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Radiative A— N+ decay in light cone QCD
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The gan, coupling for theA— Ny decay is calculated in the framework of the light cone QCD sum rules
and is found to be,y,=(1.6=0.2) GeV !. Using this value ofan, We estimate the branching ratio of the
A" —Nvy decay, which is in a very good agreement with the experimental r¢SQ556-282199)02023-§

PACS numbsis): 13.30.Eg

[. INTRODUCTION QCD sum rules for the radiativA— N1y is presented. Sec-
tion Il is devoted to the numerical analysis and discussion of
The extraction of the fundamental parameters of hadronthe results.
from experimental results requires some information about
physics at large distance. Unfortunately such information 1. THE LIGHT CONE QCD SUM RULES FOR A—Ny
cannot be achieved from the first principles of a fundamental DECAY CONSTANT

theory. Indeed QCD, which is believed to be a candidate of ) oL
such an underlying theory of strong interactions, has very [N studying theA—Nvy decay constant we first introduce

complicated infrared behavior which makes it impossible tofh€ interpolating currents for th& andN baryons{2]:
calculate the properties of the hadrons starting from a funda-

mental QCD Lagrangian. Therefore for the determination of u :i abar(y Tou LocuTov

the parameters of hadrons a reliable nonperturbative ap- Ma+ \/§E T(uaCy"up)det2(uaCy do)Uc,
proach is needed. Among all nonperturbative approaches,

QCD sum rules, which were originally proposed by Shifman, IN= eabc(u;Cy#ub) ysy*de, (1)

Vainshtein, and Zakharo{/l] and adopted or extended in
many works[2—6], are particularly powerful in studying the whereu,d are up and down quark fields, respectively, @d
properties of low-lying hadrons. In the traditional QCD sumis the charge conjugation operatar; b, andc are the color
rules method 1] the nonperturbative approach is taken intoindices. Note that this choice of nucleon interpolating cur-
account through various condensates in the nontrivial QCDents is not unique and other choices can be used, for
vacuum. example, Ref[3]).

In this work we employ an alternative approach to the The overlap amplitudes of the interpolating currents with
traditional sum rules, namely, light cone QCD sum rules, tathe baryons are defined as
study theA— Ny decay coupling constant. Light cone sum
rules is based on the operator product expansion on the light (O 7nINY =Npun,
cone, which is an expansion over the twists of the operators
rather than dimensions in the traditional sum rules. The main
contribution comes from the lowest twist operator. The ma- (0] ”XM)Zﬁ}‘AUXv )
trix elements of the nonlocal operators sandwiched between
a hadronic state and the vacuum defines the hadronic WaNBhereu¥ is the Rarita-Schwinger spinor. The coupling con-

function (more about application of light cone QCD sum gt for the A— N+ decav is defined as follows:
rules can be found in Ref§7—16], and references thergin 9any N y ’

In generalA—N+v decay is described by the electric _ T AV By
quadrapoleE2 and magnetic dipolé 1 transition ampli- (N718)=Tegan €umastiny e UL, ®
tudes. However, it is well known that the electric quadrapola,vheresﬂ andg,, are the polarization vector and momentum
amplitude is very small compared to that of the magneticof the photon, respectivelg is the electric charge.
dipole amplitude(see Ref.[17], and references thergin According to the QCD sum rules ideology, the quantita-
Therefore in this work we consider only the magnetic dipoletive estimates of thg ., coupling constant can be obtained
contribution. The coupling constagky,, is involved in phe- by equating the two different representations of a suitable
nomenological models in investigation of the many reactiongorrelator, written in terms of hadrons and quark-gluon lan-

of the strong and electromagnetic interactions and it is exguage. For this purpose we start our analysis by considering
pected to be measured more precisely in the pion photo prahe following correlator:

duction experiments at TINAlformer CEBAR.

