are
1072 ~ 1078. These results are roughly one order of magnitude smaller than those in mesonic
sector. This is because the lifetime of the doubly heavy baryon is roughly one order of magnitude
smaller than that of B meson.

In the framework of QCD sum rules, we first calculate the “decay constants" of doubly
heavy baryons Z.., Qce, Zpp, 20p, =5 and (2. In the analysis we include both the positive and
negative parity baryons, and find a less severe 1/2~ contamination. Results for decay constants
are ingredients for the study of weak decays and other properties of doubly heavy baryons. Then
we present a QCD sum rules analysis of the form factors of doubly heavy baryons to singly heavy
baryons. We include the perturbative contribution and condensation contributions up to dimension
5. We also evaluate part of contributions from the gluon-gluon condensate, and find that these
contributions are negligible. These form factors are then used to study the semi-leptonic and
non-leptonic decays.

Future experimental measurements can examine these predictions and test the validity of
applying the light-front approach and QCD sum rules to doubly heavy baryons. It is anticipated

that better understanding on doubly-heavy baryons can be achieved in future.

KEY WORDS: form factors, doubly heavy baryons, weak decays, light-front quark
model, QCD sum rules
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Figure 1-1 Elementary particles in the standard model.
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Figure 1-2 Anti-triplets (panel a) and sextets (panel b) of charmed baryons with one charm quark and two light
quarks. It is similar for the baryons with a bottom quark. The total spin of these baryons is 1/2, while another

sextets have spin 3/2.
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Table 1-1 Quantum numbers and quark content for the ground state of doubly heavy baryons. The .S} denotes

the spin of the heavy quark system. The light quark ¢ corresponds to u, d quark.

Baryon  Quark Content  Sj Jr Baryon  Quark Content  Sj Jr
Eee {eckq 112t | By {bb}q 1+t 12t
Eie {ccq 1" 3/2t | B {bb}q 1t 32t
Qee {cc}s 1t 172t Qup {bb}s 1t 172t
)8 {cc}s 1t 3/2* Q5 {bb}s 1t 3/2*
Ehe {bckq ot 12t | O, {be}s ot 1/2t
Ebe {bc}q 12t Qve {bc}s 1+t 12t
Ebe {bckq 132t | {bc}s 1+ 3/2t

Eee T Qe FFEARZS P REEL S AR H 1, IXLE A S = B SN EEAS, nlAd 1-2fr
No FTHJRE T, tgntt. E1-2t, Fra®E I EeiE 1/2, AINEFE—1 Bk
3/2 BYNEZLS

TR AR P U R R 8 155 A P ARG OB . i TR R T A AR A
B, BATTE R A — LB R TR, ARSI, SR, QCD SRATELIN . 4%
L QCD Z o ASCEESR DTS e i 515 (LFQM) Al QCD sRATRLN 7% (QCDSR). 14
LEQM 1, FATESotiE S Abhn (BB MM, Zhit). BRIE. Hie. B PR 520
SRTPREL: Y = Yspace X Yhlavor X Yspin X Yeotore X TEEATE T, Yspace BXTFRAT, Ycotor /2
FOSTRE s TXHEEER Yavor X Pspin BRTFRAY o AGIE H SR REUS . SRS R T4
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LB RFEHEFEIRL

FEoC, Fx R T R IRIA 728U e P, BRI JEARIA 7. QCDSR =
TH G R, SR F A R RS S R AT R iRk b, iR
TARERE, RS HERDNEFEG SRR RGN THERIEER
HITTHR . BeJA 2 SR IR ANS e R IR T RE R AR . PR 5 5 5 X D R 1 22 Y
orik, [FIRSAE B Borel A8#ii3% OPE RYYLSLIE . MU B VBB P R &

S BRI ELT B Z ARSI ALK T ntrt, XA REA SRR, Hh— ARl
RESR B HHE 1/2 2 3/2 iR AY srmke RIULASCER 1 2R B e 1/2 3 1/2 iR 55554
Gb, s 1R HGE 1/2 21 3/2 [ARRY TS

WRAE SR TS R RS i SR AR (SM) NS 8ol e (NP) RUEAEI AT, TR
HIRE I RBSCI N T — DTG b — d/sIT™ R EARERSTIY i i el
KA, GRS EAR /N o TRV s AT R B — R i i s Wilson 4L,
73— T I 5 B ERTL AP AE R AR . B IRIE A P MR AR o S LD R S
RUARZYE 1070, Thnit/ N o3 S I T LAGE T B D) il e i e BEBE T A M . B
AR, ESREREWZEET b — d/sI77 3%, BN 7IEEH FONC 2 —HEE
Lo MeHIE LIRS E, #ESF AR,

ASCHAR EHANT o« 58 " FRfa F/r 43 LFQM H1 QCDSR. (E55 =&, A1
B LFQM J7 %0 BITTHRRCER 55 AL B e 1/2 3 1/2 1072 BiE 1/2 2] 3/2 i A2 LA
NGEBCE PR R . SRR QCDSR J7 3% B /oM BN E R E AR AN R 28
Ja LU R RS R E AN —, PR M DR 195 3 AR B iE 1/2 21 1/2 332 &

JE—EREA SRR,



Fo% WA RA

21 EETSEHEEE N

JEHTE AT R ) T2 W TS R T ERER TS, Horp E i LA TAE I (32, 331, X
R [49-51] $¥Z T E M H T EFIHIV . LN RNTUUER S T =2 WECN 0], B0 B %
(conventional) YR 4 se bRl 53k, B8 2405152 1T 2 [ SCHk [35]

LGRS BT AR, H— M5 o M1 PNRE ¢ Al 3y Pe HjE
H T B AR AT LLS R

M(P, %41 L, 1)) = / (@ Hd 2} 20206 (P — 1 — )

X Z UTE(Br, P2, A, A2)laa (1, M) @ (P2, A2)), (2-1)
A A2
X py M po @AEFHCHTEI R, 1o P A L E N
o omP+p? dp*d?p
£, A{dp) = -

ﬁ = (p+7pL)7 pL = (plij)’ p =— 2(27’()3 y
a1 (1. M) B (p2, A2)) = b, (p1)d, (2)]0),
{bx (1), bi(0)} = {dn (p'), d\(p)} = 2(2m)*6*(§' — P)6a. (2-2)
BT EFE, BATATLAE ERTHX s AR i (2, p )

pf:xler? p;:x2P+, x1+$2:1,

piL =21 P +pi, pa=x2P —py. (2-3)
B a2 A R U "l AR N
o 1
UL (Br, oy My Aa) = W@S; L.S.|LS; JLYRY: (z,p1)err. (2, p1), (2—4)

Hrf oun (v,pL) FRA BRI B R, (LS; L.S.ILS; J1.) 2 FINE- B A fe
7B AN RY% (2,p.) MOBTTERIEIE AGED (M, Ao) HEERGE E1E (S.S.) M7
RSS: (w,p1) B9 ELETE A

RS (w,p1) = Y (MR (1 =2, pr,ma)|st) (A Ry, (2, —p1, ma)|s2)

S182
11

<§§ 8182|—— SS) (2_5)

XHL [s;) AEIEHE Y Pauli JEEE, Rar /2 Melosh 28387 -

(s|Rp(z,pr,m)|N) = up(pi, s)u(pi, A) (i, N)vp(pis s)

_5__



_ my+xiMy + 00y - pL X 7
v (m; + x;Mo)? + p?

Horb wp) 2EHT (BRRY) JE3RY Dirac fight . 7= (0,0,1) J2& 2 AR R, PLR

; (2-6)

m?+pi+m§+pi

My = —— - (2-7)
SRR, RY: (2, p1) BP0 {4 -
BXS(epa) = ot i el AP+ Mo)To(pa, da),  (2-8)
Hr
My = \/Mg —(m1—m2)?, P =pi+ps
TR, FRATAP
I'p=s. (2-9)
T IELRH KRN
(M(P',J', J)|M(P, J, J.)) = 2(2r)*PT6*(P' — P)16.11.., (2-10)
IXESROCHT R prr. (7, p1) W2 T HRAYZYER
/ %ww (,p1)¢rr.(,p1) = dpdr .. (2-11)
¥ B AR R T AR TR H AL, AT LAMS3)
Ol PP = [ G b ol ) Lt + ). @12
LG IEIR AT R E L
(O[ALIP(P)) = fpPu, (2-13)
JFHL Lorentz AR “+" 231, FATAT UAHEBUSE R 719 = A T ECH
*/_ ded®p  oo( mmmxz ) -14)
L woo(w,po) 2 s WAFHDOCETSI ARG, @5 R S g
woo(z,p1) = 4 (%)3/4 x;{j&g exp (_zﬁ%ﬁgﬁ) . (2-15)

—6—



%% B

2.2 QCD kFnARM {557

QCD £ T B RE P B T KIS X2 TS RERBR . s P55
TR 7T LLEAE B b 7, W& o I AMENRREIE L T, QCD thfnd 1 5 2
BN, M5B, N ERR RS A KR A i 4 57 H (PCAC) 3
ST ESHPREAETE, LB E TR G . SHB— RV ES B . XE QCD
PIFLEL A 50T QCD S A . B RN S e IR 7R AE 7o % 7e- I 5 i Xt LA
MRS PRI E SRR, S22 AW Z A EAER .

QCD RATHLNI By Shifman. Vainshtein ] Zakharov #2H{2, E4 )72 v T HF5E 3 1
it FAERL MOEERE T LUK K /78 B A1 R RTRA R TS, X Ff
JIiEHR, SR AR N S T AN T A S B 1 SR R AT LA I A R R R T
(OPE) #kfT4b3, Hrpgih 51 Wilson RBURIHCEE B 5 5i- B8 A0 FLAE MG 4 . i
A LAE R QCD S dH it 1 nl LOs B Rt 72801k . 285 QCD [k
STIBUREN: S UM REAIE S SN S TP YIMIE /52 =il ot

TNEEHEE A48 QCD SRATMN AV EEISELRL, H2h H— AR RN A

221 ESERNTHTE

AR/NTBLE U S N B S BRI A . RS e iR (P ia N 3), I+
BER (FUH R 4) FI5 e is IR AR (FUR R 5)o A DR AX Ui 2 2 i /2 Lorentz
ZRIFIE A BRARE . A/NTLE, 4,7 = 1,2,3 @5 npiaists, o,b=1,2,...,8 2
WFEetabr. o, 8 2TERTElr. 1, v, p, o & Lorentz fEh5.

S BRI SEAIT AN -

(OIFEHI0) = 75 (5)650s, 16
S = ud, SRS () KRS SO (631, 45500
(o) = —% ~ —((240 + 10)MeV)?. (2-17)
FIEATLIGER] TR T TR A R S
(01G,Gal0) = 5 (GG Gy — Gt @18
(OIFEAG10) = (006G} (0,030 (T (219

Hrr, (GG) = (01Gy, G 0), (o G) = (Ui (0")apGl, (T)005) o STIEHIE HT AR T
BERZ R AYEUA:

(%GG) = 0.012 GeV?, (2-20)
(gs0GY) = (0.8 GeV?)(), (2-21)
T2 BEER S E AT 275 3CHR [63].



LB RFEHEFEIRL

222 [EERSHE
BT TR SERRI TR, FRATAT LA AE AT, i

" Al (z) = 0. (2-22)
MU ESEAH & 5 Ay
Auly) = 5 (Aslw)y’) = P#, (2-23)
& E SRE 2-22) K, B8 —T08 0, e —Iin] EHr 51k
OA
—-prhm(y)—-yp—7i§g2- (2-24)
ZE A B, AT 94
Au(?/) + ypﬂ = y"GW(y). (2-25)

oyr
Sy = ax, ATLUEH EX/AMZE eS8 (d/da)(ad,(ax)). PR o A0 E] 1 o,
AR EIR 5 A (x) 55k i Ros g

1
Afl() :/0 daaG} , (ar)z’. (2-26)

R [ E RALVE (2-22) RIS T EZR R : X THER ©, BATA

TH[A%(0) + 219 4A9(0)+—%aﬁqxa28g18 A%(0) +...] =0, (2-27)

aq w a2 1

N}

" AL0) = 0,
aHr0,, A%(0) = 0,

a1 w

2 2% 00y 00, AL (0) = 0,
F I P H

1%0,,G,(0) = 1% Dy, G} ,(0),

xa1xa2aa18a2GZu(0) = 1.63411,(1280“DOQC;’Z#(O)7
_ xaleQDalDO&GZH(O)’

DA, FA 1121

2 [0y -+ 0a, Gpplamo = .. 2% Dy, - . . Do, G ol o=0- (2-28)



% =% A G

1 (2-26) PR Glaz) %M o &IT, AENMA 2-28) 20, X o Bl HSJRHAE
P M AYE A R T 5

1 1
Aulz) = 2__()!xpGpu(O) + ﬁxaxp(DaGpu(O))
+7 1 2'950213591;13(1%DﬁG,,#(O)) +.... (2-29)
SIS R R SR At Al S5 21
P(z) = Y(0) + ' Dy, (0) + %xo‘lx”DalDaQw(O) +.... (2-30)

AR ERG 7 B2 T 0T (2-29) AR5 7T (2-30) AURYFELIT. B,
I T Ak TR Bl 2 R PR -
' 0

A (k) = —%(2ﬂ)4Gg#(O)a—%54(k). (2-31)

2.2.3  QCD RATHLII N FH 2841
TFHLATE B A7 Bk, A28 QCD sRATHLINTT .
EE B ES I €
fg) =i [ d'ac™ (O[T {s(a) O HO). (232)
Hr
Js(x) = b(x)ivsq(z). (2-33)

TR, ERICER 2-32) RAPIRASHEHRE L = [ Ek B (Bl +...,
AR A B 5 L

(0[J5(0)|B) = mp [z, (2-34)
FATH s o N ”
hen/ 2y _  MBJB P (s -
Ir (q)_mQB_q2+/SO dss_qQ, (2-35)

Hrp fp Ml mp 22 B TR ERIPR, p BIESIERIEREL so RIELIEN
BME. 7 (2-35) HHp, IROTCAME B HOR 0K 5812 IR R IR R EER R B T B AT +
ST I
£ QCD 2k, HAHEFFFETT (OPE)
i / d* e’ T{J5(x) J3(0)} = > Calq)Ou, (2-36)

d

T RS SEBR RN E L (2-32) 3t AT
(q) =Y _ Calq){0|04l0). (2-37)
d

AR AR T R I AR T (0104l 0) FT3E I 06 S0 B 7 S , TS M R 2
1) Wilson 2% Ca(q) Fr ZAE BT QCD BEATITE . HAKMH,

—9__



EREBRFHEFEAL

o (Ed=0Hf, Og=1, Co(q?) =TIP"(¢?);
o NIE(E Oy, Hrfd=1,2;
o d=3M, Oy=14iv). HNNETRESE (Vv) I Q-17) X
o d=4Hf, Oy=G,Gh,, MNIRTHRSE (2GG) I, (2-20) 3L;
o d=510f, O5=4llGe,. HNARAERSE (Vg,0G0) I (2-21) 3.
— £ OPE Z W3 BIC R A AL, SRIE TR (L BIoe RTS8 S

00 OPE
HOPE(QQ) — / dSp (‘2)
0 §—(q
S0 OPE OPE
_ / dsp (‘2) + / ds P (2)7 (2-38)
0 S — q S0 S — q

o [0 ds? =5 BEFRAERL S DTk (pole contribution). 4387V ERAL (2-35) U
OPE 2 VeI T (0-38) 0T, T BI2 Poth A B
pcont( ) B pOPE( )
/Sod S_q —/Sod s—q2’ (2-39)
S RE it W @ RTLEE]
m f3 pOPE()
= [ ds 2-40
e @40

51\ Borel 254t LAX 35 OPE RUY8rt, Horfr Borel Z5HiiE LN :

noe) = B = m SO () g (2-41)
—q% n—o0 n! dq2 .
—¢*/n=M?

1% Borel AL I T (2-40) X, B4 TP (M?) = TIOPF(M?), FRATH
m2 freB/M :/ dspPPE (s)e /M (2-42)
0

e EAPRBIN —1/M? 3RT, 155 B ¥ b

_ 2
) ds SpOPE( ) s/M

Mmp = fso dspOPE(s)e—s/M?

VS RV IESETEEIE, W B FRATESSIAR SUBTE K 0.5 GeV 247 . IL4h, Borel
ARG IR PR EON ¢ PO RS o Borel 240 M2 (AR, IX i EAREE T OPE sk,
ERFEIAT 2 TR S8 KT Borel ZE0 IR, LA &L JLASJT 1 -

o (EfirifH Borel ZAUIX[AIN, Py B A T o

o OPE Y Sfft . EEEKT@%% Borel 2411 N

o WDtk HEIESE DTk OR . i I AT B E Borel 2401 FFR .

(2-43)

— 10—



F=F AANSABATHMNEIREITHRE

BZE ANEREETHNEKREFHRE

TR LU, ES e AR R ER ) CKM 240, FL# CP B IRALH] . P
ff R AR ELAE Il )27 AN R A e BT e 1 AR R A e SATTIX A OUE R 15
HIRFEE PRSI R . AT EIGERE 7155 2 A th 5t R 2 2

it LHCb SAEHAE A K- ntat RISMERE] T W= 7 250 ﬁﬁ%ﬁ?’i%%?ﬁ
BEI 2 (R A B3l LLSOB R B 55 A I T e &, FRATWFSE T HE 1/2 19
WERET Z5, 25, QL S04, 200, o), 20, S5 F1 Qp BIEHE 1/2 BF. HIE3/2 ET
%%Quﬁﬁtﬁi$ﬁﬁﬁﬁo

— =R AR TSRS SR i (conventional light-front quark model), ZIK

iﬁ%ﬁﬁﬁ WA TR R TR S5 = A SRS w2 G 8 2 TS
AR RS Sk W% T B E TR AR . EGTRE A, ﬁam
K% va-diquark G, HESIFIHE 7550 E diquark & — PMriga— MR 5 T IR E
+o NFRBIRIRIRE 725 R TR ER E R IR AR 0 TE S o X LE
ZEFON TS EL R AR FHRACIERE T AFFaIbRERT DL S48
e S A BT o

31 BE12HNEREFREERE 12 EFHNETIRE
RIS S B E 1/2 RACERE 25 iE 1/2 Era55 22l i, B, AT

S

o XURH T EAY
= (ccu) = Af(dew) /S (dew) /EF (seu) /EL (scu),

=t (ced) — X2(ded) )20 (sed) JZ0 (sed),
QF (ces) — Z2(des) /20 (des) /Q0(scs),

o WJFEH 1HEAF
Egb(bb ) — Z+(uz}u)/‘—‘bc(Cbu) _‘bc (Cbu)
= (bbd) — A(ubd) /=0 (ubd) /22 (cbd) /=L (cbd),
O, (bbs) — = (ubs) /2y (ubs) /. (cbs) /2 (cbs),
o JIT-%42 R
= (cbu) /ZE (ebu) — AY(dbu) /S5 (dbu) /=5 (sbu) /25 (sbu),
=p.(cbd) /= (cbd) — X, (dbd) /=, (sbd) /=, (sbd),
Q1. (cbs) /2 (cbs) — =, (dbs) /=, (dbs) /€2, (sbs),



=L (bew) /= (beu) — S (ucu) /25 (ccu),
=p.(bed) /ZR (bed) — A (ued) /ST (ued) /ZE (ced),
QP (bes) /2 (bes) — = (ues) /ZL (ues) /L (ces).

C

fE BT R EARGC, EEWIEG N ASHNS Ay, 5 hE 15258
HEAEH . RIS ER s E -

AT BT AT LHEIN R o 3. LI/INTORRG R R 2R B AR B 1 B R AN AT dr e 3.1.2/0
TR BT GRS OB TR AR R 7o 3. L.3MI3. LA/ N IR IR - (9 45 SR 1 T
R AR R 58

3.1 iRy

WEKRE FUEHTES MRS, SN Qi1Qq. Hf Q2 = b,c,
q=u,d,s, F¥I-1GH TENNSedln e 786 B LESa Mk, Bis
SERTRIHOT AR (the bag model)!®®. QCD sRATALIN 7, Fr 25 v [ FEXTFRIET S A% 5
B @z S R OERE I U R AT B, KBRS EIE IR
A PUEAE 3.5 GeV £ 3.7 GeV Z [l Bl i sl A TR RS H me,, = 3.610
GeVI', XAEF#2IL LHCb [YSLBa il S 455 . ma,, = 3.621 GeVIPl, [N AE R ZEZ PR
RFHIBESEH, BR See BYBURIBCEIR(E AN, FATIGE— R HISCHR [77] tRRY RS SR, BAA
BUEZ W31,

TG NSRS ORI E R E 1, S50l ORI 2] A9 72 b7 AAE
&, BNEWAES RS HEAESHRS

Eéi) cosf=z sinf= Zbe
=2 | = . — 5 (3-1)

= —sinfz cosbz e
( ng > _ ( CO‘S fq sinfqg ) < Qi,c > ‘ (3-2)

Q. —sinfg cosbq O,
HRTIE BT AR 7 i E _ExCrP iR G . FATPRE BT S F1 S, HIEAS . W00
., —HIRGTREWE, WA APua AMEAS A VRIS =0 S, R HORRY

AR T F R B AR ST A B R NI Ao

HE E IR E 1Ry A5 ] PR DG @ PR AT B R I (forward-scattering am-
plitude) FYIHCHR T2 SCHk [67, 78-83] $ AT B RIT 7 i 55 1 AU IR E 1 (19 77

i, B EARERRA . Bln =357 Fy a5 M 200 fs 21 700 fso Hele STk [84-86]
ST AR PR RN T AT TR, SR

To++ = 2081s, 7o =44 fs, 1o+ =206 fs,

12—



F=F AANSABATHMNEIREITHRE

Tzo = 06871fs, 7-- =8651s, 7,- = 868 s,
bb —bb bb
et = 409 ~ 607 fs, Tzo =93 ~ 118 fs, Too = 168 ~ 370 fs. (3-3)

TR 2 B R T R A A’@WL%@ Lo Hrr, =87 E’J#ﬁﬁ@i%‘@“”’ St
O BZam R HISCHR (851 thRYZER, HEHE A3 amk I 3CHR 167, 791 FhHILS

£ 3-1 MERETFEORET (R GeV HEAx) FaFdp (Vs HFA2), FAKA T Xk [15,17,67,77,79,
85] 9L R

Table 3—1 Masses (in units of GeV) and lifetimes (in units of fs) of doubly heavy baryons. We have quoted the
results from Refs. [15, 17, 67, 77, 79, 85].

Baryon Sh =2 Qf B = Q. =t = Q,
Mass 3.621151 | 3.6210151 | 37380771 | 6.943771 | 6.9430"71 | 6.998771 | 10.14377 | 10.143771 | 10.2731"7]

Lifetime | 256" 44183 206/8 244167 93167 22017 37067 370167 800!

3.1.2  HYGRIS R AT E AR A T
3.1.2.1  J6HTE OB Tk
6B AR R B AR R s N p = (b, pT, p1 ), HiFpT = p0xp?,
pL = (pt,p*), Miip* =p pt —pi. BEIE N P. BHEES =1/2 . diquark /25 o5 4l
%EE’JE¥U—I DN Sk
BPS,S0) = [{Ep) ()27 8P ~ 1~ o)
X Z LA *(D1, D2, Aty A2) | (p1, A1) (di) (pa, A2)), (3-4)

A1,A2

X py A p2 3 AES W ¢ F diquark (di) [ 8h&, Hi
dp d?
p=p), Ad'ph= o 00 = )R .) (3-5)
B 55 q ~ diquark (di) JREDHECH My mis moo SRR 0] LUl TR 4%

PHE

2 2
-_aTm (3-6)
P
NI, FRATE LS5 ¢ fl diquark (di) BYBIELIEL 21,2
pl =Pt py =xPt, mtay=1 (3-7)

5'[)\1_5'77—56—5172’ 1 =1—z, P=p +ps, MQ: P2 EP*’;’}L[:/\, %61253\“”?%?(]1 *D
(di) BREH, k= (ki k.) Fon (di) =35 My 7] LAFE R A “ N #0485t (internal variables)
x fl k. HIRREL:

ki—f—m%_i_ki—kmg

x1 X2

Mg = (3-8)

— 13—



LiHZGARFH LR

FIF er + e2 = Mo LARZ qu A0 (di) BOFEZE 55 RATATEAMG 21

xMy  omi4+ k] _xMy  m3+ k%
‘= Yo BT T o (-9)
Hepe, Ml kb, EEE T WEAE « fl kL 19REL
Bl & 23 [ R AL U595 KR ks
U5 (py, o, A1y Ag) = Z<A1|R§V[(IE1, —kL,m1)|S1></\2|RL($2,kbmz)|82>
51,52
1 1
X (581;5(d¢)52|552>90($7 ki), (3-10)

oz, k) R RS H > B A KGRI R B (5515 Sai)52155:) A& T AR
- ARG X TR diquark, sy = so = 0, XHIK & diquark, s = 1, so = 0,%1;
AR (@, —hw, ma)|se) 4% B EAS AL SR A BRI T 20 46 B OK BT e P A AiE 454 Melosh
AP TG, A] LATE D)

—~

1
D IR (1 =2, =k, ma)]s1) (A R, (2, kL, ma)[s2) (5

S1; S[di]s2’§sz>

51,592 2
. a(py, \)Tu(P, S.) (3-11)
= = U(pP1, M1 u s Mz )y -
\/2(]91 - P+ my M)
H i diquark &— bk, T =15 3% diquark (51, T = —Joys¢" (02, M) O
B R N g
SO(I7 kL) = Agb(xu kL)v (3_12)
R diquark 7%, A= 1, ALK diquark 87, A = |/ S0
HE AR IH— 540
(B(P',S',S,)|B(P, S, S.)) = 2(2m)*PT6*(P' — P)dsis6s.5.., (3-13)

JERTEREL @z, ko) NI N A H— A5

dxd?k
[ S ot k)R = 1. (-14)

SEhr A SR A

ok, — k2
¢(x, k1) =N Dy (2_52> ; (3-15)
Hr
s . €162 _
N = 4(@) ’ Lo $1$2M0’ (3-16)

28 B AR TACRE, vl DLUE LA SLIe K s %@Jo

14 —



F=F AANSABATHMNEIREITHRE

A 3-1diquark B4 F, €T ETTFHREHBRAFHORZEH. PV s (X&) 783, pgl) P
A& (RE) 253%, py & diquark 3%, ‘<" & 5548 Z4E A TR.E.

Figure 3—1 Feynman diagrams for baryon-baryon transitions in the diquark picture. P{) is the momentum of

the incoming (outgoing) baryon, pg') is the quark momentum, p, is the diquark momentum and the cross mark

denotes the corresponding vertex of weak interaction.

3.1.2.2 frig diquark 55 0WE HIERIE RN T

e diquark & T . 7 HIE TSE LB IAR A T 20 2 P8 WL IE 31, 3ol el
LT AR B 2

(P SNV = AIBPS)) = 0P 82) [l +io 7 ola?) + 2 )] (.52,

— (P50 |0 6) + i ) + L] (P52,
(3-17)
Hep (V= A), EHEAEMRER, PP 2l ASE s, ¢=P—-P, M
R FRY R . R 5% v-diquark A EUAON, B SR UZAM B AR T ] 565
H
1l ¢/($lakl)¢<xa kJ_)
B' (P, S)|(V — A)|B(P,S.)) = [{d® _ _
AT W) /{ p2}2\/p1+p’1+(p1-P+m1Mo)(p’1-P’+m’1M6)
X ﬂ(Pl, S;)F/(?Il + mll)%i(l - 75)(]”1 + ml)ru(P’ SZ)’
(3-18)

HARIRS HAL &b i diquark, A
' =7y =T =1, (3-19)
mis my ~ mo FHEAS . RS A diquark [T, piv Py p2 DAL EANTE)
o PFIP 3HIEN N P=pi+py, P=p+pe
FI R

15(92)
M

(B'(P',SLIVHIB(P,S.)) = 2V PP | fi(g*)ds.rs. +

(0-qL0%)ss. |+
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R RS WA

2
(B(P SHIAYB(P, ) = VPP gu(g?)0)sos. + A G- q)ss | 3-20)

FATAT LSRR 1
fi(?) = 1 / ded?k | ¢’_(a:’, K )o(x, /ﬁ)_
SPtP+ | 2(2m)3 2\/$1:U'1(p1 P+ mMy)(p, - P+ m| M)
X TP+ Mo)y* (P Mg) (g, + )y (py + ).

