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AMS	
  :	
  the	
  facts	
  
•  5	
  m	
  x	
  4	
  m	
  x	
  3m	
  
•  7.5	
  tons	
  
•  300k	
  readout	
  channels	
  

•  More	
  than	
  600	
  microprocessors	
  
reduce	
  the	
  data	
  rate	
  from	
  7	
  Gb/s	
  to	
  
10	
  Mb/s	
  

•  Total	
  power	
  consumpEon	
  <	
  2.5	
  kW	
  	
  

AMS:	
  Alpha	
  MagneEc	
  Spectrometer	
  
•  AMS-­‐02	
  is	
  a	
  parEcle	
  physics	
  detector	
  devoted	
  to	
  the	
  precision	
  measurement	
  of	
  

cosmic	
  radiaEon	
  in	
  the	
  near	
  Earth	
  orbit	
  in	
  the	
  GeV	
  –	
  TeV	
  energy	
  range	
  
•  It	
  has	
  been	
  installed	
  on	
  the	
  InternaEonal	
  Space	
  StaEon	
  (ISS)	
  on	
  May	
  19,	
  2011	
  
•  It	
  will	
  take	
  data	
  data	
  for	
  the	
  rest	
  of	
  the	
  life	
  of	
  the	
  ISS	
  (2024)	
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AMS-­‐02	
  :	
  
	
  (part)	
  of	
  the	
  CollaboraEon	
  @	
  NASA-­‐JSC	
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PART	
  1	
  :	
  The	
  scienEfic	
  objecEves	
  



AMS	
  measurements	
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à charged cosmic rays (GV-TV)"
à  γ rays (E>1GeV)"
"

p 
(~90%)"

e- (~1%)"

He (~8%)"

Be, C, Fe "

(~1%)"

e+,p"

Cosmic Rays Flux!
Ref: B Beischer et al 2009 

New J. Phys. 11 105021!

p AMS-01 
98!

e- AMS-01!
e-  HEAT TOA!

e+ AMS-01!

e+ HEAT TOA!

p BESS 
98! p CAPRICE 98!

p!

e-!
e+!

p!
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Fundamental	
  physics	
  &	
  AnEma_er	
  :	
  
	
   Primordial	
  origin	
  (	
  Signal:	
  an<-­‐nuclei	
  )	
  

	
  
	
  



χ

χ

p, p,e−,e+,γ

p, p,e−,e+,γ

AnnihilaEon	
  (in	
  Space)	
  

ProducEon	
  (in	
  Accelerators)	
  
LHC	
  

Sca_ering	
  
(Underground)	
  
	
  

LUX	
  
DARKSIDE	
  
XENON	
  100	
  
CDMS	
  II	
  
DAMA	
  
…	
  
	
  

AMS	
  	
  

The	
  Quest	
  for	
  Dark	
  Ma_er	
  

,...,, γχχ pe+→+

pp +←+ χχ



Cosmic Rays Flux!

Ref: B Beischer et al 2009 New 
J. Phys. 11 105021!

p AMS-01 98!

e- AMS-01!

e-  HEAT TOA!

e+ AMS-01!

e+ HEAT TOA!

p BESS 98! p CAPRICE 98!

p!

e-!

e+!

p!

χ	


χ	



γ	

 e+"e-" p"
p"

WIMP as the responsible of Dark Matter (?)"
Indirect DM search à search for (RARE IN CR) products from their annhilation…. "

But you should know  
what you expect in the 

ISM !!  

Bormio	
  
26.01.2015	
  

Maura	
  Graziani	
   9	
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27 x 103 ly 

AMS 

Knowledge of cosmic background  

InformaEon	
  on	
  Cosmic	
  Ray	
  InteracEons	
  and	
  PropagaEon	
  can	
  be	
  provided	
  by	
  the	
  
accurate	
  measurement	
  of	
  nuclear	
  species	
  e.g.	
  B/C	
  

(	
  B	
  )	
  

HALO	
  

DISK	
  

C	
  +	
  (p,He)	
  →	
  B	
  +	
  ...	
  

