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Topics covered:Topics covered:

�� XX--ray astronomy historyray astronomy history
�� XX--ray radiative processes ray radiative processes 
�� XX--ray detection ray detection 
�� XX--ray missionsray missions
�� XX--ray instruments ray instruments 
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XX--ray  Absorption in the Atmosphereray  Absorption in the Atmosphere

�� Photoelectric absorption, Compton effect, pair productionPhotoelectric absorption, Compton effect, pair production
�� Height for 50% of attenuation changes with EHeight for 50% of attenuation changes with E
�� 10 cm of air stops 90% of 3 keV photons10 cm of air stops 90% of 3 keV photons
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AttenuationAttenuation

�� Early experiments were done with balloons & rocketsEarly experiments were done with balloons & rockets
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Pioneering Rocket ObservationsPioneering Rocket Observations
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IonizationIonization
�� Ionization temperature (Ionization temperature (BoltzmannBoltzmann))
�� High degrees of ionization require high temp/energyHigh degrees of ionization require high temp/energy
�� Equivalent to high photon energies (XEquivalent to high photon energies (X--rays)rays)
�� Line emission from electronic transitionsLine emission from electronic transitions
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IonizationIonization

�� For high Z atoms, K shell electrons require XFor high Z atoms, K shell electrons require X--ray energies for ionizationray energies for ionization
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IonizationIonization

�� Basic ionization and emission processes in atomsBasic ionization and emission processes in atoms
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Ionization: SpectraIonization: Spectra
�� Absorption “edges” from K, L, M shellsAbsorption “edges” from K, L, M shells
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XX--ray Emission Processes: Spectraray Emission Processes: Spectra
�� Blackbody emissionBlackbody emission
�� Power Law emission (synchrotron processes)Power Law emission (synchrotron processes)
�� Thermal bremsstrahlung (freeThermal bremsstrahlung (free--free emission)free emission)
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XX--ray Emission Processes: Spectraray Emission Processes: Spectra
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Black Body EmissionBlack Body Emission

�� The Planck functionThe Planck function
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Black Body EmissionBlack Body Emission

�� Example of a hot black body: isolated neutron star at Example of a hot black body: isolated neutron star at 700,000K700,000K
�� Accreting from the Interstellar Medium (ISM) Accreting from the Interstellar Medium (ISM) 
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Thermal Bremsstrahlung EmissionThermal Bremsstrahlung Emission
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Radiative RecombinationRadiative Recombination
(free(free--bound transition)bound transition)
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Two Photon EmissionTwo Photon Emission

((bound bound –– bound forbidden transition)bound forbidden transition)
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XX--ray Line Emissionray Line Emission
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The First XThe First X--ray Astronomy Satellitesray Astronomy Satellites

#1:    Uhuru 1970 (NASA)
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XX--ray Detectionray Detection
�� First detectors were proportional countersFirst detectors were proportional counters
�� Based of photoionization of a Nobel gas (e.g. Ar)Based of photoionization of a Nobel gas (e.g. Ar)
�� Gain of 10Gain of 103 3 –– 101055

�� Single photon event are detected (need to be!)Single photon event are detected (need to be!)
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Proportional CounterProportional Counter
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Proportional CountersProportional Counters

�� Need transparent windowNeed transparent window
�� Need absorptive gasNeed absorptive gas
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XX--ray Source Locationray Source Location

�� Crude collimation by means of mechanical obstructions Crude collimation by means of mechanical obstructions 
(slats or “egg crate” collimators)(slats or “egg crate” collimators)
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XX--ray Source Locationray Source Location
�� NonNon--imaging proportional counter only gave crude source imaging proportional counter only gave crude source 

postionspostions
�� Source confusion issuesSource confusion issues
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XX--ray Source Locationray Source Location

�� Improvements from using Improvements from using modulation modulation collimatorscollimators
�� Rotate the satellite and periodically occult the XRotate the satellite and periodically occult the X--ray sourceray source
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XX--ray Source Locationray Source Location

�� Scanning Modulation CollimatorScanning Modulation Collimator
�� Rotating Modulation CollimatorRotating Modulation Collimator
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The First XThe First X--ray Astronomy Satellitesray Astronomy Satellites

�� A number of smaller XA number of smaller X--ray satellite missions (Ariel, ray satellite missions (Ariel, 
SAS, OAO)SAS, OAO)

�� All using PCs, some with modulation collimatorsAll using PCs, some with modulation collimators
�� Culminating eventually in the NASA Culminating eventually in the NASA High Energy High Energy 