The paper is organized as follows. In Sec. |l the light cone 4 inx -
Hp.a)= | ¢ eP(H@ITmOme0llo). @

*Email address: taliev@metu.edu.tr Saturating Eq(4) by A and nucleons and using Ed8) and
"Email address: savci@metu.edu.tr (3), we get for the phenomenological part of the correlator
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The main theoretical problem being the calculation of @g.

in QCD. This problem can be solved in the deep Euclidean
region wherep? and (p+q)? are negative and large. After
lengthy calculations, at quark level we have obtained the
following expression for the correlator function

i ANA A
ieg
N B(p2-m2)[(p+q)2—m3]

(ple,(pa)—(ep)a,])

+ other structures. (5)

1 . _
(p,q)=— mj d*x €= 4(y(a)|dys ¥, AL Y5 ¥, ¥s THSY,S ¥,) + 28,8’ ¥, ¥5Y 7, ¥5]|0)

+ 2< Y(Q) |ao-aﬁ[ O-aﬁ'}/p Vs Tr(S’YpSI ’yM) + 287;28, ’}I}LUQB’YP 75] | 0>
— 4y (@)|Uys Y UL 28,5 TH Y5V ¥oS V) = 287, Y5 Yo YuSY, Y5+ 2¥5Y e ¥YpS ' ¥uS¥,¥51|0)

+ 2< y(Q) |Uaaﬁu[287p75 Tr( O-aﬁ’YpS ' 7,41,) + ZSYpUaﬁyus’yp75+ Zgaﬁyps ' 7M5yp75] | O>}’ (6)

whereS’'=CSC=—CSC ! andiS(x) is the full light quark
propagator with both perturbative and nonperturbative con-
tributions

1
Pexp( fo du x"AM(ux)),

is omitted since in the fixed point gaugéA ,=0. The func-
tions ¢(u) and(u) in Eq. (8) are the leading twist photon
functions, whileg,(u) andg,(u) are the twist-4 functions.

iS(x,00=(0| T{a(x)q(0)}/0)

X (ECD X2 ,— Using Egs.(6), (7), and(8), and performing Fourier trans-
=i o2 12 —@mo<qq> form for the structur¢e ,(qp) — (¢p)q,], we get the follow-
ing result:
1 (1 X —
BT zfod“‘?““ﬂeaﬁ(ux) - LD e eg)|  xawin(—P?)
7T 77.2 4\/§ 0 u d SX
TR 1 27 ?
4iu”; G <“X>7v] e @ 1491w+ 205(W] 55+ Fu(w)+ 5 Fmiy

It follows from Eq. (6) that, in order to calculate the cor-
relator function II in QCD, the matrix elements

1
2 C + ﬁgz(U)<ngz>(—7eu+3ed)
(v(@)|av.vs0|0) and(¥(q)|qo.zq|0) are needed. These

matrix elements are defined in terms of the photon wave 1 1 2 1
) o _ = 22 - _= 2:2y
functions as followg18-20Q: 12%(9 G2 x¢(u) o 391(U)ed(9 G >P6 ,
_ f 1 _
(7(@)|aya7s50|0) =7 €q€€ap,0e”a’x” | du €Dy u), ©
4 0

whereP=p-+qu.

(7(9)]00440(0)
_ 1 i
=ieqe<qq)f du g'¥
0

X{(& 4055 [ X P(U) +X[g1(U) —ga(u)]]

As has been noted already, the QCD sum rule is obtained
as usual by equating the hadronic representation of the cor-
relator(4) with the result of the QCD calculation. In order to
take into account the contributions of the higher states we
invoke the quark-hadron duality prescription, i.e., above cer-
tain thresholds ins; and s,, the double spectral density
p(s1,S,) for the higher states and continuum coincides with

+[OX(&  Xg— & 5X,) T eX(X 05— X450, uj, . )
Lax(2aXg e Xe) + eX(Xol™ X500 102(U)} the spectral density calculated in QCD.

