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1. Motivation
@ The success of Two SMs, i.e. GR and GWS model.

However, many unsolved fundamental problems in SMs: e.g.,

e Unification of two SMs.

e Space-time dimension four,

e Three generations of quarks and leptons,

e Tiny Neutrino mass M, proton stability in GUT

e Dark Matter, Dark enegy; pp p ~ (M,)* & A(cosmological term)?

—> 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:[x"], GL(4,R))
¢ SUGRA <= Geometry of superspace (Mathematical:[z". 0], sPoicaré )

—> New SUSY paradigm on specific physical space-timel!.
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@ As for the three-generations structure:

Among all SO(N) sP, [N =8 by M. Gell-Mann]

SM with just 3 generations emerges from one irreducible rep. of only SO(10) sP.

e 10 supercharges Q!, (I = 1,2,---.10) are assigned as follows:

mSO(lO) — QSU(5) +§*SU(5) for 50(10) D SU(5) X U(l) D SU(3) X SU(Q) X U(l)
QSU(5) = | 37,17, (§7 %7 g) :Qala=1,2,3) |+ 1°,2°%, (—e,0) : Qm(m =4,5) .

< Note that supercharge quintet 55,5y = 555 07

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

are specified by the helicity 1 = (2 — %) and the dimension d;,; = 70

|h >=Q"Q" 1. Q*Q'2 >, Q" (n=0,1,2,---,10): supercharge
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@ Spin - Dirac particles after superHiggs (SU(2): L-R symm. case)
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@ SM Higgs doublet state survives in h = 0 state.
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e How to construct N=10 SUSY with gravity
beyond No-Go theorem in S-matrix ?

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

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 NLSUSY structure.
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A quick review of NLSUSY:

e Take flat space-time specified by =% and v,.

e Consider one form w® = dz® + ;—j(@@vadw — dipy*p),

~ is an arbitrary constant with the dimension [ 2.

o 6w’=0 under 5z = (v — py¢) and §1p = ¢
with a global spinor parameter (.

e An invariant acction(w invariant volume) is obtained:

S———fw Awl Aw? Aw? —fd4:cLVA,
Ly 4 is N=1 Volkov- Akulov model of NLSUSY given by
Lva = —gz|wyal = =55 [1 + 1% — 5(t%t% — t%t°%) + -],

lwy 4] = det w®y, = det(5“ + %),

thy = —ik* (YO — vy ),

which is invariant under N=1 NLSUSY transformation:

o) = %C — ik(Cy4) — (y4P)D,1p. +— NG fermioon for SB SUSY

e ¢ is Nambu-Goldstone(NG) fermion (the coset space coordinate) of

super Poincare
Poincare

e 1 is quantized canonically in compatible with SUSY algebra.

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. —  6/66



2. Nonlinear-Supersymmetric General Relativity (NLSUSYGR)

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 7, of the coset space Suzgfi%m turning to the NLSUSY NG

fermion (called superon hereafter) are attached at every curved space-time point
besides x“.
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e New (empy) unstable space-time:

w®, : ulvierbein {29, wi}
>< — N\ {x“} A
we, — 52

‘ New spacetime I

(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. )

e 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)

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

e Unified vierbein w* (x)(ulvierbein) of new space-time:
(Note: Grassmann d.o.f. induces the imaginary part of w“,(z).)

u(aj) e, + t%(w)'
wh, () = ety —thg + tH P g — tHot? jtP g + tHt 517 )t g
(

a

S

p(@)why(z) = 6%
2

1, () = 5 (W1 BT = 8 pTy*h), (I = 1,2,..,N)

e N-extended NLSUSYGR action of Eienstein-Hilbert(EH)-type
for new space-time. —-
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N-extended NLSUSYGR action:
( Phys.Lett.B501,237(2001), B507,260(2001))

C4

Lnisusygr(w) = — lw{Q(w) + A},
167G
|w| = det w*,, = det(e®, +t*,.(¥)),

2 _ _
(W) = S (17° 9,07 = 9,01y ¢), (I = 1,2, N) (3)

