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FALSIFICATION OF GRAVITY THEORIES FROM THE FORM OF DARK SPOTS
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Visual images of supermassive black holes M87* and SgrA* have been successfully registered recently by the
international collaboration Event Horizon Telescope. This registration opens the unique possibility for verification
(or falsification) of modified gravity theories in the strong filed limit when gravitational field is dominated over
astrophysical factors. This verification is crucially important for physical interpretation of astrophysical and
cosmological observations of the Universe and for understanding the physical origin of enigmatic dark matter
and dark energy. The accuracy of Event Horizon Telescope is sufficient for demonstration of the quantitative
agreement of the obtained dark spot images of both black holes with the General Relativity prediction. In
particular, the forms of dark spots on the Event Horizon Telescope images correspond to the fast black hole
rotation of the supermassive black holes M87* and SgrA*. Meantime, the Event Horizon Telescope accuracy is
insufficient for the verification of the modified gravity theories. In the observable future this verification would be
possible in realization of the international project of the Space Observatory Millimetron, which angular resolution
in few orders of magnitude exceeds the corresponding one of the Event Horizon Telescope.
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Perucrparusi BUIMMBIX WM300parkKeHWil CBEPXMACCUBHBIX depHBIX abip M87* m SgrA* wmexmymapomamoii
kosumabopanmeit Tesneckorr T'opusonra CoOBITHII OTKPBIBAET YHUKAJIBHYIO BO3MOXKHOCTDH IIPOBEPKH PA3JIMIHBIX
voaudukammit Ob6meit Teopun OTHOCHTENIBHOCTH B peXWMe CHJIBHOIO IIOJIsl, KOIJA I'DABUTAIMOHHOE IIOJIe
JIOMUHHUDYET [0 CPaBHEHHIO ¢ acTpodusmueckuMu (axropamu. Takas NIpOBepKa YPE3BBIYANHO BaXKHA Ik
MHTEPIIPEeTAH aCTPOPU3NICCKUX U KOCMOJIOrnIecKux Hab oaeruit Beenennoit u gy nonumanus Gu3ndecKoi
TIPUPOIBI TEMHOI MaTepnn u TeMHoM 3ueprun. Tounocts Temeckora l'opnzonra CobBITHIT OKA3aIACH TOCTATOTHON
TSI KQFIeCTBEHHOTO COTJIACHS ITOJIYYIEHHBIX M300ParKeHNl TEeMHBIX ISIT€H HA M300PAKEHUSIX JBYX TIEPHBIX JIBIP
¢ npeackazauuem O6meit Teopun OTtHOcuTenpuocTu. B wactHOCTH, DOPMBI TEMHBIX HSTEH HA M300PAKEHUIX
Teneckonia Topuzonra CoObiTHII CBUAETEIHCTBYIOT O OBICTPOM BPAIEHUU CBEPXMACCUBHBIX YEPHBIX IbIP
weprbIX Apip M87* m SgrA*. Ommaxo, Trounoctn Teseckona [opuszonTa CoOBITHIT HETOCTATOYHO MJTSl IPOBEPKHU
MoaudunupoBaHHbIX Teopuil rpasBurtanuu. B 0603pumom OyaymieM Takas NPOBEPKA CTAHET BO3MOXKHON mpH
peasm3anmu MexXAayHapomHoro mpoekTta Opburamsmoit O6cepBaTopuy MuIInMeTpoH, YIJIOBOE Da3perieHHe
KOTOPOro OyeT Ha HECKOJIbKO ITOPSIAKOB Bhile, ueM y Temeckoma I'opusonrta CobbrTmil.
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Visual images of supermassive black holes M87* and SgrA* have been successfully registered
recently by the international collaboration Event Horizon Telescope [1,2]. This registration opens
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the unique possibility for verification (or falsification) of modified gravity theories in the strong filed
limit when gravitational field is dominated over astrophysical factors. This verification is crucially
important for physical interpretation of astrophysical and cosmological observations of the Universe
and for understanding the physical origin of enigmatic dark matter and dark energy.

The accuracy of Event Horizon Telescope is sufficient for demonstration of the qualitative agreement
of the obtained dark spot images of both black holes with the General Relativity prediction [3—-8]. In
particular, the forms of dark spots on the Event Horizon Telescope images correspond to the fast black
hole rotation of the supermassive black holes M87* and SgrA* [9,10]. Meantime, the Event Horizon
Telescope accuracy is insufficient for the verification of the modified gravity theories.

The observed dark spots are always projected inside the awaited position of the classical black hole
shadow at the celestial sky. From physical point of view the classical black hole shadow is the capture
cross-section of photons in the black hole gravitational field [11-13].

Physically reasonable model for the generation of strong energy emission from accreting black holes
is based on the Blandford-Znajek mechanism [14], in which there is an electric current across the black
hole event horizon. This electric current generates the electromagnetic flow with the Pointing vector
along the black hole rotation axis and, additionally, provides the very strong heating of accreting matter
in the very vicinity of black hole event horizon. This mechanism is fully justified by the numerical
magnetohydrodynamics in the framework of General Relativity [15-21].

A recent accuracy of the Event Horizon Telescope is insufficient for the verification of modified
gravity theories. In the observable future this verification would be possible in realization of the
international project of the Space Observatory Millimetron with angular resolution in few orders of
magnitude exceeding the corresponding one of the Event Horizon Telescope [22].

Fig. 1. Modeled dark spots (black regions) at the central part image of the supermassive black hole SgrA*
with black hole spin values a = 0 (left panel) @ = 0.75 (middle panel) and a = 0.9982 (right panel), respectively.
The dashed rings are the imaginary sizes of black horizon globes in the Euclidean space with the absence of
gravity. Arrows show the projection of the black hole rotation axes on the celestial sphere. For details see [7].

Fig. 1 demonstrates the modeled dark spots at the central part image of the supermassive black
hole SgrA* with different black hole spin values. The outer closed curves are the boundaries of the
classical black hole shadows projected at the celestial sphere.

Respectively, Fig. 2 shows the superposition of the Event Horizon Telescope image of supermassive
black holes SgrA* and M87* with the modeled central dark spot for black hole spin values a = 0.75 in
both cases.
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