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Introduction - Overview of Talk

Alternative spacetime volume-forms (generally-covariant
Integration measure densitites) independent on the Riemannian
metric on the pertinent spacetime manifold have profound
Impact in (field theory) models with general coordinate
reparametrization invariance — general relativity and its
extensions, strings and (higher-dimensional) membranes.
Although formally appearing as “pure-gauge” dynamical degrees
of freedom the non-Riemannian volume-form fields trigger a
number of remarkable physically important phenomena.



Introduction - Overview of Talk

Among the principal new phenomena are:

® (i) new mechanism of dynamical generation of cosmological
constant;

® (i) new mechanism of dynamical spontaneous breakdown of
supersymmetry in supergravity;

® (iil) new type of "quintessential inflation" scenario In
cosmology;

® (iv) gravitational electrovacuum "bags".



Modified-Measure Theories

In a series of previous papers [E.Guendelman et.al.] a new class
of generally-covariant (non-supersymmetric) field theory models
Including gravity — called “two-measure theories” (TMT) was
proposed.

® TMT appear to be promising candidates for resolution of
various problems in modern cosmology: the dark energy and
dark matter problems, the fifth force problem, etc.

® Principal idea — employ an alternative volume form (volume
element or generally-covariant integration measure) on the
spacetime manifold in the pertinent Lagrangian action.



Modified-Measure Theories

In standard generally-covariant theories (with action

S = [ dPx\/=gL) the Riemannian spacetime volume-form, i.e.,
the integration measure density is given by \/—g, where

g = det ||g, || IS the determinant of the corresponding
Riemannian metric g,,, .

v/—g transforms as scalar density under general coordinate
reparametrizations.

There is NO a priori any obstacle to employ insted of \/—g
another alternative non-Riemannian volume element given by
the following non-Riemannian integration measure density:

1
®(B) = (D — 1)!51“"'[@ Oy Buy...up - (1)




Modified-Measure Theories

Here B,,, .,.,_, is an auxiliary rank (D — 1) antisymmetric tensor
gauge field, which will turn out to be pure-gauge degree of
freedom. ®(B) similarly transforms as scalar density under
general coordinate reparametrizations.

In particular, B, .. ,, , can also be parametrized in terms of D
auxiliary scalar fields:

By upy = %51:11--”][)—1 gbI@m ¢J1 . Oup_4 ¢JD_1’

so that:

(I)(B) = ﬁe“l“'“D 6]1_,_]D(9M1¢Il . aMquID.



Modified-Measure Theories

To illustrate the TMT formalism let us consider the following
action:

g/vbl ‘1D
( _1)| /— Ml

with the following notations:

S—ecr [ @a(B) L0+ Hs.np ez [ aPey/=g 1

(2)

R+ L% include both

matter

® The Lagrangians L(1?) = _L;
standard Einstein-Hilbert gravity action as well as
matter/gauge-field parts. Here R = ¢"*R,,, (I') is the scalar
curvature within the first-order (Palatini) formalism and
R, (T') is the Ricci tensor in terms of the independent affine
connection I'y .



Modified-Measure Theories

® In general, second Lagrangian L(2) might contain also higher
curvature terms like R2.

® [n the first modified-measure term of the action (2) we have
Included an additional term containing another auxiliary rank
(D — 1) antisymmetric tensor gauge field H,,,. ,,,_,. Such
term would be purely topological (total divergence) one if
Included in standard Riemannian integration measure action
like the second term with L) on the r.h.s. of (2).

H,, . ., , Similarly will turn out to be pure-gauge degree of
freedom, however, both auxiliary tensor gauge fields (B and H)
will nevertheless play crucial role in the sequel.
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Modified-Measure Theories

Varying (2) w.r.t. H and B tensor gauge fields we get:

Hy. up =M = const ,

= x = const ,

8:“1---,“D 6
(D—1)!/—g ™

where y (ratio of the two measure densities) and M are
arbitrary integration constants

Performing canonical Hamiltonian analysis of (2) we find that the
above integration constants M and y are in fact constrained

a’'la Dirac canonical momenta of B and H.

LW 4+
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Modified-Measure Theories

Now, varying (2) w.r.t. ¢*¥ and taking into account (3)—(4) we
arrive at the following effective Einstein equations (in the
first-order formalism):

1
R,uz/(r) i §g,uVR + Aeffg,uu — KPTE?: (5)
with effective energy-momentum tensor:
oLt 1
ff T m r ff _ 1 2
TEV — gMVL?natter_Q agztyte 3 L?natter — c1x + Co ClLfnz)Ltter—I_CQLEnz)ltter 3

(6)
and with a dynamically generated effective cosmological
constant thanks to the non-zero integration constants

Ao = K* (c1x + 02)_1 XM . (7)
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Supersymmetric Higgs Effect in Supergravity

Let us now apply the above TMT formalism to construct a
modified-measure version of N = 1 supergravity in D = 4.
Recall the standard component-field action of D = 4 (minimal)
N = 1 supergravity:

1 _
Ssg = 9.2 d'ze [R(wa e) — WVWADVW] :
e =det|lej|| , R(w,e)= e e Ry (W) .

c C
Rab,ul/ (W) — 6,uwl/ab — &/wuab + W'uawz/cb — WyaWheb -
1

Duw)\ — az/w)\ + Zwyab/yabw)\ ) fV'LW)\ — QZL@ZG?VabC )

where all objects belong to the first-order “vierbein”
(frame-bundle) formalism.

