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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,

e Space-time dimension four,

e Three-generations structure of quarks and leptons,

e C-asymmetry of Nature,

e Tiny Neutrino mass M, proton stability in GUT

e Dark Matter, Dark Enegy; pp » ~ (M,)* & ACDM, Inflation?

—> SUSY, SUGRA,
e 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:[z"], GL(4,R))
¢ SUGRA <= Geometry of superspace (Mathematical:[2", 0], 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
e The decomposition of 10 supercharges Q!, (I =1,2,---.10) are:

1056(10) = S50 (5) + 5" s0¢5)
§SU(5) — [{é*calewa (%7 %7 %) : Qa(a — 17 27 3)}7 {lcagewa (07 _6) : Qm(m — 47 5)}]

< Supercharge 54, ;) has the same quantum numbers as 5 of SU(5) GUT.

e Massless helicity states of gravity supermultiplet of SO(10) sP with CPT
conjugation

are specified by the helicity » = (2 — 5) and the dimension d;,; =

10! .
n!(10—n)!"

h>=Q"Q" .- Q%*Q'2 >, Q™ (n = a,m,a*,m*): supercharge

Al 3 2 2 3 1 > 0
Lio] 104 459 1205, 210y,

Q) | lpoy | 109 | 45 | 120 | 2104 | 252i5 | 210y

—
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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.
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e N > 10 case is unrealistic and excluded.

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

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

We show in this talk:

e 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:

e Take (flat) space-time specified by =z for SO(1,3) and v, for SL(2,C).
e Consider one form w® = dx® + ’;’—j(@hadw — dipy*)),

 is an arbitrary constant with the dimension [*2.

o 6w®=0 under 6z = (v — pyC) and §1p = ¢

with a global spinor parameter (.

e An invariant action(~ invariant volume) is obtained:

S = —Q—bfwo/\wl/\wQ/\w?’ = [d*zLya,

Ly 4 is N=1 Volkov-Akulov model of NLSUSY given by

Lya = —5s|wval = —50 [1 — t% + 5(t%t% — t"t%) + -+,
wy a] = det w*, = det(0f +1%), 1% = —ik*(PY b — Dby 1),
which is invariant under N=1 NLSUSY transformation:

O0ct) = ¢ — ik(CY* ) — y*C)dath,  [01,02] = dp.

e 1 is Nambu-Goldstone(NG) fermion for superiranslation

translation

e 1 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 1), for SL(2,C)
besides the ordinary Minkowski coordinates z* for SO(1,3),

i.e.,
the coordinate 1), of the coset space SUPézc(;f%R) turning to the NLSUSY
NG fermion (called superon hereafter) are attached besides z“ at every curved

space-time point.
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e New unstable space-time(ultimate shape of nature):

e?,, unified vierbein {2 W}
> N {2} A
e, — 52

I New spacetime |

(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.)

e 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.

e Unified vierbein ¢“,(x) of new space-time:

e (x) = ey + 2, () = whe®,,  w =% + t%,

1 () = S (1 0T — Tyep), (I =1,2,.., N)

Mo (x) = et — thy + tHptP g — tHot? jtP g + tH it 5t7 ptP e + - - - = ey,
ep(w)ety(x) = 0%  e"y(x)e”a(x) = 0"y

£, (1) = 5 (b Bnpla — DTy ), (I = 1,2, ., N)

(Note that Grassmann odd d.o.f. induces the imaginary part of ¢*,(z) .)

e 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))

4
C ~
L ) = — 2 e) + A 1
Nesar(e) = —r—Jel{R(E) + A} (1
€] = det €, = det(e”, +1%u(1)), (2)
2
a R 1 a I ~a
(V) = 5 (10 = 0!y, (I = 1,2, N) (3)
o ¢, (x)(=e*, +1*,(¢)) : the unified vierbein of new space-time
o ea u(x) : the ordmary vierbein for the local SO(1,3) d.o.f.of GR,
o t%,(¢(x)) : the mimic vierbein for the local SL(2,C) d.o.f. composed of

the~stress energy-momentum of NG fermion ¢ (z)!(called superons),
e R(€) : Ricci scalar curvature of new space-time computed in terms of ¢“,,

® G =¢Ymane’y, §M(x) = et o(z)n*e”,(x): metric tensors of new space-time.

e (5 : the Newton gravitational constant.
e A> 0 : cosmological constant required
by the correct NLSUSY structure of tangent space.
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e NLSGR scenario fixes the arbitrary constatnt ~x* to

< = ()

with the dimension (length)* ~ (enegy) ™.

e A > 0 in the action Lyrsgr allows
negative dark energy density interpretation of %
in the Einstein equation. — Sec.b.

