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Abstract

Inspired by the results of recent experimental discoveries for charm and bottom baryons, the masses
and magnetic moments of the heavy baryons with J L /2% containing a single heavy quark are studied
within light cone QCD sum rules method. Our results on the masses of heavy baryons are in good agreement
with predictions of other approaches, as well as with the existing experimental values. Our predictions
on the masses of the states, which are not yet discovered in the experiments, can be tested in the future
experiments. A comparison of our results on the magnetic moments of these baryons and the hyper central
model predictions is presented.
© 2008 Elsevier B.V. All rights reserved.

PACS: 11.55.Hx; 13.40.Em; 14.20.Lq; 14.20.Mr

1. Introduction

Recently, considerable experimental progress has been made in the spectroscopy of baryons
containing a single heavy quark. The CDF Collaboration has observed four bottom baryons E,;t
and ¥ ; * [1]. The DO [2] and CDF [3] Collaborations have seen the =Z. The BaBar Collaboration
discovered the £2 state [4].

The CDF sensitivity appears adequate to observe new heavy baryons. Study of the electromag-
netic properties of baryons can give noteworthy information on their internal structure. One of
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the main static electromagnetic parameters of the baryons is their magnetic moments. Magnetic
moments of the heavy baryons in the framework of different approaches are widely discussed
in the literature. In [5-7] the magnetic moments of heavy baryons containing c-quark have been
calculated using the naive quark model. In [8—10], the magnetic moments of charm and bottom
baryons are computed in quark model and in [11,12] heavy baryon magnetic moments are inves-
tigated within soliton type approaches. Calculation of the magnetic moments of heavy baryons
in the framework of relativistic quark model is done in [13]. In [14] the magnetic moments of
Y. and A, baryons are estimated in QCD sum rules with external electromagnetic field. The
magnetic moments of the Ag (Q =c¢, b) and ¥ g A transition magnetic moments in light cone
QCD sum rules are calculated in [15,16]. The magnetic moments of Z¢o (Q = c, b) in the same
framework is studied in [17] (a detailed description of this method can be found in [18] and
references therein).

In the present work, we study the magnetic moments and masses of the ground state baryons
with total angular momentum 3/2 and containing one heavy quark within light cone QCD sum
rules. The paper is organized as follows. In Section 2, the light cone QCD sum rules for mass
and magnetic moments of heavy baryons are calculated. Section 3 is devoted to the numerical
analysis of the mass and magnetic moment sum rules and discussion.

2. Light cone QCD sum rules for the mass and magnetic moments of the heavy flavored
baryons

Before giving detailed calculation of the magnetic moments and masses of the heavy baryons,
few words about their classifications are in order. The baryons with single heavy quarks belongs
to either antisymmetric 37 or symmetric 6 flavor representation. For the S-wave heavy baryons,
total flavor-spin wave function of the two light quarks must be symmetric, since their color
wave function is antisymmetric. Hence the total spin of the two light quarks is either S =1
for 6 or S = 0 for 35. The total angular momentum and parity of the S-wave heavy baryons
are JP =1/2% or 3/2% for 67 and J¥ = 1/2% for 3. The antitriplet 3 of baryons contain
isosinglet A with quark content Q[u, d] and the isodoublet & with quark content Q[u, s] and
Qld, s]. The sixtet 6 of baryons involves isotriplet X'o with quark content Q{u, u}, Q{u, d}
and Q{d, d} and the isodoublet E’Q with quark content Q{u, s} and Q{d, s}. Here [...] and {...}
denote the antisymmetric and symmetric flavor wave functions.

After these preliminary remarks let us start calculation of the magnetic moments of the heavy
flavored hadrons. The basic objects in LCSR method is the correlation function where hadrons
are represented by the interpolating quark currents. For this aim, we consider the correlator

T,w:i/d4xei’)x(OIT{nM(x)flu(O)}|0)y, M

where 7, is the interpolating current of the heavy baryon and y means the electromagnetic field.
In QCD sum rules method, this correlation function is calculated in two different approaches:
On the quark level, it describes a hadron as quarks and gluons interacting in QCD vacuum. In
the phenomenological side, it is saturated by a tower of hadrons with the same flavor quantum
numbers. The magnetic moments are determined by matching two different representations of the
correlation function, i.e., theoretical and phenomenological forms, using the dispersion relations.