Diffusion	
  
Convec<on	
  
Reaccelera<on	
  

Interac<ons	
  with	
  the	
  
Interstellar	
  Medium	
  (ISM):	
  	
  
• 	
  Fragmenta<on	
  
• 	
  Secondaries	
  
• 	
  Energy	
  loss	
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P+HISM	
  /	
  P+HeISM	
  	
  
He+HISM	
  /	
  He+HeISM	
  

e+,	
  p	
  are	
  produced	
  in	
  the	
  CR	
  interacEons	
  with	
  the	
  ISM	
  

P	
  +	
  …,	
  e+	
  .....	
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The	
  electron	
  bump?	
  	
  

2011	
  

A	
  confirmed	
  positron	
  “excess”	
  No	
  fresh	
  source	
  of	
  an<-­‐p!	
  

No	
  bump	
  in	
  Fermi	
  /	
  PAMELA	
  data	
  

Anti-matter & Exotic sources (DM ?)  



AMS Objectives according to some blogs… 

12 

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.  01/03/15	
   B.Bertucci	
  -­‐	
  AMS-­‐02	
  Results	
  and	
  Perspec<ves	
  



Objectives 
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ü  Fundamental physics & Antimatter : 
•  Primordial origin (anti-nuclei ?) 
•  Exotic sources a.k.a DARK MATTER (positrons, anti-p, anti-D?,gammas) 

ü  The CR composition and energy spectrum  (how to understand the beam) 
•  Sources & acceleration : Proton and He  
•  Propagation in the ISM:  (nuclear and isotopic composition) 
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ü  Particle identification and p/E measurement up to TeV: 
–  e/p separation at the 104 level by means of independent detectors  
–  Z : redundant measurements to evaluate fragmentation along the detector 
–  Charge sign: matter to anti-matter separation (magnetic field!) 

ü  Statistics 
–  acceptance	
  &	
  efficiency	
  
–  Exposure	
  <me	
  

Requirements 
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PART	
  2	
  :	
  The	
  experimental	
  challenge	
  
   Detector & Operation 
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TRD"

TOF"

Tr
ac

ke
r"

TOF"
RICH"

ECAL"

1 

2 

7-8 

3-4 

9 

5-6 

TRD, Transition Radiation 
Detector !

Identify e+, e-!

ECAL, Electromagnetic 
Calorimeter!
E of e+, e-, γ!

RICH, Ring Imaging 
Cherenkov !

 Z, E !
(σβ/β ~ 0.1%)"

TOF!
“Time of Flight”!

 Z, E!

 Permanent !
Magnet!

±Z!
Silicon Tracker!

 Z, R(=p/q)!

AnE-­‐Coincidence	
  
Counters	
  (ACC)	
  

 Z, P are measured 
independently by the  

Tracker, RICH, TOF  and 
ECAL!

AMS: A TeV precision, multipurpose spectrometer 
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He,Li,	
  
Be,..Fe	
  P	
  e–	
   He,	
  C	
  P	
  e+	
  

TRD 

TOF 

Tracker 
+Magnet 

RICH 

ECAL 

– – – 

Physics 
example 

Anti 
matter Cosmic Ray Physics 

Dark 
matter 

γ	



600 GeV electron!

Redundant measurements of incoming particles: 
full coverage of anti-matter & CR physics 
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AMS: the facts!
•  5 m x 4 m x 3m!

•  7.5 tons!
•  300k readout 

channels!
•  More than 600 
microprocessors 

reduce the data 
rate from 7 Gb/s 

to 10 Mb/s!
•  Total power 
consumption < 

2.5 kW !

A HEP detector located in an hostile environment 
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Test….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 

01/03/15 B.Bertucci - AMS-02 Results and Perspectives 
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20 01/03/15 B.Bertucci - AMS-02 Results and 
Perspectives 



May 19, 2011: AMS installation completed. 