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

e Note that SO(1,D — 1) = SL(d,C), i.e. Du;_l) = 2(d* — 1) holds
foronly D =4,d = 2.

NLSGR scenario predicts 4 dimensional space-time.
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2.3. Symmetries of NLSGR Lypscar(w) (N-extended action)

e Space-time symmetries (~ sP):

new NLSUSY| ® [local GL(4,R)] ® [local Lorentz| (4)
e Internal symmetries for N-extended NLSUSY GR (N-superons ! (I =

1,2,..N)):

[global SO(N)] ® [local U(1)N] @ [chiral]. (5)
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For example:
e Invariance under the new NLSUSY transformation;

1 ~ _
5C¢I - _CI - i/igjfypwjapwla 5C€au — i’fcjfypw!]a[,ueap]-
K
induces GL(4,R) transformations on é’fj and the unified metric g,
5<é’/‘fb — 5’/&162 +0,87€,,  0cGuy = £"0kGur + 0,8  Grr + 0E" Gun,

where ( is a constant spinor parameter, Jj,¢”,) = 0,e%, — J,e”, and
&0 = —inC TPy,

e Commutators of two new NLSUSY transformations (??) on ! and ¢%,
close to GL(4,R),

[5C_17 5C2] ! = EM@M¢I> [5C17 5C2]eau - :papeau + eapauEpa
WheC;e = = QiC117MC12 - gf‘ggeaﬂa[Peaa]'
g.e.d.
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e New NLSUSY (?77?) is the square-root of GL(4,R);

01,02] = dqr(aRr), %.e. 0~ 4/0GL(4,R)-

c.f. SUGRA (LSUSY)

01, 02] = dp+dL + 9,

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

4

. ) )
Spt = _§6a ol Sre®, = e, + Z€ab0d¢1%%¢l(5ﬂ€bc)

with the local parameter €., = (1/2)¢4p) ().
(??) induce the familiar local Lorentz transformation on é¢,:
0%, = €"e%,

with the local parameter ¢,;, = (1/2)¢[44)(2)

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

4
a a R™ abed 75 )
[5L17 5L2]6 w o 5 beb,u + Ze ’ dwj’%’dej (a,uﬁbc)a
where Bab — _Bba is given by Bab = €20c€1b — €2bc€1 -

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

@ Lniscr(€) breaks down spontaneously(Big Collapse) to

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

4

—Jel{R(e) + (@A + T(e,¢")}. (12)

Lnisar(€) = Lsam(e, ¥) =

Superon-Graviton Model(SGM) before Big Bang

R(e): the Ricci scalar curvature of ordinary Riemann space-time
J: NG fermion, < §¢7 >= 17
A : the cosmological constant

lw(y!)] = det w?, = det {6% + t%(10")}: NLSUSY action for superon
T(e,1)’) : the gravitational interaction of superon
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@ Big Collapse Lscn(e,!) induces :
the instantanious expansion of space-time by the Pauli principle — Sec. 5

@ Lsgm(e,v!) 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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e?,, unified vierbein {2, W}

><—— N {21} A
e, — 0y,
‘ New spacetime I
| Big Collapse
e, : ordinary vierbein {22}
N&

<] — N\ {ZU'U’}

a a

Riemann spacetime & matter

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

| ¢AA
In _ ;.| & popt 4. 1
S 0 87rGfY¢+ . (13)

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

cAA

J 1 .
< S, 0 >=
Vg | | W3

with the strength ¢, = ‘/gi/c\? — kL

5 (V")ap (14)

