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Af—p+K~+ 7% decay
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The proton energy spectrum and the angular distribution of the probability of fhe p+ K~ + 7+ decay
for the polarized A7 and the unpolarized proton are calculated in the quark model with chiral
U(3) X U(3) symmetry incorporating heavy quark effective theory and chiral perturbation theory at the quark
level. The application of the obtained result to the analysis of the polarization of theroduced in the
processes of photo and hadroproduction is discussed. We draw the similarity between the measurements of the
polarization of theA inthe A7 —p+K™+ " decay and the.™ meson in theu™ —e~ +7e+ v, decay.
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PACS numbes): 12.39.Ki, 13.40.Hq, 13.85.Ni, 24.85p

I. INTRODUCTION lying baryon octet and decuplet coupled with the three-quark

currents. Due to the dynamics of strong low-energy interac-

It is rather likely that in the reactions of photoproduction tions caused by a linearly rising interquark potential there
and hadroproduction the charmed barydf is produced has been showi6] that(i) baryons are the three-quark states

polarized[1]. The analysis of the\ polarization by means [13] and do not contain any bound diquark states, tfign

of the investigation of the decay products should clarify thethe spinorial structure of the three—quark currents is defmed
the products of the axial-vector diquark densities

mechanism of the charmed baryon production at high ene _ :
gies. q%(x)¥*q;(x) and a quark fieldy,(x) transforming under

The most favorable mode of the] decays to be detected the SU(3}xSU(3). group as 6:,3;) and @r,3;) multi-
experimentally is AC*_>p+ K~ +x*. The experimental plets, respectively, wherg j, andk are the color indices
probability of this mode equa|g(AC+_>pK*ﬂ-+)exp:(5,o running through’ =1,2,3 andg=u, d, or s quark field. This
+1.3)% [2]. However, from the theoretical point of view 2agrees with the structure of the three-quark currents used for
this mode is the most difficult case due to the impossibility tothe investigation of the properties of baryons within QCD
factorize the baryonic and mesonic degrees of freedom fopum rules approacfil4]. The fixed structure of the three-
the computation of the matrix element of the transitiah guark currents allows us to describe all variety of low-energy

The theoretical investigation of nonleptonic decays ofinteractions of baryon octet and decuplet in terms of the phe-
charmed baryons without factorization of baryonic and menomenological coupling constagg describing the coupling
sonic degrees of freedom can be carried out in the quarRf the baryon octet and decuplet with the three-quark cur-
model with chiral U(3)<U(3) symmetry incorporating rents[12]:
heavy quark effective theofHQET) [3,4] and chiral pertur-
bation theory at the quark level (CHRT])5]. The quark 1 - —
model with chiral U(3)xU(3) symmetr?/ is motivated by Lin(X) = ﬁgBBE(X) 78(X) +9sB10(X) 710(X) +H.C.,

the low-energy effective QCD with a linearly rising inter- (1.1)
guark potential responsible for a quark confineniémt The
application of this model to the description of the low-energywhere Ba(X)=[#p(X), ...] and Byo(X)=(fp++, ...) are

propertie%ofg]chrz]irn;ed n;esons: ;nz;ss Spff‘lkﬂacqupémg the fields of the baryon octet and decuplet, respectively, and

constantg7—9], the form factors of the semileptonic decays KPS ) 5

[10], and the probabilities of the decalyg 11] gave the re- 77§(Xi)_k ic LU YU 0017, 7°d(X), . -} and 79(x)

sults agreeing good with experimental data. ={e"*[u7 () y*u;(9]uc(x), . ..} are the three-quark cur-
Recently[12] the quark model with chiral U(3yU(3)  rents. The numerical value g, calculated in terms of the

symmetry has been extended by the inclusion of the lowcoupling constang,yy=13.4 of thewNN interaction, has
been found equajg=1.34<10 % MeV [12]. The coupling

constantgy ,y, andg,ny of the 7NA and yNA interactions
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products. For the analysis of the. —p+K ™+ 7" decay at the strong quark-gluon interactions at scapes . (short-
the quark level we assume that thé' is a three-quark state distance contributionswhere is a normalization scale. In
coupled with the three-quark currenty,+(x)= the absence of quark-gluon interactions the coefficients
G — ¢ C andC do not depend o and amount taC
—e"[uf(x) dj(x)] 7, ¥°c(x) defined as the product of =11(l;)ndC2=6(.ﬁLI21 (CHPT), we should identifys with the
the axial-vector light-diquark density/(x) y“d;j(x) and the  scale of spontaneous breaking of chiral symmetry ¥SB
c-quark fieldc,(x). A,=940 MeV[5-11], i.e., u=A,=940 MeV. Therefore,
The paper is organized as follows. In Sec. Il we discus$elow we would deal WitfC4(A ) andC,(A ). The contri-
the effective low-energy Lagrangian describing nonleptonichution of strong low-energy interactions at scales: u
decays of charmed hadrons and reduce the calculation of theAX (long-distance contributionss described by (CHPT)
amplitude of theA; —p+K ™+ 7" decay to the calculation in terms of constituent quark loop diagrams, where the mo-
of the matrix element of the low-energy transiti(z)Q+ —p menta of virtual quarks are restricted from above by the
+K™. In Sec. lll we calculate the matrix element of the SByS scaleA, [5-12.
low-energy transitiom\ | —p+K ™. In Sec. IV we calculate The structure of the term proportional @,(A ) can be
the proton energy spectrum of tb@_)er K +#7" decay reduced to the structure of the first one by means of the Fierz
for the polarizedA [ and the unpolarized proton. In Sec. V tran?(l;ormati(_)r[éLS(]AT)h(_a re;ul;ant %)e(f/fid)e/fll\f of Lhe ﬁl(lSt tgfm
o + ) would contain in the form , whereN=
we calculate the probability of tha; —p-+K " decay rela- is the number ofzqu)'c(lrk colors. Thusz, th()—‘f- effective low-energy

