PeHTreHOBCKUue HoOBbIe C
yepHbIMM OblpaMu: HaONAeHUS

Ha KaBka3ckou lopHoOW®
obcepBaTopuu FrAULL MIY.

A.M.Hepenawyk
(TAVLL MI'Y)



= 60 net TomMy Hasag, B 1964 rogy A.b.3enbgoBuny
n e.E.Cannutep onybnukosanu
doyHOameHTarnbHble paboTbl N0 HECEPUYECKON
aKKpeuun BellecTBa Ha YepHble abipbl (Y/). 31O
NOMIOXUNO Ha4Yyano HabnaaTenbHbIM
nccnepgosaHuam Y. B Hawem goknage mbl
pacckaxem ob nccriegoBaHuUAX TPaH3NEHTHbIX
MariloMacCCMBHbIX PEHTIEHOBCKUX OBOUHbLIX CUCTEM
c Y[l — peHTreHOBCKMUX HOBbIX.



= PeHTreHOBCKME HOBbLIE. MarioMaccuMBHas
(M=0.3+3 M,.) ontnyeckasa K-M-A 3Be3ga-aoHop
BelleCTBa, 3arnosiHawoLwas cBor nosocTtb Powa un
PENATUBNCTCKUN OOBLEKT (HEMTPOHHAaA 3Be3aa (H3)
nnun vyepHaqa aelipa (YL)), BOKpyr KOToporo
cdhopmupoBanca guck.

= OpbuTanbHble nepuogbl: ot ~09.2
(GROJ0422+32, XTEJ1118+480) go ~33¢
(GRS1915+105).



= Pa3 B HECKOJIbKO NET B PEHTIEHOBCKUX HOBbLIX
nponucxoanT ann3oanvyeckoe yBenmyeHme peHTreHoOBCKOW
cBeTUMOCTN Ha dhakTop 102+ 10° (L, — go 1039 apr/c), co
BPEMEHEM MOoAbEMA CBETUMOCTM B HECKOMNbKO AHEWN U
nocneayrLmMmMm aKCNoHeHUManbHbIM cragomM Ha BpeMeHax
nopsgka HECKOSMbKUX OeCATKOB AHEeN. HeycTonymBoCcTuU B
auncke.

PeHTreHOBCKasa KpuBas
brnecka TpaH3VMEHTHOW
PEHTreHOBCKOW ABONHOM
cuctembl XTEJ2012+381,
nonyyeHHas rpynnou
RXTE/ASM (Hynes et al.,
1998). MnHuBCHbILLKA
npowusoLuna npumMmepHo
yepes3 145 cyToK nocrne
NepBOro AETEKTUPOBAHUS
9TOro TpaH3sneHta Ha RXTE
(Remillard et al., 1998).
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= B CNOKOMHOM COCTOAHUN PEHTIEeHOBCKasA CBETUMOCTb
PEHTFEHOBCKNX HOBbIX BeECbMa Mana: L, = 1030 + 1033 apr/c.
[1Ipy 3TOM B ONTUYECKOM CMNEKTpe ABONHON CUCTEMBI

HabnogaTcs MOLHbIE U LUMPOKNE ABYyropbbie NuHUm
N3nyvYeHusl Boaopoaa, renns U T.n., CBUAETeNbCTBYOLLNE O
HanM4Mmn BOKPYr pensaTMBUCTCKOro oObekTa

BpalLatoLLierocs gmcka.
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= TO eCcTb ANCK BOKPYr pensTUBUCTCKOro 00beKTa
CYLLIECTBYET, @ PEHTIEHOBCKOE M3y4YeHne
HUYTOXHO Mano.

[ Mnotessbl:

AQBEKLMOHHO-AOMUHMPOBAHHbLIN AUCK,
namMmmHapHbIN ONCK — HAKOMNUTENb, ANCK C MOLLHbIM
BETPOM, YHOCALLMM BELLECTBO OT PENATUBUCTCKOIO
obbekTa u T.n.

HepelueHHasa npobnema.



= CBbllLe 2/3 YepHbIX Oblp A0 NocneaHero
BPEMEHN ObINTI0 OTKPLITO B ManoOMacCUBHbIX
PEHTIEHOBCKMX OBOUHbIX (BpeEMSA S0epHOM
aBonuUnn manomaccusHoun 3ee3gbl B ~1000 pas
ONVUHHEe, YeM MacCMBHOW, NO3TOMY OTKPbITb Y/l B
ManoMacCUBHOW PEHTIEHOBCKOW ABOWHOW Boree
BEPOATHO, YEM B MACCUBHOW).

