RHESSI X and Gamma Ray Spectroscopy

Basic Equation of X-ray
Astronomy

From Photons to Counts —
detector physics in the
response matrix

Background

Determining the photon flux
from the observations.

SPECTROSCOPY TASK FLOW CHART

Select segments and coincidence modes

Convert counts to energy |

Bin to desired energy bins

Correct for deadtime & pileup

Before/after flare

Previous/next orbit
Previous/next day
Synthetic ADVANCED

Generate & subtract background

COUNT SPECTRUM

Divide by diagonal response OR /\/
Deconvolve full response (SPEX/XSPEC]

Grid transmission
Attenuator transmission
Blanket transmission

PHOTON SPECTRUM

Detector response to modulated photons

Det response to scattering in 2nd grid & shutter

Det. response to scattering in spacecraft
ADVANCED Det. response to scattering in atmosphere

Det. intrinsic lineshape function

Det._electronics lineshape function

Electronics threshold cutoffs
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Basic Equation of X-ray
Astronomy
C=B+R#J

J — the incident rate of photons
on the detector

C — the observed rate of counts
(events) binned 1n energy and
time. Must normalize for
detector deadtime.

B — the rate of background
events. Can be and most often
1s varying in time.

R- the response matrix giving
the probability of a count at E1
for a photon at E2

SPECTROSCOPY TASK FLOW CHART

Convert counts to energy

Bin to desired energy bins

Before/after flare

Previous/next orbit
Previous/next day
Synthetic ADVANCED

Correct for deadtime & pileup

‘Generate & subtract background|

AN

R 5

Grid transmission
Attenuator transmission

Blanket transmission

Detector response to modulated photons

Det response to scattering in 2nd grid & shutter
Det. response to scattering in spacecraft
ADVANCED

COUNT SPECTRUM

PHOTON SPECTRUM

Det. response to scattering in atmosphere
Det. intrinsic lineshape function
Det._electronics lineshape function

Electronics threshold cutoffs
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Processes that are described by

. Full response matrix rows, front segments
the Response Matrix R B8 e R SRR
Grid, blanket, attenuator Il
transmission. s
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energy loss dominates 3-200 N
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and multiple energy loss g J/JL
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Detector Livetime

For a random process the best
estimate of the true count rate
1s given by the observed counts
divided by the livetime of the
detector during the interval.

Livetime = 1-Deadtime :

For RHESSI the peak detector
rate will not exceed 25,000
counts/second while the true
rate may exceed >10X that
value.
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Orb ltal Background Sources o HE::-‘_:::;T_-,;| Observing Summary Count Rates

Diffuse Cosmic X-ray
Background — Varies by
geometry

Cosmic Rays — High energy
particles interact with
spacecraft and Earth
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Trapped radiation — energetic
particles that interact directly
and indirectly with the
detectors.
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Time variability 1s energy e
dependent. Only high signal
to background saves us.
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=10 x|

1 spectra - RHESSI Data Analysis Dev. Version, 4
SPECTRA

{*- changing these parameters forces reprocessing and takes longer)

F BF 8F 9F i T ;s Ed 31
1:18.419 Observation Time Interval: 20-Feb-2002 10:54:22 to 20-Feb-2002 11:31:22 Change..

Flare 2022003: 20-Fekb-2002 11:04:08.000 to 11:12:20.000 Peak: 11:06:18.000, 656.000 cfs

Mote: Spectrum time interval must be within Observation Time Interval (abowve)

* Spectrum Time Interval: 20-Feb-2002 10:64:22 418 - 20-Fek-2002 11:31:22.247 Change... ‘

# Enargy Bins: 77 Binning Code: |14 b Define Bins Manually... ‘
Energy Bins (keV): I 30to40 Li Show Binning Codas ‘ R e EE ]

# Time Bins:b54 Time Binidth (5} Define Bins Manually... ‘
“Time Bins: [20-Feb-2002 10542241910 105426419 ¥ [4000 _J

[~ *Use Channels

Draw Current Bins |

Collimators and Detector Front/Rear Segments Selected:

1FFE. 2FFR. 3FR, 4FE, BFE, 6FFE, 7FFE. 8FE, 9FR Change...

