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OcHoBHble pe3ynbTaThbl

1. CospgaHn kog cuHTesa Kpuebix bnecka Discostar gns mogenmpoBatus
opbrTanbHbIX KPUBbLIX BAECKA U PEHTFEHOBCKOW MOAYNALNN NOTOKA
PEHTIEHOBCKUX ABOWHbLIX CUCTEM C U3MMOHBLIM aKKPELIMOHHbBIM
LNCKOM.

2. ObbsicHeHa 35-gHeBHash MOAYASILMS ONTUYECKNX KPUBbLIX briecka
cuctemsl HZ Her/Her X-1 B pamkax mogenu npeueccupyowero,
B3aMMOZENCTBYIOWEro C MarHMToCepoil HEMTPOHHON 3Be34bl,
aKKPELIMOHHOTO ANCKa.

3. ObbscHeHa opbuTanbHasi MOLYASILUS PEHTIEHOBCKOro noTtoka Her
X-1 B cocTosiHUM MUHUMUMYMa 35-4HEBHOTO LKA MO gaHHbLIM
n3mepenuii cnytHuka SRG/eROSITA.

4. ObbscHeHa 35-gHeBHas MOLYNSALNS HAaCTOTbl PEHTrEHOBCKOMO
nynbcapa Her X-1 no gaHHbIM n3mMepeHnii cnyTHuka Fermi B pamkax
MOAENN TPEXOCHOW CBODOAHOI Npeueccun HETPOHHON 3BE3abI.

5. Mo pesynbtatam pabotel Hag HZ Her/Her X-1 ycnewHo 3awmuieHa
LMCCepTaLMsi Ha COMCKaHWe CTEMEeHN KaHamaaTa
pn3nKo-MaTEMATUYECKUX HAYK.



Uhuru: discovery of X-ray source Her X-1 (2U 1705+34)

November, 1971 — first detection of X-ray source in the constellation
Hercules!, ~ 50 years ago

NGC 6624

The fourth Uhuru catalog of X-ray sources Riccardo Giacconi
Forman et al., 1978 and Uhuru

Tananbaum et al., 1972



Uhuru: Her X-1 pulsation
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The counts accumulated in 0.096-second bins. The heavier curve is a minimum
x? fit to the pulsations?

2Tananbaum et al., 1972



Uhuru: Her X-1 pulse arriving time
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O-C for time of occurrence of a pulse. Orbial period is 1.7 days.

3Tananbaum et al., 1972



Scheme of the X-ray binary HZ Her/Her X-1

Accretion disk

Donor star



Orbital modulation of the optical flux
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First optical light curve by the glass photoplates of the Sternberg Astronomical
Institute®

4Cherepashchuk et al., 1972



35-day cycle

X-ray flux, count cm? s~*
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35-day modulation of X-ray flux by Swift/BAT



35-day cycle
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Precession phases of the outer parts of the accretion disk
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35-day X-ray flux modulation



DBositoumns opbuTanbHbIX KpUBbIX briecka ¢ dasoii
35-aHeBHOro UnkKna

Hauano rnastoro skntodernsi (Main-on) npusaTto 3a Hadvano
35-gHeBHOro uukna (guckpetHas dasa 0)
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N3mepeHHbili oTHOCUTENbHBIV NOTOK B hubTpe B n V kak dyHKums
opbuTansHoii thasbl, pacnpegenértbiii 20 guckpeTHbimM dasam 35-gHeBHOro
umkna (0-19)



I
Modelling of the B and V orbirtal light curves



Koa cuHTe3a cnHTe3a KpuBbIX bnecka

N3rubHelii, npeueccrpytownii akKpeLnoHHbIi anck>
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Shttps://github.com/eliseys/discostar


https://github.com/eliseys/discostar

Mogenb akKpeLnoHHOro Amncka

Yron npeueccun P
TonwmHa BHewHero kpass H

HaknoH BHewHero kpasi
K opbuTansbHoii nnockoctu B,
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Cxema aKKpeLmoHHOro Ancka




