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Open issues after AMS-02

• CR Spectral features at the knee scale:
 Protons at the PeV scale
 Helia at the PV scale
 Ions at the 100 TV scale
 Spectral Breaks
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− DM model

− Pulsar model

− Background

in 10 years 

from now

Cutoff energy = DM Mass ≈ 700 GeV

What will the Positron Fraction look like at higher energies?
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Expected AMS-02 reach in 10 more years 



Ref: Donato et al., PRL 102, 071301 (2009)

Expected AMS-02 reach in 10 more years 
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AMS-02 : expected rates and 
detection tools/limitations
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ELECTRON AND POSITRON  PHYSICS  @  AMS-02

EXCLUDED EXCLUDED EXCLUDED

eV 10^8 10^9 10^10 10^11 10^12 10^13 10^14 10^15

Scale 100MeV GV TV PV

N Integral  (1/y) 0,1-1 GeV 1-10 GeV 10-100 GeV 100-1000 GeV >1.000 GeV >10.000 GeV >100.000 GeV
>1.000.000 

GeV

e- 4,99E+08 3,11E+07 1,56E+06 9,33E+03 7,78E+01 7,78E-01 7,78E-03 7,78E-05

e+ 4,99E+07 3,11E+06 2,33E+05 1,40E+03 1,17E+01 1,17E-01 1,17E-03 1,17E-05

Detectors
Tracker, TOF,  

TRD, ECAL 
Tracker, TOF,  

TRD, ECAL 
Tracker, TRD, 

ECAL
Tracker, TRD, 

ECAL 
Tracker,TRD,

ECAL

Variables
R, beta, gamma, 

energy
R, beta, gamma, 

energy
R, gamma, 

energy
R, gamma, 

energy
R, gamma, 

energy

R, Energy, 
Synchroton
Radiation

R, Energy, 
Synchroton 
Radiation

R, Energy, 
Synchroton 
Radiation

Physics
Van Allen, solar, 

subcutoff

solar, 
geomagnetic, 

galactic

DM, galactic, 
asymmetries 

DM, galactic, 
asymmetries

DM, galactic
DM, galactic, 

moon shadow, 
sun shadow

DM, galactic
DM, 

extragalactic, 
knee

Tools

acceptance vs R, 
live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, TRD 

calibration, 
backtracing 
(near Earth)

acceptance vs R, 
live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, TRD 

calibration, 
backtracing
(near Earth)

acceptance vs R, 
live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, TRD 

calibration, 
backtracing
(near Earth)

acceptance vs R, 
live time, 

efficiency, MC, 
inner/outer  

tracker,  TRD, 
alignement, 
backtracing

(Earth-Moon, 
Earth- Sun)

acceptance vs R, 
live time, 

efficiency, MC, 
outer  tracker, 

alignement, SRD 
calibration, 

ECAL 
calibration, 
backtracing
Earth-Moon, 
Earth-Sun

acceptance vs R, 
live time, 

efficiency, MC, 
outer  tracker, 

alignement, SRD 
calibration, ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth-Sun

acceptance vs R, 
live time, 

efficiency, MC, 
outer  tracker, 

alignement, SRD 
calibration, ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth-Sun

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 
alignement, 

SRD calibration, 
ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth-Sun

Background e- - - - p p p p p

Background  e+ p p p p p p p p

Limitations

multiple, 
scattering, 

acceptance,AMS
02 magnetic 

field

-
TRD loses,  

ECAL must be in  
acceptance

momentum 
resolution runs 
out, TRD loses,  
ECAL must be in  

accceptance

no statistics no statistics no statistics



AMS-02 : expected rates and 
detection tools/limitations

6

PROTON and HELIUM PHYSICS @ AMS-02
EXCLUDED EXCLUDED EXCLUDED

eV 10^8 10^9 10^10 10^11 10^12 10^13 10^14 10^15

Scale 100MeV GV TV PV

N Integral  
(1/y)

0,1-1 GeV 1-10 GeV 10-100 GeV 100-1000 GeV >1.000 GeV >10.000 GeV >100.000 GeV >1.000.000 GeV

p 3,00E+09 5,98E+09 1,19E+09 2,38E+07 4,32E+05 8,61E+03 1,72E+02 3,43E+00

He 1,08E+08 1,08E+09 2,15E+08 4,28E+06 7,77E+04 1,55E+03 3,09E+01 6,17E-01

Detectors
Tracker, TOF, 

RICH
Tracker, (RICH) Tracker Tracker Tracker TRD +ECAL ?

