OT1yeT 3a NATb NeT

A.T. KypaHoB
Hay4YHbIN COTPYAHUK
otaesn penaTUBUCTCKON acTPOopU3NKN

13 nekabpsa 2022
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CnansaHMe KOMNAKTHbIX 06bEeKTOB

Ha ocHOBaHMW cepun pacyeToB METOAOM MNONYIALMOHHOIO CMHTE3a MOCTPOEHbI pacnpeneneHuna yaenbHoOro o6bemMHoro Temna
CAUAHUA cucmem 080UHbIX KOMNAaKmHbix 36e30 (H3+4/4 u YA4+4/[) v oxnmpaemoro 4ymcna AeTEeKTUPOBAHMA TaKUX CUCTEM B
Tekywmx HabnwogeHnax LIGO/Virgo O3. PacueTbl NPOBOAUAUCL C Y4ETOM 3BONIOLMM METAaNINYHOCTU 3Be3, (B TOM uncne 1 gns
3Be3/, C Hy/1eBOM MeTann4yHocTblo - Hacenenue lll) u Temna 3Be3a006pasoBaHmnA Bo BceneHHoM.

MoaennposaHue pasaNYHbIX TUNOB PEHTTEHOBCKMUX ABOMUHbIX CUCTEM

 MeTogoM nNONyNAUMOHHOIO CUHTE3a M3y4yaeTca 3BOMOUMA cumbuomu4yeckux peHmMaeHoBCKUX 080liHbix 6 [anakmuke.
MOKa3aHOo, YTO y4yeT HecTauMOHAPHOCTU pexMma KBasu-chepuyeckoln A03BYKOBOM akKpeuuu u3 3Be34HOro BeTpa rMraHta Ha
MeAJ/IEHHO Bpallatowmecas HEeMTPOHHbIe 3Be3Abl B 3TUX WUCTOYHWKAX MO3BOJIAET OnucaTb MX Habnwogaemoe MNonoxKeHue Ha
Avarpamme nepuoj, BpalleHUA HEeWTPOHHOM 3Be3dbl - PEHTIFEHOBCKAs CBETUMOCTb B LUMPOKOM JMana3oHe napameTpos
3Be34HOro BeTpa.

e CraHgapTtHasa asoatouma TAC ¢ yueTom ocobeHHOCTEN aKKpeyuu Ha 3amaz2HU4YeHHble H3 No3BoNAET KONMYECTBEHHO 0OBACHUTD
Habnopgaemble ceonctBa NULX (peHTreHoBCKMEe CBETUMOCTU, nepuoabl BpalieHmnsa H3, opbutanbHble nepuoabl TAC 1 macchl
ONTMYECKUX KOMMOHEHTOB), He TpebyAa AOMONHUTENbHbIX MOAENbHbIX MNPEeANONOXKEHUNM O KOAAMMAUUKU PEHTIEHOBCKOrO
n3ny4yeHma ot H3 ¢ BbICOKOM C HabtoaaEeMOWN CBEPX3AAMHITOHOBCKOW CBETMMOCTbIO.

* MopennpoBaHue ¢yHKyuu peHmeeHosckoli ceemumocmu (PPC) aKKpeumpyolmx HENTPOHHbLIX 3BEe34, M YepHbIX Ablp B
AvanasoHe 10%° <L, <10*! spr/c B 3B8e34006pa3yoLLMX raflakTUKaX M FalakTUKax C Ha4yabHOW BCMbIWKOW 38e34006pa3oBaHus.

MoaenuposaHue asoarounm pasnamuHbix Tmnos TAC

* He-star donor AM CVn stars and their progenitors as LISA sources
e 2020 Galactic population of black holes in detached binaries with low-mass stripped helium stars: the case of LB-1 (LS V+22 25)
* 2018 A young contracting white dwarf in the peculiar binary HD 49798/RX J0648.0-4418"?

