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From these values, the ne comes out at 0.04/B11 cm−3. For a
reference scale, we can compute the ne of the pulsar magneto-
sphere near its LC (where the magnetic field strength is similar),
which is given by Goldreich & Julian (1969) Eq. (9) (not strictly
valid at the LC, but the Lorentz factor drops sharply as we move
inward from it, so that this is still an approximate for nearby lo-
cations) as 7 × 10−2Bz/P ∼ 0.07B11 cm−3, where Bz ∼ B11 is
the magnetic field strength along the rotation axis in gauss, and
P ∼ 1 s is the pulsar period. One major difference exists between
the SMR and the pulsar magnetosphere, however. The positively
charged particles in the SMR are protons (with number density
np = ne) instead of the less massive positrons. Therefore, to en-
sure self-consistency, we need to check that the energy density
of the protons is still subdominant to that of the EM field in the
SMR. A simple computation shows that the ratio between them
(proton over field) is ∼2 × 10−3γB−3

11 , where γ is the average
Lorentz factor of the protons. Therefore, with a plasma tempera-
ture lower than ∼1015B3

11 K, our ne estimate is indeed consistent
with the force-free assumption.

7.3. Dspersion measure and the scattering tail

A galactic-center location for FRB sources has been invoked by
Pen & Connor (2015) to account for the large DMs. The high
electron density within the nucleus of the host galaxy is made re-
sponsible for the majority of the DM, and the remainder places
the sources at extragalactic but non-cosmological distances of
hundreds of millions of parsecs. Our scenario is somewhat dif-
ferent, as we place the pulsars close to the SMBH in a relatively
clean SMR, in the eye of any scattering screen of a toroidal topol-
ogy (see the inset of Fig. 5). Therefore, unless we view the host
galaxy approximately edge-on, the radio signal would not have
passed through the central core of the screens, and the intergalac-
tic medium would still have contributed a significant fraction to
the total DM. (The local SMR contributes a negligible amount to
the DM. For example, with FRB 110523, the SMR contribution
to DM can be estimated as ∼RM/(0.812B‖) ∼ 10−4/B11cm−3 pc
(note B‖ is in µG), out of a total of ∼600 cm−3 pc. The SMR is
also not significant in its contribution to the scattering tail, as it is
physically too small, thus all locations within are too close to the
source). In fact, the scattering tail may offer a way to distinguish
which FRBs are viewed through a screen.

Some FRBs (e.g., FRB 110220) show clear exponential tails
typical of multipath broadening, and Luan & Goldreich (2014)
also showed that the intergalactic medium does not appear suf-
ficient to achieve this amount of scattering. Therefore, screens
closer to the sources need to be involved (the detection of scin-
tillation in FRB 110523 further supports this scenario). On the
other hand, some signals, including those plotted in Fig. 4, do
not display the signature of a scattering tail as clearly. One pos-
sibility is that in some cases, our line of sight (line I in the inset
of Fig. 5) threads through the scattering screens in the galactic
center, while in other cases, we peek a more direct view (line II).
If this is true, then repeat bursts should retain their classification
under the dichotomy, as they originate from the same source,
an expectation that appears to have been borne out (Spitler et al.
2016; Scholz et al. 2016).

Moreover, we should expect statistically that signals with
larger DMs would exhibit more pronounced scattering signa-
tures, manifesting themselves as a fatter tail when compared to
the width of the leading edge (lack of such an asymmetry is
quoted in Spitler et al. (2016) as a sign of the missing scatter-
ing tail). In other words, we normalize the tail by the intrinsic
width of the signal, instead of assigning all of the extendedness
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Fig. 5. DM against tail-to-head ratio. The tail (head) section width is
the distance from the end (beginning) of the pulse to its peak. The red
crosses correspond to DM values without the Milky Way contribution
(i.e., DME), and the gray shadow crosses provide the original overall
DM for reference. The two blue crosses correspond to the two pulse
profiles plotted in Fig. 4 and replaces two red crosses. The inset shows
the two lines of sight. No points are obscured by the inset.

of the trailing half or the whole of the profile as being due to
scattering, which may lead to significant overestimates (a simple
plot of DM versus pulse width shows no discernible correlation).
Our investigation is of course further complicated by the fact that
we cannot remove the intergalactic component from the overall
DM, therefore a correlation will be loose at best, but a scatter
plot of DM vs width ratios could still demonstrate a bias pro-
vided that the screen contribution to the DM is not completely
overwhelmed. We make such a plot in Fig. 52, which does appear
to display a general trend. With better data quality and quantity,
and a much more refined method for extracting the scattering
contribution to the trailing edge, it may become possible to sep-
arate the intergalactic medium contribution to the DM from that
of the screen, with the former appearing as a stochastic spread in
the horizontal direction around a smooth monotonic curve repre-
senting the latter (assuming the existence of a universal temporal
scattering versus DM relationship for screens across galaxies).

