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1. In quantum 
gravity

still, the theory is 
predictive 

It predicts how physical variables  
change  

with respect to one another

there is no  
time variable 



The space manifold emerges in the 
classical limit,  

like a classical EM field from QED

there is no  
space variable 

2. In quantum 
gravity

quanta are not localised  
in space, 

they define localisation
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in fact, 
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They are spacetime
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6. In quantum 
gravity

each part of the world  
is an observer for each other

See Francesca’s instant talk



We already have Planck 
scale measurements 
ruling out tentative 

theories

7. In quantum 
gravity

Lorentz violations  
ruled out by 

the Crab nebula data

AJ. Dean,et al, Science 321, 1183 (2008).  |ξ| < 6 × 10−10 at 95% CL



8. There is a quantum gravitational 
phenomenon

That  
might be already  

observed

Some cosmic rays (ex: FRB) might 
be Planck stars : Primordial  
black holes exploding today

A real-time FRB 5

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 observa-
tion and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known ra-
dio sources in the NVSS catalog with consistent flux densi-
ties. 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 di�culties. 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 us-
ing 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-
ter FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term vari-
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 vari-
ability 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 g0, r0, i0, and z0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g0r0i0z0) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours af-
ter 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 (g0r0i0z0) and 720 s (JHK) ex-
posures, 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 iden-
tified 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-
jects 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.

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 Cam-
panas. 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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FIG. 1: White hole signal wavelength (unspecified units) as
a function of z. Notice the characteristic flattening at large
distance: the youth of the hole compensate for the redshift.

The received signal is going to be corrected by standard
cosmological redshift. However, signals coming form far-
ther away were originated earlier, namely by younger,
and therefore less massive, holes, giving a peculiar de-
crease of the emitted wavelength with distance. The re-
ceived wavelength, taking into account both the expan-
sion of the universe and the change of time available for
the black hole to bounce, can be obtained folding (1) into
the standard cosmological relation between redshift and
proper time. A straightforward calculation gives
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where we have reinserted the Newton constant G and
the speed of light c while H0,⌦⇤ and ⌦M are the Hub-
ble constant, the cosmological constant, and the matter
density. This is a very slowly varying function of the
redshift. The e↵ect of the hole’s age almost compesates
for the red-shift. The signal, indeed, varies by less than
an order of magnitude for redshifts up to the decoupling
time (z=1100). See Figure 1.

If the redshift of the source can be estimated by using
dispersion measures or by identifying a host galaxy, given
su�cient statistics this flattening represents a decisive
signature of the phenomenon we are describing.

Do we have experiments searching for these signals?
There are detectors operating at such wavelengths, begin-
ning by the recently launched Herschel instrument. The
200 micron range can be observed both by PACS (two
bolometer arrays and two Ge:Ga photoconductor arrays)
and SPIRE (a camera associated with a low to medium
resolution spectrometer). The predicted signal falls in be-
tween PACS and SPIRE sensitivity zones. There is also a
very high resolution heterodyne spectrometer, HIFI, on-
board Herschel, but this is not an imaging instrument, it
observes a single pixel on the sky at a time. However, the
bolometer technology makes detecting short white-hole
bursts di�cult. Cosmic rays cross the detectors very of-
ten and induce glitches that are removed from the data.
Were physical IR bursts due to bouncing black hole regis-
tered by the instrument, they would most probably have
been flagged and deleted, mimicking a mere cosmic ray

noise. There might be room for improvement. It is not
impossible that the time structure of the bounce could
lead to a characteristic time-scale of the event larger than
the response time of the bolometer. In that case, a
specific analysis should allow for a dedicated search of
such events. We leave this study for a future work as
it requires astrophysical considerations beyond this first
investigation. An isotropic angular distribution of the
bursts, signifying their cosmological origin, could also be
considered as an evidence for the model. In case many
events were measured, it would be important to ensure
that there is no correlation with the mean cosmic-ray flux
(varying with the solar activity) at the satellite location.
Let us turn to something that has been observed.
Fast Radio Bursts. Fast Radio Bursts are intense iso-

lated astrophysical radio signals with milliseconds dura-
tion. A small number of these were initially detected
only at the Parkes radio telescope [39–41]. Observations
from the Arecibo Observatory have confirmed the detec-
tion [42]. The frequency of these signals around 1.3 GHz,
namely a wavelength

�observed ⇠ 20 cm. (7)

