Сибирский Радиогелиограф (СРГ)

Алтынцев А.Т., Лесовой С.В., Глоба М.В., Губин А.В., Кочанов А.А., Гречнев В.В., Иванов Е.Ф., Кобец В.С., Мешалкина Н.С., Муратов А.А., Просовецкий Д.В., Мышьяков И.И., Уралов А.М., Федотова А.Ю. Многоволновый Сибирский радиогелиограф // Солнечно - земная физика. 2020. Т.6, №2. С. 37-50
https://www.elibrary.ru/download/elibrary_43031231_69161050.pdf
Сибирский радиогелиограф - новые возможности исследования солнечной короны 

Лесовой С.В., Губин А.В., Глоба М.В., Кочанов А.А., Алтынцев А.Т., Уралов А.М.

Plasma-2022  Презентация
https://plasma2022.cosmos.ru/sites/default/files/presentations/lesovoi_SRH_plasma2022-pres.pdf
Доступ к «чистым изображениям» ftp://ftp.rao.istp.ac.ru/SRH/SRH0612/cleanMaps/ ftp://ftp.rao.istp.ac.ru/SRH/SRH0306/cleanMaps/
Probing the Physics of the Solar Atmosphere with the Multi-slit Solar Explorer (MUSE): II. Flares and Eruptions

Mark C. M. Cheung, Juan Martínez-Sykora, Paola Testa, Bart De Pontieu, ……..
ApJ      926 53       2021

https://arxiv.org/pdf/2106.15591.pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ac4223/pdf
Probing the Physics of the Solar Atmosphere with the Multi-slit Solar Explorer (MUSE). I. Coronal Heating

Bart De Pontieu1,2,3, Paola Testa4, Juan Martínez-Sykora1,2,3,5, Patrick Antolin6, Konstantinos Karampelas6,7, Viggo Hansteen1,2,3,5, Matthias Rempel8, Mark C. M. Cheung1, Fabio Reale9,10, Sanja Danilovic11Show full author list

2022 ApJ 926 52

https://iopscience.iop.org/article/10.3847/1538-4357/ac4222/pdf
The Solar Activity Monitor Network – SAMNet

Robertus Erdélyi1,2,3*, Marianna B. Korsós2,3,4, Xin Huang5, Yong Yang6, Danielle Pizzey7, Steven A. Wrathmall7, et al.

J. Space Weather Space Clim. 2022, 12, 2

https://www.swsc-journal.org/articles/swsc/pdf/2022/01/swsc200065.pdf
https://doi.org/10.1051/swsc/2021025
Small Satellite Mission Concepts for Space Weather Research and as Pathfinders for Operations

Amir Caspi, M. Barthelemy, C. D. Bussy-Virat, I. J. Cohen, C. E. DeForest, D. R. Jackson, A. Vourlidas, T. Nieves-Chinchilla
Space Weather           2022
https://arxiv.org/ftp/arxiv/papers/2201/2201.07426.pdf
Future Prospects for Solar EUV and Soft X-ray Spectroscopy Missions         Review
Peter R. Young
Frontiers issue on Solar Instrumentation         2021
https://arxiv.org/pdf/2102.02943.pdf
The Multiview Observatory for Solar Terrestrial Science (MOST) 
https://cdaw.gsfc.nasa.gov/meetings/2021_MOST/
The 2020 Senior Review of the Heliophysics Operating Missions

Nicola J. Fox

2020

https://science.nasa.gov/science-pink/s3fs-public/atoms/files/SeniorReview2020_Final_TAGGED.pdf
MingantuSee  https://en.wikipedia.org/wiki/Category:Missions_to_the_Sun
Topical Issue - Space Weather Instrumentation 
CLIMSO is a suite of solar telescopes installed at Pic du Midi observatory in the southwest of France. It consists of two refractors that image the full solar disk in Hα and CaII K, and two coronagraphs that capture the prominences and ejections of chromospheric matter in Hα and HeI.

Solar surveillance with CLIMSO: instrumentation, database and on-going developments

Frédéric Pitout1*, Laurent Koechlin1, Arturo López Ariste1, Luc Dettwiller2 and Jean-Michel Glorian1

J. Space Weather Space Clim. 2020, 10, 47

https://doi.org/10.1051/swsc/2020039
https://www.swsc-journal.org/articles/swsc/pdf/2020/01/swsc200034.pdf
Concept of the Solar Ring Mission: An overview
YuMing Wang, HaiSheng Ji, YaMin Wang, LiDong Xia, ChengLong Shen, et al.
Science China Technological Sciences volume 63, pages1699–1713 (2020)

https://link.springer.com/content/pdf/10.1007/s11431-020-1603-2.pdf
https://doi.org/10.1007/s11431-020-1603-2
LUCI (Lagrange eUv Coronal Imager) is a solar imager in the Extreme UltraViolet (EUV) that is being developed as part of the Lagrange L5 mission,

LUCI onboard Lagrange, the Next Generation of EUV Space Weather Monitoring

M.J. West, C. Kintziger, M. Haberreiter, M. Gyo, D. Berghmans, S. Gissot, V Büchel, L. Golub, S. Shestov, J.A. Davies
Journal of Space Weather and Space Climate               2020    

https://arxiv.org/pdf/2009.04788.pdf
Physics of the Solar Corona. Advanced Course - The Era of RHESSI, STEREO, Hinode, and SDO – 2014

Aschwanden, M.J. 2014, Springer ... (in preparation)       Book
Chapter 1: Solar Missions 2000-2015, File

http://www.lmsal.com/~aschwand/publications/publ.html
Orbiting Solar Observatory OSO-1 to OSO-8 (1962-1975), 