7.4. Event rate

The FRBs have a high implied aggregate event rate of up to
7 × 104 per day at above 1.5 Jy ms fluence across all sky di-
rections (Law et al. 2015). There are two ways to achieve a
high rate: a large number of independent sources, or large num-
ber of repeat events from each individual source. The bubble-
bursting model falls within the second category. If 500 Mpc is
to be used as a conservative detectability horizon for the FRBs
(the DM is contaminated by the source’s local environment,

2 The data are taken from Thornton et al. (2013) for FRB 110220,
FRB 110627, FRB 110703, FRB 120127; from Lorimer et al.
(2007) for FRB 010724; from Burke-Spolaor & Bannister (2014)
for FRB 011025; from Champion et al. (2016) for FRB 090625,
FRB 130626, FRB 130628, FRB 130729; Ravi et al. (2015) for
FRB 131104; Spitler et al. (2016) for FRB 121102; Petroff et al. (2015)
for FRB 140514; Masui et al. (2015) for FRB 110523. We chose
the single-peak profiles, with the highest signal-to-noise ratio when
data from multiple bursts were available. In particular, this excludes
FRB 121002 from Thornton (2013), which has the largest DM. The
temporal sampling rate for this double-peaked signal is relatively low,
but the fitted profile does not appear to show a scattering tail.
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therefore we take predictions from Pen & Connor (2015) as a
lower bound), then there would be millions of galaxies within
a volume of that radius, assuming a ∼1011 total galaxy pop-
ulation in the observable universe (Gott et al. 2005). Further-
more, assuming that there is an SMBH at the center of each,
we reach the upper FRB rate limit with an average recurrence
rate of once per month (lower than the upper limit of 3.2 per
day set by Law et al. 2015) if there are ∼0.5 pulsars in the
strongly magnetized central region. The number of normal pul-
sars close to our Sgr A* was estimated by Pfahl & Loeb (2004)
to be around 100−1000 within about 0.02 pc from it, and with
a naive volumetric averaging, the number of pulsars expected
within a SMR of LSMR ∼ 0.005 pc is 1.6−16, which covers our
required population comfortably. We caution, however, that there
appears to be a “missing-pulsar problem” (Macquart et al. 2010;
Dexter & O’Leary 2014). Within the present model, however, it
is relatively easy to accommodate any deficiencies in the galac-
tic center pulsar number by noting that the size of LSMR can be
increased further with more massive SMBHs, and that the burst
repeat frequency as well as the detectability horizon also have
some room to expand into.

7.5. Correlated observations

The observables considered so far have been somewhat circum-
stantial in terms of placing the sources of the FRBs in galactic
centers. In this section, we briefly consider the possibility and
difficulties in using correlated observations to carry out more re-
liable source localizations.

Although for our proposed FRB mechanism to operate, the
pulsars can be on stable orbits around the SMBH and do not
need to be falling directly into it, occasions may nevertheless
arise when the latter scenario becomes realized, such as when
orbital parameters are altered by perturbations by other stars.
This may present us with a distinguishing test for the mecha-
nism, namely that the observation of the neutron star’s tidal dis-
ruption by the SMBH (for example, if the disruption occurs be-
fore the NS reaches the innermost stable circular orbit, or ISCO,
of the SMBH, the gravitational wave signal detectable by space-
based detectors will exhibit a distinct cutoff frequency) should
be preceded by a sequence of FRBs from essentially the same
location.