. oy + — +
tive to the probability of theA.; —»p+K™+#~ decay. The agrangian responsible for thel —p+K~+ 7" decay can
theoretical result on the ratio of the probabilities agrees wel .

e taken in the form

with the experimental data. In the Conclusion we discuss th

obtained results. In the Appendix we calculate the momen-

tum integrals describing the the matrix elements of the low- GFV* V. Co(A s _ .5
csVudCal X)[S(X) '}’,u(l y7)e(x)]

ne Lo(X)=— —=
energy transitions\; —p+K~ and A/ —p+K°. of V2
Y 5
Il. EFFECTIVE LAGRANGIAN FOR WEAK X[u() y*(1=y?)d(x)], (2.2

NONLEPTONIC TRANSITIONS OF CHARMED HADRONS —
) ) ) whereC,(A,)=C4(A,)+Cy(A,)/3. The amplitude of the
The effective low-energy Lagrangian responsible for non-y +_, 5+ K=+ 7+ decay is then defined

leptonic decays of charmed hadrons refis
MIAL(Q)—p(q)K™(q-) 7" (qy)]

Ge

Let(X)= = Ev:svud{clw[?(x) P(1=%)e(x)] J2E1:V2EV2E, V2E,.V
X[U(X)¥,(1=¥®)d(x)]+ Co( ) =(P()K™(q) 7 (a4)]Le(0)[AL (Q)), (2.3
X[u(x)y*(1= y*)c(x)1[s(X) v, (1= ¥*)d(x)1}, whereE; (i=A.,p,K™,7") are the energies of tha.,

(2.1  the proton and th&™ andw" mesons, respectively, aitis
the normalization volume.
where G.=1.166<10"° GeV 2 is the Fermi weak con- In (CHPT), at the tree-meson approximation we can fac-
stant,V;, andV q are the elements of the CKM-mixing ma- torize the pionic degrees of freedom and represent the am-
trix, C;(u) (i=1,2) are the Wilson coefficients caused by plitude Eq.(2.3) as follows:

MIAS(Q)—p(@)K (q-)m*(d.)]

= (g )t AT
J2EV2EV2E, V2E, .V (PK ™ (q) 7 (4] Ler( O AZ (Q))

G — _ —
= TZV:sVudCl(AXxp(q)K_(qf)||S(0)7,u,(1_ Y)e(0)[A¢ (Q){(7 ™ (a:)[u(0) y*(1- ¥*)d(0)|0), (2.9

where the matrix elemer(tw+(q+)|a(0)y“(1— ¥°)d(0)|0) can be expressed in terms of the leptonic constant ofsthe
mesonF .=92.4 MeV|[5]:

V2E L+ V(7" () u(0) (1~ ¥°)d(0)|0) =i \2F % . 2.5
Substituting Eqs(2.5) in (2.4) we arrive at the amplitude of thé —p+K~+ 7" decay
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M[A(Q)—p(K ™ (g_) 7 (q4)]
\/ZEA:VZEpVZEK—V

= —iGEVEVuF -C1(A, )% (p(q)K(q-)[s(0) y,(1—¥®)c(0)[AF(Q)), (2.6)

where the matrix elemerfip(q)K ~(q-)[s(0)y,(1—¥*)c(0)|AJ (Q)) describes the transition; —p+K ™ induced by the
currents(0)y*(1— y°)c(0) and defined by strong low-energy interactions.

lll. STRONG LOW-ENERGY TRANSITION AY—p+K~

By applying the reduction technique we bring up the matrix element of the strong low-energy trangitiep+ K ~ to the
form

V2Ex V2B,V 2Ex-V 2E+V < p(a)K™(g-)15(0) (1 = ) (0)|AF(Q) >=

2 2 2lim 2 2 2 i/d4x1d4x2d4$3 'l T1 ¢ld-" T2 e—zQ- T3 ap(‘]a Ul)
Q —* MA+1q — Mp’q— — MK

(25 = M) (-4 MZ) <Oy o) (2)FO)7#(1 =10 (=) >

< . a
(—27 %‘g_ A;")uAZ'(Q)J),

(3.9
whereyr,(X1), ek-(X2), andZA:(xg) are the operators of the proton, i€ meson and the | interpolating fieldsap(q,a’)
and uA:(Q,o) are the Dirac bispinors of the proton and thg , respectively.

