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Nature of X-ray transient sources

These are the objects that appear on the X-ray sky and then disappear what
differs them from stationary sources.
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Neutron star with an accretion disk on the orbit

These are the systems which contain compact components of
different nature, white dwarf, neutron star or black hole. X-ray
radiation appears due to accretion of matter on a compact
object.

Causes of X-ray outbursts:

-Thermonuclear explosion of hydrogen on the surface of the
white dwarf (Cl Cam);

-accumulation of matter in the accretion disk near a neutron
star and falling of matter into magnetic poles of a neutron
star where the thermonuclear burning initiates. Pulsar appears
during X-ray outbursts, but it does not manifest itself in the quiet
state (Be stars, BQ Cam, V490 Cep);

-falling of low-mass bodies on a compact object due to
gravitational capture (a comet nucleus or a meteoroid ) in the
detached system (V934 Her, V4641 Sqr).

Targets of this research are high-mass X-ray binaries, the
purpose is to study the evolution of binary components
and search of evolutionary traces in their spectra.



MHorouseTHble (poTOMETPUYECKME HABMOOEHNS NATU MAaCCUBHbIX
peHTreHoBckux cuctem BbinonHeHbl B CAO PAH Ha 1-m
pednektope Llencca, B TAVLL MI'Y Ha 60-cm pedonekTopax
Llencca n Ha 50-cm meHnckoBoM Teneckone KpbIMCKOM cTaHUMn
AULL, a cnekTpockonuyeckne HabngeHusa Ha 6-M Teneckone
CAO PAH co cnektporpadamn UAGS, NES n SCORPIO.

3 13 5 npeacTaBreHHbIX OOLEKTOB SABAANINCH PE3EPBHLIMU B
cnekTpasribHbIX nporpammax Ha bTA.

HabntogeHnus nposoannucek B 2001 — 2012 rogax.

Mbl BOCCTaHOBUNN (POTOMETPUYECKYIO MCTOPUIO MATH
PEHTIEHOBCKUX CUCTEM MO apxmBam poTtorpaduim 3se3gHoro Heba
C NpPUMEHEeHneM LudpoBon 0bpaboTkn N30dpakKeHun.

Multicolor photometric observations of five HMXBs were performed in SAO RAS using 1 m Zeiss reflector, in SAl (Moscow
University) Crimean Station 60 cm reflectors and 50 cm Maksutov telescope; and spectroscopic observations were carried out
with the Russian 6 m BTA telescope with UAGS, NES, and SCORPIO spectrographs.

Three of 5 presented objects were reserve targets in spectroscopic observing programs for BTA.

The observations were performed in 2001 — 2012.

We restore photometric history of five X-ray systems using photographic archives and applied digital reducing of images.



BQ Cam il V0332 +53 ;):);%\r/sitstaﬁ neutron star & pulsar on 34.2
3Be3aa 08-9Ve + HeUTPOHHAA 3Be3aa, Ny/bcap
Ppuis = 4.375 s. Ha opbute ¢ P = 34.2 cyr.

This X-ray outburst was predicted i I'Ipep,CKa3aH|/|ev3Tof/’1
9 months before (ATel 245) PEeHTreHOBCKOM
60 BCMbILWKM 32 9 mecAuesB
ATel 245.
Accumulating disk in the system NCK-HaKonuTenb B
301 H cucTeme.

+ 1 Photometry began just after the date of the
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BQ Cam:
OTOMETPUSA U CNEKTPOCKONUS

Photometry and spectroscopy
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A il 2 : V490 Cep = Cep X-4 (GS 2138+56)
3Be3na B1V-B2Ve + HenTpoHHaga 3Be3aa, nynbcap

e e ¢ Ppuis = 66.24 s Ha opbuTe ¢ nepuogom 20.85 cyT.

ot _—jﬁ'_ I:— b R B1V-B2Ve star + neutron star & pulsar on the 20.85-day orbit
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N306paxeHus Cep X-4 B
PEHTrEHOBCKUX fyyax
(ROSAT/PSPC) B cnokonHOM

COCTOSIHUM M BO BCMbILLKE B UIOHE V490 Cep B onTnyeckom ananasoHe (Llencc-1000)
1993 r. (Schulz et al., 1995)

X-ray images of Cep X-4 in quescence and outburst

V490 Cep in the optical range (Zeiss-1000)



Research history on optical and X-rays

Cep X-4:
NCTOPUS NCCreaoBaHnsi B ONTUKE U B PEHTIEHE

CAO PAH n
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V490 Cep:

UBVR poTOMETPUSA U CNEKTPOCKONUS

Optical outburst
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N306paxeHne V934 Her B
onTnyeckom ananasoHe DSS, R,

none 5 x 5’
Optical image

UBV light curves & RXTE/ASM flux curve

KpuBble bnecka B nonocax
cuctembl UBV n cpaBHeHUe
C KpUBOW PEHTIEHOBCKOIo
NOTOKa Mo AaHHbIM
RXTE/ASM.
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V934 Her (HD 154791) = 4U 1700+24

.- % o 's o KpacHbin ruradT Tna M2 1l + HemTpoHHas
e 0 . ..o . 3BesgaHaopbute c nepuogom 415 gHen.
' T PasgeneHHada cuctema. Het nynbcapa.