Skylab (1973-1974), 

the Geostationary Operational Environmental Satellites (GOES) series (1974-present), 

the Solar Maximum Mission (SMM) (1980-1989), 

the Compton Gamma-Ray Observatory (CGRO) (1991-2000),

the Yohkoh mission (1992-2000), 

the CORONAS-I mission (1994-2001),

CORONAS-F (2001-2005), 

CORONAS-Photon (2009), 

the Solar and Heliospheric Observatory (SOHO) (1996-present), and 

the TRACE mission (1998-2010).
the Ramaty High Energy Solar Spectroscopic Imager (RHESSI) mission (2002-present), 

the Solar Terrestrial Relations Observatory (STEREO) mission (2006-present), 

the Hinode mission (2006-present),

the Solar Dynamics Observatory (SDO) mission (2010-present),
A  short interruption when the SOHO spacecraft lost its pointing from 25 June to 22 October 1998 with normal operations resuming only in March 1999.
IRIS (Interface Region Imaging Spectrograph) is a NASA Small Explorer Mission to observe how solar material moves, gathers energy, and heats up as it travels through a little-understood region in the sun's lower atmosphere.
https://www.nasa.gov/mission_pages/iris/index.html
Solar Flare Telescope at the National Astronomical Observatory of Japan
Synoptic solar observations of the Solar Flare Telescope focusing on space weather

Yoichiro Hanaoka, Takashi Sakurai, Ken'ichi Otsuji, Isao Suzuki, Satoshi Morita
Journal of Space Weather and Space Climate   10, 41  2020
https://arxiv.org/pdf/2007.14054.pdf
https://doi.org/10.1051/swsc/2020044
https://www.swsc-journal.org/articles/swsc/pdf/2020/01/swsc200039.pdf
The NASA Polarimeter to Unify the Corona and Heliosphere (PUNCH) mission will produce high‐resolution, high‐sensitivity, global images of the corona through the solar wind.  to be launched in the year 2022. https://en.wikipedia.org/wiki/Polarimeter_to_Unify_the_Corona_and_Heliosphere
The Solar Orbiter mission

Astronomy & Astrophysics  Volume 642  2020   SPECIAL ISSUES

https://www.aanda.org/component/toc/?task=topic&id=1082
https://www.aanda.org/articles/aa/abs/2020/10/contents/contents.html
Data   https://www.cosmos.esa.int/web/solar-orbiter/access-to-solar-orbiter-low-latency-data
The Solar Orbiter Science Activity Plan: translating solar and heliospheric physics questions into action                                                                                 Review
I. Zouganelis, A. De Groof, A. P. Walsh, D. R. Williams, D. Mueller, et al.

A&A          2020
https://arxiv.org/pdf/2009.10772.pdf
Europe’s next mission to the Sun.

Müller, D., Zouganelis, I., St. Cyr, O.C., Gilbert, H.R., Nieves-Chinchilla, T.: 

2020,  Nature Astron. 4, 205. 

https://www.nature.com/articles/s41550-020-1015-5.pdf
As the Solar Orbiter spacecraft is scheduled for launch this month, European Space Agency (ESA) and NASA Project Scientists provide an overview of this major ESA–NASA mission to the Sun.

Solar Orbiter 
http://sci.esa.int/solar-orbiter/
Müller, D., Marsden, R.G., St. Cyr, O.C., Gilbert, H.R.: 2013, Solar Orbiter. Exploring the Sun-heliosphere connection. Solar Phys. 285, 25. 2013
It was selected as the first medium-class mission of ESA's Cosmic Vision 2015-2025 Programme.
Solar Orbiter launch moved to Oct 2018
Metis: the Solar Orbiter visible light and ultraviolet coronal imager

Ester Antonucci, Marco Romoli, Vincenzo Andretta, Silvano Fineschi, Petr Heinzel, et al.

A&A                 2019
https://arxiv.org/pdf/1911.08462.pdf
https://www.aanda.org/articles/aa/pdf/forth/aa35338-19.pdf
Solar Orbiter successfully launched on 9 February 2020!

Solar Probe Plus  (NASA)
http://solarprobe.jhuapl.edu
The launch window opens for 20 days starting on July 31, 2018.
Fox, N.J., Velli, M.C., Bale, S.D., Decker, R., Driesman, A., Howard, R.A., Kasper, J.C., Kinnison, J., Kusterer, M., Lario, D., Lockwood, M.K., McComas, D.J., Raouafi, N.E., Szabo, A.: 2016, The Solar Probe Plus mission: Humanity’s first visit to our star. Space Sci. Rev. 204, 7-48. DOI. ADS
ESA

	Missions in the Cosmic Vision 2015-2025 Programme

	L1 mission
	JUICE

	L2 mission
	ATHENA

	M1 mission
	Solar Orbiter

	M2 mission
	Euclid

	M3 mission
	PLATO

	S1 mission
	CHEOPS

	S2 mission
	SMILE


See SolarNews  Volume 2016 Number 24   15 December 2016
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Solwind (P78-1)    Feb 1979 - Sep 1985  https://heasarc.gsfc.nasa.gov/docs/heasarc/missions/p78-1.html
Solar Maximum Mission (SMM)  March 1980 - Sept 1980;   June 1984 - Nov 1989  

https://www2.hao.ucar.edu/mlso/solar-maximum-mission
SMM CME CATALOG

https://www2.hao.ucar.edu/mlso/solar-maximum-mission/smm-cme-catalog
     [image: image2.emf]
1990                   1995              2000               2005              2010              2015

==
MinXSS (Miniature X-ray Solar Spectrometer) launched on a SpaceX Falcon 9 for the SSO-A SmallSat Express from Vandenberg Air Force Base at 2018-12-03
 The COronal Solar Magnetism Observatory   (COSMO)  HAO
https://www2.hao.ucar.edu/sites/default/files/users/sheryls/_COSMO%20-%20Heliophysics%20White%20Paper_.pdf
DSCOVR: Deep Space Climate Observatory

http://www.nesdis.noaa.gov/DSCOVR/
http://www.ngdc.noaa.gov/dscovr/portal/index.html#/
============