Variables R, beta R R R R, gamma gamma

Physics
Van Allen, solar, 

subcutoff

solar, 
geomagnetic, 

galactic
galactic galactic

galactic, moon 
shadow, sun 

shadow

galactic, moon 
shadow, sun 

shadow
galactic extragalactic, knee

Tools

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, 

RICH 
calibration, 

backtracing(nea
r Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 
alignement, , 

RICH 
calibration, 
backtracing 
(near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, 

RICH 
calibration, 

backtracing near 
Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner/outer  

tracker, 
alignement, 
backtracing 
Earth-Moon, 
Earth- Sun)

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 
alignement, , 

ECAL 
calibration, 
backtracing
Earth-Moon, 
Earth-Sun

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 
alignement, 

TRD calibration, 
ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth- Sun)

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 

alignement, TRD 
calibration, ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth- Sun)

Background  p - - - - e- e- e-

Background  
He

He3/He4 He3/He4 He3/He4 He3/He4 - - -

Limitations

multiple, 
scattering, 

acceptance,AMS
02 magnetic 

field

- -
different tracker 

acceptances, 
alignement

momentum 
resolution runs 
out, TRD comes 
in ?, if ECAL is 
used loss of 

factor 10 
acceptance

only TRD has 
limited gamma 
resolution, if 

ECAL is used we 
lose a factor 50

only TRD has 
limited gamma 
resolution, if 

ECAL is used we 
lose a factor 50

no statistics



How to reach the 10 TeV scale ?

• Exposure :  increase by a factor O(100)  for e+:

From 0.05  to 5  m^2 sr Acceptance

• Detector : capable to deal with 10  TeV particles

– Tracker + Magnet  MDR > 20 TV

– ECAL   ECAL+HCAL
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Modular assembly in space or full detector 
assembly on the ground?



AMS-03 : expected rates and 
detection tools/limitations

8

ELECTRON AND POSITRON  PHYSICS  @  AMS-03

ACCESSIBLE EXCLUDED EXCLUDED

eV 10^8 10^9 10^10 10^11 10^12 10^13 10^14 10^15

Scale 100MeV GV TV PV

N Integral  
(1/y)

0,1-1 GeV 1-10 GeV 10-100 GeV 100-1000 GeV >1.000 GeV >10.000 GeV >100.000 GeV
>1.000.000 

GeV

e- 4,99E+10 3,11E+09 1,56E+08 9,33E+05 7,78E+03 7,78E+01 7,78E-01 7,78E-03

e+ 2,50E+09 1,56E+08 1,56E+07 1,40E+05 1,17E+03 1,17E+01 1,17E-01 1,17E-03

Detectors
tracker, TOF,  
TRD, ECAL 

tracker, TOF,  
TRD, ECAL 

Tracker, TRD, 
ECAL

Tracker, TRD, 
ECAL 

Tracker,SRD,EC
AL

Tracker,SRD,EC
AL

Variables
R, beta, 

gamma, energy
R, beta, 

gamma, energy
R, gamma, 

energy
R, gamma, 

energy

R,Energy, 
Syncrotron 
Radiation

R, Energy, 
Synchroton
Radiation

Physics
Van Allen, solar, 

subcutoff

solar, 
geomagnetic, 

galactic

DM, galactic, 
asymmetries 

DM, galactic, 
asymmetries

DM, galactic
DM, galactic, 

moon shadow, 
sun shadow

DM, galactic
DM, 

extragalactic, 
knee

Tools

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 
alignement, 

TOF calibration, 
TRD calibration, 

backtracing 
(near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 
alignement, 

TOF calibration, 
TRD calibration, 

backtracing 
(near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 
alignement, 

TOF calibration, 
TRD calibration, 

backtracing 
(near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner/outer  

tracker,  TRD, 
alignement, 
backtracing

(Earth-Moon, 
Earth- Sun)

