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1. Motivation

@ The success of GR and SM(GWS) model,

but many unsolved fundamental problems are left, e. g.,

• Unification of two SMs,
• Space-time dimension four,
• Three-generations structure of quarks and leptons,
• C-asymmetry of Nature,
• Tiny Neutrino mass Mν, proton stability in GUT
• Dark Matter, Dark Enegy; ρD.E. ∼ (Mν)

4 ⇔ ΛCDM , Inflation?

=⇒ SUSY, SUGRA,

• Origin of SUSY breaking ?, · · · etc.

@ GR describes geometry of space-time.

However, unpleasant differences between GR and SUGRA:

• GR ⇐⇒ Geometry of Riemann space-time(Physical:[xµ], GL(4,R))
• SUGRA ⇐⇒ Geometry of superspace (Mathematical:[xµ, θα], sPoicaré )

=⇒ New SUSY paradigm on physical space-time!.
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@ As for the three-generations structure

among SO(N) LSUSY sP, only N = 10 gives SM with just 3 generations:,
where
• The decomposition of 10 supercharges QI, (I = 1, 2, · · · .10) are:

10SO(10) = 5SU(5) + 5∗SU(5)

5SU(5) = [{3∗c, 1ew, (e3,
e
3,
e
3) : Qa(a = 1, 2, 3)}, {1c, 2ew, (0,−e) : Qm(m = 4, 5)}].

⇔ Supercharge 5SU(5) has the same quantum numbers as 5 of SU(5) GUT.

• Massless helicity states of gravity supermultiplet of SO(10) sP with CPT
conjugation
are specified by the helicity h = (2− n

2) and the dimension d[n] =
10!

n!(10−n)!:

|h >= QnQn−1 · · ·Q2Q1|2 >, Qn (n = a,m, a∗,m∗): supercharge

|h| 3 5
2 2 3

2 1 1
2 0

d[n] 1[10] 10[9]

1[0]

45[8]

10[1]
120[7]

45[2]
210[6]

120[3]
252[5]

210[4]
210[4]
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@ Dirac particle survivors after tentative superHiggs-like mechanism
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@ SM Higgs-doublet state survives in h = 0 state.

—MiniWsNewIdeasPPC, September 30, 2026 YITP, Kyoto.– 4/??



• N > 10 case is unrealistic and excluded.

@ How to construct N=10 SUSY with gravity
despite the No-Go theorem in S-matrix ?

• To circumvent the No-Go theorem degeneracy of space-time is essential.

⇓

We show in this talk:

• N=10 SUSY with gravity is obtained by the geometric description of
General Relativity principle on specific unstable physical (Riemann) space-time
whose tangent space possesses global NLSUSY structure.
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A quick review of NLSUSY:

• Take (flat) space-time specified by xa for SO(1,3) and ψα for SL(2,C).

• Consider one form ωa = dxa + κ2

2i (ψ̄γ
adψ − 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 action(∼ 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 − tabtba) + · · ·

]
,

|wV A| = detwab = det(δab + tab), tab = −iκ2(ψ̄γa∂bψ − ∂bψ̄γaψ),
which is invariant under N=1 NLSUSY transformation:

δζψ = 1
κζ − iκ(ζ̄γ

aψ − ψ̄γaζ)∂aψ, [δ1, δ2] = δP.

• ψ is Nambu-Goldstone(NG) fermion for supertranslation
translation .

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

2.1. New Space-time as Ultimate Shape of Nature

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

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

i.e.,
the coordinate ψα of the coset space superGL(4,R)

GL(4,R) turning to the NLSUSY

NG fermion (called superon hereafter) are attached besides xa at every curved
space-time point.
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• New unstable space-time(ultimate shape of nature):

{xa, ψiα}

{xµ}

ẽaµ unified vierbein

New spacetime

Λ

ẽaµ −→ δaµ

(Groups SO(1,3) and SL(2,C) for space-time symmetry are analogous to SO(3)
and SU(2) for gauge symmetry of ’t Hooft-Polyakov monopole.)

• Note that SO(1, 3) ∼= SL(2, C).

4 dimensional space-time is singled out.
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2. 2 Nonlinear-Supersymmetric General Relativity (NLSGR)

The geometrical arguments of Einstein general relativity(GR)
can be extended to new (unstable) space-time.

• Unified vierbein ẽaµ(x) of new space-time:

ẽaµ(x) = eaµ + taµ(ψ) ≡ wabebµ, wab = δab + tab,

tab(ψ) =
κ2

2i (ψ̄
Iγa∂bψ

I − ∂bψ̄IγaψI), (I = 1, 2, .., N)

ẽµa(x) = eµa − tµa + tµρt
ρ
a − tµσtσρtρa + tµκt

κ
σt
σ
ρt
ρ
a + · · · ≡ eµbwba,

ẽaµ(x)ẽ
µ
b(x) = δab ẽaµ(x)ẽ

ν
a(x) = δνµ

taµ(ψ) =
κ2

2i (ψ̄
Iγa∂µψ

Ia− ∂µψ̄IγaψI), (I = 1, 2, .., N)

(Note that Grassmann odd d.o.f. induces the imaginary part of ẽaµ(x) .)

