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Abstract 
A model for particles based on preons in chiral, vector and tensor/graviton 
supermultiplets of unbroken global supersymmetry is engineered. The 
framework of the model is little string theory. Phenomenological predictions 
are discussed. 
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1. Introduction 

We investigate the possibility that at high enough energy the elementary par-
ticles may not be the standard model (SM) particles. We have proposed instead a 
supersymmetric preon scenario for first two flavors of fermions. In addition, we 
introduce tensor multiplet fields, two extra dimensions, i.e. the little string 
theory (LST), and holographic duality. 

What we see in nature depends, of course, on the resolving power of appara-
tus available, as well as on our preferred theoretical concepts. At laboratory 
energy scale we observe quarks and leptons as point like particles. The celebrated 
SM gauge principle has been successful with three interactions. At the (un-
reachable) string energy scale, we would expect to “detect” superstrings. Conse-
quently, we have proposed that the key symmetry should be supersymmetry ra-
ther than an internal symmetry, not forgetting the latter though. Due to lack of 
experimental evidence for supersymmetry on quark and lepton level, we have 
introduced supersymmetric preons1, called here chernons, which occur between 
the superstring scale and the inflationary reheating scale TR in the early universe. 

Chernons are free particles above the energy scale crΛ , numerically about 
~1010 - 1016 GeV. It is close to reheating scale TR and the grand unified theory 

 

 

1Chernons have no direct experimental support either. 
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(GUT) scale. We conjecture chernons obey superconformal field theory (SCFT). 
At crΛ  preons make a phase transition by an attractive Chern-Simons (CS) 
model interaction into composite states of standard model quarks and leptons, 
including gauge interactions. 

This note is organized as follows. In Section 2 we extend our two flavor cher-
non model to include color of the SM. Section 3 recaps the binding cher-
non-chernon interaction. The symmetries of the schematic little string theory 
model are discussed in Subsection 4.1 and tensormultiplets in Subsection 4.2. 
Holographic duality is introduced Subsection 4.3 to define approximate gravity. 
Conclusions are given in Section 5. The Appendix is provided to visualize the 
difference between the standard model supersymmetry and ours. 

This note contains copiously review material to make it self-contained. Cru-
cial new material to our scenario is added in Sections 2 and 4. The type of this 
note is exploratory phenomenology: to search for ideas and concepts which 
would substantiate the existence of a consistent model beyond the standard 
model. The present scenario should be considered as a first step modeling. 

2. Extending the Wess-Zumino Action 

The divisive point of the chernon model for visible and dark matter is the fol-
lowing: we think it is dubious to add to each known SM particle its (unobserved) 
superpartner. Instead, supersymmetry should be implemented so that all par-
ticles needed to describe nature are written together with their superpartners in 
the Lagrangian ((2.1)-(2.3)) of the model. Our method was introduced in [1] [2]. 
The result turned out to have close resemblance to the Wess-Zumino (WZ) 
model [3], which contains three neutral fields: a Majorana spinor m, the real  

fields s and p with 1 ,0
2

PJ
+

+= , and 0− , respectively. The kinetic WZ Lagran-

gian is 

( ) ( )2 2
WZ

1 1 1
2 2 2

m m s p= − ∂ − ∂ − ∂                  (2.1) 

where m and s form the chiral multiplet. We assume that the pseudoscalar p is 
the axion [4], and denote it below as a. It has a fermionic superparther, the axino 
n, a candidate for dark matter but not discussed further here. 