13



Supersymmetric Higgs Effect in Supergravity

The vierbeins ej; (describing the graviton) and the
spin-connection w,.; (SO(1, 3) gauge field acting on the gravitino
1,,) are a priori independent fields (their relation arises
subsequently on-shell); v%* = £ (v%9® — 4%4%) etc. with 4@
denoting the ordinary Dirac gamma-matrices. The invariance of
the action (8) under local supersymmetry transformations:

1

0c€), = 557“2#“ , O0cy, = Dye (12)

follows from the invariance of the pertinent Lagrangian density
up to a total derivative:

c(e[Rw,e) = By Doihn] ) = dule(5)] . @)

where ¢# functionally depends on the gravitino field ,,.

14



Supersymmetric Higgs Effect in Supergravity

We now propose a modification of (8) by replacing the standard
generally-covariant measure density e = /—g by the alternative
measure density ®(B) (Eq.(1) for D = 4):

1
d(B) = ge“”’”\ 0,Busx (14)

and we will use the general framework described above. The
modified supergravity action reads:

8MVKA
3le

1

D 9.2 0 E{VKA :

(15)

Smsa = d*z ®(B) [R( €)=y Dytpy+——

where a new term containing the field-strength of a 3-index
antisymmetric tensor gauge field H, ., has been added.
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Supersymmetric Higgs Effect in Supergravity

The equations of motion w.r.t. H,,., and B, Yyield:

®B)\ _, . B)_
@L( - )—O ’ - = Yy = const ,

guymA

R(wa 6) — @E,LL’Y'LW)\DV@D)\ + 6,LLHI/K,>\ =2M 9

le

where y and M are arbitrary integration constants.

The action (15) is invariant under local supersymmetry
transformations (12) supplemented by transformation laws for
H,,» and ®(B):

56H,u1/)\ — —€&uvik (5CK) ) 56(1)(3) — Oc€ (18)

which algebraically close.
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Supersymmetric Higgs Effect in Supergravity

The appearance of the integration constant M represents a
dynamically generated cosmological constant In the
pertinent gravitational equations of motion and, thus, it signifies
a spontaneous (dynamical) breaking of supersymmetry.
Indeed, varying (15) w.r.t. ef:

1% 1l 1% 1 - 1%
e Ry — 5™ Dutbx + 5971 Dyt
e ngﬁA

L=
v D, & OpHyn =0
LY Yut 5 3rg etluma

and using Eq.(17) (containing the arbitrary integration constant

M) to replace the last H-term on the l.h.s. of (19), the results is:
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Supersymmetric Higgs Effect in Supergravity

We obtain the vierbein counterparts of the Einstein equations
Including a dynamically generated floating cosmological
constant term e, M

1
eb”RgW — §eZR(w, e) +e,M = /<:2T/‘f :

. 1 |- 1
/-{,2T5 — §wu,yal/)\Dyw)\ . §ezwp,yPV)\DV¢)\ . 577&1/76”/)\1)#?7&)\ . 5@&)\7&”)\-1)1/?7&# .

Recall: according to the classic paper [Deser-Zumino, 78] the
sole presence of a cosmological constant in supergravity, even in
the absence of manifest mass term for the gravitino, implies that
the gravitino becomes massive , I.e., it absorbs the Goldstone
fermion of spontaneous supersymmetry breakdown — a
supersymmetric Higgs effect
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AdS Supergravity

More Iinteresting scenario: let us start with anti-de Sitter (AdS)
supergravity:

1

SAdS—SG = =5
QK2

d*xe [R(w, e) — @Euv“”)‘Dyw/\ — m ", — 2A0|
1
= — A= —— .
m T , 0

The action (21) contains additional explicit mass term for the
gravitino as well as a bare cosmological constant Ay balanced in
a precise way |Ag| = 3m? so as to maintain local supersymmetry
Invariance and, in particular, keeping the physical gravitino

mass zero !
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AdS Supergravity

Note: Here we have AdS spacetime as a background with
curvature radius L (unlike Minkowski background in the absence
of a bare cosmological constant).