• N-extended NLSGR action of Eienstein-Hilbert(EH)-type
for new space-time. =⇒
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N-extended NLSGR action of EH-type for new space-time:
Phys.Lett.B501,237(2001), B507,260(2001))

LNLSGR(ẽ) = −
c4

16πG
|ẽ|{R̃(ẽ) + Λ}, (1)

|ẽ| = det ẽaµ = det(eaµ + taµ(ψ)), (2)

taµ(ψ) =
κ2

2i
(ψ̄Iγa∂µψ

I − ∂µψ̄IγaψI), (I = 1, 2, .., N) (3)

• ẽaµ(x)(= eaµ + taµ(ψ)) : the unified vierbein of new space-time
• eaµ(x) : the ordinary vierbein for the local SO(1,3) d.o.f.of GR,
• taµ(ψ(x)) : the mimic vierbein for the local SL(2,C) d.o.f. composed of
the stress-energy-momentum of NG fermion ψ(x)I(called superons),
• R̃(ẽ) : Ricci scalar curvature of new space-time computed in terms of ẽaµ,

• g̃µν ≡ ẽaµηabẽbν, g̃µν(x) ≡ ẽµa(x)ηabẽνa(x): metric tensors of new space-time.
• G : the Newton gravitational constant.
• Λ> 0 : cosmological constant required
by the correct NLSUSY structure of tangent space.
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• NLSGR scenario fixes the arbitrary constatnt κ2 to

κ2 = ( c
4Λ

8πG)
−1,

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

• Λ > 0 in the action LNLSGR allows
negative dark energy density interpretation of Λ

G
in the Einstein equation. → Sec.5.

• No-go theorem for N > 8 SUSY has been circumvented
by the global NLSUSY, i.e. by the vacuum(flat space) degeneracy.

• Note that SO(1, D − 1) ∼= SL(d,C), i.e. D(D−1)
2 = 2(d2 − 1) holds

for only D = 4, d = 2.

NLSGR scenario predicts 4 dimensional space-time.

—MiniWsNewIdeasPPC, September 30, 2026 YITP, Kyoto.– 11/??



2.3. Symmetries of NLSGR LNLSGR(w) (N-extended action)

• Space-time symmetries (∼ sP ):

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

• Internal symmetries for N-extended NLSUSY GR (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∂ρψI, δζe

a
µ = iκζ̄JγρψJ∂[µe

a
ρ]. (6)

induces GL(4,R) transformations on ẽaµ and the unified metric g̃µν

δζ ẽ
a
µ = ξν∂ν ẽ

a
µ + ∂µξ

ν ẽaν, δζg̃µν = ξκ∂κg̃µν + ∂µξ
κg̃κν + ∂νξ

κg̃µκ, (7)

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

a
µ − ∂µeaρ and

ξρ = −iκζ̄IγρψI.

• Commutators of two new NLSUSY transformations (??) on ψI and eaµ
close to GL(4,R),

[δζ1, δζ2]ψ
I = Ξµ∂µψ

I, [δζ1, δζ2]e
a
µ = Ξρ∂ρe

a
µ + eaρ∂µΞ

ρ, (8)

where Ξµ = 2iζ̄I1γ
µζI2 − ξρ1ξσ2 eaµ∂[ρeaσ].

q.e.d.
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• New NLSUSY (??) is the square-root of GL(4,R);

[δ1, δ2] = δGL(4,R), i.e. δ ∼
√
δGL(4,R).

c.f. SUGRA (LSUSY)

[δ1, δ2] = δP+δL + δg

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

δLψ
I = − i

2
ϵabσ

abψI, δLe
a
µ = ϵabe

b
µ +

κ4

4
εabcdψ̄Iγ5γdψ

I(∂µϵbc) (9)

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

(??) induce the familiar local Lorentz transformation on ẽaµ:

δLẽ
a
µ = ϵabẽ

b
µ (10)

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

The local Lorentz transformation forms a closed algebra,
e.g., the new form on eaµ(x)

[δL1, δL2]e
a
µ = βabe

b
µ +

κ4

4
εabcdψ̄jγ5γdψ

j(∂µβbc), (11)

where βab = −βba is given by βab = ϵ2acϵ1
c
b − ϵ2bcϵ1ca.

q.e.d.
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3. Evolution of NLSGR (Big Collapse to Superon-Graviton Model)

3.1. Big Collapse of ultimate space-time toward the vacuum configuration

@ LNLSGR(ẽ) breaks down spontaneously(Big Collapse) to

ordinary Riemann space-time(graviton) and NG fermion(superon): LSGM(e, ψ).

LNLSGR(ẽ) = LSGM(e, ψ) = − c4

16πG
|e|{R(e) + |w(ψI)|Λ + T̃ (e, ψI)}. (12)

Superon-Graviton Model(SGM) before Big Bang

• R(e): the Ricci scalar curvature of ordinary Riemann space-time
• ψj: NG fermion, < δψj >= κ−1ζj

• Λ : the cosmological constant
• |w(ψI)| = detwab = det {δab + tab(ψ

I)}: NLSUSY action for superon
• T̃ (e, ψI) : the gravitational interaction of superon
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@ Big Collapse LSGM(e, ψI) induces :
the instantanious expansion of space-time by the Pauli principle → Sec. 5

@ LSGM(e, ψI) evolves toward the true vacuum by constituting
gravitational composite (massless) eigenstates of broken LSUSY SO(N) sP,
which corresponds to the ignition of the Big Bang SM scenario.
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{xa, ψiα}

{xµ}

ẽaµ unified vierbein

New spacetime

Λ

ẽaµ −→ δaµw�Big Collapse

{xa}

{xµ}

eaµ : ordinary vierbein

Riemann spacetime ⊕ matter

ψiα , Λ

eaµ −→ δaµ

Ignition of the Big Bang
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• The Noether’s theorem gives the conserved supercurrent:

SIµ = i

√
c4Λ

8πG
γµψI + · · · . (13)

• The supercurrent couples the superon(NG fermion)
to the vacuum 　

< ψβ
J |SαIµ|0 >= i

√
c4Λ

8πG
δIJ(γµ)αβ (14)

with the strength gsv ≡
√

c4Λ
8πG = κ−1.