®) After performing double Borel transformation with re-
where the parametey is the magnetic susceptibility of the spect to the variableg? and (p+q)? in Egs.(4) and(9) to
quark condensate ane€, is the quark charge. In further suppress the higher states, we finally get the following sum
analysis the path ordered gauge factor rules for theAN+y coupling constant:
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w22{da) 1
gANy)\A)\N:_Are ™ 2 [(eu €q) _§X¢(Uo)M4f1(50/M2)+[491(U0)+292(U0)]M2f0(30/M2)
22 m3 1 1 -
T3 Tuo)| 1= g | [+ (T 7eut 3€0)GalUo) + 2 E501(Uo) — 12x¢ Uo) [(9°G%) (. (10
|
where the function side of Eq.(10) on M? is shown in Fig. 1. It follows from
this figure that in the abovementioned working regiovi#
n . . . . .
f _1-eS (x) the sum rule is quite stable. From this figure one can directly
n(X)= 2 k_’ predict that
is the factor used to subtract the continuusy,is the con- gan,AaAn=(0.0020-0.0009 Ge\P. (11

tinuum threshold and
Dividing this product of couplings by the residues of proton

e M3 2 MEM3 andA currentsky andX , , that were calculated in the analy-
0 M2+M2’ M2+M2’ sis of mass sum rules for baryof (see also Ref4.3] and
[4])
whereM? andM3 are the Borel parameters. Since masses of
the proton, andA* are very close to each other, we can Jany=(1.6£0.2) GeV L. (12
chooseM? andM3 to be equal to each other, i.é12=
=2M?2, from which it follows thatuy= 1/2. This prediction of the coupling constant permits us to esti-
mate the width of the\ —N+vy decay. Using the matrix ele-
. NUMERICAL RESULTS ment for theA — N1y transition[see Eq.(3)], we get for the
decay width

It follows from Eq.(10) that the main input parameters of
the sum rules are photon wave functions. It was shown in o 1
Refs.[7,8] that the leading photon wave functions receive = _39§Ny(mi_mﬁ)3 1+ ——(my—my)?|,
only small corrections from the higher conformal spin, so 4 3mjy
they do not deviate much from the asymptotic form. Follow- (13
ing Refs.[18—20, we shall use for the photon wave function

wherea is the fine structure constant ang, andmy are the

¢(u)=6uu, masses ofA and nucleons, respectively. Using the predicted
value of gy, in Eq. (12), the result we get for the decay
p(u)=1, width is
91(U)=—%U(3—u), I'~0.651+0.25 MeV,
and for the branching ratio of this channel we haiar the
_ l_ total decay width we have usdd, =113 MeV[22])
g2(u) 4U
whereu=1—u. The values of the other input parameters we o000 .
have usedf=0.028 Ge\ and y=—4.4 GeV [21] at the
scalep=1 GeV, (g2G?=0.474 GeV and for the con- .
tinuum thresholds, we have chosen two different values, 3 oo
i.e.,sp=2.8 GeV andsy=3 Ge\?. Having fixed the input 5
parameters, one must find the range of valuesviéf for = oo
which the sum rulg10) is reliable. The lowest value dfl? 0.001 |- ]
is usually determined by the condition that the terms propor-
tional to the highest inverse power of the Borel parameter 000 - v = " 700

stay reasonably small. The upper limit is determined by de-
manding that the continuum and and higher state contribu-
tion does not get too large, say less than 30% of the leading FIG. 1. The dependence dfin, A ahn ON the Borel parameter
twist contributions. Both conditions are satisfied in the inter-m2. In this figure the solid and dash-dotted lines correspond to the
val 1 GeV*=M?<1.5 Ge\f. The dependence of the right threshold values,=2.8 Ge\? ands,=3.0 Ge\?, respectively.

M? (GeV?)
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mental results, i.e., 0.52%B<0.60%[22].
B(A—Ny)=—=0.0058. In summary, we have calculatédNy coupling using the
tot light cone QCD sum rules. Our prediction on the branching
ratio is in good agreement with the experimental results.
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