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AHHOTanus. MbI OKa3bIBa€M IIPUMEHEHHUE aKyCTUYECKUX YEPHBIX JBIP B KAUECTBE JIMH3,
paccMaTprUBaeMbIX KaK OOBEKTHI TaJI0 TEMHOM MaTepUu B TAJIAKTUYECKOM MUKPOIMH3UPO-
BaHUU. [li WiUrocTpauu pacCMOTPUM NMPOCTEUIINHI Cllydal, KOrja Ipyu 3HAaYCHHUM mapa-
MeTpa Hactpoiiku ¢ = (0 pemenue cBoautcsa k wmerpuke IlBapummunbaa. I[lapametp
HacTporku ¢ # 0 MOXKHO paccMaTpHUBaTh KaK HAJIWYHE JOIMOJHUTEIHHONW CTENEHU CBOOO-
JIbI, OTJIMYAIOLIUI ATO pelieHre ot yepHoit abipsl [IBapimmibaa. B HacTosmieit padbote Mbl
uccienyem BiusHUE ¢ Ha HAOIIOIaeMbIe MapaMeTpbl MUKPOJIUH3UPOBAHUS, CPAaBHUBASI MX
¢ nuH3upoBaHueM uepHou abipsl LBapimmneaa. Ilo cpaBHeHHIO ¢ KpUBBIMU OliecKa dep-
HOM 1pIpel LIBapummibaa, KpuBble OJ€CKa JIMH3 aKyCTUYECKUX YEPHBIX JbIP MOKAa3bIBAIOT
pas3nuuMs MO0 BPEMEHH, KOTOpOoe TPeOyeTCs MCTOYHMKY IS TIepecedeHHs] KoJblia DifH-
mreitHa. OnTudeckas TTyOMHAa W 4acTOTa COOBITHI pacCUMTHIBAIOTCS, MpEAroiaras, 4ro
JIMH3a YEepHOU IbIpbl OyAeT rpaBUTAIIMOHHO CBSI3aHA U HE CBsi3aHa ¢ Oankem [ amakTuku
u bonbmmuM MaremnaHoBbIM 00aKOM, KOTOpPbIE MOTYT COJEpPKaTh JUH3UPOBAHHBIE 3BE3-
nel. Oxugaercs, yTo Oyaylinue SKCIEPUMEHTHI 10 TAIAKTHYECKOMY MHKPOJIWH3UPOBAHUIO
MO3BOJISIT OTPAHUYHTH MapameTp &.

