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1. Motivation
@ How to unify Two SMs for space-time and matter, i.e. GRT and GWS model are
confirmed.

@ SUSY may be an essential notion beyond SMs, → MSSM, SUSYGUT, SUGRA
• SUSY stabilizes the low mass Higgs particle!?

@ Many unsolved basic problems in SMs:
• Origin of SUSY breaking,
• Proton decay,
• Three generations of quarks and leptons,
• ν oscillations,
• Dark Matter, Dark enegy density; ρD ∼ (Mν)4 ⇔ Λ(cosmological term)

@ SUSY constitutes space-time symmetry and describes geometry of space-time.

@Geometry and symmetry of specific space-time
• SUGRA ⇐⇒ Geometry of superspace (Mathematical:[xµ, θα], sPoicaré )
While,
• General Relativity(GRT) ⇐⇒ Geometry of Riemann space(Physical:[xµ], GL(4,R))

=⇒ New SUSY paradigm on particular physical space-time.
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@ SUSY and its spontaneous breakdown are profound notions

essentially related to the space-time symmetry, therefore, to be studied

in particle physics, cosmology(gravitation) and their relations.

=⇒ SO(N) superPoincaré(sP) symmetry gives a natural framework.

@ We found group theoretically(Z.P,1983.E.P.J.,1999):

• SM with just three generations equipped with νR emerges from one irrep representation
of SO(10) sP with the decomposition 10 = 5 + 5∗ corresponding to SO(10) ⊃ SU(5),
where 5SU(5)GUT quantum numbers are assigned to 5.

• Proton is stable due to the selection rule despite SU(5),
provided all particles are regarded as composites of fundamental spin 1

2 objects
5 = 5SU(5)GUT (Superon Quintet Model)(SQM, spin 1

2).

SO(N>8) Linear(L) SUSY =⇒ NO-GO theorem in S-matrix !

SUSY indicates gravitational compositeness of matter before BB?

—SCGT14Mini/KMI, Nagoya/05-07/03/2014/K.Shima — 3/60



SU(3) Qe SU(2)⊗ U(1)

1

0
−1
−2

(
ν1

l1

) (
ν2

l2

) (
ν3

l3

)

E

3

2
3

−1
3

−4
3

(
u1

d1

) (
u2

d2

) (
u3

d3

)
(

h

o

)

6

4
3
1
3

−2
3




P

Q

R







X

Y

Z




8
0
−1

(
N1

E1

) (
N2

E2

)

—SCGT14Mini/KMI, Nagoya/05-07/03/2014/K.Shima — 4/60



@ A way to field theoretical breakthrough:

We show in this talk:

• The nonlinear(NL) SUSY invariant coupling of spin 1
2 fermion with spin 2 graviton

is crucial to circumvent the no-go theorem of S-matrix arguments for SO(N>8) Linear
SUSY.

• This is attributed to the geometrical description of
particular (empty) unstable space-time unifying:

the fundamental object(spin 1
2 NLSUSY) and the background space-time

manifold(general relativity).

• There may be a certain composite (SQM) structure and/or a fundamental fermionic
structure beyond the SM.
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A brief review of NLSUSY:

• Take flat space-time specified by xa and ψα.

• Consider one form ωa = dxa − κ2

2i (ψ̄γadψ − dψ̄γaψ),
κ is an arbitrary constant with the dimension l+2.

• δωa = 0 under δxa = iκ2

2 (ζ̄γaψ − ψ̄γaζ) and δψ = ζ
with a global spinor parameter ζ.

• An invariant acction(∼ invariant volume) is obtained:

S = − 1
2κ2

∫
ω0 ∧ ω1 ∧ ω2 ∧ ω3 =

∫
d4xLV A,

LV A is N=1 Volkov-Akulov model of NLSUSY given by

LVA = − 1
2κ2|wV A| = − 1

2κ2

[
1 + taa + 1

2(t
a
at

b
b − tabt

b
a) + · · ·],

|wV A| = det wa
b = det(δa

b + tab),
tab = −iκ2(ψ̄γa∂bψ − ψ̄γa∂bψ),
which is invariant under N=1 NLSUSY transformation:

δζψ = 1
κζ − iκ(ζ̄γaψ − ζ̄γaψ)∂aψ. ←→ NG fermioon for SB SUSY

• ψ is NG fermion (the coset space coordinate) of Super−Poincare
Poincare .

• ψ is quantized canonically in compatible with SUSY algebra.
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2. Nonlinear-Supersymmetric General Relativity (NLSUSYGR)

2.1. New Space-time as Ultimate Shape of Nature

We consider the following new (unstable) space-time inspired by nonlinear(NL)
SUSY :

The tangent space of new space-time is specified by
SL(2,C) Grassmann coordinates ψα for NLSUSY
besides the ordinary SO(1,3) Minkowski coordinates xa,

i.e ψα the coordinates of the the coset space superGL(4,R)
GL(4,R) turning to the NLSUSY NG

fermion (called superon hereafter) and xa are attached at every curved space-time point.
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• Ultimate shape of nature ⇐⇒ (empy) unstable space-time:

{xa, ψi
α}

{xµ}

wa
µ : unified vierbein

New spacetime

Λ

wa
µ −→ δa

µ

( Locally homomorphic non-compact groups SO(1,3) and SL(2,C) for space-time
symmetry are analogous to compact groups SO(3) and SU(2) for gauge symmetry
of ’t Hooft-Polyakov monopole, though SL(2,C) is realized nonlinearly. )

• Note that SO(1, 3) ∼= SL(2, C) is crucial for NLSUSYGR scenario.