From Eq. (1), it follows that to calculate the correlation function from QCD side, we need the
explicit expressions of the interpolating currents of heavy baryons with the angular momentum
JP =3/2%. The main condition for constructing the interpolating currents from quark field is
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that they should have the same quantum numbers of the baryons under consideration. For the
heavy baryons with J¥ = 3/2%, the interpolating current is chosen in the following general
form

nu = Acape{ (a1 Cvua?) Q° + (45" Cvu Q")af + (@7 Cynat)as ). (2)

where C is the charge conjugation operator and a, b and ¢ are color indices. The value of A and
quark fields ¢ and g» for each heavy baryon is given in Table 1.

The phenomenological part of the correlation function can be obtained by inserting the com-
plete set of states between the interpolating currents in (1) with quantum numbers of heavy
baryons.

(OlnulB(pz))(B(p)w( o), (B(p1)Inv[0) 3)
— 5 —

Pz my P1 —my

Ty =

where p1 = p+¢q, p» = p and q is the photon momentum. The vacuum to baryon matrix element
of the interpolating current is defined as

(Ol (O)B(p, $)) = Apun(p,s), 4)

where Ap is the residue and u,(p,s) is the Rarita-Schwinger spinor. The matrix element
(B(p2)|B(p1))y entering Eq. (3) can be parameterized in the following way

(B(p2)|B(p: ))y

=8pﬁu(1?2){—guu[)/p(f1 +f2)+(pl;;7p2)pf +61pf3]
qudv (p1+ p2)
—(2:1 )z[yp(le ”TRPG 2+4,G “ v(p), (5)

where ¢, is the photon polarization vector, f; and G; are the form factors and they are functions
of g2 = (p1 — p2)?. In order to obtain the explicit expressions of the correlation function, we
perform summation over spins of the spin 3/2 particles using

(P +m

(6)

1 2pupv  Pu¥v — pvY,
Zuu(p,S)uv(p,S)— o - ——F L

{_g‘“ HETC e 3m

Using Eqgs. (3)—(6) in principle one can write down the phenomenological part of the correlator.
But, the following two drawbacks appear: (a) all Lorentz structures are not independent; (b) not
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only spin 3/2, but spin 1/2 states also contribute to the correlation function. Indeed the matrix
element of the current 1, between vacuum and spin 1/2 states is nonzero and is determined as

OInu(O)B(p,s =1/2)) = a(4py —my)u(p,s =1/2), (7

where the condition y,,n* = 0 is imposed.

There are two different ways to remove the unwanted spin 1/2 contribution and retain only
independent structures in the correlation function: (1) Introduce projection operators for the spin
3/2 states, which kill the spin 1/2 contribution; (2) Ordering Dirac matrices in a specific order
and eliminate the structures that receive contributions from spin 1/2 states. In this work, we will
follow the second method and choose the ordering for Dirac matrices as y,p#¢qy,. With this
ordering for the correlator, we get

2 1 [ %
B —mp |3

-+ other structures with y,, at the beginning and y,, at the end

Ty =

or which are proportional to p,, or pl,,}, ()

where gy/3 = f1 + f>» and at g> = 0, gy is the magnetic moment of the baryon in units of
its natural magneton, efi/2m pc. The factor 3 is due the fact that in the non-relativistic limit the
interaction Hamiltonian with magnetic field is equal to gy B = 3(f1 + f»)B.

On QCD side, the correlation function (1) can be evaluated using operator product expansion.
After contracting out the quark pairs in Eq. (1) using the Wick’s theorem, we get the following
expression for the correlation function in terms of quark propagators

H,uv = —iAzeabcea’b/C/ / d4x eipx <O[y (q)] | {Séa/)/p S‘/][;b/ Yu S:;IC/

+ S WS YuSay + S WS uSG + S oSG VS

Sy WS vuSg Sy S vy + Tr(vSg S ) Sg

+Tr(yuSE oS0 ) SC + Tr(vu e 1, S5 ) S }10), 9)

where §' = CSTC and So(S,) is the full heavy (light) quark propagator. In calculation of
the correlation function from QCD side, we take into account terms linear in m, and neglect
quadratic terms. The correlator contains three different contributions: (1) Perturbative contribu-
tions; (2) Mixed contributions, i.e., the photon is radiated from freely propagating quarks at short
distance and at least one of quark pairs interact with QCD vacuum non-perturbatively. The last
interaction is parameterized in terms of quark condensates. (3) Non-perturbative contributions,
i.e., when photon is radiated at long distances. In order to get expressions of the contributions
when the photon is radiated at short distance, it is enough to replace the propagator of the quark
that emits the photon by

ab

1
Sgg = _5 {/ d4y Fuvvafree(x N y)yusfree(y)} ) (10)
of

where the Fock—Schwinger gauge, x,, A*(x) = 0 has been used. The expressions of the free light
and heavy quark propagators in x representation are:
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where K; are Bessel functions. The non-perturbative contributions to the correlation function can

be obtained from Eq. (9) by replacing one of the light quark propagators (the quark that emits
the photon) by