Following Refs[6—12] in order to describe the right-hand sitRHS) of Eq. (3.1) at the quark level we suggest to use the
equations of motion

(i'y"az,, ~ Mp) Pp(z1) = %UN(M),

1

(O + M2) o (22) = 259 4(25)iv°s(z2),

V2

_ Y _
‘bAz‘(%)( Al MA:) Sy ot (23)-
3.2

Here gg and gc are the phenomenological coupling con- Then, i, j, andk are color indices anai(x)=u(x)"C and
stants of the proton and th&, coupled with three-quark C=-CT=—-C'=-C~! is a matrix of a charge conjuga-

currents ny(xy) = —&[uf(x) ¥"u;(x)]7,7°di(x;) and  tion, T is a transposition. The three-quark currepi:(x)

7 (X3) =" ci(X3) v, [ dj(x3) Y*U(x3)] [12], respec- = —glk[u¥(x) y*d;(x)]7, ¥°ci(X) coupled with theA{ is

tively, constructed by analogy with  py(X)=
—&"[uf(x) y*u;(X1)17,7°di(x) due to the similar spin-
orial properties of theA; and the proton. ThenM,

£®00 gBZ(x) . Jc— (O dns(x)+Hc =938 MeV andM,+=2285 MeV are the masses of the
\ = — r— + + .C. ¢
int J2'P "IN \/EnAc Ac proton and the\ .

(3.3 The interaction of th&™ meson with quarks is described
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by the coupling constargyqq=V2mM/F , V2E+V2E V2E-V2E .+ V(p()K " (q-)
y %[8(0)7,(1=¥)c(0)[ AL (Q))
LW0=2 % 2SI YU ek-(X)+ -+ +H.c.,

3m
&9 =—igs9c

1 12
| 1672
where m=330 MeV is the constituent quark mass calcu-

lated in the chiral limif5]. f d4klf d4k2_ 1

Substituting Eq(3.2) in Eq. (3.1) we obtain Up(Q,0") ¥a?® I
K

\/2EAc+szpv2EK7v2E7,+v<p(q)K’(qf) 1 1

X[s(0)y,(1—¥*)c(0)|A(Q))

:ngCIE Fﬂ d4X1d4X2d4X39iqxleiq*XZG_iQX3 m_a_a*+kl+k2

1+0v

X Up(0, 0" )0 T{mn(x0)[U(X2)i ¥°S(x2)] >

[kt igori0] 767 Ua; (@) 37

X[$(0) y*(1=¥*)c(0)] 74 +(X3)}0)Ur +(Q, ), _ _ X
¢ ¢ wherev* is the four velocity of theA [ [3,4,7—1] normal-
(3.5 ized byv*v,=1.
For the computation of the momentum integral we assume

) [12] that the proton is a very heavy state and its four mo-
where the external particles are kept on-mass shell,@®., mentum is much larger than other momenta in the integrand

= Mi+, q°= Mﬁ, andqz_ZMi- of Eq. (3.7). Keeping the leading terms in the lar

By applying the formulas of quark conversiofs] pansion we reduce the RHS of E.7) to the form
(lIvanov) we can determine the vacuum expectation value in
Eqg. (3.3 in terms of the constituent quark diagrams. In the

momentum representation we gét-12] 2EAV2E,V2E(-V2E+V(p()K(q-)
X[s(0) y,(1—¥*)c(0)|A S
_ . . ngc 3m f d4k1j d4k2_
3m f d4klf d4k2_ 1 1
L'I ’
71980 | 76,2 S X(,07) ey ——= " Y Yu(1-9°)
_kl +k2
1 1 1
XYV —= VP —— 7 1+v 1
X y° = Al ——— vy, (1—%°) The replacement of the constituent quark Green function
m—q—q_+k,+k, "~
1 1 61
X — Su +(Q,0), 3.6 —_— (3.9
Mo— O+ kg tky 27 2 Qo) 39 m—q+k,+k, M2

where M.=1860 MeV is the mass of the constitueat agrees with the heavy barydi6,17] and HQET([3,4] ap-
quark[7-11]. In the HQET the RHS of Eq2.4) is given by  proaches. Indeed, in accordance with R€f$6,17 and
[3,4,7-11 HQET [3,4] we obtain
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1 m-+q—k,—k, m-+q—k,—k,

Mgtk +ky, MP—(q—k—k)2—i0  M2—2(ky+kp)q—m?+ (kg +kp)2+i0

m_kl_’kz ~
Erere——— .

