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For 11-dimensional (11D) supergravity (SUGRA) over AdS, x CP3 x S'/Z;, we include a new 4-form ansatz, composed mainly of the elements of the internal spcae. Solving the 11D supergarvi

equations, we obtain a scalar Nonlinear Partial Differential Equation (NPDE) in Euclidean AdS, space. The resulting SU(4) X U(1)-singlet (pseudo)scalars arise from probe (anti)M-branes wrappec
around the internal space directions in the (Wick-rotated:WR) skew-whiffed (SW) background; and the resulting anti-M2-branes theory breaks all 32 supersymmetries (SUSYs) and parity of the
original theory. Taking the backreaction on the external and internal spaces, the resulting bulk equations correspond to exactly marginal and marginally irrelevant boundary operators. Solving the
equation, we write a closed solution for the massless (m* = 0) mode and an approximate solution for a massive mode (m? = 40) with math methods and especially the Adomian decompositio

method (ADM), appropriate for near the boundary analyzes. The solutions have at least the SO(4) symmetry and present instantons responsible for tunneling among almost degenerate vacua of the

bulk Higgs-like scalar potential or true-vacuum bubbles growing from the false vacuum in the form of bounce solutions. To realize the bulk singlet (pseudo)scalars and in particular supersymmetr
breaking, we excahnge the three fundamental representations for gravitino and as a result, we realize the wished (pseudo)scalars in the spectrum after the branching of SO(8) » SU(4) X U(1). As
the same way, using the AdS,/CFT3 correspondence rules, by concentrating on the U(1) X U(1) part of the original quiver gauge group of the 3D boundary Chern-Simons (CS) matter (ABJM) theory
taking just a boundary scalar and a fermion field, introducing dual marginal (4, = 3) and irrelevant (4, = 8) boundary operators, and deforming the boundary action with them, we finally finc

exact solutions with finite actions which are in fact small instantons on a three-sphere with raduis at infinity. In addition, we confirm the bulk state-boundary operator correspondence in the leading

order and match elements of the bulk and boundary solutions. Indeed, these solutions are instances of non-SUSY unstable AdS vacua with applications in early universe cosmology, inflationar
models and tunnelings (collapsing vacuum bubbles leading to big-crunch singularities).

Scalar Equations in AdS, Space from Reduction of 11D SUGRA Cont. Solving the Nonlinear Massive Equation by ADM Marginal Deformations and Dual Solutions for the Massless Mode
Starting from 11D SUGRA in the geometrical background AdS, x S7 /Z,., when the internalfflt is notable that equation (8) without the term M? has the following exact solution: [§In this case, using both terms S¢g + Scs instead of S/ in action (21) and noting that F;; =0and

space is considered as a S1/Z,, fiber-bundle on CP3, we empoly the following anstanz for its 5o ) 2 b,
u,u) = ————
4- form [1]: Jo V3 —b§ + (u+ ag)? + (U — up)?

as aresult A; = 0 and also setting ¢ = 1 for simplicity, in addition to previously considered

(14) marginal operators, with Ogg) = tr(po) tr(YP)'/? e"¢; Ay, the resulting equations fo

—_ . 7 . +
G,=Rf, GE}O) + R*df, ANJANe; + R* f3 ] (1) fwhere @, = (b4, by, b3) With a, and b; as the modules of the solution, and could beffscalar (@), fermion (1) and m:lclt (Ax) beCOimi T
here e, is the seventh vielbein of the internal space, J is the Kahler form on cP3, R =jr€Presented as the size and location of the instanton on the boundary, respectively. 0x0%¢ — @ tr(Yy)'/* eey 4; =0, (23)
. : . ’ The latter solution has the behavior near the boundary as follows: ;K Y T\ — = okij _
2R 45 is the AdS curvature radius, G}’ = dA” = N&, is for the ABIM [2] background ) ) y ) Ly o + o tr(p) % tr(p@)e™ e A = 0, (24)
ith N = (3/8)R? units of flux quanta on the internal is the bulk unit-volum g =g = 0 — Gl : ik .. _ — 1 i — : _ _
G : @i @ - MIF] — tr(p) tr(p)Z ey + 2B Y  p + i[0(047) — (3%0)p] =0, (25)

form and f;’s with i = 1, 2, 3 are scalar functions in the external space. Having the anstaz
(1), from the Bianchi identity and Euclidean 11D equation, dG, = 0, dG- — %G4 AGy =0,
e obtain

and this can be used, instead of g(0,r) in (11), as the initial data in ADM. which in the last equation we have used ¢ + @ = @ which is allowed in Euclidean space; and

