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In the current work, the possible explanations for the disappearance of PHL 293B-LBYV using higher-dimensional physics, effective field
theory, and interactions with dark matter or cosmic strings are studied. It has been proposed that PHL 293B-LBV’s disappearance is a
consequence of matter leakage into extra dimensions, which are derived through braneworld physics, effective field theory, and interactions
with dark matter or cosmic strings. Under the resonaneg & my ~ 1078 GeV, gt ~ 0.012), the star’s mass (50 M) decays in~ 1

day T ~ 1.16 x 10~°s™!). This predicts lensing shiftsX§ ~ 8 x 10~ % arcsec) and orbital perturbationd¢ ~ 60 cm/s), which are

testable by LSST and Euclid, with KK graviton bounds< 10~*°) and seems consistent with non-detection. The solutions obtained in this
work suggest the existence of bound states as well as possible resonances at specific energy levels. Those are deggrmingdaog

myg. From an effective field theory perspective, low-energy parameters such as coupling constants and mass terms are discussed. This wol
suggests that the star’s disappearance could be a consequence of fundamental physics rather than an astrophysical anomaly. A dispersi
relation that governs matter leakage from the brane into the bulk is derived. Also, it has been shown that an imaginary component in the
energy spectrum leads to an exponential decay of the star’s observable mass. This phenomenon explains the absence of usual astrophysi
events such as supernova explosions or black hole formation. It has been found that unique and rare conditions affected the PHL 293B, bu
not the nearby stars.
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1. Introduction in the nearby regions were observed. In this study, we dis-
cuss numerous theoretical solutions which will be able to ex-

The sudden disappearance of massive stars without produBlain the disappearance event. Solutions including higher-
ing any observational end-of-life signatures, such as supeflimensional physics, interactions with dark matter or dark
novae or black holes, questions our understanding of stell&n€ray fields, and the influence of topological defects such as
evolution and astrophysics. Recently the observation of PHICOSMC strings are discussed.
293B, a low-metallicity dwarf galaxy located approximately  Higher-dimensional frameworks, like Braneworld cos-
75 million light-years away in the constellation Aquarius, ex-mology, provide possible solutions not only for this case
hibits this kind of mysterious disappearance [1-3]. The dwarbut also for broader puzzles, such as the nature of dark en-
galaxy consists of a luminous blue variable (LBV) star, whichergy and earlier stages of the universe. A Brane is a 4-
is one of the most massive and luminous types known. Bedimensional (3 spatial + 1 temporal dimensions) hypersur-
tween 2011 and 2019, astronomers observed that the spectfate where particles and fields are confined and the bulk is
signatures of the LBV star were missing [4-7]. In such disap-a higher-dimensional spacetime [9-11]. Matter fields are in
pearance, neither supernova explosion nor other high-energyeneral confined to the brane due to localizateg ( the po-
events were detected, which are used except when such masntial wells in the extra dimensions). However, under certain
sive stars go off. The sudden disappearance of PHL 293Bzonditions, matter can propagate into the bulk [12]. By com-
LBV raises various questions about the evolution and fate obining braneworld scenarios and higher-dimensional space-
massive stars. There may be some possible explanations foime theories, we study whether the star’s matter could have
this problem including extreme dust obscuration, direct col4ransitioned into extra dimensions, without producing any ob-
lapse into a black hole, or dramatic intrinsic variability, which servational consequences.
remain insufficient to ex_plain this sudden disappeara_nce. For The disappearance of PHL 293B-LBV joins a list of as-
the same problem, earlier we had attempted a possible solyphysical anomalies, such as Betelgeuse’s unexpected dim-
tion in terms of cosmic strings and dark matter aspect [8].  ping [13-15] that queries the present explanation. This study
Some observational challenges exist in this phenomenointroduces a distinct approach to propose a mechanism where
The PHL 293B-LBV's disappearance without typical end-of- stellar matter transits into extra dimensions, and that can be
life signatures challenges the usual models of stellar evolutestable via subtle gravitational signatures. The present work
tion. Also, there are no gravitational effects or no changeslerives equations for the brane fiddand bulk field¥, by in-
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cluding the interaction term. We have derived the self-energy The Egs.[7) and 8) are homogeneous differential equa-
correction to the brane field due to its coupling with bulk tions whose solutions are exponential functions. The general
modes. The decay raie for the transition of brane matter solutions are obtained as,

into bulk mode is evaluated. Finally, we have mapped param-

eters to map the theoretical decay timescale with astronom- d(k,y) = A(k)e Y + B(k)e Y, 9)

ical observations. This work aims to narrow down the gap B Ny ey

between theoretical physics and observational astrophysics (k,y) = C(k)e™" + D(k)e ’ (10)
by presenting novel solutions for the disappearance of PHL

293B-LBV. where

. Ao = /K2 +m2, Ao =\/k%+m3. 11
2. Matter leakage in braneworld models ? oo v ()

For normalization, it is required that the fields vanish at

=N

In braneworld models, our observable universe is a 3- . .
dimensional brane embedded in a higher-dimensional bulwﬁn'ty‘

[16-18]. Matter is usually confined to the brane, but under ~ ~

certain conditions, it might propagate into the bulk. We ini- ®(k,y — +00) =0, Y(k,y — F00) — 0. (12)
tially model the mass leakage by the assumption of a simple
5D spacetime, where fieldd and ¥ interact at the brane.

To understand this scenario more clearly we can have an as-

This results in,

sumption as the 5-dimensional spacetime is flat. A(k) =0, C(k)=0. (13)
ds? = nudztds” + dy*. (@) Hence the solutions can be simplified into,
Another assumption can be considered as Bodmd ¥ have b(k,y) = B(k)e eV, (14)
guadratic potentials. R
) ) T(k,y) = D(k)e vl (15)
V(®) = 5m?bqﬂ, Vg (0) = im'é;\p?. 2

o ) The absolute value appears here due to the fact that the equa-
Hered is a field that SuggeStS matter confined to the branQionS are symmetric und@f — =y, and the delta functions
(which is associated with the star’s matter) ahdepresents  gre |ocated ay = 0. The equations can be integrated across

the bulk field that interacts witk, corresponding to energy an infinitesimal interval aroung = 0 to tackle the delta func-
or mass transfer from the brane into the extra-dimensionajons, especially fo, fromy = —c toy = .

bulk. Further, it can be assumed that solutions can be sepa-
rated into brane and bulk components. Fourier transform for /"

2 2 2\ & 5
the brane coordinates! is performed as, dy (—=k* + 82 —m3) ®(k,y) = —gim¥ (k,0). (16)

—€

4
d(zH,y) = / (;l I)Z ek Bk, y), (3) After simplification, for bothy and« can be written as,
T
~ Yy—=¢€ ~
’ Ak g s 0,®(k, = —gin¥(k,0), 17
Vaty) = [ G W), @) 220w, = —om¥(k0) an
wheregi; is the coupling constant that represents the strength [ay‘i’(k, y)} 'y:_g = —gin®(k,0). (18)
of the interaction between the bulk fiefdand the brane field ’
V. In momentum space, the equationsddk,,, y) is written The fields are continuous acrogs= 0, but their deriva-
as, tives have fluctuations due to the delta functions. The discon-

