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Coronal mass ejection (CME) is a phenomenon in which a large mass of plasma is ejected from the solar surface into
interplanetary space due to active solar activity. MHD shock waves produced by CME accelerate ambient plasma particles
and type II solar radio bursts (SRB II) are excited [e.g., Uchida 1960]. By analyzing time variation of emission frequency of
SRB II propagating at the speed of light, velocity of CME shock waves, density structure of the solar corona, and magnetic
field structure can be estimated before CMEs reach the earth [e.g., Koval et al. 2021, 2023, 2024]. However, actual coronal
environment is complex, and effects of inhomogeneous density and magnetic field structure around radio emission sources
are not well understood. In particular, radio source region in the HF-VHF band (3 - 300 MHz) corresponds to the transition
region from the solar corona to interplanetary space, where density gradients and magnetic field structures change drastically.
Therefore, it is important to understand the environment of the solar corona from SRB observations. However, SRB 1I ob-
servations in this frequency band are limited, and understanding CME propagation and SRB excitation mechanisms in the
middle corona remains a challenge in solar physics.

In this study, we analyzed in detail CME/Flare erupted at 03:12 UT on June 13, 2022, and associated SRB II event on
03:25:40-03:33:00 UT with a couple of radio observation data (litate Jupiter Galaxy Radio Observatory HF band antenna
(15-40 MHz) [Kumamoto et al. [IUGONET workshop, 2011]; IPRT/AMATERAS (100-500 MHz) [Iwai et al. 2012]). In
25-37 MHz, SRB II emission lane appeared, and it was second harmonic. In the harmonic emission lane, frequency drift rate
(FDR) corresponding to peak flux increased sharply by a factor of 1.67-1.92 after 03:28:45 UT. To further examine this phe-
nomenon, we analyzed environmental conditions of the corona near the solar surface for this event using image observation
data. We found that this event had following characteristics:

1. Through two coronagraphs analysis, MLSO/K-Cor (1.1-3.0Rs) [K-Cor Team 2013] and SOHO/LASCO-C2 (3.0-6.0Rs),
it showed that the CME erupted at around 03:12 UT at AR13030/13032 (including N21E44) and propagated eastward.

2. By analyses of SDO/AIA [Lemen et al., 2012], HMI [Scherrer et al., 2012] and PFSS magnetic field model, it is shown
that closed magnetic field lines were observed from the CME source region and a coronal hole accompanied by open mag-
netic field lines were also observed in its vicinity.

3. We analyzed magnetic field azimuth angle using Stokes parameters observed by MLSO/UCoMP (1.03 to 1.95Rs) [Landi
et al., 2016]. We used observation data at 03:06:51 UT before the CME generation and at 03:36:50 UT when CME was out-
side the field of view of UCoMP. We subtracted former data from latter data, and it was found that north part of magnetic
field of the CME propagation path rotated clockwise up to 30 degrees. This indicates that in this time period CME may have
interacted with streamer region which was formed by open magnetic field lines extending from the coronal hole on the north
side of the CME propagation path.

As a generation process of electron beam producing SRB II, shock drift acceleration is considered. This is the mechanism
of electron acceleration under quasi-perpendicular conditions between CME shock waves and coronal magnetic field. Accel-
erated electrons excite Langmuir waves, and SRB II is excited through non-linear mode conversion [e.g., Holman and Pesses
1983; Melrose 1991; Ball and Melrose 2001]. Based on this generation scenario, the spectral feature in this SRB II event,
and the observation results of 1-3 mentioned above, it is considered that the observed change in FDR was caused by different
magnetic field structure along the CME propagation path. At first, CME shocks waves passed through closed magnetic field
lines above the active region, and as propagating, they passed through open magnetic field lines above the coronal hole. And
then, the radio source region or wave mode conversion efficiency may have changed [e.g., Kong et al. 2012; Zhang et al.
2024].

In this presentation, based on the analyses, we consider changes of magnetic field and density structures along the CME
propagation path and discuss their elementary processes. Also, we discuss the spectral structure and the interaction between
CME shock wave and coronal magnetic field structures.
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