. . - - k = (0,,04,03) are Euclidean gamma matrices. From the solving of equations (23), (24) and
Solutions of the Equation for m“ = 0 and m* = 40 by ADM }(25) together, considering ¢ = h(r) I, @' = as I, solution is

i . Cz s 2 z 3 2 Ry — 3
fi1= 5 R%2f2+icC,, fa=Ffy+ = (2) In addition to the case including backreaction, where the massless mode appears, it b= as za + l_gu _)u(;). )_’3 _ (1) _ _( _ 26 _ 2), (26-7)
4 is possible to realize such a state m? = 0 in the SW version of (3) with C; = 1/3 in [a? + (U — Up)?]¢=3/2\0 4\a* + (u —uy)
myf;— RZ (1+3C)fs—Af 3 =0, (3) probe limit (ignoring the backreaction). In the same way, the massive mode m* = 40 Af = Ehir A+ (1), At = 3 a (28)

T 4a?+ (U— 1)

d is realized in probe approximation in the WR version of (3) with €; = 13. In this case,
where a,, a4, a,,...are boundary constants and A" (r) is a scalar function on the boundary.

using the equation (12), the initial conditions from (11) for A, = 3, 8 and as a result,
using the initial data f, = (1 — A,) f(r) u®+, the solution of eq. (8) up to the third
order in the perturbation series expansion for the massive and massless mode reads

here C4, C, and ... are the real constants, A = 6, m_4 is the Laplacian in EAdS, space an
the upper and lower sign (+) behind the sentence containing €4 shows the WR and S
ersions of the background, respectively. Note also that with €; = 1 (and of course f3 = 0)

As a result, we have

9 aazasag

(0P)g = (29)

the ABJM background is realized, and that +(C5/2) = +/—m2/4 (with m?R5, = (1 + 1. 16 [a2 + (U — Uy)2]?

3 C,)) are in fact homogenous vacua and so, the (pseudo)scalar is Higgs-like and the RHS fPur) =-6f)u’®+ szf ) v +0’), (16) Bwhich can be matched with the bulk solution on the LHS of (18); Or make it correspond to the

relation in (2) imposes spontaneous symmetry breaking, where f (from now on, f3 = f) acts 2 s 28 _, ‘0 - solution (7) for A, = 3, in which case the boundary solution can be considered as an instanton
i fOur)=-21f0) ud +—V2f@) u'® + o(u'?), (17) : _ : : :

as fluctuation around the homogeneous vacua. 135 at the conformal point u = a. In the same way, the correction to the corresponding action can

respectively, where d?/dr? + 2/(r dr) = V2. In the same way and writing otherjbe calculated based on the above solutions, which results in:

1 Or ([ aa.a-=a, r> 9
9) _ 9) 33— _ 3“*5%6 : <@ _ 2.

Taking Backreaction, Resulting Equations and Solutions

iteration equations from (8), we obtain the following solutions for the massless and
massive modes, respectively:

Since topological objects such as instantons should not backreact on the background

geometry, such solutions are obtained by solving the equations resulting from zeroing 9/ By \3 = 3 (in the last step, for simplicity, we set all constant parameters equal) and this is a finite value
the energy-momentum tensors of Einstein's equations with the main bulk equation (3), O r) = Z( : 0 Ez> , f(Our)=3 (0_2) , (18) [that represents an instanton with size a = 0 (in the limit a — 0, a small instanton) in the
— T - = = = = = =
simultaneously. In fact, from zeroing the external and internal components of the EM " 0 , - center (i, = 0) of a three-sphere with radius r is at infinity (5%,).
tensors of the Einstein’s equations, we obtain fOur) = 00 713 ¥5m0 (19) Irrelevant Deformations and Dual Solutions for the Massive Mode
4
mf + Rz 4+12C)f +24f3 =0, (4) : ; d Solofi S /C d For the Higgs-like mode m? = 40, we can perform irrelevant deformations corresponding to
4 Dual Symmetries an olutions with AdS,/CFT; corresponde the Dirichlet boundary condition with several A, = 8 operators [4] such as
il 3 _ - 7 3 . ol - - _ _
m,f+ 2 (1+£9C)f +18f° =0. (5) QThe original theory has the geometry AdS, x S /Z, (- CP3 x S1/Z,), isometric Og“) = tr(pP)* Og’) = tr(ep)* tr(pP)?

(31)

symmetry SO (3, 2) in the MinkowskKi space, the internal symmetry S0O(8) = G (—
U(4) X U(1) = H) and the supersymmetry N' = 8 — 6. The 4-form ansatz (1) is
actually attributed to the (anti)membranes (in the case where the background is
WR, antimembranes and in the case where the field is SW, membranes) that are
wraped around mixed internal and external directions and so break all SUSY's
and parity, and the resulting theory is for anti-M2-branes. Likewise, with the

As a result, from solving the last two equations with the main bulk one (3), we have the
equation m,f — m?f = 0 (6). In fact, from satisfying the equations (3) and (4) at the
same time, that is to include the backreaction of the solution on the external space, we

Oi(f) = tr(Yy) tr(ep)3 FT AAT, Oéf) = tr(pp)® &Y F}.

For example, with Oéf ), leaving aside the fermionic part of the action and performing the

: ) . deformation according to (21), the equations of motion for @ and A; are as follows:
have mzRfldS = 0, which corresponds to the exactly marginal operator in the boundar g to (21) q P i

theory; And in the same way, for solving the equations (4) and (5) with (3), that is taking

. ik ...
0,0%p — 6 a @ tr(p®)°® €Y Fj; = 0, Ee’“’F{; + i|p(da*p) — (0%¢)p| = 0. (32-3)

the backreaction of the whole 11D space, we read the modes of m?R5,, = 1/2 and In the case with ¢ = @ = h(r) I, the solution of the gauge part can be

m?R% ;s = 2/9 corresponding to the marginally irrelevant bounday operators A, =
(3/2) £ (v11/2) and Ay = (3/2) + (/(89/9)/2). Meanwhile, in upper-half Poincare’

2
coordinates, ds; 5, = 4R—uz (du® + dx* + dy* + dz?), an exact solution of (6) reads

= A . IAy)
Jwu) = Ca, (uz + (U — Tio)z) o, = m3/2T(v) (7)

2
F+E£ifF-+-=< f — ) (34)
Y a? + (U —uy)?

which, with a non-zero finite q, it satisfies the condition F* (r —» o) — 0; And then considering

explicitly include any elements of the internal space, we actually have a consistent
truncation. As a result, our bulk solutions preserve at least SO(4) symmetry,
which by interpreting them as bubble solutions, the four parameters related to
the breaking of scale and translational symmetries (i.e. ¢y and u,) are responsible
to move the bubble around in the 4D bulk and size of the instanton.

F' = —h* and a = tr(¢®) >, the equation (32) becomes:
1, 1/4

k 5 _ _ (= 4 )1/2- 35
20*h+ 61 =0=h =) (a2+(ﬁ—ﬁo)2 , (35)

To realize the resulting H-singlet (pseudo)scalarsin the 11D SUGRA spectrum and
SUSY breaking, we swap the three fundamental representations (reps) 8,, 8, 8. a2 +(U—ip)2
of SO(8) for gravitino. As the same way, we focus on the U(1) x U(1) part of thefjr —» « coincides structurally with the bulk near the boundary solutions (17) and (19). Also,
original quiver gauge group and take just one scalar and one fermion (noting that§this boundary solution can be considered as an instanton that sits at the conformal point of
the singlet (pseudo)scalar or fermion we consider could be taken fromfju = a, which in this case matches with the bulk solution (7) with A, = 8.

