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Nonfactorizable contributions in hadronic weak decays of charm mesons
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Two body decays of charm mesons are studied by describing their amplitude in terms of a sum of factor-
izable and nonfactorizable ones. The former is estimated by using a naive factorization while the latter is
calculated by using a hard pseudoscalar-meson approximation. The hard pseudoscalar-meson amplitude is
given by a sum of the so-called equal-time commutator term and surface term which contains all possible pole
contributions of various mesons, not only the ordin{qu_f; but also four-quarl{qqq_q}, hybrid {qag} and
glueballs. Naively factorized amplitudes for the spectator decays which lead to too big rates can interfere
destructively with exotic meson pole amplitudes and the total amplitudes can reproduce their observed rates.
The nonfactorizable contributions can supply sufficiently large contributions to the color suppressed decays
which are strongly suppressed in the naive factorization. A possible solution to the long standing puzzle that
the ratio of decay rates fdp°—~K*K~ to D°— =" #~ is around 2.5 is given by different contributions of
exotic meson pole§S0556-282(98)06923-9

PACS numbeis): 13.25.Ft, 11.40.Ha, 12.39.Mk

[. INTRODUCTION interactions. However, the final state interactions are realized
by dynamical contributions of various hadron states.

Nonleptonic weak decays of charm mesons have been Using a hard pseudo-scalar-meson approximation, the

studied extensively by using the so-called factorization present author has studied dynamical contributions of vari-
vacuum insertionprescription[1,2]. However, recent semi- ©0us hadron states to charm meson decays and has given a
phenomenological analys¢8,4] in two-body decays oB  hint to solve thg above problems in charm meson d_ecays

mesons within the framework of the factorization suggest8:9- However, in these analyses, the amplitudes did not

that the value ofa, to reproduce the observed branching include the factorizable contributions so that the results were
ratios for these decayi8,5] should be larger by about a not necessarily satisfactory, i.e., these analyses could not sat-

factor 2 than the one with the leading ordeD) QCD cor- isfactorily provide an overall fit to the observed rates of
rections[1,2,6) where the color degree of freedohy=3 Cabibbo-angle favored and suppressed decays of charm me-

. . . sons. On the other hand, a recent analysis in hadronic weak
and that its sign should be opposite to the one in the Iakge decays of8 mesons{10] by assuming that their amplitude
limit although the phenomenological value af is very

X A can be given by a sum of factorizable and nonfactorizable
close to the one expected in the same approximdt®nand — oneg syggests that, only in some processes under a particular

a, are the (_:oefficie_nts of four quark oper_ators in the effectivgnematical condition(a heavy quark goes to another heavy
weak Hamiltonian in the Bauer-Stech-Wirll®#SW) scheme  qyark plus a pair of light quark and antiquark with suffi-
[1,2] which will be reviewed briefly in the next sectigihe —

. ) - . o
above fact implies that the largé. argument fails, at least, ciently high energies lik&—Dx andD" ), the factoriza

. : . tion works well while nonfactorizable contributions are im-
in hadronic weak decays & mesons. Since the largé, irPortant in the other decays, in particular, in color suppressed

argument is independent of flavors, it also does not work : . AR
. decays. It seems to imply that the naive factorization is not
nonleptonic weak decays of charm mesons. Therefore domi- .
uaranteed by the largé, arguments but it works well un-

nance of the factorized amplitude in charm decays looses i er some special kinematical conditifh]. In this article,

theoretical support since, in charm meson decays, the Iarase reanalyze two body decays of charm mesons describing

N, argument is the only one known theoretical background, . ; ; s
I . d heir amplitude by a sum of factorizable and nonfactorizable
to support the factorization prescripti¢n]. In fact, a naive . : . . o .
ones. We will review briefly the naive factorization and list

application of the factorization to charm decay amplitude.sthe factorized amplitudes for two body decays of charm me-
causes many problems, for example, too strong suppression

for th | ismatched d 20— ~9K° and D° sons in the next section. Nonfactorizable amplitudes in a
or the color mismatched decays like"— 7 an

0o ] i hard pseudoscalar-meson approximation will be presented in
—m ", 100 big rates for decays described by the so-calledsec |11, |n Sec. IV, we will compare our result with experi-
spectator diagrams such as the Cabibbo-angle favored  ments. A brief summary will be given in the final section.

+(du), and Cabibbo-angle suppressa@dﬂau)l andc
—s+(su), too small ratio(less than unity of the rates Il. FACTORIZED AMPLITUDES

0 fr- 0 -
I'(d ?K K™) o (D == 77_,) although the obser\{ed Our starting point in this article is to describe the two
value is around 2.5, etc., wherg’'@)), denotes a color sin- gy decay amplitude by a sum of factorizable and nonfac-
glet pair ofq’ andq. To get rid of these problems, the fac- torizable one$10]:
torization has been implemented by multiplying the factor-
ized amplitudes by phase factors arising from final state M tota= M tact™ M ron-f- 1)
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The factorizable amplitud® ¢, is evaluated by using the The factorization prescription in the BSW scheme leads to
factorization in the BSW schenjd,2] in which the relevant the following factorized amplitude, for example, for the
part of the effective weak Hamiltonian responsible for thep +(p)—K°(p’)=*(q) decay,

charm decays is given by

MiacD *(p)—K(p") 7" ()

G , '
HBSY= L (4,005 9"+ 2,05 "+ (penguin term+ H.c}.

V2 G _
@) = T;ucsuud{a1<w+<q>|<ud>v_A|0>

It can be obtained by applying the Fierz reordering to the —o =
usual effective Hamiltonian, X(K°(p")|(sc)y—alD*(p))

Gk, (5o ~o) +25(K%(p")|(sd)v-/0)
H,=—={c,0% Y+¢,0% “+ (penguin term+H.c}, _
\/5{ t =2 / @ X(m*(q)](uc)y-alD*(p))}, 9

wherec,; andc, are the Wilson coefficients of the norma
ordered four quark operators,

| WhereU;; is the Cabibbo-Kobayashi-Maskaw@KM) ma-
trix element 12] which is taken to be real in this article since
CP invariance is always assumed. Factorizable amplitudes
0(15,0)::(Ud,)V—A(?C)V—A:a for the other two-body decays also can be calculated in the
same way.
To evaluate the factorized amplitudes, we use the follow-

(s'c) . arq’ e .
0y "=:(s"d")y-a(UC)y-a: - ) ing parametrization of matrix elements of currents,
Hered' ands’ denote weak eigenstates of the down and
strange quarks, respectively, anddjy_,=uy,(1— ys)d, (m(Q)|AZ]0)=—ifq,, etc., (10

etc. We do not explicitly show the possible penguin term
through whichs-channel pole contributions of a scalar glue- and
ball can play a role in Cabibbo-angle suppressed decays,
since its explicit expression will not be needed. The quark — KD, 2 KD, 2