14.12.2022



CTaTbM NO CANAHUIO KOMMAKTHbIX 0ObEKTOB

2020 On mass distribution of coalescing black holes
Dolgov A.D., Kuranov A.G., Mitichkin N.A., Porey S., Postnov K.A., Sazhina O.S., Simkin I.V.
Journal of Cosmology and Astroparticle Physics, N2 12, c. 1-18

e 2019 Black hole spins in coalescing binary black holes
Postnov K.A., Kuranov A.G.
Monthly Notices of the Royal Astronomical Society, Tom 483, Ne 3, c. 3288-3306

* 2019 Moments of black hole impulses in merging binary systems
Postnov Konstantin A., Kuranov A.G., Mitichkin N.A.
Physics Uspekhi, Tom 62, N2 11, c. 1153-1161

e 2019 BO3MOHbIE SNEKTPOMATHUTHBIE ABNEHUA NPU CNNAHUUN ABOWUHbIX CUCTEM U3
HEMTPOHHOW 3BE3/1bl U YEPHOU AbIPbI
locmHos K.A., KypaHos A.l., CumKkuH U.B.
[Mncbma B ACTPOHOMUYECKNI KypHan, Tom 45, Ne 11, c. 787-798

2018 Collapse of Rotating Stellar Cores in Single and Binary Systems: From SN 1987A to
. ..Coalescing Black Holes
Postnov K.A., Kuranov A.G., Physics of Atomic Nuclei, Tom 81, Ne 1, c. 146-156
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The 39 new events reported in the catalog are bsted above with their prmary mass in solar masses, m, /M,
mass ratio, ¢ = m,/m,, effective spin perpendicular to the orbital plane, y.g , and distance, D;.

Also listed are the detectors that observed each event (H: Hanford, L: Livingston, V- Virgo) and the mast likely
source classification (BBH: Binary Black Hole, BNS: Binary Neutron Star, NSBH: Neutron Star Black Hole).
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Compact Binary Coalescences from the
first part of the third Observing Run (O3a)
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The 39 new events reported in the catalog are ksted above with their pemary mass in solar masses, m; /M.
mass ratio, g = m, /m, , effective spin perpendicular to the orbital plane, y.g . and distance, D;.

Also listed are the detectors that observed each event (H: Hanford, L: Lavingston, V- Virgo) and the most likely
source classification (BBH: Binary Black Hole, BNS: Binary Neutron Star, NSBH: Neutron Star Black Hoie).
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®opmuposaHue 4/

C-O core mass | / Delayed

Model C Model D
12+ + +
10+ + +

Model R / l
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200} + \

© 50t Vkick = 30 km/s

P

20 40 60 80 100 20 40 60 80 100 20 40 60 80 100

IVIZAMS (MO) IVlZAMS (MO)
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Iv‘ZAMS (MO)

ffb

- 0.6

0.4

0.2

* From C-O core mass:
M,,=0.9 M_,

e + additional fallback from
stellar envelope:

M,,=0.9 (M_.+ AM)

fb = be/(Mfin - I\/Ipro)
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Figure 2: Space density of coalescent rate of black hole — black holes (BH+BH) and nentron star — blac
hole (BH+NS) binaries (per year per cubic Gpe) as a function of cosmological redshift for a range of th
common envelope efficiency parameter aop with taking into account of the star formation rate and stells
metallicity evolution in the Universe. The upper and lower boundaries of the hatched regions correspon
to aog = 4.0 and acg = (L5, respectively. the thick lines correspond to acgp = 1.0, The vertical dashe
lines show the LOGO/Virgo 03 detection horizon for the coalescing compact binaries with componen
masses 5 + L4M; and 1004 10M .
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Figure 3: The expected event rate per year of compact binary coalescences (integrated volume rate up to
distances corresponding to given redshift z) as a function of the limiting redshift (the detection horizon).
The rate is caleulated with an account of the star formation and stellar metallicity evolution in the
Universe and for the assumed common envelope efficiency parameter app = 1. The thick black and
red curves correspond to BH+BH and BH+NS coalescences, respectively. The dashed curve show the
expected number of LIGO/Virgo 03 detections for the average orbit viewing angles Rpypy ~ 2x 10% yr™!
and Rpans ~ 1 yr~! for BH+BH and BH+NS events, respectively, The vertical dashed lines show the
03 LIGO/Virgo detection horizon for binaries with masses 5+ 140 and 10 + 10M,.



