International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:7, No:1, 2013

Gravitino Dark Matter in (nearly) SLagy D3/D7
1-Split SUSY

Mansi Dhuria and Aalok Misra

Abstract—In the context of large volume Big Divisor (nearly)
SLagy D3/D7 u-Split SUSY [1], after an explicit identification
of first generation of SM leptons and quarks with fermionic super-
partners of four Wilson line moduli, we discuss the identification of
gravitino as a potential dark matter candidate by explicitly calculating
the decay life times of gravitino (LSP) to be greater than age of
universe and lifetimes of decays of the co-NLSPs (the first generation
squark/slepton and a neutralino) to the LSP (the gravitino) to be
very small to respect BBN constraints. Interested in non-thermal
production mechanism of gravitino, we evaluate the relic abundance
of gravitino LSP in terms of that of the co-NLSP’s by evaluating
their (co-)annihilation cross sections and hence show that the former
satisfies the requirement for a potential Dark Matter candidate. We
also show that it is possible to obtain a 125 GeV light Higgs in our
setup.

Keywords—Split Supersymmetry, Large Volume Swiss-Cheese
Calabi-Yau’s, Dark Matter, (N)LSP decays, relic abundance.

I. INTRODUCTION

OVER the past few years, producing realistic model sat-
isfying both cosmological as well as phenomenological re-
quirements from string compactifications has proven to be a
daunting challenge. To get the phenomenological implications
of B(eyond) S(tandard) M(odel)s, they must be invoked with
a particular SUSY breaking mechanism and hence scale of
SUSY breaking. The recently proposed split-SUSY model
(based on high SUSY breaking scale) inspired by the need
of fine-tuning to obtain a very small cosmological constant, is
emerging out to be quite interesting from the point of view of
phenomenology because of the fact that heavy scalars mostly
appearing as virtual particles in most of the particle decay
studies, help to resolve many diverse issues of both particle
physics and cosmology [2]. Gravitino, a spin 3/2 particle and
the supersymmetric partner of the graviton in local SUSY,
which acquires a mass from the spontaneous breaking of
supersymmetry, in gravity mediated SUSY breaking theories,
generally, appears to be lightest among all superpartners and
can have impact on the issue of dark matter. Because of
their interactions suppressed by M, they are decoupled from
thermal plasma very early in the universe and their abundance
might overclose the universe known as famous ‘cosmological
gravitino problem’, the resolution of which is quite natu-
ral because abundance gets diluted as universe experiences
through inflationary phase. Therefore, cosmologically relevant
gravitino abundance is then recreated in the reheating phase
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after inflation by inelastic 2 — 2 scattering and 1 — 2-
decay processes of particles from the thermal bath where
abundance varies linearly with the reheating temperature T'g.
However, in string/M theory-inspired models, this “standard’
way of production of Dark Matter (DM) particles is signif-
icantly altered because of the presence of moduli as decay
of modului increases the entropy which sufficiently decreases
the relic abundance of gravitino. Therefore, sizable amount
of gravitinos can be produced by (non-thermal) production
of gravitinos (LSP) formed by decays of moduli and can
dominate the thermal production of gravitinos in the early
plasma, discussed in [3]. Even in particle physics models,
sufficient amount of relic density of LSP can be produced by
decays of N(ext-to) L(ightest) S(upersymmetric) P(article) and
has been studied in literature [4]. Motivated by this approach,
we had studied the abundance of gravitino produced from
decay of right set of moduli (corresponding to Co-NLSP’s)
in type I1B large volume g split SUSY set up in [1].

In this paper, we summarize our study in [1] of
decay width of gravitino appearing as the L(ightest)
S(upersymmetric) P(article) and sleptons/squarks as N(ext-
to) L(ightest) S(upersymmetric) P(article)s with (Bino/Wino-
type)gaugino-dominant neutralino, emphasizing their impact
on the issue of dark matter in the context of large volume
u split SUSY set up in an improvement of [5]. In addition
to getting a light Higgs of 125GeV and a long life time
of gluino, we show that the presence of non-zero R-parity
violating couplings and high squark masses help to reduce
the decay width and hence lifetime of the gravitino (LSP)
becomes very large (of the order or greater than age of the
Universe) satisfying the requirement of potential dark matter
candidate whereas life times of co-NLSP’s are small enough
not to dsiturb the beautiful predictions of BBN. Relying
on the non thermal production occurring through decays of
sleptons/neutralino existing as co-NLSP’s in our set up, we
evaluate the relic abundance of gravitino, the right amount
of which helps to resolve cosmological gravitino problem
while very heavy moduli masses(>> 10TeV) in the set-up
automatically resolves the cosmological moduli problem.

