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COMPTEL on CGRO

OSSE
(0.05-1 MeV)

COMPTEL
(0.75-30 MeV)

EGRET
(30-20000 MeV)

BATSE

COMPTEL (Compton Telescope)

- mission: Apr. 91 – June 2000
- energy range: 0.75 – 30 MeV
- mounted parallel to EGRET
- “first-generation” experiment
- pioneered MeV band

BATSE,OSSE COMPTEL EGRET

   0.01               0.1                1                 10               100             1000          10000   MeV                         
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COMPton TELescope “COMPTEL”

Detection Principle

1.70 m

2.60 m

Measurements:
 P1, E1, P2, E2
ToF, PSD
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COMPTEL Imaging Technique
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COMPTEL Event Data (Crab, 10 – 30 MeV)

Event File: 
Layers in 
Scatter Angle

4º -6º  

8º -10º  

6º -8º  

10º -12º  



COMPTEL Principle (“Event Circles”)

Gamma-Ray Burst (background-free) in 
early mission

Energy Range: 0.75 – 30 MeV

Field-of-View: ~1sr (50% at 25°)

Angular Resol.: 2.4°  at 1 MeV
(1σ) 1.3°  at 10 MeV

Energy Resol.: 8.7% at 1 MeV
(FWHM) 5% at 10 MeV

Effective Area: 20 – 50 cm2 

Localisation: ~0.5°  (flux depend.)
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COMPTEL ALL-Mission All-Sky Exposure



Past COMPTEL Diffuse All-Sky Maps

26Al



  



COMPTEL Analyses in 21. Century

Why?

• 1. COMPTEL Catalog covers only part
      of the mission

• COMPTEL science not “fully” exploited
  - late-mission data not „really“ explored
  - no whole-mission maps (apart 26Al)
  - no systematic source searches
  - no whole-mission analyses for signif.
    sources (excep. Crab) 

• no more sensitive MeV mission for years

• improved computer power available

How?

• software to automize the analyses
• systematic source searches by all-sky
  analyses (incl. diffuse model handling) 
  for 
   - different time periods
   - different energy bands
      (std.: 0.75-1, 1-3, 3-10,10-30 MeV;
       revised bands )
• goal: 2. COMPTEL Source Catalog
      - several other scientific issues

• effort to improve COMPTEL sensitivity
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NEW All-Mission All-Sky Point Source Map (1 –3 MeV)

(extragalactic / galactic / unknown sources)

Significance Map
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NEW All-Mission All-Sky Point Source Map (3 - 10 MeV)

(extragalactic / galactic / unknown sources)
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NEW All-Mission All-Sky Point Source Map (10 - 30 MeV)

(extragalactic / galactic / unknown sources)

 ≥ 45 Sources



  



                                    TOF : time-of-flight: background rejection

 Original “TOF-IV”: per D1, D2 detector
 New      “TOF-VI”: resolves position in detectors (Georg Weidenspointner (MPE),  PhD thesis)

TOF
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Comparison TOF-IV – TOF-VI
 Crab 10 – 30 MeV

  TOF-IV

TOF-VI

TOF-IV

TOF-VI

TOF channels (related to actual flight time)
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Analysis Method of COMPTEL ToF-VI Data

Methode: 

●Unterteilung in “Quelle” und
  “Hintergrund” durch Modell-Fits

● Modell: Mathematische Funktionen

● Quelle: “Gauß-Funktion”

● Hintergrund: “Gauß” + “Gerade”

● Ziel: Optimierung “Quelle” zu
   “Hintergrund”

● Quantitative Ergebnisse
    1156086 / 8540.3 / 15197.5 / 0.45 / 51.33
   

Compton angle - true angle
               degrees

Crab  9 – 30 MeV

Background fit

total

Crab
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COMPTEL Comparison (9 – 30 MeV)

ToF-VIToF-IV

42.3/38.0
21.7

50.4/45.4
27.9
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COMPTEL Comparison (4.3 – 9 MeV) 

ToF-VIToF-IV

49.8/49.0
17.9

68.3/68.3
17.5



  



  

New version of imaging software with Martin Reinecke, MPA Garching



  

COMPTEL response is very particular!

