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Three	  independent	  methods	  to	  search	  for	  Dark	  Ma'er	  
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𝜒	  +	  𝜒 →	  e+,	  p,	  𝛾,  …	  

…	  +𝜒	  +	  𝜒 ←	  p	  +p	  

HESS,	  HAWC,	  VERITAS,	  MAGIC,	  IceCube,	  …	  
PAMELA,	  FERMI,	  CALET,	  DAMPE,	  AMS,	  ... 
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M.	  Turner	  and	  F.	  Wilczek,	  Phys.	  Rev.	  D42	  (1990)
	  1001;	  J.	  Ellis	  26th	  ICRC	  (1999)	  

e+	  and	  p	  are	  rare	  species	  in	  cosmic	  rays	  
The	  collision	  of	  cosmic	  rays	  with	  interstellar	  medium(ISM)	  

will	  produce	  e+	  and	  p	  

The	  collision	  of	  dark	  ma]er	  par6cles	  will	  produce	  	  
addi6onal	  e+	  and	  p	  

Dark	  Ma'er	  Searches	  at	  AMS	  
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The	  excess	  of	  e+	  and	  p	  can	  be	  accurately	  measured	  by	  AMS	  
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	  The	  Charge(Z)	  and	  Energy(E)	  	  
are	  measured	  independently	  	  

by	  several	  detectors	  
	  

Precise	  iden<fica<on	  of	  par<cle	  
	  and	  nuclei	  species	  

Alpha	  Magne=c	  Spectrometer	  

	  Magnet	  
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proton	  rejec=on:	  103	  to	  104 
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Maximum	  Detectable	  Rigidity(MDR)	  	  
2.0	  TV	  for	  Z=1	  par=cles	  

Single	  point	  resolu6on 

L1	  to	  L9:	  3	  m	  level	  arm	  



Momentum [GeV/c]
1 10 100 1000

Pr
ot

on
 R

ej
ec

tio
n

1

10

210

310

410

510

•  17 X0, 3D measurement of the 
directions and energies of e± to TeV 

•  Energy scale and resolution 
measured with test beam 

•  Identify e± by 3D shower shape 

•  Proton rejection is above 104 with 
ECAL and Tracker 

Electromagne=c	  Calorimeter	  (	  ECAL	  )	  
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NIMA,	  869	  (2017)	  110–117 

proton	  rejec=on	  >	  104 



Detector	  Calibra=on	  and	  Monte	  Carlo	  simula=on	  
Detector	  calibra=on	  

Monte	  Carlo	  simula=on	  

Intensive	  Test	  Beam	  @	  CERN:	  	  	  	  
	  Par=cle	  type:	  	  p,	  e±,	  π±	  
	  Energy	  	  	  (10−400	  GeV)	  
	  Posi=on	  (2000)	  

Monte	  Carlo	  simula=on:	  
1.   Interac=ons	  (physics	  and	  materials)	  	  
2.   Digi=za=on	  (electronics)	  

Results	  in	  data-‐like	  events	  10,000	  CPU	  cores	  at	  CERN	  
+	  regional	  centers	   9	  



In 6 years AMS has collected over 100 billion events. 

May	  24,	  2017	  

AMS will continue to collect data in the life time of ISS (2024) 
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Positron	  and	  electron	  selec=on	  in	  AMS	  

e-‐	   e+	  

p	  

Redundant	  par=cle	  iden=fica=on	  using	  TRD,	  ECAL	  and	  Tracker	  	  

Z(±1)	  x	  TRD	  es=mator	  

EC
AL

	  e
s=
m
at
or
	  

10	  <	  E	  <500	  GeV	  

p	  
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Positron	  and	  electron	  measurement	  in	  AMS	  
•  The	  number	  of	  positrons	  and	  electrons	  are	  determined	  from	  a	  template	  fit	  in	  

TRD	  -‐	  Charge	  Confusion	  Es=mator	  2D	  phase	  space	  
•  The	  e+	  and	  proton	  template	  are	  obtained	  from	  high	  purity	  e-‐,	  proton	  data	  
•  Charge	  confusion	  studied	  using	  e-‐	  test	  beam	  and	  MC	  
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e-‐	  -‐>	  e+	  

Proton	  Positron	  

e-‐	  -‐>	  e+	   Proton	  

Positron	  

Fit	  to	  Data,	  Posi=ve	  Rigidity,	  151-‐173	  GeV	  
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The rise of the positron fraction was first observed by HEAT, confirmed by PAMELA. 
The maximum of the positron fraction was discovered by AMS. 