Il. THE MODEL

Let us first briefly describe our large volume D3/D7
Swiss-Cheese setup of [1]. Type IIB compactified on the
orientifold of a Swiss-Cheese Calabi-Yau in the L(arge)
V(olume) S(cenarios) limit that includes non-(perturbative)
o' corrections and non-perturbative instanton-corrections in
superpotential [8]. For studying phenomenological issues, we
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included a single mobile spacetime filling D3-brane and
stacks of D7-branes wrapping the “big” divisor. Interested in
generating the possibility of distinct non-abelian gauge groups
by turning on different fluxes on the world volume of “big”
divisor, therefore requires to construct four involutively odd
harmonic distribution one-forms A; localized on the sub-locus
of X 5. The most non-trivial example of involutions which
are meaningful only at large volumes is mirror symmetry
implemented as three T-dualities in [6]. Interestingly, we found
in [1] that the toroidal three-cycle supporting harmonic one-
forms

Cs: |21| ~ V36, |zg| ~ V36, |23] ~ V5

(the Calabi-Yau can be thought as a 73(swept out
by (argzi,argze, argzs)-fibration over a large base
(|z1l, |z2]s |1z3]); precisely apt for application of mirror
symmetry as three T-dualities a la S(trominger) Y (au) Z(aslow)
[6]) is almost a s(pecial) Lag(rangian) sub-manifold because
it satisfies the requirement that f*J ~ 0, f*Q = ¢“vol(Cs),
where f : C3 — CY3 [7]). Therefore, as discussed in [8],
the harmonic distribution one-forms can be constructed by
integrating:

dAr = (PEB (21,273))1 dz1 A dzowith (I =1,2,3, 4)7 (1)

such that A; is harmonic only on 5 and not at any other
generic locus in the Calabi-Yau manifold and distribution one-
forms on X localized along the D3-brane can be written as:

A~ 6 (|z3| - vé) 5 (\zl\ - v%) 5 (\Z2| - v%) @

X [w1(217 ZQ)le + (:J[(Zl, Zg)dZQ] .

Writing A[(Zl,ZQ) = wI(zl,zQ)dzl + @](21722)(122 where
w(—21,22) = w(z1, 22),0(—21, 22) = —@(21, 22) and
010 = —0dw, One obtains:

A1 (21, 29,23 ~ VT) ~ —zllgzégdzl + 219248d2s,

As(z1, 22,23 ~ Vé) ~ 721 820dz21 + 23%21d 29,
Ag(21, 22,23 ~ V8) ~ —218237dz) — 218237dz
Ayq(z1, 29,23 ~ V%) ~ —238287dzy + 256237 d2,.

The A/ = 1 chiral co-ordinates with the inclusion of mo-
bile D3-brane position moduli z; 2 and D7-branes Wilson
line moduli a; will be appropriate generalizations of [9])
for multiple D7-branes (See [1]). The quadratic contribution
arising due to Wilson line moduli contribution is of the form:
muwCB a’a’ with CB fz i*w A AT A A7, where

w € Hf’”(EB). We calculate the intersection matrices C7;
by constructing harmonic one forms using equation (2). Also,
coefficient of quadratic term

(Wa)ij P (23 — % (Pg)jl éazl>

arising in Tz due to inclusion of position moduli z; can be
shown to be (9( ) by calculating (wg);; ~ (ws);; ~ O(1)