1

Mo (3.10

Mp 14 2(Ky +k)v/Mp—mPIM3+ (ky + k) 2/ M3+i0

where we have s&*=M v* [3,4,16,17. In the case om
=M, and in the limitM ,—< we arrive at the well-known
expression for the Green function of a heavy baryona
heavy quark in HQET3,4]) [16,17]

1 B 1
m_a+R1+R2 Mp+R1+R2_Mpl’}

1+0 1 -

727 krurion G2

In our casem<M,, therefore, in the limitM ,— o [16,17]
we arrive at Eq(3.9).
The computation of the momentum integrals in E8;8)

where we used the Dirac equation of motianA:(Q,o)
=u,+(Q,0) for the freeA ] .

IV. PROTON ENERGY SPECTRUM
OF THE A} —p+K™+ =zt DECAY

The amplitude of theA\; —p+K ™+ decay is given
by
MIAL(Q)—p(@)K ™ (q-) 7 (g4)]

=GgViVudCa(A,)

4 9ann
S M+
Cc

g_c FaAy
O m?

Up(d, 0’ )(1—9°)

is carried out in the Appendix. Thus, the matrix element

(P(a)K™(9-)[s(0)y,(1—¥°)c(0)|A{ (Q)) is defined

\/ZEA;szpszKfszﬂv

X{(P(A)K~(q-)[s(0) ¥,(1—¥*)c(0)|AL (Q))

. 29cA , A e
IIQWNNggm—gu_p(q,o ) YoV Y0 Yy, (1= °)

1+0

X T) 787°Ur(Q.0), 3.12

whereg .\ is the coupling constant of theNN interaction

X(2QQ; + M+, (Q0). (4D

The partial width of theA] —p+K~+ 7" decay deter-
mined in the rest frame of th& ] reads

dT (A} —pK™7*)

— A+ N K— B + N 2
2|\/lA;IM[ c(Q)—=p(@K (g_) 7" (q4)]]

X (2m*6*(Q-gq-g-—q.)

expressed in terms of the parameters of the model through

the relation g,yn=03(2M/3F ) ((qa)?/M?) [12]. After
some algebra the matrix element £§.12 amounts to

\/ZEA;VZEpVZEwVZEHV

X{(P(A)K~(q-)[s(0)¥,(1—¥*)c(0)| AL (Q))

. 49cA ,
=19mng oo m—:u_p(q,(f )

X[20,(1=7°) + 7,(1+ ¥°)Jus +(Q,0)

. 49cA )
=igmng oo (A0 )17

X(20M+’YM)UA:(Q,O'), (3.13

dd d3q_ dd
w1 a 4 4.2
(2m)32E, (2m)%2Eg- (2m)32E .+
We define the quantity
|IMIAS(Q)—p()K™(q-) 7" (q,)][?
for the polarizedA ! and the unpolarized proton
[ MIAS(Q—p()K ™ (q-)m*(q)]?
2
— 4 g.nnOc FRA
— * 2| - 97NN IL T X
_|GFVcsVudcl(AX)| 5 MA; Os m2
1 ~ A
XS (Q+ M) (1+ Y w, )
X(2Q0: +M:0:)(1+7°)(G+M))
X(1-9°)(2Q0: + My +0.)}, 4.3
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where a)X+ is the spacelike unit four vectora)(fﬁ:—l)

orthogonal to the four momentum of thee (wA+Q 0)

PHYSICAL REVIEW C 60 015201

=2Mp/M,+, and ﬁp=ﬁ/|ﬁ|. The scaled proton energy
ranges the regiog<x=<1+ £%/4.

and related to the direction of its spln In the rest frame of the The proton energy spectrum of the —p+K ™+ 7" de-

AL we havewA+—(0 a)A+) such aSa)A+—1

Neglecting the terms proportional MfT andM3 the re-

sult of the calculation of the trace reads

1
St 1=16(Qq.)%(Qa)+ 24M +(Qa. )(qq)
—32M,+(Q)*(w,+q) +16M  +(Qq,)(QQ)

X(07:00) TBMI (A0 (wp20,). (44

For the derivation of the proton energy spectrum it is conve-

nient to use the formula

d*q_ dq,

2Ey- 2E,+

fq 9% 8(Q—q-q-—q,)

—(Q-9)?g*+4(Q-a)“(Q-q)”]

d*q_ d%q.
2E,- 2E_+

Xf sQ-q-q-—qy)

2 X[—(Q=9)?gP+4(Q-a)(Q-a)”], (4.9

which is valid when the contributions proportional mf,
andM?2 are neglected. Using E¢4.5 we get

d*q- d’q.

2Eq- 2E_+

1
Jgtr{--}é(“)(Q—q—qf—m)

=3 {[15|V| Q- 18|V|A+(QQ)2+ 8(Qq)*

+7Mi+M§(Qq)—12MAA+M§]
~(@2:Q)M,[13M] .~ 14M7(Q0) +8(Q)°
— 7ML M7}

57 ¢
B

3 2 2 &
__ _ 2___
(1 5x+ 15x f )

§2

+((1)A+np) 1- X2

7 2 7 2)
1_EX+ 1—3X ——f (46)

cay in the rest frame of tha | is determined:
dl' (A —pK~7")

49c F,A,
9mNNE oo 9 e

=|GeVEVuCi(A )2

5MS .