21 01/03/15 B.Bertucci - AMS-02 Results and 
Perspectives 



AMS	
  on	
  ISS	
  

Starlight 

WSGT 

NASA Internet 

MSFC 

22 

CERN GRID 
Internet 

CERN GRID Internet 
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24/7	
  	
  
365/365	
  
POCC	
  @	
  CERN	
  since	
  June	
  2011	
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24/24 hours"
All along the year…no technical stops…"

Payload	
  OperaEon	
  Control	
  Center	
  (POCC)	
  @	
  CERN	
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Cutoff & Orbit à Average life time fraction Texp/44 months ~ 80 %"

 "

<Acquisition rate> ≈ 500 Hz"

CR	
  	
  
(R<Rcutoff)	
  

CR	
  (R>Rcutoff)	
  

AMS	
  

ra
te

 (H
z)
	
  

D
AQ

 e
ffi

ci
en

cy
	
  

SAA	
  

SAA	
  

CR	
  
Orbital	
  DAQ	
  parameters	
  	
  



The Thermal environment 

SUN 

Thermal variables: 

SUN 

SUN 

25 
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AMS-02 is not a free-flyer
! attitude and sun 

exposition cannot be 
controlled!"

+ 70° C!

- 70° C!

VisiEng	
  Vehicles	
  
(Soyuz	
  or	
  Progress)	
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TOF & ACC!
64 Temperature Sensors"

Magnet!
68 Temperature Sensors"

ECAL !
80 Temperature Sensors"

RICH!
96 Temperature Sensors"

Silicon Tracker!
4 Pressure Sensors"
32 Heaters"
142 Temperature Sensors"

Thermal	
  environment	
  
TRD!
24 Heaters"
8 Pressure Sensors !
482 Temperature Sensors "   !

ECAL	
  Temperature	
  

0oC 

10o 

20o 

30o 

1.5.11 1.7.11 1.9.11 1.11.11 1.1.12 1.3.12 
-10o 
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Seasonal effects on external Tracker planes  
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Alignment	
  accuracy	
  of	
  the	
  9	
  Tracker	
  layers	
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To date AMS collected over 60 billion events 
(This	
  is	
  much	
  more	
  than	
  all	
  the	
  cosmic	
  rays	
  collected	
  in	
  the	
  last	
  100	
  years.)	
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45 months of AMS operations 

41 billion events have  
been analyzed 

 Events collected 
 Events reconstructed 
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Published:"
1.  Positron Fraction ( 0.5–350 [2013] 0.5-500 GeV [2014])"
2.  Electron ( 0.5–700 GeV ) and Positron Fluxes ( 0.5–500 GeV )"
3.  All electrons Flux (0.5 GeV – 1 TeV)"
"
in 2015:!
1.  ….proton, he fluxes!
2.  ….anti-proton!
3.  ….B, C, Li, O …ratio / fluxes!
"
"
"
-"

"
"
"
"

Results	
  :	
  	
  
	
  
…	
  going	
  to	
  the	
  %	
  accuracy	
  in	
  CR	
  physics	
  . 
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e-­‐/e+	
  selecEon	
  in	
  AMS	
  
 "

- TRD:  !
-  identify the particle as e+/e-"

"     rejecting the hadronic hypothesis"

- TOF: !
-  main trigger"
-  down going relativistic particle"
-  Z=1"

- TRACKER:!
-  Identify charge sign (e-/e+)"
-  Z=1"

"
- ECAL:!

-  identify the particle as e+/e-/γ rejecting 
the hadronic hypothesis ""

-  measurement of energy"
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e/p	
  separaEon	
  in	
  ECAL	
  

32 

 3D Electromagnetic Calorimeter (ECAL)
""

•  Measurement of e± and γ energy  "
(∆E/E ~ 2%@100 GeV)."

•  p/e rejection >104!

•  18 layers of lead and scintillating fiber "
"

"

"

"

"

"

 	
  

50,000 fibers, φ = 1 mm 
 distributed uniformly inside 600 kg of 

lead: Total ∼17 X0 

1.73mm FIBER 

LEAD 
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  e/p	
  separaEon	
  in	
  ECAL	
  
Boosted Decision Tree, BDT: 

19 variables describing 
3D shower shape combined 
(B.Roe et al., NIM A543 (2005) 577) 

 
 

protons 

electrons 

ISS data: 83–100 GeV 

 ECAL estimator 

Fr
ac

tio
n 

of
 e

ve
nt

s 

Thanks to its shower shape imaging "
capabilities can discriminate with high efficiency"

eletromagnetic from hadronic showers!
"
"

Combining the ECAL energy information with the "
Tracker Rigidity (E/R) the e/p rejection can be further "

increased !

