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e Introduction

9 Baryons

e QCD sum rules method

@ Applications:
@ Mass of the heavy spin 3/2 baryons in two-point sum rules
@ Analysis of the axial N — A transition form factors
@ Nucleon electromagnetic form factors
@ Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryon:
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Introduction

@ Standard Model: electroweak and strong interactions
@ strong interactions (QCD)

@ non-perturbative methods

@ QCD sum rules
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Baryons

Light baryons

@ Classification: In SU(3) flavor symmetry:

33®3=1008®8 a1
@ Light decuplet baryons: (Spin 3/2)

s 0 A A° NS At
s _ _1 zx— sz X*O
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with the following quark content
ddd wudd wuud uuu
sdd sud suu
ssd ssu
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Baryons

@ Light octet baryons: (spin 1/2)

s=0 n p
s=-1 b (=, n) st
s=-2 = =0
1 1
3=—-1 —= 0 = 1
2 2
®
or in terms of quark content:
udd uud
sdd sud suu
ssd ssu
(4)
Department N \Firik
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Heavy baryons with a single heavy quark
@ Heavy sextet baryons (Spin 3/2)

| lai[ a2 |
u

™
*
A
2
v|lo|lolalc|c

d
d
u
d
S

Table: The quark fields g; and g, for the heavy decuplet barryagaco);m
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@ Heavy sextet baryons (spin 1/2)

| 191 [ 92 |
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Table: The quark fields g, and q, for the heavy octet baryons.
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Experimental discoveries of these baryons
@ All light baryons have been discovered.
@ The CDF Collaboration has observed four bottom baryons
Yo and I;F [1].
@ The DO [2] and CDF [3] Collaborations have seen the =y,
@ The BaBar Collaboration discovered the ¢ state [4].

@ The CDF sensitivity appears adequate to observe new
heavy baryons.
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QCD sum rules method

General view
@ History of the QCD or SVZ sum rules.

@ In this method: we see a hadron from two different
windows:

1) from the outside.
2) we go inside it.

@ The physical quantities are obtained equating these two
representations and performing Double Borel
transformation to suppress the contribution of higher states
and continuum.
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QCD sum rules method

In technique language

@ we start with a correlation function where hadrons are
represented by the interpolating quark currents.

@ Types of the corr. func.:
1) two point

T=i / d*eP (0 | T (m()(0)} [0),  (5)

we obtain: mass, residue (lep. decay. cons.)
2) three point

T=l / dxd4yeP e (0 | T {1, (x)n" (0)7ia(y)} | O), (6)

we calculate: form factors used in decay rates, braﬁf@ﬂ@)ﬁ?ﬂf .
W B i
ratio ... -
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QCD sum rules method

3) light cone: The main idea, here, is to expand the time
ordered products of currents in the correlation function near the
light cone, x? ~ 0. Instead of the expansion of the long-distance
effects in terms of operators with different mass dimensions in
traditional three-point sum rules, in LCQSR , those effects are
parameterized in terms of light-cone distribution amplitudes
with different twists. Twist is defined as the difference between
the mass dimension and the spin of local operators. In light
cone sum rules, we consider T-product of two quark currents
between vacuum and an on-shell state such as photon,

T =i / d*xe™ (v | T {m(x)ii2(0)} | 0), (7)

irtment
o

we obtain form factors used in electromagnetic momentsg,, Qm
decay rates, branching ratio Mt m}““‘“’““
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QCD sum rules method

This correlation function is calculated in two different
approaches:

1) In the phenomenological side, it is saturated by a tower
of hadrons with the same flavor quantum numbers.

2) On the quark level, it describes a hadron as quarks and
gluons interacting in QCD vacuum (QCD side) via the
operator product expansion (OPE), where the short- and
long-distance quark-gluon interactions are separated. The
former is calculated using QCD perturbation theory;,
whereas the latter are parameterized in terms of the
vacuum condensates or light-cone distribution amplitudes.