~ ~ tinuities in the derivatives can be calculated as,
(=K% + 05 —m3) ®(k,y) = —gmd(y) U (k,0).  (5)

=0"

ForW(k,,y), itis written as, {ayci)(k,y)}y = 9,®(k,0%) — 9,®(k,07).  (19)

~ ~ y:0+
(—k* + 07 —m3) U(k,y) = —gind(y)(k,0).  (6) . _ o .
But since the solutions are symmetric, it can be written
Away from the Braney # 0), the equations can be as,
solved for®(k,y) and¥(k,y), Hence in the bulkyg # 0),

the delta functions vanish, and the equations simplify to: 8y<i>(k, 0%) = —\aB(k), (20)
(—k* + 02 —m3) B(k,y) =0, (7) 0y®(k,07) = Ao B(k), (1)
(—k* + 02 —m3,) ¥(k,y) = 0. (8) 9y ®(k,0") —9,0(k,07) = =2\, B(k).  (22)
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Hence the discontinuity is calculated as,

0,k = =XaB) - (aB(K)
— 2\ B(k), 23)
{@@(k,y)}zzz; — 2y D(k). (24)

From the discontinuities, the matching conditions are cal-

culated as,
—2XpB(k) = —gint ¥ (k, 0), (25)
—2Xg D (k) = —gim®(, 0). (26)
But aty = 0 the boundary conditions result to,
®(k,0) = B(k), (27)
U(k,0) = D(k). (28)

The substitution of Eqs2{7) and 28) into Egs. [25) and
(26) leads to the matching conditions as

—2Xe B(k) = —gineD(k),
—2X\g D(k) = —ginB(k).

(29)
(30)
Substitution oD (k) from Eq. 29) into Eq. 30) gives,

Ao Ay B(k
Dol BE) _ o . (31)
Jint
Hence, the dispersion relation is obtained as,
DAy = giy- (32)

The substitution of Eq(1) into the dispersion relation in

Eq. (32 gives,

V2 4 m3) (k2 m3) = Sin (33)

4
After squaring and expanding both sides, it becomes

2 2
E* 4+ (m2 + m3)k* + maim?3 = (gllm> . (34)
Hence the quadratic equationA is written as,
E*+ak®+b=0, (35)
where,
a= m?p + m?l,, (36)
2\ 2
b=mim2 — (T) . (37)

With quadratic relation

—a++va? —4b
2

k=

the discriminant are computed as,

A =a? —4b= (m2 +m?3)?

2 2
—4 [mém?p — <g4|1m) ] . (38)
Further simplification leads to,
A = (mg —my)” + g (39)

Sinceg?, > 0, the discriminant\ is always remain posi-
tive.
Also k2 is computed as,

—a+ VA
2

—(mg +my) £/ (m3 —m3)? + g2
> .

k=

(40)

Sincek? must be real and non-negative, we need to con-
sider the physical root. There are two possible cases for this
solution set.

Case 1:If g2, is large enough, the expression inside the
square root dominates, akd can be negative, which will
lead to imaginaryk.

Case 2: If mg = my andg?, is small,A = g2,, and we
will obtain

_ _ngp + Gint

k2
2

(41)
Which may yield negativé?. To understand the disap-
pearance of the star, we need to consider the time dependence

of ® on the braney = 0). The time-dependert field on the
brane is written as,

d*k o
O(H — — ik, T P —
(z,y =0) / i (k,y=0),

(42)

®(k,0) = B(k), and B(k) have to be determined by the
matching conditions and dispersion relation. Let us assume
that the dispersion relation yields a polé:dt= w(k), then:
B(t, 7,y = 0) o e~ w®tHkT (43)
If w(k) has an imaginary part, then the field will decay
exponentially with time. The imaginary part of k) corre-
sponds to the decay rakeis written as,

Hence field will have the kinetics as,
O(t, 2,y =0) e~ Ttemiwrea(k)t+ik-d. (45)

The Eq. 45) indicates that the amplitude @ on the
brane decreases exponentially over time, which will lead to
the disappearance of the star's matter from our observable
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universe. The coupling betwee and U is related to the when the dispersion relation allows for imaginarik), the
energy that is about to transfer from the brane into the bulldecay can happen. Some core-collapse type astrophysical
and the decay ratE indicates its flow. Even though the en- processes may increagg: at least for some moment, and
ergy density on the brane decreases, the total energy (brandhat will start the decay process. The timescale= 1/I"
bulk) is conserved due to the exchange mediateddoyFor  indicates how quickly the star becomes undetectabld. If
the decay raté&' to be prominent that will lead to observable corresponds to a timescale of years or shorter, that would
disappearance, the coupling: should be very large. The lead to an effective disappearing. When the mass undergoes a
actionS for the gravitational field and matter is written as, phase transition into higher dimension, it captures no signs of
supernova explosions and blackhole formations, which is in
S = /d4x dy~/—g® accordance with the non-existence of such phenomena from
PHL293B-LBV.

The mass of the star contributes to the gravitational field
on the brane. A9 decays, the gravitational potential would
be also decreased. The dispersion relatidp\y = g2, as-
sumes a flat 5D spacetimésf = 7, dz"dz” + dy?),that
simplifies the boundary conditions. In a warped RS geome-
try (ds? = e=2kv),,, dz*dx” + dy?), the field equations pro-
Riide a modified form, approximatelfk Ao Ay = g2, Where
k ~ 10'6 GeV is the curvature scale. Fgr~ 10'! cm (stel-
lar scale),ky ~ 107°, ande~2¥ ~ 1, the curvature ef-

g /d4 i m fects are negligible, that justifies the flat approximation. In
> = rayv —g

1
X [2/4:2]%(5) + Louk + (S(y) (_U + ['brane) . (46)
5

Herex? is the 5-dimensional gravitational constaft?)
is the 5-dimensional Ricci scalafyk is the Lagrangian for
bulk fields,o is the brane tension ani,4neis the Lagrangian
for brane-confined matter fields. The star’s matter can be re
resented as a scalar field suchdgs:*,y). Then the action
for @ is written as,

extreme caseg(~ ms), I' increases by k/mq, but reso-
1 nance dominates atg ~ 1018 GeV.
|- 5040u0000 - V(@) - S| . @7