4 dimensional space-time is singled out.
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2.2. Nonlinear-Supersymmetric General Relativity (NLSUSYGR)

We have found that geometrical arguments of Einstein general relativity(EGR)
can be extended to new (unstable) space-time :

• Unified vierbein of new space-time:

wa
µ(x) = ea

µ + taµ(ψ),

wµ
a(x) = eµ

a − tµa + tµρt
ρ
a − tµσtσρt

ρ
a + tµκtκσtσρt

ρ
a,

wa
µ(x)wµ

b(x) = δa
b

taµ(ψ) = κ2

2i (ψ̄
Iγa∂µψI − ∂µψ̄IγaψI), (I = 1, 2, .., N)

(Note: The first and the second indices of t represent those of γ-matrix and the covariant
derivative, respectively.)

• N -extended NLSUSYGR action of EH-type in new (empty) space-time:
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N-extended NLSUSY GR action:

LNLSUSY GR(w) = − c4

16πG
|w|(Ω(w) + Λ), (1)

|w| = det wa
µ = det(ea

µ + taµ(ψ)), (2)

taµ(ψ) =
κ2

2i
(ψ̄Iγa∂µψI − ∂µψ̄IγaψI), (I = 1, 2, .., N) (3)

• wa
µ(x)(= ea

µ + taµ(ψ)) : the unified vierbein of new space-time,
• ea

µ(x) : the ordinary vierbein for the local SO(1,3) of EGR,
• taµ(ψ(x)) : the mimic vierbein for the local SL(2,C) composed of the stress-energy-
momentum of NG fermion ψ(x)I(called superons),
• Ω(w) : the unified Ricci scalar curvature of new space-time in terms of wa

µ,

• sµν ≡ wa
µηabw

b
ν, sµν(x) ≡ wµ

a(x)wνa(x): unified metric tensors of new space-time.
• G : the Newton gravitational constant.
• Λ : cosmological constant in new space-time indicating NLSUSY of tangent space.
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• No-go theorem for has been circumvented in a sense that

SO(N>8) SUSY with the non-trivial gravitational interaction has been constructed

by using NLSUSY, i.e. the vacuum degeneracy.

• Note that SO(1, D − 1) ∼= SL(d,C), i.e.

D(D−1)
2 = 2(d2 − 1)

holds only for D = 4, d = 2.

NLSUSYGR scenario predicts 4 dimensional space-time.
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• Remarkably NLSUSYGR scenario fixes the arbitrary constatnt κ2 to

κ2 = ( c4Λ
8πG)−1,

with the dimension (length)4 ∼ (enegy)−4.

• Also Λ > 0 in the action is now fixed uniuely
to give the correct sign to the kinetic term of ψ(x)

and indicates

(i) the positive potential minimum VP.E.(w) = Λ > 0 for wa
µ(x)

and

(ii) the negative dark energy density interpretation for Λ ( → Sec.4).
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2.3. Symmetries of NLSUSY GR(N-extended action)

• NLSUSY GR action is invariant at least under the following space-time symmetries
which is homomorphic to sP:

[new NLSUSY]⊗ [local GL(4, R)]⊗ [local Lorentz]⊗ [local spinor translation] (4)

and

• the following internal symmetries for N-extended NLSUSY GR
( with N-superons ψI (I = 1, 2, ..N)) :

[global SO(N)]⊗ [local U(1)N]⊗ [chiral]. (5)
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For Example:

• Invariance under the new NLSUSY transformation;

δζψ
I =

1
κ
ζI − iκζ̄JγρψJ∂ρψ

I, δζe
a
µ = iκζ̄JγρψJ∂[µea

ρ], (6)

Because (6) induce GL(4,R) transformations on wa
µ and the unified metric sµν

δζw
a
µ = ξν∂νw

a
µ + ∂µξνwa

ν, δζsµν = ξκ∂κsµν + ∂µξκsκν + ∂νξ
κsµκ, (7)

where ζ is a constant spinor parameter, ∂[ρe
a
µ] = ∂ρe

a
µ − ∂µea

ρ and ξρ = −iκζ̄IγρψI).

Commutators of two new NLSUSY transformations (6) on ψI and ea
µ close to GL(4,R),

[δζ1, δζ2]ψ
I = Ξµ∂µψI, [δζ1, δζ2]e

a
µ = Ξρ∂ρe

a
µ + ea

ρ∂µΞρ, (8)

where Ξµ = 2iζ̄I
1γ

µζI
2 − ξρ

1ξσ
2 ea

µ∂[ρe
a
σ]. Q.E.D.
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• New NLSUSY (6) is the square-root of GL(4,R);

[δ1, δ2] = δGL(4,R), i.e. δ ∼
√

δGL(4,R).

c.f. SUGRA

[δ1, δ2] = δP+δL + δg

• The ordinary local GL(4,R) invariance is manifest by the construction.
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• Invariance under the local Lorentz transformation;

δLψI = − i

2
εabσ

abψI, δLea
µ = εa

be
b
µ +

κ4

4
εabcdψ̄I)γ5γdψ

I(∂µεbc) (9)

with the local parameter εab = (1/2)ε[ab](x).