EC
A

L 
Pr

ot
on

s 
re

je
ct

io
n 

@
90

%
 ε e
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e/p	
  separaEon	
  in	
  TRD	
  

hEle_25__1__1
Entries  19229
Mean    376.6
RMS     369.1

ADC counts
500 1000 1500

N
or

m
al

iz
ed

 E
nt

rie
s

-510

-410

-310

-210

-110
hEle_25__1__1
Entries  19229
Mean    376.6
RMS     369.1

Electrons

Protons

TRD - Single tube spectrum

20 layers of fiber fleece radiators interleaved with 80:20 Xe/Co2 straw tubes. "

on
e 

of
 2

0 
la

ye
rs

straw 
tube!

TR-γ"

Xe/Co2'
6 mm!

20,6 mm!

e!p!

TR

20
 la

ye
rs

Transition Radiation (TR∝γ)
Ionization

e± p

over all 
20 layers "
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  e/p	
  separaEon	
  in	
  TRD	
  

Pr
ob

ab
ili

ty
 

electron proton 

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

Pr
ot

on
 re

je
ct

io
n 

at
 9

0%
 ε

 e
+/

- 
•  ISS data 

CUT FIT 

En
tr

ie
s 

TRD estimator 
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No fine structures are observed, no anisotropies, slope suggests a maximum?!

AMS-02 
(10.9x106 e+, e− events) 

e± energy (GeV) 

The	
  Positron	
  fracEon	
  :	
  e+/(e+	
  +	
  e-­‐)	
  

e± energy (GeV) 
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e± energy (GeV) 

Positron	
  fracEon	
  @	
  high	
  energies	
  



01/03/15	
   B.Bertucci	
  -­‐	
  AMS-­‐02	
  Results	
  and	
  Perspec<ves	
   38	
  

Minimal	
  empirical	
  model	
  

Fit to Data with Model 
χ2/d.f.	
  =	
  36.4/58 

e± energy (GeV) 	
  
Describe electron and positron fluxes as a sum of a diffuse component and a 
common source with a cutoff energy  :"
"
Φe+  = Ce+ E −γe+ + CsE−γs e-E/Es   !
Φe-  = Ce- E −γe- + CsE−γs e-E/Es"
 "
"

γe-­‐	
  −	
  γe+	
  =	
  −0.56	
  ±	
  0.03	
  
γ	
  e-­‐	
  −	
  γ	
  S	
  =0.72±0.04	
  
Ce+	
  /Ce-­‐=0.091	
  ±	
  0.001	
  
CS	
  /Ce-­‐	
  	
  =	
  0.0061	
  ±	
  0.0009	
  
1/Εs=	
  1.84	
  ±	
  0.58	
  TeV−1	
  

Po
si

tr
on

s 
fr

ac
tio

n!



Physics	
  origin	
  of	
  the	
  source	
  term	
  ?	
  
	
  

1)  ParEcle	
  origin:	
  	
  Dark	
  Ma_er	
  
2)  Astrophysics	
  origin:	
  Pulsars,	
  SNRs	
  
3)  Secondaries:	
  peculiariEes	
  of	
  propagaEon	
  

	
  
>300	
  references	
  to	
  the	
  first	
  AMS	
  publicaEon	
  	
  

in	
  22	
  months..	
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Positron	
  	
  	
  	
  	
  	
  	
  	
  &	
  	
  	
  	
  	
  	
  	
  	
  Electron	
  fluxes	
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The	
  e-­‐	
  and	
  e+	
  fluxes	
  

1.  Both the electron flux and the positron flux are significantly different in their 
magnitude and energy dependence."

2.  Both spectra cannot be described by single power laws."
3.  The spectral indices of electrons and positrons are different. "
4.  Both change their behavior at ~30GeV. "
5.  The rise in the positron fraction from 20 GeV is due to an excess of positrons,  

not the loss of electrons (the positron flux is harder)."