—~~
N =
~— —

o w',(z)(=e%,+1t*,(¢)) : the unified vierbein of new space-time(ulvierbein)
e ¢%,(z) : the ordinary 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 ((w) : Ricci scalar curvature of new space-time computed in terms of w®,,,

o s, = wnaw’, s (x) = whe(z)n**w”,(z): metric tensors of new space-time.

e (5 : the Newton gravitational constant.
e A> 0 : cosmological constant indicating NLSUSY structure of tangent space.
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e NLSUSYGR scenario fixes the arbitrary constatnt x* to

< = ()"

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

e A > 0in the action Lnrsusyar allows
negative dark energy density interpretation of %
in the Einstein equation. — Sec.4.

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

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

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

e Space-time symmetries (= sP):

lnew NLSUSY] ® [local GL(4,R)] ® [local Lorentz] (4)

e Internal symmetries for N-extended NLSUSY GR (N-superons 1! (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 .- a T a
5C¢I = ECI — m(J’ypwjﬁpwl, oce?,, = m(Jq/pwj(?[Me o-
induce GL(4,R) transformations on w®, and the unified metric s,
dew®, =0, w, + 0,8 W,  0cSu = E"0kSuw + 0uE Sk + 00E"S ik,

where ( is a constant spinor parameter, Jj,¢”,; = d,e%, — d e, and
&0 = —inClyPyl.

e Commutators of two new NLSUSY transformations (6) on ! and €%,
close to GL(4,R),

[5_417 Ocs) f= Euauwlv [0¢,, 0¢,)e" = EPOpey + €% 0,57,
where 2 = 2i¢T yHCTy — E0€5e 10 e )

qg.e.d.
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e New NLSUSY (6) is the square-root of GL(4,R);

[01,02] = darL(ar)s @€ O~ y/OGL(4,R)-

c.f. SUGRA(LSUSY)

01, 02] = dp+dr + 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;

b K*

Sppt = —iea oyt ore’, = €"pe

with the local parameter €., = (1/2)€[qp)().

4

(9) induce the familiar local Lorentz transformation on w?,:

a __ _a b
orw?, = e“pw’,

with the local parameter €., = (1/2)e€4p) ()

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

/€4

[01,,00,)€%, = B%e’ + —““UpT sy 107 (0, Bye ),

4

where 6&() — _Bba IS given by Bab = €24c€1b — €2b¢€1-
q.e.d.
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3. Evolution of New Space-time:

3.1. Big Collapse of new space-time

@ A > 0 allows Lnpsusyar(w) breaks down spontaneously(Big Collapse) to

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

@ Superon-Graviton Model(SGM) created by Big Collapse:

(34

167G

Lnisusyer(w) = Lscu(e, ¥) = — el{R(e) + w(@)|A+T(e, ")} (12)

R(e): the Ricci scalar curvature of ordinary Riemann space-time

A : the cosmological constant

lw(p!)| = det w, = det {5% + t%(1»1)}: NLSUSY action for superon
T(e,)!) : the gravitational interaction of superon
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@ Big Collapse induces the rapid spacial expamsion of space-time
by the Pauli principle.

@ Lsgum(e,v!) evolves toward the true vacuum by constituting
gravitational composite (massless) eigenstates of broken LSUSY SO(N) sP,
which is the ignition of the Big Bang SMs scenario. —

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. — 17/66



w®,, : ulvierbein {xa’ Wy}

><—— N {2} A
we, — (5Z
‘ New spacetime I
| Big Collapse
e”, : ordinary vierbein {29}
N )

<< — N\ {wﬂ}

a a

Riemann spacetime & matter

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

4N\
IH:'\/C TP AT 1
S ) 87TGeafy¢—|— : (13)

e The supercurrent couples the graviton and the superon(NG fermion)

to the vacuum with the strength 807?(\;:
< e’ 57 | S, TH0 >= i —C4A5’“”/5” 14
b g |Sa M0 >=1 e (V6)as (14)
. ctA
with the strength g., = /.
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3.2. Linearization of NLSUSY and vacuum of Lgawm(e, )