The physical quantities are determined matching two
different representations of the correlation function._ . ~& ..
Ph%ich)xalmnﬁ

Kazem AziziCollaborators: T. M. Aliev, A. Ozpineci Properties of Light and Heavy Baryons in Light Cone QCD Si



Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Applications:
@ Mass of the heavy spin 3/2 baryons in two-point sum rules

D epamiga
e ).;ulu,.,..

em AziziCollaborator Properties of Lig



Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

Phenomenological side
@ Inserting the complete set of states between the
interpolating currents in (46) with quantum numbers of
heavy baryons.

(017, 1B(P)BP) |7 |0) 8)

T =
pv 2
p2 —mj

@ The vacuum to baryon matrix element of the interpolating
current is defined as

<0 | 77#(0) | B(p,S)> = )‘Buﬂ(pvs)7 (9)
where \g — residue & u,(p,s) — Rarita-Schwinger spirﬁx
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ perform summation over spins of the spin 3/2 particles

(B 1
ZUM p, S)U p, S) = 7{ O + 37;/71/
. 2pupu ~ Puy = Pup
3m?2 3m b (10)

@ perform summation over spins of the spin 3/2 particles

2
T = 1= PO + ... (11)

2—m
P B
D eparlm ent
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

QCD side

@ From QCD side, we need the explicit expressions of the
interpolating currents in the following general form

o = Aeane {(Q?TCWQS)QC + (937 C7,Q")as + (QaTcqu)qs}

where C is the charge conjugation operator and a, b and ¢
are color indices.

IR ESRIER AR
Toe) | Toe) | o) | Thie) | o) | Do)

(A 1v3 [V2/3]1/V3] ¢2/3N2/3\1/f |

Table: The value of A for the corresponding baryons evrmen @ e
Physics )Eulumu
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ On QCD side, after contracting out the quark pairs in Eq.
(46) using the Wick’s theorem, we get the following
expression for the correlation function in terms of quark
propagators

T

uv
= A eeme / d*xe™* (O[(q)] | {S& S, 52
+ SO 1Se 1Sey +Se 1w Sar SE +SG WSS 1uSay
+ S§ wSay WSS + e wSG” wShs + (1,58 1 Sar)
! b/ b ! ! b/ b ! !
X Sq +Tr(1.8§ 1Sq,")Sq, + Tr(1Sg 1.5 )Sq; } 10),
(13)

where S’ = CSTC and Sq(Sq) is the full heavy (light) qﬁ@;ﬁt‘@)ﬁﬁn
propagator. -
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

°
So(x) = SE°(x)—igs e / dv
71‘24' Mo GH (VX))o + 72 VX, G v, |,
(mg — k?)? mg — k2
S R

X2
- 192m0<qq>( _IF IgS/ du

[LG‘W(UX)O“W —ux#G,, (ux)y”

1672x2 A72x?2

272
. Mg —X“A o
Ti52 G <'” (T ) + 27E>}%
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form rs
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ the free part of the propagators are:

X = mg
2w2x4  4p2x2’

fi
Sqree
(15)
free m—é Ki(mgv—x?) . m(zg X

S = i Ko(mg Vv —x2
? 472 /x2 aroxz2Me )

(16)

where K; are Bessel functions.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ we obtain the following result for )\%:

—m2

B
)\ée—QMZ =A% |+ (g1 — 02)] , (17)

where
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form fa S
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

°
So
N=/ dse /™
mg
Mg, — 6mM 2 -1
M2 < qugy > (Mg, o) (Y22 + 2412 — 1)

192m(227'r2
1
- <0101 > @[2(1/102 + 2110 — 21P21 — 1)Mg

+ (o2 — 1)(3mq, — 2mg,)]| ... : (18)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ 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. (17) with respect to —1/M? and
divide the obtained result to the Eq. (17), i.e.,

—W M+ (g «— aqy)]
[N+ (0 «— q2)]

Maq = (29)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

Numerical ar~"~i~

< 6:777777_77777777777777777_777771
%
Q. — 5762°Gev
a
EG a - 3026.52GeV2 i
35 20 25 20
M%(Gev?)

