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Chapter 8

Conclusions

8.1 QNMs for spin-3/2 fields

We note that we have successfully obtained the effective potentials for spin-3/2
fields near a Reissner-Nordström black holes, as well as for a Schwarzschild black
hole in (A)dS space times. The results are given in Chs. 3 and 4 respectively. Where
we have obtained these potentials using the eigenvalues for spinors and spinor-
vectors on the SN . This makes obtaining the effective potentials for space times
of a dimension larger than 4 much simpler, when compared to using the Newman-
Penrose method. We note that the effective potential for the Reissner-Nordström
black hole is dependant purely on the radial coordinate, similar to the case of the
Schwarzschild black hole. However this is not true for the effective potential of the
(A)dS space time. In this case we are able to obtain a pure radial dependence only in
the limit that the cosmological constant Λ is very small. This is unsurprising since
we expect in this limit to recover the Schwarzschild potential function obtained in
Ref. [74]. Furthermore the dependence on the ω term would suggest that the sce-
nario in the case of the (A)dS space time behaves like a potential box, this is similarly
noted in Ref. [91]. This is seen when taking the higher dimensional effective poten-
tials to radial infinity. Where it is observed that the function tends to infinity. The
exception to this is for the 4 dimensional case where the function tends to a non-zero
finite number in the radial limit of infinity.
We can also note that the effective potential for the TT-eigenmodes is simpler than
that of the non-TT eigenmodes. This may explain the stability issues seen when
plotting the potential function and when obtaining the QNMs for each case. For the
Reissner-Nordström and the dS potential we notice that the maximum of the poten-
tial is directly related to the number of the dimensions in the space time. A similar
behaviour is seen for the effective potential of the higher dimensional Schwarzschild
metric obtained in Ref. [74]. This increase in the maximum of the potential would
suggest that the black holes with a larger number of dimensions will produce QNMs
with a higher frequency. It is further noted that in these two cases increasing the
value of the electrical charge, or increasing the value of cosmological constant, re-
sults in a potential function with larger maximal values.
However since the effective potential for the AdS space does not behave like a po-
tential barrier we do not see this behaviour. We observe that in this case the gradient
of the potential function decreases for an increase in the number of dimensions. Sug-
gesting that the field is approaching some sort of potential barrier as is moves away
from the black hole. The form of the potentials also suggests that in this case the
fields will always fall into the black hole and not propagate away to infinity.
For the Reissner-Nordström black hole we were able to obtain the QNMs associated
with the black hole using the well known WKB method and the improved AIM. The
results are given in Figs. 3.6 and 3.8 where we can see that the frequency of the
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QNMs is directly related to the number of dimensions in the space time. We also
observe that as the number of dimensions increases so to does the imaginary part
of the QNMs. This would imply that although QNMs coming from higher dimen-
sional black hole would be more energetic they would also be more difficult to ob-
serve as they would decay much quicker.The results suggest two relations between
the QNMs and the quantum numbers l and n, firstly they show that changes in the
quantum number l result in direct changes to the frequency of the QNMs. Secondly
they show that the quantum number n has a more pronounced effect on the QNMs
as it changes both the real and imaginary parts of the QNMs. With higher values
of n giving lower values for the real part and larger values for the imaginary part
of the QNM. So much so that fields with larger values of l and n may have QNMs
with a lower frequency and higher damping term than fields with smaller values of
both l and n. Finally we note that the electrical charge of the black hole has a direct
relation on the values of the QNMs. With QNMs produced from black hole with
larger values of Q being more energetic. While the imaginary part increases in this
case it does not increase as much as the real value does.
Fig. 3.6 shows that the AIM method agrees very strongly with the WKB method to
6th order. Both these methods however do not always agree with the WKB method
to third order, which appears to be more stable when obtaining QNMs for black
holes in the extremal limits of Q and for large values of the number of space time
dimensions. This can easily be seen in Fig. 3.6 for the case of 9 dimensions and
Q = 0.5. In this case the QNMs for the low values of l do not agree at all between
the WKB method to 3rd order and the WKB to 6th order and for the improved AIM.
The values obtained for the QNMs in this case suggested that the most trustworthy
method for the QNMs for the low valued l mode fields would be the WKB method
to 3rd order.
In the case of the AdS space time we were unable to use the WKB method and AIM to
solve for the QNMs and instead we needed to use a method developed by Horowitz
and Hubeny in Ref. [91]. This method sets the AdS curvature radius to one and then
compares black holes of various sizes by changing the mass of the black holes. As
such the QNMs are much larger than those obtained for previous works, however
this is expected to be due to the change of scale. This does mean however that we
cannot comment on how the results compare to the Schwarzschild case in Ref. [74].
However we can note that as is expected QNMs from black holes with more mass
are more energetic, but also decay faster. In terms of comparing the number of di-
mensions to the QNMs we observe the same behaviour as in the previous results,
namely more energetic modes with higher damping terms. This is consistent with
the results obtained in Ref. [91].
So in conclusion in the first part of this thesis we have shown that using the eigen-
values of spinors and spinor-vectors on an SN we can obtain higher dimensional
effective potentials for spin-3/2 fields. Then using well established numerical meth-
ods we are able to obtain QNMs associate to the black holes for the spin-3/2 fields.
Where finally using the approach outlined by Unruh in Ref. [83] we can also obtain
the absorption probabilities associated to the QNMs.