Because (9) induce the familiar local Lorentz transformation on wa
µ:

δLwa
µ = εa

bw
b
µ (10)

with the local parameter εab = (1/2)ε[ab](x)

The local Lorentz transformation forms a closed algebra, for example, on ea
µ(x)

[δL1, δL2]e
a
µ = βa

be
b
µ +

κ4

4
εabcdψ̄jγ5γdψ

j(∂µβbc), (11)

where βab = −βba is defined by βab = ε2acε1
c
b − ε2bcε1

c
a. Q.E.D.
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2.4. Big Decay of New Space-Time:

The supercurrent obtained by the Noether theorem

SIµ = i
c4Λ

16πG
|e|ea

µγaψI + i
c4

16πG
|e|Rµνea

νγaψ
I + · · · , (12)

shows that New space-time described by LNLSUSY GR(w) is unstable and
would break down spontaneously and expands rapidly to

ordinary Riemann space-time(EH action) and
massless superons(NG fermion),

called Superon-Graviton Model(SGM),[Dark Instant]:

LNLSUSY GR(w) = LSGM(e, ψ) = − c4

16πG
|e|{R(e) + |wV A(ψI)|Λ + T̃ (e, ψI)}. (13)

• R(e): the ordinary Ricci scalar curvature of EH action
• Λ : the cosmological term; VP.E = Λ > 0
• T̃ (e, ψI) : the gravitational interaction of superon.
• |wV A(ψI)| = det wa

b = det (δa
b + tab(ψI))
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Note that

• LSGM(e, ψI) ( with N-superons ψI (I = 1, 2, ..N)) is invariant under under the
following space-time symmetries which is homomorphic to sP:

[new NLSUSY]⊗ [local GL(4, R)]⊗ [local Lorentz]⊗ [local spinor translation] (14)

and the following internal symmetries for N-extended NLSUSY GR:

[global SO(N)]⊗ [local U(1)N]⊗ [chiral]. (15)

• LSGM(e, ψI) is expected to form gravitational composite massless-eigenstates
of SO(N)sP continuing to Big Bang SMs.

The ignition of Big Bang proceeding to the true vacuum.
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{xa, ψi
α}

{xµ}

wa
µ : unified vierbein

New spacetime

Λ

wa
µ −→ δa

µ

wÄBig Decay

{xa}

{xµ}

ea
µ : ordinary vierbein

Riemann spacetime ⊕ matter

ψi
α , Λ

ea
µ −→ δa

µ

Ignition of Big Bang towards the true vacuum
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3. Phase Transition of LSGM(e, ψ)

We expect

SUSY (algebra) dictates the vacuum configuration of LSGM(e, ψ).

By respecting SUSY algebra throughout we show in flat space :

• N -LSUSY theory
emerges in the true vacuum of N -NLSUSY theory LSGM(e, ψ). expressed uniquely as
massless composites of NG fermions

⇐⇒ NL/L SUSY relations ←→ BCS/LG

• The systematics for NL/L SUSY relation are simple so far and
carried out for N = 1(toy model), 2(SUSY QED), 3(SUSY QCD) in flat space-time.

• These phenomena are the phase transition of NLSUSY LSGM(e, ψ)
from the false vacuum with VP.E. = Λ > 0
towards the true vacuum with VP.E. = 0
achieved by forming massless composite states of LSUSY.
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3.1. NL/L Relation for N=2 SUSY :

We demonstrate NL/L relation for N=2 SUSY in flat space
as Low Energy Theory of N=2 SGM.

(N ≥ 2 SUSY can give a realistic model in SGM scenario.)

• N=2 SGM in Riemann-flat (ea
µ(x) → δa

µ) space-time produces N = 2 NLSUSY:

LN=2SGM(e, ψ) −→ LN=2NLSUSY (ψ) ↔ cosmological constant of SGM.
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N = 2 NL/L SUSY relation (two dimensional space-time for simplicity):

N=2, d=2 NLSUSY model:

LVA = − 1
2κ2

|wV A| = − 1
2κ2

[
1 + taa +

1
2
(taat

b
b − tabt

b
a) + · · ·

]
, (16)

where,
|wV A| = det wa

b = det(δa
b + tab),

tab = −iκ2(ψ̄jγ
a∂bψ

j − ψ̄jγ
a∂bψ

j), (j = 1, 2),

which is invariant under N=2 NLSUSY transformation,

δζψ
j = 1

κζj − iκ(ζ̄kγ
aψk − ζ̄kγ

aψk)∂aψ
j, (j = 1, 2).
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N=2, d=2 LSUSY Theory (SUSY QED):

• Helicity states of N=2 vector supermultiplet:




+1
+1

2, +1
2

0


 + [CPTconjugate]

corresponds to N=2, d=2 LSUSY off-shell vector supermultiplet: (va, λi, A, φ,D;i=1,2).
in WZ gauge. (A and φ are two singlets, 0+ and 0−, scalar fields.)

• Helicity states of N=2 scalar supermultiplet:




+1
2

0, 0
−1

2


 + [CPTconjugate]

corresponds to N=2, d=2 LSUSY two scalar supermultiplets:
(χ, Bi, ν, F i; i = 1, 2).
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• The most genaral N = 2, d = 2 SUSYQED action (m = 0 case) :

LN=2SUSY QED = LV 0 + L′Φ0 + Le + LV f , (17)

LV 0 = −1
4
(Fab)2 +

i

2
λ̄i6∂λi +

1
2
(∂aA)2 +

1
2
(∂aφ)2 +

1
2
D2 − ξ

κ
D,

L′Φ0 =
i

2
χ̄6∂χ +

1
2
(∂aB

i)2 +
i

2
ν̄ 6∂ν +

1
2
(F i)2,

Le = e

{
ivaχ̄γaν − εijvaBi∂aB

j +
1
2
A(χ̄χ + ν̄ν)− φχ̄γ5ν

+Bi(λ̄iχ− εijλ̄jν)− 1
2
(Bi)2D

}
+

1
2
e2(va

2 −A2 − φ2)(Bi)2,

LV f = f{Aλ̄iλi + εijφλ̄iγ5λ
j + (A2 − φ2)D − εabAφFab}. (18)

