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Outline

® Spectral variations during temporal
variability

x Automark

® Behavior of spectral lines during flare
onset
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Automark

= Derive changepoints in a marked Poisson process
® | ke Bayesian Blocks, but in 2D and not Bayesian

= [he spectrum is modeled non-parameterically as a

combination of 3™ degree polynomial radial basis continuum
and o-function lines

= Number of changepoints in time determined via Minimum
Description Length procedure with ¢; penalty

® hitps://qgithub.com/astrostat/Automark/
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combined continuum combined lines
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continuum ~3.4 - 6.4 keV : <logT>=7.70
1.85 A :Fe XXV :<logT>=7.71
6.6-6.7 A : Si XIII+ : <logT>=7.18
8.42 A : Mg XII : <logT>=7.23
12.13A :NeX : <logT>=6.95

13.57 A :Ne X+ : <logT>=6.84
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: Fe XVII + : <logT>=6.80
1896 A  : 0O VI : <logT>=6.44
21.5-222 A : O VII : <logT>=6.39




A 700 oOf flares

> /0 strong tlares In ~3.5 Msec

Intensity changes are not synchronized
across wavelengtn

Higher temperature plasma invariably
lags the full band flare

SBuUrsts sometimes occur in some lines
preceding the full band flare
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Trends and tendencies

Intensity changes are not synchronized across
wavelength — many lines have peak intensities
later, or show no response at all, or show small
ourst at beginning

Higher temperature plasma invariably lags the full
band flare — even If it starts at the same time,
picks up 100s of seconds later, so standara
model of T-n. evolution (first increase T, then n.)

needs rethink



Summary

x | ooking at high-resolution spectra at the events level can yield
rich information on flare dynamics

= Emission line evolution is complex and does not always track
the overall intensity

x Spectra harden during the rise phase, indicating plasma
temperatures increase slowly, and really high temperature
plasma (>10 MK) lags flare onset appreciably, by many 100s of
seconds

x Unlike typical flare models where first there is an increase in
T, then an increase in brightness

x Analysis is currently limited by model assumptions, small
counts, pre-existing conditions (e.g., residues of previous flares)

Chandra Science for the neXt Decade, Cambridge MA, Aug 19 2016



.........

_____

o’

o
o
o,
332

-4
5%,

6!
<3

o
0.0

/)
v

v J'j
o ",

000000000 C000000 0000 COO00COOOO~="D0 QOO AN
boeoeccooooooooooCccoCOROCOCRCOLOOCOO(ISNOCOCOOOOOEROCEROOORRS

J
BB SO0
J)JJJ.) 0
B 50 B B
P P _Pe P
_J) )_1": )

) o
- P

S
<)
0.9

-‘I‘)’\).)):;h) |
J
08
ol
B9
JJ
®

J

J
& e P
8.6, 0

3
RO,
)
333
J
DB O
8 o
< ,)"J')'_

b,
3
343
o
5
-
JJ
Y

b
B8
J

o3

7
33
._)J
el
4
o
) |

Soses

35
d

o)

J

J

000900 Y Y YOO

Y Y Y Y 0000089

2000009 Y Y YY)
‘‘‘‘‘‘‘‘ T \ NPT

SN Y NYYYY Y

...........

............



100

10

N(>Ly)

~—0.5

llll

1U | | | |

10% 10% 107 10% 10°
L, [ergs s7')



100.0

| Ll IIIIIII I 1 Illllll 1 1 IIIIII] 1 1 lIllllI 1 1 Illllll

T T

10.0

llllll

N(>Ly)

1.0

lllllI

0.1

—

N

.

L

Back of the computer extrapolation:
expect to see superflare level flares when curve 1s elevated
by ~2x, when total accumulated exposure hits =6 Msec

15 more years at historical levels of grating time allocations

| | lllllll | | lllllll | 1 lllllll | | lllllll | | lllllll

L1 111

lllllI

lllllI

10?8

10%® 103 10¥ 102 1033
L, [ergs s7']



Summary

x | ooking at high-resolution spectra at the events level can yield
rich information on flare dynamics

= Emission line evolution is complex and does not always track
the overall intensity

x Spectra harden during the rise phase, indicating plasma
temperatures increase slowly, and really high temperature
plasma (>10 MK) lags flare onset appreciably, by many 100s of
seconds

x Unlike typical flare models where first there is an increase in
T, then an increase in brightness

x Analysis is currently limited by model assumptions, small
counts, pre-existing conditions (e.g., residues of previous flares)
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