’ ’ K ! V D = + ! f + f_ y etC,
bilinears inO* 9" and 0% 9" are treated as interpolating (KEOIVAID ) =(PH P13 +auf=a) (11)
fields for the mesons and therefore should be no longer Fierz

reordered. The coefficients anda, in Eq. (2) are given by as usual, wherg=p—p’. Using these expressions of cur-

c, c; rent matrix elements, we obtain the factorized amplitudes for
a=Cit s &=Ct (5)  two-body decays of charm mesons listed in Table |, where
c c ; : ) )
terms proportional tof _ are neglected since their coeffi-
The leading ordekLO) QCD corrections lead ta;=1.09  cients are small or sinck is expected to be small for large
anda,=—0.09 forN.=3 [2]. values of its argument. It is seen that the factorized ampli-
WhenH5SWis obtained by using the Fierz reordering, antudes forD°— 7%7° and D%— 7°K° described by the color

extra termH,, which is given by a sum of products of col- mismatched diagramg— (dd);+u and c—(sd);+u, re-

ored currents comes out, spectively, are much smallgthe color suppressignthan
5 those for the spectator decaffsecause ofa,|>|a,|). The
Hy—HE> "+ Hy, (6)  factorized amplitude fob —K*K? is described by a sum
where of the color mismatched diagram and the so-called annihila-

tion diagram in the weak boson masgy— limit. The
. Ge -, _ former is again proportional ta,. The latter is proportional
Hy=—= {c,0 “+¢,05 ¢} (7) to f'fK(mE,S) and neglected. However the observed rates for
V2 these decays are not very small. The vanishing factorized

with amplitude forD®— K°K reflects a cancellation between two
possible annihilation diagrams while the measured rate for
=(s'c) _ S(rad’ orta . this decay is a little smaller than the ordinary ones but not
1 _22 H(UBDy-alSTTC)v-nt, extremelyysuppressed. To get rid of these prgblems, the fac-
torization has been implemented by multiplying the ampli-
tudes by phase factors arising from final state interactions
[2]. However, the final state interactions are realized by dy-
namical contributions of various hadron states. Therefore, we
Here t¥s are the generators of col@U.(N.) symmetry study explicitly the dynamical contributions of various had-
group. rons as the nonfactorizable amplitudes in the next section.

OF'9=23 +(s'td")y-a(Ut®c)y-n: - (8)
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TABLE I. Factorized amplitudes for two-body decays of charm mesons. The ellipses denote neglected

contributions proportional td_ .

Decay Mfact
. Ge =
nucsuudﬁalmm%fmﬁ)fﬁ%mi)
D+—>7T+KO
Ly (22| fx| [ momma (i) | |
ar)\ fo )\ mi—mi /| fkO(m2)
_ G _
DO~ 7K iucsuuw—galum%—mﬁ)fED(mi>+---
— G 1
D%— 7%K° iUCSU“d\/_g \[Easz(méf m2)f™P(mg)+ - - -
— G
DI —»K*KP iUCSUud\/—;asz(m%S— m2) <P (m2)+ - .-
_ G
DOt —iucsuuw—galfw(m%—mi)ff’(mf,)+ s
DO— 7070 0 + ...

DF—ata®

) G /1
IUCSUUST;\[5<a1+az>fw<m§—mi)fZD<mi>+ =

DO KOK® 0
, G K
0 . F
DO K*K U eus—- asfi(mb—mi) (i) + -
_ G =
D' K *KP iucbuuw—galmm%—mﬁ>f§°<mﬁ>+ o
DI =K LU At (m2 —m2)f P m2)+ ...
s cs us\/z 1t 7 DS K/ '+ T

DS —#K*

, G [1
IUCSUUSE \[Eazf a( szS— m2) " Ps(m2)+ ...

IIl. NONFACTORIZABLE AMPLITUDES

and

Now we study nonfactorizable amplitudes for two-body

Mg P;—P,P
decays of charm mesonB;(p)— P,(p’) + P3(q). As men- s(P1=P2P3)
tioned in the previous section, we assume that they are domi- , m2 —m2
ted by dynamical contributions of various hadron states _ ! > P2 ™1 — H
na . . = | (P2lAp )l Py)
Then they can be estimated by using a hard pseudoscalar- \/Efp3 no\ mp—mp,

meson approximation in the infinite momentum fraftidF,
i.e.,p—). Itis an innovation of the old soft pion technique
[13]. The nonfactorizable amplitude, which is given by a

matrix element ofd,, symmetrized with respect to exchange
of two meson states in the final states, is written as

M pond P1—P2P3)=Mgr(P1—P,P3) + Mg(P1— PzF(’a)z)
1

in this approximation[14,15. The equal-time commutator
term (Mg1c) and the surface termMs) are given by

i ~
Merc(P1—P2P3)= \/E—f< P,|[Vp, Hyl[P1)+ (P2 Pj3)
P3
13

2 2

mp,—Mp, 5

+ 2 | =5 [ (P2lRWI(I|AB,[P)
o\ mi—mg,

+ (P P3), (14
respectively, wher¢V_+A_,H,]=0 has been usedSee
Refs.[14] and[15] for notations) Mg has the same form
as the one in the old soft pion approximation but now has to
be evaluated in the infinite momentum frartidF). The
surface term has been given by a sum of all possible pole
amplitudes, i.e.n and| run over all possible single meson

states, not only ordinaryyq}, but also hybrid{qqg}, four-
quark{qgqq} and glue-balls. Since the value of wave func-
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tion of orbitally excited{qq}, .o State at the origin is ex- Will not be a good approximation to estimate asymptotic ma-
pected to vanish in the nonrelativistic quark model, or morerix elements ofH,, since one of the external states in these
generally, wave function overlappings between the groundmatrix elements contains only light quarks and weak inter-
State{qa},_zo and their excited states are expected to peActions occur in a deep sea of soft gluons where color degree
small, however, we neglect contributions of these states. Ifff freédom of quarks will be compensated by soft gluons.
the u-channel[the second line of the right-hand-side of Eqg. herefore, we forget the color deg.ree of freedom of quarks
(14)], excited meson contributions will be not very important for the moment and count only their flavo@nd hence con-

because om?=m3 >mj3 if | is an excited-state meson. In nected quark-line diagramsNow we review the procedure
1 2 to parametrize the asymptotic matrix elementsHyf. To

