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Discoveries: 
(1)  Pulsar, 
(2)  Microwave, 
(3)  Binary Pulsars, 
(4)  X Ray sources, 

 solar neutrinos 
(5)  Dark Matter,  

Dark Energy 
… …   

Hubble, Chandra,  
GLAST, JWST, 
JDEM 

WHIPPLE, 
HESS, 
VERITAS, 
… 
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S. Ting, MIT	  
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16 Countries, 60 Institutes and 600 Physicists, 17 years 

The detectors were built all over the world  
and assembled at CERN, near Geneva, Switzerland 7	  
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Par7cles	  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 

 Magnet 
±Z 
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AMS installed on the ISS 
Truss and taking data 

May 19, 2011 

9	  

Up to now, AMS has collected  
>100 billion cosmic rays. 
This is a unique data set 

to serach for new phenomena. 



1.03 TeV electron 

TRD: 
identifies  
electron 

Tracker and Magnet:  
measure momentum 

ECAL:  
identifies electron and measures  
its momentum 

side 
view 

front 
view 

RICH 
charge of 
electron 
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Due	  to	  its	  magne7c	  spectrometer	  AMS	  can	  accurately	  	  
iden7fy	  four	  components	  combining	  the	  	  
Tracker,	  ECAL	  -‐	  and	  TRD	  -‐	  Measurements.	  

E	  =	  20-‐50	  GeV	  
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Citations: > 800 

2.5 years of data 
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HAWC Collaboration, Science 358, 911-914 (2017)  
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Geminga  

„We demonstrate that the leptons emitted by these objects are therefore unlikely  
to be the origin of the excess positrons, which may have a more exotic origin.“ 



Combined (e+ + e-) Spectrum 

https://www.mpi-hd.mpg.de/hfm/HESS/pages/home/som/2017/09/ 
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Recent	  Electron	  Flux	  Measurements	  
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AMS 2018 Electron 
May 2011 – Nov. 2017 
 
26 Million Electron Events 
Energy Range: 0.5 – 1000 GeV 
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AMS	  Measurements	  of	  the	  Electron	  and	  Positron	  spectra	  
The	  data	  are	  well	  described	  by	  a	  combina7on	  of	  smoothly	  broken	  power	  laws.	  

Electron Positron x 10 

AMS	  2018	  
May	  2011	  –	  Nov.	  2017	  

Φ(E) = C ⋅Eγ (E )



2024: Extend measurement to 1 TeV 
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Cosmic Nuclei 
AMS has seven instruments which  

independently identify different elements 
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Rigidity [GV]
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M. Aguilar et al., Phys. Rev. Lett. 114, 171103 (2015) 20 



AMS-‐02	  
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This	  measurement	  is	  dominated	  by	  systema7c	  errors,	  	  
we	  will	  therefore	  not	  be	  able	  to	  improve	  it.	  

It	  was	  expected	  that	  the	  proton	  flux	  could	  be	  described	  	  
with	  a	  single	  power	  law	  with	  spectral	  index	  γ=-‐2.7.	  
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AMS	  

Primary	  Cosmic	  Rays	  (p,	  He,	  C,	  O,	  …)	  

AMS	  

Secondary	  Cosmic	  Rays	  (Li,	  Be,	  B,	  …)	  

ISM	  
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x 103 Nitrogen has a primary and a secondary component. 
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The hardening of the spectral index is stronger for the secondary particles. 

Φ = C ⋅E−γ (E )
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24.04.18	   31	  
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AMS results on the p/p flux ratio 
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AMS	  p/p	  results	  and	  modeling	  
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Models	  from	  
Donato	  et	  al.,	  PRL	  102,	  071301	  (2009);	  	  mDM =  1 TeV	  	  	  	  	  
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G.Giesen	  et	  al.,	  JCAP09(2015)	  023	  	  	  
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The Rigidity Dependence of Elementary Particles  
e+, p, p are identical from 60-500 GV.  
e- has a different rigidity dependence.  

M. Aguilar et al., Phys. Rev. Lett. 117, 091103 (2016) 37 
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S. Ting, La Palma, Spain, April 2018: 
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An7-‐Deuteron	   



AMS-‐100	  -‐	  	  	  
A	  Magne7c	  Spectrometer	  	  

at	  Lagrange	  Point	  2	  
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!  AMS-‐02	  is	  an	  excellent	  experiment	  on	  the	  Space	  Sta7on.	  It	  is	  now	  opera7onal	  
since	  7	  years.	  We	  plan	  to	  operate	  it	  7ll	  the	  end	  of	  the	  life7me	  of	  the	  ISS	  in	  2024.	  
	  

