The Minimum Actual Diameter of an Object That Can Theoretically Be Observed at the Hubble Radius Using the Angular Diameter Method
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Angular diameters are actively used in astronomy as one of several methods to find distance to objects such as stars, see [START_REF]Measurements of the angular diameters of stars[END_REF][START_REF]The angular diameter and effective temperature of the lithium-rich k giant hd 148293 from the Chara array[END_REF][START_REF]33 new stellar angular diameters from the npoi, and nearly 180 npoi diameters as an ensemble[END_REF]. Here we will go one step further and ask what is the minimum actual diameter we can hypotetical observe at a Hubble radius distance if the minimum meaningful observable diameter is the Planck length. We find that the minimum actual diameter an object then need is about 2 nano meters, or an object with x-ray wavelength size. If this should help solve any mysteries of the universe is unclear, but cannot be excluded. The angular diameter is given by:

δ = 2 arcsin d act 2D (1) 
where d act is the actual diameter of the object of interest and D is the distance to the object and δ is the angular diameter of the object. Assume now D is the Hubble radius (see [START_REF] Hubble | Extragalactic nebulae[END_REF][START_REF] Lemaître | Un univers homogétne de masse constante et de rayon croissant rendant compte de la vitesse radiale des nétbuleuses extra-galactiques[END_REF]) so we set D = R h = c H 0 . This is likely the maximum distance an object can be at for us to even theoretically be able to see it. Max Planck [START_REF] Planck | Der Königlich Preussischen Akademie Der Wissenschaften[END_REF][START_REF] Planck | Vorlesungen über die Theorie der Wärmestrahlung[END_REF] introduced in 1899 the Planck length, most researchers (but not all) seems to think this is the smallest possible meaningful observable length even theoretically, see for example [START_REF] Adler | Six easy roads to the planck scale[END_REF][START_REF] Hossenfelder | Can we measure structures to a precision better than the Planck length? Classical and Quantum Gravity[END_REF][START_REF] Hossenfelder | Minimal length scale scenarios for quantum gravity[END_REF].

Assume in addition the smallest diameter even angular diameter that make any sense is the Planck length, then we can set up the following equation

δ = l p = 2 arcsin d act 2R h (2) 
If we now solve this for d act we get:

d act = 2R h sin l p 2 = 2 c H 0 sin l p 2 ≈ 2.24 × 10 -9 m (3) 
with a one standard deviation confidence interval of 2.11 × 10 -9 m to 2.36 × 10 -9 m when using a Hubble parameter in the calculations given by the recent study of Kelly and et. al [START_REF] Kelly | Constraints on the Hubble constant from supernova Refsdal's reappearance[END_REF] of 66.6 +4.1 -3.3 (km/s)/M pc, in addition we use the 2018 (NIST CODATA) value for the Planck length 1 l p = 1.616255 × 10 -35 m (with a one STD uncertanity of 0.000018 × 10 -35 m). This is in other words in the x-ray spectrum which normally is defied as wavelengths ranging from 0.01 to 10 nanometers. A speculative, though not unthinkable implication of this could be that we cannot observe shorter wavelengths coming from points close to the Hubble radius than X-rays. Figure 1 summarizes our findings; here, the blue circle illustrates an object at a distance from the observer equal to the Hubble radius. The formula outside the sphere gives the minimum actual diameter that the object illustrated in blue must have for its angular diameter to be equal to minimum the Planck length as observed from a Hubble radius distance. Inputting values of the Hubble radius, as well as the Planck length, tells us that the minimum actual diameter of the object to be theoretically observed must be of the order of an x-ray wavelength in diameter, or about 2 nanometers.

Figure 1 :

 1 Figure 1: The figure illustrates an object (the blue circle) at the Hubble radius distance from the observer. The angular diameter of the object is then given by the formula inside the Hubble sphere.The formula outside the sphere gives the minimum actual diameter that the object illustrated in blue must have for its angular diameter to be equal to minimum the Planck length as observed from a Hubble radius distance. Inputting values of the Hubble radius, as well as the Planck length, tells us that the minimum actual diameter of the object to be theoretically observed must be of the order of an x-ray wavelength in diameter, or about 2 nanometers.
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