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Outline 

•  AMS02 in Space : an overview 

•  Experimental issues for  

– Positron fraction 

– Electron-Proton-Helium spectra 

– B/C ratio  
 

Results extracted from the presentation of Pr S.Ting SPACE 2012, Nov 6th  
 



AMS02 on board of the ISS  

Cape Canaveral,STS-134 launch  
May 16, 2011 

Endeavour approaches 
the International 
Space Station 

Endeavour approaches the  
International Space Station (ISS) 

AMS installation completed on ISS  at 5:15 CDT,  start taking data 9:35 CDT  Until 2020+ ….  
(CDT Central Daylight Time) 

May 19 2011  



AMS02: A TeV precision, multi purpose Spectrometer 

High Acceptance Spectrometer ~ 0.5m2sr  
β	



β	





ISS orbit  

ISS Size: 100 m 

ISS velocity: 8km/s 4, one orbit every 90 mn 



Orbital DAQ parameters 

DAQ efficiency 

Acquisition rate [Hz] 

•  Particle rates vary from 
200 to 2000 Hz per orbit 
•  On average: 

 DAQ efficiency 85% 
         DAQ rate ~700Hz  
⇒ <~ 26 billions of events up to  
the 2th of December 
    



AMS Data Flow 

White Sands Ground 
Terminal, NM 

AMS Computers  
at MSFC, AL 

AMS Payload Operations Control and 
Science Operations Centers  

(POCC, SOC) at CERN 

AMS 
TDRS Satellites 

Astronaut at ISS AMS Laptop  

Ku-Band 
High Rate (down): 
Events <10Mbit/s>  

S-Band 
Low Rate (up & down): 
Commanding: 1 Kbit/s 
Monitoring: 30 Kbit/s 



AMS Physics Potential 
 

•  Searches for primordial antimatter: 
–  Anti-nuclei: He, … 

•  Dark Matter searches: 
–  e+ , e± , p , γ… 
–  simultaneous observation of several signal channels. 

•  Searches for new forms of matter: 

–  strangelets, … 

•  Measuring CR spectra – refining propagation models (B/
C, Be Isotopes); 

•  Study of local sources of high energy photons in the GeV-
TeV: 

•  Study effects of solar modulation on CR spectra over 11 
year solar cycle 



Thermal	
  Issues:	
  
•  ISS	
  Radiator	
  posi4ons	
  
•  ISS	
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  changes	
  (primarily	
  for	
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•  Solar	
  Array	
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Visi4ng	
  Vehicles	
  
(Soyuz	
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The alignment stability (3 microns) of the uppermost Tracker  plane (1).  

Over 150 days.  

L1	
  

L2	
  
L3,4	
  

L5,6	
  

L7,8	
  

L9	
  

A
lig

n
m

en
t 

(µ
m

) 

• Day (2011) 

N 

Alignment (µm) 

Over 150 days. 

Alignment stability (3 (µ) 

AMS Tracker on ISS 



Positron fraction  

Pamela: O.Adriani et al., Astropart. Phys. 34 (2010 

 
•  Experimental issues 

Proton rejection and High 
Statistics 
Charge confusion(electron) 
Energy measurement  
Dependence with time ? Effect 
of the Solar modulation  
Acceptance correction (second 
order) 

•  Proton Rejection: 4 detectors 
in AMS are used:  

•  TRD,  
•  tracker (Momentum and 

Energy matching) 
•   and the ECAL 
•  Rich (Energy < 10 GeV) 

 
 
 
 
 
  

Secondary 
(Galprop) 



 Cosmic rays composition     

88%      Protons  

10%      Helium  

++1%      Electrons  

++0.1%    Positrons   

++0.01%  Gamma rays  

0.001%    Antiprotons  

@ 10 GeV 
Data before Pamela 
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Rigidity (GV) 

ISS data 

Proton rejection:TRD (1)  



Proton  rejection: Ecal (2) 

Simulation in Geant4  

20 GeV e+  

50 GeV p  

50 GeV p  

•  Identify proton interacting in the 
first layers 

•  Exploit the EM shower shape 
properties in the 3 dimensions 
(reduced variables and at the 
layer or cell levels) 

