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We discuss the cosmological implications of nonlinear supersymmetric(NLSUSY) general rel-
ativity(GR) of vacuum Einstein-Hilbert(EH) action-type. NLSUSY GR is obtained by the ge-
omtrical arguments on new spacetime just inspired by NLSUSY. New spacetime is unstable and
induces spontaneously the phase transition to Riemann spacetime with NG fermion matter. i.e.
the new action of NLSUSY GR is unstable and breaks down spontaneously to EH action with
Nambu-Goldstone(NG) fermion matter. We show that NLSUSY GR may describe naturally the
paradigm of the present expanding universe and elucidate the physical meanings and relations
among the cosmologicaly important quantities,e.g., the spontaneous SUSY breaking scale, the
cosmological constant, the dark energy and the neutrino mass.
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1. Nonlinear Supersymmetric General Relativity(NLSUSY GR)

SUSY and its spontaneous breakdown may be conformed to the rationale of spacetime. T
NLSUSY invariant coupling of the graviton with the spgrfermion is anticipated for materializing
the standard model(SM) with the spontaneous breakdown of S1)JSWe extend the geomet-
rical arguments of Einstein general relativity(EGR) on Riemann spacetime to new (8&ed
hereafter) spacetime where the tangent spacetime po$dsSeLSY degrees of freedom(d.d.b.
besides the ordinary SO(3,1) Minkowski coordingt¢he SL(2C) Grassman coordinatggor the
coset spacé% turning subsequently to the NG fermion (calaperorhereafter) dynam-
ical d.o.f. are attached at every curved spacetime point. (Note that locally homomorphic SO(3,
and SL(2C) aremon-compact groups for spacetime d.analogous to SO(3) and SU(@dmpact
groups for U(1) gauge d.o.fof 't Hooft-Polyakov monopole.) We have obtained the following
NLSUSY GR(N=1 SGM) actiorf] of the vacuum EH-type in SGM spacetime.
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L(w) = IW|(Q+A), (1.1)
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W] = detv, = det( @ +1%(¥), Pu(W) = o (B -0 bVY),  (12)

wherew?,, (x) invertible andQ are the unified vierbein and the the unified scalar curvature of SGM
spacetime, respectively. Accordingdy, = W2, NapWP, and sV (x) = wH,(X)W'3(x) are unified
metric tensors of SGM spacetin2e]. The explicit expression d® is obtained by just replacing
e, (x) byw?,(x) in Ricci scalaR of EGR [3]. €%, for SO(3,1) and?; () for SL(2C) are the ordi-
nary vierbein of EGR and the mimic vierbein composed of the stress-energy-momentum tensor
superongl(x), respectivelyG is the Newton gravitational constariktjs asmallcosmological con-
stant.k of NLSUSY VA model f] with the dimensior(length* is now related ta? = (g—ng)‘l.
Remarkablyk, i.e. the strength of the superon(NG fermion)-vacuum coupling constant is deter
mined by the cosmological quantities of spaceti@andA in the NLSUSY GR(SGM) scenario.
SGM contains hierarchic two mass scalé$PIanck scale) in the first term and® ~ % in the
second term describing the curvature energy and the vacuum energy of SGM, respectively.
NLSUSY GR action 1.1) is invariant under the following new NLSUSY transformatisi[

1 .5 e
G =LKWy, &Eu=iK{YP )y, (1.3)
consequently GL(4R) transformations wfy,
5ZWau =&Yo,W + 0,8V WA, OzSuv = &5 Oksuv + 0y & scv + 0y E sk, (1.4)

where( is a constant spinod),€? ) = dp €%, — 9, €%y, and&P = ik2({yPw). The commutators of
two new NLSUSY transformationd (3) on ¢ ande?, are GL(4R), i.e. new NLSUSY1(3) is the
square-root of GL(4R);

107, 0,)0 = ZHou,  [&7,,0,)€% = =P 0p€? + €750, =P, (1.5)

where=H = 2iK(Z_2y“Z1) — Effz"ea“(d[peag}). They show the closure of the algebra. NLSUSY
GR action (.1) is invariant at least under the following spacetime symme#jeghich is locally
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isomorophic to super-Poincaré(SP):
[new NLSUSY @ [local GL(4,R)] ® [local Lorentz® [local spinor translatiof.ST)]  (1.6)
and the internal summetries for N-supergng j = 1,2,..N) extended NLSUSY GR

[global SGN)] ® [local U(1)N]. (1.7)

2. Linearization of NL SUSY

SGM actionL(w) (1.1) on SGM spacetime is unstable due to the global NLSUSY structure(SP
d.o.f.) of the tangent spacetime at each curved spacetime point and breakes down spontaneous
EH Riemann spacetime action with superon(NG fermion) matter asfollows