= HaynHaa ¢ 2015 roga "nanbma nepBeHCTBa" B
OTKpbITUAX Y[l nepewna K rpaBUTaLMOHHO-
BONMTHOBOW aCTPOHOMMUMN.



= TeM He MeHee, uccriegoBaHnst PEHTFEHOBCKUX OBOUHbIX
CUCTEM, OCODEHHO PEHTIEHOBCKUX HOBLIX ¢ Y[, He
NoTEpPANN CBOEN aKTyanbHOCTH:

1. NpooonxeHne HaKoNMNeHns
MHdopmMaLmn o0 Mmaccax 3Be3gHbIX
UJl, BbISICHEHME NpUpoabl NpoBarsna
macc Y B gnanasoHe 3 — 5 M.

2. BblACHEHME NPUYNHBI HNYTOXHO Manowu peHTreHOBCKOW
CBETUMOCTM ancka Bokpyr Y B cCNOKOMHOM COCTOSAHUMN.

3. VI3yyeHne aBneHnn HectauMoOHAPHOCTU B PEHTIEHOBCKUX
HoBbIX ¢ Y[l BO BpeMsa CnoKOWMHOW cTaguu.



= B CNOKONHOM COCTOSAHUN B PEHTIEHOBCKUX HOBbIX
CBETUT B OCHOBHOM MarioMaccuBHaga 3Be34a
No3QHero crnekTpanbHOro Knacca, Bknaj
onTnyeckoro ancka sokpyr Y[l cocrtaengaer
~10—-50%. Noatomy HabnogeHUa PeHTreHOBCKUX
HOBbIX B CITIOKOMHOM COCTOSAHMU (Criabble 0OBLEKTH
c V=18—-23 3B.Ber.) NnpeAcTtaBnstoT cobon
TPpyAHyo 3agadvy. Hawm HabnogeHus
OEMOHCTPUPYIOT NpenenbHble BO3MOXHOCTU 2.5-
meTpoBoro teneckona KO AL MIY.



= Ha 2.5-metpoBom Teneckone KMo n 1.25-
MeTpoBOM Teneckone Kpeimckoun ctaHumm 'AVLL
BedeTcsa nporpamma ontundecknx n UK
dooTOMETPUYECKNX HABNOOEHUN PEHTIEHOBCKNX
HOBbIX ¢ Y]]l B CNOKOMHOM COCTOSIHUMW.

= Mbl pacckaxkem o pesynberatax nccnegoBaHuUn
Tpex cuctem atoro Tuna: XTEJ1118+480
(KVUMa), A0620-00 (V616Mon) n GROJ0422+32
(V518Per).



Cuctema: XTEJ1118+480 (KVUMa)

m, Sin3i
= (K7T—=MO)V+BH, p = 04.17, f,(m)= =6.1M,,

Z=1.7 knk (Knk ot B3pbiBa CBEPXHOBOW)
V= 19m,

min
= OnTnyeckune HabntogeHnsa Hos6pb 2017 N NOHL, HOAOPL
2018 rr.: 1,25-m Teneckon Kpbimckon ctaHuun FAVLL, 6e3
cbunsTpoB, A, = 6400 A(4300 —8300 A)

= IK HabntogeHus (aekabpb 2017- anpenb 2018): 2.5-m
Teneckon KO FAVLL MIY, counbtpbl J (A4, = 12500 A) n K
(A, =22000 A). UK — kamepa ASTRONIRCAM.
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Figure 2a. Average phase optical light curves of KV UMa ob-
tained during the season (see Table 1). The data were convolved
using Ephemeris 1.
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Figure 2b. Average IR phase light curves of KV UMa obtained
during the season (see Table 1). The data were convolved using
Ephemeris 1.

CeepTka ontmndeckmx (a) n UK (0)
HabntoaeHnn KVUMa ¢
opbutansHbIM NeEPUOOOM.
Cherepashchuk et al., 2019,
MNRAS 490, 3287.
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Figure 3. Average phase curves of KV UMa in the integral light.
About ~ 1000 individual measurements were used. An error in
an individual observation in integral light was 0.025™ = 0.030™
(in average).

OnTuyeckue
KpuBblE
briecka B
pa3HbIE JMOXM.



