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Weak Decay of Heavy-Flavor Hadron in the Symmetry Analysis
and Application of Perturbation QCD Factorization

ABSTRACT

In the past fifty years, the quark model widely adopted in particle physics has
achieved great successes. According to the quark flavor symmetry, various hadrons
can be classified in quark model, and the classification is in good agreement with most
available experimental observations. In addition, hadrons with two heavy quarks such
as doubly-heavy baryon and doubly-heavy four-quark exotic states are allowed from
the theoretical viewpoint. In 2017, LHCb collaboration has announced the discovery
of a baryonic state denoted as X" with the mass measured as my+ = 3621.40MeV.
This state is consistent with the ground state of doubly heavy baryon with the quark
component (ccu). In 2003, Belle collaboration has firstly discovered the hidden-charm
tetraquark candidate X (3872), which opened a new era in the hadron spectroscopy
study. Subsequently, other tetraquark candidates such as Zf(10610, 10650) are dis-

covered at different experimental facilities.

The first part of this thesis makes use of the flavor symmetry for light quarks
(u,d,s) and analyze weak decays of doubly-heavy baryons and tetraquarks in a model-
independent way. After presenting the irreducible representations in the flavor SU(3)
group for various baryonic multiplets and transition operators, we construct at hadron
level the effective Hamiltonian for weak decays of doubly heavy baryon and tetraquarks.
Decay amplitudes can then be obtained by sandwiching the Hamiltonian into transition
matrix elements, based on which one can derive relations of decay widths between
different channels. Golden channels with both largest decay branching fractions and
easiest experimental accessibility are also collected. These results can not only help
us to look for more doubly heavy hadrons and extract the properties of doubly heavy
hadrons in future, but can also validate/invalidate the application of SU(3) flavor

symmetry to weak decays of heavy hadrons.

High energy processes involving hadrons can not directly calculated in perturba-
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tion theory due to the nonperturbative hadronization. In practice, one usually adopts
the factorization assumption, which is used to separate the different scales in the s-
cattering/decay amplitudes. The high-energy, i.e. short-distant, degrees of freedoms
are perturbative due to the small coupling constant for strong interactions. The long-
distant inputs are nonperturbative and thus can only be calculated from Lattice QCD.
But since these inputs are universal, they could also be determined by fitting experi-
mental data. The most popular factorization schemes include the colliear factorization
and kr factorization, though in many cases, the factorization ansatz is not always

guaranteed.

In the second part of this thesis, we study the ete™ — (V P, TP) process (P, V,T)
denoting a light pseudoscalar meson, vector meson and tensor meson) and three-body
BY — DY(D%)r*7~ under the kr factorization scheme. In particular, the Perturba-
tive QCD (PQCD) framework based on kp factorization which has been successfully
applied to B meson two-body decays will be used in this thesis. Exclusive processes of
ete” — (V P, TP have similar topologies with annihilation contributions in charmless
decays of B meson. Thus this study is also helpful to understand the power-suppressed
contributions in B decays. The three-body decay BY — D°(D®)r*7~, with CP eigen-
state Dcp containing the interference of b — cus (b — ucs) amplitude, is sensitive to
the angle v of the CKM Unitarity Triangle whose precise measurement is one of the
primary objectives in flavour physics. In addition, the 77 system may contain contri-
butions from resonance states f,(500), fo(980), fo(1500), fo(1790) and non-resonance
state at the same time. Therefore, the analysis of three-body decay of By meson also

helps to understand the dynamics of multi-body decays and the 77 interactions.

KEY WORDS: SU(3) symmetry, Doubly heavy baryon, Doubly heavy tetraquark,
PQCD factorization, Three-body decays.
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Al DR Gl R 5w AH BAE A S5 AH AR A L REAE EAE . 7EIXMEZE T, FokTa
WERwSRT, BEAMWER RS 11, 8 uiER 0 E e ram K.
W, Z Wt 75067, MANEAAERRIB AT, Tl A& AL [4]50Yukawaf
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PRI (1 3 o S 208 L Lorentz B A8 M 5 FIE AN AR 14 «

1 - A
Low == 7 (Gaw)® +iY_ Uiy + Do - Do+ p*616 — 1 (670)°
o f
— Zhij@zi,RQﬂ/}j,L—F%}mT@Elﬁ+.... (1.1)
ij

ERFOFFAFRAHN G, i SFOREIIK T, Hoh,
o o SR IR AL A M BESU (3) HUSANAE BT LU B SU(2) © U (1) BERIAAE
St BEHAHINGE () . Wi 5B,, HMBIEEHHE N, g5d.
o PV E X

8 3
o Y
%=%+%§ﬁ$%+miﬁﬂ%+W&? (1.2)
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& L1 ARERA AR THET
Tab 1.1 Quantum numbers of elemental particles in the Standard Model. The symbols for the

fields correspond to the particle names.

Color singlet Y | Color triplet Y
First generation ( Vel ) -1 < ur ) %
€r dL
(er) -2 (ur) %
(ver) 0| (dn) -2
Second generation YL 1 cL L
KL SL
(k) -2 (cr) 3
(Vi,R) 0 (sr) —§
. t
Third generation Vi -1 L %
TL bL
(Tr) -2 (tr) %
(vr.r) 0 (br) —2
ot
Higgs field 1
¢0

o WRHER S A PSR T v by FORT IR FAEMEE LATE, EF
NI =) BFHNI + ). ETFRSURBEN ZER, AT
NSU(2) R HLZS

o IMEMA P PR TH =, BTSSR T, HE T HMRIER AR
L%t S5 H B E AT LUB I Yukawafl G381, SR IR 1.2

o T M I ) B A I EAE N (0]¢|0) = (0,v/v/2)T, Hrfv = 246 GeV. 7tk
H R MR EIR = A g e, SR ZEE T 5T 5N

Z, = cos HWWE —sinfw B, A, =sin QWWE + cos Oy B, (1.3)
HA R AR RS A 0y 5 A sin? Oy = 0.22 4 0.02.

o I EAE IR G HHON

o= = (14
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Tab 1.2 Standard Model masses for elementary fields [5].

Leptons and quarks Ve ~ 0 d 4.70(20)MeV
e 0.511MeV u 2.15(15)MeV
Yy ~0 E ~ 93.573MeV

m 106MeV ¢ ~1.2870052GeV

v, ~ 0 b ~ 4187005 GeV

T 1.78GeV t  173.3440.98GeV
Gauge bosons W+ 80.379 +£0.012GeV | Z 91.1876 £ 0.0021GeV

Higgs boson Higgs 125.18 £ 0.16GeV

o U9 T THERARER B 1 BER TR, 3 I [ R T -
!
§

o BT HUVE [ E UM Gl N, FrE (1.1)AFHEEERAL M. XA
X Ward {8 %52 ()4 721G R A%, AERT DR G B T Ward 1855 2 i1 Slavnov
(1972) A Taylor (1971) KREHiK, %KHiEBecchi. Rouet. Stora'5Tyutin &I
TR FRIE-BRSTX FRAE (6], FTLAK K fiifkSlavnov 5 Taylordt T A fESE 2
BRSTXS FR A f& — il 4 Jay B8 0 AR, e vb 2 oK 1384 Grassmann R 3038 #e.
ST EY S kY, BRSTA AT

(aAa)z + 8;”7116”7701 + goaﬂﬁvfaﬁwAgna' (1-5)

OBRsTY = —ignaOM*1) = ignt Yo,
SprsTY = igt nioA,
5BRSTA3 = (au)noc + gfaﬁvnﬁA?)é)" (16)

B35 R I BRSTA HiN

1
5BRST7704 — _ngaﬁvnﬂnv(s)\u

S rsiie = %&4&6)\. (1.7)

o HAE (L)FHIZEMEFHEYHEMLEBNGNE. BRI L

T RSP R AN R, BN — R B BT E R B A XS TR, AR ERR

RUATIE I 5 N A FRAN 1Y B AL 2 HOR e v 5 A 7= AR 10 5 A e O AL (B VH
o) Rtbd AE A A A R AMEE DL, A (1) A RS H k.
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o EALFRSANRTN, SO oA ) SR A b B B S A b P e
AR RE,  SRIBk pR B 2 0 S BEA bn BE MO ) B BEAL . X T HATn 20 SR
AHZIRIET ™M (Np, q), FEBAHE TN

[ 5+ 8la)5. + ()] E 0. g) =0 (19)

Ya(9) = dpey — ny(g). (1.9)

YO NREEMN, FIIHIRERIE X NV(9) = 55 %2 dpon ANFKINEATT
ZIHRIED ™ (Ap, q) HIEN. HEAE T (1.8)HIEA

T (Ap, g, ) = T (Ap, g(t), p)elo ol

“/d(gl) ’

- p(n)(/\p’g(t)“u)efgg (s Y (1.10)

He, B(g) = %, t=—InQ. KL, R ARIRROT A WA — AT
RASHI L, BRI HAT SO, (LB A R, I .04
SR TG 4012 i QAR

o Rt B NEREAT T, AR LIS B AR P2 U, anl& 110
o

1.2 EFRBRESSUG)KIETFRME

fERC TP, S 55 EAEH AR F RO T, XA & e 1k
T, BEESARENTEBIEIRS. i 7l I AN R s A A 5 Ay
PR T. Gell-ManntjZweig T-19644F 3 H 1 & w B AL [7-9], A48 B R BT &
BRI =R AN Mu d s T FHu do s=ME5, AT LA AL
FRSUB)KIEZ HA [7-10], JERIEH K TS50 (c) %S 5 (b) FITHE 52 ().
o RN SR TS 2 BT TS TR KBRS, Gell-Mann Rl 3R A5 T % DUR
P

FrA G, A FH AT A RE TR, I E =N 5
FFSUGB)RIE X M, BA TR TSUR)M /N ESSAL, BE 70 A Loy W@
NSUB)NEBM-TEE. ZoRNEERBERNT5E 7N H S 7 IS T &
Iy, BHEFH TN T SO E T (11, ZJE % EAH R I, bt WRE
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> +ie

— g fapyl(p — @)V g™ + (g — 1) g™ + (r — p)ig”
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_Z’QQILLQﬁfea&ngv(gﬁ)\guy - gnpgkl/)

B 1.1 QCD% A0,
Fig 1.1 The Feynman rules of QCD.

T, R VRHSUR) R M. DAL i 2 e 2 L A 2 T o T
OLER bk BT 25 TR T DA o 4 SRS U (3) ) B A7 4. s DR T
PESU(3) SHRRME R AT SIS — ANk R = A5 15— AWk A, X 70
LR NS £

% % T R Biqqqqikqqqqq s TR A B L TR I T ) 2 6 K B )
TRk, HULEIR L RV AFEM. F7E20034F, Belle S250 K I T VU %5 5 25 &
EHX(3872) [12], 2 J5 kM b WG R B T A% U5 e A%k, W20134EBES
TTT5 BelleSE 56 [F i & B Y %5 50 35 4% 3% & Z,(3900); LHCbSEH #2015 4F K HLHY
5E 10l H 7 5 A Rk PL(4450) 5 P.(4380) [13], TE20194E SR BLHT I 175 5 A& ik ik
#P.(4312). REZSWRGNZN S #E M B ATUIATERE, (HRETSU(3)IRIE XS
FrbE T LUK RV 2 5 5w RS T3 25 RO E Rk D0 5 70 B QQqq T IRHES U(3) 4
FA—ANERHRIE R,

B 19T R A EREE R, E S O Y 55 T AR ST AR n] DLHEAT RIE S U (3) X AR 73 i
BN RS S SR R W S M — A )5 5, Al LT i NS U(3) B =5
& NESMTRHES. WRRZE A BIWORES 7AERE o, BAT AT PSR
15 55 AR T AR5 SO R IE X AR LR R
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Fig 1.2 Schematic parton-model picture for deeply inelastic scattering.

1.3 B FHRESQCDEF

JE B AERR TR W] DAAR ST )38 T AR PR BRRAH B, (H2 i T ol BLARE
X A ST B LR, AEFR 98 7 (03 2 B B A . Feynman 19694 2
THRTE% TR TR SR B A, AU 5E 1 el s SR R AL - 6
TR, IXEEEE T s FIQCDIE R, & 15 A AT DUAR B B i34 58 5 1Y
KRB ERE. Bl -7 5% 7 R EARRVERCN, HA B 1.2(a) %o
BUN AT R G, 2 — SRS THRE T X S), BEREESEZ T 5
LR T REAHF AT TGRS % T EmMxR), RaiEp SRR NGp. £R
G RN, %1 R 52 B Lorentz S 48 55 I 8] BZAK (U2 M. A L 3K 28 1 25 (10 75 i
AT(L =0/ V2> 1, o BB, % R Lorentz 048 (7 B b F IR BT IR 3R
R), XEMRE HFULRERICTT RN, B T I R K T R
1.2(b) KARERERS, BT REE B —HAG R HRE s 7o ST — 01583
Kehfgh ~ QJF, WRIEAHENEFRE, HEMNETHAEHANENO1/Q). fEhlfE
JEE1.2(c), 7MW R RAEMEAEH, 77425 5O I S &8 B 1 al kL1, B
SR R ABUE I AN IR A 2R I 1) AR BE 5 L N 7 B BB FE AR 2, Rz iz
KT REECH I AR . BT BL25 58 S5 I OB (0 AT IRE 1~ i 72, A 2 5
RO SRR, B, B TRARE T EEE: Lorentz U 4s M2 48 7  IX) I 1]
I, ORI [A) A5 L 1R 9 T AAT e ARy TRERLS VR B2 AR 58 Ik R f0 A i 2%
2SR

ole PT —e X) = Z/o défi(&)a(e p; — e X). (1.11)

Hrp et vahEp! = &y X RSIER®ET, dle p —» e X)NHT 52T
FIBEEUN AR, f;(§) IR T A R E (PDFs), JLRISRE~ Aoty ~ mp'e
R AL BV 1K H br a2 M3z 5 iR & BRI B AR B 20 TR, IR R4 4a
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PERIOR I RS A RE RO, 5 R AR R Y IR A I R, BRI 15Xt FITAT ok 21 2317 2R 2
T 8 BRI AE # 0 TR R R I ELRRHE . AEQCDIN AL BRI IR BE ARSIk U
RIS s

1
o(e Pt — e?():Z /0dffi/h(f,uf,f)ca(f,QQ/MQ,ufc/uz,as(uz)% (a=1,2,3),(1.12)
i=ff.G
KRR A TR T, REWEK T 50 TR A U T,
QCDR T A AR T WA S B pHppe HPp N EmREACKRE, M, o0
B SKAERN R T AR B AR T BT AR B s AT A WCER 238 70 770 A1 R
B fipn (& pp, 1?)F s BT BT T R BT S RECL (€, Q2 1?, 13/ 1, s (1) )
T LA B S X T REHUN BREC, (&, Q%/ 1, n3 /12, as(p)) RELLAN % 4
1, FTLAEREREAL NHE R, & T AT REL S0 (&, pp, p2) R SRR, 6
B SR AR AR T P I LD MU R Ay, AT DL R SEEG U7 vl e A A AR A
AL E
E S SRS R U e 2 S R R ) A R 1 R D A B O
M QCDI 74 i 5ok 7 3 AR FE B T, anBAy 7 W P AR I A 1L B2 (M Mo | Hepp| B) »
HAHop IZIE TR RS S Wi, FEBA T ## 1L R IEE RS M, (q13) WERIA Y
T MAX T 205 AR I TEALD — @1, 77X CHETT [ RT3
@M T, T4 gs 5 5 5B T 55 S 5e I UM, IR 5 My %
JiaiagE. BER BT R AR AR R IR AR R I S AR B R, ZEQCDR
T Tk (QCDFE) [14,15] FRRAR:

(M My | M| B) = / 0xT, () (My | (2)[0) (Ma | J»(0) | B)
+ / dedrdyT (€, ., y) (M) Jy (2)]0) (Ma]jo()]0) (0](€)| B).

= /0 daT(z)ppg, (x) FEM2 4 /0 d€dxdyT;(x)op () Pan ()P, (Y)-

(1.13)

HA T, B B9, PP Mg R BAY 1 2 Mo 738 M e AR AR
i NIRRT R R A R ML BB 7 B 1.3,
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B 1.3 BAT 2IM;, MydF2 % K 49QCD B4 7 ik (QCDF).
Fig 1.3 The method of QCDF for the process of B — M M.
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SR AL T A B
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3621.40MeV [16]o 1R BLE RN 15 SaAAY ) — AN 205k, [ B 19, Oy R Ay 0 A i 1
TR T T ), Wt TR R B IR P A R DL A 0 A I R E T
T K B A 0 L 5 v 2 AN QCD R, X JLF 705 4 Bh T FRA 1k — 25 HRL
BB AN E R E T R AR AT AT M BUEE R E - E G 7 THI )
R FE, HATLAROR (O HES) B R B IR R e

BelleSZ 56 2H F-2003F 18 ik BT — KT X (X (3872) — J/ohrTn) KL T X E WM celly
ARk X (3872) [12], fE20114FE@idete” — T(nS)ntan~(n = 1,2,3) Hete™ —
ho(nP)rtn~ (n = 1,2) KBLT BE WKobl % 72 25 % % # 75 (10610, 10650) [13].
LHCbHSE % 41 F20154E LAY — T/ K~ 72 K& I 5 X Wkee2k (1) 1L % 70 &%
W (17, HATEACKI T REZWEKRZ S WAFEEE, HEXTENMEHE
BEEAT IRt =, DR T X E R 22 %5 pu A5 1 — P I 7 g 2 SRR B U — A
R TT ]

K54 772 e Wt T R B ) — A B R AR, AR T U R T X R Y
GIAKRUL, EARK ARG A ENEY, HRED A SRR S B S AR
PEREL, P LUK XU R 5T 1) R A TR0 75 A 58 3. SU(3) MRl i Fr ik 5 oA
B NS BT, ANSU(3) SRkt C4 sz it iz 2 BA T e B s R 5 T AR
IR AT [18-31) , PRCIRATAT DUR FH 3R % 52 SU(3) X FRPE IR 7512 SRt 90 W0 B v B - %
WERNS . REELENMASUB)HFRE. - TSUB)ZES KUK T WA
FRIH, ZIa45E BIR AR 18 WU vk 5 U R DU 25 5 7 1) AR i AR

2.1 SU(3)EHK %

HER R BT =S5, 2N EME wu oo t5 TRE A s. bNFl
RiE. RS RENARTLUIARSE (uv d ) SESW (e b ) W
K, KRS Wu. d sHRSUB)=EE, A ALSU3) AR #AZNE, 1 HE 255
W F S U (3) B 2. &I WA 138, EE = A S = WA M, Kk T

—9 —
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1% %5 TESU(3) A Btk 1T LUK 38 T #EA7SU(3) 40 25, Wl % A ro- \NE &, &
TJP =120 \EEEIY = 3/27 FEESE, WS AR BT SR T SUN) B
PRBL A L EAGISU(3)BERIAR ARSI DL 25 52 (KIS U (3)Fr.

SU3)BER IR L IERE, W RUTU = UUT = 1RdetU = 1, HAASME R
JOF; (i=1—8). AEMITIHESU(3) BFARE

[Fau Fb] - ifachc- (21)

Sabe RS FREK B AHELX 55 (0 A2 il (3 24 T80 9

[ngFg] =0. F3 :/\3/2, ng)\g/Q (22)
1 0 0 . 10 0
=10 —-10 , s=—7=1]1 01 0 , 2.3
3 8 \/g ( )
0 0 0 -2

Hr; (1 =1 — 8) NGellmannfifF. LI TSU(3)REEA P/ R AT LU ) &1
(B, X

R Ty = ),
v = %Ag. (2.4)
PR SRR BB 3 ) FH < T As 5 A\ IR 1 T N
+1 —1 +1 +1 -2
[3:777707 - ?7?7?' (25)

(u,d,s) BEHBEAISUB) =ELX, H—1SUR)REEGER R, MEKK
o Mo AP R OR, B RT3y 3R 4E R ok (SU(N)EBE 1) 4 2 mT LL s
Hd(SUN)) = T, =52 B8], HhfEm, = j—i, hyWAK. BETMSU3)E
ZNIEN

<
I~

Q@
I
ISH
=
I
W

5E X R [FIA e SR Anf PR AN B AT
I = %()\1 Lidy), Uy = %(% Lidg), Vi — %(M Lidg). (2.6)
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Horp [ SRR LR d Tt N, UL AT LR sTH Nde NI SEATAERE R 7351

010 (o000
I,=looo |, =—|001]. (2.7)
V3
000 000

22 MBMTZESDE

9T HISU(3) 2 B/ ] R sk 24k 50 B o i 07103047 0 e 8%
AMNMREZS RS, HuvFoR, i B (o) ZoRIERS 5, W T4
Fr B (v;) MIZRIR R 325 . @ sk E LT DL RS e R G2 s A A AT
Lk B RORIIM: — ARk EE S — MRk ES. I3 ®3 =336, HikEE
oA

! = %(uivj + ulv’) + %eijkeklmulvm. (2.8)

o (wiv? + wv') R —AXFRI6ER, L epmu'v™ N RAFRIIBHR, X HL H
Joith % % 70 RGN BK A R X

. 1. 1.
u'v; = (u'v; — géj-ukvk) + g(ﬁ-ukvk,
i Xouind iy — Lsigted — 25Tyt
'y, = 2(uvk+uvk 10k 4kuvl)
Iy 1,
—l—Ze”l(qmnumv};‘ + €emntt" V") + §(35,’€ulvl] — §lu'v}). (2.9)

EAMHNT3©3=8015328 =306® 15 M5KENMM, Hrhu (o) 4EER
INA8, N MNMBENFRIKER IR, W LU —ANSU(3) AR s FR K B er Mo HAR
Al = Mugge WFFRE RGN (qq;) =00 RS (qiqiqr)» FATHAT LR A7 1 1
TR EATEAT i, W 2.1,

W EIEEFIETSUR) R whkiE AR IR =B, EI4E3CN3. 1S
e BAARR R

= (ccu) = (beu) =9, (bbu)
7| steed) | 1= | =) | T= | mame | @10
QF (ces) QY (bes) Q,, (bbs)
RETENNRST, EAT LB OFRE = EHAR3E — X FR 7S A6
. 0 AfF Z=F . it 5N SER
Tag =| -Ar 0 20|, TE' =] Hur =0 =0 (2.11)
-=F -8 0 Lz Lm0 QO
c c 3—c > —c c



R T 55 R AR AR AE 7 A 5 IR QCD I e iR B

(I
®
1
I

[D@H

D®D®D=<D]@E

= D:D@

o ]

10

il

B 2.1 qiq; 5 qiq;qn 7 894 B 5 it
Fig 2.1 The decomposition of ¢;q; and ¢;q;q, in Young tableaux.

REBE T RO PRI = A3 S — AR N E A6

0 A =2 ¥ V%Zg \/%E
_ =0 _ =0 =
(Fea)pij) = Az 0_0 Ze | Fe)un = %EE Xe . \%i
= = 1 =— 1= I'e)
T—e T —¢ 0 Noe V2—e¢ QE
BEFIEESUR) ] LR R\ ES8S T EHE10. NESRRN
1 1
| \/520 + 76/\0 EJr P
(Ty)! = %= — 50+ A ,
= =0 -\ /20
MR R E T ESA
1
Tio)™ =ATT (Tyo)™2 = (Th0)'2* = (T))* = —=A*,
(T0) (Tho) (Tho) (Tho) 7
1
T 222 :Af, T 122 _ T 212 _ T 221:—A0,
(T0) (T0) (T'0) (T'0) 7
1
(T10)113 :<T10)131 — (T10)311 \/§E/+ (T10)223 — (T10)2 2 — (T10)322
1 /
(Th)'™* =(T10)"™ = (T10)*"* = (T10)**" = (Tho) =<Tlo>321—%207

~

(¢}

o s

L (212)

(2.13)
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(a) (c)

(d) (e)

B 22 55K =FH5RTHRESU3)ME,
Fig 2.2 Flavor SU(3) weight diagrams for the triplet and anti-triplet hadrons.

(T19)** =Q~. (2.14)

BRE MR ANERS LA +EEL0. NEFWH

130+ LR 5 =l
7 N =0 -0 =0
(£3); = D -52 +z0 E , (2.15)
P 7 _\/gﬁ
RTBESHRBEETTEISHM (32,33
—_— 1 _
(Fp)''' =A", (Fip)'"? = (Fip)"' = (Fp)™' = —=A
V3
i 1 — 0
Fr)222 :A+, 122 _ (@212 _ (g2l A :
(F1o) (F1o) (F1o) (F1o) Ve
J —— 1 —+
(Fp)"™* =(Fp)™ = (Fp)™' = ﬁE , (Fp)™ = (Fp)™? = (Fp)™ = B
(Fo)'™ =(Fg)!® = (Fip™® = (Fig)™ = (Fg)"* = (Fi)®™ = —=%"
\/6 )
(Fig) '3 —(Fip)?3 = (Fyg)® = LE/O (Fip)?® = (Fi)™ = (Fp)® = LEIJF
10 10 10 i Yo 10 10 B
(Fr)™* =0 (2.16)

FATEIS 45 AR 2T HISUG)RE R R, W 225K 2.3
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H237ES RNES. RTES, RANZEEANEZERTHRESU(3) A,

Fig 2.3 Flavor SU(3) weight diagrams for the sextet, anti-sextet, anti-decuplet, anti-octet and

octet hadrons.

FEN TR ZEHEDETTH, BNAT, WREERN TEREN T, AT UBHR—
NNEE8E —AIRIE RSN T H BARE NI bR 7 )\ SRR

a0 + U/
V2 o Ve .
(Mg)] = T _\7}_5 + \/lé KO ) (217)
- 0
K K —2—\;%
BRIEIR TN
| % 0 0
(My);i=10 2 0 (2.18)
0 O f’/—%

5 N AS 9 = (du + dd — 255)/v/6 5BA M = (au + dd + 55)/v/3 Z T UK
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FRG. BRENTHTIRE B T2R0, KRR ENT/N\EEN

p‘j;%w ot K+
V= 5 —E ke, (2.19)
K+ K*O ¢
K HRw5 Vs 5VIHNRA

<w> ( cosf  sin 0) (%)
= . . (2.20)
10) —sinf cosf ) \V}

wE M EAIR A N0 ~ 54.74°, HEANT, WRNT BN T, H—1TMRESwE—
ANEEWHR, N UIER—SUB) R =EX3. HPR=ZEERNTERRN

Di:<D07 D+7 D;_ >7 Ei:<ﬁoa D_7 Ds_ > (221)
B THIZRRWT
B; = ( B-, B, B ) B; = ( B*, B B ) (2.22)

MES T HANES A, WJ/p5B.A5, EANHESU(3) M FRYE T BRiE #
&

XA WA RS RO E RIS S (QQGq), HATLA#ANSU(3) =HE3
JONEA6: 303 =3@06. RN EZHN NQQGq MIXEIRIYZ 555 H XS M
BORLF R, B AR SCR SRIE S — X IER B 5w Y5 s, b =80 LA
RN N

0 T . Th . 0 Tt . TF

ccud ccus beud bcus
T = | —Tha 0 Thi | Geado=| Ths 0 Th |
Tl _Tctc%—g 0 _Tbtag _Tbtg—zi_g 0
+ +
0 TbbﬂJ Tbba§
(Tws)ig = | =T, . 0 T+ . (2.23)

+ ++
_Tbbag _Tbbcig 0

HIERUER NS WS MNES, BEEMOEN 2 mERIINER =R, Kt
GIIEARPIRAL, ASCAEVEA R 1.
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ot T EREE M ER IS A, WQQqq, HAESUB)HFME F Al 4
HNNESSHHEEL: 33=168 NEESHEENHFRRN

TBC
0

TBc c
wtvw I TS =00
(Thes)’: = Be T | Ty Be (Ther)i=| 0o T o
bc8 ) Tﬂ, —W + % TKO ) bcl); /3
Be Be 2 Be Tne
TK* Tfo _76T778 0 0 n_g
(2.24)

2.3 ESRRTEABHH

SU(3) R PR AT MR GF s — NS 2 5w REFAT 02K, MAIR T — 2838 ) 2]
FIIFENIERE, WS wigaER R, SUG)FIEBREE N H. A% EVS
AR RIERERED — cqiqe, HEMFRRNH = (eb)(q1). HHFHEHIERES
Wqs G FIAESUG)RMFRIE T H AT LA A — DN N ESERF Hy, Hwkis )\ HE
SEAERIRN: (Hs)h = (b) (g4t — 505qopat)o T 395 AT EA R HI BRI HE R
JoH, D IRATTAA IS AT S e, i R R B AT AT ) AR A

R E R E - (US4 5 Qi) BB R DU 5 50 285 (U0 ) HID b AT DAK A2 55 3247,
Ece FQec(/Tecqq) RREHTTHITEAL, 0T N/ Thege) XA KAV S e 5 70153
T, AN FELETHLES (e b)NFIER I, [R5 AR 555 A H AT Y
1) 2R HL

o b/ TR LR RIEAR, TATKH D NP
b—c/ul~ v, ¢—d/sl 1. (2.25)
5 I RS N A RO 55 e IR R R

G _ )
Hepr = 7; (V@ 7" (1 = 75)bly,u(1 — 75 v + Vgt (1 — v5)qly, (1 — v5)ve| + hec.,

(2.26)

X8 = (u,c), ¢=(d,s)s b—ul~p5e— gt~ vEFE AT UH—1SU3) =
BEEFEFRR, A A(H) 5 (Hs)pe b— o~ v dd FE I SFFNTE B — AR
RS, FAE BASCESF I R R

(H3)' =1, (Hy)** = 0; (H3)1 =0, (Hy)y = Vea, (H3)s = Vs (2.27)
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o BT (c)] LR AFERFZAR, 55 % A [f)Cabibbo - Kobayashi - Maskawa
(CKM) FEFETCHIRAN, JATHHAR IR 32 H

¢ — 5du, ¢ — udd/ss, ¢ — ds, (2.28)

BT BN R T Cabibbo f0 ¥,  EACabibboE{K-5 X Cabibbo /& it 2. 55
2 o AR R I AR AH X B T R S & oy oA

G , ;
Hepp = TZKSVJd [CLO5" + 0205“} +he.,
G 10
Heff = 7;{‘/;(1‘/:(1 [ClOiu —+ OQOSU:| — ‘/vau*b [ZCZOZ:| } + h.C.7
=3
G ~ _
Mg = EVaVi[CIOF + C05] +he. (q=d,s). (2.29)

H O A Wilson &2 51, Ol/2ﬁ§*f{ﬂtﬁ%ﬁ: Oz 1o NEFGE B R/F. fERIESU(3) Xt
BT, ¢ = idE o333 =30306015. FHKEMH
(2.9)20, FATAT DU HH AR R R 5L X T Cabibbo o ¥ it #8¢ — sdu.,

iy A J
(HG):%,l = _(HG)%3 =1, (Hﬁ)?’,l = (Hﬁ)ia =1 (2-30)
% #.Cabibbo AL i fEc — udd5e — uss, AFFEWTKESE DN

(He)3, = —(He)3s = (He)1y = —(Hg)3, = sin(6c),
(Hﬁ)gl = (Hﬁ)?s = _(Hﬁ)%z = _(Hﬁ)gl = sin(fc). (2.31)

X T X CabibboEiid fEe — dsu, FEFMKESEN

(Hﬁ)gl = _(Hﬁ)?z = —sin’ Oc, (Hﬁ)gl = (Hﬁ)% = —sin’ Oc. (2.32)

o IEE T (b) T AR A ARSI FEAS, ARG CKMA 4 7T i R/ HL 2 i T L

b

b—ccd/s, b— cud/s, b— ucd/s, b — q1G2qs, (2.33)

X o3RI BET T (d/5)o 5 T0 AR LA N 1A R e 0 i

G _ _
Hepr = TQVwVCZ [C107° + C205°| +h.c.,

17—
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Hepp = %VcbVJq [CLO5" + 0205“] +he.,
G * uc uc
Hepp = TZVub‘/cq [C107° + C,05 ] + h.c.,
G ~ - 10
Hepr = ;%b%WHQOW+Gﬂ?IA%WﬂzxM4}+hm
=3

(2.34)

b — ced/sI IR REFTIE M — D =ZEE(Hs)'s b — cud/siE B R R FAT
R — MR AR AR N E S (Hg)is b — uesid IR TR — R =HE
BHNHW H5—ANEX(He)": b — uedidFBREZAFTT 50 — uesid M
R, HAREAT DO AR AT IR bR2 — 3 S #V,, — V53,

(H3)* =V}, (H3)® =V

cs?

