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Summary

New relations between (FCD Horel sum rules for masses of 2° and A hypercns
are consgtructed. It iz shown that starting from the sum rule for the £° hyper-
on mass it iz slraightforward to obiain the corresponding sum rule for the A
hLyperon mase el vice versa.
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1.Introduction

Recently a series of papers were dedicated to study hadron properties
of the X ¥, barvons as well as of the A A, ones in the framework of
varions QUD} sum rules [1], [2], [3], [4], [5] which have their origin in
the works [6], [7]. Many interesting results were obtained. But full
expreasions for mass or magnetic moment sum rules often become too
long and tedions to achieve and prove. Is it possible to relate all these
results among themselves and derive, say, A hyperon properties from
that of 2l ones ef vice verse or just to check them mutnally?

We propoge here nonlinear intercrossed relations which relate matrix
elements of X-like barvons with those of A-like ones ef wice verse. Their
origin lies in the relation between isotopic, (/- and V-spin ¢quantities and
iz quasi obvrious in the framework of the quark model. These relations
prove to be valid for any QU sum rules and seem to be usefill while
obtaining hadron properties ofthe A-like barvons from those of the %-like
baryons ( and wice versa) or checking expreasions for them reciprocally.
The latter proves to be important as final QU SH's comes to be rather
long and cumbersome so0 it becomes a difficult work to compare or prove
them term by term.

2.Relation between magnetic moments of hyperons X°
and A in the NRQM

We begin with a simple example. Let us write magnetic moments of
hyperons ¢ and A of the baryon octet in the NRQM:

B(S () = gt — st (A = (1)

As it is known magnetic moment of any other barron of the octet hut
that of the A hyperon can be obtained from the expression for the U,



E.g., magnetic moment of the X+ (uu, s) hyperon is obtained just by
putting p,, instead of g4 in Eq.(1):
4 1
BNy = e — gt
ﬂ( } 3#“ agul‘
But magnetic moment of the A hyperon can be also obtained from that
of the £ one, as well as magnetic moment of the 3¢ can he obtained
from that of the A one. For that purpoge let us formally perform in

Eq.(1) the exchange 4 ++ 3 to get

#E30.) = 2 gt %m - %Fdi pi{Aure) = B (2)
and the exchange u ¢ $ to get
#(E ) = %m + %#a - %ﬂu; #(Auire) = fu- (9
The following relations are valid:
2(u(Zhesa) + 8(E4)) — #(2°) = Sp(A); @)

2(p(Aaera) + #(Auad)) — #(4) = 3p(29).
The origin of these relations lies in the structure of baryon wave functions
in the NROM with isospin J = 1,0 and Iz ={:
24/3[20ud, 3) >r=

[2e1dys), + 2drtar8), — tirspd), — spterd), — drsptry, — srdrtyy, >,
2A >1= |drsruy+ srdra, — urard) — spiud), >,
where ¢, () means wave function of the quark ¢ (here ¢ = u, 4, 5} with
the helicity +1/2 (-1/2). With the exchanges d < s and x < s one
arrives at the corresponding [F-apin and V-spin quantities, so IF = 1,0
and [7a =0 barvon wave functions are

— 28], (us, d) >= [2%(ud, ¢) > /34 >,
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—2|Ad5e >= —v/3|50(ud, 5) > HA >,
while ¥ = 1, ¥a =0 and ¥V = 0 bharvon wave functions are
—o50 | (ds,u) = |Z(ud, 5) > —/IJA >,
2 Auere >= Y2 1d, 8) > +HA > .
It is easy to show that relations given by Eqa.(2,3) immeaditely follow.

3.Relation between QCD correlators for £ and A
hyperons

Now we demonstrate how similar considerations work for QUT} sum
rules on the example of QT Borel mass sum rules.

The starting point would be two-point (Green’s function for hyperons
3 and A of the baryon octet:

A= f et <O A OO,

where isovector (with [z = 0) and isocalar field operators could be chosen
as [3]
= = %em[(ﬂ"'rﬂsb]ﬁ:f (@ T Oyt —
(T Gygsh)d® + (T CygsPhut),
7t = g ptanl -2 TC P s + (TGt

Ha@TO ) ysus” + 2 TCved ) (6)
— (@ TCys M) — (2T Cysst ),

where 4, b, 2 are the color indices and #, 4, 5 are guark wave functions,
€’ is charge conjugation matrix,



We show now that one can operate with X hyperon and obtain the
results for the A hyperon. The reasoning would be valid also for charm
and beaty X-like and A-like baryons.

In order to arrive at the desired relations we write not only isospin
quantities but also {7-spin and V-spin ones.

Let us introduce F-vector (with /s = ) and {7-scalar field operators
just formally changing (4 + 3) in the Eq.(7):

=50 1 (1 = 1.3
77100 = Cen (™ Cd)yes® — (5" Cd)yor
— (T Oyd)s + (T Ord )],
1
ghides] — o 1 2(u*TOP ) vd +
7 mw[ ( by
(t*TC Vg9 + (s°TC ) yot” + 2T Cys®)
— (T O’} — (87T Opsd o], ()
Similarly we introduce V-vector (with Va — 0) and V-scalar field oper-
atars just changing (1 + s) in the Eq.(7):
) = 2 [T O med — (@O )yes’
—(s"T Gy} + (T Oz,
1
-ﬂ(u{-ﬁr] — _2 SGTG 5ﬂ£'+
i s~ )y
(7O Yysd” + (T CW) yes" +2(s°T Oy Y0
— (T Cystl)d” — (@ Cyst) 7], (8)
Field operators of the Eq.(7) and Eq.(7) can be related throngh
—2ihlee) — ph 4 /35,
2,&3“({!{-}3] — ‘E’IIET]A _ ﬂEﬂ!
27h0e) — gt — ™ (9)
_2&3“ [meva] — \"IIE"?A 1+ ﬂzﬂ!
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Upon using Eqs.(7,7,10) two-point Green functions of the Eq.(5) for
hyperons % and A of the baryon octet can be related as

o[fitdee) | milse)) _qh — o, (11)

These are essentially nonlinear relations.
It is seen that starting calenlations, eg., from 3rlike quantities one
arrives at the correspondong quantities for A-like barvons and ee verse.