• Note that
J = 0 states in the vector multiplet for N ≥ 2 SUSY induce Yukawa coupling.
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LN=2SUSYQED is invariant under N = 2 LSUSY transformation:

• For the vector off-shell supermultiplet:

δζv
a = −iεijζ̄iγaλj,

δζλ
i = (D − i6∂A)ζi +

1
2
εabεijFabγ5ζ

j − iεijγ56∂φζj,

δζA = ζ̄iλi,

δζφ = −εijζ̄iγ5λ
j,

δζD = −iζ̄i6∂λi. (19)

[δQ1, δQ2] = δP (Ξa) + δg(θ), (20)

where ζi, i = 1, 2 are constant spinors and δg(θ) is the U(1) gauge transformation only

for va with θ = −2(iζ̄i
1γ

aζi
2 va − εijζ̄i

1ζ
j
2A− ζ̄i

1γ5ζ
i
2φ).
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• For the two scalar off-shell supermultiplets:

δζχ = (F i − i6∂Bi)ζi − eεijV iBj,

δζB
i = ζ̄iχ− εijζ̄jν,

δζν = εij(F i + i6∂Bi)ζj + eV iBi,

δζF
i = −iζ̄i6∂χ− iεijζ̄j 6∂ν

−e{εijV̄ jχ− V̄ iν + (ζ̄iλj + ζ̄jλi)Bj − ζ̄jλjBi},
[δζ1, δζ2]χ = Ξa∂aχ− eθν,

[δζ1, δζ2]B
i = Ξa∂aB

i − eεijθBj,

[δζ1, δζ2]ν = Ξa∂aν + eθχ,

[δζ1, δζ2]F
i = Ξa∂aF

i + eεijθF j, (21)

with V i = ivaγ
aζi − εijAζj − φγ5ζ

i and the U(1) gauge parameter θ.
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N = 2 NL/L SUSY relation:

LN=2SUSYQED = LV 0 + L′Φ0 + Le + LV f = LN=2NLSUSY + [surface terms], (22)

achieved by the followings:

(i) Construct SUSY invariant relations which express component fields of LSUSY
supermultiplet as the composites of superons ψj of NLSUSY.

(ii) Show that performing NLSUSY transformations of constituent superons ψj

in SUSY invariant relations
reproduces familiar LSUSY transformations among the LSUSY supermultiplet recasted
by SUSY invariant relations.

(iii) Substituting SUSY invariant relations into LN=2LSUSYQED,
the NL/L SUSY relation is established.
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• SUSY invariant relationsns for the vector off-shell supermultiplet:

va = − i

2
ξκεijψ̄iγaψj|w|,

λi = ξψi|w|,

A =
1
2
ξκψ̄iψi|w|,

φ = −1
2
ξκεijψ̄iγ5ψ

j|w|,

D =
ξ

κ
|w|. (23)

• Note that the global SU(2) emerges for N=2, d=4 SGM.
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• SUSY invariant relations for scalar off-shell supermultiplets:

χ = ξi

[
ψi|w|+ i

2
κ2∂a{γaψiψ̄jψj|w|}

]

Bi = −κ

(
1
2
ξiψ̄jψj − ξjψ̄iψj

)
|w|,

ν = ξiεij

[
ψj|w|+ i

2
κ2∂a{γaψjψ̄kψk|w|}

]
,

F i =
1
κ
ξi

{
|w|+ 1

8
κ3∂a∂

a(ψ̄jψjψ̄kψk|w|)
}
− iκξj∂a(ψ̄iγaψj|w|)

−1
4
eκ2ξξiψ̄jψjψ̄kψk|w|. (24)

The quartic fermion self-interaction term in F i is the origin of the local U(1) gauge
symmetry of LSUSY.

—SCGT14Mini/KMI, Nagoya/05-07/03/2014/K.Shima — 29/60



• SUSY invariant relations produce a new off-shell commutator algebra which closes on
only a translation:

[δQ(ζ1), δQ(ζ2)] = δP (v), (25)

where δP (v) is a translation with a parameter

va = 2i(ζ̄1Lγaζ2L − ζ̄1Rγaζ2R) (26)

• Note that the commutator does not induce the U(1) gauge transformation, which is
different from the ordinary LSUSY.
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• Substituting these SUSY invariant relations into LN=2LSUSY QED,
we find NL/L SUSY relation:

LN=2LSUSY QED = f(ξ, ξi)LN=2NLSUSY + [suface terms], (27)

f(ξ, ξi) = ξ2 − (ξi)2 = 1. (28)

⇒ composite eigenstates of global space-time (bulk) symmetries !?

• NL/L SUSY relation gives the relation between
the cosmology and the low energy particle physics in NLSUSY GR. (⇒ Sec. 4).

• The direct linearization of highly nonlinear SGM action (13) in curved space
remains to be carried out.
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In Riemann flat space-time of SGM,
ordinary LSUSY gauge theory with the spontaneous SUSY breaking

emerges
as massless composites of NG fermion

from
the NLSUSY cosmological constant of SGM.

