XXIV MexxdyHapodHas Hay4YHas KOHgepeHLuUs «Pu3suyeckue UHTepnpeTaLuu Teopuy oTHoCUTesbHocTus» 113

YK 524.8

HekoTopble acneKkTbl 3BOJIIOLUU ABOWHbIX nepBUYHbIX YepPHbIX AbIP

EpowieHko FOputi Hukonaesuy 1) eroshenko@inr.ac.ru
CTaceHKo Buktop AmMutpuesuy > vdstasenko@mephi.ru

1 UHCTUTYT aaepHbIX nccnegosaHuim PAH, MockBa, Poccus

2HUAY MUDU, MockBa, Poccus

AnHoTaums. VcciaenoBaHo ciausiHUE JBOWHBIX MEPBUYHBIX YEPHBIX JIBIP B 3BOJIOLHUOHU-
pYIOIIEM rajo TeMHOW MaTtepuu. Eciu mepBHUYHBIC YepPHBIC ABIPHI COCTABIISIIOT JIMIIL Ma-
JYI0 JIOJI0 BCEl TEMHOM MaTepHH, a OCTalbHAsl €€ YacTh COCTOMUT, HAMPUMEp, U3 dJIEMEH-
TapHBIX YaCTHIl, TO BOKPYT Mapbl YEPHBIX IBIP HEU30EKHO JOIDKHO OOpPa30BBIBATHCS M
HapacTaThb CO BPEMEHEM rajio u3 TeMHol Matepuu. [lokazaHo, 4yTO B pe3ynbTaTe Hecde-
PUYHOCTH CHKATHUS CIIOE€B TEMHON MaTEpHH UMEETCS HEMPEPHIBHBINA MOTOK TEMHOW MaTepuu
yepe3 HeHTp rano. [IponeTsl TeMHOM MaTepuu BIMSIOT HA IBOJIOLMIO OPOUTHI MAphl Yep-
HBIX JBIp, OTOUpasi SHEPTUI0 OPOUTAIHHOTO NBIKEHHSA. ITOT d(PPEKT MPUBOIUT K yCKO-
PEHHOMY CYKaTHIO OPOUTHI MAPBI U YMEHBIIICHUIO BPEMEHH JI0 CIUSHUS YEPHBIX JBIP. ITO, B
CBOIO OYepe/b, MPUBOAUT K M3MEHEHHUIO TEMIIa TPAaBUTAIIMOHHBIX BCIUIECKOB, COMPOBOX-
JAIOUINX CIHUSHUS YEPHBIX JIbIP, U MOXET UMETh 3HAUCHHUS JI1 TPaBUTALIMOHHO-BOJIHOBOM
aCTPOHOMHH.

KiroueBble ciioBa: KOCMOJIOTHs, T'PABUTAITMOHHBIC BOJIHBI, TICPBUYHBIC YCPHLIC JbIPHI,
TEMHasA MaTCpuAa

BBenenne. ['unoreza o BO3MOKHOCTH 00Opa3oBaHus B paHHel BceneHHol nepBuy-
ueIx yepHbIX ae1p (ITY]]) Obuia Beickaszana B 1966 r. B pabore f1.B. 3enpaoBuya u
N.J1. HoBukosa [1]. C Tex mop 6b10 pa3paboTaHO HECKOILKO MOJENEN UX 00pa3o-
Banus. [1Y]/] moryt urpath BakHYIO POJb B psiie acTpO(U3HUECKHUX IPOILIECCOB
U B KOCMOJOTMHM. B 4YacTHOCTH, OHM MOryT 0Opa30oBbIBaThb I'PAaBUTALMOHHO-
CBSI3aHHBIC JIBOMHBIE CUCTEMBI, U UX CIUSHUS B Mapax MOXKET OOBSICHATH HEKOTO-
pPYIO 4acTh I'PaBUTAIIMOHHO-BOJIHOBBIX COOBITUN, PETHMCTPUPYEMBIX IETEKTOpPaMHU
LIGO/Virgo/KAGRA. Ecnu ITY/I cOCTaBAsIOT TOJBKO MaJIyl0 Y4acTh TEMHOM Ma-
TEpPUH, TO OCTABIIAsICA TEMHasi MaTepus JOJKHA OOpa30BBIBATH BOKPYT Iap SBO-
JIOIIMOHUPYIOIIEE TaJI0 TEeMHOUM MaTepuu. B nanHo# pabote paccMOTPEHO BIMSHUE
MIOTOKOB TEMHOM MAaTEpUU CKUMAIOILIMXCS CIOEB I'ajlo Ha 3BOJIOLIMIO OPOUTHI Mapbl
YEPHBIX JIbIP B LIEHTPE TaJIo.

