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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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i. Why black holes can explode
Because quantum tunnelling allow them to explode
ii. How long does it take a black hole to explode?
Perhaps T~m2. T can be computed in Loop Quantum Gravity.
iii. Can we observe a black hole explosion?
Yes. We might even have already observed explosions of primordial holes.
We can soon find out.

The Universe appears to be full of gravitationally
collapsed objects (“Black holes”)
What is their lifetime T ?

Classical GR:

T=∞

(Event horizon)

QFT on a classical
dynamical geometry:

T ~ m3

(Hawking radiation)

Full Quantum Gravity:

T ~ m2

(Black to white hole tunnelling)

For m ~1024 (Venus),

m2~1050 Hubble times, while

m3~Hubble time

⌥ build a time symmetric model

In (the approximation given by) classical general
relativity, a black hole is stable.

Two deep puzzles we have all wondered about:

In quantum field theory on a classical gravitational
field, a black hole decays via Hawking radiation, in an
extremely long time. (1050 Hubble times, for a stellar bh.)
A brief (very incomplete) history of ideas

In quantum gravity, a black hole can decay via a
non perturbative quantum tunnelling.
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What happens here?
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We expect quantum effects when some physical
quantity becomes ~ 1 in Planck units.

- R~1

around singularities

- RT ~ 1

→ RT ~ m/r3 T = T/m2 ~ 1 → T ~ m2

What happens here?
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region 3

for the gravitational collapse inside the event horizon (Region 1 and region

Bernard F. Whiting

A technical result in classical GR:
The following metric is an exact vacuum solution,
of the Einstein equations outside a finite spacetime region (grey),
plus an ingoing and outgoing null shell,
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The external metric is determined by two constants:

- m is the mass of the collapsing shell.

-

is the external bounce time:
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“A black hole is a short cut to the future”

What determines T ?
Quantum gravity

Covariant loop quantum gravity. Full definition.
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“Spacetime region”

Quantum system
=
Spacetime region
➜ Hamilton function: S(q,t,q’,t’)

In GR, distance and time measurements are field measurements like any other one: they are part of the boundary data of the
problem
Boundary values of the gravitational field = geometry of box surface = distance and time separation of measurements
Particle detectors
= field measurements

Spacetime region

Distance and time measurements
= gravitational field measurements

Covariant loop quantum gravity. Calculation of T(m).
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The bulk cal be approximated to first
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Full expression for T(m):
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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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After 13 hours, a trigger was sent to the Gamma-Ray Burst
Optical/Near-Infrared Detector (GROND) operating on the
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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

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
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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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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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,
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Summary

➜

- Technical results: black holes may tunnel
to white holes locally and explode.

- The tunnelling time can be computed with LQG.

A real-time FRB

5

- 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
2
4 variepoch, 18 days later, was taken to search
for long term
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
jects one is a galaxy, another is likely to be
6 is a main sequence
8
the last
star. Both10XRT1 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.

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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