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CTpyKTypa goknaga

[loknap 6yOeT NocBsILLEH pe3y/ibTaTaM TpeExeTHen paboTbl B paMKax

anccepTauMoHHOro NpoeKTa no N3y4eHN0 PeHTreHOBCKUX ABOUHbDbIX 1
OyOeT COCTOATb U3 CNeayrLLnX TPEX YacTeun:

 Yactb 1: HMXBs n LMXBs 1 yem (a, rnaBHoe, 3a4eM) nx easT

 HacTb 2: LMXBs - pesynbTaThbl

 YHacTtb 3: HMXBs — pe3ynbTaThbl



YacTb 1: BBeoeHue
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[Tapa cnoB 0 peHTreHOBCKUX ABOWUHbIX

HMBXs n LMXBs
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HMXBs:

* FpKKe B OMTUKE 3a CHET APKOro
ONTUYECKOro KoOMMnaHboHa

 Chepuueckas akkpeumns ->
NOCTOSIHHbIE UCTOYHUKW

LMXBs:

* BbonbLlUyto YaCTb BPEMEHU HE BUOHbI B
ONTUKE

e [lnckoBasa akkpeuusi -> BCrbllLeYHas
aKTUBHOCTb. CNOKOWHbIE nepunoab|
(quiescent states) cmeHsAOTCA
BcnbilkamMmuy (outbursts)



MoTuBauua nccnenoBaHus

13ny4yeHne oT PEHTFEHOBCKUX ABOWHbIX — CIOXKHas
KOMOMHaUMs BKiaga MHOXECTBA pas3/InYHbIX KOMMOHEHT
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[Image produced with BinSim by Rob Hynes]



MoTuBauna nccriegoBsaHuUsA

BbiOOp MHCTPYMEHTA

CyLuecTByeT MHOXXECTBO METOLAO0B, C MOMOLLbIO KOTOPbIX MOXXHO UCCleaoBaTh BKJiag PasnyHbIX
KOMMOHEHT: QOTOMETPUS, CMIEKTPOCKOMNUS, iImaging, timing v noaspumMmeTpus
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HaonopatenbHble BO3MOXXHOCTMW

Teneckonbl U NHCTPYMEHTbI KOTOPbIE Mbl NCMOJ1b30BaJ1n

Nordic Optical Telescope (NOT) DIPol-UF polarimeter, mounted on NOT

: v

NMouemy DIPol-UF/2?

« TounocTb o 107> (AP ~ 0.001 %)

 OpgHOoBpEeMeHHast NonsIpUMeTPUs B TPEX

nosiocax (BVR)

* Bknag nonapusaymm Heba onTUYeCcKu
YCTPaHEH.

Piirola et al., 2020

La Palma, Canary Islands, Spain Simultaneous Three-color (BVR) polarimeter



YacTb 2: LMXBs - pe3ynbTrarthl



XTE J1118 Swift J1357

*

Hawa Bbioopka BHXRBs

PacnpepeneHne B ranakTrke 1 OCHOBHbIE MapamMeTpbl
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HaGnroaeHus

BHXRB State Observing nights

XTE J1118+480 Q 1 (NOT)
Swift J1357.2-0933 RH* 1 (NOT)
4U 1957+115 S 1 (NOT)

V4641 Sgr RH*, Q 11 (6 - NOT, 6 - T60)
V404 Cyg RH, Q 2 (NOT)
MAXI J1820+070 RH*, S, DH, Q 10 (T60)
MAXI J0637-430 S 3 (T60)

States: Q — quiescence, RH -rising hard, S — soft, DH - decaying hard

*Failed outburst

Optical polarization signatures of black hole X-ray binaries

When P/oc < 5, the polarization degree is

biased towards higher values!

