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goals of WG5 [FLAVIO+GIACOMO]

i.e. contribute to (and coordinate) efforts aimed at building the bridge…



goals of WG5



Example 1: 
classical gravity in quantum mechanics, e.g. testing equivalence principle

here I still do not see a path for QG to matter….



Example 2:  decoherence (with or without classical gravity)



(…rest frame of a microscopic/quantum particle…)

(rest frame of macroscopic 
observer if spacetime is quantum…) 





how the observer/agent
selects the special axis?



GAC, Nature398(1999)216
GAC, PhysRevD62(2000)024015
GAC,Nature410(2001)1965

spacetime foam and strain noise for earth-bound (low-energy) interferometers
(and IR/UV mixing!!!)

something I did before famous first results on IR/UV mixing from spacetime
noncommutativity…
context is attempts to model phenomenologically spacetime foam as effectively 
causing any given distance L to be affected by minute stochastic fluctuations….

from that perspective assume that distance L experiences a fluctuation 
of Planck-length size occurring at the frequency of one for each Planck time:
How “fuzzy” would then be the distance L?
What type of strain noise would we then find
in gravity-wave interferometers? 

it’s a form of IR/UV mixing:
the model introduces effects in the deep UV,
but some counterpart effects show up also in the 
far-infrared regime of very low frequencies…   



but perhaps assuming distances intrinsically fuzzy is too naïve….maybe spacetime
foam really means that particle’s trajectories have a quantum-gravity contribution 

to their fuzziness [Vasileiou + Granot + Piran+GAC, Nature Physics 11 (2015) 344]

GAC, Nature398(1999)216
GAC, PhysRevD62(2000)024015
GAC,Nature410(2001)1965

is this testable? 
effect is Planck-length suppressed,
but gets amplified at low frequencies…
modern gravity-wave interferometers are very sensitive and work at low frequencies

when aliens arrive we should start by comparing our interferometers to theirs
all of physics contributes to strain noise in an interferometer:
classical mechanics (e.g. earthquakes, big cars driving close to interferometer…)
thermodynamics (thermal noise)
quantum mechanics (shot noise) 
I am sure there is a quantum-gravity contribution to strain noise
but it’s not

which is already ruled out!!!!
LIGO/VIRGO are at strain noise of about 10-46 Hz-1 for lengths of about 4 Km!!!
Alternative: if quantum-gravity noise was white we would have the natural estimate

which is also ruled out
Next target is “holographic noise”

[Christiansen+Ng+VanDam,Phys.Rev.Lett. 96 (2006) 051301]



IR/UV mixing appears to be “structural” to the quantum-gravity problem:
not only spacetime foam can motivate IR/UV mixing,
but also Bekenstein-Hawking entropy is a manifestation of IR/UV mixing
[Cohen+Kaplan+Nelson,PhysRevLett82(1999)4971]

however, IR/UV mixing became popular only when it was found in field theories
formulated with canonical spacetime noncommutativity:
UV effects of noncommutativity require an adaptation of renormalization which
in turn produces IR modifications of the onshell relation… from canonical
noncommutativity one gets either “hard IR/UV mixing”

or “soft IR/UV mixing”

some discrete-spacetime pictures inspired by Loop Quantum Gravity also produce
a form of “soft IR/UV mixing”

Alfaro+MoralesTecotl+Urrutia, PhysRevLett84(2000)2318

Minwalla+VanRaamsdonk+Seiberg,JHEP02(2000)020

Matusis+Susskind+Toumbas,JHEP12(2000)002



phenomenology of soft IR/UV mixing based on measurements 
of the fine structure constant
(electron g-2….Cesium….Rubidium)
A cold-atom interferometer works in
an infrared regime where p<m

there was no discrepancy among measurements of the fine structure constant 
in 2009 and this allowed us to set a bound on ξ

N.B.: cancellation for Rb setup

GAC +Laemmerzahl+Mercati+Tino, Phys.Rev.Lett.103(2009)171302
Mercati+Mazon+GAC+Carmona +Cortes+Indurain+Laemmerzahl+Tino, CQG27(2010)215003



GAC +Fabiano+Frattulillo+Mercati, arXiv:2507.XXXXX

latest measurements of the fine structure constant: there is a discrepancy!!

once again effect cancels out for the Rb interfeometer

In order to remove the discrepancy between Rb and g-2 measurements and
the measurement by the Cs interferometer
one gest ξ of order unity!!

but of course we must wait
for other measurements…
relevant Cs setup might be
affected by unknown
systematics…  



dispersion relations which were of interest for the previous
COST Action (for their UV properties) can also host a 
form of IR/UV mixing!!!!