KiaroueBble c10Ba: aKyCTHYECKHE YEPHBIC JBIPHI, TPABUTAIMOHHOE JIMH3UPOBAHUE, KPHU-
BbIE OJIECKA

BBenenue. Kak BaxHOE MPUMEHEHUE TPABUTAMOHHOTO MCKPUBJICHUS CBETA, CJIa-
00€ rpaBUTAIIMOHHOE JTUH3UPOBAHNE M MUKPOJIUH3UPOBAHNE CTAHOBSITCS MOITHBIM
UHCTPYMEHTOM B (pHU3HKE, acTpOHOMHUH U KocModoruu [1, 2]. Teopun rpaBuranuu
U UX pelIeHUs JOJDKHBI OBITh MPOBEPEHBI C MOMOIIBIO 3(()EKTOB IPaBUTAIIMOHHO-
IO WCKPHBJIEHHS M HaOIIOJCHHMU C1aboro rpaBHTAIMOHHOIO JIMH3UpOBaHus [3].
AxycTudeckas 4epHas IbIpa — 3TO SBJIEHHE, IPH KOTOPOM (DOHOHBI (3BYKOBBIE
BO3MYILICHHSI) HE MOTYT MOKHHYTH OOJIACTh JKHUIKOCTH, KOTOpas TEUeT ObICTpee
JIOKAJIBHOM CKOPOCTH 3BYKa. VX Ha3bIBAIOT 3BYKOBBIMHM WJIM aKyCTHYECKUMHU YEP-
HBIMH JIBIpaMH, TIOCKOJIbKY 3aXBavyeHHBIC (JOHOHBI TIOXOKHM HA CBET B acTpodu3u-
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4eCKUX (rpaBUTAIIMOHHBIX) YEPHBIX JbIPAaX. 3BYKOBBIC YEPHBIC JHIPHI BO3MOYKHBI,
MOCKOJIBKY (DOHOHBI B UACAJIBHBIX KUAKOCTSIX MPOSIBIISIIOT T€ € CBOWCTBA JBUKE-
HUs B IPOCTPAHCTBE-BPEMEHH, UTO U IIOJIS, TaKue Kak rpasuranms. 11o sToi npu-
YMHE CUCTEMA, B KOTOPOM MOXKET ObITh CO3/1aHa 3BYKOBasl UepHasl AbIpa, Ha3bIBACT-
Cs TpaBUTAIMOHHBIM aHanoroMm. Iloutn 1r00ast KUIAKOCTH MOXKET OBIThH
UCIIOJI30BaHA Il CO3JaHUsl aKyCTHYECKOIO0 TOPU30HTA COOBITUHM, HO BA3KOCTh
OOJIBIIMHCTBA KUAKOCTEH CO3JaCT XaOTUUECKOE JIBUKEHHE, UTO JeNIaeT MpaKkTuye-
CKH HEBO3MOXKHBIM OOHApYKEHHE TAKUX SIBJICHHI, Kak u3ayueHne Xokunra [6].

Metoabl M1 MaTepuaJibl; pe3yabTaTbl. METpUKY IIPOCTPAHCTBA-BPEMEHU IS
aKyCTHYECKOM 4epHOU nbIphl lIBapummibaa MOKHO B KOHEYHOM UTOTE MpeacTa-
BUTH KakK

1 .
ds? jeoustic = —f(r)dt? + Far + r2(d6? + sin? 0dp?), (1)

rae oyHkuus f(r) onpeaensercs Kak
f(r)=>0-—-2Mr)[1 —E&2Mr(1 — 2Mr)]. (2)

[{enpto maHHOM paOOTHI SIBISETCS U3YUEHUE TATAKTUIECKOTO MUKPOJIHH3UPO-
BaHUs aKyCTUYECKUMU YEPHBIMU JIBIPAMH, KOTJA JIMH3UPYEMbIE 3BE€3/1bl HAXOIATCS
B ['anaktuueckom Oanmmike unu B boneiiom MarennanoBoM o6iake. Mbl mipoaHa-
JM3MPYEM, YaCTUYHO ciexys meroxy A0d [6], HaGmogaemble mapamMeTpsl IMH3HU-
pOBaHUSl, TaKWE KaK YToJI OTKJIOHEHHUS CBETA, MOJIOKEHUS N300paKCHUM, YBEIHye-
HUE, IIEHTPOUJ U BPEMEHHas 3aJiepKKa M300pa)KeHUU, BKIIOYAs BEPOATHOCTHBIC
XapaKTepUCTUKHU, TaKKE KaK ONTHYECKasi rIIyOMHa M 4acToTa COOBITHH, Mpe/rosia-
ras cliy4ad, KOrjJja aKyCTU4YeCKas 4epHas JbIPbl TPAaBUTALIMOHHO CBSI3aHA WM HE
cBs3aHa ¢ ["amakTukoi. Mbl mpoaHanu3upyeM noBefeHNUEe KpuBbIX Onecka [laumn-
ckoro. B xone ananuza BiausiHME MapaMeTpa HAcTpOWkW ¢ OyAeT CpaBHUBATHCS
¢ addexramu TMH3UPOBaHUS YepHOU NbIpbl LIIBapimmiba.