•  Compare the Deposit Energy with 
the momentum measured in the 
tracker 

•  Use Test beam data and ISS data 
relying on TRD and tracker.  



e/P rejection - ISS protons  

I 

II 

III 

•  3 regimes 
–  I: Nuclear Interaction occurs before the 

3 first layers (~ 10-15 %) 

–  II: Nuclear interaction in the 
intermediate zone (3:17) layers 

–  III: MIP up to the last layer, 47-53 % of 
the proton events 
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X view  Y view  

Cell   

Energy 
(MeV)   

Cell   



e/P rejection 

Y View – fraction of Energy in 1.5 Moliere Radius 

Test Beam @ CERN  ISS data – Multivariate Analysis-ECAL, 
proton fraction can be measure from the 
data relying on 2/3 variables  
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Combined ECAL+ Tracker 
Proton rejection (ISS data)  



AMS 
1600 e+ events (65-100 GeV) 

Energy (GeV)  

e+
 / 

(e
+  +

 e
− )

  
Error size 

HEAT: J.Beatty et al., Phys. Rev. Lett. 93 (2004) 
AMS-1: M.Aguilar et al., Phys. Lett. B 646 (2007) 
Pamela: O.Adriani et al., Astropart. Phys. 34 (2010) 
FERMI: M.Ackermann et al., PRL 108 (2012) 

A statistical gain of *8-10 wrt to Pamela 



Electron Fluxes  
 Pamela , 
Phys.Rev.Lett.106:201101,2011 

 
•  Experimental issues 

Charge confusion 
(proton rejection at 
high energy) 
Energy measurement 
(resolution and 
energy scale, absolute 
calibration ) 
Acceptance correction 
(MC model needed) 

 Test Beam @ CERN  

AMS- 
Tracker 

AMS-Ecal 
AMS-Ecal 

 
HESS,  
Astron.Astrophys.508:561, 2009 



Proton and helium Fluxes measurement  

Kinetic Energy/ nucleon 

Pamela,Science 1 April 2011, Vol 332 

 
•  Experimental issues 
 

Nuclei identification i.e charge  
measurement 
Rigidity (at large rigidity , 
unfolding necessary) 
Measured Rigidity-> “True” 
Rigidity 
Fragmentation in the detector 
Acceptance (Spectrum->fluxes, 
needs of MC, realistic model) 

•  Charge measurement  
     High redundancy, (Tracker,       

 Tof, Rich, TRD) 
 
 
 
 
 
  



• TRD!

• TOF!

• T
ra
ck
e

r!

• TOF!
• RICH!

• ECAL!

• 1 

• 2 

• 7-8 

• 3-4 

• 9 

• 5-6 

1. Tracker Plane 1 

6. RICH 

Multiple Independent Measurements of the Charge (|Z|) 

4. Tracker Planes 2-8 

7. Tracker Plane 9 

2. TRD 

3. Upper TOF 

5. Lower TOF 

•   

Carbon	
  (Z=6)	
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 He rate 

• 10
3 

• Polar region • Quiet period 
• Solar Flare, 24/1/2012 

Geomagnetic field

! Earth magnetic field bends charged
particles
in 1st approx. ∼ dipolar

B " 0.26
√

1+sin2λ
cos6λ

(G) (at 370 Km)

λ ≡ geomag polar angle wrt magn equator

! Geomagnetic Cutoff
minimal particle Rigidity (R = Pc

ze ) to reach
a near earth point

Rc =
60 GV

(

1 + h
RE

)2

cos4λ
[

(1 + cosα cos3λ)1/2 + 1
]2

East-West assymetry
maximal in magnetic equator

 0
 5

 10
 15
 20
 25
 30
 35
 40
 45
 50
 55
 60

 0  30  60  90  120 150 180

R
ig

id
ity

 C
ut

 [G
V]

! (east−west angle) [deg]

Rig Cutoff (alt = 370Km)

" = 0 deg (eq.)
" = 30 deg

" = 51.6 deg

IDPASC (Sesimbra), 18 December 2010 F.Barao (27)