4. Intercrossed relations for the QU Borel mass sum
rules

In order to see how it works we have repeated calculations of the firat
of the QCD mass sum rules for the £° hyperon following [1] eonserving
non-degenerated quantities for ¢ and 4 guarks, namely

M L M, 884 410
EA R TR R
ﬂuﬂd("‘g(u] + mﬁmj msﬂa"‘g(a]
ABM2L2/27 T o4f26/3T

earlam, — (@~ as)(ma - m,)] -

1
8 [ﬂmuﬂdmﬁm] + 37‘-‘1&;*11:7'-‘13(“] - ‘muaumﬁ(u]

_mdﬂﬁnﬁtﬂ].ﬂ_nﬁﬂT — ﬁ%ne—tmznfﬂs] + e.5.¢., [12]
where [§]

ag =277 < dg >, b=< g >
dqinﬁtﬂ] = (2"'7}2 < -'?EEJGQI >y q:ﬂ:das'
L= (M /A op) /(i [A Do), (13
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Boz) =1—-e"*(14+ 2+ ...+ 2"/nl),
z =W§/M* HB=X"A
Borel rezidue for the A hyperon ia defined as

<O ) |A(E) >= Mulz), 48] = (27)*A],

and similarly for the X hyperon, while e.s.c. means ‘excited-state con-
tributions’,

The renormalization scale g is taken nsually to be around 500 MeV
while GCD scale parameter should be around 100 MeV. With myp,) =
() in Eq.(12) one returns to the expression given by Eq.(21} in [1].

Now changing (d +» 3) and (u < ) in the LHS (EY) of the Eq.(12)
to obtain LHS (£%4d < s)) and LHS (E%u ¢ s)), respectively, and
using Eq.(10) we obtain for the A-masa SR.:

ME M2 20, (2 + 22) — 8y fld 4 g
sza 2ttt T 8 LA -
—3faT
(FYIYE [2(aw + eg)asmyy) + 2(mi g au + mi g ad) —
2
auta(my) + )] — T3, — 2@+ o)
ME
2L/

1
E(mu + mdjaa] - E[Ma(aumﬁtu] +ddfn§|:d]} -

(aumy,) — aamyyg) (@ — ag) B2 — (14)

Eﬂ[aimudu + md‘“d} + mga, +muay —

21—4(7111: +mg — m,]d;mﬁ(,]L_nﬁ"r” = ﬁie_”‘ql‘mﬂ] + &.5.6.

With ) = Mgy = mg in Eqa.(15) one returns to the expressions

given by Eq.(23) in [1].
If also agpy) = agrg = @, Mg = mﬁm and my, = mg = 0, one
returns to mass sum riules of [§] in the form given by Eq.(3) in [10] upon
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neglecting factors L—2/27 and L—26/27 jn two terms at the LHS:

M° 5M2L—4,r9+ £L4,.f9 a*my

8L4® T 82 6 2dM2LYHT
a,m,M?  ma,m (M3 /e
i zﬁ;ng' = ploe M/ | o s,

M b2 aamy
8L T 32445 | 2AMPLAE
d,m,Mﬂ m,a,mﬁ
1204 24L26/27

+

= ﬁﬁe‘tﬂ:fm] + £.5.8..

(15)

(16)

Now we show the walidity of the second intercrossed relation Eq.(11).
We start now from the QUT} Borel mass sum rule for the A given by

the Eq.(24) in [1]:

M? 2a, 12 ¥ b 28,4+ 24— a,) +

ﬁ( u ﬂd—ﬂa] i—ﬁ(ﬂu 4 — a}
n L1/
%m[lﬂsﬂuddﬂa +a,(al +af)

—ayas + al)(ay + a4)]
MSE, bM2Eg
(12za7s ~ gezam ) Bmut2ma —me) +

1
35 [12m,auay — 2 a,(a, +aq)] +

1
E[lﬂa,(muad + Mty + da(Mutty +Maad)

—2(my +md)auts] = ﬂiM;_e‘MﬁfﬂF] +e.5.6.

(17

Performing changes s > 4 {# ++ ) we arrive at the corresponding Borel

sum rules for fum (Auesa)-

Putting these expressions into Eq.(11) it is straightforward to obtain

a, M* B ab o, L7/
1

T 77y T sl Gt e+

9



ME b2
Wauad|as + — -l

4L/ " gopepefnt (18)
1
Tga(dmuas + dmaay — Mudy — M)
+lm,aua¢ = ﬁ%nMEn e_':ME:m'r Mi]e.s.c.,

3
which iz just the relation given by the Eq.(22) in [1].

5.Conclusion

We have shown that starting from the QD Borel mass aum rules for
the X hyperon it is straightforward to obtain the corresponding quanti-
ties for the A hyperon and wice verse upon using intercrossed relations
of the type given by Eqs.(2,3) and Eqs.(10,11).

More generally these relations can be used not only to obtain prop-
erties of the the X-like barvons from those of A-like ones and vice versa
but also to check reciprocally many-terms relations for the E-like and
A-like baryons.
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