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Question: Is quantum foam real, with spacetime
fundamentally quantized, and if so are effects of the
Planck-scale detectable?

A classical anology:

A proton is about a femtometer
across, so 20 orders of magnitude
bigger than the

And, carrying on in a logarithmic
way, the visible universe is

perhaps 40 orders of magnitude
or so bigger than a proton.
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A problem: Although possibly a huge effect at high-enough enerqy (i.e., closer
to the Planck scale), in optical light a micron in wavelength, even for distant

sources it's plausibly only microradians of error in the wavefront.
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Also bad: Detection requires that we look at intrinsically
“small” objects, very far away, which are typically going
to be faint things. .

And worse: To do this, you need to use a big telescope, which
has a fundamental instrumental limit, and in the optical that
A will also be roughly microradians of error in the wavefront.

Diffraction:

~1.22—"
D

Background photo credit: Wikipedia; “Plinko” is a trademarked brand of Fremantlemedia



Lieu and Hillman (2003) did not see loss of
diffraction rings in Hubble Space Telescope
(HST) images of a redshift

z=0.25 active galaxy

host nucleus;

(Actually, it

has since - S 5
been A !

found : N : f
aF R

possibly , 1 ]
JOBIE+0054 F=F [deal diffraction F‘SF Remdual Model Remdual

to be a lens.
Interesting,
but not a - e
problem A8 S '
here.) - & z = 582 _ .
£ Steinbring (2007) showed a slight dro‘p"in Strehl ratio (a “proxy" of blur)a
for HST images of the highest-z quasars kimown. o

®

Quasars: Better targets, as they are
bright up to very high redshift (z>4),
especially in optical light; and fairly
compact, under a kiloparsec in size.

This is still not convincing though, as those age co "‘:pact and¥
relative to their host galaxies, and because$his cafm*be con
signature of the optical system itself: the P_g)iht-SprS%d Fun.é
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Gamma-Ray Bursts (GRBs): Even better
targets, as they are bright, emit at the'

- highest detectable energles, are dlstant-
and must be Qam]oaqt tha’f IS, muchr

Illustration credit; Earth.com

“%. Also possibly subject to ha
% scattering rings in X-rays.
s highest energy photons may be absérbed by the

-

Downsides: Thgy are.ﬂeetlng things. Gamma-
ray and X-ray telescopes céfhnot resolve them.
p:and dust-
%Qme of their

L

\€xtragalactic backgrouhd, although tHat is ot



Fermi LAT and GBM:

T} incoming gamma ray

(Gamma-Ray Burst Monitor)

The LAT and GBM detectors are essentially all-sky-viewing; LAT
detects incoming gamma-rays via electron-positron pairs, so not
at all like an optical/infrared telescope, but the details of those
optics should not matter. They report either a “roll-angle”, “error-
radius” or a “resolution limit.”

electron-positron pair

Both still have a fixed Field of View (FoV) and suffer from

diffraction, althought that's much smaller than the expected

spread of gamma-rays on the sky attributable to foam-induced
Tllustration credit: NASA blurring - which can be many degrees in angle!
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Gamma-Ray Bursts:
Artist's conception of =+ =
‘GRB221009A Y

Tllustration credit: LHASSO/IHEP




GRB221009A:

1 deg

Fermi LAT, ~GeV energies; 10-hour animation
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Gemini South GMOS/F2, optical/near-infrared image, after trigger



GRB221009A: The
brightest, most-energetic
GRB ever detected, from
the optical/near-infrared,
through to ultraviolet, X-
rays, gamma-rays, up to
(perhaps) 250 TeV
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Swift J1913.1+1946/GRB 221009A: detection of a 250-
TeV photon-like air shower by Carpet-2

ATel #15669; D. D. Dzhappuev, Yu. Z. Afashokov, I. M. Dzaparova, T. A. Dzhatdoev, E.
A. Gorbacheva, I. 5. Karpikov, M. M. Khadzhiev, N. F. Klimenko, A. U. Kudzhaev, A. N.
Kurenya, A. S. Lidvansky, O. I. Mikhailova, V. B. Petkov, E. I. Podlesnyi, N. A.
Pozdnukhov, V. 5. Romanenko, G. I. Rubtsov, 5. V. Troitsky, I. B. Unatlokov, I. A.
Vaiman, A. F. Yanin, K. V. Zhuravleva (Carpet-2 group, INR RAS)
on 12 Oct 2022; 13:56 UT
Credential Certification: Sergey Troitsky (st@ms2.inr.ac.ru)