decomposing the eight (pseudo)scalars or fermions as X! - (®", ®, ®), with ® Moreover, the (finite) value of the action based on the recent solution reads

representing either ¥ or Y, I,J...=(1,...6,7,8) = (n,7,8) and ® = &7 + i ®3, ¢ Sjw(f) i 0n( ar dr— s  _ 5_”2 (37)
&' = @, transforming in the rep (64,1;,1_5) under G — H) in the boundary CS : 8 V2 g (atr) modt 442

matter theory, and will find dual solutions.

a

8
And as a result, (Og ))a = Qg ( ) (36), with a9 = 1/8, which in the limit of a —» 0 and

Solving the Nonlinear Massive Equation by ADM
We can write the equation (2) by the (conformal) change f = (u/R,4,45) g as follows:

2 2 2
[(0__'_%1)_'_0 (2 + m*)

u2 - i g(u: 1") - Ag(u' r)3 =0, (8)

using the spherical coordinates with r = |u|, u = (x,y,2z). In fact, for the last
equation for f, employing the anstazs as & = u'/? f(r) with f(u,r) = F(¥) (see [2])
and also using the self-similar reduction method (see [3]) with ¢ = r/u, the
normalizable solutions up to the first order of perturbation expansion,
respectively, read

More Points

According to the general form of solutions (26) for fermion (), (28) for gauge field (4™)

On the other hand, for a bulk (pseudo)scalar with near the boundary behavio _ o
(or (34) for F™) and (35) for scalar (¢), we may have a type of Bose-Fermi duality in the

(u,u) ~ a(u) u®- + B(u) u”+ (noting that for the massless and massive modes,

L : 7 N2t +
D (u,1r) = Cs [u f(1)2]A+, (9) : : _ . limit of solutions and correspondence as tr(Yy)~tr(@@)“~F and ¢y ~ A™.
fraw) s [ f(r)” " only mode f is normalizable), we write the AdS/CFT (Ectlonary s As a result, the potentials attributed to the boundary deformations will be unbounded
. +
fYu,r) = [C4 + Cs5 In (E) (E) . (10) (04 )y = — SWia] _ (04 Vg = — SWip] — from below, which accept Fubini-like instantons. In fact, the scalar potential from equation
u/l\r Al/la — Sa — M A_/B — 6ﬂ — U,

: _m? 5 Ay : : 9 : ) :
But, here we use the ADM to obtain perturbative solutions in the form of series (20) §3) is V() = 2 fot 4f , Which with m” <0 is a double-well potential that accepts

expansion. ADM [4] is a math method especially for solving NPDEs. In fact, fo
normalizable solutions for massive modes near the boundary (u = 0), we use

—Wlal - f d*u a(u) p(u) instanton solutions or Coleman-Di Lucia bonuses. The corresponding bulk solutions can
actually describe vacuum decay or quantum tunneling and correspond to the growth and
expansion of true vacuum bubbles in the background of the bulk false vacuum; and the

where W[a] (W[f]) is the generating functional of the connected correlator of the

dg(0,r h 1 1 FT ; withA, (A_ ization.
90(0,1) =g(0,r) —u g(gu ) ) operator 0, (0a_) on the usual (dual) boundary CFT 5 with A, (A_) quantization final fate of such bubbles will be a big collapse or crunch in the anti-de sitter space.
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the case) and U(1) part of the gauge group, we write the boundary action as follows:

(2 +m?) $0) = s - [ &% |tr(DY' DY) + tr(ip y*D) + W |, W) =a0f,  (21)

u?

WyGni1 — M? In+1 = 2 A, Wy =0;0; 1+ 0,0, M* ) (12)
n=0

_ _ : _ where the integral of ng) is W in (20) and represents the deformations (labeled b
here the Adomian polynomials 4, which come from nonlinear terms and act asj.

perturbations, are as follows in the case of equation (8) - for detalls, see [3] and [1]