—SCGT14Mini/KMI, Nagoya/05-07/03/2014/K.Shima — 32/60



♣ Systematics of NL/L SUSY relation and N = 2 SUSY QED

SUSY invariant relations: in the superfield formulation.
¶

µ

³

´
Linearization of NLSUSY in the d = 2 superfield formulation

• General superfields are given for the N = 2 vector supermultiplet by

V(x, θi) = C(x) + θ̄iΛi(x) +
1
2
θ̄iθjM ij(x)− 1

2
θ̄iθiM jj(x) +

1
4
εijθ̄iγ5θ

jφ(x)

− i

4
εijθ̄iγaθ

jva(x)− 1
2
θ̄iθiθ̄jλj(x)− 1

8
θ̄iθiθ̄jθjD(x), (29)

and for the N = 2 scalar supermultiplet by

Φi(x, θi) = Bi(x) + θ̄iχ(x)− εijθ̄jν(x)− 1
2
θ̄jθjF i(x) + θ̄iθjF j(x)− iθ̄i6∂Bj(x)θj

+
i

2
θ̄jθj(θ̄i6∂χ(x)− εikθ̄k6∂ν(x)) +

1
8
θ̄jθjθ̄kθk∂a∂

aBi(x). (30)
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• Take the following ψi-dependent specific supertranslations with −κψ(x),

x′a = xa + iκθ̄iγaψi, θ′i = θi − κψi, (31)

and denote the resulting superfields on (x′a, θ′i) and their θ-epansions as

V(x′a, θ′i) = Ṽ(xa, θi; ψi(x)), Φ(x′a, θ′i) = Φ̃(xa, θi; ψi(x)). (32)

• Hybrid global SUSY transformations δh = δL(x.θ) + δNL(ψ) on (x′a, θ′i) give:

δhṼ(xa, θi; ψi(x)) = ξµ∂µṼ(xa, θi; ψi(x)), δhΦ̃(xa, θi; ψi(x)) = ξµ∂µΦ̃(xa, θi; ψi(x)),
(33)

• Therefore, the following conditions, i.e. SUSY invariant constraints

ϕ̃I
V(x) = ξI

V(constant) ϕ̃I
Φ(x) = ξI

Φ(constant), (34)

are invariant (conserved quantities) under hybrid supertrasformations,
which provide SUSY invariant relations.
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• Putting in general constants as follows:

C̃ = ξc, Λ̃i = ξi
Λ, M̃ ij = ξij

M , φ̃ = ξφ, ṽa = ξa
v , λ̃i = ξi

λ, D̃ =
ξ

κ
, (35)

B̃i = ξi
B, χ̃ = ξχ, ν̃ = ξν, F̃ i =

ξi

κ
, (36)

where mass dimensions of constants (or constant spinors) in d = 2 are defined by (−1,
1
2, 0, 0, 0, −1

2) for (ξc, ξi
Λ, ξij

M , ξφ, ξa
v , ξi

λ), (0, −1
2, −1

2) for (ξi
B, ξχ, ξν) and 0 for ξi for

convenience.

• we obtain straightforwardly the following SUSY invariant relations ϕI
V = ϕI

V(ψ) for the
vector supermultiplet

C = ξc + κψ̄iξi
Λ +

1
2
κ2(ξij

M ψ̄iψj − ξii
M ψ̄jψj) +

1
4
ξφκ2εijψ̄iγ5ψ

j − i

4
ξa
vκ2εijψ̄iγaψ

j

−1
2
κ3ψ̄iψiψ̄jξj

λ −
1
8
ξκ3ψ̄iψiψ̄jψj,

Λi = ξi
Λ + κ(ξij

Mψj − ξjj
Mψi) +

1
2
ξφκεijγ5ψ

j − i

2
ξa
vκεijγaψ

j
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−1
2
ξi
λκ2ψ̄jψj +

1
2
κ2(ψjψ̄iξj

λ − γ5ψ
jψ̄iγ5ξ

j
λ − γaψ

jψ̄iγaξj
λ)

−1
2
ξκ2ψiψ̄jψj − iκ6∂C(ψ)ψi,

M ij = ξij
M + κψ̄(iξ

j)
λ +

1
2
ξκψ̄iψj + iκε(i|k|εj)lψ̄k6∂Λl(ψ)− 1

2
κ2εikεjlψ̄kψl∂2C(ψ),

φ = ξφ − κεijψ̄iγ5ξ
j
λ −

1
2
ξκεijψ̄iγ5ψ

j − iκεijψ̄iγ56∂Λj(ψ) +
1
2
κ2εijψ̄iγ5ψ

j∂2C(ψ),

va = ξa
v − iκεijψ̄iγaξj

λ −
i

2
ξκεijψ̄iγaψj − κεijψ̄i6∂γaΛj(ψ) +

i

2
κ2εijψ̄iγaψj∂2C(ψ)

−iκ2εijψ̄iγbψj∂a∂bC(ψ),

λi = ξi
λ + ξψi − iκ6∂M ij(ψ)ψj +

i

2
κεabεijγaψ

j∂bφ(ψ)

−1
2
κεij

{
ψj∂av

a(ψ)− 1
2
εabγ5ψ

jFab(ψ)
}

−1
2
κ2{∂2Λi(ψ)ψ̄jψj − ∂2Λj(ψ)ψ̄iψj − γ5∂

2Λj(ψ)ψ̄iγ5ψ
j
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−γa∂
2Λj(ψ)ψ̄iγaψj + 26∂∂aΛj(ψ)ψ̄iγaψj} − i

2
κ36∂∂2C(ψ)ψiψ̄jψj,

D =
ξ

κ
− iκψ̄i6∂λi(ψ)

+
1
2
κ2

{
ψ̄iψj∂2M ij(ψ)− 1

2
εijψ̄iγ5ψ

j∂2φ(ψ)

+
i

2
εijψ̄iγaψ

j∂2va(ψ)− iεijψ̄iγaψ
j∂a∂bv

b(ψ)
}

− i

2
κ3ψ̄iψiψ̄j 6∂∂2Λj(ψ) +

1
8
κ4ψ̄iψiψ̄jψj∂4C(ψ), (37)

and the following SUSY invariant relations for the vector multiplet ϕI
Φ = ϕI

Φ(ψ):

