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Abstract

The PING-M experiment is designed to investigate solar X-ray activity. The instrument includes a hard X-ray polarimeter (PING-P),
a hard X-ray spectrometer (HXRS) and a soft X-ray spectrometer (SXRS). PING-P has the energy range of 20–150 keV and an effective
area of about 2.5 cm2. It uses three organic scintillation detectors as active scatterers, which work in coincidence with six absorber detec-
tors, based on CsI(Tl) scintillator. This technique allows us to considerably improve the polarimeter sensitivity. HXRS has the energy
range of 20–600 keV and an effective area of about 15 cm2. It is based on a fast inorganic scintillator (LaBr3(Ce) or CeBr3) with a rel-
atively high energy resolution of 3.5–4.5% at 662 keV. The SXRS energy range is 1.5–25 keV, and its aperture is ø0.1 mm, which provides
the registration of solar flares in the range from C1 to X20 class of GOES scale. It is based on a SDD semiconductor detector with an
energy resolution better than 200 eV at 5.9 keV line. The experiment will be performed onboard the Russian interplanetary mission Inter-
helioprobe which is planned for launch after 2025.

The instrument will allow us to investigate angular and energy distributions of accelerated electrons, plasma heating processes, etc.
Stereoscopic polarimetry and spectrometric observations will be possible if a similar instrument is installed onboard a near Earth satel-
lite, or the second probe of the Interhelioprobe mission.
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1. Introduction

Solar X-ray emission measurement is the most valuable
diagnostic tool for investigation of plasma heating and par-
ticle acceleration processes that occur during solar flares.

The accelerated electrons that propagate along the mag-
netic loop interact with ambient plasma and generate

bremsstrahlung X-ray, which dominates in solar flare spec-
tra in the energy range over a few tens of keV. Hard X-ray
observational data (so-called non-thermal emission of the
flare) can be used for a reconstruction of electron flux spec-
tra, e.g. via forward fitting or regularized inversion meth-
ods (Kontar et al., 2011). However, downward emitted
photons, which are backscattered by the photosphere
(albedo photons), contaminate the observed bremsstrah-
lung spectrum and lead to wrong estimation of electron
spectral parameters. High resolution spectral observational
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data are necessary to separate the albedo contribution from
flare spectra (Kontar et al., 2006a).

The measured hard X-ray spectra strongly depend on
the angular distribution of electrons and the observation
angle (the angle between the observer direction and the
electron beam propagation direction). There are several
spectrometric approaches to study the electron beams ani-
sotropy: a statistical analysis of the dependence of X-ray
spectrum hardness on the observation angle (or the flare
position on the solar disc), simultaneous measurement of
solar flares from different directions (stereoscopic tech-
nique) and the discrimination of direct and backscattered
bremsstrahlung X-ray (‘‘Compton mirror” technique).
The statistical approach shows a clear center-to-limb vari-
ation of the spectral parameters, e.g. Bogovalov et al.
(1997), Kasparova et al. (2007), while the stereoscopic tech-
nique suffers from cross-calibration issues between different
instruments and doesn’t show a clear correlation (Kane
et al., 1998). The ‘‘Compton mirror” technique showed
near-isotropic electron distributions for at least two flares,
which contradicts the standard solar flare model (Kontar
and Brown, 2006b).

Theoretical models show that X-ray emission generated
by an anisotropic electron beam is polarized. The polariza-
tion degree may vary from a few per cent up to 60%
depending on the angular and energy distribution of accel-
erated electrons and the observation angle (Bogovalov
et al., 1988). The plane of X-ray polarization contains the
electron propagation direction and the observation direc-
tion. The polarization degree of emission generated by elec-
trons with isotropic angular distribution is much less (<5%)
and it does not strongly depend on the energy distribution
of electrons and the observation angle (Bai and Ramaty,
1978). For these reasons, polarization measurements of
solar flares can be used as a method of electron anisotropy
detection. The total polarization degree depends on the
energy distribution of bremsstrahlung X-ray and may
include backscattered X-ray polarization (Jeffrey and
Kontar, 2011). Therefore simultaneous precision spectro-
metric measurement is necessary to make the interpretation
of measured data more reliable.