CtaTtbu NO PeHTreHOBCKNM UCTOYHUNKaM

e 2022 X-ray luminosity function of accreting neutron stars and black holes
Postnov K., Kuranov A., Yungelson L., Gil’fanov M.
Proceedings of the VAK-2021 conference, Aug 23-28, 2021

* 2021 nonynauun YNnbtPAAPKUX PEHTTEHOBCKUX NCTOYHUKOB B TAJIAKTUKAX:
NMPOUCXOXAEHUE U 3BONMKOUUNA KypaHos A.T., [locmHos K.A., KOHzenbcoH J1.P.
MAXK Tom 47, Ne 12, c. 866-891

« 2020 NONYNALUMUOHHbIA CUHTE3 Y1bTPAAPKMUX PEHTTEHOBCKUX NCTOYHUKOB C
3AMATHUYEHHbIMU HEMTPOHHbIMUW 3BE3AAMMU
KypaHos A.I., [locmHos K.A., KOHz2enbcoH /1.P.
[MAX, Tom 46, Ne 10, c. 702-720

* 2019 Wind-accreting Symbiotic X-ray Binaries
Yungelson Lev R., Kuranov Alexandre G., Postnov Konstantin A.
MNRAS, Tom 485, Ne 1, c. 851-860
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ULX

YnbTpaapKue pPeHTreHOBCKME UCTOYHUMKK (ULX) TOYe4yHble pPeHTreHOBCKue
MCTOYHMKM, L, > 103% apr/c (0.3-10 K3B)

ULX 6bian oTKpbITbl obcepBaTtopmnen Einstein B Hayane 1980x rr. (J/loHr u BaH
Cnenbpyk, 1983)

ULX HabntoaatoTca Kak B CNUPAsibHbIX M HEMNPAaBU/IbHbBIX, TAK U B 3/IIMNTUYECKUX
raNakTukax. Haubonee sApkne ULX BCcTpevatoTcas B rasakTUKax  Cco
3B€31000pa30BaHMNEM.

3TO peakne obbeKTbl - B NOKanbHOM BceneHHon (40 MnNK) Ha ranaktuky (BHe
3aBUCUMMOCTU OT TUNA) NPUXOAATCA NPUMEPHO ABa KaHAamaaTa B ULX.

B MneyHom [lyTM m3BECTEH €AUHCTBEHHbLIA TPAH3MEHTHbIM MUCTOYHUK  Swift
J0243.6+6124 (KeHHea n ap. 2017).

KaTtanor (YontoH u ap., 2021) copepxunt 1843 kaHamnaata B ULX B 951 ranaKktuke.



TTpupoaa ULX

YepHble Ablpbl MPOMEXKYTOYHbIX Macc akKpeuupytowme ¢ cyb63aaMHITOHOBCKOM CKOPOCTbIO.

®abpuka n Mewepakos (2001) n Kuur n ap.,(2001) He3aBMCMMO NPEANOAOKUAN, YTO
Habnogaemble  CBEPX3AAUMHITOHOBCKME  cBeTUMocTM  ULX  aBndioTcs  pesynbTaTtom
bGOKYCUPOBKN U3NYYEHUA CBEPXKPUTUYECKUM aKKPELMOHHbIM AMCKOM BOKPYr K.O. 3B€34HOM
MacChbl.

C OTKpbITMEM NY/NbCUPYIOWErO0 PEHTreHOBCKOoro usnydyenHma ULX (bakettm m ap.,2014)
NnoATBEPAMNOCH, YTO He ToNbKO BH, HO 1 3amarHnyeHHble NS B TECHbIX ABOMHbIX CMCTEMAX
MOTYT ObITb aKKPELUMPYIOLWLMMN KOMMOHEHTamu ULX.