4

167G

Ley) = el{R(e) +A+T(e.y)}, (2.1)
where +A is the cosmological term necessary for reproducing NLSUSY VA action in the tan-
gent spacetime an'ﬁ(e, ) is the kinetic and the gravitational interaction terms of superons. The
second and the third terms produce N-etended NLSUSY VA actionkfita (%)_l in Riemann-
flat(e*, (x) — 8%y) spacetime. We linearize SGM actioh.1) to obtain an equivalent and renor-
malizable field theory, where NLSUSY is recasted to the broken LSUSY defined on the LSUS®
supermultiplet fields which are irreducible representations of SO(N) SP. As a preliminary for SGN
linearization we have show@jthat N=2 NLSUSY VA model (expanded i):

1 1
1+ Kztaa+ §K4(taatbb —_ tabtba) _*Kegabcdgefgdtaetbftcg "‘ R (22)

Lva = 3

22
invariant under N=2 NLSUSY transformatidgy = ! — i« (Z_L V2 — Z_RyaLpR) dai | is equiv-
alent to the following free action of the spontaneouly broken N=2 LSUSY:

1 = 1 1
Lin = 0a00%" — 7F%, +ArifAri+ 5(D')? - &'D', (2:3)
wherey;, (i = 1,2) is superon fieldsw?, = 62 + k%%, t%, = —i @i Y2 + i YRYPor, Yri =
Cy. &', (I =1,2,3) are arbitrary real parameters of the induced global SU(2)(SO(3)) rotation
(§')2 = 1. The last term is the Fayet-lliopould term indicating spontaneous SUSY breaking

with the vacuum expectation vall® = &' /k. In these arguments all fields of LSUSY supermulti-
plet are composites of superagi, e.g. () = \% ikE' Pro' WL — V2Kk3E PLyPYL QRO Bay. - -,
AL(@) =& (Yo" )i + K2E VYriPRO Fath -+, Aa() = — 3K E' (PLO' yalh — PO YallR) -+, etc

and the familiar N=2 LSUSY transformations on the component fields of the supermultiplet are re
produced in terms of the NLSUSY transformationsygncontained]. Whené&! = &3 = 0, the
supermultiplet is the ordinary vector supermultiplet with the vector U(1) gauge field as expectet
The fact that the compact SU(2), though global, is generated in Riemann-flat spacetime of N-
SGM (2.2) shows that the vacuum of (1) has rich structures favourable to SGM scenario, where
all fields except graviton are the superon-composite eigenstates of spacetime.
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3. Cosmology of NLSUSY GR

SGM spacetime is unstable and spontaneously breaks down to Riemann spacetime with
peron matter, which is the birth of the universe by the quantum effect. The variati@rilpfvth
respect t@?, gives the equation of motion f@f, recasted as follows

4

Ruv(6) — 50 R(E) = o (Tu (&) ~ G g i} 31
Where'fw(e, ) is the stress-energy-momentum tensor of superon(NG fermion) matter including
the gravitational interactions anelé’% can be interpreted abke energy density of empty space-
time, which is the negative constant vacuum energy densitythe. dark energy densitgp of
nature (The sign is fixed uniquely inl(1) to reproduce VA action in flat spacetime.) While, on
tangent spacetime, the low energy theorem of the particle physics gives the creation amplitude
superon(massless NG fermion matter) from the vacuum as follows

. [ AN
<Y IMHpl0>=iy == (P)apd™ + ) (3.2)

whereJMH — i\/g—n’(\;y“w"" +--- is the conserved supercurrent obtained by applying the Noether

theorem to NLSUSY VA actionf] and % is the coupling constardsyp-vac Of superon with the
vacuum Further we have seen in the preceding section that the right hand si@d)pfathich is
essentially NLSUSY VA action, is equivalent to the broken LSUSY actibB) with the vacuum

expectation value of the auxiliary fieldD >~ \/% ~ Msysy (the square of the SUSY breaking
mass scale) giving masésysyto a component field of the (massless) LSUSY supermultiplet. We
find the interesting relations in SGM(NL SUSY) among the mysterious quantities of the cosmolog
and the low energy particle physiqg ~ % ~ (fundamental length of tangent space of SG#

~<D>? and Osup-vac ~ \/é ~< D >. Suppose that the neutrimo(x) (not superony(x))

acquires mass of the order of the spontaneous SUSY breakingnj -~ % SGM predicts
the observed valugp®s ~ (10 12GeV)*. NLSUSY GR gives in general ~ Mgy sy (susv)2,

Mpianck

The large mass scales in the broken LSUSY action appear through the liniarizafipp(efy)
accompanied by the generation of the (broken) compact gauge symmetry, which contains the m
scaleA~1. NLSUSY GR(or SGM from the composite viewpoint) can be easily generalized to extre
spacetime dimensions.
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