It is natural to assume that the universal attractive force graviton

creates all possible gravitational composites of superons ( (Q1)" ~ (!)" +-..),
which are helicity eigen states of LSUSY sP algebra

c.f. O(4) for rel. H atom

@ The vacuum and the particle configuration of Lgqni(e, ) is studied
by the linearization of NLSUSY to LSUSY based on sP algebra..

e Linearized broken LSUSY theory Lisusy(e®,, v, v* A, ¢, M, N,---) is obtained
as composites of NG fermions of Lgam(e, ¥):

Invsusyer(w) = Lsam(e, ¥) =Lisusy(e®y, Yu, v A\, ¢, M, N, ---)
<= NL/L SUSY relation

e This is the phase transition of NLSUSY Lgan(e, 1)) towards the vacuum
achieved by gravitational composite particle states of LSUSY.
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3.3. NL/L SUSY relation

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

Lnisusyar(w) = Lsam(e,¥) — Lavsusy(¥) = Lisusy (v®(), (1), - -+)
( N =2 SGM reduces to N =2 NLSUSY (A term of NLSUSYGR))

@ N=2, d=2 NLSUSY model:

1

1 1
—|wnrsusy| = ——= |14+ t% + =(t%t% — t%t%) +---|,  (15)
QK2 2

Lnrsusy = — 52

lwnrsusy| = detw®, = det(df +1%), % = —ik?(P;y 0! — 7 0uy?), (5 = 1,2),
which is invariant under N=2 NLSUSY transformation,
Scpd = 2¢7 —ik(Gery y® — Gy k) 0a, (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.

[t
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e The most genaral NV = 2. d =2 SUSYQED action (m = 0 case) :

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

1 — o1
Lvo = —~(Fu)? 4+ = XNPN + =(9,4)2 + ( Da0)* + D2 —§D,
4 2 2 K
S IO S T
b0 = §XﬁX + 5\(%3 2+ 5”@” + §‘F %,
o 1
L. =c¢ {z’va)_(yay — ¢v*B'0, B’ + §A()ZX + Dv) — dXV5V
L. S 1 . 1 :
+B*(\'x — €’ M) — i\BZ\QD} + {h.c.} + 562(1)@2 — A% — ¢*)|BY?,
Lyj = [{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:
Sev® = —ied 'y,

oA = (D —19A)C" + —eabewFabfyg)C] — i€ vs AV,

2

5cA = (N,

dcp = —€7 (PN,

6cD = —iC"PN". (18)
001,002 = dp(E?) 4 d4(0), (19)

where (*,i = 1,2 are constant spinors and d4(0) is the U(1) gauge transformation
for only v® with 6 = —2(i(iy*C} va — €9CICIA — CinsCio).
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e For the two scalar off-shell supermultiplets:

bex = (F'—i@B")(" — ec"V'BY,
5B = iy — I,
€7 (F' +1i)B")(’ + eV'B’,
6 F" = —iC'@x — i Qv
—e{eVIixy = Vv + (N + IN)BY — I\ B,

(541/

51, ca]x = Eax — ebu,
¢y, 0¢,) B = 2%0,B" — e€70B’,

0cy, 0¢, |V = E®Our + eblx,

0¢,, ¢ F' = 290, F" + ec "9 F 7, (20)

with V* = ju,y%(" — €7 AC? — ¢y5¢* and the U(1) gauge parameter 0.

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. — 25/66



N =2 NL/L SUSY relation:

Ln—ssusyqrep = Lvo+ Lyg + Le + Ly = Ln—onpsusy + [surface terms],  (21)

is established by

(1) commutator-based(heuristic) linearization

or

(11) superfield-based(systematic) linearization procedures.