) ] j/ctdekL & (', k)b, k1)
PITRPEPE ] 20n 2 nat oy P Mok - P+ i)

X TY[(P + Moy s (P + M) (P, + ml )y s (p, + mn)],

Pl Z i / dud?k, ¢ (' K ) (k1)
8PPl 2020 24/ziai(py - P+ miMo)(py - P+ i My)

X TY[(P + Mo)o ™ (P + My)(p, + mi)yt (p, +ma)l,

(e _ Z iq] / dad?h, ¢ (2, K ), k1)
M j=1 8PP gl 2(2m)? 2\/$1x’1(p1 - P+ my My)(p) - P’ + m) Mp)
X Te[(P + Mo)o? s (P + M) (p, + mi )y 3s(p, + ma))- (3-21)

¥ L1 Lorentz 540 1R, AT LIS 2
) :/ ded?k, ¢ (o' K ) p(x, k) [ky - K + (21 My + my) (2} M)+ m))]

Y

fl(QQ

2(2m)3 \/[(ml + 21 Mp)? + k2] [(mh + 2 M{)? + K3
(e _/ ded?k, ¢ (2, K)oz, k1) [—ky - K| + (21 Mo + my) (2 M + m’l)]7
2(2m)3 VI(ma + 21 Mo)? + B3] [(m] + 2} M{)? + k7]
fal@®) 1 [ dod?ky ¢' (o', K\ )o(x, k) [=(mu + 21 Mo)K - g1 + (m) + 21 Mgk - q.]
Mg / 2(2m)? VImy + 2 Mo)? + BT (] + 2 Mg)? + k7] ’
gzﬁf)__;Ll/“dxdsz¢%$Ckﬂ)¢($7kL)P—0n14—$1Aﬂﬁkl'QL"(”ﬁ'*ﬂﬂAﬁQkL'QL]
Mgt ) 20n)? VIma + 2 Mo)? + B [(my + 27 Mg)? + K7 7

(3-22)
EQJFZOE(J%%/%EP, {E/:,CE’, xll =r=1—-x u&kl :kL"f'quLO
3.1.23  HhRGr diquark 55U RY BRI AR A 5

IR F SRR diquark, THEERES B /NS, RUR T R TR R A N
['= —Zoysf (p2, Ao) . IXHPAR IRl RIK 5N -

1) =gprpr [ S ¢ Kl kL)
MR 20m 6o (o P M) - P+ i M)

_ - a, B
XHW”H%MWF+M®WM%+meWJWM%wW%§—f%

— 16—
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() 1 /dx2d2kl O (2 K )p(x, kL)
) = = =
IITSPEP | 200 2o (o Pt Mo) ;- P+ M)
S ~ pSps
X Te[(P + Mo)y s (P + M) vsva(p, + mi) v s (p, + ma)ysvsl (g — 9°%),
2
) 1 ﬁ/dfﬁzd ko o' (@', Ky )p(z, kL)
M 8PTP gt ) 2(2m)3 23/xyat (p1 - P+ myMy)(p, - P/+m1M/)
7 4 p p
x Te[(P + My)o™ (P + Mo)vsva(p, +mi)y ™ (P, 4 ma)v575l( fnZ - 9",
2
g2(q%) _ 1 ﬁ/dﬂfgd ki o (@' K)oz, k1)
M 8PYPT @2 ] 22n) 2/ma(py - P + mudo)(p, - P+ m), My
o, B
= ; P3Py 4
X TE[(P + Mo)o™ s (P + My)ysva(p, + m)v s(p, + mi)rsys)( = —g").
2
(3-23)

R _E3CHRHY Lorentz 5tk far, strl LMS2)S (3-22) RMUMFA, IRTREIE, ASCAH

I\
e

3.1.24 Eﬁﬁﬁ/’[ﬁ.%ﬂﬁ&b =

WgR . B/ N RS R T AR R 5F M diquark, TS BRAY 58T
TR TR X MR ERIE R M TR et A

(B|(V = A)ulB) = cs{a1(Qaq)s|(V = A)uQ1(Q29)s) + cala(Qag) al(V — A),|Q1(Q20) ),

(3-24)
FRE cs.a HIVIRASIIRIE- H e PRETRE o
XL B I WRIE- B =S 8] 13 eRECh
1 1
B.. = 7 [(—\/7501(02(1)5 + 501(02q),4> + (c' + 02)] : (3-25)

Hrprg vTLUZ uv d 80 s e BURE THIBREH R ¢ — b 58] 0 be R 5ibr i ey
HR R E diquark BRI E PR X be MR 1 diquark fYJRE-48 H 1

WERECH
By = —ﬁb(CQ)S + b(CQ)A = —EC(bQ)S +3 c(bq) , (3-26)

IR be Ao b i diquark fYJRE-28 28 -, PRRECN

1 3 1 3
B = —shlea)s — Lobleq)a = elba)s + Sclba)a 627

Hrpxt 0% 2000 QU0 g St ue d ok s BE. SOk (771 6 BY BRI ZE
BRI .



32 M ERETFTHRERKREIRGEER TFo AELT — AT A6, G KTLEE AT L@ T X
F(AZI(V=A)ELT) = es{dleuls|(V —A)lcleuls)+ealdleulal (V= A)ulcleula), 8 cs = ca = V6/4.
Table 3-2 Mixing coeflicients of the transition matrix elements for the doubly heavy baryon decays. Taking

the =17 — A} as an example, the physical transition matrix elements can be evaluated as follows. (A} |(V —
)BT = es{dieuls|(V — A)uleleuls) + caldieulal(V — A)lefeu] ) with es = ca = VG/4.

—cc
Process (cs,ca) Process (cs,ca) Process (cs,ca) Process (cs,ca)
B oA | () = (LY oA () | Eonit | (22
BN | (-22,2) 15,5 | (B22) | o | (LY |Eost | (328
BB (R D) |E, o | (L) | 5o | () | Zonr | (—f )
ERt oS | (“22,) | S oA | (-8 ) | EoEp | (-3 = oEst ] (LY
ELo00 | (<L) | Eon) | (22 | 5o A) | (-1 | BoAr | (£ -8
ELoE | (L) |53 A2 | o] (L) | Eosr | (LY
ELoE0 | (-222) |5 -E0 | (L) =o)Ly | oL | (B2
Qf -0 | (-, - | O o= | (-8, - | 5f =0 | (L8 | = oAr | (LY
QL 5B | (-32,92) | O o3P | (-22,92) | B o3y | (-22,%Y) | B o st | (-, -4
QL =00 | (=31 || (2 |25 | (L8 | EosL | (L%
O — Q2 | (=8 |2 —57 | (-5Y | o | (-4 -
e I L = B G )
=g | (LY o -oh | (324
- | (B | apoEr | (LY
O =5 | (2, ) | ap = | (- -4
Q.- (-3 |-l | (L0
0, — Q| (22,2
Q- | (-3
=l I C R
Q| (E B
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33 AR A (3-15) KNP 8 f AHURRESETF R 2.
Table 3-3 The shape parameters (3’s in the Gaussian-type wave functions Eq. (3—15) and the masses (in units of

GeV) of the singly heavy baryons.

Buleq) | Baieq) | Bseq) | Beleal | Polea) | Buvgl | Bapa) | Bsipa) | Beipa) | Poipg)
0.470 | 0.470 | 0.535 | 0.753 | 0.886 | 0.562 | 0.562 | 0.623 | 0.886 | 1.472

M+ Mz+ m=o My t+ Myt mxo Mz Mg maqo
2.286 | 2.468 | 2.471 | 2.454 | 2.453 | 2.454 | 2.576 | 2.578 | 2.695

mao m=o m=- M+ mxo0 M- M= Me=— ma—
Ab =p = Eb Eb Eb b b Qb

5.620 | 5.793 | 5.795 | 5.811 | 5.814 | 5.816 | 5.935 | 5.935 | 6.046

SR E AP R ECA
Af = —%d(cu)s + ?d(eu)f; = %u(cd)g — ?u(ed)A,
EF = —%s(cu)g + ?s(cu)A = %u(cs)g — ?u(CS)A, (3-28)
=0 = —%S(Cd)g + ?s(ed)/x = %d(cs)s - %gd(cs)A.

7N EE AR PR E - B I PR RO LA

o = % [?ul(ch)s + %U1<CU2>A + (u' & UZ)] :
\/;d (cu)s + d(CU) QSU(cd)s + %“(Cd)m
LQ [? (cd®)s + = dl(ch)A +(d e d2)] , (3-29)
= ?S(w )s + %S(CU) \ggu(cs)g + %u(cS)Aa
=0 = ? (cd)s + %S(Cd)A = ?d(w)s + %d(%)fb
0_ % [?S%Sl)s 4 %SQ(CSI)A T (s' & 82)] :

FRUREE AP R E] LB ¢ — b 153
2558 T BB REL, AT AT LR E BRI AR 1 B & A (overlap factor) ., £ IRAE
F3-2ga i

3.1.2.5 H{EgER
BUET BRI (DL GeV Ay B fy 40481

My =mg = 0.25, ms =037, m.=1.4, my=A48. (3-30)

— 19—



LiHZGARFH LR

KIAREETHREH KA Fo AN L. HEFASANNEMASRA 40T, 1T diquark FH . 2 F
w2 S HEYE, MAEaXRA (3-33) X, R EZTHHE, AEAXRA (3-32) Ko

Table 3—4 Transition form factors of doubly charmed baryon decays. The left and right halves correspond to the
0" and 17 diquark involved case, respectively. The formula of (3-33) is adopted for the ones with asterisk, and
that of (3-32) for all the others.

F(0) | mag 0 F F0) | mag 0 F(0) | mag 0 F(0) Mt 0
0.653 | 1.72 | 0.27 | 2= | —0.739 | 1.56 | 0.32 0.637 | 1.49 | 0.37 0.726 | 1.53 | 0.32
=+ AF

0.533 | 2.03 | 0.38 | g5« 7" | —0.053 | 1.12 | 1.10
0.653 | 1.72 | 0.27 | fy< —0.739 | 1.56 | 0.32
=itont
0.533 | 2.03 | 0.38 | g3« 7= | —0.053 | 1.12 | 1.10

—0.167 | 1.99 | 0.23
0.637 | 1.49 | 0.37
—0.167 | 1.99 | 0.23

—0.028" | 2.03* | 2.62*
0.726 1.53 | 0.32
—0.028" | 2.03" | 2.62"

0.754 | 1.84 ] 0.25 | f5+ = | —0.783 ] 1.67 | 0.30 0.739 | 1.58 | 0.36 0.802 | 1.62 | 0.31
0.620 | 2.16 | 0.35 | g3 =" | —0.080 | 1.29 | 0.52 —0.198 | 2.10 | 0.21 —0.019* | 1.62* | 1.37*
0.754 | 1.84 | 0.25 | 5 =" | —0.783 | 1.67 | 0.30 0.739 | 1.58 | 0.36 0.802 | 1.62 | 0.31
0.620 | 2.16 | 0.35 | g5 7= | —0.080 | 1.20 | 0.52 ~0.198 | 2.10 | 0.21 —0.019* | 1.62* | 1.37*
0.653 | 1.72 | 0.27 | 257 | —0.739 | 1.56 | 0.32 0.637 | 1.49 | 0.37 0726 | 1.53 | 0.32
0.533 | 2.03 | 0.38 112 | 1.10 —0.167 | 1.99 | 0.23 —0.028% | 2.03* | 2.62
0.754 | 1.84 | 0.25 1.67 | 0.30 0.739 | 1.58 | 0.36 0802 | 1.62 | 0.31
0.620 | 2.16 | 0.35 1.29 | 0.52 ~0.198 | 2.10 | 0.21 —0.019% | 1.62* | 1.37*
0.754 | 1.84 | 0.25 1.67 | 0.30 0.739 | 1.58 | 0.36 0802 | 1.62 | 0.31
0.620 | 2.16 | 0.35 1.29 | 0.52 —0.198 | 2.10 | 0.21 —0.019% | 1.62* | 1.37*
0.646 | 1.68 | 0.28 1.54 | 0.33 0.632 | 1.47 ] 0.38 0717 | 152 | 0.33
0.528 | 1.99 | 0.40 112 | 1.02 —0.165 | 1.97 | 0.27 —0.030% | 2.32* | 3.92
0.646 | 1.68 | 0.28 1.54 | 0.33 0632 | 1.47 ] 0.38 0717 | 152 | 0.33
0.528 | 1.99 | 0.40 112 | 1.02 —0.165 | 1.97 | 0.27 —0.030% | 2.32* | 3.92

0.748 | 1.80 | 0.27 | s2%7% | —0.799 | 1.64 | 0.32
0.615 | 2.11 | 0.36 | g5~ | —0.086 | 1.28 | 0.52

0.735 | 1.57 | 0.37
—0.196 | 2.08 | 0.24

0.793 1.61 | 0.32
—0.021* | 1.79* | 1.77*

diquark Jit 5t mye) F my) 3 BIEARCH me +m; Flmy, +my, HAd j =u,d, s,

WU I B B U R SR I TR S B AL A B A F I AR S 80 DL 25T
B, FRATHL Bejew) = Bee» TMEHE N n. WILIRSEL LhritEH, FRAOTRA N =440
AR S B8990

fp=2074MeV, fp, =247.2GeV, f, =387MeV, fy = 715MeV. (3-31)

TERSEI BARBUE L 5 (6383 -3rh ] B R E (1 ot Bt 2 1) 383 -3 rpi S 20,
AT EEEEAZE BATR LA R G alcE o in 55 WE diquark B TZAR A+
(W (3-22) f1 (3-23)) . A TAREILARE TR ¢ HUMHIE, AR FEMSEMIE A

(3-32)

Hrr F(0) @IIREFIE ¢ = 0 2RI, meae A1 0 T 2@ EUERLATHE . X TIARA
T g2, EHBIE AL FTRES SE— D AER mae, fEXFMENLT, FAPRASE A
F(0)
1+q§+ﬁ(ﬁ%f

Mg

F(¢*) = (3-33)
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#3-5 5R34EM, 22 XEZRRETFTHW
Table 3-5 Same as Table 3—4 but for the doubly bottom baryon decays.

F | FO) | me]| o F FO) | me 5 F FO) | mu | 6 F FO) |ma | 6
=0 + =0 + =0 + =0 +

=07 10,084 | 311 0.80 | £ | —0.108 | 3.03 | 0.88 | £ | 0.083 | 2.99 | 0.97 | 57 | 0.107 | 3.03 | 0.88
= + = = + = +
G 0.078 [ 3.24 | 0.80 | o507 | 0.007 | 5.65 | 4.89 || ¢ | —0.019 | 3.38 | 0.75 | g5 | —0.027 | 3.27 | 0.86

= 10419 [ 376 [ 056 | fo0 % | —0.402 | 361 | 060 | £k | 0414 | 3.52 ] 064 | 07 | 0.456 | 3.59 | 0.60
g% 10392 | 3.91 | 057 | g7 | 0,009 | 12.20° | 41.70% || T | —0.116 | 4.05 | 0.55 | go# 7 | —0.064 | 3.90 | 0.60
eS| 0419 | 376 | 056 | 0% [ —0.402 | 3.61 | 0.60 || f7 | 0414 [ 352 | 064 | 2075 | 0.456 | 359 | 0.60
g7 0.302 | 3.91 | 0.57 | g2 | 0.000% | 12.20% | 41.70% || ¢S0 7 | —0.116 | 4.05 | 0.55 | g2 | —0.064 | 3.90 | 0.60
2o L oosa | 301 080 | £ | —0108 | 3.03 | oss | /5™ | 0083 [ 200 007 | £ | 0107 | 3.03] 088
g™ 10,078 [ 3.24 | 0.80 | g5 | 0.007 | 565 | 480 | g™ | —0.019 | 3.38 | 0.75 | o5 | —0.027 | 3.27 | 0.86
010084 | 311 0.80 | 277 | —0.108 | 3.03 | 0.88 | £ | 0.083 | 299 097 | £ | 0.107 | 3.03 | 0.88
"1 0.078 | 3.24 | 0.80 | 0.007 | 5.65 | 4.89 v | —0.019 | 3.38 | 0.75 ~0.027 | 3.27 | 0.86
FE=e | 0.419 | 3.76 | 0.56 | 2275 | 0402 | 361 | 060 || oo | 0414 | 352 ] 064 | 507 | 0456 | 3.50 | 0.60
= 10,392 | 3.91 | 0.57 | g5 | 0.009% | 12.20* | 41.70* || =07 | —0.116 | 4.05 | 0.55 | ¢5" = | —0.065 | 3.90 | 0.60
=0=%ie | 0410 | 376 | 056 | fo07 | —0.402 | 3.61 | 0.60 | £ | 0414 | 352 | 0.64 | 777 | 0.456 | 3.59 | 0.60
g7 | 0.302 | 3.91 | 0.57 | 57 | 0.000% | 12.20% | 41.70% || g™ | —0.116 | 4.05 | 0.55 | g5 | —0.065 | 3.90 | 0.60
FmE 0082 | 3.00 | 0.82 | £ | 0107 | 3.02 | 090 | M7= | 0080 | 298099 | £ | 0105 |3.02 | 0.90

g 7= 0.076 | 3.22 [ 0.81 | ¢ | 0.007 | 585 | 579 | "7 | —0.018 | 3.36 | 0.76 | ¢S | —0.026 | 3.25 | 0.8
7= 0,082 | 3.00 | 0.82 | f75 | 0107 | 3.02 | 090 || £ | 0.080 | 2.98 | 0.99 | £ | 0105 | 3.02 | 0.90
g% 10,076 | 3.22 | 081 | g2 | 0.007 | 585 | 579 || ¢ | —0.018 | 3.36 | 0.76 | ¢S 7= | —0.026 | 3.25 | 0.88
Fm%e | 0414 | 373 | 057 | 7% | 0,405 | 3.50 | 0.61 | £ | 0410 | 3.50 | 0.65 | 7% | 0.454 | 357 | 0.61
g% 0,387 | 3.88 | 0.57 | g2 | 0.007* | 5.31% | 2847 | gM 7% | _0.115 | 4.02 | 0.55 | ¢S | —0.064 | 3.88 | 0.61
Fom%e )l oa1a | 373 | 057 | 2% | 0405 | 350 | 061 || f™7% | 0410 | 3.50 | 0.65 | 2% | 0454 | 357 | 0.61
=% | 0387 | 3.88 | 057 | g7 | 0,007 | 5310 | 2.84 || M7 | 0115 | 4.02 | 055 | o7 7% | —0.064 | 3.88 | 0.61

XA B AN K 55 W diquark FYBRIEFARIA 1, 4R BIER3-4, 3-5. 3-6LA N 3-Trh
e, WIERRIARIA - rl L (3-24) 52

3.1.3 AR

X /NIRRT AR IR 7 45 SR AT SO R B - e AR R . FRATRER IR e IR
e TR S AR B, SRALS Y 72T AR TR

3.1.3.1 B — B'lv (/3542555

A AR T R Y L 55 A RO I

Gr

Her = VE[57,(1 = 45)e] [ (1 — v5)1] + V5 [dry,. (1 — v5) ) [ (1 — 75)]]

S

& b7 (1 = )b][[I7" (1 = v5)v] + Viplav, (1 — 45)b) [0 (1 = vs)v] |, (3-34)

&I

Hreh Gp 2 # 7|< %SZ Vs cd.ubch & Cabibbo—Kobayashi—Maskawa (CKM) EMETC. BT
] DK A TR, TR AR R A T 40 1]
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& 36 HRIAEM, 2RXERIZ-REFTEREHH.
Table 3—6 Same as Table 3—4 but for the charm decays of bottom-charm baryons.

F F0) | mg | 0 F FQO) | mg | 0 F FO) | mg | 0 F F(0) | mag §
N 10639 | 152 | 041 | 7N | 107 | 147 | 043 | 5N | 0637 | 144 | 045 | 7N | 1023 | 147 | 043
g 0499 | 1.84 | 0.56 | oo™ | —0.232 | 112 ] 0.71 || g7 | —0.160 | 1.89 | 0.54 | g5+ | 0.006 | 0.28* | 0.08°
5 0630 | 152 | 041 | 27 | 1707 | 147 043 || £ | 0637 | 144 ] 045 | £ | 1023 | 147 | 043
g 0499 | 1.84 | 0.56 | o5 | —0.232 | 112 ] 0.71 || g7 | —0.160 | 1.89 | 0.54 | g5+ | 0,006 | 0.28* | 0.08°
5% L0725 | 160 | 040 | 7% | 1801 | 154 | 042 | = | 023 [ 152 ] 044 | 7 | 1106 | 155 | 0.42
g 0571 | 192 052 | g5 | —0.269 | 1.20 | 0.57 | o7 | —0.185 | 1.96 | 0.50 | ¢+ | 0.019 | 0.21 | —0.06
775 0725 [ 160 | 0.40 | f275 | —1.801 | 154 | 042 || f27F | 0723 | 152 ] 044 | £ | 1106 | 155 | 0.42
g Lo [ 192 | 052 | 67 | —0.269 | 120 | 057 | o7 | —0.185 | 1.96 | 0.50 | g7+ | 0.019 | 0.21 | —0.06
£ 10,630 | 152 | 041 | 7% | 1707 | 147 | 043 || 5™ | 0637 | 144|045 | 2577 | 1023 | 147 | 043
G 10,499 | 1.84 | 0.56 | g™ | —0.232 | 112 | 0.71 || g7 | —0.160 | 1.89 | 0.54 | g5+ | 0.006* | 0.28* | 0.08*

0.725 | 1.60 | 0.40 | £2%7= | —1.801 | 1.54 | 042 || /7% [ o723 | 152 ] 044 | 7% | 1106 | 155 | 0.42
0.571 | 1.92 | 0.52 | ¢7%7= | —0.269 | 1.20 | 0.57 || == | —0.185 | 1.96 | 0.50 | == | 0.019 | 0.21 | —0.06
0.725 | 1.60 | 0.40 | f2%7% | —1.801 | 1.54 | 0.42 || £ | 0.723 | 1.52 | 0.44 | fe 7 | 1.106 | 155 | 0.42
0.571 | 1.92 | 0.52 | g% | —0.269 | 1.20 | 0.57 || g7 | —0.185 | 1.96 | 0.50 | g% | 0.019 | 0.21 | —0.06
0.638 | 1.51 | 0.42 | f2%7% | _1.766 | 1.46 | 0.44 || £~ | 0.636 | 1.44 | 046 | £ | 1.048 | 147 | 0.43
0.498 | 1.83 | 0.56 | g%~ | —0.243 | 1.12 | 0.71 || ¢ | —0.160 | 1.88 | 0.54 | ¢3* = | 0.008 | 0.31 | —0.13
0.638 | 1.51 | 0.42 | £~ | _1.766 | 1.46 | 0.44 || £ | 0.636 | 1.44 | 046 | 575 | 1.048 | 147 | 0.43
0.498 | 1.83 | 0.56 | g2 | —0.243 | 1.12 | 0.71 || ¢ 7% | —0.160 | 1.88 | 0.54 | ¢ | 0.008 | 0.31 | —0.13
0.723 | 1.60 | 0.40 | £~ | 1864 | 154 | 0.42 || £ | 0721 | 151 | 044 | £ | 1134 | 154 | 042
0.570 | 1.91 | 0.52 | g%~ | —0.281 | 1.20 | 0.57 || g™ | —0.185 | 1.95 | 0.50 | g% | 0.022 | 0.32 | —0.23
& 3-T5ER3AEM, 2RXERR-ZEFRELHH
Table 3—7 Same as Table 3—4 but for the bottom decays of bottom-charm baryons.

F F0) | mg, | ¢ F FO) | mg | o F F@O) | mg | 0 F FO) | mg | &
S 0136 | 348 | 0.58 | 255 | Z0.081 | 3.25 | 0.64 | £ | 0125 | 3.1 079 | 255 | 0,150 | 3.20 | 0.65
G 10130 | 3.50 | 059 | 5= | —0.009 | 2.95 | 098 | o7 | —0.022 | 4.18 | 058 | 5= | —0.039 | 3.50 | 0.66
FEE L0550 | 445 | 0.43 | £55 | —0.220 | 407 | 047 | 55| 027 378 05 | 575 | 0523 | 3.91 ] 0.48
g 0530 | 457 | 0.44 | g2 | _0.043 | 3.90 | 048 || g7 | —0.146 | 476 | 038 | o5 | ~0.060 | 4.50 | 0.51
FEM 0136 | 348 ] 0.58 | 5™ | 0081 ] 3.25 | 0.64 | s | 0125 | 311|079 | g5 | 0150 | 3.20 | 0.65
g 10130 | 3.50 | 059 | oM | 20,009 | 2.95 | 008 | g7 | —0.022 | 4.18 | 058 | g5 | —0.039 | 3.50 | 0.66
S0 10136 | 3.48 | 058 | £ | 0081 [3.25] 0.64 | £ | 025 |31 | 079 | 247 | 050 | 3.20 ] 0.65
G 10130 1359 | 059 | g™ | 0009 | 2.95 | 0.98 | ¢ | —0.022 | 4.18 | 0.58 | o5 | —0.039 | 3.50 | 0.66
So=l 10550 | 4.45 | 043 | £ [ —0.220 | 4.07 | 047 || 5755 | o527 | 378 | 055 | 2 0.523 | 3.91 | 0.48
g 0,530 | 457 | 044 | g2 | 20,043 | 3.90 | 0.48 || ¢ | —0.146 | 4.76 | 0.38 | o5+ | —0.060 | 4.50 | 0.51
FR= 0123 330 [ 0.61 | 25750 | —0.078 ] 3.9 [ 0.6 | f™ 7= | 014 | 3.07 ] 083 | £ | 0140 | 3.14 | 0.69
8= 0118 1349 | 063 | g2= | 0,009 | 2,92 | 1.06 || g™ | —0.020 | 4.07 | 0.64 | ¢P7= | —0.037 | 3.40 | 0.69
FE 10123 ] 339 [ 061 | %5 | o078 [ 319 [ 060 | f5 | 0114 [3.07 [ 083 | 2% | 0140 | 3.14 ] 0.69
g= 0118 | 3.49 | 0.63 | g2 | —0.000 | 2.92 | 1.06 | g™ | —0.020 | 4.07 | 0.64 | o7 | —0.037 | 3.40 | 0.69
P 10531 [ 4.33 | 045 | % [ 0236 | 3.98 | 049 | %% | o511 | 372 |07 | £ | 0519 | 3.84 | 0.50
g 0511 | 444 | 046 | g2 | 0,046 | 3.81 | 051 || g™ | _0.141 | 4.66 | 042 | ¢ | _0.063 | 4.31 | 0.51
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R3S FBFEHREEE. 2 XUARTL /Ty ZMNEBRTETFTRE. BAMRZE mp, = mp, AR
T =Tp,, B, FAVEE B} — By #» B; — By m/AIAE— R EAETRAE R I

Table 3-8 The bc sector with the ¢ quark decay and a scalar be diquark in the initial state: decay widths, branching

ratios and I'y, /T'7’s for semi-leptonic decays, with lepton mass neglected. We have assumed m B, = Mmp, and

Tp; = Tp,, i.€. the only difference between B] — By and B; — By is the mixing coefficients.

Channel '/ Gev B ['y/Tr | channels '/ Gev B ry/Tr
S = Afty [ 108 x 1071 | 421 x 1073 | 850 | E) —» Xl | 7.59x 10717 | 4.27 x 1070 | 1.36
S = SHYy [ 988 x 1071 | 384 x 1073 | 1.27 | =) = Ef | 461 x 1071 | 259 x 1072 | 2.27
S 2Ty [ 118 x 10718 | 460 x 1072 | 9.98 | =) — =y [ 2.04x 107 | 1.15x 1072 | 0.89
SRt = BTy | 132x 1078 [ 513 x 1072 | 141 | E, = Al 1.81 x 1077 | 1.02 x 1075 | 9.06
=L X0y [ 197 x 107" | 1.32x 1073 | 1.27 |5, > X0 [ 3.80x 10717 | 214 x107° | 1.36
=E =20y [ 11T x 1078 | 779 x 1073 | 9.98 | E, - =007 | 465 x 1071 | 2.61 x 1072 | 2.27
EE = E0F Ty [ 131 x 1078 | 876 x 1073 | 142 | 5, - =017 | 2.06x 107 | 1.16 x 1072 | 0.89
Qf = Z0%y, [ 542x 107 | 1.69 x 1073 | 9.14 | Q, — =N~ 5 | 1.64x 10717 | 2.00 x 107° | 9.22
Qf =20y, [6.07 <107 | 1.90 x 1073 | 1.34 | Q, = Z20" 7 | 3.53x 10717 | 430 x 107° | 1.38
Qf = QU | 1.62x 10718 | 5,07 x 1072 | 146 | Q) — Q0075 | 3.95x 1071 | 4.80 x 1072 | 2.30
== Aty [6.02x107% 223 x 1073 | 105 | E - Xy [ 9.21x 10717 | 342 x 1070 | 1.15
== X0ty [ 4.00x 107 | 148 x 1073 | 1.39 | Ef - =57y [ 425 x 107 | 1.58 x 1072 | 2.49
= =20y [ 620 x 107 | 230 x 1072 | 117 | Z) = AflTp | 1L.79%x 10717 | 253 x 1070 | 5.92
= =200y [ 5.02x 107" | 1.86 x 1072 | 1.50 | Z) - XHp | 4.61x 1077 | 6.52x107% | 1.15
2Nty [ 793x 1070 | 112 x 1073 | 1.39 | ) = E=flp | 4.25x 107 | 6.01 x 107% | 2.49
2.5y | 6.13x107M [ 8.67x 1073 | 11.8 | Q) — EFl7y | 1.50 x 10717 | 5.03 x 107° | 6.60
= = E ity [ 5.02x107M | 710 x 1078 | 150 | QY. — EFTp [3.94x 10717 | 1.32x 1070 | 1.21
Q). = E, 1y | 750 x 1071 | 251 x 1073 | 9.67 | Q). — QLI | 5.60x 107 | 1.87 x 1072 | 2.42
Q) — =1ty | 6.62x 1071 | 221 x 1073 | 1.32

Q). — Q Ty | 1.79x 107 | 6.00 x 1072 | 1.44

S ANty [ 470 x 1070 | 174 x 1073 | 1.82 | EF = Sy [ 319 x 10717 | 118 x 1070 | 5.83
S =ty | 241 x 107 [ 893 x 1074 | 115 | EF =5 EXTTy | 1.80 x 1071 | 6.69 x 1072 | 0.96
=20y [ 491 x 107 | 1.82x 1072 | 2.04 | E0 = Aflp | 1.66 x 10717 | 2.35 x 107¢ | 0.793
== E0 [ 301 x 107 | L12x 1072 | 11.6 | E0 — SFp | 1.60 x 10717 | 2.26 x 107 | 5.83
EP Xy 47T <107 6.74x 1070 | 115 | ER =L | 1.80x 1071 | 255 x 1072 | 0.96
E0 STy [ 4.85x 1071 6.86 x 1073 | 2.05 | QL - EH i | 1.37x 10717 | 457 x107% | 0.83
ER = E 0y | 3.01x 107 | 425 x 1073 | 116 | Q2 = =Ty | 140 x 10717 | 4.69 x 1076 | 6.51
QP - E,0Ty, | 5.98x107% [2.00x 1073 | 1.67 | QP — Qfl7y | 242 x 1071 | 8.08 x 107% | 0.92
Q0 — =1y [3.95x 107 | 1.32x 1073 | 11.0

Q0 — QTy | 1.07 x 10718 | 358 x 1072 | 11.8
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HY, - i%((MJrM)f qMﬁ), Hg{o——z‘\/g(w M) +QM292),

171 =
2
Y, = - (M M%ﬁ-ﬁQ i, =~ (0040000 - L)
27 q2 M
(3-35)
Hit Qe = (MEM')? ¢, MY R ORE) EFW. HSHER RGN -
HYy o =Hyva,, H'_\, =—Hy,, (3-36)

N Aw B RASETRIRE W B a7 itit. V — A R R IRIE
Hyag = Hy s,y — Hi sy (3-37)

B — B'lv AR A gL I SR AR AR A G903 48 B8 BN
dly,  GE|Vexml’¢? p (1 —1m7)?