The Joint Next Generation Solar Physics Mission's Science Objectives Team (NGSPM-SOT)

Toshifumi Shimizu
SolarNews    11 Aug 2016
The joint Next Generation Solar Physics Mission’s Science Objectives Team (NGSPM-SOT) has been formed based on the agreement among NASA, JAXA and ESA for the study of a possible multilateral solar physics mission concept. The objectives of this NGSPM-SOT are to a) develop the science goals for NGSPM, b) assess how these scientific goals are aligned with JAXA, ESA and NASA agency priorities, c) assess the required measurements necessary to meet the science goals, d) assess the top-level observational (mission design) strategy for the NGSP mission to accomplish the scientific goals, e) identify the minimum performance for the mission systems, and f) deliver a science report that supports the generation of documents suitable for input into any future joint Announcement of Opportunity or Call for Missions. The final report will be delivered to the agencies in summer next year.
The team members consist of 4 NASA appointed members (David McKenzie, Ted Tarbell, John Raymond, Sara Gibson), 4 ESA appointed members (Louis R. Bellot Rubio, Mats Carlsson, Lyndsay Fletcher, Sami Solanki) and 4 JAXA appointed members (Kiyoshi Ichimoto, Kanya Kusano, Hirohisa Hara, Toshifumi Shimizu). Shimizu chairs the team. All the members are points of contacts with the worldwide community; they will engage with the community, and collect ideas to build up the best optimized science goals and mission design options.
The team has started to review the Solar-C science objectives and will develop the revised set of science goals for the next generation solar physics in a couple of months. At the Solar-C science meeting in Nagoya, Japan on September 10 (attached to Hinode-10,hinode.stelab.nagoya-u.ac.jp/Hinode10/), the team will introduce its activity so far to the participants of the meeting. To develop the best science goals, the meeting will be a good opportunity to get feedback from the community.

See  SolarNews    1 Oct  2016  http://solarnews.nso.edu/2016/20161001.html
The “Spectrometer Telescope for Imaging X-rays” (STIX) (Krucker et al. 2013), is an instrument to be flown onboard the ESA/NASA Solar Orbiter mission (Muller et al. 2013) within the ESA Cosmic Vision program.
Krucker, S., Benz, A. O., Hurford, G. J., et al. 2013, Nuclear Instruments and Methods in Physics Research A, 732, 295
Solar Orbiter will be launched in October 2018 and it will start its science program after a 3 year cruise phase. 

The “Micro Solar-Flare Apparatus” (MiSolFA) (Casadei 2014) is a compact X-ray detector being developed in Switzerland, in collaboration with the French STIX team and with the Italian Space Agency, to be operated in low-Earth polar orbit at the next solar maximum.
Casadei, D. 2014, Proc. 2014 Nucl. Sci. Symp. and Med. Im. Conf., Seattle, USA
The Fundamentals of Impulsive Energy Release in the Corona Explorer (FIERCE) mission concept – recently proposed to NASA – would make unprecedented X-ray and EUV observations to address the above science, as well as other open questions in solar physics.  
FIERCE would launch in mid-2025, near the peak of the next solar cycle
-----------------------------------

The SOLAR-C Mission
the Solar UV-Vis-IR Telescope (SUVIT), the EUV Spectroscopic Telescope (EUVST) and the High Resolution Coronal Imager (HCI)             resolution (0.1"–0.3")
http://aspbooks.org/publications/504/299.pdf
Solar Polar Diamond Explorer (SPDEx): Understanding the Origins of Solar Activity Using a New Perspective

A. Vourlidas, P. C. Liewer, M. Velli, D. Webb
White paper submitted in response to ideas for the Next Generation Solar Physics Mission Concepts

2018

https://arxiv.org/ftp/arxiv/papers/1805/1805.04172.pdf
-----------------------------------------------
Aditya - L1 First Indian mission to study the Sun

https://www.isro.gov.in/aditya-l1-first-indian-mission-to-study-sun
ASO-S (Advanced Space-base Solar Observatory) is the first approved solar mission in China and will be launched in 2022. In order to let the community understand better and earlier the details of ASO-S, we published a special issue in the journal Research in Astronomy and Astrophysics (RAA, Volume 19, No.11, 2019, http://www.raa-journal.org/raa/index.php/raa/issue/view/210), which includes a total of 13 papers, covering almost all aspects of ASO-S.
--------------------------------

L5 missions

Earth-Affecting Solar Causes Observatory (EASCO): A potential International Living with a Star Mission from Sun–Earth L5

http://www.sciencedirect.com/science/article/pii/S1364682611000149
Carrington-L5 mission

https://www.ras.org.uk/news-and-press/2664-carrington-l5-a-uk-mission-to-provide-5-day-space-weather-forecasts
http://www.swpc.noaa.gov/sites/default/files/images/u33/CarringtonL5_SWPC_SWE_Week_Final.pdf
INvestigation of Solar-Terrestrial Activity aNd Transients (INSTANT) mission, L5 point
http://www.sciencedirect.com/science/article/pii/S1364682616301456
Concept of the Solar Ring Mission: Overview

Yuming Wang, Haisheng Ji, Yamin Wang, Lidong Xia, Chenglong Shen, Jingnan Guo, Quanhao Zhang, Zhenghua Huang, Kai Liu, Xiaolei Li, Rui Liu, Jingxiu Wang, Shui Wang
Science China Technological Sciences,    2020
https://arxiv.org/pdf/2003.12728.pdf
Space Weather Follow-On L1 mission (SWFO-L1) will orbit the Sun at approximately 1.5 million kilometers from Earth on the Earth-Sun line, a point known as L1. The SWFO-L1 mission will use a suite of instruments to make in-situ measurements of the solar wind thermal plasma and magnetic field as well as a CCOR instrument to detect CMEs. The L1 orbit allows for continuous unobstructed observation of the corona without interference from the Earth. 