The vacuum structure of Lggs(e ) 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

e By linearizing NLSUSY we anticipate that
we will obtain the (SUGRA-analogue) broken global LSUSY theory
expressed in terms of the composite of superon (z) and e“;:

LLSUSY(ea,ua 1%(6, W, M(G, ¢)7 N(e7 w)v o )

which satisfies:

NL/L SUSY relation (equivalence):

Lnisar(w) = Lsam(e, ¥) =Lisusy(e®y, Yu(e, ), M(e, ), N(e, ), - -).
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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 (e®, — §“,) space reduces to
N =2 NLSUSY (i.e., A term of N =2 NLSGR):

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

@ N=2, d=2 NLSUSY theory:

L 1 ~Qa | 1 1 ta 1(ta tb ta tb )
= - € - a a a e ’

|éa’u| = det w = det((?g + tab), % = —imQ(@Eﬂ“@bW — @Zﬂaﬁbw), (] — 1, 2),
which is invariant under N=2 NLSUSY transformation,

et = £¢7 — ik (Cey " — Gy )07, (5 = 1,2).
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@ N=2, d=2 LSUSY Theory (SUSY QED):

e Helicity states of N=2 vector supermultiplet:

+1, 41 + [CPTconjugate]
0
corresponds to N=2, d=2 LSUSY off-shell minimal vector supermultiplet:
(04, N, A, ¢, D; i=1,2) in WZ gauge. (A and ¢ are two singlets, 0™ and 0,
scalar fields.)

e Helicity states of N=2 scalar supermultiplet:

1
T3
0, 0 + [CPTconjugate]

2
corresponds to N=2, d=2 LSUSY two scalar supermultiplets:

(x, B, v, F*; i=1,2), B* and F" are complex.

—_
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e The most genaral N =2, d =2 SUSYQED action (m = 0 case) :

Ln—2susyqQep = Lvo+ Lgg + Le + Ly ¢, (16)

1 o~ 1
Lvo = ——(Fu)? 4+ = NPN + =(9,4)2 + ( Dab)* + D2 —§D,
4 2 2 K
S (U S B
b0 = §XﬁX + 5\%3 2+ 5”@” + §\F 2,
N | ]
L. =¢ {’ifua)_(yay — ev*B'0, B’ + §A()_<X + Dv) — dXV5V
o o 1 1 |
+B'(\N'x — €’ M) — 5\B1\2D} + {h.c.} + 562(%2 — A% — ¢*)|BY?,
Lys = [{ANN + 96X\ + (A% — 63)D — e AGF,) (17)

e Note that
J = 0 states in the vector multiplet for V > 2 SUSY induce Yukawa coupling.
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Ln=2susyQED is invariant under N =2 LSUSY transformation:

e For the minimal vector off-shell supermultiplet:
5ev® = —ie ('yIN,

O = (D —19A)C" + —EabEwFab’}/g,C‘? — i€ vs AV,

2

5cA = ("N,

Ocp = —€7 (N,

6¢D = —il"PN". (18)
1001,002] = dp(E?) + 64(0), (19)

where (*,i = 1,2 are constant spinors and §,(6) is the U(1) gauge transformation
for only v* with = = 2i¢1 "¢y, 0 = —2(i(}v*C va — €A — (1r5¢50).
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e For the two scalar off-shell supermultiplets:

bex = (F'—i@B")(" — ec?V'BY,
5CB7; = fix — eijfju,
€V (F' +i@B")(? + eV'B',
6 F' = —iC' @y — i Pv
—e{eVIixy = Vw4 (C'N + I N)B? — (N B},

(541/

51, )X = E0ax — ebu,
8¢y, 0¢,) B = 20, B" — e 0B,

0cy, 0, )V = E®Our + eblx,

0¢,, 0c ) F" = Z90, F" + e F 7, (20)

with V* = ju,v%(" — €7 AC? — ¢y5¢* and the U(1) gauge parameter 0.
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N =2 NL/L SUSY relation(equivalence):

LNZQSUSYQED = Lyo + Lipo + L.+ va = Ln—oNLsUsy + [Surface terms], (21)
is obtained by