(Hé/)l?) — _(Hé/)i’)l — V*

cs?

(Hs)i =V, (Hg)} =V

us?

(Hs)" = (He)™ = Vi (2.35)

T RREZRLED — s (¢ = u.d,s), HERFRREATLOED KD
32323 =30306015 53, Hih ZHEE/HH AR E TR,
EAS = 0(b — )AL FEF, JEZHKE S EA

(Hs)? =1, (Hg)y’ =—(Hg)i' = (Hg)3’ = —(Hg)3* =1,
2(Hi5)1> = 2(Hi5)1" = —3(Hi5)5" = —6(Hy5)3° = —6(Hy5)3" = 6. (2.36)

STFAS = 1(b — s)MELRIRE, HFFHs. Hglh S Hys 0 R B0 LB I 7E 25
(2.36) S BT a2 <> 3135,

24 WEREFHHERE

RUEE I B - PR RIE A2 2 AT S R B ) — AN E SR AT IRl SIS B IS T AU E IR
PSR O AR TR KA H] [34-39], LHCbSREG 4 AE 20174 S AT K BL T USRIk
FRWETEL (ccu)o HMMTIET X REE N13TeV, RiFMEIRENLTO!, 25
FEXT i RE & 8Te VI R H s 45 A I IGHIE 11X AN K I

AATFRATTRE R S U (3)WRIE W AR I 515 [33], AR BB BRbb - (S 5 )
WE T (Zee 5Q%) PLEEERDCE T (Zp, 5 ) KRBT 8. HTLHCbE
B RB 2R — ATK atrt [16) RILT WEKREFEL o AR
FEW RN ERE T2 ARERIE, O =R SRR S AR AR



EE B RFH TR BE HIRE T 95 EARRISU) X AR IE D BT

24.1 Ebb ,—ﬁ-be

AEFILH G R TR T2ESES B EREFESUG)X IR TR
N, PR UEFRATET A it tH B A SU(3) A AL 1 1 58 1 J2 IR 2800 % o B, H g
T HISU(3)F 7R 1 LA R 72 A BE KR &S 9 1, 59 = AR HAFISU(3) R n1EHTE
SRR BE R, RAEGE T 5 AR R, Sh A RS 250N D) IR A 2] AH 5 &R
Bai, bi,ci .. .o FIFAMIE A S EGE, FRATEMK KT8 XE R E 7 1) 37 55
FAR G AR 5 AR,

B R E RO E T PR A R, MRS e AR KA 2K (2.33) T, T
E IR IR N — cly Hb — wly, FE5RFZ IR IS BT XE R b 1 5 48 2|
WEMRbcE T (JREKREF), —MRANTE5RFNERE 5T 8 & 55w
HAFMIZRoR, FRATR IS S DY A 4 A Ik R ) s S i i

Heff = a5(Tbb)'(T ) Mj gW + aﬁ(Tbb) (Hé)j(Tbg)[ik]Mf ZVg
+ar(Tyw)' (Hs) (Tha) i M]T Cve + as(Tow)' (Hs)’ (Twe) iiry M) L1
+ag(Ty)' (H3) (Tve) jky M Lve. (2.37)

Rema e (2.37) 20 F 298 BRI T, FATTH0RT BAAS 2 0CE R bb H -1 AN [F]
TEARTE N ORI IRME . A& 2,145 H XU WRbh E - 38 A48 3| XU WRbe / B 28 K B 1 1))
TEATE MR ARG T3 AN T AR YR IE AR 45 2R, [ Iy Z20m AN [R] R 285 A0 4 ] () 5
Wi, AT AT LLRE— 2545 BIAS [F) AR T8 T8 B2 1) 5 Fro He P XU R bD B 1 51 X EL R b
THIAN RIS ARE 56 B )R AR AN F
[(ZY — Eh 7% 1) = 3T(2), — Efnl~1,) = %F(be — Q) K1)
;F(“bb — E;—c’ir_f_ﬁg) = BF(E&) — Egcng_ﬂg) = %F(Eb_b — QSCKOK_I%)
;F(Ql;, S EK ) = %F(Ql;, SR D) = Zr(@b—b — Q0w
= ;F(be — =2t g) = T(5, — =070 ).
X FRL R bb B 3% A 3 JiE FE R AN [R] S AR B8 B ) 58 &R O -

D(Ey, = Mrte ) =T(2), — Z)K 0 py) = 2T (S5, — Al 1),
0(Qy, — =, 710 1) = 20(Qy, — Z9nl ) = T(5, — 5, KT 1),
(S, — Z9K% ) = T(Qy, — AYK (7 1,),

D(2y, — S 70 5y) = 3T(EY, — S0l ) = D(Ep, — EPK 0 1,)
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& 2.1 MERDETE,, 5y REIRERZESET HEAT
Tab 2.1 Doubly heavy-baryon =, and €, decay into triplet baryon bcg and light meson.

channel amplitude channel amplitude channel amplitude
S R e R R N
> Q) K¢ 1, as Ve B, — B0t o, as Ve Q,, — EbJrCKfffﬁg as Ve
S = QKD asVey Q,, - =0K (i asVey 2, = 55 L7 as Vo
Qp — o0l *\/gasvcb By — B0, Dy J%cb
Sy, — Ayt LD (a6 +ar) Vup | By = Z KH 0 aeVub By = S KT (a6 + az) Vup
Q;, — AK ¢, arVp 2, — A%, —CFapuy Qn = =0 7, “watn
Sp — Ag’rﬂfﬂ[ —% Q, — Egnffﬁ[ _%
E,, = S K7 arVuy Q,, = E, nTL D, —agVup
29, - i, etV | =n o, =0K0 g, T =0 S nint-7 TateVis
Sy~ S K Ziub E lsteolVur | Q) - SFK 07 agVas
=), - 2K e, st | on o SR, 29Vup g, = Sir Lo ao Vb
Q= E 7l D 28%ub S, > S0 o, L(as—ao) Ve | Q, — E000 70 (=20 Vs,
E;, — S0l o, Lastaolun [ — 5t et
O I A A 7 asVup Q,, = QKT o, ag Vs

= 60(Z,, — Sl 1) = T(ZY, — Sont 0" 1),

[(5, = Xin 0 n) =20(5, = ZPK " 0) =T(Qyy — XK (1)
= T(Qy, — SIK 0 1),

[(5;, = X, 7t m) =20(5, — =, KT ) = 40(Qy, — =70 1)

=T(Qy, = Q4 K07 y) =21(Qy, — Z, 70 1,).

Xt W EBRObE T AR R AR R, RIS e AR M 2K (2.33)71, K
BT AP ADYSE, bl i S Sy CKMAE B o 80 AR A R, 1 Je P 2 [ CKMUE R
TEE AR E e A EATE BRI RS E: b — cad/s H5b — cud/s. K
TCKMEARR N E W R A, A TRIBENIAEE S, HRETT R

SCHR [29]

FRHE—RIFRIIERLIED — ced/s, 1EMTERLE, FHX R T XUEIRbb H ¥

AR RE T

J/ =BT, BOLEKRCE T RENTH— DB T

KR AR BRI () (d/5c) TULRSUB) =&, KERE ALK
RR=EAGNERET, S TRrRAIIE s 5 iR

Hers

Hery

al(Tbb)i HS)ij(TbE)[ik] J/ﬁ’ + aZ(Tbb)i(Hs)jMik(Tbﬁ)[jk] J/w

J

(

)'(H3)! M} (Toe)ing I/ + as(Tyw) (Hs)’ M} (T )i J/1,(2.38)
CLS(Tbb)i(H?))j (Tbc)kaMf + aG(Tbb)i(HS)j(Tbc)jDkMik

) .

Z(Hg j(Tbc>ijMik + CLg(Tbb)i(Hg)j (Tbc)kDZMJk (239)
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Hh @R R HI MRS AL 231 C &% M. JATN RIS R 1 G 2 i g
ﬁ TR 13 2 AT 5 ARSI RN 2.2 f, FAT#E—PHESBRESNR=
u@$¥mﬁimfm%%ﬁ

DS}, — AJT*T/0) = TS5, — Am=JJ9) = TSy, — 55 K2 /w),

(8, — Ein J/) = (_bb — ZVKJ /) = 2F(be — =2, w0 J /1),

STEY = EyntJ/y) = fmbb — EprJ/v) = (5, —» 5, 7°J/9),
T(E5, — AJK J /1) = T(Zy, — AJK~J/9), T(EY, — 2, K*J /) = T(Qy, — AJK~J/9),
T(Ey, — Am™J /) = T(Sy, — By K°J/0), T, — 5, K J/) = D(Qy, — ZK T /).

RENNESIKEFNELREERIRRN:

D(Ey = Sy J/¢p) = 2F(~bb = EyK°J/Y) = T(Qy, — @, K°J/¢) = AT (Qy, — Z7 7" T /9)

—_

D(Ep, = ZynJ /1) =

=20(Qy, = Epn J /) = (be — Eyn J/y),
L(Zp, — By n’J /) = *F(:gb — QK J/yY) = ; (Ep = Epm J/Y) = (be -y K°J/v)
1

= ST — Sy ntT) = T(Eg = B n0T4),

DS, — SYn= /) = 6T(E, — S ) = 3(Ey, — By nd /) = T(Sg, - Ty KOTf)
=15~ 5T /4),

P(E), — SIRJ/0) = 5T(EY = 5p K- J/0) = TSy, — S9K-J/0) = ;TS — 5, K J/0),
F(be — 277T+J/¢) = QF(_bb — = ub “KT /) = 2I'(Q,, — EOK J/) =T(Q,, — E;? J/),

00— 3 _ _ R pp—
L(Q, = EYK~J/Y) = ZF(be — QnJ/) =T(Q, = 2, K J/¢).

JEFF RS NN EMRbcE T RIS EHiE, RAMSEAFZARTE &I BIRIE LR 2.3,
AR TEAR B FE R R

—t e 1 - A - _ -
L'(Ey, — gD, ) = §F(:bb — 5, Din7) = F(be — Ep.D rt) = [(Ey — D),

D(Ep, — Eg.Dyn) = T(Ey, — Zp.Din), DSy, — Ep.D; KT) =D(Qy, — Egcb K7,

P}, — QD) = LT(Z;, —» O4D"n") = (TS, — QD7) = [T(E), » 0D "),
I(Q, — S5 Drr) = T(2Y, — Q0. D'K°) = 2I(Qy, — =0, D; 1),

I(Qy, — QD n ) = T(2°, — = D K°) = 2I'(Qy, — Q. D~ =),

N EzjcE ) (2, — D7 K°),T(Ep, — Ej.D™ K’ ) =T(E, = E?CEOK_)
=y, DK = [(Ey, = Eg.D"K7),L(8), = 5. D7) =T(Qy, > E5.D~ K,
[(E) = QD KT =T(Q, = 5D K),['(E), - Q). D;K") =T(5,, - Q).D; K°),
I(S, — LD 7)) =T(5;, — WD K°),T(S;, — 2.D =) = [(g,, » Z5.D; K°),

r
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L(E, — ‘—‘bcD ) (Ey, — ‘—’bcD n),['(Ey — ‘—‘bcD K ) = F(be - ‘—'bcD K™),
Ly, — ‘:bc‘D;F ) =T(Q, = Z5.D; K7),T(Q, — Qch7F ) =T(Q,;, — Qch K7),
_ —0 e

F(:‘gb — Qch 77) = F(:bb — chD 77)

T8 T RAFR SIS ED - cud/s, fERTENRE, /\Xﬂ”?ﬂxi%bbi?
HAR|—ADXEKRcE T 5NN T, B PNRET. BT 5B TR
PR, BATMR A IE AR O ) e 8 W

Hepr = ag(Top) (Toe)iMIML(Hg)F + aro(Tip) (Toe); M M (Hs)),

+a11(Top)" (The); My M (Hs){ + a1a(Tip) (Toe); M} My (Hs);

+a13(Ton) (Toe); M M (Hs)' + ara(Tow)' (Toe); M My, (Hs)!, (2.40)
Heff = a15(Tbb)Z( b:‘a)[zg]D'Mk(Hs) + alG(Tbb)Z<Tb§)[z]}D Mj(Hs)

+a17(Tyn) (Th3) i) D My (Hs)}, + ars(Tw) (T43) 1y D' M, (Hs){

ta1g(Tyo) (Tia) g D' M (Hs)! + aso(Ts)'(Tog) yu D' M (Hs)!

+az1 (Tyw) (Th3) ]DZMJ"“(HS){ + aa(Tyw) (To6) iy D’ M (Hs)j,

+azs(To) (Tos) i) D Mi ()t + aza(Ty) (Tus) i D M (Hg)j

tass(Ty)' (Too) g D' M (Hs)! + a2o(Tiw) (Tog) g D M (H)!

+azr (Tow) (Tos) g D M (Hg)? + azs(Tbb)’(Tbﬁ)[kl}Dle(HS)f (2.41)

PATEIT ARSI EIRbE 1 (MW S, R AR IR A 25 R AR 2.4, AT
i 2R R WA DD YSF

_ _ B 1. _ 1 _ I 1 I
F(:gb—>:;c7ro7r ):§F(:bb—>Qgc7r KO)ZEF(Q%—):;’CW K ):ZF(:bb%:;W )

1 1
= 5F(Eb—b — Q) K'7n7) = 5F(Qb—b — =K ) =1(5, - Z.n’77),
1

D(Ep, = Renn®) = ST(E, = Q™) T(Q = QoK) = 20(y, = Bur’K ),
[(Ey, — Spm K" ) = 30 (S, = S5 K 77) =30(Ey, — 52077?0)

T(Qy, = Ty K7) = 30(y, — Zp.K ) = 30(Qy, — ZpnK ),

['(Ey, == ‘—‘bc K~ ) =30(5, — Hch n) = 30(5, — ~bc77K ),

Ty, > S0KK™) = 11“(% —Z K K)=1(5, > Efr K),

[(Zp = Y K°) = 30(Zy, — Q. K%) = 30(Zy, — Q.nk?),
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Tab 2.2 Doubly heavy-baryon =, and €, decay into J/v, singly heavy b-baryon and light meson.

channel amplitude channel amplitude
=0, — Adr0J /b (el By = Z0mJfY —asVy

_ _ * — —-0 *
QO = MK~/ —2Vq Ep — MK/ a1 Ve
—_—— —_—— as V¥ - —0__— *
Sy — Sy 0T/ =5 O, — =hm J /Y —a V5

—_ a1—az)V* —— — %

29— A9 Jy Ll S — 5 K0T/ (a1 + an) V2,
Qp = EVK- T/ — (a1 +ag) V| EY — Er0 T/ — e

—_ —_—— 2a14a2)VE — —=— oV,
Eyp — Sy /Y — Qartaa)Ve, 1%) = O, — w0 J /Y 1\/50‘
=9 — 20K T/ a V =, — Zy KT J /¢ axV,

— r—'—_O * — — 2a a Vc*s
Qp = E, K Y — (a1 +a2) Vi Ep — EgnJ /Y —%
S o M Iy —(ata) Ve | Qo Sy -
B = St/ —aaVe B = MK/ —a1 Vg
—_ _ * —_— _ az+a VC*
Ehy = Sy J/Y azVeq S = Sy nd /Y %
Qy — SOK—J /1) 2 20— SFKJ /4 asVz
—_ - _ ag Vi - —5-0 *
S = Dm0/ glaa—ay) Ve | By o BT/ —jaV
Oy — E07J /4 s =0, — XK J /9 e
—_ —_— (az+aq)V}: — - _ az+aa)VE
:bb—>:§) Koj/w 3 \/% d be%_gOK J/w (as \/%)

20, — S0 f4b G e N

2./3 2./3
O, — Zy 0T/ —sa3V = — Syt J/Y asVy
— — N — —/—7-0 as+aq)Vi
Ep = O K°J /Y sV e S e
Sy = ST/ 50V, B = Y KT/ ag Vg

_ —— (a3—2a4)V}: - - asV>
s A : 2\/%v*d S — S KOI/Y —d
=, — S0/ min O, — Qy KOJ /4 asV7,
=9, — Z0nJ [ (Bl Ep = SV J /Y GV

2./3 2
R E R
Epp — Sy 10T/ e e
=, — S K J/ a3V
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% 2.3 MEHRDETE, 5 REFRETRbcET, RE
Tab 2.3 Doubly heavy-baryon =, and €2, decay into bcqg baryon, anti-charmed meson and light

AT HEAT,

meson.
channel amplitude channel amplitude
S — ‘—‘bcD T (a5 + as) Ve Q= ‘—’bc‘D K- asVoq
=% — =) D K~ (a5 + ag) Vi Q, — E0.D™ K (ag + a7) Vi
Epp = D70 % Qy, — Ep.Dy _%
Egb — D™ K’ asVes Qy, = B D7 K’ (a7 +as) V.
=), = Ef D™ % Q,, — E0.Don %
=9, — = D70 e 0, — D r asV,
Sy, — EpDs K° ed Q, — QSCEOK_ (a5 +ae) V.
S = prD n % Qyy, = WD~ —as\g‘i
=0 — _bCD 70 el O, — QDK (a5 + ag) V2
Ebp — ‘—'bcD K’ asVes O, - YD %
Sy — ‘—‘bcD n % Qyy, = Y DT K° (a5 +as) Vi
Epp = Ep D7t (ag + a7) Vi O, » QD7 —\/g(as +ag + a7 + as) V.:
=), — 20Dyt a;Vr =, — Z0.D; KO (a5 + ag) V3
Epp — “bcD K+ a6V Sy — S DI %
Ebb — Q).D 7 ot Sy — QD 1 agVy,
=9, - Q0 D'K° agV =, — Q). D70 e
=0, > 0D fuamBea Vi =, = Q. D" K° (a7 + as) V5,
Ep = D7t agVy, = — Q) Dy CoZer)V
beﬁQ DK™ a7V Epp — WDy K° (ag + a7) V3,
=p — X Dy KF (ag + a7) V; Qy, = Ep DK~ arVy
S = Sy D T (a7 + as) Ve Q= Eg.Dym” asVzy
Sy — S DK asV Oy, — Ep. Dy K- (ar 4 as) V;
Sy — ELD T a7 V> B :bCD_K (a5 +ag) V.
Sp o ED . (sreVi | Sy D Cstototas
S — _‘bcD K~ as Vi Sy — Ep D70 —%
5, 2B D 0 e ral
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Tab 2.4 Doubly bottom baryon decays into a bcq and two light mesons.

channel

amplitude

|

channel

amplitude

=0 =+ 0 -
Spp P Sp T

(a10+a11) Vg

== =0 -
B 2 B KT

(a10—a9)Vys
@

=0 =t 0 p—
S 2> Epem K

2
(agtajptaiita1z) Vi,
2

J— 0 _— 750
Z,, = QT K

(a10 +a11) V),

20 L =fa KO
Spp = Ep.m K

(ag + a13) V),

== o -
Epp = Qpem

\/g(am —a11) V),

=0 =t
be — E,.T N

(2ag+ajg+ar;+2a13)Vyiy

Z = Q) KK~

(a10 + a12) V),

0=
be — _bCK K

@
(ag + a13) V),

— PRI ———
Q, = 8. K

(a10 + a11) Vyy

Epy — Hch n

(—ag+tajptainl—a13) Vi,
6

Q, > EF KK

2 (a10 + a11) V],

+_—
_‘bb_)_‘bcﬂ— ™

(a10 + a12 + a13 + 2a14) V),

- —0 _0_
Qyy, = Epem K

(a12—a11)Voy
2

=0 _f po—
_bb—>_b7r K

(aro + a13) VJ,

- —0 _—550
Q= Ep.m K

(aro + ai2) Vi,

0
be — _bc’ﬂ' T

(—a11 + a12 + a1z + 2a14) V),

Q;, - =K K~

(a10 + a11) V),

=0 =0 _ 0750
Sy — Ep.m K

(a11—a13) Vi,

Q. = ESCK_n

=
(a11—a12)V,y

=0 =0 _0
Spp = Epemn

2
*
(a12—a13)V,
3

Q,, — QK™

6
(ag+a12) Vg
2

=0 + -
Spp — _bCK K

(a12 + 2a14) V),

Q;, - QX K

(ag + a12) V),

07
Epp — Ep K K"

(a13 + 2a14) VJy

— 0 _—
Q= Q.1

[(as alO)Vud

Ep, = Hch n

(a11—a13) Vi,
6

Q,, = QO KK~

(ag +a11) V),

=0
be — Ep.mm

3 (@11 4+ a1z + a1s + 6a14) V.

Q,, = QK™

_ (ag+2ajg+2a31+ara) Vi
G

T
Eh, = Qm

(a12 + 2a14) V),

Eh, = Qenm

3 (—2a11 + a1z + 4a1s + 6014) Vs

0
_bb—)Q o

(a12 + 2a14) V],

== =t g
By — Ep.m T

2 (a10 + a11)V,

0
._bb — Qb(‘ﬂ K

(a11-a13) Vg

== =t =
S = e K

(ar0 + a11) V),

be — chw n

2
(ajp—ay11)Vy,
3

== =0 0 _—
Epp > BT

~ (a10ta1) Vg

= Y +
“bb — Q. K

(a10 + a13) Vi,

== =0 0 p—
Sy = Epm K

2
2

=0 0 gt pr—
Sy = Qp KTK

(a10 + a12 + a1z + 2a14) V|

== =0 _—F0
Sy = Zpem K

(ag + a11) Vi,

29, —» QI K°K°

(a1s + 2a14) V),

= =0 -
Sy > SpeT N

(2agtajptair+2a12)Viy
6

:bb — Qchon

*
(a11—a13)V,y
6

0 —
Epp — _bCK K

(ag + a12) V),

F(Egb — chW n) =

1
2F(~bb — Q).

T ARG NRE TR, K RE FESUG) IR T AT AR =H A 5/ E
SET. RENRZEFETRIEARIRE LN 2.5, REN/NESET HRELRIE
WAEHE 2.6, AERSNREZESETHERES, FANEHEIAFZEAE R TEE
IR, RENNESE TR ENRRIT:

- _ —— | p _
[(Zp, — %, D'rt)=2I(Z), — =, D°K'), (2}, — =, D)= QF(:gb — Q, D'K™),

1
[(Zp, — Q, D% = 21‘(% — Q, DIr7), (Y, — Q, D°7%) = F(be — Q, Dt 7).
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charmed meson and light meson.

& 2.5 WERDETE,, 5 REHAKET (RZEH). ENTARENT
Tab 2.5 Doubly heavy-baryon =, and €, decay into singly heavy baryon bgg(anti-triplet), a

|

channel amplitude channel amplitude ‘
=0 00,0 (—ajgtairtaigtaig—azotas1)Vyy — 070 7-— *
Sy AbD ™ 5 L. be — AbD K ((118 + alg) Vud
=0 0 Ho7Y — =070, _—
Zpp 7 AbD K (a16 — a21) Vu*s be — ‘:‘bD s — (CL15 + a16) Vu*d
=0 0 0 (ajgt+ai7taigtaig—agg—az1)V, — =0 10 7-—
Ew — Ay D%n G wd Q,, = DK (—a1s — a6 + a1s + aig) V.,
_ 5 — _ — 0.0 (ar6—a17)V,,
2y, = A{DTr (a1s + a17 — a0 + az21) V), Q,, — &, Dx T
=0 0 - — =— 10770
Zpp — AbD+K (a15 + a21) V:ﬂ be — = DK (a19 — (116) V:b
=0 0 47— * — =— 10 (aygtair—2a19)Vay
Sy — My DTK (a17 —a20) V), Q,, — &, D'n - —ud
=0 =00, 0 (aj7taigtaig—azg)Vy — = —
=y, — EyDOx TT18 29 UPALTE Q,, - =, Dr — (a5 + a17) V.5,
=) =0 7190 ;0 * = [ I — "
Ep 2> B, D°K (a16 — a21) Viiy Qy, =5, D'K (a1 — a15) V7,
=0 =0 10 (=2aj6taj7tajgtarg—azp+2a21) Ve, — == P+ - *
Zpp — ‘—‘bD n G us be — = Ds K — (a17 —+ alg) Vud
=0 =0+ — * =0 =—n+5° *
Sy, — B, D7 (a17 — az0) V7, Sy 2 5, DI K (a21 — az0) V7,
=0 =0+, — * =0 = P+ (—a1g—2agp+a21)Vyuy
Epp = D (a15 +a21) V,y Eyp > E, DJn — %
=) = = u 00—
gy — -:bDjK (a15 + a17 — a0 + a21) V., =, + AyDo (—a15 — a6 + a1s + a19) V),
=0 = 0.+ - - 0790 jo— *
S > 5, D (a19 — a20) V7, Sy~ ADTK —(a15 + a16) V,,
=0 —— 0 — 00, —
E — E, D Kt (az0 — a19) V), H,, — E, D (a1s + a19) V),
=0 == 1+ .0 (a18+a20)Vy, - —— 0.0 (a17—a19)Vy;
Sy — =, DT s S — E, DU v, S
=), — E, DTK" (azo — a21) V' — =, D°K° (a16 — ao) V'
—bb —b 20 21 ud —bb —b 16 19 ud
=0 = P+ (a1g—asg+2a21)Vy, = =— 10 (—2a16+ay7+a1g)Vy
Ep, > 2, D' Y 2, =+ E, D"n 0 us
=0 = ptg0 _ {aastaz)Vyy == w=-Dtr- (arr + aig) V7
=bb =p g T > Zpp = U ay7 + ais) Vi,
E, — B, DI K™ (a15 + a17) V), Ep, — B, Dfn™ (a15 — a1s) Viiy

242 Z.5Q.

% S8 E R ce B 1 1) - 42 59 HE AR L R
s FATE HWERE T2, 5Q . ERPIRE T BT g1 SR

AR X R ceHL 1 J RS 51 IS U(3) R

Heff = a (ch)i(H?))j (Tcﬁ)[zk]M]k EZE + GQ(chy(HB)j(Tcg)[kj]Mik 1766

+as(Tee) (Hs) (Tes) i) M) el + ag(Tee)' (Hs) (Tes) iy My vel . (2.42)

JETT IS S WU R AT 13 BN E R ce L1 AR PR BT AR IRIE, WK 2.8, ML
PR0E T A TR AHE T AR ASE TR R, HP RSN R =ESRE THER
TEL IR RN

1
D(ELT = Alm ) = ST(EL = Al £Tv) =

- - 1 —_
PE = Ex%Ty,) = éf(::rc — Efn (Ty) =

1
T(EL = EK ),

|- -
§F(:jc+ — 20t ity,),

QL —=rn tty) =T(ET — EjKOKJrVg) =2I(QF — Eg 0€+l/g),

D(EL = ATR 0ty) = T(EL — AT K 01y,), T(ELE = 20K 0ty,) = T(QF, — AFK~0ty),

1 _
[(E, = ' w) = JT(EL —» Sin h), D@, - VR 0ty = D(QF — XK~ Hy,).
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Tab 2.6 Doubly heavy-baryon =y, and £, decay into singly heavy baryon bgq(sextet), charmed

meson and light meson.