®

near zj o ~ "\/33 (See [1]). Therefore one can argue ([8], [1])
that near

|21.2] ~ V3 M,, |23 ~ V5 M,, |as| ~ V=3 M,,
lag| ~ V=EM,, |as| ~ V=M, |ay| ~ V=5 M, A = 0;
* ~ omE ooy M,

one obtains a local meta-stable dS-like minimum cor-
responding to the positive minimum of the potential
eKGTsTs | Dy W |? stabilizing

vol (Xp) ~ Re(op) ~ V%,VOI(Es) ~ Reog ~ VT8

such that )
Re(T)s ~ V18

and in the dilute flux approximation, gauge couplings cor-
responding to the gauge theories living on stacks of D7
branes wrapping the “big” divisor ¥z will given by: g;fu =
Re(Tg) ~ Vis ~ O(1) (justified by the partial cancelation
between between Xz and C; jasayi.e (Vol(Xg)+Crraraz+
h.c. ~ VT8),

The Kéhler potential relevant to all the calculations in this
paper (without being careful about O(1) constant factors) is
given as under:

K~ —QZn(

Tg+Tp — (Mslz {21 + |22 + 2122 + 2221 }

V5 a1)? 4 VT8 (ardg + h.c.) + V3 |ag|? + V¥ (0133 + h.c.)
VS (agas + h.c.) + V5 |ag|? + VI (a1dy + aqar) +
3/2

VE (agay + asa) + VT (azas + agdz) + VS a42>

= _ _y13/2
(TS+TS*14312{|21|2+|22|2+2122+2’221})/ +Zn%()>

and ED3 generated non-perturbative superpotential we will be
using is given by:

2 n?®
1 1 1 18\ 3
W~ (1 + 218 + 238 + (3¢02P25 — 218 — 218)3 — 3(;502?28)
N *vol(Ts)— pg(aszf+ﬁszg+752122).

The evaluation of “physical”/normalized Yukawa couplings,
soft SUSY breaking parameters and various 3-point vertices
needs the matrix generated from the mixed double derivative
of the Kéhler potential to be a diagonalized matrix. After
diagonalization the corresponding eigenvectors of the same
are given by:

Ay ~ay +V~ oa3+V 5a1+V 5a2+V (z1+22);
Az ~ —ag +V~ aa4—V_aa1 V_oa2—|—V (Zl+22);
Al ~ap =V 3az+Vlag — V- 6a4—|—V (z1+22);

As ~ —ag — V71a1 + V- oa3 — (Zl + 22);

2y~ —Etz) =g, -, +v Sas +V 2y

V2
2y~ —(Zl\;;z) —V8a; +V Sax+ V Saz + V24

and the effective Yukawa couplings can be calculated us-

oK yett
;0,0

,C; being an open

H Creff

Ing ch(,‘Jc‘,C \/Kciéi Kc,c, Kepey
string modulus which for us is 02 2,dA41,23.4. Where
YEl, 4, is given by O(Z;)-coefficient in the mass term
e*D4,Dz,Wx* x4 in the N = 1 SUGRA action of [13].
By estimating in the large volume limit, all possible Yukawa
couplings corresponding to four Wilson line moduli and show-
ing that the RG-flow of the effective physical Yukawa’s change
almost by O(1) under an RG flow from the string scale down
to the EW scale [1], we see that for V ~ 105, (Z;) ~ 246GeV:
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. K
O(2;) term in e2 Dy, Da, W _ AZeﬁAlAg 1073 x Vi,
\/szg_iKAlAlK»ASAB '
R (4)
giving (Z;)Yz, 4, 4, ~ MeV - about the mass of the electron!
[ ]

O(Z;) term in €2 D4y Da,W I T = IV

VEz 2 Ki1,Ka, 4, Rt ©)
giving (z)Yz, 4,4, ~ 10MeV - close to the mass of the
up quark! The above shows that fermionic superpartners of
A1 and Ajs correspond respectively to first generation of left-
handed SU (2) and right-handed U (1) leptons while fermionic
superpartners of A4, and 4, correspond respectively to left-
handed SU(2) and right-handed U(1) quarks.