1_
Sap = =70 Ti4" (Tap, (12)

where I" is the full set of Dirac matrices I'; = {1, ¥5, Ya, 1¥5Ya» Oap/ +/2} and sum over index j
is implied. Under this procedure, two remaining quark propagators are full propagators involv-
ing perturbative as well as non-perturbative contributions. Therefore, for the calculation of the
correlation function from QCD side, the expressions of the heavy and light quark propagators in
the presence of external field are needed.

The light cone expansion of the quark propagator in external field is done in [19]. The prop-
agator receives contributions from gG¢q, gGGq and gqqq, where G is the gluon field strength
tensor. In present work, we neglect terms with two gluons as well as four quarks operators due
to the fact that their contributions are small [20]. In this approximation the heavy and light quark
propagators have the following expressions:

1
d*k
SQ(x)zSgee(x)—igS/ —e_’kx/dv[(k—i_#G“”(vx)aw

(2m)* —k?)2
IR S cuvy}
m2Q—k2 " '
g0 = 80 — o A () ey =2 i (1-im
1 a 472x2 12 192 6
1
. l
—lgs/du[#Gw(ux)alw —ux"GW(ux)y”47_[2X2
my —x2A2
—ig! — G (In ) F2re)| (13)

Here, we would like to make the following remark about the parameter A. In order to achieve
a factorization of large and small scales in the OPE, all infrared logarithms should be removed
from coefficient functions and absorbed in the matrix elements of operators. In our case, this
means that the In A must be included in the condensates of different operator or distribution
amplitude. A more detailed discussion on this point can be found in [21]. For this reason, we will
choose the scale parameter A as a factorization scale, i.e., A =1 GeV.

In order to calculate the contributions of the photon emission from large distances, the ma-
trix elements of nonlocal operators gl;q between the photon and vacuum states are needed,
(y(@)|qT7q10). These matrix elements are determined in terms of the photon distribution ampli-
tudes (DA’s) as follows [22].



142 TM. Aliev et al. / Nuclear Physics B 808 (2009) 137-154
(Y (@)g(x)oy0g(0)]0)

1
2
_ e X
=—iegqq(euqy — quﬂ)/du ettax <X<py (n) + EA(M))
0

1
i _ £x £x i
- 2(qx) el{ <qq)['xl) (SM - CIMq_x> _xﬂ <8V - ‘qu_x)] /du eluqxh)/(u)5
0

1
Y (@13(x)y.q(0)[0) = e, f3, (su —q,f—x) / du ey (u),
0

qx
(Y (@1g(x)yuysq(0)0)

= —Zeqf3yewwﬁs"qo‘x/3 du ei'z"xw“ (n),

S t—

(v (@)g(x)gsGuv(vx)g(0)|0

= iy G0 eugs — eug) [ Dl TS (),

=

(7 (@)1 (x)g5 G uviys(v)q(0)0)

= —iez{qq)(enqy — 8v61u)/Daiei(a‘ﬁwx)qxg(ai),
(7 (@)1 ()85 G v () Va 59 (0)]0)

= ¢4 f3y9a(Enqy — £v4u) / Daje' *aH%)9 A(ay),
(Y (@)1g(x)gsG v (vx)iyaq(0)|0)

