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STEREO/EUVI Observations of Flares (2007)

EUVI event catalog (http://secchi.lImsal.com/EUVI/work _euvi.txt)
-178 flare events >C1 GOES class or >25 keV (RHESS)
(Dec 2006-Jan 2008)
0 X-class flares
10 M-class flares
78 C-class flares

A—Jun—2007 C5:46:00

1=Jun—2007 15:28:30


http://secchi.lmsal.com/EUVI/work_euvi.txt

10 GOES M-Class Flares observed with EUVI

DATE  TAR END POSITION
2007=Jun=-01 06:40-07:40 S505E90
2007 =Jun=01 :30=-15:30 SO07VEBY
2007=Jun=-01 21:35-22:35 GS07E8Z
2007=Jun-02 : d D6:50 SUBERY

2007 =-Jun-02 2 :+240 S0O5E74
2007=-Jun-03 01:40-02:06 S07EGS
2007 =-Jun-03 02:0 D230
2007=Jun-03 06:30-08:10
2007=Jun-04 05:00-06:30
2007 =Jun=09 : 20 :40
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All flares originate from same active region during its transit
from East 90 to West 23.
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Event #54: 2007-Jun-01 14:40 UT
- occulted flare

- EUV peaks 20 min after SXR
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Event #55: 2007-Jun-01 14:40 UT
- occulted flare

- EUV Increasing after SXR, peaks 8 min & 20 min later



' GOESHi
s" J:‘:OESILQ
EUV

_ Event #059 +307E82 GOES M2.5, L,..= 53 Mm (A= 3%, BG-79 /o)

| BG-0.006%EUV [o

SC=AHEAD

21:48:30 UT}

Event #59: 2007-Jun-01 21:35 UT
- occulted flare
- EUV peaks 4 min after SXR
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Event #60: 2007-Jun-02 06:00 UT

- flare near East limb, postflare arcade side-on view
- EUV peaks 30 min after SXR
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Event #63: 2007-Jun-02 10:30 UT
- flare near East limb, very compact
- EUV peaks 4 min after SXR
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Event #67: 2007-Jun-03 01:56 UT
- flare E70, compact
- EUV peaks simultaneous with SXR
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Event #68: 2007-Jun-03 02:08 UT
- flare E70, postflare arcade
- EUV peaks simultaneously and 16 min after SXR
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Event #/1: 2007-Jun-03 06:30 UT
- flare E63, complex postflare arcade with twisted loops
- EUV peaks simultaneously with SXR and 65 min later !!!
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Event #78: 2007-Jun-04 05:10 UT
- flare E50, complex postflare arcade with twisted loops
- EUV peaks 2 min after SXR
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Event #104: 2007-Jun-09 13:30 UT

- flare W23, complex twisted postflare arcade
- EUV not delayed to SXR !l
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Hydrodynamic Modeling: Motivation

-EUV is generally delayed to SXR as a consequence

of the flare plasma cooling from ~10 MK down to 1 MK
Can we use the SXR-EUV delay to measure the cooling
time and derive physical parameters?

-The SXR and EUV light curves constrain the temperature
and density evolution of flare loops. Can we infer the
heating function (heating rate, duration, scale height)

of the flare and determine the total deposited energy?

-How is the thermal energy of a flare related to the
available free magnetic energy and the CME energy?



Time-dependent hydrodynamic equations:

De .
FD_IF +pVv =FEg Ep  VFe. (4.1.20)

The hydrodynamic equations (4.1.2—4) for coronal loops can be written more

specifically, in one dimension, with loop coordinate s, by inserting the operator D/ D
explicitly, using p = mn, and the form (Eq. 4.1.20) of the energy equation,

in i . .
— + —i(nv) =0, (4.1.21)
ot ds | :

dv dv dp  Opgeqe  Or,
— e

mn— 4 mnv = (4.1.22)
ot '

s ds ar 'Os

e fe v OF~
-m-in‘_—Il +mnv— +p— = Ey — Eg — —— .
at ds s ds

(4.1.23)

The hydrodynamic equations can be generalized for a variable cross-sectional area
Alsz). The operator (4.1.1) for the total derivative can be transformed (in 3D) into a co-
ordinate system that follows the loop coordinate s, with v(s) being the parallel velocity.
Integrating the flux guantities over the perpendicular cross-sectional area [ dA(s) and
dividing the equations by the cross section A(s} then yields

iJ 1 d : :
% E;—ﬂ‘lﬂ-‘r‘-‘l_ﬁ' =0, (4.1.24)

dv v dp  Opyrac [ OF .
mit— F+ my— = —— + —— | — | , (4.1.25)
T — LTy P Ba B (r'_h__ ')

de mmvd., . pd. | _ .
— _I _:. 1 _-_I ._.. ! —_ ) _-_I " .-. X . ) IE['I
ﬂmﬂr - 1 7. (ed) + 17s (vA) =Eg Eg 1 5s (FeA) 4.1.26)
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The temperature

evolution T(t) of the

heating phase can be
analytically described
from the evolution of

the heating function

(neglecting radiative loss)

E,(s0)— d[ T()S’qu

T 712
E iy = B (t=t,) = 2515

T(t<t )= {ZL—Z E (t)}

21712
2 dT7(s)

7 ds?