Therefore, the notions of “mass” and “spin” are given in terms of
the Casimir eigenvalues of the UIR’s (discrete series) of the
group of motion of AdS space SO(2,3) ~ Sp(4,R) (for D = 4)
instead of the Poincare group (SO(1,3) x R*) Casimirs.
Identification (correspondence) of AdS (SO(2,3) ~ Sp(4,R))
Casimirs with Minkowski (Poincare) "mass" and "spin" Casimirs
proceeds only in the limit of Ag — 0 (very small cosmological
constant). Otherwise "massless" within AdS means having only
two "helicities".
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Modified AdS Supergravity

Now, let us apply the above TMT-formalism to construct a
modified-measure AdS supergravity:

1 _

Smod—AdS—SG = 9.2 d*z ®(B) [R(wa e) — 1 Y** Dby
B y g,ul//{)\

—m wlu’)/'u wy — 2AO =+ 3l e a,LLHl/K})\i| )

with ®(B) as in (14) and m, Ag as in (21). The action (23) is
Invariant under local supersymmetry transformations:

a | 1
5€€M — 557 % ; 5e¢,u — (Du — ﬁ%ﬁ)g ;
®(B)

Oc€ .

5€H,ul/)\ — — €&k (ECK) 9 56(1)(3) — o
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Modified AdS Supergravity - Principal Result

The modified AdS supergravity action (23) will trigger dynamical
spontaneous supersymmetry breaking resulting in the
appearance of the dynamically generated floating cosmological
constant M which will add to the bare Ay.

Thus, we can achieve via appropriate choice of M ~ |Ag| a very
small effective observable cosmological constant

Aeg = M + Ao = M — 3m? << |Ag| and, simultaneously, a large
physical gravitino mass m.g Which will be very close to the
gravitino mass parameter m = +/|Ag|/3 since now background
spacetime geometry becomes almost flat.

This is precisely what is required by modern cosmological
scenarios for slowly expanding universe of today [A. Riess et.al.,
S. Perlmutter et.al.].
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Generalized Modified-Measure Theories

Let us now consider modified-measure gravity-matter theories
constructed in terms of two different non-Riemannian
volume-forms (employing again Palatini formalism, and using
units where Gnewton = 1/167):
O(H)
Sz/d4a;<1>1 A)|R+LY)] +/d4a:<1>2 B)|L®) 4 eR?+ ——L| .
(4) (B) N
(25)
® O;(A) and ®,(B) are two independent non-Riemannian
volume-forms:

1 1
D1 (A) = ggﬂ'/"/\aﬂAW\ . Py(B) = gcc;ﬁ“/’*/\(aﬂzaw,\ ,
1

O(H) = ge“V“Aﬁtum (as in (15) above) .
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Generalized Modified-Measure Theories

e (12) denote two different Lagrangians of a single scalar
matter field of the form:

1
LW = —2g"0updup = V(p) , V(p)=frexp{-ap},

b — 1
L) = —e™*g" upd,p + Ulp) , Ulp) = faexp{—2a¢} .

where «, fi, fo are dimensionful positive parameters,
whereas b IS a dimensionless one.

® Global Weyl-scale invariance of the action (25):
Guv = Nguw » Thy =TV g0—>g0+éln)\,
A,uym — )\A,ul/m ) Buw{ — )\2B,uwi ) H,uw{ — H,uw{ 0
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Generalized Modified-Measure Theories

Eqgs. of motion w.r.t. affine connection I'”', yield a solution for the
latter as a Levi-Clivita connection:

~ 1_ K - _ _
Fllj)\ — Flzj)\(g) — 59“ (61/9)\& + a)\gwi — alﬁ)gl/A) ) (30)

w.r.t. to the Weyl-rescaled metric g,,,:

_ P, (A) ¢y (B)
G = (X1 +2ex2R)g , X1 = , X2 = . (31
2. (1 2 ),u 1 \/_—g 2 \/__g

Transition from original metric g,,, to g, “Einstein-frame” ,
where the gravity egs. of motion are written in the standard form
of Einstein’s equations: R, (g) — 59, R(g) = 515 with an
appropriate effective energy-momentum tensor given in terms

of an Einstein-frame scalar Lagrangian L.g (see (34) below).
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Generalized Modified-Measure Theories

Variation of the action (25) w.r.t. auxiliary tensor gauge fields
A By and H,,,y yields the equations:

d(H) 5 (B)
Ou|[R+L0V] =0, 8, LD +eRr?+ V—_g} 0, O \/__g) ,
(32)
whose solutions read:
®9(B) (1)
= yg =const , R+ LY/ = —M; = const ,
vV =g
®(H)
L) +eR?+ —L = — Moy = const .
vV —4g

Here M, and M, are arbitrary dimensionful and y arbitrary
dimensionless integration constants.
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Generalized Modified-Measure Theories

The first integration constant - in (33) preserves global
Weyl-scale invariance whereas the appearance of the second
and third integration constants M;, Ms signifies dynamical
spontaneous breakdown of global Weyl-scale invariance due to
the scale non-invariant solutions (second and third ones) in (33).

