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Abstract. We present a qualitatively new mechanism for dynamical sponta-
neous breakdown of supersymmetry. Specifically, we construct a modified for-
mulation of standard minimal N = 1 supergravity. The modification is based
on an idea worked out in detail in previous publications by some of us, where we
proposed a new formulation of (non-supersymmetric) gravity theories employ-
ing an alternative volume form (volume element, or generally-covariant integra-
tion measure) in the pertinent Lagrangian action, defined in terms of auxiliary
(pure-gauge) fields instead of the standard Riemannian metric volume form. In-
variance under supersymmetry of the new modified N = 1 supergravity action
is preserved due to the addition of an appropriate compensating antisymmetric
tensor gauge field. This new formalism naturally triggers the appearance of a
dynamically generated cosmological constant as an arbitrary integration con-
stant which signifies a spontaneous (dynamical) breaking of supersymmetry.
Furthermore, applying the same formalism to anti-de Sitter supergravity allows
us to appropriately choose the above mentioned arbitrary integration constant so
as to obtain simultaneously a very small positive effective observable cosmolog-
ical constant as well as a large physical gravitino mass as required by modern
cosmological scenarios for slowly expanding universe of today.

PACS codes: 04.50.Kd,04.65.+e,11.30.Pb,11.30.Qc

1 Introduction — Gravity-Matter Theories in Terms of
Non-Riemannian Volume-Forms on Space-Time Manifold

In a series of previous papers [1-3] (for recent developments, see Refs.
[4, 5]) some of us have proposed a new class of generally-covariant (non-
supersymmetric) field theory models including gravity — called “two-measure
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theories” (TMT), which appear to be promising candidates for resolution of the
dark energy and dark matter problems, the fifth force problem, etc. The princi-
pal idea is to employ an alternative volume form (volume element or generally-
covariant integration measure on the space-time manifold) in the pertinent La-
grangian action, which is defined in terms of auxiliary pure-gauge fields inde-
pendent of the standard Riemannian volume form in terms of the Riemannian
space-time metric.

To illustrate the formalism let us consider the following type of TMT action of
the form relevant in the present context::

gh1---HD
S:/de‘I)(B) [L(ﬁ-}-mamlfwmmj} _|_/de\/ng(2) 1)

with the following notations:

e The first term in (1) contains a non-Riemannian integration measure den-

sity:
1
q)(B) = ﬁgulmuD aﬂlB,uz-../LD ) (2)
where B,,, ., _, is arank (D — 1) antisymmetric tensor gauge field.

e The Lagrangians L(1:?) = ﬁR—i—Lg;jzer include both standard Einstein-
Hilbert gravity action as well as matter/gauge-field parts. Here R =
9" R,,,,(T") is the scalar curvature within the first-order (Palatini) formal-
ism for the Riemannian space-time metric g,,,, and R, (T") is the Ricci
tensor in terms of the independent affine connection I'y . In general, L®

might contain also higher curvature terms like R? (cf. Ref. [5]).

e Note that in the first modified-measure term in the action (1) we have
included an additional term containing another rank (D — 1) antisymmet-
ric tensor gauge field H,,, . ,,_,. Such terms would be purely topologi-
cal (total divergence) ones if included in standard Riemannian integration
measure action terms like the second term with L(2) on the r.h.s. of (1).

In (1) we have taken linear combination of modified-measure and standard Rie-
mannian measure action terms. Recently in [6] we have proposed a more general
TMT gravity-matter model defined in terms of two different non-Riemannian
integration measures, which provides interesting cosmological implications, in
particular, it allows for a unified description of both an early universe inflation
and present day dark energy.

Varying (1) wrt. Hy,, ., _, and the “measure” tensor gauge field B, .

HMD-1
we get:
®(B)Y _ ®B) _
3”( _g),() — _g:xfconst, (3)
) gh1---HD
L + aHIHH2~~~HD = M? (4)
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where x (ratio of the two measure densities) and M are arbitrary integration con-
stants. Performing canonical Hamiltonian analysis of (1) one can show that the
above integration constants M and  are in fact constrained a’la Dirac canonical
momenta of the auxiliary tensor gauge fields B and H.