Bi = ξi
B + κ(ψ̄iξχ − εijψ̄jξν)− 1

2
κ2{ψ̄jψjF i(ψ)− 2ψ̄iψjF j(ψ) + 2iψ̄i6∂Bj(ψ)ψj}

−iκ3ψ̄jψj{ψ̄i6∂χ(ψ)− εikψ̄k6∂ν(ψ)}+
3
8
κ4ψ̄jψjψ̄kψk∂2Bi(ψ),

χ = ξχ + κ{ψiF i(ψ)− i6∂Bi(ψ)ψi}
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− i

2
κ2[ 6∂χ(ψ)ψ̄iψi − εij{ψiψ̄j 6∂ν(ψ)− γaψiψ̄j∂aν(ψ)}]

+
1
2
κ3ψiψ̄jψj∂2Bi(ψ) +

i

2
κ36∂F i(ψ)ψiψ̄jψj +

1
8
κ4∂2χ(ψ)ψ̄iψiψ̄jψj,

ν = ξν − κεij{ψiF j(ψ)− i6∂Bi(ψ)ψj}

− i

2
κ2[ 6∂ν(ψ)ψ̄iψi + εij{ψiψ̄j 6∂χ(ψ)− γaψiψ̄j∂aχ(ψ)}]

+
1
2
κ3εijψiψ̄kψk∂2Bj(ψ) +

i

2
κ3εij 6∂F i(ψ)ψjψ̄kψk +

1
8
κ4∂2ν(ψ)ψ̄iψiψ̄jψj,

F i =
ξi

κ
− iκ{ψ̄i6∂χ(ψ) + εijψ̄j 6∂ν(ψ)}

−1
2
κ2ψ̄jψj∂2Bi(ψ) + κ2ψ̄iψj∂2Bj(ψ) + iκ2ψ̄i6∂F j(ψ)ψj

+
1
2
κ3ψ̄jψj{ψ̄i∂2χ(ψ) + εikψ̄k∂2ν(ψ)} − 1

8
κ4ψ̄jψjψ̄kψk∂2F i(ψ). (38)
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• Choosing the following simple SUSY invariant constraints of the component fields in Ṽ
and Φ̃,

C̃ = Λ̃i = M̃ ij = φ̃ = ṽa = λ̃i = 0, D̃ =
ξ

κ
, B̃i = χ̃ = ν̃ = 0, F̃ i =

ξi

κ
, (39)

give previous simple SUSY invariant relations.
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¶

µ

³

´
Actions in the d = 2, N = 2 NL/L SUSY relation

By changing the integration variables (xa, θi) → (x′a, θ′i), we can confirm

systematically that LSUSY actions reduce to NLSUSY representation.

(a) The kinetic (free) action with the Fayet-Iliopoulos (FI) D term

for the N = 2 vector supermultiplet V reduces to SN=2NLSUSY;

SVfree =
∫

d2x

{∫
d2θi 1

32
(DiWjkDiWjk + DiWjk

5 DiWjk
5 ) +

∫
d4θi ξ

2κ
V

}

θi=0

= ξ2SN=2NLSUSY, (40)

where
Wij = D̄iDjV, Wij

5 = D̄iγ5D
jV. (41)

(Note) The FI D term gives the correct sign of the NLSUSY action.
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(b) Yukawa interaction terms for V vanish,

i.e.

SVf =
1
8

∫
d2x f

[∫
d2θi Wjk(WjlWkl +Wjl

5 Wkl
5 )

+
∫

dθ̄idθj 2{Wij(WklWkl +Wkl
5 Wkl

5 ) +Wik(WjlWkl +Wjl
5 Wkl

5 )}
]

θi=0

= 0, (42)

by means of cancellations among four NG-fermion self-interaction terms.

[Note]
• General mass terms for Ṽ and Φ̃ vanish as well. → Chirality is encoded in the false
vacuum.
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(c) The most general gauge invariant action for Φi coupled with V reduces

to SN=2NLSUSY;

Sgauge = − 1
16

∫
d2x

∫
d4θie−4eV(Φj)2

= −(ξi)2SN=2NLSUSY. (43)

• Here U(1) gauge interaction terms with the gauge coupling constant e produce

four NG-fermion self-interaction terms as

Se(for the minimal off shell multiplet) =
∫

d2x

{
1
4
eκξ(ξi)2ψ̄jψjψ̄kψk

}
, (44)

which are absorbed in the SUSY invariant relation of the auxiliary field

F i = F i(ψ) by adding four NG-fermion self-interaction terms as (24):

F i(ψ) −→ F i(ψ) − 1
4
eκ2ξξiψ̄jψjψ̄kψk|wV A|. (45)
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Therefore,

• under SUSY invariant relations,
the N = 2 NLSUSY action SN=2NLSUSY is related to N = 2 SUSY QED action:

f(ξ, ξi)SN=2NLSUSY = SN=2SUSYQED ≡ SVfree + SVf + Sgauge (46)

when f(ξ, ξi) = ξ2 − (ξi)2 = 1.

=⇒ NL/L SUSY relation gives the relation between

the cosmology and the low energy particle physics in NLSUSY GR (in Sec. 4).
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• SGM scenario predicts the magnitude of the bare gauge coupling constant.

More general SUSY invariant constraints, i.e. NLSUSY vevs of 0+ auxiliary fields:

C̃ = ξc, Λ̃i = M̃ ij = φ̃ = ṽa = λ̃i = 0, D̃ =
ξ

κ
, B̃i = χ̃ = ν̃ = 0, F̃ i =

ξi

κ
. (47)

produce

f(ξ, ξi, ξc) = ξ2 − (ξi)2e−4eξc = 1, i.e., e =
ln( ξi2

ξ2−1
)

4ξc
, (48)

where e is the bare gauge coupling constant.

