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Accurate Measurement of the positron fraction in cosmic rays up to 
350 GeV based on unprecedented collected statistics: 
 6.8 Million electrons collected in space  



The origin of “excess positrons”? 

No fresh source of anti-
p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 
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Fit to Data with Model 
χ2/d.f.	
  =	
  28.5/57 

Data 

e± energy [GeV] 	
  
Describe	
  electron	
  and	
  positron	
  fluxes	
  as	
  a	
  sum	
  of	
  a	
  diffuse	
  component	
  and	
  a	
  
common	
  source	
  with	
  a	
  cutoff	
  energy	
  	
  :	
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A	
  fit	
  to	
  the	
  data	
  in	
  the	
  energy	
  range	
  1	
  to	
  350	
  GeV	
  yields	
  a	
  χ2/d.f.	
  =	
  28.5/57	
  and:	
  
	
  
γe-­‐	
  −	
  γe+	
  =	
  −0.63	
  ±	
  0.03,	
  i.e.,	
  the	
  diffuse	
  positron	
  spectrum	
  is	
  less	
  
energeEc	
  than	
  the	
  diffuse	
  electron	
  spectrum;	
  
	


γ	
  e-­‐	
  −	
  γ	
  S	
  	
  =	
  0.66±0.05,	
  i.e.,	
  the	
  source	
  spectrum	
  is	
  more	
  energeEc	
  than	
  
the	
  diffuse	
  electron	
  spectrum;	
  
	
  
Ce+	
  /Ce-­‐	
  =	
  0.091	
  ±	
  0.001,	
  i.e.,	
  the	
  weight	
  of	
  the	
  diffuse	
  positron	
  flux	
  
amounts	
  to	
  ∼10%	
  of	
  that	
  of	
  the	
  diffuse	
  electron	
  flux;	
  
	
  
CS	
  /Ce-­‐	
  	
  =	
  0.0078	
  ±	
  0.0012,	
  i.e.,	
  the	
  weight	
  of	
  the	
  common	
  source	
  
consEtutes	
  only	
  ∼1%	
  of	
  that	
  of	
  the	
  diffuse	
  electron	
  flux;	
  
	
  
1/Εs	
  =	
  0.0013	
  ±	
  0.0007	
  GeV−1,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  corresponding	
  to	
  a	
  cutoff	
  energy	
  of	
  760+1000	
  GeV.	
  −280	
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…is there any privileged arrival direction? 

δ ≤ 0.036 at the 95% confidence level 

Analysis of possible deviation of the measured ratio as a 
function of the arrival direction in galactic coordinates (b,l) 

Power spectrum from the coefficient of the spherical armonics: 

Compatible with isotropy in the dipolar mode 

The origin of the excess … 
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How did we arrive to this?? 



The	
  origin....1994/1995	
  

 

•  Proposed	
  in	
  1994	
  
•  Signed	
  agreement	
  	
  DOE/NASA	
  in	
  1995	
  :	
  
	
  
AMS-­‐01	
  :…	
  precursor	
  flight	
  to	
  test	
  technology	
  
AMS-­‐02:	
  the	
  real	
  experiment…	
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1998	
  :	
  AMS01	
  –STS91	
  Mission	
  
	
  10	
  days	
  aboard	
  the	
  Shuttle	
  Discovery	
  

Go	
  with	
  	
  AMS-­‐02	
  !!!	
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AMS Objectives 
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•  Fundamental physics & Antimatter : 
•  Primordial origin (anti-nuclei ?) 
•  Exotic sources (positrons, anti-p, anti-D?) 

•  The CR composition and energy spectrum 
  (how to understand the beam) 

•  Sources & acceleration : Proton and He  
•  Propagation in the ISM:  (B/C, isotopic composition) 

 à DESIGN : state of the art detectors providing redundant 
  measurements of particle properties  

à  TEST: test and calibration on ground  
à  MONITORING on ISS : calibration on flight 



AMS Objectives according to some blogs… 
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http://www.rumormillnews.com/cgi-bin/archive.cgi?read=204750 

…Shuttle Endeavor’s official mission is to haul a deliberately-mislabeled 
"Alpha Magnetic Spectrometer" (AMS-02) to the International Space Station 
and install it. NASA claims that the AMS-02 is a state-of-the-art particle 
physics detector. In actuality the AMS-02 is an advanced extreme-energy 
neutral-particle-beam space weapon intended to shoot down Star Visitor 
craft (UFOs). And instead of the International Space Station, Shuttle 
Endeavor will deliver the AMS-02 Star Wars weapon to a secret military 
space station, also in orbit…. 

