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The	
  AMS	
  Project	
  

How	
  it	
  will	
  fulfill	
  these	
  goals?	
  

•  Same concept (precision & capability) as the large state-of-the-art HEP detectors  
     [but: fitting into the space shuttle & no human intervention after installation] 
 

•  Operation in space, ISS, at 400km, no backgrounds from atmospheric interactions 
[extensive multi-step space qualification tests] 

 

•  Collection power: geometrical factor (≈ 0.5 m2sr) X  exposure time ( = ISS lifetime) 
[extensive calibration campaigns on ground] 

Par6cle	
  physics	
  detector	
  for	
  high	
  precision	
  CR	
  measurements	
  at	
  TeV	
  energy	
  

•  Large collaboration: 16 Countries, 60 Institutes and ~500+ Physicists 

Physics	
  goals	
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ü  Antimatter search (|Z|>1 anti-nuclei) 
ü  Dark Matter (light anti-matter & γ-rays) 
ü  Exotic signals from SQM 
ü  GCR astrophysics & γ-rays 
ü  Heliophysics (long-term modulation & SEP) 
ü  Magnetospheric physics & space radiation studies 



The	
  AMS	
  Project	
  

Project timeline 
1994	
  CONCEPT	
  

1997	
  	
  
AMS-­‐01	
  
PROTOTYPE	
  

1998:	
  STS-­‐91	
  

2000	
  @CERN	
  
AMS-­‐02	
  CONSTRUCTION	
  

	
  	
  	
  	
  2008	
  
@CERN	
  
SC	
  MAGNET	
  
BEAM	
  TEST	
  

2010	
  
TVT	
  @	
  ESA	
  (NL)	
  

2010	
  
@CERN	
  	
  
SC	
  -­‐>	
  PM	
  
NEW	
  BEAM	
  TEST	
  

2011	
  	
  
@KSC	
  
INTEGRATION	
  &	
  CR-­‐μ	
  RUN	
  

MAY	
  2011	
  
STS-­‐134	
  
FLIGHT	
  

ON	
  THE	
  ISS	
  

•  16 countries 
•  60 institutes 
•  500+ physicists 
•  20 years 

AMS Collaboration 

à Steadily taking data on the ISS since May 19th 2011 
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LPNHE	
  -­‐	
  PARIS	
  	
  -­‐	
  18/12/2014	
  



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	
  
consump6on	
  <	
  2.5	
  

kW	
  	
  

1999-­‐2011:	
  contrucMon	
  and	
  assembly	
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Pre-­‐launch	
  IntegraMon	
  



Cape Canaveral, KSC - May 16, 2011 @ 08:56 AM 

May	
  16th	
  2011:	
  launch!	
  

May 16, 2011 @ KSC, US 
STS-134 / Endeavour on launchpad 
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ISS - May 19, 2011 
AMS installation completed 

May	
  19th	
  2011:	
  acMvaMon!	
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Di	
  Mauro	
  et	
  al	
  (Torino)	
  2014	
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LEAD	
   PM	
   TEE	
  
Thermal	
  

Ting	
  
DATA	
  

Inside	
  the	
  POCC	
  

Full	
  Mme	
  monitored	
  

Since	
   the	
   27th	
   June,	
   2011,	
   5:00	
  
am	
   GMT,	
   AMS-­‐02	
   is	
   controlled	
  
24/7	
  from	
  the	
  new	
  POCC	
  building	
  
at	
  CERN,	
  Prevessin	
  site.	
  	
  
	
  
Shics	
   are	
   organized	
   to	
   monitor	
  
t h e	
   AM S -­‐ 0 2	
   c o n d i 7 o n s ,	
  
opera7ons,	
   and	
   the	
   con7nuous	
  
flow	
  of	
  data	
  to	
  ground.	
  	
  
	
  
Since	
   July	
   2012,	
   a	
   second	
   control	
  
room	
   (the	
   asia	
   POCC)	
   is	
   running	
  
at	
  the	
  CSIST	
  facility	
  in	
  Taiwan.	
  