(1) commutator-based (heuristic) linearization

or

(11) superfield-based (systematic) linearization.
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(1) Commutator-based linearization:

@The product of Lorentz tensors composed of 7"
multiplied by |w|, ()" = 0,n > 4 play a basic role.

e For such Lorentz tensors (of current) of ' miltiplied by |w|,

bl ATk glm on ((W)Q(”_”\w!) = K3y A PFypyt ey ), (22)
Fi AP gm P (12 Hw|) = w2 Dl g™ -y epP|wl, (23)
the variations under the NLSUSY transformations become
Sebi a7k gl = k2D [ (Eimanp? 4 Piyal?) PRyt - My + -}l
+£0, (P ya? PPy gt - - Ay wl)] (24)
5sz'jAleml..-nCp _ /{12n—1 [{Czﬁijwk&lvam o &n,)/cwp
U (Fyah® + I yac®) Plypyp™ - P yep? + -} )
+£0q (£ PP YA P ypyp™ - - P yopP|w|) ] (25)
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where £¢ = 'y,

e These show that the tables of products of Lorentz tensors (of currents)
of 1" multiplied by |w| give a finite representation of NLSUSY algebra.

e The self-contained part of Lorentz-tensor table
corresponds to smaller LSUSY multiplet.
e They satisfy the basic commutator under NLSGR tr.

[00(¢1),00(¢2)] = dp(v),

where Jp(v) is a translation with a parameter v® = 2i(C¢, vk, — ¢ py?Cip)
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e These results show that
the commutator-based linearization closes on the all possible Lorentz tensors
composed of ¢ and gives a finite dimensional representation of sP algebra.

e 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 1.

e Substituting SUSY compositeness into Ly—21,sUSYQED,
we obtain Ly_onpsusy, i -e. the NL/L SUSY relation(equivalence).
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e SUSY compositeness for the vector off-shell minimal supermultiplet:

o = ety

A= &l
1 . .
A= Erpiyul,
1 . .
¢ = —55/‘436”@@@7’51?”10%
§

K

D = =Jwl, (26)

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

e Note that ¢ is the low energy leading term of the supercharge Q°.
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e SUSY compositeness for scalar off-shell minimal supermultiplets:
N i N
X=€ [Ulul + 0l v Euly
. 1 .. N
B' = - (iww - ww) wl,
=€ |Wlu + 20,1y o)
i 1. L s ar7i 57k & T (T
F' = =€ S w| + 2h2 0,0 (B 97 9 0wl § — im0, (6" )

R EE Y (27)

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

o (' is the VEV factor of the auxiliary field F*.
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e SUSY compositeness produces under NLSUSY transformation

off-shell commutator algebra :

[00(¢1),00(C2)] = dp(v), (28)

where dp(v) is a translation with a parameter

vt = Qi(éfLWGCéL - CTiRWaC%R) (29)

e Note that the commutator does not induce the U(1) gauge transformation for
the off-shell supermultiplet.
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e Substituting SUSY copositeness into LN—21,5USYQED,
we obtain NL/L SUSY relation for the minimal off-shell supermultiplet:

Ln—21susyQep = f(&, &) Ln—anLsusy + [suface terms], (30)

f&,8) = - ()7 =1 (31)
= LSUSY multiplet may be regarded as composite eigenstates
of global SUSY space-time symmetries.

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

e The direct linearization of highly nonlinear SGM action (?77)
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 A 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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(11) Systematic Linearization of NLSUSY by the superfield formulation(d = 2)

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

| o 1. . . 1. . 1 ...
V(w,0) = C(w) + 0N () + 500/ MY (2) = 06" MY () + 295567 6(x)
o 1. 1.
—iewez%eﬂya(m) = SO0 (2) - 009D (), (32)

and for the N = 2 scalar supermultiplet by

®'(x,0") = B'(z) + 0" (x) — €0 v(x) — %Q_jﬁjﬁi(x) + 097 FI(z) — i0' @B (x)0’

. . o 1-. . _ .
+50700 (0" D) — 0 P (@) + S6°69616%0,0° B (). (33)

5, LO)]+[CPT conj.] and [ 1(3), 2(0), 1(—3)] +[ CPT conj. ]