2013	  
2012	  
2013	  
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2001	  
2000	  
1996	  

13	  



1 10 210 310
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

e± energy [GeV] Po
si

tr
on

 F
ra

ct
io

n 

Maximum	  
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Positron	  Frac=on:	  5	  years	  data	  
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Preliminary	  results	  
Please	  refer	  to	  forthcoming	  publica=on	  on	  PRL	  
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Electron and Positron spectra before AMS  
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1.  These	  were	  the	  best	  data.	  
2.  Nonetheless,	  the	  data	  have	  large	  errors	  and	  are	  inconsistent.	  
3.  The	  data	  has	  created	  many	  theore6cal	  specula6ons.	  
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Electron	  and	  positron	  fluxes	  

•  The	  electron	  flux	  and	  positron	  flux	  are	  different	  in	  amplitude	  and	  energy	  behavior.	  
•  Both	  spectra	  change	  behavior	  at	  ~30GeV	  
•  Rise	  of	  positron	  frac=on	  from	  ~10GeV	  is	  due	  to	  an	  excess	  of	  positron	  

Preliminary	  results	  
Please	  refer	  to	  forthcoming	  publica=on	  on	  PRL	  
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Energy	  [GeV]	  

16,500,000	  
electrons	  

1,080,000	  
positrons	  



The	  Electron	  and	  Positron	  spectral	  indices	  
	  

Tradi6onally,	  the	  spectrum	  of	  cosmic	  rays	  is	  characterized	  by	  a	  single	  power	  law	  func6on	  	  
Φ = CEγ where	  γ	  is	  the	  spectral	  index	  and	  E	  is	  the	  energy.	  	  

Before	  AMS,	  γ	  	  was	  assumed	  to	  be	  constant	  for	  the	  electron	  and	  positron	  spectra.	  
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Preliminary Data. 
Please refer to the AMS 

forthcoming publication in PRL. 

Electrons	  

Positrons	  

Electron	  and	  Positron	  Fluxes	  becomes	  harder	  at	  high	  energy	  
Addi=onal	  source	  of	  cosmic	  ray	  positron	  and	  electron	  



AMS	  2016	  

source	  term	  

diffuse	  term	   68%	  CL	  

1,080,000 
Positrons 

Addi=onal	  source	  of	  high	  energy	  electrons	  and	  positrons	  

Primary	  source	  of	  cosmic	  ray	  positron	  

Preliminary	  results	  
Please	  refer	  to	  
forthcoming	  
publica=on	  on	  PRL	  
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•  The	  same	  source	  in	  the	  precision	  electron	  flux	  
•  Common	  source	  of	  electrons	  and	  positrons	  by	  Charge	  Symmetry	  Process	  
•  Require	  comprehensive	  modelling	  of	  cosmic	  rays	  to	  understand	  its	  origin	  

diffuse	  term	  

source	  term	  

68%	  CL	  
16,500,000 
Electrons 

Addi=onal	  source	  of	  high	  energy	  electrons	  and	  positrons	  

Preliminary	  results	  
Please	  refer	  to	  
forthcoming	  
publica=on	  on	  PRL	  
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The AMS results are in excellent agreement with some Dark Matter Model 

AMS	  2016	  
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Models	  to	  explain	  the	  AMS	  Positron	  Frac=on	  and	  Flux	  

Model	  based	  on	  
J.	  Kopp,	  PRD.	  88	  (2013)	  076013	  

Energy	  [GeV]	  