(2402 (H_y ol + [Hy of2) + 3 H_y 2 + | Hy )

dg®> 38473 M2

(3-38)
dlr — GiVoxu|*¢® p (1 —m})?(2 + 1) ) )
dg® 3847 M2 (Hy "+ 1 Hog ), (3-39)

Hpmy = /@ p = VQ.Q-/(2M) 2
ST g2, BT LMRRZ A T R 5

(MfM’) dr (MfM’)2 Al dr
r— dPS— = d? | =L + = L), 3-40
/ q q ( e + e (3-40)

B'f£ B gk R =g/ he BN shia

ki

3132 sk
KA BRI 2K 5l CKM AR T

Gr = 1.166 x 107°GeV 2,
Via| = 0.974,  |Vis| = 0.225,  |V,| = 0.00357,
Vil = 0.225, |Vi| =0.974, |V| = 0.0411. (3-41)

R3-BIEH TR E TP AR AR A 0 S s 3 SCEEA R T /T 9EER . FAT
3/
o HEIIDSTHRIBUHE R, FATRM 73K [67, 79, 851 thit B H N E IR E 15
HUEER . (HMH TR AR, AN ERSCROS A3 ar IS TS AR KR AT E M, I
39 PR3- 45 Y T AR 5 A 45 R
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o EEWRIRELT = EH Iy M EL = EX Ty #EH ¢ = siTv S BN
HEASZILNEH, WS D — Ketv, I HET . (HEXMW D=2 TE A
T REINNR S RBUER T 2 ~ 4 15,

o Tt = ANy 32 B CKM AE/ETT Veg ~ 02 EAR, 5 D — metv, 195 3%
Pz

o b — cl v FANRMN S L ILEFAE 1072 2] 107° &, ATMHET Vi ~ 0.004,
b — ul~ v A R = .

o HER3-STLAER], PR ML N EAIRIE SUG) XFRIER R
MR AR

D(ZH — AFIFY) = D(QF — E%F0),

D(ET = EHTy) =T(E, — 2UT),

cc

D(ELT = SHty) = —T'(EL — Y01y) = D(Q), — Z0 ),

N | =

cc

1
D(EL = EHty) =T(E, - Z0Ty) = 51“(9; — QUtw),
L(E) — X0ty) =20}, — E0T ),
1
DL — E0%y) = §F(Qjc — Qty),

MR E A

=215, — X0~ 0) = 20(8Y, — X1 0),

v) =

D)

") =20(5. — 2” V) = 20'(Q, — EF17D),
L(Zp — Z+l ) =T(Q. = ES17D),
D(Z5, — Ayl +V) = F(Ql?c E,lT),

) I"v),

V) = IDEL - Sy 10) = DO = S 1),

I
=
(1]
&'

1
D(E) — Z0M) =T(Z), —» =, 1Tv) = 21“(926 — Q1My),
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D(Z), — X, 1Ty) = 20(Q), — Z;711w),

1
(2, — = 1Ty) = §F(Qgc — Q).

T, A107 s A

% 3-9 MEEFHEHELT o
Table 3-9 Predicted lifetimes of doubly charmed baryons in units of 10~ 13s.

Kiselev et al.®  Kiselev et al.’  Guberina et al.®”  Chang et al.®”  Karliner et al.®”
B 43+1.1 4.6+0.5 15.5 6.7 1.85
=L 1.1+0.3 1.6 +0.5 2.2 2.5 0.53
QF, 2.740.6 2.5 2.1

3.14 AR

AINTRERT SRR 5 P AR A B — B'M e, Horh MOATLUZ IR K
FEECE R G, XU RO B ORI B - AT . DA ¢ B N
LSS AR RN -
Gr
Hw =

= Equch’,‘p(C’lOl + C20,),

(3-42)

Hrh 01 = (@0)v_altg)v_a, Oy = (uc)v_a(Gq1)v—a. Ci(p) TR Wilson REL,
Q12 =d/se B — B'M HEEAYRER LG {E

M(B — B/P) = ’iﬂB/(A + B’Y5)UB,

P’ P’
M(B — B/V(A)) = E*“ﬂB’ <A17u75 —+ Agﬁ’)ﬁg + Bl'Vu + Bgﬁ) upg, (3—43)
sap
77

e BARBRIBBE TR FN FHIMA KR F e LRFARALR R AR RE ] LA
TR AL T RS TR AR IR 7 e R T

2 2
A=Ay ((M MY () + X}—lf3<m2>) CB=—-\» ((M Mgy (m?) = ) ,
Ay = =Afym [91(m2) + gz(mz)M &M/] , Ay = —2)\fvmg2(m2)7
By = Afym [fl (m?) — falm?) T ] By = 2\ fymfa(m?).

:/H\:EFI A= G_\/gvuqlvzkals H

-~

(3-44)
Fay = Cy(pe) + Colpe) /3 = 10790, M (M) BWIA (RAS) &

FHIBUE, m RS FRNE . MRS EHREN 1, AXCHADTHY fr M YHE
AN —fao frva DAVRIEAR KA HRRA TR

(P(P)|Au|0) = =ifpBu, (V(P,€)[VL]0) = fvMve,, (A(P, €)|Au[0) = faMae,.

(3-45)
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Table 3—10 Partial decay widths and branching ratios for non-leptonic decays of the doubly charmed baryons.

channels I'/ GeV B channels '/ GeV B
S AFrt [ 8.97 x 10715 | 349 x 1078 | =4+ — Adpt | 236 x 10714 | 9.13 x 1073
=i — Afaf 1.09 x 1071 | 424 x 1073 | 57 — AFKT | 7.89 x 10716 | 3.07 x 1074
Srt S ATKY | 112 x 1071 | 4.34 x 1074

St St [ 5.82x 10718 | 227 x 1078 | ZHF — Spt | 251 x 10714 | 9.81 x 1073
EF > SFKT [ 1.30 x 1071 | 5.08 x 107* | EfF — SFKT | 4.28 x 10716 | 1.66 x 10~*
St Srat | 159 x 10718 | 6.18 x 1072 | EXF - Srpt | 3.10 x 10713 | 1.21 x 10~
St K [ 1.23 x 1071 | 4.80 x 107% | =X — XK | 1.33 x 1071 | 5.17 x 1073
SHE 5 Ehat | 111 x 10718 | 433 x 1072 | S 5 ZFpt [ 4.21 x 10713 | 1.64 x 10!
St S EHKCT [ 1.93 x 10714 | 7.50 x 1078 | ZHF - Kt | 7.62 x 1071 | 2.97 x 1073
=5 — X0t 1.16 x 1071 | 7.79 x 107* | EF, — X0p* 5.01 x 1071 | 3.35 x 1073
Ef — YUK 2.60 x 1075 | 1.74 x 107 | =f — XK+ 8.54 x 10716 | 5,72 x 107°
= — =20t 1.58 x 10713 | 1.06 x 1072 | Zf — =0p* 3.07 x 10713 | 2.05 x 1072
Er o EOK [ 121 x 1071 [ 810 x 1074 | 2f —» E0K+ | 1.32 x 10714 | 8.80 x 10~
=f — E0+ 111 x 1071 | 7.39 x 1072 | Ef, — E9p* 4.18 x 10713 | 2.79 x 1072
=F — EOK*T 1.91 x 1071 | 1.28 x 1072 | Ef, — K+ 7.58 x 10715 | 5.06 x 10~*
QF — Z0xt 6.51 x 107 | 2.04 x 1073 | QF — 09T | 1.42 x 1071 | 4.44 x 1073
Qf 5 20K | 5.93x 10716 [ 1.85 x 1074 | QF — ZOK+ | 5.61 x 10716 | 1.75 x 1074
Qf — =07t 4.56 x 1071 | 1.43 x 1073 | QF — =0+ 1.88 x 10714 | 5.90 x 103
QF — ZOK* 9.04 x 10716 | 2.83 x 107* | QF, - EOK* 3.23 x 10716 | 1.01 x 107
O — QO 1.72x 1078 | 538 x 1072 | QFf — Q%+ | 5.91 x 10713 | 1.85 x 10~
Qf = QUK | 211 x 1071 | 6.61 x 1073 | QFf — Q°K* | 1.11 x 1074 | 3.48 x 1073
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Table 3-11 Partial decay widths and branching ratios for non-leptonic decays of =), and =,,.

channels I'/ GeV B channels I'/ GeV B
20— N [ 259 %1078 | 1.45 x 1078 | =), — S p~ | 8.43 x 10718 | 4.74 x 1076
=0, — Xfay 130 x 10717 | 7.32x 107¢ | =) — K~ | 214 x 107 | 1.20 x 1077
20— KT [ 449 x 107 | 252 x 1077 | =, — S D | 4.92 x 1071 | 2.77 x 1077
=0, = X D 1 9.70 x 1071 | 546 x 1077 | 29 — XDy | 1.33 x 10717 | 7.50 x 107°
29 — N D | 242 x 10717 | 1.36 x 107°

B =i [378x 107 | 213 x 107 | =), - Efp” | 1.10 x 10714 | 6.17 x 1073
= = Ehar | 145 x 107 [ 8.13x 1072 | 2 > EF K~ [ 3.08 x 10710 | 1.73 x 10~*
20— SEK [ 5.64x 107 | 317 x 107* | 2, = EL D™ | 6.19 x 10716 | 3.48 x 10~*
0 = EED | 773 x 10716 | 435 x 1071 | ), —» ELD; | 1.67 x 10714 | 9.38 x 1073
20— SEDr | 1.86 x 1071 | 1.04 x 1072

= = ST | 747 x 10716 [ 420 x 1074 | 20— Epfpm [ 247 x 10715 | 1.39 x 1073
S = Spea; | 3831070 | 215 x 107% | = — EEK | 5.99 x 10717 | 3.37 x 107°
B0 = EFKT [ 1.32x 10710 | 741 x 1070 | 2 — ZE D~ | 9.03 x 10717 | 5.08 x 107°
Sy = S DT | 289 x 10710 | 1.62 x 107" | B, — 5P Dy [ 234 x 107 | 1.32 x 1072
=0 =/t yx— —15 -3

=9, — ErDr | 7.28 x 10 4.09 x 10

Sy — A 1.44 x 107 | 8.08 x 1077 | =5, = Ap~ | 431 x 10718 | 2.42 x 107¢
S — Nay 591 x 107 1 3.32x107% | 5, > AJK~ | 1.20 x 107 | 6.75 x 1078
S = MK [223x107Y [ 1.26 x 1077 | £, — AYD~ | 3.03 x 10719 | 1.70 x 1077
S = AID*T 1319 x 107 | 1.80 x 1077 | E;,, — AID; | 8.22x 10718 | 4.62 x 107°
S — AID: | 754 x 10718 | 4.24 x 1076

S — X0m 1.29 x 1078 | 728 x 1077 | =5, = X9p~ | 422 x 10718 | 2.37 x 107¢
S — Zhay 6.51 x 10718 | 3.66 x 107 | 5, = XIK~ | 1.07T x 107" | 6.02 x 1078
S — DOK*T [ 225 x 1071 [ 1.26 x 1077 | Z,, — X9D~ | 2.46 x 10719 | 1.38 x 1077
S — 20D | 486 x 1071 [ 273 x 1077 | £, — X9D; | 6.68 x 10718 | 3.75 x 1076
S — 20D | 1.21x 10717 | 6.82 x 1076

S = Zom [379%x 107 [ 213 x 107 | E,, = E0p~ | 1.10 x 1071 | 6.20 x 1073
S~ Zhar | 145 x 107 1816 x 1072 |, - E0 K~ [ 3.10 x 10710 | 1.74 x 10~*
S — Z0.K* [ 5.66 x 10716 | 318 x 107* | £, — E2.D~ | 6.22 x 10716 | 3.50 x 10~*
S = ZD* T | 777 x 10716 | 437 x 1071 | 5, — ED Dy | 1.68 x 1071 | 9.43 x 1073
S — 20D | 1.87 x 1071 | 1.05 x 1072

S = E0r [ 749%x 10716 [ 422 x 1074 | E,, - ER0p | 248 x 10719 | 1.39 x 1073
S = ZRar (384 x 107 216 x 1073 | 5, - ERK T | 6.02%x 10717 | 3.38 x 107°
S — ZRK*T [ 1.32x 10710 | 744 x 107° | E;, = E0D™ | 9.08 x 10717 | 5.11 x 107°
S = ZRD* 1290 x 10716 | 1.63x 107 | E,, = E2D; | 2.35 x 1071 | 1.32 x 1073
S = E0D: [ 731 x 107 [ 411 x 1073
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Table 3—12 Partial decay widths and branching ratios for non-leptonic decays of €2,,.

channels I'/ GeV B channels I'/ GeV B

O = Z9r | 1.35x 1078 | 1.64x 1075 | ©;, — Z0p~ | 4.04 x 1078 | 4.92 x 1076
O, — E0ar [ 554x 10718 [ 6.74x 107 | Qp — 9K~ | 113 x 1071 | 1.37 x 1077
Q= E9K* | 210x 1079 | 255 x 1077 | €, — Z9D~ | 283 x 10719 | 3.44 x 107
Oy — Z9D* 1296 x 1079 | 3.60 x 1077 | 5, — Z9D; | 7.65 x 10718 | 9.30 x 1076
O, — Z9Dr | 6.96 x 10718 | 8.47 x 10

Q= E07~ | 1.24x 1078 | 1.51 x 107 | €y, — 0%~ | 4.06 x 1078 | 4.93 x 10
Oy — E0ay | 627 x 1078 | 7.62x 1076 | @, — ZPK~ | 1.03x 1079 | 1.25 x 1077
Qp — EPK* | 216 x 10710 | 2,63 x 1077 | €y — E0D~ | 2.37 x 10710 | 2.88 x 107
Qp — E0D* | 4.65x 1071 | 5.65 x 1077 | Qy — Z0D; | 6.41 x 10718 | 7.80 x 107
O, — Z0Dr | 1.16 x 10717 | 1.41 x 1075

Q= W~ | 349%x 1075 | 424 x 1073 | @, — Q0 p~ | 1.01 x 1074 | 1.23 x 1072
Oy — QWa; | 1.33x 107 [ 1.62 x 1072 | € — Q0 K~ | 2.85 x 1076 | 3.46 x 10~
Q= Q0K | 520 x 10716 | 6.33 x 1074 | 5, — Q0D | 5.65 x 1076 | 6.87 x 10~
QO — Q0D | 7.04x 10716 | 856 x 1074 | Q;, — Q0. D; | 1.52 x 10714 | 1.85 x 1072
Q= Q0D | 1.68 x 1074 | 2.05 x 102

O — Q07 | 6.90 x 10716 | 839 x 1074 | ©;, — %~ | 2.29 x 107% | 2.79 x 1073
O — Qa; | 357x 1075 | 434 % 1073 | Q;;, — QPK~ | 553 x 10717 | 6.72 x 107
Oy — QUK | 1.22x 10716 | 1.49 x 1074 | 5, — Q0D | 8.10 x 10717 | 9.85 x 1077
Q= QOD* | 2.69 x 10716 | 3.27 x 1074 | ©Q;, — QD7 | 2.09 x 107% | 2.54 x 1073
O, — QOD: | 6.77 x 10715 | 8.23 x 1073
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r:£<( FM e L Mg myB\Z), (3-46)

X+ B — B'V(A) ik, ZEDIEEN

_ p(E'+ M) 2 2, E? 2 2
= =, 2(|S)? + | Po]?) + m2(|S+Dy +|P) ). (3-47)
Hrb p BARSK A SH 5 IE R =ssm AN, E(E) 2RENT EF) lUREHE,
_ _ D My + M,
S = Al, Pl— E(E2+M2B1+B2>7
pB=—Y_pB, D= —L(A1 — Ay, (3-48)
Ey + M, E(Ey + Ms)

BB T S ) s e g 135 48. 871

f= =130.4MeV, f, =216MeV, f, =238MeV, fx =160MeV, fg+=210MeV,
fp =207.4MeV, fp- =220MeV, fp = 247.2MeV, [fp. = 247.2MeV. (3-49)

WK E - R AR 5 AR HY 9 D8 A 0 32 Lo AR 33-10, 3-11, 3-12, 3-13, 3-14, 3-15, 3—-16H-
25t o

XFARR AL, AT IR

o WHISCHTIA, XMEWRE T W EIR IS AR KIATENE, THESHS
HIXCEBRE -, X2 TSRS s B e BB ARG oTmt. A Btk rh
25 T AR T DU R B A i Y T AR B AR 93 S HE AT IR B R A 5 S A TR
F3-1 45 I a5 2o

o TEXEEFNIR-ZE M4 H, Cabibbo #i(K) (Cabibbo-favored). i Cabibbo
JEAGHY (singly Cabibbo suppressed) L1 & XU Cabibbo JEA[%[Y (doubly Cabibbo suppressed)
[ AR 3 S B2 00AE 1072, 1072 1 107 5t 58N F AR E A
[ TR

o TERUREFHR-EETIIREET, b— c BRELWN LA 107 ~ 107° K2,
1M b — u 75 SR CKM JE4TT (V| HARo

o XTIR-EE T, At be Mpihn i id @i R it diquark, U BT EAR IR AR
M55 T4 3o T H AT AT E WE—FhASHY Pria 54, FRAUBE T B BEAE
AW PR 2 E . B mp, = mp, LK 75, = 75,0 NINAETTEF B — By
M B; — By ME—ARAETZR3-2H 45 H IR G RECRE .

o ITEMZNE T AR T f3 71 g3 MMk X TARSOE —MERN TSR, £
BEEWHET, 5 f 8058 g3 AXRMNTUELLT mp/M?, Hrp M 2Y)75E 71 s,
mp ARSI T U . XN TORSIEF R 7 8 K, BTt/ RIS v
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Table 3—13 Partial decay widths and branching ratios for non-leptonic charm decays of By..

channels I'/ GeV B channels I'/ GeV B

= — Adnt 540 x 1071 [ 2.00 x 1073 | Zf — ApT | 1.42 x 10714 | 5.26 x 1073
=) — Aaf 3.88 x 1071 | 1.44 x 1073 | f — AJKT | 4.88 x 107%6 | 1.81 x 10~*
=5 — AJK*+ | 6.55 x 10716 | 2.43 x 10~

= = X0t 2.86 x 1071 | 1.06 x 1073 | Zf — ¥p* | 1.18 x 10714 | 4.39 x 1073
= = YK | 579 x 10716 | 215 x 1074 | Ef — X9K* | 213 x 10716 | 7.91 x 107°
= — St 877 x 1071 1325 x 1072 | Ef — =)pt | 1.68 x 10713 | 6.24 x 1072
= = ZIKT 1636 x 107 | 236 x 1078 | 5 — ZVK* | 7.55 x 107 | 2.80 x 1073
S = E0rt [ 5.03x 1071 | 1.87x 1072 | Ef — Z0pt | 1.78 x 1071 | 6.61 x 1072
= — ZOK* | 7.00 x 107 | 2.60 x 1072 | 5 — ZOKT | 345 x 107 | 1.28 x 1073
=0 =Nt [ 5.69x 107 | 8.05 x 1074 | 2. — X, pt [ 235 x 107 | 3.32 x 1073
=) = N K | 115 x 1078 | 1.62 x 1074 | 2, — X, K+ | 4.24 x 10716 | 5,99 x 107°
==t [873x 1071 | 1.23x 1072 | E). = Z, pt | 1.67 x 10713 | 2.36 x 1072
=)=, Kt [628x 1071 | 887 x 1074 | E), - 5, K+ | 7.51 x 10715 | 1.06 x 1073
===t [5.03x107M | 711 x 1073 | E), = = pt | 1L78 x 10713 | 2,52 x 1072
20— =K [ 7.00x 1071 1 9.90 x 1071 | 2, - KT | 3.45 x 1071 | 4.88 x 1074
Q). — Zymt [ 598 x 1071 [ 2.00 x 1073 | Q) — =, pt | 1.65 x 1074 | 5.53 x 107°
Q). = Z,a; | 724x107P | 242%x 1072 | Q) - 5 Kt | 544 x 10716 | 1.82 x 10~*
Q). — =, K* | 7.87x 10716 | 2.63 x 107*

Q). — Zyat [3.66x 1071 | 1.23 x 1073 | Q) — =7 pT | 1.60 x 1074 | 5.36 x 107°
Q) - =, K | 842x 10716 | 281 x 1074 | Q) — 57K+ | 2.84 x 1076 | 9.51 x 107°
Q) = Qurt | 137 x 1078 | 457 x 1072 | Q). — Qy p™ | 538 x 10713 | 1.80 x 107!
Q9. — QK [ 258 x 1071 [ 8,64 x 1073 | Q) — Oy K+ | 9.98 x 1071 | 3.34 x 107°
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Table 3—14 Partial decay widths and branching ratios for non-leptonic charm decays of ;...

channels I'/ GeV B channels I'/ GeV B

S = A)rt [ 2.64x 107 | 9.80 x 1074 | E;F — Apt | 9.86 x 1071° | 3.66 x 1073
= — Adaf 6.78 x 1071 | 251 x 1072 | Z;F — AJK*T | 2.28 x 10716 | 8.44 x 1075
== AVK* | 512 % 1071 | 1.90 x 1074

S = Y0t 346 x 107 | 1.28 x 1073 | E;F — S0pt | 6.66 x 1071° | 2.47 x 1073
S = NIK*T 246 x 1071° 1 911 x 1075 | EF — 29K | 3.02 x 10719 | 1.12 x 107*
== 20t 434 x 107 | 1.61 x 1072 | ZF = Z)pt | 1.37 x 1071 | 5.09 x 1072
S = EVKT 1639 x 1071 | 237 x 1073 | 5 - 20K | 351 x 10715 | 1.30 x 1073
S = =0t 16.03x107 1223 x 1072 | EF —» =0t | 7.64 x 1071 | 2.83 x 1072
S = EOKT 181 x 107 | 6.73x 107 | EF - ZPKT | 498 x 10715 | 1.85 x 1073
E0 Yyt [ 6.89x 107 | 9.74x 1074 | E0 — ¥, pt | 1.32x 1071 | 1.87 x 1073
=0 — 3, K | 4.85x 10710 | 6.85 x 1075 | E0 — ¥, KT | 6.02 x 10716 | 8.50 x 107°
Z0 =t [432x 1071 | 6.11x 1073 | E2 - Z,pt | 1.36 x 10713 | 1.93 x 1072
Z0 - =, Kt [6.34x 107 | 896 x 1074 | 0 - Z, K+ | 349 x 1071 | 4.93 x 1074
=0 =yt [6.03x 107 | 852x 1072 | E0 — = pt | 7.64x 107 | 1.08 x 1072
E0 - =K [ 1.81x 107 | 257 x 1071 | E0 - KT | 498 x 1071 | 7.04 x 1074
QP =, [293x107® [ 9.79x 1074 | QP — 5, pt | 1.12x 107 | 3.76 x 1073
QL == af | 1.02x 107 | 340 x 1072 | Q0 — 5, K+ | 255 x 10716 | 8.51 x 107°
QP — =, K* | 594 x 1071 | 1.99 x 107*

QP - =7t 443 x 107 | 148 x 1072 | Q2 — =7 pt | 1.03x 107 | 3.45 x 1073
QP —Z KT [ 440x 10710 | 1.47x 1074 | QY — =K' | 3.95x 10716 | 1.32 x 10~*
Q0 — Oyt [ 1.63x 10718 | 546 x 1072 | Q9 — O, pt | 293 x 10712 | 9.79 x 1072
QP — Qy K*F | 1.04x 1071 | 349 x 1072 | Q0 — Q, KT | 1.40 x 107 | 4.67 x 1073
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Table 3—15 Partial decay widths and branching ratios for non-leptonic decays of B, with the b quark decay.

# 3-15 By FE82IRFZE L 9 K HEA4 Lk,

channels I'/ GeV B channels I'/ GeV B

S5 Nftr 1220 10718 | 8.16 x 1077 | 5 — Xtpm | 6.95 x 10718 | 2.58 x 107
=5 Yfta; | 1.03x 10717 | 383 x 107° | 5 — YK~ | 1.80 x 10719 | 6.68 x 107
S5 NFPK 1 3.66 x 10719 | 1.36 x 1077 | S — S5+ D- | 3.84 x 10719 | 1.43 x 107
S5 SFED ™ | 756 x 10719 | 2.81 x 1077 | 5 — YD | 1.05 x 10717 | 3.88 x 107
S o SHD [ 191 x 10717 | 7.09 x 106

S5 - Thtre | 453x 10715 | 168 x 1073 | B — Extpm | 1.28 x 1071 | 4.74 x 1073
=5 — Eftar 1.61 x 1071 | 5.97 x 1073 | 5f — LK~ | 3.65 x 10716 | 1.36 x 1074
S TEFKT | 650 x 10710 | 241 x 1074 | 5 — EXFD~ | 6.33 x 10716 | 2.35 x 10~
S5 o TED | T71x 1071 | 2.86 x 1074 | S — S5 DI | 1.68 x 10714 | 6.23 x 1073
S5 - ZHD | 1.82x 1074 | 6.75 x 107

S0 5 AFr | L11x 1078 | 157 x 1077 | 20 — Atp~ | 3.26 x 10718 | 4.60 x 1077
=0 5 Afay [ 4.34x 107 | 614 x 1077 | 20— ATK— | 9.21 x 10720 | 1.30 x 108
S0 S ATKT | 168 x 10719 | 237 x 1078 | 29— A¥D~ | 223 x 10719 | 3.16 x 10
S0 AFD™ 237 %1070 | 336 x 1078 | 20— A¥DT | 6.12 x 10718 | 8.65 x 1077
=), — AFDr 5.70 x 1071% | 8.06 x 1077

=0 s ytrm | 110x 1078 | 156 x 1077 | 29— NFp~ | 348 x 10718 | 4.91 x 1077
=20, — YFay 516 x 1071 | 730 x 1077 | 2). - SFK~ [ 9.01 x 10720 | 1.27 x 1078
=0 5 SFK | 183 % 10719 | 250 x 1078 | 20— XFD- | 1.92 x 10719 | 2.72 x 108
20— XfD* 378 x 1071535 x 1078 | 2) — ¥F D 5.24 x 10718 | 7.40 x 1077
=0 59D | 957 x 10718 | 1.35 x 1070

=) — Efa 4.53x 1071 1 6.40 x 1074 | Z), — = p~ 1.28 x 107 | 1.81 x 1073
=0 s Ztar | 161x 1071 | 228 x107% | 29 5 ZXK- | 3.65 x 10716 | 5.17 x 10~
=0 5 EEK | 6.50 x 10716 | 9.20 x 1075 | 22— ZXD~ | 6.33 x 10716 | 8.94 x 1077
=0 5 ZED |71 x 10710 | 1.09 x 1074 | 20— ZEDs | 1.68 x 1071 | 2.37 x 1073
=0 — =ELDr 1.82 x 107 | 2,57 x 1073

Q0 5 Err | 981x 1079 | 328 x 1077 | Q0 - =rp~ | 2.89 x 10718 | 9.65 x 107
00 > Efa; | 387x 1078 129x107° | Q) —» ZFK- | 814x 10720 | 2.72 x 107
Q0 S EFKT | 149 % 10719 | 498 x 1078 | Q0 — =D~ | 2.00 x 1071 | 6.69 x 10~
Q) — =D 212 x 10719 | 7.09 x 1078 | Q) — =D 547 x 10718 | 1.83 x 1076
Q0 - =+D | 5.08 x 10718 | 1.70 x 100

Q0 5= 1 9.80%x 10719 [ 328 x 1077 | QO — Zp~ | 3.11x 10718 | 1.04 x 10
Q0 > Eta; | 4.65x 10718 | 1.56 x 107° | Q0 — =K~ | 8.04 x 10720 | 2.69 x 10~
Q0 > EHK | 1.64%x 10719 | 549 x 1078 | Q0 —» =D~ | 177 x 10719 | 5.93 x 10~
Q= ZD 345 x 1079 | 115 x 1077 | Q) — EFD; | 4.84x 10718 | 1.62 x 107
Q0 D | 8.73x 10718 | 2.92 x 107

Q) 5 Qfr [ 4.91x 107 | 164 x 1073 | Q0 — QFp~ | 1.40 x 10714 | 4.67 x 1073
Q0 = Qfar | 178 x 10714 | 596 x 1073 | Q) — QX K~ | 3.98 x 10716 | 1.33 x 10~
Q0 5 QXK | T13x 1071 | 238 x 107 | Q0 — QD | 7.27 x 10716 | 2.43 x 10~
Q) —QFD* | 891x 10716 | 298 x107* | Q) — QF D | 1.94 x 107 | 6.50 x 1073
Q0 QXD | 212x 1071 | 7.10 x 1073
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& 3-16 By, FBEREHRER AL ke BNBE By, # Bye AR YR EFF4, XERE
B! — By 4 B; — By "E—# KR F R4 7 3.