(1) Commutator-based linearization:

@The product of Lorentz tensors composed of 1) play a basic role.
e For the product of Lorentz tensors (of current) of 1)
bk plom n ((wi)2(n—1)‘w’> — K23 TGy g - D™ ) (22)

Fi Fgmenap ()2 Hwl) = w2 Dylpdy g lygy™ - - yopPlw|, (23)
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which mean

b=r"wl, b'a’ = k' yal’ lw|, b'47"B" = KPPy Pyt wl, -, (24)
fi= |, 947 = kI yaF |, - (25)

the variations under the NLSUSY transformations become

Scbi a7k gt me™ = KPOTY (P av? + Piyac?) F gyt M yop™ + ) |l
+50, (P YA P gt P e wl)] (26)
Ocf9aM g™ e = kP {C Wy a g™ -y e?
+" (Fyat® + 7 yal®) lypy™ - e 4 -} )
+50 (WP yap P ypY™ - - P P |w])] (27)

which indicate that the bosonic and fermionic Lorentz tensor products in Eqgs.(22)
and (23) are linearly transformed to each other.
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e They satisfy the commutator

00(€1),00(C2)] = dp(v), (28)
where 6p(v) is a translation with a parameter v® = 2i(Ct, v*¢E, — C pyCin)

e These results show that
the commutator-based linearization closes on the all possible Lorentz tensors
composed of )°.

e ldentify each composite Lorentz tensor with the component field of the LSUSY
supermultiplet including the auxiliary field(susy compositenenss), which reproduces
the familiar LSUSY transformation among the supermultiplet.

e Substituting SUSY compositeness relations into Lx—21.5USYQED»
we obtain Ly_onrsusy, i -e. the NL/L SUSY relation(equivalence).
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e SUSY compositeness for the vector off-shell minimal supermultiplet:

o = Lene iyl
X = &ytlwl,

A= eniyilul,

1 o .
¢ = _§§,@€UW%¢J|@U|,
§

K

D = ~|wl, (29)

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

e Note that ¢ is the leading term of the supercharge Q°.
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e SUSY compositeness for scalar off-shell minimal supermultiplets:
N i N
=€ [Ulul + 0w Euly
i L a7 cdigiapd
Bl = —r (3679 — o ) Jul,
v = ¢t [@W\w\ + %mQﬁa{v%j@E’%klwl}] ;
i 1. L a0 car 7457k &  ia (Tiaa, ]
F' = —€' 3 Jw] + £h%0,0° (G 6t w]) ¢ = ing? 0 ("7 )

—eREE TN (30

e The quartic fermion self-interaction term in I’ is the origin of 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

a new off-shell commutator algebra which closes on only a translation:

[00(¢1),00(C2)] = dp(v), (31)

where dp(v) is a translation with a parameter

vt = Qi(gfL’YaC%L - GRWGCSR) (32)

e Note that the commutator does not induce the U(1) gauge transformation,
which is different from the ordinary LSUSY.
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e Substituting SUSY copositeness into Ly—21,3USYQED»
we find NL/L SUSY relation for the minimal supermultiplet:

LN:QLSUSYQED =f (f ) ‘Si)LN:QNLSUSY + [SUfaC@ terms], (33)

f€,€) =~ ()7 =1 (34)

= LSUSY may be regarded as composite eigenstates of (space-time) symmetries.

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

e The direct linearization of highly nonlinear SGM action (12)
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/NLSUSYGR.
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(1) 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(2,0%) = Cla) +0'N (z) + S0°0/ M (x) — 26'0'MP () + ;¢96"3507 §(x)
S 1. . 1. . .
—ie”@z%ﬁjva(x) — 500N (x) — 26'0'0°7 D(x), (35)

and for the N = 2 scalar supermultiplet by

®'(x,0") = B'(x)+ 0'x(x) — €@ v(zr) — %Q_jﬁjFi(x) + 0'0TF7 () — i0' @B (x)¢’