--------------------------------------------------------

Radio instruments   

https://en.wikipedia.org/wiki/List_of_radio_telescopes
A Broadband Solar Radio Dynamic Spectrometer Working in the Millimeter-wave Band

ZiQian Shang1, Ke Xu1, Yang Liu2, Zhao Wu1, Guang Lu1, YuanYuan Zhang1, Lei Zhang1, YanRui Su2, Yao Chen1, and FaBao Yan1,2

2022 ApJS 258 25

 https://iopscience.iop.org/article/10.3847/1538-4365/ac4257/pdf
35–40 GHz   Chashan Solar Observatory
----------------------------

SPatially REsolved Dynamic Spectra (SPREDS), India
Evidence for Super-Alfvenic oscillations in sources of Solar type III radio bursts

Atul Mohan, Surajit Mondal, Divya Oberoi, Colin Lonsdale
2018

https://arxiv.org/pdf/1809.02588.pdf
A weak coronal heating event associated with periodic particle acceleration episodes

Atul Mohan, Patrick I. McCauley, Alpha Mastrano, Divya Oberoi
2019
https://arxiv.org/pdf/1902.10426.pdf
----------------------------

Scaling-laws of Radio Spike Bursts and Their Constraints on New Solar Radio Telescopes
Tan, Bao-lin, Cheng, Jun, Tan Cheng-ming, Kou, Hong-xiang, 

Chinese Astronomy and Astrophysics (ChA&A) , 2019, 43, 59-74,    File
sci-hub.se/10.1016/j.chinastron.2019.02.005    
[image: image3.emf]
[image: image4.emf]
-----------------------------------------------------------------------------------------------------------------

Реализация проекта «Национальный гелиогеофизический комплекс РАН»
http://www.sbras.ru/files/files/prezidium20171221/1_olemskoy.pdf
Expanded Owens Valley Solar Array (EOVSA)
Dale Gary   http://www.ovsa.njit.edu/wiki/index.php/Expanded_Owens_Valley_Solar_Array
Сибирский Радиогелиограф: первые результаты

Лесовой С.В. Алтынцев А.Т., Кочанов А.А., Гречнев В.В., Губин А.В., Жданов Д.А.,

Иванов Е.Ф., Уралов А.М., Кашапова Л.К., Кузнецов А.А., Мешалкина Н.С., Сыч Р.А.
Солнечно-земная физика. 2017 Т. 3, № 1
http://ru.iszf.irk.ru/images/a/a1/ЖСЗФ_3_1_2017_3-16.pdf
http://www.ioffe.ru/LEA/SF_AR/files/SRH-48.pdf    http://selorodnoe.ru/news/show/id3662785/
Modern instrumentation. Advanced data analysis techniques.

Radioheliographs
A. Altyntsev      2017
http://en.iszf.irk.ru/images/e/ef/Alexander_Altyntsev_20170920_keynote.pdf
New generation or upgraded radio telescopes, either solar-dedicated or non-solar-dedicated, have (will) come into use, including ALMA, E-OVSA, EVLA, GMRT, LOFAR, MUSER, and MWA, as well as the Ukrainian radio telescopes UTR-2, URAN, and GURT, the radio spectrometers aboard Stereo spacecraft, and the future SKA.
	Mingantu Spectral Radioheliograph for Solar and Space Weather Studies 

	Yihua Yan, Zhijun Chen, Wei Wang, Fei Liu, Lihong Geng, Linjie Chen, Chengming Tan, Xingyao Chen, Cang Su, and Baolin Tan 


Front. Astron. Space Sci.,      v. 8, 20         2021 | 

https://doi.org/10.3389/fspas.2021.584043
https://www.frontiersin.org/articles/10.3389/fspas.2021.584043/full
The Mingantu Spectral Radioheliograph (MUSER) observes the Sun with high temporal, spatial and spectral resolutions in a wide range of frequencies (Yan, Chen, and Yu, 2016; Yan et al., 2021). It consists of two instruments: MUSER-I and MUSER-II. The spectral band of MUSER-I is 0.4–2 GHz. It has a spatial resolution of 51.6–10.3” and 25 ms temporal resolution. MUSER-II observes within 2–15 GHz with 10.3–1.3” spatial resolution and 206.25 ms temporal resolution.
Ming’antu Ultrawide Spectral Radioheliograph (MUSER) 

http://cesra2016.sciencesconf.org/conference/cesra2016/pages/CESRA2016_prog_abs_book_v1.pdf
https://arxiv.org/pdf/1705.06067.pdf    
GPU-based high-performance imaging for Mingantu spectral radioheliograph. 

Mei Y, Wang F, Wang W, Chen L, Liu Y, Deng H, Dai W, Liu C, Yan Y. 

Publications of the Astronomical Society of the Pacific (PASP). 2018. 130(1): 014503. https://iopscience.iop.org/article/10.1088/1538-3873/aa9608/pdf
SCALE SEQUENTIALLY CLEAN FOR MINGANTU SPECTRAL RADIOHELIOGRAPH
Jun Cheng, Yihua Yan, Dong Zhao, Long Xu
Solar-Terrestrial Physics. 2019. Vol. 5. Iss. 2. P. 50–57. 

