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Mitsuda et al. (2007) XIS: 0.2-12 keV

HXD-PN: 10-70 keV
HXD-GSO: 40-600 keV
HXD-WAM: 50-5000 keV
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����	
� – Fe K ��	��

Ec =6.67 keV, Ew = 30 eV

BI spectrum

Phillips 2008

FI(x3), No BG 
subtracted

��	
	�Bragg Cristal Spectrometer
���',����Fe K�������
���$&(<6.5 keV)
+��
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Compton Shoulder

Simulation by Odaka et al. (2011)

Rayleigh scattering

Raman scattering

Compton scattering

Watanabe et al. (2003)

GX 301 – 2: NS + massive star 

Chandra HETG
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FeK@6.4 keVCompton 
shoulder
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Fe K ��������
• Compton shoulder
• .!-���'8
• +726��'8
• �)%,��'8

•5��1(
• ���
�*�4&,
• ����3/(

Sunyaev & Churazov (1996)

'8���Fe K *���	
�
�
����
��
µ = cos q, 
q is the angle between the normal 
to the surface and the observer’s 
line of sight.
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GOES X-Ray Flux in Early September 2005

ObsID: 100019010 (SN 1006 BG1) ObsID: 100019020 (SN 1006 NE)
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Fe K ������
1st peak 2nd peak

XIS’s Fe-K Light Curve in 100019010

GOES data
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Fe-K Light Curve – Zoom into 2nd Peak
Black: Fe-K band rate (x10)
Red: ELV
Green: SUN_ALT
Blue: SAA Flag

NTE      DYE              Obs.                SAA                  NTE               DYE               Obs.

2nd big flare

Abrupt decrease at [ELV<0 à ELV>0] must 
be due to the loss of reflected component.
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Abrupt increase at [SUN_ALT<0 à SUN_ALT>0] must 
be due to the sun light directly hitting the detector.
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NTE Spectra at various SUN_ALT
-40 < SUN_ALT < -30
-30 < SUN_ALT < -20
-20 < SUN_ALT < -10
-10 < SUN_ALT < 0
0 < SUN_ALT < 10
10 < SUN_ALT < 20


 Telescope

� Direct

� Direct emission
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Al K (NTE & 0<SUN_ALT<20) 3.7-7.3 keV (NTE & 0<SUN_ALT<20)

Fe K (DYE & 20<SUN_ALT<70) 0.2-4 keV (DYE & 20<SUN_ALT<70)

NTE Spectra

DYE Spectra

20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70

-40 < SUN_ALT < -30
-30 < SUN_ALT < -20
-20 < SUN_ALT < -10
-10 < SUN_ALT < 0
0 < SUN_ALT < 10
10 < SUN_ALT < 20

Vignetting Effects
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Emission Profiles along ACTX
Al K in NTE 3.7 – 7.3 keV in NTE

Fe K in DYE
0.2 – 4 keV in DYE

Red: vignetting simulated at 7 keV Red: vignetting simulated at 2 keV

à NTE data do not come through the telescope, but directly reach the detector.

à Majority of DYE data come through the telescope.
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Spectral Comparison between DYE and NTE
[0<SUN_ALT in DYE] vs. [0<SUN_ALT<10 in NTE]

Reflection (telescope) vs. Direct

No BG subtracted [Exposure time]
Black: 19.9 ks (for one XIS)
Red: 6.7 ks (for one XIS)

Dominated by reflection

Dominated by 
direct component

DYE

NTE
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Zoom into Fe K

Fe K line profile seems consistent with each other.
à Fe K broadening is likely intrinsic to the Sun.

No BG subtracted
Dominated by direct or reflection component

Reflection (telescope) vs. Direct

Model:
PL + a Gaussian with 
a center of 6.67 keV
and a width of 30 eV
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Another Big Flares in December 2006 

ObsID: 801064010 ObsID: 801032010
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Fe K �������	�

���������: SUN_ALT > 0 & ELV < 0 (including both NTE & DYE) 

2005/9
XIS0+2+3

2006/12
XIS0+3

2018/3/2 �
���
��	 19



Flare Locations
2005/9/7 2006/12/6

Date: Tue, 5 Dec 2006 07:27:04 -0500 (EST)
Dear RHESSI Collaborators,
Unusually for this point in the cycle, there was an X9.0 from a large and as yet 
unnumbered region on the east limb at 10:18 UT today. Over the past 24-
hours, the region has produced ~14 C-class flares, together with M- and X-
class events. The region appears to be the return of NOAA 10923, which was 
a large asymmetric beta-gamma region on its last traversal of the disk. It gives 
me great pleasure to state: "Further intermediate level activity expected, with a 
chance for an X".
The approximate position of this region on 5-Dec-2006 10:00 UT is:
S06E80, ( -955", -103" )

Date: Thu, 8 Sep 2005 06:58:01 -0700
Dear RHESSI Collaborators,
NOAA 0808 (return of NOAA 0798) is now fully on the
visible disk. The X17/3b white light flare (09/07/17:40 UT) ranks the
4th largest event in 30 years. Mauna Loa Solar Observatory's MK4
coronagraph recorded an extremely large and fast CME. The flare
produced moderate type IV and strong type II radio sweeps. The region
is still too close to the SE limb to ascertain its magnetic configuration
but the plage is very bright and compact and most certainly magnetically
complex. Another major flare expected.
The position of NOAA 0808 on September 08 at 12:30 UT:
S12E76 (Solar X = -904", Solar Y = -225")

Ha Ha
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Fe K Profiles 
Simulated by Sunyaev & Churazov (1996)

µ = cos q, 
q is the angle between the 
normal to the surface and 
the observer’s line of sight.

Edge-on flare

Face-on flare 
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FIP���

SEP (solar energetic particles)� FIP ��	%������
à��
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Reames (2018)
: Solar energetic particles
: Slow solar wind

2018/3/2 ������$ � 23



������ – N, O ��	
%�������
�
	��

N-K O-K

N-K O-K
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20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70
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Composition of the Atmosphere

Black:  O
Red: N2
Green: O2
Blue: Ar
Right blue: N

Low SUN_ALTHigh SUN_ALT
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�����SXS��� (Day & Night Earth)

Day: ANG_DIST<1.5, SAA_SXS=0, T_SAA_SXS>436, ELV<-10, NTE_ELV>5
Night: ANG_DIST<1.5, SAA_SXS=0, T_SAA_SXS>436, ELV<-10, DYE_ELV>50
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�����SXI��� (Day & Night Earth) 

Mg Hea

Si Hea
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Zoom into 2nd Peak

SUN_ALT > 0
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Line Broadening with SUN_ALT (2005/9)

20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70

XIS0+2+3
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Mn Ka Line Width
20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70
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Line Broadening with SUN_ALT (2006/2)

20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70

XIS0+2+3
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20 < SUN_ALT < 30
30 < SUN_ALT < 40
40 < SUN_ALT < 50
50 < SUN_ALT < 70

Mn Ka Line Width
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N-K LC – Zoom into Second Peak

NTE      DYE              Obs.                SAA                  NTE               DYE               Obs.

Black: N-K band rate 
Red: ELV
Green: SUN_ALT
Blue: SAA Flag
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