I1l. MASS SCALES

The gravitino mass
K _n®_q
mgyp =e2WMy ~V7 77" M,

in the context of gravity mediation and for n®* =2 and V =
105, turns out to be around 108 GeV. Hereafter, using diagonal
metric matrix and calculating F'-terms corresponding to bulk
moduli Tz g,G% , soft SUSY breaking parameter i.e position
moduli mass (to be identified with Higgs) Z; come out to be
(see [1])

59
mz, ~V72mg

and Wilson line moduli masses(to be identified with scalar
masses), come out to be very heavy :

ma, ~ \/)77’713/2

for all Wilson line moduli at string scale and changes only
by O(1) under the RG solution down to EW scale as shown
in [11], giving one of the signatures of p-split SUSY. In
addition to these, SUSY breaking trilinear couplings Az 7k
and supersymmetric Higgsino mass parameter fiz, z, also
turns out to be very large of the order

N a7
Hzi2, ™~ V36 mg/2-

Now, to realize split SUSY as in [2], we calculated in [1]
the mass of light Higgs formed by linear combination of two
Higgs doublets by first calculating the masses of same which
after soft supersymmetry breaking are given by (m% +4%.)'/?
and thereafter using RG solution to Higgs mass discussed in
[5], one can get the contribution of Higgs doublets as well
as the Higgsino mass parameter iz, at EW scale. The Higgs
mass matrix is given as

m¥,  AB \ _( my, &

B mi, &p* my, )
Assuming non-universality w.r.t. to both D3-brane position
moduli masses (mz, ,) given by ¢; and

B ~ iz, 7,(§ ~ O(1)),

considering a small fine tuning i.e (0.03 + &;)m2 ~ —0.065p
(Sp is hypercharge weighted sum of squared soft scalar mass
having value around m3) and

1 m?2
N2+_ E'W7
¢ 8 m3

we obtain one light Higgs (corresponding to the negative sign
of the square root) of order 125 GeV and one heavy Higgs
(corresponding to the positive sign of the square root) whereas
the squared Higgsino mass parameter [z, =z, then turns out to
be heavy with a value, at the EW scale of around Vims 5, thus
showing the possibility of realizing p split SUSY scenario in
the context of LVS D3 — D7 set up.

In fact, in addition to being able to generate the mass-scales
relevant to (in this paper, first generation) quarks/leptons,
using the RG-flow arguments of [10], one can also show that
the Weinberg-type dimension-five Ma}_(jorana-mass generating

K 52w
o (X“L‘“Zi)z or

KZ,Z,KAlﬁl
. ez w _A 2 .
in fact ——=— <X L12i> produces the correct first-

2,2, A1A .
generation neutrino mass scale of slightly less than 1eV for
(z) ~ O(1)V3s,

In addition to this it was shown in [1], decay life time
of gluino comes out to be high (in the range 107 5s(§ —
4x3),10%s(g — 9uX3),10*s(§ — qqib.), 10" s(g — g,by)
sec), thus showing the stability of Gluino and hence giving
another concrete evidence of p split SUSY in our set up.

operator: O({z;)?) coefficient in

IV. LiFe TIME OF N(LSP) DECAY CHANNELS

The very important constraint that the
hadronic/electromagnetic energy released from decay
products of next-to-lightest supersymmetric particle (NLSP)
must not alter the observed abundance of light elements in
the universe essentially fixed by average lifetime around
T ~ 102sec referred to as the B(ig) B(ang) N(ucleosynthesis)
constraint, is satisfied by NLSP candidates if decay of same
occurs before BBN era [12]. In addition to this, taking
R-parity violating couplings into account, the (lightest)
neutralino might decay into leptons/quarks rather than
gravitino and hence elude the relic abundance of gravitino
coming from decay of neutralino (Co-NLSP) if life time
for the former decay is less than the latter; via explicit
calculations, we ensure that this does not happen. For the
same one needs to calculate the decay widths of all important
2- and 3-body decay channels for which we will be using the
following terms (written out in four-component notation or
their two-component analogs and utilizing/generalizing results
of [9]) in the A/ = 1 gauged supergravity action of Wess and
Bagger [13] with the understanding that 1m,0duli/modulini <<

