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If spacetime is “foamy” travel along a lightpath must be subject to continual, random dis-
tance fluctuations ±δl proportional to Planck length lP ∼ 10−35 m (Lieu & Hillman 2003).
Although each “kick” by itself is tiny, these may accumulate. Accounting for redshifted (bluer)
emitted photons, over a cosmological distance L = (1 + z)LC for co-moving distance LC , the
resultant phase perturbations Δφ = 2πδl/λ at observed wavelength λ could grow indepen-
dently of telescope diameter D to a maximum of Δφm ax = (1 + z)Δφ0 (Steinbring 2007) where
Δφ0 = 2πa0 (lαP /λ)L1−α follows Ng et al. (2003). Here a0 ∼ 1 and α specifies the quantum-
gravity model: 1/2 implies a random walk and 2/3 is consistent with the holographic principle;
a vanishingly small ΔφP = Δφm ax/[(1 + z)a0 (L/lP )1−α ] = 2πlP /λ is approached when α = 1.

The highest-resolution Nyquist-sampled images of z ≈ 6 active galactic nucleii (AGN) ever
obtained are suggestive although do not show clear evidence of Δφm ax for α = 2/3 (Steinbring
2007; Tamburini et al. 2011). That level of blurring, however, would imply an image full-width
at half maximum (FWHM) just at the diffraction limit of the 2.4-m diameter Hubble Space
Telescope (HST). It might be that α is larger or that these phase errors become invisible as they
approach the wavelength of observed light (e.g. Perlman et al. 2015). But it can be shown by
taking a linear superposition of all phase-error amplitudes Δφ σ(Δφ) = 1−A log(Δφ/ΔφP ) that
(1/A)
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any pointlike source viewed by a diffraction-limited telescope for which Δφm ax is visible must
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Φ = 1.22
λ

D
+

∫
Δφ σ(Δφ) dΔφ ≈ 1.22

λ

D
+ 2π

lP
λ

Ae1/A .

That is consistent with the HST results as well as Fermi observations of z < 4 gamma-ray bursts
(GRBs; Steinbring 2015). Unfortunately, those and current ground-based telescopes employing
adaptive optics (AO) are unable to reliably resolve structures much below 0.3 kpc wide at z = 1
to 4 (assuming a cosmology with ΩΛ = 0.7, ΩM = 0.3, and H0 = 70 km s−1 Mpc−1 ). Future
optical/near-infrared AO and space telescopes viewing out to z = 6 to 8 will do better. In a long
exposure, the minimal angular extent of known pointlike galaxy structures would be noticeably
enlarged - a FWHM expanded by more than a few percent - and possibly also embedded within
an extra halo of scattered “fuzz.” For example, with z = 6.0, α = 0.667, and D = 6.5 m no AGN
or GRB, despite being physically much smaller, would be found with an apparent size less than
about 0.1 kpc in the restframe, 0.025 arcsec across, or consistently 8% larger than diffraction at
0.6 μm, the shortest wavelength to be visible with the James Webb Space Telescope.

References

Lieu, R. & Hillman, L. W. 2003, Astrophys. J. Lett., 585, L77
Ng, Y. J., Christiansen, W. A., & van Dam, H. 2003, Astrophys. J. Lett., 591, L87
Perlman, E. S., Rappaport, S. A., Christiansen, W. A., et al., 2015, Astrophys. J., 805, 10
Steinbring, E. 2007, Astrophys. J., 655, 714
Steinbring, E. 2015, Astrophys. J., 802, 38
Tamburini, F., Cuofano, C., Della Valle, M., & Gilmozzi, R., 2011, Astron. & Astrophys.,

533, 71

54

https://doi.org/10.1017/S1743921315009850 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921315009850