Py = \/P2 — 267, Simmons & Stewart (1985)

0.6

0.5F

0.4F

03F

0.1F

0.0

unbiased maximum-likelihood estimator

0 1 2 3 -+ 5

P=\/q2+u2,%

Kravtsov et al., 2022



Pe3ynbTaTtbl: Swift J1357.2-0933, 4U 1957+115 and XTE J1118+480

Habniopaemasa n cobctBeHHas nonsipuaauns

Swift J1357.2-0933 4U 1957+115 XTE J1118+480
L__1 ISP <0.2% 0.8 Ref A
: ISP < 0.4% Ref B
0.7
S 0.6
IS
<
0.5
0.4
0.3
—-0.4 —0.3 —0.2 —0.1
q, % q, % q, %

Figure 1. Normalized observed Stokes parameters (g, u) for Swift J1357.2—0933, 4U 19574115, and XTE J11184-480 (from left to the right). The blue,
green, and red squares with 1o errors correspond to the B, V, and R optical polarimetric measurements of the targets and the circles correspond to nearby stars.

Optical polarization signatures of black hole X-ray binaries Kravtsov et al., 2022



Pe3ynbTtatbl: V4641 Sgr

We measured the polarization of six nearby
field stars with similar Gaia parallaxes.

The observed polarization of V4641 Sgr is
consistent with the polarization pattern of
nearby stars and shows no dependence on
orbital phase.

From these two facts we can conclude, that
the polarization of V4641 Sgr has an
interstellar origin.
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PesynbTaTtbl: MAXI J1820+070, V404 Cyg and MAXI J0637-430

. MAXI J1820+070
MAXI J1820+070 nokasbiBaeT ClIOXKHOE noBeaeHne coocTBeEHHOW Nonsipnsaunn:

e P~ 0.5% c kpacHbIM cnekTpowm rising hard state
« P~ 0.1% B soft state

int

* OtcyTtcTBMe nonspusaunn decaying hard state
 3HauutenbHasa (0o P... ~ 5 %) cobcTBEeHHaa nonapun3aunsa ¢ CUHUM

1nt

crnekTpoMm B quiescent state (Poutanen et al., 2022, Science)
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Jet-Spin misalignment in MAXI J1820+070
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OueHKn co6cTBEeHHON nonsgpu3aunm ans
3BE3[ BblOOPKU

MToer MOHMTOPMHra LMXBS Source State Pp Py Pr

per cent per cent per cent

XTE J1118+480 Q 1.2+0.8 1.4 £+ 0.8 1.3+0.5
Swift J1357.2—0933 RH* <0.5 <0.4 <04
4U 1957+115 S <0.2 <0.3 <0.3
V4641 Sgr RH% <0.1 <0.1 <0.1
Q <0.1 <0.1 <0.1

* BonbWNHCTBO OBBLEKTOB HE NOKa3asno vty o sos aos a5

CaneTen bCTB Ha_n NYi14 3Hat_| ¥ |V|0|7| MAXI J1820+070 RH1 028+0.01 0.36 +£0.01 0.30+0.01

v RH2 034 +£0.02 0.51+£0.02 0.53+0.02
cobCTBEHHOW NMOSIApmU3anmnn S 0164001 015+001 002001
DH 0.06+0.04 0.134+0.06 0.09 £+ 0.04

g RH“ <0.3 <04 <0.3

* OtcyTtcTBME COBCTBEHHON Nongpusaunm B o Q  32x02  19£02 0901
ONTNHECKOM 'D'VlanaSOHe HaKﬂa.qlal Bact Notes. “Failed outburst. States: Q — quiescence, RH — rising hard,
OrpaH"quMﬂ HAa NMNoTeH LI,VIaJ'I bHbIU BKJ'Ia,EI, Nnon- S — soft, DH — decaying hard
stellar (jet, hot flow, accretion disc) KOMMNOHEHT
B OO CNEKTP 1 LMXB State

: outburst
o .. quiescent _

« Hy>xeH bonee cuctemaTndeckmin n eLle bonee I 1 | (active)
TOYHbIN 0O30p nonAapn3aunn LMXBs, unpolarized polarized unpolarized polarized
ocobeHHO B quiescent state : = : :