= ¢4 f3y9a(Enqy — £v4u) / Dayje' “TT Y (a),

(v (@)g(x)oepgs Gy (vx)q(0)]0)

ex 1
= e4{ Q>”:<8u - qu_x) (gozv - q_x(%txv +4vxa))%§

&x 1
Eu — CIM_>< Bv — q_x(qﬁxv +qvxﬁ) qu

1
&y — 4y q_x> <gau - q_x(qqxu + q;ﬂ%:))%‘i

q
ex 1 i(ag+vag)gx
+ SV_Cqu_x gﬁu_q_x(CIﬁxu‘i‘quﬂ) qa Dayje' a9 T (o)
X 1
Ea — qa 8up — q_x(‘mxﬁ +aqpxu) |qv

qx

X 1
Ea —qa—— )| 8vB — q_x(%)xﬁ +qpxy) |au



T.M. Aliev et al. / Nuclear Physics B 808 (2009) 137-154 143

X 1
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where x is the magnetic susceptibility of the quarks, ¢,, (1) is the leading twist 2, ¥" (u), ¥ (u),
A and V are the twist 3 and &, (1), A, 7; (i = 1,2, 3,4) are the twist 4 photon DA’s, respec-
tively. The photon DA’s is calculated in [22] and for completeness their explicit expressions are
presented in the numerical analysis section. The measure Dq; is defined as

1 1 1
/Da,- :/daq/daq/dagﬁ(l — oG — 0y — o). (15)
0 0 0

Note that, in definition of photon DA’s with leading twist there are terms proportional to the
strange quark mass. In our calculations, we neglect these terms. Using the expressions of the
light and heavy full propagators and the photon DA’s and separating the coefficient of the struc-
ture g, p¢¢, the expression of the correlation function from QCD side is obtained. Separating
the coefficient of the same structure from phenomenological part and equating these representa-
tions of the correlator, sum rules for the magnetic moments of the J* = 3/2% heavy baryons is
obtained. In order to suppress the contribution of higher states and continuum, Borel transforma-
tion with respect to the variables p% = p?and p]2 = (p +¢)? is applied.

Before presenting the sum rules for the magnetic moments, few words about the relations
between the correlation functions are in order. Note that, the coefficient of any structure in the
correlation function can be written in the form

(g1, q2. Q) = eq, IT1(q1. q2. Q) + €4, 111 (q1. 92, Q) + e T2(q1. 2. Q), (16)

where IT| corresponds to the emission of the photon from the quark ¢, /7| to emission from g,
and IT to emission from the heavy quark Q. Note that the functions I7;(q1, g2, q3) (i =1,2) do
not depend on the quark charges in the limit where we neglect electromagnetic corrections.

From the explicit form of the interpolating current it follows that it is symmetric under the
exchange of the light quarks, i.e. g <— ¢», and for this reason I71(q1, g2, Q) = 17{ (92,91, Q).

Due to the symmetries between the interpolating currents, any interpolating current can be
obtained from the interpolating current for Z‘;%('H. This also leads to relations between their
correlation functions. In terms of the defined 71 (¢1, ¢2, Q) and I12(q1, g2, Q), all the correlation
functions can be written as:

%" = ey (u,d, b) + eIy (d, u, b) + ep I (u, d, b),

1% =% (d — u) = 2e, [Ty (u, u, b) + e o (u, u, b),

0% =05 (u— d)=2e4M,(d, d, b) + ey [ (d, d, b),

15" =15 (d — s) = e, Ty (u, 5. b) + e, I (s, 1, b) + ep T2 (u, s, b),

0% =05 w— s)=e 01 (s,d, b) + eqIT1 (d, 5, b) + ey [Tr(s, d, b),
% = Hzgo(u —5,d —>s)=2e,I11(s,s,b) + epll(s,s,b), (17)
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and the relations for the charmed baryons can simply be obtained from Eq. (17), by the replace-
ment b — c. Note that in the SU(3) 7 limit, the correlation functions can be expressed as:

2*0 1 l
= = 5171(17)— 5172(19),

2*+ 4 1
= =3I(b) = 21 (b),

s 2 1
= = Ul(b)—gﬂz(b),

T3
a5 = Yoy - L
5 =2 b) 'y b)
o 2 1
I =—§171(b)— gnz(b), (18)

where, for simplicity, we have used the short hand notation I7;(gq1, g2, Q) = I1;(Q) (i = 1,2)
since in the assumed SU(3) ¢ limit, all the light quarks have the same mass, condensates, etc.

From Eq. (18) follows the well known SU(3)  relations between the correlation functions,
and hence the magnetic moments (part of these relations were derived in [23]):

%" + 0% =215,
n> =% =mn% ,
n% 4+ % =2
o= +on% =% 4205,
E*O -
%’ =&’ (19)

and the corresponding expressions for the charmed baryons. Any deviation from these relations
in the magnetic moments is a sign of SU(3) s violation. Note that the first relation in Eq. (19)
is a direct consequence of the isospin subgroup of SU(3) . Since in this work, we set m, =
mg and (iiu) = (dd), i.e. we assume isospin symmetry, our results satisfy this relation exactly.