Figure: The dependence of mass of the Q; on the Borel parameter
M2 for two fixed values of continuum threshold sg.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

| | Moy Mo My My x Mz =

this work 6.08+F0.40 | 2.72+020 | 585+0.35 | 251 £0.15 | 5.97 £0.40 | 2.66 F 0.18

] 6.0637 50 | 2.790T% T [ 5.835TQ 2 [ 2.534TL TR | 5.929TF TR 12,6347 T

8 6.088 2.768 5.834 2518 5.963 2.654

&) B B 5.805 2.495 5 5

T 6.090 2.770 5.850 2520 5.980 2.650

1T B 2.768 B 2518 5 5

12 6.083 2.760 5.840 5 5.966 5

13 6.060 2.752 5.871 25388 5.959 2.680
Exp[14] B 2.770 5.836 2520 5 2.645

Table: Comparison of mass of the heavy flavored baryons in GeV
from present work and other approaches and with experiment.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Applications:

@ Analysis of the axial N — A transition form factors
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

Phenomenological or physical side

Mu(p.0) =1 [ 4% (0| T{1,(0)3,()} N(P)).  (20)

(O] mu | AT (P, s")N(AT(P',S") [ I | N(p.s))
2 _nn2
mA P

Muw(p.a) =)

) (21)
(0] 7,(0) | A%y = Aaur(p',s). (22)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

(A(p",s") [ 3, | N(p,s))

A(n2
= R,

C4(a%)

+ P,.)(9x 90

2
N
C&(a?)
2
N

U00,)0° + CE(A%)gnw + axg. Ju(p,s),

(23)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

M. (p,d)
_ A 1 2pPy P — P
- mZA _p/z(p +mMa) |Gur S'Yu’}’)\ 3m2A + 3ma
Ce/:\(qz) CA( %), A2
TN’YO[ + m2 pa (gkuqa - q)\gua) + C5 (q )gAu
C§(a?)

m2

— 5 o U(p). (24)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

We have two problems regarding the above equation: 1) all
structures are not independent 2) not only spin 3/2, but spin 1/2
particles also contribute to the correlation function. To
overcome these problems we choose the ordering of Dirac
matrices as vy, p’y, d. The contribution of the spin 1/2 baryons
are encountered as

O 1. 5(0) = (AD] + By )u(p). (25)

So setting the terms with ~,, at the beginning and also terms
proportional pL to zero, we eliminate those contr.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

My (P, Q)
ST 4C3(a%) + ¢q3(2)+ (B +ma)
= m2 _p/2 gm/ 3 g;w my g;w A
A
Arn2 A2y P'd C2(q?)
x| C&(9%) +Ch(q? )mﬁ —qn(F’,‘FmA)’YVTN
B / ( ) Cg(a?)
Qu(P' + Ma)p,——5—= + 0,0 (B’ + ma)——5— s u(p)
m3 m3
+ other structures with v, at the beginning or which are
proportional to p;,. (26)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ We will choose the structures proportional to
9w B’ 4 — C3,
q.p;, B’ — C3,
A Ap’.
9w B — C5 +Cj %’

q.9, B’ — C§.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

Theoretical or QCD side
@ interpolating current the A™

n(0) = %s""bc[2(u""T(0)C%db(O))u°(O)

+ (UfT(0)Cr,u°(0))d*(0)], (27)

@ the axial current

3,(%) = 2 s0(x) ~ TX)750 (]

(28)

Departmen N \Firik

-

Physics )Biilﬂmii
1960

Kazem AziziCollaborators: T. M. Aliev, A. Ozpineci Properties of Light and Heavy Baryons in Light Cone QCD Si



Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

nul/(pa q) =

-1 d4xe!™
el o (CORNTCR

b | [4uf;(o>u5<x)d;(0)

{29a179009ﬁ¢()<)>\p + 29>\ngaegﬂ¢(X)ap + gangaeg)uzu(X)ﬁp
+ g,ﬁ’ngaegkfb(X)ap} - 4u167‘(0)u5(O)dg(x){Zthng)\Ggmb(X)ﬂp

i gangﬁegm(xm}] | N(p»}, (29)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

4(0[e®u3(agx)up(azx)dS (agx)[P)