Positron	
  

Electron	
  

Observations:!



Energy (GeV)
1 10 210 310

)
-1

 s
r s

ec
 ]

2
 [ 

m
2

 (G
eV

\ × 3 E

0
50

100
150
200
250
300
350
400 AMS-02

ATIC
BETS 97&98
PPB-BETS 04
Fermi-LAT
HEAT
H.E.S.S.
H.E.S.S. (LE)

The	
  (e+	
  +	
  e-­‐)	
  Flux	
  

The	
  flux	
  is	
  smooth	
  and	
  it	
  is	
  consistent	
  with	
  a	
  single	
  power	
  law	
  above	
  30	
  GeV.	
  

γ=−3.170 ± 0.008 (stat + syst.) ± 0.008 (energy scale) 



Conclusions	
  

•  The	
  AMS	
  analysis	
  is	
  	
  con<nuing	
  

•  We	
  are	
  aiming	
  to	
  produce	
  our	
  final	
  proton	
  
and	
  He	
  spectra,	
  by	
  next	
  spring	
  

•  The	
  positron	
  frac<on	
  analysis	
  is	
  going	
  toward	
  
high	
  accuracy	
  measurement	
  at	
  high	
  energy	
  

•  The	
  ongoing	
  analysis	
  on	
  an<-­‐proton	
  could	
  
confirm	
  the	
  DM	
  nature	
  of	
  the	
  positron	
  signal	
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Conclusions  
AMS	
  is	
  the	
  Cosmic	
  Rays	
  observatory	
  
of	
  the	
  next	
  decade	
  
•  The	
  observed	
  positron	
  excess	
  

may	
  imply	
  a	
  heavy	
  Dark	
  Ma_er	
  
WIMP	
  parEcle	
  or	
  a	
  new	
  
mechanism	
  of	
  acceleraEon	
  in	
  the	
  
pulsars:	
  more	
  staEsEcs	
  and	
  
measurements	
  in	
  complementary	
  
channels	
  	
  are	
  needed	
  

•  Accurate	
  measurements	
  of	
  the	
  CR	
  
primary	
  components	
  and	
  of	
  anE-­‐
protons	
  are	
  been	
  performed	
  

•  More	
  data…more	
  fun	
  !	
  

STAY	
  TUNED	
  !	
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BACKUP	
  	
  



Analysis: the template method 
1.  The ecal classifier is used to remove most of the 

protons with high efficiency on positrons  
2.  Reference spectra (or templates) are built for 

–  protons and electrons à from data 
–  CC spillover and interactions à from MC 

      in the variables E/p and in TRD likelihood 
3.  The templates are fit to data , in each energy bin, to 

obtain the relative contributions 

•  This method maximizes the signal efficiency, since no 
further cut is explicitely applied after ecal classifier  
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fit	
  to	
  data	
  

•  Fit	
  on	
  E/p	
  (leq)	
  and	
  on	
  TRD	
  Likelihood	
  (right)	
  
•  The	
  fit	
  is	
  repeated	
  at	
  each	
  energy	
  bin	
  

E=[83,100]GeV 

positrons 
protons 
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e+ + e-  flux measurements with AMS 

..Taking	
  into	
  account	
  also	
  the	
  knowledge	
  of	
  the	
  energy	
  scale….	
  



The incoming direction of electrons above 16 GeV in galactic 
coordinates yields δ ≤ 0.01 at the 95% confidence level 

  
 

Electron Anisotropy	
  

Expected	
  Isotropic	
  Distribu<on	
  Measured	
  Distribu<on	
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E
ve

nt
s 

Positron Anisotropy	
  

Galac<c	
  	
  
coordinates	
  (b,l)	
  

The incoming direction of positrons above 16 GeV in galactic 
coordinates yields δ ≤ 0.03 at the 95% confidence level 
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What	
  is	
  needed?	
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e+
 /(

e+
 +

 e
- ) 

E[GeV] 	
  

χ + χ → e+ + …. mχ=800 GeV 

Collision	
  of	
  Cosmic	
  Rays	
  

Dark	
  Maser	
  model	
  based	
  on	
  I.	
  Cholis	
  et	
  al.,	
  
	
  arXiv:0810.5344	
  	
  

0.1	
  

10	
   102	
  

mχ=400 GeV 

Leptophilic	
  dark	
  maser	
  or	
  astrophysical	
  sources	
  ??	
  	