	
  
>80	
  billion	
  events	
  recorded	
  

The	
  Payload	
  OperaMon	
  
Control	
  Center	
  (POCC)	
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The	
  AMS	
  physics	
  program	
  

ü  Leptonic	
  spectra	
  

ü  Hadronic	
  spectra	
  

ü  An6-­‐nuclei	
  spectra	
  

ü  Time	
  varia6on	
  

We	
  are	
  aimed	
  at	
  answering	
  two	
  big	
  science	
  quesMons:	
  	
  
ü  the	
  origin	
  and	
  transport	
  of	
  cosmic	
  rays	
  in	
  the	
  Galaxy	
  
ü  the	
  par7cle	
  nature	
  of	
  cosmological	
  dark	
  majer.	
  

ü  Flux	
  anisotropy	
  

Positron	
  fracMon	
  
Positron	
  and	
  electron	
  fluxes	
  
All-­‐electron	
  fluxes	
  

Proton	
  flux	
  
Helium	
  flux	
  
Nuclei:	
  Li,	
  Be,	
  B,	
  C,	
  N,	
  O…	
  
Isotopes:	
  H,	
  He,	
  Li,	
  Be,	
  B	
  

AnMproton/proton	
  raMo	
  
AnMdeuteron	
  and	
  anMhelium	
  searchers	
  

Released	
  in	
  2014	
  
HE	
  in	
  progress	
  	
  

New	
  results	
  2015	
  

In	
  progress	
  

In	
  progress	
  

In	
  progress	
  



q	
  

q	
  

χ	
  

χ	
  

IN	
  SPACE:	
  AMS	
  AnnihilaMon	
  

ProducMon	
  

Sc
ab

er
in
g	
  

χ	
  +	
  χ	
  -­‐-­‐>	
  (…)	
  -­‐-­‐>	
  e+,	
  p,	
  d,	
  γ	
  

p	
  +	
  p	
  -­‐-­‐>	
  (…)	
  -­‐-­‐>	
  χ	
  +	
  χ	
  

χ	
  
+	
  
N
	
  -­‐-­‐
>	
  
χ	
  
+	
  
N
	
  

IN	
  ACCELERATORS:	
  LHC	
  

UNDERGROUND:	
  
XENON,	
  CDMS,	
  LUX	
  	
  

Search	
  for	
  dark	
  maber	
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Dark	
  maber	
  and	
  CR	
  propagaMon	
  physics	
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χ	
   χ	
  

ü  Background	
  from	
  cosmic-­‐ray	
  sources	
  (SNR)	
  -­‐	
  No	
  anM-­‐maber	
  expected	
  
ü  Background	
  from	
  p+ISM	
  collisions	
  on	
  disc:	
  from	
  propagaMon	
  models	
  
ü  Signal	
  from	
  	
  DM	
  annihilaMon	
  χ	
  +	
  χ	
  -­‐-­‐>	
  (…)	
  -­‐-­‐>	
  anMmaber	
  

galaxy	
  

•  Sources	
  (SNRs)	
  
•  Intestellar	
  majer	
  (ISM)	
  

•  Turbulent	
  B-­‐field.	
  Zero	
  majer.	
  
•  Energy	
  dependent	
  CR	
  diffusion	
  	
  

DISC	
   MAGNETIC	
  HALO	
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Dark	
  maber	
  and	
  CR	
  propagaMon	
  physics	
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ü  Background	
  from	
  cosmic-­‐ray	
  sources	
  (SNR)	
  -­‐	
  No	
  anM-­‐maber	
  expected	
  
ü  Background	
  from	
  p+ISM	
  collisions	
  on	
  disc:	
  from	
  propagaMon	
  models	
  
ü  Signal	
  from	
  	
  DM	
  annihilaMon	
  χ	
  +	
  χ	
  -­‐-­‐>	
  (…)	
  -­‐-­‐>	
  anMmaber	
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cosmic-­‐ray	
  	
  
proton	
  

secondary	
  
positrons	
  

secondary	
  
anMprotons	
  

collisions	
  



Dark	
  maber	
  and	
  CR	
  propagaMon	
  physics	
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ü  Background	
  from	
  cosmic-­‐ray	
  sources	
  (SNR)	
  -­‐	
  No	
  anM-­‐maber	
  expected	
  