The vacuum structure of LSGM(e,ψ) determines the evolution.
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4. Linearization of NLSUSY (NL/L susy relation)

The graviton is the universal attractive force and
creates all possible gravitational composites of superons,
which are helicity eigenstates of LSUSY sP algebra of
space-time symmetry

• By linearizing NLSUSY we anticipate that
we will obtain the (SUGRA-analogue) broken global LSUSY theory
expressed in terms of the composite of superon ψ(x) and eaµ:

LLSUSY(e
a
µ, ψν(e, ψ),M(e, ψ), N(e, ψ), · · ·)

which satisfies:

NL/L SUSY relation (equivalence):

LNLSGR(w) = LSGM(e, ψ) =LLSUSY(e
a
µ, ψν(e, ψ),M(e, ψ), N(e, ψ), · · ·).
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4. 1. NL/L SUSY relation (equivalence)

We demonstrate NL/L SUSY relation for N=2 SUSY in flat space:

@ N = 2 SGM in Riemann-flat (eaµ → δaµ) space reduces to
　N = 2 NLSUSY (i.e., Λ term of N = 2 NLSGR):

We consider the linearization of Λ term of N = 2 NLSUSY
and show explicitly NL/L SUSY relation.

@ N=2, d=2 NLSUSY theory:

LN=2NLSUSY = − 1

2κ2
|ẽaµ| = −

1

2κ2

[
1 + taa +

1

2
(taat

b
b − tabtba) + · · ·

]
, (15)

|ẽaµ| = detwab = det(δab + tab), tab = −iκ2(ψ̄jγa∂bψj − ψ̄jγa∂bψj), (j = 1, 2),

which is invariant under N=2 NLSUSY transformation,

δζψ
j = 1

κζ
j − iκ(ζ̄kγaψk − ζ̄kγaψk)∂aψj, (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 minimal 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), Bi and F i are complex.
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• The most genaral N = 2, d = 2 SUSYQED action (m = 0 case) :

LN=2SUSYQED = LV 0 + L′
Φ0 + Le + LV f , (16)

LV 0 = −1
4
(Fab)

2 +
i

2
λ̄i̸∂λi + 1

2
(∂aA)

2 +
1

2
(∂aϕ)

2 +
1

2
D2 − ξ

κ
D,

L′
Φ0 =

i

2
χ̸̄∂χ+

1

2
|∂aBi|2 +

i

2
ν̄ ̸∂ν + 1

2
|F i|2,

Le = e

{
ivaχ̄γ

aν − ϵijvaBi∂aBj +
1

2
A(χ̄χ+ ν̄ν)− ϕχ̄γ5ν

+Bi(λ̄iχ− ϵijλ̄jν)− 1

2
|Bi|2D

}
+ {h.c.}+ 1

2
e2(va

2 −A2 − ϕ2)|Bi|2,

LV f = f{Aλ̄iλi + ϵijϕλ̄iγ5λ
j + (A2 − ϕ2)D − ϵabAϕFab} (17)

• 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 minimal vector off-shell supermultiplet:

δζv
a = −iϵijζ̄iγaλj,

δζλ
i = (D − i̸∂A)ζi + 1

2
ϵabϵijFabγ5ζ

j − iϵijγ5̸∂ϕζj,

δζA = ζ̄iλi,

δζϕ = −ϵijζ̄iγ5λj,

δζD = −iζ̄i̸∂λi. (18)

[δQ1, δQ2] = δP (Ξ
a) + δg(θ), (19)

where ζi, i = 1, 2 are constant spinors and δg(θ) is the U(1) gauge transformation
for only va with Ξµ = 2iζ̄I1γ

µζI2, θ = −2(iζ̄i1γaζi2 va − ϵijζ̄i1ζ
j
2A− ζ̄i1γ5ζi2ϕ).
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• For the two scalar off-shell supermultiplets:

δζχ = (F i − i̸∂Bi)ζi − eϵijV iBj,

δζB
i = ζ̄iχ− ϵijζ̄jν,

δζν = ϵij(F i + i̸∂Bi)ζj + eV iBi,

δζF
i = −iζ̄i̸∂χ− iϵijζ̄j ̸∂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, (20)

with V i = ivaγ
aζi − ϵijAζj − ϕγ5ζi and the U(1) gauge parameter θ.
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N = 2 NL/L SUSY relation(equivalence):

LN=2SUSYQED = LV 0 + L′
Φ0 + Le + LV f = LN=2NLSUSY + [surface terms], (21)

is　obtained by

(I) commutator-based (heuristic) linearization

or

(II) superfield-based (systematic) linearization.
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(I) Commutator-based linearization:

@The product of Lorentz tensors composed of ψi

multiplied by |w|, (ψ)n ≡ 0, n > 4 play a basic role.

• For such Lorentz tensors (of current) of ψi miltiplied by |w|,

biA
jk
B
l···m

C
n
(
(ψi)2(n−1)|w|

)
= κ2n−3ψ̄iγAψ

jψ̄kγBψ
l · · · ψ̄mγCψn|w|, (22)

f ijA
kl
B
m···n

C
p
(
(ψi)2n−1|w|

)
= κ2(n−1)ψiψ̄jγAψ

kψ̄lγBψ
m · · · ψ̄nγCψp|w|, (23)

the variations under the NLSUSY transformations become

δζb
i
A
jk
B
l···m

C
n = κ2(n−1)

[{(
ζ̄iγAψ

j + ψ̄iγAζ
j
)
ψ̄kγBψ

l · · · ψ̄mγCψn + · · ·
}
|w|

+κ∂a
(
ξaψ̄iγAψ

jψ̄kγBψ
l · · · ψ̄mγCψn|w|

)]
, (24)

δζf
ij
A
kl
B
ml···n

C
p = κ2n−1

[{
ζiψ̄jγAψ

kψ̄lγBψ
m · · · ψ̄nγCψp

+ψi
(
ζ̄jγAψ

k + ψ̄jγAζ
k
)
ψ̄lγBψ

m · · · ψ̄nγCψp + · · ·
}
|w|

+κ∂a
(
ξaψiψ̄jγAψ

kψ̄lγBψ
m · · · ψ̄nγCψp|w|

)]
, (25)
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where ξa = iκζ̄iγaψi.

