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Can neutron disappearance/reappearance experiments definitively rule out the
existence of hidden braneworlds endowed with a copy of the Standard Model?

Coraline Stasser[ and Michaél Sarrazint2:[

! Laboratory for Analysis by Nuclear Reactions, Department of Physics,
University of Namur, 61 rue de Bruxelles, B-5000 Namur, Belgium
“Institut UTINAM, CNRS/INSU, UMR 6213, Université de Bourgogne-Franche-Comté,
16 route de Gray, F-25030 Besangon Cedex, France

Many works, aiming to explain the origin of dark matter or dark energy, consider the existence of
hidden (brane)worlds parallel to our own visible world - our usual universe - in a multidimensional
bulk. Hidden braneworlds allow for hidden copies of the Standard Model. For instance, atoms hidden
in a hidden brane could exist as dark matter candidates. As a way to constrain such hypotheses, the
possibility for neutron-hidden neutron swapping can be tested thanks to disappearance-reappearance
experiments also known as passing-through-walls neutron experiments. The neutron-hidden neutron
coupling g can be constrained from those experiments. While g could be arbitrarily small, previous
works involving a My X R bulk, with DGP branes, show that g then possesses a value which is
reachable experimentally. It is of crucial interest to know if a reachable value for g is universal or
not and to estimate its magnitude. Indeed, it would allow, in a near future, to reject definitively
- or not - the existence of hidden braneworlds from experiments. In the present paper, we explore
this issue by calculating g for DGP branes, for M4 X S1/Z2, M4 X Ry and M4 X T2 bulks. As a
major result, no disappearance-reappearance experiment would definitively universally rules out the
existence of hidden worlds endowed with their own copy of Standard Model particles, excepted for
specific scenarios with conditions reachable in future experiments.

I. INTRODUCTION

The existence of hidden braneworlds coexisting with our universe in a multidimensional bulk is an open question often
considered in the literature regarding the quest to explain the dark matter or dark energy conundrum [1-8]. As a
consequence, beyond cosmological tests or attempts for dark matter particle detection in astroparticle physics, any
other search for direct evidence of hidden worlds is fundamental. In the last fifteen years, it has been theoretically
shown that neutron swapping could occur between two adjacent braneworlds both endowed with a copy of the Standard
Model of particles |[9-13]. This phenomenology is related to the fact that any Universe with two braneworlds —i.e. two
topological defects in the bulk — is equivalent to an effective noncommutative two-sheeted spacetime My X Z when
one follows the dynamics of particles below the GeV-scale |11]. A neutron n can convert into a hidden neutron n’
propagating in a hidden neighboring braneworld with a probability p ~ g2, where g is the coupling constant between
the two braneworlds [12]. As a result, new kind of experiments exploiting this phenomenon has been suggested in
order to probe the braneworld hypothesis [14-18]. For instance, neutron disappearance (reappearance) toward (from)
a hidden brane can be tested to constrain the coupling constant g between the visible and hidden sectors. This
is the case for instance with passing-through-walls neutron experiments carried out in the last five years [16-18].
Nevertheless, g is a phenomenological constant which must depend on the brane energy scale (or its thickness), the
interbrane distance, the bulk dimensionality and metrics [13]. As a consequence, knowing the behaviour of g against
these parameters is fundamental to put constraints on specific braneworld scenarios according to experimental data
but also to plan future experiments and to determine their viability or relevance.

In a previous work [13], we introduced a phenomenological approach to compute the coupling g for two DGP
braneworlds [19, [20] embedded in a My x R; bulk with a warped Chung-Freese-like metric [21-23]. One obtained for
the coupling g between neutron and hidden neutron [13]:

g=(m*/Mp) e, (1)

where m is the mass of a constituent quark (340 MeV) [24], Mp the effective brane energy scale which is related to
the thickness of the brane Mg ! with respect to the extra dimension and the ratio of the distortion factors of each

T Also at Department of Physics, University of Namur, Belgium
*Electronic address: coraline.stasser@unamur.be; Corresponding author

tElectronic address: imichael.sarrazin@ac-besancon.fr; Corresponding author


http://arxiv.org/abs/2009.12149v3
mailto:coraline.stasser@unamur.be
mailto:michael.sarrazin@ac-besancon.fr

brane and d the interbrane distance.