Solnechno-zemnaya fizika. 2019. Vol. 5. Iss. 2. P. 55–62.

https://naukaru.ru/en/storage/view/36900 

A new high-resolution radio spectropolarimeter instrument operating in the frequency range of 
15 – 85 MHz has recently been commissioned at the Radio Astronomy Field Station of the Indian Institute of Astrophysics at Gauribidanur, 100 km north of Bangalore,
Spectropolarimetric Observations of Solar Noise Storms at Low Frequencies

V. Mugundhan, R. Ramesh, C. Kathiravan, G. V. S. Gireesh, Aathira Hegde

Solar Physics  March 2018, 293:41

https://link.springer.com/content/pdf/10.1007%2Fs11207-018-1260-2.pdf
the solar radio dynamic spectrograph at the Chashan Solar Observatory (CSO). 150 – 500 MHz,  The resolutions of the obtained radio dynamic spectral data are 10 ms and 160 kHz
Harmonics of Solar Radio Spikes at Metric Wavelengths
S. W. Feng, Y. Chen, C. Y. Li, B. Wang, Z. Wu, X. L. Kong, Q. F. Du…’
Solar Physics March 2018, 293:39
The Atacama Large Millimeter/submillimeter Array (ALMA) is an international partnership of the European Southern Observatory (ESO), the U.S. National Science Foundation (NSF) and the National Institutes of Natural Sciences (NINS) of Japan, together with NRC (Canada), NSC and ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile. ALMA -the largest astronomical project in existence- is a single telescope of revolutionary design, composed of 66 high precision antennas located on the Chajnantor plateau, 5000 meters altitude in northern Chile.

http://www.almaobservatory.org/
LOFAR (от англ. LOw Frequency ARray — «низкочастотная [антенная] решётка») — радиоинтерферометр, разрабатывающийся нидерландским институтом ASTRON (нидерл. ASTRonomisch Onderzoek in Nederland) и планируемый к использованию радиообсерваторией ASTRON. Этот проект предполагает создание интерферометрической решетки из радиотелескопов, распределенной по Европе.
The Low-Frequency Aperture Array (LFAA) covers the lowest frequency band for the SKA, from 50MHz up to 350MHz in the Baseline Design. It is an aperture array consisting of over a quarter of a million wide bandwidth antennas of a single design. The configuration is very close packed with 75% of the antennas within a 2km diameter core and the remaining collecting area situated on three spiral arms, extending out to a radius of 50km and enabling higher spatial resolution observations.  http://www.lofar.org/
https://www.skatelescope.org/lfaa/        http://www.lofar-uk.org/about.html
See:      van Haarlem, M. P., Wise, M. W., Gunst, A. W., et al. 2013, A&A, 556, A2
--   Eoin P. Carley1,2,*, Carla Baldovin3 , Pieter Benthem3 , Mario M. Bisi4 , Richard A. Fallows3 , Peter T. Gallagher2,1, Michael Olberg5 , Hanna Rothkaehl6 , Rene Vermeulen3 , Nicole Vilmer7,8, David Barnes4 , the LOFAR4SW Consortium3

J. Space Weather Space Clim. 2020, 10, 7             File                                                          Review
https://www.swsc-journal.org/articles/swsc/pdf/2020/01/swsc190064.pdf
Long Wavelength Array (LWA-1, http://lwa.phys.unm.edu/). 
LWA-1 is an array of 256 dipoles collocated with the Very Large Array in the US state of New

Mexico, and observes at a frequency range of 10–88 MHz (Taylor, G. B., Ellingson, S. W., Kassim, N. E., et al. 2012, JAI, 1, 1250004). 
SKA (сокр. от англ. Square Kilometre Array — «[антенная] решётка [площадью] в квадратный километр») — международный проект по созданию крупнейшего в мире радиоинтерферометра.

The SKA telescope will be co-located in Africa and in Australia.  https://www.ska.ac.za/
Сеть площадью квадратный километр (SKA)
Solar Physics with the Square Kilometre Array
Review
A. Nindos, E.P. Kontar, D. Oberoi
Advances in Space Research                    2018
https://arxiv.org/pdf/1810.04951.pdf
Table 1: Instruments capable of performing solar radio spectroscopic imaging 
The Chinese Spectral Radioheliograph—CSRH  at multiple frequencies in the decimetric to centimeter wave range with ∼100 antennas of 2–5 m is proposed.
http://link.springer.com/article/10.1007/s11038-008-9254-y
Expanded Owens Valley Solar Array (EOVSA) - a solar-dedicated microwave imaging array operating in the frequency range 2.5-18 GHz. The array consists of a total of 15 antennas, including the two 27-m antennas with He-cooled receivers for sensitive calibration, and thirteen 2.1-m antennas that each view the entire disk of the Sun. The system includes a completely new control system, broadband signal transmission, and high-speed digital signal processing, using new technology developed for the Frequency Agile Solar Radiotelescope (FASR).
http://adsabs.harvard.edu/abs/2014AAS...22412360G
Expanded Very Large Array (EVLA)  A Radio Telescope for the 21st Century  A set of eight new dish antennas, added to the current 27-antenna system, will allow the VLA to produce images with ten times greater detail.
http://www.nrao.edu/pr/2000/evla/
Murchison Widefield Array (MWA; Lonsdale et al. 2009; Tingay et al. 2013)
See:  Tingay, S. J., Goeke, R., Bowman, J. D., et al. 2013, PASA, 30, e007
Frequency Agile Solar Radiotelescope - http://fasr.org/  
Assembly of Metric-band Aperture Telescope and Real-time Analysis System  (AMATERAS)
IPRT/AMATERAS: A New Metric Spectrum Observation System for Solar Radio Bursts

K. Iwai · F. Tsuchiya · A. Morioka · H. Misawa
Solar Phys. Volume 277, Number 2, 447-457, 2012, File
A new radio spectropolarimeter for solar radio observation has been developed at Tohoku University and installed on the Iitate Planetary Radio Telescope (IPRT) at the Iitate observatory in Fukushima prefecture, Japan. This system, named AMATERAS (the Assembly of Metric-band Aperture TElescope and Real-time Analysis System), enables us to observe solar radio bursts in the frequency range between 150 and 500 MHz. The minimum detectable flux in the observation frequency range is less than 0.7 SFU with an integration time of 10 ms and a bandwidth of 61 kHz. Both left and right polarization components are simultaneously observed in this system. These specifications are accomplished by combining the large aperture of IPRT with a high-speed digital receiver. Observational data are calibrated and archived soon after the daily observation. The database is available online. The high-sensitivity observational data with the high time and frequency resolutions from AMATERAS will be used to analyze spectral fine structures of solar radio bursts.