• These show that the tables of products of Lorentz tensors (of currents)
of ψi multiplied by |w| give a finite representation of NLSUSY algebra.

• The self-contained part of Lorentz-tensor table
corresponds to smaller LSUSY multiplet.

• They satisfy the basic commutator under NLSGR tr.

[δQ(ζ1), δQ(ζ2)] = δP (v),

where δP (v) is a translation with a parameter va = 2i(ζ̄i1Lγ
aζi2L − ζ̄i1Rγaζi2R)
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• These results show that
the commutator-based linearization closes on the all possible Lorentz tensors
composed of ψi and gives a finite dimensional representation of sP algebra.

• Assign each composite Lorentz tensor to the component field of the LSUSY
supermultiplet including the auxiliary field (susy compositenenss),
which reproduces the familiar LSUSY transformation among the supermultiplet
under the NLSUSY transformations of constituents ψi.

• Substituting SUSY compositeness into LN=2LSUSYQED,
we obtain LN=2NLSUSY, i .e. the NL/L SUSY relation(equivalence).
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• SUSY compositeness for the vector off-shell minimal supermultiplet:

va = − i
2
ξκϵijψ̄iγaψj|w|,

λi = ξψi|w|,

A =
1

2
ξκψ̄iψi|w|,

ϕ = −1
2
ξκϵijψ̄iγ5ψ

j|w|,

D =
ξ

κ
|w|, (26)

where ξ is a VEV factor of the auxiliary field D.

• Note that ψi is the low energy leading term of the supercharge Qi.
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• SUSY compositeness for scalar off-shell minimal 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|. (27)

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

• ξi is the VEV factor of the auxiliary field F i.
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• SUSY compositeness produces under NLSUSY transformation

off-shell commutator algebra :

[δQ(ζ1), δQ(ζ2)] = δP (v), (28)

where δP (v) is a translation with a parameter

va = 2i(ζ̄i1Lγ
aζi2L − ζ̄i1Rγaζi2R) (29)

• Note that the commutator does not induce the U(1) gauge transformation for
the off-shell supermultiplet.
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• Substituting SUSY copositeness into LN=2LSUSYQED,
we obtain NL/L SUSY relation for the minimal off-shell supermultiplet:

LN=2LSUSYQED = f(ξ, ξi)LN=2NLSUSY + [suface terms], (30)

f(ξ, ξi) = ξ2 − (ξi)2 = 1. (31)

⇒ LSUSY multiplet may be regarded as composite eigenstates
of global SUSY space-time symmetries.

• NL/L SUSY relation bridges naturally
the cosmology and the low energy particle physics in NLSGR. (⇒ Sec. 4).

• The direct linearization of highly nonlinear SGM action (??)
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
from

the cosmological term Λ of SGM and materializes the true vacuum of SGM
( as gravitational composites of NG fermion )

SM can be a low energy effective theory of SGM/NLSGR.
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(II) Systematic Linearization of NLSUSY by the superfield formulation(d = 2)

• 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), (32)

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)− iθ̄i̸∂Bj(x)θj

+
i

2
θ̄jθj(θ̄i̸∂χ(x)− ϵikθ̄k̸∂ν(x)) + 1

8
θ̄jθjθ̄kθk∂a∂

aBi(x). (33)

e, g.

[ 1(1), 2(12), 1(0)] + [ CPT conj. ] and [ 1(12), 2(0), 1(−1
2)] + [ CPT conj. ]
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• Extend the superspace to the following superspace (x′a, θ′) with −κψ(x),

x′a = xa + iκθ̄iγaψi, θ′i = θi + κψi, (34)

and denotes the extended superfields on (x′a, θ′i) and their θ-expansions as

V(x′a, θ′i) = Ṽ(xa, θi;ψi(x)), Φ(x′a, θ′i) = Φ̃(xa, θi;ψi(x)). (35)

• Extended global SUSY translations on (x′a, θ′i) give ξµ = −iκϵ̄γµψ :

δṼ(xa, θi;ψi(x)) = ξµ∂
µṼ(xa, θi;ψi(x)), δΦ̃(xa, θi;ψi(x)) = ξµ∂

µΦ̃(xa, θi;ψi(x)),
(36)

• Therefore, the conditions

φ̃IV(x) = ξIV(constant) φ̃IΦ(x) = ξIΦ(constant), (37)

make extended superfields invariant under the extended SUSY translation.
which provide SUSY compositeness by solving them for the original component
fields.
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• Putting constants in the most general case as follows:

C̃ = ξc, Λ̃i = ξiΛ, M̃ ij = ξijM , ϕ̃ = ξϕ, ṽa = ξav , λ̃i = ξiλ, D̃ =
ξ

κ
, (38)

B̃i = ξiB, χ̃ = ξχ, ν̃ = ξν, F̃ i =
ξi

κ
. (39)

• We obtain straightforwardly SUSY compositeness φIV = φIV(ψ) for the vector
supermultiplet

C = ξc + κψ̄iξiΛ +
1

2
κ2(ξijM ψ̄

iψj − ξiiM ψ̄jψj) +
1

4
ξϕκ

2ϵijψ̄iγ5ψ
j − i

4
ξavκ

2ϵijψ̄iγaψ
j

−1
2
κ3ψ̄iψiψ̄jξjλ −

1

8
ξκ3ψ̄iψiψ̄jψj,

Λi = ξiΛ + κ(ξijMψ
j − ξjjMψ

i) +
1

2
ξϕκϵ

ijγ5ψ
j − i

2
ξavκϵ

ijγaψ
j

−1
2
ξiλκ

2ψ̄jψj +
1

2
κ2(ψjψ̄iξjλ − γ5ψ

jψ̄iγ5ξ
j
λ − γaψ

jψ̄iγaξjλ)