3ak/iouenue. SIBjaeHUE JTMH3UPOBAHMS KOMIAKTHBIMU OOBEKTaMH SIBISICTCS
aKTUBHOW 00JIACTHIO COBPEMEHHBIX UCCIIEI0BAHUM, KOTOPbIE MOTYT IIOMOYb OOHA-
PYXHUTh IPUPOJTY JTUH3BI U3 HAOIIOJaEMbIX CUTHATYD JIMH3UpOBaHus. B HacTosmiei
paboTe paccMaTpUBAIOTCS aKyCTHYECKHE YEPHBIE IBIPHI [7]. DTH 0OBEKTHI MOIYT
00eCIeuuTh HOBBIE MPUIIOKEHUS JIJIS TATAKTHYECKOTO MUKPOJIMH3UPOBAHUS, KOT/Aa
KOH(UTyparus HeIOCTATOYHO YUCTAsi, TO €CTh, KOT/Ia JOMOJHUTEIBHOE pacipe/ie-
JIEHWE MAaTEePUU-IHEPTUU OKPYKAET JIMH3Y, HAIPUMED, MbLUIb I HEKOTOPOE SHEP-
TeTHYECKOE Toyie. AHAJIU3 MOKA3bIBAET BIMSHUE MapaMeTpa HACTPOUKHU &, KOTO-
pbI  YBEJIMYMBACT YIOJ OTKJIOHEHHUsI CBETAa. [aKKe YyBEIMYEHHE Iapamerpa
HACTPOUKHU ¢ MPUBOIUT K YBEIMUYCHHUIO KOJIbIIA DWHINTEHHA U yTJIOBOTO KOJIbIIA
OlHIITeNHA. DTO 03HAYaET, YTO YeM MapameTp HACTpOWKH &, TeM KOpoye BpeMs
JUISL YBETUYEHHS AIPKOCTH. 110 CpaBHEHHMIO ¢ aKyCTUYECKON YEPHOU ABIPON, KpUBas
Onecka uepHoit npipsl LBapimmiabsaa HAMHOTO TyCKIIEe.



12 Mockea, MITY um. H.3. BaymaHa, 7—10 urons 2025 e.

CnucoK UCTOYHUKOB

[1] Wambsganss J. Gravitational lensing in astronomy. Living Rev. Relativ., 1998, vol. 1, no. 12.

[2] Bartelmann M., Schneider P. Weak gravitational lensing. Phys. Rept., 2001, vol. 340, pp. 291-
472. https://doi.org/10.1016/S0370-1573(00)00082-X

[3] Akhtaryanova G.F., Karimov R.K., Izmailov R.N. et al. Galactic microlensing by backreacted
massless wormholes. Gen Relativ Gravit., 2024, vol. 56, no. 58.
https://doi.org/10.1007/s10714-024-03246-4

[4] Visser M. Acoustic black holes: Horizons, ergospheres and Hawking radiation. Classical and
Quantum Gravity, 1998, vol. 15, iss. 6, pp. 1767-1791. arXiv:gr-qc/9712010. Bibcode:
1998CQGra.15.1767V. https://doi.org/10.1088/0264-9381/15/6/024

[5] Steinhauer J. Observation of quantum Hawking radiation and its entanglement in an analogue
black hole. Nature Physics, 2016, vol. 12 (10), pp. 959-965. arXiv:1510.00621. Bib-
code:2016NatPh.12.959S. https://doi.org/10.1038/nphys3863

[6] Abe F. Gravitational Microlensing by the Ellis Wormhole. Astrophys. J., 2010, vol. 725, pp.
787-793. https://doi.org/10.1088/0004-637X/725/1/787

[7]1 Unruh W.G. Experimental Black-Hole Evaporation. Phys. Rev. Lett., 1981, vol. 46, pp. 1351-
1353.