Table 3—16 Partial decay widths and branching ratios for the non-leptonic decays of B;, with the b quark decay.
We have assumed that 3; . has the same mass and lifetime as those of 5., which imply that the only difference

between B, — By and B; — By is the mixing coefficients.

channels I'/ GeV B channels I'/ GeV B

S St 1 210x 1078 | 779 x 1077 | — Xt | 6.14 x 10718 | 228 x 107°
S Xtar [ 815x 10718 [ 3.02%x 1076 | E)f — XK | 1.74x 10719 | 6.45 x 1078
S SITKT 316 x 107 | 117 x 1077 | B - BFTD™ | 419 x 10712 | 1.55 x 1077
S = 2D | 439x 107 | 1.63 x 1077 | Zf = X3 DS | 1.15x 10717 | 4.25 x 107¢
=0 = XD | 1.05x 10717 | 3.90 x 1076

S St 911 x 10710 | 338 x 1071 | ) - E5Fpm | 292 x 107 | 1.08 x 1072
S Etta; | 433x 1078 | 161 x 1073 | ZpF - EFF K- | 7.23 x 10717 | 2.68 x 107°
S EETK T | 154 x 10710 | 573 x 1070 | E)F - ELFD 1 9.38 x 10717 | 3.48 x 1070
S =D 1 292%x 10710 | 1.08 x 1074 | Z)F - XD, | 239 x 1071 | 8.85 x 1074
SF =D | 724 x 107 | 2.68 x 1073

=0 Afm 4.44 x 10719 | 6.28 x 1078 | 20 — Afp~ 1.39 x 10718 | 1.96 x 1077
=0 — Atay 2.02x 10718 | 2.86 x 1077 | 20 — AFK~ | 3.68 x 1072 | 5.20 x 107°
Z0 S AFK*T | 729%x 10720 | 1.03x 1078 | 20 — AFD™ | 8.62x 1072 | 1.22 x 1078
0 AFD* 136 x 1071 [ 1.92x 1078 | E2 — AFD; | 233 x 10718 | 3.30 x 1077
Z0 = AFD: | 337 x 10718 | 4.76 x 1077

=0 Yt 1.05 x 10718 | 1.49 x 1077 | 22 — XFp~ 3.07 x 10718 | 4.34 x 1077
=0 — YFay 4.08x 1078 | 576 x 1077 | = — XFK~ | 8.70x 1072 | 1.23 x 107*
Z0 S NFK*T | 158 x 107 | 223 x 1078 | 0 — XFD™ | 2.09 x 107 | 2.96 x 1078
E0 YD 1220x 10719 | 311 x 1078 | E2 - ¥FD; | 5.74x 10718 | 8.11 x 1077
E0 s NEDT | 527 x 10718 | 7.44 x 1077

=0 — = 9.11 x 10710 | 1.29 x 107 | B2 — =% p~ 2.92 x 10715 | 4.13 x 1074
E0 — Efar 433 x 107 | 613 x 107* | 20 - =LK~ | 7.23 x 1077 | 1.02 x 107°
Z0 S EFKT | 154 x 10710 | 218 x 107° | 20 — =X D™ | 9.38 x 10717 | 1.33 x 107°
=05 =ED T 1292x 107 | 413 x 107° | E0 - EXD; | 239 x 1071 | 3.37 x 107*
E0 - EED | 724%x 107 | 1.02 x 1073

Q0 — =rm- 3.97 x 10719 | 1.33 x 1077 | Q2 — =rp~ 1.24 x 10718 | 4.16 x 1077
0 — =fay 1.82x 1073 | 6.09 x 1077 | Q2 — =ZFK~ [ 3.29 x 1072 | 1.10 x 1078
Q0 — ZFK* | 6.55%x 10720 | 219 x 1078 | Q2 - XD~ | 7.71 x 1072 | 2.58 x 107%
QY - EFD | 1.22x 1071 | 4.09 x 1078 | Q2 — =fD; | 2.08 x 107'% | 6.95 x 1077
QP — =D~ | 3.03x 107 | 1.01 x 107

QP — =fn 9.46 x 10719 | 3.16 x 1077 | Q2 — =Fp~ | 2.78 x 10718 | 9.29 x 1077
Q0 — =tray 372x 1071 | 124 x 1078 | Q0 - ZFK~ | 7.84x 1072 | 2.62 x 107°
QP — ZHK*T | 143 x 107 | 479 x 1078 | Q2 — =D~ | 1.92 x 107 | 6.42 x 1078
QY - ZFD 1 202x 107 | 6.74x 1078 | QP - Z+D; | 525 x 10718 | 1.76 x 107¢
QP — =HDr | 483 x 107 | 1.61 x 1076

Q0 — Qfa~ 9.85 x 10710 | 329 x 1074 | Q0 — Qf p~ 3.15 x 10715 | 1.05 x 1073
00— Qfar 4.67x 107 | 1.56 x 1073 | Q2 — QX K~ | 7.86 x 10717 | 2.63 x 10~°
Q0 — QFK*= | 1.66 x 10710 | 556 x 107° | Q2 — QX D~ | 1.12x 107 | 3.73 x 107°
Q0 - QfD= 321 x1071 | 1.07x107* | QP - QfD; | 2.88x 1071 | 9.63 x 10~*
QP — QXD | 8.00x 1071 | 2.67 x 1073
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A325F 5 AFK nrnt 22 2 A,

Figure 3-2 Dominant diagram of 27" — AT K 77+,

iR, B AR ER) D 8 D, /v, iR ERS DTRR /N T 10%. AnERORES AL
FKEEEMRES 7, RIER ST ¢ e =0 LI H f3 T g5 #OXREAZ L TC 01
Hik o
o Fift LHCb SEAHME AT K ntnt RERIT 2L, HEEMEIAE] 120101, ZFE 1
AR AR RS T T, XE T RS Wi E AR 2 RS
W a4 & 5 E R BTk (external W-emission contributions) Ay : Z1+ SE3gdr #1745 a2
53 A (esu) BIZSTI—DBHY m o7, BiJE (csu) BREON AFK-mre W AIN & ST
AY4RME (internal W -emission amplitudes) X} PUATEAR =5+ — AT K- ntat (Y 5Tmk 5N
HELO, Z2OLE3-2. fFAEARZARAED (low-lying) HARZSHITTHL, HlLe T Afn*
H SE(2455), B3H(2520), A Kot A K B (KT)s waveo Tl TAT LA B 11
IREETTRR o I W IR N A T I BIARIE, AR B 73 AR AN AT A A B DT RIS
ST FEARAI T AT LA, 5255 5 3228 FOAS ml (AL~ B o R 1y T R ZAE B4 PR T e
R 2% ERYE, AE D S AT AR, U (3-44) HHY AR Wilson AL
05T (120)] ~ 0.7. FHILIRATATLMEE] T — S (2455) K = 4.1%, 3AE58 Few
BERE ., MRS R T IRA, S (2520)K ", S (2455) (K 7)s wave
FIEFH(2520)(K7)s-wave FITTHR , ELY — A K- mtat IR 73 5 A FTREIAE) 10%
HIHER o PRI, W TR) PN 2 S5 BT B D sifot T3 LHCb SAEH I 87 — A K- ntnt
TR A B =8 AR o

32 BR12BNEREFEBER 32 EFHRTIRE

S5 b LHCb GRS 2 ARSI A K- ntat RILT LT, XATREA 2 Fk
IR, Hrp—MRATEER B 1/2 £ 3/2 SREREL . A TEHFEXLed i, BAaa s IR
HIRE AR

o DURHFFL

S (ccu) — T (dew) /20 (scu),
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=t (ced) — X0(ded) /=00 (scd),

Cc

QF (ces) — Z0(des) /0 (ses),
o WIKHE T4
=gy (bbu) — S (ubu) /Z5T (cbu),
=, (bbd) — 350 (ubd) /=22 (cbd),
0y, (bbs) — =0 (ubs) /2 (cbs),
o IC-ZE FRED
= (cbu) /2 (cbu) — 330 (dbu) /250 (sbu),
Zp.(cbd) /22 (cbd) — X5~ (dbd) /=)~ (sbd),
Q5. (cbs) /2 (cbs) — = (dbs) /5 (sbs),

o IC-RHE TIREAD
E).(beu) /= (beu) — 5 (uew) /25T (ccu),
=p.(bed) /Z2 (bed) — XEF (ued) /25 (ced),

QY (bes) /2 (bes) — ZF (ues) QU (ees).

fE BT R ARG, EEWIEG M ASNS Ay, 5P E 15z
HEAEH . RIS ER s E -

HATRARSR BT S TR IR A PR B % ARSI B AR S S 55
FASIRE, P WA SO R 1 diquark, BRI diquark REEEELT ST E
MRS Te. T EBEL/2 2IHGE 3/2 R, P58 WE S el —1 17 1Y diquark
RE.

SCHik [92] 15 BRE SU) XSFRIEMTFE T AR E A9 5554 . HT Al A SE8e 200
SUQG) MBI FRIE 704 o] IR 22 - e s A AR R A R R S - JRT, (285
FOREAR T SUR) XIFRIERSR AT RELLACH S, PRI BRA PR BT S S R U HESR 1 38 HEbF 5%
SUQ) XS FRMEAR SR -

AT AR LHEAN N o 3.2 /N fa] ZH S IUAE diquark [R5 LTS ToRRL Ty
LAY BIBHEZR LUK RS- H FE PR A 3.2.2/ NIV 25 HUARIA 7 PR IAR R 8 00 5 2
SUQG) XIFRME T IRZEA TR BB,

3.2.1 FHIBHEZR
3.2.1.1 SEEiE Ak
3/2T EHIAKREAAIE G4 NG H, (HIVE s a2 [A ) h L U5 H
A/

U (1, g, A1, Ag) = NoT P+mM)u<p1,A1>ea*(p2,A2>ua(P,Sz>¢<m,kl), (3-50)
1° 1 0
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-

3m3Mg
Al = 2 _ 3-51
\/ mIMZ 1 (ps - P)? S

& 3—4) 2. (3-10) LA K (3-50) =, FATAT LS E] 1/2 — 3/2 Ry B RS TT
N
3 1
<Bf<P/7 SI = 57 S;)|q_’yu(1 - 75)@‘81(P7 S = 57 Sz)>
— d3 QOIEI/WZCS_)QO(‘T?]{;L) _
/{ ]92}2\/1Df10'+ (p1 - P +myMo)(py - P+ m) M)

< (P8 )| Oa), 4 0 = 26)p, 4 ) (=0 ) |5, 652

Hrp

mip=mg, M;=mg, Mo =My},
IR oV = AVY, Q (o) REFEWE KL B b/c(u/d/s/o), pr @) REEHINDNE, P
(P") %75 B; (By) WMUZh &L, ETE 1/2 — 3/2 BT RBRIIGIRE 72800

f1(¢%) fg()
M

pPepr
M?

’oQr 3 s 1 _ ’oQr o
<Bf(P7‘9 :5?Sz)|q'7MQ|Bi(P’S:§7SZ)>:uOé(P7Sz) 7#P

B pap fald®) g™

MM’ 75U(P, SZ)7

(3-53)

a(®)  92(¢%)
n po pe pr

3
roor 2 I\ | A ] _
<Bf<P7‘S 2’52)|q7 P)/SQ’BZ(PNS' M2

+ PP 4 gy(¢) g™ | u(P, S.). (3-54)

KHq=P—F, fi, g 2ICIRF T fi T g v LAEE R A7 2B K (3-52) 223k
LA a(P, S, )(F“’B)Zuﬁ(P’ S'), Hrp (DUPY, = {y# PP Pups Prpf gnflyg  LEFSB P ELT
WL PY — PO, SREXITHIARSWARAN, e fm A 1152

"ol K k _
F, = /{d3p2} = A CSLID L CILTY S Z Tr ug(P', S))iia (P, SY)
2\/201]9 (p1 - P+ my Mo)(p} - P+ mlM 518 A0

< @ Oa)(F, + m)p, +ma) (—%ww) u(P,S.)a(P, S»(f*gﬁ)i}, (3-55)
Hrh (fgﬁ)i _ {fyupﬁj pPrps. Pupﬁ7gu6}%o
(3-53) A H1 (3-54) X ZEET LA BiAMFE A, F IR KSR, Fef 11551

fl(Q) fz( ) a Pl f3(q )
M MZPP—'—MM

F = Tr{w(P’,S;)ua(P', s.) [v“Pa PPP" + fi(q?)g" ] %
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Table 3—17 Flavor-spin overlap factors.

Process ca Process ca
Ert(ceu) = S (dew) JZ0 (scu), %, %@ =0, (bbu) — i (ubu) /=5 (cbu), 1, \%
=5 (ced) — 2:0(ded) /210 (sed), 1, % =, (bbd) — 250 (ubd) /=50 (cbd), %, %
Qf (ces) — Z2%(des) /0 (ses), %, 1 Qy;, (bbs) — =0 (ubs) /2 (cbs), %, %
=5 (cbu) — S0(dbu) /Zp0(sbu) | L, L | Ef(beu) — St (ucu) /25 (ccu) | 2, L2
=0 (cbd) — Sy~ (dbd) /=y~ (sbd) | L2, L | Z9(bed) — Tt (ucd) /25 (ced) 104
Q) (cbs) = =~ (dbs)/QZ (sbs) 3, g Qgc(bcs) — 2P (ues) /U (ces) 35 g
=5 (cbu) — X30(dbu) /=50 (sbu) @, @ Zpf (beu) — X (ucu) /25 (ccu) —?, —?
jth%E*ww)ﬂ*@M) o B 20 (bed) — St (ued) /5 (ced) | =2, D
Q0 (chs) — =y (dbs) /" (sbs) | L2, X0 | QO (bes) — ZF (ues) Qi (ces) | =L, -
><u(PA9)u(PA9)(F?5i}. (3-56)

TR 7 fi AT LA 4 (3-55) AR (3-56) X AHSF G SR HAMERERY 7%, FRATAT LA
ﬂé%ﬁﬂiﬁzgio

3.2.1.2  BRiE-H EAS R R AL
WA IR B 1Mol - B T2 A3 R EOL3.1.2.4 7/ 1T KA HTE3/2. Sdlnh
Qqq’ FETHIPERECH
Boyy = 4(Qq)a = ¢ (Qq)a, (3-57)
Qqq TP R BT IR U— D FINI R T V2. HJiE 3/2« Fwdlh QQ'q ET-HIP
HH
Bho, = Q(Q'q)a = Q(Qq) 4, (3-58)

QQq E T AW AETE B LA — NN A 7 V2. XEESHREZEFHIEN 3/2, QV =
be, ¢ =u,d, s,

2HE T _LIRP R, AT AT MG B BRI i FE B B 2 A 1 (overlap factor) ca, 45HRAE
RK3-17h25H .

322 HUESLRSITIE
5 l)\xgﬂ W
P-P
MM’
w A LAMRZS 5y M35 i i R s 0T ¢ RS, [ IR9R.

w=uv-v =

(3-59)
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KI-BREETTHRE ($12: GeV),
Table 318 The masses (in units of GeV) of baryons in the final states!® 77!,

*++ * *0 —=/x+ —/*x0 *0 k44 %+ *
Ec Zc Zc — Qc Qcc

c —cc —cc

2.518 | 2.518 | 2.518 | 2.646 | 2.646 | 2.766 | 3.692 | 3.692 | 3.822
ST s (e [ m (o | = | e | o

5.832 | 5.833 | 5.835 | 5.949 | 5.955 | 6.085 | 6.985 | 6.985 | 7.059

FiE 3/2 H Ry R gt fr U4 H

u® = (e* — %(’ya +0v)¢)u, (3-60)

Hrpro® = p®/m, TR HE R HYIRBE L ANEAZ IR (93] 1923 (20):

3

1
u*(p,A) = Z<§’)‘1’ 1,/\2|§,

A1,A2

)‘> X U(p, /\1)6(1(]), )‘2) (3_61)

3221 HAZSE

FUE I AR B 5% 5 i I (3-30) 2o Hli 2% 5 diquark B iU LB E myqqy =
mq + mgo R (3-15) HITRIRSEL 8 BUE WF3-3. WEKE T ira flAgm W#k3-1, Jf
HIRATRE Boe Rl By, BRI Ar AR EM R . RS 79 TUH WLE3-181% 771, 3k
WS CKM FEFETT UL (3-41) =K.

R AR ETT SR B A AN (3-49) o Wilson REL a1 = Ci(ue) +
Co(pe)/3 = 10701,

3.22.2 RN THI4S
N T FREDARIA TS ¢ AR, FRATR NI Sl s a4 -

F(0)
—a (3-62)

Hep F(0) Z2RE TAE ¢* = 0 bEH. SERT e R T S 19 80HE 25 R AF £3-19F113-20H
Bt XF ¢ — dfs T, mpoe BLL8T GeV; ikt b — wfc 345, mpoe 5B 5.28 GeV
T16.28 GeV. SZbri b, iXEEAESMFIE D, B HI B, A THIB . 2T &8, ATL
SR (48], WELAOTIR P T (3-62) AT LUK R 1 B AR 1151

F(¢*) =

3223 PRRTFAHLER

SR BN S Y R BE BE IR 20 B AE SN HY = (BN QIBi(N)) 6y, (Aw) M
H3 y, = (BN Q1B N) e, (Aw) . HAT A = Aw — N AT A 235020 OR) 75



& 3-19 cc Ao bb KB T ¢* = 0 &L 691h. EAKRA 3-62) X P e EMMEMBE, Fc—dfsid
F2, Mpole = 1.87 GeV, 3 b— q T4, mpoe =5.28GeV, #Fb— ciTF, mpoe = 6.28 GeV,
Table 3—19 Values of form factors at g> = 0 for the cc and bb sectors. Single pole assumption in Eq. (??) will

be adopted, where m,01c = 1.87 GeV for the ¢ — d/s process, mpoe = 5.28 GeV for the b — ¢ process and

Mpote = 6.28 GeV for b — ¢ process.

F Fo)| F Fo)| F Fy| F F(0)
Sl aon | g% | Ss202 | T [ —0ass | gr T | —0.219
STl LT6A | i | 0156 | T | 0230 | g7 | 0.089
S| 3793 | gy | 7427 | AT | —0153 | g | 0118
SeeoBL | g goy | gRee 0.295 | £ | —0.328 | g 0.087
TS 1318 | g | —1480 || 77T | —0.791 | g T | —3.044
SO 1494 | g5 | —0.882 | ST | 1284 | g | —0.441
3Ecc—>5’c* 5951 ggcc—ﬁ’: 13.600 ?)Ebb—EZc —1.987 g?’b_ﬁzﬂ 3.170
T 247 | g™ | 0204 | 7T | 21430 | 7T | 0.342

PR 1 asa | R 1 g0l || £ | —0.178 | gpn T | —0.207
FHTE | g 907 | 2B | g q1g || £ ST | 0205 | o205 | 0.002
FEEE _goag | gBEE L  qo1s | TS0 | —0048 | g | 00104
FRE 1806 | g | 0.208 || T | —0.321 | g | 0.086
Fremt | g 339 | g2m | yyg70 || pPem | o759 | %% | o 555
Fm0 L 039 | g0 | o811 || T | 1122 | g% | 0272
FRT | 5575 | g8 | 13,850 || g | 1,089 | gy e | 2,520
FRTO | 9004 | g2 | 0314 | TN | Z1300 | g2 | 0,366
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Table 3-20 Same as Table 3—19 but for the bc(”) sector with the ¢ or b quark decay.

F Fo)| F F(0) F FO)| F F(0)
SN ygen | g2 B | 1600 | % | coand | g | 0024
fzzgguz;;o 6.031 | o S 4.483 25152*22 0.040 25572*2: 0.062
o gang | g3 | q0a80 || 59T | 0.030 | g5 | —0.069
poE L gang | BN | gm0 || 50| 0230 | 5| 0.156
TR 026 | o7 | Zanmo | g2 [ —oaer | g5 | o0
SR sasa | oo OH | gara|| £ | 0265 | oot | 0118
g g1z | g3 R agav0 | PR | 011 | gieT | 0117
Fo I agan | B R osde | £ | _0.969 | oo | 0539
SN ges | oo 0 | 216360 || £ % | Zoa2 | ¢ = | Z0.028
SN G40 | g T | 4451 || R 0043 | g5 0.061
SR 8360 | g5 | 10570 || 1| 0,025 | g = | Zo.089
£ so6a | g % | osar | %= | Zo31 | g2 E | 0,140
SR | 9052 | g F | 231380 || £ 0% | 0,519 | ™ % | 0614
R ssor| g S| 3ss2 | e 0| 0314 | g2 0% | 0061
R 10010 | 5 7T | 25820 || 0 % | Zo.050 | g | 0.356
FEOET ] Jgrs [ g ST | 0585 || £ | J1g0s | g0 % | 497
W 043 | ¢S | _a7570
29530*57 11.110 ggli’ﬁ“*%* 3.368
T 1a160 | g2 S| 22,720
SR 3qa0 | oS 0,440
AT 965 | g™ % | —57.000
%23%92‘ 14.850 522(720%92_ 0.132
SS9 o1 980 | g2 0% | 5a650
PRI _gaga | 2% 0386
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HA AR W Bt RO SRHE ARG i LB AR A 120 -

Hyj3 = Fi/2MM (w F 1) £, (3-63)
. /2
f#iéwVEVMWwawﬂﬁA—%winﬁ“, (3-64)
12
Mo = Hi—ma /MM )| (Mo = ML F (M 3 M) £ )1

F MW= DA M(w? - 1) f?Y’A], (3-65)

Hep b OF) WRAFSA R R, 7= fi (ff = 90 wAEG-59) XrpEL, M
(M 720 OR) SETHIBUE. AR IRIEEEHRIE A -

HY) \ =FH, . (3-66)
INTFARAL AR AR AL PO ARt o0 3 A B8 A
dry G M2 e? — 1
d_wT B (27TF)3’ CKM‘zq 12M | Hypoa[? + [Hovjo, a4 [Hajon | + 1 Hogpo, 1],

(3-67)

dl'y, G 5 P M w? — 1 9 9
— = H H_ . 3-68
do ~ (n) [Vokm| ol [[Hiy201" + [H-120]"] (3-68)

FI2145 M TR I Ty /Tr SR 5/ NT153.2.2.60 0425 H— 28018 .

3.224 HRRIEAR NS

AF/NTHARTHIE W Bt 1M /N S AR A e . RSB &S TR A T HI P
AR AR A TN

2 QM‘ﬁ,|3 2 2
Horf
Azf%mmwh (3-70)
9 9 9
A = (M=M)y+ 5P )+ 505 (Pa) + o (3-71)
B = —(M+ M’)% + %(P -q) + Ajjw(P’ - q) + f1. (3-72)
Hrttar = Cy+ Co/3. T FARBEERIN TIOBIRIE R, RN
p’/
D= NP o Hog a4 Hoga 4 Hogo

+|H1/2,0|2 + |H—1/2,0|2]- (3-73)

B, ¢ =m?, Hbm @07k
FH I [ 25 BAE 323-22, 3-23, 3-24, 3-25, 3-26 ) K7 3-27h45 H . F/NT73.2.2.600545 H

.

4



e

KA AR THNERETHRE

& 321 FEETOHMLER,

Table 3—21 Numerical results for semi-leptonic decays.

Channel I'/ GeV B I'y,/T'r | Channel I'/ GeV B ry/Tr
EfF > Sitety, | 126 x 1071 [ 4.89x 1071 | 0.85 | E) —»X;e . [ 3.88x 10717 | 218 x 107° | 0.85
EfL = S0ty [ 251x 107 | 1.68x 1071 | 0.85 | E5 — Sl e | 1.94x 10717 | 1.09 x 1075 | 0.85
QL = =%ty | 1.19x 107" | 3.75x 1071 | 0.87 | — %, | 1.90 x 10717 | 2.32 x 107° | 0.84
EfF = Ertety, | 161 x 1071 [ 6.26 x 1073 | 0.99 | E) — E;pfetv. | 6.37 x 10715 | 358 x 1073 | 1.43
EfL > E% Ty, | 1.61x 107 | 1.08 x 1073 | 0.99 | 5, > Ele i, | 6.37x 10717 | 3.58 x 1073 | 1.43
Qf —» ey, [ 320x 1071 | 1.00x 1072 | 0.99 | @ — Qle v | 7.03x 1071 | 8.55 x 1073 | 1.31
EL = 50ty | 110x 1078 | 4.07x 1071 | 0.69 | Ef — Sittei, | 3.32x 10717 | 1.23 x 107° | 0.81
20X ety [ 217 x 107 1 3.06 x 107 | 0.69 | E). = Sife . | 1.66 x 10717 | 2.35 x 107¢ | 0.81
Q). = EF ety [ 6.98%x 10710233 x 107 | 0.80 | Q) = ErTe i, | 1.26 x 10717 | 4.23 x 1075 | 0.84
Ef = 2%ty [ 1.33x 1071 | 495 x 1078 | 077 | Ef = EifTem [ 896 x 107 | 3.32x 107% | 1.18
20— 5 ety [ 127x 107 | 180 x 1072 | 0.78 | E) = Exfetv. | 896 x 10715 | 1.27 x 1073 | 1.18
Q). = et | 147x 1071 [ 491 x 1073 | 0.97 | Q) — Qife v, | 753 x 10715 | 252 x 1073 | 1.28
S = 5%y, [330x 107 | 1.22x 107 | 0.69 | Zf = Sitte i | 9.97 x 10717 | 3.70 x 1075 | 0.81
E0 ety [ 650%x 1071 | 9.18 x 107 | 0.69 | Z2 — Srfe i, | 4.99 x 10717 | 7.05 x 107¢ | 0.81
QY - = ety [2.09%x107% | 7.00x 107 | 0.80 | Q2 = Erfem. [3.79%x 10717 | 1.27x 107° | 0.84
S = 5%y, | 4.00x 107 | 148 x 1072 | 0.77 | Eif = Erffemi, | 2.69 x 1071 [ 9.97 x 1073 | 1.18
E0 == ety [ 382x 107 [ 540 x 1073 | 0.78 | EQX — Exfe v, | 2.69 x 1071 | 3.80 x 1073 | 1.18
QY — ey, [440x 107 | 147 x 1072 097 | Q2 — Qife i, [2.26x 107 | 7.55 x 1073 | 1.28
% 3-22 EHZFET: ccHno
Table 3-22 Nonleptonic decays for the cc sector.

channels I'/ GeV B channels I'/ GeV B
SRR Dl o 1.16 x 10715 | 451 x 107% | 5T — XrFpt | 378 x 1071° | 1.48 x 1073
ST 5 SFK*T | 1.60 x 10716 | 6.24 x 107° | 5 — P KT | 497 x 10717 | 1.94 x 107°
ST 5 Bt 1224 x 1071 | 870 x 1073 | EXF — =rtpt | 4.85 x 1071 | 1.89 x 1072
S ENKT | 1.32x 1071 | 515 x 1074 | 2R — EFPKT | 7.05 x 10716 | 2.74 x 1074
EF — X0gt 232 x 1071 | 1.55 x 107* | 2 — X207 7.57 x 1071 | 5.06 x 10~*
=5 — SOKT 321 x 10716 | 214 x 107° | =F — ZOKT 9.95 x 10717 | 6.64 x 107°
EF — =0t 224 x 107 | 1.50 x 1073 | =, — =0t 4.85 x 107 | 3.24 x 1073
e = (G 1.32x 1071 | 884 x 107 | Ef, - EXOK*T | 7.05 x 10716 | 4.71 x 107°
Of — =0pt 1.10 x 10715 | 3.46 x 107* | QFf — =0p* 3.64 x 10715 | 1.14 x 1073
QF — =0t | 153 x 10716 | 478 x 1075 | QFf — EM0KT | 4.74 x 10717 | 1.48 x 1075
Qf — Q07 4.26 x 107 | 1.33 x 1072 | QF, — Q9" 9.88 x 107 | 3.09 x 1072
Qf — QOK* 2.79 x 10715 | 873 x 107* | QFf, — QO°K* 1.38 x 10715 | 4.33 x 1074
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Table 3-23 Nonleptonic decays for the bb sector.

channels I'/ GeV B channels I'/ GeV B

=0 St 1126 x 10718 | 7.06 x 1077 | 29, — SiTp | 3.24 x 10718 | 1.82 x 107
=0 Srtay | 4.38 x 10718 | 247 x 1076 | 20, — DFK | 9.99 x 10720 | 5.62 x 1078
20— SR | 16T x 10710 | 9.41 x 1078 | 20, — 3D | 144 x 10710 | 8.12 x 108
20— SrTD* | 258 x 10719 | 1.45 x 1077 | 20, — 2D | 3.77 x 10718 | 2.12 x 107
290, — St D | 6.34 x 10718 | 357 x 1076