1)  Par=cle	  origin:	  	  Dark	  Ma'er	  
2)  Modified	  Propaga=on	  of	  Cosmic	  Rays	  
3)  Astrophysics	  origin:	  Pulsars,	  SNRs	  

Preliminary	  results	  
Please	  refer	  to	  forthcoming	  
publica=on	  on	  PRL	  
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Alterna=ve	  Models	  to	  explain	  the	  AMS	  Positron	  Flux	  
and	  Positron	  Frac=on	  Measurements	  

Latest	Example	of	Theore1cal	Models	of	Positron	Frac1on	
Propaga1on	of	secondaries	

R. Cowsik, B. Burch, and T. Madziwa-Nussinov, Ap. J. 786 (2014) 124 

39 

Collision of ordinary CR 
(Moskalenko, Strong) 

R.	  Cowsik	  	  et	  al.,	  Ap.	  J.	  786	  (2014)	  124,	  (pink	  band)	  
explaining	  that	  the	  AMS	  positron	  frac=on	  (gray	  

circles)	  above	  10	  GeV	  is	  due	  to	  propaga=on	  effects.	  	  

However,	  this	  requires	  a	  specific	  energy	  
dependence	  of	  the	  B/C	  ra=o	  

The	  AMS	  Boron-‐to-‐Carbon	  (B/C)	  flux	  ra6o	  

Cowsik	  (2014)	  

11	  million	  nuclei	  

•  Modified	  Propaga=on	  of	  Cosmic	  Rays	  
•  Supernova	  Remnants	  	  
•  Pulsars	  

Examples:	  

M.	  Aguilar,	  et.al.	  	  
PRL	  117,	  231102	  (2016)	  	  
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We$have$been$
trying$(late$last$
night!)$to$get$
better$cits$to$
the$new$data$
but$it$is$not$

easy$…$perhaps$
our$model$is$
too$simple$and$
some$further$
recinements$are$
necessary.$

$
This$is$justicied$
now$that$we$
have$precision$
data$from$AMS!$

We$have$been$
trying$(late$last$
night!)$to$get$
better$cits$to$
the$new$data$
but$it$is$not$

easy$…$perhaps$
our$model$is$
too$simple$and$
some$further$
recinements$are$
necessary.$

$
This$is$justicied$
now$that$we$
have$precision$
data$from$AMS!$

We$have$been$
trying$(late$last$
night!)$to$get$
better$cits$to$
the$new$data$
but$it$is$not$

easy$…$perhaps$
our$model$is$
too$simple$and$
some$further$
recinements$are$
necessary.$

$
This$is$justicied$
now$that$we$
have$precision$
data$from$AMS!$

Alterna=ve	  Models	  to	  explain	  the	  AMS	  Positron	  Flux	  
and	  Positron	  Frac=on	  Measurements	  

•  Modified	  Propaga=on	  of	  Cosmic	  Rays	  
•  Supernova	  Remnants	  	  
•  Pulsars	  

Examples:	  

Subir Sarkar: AMS Days@CERN, April 2015 
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Challenged	  by	  AMS	  measurement	  of	  other	  CR	  
par=cles:	  B/C,	  pbar/p	  
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Alterna=ve	  Models	  to	  explain	  the	  AMS	  Positron	  Flux	  
and	  Positron	  Frac=on	  Measurements	  

•  Modified	  Propaga=on	  of	  Cosmic	  Rays	  
•  Supernova	  Remnants	  	  
•  Pulsars	  

Examples:	  

M.	  DiMauro,	  F.	  Donato,	  N.	  Fornengo,	  R.	  
Lineros,	  A.	  Viuno,	  JCAP	  1404	  (2014)	  006	  
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By	  2024,	  AMS	  will	  dis=nguish	  Dark	  
Ma'er	  from	  Pulsars	  

AMS	  Measurements	  on	  Positron,	  Electron	  anisotropy	  and	  on	  an=protons	  
will	  also	  help	  dis=nguish	  different	  models	  
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Positron	  and	  Electron	  Anisotropy	  

Measured	  Positron	  

•  Primary	  source	  of	  cosmic	  ray	  positrons	  and	  electrons	  may	  induce	  anisotropy	  on	  
their	  arrival	  direc=on	  

•  Astrophysical	  point	  sources	  like	  pulsars	  will	  imprint	  a	  higher	  level	  of	  anisotropy	  
than	  a	  smooth	  dark	  ma'er	  halo.	  