M2 1l type red giant + neutron star on the 415-day orbit, detaced system. No
pulsar present.
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V934 Her:

opbutanbHble n3MeHeHUs bnecka
N PEHTIEHOBCKOro NOTOKa

Orbital light and X-ray flux variations
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V934 Her:
MynbTUNepnogmnyeckmne
nynbcaunm KpacHoro
rmraHTa

Multi-periodic pulsations of the red giant
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Pulsation with 28.82 day dominates

Monitoring data of three seasons 2009-2011
and model 4-component representation.
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Count rate, 10° ADU

V934 Her:
cnektp Llencc-1000/YAI'C n npounu nmHum

Zeiss-1000/UAGS spectrum and line profiles
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Cl Cam = XTE J0421+560
3Be3na tuna B4 1lI-V[e] n 6enbin

Kapnuk

TepmMosaepHbIn B3pblB HA NOBEPXHOCTM BENOro
Kapnuka B 1998 .

B4lll-V[e] star + white dwarf

GSC 3723.602

. ' Thermonuclear explosion on the white dwarf surface in 1998
CI Cam
; OnpeneneHve Kwg = 230 km/s
e : 3neMeHToB op6UTHI v =-51 km/s
' 6enoro kapnuka no e =0.62
amuccumn Hell 4686A p = 19.407 day

T=JD 2452199.0
assin(i) = 48108 km
Fuq(M) =12 Mg

Orbital elements of the white dwarf were
determined using Hell 4686 emission
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OpbuTtanbHbI Nepmod 40 1 nocre BCnbIwkn 1998 T.
Orbital period before and after the 1998 outburst
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INlyyeBan ckopocTe (kmic)

WupuHa nuHUK (km/c)

INyyeBan ckopocTb (Km/c)

Cl Cam:

YCKOpeHUNE B BETPOBbIX SMUCCNOHHbLIX
NEW JIMHNAX
2012
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Cl Cam:

OTKpbITUE OBYXMOAHLIX nynbcaunn B[e]-3aBeaabl

Discovery of double-mode pulsations of B[e] star
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3Be3na

[opaHckoro

" star

Goranskij's

V4641 Sgr (SAX 1819.3-2525)

3Be3na tuna B9-AO0 |l ¢ maccon
6.5 My + YepHaga Oblpa c maccou
9 Mg Ha opbute c P = 2.817 OHs

B9-AO0 Il star + black hole of 9 solar mass on the 2.817-day orbit

olo|.

Luyten’s 16 ceHTabpa 1999r.  uepes 30 muH 17 cenTabpa 1999r.
star PaguonHTtepdpepometpua Ha VLA , R.Hjellming, 1999
Sl S VLA radio interferometry
B ot 1978 1999§
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NcTopudeckas kpusas bnecka V4641-5gr

Historical light curve of V4641 Sgr



V4641 Sgr:
apxuBHasa potorpadundeckasa n mHoroupeTHasa N13C-doTomeTpus

Archive photographic and multicolor CCD photometry
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V4641 Sgr:

Mpodounn ammnccun H-anbda
V4641 Sgr B CIOKOMHOM
COCTOSIHUM B 3fIOHrauumu (BBEPXY) B
HWKHEM COeANHEHNN YEPHOM

crie KTpOCKon UA AblPbl, U KOHTPONbHOW 3BE3AbI.
Spectroscopy I /Ic ‘
BBepxy cnekTp, nonyyeHHbln Ha Lleincce-1000 c YAIC B 1.0 |

drase akTMBHOCTU C 3PFEKTOM OTPaKEHUS.

AbcopbuunoHHasa nuHna H-anbda 3anuta aMmccuen.
Absorption H-alpha line is filled with emission. 0.8

BHuay cnektp BTA/YAI'C B HEaKTUBHOM COCTOSIHUM B
HWKHEM coenHeHN YepHou abipbl. B npodune H-anbga
BUOHO MOrnoLieHne rasoBoro noToka OKoNno YepHoWn abipbl.

V4641 Sgr 1996.08.21

HD 315568 (A2)
0.6 va641 sgr2001.07.11

-1000 -500 0 +5 +1000 xm-c?

The absorption component of a gas stream near the black hole was seen in H-alpha profile in the inferior conjunction
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Hawe nccnegosaHme nokasano 6osnbluoe pasHoobpasune
CBOWCTB U ABNEHUWN, CBSA3AHHbIX C HANUYMEM KOMMAaKTHbIX

KOMMNOHEHTOB pasnvquoﬁ npupoabl B MaCCUBHbIX
PEHTIEHOBCKUX CUCTEMAX.

Our research revealed big variety of properties and phenomena connected with presence of
different-nature compact components in HMXBs.

Cnacunbo 3a BHUMaHue

Thanks for your attention



