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HYPERON RADIATIVE DECAYS IN QCD

V.M, EKhetsymovsky

Abatr»act

Amplitudes of the decays Z+PX,E 2 rand SE-E”X&re
egtimated in the framework of QCD sum rules method., Us.ng this
method, we are able to explain comparatively large branching
ratio, BI""(Z) ~ 'IOH , and large negatlve agymmetry parame-—
ter K(E.) % =4 observed in the -:'ieca:.rz X' We also estimate
branching ratios for =. .S?, to be (nn more then) an order
of magnitude smaller than the experimental upper bounds for
them

1. Introduction

To describe properties of the lowest hadron states the QCD
sum rules method originally proposed in ref./1/ is now widely
used, Meson /1 2/ and baryon /3-5/ masses, meson Tformfactors
and couplings /6-8/ had been calculated using this method. In
rufs./9,10/ the QCD sum rules for polarization operator of nuc-
leon current in an external electromagnetic field were applied
to calculation of nucleon and hyperon magnetic moments. Analo-
gous sum rules in an external axial field were used in raf./1v
to calculate vector and axial constants of octet baryons. In
ref, /12/ § -wave amplitudes for non-leptonic hyperon decays
and pgrity violating JI NN constant were calculated using sum
rules for correlator of two baryon currents in presence of weak
interaction ("weak field").

In this paper we derive sum rules (SR) for correlator of
two baryon currente in presence of weak and electromagnetic
fields, These SR allmr one to calculate real parts of amplitu-
des of the decays = Pa’ ST and S&T =K' ‘These de-
cays have the common feature in that the (lowest) pole contri-
bution to them ies small as compared to the non-pole one, The
real part of the latter is just calculable with the help of
SR, It turnms that the dominant contribution to Z+Pr comes
from interaction of photon with soft quarks. The largeness of

"Br(Z) 21072 is explained by the large value of the magnetic

sucseptibility of q -quark condensate, Xq &8 Ge‘.’z, introduced

in/':?/ Large asymmetry,X(Z)z =1, is explained by the large
SU -violation due to occurence of high powers of masses mg
and m in the SR. The dominant contribution to = 3 & and
R = Xcomes from interaction of the pair of soft quarks
d,8 with both the weak and electromagnetic fields. Taking into
account also imaginary parts of amplitudes /13—1 6/ we predict
branching ratios for these decays.

The main idea of calculation is not new. If there are
small momentum transfers in the process, corresponding distan-
ces can be large. Therefore the standard Wilson operator pro-
duct expansion (ﬁPE}/ﬂ/for the correlator of currents must
be supplemented with the wvacuum expectation values (VEV's) of
the nonlocal operators /18/. In our case the VEV's <@O>, -
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tion. After transferring the continuum to the RHS and boreli-

zation we have the LHS, phenomenological part, of the SR to be
proportional to
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Our main object is the following correlator _'afJ:lJH and i /D 2 2 P >

J.:!_ is the electromagnetic current, H is _thé four-quark A s=-1
wegk Hamiltonian.

of the two threﬂ-_qllﬁrk baryon currents 72171 : In what follows we compare our SR with the SR for some known
K)L =IC{¢IC(?J¢E ex/o[i(?x +kg+ !Z)]' 1) phys_:’tcal quantities and reduce them to the form Anf'/quffﬂ
g _ : Azz = const + higher power corrections. The terms ~A ,4;_.

.<T[ y(r)]j(g)ﬂfzj% (0)}> are not essential for they can be either attributed to h':s
e e T KA-?KAI..L' -7?‘_"}_2}4, B b e NGRS higher power corrections here not accounted for or cancelled

by applying the operator {QZ/QPEZ)'(FZ' ) to both sides
of the SR, In the duality estimates P, Z > and these
terms again drop out. However, the pole contribution is to be

added to A, to give the physical amplitude in the Minkoveky
region. :

52 3 f is some auxiliary momentum introduced for the purpose
we are goling to discuss now. ;

At first sight, the correlator Kail = KA(Z' 0) seems to
be more appropriate to our problem. However, it's analytic pro-
perties in variables 'S',' = -(q + k)E, .S‘: = -1:12 are not gquite
good. The corresponding spectral density P (S5;,8,) is given by 3, Nonlocal VEV!'s
diagrams of the topology shown in figs. 1a, 1b. Note that such

tlie Tabehony carTascoTARIT0 The near oo 21‘;03, ATy, s cthae Consider first the correlators in the weak field, VEV's