Here A, B = 0,1,2,3,5 (with 5 representing thg co-  3- Physical implications and observational sig-

ordinate),V (®) is the potential for, ¥ is a bulk field that natures
interacts with® and gj¢ is the coupling constant for the in-
teraction. Then the equation of motion fbris written as, In terms of the braneworld theory, the RS model consists of a
single extra dimension with warped geometry. The metric is
AB ov itt 19-22
PVAV® - U0 = —guoly)v.  (48) wittenas, [19-22]
Initially, it is assumed tha® is confined to the brane at ds? = ey, datdx” + dy?. (51)
y = 0, and solutions can be discussed whéreropagates
into the bulk ¢ # 0). The coupling term-gintd(y)® ¥ indi- Herek is the curvature scale andranges fronD to oo

cates the interaction between brane-confined matter and bukkinstein’s equations in 5D spacetime can be written as,
fields. With possible astrophysical conditions such as high

energy densities and specific field configurations, this inter- Gap = kiTap (52)
action will become more important. As a result, this may
lead to, energy transfer in which the energy frénis trans- Here G 45 is the 5D Einstein tensor arifls g is the 5D

ferred to®. This will allow ® to acquire momentuminthe  stress-energy tensor. Let us consider the stress-energy tensor
direction. Also, this leads to propagation into bulk, in which of the brane and the star as
® begins to propagate into the extra dimension. As the result,
the star will disappear from our 4D brane. Tap = TR+ TS (53)
The interaction alters the standard conservation law as,
Using the Shiromizu-Maeda-Sasaki (SMS) approach
[23], the effective 4D Einstein equations on the brane can
This Eq. @9) results in the non-zero divergence that indi- P€ obtained as,
cates the flow of energy-momentum from the brane into the 4
bulk. The bulk field? satisfies the corresponding equation of Gy = =Daguy + 8TGNTp + K5l — Epuw. (54)
motion as,

VT = —gint¥0, . (49)

Here,A, is the effective 4D cosmological consta@ty is
gABV AV Y — %L\I‘f = —gintd () ®. (50)  Newton’s gravitational consta.rﬂIW is th_e guadratic energy-
momentum correction anfl,,,, is the projected 5D Weyl ten-
The massese andmy are important to the kinetic be- sor (bulk effects). The ternk,, encodes the effect of the
havior in the dynamics of the star. If they are set to valuedbulk geometry on the brane and it can be able to mediate the
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energy transfer. Then the conservation equation on the brane We can consider a scalar fiejdwhich represents dark

becomes:
VT = K3V ', + VY E,,. (55)

Under some specific conditions,” £,,,, can be non-zero,

matter, with an action as,

s [

V—g® {— g*P0ax0px — Vo(x)| . (60)

which leads to energy exchange between the brane and bulk. The interaction term can be written as,
For the present case, the conditions for matter leakage can be

discussed with the following criteria. At first, the non-trivial

d’x x\/—g®) [ gintd (y }

(61)

Bulk Geometry may cause such leakage. A dynamic bulk

with perturbations can indudg,,, to have such effects. Also
near the star, energy densities seem to be high, which wi
increase bulk-brane interactions.

Here in this case the mass logs{/ = 50 M) overT =
8.64x10*s (AM /M., = 50) alters gravitational effects. The
lensing shifts fron® = 8 x 10~ % arcsec tad (r = 10'3 cm),
aAfd = 8 x 10~ %arcsec drops a.26 x 10~ ! arcsec/s.
These can be detectable by LSS¥ (0~® arcsec) or Eu-
clid (~ 10~ 7 arcsec) with aligned sources. Orbital perturba-
tions provides the\v = 60cm/s ¢ = 10'2 cm), which are
measurable by Euclid’s spectroscopy ( cm/s) or LSST'’s
astrometry £ 0.03 cm shift).

3.1. Gravitational
modes

perturbations and Kaluza-Klein

We can analyze gravitational perturbations around the brane

and the role of Kaluza-Klein (KK) modes [24,25]. Let us
consider perturbatior’s4 g around the background metric as,

ds? = eV (1, + Ry, )dotdz” + (1 + hss)dy?.  (56)

The interaction term allows the star’s matter fiédo in-
fleract with the dark matter fielg. The equations of motion
for ® can be written as,

oV
g BV AVED — 55 = 29 (y)@x

The equations of motion foy can be obtained as,

(62)

9PV aVpx - 88& =
X
If the mass ofb matches the effective massypfthen the
resonant conversion can occur. Energy frérs transferred
to x, which propagates into the bulk. Similarly, we can con-
sider the scalar fielg which represents the dark energy, with
a potentialV,,(¢) and interaction as,

P/ —g®) [~g,0(y) D]

This solution can be able to induce a decaybafto dark
energy, which will affect the star's mass. The dark matter
density near PHL 293B igpy ~ 0.3 GeV/ent (NFW, dwarf

—gintd () (63)

(64)

The linearised Einstein equations for the perturbationgyalaxy halo), typical at- 1kpc. Form, ~ 107'%GeV,

can be interpreted as

5GAB = I€§5TAB. (57)
Decay ofhm, into 4D graviton and KK modes leads to,
Z D ()R (1) (58)

Here h{") is the massless 4D graviton, and}) with
n > 1 are massive KK modes. The functiottg (y) satis-
fies the following relation

(02 — 4kdy, + m2e*™ ] ¥y (y) = 0. (59)

Boundary conditions at the brang £ 0) and at infinity
(y — oo) determine the role of,,(y). In the RS Il model,
the massless modgy (y) is localized near the brane, which
confirms the 4D gravity at low energies [26,27]. Massive KK

modes couple to matter on the brane and that can mediate
new interactions. At shorter distances, perhaps near to the

star, massive KK modes contribute to altering the gravita-
tional dynamics.

3.2. Star's interaction with dark matter/dark energy
fields

We extend the model to include interactions with dark matter

(DM) and dark energy (DE) [28-31].

gint ~ 0.01, Tom ~ gipom/m3 ~ 107°s71, aligns with
I'buk- And this suggests that the dark matter amplifies leak-
age in this low-metallicity environment.

3.3. Topological defects and cosmic strings

We can consider the interaction of the star with higher-
dimensional topological defects, such as cosmic strings or
domain walls. Cosmic strings are 1D defects which can ex-
tend into extra dimensions [32,33]. Any cosmological object
could be affected by a cosmic string passing through its po-
sition. The cosmic string may extract energy from the star as
it pass through higher dimensions. The cosmic string can be
discussed as a delta-function source and its action is written
as,
Seumg =~ [ oI @ - X)), (69
Here p is the string tensiong parametrizes the string
worldsheet and{ “ (o) describes the string’s position.

The interaction term can be defined for this case can be
explained as,

S@string = _gstring/ dQUV _Vq)(xA)

x 6O (x4 — X4(0)). (66)
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This interaction term represents the interaction between the star'sifiaklwell as the cosmic string. The equations of
motion with string interaction can be obtained by modifying the equatiofas,

oV
ABVAVBCI) - 87@ gstrlng/ dQUV _76(5)(37A - XA<U))- (67)
The total action is derived as,

S = Sgravity + Sp + SX + S<I>X + S<p + S«Iw + Sstring + S@strinq (68)

The action concerning the fields y, ¢, and the metrig 4 5 can be varied. Differentiation with respect®acan be written
as,

ov
P/ —g® { VaAVAD + — P +gim5(y)q>x+g¢5(y)¢] 6d + /d4z\/jg [(VA®) nal 002 (69)
The strong interaction can be introduced as,
SSamg = gawg [ oy [ /=g P50 o4 - XA(o) 850, (70)

The following parameters such 4§/6® = 0 are set to obtain the equation of motion fbr Differentiation with respect
to x andy yields the Einstein’s field equations as,