Subjects: VHE, UHE, Gamma-Ray Burst, Transient

Referred to by ATel #: 15675

The X-ray and optical transient Swift J1913.1+1946 (ATel #15650; GCN #32632) is
possibly associated with a gamma-ray burst GRB 221009A (Fermi GBM alert, GCN
#32635, #32636). This bright transient has been observed by numerous instruments in
optical, X-ray and gamma-ray bands (ATel #15651, #15653, #15655, #15656, #15660,
#15661, #15662, #15663, #15664, #15665; GCN #32634 - #32671, #32676 - #32679,
#32683 - #32686, #32688, #32690 - #32695 and counting). Tentative redshift from the
observation of the afterglow emission is z=0.151 (GCN #32648, #32686). In case the GRB
association is true, this event produced the most energetic GRB photon ever seen by Fermi
LAT (ATel #15656), that of 99 GeV. Moreover, the same transient was detected by
LHAASO during 2000 sec after the GRB trigger with photons up to 18 TeV, highest
energies ever detected from a GRB (GCN #32677).

Related
15712 Detection of the emerging
supemova specirum from the
afterglow of GRE221009A

15703 Insight-HXMT observation on the
prompt emission and afterglow of
GRB 221008A

15685 GRB221000A/Swift J1913.1+19486:
RT-22 Simeiz observations

15677 MAXIGSC refined analysis of the
bright X-ray afterglow of GRB
221009/ Swift J1913.1+1046

15675 Swift J1913.1+1946/GRE 221008A:
Galactic sources of » 100 TeV-
photon in spatial coincidence with
the 250-TeV photon-like air shower
reported by Carpat-2

15671 GRB221000A/Swift J1913.1+19486:
RATAN-600 measurements

156688 BVRI photometry of the GRE
220018A afterglow

15665 GRE 221000A: NuSTAR Detection

15664 GRB 221000A: NICER follow-up
observations

15683 GRB221008A: INTEGRAL detection
of Hard X-ray emission up to 38
hours after trigger

15662 GRB 2210004/ Swift J1813.1+1946:
AGILE-GRID detection

15661 SwilvXRT discovery of multiple
dust-scattering X-ray rings around
GRB 2210084

15660 Insight-HXMT observation of
GRB221000A/Swift J1813.1+1946

15656 GRE 221000A: Fermi-LAT refined
analysis

15655 GRB221000A/Swift J1913.1+10486:
ATA follow-up observations
15653 AMI-LA obsarvations of the
candidate gamma-ray burst
GRB221008A/Swift J1813.1+1946
15651 MAXI'GSC detection of the new
X-ray transient Swift J1913.1+1846
15650 Swiit J1913.1+1946 a new bright
hard X-ray and eptical transient




Calculation: Find the First, as in Lieu and Hillman (2003), consider a tiny perturbation to the phase of a wavefront
strongest possible effect of  of wavelength lambda as it passes over a “fuzzy” Planck-scale length, here sub-scripted P.

quantum-foam blurring. 5‘;{7 _ 2?(51/)& &QDP _ 2?’[{{

Following Ng, Christiansen & van Dam (2003), z;dding up over a co-moving distance L, we get:

| 15 _
Problem: This says that ﬁtpg _ Z?Tﬂg—PLl_ﬁ
foam-affected photons can A
be spread over the whole o 2 o o o
sky. Wouldn't you then L= (C/HDQU)[QQZ (1 ‘?ﬂ) (\/1 + 26]{]2 1)] / (1 + Z)
expect the inability to Alpha gives the formulation and so strength of that addition; it's 1/2 for a random walk
localize GRBs? (strongest), 2/3 when consistent with the holographic principle, and weaker towards unity.

(1 —ajc

I3 -
Perhaps, as in Perlman et al. .ﬁfpmax = ZHHUIP{ / Ll_mdz - T ;
0 040

(2015, 2022) no photon is
blurred-out except with

value phi-zero, and so alpha 2(1 i )L_f’i 1 1 — q0 q
is large. But that need not X [ Z [ — ] Z}
be the case... /0 v 1+ 240z

= Adros + APz = (1 +2)Ady

It is stronger in bluer light, and so this is the maximum, even with photon redshift z included.
Steinbring, E., 2007, Ap), 655, 714-717




Calculation: What is the The first astonishing thing to notice is that this demands a universal, steep power-law of

effect on the PSF of a real increasing strength toward shorter wavelength and higher energy.
telescope, including FoV A A = {1 Nan(L /1 1—a
and diffraction? meax/ (PP ( T ) O( / P)

And so a little thinking about the beauty of logarithms, and some simple calculus gives us:

Ap oc(Ap) =1 — Alog(Ap/App)
Solution: As long as there 1
are photons to blur, some Z /ﬁfp E’"(Atp) dﬁf;b = (1 . Z)Atp[)

will not be scattered to the

horizon, and so it can have A= 1/ IDg [(1 = Z)”U(L/IP)I_a]

a PSF more like a telescope
on the ground, that is, as if
affected by “seeing.”
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Let’s call this Phi, shortward of where delta-phi is larger than some angle theta, plus adding
“resolution” as the limit of diffraction of power rho for a telescope of diameter D:

= R +/ Ad o(A¢) dAg

T
\ \\\\\ /
T~/

77//-7\75\5' The foam- induceeg/ - = dr + Py = AR (%)p [] 3 lt}g (M)}

—— PSF turns over towards RAPH]
>hlgh energy, in X-rays\
g 27l
I ad +9{1+A[1+log( RP)]}

Steinbring, E., 2015, ApJ, 802, 38-43 OA




Observable: The characteristic
to look for, depending on the
outer-scale included in the PSF,
is that it will still grow for
photons shortward of the
“horizon crossing” wavelength,
but must tail off, flattening out
towards higher energy.

102

o
3

For gamma-ray telescopes, the
mean blurring scale turns out
to be ~1 degree, behaving
something like atmospheric
seeing, which is ~1 arcsecond
in the optical/near-infrared
from the ground. 107

Angulor scale or equivolent phase digpersion (rodions)
(=)
&

4 et 19 = s VF g s 1073
Observed wavelength (m)



GRB221009A: Unprecented, extremely " THAASD Ferm] § : it
. . : 4 : GRE Dat
wide-angle and multi-wavelength !JH\ 40.\_ | . | e
. ) : _
observations of the same source 107 e G i
? s _: _________________ td - = Tt il ki GR5421009A
c : ; Field of View o
Table 1. Fermi, Swift or other angular limits and localization accuracies for GRB221009A. Lg Localizations
Telescope or Instrument Peak Eor A Angle ..?, B on the Sk}f v
Hori = 2 -
C::}l)ze‘:l; 251 Tev 178047 < {upper limit,
LHAASO VHE 18 TeV <180° =
Fermi LAT (roll angle) 99.3 GeV 62.1° e Gl et e above ThEtD)
Field of View : 350 g_ 1072 Theta |
Konus-WIND 3.04 MeV <48.2° 000 EEmmeee————— | L AN N N MNP N _____.
Fermi GBM 375 keV 371° 5 1 Mpe )
Theta - 1° Error—radius g
Fermi LAT (extreme) 397.7 GeV 0.27° L]
Fermi LAT (resolution) 99.3 GeV 0.09° g
Swift BAT 146 keV 2.4/ P 09000 U ARy Nyl el W i .
NI&IEF;)I\(/ICAXI 41_31.2501:::/V 2453310’ _2_ : Reselution Resp/ubions, i
IXPE 5keV 34/ £10 c S U S el 800z | ‘ —
e © v g : ¥ = {lower limit,
Swift XRT 23 keV 35 a = P
Swift UVOT 5.25nm 0.61" ST : @ | below Theta)
Seeing - 0.5"-1.0" 8_ : : T2
Ground-based optical 800 nm 0.80” a S LR ] S
HST 650 nm 010" - % (O Q%
JWST 1.65 pm 0.08" a = = O 5
. . ) L g%i | Density contours:
Identified in a galaxy of z=0.151 9 . 283 ,
P 3 All availakle
N 4z
5 P S e e BA N Buml it
3
2 1078 — {10%—increments,
Try for yourself! < £ e white for >50%)
All of these data, and the IDL code that
reports the curves to the right are
. v ‘ 3 2 % ’_
available at: - | | 1o-'13 10710 1o7®
github.com/ericsteinbring/Special-Blurring Observed wavelength (m)

Steinbring, E., 2023, Galaxies, 11(6), 115-127



GRB221009A: Focusing-in on just the
available X-ray observations

Median z=1.41

0.01 015

Fedshift

4.61

Steinbring, E., 2023, Galaxies, 11(6), 115-127

Angular scole or equivalent phaose dispersion (rodions}
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Notice this: The “red edge”
of radii within which Fermi
GBM X-ray sources are
found as a function of
their peak energy, is
clearly a power-law, as
expected - especially
above angle “Theta.”



GRB221009A: Considering every
available X-ray and gamma-ray
observation taken together

Notice that: The “blue edge” of
bluest, highest-energy GRBs in
gamma-rays nicely agrees with a
scaled transition between Phi
assuming opening angle by
instrument FoV down to the same
assuming only the resolution limit.
This is entirely consistent with the
“middle” condition of mean-angle
Theta and alpha of 2/3.

Steinbring, E., 2023, Galaxies, 11(6), 115-127

Angular scale or equivalent phose dispersion (rodians}
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Answer: Yes, a blurring formulation favoured by
holographic quantum-gravity is consistent with the
smeared-out localization of gamma-ray bursts with
Fermi and other telescopes ... including at the highest-
ever observed energies for GRB221009A.

g Conclusmn There seems,
to be observational evidence that
g spacetime is not smooth.

"!'T

t-FNew Scientist
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