…. 
You are invited to join in a Joint Psychic Exercise to address these 
problems. 
… 
We will focus on one or both of two things. First is to direct telekinetic, 
electrical-pulse, disruptive-magnetic, and/or other energies to deactivate 
the AMS-02 neutral-particle-beam weapon and render it inoperative. Thus 
there will be nothing useful to deliver to the military space station.  
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ParPcles	
  and	
  nuclei	
  are	
  defined	
  by	
  their	
  	
  

charge	
  (Z)	
  and	
  energy (E ~ P) 

 Z, P are measured independently by the  
Tracker, RICH, TOF  and ECAL 

AMS: A TeV precision, multipurpose spectrometer on the ISS 

 Magnet 
±Z 
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AMS- Detectors in a nutshell 
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TRD 
20 layers of fiber fleece radiators interleaved with 
80/20 Xe/Co2 straw tubes. e/p separation > 102 

TRD estimator 

Pr
ob
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electron proton 

TRD estimator = -ln(Pe/(Pe+Pp)) 

Normalized probabilities Pe and Pp 
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•  ISS data 



Time of Flight System 

TOF 1 and 2 

TOF 3 and 4 

Measures Velocity and Charge of particles 

Z=2
 Z=6

σβ=2%	


σTime=80ps	



σβ=1.2%	


σTime=48ps	
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The Magnet  

The detailed 3D field map (120k locations) 
was measured in May 2010 

It was found that the deviation from 
the 1997 measurement had  
remained the same to <1% 

1. Stable: no torque 
2. Safety : no field leak out of the magnet 
3 . Low weight: no iron 

19 



Tracker:   
9 layers of double sided silicon microstrip detectors 
192 ladders / 2598 sensors/ 200k readout channels 
Coordinate resolution  10 µ     
à  20 –UV Lasers to monitor inner tracker alignment 
à  Cosmic rays to monitor outer tracker  alignment 
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4 

7 
8 

9 

2 
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Alignment	
  accuracy	
  of	
  the	
  9	
  Tracker	
  layers	
  over	
  18	
  months	
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e± 
Lead foil 
(1mm) 

Fibers 
(φ1mm) 

Calorimeter (ECAL) 
A precision, 3-D measurement of the directions and energies 

of gammas and electrons  up to 1 TeV 

50,000 fibers, φ = 1 mm 
 distributed uniformly Inside 600 kg of lead: Total 17 X0 
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e/p separation with ECAL+trk 
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Figure 3: (a) The proton rejection measured by the TRD as a function of track momentum
at 90% selection efficiency for e±. (b) The measured proton rejection using the ECAL
and the Tracker. For 90% e± ECAL selection efficiency, the measured proton rejection
is ∼10,000 for the combination of the ECAL and the Tracker in the momentum range
3–500GeV/c, independent of the TRD.
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For all detectors: 
Before assembly : Beam test, Thermal, Vibration, TVT,EMI  
After assembly : EMI, TVT, Beam Test 
 

5m x 4m x 3m 
7.5 tons 



May 19, 2011: AMS installation completed. 

33 billion events in 2 years 
≈80 TB of raw data 
≈ 400 TB of reconstructed data 
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The environment  



The Earth magnetic field can roughly be 
considered as a dipole, whose axis is 
tilted with respect to the rotation axis 
and whose center is shifted with respect 
to the Earth’s center. 

Due to the compression of 
the solar wind it becomes 
widely asymmetric with a 
long tail opposite to the Sun 

The Geomagnetic Field   
 



Magnetospheric effects on CR: 
The cutoff  

In all analyses primary and 
secondary particles need to be 
separated as a function of the 
position of AMS in the earth’s 
magnetic field  

cutoff 

Trapped 

Cosmic 



Magnetospheric effects on CR: 
The east-west effect 

Due to magnetic field, for a given 
detector position not all 
trajectories are allowed for 
primary particles 
The effect is more and more 
important at low rigidities. 

At low Rigididies (<20 GV) positive 
particles arrives mainly from West 
direction. Negative particle from East 
direction.  
(Alvarez & Compton, 1934, Rossi, 1934) 

Observator 

Positron 

Different “exposures” to positive and 
negative charged particles as a function of 
detector position à need to carefully 
model these effects. 