These signals are believed to be of extragalactic origin,
because the observed delay of the signal arrival time with
frequency agrees well with the dispersion due to ionized
medium as expected from a distant source. The total
energy emitted in the radio is estimated to be of the
order 1038 erg. The progenitors and physical nature of
the Fast Radio Bursts are currently unknown [42].
There are three orders of magnitude between the pre-

dicted signal (5) and the observed signal (7). But the
black-to-white hole transition model is still very rough. It
disregards rotation, dissipative phenomena, anisotropies,
and other phenomena, and these could account for the
discrepancy.
In particular, astrophysical black holes rotate: one may

expect the centrifugal force to lower the attraction and
bring the lifetime of the hole down. This should allow
larger black holes to explode today, and signals of larger
wavelength. Also, we have not taken the astrophysics of
the explosion into account. The total energy (3) avail-
able in the black hole is largely su�cient –9 orders of
magnitude larger– than the total energy emitted in the
radio estimated by the astronomers.
Given these uncertainties, the hypothesis that Fast Ra-

dio Burst could originate from exploding white holes is
tempting and deserves to be explored.
High energy signal. When a black hole radiates by

the Hawking mechanism, its Schwarzschild radius is the
only scale in the problem and the emitted radiation has
a typical wavelength of this size. In the model we are
considering, the emitted particles do not come from the
coupling of the event horizon with the vacuum quan-
tum fluctuations, but rather from the time-reversal of
the phenomenon that formed (and filled) the black hole.
Therefore the emitted signal is characterized by second
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Computing a Realistic Observable in Background-Free Quantum Gravity:  
Planck-Star Tunnelling-Time from Loop Gravity  
Marios Chistodoulou,  CR, Simone Speziale, Ilya Vilensky. 
ArXiv: 1605.05268 

T ⇠ m2



A clear theme emerges from these spacetime diagrams:
⌥ build a time symmetric model

classical general relativity

Two deep puzzles we have all wondered about:

A brief (very incomplete) history of ideas

quantum field theory on a classical gravitational field,  
(1050  Hubble times, for a stellar bh.)

Planck stars  
Carlo Rovelli, Francesca Vidotto  
Int. J. Mod. Phys. D23 (2014) 12, 1442026 

Frolov, Vilkovinski ’79, Stephen, t’Hooft, Whithing ’93,  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A real-time FRB 5

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 observa-
tion and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known ra-
dio sources in the NVSS catalog with consistent flux densi-
ties. 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 di�culties. 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 us-
ing 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-
ter FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term vari-
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 vari-
ability 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 g0, r0, i0, and z0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g0r0i0z0) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours af-
ter 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 (g0r0i0z0) and 720 s (JHK) ex-
posures, 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 iden-
tified 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-
jects 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.

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 Cam-
panas. 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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Primordial black holes!

Fast Radio Bursts!

Fast Radio Bursts and White Hole Signals  
Aurélien Barrau, CR, Francesca Vidotto. 
Phys.Rev. D90 (2014) 12, 127503 

http://inspirehep.net/author/profile/Vidotto%2C%20Francesca?recid=1316456&ln=en
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FIG. 1: White hole signal wavelength (unspecified units) as
a function of z. Notice the characteristic flattening at large
distance: the youth of the hole compensate for the redshift.

The received signal is going to be corrected by standard
cosmological redshift. However, signals coming form far-
ther away were originated earlier, namely by younger,
and therefore less massive, holes, giving a peculiar de-
crease of the emitted wavelength with distance. The re-
ceived wavelength, taking into account both the expan-
sion of the universe and the change of time available for
the black hole to bounce, can be obtained folding (1) into
the standard cosmological relation between redshift and
proper time. A straightforward calculation gives
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where we have reinserted the Newton constant G and
the speed of light c while H0,⌦⇤ and ⌦M are the Hub-
ble constant, the cosmological constant, and the matter
density. This is a very slowly varying function of the
redshift. The e↵ect of the hole’s age almost compesates
for the red-shift. The signal, indeed, varies by less than
an order of magnitude for redshifts up to the decoupling
time (z=1100). See Figure 1.

If the redshift of the source can be estimated by using
dispersion measures or by identifying a host galaxy, given
su�cient statistics this flattening represents a decisive
signature of the phenomenon we are describing.