Each photon has its own annulus on the sky depending on 
 energy deposits in upper and lower detectors (Compton formula).

Makes direct imaging (a` la Fermi-LAT) impossible.

Point-source analysis done with likelihood method.
Test for a point-source at each point on sky.

Extended emission requires more sophisticated approach.
Ideal candidate for indirect imaging (deconvolution)
Maximum entropy was ideally suited for this.

Bayesian method, prior = image entropy, parameters = pixel fluxes
Background fitted simultaneously.
3D dataspace: l, b, phibar (Compton formula)
Data in instrument system, each observation preserved (341 observations)  



  

COMPTEL Maximum Entropy Imaging

Original (by AWS) in 1998 using Cray supercomputer
MEMSYS5 Package (John Skilling)

New developments:

Imaging software (with Martin Reinecke, Torsten Ensslin @ MPA Garching)

HealPix equal-area all-sky projection  for both data and image
Fast convolution on sphere (COMPTEL PSF annuli up to ~30o )
Parallel architecture

Data (Werner Collmar @ MPE Garching)

New event processing, better background rejection with TOF and PSD
New energy ranges to avoid background lines and better spectral coverage
Full data set from whole mission

 



  
Werner Collmar, MPE Garching



  

1.7 – 4.3 MeV



  

4.3 – 9.0 MeV



  
Werner Collmar, MPE Garching



  

Fermi-LAT 25 – 40 MeV

NB low angular and energy resolution ! 
Nominal energy range: photons may originate from range 10 to <100 MeV.
 But valuable to bridge the MeV gap.



  

Fermi-LAT 25-40 MeV

COMPTEL 10-30 MeV

meets
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Current Developments: All-Sky Imaging

0.9 – 1.7 MeV

preliminary
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Current Developments: All-Sky Imaging

0.9 – 1.7 MeV

preliminary

γ Cyg ?LSI+61o 303?

Fermi-LAT

COMPTEL



  



  

● Science aspect: the 'pion bump'



  
Nuc Phys B 256, 65 (2014), arXiv:1410.4063



  

SNRs : several with claimed  'pion-peak'

But beware, this is at m(πο)
 
/2 = 67.5 MeV, so Fermi hardly covers it.

NB multiplying by E2 is good but shifts the peak to higher energies, do not see the 'bump'

May be instead an  indication for break in proton spectrum.

Sample spectrum: W44, Cardillo etal 2014. Model proton spectrum has break at 20 GeV.

W44



  



  

mπο / 2 = 67.5 MeV

forwardsbackwards

Isotropic decay in CM



  



  

SNRs : several with claimed  'pion-peak'

But beware, this is at m(πο)
 
/2 = 67.5 MeV, so Fermi hardly covers it.

NB multiplying by E2 is good but shifts the peak to higher energies, do not see the 'bump'

May be instead an  indication for break in proton spectrum.

Sample spectrum: W44, Cardillo et al 2014. .

W44

mπο / 2 = 67.5 MeV



  

SNRs : several with claimed  'pion-peak'

But beware, this is at m(πο)
 
/2 = 67.5 MeV, so Fermi hardly covers it.

NB multiplying by E2 is good but shifts the peak to higher energies, do not see the 'bump'

May be instead an  indication for break in proton spectrum.

Need Fermi extension to lower energies, coming with Pass 8.

Sample spectrum: W44, Cardillo etal 2014. Model proton spectrum has break at 20 GeV.

W44

mπο / 2 = 67.5 MeV

Spectrum X E2

Shifts the peak
to higher energy
but Fermi cannot
see a peak which is
below it's range!



