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Are loops impulsively heated?
Hot plasma

• The importance: signature of impulsive heating

qHot loops may require temporarily T ~ 10 MK
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Hot component

HOT

Are loops impulsively heated? 
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Pink is hot (6-8 MK) (Reale+ 2011)

Testa & Reale 2012
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Hot….

Prediction confirmed by SDO/AIA images in “hot” channels
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MUSE instruments leverage IRIS, SDO/AIA, HiC heritage 
Sun-synchronous orbit (600-700 km) 

Sustained datarate of 20 Mbit/s (~40x-1000x more than previous spectrographs)

Multi-slit Mask

• Spectrograph (SG) 
– 25 cm aperture, 3 channel design, common grating 

substrate 
– multiple (35) slit design, 0.4 arcsec resolution 
– Centroiding resolution <5 km/s 

• Context Imager (CI) 
– 20 cm aperture, dual bandpass, 0.33 arcsec resolution 
– Modified SDO-AIA design incorporating lessons learned 

from IRIS & Hi-C

Overall View of the MUSE Instruments
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MUSE captures dynamic coronal properties at key scales 

Fe IX 171Å Fe XV 284Å Fe XIX 108Å Fe XXI 108Å

- Reveal processes 
invisible to imagers

Multi-slit spectroscopy 
Intensity -> Temperature 
Velocity 
Non-thermal motions 
To diagnose reconnection, 
flows, waves, heating

High-cadence context & 
broad temperature 
coverage (580”x580”)

Breakthrough in Resolution & Cadence (x40-100)

- For the first time 
capture multi-scale 
physical processes 
from driving scales at 
0.5” to active region 
size impact, on short 
time scales (20s)

- Distinguish between 
competing state-of-the-
art models

Intensity                                        Velocity         Non-thermal broadening
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What is unique about MUSE?
MHD Simulation of Flare 	          Multi-slit Solar Explorer                          EUVST                                                       Hinode/EIS

Breakthroughs in: 
-cadence: 40-100x faster & larger FOV than current/planned spectrographs — for the first time freezes 
“coronal evolution” under spectrograph slits 

-spatial resolution: 10x higher than AIA, 25x better than EIS or SOLO/SPICE

Fe IX Intensity

Fe IX Doppler shift
70 arcsec
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Instrument Resolution Spectroscopy Imaging Datarate 
[Mbit/s]

Temperature Cadence FOV

EUVST 0.4" 0.01–15 MK w/ 10-20 lines 12s (AR) 2”   x 140” Photosphere & chromosphere over 300”x300” 0.7 
MUSE 0.33-0.4" 0.7 – 11 MK w/ 4 lines 12s (AR) 170”x170” TR & corona (1.2 MK) over 580”x580” 21.4

MUSE 170x170” raster cadence of 12sEUVST 170”x140” raster cadence of ~400s

Synergy between MUSE and Solar-C/EUVST: 
Both are key parts of NGSPM

• Joint JAXA/NASA/ESA report on Next Generation Solar Physics Mission 
(NGSPM) calls out need for coordinated observations between: 

• JAXA-led Solar-C/EUVST single-slit spectrograph with broad 
temperature coverage from photosphere to hot flaring corona 

• MUSE-like instrument with high-speed spectral rasters over large FOV 
and context imaging

MUSE provides coronal imaging/context and captures multi-scale processes involved in coronal heating and flares/eruptions
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How can MUSE distinguish between competing physical mechanisms?
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Institution Teams and Roles similar to IRIS SMEX

-    MUSE team structure similar to IRIS SMEX team
- ATC leads development and science operations and 

analysis
- Including long-term collaborators: 

- Harvard Smithsonian Astrophysics Observatory 
(SAO), 

- NASA GSFC, 
- Montana State University, 
- UC Berkeley (Mission Ops), 
- and many science institutes

- Contributions by: 
- Norwegian Space Agency (NOSA) for downlinks, 

data center and science  
- Italian Space Agency (ASI) for mirrors, thin film 

filters, coating tests, and science 
- German Aerospace Center (DLR) for grating, 

calibration, and science
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Science Co-I Team
Co-I Inst. Responsibilities (expertise)

De Pontieu, B. LMSAL PI; IRIS Coordination (PI IRIS)

Boerner, P. LMSAL Deputy PI; Project Scientist

Hansteen, V. LMSAL
Models flux emergence, braiding; obs. programs braiding; obs. analysis tools; 
public release of models, Hinode coordination

Jin, M. LMSAL
Models of flux rope driven CMEs, global corona; obs. programs for CMEs; 
comparison of CME models and observations; AIA coordination (PI AIA)

Martinez Sykora LMSAL
Deputy Science Lead; Models of spicules and impact on corona; observational 
programs for spicules, numerical modeling tools

Polito, V. LMSAL
Models of nanoflares incl. non-thermal particles and Alfven 
waves; comparison with observations; analysis of flare obs.