−1
2
ξκ2ψiψ̄jψj − iκ̸∂C(ψ)ψi,
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M ij = ξijM + κψ̄(iξ
j)
λ +

1

2
ξκψ̄iψj + iκϵ(i|k|ϵj)lψ̄k̸∂Λl(ψ)− 1

2
κ2ϵikϵjlψ̄kψl∂2C(ψ),

ϕ = ξϕ − κϵijψ̄iγ5ξjλ −
1

2
ξκϵijψ̄iγ5ψ

j − iκϵijψ̄iγ5̸∂Λj(ψ) +
1

2
κ2ϵijψ̄iγ5ψ

j∂2C(ψ),

va = ξav − iκϵijψ̄iγaξ
j
λ −

i

2
ξκϵijψ̄iγaψj − κϵijψ̄i̸∂γaΛj(ψ) + i

2
κ2ϵijψ̄iγaψj∂2C(ψ)

−iκ2ϵijψ̄iγbψj∂a∂bC(ψ),

λi = ξiλ + ξψi − iκ̸∂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)ψ̄iγ5ψj

−γa∂2Λj(ψ)ψ̄iγaψj + 2̸∂∂aΛ
j(ψ)ψ̄iγaψj} − i

2
κ3̸∂∂2C(ψ)ψiψ̄jψj,

D =
ξ

κ
− iκψ̄i̸∂λi(ψ)
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+
1

2
κ2
{
ψ̄iψj∂2M ij(ψ)− 1

2
ϵijψ̄iγ5ψ

j∂2ϕ(ψ)

+
i

2
ϵijψ̄iγaψ

j∂2va(ψ)− iϵijψ̄iγaψj∂a∂bvb(ψ)
}

− i
2
κ3ψ̄iψiψ̄j ̸∂∂2Λj(ψ) + 1

8
κ4ψ̄iψiψ̄jψj∂4C(ψ), (40)

and SUSY compositeness for the scalar multiplet φIΦ = φIΦ(ψ):

Bi = ξiB + κ(ψ̄iξχ − ϵijψ̄jξν)−
1

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

−iκ3ψ̄jψj{ψ̄i̸∂χ(ψ)− ϵikψ̄k̸∂ν(ψ)}+ 3

8
κ4ψ̄jψjψ̄kψk∂2Bi(ψ),

χ = ξχ + κ{ψiF i(ψ)− i̸∂Bi(ψ)ψi}

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

+
1

2
κ3ψiψ̄jψj∂2Bi(ψ) +

i

2
κ3̸∂F i(ψ)ψiψ̄jψj + 1

8
κ4∂2χ(ψ)ψ̄iψiψ̄jψj,
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ν = ξν − κϵij{ψiF j(ψ)− i̸∂Bi(ψ)ψj}

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

+
1

2
κ3ϵijψiψ̄kψk∂2Bj(ψ) +

i

2
κ3ϵij ̸∂F i(ψ)ψjψ̄kψk + 1

8
κ4∂2ν(ψ)ψ̄iψiψ̄jψj,

F i =
ξi

κ
− iκ{ψ̄i̸∂χ(ψ) + ϵijψ̄j ̸∂ν(ψ)}

−1
2
κ2ψ̄jψj∂2Bi(ψ) + κ2ψ̄iψj∂2Bj(ψ) + iκ2ψ̄i̸∂F j(ψ)ψj

+
1

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

8
κ4ψ̄jψjψ̄kψk∂2F i(ψ). (41)
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• Choosing the following Lorentz invariant and 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
, (42)

gives previous SUSY compositeness for the minimal supermultiplet of SUSYQED.

and the N = 2 NLSUSY action SN=2NLSUSY is related to N = 2 SUSY QED
action, NL/L SUSY relation

LN=2SUSYQED ≡ LVfree + LVf + Lgauge =f(ξ, ξi)SN=2NLSUSY (43)

when f(ξ, ξi) = ξ2 − (ξi)2 = 1.

• NL/L SUSY relation bridges the cosmology and the low energy particle physics
in NLSGR scenario =⇒ Sec. 5.
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@ SGM scenario predicts the magnitude of the bare gauge coupling constant.

For more general SUSY invariant constraints(vev of 0+ auxiliary field):

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

κ
, B̃i = χ̃ = ν̃ = 0, F̃ i =

ξi

κ
. (44)

NL/L SUSY relation gives

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

ξ2−1
)

4ξc
, (45)

where e is the bare gauge coupling constant.

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

Broken LSUSY(QED) gauge theory is encoded
in the vacuum of NLSUSY theory
as composites of NG fermion.
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4.2 N = 3 NL/L SUSY relation and SUSY Yang-MIlls theory

• Physical helicity states of N = 3 LSUSY vector supermultiplet:

[
1(+1), 3

(
+
1

2

)
, 3(0), 1

(
−1
2

) ]
+ [CPT conjugate], (46)

where n(λ) means the dimension n and the helicity λ, are accomodated in N = 3
off-shell vector supermultiplet(d = 2):

• N = 3 superYang-Mills(SUSYYM) minimal off-shell gauge multiplet,

{vaI(x), λiI(x), AiI(x), χαI(x), ϕI(x), DiI(x)}, (I = 1, 2, · · · , dim.G) (47)

Each component field belongs to the adjoint representation of the YM gauge
group G:
[T I, T J ] = if IJKTK and denoted as φi = φiIT I, etc..
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• N = 3 (pure) SUSYYM action:

SSYM =

∫
d2x tr

{
−1
4
(Fab)

2 +
i

2
λ̄iD̸λi +

1

2
(DaA

i)2 +
i

2
χ̸̄Dχ+

1

2
(Daϕ)

2 +
1

2
(Di)2

−ig{ϵijkAiλ̄jλk − [Ai, λ̄i]χ+ ϕ(λ̄iγ5λ
i + χ̄γ5χ)}

+
1

4
g2([Ai, Aj]2 + 2[Ai, ϕ]2)