S1MNCas(15N), + S2mE Cap(kysN),

+ Pimn(15C)asN, + szﬁ(’)gC)ag(kN)y
x2m2
+ V1 = (BC)as(sN),
+  Voamn(PC)ag(KysN)y + Vamn(7.C)as (775N )y
+ Vamg (KC)ap(15N),
b, (30)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ where, the calligraphic functions are defined in terms of the
nucleon distribution amplitudes:

S = Sy,
2pxS; = S1 - Sy,
(31)

4(px)2V6 = —Vi+Vy+V3+Vs+ Vs — Vg,
........ (32)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

Vi(Xi,p) = 120x1%X3[¢3(1) + ¢3 (1)(1 — 3x3)],
Vo(Xi i) = 24x1%p[d3(1) + b5 (1) (L — 5x3)],
Va(xi, 1) = 12xa{yg(1)(L — Xa) + v5 ()X + X5 — X3(1 — X3)]
b (1)(1 — X3 — 10x1%2) 3,
Va(xi, 1) = 3{2(u)(1 —%a) + ¥5 (1)[2Xax2 — X3(1 — X3)]
+od ()1 —x3 — 2(xZ + x3)]},
= 6Xa[p2(n) + o (1)(1 — 2x3)],

Vs(Xi, 1)

Ve(xi i) = 2[6g(n) + o5 (1)(1 - 3xa)],

Al(xi s ,u) = 120X1X2X3¢g (M)(Xz — Xl),
(Xi, 1)

= 24x1X2¢, (1) (X2 — X1),

Department 0 Fizik
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ They contain the following functions parameterized in
terms of 8 independent parameters fy, A1, A2, V9, 1 fl,
f2 and f} as

¢y = ¢g ="\
9 = ¢2=>(\+fn)

............................. Deparlmﬂl( y Fizik
o

Physies 5liimii
1
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ The numerical values are obtained using:

fu = (5.0+£0.5)x 1073 GeV?,
M = —(27+09)x 1072 GeV?,
A = (54+1.9)x1072GeV2 (35)

For other five independent parameters, we have used
three sets as:

Setl :AY = 0.38+0.15, VI =0.23+0.03,
f¢ = 0.2240.05, f!=0.07+0.05,
fd = 0.40+0.05, (36)
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

1 1
Set2 :AY = 2 vf:4—§,

f¢ = 0.2240.05, f!=0.074+0.05 (37)

fd = 0.40 £ 0.05,

Set 3 (asymptotic) : A} = 0, VI = %,
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

1—X3 X3 dt, —
/ dxs / dxy —21e
t tl

0
X 7'234578 ) T o




Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors

in 1/2 and 3/2 baryons

0,5
594(1) GeV ||
.498(3) GeV [
357(2) GeV ||

0,1

Q’ (Gev)

Figure: The dependence of the form factor C5(Q?) on Q? for
three different sets of distribution amplitudes at the continuum
threshold sq = 2.6 GeV? and the Borel parameter

Mz = 1.5 GeV2. Results from the lattice are also showrbe,,a,lmam.G*)im
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons
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Figure: The dependence of the form factor C¢(Q?) on Q2.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Applications:

@ Nucleon electromagnetic form factors
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ The electromagnetic form factors of nucleon are defined by
the matrix element of the electromagnetic current J¢!
between the initial and final nucleon states

(N(p") | 35(0) I N(P))
— NP (@)~ g Q)] N(P)
@0

where Q2 = —g?, is the negative of the square of the
virtual photon momentum, q = p — p’ and F; and F, are
the Dirac and Pauli form factors, respectively.
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Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Another set of nucleon form factors is the so called Sachs
form factors, which are defined in terms of the F1(Q?) and
F»(Q?) as follows:

w(Q?) = F1(Q?) + F2(Q?),
2
£(Q?) = F1(Q? —Q— F2(Q%),  (a1)

At the static limit, values at Q% = 0 are GE(O) =1,

GR(0) =0, GF(0) = pup = 2.792847337(29) and

G (0) = pn = —1.91304272(45), where pp and pipn are the
anomalous magnetic moments of the proton and neutron
in units of the Bohr magneton. _— '0
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