In the present paper, using the same method, we calculate g for various bulks and we discuss the consequences in
regard of experimental data for the future experiments which can be considered and expected. In section II, we recall
the low-energy framework used to describe a Universe with two braneworlds at least. In section III, the 5-dimensional
case with a S1/Z, compactified extra dimension is considered. This scenario has a historical interest since it is related
to the 11D supergravity model of Hofava and Witten [25]. In section IV, the model is extended to 6 dimensions and
the expression of g related to two large extra dimensions is derived. The result is then extended to an ADD-like
scenario |26, 27] — thanks to a compactification on a torus T2 — in section V. Finally, in section VI, magnitudes of
the coupling constant g according to these different scenarios are discussed and crossed with experimental data in the
context of next generation experiments.

II. LOW-ENERGY DESCRIPTION OF A UNIVERSE WITH TWO BRANEWORLDS

The fermion dynamics in a two-braneworld system can be described at low energy as being the fermion dynamics in
a My x Zz noncommutative two-sheeted spacetime as demonstrated elsewhere [11] (see Fig. [). The effective two
spacetime sheets — without thickness — are separated by an effective distance £ = 1/g, where ¢ is the coupling constant
between the fermions of each braneworld. In this My x Zy spacetime, the gauge field U(1); x U(1)_ arises when
considering the electromagnetic field. Both sheets — named (4) and (—) — are endowed with their own effective gauge
field U(1)4+ and U(1)_. This low energy description is valid whatever the mechanism responsible for the particle and
fields trapping on the branes, the number of extra dimensions or the metric of the bulk [11]. The Lagrangian of the
My x Z5 model is given by [11, [12]:

Latyxzy ~V (i)y— M)V, (2)
where
oo (O FigAt) —m igy® — im,
iPa—M= ( igy° + im, i (Op +igA; ) —m (3)
Yy

is typical of the noncommutative My x Z5 spacetime. For these two equations, ¥ = is a two-level spinor

U
which contains the fermionic wave functions t, in the visible brane (+) and _ in the hidden brane (—). A are the
electromagnetic four-potentials on each brane (+) resulting from the gauge field U(1)4 x U(1)—. m is the mass of the
bounded fermion on a brane. m,. is a mass-mixing term whose the phenomenology can be neglected when compared
with the one induced by the coupling constant g as shown in previous works |11, [12]. This last coupling induces a
mixing which leads to fast Rabi oscillations between fermions of each braneworld, with a probability p ~ g% [12].
Most important, g can be calculated from the fondamental properties of the two-braneworld Universe as mentioned
above, i.e. g depends on the brane energy scale and on the interbrane distance in the bulk [11,13], for instance. The
derivation of g against these parameters is considered in the following for given bulks of interest.

III. NEUTRON-HIDDEN NEUTRON COUPLING IN A My x S1/Z> BULK

This section pursues the phenomenological investigations, regarding a two-braneworld Universe in a 5-dimensional
bulk, introduced in our preliminary work [13] and in which the coupling constant g for a neutron was computed
for a SO(3,1)-broken 5-dimensional My x R; bulk. In this paper, a similar calculation is derived, but now for a
5D My x S1/Z5 orbifold bulk. The interest of such a scenario arises from the supergravity model of Hofava-Witten
[25]. Their approach makes possible the link between the Eg x Fg heterotic super-string theory in 10 dimensions and
the 11-dimensional supergravity on the orbifold Mig x S1/Z3, where 6 of the 11 dimensions are compactified on a
Calabi-Yau manifold. At low energy, this model leads then to a My x S1/Z5 Universe with two 3-branes localized at
the boundaries of the Sy /Z> orbifold. Such a configuration is considered for instance in ekpyrotic scenarios [28, 29], in
the Randall-Sundrum I model [30], or in the Chung-Freese approach [21]. In these models, a warped metric is often
included. Nevertheless, as shown in our previous work [13], while there is a bare brane energy scale (or bare brane
thickness) for a flat metric, the warped metric induces an effective brane energy scale (or effective brane thickness).
Experimentally, bare and effective energy scales cannot be distinguish from each other. As a consequence, in the
present work, all calculations are made with a Minkowski metric.
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FIG. 1: (Color online). Sketch of a two-brane universe in a My x R; bulk. Branes are characterized by a thickness M 5 T
where Mp is the brane energy scale — with respect to an extra dimension z and an interbrane distance d. At low energy, the
fermion dynamics in this universe is the same as in a M4 X Z2 non commutative two-sheeted spacetime where the effective
distance 6 = 1/g is related to the coupling constant g between the fermion states localized in each brane.
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FIG. 2: (Color online). Sketches of the extra-dimensional parts of the bulks under consideration for a two-braneworld Universe.