}
, (48)

where g is the gauge coupling constant, Da and Fab are the covariant derivative
and the YM gauge field strength defined as

Daφ = ∂aφ− ig[va, φ],

Fab = ∂avb − ∂bva − ig[va, vb]. (49)
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• SUSYYM action is invariant under N = 3 LSUSY transformations:

δζv
a = iζ̄iγaλi,

δζλ
i = ϵijk(Dj − i̸DAj)ζk + 1

2
ϵabFabγ5ζ

i − iγ5̸Dϕζi

+ig([Ai, Aj]ζj + ϵijk[Aj, ϕ]γ5ζ
k),

δζA
i = ϵijkζ̄jλk − ζ̄iχ,

δζχ = (Di + i̸DAi)ζi + ig(ϵijkAiAjζk − [Ai, ϕ]γ5ζ
i),

δζϕ = ζ̄iγ5λ
i,

δζD
i = −iϵijkζ̄jD̸λk − iζ̄iD̸χ+ ig(ζ̄i[λj, Aj] + ζ̄j[λi, Aj]− ζ̄j[λj, Ai]

−ϵijkζ̄j[χ,Ak] + ϵijkζ̄jγ5[λ
k, ϕ] + ζ̄iγ5[χ, ϕ]), (50)

[δζ1, δζ2] = δP (Ξ
a) + δG(θ) + δg(θ), (51)

where δG(θ) means δG(θ)φ = ig[θ, φ] and δg(θ) is the U(1) gauge transformation
only for va with θ = −2(iζ̄i1γaζi2va − ϵijkζ̄i1ζ

j
2A

k − ζ̄i1γ5ζi2ϕ).
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• SUSY invariant(composite) relations for N = 3 YM off-shell gauge
supermultiplet

vaI = − i
2
κϵijkξiIψ̄jγaψk(1− iκ2ψ̄l̸∂ψl) + 1

4
κ3ϵabϵijkξiI∂b(ψ̄

jγ5ψ
kψ̄lψl) +O(κ5),

λiI = ϵijkξjIψk(1− iκ2ψ̄l̸∂ψl)

+
i

2
κ2ξjI∂a{ϵijkγaψkψ̄lψl + ϵabϵjkl(γbψ

iψ̄kγ5ψ
l − γ5ψiψ̄kγbψl)}+O(κ4),

AiI = κ

(
1

2
ξiIψ̄jψj − ξjIψ̄iψj

)
(1− iκ2ψ̄k̸∂ψk)− i

2
κ3ξiI∂a(ψ̄

iγaψjψ̄kψk) +O(κ5),

χI = ξiIψi(1− iκ2ψ̄j ̸∂ψj) + i

2
κ2ξiI∂a(γ

aψiψ̄jψj) +O(κ4),

ϕI = −1
2
κϵijkξiIψ̄jγ5ψ

k(1− iκ2ψ̄l̸∂ψl)− i

4
κ3ϵabϵijkξiI∂a(ψ̄

jγbψ
kψ̄lψl) +O(κ5),

DiI =
1

κ
ξiI|w| − iκξjI∂a{ψ̄iγaψj(1− iκ2ψ̄k̸∂ψk)}

−1
8
κ3∂a∂

a{(ξiIψ̄jψj − 4ξjIψ̄iψj)ψ̄kψk}+O(κ5), (52)
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• Arbitrary real constants ξiI of auxirially fields DiI bridge
N = 3 SUSY and the YM gauge group G.

• Substituting (??) into the SYM action (??),
we can show the NL/L SUSY relation for N = 3 SUSY:

LSUSYYM(ψ) = −(ξiI)2LNLSUSY + [surface terms]. (53)

—MiniWsNewIdeasPPC, September 30, 2026 YITP, Kyoto.– 47/??



4.3 LSUSY of higher-spin massless supermultiplet of SGM:

For the massless supermultiplet with the highest-helicity (±3,±5
2) of SGM,

we take the symmetric tensor(-spinor) gauge field multiplet (φµνρ, λµν).

The equations of motion and the local gauge transformations are given by :
( Ref.: de Wit B. and Freedman D. Z. Phys. Rev. D21(1980), 358-367.)

Γσ
σ,µ1µ2µ3 = ∂ρ∂ρφµ1µ2µ3 −

∑
µ(1)

∂µ1∂ρφ
ρ
µ2µ3

+
∑
µ(2)

∂µ1∂µ2φ
ρ
ρµ3

= 0,

δξφµ1µ2µ3 =
∑
µ(1)

∂µ1ξµ2µ3 ≡ ∂µ1ξµ2µ3 + ∂µ2ξµ1µ3 + ∂µ3ξµ1µ2,

γρΓ(1)
ρ,µ1µ2 = γρ∂ρλµ1µ2 − γ

ρ∂µ1λρµ2 − γ
ρ∂µ2λµ1ρ = 0,

δϵλµ1µ2 = ∂µ1ϵµ2 + ∂µ2ϵµ1,

ξρ
ρ = 0, γρϵρ = 0 (54)

Γσ1σ2, µ1µ2µ3 is spin s Christoffel symbol of ordinary gravity.
The arguments are systematic and geometric.
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The naive extension of the familiar global LSUY for the on-shell gauge vector
supermultiplet:

δζφabc = −iζ̄γȧλḃċ,

δζλab = σcd∂cφdȧḃζ, (55)

produce for φabc the familiar SUSY algebra:

[δ2, δ1]φabc = δP + δG,

δP = (iζ̄1γ
dζ2)∂dφabc,

δG = ∂ȧ{(iζ̄1γdζ2)φdḃċ}, (56)