ü  Background	
  from	
  p+ISM	
  collisions	
  on	
  disc:	
  from	
  propagaMon	
  models	
  
ü  Signal	
  from	
  	
  DM	
  annihilaMon	
  χ	
  +	
  χ	
  -­‐-­‐>	
  (…)	
  -­‐-­‐>	
  anMmaber	
  

12	
  

High-­‐energy	
  CNO	
  +	
  gas	
  à	
  LiBeB	
  fragments	
  

high	
  energy	
  CNO	
   ISM	
  gas	
   LiBeB	
  

e+

e+ + e−
B/C	
  
B/C	
  can	
  be	
  used	
  to	
  calibrate	
  the	
  
e+	
  or	
  pbar	
  secondary	
  producMon	
  

CNO…	
  +	
  ISM	
  à	
  Li,	
  Be,	
  B	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B,	
  Be	
  +	
  ISM	
  à	
  Li,	
  Be	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Be	
  +ISM	
  à	
  Li	
  

secondary	
  
Li-­‐Be-­‐B	
  

primary	
  
C-­‐N-­‐O	
  

ü  Primary	
  spectra	
  -­‐>	
  accelera7on	
  in	
  SNRs	
  
ü  Secondary/primary	
  ra7os	
  -­‐>	
  propaga7on	
  -­‐>	
  level	
  of	
  secondary	
  an7majer	
  
ü  Unstable/stable	
  ra7os,	
  heavy	
  nuclei,	
  anisotropy…	
  



TRD
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TRD  
Identify e+, e- 

Silicon Tracker 
 Z, P 

ECAL  
E of e+, e-, γ 

RICH  
 Z, E 

TOF 
 Z, E 

 Z, P are measured independently from  
Tracker, RICH, TOF  and ECAL 

 Magnet 
±Z 

The	
  AMS-­‐02	
  instrument	
  

LAPP	
  

LPSC	
  

	
  	
  
Par6cles	
  and	
  nuclei	
  are	
  defined	
  by	
  their	
  	
  

charge	
  (Z)	
  and	
  energy (E ~ P) 
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MulMple	
  measurements	
  of	
  energy	
  

TRD

TOF
Tr

ac
ke

r

TOF

RICH

ECAL

1 

2 

7-8 

3-4 

9 

5-6 

TOF,	
  β	
  
Δβ/β	
  ≈	
  1%	
  

RICH,	
  β	
  
Δβ/β	
  ≈	
  0.05%	
  

Tracker,	
  R	
  =	
  p/Z	
  	
  
MDR	
  ≈	
  2TV	
  (p);	
  3TV	
  (He)	
  	
  

ECAL,	
  E	
  
ΔE/E	
  (TeV	
  e±)	
  ~	
  2	
  %	
  
ΔE/E	
  (TeV	
  p)	
  ~	
  50	
  %	
  

GeomagneDc	
  cutoff,	
  R	
  
ΔR/R	
  ≈	
  10%	
  up	
  ~25	
  GV	
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TRD

TOF
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ke
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ECAL

1 

2 
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9 
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Tracker	
  Plane	
  1	
  (L1)	
  

RICH	
  

Inner	
  Tracker	
  (L2-­‐L8)	
  

Tracker	
  Plane	
  9	
  (L9)	
  

TRD	
  

Upper	
  TOF	
  (1	
  counter)	
  

Lower	
  TOF	
  (1	
  counter)	
  

ΔZ	
  	
  (carbon)	
  	
  

0.30	
  

0.12	
  

0.32	
  

0.30	
  

0.33	
  

0.16	
  

0.16	
  

MulMple	
  determinaMon	
  of	
  charge	
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MulMple	
  lepton/hadron	
  separaMon	
  

TRD
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ECAL/BDT	
  DISCRIMINATION	
  ON	
  SHOWER	
  TOPOLOGY	
  

lepton	
   proton	
  

TRD	
  emission	
  In	
  22	
  layers	
  

Rigidity	
  +	
  β	
  +	
  Z	
  =	
  
par7cle’s	
  mass	
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No	
  redundancy	
  for	
  parMcle	
  sign	
  

R>0	
   R<0	
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Nuclear	
  InteracMons	
  Studies	
  

18	
  

	
  
