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= Soft X-ray: gradual light curves as thermal
component

= Hard X-ray: impulsive light curves as
nonthermal component

= Spectral fitting normally shapes a nice
combination of two components, but it doesn't
iInvolve the temporal information

= Can we diagnose the thermal and nonthermal
information quantitatively from light curves?

= Would the result be consistent with what we
get from spectral fits?



An ideal image of a clear seperation
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Our simple start
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Normalized time derivatives of

semi-calibrated flux

= Higher energies have larger derivatives during
the rise and decay phases of the peak
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Derivatives versus energies
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Thermal + Nonthermal Model

= |sothermal + single power-law
N(E,t) = Ny (E,t) + Noyn(t) (E/keV)_”’(t}

EM(t)/ {ET(t)"? exp[E/ksT(t)]}

Power-law

EM(t) = n*V 10°

Ibetecturs 1F 3F 4F 6F 8F 9F
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Fit Interval] 7 Chi-square = 1.12
— vih+1pow

N (Ey tg) = Nnth(tﬂ)(Et/keV)—'!’(fD) - vih 0.0769,1.50,1.00 full chian 1.26e-04

1pow D.661,3.30,50.0
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SPEX HESSI Photon Flux vs Energy with Fit Funcii-un, Interval 7
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Spectral Fitting

- Emission Measure 3 [ Temperature |
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Two-component photon spectral

R(E,t)

Ry =

model and its time variation

N(E,t) = Ny(E,t) + N, (t) (B /keV) "
Normalized Derivative
_ dAN(E,t)  Nu(E,1) + Non(8)(E /keV) ™ — Noii(£)5(t) In(E /ke V) (E /ke V)™
~ N(E,t)-dt Nin(E, 1) + N (8) (B ke V) 7®)
N { Ry = N (B, 1) /Ny (E,t) for F < F,
" Rt = Npin (1) /Nyin (1) — 4(t) In (E /keV)  for E > F,
mh(E t) E“u’(t) ET T i

Nu(E,t)

R(E,t)A

EM (1) /}/K /ﬁ\

Rin(1)

Rnth(E: t)

/N:E

E;

Rth - Rmh(E;)

Et comes from spectral

fitting

Behavior of time
derivatives gives an

energy at which rates of

change for th/non
thermal equal

Are these consistent?




Spectral modeled
ohoton flux derivatives
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Comparing transition energies Et
obtained from both methods

25

Et, (DRV—E fit with semi—calibrated data)
Et, (DRV—E fit with spectral modeled data)
<> Et, (spectra fit of Vih+1pow) —
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Transition energy Et
o

Time

Square & diamonds: Transition energies calculated when R, = Rn(EY)
Blue squares: photon fluxes from spectral fitting
Red diamonds: semi-calibrated data

Circles: Transition energies obtained from spectral fitting where f _th = f nth

The transition energies obtained from different methods are consistent with eachother.



Rate-of-changes of

Thermal flux & Spectral Index
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Flare Images

SR8 EIT 185 20—tebh—2002 1]1:85:52. 172 UJ

Detectors: 1F 3F 4F 5F 6F 8F 9F

SOHO EIT +
Peak time RHESSI

Green solid: 6-9 keV
Orange dashed: 9-12
Purple dash-dot: 12 -25
Yellow long dash: 25- 100
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Pivot energy where

The soft-hard-soft (SHS) behavior has often been studied
to verify the existence of a pivot energy EO where the non-
thermal spectrum at different times intersect

25

EQ, (DRV—E fit with semi—calibfjated data)
EC, (DRV—E fit with spectral mfdeled data)
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. et
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11:068:00 11:06:10 11:06:20 11:06:30 11:06:40 11:06:50
Start Time (20—Feb—02 11:05:52)

o

Fivot energy EO

Blue squares: photon fluxes from spectral fitting
Red diamonds: semi-calibrated data
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RHESSI 25—100 keV 20—Feb—2002 11:06:10.000 UT

N

Detectors: 1F 3F 4F 5F 6F 8F 9F

Green solid: 6-9 keV

white dashed: 9-12 keV o
Purple Dash-dot: 9-12 keV
Yellow long-dash: 25-100 keV

Peak Time: 20—Feb—2002 11:06:10.000—-11:06:20:000

Nonthermal emissions are
generated mainly from the
footpoints

Thermal source is located >
Between the footpoints

However, the transition region
between thermal & nonthermal
energies seems conver both

Footpoints and the loop. Green solid: RHESSI 6-9 keV  Percent:10.00,50.00,90.00
White dashed: RHESSI 9—12 keV  Percent:10.00,50.00,90.00
ut \ ‘ Pej ‘ WY
B Yellow long—dash: RHESSI 25—100 keV

240

Percent: 2.00,10.00,50.00




Conclusions & Discussions

The photon flux derivatives contain useful information
of the thermal and nonthermal flux

Different ways to obtain the rates of change of
emission measure and power-law index, transition
energy and pivot energy

Big-error-bar issues could be due to

= Transition energy can be a transition region
= Instrumental limitation

Every flare has its own story and we should apply this
method to more flares.

The variation of the temperature can be considered
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