It is very instructive to elucidate the physical meaning of the
three arbitrary integration constants M;, Ms, xo from the point of
view of the canonical Hamiltonian formalism: M, Ms, xo are
identified as conserved Dirac-constrained canonical momenta
conjugated to (certain components of) the auxiliary maximal
rank antisymmetric tensor gauge fields A, x, B, H,»
entering the original non-Riemannian volume-form action (25).

27



Generalized Modified-Measure Theories

Performing transition to the Einstein frame yields the following

effective scalar Lagrangian of non-canonical “k-essence” (kinetic

guintessence) type (X = —% g 0,0, — scalar kinetic term):
Lot = A(9)X + B(p)X* — Uest () ,

where (recall V = fie=®% and U = fye 29¥):

1. V — My
A = | —be” ¥ — — M
(90) T [2 € E<V 1>} U—I—MQ—I—E(V—M1)2 7
¢ [U + My + (V — Ml)be_‘w] — 1p2e—2a¢
B =
(90) X2 U+M2+€(V—M1)2 7
V — My)?
Ueff(SO) = ( )

fvs [U 4 My +e(V — Ml)ﬂ

(34)
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Generalized Modified-Measure Theories

Most remarkable feature of the effective scalar potential Ueg ()

(37) — two Infinitely large flat regions

® (-) flat region - for large negative values of ¢:

fi/f2
dx2(1+efi/f2)’

® (+) flat region — for large positive values of ¢:

Uet () = U

M /Mo

4X2(1 -+ €M12/M2) ’

(38)

(39)

AS



Generalized Modified-Measure Theories

Qualitative shape of the effective scalar potential U.g (37) as
function of ¢ for M; < 0.
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Generalized Modified-Measure Theories

Qualitative shape of the effective scalar potential U.g (37) as
function of ¢ for M; > 0.
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Generalized Modified-Measure Theories

From the expression for U.g(y) (37) and the figures 1 and 2 we
deduce that we have an explicit realization of quintessential
Inflation scenario (continuously connecting an inflationary
phase to a slowly accelerating “present-day” universe through
the evolution of a single scalar field).

The flat regions (38) and (39) correspond to the evolution of the
early and the late universe, respectively, provided we choose
the ratio of the coupling constants in the original scalar potentials
versus the ratio of the scale-symmetry breaking integration
constants to obey:

fi/fo S M7 /My
1—|—€f12/f2 1—|—€]\412/]\427

which makes the vacuum energy density of the early universe
Uy much bigger than that of the late universe U ,.

(40)
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Generalized Modified-Measure Theories

The inequality (40) is equivalent to the requirements:

f—1>>— : H—<<1 (41)

f2

If we choose the scales |M;| ~ Mz, and My ~ M4, where
Mgw, Mp; are the electroweak and Plank scales, respectively,
we are then naturally led to a very small vacuum energy density:

Uy ~ My /Mpy ~ 1072 Mpy (42)

which is the right order of magnitude for the present epoche’s
vacuum energy density.
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Generalized Modified-Measure Theories

On the other hand, if we take the order of magnitude of the
coupling constants in the effective potential

fi~ for~ (10_2Mpz)4, then the order of magnitude of the
vacuum energy density of the early universe becomes:

Uy~ fi/f2 ~10"°Mp, , )

which conforms to the Planck Collaboration data (also BICEP?2)
implying the energy scale of inflation of order 10=2Mp;.
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“Emergent universe”

There exists explicit cosmological solution of the Einstein-frame

system (34)-(37) describing an epoch of a non-singular creation

of the universe — “emergent universe”, preceding the inflationary

phase. The starting point are the Friedman egs.:
1 K

a 1
—=——(p=-3 B = H
a 12(p—|— p) Y —I_a2 610 Y

]
SHNSE

; (44)

describing the universe’ evolution. Here:

1 2 3 . 4
p = 514(90) ¥ —|—ZB(90) ¥ ‘|‘Ueff(90) )

1 2 1 4
p= §A(90) P +ZB(90) 0 —Ueg(p)

are the energy density and pressure of the scalar field ¢ = (%).
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“Emergent universe”

“Emergent universe” is defined as a solution of the Friedman
eqs.(44) subject to the condition on the Hubble parameter H:

H=0 — a(t)=ag=const, p+3p=0 , % = ép(: const) ,
’ (47)

with p and p as in (45)-(46). Here K = 1 (“Einstein universe”).
The “emergent universe” condition (47) implies that the
p-velocity v=y, is time-independent and satisfies the
bi-quadratic algebraic equation:

3 4 .2

§B(_) Po +2A—) Py —2U) =0, (48)

where A_y, By, Uy are the limiting values on the (—) flat
region of A(y), B(p), Uert(¢) (35)-(37).
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“Emergent universe”

The solution of Eq.(48) reads:

.2 2 5 |
Py= _SB—(_) [A(_) T \/A(_) + BB(_)U(_)J :
and, thus, the “emergent universe” is characterized with finite
Initial Friedman factor and density:
6K 1

9 .2 3 . 4
= = -A °B U,_
a . 00 5(-) 2 +4 (—) Po TY(y,

with @, as in (49).