Do we have experiments searching for these signals?
There are detectors operating at such wavelengths, begin-
ning by the recently launched Herschel instrument. The
200 micron range can be observed both by PACS (two
bolometer arrays and two Ge:Ga photoconductor arrays)
and SPIRE (a camera associated with a low to medium
resolution spectrometer). The predicted signal falls in be-
tween PACS and SPIRE sensitivity zones. There is also a
very high resolution heterodyne spectrometer, HIFI, on-
board Herschel, but this is not an imaging instrument, it
observes a single pixel on the sky at a time. However, the
bolometer technology makes detecting short white-hole
bursts di�cult. Cosmic rays cross the detectors very of-
ten and induce glitches that are removed from the data.
Were physical IR bursts due to bouncing black hole regis-
tered by the instrument, they would most probably have
been flagged and deleted, mimicking a mere cosmic ray

noise. There might be room for improvement. It is not
impossible that the time structure of the bounce could
lead to a characteristic time-scale of the event larger than
the response time of the bolometer. In that case, a
specific analysis should allow for a dedicated search of
such events. We leave this study for a future work as
it requires astrophysical considerations beyond this first
investigation. An isotropic angular distribution of the
bursts, signifying their cosmological origin, could also be
considered as an evidence for the model. In case many
events were measured, it would be important to ensure
that there is no correlation with the mean cosmic-ray flux
(varying with the solar activity) at the satellite location.
Let us turn to something that has been observed.
Fast Radio Bursts. Fast Radio Bursts are intense iso-

lated astrophysical radio signals with milliseconds dura-
tion. A small number of these were initially detected
only at the Parkes radio telescope [39–41]. Observations
from the Arecibo Observatory have confirmed the detec-
tion [42]. The frequency of these signals around 1.3 GHz,
namely a wavelength

�observed ⇠ 20 cm. (7)

These signals are believed to be of extragalactic origin,
because the observed delay of the signal arrival time with
frequency agrees well with the dispersion due to ionized
medium as expected from a distant source. The total
energy emitted in the radio is estimated to be of the
order 1038 erg. The progenitors and physical nature of
the Fast Radio Bursts are currently unknown [42].
There are three orders of magnitude between the pre-

dicted signal (5) and the observed signal (7). But the
black-to-white hole transition model is still very rough. It
disregards rotation, dissipative phenomena, anisotropies,
and other phenomena, and these could account for the
discrepancy.
In particular, astrophysical black holes rotate: one may

expect the centrifugal force to lower the attraction and
bring the lifetime of the hole down. This should allow
larger black holes to explode today, and signals of larger
wavelength. Also, we have not taken the astrophysics of
the explosion into account. The total energy (3) avail-
able in the black hole is largely su�cient –9 orders of
magnitude larger– than the total energy emitted in the
radio estimated by the astronomers.
Given these uncertainties, the hypothesis that Fast Ra-

dio Burst could originate from exploding white holes is
tempting and deserves to be explored.
High energy signal. When a black hole radiates by

the Hawking mechanism, its Schwarzschild radius is the
only scale in the problem and the emitted radiation has
a typical wavelength of this size. In the model we are
considering, the emitted particles do not come from the
coupling of the event horizon with the vacuum quan-
tum fluctuations, but rather from the time-reversal of
the phenomenon that formed (and filled) the black hole.
Therefore the emitted signal is characterized by second

Fast Radio Bursts and White Hole Signals  
Aurélien Barrau, CR, Francesca Vidotto. 
Phys.Rev. D90 (2014) 12, 127503 
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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 observa-
tion and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known ra-
dio sources in the NVSS catalog with consistent flux densi-
ties. 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 di�culties. 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 us-
ing 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-
ter FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term vari-
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 vari-
ability 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 g0, r0, i0, and z0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g0r0i0z0) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours af-
ter 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 (g0r0i0z0) and 720 s (JHK) ex-
posures, 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 iden-
tified 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-
jects 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.

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 Cam-
panas. 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 observa-
tion and the FRB detection. The other two sources, GMRT2
and GMRT3, correlated well with positions for known ra-
dio sources in the NVSS catalog with consistent flux densi-
ties. 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 di�culties. 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 us-
ing 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-
ter FRB 140514, to search for short term variability. A final
epoch, 18 days later, was taken to search for long term vari-
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 vari-
ability 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 g0, r0, i0, and z0 bands with a
60 ⇥ 60 FOV. A 2⇥2 tiling observation was done, providing
61% (JHK) and 22% (g0r0i0z0) coverage of the inner part
of the FRB error circle. The first epoch began 16 hours af-
ter 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 (g0r0i0z0) and 720 s (JHK) ex-
posures, 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 iden-
tified 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-
jects 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.