UV IR



Back to the UV: what about in-vacuo dispersion for neutrinos???

according to pre-IceCube predictions, IceCube should have seen a few GRB 
neutrinos in each year of operation but it has reported no GRB neutrinos!

of course it would not be too surprising if pre-IceCube models 
of neutrino production by GRBs were incorrect, 
but invacuo dispersion offers an alternative explanation:
IceCube looks for GRB neutrinos within a window of
about 100 seconds of the GRB trigger,
but even just with “Planckian” in-vacuo-dispersion you might need 
a much bigger time window 



test in-vacuo dispersion statistically:
if the time window is large it’s inevitable to select (also) some “accidental
GRB-neutrino pairs”, neutrinos unrelated to a GRB which just happens to be 
within the chosen large time window and directionally compatible with the GRB 

in order to best setup the statistical analysis it is convenient to notice that in-vacuo 
dispersion amounts to linear relationship between the energy E and a certain ratio
between the observation-time difference t and the redshift-dependent function D(z)

we can absorb the redshift dependence into an “accordingly rescaled t”,
which we call t*

This then affords us the luxury of analysing data in terms of a linear relationship
between E and t*

Jacob+Piran [JCAP0801,031(2008)]



GAC+D’Amico+Rosati +Loret, arXiv1612.02765, NatureAstronomy1,0139
GAC+Barcaroli+D’Amico+Loret+Rosati, arXiv1605.00496,PhysicsLettersB761(2016)318

GAC +D’Amico+DiLuca+Gubitosi+Rosati, arXiv2209.13726, NatureAstronomy7,99
GAC+ D’Amico+ D’Esposito+ Fabiano+Frattulillo+Gubitosi +Moia +Guetta+Rosati, arXiv2501.13840

our first results
(discussed within
previous COST action)

only “shower events”
(our approach requires sharp
energy estimate)

very few neutrinos

very wide search window

include GRBs of unknown
redshift (only black point is 
of known redshift)

nonetheless actually provides a 
rather high-significance indication 
in favor of the range of in-vacuo-dispersion 
scales corresponding to the gray band  



GAC+D’Amico+Rosati +Loret, arXiv1612.02765, NatureAstronomy1,0139
GAC+Barcaroli+D’Amico+Loret+Rosati, arXiv1605.00496,PhysicsLettersB761(2016)318
GAC +D’Amico+DiLuca+Gubitosi+Rosati, arXiv2209.13726, NatureAstronomy7,996
GAC +D’Amico +Fabiano+Frattulillo+Gubitosi +Moia+Rosati, arXiv2501.13840

 intriguing…but once again we must wait for more data…

our very recent results

more neutrinos

still only include “shower events”

NEW: only include GRBs of known
redshift (now points have error bars!!
black point was already in previous 
analysis)

finding 4 “GRB-neutrino candidates” 
lined up as nicely as in figure is not 
very likely
(should happen accidentally with a
probability of only 0.7%)



first chance of testing the “predictive power” of this picture:
on 12 February 2025 the KM3NeT collaboration reported the observation of the KM3-230213A 
neutrino, a truly remarkable neutrino, with energy of ~220PeV (~100 times bigger than previous record)

and KM3-230213A cannot be cosmogenic or atmospheric and also a blazar origin is not plausible…
it would make perfect sense if KM3-230213A was a GRB neutrino, but there is no GRB
in good temporal and directional coincidence with KM3-230213A

there is only one GRB directionally compatible with KM3-230213A but it was observed much earlier
(see talk by Frattulillo)

GAC +D’Amico +Fabiano+Frattulillo+Gubitosi +Moia +Rosati, arXiv2502.13093



first chance of testing the “predictive power” of this picture:
on 12 February 2025 the KM3NeT collaboration reported the observation of the KM3-230213A 
neutrino, a truly remarkable neutrino, with energy of ~220PeV (~100 times bigger than previous record)

and KM3-230213A cannot be cosmogenic or atmospheric and also a blazar origin is not plausible…
it would make perfect sense if KM3-230213A was a GRB neutrino, but there is no GRB
in good temporal and directional coincidence with KM3-230213A

there is only one GRB directionally compatible with KM3-230213A but it was observed much earlier
(see talk by Frattulillo)

N.B.:
KM3-230213A is a track event

GAC +D’Amico +Fabiano+Frattulillo+Gubitosi +Moia +Rosati, arXiv2502.13093