Metoabl M1 MaTepuaJbl; pe3yJbTaThl. B padoTe 3anucbiBalOTCS ypaBHEHUS
JUIS DBOJIIOLMA Tajlo TEMHOM Matepuu BOKpyr mnapsl ITY/] u paccmarpuaercs mno-
CJIEIOBATENBHBINA MPOJIET HeCPEPUUECKUX CIOEB TEMHONW MaTepuu MOCIE UX OT-
LIEIJICHUA OT KOCMOJIOTMYECKOI0 PACIIMPEHUs M IepBOro cxkarus. I1oCKoJbKy
CYILECTBYIOT HAlpaBJIeHHs C HYJIEBBIM yIJIIOBBIM MOMEHTOM [2], ciion TemHO# Ma-
TEPUU NPUHUMAIOT YIUIOHIEHHYIO (OpPMY M MPOXOAST Yepe3 LEHTP Tajlo A0 TeX
0P, MTOKa MPOMCXOAUT OTIICIJICHUE HOBBIX CJIOEB (IOKa rajo He CTa0WIn3upyeT-
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cs1). B paboTe paccumraH MOTOK TEMHON MaTepuu 4depes meHTp raio. C moMomupo
HalJICHHOTO TOTOKA BBIYUCIISIETCS BJIMSHUE TEMHON MaTepuu Ha OpOUTY Mapbl
ITY]] ¢ momomrsio popmanusma Keunnana [3].

B kaudectBe (hakTOpOB, ompenenstonmx HechepuyHOCTh CKATHS Tajlo, pac-
CMOTPEHO MPWIMBHOE T'PAaBUTAMOHHOE BIMSHUE HHQISIUOHHBIX BO3MYIIECHHM
IUIOTHOCTH M cocelHuX (10 OTHOIIEHUIO K paccMmarpuBaemoii mape) ITU/]. TToy-
YEHO, YTO MOTOK TEMHOM MAaT€pHH U3 3BOJIOLHOHUPYIOMIErO rajio CyIIECTBEHHO
yckopsiet mporiece cnusiaust [TY]] ¢ maccamu 30 macc Comnra. J{inst oObsicHeHUs
nauubix LIGO/Virgo/KAGRA tpebyercst mpumepHo Ha mopsigok MeHbiine [TU/] mo
CPaBHEHMIO CO CIIy4aeM, KOTJla rajo HE YUYNUTHIBAETCS.

3akiodenue, Pacuer aBomonuu opoutsl napsl [TY/] mokaszan BaXXHOCTh yue-
Ta MOTOKAa TEMHOM MaTepuH U3 OKPY’KAIOIIEro Tajio 4yepe3 obsiactb opOuthl. B
cnydae ITYJI ¢ maccamu mopsiaka 30 mace CofHIla TEMIT CAMSHHUS 3HAYNUTEIIHHO
YCKOPSIETCSI, YTO BaXXHO JIsl OOBACHEHUSI NAHHBIX I'PABUTALIMOHHO-BOJHOBBIX JI€-

tekropoB LIGO/Virgo/KAGRA B mozgensx ¢ TTY/I.
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Abstract. The merge of binary primordial black holes in an evolving dark matter halo has
been investigated. If primordial black holes make up only a small fraction of all dark mat-
ter, and the rest of it consists, for example, of elementary particles, then a halo of dark mat-
ter must inevitably form and grow over time around a pair of black holes. It is shown that as
a result of the non-spherical compression of the dark matter layers, there is a continuous
flow of dark matter through the center of the halo. The passage of dark matter affects the
evolution of the orbit of a pair of black holes, taking away the energy of the orbital motion.
This effect leads to an accelerated contraction of the pair's orbit and a decrease in the time
before the black holes merge. This, in turn, leads to a change in the rate of gravitational
bursts accompanying black hole mergers, and may have implications for gravitational-wave
astronomy.
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Introduction. The hypothesis about the possibility of the primordial black holes
(PBHs) formation in the early Universe was proposed in 1966 in the work of Ya.B.
Zeldovich and I.D. Novikov [1]. Since then, several models of their formation have
been developed. PBHs can play an important role in a number of astrophysical pro-
cesses and in cosmology. In particular, they can form gravitationally bounded bina-
ry systems, and their mergers in pairs can explain some of the gravitational wave
events detected by the LIGO/Virgo/KAGRA detectors. If the PBHs make up only a
small part of the dark matter, then the remaining dark matter should form an evolv-
ing halo of dark matter around the pairs. In this paper, we consider the influence of
dark matter fluxes from shrinking halo layers on the evolution of the orbits of a
pair of PBHs in the center of the halo.

Methods and materials; results. In this paper, we write down equations for
the evolution of a dark matter halo around a pair of PBHs and consider the sequen-
tial passage of non-spherical layers of dark matter after their separation from cos-
mological expansion and first contraction. Since there are directions with zero an-
gular momentum [2], the layers of dark matter take on a flattened shape and pass
through the center of the halo until new layers are split off (until the halo stabiliz-
es). The paper calculates the flow of dark matter through the center of the halo.
Using the found flow, the influence of dark matter on the orbit of a PBH pair is
calculated using the Quinlan formalism [3].

The tidal gravitational influence of inflationary density perturbations and
neighboring (relative to the pair under consideration) PBHs is considered as factors
determining the non-spherical compression of the halo. It has been found that the
flow of dark matter from the evolving halo significantly accelerates the process of
the PBHs merge (with masses of 30 solar masses). To explain the LIGO/
Virgo/KAGRA data, it takes about an order of magnitude less PBHs compared to
the case when the halo is not taken into account.

Conclusion. The calculation of the evolution of the orbit of a pair of PBHs
showed the importance of taking into account the flow of dark matter from the sur-
rounding halo through the orbital region. In the case of black holes with masses of
about 30 mass of the Sun, the rate of merge accelerates significantly, which is im-
portant for explaining the data of the LIGO/Virgo/KAGRA gravitational wave de-
tectors in models with PBHs.
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