8.2 Metrics in IDG

We have shown that we can indeed obtain a metric for both electrically charged and
rotating objects in the theory of IDG. In the case of the electrically charged metric
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we can ensure that the metric does not have a 1/r divergence, as is seen in the case
of the metric from pure GR. The linearity condition that we impose in this case is
given in Eq. (6.23). Taking r → 0 implies that |Q|Ms < Mp to ensure the condition
is met. The other condition that must be ensured is that mMs < M2

p so as to ensure
the metric remains linear in the limit that Q → 0 [50]. Given that this condition
is met we ensured that the metric remains finite all the way to r → 0, as is shown
in Fig. 6.1. Furthermore, as is shown in Figs. 6.2 and 6.3, when this condition is
met the Weyl and scalar curvature terms also remain finite for the entire metric. A
consequence of the lack of a singularity existing in the metric means that the we
are no longer required to ensure that Q ≤ (m/Mp). In the case of the Reissner-
Nordström metric violating this condition would result in a naked singularity being
present in the space. Finally using the comparisons shown in Figs. 6.1, 6.2 and 6.3
we can see that in the IR limit this metric is exactly the same as its GR equivalent.
Where divergence between the GR and IDG metric only occurs in the UV regime.
As such we have a theory that indeed only alters the UV behaviour of gravity while
leaving the IR region unchanged from the GR predictions.
For the rotating metric in IDG we have shown that we can indeed remove the ring
singularity seen in the Kerr metric. As in the case of the non-rotating metric and the
electrically charged metric this is only guaranteed if the linearity conditions are met.
In the case of the rotating metric this is a > 2Gm, however if this is not the case then
we must ensure that a < 2/Ms. If these conditions are met then as is shown in Figs.
7.1 and 7.2 the metric can indeed be non-singular. Furthermore in the IR limit the
metric is once again indistinguishable from its GR equivalent. Showing again that
the theory of IDG only modifies the behaviour of gravity in the UV regime while
leaving the gravitational interactions in the IR limit unchanged from the observed
behaviour from GR.
As extensions to the work considered in this thesis one could look at the QNMs
for spin-3/2 fields near rotating black holes. As this would introduce a range of
new interesting phenomena that would have to be considered. As the rotation of
the black hole may greatly affect the energy of the emitted QNMs. Furthermore an
investigation of QNMs in the theory of IDG may provide some interesting results.
An initial investigation of these QNMs could provide some results on the stability
of the metrics that have been derived in the above. Any deviation of results in the
IDG theory could provide some interest in further investigating the theory of IDG
as a modified alternative to the standard theory of gravity.
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