Astronomy Observatory Astronomy Observatory missions:missions:
–– HEAOHEAO--1  (scanning collimation; first hard X1  (scanning collimation; first hard X--ray allray all--–– HEAOHEAO--1  (scanning collimation; first hard X1  (scanning collimation; first hard X--ray allray all--

sky surveysky survey
–– HEAOHEAO--2 (renamed 2 (renamed EinsteinEinstein Observatory; Observatory; first first 

imaging Ximaging X--ray telescope)ray telescope)
–– HEAOHEAO--3 (cosmic rays)3 (cosmic rays)
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HEAOHEAO--11

�� 4 different instruments4 different instruments
–– A1:  hard XA1:  hard X--ray large area PCsray large area PCs
–– A2:  soft XA2:  soft X--ray PCsray PCs
–– A3:  hard XA3:  hard X--ray scanning PCsray scanning PCs
–– A4: gamma ray detectorsA4: gamma ray detectors

2828
Observational XObservational X--ray Astronomy: NASSP Masters 2012ray Astronomy: NASSP Masters 201226 May 201226 May 2012



HEAOHEAO--11
�� Scanning Modulation Collimator (A3)Scanning Modulation Collimator (A3)
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HEAOHEAO--11
�� Scanning Modulation Collimator (A3)Scanning Modulation Collimator (A3)

3030
Observational XObservational X--ray Astronomy: ray Astronomy: 

NASSP Masters 2012NASSP Masters 201226 May 201226 May 2012



HEAOHEAO--11
�� Produced a regular grid of possible nonProduced a regular grid of possible non--unique error boxesunique error boxes
�� ~1 x 2 arcmin over 4 x 4 degrees~1 x 2 arcmin over 4 x 4 degrees
�� Any one of them could contain the sourceAny one of them could contain the source
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HEAOHEAO--11
�� Total of ~1000 sources detectedTotal of ~1000 sources detected
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First XFirst X--ray Telescope: ray Telescope: 
Einstein Einstein Observatory  (HEAOObservatory  (HEAO--2)2)

�� First use of mirrors to First use of mirrors to 
focus Xfocus X--rayray

�� Grazing incidence Grazing incidence 
opticsoptics

�� Pointed observations Pointed observations 
rather than allrather than all--sky sky 
surveysurvey

�� Softer energiesSofter energies
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Einstein ObservatoryEinstein Observatory

�� The telescope design:The telescope design:
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Einstein ObservatoryEinstein Observatory

�� New types of detectorsNew types of detectors
–– MicroMicro--Channel PlateChannel Plate
–– Solid State SpectrometerSolid State Spectrometer
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Einstein ObservatoryEinstein Observatory

�� New types of detectorsNew types of detectors
–– MicroMicro--Channel PlateChannel Plate
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Einstein ObservatoryEinstein Observatory
�� MicroMicro--Channel Plates (MCP)Channel Plates (MCP)
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Einstein ObservatoryEinstein Observatory
�� New types of detectorsNew types of detectors

–– Solid State Spectrometer (CCD principle)Solid State Spectrometer (CCD principle)
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ROSAT: The next imaging XROSAT: The next imaging X--ray satelliteray satellite
(1990)(1990)

�� GermanGerman--UKUK--US collaborationUS collaboration
�� Soft Soft XX--ray survey (0.2 ray survey (0.2 –– 2.5KeV)2.5KeV)
�� Greatly improved sensitivityGreatly improved sensitivity
�� ~80,000 ~80,000 sourcessources
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ROSATROSAT

�� Greatly Greatly improved improved sensitivitysensitivity
�� Also did first Extreme UV (EUV) surveyAlso did first Extreme UV (EUV) survey
�� Lots of source IDs and optical followLots of source IDs and optical follow--up done at SAAOup done at SAAO
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Higher Energy MissionsHigher Energy Missions
�� Gamma Ray satellitesGamma Ray satellites
�� More energetic photonsMore energetic photons
�� Can’t “focus”Can’t “focus”
�� Clever techniques to derive source Clever techniques to derive source 

positions (e.g. positions (e.g. particalpartical & nuclear physics& nuclear physics
�� Coded Coded aperture masks (INTEGRAL)aperture masks (INTEGRAL)

The Compton Gamma Ray Observatory
(CGRO) was the first big NASA mission
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Coded Aperture MasksCoded Aperture Masks

�� Block out photonsBlock out photons
�� Look at shadow patternsLook at shadow patterns
�� Remove source confusionRemove source confusion
�� Locate to ~Locate to ~degreesdegrees
�� DeconvolveDeconvolve multiple source positionsmultiple source positions

4242Observational XObservational X--ray Astronomy: NASSP Masters 2012ray Astronomy: NASSP Masters 201226 May 201226 May 2012



New Missions of the New Missions of the MilleniaMillenia
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Improved Collecting AreaImproved Collecting Area
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ChandraChandra
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ChandraChandra
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Chandra Chandra Results:Results:
best resolution images to datebest resolution images to date
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Current XCurrent X--ray Missionsray Missions
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