<U}wcan be calculated using equations of motion, g',??:

re are no valence U -quarks in the two remaining decays. The i - % e

diagrams of fig. 1b contain divergence in loop L. In terms of m?? o H‘? 2 H‘? B ?_Z/a? Bl 0-'2;1.3}4'<SJ;4_5{>W=
XA( £ 4 0) it corresponds to the divergent dispersion integral hic-?l (/:za( —Ms)<S >PV + <(‘$Hc.{, —HS )>

in variable 35.'. = -(qg +1 + k}z. In other words, contribution w S

(3)

- from higher states in strange channel is large. To get rid of < —C{,> it < SH‘I _H.S‘
it the Borel transformation in Sy (the corresponding parame- S i i -7
m_s- G(

: 2 2
ter is denoted as 3 ) is suitable /1/. Putting 1€ = k1l = k°=
The RHS of (3) is the VEV of some local four-quark operator C??.

= 0 we are left generally speaking with the only variable
At the normalization momenta M~ 1GeY ~ /M this operator

s, = -a° = -(q + k)® (the matter is that the contribution of o e TP s
contains on -

7 =induced VEV {0721 dominates and is calculeble in kinema- s e g A i -fiej-dﬁ o A R
(M is the typical scale of Borel parameters, /?lc is the C -

tic k = 0 only). Then borelization in s_ suppresses continuum
P -quark mass). Therefore being factorized at M (3) vanishes.

in the proton channel. o 2 y 0 i
O v ”z
However to find the phisical amplitude A of interest from v, i gluons of momenta from /7Zc to

< /n t %
the SR one needs some model assumptions concerning the depen= ﬁe . ‘;leids ;f:ﬂz ﬂie?t{’iﬂ 3f ;’he };%Ed s”;%/% ¥ with
c c e
dence of A on -s;a‘, SE . In the aspect of bordization in SFJ'SE > e R T T /fu 20/, Therefore
2 factorization {@) at A gives already nonzero result.

. 2
the behaviour of A in the vicinity of SP =—mp, ‘SZ =-'y is of ] Likely VEV o f} Btk i $dies Aol £ L

. c ives e dominan i b=
interest. So we represent A approximately as the sum of the < /13 W’S g v S

tion to — and —— decays can be reduced to (’Eﬂ"
pole contribution and some comstant term Ao: 4 = Aa-f-('_s;o-f- 1 e e athes ek E e c-‘i-a"‘fﬁ‘i/&h-?q
4 an <Hsﬂ&ﬁ.d|.._>,1 (d'ﬂ‘g‘?-f[f“:&;])_rrha : a B = TEL a8
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at p<MMg: <Y IR¥RY >, YR <RE> -
-|- <Y ¢R><qu 'ﬁ_)‘ But in case of {Sa-d_) the equations
of motion are useless. Consider this correlator =a EN - 1 GeV,

OPE for it begins with <SA> , Analogous OPE for <qﬂ‘q> 72/
begins with <q q> Comparing them gives

<Soddy, x<dad>, <3d>, <dds! ()

up to the power corrections not accounted for. In the framework
of the lnwest vector state dominance one can then extrapolate
(4) to k%= O with an accuracy of 1.5.
The linear in k terms in (@2, were obtained in /9,10/.
Tn analysis of 92  decay the bilinear in k terms in <@>,,
<@>w are also of interest, Using C -conjugation we obtain,
for exampla, that <“aaﬁ?. }4“>A <V uoaﬁ U.'.)A
=1 (9 (L Op H)}u.—g_ﬁ (ﬂa&ﬁ&(}"and so on, Some formu-
as for the EV'E conaziﬁerad are presented in Appendix A, Multi-
quark VEV's are supposed to obey factorization hypothesis, for

instance
<dsuu P T <J.§>W<u11> (5)

Here the fact is taken into account that the contribution to the
wezk interaction of four wvalence quarks d, g,y at large dis-
tances z is suppressed by 3_6 as compared to that of two valen-
ce quarks d, s. The former becomes significant in higher or-
ders of GPE/1E/

Inclusion of the effects of H at large distances into SR
is straightforward for .SZ and = decays ft::r which the
gshort distances are unessential. Here we work 111 kinematic 1=0
from the very beginning, since H- and (H +J )-induced VEV's
are known in this kinematic only. As for the z'i' decay, we
need to consider it to consist of two subprocesses caused by H
at different distances. The diagrams dominating in each case
differ in their topology, and this difference keeps in each or-
der of OPE as soon as we do not exceed the limite of factoriza-
tion of the VEV's (see (5)).