  	
  
-­‐	
  Shape	
  of	
  the	
  excess	
  accurately	
  measured	
  over	
  an	
  extended	
  energy	
  range	
  
-­‐	
  Knowledge	
  of	
  “cosmic	
  background”	
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Dark	
  Ma_er	
  model	
  with	
  intermediate	
  state	
  
M.	
  Cirelli,	
  M.	
  KadasEk,	
  M.	
  Raidal	
  and	
  A.	
  Strumia	
  ,Nucl.Phys.	
  B873	
  (2013)	
  530	
  	
  

	
  



AcceleraEon	
  in	
  SNRs	
  
P.	
  Mertsch	
  and	
  S.	
  Sarkar,	
  Phys.Rev.	
  D	
  90	
  (2014)	
  061301(R)	
  	
  



ProducEon	
  in	
  Pulsars	
  
M.	
  DiMauro,	
  F.	
  Donato,	
  N.	
  Fornengo,	
  R.	
  Lineros,	
  A.	
  Visno,	
  JCAP	
  1404	
  (2014)	
  006	
  



Ageom	
  is	
  the	
  geometrical	
  acceptance,	
  ≃	
  	
  550	
  cm2sr	
  	
  
εsel	
  	
  is	
  the	
  event	
  selec<on	
  efficiency	
  	
  
εid	
  is	
  the	
  e±	
  iden<fica<on	
  efficiency	
  
δ	
  	
  is	
  a	
  minor	
  correc<on	
  from	
  the	
  comparison	
  between	
  
	
  	
  	
  	
  	
  data	
  and	
  Monte	
  Carlo	
  (-­‐2%	
  at	
  10Gev	
  to	
  -­‐6%	
  at	
  700	
  GeV).	
  
	
  	
  	
  	
  	
  The	
  error	
  on	
  (1+δ)	
  is	
  ~2.5%.	
  

Ne±	
  	
  	
  is	
  the	
  number	
  of	
  electron	
  or	
  positron	
  events	
  	
  
εtrig	
  is	
  the	
  trigger	
  efficiency 	
   	
   	
   	
  	
  
T	
  	
  	
  	
  	
  	
  is	
  the	
  exposure	
  <me	
  	
  
Aeff	
  	
  is	
  the	
  	
  effec<ve	
  acceptance	
  	
   	
   	
  	
  

Measurement	
  of	
  the	
  flux	
  of	
  electrons	
  and	
  positrons	
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Estart	
  
Ebound	
  

Lower	
  energy	
  limit	
  for	
  single	
  power	
  law	
  (Eγ)	
  descripEon	
  

Eγa	
  	
  
Eγb	
  	
  

Study	
  intervals	
  with	
  star<ng	
  energies	
  Estart,	
  and	
  ending	
  at	
  the	
  highest	
  energy.	
  
	
  
Split	
  a	
  interval	
  into	
  two	
  sec<ons	
  by	
  any	
  boundary	
  Ebound	
  ,	
  fit	
  with	
  single	
  power	
  law	
  for	
  each	
  
sec<on.	
  Determine	
  the	
  significance	
  between	
  the	
  difference	
  of	
  γa	
  	
  and	
  γb	
  
	
  
The	
  limit	
  is	
  defined	
  by	
  the	
  lowest	
  Estart	
  that	
  gives	
  consistent	
  spectral	
  indices	
  at	
  the	
  90%	
  
C.L.	
  for	
  any	
  boundary	
  yields	
  Positrons:	
  27.2	
  GeV	
  and	
  Electron:	
  52.3	
  GeV	
  

0.5	
  GeV	
   500	
  GeV	
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1.	
  Both	
  spectra	
  cannot	
  be	
  described	
  by	
  single	
  power	
  laws.	
  