Sum Detectors: Enabled

[ Semi-calibrated Units: (@ Counts ( CountPate & CountFlux ‘ShDWFIagS:N,F,An Change... ‘

Pileup Correction: Disabled Decimation Correction: Enabled Change
Use Flare ® Offset Enabled o Offset: 804.00, 248.00 P

Fefresh ‘ Parameter Surnrmany | Resetto defaults | Set params manually ‘

Plot Spectrum ‘ Plot Time History | Plot Spectrogram J Wite outputfile... | “Write script | Help | Close |

17—0ct-2004 22:57
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RHESSI Count Flux ws Energy
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Count Spectrum in Flux Count Spectrogram 1n Flux
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il Spectra - RHESSI Data Analysis Dev. Version, 17-0c 422 _ o] x|
SPECTRA

*- changing these parameters forces reprocessing and takes longen

* Observation Time Interval: 20-Feb-2002 10:54:22 to 20-Feb-2002 11:31:22 Change..
Flare 2022003; 20-Feh-2002 11:04:08.00040 11:12:20000 Feak: 11:06:18.000, B5E.000 /s

Note: Spectrum time interval must be within Observation Time Interval (abhowe)

*Spectrum Time Interval: 20-Feb-2002 10:54:22.419 - 20-Feb-2002 11:31:22.247 Change... ‘

# Energy Bins: 77 Binning Code: |14 > Define Bins Manually... ‘
Energy Bins (keW): ] 301040 lj Show Binning Codes ‘ e e ‘
[ *Use Channels ] J Charmel Mir: | J Channel Wz |2 J I
# Time Bins:554 Tirne Bin‘Wicth (s Digfine Bins Manually.. ‘

*Time Bins: |20-Feb-2002 10:54:22. 41910 10:54:26.419 _V_J I4.DDD ;I BrawE tBi ‘
raw Current Bins

Collimators and Detectar Front/Rear Segments Selected:

1FR. 2FR, 3FR. 4FR. 5FR. 6FFR. 7FR. 8FR. 3FR Change...

Sum Detectors: Enabled

[v Semi-calibrated Units: ¢ Photons  Photon Rate & Photon Flux Show Flags: N, F. An~ Change...

Fileup Correction: Disabled Decimation Correction: Enabled e ]
Use Flare ¥y Offset Enabled v Offset 904.00, 248.00 e

Refresh ‘ Pararmeter Summaty ‘ Reset to defaults ‘ Set params manually ]

Flot Spectrum ‘ Flot Time Histary ] Flot Spectrogram ‘ Write output file... ‘ “Write script ‘ Help ‘ Close ]

17—0ct—2004 ZE01

Photon Spectrum in Flux
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; Create the Script from the Write Script Button on the GUI
; hsi_spectrum script created Sun Oct 17 23:20:51 2004
; Includes only parameters changed from default settings.

obj = hsi_spectrum()

obj-> set, obs_time_interval= ['20-Feb-2002 10:54:22.419', '20-Feb-2002
11:31:22.247"]

obj-> set, seg index mask=[1B, OB, 1B, 1B, 1B, 1B, 0B, 1B, 1B, 0B, 0B, 0B,
OB, 0B, 0B, 0B, $

0B, 0B]

obj-> set, sp_data unit= "Flux'

obj-> set, sp_energy binning= 14L

obj-> set, sp_semi_calibrated= 1B

obj-> set, sp_time_interval= 4.00000

;To create the spectrum output

sp = obj->getdata()
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Exercises
Observing summary for flare 20-Feb-2002 09:57 UT

Look at the observing summary starting for this flare.
Extend it by one orbit (96 minutes) on each side.

Set observing time interval for the flare.

In Spectrum GUI make short accumulations, less than 5 minutes

using multiple time bin sizes, energy binnings. Look at spectrum and spectrogram
using counts, rate, and flux choices. How do they change?

Do the same using SEMI-CALIBRATED. Look at the spectrum at the peak and
away from the peak. How does it change?

Pick time binning, energy binning, and detectors suitable for analysis and write
the FITS files for the spectrum and the detector response using full response
and the diagonal response (That's two cases, so two spectrum and two srm files).