	
  
	
  	
  

New	
  method	
  to	
  determine	
  interacMons	
  from	
  ISS	
  	
  
data	
  with	
  AMS	
  poinMng	
  in	
  horizontal	
  direcMon	
  

CR	
  collisions	
  off	
  C	
  and	
  Al:	
  cross	
  secMon	
  
data	
  exist	
  only	
  below	
  10	
  GV	
  

BEAM	
  

FRAGMENTS	
  

Monitor	
  

Target	
  

Analyzer	
  

INTERACTION	
  

BEAM	
  

FRAGMENTS	
  

Monitor	
  

Target	
  

Analyzer	
  

INTERACTION	
  

CONFIGURATION	
  A	
   CONFIGURATION	
  B	
  



MATERIAL	
  RECONTRUCTION	
  USING	
  INTERACTION	
  VERTICES	
  RECONSTRUCTED	
  BY	
  TRD	
  

TOP	
  COVER	
  TOMOGRAPHY	
  

TRD	
  MATRERIAL	
  FINE	
  STRUCTURE	
  

AMS	
  ON	
  ISS	
  -­‐	
  PHOTO	
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Hadronic	
  tomography	
  with	
  cosmic	
  rays	
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2013,	
  first	
  results:	
  positron	
  fracMon	
  

ü  1.5	
  years	
  of	
  data.	
  74,000	
  events.	
  	
  	
  
ü  72	
  events	
  in	
  the	
  last	
  energy	
  bin	
  

The	
  e+	
  secondary	
  producDon	
  is	
  expected	
  to	
  decrease	
  monotonically,	
  while	
  results	
  indicate	
  
a	
  persistent	
  rise.	
  The	
  positron	
  fracDon	
  increases	
  steadily	
  from	
  10	
  to	
  250	
  GeV.	
  	
  

ü  No	
  fine	
  structure	
  in	
  the	
  spectra.	
  
ü  Persistent	
  rise	
  up	
  ~	
  200	
  GeV	
  

Positron	
  fracMon	
  measured	
  between	
  0.5	
  to	
  350	
  GeV	
  of	
  energy	
  

lepton	
   hadron	
  lepton	
  hadron	
  

le
pt
on

	
  
ha

dr
on

	
  

negaDve	
   posiDve	
   AMS-­‐02	
  	
  (1.5	
  years)	
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[Aguilar	
  et	
  al.	
  PRL	
  110	
  121101	
  (2013)]	
  	
  



•  New	
  high-­‐energy	
  data	
  (3	
  yrs	
  staMsMcs)	
  released.	
  0.5	
  GeV	
  –	
  500	
  GeV	
  
•  The	
  Positron	
  fracMon	
  above	
  ~200	
  GeV	
  does	
  not	
  increase	
  anymore	
  

PRL	
  113	
  (2014)121101	
  :	
  Positron	
  fracDon	
  from	
  0.5	
  to	
  500	
  GeV.	
  With	
  3yrs	
  data	
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AMS-­‐02	
  	
  (3	
  years)	
  

low-­‐energy	
  close	
  up	
   high-­‐energy	
  close	
  up	
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2014,	
  positron	
  fracMon	
  at	
  high	
  energies	
  	
  



2014,	
  lepton	
  fluxes:	
  e+,	
  e-­‐,	
  and	
  “all	
  electron”	
  

Positron	
  spectrum	
  x	
  E3	
  
Flat	
   spectrum	
   from	
   ~10	
   to	
   30	
   GeV.	
   Change	
   of	
  
slope	
   above	
   30	
   GeV,	
   harder	
   than	
   E-­‐3,	
  
completely	
  different	
  from	
  the	
  e-­‐	
  spectrum.	
  

Electron	
  spectrum	
  x	
  E3	
  	
  	
  
Above	
   10	
   GeV:	
   smooth,	
   slowly	
   falling	
   curve.	
  
Fairly	
   good	
   agreement	
   with	
   the	
   PAMELA	
   data.	
  