4, Derivation of the sum rules

Consider phenomenological expression for K4 and choice of
d* -matrix structure needed to formulate the SR, Parametriza-

tion of the matrix element sought for, /d{' ex ({,é )
« <5, /T{ffé’)ﬁfajffﬂf , is usually cél:osen/zs e

LGy Uy (@ds +é)a:lﬁ u, k* (6)
t and

(G My U [A,3p s U RE+ A, (5 8 Up—
~Hidy) + b, duk “pby (G~ uy) ]

for decays of 1/2

(7)

for .52 _d/ In what follows, calculations of the amplitudes

with exception of ﬂ(z) (it vanishes in_S'U -1limit /22/) are

made neglecting baryon mass difference: m, n m, = M. The residu-

es of bar:.rona nto currents used are defined according to for-

mulas <G/7Z!/}=ﬁ¢r U ":0/7’14!‘3’ > Aﬁf , where U U =

2m, 6{ r“-': -2m, To calculate contribution of H at short dla-
tam:es (it ia the case of pra’} we take the structures ﬁ[ ﬁ{
having the maximal number of momenta. The dominating contribu- J/
tion to corresponding SR is due to <¥"9V> It is given by the
two-loop diagrams of the type shown in fig.Bc. The SR for the

-8tructures next in number of momenta, ﬂd‘i&"'& ? or ﬁ/ﬁd’

begin with the asymptotic loop of fig.3a which is considerable
equally with ('W'FW‘)"}A— terms (see fig.3b) and very sensi-
tive to the choice of the model for continuum due to high po-
wer of Hz. Therefore the given SR are of little use for calcu-
lation, though explicit estimates are indicative of consisten-
cy of these SR with the former ones up to the factor of 2.

The weak interaction at large distances leads to the diag-
rams having no more than one loop (see figs. 3g, 3h, 3i, 33j).
Therefore the continuum is not of a great value here. Let as
chose the structures so as to suppress maximally contribution
to the SR from transition between baryons of opposite P-parity
(this contribution is not sufficiently suppressed by ordinary
borelization). Our aim is achieved if the amplitude of interest
enters coefficient at the chosen structure being multiplied by
the sum of baryon masses. The amplitude of undesirable transi-




ifEN= . 4t '
tion z( 7" =" 2  is then multiplied by the difference of
mEEIEEEI. Such the property is characteristic of the structures

#d’& &frﬁand 21&3;- in KJ‘I and of the following five struc-

tures in KA}L here borelized in § 152 2—-3 Gns
+ LmEx +La? (2x +X J]
Kap = i{Ge £ = ex,o/ ﬂ)[ (—2ma,+azjkﬁ?q#(;, g ed”d ( 22 PV A Bora” il b
sl
‘f f;}iffk-i?) )]X'+ i}t {nﬁg ﬁ]) Agff_f +] '&.Z) A To derive the SR fm*ﬂgw 6.9@,.}{1( b@gnd a,Jb,‘,asz we
Here 't1, tE are the Bé‘al gramatazra ‘; 2._ tz f‘f: -+tz) i % have calculated contribution from \FETFTE <d(x}3(a)} .

<d(x)500) V0)P0) >y, <ACTIT0) >3, <A (ZI5(0) P 0) FilO) > o
(see diagrams of fige. 3g, 3h, 3i, 3j mspectively}. Of these

only <7 ﬁ}w contributes to Z'{-Pr

ther, we can perform at 1 = O, generglly speaking, only the or- l‘
dinary Borel transformation in s = 84 = 8, (when contribution :
of{@} is calculated), However, to take into account the

