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Motivation

Geometry and spectral states of low-mass black hole X-ray binaries (BHXRBS)
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Optical polarization signatures of black hole X-ray binaries

Spectrum of BHXRB - product of a complex interplay between
contribution of several components.
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The identification of the different spectral components is essential for
understanding the mechanisms that trigger the outbursts.

Vadim Kravisov



Motivation

Choice of a tool

There are several methods that can be used to identify the contribution of different components:
photometry, spectroscopy, imaging, timing, and polarimetry.
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BHXRBs: previous polarimetric studies

Quick review of recent results

Polarization in the outburst:

« Shahbaz et al., 2016 - V404 Cyg, optical and NIR polarimetry, P, . ~4%, jet origin

— V404 Cyg, optical and NIR polarimetry, no intrinsic polarization
~1%, scattering origin
e \Veledina et al., 2019 - optical polarimetry of MAXI J1820+070, P, .~0.7%, scattering origin

e Janaka et al., 2016
« Kosenkov et al., 2017 — V404 Cyg, optical polarimetry,

Polarization in quiescence:

 Dolan & Tapia, 1989; Dubus et al., 2008, 1A 0620-00,
optical polarimetry, P, .~3%, scattering origin

* Russel etal., 2016 — 1A 0620-00, Swift J1357.2,
NIR polarimetry, P, ~1-8%, jet origin

 Poutanen et al., 2022 - MAXI J1820+070,
optical polarimetry, blue polarization up to P, .~5%,
non-synchrotron origin, jet-spin misalignment(!)

Optical polarization signatures of black hole X-ray binaries
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Our sample of BHXRBs

Galactic distribution and main parameters
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Our sample of 8 BHXRBs
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Observations

The telescopes and instruments we used

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

: v

e

Why DIPol-UF/2?

» Precision up to 107> (AP ~ 0.001 %)
* Simultaneous three-band (BVR)

polarimetry
« SKky polarization is optically eliminated!

Piirola et al., 2020

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

Detailed description

BHXRB State Observing nights
XTE J1118+480 Q 1 (NOT)
: N When P/oc < 5, the polarization degree is
Swift J1357.2-0933 RH 1 (NOT) biased towards higher values!
4U 1957+115 S 1 (NOT) 2 2
V4641 Sar RH*, Q 11 (5 - NOT, 6 — T60) Py = \/P — 20°, Simmons & Stewart (1985)
V404 Cyg RH, Q 2 (NOT) unbiased maximum-likelihood estimator
MAXI J1820+070 RH* S, DH, Q 10 (T60) e
MAXI J0637-430 S 3 (T60)

0.4F

States: Q — quiescence, RH -rising hard, S — soft, DH - decaying hard
*Failed outburst
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Results: Swift J1357.2-0933, 4U 1957+115 and XTE J1118+480

Observed and intrinsic polarization

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.
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Results: V4641 Sgr

Observed and intrinsic polarization

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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Results: MAXI J1820+070, V404 Cyg and MAXI J0637-430

Observed and intrinsic polarization

MAXI J1820+070
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MAXI J1820+070 shows complex behaviour of intrinsic polarization: 1.0
e P~ 0.5 % with the red spectrum in the rising hard state

1

« P..~ 0.1%in the soft state
* No polarization in decaying hard state
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 Substantial (up to P, , ~ 5 %) intrinsic polarization with the blue spectrum % 0'3""‘%\ D )
in the quiescent state (Poutanen et al., 2022) : - i
E
0.1

V404 Cyg shows small ( P,, < 0.5 %) intrinsic polarization during the quiescent

1
state, consistent with the previous measurements

I |1“|"11|

Unbiased maximume-likelihood estimation of soft state polarization of 3 101 INE 5 105
MAXI J0637-430 is zero with 36 upper limitof P, . < 1.1 % Frequency v (Hz)

Poutanen et al., 2022
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Summary

e Most of the sources show no evidences of
significant intrinsic polarization

 The absence of intrinsic polarization at the
optical wavelengths puts constraints on the
potential contribution of non-stellar (jet, hot
flow, accretion disc) components to the total
spectra of black hole X-ray binaries

* High precision optical polarimetry can shed
new light on the radiative mechanisms that

Intrinsic polarization estimates of observed sample

occur in BHXF

Bs.

Optical polarization signatures of black hole X-ray binaries

Source State Ppg Py Pp
per cent per cent per cent
XTE J1118+4+480 Q 1.2 £0.8 1.4 +0.8 1.3+0.5
Swift J1357.2—0933 RH* <0.5 <04 <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
V404 Cyg RH 0.8+£0.3 1.1 £0.1 0.5£0.1
Q <0.5 <0.5 <0.5
MAXI J18204-070 RH1 028 +0.01 0.364+0.01 0.30 £ 0.01
RH2 0.34+£0.02 0.51 £0.02 0.53 £0.02
S 0.16 =0.01 0.154+0.01 0.02 £0.01
DH 0.06+0.04 0.134+0.06 0.09 £+ 0.04
RH* <0.3 <0.4 <0.3
Q 324+0.2 1.9 +0.2 0.9 +0.1
MAXTI J0637—430 S <0.2 - -

Notes. “Failed outburst. States: Q — quiescence, RH — rising hard,
S — soft, DH — decaying hard
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Thank you for your attention!

17 quiescent j

unpolarized
P
XTE J1118 | 1.2 + 0.8%(?)
Swift J1357 <0.2%
V4641 Sgr <0.2%
V404 Cyg | <0.5%(?)

LMXB State l
outburst
(active)
polarized unpolarized polarized
P P P
MAXI J1820 ~5% V4641 Sgr <0.2% V404 Cyg ~1 %
1A 0620 > 3% (?) MAXI J0637| <0.2%
4U 1957 <0.2%
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