Parameters of the disk

7 fixed at descreet values
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Inclinations 6, and 6,,;
and specific flux Fp v
are free parameters
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Magnetic torque, acting on the disk®

K,=0:

_ 4’ _
K cos a(3 cos B—1)[ng, ng By = arccos v/3/3 ~ 54.7°
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Two-axial free precession in the model developed by Postnov et al. 2013

SLipunov & Shakura 1976; Lipunov et al. 1981; Lipunov 1987



Magnetic torque K, and angle Z
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Synthetic light curves of HZ Her’
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Measured B and V relative flux as function of the orbital phase, distributed over
20 discreet phases of 35-day cycle (poins) and theoreticla light curves (lines)

"Kolesnikov et al. 2020



1
Modelling of the orbital modulation of Her X-1
X-ray flux at low state by SRG/eROSITA data



First and second X-ray all-sky survey by SRG/eROSITA

Observations of Her X-1 at first survey occured in 2020 March, 5-7; at
second survey in 2020 September, 4-6.
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Her X-1 X-ray flux by Swift/BAT. Verticla lines — time of SRG/eROSITA
observations.



Low-state orbital modulation
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X-ray flux during the First and Second all-sky survey measured by
SRG/eROSITA. Solid vertical lines indicate orbital phase 0.



X-ray scattering zones®

1. Corona above irradiated part of the donor star
2. Corona above accretion disk
3. Optically thick atmosphere of the donor star
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Scheme of HZ Her/Her X-1

8Basko & Sunyaev 1973; Basko et al. 1974; Boukapes 1989; Boukapes u Kapuukas 1992



X-ray scattering zones®

1. Corona above irradiated part of the donor star

2. Corona above accretion disk

3. Optically-thick-atmosphere-of the donor-star
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9Basko & Sunyaev 1973; Basko et al. 1974; Boukapes 1989; Boukapes u Kapuukas 1992



X-ray scattering zones'®

1. Corona above irradiated part of the donor star

2. Corona-above-aceretion-disk — const
3. Optically-thick-atmosphere of the donor-star
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10Basko & Sunyaev 1973; Basko et al. 1974; Boukapes 1989; Boukapes u Kapuukas 1992



Results of the modelling®!
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Hghakura et al. 2021



1
Evidence for neutron star triaxial free precession in
Her X-1 from Fermi/GBM pulse period
measurements



Her X-1 pulsar frequency measurements
Short-term (~35 day) amplitude %p ~ 0.5 pHz
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Long-term pulsar frequency measurements

Long-term (4000 days) pulsar frequency variations

;7(:) 5—10 puHz.

The frequency of the pulsar is represented as the sum of the long-term

and periodic variations:

Q(t) = Qo(t) + 092(2)
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Measured Fermi/GBM pulsar frequency of Her X-1 during more than 4000 days.

Gray line indicate the long-term frequency variations
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Triaxial free precession’?

I < I, < I3 — principal inertia
moments. Path of the vector Q is
described by the following equations:

0 2EL — M
=,/ = cnr
! L(I; - L)
N 2EL — M
=,/ =—/———snr
"\ L(h -k
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Q3 =4/ ———=dnr
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where cn7, sn7, dnT — Jacobi elliptic
functions, 7 — dimentionless time

12| andau & Lifshitz, 1976

Path of the vector 2 on the surface of the
NS



Assuming magnetic pole N as the dominating source of X-ray radiation
during Main-on:

where @ is precession angle:

Path of the vector € and precession angle ®



Intervals with constant NS free precession period

Measured pulsar frequency v, uHz
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Fixed parameters of the model

Triaxial free precession model parameters fixed during the fitting inside A-th data

intervals with constant 35-day cycle duration P

Parameter Symbol | Value

© and I3 axis misalignment Yo 50°

at zero free precession phase

Coordinates of the Ny 90°
magnetic pole N Ny 30°
Fractional moment inertia difference (L — L)/ | AL 3x 1077




The best-fit model
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The best-fit model
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The best-fit model
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Cnacubo 3a BHumaHune!
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