’ channel amplitude ‘

channel

amplitude

Egb — EZ’DOW (0,22 + as3 + a2g) Vu*d

Q,, — =, D%

%

3
S = Sy DK (a2z + azs + azs) V5, Q,, — . D~ %
Egb — EgDoﬂ'O % (—a23 + aoq4 + aos + aoe + aor — (128) Vu*d Ql;:; — E;7D+K_ %
29, —» S0D°K° {eaateze)Vy, Q,, - =, DIK- 7”24*“?;)“”
Egb N EQD"n (a23+a24+@25+202§+a27+a28>VJd Q= Q DOrO "24‘;&
52;, S =D (agptaggtag7rtagg) Vi, QO - O DOKO sV,

2
— — 3 Va
ng N 22D+K (aga+agg)Vys

Q,, — Q, D

(—2ag3+agg—2a36)Vy,
6

2
(agataz7)Vig

=), = SIDF K- 2 Q,, = Q, Dtr~ as, V.r,

Ep, = B, Dot (az26 + a27) Viiy Qy, = Q, Dfn a2V

=0 - 5, D (u257a27;a28)VJd Q,, — Q, DYk~ (az22 + az4 + azs) V',
20, - %, DK’ axs V), =, -2 DIK- (e2atega)Vif,

=0, % Dty (25 Faor Leos)Viry =, — Q; D°K° ase V7,
=0, —» =, DIK’ as7 V), =, — Q Dir~ ass V),

20, — =0 D070 L (aza + ass + ase + asr) VI, Q;, — SOD°K (02572360 Vug

=0, — =D K" {a25Te28)Vug Q,, - 5, DK’ a2V

Egb N E/bUDon (*2a23+a24+a25;r;§6+a27*2a28)szs Qp — 5y DVYK— axs Vo,

-
29, - EOD* - (a24+a227>VJS O, — =°0D% (a22+‘1223)vud
=

Egb N E;}OD:—TI’_ (a22+a228)Vud Q;, — E'bODOK_ (a22+a23+a225+d26)V1fs
=0, - =D K- (ezp Fapatagriags)Viy, Q,, —» =, DOx° 3 (020 — a20) Vi
Egb N E;:D07r+ (a26+a27> ws Q- — E;;DOFO (a23+a26> s

(a26+a27)de

=0 =/— D0+
_bb—>_h DK o

(ag3+agq +a26)VJd
6

__dbb — :’7DJr 0 % (azs — az7) V., E, = X, Dt (az2 + azs + azs) V),
:bb - = DTK® (a2rTe28) Vg g, > ¥, DTK~ an V',

=0, — =, Dty (eastagr—2e28)Vy, =, —» 5, DK~ a2V,

Ey, = &, DI’ 3 (a2s — a2s) Viiy Epp — By D™ %

be — :;:DZ"KU (agrFags) Vi, B — Eu DOx® 5 1 (@24 — aze) V),

2
—— ot (ag5—2ag7+a28)Vay
be — &, Dn —= == ud

== == DO KO
S — 2, DK

(a23+a26)Vud

2v3
:bb - Q; DOKt (a6 + az7) V', g, — = D% = 2a23+024+025)vu5
29, —» Q, DTK° asr V7, g, - S Dtn 7(“24“25”’%
=0, — Q; D r® 225 Vils =, — B, D 7“22*“225)‘”5(1
=0, — Q; DIK® ass V), =;, — SUD K- (ogptogs)Vigy

=0 -+ (ag5—2(ag7+a28)) Vi
Sy — , DI n =S 28w

= — 10,0
E, =X, D'r

2
-
_ (a23—azqtaze)Viy
2

6
(aggt+agztasstase)Vyiy,
2

- 070, —
E,, =~ S, D'

g;, - %; D°K°

a3 %

us

REN/NESRE TR LR R RUT
DEL — SR ) = r( T SR ) =
EH — X070ty

D(EH — =00t y,) =

|- -
=T E— :/607?+€+w)

5 =T'(E} — =Z07% ),

o7

:2F(E++ — EOK T y) =200}, — SFK~(Ty,)

1 _
STEL - SOR )

1
(_4'Jr — QUK Ty,) = EF(E:C = EfnTy) =

=T (25 - SHK~(Ty),
=T(Qf, — XK ),

1
TDEL = QUK wy)
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Tab 2.7 Doubly heavy-baryon =Z.. and 2. decay into charmed baryon(anti-triplet or sextet) and
a light meson.

channel amplitude channel amplitude
5 o A0ty lemaVe | =f — Ernlty, as V>
=i o ATK 0V =5 — 2000, — e
=L o Afplty, % =5 o 29Ky, (a1 — az) V1,
=t o S0ty e =4 200ty foa=Bn Ve
S 5 EFK% Yy, a V5 Qf > ATK(ty, as V5
BT Enlty, 7(‘12_3/%1)‘/:5 Qf - Efn —a Vi
E:j_ — ng+€+w ag‘/cy; Qjc — EjK_€+Z/g ((12 — al) ‘/;;
= 5 20Kty —a; V5, QF — Z0x00ty, S e
ER o Afnlty, (e —a) V| QL — ESFOFFW (ay —ay) Vi
=t o AFK— —a,V QF — 200+, .
Eff S St ty, azVy EF = E0x0 Ty, —%a4VC*;
ELF o S Ky, asV: =F o 20Ky, %
EFT — Xty auzaay EF — Enlty, 7(‘14_22\;%)‘/01
=t YR s =+ — Q0K 0y, asV:
=t Sttty otadVis | Qf — BEK (hy, ——
S X0 tity, asV QO — YK 1y, asV
ThF S B0ty lavz QF - Zarty, S
=S o EEKty, \/Vi Qf 5 ZFK 0ty 7@3*\‘;;)%1
BT — =ity 7(‘14722;%)‘/:‘* Qf — =E07%ty, —%(13 o
Ei - B0ty o Qf, 5 EVK e
=t o EOK 0ty g QF s =000ty L At
ELF 5 QUK Ty, a Vi Qf — QK% Ty, azVy
Ef = Yty % Qf — Qnlty, —\/g(ag +aq) V2
Eh = SEK -ty o Ve =k = Sontty, foatadVe
2t X000ty —tedVa [ osp o ahe Sk
=+ — YOK (ty, asV>:
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I(EL = St Ty =6T(EL = Sinlty) =30 E — Sty =T(E}, - K% y,)
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)

0o (Tee) (Tos) iy ML, M (Hg)T". (2.44)
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Tab 2.8 Doubly heavy-baryon =Z.. and 2. decay into charmed baryon(anti-triplet or sextet) and
light meson.

channel amplitude channel amplitude
5 o A0ty lemaVe | =f — Ernlty, as V>
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Eh = SEK -ty o Ve =k = Sontty, foatadVe
2t X000ty —tedVa [ osp o ahe Sk
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SRy
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D(ESF — BEtatn®) = D(ELT = 5Fm) = STEL - B ),

F(E** = _/0 + +) F(Ejj N QOW+K+) — 41“(” ~/07T+7T0) (~++ = H/+ + o>
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(EH 5 S0trh) = D(ES 5 QOK YK, T(EL — =hata0) = ir(zjj — Q0T K ),
(Ed
(2,
(2,
(
(

+
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NQf, -2 Dint) =T(E - S DYKH.I(EL - A°Diat) =T(EL - ATDIn7),
L(ESF = Y'Diat) =T(EL - Y°DTK ), T(EL, — ATTD7) =T(Qf, - ATTDK ™),
NEL - A Diat) =TEN - AT DI ) T(EL - 2 Dfn7) =T(Q), - ATDTK™),
D — A°Drt) = 0(QF, — A*D*7r7),0(QF — A’DFK") = [(QF, — A*DFK ™),
F(Q+ — A™D ) =T(Qf, = ATTD 1), T(Q}, = ¥ Dfnt) = (Q+ Y*tDIr),
N(QL -2 Dir") =T(E;, - X" D"K"),T(Q}, - ATD7°) = (Q+ — A’Dr 7Y,
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Tab 2.9 Doubly heavy-baryon =, and Q.. decay into anti-triplet baryon cqq and two light mesons.
channel

amplitude
by + by + 2bg — by + b1y

ba+bg+big—b1a
V2

=+ + o+ O
ST = AITTK

=++ =+ .+ .0
Bl > EInTm

=++ =+ .+ —2by +by —4b3 —by —2bg+2bg+bjg—3b1y
Sce Tr=e TN

NG

o —_ -0
= 5 =FKTR —by + by — 2bg + bg + bg — b1g

ce

=t+ —}5877+7T+ 2 (ba + by + b1g — b11)

=f, = Afnt R —b1 — bg + 2b7y — bg — bg + b12

=+ + 00
El, > AT K

by —by—by+bg—2by—bg+bg+big—b11—b12
V2

=+ +50 by +botbytbg—2by —bgtbg—bjgtby—bya
ElL, > ATK'n 76

6
Ef, 2 Efnta by — 2b3 — 4bs — b + big — bia
gf, = EfxOx® —2by — by — 4bs — bg + b11 — bi2
=f - 2fx0q 2b3+b4*b6%7+511*b12
Y - EfKTK™

—2(2bs + bg — br)

by — 2bg — 4bs — bg — b1o + b12
=5, - = 3 (—2b3 — by — 12bs — 5bg + 4b7 — 3b11 + 3b12)
=t - 2%t g0

_botbatbip—bia
V2

—2by by tby —2bgt+4by —2bg+2bg+byg—by] —2bio
V6

—by — bg + 2b7 + bg + bg — b12

2 (b2 + by — big + b11)

—b1 + ba — 2bg — bg — by + big

by +2bg+by —bg+bg—byy
V2

by —2by42bg—by —bg+bg+2b1g—3b1y
V6

by + by — 2bg + bip — b1

2.4.3 Zpe 5

WEMbeE Ty, SN TR AERES SRS M EL. N TRIENNER
PR DL S 3 AR T I R &R, R T2 5 KAER S AR IR, FATA LA H
WHEKccETE, 5Q, OHEZRGER, FMMHSEMRT.. - Ty T. - T, 5D — B.
S F X E Mo E F R AR % o AR MR RE,  FRATT I A F O BRObEE TS5, 5 Qe IO 25
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Tab 2.10 Doubly heavy-baryon =.. and {2.. decay into singly heavy baryon cqq and two light
mesons.

’ channel amplitude ‘

=++ ++ + -
ERREE DI 1
=++ ++._ 070
ET =YK

=++ ++ 770
Zir > YXITK

b1 + b2 + bs + by + b1t

b1 —ba+bz—bg—big
V2
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6
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—_ —/ 0 1
:j:r — :C+7r+7r 3 (b3 + bs + big — bll)
31 4 2b + b3 - 4bs—bs —2bg +b1o—3b11

2v/3
=+ =i+ 7-+770 b1 +bo+bz+2bs—bg—b
=4 N = K K 1 2 3 4 9 10

=++ =+ +
—cc _> —c m ,r]

2
E:'_c+ —>E/COTF+7T+ \/i(b3+b5+b10 —bu)
b3 + b5 + b1o — b11
_ b5 —=b7—2bg+b11+b1a
2
ch — Zj+7T_FO bs + b7 — big — b12

b5 —b7+2bg+b11+b12
6
by +bo+b7+2bg+bg—bi2
2

=+ 0+ gt
Bl = QernTK

=+ ++, 0 p—
==Y K

=L SHtK Ty

Eh s uirtK-

L — 22—770?0 2 (by — by — b3 — bs — by + 2bs — by + bio — b11 + bi2)

b1 —ba+b3+bs—byr+2bg—bg—b1o+b11+b12
2v/3

2 (bl + bg)
b3 +2bg+4bg+br+b1o+b12
2

=5 S YHKn

=+ 0_+770
i = YK

=+ =+t —
S > BT

i o QntK° bz + b7 + bio + bi2

—bs+br+b11+b12
2

= 0_0
= = QKT

QL — Z;H'?OK_ bz +bs — bio +bn
V2 (bg + bs — bio + b11)

b1+ba+b3+2bg+bg+bi1g
2

%(bl—b2—2b4+b5—b9—b11)

by —by—2bg —2bs —bs —bg+2b10—3b11

QL 5 SIK'K’

Qf 5 EFatK-

- —0
Qf, - 2K

—/4+7-0
Q. =K 7

2v3
—_ —0 P - _
Qjc N :/cOﬂ.-‘rK 2b1+bs+bd\/§+b10 b1
QL - Q%ty

—\/g(h — by + b3 + by + b1o)
Qf - QKK

bi +b2 +bs —bg — b1
=t .=t 0.0 2b4—bs+4bg+brLb114b
o — = T 4 5 6 27 11 12

=+ =/+_0 —2bg+b5+b7—2bg+b11+bi2
See —> 2 T n

6
L 2 EFKYKT V2 (2bg + by + bs)
=+ EijOFO b3+2b4+4bs+2b7—b10—b12
Bl —» E0ntx’ % (=b3 — bs — bio + b11)
E:,rc N EICOWJW} 72b1+2b2+b3+b5+2b72743l);872b9+b107b11+2b12
Ej _ ”/OK‘*?O b1+b2+b7+22b87b9+b12
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Tab 2.11 Doubly charmed baryon decays into a light baryon in the octet, a charmed meson and
a light meson.

channel ‘ amplitude

—F+ s A0D+ + _%(2(31 +co+2cs+c5 —cg —cg + cg — 2c10 — 2¢11 + Ci12
Zee s

+2¢18 + 19 + 2¢21 + €22 — €23 — €214 — 3¢25 — 3¢26)

= 0

ELF -2t Do07 " —cC2 +c3 —Cg + 2c7 — cog + 210 — C19 — C20 — €23 — C25
= 0 1
Eif > XtDtr —7(63 + ¢s5 + 2¢7 4+ c8 — 2c11 + c12 — c20 + c22 + 24 + C26)
=+t +t 1

St > X"DTn ——

\/6(03 —2¢4 — 5+ 2¢7 + c8 + 2¢11 — 12 — €20 + 2¢21 — 22 — 3C24 — C26)
i - 2Dtat

— —0
:2’;‘ — pD+K
=t S 20D At

e

%(02 + ¢5 + 6 + cs + co — 2¢10 — 2¢11 + €12 + 19 + €22 + €23 + €24 + C25 + C26)

—C1 — €4+ Ce + Cg + C18 + C21 — C23 — C24

—c1 — €2 — €9 + 2¢10 — C18 — C19 + C25

=+ Ly AODOnt %(201 +c2 +c3 — ¢+ 2¢c7 — 2¢13 — 14 + c15 + 2c16 + C17

2c18 + 19 + 3c20 — C23 — 227 — C28 + 29 — 3¢30)

=+ AOD+ 0 *2\1/5(03 —2c4 —c5 4+ 2¢7 + g — cg + 2c10 + 2¢11 — c12 — 2¢13 — c14 + c15 + 2¢16
=5 ™

c17 + 3c20 — 2¢21 — Ca2 + C24 + 3c25 + 326 — 2c27 — 28 + C29 — 3¢30)
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=t AODHRY %(_Cl —2¢c2 +c3 — ¢+ 2¢7r + c13 — c14 — 2¢152¢16
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= + 0,0
=t - 2+tD%

= 0 1
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=5 5 StDta

= - 20D%+

1
3(69 — 2¢10 — 14 — €15 + 2¢16 + C17 + C25 — €28 — C29 + €30)
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1
7(02 — ¢34 6 — 2¢7 + c1a + ¢15 — 2¢16 — c17 + C19 + €20 + c23 + a8 + 29 — €30)

=t 50t a0 (e + s 4 2¢7 + ¢s — co + 2c10 + 2¢11 — 12 + €14 + ¢15 + 2¢16

+c17 — 20 + €22 + €24 — €25 — C26 + Cas + C29 + C30)

=+ 30D+ ﬁ(—CS +2ca + c5 — 2¢7 — cg + co — 2c10 — 2¢11 + 12 + 2¢13 + c14 — C15
—2c16 — €17 + C20 — 2¢21 + €22 + 3c24 + €25 + €26 — 2¢27 + €28 + 329 — C30)

c2 +¢5 + ¢+ cg + C1a + C15 + C19 + C22 + C23 + C24 + C28 + C29

=l -2 Dtat
= — pD°K’
=5 - pDTK~
=l -2 Dfrt
= - 2Dt K°
=f - 2°Dfr° L

5 (co — 2c10 + €13 — €15 — €25 + Ca7 — C29)

c1+ c2 —ci13 + €15 — €18 — C19 + C27 — C29

4+ C5 + C13 + C14 — C21 — C22 — C27 — C28

c1 + c2 —c13 + €15 + c18 + C19 — C27 + C29

2c11 — c12 + 2¢16 + €17 + €26 — €30

= - 2°Dfp
Qf - 2*+*DK’
Of 5 StDtK-
Qf = YDHR’
QOf 5= Dtrt
Qf, = 2°D0%%*

QL - =2Dtx°

%(—09 + 2¢10 + €13 + 2¢14 + c15 — 4c16 — 2¢17 + 25 + ca7 — 228 — 3c20 + 2¢30)

—c1 — c2 — C9 + 2c10 + €18 + C19 — C25

—c4 — C5 + 2c11 — c12 + c21 + c22 — C26

1
*2(01 +ca+ca+ s+ g —2c10 — 2¢11 + 12 — €18 — C19 — €21 — C22 + C25 + C26)

—C1 — C4 + Ce + Cg — C18 — C21 + C23 + C24

c1 4+ c3 — c6 + 2¢7 + c18 + €20 — C23

1
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Tab 2.12 Doubly charmed baryon decays into a light baryon in the decuplet, a charmed meson

and a light meson.

channel amplitude channel amplitude

gt o AT DK’ c1 — cs Ert - ATTDTK- cs
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Fig 2.4 Feynman diagrams for two-body decays of doubly charmed baryons. We only show one
type of penguin diagrams. The C,C’, B, E diagrams are suppressed by 1/N..
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T HAETFREAARSLIGEIE R, FRATAT CUAERT X 4 5 4 348 2 A (1) 31 78 32 AR 43
Y HAEI02 A,

X T W ERbCE T2y, 50 M, BAIHIE H B A Cabibbo 7o VF I35 4 5 AR IE
&5 RIFTITERAS 2. 149 WERbcE T HH ] LR RS w 585 =, HiH
FIRE =R WAL (N F1073) /NS s 3484y 3 M, BT DAXUCER Bibe B 1 (1)
ARG WHELNRNE, HTRSwELRMAE RS WAE1072 A, Mo E
REM BN TR E T FHFEHAMI1073 B, Fr L &N ERbcE T2 51057
T HHIRANEL0P A

X F X E RO E T2, 5 QI IEAE, AT H H A Cabibbo 7o 1V 1 7 4 22 AR 18
& RIFFIER 215, FEIRS A M A R /ANMEL0 3 A4, bk
HHERSBAN THEEEFHEFINIL03 KT, MEERST /DN TR ET
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% 2.13 Cabibbo At Tokec T FH R T H 418,

Tab 2.13 Cabibbo allowed ccq decays whose typical branching ratios are at a few percents level.

=+ .y =t
ErT > =t

EH o (SR, SR

=+ _y St
Err =t

Zrt — (ZtDT, 2+ DY)

—0 —+0
=+ + +
—cc - (AcK 7AcK )
=+ =+ ,0
—cc - —c P
=+ =0+
Zee — e
=L YK
— +70 +—*0
‘—'cc*> (ZCK 7EcK )
=+ =+ ,0 =/0, +
‘—‘cc_> (‘—‘c P y S T )

=+ 0+
= = QUK

[1]

=+ — (D0, 2+ DY)

EL. = (E'DY,EPDY)

;e—c - (AOD+,EOD+,E/0D+)

1550 —_ —*0
Qf - (EFfK ,EFK )

=0 _, =0
Qf —» (BEFK ,:ffK*)

+ 0+
Qr = Qo

Qf — (20D*,Z0DF)

% 2.14 Cabibbo AL #) M E kb E T H) R L K &8,
Tab 2.14 Decay modes of the bcq baryons. Typical branching ratios for charm quark decays
might be a few percents, while BR for decays induced by b quark may reach the order 1073.

.=t
Charm: 5,

=0

—bc

0
ch

=t =0+
B — T

== (KL 5K

=+ =10+
Zpe TP Sy T

= — (S+BY, 2+ BY)

=0 (MK, AR
Zp. — (E90°, 55 )
zgc — Eb*K—
=0 (WK, SIK™)
She = (E0°, 5, )
20— QKT
=0 = (2tB-,%*B7)
=), — (Z°B°, £0B°, A°BY)

=), — (2°BY,E°BY)

—0550 —n=5=*0
Yo = (EpK,E)K )

—_n-=50 —,n==*0
Q). — (EPK EPK )

0 —n+
e >

00, — (2°B°,=°B)

.=t
Bottom: &

=0

—bc

0
ch

Ep = ETT/,EFT/P)
Eb*c — Eij;
= 0D
E — Gt ELp")
El‘fc — (Q;KO,Q;K*O)
Ebt — (AjDO, EjDO, ZSD+)

=) — (B2Df,=E0D])

s 1 —¢c

By — (E2J/0, 22T /1)
Ehe — ELDS
= = Qf D

=0 =t
—bc See

=0 0o
Hpe — 2D

Q) — QI /¢
Q. — QDS

0 =+ K-
Q). > =LK

0 + =
ch - Qccﬂ-

Q). — (E2D° =0 DY)
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Tab 2.15 Doubly bottom baryon decays with branching fractions at the order of 1073.

Epp — (EpJ/0, Z0 T /) Ep = J/Y, 2y T /Y) 0y, = QI /0
=, — E5.D; Ep — 0Dy Qy — N.D;
=0 50D’ =, — Q0 D~
Eh — (Spem, E0ep”) Epp —> Sperm” Q= Zp K™
Epp = (K0, Q. K) Q= Q™
E(b)b — (AgDO, E(b)DO) o Z;DO Qp — (E;DO, E;*DO)

=0 — D+
Zpp — 2 D

Sy — (5, DI, Sy DY)

TEL02F T, BTl E @R RO E Ty 50 FICHIIR/MELDS KA.

2.5 WEMKTetraquarkfI 5552

Harsedn B Ml 2 7 F 2 0% w s kit #, Belleski4Hi@idBE —
K*X(X — J/yntn )i BRI T B85 Whkeeh) DY %5 5 285 ik 18 # X (3872) [12], Z
Ja Xi@idete = T(nS)ntr (n = 1,2,3)5ete” — h(nP)rfn™ (n = 1,2)id 2
RILT B8R JE WRbb i VY % 7 245 4% 3% 4 Z;7 (10610, 10650) [13]. 20124EBES TS5 @
1Y (4260) — 7wt J /I RERIN T %5 5 53 A ceud VY% e 5453E 3 2. (3900) [13]
XA RS AR 2 B A QQqqit 5 7l 7y, TE20164EDOSE IR 40 R I 1 B el ki
FTH (usdb) 175 A X (5568) [41], RAEZ L IILE A i HADSTIGHFTafL, (H2&X
FERAE FT 1 Y5 e &S I 7R T X R DY 25 32 S QQaq M A7 7E.  fEDiquark B8 T,
XER IR Y 25 5 25 T DA pl — A AT (0 51 35 B XUE IR ) diquark(QQ) 5 — M RIFE R AT
B 5] A2 anti-diquark(qq) # il KIEQCDIIRAFEH, BE w51 2 HrK
FEAHBAE F AR Z 29 4300Me Ve TR T PN B i >k Ui, BAITZ (8] AH B4R H AR
JEE KT QCDARIE, PRI BT[] 4 T B oK ozt /N T 4255 v A R BR BS,  EIS FRgXL
IR PY 2 0 SR O E iRk tetraquark. AT W1 5 W9 B %5 g, /5225 v 2 18] ) 4H H.AFE
By, BIE KM B, diquark RN AT, B bR Y 25 5e 45 2 AN T
B(Q)(Qq) KA, PN ERKINIZ T sy T BT P15 50 a0 1A KR A E F s,
W AT LR AR BIPANA T H AT T X E MR DU % 00 45 B A S5 M IR AL T 1) 18
H, MBS AR AT RE 2 IR T REAS IR G, R E AT R A B T HL
ST N ZE 4 DL K QCD.
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AR I 58 25 Ntetraquark I 1E L, X E Iktetraquark ()it & it LA EIR £
SCHR A IR I [42-50].  H A KB 2 SCHR Y 2 SR AT S 5 W E Mktetraquarksg A A
FOEAFAE, SR K T X WRtetraquark 1) 5T & 15 1 TN S e 45 1) () i 38 H0 AN S A
[Ae A1 BATH A FH Sakharov-Zeldovich 2 3 1 40 i+F 18 X E Bitetraquark ) i 8. 1
X E Witetraquark i) AR EAFAE,  HBA X e AT 48 BT 74 2 AR U0 =5 v A5 45 1)
B B, TR LA TR 83— 25 R SU(3) 5 %5 o W T8 X Fk M 10 07 v R v 18 X R
BRbb-tetraquark. cc-tetraquark PA K be/be-tetraquark AR, =44 & VORI 55 5 A8 1

o

251 FRE

Tetraquark i b8 2 DU PR 7r AL Rl ARHRasTa), WRIE =S W], BE 2 (6] X H e s
[ P95 PR 2

\Ij(QvQ/767q,) = R<X17X27X37X4>®Xf(f17f27f37f4>
®X)\()\17 )\25 )\37 )\4) & Xs<817 52, 53, 84) ) (247)

EHER) xr(fi)s o) Sxs(si) Al R BAT R WRIE. 500 R B e R 2L
HA R FRL 20 3¢ 405 RQ. Q- ¢ ¢

XTSRSt qq), fERIEBI A e A2 )\ M A F Fdiquark 2 &
o RIERIAFEFEE, XEKtetraquark|QQ'][qq] RAEVIFATREMIH A

[17(5),3(A)) @ [3c(A), 3.(A)) & [15(5),0(A)) , (2.48)
[15(5),3£(A)) ® [6:(5), 6:(5)) © [05(A), 15(5)) , (2.49)
[15(5),64(5)) @ [3(A), 3c(A)) @ [1:(5), 1s(5)) , (2.50)
[15(5),6¢(5)) ©16.(5), 6.(5)) @ [0(A4),0,(4)) (2.51)

KHETIRf o sPAIFRRRIE, B, B, SHARRXMNIRE IR B4
5 X n— > HdiquarkFanti-diquark 2RSS, W1,(S),3,(A)) RINTERIE
23 1] — AR S I diquark[QQ'] 5 — ANk IE = H & W anti-diquark|qq | 4H B 1)
IS S

BT B8 7N B A ) diquark A 2 B B KA A 2 P E R, B AIRATA %
J& BB, = HE A diquark (anti-diquark ) ZH B ) tetraquark. %53 (2.48) 5555 (2.50)
Hdiquark 2 B2 [3.(A)) ® |0,(A)) Sdiquark Z2EZE|3.(A)) @(1,(S)) B#EFA “h5
wm” diquark 5 “HhiE” diquark, JaffefESCHR [51] HIEEATFRN “4F 1”7 diquark
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% 216 M 43,6,1, 80 B 5 FIEEAN, - X; 5 - 5jo

Tab 2.16 Matrix elements \; - Xj §; - §; for two quarks in color 3,6, 1,8 configurations.

3 6 1 8
Yooy 4
(A - ) _§ 3 _13_6 %
N+ Xj§-8) (s=0| 2 -1 4 -1
NN EeE) =1 -2 1 -4 &

“Oh)” diquark. R¥EJaffefJDiquarkE e, “UF0” 1 “IRH” diquark 2 [8]) 2 A i
B2, KECRUX T L ([ud))diquark, “4F#17 5 “IRH” diquarkZ 8] 557 24
Z210MeV A, AT ([us])diquark>k i, EATTRBIEAHZZ)150MeV [51]. X T8
A NERS IS — MRS T B ([eq])diquark, “HF 57 A “IRE” diquarkZ
)5 & 22 /DN, Z02860MeV [52]. Tfix T W B RS 70 i i ([QQ'] ) diquark, 3K
AT 5 X P 2R B R diquark 2 18] 1 5T &40 Z£50Me Vo

Sakharovtj ZeldovichfE19665F- 52t | — M Ik 52 1 A I 4H 70 5 A, By
A DR G 000 i - 1) o &, U RS- R R A, b SR i S AR S
i (51,530

Homass Zmﬁ—; 2 an; DI (2.52)
R S B — O RS S R T, B B R T AU E e B AR BLARE R
JREM TTER, Hh S IRE SO = v (5(ry) VRT3 T 4L B e kIE, M E
SH RAR IR USRI (0(ryy)) R SCAEAR ELAE P03 S5 NS U (3) BN AR
BTG (Gell-Mann JiFE), 5 = 7,/2 N5 HRERE, & R,

WE R () 2 8] DU O R S R LA (54, AH R B UL G A5 R AE R A
217 25 e FRATH H 98 1 1 BT & 22 R I VB AR I - C9 /(mymy) , 330 R 45
R H(QQ'qq )N Hitetraquark I, AR FC4/m2 = 193MeV, C*/(m,ms) =
118MeV, C/(m,m,) = 23MeV, C%/(m,m,) = 2.3MeV; 4(QQ'qq ) % -
RETH, KK TC09/m? = 318MeV, C*1/(m,m,) = 199MeV, C/(m,m,) =
69MeV, C%/(m,my) =23 MeV, C*/m? = 118MeV, C%/(msm.) = 72MeV, C/m?
= 57Mev (Jb@/(m my) = 24MeV, C%/m? = 31MeV. AT % 70 1057 B 3T
A HE—(FANTREELAS [52,55]), meq = 305MeV, m, = 490MeV, m, =
1670MeV, 'ﬁmb = 5008MeV; FE=(FHT LE AR [56]), my,q = 330MeV,

= 500MeV, m, = 1550MeV, Sm, = 4880MeV; J5 % —(FIH &= 7 it & i
4 [52, 55])s My = 362MeV, my = 546MeV, m, = 1721MeV, m;, = 5050MeV.
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Tab 2.17 Fitting the overall factors C%/(m;m;) from the baryon and meson spectra. The
fitted results for these factors become: C%/m2? = 193MeV, C*?/(m,m,) = 118MeV,
Cc/(m,m.) = 23MeV, C®/(m,m;) = 2.3MeV for the diquark configuration; C%/m?2 =
318MeV, C*/(m,m,) = 199MeV, C°1/(m,m.) = 69MeV, C* /(m,m;) = 23MeV, C*5/m? =
118MeV, C°/(mym,) = 72MeV, C*/(m ms) = 24MeV, C°¢/m2 = 57MeV, C*% /m2 = 31MeV
for the quark-antiquark configuration. These fitted results are consistent the previous litera-

tures [52,55,57,58].

Mass Ma — M, Ms — M Mz, — Ma, My, — My,
Form. 3C1/(2m?2)  C9/m2 — C*/(msmy)  CU/m2 — C/(memy)  C9/m2 — C*/(mpymy,)
Exp. [59] 290MeV 75MeV 170MeV 191MeV
Mass M, — M, Mic — My Mp+ — Mp Mg~ — Mp
Form. 20 /m2 2C°7/(msmy,) 2C°1/ (meme,) 20%7 / (mym.,)
Exp. [59] 635MeV 397MeV 137TMeV 46MeV
Mass M, — M, Mpx — Mp, Mps — Mg,
Form. 20°% /m? 2C% /(mems) 20°% / (myms)
Exp. [59] 235MeV 144MeV 48MeV
Mass My — My, My — My,
Form. 20°¢ /m?2 20" /m3
Exp. [59] 113MeV 61MeV

FHATE—HER, ANTE T = ESXEKce-tetraquark ) 5 &35

m(T!.(3)) = 3.86GeV, JP =1t (2.53)
m(Ts(3)) = m(TF5(3)) = 4.10GeV, JP =1t (2.54)

Hrftetraquark (T77_+(3)) I E DD/ N6MeV, {EE D DRBI{E R £1120
MeV, RMPFRRAFIEME MM R EN 7T (3)mERFDDIER. Kt
H e FHON1T Hitetraquark (T o(3))RATRER — Mg IS o,

= HAXNEKRbe-tetraquark ) i E T (FR—) N

m(T,.-:(3)) = 7.20GeV, JP =1t (2.55)
m(Thas(3)) = m(T," (3)) = 7.43GeV, JP=1%. (2.56)

Horpr? (3) (5 & L BD* [ I K 2986 MeV, {H H 401 Lt B* DI 18 {H 51 £15.8Me Ve
it Lltetraquark T} (3) B S AR B* DI, Ty..(3) 5T, .(3) KR B.D [

BMEIZ156MeV, WANEATELLB*D, MBERZ1137TMeV, HrlATy.((3) 5T, (3)4
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= H AN ERbb-tetraquark i B (TR —) N

m(T;, +(3)) = 10.53GeV, JP =17, (2.57)

-
m(Tyas(3)) = m(T) 7 (3)) = 10.77GeV, JP =17 (2.58)

T, (3)H 5 & L BB B EAKZ173Me V.  Hik B i FHNITHT,, (3) IRATRER —
M EEE Mtetraquark. 7T, (3) 5T, ..(3) BB &E 2% &+ B,B* 5 B: BRBE, i
PLEAIARRE U5 5045

H A iR S Hdiquark iU Z AN E L, BRATRT LR 3 — M A S
B MHTT R WA RS 505U R R N # diquark £ 57 8 2 4100MeV.  fEMHEIA S
WR, T 3) Ths(3) 5TL(3) BIBEHR 7 7/N0MeV. 105MeV5105MeV A
A, AERENRARFE I A, T (3)s Tous(3) ST (3) M EKE 5y 5
/N98MeV. 113MeVE113MeVAE A, T T, (3K RER KT BD*5B*D #]H
i, BT (3N T —MREMNE . T, (3) v Ty.(3) 5T,.(3) KIFE
K23 /86 MeVy 101MeV 5 101MeVAR, [FILT,, -(3)ZAFEMARE, 1MT;,;4(3)
5T) - (3) R ERIKT BB 5B:B WRIME, TT,,,.(3) 5T, 3) BN T iE
VY5 TS BRAMIRAE IR R R R =MA S g, AT KRR
T Ty, ()AL E M5 AR B R LLAL,  FLAh T AT B0 PR tetraquark #8232 85 B AT
58 T A R L

2.5.2 WERKbb-tetraquark

AT IRATT T BT L W E R bb-tetraquark ) Y- 32 55 AR 5 IER 55 =2 fE. X
HIRbb-tetraquark 282 A N — w0, 5b — ol vy, FEBREFH R 2.3 %
, fERTERE, HX N T RERN = TR AT R,

WU IR bb-tetraquark () =& FR U, FHRH 2% 2 B 2.5(c),

Toaa = B, Ty — B0,
X T X Mbb-tetraquark DU AR P42 2 AR I B, FRATT R A 2 B ATT A R R i 2 R 5
FHIR B 3 AR YR M % B8 B 5% 2 W] AZ 25 3Tk [60].