Gap = 13 (Ths + Thp + Tfp + Tan®+ THE™) . (71)
For ® energy-momentum tensor is obtained as,
1
TS, = 04095P — gap (2gCDacq>aD¢> + V(«p)) . (72)

Then the divergence of the total energy-momentum tensor is derived as,

VPTp = 0. (73)
However, on the brane, we have,
VMT;?Lane: —4(y) <29int(1)vuX + 9,9V ® + gstring/ oy —’Y5(5) (xA - XA(J))VU‘I)) . (74)

This shows that the conservation of energy-momentum on the brane is violated due to interactions with bulk fields and the
cosmic string. Equation fob is derived as,

(D(5) — mé) O = —2gintd () Px0(y) — 9,0(¥) o (y) — gstring/ d20\/j’75(5)(xA — X4(0)). (75)

HereJ®) is the 5D d’Alembert operator. We can introduce a Fourier transform in the 4D spacetime and expand in KK
modes iny as,

xu’ y Z ¢n wn (76)

Similarly for x andy. The mode functionsg,, (y) satisfies the following relation,

(85 — 4ko, + mie%y - m%) Y (y) = —26intd (¥)Vn(¥)X0(Y) — 906 (¥)0(¥)Vn(y) — gstringd (¥ — Ystring)¥n (y).  (77)

Hereysuing is the position of the cosmic string. This is a Sturm-Liouville problem with delta-function sources. The solutions
involve Bessel functions due to the warp factdf?. The homogeneous equation (without the delta functions) is calculated as,

(02 — 4k, +mpe®™™ —m3) ¥ (y) = 0. (78)

Rev. Mex. Fis72030802
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Letz = “=¢hv, then the equation becomes: 4. Effective field theory and low-energy con-
straints
o & d 2 gb

(2 getEt (2 —( 2 T 4))) ¥n(2) = 0. (79 The Effective Field Theory (EFT) describes the evolution at

a given energy scale without requiring detailed knowledge

This is a Bessel equation. The general solution is obof the corresponding high-energy theory [34-36]. Parame-
tained as, ters in the low-energy EFT are obtained from the correspond-
m m ing high-energy theory by integrating heavy fields or modes

Un(y) = e |:an<]u (Tneky) +b.Y, (T"e’“’)} . (80)  which are not accessible at low energies. We can introduce
the EFT method to derive the required coupling constants and

HereJ, andY, are Bessel functions of the first and sec- mass parameters in our low-energy model. That will reduce
ond kind andv = /4 + (m2 /k?). Aty = 0, we can apply or eliminate the need for fine-tuning. We can assume that
the junction conditions derived from integrating across theour universe is embedded in a higher-dimensional spacetime

delta functions. with extra dimensions compactified at a high energy scale
Integrate the equation acrogs= 0 leads to, Myy. Also, we can assume that the high-energy fields such
as bulk fields propagate in the full higher-dimensional space-
[%wn(y)]gigl = —2gintx0(0)%n (0) — go0(0), (0) time. Also, the fields are assumed to be confined to the 4D
brane (our observable universe).
- Qstringé(ystring)'l/)n(o)- (81) The total action is written as,
The boundary conditions lead to a transcendental equa- Shigh = Sbulk + Sbrane+ Sinteraction (84)
tion for m,,,

The bulk action is derived as,

Flma) =0, (62) Sbulk = /d% d"yvV-G

where F(m,,) depends on the Bessel functions as well as ] 1

the coupling constants. If the coupling constants are large X [an)Han)H _ M,%(I)fq} ) (85)
enough, the effective mass squared can become negative, 2 2

Wh|Ch W|” eXh|b|t taChyoniC mOdeS and |nstab|l|t|es The Here@H is a high_energy Sca|ar f|e|d propagating in the
time dependence af, (2*) is obtained as, bulk andM  is the high mass scale associated with. The
brane action is obtained as,

(D(4) + mi) on(z?) = 0. (83)

Shrane = /d4x\/jg [;aﬂqsLaM(bL - ;m%¢%] . (86)
If m2 < 0, the solutions grow exponentially with time,
then it will lead to instability. Cosmic strings are con- Here ¢, is the low-energy scalar field localized on the
strained by ~ 107Gy (~ 10'° GeV?, CMB) andncs ~  brane which represents the star's matter field, andis the
10~ Mpc 3. In PHL 293B's(1 pc)® volume, Pcs ~ 10721 bare mass ob.. The interaction term is written as,

over 10°yr, is rare but it is possible. Energy extraction

~ pRstar ~ 1048 GeV (Rstar ~ 1011 cm) yieldsT'cs ~ Sinteraction = /d4xd"y\/ -G

1071s™! (gsying ~ 107°). A slight increase in[ ~

10~°s~!, which is consistent with a triggering event in this % {_)\H(;(n) (y)aﬁL(x“)@H(:ﬂ“,y)} ) (87)
isolated dwarf galaxy. Matter leakage could lead to the ex-

ci'tation of KK g.rav.iton modesmn. ~1 GeV), which wogld Here)y is the high-energy coupling constant afitd (y)
trigger the gravitational wave emissions. However, their COUig the Dirac delta function that localizes the interaction at

pling to thellgrane is controlled %3(80) ~e /P 10719 e ) We can integrate out high-energy degrees of free-

(for k ~ 107" GeV), yieldsh ~ 107°°, that is well below the 4o by obtaining an effective action for;, by integrating

LIGO's sensitivity ¢ 10722 at 75 Mly). Alternatively, bulk o, Which will result in an effective field theory, those

fields (e.g.,¥) absorb KK energy via interactions such as ge valid at energieB < My.

YWY R and dissipates it off-brane. Both mechanisms  The partition function is written as,

confirm no detectable GWs and support the smooth transition

hypothesis. 7 — /D(I)HD¢L & (Sbulk+SbranetSinteracion) (88)
While the Braneworld model implements matter leakage

into the bulk, a few low-energy parameters remain sensitive  The effective action fop;, is derived as,

to high-energy scales. In the following section, we adopt

an effective field theory approach to derive these parameters. eiSelor] _ / Db gy et (Soukct-Sineracion) (89)

Such adoption will reduce the need for fine-tuning.
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For the quadratic approximation let us assuing is a

small. For example, let us have; ~ 1, My ~ 106 GeV,

free field (ignoring self-interactions), and the interaction ism; ~ 100 GeV, then e ~ (1/(10'® GeV)?), which is a

linear in®g. The action is derived as,

1
Stotal P 1] = 3 /d4$ A"y @ (—Oagn) — M) ®ur

— /d4as Agor(x)®p(z,y = 0). (90)
Hence we can integrate o@t; as,
Sulé1] = Svana— 5 [ d'wats
X Ay¢r(2)Gr(e —a')gr(a’).  (91)

HereG r(x — ') is the Feynman propagator fér; eval-
uated aty =y’ = 0.

The non-local term can be approximated at low energie%quires less fine-tuning. The gr
which will lead to an effective local interaction. The effective

interaction term is written as,

) 22
St = — / dtz B 42 (). (92)
e 2M%I L
The effective mass correction is done as,
)\2
om2 = (93)
L M}%]

very small number. The smallnessXxfs anddm? emerges
from the hierarchy betweehly andm,, without requiring
precise adjustments. Effective Low-Energy Theory for the
Star’s Disappearance can be derived below with the help of
the following steps.