The phenomenological model here under consideration, and related calculations, are fully introduced and described
elsewhere ﬂﬂ] for a My x R; bulk. Nevertheless, the reader will find more details in section [V] since they are
necessary to explain how to deal with 6-dimensional bulks. As basic hypotheses, one considers fermion sectors
and 9_ respectively which exist only on branes (4) and (—) respectively, and a massless fermion sector ¥ able to
propagate through the whole bulk. Each sectors are coupled to each other on each brane through the action ﬂﬂ]

Scoupling - —/d4xdz |g(4)| (4)

x {# (0,0 +Tp, ) 5(z — df2)
B

+# (_W+Typ_) 5(z + d/2)} :

B

for two branes located at z = +d/2 for instance (see Fig. ). Let us call G(z]z") the propagator of the bulk sector
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U along the extra dimension. The bulk Dirac matrices I'4 are such that {I‘A, I‘B} =281 4 (A,B=0,1,...,4)
with 948 the Minkowski metric with a (4, —, —, —, —) signature, and I'* = —ivs. Then, it can be proved [13] that
the coupling constant g is equal to the component of 2(m?/Mpg)G(d/2| — d/2) proportional to ;5. For instance, Eq.
(@D is obtained by considering the bulk sector propagator along the extra dimension Ry in a My x R; bulk [13]:

1 ’L"}/5Ii +m —1iKkZ
G = o | Jmeaze
= (1/2)6_’”‘Z| (1 + Sign(z)f) , (5)

For a My x S1/Z> bulk, the propagator expression given by Eq. (H) is no longer valid. The S;/Z> symmetry must
be taken into account. First, the Gg, (z) propagator, along S; only, can be easily obtained from G(z) thanks to a
periodic summation with period 27 R [31]:

+oo
Ggs,(2) = Z G(z +n 27R). (6)

n=—oo

Then, the Gg, /z,(2) propagator can be found thanks to the relationship linking the propagator to the bulk field
eigenstates [31:

Gsy/2:(2) = (U(2)¥(2)), (7)

where U(z) is a linear combination of the two possible solutions induced by a Z symmetry:

U(e) = 5 (x(2) + 7 x(~2)) (®)

with y the periodical eigenstate with period 27 R resulting of the S; symmetry. From Eqgs. (@) and (8] it is possible
to deduce the S1/Z5 propagator from Gg,, and one obtains:

1
Gs,/2,(212) = Z{G&(z—z')—a&(_zﬂq

—Gs,(z+2')7° + G, (-2 — Z’W}- (9)

From Eqs. (@), (@) and (@), it results the following expression:

“+oo
1 ,
Gs,/z,(2|7') = 1 Z {e_m|z_z _2”R"|sz’gn(z — 2 — 2w Rn)y®
_e—m|z+z’_2ﬂ'Rn|Sign(z 4 Z/ _ 27TRn)}, (10)

with TOGT(2)T° = G(—2). Following the same procedure than in our previous paper [13] by using the propagator
expressed by Eq. (I0), the coupling constant g can be evaluated against the position of the braneworlds on the orbifold
S1/Z (see Fig. 2). When the branes are localized at the orbifold limits, i.e. at z = 0 and z = wR, the coupling
constant g drops to 0, meaning that no geometrical coupling is allowed in such a situation. But if one considers our
brane located at z = 0 and the hidden one at z = d (where d € ]0,7R[) — i.e. the hidden brane lurks along S1/Z; —
the coupling constant between neutron and hidden neutron is now given by:

9 1— em27rR (11)

m2 emd _ efmd+m27rR
-~ Mg ’

with m the mass of the quark constituent (340 MeV [24]), Mp the brane energy scale and R the compactification
radius. For R — 400, we retrieve the non-compactified 5-dimensional case given by expression [Iland for d — 7R, we
retrieve g = 0.