Cc

X
51273

L 3 2 7,28
X5 60t 5%

d
X[1+ a(x)(&A:ﬁp)]x\/xz—gzdx 2 £

(4.7)

wheredQ; is the solid angle of the unit vector,=q/|q

and a(x), the parameter of the asymmetry related to the
polarization of theA [, is given by

/ 2
a(x)— 5 1—i—

— (7113 x+ (2/13)x>— (7152 &2
1—(3/5)x+ (2/15) X2+ (7/60) £2— (2/5)( €2/X)
4.9

In order to apply Eq(4.7) to the analysis of the polarization
of the A in the processes of photoproduction and hadropro-
duction we have to remove an uncertainty related to the ar-
bitrary coupling constang%. For this aim we suggest to
normalize the proton energy spectrum to the partial width of
the modeA; —p+K~+ " and replace the coupling con-
stantgé by the experimental value of the probability. Inte-
grating Eq.(4.7) over all variables we obtain the partial
width of the mode

F(A:HpK_ﬂ'Jr)

49c FaA,
—|G[:V udcl(Ax)| ngN g m2
5M
% f 49
s |f(O. “.9

The functionf (&) is determined by the integral

F(6)= J’1+§2/4<1_§ —I—EX +_§2___ X\/;Z__de

—0.065. (4.10

where the final expression is taken in the rest frame of thd e numerical value has been obtained &,

Ag, x=2E;/My+

is the scaled proton energy¢

=2285 MeV andM,=938 MeV.
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The proton energy spectrum of the’ —p+K ™+ 7" de-
cay is then given by

dB(A; —pK 7™)
B(AJ—pK 7")

15401 Sxt ot g
=15. Xt EX 6—0§———

dQ‘

X[ 1+ a(x)( a)A+np)]x\/x2 2dx (4.11

By using the experimental value of the probabilBfA S
—PK™ 7") exp=(0.050+0.013) [2] we obtain
dB(AJ —pK~7™)

=(0.77£0.20| 1 St 2 . 28

—( A 0) _§X+—X +60§—§Y

dQ‘

X[ 14 a(x)( wA+n )X VX2— zdx (4.12

Integrating over the energy of the proton we derive the an-

gular distribution of the probability of the\] —p+K~
+ 7" decay

dB(AS —pK~7") _0050:0013
P

(4.13

Thus, the proton energy spectrum E4.12 and the angular
distribution of the probability Eq.(4.13 of the A —p

PHYSICAL REVIEW C60 015201

dB(A; —pK @) 0.050+0.013
c P ©_ (1-0.77 cod).
dQﬁp 4

(4.1

For the right- and left-handed polarizations of the the
proton energy spectrum is given by

dB(A;r—>pK77T+)(RY|_)

=(0.77+0.20 l—§x+£x 2y 1o 28
o 5 60° 5 x
dQ;

X[1% a(x) cosﬁ]x\/xz—gzdx 7 (4.16

The formulas(4.12 and(4.13 resemble the electron energy
spectrum and the angular distribution of the probability of
the B decay of theu™ meson, ie . u”—e +rvet+v,.
Therefore, the procedure of the investigation of the polariza-
tion of the A inthe A; —p+K~ 7" decay is in complete
analogy to the procedure of the measurement of the polariza-
tion of the x~ meson in theu™ —e~ + v+ v, decay[2].

V. PROBABILITY OF THE Aé—>P+KO DECAY

Most modes of the\ ! decays are measured relative to
the modeA [ —p+K ™+ " [2]. For the theoretical descrip-
tion of the A; —p+K ™+ 7" decay at the quark level we
have introduced the phenomenological low-energy interac-
tion of the A with the three-quark currenﬁA:(x) contain-
ing an arbitrary phenomenological coupling constgt Eq.
(3.3). The spinorial structure of the three-quark current
A (X) = —e'*[uf(x) y*d;(x) ]y, y°ci(x) defined as the
product of the axial-vector light diquark density

+K~+" decay do not contain arbitrary parameters and] Uf(x) *d; (x)] transforming under the SU(8X SU(3).
therefore, can be applied to the analysis of the polarization afroup as 6;,3.) and thec-quark fieldc,(x) is caused by the
the A in the processes of photoproduction and hadroprodynamics of the quark confinement given by a linearly rising

duction.

interquark potential6,11]. In order to verify the validity of

The formulas(4.12 and(4.13 define the polarization of the approach applied to the computation of the proton energy
the A relative to the momentum of the proton. If the spin of spectrum and the angular distribution of the probability of
theA+ is parallel to the momentum of the proton, the right-the modeA; —p+K™+=" it is not sufficient to be re-

handed(R) polarization, the scalar produc:1A+np amounts
C

to J)A:ﬁp= cosd. The angular distribution of the probability

reads

dB(Af —pK™7") 0.050+0.013
c P ®_ (1+0.77 cos).
dQﬁp 4

(4.19

In turn, for the left-handedL) polarization of theA . , the

spin of theA [ is antiparallel to the momentum of the proton,

the scalar product reads( +n,) = —cosd and the angular
Cc
distribution becomes equal

stricted by the consideration only this mode. For the confir-
mation of the result obtained for the modg —p+K~