To include charged matter we define the following charged chiral field La-
grangian for fermion m− , complex scalar s−  and the electromagnetic field 
tensor Fµν  

( )Charge

2

WZ
1 1 1
2 2 4

m m s F F µν
µν

− − −= − ∂ − ∂ −             (2.2) 

We set color to the neutral fermion 0
im m→  ( , ,i R G B= ) in (2.1). The color 

sector Lagrangian is then 

( )
Color

20 0
WZ

, ,

1 1
2 2i i i

i R G B
m m g

=

 = − ∂ − ∂  
∑             (2.3) 

We now have the supermultiplets shown in Table 1. 
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Table 1. The particle s−  is a neutral scalar particle. The particles 0,m m−  are charged 
and neutral, respectively, Weyl spinors. The a is axion and n axino. 0m  is color singlet 
particle and γ  is the photon. im  and ig  ( , ,i R G B= ) are zero charge color triplet 
fermions and bosons, respectively. 

Multiplet Particle, Sparticle 

chiral multiplets spins 0, 1/2 s− , m− ; a, n 

vector multiplets spins 1/2, 1 0m , γ ; im , ig  

 
Note that in Table 1 there is a zero charge quark triplet im  but no gluon oc-

tet. Instead, supersymmetry demands the gluons to appear only in triplets at this 
stage of cosmological evolution. The dark sector we get from (2.3) and im . 

The matter-chernon correspondence for the first two flavors (r = 1, 2; i.e. the 
first generation) is indicated in Table 2. 

After quarks have been formed by the process described in Section 3 the SM 
octet of gluons will emerge because it is known that fractional charge states have 
not been observed in nature. To make observable color neutral, integer charge 
states (baryons and mesons) possible we proceed as follows. The local ( )3 colorSU  
octet structure is formed by quark-antiquark composite pairs as follows (with 
only color charge indicated): 

( ) ( )1 1Gluons : RG,RB,GR,GB,BR,BG, RR GG , RR GG 2BB
2 6

− + −  (2.4) 

With the gluon triplet the first hunch is that they form, with octet gluons now 
available, the 3 3 3 10 8 8 1⊗ ⊗ = ⊕ ⊕ ⊕  bosonic states with spins 1 and 3. These 
three gluon coupling states would need a separate investigation, see e.g. [5]. 

Finally, we introduce the weak interaction. After the SM quarks, gluons and 
leptons have been formed at scale crΛ  there is no more observable supersym-
metry in nature [6]. To avoid a more complicated vector supermultiplet in Table 
1, we may append the standard model electroweak interaction in our model as 
an empirical fact. The standard model has now been heuristically derived. 

3. Chernon-Chernon Interaction 

This section is covered in [7] [8] with references to original papers2. The cher-
non-chernon scattering amplitude in the non-relativistic approximation is ob-
tained by calculating the t-channel exchange diagrams of the Higgs scalar and 
the massive gauge field. The propagators of the two exchanged particles and the 
vertex factors are calculated from the action [9]. 

The gauge invariant effective potential for the scattering considered has been 
obtained in [10] [11] 

( ) ( ) ( )
22 2

CS 0 12
11 1

2 2e e

e eV r K r l rK r
m m r
θ θ θ θ

θ
   

= − + − − π    
   π

    (3.1) 

 

 

2We wish to add that the CS term can also be added to models which are not topological quantum 
field theories. In 3D, this gives rise to a massive photon. 
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Table 2. Visible and Dark Matter with corresponding particles and chernon composites. 
0
im  (i = R, G, B) is color triplet, m±  are color singlets of charge ±1/3. e′  and γ ′  refer 

to dark electron and dark photon, respectively. BC stands for Bose condensate. Chernons 
obey anyon statistics. 

SM Matter 1st gen. Chernon state 

eν  0 0 0
R G Bm m m  

Ru  0
Rm m m+ +  

Gu  0
Gm m m+ +  

Bu  0
Bm m m+ +  

e−  m m m− − −  

Rd  0 0
G Bm m m−  

Gd  0 0
B Rm m m−  

Bd  0 0
R Gm m m−  

W-Z Dark Matter Particle 

boson (or BC) s, axion(s) 

e′  axino n 

meson, baryon o ,3nn n  

nuclei (atoms with γ ′ ) multi n 

celestial bodies any dark stuff 

black holes anything (neutral) 

 
where ( )0K x  and ( )1K x  are the modified Bessel functions and l is the angu-
lar momentum ( 0l =  in this note). In (3.1) the first term [ ] corresponds to the 
electromagnetic potential, but it now behaves like a Yukawa potential, the 
second one { }2 contains the centrifugal barrier ( 2l mr ), the Aharonov-Bohm 
term and the two photon exchange term. 