(49)

(50)
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“Emergent universe”

Analysis of stability of the “emergent universe” solution (50)
yields a harmonic oscillator type equation for the perturbation of
the Friedman factor da:

\/A%_) + SB(_) U(_)

A(_) — 2\/14%_) + 38U

(51)
Thus stability condition w? > 0 yields the following constraint on
the coupling parameters:

§a4w?da=0 , w?

| Do

PO

max{—2, ~8(1+3¢/2/f2) [1—\/1 - ! )}} < b% <-1.

(52)
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“Emergent universe”

Since the ratio % proportional to the height of the (—) flat region
of the effective scalar potential, i.e., the vacuum energy density
In the early universe, must be large (cf. (40)), we find that the
lower end of the interval in (52) is very close to the upper end,
l.e., b% ~ —1.

From Eqgs.(49)-(50) we obtain an inequality satisfied by the initial
energy density pg In the emergent universe: U_y < po < 2U_),
which together with the estimate of the order of magnitude for
U._) (43) implies order of magnitude for a3 ~ 10" *K My, where
K is the Gaussian curvature of the spacial section.

39



Coupling to Charge-Confining Gauge Field

G. ‘t Hooft phenomenological confinement proposal: the energy
density of electrostatic field configurations in the low-energy
description of confining quantum gauge theories must be a linear
function of the electric displacement field in the infrared region
(the latter appearing as a quantum “infrared counterterm”).
Explicit realization of ‘t Hoofts idea [Guendelman et.al.]:

/d‘lx\/_[ (F2)+A,J" , L(F?) = —%F2—@\/—7F2 ,
(53)
where F? = F?(g) = Fo\F,g"™g¢" and F,, = 0,A, — 0, A,,.
The square root of the Maxwell term naturally arises as a result
of spontaneous breakdown of scale symmetry  of the original
scale-invariant Maxwell action with f, appearing as an
Integration constant responsible for the spontaneous breakdown.
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Coupling to Charge-Confining Gauge Field

The nonlinear gauge field action (53) yields egs. of motion:

8,,(\/—_g4L’(F2)FW>+\/—_gJ“:O , L’(F2)=—1(1— Jo )

whose 1 = 0 component — the nonlinear “Gauss law” constraint
equation reads:

1 . . 1o .
——0;(v/—=gD") =J" |, D'=(1- F% (55

V=9 V=oD') ( J—IF2 ) £9)
with D = (D?) denoting the electric displacement field
nonlinearly related to the electric field E = (F%) as in the last
relation (55).

41



Coupling to Charge-Confining Gauge Field

In the nonlinear gauge field theory (53) there exists a nontrivial
vacuum solution \/—F2,. = fo, which implies simultaneous
vanishing of the electric displacement field, D = 0 meaning zero
observed charge, and at the same time nontrivial electric field. In
particular, for static spherically symmetric fields in static
spherically symmetric metric the only surviving component of
F,,,, 1s the nonvanishing radial component of the electric field

E" = —Fy,, so that \/—F2,_ = \/2|E| = f,. This can be viewed
as the simplest classical manifestation of charge confinement:
D = 0 and nontrivial E.

Canonically quantizing the spherically symmetric restriction of
(53) we are able to show that the effective potential between two

oppositely charged fermions is of the “Cornell’-type:
Ve (L) = —%% +eofovV2L + (L—independent Const).
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Coupling to Charge-Confining Gauge Field

Let us now consider the gravity-matter model with two different
non-Riemannian volume-forms (25) coupled to the
charge-confining (53):

g — /d4ac $4(A) [R-FL(” - %\/_FQ(Q)}

+/d4a: Bo(B) [L@) +eR? — 4—221?2(9) + %] .
Repeating the same steps as with (25) above, the Einstein-frame
effective matter/gauge field Lagrangian takes the generalized
“k-essence” form as (34) with the same “k-essence” coefficient
functions A(y), B(y) (35)-(36) and effective scalar potential
U () (37) possessing two infinitely large (—) and (+) flat
regions, however, now it contains additional gauge field

dependent terms:
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Coupling to Charge-Confining Gauge Field

Leg = A(p)X + B(9)X? — Ueg (i)

F2 (@)  Jert(p) V—F2(3) — exafoA(p) X/ —F2(7)

2: () 2

where now the gauge coupling constants are “running” with the
“dilaton” :

fur(9) = f fae™0 + M
M0 fpe=20% 1 My + e fre—o® — My)?
1 1 f26_2(w + Mo

2 o) " elateh

(% faem20¢ + My + e(fre= % — My)?