IV. NEUTRON-HIDDEN NEUTRON COUPLING IN A FLAT NON-COMPACT 6D BULK

As a beginning and a prerequisite, let us now describe the coupling between two braneworlds in a flat non-compact
6-dimensional bulk. We follow the same approach as previously [13]. This will allow us to consider in section [V
the coupling between each brane in an ADD-like scenario |26, [27]. We consider two 3-branes respectively located at
(y,2) = (d/2,b/2) and (y,z) = (—d/2,—b/2) (see Fig. 2). The coupling action S, between the 6D brane sectors ¥
and the 6D bulk sector ¥ is now given by:

S = /d%{ - MﬂB(mxp + WU )S(y — d/2)d(z — b/2) (12)

_ﬁ(

- U_W+ WU _)5(y+d/2)5(z + b/2)}.

The energy scale of the branes Mg, with M5 ! the extradimensional extent of the braneworld in the bulk, is introduced
to take into account the extradimensional volume in which the coupling interaction occurs. By contrast with Eq. (@),
the power 1 of Mp ensures the correct dimensionality of the problem. The braneworld Sy action is given by:

S:I: = /d4$ E:I: (Z'y“(?# + Zqu:i: - m) 1Z):I:a (13)

where = 0,1,2,3 and with 14 the 4D brane sectors and A% the electromagnetic vector potentials on each brane.
The bulk field ¥ action Sy is given by:

Shulk = /dﬁx T (ZTA (6A + iqAA)) v, (14)

where A = 0,1,2,3,5,6 and A4 is the electromagnetic vector potential of the bulk. It is noteworthy that the
electromagnetic potential is assumed to exist only on the braneworlds, with A4 = As = 0 [11]. Here the bulk Dirac

We then use the following 8-dimensional Dirac matrices I'4:

0 ~*
B b .
r _0'1®’7 _<,yu 0)7 (15)
5
I’ = —101 ®’Y5 = ( _2}/5 'E)’Y ) ; (16)
. -1
% = —ioy ® lyys = ( 14OX4 8X4 ) ; (17)

and such that the chiral matrice I'" = —T°T"'T'2I"3I°T'6 is given by:

7T _ _ Tax4 0
I =03® 1454 = ( 0 —144 ) (18)
The chiral 6D states are then defined through:
1+I7
< 5 ) U=Vg/r, (19)
and ¥ can be written as:
\Ifz(ﬁf)suehthatﬁ/Rz(wOR)and\I!L:(d?L). (20)

Now, regarding the 6D brane sectors W, the 6D chiral states do not correspond to the 4-dimensional ones on the
branes. Indeed, the 6D chirality appears as an extra quantum number added to the usual particles of the Standard
Model on a brane, thus doubling the Standard Model on the brane, a situation which is not observed. As a consequence,



we assume that each brane can only support one 6D chiral state, for instance the left one, while the other cannot be
trapped on the brane. Such a situation is supported by the works dealing with the domain wall description of branes
where it is known that the fermions’ trapping on branes depends on their chirality |11, 132-45]. As an ansatz, the
brane sectors are given by:

. <w0i ) | (1)

and where ¢4 follow the action given by Eq. (I3) thanks to the above choice for the gamma matrices and in accordance
with the 6D action in Eq. (I4).

Now, from the whole action, the bulk field follows:

(iT4 (04 + iqAa)) ¥ = MﬂBma(y —d/2)8(z —b/2) + MﬁBW_a(y +d/2)5(z +b/2), (22)

where the fields on each braneworld act as sources (or wells) for the bulk field.
From Eq. (22) and using the mass shell condition [13] (iT'i (8, + igA,) —m) ¥ = 0, one deduces the following
propagator for the bulk sector along extra dimensions:

I +T% +m pirz i
Gy,z) = 47r2// - e'%¥drdg (23)

= 7K1( 22 +y?) (sign(y) ly| T° + sign(z) |z| T°)
2 22 +y

m
+—Ko(my/22 +y?),
2T

with T°GT(y, 2)I'® = G(—y, —z) and from which ¥ can be expressed thanks to Eq. (22):

U(x,y,2) = MﬁBG(y —d/2,z—0b/2)V(z) + MﬁBG(y +d/2,24+b/2)¥_(z). (24)

Injecting Eq. (24) in the coupling action given by Eq. (I2) and looking for the My x Zs effective action Sy, xz, =
S+ + S_ + S. given by Egs. (@) and (3], one successively gets:

2m? — —
Se=-Sr / d4x{w+a<d, b)¥_ +T_G(—d, —bm} (25)
B
and
SM4><Z2 = /d4$ {EJF (iVM‘?u +7;th - m) Py (26)