In (3.1) the first term may be positive or negative while the second term is al-
ways positive. The function ( )0K x  diverges as 0x →  and approaches zero 
for x →∞  and ( )1K x  has qualitatively similar behavior. For our scenario we 
need negative potential between all chernons, including equal charge ones. We 
must have the ( )0K rθ  term dominating in (3.1) with the condition3 

emθ                              (3.2) 

The potential (3.1) also depends on v2, the vacuum expectation value, and on y, 
the parameter that measures the coupling between fermions and Higgs scalar. 
Being a free parameter, v2 indicates the energy scale of the spontaneous break-
down of the U(1) local symmetry. 

4. Six Dimensional Theories 

The framework of Section 2 is little string theory (the name was given in [12]). It 

 

 

3For applications in condensed matter physics, one must require emθ  , and the scattering poten-
tial given by (5) then comes out positive [9]. 
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is obtained as an effective theory of parallel and overlapping NS 5-branes with 16 
supercharges in the limit when gravity decouples in type IIA or type IIB string 
theory. The 6D LST (subsection 4.1) is UV complete. The supersymmeric gravity 
(SUGRA) (subsection 4.2) is not UV complete with matter [13] [14]. Using ho-
lographic duality we can introduce approximate gravity to LST (in subsection 
4.3). 

4.1. Little String Theory 

The string theory vision predicts the existence of new non-local theories of 
which we are interested in the case of D = 6. We begin by reviewing [15]. See al-
so the more recent paper [16] [17]. LSTs are generated by stacks of (Ne-
veu-Schwarz) NS5-branes. These branes are decoupled from the bulk without 
taking the low energy limit 0α′→  [18]. At high energies, they can become 
tensionless and support new degrees freedom required for a UV completion of 
the theory. 

The non-local ingredients of a theory of extended objects, such as strings, can 
be seized by a quantum field theory with a local stress energy tensor, while the 
string scale stringM  remains. The UV completion, however, is not a quantum 
field theory. The local characterization breaks down as we reach the string scale 

stringM . 
The little string theories allow studying stringy extended objects but with few-

er complications. In known constructions these theories exhibit properties 
which are typical of closed string theories with tension set by 2

stringM . Here we 
approach LST from bottom up with F-theory [19] in the background. 

In F-theory there is a non-compact base B of complex dimension two. This is 
supplemented by an elliptic fibration to reach a non-compact Calabi-Yau three-
fold. In the resolved phase, the intersection pairing of the base coincides with the 
Dirac pairing [20] for two-form potentials of the theory on its tensor branch. For 
a 6D superconformal field theory, one demands that the Dirac pairing is nega-
tive definite. For an LST, it is required that this pairing is negative semidefinite. 

In field theory terms, this is usually enforced by the condition that all gauge 
theoretic anomalies are canceled on the tensor branch of the theory. In F-theory 
terms, classifying LSTs thus amounts to determining all possible elliptic Cala-
bi-Yau three folds which support a base B with negative semidefinite intersec-
tion pairing. All LSTs are given by a small extension of 6D SCFTs [15]. 

Back to field theory terms, we find that the string charge lattice of any LST 
with more than one tensor multiplet is an affine extension of the string charge 
lattice of an SCFT, with the minimal imaginary root of the lattice corresponding 
to the little string charge. Hence, all LSTs arise from an affine extension of 
SCFTs. 