A M
mKK | ~ i’g ~10MGeV | M, = 7 ~
. VY~ 105/6 i Vn105/6
1015GeV, and that for multiple D7-branes, the non-abelian
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gauged isometry group!, corresponding to the killing vector
62'&421#7 (271'0/) QpBOr,,Qp = (271'04/) fEB i*wp A P_ f arising

v/Z

due to the elimination of of the two-form axions Dg> in

favor of the zero-form axions pp under the KK-reduction of

the ten-dimensional four-form axion [9] (which results in a

modification of the covariant derivative of Tz by an additive

shift given by 6Gix3ur (2ma’) Tr(QpA,)) can be identified 20

with the SM group (i.e. A4, is the SM-like adjoint-valued

gauge field [13]): Yu

L=gymgry 71T (XTBX”Z)‘Z;, R
+igr7Tr (X% [IxE + Ty daM )] + 1 (0ap Kdans — c.c.) X7
K _
+e5- (DzDgW) T (xEx%)
+9rpTs T [(GMTB — AMXTB) (8/‘TB _ AuXTB)T]

_ Yy

) 9155 Tr (X A XL 7" 0, R)

0L, w0 VNG, LEpx + 0L, u0? N, LW - _

4T [Ag, A <6niu7(2wa’)Q3K + 2 Cral)@pu” ) X L B q

+Jﬁﬁﬂ6mﬁ(2ﬂ'a’)Tr [QBA“@“ (nim(?ﬂa’)QCHalaJ)
H v/Z
+h.c..
The gaugino mass obtainable from bulk F-terms comes out
q

to be V§m3/2 [1]. The smallest eigenvalue of neutralino ) . .
corresponding to eigenvector Fig.2 Three-body gaugino-decay diagram

Fig.1 Two-body gaugino-decay diagramas

{9 ~ —A° +f<H§’+FI§)

(where HRQ are the Higgsinos) formed by solving neutralino

mass matrix for the four-Wilson-line-moduli setup similar to

[5] comes out to almost same as gaugino mass [1]. The dom-

inant decay channels (See Figs. 1 - 4) of gaugino/neutralino qr qs
into gravitino include ~ -

B/xXS = v, ¥ Z, B = Yua, W — ,ui A \ 4 R a1
and R-parity violating (Fig. 7) @ i\
xg — ude”
decay while dominant decay modes of sleptons into gravitino’s b Dy

(See Figs. 5 and 6) are
L= U4,V and 1/q = 1/qy. Fig.3 Three-body gaugino decays into the gravitino
Utilizing the general expression of decay width for each
different channel (See [14]), life time of B — 1,y was shown
in [1] to be extremely small for mg ~ mg ~ V%m% and
mgjs ~ V72M, (n® = 2), life time of B — 1, Z to be
around 10~3%s, for wino decay V~V0~—> ,WTW~, around
10~%6s and for three body decays B — Zi,uti and W —
quud, it would be 107135 and 10715 respectively. In case
of sleptons, using extensively the analytical expressions given

W+

LAs explained in [9], one of the two Pecci-Quinn/shift symmetries along wo
the RR two-form axions ¢ and the zero-form axion pp gets gauged due
to the dualization of the Green-Schwarz term le,B dDg) A A coming Yu
from the KK reduction of the Chern-Simons term on Xg Uo(XR) - Dg)
being an RR two-form axion. In the presence of fluxes for multiple D7-
brane fluxes, the aforementioned Green-Schwarz is expected to be modified Fig. 4 Contact-vertex three-body decay diagram
toTr | Qp me dD(B?) A A{), which after dualization in turn modifies the

covariant derivative of Tz and hence the killing isometry.
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Fig. 6 Three-body slepton decays

in the references in [1], life time of [ — "4,V comes out to
be around 10~2%s and for 1/G — 1/qi,,, around 10~253s,

Since life time of all aforementioned co-NLSP decay chan-
nels is smaller than 102 sec (onset of BBN era), one is justified
to argue that NLSP decays into gravitino do not disturb the
cosmological BBN constraint. Thereafter, we calculated the
decay channels corresponding to R-parity violating neutralino
three-body decays to ordinary particles in [1], i.e., x3 — ude™
- life time comes around 10 sec - more than the lifetime of
neutralino decays into the gravitino thereby ensuring that the
gravitino relic abundance is not spoilt.