Gravitational Lensing and Galactic Microlensing
by Acoustic Black Holes

Akhtaryanova Gulnaz Fanisovna*® akht_gul@mail.ru
SPIN-code: 9069-0131
Karimov Ramis Khamitovich®” karimov_ramis_92@mail.ru
SPIN-code: 5150-8235
Hidirov Umurzoq Kabiljonovich® umurzokk@mail.com.ru
SPIN-code: 5980-3255
Izmailov Ramil Nailevich™? izmailov.ramil@gmail.com

SPIN- code: 7629-3535
1BSPU M. Akmullah, Ufa, Russia
2UFRC RAS, Ufa, Russia

Abstract. We show an application of acoustic black holes as lenses treated as dark matter
halo objects in Galactic microlensing. We shall consider for illustration the simplest case
which, for the tuning parameter & = 0, resemble Schwarzschild metric. The tuning parame-
ter &40 can be treated as providing an extra degree of freedom distinct from the Schwarz-
schild black hole. In the present work, we investigate the influence of & on the microlensing
observables comparing them with the Schwarzschild black hole lensing. Compared to the
Schwarzschild black hole light curves, those by the acoustic black hole lenses show differ-
ences immediately outside the times the source takes in crossing the Einstein ring. The op-
tical depths and event rates are calculated assuming the black hole lens to be bound and
unbound to the Galactive Bulge and to the Large Magellanic Cloud that contain the lensed
stars. Future experiments on galactic microlensing are expected to impose observational
constraints on &.

Keywords: acoustic black holes, gravitational lensing, light curves
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Introduction. As the important application of gravitational bending, the weak
gravitational lensing and microlensing are becoming a powerful tool in physics,
astronomy and cosmology [1, 2]. The gravity theories and their solutions should be
tested from the gravitational bending effects and weak gravitational lensing obser-
vations [3]. An acoustic black hole is a phenomenon in which phonons (sound dis-
turbances) cannot leave a region of liquid that flows faster than the local speed of
sound. They are called sonic or acoustic black holes because the captured phonons
are similar to light in astrophysical (gravitational) black holes. Sonic black holes
are possible because phonons in ideal liquids exhibit the same properties of motion
as fields such as gravity in spacetime. For this reason, a system in which a sonic
black hole can be created is called a gravitational analog. Almost any liquid can be
used to create an acoustic event horizon, but the viscosity of most liquids creates
chaotic motion, making it almost impossible to detect phenomena such as Hawking
radiation [6].

Methods and materials; results. The spacetime metric for acoustic Schwarz-
schild black hole can eventually be derived as

1

ds? acoustic — _f(r)dtz + F(rydr?

+ 1r2(d6?% + sin? Bdg?), (1)

where function f(r) is defined as:
f(r)=00-2Mr)[1 —é&2Mr(1 — 2Mr)]. (2)

For the fluid velocity to be real, the tuning parameter must satisfy the condition
& = 0.

The purpose of this work is to study Galactic microlensing by acoustic black
holes, when the source stars are in the Galactic Bulge or in the Large Magellanic
Cloud. We shall analyze, partially following Abe [6], the lensing observables such
as the light deflection angle, image positions, magnification, centroid and time de-
lay of images including the probabilistic features such as optical depth and event
rate assuming the acoustic black holes lens to be bound or unbound to our Galaxy.
We shall analyze the behavior of the Paczynskii light curves. In the analysis, the
effects of tuning parameter ¢ will be compared with those of the Schwarzschild
black hole.

Conclusion. The lensing phenomenon by compact objects is an active area of
current research that can help detecting the nature of the lens from the observable
lensing signatures. The present work considered acoustic black holes [7]. These
objects could provide novel applications to galactic microlensing, when the config-
uration is not clean enough, that is, when additional matter-energy distribution sur-
rounds the lens, for instance, dust or some energy field. The analysis shows the the
influence of tuning parameter & which increases light deflection angle. Also
increasing of tuning parameter & leads to increase of Einstein ring and angular Ein-
stein ring. This means that the tuning parameter &, the shorter the time for increas-
ing brightness. Compared to the acoustic black hole, the light curve of Schwarz-
schild black hole is much dimmer.
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