!  Is	  is	  now	  7me	  to	  think	  about	  the	  next	  step!	  
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Current	  and	  upcoming	  rockets	  
	  
Name 	   	   	  	  	  LEO	  [kg]	   	  other	  [kg] 	  First	  flight 	  	  
Ariane	  5 	   	   	  	  	  21,000 	   	  10,730	  GTO 	  2002 	  	  	  	  	  	  ESA	  
Falcon	  Heavy 	   	  	  	  63,800 	   	  26,700	  GTO 	  2018	   	  	  	  	  	  	  SpaceX	  
Long	  March	  5 	   	  	  	  25,000 	   	  	  	  8,000	  TLI 	  2016 	  	  	  	  	  	  CALT	  
Long	  March	  9 	   	  130,000 	   	  50,000	  TLI 	  2025	   	  	  	  	  	  	  CALT	  
SLS	  Block	  1B 	   	  105,000 	   	  39,100	  TLI 	  2022	   	  	  	  	  	  	  NASA	  
SLS	  Block	  2 	   	  130,000 	   	  45,000	  TLI 	  2025 	  	  	  	  	  	  NASA	  
	  
	  
Opera7onal	  
Under	  development	  
	  
	  
LEO:	   	  Low	  Earth	  orbit	  
GTO:	   	  Geosta7onary	  transfer	  orbit	  
TLI: 	   	  Trans-‐lunar	  injec7on	  
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ATLAS	  Central	  Solenoid	  Magnet	  

•  only	  0.66	  radia7on	  lengths	  X0	  thick	  
•  made	  from	  aluminium	  enforced	  Nb/Ti	  conductor	  	  
•  opera7on	  temperature	  4.5	  K	  	  
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Space	  Experiments	  at	  L2:	  
•  WMAP:	   	  Arrived	  at	  L2	  in	  2001. 	  	  Mission	  ended	  2010 	  	  
•  Herschel:	   	  Arrived	  at	  L2	  July	  2009.	   	  Ceased	  opera7on	  on	  29	  April	  2013 	  	  
•  Planck: 	  Arrived	  at	  L2	  July	  2009.	   	  Mission	  ended	  on	  23	  October	  2013	  
•  Chang'e	  2: 	  Arrived	  in	  August	  2011	  aper	  comple7ng	  a	  lunar	  mission	  before	  	  

	   	   	  depar7ng	  en	  route	  to	  asteroid	  4179	  Touta7s	  in	  April	  2012. 	  	  

AMS-‐100:	  Opera7on	  at	  Lagrange	  Point	  2	  
	  

Due	  to	  earth	  magne7c	  field	  a	  cryogenic	  solenoid	  magnet	  can	  only	  be	  operated	  at	  L2.	  



46 

The science phase of the mission is expected to start in 2018 
and to last for 10.5 years.  

James	  Webb	  Telescope	  -‐	  	  
a	  space	  telescope	  at	  Lagrange	  Point	  2	  
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AMS-‐100:	  A	  Magne7c	  Spectrometer	  at	  LP-‐2	  

Weight:	  43	  t	   	  	  	  	  	  	  	  	  	  	  	  Readout-‐Channels:	  4	  106 	  	  	  	  	  	  	  	  	  	  	  Power:	  40	  kW	  	  	  	  	  Trigger	  Rate:	  1	  MHz	  
MDR:	  	  	  	  	  100	  TeV	  	  	  	  	  	  Acceptance:	  	  	  	  	  	  	  	  	  	  	  	  	  	  100	  m2	  sr 	  B-‐Field:	  1	  Tesla 	  	  



AMS-‐100	  

An7-‐Deuteron	  and	  An7-‐Helium	  
If	  AMS-‐02	  finds	  An7-‐Deuteron	  and/or	  An7-‐Helium	  	  
AMS-‐100	  would	  detect	  thousands	  of	  such	  events.	  

Pcoal	  =	  124	  (62)	  MeV	  	  

48	  

F.	  Donato,	  Fornengo,	  Korsm
eier,	  1711.08465	  subm

.	  PRD	  	  
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Si-‐	  &	  SciFi-‐Tracker	  
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The	  angular	  Resolu7on	  for	  converted	  photons	  is	  0.005	  mm/3.5m	  =	  1	  10-‐4	  deg	  	  
and	  will	  be	  up	  to	  ~1,000	  beuer	  than	  the	  FERMI	  resolu7on.	  