We can quickly assess the feasibility of this particular type
of correlated observations. The disruption of the NS by a black
hole is highly dependent on the NS equation of state, and even
more sensitively on the black hole mass. As we have seen in
Sect. 6.1, larger black holes tend to lead to less pronounced
tidal effects. While SMBHs regularly disrupt normal stars (e.g.,
Swift J1644+57), they will not be able to disrupt neutron stars
outside of the ISCO, regardless of the equation of state (see
Table II in Ferrari et al. 2010, for the black hole mass limit be-
yond which no disruption occurs; they range from several to
tens of solar masses for different equations of state, many or-
ders of magnitudes smaller than the masses of SMBHs), and
unlikely to do so before the NS enters the event horizon (for
extremally spinning black holes in particular, the ISCO is on
the horizon, see Jacobson 2011). This is unfortunate, but hope
remains that binary neutron star or neutron star-stellar mass
black hole mergers may occur close to an SMBH, as such re-
gions with dense stellar populations should be hotbeds for dy-
namical capture, leading to highly eccentric binaries that merge
quickly (see O’Leary et al. 2009; Antonini & Perets 2012, and
also Hopman 2009, for an estimate on binary fraction). When
this scenario is realized, a gravitational wave detection would

precede and forewarn electromagnetic telescopes, which should
subsequently observe, among other things, a short gamma ray
burst (SGRB) and an optical kilonova (Metzger & Berger 2012)
that may allow for identifying the signal as being from a galac-
tic center environment (with optimal conditions, even the grav-
itational wave signal alone may display the effects of a nearly
SMBH, see Zenginoǧlu & Galley 2012). Before these observa-
tions, however, the NSs should have generated a string of FRB
signals that we may try to dig out of archival data. Further-
more, if the merger remnant is another neutron star, then we
may have additional FRBs after the merger. By comparing with,
for example, SGRB sources outside of galactic centers (should
be without correlated FRBs), we may obtain strong indications
as to whether FRBs are indeed associated with galactic center
locations.

In addition to correlated but separate events, search has also
been ongoing for afterglows of the same event that generated
FRBs (see, e.g., Keane et al. 2016). No confirmed observations
have been made (Williams & Berger 2016), and the present pro-
posal predicts little afterglow. To arrive at this prediction, we
note that once the closed field lines open up, the stored dipo-
lar energy can stream out along the monopolar field lines as
Alfvén waves. Analytical solutions for this process exists (see
Brennan et al. 2013; Brennan & Gralla 2014; Zhang et al. 2015),
demonstrating that such waves are stable and highly efficient
transporters of energy, as they can propagate cleanly without be-
ing back-scattered. They would thus evacuate excess energy out
of the busted bubble regions quickly, without any residuals hang-
ing back or sloshing around to power long-duration afterglows.

Nevertheless, temporally coincident observations to FRBs
in other electromagnetic frequency bands may be possible. The
aforementioned waves can take on the characteristics of a wind
(Brennan et al. 2013). We may therefore reasonably expect that
as the pulse of wind slams into the interstellar medium, a “ter-
mination shock” may become visible in a broad frequency range
up to γ-rays, in analogy with pulsar wind nebulae. Coincident
detections in multiple bands should at the very least provide ad-
ditional extinction data, aiding the effort to assess whether the
FRBs occur in galactic centers.

8. Conclusion

The FRBs are intriguing phenomena, their frequent appearances
and consistency (especially on energy scales) indicate a reliable
underlying driving mechanism, preferably relying on no inciden-
tal environmental factors that can vary significantly from event
to event. We proposed a candidate model that attempts to adhere
to this observation. We began by noting that the magnetic field
strength within galactic nuclei is comparable to the intrinsic pul-
sar field at its LC, which is a vital but potentially fragile place for
the pulsar magnetosphere, harboring such extreme conditions as
particles traveling at the speed of light. We then showed that the
galactic magnetic field exerts a destabilizing influence there by
imposing discontinuous Lorentz forces on sheets of high surface
current density that enclose dipole-like closed magnetic field
lines. The result is that the CSs collapse and the closed lines
open up into a split-monopole configuration, with reduced field
strengths so that they can retain the same asymptotic boundary
conditions farther away from the star. This implies a reduction of
energy density in the magnetosphere, with the difference becom-
ing available to fuel FRBs. The FRB energy budget thus com-
puted agrees with observed values, and several other aspects of
the process also appear to be compatible with observations.
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We note, however, that although we have sketched the
aforementioned synopsis, a detailed blueprint of the dynamical
energy-release process requires sophisticated numerical simula-
tions, where a realistic treatment of the resistivity arising from
turbulences excited during the bubble-bursting process would be
essential. In short, the most important magnetospheric dynamics
involved are those for which the force-free assumption does not
apply. Unfortunately, these are also the processes that we under-
stand the least. With this paper, we wish to highlight this issue
and evoke further discussions, especially on the dynamical evo-
lution of the CSs.
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