The low-energy Lagrangian can be derived as,

1 1 A
Lot = 50,010"0r — 5midt — 6. (100)
The total effective mass is derived as
)\2
mag = mi +0mi = mi + - (101)
MH

If m2¢ < 0, the fieldg,, becomes tachyonic, then it will
lead to instability and exponential growth or decay. Since
Aeft is small due to the higid/y, then achievingnZ; < 0
owth rate is calculated as,

or(t) e, v =4/—mZ. (102)

If m2¢ ~ —(1073eV)?, theny ~ 1073 eV ~ 1011 s71,
The disappearance time scale can be calculated- as;
1/y ~ 10~''s, which is too short. Such low valuesZ
can be achieved without fine-tuning due to the suppression
by Mpy.

From the above calculations, it can be observed that the
large separation betwedidy andm . leads to small effective

The effective coupling constants in the low-energy theorycouplings and mass corrections. It also states that the low-

arise from the high-energy parameters as,

Nt

Aeti = —2,
eff M%I

(94)
This equation provides a natural hierarchyify is large
compared to\g.
The Beta Function fom? is obtained as,

_dm?(p) Mg
Bmz = Tding) “Aesf\ g2 ) (95)
The Beta Function fohe# can be written as,
d\ 3
= T = @ (99)
Initial conditions are calculated as,
m2 (My) =m?2 +0m2, det(My) = e (97)
The running mass and coupling are derived as,
2 2 w B’HLZ
i) = () + [ “hdu (o8)
My M
. ﬂ)\eﬁ
Ne(i) = Nar(Mur) + [ P (99)
My M

The suppression ofs can be discussed as\f; is of or-
der 1 andMy is large My > my), Aeir becomes naturally

energy parameters arise from the high-energy theory with-
out the need for arbitrary fine-tuning. In addition to these
the EFT method, the low-energy theory is insensitive to the
changes of the high-energy theory beyond Mg. Small
coupling constants and mass corrections are available due to
the suppression by the high-energy scalg . By differenti-

ating My and\ g, we can achieve disappearance time scales
that will be consistent with observations. The EFT method
predicts that the solutions do not introduce large couplings or
masses that conflict with the standard model.

To reconcile the largein required for a decay timescale
of years with the small\ez (from EFT), we propose a
resonant dynamics mechanism. Due to the star's possi-
ble unique internal structure,ifips ~ my the decay rate
T ~ (g2,/[lm3 — m%]]) increases heavily without any large
bare coupling. Fofm2 — m%| ~ 10716 GeV? and giny ~
1078, ~ 1078 s71, yieldingT ~ 107 s, consistent with ob-
servations. While EFT predictss ~ (A% /M7) ~ 10732
for My ~ 10'° GeV, local astrophysical conditions.,
resonance betweeh and®) can amplify the effective cou-
pling near the star.

As we have derived consistent effective field theory so-
lutions that discuss the essential low-energy behavior, we
are now able to expand our calculation to a fldl+ n)-
dimensional spacetime. This higher-dimensional analysis not
only reaffirms our earlier results but also provides better per-
spectives into the relationship between extra-dimensional dy-
namics and observable astrophysical sighatures.
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VANISHING INTO THE BULK: A HIGHER-DIMENSIONAL EXPLANATION FOR THE DISAPPEARANCE OF PHL 293B-LBV 9

5. Higher-dimensional analysis of star disap- of the extra-dimensional metric. Differentiating the total ac-

pearance tion with respect to th@ leads to
Lets dlzcuss thé4 + n)-dimensional spacetime with coordi- 05 _ 0 = OWe — 2 — \w(azh,y2) . (110)
natest™ = (x*,y%), wherez* (u = 0,1, 2, 3) are the con- 0P dd ya=0
ventional 4D spacetime coordinates ayfd(a = 1,...,n)
are the extra-dimensional coordinates. HereO®W = ¢#V,V, is the 4D d’Alembert operator.
The metricG s n Of the bulk spacetime is derived as Differentiating the action with respect t provides,
ds? = Gynda™da 68
T MNaTar 5o =0 = MYV VT
= guv(@,y)da"da” + hap(z,y)dy"dy’.  (103) .
_2 1Y §(1) (4,0
For trivial solutions, we assume that the extra dimensions av () (). (111)

are compact and that the metric factors as: . . .
Let us solve the equations of motion. Initially, we can

ds® = Gy ()datdz” + hay(y)dy®dy’. (104)  derive the bulk scalar field by assuming thal/ (¥) is neg-
ligible or ¥ is masslessdU /d¥ = 0).
Hereg,, (x) is the metric on the brane artd;(y) is the

metric in the extra dimensions. The total action can be writ GMNY,, VAl — &2 = _)\q)(l,/t)é(n)(ya). (112)
ten as, dv
S = Sgravity + Sbrane+ Sbulk + Sinteraction (105) We can analyze the Fourier transform in the extra-
dimensional coordinates as
The bulk gravity action is then obtained as dp
Wz, y®) = PV G (2 pg). 113
@) = [ e g, @19)

Sgravity = %2; / d4l‘ d”y\/z R(4+n). (106)
(4+n) By assumingG** = ¢g"” (bulk metric reduces to brane

Here “?4+n) is the gravitational coupling constant in met_ric in u, v indices) and substituting into the equation of

(4+n) dimensions R, is the(4 + n)-dimensional Ricci  motion leads to,

scalar andz = det(Gysn) is the determinant of the bulk N

metric. We consider a scalar fielbi(z*) confined to the GV NV (2!, pg)

brane, which represents the matter content of the star and it a =

leads to brane n?atter action as, 1 papr¥ (2, pa) = —A@(a"). (114)

Sbrane— /d4x¢fg [_;gwau(qu) “v@)|. aon Then the equation becomes,

. , . (D<4> +p2> T (2, pa) = —A®(z"),  (115)
Hereg = det(g,,, ) is the determinant of the brane metric

and -V (®) is the potential energy of the scalar field. We can
consider a bulk scalar field (z*, y*) that interacts with the
brane field as, - 1

K = —
\I/(l‘ ,pa) - )\D(4) +p2
Sbulk = /d41’ d”y\/ -G

wherep? = hop,p,. We can be able to solve fdr as,
O(z*). (116)

Reconstruction ofl by using inverse Fourier transform

x {—;GMNZ?M\I/@N\I! —Uw)|. (108) Canbedoneas,

L , d"p ePay”
The interaction betweeh and¥ is localized on the brane U(z",y") = —AQ(a! )/ (27 m- (117)
can be dericed as,

Sinteraction = —/d4$\/ -9

Substituting® back into the equation fap leads to,

n av. 4 L d"p 1
00— I e )/ e g 118
x / gV 5 () A ()T (2, ). (109)
The integral ovep,, gives an effective self-energy term,
Here (") (y) is the n-dimensional Dirac delta function,
localizing the interaction a§® = 0, A is the coupling con- 2(5(4)) — /
stant betwee® andW¥ andh = det(hyy) is the determinant

d"™p 1
(271-)77, D(4) + p2 '

(119)
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10 S. NATARAJAN

Evaluation of$(0®) by using dimensional regulariza- Then

tion leads to, / dmp 1

2(s) = e (129)

(@9 = ¢, (D(4))(n s (120)
Using standard methods the integral is obtained as,

whereC,, is a constant depending on the number of extra di- 1 n

mensionsn. Forn > 2, the integral converges. Then the (s) = el (1 — 5) sm/2-1, (130)

modified Equation fo becomes, (4r)

(n—2)/2 qv HereI'(z) is the gamma function.
[5(4) + )20, (D(4>) } P(xt) — — =0. (121) In general, the imaginary part arises when 0 (i.e., for
e k? < 0, corresponding to time-like momenta).