Mpupoga ULX akTMBHO 0bCyKaaeTtcs.
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XapakTtep akkpeumum Ha KO:

229Gyr  eccentricity: 0.0




o1, The 10N P

~[Hurley et al. 2000, 2002]

Main assumptions for initial population:
7=0.02

Binarity rate: B=0.5

Salpeter IMF, 0.1 < M/M, < 100

Flat f(q)
f(logP) ~ log,,P9>° [Sana et al. 2012]

[B. Paxton et al. 2011]

Formation of NS: M =1.4 M,
Natal kick: V(NS) — Maxwellian, 0=265 km/s
[Hobbs et al. 2005]

Distribution of magnetic momenta of nascent NS:

2
flp) = l _ ;exp ((H’]H —In pg) ) |

L oV2m 252
In g = 30.35, o =0.55
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AKKpeuus Ha H3
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[Postnov et al. 2018; )
Grebenev 2017.]
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M per cell per solar mass
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CpasHeHusa ¢ HabnroaeHuamm NSULX

N per cell per solar mass N per cell per solar mass
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Ouckoeag akkpeumsa Ha KO

PeHTreHOBCKGA CBETUMOCTDb

[Ouckosaa HeyCTOUYUBOCTH

* LX —_ O.lMXCZ, Mx< MEdd

1+In mo
b

* Ly = Lgga(Myx) , My > Mgqq

b = max(1073,73 /m3)
o=Myx/MEgqq

[A.R. King, 2009]

¢ MX < MCTit [G. Dubus, et al., 1999 ]

o M 0.5 ‘H1 —={0.2
ﬁ,fg',.:lxz_t:uxm"‘(m—') (W) Py’

Poutb = Atoutb/ (Atoutb +At)
ﬁfoutb — J-{dzsﬁc/:“-{x
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TTpumep Tpeka MESA
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YucnenHHoctb ULX
B MOMEHT
BpemeHu 10 mnpa.
NeT nocne Havana
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Monen Mexanuzm o(vk) - N N N N N
| JACJIb Lee
obp. K.0 (km/c) ULX BH_ RLOF BH_ wind NS RLOF NS_wind
C265-05 cO 265 0.5 0.88 0.40 0.03 0.44 0.007
(0.76) (0.32) (<10—3) (0.44) (2 x 10—1)
C265-1 265 1.0 1.49 0.36 0.62 0.51 0.008
(0.76) (0.25) (0.005) (0.50) (2.4 x 10—9%)
C265-4 265 4.0 3.38 0.02 0.10 3.15 0.101
(3.31) (0.02) (0.063) (3.14) (0.09)
C30-05 30 0.5 1.58 1.08 0.05
(1.22) (0.78) (0.004)
C30-1 30 1.0 1.84 0.72 061
(0.96) (0.44) (D.OI7)
C30-4 30 4.0 3.51 0.04 0.22
(3.43) (0.03) (0.172)
D265-05 Delayed 265 0.5 0.75 0.11 0.19 0.44 0.007
(0.54) (0.10) (0.001) (0.44) (2 x107%)
D265-1 265 1.0 0.78 0.07 0.20 0.51 0.008
(0.56) (0.05) (0.001) (0.50) (2.4 < 10—%)
D265-4 265 4.0 341 0.04 0.11 3.15 0.101
(3.27) (0.04) (0.004) (3.14) (0.09)
D30-05 30 0.5 0.89 0.15 0.29
(0.54) (0.10) (0.00)
D30-1 30 1.0 0.88 0.07 0.29
(0.54) (0.03) (0.005)
D30-4 30 4.0 3.49 0.04 0.20
(3.29) (0.02) (0.042)
R265-1 Rapid 265 1.0 0.81 0.07 0.23 0.51 0.008
(0.57) (0.05) (0.008) (0.50) (2.4 x 10—%)
R30-1 30 1.0 0.63 0.03 0.09
(0.53) (0.02) (0.003)
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MoaennposaHue 3BoAKOUMU pasnnydHbIX TUNoB TAC

e 2022 He-star donor AM CVn stars and their progenitors as LISA sources
Liu W.M., Yungelson L., Kuranov A.
Astronomy and Astrophysics, Tom 668, c. A80

e 2020 Galactic population of black holes in detached binaries with low-mass stripped helium
stars: the case of LB-1 (LS V+22 25)
Yungelson L.R., Kuranov A.G., Postnov K.A., Kolesnikov D.A.
Monthly Notices of the Royal Astronomical Society, Tom 496, Ne 1, c. L6-L10

« 2018 A young contracting white dwarf in the peculiar binary HD 49798/RX J0648.0-4418?

