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Flare at the limb




Time intensity plot
(Reale, Landi & Orlando, ApJ, 2012)
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. 1D Loop modeling




Hydrodynamic equations

Plasma moves and transports
energy along the B-field lines ] h
Hydrodynamics only (no

magnetic forces)
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1D flare modeling:
extensive literature

These equations can be solved numerically and several specific codes have been used extensively to
investigate the physics of coronal loops and of X-ray flares (e.g., Nagai, 1980 ; Peres et al., 1982 ;
Doschek et al., 1982; Nagai and Emslie, 1984 @ ; Fisher et al., 1985a ¢ ,a ¢ ,a © ; MacNeice, 1986

; Gan et al., 1991; Hansteen, 1993 ; Betta et al., 1997 ; Antiochos et al., 1999 ; Ofman and
Wang, 2002; Miller et al., 2003; Bradshaw and Mason, 2003; Sigalotti and Mendoza-Bricefo, 2003;
Bradshaw and Cargill, 2006 © ).

Reale 2014, LRSP



Flare evolution

Flare loop phases (Reale 2014)
I: heating

II: evaporation }
[lI: conductive cooling T
IV: radiative cooling

Density ]



Hydrodynamic equations
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Flare heating
O(s, 1) = Ho x g(s) x f(1)
g(s) =exp[ — (s —su)*/(207)]

f(t) 1s a pulse function :3 min

‘ ‘ < Heating

Loop half-length:
L=3x10%cm
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Thermal conduction

(i)
q = +
qspi {sat

Gspi = —k(I)VT

K(T) =92 x 1077752 erg s K~! cm™!
Gsa = —sign(VT) 5¢pc;



Late evolution along the loop
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Catastrophic cooling

(t ~ 40 min)

3nkpTyL?  10.5n.kpL? o L2
re= —eB0S | TONBY 1500022
2/ThTy? KT T3
3kpT 3kgT T2
o= okBIM f M 30002 M5
nyP(T)  bTyinag ALY

Cooling times both very long:
“regular” cooling
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Condition for instability

Combination of radiation and draining: : CHIANTI
efficient draining (enthalpy flux) inhibits
efficient radiative cooling

Sound travel time vs radiative cooling
time (Cargill & Bradshaw 2013, ApJ):
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Catastrophic cooling
(t ~ 40 min)

For flaring loops it occurs at T ~ 1 MK (Cargill & Bradshaw 2013)
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Non-equilibrium of ionization
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emission [a.u.]

Single loop light curves

(a) ionization equilibrium
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(a) observations (b) non-equilibrium of ionization
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Light curves: multistrand
(Gaussian convolution)

(:]1) ionization e‘quilibrium (a) observations
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Conclusions

« Catastrophic cooling can explain almost
simultaneous brightening of UV lines at
different temperature

» QOut-of-phase heating can explain
broadening of light curves: evidence for
multi-stranded loop structure