2.	
  The	
  spectral	
  indices	
  of	
  electrons	
  and	
  positrons	
  are	
  different.	
  	
  	
  
3.	
  Both	
  change	
  their	
  behavior	
  at	
  ~30GeV.	
  	
  	
  
4.	
  The	
  rise	
  in	
  the	
  positron	
  frac<on	
  from	
  20	
  GeV	
  is	
  due	
  to	
  an	
  excess	
  of	
  positrons,	
  	
  
	
  	
  	
  	
  	
  not	
  the	
  loss	
  of	
  electrons	
  (the	
  positron	
  flux	
  is	
  harder).	
  

Positron	
  Spectral	
  Index	
  

Electron	
  Spectral	
  Index	
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Observa<ons:	
  

Spectral	
  indices	
  (Eγ)	
  of	
  electron	
  and	
  positron	
  fluxes	
  



EXAMPLE:	
  

Simultaneous	
  fit	
  to	
  	
  
–  a)	
  Positron	
  FracEon	
  from	
  2GeV	
  
–  b)	
  Electron	
  +	
  Positron	
  	
  from	
  2GeV	
  

• 	
  	
  (γe-­‐	
  -­‐	
  γe+),	
  (γe-­‐	
  -­‐	
  γs),	
  Ce+,	
  Ce-­‐,	
  Cs,	
  Es	
  are	
  constant	
  
• 	
  γe-­‐	
  is	
  energy	
  dependent	
  below	
  ~15	
  GeV.	
  

Minimal	
  Model	
  Fit	
  to	
  the	
  data	
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Diffuse	
  Flux	
   Source	
  Flux	
  



Minimal	
  Model:	
  	
  

a)	
  Positron	
  Frac<on	
  

Diffuse	
  Flux	
  

Source	
  Flux	
  

Fit	
  to	
  a)	
  Positron	
  Frac<on	
  from	
  2	
  GeV	
  
determines	
  the	
  rela<ons:	
  
γe-­‐	
  -­‐	
  γe+	
  =-­‐0.63±0.06,	
   	
  γe-­‐	
  -­‐	
  γs=0.66±0.05,	
  	
  
Ce+	
  /Ce-­‐	
  =0.095±0.003,	
   	
  Cs	
  /Ce-­‐=0.008±0.001	
  

1/Es	
  =	
  1.3±0.6	
  TeV-­‐1	
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Diffuse	
  Flux	
   Source	
  Flux	
  



b)	
  Electron+Positron	
  Flux	
  

Diffuse	
  Flux	
  

Source	
  Flux	
  

Fit	
  to	
  b)	
  Electron	
  +	
  Positron	
  Flux	
  from	
  2	
  GeV	
  
determines	
  γe-­‐	
  and	
  Ce-­‐	
  

γe-­‐	
  is	
  energy	
  dependent	
  	
  below	
  	
  ~15	
  GeV	
  
	
  

Minimal	
  Model:	
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Diffuse	
  Flux	
   Source	
  Flux	
  



c)	
  Electron	
  Flux	
  

Diffuse	
  Flux	
  

Source	
  Flux	
  

Predic<on	
  from	
  fit	
  it	
  to	
  a)	
  Positron	
  
Frac<on	
  and	
  b)	
  Electron	
  +	
  Positron	
  Flux	
  

Minimal	
  Model:	
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Diffuse	
  Flux	
   Source	
  Flux	
  



Diffuse	
  Flux	
  

Source	
  Flux	
  

d)	
  Positron	
  Flux	
  

Minimal	
  Model:	
  	
  

Predic<on	
  from	
  fit	
  it	
  to	
  a)	
  Positron	
  
Frac<on	
  and	
  b)	
  Electron	
  +	
  Positron	
  Flux	
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Diffuse	
  Flux	
   Source	
  Flux	
  



Diffuse	
  Flux	
  

e)	
  Electron	
  Flux	
  –	
  Positron	
  Flux	
  

Minimal	
  Model:	
  	