20— Zrfrm 821 10710 [ 462 x 1074 | 20, — Zifpm | 219 x 10710 | 1.23 x 1073
20— Zrtay | 276 x 10715 | 155 x 1073 | 20, — ;K- | 6.28 x 10717 | 3.53 x 1077
20, - SR | 112 x 10710 | 6.28 x 1077 | 29, — S5 D~ | 450 x 10717 | 2.53 x 1075
=0 =D | 1.26 x 1071 | 7.11 x 1075 | 29, — S;7D: | 1.06 x 1071 | 5.97 x 10~
20, = S5 D | 2.95 x 10718 | 1.66 x 10~

S — S0 | 6.28x 10719 | 353 x 1077 | 55, — %% | 1.62 x 10718 | 9.11 x 107
E — 2%y 219 x 10718 | 1.23x 107% | 5, — Z°K~ | 5.00 x 10720 | 2.81 x 107®
S — SpOKT 83T x 1072 | 471 x 1078 | ) — XD~ | 7.21 x 1072 | 4.06 x 1078
S — 20D 11.29x 1071 | 7.26 x 1078 | 5, — 2Dy | 1.88 x 10718 | 1.06 x 107°
S — 20D 317 x 107 | 1.78 x 107°

S o S0 [ 821 x 10716 | 462 x 1074 | 55, — =0~ [ 2,19 x 10715 | 1.23 x 1073
S5 — S0 | 276 x 10715 | 155 x 1073 | =, — S;0K— | 6.28 x 10717 | 3.53 x 1077
S5 o SOKT | 112 10718 | 6.28 x 1070 | 5 — Z0D~ | 4.50 x 10717 | 2.53 x 1075
S, — Z0D | 1.26 x 10716 | 7.11 x 1075 | =, — S:0D; | 1.06 x 1071 | 5.97 x 10~
S5 — SOD 2,95 x 10715 | 1.66 x 1073

Oy — S0 [ 5.85x 10710 | 711 x 1077 | Q5 — =%~ | 1.52 x 10718 | 1.85 x 107
Oy — =% | 2.06 x 10718 | 251 x 107 | Qp — ZpOK~ | 4.66 x 1072 | 5.67 x 1078
O — ZOK* | 7.85x 10720 1 955 x 1078 | ), — 79D~ | 6.82 x 1072° | 8.29 x 107®
O — 270D [ 123 x 10719 [ 149 x 1077 | Q,, — %D | 1.78 x 10718 | 2.17 x 107
Oy — 270D | 3.02x 10718 | 3.67 x 107°

Q= U0 | 777 x 10716 1 945 x 107* | ), — 0p | 211 x 1071 | 257 x 1072
O — ;| 2.73x 10715 | 332 x 1073 | Q — QOK~ | 5.98 x 10717 | 7.27 x 10~°
O — QOK* | 1.08x 10716 | 1.32 x 1071 | Q5 — D~ | 4.76 x 10717 | 5.79 x 105
Oy — Q0D | 134 10716 | 162 x 1074 | Qp — °D7 | 1.14 x 1075 | 1.39 x 1073
O — Q0D | 3.15x 10715 | 3.83 x 1073
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Table 3-24 Nonleptonic decays for the bc sector with the ¢ quark decay.

channels I'/ GeV B channels I'/ GeV B
= = 20t 380 x 10710 | 141 x 107 | Ef — X%+ 324 x 107 | 1.20 x 1072
=F = DOKT | 177 x 10710 | 6.57 x 1075 | = = S0K T | 2.32 x 10717 | 8.60 x 107
= 7.63x 1071 | 2.83 x 1073 | Ef — E% " | 5.06 x 1071 | 1.88 x 1072
=F o ZpOKT 220 x 1075 [ 818 x 1071 | 5 — ZpOKT | 3.69 x 10716 | 1.37 x 10~
20 Xt | 7.60x 10710 | 1.07 x 1074 | 20— S pt | 6.43 x 10725 | 9.09 x 10~
20— KT | 350 x 10710 | 495 x 1070 | 20 — KT | 4.62 x 10717 | 6.53 x 107
20 s Erat | 7.67x1075 | 1.08x 1078 | 20— EFpt | 4.85 x 1071 | 6.86 x 1073
2. = ETK T 1 2.05x 107 1 290 x 1074 | E). 5 E7 KT | 3.62 x 10719 | 5.11 x 107°
Q) 5 B Trt | 412x 1071 [ 138 x 1074 | Q) — B pt | 238 x 1071 | 7.97 x 107
Q) 5 2 K | 110 x 10716 | 3.67 x 1070 | Q9 — =¥~ K+ | 2.07 x 10717 | 6.91 x 1078
Q0 5 Qrt | 168 x 107 | 561 x 1073 | Q0 — Qi pt | 4.85x 107 | 1.62 x 1072
Q) - QK 1 9.07x 1071 | 3.03x 1074 | Q0 — QiK'+ | 548 x 10716 | 1.83 x 10~
3225 SRR SUG) XSHRE
HF3-17Tal LUR ], ~PARS A8 98 BE I T I I IRIE SU) RFFRIES A -
o WARHE A
D(Ei+ — Sitlty)  D(EL — S00t)  T(Q — =0 )
|Veal? 2|Veal? |Veal?
- TES—=2Ertty) T(EL-Z0) T, — @llty) (3-74)
|Ves |2 |Ves|? 2| Ves|? ’
o WRHEF =L
(2, — 2t w) =20 (5, — S0 0) = 21(Qy, — =01 v),
[(E, = S5 0) =T(5;, = Sl v) =T(Q, —» Gl v), (3-75)
o AT T
L(E — 30 ) B L(=E). = X7 1) B L(Qp — = 1)
|Veal? 2| Veal? |Veal?
L(E — =70 ty) B [(=), = E71Tw) B L(Q) — 4 ty)
|Ves |2 |Ves |? 2[Ves|? ’
L(Z — S0 ) B FER =% 1") B DL — = 1tw)
|Veal? 2|Veal? |[Veal?
B L(E = 5% ) CIER == ty) () — QZ_ZJFV)’ (3-76)

[Ves |?

| Ves |?
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Table 3—25 Nonleptonic decays for the bc sector with the b quark decay.

channels I'/ GeV B channels '/ GeV B

B o St 819 x 1071 [ 3.04 x 1077 | B — S FFpm | 1.85 x 10718 | 6.87 x 1077
= Sttrar 263 x 1078 1 9.76 x 1077 | EF — SHYKT | 6.60 x 10720 | 2.45 x 1078
Ef o SR 1968 x 10720 | 3.59 x 1078 | Ef — XD | 114 x 10719 | 4.22 x 1078
B = XD | 170 x 1071 1 6.32 x 1078 | EF — SFFD; | 3.03 x 10718 | 1.12 x 1076
Ep = YD [ 423 x 10718 | 1.57 x 107°

Ef s EitrT 1844 x 10710 | 313 x 1074 | B — ExftpT | 221 x 10719 | 8.20 x 1074
S = ETar [298x 107 | 1.10x 1072 | S — EXFFK - | 6.59 x 10717 | 2.44 x 107°
Ef o ZH KT | 114 x 10710 [ 4.24 x 107° | EF = E5Y D™ | 6.55 x 10717 | 243 x 107°
L = EHFTD* | 161 x 1071 | 598 x 107° | Ef — ZTD; | 1.62 x 107 | 6.00 x 1074
Ef = =D | 387 x 1071 | 1.44 x 1073

SIS 4.09 x 1071 | 579 x 1078 | 2, — ¥ p~ 1 9.26 x 107 | 1.31 x 1077
20— Srtar 132 x 1078 | 1.86 x 1077 | ). — ¥*F K~ | 3.30 x 10720 | 4.66 x 10~*
B0 MK | 484 x 1070 | 6.84 x 1077 | E). — XD~ | 5.69 x 10720 | 8.05 x 107?
) = YD | 852x 1070 | 1.20 x 1078 | E). — ¥ D; | 1.52x 10718 | 2,14 x 1077
2 YD 1 212x 10718 2,99 x 1077

B — Efne 8.44 x 10710 | 1.19 x 1074 | E). — =Fp~ 2.21 x 1071 | 3.13 x 10~*
20 — Zfay 298 x 1071 | 421 x 1074 | 2) — =K~ [ 6.59 x 10717 | 9.31 x 1076
) S EFKT | 1.14x 1071 | 1.62 x 107° | E). — =D~ | 6.55 x 10717 | 9.26 x 1076
) s EFD | 161 x10710 [ 228 x 107° | 20 — ZFD; | 1.62x 1071 | 2.29 x 1074
) = EFD | 387 x 1071 | 547 x 1074

Q) — g 354 x 10719 | 1.19 x 1077 | Q) — =*Fp~ [ 8.10x 1071 | 2.71 x 1077
QY. — = Fay 1.14 x 10718 | 381 x 1077 | Q) — =T K~ | 2.85 x 10720 | 9.53 x 107*
Q) = ZFFK T [ 4.22%x 1072 | 1.41 x 1078 | Q). — =+ D~ | 476 x 1072 | 1.59 x 1078
Q). — =D | 7.24x 1072 | 242 x 1078 | QY. — =+ D7 | 1.26 x 10718 | 4.22 x 1077
QY. — =D | 1.79 x 10718 | 6.00 x 1077

QY. — Qfr 8.33x 10716 | 279 x 1074 | QY. — QFp™ | 2.16 x 1071 | 7.22 x 1074
QY. — QFay 2.83x 1071 | 9.46 x 107* | QY. — Q*F K~ | 6.46 x 10717 | 2.16 x 107°
Q). — QFK* [ 111 x 107 | 3.71 x 107° | Q). — QD™ | 581 x 10717 | 1.94 x 107°
Q). — QD™ | 1.44x 10710 | 482 x 107° | QY. — QI D7 | 1.41 x 107%° | 4.72 x 1074
Q) — QD 1343 %107 | 1.15 x 1073
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Table 3-26 Nonleptonic decays for the bc’ sector with the ¢ quark decay.

channels I'/ GeV B channels I'/ GeV B
S =20t 114 x 1071 | 422 x 1074 | E)F = 2% 1 9.73 x 10715 | 3.61 x 1073
0 = SO 1532 x 10716 | 1.97 x 1074 | S — 0K+ | 6.95 x 10717 | 2.58 x 107°
S =0t 1229%x 1071 | 849 x 1072 | E;F — =p0pt | 1.52 x 10713 | 5.63 x 1072
== ZPOK T 16.61 x 107 | 245 x 1073 | E)F — Z0OK* | 1.11 x 107 | 4.10 x 1074
Z0 =Nyt 1228 x 107 | 3.22x 1074 | E0 — Xy pt [ 1.93 x 1071 | 273 x 1073
E0 = S TKT [ 1.05x 107 | 148 x 1074 | E0 — Xy KT | 1.39 x 10716 | 1.96 x 107°
Z0 = Errt 1230x 107 | 3.25 x 1072 | E0 — EF pT | 1.46 x 10713 | 2.06 x 1072
E0 = EKT 1616 x 107 | 870 x 1074 | E0 — EF KT | 1.08 x 1071 | 1.53 x 1074
QP - =t [ 1.23x 1075 | 413 x 1074 | Q0 — = pt | 715 x 1071 | 2.39 x 1073
QP - = K [329%x 10716 | 1.10 x 1074 | Q© — =K' | 6.20 x 10717 | 2.07 x 107°
Q0 — O 503 x 1071 | 1.68 x 1072 | Q2 — Qr pT | 1.46 x 10713 | 4.87 x 1072
QL = QK [ 272x 107 | 9.10 x 1074 | Q© — Q"K' | 1.65 x 107 | 5.50 x 1074
o JK-RETINHEE

D(E) — 2t o) =20 (5, — S5 v) = 20(Q), — =01 w),

D(E), = E700) =T(S, = E170) = T(Q, — Q717D),

D(SF — X5 p) = 2I(Z) — S v) = 20(QY, — =t w),

D(EF — = 0) =T(Z2 — Z5v) =T — Qi p). (3-77)

AN ERATIE DRI E 32 00, AGBDER S e, ERMIGE 1 SU) XFRIE
Mk, S5RIF3-28. NHELT T LEITIR,

o 1/2 %] 3/2 ﬁ’x\l‘jzmﬁﬁ’ﬂ SUQR) XIFRPER RS 1/2 2] 1/2 AR LR SUB)
XIFRMER R se e fld o XA H e 3/2 F-HIBRIE P RS HH Y H e 1/2 F1
IS EN kG E S

o be Ml b’ PIER AT s AHIRIHT SUB) KA, 12 RN TP~
H HAIZSHIMIE- B el B BOP R, 200 (3-26) A (3-27) Ko

o MNFE3I28R LA, ¢ — diTv Hl ¢ — slTv FRA AR Al H AT Y
SU@) XFrEms. 98, XIHAT d 550N s 558 Fr PR o

o MR3-28RLAA Y, Qs diquark /ENZ5MIE IS RELL Qu 1T Qd diquark {F2055 W&
HIL ARG SU) B BAR LB ™5, Hrp Q = ¢/be W TR E TR AN E 75
AL RIS RIS Y SU) TR EREE 72712 6% 1 2% MAMKATEZR], 558

AR SUG) XS FRIEARBREL A H L b 5 e A AR B R

TEHIAASHE
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Table 3-27 Nonleptonic decays for the bc’ sector with the b quark decay.

channels I'/ GeV B channels I'/ GeV B
E;;r Yttt 2.46 x 10718 | 9.11 x 1077 Eg’ Y tp= [ 5.55 x 10718 | 2.06 x 107°
St Yittar | 7.90 x 10718 | 2,93 x 1076 | 1 S | 1.98 x 10719 | 7.34 x 1078
S SR 1290 x 1071 | 1.08 x 1077 | EpF — ST DT | 342 x 1071 | 1.27 x 1077
Zr o D | 511 x 1072 | 1.90 x 1077 | Ef — S+ D7 | 9.10 x 10718 | 3.37 x 1076
= XD | 127 x 10717 | 4.71 x 1076

Eif o Erttre | 253 % 10710 [ 939 x 1074 | ZF — St | 6.63 x 10717 | 246 x 1072
Zif o Erfta; [ 8.93x 1075 | 3.31 x 1073 | Ef — ExFHK- | 1.98 x 10716 | 7.33 x 10
Bt EOKTT | 343 % 10716 | 127 x 1074 | EF » 24D | 1.97 x 10716 | 7.20 x 1077
S T D | 484 %1071 | 179 x 1074 | 25 — 5D, | 485 x 10715 | 1.80 x 1073
Ef 5 B D | 116 x 1071 | 4.31 x 1072

20 Srtrm [ 1.23x 1078 | 1.74x 1077 | B - St | 278 x 10718 | 3.93 x 107
E0 S ar [ 3.95%x 10718 | 558 x 1077 | Z0 — YK~ | 9.90 x 10720 | 1.40 x 108
20 5 YR | 145 x 10710 | 2,05 x 1078 | 20— YD | 171 x 10719 | 2.42 x 108
20 5 oD | 255 x 10710 | 3.61 x 1078 | 20 — $FD; | 4.55 x 10718 | 6.43 x 1077
E0 — S D | 6.35 x 10718 | 8.98 x 1077

E0 5 S | 25310717 | 358 x 1074 | Z0 — Zp- | 6.63 x 10715 | 9.38 x 10~
20 s Srtay 8.93x 10715 | 1.26 x 1073 | P —» S K~ | 1.98 x 10716 | 2.79 x 10~?
20 5 KT | 343 % 10716 | 485 x 1077 | 20 — =D~ | 1.97 x 10716 | 2.78 x 105
E0 s =D | 4.84x 10710 | 6.84 x 1075 | 22 =44 DT | 4.85 x 10715 | 6.86 x 10~
Z0 s =D | 116 x 1071 | 1.64 x 1073

QO — Zrtr— [ 1.06 x 10718 | 356 x 1077 | QP — Etp~ | 243 x 10718 | 8.12 x 1077
QP — Eftar 342x 107" | 1.14 x 107° | Q2 - EFFK~ | 855 x 107 | 2.86 x 1078
QO 5 T K 127 x 10719 | 424 x 1078 | Q0 — E4 D | 143 x 10719 | 4.78 x 1078
QO =D | 217 x 10719 | 7.26 x 1078 | Q0 — E4 DT | 3.79 x 10718 | 1.27 x 10
QO — =D | 538 x 10718 | 1.80 x 1076

Q0 5 fre [ 250x 1075 | 836 x 1074 | Q0 — QFp~ | 6.47 x 10715 | 2.16 x 1073
QO — Orta; 849 x 1075 | 284 x 1073 | Q0 — Q:F K~ | 1.94 x 10716 | 6.48 x 107
QO K 13.33%x 10716 | 111 x 107 | Q0 — QiF D~ | 1.74 x 10716 | 5.83 x 105
QP - QFD* | 4.33x 10710 | 145 x 1074 | Q0 — QDT | 424 x 10715 | 1.42 x 1073
Q0 — D | 1.03x 1071 | 3.44 x 1073
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4 3-28 F A2 A SUQ) APARMEAIRG) R ZT S

cc R 4-F= bb R4

Table 3-28 Quantitative predictions of SU(3) breaking for semi-leptonic decays: the cc and bb sector.

Channel ['/GeV (LFQM) | IT'/GeV (SU@3)) | |LFQM — SU(3)|/SU(3)
=t = Srtety, | 1.26 x 1071 1.26 x 10712 - -
=5 — Xlety, 2.51 x 1071° 2.52 x 1071 0%
Of, — =% ty, 1.19 x 1071 1.26 x 1071° 6%
=it = Ertety, | 161 x 107 2.36 x 1071 32%
= — EXety, 1.61 x 107 2.36 x 1071 32%
QF — et 3.20 x 1071 4.72 x 1071 32%
=0 — Xite v, 3.88 x 10717 3.88 x 10717 - -
= — Xilem i, 1.94 x 10717 1.94 x 10717 0%
Oy, — %1, 1.90 x 10717 1.94 x 10717 2%
=0, — Zite i, 6.37 x 10715 6.37 x 1071 - -
S — ZileT 1, 6.37 x 10710 6.37 x 1071 0%
Qy, — e v, 7.03 x 10715 6.37 x 1071 10%

3226 Xt

3.2.2.7

g H LR

o RIAX W EH R 1Ay B TS AFEAR KA ENE . ArbA iRk theh i T
G A5

o WATKEL, BRT By, #5r, HEE 1/2 ] 3/2 AR R34 79 3 Halr DU LU AE . Y
1/2 2 1/2 2B/ N—PEEED . X By, Hf, TIRERELZBEIEL, #b
SN 1/2 2] 1/2 328 R i 25

o TECHK [94] 1 [48] H1, B(Hpe — Hysl™v) ~ 1072, B(Hy. — Hpgltv) ~ 1073, TmAE
ARICH, IR S H A BIAE 1072 ) 1072 DR 1074 31 1073 §ig. Hrr, Hyy R
KOS HD ¢ F ¢ BIRT.

o FESCHK [94] F1 48] 1, B(Hye — Hyem) ~ 1072, B(Hye — Hyqm) ~ 1072, TIAEA L
WX S R RIAE 1073 DU 1071 .

REDTIE

AR/ NTRLLESY — E2F B R 0], e A o B AR 2R A o diquark

Tt mays DIAEFEREH G KEETIPREHE b PRSP H My 5]
Bz 10%, AT AER 1

D(E — Y ety,) = (1.26 £0.26 +0.21 £ 0.25 £ 0.12) x 107 GeV,
D(ET — X5 7)) = (1.16 £ 0.08 4 0.32 4 0.04 £ 0.00) x 107 GeV,
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D(Z5 — X pt) = (3.78 £0.81 £ 0.63 + 0.79 4 0.40) x 10~*° GeV,
D(ELT = S KT) = (4.97£0.61 4 0.17 £ 0.26 £ 0.18) x 10717 GeV,
D(ET — SPK*) = (1.60 £ 0.44 + 0.59 4 0.49 £ 0.25) x 107'% GeV. (3-78)

M5 Z KRR 1/2 2] 1/2 BT 207 — S7 RSB0 R M SRy

1.04 £0.04 £ 0.02 4+ 0.11 £ 0.15) x 107 GeV,
5.7540.19 £+ 0.35 + 0.88 4 0.02) x 10~ GeV,

LES = Shetr,) = ( )
( )
(2.61 4 0.08 £ 0.08 & 0.29 + 0.27) x 107 GeV,
( ) X
( )

D - Shrt
[(ZEF - Shpt
[(EF o SFK
[(Z5F — SrK

428 +0.15 4 0.25 £ 0.66 + 0.16) x 107¢ GeV,
1.39+0.05 +0.02 + 0.14 + 0.22) x 1071 GeV. (3-79)

)=
)
)=
)

HRHAYE, A2 3-79) A, BATRM TR AT 3-62) A EJEAR A
R ﬁ’ﬁ@i#ﬁ 1/2 21 1/2 A RRRYIT R, FATRA T R RE R E 25

FO)
<7z§t>

SAMIRATTA I, FARIA 7R X AN A g i 7 A 2 3 58 B, 2Rl (VU A H 20
ZJLo

(3-80)

F(¢?) =

3.3 MRENTHERTRE

DRIE A P R 2 R AR e AR AR (SM) RIS rEE (NP) Y BRAR S P, THTAX
HIRE T RIS TRATHRAE T — DG b — d/s ISFRAEFR R Hhom i ] A 2
IR 5 EAR N o BB N e i PR T 202 e —Fh 2 i G55 Wilson 2240, 75—
SR 5 [FEAEAR AR R A A SUEAF o BT IARTE SO F PR R 40 3 L ) S A
KZ)E 1070, Wantt/ N4 2 e nf LUt B 1) Wil s i e JERE T4 . a5 TRk L,
BEAWMA AR S b — d/sIT™ 5, WGP R IE SR R R R — 1
HEL, NS B2 NSESe b, #EAT A58

BN G BARTLFELLT b — s 171 35 B IR L 1 R O R Rt e -

o XH A7

=0, (bbu) — = (sbu) /= (sbu),
= (bbd) — =; (sbd) /=, (sbd),
€, (bbs) — €, (sbs),

o JI-RETHAR
=i (bew) /=5 (beu) — =F (scu) /2D (scu),
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=h.(bed) /22 (bed) — Z2(scd) /=0 (sed),
Qp.(bes) /02 (bes) — QY (ses).

AT b — dIl™ 323, JAPHGH g

o XREF=AE
Zp, (bbu) — A (dbu) /X0 (dbu),
=, (bbd) — 35 (dbd),
Q, (bbs) — =, (dbs) /=, (dbs),
o JIE-RHE A

=i (bew) /255 (beu) — AF (dew) /ST (dew),
=0 (bed) /=2 (bed) — X2 (ded),
QY (bes) /2 (bes) — E2(des) /20 (des).

fE EHAIH B RAARF, B IS S wd s, B — 15w s 55
TEEVEFH TN B TN o LUR-E T b — s~ FRH Rl BN, RS

TFEET 3 RN, MESHQET 6 FxR, SWEI-2.

RATRIRA LA o AE3 3. N, RATESES b — d/s 1717 R A 06 5
e, SRJE IS4 diquark EUR N GRTS Seii A LA N A - Qﬁ/@ﬂil‘_l%ﬁl B e
—EOMEGRTIN  3.3.2/NTG LS HHAUESS R, ARIPRA T AT E. BIEAXFRIE
(forward-backward asymmetry). SU(3) X FRM:AY G E =TS LR ZE T

3.3.1 FHIBHEZR
3.3.1.1  HRAM
b — siT™ WA RGBS A

G 10
Hep(b — sltl™) = \/fvtbv;; Z Ci(1)Oi ().

Hrp O; RS e EAF iR EAT 1951, C ZAH AT Wilson REL, ZA%3-2945 AKX 4X
WAL Wilson REEUE™ . B — BT~ WELTHRIE A

Gr

M(B— Bltl) = ~ 7

Ly S { (csf%q?xs’wl ~ 5 )0[B)
— 2mbC‘;H<B/‘§iUuyq—2(1 + ’}/5)1)‘8)) Z’YMZ
q

+ Cro(B'|57,(1 — 75)b|5>l_7“75l}~ (3-81)



R RS WA

FERE] OFF B S E A H IO SRR T RES A AN o FRATAIES A 53T 196, 971 — 2L,
H2 53wk (98] AfEl. (3-81) i G /1 CT s AP

Cst = Cr—C5/3 - Cg,
1
C5™(¢%) = Colu) + h(ihe, )Co — Sh(1, 8)(4Cs + 4C, + 3C5 + Cp)

1 2
—51(0.8)(Cs + 3C4) + 5(3Cs + Ca +3C5 + ), (3-82)

;E:EF' s = qz/mg, Co = Cl —|—3CQ +3C3 +C4 +3C5 +Cﬁ, ’rhc == mc/mbo 3—82]A:EEF'H/\]Z‘F$EJIZI
Hh g

8 8 8§ 4
h(z,§):—§ln%—§lnz+ﬁ+§x
m+1 __ :%
_ 2@+ )1 — a2 x Onvkwi ”ﬂ’ x_§2<1, (3-83)
9 2arctan\/%, =% >1
8 4 8§ 4
h@ﬁ):—gm%%—§h$+§?+§m. (3-84)

b — d I RERA RO IR ARG il A R S .

& 3-29 FEAR k3 F AL T 3 H 69 Wilson 2 26 C;(my), X E my = 80.4GeV, 1= myp o0
Table 3-29 Wilson coefficients C;(m;) calculated in the leading logarithmic approximation, with my, =

80.4 GeV and pt = myp pole ™.

4 Cy Cs Cy Cs Ce Cett Cy Cho
1.107 —0.248 —-0.011 —-0.026 —0.007 —=0.031 —=0.313 4.344 —4.669

3.3.1.2 LTS SRR
AF/NRER B 28 H e 1/2 SRR E 72 5 1/2 - MoE o P i R e Ry
G TR IRIA 7 OISR N 2, T2 4N AT 2 B SCRIR [49, 1001
RERAFETTHIZ R I 3-17) 20, MK SRR IT (B' (P, 57)[5i0,,¢” (1475)b|B(P, 52))
AR 2R BRI Z B

(B(P', 8.)[5i,, 37 bIB(P. S.))
= a(P, 81) T (6®) + i - 1 (0) + qﬂﬂfgkq%] u(P,S.),
(B/(P', S.)[5i0,, 7-95b|B(P. S.))

~ [ . q
= u(P',S.) vﬁngQQ)%—ZUMVAJ

gqu2)+-%§g§(q2ﬂ vsu(P, S.,). (3-85)
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Herg=P—P', ff, g} RIKERHTZIREA T
EARHAE, TR f] AR . (3-85) KB — NIRRTl ¢ 153

2
0=a(P',S) |(M = M) + | u(P.S.), (3-86)
Fh A 2
T _ q T .
i = ~trar =t (3-87)
KR T, FRATATLA (3-85) 28— T #1521
T q2 T B
9 = 3 (3-88)

DIAIHHUR BHRIZRE - fi S, TR 77T LA B PR 77 8 210, 5K (3-17) Al
(3-18) 4 BT LA u(P, S.)(P)u(P', SL), I HAEB 5 WBUEML PV — PY . SRERHIR
B RA, B 1521

Tr{(F“)i(Pl + M,)('Vufl + iauu%fz + qMMf?))(P + M)}

:/{d?’pg} g0,<$/,]€i)g0($7]{u_)
20/ 01 " (p1 - P4 miMo)(p), - P+ m) M})

xXﬁ%@%@#me%+mmwﬁn@ﬂﬁw%%, (3-89)

A2
Horp (0#); = {y#, P, P}, (DR); = {y*, P, P} fi Wl LGB R SRARLNE T FEALAS 3], HhiR
TR T g trERE S T A58 SRR 7, HA fis fl g3 AT LLEREX
Ryt s], Hep (Tr), = {y*, Py, fE R gf Wi alE st (3-87) A1 (3-88) 7521 .
3.3.1.3  BRIE-HEaS 83 R AL
PIAWERE 1 KSR ZEASE S EAPLLE IR IE- 3 FE R EUL3.1.2.4 /)

o BE A0 LB BOOUR SR IE- B BES R B A B2 383-3045H1 b — s F1 b — d
PR E & N 5520 fe, WIBRARAIRIR Fidd 5 20

FPY = ¢gFg 4 caFa, (3-90)

Hrfr Fgoay bR (iR ER)  diquark S500E BYTEARIA 1 £, g0, fi7 805 g7

33.04 MG
W AR ) 98 T 3B T LA S

Hy, = (Cgﬁ(q2)<3’|«97“(1 —75)b|B) — C?ff?mdl?’lsw“”%(l + 75)b|8>> e (Av),

— 53



#3300 = s A b — d ARARE-QRERG EWE T A — E) Ab|, HEEGKEIHEBE TN o
T (BYTLIEY,) = cs(s[di]|T,|b[di]) + cals{di}|T,.|b{di}), HEF cs=6/4 AR ca=6/4o XE [di]
Fo {di} 9K E—AMFEF— A4 & £ diquark,

Table 3-30 Flavor-spin space overlap factors for b — s and b — d processes. Taking the Z), — =0 as an
example, the physical transition matrix elements can be evaluated as: (Z)|I',|=0,) = cs(s[di]|T,|b[di]) +
ca(s{di}|T,|b{di}) with cs = v/6/4 and c4 = +/6/4. Here [di] and {di} denote a scalar and an axial-vector

diquark, respectively.

b — s process (cs,ca) b — d process (cs,ca)
Ehy — Zp (\/767 \/Té> = — A (\/Tév \/Té)
=S | R | apoE | (-4 -
2,50 | (-2 | =, | (-2,
Ep— Sy | (-22,) | Ep— T, (=3 3)
0= Q| (LY | 9o | (-2
Sos | (BD) | Eoar | (R
R | (R | Ao | L)
A (-3 %) = — o8 (-3 %)
R | LD | S | D)
% =00 | (22| 9 =P (-3 %)
Z — EF (3:-9) | S —AL (3. -3
=0 — B8 (3. -3 Q. — =0 (—1.7)
S =S | (29| B o | (-9
Zp =20 | (29| o | ()
R0 | ()| opEr | (- )
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5% RMAABATHRNEREFHEL

Hyy = C§H<q2)<8’|§v*‘<1—75)b|8>> Iy (3-91)

Vi

HY = | Cio(B57"(1 - 75)b\8>)e;(>\v),

Hyy = Clo<5’|87“(1—75)b|3>>%, (3-92)
€u(q,) PRI R T IOARAL R b (JUBIED) L A AR IR, A0 REDES CGEA)
A KLU LAT, EARF <V (A7) SRRk 5 2 0 R[5 T340 2 14
(Iy"ysl), FEFAESEFAEM TR R AR 05 HIRE.