Now, varying (1) w.r.t. ¢"¥ and taking into account (3)—(4) we arrive at the
following effective Einstein equations (in the first-order formalism):

1
R, (T) - 39 B+ Aer gy = KT, (5)

with effective energy-momentum tensor:

eff eff 8L1eritter eff — 1 (1) (2)
T = GuvLinatter — QW v Lmatter = W[L +L } ., (6)

and with a dynamically generated effective cosmological constant:

xM . @)

2 Modified N = 1 Supergravity and Dynamical Supersymmetry
Breaking

The ideas and concepts of two-measure gravitational theories [1]- [5] may be
combined with those applied to contsruct a theory of strings and branes with
dynamical generation of (variable) string/brane tension [7] to consistently incor-
porate supersymmetry into the two-measure modification of standard Einstein
gravity. Here for simplicity we will present the modified-measure construction
of N = 1 supergravity in D = 4. For a recent account of modern supergravity
theories and notations, see Ref. [8].

Let us recall the standard component-field action of D = 4 (minimal) N = 1
supergravity:

1 _
Ssc = 5.3 | d'we[Rw,e) =6, Do ®
e=detlleg] , R(w,e) = e™e” Rapu(w) - ©)
Rab/u/ (w) = aﬂwuab - auw,u,ab + wzawucb - wgawucb . (10)
1
Dytpx = Outhr + qwvany™n 5 A" = effepedy™ (11)

where all objects belong to the first-order “vierbein” (frame-bundle) formalism,
i.e., the vierbeins e); (describing the graviton) and the spin-connection wyqp
(SO(1, 3) gauge field acting on the gravitino 1,,) are a priori independent fields
(their relation arises subsequently on-shell); 7% = 1 (y29% — 4%4%) etc. with
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~v* denoting the ordinary Dirac gamma-matrices. The invariance of the action
(8) under local supersymmetry transformations:

a 1 =a,Q
566,u = 557 wu ) 5e¢u = D,u,5 (12)

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

e (e [R(w,€) — @MVW’\DzﬂﬁA]) = ule(e¢")] (13)

where (* functionally depends on the gravitino field v,,.

We now propose a modification of (8) by replacing the standard generally-
covariant measure density e = /—g by the alternative measure density ®(B)
(Eq.(2) for D = 4):

1

56“”’“ OuBuix (14)
and we will use the general framework described above in (1)—(7). The
modified-measure supergravity action reads:

®(B) =

UVKEN
Smsc = 212 4z (B) [R(w, €)=, M’N)Vz/mug 0, H,] , (15)
where a new term containing the field-strength of a 3-index antisymmetric tensor
gauge field H,,) has been added. As already explained above, its inclusion
in the Lagrangian of the standard supergravity action (8) would yield a purely
topological (total divergence) term. Similar construction has been previously
used in ref. [7] to formulate a new version of Green-Schwarz superstring using
an alternative non-Riemannian world-sheet volume form.

The equations of motion w.r.t. H, and B, yield as in (3)-(4):

(%L((I)(B)) =0 — ®(B) = y = const , (16)
e e

_ 6[1.1/}{)\
R(w, ) — ¥, A" Dyihx + —— a1 OuHunr = 2M (17)

where M is an arbitrary integration constant.

Now it is straightforward to check that the modified-measure supergravity action
(15) is invariant under local supersymmetry transformations (12) supplemented
by the transformation laws for H,,,» and ®(B):

6eH/u/)\ = —€&urk (ECK) ) 66(1)(3) = dee (18)

which algebraically close on-shell, i.e., when Eq.(16) is imposed.
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The role of H, ) in the modified-measure action (15) is to absorb, under local
supersymmetry transformation, the total derivative term coming from (13), so
as to insure local supersymmetry invariance of (15) — this is a generalization of
the formalism used in Ref. [7] to write down a modified-measure extension of
the standard Green-Schwarz world-sheet action of space-time supersymmetric
strings. Similar approach has also been employed in Refs. [9, 10] in the context
of f(R) supergravity.

The appearance of the integration constant M represents a dynamically gener-
ated cosmological constant in the pertinent gravitational equations of motion
and, thus, it signifies a new mechanism of spontaneous (dynamical) breaking of
supersymmetry. Indeed, varying (15) w.r.t. ej;:

v pa 1 av 1 av
e Ry, = 50,0 Duthx + 51,7 Dyt
1_ \ e Epw-cA
_ avA ) e I{VH = 1
T Pty g Ot =0 (19

and using Eq.(17) to replace the last H-term on the 1.h.s. of (19) we obtain the
vierbein analogues of the Einstein equations including a dynamically generated
floating cosmological constant term ey, M (cf. Eqs.(5)-(7) above):

1
" Ry, — gepRw,e) + M = k7T, (20)
2Ta_1_ az/)\D 1 a7 pV)\D
K u = 5/(/);1,,7 VwA - 56# p'V V¢)\
1 v 1~ av
=50 Do = S0y Dyy 2D

Let us recall that according to the classic paper [11] the sole presence of a cos-
mological constant in supergravity, even in the absence of manifest mass term
for the gravitino, implies that the gravitino is massive, i.e., it absorbs the Gold-
stone fermion of spontaneous supersymmetry breakdown — a supersymmetric
Higgs effect.