contrast, in thes channel, we need to treat carefully contri- this first, we rewrite the effective weak Hamiltonian in Eq.
butions of exotic(non{gqq}) mesons to charm decay# (7) as
they exis} since they have been predicted around charm
masses. The channel of the color favored and mismatched _ _
spectator decays proceeds via four quark states after theH,= —F{C,O(,S °)+c+0(+S ° + (penguin term+ H.c},
weak interactions and therefore four-quark meson poles can
contribute to these decays. However, in the annihilation de- (17)
cays in the weak boson masg,— < limit, their s channel is
given by{qq} state just after the weak interactions. There-
fore we expect that the ground-stdigq}, and hybrid me- D OB 4 Fiso) (18)
. P * 1 =Y -

sons can give importamstchannel pole contributions to these
decays(However, we neglect contributions of scalar hybrids =(s'0) '
in this article since their masses have been expected to beEe four-quark operator®.” ™ belong to64 and 20", re-
considerably lower than the charm orf@$] and their con-  SPectively, ofSUi(4) in its symmetry limit. The normal or-
tributions will be small. The s-channel penguin can induce dered four-quark operatoré(fc) can be expanded into a
an s-channel pole contribution of glueball. In this way, the sum of products ofa) two creation operators in the left and
hard pseudoscalar-meson amplitude in EIR) with Egs. two annihilation operators in the righth) three creation op-
(13) and(14) as the nonfactorizable contribution is describederators in the left and one annihilation operator in the right,
in terms of asymptotic matrix elementénatrix elements (c) one creation operator in the left and three annihilation
taken between single hadron states with infinite momehtumoperators in the right, an@) all (four) creation operators or
of chargesv; andA;, (i== andK), and the effective weak annihilation operators of quarks and antiquarks. We associ-
HamiltonianH,, . ate (a)—(d) with quark-line diagrams describing different

Asymptotic matrix elements of isospin and fla®t(3)  types of matrix elements d®&' . For (a), we utilize the
chargesV, andVy, are parametrized as two creation and annihilation operators to create and annihi-
late, respectively, the quarks and antiquarks belonging to the
meson state${qq}) and ({qq}| in the asymptotic matrix
=—2(D*|V,+|D% elements oO'® . For (b) and (c), we need to add a spec-
(K Vs ) tator quark or antiquark to reaclphysical processes,

({aqoe}[O¢'V{aq) and ({qa}|O% {qqaa), where
=—\J2(D}|Vg+|D%=".-=\2. (15 {gqaq} denotes four-quark mesof$9]. They can be clas-

o _ _ sified into the following four types{qqaa}=[qq][qq]
The aboye parametrization can be obtained by_ applym%a(qq)(q_q)@{[qq](q_cpi(qq)[q_q]}. Here() and[] denote
asymptotic SWY(4) symmetry[17] or SU;(4) extension of

the nonet symmetry i5U;(3) to the matrix elements or by szmmetr); f?nd anktjl—symmetr:y, res.pecuve:y, #n?.er the ex-
using the quark counting. Matrix elements of axial counter--1ange ot flavors etween them. Since only the first two can
haveJP(©=0*(*) we here consider contributions of them.

part, A, andAy, of the aboveV, andVy are parametrized X o
as These two types of four-quark mesons are again classified
into two different types with two different combinations of
(VA |7 )= \/E(K*+|A K%)= \/§<D*+|A DY) color degree of freedomi,e., one consists of color singlet
+ = + = - + — —
oA i i {qq} pairs and the other consists of color ocfgt} pairs.

where

(7OV |7 )= V2(KT |V, +|KO)

= —2(K**|Ag+| 70 = — J2(D* *|A¢+|DO) They can mix with each other. Their mass eigenstates are
listed in Tables Il and IV in Appendix A. As seen in these
=---=h (16)  tables, the predicted masses of the lighter components with

relevant quantum numbers are much smaller than the charm
in the same way as the above. The above parametrizatiqngss while some of the heavier on@éth * in the tables
reproduces wel[15,18 the observed decay rates f@*  can have masses close to the charm mass. We here take into
—Dm andD*—Dy. B account only contributions of the latter as an approximation.
Next, we parametrize asymptotic matrix elementdHgf  (For more precise arguments, we need all contributions of
using quark counting8]. We expect that the factorization these exotic mesons.
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Counting all possible quark-line diagrams, we obtain sum 1

rules which should be satisfied by asymptotic matrix ele- EI\/I(Sg'ue)(DOH ata).

ments of0$ 9 . In this process, symmetfpr antisymmetry

property of wave functions of external meson states under An amplitude for a dynamical hadronic process can be

exchange of their quark and antiquark plays an importantiecomposed intgcontinuum contributiops(Born term. In

role and therefore we have to be careful with the order of thehe present casédg is given by a sum of pole amplitudes

quarks) and antiquarts) in b(j/c), Noting that the wave and thereforeMgrc corresponds to the continuum contribu-

(27)

function of the ground-statégq}, meson is antisymmetric

[20] under the exchange of its quark and antiquark, we ob
tain the following constraints on asymptotic matrix elements

of OF'9 [8]
<{qa}olf~3(f"°)|{qa}o>=0, (19

<[qq][q_<ﬂ|6<f’”|{qa}o>=<{q€}o|6$’°>|[qq][q_<ﬂ>=?éo)

<<qq)<q_m|6<s’°>|{qﬁ}o>=<{q€}o|6<f’°>|<qq><q_q>>=?él)

and then, from them, we can obtain selection rules of

asymptotic matrix elements ¢i,,. We summarize and pa-

rametrize them in Appendix B which have been given sepa-

rately in Refs][8] and[21]. Inserting the above parametriza-
tions of asymptotic matrix elements 8f., Ax andH,, into
Ms in Eqg. (14), we obtain pole amplitudes including contri-

butions of the{qa}, [qq][qq] and @q)(qq) mesons.