(recall V = fie % and U = fye 2¥),
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“Vacuum” Configurations

The eqgs. motion resulting from Einstein-frame Lagrangian (57):

1
70 (VA e

allow for the following two classes of nontrivial “vacuum”
solutions:

6Leff ) _ aLeff i
0X Op

® (i) “Standard vacuum” containing standard constant “dilaton”
vacuum plus nontrivial gauge field vacuum:

OLegr

O : eff

— t X =0 = 61
@ = const — : T2 (61)

Here the value ¢ = const belongs to either the (—) flat region
(38) or the (+) flat region (39) of the effective scalar potential.
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“Vacuum” Configurations

® (i) “Kinetic vacuum” (this type of “vacuum” exists thanks to
the nonlinear w.r.t. X “k-essence” nature of the effective
Lagrangian (57)):

Oletr _ 0. (62)

6Leff_0 6Leff_0
ox 7 9p 7  OF?

Here the “dilaton” ¢ = ¢(z) will be slightly space-varying but
its values again will belong to either the (—) flat region (38) or
the (+) flat region (39).

Because of the presence of the two flat regions of the effective
scalar potential, the scalar dilation second-order egs. of motion
are automatically (approximately) satisfied.
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“Standard Vacuums” = de Sitter + Confinement

In the first class of “standard vacuum?” solutions the last equation
(61) yields the following non-trivial “vacuum” value for the gauge

field:
A/ —F(2:|:) — e%i)f(i) : (63)

Here and below the subscripts (+) indicate limiting values of
e2:(p), ferr(p) (59)-(58) on the (+) flat regions of effective scalar
potential. For the associated matter energy-momentum tensor
we get:

ff - I (standard)
Tﬁu — g,LWLeff ’X:O, 88[;5]? —0 _g,uz/U(:t) (64)
where U((it)andard) is the total effective scalar potential in the

“standard vacuums” (61):
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“Standard Vacuums” = de Sitter + Confinement

(standard) 1 2 2 1 B 1
U(—) =U + 46(—)f(—) ~ deyo [1 1+ef2/fy + eezfg} )

(standard) 1 9 2 1 B 1
UG = U + 3080 = 405 L~ Traman T e )

Therefore, according to (64) the solutions of the Einstein-frame
guv-equations are of de Sitter type (dS or Schw-dS):

2
ds* = g,,datde” = —A(r)dt* + JZZT) + r*(df* + sin® 9dqb> :
A A
A(r)=1-— (31) r? , or A(r)=1— QTm — %’IQ

In static spherically symmetric coordinate chart, with effective

dynamically induced cosmological constants Ay given by:

- (standard) - (standard)
Ay = %U(—) » Ay = %U(+) '
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“Standard Vacuums” = de Sitter + Confinement

Let us recall that as demonstrated above, the strength of charge
confinement is proportional to the non-zero vacuum value of the
nonlinear gauge field —F(Qi) (63).

Now, from the above analysis of the “standard vacuum” solutions
— given by ¢ = const belonging to the (+) flat regions of the
effective scalar potential (38)-(39) and possessing non-zero
gauge field vacuum values (63) and non-zero vacuum energy
densities (65)-(66) — we conclude that these “standard vacuum”
solutions describe charge confining phases of different
confining strength and with different dynamically generated
cosmological constants. The latter property is analogous to the
above cosmological scenario context where the evolution of the
early and late universe was related to two flat regions of the
effective scalar potential (two different vacuum energy densities).
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“Kinetic vacuum”

(14 = = 3} 8_[/6 _
The “kinetic vacuum” egs. < = 0 and

OL g
OF?

= 0 yield:

A 1—exafofenecy
2B 1 — e2x3fte?z A?/B

/_FQ. _ 62&‘ Jemr — EXQfOAQ/B
S i e2xsfiele A2/B

U(kinetic)

inn —

eff — -
TMV i g“VLeff ’—aLeff —0, Lot _o “YurYiotal ’

(kinetic)
where U . |

vacuum” (62):

kineti
U( etC):Ueff—l___l__eeff

total

0X ’ HF2 —

IS the total effective scalar potential in the “kinetic

A2 1, (feff—EXQfo%)2

4B 4 1 — 2 2.2 r2 A2
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“Kinetic vacuum” on the  (4) Flat Region

From (72) we deduce that in the “kinetic vacuum” the effective
gauge coupling constants become:
A écf

ot = foft — €X2fo ,  Eoff =
AQ

(73)

Inserting in (69)-(72) the values of the respective parameters for

the (+) flat region of the effective scalar potential yields:

A 1
2 _ o~ __ )
Fen =0+ X =Xy = 2B(y)  2exo

(kinetic) _ ry(kinetic) 1
Utotal — U(—|—) i 4€X2

l.e., we have here an effective cosmological constant:

__ 4 (kinetic) __ 1

(76)
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“Kinetic vacuum” on the  (4) Flat Region

Remarkable feature : the first relation in (74) — /—F2_ ‘(+): 0,
l.e., the zero vacuum value for the nonlinear gauge field, which is
due to the vanishing of the effective coupling constant of the
“square-root” Maxwell term (73) on the (+) flat region.

