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Properties of gluino-gluino-gluon states
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The spectra and decay properties of gluino-gluino-gluon (g g g) states ar'e studied. It is shown that
the lowest g g g state is heavier than the lowest color-singlet gluino-gluino state (g g)& by several
GeV and the decay properties of the g g g states are much different from those of (g g ) ~ states.

The gluino (g) is supposed to be'one of the easiest su-
persymmetric particles to be found. Since the gluino is a
color-octet state it cannot be observed directly. Some ob-
servable states which include the gluino(s) are (see, e.g.,
Refs. 1—6)

—3 for singlet g g,F- F-=
for octet g g . (2)

More precisely the effective interaction between two
gluinos should be determined in a specific model. We use
here the bag model of Hasenfratz, Hogan, Kuti, and
Richard. ' The detail of this model is explained in Ref.
11.

The gluino and the gluon carry Abelian charges of type
I denoted by e and other Abelian charges of type F
denoted by q. In the g g g system, g g must be in a color
octet and the whole system ggg must be in a color sing-
let; thus, one finds

v3
e = —,g, q = g for the first gluino,

2

W3
2 g for the second gluino, (3)e= —2g~ g=

e=0, q= —v 3g for the gluon .

ga gqq~ (g g )17

The (gg)~ state can be produced either in heavy-
quarkonium radiative decay or in hadronic processes
through two gluons or directly from a quark line by ex-
changing a scalar quark. The produced gg can be not
only in a color-singlet state but also in a color-octet state.
In the latter case the produced color-octet g g will quickly
pick up a soft quark pair or a soft gluon to become an ob-
servable color-singlet state. It is shown that such state
can be copiously produced in pp scattering and can be
identified.

In this paper we study the properties of the g g g state
(this is analogous to hybrid meson QQg and hybrid
baryon QQQg). One' might think that the properties of
this state do not differ much from those for the (g g)&
state which has been already studied in detail. ' How-
ever, the interaction between two gluinos in a color-singlet
state is twice as strong as that in a color-octet state be-
cause of the color factor:

+In 1+
2R

r 6—3+
4R 2

(4)

where the last term 9a, l5R:Esg is the gl—uon self-energy
term. The bag radius R is determined by the minimiza-
tion condition BV/BR =0 for given r. The r is the dis-
tance between two gluinos, the first term is the volume en-

ergy and the second term is the energy of gluon in a
specific mode. We compute only the lowest gluon mode
(TE) which corresponds to a =2.744.

The radial wave function g(r) between two gluinos
(g g)s is calculated by the Schrodinger equation

, P(r)+ z g(r)+ V(r)g(r) =Eg(r),1 d 1 ((L—j) )
M- dr2 M- r2

(5)
((L—j) ) =L (L +1)+j(j +1)—2A

where I. is the total orbital angular momentum and j is
the angular momentum of gluon (j = 1 for the lowest TE).
A is the eigenvalue for the projection of the gluon's angu-
lar momentum along the two gluino axis.

We show two models to classify the g g g states. In the
first model we use the similarity of this state to diatomic
molecule as in Ref. 10. We neglect the spin-dependent
force, thus the energy level depends only on the value of
((L—j) ) and the number of radial nodes of the wave

The effective potential between two gluinos is derived
in the Born-Oppenheimer approximation. In Refs. 10 and
11 the model was applied for the heavy hybrid system
QQg. In order to study the g g g state we should only re-
place the color factor, i.e., Eq. (19) in Ref. 11 by Eq. (3) in
this paper. The effective potential between two gluinos is
computed by assuming that two gluinos and the trans-
verse gluon are in a spherical bag with radius R. The
constituent gluon occupies a definite quantum number in
the spherical bag, i.e., stationary TE or TM mode. The
total energy of the g g g state includes the instantaneous
Coulomb interaction energy (g-g and g-g) of the color
charge insi. de the bag. The potential is given by

V(r) = —,mR An + R

3&s 2r r 2 r 2

+ —21n 1 — +
4R —r 4R 4R +r
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function. The quantum numbers of ggg states in each
level in this model are exactly the same as those for hy-
brid meson Qgg which are already described in Refs. 10
and 11 and we do not repeat here. Following Ref. 11 we
name the energy levels in the following way according to
the expectation value of ((L—j) ):

2, 1A,23,3A, . . . ,

((L—j) ) = 4, 18,2B,38, . . . ,

6, 1C,2C, 3C, . . .

iv)(ggg) —2 M(g)

r + g

ggg

V(t)

3

2 '

2C 3A 38
2A ~28
1C

18+
A1A =2A

A
18
—1

~6S
~5S

&s-is

,~~'s'

1P

-2 .