And hence, in the following, we will not show numerical results form the magnetic moments of
*0(+)

Zho ) .
Once the explicit forms of the functions I7;(q1, g2, Q) (i = 1, 2) are known, the sum rules for

the magnetic moments can be obtained using Eq. (17) and

2
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0
—)\%%e W = A27Be. (20)
The functions I7;(q1, g2, Q) can be written as:
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where Lij (x) is the dilogarithm function. The functions also entering Eqgs. (22)—(25) are given as

1

ni :/D“i/dvﬁ(ai)5(aq + varg —uo),
0
1

n =/Da,~ /de(a,-)S/(aq + vag — uo),

— (26)
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and f1 (o) = S(@;), fr(a;) =S(o;), f3(e;) = Ta(ey) and fa4(o;) = v74(w;) are the photon dis-
tribution amplitudes. Note that in the above equations, the Borel parameter M? is defined as

2 MIM3 M3

- M2+M2 and uo = m
we will set M 2 =M; 2 and ug = 1/2. The contributions of the terms ~ (G?2) are also calculated,
but their numerlcal values are very small and therefore for customary in the expressions these
terms are omitted.

For calculation of the magnetic moments of the considered baryons, their residues A p as well
as their masses are needed (see Eq. (20)). Note that many of the considered baryons are not
discovered yet in the experiments. The residue is determined from two point sum rules. For the
interpolating current given in Eq. (2), we obtain the following result for k%:

Since the masses of the initial and final baryons are the same,

2

—-my

2 ZQ 42
Age M =AY [T+ ' (q1 <— q2)], (27)
where
50
—6 2 —1
= /dse“/Mz{m(z)(mm)[(mq' mQ)(W;Z L )}
192an2
m2
0
2(Yo2 + 2910 — 2921 — Dmg + (Y2 — 1)Bmg, — 2my,)
—(q1491) 5
32r
my
~ St |:—8(31ﬂ31 +2y32)my,

5
3{ (21/f30 — 4 + 5&42 + 2¢52>MQ — dyrpmyg, }

m2
+6(2y0 - I//20)< mg — 2mq1) —6(4mg, — 3mQ)1n(TQ>i|}

—5m3qu, mo(mg + Smy,) _ 5 i|

—m%/M?*| 2
0
+e {mo(qwl)(éhqz)[ 144016 24M* 24 M2

1 momy, 2 bmg, — Tmg,
i " SR 28
+ (Q1611>(612f12)[12 M2 } Tmolagn)| =g e

The masses of the considered baryons can be determined from the sum rules. For this aim, one
can get the derivative from both side of Eq. (27) with respect to —1/M? and divide the obtained
result to Eq. (27), i.e.,

m2 _ d(l/Mz) [n/‘l‘n/(QI A 512)]
Bo T+ (g1 <—q2)]

(29)

3. Numerical analysis

In this section, we perform numerical analysis for the mass and magnetic moments of the
heavy flavored baryons. Firstly, we present the input parameters used in the analysis of the
sum rules: (iiu)(1 GeV) = (dd)(1 GeV) = —(0.243)3 GeV?, (55)(1 GeV) = 0.8(itu)(1 GeV),
m3(1 GeV) = (0.8 £0.2) GeV? [24], A = 1 GeV and f3, = —0.0039 GeV? [22]. The value of
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the magnetic susceptibility was obtained in various papers as x (1 GeV) = —3.15 4 0.3 GeV 2
[22], x(1 GeV) = —(2.85 £ 0.5) GeV~2 [25] and x (1 GeV) = —4.4 GeV~2 [26].

Before proceeding to the results for the magnetic moments, we calculate the masses of heavy
flavored baryons predicted from mass sum rule. Obviously, the masses should not depend on the
Borel mass parameter M2 in a complete theory. However, in sum rules method the operator prod-
uct expansion (OPE) is truncated and as a result the dependency of the predictions of physical
quantities on the auxiliary parameter M? appears. For this reason one should look for a region
of M? such that the predictions for the physical quantities do not vary with respect to the Borel
mass parameter. This region is the so-called the “working region” and within this region the trun-
cation is reasonable and meaningful. The upper limit of M? is determined from condition that
the continuum and higher states contributions should be small than the total dispersion integral.
The lower limit is determined by demanding that in the truncated OPE the condensate term with
highest dimension remains small than sum of all terms, i.e., convergence of OPE should be under
control.