Ellipticity
Ell.+disc
Ell.+d.+HS
Ell.+d.+HS+HL
x?=23.2

Residual

Optical star

The adequacy test for models for the C17 light curve. The upper
panel presents the dependences of the residual on the inclination of the
orbit 7 that are minimal over all other parameters, ¢ = 37: ‘ell’ is a ‘purely’
ellipsoidal model — there is no disc with an interaction region; ‘ell4-disc’
is a model with an ellipsoidal donor star and a disc without a hotspot or
a hot line; ‘ell4+disc+HS’ is a model with an ellipticity effect and with a
disc with a hotspot; ‘ell4-disc+HS+HL’ is a model that includes the effect
of an ellipsoidal star, an accretion disc around a black hole with a hotspot
and a hot line. The horizontal line corresponds to the critical value X/%—/n.ﬂ.l')l
within the 1 per cent confidence level. The bottom panel presents a schematic
picture of the model used.

XTE J1118+480 = KV Uma
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An output of the model “ellipticity effect plus disc without hotspot
or hot line’ for the average optical light curve C17 (2017 November) and ¢
= 37 (see Fig. 5). The upper panel shows the contribution of the star and the
disc to the total system luminosity depending on the inclination i. The lower
panel shows the average light curve (dots) and optimal theoretical curves for
i =50°,73°, 84°. For i = 50° the disc contribution is zero. For i = 84° the
contribution is maximal (55 per cent): the disc is eclipsed by the donor star.




Observations
Theory

CpegHue VK kpuBble
briecka ¢ HarnoXeHHbIMU
TEOPETUYECKUMUN KPUBBIMI
bnecka.

0.2 0.4 0.6
Orbital phase

Figure 7. An illustration for residuals from Fig. 5. The & e optical
rve of KV UMa (2017 November) is shown along with optimal

ight curves that correspond to four models of the system: ‘ell” (i

ell4-disc’ (i = 57°), ‘ell4+disc+HS’ (i = 67°), ‘ell4+-disc+HS+HL’




—— Star (1)
——— Disc+hot spot (2)
Hotline (3)
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Bknag pasnuyHbiX KOMMNOHEHT CUCTEMbI B CYMMapHOU
brieck cuctemMbl, BOCCTAHOBIMEHHbIA U3 aHann3a
HabnogaemMbiX KpUBbIX Oriecka.
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Spectra of the non-stellar component in the range A = 6400-22 000 A for q = 37 (left) and g = 73 (right).
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Spectra of the radiation of the accretion disc with the hotspot for ¢ = 37 (left) and ¢ = 73 (right).

CnekTp He3Be3OHOM KOMMNOHEHTLI B cucteme KVUMa,
BOCCTAHOBINEHHbLIN N3 UHTepnpeTaunn ontudeckmnx n VK
KpmBbIX Briecka (A = 6400 + 22000 A)



= I3 nHTEepnpeTaummn KpuBbix bnecka:

1 1
— — )2 - — M
Mg fv(M)(l"' q) e 4 XIM,,

i=74°+4° Mg, =7.1+7.2, M,=0.10 + 0.20.



Cuctema: A0620-00 (V616Mon)

m3 sindi
= (K5)V +BH, p = 09.32, f (M) = =2.7M,,
(M, +m,)?

M,=0.40 M., M, =6.6 M...
V=187,

= OnTndeckme HabntogeHuns (2015 — 2017 rr.): 1,25-m
Teneckon Kpbimckoun ctaHumm FTAULL.
Benbiit ceeT (A, = 6400 A, AN =4300 + 8300 A)

= IK HabntogeHua (2016 — 2017 rr.): 2.5-m Teneckon KO
AL MIY, UK Kamepa ASTRONIRCAM, counestpbl J (A4 =
12500 A) n K (A, 222000 A).
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Figure 2. Photometric data on A0620—00 for the passive (2015-2016, left) and active (2016-2017, right) states folded with the orbital period. From top to
bottom: ‘Clear filter’, and J and K bands. Different symbols refer to the data obtained during different nights (see Table 1).

CBepTKa ontndeckux (Beepxy) n K HabnogeHnn (BHn3y) A0620-00 ¢
opbuTanbHbIM NEpPMOaOM
p=09.32 ana naccuBHoOM ctagum cuctemsl (2015 — 2016 rr., crnesa) u ans

akTuBHoum ctagmm (2016 — 2017 rr., cnpaea). Cherepashchuk et al., 2019
MNRAS 483, 1067.
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Plot showing a schematic representation of the A0620—00 system
at an orbital phase of 0.75, as it appears in the model with an HL having
the parameters from Table 3, being in the passive (left; the C band) and
active (right; the K band) state. Different symbols depict the optical star (s),
the internal (paraboloidal) part of the disc (d), the edge of the disc (e), the
hotspot (hs), and the heated (hl), and cool (cl) parts of the HL.