•  Method:	   	  Spherical	  harmonic	  expansion	  ,	  dipole	  amplitude:	  	  	  

Expected	  exposure	  

Galac=c	  	  
coordinates	  

(b,l)	  
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δ = 3 C1 / 4π



Positron	  and	  Electron	  Anisotropy	  

This	  will	  help	  dis=nguish	  dark	  ma'er	  models	  and	  astrophysical	  models	  

The fluctuations of the positron flux are isotropic in 16 < E [GeV] < 350. 

Data taking to 2024 will allow to explore anisotropies of 1%	  

25	  

Preliminary	  results	  
Please	  refer	  to	  forthcoming	  
publica=on	  on	  PRL	  
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δ = 3 C1 / 4π

Pulsar	  Model	  based	  on	  D.	  Hooper,	  P.	  Blasi	  &	  P.	  D.	  Serpico,	  JCAP	  0901	  (2009);	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  K.	  Iota,	  PTP	  123-‐4	  (2010)	  743	  

Pulsars	  



•  The	  precision	  data	  shows	  an	  common	  excess	  of	  high	  energy	  
electrons	  and	  positrons	  

•  The	  high	  energy	  electrons	  and	  positrons	  are	  isotropic	  
•  The	  current	  data	  can	  be	  explained	  by	  Dark	  Ma'er	  or	  new	  

astrophysical	  sources	  

•  An=proton	  is	  an	  independent	  channel	  to	  search	  for	  Dark	  Ma'er	  
and	  can	  help	  to	  dis=nguish	  between	  Dark	  Ma'er	  and	  Pulsar	  
models	  

•  To	  measure	  an=protons,	  we	  need	  to	  measure	  protons	  firstly. 

The	  Comprehensive	  Measurements	  by	  AMS 
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1.   Protons	  are	  the	  most	  abundant	  cosmic	  rays.	  
2.   Before	  AMS	  there	  have	  been	  many	  measurements	  of	  the	  proton	  spectrum.	  
3.   Tradi=onally,	  the	  proton	  spectral	  func=on	  was	  assumed	  to	  be	  a	  single	  power

	  law	  Φ = CEγ with γ	  	  =	  -‐2.7	  	  
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New information: The proton flux cannot be described by a single power law = CRγ  
AMS proton flux 
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unexpected	  
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M.	  Aguilar	  et	  al.,	  PRL	  114,	  171103	  (2015) 

AMS PRL 114, 171103 (2015): “In particular, 
the spectral index progressively hardens with 
rigidity above ∼100 GV.” 

This is unexpected. 



AMS PRL 114, 171103 (2015): “In particular, 
the spectral index progressively hardens with 
rigidity above ∼100 GV.” 

This is unexpected. 

Protons 
PAMELA: “At 230 to 240 GV, the proton and helium 
data exhibit an abrupt spectral hardening.” 
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The	  rigidity	  dependence	  of	  e-‐	  and	  p	  flux	  are	  different	  as	  expected.	  	  
	  e-‐	  lose	  more	  energy	  in	  the	  interstellar	  magne=c	  field 

30	  



An=proton	  Measurement	  with	  AMS	  

The	  an=proton	  flux	  is	  	  
~1/10000	  of	  the	  proton	  flux.	  
	  