The aforementioned conditions for bottom (charmed) baryons are satisfied when M 2 varies
in the interval 15 GeV? < M? < 30 GeV? (4 GeV? < M? < 12 GeV?). In Figs. 1-6, we pre-
sented the dependence of the mass of the heavy flavored baryons on M?2. From these figures, we
see very good stability with respect to M?. The sum rule predictions of the mass of the heavy
flavored baryons are presented in Table 2 in comparison with some theoretical predictions and
experimental results. Note that the masses of the heavy flavored baryons are calculated in the
framework of heavy quark effective theory (HQET) using the QCD sum rules method in [27].

After determination of the mass as well as residue of the heavy flavored baryons our next task
is the calculation of the numerical values of their magnetic moments. For this aim, from sum
rules for the magnetic moments it follows that the photon DA’s are needed [22]:

3
@y () = 6uit(1+ @2 (W) Cy (u — i),

YU =3(3Qu—1)?—1)+ 63—4(15wa —5w!) (3 = 30Qu — 1)> +352u — 1)*),

Yeu) = (1 - Qu—1?)(5Qu—1)* - 1)5(1 + Y- ]3—6w3>,

2 16 7
8 4
31 ]
~ o~ -
> OF 7 >
[ [}
2 2
Q. — 5,6.2°GeV" C o — 5, =3.1°GeV |
o 2 12 ‘o Y SR
& al - 5,76.5'GeV | o - 5,=3.4°GeV
l - .
2 Il L 0 L L L
15 20 R , 25 30 4 6 . 8 ) 10 12
M (GeV") M7 (GeV")
Fig. 1. The dependence of mass of the .QZ on the Borel Fig. 2. The dependence of mass of the £2 on the Borel
parameter M2 for two fixed values of continuum thresh- parameter M? for two fixed values of continuum thresh-

old sg. old sq.
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Fig. 5. The same as Fig. 1, but for &} Fig. 6. The same as Fig. 2, but for &7
Table 2
Comparison of mass of the heavy flavored baryons in GeV from present work and other approaches and with experiment.
m g mox m g myx mg mgx
This work 6.08 £0.40 2.72£0.20 5.85+£0.35 2.51£0.15 5.97+0.40 2.66 £0.18
+0.083 +0.109 +0.082 +0.096 +0.088 +0.102
(271 6.063505 279015105 S5835T5477  2.53415g 592975079 263415004
[28] 6.088 2.768 5.834 2.518 5.963 2.654
[29] - - 5.805 2.495 - -
[30] 6.090 2.770 5.850 2.520 5.980 2.650
[31] - 2.768 - 2.518 - -
[32] 6.083 2.760 5.840 - 5.966 -
[33] 6.060 2.752 5.871 2.5388 5.959 2.680
Exp [34] - 2.770 5.836 2.520 - 2.645

1
Ala;) = 36anaqa§(l + w?§(7ag - 3)),

V(i) = 540w)‘,/ (g — a[;)aqaqaz

1
hy (u) = —10(1 + 2«1 CF (u — i),
Au) = 40u®i® Gk — kT + 1) +8(¢," — 3¢2) [uit (2 + 13uil)

+ 20> (10 — 15u + 6u?) In(u) + 2i° (10 — 15 + 6i%) In(i) ],
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Ti(i) = —1203¢2 + &, ) (g — ag)agagag,
Th(a;) = 300[?(0{5 —ag)((k —kT)+ (41 — GO = 20) + 53— day)),
Ta (i) = —12003¢2 — &) (g — ag)agagag,
Taley) =300 (g — og) ((k + k) + (41 4+ £ (1 = 200) + 223 — 4ay)).
S(ei) =300 {(k + kM) (1 —ag) + (€1 + 51— ag) (1 — 20t)
+ 0[3(eg — ag)® —ag(l— ag)]}.
S(ai) = =300 {(c — k(1 — ) + (&1 — 5 (1 — ) (1 — 2ay)
+ &3 — 0g)* — g (1 — )]} (30)

The constants appearing in the wave functions are given as [22] @2 (1 GeV) =0, w)‘,/ =3.8+1.8,
wi=-21+1.0,k=02,c"=0,4 =04, =03, =0and ¢;7 =0.