See http://aoswa.nict.go.jp/workshop_3/program/pdf/S3/S3-5.pdf
CSO spectrograph
A Solar Radio Dynamic Spectrograph with Flexible Temporal-spectral Resolution

Qing-Fu Du, Lei Chen, Yue-Chang Zhao, Xin Li, Yan Zhou, Jun-Rui Zhang, Fa-Bao Yan, Shi-Wei Feng, Chuan-Yang Li, Yao Chen
Research in Astronomy and Astrophysics           2017

https://arxiv.org/pdf/1706.07915.pdf
[image: image5.emf]
Gauribidanur RAdioheliograPH (GRAPH; Ramesh et al. 1998, 1999a, 2006b) at 80 MHz, and the Gauribidanur RAdio SpectroPolarimeter (GRASP; Kishore et al. 2015) in the frequency range 440-40 MHz 
Murchison Widefield Array (MWA) - radio interferometer operational in the frequency range from 80 to 300 MHz, in Western Australia, see Lonsdale et al. (2009) and Tingay et al. (2013).
See:  Tingay, S. J., Goeke, R., Bowman, J. D., et al. 2013, PASA, 30, e007

ARTEMIS IV Multichannel solar radiospectrograph operated by the University of Athens

http://secchirh.obspm.fr/instruments.php
NRH Nancay Radioheliograph (NRH)  http://secchirh.obspm.fr/instruments.php
ORFEES radiospectrograph   http://secchirh.obspm.fr/instruments.php
 The ORFEES radio-spectrograph (Observations Radio pour Fedome et l’Etude des Eruptions Solaires) is the result of a partnership between the Paris Observatory and the Air Force French. It is dedicated to the observation of the solar corona between 144MHz and 1000MHz. The ORFEES radio-spectrograph is located at longitude 2°11’29 East and latitude 47°22'51 North. Based on a new type of digital receiver (Roach 1 map from the University of Berkeley, USA), the first observations were made in the spring of 2012. 
   ORFEES has a parabolic dish of diameter 5 m and log-periodic dipoles array. The spectral domain is separated into five bands of 170 MHz. Ten spectra are recorded per second (total intensity, horizontal and vertical polarization). The radio telescope is operated automatically and tracks the Sun from ~8:00 till ~16:00 UT every day.
ORFEES – a radio spectrograph for the study of solar radio bursts and space weather applications

Abdallah Hamini   et al.    J. Space Weather Space Clim. 2021, 11, 57

https://www.swsc-journal.org/articles/swsc/pdf/2021/01/swsc210035.pdf
Solar radio spectrometer of Yunnan Observatories http://secchirh.obspm.fr/instruments.php
The metric solar radio spectrometer is located in Fuxian Solar Observatory (102°.57 E, 24°.34 N) of Yunnan Observatories (YNAO). The spectrometer includes a 11-meter meshed parabolic antenna and a digital FFT spectrometer . The working frequency range is 70-700 MHz (see Gao et al. 2014). 
Spectrographs in Humain Observations from Humain (Belgium) http://secchirh.obspm.fr/instruments.php
Three spectrographs are currently installed.
  One is a Callisto spectrograph from the e-Callisto network. It covers the band 45 - 447 MHz. The Callisto spectrograph is connected to a log-periodic antenna mounted as piggy bag on the side of the dish.

  One, named HSRS is a SDR-based instrument used as a spectrograph. It covers the band 275 - 1495 MHz. The HSRS instrument is connected to a log-periodic antenna placed at the focus of the parabolic dish.i

  ARCAS is a digital spectrometer based on a Software Defined Radio receiver configured to scan the band 45 - 450 MHz. It has been set up on October 27 2016, in parallel to the Callisto receiver already in operation. Both instruments share the same receiving antenna via a splitter.
Gauribidanur Low-frequency Solar Spectrograph (GLOSS)   
http://secchirh.obspm.fr/instruments.php     40 - 440 MHz
is operated by the Indian Institute of Astrophysics at the Gauribidanur radio observatory, about 100 km north of Bangalore.
 Owens Valley Radio Observatory Long Wavelength Array (OVRO-LWA), 
located near Big Pine, CA
Imaging Spectroscopy of CME-Associated Solar Radio Bursts

Sherry Chhabra, Dale E. Gary, Gregg Hallinan, Marin M. Anderso, Bin Chen, Lincoln J. Greenhill, Danny C. Price
ApJ                2020
https://arxiv.org/pdf/2011.06073.pdf
-----------------------------
DSCOVR: Deep Space Climate Observatory
http://www.nesdis.noaa.gov/DSCOVR/
http://www.ngdc.noaa.gov/dscovr/portal/index.html#/
Real Time Solar Wind
http://www.ngdc.noaa.gov/dscovr/portal/index.html#/
(The NASA Advanced Composition Explorer (ACE) satellite)
----------------------------------------------------------------
Solar Telescopes

The Daniel K. Inouye Solar Telescope (DKIST, formerly the Advanced  Technology Solar Telescope, ATST)
http://dkist.nso.edu/
See   http://dkist.nso.edu/ ,  https://arxiv.org/pdf/1612.02348v1.pdf, https://www.nsf.gov/news/news_summ.jsp?cntn_id=299908
European Solar Telescope (EST)  Jurčák et al., 2019
http://www.est-east.eu/est/
http://www.idom.com/project/european-solar-telescope-est/
Recent advancements in the EST project

Jan Jurcak, Manuel Collados, Jorrit Leenaarts, Michiel van Noort, Rolf Schlichenmaier
Advances in Space Research                  2018
https://arxiv.org/pdf/1811.00851.pdf 

Science Requirement Document (SRD) for the European Solar Telescope (EST) (2nd edition, December 2019)

R. Schlichenmaier (1), L. R. Bellot Rubio (2), M. Collados (3,4), R. Erdelyi (5,6), A. Feller (7), L. Fletcher (8,13), ........

