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1 Introduction

QCD sum rules have become one of the most important tools
while studying baryon or meson couplings and the corresponding
form factors with photons, mesons or baryons. At the same time
the complexity of the formules used in calculations increases in
obviously non-linear manner. So the control of one’s own and other
authors calculations become the plausible problem. Recently we
have proposed simple relations between the quantities involving X
hyperons and those involving A hyperons. They are generalizied
easily to any X-like and A -like baryons containing heavy quarks.

Our formules seem to be useful and for example were inserted
into the codes by Frank Lee and while studying magnetic moments
of the octet baryons.

[t is interesting that also the transition X — A quantities could be
obtained from the corresponding quantities of the X or A baryons.



We want here to propose one more relation to control the complex
calculations of the transition > — A quantities which has the merit
that it does not involve other baryon quantities, neither of > nor
of A baryons.

It is rather trivial for nonrelativistic quark model or simple
unitary symmetry model, But it shows us the way to overcome
many difficulties in the framework of QCD sum rules as we shall
see later.

To show its applicability we consider as an example SR’s for
magnetic moments of octet baryons.

Our relations for the polarization operators II's could written
then as follows:

(Ozpineci, Yakovlev,V.Z.,At.Nucl.Phys.Journ.77,(2002) ) |ozyaz| (Also
cited in |Frank X. Lee, Lai Wang PR D78| )

z[ﬁEO(ds) 4 ﬁZO(us)] 1 = 3T, (1)
and similarly for Lambda quantities
O[[IA) 4 [1Am)] — 1A = 311>, (2)

Moreover these relations are not constrainted by the octet representation
of SU(3) but similarly can be written for g and Ag and pairs
of heavy cascade hyperons =g and E’Q with Q = ¢, b with the
appropriate changes.

In this report we would be more interested with the Sigma-
Lambda transitions. First, they can be related also to X and A

quantities as ; ; ;
[HZ (ds) HE (us)] _ \/§HAE : (3)

[TAWs) _ pilus) — _ \/gHAZO. (4)



Second, and this is the main point of our report, it can be
stated in some "autosufficient"way. Our new relation between the
corresponding correlation functions reads as

HAZO(UHS) 4+ HAZO(CZHS) _ HAZO (5)

2 Master formules for the octet

As the main ingredient of the polarization operator is the matrix
element of the T-production of the interpolating currents and we
now put our attention to it. The corresponding formules are often
named as "master formules".

We begin with the master formule for the X° [Aliev,Ozpineci,Saveci
;PR D66,016002 (2002); Lai Wang,Frank X. Lee PR D78,013003
(2008)]:

£ = ([T {7 }10) = (6)
— — e {81 5C S Crs S + S50 Crys S +
SUTr[y5C' 8P Crys S5 | + S4Try5C S Crys. 5] + ..

One can see that every line as to the quark flavors is of the form
YW=usd +dsu
Now we construct Lambda quantity using the relation |ozyaz|
A= (0] {n"7"}0) = (7)
Eabedef {251 sC ST Cy S + 25105 C ST Cys S5 +

250975C ShCysSg + 284105 Crys S
—[S¥5C S O S5 + S4sCSP Oy ST + ...



and we retain for a moment only these terms to exibit the group-
theoretical structure. In fact one can see that every three lines as
to the quark flavors are of the form

A=2uds +2sdu+2sud +2dus—usd —dsu

in accord with |ozyaz].

"

Transition magnetic moment "master formule"could be read

from |ozyaz| as
VBRA = V(0T {n™ 7 }0) = (8)
EavcEdef{[Se5C S Crs S + S C Sy Cys 85T —
[S8995C St Cs8g + S4o9sC Sk Crs S|+
[SUTe[y5C Sy Crys S| + ST [y C Sl Crys S]] —
[SUTe[y5CSh OS5 ] + SeUTe[ysCSY Crys S + ..

One can see that every two lines as to the quark flavors are of
the form
uds + sdu— sud — dus

Cancelling identical terms in the full expression we obtain
VBYOA = eapeie {8 5C SH Cy5Se 4+ 8%y C S5 Oy S — (9)
[S5C SOy Sy + SitusC Sy CrsS T+
[SUTr (3OS O8] — STrsCSE CrsS + .

New relations (we restrict ourselves with the first terms) yield
SON|gs + XA us = (10)

e {[SU5CSY Crys Sy + S40C ISP Crys S~
[Si"5C 8w CrsST + S315C S8, O S 11+



Eabcfdef{[Se 150 Sy Cs Sy + SylnsC Sy CrysSel] -
[SiMsCSECST + SitsCSrCry ST} =
eavcEdes{[S175C Sy Cy555 + S4%5C Sy Crys ST —
[S1"5C S0 CrSY + SiC8 O ST = DA

One can see that every two lines as to the quark flavors are of the
form
(usd,+dsu— dus — sud)+

(sdu +uds— usd — dsu) =
uds + sdu— sud — dus.

Full expression for the transition Sigma-Lambda quantities
ZOA’dS —I—ZOA‘US (11)

gives just the YA quantity.

Let us give some example.

In |ZhuHwangYang PR D57,1527(1998),arXiv 9802322| one has
written QCD SR for the magnetic transition moment which reads
in that work in terms of various vev (and for a moment we mantain
a,, agq different, the same for other vev’s.and the mass terms

My, Mq):
MO L4/9
SR(XA) = (e, — 6d)4L4/9 + e lesas(a, — aqg) + eyas(a, — 3a)l2)
M?b
—eqas(ag — 3a,)] + 24[/4/9(% —eg)
M?b M? M? M?