+ 7" one needs the computation of the probabilities of other
modes relative to the probability of the main modg —p
+K~™+7". In the ratio the coupling constaml: cancels
itself and the theoretical result turns out to be dependent on
the Wilson coefficients, determined by the short-distance
quark-gluon interactions, and the long-distance dynamics,
described by the quark model with chiral U8Y(3) sym-
metry motivated by QCD with a linearly rising confinement
potential. The agreement between the experimental data and
the theoretical predictions for the ratios should testify both
the self-consistency of the approach and the consistency of it
with a short-distance QCD. Below we obtain the evidence of
the self-consistency and the consistency of the approach by
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example of the calculation of the decay motlg —p+ K°. /2EA+V2E V(p(@)[u(0)y,(1—¥*)c(0)|AL(Q))

We have chosen this mode due to the following reasons.

First, it contains the proton in the final state, and, second, the f d4k1f d4k2_
dp g, o'

computation of the matrix element of this mode is com-  =—30g0c 1672
pletely different to the computation of the matrix element of
the mode AJ —p+K™+a*. Indeed, the modeA;—p 1 1
0 nli + -+ ; . XYy ——— P @
+K® unlike the modeA [ —p+K™+a " admits the factor Ya¥ m—kly m+k27 m—q+ K, + Ky Vi

ization of the baryonic and mesonic degrees of freedom.

The effective low-energy Lagrangian responsible for the 1+0 1
decayA; —p+K° can be obtained from the effective La- X(1=7)| — [(ky+Ky)v+i0]
grangian(2.1) at u=A  :

! X yp7°up+(Q,0). (5.4)
Criuy = ny 5 Keeping the leading terms in the lardé#, expansion we
=——= - P
LenlX) \/EVCS udCa (UG 7u(1=y7)e(x)] reduce the RHS of Eq5.4) to the form
X[s(x)y*(1=»?)d(x)], (5.9)
V2EA+V2EV(p(9)[u(0) y,(1~ ¥°)c(0)[A{ (Q))

WhereEZ(AX)=C2(AX)+C1(AX)/3. The amplitude of the ngC

AC*—>p+E° decay can be defined in analogy with E2.6):

dk, d4k2_
16772 f j dp a.0"

K XYay —= 7" - Yeqy,(1— )
M[A(Q)—p(a)K (do)] m_kl =
\/m 1+v 1 5
C 2 | [(ky+kyv+io] 7BY Uy (Q,0). (5.5
=—IGEVes udCZ(A )Fal
X(p(q)|u(0)y,(1—¥*)c(0)|AZ (Q)), (59  The integrals ovek; and k, have been calculated in the

Appendix. Using Eq(A7) and making some algebraic trans-
formations with the Dirac matrices we get

whereF =113 MeV [2] is the leptonic constant of thi€
mesons. V2EAV2EV(p(a)[u(0) 7,(1~ ¥))c(0)| A (Q))

To the computation of the matrix element
(p(a)|u(0)y,(1—¥°c(0)|A{(Q)) we apply the reduction
technique. By using the equations of moti¢h2) we arrive =~ 0anN
at the expression

4 Jdc F’JTA)(

505 m? up(a,0")(20y,a+007y,)

X(1=y)ur#(Q,0). (5.6

J2EA+V2EV(p()[u(0) 7,(1- ¥*)c(0)[ AL (Q)) _ P o
¢ The amplitude of the\; —p+K" decay is defined

1 ) S
=0g0c EJ d*x,d*x,e'™1e™'2u (q,07)

MIAS(Q)—p(a)K(do)]
X (0 T{py(x0)[U(0) ¥*(1~¥")c(0)] | . Fx
o :|GFV§sVudcz(AX)ﬁ
X 77AC+(X2)}|O>UAC+(Q,U), (5.3
49cF Al o —
gﬂ-NN5 U m2 MA+up(q a’)

where theA; and the proton are kept on-mass shell, i.e., 5
Q?=M2. and g?=M3. In terms of the constituent quark X(A+By UL H(Q,0), (5.7
diagrams represented by the momentum integrals the RHS of
Eq. (5.3 defined in HQET reads where the constants andB are given by
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2

M M?2 Mio
A=1+—2 2P X103

I\/'A(:r MA: MA:

2

M M?2 Mio
B=1-—2 2P X —021. (59

Ivlj\+ MA+ MA+

c c c

The numerical values are obtained fMA6+=2285 MeV,
M,=938 MeV, andMo=498 MeV|[2]. The partial width
of the A —p+KO decay reads