Evaluation/correction for 
Magnetospheric effects in AMS 
 
ü  Geomagnetic model implementation 
ü  Definition of Geomagnetic Coordinates 
ü  Evaluation of Geomagnetic Cutoff for each particle  
ü  Evaluation of maximum geomagnetic cutoff for positive/negative 

particles as a function of position and FOV. 

Based on Stoermer 
dipole approach   

Backtracing of individual 
particle trajectories 
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The Thermal environment 

SUN 

Thermal variables: 

SUN 

SUN 31 



Thermal	
  variables:	
  
•  Solar	
  Array	
  posiPons	
  

Solar Array 
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TRD 
24 Heaters 

8 Pressure Sensors  
482 Temperature Sensors   

Silicon Tracker 
4 -Pressure Sensors 

 32 Heaters 
142 Temperature Sensors 

ECAL  
80 Temperature Sensors 

 

RICH 
96 Temperature Sensors 

TOF & ACC 
64 Temperature Sensors 

 Magnet 
68 Temperature Sensors 

AMS Flight Electronics for Thermal Control 
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Stability	
  of	
  the	
  alignment	
  on	
  Tracker	
  plane	
  1	
  &	
  9	
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The Solar Panel Shadow 
Two ISS Solar Arrays are close to the AMS position 
on ISS: even though the AMS zenith angle is tilted 
of 12° wrt zenith rotation of the SA over the orbit/or 
in parking position may shadow the AMS FOV . 

-  Study the fraction of time the SA are 
within the AMS FOV 

-  Verify the size of the shadow  

-  No effect  (< 0.6% of the events on the FOV edge)  
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The measurement 



Run/Event 1318944028/ 505503 Run/Event 1334274023/ 338433 
Electron	
  E=99	
  GeV	
   Positron	
  E=100	
  GeV	
  

front 
view 

side 
view 

front 
view 

side 
view 
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 Event selection. 
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TRD Estimator  (83.2-100 GeV) 

protons positrons 

Example of Positron Selection: 
The TRD Estimator shows clear separation between protons and positrons with 

a small charge confusion background 



Systematic errors to positron fraction 

1.   Acceptance	
  asymmetry	
  
Ø  Difference	
  between	
  positron	
  and	
  electron	
  acceptance	
  due	
  to	
  known	
  

minute	
  tracker	
  asymmetry	
  :	
  @	
  E<	
  0.6	
  GeV,	
  <	
  permille	
  
2.   SelecPon	
  dependence	
  

Ø  Dependence	
  of	
  the	
  result	
  on	
  the	
  cut	
  values:	
  change	
  the	
  cut	
  and	
  verify	
  the	
  
stability	
  <	
  <	
  %	
  all	
  the	
  energy	
  range	
  

3.  MigraPon	
  bin-­‐to	
  bin	
  
Ø  MigraPon	
  of	
  electron	
  and	
  positron	
  events	
  from	
  the	
  neighboring	
  bins	
  

affects	
  the	
  measured	
  fracPon:	
  @	
  E<5	
  GeV	
  <	
  %	
  
4.   Reference	
  spectrum	
  

Ø  DefiniPon	
  of	
  the	
  signal	
  templates	
  is	
  based	
  on	
  pure	
  samples	
  of	
  electrons	
  
and	
  protons	
  of	
  finite	
  staPsPcs	
  :	
  @	
  high	
  energy,	
  <	
  %	
  

5.   Charge	
  confusion	
  	
  
Ø  Two	
  sources:	
  large	
  angle	
  scahering	
  and	
  producPon	
  of	
  secondary	
  tracks	
  

along	
  the	
  path	
  of	
  the	
  primary	
  track.	
  Both	
  are	
  well	
  reproduced	
  by	
  MC.	
  
SystemaPc	
  errors	
  correspond	
  to	
  variaPons	
  of	
  these	
  effects	
  within	
  their	
  
staPsPcal	
  limits.	
  @	
  E>200	
  GeV,	
  O(%)	
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Back to the beginning …. 
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It	
  is	
  very	
  difficult	
  in	
  accelerators	
  to	
  do	
  a	
  1%	
  accuracy	
  experiment.	
  	
  To	
  do	
  
so	
  in	
  space	
  is	
  extremely	
  challenging.	
  	
  It	
  is	
  the	
  effort	
  of	
  the	
  enPre	
  AMS	
  
collaboraPon	
  with	
  the	
  support	
  of	
  NASA	
  and	
  CERN	
  which	
  is	
  making	
  this	
  
possible.	
  

Thanks	
  for	
  	
  ahenPon!	
  	
  
	
  