Chintzoglou, G. LMSAL
Work on numerical simulations on flaring-productive active regions and closely with 
the Project Scientist/Deputy PI Dr. Paul Boerner 

Cheung, M. CSIRO
Science Lead; Space weather applications (incl. MURAM and data-driven 
models); AI techniques

Golub, L. SAO Institutional PI at SAO; SAO Project Scientist; CI design, I&T

Samra, J. SAO Dep. Instrument Scientist; SAO CI Inst. Scientist, lead CI calib.

Testa, P. SAO
Obs. programs for nanoflares; validation of multi-slit 
disambiguation; analysis of TR & coronal observations

Reeves, K SAO
Studies that connect MUSE observations with heliospheric data from various 
missions including PSP, Solar Orbiter, and PUNCH. 

Daw, A. GSFC
Institutional PI at GSFC; optical GS E lead for SG & CI; atomic physics sensitivity 
analysis; analysis of EUV spectra

Kankelborg, C. MSU
Lead of student collaboration; assist instrument design, 
contribute to science ops; obs. programs for coronal holes

Winebarger, A. MSFC
Validation of multi-slit disambiguation methods; obs. programs for quiet Sun; 
analysis of coronal spectroscopy and imaging

Rempel, M. HAO Models of flares and CMEs driven by flux emergence

Co-I Inst. Responsibilities (expertise)

Jaeggli, S. NSO DKIST coordination, SG calib., analysis DKIST/MUSE obs.

Bale, S. UCB Institutional PI at UCB; PSP coordination, analysis PSP/MUSE 

Carlsson, M. UiO
Models of flares, coupling to low atmosphere (He II synthesis); UiO data center, liaison with 
NSA; SoLO coord. (SPICE co-PI)

Leenaarts, J. ISP
SST coordination (SST dir.); models of low atmosphere incl. 
non-equilibrium ionization and non-LTE radiative transfer

De la Cruz Rodriguez, J. ISP Perform inversions of the photospheric and magnetic field using DKIST coordinated datasets

De Moortel., I. St.And. Models of wave propagation/heating; obs. progs. waves

Antolin, P. NUni Models resonant absorption, plasma instabilities; wave analysis

Fletcher, L. UGI Obs. Programs for flares; comparison flare models & MUSE obs

Peter, H. MPS Data-driven models of corona; comparison w/ MUSE obs

Solanki, S. MPS Coordination with GREGOR and SoLO/PHI (PHI PI)

Ugarte-Urra, I. NRL
Coordination with EUVST, development of NGSPM observing programs, analysis of coordinated 
EUVST/MUSE datasets

Soufli, R. LLNL Response for EUV coatings of the grating and the SG and CI mirrors

Reale, F. UoP Perform MHD modeling of coronal heating via braiding. 

Spadaro, D. UoC Analysis of spectral data, and coordination with Solar Orbiter. 



   15

D. Perrone, ASI



• Localised instability leading to a large heating event 
(Tam et al 2015, Hood et al 2016, Reid et al 2018, 
2020);


• Stratified atmosphere (chromosphere + TR + corona), 
magnetic field tapering, thermal conduction, radiative 
cooling, anomalous diffusivity, gravity in curved loop; 

• Kink Instability can trigger an MHD avalanche.

Loop kink instability and MHD avalanches  
(Cozzo, Hood, et al. 2023) 

Full 3D multi threaded 
 coronal loops

Horizontal cut:  
current density / velocity / heating

Unstable loop v.s. 
nearby stable loop

3.



- Front view 

Coronal energy release by MHD avalanches  
- II. EUV diagnostics of a multi-threaded coronal loop 
Cozzo et al. 2024, in preparation 

MUSE lines



- Top view
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Conclusions

• MUSE will provide unprecedented spectra at 0.4 arcsec resolution, 12s cadence, over 
a FOV of 170”x170”, and context images at 5s cadence (up to 580”x580”) 

• Launch in 2027, strong synergy with Solar-C EUVST, but also with Solar Orbiter 
• MUSE spectroscopy 40x-100x faster and 10x higher res than current spectrographs 

• MUSE will provide important constraints and diagnostics for magnetic reconnection 
and heating in coronal loops 

• MUSE will spectroscopically capture the multi-scale nature of coronal heating and 
solar flares and eruptions 

• MUSE will allow comparisons between unprecedented observational constraints and 
state-of-the-art models: 

• Physics of flares and eruptions: triggers, reconnection/current sheet, non-thermal 
particle properties, flare energy thermalization, etc 

• Fundamental physical processes: instabilities, non-thermal particle acceleration 

• Connection with space weather and Solar Orbiter/Metis