. . o 1-. ._ .
LB FPN(r) — M) + 00460,0 B (x). (36)
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e Consider the following generajized superspace with —x1(x),
' = 2% + k0%, 0" = 0" — Kk, (37)
and denote the resulting superfields on (2'¢,0"") and their 0-epansions as
V(@' 0") = V(050 (x)), (", 0") = d(x, 69" (x)). (38)
e Genealized global SUSY transformations ¢ = 6% (z.0) + 6V E(¢) on (2/,0'") give:
OV (0% 0 () = £u0" V(2,07 0" (2)), 00 (2", 0% )" (1)) = §,0" D (2", 050" (),
e Therefore, the following conditions, i.e. SUSY invariant constraints: )

g?){,(a:) = f{,(constant) gbfp(ac) = fé(constant), (40)

are invariant (conserved quantities) under generalized supertrasformations,
which provide SUSY compositeness.
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e Putting in general constants as follows:

~ A1 ) ) ) i ~a a \1 ) 2 ‘S
:€C7 A:€A7 Mj_ Aj47 gb:€¢7 v :gva )\Zg)\a :;7 (41)

DY) ) ~ ~ n 'SZ
B :‘SBa X:€X7 V:€V7 F /{ (42)

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

(-1, %, 0,0, 0, =2) for (&, &4, €50 €40 €2, ) (0, =L, =1) for (€5, &, &) and 0
for ¢ for convenience.

e We obtain straightforwardly SUSY compositeness ], = ¢1,(1)) for the vector
supermultiplet

C = &+ryigy + /-e AEGT — EGIIN) + ER TP s — LRIy
—5/«:3&%%75;' - gfm?’w%w,
A = €+ w(€ — ) + Sareinsy! — Etncingy
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PRI 4 R, — v ], — 1t T E)

—ERPI — iR ()Y,

MY = €+ w06 + Somi? + ineHDUGRIN () — w2 FylorC (),

6 = £ — ReUSE] — SEREITinsl — ineTTIN (1) + LRI OW),

U = € in e — e — eI () + L R )
—ik*e TPy 1 0%, C (1),

o= &L+ &t — ir@MY () + ;ne“b Iat? Oy (1)

—%liéij {Wﬁav“(w - %e“b%WFab(W}

—GFHOPN)PIYT — PN ()54 — 50PN ()5
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a0 NI () + 290N (8T} — KBPOPC( G
D = %— R PN (V)
g { B ~ ST 5P 0(w)
5 ITIOR (0) — i€ 0,001 w) |
%ﬁ&%p%i PPN () + %m‘%%%i Yo C (), (43)
and SUSY compositeness for the scalar multiplet oL = ¢4 (v):
Bl = £+ (0t — €IPE,) — SRHIPY () — 205 F (1) + 2009 ()
i) — PTFPU)} + SR PP BIY),
X = &+ R{UF (W) — DB ($)v'}

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. —  38/66



rV =

F' =

_%“2[@x(¢)@i¢i — e Pu(h) — " 0av (v)})

R RBI) + L AOPE I + RPN ()P,

& — keI P FI () — i B (Y)Y}

L RPU)F Y + (P P) — 1 P

SRS BIW) 4 TR PE IR - R
SR {B W) + € pu(w))
1

—S KPP B (W) + kPGP BI () + ik PF ()0

+%/<;3W PHP P () + eMF0v(v)} — %“%‘7 PIPEPEIPF (1)),
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e Choosing the following Lorentz invariant and SUSY invariant constraints of the
component fields in V and 9,

oy
|
=1
|
N
|
k=
gl
|
|

(45)

give previous SUSY compositeness for the minimal supermultiplet.
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Actions in the d =2, N =2 NL/L SUSY relation

By changing the integration variables (2%, 6") — (2'¢,0"), we can confirm

systematically that LSUSY actions reduce to NLSUSY representation.