Different	
  solar	
  modulaMon	
  at	
  low	
  energies.	
  

positron+electron	
  spectrum	
  x	
  E3	
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ü  October	
  2014	
  –	
  electron	
  and	
  positron	
  fluxes	
  up	
  to	
  700	
  GeV	
  
ü  November	
  2014	
  –	
  electron	
  +	
  positron	
  total	
  flux	
  up	
  to	
  1	
  TeV	
  

positron	
  and	
  electron	
  spectra	
  x	
  E3	
  

ü  September	
  2014	
  –positron	
  fracDon	
  in	
  0.5	
  -­‐	
  500	
  GeV	
  

X 10 
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[Aguilar	
  et	
  al.	
  PRL	
  113	
  121102	
  (2014)]	
  	
   [Aguilar	
  et	
  al.	
  PRL	
  113	
  221102	
  (2014)]	
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  =	
  d	
  [log(Φ)]/	
  d	
  [log(R)]	
  	
   criMcal	
  rigidity	
  

low-­‐rigidity	
  slope	
  

delta-­‐slope	
  

The	
  detailed	
   variaMon	
  of	
   the	
  high-­‐
energy	
  flux	
  can	
  be	
  characterized	
  by	
  
measuring	
  the	
  log-­‐slope.	
  As	
  shown,	
  
the	
   proton	
   flux	
   experiences	
   a	
  
progressive	
   hardening	
   above	
   ~100	
  
GV	
  of	
  rigidity.	
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γ	
  =	
  d	
  [log(Φ)]/	
  d	
  [log(R)]	
  	
  

The	
  detailed	
   variaMon	
  of	
   the	
  high-­‐
energy	
  flux	
  can	
  be	
  characterized	
  by	
  
measuring	
  the	
  log-­‐slope.	
  As	
  shown,	
  
the	
   proton	
   flux	
   experiences	
   a	
  
progressive	
   hardening	
   above	
   ~100	
  
GV	
  of	
  rigidity.	
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50 million events 

The	
  spectrum	
  cannot	
  be	
  described	
  
by	
  a	
  single	
  power-­‐law	
  funcMon.	
  We	
  
obtain	
  a	
  good	
  descripMon	
  using	
  a	
  
double	
  power-­‐law:	
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Juliusson	
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Light	
  nuclei	
  –	
  current	
  status	
  
ü  B/C	
  ra6o	
  at	
  0.5	
  GeV/n	
  –	
  1	
  TeV/n	
  	
  
	
  	
  	
  	
  	
  Standard	
  observable	
  for	
  CR	
  transport	
  

ü  Lithium	
  spectrum	
  at	
  2	
  GV-­‐	
  3	
  TV	
  
	
  	
  	
  	
  	
  Highly	
  sensiMve	
  to	
  CR	
  propagaMon	
  

ü  Carbon	
  spectrum	
  at	
  0.5	
  GeV/n–	
  1	
  TeV/n	
  
	
  	
  	
  	
  	
  Similar	
  spectral	
  shape	
  as	
  Helium	
  

[L.	
  Derome	
  ICRC-­‐2015]	
  

[M.	
  Heil	
  ICRC-­‐2015]	
  [A.	
  Oliva	
  ICRC-­‐2015]	
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AMS&p/p&results&anMproton/proton	
  –	
  progress	
  status	
  

[A.	
  Kounine,	
  ICRC-­‐2015]	
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Summary	
  
Lepton	
  fluxes	
  
Clear	
  excess	
  of	
  high-­‐energy	
  positron	
  	
  at	
  E>10	
  GeV.	
  Hint	
  of	
  cutoff	
  	
  above	
  250	
  GeV	
  
ü  Cannot	
  be	
  accounted	
  in	
  standard	
  diffusion	
  models.	
  	
  
ü  Need	
  of	
  an	
  extra	
  nearby	
  source	
  of	
  high-­‐energy	
  leptons.	
  