+_ (iy"0,, + iqA, —m)
+ig Y- +igh_y s

_imrEJﬂ/)f + imradbr}v

with the coupling constant g given by:

m
= —K D 2
g WM% 1(m )7 ( 7)
and
m3 b
= —K1(mD), 28
"= TMED 1(mD) (28)
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where D is the distance between the two braneworlds (see Fig. 2)), with D = v/d? + b? and m the mass of a constituent
quark (340 MeV) when considering the neutron-hidden neutron coupling [13,24]. It is interesting to note that due to
the bulk symmetry breaking induced by the branes regarding to the 6D chirality, g or m, can vanishe depending on
the value of d or b. For instance, if b = 0, m, is now equal to zero, and Eq. ([Z1) reduces to:

3

g:

V. NEUTRON-HIDDEN NEUTRON COUPLING IN AN ADD BULK

The last case introduced in this paper is the compactification of the two extra dimensions on a torus (72 = S; x S
manifold), with two 3-branes respectively located at (y,z) = (0,0) and (y,z) = (d,0), with d € ]0,27R] (see Fig.
2). This model is of interest as it is reminiscent of the ADD scenario |26, 27] but with two branes. Using the same
approach as in section [Tl to derive the propagator in a compactified bulk, the propagator for the bulk sector on the
torus can be deduced from Eq. ([23]), and we get:

(30)

f f { 1 imKy(m+/(y + n2nR)% + (2 + k277r)2)
V(y +n27R)2 + (2 + k27r)2

n=-—oo k=—oo

x (sign(y +n2mR) |y + n2rR| I° + sign(z + k2rr) |z + k2mr| T°)
—I—;Ko(m\/(y +n2rR)? + (2 + k2ﬂ'r)2)},
T

with  and R the compactification radii of the extra dimensions (see Fig. [B)). It leads to the following coupling
constant g expression:

oom? = X Ki(my/(d + n2wR)? + (k27r)2)
9= T Z Z V/(d+n2nR)? + (k2mr)? (1)

xsign(d + n27R) |d + n27 R)|

B n=—o00 k=—oc

for which there is no trivial expression. It is notheworthy that, as for the compact 5-dimensional case introduced in
section [T} some locations (d = 7R for instance) of the braneworlds cancel the coupling. When 7, R — 400, i.e. the
torus tends towards a plane, all terms in the summation in Eq. (2] tend towards zero, except for (n, k) = (0,0), thus
leading to the expected expression Eq. (29).

VI. DISCUSSION

The disappearance of a geometrical coupling for two braneworlds located at the S; /Z5 orbifold limits makes impossible
to constrain the Hotava-Witten 11-dimensional supergravity [25] with neutron-hidden neutron transitions. However,
for any other locations of the branes, the expression of the coupling constant is given by Eq. (II). Such locations
are allowed in the context of some ekpyrotic scenarios |28, 129]. Figure B shows the behavior of the neutron coupling
constant against the interbrane distance d for an extra dimension compactified on a Sj/Z2 orbifold (green points
derived from Eq. (), compared to the non- compact case |13] (red line). In Fig. B g is plotted for two compactification
radii (chosen arbitrarily), i.e R = 107" m~! and R = 1072° m~!, and for three brane energy scales: the TeV scale, the
GUT scale and the Planck scale. For the TeV scale, the S; /Zg compact case is ruled out as well as the non-compact
case. For the GUT scale, the drop of the coupling for the compact case makes impossible to exclude this scenario for
interbrane distances d — wR. For the Planck energy scale, the non-compact case is very close to be excluded with
future passing-through-walls neutron experiments |17, [18] while significant improvements are needed to rule out the
compact case for interbrane distances close to 7R .