AMS-‐100	  will	  monitor	  the	  whole	  sky	  con7nously.	  
	  

The	  acceptance	  for	  photons	  is	  up	  to	  65	  m2	  sr	  compared	  to	  FERMI	  2.5	  m2	  sr.	  

	  AMS-‐100:	  	  
Converted	  Photons	  

	  AMS	  100:	  	  
ECAL	  Photons	  	  FERMI	  Photons	  

	  AMS-‐100	  Photons	  
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•  For	  every	  source	  in	  the	  3.	  FERMI	  catalog	  we	  expect	  at	  least	  	  
1,000	  events	  in	  AMS-‐100.	  

•  We	  expect	  to	  see	  10,000	  new	  sources	  in	  AMS-‐100.	  

�The	  3.	  FERMI	  catalog	  includes	  3033	  sources	  above	  4	  sigma	  significance.	  

AMS-‐100:	  Expected	  counts	  for	  5	  years	  for	  E=50	  MeV	  –	  1	  TeV	  

Events/(0.5	  deg	  x	  0.5	  deg)	  



The Space Station has become a unique platform for precision physics research.  

“The most exciting objective of AMS is to probe the unknown; 
to search for phenomena which exist in nature 

that we have not yet imagined nor had the tools to discover.” 
S. Ting



Backup 



Y	  

Z	  

	   	   	   	  Outer	  Detector	  
Name 	   	   	  Weight	  [kg] 	   	   	   	  X0	  
LEPS	   	   	   	  	  	  1,390 	   	   	   	   	  0.05	   	   	  	  
ACC 	   	   	   	  	  	  1,640 	   	   	   	   	  0.05	  
Magnet 	   	   	  11,430 	   	   	   	   	  0.48	  
ToF 	   	   	   	  	  	  1,560 	   	   	   	   	  0.05	  
DIRC	   	   	   	  	  	  1,950 	   	   	   	   	  0.14	  

Total 	   	   	  17,970 	   	   	   	   	  0.78	  	  (19	  g/cm2)	  
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Light primary cosmic ryas: p, He, C, N, O and e-, ... 

Light secondary cosmic ryas: Li, Be, B and e+, p, ... 
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Similar	  to	  the	  neutron	  monitor	  count	  rates	  the	  general	  long-‐term	  trend	  	  
of	  both	  the	  electron	  and	  the	  positron	  flux	  follows	  on	  average	  smooth	  periodic	  func7ons	  	  

with	  a	  cycle	  of	  11	  years	  for	  the	  data	  considered	  here.	  	  

year	  



•  The	  energy	  and	  7me	  dependence	  of	  various	  cosmic	  ray	  measurements	  including	  e+/e-‐	  	  
are	  well	  reproduced	  by	  advanced	  numerical	  solar	  modula7on	  models	  during	  the	  	  
extraordinary	  quiet	  solar	  minimum	  period	  from	  2006	  to	  2011.	  	  

	  
•  But	  for	  the	  following	  years	  covered	  by	  the	  new	  AMS	  data	  important	  and	  large	  systema7c	  	  

discrepancies	  are	  observed	  in	  par7cular	  in	  e+/e-‐	  which	  is	  sensi7ve	  to	  charge	  sign	  	  
dependent	  solar	  modula7on	  effects.	  

e+/e-‐	  

Charge	  Sign	  Dependent	  Solar	  Modula7on	  



50 million helium nuclei 
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Using	  the	  TRD	  we	  will	  extend	  this	  measurement	  up	  to	  ~5	  TeV	  in	  2024.	  
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It	  was	  expected	  that	  the	  He	  flux	  could	  be	  described	  	  
with	  a	  single	  power	  law	  with	  spectral	  index	  γ=-‐2.7.	  

61	  
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Traditional Models

Theoretical prediction 

A. E. Vladimirov, I. Moskalenko, A. Strong, et al., Computer Phys. Comm. 182 (2011) 1156 

	  
Protons	  and	  helium	  are	  both	  “primary”	  cosmic	  rays.	  

	  
Their	  rigidity	  ra7o	  has	  tradi7onally	  been	  assumed	  to	  be	  flat.	  