I'(Af—pKO)
3
22 M’ +
_ 49gcF A |“F2 VA
_ * 2 il y c
=|GeVEVLdCaA,)| {ngwg—gB 2 | m2 32m

Xtr{(Q+ M) (A—B»°)(a+Mp)(A+By°)}

T

(5.9

M,—Myo
MA+
c

M+ Mgo
MA+
c

+
When computing the trace over Dirac matrices we obtain thé\C

partial width in the form

I'(A;—pK°
5
12| BM +
= 4gCF7TA Ac
=|GrV*VdCao( A ) 9Nz — X
| FVesVud 2( X| gNNSQB m2_ 512773
2
3272 F2 M 2 Mio
X— =AY 1+ ) ——
m '\/l/\;r MA:_
2 2
M Mio
+BY [ 1-—2| ——
MA;’ MA:;_
277 2
M, ,—Myo M+ Myo
X\/ 1—| =P K 1—| P K
MA: i MA:

=11.72¢|GeVEVudCalA )2

5
4 Jdc Fﬂ'AX ? SMA:

X ngNga >

. (5.10

m 51273
Now we can define the partial width of th&é’ap+f°
decay with respect to the partial width of the —p+K™~
+ 7" decay. By using Eqg4.9 and(4.10 we get

r A+—> EO 62 A
h= (+C p_ )+ :180.31><_§(—X). (5.11)
DA —pK 7" C2(A,)

PHYSICAL REVIEW C60 015201

The numerical factor in front of the ratio of the squared
Wilson coefficients is completely due the low-energy dy-
namics of our model induced by a linearly rising confine-
ment potential. In order to verify the consistency of this dy-
namics with a short-distance QCD we should substitute in
Eq. (5.11) the numerical values of the Wilson coefficients.

Following Buraset al. [15] we obtainC,(A,)=1.24 and
Ca(A))= —0.47! These numerical values agree well with
the numerical values of the Wilson coefficients calculated at
the normalization scalg=1.5 GeV[15]: C;(u)=1.21 and
Cy(u)=—0.42.

The ratioRy, calculated atC4(A ) =1.24 andC,(A,) =
—0.47 amounts to

I'(AS—pKO)
Riy= (+° pf =0.50.
T(Af—pK™ 7")

(5.12

The theoretical result agrees well with the experimental
value averaged over all experimental df2& Re,,=(0.49
+0.07). This agreement is nontrivial and testifies to not only
the consistency of the model with short-distance QCD but
the self-consistency of the quark model with chiral
U(3) <X U(3) symmetry incorporating HQET and (CHR[T)
The former is due to the distinction between the computa-
tions of the matrix elements of the modag — p-+K° and
—p+K ™ +x". Indeed, the computation of the matrix

element of the modd  — p+ K° admits the factorization of
the baryonic and mesonic degrees of freedom, whereas for
the computation of the matrix element of the morkié—>p

+ K™+ 7" such a factorization is not feasible.

Our theoretical result for ratio E¢5.12) also confirms the
validity of our prediction for the proton energy spectrum and
the angular distribution of the probability of th&, —p
+K~+ 7" decay given by Eqs(4.12 and (4.13, respec-
tively.

VI. CONCLUSION

The main result of the paper is in the prediction of the
proton energy spectrum and the angular distribution of the
probability of the modeA; —p+K™+a" of the A de-
cays. This mode is the most favorable for the measurement
as it contains the proton and the charged mesons. However,
from the theoretical point of view this mode is the most
difficult for the computation due to the impossibility to fac-
torize baryonic and mesonic degrees of freedom.

To the computation of the matrix element of m€—>p
+K~+x" decay we have applied the quark model with
chiral U(3)xXU(3) symmetry incorporating HQET and

The Wilson coefficients defining the effective Lagrangian de-
scribing weak hadronic transitions withS=1 andAl=1/2 selec-
tion rules and taken at the renormalization poipi=A,
=940 MeV have been calculated previously in R&P]. For this
aim one had only to follow the explict expression of the Wislon
coefficients as functions g obtained by Gilman and Wisg20]
and Buras and SlominsKy1].
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energy QCD with a linearly rising confinement potential. > 2 1 r r Tk Tk o+iol
Due to the dynamics of strong low-energy interactions w’i ) wt meky mtk, [Kitko)u (,]Al)
caused by a linearly rising confinement potential the spino-

rial structure of the three-quark currents coupled to the barygherer is a Dirac matrix. The nontrivial contribution comes

ons is fixed unambiguously. The effective low-energy inter-om the components of thie andk four vectors parallel
actions of the low-lying baryon octet and charmed baryonsq four vectory*. This gives