—MiniWsNewldeasPPC, September 30, 2026 YITP, Kyoto.— 35/17



e Extend the superspace to the following superspace (z',0") with —x(z),
' = 2% + k0, 0" = 0" + Ky, (34)
and denotes the extended superfields on (2/%,0") and their f-expansions as
V(@' 0'") = V(@ 050" (2), @', 0") = &(a7, 6% " (x)). (35)
e Extended global SUSY translations on (2'%,0"") give ¢, = —ikeyHy
OV (0% " (1)) = £,0MV(x%, 0% 0" (), 0®(x, 0% 9" () = £,0"P (2, 0% 4" (x)),
e Therefore, the conditions
L (x) = & (constant) P (x) = &4 (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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e Putting constants in the most general case as follows:

~ A1 ) ) 1 i ~a a \1 ) a2 €
:£C7 A :€A7 MJ_ ]\J47 ¢:£¢7 U = Gy A :g)\a D:;7 (38)

~ . gz

— sza >~C — ‘fxa V= ‘Sw F* = o (39)

e We obtain straightforwardly SUSY compositeness gp{, = gp{,(@b) for the vector
supermultiplet

C = & + kY gA+ Sk (T — ETyT) + é’qm et ysy’ — fﬁﬁQEijzﬁivM
_f%w%jei - ggmwww,
= € + A€ — €0 + poneTysdd — L EoneTy
_%gf\ 2hIpT + %,gijg — s D ysE) — Yathd Iy E})
o ERPI — iR PO ()Y,
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1 2 zkejlw ¢l82 (w)

. y . 1 _. . o
MY = & + e + Seri'e +ine M GFPA () — ok

b = & — ReTPIsE] — SRy — ineIFsPA () + %mze%%wja%(w),

v = €8 — ikeiye] — zﬁme%iv%f" — KeTY Py N () + ﬁ "Iy PP C (1))
—ir2 €Y'y Y 00, C (1)),

A= € &t — k@M () + ke Y, Dy (V)

—%/{Ei‘j {W@av“(w) - %eab%ijab(w)}
1

—SRHOPNI ) — PN (0) T — 350 ()5
0PN ()G + 200,09 () §r "} — LAOPPCCLGIY

D = g_wz‘ww)
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gt { BUIPMIG) ~ 3T 5P 0(w)

%eij@i%wa%w) ~ z‘e@'jzﬁiwjaaabvb(w)}

%ﬁ&%%i DO\ (1) + ém%%"ﬂj P 0" C (), (40)
and SUSY compositeness for the scalar multiplet oL = ¢4 (v):

Bl = €+ r(§E — UL — SR () — 25T () + 20 DB ()}
iKY (I IN(W) — R} + SRR B (),
X = &+ a{U (W) — i@ B ()¢
LRI — G FI) -1 T )]

oW B() + SR P W + RO (),
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V =

F' =

& — KeT{P FI (1) — i@ B' ()¢}

2
+%ﬁ36ij¢i¢k¢ka23j(¢)

1

1

L2 ()F + €T Py () — A D ()]

+ SRS PTG + RO (),

% ik { D () + €995 Ju(eh)}

— KPP P B () + k2O O BI () + ik PF (1)

2

2

RGP () + PR P ()} — %W%w’wk@?ﬂ(w-
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e Choosing the following Lorentz invariant and SUSY invariant constraints of the
component fields in V and 9,

)\ ~:ﬁ, Bi=y=0=0, F%’:f—, (42)
K K

gives previous SUSY compositeness for the minimal supermultiplet of SUSYQED.