XTE J1118 | 1.2 + 0.8%(?) MAXI J1820| ~5% V4641Sgr | <0.2% V404Cyg | ~1%
Swift J1357 <0.2% 1A 0620 > 3% (?) MAXI J0637 <0.2%
V4641 Sgr <0.2% 4U 1957 <0.2%
V404 Cyg | <0.5%(?) + @
MAXI J1820| 0-0.7%

Optical polarization signatures of black hole X-ray binaries Kravtsov et al., 2022



YacTb 3: HMXBs - pe3ynbTaTrhl



LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non
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Orbital variability of the optical linear polarization of the y-ray binary LS | +61 303 and new constraints on the orbital parameters Kravtsov et al., 2020



LS | +61 303

MaccuBHaa peHTreHoBcKasi gBonHasi ¢ Be-3Be3non RV curves of LS | +61 303
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Orbital variability of the optical linear polarization of the y-ray binary LS | +61 303 and new constraints on the orbital parameters Kravtsov et al., 2020



LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non
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LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non
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LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non
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LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non

» [1ns onncaHna HabntogeHNIN Mbl NPEOSIOXXUNN NPOCTENLLYIO
reoMeTpuYeckyto mogesib TOMCOHOBCKOIO paccesHus
A ‘q 0b6nakoM 3NeKTPOHOB, KOTOPOE BpaLLaeTCs BOKPYT
0 LEHTPaSIbHOrO NUCTOYHUKA U3NTYyYEHUS.

« CBOOOOHbIE NAapaMETPbl MOOENN: SKCLUEHTPUCUTET €,
o HaK1IOHeHne opbuThbl I, gonroTta ﬂp n pasa gbp nepmuacTpa,
MO3ULMOHHbIN yros {2 opbuTbl Ha He6e 1 HECKOJbKO

A, HOPMMNPOBOYHbIX MapamMeTpoB
r
A o q = 31—]2 [si 2§ — (1+cos2i)cos 2/1] [1+ecos (/l—/lp)]z,
U = 3? [—cosi sin2A4] [1 + e COS (/l — /lp)]z .

Orbital variability of the optical linear polarization of the y-ray binary LS | +61 303 and new constraints on the orbital parameters Kravtsov et al., 2020



Hawun oueHKn opouTanbHbIX NapamMmeTpoB
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Fig. 1. Radial velocity curves of a) the optical metallic shell

lines: O ... Ondfejov, + ... Struve (1944), Y ... Merrill

(1930, 1949), 0O ... Halliday (1950), X ... Beals (1951),
A ... Doazan and Peton (1970).

b) the UV subordinate shell lines of Fe IT, NiIl, TiII, Ca II,
Mn II, MgII and AlII in the region of SWP IUE camera.
c) the HeIlines: O ... HeI 4471 A, * ... HeI 6678 A.

d) the Fe II (UV 1, 2, 3) resonance lines.

Orbital solutions of the RV curves of Be star in KX And based on the different spectral lines (more details in Stelf et al. 1990).
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Q [degree] 11.6+3.9 17.4+4.0 89 +29 359 + 18 | 176.9+3.7 €.3+5.3 | 309.1+3.6

Orbital variability of the optical linear polarization of the y-ray binary LS | +61 303 and new constraints on the orbital parameters