This is a non-local equation due to the fractional power of ~ 1hen the total decay rate for odds derived as,

0@, By assuming/ (®) = (1/2)m2®?2, we may construct $(n/2)-1
the plane-wave solutions regarding the dispersion relations in Im[X(s)] = Ww
the modified equations. T

(—1)=h72, (131)

The decay rate per unit volume is derived as,

D(zH) = e~ thua", (122) o
n/2)—1
_ 2 _ 23 _1y(n—1)/2
Substituting into the equation leads to, I'=AIm[X(s)] = A (47)n/2 m(=1) ' (132)
(—k2 20, (—k2)(n2/2 4 m%) O(ah) =0. (123) Sinces = E? for the field mode, the total decay rate is
then calculated as,
The effective mass is changed as En-2
D= M (-2, (133)
m2e(k?) = m3 — N2Cpy(—k%) =212, (124) (4m)
. Forn =1,n = 3, etc.,(—1)("~Y/2 = (~1)* wherek is
2 (1.2 2 _ ) ) ,
If mggz(k*) < 0 for somek?, the solutions grow exponen an integer.

tially. This indicates a possible instability. In certain cases,
the effective mass squared acquires an imaginary part due |t|9a
analytic continuation as,

The decay rate is supposed to be positive and the imag-
ry part of the self-energy should be positive for physical
decay. The decay rate depends on the enét@y the field
2\(n—2)/2 _ 1.2|(n—2)/2,—in(n—2)/2 mode as well as the number of extra dimensiandVe can
(—k )( )2 — |k |( )/2p—im(n=2)/2 (125)
assume that the PHL 293B-LBV’s matter field has an energy

This introduces an imaginary partiif is odd. The de- SC&l€E ~ mq and has the decay rate as,

cay ratel’ can be extracted from the imaginary part of the mn—2
self-energy: I~ )\ (47T‘I;n/2 . (134)
r = %Im[mgﬁ(ﬁ)]. (126) The disappearance takes the timescale as,
n/2
Here FE is the energy of the field mode. The coupling to T~ L. % (135)
bulk modes leads to a decay of brane-localized matter into the I Xrmg

bulk. The star's matter fielé® loses energy to the bulk field
¥, which reduces the star's mass in our observable univers?ea
The timescaler over which the star disappears is related to
the decay rate as

For large or smallmg, 7 becomes small, which will
d to the sudden disappearance of the star.
For numerical estimations we can assume that 2 as
extra dimensions, and energy scéle- 10° GeV, which are
1 obtained frompg ~ 6.25 x 10°® GeV*! (Msar ~ 50 Mg,
T=r (127)  Viar ~ 4 x 10% cn?). These parameters show PHL 293B-

. ) ) ) ) LBV’s core scale.
The self-energy integral is evaluated using dimensional  Then it can be estimated as,

regularization as,

2

Yint n—2

n I'~ E . 136

2(5(4)) _ d"p 1 (128) (471.)11/27 (136)
(27T)n |:|(4) + p2 ?

Forn = 2, this reduces td" = g2,/4r. Targeting
Let s = —O® (we may assum&l®) acts on the plane 7 ~ 8.64 x 10* s (1 day), consistent with the rapid disappear-
wavee 12" and yields—k?). ance observed between 2011 and 2019, wé&'fix 1/7 =
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VANISHING INTO THE BULK: A HIGHER-DIMENSIONAL EXPLANATION FOR THE DISAPPEARANCE OF PHL 293B-LBV 11

1.16 x 10~%s~1. Then we can solve as,

2
P~ dint _q96%x10%s7!, (137)
47
Gy ~ 41 x 1.16 x 107°
~1.457x107%s7!, g~ 0.012 (138)

Sol' ~ 1.16 x 10~°s~1, and the timescale ~ (1/T) ~
8.64 x 10*s.

This gint =~ 0.012 aligns with resonant improvement, such
asmge ~ my ~ 10718GeV, that amplifies small EFT
couplings locally. Earlier calculations with particle scales
(mae ~ 100 GeV, gint ~ 1) providesr ~ 10724 s, and stellar
mass scalesie ~ 10°7 GeV, gy ~ 10~%) gaver ~ 107s.
Both of these parameters are inconsistent with the observed
sudden loss. The revised~ 1 day reflects an LBV instabil-
ity that leads to rapid leakage.

Hence,

gint ~ 0.012. (139)

This suggests that the coupling constartis relatively
small, which is consistent with astrophysical conditions, and
it shows the leakage over 1 day. The disappearance time
scaler = 1/T"is highly dependent on the choice of the mass
scalemg and the coupling constant. If me corresponds
to a fundamental particle scale (100 GeV), the resultant
timescale will be on the order afo—2* s. This is a very
short time to explain an astronomical disappearance. Any-
how, formg ~ Mg ~ 1057 GeV and\ ~ 1077, the de-
cay timescale exists parallel with the observations (07
years). This suggests that the process is only opt for massive
astrophysical objects, and fundamental particles or low-mass
systems will not exhibit such rapid decay. Warped geome-
try modifiesT" by ~ k/(k + maget¥) ~ 1 (ky ~ 107?),

preservingr ~ 1 day. Noticeable curvature effects require (iii)

k ~ 10718 GeV, which is not common for RS brane, and this
confirms the flat spacetime for PHL 293B-LBV. By changing
I' = (\?/4m) for 7 ~ 1day(8.64 x 10* s), we are able to find

I' ~ 1.16 x 10~°s~1. This corresponds ta ~ 0.012, with

an energy scal& ~ 10° GeV derived frompg. This rapid
leakage, indicated by the shart reflects a rapid instability
of the LBV. This shortr amplifies observable signatures and
improves the testability of the solutions by comparing it with
the prior estimatese(g, = ~ 8years). The change @y
(103 t0 0.1) shifts thel from 102 to 1073 s~ ! (7 ~ 107 to

102 s), alsomq £+ 10'® GeV varies thd ~ 104 to 10~ 657!

(7 ~ 103 to 10 s) via unsettled resonance. The analysis con-
firms 7 ~ 8.64 x 10*s (~ 1 day) withmg ~ 10718 GeV
(from pg), which matches with the observations.