continuum contribution more accurately, we shall present the afw 3 CR a CSV'-:_ o t;*.""' { ex (_)
contribution of <@>Win the twice borelized in 845 By form., 63{2»" 2_:: J'l'z- mﬁ l(t +T )1 /o 5 (10)
As for the single borelized at 1 = k = 0 SR, taking into ac=- SR for = '52 are given in Appendix B,
count continuum in them consists in the usual substitution t"—» &
—[tn-01] fexp-s/t)s* 19[S (S,~5)]ds 5. Estimates
in the RHS on condition that there is A exp(-m“/t) in the ILHS Expression (9) for 5j.w-—ﬂ'£wdgeﬂ not contain any posi-
(t is the Borel parameter)., Such the model for continuum cor- tive power of p when p is large. This indicates the smallness
responds to the certain form of the double spectral density, of the continmuum contribution in the proton channel. Therefo-
.P(Sf} Sz) = J.(Sf_sz,}f(ff)* Then the double Borel transfor- re we can put p= 9o in this SR and, analogously, ¥ = € in
mation in 8,, 8, is equivalent to the single omne EE; B = 8,= B, :w F sy, Further, let us compare our SR with the baryon mass
with the subsequent substitution t=>%,t,(t, + t,) '. This sub- 5R/4/‘
stitution is Just implied below. (Lt3+ ?ai.’-/g) exp(mz/f)
Let ‘IJE denote by S and £wr contributions to the ampli- m tz mz/z_)
tudes of J PX from the weak interaction at short and at large 2 ﬁ _' @ tzm 2 (11)
distances, correspondingly. Besides that, ﬁ = (2ﬁ')zﬁ .;i. fzJT)A". 3”1/1 ~ 4‘2 E"J';’O (m /f)
CI? _,_(2?1.)2<9?> m3 = ‘._33 <qa_aq>fi?>£f H) x? IS' and with the hyperon s-wave SR/‘lE/ C{
the g-quark condenaate magnetic sucseptibility /9/, s
(iﬂﬂ?% /&2 M/;l)‘?/q? . Calculating a:wa-rw A(Zf-"f'/f V_-) H;ﬁw{f <5 >Wﬂ-f e /tm/z'ﬁz}
have found contribution to them from VEV's {"{’W)A » YYD > ks et T G! V— m
{H’WG} and from {?‘Pw?l{qu)'\ singled 5 csvzZ C. (—V"' 2m m
out by the ahsenca of loop smallness (see figs. 3e, 3d, 3e, 3f L ﬁ:{w— 2 ﬂ-}t[i"’f" (4 4"72
correspondingly ): | (6".?!") a’
i Seads sV"C..(M)ex m£+mp _4_4,2 g,z
bse™ Aswr = T3/ =Fra2]
3m7rﬁ};j5p P 5 ﬁ O 3 (13)
[x AR Al o brg= AGEUHNTE) o -;c—--zfﬁ:?
d 54 z.f-p (P " S +p




ﬁ(_:-_: :i- = }Za’a L —2
) C}zr 2y 7@ = 59-/0
where the numer:lcal estimataa are pmsented for x 36131/"2 :

79/, Ca=0.25/15/, m=08Gey? i a= 0.55GeV?

ms= 0.15GeV, £ = A5s-Ad)><AdS "= 20.2,C. (1% )2

=45 (at mw-.&‘oaeg V5= 1.5Gel; N=0.1Gelr);
ﬁz — {GE V is obtained using the SR of ref,

74/ atm = 0,94 GeV, Besides that, the pole contribution to
6{"2) should be also taken into account (see section 2). It is
estimated to be bpafe = -2,4 . 10_2. To arrive at this nqu
ber, we have used the experimental values af{PfH/Z-> known
from s-waves and those of magnetic moments of p and > sub-
stituting _"I:ham into graphs of fig.2. Analogous graphs in = 3 E 4
and 52 Y are unimportant /167,

To estimate gy the SUj-violation must be accounted
for which enters SR (9) mainly through the difference of the
scales 3 2= /?2 ﬁﬁfﬂ} or, thraugh that of the continu=-
im thresholds (Sfa Sngfsaaﬁ(f@w‘M‘, So we get -a_.,-w./é

+0.6 . Accounting for _’S"(/ -violating VEV's of the type
'("(.5'5 dd.}} leads to slight eorrection of order c—f{'(dd—- SS)D>e
-<(dd+55)> & 40,1 to this value. Besides that
"afmr/bgw- =+0.RA5