• This mechanism is natural and favorable for SGM scenario as a theory for everything.

Broken LSUSY(QED) gauge theory is encoded
in the vacuum of NLSUSY theory

as composites of NG fermion.
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4. Cosmology and Low Energy Physics in NLSUSY GR

The variation of SGM action LN=2SGM(e, ψ) with respect to ea
µ yields

the equation of motion for ea
µ in Riemann space-time:

Rµν(e)− 1
2
gµνR(e) =

8πG

c4
{T̃µν(e, ψ)− gµν

c4Λ
16πG

}, (49)

where T̃µν(e, ψ) abbreviates the stress-energy-momentum of superon(NG fermion)
including the gravitational interaction.

• Note that − c4Λ
16πG can be interpreted as the negative energy density of space-time,

i.e. the dark energy density ρD.
(The negative sign in r.h.s is unique.)
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4.1. Low Energy Particle Physics of NLSUSY GR :

We have seen in the preceding section that

N = 2 SGM is essentially N=2 NLSUSY action in Riemann-flat (tangent) space-time.

• The low energy theorem for NLSUSY gives the following superon(massless NG fermion
matter)-vacuum coupling

< ψj
α(x)|Jkµ

β|0 >= i

√
c4Λ

16πG
(γµ)αβδjk + · · · , (50)

where Jkµ = i
√

c4Λ
16πGγµψk + · · · is the conserved supercurrent.

√
c4Λ

16πG is the coupling constant (gsv) of superon with the vacuum.
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For extracting the low energy particle physics of N = 2 SGM (NLSUSY GR)
we consider in Riemann-flat space-time, where NL/L SUSY relation gives:

LN=2SGM−→LN=2NLSUSY + [suface terms] = LN=2SUSYQED. (51)

• We study vacuum structures of N = 2 LSUSY QED action in stead of N = 2 SGM.

The vacuum is given by the minimum of the potential V (A,φ, Bi, D) of LN=2LSUSYQED,

V (A,φ, Bi, D) = −1
2
D2 +

{
ξ

κ
− f(A2 − φ2) +

1
2
e(Bi)2

}
D +

e2

2
(A2 + φ2)(Bi)2. (52)
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Substituting the solution of the equation of motion for the auxiliary field D we obtain

V (A,φ, Bi) =
1
2
f2

{
A2 − φ2 − e

2f
(Bi)2 − ξ

fκ

}2

+
1
2
e2(A2 + φ2)(Bi)2 ≥ 0. (53)

The field configurations of the vacua VP.E. = 0 in (A,φ, Bi)-space should
firstly satisfy followings with SO(1, 3) or SO(3, 1) isometry:

(I) For ef > 0, ξ
f > 0 case,

A2 − φ2 − (B̃i)2 = k2.

(
B̃i =

√
e

2f
Bi, k2 =

ξ

fκ

)
(54)

(II) For ef < 0, ξ
f > 0 case,

A2 − φ2 + (B̃i)2 = k2.

(
B̃i =

√
− e

2f
Bi, k2 =

ξ

fκ

)
(55)
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(III) For ef > 0, ξ
f < 0 case,

−A2 + φ2 + (B̃i)2 = k2.

(
B̃i =

√
e

2f
Bi, k2 = − ξ

fκ

)
(56)

(IV) For ef < 0, ξ
f < 0 case,

−A2 + φ2 − (B̃i)2 = k2.

(
B̃i =

√
− e

2f
Bi, k2 = − ξ

fκ

)
(57)
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• The low energy particle spectrum is obtained by expanding the fields (A,φ, Bi)
around the vacuum field configurations.

• We find that

the vacua (I) and (IV) with SO(1, 3) isometry are unphysical

and as shown below

the vacua (II) and (III) with SO(3, 1) isometry possess two different physical vacua.
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• Adopt following expressions for two cases of vacuum (II): with SO(3, 1)
Case (IIa) with O(2) for (B̃1, B̃2)

A = (k + ρ) sin θ coshω,
φ = (k + ρ) sinh ω,

B̃1 = (k + ρ) cos θ cos ϕ coshω,

B̃2 = (k + ρ) cos θ sin ϕ cosh ω

Case (IIb) with O(2) for (A, B̃1)

A = −(k + ρ) cos θ cos ϕ coshω,
φ = (k + ρ) sinh ω,

B̃1 = (k + ρ) sin θ coshω,

B̃2 = (k + ρ) cos θ sin ϕ cosh ω.

• Substituting these expressions into V (A,φ, B̃i)
and expanding them around the vacuum configuration:

ρ ¿ 1 and angles for B̃i = 0 or A = φ = 0

we obtain the physical particle contents.(Arguments hold for case (III) as well.)
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• For (IIa) and (IIIa) we obtain

LN=2SUSYQED =
1
2
{(∂aρ)2 − 2(−ef)k2ρ2}

+
1
2
{(∂aθ)2 + (∂aω)2 − 2(−ef)k2(θ2 + ω2)}

+
1
2
(∂aϕ)2

−1
4
(Fab)2 + (−ef)k2v2

a

+
i

2
λ̄i6∂λi +

i

2
χ̄6∂χ +

i

2
ν̄ 6∂ν +

√
−2ef(λ̄1χ− λ̄2ν) + · · · ,

(58)
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and following mass spectra

m2
ρ = m2

θ = m2
ω = m2

va
= 2(−ef)k2 = −2ξe

κ
,

mλi = mχ = mν = mϕ = 0. (59)

• The vacuum breaks both SUSY and the local U(1)(O(2)) spontaneously.