In accordance with ‘t Hooft's phenomenological confinement
proposal and as demonstrated explicitly in [GNP, 2015], the latter
Implies absence of confinement of charged particles , i.e., the
“kinetic vacuum” (74)-(75) describes a deconfinement phase.

According to (71) and (75)-(76) the solutions of the
Einstein-frame g, -equations in the “kinetic vacuum” are again of
de Sitter type (67)-(68) with A, given by (76).
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“Kinetic vacuum” on the  (4) Flat Region

The equation for the “dilaton” “kinetic vacuum” (second Eq.(74))

reads explicitly:

1
" 0,0, — =0. (77)
€X2
It has precisely the form of Hamilton-Jacobi equation for the

Hamilton-Jacobi action:

out dajﬂ dx?
=0 d\ u( 78
() = plz) = —— / \/g“ Vo 7®

corresponding to spacelike geodesics z#(\) starting from some
fixed point z (o (€.9., x(p) = 0) at a fixed value of the affine
parameter )\, and passing through z = x(Aout) at Agut. This
Hamilton-Jacobi action (78) measures the proper distance
between the points ) and x on the manifold modulo the
numerical factor 1/, /ex>.
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“Kinetic vacuum” on the  (4) Flat Region

A static spherically symmetric solution for ¢(x) is given by:

(6_90)2_ : ) = g /T dr (79)
or/  exa A(r) ARG €X2 VA

where the initial value ¢,y must belong to the (+) flat region
(large positive o).

In the case of pure de Sitter metric (67)-(68) the solution ¢(r)
(79), measuring the proper radial distance between 0 and r, Is
clearly defined only for r in the interval r € (0,7(4,), where
r4+) = \/24ex2 is the de Sitter horizon radius.

The solution ¢(r) reads explicitly:

p(r) = o4y + \/ﬂarcsin(é) : (80)

where the initial value.¢ .y belongs to.the. (+) flat region of.the
effective scalar potential.
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“Kinetic vacuum” on the  (4) Flat Region

Since the “kinetic vacuum” corresponding to the (+) flat region
described by (74)-(80) is defined only within the finite-volume
space region below the de Sitter horizon, in order to be extended
to the whole space it must be matched to another spherically
symmetric configuration with the standard constant “dilaton”
vacuum defined in the outer region beyond the de Sitter horizon
with:

QY = go(r(+)) = Q(+) T V61 = const for r > (ER (81)

where the latter is the limiting value of (80) at the horizon. The
corresponding construction yields a gravitational bag-like
solution mimicking both some of the features of the MIT bags in
QCD phenomenology as well as some of the features of the
“constituent quark” model.
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Gravitational Bag-like Solutions

Here we construct matching of the “kinetic vacuum” in (+) flat
region of the effective scalar potential given by de Sitter metric
(67)-(68) in the interior region (r < r()) below the de Sitter
horizon r (1) = \/24ex2 With effective cosmological constant (76)
and by Eqgs.(74)-(80), to a static spherically symmetric
configuration containing the standard constant “dilaton” vacuum
(81) in the outer region (r > 7)) beyond the de Sitter horizon.
The “matching” specifically means that the “dilaton” field, the
gauge field strength and the metric with its first derivatives must
be continuous across the horizon, in particular, the de Sitter
horizon of the interior metric must coincide with a horizon of the
exterior metric.

56



Gravitational Bag-like Solutions

Previously we have already explicitly derived static spherically
symmetric solutions of the coupled gravity/nonlinear gauge
field/scalar “dilaton” system (57) with a generalized
Reissner-Nordstrom-(anti)de Sitter geometry carrying a
non-vanishing background constant radial electric field In
addition to the standard Coulomb field. We will use this type of
solution in the outer region beyond the de Sitter horizon to be
matched with the “kinetic vacuum” (74)-(80) in the interior region.
Specifically, for » > ry = /24ex> the solution reads:

dr?
ds® = — Ayt (1)dt? 2(d6? + sin® Odo?
S Aout (1) +Aom(r)+r( + sin qb)a
2m Q* AV
Aow(r) = 14 = [~VBRIQUf (1) — T+ o | — =242,
T 6(_|_)T
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Gravitational Bag-like Solutions

A _ lU(standard) _ 1 [1 . 1
Ut T 2 () 8€X2 1+ eMZ /My + ee?f51 7

V= F2(r) = V2| B ()] = 24y fia) — ﬁrz >

p = o(ry)) = const (as in (81)),

where e%ﬂ, J(+) are the limiting values of the “running” gauge
coupling constants on the (+) flat region of the effective scalar
potential:

5 e 1 + eME /M
Y2 1+ er/Mg + e?¢ 3 ’

Jo
1+ EM%/MQ .

fett(p) = f4) =
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Gravitational Bag-like Solutions

The matching of the exterior solution (82)-(85) with the interior
region “kinetic vacuum” (74)-(80) at the de Sitter horizon
uniquely determines m, () parameters:

V2m24ee? fy
1+ eM? /My + e2efi
(87)

m = 0 ) ’Q‘ v 6 24€X2

with the following additional relation between the integration
constants M o and the initial coupling constants e, e, fo:

2

M
1+6ﬁ2_3€f€220. (88)
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Gravitational Bag-like Solutions

To recapitulate, we have obtained the following “vacuum-like

solution:
® In the inner space region r < r() = /24ex2 We have an

Interior de Sitter region below the de Sitter horizon at
r = r(4) With effective cosmological constant

Ay = %U((f)netic) = 1/8ex2, with vanishing vacuum gauge
field (first Eq.(74)), “kinetic vacuum” scalar “dilaton”

according to (80) and vacuum energy density (75):

1

L~ U(kmetlc) . 39
Pi (+) dexs CE)
® In the outer space region r > r) = \/24ex2 We have static
spherically symmetric metric (83) with:
1 O6ya 1 r?
Aoe(r) =1 — - (1~ )+ (0
out(7) 2ee? 2 + e?fE r? ~ 2dexs dee? f& =9

60



Gravitational Bag-like Solutions

® The outside nonlinear gauge field (84) is a static radial
electric field of the explicit form:

/ 1 24EX2
— 2 p— r o —
Fout (T) \/5 ‘Eout (T)’ 4€X2f0 (1 7"2 > 3 (91)

where again we have used (86) and (88). In (91) there is a
Coulomb piece in addition to a non-zero background
constant radial electric field:
1 1

E — —¢? = :

‘ background‘ \/§ (—I—)f(‘|‘) \/§4€X2f0
Thanks to the latter the Coulomb field is completely
cancelled at the horizon.

(92)
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Gravitational Bag-like Solutions

® The outside scalar “dilaton” is constant (85) and the energy
density (p = —T7)) reads (using again (86), (66) and (88)):

(standard) "t
N standard) 2 2 NIV SV
Pout (T) — U(+) 6(+)f(+) ( 22 44 )

1 (1 1 > 1 (1 24€X2>
 deyo dee? f& ee? f& r? r2 )’

Obviously (recall in (93) r > r(1) = /24ex2):

1 1
- < U(standard) _ [1_
p t(r) = () 4€X2 1+ €M12/M2 —+ 662]‘3
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Gravitational Bag-like Solutions

The above solution (82)-(94) is a electrovacuum gravitational
bag-like configuration on the (+) flat region of the effective
scalar potential which mimics some of the properties of the MIT
bag. Indeed:

(1) In the inner finite volume space region below the horizon
(r < r(4)) the vanishing vacuum value of the gauge field (first
Eqg.(74)) implies absence of confinement of charged
particles .

(i) According to (94) the vacuum energy density p;, Iin the
inner finite volume space region (for r < r(4,) Is larger than the
energy density poyut IN the outside region.
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Gravitational Bag-like Solutions

There are, however, other properties of the present
electrovacuum gravitational “bag” solution which are
substantially different from those of the MIT bag and which
rather resemble some of the properties of the solitonic
“constituent quark” model:

(a) It iIs charged (the overall charge () is non-zero (87)).

(b) It carries non-zero “color” flux to infinity — because of the
non-zero background constant radial electric field (92).
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Conclusions

® Non-Riemannian volume-form formalism in gravity/matter
theories (i.e., employing alternative non-Riemannian
reparametrization covariant integration measure densities on
the spacetime manifold) naturally generates a dynamical
cosmological constant as an arbitrary dimensionful
Integration constant.

® Within non-Riemannian-modified-measure minimal N = 1
supergravity the dynamically generated cosmological
constant triggers spontaneous supersymmetry breaking and
mass generation for the gravitino (supersymmetric
Brout-Englert-Higgs effect).
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Conclusions

e Within modified-measure anti-de Sitter supergravity we can
fine-tune the dynamically generated cosmological integration
constant in order to achieve simultaneously a very small
physical observable cosmological constant and a very large
physical observable gravitino mass — a paradigm of modern
cosmological scenarios for slowly expanding universe of
today.

Employing two different non-Riemannian volume-forms leads
to the construction of a new class of gravity-matter models,
which produce an effective scalar potential with two infinitely
large flat regions. This allows for a unified description of both
early universe inflation as well as of present dark energy
epoch.
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Conclusions

® [or a definite parameter range the above model with the two
different non-Riemannian volume-forms possesses a
non-singular “emergent universe” solution which describes
an initial phase of evolution that precedes the inflationary
phase. For a reasonable choice of the parameters this model
conforms to the Planck Collaboration data.

® Adding interaction with a special nonlinear (“square-root”
Maxwell) gauge field (known to describe charge confinement
In flat spacetime) produces various phases with different
strength of confinement and/or with deconfinement, as well
as gravitational electrovacuum “bags” partially mimicking the
properties of MIT bags and solitonic constituent quark
models.
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Conclusions
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