A scalar glueball can give an important contribution, as an
s-channel pole, to Cabibbo-angle suppressed decays througvrhereM
the s-channel penguin diagram. It can mix with scalar iso-

singlet{qqg} mesons. The glue-rich component of the mix-
ture is described bg* . We parametrize the ratid<|Ax|S*)
to (m|A,[S*) by

K*|Ac+|S*
_ (KIS -
(7' |ALIS")
and then the residue & meson pole as

(K*[Ak+|S*)(S*|HuID%) = —ko(m " [Hu[D™). (23

Then the glueball contributions to thD —KK and D
—arar decays are given by

. 2 2
— i ~ mp— Mg
MEMI(DO—KKO) = (7 [HWD )| —— )2kg
K Mp — Mg,
(24
=M@ (DO—K*K™), (25)
M(glue)(DO_)ﬂ_Oﬂ_O)
1 mi—m?
== (7" [HJDT) 5| — 277)2kg (26)
D S*

tion [22] which can develop a phase relative to the Born
term. Therefore we here parametrize the equal-time commu-
tator (ETC) terms using isospin eigen amplitudes and their

phases; e.g., for th®lgro(D— 7K)’s,

Mero(DO— 7 K™)

1 - =
= 3ME(D— wK)e! =™

2 _ —
+ 2 MDY R

3 (28)

M ETC( D0—> WOKO)

V2
:_?M

V2
+?M

(D 7Ry

B(D—mK)en™, (29

Mere(D " — 7 K% =ME(D—7K)e! ™), (30)

(2)’s are the isospin eigen amplitudes with isoshin
and §,,’s are the corresponding phase shifts introdul@sl.
Mgrcs for decays intoKK and «rar final states can be pa-
rametrized in a similar way. Sinc# gro(D°— K°E°)=0,
we obtain MZ(D—KK)=MEZ(D—-KK) and 5,(KK)

= 8,(KK), which lead to

Mere(DP—K K™ )=Mgro(D " —K*KO)

V2fy

<W+|HW|D+>ei52(KE)_

(31)

The parametrization o c;o(D— 7r7r) is taken to be com-
patible with that of theD— w7 amplitudes in Ref[24].
Because of the selection rule from Eq9), we obtain

MEH(D—m7)=0, (32)
M0 — )= ([, D )7,
" (33
_ i - . —
Mero(DS—KTKO)=— (m"|Hy|DJ)e%2KK)
: V2fy e
(34)
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since the final stat& *K° is of | = 1. For the Cabibbo-angle TABLE II. Branching ratios (%) for two-body decays of charm

— + + . mesons whera;=1.09 anda,=—0.09 have been used. Values of
favoredD — K qnd suppressells — (7K)™ decays, their parameters introduced are tentatively taken as follows: the matrix
ETC terms are given by

element (w*|H,|/DJ)=0.0695<10° (GeV)?, the phases
So(mm) = 61(7K) = 61(7K) = 83(7mK) = 63(wK)=85°, and the

— i ~ . : .
Mﬁle)c(D—’WK):_<7T+|Hw|D;> paramet(irs prowdmg the residues of various meson pkles
\/Ef77 =0.71,k; =—0.20,kg = —0.02, kg=0.085. Btact, Bpon.f andBgia
1/ include only the factorized amplitude, only the nonfactorizable one
x| 2= _(_’T) g 21(mK), (35) [involving the{qq}o, [aqllqq] and @q)(gg) meson polesand
2\ fg the sum of them, respectively. The data values are taken from Ref.
[28].
(3) V2 i 15 +
METC(D—MTK):_ \/Ef <7T |HW|D5> Decay Bfact Bnon-f Btotal Bexpt
" Dt atKP 9.66 2.15 2.71 2.740.29
% 1_(f_7) ei53(wi), (36) D' 7tK™ 4.66 6.75 3.91 3.880.12
fk D% 7OK° 0.03 1.94 2.26 2.1%0.21
D —K*K® 0.06 3.82 2.93 361.1
: ™ DO—at o 0.29 0.68 0.14 0.1520.011
M(l) DI = (#K)Y)= —(x"|H.ID* — T . . . . .
erc(Ds = (7)) \/Efﬁ< [HulD) D°—m%® 000 005 005  0.0840.022
Dt —mta® 0.31 111 0.25 0.250.07
% Z(f_w)_l gid1(7K) (37) DO-K*YK™ 0.32 0.19 0.41 0.430.03
fx DO KOK° 0.00 0.12 0.12 0.180.04
DtKVKP 0.81 1.29 0.98 0.720.12
i = DS —m*K° 0.32 0.14 0.22 <0.70
(3) + e P + s T
MEerc(Ds = (7K)™) \/Efﬂ_<ﬂ- [HulD7) DI —a°%K* 000 002 002 <0.70
X [0]e'%(™), (38)

_ _ _ _ _ _ very small. The estimated values fof (0)'s aresummarized
In this way, the final state interactions are included in thein Ref.[5] as

nonfactorizable amplitudes in the present perspective. It
should be noted that ETC terms for decays into exotic final
states vanishin the SU;(3) symmetry limit, i.e..fx="1_].

In the approximation in which pole contributions of the

ground-state qa}o, scalar[qql[qq] and @a)(qq) mesons (o))
and a glueball taVi 5 are taken into account, we obtain the KD(0)
K

non-factorizable amplitudes for th@— =K, 7 and KK

£K0(0), o= 0.75+ 0.02+ 0.02, (39)
+ p

=1.0"33+0.4 [MarkIll],

expt

— 40
and D —(KK)" and (#K)" decays inserting the above 40
parametrizations of asymptotic matrix elements of charges o aeos
and the effective weak Hamiltonian and the ETC terms =13+0.2+0.1 [CLEQ]. (41)

implemented by the phase factors into Efj2) with Egs.

(13) and (14). The result is listed in Appendix C.
The above result is compatible with t184J;(3) symmetry

IV. BRANCHING RATIOS and therefore we assume that

Now we compare our result with experiments. To this, we kb, .2\ _sa#D 2y __¢KDg 2\ _ ¢7Dg 2\ _ <KD
need to know values of parameters involved in our total am- Fem(me) = F27(me) = £, 7 o(my) =1 7me) =~ Ty (O)('42)
plitude (a sum of the factorized amplitude listed in Table |
and the corresponding hard pseudoscalar-meson amplitude . ) ) ) )
listed in Appendix §. We take the following values of the In th_'s way, we can Obta!” the f‘?‘CtO”Zed amP“tUdeS which
CKM matrix elements and the decay constafi U .= provide the_ branc_hlng ratid®;,(S in Table Il. It is seen that
—Ug=0.21, U =U,4=0.98 andf =132 MeV, f, =159 the branching ratios f(lthe so-called spectator dechys,
MeV. To calculate decay branching ratios, we use the centrat> 7" 7° and D*— 7 "K°, are too big and that the color
values of the observed lifetimes of charm mesdB% suppressed decay®’— 7°#° and D*—#%K°, are too
7(D)=(1.057+0.015)x 10 *? s, #(D% =(0.415+0.004) strongly suppressed as mentioned before.
x10 s and7(DJ)=(0.467=0.017)x 10 ?s. Now we evaluate the nonfactorizable amplitudes listed in

The factorized amplitudes listed in Table | contain theAppendix C. The asymptotic matrix elementsfof and A
form factors,f, (g%)’s. We putf+(mf,)~—~f+(0) sincemi is  which have been parametrized in Efj6) are estimated to be
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|h|=1.0 [14,19 by using partially conserved axial-vector The second equality has been obtained previously and the
current (PCAC) and the observed rafd], I'(p— 7m)expt  Others are expected in ti&Uy(3) symmetry limit. However

=150 I\élev. i he al h & and the exotic phase shiff;(7K) is treated as a parameter in-
We here assigri;(1710) to the glue-rich sca an dependent of nonexotig,(7K).