A	  percent	  precision	  experiment	  
requires	  background	  rejec=on	  
close	  to	  1	  in	  a	  million	  
	  
Based	  on	  65	  billion	  cosmic	  rays	  
collected	  in	  the	  first	  4	  years,	  
3.49	  x	  105	  an=protons	  are	  
selected	  for	  1<|R|<450	  GV	  	  
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M.	  Aguilar	  et	  al.,	  PRL	  117,	  091103	  (2016) 
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An=proton	  selec=on	  in	  AMS	  
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An=proton	  signal	  is	  well	  separated	  from	  the	  backgrounds 
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An=proton	  selec=on	  at	  high	  rigidi=es	  
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The	  number	  of	  an=protons	  is	  determined	  from	  template	  fit	  
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Unexpected:	  The	  Spectra	  of	  Protons	  and	  An=protons:	  
If	  p	  are	  secondaries,	  their	  rigidity	  dependence	  should	  be	  different	  than	  p:	  

	  
Unexpectedly	  p	  and	  p	  have	  the	  same	  rigidity	  dependence.	  

p	  +	  ISM	  à	  p	  +	  …	  
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M. Aguilar et al.
PRL,117(9), 091103 (2016)	  
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Unexpected	  results:	  the	  rigidity	  dependence	  of	  of	  e+,	  p	  ,	  p	  are	  iden=cal	  
from	  ~60	  to	  ~500	  GV	  
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Unexpected	  results:	  the	  rigidity	  dependence	  of	  of	  e+,	  p	  ,	  p	  are	  iden=cal	  
from	  ~60	  to	  ~500	  GV	  

e-‐	  has	  a	  different	  rigidity	  dependence.	  	  
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Flux	  Ra=o	  of	  Elementary	  Par=cles	  p/p	  	  
is	  energy	  independent	  above	  60	  GV	  

37 M. Aguilar et al., Phys. Rev. Lett. 117, 091103 (2016) 

The measurement accuracy is not limited by the systematics! 
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AMS	  p/p	  results	  and	  modeling	  
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Collisions of ordinary cosmic rays
Models	  from	  
F.	  Donato	  et	  al.,	  PRL	  102,	  071301	  (2009);	  	  mχ =  1 TeV	  	  	  	  	  
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Collision	  of	  cosmic	  rays	  with	  ISM	  



G.Giesen,	  et.	  al.,	  	  
JCAP	  09	  (2015)	  023	  

Recent	  models	  of	  an=proton	  produc=on	  
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M.Y.	  Cui,	  et.	  al.	  
Phys.	  Rev.	  LeB.	  118,	  191101	  
(2017)	  

Dark	  ma'er	  
mass	  ~50	  GeV	  

The	  precision	  and	  comprehensive	  data	  from	  AMS	  allows	  for	  	  
the	  explora=on	  of	  new	  phenomena	  	  

From	  collision	  of	  cosmic	  rays	  with	  
interstellar	  medium:	  	  
G.Giesen,	  et.	  al.,	  JCAP	  09	  (2015)	  023	  
C.Evoli	  et.	  al.,	  JCAP	  12	  (2015)	  039	  
R.Kappl,	  et.	  al.,	  JACP	  10(2015)	  034	  
…	  
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Dark	  ma'er	  contribu=on	  to	  explain	  	  
the	  an=proton	  excess	  around	  10	  GV:	  
A.	  Cuoco,	  et.	  Al.Phys.	  Rev.	  LeM.	  118,	  191102	  
M.Y.	  Cui,	  et.	  al.	  Phys.	  Rev.	  LeM.	  118,	  191101	  (2017)	  



AMS PRL 115, 211101 (2015): “In particular, both 
spectral indices progressively harden with rigidity 
above 100 GV.” – This is unexpected. 