(a) The kinetic (free) action with the Fayet-lliopoulos (FI) D term
for the N = 2 vector supermultiplet V' reduces to Sy_on1sUSYS

SVfree — /d237 /CZQHZ —(D’LijD@ij: + D’ngszng) _l_/délel iv |
32 20" [ i
— 5251\1:2NLSUSY7 (46)
where - - |
WY =D'D’V, Wy = D'yD'V. (47)

(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.
1 S . :
Svi = g / d*z f [ / 20" WIk(WItwkE 1wtk
n / dG'de7 20T (WHEIWRE L WEWEL) L wik bkl 4 ydhyykiy)
01=0
= 0, (48)

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

[Note]
e General mass terms for V and ® vanish as well. — Chirality is encoded in the
vacuum.
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(c) The most general gauge invariant action for @' coupled with V reduces

to Sny—oNLSUSYS

1 . .
Sgauge _ _1_6 d2$/d4926_4ev((1)j)2
= —(£")?SN—aNLSUSY- (49)

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

four NG-fermion self-interaction terms as

1 e
Se(for the minimal off shell multiplet) = /d2x {Ze/ﬁg(fz)%b]ijkwk}, (50)

which are absorbed in the SUSY invariant relation of the auxiliary field
F' = F'(y)) by adding four NG-fermion self-interaction terms as (30):

Fi($) — Fi() — en*egipi by a) (51)
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Therefore,

e under SUSY invariant relations,

the N = 2 NLSUSY action Sy_onisugy is related to NV = 2 SUSY QED action:

f(€,€)SN=anLsUSY = SN=2SUSYQED = Sviree + Svf + Sgauge (52)

when f(¢,&') =& — (¢)° = 1.

e NL/L SUSY relation bridges the cosmology and the low energy particle physics
in NLSUSYGR scenario — Sec. 4.
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e SGM scenario predicts the magnitude of the bare gauge coupling constant.

For more general SUSY invariant constraints, i.e. foe NLSUSY vev of 0" auxiliary fiel

£ o P

C=¢, N=MI=¢p=0p"=)\ =0, D:E’ Bi=y=0=0, E'(53)
NL/L SUSY relation gives
12
| . In(g5—)
f6€,6) =€ = (€)Pe ™S =1, e, e=— (54)

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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3.3. N =3 NL/L SUSY relation and SUSY Yang-Mllls theory

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

[1(+1),§ (+%) ,3(0),1 (—%) ] + [CPT conjugate], (55)

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 (2), M (), AT (2), X! (2), & (2), DT (2)}, (I=1,2,--,dim.G)  (56)

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 1 :
Ssym = /d2$ tr {_Z(Fab)2 + %)\Z@AZ + §(DaAZ)2 + %X@X + §(Da¢)2 + §(DZ)2

—ig{eTF AN NF — [A% N x 4+ (N5 AT + xv5x)}
FI (A AT+ 20 6P b, (57)

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

Dagﬁ — &lcp T ig[vaa 90]7
Faop = 0qvp — Opvq — 1g|Vq, Up)- (58)
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e SUSYYM action is invariant under N = 3 LSUSY transformations:

5C,UCL _ i&i’}/a)\i,

. o 1, . ;
6N = M (DI —iPAT)CH + Se Fayys(' — insPég

+ig([AY, AT]¢7 + €97 AT ¢lysCP),
5<Az' _ Eijkéj)\k . Qrz'%
Sex = (D' +iPA")C +ig(eF AT AICF — (A, ¢l (),

5C¢ — EifY5>\i7
6¢D" = —ie " CPANY —il’Px +ig(CIN, AT + PN, A — [NV, AT
— 5\, A¥] + €755 (A, @) + Cs[x, B)), (59)
[5@1, 5(2] = 0p(Z) + 6c(0) + 59(9), (60)

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

,Uaf _ _%l{ezgké-szj,yawk(l . 7:/{21;l@¢l) i %,{3€ab€ijk£i18b(wj,yg)wkwlwl) 4+ 0(1{5)’
)\i] _ Ewké'jl’gbk(]. . ’L‘K/277;l@¢l)
+%mzﬁj18a{€’”k “pFptpt + €M (v syt — s P )} + O(k?),
A= @”WW - sﬂ&%") (1= 0 Puk) — LR3I ) + O(),
X' = T~ iR Py) + %@guwww) +O(Y),
8 = — eI (1L — ik Pt) — SRS 0, (gt + O(),
Dz’I _ %51]‘w| . Z-K:Sjlaa{?ﬁi/yawj(l . 2%2?7?{@2#14)}
‘%“Sf’ac’?a{@“&f’w — 4P )R} 4+ O(K?), (61)
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e Arbitrary real constants ¢/ of auxirially fields D% bridge
N = 3 SUSY and the YM gauge group G.