I (k)
X3 (pi) ur, (ku)
~\ A
lr
¢ (ka) df, (ka)
X3 (pi) s (k)
~\ ~ N
dr
ur, (ku)
ur, (ku)
X3 (pi) I (k)
m\
dj, (kq)

Fig. 7 Feynman diagrams for the R-parity violating decays
of Neutralino 3.

The viable dark matter particle should have life time of
the order or greater than the age of the universe. Unlike
assuming R-parity to be conserved and hence stability of LSP,
we first calculate the contribution of possible trilinear R-parity
violating couplings A;jx, A, and A,

in the effective A/ = 1 gauged supergravity action [1].
Evaluating the same, we explicitly calculate life time for
gravitino which comes out in the range 10%° — 102! sec (of
the order or greater than the age of the universe).

Similarly, the evaluation of two-body decays
(Y = YVe, Zve,vch) also give the life time respectively
of the order 10%! sec for ¢, — v, Zv. and 10'7 sec for
Yy — Veh.

V. RELIC ABUNDANCE OF GRAVITINO

For gravitino to be an appropriate potential dark matter
candidate, the contribution of gravitinos to the energy density
of the universe must not exceed the closure limit, i.e.Q) =
pa/pe < 1. If the gravitino LSP produced by decay of Co-
NLSP’s is to account for all the gravitinos, the relic abundance
of gravitino is given as

2

Qsh® = Qgh® x (6)

=3

7’nx3
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1% / ejL

€kR

w# / viL

-5C
N
"
€xrR
ejL

L dxr

Yu / viL

dir
RN
dyp >
d;

Fig. 9 Three-body gravitino decays involving R, Al;x coupling

if Co-NLSP’s freeze out with appropriate thermal relic density
(ng) before decaying and then eventually decay into the
gravitino [4]. The freeze out condition depends on thermal

UiR
wu djL
N
“w
N
UiR
c
dJR dk-L
Yu UiL
N
%
de

ds.
Fig. 10 Three-body gravitino decays involvkiﬁg R, Ak
coupling

Fig. 11 Two-body gravitino decay: v, — v+~

cross-section oun, Of such particles which in partial wave
expansion approach, is given as:

<O’1)M¢1> =a+br+ 0(1'2)

where analytical expression of a and b are given for each
annihilation channel in [15]. To evaluate these for important
annihilation channels possible in our set up (Figs. 14 - 16):

X3X8 = hh, X3X3 = ZZ, x3x8 = ff

Fig. 12 Two-body gravitino decay: v, — Z° + v
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p L 4
—
Y X3(p1) _~ hips)
N -
e
(h,H) .~
RN
/ ~ ~
/ N
kA X5 (p2) > h(ps)
/
p /
4 ~
Yy @)
Y0 »
A \:1 X3(p1)—————1 — >~~~ h(ps)
v
Fig. 13 Two-body gravitino decay: ¢, = h + v el
in case of neutralino annihilation and (Figs. 17 - 19) X3(p2) — == > ==~ h(p)

0oy — ZZ, 0gl; — Zh, U0F — hh, 007 — 4,
Cal; — yh, L 05 — 1
in case of slepton annihilation, we had calculated in [1] the

volume suppression factors corresponding to each interaction  Fig. 14 Feynman diagrams for xx3 — hh via s—channel

vertex making use of A/ = 1 gauged supergravity action. Higgs exchange and t-channel x? exchange.
Utilizing the same and thereafter solving for partial wave

coefficient of each channel, we found in [1]:

A9 frfo = hn + A7z +dpp = 0(10)" P GeV 2 where y = 1.2 x 10°GeV, /g = 9 and
2 2
and J(zyg) ~a(zy) + b% ~ 10710%616‘/72
baax—stsfs = bhn +bzz + by = 0(10)0GeV 2.

o in case of neutralino annihilation and 10~%2;GeV ™ in case
Similarly of sleptons, relic abundance of gravitino 251 comes out to
_gGeV_be 0.16 by considering neutralino to be NLSP and 0.001 by

~~ =a anz+a a a ay = 0(1 -
G pogy = 022 AnzH Ay oy tanntan = O(10) considering sleptons to be NLSP.
and
075y o = 022002 by by b by = 0(10)°GeV 2.