Uollucting the obtained contributions we get for the ampli-
tudes of STPpY ! 6(E)=bswr + bpar 1 bpole = 6.9- 1072 ars)-

.= a-.Sw" +a£az:-' 55faﬂaymmetr3 parameter of Zjb ¢ and bran-
ching ratios are then

X(E)=2ab(a* 1‘-4‘52) Y0

Br(z)= 08107
Br(=)>{0-10

Brin) >22 1077

Combining these with known imaginary parts of =" - and S —
amplitudes ,13-16/ we finally obtain

Br(=)=2.0 1077 (15)
Br (R)=234077

-4 (14)
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Experimental values are as follows /23-/:

- X(Z)=0.7R2 £ 029
Br(z) = (1’.20.1'0.!3)*4’9—"3 (16)

Br(z)<< {2173
Br(s2) < 3.1-1073
6. Conclusion

The accuracy of our calculations is governed by a number
of factors. The principial feature of the situation is that
from the QCD viewpoint the calculated value is the amplitude
of scattering baryon by two curranta,-]h and H., Such the ampli-
tude depends nontrivially on the internal s-t-channel variables
some of which 1lying in the Minkovsky region. Consequently, the
SR which are valid in the Enclidean region must be supplemented
with some model assumptions allowing one to extrapolate the am-
plitude from Enclidean to Minkovsky region (the simple model of
such kind used by us represents the amplitude as the sum of a
constant and lowest poles)., Besides that, there are the problems
of calculation and renormalization of complex VEV's and those
connected with uncertainty in the model for continuum in the SR
at small momentum transfers. 4s a result, we expect for amplitu-
des to be determined with an accuracy up to the factor of 1.5
or even 2 in the case of E: 52~

In conclusion, the author is indebted to I.B.EKhriplovich
who has drawn the author's attention to the given problem, for
consideration of the work; to A.R.Zhitnitsky and B,L,Ioffe for

useful discussions.,
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Avpendix A

The terms of interest in the expansion of some nonlocel
VEV's in x,k take the form:

< LT (0, = “{““’k“ [xug3, (14 "hx) + (e xumou)

s b
e Hap %], 8 (1hy-

< ig5Gag US 5> --t"‘g“;*;‘ me R0y 0 3 T (8 con)
-Cdﬂ{‘x)shfa» ~-GF¢3V‘CR<qq>[ f"l::':
—~‘#«€4 Y (30)
cl“(:cJ.sh(a»m =iz -— 1 GresV2 Cr<qaS xkE.
(1+ hnc) P(f+¥5)+—t{:¢, Tapk (1~ l's)]

Notatlons are given in sect, 4,5,

sﬂh

(44)

Appendix B,

The SR for =~ and §2 decay amplitudes teke the form (four
terms enumerated in brackets are given by diagrams of figs.
e 1 g B regpectively):

ﬁt"') 2D(attz_ t1+t1)1+u+o+n) (1B)
b(= e Lt i ST TR
(=)= ED( 3ms+ﬁxt sxu 1:) (2B)
a, _ﬁb(—zjc“fltzw. +3xt% 40 ) (38)
2 5 '
= 3Dt t, tta £ co+2 a.-—-t) (4B)
D(t ST L am{ + 34 Mg
& 23t @ pr .oy
% zbm L (3"15 tty ft4_+t;_)3 X, 6 Mg G ) 22
- T N
-‘l-_._.— _____ e
o D(o-3 3t, 6 ms't ) (63)
4 Cqp a.lcsﬁ m%
- it i
e . P mae T (s )
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@) i)
) Fig.1,
' ¥
- H
pkp ¥z sl
| ) (b)
Fig.2

@) (b) ©

(@) ©) &)
"f‘rT o, e
T

YAAN

Q) (h) (1)
Fig.3.
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Figure captions.

Fig.1. The diagrams, corresponding to the double

Fig.2,.
wPigi 3,

Epectral'denaity for Kl(1=0}' S0lid line
denotes quark. Wavy line denotes electro-
magnetic current. Dash-and-dotted line marks

the channels where the particles are considered
as lying on mass shell.

The pole diagrams for Z_fp g,

"Theoretical" part of the SR. Dotted line
denotes gluon. Crosses mark nonperturbative
fields.
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