= 1 *
take I'y =175-9 MeV _[5] as the widthl's of S*. _Then The remaining parameters &g, ki andkg which pro-
[(K|Ak|S*)| can be estimated from the observed widtH pf _ — —
vide the residues of poles b q][qq], (9q)(gqg) and glue-

and the ratio of its partial widths - | 1
ball, respectively. Since overlappings between wave func-

I'(fy—mm) tions of these exotic mesons and the ground-state ones are
m =0.39£0.14 (43 expected to be very small, values of these parameters will be
J expt much smaller than unityi,e., |k, |k3 .|k |<1. It was pre-

as|(K*|Aq+|S*)|=0.15 by using PCAGpartial conserva- dicted [19] that the couplings of the four-quaflqq]lqq]
tion of axial vector current They are really small as ex- and g)(gqq) mesons with * to the ground-sta@ (") me-
pected. It implies that overlapping between wave functionssons would be small because of the structure of their wave
of the ground-state-meson and the gluekadlglue-rich me-  functions with respect to spin and color degree of freedom
son is very small. Therefore size of matrix elementtdf,  and that the ¢q)(qq) mesons with * would couple to the
taken betweerS* and K will be ml_Jch smal_ler than that ground-stateO~(*) mesons much more weakly than the
betweenw and K, and hence the size & will be much Ja1 mesons. The above statement implies et
smaller than unityZ in Eqg. (22) also can be estimated to be [qq]*[qq] : v Impi
Z~2.0[26] from the above value of the observed ratio of<|ka|' ) )
decay rates, Eqi43), where we have taken the same sign FOr valuef of the asymptotic ground-state-meson matrix
between(K *|Ay+|S*) and(w*|A|S*) as expected in the elements ofH,,, (7*|H,|DJ), etc., we have no informa-
SU;(3) symmetry. tion. Therefore we here treat the above matrix element in
Although existence of four-quark mesons has never beeaddition to the parameters mentioned above as adjustable
confirmed, indications of their existence are increasRig. parameters and look for overall fits to the observed branch-
We here take the predicted values [q][qq] meson Ing ratios for two body decays_, where the latter parameters
masses listed in Table {d) in Appendix A. However, the are not peifectly*free but restricted as discussed abcr_y.e,
predicted §q)(qq) meson masses listed in Table(@ sat-  |Kel <L [Ks|<[k3[<1 and|d|, |Sexorid <90°, wheres is
isfy mgx <mp<mex . In this case, it is hard that the gl\P/(en mKEq.(;M) ar}dﬁéexomlztheztror;g ph;se in the exotic
=7 | . 7K (or K) channel, ic= 03(mK) = 83(7K).
(99)(qa) meson pole amplitudes for the spectator decays, V\Ee ca)n reproduchﬁgﬁnarli;bly)wellsghe gbserved branch-
D*—m"K? and D*— 7" #°, interfere destructively with ing ratios for Cabibbo-angle favored and suppressed two
their factorized amplitudes, simultaneousl@?he naively body decays of charm mesons, Simu|taneou5|y, by taking
factorized amplitudes have lead to too big rates for the spegeasonable values of parameters involved, i.e., very small
tator decays as discussed befpfince the predicted values values of parameters providing the residues of poles of glue-
of their masses still would have ambiguities, however, Wehal|. [qq][qq] and @q)(qq) mesons,|kg|~0.1, k*|~0.1

here shift up the mass values afd)(qq) mesons by 100 ng |k¥|~0.01, respectively, the predicted mass values of

MeV from the predicted ones to obtam,:,<mE:eT7T<mEs;K [qq][qq] mesons in Ref[19] but (qq)(qq) meson masses
which leads to a destructive interference between the factofarger by 100 MeV than the predicted ones, and their widths,
ized amplitudes and the four-quark meson pole amplitudegelatively narrowerT (qqqq;~0-2 GeV and rather broader
for theD* — 7 "K® andD* — 7" 7% Masses of four-quark I'(4q(qq~0.4 GeV. These are compatible with the discus-
mesons containing a charm quark listed in Table)land  sions in Ref[19]. For the phases of the ETC term relative to
IV(b) are estimatectrudely by using the quark counting the surface term in the narrow width limit, which are ex-
since our result is not very sensitive to them. Althoughpected to arise from contributions of multihadron intermedi-

widths of four-quark mesons are also still not known, theate states, rather large values70°) of these phases in Eq.
[qq][q_q] mesons with * are expected to be narrower than(44) are favored while our result is not very sensitive to the

the correspondingc(q)(q—cn mesong19]. value of the exotic phase&;(7K) and §5(wK) since con-

For the phases,,’s arising from contributions of non- tributions of the ETC terms into exotic final states are small
resonant multihadron intermediate states with isospthey ~ [vanishing in theSU;(3) symmetry limit, i.e.fx=f_]. For
will be restricted in the regiohd, |<90°. (Resonant contri- the asymptotic ground-state-meson matrix elemenHgf
butions have already been extracted as pole amplitudes faabibbo-angle favored and suppressed ones separately sat-
Ms. ) We here treat them as adjustable parameters which aigfy the charm counterparts of ti@symptoti¢ Al =3 rule in
restricted in the regions, |<90° as mentioned above and the strangeness changing hadronic weak interactioni of

satisfy the relations mesons, and are related to each other by u&sgmptoti¢
SU(3) symmetry as discussed in Appendix B. Therefore it
So( )= 8o(KK) = 85(KK) = 8;(mK) = 8y(K)= 6. is sufficient to treat one of them, for example; " |H,,|DJ),

(44) as an adjustable parameter.
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As an example, a typical result is shown in Table Il in factorization also leads to too strong color suppression. How-
which we have taken the following values of unknown pa-ever, nonfactorizable amplitudes can supply sufficient contri-
rameters; the asymptotic matrix element ofl,,, _butions to the color suppressed decays. Thg observed branch-
<7T+|F|W|DS+>20.0695< 1075 (GeV)? which is not very far ing ratps for the mixed decays which ha_ve both
from the factorized matrix element, cpntnbunons from the spectator a_nd the color mismatched

diagrams can be reproduced by interferences between the
G m2+md factorizable and the nonfactorizable contributions. .
<7T+|H\|/3vSV\1D;>fact:_FUudch[ —S]fwa a, Two body decays of charm mesons into final states in-
V2 2 s cluding % or ', in particular, decays intery and w7’ are
—0.048<10°5 (GeV)? (45) interesting. However nonfactorizable contributions to these
R ' decays are complicatd80] because of the-»' mixing and
therefore these decays should be investigated separately.