Helium 

≠+	  

unexpected 

PAMELA: “At 230 to 240 GV, the proton and helium 
data exhibit an abrupt spectral hardening.” 
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The	  AMS	  Result	  on	  the	  Oxygen	  Flux	  
The	  precision	  AMS	  nuclei	  data	  provides	  new	  parameters	  for	  cosmic	  ray	  models.	  	  
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Measuring	  an=proton	  through	  the	  life	  =me	  of	  Space	  Sta=on	  

By	  collec=ng	  more	  data,	  	  
AMS	  will	  explore	  to	  higher	  rigidity	  with	  be'er	  accuracy	  

|Rigidity| [GV]
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MC	  simula=on	  
2024:	  Extend	  measurement	  to	  525	  GV	  
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Conclusion 

•  Dark	  Ma'er	  search	  is	  among	  the	  main	  physics	  objec=ves	  of	  
AMS	  	  

•  Positron	  frac=on	  and	  fluxes	  of	  	  e+	  and	  e−	  (20M	  events)	  require	  
an	  addi=onal	  source	  of	  high	  energy	  e+	  and	  e−	  (e.g.	  DM)	  

•  An=proton-‐to-‐proton	  flux	  ra=o	  (349k	  p	  events)	  is	  rigidity	  
independent	  above	  60	  GV.	  	  

•  Unexpected	  iden=cal	  flux	  behavior	  for	  p,	  p	  and	  e+	  from	  60	  to	  
500	  GV.	  

•  By	  2024	  we	  will	  collect	  and	  analyze	  3	  =mes	  more	  data	  –	  will	  
reach	  higher	  energies	  and	  greatly	  improve	  the	  accuracy 
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To	  date,	  the	  results	  from	  AMS	  are	  unexpected	  and	  	  

need	  much	  improved	  accuracy	  of	  the	  theore=cal	  predic=ons.	  

We	  work	  	  closely	  with	  theore=cal	  community	  to	  develop	  	  

a	  comprehensive	  model	  to	  explain	  all	  our	  observa=ons.	  

	  

	  

	  

	  

	  

	  

	  

There	  is	  no	  other	  magne=c	  spectrometer	  in	  space	  in	  the	  foreseeable	  decades.	  

	  By	  collec=ng	  data	  through	  2024,	  	  	  

we	  should	  be	  able	  to	  determine	  the	  origin	  of	  many	  unexpected	  observa=ons.	  
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Electron,	  Positron	  and	  Dark	  Ma'er	  

The	  excess	  of	  e+	  and	  p	  can	  be	  accurately	  measured	  by	  AMS	  

The	  collision	  of	  dark	  ma]er	  par6cles	  will	  produce	  	  
addi6onal	  e+	  and	  p	  

S. Lin, Q. Yuan, and X.-J. Bi  
PRD 91, 063508 (2015) 
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Magnetic field measurement 
(0.25%) and temperature 

corrections (0.1%) result in 
less than 0.5% systematic 

error on the flux. 

The difference between the 1997 and 
2010 measurements is less than 1% 

(limited by the accuracy in 1997) 

3D field map (120,000 locations) 
Measured at CERN in May 2010 

	  
	  

The	  permanent	  magnet	  

Hall probes 

NMR probe 

Measuring arm 
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TRD	  CO2	  consump=on	  	  

Life6me:	  5000g	  /	  0.44g/d	  =	  31	  years 



AMS	  on	  ISS	  to	  2024:	  240	  Billion	  Events	  
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Separa=on	  of	  Posi=ve	  and	  Nega=ve	  Charges	  

CCΛCharge confusion estimator 
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Background: 
Charge Confusion Protons 

Antiproton signal 

Rigidity	  100-‐450	  GV	  

Reject 

Due	  to	  intrinsic	  posi=on	  resolu=on	  and	  sca'ering	  in	  the	  Tracker,	  	  
the	  charge	  sign	  has	  small	  probability	  to	  be	  measured	  incorrectly	  -‐>	  Charge	  confusion	  

	  

At	  high	  rigidi=es	  it	  is	  par=cularly	  important	  to	  ensure	  that	  the	  charge	  sign	  of	  	  
e+	  and	  p	  is	  correctly	  iden=fied	  in	  the	  tracker.	  