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

Ln=25UsYQED = Lygree + Ly s + Lgauge =f (&, ") Sn—anLsUSY (43)

when f(¢,£') =& —(£)° =1

e 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):

C—t, N=M—¢=i"=XN=0, D=5 Bi=g=p=0, F=5 ()
- K K
NL/L SUSY relation gives
12
| | In(z=)
FE€,6) =€ — ()2 =1, e, e=—2 1 (45)

where ¢ is the bare gauge coupling constant.

e 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-Mllis theory

e Physical helicity states of V = 3 LSUSY vector supermultiplet:

[ 1(+1),3 (%) 3(0),1 (-%) ] + [CPT conjugate] (46)

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

e N = 3 superYang-Mills(SUSYYM) minimal off-shell gauge multiplet,
[0 (@), N (2), A7 (2), xa (2), 61 (2), D (@)}, (I =1,2,--,dim.G)  (47)

Each component field belongs to the adjoint representation of the YM gauge
group G-
(T4, T7] = ifI/ETE and denoted as ' = ¢ !T, etc..
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e N =3 (pure) SUSYYM action:

1 ] : ' 1 1, .
Sovwt = [ @ tr{ <L (Fu)? 4 XDN + J(DuA 4 S0 + 5(Dud)? + (D)
—ig{e P AN N — [AT Nx + d(N A" + x50}
1 - |
Fe (A AT 2000 | (48)

where ¢ is the gauge coupling constant, D, and F,; are the covariant derivative
and the YM gauge field strength defined as

Dy = Oatp — ig|va, ¢,
Fop = 0qvp — Opvq — 1g|Vq, Up)- (49)
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e SUSYYM action is invariant under N = 3 LSUSY transformations:

5C,UCL _ i&i’}/a)\i,

. o 1, . .
6N = €MD —iPAT)CH + Se Fayys(' — insPég

+ig([A', A7 + e7F[ A7, ¢lysC"),
Ocx = (D' +iDA)C +ig(eV* A" AR — (AT, glys(),

5C¢ — EifY5)\i7
cD! = iGN Gy + ig (TN, Y]+ PN, 4] — G, A
[5@1, (5(2] = 5P(Ea) + 5(;((9) + 59(9), (51)

where i (0) means 6g(0)p = igld,¢] and §,(0) is the U(1) gauge transformation
only for v* with 0 = —2(i(iv*Civ, — €9FCIC AR — CivysClo).
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e SUSY invariant(composite) relations for N = 3 YM off-shell gauge
supermultiplet

0T = L ReIRET IR (L — ik ) + IR By (st ) + O(s),
N = @RI (1— i gyt

R B, (€Tl 4 e (s — st T} + Ok,
A = Gg%wj = gﬂ&iwﬂ') (1 —iw*P*Pyr) — %m3£ifaa(¢iv“wj&kwk) +O(k”),
X' = €191~ iR IP) + R0, ) + O,
¢! = —%meiﬂ%ww’f( — ik P PP — Zmi”eabe%”aa(%bw%lwl) +O(r”),
D = g uw| — i€ D, 0 (1 — i Py}

RO — 48TV + O(s), (52
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e Arbitrary real constants ¢/ of auxirially fields D% bridge
N = 3 SUSY and the YM gauge group G.

e Substituting (?7) into the SYM action (77),
we can show the NL/L SUSY relation for N =3 SUSY:

Lyvsyym(¥) = —(6")? Lywsusy + [surface terms. (53)
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4.3 LSUSY of higher-spin massless supermultiplet of SGM:

For the massless supermultiplet with the highest-helicity (+3, ig) of SGM,
we take the symmetric tensor(-spinor) gauge field multiplet (¢,,.,, A,.0)-

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.)

Lo pipans = 070001 popy — Zamap@pugug + Zau1au290ppu3 =0,
p(1) p(2)

O£ P piopis = Zamfuzu:s = Opy&paps T Opspnps + OusSpyps
p(1)

7PF(1)07M1M2 =70 A1y = VO Appy — VP OuaApsp = 0,
56)‘M1M2 - ameuz + ameuv
€pp = Y, 7p€p =0 (54)

L5 09, 1243 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:

5C90abc — _i€7d>\667
5C)‘ab — UCdacgpdai)Ca (55)

produce for .. the familiar SUSY algebra:

[527 51]90abc — 5P + 5G7
5P — (i§17d<2)ad$0abcv
0 = 0a{(iC1vC)p gy} (56)