An emblem of all known LSTs is T-duality. We disclose some of the condi-
tions necessary to realize a supersymmetric little string theory. 6D supersymme-
tric theories should admit a tensor sector. Several LSTs include some dynamical 
tensor multiplets and vacua parameterized at low energies by vevs of scalars in 

https://doi.org/10.4236/jhepgc.2024.102034


R. Raitio 
 

 

DOI: 10.4236/jhepgc.2024.102034 551 Journal of High Energy Physics, Gravitation and Cosmology 
 

these tensor multiplets. To reach a point of strong coupling one has to tune the 
vevs of the dynamical scalars to zero. In addition to dynamical tensor multiplets, 
one has to allow the possibility of non-dynamical tensor multiplets which set 
mass scales for the 6D supersymmetric theory. 

In a theory with tensor multiplets, one has scalars IS  and their bosonic su-
perpartners ,IBµν

− , with anti-self-dual field strengths as indicated in Table 3. 
The vevs of the IS  govern, among other things, the tension of the effective 

strings which couple to these two-form potentials. In a theory with gravity, one 
must also include an additional two-form potential Bµν

+  coming from the gra-
viton multiplet. Given this collection of two-form potentials, we get a lattice of 
string charges stringΛ  [21], and a Dirac pairing 

string stringΛ ×Λ →                         (4.1) 

in which we allow for the possibility that there may be a null space for this pair-
ing. It is convenient to describe the pairing in terms of a matrix A in which all 
signs have been reversed. Thus, we can write the signature of A as ( ), ,p q r  for 
q self-dual field strengths, p anti-self-dual field strengths, and r the dimension of 
the null space. 

For a 6D supergravity theory with T tensor multiplets, the signature is 
( ),1,0T . Even more is true in a 6D theory of gravity. Diffeomorphism inva-
riance enforces the condition that det 1A = −  [21]. 

In supersymmetric theories decoupled from gravity one arrives at the neces-
sary condition that the signature of A is ( ),0,p r . In this case each of the 
two-form potentials has a real scalar superpartner denoted as IS . The kinetic 
term for these scalars is 

I J
eff IJA S S⊃ ∂ ∂                         (4.2) 

Observe that if A has a zero eigenvector, some linear combinations of the sca-
lars will have a trivial kinetic term. When this occurs, these tensor multiplets 
define parameters of the effective theory on the tensor branch, they are non- 
dynamical fields. 

This leaves one with two general possibilities. Either A is positive definite (i.e. 
0A > ), or it is positive semidefinite (i.e. 0A ≥ ). To reach a 6D SCFT, a neces-

sary condition is 0A >  [22]. We summarize the various possibilities for self- 
consistent 6D theories in Table 4. 

We introduce LST as a 6D theory with det 0A = 4. Some linear combinations 
of the scalar fields for tensor multiplets will have trivial kinetic term, they are 
dimensionful parameters. In a 6D theory with a single gauge group factor and no 
dynamical tensor multiplets this parameter is just the overall value 21null YMS g= , 
with YMg  the Yang-Mills coupling of a gauge theory. This YM theory contains 
solitonic solutions which one can identify with strings 

4 ,F F= −∗                           (4.3) 

 

 

4Moving down in energy, one flows down from SUGRA to LST and then eventually to SCFT. 
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Table 3. The tensormultiplet. 

Multiplet Particle, Sparticle 

tensormultiplet IS , , IBµν
−  

 
Table 4. Values of det A for 3 different 6D theories. 

Theory 6D SUGRA 6D LST 6D SCFT 

signature ( ),1,0T  ( ),0,p r  ( ),0,0T  

det A : det 1A = −  det 0A =  det 0A >  

 
meaning that we dualize in the four directions transverse to an effective string. 
One can expect A to contain some general null space, and with each null direc-
tion, a non-dynamical tensor multiplet of parameters 

1
1 such that 0.T

null T nullv N v N v A v≡ + + ⋅ =
   

              (4.4) 

for the two-form potential, and 
1

1
T

null TS N S N S= + +                      (4.5) 

for the corresponding linear combination of scalars. Since they specify dimen-
sionful parameters, we get an associated mass scale, which is referred to as 

stringM  
2 .null stringS M=                          (4.6) 

Returning to our example from 6D gauge theory, the tension of the solitonic 
string in Equation (4.3) is just 2 21 YM stringg M= . At energies above stringM , the 
effective field theory is no longer valid, and one must provide a UV completion. 