For quasi-two-bodyD — VP decays, the mixing between

isosinglet mesons in the final states is rather simple, i.e., the

b w-¢ mixing is known to be approximately ideal. However,
= 61(mK) = 6,(mK) = 65(mK) = 65(mK)=85°, and the iy these decays, all the four types of four-qudikgaq)
residues of meson polesk,=0.71, ki =-0.20, k¥=

_ - ey —Ladllaale (qa)(aa)@{[ad](qa) +(qaa)[qq]}  mesons
—0.02,k,=0.085. It is seen, from Table II, that the naively can contribute except for annihilation decays. Fortunately,

wherea; =1.09 with the leading order QCD correctiof#
and a recent lattice result on the decay const&gstf,—v 216

MeV [25] have been taken, the strong phaség(wm)

factorized amplitudes for the so-called spectator decay 6 oo N + 0 + .
which lead to too big rates for these decays interfere destrud® decaysP"—K%¢, D — 7" p” andw " w, are described
tively with the exotic meson pole amplitudes as expected@PProximately by annihilation diagrams and four-quark me-

The nonfactorizable amplitudes can supply significant con-EOn cortw)tributizns _fr?” be bn?glet'Cth.tHet:et tthhe flirstt ?\Ze has
tributions to the so-called color suppresdet— 7°k° and een observed with a substantal rate but the 1ast two are

D 7970 which are strongly suppressed in the naive faC_suppressed. Since the factorized amplitudes for these decays

o re always suppressdd], the observed rates should be
torization. To solve the well-known puzzle that the observedc : : . :
ratio of rates foD®— KK~ to D°— = 7 is around 2.5, a dominantly supplied by nonfactorizable dynamical contribu

peculiarSU;(3) symmetry breaking may have to be intro- t|on_sé of vanpus h.adrons. in the present approach: D
duced[29]. In the present case, such a symmetry breaking[;_’K ¢ amP"?“de IS dqmlr_lantly given F’V asum of its ETC
can be realized dominantly by different contributions of erm descnblﬂg contributions of multlhadron intermediate
[qq][qq] meson poles, i-e-m%—m§*>m%—m§s* ltis states and th&® meson pole amplitudg31]. The observed

o 0o . , . suppression of th®, — 7" p° suggests that a hybrid pseu-
kf’o".V” th‘."‘t theD ._’K K™ decay IS glescnped by two anni- doscalar mesomfy) with a mass very close tm, and with
hilation diagramg(in the my,— o0 limit) which cancel each s

other. Therefore both the factorized and the nonfactorizabl rather_narrow width exista recently obsgrved psequ sca-
amplitudes for this decay vanish. However taehannel @ hybrid mesonm(1800)[32] may be assigned to this one
penguin can induce a pole contribution of scalar glueball of!though its mass-1.8 GeV is not sufficiently close tmp )
glue-rich scalar meson which leads to a reasonable size @nd that its pole contribution cancel a sum of the ETC term
rate for this decay in consistency with ti2°— 7a and and the pion pole amplitude for this decg88]. A strange
K™K~ decays. componentKy) belonging to the same multiplet as; does
not disturb our good result on thz’— K°¢ decay. A recent

V. SUMMARY observation of theD] —#*w with a small rate[34],
., B(D—wr™)=(2.7£1.2)x 103, suggests that an isotrip-
Two body decays of charm mesons have been studied q& hybrid meson withiPC=1" " exists but is not very close

describing thgw amplitude in terms of a sum of fa.ctonzed,[0 mp_ (probably much lower thamp_as expected16]) or
and nonfactorizable ones. The former has been estimated by s s

using the naive factorization in the BSW scheme while thec0UPles very weakly torw. Quasi-two-body decays of
latter has been calculated by using a hard pseudoscala?harm mesons including factorizable contributions will be
meson approximation. It has been given by a sum of thénve§t|§i;51teﬁ more extenilyely elsgwher(;z. h

equal-time commutator term and the surface term which con- " Iy ?dronlc \r/]vea Interactions of charm .n}esons. are
tains pole contributions of various meson states, not only théitimately related to hadron spectroscopy. More informations

d-statelag! but al lueball and i of hadron spectroscopy will be needed to find a more quan-
ground-state{qq}o mesons but also a glueball and exofic yjiave solution to the puzzles in hadronic weak interactions.
{qqqg} mesons with)P(©)=0*(*),

In this way, a possible solution to the long standing prob-
lems in charm meson decays has been given, at least, quali- ACKNOWLEDGMENTS
tatively. Factorizable contributions which lead to too big  The author would like to thank Professor T. E. Browder
branching ratiosBy,s for the spectator decays IikB™  and the other members of high energy physics group of Uni-
—a* 7% and w7 KP can interfere destructively with nonfac- versity of Hawaii for their discussions, comments and hospi-
torizable ones and a sum of these two contributions can redality during his stay there. He also greatly appreciates Pro-
produce their observed values of branching ratios. The naiviessor A. I. Sanda and Dr. Y. Y. Keum for comments. He
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TABLE Ill. (a) Ideally mixed scalafqq][qq] mesons withC TABLE IV. (a) Ideally mixed scalarqq)(qq) mesons withC
=0. (b) Ideally mixed scalafqq][gq] mesons withC=1. =0. (b) Ideally mixed scalardqq)(gqq) mesons withC=1.
@ @
S I=1 =3 =0 MasgGeV) S =2 =% 1=1 1=%f 1=0 MassGeV
1 K 0.90 5 Exk 155
P 1.60 B« 2.10
o 0.65 E:K (sz igg
o* 1.45 1 K K '
0 5 o 1.10 Css'i b
K o : cS 2.20
5 T 1.80 E.. o c 1.15
(b) 0 EX. Cx c* 1.80
S =1 =1 1=0 MassGeV) C’ c 1.55
(o5 cs* 2.10
1 F Fo 29 ()
Fr Fs 3.2 S I1=2 1=% I1=1 1=% 1=0 MassGeV
» 2.2
o 22 , Eqe @
0 b (3.0 Epr (3.7
D* (20 E.r Ce @9
Ds* (3.9 1 EX: (03 (3.5
cs (3.3
cy (3.9
owes to them the decomposition of the effective weak E.o Co (2.7)
Hamiltonian into factorizable and nonfactorizable parts. 0 E*s c (3.3
o 3.0
c 3.7
APPENDIX A: FOUR-QUARK MESONS
. Exp (2.9
Scalar four-quark mesons with charm quantum number —1 EX (3.5