coupled to the three-quark currents can be described in terms
of two phenomenological coupling constagisandgc, re- d%, [ d%k, m+okyw
spectively. These constants enter multiplicatively to the ma- j(v)zf > > TR
trix elements of the strong low-energy transitions of baryons. i )i [m*—ki—i0]
In the case of the nonleptonic decays of thg the mul-
tiplicative character of the constargg andgc allows us to r —
replace the product of these constants by the experimental [mz—kg—iO] [(ky+kz)v +i0]
value of the probability of the modd  —p+K + 7.
This defines any mode of the_ decays relative to the mode
A —p+K +7". As regards the proton energy spectrum
and the angular distribution, the resultant expressions do not
contain any arbitrary parameters and can be applied to the J(v)=4i f
analysis of the polarization of th&_; in the processes of 0o m*+ ké1
photoproduction and hadroproduction. We have considered 3
the simplest case, maybe most favorable from the experi- erxdkEZkEZ
mental point of view, when thé\ is polarized while the o m?+k2,
proton of the decay is unpolarized. This means that for the N
investigation of the polarization th&_ one should follow f dQ; m—ivkg,cosy,
only the geometry of the momenta of the protons of the 272 Kg1C0Sy 1+ KgoCosy,'
decay but not their polarizations. In this case there is an
obvious similarity between measurements of the polarizatiogyhered(); = 47 sirfy;dy; (i=1,2) are the solid angles in Eu-
of the Al inthe A{ —p+K™ +7" decay and the«” me-  clidean spaces of the momerkg, andke,, respectively,
son in thepB decayu™ —e +vetv,. kgi=Vk2 +k? (i=1,2). Then we have used the relation
For the confirmation of the validity of our prediction for f/;g: —i [8].
the proton energy spectrum and the angular distribution o
the probability of the modeA —p+K~+=", we have
computed the probability of the mode, —p+K?° relative

to the probability of the mod@ ; —p+K~+ 7. Our pre- o wdkElkgl dQ, .
dicton for the ratio of the probabilitiesRy,=B(A¢ ﬂv)=4f0 dtfo J ﬁ( +ivkgicosyy)
—pK®%)/B(A; —pK 7")=0.50 agrees well with the ex-

perimental value averaged over all experimental ddig, . wdkEZkéz dQ,
=(0.49+0.07). This agreement is not trivial and confirms Xe'tkElcos"lFf —— | 75
not only the self-consistency of our approach but the consis- 0 m°+kg,) 27
tency of it with a short-distance QCD, since the computation
of the matrix element of the modg; — p+K? differs from

the computation of t.he matrix eIement. of the mo’dé—fp Integrating outy; and y, we get
+K~™+ a7, Indeed, if for the computation of the matrix el-

(CHPT),. This model is motivated by the effective low- d*%, [ d*k, 1 1 1
J)= f

m_l,;kzl) 1

(A2)

Now it is convenient to make the Wick rotation and pass to
Euclidean momentum spa¢@:

»dkg kS, [ dQ .
ﬂf 2_7;(m+iUkElcOSX1)

(A3)

In order to disconnect integrations ovier; and kg, we
suggest to use the following integral representation:

m?+kZ,

X (M—ivkg,Cosy,)etke20osxz, (A4)

ement of the mod&%é—>p+?0 one can factorize the bary- ® ocdkElkgl J1(Kgqt)
onic and mesonic degrees of freedom, whereas in the case of J(v)= 16j0 dtfo 2t K2 m koot
the computation of the matrix element of the motig—p El EL
DN T .
+K™ + 7" such a factorization is not feasible. _|{)i[‘Jl(kElt)” f*dkezkéz [Jl(kEzt)}
gt]  Ket o m?+kZ, Keot
APPENDIX: COMPUTATION OF THE MOMENTUM
~ 0 | Jx(Keat)
INTEGRALS +iv—|———|1, (A5)
at| ket

We perform the integration ovér, andk, of the momen-
tum integral of Eq.(3.6). For this aim we consider the inte- whereJ;(kg;t) (i=1,2) is the Bessel function. Now we can
gral perform the integration ovetg; (i=1,2):
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ﬂv)=1&n2jowdt[ m[Kl(tmt)}

.
_I —
Vst

)
| —
Vst

Ki(mt) Ki(mt)
o rlm

t

whereK;(mt) is the McDonald function. The integrals over

Ki(mt)

PHYSICAL REVIEW C60 015201

where(ﬁq) is the quark condensate defined in terms of the
SBxS scale and the constituent quark mass as follows
[5-12

| @l Sl

(AB) ~Nm

A2
X
s

=" A2—m?In
'

X

]=—(253 MeV)3,

t are divergent and should be regularized. We suggest to use (A8)
the cutoff regularization restricting the region of the integra-

tion overt from below ast=1/A

. Keeping leading diver-

The numerical value is calculated Ht=3, m=330 MeV,

gent contributiond5-17 it is convenient to represent the @ndA,=940 MeV. As has been shown in Rg5] the quark

RHS of Eq.(A6) in the following form:

212

—2(qq)*To,
m

al1
j(”)zﬁ{ 3

condensate valueaq>=—(253 MeV)® describes with an
accuracy better than 5% the mass spectrum of low-lying
pseudoscalar mesons for the current quark massgs

(A7) =4 MeV, my=7 MeV, andmy,=135 MeV quoted by

QCD[18].
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