On general grounds, 0A ≥  could have many null directions. However, in the 
case where we have a single interacting theory, that is A is simple, there are fur-
ther strong restrictions. When 0A ≥  is simple, all of its minors are positive de-
finite: 0minorA > . Consequently, there is precisely one zero eigenvalue, and the 
eigenvector is a positive linear combination of basis vectors. There is only one 
dimensionful parameter stringM . This also means that if one deletes any tensor 
multiplet, one reaches a positive definite intersection pairing and a 6D SCFT. 
What we have just learned is that if we work in the subspace orthogonal to the 
ray swept out by nullS , then the remaining scalars can all be collapsed to the ori-
gin of moduli space. When one does this, one reaches the LST limit. This prop-
erty of the matrix A is referred to as the tensor-decoupling criterion for an LST. 
The fact that decoupling any tensor multiplet takes one to an SCFT imposes 
sharp restrictions. 

This discussion has up to now focused on some necessary conditions to reach 
a UV complete theory different from a 6D SCFT. In [22] [23] the specific case of 
6D supersymmetric gauge theories was considered, and closely related consis-
tency conditions for UV completing to an LST were presented. One sees the 
same consistency condition 0A ≥  appearing for any effective theory with (pos-
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sibly non-dynamical) tensor multiplets. 
Though we have given a number of necessary conditions that any putative 

LST must satisfy, to truly demonstrate their existence we must pass beyond ef-
fective field theory, embedding these theories in a UV complete framework such 
as string theory. One therefore has to turn to the F-theory realization of little 
string theories. F-theory provides a formulation which systematically enume-
rates possible tensor branches. This is discussed in [15] [16], but it is beyond the 
scope of this brief phenomenological note. Instead, we review holographic mod-
els in subsection 4.3. 

4.2. Supergravity Tensor Multiplets 

We now review briefly minimal ( )1,0  6D supergravity coupled to n tensor 
multiplets. Supersymmetry in 6D is generated by an ( )2Sp  doublet of chiral 
spinorial charges aQ  ( )1,2a = , obeying the symplectic Majorana condition 

a ab T
bQ CQε=                           (4.7) 

where abε  is the ( )2Sp  antisymmetric invariant tensor. Since all fermion 
fields appear as ( )2Sp  doublets, we use Ψ  to denote a doublet aΨ . 

The theory in [24] includes the vielbein aeµ , a left-handed gravitino µΨ , 
( )1n +  antisymmetric tensors rBµν  ( )0, ,r n=   obeying (anti)self-duality 
conditions, n right-handed tensorini mχ  ( )1, ,m n=  , and n scalars. The sca-
lars parameterize the coset space ( ) ( )1,SO n SO n , and are thus associated to 
the ( )1,SO n  matrix ( )0, ,r n=   (as seen in Table 5) 

V r
m
r

v
x

 
=  
 

 

whose matrix elements satisfy the constraints  

1r
rv v =  
m m

r s r s rsv v x x η− =  

0r m
rv x =                           (4.8) 

Defining 
m m

rs r s r sG v v x x= +                       (4.9) 

the tensor (anti)self-duality conditions can be succinctly written 

1 ,
6

s
rs rG H H

e
µνρ µνραβγ

αβγε=                 (4.10) 

where [ ]3r rH Bµνρ µ νρ= ∂ . These relations only hold to lowest order in the fermion 
fields, and imply that r

rv Hµνρ  is self dual, while the n tensors m r
rx Hµνρ  are an-

tiself dual, as one can see using (4.8). The divergence of (4.10) yields the second- 
order tensor equation 

( ) 0rsD G H σµνρ
µ =                    (4.11) 

while, to lowest order, the fermionic equations are 
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Table 5. The tensormultiplet. 