While for λµν, the Fiertz rearrangement of two supertransformations δ2δ1λµν

δ2δ1λµν = (ϵ̄2γa∂ρλµν)σ
ρσϵ1 = −

1

4
ΣI(ϵ̄2ΓIϵ1)σ

ρσΓIγσ∂rhoλmuν, (57)
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where ΓI = ( 1, γµ, 2iσµν, γ5, γ5γµ) shows that the non-zero contribution to
the commutator [δ2, δ1]λµν comes from the vector ϵ̄1γµϵ2 and the antisymmetric
tensor iϵ̄1σ̃κλϵ2 terms of the parameters in the rearrangement and becomes as
follows with the pathological extra term δΣ containing iζ̄1σdeζ2:

[δ2, δ1]λab = δP + δG + δG̃ + δΣ,

δP = −24(iζ̄1γdζ2)∂dλab,

δG = ∂ȧ{(iζ̄1γdζ2)(8λdḃ − 4γḃγ
cλdc + . . .)},

δG̃ = ∂ȧ{(iζ̄1σcdζ2)(γcλdb + . . .)},

δΣ = 2(iζ̄1σ
cdζ2)(γȧ∂cλdḃ + γc∂dλȧḃ), (58)

The generalization of simple SUSY transformation (55) and
the off shell extention of the multiplet must be considered,
e.g., minimal off-shell case: [♯40]F = [♯40]B.
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4.4 Linearization of LSGM(e, ψ) in curved space-time

@ Commutator-based linearization:

• Show

NL/L SUSY relation (equivalence):
LNLSGR(w) = LSGM(e, ψ) =LLSUSY(globalSUGRA)(e

a
µ, ψν, v

a, λ, ϕ,M,N, · · ·).

under

• NLSUSY( global ) transformations

δζψ
i = 1

κζ
i + ξµ∂µψ

i, δζe
a
µ = 2iκζ̄iγνψi∂[µe

a
ν], ξµ = iκψ̄jγµζj.

and the commutator algebra,

[δζ1, δζ2] = δGL(4,R)(Ξ
µ), Ξµ = 2(iζ̄i1γ

µζi2 − ξν1ξκ2eµa∂[µeaν])
• Find global SUSY, off-shell SUGRA supermultiplet
and the SUSY composite expression. e. g. 16B = 16F

—MiniWsNewIdeasPPC, September 30, 2026 YITP, Kyoto.– 51/??



• In curved space-time, Lorentz- and Riemann-tensor functionals
with γ-matrices

F IAM = F IAM (ψi, eaµ, ∂ψ
i, ∂[νe

a
κ])

satisfies the commutator algebra,
which is favourable to the linearized SUGRA-like LSUSY structure.

Now under study
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5. Low energy particle physics of NLSGR

@ As we have seen in the toy model that

N = 2 SGM is in the lowest order essentially N=2 NLSUSY action
in tangent (flat) space-time, we focus on N=2 NLSUSY action for extracting
physical implications of SGM.

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

< ψjα(x)|Jkµβ|0 >= i

√
c4Λ

8πG
(γµ)αβδ

jk + · · · , (59)

where Jkµ = i
√

c4Λ
8πGγ

µψk + · · · is the conserved supercurrent.√
c4Λ
8πG = 1√

2κ
is the coupling constant (≡ gsv) of superon with the vacuum.

=⇒ mν
4 ∼ ρDE,,
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• How to extract the vacuum configuration of SGM.

In Riemann-flat space-time, NL/L SUSY relation(equivalence) gives:

LN=2SGM−→LN=2NLSUSY + [suface terms] = LN=2SUSYQED. (60)

• 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. (61)
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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. (62)

• Two different types of vacua V = 0 exist in (A,ϕ,Bi)-space:

(I) A = ϕ = 0, |B̃i|2 = −k2
(
B̃i =

√
e

2f
Bi, k2 =

ξ

fκ

)
(63)

and
(II) |B̃i|2 = 0, A2 − ϕ2 = k2. (64)

• Expansions of A,ϕ, B̃i around vacuum values give

low energy particles Â, ϕ̂, B̂i in the true vacuum.
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• For the type (I) vacuum with SO(2) symmetry for (B̃1, B̃2), eξ < 0,

LN=2SUSYQED =
1

2
{(∂aρ)2 − 2(−ef)k2ρ2}

+
1

2
{(∂aÂ)2 + (∂aϕ̂)

2 − 2(−ef)k2(Â2 + ϕ̂2)}

−1
4
(Fab)

2 + (−ef)k2v2a

+
i

2
λ̄i̸∂λi + i

2
χ̸̄∂χ+

i

2
ν̄ ̸∂ν +

√
−2ef(λ̄1χ− λ̄2ν) + · · · ,

(65)
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and following mass spectra

m2
ρ = m2

Â
= m2

ϕ̂
= m2

va = 2(−ef)k2 = −2ξe
κ
,

mλi = mχ = mν = 0. (66)

• The vacuum breaks both SUSY and the local U(1)(O(2)) spontaneously
and Higgs-Kibble mechanism works.

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

• λi are NG fermions.
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• For the type (II) vacuum with SO(1, 1) symmetry for (A,ϕ), fξ > 0,

LN=2SUSYQED =
1

2
{(∂aÂ)2 − 4f2k2Â2}

+
1

2
{|∂aB̂1|2 + |∂aB̂2|2 − e2k2(|B̂1|2 + |B̂2|2)}

+
1

2
(∂aϕ̂)

2

−1
4
(Fab)

2

+
1

2
(iλ̄i̸∂λi − 2fkλ̄iλi)

+
1

2
{i(χ̸̄∂χ+ ν̄ ̸∂ν)− ek(χ̄χ+ ν̄ν)}+ · · · . (67)
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and following mass spectra:

m2
Â
= m2

λi = 4f2k2 =
4ξf

κ
,

m2
B̂1 = m2

B̂2 = m2
χ = m2

ν = e2k2 =
ξe2

κf
,

mva = mϕ̂ = 0, (68)

which produces mass hierarchy by the factor e
f independent of κ. (κ−2 = c4Λ

16πG)

• The vacuum breaks both SUSY and SO(1, 1) for (A,ϕ)

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

which produces NG-Boson ϕ̂ and massless photon va
and gives soft masses < A > to λi.
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• We have shown explicitly that

N=2 LSUSY QED, i.e. the matter sector( Λ term) of N = 2 SGM (in flat-space),
possesses a true vacuum type (II).