51	  



He	  
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AMS	  has	  seven	  instruments	  which	  	  
independently	  iden=fy	  different	  elements	  
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Example:	  TRD	  Track	  efficiency	  

MC	  
ISS	  Data	  

Isotropic	  flux:	  	  

	  
•  Effec=ve	  Acceptance:	  

•  Es6mated	  from	  MC	  
•  Small	  correc6on	  applied	  based	  on	  

efficiency	  measured	  from	  Data	  
•  Systema6c	  uncertain6es:	  2%	  ~	  3%	  

	  
	  
•  Energy	  Measurement	  

•  Minimum	  effect	  from	  resolu=on	  
•  Uncertainty	  in	  the	  absolute	  energy	  scale:	  	  	  

	  ~2%	  at	  [10,	  300]	  GeV	  
	  ~5%	  at	  1TeV	  

Electron/Positron	  Flux	  Measurement	  
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Major	  Systema=c	  Errors:	  
•  Charge	  confusion:	  	  

–  Measured	  directly	  from	  data.	  Reproduced	  by	  the	  
Monte	  Carlo.	  The	  difference	  is	  taken	  as	  a	  
systema=c	  error.	  

•  Selec=on,	  Template	  defini=on:	  	  
–  For	  each	  energy	  bin,	  many	  sets	  of	  cuts	  (trials)	  

were	  analyzed.	  The	  measurement	  is	  stable	  over	  
wide	  ranges	  of	  the	  selec=ons.	  	  	  

•  Effec=ve	  Acceptance:	  	  
–  Es=mated	  from	  MC,	  Small	  correc=on	  applied	  

based	  on	  efficiency	  measured	  from	  Data.	  	  
Systema=c	  uncertain=es:	  2%	  ~	  3%	  

•  Energy	  Measurement:	  	  
–  Uncertainty	  in	  the	  absolute	  energy	  scale:	  	  	  	  	  	  	  	  	  	  	  	  	  	  

~2%	  at	  [10,	  300]	  GeV,	  	  ~5%	  at	  1TeV	  
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Systema=c	  error	  are	  smaller	  than	  sta=s=cal	  error	  (>	  30	  GeV	  for	  e+,	  >200GeV	  for	  e-‐)	  

Electron,	  Positron	  Flux	  Measurement	  
Isotropic	  flux:	  	  
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Preliminary results. Please refer to the 
forthcoming AMS publication in PRL 



Systema=c	  Errors	  on	  An=proton	  Measurements	  

•  An=proton	  coun=ng	  σΝ	  

•  Event	  selec6on	  
•  Knowledge	  of	  charge	  confusion	  

•  Acceptance, σA	  
•  Cross	  sec=ons	  
•  Migra6on	  matrix	  
•  Small	  correc6on	  in	  normaliza6on	  

•  Rigidity	  scale,	  σR	  

•  Affect	  posi6ve	  and	  nega6ve	  rigidity	  
in	  opposite	  direc6on	  

•  The	  analysis	  is	  not	  limited	  by	  
systema=c	  errors	  
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Rigidity	  Resolu=on:	  
Good	  agreement	  
between	  data	  and	  MC	  
in	  a	  few	  orders	  of	  
magnitude	  
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Flux	  ra=o	  of	  p/p,	  p/e+	  and	  p/e+	  are	  energy	  independent	  	  
in	  the	  energy	  range	  ~60	  to	  ~500	  GeV
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Alterna=ve	  Models	  to	  explain	  the	  AMS	  Positron	  Flux	  
and	  Positron	  Frac=on	  Measurements	  

•  Modified	  Propaga=on	  of	  Cosmic	  Rays	  
•  Supernova	  Remnants	  	  
•  Pulsars	  

Examples:	  

M.	  DiMauro,	  F.	  Donato,	  N.	  Fornengo,	  R.	  
Lineros,	  A.	  Viuno,	  JCAP	  1404	  (2014)	  006	  
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By	  2024,	  AMS	  will	  dis=nguish	  Dark	  
Ma'er	  from	  Pulsars	  

Mχ = 1 TeV 

AMS	  2024	  
Pulsars 

AMS	  Measurements	  on	  Positron,	  Electron	  anisotropy	  and	  on	  an=protons	  
will	  also	  help	  dis=nguish	  different	  models	  
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