Multiplet Particle, Sparticle 

tensormultiplet 
gµν , µΨ

 
Bµν

+ , mχ  

 

0
2 2

r m r m m r m
r r r

i iD v H x H x vµνρ µνρ µνρ ν µ
ν ρ ν ρ νρ νγ γ γ χ γ γ χΨ + Ψ − + ∂ =    (4.12) 

and 
1 0

12 2 2
m r m m r m r

r r rho r
i iD v H x H x vµ µνρ µνρ µ ν

µ µνρ µν ν µγ χ γ χ γ γ γ− − Ψ − ∂ Ψ = (4.13) 

Varying the fermion fields in them with the supersymmetry transformations 

( )a ae iµ µδ εγ= − Ψ                       (4.14) 

( ) ( )[ ]
1
2

r r mr mB iv xµν µ ν µνδ γ ε χ γ ε= Ψ +  

( )m m
r rv xδ εχ=  

1
4

r
rD v H νρ

µ µ µνρδ ε γ εΨ = +  

2 12
m m r m r

r r
i ix v x Hµ µνρ

µ µνρδχ γ ε γ ε= ∂ +             (4.15) 

generates the bosonic equations, using also Equations (4.10) and (4.11). Thus, 
the scalar field equation is 

( ) 2 0
3

m r m r s
r r sx D v x v H Hµ αβγ

µ αβγ∂ + =             (4.16) 

while the Einstein equation is 
1 1 0
2 2

r r r s
r r rsR g R v v g v v G H Hα αβ

µν µν µ ν µν α µαβ ν− + ∂ ∂ − ∂ ∂ − =      (4.17) 

To this order, this amounts to a proof of supersymmetry, and it is also possi-
ble to show that the commutator of two supersymmetry transformations on the 
bosonic fields closes on the local symmetries: 

[ ] ( )( )

( ) ( )( )
( )( )

1 2 1 2,

1
2

gct

r r r
tens

mn mr n
rSO n

ab ab r ab
Lorentz r

i

v B

A x x

v H

µ µ

ν
µ µ µν

µ
µ

µ µ
µ

δ δ δ ξ ε γ ε

δ ξ ξ

δ ξ

δ ξ ω

= = −

 + Λ = − − 
 

+ = ∂

+ Ω = − −

          (4.18) 

To this order, one can not see the local supersymmetry transformation in the 
gauge algebra, since the expected parameter, µ

µξ Ψ , is generated by bosonic 
variations. As usual, the spin connection satisfies its equation of motion, that to 
lowest order in the fermion fields is 

0a aD e D eµ ν ν µ− =                    (4.19) 
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and implies the absence of torsion. 
Completing these equations will require terms cubic in the fermion fields in 

the fermionic equations, and terms quadratic in the fermion fields in their su-
persymmetry transformations. Supersymmetry will then determine correspond-
ing modifications of the bosonic equations, and the (anti)self-duality conditions 
(4.10) will also be modified by terms quadratic in the fermion fields. Supercova-
riance actually fixes all terms containing the gravitino in the first-order equa-
tions and in the supersymmetry variations of fermion fields. The UV sensitivity 
of this scenario would be interesting to calculate for chernons (a future project). 

4.3. Holographic Duality 

In this subsection we review holographic duality to introduce gravity. This dual-
ity holds between AdS gravity and conformal field theory (CFT) in such a way 
that the 4D boundary CFT, whose definition and formal structure is well un-
derstood, could provide a fully nonperturbative definition of 5D quantum grav-
ity. For example, the holographic dual of 6D LST corresponds to a 7D gravita-
tional background with flat string-frame metric and the dilaton linear in the ex-
tra dimension [25]. 