TESUB)MFRYET , XUEKbD-tetraquark 1] A A = B ATy 5 /N E & Ty, 5T
ISU(3) K WAER (2.23)e ZH AT s T LA A AR RPN T EUR HEIRE T 552
B, BONERE TS5 E 7T RIVAIERIE R, AT IS B E AT T R IR
1R I 5 i
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B 2.5 NERT g FHERLTHEZE. (a,b) BETRERbb-tetraquark & T 8| — 3 A>T 49 1342,
) ATARAEREGRH —IMNTHIA, B(de)RTREA T THTAL

Fig 2.5 Feynman diagrams for semileptonic decays of doubly bottom tetraquark. Panels (a,b)
correspond to the decays into a pair of mesons. In panel (c), there is only one meson in the final
states. Panels (d,e) denote the decays into baryonic states. In panels (b,c,e), the two bu quarks

in the initial state can annihilate, but such contributions are usually power suppressed.
RS T BT Wiy

==Y iS5k i 7 St i 7
H = as(Tbb?))[ij}B D] fl/g + a4(Tbbg)[ij}(H3)lB Mi éVg + a5(Tbb3)[z-j](H3)kB M]Z ng.
(2.59)

ARAENHERE T R E RS TEN

H =by(Ths ) i1 €7" (Fs) (H3)' (Foyg) oy lve + ba(Tons) i ™ (Fe)% (Hs)' (Fyg) ey (v
+ b3 (Thea) 1€ (F3) (Hs)* (Fi3) ki lve + ba(Tows) i€ (Fs) L (Hs)* (Fy3) v
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(h) (9) (7)

B 2.6 b — ced/s & EME R E KTy, EBREQR LA, (ab)BETRS AR F a9t
B (c)BAFAALRETEATTHLME. (ofghif) BETKANZAT 0L,

Fig 2.6 Feynman diagrams for nonleptonic decays of doubly heavy tetraquark. (a,b) are cor-
responding to the two mesons W-exchange process; (c,d) are corresponding to the baryon and
anti-baryon process; (e,f,g,h,i,j) are corresponding to three mesons process ((e,f) match with J/1)
plus B meson and light meson, (g,h) match with Bz plus D and light meson, (i,j) match with B
plus D and D ).

+ b5 (Toa) 1€ (Fi)y (H3) ' (Fos) gry Eve + b (Tha ) i1 €™ (Fi)y (H3) ™ (F'os) gray Cv
+ bz (Towa) i€ (Fx) 5 (Hs) " (Fo6) tray (v + bs(Tons ) iy (Fro) Y () (Fg) pray O
(2.60)

REANEREF5REFIIGEEN
Hepr = bo(Tons)iji€™ (Fs )5 (Fue)klve + bio(Tows) 1€ (Fs ) (Foe)ilve.  (2.61)

a;, bt SRR AR S EL. X TARENN TERER, K S5a; Mas TR
ok 2 ER 2.5(a), a5 KE 2.5(b)HK. X T RENPEEKE FHREETH
AR, HAPRE TAESUG)X YL AT LI A3ES HOEA, 1M E 7 A 7 8=
AEI0EL, 5REN0 E8RE M6 HAKE T % 2 B hbaf i K K
2.5(c)e HARBNAEME T AR ETAHKK T2 KN 2.5(d). RIT FiR k)& ins 2%
Wik, WATATLMSR =HAR T PRI AR TE SO AR IR,
X T T AR AR AR RS, FRATT 32 B0 B A CKMIE B 7T AR AS B S 1) 3 AR i
T2, MRS W Z IR N: b — ced/s Hb — cud/s. EMRTEIR L, SN
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PISE B = B & Ty AR IEARBIPIARS T BN A B 7 B = 7 1l R O 1 i
ARG A0S PR 7 5 =1 I AR R S AL BT S (R AR

HHEE R R AN — ced/sEibd /5 — ce. BT EIR L, FATATLA
I3 TRE 3 HH T3 5 748 B AR A7~ B A4 B 1~ BE = AR A I R 1 500G i &

RS T 1S E RN
H = fi(Tows)is)(BY (Hs)'J /4 + fo(Thes) i) (DY (Hs) B, (2.62)

RENWERE T 5 REBEE T (ZEBBRNEERET) B PR E 7 0 5 i
N

H = am (Tbbi’»)[z’j}(FE3)[jk](H3)i(Fbc)k + @2(Tbb3)[ij](F63)[ij]<H3)k(Fbc)k
+as(Toes ) i) (Fes) V™ (H3)' (Foc ) (2.63)

KENZENT (B j/058NTEHB,.. DE®RNT, 8D, D5B) MMHKIG%
il &Ky

"= ar(Tows) ) (Hs)* M (B)" J /¥ + aa(Tus) iy (Hs) ML (B)* J /¢
+as(Ths ) i1 (Hs) " M(D)' B. + aq(Tys)ijy (Hs)' M1 (D)* B

+a5(Tuss)jij) (Hs) Di(D)’ §'+06(Tbb3)[z’jl(H3) Dy(D)' B’
+ar(Tiws)ij) (H3) Dy(D)" B’

MFREAWNA TERLRE, MR ZEOVE 2.6, HEEARYRNE K45 R R 2.18,
FATANEEARIRME p it — A3 BIFEAR GE L AR AR U R -

@l

(2.64)

Bl

I(Tyus = B~ J/0) = T(T 4 — B’ J/), V(T — B J/Y) = D(Ty 7 — B, S/,

[(Tyus — D'B.) =T(Ty: — DYB.), (T, ; — DB.) =T(Ty; — DIB.).

FREHE T RAFRFEREIED — cud/s, FEERTE IR EHX BT = HEE T A F
PIPRA 5 B AR B 1 B = AR B I AR T R BRATTAR A 3 A S 58 = U G o

Eo

R NP5 IS Sy

H = f3(Tws)i(B) (Hs)p(D)* + fa(Tuws) i1 (B)*(Hs) (D). (2.65)



EE B RFH TR BE HIRE T 95 EARRISU) X AR IE D BT

& 218 ME R Ty & & B AR T RE W R LR
Tab 2.18 Amplitudes for the W-exchange T};55 decays induced by the b — céd/s transition. Note
that these amplitudes have an additional identical CKM factor V.

channel amplitude(/ V) channel amplitude(/ V)
Lo B I —fiVa | Tyu =B AV
Toas = SJ/T/) 1V T.a— B~ I/ - [V
Typas — D°B, — 2V Ty4s — DYB; =2V
Tb%d‘ DfB; 2V Loud = D°B; — oV

) (9) (h) @) ()

B 2.7 b cud/s TEMEHRER T FEREGH EE, (ab) BETKELRAMT
A2 () BEATFASERETERETHEA, (efgh)ij) BEATRERB. DAMTE5—/4#%
AF by i AL,

Fig 2.7 Feynman diagrams for nonleptonic decays of doubly heavy tetraquark. (a,b) are cor-
responding with two mesons W-exchange process; (c,d) are corresponding with the baryon and

anti-baryon process; (e,f,g,h,i,j) are corresponding with the B plus D and light meson process.

ARAS PR L1 R W S T B

+a6(Tbb3>[ij]€xkl(FS);(HS)Z )+ a?(TbbS)[U]ex J(Fs) (Hg) (Fbc)l

Ho= as(Tows)iji€”" (Fy)L (Hs) i (Foe) + as(Tows) i€ (Fy ) (Hs) 1. (Foe)i
(Fs
+as(Ths ) i) (Fro) V™ (Hs) i (Foe)i + @r(Thes ) i1 € (Fs) L (Hs )k (Fue)i- (2.66)

T, S
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Tab 2.19 Doubly bottom tetraquark Ti,gz; decays into a bottom meson and a charmed meson.

channel amplitude(/V) channel amplitude(/Vy)
Tyas = B~D°  —(fs+ fi) Vi, | Ty — B~ D" — V5,
Tyas — B~ D? faVia Thg = B'D’ — 3V
Thi = BaD* Vi | Ty B0 — (st o) Vi

RN =R T RIS RN

H = as(Tos)is)(B)' (D) M{"(Hs)j, + ac(Tus)jis) (B)' (D)’ M (Hs);,
+a7(Tbb3)[ij] (E)Z(E)lej(HS)i; + QS(TbbS)[U] (E)l(ﬁ)lek(HS)Z
+ag(Tows) (i) (B) (D) M] (Hs); + aro(Tyus) i) (B)" (D) M (Hs);
+a11(Tyns) i) (B)' (D) My (Hs);' (2.67)

X ARE AT B R, FATRIT S 5 W0 I 15 B AR IE 45 R, W&
1% 219, FATHE— D45 BITEAL T E L (8] K R -

D(TY; — B~DY)  T(IY — B D) (T~ B D% |V
P(Ths = B DY) (10 —B'Do)  T(Tyes — BD°) [Vl

X TR NIRRT i E ORI, HA 120, + a7 82 R H ILE = AR R IE
DRI FRAT T T DAY R 2 i e S A OC B I 2 4
2.5.3 MWEMKce-tetraquark

W W ce-tetraquark i PLR AR E R L e — ¢fty, EmTERE, HXMN
Tl =B ELH DDA FH500y, SRR ERS—AD N5 NN
T 50 EAR R, Hodh =l R B B 2 2 i 2.8(c), DOt FR 1
KPR 2 U 2.8(a,b)e BAUKIKAGIE H T, 03 B =R, DURERRIEFE 105 25

H = al(chg)[ij](H3)i(E)j Dgé, (268)

H = a1(Toes)iis)(Hs) (D) M 72l + a5(Toes) sy (Hz)* (D) M el (2.69)
PP =R, RATE SR 20T AR R
Tha/T . — DUy, TIH — DY Ty, T4 — DHY, (2.70)
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Fig 2.8 Feynman diagrams for semileptonic decays of doubly charmed tetraquark. Panel (a,b)
correspond to the decays into a pair of mesons, and in panel (c), there is only one meson in the
final state. In panels (b,c), the two cd/5 quarks in the initial state can annihilate, and usually

such contributions are power suppressed.

R Lk i, BAMHES NIRRT R R

[(Tiss — DUtv) =T(TLE — D*tw), (T — Dftw) =T(T . — D°l*v).

ccus

XN TTaMAR R R, AR TR EPCarbibbofDifFEl‘Jﬁﬁo R T R IR
by T3 T LASSEE AR B PR B AR A ?EI’J TR, AT Lo B s H 5 2 ORI
IS 2 1

MR AR T, FHRI R E AR 2.9(a,b). FRATHIE K58+ 2 IR G %
=W

Hegs = J1(Tees) i (D) M (Hg)i" + fo(Tees )iy (D) My (Hg),”
+F5(Tocs) 1) (D) M (Hg) [ + Fa(Toes) st (D) M (His)
+f5(Tees) i) (D) M (). (2.71)

UREB NN T, MRE 22 EOAE 2.9, FRA TG 1581 = R S 25 Ty

Herr = bu(Tees) i) (D) ML M (Hg) ™ + ba(Tucs )iy (D)™ MM (H) 5!
03 (Toes) ) (D) ME, M (Hg) ™ + ba(Toes)ig) (D)™ MM, (Hg) "
+bs(Tues i) (D)™ M My (Hg) ™ + bo(Tucs )iy (D)* ML, M (H)
+b7(Tees) i) (D )mﬂﬂﬂflUJ)“—%%Cnahm(ﬁykﬁﬂﬂﬂfhaﬁ”
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% 2.20 RE R Toqe R X EDANT HEATHIR LR sC Zsin(0c) 9% 5.
Tab 2.20 Doubly charmed tetraquark 7¢.;; decays into a charmed meson and a light meson. sC

is the abbreviation of sin(fc¢).

channel amplitude channel amplitude ‘
Totas — D1t fi—2fa+ fa Tocas — D°K* (fi = 2fa+ fa)sC
Tihus — D¥7° Hata=ts Toous — DYK®  (=2fa+ fs — f5)sC
T:Zﬂg N DJZ]O *2f2ﬂi/fgﬁ3f5 T(j(_:ﬂg N Ds+ﬂ.0 (fl*fs.*\/fgffs)sc
Tiws — DIK fi—2f— fu Tias — Dfn  (LHARtlddf3/6)C
T;(};%Dﬂﬁ fi—fa+fa—1fs T;(};—)DJFKJ” (fi—fs+ fa—[f5)sC

—0

T;ﬂg—>D+K i—fs—Jfat+ [s T;:{E%D;FWJF (fi = fs+ fa—f5)sC

+ 0
chﬁﬁ — D:_K

(fi—fs— ﬂrf—fs)sc2

Tt ~— D%t

ccud

(fr = 2f2+ fa) (—sC)

TH — DK+
ccds S

(=fit+fos—fat f5)502

Tt ~— Dtq0

ccud

(f1—2f2—fa+2f5)sC

V2
(=3f1+2f>+2f3+3f4)sC

Tc-"c_ﬂJ — DK™ (fl —2fa+ f4) sC? Tc-"c_ﬂti - D+77 V6
T, — DK’ (fr = 2f2 — f4) sC” T . — DR’ (2f2 — f3+ f5)sC
Tctﬁcz — Dir’ —V/2f5sC?

TL oD\ J22h— fi)sC?

+bo(Tees) 5 (D) ML M (Hs )™+ b1o(Toes) i) (D) M, M (Hy5) P

b1 (Toes) i) (D) MEMY, (Hs) ™ 4 0o (Tres) i) (D)™ M, ML (Hy5) 7™
b1 (Toes) iy (D) M M (Hy) 0, (2.72)

T RENPIEN TR, BN EARIE K45 RIVERN 2.20 1, DR
H AR DT LR AR 0T

(T

ccus

— DYK®) =T(TF .= DYK"),T(T = Dfn%) = T(T+: — DYK™),
(T} - — D) =T(Tt; — D°K™).

CCcus

MNTREAGTAHNBA T RN TSR, by 50 SORFEREE Fb, — by [ H
HUT, BT AFRATIHRE A 1 ey 25 0 P AT — R AN ARSI, JRATT AT DA 22 4 5 by A DG
R Tos PRI B = T RS- 275 ST [60],

2.5.4 WEMKbc-tetraquark

6 WU Wkbe-tetraquark ™, % 50 585 T HAT AR £ LRI, W T WE
BRbe-tetraquark i v AR (PR MR, FRATAT LR F XU BRbb-tetraquark (45 5K, FFi8
B ¥ Theg — Toeggr B — D KAFE] X T XU E WRbe-tetraquark 22 %5 oo 342 R 18,



E FERGE TS EARHISU(3) MR

(e) (f) (9) (h)

B 29 REKT,y, FERLWH LR, b)BEFLAE*ADAF 5 BAF 8T
B (c,de,f,g,h) & T RE A DAT HEAANEAT 0 =R R L AL

Fig 2.9 Feynman diagrams for nonleptonic decays of doubly charmed tetraquark Ti..s;. (a,b)
are corresponding with a charmed meson and a light meson final states by W-exchange process.

(c,d,e,f,g,h) are corresponding with a charmed meson and two light mesons final states process.

FATAT LUH) X E Bk ee-tetraquark () 45 R, IRl BT .qp — Toeger D — B KA
B, FrAFRAIA E 8 X E R be-tetraquark ) - 52 3247,

FE X E IRbe-tetraquark K AR JE R 55 R B S RE T, SAAEVIRIRS w WIS
TR FEbe — ud/s Bibe — cd/s, MHRFZEME 2.10(a). FATAREE B2 B
R RAT BN EATHR ARG, FURATHR Z W@ R BRI R, R T2E
Wb, JRE W 3% 60742 3 i #2506 B T XU MR be-tetraquark 3 48 2| AN 180 =
TR, FRATAT PRI HHAH IC 58 2 UK R P

RKENDI T HRES T BN T IS E RN

Hepr = [1(Toes) i) (D) ML (Hs)* + fo(Thes )iy (D) M (H3)'
+ f3(Thes) iy MM (H3)VY 4 fu(Thes) iy MM (Hz) !
+ f5 (Thea) i MEMF (H3) '+ fo(Thes )iy Mo M (Hg) U8 (2.73)
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KRS NZAN TG E N
Hepy = di(Toes)is) (D) MM (Hs)' + da(Thes) i) (D) M M (Hg)?
+d3(Thes) i) (D) MM (Hs)' + dy(Thes) i) (D)* M; My (Hs)?
s (Thes) i) MM, MY (Hz) '™ 4 dg(Thes) i) My M M}, (Hz) U™
+d7 (Thes) i) My, My My, (H3)U™ -+ di(Tyes) i) My, My M;™ (Hz) )
+do(Thes) i) MM, M (He) '™+ do(Thes) i) M M[ My, (He) V™
+d1 (Thes)jig) My, MMy (Hg) V™. (2.74)

X T W E K be-tetraquark A2 B DA 5 — MR FRIWAR NS Pl fE, A HI=R
PRIR I RYIERME 2.21 , MHHES H BRI RN:

DTy = D'n%) = ST (Tihyg = D) = ST(T = D'n') =TTy = D),
D(Ty g = D°K*) = D(Tf; = DK ), T(T}l; = DIK') = T(T}y — DIKT),
D(T2.;— D'K") = T(T2,; — DY K ™), T (T — D%) = (T}, — D),
[(Tyas — Din) = D(Tyqs — D°K°) = 2T(T}} . — DI r?),

D(Tyeq — D°n%) = %F(lec_ds — DYK’) = %F(Tl?cﬂd — DT,

X F X MR be-tetraquark B 48 B AN A F I AR A it #E,  FRATTFE 2 AR SR I ) 25
RYIERK 2,22, MWHHESHEARTEERLRN:

—o, 1 _
D(Tpg— n°K") = ST (T — 7" K7) = 81(Tj 5 = 1K),
1
0 _ 0y —
D(Tyg — 7K 7) = JT(Thg = wt K) = 3T(T 0 — nK™),
—o, 3
D(Ty g = KK) = ST(T g = wn) = 30T — 7).
1
[(Tpaq = ©'1°) = EF(TbOcaJ = 11 ), N(Thgs — 1°K°) = 3T (Thps — 1K),
1
N1, — 7% = §F(Tbocﬂ§ —atr7).

XF T H R be-tetraquark B AL B =K TR R, MHRH) 92 BIOVE 2.10(be,d). =
A F I FE I TR A 115 18 228 SR [60).
2.5.5 MWEMKbe-tetraquark

FESUB)WRIEXARIE S, B BRFARETEONIY = 0T tetraquark(bg][cg], AT
Uﬁﬁﬁi*ﬁ‘S%?{&Tbgg 5#4\%5\%$%§Tb510

0
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% 221 WERT, 00 R LB DAF 58T R LI b

Tab 2.21 Doubly heavy tetraquark Tj.5; decays into a charmed meson and a light meson .

channel amplitude(/ V) channel amplitude(/ V)
Thys — D7 - fz\fVZC’; Thys — D°K° [1Vea
Thas = D' N Qflf}?vé Thas — D¥ 7~ — 2V
Thas = Dim™ — 1V Tpas = DIK™ = (fi + f2) Vi
Toes = D' —hVe | Ty = D°K* f2Veu
Ty — D'’ h—ffs Ty — DTK° (f1+ fo) Vi
Tb—ZJE N D+77 _(NH\-/J%z)VEZ T(:;Jg N D:WO fl\)%d

T = DIK —(h+R)VS | T — Dy -2l
D T e S
)V _ N
T =D P [ LoD (i )V
Tyead = DT K™ —iVis T — DIK™ — [V

% 2.22 WEKRT, 00 % % BB AEAT 89 % TR 1
Tab 2.22 Doubly heavy tetraquark T;.5; decays into two light mesons.

channel amplitude(/V) ‘ channel amplitude(/V)
Tyrgs = mHm™ (=fz3+4fs+ fo) Vi Tyrgs — 7’ (=fs+4fs + fo) Vi
TO . — nOK° (f3+2f\4/gfe)V£2 T — 7 (7f372\f/4§+f6)V£2
Thus o> 7 K —(fs+2fa+Te) Ve Tpoas = KTK™ =2(fs+ fa—2f5) Vii
T — KK —(fs—Afs + o) Vi, 0 = K7 D2l Lt
Tpas —m  —56fs +4fa+3(fo—4f) Vi | T,h, — 7" K° (f3+2fs— fo) Viy
T =7 V3L =20+ fo) Vs Ty — mOK* Ul o)V,
Th = KK (—fs— 2fa+ fo) V2, T — Kty Ch2itfolVe
T ;—7wtn =2(fs+ fa—2f5)Vy Tpoi— T K™ —(fsa+2fs+ f6) Vi
T2 = “2(fot f1- 205 Vi Thug— 'K PRI
Tpug = 70 Yo Tpog— KTK™ (—fs+4fs+ fo) Vi
Toa = KK —(fs—4fs+fo) Vi Toa = Kn PR
Tyewa = 1 S(=fa+ fa46f5) Vi
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B 210 RERT, 0 FRREHH TR, (QBEAFREELAMF T, (bedBEAFAA
FEEATF AL,

Fig 2.10 Feynman diagrams for nonleptonic decays of doubly heavy tetraquark Tp.gs. (a) is

corresponding with two mesons by the new W-exchange process. (b,c,d) are corresponding with

three mesons by the new W-exchange process.

(a) (b) (c) (d) (e)

B 211 REAR s/ T FHEE TR E. B(abe) Hb S atrLTrx, B(de)ber ntx
A Ko
Fig 2.11 Topological diagrams for semileptonic decays of tetraquark Tyzs/Tpz1. Panels (a,b,c)

correspond to the b quark decay and panels (d,e) denotes the ¢ quark decay.

B ST Thas ) Tyer BT AR FE, Thas/The BE P LAR AL 70 22 A5t W] LUK AR
REWHER, N TIRESWERERED — c/ul-v,, 1E3ERTEIR LT Thes/The %
BEN—ANMNTF507,E R BRATEHSU(3) AR BIA R % A

Hm-:mm@y&ym@+¢a@m%y@@, (2.75)
%H:WMQWW@+MEﬁMM%%mMNN@. (2.76)
IR A S AR S N T D — wl T 50— ol T MIEEAR R, Hh AR HAAE 2.3
T, HTVIRT LR WERS, XN TRERN T, BAIFERNFR\ES

HIRE RGN, AR 2 BV 2,11, JATEIT LIRS B WTEA3 2 Ty / Ty
HARN T 500, MERIRNE, IFHIERRE 223, BATHE— D F T AR LM
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B 212 RE KTy /T A S LR THR X E, Bap) A TAS LR — AT 8T A
BGlmnp)k T REER%EELRTWITAHE. Bkop)k THhil £ 5T, X T 342
B (c,d,gh,i)¥ & TAEERS LT AMEE R, FFVARBE &L BRI L4,

Fig 2.12 Topological diagrams for the b-quark non-leptonic decays of tetraquark Tyzs/Tpz1. Panels
(a-p) correspond to the decays into a pair of mesons. In panels (j,l,m,n,p), the final meson
produced by gluons is the flavor singly state. In panels (k,0,p), the initial state is the flavor
singlet Tyz1. The diagrams in panels(c,d,g,h,i) are usually power suppressed as a pair of quark

and anti-quark in the initial state can annihilate.

KERN:
D(TZ — D I"0) = 20(T5 — D'I"v) = T(TES — D;1"0) = 60(T2¢ — D'I"0).

EHERIIRZ, f£b — ol v RE By I 52 ARTE HAT AR R 1242 98 1
XF T Thes ) Tt IR BES T ARE — d/50 0, FESRT )RR EHI N T T/ Ty
AR BT 50 o R BATHIE 58 52 U0 S i

Heff = Cl(TbCS) (Hg) B gl/"— Cl(Tbcl) (H3) B gl/ (277)
¥ PR g B R TT, FRAE BIA O AR RIE WA 2.24, MR DL 3 AR
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(9) (h) (i) (7) (k) 0

B 213 RE % Types /o1 %5 RIFZRTWF TR, B(al) & T Thes/Toes RE B BT 584T 89
AR 42 7 T 69 i AL,

Fig 2.13 Topological diagrams for the é-quark non-leptonic decays of tetraquark Tyzs/Tpz1- The
two-body processes are given in panels(a-1). The ¢-quark decays have the similar structures with
the b-quark decays. The panels(a-1) contribute to the process of T,zs/Tyz1 decays into B plus a

light meson.

% 293 MERT )y B EEREAT BEAT HJ/U80 % TR o,
Tab 2.23 Amplitudes for tetraquark Tjzs/Tpz1 decays into anti-charmed meson, a light meson or
J/U.

channel amplitude channel amplitude
T > D-I"v  a\Vy, | TBe—D'Iw ol
- —0,__
TEe - Dl aViy, TEe =Dl v %

Tnlfc DU V3ah Vi,

channel amplitude channel amplitude
TEe » 7l v as T — 7w as
TE — nti~v as T - K- l"v a9
5% Kl v a TBe — KO- a
TEB¢ - Kl v as Trgc — sl 0 as
TP —ml v 3a TE— J/lmv /3l




EE B RFH TR BE HIRE T 95 EARRISU) X AR IE D BT

%k 2.24 RERKTye0y KL EIB AT 89X EIbao
Tab 2.24 Amplitudes for tetraquark Tjes/Tpe1 decays into a B meson.

channel amplitude channel amplitude
TH B0 aVa |TH—Bly —a%
TE B0 aVe |T%—Blv ol
TE Bl v oVa |TEoBlv 2
TS S BUr eV | TE BT V34V
TEe — Bl 7 3V

WIEIRAN:
D(TE¢ — B17i) = 20(TH — B'I"0) = T(TF — B ) = 60(T2¢ — B'I"7),
D(TRE — BTl w) =T(T5 — Bl v) = gF(Tn’ic — B D).

X5t F Tyes /Ty AR R AR L FE, FATT 8 5658 Cabibbo B ARAS BH B i i %5 7 2 AR
THE: b — ced/s H5b — cud/so b — ced/siEFEXT N T 58 T JZ IR _EThes ) Tyer AR AT
FREAR, AT IR e 1A RO 5

Hepr = ar(Tozs);(Hs) Did [ + ay(Tyer )i (Hs)’ D J /9,
Herr = GQ(Tbas)z(H?,)jDkMik + ag(Tbas)é-(H?,)kaMij + a4(Tb68)§'<H3)kDiM]z
+ab(Tyer);(Hs) DiMF + ay(Tyer )i(Hs)* DM + a(Thes )i, (Hs) "Dy M7
(2.78)

KM SR NE 212, HE 2.12(a-d) ST N ESTs ML, Mk e RE
2.12(k,0,m,p) KRRV N EE T BORSAERBEN TR B 2.12(a,b)FRw/\
Ty ERABDN T 5 I/ RE, B 2.12(c,d) BRESERDN T 5B THIE
Fio TATK EAIRIER L RIAERNE 2250, Ht—PHESHEBRERRAN:

I(T5 - K D) = %F(T;?f S K D) =I(T8 5 K'D") = %F(Tff S KDY,
r
Be s 7 D) = 20(TB5 — 7°D™) = [(TB¢ — 7+ D) = 2I(TE% — 7°D°),
D(T5 — K- D) = 20(T5¢ — K°D;) = D(T5 — K*D;),

T

(T

(T = ngD") = 20(T — neD™) = 20(T2° — x°D7) = (T2 — =~ D),
(T

(T

(TE — 7°D7) =T(TE2 - 7~ D]) =T(T5 — 77 D;),
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TE¢ — K°D") = T(TEe — ™ D;) = 20(T% — «°D;),

(
(T = nD") = T(TE5 — nsD™), (T2 — K~ D) = T(TZ — K D7),
(IFe = n~ D7) = D(Tgs — K°D7),D(T2 — n* D7) = (T2 — K'D),
D(T5 - 7°D") = I(TE — 7~ D"), N5 — K'D;) = T(TE — K~ D;),
N(TE¢ - K*D™)=T(TE* — K D), INTE¢ - K*D;) =T(TEs — K°D;),
D(T5 — mD") = 20(TE — mD™) = D(TE§ — D) = 6I(TE — D7),
(18 — mD") = D(Lf% = mD") = SD(TE = D),

(T5e — 7 D) = 20(T5¢ — 7°D7) = T(T5 — K°D; ) = 6I'(1,0¢ — nsD™),

(

r

r

c 0 ~— c _—=0 3 c _
TP - K D7) =1} — K D):§F(T,7Ef — nsD7),

r
OT(TBe — D™J /i) = T(TB = D' /) = D(TZ5 — Dy J/v) = 6T(T,)* = D™ J /),
DTS — D)) = DTfs — DVJjw) = ST = D7),

HHRZERPFAWEZ, MTIE S A0 ’)E‘J%’EL&fI‘J%ﬁWﬁ%F@EA*&W%%EI‘J
1I/E HEEBNTHAREN TR, AR FEEEARN TS e — p,
K — K* ns— Vs Sy —» Vi, HEBEREZESHREGINw — ¢, BIAT1FE]AHM
) AL PIR M o
XTI TED — cud/s, TEMRTIER b, HX BT Thes ) Tt IR S F 3
Az, JRATTRT LUK & tH AR AT R4 25 iy
Hepr = as(Toes);(Hy); M T/ + az(Tos)}(Hs )i ML J /40 + ag(Ther )i (Hs) ¥ M J [
-+ (Tyes ) (Hs)] M J /),

Hepr = as(Tbcs) (HS)JDkD +a9(Tbcs) (Hs); DD’ +G10(Tbc8) (Hs){.D;D
a(Tha)i(H)LD, D",

Hepsr = all(TbCS) (Hs)]Mle—FCLu(Tbcs) (HB) M]M +G13(Tbc8) (Hs)]Mle

—=k

+ays(Thes) (Hs)f M M

as (Thes)j(Hs)p M M] + ayy (Toen )i (Hs) s MM + ay(Toen ) (H )i M MY
+ay(Tyes ) (Hs )] M{ M

+aly(Thes) (Hs)s M] MF + a5 (Tyes)s (Hs)] M{ M. (2.79)

IR 70 R IR 2 B B L 2,12, b B 2,12 (ach) R IR A5 A 2 Wk WA 1 i
. B 2.12(j-p) %5 5 3 Atetraquark/ B A TAIK IR, [ 2.12(b,e) £
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HIRE T 59 R AR HISU(3) R B BT

£ 2.25 RE ATy £ EEREAT BEATF SREAT 5)0t % T IR b,
Tab 2.25 Tetraquark Tyes/Tz1 decays into anti-charmed meson plus light meson or anti-charmed

meson plus J/1).

channel amplitude channel amplitude
Tff —n D~ (az + aq) Vi Tff — 7 DS asVy
T - K~ D~ asVz, TR — 7°D~ 1 (a2 +2a3 + as) VJ
T5 — 2Dy asVy, T3 7 D’ laa=es)Vey
TE - K°Dy —eaVe T KD~ —eaVe
T » KD % TR — nsD™ —%
TP =7 D (a2 + a3) Vey TP — 7Dy asVe,
T5¢ - x°D’ leamad)Vey T5® - KD, a V5,
75 5 KD as V5, TP 5 nsD" atadVey
TE¢ —n D7 adVy T2 - K D~ azVy
TEe - KDy (a3 + as) V2 T25 — 7°Dy —%
T% -+ K'D- (az + as) V5, T - K'D; (as + as) V7,
T2 » KD’ a2V TE§ s nsD; (ea=2a)Vey
TEs — 7D~ — 2 TEs -7 D’ asVz
TEs - K°D~ (as + as) V2 TEs - K°D; (az +az) V2
TES — nsD~ {aa=204)Ven TES - 7t D~ asV2,
T3¢ - 7°D" 2 TB¢ — K*D~ asVz,
TES — K*D; (a2 +az) V3 TE¢ — K°D' iV
T3¢ — gD’ {aa=20a)Ve, TE¢ - x°D~ —(eateVy
TP — D’ Lﬁ“é)"ﬁd Tk — K°D7 7“2’2“5)%
Tvgc S RD- (114*?}‘!;)%’2 Tgc S KD° (a4*2a62)Vr2
T,gc — nsD™ é (a2 + 6as + as) V. T,gc — nsDy % (2a2 + 3as + 2a4) V%
Be s D’ V3 (Vea) * T5 — mD~ 20} (Vea) ™
TE¢ - mD’ V3ah (Ves) * TES — mD- V3ah (Ves) *
15 — Dy V3 (Vea) * TBe - mD- AU
Tn]ic —mD; —V2a} (V) ™ T,ﬁ” — 7D~ - ga/g (Vea) ™
TP 57 D V3ah (Vea) * TP® - K°D; 3ah (Vea) *
TP 5 K D~ V3ah (Ves) * TP 5 K D' V3ah (Ves) *
TEC — gD~ V) TEe — nsDy V24 (Ves)*
TP - mD™  (ay+3as+al)(Vaa)* | TS —mDs  (ab+3as+aly) (Ves) ™
channel amplitude channel amplitude
TEe - D= J/¢ —eVe T8 D J/y alVy,
TZ5 — DI J/Y a1Vey Tis = D J/v a1V
T2 - DJ/Y Vi Ty = DJ/Y e
TEe — D[y —2avz TEe — D™J/Y V3ai (Vea)”
TEe — D7 J/¢ V3ah (Ves) ™
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(=

INEETERERNT5T/00d E, B 2.12(afe)RnRKEANDED Wik, K
2.12(c,d, b)) RoR N E BTy R BINNRAN TR AR 22 AR R 1 25 R gk
PR 2,20, I DHESHEREER KRR A:

D(T5 = 7°J /) = D(TE — 7= J /), T(T5 — K" J/b) = 20(T5 — K~ J/v),
T(TE — 707 /) = —F(T 1 JJ).