Kravtsov et al., 2020




LS | +61 303

MaccurBHasa peHTreHoBcKasi ABonHasi ¢ Be-3Be3non

KX And
 —— n Orbital solutions of the RV curves of Be star in KX And based on the different spectral lines (more details in Stelf et al. 1990).
(ol =" S | Element a b C d c f g
 faraieg Period 38.919 38.934 38.918 39.051 38.957 38.974 38.947
o e i b e S b [day ] +.GO1 +.009 +.038 +.119 +.005 +.008 +.006
R A e e 0.496+0.028 | 0.639+.034 0.22+.12 0.66+.15 | 0.570+.026 | 0.591+.038 | 0.515+025
, Q [degree] 11.6+3.9 17.4+4.0 89 +29 359 + 18 | 176.9+3.7 €.3+5.3 | 309.1+3.6
-50} ® 5 . Vsec, M/S
| 100
b ... S0
-100} . - . .1. - O
150+ . : = . - € = OO + 003
000 on 08 1@ 12

| | ] | | | i
Fig. 1. Radial velocity curves of a) the optical metallic shell ""002 0 O.2 Oo4 Oo6 Oo8 1 .O 1 .2

lines: O ... Ondfejov, + ... Struve (1944), Y ... Merrill
(1930, 1949), 0O ... Halliday (1950), X ... Beals (1951), (-p
A ... Doazan and Peton (1970).

b) the UV subordinate shell lines of Fe IT, NiIl, TiII, Ca II,
Mn II, MgII and AlII in the region of SWP IUE camera.
c) the HeIlines: O ... HeI 4471 A, * ... HeI 6678 A.

d) the Fe Il (UV 1, 2, 3) resonance lines.

RV curve of the secondary star in KX And binary (Tarasov et al. 1998).

Orbital variability of the optical linear polarization of the y-ray binary LS | +61 303 and new constraints on the orbital parameters Kravtsov et al., 2020
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Polarized optical emission constrained geometry of Cyg X-1 Kravtsov et al., 2022, in prep.
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Figure 1: Energy-dependent X-ray polarization of Cyg X-1. IXPE detects the linear polar-
ization of the 2-8 keV X-ray emission from the XRB Cyg X-1 with high statistical significance.
The figure shows the polarization degree (PD) and polarization angle (PA) in four energy bands.

The ellipses denote the statistical significance of 68.3%.

Kravtsov et al.,

2022, in prep.
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U = % [—cosi sin2A4] [1 + e COS (/l — /lp)]z.
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Ntorm

LMXBs:

Bbin1 npoBeaéH nonapumeTpudeckmnn ob3op Bbibopkn LMXBs (Kravisov et al., 2022, MNRAS)

Bbino o6Hapy>XeHO OTCcyTCTBUE 3Ha4YMMOWM coOCTBEHHON Nonsipuaaumn y 60blUNHCTBA OOBbEKTOB, UTO
HaknagblBaeT orpaHnveHne Ha npupony onTUYeCKo KOMMOHEHTbI U3TYYEHUST B TAKNX CUCTEMAX

Y ob6bekTa MAXI J1820+070 66151 06Hapy>XeH jet-spin misalignment (Poutanen et al., 2022, Science)

HMXBs:

OOHapy>xeHa nepemeHHas nonspusdaunsa y obbekTta LS | +61 303 (Kravtsov et al., 2020, A&A)

C nomoLlblo MoaennpoBaHust opbutanbHOU NEPEMEHHOCTU ObINIM HANOXXEeHbl OrpaHUYeHus Ha
opbuTanbHble NapamMeTpbl

Y ob6bekTa Cyg X-1 6bina oOHapy)keHa 6onbluas peHTreHOBCKas nonspusauuns, cosnagaroLlas no
HaMpaBfEHNIO C PaanNoO-OXKETOM N BEKTOPOM ornTtunyeckon nonspunsaumm (Krawczynski et al., 2022, in
press)

C NnoMOLL b0 OOHOBPEMEHHbIX BBICOKOTOYHbIX MOSIAPU3ALMNOHHBIX U3MEPEHNIN B PA3HbIX NOYLIapUAX
yOanocb NOoKpbITb BCO opbuty Cyg X-1, 4TO MOXKET NOMOYb OLUEHUTL OpbuTasibHbIie NapamMeTPbl N NMOHATb
npupony cynepopobutaneHbix moaynaunn (Kravtsov et al., 2022, in prep)
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