à	
  	
  AMS	
  data	
  at	
  higher	
  energy	
  may	
  clarify	
  the	
  origin	
  of	
  the	
  excess	
  

An6proton/proton	
  ra6o	
  
o  AMS-­‐02	
  data	
  are	
  sMll	
  preliminary.	
  
o  Clear	
  tension	
  with	
  standard	
  model	
  expectaMon	
  
à Final	
  pbar/p	
  measurements	
  at	
  full	
  staMsMcs	
  in	
  the	
  range	
  0.5	
  –	
  500	
  GeV	
  
à  Improve	
  model	
  predic6ons,	
  pin	
  down	
  uncertain6es	
  	
  

Proton,	
  helium	
  and	
  nuclei	
  
o  Progressive	
  spectral	
  hardening	
  Proton	
  and	
  He	
  fluxes	
  above	
  ~100	
  GeV/n	
  
o  The	
  p/He	
  raMo	
  decreases	
  power-­‐law	
  at	
  rigidity	
  45-­‐1800	
  GV,	
  with	
  slope	
  ~0.08	
  
o  Lithium,	
  Carbon,	
  B/C	
  raMo	
  measurements	
  at	
  GeV-­‐TeV	
  energies	
  are	
  in	
  progress	
  
à	
  	
  High-­‐energy	
  behaviour	
  of	
  Z>2	
  nuclei	
  may	
  bring	
  precious	
  insights	
  



Positron	
  excess:	
  sources	
  of	
  HE	
  positrons	
  

•  	
  Dark	
  Maber	
  	
  parMcles?	
  
•  	
  Astrophysical	
  sources	
  (SNR/PWN)	
  
ü  	
  CR	
  collisions	
  with	
  ISM	
  

Standard	
  predic7on:	
  of	
  e+	
  from	
  p+ISM	
  collisions	
  	
  
àCannot	
  account	
  for	
  the	
  observed	
  positron	
  data	
  
àBackground	
  for	
  new	
  physics/astrophysicssignals	
  

background	
  

extra	
  source	
  

positron	
  flux	
  x	
  E3	
  

NICOLA	
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  -­‐	
  IN2P3/CNRS	
  GRENOBLE	
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Nearby	
  source	
  of	
  high-­‐energy	
  positrons:	
  pulsar	
  
Nearby	
  Pulsar	
  scenario	
  
ü  SNRs:	
  electron,	
  hadrons	
  
ü  hadrons+	
  ISM	
  collisions:	
  secondary	
  e+	
  and	
  e-­‐	
  

ü  PWN:	
  primary	
  e+	
  and	
  e-­‐	
  

No	
  consequences	
  for	
  the	
  phenomenology	
  of	
  CR	
  hadrons	
  
NICOLA	
  TOMASSETTI	
  	
  -­‐	
  	
  LPSC	
  -­‐	
  IN2P3/CNRS	
  GRENOBLE	
  

[Di	
  Mauro	
  et	
  al.	
  arXiv:1402.0321	
  (2014)]	
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Nearby	
  source	
  of	
  high-­‐energy	
  positrons:	
  SNR	
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Old	
  SNR	
  scenario	
  

[Blasi	
  0903.2794;	
  Ahlers	
  et	
  al.	
  0909.4060]	
  

ü  SNRs:	
  electron,	
  hadrons,	
  	
  e+	
  from	
  p-­‐p	
  collisions	
  
ü  hadrons+	
  ISM	
  collisions:	
  secondary	
  e+	
  and	
  e-­‐	
  

•  Extra	
  high-­‐energy	
  e+-­‐	
  from	
  SNR	
  
•  Features	
  in	
  B/C	
  ra7o	
  predicted	
  (not	
  observed)	
  

Ahlers	
  et	
  al.	
  0909.4060	
  



Two	
  components	
  scenario:	
  local	
  SNR	
  +	
  GalacMc	
  enseble	
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From	
  p-­‐p	
  interac7ons	
  	
  
inside	
  local	
  old	
  SNR	
  

NT	
  &	
  F.	
  Donato	
  	
  2015	
  
Mertsch	
  &	
  Sarkar	
  PRD	
  2014	
  

positron	
  flux	
  	
  

proton	
  flux	
  

[NT	
  &	
  Donato:	
  1502.06150	
  (2015)]	
  

•  Nearby	
  source	
  component	
  for	
  the	
  GeV-­‐TeV	
  flux	
  (and	
  e+	
  excess)	
  
•  Large-­‐scale	
  SNR	
  distribu7on	
  in	
  the	
  Galaxy	
  

ü  Connec6on	
  between	
  hadron	
  spectra	
  and	
  positron	
  excess	
  
ü  No	
  	
  expected	
  rise	
  in	
  the	
  B/C	
  ra6o.	
  In	
  agreement	
  with	
  PAMELA	
  &	
  AMS-­‐02	
  data.	
  