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 Cam-
panas. 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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FIG. 1: White hole signal wavelength (unspecified units) as
a function of z. Notice the characteristic flattening at large
distance: the youth of the hole compensate for the redshift.

The received signal is going to be corrected by standard
cosmological redshift. However, signals coming form far-
ther away were originated earlier, namely by younger,
and therefore less massive, holes, giving a peculiar de-
crease of the emitted wavelength with distance. The re-
ceived wavelength, taking into account both the expan-
sion of the universe and the change of time available for
the black hole to bounce, can be obtained folding (1) into
the standard cosmological relation between redshift and
proper time. A straightforward calculation gives
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where we have reinserted the Newton constant G and
the speed of light c while H0,⌦⇤ and ⌦M are the Hub-
ble constant, the cosmological constant, and the matter
density. This is a very slowly varying function of the
redshift. The e↵ect of the hole’s age almost compesates
for the red-shift. The signal, indeed, varies by less than
an order of magnitude for redshifts up to the decoupling
time (z=1100). See Figure 1.

If the redshift of the source can be estimated by using
dispersion measures or by identifying a host galaxy, given
su�cient statistics this flattening represents a decisive
signature of the phenomenon we are describing.

Do we have experiments searching for these signals?
There are detectors operating at such wavelengths, begin-
ning by the recently launched Herschel instrument. The
200 micron range can be observed both by PACS (two
bolometer arrays and two Ge:Ga photoconductor arrays)
and SPIRE (a camera associated with a low to medium
resolution spectrometer). The predicted signal falls in be-
tween PACS and SPIRE sensitivity zones. There is also a
very high resolution heterodyne spectrometer, HIFI, on-
board Herschel, but this is not an imaging instrument, it
observes a single pixel on the sky at a time. However, the
bolometer technology makes detecting short white-hole
bursts di�cult. Cosmic rays cross the detectors very of-
ten and induce glitches that are removed from the data.
Were physical IR bursts due to bouncing black hole regis-
tered by the instrument, they would most probably have
been flagged and deleted, mimicking a mere cosmic ray

noise. There might be room for improvement. It is not
impossible that the time structure of the bounce could
lead to a characteristic time-scale of the event larger than
the response time of the bolometer. In that case, a
specific analysis should allow for a dedicated search of
such events. We leave this study for a future work as
it requires astrophysical considerations beyond this first
investigation. An isotropic angular distribution of the
bursts, signifying their cosmological origin, could also be
considered as an evidence for the model. In case many
events were measured, it would be important to ensure
that there is no correlation with the mean cosmic-ray flux
(varying with the solar activity) at the satellite location.
Let us turn to something that has been observed.
Fast Radio Bursts. Fast Radio Bursts are intense iso-

lated astrophysical radio signals with milliseconds dura-
tion. A small number of these were initially detected
only at the Parkes radio telescope [39–41]. Observations
from the Arecibo Observatory have confirmed the detec-
tion [42]. The frequency of these signals around 1.3 GHz,
namely a wavelength

�observed ⇠ 20 cm. (7)

These signals are believed to be of extragalactic origin,
because the observed delay of the signal arrival time with
frequency agrees well with the dispersion due to ionized
medium as expected from a distant source. The total
energy emitted in the radio is estimated to be of the
order 1038 erg. The progenitors and physical nature of
the Fast Radio Bursts are currently unknown [42].
There are three orders of magnitude between the pre-

dicted signal (5) and the observed signal (7). But the
black-to-white hole transition model is still very rough. It
disregards rotation, dissipative phenomena, anisotropies,
and other phenomena, and these could account for the
discrepancy.
In particular, astrophysical black holes rotate: one may

expect the centrifugal force to lower the attraction and
bring the lifetime of the hole down. This should allow
larger black holes to explode today, and signals of larger
wavelength. Also, we have not taken the astrophysics of
the explosion into account. The total energy (3) avail-
able in the black hole is largely su�cient –9 orders of
magnitude larger– than the total energy emitted in the
radio estimated by the astronomers.
Given these uncertainties, the hypothesis that Fast Ra-

dio Burst could originate from exploding white holes is
tempting and deserves to be explored.
High energy signal. When a black hole radiates by

the Hawking mechanism, its Schwarzschild radius is the
only scale in the problem and the emitted radiation has
a typical wavelength of this size. In the model we are
considering, the emitted particles do not come from the
coupling of the event horizon with the vacuum quan-
tum fluctuations, but rather from the time-reversal of
the phenomenon that formed (and filled) the black hole.
Therefore the emitted signal is characterized by second
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