7
(T = D°D;) = ST(TF — DDy,

!

™

D(TE — 777 ) =2I(TES — K 7)) = 20(TE5 — K77) = 20(T5° — =°77),
1
TEC w7~ K™) = 2F(T;§E - K~K7) =D(T% — K'K),

B

D(TB — 7 K') = 30(T53¢ = neK') = T(TE¢ — n°K"),

1
D(TEs — 7% = §F<TI§+ — wta7), D(TE — %) = T(TE° — 7 ng),

1
D(Ts — 7°K°) = 30(TEs — s K°), D(TEE — n'ng) = EF(TKUC — T 1),

(TP - K = 2T(TP¢ — 7K ~) = 6T (T2 — K ng),

D(TE — 7%,) = T(TE — 77 n), T(TE — ngny) = F(T,]B;C — T M),

s

3 _
—F(T,ﬁc — T 1g),

r
2

(T3

(

(

(

(

D(T5¢ — K'ng) = 20(T5° — K™ng), D(T25 — n°K ™) = 30(T25 — ng K™,

(T

(

(T

(T2 — 7 m) = 20T — 7°m), D(T2° — K°K ™) =
(7

D(TBe — K'ny) = 20(TE — K ).

ST R MR L e — sdu, LEH TR EFA LT Ty Tood WP 1
TS, FRATAT DAL 3 AT 50 A 200 S i
Hers = fa(Toes); (HG) B Mk + fu(Thes )5 (He )fik]Eij + f5(Tb58)i'(H6)l[ik}Eij
+ fo(Thes); (Ho Yy B M} + fr(Thcs )} (His Vg B MY + fi(Tyes)s(His) g B M
+ fo(Thes); (Hrs ){m}B M + fio(Thes); (H15){kl}B Ml + f5(Thar); (HG)[Jk]B M}
+f4(Tb s); (Ho )[lk]B Ml +f5(Tbcl) (H15){]kj}B Ml +f6(Tb08) (H15){Zk}B Ml
(2.80)
FARLH 9% 2 BN 2,13, FEARIRME AL R KM 2.27, FATHE—DHES H R T
ISR FR

0(TE - Bn) =T(TE¢ — B"K), (15 — B~7°) = F(Tf;C — B ),

)
J
7
J
)
J
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Tab 2.26 Tetraquark Tyes/The1 decays into J/v plus light meson or charmed meson plus anti-

charmed meson or two light mesons.

channel amplitude channel amplitude
TBE s n= 1/ (a6=a7) Vg B & K= J/v a6V
™ 2 s 2
—_ VF —
TB: — 70/9 r=eelViy TE: K/ asVy,
. (ag+ap)V > . _
T — ngJ /v S ud T2 = K~ J/¢ arVia
=
T;I?S — 7w J/p a7V}, ngr — 700/ G’7V;,s
Be Be (a7 —2ag)V,
TKSr _)KUJ/"Z’ a()-VJd* TKjr — ngJ /Y %
TBe Ly n= /4 (agt+ar) Vg (ag—2a7) Vi,

ng

Be —_
B — K~ J/¢

T2 = mJ/v

@
V3al (Vua) *

TS = mJ/¢

6
\/ga; (Vus) *

B —
TnlC — 7 J/Y

V3ag (Vya) *

Be —
T, = K J/P

\/Eaé (Vus) *

TBe - DD~ (ag—a10)Vig TB¢ & DOp- a9 Vs
2 s 2
TﬂBC DOD° V* Tgc DtD— Vv
o+ (ag + a10) V4 s (ag +a9) V5,
Be Eap— * Be - =
TP — DV D] agVr, T8¢ — D} D] asVy,
755 —» D°D; a0V}, TE5 - D°D~ a0V},
- -0 —
Tlfj; — DD (as + a10) V., TII?Sr — DtD as V',
TZ¢ - DiD- a9 Vg TZ¢ — DiD; (as + a9) V1,
= %
Tfsc DD (a9+alg)Vud Tfsc N DODS_ (ag*?faéo)vuS
T5¢ 5 D'D- VBag (Vaa) © Ty = D°D; VBag (Vus) *

TBe 5 n— 7~
IT

2 (a14 + a15) Viy

Tfj S K~

(a14 + a15) V),

TBOC R
x

(a14 + a15) VJy

T = =K~

1 (a12 + 2a14 + a15) V.3,

—3-0
TEe & 7~ K
=

(a12—a15) Vi,

Tgf — s

T
(a19—a13)V 4

Tf’(;' — KK~

P
(a12—a13) Vg4
V2

THY — K7 ns

3
(a15—a12) Vi
23

Tf_{_‘ — atn—

(2a11 + a12 + a13 + a14) V)

75 — 7t K~

(a12 + a14) V),

TBJ: — 70x0
™

(2a11 + a12 + a13 — a15) V4

Tfﬁ — 7OK°

(a15—a12) Vg
2

Tfﬁ — w0ng

(a13—a12)Vyay
3

T8 » KtK~
=

(2a11 + a13) V,

Be 0770
TW+"—>K K

(2a11 + a12) V),

Tﬂ_Bi — ?01’]8

(a15—a12) Vg
6

T5¢ = nsms

3 (6a11 4+ a1z + a1z +a15) Vo,

T;?S - 7T K~

(a14 + a15) V),

T£° — K K~

2 (a14 + a15) V),

LS

Tgs — 7K~

(a13—a15) Vi,
]

—7-0
TBs - =~ K
K

(a13 4+ a14) V.S,

.55 — KK~

(a14 + a15) V),

Tgﬁ — K7 ng

=
(a15—a13)V,y

T}?S — 7 K°

(a14 +a15) V)

TES — 7 ns

@
\/ 2 (a13 — a15) V),

TEs - KOK~

(a13 + a14) V),

T;?;_ —

(2a11 + a13) V),

TIJ?:_ — 770

(2a11 + a13) V),

725 — «OK°

(a15—a12)Vyay
2

T;?i — w0ng

(a13—a15)Viis
3

T;?i — " KT

(a12 + a14) Vi,

Tf{‘i — KtK~

(2a11 + a12 + a13 + a14) V

Be 0750
TKj_ — KK

(2a11 + a12) Vj,

TES — KOns

T
(a15—a12)V 4

TBS — nsns

% (6a11 + 4a12 + a13 — 2a15) V,j,

ngc — 7K~

6
(ajp—2a13+a15)Vyg
2.3

Tnic — 7r7?0

(a1p—2a13Fa15) Ve,

B _
TWSC — 7T s

3 (a12 + a13 + 3a14 + a15) V.3,

TBe o KOK~
g

6
(ajptaiz—2a15)Vy,

TWB;C — K™ ng

é (—a12 + 2a13 + 6a14 + 5ais) V),

Tfﬁ — 7r0171

6
V2 (a5 — aly) (Vaa) ™

3 =0
Tfﬁ — K'm

\/3(1’14 (Vus) ™

T5¢ — nsm

(aiztais) Vua)®
2

75 — mm

2 (ay3 +ajy +3ays) (Vaa) *

Tfoc — 7T m

V2 (a4 — aly) (Vaa) ™

TH = K™m

\/ %alm (Vas) ™

T;?i — 70

\/ga/le, (Vaus) *

TS — K'm

V3al, (Vaa) *

Tfi — ngM1

(a13—2a14) (Vus)*

Tfi — M

2 (af3 +afy + 3af5) (Vus) *

T£5 — T

2
\/50/13 (Vus) *

T;S — K™m

\/ga/l;; (Vud) *

B —
TngC - 7T m

2

T,gc — K~

(afg—2a73) (Vus)™
2

TBe 5 nOK—
n1

\/ga/ll (Vaus) ™

TBe 5 - K°
1

\/Ea,ll (Vus) *

Be —
T771 — T s

\/Ealll (Vud) *

Be —
T771 — T

(2a1; +3al, + ajz + aly) (Vua) ”

- - “ - _ al; (Vus)™
Tfl" — KK V3al, (Vaa) Tﬁ“ — K™ ns — T
Tvﬁc — K™m (2a3; + 3a3, +als +aly) (V) ™
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Tab 2.27 Tetraquark Tyes/Tpe1 decays into a B meson and light meson.

channel

amplitude

channel

amplitude

15 - B~ K°
=

—fatietigs—J10
2

Be R0_—
Ty — B,m

_fstfe=JFotFi0
2

Tff — BT KT

—f3 — fe + f7 + fio

T — BKO

—fz— fa+ fr+ fs

Be —50_0
Tﬂ_+ — B_m

fst+fe—Ffo+fi0
2

- -0
Tf; — B.ns

Cfs=Fs+fe—2f7+Fo+F10)

TEB® — B~n™

fa+ f5 + fs + fo

ng — B~

6
F3—=FsF+F7=F9
2

TEO — BT ng

f3FrisF2f6 T 7T fo—2F10
6

TEB — Bn—
K

fa+ fa+ fr+ fs

5. =
5§ - BiK

f3 + fe + f7 + fio

B 50 70
T2S - BLK

—fa—fs+ fs + fo

TBe » B~ KO
18

_ Jat2f5tfg—Jgt279—7F10
6

Be

—=0_—
ng B,

—2fa—Fs+Fe— 2f +Ffo+F10

5 S B V3 (7 — 1) T3~ B 0L+ 7
T’ﬁr . B KO \/§(fé _ fé) f;“ —>§SW_ \[(f:s +f5)

TP S B

(fa+ f5 + fs + fo) (—sC)

T:BC — B«

(J3—fa—JFstletlrtis—J9—7J10)sC

TP — B7ng

(F3+3fa+f5—Fet+f7—3fg+fo+F10)sC

=0_—
T71:30C~>B7r

2
(FatFfatFstFetFfrt+fs—FoF+F10)sC
2

B -0 —
Tﬂ_oc — B K

2v3
(f3—Fs+f7+f9)sC

T2 —» Bt

(fs + f6 — fr — f10)sC

Tfﬁ — B%70

2
— (J3ffatristle—Jr—JIg—J9o+710)sC
2

3 -0
Tf;: — B'ns

(F3+3fatJs—F6—J7—3F8—J9—J10)sC
6

B —07>0
Tﬂ__f — B K

(f3 — f5 — f7 + fo)sC

TIE;C — B K~

(fa+ f5 + fs + fo)sC

155 - B K"

(fs + fe + fo — f10)sC

755 - B'K

(fa — fe + fs — f10)sC

725 - B~ K°

(fs5 + fo + fo — f10) (—=sC)

TBS — §0w7

(fa — fe + fs — f10) (—sC)

TB; — B~ K+

(f3 + fo — fr — f10) (—sC)

TBSr — B°K°

(f3 — f5 — f7 + fo) (—sC)

T8¢ — Bon

(—fatfetIgtr10)sC

TB+—>B N8

(@Ff3F3faF2Ff5+F6— 2f7 3f8—2f9+Ff10)sC

TBe , B=x0
n8

Pl
_ Bfstfa—Fs+Fe+3fr—Ffs—Fo—F10)sC

TTIB;L%B 78

_ (Fs—Ffa— f5+f6+f7+fs fo—F10)sC

TBe 5 BOn—
ng

23
— (Bf3+fa—Fs+Ffe+3f7+Ffs+fo+F10)sC
6

Be , 50jc—
T2 — B.K

_ (Bf3F+2f4+f5+2 f6+$f7+2f8 fo+2F10)sC
6

5 - Bn, V3 (fy — 1) sC 5 - B~ /3 (F5 + £3) sC
— 3(FL+7L)sC
TR5 — Bom V3 (f§ = £1) 5C Th = BTm - 2Uatioho
_ - 3(f3—15
T2 — B~ x” —/3 (#5 - 1) sC T2 — B s 7(3 )sc

TBe o, BOn—
n1

V3 (3 + 1) 0

Be , 50jc—
T2 — BoK

V3 (f3 + f5) sC

T8¢ 5 BTK~
e

(fa+ f5 + fs + fo)sC?

TE — B~ K’

~ (fat+ds5—Jfg+/9)sC?
2

TR - B°K~

_ (Ja+[5+Fg—f9)sC?
2

B 050
Tﬂ_f — B K

(fa + f5 — fs — fo) (—sC?)

T2 - B~ 7°

(f3+F6+F7—F10)sC>
2

TE5 — B ns

(f3—2f5—fe+F7—2fg+f10)sC>
6

TBgan

(fs + feo + f7 + f10)sC?

TB; — ByK—

(fs + fa + f7 + fs)sC?

TB+~>B nt

(fs + fo — fr — f10) (—sC?)

T;fﬁr — B°#0

ﬁ (fs + fo — fr + f10)sC?

TES — Bs

_ (f3—2f5—fe—f7+2f9—f10)sC
6

Be 050
TKﬁr — B K

(f3 + fa — fr — fs) (—sC?)

T2 — B~ K°

— (Ja—f5—2f6—fs—F9+2f10)sC2

e - B°K~

(fa—F5—2f6+Fs+F9—2110)sC>
6

:rB+ — B'm —V3 (£} ffé) sC? Tfl” — B K’ —V3 (f3 — f3)sC?
e — B'K- V3 (f3 + £§)sC?
T(T5 — B~nt) = [(TZ$ — B~ K1), (T2 — Bon®) = T(T5 — Bor),
D(TEs — B~ K°) = T(T% — B"K"),I(TE — Bon) = I(T% —» B'K ),
D(TE — B'K®) = I(1F — BJK), T(T5 — B'ny) = N(Tf< — Bony),
[(T5¢ — B™m) = 30(T5 — B ), (T3¢ — B7ng) = 3F(TBC — B~ 1Y),

D(TE — B'n™) = T(TF — B.K).

256 ARERTIE
PTATRI S U (3) X FRE B 77 158 5T 17 SE IR (Db, cc, be, be)-tetraquark ) A, R
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Tab 2.28 Cabibbo allowed T3, decays. K?° can be replaced by vector meson K*°.

Two body decays

Typus — B~ J /2 Typus — D°BZ Typas — B~D' Typas = B'D- Topas — ESD;
Typas = Epelhc Typas — Az A} Typas — EpeSe Typas = QE; Typas = QB
Typas = oSz~ Typas = = Epe Typas = A7 X} Tyoas — Ez Typas — Ez )
Typas = o=, Typas = EoZy Typas = S5 A Typas = 2 5 Typas = S5 59
Typas = 2§ Typas = ToBy Typas = Zo 2y Typas = B0 27 Trpas = So Sy
Typus = 000y
Tl?b&g - D+B; T:b(ig - EOJ/¢ Tl?b&g - BiD;r T}?bJ,E - ESDO TI?hJ.E - Eoﬁo
Tl?bis’ - B;7T+ Tl?bcig» - KOESC Tl?b&é - i_ Eljc Tl?baig - EI_E;C Tl?bJE — Qgcég
Tbobcis’ - Egcig Tbobzig - E;rrAg T!?bzis’ - E;Eg Tl?bzig - EDE&: Tl?bzis’ - ilog‘gc
Tl?bjg - E,Oggc Tl?ba?g - Eoﬂgc Tl?big - EgEg Tl?brig - AE_ E;r Tbob(ig - EQELO
Tl?b«ig - Eg Ez— Tbobrig - igxg Tk?bd% - E;OEI/P Tl?b«ig - i(c’)Ag Tk?bd% - E;OES
Tl?bd’g - Qgcélao
Ty = B D7 T.,..— BIK' Typnq — B~ D° Tous = A 2 Tppus = A 2D,
Tl:bﬁ:i - Eiggc Tl:bﬂ& - 217920 Tl:bﬂj - ﬁEgc TI;bﬁJ - Q(IZCAE_ Tb;ﬁi - AE_E;O
Typaa = B Tppaa = T2 50 Tyvua = TeZy Typaa = Te S Topaa = TeZy
T =00
bbad c°%h

Three body decays

Tyue = Bon = J/Y  Tppws = BoK~J/tp  Typue = DTn B T,,..— DIK B, T,,..— B D°K°
T.. — B Dir~ T,..— B.D°x~ T,..— B D xt T,..—B DKt T5..—B'D'n"
Tpus = B'DIK®  Th..— B.D'K~  Tue— BoD K’ Th..— Bontn™  Tph.. — B KK’
Tyne =+ BIKTK~ T,..—DD°B~ Tg5..—D°D B’ T,..— D°D:B. T;..— DD B~
Tb;’ﬁi - D:»D;Bi

TS = B xtJ/Y  To4 — BUK J/ TS — D°xtB; TS, — DIK°B;  T0, — B~ D°K*
TS ;. — B DYK° T%- —»B°D°K®° TO., - B°Dfzx~ T%;. — B.Dtr~ T9; — B.DIK~
TS ;. — B~ D’nt TS:; = B°D =t T9%: - B°D;Kt T%; - B.D'K’ TS ;. — BoDont
TS;. — B;KtK® 1Y%, — D°D°B’° TY%; — DtD°B~ T%;.—DtD B® TY%;. — DtD B’
Tl?big - Dj’D;EO

T,..— B K'J/w T, . —BK J/y T, .—DK'B; T,  —D'K B T,  —B Dfrn"
T,.;— B Dik~ T, .- B'D°x~ T, . —B.D°K~ T, .—B D'K’ T, .—BDK"
Th.i— B DK’ T, . —B Dzt T, . —B.D;K T, .—B;ntK~ T, .— DD B’

o + =g
T.,.. =~ D"D; B

P 2.4.4 IR RN, FRATT I F5 HOOUEE I DY 25 o 2 1) 3 4 3 AR TE LT (SIS (1 4R
Mo X F XN EBRbb-tetraquark 1 55 5 AL 2, A5 2] E A Cabbibo o ¥ 138 & AT
H, WEFRM 228, HERSBNTEHKEFHFES LK RNLH1073, MEE
R [p DN F B E T FHES LM RN RNI072, ZRBWT, - — pE)(—
pY + B™) & E X HIRbb-tetraquark I — MRIF RS,  HEHZS M R 25 S
K/NZI 91075,

X F XN E Bk ce-tetraquark 1 55 5 AR L FE, FA115 2] H A Cabbibo 70 VF 1 35 4 348
1, WEK 229, BEwELKMBRER S LWAERTZILEL, EERESE
T ZAIMN1073 7, PR EE 3 X H R ce-tetraquark 1) 73 SC LG IR /NET0™ 2
Hio
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Tab 2.29 Cabibbo allowed T.5; decays. K can be replaced by vector meson K*°.

Two body decays

——0
Thos — DOty Thos = DOt Tt.s — DIK
THt - DMty THt 5 Dtrt
ceds o ceds
TH DK

ccud

Three body decays

Thae = Dtn 1Yy Th,. > DIK-I*v Th,.— D°KYK’  Th,.—» D rtn Th,.— DYKTK-
T, — DYK'K’  Th,.— DintK~

T+ Dx ity THL DIty THE 5 Dntrt TH 5 DYKTK’ THI o DintEK'
T+ D'Kl*v T . DK l*v Tt . - Dzx*K  T' . —Dir"K~ T' . —DiK'K’

c c: c

Xt T XU IR (be, be)-tetraquark () 9 5 AL /e, FATT 70 545 B EATT I AL &3
ARIE, WM 2305 2.31. 50/ RS T EA R M A AR 2 LK
A, T RS e AR B AL 7 SCEEAEL0 P BAR, - BT AR R (be, be)-tetraquark £ 55
HAAVRS W RS AN .

26 ARERL

AR RATVRIH B 5 SUB) IR 775, Wil 1 B IR E 1) 55 32 48 5 XUE R
5 rASR i E &S EL SR, HTRRERLTZhAELIHRET > ATK nfnt
RIAEERE -, FIRATEE TS T WERE R 2R T IR, JFEFEEA
A Carbbibo 0V ) 85 4 5 A8 T8 DL 7 8 S256 F R, X W E Bk tetraquark, FRATHE G
i3t Sakharov-Zeldovich s 3R T eI RER, HHWT, (3)fEsEHEIER T2
Al DIAREAFAE . N T 3 — DB F0 X BRtetraquark (1 BT, FRAT12ETSU(3) % x4k
IR R G T W E R tetraquark )52 5 ER 55 AR, HIESHA R ZAR
TERERIRER, BARANTELEH N E R tetraquark 368 & 3 ARIE, XL RE RE N
SEEG SR S FRRE (PR E R R R AL B
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Tab 2.30 Cabibbo allowed Tj.zq decays. K° can be replaced by vector meson K*°.

Two body decays (charm decays)

Tl?cﬁE — BT ltv Tl?ci.E — B~ xt Tl?cﬁg - ESKO
T, = B'lty T}, — B'nt
T i — B'K°
Three body decays (charm decays)
T .. — B'r Ity T . > B'KITv T0,.— B KtK' T0..—»B'zxtn~ T, —BKTK"
T . — B°K°K’ T BrtK-

T}, =B «tltv T, - BKl'v T}, - B «tst T . -B'KTK’ T}, - BintK'
T ;= B°KItv T2 .- B KIUtv TO.,—B xtK° T2.,—B’ztKk- T°.,— B KK’
Two body decays (bottom decays)

TZ?L‘EQ - DOJ/w Tl?cﬁg — 50D0 Tf?cﬁg - D+D— Tbouﬁg - D:-Déf_ TbOUﬁE - EZ—LAE_
Tl?cﬂé - A(: A;‘F TI?CEE - E,EOE/CO Tl?cﬂ§ e chzg TIE)CEE — Q:CE(: TZ?C’LZE - Qjcalfi
TI?C'H,E “cc - TI?C'H,E — i_ Ej(‘ T}?(:'H,E — A;Z;‘F T}?{:ﬂ.E — j T}?C'U.E — E(:E:‘+
Tl?cﬁE Tboci.E — E(E)E‘::O Tb0c17.§ — EgAj Tl?cﬂE — ZE Zj+ TISCEE — Zg Zj
Tl?cﬂ§ TbOCEE - igzc_ TI)OC'&E i:foag Tl?cﬁé? - E/E_ Ei‘+ TI)OC'&E e ﬁgQS
T}, = DY)y T}, — DID° T}, — DD’ ), = J/ort T}, — A=Y,
T}, — QLEY T} ;. — ESEF T, Y B A =S T}, — QL E.

b+c<i§ E,:gczg btd’.% Eﬁj(;Ag Tbtfi§ B = Tbtzi.% —+ E_OE:'FC Tbtd% —+ 2;051
T = Erak Tr . = EQf Th .= T — AZSH T — EEr
T, = uIst T}, —Sost . — ELEL T}, — SoAS
Tl?cﬁzi - D+D; Tbomii - J/wfo Tbocmi - DODO Tl?cfui - Ziiaj;r Tboum? - ZiE:rc
Tl?caci - iiﬂ:c Tl?ca(i - EHQZ Tl?ca(i - ﬁEZ—c Tl?cmi - QZZAE Tl?cﬁd - AgET

T}?ci,(i - EEQS TP?(:'H,J, - EgE:r Tl?car?, - EZE(C) T:cﬂ,(i - ZgE/j Tl?cﬁ(i - ng/CO
Tl?cfui — E/EOQS

Three body decays (bottom decays)
T oo = DYn—J/p  Tl..— DIK—J/ TO,.— D°D’°D° TO.. —D°D Dt T — D°D°K°

beus beus beus beus
T .. — D°Din~ T .. > D°D nt  TO. —D°D:Df TO. —D°D;Kt T. — DtD’n-
T ..+ DTD;K° T°. . —DID'’K~ T0,.—DID K TC,.— J/yntn~ TO..— J/YK°K’
TP s = J/YKTK™ TP s — DOmtm™ T .. — D°KtK~ T°. — D°K°K’ T. — DTK°K~
T > Dix" K’ T, > atK°K~  T°.. —7n KTK’
T), = D°n*J/y  T). - DIK'J/y T}, —»D°D’D* T}, - DtD Dt Tf. — D°D°KT
T, ;. — D°D'K° T}, = D'Dfz~ T). -»D'D;D} TS . -»DiDIK~ T}, - D°D’n"
T}, = D'D x* T}, —D'D;K* T!, —»DID'K’ T}, »DID;xt T}, = J/vKTK’
cds — beds s beds s beds s s — beds
T,) .. = D°KTK T . — Dfata™ T, . = D'KTK~ Tt  — DYK°K T = Dfint K~
btJE S atata— Tbtig S atKTK~ TthE = T KK
T wi = DK J/+p T).i—DTK~J/y T).;— D°D; DY T .i— D°Dtr~ T i — D°DIK~
T? - — D°D°K° T = D'D°K~ T .= DtD K’ T ,—DD;nt T°. .— DID.K’
T i — J/ynt K~ T . — DxtK- T ;= DK T o ntr K T, — KTKK-™

T = KKK
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4% 2.31 Cabibbo A8 R E AT, K XK &,
Tab 2.31 Cabibbo allowed T}, decays. K?° can be replaced by vector meson K*°.

Two body decays (charm decays)

The - B~ K"
T8¢ — B K™
TBe — B l" v
TBe 5 Bl o
K —0
TZ: - B.K°
Be mi—5
TP - Bl b

0

s

—=0

Be — 5
TP - Bl v

TR — Blin-
T5e — B KO
TI’?E — B 7w~

—0
TL;(? — B~

TP — B~ K"
TBe 5 B~ KO

i

—=0
Tﬁc — BS’I’]l
T3¢ — BIK~

—0

Be
T778 — B8
TP — B~

S

T

ng — B_Th

Two body decays (bottom decays)

T8¢ - n-l"v
The — 70l v
Th — K°K~
TBe — ot~ v
TB¢ — D+D:
T5e — 7o
TE: - Kl v
TZ — Ko
TZs — K~m
TE¢ — Kl v
TE¢ - D'D-
TB¢ — K+ D
TEs — DfD~

T5¢ — 7= Dy
TR — 7= J/y
Th — D'D;
T8¢ — 7+t Dy
T5e — pho—
TP — nsm
TEe 5 K-D;
TZs — K- J/¢

TB¢ — D~ J/y
T8 — mD~
T2 ~ D' J/y
TES - KT

TBe - K=D-
TE » K'D-
TR — 7 m
7B KD
TBe & K+K-
TEe — mm
T[?E —n K~
T3¢ K'D;

—0
T}?{f — 7D

TR¢ = K°J /¢
TE: »D'D’

Tff — T
—0
Tfoc — KD

TEe - DD’
TEe - KK’

TEe — D; Dy
TZ5 — D°D;

TBs — K°D;

TB¢ — mtD~

=0

T5° - D-D;
T5e — DD~

Tff — DtD~-
Tff — 7]1J/1/J
T?Bg — ﬁffo
T}?{f — 1KY

TB¢ — K+tD;
TR — K

T gl TBe » D;J/¢ TP —wnJjy TBe K D~ TP 5K D
TBe 5 DD~ TP 5 KK~ TP »D'D; TBE gDy  TB—a
TP syl~v TBe s J/pl-v TP K D~ TP 5 KD TB gDy
Tﬁc —mD; Tﬁc — D7 J/Y Tﬁc — 7 J/Y Tﬁc — DD~ Tf;c — TR
TBe 5 KK~ TP 5 D'D;  TB—a




FZEF QCD HF

ER T, R AR FQCDI — M EEF B, T e B/EHEMRK
e 5 e X A BORA R RS IR A X 381 68 P 2GR L e e X 38 i it 5
HHRE AL PSR T QCD ik ] P2k JWIRREAE L 5 @ R I PR B 40 9 173K
PL5EFQCD FE B i+ 5, Collins. SoperflSterman®E A\ & T %7 151 G 5t HUH i
R AR T B4 [61,62], P40 — e AR 2 20 B8 SO I A2 R R O
SIS, FPRECH IR (SRR EI0 HELLAN R B B R 5
TorAn R A b, T AR RS W TR G I A B A% R AR UNE ) 58 T 43 AT BR AR
A DA S0 it B i i Al AR AR IR AT, BB 40 I A] DB R T 38k
8. BRI AN TR 75 2 5] N — B s B SR 70 B il 5 JE a7, i
B30 2% R BSUH HIR M 75 B ORAIE SR -5 SRS 38 20 B0 FEE ARG 1Pk A ELAHRTH S T S P 2 £
AT AN T DR A B2 PR IR

H A% WIQCDIH T Wt &k (K b S koA 110, SN ET 2N T %288
TQCDE M H. kT ILEH T RIQCDI 1k 7k (QCDF) |14, 15] M)
L T R R AR R, BTk AT QCD 7 (PQCD)Y MR 4F
PN T BT R AR R i 28 1. AR BERATEF Hry — B2 0 e 3L 4 R4k
5kr Rt 470 4.