Popov S.B., Mereghetti S., Blinnikov S.I., Kuranov A.G., Yungelson L.R.
Monthly Notices of the Royal Astronomical Society, Tom 474, c. 2750-2756
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Figure 1. Model probability (per Mz) of finding LB-1 systems
(colour scale) on HRD. Overplotted is an evolutionary track of the
visual component crossing HRD close to position of LB-1 (error

bars) suggested by Irrgang et al. (2020). Thick solid lines mark
H- or He-shell burning phases.
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Figure 3. Distributions (per Mg) of combinations of component
masses and orbital periods of LB-1 type systems. Dashed line
shows distribution over periods if no mass is lost via L;. Blue
lines show the range of estimates of Mo and Py,



OcHoOBHbBIE pe3VJabLTAThI 32 nmocjaeanue S Jjert (2018-2022 rr.):

MGTOI[OM IMOIIYJIITNUOHHOI'O CUHTC3a UCCIICAYCTCA 3BOJIOITNHN HBOﬁHBIX CUCTCM pPA3JIMYHBIX MACC U Pa3HOIO
Ha4aJIbHOT'O XUMCOCTAaBa, C ACTAJIbHBIM YYCTOM Bp&HI&TCJ'IBHOﬁ SBOJIIOOMHN 3aMarHn4CHHBIX HCﬁTpOHHBIX
3BC3/ B pA3JIMYHLIX PCIKHUMAX.

PacyeT NCTOYHHKOB ¢ MAaKCUMAaJIbHOM CBETHUMOCTBIO (B T.4. CBEPX3IIMHI TOHOBCKOM). Pe3yabTaTsl MO3BOJISIOT
KOJIMYECTBEHHO O00BsiCHUTHh HaoOmomaembie cBoiicTBa NULX (peHTreHOBCKHME CBETUMOCTH, IEPUOIBI
Bpamenus H3, opOutanbabie nepuoabl TIAC © Macchl ONTHYECKUX KOMIIOHEHTOB), HE TpeOys
JOIIOJHUTENBHBIX MOJAEIBHBIX MNPEANONOKEHUN O KOJUIMMAlMU PEHTTEHOBCKOTO u3iny4yeHus or H3 ¢
BBICOKOW C HAOJIFOMAEMOM CBEPXIIJIUHI TOHOBCKON CBETUMOCTBIO.

[IpousBeneno MoaenupoBanue PyHKIUH peHTTeHOBCKOH cBeTUMOCTH (PPC) aKkkpenupyronmx HeUTPOHHBIX
3Be31 M 4epHBIX JbIp B amama3zoHe 107M{35} <LX <10"{41} spr c—1 B 3Be37000pa3yroNuX TrajakTHKaX |
rajJakTHKax ¢ HayaJbHOM BCIBIIMIKOM 3Be3m000pa3oBanus. ®PC B rajakTukax 000MX TUMOB B OOIIMX YepTax
BOCIIPOU3BOIAUTCS C UCIOJIb30BAHUEM CTAHJIAPTHOW MOJIEIN 3BOJIFOIIUMN JIBOWHBIX 3BE3I.

Ha ocHOBaHMM ceprM pacdyeTOB METOJAOM MOMYJISIIIMOHHOTO CHHTE3a MTOCTPOCHBI PACTIPEICIICHUS YIEIBHOTO
00BEMHOI0 TEMIA CIUSHHUS CUCTEeM JABOMHBIX KoMnakTHBIX 3Be3d (H3+Y/ u UJ+Y /1) u oxumaeMoro uyucia
JICTEKTUPOBAHUS TakKuX cucTeM B Tekymmx Habmonenusx LIGO/Virgo O3. PacueTsl MpoOBOAMIKCEH C YUETOM
SBOJIIOIUY METAILIMYHOCTH 3Be3]1 (B TOM YHUCJC U JUIS 3BE3]] C HyJeBOM MeTallInuyHOCThIO - Hacenenue 1) u
TeMIIa 3Be3/1000pa3oBaHus BO BceaeHHOM.