2nd edition, December 2019    138 p.

https://arxiv.org/pdf/1912.08650.pdf
The Chinese Giant Solar Telescope (CGST).                   an 8-meter aperture
http://aspbooks.org/publications/504/293.pdf
The 1-meter New Vacuum Solar Telescope (NVST) located at Fuxian Solar Observatory, China

see Liu, Z., Xu, J., Gu, B., et al. 2014, Research in Astronomy and Astrophysics, 14, 705 2, 15
and

Spectro-polarimetric Observations at the NVST: I. Instrumental Polarization Calibration and Primary Measurements

Jun-Feng Hou, Zhi Xu, Shu Yuan, Yu-Chao Chen, Jian-Guo Peng, Dong-Guang Wang, Jun Xu, Yuan-Yong Deng, Zhen-Yu Jin, Kai-Fan Ji, Zhong Liu
Research in Astronomy and Astrophysics    2019
https://arxiv.org/pdf/1911.07397.pdf
GREGOR is a 1.5 meter on-axis solar telescope at the Observatorio del Teide in Tenerife operated in PI mode. 
Schmidt, W., von der Lühe, O., Volkmer, R., et al. 2012, Astron. Nachr., 333, 796 
Denker, C., von der Lühe, O., Feller, A., et al. 2012, Astron. Nachr., 333, 810
A new multi-wavelength solar telescope: Optical and Near-infrared Solar Eruption Tracer (ONSET)

Fang, Cheng; Chen, Peng-Fei; Li, Zhen; Ding, Ming-De; Dai, Yu; Zhang, Xiao-Yu; Mao, Wei-Jun; Zhang, Jun-Ping; Li, Ting; Liang, Yong-Jun; Lu, Hai-Tian
Research in Astronomy and Astrophysics, Volume 13, Issue 12, article id. 1509-1517 (2013).

https://arxiv.org/pdf/1307.4533.pdf
-------------------------------------------------------------
Next Generation Solar Physics Mission–Science Objectives Team (NGSPM-SOT) – Final Report
hinode.nao.ac.jp/SOLAR-C/SOLAR-C/Documents/NGSPM_report_170731.pdf
Appendix C

Existing facilities

Facility Description

CURRENT (not exhaustive, ground-based high resolution facilities

restricted to ≥ 1m)

Hinode Optical spectropolarimetry, EUV spectroscopy, SXR imaging

IRIS UV spectroscopy and imaging

NuSTAR (Nuclear Spectroscopic Telescope ARray ) Astronomical X-ray satellite with solar capability, of observing the Sun above 2.5 keV with unprecedented sensitivity (Harrison et al. 2013), since 2014, microflares
Proba-2 EUV imager, radiometers

RHESSI Hard X-ray spectroscopy and imaging

SDO UV/EUV imaging, EUV irradiance, helioseismic & magnetic imager

SOHO Coronagraphs, radiometer, heliospheric imager and in situ instruments remain

STEREO Two-spacecraft mission, EUV imagers, coronagraphs, heliospheric imagers,

particles

GOES X-ray spectral irradiance, particle data, full-disk EUV imaging

NST 1.6m ground-based optical/NIR, imaging and spectropolarimetry

SST 1m ground-based optical telescope, imaging and spectropolarimetry

NVST 1m ground-based solar optical telescope, imaging and spectroscopy

GREGOR 1.5 m ground-based solar optical telescope, imaging and spectropolarimetry

BiSON Network of optical telescopes for low-degree helioseismology

MLSO Ground-based coronagraphs and polarimeter, full-disk imaging

NSO-Synoptic Chromospheric and photospheric magnetograms, helioseismic measurements

ALMA mm-wave array with solar capabilities

LOFAR Low-frequency radio astronomy array with solar capabilities

Nobeyama Radio interferometer, 17 GHz and 34 GHz

IN CONSTRUCTION

Solar Orbiter  https://sci.esa.int/web/solar-orbiter/
Out of the ecliptic, solar encounter mission. EUV imaging & spectroscopy,

visible spectropolarimetry, coronagraphs and in-situ instruments. Launch

10February 2020
Parker Solar Probe   http://parkersolarprobe.jhuapl.edu
Solar encounter mission, in-situ instruments, heliospheric imager. Launch

August 2018

Proba-3 Formation flying coronagraph, launch late 2018

DKIST 4m ground-based optical/NIR. First light 2020

EOVSA Frequency-agile 15-element radio interferometer, 1-18 GHz

CHSR Frequency-agile 100-element radio interferometer, 0.4-15 GHz

FUTURE POSSIBILITIES

EST 4m ground-based optical/NIR

FASR Frequency-agile ~200-element radio interferometer, 0.5 MHz - 21 GHz
COSMO LC 1.5m ground-based visible/NIR coronagraph/polarimeter
------------------------------------------------------------