AMS	  :	  this	  ra7o	  is	  not	  flat.	  	  

The AMS proton/helium flux ratio 
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Collision of ordinary CR 
(Moskalenko, Strong) 

Theore7cal	  models	  to	  explain	  the	  AMS	  positron	  frac7on.	  
Among	  the	  100’s	  of	  models	  there	  are	  three	  classes:	  
a)  dark	  mauer	  	  
b)  new	  forms	  of	  propaga7on	  	  
c)  pulsars.	  
	  

b) An example	  of	  new	  propaga7on:	  
R.	  Cowsik,	  B.	  Burch,	  and	  T.	  Madziwa-‐Nussinov,	  Ap.	  J.	  786	  (2014)	  124	  
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Kolmogorov	  turbulance	  	  
model	  predicts	  δ=1/3.	  
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AMS-02: 3He/4He vs Energy 
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the Electron- and Positron Flux. 



•  The	  combined	  (e+	  +e-‐)	  Flux	  is	  a	  difficult	  measurement	  and	  difficult	  to	  interpret.	  
•  The	  results	  of	  the	  space	  experiments	  are	  not	  consistent.	  	  

They	  come	  in	  two	  groups:	  (AMS	  and	  CALET)	  ó	  (FERMI	  and	  DAMPE).	  
•  AMS	  and	  CALET	  are	  on	  the	  ISS,	  FERMI	  and	  DAMPE	  are	  satelite	  experiments.	  

ISS	  al7tude:	  400	  km,	  FERMI	  al7tude:	  550	  km,	  DAMPE	  al7tude:	  500	  km	  
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Recent	  Measurements	  
combined	  (e+	  +e-‐)	  Flux	  	  

2018	  
2017	  
2017	  

2017	  
2017	  
2017	  

2008	  
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AMS	  

A.	  Kounine	  	  et	  al.,	  N
IM

	  A	  869	  (2017)	  110–117	  	  	  

The	  effects	  which	  are	  experimentaly	  most	  difficult	  to	  control	  are	  non-‐lineari7es	  
in	  the	  detector	  response,	  for	  AMS	  statura7on	  effects	  in	  the	  ECAL	  fibers.	  

We	  have	  no	  test	  beam	  with	  1	  TeV	  Electrons	  !	  



FERMI	  Absolut	  Energy	  Scale	  ,	  PHYSICAL	  REVIEW	  D	  95,	  082007	  (2017):	  
„The	  geomagne7c	  cutoff	  in	  the	  CRE	  spectrum	  at	  about	  10	  GeV	  provides	  a	  spectral	  feature	  	  
that	  allows	  an	  absolute	  calibra7on	  of	  the	  LAT	  energy	  scale.	  ...	  
...	  that	  the	  systema7c	  uncertainty	  on	  the	  absolute	  energy	  scale	  is	  2%.“	  
	  

„...	  total	  reconstructed	  energy	  varies	  linearly	  with	  log10	  E	  as	  δErec(E)=0.025	  log10(E/10GeV)“.	  

FERMI	  

AMS	  
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The	  absolute	  Energy	  Scale	  Uncertainty	  leads	  to	  an	  uncertainty	  on	  the	  Flux	  of:	  
σ (Φ)
Φ

= (γ −1)σ (E)
E

 for Φ(E) = C ⋅E−γ

The	  results	  from	  FERMI	  and	  AMS	  
are	  consistent	  at	  the	  1-‐2	  sigma	  level.	  

1σ	  uncertainty	  

2σ	  uncertainty	  

FERMI	  2017	  

AMS	  2018	  

2σ	  uncertainty	  
1σ	  uncertainty	  
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AMS	  e+	  Data	  compared	  to	  AMS	  &	  HESS	  &	  CALET	  (e+	  +	  e-‐)	  Data	  

AMS e+ x 5 
2018 
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AMS	  e+	  Data	  compared	  to	  DAMPE	  &	  FERMI	  (e+	  +	  e-‐)	  Data	  

AMS e+ x 5 
2018 



!  The	  energies	  of	  the	  two	  spectral	  breaks	  observed	  in	  the	  combined	  (e++e-‐)	  Flux	  are	  
consistent	  between	  the	  experiments	  within	  the	  uncertain7es.	  

!  This	  is	  less	  clear	  for	  the	  spectral	  indices	  without	  assump7ons	  on	  the	  energy	  scale	  
uncertain7es	  of	  all	  the	  experiments.	  
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