Integrating (ovng)(x) in limits from 0 to x¢( value of this
comes out to be around 1/33 by solving numerically the
equation

45
PR e \/: 1/2
Ty P 29:Gn (v (zp) 7 )

using the analytical expression of relic abundance [16]
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X5(p1) Z(ps)

X3(p2) Z(pa)

XJ(p1)—————7 " - Z(p3)

X3(p2)—————" > - Z(p4)

Fig. 15 Feynman diagrams for x9x3 — ZZ via s-
channel Higgs exchange and ¢-channel x¢ exchange.

V1. CONCLUSION

To summarize, in the framework of L(arge) V(olume)
“D3/D7u- split SUSY” scenario including four Wilson line
moduli on the world volume of space-time filling D7-branes
wrapped around the “big divisor” and two position moduli
of a mobile space-time filling D3-brane restricted to (nearly)
a special Lagrangian sub-manifold, we show that fermionic
superpartners of 4; and Az get identified, respectively with
er, and eg, and the fermionic superpartners of A5 and A, get
identified, respectively with the first generation quarks: u/dy,
and u/dg The scenario is very appealing on the cosmology
side; explicit life times calculation of co-N(LSP) candidates’
possible decay channels verify that decay of NLSP into
gravitino do not disturb primordial abundance i.e BBN and life
time of gravitino comes out to be around the order or greater
than the age of the universe and hence satisfies the requirement
of an appropriate dark matter candidate in the context of
N = 1 gauged supergravity. The numerical estimates of
various N(LSP) decay lifetimes are provided in table I. Next,
inspired from non-thermal production mechanism of gravitino,
the calculated value of relic abundance equal to 0.16 from
neutralino annihilation, is almost in agreement with the value
suggested by WMAP 7-year CMB anisotropy observation
[17].

x3(p1) f(ps3)
(h,H,Z)
x3(p2) f(pa)
x3(p1) > T > f(p3)
:
| f
x3(p2) > : > f(ps)

Fig. 16 Feynman diagrams for x3x3 — ff via s—channel
Higgs/Z exchange and t-channel f exchange.

Ca(pr)™ _ Z(ps)
L
7 >_ T
G Z(p)
lalp)= ==~~~ TN TN Z(ps)
:
|
I o~
7,
|
|
|
lGipa)=————— - NN Z(pa)

Fig. 17 Feynman diagrams for ZJZ — ZZ via s—channel
Higgs exchange and t-channel /. exchange.
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. Z(ps3)
h N (haH)
> h(pa)
lalpr)= ===~~~ TN N Z(p3)
|
|
|
|
7
|
|
|
Gi(p2)= ==~~~ ~~ e h(p4)

Fig. 18 Feynman diagrams for ZJZ — Zh via s—channel
Higgs exchange and t-channel /. exchange.

Ca(pr)~ V(ps)
i (p2)” i Y(p4)
Culp)=————— - TN S (ps)
|
|
B
| gc
|
|
_ |
fb(m) _______ _1/\/\/ ’7(1)4)

Fig. 19 Feynman diagrams for ZJZ — 7y via point
interaction and t-channel ¢} exchange.

TABLE |
LIFE TIME OF VARIOUS N(LSP) DECAY CHANNELS

Particle decay Decay Modes Life Time Remarks
. K Respect
Neutralino/Gaugino ~ .
9 B, Z/y  10730s BBN
decays W — Gouuts 10715 constraint
B — Ziyuu 107135
U — UV 10285 ”
Slepton decays - H
P Y /G — g, 1025
RPV Neutralino decay  x3 — ude™ 10's doeas eg%
aslindance
21 H H
Gravitino decays Yy = vy, vZ 10175 Life time
Yu — hve 10175 greater
Y — liljeg 10215 than age
’l[)“ — liq]'dz 10203 of
Y — ufdSdy, 10'8s Universe
. g °q,q 10755 stable
| 9= X249,
Gluino decays i %09 1025 (from
= Yuq;d, 10%s collider point
§— bug 10'1s of view)
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