The 5D heterotic string compactified on K3 × S1 should be equivalent to 11D 
supergravity compactified on a Calabi-Yau threefold [26]. It yields the main 
properties of the holographic dual of 6D little string theory. Introducing back 
gravity weakly coupled, one has to compactify the extra dimension on an inter-
val and place the SM on one of the boundaries, in analogy with the Ran-
dall-Sundrum model [27] on a slice of a 5D anti-de Sitter bulk. 

In [28] [29] holographic dual models have been disclosed. The holographic 
dual of 6D LST can be approximated by a 5D model, in which the Lagrangian in 
the bulk takes the following form 

( )( ) 

3/ 2
5

2
31 3

5
1
3

M M
LST Me M e

Φ

− = − − ∂ Φ ∂ Φ − Λ



               (4.20) 

in the Einstein frame, where ( )det m
Me e= , Φ  is the dilaton and Λ  is a con-

stant. Upon redefining 

3 3
5 5

3 1,
2 2

M MΦ = Φ =                     (4.21) 

and setting the gravitational coupling κ  in five dimensions equal to one 
( 2 3

51 Mκ = , where 5M  is the Planck mass in five dimensions), we obtain the 
Lagrangian for the canonically normalized dilaton Φ  

( )( )
2

1 31 1
2 2

M
LST Me e

Φ
− = − − ∂ Φ ∂ Φ − Λ              (4.22) 

We thus observe that the potential that arises from LST is equal to the poten-
tial in 

( )( )
2 1

1 2 3 31 3
2 4

M
dilaton M

Ae g A e Be
Φ − Φ

−
 

= − ∂ Φ ∂ Φ + +  
 

       (4.23) 
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for a scalar that belongs to a gauged 2, 5D= =  Maxwell multiplet coupled to 
supergravity, upon making the identification 

2 23 , 0
4

g A B= −Λ =                     (4.24) 

We then have 
1 1
3 3

0 ,
2

a AP Ae P e
Φ Φ

= = −                  (4.25) 

Moreover, it is known that the dilaton potential in (4.22) exhibits a runaway 
behavior and does not have a 5D maximally symmetric vacuum, but has a 4D 
Poincaré vacuum in the linear dilaton background 

CyΦ =                         (4.26) 

where 0y >  is the fifth dimension and C a constant parameter. The back-
ground bulk metric is then 

( )
2

2 23d e d d d
Cy

s x x yµ ν
µνη

−
= +               (4.27) 

where µνη  is the Minkowski metric of 4D space, under the fine-tuning condi-
tion 

2
gAC =                         (4.28) 

The final Lagrangian then takes the form [29] 

( ) ( )( )

( )

4 2
1 0 0 1 13 3

5 10 1
0 13 3

5 10 1
0 13 3

5
3

1 1 1 1
2 2 8 4
1 1
2 2 2

16 2 8 2
2 2

64 3 32 3
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6 6
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M MN MN
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(4.29) 

This Lagrangian has three free parameters: g, 0υ  and 1υ . 
The spectrum of the above model can be decomposed using the 4D Poincaré 
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invariance of the linear dilaton vacuum solution and should form obviously 
1=  supermultiplets. It is known that every 5D field should give rise to a 4D 

zero mode and a continuum starting from a mass gap fixed by the linear dilaton 
coefficient 2C g= . Using the results of [28] and the correspondence (4.21), 
one finds that the parameter α  of [28] is given by 3Cα =  and that the mass 
gap gapM  is 

gap
3

2 2
M g=                        (4.30) 

The continuum becomes an ordinary discrete Kaluza-Klein (KK) spectrum on 
top of the mass gap, when the fifth coordinate y is compactified on an interval 
[28], allowing to introduce the Standard Model (SM) on one of the boundaries. 
This spectrum is valid for the graviton, dilaton and their superpartners by su-
persymmetry. Notice that the 5D graviton zero-mode has five polarisations that 
correspond to the 4d graviton, a KK vector and the radion. For the rest of the 
fields, special attention is needed because of the gauging that breaks half of the 
supersymmetry around the linear dilaton solution. 