M(Q) =40 Gev

We do not know for sure if the above model is ap-
propriate for g g g states. Is the g g g state really so simi-
lar to the diatomic molecule? In case of the diatomic
molecule the motion of the electron is very much restrict-
ed to the axis of two nucleons, thus it is better to intro-
duce a coordinate system which is moving together with
two nucleons. On the other hand, the bag radius for g g g
state (R-0.4 fm) is much larger than the distance be-
tween two gluinos (-0.04 fm). This means that two
gluinos are well concentrated near the center and the wave
function of the gluon is not much disturbed by the finite
size of two gluinos. Therefore, the g-g axis does not play
an important role for the gluon wave function.

In the second model for the g g g classification we as-
sume that the gluon inside the bag is free. The total wave
function is simply the product of the (g g)s wave function
and the free gluon wave function. The motion of the
gluon decouples from that of the (gg)s state. In this
model the lowest state for (g g), is simply 1Sstate and the
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FIG. 2. The energy spectra for g g g states (solid curves) and
for (g g)~ states (dashed curves).
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allowed (1 C)

Model 2

allowed (1S)
allowed (IP)
forbidden
allowed (1D)

In model 2 the lowest energy level is the 1Sstate, which is
lower than the I A state by around 200 MeV, which is still

next one is the 1P state and so on. On the other hand, we
find ((L—j) ) &2 for the TE mode in the first model,
i.e., the (g g)s cannot be in an S state in this sense. Ener-
gy levels in two models are compared in the foHowing:

TABLE I. The quantum numbers of (g g)8 state inside g g g
state.

05 r (fm) Color
antisymmetric

Color
symmetric

FICx. 1. The energy spectra and potentials for g g g and (g g)&
states. (a) (g g)s potential given by Eq. (4). (b) Same as (a) but
—3a, /2r is replaced by potential T [Eq. (8)). (c) (gg)& poten-
tial.

3g
'P,
3
D&,z, 3

J =1
J =1+
J'=1-,2-,3-

'So
3P0, 1,2
1g)

J =0
J =0+, 1+,2+
J'=2-
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TABLE II. Some of the decay processes of color-octet (g g)8 states and the decay-rate formulas.
Color factors are C~ ———', , C~ ——4, and C3 ——8, where C2 and C3 contain a factor one-half which comes

from the Majorana nature of the gluino. In order to obtain quarkonium and (g g)& decay rates into gg
one should replace C3 by 3 and 2, respectively.

Process

[ Sli(gg)8] ~[ PJ~(g g)1]+g
4 2J+1 C
3 9

Decay rate

r dr R[ @ rR[&@
2

~['Sp (gg)t]+g 4 cx~ k3
1

m
g

r dr R[ & (r)jp R[ & (r)[gg)) (g F8

2

2

CR I
R (0)

I3m-

['Sp (g g)sl~gg
CL

C iR(0i

[ Pi (g g )8]~[ Sp, (g g )1]+g 9 C)a, k

r dr R[ @ rR( @

2

['P&,(gg)8]~[ Sp (g g)]]+g

r( Pp~gg):r( P2~gg)=15:4

2

~ C3
' iR'(0)

i

g

higher than the lowest (g g)~ state by several GeV.
Another theoretical ambiguity comes from the choice

of the (g g )s potential. In Eq. (4) the term 3a, /2r dom-—
inates near the origin. In practice, this term is the most
important one because the wave function for (gg)s be-
comes very small for g gg state as M(g) becomes large.
This situation is very similar to heavy-quarkonium case.
As is well known it is not appropriate to use the simple
Coulomb-type potential for the short-range region. Kuhn
and myself' proposed a potential (this is called potential
T)

53
16~ 1 2/E+ 75

25 rf (r) f(r)
1+-

+aMr +c,

f(r) =in[1/(AMs, -)2+b],

AMs ——140 MeV, a =0.63 GeV

b =20, e = —1.39 GreV

462 Inf (r)
625f (r)

(8)

TABLE III. Typical theoretical values of decay rates (in MeV). Other decay rates can be computed simply by replacing the color
factor as shown in Table II.

m (GeV)

n S,(gg) Qg)
I ('S (gg), gg)
I ('Pp(g g)8 gg)

3

g &('Si(g g)8~'PJ+g)
J=1
I ( Si(gg)s~ Sp+g)
I ( P~(g g )8 Sp+g )

0.43
7.76
0.29

25.1

239

10

0.27
4.88

6.95 x 10-'

158

10.2
130

20

0.21
3.73

2.09x 10

92.3

4.01
60.8

40

0.19
3.39

8.22x10 '
46.5

1.68
30

0.19
3.46

5.43 X 10-'

29.3

1.06
20.6

80

0.20
3.61

4.30x 10

20.7

0.79
16.9

0.21
3.75

3.70x 10-'

15.8

0.64
14.3
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