While for )., the Fiertz rearrangement of two supertransformations 020; ),

1
5251>\,u,u — (EQ’Ya,ap)\,uy)O-pgel — _ZEI(E2FI€1)UPJFI/70'arho)\muV7 (57)
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where I'; = (1, ~v,, 2i0,,, 75, V57.) shows that the non-zero contribution to
the commutator [z, 1)), comes from the vector €;7,e2 and the antisymmetric
tensor i€;5"*e; terms of the parameters in the rearrangement and becomes as
follows with the pathological extra term s containing i(;0%(s:

102,01 Aap = dp + g + 05 + 0%,

0p = —24(i17*¢2) Oatan,

0 = 0a{(1C17¢2) (8N — 4757 e + - )},

0 = 0a{(1C10°C) (YeAan + - - )},

0s; = 2(iC10°%C) (Va0 g, + ¥eDa4i) (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: [440]r = [140] 5.
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4.4 Linearization of Lgsgy(e, 1) in curved space-time

@ Commutator-based linearization:

e Show

NL/L SUSY relation (equivalence):
Lyvsar(w) = Lsam(e, ¥) =L1susy(slobalsUGRA) (€%, Vv, v, A @, M, N, - - -).

under
e NLSUSY/( global ) transformations

St = L+ 1O, b, = 2@&5@'7%@6[“@3], EF = jrapIyH(a,
and the commutator algebra,

[0¢,5 0] = dcrr(a,r)(BX), BF = 2(iCiyHCs — £1£" et 1 0pe%,))
e Find global SUSY, off-shell SUGRA supermultiplet
and the SUSY composite expression. e. g. 165 = 16p
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e In curved space-time, Lorentz- and Riemann-tensor functionals
with v-matrices

Fift = Fij' (', ef,, 09", Ope )

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 s 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.

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

cAA

G

< o (z) [T 5|0 >=i (V") apd”* + -+, (59)

. 4 .
where J*H = j\/ £L~Hypk 1 .. is the conserved supercurrent.

gig = —\/1% is the coupling constant (= g.,) of superon with the vacuum.

4
— My ~ PDE
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e How to extract the vacuum configuration of SGM.
In Riemann-flat space-time, NL/L SUSY relation(equivalence) gives:

Ln—oseam—Ln=—onLsusy + [suface terms| = Ly—25UsvyQED- (60)

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

The vacuum is given by the minimum of the potential V (A, ¢, B", D) of
L N=21.8USYQED»

2
V(A4,6,5'D) = ~3D*+ { £ = J(A42 — ) 4 GelBP D+ G+ P)BE. (o)
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e Substituting the solution of the equation of motion for the auxiliary field D we
obtain

2
Vi, B) = 3 {40 = I - S LA B 20 (62)

e Two different types of vacua V = 0 exist in (4, ¢, B*)-space:

o P2 7.2 i | € i 2_£
(I) A=¢=0, |B'|"=-k (B —\/;B, k _fﬁ:> (63)

(IT) |BY? =0, A%—¢*=1Fk> (64)

e Expansions of A, ¢, B* around vacuum values give

and

low energy particles fl, ¢?, B in the true vacuum.
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e For the type (I) vacuum with SO(2) symmetry for (B!, B?), ef <0,

1
LN—25USYQED = 5{(@“0)2 — 2(—ef)k*p*}

ol (0A) 4 (3u)? — 2—e /K42 + 37))

1 (Fa)? + (e k02

FSNPN + XD+ 7P + /=2ef(Nx = X) + -+,
(65)
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and following mass spectra

=mj =my, =2—ef)k* ===,

_ 2
_mA

2
my

myi = m, = m, = 0.

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

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

e \' are NG fermions.
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e For the type (/7) vacuum with SO(1,1) symmetry for (A, ¢), f& >0,

1 R .
L N—25USYQED = 5{((%14)2 —4f7k* A%}
1 . . . .
+5{10a B[ +10a B — e*K*(|B'|* + |B7]%)}
L a0
+§<aa§b)

1

_Z(Fab)Q

1 - o
5NN = 2fRNN)

oKX + D) — eh(Xx + )} 4 (67)
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and following mass spectra:

A8
2 2 4272
2 2 2 2 2,0 &€
mBlsz2:mX:mV:€k Kl—f,
m’Ua, = mqb p— 07 (68)
which produces mass hierarchy by the factor % independent of . (k2 = —1%2\(;)

e The vacuum breaks both SUSY and SO(1,1) for (A, ¢)
and restores(maintains) SO(2)(U(1)) for (B', B?), spontaneously,

which produces NG-Boson é and massless photon v,
and gives soft masses < A > to \'.
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e We have shown explicitly that

N=2 LSUSY QED, i.e. the matter sector( A term) of N =2 SGM (in flat-space),
possesses a true vacuum type (I1).

e The resulting model describes qualitatively

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

one massive charged Dirac fermion (¢ p° ~ x + iv),
one massive neutral Dirac fermion (\p" ~ A —i)\?),
one massless vector (a photon) (v,),

one charged scalar (B' + iB?),

one neutral complex scalar (fl + zgg).

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 Lggn(e, 1) with respect to e?, yields
Einstein equation equipping with matter and cosmological term:

A

1 8tG -
— {T,Lu/(ea w) o g/ﬂ/%}' (69)

R,uu(e) — ag;wR(e) —

cd

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

4 []
e Note that the cosmological term —SCW/C\; can be interpreted as

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

ds® = s (x)datdz” = {g,, + (e, 1) pdatdz”.

{¢($)a, 7vz(y)b}xozyo =0 = {w(x)av _(y)b}xozyo — 5(3)(X - Y)5ab
({¥(@), YWt =0 = {¥(@),, Y} =iS(x —y)da )

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

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

dark energy density pp ~ O(k™2) ~ m,* ~ (10712GeV)?* ~ g,,2,

provided \p" is identified with neutrino and f¢ ~ O(1).
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7. Summary

NLSGR(SGM) for unity of nature:

e Ultimate entity; Unstable d = 4 space-time:[z%, 1" ; 2*] described by
[Lnpser(w®,)] @ Global SUSY NLSGR on New space-time with A> 0

— Big Collapse (BC)

e The creation of ordinary Riemann space-time [graviton e ,] and

massless NG fermionic matter [superon ¢,"], rapid expansion by Pauli principle
|[Lsem = Lgu(e) — A+ T(i.e)] : Einstein GR with A > 0 and N superon

e The universal attractive force graviton dictates the evolution of [Lsan
by forming gravitational composite global LSUSY supermultiplet
corresponding to (massless) eigenstates of space-time symmetry SO(10) sP.

— lgnition of Big Bang of the universe toward ACDM scenario

e In flat space-time, broken N-LSUSY theory emerges from the N-NLSUSY
cosmological term of Lgcni(e, ) [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 = 545, + 53u(5)*
superon-quintet model(SQM) of matter

e Three 1° particles beyond SM :

One neutral spin 1/2 fermion N: €%°Q,QpQ.€™"Qm@Qn
One double-charge spin 1/2 fermion E**: ¢2%¢Q,Q,Q.e™"Q* Q%
One neutral vector boson S: §%°Q,Q*,

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

@Field theory via Linearization:
e NLSGR(SGM) scenario predicts 4 dimensional space-time.
e The bare gauge coupling constants are constrained (unified).

e 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. — m,
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@ Many Open Problems! e.g.,

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

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

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

(eaye): 5aanQ*mev (,LL, V,LL): 5aanQ*b€lleQmQ:' (7_7 VT): EachcheadeQ*dQZQm
(u, d): € QuQcQmy (¢, 5): €MQQme QpQcQ*ny (t,0): €°QuQpQ Q1 Qm,
HiggsBoson: €*°Q,QuQ.Qm, GaugeBoson: Q,Q*;, -+

e.g. SQM diagram for 5-decay. )

P b5 *H* *4 u Ve
udu U, e (au) (a,ape )(ag ) abb 5*a a*

N

W-
udd d abd
n (abd)
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e The dangerous Feynman diagrams of SM and GUT
(e.g., proton decay, FCNC, --- ) are forbidden naturally
in SQM diagram interpretation.

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

e Is Universe Big Cycle?

NLSGR — (BC) - SGM — (BB) - SMs — ---— BH - NLSGR — - --
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