3.1 HERAFK

FE5E T QCD MR, 5 30-I T R IR ZEAR /B h il B A7 AE I A 2L A0 KR
ORISR . R Kinoshita-Lee-Nauenberg (KLN) & # [63], K & #A] LA
H 2% & B A SRR T AR LAV (B e T R IR AR RN, B 9 AT e BT RE LS £
IRV BE S B T, PRI E R B R 58 1 B ARG 70 A e b
250 T QCDIL AR Y I 74k & R 7R A ZLAMA TR B St 38 73 5 A0 5 L 2 R i) i 1
IR R B AR, A A 2 W L AR AEQC DR B T8, 1 9k 1 2 A
AU E AR, BEAEEERN SRR E, W] LS QCDR AL,
B R QCDE LG i B H AT H T e S Z R, Hrb R AR
PR . &0 1AL WHER B R R ESEH DA /R R T EH BT T
ETHAN B Ea K EE TS IH R 2R TQCDIH IR ik QCDR 75k
(QCDF). HILLA R (SCET) 55, XTI i%AE 8 7 I QCDIL AR T HY
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Py

Py
(a) (0)
B 31y > ydRMKMFEZE, XZHx A TRATEHRE)W.E, ANELS A A (a,b) iR,
Fig 3.1 Lowest-order diagrams for 7y* — =y, where the symbol x represents the virtual photon

(weak decay) vertex. The two diagrams are labeled as (a,b).

15 TR KB

P32 TR T 38 FQODIS FERT,  JRATT 8 e Z 3R FQCDIL FE h i 3
e S 23 180 4 5040 B9, EAE A )25 16 o 43 B e AT R A, 7 Bl 2 1 o B
TATER B0 T ok SR T 2R R A BT, 7E e S R ) R R T
TSR 35 7 A 5 43 A BR B2 TR 2% 1 4 B Wk 5 B A M o 3 2 D e 2
T ERIL LR T S R4 10 45 85 AT LAGE R B eikonal S5 BURSEBL, K T Ik
WL I 5 B8 AT L I R A Fierz 1B 2 (FierzfH%5 20T LUK 52 8 1R I8 4 AR
FIHLE A A HR IR SRSCTe I AR il ward 8 S st A R 45 SR AT, BRATTER A
P T QCDI AR AR S 340 55 et 304 £ 4315

Pyt — yid BB, RSk R EFA R 2R, WE 31, AT HE
R RATRAEMEAAR R (o = (7,07, 2p), 0% = 222 0y = (11,22)), IO
Hipion AT HIBIEP, SR ETHHEP, A

Q Q

P = (P[,0,07) = E(l,O,OT),PQ = (0,P;,07) = E(0, 1,07). (3.1)

KA T USRI N, H9 T BT RTF IO G R0, Bl e T1EZh it
HQ? = —¢2,q = Py — PRI IZE),

e AR IE 75 R B B B U BINE P 2Py, KT =1 — 2 W
B 3.1(ab) 1, BRATAT LA Sy — ~ R ATSL B AR

A (z) = —ieQ(j(xPl);é%_—ﬂ%Q%(J(fpl)y

@ (PQ — ZEPl)
AIEO) (z) = —ieQ(j(xPl)%%,éq(fPl). (3.2)
N5 w3 RBEERE X ] (X s &E ~ Q(1,1,1)) W, k =P, —aP, =
F(=1,1,07).



LEE KPR H=" QCD H11k

B 32y -y EBN T R A, RRIFITA (a-f)o
Fig 3.2 One-loop order diagrams for my* — ~, which labeled as (a-f).

HEEER (3.2) (o) RATHE A FierzfH 5 LIy B Pk T, FlerzfH5E A

1 1 1

1 1
Liglie = Ll + 7 ()i (35)15 + 3 ()i (7)1 + 7 (9570 in (957 )15 + g(aaﬂ)ik(ff&ﬁ)lia

(3.3)

HATFORBAIEFE, 04518 X NO0s = [Va,75]/20 FATATLUE IS imy* — o
HARSELE R T2 0T

AELO)(SU) — /d§¢(0)(x,§)H(0)(§)7 (3.4)
T SUE R 80O 5 U R

0 (w.6) = 0@ — ). 6°(e) = TdlaP aa(aP).

HO (o) = i S BT
SLAORHESR R = (0,1,07), LEAHE) LRI T ASET, RATRA 74X (3.1), I
X0 () 5HO () HAT TR ETIBHE A, mye - AR Hooh U R
By s 5 S S AT RO 0 SO N, 2 5 B of B B Py / P )
FHERIR, fEmy — HAL B WA SUNW 406 R LA D0, 06 - S 28
FQUDIE, WitSpion A FHTARIA T, BRI H A A R 0 2R T, (1A
TR R AL,
myt = AL BN HTIIE TR EHE, BT RS B S5 T [64)00 1K T
fho HS B EIAIE 3.2, PARAVERMME iy — ILF A E 1D T

(3.5)
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(1) ZA
AV (z) = / des® (z, EHOE) + 6OHD (2), (3.6)

HefiopM (2, )T RO () BI fTRIE, HY (2) FRO (o) B HIBEEGT . 3.2(a-
o) & TR O () I A0 A AR IR 1, T ] 3.2(F) & STk BIO (o) WY IOBE U Z o O
SCRATH R RS AT o A AR AR 10 R T4k

VRATUSK o T ) B 50 B 0 2 X3R5 4 X SR

= (15,17, 0p) ~ QMM N), 1 ~ Q(1, A2, N), (3.7)

KENE NN SH AR S &N AR RN, I R s & AR o i
PR R ~ XS AT I BT BOR S SBR[ 3.2(a-c) R PIRL T
A2, Ho T Blpion /TS T L. BB RESIRIER XN, XM=
ANMETHRERY], () B ECORET LS (a,c) B EHRHE. BLAMH T W25 w2 5
Fef), A AR TR ER BN LS K 3.2(de) AP AR FIEERA K
(3.6) 2 — T Al AR IR A A BORBUR L. 5 PO DU, SRk iE
H R AN RES A ARV . 9 3RATT 25 18 Rl B e 3R 2k X I, 18] 3.2(a-c) ORI
HE AL, IONE 3.2(b) MRS IMANLS 7k, 1K 3.2(ac) FIREBIEL NS5 A
LRI, KX =A BRI BN e A AR, — BRItk i T
05 T IR P B, 3 E AT AT DR 2 R HOR A AR I R B R 20 AT
PRI

FATE 3.2(a-c) B T4 AEERTE RO - A =0, LAE(b) A, HEFRD
N

AW _ 22 d'l 1 %(16171 Df (o= x B+ )y,
4 —egC\/7/ mryel (@P,—1)2 (P, — 2P +1)?

(- w)171+/) " Hos
(1—a2)P +1)2

} g(@Py), (3.8)
1 _E 46 A\ Fierz {8 2 15 3

(1) . 2+ d'U 1 (@ — DY @+ 5
Ab =19 CFQ(I’PI)/ (27T)4l_2|: 2([23'P1 — l)2 2(ZZ'P1 +l)2

% (—ic?) [N Tr(¢ — wfh+ )90 s
2 (PQ — ZL‘Pl + l)2

}q(:zpl)
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o8 (2, HY(€), (3.9)

L XA, Hiy, 5y Ry 5y @, BATEERS%E(3.9)5 sE 110
AR (ERE.6) BIER, PSR DT SR N R S, B
LA LABE 205, (b)EIO (o) MM HRIR G (2, €) 52

ig*Cr / d*l i Pl)v”(xﬁl—l)v5ﬁi(f171+l)vy I+

&V (@,€) =

4Pt | Y T P — 2P, 1 )2 a(@P)o(E — o + p_;)’
(3.10)
OV (, ) LA T B 3.2(b)JR IR L2 R B
FATRE 3.2(de) LA T4k, B (b) IR 43
W _ d'l 1 —xip)y, (Fo— xdh+1)7,
As” = QCF\/> / yizd P1 P)? (Py—xP + z)g
(Z1h +/) 17175 -
P LT }q(:ﬁPl), (3.11)
Hrh NS AL 361 AT AL T
2Py Y 1 1
l [ ( (3.12)

(PQ—ZBpl) (P2—$P1+l) ~ PQ—ZL‘P1>2_(P2_$P1+Z)2

Pyy " Sl /AN BRI LA, 5T T RE T (B e )y (B—aDi+]) =
2Py o MRS (3.12) S RIBATATLUE B, fEILE X, XL 2
A WilsonZk(n” /i - 1), HoghE2 A WilsonZ &K m a1~

77LI/

—ig /Ooo expliz(n - [ +ie)|[nA(l) = 951

A1), (3.13)

FRATTHe P AR 73 o (R A 748 735 A 31 W 74 73

1 d4l PQ—,I'Pl)
Al = 5)
P2—$P1+l)

1 ny _ HB— zB)y (R + )7 Fos) -
Zn ZQ(IP )[ (TP, + )2 ]q(xPl), (3.14)

AR A O () B 23 AT R R

—ia?C d*l L
Wae) = Tt [ Gt G

l-i-

< (06 ) 86—+ ) (3.15)

x ¢°Cp—

71—
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Hor o B 55530 (3.12) H LR — 558 TG
XF AR (3.10)-(3.15), FATAT LRI _EIR O (ovg ) B B 73 A i i T LA IR A AR
I AR S8 ) SEATHE R ook HE T E

o= [ G 0laty P g [ dzn - Al aO)lataP ot P
(3.16)

PR INWilsonZk I B2, WilsonZk Xz AR 4360 & W 584 2 N0F oo, FR 44
PR (3.15) FHIUMIZE—TiDelta B3 2z Moo Fly—, B~ E%% (3.15)H U1
5 " IiDeltarR £, KGR 5 BAE A IRIE e L (B (3.16) SRTFHAR (55
3 (3.6)) e L —8, BT IR BRI B A RIE T, B DA U A% 5
SN TRV,

ZHIRATIEH Ty — v BRI IRACEL I 4. KTy — o BFALBI BT
AMAER, WA T fdRiEr X (3.16) il k., fEshE. HiE S ssE
1T IR Ak EoAr BATTRT DASE FH Ward 18 25 20K 8 (b AH 5C ¥ ia St 72

LG ky ks . k) =0, (3.17)

GHRIR— N BABE NI INREL T Sn N3850 3 Nk, ko, .. Ky AN RS 50 ) B
F PRI, IR BT B SRR TSR AE 5T . FATTR FHBRST (Becchi-Rouet-Stora
transformation) s 7] LA7F B ER] UL/R 37 ) WardfE 25 e 7" — AR FRFTE I IR F 10
FRIAIE B 226 SR (65, 66

3.2 krAEFH

HER T HATC R R E B2 0T 12, 2818, (HRX T Leqh
TQCDEERYL, WB — nHJIRE ¥ [67,68], ILLEH 7 A BRI N T
I iz sh e XK. T 3REH A h 2g TR N [ s, SR T
v (KD Msh&E o hm mie — O, IR P12 I om £UR B [l 73,
=R B T 9 A BB ) B = B R T A - IR T AK (69, 70] 0T 5 T B
AR, W R AESEBUN (DIS), R ansk T HI & Np, ROt THIEE g, B4
LGN T Sk B A, B BRI AT DL Ry — M BUN % 5 91 o A iR s
GBI B FLZR R 74 o 5 1 0 A ik g LIS 20 1 BN 0] 32 0 e NS 8
MAEkr PRIFA4 A1 79 AT R M AR AT 9 170 B 70 B e i R T Rl B ke FRATTHS
EBjorken® Eap = —¢*/(2p-q), Hap &/NEHr > ap B, o TSR

7o
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HH\ B Erp 4T AR BRI/, ICFRATTAS B 16 5 0K 1 v 3 2 2%, 758

TSRS, B — rlv 2 [71], HTRTFHESw RT) MshES e A

eI iR, PrUIRATRHR ZX sh & 0 FONORIT AT . AR B i s AL TC AT

PR, HEH TSk BFALERTT DR GFRI S . (H2E Y R fEr il i s~ A2 K

B, H R AR SR, ke B FAIREE T A R sh ik PO AR, BT DA

b LR IR PR AR SR LR R BUE AR In k2, TR e ] DA 205D 0 4 i R B 4T

N T SIR N TN, BATHE Ery — yd e R T4, EdwSaNF

H5REATHENED AP S P HEAZRKS W (KT MmN shER, RAITE#
HHErHE A

2
APV@) = [ deg s o 6T
+0M (2, &, D) HO (£, ) + 0 (2, £, b) HD (£, ), (3.18)

b b ) Bk A s 28, 00 (2, & ) 5HY (€, b) 45 B Rk
Bt /1 A0Sk MY 110 87 R B0 RO R A, L A R e B T Bh & o e b, T RE A S
5y HOV () R 40 /MG BRIE BT DA T30

Tyt — I FRSELET (P2 & 3.1, BT ARILER (3.18) 5 —1) Bk K
TR BEEM. RATFEZSREIRSELD (k2B ILE 3.2, KEFHA KX ILER
(3.18) JaWID B4k, HTKE 3.2(ac) MEZIESNLS AR, FILelmx
FHUAXREHALELR FH TG RMEA, RIMOAMERENTIL. EhrHTIT,
] 3.2(b,d) UL BA BRI TALTE R

ig*Cp [ d'l _ V(@B — DY+ 1)y
AP / (2w)4q<xp1) (2P, — 1)2(P, + )22

o (z,6,b) = g(zP,)

x0(& — o+ i)e_”T’b
Pr ’

—ig’Cr [ PHER D
B | @ (o, R

O (2,6,b) =
It

x[0(&—x)—0(& —x+ P—fr)e_”T'b]. (3.19)

BT A N (5550 (3.10) MHXTE, BATRIAE L P42 35 A

T FExp(—ily - b), Hly RANMAEZIE S E. L@ & 4T 3% X8,

Exp(—ily - b) ~ 1, I7/P ~ 0, T2&%K (3.19)(d) FBIPA K] LA B HGH,

[FIFEFRATAH AT DR B ] 3.2(e) PANFEAE PR B BEAME 3.2(a-c) R B AT LUAH BLAR
Mo DRIbmy™ — yBIIRATSL B R MR AS 22 77 AL 0K B 7] R
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WXy — it B ke R F AR, FRATFEFEAE S w-I 2 Ik e 53

T R AL
Bo &) =1 [ Ge S Ol nsiPeapl—i [ ds- AGO)laePatah)
(3.20)

TENCHEALFR R Ry = (0,y7,b)e WilsonZk lH =#B ¥, 4 B AT ER T F M0 oo,
MooFloo + b KirE—n J7 M Moo + b [\l Ry, H A2 —H 4 %%Ejﬁ 4 WilsonZk
it Bikonal 2k 43 il /&g At /(7 - 1) 5 —g AR,/ (R - D)e=Mr o+l v g fiT43 5] 5 4
(3.19)(d)H I T Deltarf 0 AH G HT0 SooH L& —ANm ZEE /N, R E —
#4> Wilson 28X B ) Eikonal 28 [ 5Tk 2

Tl A% 50 23 B AR v LR 7R A

H<°>(§ b) = Pl HO (€, Ip)exp(ily - b),

T
O (¢, 1y) = ﬂ—éﬁjﬁ (3.21)
S R0 2 Eﬁ%%l VB AR T T LN/ (Py — oy 4 DR ~
(P Py, B B T RN AN R B S A WilsonZk,

JH:?BZIZI%&%%%T@X@EE’J, 1A A% 8 70 R e AR &, B LBV IR e~ S 0R
AMTEA RN

3.2.1 PQCDEFFG.

WMIQCDH L (PQCD) 3 T hr K74k [72-74] X T —ANEH 2 br 1 E KR5S T
FARS R, Hor B G I R RO B 5 e IR 1 1 AR SRS R, e mibs B
AT I FER A R R K TR SR A 32, e BT QCDAR
FERT AR R — AR 2 45 JE 2 1 IR 1 A AR M AE 58 BEQCD M E W],  1IPQCD T
FEHRHESH R CFES L/ mg AT R, 7T LL5E B 16 1) 3Z B ik
. f£PQCD J7iE T, ZHRERERIT R o rT LUl F AT (OPE) Nk
FEWilson &% 5 KA AF & MAE R A FE oA e, Hh Wilson R ECRAE mbs B
AT T R 4, KRR AT 4 B e R AR AR B AR 7. £ I&B — D fE R
SR X I R AR R, 1 R K B = AN AR B AR R Wiﬂi@?ﬁﬁ Gd-ven)
PRIEt SR TR E Agep. FEPQCD J7iE T, ARG AT LR R N =85 BRI
B MRERMC. vE M BU ISR BRI TR e X BT My
tv Nocop FrRJE. LETHE &40 (1) B BAE IR, 23 7 A2 P9 b ORI 6 2 0n (myy /t)

4
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Hln(t/Agep). BIEXFIn(My /t)RFE] USRI My, Blebr B RIS, FATH Wilson
FECRAIE. B Hn(t/Agep) HIKINT ) 258 TR B Agop HIEAL, K
i1 Sudakov A 7 oRAtIR. HiI# I LAAEA GBI T, 105 /5 20 ERAECR
HALH,

P BB NAZ AN T AR B IR E, Pl DAAS R R 7L 78 2 (0 o B2 MR B I 122 A
il £PQCDIE T, BACT MR EEARIRIE ] LIRS N

1
AN/ dIldﬂﬁz/d2b1d2b2d2c(ﬂ)¢3($17b17Pla,U)H(Ihxz,b1,b27Q,H)¢2($2,b2,P%M)a

0
(3.22)

HAC(u) NEREMINREL H(x1, 22, b1, by, Q, ) MR L7, pp(21, b1, Pr, p)
5po(w2, b, Po, p) 73 AINANEIS T I BRI A TR RO (1) MMy B3 BETE AL B B
&, BRI H (21, 72, b1, ba, Q, 1) Mo s BEEAL B bR BE, T BRI s (2, by, Py ) M)
M B5 BEEAC B A gop bR e e ERIEEE ANV R SRR XS R BE 105 g PR ACRS 12 23 FH HLARIH o

Xof R B A B BB IR, St AR BOR RS AR RPN KU B &
I, 52 3 BOR B R0 Oy B, FRATT AT RUR] FH Koo B SRR 452 A X000 H 100K A
FlSudakov AFH. UHLE SudakovH BN TR EU T

O, (w3, by, Py, i) = expl—s(x, bi, Q) — (1 — x4, by, Q)| o, (w3, by, ). (3.23)

HArSudakovE Fs(&, by, Q) (€ = 2,801 — ) IRIETE XN 75, 76]

@) = A (1) 4 A0 (1) AN ()

25 b " 4_512 b 25
_AW@AFM%)+1_mQ®+J}_{§g
433 b q Ap3
A e2v—1 g 14(1)52 9 9/ m2
_Zim(2 ﬂm(§+ %%Un@@—m@m, (3.24)
WE L SH
. £Q - 1
qg=1In [\/QAQCD], b=1In [bAQCD} : (3.25)
FRAT 2 HEOR B 81 00 BB 11 0 B R A B 45
Qs 1 Gy In ln(:u2/A(2QCD)

T Biloge Moy B (2 Rhep) (320)
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HASHAD 5B N
B 33 — 2ny B 153 — 19n¢
ﬁl — 12 ) ﬁ? - 24 )
4 67 w2 10 8 evE
m_2 % ™ U <_J
A 3 A 9 5 o7 Ft+ 361 n 5 (3.27)

eV SV N BRI/ S 10 ¢ A B 7oy S V€ VAL 68
B 1 R OO LA S, 0 5130 oA B A% R O RSB AR, 27 AR AN K
HCLL A B B, B AT TR B B A LR AR 5 VT B SR A K

0 0
[N@ + ﬁ(g)a_g] O, (i, bi, Py ) = =27, (24, by, Py, ), (3.28)
0 0
[M@ + B(g)a_g] H(Ilyx27 b17 b2a Qa M) = 4’}/qH(fL’1, X9, bl,b2, Q,,u) (329)

XEFRARE RN N, = —a,/me FTHEXTETRAE, 558 79 e85 UL SR BUH 4
i 28
H d,l_J, B _
¢Mi(xi7 bi7 Pi7 /L) = exp [ - 2/ T’VQ(CYS(U))] X ¢Mz<xl7 bi? 1/bi)7 (330)
1/b; M
H(Il, Ta, bla b27 Q7 M) = exp |: - 4/ d_lu,ytz(as(u>)i| X H(‘/Ela T2, bla b27 Qv t)a (331>
w B
Forp T BT AR A bR GRS RS BRI T B3, FIFIZER(3.23) 5(3.30),
FAR BV T8 BAE o, LR MIDZA ] T B RS

¢Mi(xi7 bia Pia :u) = exp[—S(:Bi, bi7 Qa /’L)]quz (in, bi> 1/b1)7 (332)

HrE A TS (7, b, Q, )
Mdla

S(‘Ih bi7 Q7 M) = S(xiv bi7 Q) + 5(1 — Ty, bi7 Q) + 2 /1/b EVCI(CKS(/])) (333)

AT R TT S A QCD B BB IR, 237 AR FT SO U In? e X B REAT BRI 2
SR T 7= AR T BRERS, (), 0T BRI 28 SO0 U8 BRI i R R BRAT e — K
Ui, BRI — M R, B AT A S T R R R B AR R A
S [77-79], FAPRAEA T B e — 1N T e BOHAT VER T 8

3.2.2 SEFRISCHER R

AT S5 N B, — o, + s — MERO(2) I AHA D (2f) =
(1 e (240 — 2" — SRYB(z) = [+ i, M™|B(x), A R E HERE A
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Bot. SR ERREY SRy KT, A
SR (z) = 0, D = o—% SHA® = g Ut AN — gAY, (3.34)
KRR T SCNA, = TAs, AR & L H e E AT

A 1 A 1 . .
P+ = 57—74—7 P = 57—}—7—’ P+ + P = L, (335)

FBE 5 AT AR ) 205 sa I i, AT AR H 5 e 3 O W B A B e . DAL 9 e
Ns% T E B BT B,
ZJF,Piw = Sipi¢ = :I:lPi@b (336)

T LI HE AN LT HE (twists)=1 29 (dimension)- H i€ 4 & (spin projec-
tion).
Xt T8 A AE B Lorentz 45 K 12w i XU VE LT, BATIES AN PG EHAFB ©
AT 7 fi
&2(372>F¢1(371) = &Q(xz)pfrl%r%(%)
+QZ2($2)P+FP+¢1($1) + 152(I2>P—F15—¢1(I1>
1o (22) Py T Py (1), (3.37)
Hrh 17 r g5 Bt N F IR E-2, B AT 58 AT R N T HE-35

HE-4. BATULE A7 80, HHREMIEHE: t =L+ — 51— 52 = 2. HTK
T, HEWNAHl =2, AIREA

Y G =1-Gyy, B4 G =0-Guy, 240G =0-G4—, B4 G4 =-1-G_4,
(3.38)

XEG L = Guntgl®, ¢ = ¢ —n"n® —nn”s RN T T ISR 87
f#, S HAER Loretz 85 H4) IS T3 KW Z A ST 7T B it 1 [80]

— A

U (22) L gsGlu (3) 01 (1) = () —ngGaﬁ(l“s) U (21) (g7 nPR” + natg]")

+ 1o(22) P Tg,G ﬁ($3)P+¢1($1)(ga“nﬁn” +n®ntgl")
+ @/)2(172)11j Ig,G 6(373) 1(x1)(ga“nﬁn” + nnt B”)
+ Yo (22) P Tg,G aﬁ(%) Y1 (z1) (g7 n " +n n“gL )
+ O(twist — 5,6,7). (3.39)
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FoA o — AT XS DA -3 0, 25— =BT A NAH -4, -4 K -5
I ik

PR LR FAHEH 2R S N H 2 558 7S, SRR IOBHE
SE SCHIEHER PR E, e I e B0nT DU IT 9 BAT AN AL R e o A Pk e Tl
1145 HAE AL B2 B Ao e B AR XL [81, 82

(P(P)|@ (=)0 (0)]0) = -—ifpfitjg dxc P (), (3.40)
wwm@mmm>=4ﬁmﬁwwmﬁm, (3.41)
<P(P)‘QQ(Z)UMVVSQ1(O)|O> = émeO(P/,LZV - Puz,u)/o dxeixP~z¢§<x) . (342)

— ki, nﬂzuiﬁwaﬂj“ﬁﬁjm/\@‘im rE, IFHA TN 5K B AE R
R ap Vg (7Y )aps Vag Ohge RAGTRE I, AT RS 7 (e HE 8 R H0E X
HONTE K ERE

¢7(z)
6

(P(P)g(a0)0) = — - / drciP [v Por @) + movso” (2) — moo™ s Pz,

apf

= — \/6/0 dze'*t > [75 Pot (z) + Ysmop” () +movs(#t ¥ — 1)¢T(37)]a5

(3.43)
X3 AT AR e E KT E X
fP P fP o fP
6M(w) = 5 =0a(a), O7(0) = 5 ol (), () =S TS, (34

XHn = (1,0,070) 50 = (0,1,00) 73 A AW CHER B, oat 5wt i M3l &40 4L,
BIEARN T FAETT T Nme = mL/(mg, +my,)s TEATEIEI (3.43)0F, FRATHRER
BB ERRAN PR EN T B 8.

A5 4 PR~ 2R B AT IR I BR 255 PR R T 7k B B G HE D R
JES, WR

/1 dxe'™P? [ﬁTﬁé‘T/(SL‘) + myfréy(x)

(V(p, er)]@25(2)q1(0)[0) = \/21TC 0

My € pe Y5V Ern VT B, (:E)] , (3.45)

af

”mz f p/or(x) +mrfrdr (x)

(T'(p, £1)|q25(2)q14(0)]0) = ,¢§NE
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+ mTiGHVPU’%’y#g%npvogb%(x)] 8

(3.46)
S ATIRIE B B ROz AR &, 7] Ml Gegenbauer it £ & I
X} T-S-UK Mipion & 4t 19 G HE I ek £, FRATTR A 5 A B A 1O HE I ek e
X [83AHSEARIE
1

(I)i;wave = \/W[ﬁq)ﬂﬂ'('% g? mfm) + mﬂﬂq)fm(zﬂ 57 m72r7r)
+ M (i — 1) @7 (2,6, m7, )], (3.47)

Horrz i Mipion RGPS5 M IES i MBI & HL Orr @5 5O 25—
FEN2 5PN 3 3 A IR M mqn & Pipion RGHIANAL &, FATE X Pipion &
GE CHEn T B8, HAe A Pipion R Gt i 1B E AL

XA A EE T TOCHER R BN E S BATRH S BA T RAR T . 4
U BA T IR HUE SN

/ e 0 0)3() B(P)
o Cmyic TR
L Py mas[onth) + L0 0)] (3.45)
VAN, | V2 " |
Hb1op(ki) 5 op (k)& BT HIGARIE,  fo/t BT HIAL WAL

XTI T BB E A T HOCHEB B, BATRREABA T HIE Lo Hh &I
TR HEBE PR AR s SR

l

/0 észw"’”‘Z<0\ca<o>qﬂ<z>|D0<PD>>> = TN

{(PDerOD)%qﬁD(kz)} . (3.49)
Ba
¢p (ko) NI T HICHE ARG, &0 23—k AT

AN R BE 1) 43 AR PR < 18] AN & S8 A O i, JATTmT DA Rhr-hz k& B H 12 3))
TR BN EATZ AR B ¢ Re AN RATIE AT DURI WM E AT B 8) 1157 R R [84]
RAF 2 B SR B AT IRIE A K &,
1

ai%ﬂ(x)@u%d(—x) = —i0,u(x)ysd(—z) + /_1 dv(x),9G o (v2)y5d(—2)

1
—i/ dvvt(x)x,gG (V)0 Y5d(—2)
-1
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= (mu + ma) u(z) 7 y5d(—2). (3.50)

UENEFLARF 2 18] 9 AR AL W IR SR Ao #5545 0 R AF  BIBREE oo, wTEL
FRRBRIEAEFE TR R Re WAEKET (bR T HERF T2 T8 )R &R N
0

53;;(fj(fUIQQ(x)Uuuvsql(O)KD = —i0,(P(P)|3(7)75¢1(0)[0). (3.51)

AR LRSS HR, FATA] LA RGP T bR A 170 A IR0 ) 5 2
1 1
r6f(x) = 305 — o).
P65 (x) = 305 + 765 (a), (35)

581 [ 73 A PR PR B IR AR /2 RN 9% Jre RATDPREAE 4.1 270 RAAR TR A 100
ARIEIIE, S Brr RGERES T CHE D AT IRIE KRR AE 4.2 17 3E47

3.2.3 krEXKM

ke rALT, B3 R B B2 N 0o, log b, T2 F
HIN ) B I A — AN 2B B, 2 SR O E S ),
XU H o, In®(Qb)e 4 T PRUEGRE & FF 1 & B FRATT 75 20 IR %o R Ik AT 85k
Ao BREHR T 1% FE SR M AT DL R0 AT I D7 VAR ST, T XU 8 ) B SR
HATZ 25 3k [85, 8610777 TEHMNEn - A = 0°F, PR T 4432 3.2(a
)2 BB XN BT, AHPRL TR AT L 2% 2 & 3.2(d,e), R A& B0 X
XTI ~ Exp[—const. x In*(Qb)|FF, FATATEX O Ml 7rdd/dInQ = CP,
Hrh K25CH R &4 BT E00,  PRnT LB R AR 7 VR ORI,

fELorentz NN G HR AR ER T, B BOk RAREUT — A KEIFR Eo? =
(Py-7)?/(7)? 4rd/dIn Q £ik—35%4k Nd/dn

mi@éz‘ﬁgéf?é%Q' (3.53)
FEHITE TS, WilsonWW = 1. RT1&4E1H
N — ;_2@[ wo null/ﬁ—i._ll“ny 2 (T_ll“l;’)2 ‘ (3.54)
X T A4 T o d/ dng,
4N‘“’ = —;(N“al” + NYH). (3.55)
dng, -l
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¥ B AT 32 BRI 45 AN, R I WardlE 2530, RATAT USRI R Heh &0
B AR T A [87]

Pra, (3.56)

TR BAFAE, SRR T B T LR XN AN s IR 2 ATy, P DURE [X 35
SRR B (1 X e AEIXPTAS DX I, 3 pR R 0 A AR BOR S R AR
B BATR P IERE B K 5 Gl IERVEA] (K, GRREURTIE RS2 300k [88)]).
TR M IR

d

33;5@@;@Q40=:PKﬂw)+%G%mﬂu%+%G@mﬂO}MxﬁJ}u) (3.57)

W IERAL R B0 NS5 (3.57), FATAT A4S 2 Bl 7 R

O(2,0,Q, 1) = exp[— > s(§,b,Q)]@(x,b, ). (3.58)
E=x,%
HAYIUGE IO (2, b, p)EF T Xl B EFEAL, s(€, b, Q) #EFRAESudakovF . 4
KR BSR4 R 50 T, Kt Sudakov [RF A& HIVE AL .

