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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
4.4

Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours after FRB 140514, to search for short term variability. A final
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Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three objects one is a galaxy, another is likely to be an AGN, and
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source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
4.4

Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours after FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term variability. Two X-ray sources were identified in the first epoch
of data within the 150 diameter of the Parkes beam. Both
sources were consistent with sources in the USNO catalog
(Monet et al. 2003). The first source (XRT1) is located at
RA = 22:34:41.49, Dec = -12:21:39.8 with RUSNO = 17.5
and the second (XRT2) is located at RA = 22:34:02.33 Dec
= -12:08:48.2 with RUSNO = 19.7. Both XRT1 and XRT2
appeared in all subsequent epochs with no observable variability on the level of 10% and 20% for XRT1 and XRT2,
respectively, both calculated from photon counts from the
XRT. Both sources were later found to be active galactic
nuclei (AGN).
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After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three objects one is a galaxy, another is likely to be an AGN, and
the last is a main sequence star. Both XRT1 and GMRT1
sources were also detected in the GROND infrared imaging
but were not observed to vary in the infrared bands on the
timescales probed.
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4.6

Swope Telescope

An optical image of the FRB field was taken 16h51m after
the burst event with the 1-m Swope Telescope at Las Campanas. The field was re-imaged with the Swope Telescope on
17 May, 2 days after the FRB. No variable optical sources

Planck stars
An observable quantum gravity phenomenon?
i.

Black holes can decay non-perturbatively via quantum gravitational
tunnelling, and explode.

ii.

Decay time can be estimated, and computed using Loop Quantum Gravity.

iii.

Primordial black holes could be exploding today, producing high and/or low
energy components signals.

iv.

The expected low-energy frequency is close to that of the observed Fast
Radio Bursts.

v.

Both signals have a characteristic distance-frequency curve.
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In quantum gravity, a black hole can decay via a
non perturbative quantum tunnelling.
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What happens here?

What happens to the matter
falling into black holes?

- It disappears (?)
- It creates“another universe” (Smolin)
- It stays there forever (nothing is forever)
- It comes out.

The relevant scale: Planck density
Example: a star collapses (M ~ M☉), Planck density is reached at 10-12 cm
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What happens near r = 0?

From Loop Quantum Cosmology:
Inspired by LQC we imagine an effective quantum pressure that
avoids a singularity
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The Hajicek-Kiefer bounce
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Singularity avoidance by collapsing
shells in quantum gravity
Petr Hájíček, Clauss Kiefer.
IJMP D, (2001), 775.

- Spherical symmetry
- Null shell of matter
- Classically: Finite dimensional phase space (v,p) separated in
two disconnected components:

I
I
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- p>0: shell collapsing into white hole (future singularity)
- p<0: shell emerging from a white hole (past singularity)
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- Can a black hole truly tunnel into a white hole?
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- Spherical symmetry
- Null shell of matter
- Classically: Finite dimensional phase space (v,p) separated in
two disconnected components:
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- p>0: shell collapsing into white hole (future singularity)
- p<0: shell emerging from a white hole (past singularity)

- Formal quantization: transition between the two components
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- Can a black hole truly tunnel into a white hole?

Is this compatible with external classical GR?
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The Fingers Crossed

Black hole fireworks: quantum-gravity effects outside
the horizon spark black to white hole tunneling
Hal M. Haggard, CR
arXiv:1407.0989
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averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The

4.5

Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
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Phenomenology

Because the black to white hole conversion proceeds rapidly
compared to the Hawking time
E = Mc 2 ≥ 1047 ergs
and its size is

2GM
R=
≥ .02 cm.
2
c

This leads to the expectation of two signals:
(i) a lower energy signal with ⁄ ≥ R

(ii) a higher energy signal depending on how the content is
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High energy component
What about the higher energy component (ii)?
Matter forming the black hole experiences a short bounce time, a
2nd scale enters the problem the energy of the matter at formation
For M ≥ 1026 g this occurs when TU was ≥TeV
This suggests a search for high energy Gamma Ray Bursts (CTA)

3

⁄obs Ã (1 + z) sinh≠1

Only measurable for z < 0.01.

51

M

21/2

(z + 1)≠3/2

641/4

cfr. Dadhich, Narlikar, Appa Rao, 1974

Short Gamma Ray Burst
the white hole should eject particles
at the same temperature as the
particles that felt in the black hole
limited horizon due to absorption
∼ 100 million light-years / z=0.01
known GRB have energy ≪ Tev
telescopes spanning large surfaces
needed (CTA?)
Barrau, Rovelli, Vidotto 1409.4031
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
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Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
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For T~m2 primordial black hole give signals
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and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisatio
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
4.4

Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours after FRB 140514, to search for short term variability. A final

4.5

Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three objects one is a galaxy, another is likely to be an AGN, and
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The

4.5

Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
4.4

4.5

Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three objects one is a galaxy, another is likely to be an AGN, and
the last is a main sequence star. Both XRT1 and GMRT1
sources were also detected in the GROND infrared imaging
but were not observed to vary in the infrared bands on the
timescales probed.

Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours after FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term variability. Two X-ray sources were identified in the first epoch
of data within the 150 diameter of the Parkes beam. Both
sources were consistent with sources in the USNO catalog
(Monet et al. 2003). The first source (XRT1) is located at
RA = 22:34:41.49, Dec = -12:21:39.8 with RUSNO = 17.5
and the second (XRT2) is located at RA = 22:34:02.33 Dec
= -12:08:48.2 with RUSNO = 19.7. Both XRT1 and XRT2
appeared in all subsequent epochs with no observable variability on the level of 10% and 20% for XRT1 and XRT2,
respectively, both calculated from photon counts from the
XRT. Both sources were later found to be active galactic
nuclei (AGN).

4.6

Swope Telescope

An optical image of the FRB field was taken 16h51m after
the burst event with the 1-m Swope Telescope at Las Campanas. The field was re-imaged with the Swope Telescope on
17 May, 2 days after the FRB. No variable optical sources
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Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

source given the temporal proximity of the GMRT observation and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
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Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours af-
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After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three ob-
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- Technical results: black holes may tunnel
to white holes locally and explode.

- The tunnelling time can be computed with LQG.
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- T~m2: Fast Radio Bursts and high energy Gamma
phenomenology: first quantum gravity signals?
Figure 2. The full-Stokes parameters of FRB 140514 recorded in the centre beam of the multibeam receiver with BPSR. Total intensity,
and Stokes Q, U , and V are represented in black, red, green, and blue, respectively. FRB 140514 has 21 ± 7% (3- ) circular polarisation
averaged over the pulse, and a 1- upper limit on linear polarisation of L < 10%. On the leading edge of the pulse the circular polarisation
is 42 ± 9% (5- ) of the total intensity. The data have been smoothed from an initial sampling of 64 µs using a Gaussian filter of full-width
half-maximum 90 µs.

- Wavelength-to-distance relation signature.

source given the temporal proximity of the GMRT observal
tion and the FRB detection.
The other two sources, GMRT2
and GMRT3, correlated well with positions for known radio sources in the NVSS catalog with consistent flux densities. Subsequent observations were taken through the GMRT
ToO queue on 20 May, 3 June, and 8 June in the 325 MHz,
1390 MHz, and 610 MHz bands, respectively. The second
epoch was largely unusable due to technical difficulties. The
search for variablility focused on monitoring each source for
flux variations across observing epochs. All sources from the
first epoch appeared in the third and fourth epochs with no
measureable change in flux densities.
4.4

Swift X-Ray Telescope

The first observation of the FRB 140514 field was taken using Swift XRT (Gehrels et al. 2004) only 8.5 hours after the
FRB was discovered at Parkes. This was the fastest Swift
follow-up ever undertaken for an FRB. 4 ks of XRT data
were taken in the first epoch, and a further 2 ks of data
were taken in a second epoch later that day, 23 hours after FRB 140514, to search for short term variability. A final
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ability. Two X-ray sources were identified in the first epoch
of data within the 150 diameter of the Parkes beam. Both
sources were consistent with sources in the USNO catalog
(Monet et al. 2003). The first source (XRT1) is located at
RA = 22:34:41.49, Dec = -12:21:39.8 with RUSNO = 17.5
and the second (XRT2) is located at RA = 22:34:02.33 Dec
= -12:08:48.2 with RUSNO = 19.7. Both XRT1 and XRT2
appeared in all subsequent epochs with no observable variability on the level of 10% and 20% for XRT1 and XRT2,
respectively, both calculated from photon counts from the
XRT. Both sources were later found to be active galactic
nuclei (AGN).

4.5

Gamma-Ray Burst Optical/Near-Infrared
Detector

After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
2.2-m MPI/ESO telescope on La Silla in Chile (Greiner et al.
2008). GROND is able to observe simultaneously in J, H,
and K near-infrared (NIR) bands with a 100 ⇥ 100 field of
view (FOV) and the optical g 0 , r0 , i0 , and z 0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g 0 r0 i0 z 0 ) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours after FRB 140514 with 460 second exposures, and a second
epoch was taken 2.5 days after the FRB with an identical
observing setup and 690 s (g 0 r0 i0 z 0 ) and 720 s (JHK) exposures, respectively. Limiting magnitudes for J, H, and K
bands were 21.1, 20.4, and 18.4 in the first epoch and 21.1,
20.5, and 18.6 in the second epoch, respectively (all in the
AB system). Of all the objects in the field, analysis identified three variable objects, all very close to the limiting
magnitude and varying on scales of 0.2 - 0.8 mag in the NIR
bands identified with di↵erence imaging. Of the three obz an AGN, and
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sources were also detected in the GROND infrared imaging
but were not observed to vary in the infrared bands on the
timescales probed.

4.6

Swope Telescope

An optical image of the FRB field was taken 16h51m after
the burst event with the 1-m Swope Telescope at Las Campanas. The field was re-imaged with the Swope Telescope on
17 May, 2 days after the FRB. No variable optical sources
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Why consider a classicality parameter with power scalings and not
the exponential decay of a tunneling process?
vs.

q = ¸Pl R·R

q = N e ≠SE

If we take N to be the large number of states of the black hole
N ≥ e SBH
and the Euclidean action comes from a corner term
e

≠SE

=e

≠÷A

=e

≠÷M 2

these terms could cancel.
Quantum gravity effects may take hold
outside the horizon!
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