(ϕ is the NG boson for the spontaneous breaking of U(1) symmetry, i.e. the U(1) phase
of B̃, and totally gauged away by the Higgs-Kibble mechanism with Ω(x) =

√
eκ/2ϕ(x)

for the U(1) gauge (26).)

• All bosons have the same mass, and remarkably all fermions remain massless.

• λi are not NG fermions of LSUSY. ← < δλ > ∼ < D >= 0

• Off-diagonal mass terms
√−2ef(λ̄1χ − λ̄2ν) =

√−2ef(χ̄Dλ + λ̄χD) would induce
mixings of fermions. ⇒ pathological?
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• For (IIb) and (IIIb) we obtain

LN=2SUSYQED =
1
2
{(∂aρ)2 − 4f2k2ρ2}

+
1
2
{(∂aθ)2 + (∂aϕ)2 − e2k2(θ2 + ϕ2)}

+
1
2
(∂aω)2

−1
4
(Fab)2

+
1
2
(iλ̄i6∂λi − 2fkλ̄iλi)

+
1
2
{i(χ̄6∂χ + ν̄ 6∂ν)− ek(χ̄χ + ν̄ν)}+ · · · . (60)
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and following mass spectra:

m2
ρ = m2

λi = 4f2k2 =
4ξf

κ
,

m2
θ = m2

ϕ = m2
χ = m2

ν = e2k2 =
ξe2

κf
,

mva = mω = 0, (61)

which produces mass hierarchy by the factor e
f .

• The vacuum breaks both SUSY and O(2)(U(1)) for (A, B̃2)

and restores(maintains) O(2)(U(1)) for (B̃1, B̃2), spontaneously,

which gives soft masses < A > to λi and produces NG-Boson ω

and massless photon va, respectively.
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• We have shown explicitly that N=2 LSUSY QED, i.e. the matter sector (in flat-space)
of N = 2 SGM, possesses a unique true vacuum type (b) with VP.E = 0.

The resulting model describes:

one massive charged Dirac fermion (ψD
c ∼ χ + iν),

one massive neutral Dirac fermion (λD
0 ∼ λ1 − iλ2),

one massless vector (a photon) (va),

one charged scalar (φc ∼ θ + iϕ),

one neutral complex scalar (φ0 ∼ ρ(+iω)),

which are composites of superons.

• Remakably the lepton-Higgs sector of SM analogue SU(2)gl × U(1) appears
from N = 2 LSUSY QED without superpartners.
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• Cosmological meanings of N = 2 LSUSY QED in the SGM scenario:

The unique vacuum (b) explains naturally observed mysterious (numerical) relations:

(dark) energy density of the universe ∼ mν
4 ∼ (10−12GeV )4 ∼ gsv

2,

provided λD
0 is identified with neutrino [in d = 4 as well],

which gives a new insight into the origin of mass.

• The vacuum (a) inducing the fermion mixing may be generic for N > 2
and deserve further investigations.
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6. Summary

NLSUSY GR(SGM) scenario:

• Ultimate entity; New unstable d = 4 space-time U :[xa, ψα
N ; xµ] described by

[LNLSUSY GR(w)] : NLSUSY GR on New space-time with Λ > 0
• Mach principle is encoded geometrically

=⇒ Big Decay (due to false vacuum VP.E. = Λ > 0) to [LSGM(e.ψ)];

• The creation of Riemann space-time [xa; xµ] and massless fermionic matter [ψα
N]

[LSGM = LEH(e)− Λ + T (ψ.e)] : Einstein GR with VP.E. = Λ > 0 and N superon

=⇒ Formation of gravitational masless composite states:LLSUSY

=⇒ Ignition of Big Bang Universe

• Phase transition towards the true vacuum VP.E = 0,
achieved by forming composite massless LSUSY and
subsequent oscilations around the true vacuum.

• In flat space-time, broken N -LSUSY theory emerges from the N -NLSUSY cosmological
term of LSGM(e, ψ) [NL/L SUSY relation]. ←→ BCS vs GL

The cosmological constant is the origin of everything!
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Predictions and Conjectures:

@ Group theory of SO(10) sP with 10 = 5 + 5∗.
5 = 5SU(5)GUT interpreted as superon-quintet(SQ):

• Spin-32 lepton-type doublet (Γ−, νΓ ); Doubly charged spin 1/2 particles E2±

• Proton decay diagrams in GUTs are forbidden by selection rules. ⇒ stable proton

• neutral JP = 1− boson S.

• Neutrino problems(mass and oscillation) are gravitational origin.

@Field theory via Linearization:

• Chiral eigenstates in SM may be a NLSUSY effrect.

• NLSUSY GR(SGM) scenario predicts 4 dimensional space-time.

• The bare gauge coupling constant is determined.

• N-LSUSY from N-NLSUSY ⇐⇒ SQ hypothesis for all particles (except gravity)

• Superfluidity of space-time ⇐⇒ κ−2: chemical potential for SGM

cosmological constant ↔ dark energy density ↔ SUSY Br. → mν
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Many Open Questions ! e.g.,

• Large N, D = 4 case (especially N=5 and N=10 ), Is realistic and minimal?

• SGM scenario suggests N ≥ 2 low energy MSSM, SUSY GUT

• Meanings of Chiral symmetry, Yukawa and gauge coulings
in SGM composite scenario

• Direct linearization of SGM action in curved space-time.
• Superfield systematics of NL/L SUSY relation for SGM action.

• Superfluidity of sapce-time and matter?

• Equivalence principle and NLSUSYGR.
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