Figure (] shows the neutron-hidden neutron coupling constant ¢ in function of the interbrane distance in a non-
compact bulk for one extra dimension (from Eq. (d)) and for two extra dimensions (from Eq. (29))). Here again, three
braneworld energy scales Mp are also considered: the TeV scale, the GUT scale and the Planck scale. Braneworlds
related to the TeV energy scale are fully excluded for one as well as for two extra dimensions. Braneworlds related
to the GUT energy scale are also ruled out for one extra dimension. As shown in Fig. [ the transition from a
5-dimensional bulk to a 6-dimensional one significantly reduces the coupling constant values for GUT and Planck
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FIG. 3: (Color online). Neutron-hidden neutron coupling constant g against interbrane distance d € ]0, 7 B[ for a 5-dimensional
bulk with 1 extra dimension compactified on a S1/Z> orbifold. g is plotted for three braneworld energy scales (the TeV scale,
the GUT scale and the Planck scale) and for two compactification radii (R) chosen arbitrarily (R = 107" m™! and R = 107"
mfl). Red curves represent the non-compact 5-dimensional case and green curves the S1/Z> compact case. Red regions for
values greater than g = 200 peV (or 1073 m~! in natural units) are excluded with confidence from experimental dat‘%ﬂ]. For
interbrane distances greater than 0.5 fm, neutron exchange is supposed to be precluded (g = 0 mfl) by the model [13].
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FIG. 4: (Color online). Neutron-hidden neutron coupling constant g against interbrane distance d for non-compact 5-
dimensional and 6-dimensional bulks and for various brane energy scales Mp, i.e the TeV scale, the GUT scale and the
Planck scale. Solid lines represent the 5-dimensional bulk and dash curves the 6-dimensional bulk. Red regions for values
greater than g = 200 peV (or 107® m™" in natural units) are ruled out from stringent experimental dati%ﬂ]. For interbrane
distances greater than 0.5 fm, neutron exchange is supposed to be precluded (g =0 mfl) by the model [13].

scales. While the Planck scale for one non-compact extra dimension is almost reachable by experiments ﬂﬂ], the 6-
dimensional case is far beyond the sensitivity of passing-through-walls neutron experiments HE] The present results
show the impossibility for current passing-through-walls neutron experiments to constrain all the range of interbrane
distances for GUT and Planck scales for bulks with more than 5 dimensions. Indeed, the swapping probability p (see
sections land [)) and the coupling constant g are related as g = /- While a gain of a factor 10 on the last constrain
found in 2016 (p < 4.6 x 10710 at 95% CL) is expected for future passing-through-walls neutron experiments, the
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FIG. 5: (Color online). Neutron-hidden neutron coupling constant g against interbrane distance d € ]0, 7 B[ for a 6-dimensional
bulk with 2 extra dimensions compactified on a Si; X S1 manifold, i.e. a torus. g is plotted for three braneworld energy
scales (the TeV scale, the GUT scale and the Planck scale) and for two compactification radii (r and R) chosen arbitrarily
(R=r=10""m"and R=r =10"? m™'). Red regions for values greater than g = 200 peV (or 107® m™" in natural units)
are excluded with confidence from experimental data [17]. For interbrane distances greater than 0.5 fm, neutron exchange is
supposed to be precluded (g = 0 m™!) by the model [13].

6-dimensional case is far to be reachable by such experiments.

Finally, Fig. Bl shows the coupling constant g against the interbrane distance d for two extra dimensions compactified
on a S7 x S; manifold, i.e. a torus. As previously, we explore the same three energy scales (TeV, GUT and Planck
scales). Two compactification radii are chosen (arbitrarily): R =7 =10"1" m~' and R =7 = 1072°> m~!. As shown
by Fig. Bl the compactification leads to a decrease of the coupling for interbrane distances d — R with respect to
the non-compact case. While the TeV energy scale is completely ruled out whatever the values of compactification
radii, all the parameter range of GUT and Planck scales are unreachable for the sensitivity of current and future
passing-through-walls neutron experiments.

VII. CONCLUSIONS

Many scenarios consider hidden braneworlds in the vicinity of our visible one, living together in a N-dimensional bulk.
Here we have described the behavior of the neutron-hidden neutron coupling constant — an experimentally measurable
parameter — for various bulks. It has been first shown that the Hofava-Witten 11-dimensional supergravity and related
models cannot be excluded with passing-through-walls neutron experiments. But it is not the case for some ekpyrotic
scenarios provided that one braneworld, at least, is not located on a boundary of the My x.S1 /Z5 orbifold. Next, we have
considered 6D bulks, with two extralarge extra dimensions or compactified on a torus in an ADD-like configuration.
The addition of more than one extra dimension significantly drops the coupling constant values, making possible yet
to test these scenarios but precluding to fully rule out the whole range of braneworld models. While braneworlds
endowed with their own copy of the Standard Model at a TeV energy scale are already experimentally excluded, those
at GUT or Planck scale are still reachable and their existence could be either confirmed or rejected for 5D bulks. By
contrast, future experiments involving neutron disappearance-reappearance could constrain 6D bulks scenarios but
cannot totally exclude them. Such a situation prevents to definitively close these lines of theoretical research.
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