• The resulting model describes qualitatively

lepton-Higgs-U(1) sector analogue of SM:

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

one massive neutral Dirac fermion (λD0 ∼ λ1 − iλ2),
one massless vector (a photon) (va),

one charged scalar (B̂1 + iB̂2),

one neutral complex scalar (Â+ iϕ̂),

which are composites of superons.
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In Riemann flat space-time of SGM,
ordinary LSUSY gauge theory with the spontaneous SUSY breaking

emerges
from

the NLSUSY cosmological term of SGM
as composites of NG fermion in the true vacuum.
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6. Cosmological implications of SGM scenario

The variation of SGM action LSGM(e, ψ) with respect to eaµ yields
Einstein equation equipping with matter and cosmological term:

Rµν(e)−
1

2
gµνR(e) =

8πG

c4
{T̃µν(e, ψ)− gµν

c4Λ

8πG
}. (69)

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

• Note that the cosmological term − c4Λ
8πG can be interpreted as

the negative energy density of space-time,
i.e. the dark energy density ρD.
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• Big collapse(BC) induces 3 dimensional (space-like region) rapid expansion of
space-time by Pauli principle:

ds2 = sµν(x)dx
µdxν = {gµν +Φµν(e, ψ)}dxµdxν.

{ψ(x)a, ψ̄(y)b}x0=y0 = 0 ⇒ {ψ(x)a, ψ̄(y)b}x0=y0 = δ(3)(x− y)δab

( {ψ(x)a, ψ̄(y)b} = 0 ⇒ {ψ(x)a, ψ̄(y)b} = iS(x− y)δab )

• BC produces gravitational composite (massless) eigenstates of SO(N) sP
angebra, which is the ignition of the Big Bang(BB) SM scenario.

• As shown in the toy model, the vacuum of SGM
may explain naturally observed mysterious (numerical) relations:

dark energy density ρD ∼ O(κ−2) ∼ mν
4 ∼ (10−12GeV )4 ∼ gsv2,

provided λD0 is identified with neutrino and fξ ∼ O(1).
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7. Summary

NLSGR(SGM) for unity of nature:

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

[LNLSGR(w
a
µ)] : Global SUSY NLSGR on New space-time with Λ> 0

=⇒ Big Collapse (BC)

• The creation of ordinary Riemann space-time [graviton eaµ] and
massless NG fermionic matter [superon ψα

N], rapid expansion by Pauli principle
[LSGM = LEH(e)− Λ + T (ψ.e)] : Einstein GR with Λ > 0 and N superon

• The universal attractive force graviton dictates the evolution of [LSGM

by forming gravitational composite global LSUSY supermultiplet
corresponding to (massless) eigenstates of space-time symmetry SO(10) sP.

=⇒ Ignition of Big Bang of the universe toward ΛCDM scenario

• 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 term is the origin of everything!
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Predictions and Speculations

@ SO(10) sP algebra with 10 = 5SU(5) + 5∗SU(5):
superon-quintet model(SQM) of matter

• Three 1C particles beyond SM :

One neutral spin 1/2 fermion N : ϵabcQaQbQcϵmnQmQn
One double-charge spin 1/2 fermion E2±: ϵabcQaQbQcϵmnQ∗

mQ
∗
n

One neutral vector boson S: δabQaQ∗
b

• Proton decay diagrams of SU(5) GUT in SQM view
are forbidden by superon slection rule. ⇒ stable proton, FCNC suppression,

@Field theory via Linearization:

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

• The bare gauge coupling constants are constrained (unified).

• N = 10 L/NL SUSY relation(equivalence) bridges cosmology and the particle
physics. ⇐⇒ superon-quintet model of SM/GUT

cosmological term ↔ dark energy density ↔ SUSY Br. → mν
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@ Many Open Problems! e.g.,

• LSUSY of higher-spin off shell (massless) supermultiplet of SGM:

• Direct linearization of SGM action in curved space,
i.e. NL/L SUSY relation in curved space-time. .

• Revisit SM and GUT from N = 10 SQM composite diagram viewpoints:

(e, νe): δabQaQ∗
bQm, (µ, νµ): δabQaQ∗

bϵ
lmQlQmQ

∗
n, (τ, ντ): ϵ

abcQbQcϵ
adeQ∗

dQ
∗
eQm

(u, d): ϵabcQbQcQm, (c, s): ϵlmQlQmϵabcQbQcQ∗
n, (t, b): ϵabcQaQbQcQ∗

dQm,
HiggsBoson: ϵabcQaQbQcQm, GaugeBoson: QaQ∗

b, · · ·.
e.g. SQM diagram for β-decay.

u

u

6

n
d

d
p

6

d

u

6

6 6

ν̄e

�
�
�
�
����
�
�
�

e

W−

d
(ab4)

(ab5)
u

6

6 6

(aa∗5∗)
ν̄e

�
�
�
�
����
�
�
�

e
(aa∗4)

W−
(45∗)

6

a

a

6

b

b
u

4
d

6

������������������*

5

6

��������

6

��������*

6

���������*

6

4
5∗

5∗aa∗

e

ν̄e

W−

a
a∗
4
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• The dangerous Feynman diagrams of SM and GUT
(e.g., proton decay, FCNC, · · · ) are forbidden naturally
in SQM diagram interpretation.

• The thermodynamics of the universe in NLSGR/SGM is open.

• Is Universe Big Cycle?

NLSGR→ (BC)→ SGM → (BB)→ SMs→ · · · → BH → NLSGR→ · · ·
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