Aditya L1 is an Indian solar observation satellite to be placed at the Sun-Earth Lagrangian point L1.
http://space.skyrocket.de/doc_sdat/aditya-1.htm
------------------------------------------------------------------
2018 Heliophysics Missions of Opportunity

https://soma.larc.nasa.gov/2018HelioMO/
------------------------------------------------------------------------------------------
14.1. Solar Eruptive Events (SEE) 2020 Mission Concept

https://arxiv.org/pdf/1805.03248.pdf
Focusing Optics X-ray Solar Imager (FOXSI)

http://grips.ssl.berkeley.edu
 Gamma-Ray Imager/Polarimeter for Solar flares (GRIPS)
http://grips.ssl.berkeley.edu
----------------------------------------------------------------------

Solar Physics from Unconventional Viewpoints                                 Review
Sarah E. Gibson, Angelos Vourlidas, Donald M. Hassler, Laurel A. Rachmeler, Michael J Thompson, Jeffrey Newmark, Marco Velli, Alan Title, Scott W. McIntosh
frontier                    2018

https://arxiv.org/pdf/1805.09452.pdf      File
2 EXTRA-SUN-EARTH-LINE OBSERVATIONS TO DATE

3 SCIENCE ENABLED BY EXTRA-SUN-EARTH-LINE OBSERVATIONS

4 SPACE-WEATHER SIGNIFICANCE OF EXTRA-SUN-EARTH-LINE OBSERVATIONS

5 DISCOVERY SPACE

6 FUTURE MISSIONS AND GAP ANALYSIS

---------------------------------------------------
the Chinese solar physics community proposed the mission Advanced Spacebased Solar Observatory (ASO-S)(Gan et al. 2015). ASO-S has three payloads: the Full-disc vector 2 Feng et al. MagnetoGram (FMG), the Lyman-alpha Solar Telescope (LST), and the Hard X-ray Imager (HXI) to observe vector photospheric magnetic field, CME, and flares, respectively. The mission has been in phase-B since Sep, 2017, and is scheduled to be launched in 2022 around the 25th solar activity maximum with a Sun-synchronous orbit (SSO) at an attitude of 720 km.

On the error analyses of polarization measurements of the white-light coronagraph aboard ASO-S

Li Feng, Hui Li, Bernd Inhester, Bo Chen, Beili Ying, Lei Lu, Weiqun Gan
Research in Astron. Astrophys.               2018
https://arxiv.org/pdf/1810.13003.pdf
Space Weather Related to Solar Eruptions With the ASO-S Mission          As a Review
Li Feng1,2*, Weiqun Gan1,2,  Siqing Liu3,  Huaning Wang4,  Hui Li1,2, et al.

Front. Phys., 11 March 2020 | https://doi.org/10.3389/fphy.2020.00045
sci-hub.si/10.3389/fphy.2020.00045
-----------------------------------------------------------
Наблюдая за Солнцем: проект «СОЛЯРИС»
http://fian-inform.ru/masshtabnye-eksperimenty/item/580-solaris
----------------------------------------------------------------
The Multi-Element Telescope for Imaging and Spectroscopy - METIS – for the
 Solar Orbiter mission is designed to perform coronagraphic multi-wavelength imaging of the solar corona in the visible and, for the first time, in the UV. 
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/10563/105631M/METIS-the-visible-and-UV-coronagraph-for-solar-orbiter/10.1117/12.2304274.full?SSO=1
Solar Orbiter successfully launched on 9 February 2020!
-----------------------------------

Ground Calibration of Solar X-ray Monitor On-board Chandrayaan-2 Orbiter

N. P. S. Mithun, Santosh V. Vadawale,  et al.
 Experimental Astronomy         2020
https://arxiv.org/pdf/2007.07326.pdf
Data Processing Software for Chandrayaan-2 Solar X-ray Monitor
N. P. S. Mithun, Santosh V. Vadawale, Arpit R. Patel, M. Shanmugam, D. Chakrabarty, Partha Konar, Tejas N. Sarvaiya, Girish D. Padia, Aveek Sarkar, Prashant Kumar, Prashant Jangid, Aaditya Sarda, Manan S. Shah, Anil Bhardwaj
Astronomy and Computing             2020
https://arxiv.org/pdf/2007.11371.pdf
Chandrayaan-2, the second Indian mission to the Moon, carries a spectrometer called the Solar X-ray Monitor (XSM) to perform soft X-ray spectral measurements of the Sun while a companion payload measures the fluorescence emission from the Moon.
The Chandrayaan-2 mission was launched on 22 July 2019 The Chandrayaan-2 mission was launched on 22 July 2019
----------------------------------------

High Altitude THz Solar Photometer (HATS)
HATS: A Ground-Based Telescope to Explore the THz Domain

Guillermo Giménez de Castro, Jean-Pierre Raulin, Adriana Valio, Guilherme Alaia, Vinicius Alvarenga, …

Solar Physics volume 295, Article number: 56 (2020)

https://link.springer.com/content/pdf/10.1007/s11207-020-01621-3.pdf 

-----------------------------------------------------------
the hard X-ray properties, either with RHESSI or with more sensitive focusing optics, such as those pioneered by 
Focusing Optics X-ray Solar Imager (FOXSI, Krucker S. et al. 2009 in Proc. SPIE. p. 743705,

doi:10.1117/12.827950) and
 NuSTAR (Grefenstette B. W., et al. 2016, ApJ, 826, 20), or 
especially with future missions such as Fundamentals of Impulsive Energy Release in the Corona Explorer (FIERCE, Shih A. Y., et al. 2019 AGU Fall Meeting Abstracts. Pp SH33A{08).
BepiColombo — совместный проект Европейского космического агентства (ESA) и Японского агентства аэрокосмических исследований (JAXA) по исследованию Меркурия. На орбиту планеты будут выведены два аппарата: Mercury Planetary Orbiter и Mercury Magnetospheric    https://ru.wikipedia.org/wiki/BepiColombo  
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