3.2.4 WHERE

B — nlvi¥REREB — RSN AT [71,89], EEEIES™4
XU E T o In® o 435 43 BT o A0 XSRS, SO BOR A 2 N, DR 2
IR ITAT . FATAT DL S BA T (705, 4 00 R A 21— AN 5 T i e
s, EUTIE B B SR A O R AG I BRAA S BT R AUeE Y, i 2%
JER 3 R BT [90]

WY BRI RE S

H@a(Ps =) = (a(Po = DlaO) pexpl—ig [ den- AGnlo). (359

—inf
WEfEq(Py — k)RANNE T, P HE T 230,
EMAEMTETO - A =0, N T X Bla, In? o@E 47 FR A, HATE L BnE
AR, MM IERL IR R #. 2 EMAAE, XU £ AR
N—Cpln®za,/(4n). ZJERATERATHEL

e dd _nok o, d]

= P
dkt  Py-k % dnt’
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n-k d n, . n-kPy-l
" L= . 3.60
Pk Zdwrn-l " Py, kn-l' (3.60)
Hkt =P, FASBIGHE R HOCT 32 0 B EAL R R
di(z) / d i, g 7,
= —ig*C _ J(xz —17/P"). 3.61
i WO | Gayina E @ U/ (3:61)

NEES WA BREN(P, — k+1)* ~ =2(x — 1T /PP, - P EERBI S0 8,
A B R B T3 B Mk IR AR

dJ(z) oy (1 dE
HrhPluseR E € LN
L) ) = f)

fEz £ 10, 1/((1—2)4) = 1/(1 — 2)o X4EL (3.62) KAk, FRATS 200573 o8 A i b
i

2 dt t 1
J(z) = —exp(Z ZK> / “a- x)eXP<t>sm(%) exp(— ), (3.64)
T

Horh R B Wy = a,Cp/m, BHEREGH R J(v)de = J(1) = 1. AT H{#E
MG 7 T AR N P, AT I X g U e otk AT 2 4L

Sy(x) = %[;ﬁu — ), (3.65)

Hpc A G245, T DBUEN0.3 < ¢ < 0.5
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H AT QCD(PQCD) J5 ik BL 48 i Ih v A 21 2 QCDIL 2 [65,91], JEHAZE7ELY
e, WBA TR AR TR, HPQCDT LS A 45 B 5 S Bl 7454 I #5 R
if. ete” — PV,PTKB? — DY(D°)rtr il #25 BT Wk AR FE AL, EAT T
WRER TR NS 451 FEARCPRE IR AR IR, R 0l 2 AR A 2L () 2 50 5 R R
WA EERB. UL ZERA TR FHPQCDM /7125 B A TIEAT W 51

41 ete” — PV, PT HiBZE372

AE A H 7 K B A A 1 A 3l 2 R AT LRI R AT TS 1 IR AR 7, 36
AR 5 S0 fE & /s Sk [92,93], AT UM KRB 7R 38 7 i o T 454, X
BRA 1L L 7 (038 25 R R AR R SR 5 1 b B AR 5 e B T I S5 R A s Ik
frete” — PV, PT RS BA 7KL M- E, Hdpre ve T 2
BETSERR BT RETMREN T, PrelVeEfTr @B s Bz AT, i
FXE R A R QCDRAR B BA F K B R, 1k G e 7 A A K R 1) s B
1E 1L 56 25 5 WL S5 1t 7

SRLE A AL B W] DL R N 2IDISSE L2t i s, (H2 N Blete” — PV, PT
RS, HR AR A i R — ORI XK UK HLR G, o« 25 sl &)
B 2T kN TAIPQCDI AN N IR B 1 BE R sl &, Fr LT DLAT R 8 G i 5
KA, R EATTHR R I PQCD %Kit fiete — PV, PT KR,

4.1.1 ERREF
feete™ — PV, PTIdREY, BN T (P)MAIEHPLER, REN F(V)HIBIE
NP, HRARE e, TKENT(T) IR TKE Ne,, MERIPLLEEERQ = /s
FEPRAERS YN, %0 28 1 A5 W DL ROt 7 B 208t 1 kAR, 200 I o E
B\/SLNIIAGe VI, iZad 758 W) 3 258 fE G T K A
TKES T HIBRAL K Ee ., FT AR R B T AR AL R B R i
1 1
€u(0) = mr = E
HFJH Clebsch-Gordan 5 %% [94], FA1152
€ (F2) = eu(F)e, (+),

(IPr],0,0, Br), e, (%) (0,F1,—4,0). (4.1)
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1

6u(£1) = /5 [eu(H)en(0) + eu(0)en(£)],
€ (£0) = \/g[eﬂ(—l—)e,,(—) + 6#(—)6,,(—1-)] -+ \/?6,,(0)6,,(0). (4.2)
& SCHT IR R &
€ (N)g”
§u(A) = P -q mr, (4.3)

Hrbg = P+ BABOGT NN &E, EROR NilLe® =s. TRENR (4.3)% )
_ 1 Q7 _ \/5 Q%

§u(£2) =0, &u(£1) = Em%(i% £u(0) = §m€u(0), (4.4)
XEHEX V28 =1 -m3/Q% mptKEN THRE. i TER FHmE
IR/N, B EATRT LUE B ECHE DT g3, R R RS, FATE Letem —
PV, PT SRERIRIS AR 700~

(V(P1, ex)P(Py) | (0) = Fyp(s)euases PPy, (4.5)
(T(Pr, \)P(P3)|js™|0) = Frpeuas” (A\) PRy . (4.6)

HEEEAUHNSERU)FRENTHKEN THR M A HKAR, HAHERMNA
€ Levi-Civita S Rk 260123 = 1,

H SRR T 105 L, BATRI LA Rlete — PV, PTHIHUN A

o
olete” = VP) = 66m|va|2d>3/2(s), (4.7)
2 2
fem o TP) = T () a2 48
0(6 € ) 3 2m%+8n | TP‘ (8)7 ( )

FHoA B & W Baen, = 1/137, MZEETO(s) N

B(s) = {1 (v S+ mPV] {1 (v - mP>2] , (4.9)
412 BAFHIRTEHSKES HIRIE
JEFRN T RENTHIKEN TR L LR
(P(0)|@vu759110) = —ifppp, (4.10)
(V(p, )|@2)uq1]0) = fvmven, (V(p,€)|@0umqi|0) = —ifi (eupy — €,pp), (4.11)
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(T(P,N)]juw(0)]0) = frm2el)*, (T(PN)]jhs(0)[0) = —ifimr(ey P, — €3 P,).

(4.12)
X IRATIE SR N AR N
) = 3 (0200 Braa(0) + 60 B u0)), (4.13)
GE15(0) = G2(0)0,i D 541(0), (4.14)
A A WA EUND , = B, — Dy D, = 9, +igA2\/2 5D, = 9, —

igsAg/\“/Zo

TR A -5 2% A T 1 S5 3 KO A I R R s - = ey 1 o
(r K= pm K Yoy 5V0 s evem [04], BT 038453 K0T DUSE QDR AL
HOT7EEAARE. FRATTTEFER 4 1 P2 3 TR A T 1 5628 3 M 5 3 0.

& 41 MEXBENTHRE TR
Tab 4.1 Decay constants of the relevant light mesons (in units of MeV)

= fx o fy o fs e fic- fo 1 Jas fa, i fi;
131 160 209+2 165+9 195+3 145410 217+5 18510 23144 200£10 107+£6 105+21 118+5 77414

JEFr AT BB o LR AEZE R (3.43)45 H,  HdBAE ) A R 18 (LCDAs)
ST, AL I LCDARE T N

o) = P01~ o)1+ aP () + L O, (4.15)

V2N¢o
XRETHEN = 3, B2 XS HE = 20— 1. C22(i = 1,2)5EGegenbauer £ Hizt,
E XU
CH2() = 31, @W@:%W—n. (4.16)
TEREFR L = 1GeVftiE, Gegenbauer#i [96]4
af =0, aff=0.0640.03, a™ =0.2540.15. (4.17)

FAEFEZHCR MM = 1.4 +£0.1GeV, mf = 1.6 £0.1GeV. X T mEKLCDAS,
FATR AR IR (4 T

P o fP T o fP
%@%—%@m,¢ﬁw—2wﬁgﬂ—%) (4.18)
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JEbRAY T — AT AR AR, AR T EATR S e RIEALZS

Voo () (=0 =) (1),
()= ()= () 0

HARAARHG = 39.3° £ 1.0° [97], WRIEARMEA TS 5045353 31A

1, -
Ny = E(uu +dd), ns = ss. (4.20)
BT HOE LR
(0lg7"vsqlne(P)) = zéifbf”ﬂ (0|57"vs8|ns(P)) = ifs P*. (4.21)

1q*3ns FIYCHERE PR BOR I AU T B RR B E 3L BT SR H B A S AL R R
FER MR AL 4

£, = (10T £0.02)fr, fi=(1.34£0.06)f,, ml=1.07GeV, m=1.92GeV.
q 0 0

(4.22)

KRBT WAL 5 P04k i 1 6 HE 3 A BRI 73531 98]
Flw) = a1 — )1+ aECY(t) + adCI (1) (423

V2N ’

) 3f 3f

V(x)—-8Vﬁ£%g[1%—(2m——1)ﬂ, ¢€($)::4V@%%E(l——2x). (4.24)
fetrpu = 1GeVES, Gegenbauerffi A
ayg- = 0.04£0.03, ay, =ay, = aj, =0,

ay- = 0.11£0.09, a3, = ag, = 0.15£0.07, az, = 0.06752. (4.25)

3 (3.40) 4 sk E A T OUHER R B € X, RATROGHE 7 A IR 1 — 2P R
N 95]

oy I vy T w oy 1 d
(4.26)
I3 ATHRME R X FR ) TE 2
Py, (x) = 30x(1 — x) (22 — 1), (4.27)
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¢ (2) =202(1 — )2z — 1), ¢ (z) =5(2z —1)%. (4.28)

£ BT MR B E > B LEE/NIRHE, e AT A 38 5] fE1R K,
DAL e A1 ] 75 255 R HAT R R sl B MO ) 5 e iR B, O 1O fETHSRE, . RATMBCE B
HESNANEZERAM LT [92] AR T R A R 7 A7 ik 17 3 8 20 A1
PRKL: i R O A R S R IR O3 AT R

b(z,b) = 6(x) X exp ( — %) (4.29)
b(z,b) = 6(z) X exp [— x(14—a2x)b2} (4.30)

Horbo(x) RN H B8 73 A KR, S5 a0 5 R 2 BURE 10 8)) & 5 A 1R B0 TP
W —BE K3)V2HEG, HHEIEAqep MK /Ne X BLERATIEEU(KE)/? = 0.35GeV,
8% =4GeV 2 ZHalfiRa ~ V8n far, FHr fa AR T I H AL

4.1.3 PQCD titE

efe” — PV, PTH#IE 5PV PTHIFARIN 72K, EPQCDIL T, AR
TR AR O A S 5 T R R A B RIE e RSk stk PV, PTIZAR
PRl BT PUAS 2 2 P an ] 4.1, BATT IR A A AR O

F, =167CrQ /0 1 dz1dzs /0 h bydbybadby E(t,)h(E1, 22, b1, ba) S (2)
o {01 (@a,br) = 610, b)] 03 (22, 2) . (431)
F, =167C4Q /0 ' dydis /0 " budbabadby E(ty)h(s, 1, b, b1) Su(71)
o @ [0 1, b1) + 61 (@1,00)] 05 (w2, ba) = 2ra0] (1, b)6f (22, Ba) | (4:32)
F. = —167CrQ /0 1d:z:1d:z:2 /0 h bydbybydby E(t)h(Z, 31, ba, by)Si(x1)
X {7”11’1 [ (@1,b1) — @ (1, b1)] 05 (22, b2) + 2ra6] (w1, b1) 6% (2, b2)}7 (4.33)
Fy=—167CrQ /O 1 dzyds /0 h bydbybadby E(tg)h(x1, Zo, by, b)) Sy (Z2)
o [0 (@0, b1) + 61 (@1, b)) 03 (22, b2) . (43)
BALR 7 E(t;) SRR 1€ i~
E(x1,x9,b1,b9,Q,t;) = a,(t;) exp[—Si(x1, b1, Q, t;) — Sa(wa, be, Q, t;)], (4.35)
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V(T) V(T)
P p
(a) (b)
P P
V(T) V(T)
(c) (d)
v
P
P
1%

(€) (f)

B 4lete” — VP, TPEARSF XA, Al@wW MEEL IR TAE, REANPERS
P HRENTEAT S L

Fig 4.1 Feynman diagrams for ete™ — VP, TP. In the first four panels, a hard momentum
transfer occur through the highly virtual gluon. In the last two panels, the neutral vector meson

is generated by a photon.

%)2%”(@1@@1) [6(by — by) HEY (/T2Qb1) Jo(v/T2Qb,)

+0(by — b)) HS (y/23Qb2) Jo(v/T2 Qb1 ) (4.36)

h('rla X, bl; b27 Q) - <

HhJ, SHMVRENIERES. BARAFLE =12, r=m/Q (i=1,2), m#
SRR . ORI AR

to = max(y/Z2Q, 1/b1,1/bs), t, = max(y/71Q,1/by,1/by),

t. = max(\/z1Q, 1/b1,1/by), tq=max(/T2Q,1/by,1/by). (4.37)
Xt BUE SR AN TSy (2, Q) FATTRAMI T QI ZEAL LA
| 2IET(3/2 4 ¢) .

Si(z, Q) = NGNS [z(1 — 2], (4.38)
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Hrb o QIS HL

c(Q?) = 0.04Q* — 0.51Q + 1.87, (4.39)

TR B DR 1A 2 0O 58 5 B O A IR ME AT MR 8o #E 25 RESTU(3) RIE XS R
PERF, BT B AR ME T AL X AR B SO R e (R a1 T OB % e Bl E
O, PrU IR 1 i A 2 s B AT A SRR AR T

F,(VP) = Fy(VP), F(VP)=F.,(VP), (4.40)
F,(TP) = —Fy(TP), F,(TP)=—F.(TP). (4.41)

T A R R BRSUG)R S kA R (4 R % 0l 0T B i K T (),
T ()RR, FrLUH FA S &4 7 B T, R8I0 F b 7 a5
fEiE.

GBS THRSHH G TIORR TRL R, W 4 (o), Metem - PVid
B0 R0 0T 0 L — S (O TR, SR AR B A, DI, (E5 A0 T
AEMBTAART (~ 1/s) 00,1008k, JUTAETRRIETAHET (1/md) WL
SRS B TR 11T AR, T DM ARt T BUB 2R B T
BT AR TRILE I T SRR PV IR A T 0 St

_ 127T043mfpfv

F,=Fy s

(1+ad). (4.42)

LGN RIE F,— A S, RATATLAE Rlete — VPIERERIIRIESS

Fyen- = Fyns = 3[Falpm) + Fy(pm)], (4.43)
Fropo = %[Fa(pﬂ) + Fy(pm)] + é[Fe(pﬂ) + Fy(pm)], (4.44)
Froorre = ;[Fa(K*K) L R(KK)] - %[chm L FK*E)], (4.45)
Fro g+ = —% [Fu(K*K) + F,(K*K)| + ;[FC(K*K) + Fy(K*K)], (4.46)
Fyuogo = Fruogo = —%[Fa(K*K) + F(K*K)] —%[FC(K*K) + Fy(K*K)],  (4.47)
Foro = [Folwr) + Fy(wr)] + % [Fe(wm) + Fy(w)], (4.48)
Fypo = {—S[Fe(m)jLFf(m)] (4.49)
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ete™ = V(D) i RITARIA T 7] AR o, 50, MRS

FV(T)n — COS QFV(T)% — sin HFV(T)nga (4.50)
Fy(ryy = sin0Fy ryy, + cos 0Fy(ryy,, (4.51)

KRV = p% w, ¢, BATHIRIERRITT

Fpa = [Ealong) + Eolom)] + 15 [Felpng) + Frlon)], (4.52)
Foy, = —g [Fe(pns) + Fy(pms)] (4.53)
Fany = 5 [Faloong) + Fo(wmy)] + o [Fulwony) + Fy(ny)] (454
Fop, = —\1/—85 [Fe(wns) + Fr(wns)], (4.55)
Fyy, = —55% [Fe(¢ng) + Fr(eng)], (4.56)
Fon. = —2[Falon) + F(on)] — s [F(on) + Fyom)]. (457)

R (4.41), FANERlete — PTILFERIPRIE S

Fyp = —F,_ . = [F(am) + Fy(asm)], (4.58)
Frsrpe- = g[Fa(K;*K) + Fy(K5K)] — é[FC(Kg“K) + Fy(K;K)], (4.59)
Frs-gv = —%[Fa(K;K) + B (K3K)] + %[FC(KgK) + Fy(K;K)), (4.60)

1 1
Fyzogo = Frsogo = -3 [F.(K3K) + By (K3 K)] — 3 [F.(K3K) 4+ Fy(K3K)]. (4.61)
X Hay, K370 mFRKES Ta2(1320) 5K3(1430).

414 BELZERSHH

75 55 48 1) 5 0 e B 2 Bl N5 = 3.67GeV510.58Ge VI, F:F H 2520 (4.31)-
(4.340) A AR RN, FATH S Hetes = VP Setem — TPREFEIBC B,
FHE 25 FEPRAERAE 4.2 (UL REE N /s = 3.67GeVIE, A5 FICLEO-cS25;
HIIAH S S IR 4R [101,102]; B BEE N5 = 10.58GeV B, FA15] FBelle [103] LA
JeBabar [104] 5256 21 (I AH G SEEG B4 Do O 1 75 A ) 2l 520 A1 bR HONS 45 SR B 52,
ATLE SR T 70 AT BB KA T = A A R 5] 20 A B 8. 7 5251, S2 MS3, EA]
I3 2T AN T8 ) ) R ) AT BRI s Y R ) A R A (a3 (4.29)) AR
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k 42ete” > VP TPERSRES A As = 3.67 GeV 5/s = 10.58 GeVi 9 # 4 #dm, %
b ES1 AR KM R BN RT A B, 525535 A K FF X(4.20) 5% X(4.30)F
XA O N ERT AR, FRMEOHLER [101-104] AR RE—7], HHOEEX
8 FAqep = (0.25 £ 0.05)GeV, VARBATEEMA0.75¢ T3 £)1.25¢ (R EFH1/b;).

Tab 4.2 Cross sections of ete™ — VP, TP at /s = 3.67 GeV and /s = 10.58 GeV. S1 denotes
the calculation without intrinsic transverse momentum distribution, S2 and S3 are obtained with
the distributions as (4.29) and (4.30). The experimental measurements from Refs. [101-104] are
also shown. Theoretical errors are obtained by varying Aqecp = (0.25 = 0.05)GeV, and the

factorization scale ¢ from 0.75¢ to 1.25¢ (without changing 1/b;).

Vs = 3.67GeV V5 = 10.58GeV
Channel os1(pb) a52(pb) os3(pb) Goxp (Pb) os1(fb) os2(fb) os3(fb) Cexp (fb)
ptnt 6.80 £ 1.18 3.384+0.53  3.954+0.63 487731038 0.66 £ 0.10 0.53 +0.08 0.60 + 0.09
pOn® 3.38 £ 0.60 1.69+0.27  1.99+0.32 31779794 0.25 £ 0.05 0.20 £ 0.04 0.23 £ 0.04
K**KT 10.13£0.91  5.27£0.50  5.39+£0.35  1.0751F0% 1.15 £ 0.10 0.94 £ 0.08 1.024£0.08  0.1879151002
KK+ KK® | 61.94+13.76 31.34£6.15 31.85+6.25 23.574831 | 665+1.20 5.39 + 0.93 5.88£1.02  7.48T0 57051
wn® 24.94 £4.59 1241 +2.08 1518 +2.59 152735713 2.38 4 0.40 1.90 4 0.31 2.16 + 0.35
o 1.2 x 1074 1.2 x 1074 1.2 x 1074 <22 2.2 x 1073 2.2 x 1073 2.2 x 1072
°n 14.374+2.10  7.21+£0.96  8.10+£1.06 10.0773%10 | 1.10+0.13 0.89 4 0.11 1.03 £0.12
o°n' 8.22 + 1.19 4.104+0.54  4.57+059 21517102 1.03 +£0.11 0.83 £ 0.09 0.93 +0.10
wn 1.31 4 0.20 0.65+0.09  0.77+0.11  2.37]5F0% 0.104£0.01  0.081+0.011  0.094 £ 0.012
wn' 0.75+0.11 0.374+0.05  0.43 £ 0.06 <17.1 0.094 £ 0.011  0.076 + 0.009  0.086 £ 0.010
én 17.8243.34  9.21+1.51  823+1.32 217139103 2.11+0.30 1.75 +£0.23 1.84 +£0.25 2.9705101
on’ 21.97 +4.13  11.36 £ 1.87 10.20 + 1.65 <12.6 2.81 4 0.42 2.3140.33 2.4740.35
afn¥ 43.88 £13.98 20.34+£6.59 28.96 + 8.62 6.66 + 1.73 4.96 + 1.30 6.06 £ 1.58
K3 KT 60.57 + 15.89  27.81 £ 7.45 33.81 & 8.98 11.48 4+ 2.45 8.48 + 1.79 9.98 £2.15  8.36109310%
K;°R° + K3'K° | 32x 1072 1.1 x 1072 1.3 x 1072 8.8 x 107° 6.0 x 1073 7.3 %1073 1.6570357027

BRIORE A B (AR (4.30))0 HEHEHHEZ R E TAgep = (0.25 + 0.05)GeV,
LI R P 45 5125 %
ik O 2 R

o TEAEFTORERE T IBIRISE AR, P LARISRIGUEAR T 11 /s M. )50 RE &
HL\/s = 3.67GeV M10.58GeV If, Mete — VPIERET, FATA HAH K
WIESH N = 4.1, Mete™ — TPERFTHE RIS E n = 3.9, Fik
O BT A )~ BB R L /st RANEE R 5 H AR E RN (the constituent
scaling rule [105,106]) MIZ5E—5. L4 Mete” — K*(892)°K° FMwn® i &
WA KIS HE NN = 3.83+£0.07 53.75+£0.12 [103]

o HMgA2H V2 HE, WAERT L EEREs = 10.58GeV Bfete™ — pm, pn,wm
FlaFaT WidHE, PARAEFORERE Vs = 3.67GeV Hfete™ — afnT, K3 KT it
P2, EATRIAERTI /NS AE H BTSS0I S Ya Y, PRI e e mT DA SR
IBESIII [107] 553 Belle- 115256 - #4730 1IF

o TESRIRTTM, KN TRl =R REKT - Ko7t — 3r REZM,
BT ZE RS ER KRG IRE, XN Teter - K*KTHINAEH RTiL %
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ARG R SRIR 25 IR [102)e FRATAITH L R L H AT S e 45 i Bl Kvr 2,
LR FRAT TR R oK 1) ST 6 e 0 X 120 R BEAT A 1 00 2

o ffete” — VPHRET, WIRZBWOL T EERENIRIEF, ;» JFECESU(3)MRIE
X AR L E, T4 AT AT LA B R B R % B o) : o) -
o(p°n%) o (K*KT) : o( K*K° —I—F*OKO) =1:2/9:1/9:2/9:8/9.

o TEFLAERE NS = 3.67GeVI, FATH LIS B W F MK R: o(ete —
pErT) = 20(ete™ — pO7n0); SR M FLOREE N5 = 10.58Ge V], JeFif5sid
TR AR, I K o (ete™ — pFnT) /o(ete™ — pPn0)i& 2.5,

o TESUG)XFRMET, Mo (wr®)/o(KOK® + K K% =9/8 > 1, 4RifitH
e G R E B o (wr) LB o (ete™ — KOKO + KV KO)/N23I36%, A
HE (1R 2 SR ML f F bl fic froe N30 12 AT BEAMTAE B B 2 Hom K A ) 48
it A5 MR A i R AT A/

o XfTetew —» K*K Hetew — KK, L8 ERHEES Ry SRrp
KAGRENHISUB)BIRARL,  HAEZH 7 79l 5 AR -
olete™ — K*(892)°KY) olete™ — K3(1430)°K?)

Ryp = Rrp = . (4.62
VP letem — K*(892)-K+) 7T g(etem — K3(1430)-K+) (462)

FEPQCDRIHIAEHESL T, ER i LUAE ZH0n] BLR Ry ik 1 LEAE R 3K

(F,+ F) + (F.+ F)) 2

Q(Fa+Fb)_(Fc+Fd)

Fa+Fb

T 2_ Fc+Fd :
Fa+Fb

R =

2 1 + Fe+Fy
= ‘ (4.63)

FESU(3)WRIE XS FRIE N, 2 AT 3 pr Kb =5 50 5 %5 e (0 3 2 7 B
K, K* 5 K3 B5 RECEATRARESOS FREITE BT (F830(4.40)), $RBEERAGEILL
S HRyp = 4. BT TR BERNT RS WNHRE (55w HRREZK
TREWg(=u, MR, T ER S NES 5w, R T 5
Z IS H RN T E Ses 2 MM E H . Z8E LIRTHE, IRIE(F, + F,[4%
NTIRIE|F, 4+ Fol» EA1Z B HE K T4,

REEAIEIS AL R &
Ryp(v/s = 3.67GeV) ~ 599, Ryp(v/s = 10.58GeV) ~ 5.76. (4.64)
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o TR /S = 3.67CeVIN, CLEO-cSZB [102]% HiF L {5 25 r il i 45 5
N

RUZ (Vs = 3.67GeV) = 23.51171 +12.2, (4.65)

SE AR OME S IRZEEEFRK, UEE T MES REBIEE, Lk
[ 45 R EENS S5EATIIFIS T 45 BA) &

FEJR O BE R 4T N /s = 10.52GeV, 10.58GeV 510.876GeV I, BelleSZie 4
S ESEI R R [103)4:

RV > 4.3, 20.0, 5.4. (4.66)

£ 510 BE B A% 1 10.58Ge VIR, Bellesk 56 1) £ 4f B 5 B8 tH AT 318 1 55 10 45
B FRATHE I AE B0 BE B 42 1E10.58GeV I, 1 ) HL T BVEE KO AR A LR
BYAS)MTTHR. BREXATTREE Y (4S) ARSI, AT 1 9250 45
SEATER TR IS5 R — 2

o MLYE T ILHE AR A M, BAVEH Teter - TPERMIRIEZ FKLER, W
X (441), HPHBE=AERRTN: efe = agnt, efem — KTKT
Hetew — KK + Ky KO
R B VIR FRYE, ete — KORO+ K KOG R IRIETH L Fy+ Fy ~
—(F, + Fy), Filleter — KOK + Ko KO F2 (A% T £ 4 W1 B A M4 £
e 420048, AT L ESH R p

Rrp S1074 (4.67)

BelleSEEGH FIII & 45 R [103)] 5FATHIZ R —F
RE?P < 1.1, 04, 0.6. (4.68)
o EFIRTIERS, AWEE FERE TNHT K. BAT I3 & 5010 K
BEA KL10% — 20%HI AW E E [108]. H{ERATHER &0 fma s (%%
X (4.29) H5E(4.30)) B, 7ERBIX IR, ok B0 TTmk 2 4 R AK,  BRt
XA RARRUBARUE T PQCDT AR HE . WRAM4.2 B R, AT LAY

3 1 U %2 B 48 ) B0 &0 AT PR A R AR AN, 7RO REE N5 = 3.67GeV B :
S277 F Nt A I JRAR RN IE B 50%,  S377 R HEAR A F40%.
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o MEFLIITE T, A HE BRI SKBY BIREEE, IRASL B i 5 AR 2 2.
X BLFRATT AT DA K B Ak v A Sk B B KN, B A qep S AR B Aqep =
(0.25 £ 0.05)GeV, R EELA0.75t AEFI1.25¢ (AEBN1/b;). THHEEREKH, K
ASLBY (NLO) I BTk A 71N

42 By — DVrr ZHhETT

EOE S, BATHFHEEASECSIE TRIFKAIR, WBNFHZ
AR AR T R R O B A S A A EAE A, RO 7 S BRATT AT AT 40 1 1 i
HAi% B/ BT =R HEAT RN R G IE T — S EER IR [109-114). &
I LHCHSE 56 28 38 3 P 5 BA F = R 32 78 1 F2 R I 7 AN [R]AH =25 7] ) B B2 CP Al 34 3%
B [115]e FrLAXS B/ B2 A4 72 0 58 v DUATFRATIR Z8 0 B2 DL Kk Fe A HE AR 2R 1)
ME RARLH 1 1E 12

PQCDW % 2 & i H BB FHIW A A . f£B/B M =22,
WMRREH AR IEILL T Wizs), WAL 58T 7] DU — AR m
RGP REORIGIA, MR =R B R — AN BB, BRI AT T DA
FLFHPQCDIT R AL FIX Se i 7. oAby 1 IR Bl R L 280 1 14T, HAERA
PR U T B FE LIRS S AR RS I BTk, LHCD SEIEX B, — J/y(ntn)s =4k
FARS R E [115])3 8, S-Prm BB LIRS f0(500)s f0(980)s fo(1500).
fo(1790) [ITTHER. 7EPQCD HEZL R ITHEAMIGTE T IX 4518 [116]. A TEA TR 5GE
FBY — DY(D)rtr =ARIAR, ZI R CPAME A R BRI KT — cus
(b — ucs), HTXCKMZK IE =T iy ff LBUBURE, TR I 1200 R X R RS A ) & 7
HEEHY, WATKERAPQCDH it 8 1% =R, R FHrr &R G0 R 5 iR L2k
B rr, HHEEB, — D(fo(500) + fo(980) + fo(1500) + fo(1790)) — D[(7tn~)s]
R R, HAP IR £0(500)  fo(1500)s f5(1790) HHEIRZS £0(980) 4351 )3 F Breit-
Wigner(BW) %7 [117]bA K Flatté 78 [118] KR,

421 BENFES-BErrRGERSCH S HRIE

BT B R EUE L5 BATHEREUE 3L (3.48) 31, FEICHEARR R R EE
A

[ e om0,

_ ”’—1-
_\/?M{(PBS +mp,)vs | P, (k1) + NG ¢Bs(k1)] }aﬁ, (4.69)
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KHn = (1,0,07) H5v = (0,1,00) 73 B MANEHERE. BT HAPADILEK e HE
ARG, S s, EMTHIH—ALH 2

d*k  fa d'h -
/ Gom k) = 572 [ G (k) =0, (4.70)

Horh fp B TR HH BT AR s, (k) RAHEEIEARK, BT AIRATA R B
D ATIRIE G, (k1)o AEBNE A8 By iR BB H TR s N

CI)BS \/W(}DB + mp, )75¢B (kl) (471)

BT BT HRES s RLYN, e e B SRR &, B sk &
DI, T2 R R op, (v, k1) 1Bk R3PS F g A~

@5, (2, b)a tmp )| om.(2.D) (4.72)

ﬁ:ﬁ (P,

cfEB T RS s Zh . N FOUHED iR IEOp, (x,0), FATLRA MW
P25 16 17 20 B R ) 2 B A 3

2 2 b 2
b (0,8) = N (1~ s - "ol

4.
2w} 2 (4.73)

Hp N £ fifRiE 8 — 0 E T, fLUEd D = 0f I — & R 2l FRATR
Flw, = (0.50 £ 0.05)GeV 5 fz, = (0.23 £0.03)GeV, BHH—1b RENNE, = 63.58
[119].