C=0 and 1 are listed, wher@and| denote the strangeness
and isospir(see Tables Il and 1Y, Particles with superscript
s contain anss pair. Mass values of noncharn€&0) me- KOF (— _\P™N— _/—*+IF (— _\IPp*
sons are given in Refl19]. Masses of four-quark charm (KHw(=, =)[P%) = =(m " IHu(=, -)[Ds),
(C=1) mesons estimated by using the quark coun¢imigh
my=my, Amg=m¢—m,=0.2 GeV, Am;=m.,—m,=1.5
GeV and the predicted mass values@&0 mesons men-

(K*O|Hy(—,—)|D%=—(p"|Hy(—,—)|DJ)

tioned above are given between parentheses Particles _ (Kom (—,—)|D*9)
containing double §5) pairs and €c) pair(s) are dropped v
since they do not contribute in this paper. = —<7r*|ﬁw(—,—)|D*°>

= (2ko/N)(K°|Hy(—,—)|D%),

APPENDIX B: ASYMPTOTIC MATRIX ELEMENTS
OF A,, (B1)

Constraints on asymptotic matrix elements of nonfactor-
izable weak HamiltoniarH,, have been previously derived (mH|H(—,0)|D)=—(K*|H,(—,0)|DJ),
by using an algebraic method based on commutation rela-
tions between charges and curreté@ad hence the effective
weak Hamiltoniah and, then, by counting all possible con- T N\ T *+
nected quark-line diagrams. We here summarize a part of (77 [Hu(=.0)|D* 7) = —(K*[HW(=.0[D3 ")

them which are useful in this paper. We here describe the =(p*|Fi,(—,0[D*)
Cabibbo-angle favoredC=—1,AS=—1) and suppressed e
(AC=-1AS=0) weak Hamiltonians asi,(—,~) and =—(K**|H,(—,0)|DJ)
H,(—,0), respectively, for convenience’ sake. -

(i) Constraints on asymptotic ground-state-meson matrix :(\/zko/h)<77+|Hw(_'0)|D+>'
elements ofd,, : (B2
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wherek,= \/gh with h={(p°A.+|7~) has been obtained by _{qa}o mesons and the difference of spins will be not very
using an algebraic methd@®5]. It will be understood more important in the IMF. 5
intuitively since all the external states in the above matrix (i) Constraints on asymptotic matrix elementsHyf be-

elements ofl,, are of helicity= 0 states of the ground-state tween the ground-state-meson dmpt][qq] meson states:

(k*Hu( =, =)[D% == (6™ *|Fu(—,—)IDJ) = (K5 /2A5) (K’ Hy(—, —)|D%),

<KO|HW(_1_)|6*O>= —<K0|'|:|W(_,_)||53* +>

1 I C* +
=\[§<w+|HW<—,—>|Fr )

1 ~ A
=—\[§<w°|HW<—,—>|Fr°>

= (Kz/2A%5 (K Fy(—,—)|DO),
(mH|Hu(—,—)|F*")=0, (B3)

(3% *|Hu(—,0)|D*)=2(5%°|H,,(—,0)|D%) = (o* |Hu(—,0)|DO)
= —\2(o%*|Hy(—,0|D%) = (k& /2A%) (7 *|H,(—,0)|D "),

—V2(m*[Fg(—,0)|D* )= — 2(a| Ay (—,0)|D* %) = (K*|Ay(—,0)|FF *)
= (KO Fy(—,0)|FF% = (K:/2A% (7" |Fiy(—,0)|D*),
(K*[Hu(=,0|F**)=0, _

whereA? is the invariant matrix element of axial charge definedMy= — 2(x* *|A+|K°).
(iii) Constraints on asymptotic matrix eIementqu,t between the ground-state-meson agd)(gqg) meson states:

\ﬁ * 4 +\— 3
HE IR = -ID ) =|

=3(CEFu(—,—)|D%=3(C% *|F,(—,—)|DJ)

(EndAu(—,—)ID%)

= (KEIAE)(K|H,(—,—)[DY,

3 ~ 3 ~
- \/;<7T+|Hw(_a_)|E.:r;>: \/;<7TO|HW(_a_)|E;I9

— - 3 ~
(RF (- - ER)= \ (K P~ - [ESS)

__(i
V2
=3(KOHy(—,—)ICE% == V3(KO HyW(—,—)ICFO)

3 .- . e

=—\@(K*IHW(—,—)IEIEF>=(k§/A§)<K°|HW(—,—)ID°>, (B5)
(mH|Hu(—,—)|CET)=0.
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V3(EXS|FW(—,0[D")=

%)<E::2IF|W<—,0>|D°>

=/3(C¥ *|Hy(—.,0)[D )= B(CZ°|H,(—,0|DO)
= —\3(CE*[An(—,0|D")=—3(C*|Hy(—,0|D%
=\/6(C**|H,,(—,0)|D°)
3 - -
= _(E) (EXS|HW(—.,0|DJ)=—3(CE |Hy(—.0|DJ)

= (KA (" [Hy(—,0)|D ), (B6)

3 - ~
(m)<w+|HW<—,0)|Et,.§>=3<w°|Hw<—,0>|E::8>

3 ~
=—\[§<w‘|HW<—,o>|E::5>

=—3(7"|H,\(—,0)|C5)
=—3V2(mlHu(—,0[CE% = (k/AL (7" |Hu(—,0|D"),
(C3[Ha(—,0[D%)=(K"|Hy(— 0|E}F)=0,
whereA? is the invariant matrix element of axial charge definedAy=(C "|A . +|K°).

In the abovek? andk? (k¥ andk?) are not generally equal to each other. However, use of the commutation relation,
[[HW(—,—),VD;],VD;]=[[HW(—,—),VW—],VW—], with asymptoticSU;(4) symmetrnyfor anSU;(4) extension of the nonet
symmetry in the flavoS U;(3) with respect to asymptotic matrix elements of chatdeads tok* =k* (andk? =k%).

Matrix elements ofd,,(—,—) andH,(—,0) can be related to each other, for example, as

~ Vs -
(W+|HW(—,—)|D§>=V—d<77+|Hw(—,0)|D+), etc. (B7)

by using the commutation relatiofi® . (—,—),Vxo]=0.(—,0) and[O.(—,0),Vxo]=20.(—,—), whereO.(—,—) and
0. (—,0) are four quark operators id,(—,—) andH,(—,0), respectively, and contributions of the QCD induced penguin
term have been neglected.