[NT	
  &	
  F.Donato,	
  1502.06150	
  (2015)]	
  

two	
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components	
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[	
  NT	
  &	
  F.	
  Donato,	
  arXiv:	
  1502.06150	
  (2015)	
  ]	
  

ü  Explana6on	
  for	
  the	
  p/He	
  ra6o	
  [NT	
  1511.04460]	
  
ü  Explana6on	
  for	
  C/Fe	
  and	
  O/Fe	
  ra6os	
  [NT	
  1509.05774]	
  

Explana6on	
  for	
  pbar	
  flux	
  [Kachelriess	
  et	
  al	
  1504.06472]	
  
Nearby	
  type-­‐Ia	
  SNR	
  exploded	
  ~2	
  Myr	
  ago	
  w/	
  E~10^50	
  erg	
  



New	
  phenomena	
  in	
  cosmic-­‐ray	
  propagaMon?	
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Diffusion	
  coefficient	
  is	
  not	
  separable	
  into	
  energy	
  and	
  space	
  coordinates	
  à	
  no	
  power-­‐law	
  
Shallower	
  diffusivity	
  in	
  the	
  region	
  close	
  to	
  the	
  Galac6c	
  disk	
  à	
  high-­‐energy	
  flabening	
  

standard	
  model	
  

this	
  model	
  

Proton	
  Flux	
  

ü  Predicted	
  flaqening	
  in	
  all	
  nuclei	
  and	
  sec/pri	
  ra6os	
  
ü  Enhanced	
  an6maqer	
  produc6on	
  at	
  high	
  energy	
  
ü  Connec6on	
  with	
  gamma-­‐rays	
  and	
  anisotropy	
  

Two-­‐halo	
  model	
  

[NT,	
  1509.05775	
  (2015)]	
  

[NT,	
  1204.4492	
  (2015)]	
  

à	
  Predicts	
  a	
  flat	
  pbar/p	
  ra6o	
  at	
  high	
  energies	
  

[NT,	
  1509.05775	
  (2015)]	
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  coefficient	
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ü  Predicted	
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  high	
  energy	
  
ü  Connec6on	
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  model:	
  NT	
  1204.4492	
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[NT,	
  1509.05775	
  (2015)]	
  

à	
  Predicts	
  a	
  enhanced	
  positron	
  flux	
  at	
  high-­‐energy	
  

[NT,	
  1509.05775	
  (2015)]	
  

[NT,	
  1204.4492	
  (2015)]	
  



UncertainMes	
  in	
  p/p	
  raMo	
  

[Giesen	
  et	
  al.	
  arXiv:1504.04276]	
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  arXiv:1504.04276]	
  	
  

UncertainMes	
  in	
  CR	
  propagaMon	
  and	
  anMproton	
  producMon	
  

In	
  CR	
  propagaMon	
  

From	
  standard	
  diffusion	
  models	
  with	
  p/He	
  injecMon	
  spectra	
  based	
  on	
  new	
  AMS	
  data	
  

AMS	
  capability	
  in	
  constraining	
  the	
  transport	
  parameters	
  before	
  (a)	
  and	
  azer	
  
(b)	
  accounMng	
  for	
  intrinsic	
  nuclear	
  uncertainMes	
  in	
  CR	
  propagaMon	
  models	
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Summary	
  
Lepton	
  fluxes	
  
Clear	
  excess	
  of	
  high-­‐energy	
  positron	
  	
  at	
  E>10	
  GeV.	
  Hint	
  of	
  cutoff	
  	
  above	
  250	
  GeV	
  
ü  Cannot	
  be	
  accounted	
  in	
  standard	
  diffusion	
  models.	
  	
  
ü  Need	
  of	
  an	
  extra	
  nearby	
  source	
  of	
  high-­‐energy	
  leptons.	
  