3 Dynamical Supersymmetry Breaking in Modified Anti-de Sitter
Supergravity — Large Gravitino Mass versus Small Cosmological
Constant

Let us now start from anti-de Sitter (AdS) supergravity (see, e.g. [8, 11]; using
the same notations as in (8)):

1 _ _
Sads = 22 /d4$€[3(wa €) = Y, " Dy — mp, Ay, — 2/\0} ,(22)
m =

3
)
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The action (22) contains additional explicit mass term for the gravitino as well as
a bare negative cosmological constant Ay balanced in a precise way |Ag| = 3m?
so as to maintain local supersymmetry invariance and, in particular, according
to [11] — keeping the physical gravitino mass zero.

Then, application of the above formalism from Section 2 to the action (22) al-
lows us to construct a modified-measure AdS supergravity in complete analogy
with (15):

1 _
Smod-ads = 55 | d'z ®(B)|R(w,€) = 7" Dy

2PN

—m Y, = 2o+ o Ot 24)

with ®(B) as in (14) and m, A as in (22).

Repeating the same steps as in Section 2 the AdS action (24) will trigger dy-
namical spontaneous supersymmetry breaking resulting in the appearance of the
dynamically generated floating cosmological constant M/ which will add to the
bare cosmological constant Ag. Thus, we can achieve via appropriate choice of
M ~ |Ag| a very small positive effective observable cosmological constant:

Ao = M 4+ Ao = M — 3m? < |Ag| (25)

and, simultaneously, a large physical gravitino mass meg which in the case of
very small effective cosmological constant (25) will be very close to the bare
gravitino mass parameter m:

1
Mef = M = §|A0| , (26)

since now the background space-time geometry becomes almost flat. This is pre-
cisely what is required by modern cosmological scenarios for slowly expanding
universe of today [12]- [14].

4 Conclusions

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

e Within modified-measure minimal N = 1 supergravity the dynami-
cally generated cosmological constant implies spontaneous supersymme-
try breaking and mass generation for the gravitino (supersymmetric Brout-
Englert-Higgs effect).
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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 positive cosmo-
logical constant and a very large physical observable gravitino mass —
a paradigm of modern cosmological scenarios for slowly expanding uni-
verse of today.

Acknowledgments

We

gratefully acknowledge support of our collaboration through the academic

exchange agreement between the Ben-Gurion University and the Bulgarian
Academy of Sciences. S.P. has received partial support from COST action MP-
1210.

References

(1]
(2]

(3]

(4]

(5]

(6]
(71

(8]
(91
[10]
(11]
[12]

[13]

[14]

E.I. Guendelman (1999) Mod. Phys. Lett. A14 1043-1052 (arXiv:gr-qc/9901017).

E. Guendelman, A. Kaganovich (1999) Phys. Rev. D60 065004 (arXiv:gr-
qc/9905029).

E. Guendelman, O. Katz (2003) Class. Quant. Grav. 20 1715-1728 (arXiv:gr-
qc/0211095).

E.I. Guendelman and P. Labrana (2013) Int. J. Mod. Phys. D22 1330018
(arxiv:13037267 [astro-ph.CO]).

E.I. Guendelman, H.Nishino and S. Rajpoot (2014) Phys. LettB732 156
(arXiv:1403.4199 [hep-th]).

E. Guendelman, E. Nissimov, S. Pacheva (2014) arxiv:1407.6281 [hep-th].

E. Guendelman, A. Kaganovich, E. Nissimov, S. Pacheva (2002) Phys. Rev. D66
046003 (arxiv:hep-th/0203024).

D. Freedman, A. van Proeyen (2012) Supergravity, Cambridge Univ. Press, Cam-
bridge Mass.

H. Nishino, S. Rajpoot (2006) Mod. Phys. Lett. A21 127-142
(arxiv:hepth/0404088).

H. Nishino, S. Rajpoot (2010) Phys. Lett. B687 382-387.

S. Deser and B. Zumino (1977) Phys. Rev. Lett. 38 1433-1436.

Adam G. Riess et.al. (Supernova Search Team) (1998) Astronomical Journal 116
1009-1038 (arxiv:astro-ph/9805201).

S. Perlmutter et.al. (The Supernova Cosmology Project) (1999) Astrophysical Jour-
nal 517 565-586 (arxiv:astro-ph/9812133).

A.G. Riess et.al. (2004) Astrophysical Journal 607 665-687  (arxiv:astro-
ph/0402512).

129