2

IN(x) =262 “(u™(x)CALdP(x))AsuC(x), (42)
(=1

where Al =1, A2 = Al = ~5, A3 = 3, and C is the charge
conjugation operator, and a, b, ¢ are the color indices. The
electromagnetic current is:

I8 (x) = eyliau + egdnd, (43)

and the choice 5 = —1 corresponds to the loffe current.
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Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Analysis of the experimental results lead that the magnetic
form factors of the nucleon are very well described by the
dipole formula

G”M’p(QZ) - Mn,p2 5 = knpCp. (44)
(1 T o7 GeV)Z)

Departmen N \Firik

-

Physics )Biilﬂmii
1960

Kazem AziziCollaboratol . Aliev, A. Ozpineci Properties of Light and Heavy Baryons in Light Cone QCD Si



Mass of the heavy spin 3/2 baryons in two-point sum rules
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Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

w

T T
— PB=-1, asymptotic
B=-5, asymptotic

—- =5, asymptotic

0 | n | n

q QGev?)

Figure: The dependence of G, /upGp on Q2 at
Sop = 2.25GeVZ Mz =1.2 GeV2 for3=—1, —5and 5. The
boxes correspond to experimental data
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Mass of the heavy spin 3/2 baryons in two-point sum rules

6 T T
5 7 B=-1, asymptotic 7
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r — =5, asymptotic i
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Mass of the heavy spin 3/2 baryons in two-point sum rules

— B=-1, asymptotic
3 -+ B=-5, asymptotic _
— B=5, asymptotic
- B=-1, setl 1
— B=-5,setl
— PB=5, setl

|
2 4 6 8 10
Q(Gev))
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Mass of the heavy spin 3/2 baryons in two-point sum rules
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Mass of the heavy spin 3/2 baryons in two-point sum rules
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Mass of the heavy spin 3/2 baryons in point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
R _ L o

nd 3/2 baryons

5 T T T .
4
— Q2=2, asymptotic
Go 3 - Q2:4, asymptotic
= — Q=2 sl |
5 Q%=4, setl
0 2 ! ]
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1 L | L | L | L
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Figure: The dependence of G,f’,,/up Gp on cosf at

So = 2.25 GeV?,M2 = 1.2 GeV? for two different values of Q2,

i.e. Q2 =2 GeV2and Q%2 =4 GeV?Z2. —\
Q Q ’ Ph%icsG):':ll;nﬁ
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Applications:

@ Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryon:
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

@ Magnetic dipole moments of the heavy spin 1/2 and 3/2
baryons

n=i / d*xe (| T {no(x)i(0) [}0).  (45)

T =1 [ a5 | T{,00m(0)} [0, (40
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Mass of the heavy spin 3/2 baryons in two-point sum rules
alysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

1o = cancl(d?T CsP)ys + B(07T CHss)IQS,  (47)

. = Aeanc {(qi‘TCmqé’)QC + (987 C7,Q")as + (Q""Tcwqi’)qg}

where C is the charge conjugation operator and a, b and ¢
are color indices.

Rl SRIER AR
Toe) | Toe) | o) | Thie) | o) | Do)

(A 1v3 [ V2/3]1/v3] %2/3 [ V2/3] 1/V/3 ]

Table: The value of A for the corresponding baryons. ne.,mm.Q
ulu]ml

Phibies

Kazem AziziCollaborators: T. M. Aliev, A. Ozpineci Properties of Light and Heavy Baryons in Light Cone QCD Si



Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors
Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

0 = _ _ = o | O
n- el mgip2)><:q(pz)|:o(pl)>w< 2 'rjf' 3

(49)

(B(p1) | 7 | 0)
pf —m3

9

T = O B (er) 18O,

(50)
where p; =p +4, p2 =p.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
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Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

< Zq(P1) | Zq(P2) >~

_ . Opala
= &'uz,(p1) [fl’m - lzf;n—zofz] U=, (p2)

= Teo(pe) | - PP o)
1)

where, € is polarization vector of the photon.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — A transition form factors

Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

(B(p2) | B(p1))y

_ +
= Epuu(pZ) {_g;w |:7p(f1 + f2) + %& + qpf3:|
B
.9 (P1 + p2) .
- (2::175)2 [’Yp(Gl + G2) + TBPGZ + qu3:| } U, (P1),

(52)

where ¢, is the photon polarization vector.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
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Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

(01 nq | Z(P)) = Au=, (), (53)
<0 | 77#(0) | B(p,S)> = )‘Buu(pvs)’ (54)
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Mass of the heavy spin 3/2 baryons in two-point sum rules

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

(p1 + Pz)uf p1+mz, .