TEEEIE 3-17) 1 (3-85) AHRAMSEMI, LB FHEHE L:

2mp M
Fﬂﬁz@%ﬁﬂﬁ—@ﬁg (g%,

2 M
@h%z%%ﬁwﬁ+@ﬂ; g’ (¢,
FAM®) = Cufild®), GMNd®) = Cuogi(d). (3-93)

JIFE (3-91) |y T 1 Dy #5853 AT 43 il ek tH A2 -
T LR

= —1

2
QM+M%Y—i@j,

V¢ M
1 M+ M’
HV, ¥ = iy/2Q- <—F1V + ;\} F2V> :
/ 2
HAY;% _ Ve <(M - MNGY + q—GQV) :
27 A /q2 M

= iy/20: (—GY - %GQV) ,
HVY A = HVYS, HAYY, = —HAV . (3-94)
SRR B IR AR bl R =U4E
H{A, = HVyy — HAY . (3-95)
Hyy SHRE HY Bt EseatiE, R EE FH g
FY - FA GY — G (3-96)

WAPEATTIE S FIE) HA B AL -

1 1 </ 2
HVAE = gyt Ve ((M ~ M)F{ + q—F;‘) ,

e =V VP M

1 1 2
_gati = At = Y (arpamer - )

3 2 VG2 M



EEERFHEFER L
Hyy = HVYY — HAY. (3-97)
& Ja s R R ERIE L H
d°T P'||p:
_ |P'[|p1 M. (3-98)
dg?d cos 6 16(2m)3 M2/
X BRI - .
| |2:§]A|2(Io+[1cosﬁ+[260829), (3-99)
Hr
>\—\/—thV;§2 (3-100)
AR
v, v,—1i 3 v, v,-1
= @ L P + G+ 2 P
2 N A7%2 3 2 2
+ (g —4mz)(—|H1 | §|H | +|H ! +!H 2P
+8mz(\H !2+!H L),
Iy = 4/ (@ — 4m})Re(H " H, "7 - Hfff*HY’;f )
27 27 27 27
1 5 V,—%
[2:§(q2—4mz2)(|H; +\H,,,1\2—2!H |2 2/H, "
P P = 2B = 2R ), (3-101)
201 o
WA BRI
dl’ dl'y, dl'p
— = — + — 3-102
e e + a2 ( )
XE ¢ B KSR TIOR3 2 5 B 43 31 -
dry, \P||p1\ v,—1
QL _ 2 {2—1—2m2H 2—|—H122
7 = gy g € 2m O Y
+(q2—4m12)(|H !2+|H i)
+ 6mi (|} \2+\H |>}, (3-103)
dlr Il Vi =
_:)\2 {2 22 H1122 H’122
a2~ M e g @ TR LT )
(3-104)

2 2 432 A=3 2
+ (¢ — dmd)(1H} PP+ [H 2 ) )

H—tC 85 BT e A XS R (forward-backward asymmetry) g 34
dA FB __

fO f dcosedqucosa 3-105
dg? f —|—f )d cos 2L (5-105)
0 - dq2dc050

H (3-98) FIxt (3-99) AL (3-105), FILISE]:
dArg I

(3-106)

d>  2(ly — I,/3)
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332 HEARSIE
3321 A

453 % SRR (3-30) 3o bR RN it diquark (YR EHIE LA migy = miqy =
mq +mge 2 (-15) TGRS f WH3-3. WERE THREIAGNH-1, KEE
TR PR W33, Bk H LS CKM 45T HUES!:

Gp =1.166 x 107> GeV 2,
Vo] = 0.999, |Vi| = 0.0403, |Vi4| = 0.00875. (3-107)

3.32.2 FAREFHIZE

TR AR AR AR T ¢ (IR, W 3-62) o W b — s 7R,
£ AL g B B AR R3-31: T b — d iR, ZRIK3-32. b — s AEFEA
b — d B mpoie 3B 5.37 GeV Fil 5.28 eV, SMAIRT By fil B A FHOB L. HHiX
AMBUE A HEPER R T EAS % S0 (481, WERIGTZARIE T (3-90) 3R (3-62) 55,

3.3.2.3  —denEge n] W A 45

3-33,3-34A M 3-3525 1 T b — s 1T HI b — dIY T RIS AR
[HIZ5 H 28018
o 3 AT RS RARM T A S DEIRE I A6, e et E AR
AHENE
o MiXLEFRFR LA, | = e/p WRFATEHEERART ek, MmN | =17 WEER/NT
— MR X FE I AR A A LT TR — R R A S R MR £ .
o b— sITlm FHRI KIS FALFEN S L AE 1078 ~ 1077 2, A b — diti™ 5
SRR, 532 107 ~ 1078, 3RS 37 L AR Y B AR FR G 4 52
F/NT RA— D5 IXERANERE FI AL B A A/ KA — .
By — ST (= e, p, 1) RFES AL -3, XA SRS
ke MEHRRTLAEH, | = e/p W)L T E2ES, 1 = 7 12 EDU M S ik
XN AR R AS L | = e/ p AR AR/ MR Z o 25, — Z)T (= e, p,7)
PRI JE AREFRTE (forward-backward asymmetry, FBA) i 2 WL &(3-345 & HiZ & n] LA H
[ = e/p ML SRS (LURRIFRE ) £ ¢ = 2GeV? [ilir. $£3-36%4H T HE
b— s IRM b = d HRREFLITES R DR LAER, XER SEEAREE 2 2 3
GeV2 JuH N -

i FESCHR 1971, FA150 4T FBA B L so. EATEE

dArg 5L
= =0 3-108
i~ oI, L) G109

o I

i
%




#3310 — s TAZGHBIKRA T fi g0 [T g7 ££¢> =0 &6 kb9 £ (&) Fiatg Tk @44
% (# k%) diquark 9. f] F= gf 550 d (3-87) KA (3-88) X773,

Table 3-31 Values of form factors f;, g;, f and g! at ¢> = 0 for the b — s process. The left (right) half of
the table corresponds to a scalar diquark (an axial-vector diquark) involved case. f{ and g are obtained by

Eqgs. (3-87) and (3-88) respectively.

|
B

F(0) F F(0)
0.141 | g™ | 0122
—0.189 | gz%7= | 0.056

F(0) F F(0)
0.138 | gr%™= | —0.030
0.132 | gz%~= | —0.055

g
J
[

=
1
[
&

~

S+
=& m u:g] =m
g
1
m
&

—

~
12 m N m e m
ng
1
]
E
b=

ne

ST | 0016 | g5 | —0.406 || fi47 | —0.068 | g3t | 0.261
=S 043 | g | 030 | T | 0140 | gr T | —0.031
TS 0202 | gon T | 0.024 | ST | 0138 | g4 | —0.048
SuoSo 10003 | gie”T | —0.316 | finT® | —0.082 | gin ™ | 0.249
Dem 0439 | gre”™ | 025 | T | 0436 | gry ™ | —0.030
Tumh 0098 | gew”™ | 0.028 | £ | 0134 grnT™ | —0.048
SuT 0,003 | gy | 0332 || T | 0079 | g™ | 0250
25T 0108 | gy T | 0428 || £t T | —0.066 | gyt T | —0.049
STl 0001 | gast T | 0056 || for®TT | 0134 | g T | 0.032
fos 75 1017 | g | 0027 | £ [ —0.068 | gy 7T | —0.049
TTE 0001 | gast T 098 | £l 034 | g7 | 0.026
fag® 0012 | gadn T | 023 || £ T | —0.065 | gyt | —0.047
Sl 0.088 | e | 086 || f00™ | 0130 | gl 7™ | 0.027

s )

0.203 | gf%™= | 0.167 0.185 | g% = | —0.033

)
i
w0y
1
(1]
&

1 :?] b
1] = I
=g
1
[1]
&

[T | 0079 | gyt 0.097 || fou = 0.203 | g3% "= | —0.068
fou7%e | 0015 | g5k | —0.320 | f5%TR | —0.109 | g% | 0.166
FoET ] 0204 | gl | 0074 || fT | 0186 | g% | —0.035

ST ] 0000 | gk | 0074 | 57| 0205 | g% | —0.063
se 70 | 0,007 | g5t | 0300 || fyk Tt | —0.116 | g5 e | 0.164

e e | g™ [ oaes | T ] 07T | gy | —0.033
e 0001 | g% 0064 | A5 ] 0104 | g™ | —0.061
e ™ | 0004 | gae™ | 0288 | g™ | 0a12] k"™ | 0163
- 2T,§bCHEC 0.160 gngSEbC%EC 0.202 f;fbc%gc —0.070 gQijcﬂEc —0.072
TS | 0,085 | gise TR | —0.021 || frEeT | 0472 | g™ | 0.068
27:,55%—52 0.169 g;’?b“_&é 0.200 gfbcaEZ; —0.071 ngjbu—E; 20,072
frEo= | 0,083 | ghEe= | 20006 || fEF% | 0170 | gl | 0.068
fd 0 0159 | g™ | 088 | gy [ —0.070 | gag ™ | —0.069
f géggﬁﬂg 0.081 gg,T,’ézgﬁgg ~0.001 | £ D0 0.163 gg}/?%ﬁn? 0.067

58—



F=F AANSABATHMNEIREITHRE

# 3-32 5R3-31£ M, 22X 22D — didAf,
Table 3-32 Same as Table 3-31 but for the b — d process.

F F(0) F F(0) F F(0) F F(0)
SN L0100 | gpe ™ | 0087 || g™ | 0008 | g™ | —0.020
SwoMN 036 | g 0.041 | o 0.099 | g™ | —0.043
SeM 0008 | g™ | —0208 | RN | —0057 | g™ | 091

Son [ a0z | gT T | 000 | SR | 000 | g% M | —0.021
SwomT 050 | giw B | o012 || 2% S | 0104 654 7™ | —0.087
ST o004 | oo T | —0222 | g TR | —0070 | 6% T | 0.183
N 0.098 | gy 0.086 | iy 0.095 | gy | —0.020
au S 0137 | gy 0.034 | fou”™ | 0.098| gyn”™ | ~0.040
T 0.004 | gyu”™ | 0282 fiuTT | —0.059 | gyuT 0.187
0% 0.099 | giw 0.091 || fm= 0.097 | g% | —0.021
SeTE o4t | gpeT™ | o013 | TS| 0102| gfnT™ | —0.036
uTS 0005 | gpnT™ | 0226 || fRTT | —0068 | ginT™ | 0481
TNl 005 | grsn ™ | 0001 [N | —0.049 | gl | —0.035
TN om2 | gien ™ | oana | M L 0104 | gih ™ | 0.028
f, S omT | 0.083 . S % 0,000 fa, =R | 0,051 5 =% 0,035
SIETRT o2 | gle BT oasa || ISR | 004 | ol 5 R | 0,023
Fas 750074 | gygm TS | 0.088 || fygm 7T | —0.048 | gy | ~0.034
e 0069 | gag T | 0019 || £y T 10200 | gy T | 0026
FranTR L0080 | gagn T | 0087 | faanT | —0.049 | gainT | —0.034
AR 0069 | gagn T | 048 | AT 1 0001 | gayn T | 0,023
SN[ oaas | g™ | o]l N | oaso| RN | —0.020
SN 005 | g™ | oomo | TN | oo | g™ | —0.054
SN 0009 | i ™ | —02ea | N | —00sT | g | 0an
SR oaas | R | oazs | /T | oaso| o T | —002
SR 0067 | i | 0046 | a2 TR | 0150 | gon P | —0.050
=050 0001 | R | oo | 2T | o004 | gty ET ] a2
e 0.133 | g/ o011 | 0122 | %% | —0.019
RS 0060 | gy | 0053 | fRTF| 0139 | giET | —0.049
Sl 0003 | g™ | —0204 | £%TF | —0085 | g% | 018
=L 03| g | ome || f%TS | oa22| PR | —0.020
{gé*fo 0067 | gk 0038 | R 10040 | 05T 007
ST 0,001 | gy TT | <0185 || ST | 0089 | gy 0.118
Toh L o0 gree™ | oz | gt | —oos2 | gl | —0.052
TEN L 0068 | gren ™ | o010 || AN | 038 | g™ | 0085
SN 19 | g3 oo || 55T | 0.058 | gnE T | —0.052
FIEE o064 | gl 0006 || 55| 0430 | g | 0085
TR L0005 | g™ | 031 | T ] —0.050 | g™ | —0.049
TSR 0064 | grg ™ | —0001 || AT | 0024 | givF | 0,053
fde =L 0010 | grge ™ | 0a20 | T [ —0.051 | grg S | —0.049
Frd= L0062 | grgt =L 0010 | AT L 0023 | grg T | 0.053
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M
Re(C< (s0)) + Qm;’ CER (s0) = 0. (3-109)
0
XHE R ESH AD - BC
/\I:’:l

A=Mfi—(M+ M)fy, B= Mg + (M — Mgy,
C=Mfl —(M+M)fy, D=Mgl +(M-M)g;. (3-111)

RS SCATLAGETE Ay — A TR B ES ORI AR A . fEES O FRIEN
BN, A S T A AR T AT AR B PSS A TR PR -84 220 O -

(A(pa)ISTB|Ay(pa,)) = alF1(¢?) + pF2(q?)|Tua,, (3-112)

Horp D22k hi e JEFERY SRR, of = pl, /ma, 2 Ny HPHJE

FEELTINFRIE T
fogusfa g = Fi, fage— By flogl =0, (3-113)
X R BN FIHAIE .
R = ﬁ, (3-114)

XEIRATEZEE T ma/ma, BT WRFF—EFERINT Ay — A JFE, F < 10104
A2,
R~ 1. (3-115)

Fe3-3625 H 1O E IR E - IRTE S PRI R R (Ho MIXAFgal LA, BURRE
TURE AR FE N R AEABEAE 0.3 2] 0.4 (92 ], 1G-S Wl s 2 ki it i
R AERLT X TE] [0.6,0.7] Ao

3.3.2.4 SUQB) 5 H7

MRAERIE SU) XIFRIE, BRIE S PR RUE R A A 8 2 AR R 2B R 1X
LER AW AT AN FRI-B30 R 45 I EE A 32 XFT b — sI717 SRR E 7 R4
R RS RE, EATA

D(=), — Z0) =T(S, = S, 171,
(=Y, — =) = T(S,, = 1) = %F(% = Q) G116
T(S} — ZFH7) = D(E), — 2%0H1),

(

1
D(E) — 2N =0(Z), —» Z0M) = 5F(QQC — QUTI),
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1.of
_ 0.20F
T 08
3 SE
= 06 g
8 2 0.10
g 04} 15
= 0.05}
2 02

0.00

0.0 V -
0 5 10 15
7*(GeV?) 7*(GeV?)

B/ 3-32) — ENTI G Zk dB/dg? AR FBA dApgp/dg®, ¥ l=e,p, 1. FE B
BABRERES AN = e, p, 7 HFH o XEEHHEERS TR,

Figure 3-3 dB/dq? for =), — =911~ with [ = e, u, 7. The blue solid line, the red dashed line and the black
dotdashed line correspond to the cases of | = e, u, 7, respectively. Here the resonant contributions are not taken

into account.

£ 333bb3nb—sAb—didRGRERES Lk,

Table 3-33 Decay widths and branching ratios for the b — s and b — d process in the bb sector.

Channel '/ GeV B ry/Tr Channel '/ Gev B ry/Tr
=0, = Ehete” [ 1.98x 1071 | 1.11 x 1077 | 348 | E) — Adete™ | 6.46 x 10721 | 3.63 x 1072 | 3.22
20— ZPefe” | 5.20x 1071 [ 2.92x 1077 | 0.70 | =) — SPete” | 1.60 x 10720 | 9.00 x 107 | 0.70
Ep— Syete 197 x 107 | L11x 1077 | 349 | B, = S ete [ 3.19x107% | 1.79x 1078 | 0.70
Zp — Eyeter [ 520x 1071 12921077 | 0.70 | @ = Z ete” | 5.71x 107 | 6.94x107° | 3.36
Q= Qete | 1.02x 10718 | 1.25 x 1070 | 0.70 | Q,, = =, ee” | 1.54x 10720 | 1.88 x 107 | 0.70
20— Zoptum 1 1.92x 10719 [ 1.08 x 1077 | 3.95 | = — Adutum | 6.32x 1072 | 3.55 x 107 | 3.51
E0 = E0utum | 447 x 10719 [ 252 x 1077 | 091 | Z9 — SoutuT | 141 x 1070 | 7.94 x 107° | 0.88
S = Syptu 191 x 1071 | 1.08 x 1077 | 3.96 | = — Sy ptu | 281 x 107 | 1.58 x 1078 | 0.88
Sy = Syt | 447 x 1071 | 252 x 1077 | 091 | Q) — =, ptus | 558 x 1072 | 6.78 x 107° | 3.70
Qp — Qutp [ 885x 107 [ 1.08 x 107 | 0.90 | Q, — = putp~ | 1.36 x 10720 | 1.66 x 107% | 0.87
2y, = St [ 3.72x107% | 209 x 1078 | 6.17 | Z = A)rTr | 175 x 1072 | 9.86 x 10710 | 5.59

—bb
20— E0rTT 48T x 1070 | 274 x 1078 | 1.02 | E) = X7t [ 210x 107 | 118 x 1077 | 1.01
Ep = S, 7T [ 3.69%x 1070 | 207 x 1078 | 6.18 | B, = X, 77 | 417x 1072 | 235 x 107 | 1.01
Sp Sy TITT [ 487 x 1070 | 274 x 1078 | 1.02 | Q =, 77 | 140 x 1072 | 1.71x107% | 5.80

Q= Q7™ [ 1.02x 10719 | 1.24 x 1077 | 1.00 | Qp — =, 777 | 2.08 x 10721 | 2,53 x 107° 1.01
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Table 3-34 Decay widths and branching ratios for the b — s and b — d process in the bc sector.

Channel I'/ Gev B Ir'y/Tr Channel I'/ Gev B /Ty
Ef > Efetem | 146 x 10719 | 543 x 1078 | 2.92 | 5 — Afete™ | 454 x 10721 | 1.68 x 107° | 2.72
= o Efete [454%x 1071 | 1.69 x 1077 | 0.68 | Ef — Xretem | 1.34 x 10720 | 497 x 107 | 0.68
=) — e [ 146 x 10719 | 2.06 x 1078 | 293 | =) — Xletem | 2.67x 107 | 3.78 x 107° | 0.68
=) Etem | 4.53x 10719 [ 6.40x 1078 | 0.68 | Q) — Zte” | 328 x 10721 | 1.10x 107° | 3.10
Q). — Qete™ | 742 x 10719 | 248 x 1077 | 0.68 | Q). — EeTe™ | 1.04 x 1072 | 347 x 107 | 0.68
S = Efptum [ 140x 1070 | 521 x 1078 | 344 | Ef = Afptp | 440 x 1072 | 1.63 x107° | 3.05
Ep = Efutu |3.97x 10710 | 147 x 1077 | 0.86 | Zf — Sfptpm [ 1.20x 10720 | 4.44 x 107° | 0.83
20— 2t | 140 x 1071 | 1.98 x 1078 | 345 | E), —» X0utpm | 239 x 10720 | 3.38x 1077 | 0.83
20— E0utu 1395 %x 107 | 559 x 1078 | 0.86 | Q) — E0utpum | 3.16 x 107 | 1.06 x 107 | 3.58
Q). — Qutp~ | 641 x 10719 | 214 x 1077 | 0.88 | Q) — =0t p~ | 9.16 x 1072 | 3.06 x 107° | 0.85
EL o BT 13.02x107% | 1.12x 1078 | 419 | Ef > AfrTrT | 131 x 1072 | 487 x 1071 | 3.86
S = EFrTrT 650 x 10720 | 241 x 1078 | 0.99 | B — SFrtrm | 254 x 1072 | 9.43 x 10719 | 0.98
) = B0t 298 x 10720 [ 422 x 107° | 420 | =), — S07F7 [ 5.06 x 10721 | 7.16 x 1071° | 0.99
). = B0 1645 x 1072 1 9.12x 107° | 099 | Q) — E0rtrT | 746 x 10722 | 249 x 1071 | 4.38
Q) = Q0™ 1 9.12x 1072 | 3.05 x 1078 | 0.99 | Q) — E07 7~ | 1.70 x 107* | 5.70 x 1071 | 1.00

C

%3350 5 b—sHb—odIREETREFS Lk,

Table 3-35 Decay widths and branching ratios for the b — s and b — d process in the b¢’ sector.

Channel '/ Gev B ry/Tr Channel '/ Gev B ry/Tr
S Efeter 1931071 | 716 x 1078 | 0.58 | E;f — Afete | 6.61 x 10721 | 245 x 1077 | 0.54
S = Efete | 127 x 1071 | 470 x 1078 | 3.16 | Zf = Sfetem | 355 x 1072 | 1.32x 107° | 3.17
Z0 = Elefem [1.92x 1071 | 272x 1078 | 0.58 | ZP = Xlete” | 7.09x 1072 | 1.00 x 1077 | 3.17
Zp = E%te | 126 x 1071 | 1.79x 107% | 3.16 | QP — E%tem | 459 x 10721 | 1.54x 107 | 0.55
Q0 — Qetem | 211 x 107" | 7.05x 107 | 334 | QP - Efefe” [ 2.82x 107" | 943 x 10710 | 3.39
S = Efpte 169 x 1071 | 627 x 1078 | 0.71 | Epf = Afptps [ 5.98 x 1072 | 222 x 1070 | 0.63
S St | 121 x 1071 | 448 x 1078 | 3.87 | Epf = Sfputum [ 341x 1072 | 1.26 x 107 | 3.74
Zp = E0utp | 1.68x 10710 [ 238 x 1078 | 0.71 | 2 — X0utum | 6.81 x 1072 | 9.62 x 1071 | 3.75
P = 20t [ 1.20x 107 | 1.70 x 1078 | 3.88 | Q2 — E0utpm | 4.06 x 1071 | 1.36 x 1070 | 0.67
QP — Qutp~ | 201 x 107" | 6.71x 107 | 415 | Q2 — E0uTpm | 271 x 10721 | 9.05 x 1071° | 4.06
S o EfrtrT 1327 x 107 | 121 x 1078 | 0.71 | 5 = AfrTrT | 1.60 x 1072 | 5.95 x 1071° | 0.65
S = Bt 203 %1070 | 753 x 1077 | 456 | Ef - BirtrT | 7.32x 107 | 271 x 10710 | 4.48
EP0 = E0rtrT 132310720 | 457 x 1077 | 0.71 | ER = X0 | 146 x 1072 | 2.06 x 10710 | 4.48
P = E07Tr 201 x 107% | 285 x 1077 | 4.56 | QP — E07FrT | 880 x 10722 | 2.94 x 1071 | 0.68
Q0 — Q071 1291 x10720 | 9.74 x 107 | 4.85 | Q2 — E07 77 | 5.04 x 10722 | 1.69 x 10710 | 4.81
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#3-36b— s/dlTI=(l = e/p) it 2 dApp/dg* 89 K %5

VLB (3-110) XF= (3-111) X ¥ = U89 R 4944

Table 3-36 Zero-crossing points of dApp /dq? and R defined in Egs. (3—110) and (3-111) for the b — sI*I~

process with | = e/pu.

Channel s0/ GeV? | R(so) Channel s0/ GeV? | R(so) Channel s0/ GeV? | R(so)
=9, — Eotl 2.01 0.30 | Zf — - | 2.80 0.61 | ZF - =1~ | 312 0.68
_bb — =1t 2.01 0.30 | Zp = =%t | 2.80 0.61 | 0 — =%t~ 3.12 0.68
=9, — E00 2.88 043 | L — ZFH- | 3.02 0.66 | = — =t | 2.87 0.62
Sy ST | 2.88 043 | ). > Z00T- | 3.02 0.66 | =2 — =01+~ | 2.87 0.62
Q= Q- | 2.88 042 | Q) — QU= | 3.00 0.65 | QP — QU*I- 2.80 0.60
29, — AYITI~ 1.96 029 | Zp — AfITI- | 281 0.61 | ZpF — AFITI- | 3.09 0.67
Qp — S 1H0 2.00 029 | Q) — =+~ | 277 0.60 | QO — =0+~ 3.11 0.67
29, — Sl 2.88 043 | EL — SHFI | 3.02 0.66 | =,f —SHiti- | 201 0.63
Ey = Sy 1 2.88 043 | =), — XUt~ | 3.02 0.66 | =0 — St~ 2.91 0.63
Oy, — 5,00 | 2.88 0.42 | Q) — =0T 3.01 0.65 | QP — =0T~ 2.84 0.61
—/+ —=+7+7—\ _ —/0 —=07+7—
F(“bc _>“cl l )_F<“bc_>‘—'cl l )7
1
Ixag—»affw—)ZIKEQ-+59H1—)=Ef%Qﬁ—»Qy+ry (3-117)
T b — dITT BRI, BATA:
(2, — AT ) =T(Qy, — =, 1117),
1
D(Zp, = S)T1) = =[(5;, = X, 1717) =T(Qy, — ZX077), (3-118)
+ 0 =07+7—
F(“bc A l+l ) = F(ch cl ! )7
1
+1+H1-) — =0 07+7—Y) _ 0 =07+7—
F(‘—‘bc Z i ) - §F(‘—‘bc ch ! ) - F(ch — “/cl l )7
—_ 0 .—0 —
F(“g)—g - A+l+l ) = F(Qéc cl+l ))
D(E = XN ) = T(EL — S0H) =T(Q — =011, (3-119)
T b — s PR Re, R3-3745H 1 H SUG) XMFRMERBR A E R THe T
2L
o Qs diquark {435 WAL Qu/Qd diquark {F R34 1 5L A He

A Y SU3) XIFK

ERE R, HAfQ =10, ¢
cq diquark 1E 55 ME H AT FE S by diquark 1E 55 ME 1Y AR

HREMHEE, ATE

swaﬁ»ﬁﬁﬂﬁf%ﬁ,ﬂ¢q—ud&

o | =7 NEANES | =e/p WAL, BIE R SUG) XIFR M BRI K

OERN =7 ARSI R /N, SRR AT 7 P Y A8 A SE UK.
3325 iREMT

LAEg, — EQIH A o0, A/ N IIE AR SR B RUBCE S E A
HEM. JWIRA AR EM T W 33-38, HriRZED Ak BUIASE FRIRSE 8, REHE
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Table 3-37 Quantitative predictions of SU(3) symmetry breaking for the b — s process in the bb, bc and bc’

sectors.

Channel I'/ GeV (LFQM) | I'/ GeV (SU(3)) | |LFQM — SU(3)|/SU(3)
=0 Zete~ | 520x 107 | 520 x 107 -
=, Ereter | 520x 107 | 520 x 107V 0%
O — Qpete | 1.02x 1078 | 1.04 x 10718 2%
=0 =Pt | 44T x 1070 | 447 x 1079 -
= Euta | 44T X107 | 447 x 1079 0%
O — Qputu | 885x 1079 | 8.94 x 1071 1%
=0 =00t | 487x 102 | 4.87 x 1072 -
Ep 2y T | 4.8Tx 10720 4.87 x 1072 0%
Qyy — Q77 1.02 x 107 9.74 x 1072 5%
E;C — Elfete” 4.54 x 10719 4.54 x 1071 - -
=0 5 T0etem | 453x 1079 | 4.54 x 1079 0%
Q) Qeter | 742x1070 | 0.08x 107 18%
=)= St 3.97 x 10719 3.97 x 10719 --
=0 =0 | 3.95x 1070 | 3.97x 107V 1%
OO 5 Q0utu | 641x 1070 | 7.94x 107 19%
=r =t | 650x10°%° | 6.50 x 1072 -
=0 =0t | 645 x 1070 | 650 x 1072 1%
QM 0t | 912x 102 | 1.30 x 107 30%
:g — Elfete” 1.27 x 1071 1.27 x 1071 - -
=0 Z0etem | 1.26x 1079 | 1.27 x 107 1%
Q0 - Qete | 211x 1079 | 254 x 1071 17%
= S Etut | 121x 1079 | 121 x 1079 -
=0 =04t | 120107 | 121 x 10719 1%
Q0 5 Qutps | 201x 107 | 242 x 1079 17%
= Bt 2.03 x 10720 2.03 x 10720 - -
=0 =00t | 2.01x 10720 | 2.03 x 1072 1%
QO Ortr | 291x10°%° | 4.06 x 102 28%
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A 3-38 LB, — =) IERAG, HIBRETFIRGFEL FoARFRY M, BREZANRESF
R B B = B=o, By = Bzo AR Mai = Mpuyo EEANFRA P A L5 5 10%.

Table 3-38 Error estimates for the form factors, taking =), — =9 as an example. The first number is the central
value, and the following 3 errors come from (; = ngb, By = 552 and mg; = M), respectively. These

parameters are all varied by 10%.