e Substituting (61) into the SYM action (57),
we can show the NL/L SUSY relation for N = 3 SUSY:

Ssusyym(¥) = —((SU)QSNLSUSY + [surface terms]. (62)
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4. Low energy particle physics and Cosmology of NLSUSYGR

4.1. Low Energy Particle Physics of NLSUSYGR :

@ As we have seen that
N =2 SGM is 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

. A .
< (@) TH510 = 1y | () 4 (63)

. 4 »
where J*# = i\ [ £2 1k + ... is the conserved supercurrent.

\/ 80;‘;1(\; = —\/1% is the coupling constant (g.,) of superon with the vacuum.
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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—sscm—>Ln=2oNnLsusy + [suface terms| = Ly—25UsvyQED- (64)

e 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, ¢, B", D) of
L N—21.SUSYQED»

V(4,6,5'D) = ~3D*+ { &~ (42— %) + e\BZP}m (44 6% B2 (65)
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e Substituting the solution of the equation of motion for the auxiliary field D we
obtain

2
V(A,0.8) = Lf? {A2 - g B —ﬁ} Llewigprzo. (e

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

o 52 7.2 Hi | € ni 2 §
(I) A=¢=0, |B'|"=-k (B—\/;B, k f/a:) (67)

(IT) |Bif?=0, A?—-¢?=1Fk> ( k2 = fi) (68)

and

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

low energy particles fl, qg, Bt in the true vacuum.

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. —  53/66



e For the type (I) vacuum with SO(2) symmetry for (B!, B?), ef <0,

1
L N=25USYQED = 5{(%0)2 — 2(—ef)k*p*}

ol (0uA) 4 (3u)? — 2—e /K42 + 37))

—(Fu)? + (e )R

FSNPN + XD+ 7P + /=2ef(Nx = X) + -+,
(69)
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and following mass spectra

2€e

2 2 2 2 2

o N = ~ = — 2 — k = ——

M, =My =mg =y, (—ef) P

Myi = M,y =m, = 0. (70)

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 (/) vacuum with SO(1,1) symmetry for (A4,¢), e.g. f&>0,

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

1

_Z(Fab)Q

1 - o
5NN = 2fENN)

o li(XPX + D) — eh(tx + )} 4 (1)
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and following mass spectra:

A5
2 2 4272
2 2 2 2 2,0 &€
mélzmé2:mxzmyzek /{}—fj
My, = mqg = 0, (72)
which produces mass hierarchy by the factor % independent of . (k2 = —1662\(;)

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 gB 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

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

one massive charged Dirac fermion (¢ ¢ ~ y + i),
one massive neutral Dirac fermion (\p" ~ \! —i)?),
one massless vector (a photon) (v,),

one charged scalar (B' + iB?),

one neutral complex scalar (fl + ng),

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
as composites of NG fermion
from

the NLSUSY cosmological term of SGM.
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4.2 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 3G B )
g Gt

R,ul/(e) — §QW/R(€) —

{TMV<67 w> (73)

c?

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

4 []
e Note that the cosmological term —SCW/(X; 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 may induce 3 dimensional expansion of space-time by Pauli principle:

ds® = sgy(x)daz“dzﬂy = {9 —|—_<I>W(e, V) ydxtdx” .
{¥(@), o)} =0 = {Y(@),P(y)} =¥ (x~y)

e Big Collapse produces composite (massless) eigen states of SO(N) sP angebra
due to the universal gravitational force,

which is the ignition of Big Bang(BB) SM scenario.

e In the composite SGM view of N = 2 LSUSY QED, the vacuum (II) may
explain naturally observed mysterious (numerical) relations:

O dark energy density pp ~ O(k72) ~ m,* ~ (10712GeV)* ~ g4,°,

provided )\ is identified with neutrino and f¢ ~ O(1).

