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Outline 
� Photons in AMS-02.

� MC sample, selection.

� Acceptance, effective area, rejection factor.

� Angular and energy resolution. Test beam comparison.

� Comparison with EGRET and GLAST.

Photon MC analysis – conversion mode

 Ignacio Sevilla Noarbe -- CIEMAT (Madrid) 

- Many thanks to many colleagues: Juan, Jorge, Vitaly, G. Lamanna
- I apologize beforehand, some plots/labels in Spanish! 
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Photons in AMS-02

� ECAL: direct detection. 

� Good detection efficiency, energy resolution.

� Not-so good field of view, angular resolution.

See extensive work from J.Bolmont (PhD), L.Girard (PhD and AMS Analysis meeting 07/07/2005), 
P.Maestro (PhD and AMS Note 2003-01-01), F.Pilo (PhD), S.Sajjad (LPTA Montpellier report June 
2002), Vitaly. 

� Tracker: conversion mode.

� Good angular, energy resolution, field of view.

� Low detection efficiency.

See previous work by G. Lamanna (AMS Note 2003-03-03) and J.Alcaraz, I.Sevilla (AMS Note 2004-
03-07).

This presentation is an update of the results for the Tracker.

Two independent detection modes:
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Photons in AMS-02
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Photons in AMS-02

� More statistics, pattern recognition update. Impact on resolutions.

� Extended study on charged particle background.

� “What if” scenario with lower B field. 

� Comparison with tracker test beam results.

� Comparison with other experiments.

What's new?:
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MC sample

� Gammas: fixed energies 2 n; upper plane

� n � � [0,6] : 2 x 106 

� n � � [7,10] : 1 x 106 

� Protons: fixed energies 2 n; and log spectrum; upper plane

� n � � [0,8] : ~1.5 x 108 

� (0.5,10) GeV and (10,200) GeV: 1 x 109

� Helium: log spectrum; upper plane

� (1,20) : 1 x 109�

� (20,400) : 5 x 108

Sample used from 2005A production:
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MC sample (contd.)

� Electrons: fixed energies 2 n; and log spectrum; upper plane

� n � � [0,6] : 2 x 107

�  n � � [7,8] : 1 x 107

� (0.5,10) GeV: 2 x 108

� (10,200) GeV: 1 x 108

� Positrons: fixed energies 2 n; and log spectrum; upper plane

� (0.5,10) GeV : 2 x 107

� (10,200) GeV : 1 x 107

Sample used from 2005A production:
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Selection

� Reconstructed vertex (2 tracks)

� �  compatible with 1 for at least one track

� Total charge Z = 0

� Vertex Z position > 0 

Preselection cuts (minimum to consider  event as gamma-like):

� TRD veto (up to layer 15)

� Invariant mass < 0.1 GeV

� 'Activity' cut (ACC<2 ; Tracker < 50; TOF < 7)

Selection cuts (background rejection):
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Selection – invariant mass cut
� Motivated by hadron separation, also helium
� Can be loosened (point sources) 

Protons 0.5-10 GeV

Gammas 32 GeV

Invar iant mass
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Selection – ACC activity cut

� Detection of knocked-out electrons 

Protons 0.5-10 GeV

Gammas 32 GeV

Number  of Anti clusters
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Protons 0.5-10 GeV

Gammas 32 GeV

Number  of TRK clusters

� Detection of increased par ticle activity (hadronic interactions) 

Selection – TRK activity cut
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Protons 0.5-10 GeV

Gammas 32 GeV

Number  of TOF clusters

� Detection of increased par ticle activity (hadronic interactions) 

Selection – TOF activity cut
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Electrons 0.5-10 GeV

Gammas 32 GeV

Highest TRD layer  with activity

� Detection of charged par ticle activity on first TRD layers
� Par ticular  choice is due to TRD geometry, more str ict for
inclined tracks
� Can be loosened (point sources) 

Selection – TRD veto cut



I . Sevilla – Photon conversion AMS-02 analysis meeting 25/07/2006



I . Sevilla – Photon conversion AMS-02 analysis meeting 25/07/2006

Acceptance

Preselected

Source cuts

Standard cuts

0.1 m2sr

0.04 m2sr

Energy (GeV)
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  Gamma ray acceptance � Maximum AMS-02 	 -ray
 acceptance TRK: ~ 0.1 m2sr

� With background cuts 
applied: ~ 0.04 m2sr

� Intermediate cuts can be 
defined by applying 
direction or  time 
constraints (point sources; 
pulsars, GRBs) 
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Acceptance

32 GeV

Nevents 50975 13438 2447 275 213

Acc(m2sr ) 24.37 6.6 1.17 0.131 0.1

Generated Conver ted  Lvl 1       Ver tex   Preselected

  Radiation lengths traversed
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Effective area
Effective area as a function of cos 
 ��
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Effective area

Azimuth angle �
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Effective area as a function of � . 
Compatible with no dependence.