B pe3ynbrare BBINOJHEHUS  UCCICIOBAHUM  pa3paboTaH TUOPUAHBIA  IOMYJSIHAOHHBIA  METOJ:
MOMYJISIMUOHHBIM CHUHTE3 (MCMOJb30BaHUE MOAU(PUIMPOBaHHBIX Koja0oB BSE u Mammna Crenapuen)
COBMECTHO C IIpOrpaMMaMHU JIeTalIbHOH 3Be3HOM »Bomonun (kox MESA).
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PA3BUTUE METOLOB PACHETA

[B. Paxton et al. 2011]

Po@[\j Home AL
L

POSYDON : POpulation SYnthesis with Detailed binary-
evolution simulatiONs

A next-generation single and binary-star population synthesis
code incorporating full stellar structure and evolution modeling
with the use of MESA.

[T. Fragos, V. Kalogera et al. 2021]
https://arxiv.org/abs/2212.03032



http://mesa.sourceforge.net/

< C {y @& istinamsuru/home/ Q 2 w % O o
o AHgekc MmMnopTuposaHo W. Derm @ IMEl Web site Kazakhstan VaVa B YouTube - Broadcas.. @ YouTube - Splin - R.. kuranaw rrnu lti chrana youtube »
D B sawei ouepegy ooSaeEneHMa HaxoguTeA 1 nyGnukayus. JofaEwTs cCIeayiowyio MyENUEALMID  D4MCTMTE DYEDENL CKpbITL BCE CKpbITE "
OTNPAEWTE
coosLiEHe KypaHoB AnekcaHap leHHaaneBny nonsaosarens PaBoTa ¢ CHCTEMO
bannoe: 2117,12 MoK pesynETaTsl

PepnakTipoBaTs npodmnb
MY mmenu M.B. Nomorocosa, MNocygdapcTEeHHEIl AaCTPOHOMUYECKMI MHCTUTYT UMEHKM  Non oTueTsl

MK WrepHbepra, OToen peNATUEMCTCKOR acTpOUMAMKM, HayYHBIR COTRYLHWE, ¢ 1 KoHEypCh
anpznAa 2001 DocTiokeHus

MNepeftd Ha CTpaHKULY NOAPasAENSHIA MocnenHue 0ofaEneHHLIE MHOW PE3yNETATH
KARAWGAT PUIMKO-METEMATHYECKUX Ly — SrcnopT nySPYKaLE & BibTaX
Coaeropel: MocTHoe KA., Mpoxopoe M.E., Yungelson LR, Monce C.E., Ignatiev V.BE.,  Mon EosmeHeE AySndkaTsl
Cimarme WMLB, Tycee A B, KonecHukoe 0A  Mutiakun H A Gil'fanov M., Liv WM., MoK NOTERAHHENE CTATEH
Meregheﬂi 5., Perna RB. noxzzats nonvocTen... MHeTpykLMA no paBoTe ¢ cucTemoi

44 craten, 17 goknagoe Ha kondeperynax, 11 HWP 1 gucceprauus
KonuuecTeo UMTHpOEaHWA CcTaTel B xypHanax no ganHen Web of Science: 277, Scopus: 226 orgaa sanies st usens?

IstinaResearcherlD (IRID}): 415452

[NocnegHne aobaeneHHse DBEDTI:I Bee pafoTel  NOMOLWE MO 3ToR CTPAHWLE

CTATEM B MYPHANAX

* 2022 He-star donor AM CVn stars and their progenitors as LISA sources
Liv WAL, Yungelzon L., Kuranov A
B #¥ypHane Asfronomy and Astrophysics, w3gatensCcTeo Springer Verlag (Germany), Tom 668, c. ASD DOI

CTATEM B CEOPHMKAX

2022 X-ray luminosity function of accreting neutron stars and black holes

Postnov K., Kuranov A, Yungelson L., Gil'fanov M.
https://istina.msu.ru/organizations/department/275740/ 1GopHuke ASTRONOMY AT THE EPOCH OF MULTIMESSENGER STUDIES. Proceedings of the VAK-2021 conference, Aug 23-28, 2021, MecTo H30aHua -
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