  

Sample spectrum: W44, Cardillo etal 2014. Model proton spectrum has break at 20 GeV.

Spectrum X E2

Shifts the peak
to higher energy
but Fermi cannot
see a peak which is
below it's range!

Spectrum times E2

MeV cm-2 s-1



  

Sample spectrum: W44, Cardillo etal 2014. Model proton spectrum has break at 20 GeV.

mπο / 2 = 67.5 MeV

Spectrum X E2

Shifts the peak
to higher energy
but Fermi cannot
see a peak which is
below it's range!

Spectrum times E2

                                          
 Spectrum without E2 

The Bump

 cm-2 s-1 MeV-1MeV cm-2 s-1



  

Sample spectrum: W44, Cardillo etal 2014. Model proton spectrum has break at 20 GeV.

mπο / 2 = 67.5 MeV

Spectrum X E2

Shifts the peak
to higher energy
but Fermi cannot
see a peak which is
below it's range!

Spectrum times E2

                                          
 Spectrum without E2 

The Bump

MeV cm-2 s-1
 cm-2 s-1 MeV-1



  ArXiv:1604.02321  July 2016



  

arXiv: 1604.02321



  

arXiv: 1604.02321

'bump' is result of break in proton spectrum



  

Cardillo etal 2016



  

W49B
Fermi + H.E.S.S.
arXiv: 1609.00900 
2 Sept 2016
A&A in press



  

MeV cm-2 s-1  cm-2 s-1 MeV-1

Spectrum times E2
                                          
 Spectrum without E2 

W49B

The Bump



  

MeV cm-2 s-1  cm-2 s-1 MeV-1

Spectrum times E2
                                          
 Spectrum without E2 

W49B

The Bump



  

W49B
Fermi + H.E.S.S.
arXiv: 1609.00900 
2 Sept 2016
A&A in press



  

New 25 Jan: Fermi paper on RCW86: arXiv:1601.06534 
  Latest Pass 8 data. Favours a leptonic model
Need Fermi extension to lower energies, coming with Pass 8.



  

RCW 86



  

New 25 Jan: Fermi paper on RCW86: arXiv:1601.06534 
  Latest Pass 8 data. Favours a leptonic model
Need Fermi extension to lower energies, coming with Pass 8.

Inverse Compton
dominates







  

Moral:

Fit to hadronic models but don't call it the Pion Bump or even Pion Rise!

Need multiwavelength models to show hadronic origin, and this is of course done.



  

Galaxy luminosity over 20 decades of energy

cosmic rays

p

He

e

IR/optical

radio γ-rays

Strong et al. (2010), ApJL 722, L58 



  

Interstellar MeV gamma rays 

                   the cosmic-ray connection

see talk by Elena Orlando at this conference



  

Continuum skymaps
INTEGRAL / SPI
Bouchet et al. ApJ 739, 29, 2011



  

Inner Galaxy
INTEGRAL / SPI
Bouchet et al. ApJ 739, 29, 2011



  

                    Inner Galaxy: keV to TeV

Inverse
Compton

e+e-

bremsstrahlung

πo

GeV electrons – inverse Compton -  important  for MeV gamma rays !

26Al

60Fe

positronium

sources

sources

INTEGRAL
SPI

COMPTEL Fermi

Other components ?



  

Reminder that Galaxy contains ~50000 gamma-ray sources, mainly pulsars

Fermi-LAT detected only about 250 so far (and more: unassociated sources)

  O  The brightest
  O  The nearest

Tip of the iceberg!

Model source population synthesis, Fermi 3FGL paper Section 6.2



  

Fermi-LAT
3FGL paper
Section 6.2

Source 
Differential
number
Counts

N(S)

Inner Galaxy

300o < l < 60o

|b| < 10o

Model: Galactic sources
  Population synthesis

Galactic

total

Galactic + unassociated



  

“All sources in the Galaxy”
(according to one particular model)

Number/pixel



  

END
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