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Fermi Gamma-ray Space Telescope

Large Area Telescope (LAT)
- 20 MeV-300 GeV
- Thanks to the wide FoV (2.4 str), all sky is scanned 
every 3 hours

Gamma-ray Burst Monitor (GBM)
- 8 keV-40 MeV
- All sky monitor

• Launched on 2008 June 11

• All-sky survey mode

• Observation has continued 
without any critical problems



Steady MeV/GeV emission from Quiet Sun
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Solar Flare X-ray~Gamma-ray spectrum

Taken from http://hesperia.gsfc.nasa.gov/hessi/flares.htm

Thermal brems.

Non-thermal brems.

Line Gamma-rays

Pi-zero dacay γ

• Thanks to Yohkoh and RHESSI, solar flare gamma-rays up to several MeV were detected 
many times



Pre-Fermi EGRET/CGRO result

Taken from my slide at Fermi symposium 2011



Ackermann+14

LAT-detected solar flares (~2012 August)



~12 hour long-lasting 
emission

M3.7 flare on 2011 March 7

Power-law is significantly rejected
Cutoff PL and Pion-decay (s=4.6, solid line) 
models are favored

Total emitted energy
(E>100 MeV); 9.7E+23 erg



LAT-brightest 2012 March 7 solar flare

• Clear association with flare-produced AR 11429

• Time-resolved localization shows clear association with AR in 
earlier times, but later the association becomes less significant

By using all LAT events Positions for every 90 minutes

68% radius



Possible acceleration mechanisms

CME shock acc.
(1st order Fermi)

Reconnection

• Impulsive acceleration+trapping would be rejected

• Continuous acceleration by turbulence or CME shock seems preferred

Turbulent acc.
(2nd order Fermi)

Liu+2008
Yokoyama & Shibata, 2001

Sun CME (Coronal 
Mass Ejection)

Shock Lee, 2005



Recent Fermi-LAT papers related to solar 
system objects

• See Fermi-LAT publication page

• https://www-glast.stanford.edu/cgi-bin/pubpub



Taken from M. Pesce-Rollins’s presentation at Fermi symposium 2015 







RHESSI+Fermi/GBM+Fermi-LAT 
Spectral evolution



• Cutoff PL is significantly favored over PL

• Sqrt(TS)~sigma

• Very hard photon index, indicating the very hard electron index

• Pion-decay gamma would be most plausible (my personal view)



Possible scenarios

• Electrons or Protons? Possibly protons are responsible for LAT emission, 
given the very hard PL index for PL-cutoff model

• Deep below the photosphere of the flare site

• In the corona above the limb (suggestive of trapping particles)

• CME-shock accelerated particles traveling back to the Sun

Yokoyama & Shibata, 2001 Lee, 2005



Rough estimation

• LAT emission need to be emitted from deep inside the 
photosphere at the column depth of N>10^25 cm-2, compared to 
HXR-producing site (depth) of 10^20 cm-2

• Detailed calculation for ~1 GeV protons and electrons are 
described in the LAT paper

• Energy loss time for 1 GeV proton is ~2x10^15/n s. To sustain the 
emission for ~2000 sec, the required density is >10^12 cm-3, which 
is much larger than the typical coronal density at >10^9 cm



Taken from M. Pesce-Rollins’s presentation at Fermi symposium 2015 





Summary

• Behind-the-limb flare was detected several times by Fermi-LAT

• Location of the LAT emission is consistent with RHESSI hard X-ray 
position

• LAT spectrum is represented by either cutoff-PL or pion-decay

• Detailed calculation of optical depth rule out the flare site origin

• high-corona trap model requires very unusual condition

• Thus, CME-shock accelerated particles traveling back to the Sun 
would be the most plausible