F F(0) F F(0)
fow= | 0.141 4 0.018 + 0.036 4 0.002 T%7= | 0.138 +0.018 + 0.035 + 0.002
fo27® | —0.189 £ 0.039 £ 0.037 £ 0.014 || f£%7= | 0.132 4 0.015 + 0.027 + 0.029

0.016 & 0.009 & 0.013 £ 0.019 Sw7® | ~0.068 £ 0.006 = 0.007 = 0.022
0.122 4 0.020 + 0.025 £ 0.007 || g¢7% = | —0.030 % 0.004 = 0.007 & 0.001
0.056 = 0.016 £ 0.045 £ 0.030 || g5% = | —0.055 £ 0.004 £ 0.017 % 0.006
—0.406 £ 0.088 £0.225 £ 0.120 | ¢5%~= | 0.261 £ 0.019 £ 0.078 £ 0.022
fo57% | 0.108 £0.016 £ 0.023 £0.020 || fo 5= | —0.066 £ 0.013 = 0.013 £ 0.010
55775 | 0.091£0.018 £0.018 £0.013 || f3 57 | 0.134 % 0.024 £ 0.026 £ 0.011
Gas™ ™ | 0128 +0.012 £ 0.036 £ 0.002 | g7 =" | —0.049 & 0.005 = 0.012 % 0.001
935" 7= | 0.156 £ 0.122 £ 0.020 £0.012 | g3 77 | 0.032 £ 0.010 % 0.012 = 0.002
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TICRSEL By~ diquark JiihE ma;o AR TEERYIRZEN -

— Zpete) = (1.98 £ 049+ 1.21 +£0.13 £ 0.26) x 107" GeV,
[(Z), = ZE0utp™) = (1.924+0.48 £ 1.18 £ 0.14 £ 0.26) x 107 GeV,
— ZprTr7) = (3.72 £ 0.96 £ 2.52 £ 0.51 + 1.28) x 107%° GeV, (3-120)

XHEIRZEDAIRE Biv Brv mai LU E ST RIS mpoteo BT = MBI Z BB T
10% T mypole KA T 5% MFE3-38H1 (3-120) Xl LAA H,  HIXEESAG A A TE
PEAEA LRSI T = AR,

34 NG

2017 4, LHCb SARAAE AJ K- ntat REKI T EL . XN ERNAIMETCRE RS2
PEREXS H T AN S IR B 755 A 9T ZIB A, TRATE JeEATE S 058 T
HERE T 1/2 ) 1/2 (5N, 06 Rl ZMASEBAI T 5, XAlfEa £
SR, Hp—MREATRER A 1/2 2 3/2 IR EAR . AR SE 47 B R T R E R E T
1/2 3 3/2 At fE . AR diquark B4 I Y6RTS SOBER EMBOCIR K 1. (53
HHEMABERE T, BATISE TREKRE PR AR, WS ToEE. W
Wi, HEHE T AR AR SUG) MOBEXARIE B ER . RATRI, K
53 1/2 3| 3/2 AR R EE R R LA Y 1/2 2] 1/2 3288 B/ h—"1 09
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HATHUIAEA 5 LR, BORiEZ ) 37 BRGSO RIETHREZR, BA]
Peide th T LA SRNDBCER IR B 7RO ASE , TEHEBA IS

BE - =T = 6.18 x 1072,
BEIT - ZfrT) = 4.33x 1072
B(ELT — = at) = 870 x 1077

Forpr 20 AR AR O E0rt, T 20 A] DAE— A A R AS . LHCb S FZAE 2018
FOLE LIRS — P IRREIN T 25T AN, AT AU S A AR B 2R
HIRE RN SRR EZAEH]

RAE P AR TR R R R AR S P AR SO P B Y BEAR S B, T D R B 1 Y
KEDRHE T — BRI G o AT =T HT5T 1 AR B 55 5 A Y BRIE O TR
AR FAIYRER A diquark G BOERTS e BT B BURAR A 7. A5 Bh T RS2
AR, AT 7 X e A i R A i —2emP W e FRATAEL, b — sITl” BRRE
BRI SLHREAE 107° ~ 1077 12, T b — Il FERI AR S RE A
1077 ~ 107° §iZ. BNTHAH A FI90RIE S PRI R N — 2, X2 A
MR ERE R AFar B A/ N — g A, FATERE 1 iX LT FERY
SU) XfFRiE K Homish . BF5S 1 SR 22K



FF QCD KAHM HHTHNERETHRE

FEME QCD RMMMNAGETHNEREFHREE
2017 4, LHCb SAF4AE A K—ntrt KR T NEEF =8, eyt ymb:
Mzt+ = (3621.40 £0.72 +0.27 £ 0.14) MeV. 4-1)

AT BN EREFIINEAR, PUERERIT T fFREh 1%, BT E L2 N E IR
AR AR 7 TH] ) SE6 I bt o [R] Fof X R - 55 AR 7 T HE— 2B (I LR A 5129 30, 73, 92,94 1051211
JUHE AT EE Y QCD AT 4 AR5+ FL

b EER AR SR AT TOE R E PR A o tHEHRA T diquark %,
RIPIAZ S 55 BEAER WA S e B E— D99 RE RSt X MM K& L T
HE, JFHARE TIRZ A HIMER SR . B2, B TIRA%E diquark P2 77127, X
FRUTO G [ 7 — SR ARSI R iR 22 AR FH QCD sRATRLIN 7 R # X
AT ENERE FREREE, AEIEIERE W BTE 1/2 BN ERE =22 [ e
1/2 @ B E R T AR A o

QCDSR C 4 2 W H T 5T s -1 Prin A AR T A 51 H B T I BRI AR A - LA
Ko K-~ B-5r 1 KRG HNR G 40 e, fExx Mk, w1 A N 105 50 B4
No IXEERFF A SRR A T LLsd EAF e eIt (OPE) HEATACEE, HH i gy R0
KRS v-i FAHEAE R 2. i vl LU QCD et rit &, /a4 ml LLiE
TEZSERHITSHA . &5 QCD By45 st e A VLACE] w1 A0 A A B & E o

AREETE BRI AR Zec(ceq), Qee(ces), Zpp(0bq), Qup(bbs) LUK Zpe(beq), Que(bes)
Hrp g =wu,ds Zoq Ml Qoo # SUB) =H . Fidh, XEFHER e Al Qe FHIH P E
SR ME S R X PRI o AT AT SOS BRIV G TG 2 R AR i AR B R A, AR 2
HBEIEA . RI-IGH THEKREFHE TN RSETFEE —PESEHIN MRS,
CATRL SUB) ) =HA Ao, Eq 5iE SUQB) NEL Yo, Ep, Qq, HHFQ =0b,c, WEI-2,

41 WNEKREFHRTEH

R TAFAEZ LS, QCDSR &g SOk 7> 110 1221200 5y P o+ SOW B DR HE 1 Bt
AT B AL QCDSR AT F M E IR E 1Y AT i ATUE L AT H N T
FENEIRE D, HIERERR A ERIEIIRE £, &2 AR DI -
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Table 4-1 Theoretical predictions for the masses (in units of GeV) of the doubly heavy baryons. The results of
“This work #1” are predicted using Eq. (4—17) while those of “This work #2” using Eq. (4-32). The uncertainties

S E (YL GeV A #4%) , “This work #1”#=“This work #2749 45 & 5 7| 4% 8
EMEETHEALRY, @3 M s, 2 LR EARBER LKLY
AR [TT] F 4= QCD

of the relevant parameters, including M2, s¢, the quark masses and the condensates, have been taken into account.
For purposes of comparison, some other QCDSR results from Ref. [69] and Ref. [122] and the Lattice QCD
results from Ref. [77] are listed. Our results are consistent with Ref. [122] and Ref. [77] but somewhat different
from Ref. [69].

Baryon | This work #1 | This work #2 | Ref. [69] Ref. [122] Ref. [77] Experiment
Zee 3.68£0.08 | 3.614+0.09 | 4.26+0.19 | 3.57+£0.14 | 3.610+£ 0.023 +0.022 | 3.6214 4 0.0008
Qee 3.75+0.08 | 3.69+0.09 | 425£0.20 | 3.71£0.14 | 3.738 £0.020 &£ 0.020 --

Zwo 10.16 £0.09 | 10.12£0.10 | 9.78 £ 0.07 | 10.17 £ 0.14 | 10.143 4+ 0.030 4 0.023 --
Qb 10.27£0.09 | 10.19£0.10 | 9.85+0.07 | 10.32 £0.14 | 10.273 £ 0.027 £ 0.020 --
Zbe 6.95+0.09 | 6.89+0.10 | 6.75£0.05 -- 6.943 + 0.033 + 0.028 --
Qe 7.01+0.09 | 6.95+0.09 | 7.02£0.08 -- 6.998 + 0.027 £+ 0.020 --
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Figure 4-1 The M?-dependence of the masses of =, .. (the top two figures), =y, Qp, (the middle two
figures), =y, and (2. (the bottom two figures). The sum rule in Eq. (4-17) is considered. The inputs are taken

as: m. = 1.35 GeV, m;, = 4.60 GeV, and m, = 0.12 GeV, condensate parameters are taken at y = 1 GeV.
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Figure 4-2 Same as Fig. 4-1 but for the sum rule in Eq. (4-32) is considered.
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(4-17) XA (4-32) K ¥ 89 KA=HN o BN H B THXEH, @3 M2, s0, 50T, BRELAHARET
KRB LE, EHTL, RAE T 5] Lk [122] F QCDSR #9345 %,

Table 4-2 Decay constants Az (in units of GeV?) for the doubly heavy baryons. The results of “This work #1”
are predicted using Eq. (4—17) while those of “This work #2” using Eq. (4-32). The uncertainties of the relevant
parameters, including M?, s,, the quark masses, the condensates and the baryon masses, have been taken into

account. For purposes of comparison, the QCDSR results from Ref. [122] are listed.

Baryon | This work #1 | This work #2 Ref. [122]
Zee 0.113 £0.029 | 0.109 4+ 0.021 | 0.115 £ 0.027
Qee 0.140 £0.033 | 0.123 £0.024 | 0.138 £ 0.030
b 0.303 £0.094 | 0.281 4 0.071 | 0.252 £ 0.064
Qup 0.404 £0.112 | 0.347 £ 0.083 | 0.311 £ 0.077
Zbe 0.191 £0.053 | 0.176 £ 0.040 - -

Qpe 0.217 £ 0.056 | 0.188 4+ 0.041 - -
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Figure 4-3 The M?-dependence of the decay constants of =, 2. (the top two figures), =y, ;, (the middle

two figures), =, and 2. (the bottom two figures). The continuum threshold are taken as \/sg = 4.0 ~ 4.2

GeV, /5o = 4.1 ~ 4.3 GeV, /55 = 10.5 ~ 10.7 GeV, /59 = 10.7 ~ 10.9 GeV, /5o = 7.3 ~ 7.5 GeV and
/80 = 7.4 ~ 7.6 GeV, respectively. The sum rule in Eq. (4-17) is considered.
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Figure 4-5 Feynman diagram for semileptonic decays. The leptonic amplitude can be calculated using perturba-

tion theory, while hadronic matrix elements can be parametrized into form factors.
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Figure 4-6 The perturbative contribution to transition form factors. The doubly-solid line denotes a heavy quark,

and the ordinary solid line corresponds to a light quark.
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Figure 4-7 Light-quark condensate diagrams. Heavy quark will not condensate and thus only the two light-quark

propagators give condensate contributions.
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Figure 4-8 Mixed quark-gluon condensate diagrams.
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Figure 4-9 Quark propagators in the QCD vaccum. x and y are spacetime coordinates, 7 and j are color indices,

and p;, k and k; are momenta.
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Figure 4-10 One of the gluon-gluon condensate diagrams.

B, MR R AT A I AR SR AT 5 S5 TR R (] Cutkosky RS2 -

VA{aGa),a (2 2 2) — (—27rz') _Q arpa 1 1 / V(aGq),a
pu (plap27q ) (27’(2)2 ( 192)TI'[T r ](qgsan>( ) 9 (amls N

)
k2—>m1

(4-66)
R [, 5 @-59) iy [, AR, H m? YRR mase 48 AN
AT AR 45

42.1.6 JBF-IBCFBER DTk

OPE Hfist 520 4 NEST GG ok BN I - T3 . A 10 PRI 15
A, @l#méﬁtﬁ?ﬁiﬂlﬂ*/\fﬂ% IR ok oA -
<gSGG> ara / d4l€2 d4]{73
482 s T (2m)4 (2)4
y (_ / 1 , 1 . 1 , 1
i 75%2 - m27 %1 _|_m1’7 %1 +m17 kl +my
1 1 g 1 |
o v s .- 4-67
%%Hm’lv k’1+m’17 Pt ,17 %3_m3775) ( )

(E iIJ (p17p27 ) @)/?';T 19 /I\ Dirac %E[z$°

MGG (2, 2 g2) = (=993 + 9asYpo)

422 BUHZ;

BUETHE A A S EEED S BT TR S (qq) = —(0.24 £ 0.01GeV)?,
(ss) = (0.8 +0.2)(qq), (49-0Gq) = my(qq), (59,0Gs) = my(ss), m§ = (0.8 +0.2) GeV?,
(CG) = (0.012 £+ 0.004) GeV*; WFZHF i, my = (0.14 £ 0.01) GeV, m, = (1.35 +
0.10) GeV LA my, = (4.7 £0.1) GeVo HURE - Buie 530 WAR3-1H715:3-3,

FABLH THIARSEHE T R AR WAEE) WES(EDS P DU ST R L5
EHEEIS . HAET V2 K[ ERAEN 22500 B9 T SRS 25, A
FEHT T SCHR [136] HOBCER IR B A R B BB

THEH R I SCHER [140]1 Ay > MEG 45 Sk B4 Borel Fig Z8UAVIER. HG, Borel
SHL T BUER . I W UG BE PR A Borel 24N W5 Hik Borel 281 T3 | R THI =1

) =
GG

— 85—



AAB MRS ETFTHREFTHR. £ RETHLE LA K [138, 139], M FTREREF, ML
# T XK [136] P9 R, FAGMALEA mp, = 4.7+£0.1 GeV, my = 0.14 £ 0.01 GeV, <%> =
0.012 4 0.004 GeV*e BF V2 k B NRL ZH T Rl

Table 4-3 “Decay constants" (pole residues) for involved hadrons. Results for charmed and bottom baryons are
taken from Refs. [138, 139], while for doubly-heavy baryons, the results are updated compared to Ref. [136]
with the new inputs: m, = 4.7+0.1 GeV, my; = 0.14+0.01 GeV, <%) = 0.012+0.004 GeV*. The factor

/2 arises from the convention differences in interpolating currents.

T*(GeV?) /50(GeV) M (GeV) M(GeV?)
A, | 1.7-27 31+£0.1 2.286 v/2(0.022 £ 0.003)
Z. ] 1.9-29 3240.1 2.468 v/2(0.027 £ 0.004)
Ay | 43-53 65+0.1 5.620 v/2(0.028 + 0.004)
=, | 44—-54  6.5+0.1 5.793 v/2(0.034 + 0.006)
Y. | 1.8—-28 32+0.1 2.454 v/2(0.046 + 0.006)
= | 20-30 33401 2.576 v/2(0.054 + 0.007)
Q.| 22-32 34+0.1 2.695 0.089 4 0.013
Y | 46-56 6.6+0.1 5.814 v/2(0.062 + 0.010)
= 49-59 67401 5.935 V/2(0.074 + 0.011)
Q| 52-6.2 68401 6.046 0.123 4 0.020
e | 24-34 41401 3.621 0.109 £ 0.020
Qee | 26-36 43401 3.73840.028 0.129 4 0.024
Ew | 6.8—78 10.640.1 10.14340.038 | 0.199 £ 0.052
Q| 72—-82 10.840.1 10.2734+0.034 | 0.253 & 0.062
She | 4252 74401 6943 40.043 0.150 4 0.035
Qe | 45—55 76401  6.998 4 0.034 0.168 & 0.038
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Figure 4-11 The Borel parameter dependence of condensate operator contributions to the form factors f1 2 3(¢* =
0) forthe =t — X7 transition. In these panels, the solid line, the dashed line and the dot-dashed line correspond
to the magnitude of contributions from the perturbative contribution, quark condensates and mixed quark-gluon

condensate, respectively.

ﬁﬁﬁ-’i[MO] .
2 2 2
% ~ H (4-68)
XE M) 27 ORZE) ErmBat. mi) BYE ORES) Frafiftht. LSS — SF Bk
TG, EA-TTFIE4-125 3 7R T HARE F1E ¢° = 0 A& @I EAF STk 4 Borel 2
BUGAE , LAURIEAR R 1 EE 2 Borel 241 T7 = 5.8 GeV? I & B A5 STl ¢ 1
Wik, HE4-11A LB H, TRARAF1F Borel 241X [f] 4.8 GeV? < T? < 6.8 GeV? JEHIA
HIBALLEASE o« FRATTETT AR tH A S e vk o 15, XA AL T E35IE T OPE
T A R
FA—4, 4-50) Jea—-645 H T TR R I BUBESE SR, A5 BRI TSR E 1 U E -1
JIE-ZR -, 1F QCDSR H1, OPE 7 ¢% < 0 FYTE B Rk =L X 35§ (the deep Euclidean region) i ]
FEARTT , MRS TR A, AV BIFEXE —1 GeV? < ¢ < 0] —10GeV? < ¢2 < 0
WITETRE T R TR N e SE B i a2 Ko o2 B9fists, AT &
REIER A FESBACIME. BOATEIL T, BATRAH LI S 28 A
F(0)

(4-69)



EREBRFHEFEAL

R A4 BREEFHHREFo B = S RAELT — 5F BL - 20 B 2RUE T V2
Table 44 The decay form factors for doubly-charmed baryons. The =.. — Y. stands for the =f " — X1
transition. A factor v/2 should be added for the =%, — X0 transition.

F F(0) maq ) F F(0) i 0
Feemhe 10,594 0.05 | 1.48 4 0.07 | 0.23 £0.07 | gF=7" | —0.1340.08 -- --
Seerhe | 0.039 £ 0.024 - -- g5 | 0.037 +0.027 -- --
Seehe | 03542011 [ 1.04+0.12 ] 0.38+£0.24 | g5 | 0.31+£0.09 | 1.054+0.06 | 0.27+£0.24
FeemZe | —0.67£0.05 | 1.51 £0.07 | 0.24 +£0.07 | gF<7= | —0.095 £ 0.092 -- -
Zee=Ze | 0,059 & 0.031 -- -- g5 7= | 0.060 % 0.032 -- --
See7%e | 0484011 | 1.084+0.13 | 045+0.33 | g5 7= | 0444010 | 1.09+£0.12 | 0.39+0.33

fie7= | —0.58 £0.10 | 1.51 £0.07 | 0.27 £0.03 | gi7= | 0.007 £0.125 -- -
2QCCHEC 0.040 & 0.023 - .- g?CC”EC 0.040 £ 0.023 -- --
§e7® 0424011 | 1.07+0.12 | 034 +£0.16 | g7 | 0.38+£0.09 | 1.08+0.08 | 0.27+0.21
Seem¥e | (.35 4 0.04 -- -- g7 | —0.23+£0.06* | 1.43+£0.27° | 0.924+0.27*
fre? e | 1154012 | 1.52+£0.17 | 0.03£0.36 | g3« | —0.26 +£0.15 -- -
See=e | 140 +0.39 -- -- g5 | 2.68+£0.39 | 1.474+0.09 | 0.18£0.08
=% [ Z0.36 4 0.04 .- - g% | —0.21 40077 | 1.34+0.29" | 0.82+0.27°
ST | LI8£0.10 | 1.58£0.09 | 0.18£0.26 | g3 | —0.15+0.15 -- --
Sev= | 199 4 0.40 - -- g% | 2744039 | 14640.08 | 0.13 +0.09
9= 029 4 0.08 - - g% | 2013 40.10 -- --
S| 1054021 | 157+0.15 | 0.2040.33 | g7 | —0.03+0.23 -- -
9= | 0814 0.63 - -- g7 | 2374063 | 1.46+0.08 | 0.174+0.04
Feee | 049 +£0.11 - - gl | —0.1540.12 -- - -
Sree7fe | 1554029 | 1.58+£0.16 | 0.234£0.47 | gy~ | 0.09 £ 0.31 -- -
Sree™e | 0.90 +0.87 -- -- gy | 3454087 | 1.49+0.08 | 0.204+0.09

£ 45 MR EFHHBKE Fo Sy — Xy KA D, — X0

=0

° —bb

=¥ FEEAAT V2

Table 4-5 The decay form factors for doubly-bottom baryons. The =, — %, corresponds to =;, — X9 A factor
/2 should be added for the =), — X} transition.

F F(0) Mt 5 F F(0) Mt 5
S=h [ 0,086 4 0.013 | 3.03 4 0.08 | 0.62%0.05 | g7 ™ | —0.074 £ 0.013 | 3.36 % 0.13 | 0.80 % 0.04
F2M | 0.0022 + 0.0020 - - g5~ | 0.0011 £ 0.0024 -- -
Sw=M | 0.0071 + 0.0072 -- -- g5~ | 0.0085 £ 0.0055 -- T
20=% [ 0,083 +£0.028 | 3.04£0.09 | 0.56 £ 0.04 | g 7= | —0.066 +0.028 | 3.58 £ 0.22 | 0.84 + 0.09
£ 10,0026 + 0.0019 - -- 95" 7= | 0.0016 £ 0.0025 -- -
£27% 10,010 £ 0.008 - - g5"~= | 0.0110.006 - -
FEm ] 012£001 | 4702036 | 087 £022 | g™ | —0.12+£0.01 | 4.81£0.39 | 1.01+0.29
E0o% | 0924003 | 3144009 | 056£0.03 | g5 | —0.1940.03 | 3.53+0.16 | 0.78 4 0.03
FE% 046 £0.06 | 3.26£0.09 | 0.71£0.03 | g5 | 0.494£0.07 | 3.10£0.07 | 0.63 £ 0.04
750104004 | 4814036 | 0.6640.32 | g7 | —0.10+£0.04 | 5.06+0.43 [ 0.95+0.37
0% | 0204006 | 3.1240.09 | 0524 0.04 | g2 7% | —0.154+0.06 | 3.85+0.30 | 0.89 % 0.15
S| 0374014 | 3404012 | 0.70£0.03 | g7 | 0424£014 | 3124007 | 059 % 0.04
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Table 4-6 The form factors for the bc sector. The =y, — ¥; and =, — X, correspond to =, — 28 and

29, — X+, A factor /2 should be added for =), — ¥, and =, — X+,

F F(0) My 5 F F(0) Mt J
S 0654+ 0.06 | 1.364+0.06 | 0.38+0.05 | g7 7™ | —0.1540.08 -- --
fore™ | 0.67+0.07 | 1.38+£0.08| 0.18£0.12 | g5 7™ | —0.16 +0.08 -- --
farem e | 1734048 -- -- g™ | 3264044 | 1.30£0.06 | 0.2440.05
ST | —0.72£0.06 | 1.374+0.07 | 0.36+£0.08 | g7 7= | —0.16 +0.09 - --
Sl 0744008 | 1.364+0.11 | 0144021 | g7 | —0.15+0.09 -- --
S| —1.80 £ 0.54 -- -- S| 3554048 | 1.33+£0.04 | 0.27+0.11
eS| 0624012 | 1.384+0.06 | 0.38£0.06 | g 7= | —0.0340.13 -- --
fe7= 0604013 | 1.364+£0.10 | 0134011 | g7 | —0.06 4 0.14 -- --
f3e= | —1.18 £ 0.81 -- -- g7 | 278£0.78 | 1.31£0.06 | 0.21+0.06
e | 20,28 4£0.03 | 1.924+0.38 | —0.84+£0.30 | g7 | —0.13+£0.06* | 1.1340.32" | 0.68 + 0.35*
foreP | 2044021 | 1.40+0.07 | 0.26+0.12 | g3 | —0.18 +0.25 - --
fore?¥ | 378 +1.38 -- -- g | 101414 1.30 £0.09 | 0.27 +0.08
== | _02040.03 | 1874039 | —0.77£0.31 | g7 | —0.1140.06* | 1.05 £ 0.32* | 0.61 +0.32*
7%l 2174021 | 1404011 | 0294025 | g3 | —0.01+0.25 - --
5% | 349 41,42 . - S 103414 | 1.33+0.06 | 0.31+0.06
T | 0254006 | 1534035 | —0.43+0.34 | g™ | —0.047 +0.079 -- - -
FeTS ] 18540.34 | 1.39+£0.08 | 0.24+0.13 | g7 | 0.23+£0.35 -- --
£2o% | y37 4207 - - g | 8814206 | 1.33+0.08 | 0.32+0.15
fie ™ | —0.36£0.08 | 1.49+0.33 | —0.354+0.32 | g™ | —0.04+0.11 -- --
S| 2784045 | 1454012 | 0394037 | g™ | 0524048 -- --
fyle | 117 £ 2.92 -- -- g™ 1 13.0429 | 1.2940.12 | 0.2040.19
Tt | 0.1140.01 | 3.4040.11 | 0.4440.04 | g7 | —0.08540.014 | 3.80 +0.25 | 0.50 + 0.02
Semhe 10114002 | 3524014 | 047+£0.04 | g5 | 0.114£0.02 | 3.60+0.16 | 0.50 +0.03
Srehe 10164003 [ 3.3440.11 | 046+0.04 | g3 | —0.1440.02 | 3.6040.19 | 0.52 %+ 0.02
B | 0.1140.03 | 3444010 | 0.4140.03 | g* 7% | —0.071+0.035 | 4.3640.53 | 0.5940.14
5% | —0.10+£0.04 | 3.64£0.13 | 0.42+£0.04 | g3 7% | 0.099+0.039 | 3.824+0.18 | 0.48 +0.02
S 0164005 [3.394£0.10 | 041+£0.04 | g3 7% | —0.1240.05 | 3.934+0.28 | 0.54+0.05
Se=Se 10,22 £0.03 - - g | —022£0.03 - -
S| 0.36£0.06 | 3.56+£0.12 | 0.43+£0.04 | g5 7™ | —0.31£0.05 | 3.85+£0.22 | 0.50 £ 0.02
Sre¥e | 0.45+0.07 | 3.58+0.15 | 0.46+0.03 | g3 7 | 04740.07 | 3.54+0.14 | 0.46 +0.03
£ 018 4 0.07 - -- g | 0,19 40.07 -- --
f7% | 0314010 | 3.61+0.12 | 0404003 | g7 | —0.2440.10 | 4164031 | 0.53 +0.04
= | _0.3740.14 | 3.714£0.15 | 043+£0.03 | g5 = | 0394014 | 3.64+0.13 | 0.43+0.03
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Figure 4-12 The ¢* dependence of condensate operator contributions to the form factors fi 2 3(¢*) for 2, — 3+
with the Borel parameter fixed: T12 = 5.8 GeV?2. In these panels, the solid line, the dashed line and the dot-
dashed line correspond to the magnitude of contributions from the perturbative contribution, quark condensates
and mixed quark-gluon condensate.
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Table 4—7 Comparison of the dim-0 + dim-3 + dim-5 contributions and gluon-gluon condensate as shown in
Fig. 4-10 for the Zf " — X7 transition.