= MatemaTtnyeckaga moagernb cuctembl A0620-00 B onTnyeckom
anana3soHe (cnesa) u VIK (cnpaea) gnanasoHax.
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The model with an HL. Passive state. Designations are the same
as in Fig. 3. Here (3) is the HL luminosity.

AC 2016-17

0.5 1.0 phase 0.0 0.5 1.0 phase 1 5 1.0 phase

The model with an HL. Active state. Designations are the same

as in Fig. 3. Here (3) is the HL luminosity.

= CpeaHue KpuBble
brnecka A0620-00 c
HaNOXXEHHbIMU Ha HUX
onTUManbHbIMU
TEOPETNYECKUMU
KPUBbIMU A1 NacCUBHOW
ctagumn (BBepXy) u
aKTMBHOW cTaauu
(BHK3Y). NOKasaH Takxe
BKNaa KaXKgou un3
KOMMOHEHT B 00OLLYIO
CBETUMOCTb CUCTEMBI.
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Figure 3. The spotted model of the passive-state A0620—00 system. Top
panel shows the mean observed light curves (not corrected for interstellar phase =0.511 phase = 0.515 phase =0.538
extinction; points) and the simulated light curves. Middle panel represents

the COfltI‘lbl'Jtlon of different components to the total light: donor star '(1) and Figure 4. The spotted model of the active-state A0620—00 system. Panels
accretion disc (2). Bottom panel renders the model of the system at different

orbital phases.

and designations are the same as in Fig. 3.

= Mogenb onTuyeckou 3Be3fbl C TEMHbIMU MATHAMMU.
[TaccuBHasa ctagua (cneea) n akTmBHas ctagms (crnpasa).




= OrinkepuHr

a- Habniopgaemble n
TeopeTnyeckue
KpuBble briecka
A0620-00 B
naccuBHoOW cTaguu
(BBEPXY) U B aKTUBHOWU
cragumn (BHU3Y).

b- PasHocTu mexay
HabngaemMbiMu 1
TEOPETNYECKUMU
KpuBbIMW Driecka ang
naccuBHOW cTaguu
(BBEPXY) U aKTUBHOW
cragumn (BHN3Y).




SP

HL

d=900 pc
d=1060 pc

Figure 8. Restored spectra of the non-stellar component in the passive and
active states in log—log scale. Triangles represent the spotted model (case
a), circles — the HL. model (case b), and filled and open stars — models with
a T = 4400 K optical star and d = 900 and 1060 pc, respectively. Lines

represent least-squares fits with slopes —2.13 for the passive (solid) and
—1.85 for the active (dashed) state.

= CriekTp He3Be3gHon KoMnoHeHTbl B cucteme A0620-00 B gnanasoHe
6400 + 22000A gns aktusHom (2017 r.) n naccusHom (2016 r.) ctagun
F)~ A(21340.1) _ naccrneHas ctaguns

F, ~ A (18501 — akTnBHas ctagms

= AGcontoTHasa cpeHekBagpaTuyHasa amnnutyaa dpnukepudra ans
MacCUBHOW N akTUBHOW cTagumn AF, ~ A236

= CpegHum bneck cuctembl A0620-00 B aKkTUBHOM cTagun BO3pacTaeT Ha
0M.2 +0™.3 NO cpaBHEHMIO C MACCUBHOWN cTagmen (nopsaka amnnnTyabl
perynapHon opbutanbHOM NepeMEHHOCTN bnecka).



[MapameTpbl cuctembl A0620-00:
1=51°, M,=20.4 M., Mg, =7M,



Cuctema: GR0OJ0422+32 (V518Per)

m3 sin3i
= M2V +BH, p=09.21 f,(m) = ~ 1.2M,, .
(m, +m,)?

M,=0.4 M., M, =4 M.
V=22M4,

= HabntogeHua Ha 2.5-m Teneckone KO TAALL MI'Y B
oaHoM duniTpe | (A=8830A).
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= CpeaHsa opbutanbHaa Kkpusasi brniecka V518Per B
dounetpe |. Cherepashchuk, 2024, MNRAS 531, 4917.
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Figure 5. Schematic representation of the GRO J0422 4 32 system for the
mass ratio ¢ = 14 and orbital inclination i = 35° (the remaining model
parameters see in Table 3) as it could be observed at the orbital phase
¢ = 0.76. Three model components contributing to the optical emission are
seen in the figure: the donor star (blue), the accretion disc (red), and the
hot line (swamp green). Bright green marks the projection of the disc side
surface on to the picture plane, purple marks the hostspot. The binary is
rotating counter-clockwise.