  Accepted events as a function of �
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Background

Protons

Protons (|
 M|<0.2)
Helium
Electrons
Positrons
Gammas: Inner  Galaxy
Gammas: Outer  Galaxy
Gammas: Extragalactic

Protons

Energy (GeV/nucleon)

  Cosmic ray flux
F
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Background

   Acceptance: gammas, protons, helium  Acceptance: gammas, e - , e +

After  application of all the selection cuts:
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Background 

   Rejection factor : protons, helium    Rejection factor : electrons, positrons

Rejection factor : ratio gamma acc. / background acc.
Correction applied: energy migration matr ix, relative cosmic flux, 
relative time in each geomagnetic band 
Around 105 (68% CL) for  protons/helium,  104 (68% CL) e+/e-
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Background
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Proton background
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Energy resolution

Photon energy (GeV)

  Energy resolution � Commonly cited resolution 
in gamma ray exper iments: 
HWHM

� Multiple scatter ing star ts to 
dominate below 20 GeV.

 
 


 prec

p
� � 4.1� 0.2�� 10� 4� p

1GeV �c �� � 2.01� 0.05�� 10� 2
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Energy resolution
But HWHM is a bit deceiving, if we want to understand real
behavior  of detector . Also energy dispersion (or  something similar ) 
should be quoted. Energy dispersion: median+-34% of events.
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Angular resolution
  Angular  resolution

(d
eg

re
es

)

Photon energy (GeV)

� These results were 
already shown in AMS 
Note 2004-03-07  

 
 

� 68� º �� �1.594� 0.004�� 10� 2� � 0.75� 0.02
E�GeV � �
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Angular resolution
� The new production (new 

pattern recognition) show 
a discrepant behavior  at 
the highest energies, wr t to 
previous estimation.

� Also problems getting the 
direction of incident 
photon if first layer  not in 
the track.
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Test beam comparison
�  Tracker  2004 test-beam with electrons (producing 	  up to 7 GeV).
�  Dominant systematics due to multiple scatter ing, 
uncer tainty in electron choice (we had 3-prong events).
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Test beam comparison
�  Again, we used Gaussian fit to the peak of the distr ibution,
 apropr iate for  compar ison (bremsstrahlung different in both setups), 
but inaccurate at higher  energies. 
�  Test beam setup at 0.4 Tesla, so we make use of 
 p/p ~ 1/B
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Low B-field

  Gamma ray acceptance
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Photon energy (GeV) Photon energy (GeV)

      Energy resolution

B = 0.86 T (nominal)

B = 0.16 T

We also did a small test: what if a lower  B field (AMS01) was used?
Better  low energy acceptance, factor  4 worsening of E resolution 
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Comparison EGRET-GLAST
� Main similarities:

� Usage of silicon technology (GLAST) for track detection, 
calorimetry (both).

� Coverage of 1-100 GeV range.

� Main differences:

� Quasi-independent detector operation.

� No pointing with AMS-02.

� No charged particle vetoing, substituted with subdetector 
cuts.

� AMS-02 not conversion-optimized.

� Magnetic field, low multiple scattering in AMS-02.
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Comparison EGRET-GLAST
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Comparison EGRET-GLAST

Photon energy (GeV) Photon energy (GeV)

      Energy resolution      Angular  resolution
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Comparison EGRET-GLAST

Photon energy (GeV) Photon energy (GeV)

         Sensitivity       Effective area
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Summary
� We've updated the results for the photon conversion mode in AMS-02:

� Acceptance ~ 0.04 m2sr (>10 GeV) sharply decreasing below this.

� Effective area ~ 500 cm2

� Cuts can be made much softer for anisotropic sources, or time-dependent sources

� Angular resolution: 0.7 o (1 GeV); 0.08 o (10 GeV); 0.01 o (100 GeV)

� Energy resolution (HWHM): 2-3 % (<10 GeV); 7-8 % (100 GeV) 

� Most important background: protons and electrons. Rejection factor 
achieved of ~105 and ~104 respectively. OK but may be a problem for 
diffuse isotropic studies (using conversion photons).

� Similar acceptance as EGRET, but extended to higher energies. 
Resolutions better in a factor 5-10 (order of, slightly better than GLAST)

� Note being prepared (waiting for translation and review)
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What was left out
(or so many studies, so little time...)

� Is proton background realistic?

� Pattern recognition upgrade/fix. Angular resolution at >100 GeV?

� What can we learn from joint operation of TRK and ECAL?
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