6. Compatibility with experimental and cos- (iv)

mological bounds

To validate the proposed solutions of PHL 293B-LBV’s dis-
appearance via matter leakage into extra dimensions, we en-
quire its compatibility with experimental and observational

constraints, especially those discussed@Raview of Particle
Physicq37].

Laboratory constraints on large extra dimen-
sions: Short-distance precision experiments, such as
the torsion balance experiments by th#-&Vash group
[38,39], have tested deviations from Newtonian grav-
ity down to~ 55 um. These results exhibit bounds on
the compactification radiug of flat extra dimensions
in ADD-type models. Fom = 2 extra dimensions,
the 5D Planck scal@/; must satisfyMs > 3.5 TeV.

In our solution, although the geometry is warped (RS-
type), we analyse the leakage using an effective decay
rateI’ ~ 1.16 x 10~° s~! and a couplingjin; ~ 0.012

at mass scalers ~ 1078 GeV. This corresponds to
an effective Planck scal®/, > 10 GeV, which is con-
sistent with both collider and tabletop bounds.

Collider constraints (LHC, LEP): At the LHC, sig-
natures of large extra dimensions would appear as
missing energy events from graviton emission into the
bulk. The CMS and ATLAS collaborations have set
lower bounds onMp for variousn, ranging from
Mp >5.3TeVforn=2to Mp > 3.5TeVforn =6
[40,41]. The LEP bound on effective operators from
virtual graviton exchange requirddlp > 1.5 TeV
[42]. Since our solution predicts a gravitational wave
amplitudeh ~ 10738 and exhibits coupling to modes
with mass~ 107'® GeV (not accessible to collider
energies), it remains safely below detectable thresh-
olds. No events at LHC energies would result from this
leakage process, thus satisfying current collider con-
straints.

Cosmological constraints: BBN, CMB, and large-
scale structureEnergy loss into extra dimensions must
not disrupt early-universe scenarios such as Big Bang
Nucleosynthesis (BBN) or Cosmic Microwave Back-
ground (CMB) anisotropies. BBN constrains the num-
ber of relativistic degrees of freedof¥es < 3.46 at
95% CL [43], while Planck 2018 data places bounds
on tensor modes and extra-dimensional gravitational
leakage [44]. The obtained decay phenomenon occurs
post-star formation (at redshifts~ 0.01), far after the
BBN epoch ¢ ~ 10°). The leakage is confined to iso-
lated high-density environments and involves no rela-
tivistic degrees of freedom at the time of BBN. Hence,
the solutions do not perturb primordial element abun-
dances or CMB spectra.

Constraints from Gravitational Waves and KK
Modes: The excitation of Kaluza-Klein (KK) gravi-
tons can usually result in gravitational wave (GW) sig-
nals. However, the amplitude depends on the wave-
function overlap at the brane), (0) ~ e~ /% ~
1016 for m,, ~ 1 GeV andk ~ 10'¢ GeV [45]. The
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effective GW strain ish ~ 10738, well below the de- tions we discussed related to this problem, we may ask the
tection threshold of LIGO/mi, ~ 10722) and LISA  following question, why are nearby stars not affected by the
(hmin ~ 10729) [46,47]. Also, KK graviton emis- same solutions? For this question, we may discuss various
sion into the bulk does not hold energy on the braneanswers. The disappearance of a star through matter leakage
and that avoids indirect constraints from observed X-into extra dimensions requires unique local conditions. The
ray/gamma-ray fluxes. Thus, our solution is compliantstar might had an extreme internal state, such as a different
with the null results from multimessenger astrophysics.critical energy density or temperature. The star’s properties

. . . might have aligned with resonant conditions that induce the
Hence the combined analysis across lab experiments, as-

. . . Feakage. LBV stars are in a late evolutionary stage, may indi-
trophysical non-detections, and GW bounds confirms thatoueate variability and instability. Also, PHL 2938 might have
proposed decay process that has a weak cougling 0.012 h h vari ) ' h .
and mass scalews ~ 10-1¢ GeV, does not conflict with any gone through various unobserved events such as mass ejec

. . i . tjons which set the stage for the leakage. Also If the mass
known bounds. This provides a consistent theoretical grouné) g 9

- - ; ss happens slowly over a period., months to years),
fqr expllamlng. PH.L 293 B-LBV's disappearance via extra- gravitational effects on nearby objects would be minimal and
dimensional kinetics.

possibly undetectable with even an array of instruments.
) ) It can be predicted that the cosmic strings< 107Gy,
7. Discussion Pcs ~ 10~21) and dark mattergom ~ 0.3GeVient) as

The simulati h in Fia. 1 is based he hiah rare or supplementary drivers. PHL 293B’s isolation and in-
di € simu altlonds Iowt:] in Fg. 1 1S base bon the llag dedr_s ability match these constraints, to explain its unique leak-
dimensional model Where our Universe s a brane embe e. The uniqueness of PHL 293B-LBV's leakage arises
in a higher-dimensional bulk. Here the scalar fiddep-

resents the star’'s matter, confined to the brane. The bul roirlgrgrsvc)o?gmc_ms. Statistically, resonzirgmp(w my ~
) . . . quiresimg — myg| < 1072 GeV. With
field ¥ interacts with®, which lets the energy transfer from ~ 1028 GeVien (Mgar ~ 50 Mw, Reore ~ 10°cm)
the brane to the bulk. Over the exponential period, the am’-"® 1/4 st Oy Tore Lo
plitude of & on the brane decreases, which shows that th andme ~ peore assuming a log-normah, distribution

, ! ) o ~ 1dex) across- 100 LBVS, P,es ~ 1072, that indicates
star’s matter drops off from our observable universe. The_ 1-2 such events available in galaxy-wide aspect. PHL
bulk field ¥ becomes increasingly excited, which indicates '
the matter transitioning into extra dimensions. The transi- Time Evolution of Phi at t = 13.30
tion process is smooth, without violent interactions or energy
releases that would produce observable signatures. Here 0.75 1
remains near zero initially but increases over time, especially
near the brane (gt= 0). Also, it shows that the scalar fieda
shows that the star’'s matter decreases rapidly over time anc 0251
the energy transfer which progresses towards the bulk field -
¥ is smooth, with no explosive or high-energy scale events. ~
Nearby stars or planets might have experienced changes ir 2%
their orbits due to the sudden change in the mass. Anyhow _g s |
no observational data is available for this perspective. In this
case of a missing star, the lack of supernova explosions or the
no formation of a black hole exists parallel with the matter  -1.00
leakage scenario. The consistency of these solutions exists it
the observational aspects. It confirms the LBV’s disappear-
ance without regular end-of-life signatures. From the soluFIGURE 1. Exponential decay of the brane fiefdover time.
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FIGURE 2. Spatial growth of the bulk field near the brane.
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ergy seems to have escaped. As the star loses mass, its gravi-
TABLE |. Summary of the solutions. tational effects weaken, which can be observed through clear
measurements of nearby objects’ motions. The bulk field

Parameter Value Descnptlon_ may not interact with brane-localized fields, which makes the

gint 0.012 Resonantcoupling  gjrect observation a challenging task. KK graviton ampli-
Mmae, My 107" Gev Field masses tudes ( < 10~%) shows the consistency with non-detection,