The sum rules for magnetic moments also contain the auxiliary parameters: Borel parameter
M? and continuum threshold so. Similar to mass sum rules, the magnetic moments should also
be independent of these parameters. In the general case, the working region of M? and sq for
the mass and magnetic moments should be different. To find the working region for M2, we
proceed as follows. The upper bound is obtained requiring that the contribution of higher states
and continuum should be less than the ground state contribution. The lower bound of M? is
determined from condition that the highest power of 1/M? be less than say 30% of the highest
power of M 2. These two conditions are both satisfied in the region 15 GeV? < M? <30 GeV?
and 4 GeV? < M? < 12 GeV? for baryons containing b and c-quark, respectively. The working
region for the Borel parameter for mass and magnetic moments practically coincide, but again
we should stress that, this circumstance is accidental.

In Figs. 7-16, we present the dependence of the magnetic moment of heavy flavored baryons
on M? at two fixed values of continuum threshold so. From these figures, we see that the magnetic
moments weakly depend on s¢. The maximal change of results is about 10% with variation of sq.
The magnetic moments also are practically insensitive to the variation of Borel mass parameter
when it varies in the working region. We should also stress that our results practically do not
change considering three values of x which we presented at the beginning of this section. Our
final results on the magnetic moments of heavy flavored baryons are presented in Table 3. For

0 0
— 5,76.2°GeV’
-1 ' I N B
‘@ e ‘o -1 3 3 1
= = —5,=3.1"GeV~
20 i -- s()=3.42GeV2
'3 L 1 _2 1 1 |
15 20 R R 25 30 4 6 X 8 10 12
M*(GeV?) M*(GeV?)
Fig. 7. The dependence of the magnetic moment of .Q; - Fig. 8. The dependence of the magnetic moment of .Qjo

on Borel parameter M 2 (in units of nucleon magneton) at  on Borel parameter M (in units of nucleon magneton) at
two fixed values of s. two fixed values of sq.
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Fig. 9. The same as Fig. 7, but for . Fig. 10. The same as Fig. 7, but for E;+.
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Fig. 11. The same as Fig. 8, but for E:O. Fig. 12. The same as Fig. 8, but for s
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Fig. 13. The same as Fig. 7, but for E;f. Fig. 14. The same as Fig. 7, but for &

comparison, the predictions of hyper central model [35] are also presented. The quoted errors
in Table 3 are due to the uncertainties in m%, variation of s and M2 as well as errors in the

determination of the input parameters.
Although the SU(3) s breaking effects have been taken into account through a nonzero s-
quark mass and different strange quark condensate, we predict that SU(3) s symmetry violation

. . . . ++ 0
in the magnetic moments is very small, except the relations 4 g+ = 1t g++ and [T e ned =

205" where the SU (3) y symmetry violation is large. For the values of the magnetic moments,
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Fig. 15. The same as Fig. 8, but for EE"O. Fig. 16. The same as Fig. 8, but for EC*"'.
Table 3
The magnetic moments of the heavy flavored baryons in units of nucleon magneton.
Our results Hyper central model [35]
ung —1.40£0.35 —1.178-(—1.201)
1 50 —0.62£0.18 —0.827-(—0.867)
[Lz,b— —1.50£0.36 —1.628-(—1.657)
}LE;;() 0.50 £0.15 0.778-0.792
[LZ;+ 2.52+0.50 3.182-3.239
H 550 —0.81£0.20 —0.826—(—0.850)
I gt 2.00 +0.46 1.200-1.256
M grtt 4.81+£1.22 3.682-3.844
W= —1.424+0.35 —1.048-(—1.098)
”E}j‘o 0.50+£0.15 1.024-1.042
M =0 —0.68 £0.18 —0.671-(—0.690)
u;}+ 1.68 £0.42 1.449-1.517

our results are consistent with the results of [35] except for the u o Hap- and especially for
the pt g, g0 which we see a big discrepancy between two predictions.

In summary, inspired by recent experimental discovery of the heavy and flavored baryons
[1-3], the mass and magnetic moments of these baryons with J¥ = 3/27 are calculated within
the QCD sum rules. Our results on the masses are consistent with the experimental data as well
as predictions of other approaches. Our results on the masses of the §2;7, and 5} can be tested
in experiments which will be held in the near future. The predictions on the magnetic moments
also can verified in the future experiments.
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