e In this case, one neutral scalar new particle with mass ~ O(m, ) exists.
A candidate of dark matter.
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5. Nonlinear vector-spinor SUSY GR

e New SUSY algebra containing spinor-vector generators ()% :

{Q4, Q%) = " Py(7,75C) s, (74)
Qt. P = (75)
QU M) = (0 Q e + z'w@g Q) (76)

where Q¥ are vector-spinor generators satisfying Majorana condition Q* = CQBQZ.
e Consider the following global (3/2 super)translations:

o — a + (o (77)

Tg — Tq + i/igabcd?vzb/VCfYSCda (78)

where (¢ is a constant Majorana tensor-spinor parameter.
e The invariant differential forms become:

Wa — dxa + il@éabcd@bWC%dlpd- (79)
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e Invariant action of nonlinear representation of vector-spinor SUSY:

1 1
S:—/wo/\wl/\wg/\wg:—/detwabd4x, (80)
K K
Wap = 5ab + tab, tab = iﬁeacde¢07d75abwea (81)
e By similar geometrical arguments to SGM we obtain vector-spinor NLSUSY
GR:
3
L, = — Q(w" AL 82
NLSUSYGR 167rG|w|{ (W) + A} (82)
\w| = detw®,, = det(e®, +1t%,), (83)
e Unified vierbein become:
W (2) = @) + (@), (@) = ine DDt (84)

o L, NLSUSYcR possesses similar symmetry properties as SGM.
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6. Summary

NLSUSYGR(SGM) scenario for unity of nature:

e Ultimate entity; New unstable d = 4 space-time U:[z%, ¢, ; 2" described by
[Lnpsusyer(w?,)] :+ NLSUSYGR on New space-time with A > 0
e Mach principle is encoded geometrically

— Big Collapse (due to false vacuum Vp g = A > 0) to [Lsam(e.v)];

e The creation of Riemann space-time [z%;x"] and massless fermionic matter

1]
|Lsam = Lgu(e) — A+ T(¢.e)] : Einstein GR with Vp 5. = A > 0 and N superon

e Phase transition towards the true vacuum Vp p = 0,
achieved by forming composite massless LSUSY and
subsequent oscilations around the true vacuum.

— Ignition of Big Bang Universe — (MS)SM

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 constant is the origin of everything!
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Predictions and Speculations:

©@S0(10) sP algebra with 10 = 55y (5)cut + S5y (5)quT SGM:

e New 1© state besides SM particles:
One neutral massive vector boson 5.
spin 1/2 double-charge fermion E?*

e Proton decay diagrams of SU(5) GUT in SGM view are forbidden
by superon selection rule. = stable proton

OField theory via Linearization:

e NLSUSYGR(SGM) scenario predicts 4 dimensional space-time.
e The bare gauge coupling constant is determined.
e N-LSUSY from N-NLSUSY <— superon-quintet hypothesis for all particles

cosmological term < dark energy density <+ SUSY Br. — m,
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Many Open Questions ! e.g.,

e Mathematical and physical analysis of Ly sysy(w) = Lsan(e, )

e Direct linearization of SGM action, i.e.
NL/L SUSY relation in curved space-time.
(Find the broken SUGRA-like(?) equivalent theory?)

e Superfield systematics of NL/L SUSY relation for SGM action.

e Reuvisit unsolved problems of SMs and GUT from SQM composite viewpoints.

e.g.,
(e,ve): 0°Qu@Q s Qur (11,76 QuQ e QU Qs (7.07): P QuQuea Q*,QiQun
<u’ d):eachchQm' (C’ S): EachaQbQCQ*de (ta b) elleQmeachchQ*na o

e Physical consequences of spin 3 NLSUSYGR.

@ [Ref.] K. Shima, Plenary talk at Conference on Cosmology, Gravitational Waves
and Particles, 6-10, January, 2017, NTU, Singapore. Proceeding of CCGWP, ed.
Harald Fritzsch, (World Scientific, Singapore, 2017), 301.

—Planck2018/May 21-25, 2018/Bonn Univ., Germany.. —  66/66