= MaTtematunyeckaga moagenb cuctembl V518Per.
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The observed orbital light curve together with the synthetic light curves for different considered temperatures 77 and mass ratios g (see Table 3 and
the caption of Fig. 7). The red lines denote the models with the best-fitting values of the orbital inclination i while the blue and green curves denote models with
boundary values of i corresponding to the critical level of the fit statistic.

= Habniogaemasa cpegHas kpusas bnecka V518Per ¢
HarMoXeHHbIMN Ha HEE TEOPETUYECKMMUN KPUBLIMKU Briecka.
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Model light curves decomposed into contributions of individual system components: the accretion disc (blue), the donor star (red), and the hot

line/hotspot (green) for the four considered cases. The fluxes are in arbitrary units.

= MogenbHble KpuBble Briecka, pasnoXeHHble Ha
KOMMOHEHTbI AN Pa3fnm4yHbIX 3HAa4YeHN NapamMeTpoB

CNCTEMDI.




HangeHHble napameTpbl cnctembl GROJ0422+32
(V518Per):

1=33°+49°, M,=(0.47+£0,21) M,

Mg, =(6.5+£2.9) M.

= 3TOT Anana3oH macc Mg, B npenenax owmnoku
nepekpbiBaeTcs ¢ nposanom (2—5) M, B
pacnpegeneHnmn macc Y, Ho BnNmM3ok K BEpXHEN
rpaHuue atoro nposana SM.,. B pabote Gelino
and Harrison (2003) 6b1510 nosy4yeHo 3Ha4YeHne
Mgy =(3.97 £0.95) M, n 6bIn coenaH BbIBOA, YTO
YUJl B cucteme V518Per ToyHO nonagaeT B npoBar
2 +5M,. Hawm HoBble faHHble NpUBOAAT K Dosiee
OCTOPOXXHOMY BbIBOAY.



Pe3omMe

= Hawmn UK HabnogeHnsa peHTreHOBCKUX HOBbIX B
CMOKOMHOM COCTOSAHUWU NMPOOEMOHCTPUPOBasnu
adhdeKkTMBHOCTb paboTbl 2.5-Mm Teneckona KI'O no
cnadbbim obbekTam B IK ananasoHe.

= [lony4eHbl yTOYHEHHBbIE OLEeHKN macc Y/I.

= [lony4yeHbl cnekTpbl agBEKLUMOHHO-
OOMUHMPOBAHHOIO (7)) gncka sokpyr Y/l B
nuanasoHe 6400 + 22000 A. CnekTp cTeneHHow
F\~ A% roe az=2.



= [JoKka3aHo, YTO XOTH B CTOKOMHOM COCTOSAHUU
PEHTFEHOBCKUX HOBbLIX PEHTreHOBCKas CBETUMOCTb
aucka Bokpyr Y/ oyeHb mMana, B HUX NPOUCXOOAT
OypHble HeCcTauMOHapPHbLIE NPOLIECCHI.

= I3yueH xapaktep VK npperynapHou
NnepeMeHHOCTU 3TUX CUCTEM ANSA UX BbICOKOIO U
HU3KOIro COCTOSAHUA.



= Habnwgaembin cnekTp AUcka B AnanasoHe
6500 + 22000 A: F(A) ~ A2

= CnekTp 4YepHoro tena (Paneun [XXuHc):
F(N) ~ A4

= CrekTp CMHXPOTPOHa (O =2 B CNeKTpe pPenAaTUBUCTCKNX
9JIEKTPOHOB):
F(A) ~ALS
= CnekTp akkpeumoHHoro amncka (Lakypa n CroHgaes, 1973):
F()\) —_ Vl/3 ~ )\—2.3

= F(A\) ~ A2 COOTBETCTBYET U3NY4YEHUIO ANCKA C
rpaBUTALIMOHHBIM SHEPTrOBbIAENEHMEM MNITHOC BO3MOXKHbIN
BKS1aZ, CUHXPOTPOHHOIO U3My4YEeHUSA OT PENSATUBUCTCKUX
oxetoB (Russell et al., 2016 — obHapyXeHne NMIMHENHON
nonapusaunn VK nanydyermnsa ot A0620-00 B CriokOMHOM
COCTOSAHUN).



Cnacub6o 3a BHUMaHue!