144L4/9H1n(/\2) —1—=ypm| + 4[111(/\2) — YEM — 2/\2]](6“ — eg)

—X M(s)0
+[6L4/27 (M — 8L(4>9) X |as(€uXulu — €aXdad) + esXsas(ay — aq)]+



M? 1
L4/94[2(euaumd — eqagmy,) — 2esa(m, — mg)—
as(exmg — eqmy) — es(aymg — agmy,) + 2(eqagmy, — eya,mq)+

2mg(eqaq — eyay) + ms(eyaq — eqay) + es(agmy — a,my)]
L4/9
+36(2/<;—§)] X [as(ey(26y—Ey)ay—eq(264—Eq)aq)t+es(26s—Es)as(ay—ag)]
M4
_W[(euauXu - edadXd)ms + esasXs(mu - md)H_

i [(euau(Q/iu_fu) _edad(2ﬁd_£d)m3+€3a3(2/435—55) (mu—md)]MQ—

18
M?
6 [(euauK’U _ eda’d/{’d)ms + esaslfs(mu - md)] X

8 [ln(/\ﬂ — 1= yeul] = BuBaVBusope ™ M (1 4+ Agoy M?) + .

One can see that every term in this formule satisfies our new
relation

<ZA>‘us + <ZA>‘ds — <ZA>

3 FrankLee’s formules

Now we try to control the formules (16-20) of [FrankLee| by applying
our relation. We put for simplicity ms = 0. First we put also
parameter 3 = (0. Checking the formules one by one one can see
that all of them have the form

k(e, — €q)
which obviously satisfies our relation:

ke, — es) + K(es — eq) = ke, — eq).



4 Baryonic Distribution Amplitudes

But our group-theoretical relations for the product of interpolating
currents do not work if we go to the higher Q* (baryon electromagnetic
form factors at high momentum transfer, form factors of lepton
beta-decay of the heavy baryons etc).

QCD SR’s now are formulated for the product of baryon interpolating
current and the photon or weak bozon one. And in the ket bracket
we have now not photon, meson or weak boson but baryon. Correspondingly
one should work not with photon or boson distrubution amplitudes
but with the baryon distribution amplitudes.

But the resulting formules are even more cumbersome than in
the case of ordinary QCD SR’s basing on the product of the baryon
inrerpolating currents.

And the final formules of several authors are very different. That
is why we decided to construct if possible some group theoretical
relations for the case with only one baryon interpolating current.

New group-theoretical relations for the SR’s with baryon distribution
amplitudes read as

(1) V/3{0lnamy [A) = 200[n*n, |A) + (Olnsm,|A)

(2) V3(0[nan,|Z) = 200|n¥n, [E) + (0[nsn, )

(3) V/3(0nsm,|A) = —2(0[nCn, A) + (0[nan,|A)

(4) V3{0lnsn,|Z) = =2(0[ni*n,[Z) + (Ofnan, |Z)



We have 4 different matrix elements and try to write the solutions
in general form as

(0|nany|A) = ae, + beg + ces
wherefrom
V30|, |S) = —2(ae, + be, + ceq) + (ae, + beq + cey) =
= —ae, + (—2c+ bleg + (—2b + c)es;
wherefrom
O IA) = alew—ea),  V3(O0lmsmIA) = —ale, + ea — 2e,).

Similar calculations can be made for another couple of relations.
Upon writing general form

(0lnsn,|Z) = ae, + beq + ce,
we write
\/§<O\mm\2> = 2(aes + bey + cey) + ae, + bey + ces =

(@ + 2¢)e, + 3beg + (¢2a)es,
and B
3(0|nsn,|X) = 3(ae, + beq + ces) =
= (—a — 2¢)e, + (—4a + 3b — 2¢)eq + (2a — 6b + ¢)es,

wherefrom general form of solution would be
(Olns,|S) = aley +ea—2e),  V3(0[mam,|E) = 3aleqs — e.).

Thus solutions for the matrix elements (0]nsn,|2) and v/3{0|nsn,|A)
shoulds be similar up to some overall factor. We have proved them

in the NRQM.



Now we try to prove now the validity of these relations for QCD
sum rules. As an example we take XA transition from Aliev, Azizi,Savci,
arXiv:1303.6897v2|hep-ph|

1 20 1 po(x) palx)  polw) (@ mie
YA/ N2\ ms, . . (G tar)
BQ7) = 4\/5/\206 g da( v M2 22\44333)6 R

pe(x) = d4mix(mi + Q%) (1 + B)(e,Bs(x)+
eaBs(x) + 2e,Bs(2));
pa(x) = 2m3x(1 + B){[ew(2Bs(x) — 5Bs(x)) + eq(2Bg(z)—
5Bs(x)) + 4es(2Bg(x) — 5Bs())]—
2[/096 dx5(e, Tz, 1—x—x1, 1) +eqdTM (21, 2, 1—x—21)+2e,TM (1, 1—x—121, 1
Now if we change all the A symbols to X" ones we just arrive

at the formules for FFO(QQ) for the XV form factor (see Appendix

arXiv:1303.6798).
This solution proves the validity of our relation for baryon DA’s.

5 Conclusion

1. We have obtained a new group-theoretical relation for the LC
QCD SR describing transition Sigma Lambda quantities in terms
of the meson or photon DA’s and proved it for "master formules"as
well as for the QCD SR’s for transition magnetic moments.

2. We have obtained new relations for the case of baryon DA’s
and have shown its validity on the example of the LC QCD SR
for the electromagnetic form factors of Sigma baryon and Sigma-
Lambda transition.