  

Predic<on	
  from	
  fit	
  it	
  to	
  a)	
  Positron	
  
Frac<on	
  and	
  b)	
  Electron	
  +	
  Positron	
  Flux	
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Time	
  of	
  Flight	
  System	
  

Plane 4 

3, 4 

H	
  
He	
  

Li	
  Be	
  
B	
  C	
  N	
  

O	
  

F	
  
Ne	
  
Na	
  
Mg	
  
Al	
  
Si	
  

Cl	
  Ar	
  K	
  Ca	
  Sc	
  Ti	
  V	
  
P	
  S	
   Cr	
  

Fe	
  

Ni	
  

Mn	
  

Zn	
  

▹  4 Layers of scintillation counter"

Z=2
 Z=6

 σβ=2%	


 σTime=80ps	



 σβ=1.2%	


 σTime=48ps	



Velocity [Rigidity>20GV] 

E
ve

nt
s 

Velocity [Rigidity>20GV] 
E

ve
nt

s ▹  Main trigger"

▹  Measurement of 
!β=v/c (∆t~180 ps)"

▹  Measurement of 
"charge " 1"

2"

3"

4"
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Silicon	
  Tracker	
  

M
A
G
N
E
T

1
2

3
4

5
6

7
8

9

Silicon Tracker !
!

•  9 layers of double-sided 
micro-strip silicon sensors"

•  Spatial accuracy in 
bending direction: ~10 μm!

"
Purpose:!
!

•  Measurement of rigidity 
(R=p/q) (MDR~2 TV)"

•  Measurement of the sign 
of charge: detection of 
anti-matter	
  

active area  "
~ 6.2 m2"
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Charge	
  measurement	
  :	
  	
  

dE/dx in each layer à "

"

"Silicon Tracker has a very accurate "

"charge resolution (~ 0.1 c.u.)"

Be	
  
C	
   O	
  

Si	
  

Fe	
  

ar
bi

tra
ry

 u
ni

ts
"

H x 10-3"

He x 10-2"

Redundant measurement of Z"
"
à "



Particle Charge Measurement 

TRD"

TOF"

Tr
ac

ke
r"

TOF"
RICH"

ECAL"

1 

2 

7-8 

3-4 

9 

5-6 

1. Tracker Plane 1 

6. RICH 

Multiple Independent Measurements of |Z| 

4. Tracker Planes 2-8 

7. Tracker Plane 9 

2. TRD 

3. Upper TOF (1 counter) 

5. Lower TOF (1 counter) 

Carbon (Z=6) 
ΔZ  (cu)  

0.30 

0.12 

0.32 
0.30 

0.33 

0.16 

0.16 
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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 
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Particles Identified  as Boron in the Inner AMS show 
signals compatible with higher charges on the 1st 

Tracker layerre  

Boron and Carbon: Sample composition 

Tracker L1 Charge 
measurement 
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ZTRK_L1=6.1 

ZTRD=5.9 

ZTOF_UP=5.9 

ZTOF_LOW=5.8 

ZTRK_L2-L8=5.8 

ZRICH=6.1 

ZTRK_L1=4.9 

ZTRD=4.5 

ZTOF_UP=5.0 

ZTOF_LOW=5.1 

ZTRK_L2-L8=4.9 

ZRICH=5.2 

Rigidity=215 GV 
Boron   

Rigidity=187 GV 
Carbon   

Rigidity ∼ 200 GV 

Run/Event 1329086299/ 747549 Run/Event 132643580/ 132197 
front 
view 

side 
view 

front 
view 

side 
view 
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B/
C	
  
Ra

-o
	
  

Boron-to-Carbon ratio 

73 



Red	
  line:	
  CO2	
  	
  gas/liquid	
  two	
  phase	
  	
  

Pump	
  

Heat	
  exchanger	
  

Accumulator	
  

Condenser 
Tracker	
  

Blue	
  line:	
  CO2	
  	
  liquid	
  phase	
  

Tracker	
  Thermal	
  Control	
  System	
  	


1 

2 

7-8 

3-4 

9 

5-6 
10±3°C	
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