T 8.64 x 10* s Decay timescale with LISA probing h ~ 10~34 for low m,, [50,51], which

T 116 x 10~5 1 Decay rate ic?_cre:lases_ thzgwodzl’s tleoste;bility. ? shgftlw rl}?:z/‘ pre-

6 . . icts lensing (A0 ~ 8 x 10~ % arcsec), orbital shiftsv ~

A0 #1077 arcsec Lensing shift 60 cm/s), and GW boundsi(< 10~2°), which is falsifiable

Ay 60 cm/s Orbital shift with current (Gaia [52]) and future (LSST [53], LISA [54])

h <107% KK GW strain instruments. Conventional signatures (supernova remnants,

GWs withh > 10~2°) disprove the model and make it prac-
293B’s low metallicity may enhancgcore favoring reso- tical through observation. Alsmg ~ 10718 GeV (from pg)
nance. Dynamically, no companions withia 1pc (stel- ensuresr ~ 1 day, which justifiesgy,'s role. PHL 293B-
lar density~ 0.1pc~3) andr ~ 1day limit perturbations [BV's isolation and rare resonanc®fs ~ 1072) conse-

(Av ~ 10~%cm/s atl pc), that explains why nearby stars guences its unique disappearance, which is justified by statis-
remain unaffected. KK emissiomi(~ 107%" - 107*!)  tical and dynamical analyses, and distinguish it from typical
matches with LIGO non-detection [48], which is constrainedLBVs.

by weak brane coupling/(, ~ 107'°) [49]. Future LISA From the effective field theoretical perspective, we have
observations could test higher amplitudés ¥ 1072°) if  derived the low-energy parameters such as coupling constants
my, < 1075 GeV, which will provide a bulk signal probe. and masses from a high-energy theory without fine-tuning.
Falsifiability is available in these predictions. No lensingwe have explained the star’s disappearance via the emergent
shift > 10~° arcsec orAv > 0.1 cm/s, noA¢ > 10~®arcsec  instability in the low-energy scalar field, due to the in-

or Av > 0.1cm/s during a- 1-day event¢.g, within 2011-  duced negative mass squared term. The given calculations
2019) in PHL 293B’s field challenges rapid leakage, con-do make specific predictions about the behavior of the scalar
tingent upon the presence of suitable targets. Detection gfeld ¢; that can be tested observationally. The theoretical
a supernova remnane.g, X-ray flare post-2011) or GWs calculations suggest the star’s matter transitions into extra di-
(h > 1072°) would disprove the bulk transition, as energy mensions without releasing energy into electromagnetic radi-
would remain on the brane. These tests make the calculatiorgion detectable by telescopes. The solutions of the present
more precisely aligned with Gaia, HST, and future observatowork confirm that the disappearance timescale is consistent
ries like LSST. The disappearance of this star might have pefyith observational data. It can be clearly expressed that
turbed gravitational lensing effects on background objectsy,g, ~ M, is required for realistic timescales, which resolves
The future observations may offer greater insights regardinghe role of\. These resolutions suggest a detailed explanation
anomalies in lensing which are consistent with mass l0ssef the missing star within the higher-dimensional solutions.
Gravitational signatures ahM = 50 Mg overt ~ 1 day

include A9 = 8 x 10~ % arcsec and\v = 60 cm/s, testable _

with LSST’s high-cadence imaging and Euclid’s precision.Appendix

PHL 293B-LBV’s non-detection suggests observational gaps

(e.g, no close companions), but future LBV events could beA. Mathematical details

able to confirm these predictions. _ _
A.1. Evaluating the self-energy integral

8. Conclusion A general expression is derived as,

The derived solutions in this work suggest that, under specific dp 1

conditions (strong coupling,; and suitable mass parameters (2m)" 5 + p2

mg andmy), matter field® can exponentially decay from

the brane into the bulk. The calculations in this work suggesp 2. Using dimensional regularization

that the nature of the transition into extra dimensions will not

make either strong electromagnetic or gravitational signal¥he formulation is applied as,

that can be detectable with current technology. Even though

there are few constraints exist in this approach. The derived / dPp 1

calculations depend on the number of extra dimensigns (2m)P (p? + M?)>

which means the increment afchanges the decay rate more D a-D/2
, . : 1 T(e=%2)/1

abruptly. The total energy is conserved universally in the — 2 il . (A2)

higher-dimensional spacetime. But locally on the brane, en- (4m)P/2 T(a)

Rev. Mex. Fis72030802
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SetD=n, M2 =s5,a=1:

5(s) = —— m) s,

e (1 -2 (A.3)

The Gamma function has the following properties for

half-integer arguments.

r (;) - (A2)

For negative argument$)(z) has poles, and the imagi-

nary part arises.

A.3. Decay rate calculation

ForI' = A\?/4m, with A =
3.9 x 1079 GeV.
The decay time is given by = (47/)\2) x 6.58 x

7 x 107%, we havell =

A.7. Warped dispersion

(9, (e7*0,) — k* + m3) ® = —gimd(y)¥, (A.9)
k

(i) - 62kle, (mq>e y) ’

h (A.10)

4kdody ~ g2y, (A.11)

wherek ~ 106 GeV, mq ~ 10718 GeV, andy ~ 10! cm.

A.8. Cosmic string and dark matter

10725s = 2.56 x 108s, which is consistent with observa- The following parameters are discussed in this work.

tions whenE ~ 10° GeV that defines the LBV scale.
A.4. Observational predictions ¢ ~ 1 day)

e Lensing: A9 = 8 x 107%arcsec 4 = 50Mg,

r =103 cm).
e Orbital: Av = 60cm/s ¢ = 8.64 x 10*s).
e GW: h ~ 1073 (m,, ~ 1GeV).
o I'=(\/47) =1.16 x 1075571, A ~ 0.012.

A.5. Resonance probability

o peore = (Mstar/ (4/3)7R2,,0) ~ 1028 GeVien?, mg ~
10718 GeV, Pes ~ 1072 (0 ~ 1ldex, Am <
1071 GeV).

e Dynamical: Av = (GM/r)(AM/M) (At/T) ~
10~%cm/s ¢ = 105 cm, 7 = 8.64 x 10%s).

A.6. KK emission

dE <G5M2> (%)2 ~ 104 GeV/s

e Cosmic string:x = 10~7Gy, necs = 1076 Mpc=3,

Ics= ggtring/JRstar/T ~10"M"s

0.3 GeV/cn’?, I'ovw =

e Dark matter: ppy =
gipom/my  ~ 1070871 (g = 0.01, my =
10718 GeV).
A.9. Sensitivity
9.2
M= 5" (A12)
Img — mg|

where gy = 1073-0.1, me = 1071°-107'" GeV and
7 =102-10"s.

A.10. Simulation setup

dt  \ L k
(my = 1 GeV), (A5) Po= 109 GeV,o = 10 cm, ¥, = 0, solved via Eq.45).
- G5M2 my, 2 _37
h= ( rc? > (7) ~ 1077, (A.6)
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