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Outline 

I.  YZ CMi megaflare observations 
II.   White light continuum analysis  Balmer 

continuum + hot blackbody 
-  Also emission lines 
-  AD Leo flare revisited 

III.  ULTRACAM stellar flare photometry 



Spectroscopic Flare-Monitoring 

¥  APO 3.5m Dual Imaging Spectrograph (DIS) 
¥  3400 Ð 9000 •, R ! 1000 (300 km/ s) 
¥  1400 spectra / night, 5 sec Ð 30 sec 

integrations (+9.5 sec readout) 
¥  Additional calibration in blue 
¥  Also use 1.85m at Dominion Astrophysical 

Observatory (5 min integrations) 
¥  U band phot: 1m NSMU, 0.5m ARCSAT (w/ 

Flarecam), 0.9m WIYN   



I. YZ CMi Megaflare Images 
UT2009-Jan-16 

NMSU 1m, U 
band 



U band (NMSU 1m) 



aka ÒDIReWOLFÓ 
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EU > 1.7 x 1034 ergs 

YZ CMi 



Flare energy scales with duration  

aka ÒDIReWOLFÓ 



The YZ CMi flare in perspective 

¥  One of the most energetic and long-lasting 
flares seen on an isolated star 

¥  100x more energetic than most powerful 
YZ CMi flares, 10,000x normal. 

¥   At peak, U-band luminosity was 37% Lbol 

¥   Fast rise (10 min), 7+ hour decay 
¥   only 25% of U-band energy radiated in 

first impulsive peak 



U band (NMSU 1m) 



II. APO DIS Blue and Red 
Spectra 

¥  320 spectra in decay phase (1.3 hours) 
¥  10 sec integrations, 20 sec readout 

 3350 Ð 9300 Ang 

¥  U band still at 15 -37x quiescent (3-4 
mags!) 







Ca II IR triplet + Paschen lines 









*F11 = 1011 ergs cm-2 
s-1 







 Emission Filling Factors  



The U-band light curve follows the 
Blackbody 
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The excess at < 3646 • is correllated with Balmer 
lines  



AD Leo Great Flare of 1985 
Revisited 

Flare Peak XBB ~ 0.3% 
XBJ / XBB ~ 5 



AD Leo Great Flare of 1985 
Revisited 

Flare Decay 



III. ULTRACAM 
4.2m WHT, 3.5m NTT 

Flare Decay 



III. ULTRACAM 
Flare light curve morphology on ultrashort timescales 

Δt =0.32s 

Also H# filter (not shown) 



ULTRACAM 
50-100 • wide sampling at 3510 and 4170 Ang 

Δt =0.32s 
Δt =0.32s 
Flare #2 

Δt =2.5s 

Data courtesy Mihalis 
Mathioudakis 



 How ULTRACAM would see the YZ CMi 
flare 

BB + 
BJ 
BB 



The Balmer continuum and blackbody have 
different time evolution 
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Conclusions 
¥   We now think the white light continuum is a sum of 2 (or 

3 if we include Paschen) continuum components 
¥   Allred et al. 2006 (RADYN) models are partly right Ð for 

the Balmer continuum and lines 
¥   Unexplained rise from 3800 to 3646 • (line blending?) 
¥   Could investigate temperature evolution on short 

timescales 
¥   We would like to model the 10,000 K blackbody 

component 
   - proton beam or F12 electron beam? 
   - 3D? 
   - AlfvŽn waves (Fletcher & Hudson 2008)? 
   - accretion shock, like in T Tauri stars? 

    
Herczeg & Hillenbrand 
2008 



Remaining Questions 
Spectra 

 - Do all flares, large and small, exhibit a 10,000 K BB spectral component? 
 - What happens to the continuum during the rise of the first impulsive phase? 
 - What is the continuum shape at < 3400 • ? 

      - Can Stark broadening explain the rise from 3800 to 3646 •? 

Photometry 
 -  What causes flares to have secondary peaks? 
 -  What is different in the flare mechanism / geometry that produces different 
flare light curve shapes? 

Solar-Stellar 
   -  How do WLF spectra on the Sun compare to those on M dwarfs? 
   -  What implications does this have for similarities/differences in the energy 
deposition mechanism?   

ÉAnd finally, why 10,000 K? 