Physics Example of AMS: Particle Yield 
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ZTRK_L1= 26.4 

ZTRD=23.9 

ZTOF_UP=27.1 

ZTOF_LOW=26.8 

ZTRK_IN=26.9 

ZRICH=26.8 

ZTRK_L9=26.1 

Data from ISS 



Data from ISS 

Z=26.8 



Z	
  =	
  7	
  (N)	
  
P	
  =	
  2.088	
  TeV/c	
  	
  

Z	
  =	
  10	
  (Ne)	
  
P	
  =	
  0.576	
  TeV/c	
  	
  

Z	
  =	
  13	
  (Al)	
  
P	
  =	
  9.148	
  TeV/c	
  	
  

Z	
  =	
  14	
  (Si)	
  
P	
  =	
  0.951	
  TeV/c	
  	
  

Z	
  =	
  15	
  (P)	
  
P	
  =	
  1.497	
  TeV/c	
  	
  

Z	
  =	
  16	
  (S)	
  
P	
  =	
  1.645	
  TeV/c	
  	
  

Z	
  =	
  19	
  (K)	
  
P	
  =	
  1.686	
  TeV/c	
  	
  

Z	
  =	
  20	
  (Ca)	
  
P	
  =	
  2.382	
  TeV/c	
  	
  

Z	
  =	
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  (Sc)	
  
P	
  =	
  0.390	
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  (Ti)	
  
• P	
  =	
  1.288	
  TeV/c	
  	
  

Z	
  =	
  23	
  (V)	
  
• P	
  =	
  0.812	
  TeV/c	
  	
  

Z	
  =	
  26	
  (Fe)	
  
P	
  =	
  0.795	
  TeV/c	
  	
  

Nuclei in the TeV range Data from ISS 



AMS Nuclei Measurement on ISS 
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ZTRK_L1=6.0 

ZTRD=5.9 

ZTOF_UP=6.0 

ZTOF_LOW=6.0 

ZTRK_L2-L8=5.9 

ZRICH=6.2 

ZTRK_L1=4.7 

ZTRD=4.9 

ZTOF_UP=5.1 

ZTOF_LOW=5.0 

ZTRK_L2-L8=4.9 

ZRICH=4.8 

Rigidity=24 GV 
Boron   

Rigidity=24 GV 
Carbon   

Rigidity ∼ 20 GV 

Run/Event 1326201809/ 798775 Run/Event 1329490720/ 473181 

• front 
• view 

• side 
• view 

• front 
• view 

• side 
• view 



ZTRK_L1=5.2 

ZTRD=5.2 

ZTOF_UP=5.5 

ZTOF_LOW=5.4 

ZTRK_L2-L8=5.0 

ZRICH=4.8 

Boron   
Rigidity=680 GV 

Rigidity ∼ 700 GV 

ZTRK_L9=5.1 

ZTRK_L1=5.8 

ZTRD=6.0 

ZTOF_UP=6.1 

ZTOF_LOW=6.5 

ZTRK_L2-L8=6.0 

ZRICH=6.1 

Rigidity=666 GV 
Carbon   

Run/Event 1319990213/ 235892 Run/Event 1327184805/ 266043 
• front 
• view 

• side 
• view 

• fron
t 
• vie
w 

• side 
• view 

ZTRK_L9=6.1 



ZTOF_LOW=5.2 

ZTRK_IN=4.8 

ZRICH=5.1 

ZTRK_L1=6.1 

ZTRD=6.0 

Z0=9.9 

Z1=5.3 

Carbon Fragmentation to Boron in Upper TOF  
Rigidity 10.6 GV 



Summary  

•  AMS02 is operating on the ISS since the 19th May 2011 
and has collected ~26 billions of events: All AMS 
subsystems are fully operational with the performance 
expected from ground measurements. 

•  e+/ (e+ + e-)  : significant statistics increased with 
respect to previous measurements and systematics due 
to the proton contamination is low.  

•  Redundancy of the charge measurement allows to 
identify Nuclei’s fragmentation in the detector 

 

=> Analyses are on going.  