Gaussian heating function
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Analytical code that approximates hydrodynamic evolution
of heated and cooling flare loops (Aschwanden & Tsiklauri 2008)

the heating non-uniformity factor g (Eq. 21),

B s
(Lfsu)

21— (14 L/sy)exp(-L/sg)]’

4 =

the maximum apex temperature T,,, = T{s = L,t = 1,,) (Eq. 23),
7L2H, %7
T, = _,]
4k gy
the apex temperature T, = T(s = L, t = t,) at the density peak time (Eq. 30),

T,

T,=-2
E 2

the Mach number M (Eq. 43) at the loop apex and density peak time,

[ L (Humae + 25750t )
M =032 1403 arctan | — )| |1+ 2.65exp [ — oz T 29Theat) ) |
\ - 200

the corresponding sound speed ¢, (Eq. 39) at the loop apex and maximum heating time £,

T 32
Ly = Cap (L) X (64)
I

the loop apex electron density n,, = n{s = L,{ =1,,) at the time of the temperature maximum {Eq. 42),

Hysu(l - exp[—%]]
5 _"rff,'_.e:%kifr-.-a + %rrr.].,. [Mes)? —myg Li g

(65)
the peak electron density n, = n(s = L.t = {,] (Eq. 28) at the loop apex,

=20y . (66)

If we choose the time ¢ = £, of maximum heating as the reference time, and a coronal background temper-
ature Ty, say Ty = 1.0 MK, we obtain the start time t, (Eq. 26),

b = by — Thew VT In{ o) + (87)

the density peak time t, (Eq. 31),
ty=tm + TheaVTINZ, (68)

:
and the end time ¢, (Eq. 57),

m—— o
be = tp + Teootyf 2 In (T3/Tb) . (69)
Furthermore we have five particular time scales: the evaporation time scale T..q, (Eq. 33),
Tevap = V /2 Theat »

the conductive cooling time T.,q at the density peak time (Eq. 46),

Teond = =

the radiative cooling time 7., at the density peak time (Eq. 51),
53
Tead =

Ay

the combined cooling time scale 7., (Eq. 53),

LN
i 2 | Teond

and the draining time seale 75,0, (Eq. 56),

- -
Tdvain = 2 Teaol

Now we have all parameter constants to express the evolution of the temperature profile T(s = L, 1) at
the loop apex (Eqgs. 24, 52),

fort =t

T [exp (—(t = tw)?/272,,)] 27
5 for £ > t

exp (_{,f, - {]-,-JI' F T el

T(s =L,t)=

¥
and the evolution of the density profile n{s = L, t) at the loop apex (Eqgs. 32, 53],

My exp{—[ )/ 2 ] fort<t,
fiy axp{—[

nls = L,1) = {

fort =1,

The spatial profiles can be approximated with equilibrium solutions if significant changes in density occur
slower than the sound travel time along the loop, since density gradients due to dynamic processes are
smoothed out by pressure adjustments that propagate with the sound speed. The spatial loop profile is then
according to the solution given in Eq. (22) and the loop apex evolution T'{s = L, 1) given in Lq. (22),

T(s,t) = T(s = L,1) {(%j +%u [%)z (l—exp (-%) el (%) [l—exp (-%)mz .

The pressure or density scale height A, of hydrostatie loops is a function of the temperature, for which we
can use approximately the expression for the apex temperature T'(s = L, 1},
: 2kgT(s = L,t) y (T3 =L,t1) i
ATl = BB B =2l gy goo (FE= D) oy (78)
g 1 MK
The spatial density profile along the loop can be expressed approximately as a function of the loop apex
density evolution n(s = L, t) (Eq. 76),
. y (s—1) s
ns.t) =nfs=L1) exp| —=—=]. (79
¥l [. p1) EXE AJJ(I.{.} L)
This set of analytical equations (59-79) provides then an complete approximation to the spatio-temporal
evolution of loop temperatures T(s, 1) and loop densities n(s,{). The validity range of this analytical code
is limited to loop apex temperatures in the coronsl range of T, 2 1.0 MK,
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Analytical code is formulated explicitely as a function of heating function
(heating rate, heating time scale, heating scale height, & loop length)
and is consistent with numerical hydrodynamic simulations (T<5%, n<10%)
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Conclusions :

(1) Stereoscopy provides (loop lengths,
loop widths, flare volume) to constrain loop models and total
emission measure of flares.

(2) HXR (RHESSI), soft X-ray (GOES), and EUV (EUVI A+B)
light curves constrain temperature T(s) and density n(t) models
of the of flares. Large EUV delays (>1 hr)
require expansion of low-density flare plasmas.

(3) New code with analytical approximations to hydrodynamic evolution
of heated and cooling loops (Aschwanden & Tsiklauri 2008)
allows to infer (Ey, ty, Sy) and
of flare plasma (Ej,).

(4) Time histories of EUV emission around flare regions reveal

dimming in large flares, which can be modeled in 3D to estimate
the
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