_ 2| 2 2
2ms, P — Mz,

From this expression, we see that there are various

structures which can be chosen for studying the magnetic

moments of =5. We choose the structure g, ¢ ¢ that

contains magnetic form factor f; + f, and at g> = 0 it gives

the magnetic moment of =g in units of eh/ZmEQ. -
" Ph%ics@)xalmnﬁ
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Nucleon electromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

1 g
2 M
O p ﬁl q_
®(p? — m3)(pZ — m3) 9 3
+ other structures with v, at the beginning and
v, at the end

or which are proportional to p,,0r py, ] , (56)

where gy /3 =f, +f, and at g2 = 0, gy is the magnetic
moment of the baryon in units of its natural magneton,
eh/2mgc. The factor 3 is due the fact that in the
nonrelativistic limit the interaction Hamiltonian with
magnetic field is equal to gyB = 3(f; + f2)B. Departiye
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Nucleon electromagnetic form factors

Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

0
I -04f B=-5 |
=3 _ B:_l
- B:+5

05— 17 18 19 20
M, (Gev?)
Figure: The dependence of magnetic moment pi=o ON M3 at
So=6.52GeV?and = +5, —1.
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Mass of the heavy spin 3/2 baryons in two-point sum rules
Analysis of the axial N — r tion form factors

Nucle lectromagnetic form factors
Applications: Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

0
-
e — M,’=15Gev’
i -0.1+ 5, 2 R
= - Mg =20GeV
-027 05 0 05 1
cosd

Figure: The dependence of the magnetic moment fi=o ON cosf at
So = 6.5 GeV? and for M3 = 15 GeV? and M3 = 20 GeV?2.
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Table: Results for the magnetic moments of =g baryons in different

Applications:

Mass of the heavy spin 3/2 baryons in two-point sum rules

AGELY » A transition form factors

s of the axial N

Nucleon electromagnetic form factors

Magnetic dipole moments of the heavy spin 1/2 and 3/2 baryons

approaches.
H=0 Ho— H=0 Mt
“b “h = —c
Our results —0.045 £ 0.005 —0.08 £ 0.02 0.35 £ 0.05 0.50 £+ 0.05
RQM [16] -0.06 -0.06 0.39 0.41
NQM [16] -0.06 -0.06 0.37 0.37
[5] - - —1.02 - —1.06 0.45 +-0.48
18 - - 0.32 0.42
19 - - 0.38 0.38
20 - - 0.28 0.28
21] - - 0.28 - 0.34 0.39 - 0.46
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0
— §6.2°Gev’
-1 - §76.5GeV” 1
. o
N P |
=
2k |
35 20 25 30
M(Gev?)

Figure: The dependence of the magnetic moment of Q;~ on Borel
parameter M? (in units of nucleon magneton) at two fixed values of s.
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Table: The magnetic moments of the heavy flavored baryons in units
of nucleon magneton.

[ [[ Ourresults | hyper central model[5] |
ung, —1.40 £0.35 —1.178 + —1.201 (~)
,uﬂéo —0.62£0.18 —0.827 +— —0.867
/,Lz;_ —1.50 £ 0.36 —1.628 +~ —1.657
'u)Zl’)‘O 0.50 £0.15 0.778 = 0.792
,uzg+ 2.52 £0.50 3.182 +3.239
,uzéo —0.81£0.20 —0.826 — —0.850
Fgrt 2.00 £ 0.46 1.200 = 1.256 (=)
”23** 481£1.22 3.682 - 3.844
P — —1.42£0.35 —1.048 ~ —1.098 (~)
TS 0.50 £ 0.15 T.024 = 1.042 (=)
[.L;io —0.68 £0.18 —0.671 +~ —0.690
,u;;+ 1.68£0.42 1.449 - 1.517
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