Indeed, one of the 4D gravitini acquires a mass fixed by g, giving rise to a 
massive spin 3/2 multiplet together with two spin 1 vectors. These are the 5D 
graviphoton and the additional 5D vector that have non-canonical, dilaton de-
pendent, kinetic terms, as one can see from the Lagrangian (4.29). Using the 
background (4.26), (4.27), one finds that the y-dependence of the vector kinetic 
terms at the end of the first line of (4.29) is { }exp 3C±  with the plus (minus) 
sign corresponding to the 5D graviphoton 0I =  (extra vector 1I = ). It follows 
that they both acquire a mass given by the mass gap. The graviton multiplet is 
shown in Table 6. 

We conclude with some comments on some possible phenomenological im-
plications of the above lagrangian. One has to dimensionally reduce it from 

5D =  to 4D = , upon compactification of the y-coordinate. Moreover, one has 
to introduce the SM, possibly on one of the boundaries, a radion stabilization 
mechanism and the breaking of the leftover supersymmetry. An interesting pos-
sibility is to combine all of them along the lines of the stabilisation proposal of 
[30] based on boundary conditions. 

There are several possibilities for Dark Matter (DM) candidates in this gravi-
tational sector. There are two gravitini that, upon supersymmetry breaking can 
recombine to form a Dirac gravitino [31] or remain two different Majorana ones. 
Depending on the nature of their mass, the exact freeze-out mechanism will be 
different. There are three possible dark photons 0Aµ , 1Aµ  and the KK U(1) 
coming from the 5D metric that could also be DM or their associated gaugini 
could also play a similar role, again depending on the compactification of the 
extra coordinate, on how supersymmetry breaking is implemented, as well as on 
the radion stabilisation mechanism. In general there could be a very rich phe-
nomenology in the gravitational sector. 
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Table 6. The gravitonultiplet. 

Multiplet Particle, Sparticle 

gravitonmultiplet gµν , gravitino; graviphoton, spin 1 vector; dilaton 

5. Conclusions 

The main results of this little string scenario are 
1) new level of topological matter between crΛ  and string scale stringM  with 

3D Chern-Simons interaction; 
2) Wess-Zumino supersymmetric Lagrangian is extended to charged and co-

lored chernons in (2.2) and (2.3) and to include CS chernon binding interaction 
(3.1). The octet of gluons emerges from fractionally charged chernon-antichernon 
pairs as indicated in (2.4). First generation matter and the dark sector are 
formed of chernons by CS interaction binding. The standard model is derived 
heuristically. Our implementation of unbroken supersymmetry is wished to re-
ward in the calculations (in a new project). A new bosonic QCD spectroscopy is 
predicted by the gluon triplet states in Table 1. (These particles may have been 
found under a different classification name); 

3) supergravity is obtained by local supersymmetry, see Table 5. Holography 
connects SUGRA and LST, see subsection 4.3 and Table 6. 

Earlier results of this scenario include 1) supergravity based inflation in the 
early universe followed by a quantum statistical mechanism for baryon asymmetry  

with 1Bn
nγ
  [7] [8], 2) economic unification of matter and interactions based  

on few supermultiplets, and 3) a brief discussion on string and preon symme-
tries in [32]. 

In the absence of MSSM superpartners the present model is a noteworthy, 
prediction verifiable candidate for BSM physics. 
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Appendix. The Basic Idea of the Model 

We attempt to visualize the basic idea behind the model in Figure A1. 
 

 
Figure A1. On the top/right is the standard minimal supersymmetric model logical 
structure with the number of SM particles doubled by introducing the superpartners, dis-
closing a risk for “double counting”. Furthermore, none of the SM superpartners (red) 
have been observed in nature so far. Bottom picture (green) indicates that by splitting 
quarks and leptons into three m fermions plus some bosons in Table 1 the composite 
scenario has fewer elementary particles organized in supermultiplets. 
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