BNTDWETE-BN T RS, WREE XNER (3.49), HAobHE 1 ik
W&o p (ko) IVEH— 25

d*ks Ip
/( )¢D( 2) = 2N (4.74)

KB fpRRATRIREZER, FHERESE I, = m:’”f;nd =mp+ ON). FFH
HE P ATIRIE,  FRATTR A ] SR R SR AR [120]

ID (1~ a)[1+ Cp(1 — 2x2)]exp[ . w%bg], (4.75)

¢D($2> 52) 5

w—

HACp N fidkiE i B RS %, BATIC, = 0.5 £0.1. HARFE fp XS Hwp
AL fp = 0.221 £ 0.018GeV 5 wp = 0.1 [121].
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S-1% Wipion & Gt it bR 1) 58 LIWEE R (3.47), B RIGHE S A R R XK 1 2 4K
e [122,123]

Fy(mZ,) F(mZ,) -r _ Fy(m,)
o — 62(1— 2)3(22 — 1), °. = nn) T 1-2
BN (1= 2)3(22 = 1) 22N, SN Svan (%)

(4.76)

XBEME,(m2 ) Say 79552 TERE T K Gegenbauerfi. % T H s/ A& 1 Hipion &
gt A &R IR 259008 £0(980)~ fo(1500) 5 £5(1790); - Huu Bk
P Pipion R 48, TATWINNHILIRE FZRA T /,(500). EATHRIZEETERE -+ 1) &
X

FsSim2 ) — My, o)
s (mﬂw) - 2 2 .
My 980y — Mbam — UM £5(980) (Grrprr + IKKPKK)
2 0
2, (1500 €
T —m2_—im r (m2.)
fo(1500) T f0(1500)+ fo(1500)\ "7
2 i0
€3 (1790) €
Tz —m2_—im r (m2.)’
fo(1790) T Fo(1790)L fo(1790)\ T r
2
_ Com
Fy(m2,) = Jol500) . (4.77)

M5 (500) — Mar — iMge(500) L fo(500) (M2)
cor ¢ 50;, 1 =1,2, 32 WS TATRKHEZ M Breit-Wigner(BW) A 2k b £
PR £o(500)~  fo(1500) K fo(1790)HIFT N
1

m% - mgm - imSFS(mww)’
HAme & LIRS I SRR, Ds(ma,) & S-E LIRS 3248 5 Bipion ¥ 58 . T4t
PR fo(980) IR B4 K KRG, T ABWHR AL I A BRI Ak &, PRIEw 3%
PRE f0(980), FATRHFlattet A ks ik

1

m?‘O(gso) - m72r7r - imfo(980) (g7r7rp7r7r + QKKPKK) ’

FHZE RN T pre 5 prc i IE N [117]
dm2. 1 4m?2.,
= 1— —K S —
\/ iz, = mz, 2\T T e,
(4.80

(4.78)

(4.79)
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4.2.2 PQCD#HE

BY —s DO(DO)rtr it TR B 20 B 5 g

Hepr = G—\/gVQbV;S(ClOl + C0,), (Q =c,u, q=u,c). (4.81)
HAFBY — DOt WRE MR NO, = (Cabp)va(35Ua)vas Oz = (Caba)va(3sus)v.ro
BY — Dt i A EFT N0 = (Gabs)va (SsCa)var O2 = (Uaba)va(55¢8)va
o FIHE KW EEE, RMATUARB —» DY(DO)rtr ML 2K, W
4.2, BRI 17 % 2 EIR ORI RSB, AT R B2 0K IMW g1
L. FEPQCDI L, M H %% 2 EIRT LAy N R 14 5 AT IR 1A 1 2% 2 1AL
#EB? — DYDYt it #Erh, W FEIRE 4.2(abef), ENTHABBIERE R
Bay M, ATHFUENE 4.2(c,d,g,h), EMEEEWilson REC, 8% [124]
Hrh R B2 8 a, IR R

ap = CQ —+ Cl/NC, a9 = Cl + CQ/NC. (482)
FATRADCHEAR SR R3S BN ) 2 R HEAT TH B, R HIRES A T s &0 5 N

PBS = (pir7pf?0L>, Prr= (pgaovol)v Pp = (pl+ _pgam%S/(2pT)a OJ_) (483)

BRI ULTNG = (Ps, — Per)® = (1= phiid, p= 1= 22, pr = i /(27)
Hp3 = (m3, — @)pf /mE . EESTIEMT, b5 5 (c% 50) 5B, (D)/r T Z 8 K5
&= X PLZBEmp, p = my. + AA ZQCD F5fE). fEBY — DY(D°)rtr— it e,
mp, > mp > A, &t?ﬁﬂ‘]ﬂ%ﬁ%ﬂﬁﬁ—;, mlD M&E%Bﬁ%giﬁﬁ@%o A=k By
MR Ep ~ 1, ¢* ~ 0. Nt THRESWHENIED N ik k7 al#Z&Bs « D
N THBRESIINENE, k=& Mplon RGH IE5 w3 &)

(D
(D

ky=(0,2,Pg ,ki1), ko = (z2 P

T

O,kgj_), kg = (O,l’gPD_, kgj_). (484)
HARFE RS AD WA, HETPQCDIkL, A3 2 K& M B R 7~ s
(H Fhre, (x=1,2,3,4)FR)
1 1/A
M612 :87TCFTI’L43$fD/ dl’ldl’g/ bldblbgdb2¢3<$1,b1>{Eel(t61)h61(I1,ZE2,bl,bg)
0 0

g (te, )[ro(1 — 2) (95, (55, 22) = G5 1n(72)) + (2 = T2) P (85, 22))]
- 2T0¢fm(857 x2)E62 (tez)h@ (1:17 T2, bl? b2)a2 (tez)}7
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32nCrmy (! L/A
g =B | dridyd bydbybsdb b T3, b3)Cy(te,
Meza \/Q_NC /o X102 $3/0 100103 3¢B(931 1)¢D(933 3) 2( )
{E63 (t63)h63 (1’1, X2, X3, blu b3>[roj2(¢fm(sg7 5172) - Qﬁr(sg’ xQ)) + x3¢7r7r(8‘§7 1‘2)]

- E64 (t64)h64 (xb Tg, X3, bla b3)[r0£2(¢78r7r(857 .1‘2) - ¢77;w($§7 ‘TQ))
+ (T3 + T2) Prr (55, 22)] }, (4.85)

Horbirg = 7=, CpRRE T drr(ss, 22) FonIBILss HATE XK Pipion s fifiki. 5
WERZAR RN T e, She, PTLLEENE S 7S ET R, €N EARER R
R o

RENDO W B 7 A B B AL 2 K M o5 Musa

1 1/A
M2 ZSWCFm%szS/ d$2d$3/ badbabsdbspp (3, b3){ Ew, (tw,)
0 0

P, (T2, 3, bo, bg)as (ty, ) [T30rs (Ui, o) + 2rorp(xs + 1)d5 (ut, z3)]

— (o rr (utl, T3) — 107D (229 + 1)@ _(uil, 29) + rorp(1 — 229) L _(ut, x3)]

Ery (twy ) Py (T2, 23, ba, b3)ag(tw,) T

32rCrmi,
V2N: o

hwg (xh X2,T3, b17 b2>02(tw3) I:x2¢ﬂ'ﬂ'<ua7 x?) + oD (xQ + ‘r3)¢fr7r<ua7 x2)

1 1/A
Moyss = dﬂ71d902d903/ bldblb2db2¢35 (5131, bl)¢D($3, b2){Ew3 (tw3)
0

+ rorp(xs — x3)¢7Tm(uﬂ, To)| + [~ 230 (utt, x2)
- TOTD(:UQ + X3 + 2)¢fr7r(ua7 Zﬂg) + TOTD<:U2 - I3)¢’7€7’r(ua7 x2>]

Ew4(tw4)hw4(xlal’27x3ablabZ)CQ(tw4)}a (486)

HAFMER TFrp = mp/mp,, SAARNEG o (uil, 22) € XAEva IR T8 E &
RRLN, ] PR A B M 1o B DTRR B B 2 R AR R A A X E B oTikck B T A
AT A0 B Moz

U TAREZADREHRE, FATR HPQCD 5 45 BIAH I K 5 W Bk 5758
e E R A, H A AN AT R 4k & 5 B R A XS DO B ) o Al
Mz = Mo, IXBEAMPEERDB. TA15HG BATE T RS BEMosgn 7]
DRI BRIV 38 €8 28 3 B M40 CA AN BT TR T4 R 38 B8 28 3 B M3 T TR AL
X

32rCrmi;,

1 1/A
Q—NC i dl’1d2d$3/0 b1db1bsdbspp(x1,b1)dp (T3, bs)

{ By (tey)hey (21, 22, 23, by, b3) Coter ) [ro(T2) (95, (55, 22) + ¢lr(s5, 22))

Me’34 =
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+$3¢7r7r(3§a IQ)] E. ( )he/ (1‘171172,1‘371)1,()3)02@62)
— ¢ (55,9)) + (T3 + T2)Prn (55, 12)]},

1 1/A
Mz ZSWCFW%SJCBS/ dxzdx?)/ badbabydbs b (3, b3){ B ()
0 0

ot (2, 3, b2, b3) s (tuw ) [(1 — ) drr (utl, 22) + 107D (220 — 3) Py (ulh, 2)
+rorp(1 = 222) ¢ (Wlh, 22)] + [~ 230 (ulh, 72)

)]
Jr27“07"D(=”53Jr D)5 (utt, ©2)] By (tug ) Py (T2, 3, ba, b3 )as(tuy) },
32rCrmy
w3 =—————" d dxad b1dbibydb ,01)0p (23, 02){ By (L
Mz N x1dxy 903/ 1db1badbypp, (71, b1)Pp (3, b2){ By (tuy,)

0

P (21, T2, 3, b1, b2) O (tuy, ) [T3Prr (uth, 12) — Torp(1 — T + 23)P) (Ul T2)
+rorp (2 + 23 — 1)L (utl, 72)] + [(22 — 1) pr (ui, 72)

+rorp(—my + o3 + 3)B5_(ull, 23) + rorp(me + 13 — 1)L (Ui, 25)]

B (tuy )y (1, T2, 3, b1, ba) Co (L) }- (4.87)

THEHE SR TR XML SERER. B — Dyrtr i fEd, FRIK
FBe, /B, TR E T e, fo, (x = 1,2,3,4) KISR0 5N

ey = (1= 22)mi p, ey = 21 p, ey = 11 (1 — 22 p, e, = 21 (1 — 23)mp p,
Oy, = 3337”23507 Qyy, = (1= p+ fzﬂ)m%ga Qg = 37290377123307 Oy = $2$3m235P7

Be, = 551(1 - JUQ)WLQBSP, Be, = !101(1 - xz)mfgsp»

Bes = [(x1 = 23)(1 = w2p) + (1 = p)lm,, Bey = (1 — @) (21 + 23 — 1)mi p,

Buy = $2$3m2330= Bu, = $2I3m23SP;

Bus = (x5 — 21)x9mB p, Bu, = (1 — 21 — 23)(1 — 22p) — 1)m3 . (4.88)
EBY — Dontrn= R, FRAIMENT RSN

o, = (1 —z2)m3 p, o = 2imp p, o, = 21(1 — 22)m% p, g = 21(1 — 22)M3 p,
= (1 — z2p)mB, Q= T3mip p, = T3(1 — 22)mp p, oy, = x3(1 — 22)m3 p,
Be = x1(1 — xa)mp p, Bey = 21(1 — x9)mip p,

Bey, = (1 — ma) (w1 — x3)mp p, Bey = (21 + 235 — 1)(1 — 22p) + (1 — p)Jm7p

Buy = 23(1 — x2)mB p, Buy = x3(1 — 2)mp p,

s

Buy, = (1 —x9) (3 — xl)mBSp, Buy, = (1 =z —23)(1 — p+ x2p) — 1)mQBS. (4.89)
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-
it
}4\

B 42 B —» D'(DO)rtn = AR ZTHFk 2 E. L F(a-d) Ha-d) BRREEKNG RHAE,
(e-h)5(e-h)BAMEEKNWHKE T LB, ZARKITESLERTEAZEFO O

Fig 4.2 Typical Feynman diagrams for the three-body decays BY — D°(D°)x*7n~. For the

three-body process, the operators in quark level are O, Oy, which correspond with two kinds of
Feynman diagrams: the color-suppressed and the W-exchange. The color-suppressed diagrams

are drawn in panels (a-d) and (a’-d’), further more, the W-exchange diagrams are shown in (e-h)
and (e’-h').

5 R AH R I AEAZ B e, (R ) 5 s, () 53 900H

hez' (xlv T2, by, b2) = [‘9(()1 - bQ)IO(\/ e, b2 KO V Be bl bl A b2 KO V Be bl
Si(ae,/ (m,p)),
he](l'l,l’g,l'g,bl,bg (b1 — bg)]o(,/aejbg)KQ( 66].171) -+ (bl e bg)]
WH \/ |Be7 bl /Bej < 07
= \/ Bwka 52 - bs (\/Oéwk bz)a]o(\/awkb?,)

+ (bz < b3)]5t(0éwk/(m2330)),

[0
{Ko J/Boby), 8., >0,
(

hwk (xla T2, b?a bd
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T
s (1, 2, T3, b1, ba) = [9(@ = ba) Hy (/@ bn) Joy/ @) + (br ¢ bo)

% KO(\/ﬁ_wlbl)a Bwl S 07
T HY (V1B |b1)s By > 0.
(4.90)

Hrhik=1,2, j,l =34, Ry Ko H5Hy=Jy+iYo D Hl2E5KIEREE. B
EE SR AN TSy (2) S E X NE R (3.65), HFZHe = 0.4,
BRI T B, () T Rk X 0501k

E.(t) = as(t)exp(=Sa,(t) — Sa(1)),
Ee,(t) = as(t)exp(=Sp,(t) = Swr(t) = Sp(t))lbs=b
By (t) = as(t)exp(—=Sz(t) — Sp(t)),
Ey(t) = os(t)exp(=Sp,(t) = Ser(t) = Sp(t))[ba=bs: (4.91)
Hrp
,) =s(ams )+ 5 [ (o)
=s(xsm t d_ﬂ o
Si(t) =s(zs Bs,bg>+2/1/b3 P
Sar(t) =s(xamp,, ba) + s((1 — z3)mp,, ba) + 2/1/b %wq(as(p)), (4.92)

XA, = —a, /TREERIRFEN, s(Q,b)IFERNER (3.24). FATHEEEH L
RE (R B KA FEAE AR S5 ¢

tei :max(v Ae;s V/ 561-7 1/bl? 1/b2)7 tej = maX(\/a_ejv \/ 66]'7 1/bb 1/b3),
tw, =max(y/ W, /By 1/b2, 1/b3), tw, = max(y/Quw,, \/ Buy» 1/b1, 1/b2).
i LATR, BY — DO(D°)rtr iR R AR IRIE 2 BN
Gr

A(By, — D’ntn) = NG Vs (Meia + Mesg + Mz + Myss),
_ _ G
A(B, — D’ztr™) = 7}; ub Vs (Mg + Mesy + Motz + Musg). (4.93)
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FEBY — Do(Do)mtn i, 70 R T AR BT m . K TR0 [125, 126]

a8 _ mulPiEE (4.94)
dmg. O 4@2r)3md, T '

Horhrg WB AT HIEF . |pi| H(ps| 4 MERTIEFipion# ik & Frt 5D

=HE

1 1
’171>| = 2 m2, — 4m3ri7 |173)| = om \/[mng — (Mgr + mD)z][WQBS — (Mypr —mp)?.

(4.95)

423 BEFESHH
PRI TR (05 5 75 1 0 N B3 (AR e V) [125,126)

AIZ8 =0.250, mp, = 5.367, mpo = 1.869, mu+ = 0.140,m0 = 0.135,
mp+ = 0.494, myo = 0.498, my = 4.66, m, = 0.095, 7, = 1.512 x 1025,

CKMHEFE R H BB i s 36 45 51 [125, 126]
[Vis| = 0.2252, |Viy| = 3.89 x 1072, |Vos| = 0.97345, V| = 40.6 x 1077,

MB; — J/rtr ik B2 SR Bl [117, 127, FRATT AT DA EL 5 bR & R
TE(m2 )MKKZE RS %R RN NGeV)

m(fo(500)) = 0.5GeV, m(fo(980)) = 0.97GeV, m(fo(1500)) = 1.5GeV,
m(fo(1790)) = 1.81GeV, T'(f5(500)) = 0.4GeV, T'(fo(1500)) = 0.12GeV,
T'(f5(1790)) = 0.32GeV, grr = 0.167GeV, gxx = 3.47gxn,

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

elz—g, 92:2, 0 = 0.
NT RGBT FB? — Do(Do)ntn [ ZARFE AL FE, AT BT T S-3 Bipion &
G NSRS o L DTk, RS RN R RS 4.3 B EERES, &
R8T AR ZE 7 BRI T B R 12 8w, = 0.50 £ 0.05. Pipion R GL I o L)
ZHas = 0.2+ 0.2L XQCDAREA = 0.25 + 0.05GeV. BANRATEZE T D /v T
B E HIIRSECp. CKMAERE TS B, v TR MR Z 08T, 45 RRH e
P RIS AR /e AN NERAR 4.3 I BUES RBATTLLE R, B, =1k
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%k 4.3 IR P A 23R A A Frk a8 Tk,

Tab 4.3 Branching ratios from the different intermediate resonances.

Resonances Branching ratio (x1079)
BY — D° fo(500)[fo(500) — a7~ 0.137555(ws) 5o (a2) 1501 (Aqen)
BY — D°£o(980)[£0(980) — m*m~] 0457515 (wn) 155(a2) 517 (Agen)
By = D" fo(1500)[fo(1500) — w*a~]  0.11%55; (ws) 2502 (a2) L5 (Aqen)

) fo( (ws)
) fo( (ws)

B) — D°fo(1790)[fo(1790) — m¥x~]  0.03525 015 (ws) 0005 (@2) 0 008 (Agen)
BY — D°fy(500)[fo(500) — 7+ 7] 0117505 (ws) 6.5 (a2) *0:09(Agen)
BY = D°fo(980)[£o(980) — m¥x~]  0.1675:08 (ws) 011 (a2) 001 (Agen)

BY — D° fy(1500)[fo(1500) — 7 7~]  0.03975:015(ws) 5092 (a2) To:001 (Agen)

) fo( (wp)To

BY = D fo(1790)[fo(1790) — 77| 0.011 75565 (ws) "5.006 (a2) “o.000 (Aocp)

ST B By, Hay KERHE. AT THRAEKMEIEST BY — Do(Do)rtr it 2
(FITTiR, IRATEFHHQCD FREA = 0.25 £ 0.05GeVIF IS M S AR Et = ¢ + 0.25¢, it
B A 5 SR 2 I TR ALK B o SR B TE RN 55708

B AT R T AT 3L R A 0(500) f5(980)  £o(1500) 15 fo(1790) ) 1 Wk I, 75
B B, =R AR 5 3 LA

B(B) — D°(wtn)s) = 0.7755 12 (ws) £o 98 (a2) 013 (Agen) x 107°,
B(B) — D°(mtn™)s) = 0475012 (wy) £0 58 (a2) 0.0 (Agep) x 1076 (4.96)

FIFH MG 43R, BATRILBY — D°f,(500)[fo(500) — 7r7~ ]« BY — D°£;(980)
[£0(980) — 7wt7~]v BY — D°f,(1500)[fo(1500) — mt7~] & B% — DO fo(1790)[fo(1790)
— w5 S0 i BY — DO (rta) e i AR AR S EUIR R /NG DN 16.4 %
59.3% « 14.6% 54.5%. X+ B° — DO(atr )i e, HAFIRE GBS LR
N24.6% 35.2% 8.3% K2.4%. BATRIIEARE fo(500) 5 £5(980) 5 &L 5332
Eb 1) BT ik B Ko HHJLHCbMﬁéﬂ%ﬁ TB T A B FLIRES £o(980) 73 S L iy |
FRB(Bs — D°£5(980)) < 3.1 x 1076, IXAEERGIA TR TR 45 FREUHHTT

AT EIFHIX B, — DO(nm)s 5B, — DO(nm)gid B2, AL T eI 3L
¥y e AE

; ~ 1.64, (4.97)
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KA SRS (R AR S CKMURAR T, PRt 2 B AR T CKMAE 4 . FAl145 th
FRHCKM AR
2

VoV,
blus | 5.83. (4.98)

Vub Vcﬁ

Roxy =

5B, — DO(rm)sid #EAALL, B, — D°(rrn)gid FEZ BICKMER AR 58, (HAZ T
g5 R, SRS NDO I FEAH LR A DO 32 AR A IW 3% 61
AH B R R DTk, R TE R T B I STBRES AR A I L R, EATR A SRR
/NI

BY — DO(D°)(rtn) gl B I CKMAE B TG NV, Vo (Vi Vi), TEIEE I CKMAE
MU, FEFE TV, P Sy BT LUEE SIS Do ps [128] K115 5
KA A RIS Re BB Deps E XINF

V2A(B? = Depe(ntn)s) = ABY = D°(nn7)s) £ A(B® — D°(xt1)g).
(4.99)

FAFEIBY — Depy(ntn)sId BRI 73 SCEER A M B OB 2, WKL 4.3(a,b). B4
N T SIS IR TR, BATE LT I &N

48(32 — Dcpi(ﬁ+7ri)s)
B(BY — DO(r+7~)g) + B(BY — DO(wt71~)g)’

VBRI B Repe KX T MM I 22, W 4.3(c,d).  H AT SEHEOC T A1 (1) & 45
Bly = (7357220 [5].

FH BB HE T A, FRATA LU B 53 3 L A A8 o & 19 40 i iff 2%,
LB 4.3(e) 5 4.3(f). BEAME B R BATIE 5 545 A R LR £5(500)  f0(980)s
fo(1500) B fo(1790) 153 3 LS o ANAR Joi 2 A i 28 A2 S L5 AN AR o =
g Zerh, AR LUE BIHE AR i BRI £(980) HIMK A5 B g 9s0) = 0.97Ge VI,
HHRE £5(980) 5 T FoTMk; TEAREE/NT1GeVIIX I, FEIRES fo(500) 1 5Tk i
FF: HIREfo(1500) 5 fo(1790) I TTERAHXT B/ AT ELHCHSL & DL SR K
MKEKBSLES 7] DLISIEFRATT 1 45

Repy = (4.100)
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1.05]

B(Dcp,)(107°)
o e
& 8

o
8

-(1075/GeV)

dB
dmy

2.0

0.35]

0.30]

B(Dcp-)(107)

N

(107%/GeV)

dB
dmy. -

20

B 4.3 B(a,b)&EB(BY — Depy(ntn™)s) 0 XX Ty A 69RH #h &o B (c,d)% b 4 32 5T A
EXTyANRMEBE, LPREREABATyANERRS KBy = 735755, B(e)n A%
B0 — DO(DO)rtr— ALK H I £ Fom R R B 4 B A
Fig 4.3 The dependencies of differential branching ratios B(B? — D¢ p+(7777)s) on 7 are shown

in panels (a,b). For the panels (c,d), the corresponding physical observable measurements Rcpy

are depend on 7. The shadowed (green) region denotes the current bounds on v = 73.5732. The

differential branching ratios on the pion-pair invariant mass for the resonance f(500), f,(980),

fo(1500) and f,(1790) in the (a) B? — D°7*n~ and (b) B? — D7+~ decays.
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FhE BEERE

KR EBEWI RN AR 830 B H AR S 5 vRiIES U (3) % BRMET
FU T W E R E T 5 W Wk tetraquark (55548 s 28 =350, FRATRAE T 710
7 EZRIMIEQCD(PQCD) 7 iEMFT 1 i 2K 45 1T 2.

X W - 5 0 R DY v A 2 H R 9R 4 B ST A ) A SR 2 —
RER TR H AR 2R R &E 1 TR, (H20 T W EKE 50 E
Ktetraquarki &, H P77 ZEERAUEH, MRMPIERMIETMAZSZEHAE R,
GBI 70 A R 5 - 7R 30 Ik sk = 3)) )y 2 k. SR i), ERE K, b, 5 A L,
BETu, d, sTRER/N, TR R BRESU ()X FRYE. 20 BRI AL REXT o 125 23
179398, J0W] DA SR AL 18] B R 5 o 1 55 8 AR AR PR TG IR TE X BRI 20 B AN OB BN ) 2
B, 5EAARR AT RICK, HSUB)s T O & syt 3 H T 5 Bk & 1 (W B
TE5NETE)FEDEE, BABORNTE /1. A — & F RS d RIE PR 5
B 7 A E R E 5 W Btetraquark ()55 =8 FE. 1 LR 58 7ESU(3) X FR{E
NI S 5 AR E AT T N R, FRATTAA A T OB IR B S W R tetraquark
(P22 DL S AR 2 22 4R 55 3 AR 1) A 000G 55 T i R A RUOnG R 0B A FH AR A N5 T
RGBT T AR, SRR DB IR RN B — R P2 B AT %
T g X R 5 1 55 AR R, FRATEE— P45 B 1 AN [F] 32 AR T A %
Ry N T HAERKSLIGERIN, ASCHEETCKM FFETCH RN, AR 1) 328 T FE 3%
M Cabibbo e ¥ & Cabibbo ISARTFEHEAT 1 7038; % R BIHEAR ) SCLL M BAR A TH AN S5
EREASRIRLF BRI AR, RATER T REEEH, p=,n,n FELL EXEIEEL
FANE, AR T — RY)WEKRE T 50 EKtetraquark 1 R 5 ERE &R
. IXEELE R NS Bt — P N E R E 1 5 S w SRRt — e =%
WA, AT DU SR A 56 BRI S U (3) W FR 14 3 FH 14

H A SL 5038 FF R &I 2 IR HE 1 542 H ik tetraquark, {H25 w il DL & &1
1R VPR LR T A E. 54, & E S N 1% A pentaquark 952 # 1
IRZ W5 L5 K7, HX T e TR T A L. TRIIZ LR T BE
TRAWT R EATH A, W AN AR, THRSERTHE. X
FASU(3) X FR At 23 B B AT T 59 32 A8 AT LAY SE e b - 4R0X Lok 74 it — & 48 3 e
e, BRR _BAEZ W E R E /R R E A R AR R ) e A R AT
%, B TRBEMAS RS, HOR I AR B R B A e B BT, X
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AR KRR . BT X E R T/ 4 R T At A R AS (1077 AR 5 AR S IR
FHETH—P 7HQCD AEmdhsh /1%, eI RE M F Tt FOR 2 R R 1)
HRAF FLH () — A B B

ALHE=ZPEMAH T QCDN L, BHFILEH A S5k F1b. 5
FLLR N FAL A B, kep IR 74k AT DUAR G 3t Ab B 2 & 43 H00E i o0 XA AT A, AT
BB T v UK HCA . TR R4k, ELQCD(PQCD) 77 ¥4 = fg ok 1 i F2 3%
AN A AR I R B S R R B A ) = S B . AR S S DY SR A O VAT
FT PRI 2SR IE 7 KRR TR A s 28 PR AR R BY A T I = A
AR I 47T AR 5 O BE 53.67GeV 510.58Ge VIR i K 3| j§ /> TPV, PTHI
HFEEB A7 3K B or ik B A R g, @B T AR R R
WABIEW ST — € & . RAPQCD T LA R M B 45 B 5 H sz ie 45 31
FERE. 1EBY — DY(DOYrtr AR EF, DO(DO)A LA BCPALES, &
Tb — cus (b — ues)ZERIRMEHI T, FHO A LSRG B TRHINECKM H
fy. MeAMOIRtr WEILL T HiEs), =R LA AR A R,
i R 8RR A LR ZS £5(500), £0(980), fo(1500), fo(1790)5 A ILIR&G M Tk, F
MPQCDJr#:, ANiHHAR TBY — DY(D)atr— 43S LA 70 A, JWIAs Aok
FILHCb I Belle- 115256 7] AIEAT 1 56

PQCDR A 7L BA-F Witk % i F2 A5 2] 7 2 N, BT =k
AR FE DL R PRI AR I PR W S R B — P e . XTSRRI Sk
Bk, mBY(B%) — DntK—, BY - D°KTK—, B° — J/WYK+tn %, ¥knl L
KHEBY — DY (D)t n~ R 1L AT L. XEIR T PQCD I T4 1H 5 LA
S Z AR BAr 132 A8 1 R B S AR FRAT T A SR — BRI ) (1) %% 77 77 1w
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Hiw, d% 58 3y 4K BRI R A R4 22 TR) ) SR ZR A0 R
1

%U@)Vﬂ%d(—w) =— Z/ AVt (1) 209G ap (V)Y V5d(— )

-1

+ (my — mg) U(x)ivsd(—2), (A1)

1

0y u(o)ysd(~a)} = = i [ dvn(e)ragGan(ve)y5d(~2)

-1

+ (M + mg) u(x)ivsd(—x), (A.2)

1

8i u(x)ysd(—x) —1—/_1 dovt(x)z,9G (V) y5d(—1x)

1
—i/ dv(x)z,9G ,p (v2) 0 Y5d(—2)
-1

+ (ma — mu) (@) 1y5d(—2), (A.3)

0, u(x)o,,vsd(—x) = — 1

1

%H(:p)aw%d(—x) = — i0,u(r)ysd(—x) + / dvu(2)2,9G o (v3)y5d(—)

-1
1

—i/ dovt(x)z,9G 5, (vE) 0 5d(—2)
-1

- (mu + md) ﬂ(]:)fyyf%d(—x), (A4)

W)y, —a]d(—z) = /0 1 dta%a(m)m it —txld(—tz)
- /0 it /_ tt dvti(tz)[ta, va]g@m D Hlox, —tz]d(—tz)
i /0 i / tt dovtt(t) L, ve] g G (vi) 2 [, —ta)fysd(—t)
— € ap /O 1 dttz’ 0 [u(tx)y’[te, —tz]d(—tx)]
+ (my, + mg) 2" /0 1 dttu(tz)o,,yslte, —tz]d(—tx), (A.5)
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a(z)y,lz, —x]d(—x)z/o dt%ﬂ(tw)qﬁ[tz,—m]d(—m)
—/0 dtt /tt dvt(tz)[tz, vx)gG ., (vr) 2’ fys[ve, —tz)d(—tz)
—z'/o dt /_t dovt(te)(tz, ve|gG ., (va)z” ve, —tz|gd(—tz)

- ieumﬁ/o dttz”0* [u(te)y vslte, —tz)d(—tz)]

+ (my, — my) x”/o dttu(tz)o,,te, —tz|d(—tz), (A.6)

()01 (=) — @(0)v5¢1(0) = — /0 dt /_t dv 672<7537>55a‘7a5%9s0“'3(’Ufl')%ﬁh(—tx)
+i/0 dt 0° { @ (tx) Tz’ ysqi (—tx) }
wilmg, = mg) [ At fn o). (A)

Ay TSI, Bl 1 Fock-Schwinger B, 7, A" = 0, I Wilson £&9:

1

[z, —z] =1, A,(x) = /1 dvvr, G (v). (A.8)
JE UM WilsonZk (1) {3 :
9 . . [
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