APPENDIX C: NONFACTORIZABLE AMPLITUDES

We here list hard pseudoscalar-meson amplitudes as the nonfactorizable ones which include the ETC term describing
continuum contributions and the surface term containing pole contributions of the grounfesiajescalar[qq][qq] and

(q9)(qg) mesons and a glueball. They are revised from the ones given if&eh which the amplitudes involved some
misprints and the insufficient parametrization of phases of the ETC terms.
(i) Cabibbo-angle-favored decays:

_ i - o) m3—ma m3—m2 \ [ f
Mpond D — 7K =— ——(7*|H,|DJ (1——“ e'%+ - ) |k
noni( ) \/Efﬂ.< | W| s>[ fK sz*_mi sz*_mi. fK 0
S
m2—m2 ma—mZ\ (f.\] | m3—mg ma—mz \ [ f,
+ 2 2 - 2 2 f_ ka+ 2 2—2 +2 2—2 f_
My, — Mg mﬁl* —m, | \Tk mp— mEfTK mp— mE:K K
[ momk | [ mo-m, (f—”) Kt (o)
2 2 2 2 f s (7
mE:D mg mE,:TF m_ [\ Tk
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i - 1 foy . = 1 fo\ .. =
0 Ry~ + + _ - _ M| aib3(mK) L T _ _T| al61(7K)
Mpan DK )= |HW|DS>[ 3<1 fK)e +3|4 fK>e
(mE-mi | (mp-mZ\(f,) [ mE-mi)if,
+ > > | — 5 3 f_ + > > f_ ko
m3—mi. m—mg, )\ f/ | mo—mZ [\ fk
S
mo—mg | [ mp—mi | (f.) [ mp-mi ) fo\ ]
Nmemmt, | e — e, )\ | —me | e ka
D K* D K* Fik k
b | (mheme | (mhem | (meemi ] ]
m3—mZ, mg—mZ, | \fk mZ, —mz mz, —m2 |\ T/ |5 [ (€
L E‘ITK E7TK E‘n’D E7TF g
1|2 foy ., = 2 11\ .
OOy __ + _ T aid3(7K) 4 7 _ = T 4Ald(7K)
M honf D%— 70K ) = \/_ (m*|H,DI) 2[3(1 fK>e +3 2 2f|<>e
m3—m2 m3—m3 \ [f. m3—ma
+ 2 2 rl 2 2 Ko
M3 — Mis mi—mp, ) V) me,—m2
S ANE -SRNG5, T 2. 1178
+ 2 2 f_+ 2 2| 2 2 [\ f,. k;
mD—m;(* K mﬁ)*—mK ﬁr—mw K
2 2 2 2 2 2
m3—ma mp—m; |\ [f. mp—m mp—mZ |\ [ f.
+ —— (—)+ | 2| (—) ki, (C3)
M3 — M2 my—mg, | \fk/ | mie —mg me. —m?Z | | fk
K 7D wF

Mnon—i(Dg—A’K-FEO): -

i
V2fy

2 2 2 2 2 2
o ( e _mK) v | o o T e (C4
+ — +
2 2 '
mp_— M, Mas« —mz/ | m3_—Mgs mg _—mg/ | °
(ii) Cabibbo-angle suppressed decays:
. 2 2 2 2 2 2
i ~ A -m m5—m m5—m
Mnon—I(D0_> T )= <7T+|HW|D+> e %olmm) 4 2D 7; kot |2 2D 27T - 2D 772 k;
V2f 2 —m> 2 _m?, Mg, —m?2
2 2 2 2 2 2
mD_m,n_ mD_mﬂ. * 2 mD_mﬂ.
—12| = 2 2 2 s 7| 2 2 |[Rg( (CH
m3— mg mg_—m; Z\ mj—mg,

i - 1 | mg—m? p—m>| [ mp—m?
Mnon—f(DO_’WOWO)Z_<7T+|HW|D+>\/; g'Polmm 4 2 2 ko+| 2 2_ 2 2 2 k;
V2f m3, —m? 2 _—m?, Mg, — m?2
2 2 2 2 2 2
mp—m;. mp—m;. 2 mp—m,
HE B k:__( 2 ) g(> (Co)

nonf(D —m 770)~ _<7T+|HW|D+>[

J2f

2 2 2 2

mD - m7T _ mD - m7r
2 2 2 2
Mp—Mg__ Mg _,—Mz
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i

- oo [ mi—m2
Mnon_,(D°—>K+K’)z—\/§f (m*|HyD*)] 22K+ | ——— kot 2
K

2 2 2 2
Mp — Mg )_ Mp — Mg

k*
2 2 2 2 | Na
Mpx —Mi Mp~=Misx ) Mex—Mic
2 _ 2 2 _ 2 2 _ 2 2 _ 2
mg — mig mg — mi mg—mg mg—m
—| 2| 5=——=—]-2| = S| == | [K+2| =—=|Kg}, (C9
KD F
- 2 _ 2 2 _ 2 22
_ i ~ mp— mi mg — mig mg —mg
M non D°— KOK?) = (m"|Hy/DF) -2 K:=2| ———|Kg¢» (C9
non J2f w 2 2 2 2 | |"s 2_ 2 |9
2k Mg, — Mk mg _— Mg Mp — Mg,
- 2 _ 2 2 _ 2 2 _ 2
— ' = 15, (KK Mp — My b~ Mk Mp — My
Mpond D =K K%)=~ —=—(7*|H,|D*)| 2K+ | ——1kot+| 2| — -2| — 5
\/EfK D*_ K D_m*és* mF*_mK
S
2 _ 2 2 _ 2 2 _ 2 2 2
Mp — My Mp — Mk Mp — Mk Mp — Mk
= ki—|2 > — | = —= S|t = > ki, (C10
m,”:l*_mK mD_mCS* mEi —Mmg mc*—mK
T KD
L AT A T i83(7K)
Mponf Dg — 7 K")= (7" |H,|D 1|2 —1e T
[/ 2 2 2 2 2 2
Mp_— Mk mp_ — Mz (f ) mp — Mz (fﬁ) ‘
- 2 | 2 V2 2 ]\f. ] |"0
|\ M~ M b~ Miw ) V) A mg, —m2 1 i
) 2 2 2 2 2 2 2
Mp_— Mg Dy~ Mz | [f, Mp_— Mg Mp,~Mz | ()],
+ 2 7| T 2 2 T —2 2 2| T 2 AR K3
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