à	
  	
  AMS	
  data	
  at	
  higher	
  energy	
  may	
  clarify	
  the	
  origin	
  of	
  the	
  excess	
  

An6proton/proton	
  ra6o	
  
o  AMS-­‐02	
  data	
  are	
  sMll	
  preliminary.	
  
o  Clear	
  tension	
  with	
  standard	
  model	
  expectaMon	
  
à Final	
  pbar/p	
  measurements	
  at	
  full	
  staMsMcs	
  in	
  the	
  range	
  0.5	
  –	
  500	
  GeV	
  
à  Improve	
  model	
  predicMons,	
  pin	
  down	
  uncertainMes	
  	
  

Proton,	
  helium	
  and	
  nuclei	
  
o  Progressive	
  spectral	
  hardening	
  Proton	
  and	
  He	
  fluxes	
  above	
  ~100	
  GeV/n	
  
o  The	
  p/He	
  raMo	
  decreases	
  power-­‐law	
  at	
  rigidity	
  45-­‐1800	
  GV,	
  with	
  slope	
  ~0.08	
  
o  Lithium,	
  Carbon,	
  B/C	
  raMo	
  measurements	
  at	
  GeV-­‐TeV	
  energies	
  are	
  in	
  progress	
  
à High-­‐energy	
  behaviour	
  of	
  Z>2	
  nuclei	
  may	
  bring	
  precious	
  insights	
  

In	
  4.5	
  years,	
  AMS	
  has	
  collected	
  >80	
  billion	
  events.	
  	
  
The	
  accuracy	
  of	
  the	
  AMS	
  data	
  is	
  tremendously	
  improving	
  our	
  understanding	
  of	
  
cosmic	
  ray	
  transport	
  and	
  will	
  help	
  to	
  shed	
  a	
  	
  light	
  on	
  the	
  nature	
  of	
  dark	
  maber	
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Selection of Proton and Helium signals 
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FragmentaMon	
  studies	
  in	
  the	
  detector	
  

•  Layer1	
  charge	
  Q	
  

Carbo
n	
  6%	
  

Oxyge
n	
  1	
  %

	
  

-­‐	
  	
  	
  MulM-­‐Z	
  fit	
  

Layer-­‐1	
  Q	
  distribu6on	
  

Boron	
  >
	
  90%	
  

INNER	
  +	
  TOF:	
  
BORON	
  SELECTION	
  

Example:	
  secondary	
  produc6on	
  of	
  Boron	
  in	
  TRD	
  material	
  by	
  Z>5	
  nuclei	
  

Redundancy	
   in	
   Z-­‐measurements	
   allows	
   us	
   to	
   study	
   different	
   fragmentaMon	
  
processes	
  appearing	
  at	
  different	
  levels	
  in	
  the	
  detector.	
  

LAYER-­‐1	
  

LAYER-­‐2	
  USED	
  
TO	
  BUILD	
  	
  

Z	
  TEMPLATES	
  
Boron	
  

Z>5	
  	
  
Nucleus	
  

Interac6on	
  



ZTOF_LOW=5.2 

ZTRK_IN=4.8 

ZRICH=5.1 

ZTRK_L1=6.1 

ZTRD=6.0 

ZTOF_UP=9.9 

Z1=5.3 

Carbon à Boron  
in Upper TOF  

Rigidity 10.6 GV 

AMS-­‐02	
  :	
  	
  Evidence	
  of	
  fragmentaMon	
  

Op6mized	
  for	
  high-­‐Z	
  measurements	
  
-­‐Large	
  dinamical	
  range:	
  Z~	
  1	
  -­‐	
  30	
  
-­‐Many	
  layers	
  of	
  acMve	
  material.	
  	
  
-­‐Many	
  independent	
  evaluaMons	
  of	
  Z.	
  
	
  
Dedicated	
  Trigger	
  for	
  Z>1:	
  
-­‐4/4	
  TOF	
  planes	
  fired	
  	
  
-­‐MulMple	
  TOF	
  hits	
  allowed	
  
-­‐NACC	
  <5	
  
	
  
Minimum	
  bias	
  trigger:	
  
-­‐1/100	
  prescaling!!	
  
-­‐3/4	
  TOF	
  fired	
  
-­‐No	
  condiMons	
  on	
  NACC	
  

Carbon à Boron  

AMS-­‐02	
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