F(0) | dim-0 + dim-3 + dim-5 | Fig. 4-10
f1(0) —0.35£0.04 —0.011
£2(0) 1.15 +0.12 —0.010
f3(0) —1.40 £0.39 0.025

LSRR AR IX 22 Dirac Z5IERGEHOITE, S22 GRE

o FADETHE T E KB F-IKFBERRY Ttk LA ELT — SF B Bonpl, ]
AT EA-100) ok, 25 R W4T IS, RA-TIEXTLE T E4- 101X F0 3 71 F
BERTTER S, SoaBeR. A BRI v LIRS, fr&tt/aE/MRZ.
FA T SRR SRS - 2R ot kA F B I T 1 A

o MU IRIZARE - g; BF Y Dirac Z5HJ0e AN - EHEAESEL f; B i€ R) Diarc 45
RETHHLA 50 FT LA EVES, FETCITEMIR my — 0 Lk ms — 08, FRATA:

dim-0 __ dim-0 dim-3 __  pdim-3 dim-5 __  pdim-5
91 =—n"" 0 = 5 9 =J1i
dim-0 __  pdim-0 dim-3 __ dim-3 dim-5 __ dim-5
9o =J2 5 G2 = —J2 7 92 = —J2
dim-0 __  pdim-0 dim-3 __ dim-3 dim-5 __ dim-5
g3 =Js 5 03 =—J3 5 03 =—J3 (4-71)

Hrp im0 AR fL R A dim-0 [YTTHER, 755

o FAHE T RAS W Borel 281 T7 BI{EZSHAL s} Ml s5. BERZSHLINHIAE
TRRRIRE . FEREGIENREZESXRESH PR —8oak, HEhERIIh %
JEET

o (ERAAT, B = N ML EL — BF Bud. XTEL — X0 g, F(0) FREFELL
V2o X5 SU) A FRHEZSRAT 2
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HURE o 45 R HE SO PR 8 R BB . LN IS PR PRI
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T SCHR [94] v A FIBRIE B RECH (1/V2)(du — ud)eo FILATREHTARF 7t
ZHROCHR 1941 FRREARIA-FH AR ZE 005 SR, XA IR D P LR

M S
o ANFESCHATARIA 1 & LA AR o SCHR [141, 142] o fo §l go BFF5, 5 3AT]
XHEZERI A5 -
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Table 4-8 Comparison of our results on =, decay form factors with the light-front quark model (LFQM)"¥, the
nonrelativistic quark model (NRQM) and the MIT bag model (MBM)!!41],

Transitions | F(0) This work | LFQMP4 | NRQM!!#!l | MBM!!41]

=t — A | f1(0) | —=0.59 +£0.05 —0.79 —0.36 —0.45
f2(0) | 0.039 +0.024 0.008 —0.14 —0.01
f3(0) | 0.35+0.11 - - —0.08 0.28
¢1(0) | —0.134£0.08 | —0.22 ~0.20 ~0.15
g2(0) | 0.037 £+ 0.027 0.05 —0.01 —0.01
93(0) | 0.3140.09 - - 0.03 0.70

=t oxt | f1(0) | —0.35+0.04 | —046 | —028 | —0.30
f2(0) 1.154+0.12 1.04 0.14 0.91
£(0) | 1404039 | -- ~0.10 0.07
31(0) | —0.23+£0.06 | —0.62 —0.70 —0.56
g2(0) | —0.26 £0.15 0.04 —0.02 0.05
95(0) | 2.68+0.39 . 0.10 2.5

423 MES

FEIX /1T, JEARIR TR 25 AR T SR e g Al IR e i A o B

4231 PiEAR

Qi e AN /N WK P

PORTECR] CKM ZEFEIC I (3-41) o DEIRE I a3 14

F4-10, 4141225 1 7320 981 SO LAR T /Tr RYBE TS o 3R4-1345 1

T EATH SRS SR R XS EE

NS H LR .

o c— s BRIEANRE, WINEL" — E8 v, A MRRI2 S, SREAZE
B2 LR X5 D HrF2e i ny s e g,

o WATEERIREN M EESR HIARIA 1, I EATAS T PARE 75 AR E

o XTHLICHR (941, A/ N5 TR f3 71 g5 HUTTRR.

o [EMRIE SUQB) WFRT, 5 TMIKS 32 i R {38 0 [ 2 A7 A — 2850 R,
W35, M EEF4A-10, 4-11, 4-12, FATLELE Qe T Qi ARAIEEALTE SUB)
XEPRPERER LR SR o (HRIXFFEA T, RINAELS A, SUQG) XSARIERR
LENREE ST S

o NFA-130TLIEH, FANFEIRG AR EERE Sk rh R S5 R R
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Table 4-9 Comparison with other works: the bb and bc sectors. The results are compared with those from the
light-front quark model (LFQM)"4.

Transitions | F(0) This work LFQMP 4 | Transitions | F'(0) | This work | LFQM™*
=, 5 A) | £1(0) | —0.086£0.013 | —0.102 | 5, =% | £1(0) | —0.12£0.01 | —0.06
f2(0) | 0.0022 £+ 0.0020 | 0.0006 f2(0) | 0.22+0.03 0.15
£5(0) | 0.0071 £0.0072 | -- £(0) | —046+0.06 |  --
g1(0) | —0.0744+0.013 | —0.036 g1(0) | —0.1240.01 | —0.09
92(0) | 0.0011+0.0024 |  0.012 92(0) | —0.194+0.03 | —0.02
95(0) | 0.0085 £ 0.0055 | - - 93(0) | 0.49 + 0.07 .
=5 5 A) | f(0) | —0.65+0.06 | —055 | 5 %9 | £1(0) | —028+0.03] —0.32
f2(0) 0.67 £ 0.07 0.30 f2(0) | 2.04+0.21 1.54
£(0) | —1.73+0.48 - £0) | —378+138 | --
¢(0) | —0.15+0.08 | —0.15 g1(0) | —0.1340.06 | —0.41
3(0) | —0.1640.08 | 0.10 3(0) | —0.1840.25 | 0.18
93(0) 3.26 £0.44 -- 93(0) 10.1+£14 --
=0 AF | A(0)] —011£001 | —011 | E 5 xf | £1(0) | —0.22£0.03| —0.07
£0) | —011+002 | —0.03 £0) | 0364006 | 0.10
£00 | 0.16+0.03 . £(0) | —045+0.07 |  --
g1(0) | —0.08540.014 | —0.047 g1(0) | —0.2240.03 | —0.10
5(0) | 0.1140.02 0.02 3(0) | —0.31+0.05 | —0.003
3(0) | —0.14 £ 0.02 - 93(0) | 0.47+0.07 -

A0 FRZFTNER: ccfy. ATHAE> XS ETHHFMILALI-1. XL =e/u.

Table 4-10 Results for the semi-leptonic decays: the cc sector. The lifetimes of the initial baryons, which are

used to derive the branching fractions, can be found in Table 3—-1. Here [ = e/ pu.

Channels I'/GeV B I'y/Tr
St ATy | (61+1.1) x 10715 | (24+04) x 1073 | 1447
St o Nty | (2340.4) x 10715 | (8.9 4+ 1.7) x 1074 | 0.79 +0.17
St Sty | (6.040.9) x 1074 | (23+0.3) x 1072 | 24 +38
St S Sty | (21404) x 1074 | (8.0+£1.5) x 1073 | 1.14£0.2
Er o Y00ty | (4.64+0.9) x 10715 | (3.140.6) x 1074 | 0.79 +0.17
S 2%ty | (6.040.9) x 1074 | (4.0+£0.6) x 1073 | 24 +38
X E00Fy, | (21404) x 1074 | (14+0.3) x 1073 | 1.14£0.2
Qf 5 =004y, | (4.0+1.3) x 10715 | (1.3+£04) x 1073 | 27415
QFf = =0y, | (144+05) x 10715 | (4.24+1.4) x 1074 | 0.79 + 0.32
Qf = QY | (254+0.8) x 1074 | (8.0+2.5) x 1073 | 1.0+0.4
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Table 4—11 Same as Table 4—10 but for the bb sector.

Channel ['/GeV B ry/Tr
=0, =X [ (25+04) x 10716 | (1.44£0.2) x 107* | 0.80 4 0.06
S — ATy [ (3.0£0.7) x 10717 | (1.7+£0.4) x 107° | 2.84+0.7
= X0 | (1.34+£0.2) x 10716 | (7.1 £ 1.0) x 107° | 0.80 4 0.06
O, — =0l | (27£1.2) x 10717 | (33+£1.5) x 107° | 3.0+2.7
Q= E00 7 | (9.1+£3.7)x 10717 | (1.1 £0.5) x 107* | 0.79 +0.19
=, = S [ (14£02)x1071% | (80£1.1) x107° | 1.14+0.1
S — A, | (14+£0.3) x 10717 | (7.7+£1.8) x 1076 | 2.74+0.8
S = 20, [ (7.1+£1.0) x 10717 | (404£0.5) x 107° | 1.14+0.1
Oy — 9770, | (1.3+£0.6) x 10717 | (1.6 £0.7) x 1075 | 3.0+ 3.2
Q= E077 0, | (52+£2.0) x 10717 | (6.4+£24) x 1075 | 1.14+04

4232 HEiEAR

XTI RAERR AR, FRAT AT BT R A - AR 5 S A e . FE 1B 32
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FA-1XS L T AT R S H e Gk g R . FZe B —LE3e.
o (LGRS RAIVREMTIR, ROTAHE TR HIDRAFHIRE.
o XTHEICHR [94], ATF/NEE T IARF T f3 A gs HIDTHR
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IEIE, (X TS 4s, WU L RENS LB ar H sk a7
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Table 4-12 Same as Table 4—10 but for the bottom-charm baryons.

Channel I'/GeV B Ly/Tr
=5 Aty | (11£0.2) x 1071 | (4.0£0.7) x 1072 | 8.0 £ 3.0
=5 00ty | (154£0.3) x 1075 | (5.6 £ 1.0) x 10~* | 0.82 4 0.20
=520ty | (11£0.2) x 1078 | (3.94£0.6) x 1072 | 9.9+5.5
=5 200y | (14£02) x 1071 | (5.0+£0.8) x 107% | 1.140.3
=0 Sty | (3.0£0.5) x 1075 | (4.24£0.7) x 107* | 0.82 4 0.20
=0 =ty | (11£02)x 1078 | (154£02) x 1072 | 9.9+5.5
=0 =ty | (14£02) x 1071 | (194£0.3) x 107% | 1.140.3
00 5 Slty | (49ELT)x 1075 | (1.74£0.6) x 1073 | 1747
Q) — =71ty (7.842.4) x 10716 | (26 £0.8) x 107* | 1.1£0.5
Q) — QM y (1.54+0.5) x 10714 | (49£1.6)x1072 | 1.440.6
=5 N | (84+1.4) x 10716 | (3.1£0.5) x 1074 | 0.52 £ 0.05
S0 S Afm | (22£05) x 1077 | (3.1£0.7) x 1075 | 40 £ 62
=0 SN | (4240.7) x 10718 | (5.9 4 1.0) x 1075 | 0.52 4 0.05
Q0 S EHm | (1.8£0.8) x 10717 | (6.0 £2.5) x 1076 | 136 = 290
Q0 =45 | (26+£1.0) x 10710 | (8.7£3.3) x 1075 | 0.54 £ 0.12
= o S rr, | (4.94£0.8) x 1071 | (1.8 £0.3) x 107 | 0.68 +0.08
Egc S AFrD | (9.94£2.6) x 10718 | (1.4£0.4) x 1076 | 30£57
20 S, | (24+0.4) x 1071 | (3.5+0.5) x 1077 | 0.68 +0.08
00— =rr i, | (7.84£4.0) x 10718 | (2.6 £ 1.4) x 1076 | 107 & 245
Q0 — =47 | (15£0.5) x 107 | (5.0 £ 1.8) x 107% | 0.71 £ 0.20

—95__



LiHZGARFH LR

& 413 HRe Ttk FRRTORERE (L GV A#4n) o RMNHERE LT 45 LER
(LEQM)*Y | & % %, B s+ #td (HQSS)!' | kA8 it #4614 %45 4 (NRQM) A & MIT v 44 A (MBM)!141]

89 25 RAE 2T vl

Table 4-13 Comparison with other works: the decay widths (in units of GeV) for the semi-leptonic decays. The

results are compared with those from the light-front quark model (LFQM)®*, the heavy quark spin symmetry
(HQSS)!'31 the nonrelativistic quark model (NRQM) and the MIT bag model (MBM)!411,

Channel This work LFQMD4 HQSS!! | NRQM!#!! | MBM!'#!!
SRt ATy | (6.14£1.1) x 1071 | 1.05 x 1071 | 3.20 x 10715 | 1.97 x 10717 | 1.32 x 1071°
L= Xy | (23+£04) x 1075 9.60 x 1071 | 522 x 1071% | 6.58 x 1071 | 2.63 x 10~1°
= — AV | (3.04£0.7) x 10717 | 1.58 x 10717 -- -- --

Zp = 207 | (1.3£0.2) x 10710 | 3.33 x 10717 -- -- --
=5 = AFy | (1.1£0.2) x 1071 | 6.85 x 1071 -- -- --
= — S0ty | (1.540.3) x 107 | 4.63 x 10715 -- -- --
=) = AflTp | (2240.5) x 10717 | 1.84 x 10717 -- -- --
2. =Xy | (424£0.7) x 10719 | 4.74 x 10717 -- -- --

R A4 FREENER: cc iy ATHAR LM ELT I F 4 ILK3-1.

Table 4-14 Results for the non-leptonic decays: the cc sector. The lifetimes of the initial baryons, which are used

to derive the branching fractions, can be found in Table 3-1.

Channel I'/GeV B Channels I'/GeV B

ELF o Afrt | (48£0.8) x 1078 | (1.940.3) x 1073 | EXF — AfpT | (1.3£0.2) x 1071 | (5.2+£0.9) x 1072
EXt — Afaf | (6.0+1.6) x 1071 | (2.3+£0.6) x 1078 | Z5F — AFKT | (4.14£0.7) x 1076 | (1.6 £0.3) x 1074
P AR | (64+£1.1) x 10710 | (25£0.4) x 107*

Bt —» Sfrt | (17403)x 1075 | (6.6 £1.3) x 1074 | 25 — SFpt | (6.6+1.2) x 107 | (2.6 £0.5) x 1073
St SFKT | (314£06) x 10710 | (1.24£0.3) x 107* | EEF - SFKY | (1.6 £ 0.3) x 10716 | (6.2 +£1.1) x 107°
EXF 5t | (7T94+1.1) x 107 | (3.14£04) x 1072 | EF — Efpt | (1.6 £0.2) x 1073 | (6.3 +0.9) x 1072
EXF 5 XK | (644+1.0) x 1071 | (25+£04) x 1078 | E5F - EFKT | (6.44+1.0) x 107 | (2.54+0.4) x 1073
EXt > Etat | (24405) x 107 | (9.3+£1.9) x 107 | 5 = EFpT | (6.6 £ 1.3) x 1071 | (2.6 £ 0.5) x 1072
EXF 5 EHFKT | (234£05) x 1071 | (8.9+£2.0) x 1074 | EEF - ZFKY | (224£04) x 107 | (8.54+1.6) x 1074
Ef — X0t (34+0.7) x 107Y | (2340.5) x 107* | Ef — 20p* (1.3+£0.2) x 107 | (8.8 4 1.6) x 107*
B = SOt | (614 1.3) x 10710 | (4.14£0.9) x 107° | 2f, — X0K+ | (3.24£0.6) x 1076 | (2.1 +£0.4) x 107°
Ef — Z0nt (7.9+£1.1) x 107 | (5.340.8) x 1073 | % — Elp+ (1.6 +£0.2) x 1073 | (1.140.2) x 1072
Ef - 20K | (644+1.0)x 1075 | (43+£0.7) x 107* | Zf, - 9K+ | (6.44+1.0) x 107 | (4.34+0.7) x 1074
Ef — 20" (244£0.5) x 1071 | (1.6 £0.3) x 1073 | Ef, — E0p* (6.6+1.3) x 107* | (4.440.8) x 1073
EX = EOK* | (234£05)x 107 | (1.54£03) x 107 | Zf - EOK* | (224+04) x 107 | (1.54+0.3) x 10~*
Qf — =07t (4.0£1.3) x 1071 | (1.3£0.4) x 1073 | QF — =" (9.8+£3.2) x 1071 | (3.1 £ 1.0) x 1073
Qf — Zaf (1.1£0.7) x 107% | (3.34£2.1) x 107* | QFf - Z0K+ | (3.34+1.1) x 10716 | (1.0 £0.3) x 107*
Qf - 20K | (444£1.5)x 10710 | (1.4 £0.5) x 107*

Qf, — =0t (9.844.1)x 1071 | (3.1£1.3) x 1074 | Qf - =0%*t | (4.0+£1.3) x 1071 | (1.34+0.4) x 1073
Qf - 0K | (1.840.7) x 10716 | (5.8 £2.1) x 107 | Qf - EPK* | (9.2+3.8) x 10717 | (294 1.2) x 107°
Qf — Q0nt (2.8 +£1.2) x 1071 | (8.943.7) x 1073 | QFf — Qlp+ (84+27)x 107 | (2.6 £0.8) x 1072
Qf - QUK | (284 1.0) x 1075 | (89+£3.1) x 1074 | Qf - QK+ | 25+ 1.1) x 107¥ | (7.94+3.3) x 1074
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Table 4—-15 Same as Table 4—14 but for the bb sector.

Channel I'/GeV B Channels I'/GeV B

=0 = fm (5.84£0.7) x 10718 | (3.3£0.4) x 1070 | =9 — S p™ | (1.9+£0.2) x 10717 | (1.1 £0.1) x 107>
0 = Yrar | (29+03)x 10717 | (1.6 £0.2) x 107° | =Y — K~ | (4.8 +£0.5) x 1071 | (2.7£0.3) x 1077
=0 — SFK | (10.0£1.0) x 1071 | (5.6 £0.6) x 1077 | = — XD~ | (1.3£0.1) x 1071¥ | (7.3 £0.8) x 1077
B0 o XD | (224£02)x 10718 | (1.24£0.1) x 107¢ | 2% —» Sf Dy | (3.7£0.4) x 10717 | (2.1 £0.2) x 107°
=) — 5D | (5.4£06) x 10717 | (3.1£0.3) x 107°

Zp — A~ (1.44£03) x 10718 | (8.0£1.7) x 1077 | Z,, = A)p~ | (4.440.9) x 1078 | (25£0.5) x 1076
=, — Aay (6.2+1.3) x 10718 | (3.5£0.7) x 1070 | Z,, = AJK~ | (1.24£0.2) x 1071 | (6.7 £1.4) x 1078
S = AVKT | (23£05) x 1079 | (1.3£0.3) x 1077 | =5, — AYD™ | (3.0£0.6) x 1071 | (1.7£0.4) x 1077
S > AVD*T | (40£0.9) x 1071 | (22£05) x 1077 | =5, — AYD; | (82£1.8) x 10718 | (4.6 £1.0) x 1076
S~ ADr | (9.84£2.1)x 10718 | (5.54+1.2) x 107°

By — Tom (29+£0.3) x 1071 | (1.6 £0.2) x 1076 | =5, — S0p~ | (9.4 £1.0) x 10718 | (5.3 £0.6) x 1076
= — Shay (1.4£0.1) x 10717 | (8.0£0.8) x 1070 | 5, = 0K~ | (24+£0.3) x 10719 | (1.44+0.2) x 1077
= SO | (5.0£05) x 1071 | (28 +£0.3) x 1077 | Z;, — X9D~ | (6.5+£0.7) x 107 | (3.7 +£0.4) x 1077
S = 0D | (11£0.1) x 10718 | (6.1£0.7) x 1077 | Z,, — X9D7 | (1.8 +£0.2) x 10717 | (1.0 £0.1) x 107°
S = 0D | (2.7+£0.3) x 10717 | (1.5+£0.2) x 107°

Qy — Z9m~ (1.24£0.5) x 1071 | (1.5£0.6) x 1076 | Q;, = Z9p~ | (3.7£1.6) x 10718 | (4.6 £2.0) x 1076
O — Zay (5.3+£23)x 10718 | (6.4£28)x 1070 | Q) - =K~ | (1.0£0.4) x 1071 | (1.2£0.5) x 1077
Q= 0K~ | (2.0£0.8) x 107Y | (244£1.0) x 1077 | €, = Z)D~ | (2.6 £ 1.1) x 10719 | (3.2+£1.4) x 1077
Q= Z9D | (34£15)x 107 | (41+£1.8) x 1077 | @, = Z9D; | (7.2£3.2) x 107¥ | (8.74+3.9) x 107°
Q= Z0D | (83+£3.6) x 10718 | (1.0£0.4) x 107°

Q= Z07~ | (20£0.9) x 10718 | (25+£1.1) x 1070 | Q, = Zp~ | (6.6 £2.8) x 10718 | (8.0+£3.4) x 1076
Q= Z0ay | (99+£4.0) x 10718 | (1.2£0.5) x 107 | Q) — ZPOK~ | (1.7£0.8) x 1071 | (2.1 £0.9) x 1077
Q= EPK~ | (35+£1.5)x 10719 | (42£1.8) x 1077 | Q) = =D~ | (45+£1.8) x 1071 | (5.4 £2.2) x 1077
Oy = Z0D* | (74£28)x107Y | (9.0£34)x 1077 | ), = D, | (1.3£0.5) x 10717 | (1.5+£0.6) x 107°
Q= Z0D | (1.9£0.7) x 1077 | (23£0.9) x 107°

— 97 __



LiHZGARFH LR

& 4-16 544K, 12 RZX DRI ¢ FAREA) be 35
Table 4-16 Same as Table 4-14 but for the be sector with the ¢ quark decay.

Channel

I'/GeV

B

Channels

I'/GeV

B

=+ 0+
= — Ay
=+ 0,4+
S = Ayad
=+ 0 g+
= = MK

79+1.4) x 1071
1.0£0.2) x 1071
1.240.2) x 1071

29+0.5) x 1073
3.7+0.8) x 1073
4540.8) x 1074

0
S — Mpp*t
=t 0+
= = MK

(2.4 +0.4) x 1014
(8.3+1.4) x 10716

(9.0 +1.6) x 103
(3.1+0.5) x 104

=+ 0+
A s

=+ 0 p*+
= 0K

1.140.2) x 1071
2.2+0.4) x 10716

4.240.8) x 107*
8.0+ 1.5)x 1075

=+ 0+
Zpe Ebp
=+ 0+
IR 31 g

4.7+0.8) x 1071°
1.6 +0.4) x 10716

1.840.3) x 1073
58+1.3) x 107

=+ =0+
Spe 7 ST

S — ZOKT

1.240.2) x 1071
1.240.2) x 107

4.640.7) x 1072
4.540.8) x 1073

=+ =0 +
Zpe T P

=+ =0+
e — S K

29+0.5) x 10713
1.34+0.2) x 10714

1.140.2) x 1071
4.7+0.7) x 1073

=+ =0 __+
Spe T SR T

=+ =/0 g+
e — S K

1.64+0.3) x 107
1.44£0.3) x 1075

5.8+1.1)x 1073
524 1.1) x 107*

=+ —=/0
—bc - S /0

=+ =0 1+
S — S K

4.740.8) x 1071
2.1+£0.5) x 10719

1.740.3) x 1072
7.942.0) x 1074

=0 — o+
S 2, T
=0 = et
= 0K

2.3+£05) x 1071

3.2+£0.6) x 1074

=0 -5t
Zpe 7 2b P

=0 — Kt
S e

9.5+ 1.6) x 1071°
3.14£0.7) x 10716

1.340.2) x 1073
4.441.0)x107°

=0 ==t
Spe P S T

=0 :— *+
S — 5 K

1.240.2)x 10713
1.2+0.2) x 10714

1.84+0.3) x 1072
1.7+0.3) x 1073

=0 _y =t
Zbe 7 P

=K+
_bc—>ubK

1.34£0.2) x 10714

1.840.3) x 1073

=0 ==+
Spe P Sy T

=0 == et
e — 5 K

1.6+0.3) x 10714
1.440.3) x 1071°

22+404) x 1073
2.04+04) x 1074

—=—

S

—/— +
=== K

4740.8) x 1071
2.1+0.5) x 1071

6.6+1.2) x 1073
3.0+0.8) x 10°*

0 =t
gzbc - ST

0 = [+
Q. =5 K

53+1.9) x 1071°
5.7+1.9) x 10716

1.84+0.6) x 1073
1.94+0.7) x 1074

Szg(, ‘—‘b IO
W = K"

1.34+0.4) x 107
54+1.8) x 10710

44+1.5) %103
1.84+0.6) x 1074

0 ==+
O, = =T

0 == pt
Szbc — b K~

6.4 +2.6) x 10716
1.140.4) x 10716

2.240.9) x 107
3.7+1.3) x 1075

—=—

glgr - = —b /)
Q0 — =Kt

28+0.9) x 10719
7.543.8) x 1077

9.2+29) x 107
25+1.3) x 107

Q) — Q
O O K

1.940.7) x 1071

(

( )
( )
( )
( )
( )
( )
( )
( )
( )
(4.340.8) x 10716
( )
( )
( )
( )
( )
( )
( )
( )
( )
(8.4+4.3) x 10716

6.2 +£25) x 1073

( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
(6.1+1.2) x 1079
( )
( )
( )
( )
( )
( )
( )
( )
( )
(2.8+1.4) x 1074

ch - Qb p
Q) — QKT

50+1.7) x 10714

( )
( )
( )
( )
( )
( )
( )
( )
(2.9+£0.5) x 10713
( )
( )
( )
( )
( ) X
( )
( )
( )
(2.0+1.1)

x 10715

1.740.6) x 1072

( )
( )
( )
( )
( )
( )
( )
( )
(4.2£0.7) x 1072
( )
( )
( )
( ) X
( )
( )
( )
( )
(6.5+3.6) x 107
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Table 4-17 Same as Table 4—14 but for the bc sector with b quark decay.

Channel I'/GeV B Channels I'/GeV B

=S o St | (14£02) x 10717 | (5.1£0.9) x 1078 | 5 — S tp~ | (454£0.7) x 1077 | (1.7£0.3) x 1075

S5 o Stay | (6.9+1.0) x 10717 | (254£0.4) x 1070 | S — SFFEK— | (114£0.2) x 10718 | (4.24£0.7) x 1077

Ef S K | (24+£04)x 1078 | (89+14)x 1077 | Ef - SF"D™ | (234£04) x 10718 | (8.44+1.3) x 1077
be c be c

Ef = XD | (5.1£0.8) x 1078 | (1.9£0.3) x 107¢ | = = BFTD; | (6.2+£1.0) x 1077 | (2.34£0.4) x 1075

=N

++ yx—
—bc - 2c Ds

1.340.2) x 10716

4.8+0.7) x 107°

( ( )

( ) ( )

( ) ( )

( ) ( )

( ) ( )
20 5 AFr | (154£02)x 1078 | (21£0.3) x 1077 | 0 — Afp~ | (41+0.7) x 10738 | (5.8 £0.9) x 1077
20— Atay (5.240.8) x 10718 | (744+12) x 1077 | 20, - AYK~ | (1.24£0.2) x 107 | (1.7+0.3) x 10~%
20 S AFK* | (214£03)x 1079 | (3.0£0.5) x 1078 | 20— AXD~ | (2.1+0.4) x 107 | (3.0 £ 0.6) x 1078
20 5 AFD*™ | (26+05) x 1079 | (3.7+£0.6) x 107® | 29 - AYD; | (5.6 +£1.1) x 10718 | (8.0 +1.5) x 107
20 5 AFD | (63+1.1)x 1078 | (89+1.6) x 1077
20 i | (69+1.2)x 1078 | (9.8+1.8)x 1077 | Z0 = SFp | (23+0.4) x 10717 | (3.2+0.5) x 1076
20 5 Sray | (34£05)x 1077 | (4.94£0.7) x 1078 | 20 - SHK- | (5.6+1.0) x 107 | (7.9 4+ 1.4) x 1078
205 SFKT | (12402) x 1078 | (174£0.3) x 1077 |20 - 54D~ | (1.1+0.2) x 1073 | (1.6 +0.2) x 1077
20 5 NEDT | (254204) x 1078 | (3.6+£0.5) x 1077 | 20— S4D; | (3.1+0.5) x 10717 | (4.440.7) x 1076
20 5 SiD | (644£1.0)x 10717 | (9.1£1.4) x 107
Q) 5 Err | (134£05) x 1078 | (42+£1.7) x 1077 | Q0 — Z+p~ | (35+1.4) x 1078 | (1.24£0.5) x 1076
Q) 5 Sra; | (44£18)x 1078 | (15+£0.6) x 1075 | Q0 — ZXK— | (1.0+0.4) x 10719 | (3.44+1.4) x 1078
Q) S ZFK | (1.8+0.7) x 1079 | (6.0+£24) x 1078 | Q0 - ZfD~ | (1.84+0.8) x 10719 | (5.9 +£2.7) x 108
Q) 5 ZFD | (22+0.9) x 1079 | (7.3+£3.0) x 1078 | Q0 - ZFD; | (47+2.2) x 1078 | (1.6 +£0.7) x 1076
00 =D | (5.2+£21) x 1078 | (1.7+£0.7) x 107¢
Q) S | (48+21)x 1078 | (1.6£0.7) x 1075 | Q) - ZFp | (1.6+0.6) x 10717 | (5.242.1) x 1076
Q0 5 EFa; | (244£09)x 10717 | (7.94£29) x 1075 | Q) » ZFK~ | (3.9+1.7) x 1072 | (1.34+0.6) x 1077
Q) 5 EFKT | (83+£32)x 1079 | (28+£1.1) x 1077 | Q) - D~ | (T.7+3.0) x 1072 | (2.6 +1.0) x 107
Q) 5 EFD | (17£0.6) x 1078 | (5.7£2.0) x 1077 | Q0 — ZF D | (21+0.8) x 10717 | (7.0 £2.7) x 1076
Q) 5 EFD | (434+15)x 10717 | (14£0.5) x 107




y
<
i

B K A5 i

K418 HrRe T Eegadrk: FERTHRTEE (X GeV Affr) « XTEHERGANAS LEAR
(LEQM)®* &9 25 A #F o

Table 4-18 Comparison with other works: decay widths for the non-leptonic decays (in units of GeV). The results
are compared with those from the light-front quark model (LFQM)®41.

Channel This work LFQMP4 Channel This work LFQMP4
Rt Afnt | (4.84+0.8) x 1071 | 8.87 x 1071° Ep Agﬂf (1.4£0.3) x 107%® | 1.31 x 10718
Eg;"' — A:‘p"’ (1.3£0.2) x 1071 | 2.32 x 107 ™ Ep — Agp_ (4.440.9) x 10718 | 3.91 x 1018
Ejj — E:WrJr (7.9+1.1) x 107 | 1.57 x 10713 Hyp — E?Wﬁ (29+0.3) x 10718 | 1.17 x 10718
SHt S Erpt | (16£0.2) x 107 | 3.03x 10713 | = — S0 | (044 1.0) x 10718 | 3.82 x 10718
ZHF o St | (17£0.3) x 1071 | 5.75 x 10715
St St | (6.6 4+ 1.2) x 10715 | 247 x 1071
=5 o Al | (T.9+£1.4) x 1075 | 574 x 1075 | 20— Afr— | (154 0.2) x 10718 | 1.13 x 1018

Sf o A0pt | (24404) x 1071 | 155 x 1071 | 20— AFp~ | (4.1£0.7) x 10718 | 3.31 x 10-18
E;‘C — 22W+ (1.14£0.2) x 1071 | 3.08 x 1071° Egc — Xrr | (6.9+£1.2) x 10718 | 1.12 x 10718
EZ’; — Egp"" (4.740.8) x 10715 | 1.30 x 10~ :gc —XtpT 1 (2.3+£04) x 10717 | 3.53 x 10~'8
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