Since 2000 only three space instruments have measured
the polarization of solar hard X-ray emission. The SPR-N/
CORONAS-F instrument measured the polarization of 25
flares in the energy range 20–100 keV. This instrument
showed a very high polarization degree (50–70%) for the
flare that occurred on 29 October 2003 (Zhitnik et al.,
2006). As the flare occurred near the center of the solar
disk, this result contradicts the theoretical models. Such a
result can be explained if we make the assumption that
there is an abnormal tilt of the magnetic loop plane relative
to the solar surface. Another experiment is RHESSI, which
was designed primarily as an instrument for solar imaging
spectrometry in the energy range from 3 keV to a few MeV
with a high spatial and spectral resolution (Lin et al., 2002).
It can also measure solar X-ray polarization in the energy
range from 20 keV to 1 MeV. Since the RHESSI design is

not optimized for polarization measurements, the statisti-
cal significance of the measured polarization is limited.
For example, Suarez-Garcia et al. (2006) obtained the
polarization degree between 2% and 54% with the errors
ranging from 10% to 26%. The third instrument
PINGUIN-M/CORONAS-PHOTON did not measure sta-
tistically significant events due to the low level of solar
activity during the mission (Kotov et al., 2011).

Statistical accuracy of most measurements is insufficient
because of the low sensitivity of the instruments and high
background count rates. Also, all collected data cannot
be described by the common flare loop model (Kotov,
2010). New high quality polarization measurements would
be useful for more detailed investigation of the electron
acceleration process and for the improvement of the theo-
retical models of the solar flare.

Plasma heating is another process, which consumes the
energy released in solar flares. Plasma heated to the tem-
perature of about 10MK generates thermal soft X-ray
emission. The main parameters of such plasma are temper-
ature and emission measure. It was shown that these
parameters can be obtained by means of the data of two
broadband channels of the XRS/GOES sensors: 0.5–4
and 1–8 Å, or about 3.1–24.8 and 1.55–12.4 keV respec-
tively (White et al., 2005). But this technique is correct only
in the model of isothermal plasma. However, the RHESSI
high-resolution spectral measurements in the 1 – 20 keV
energy range provided the evidence of the multi-
temperature nature of plasma emission, (e.g.,
Aschwanden, 2008a; Caspi et al., 2014).

Temperature of the solar corona is one of its most fun-
damental characteristics. It affects the nature of a number
of physical processes and plasma properties such as radia-
tion, conduction, waves, shocks, the plasma-b, hydrody-
namics, etc. The observational studies of flare thermal
energy budgets (e.g., Emslie et al., 2012), thermodynamic
properties (e.g., Feldman et al., 1996; Ryan et al., 2012),
hydrodynamic scaling laws (e.g., Rosner et al., 1978;
Aschwanden et al., 2008b), flare cooling (e.g., Raftery
et al., 2009; Ryan et al., 2013), as well as many others,
all depend on the temperature measurements.

There is another approach to diagnose heated plasma:
6.7 keV Fe and 8.0 keV Fe/Ni lines, which can be observed
when the temperature of plasma exceeds 10MK. The theo-
retical model shows that the mean energy and width of
these lines depend on the plasma temperature (Phillips,
2004). The RHESSI data analysis generally confirms the
theoretical prediction (Phillips et al., 2006), but the instru-
mental energy resolution at these energies (1 keV FWHM)
is not sufficient. On the other hand, bent crystal spectrom-
eters, which are typically used for soft X-ray lines observa-
tions (like RESIK/CORONAS-F (Sylwester et al., 2005),
have much better energy resolution (about a few eV) but
narrow energy ranges. For this reason, such spectrometers
do not provide the possibility of plasma temperature mea-
surement by means of thermal spectrum analysis. A
broad energy range soft X-ray spectrometer, with a energy
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