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 
alignement, 

SRD calibration, 
ECAL 

calibration, 
backtracing
Earth-Moon, 
Earth-Sun

acceptance vs 
R, live time, 

efficiency, MC,  
tracker, 

alignement, 
SRD calibration, 

ECAL 
calibration, 
backtracing
Earth-Moon, 
Earth-Sun

Background e- - - - p p p p p

Background  e+ p p p p p p p p

Limitations

multiple, 
scattering, 

acceptance,AMS
02 magnetic 

field

-

SRD 
Acceptance, 

MDR Tracker,  
ECAL must be in  

accceptance

SRD 
acceptance, 

MDR Tracker,  
ECAL must be in  

accceptance

no statistics no statistics



AMS-03 : expected rates and 
detection tools/limitations
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PROTON and HELIUM PHYSICS @ AMS-03

ACCESSIBLE ACCESSIBLE ACCESSIBLE

eV 10^8 10^9 10^10 10^11 10^12 10^13 10^14 10^15

Scale 100MeV GV TV PV

N Integral  
(1/y)

0,1-1 GeV 1-10 GeV 10-100 GeV 100-1000 GeV >1.000 GeV >10.000 GeV >100.000 GeV >1.000.000 GeV

p 4,99E+10 9,96E+10 1,99E+10 3,97E+08 7,19E+06 1,44E+05 2,86E+03 5,71E+01

He 1,80E+09 1,79E+10 3,58E+09 7,14E+07 1,29E+06 2,58E+04 5,15E+02 1,03E+01

Detectors
Tracker, TOF, 

RICH
Tracker, (RICH) Tracker Tracker Tracker Tracker+ HCAL Tracker+ HCAL Tracker+ HCAL

Variables R, beta R R R R R, Energy Energy Energy

Physics
Van Allen, solar, 

subcutoff

solar, 
geomagnetic, 

galactic
galactic galactic

galactic, moon 
shadow, sun 

shadow

galactic, moon 
shadow, sun 

shadow
galactic extragalactic, knee

Tools

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, 

RICH 
calibration, 

backtracing(nea
r Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 
alignement, , 

RICH 
calibration, 
backtracing 
(near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner tracker, 

alignement, TOF 
calibration, 

RICH 
calibration, 
backtracing 
near Earth)

acceptance vs 
R, live time, 

efficiency, MC, 
inner/outer  

tracker, 
alignement, 
backtracing 
Earth-Moon, 
Earth- Sun)

acceptance vs 
R, live time, 

efficiency, MC, 
outer  tracker, 
alignement, , 

ECAL 
calibration, 
backtracing 
Earth-Moon, 
Earth-Sun

acceptance vs 
R, live time, 

efficiency, MC, 
tracker, 

alignement, 
HCAL 

calibration, 
backtracing 
Earth-Moon, 
Earth- Sun

acceptance vs R, 
live time, 

efficiency, MC, 
tracker, 

alignement, 
HCAL 

calibration, 
backtracing
Earth-Moon, 
Earth- Sun

HCAL calibration, 
backtracing Earth-
Moon, Earth- Sun

Background  p - - - -

Background  He He3/He4 He3/He4 He3/He4 He3/He4 - - -

Limitations

multiple, 
scattering, 

acceptance,AMS
02 magnetic 

field

- -
different tracker 

acceptances, 
alignement

MDR MDR+ HCAL HCAL HCAL
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Upper ToF
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AMS-03-Permanent Magnet
SRD-Like Silicon Tracker



PRELIMINARY DESIGN   (26-10-2013) (A) with Permanent Magnet

ToF + Tracker + Ecal/HCAL + Syncrotron Radiation Detector-like

SRD-like:  2D X-ray detector to be installed on the top of the magnet on a space station (ISS 
or future Chinese Station)

Magnet: (A) Permanent:  Inner radius 130 cm, Height 200 cm, B-field 0.20 Tesla
Weight: ~13 Tons , MDR 22 TV,  
Acceptance 6 times AMS-02-Magnet 

ECAL: Radius 130 cm, tungsten absorber, scintillating fibers with SiPM readout,
Thickness 32 cm, 37 Radiation Length, 
Weight ~15 Tons,  Acceptance 50 times AMS-02 ECAL

Hadronic energy resolution of the ECAL  : to be calculated, expected 30-40%  @ TV scale

Tracker: 5 carbon fiber disks in a carbon fiber support structure with a top and bottom silicon
layer on each disk. 
Single Point resolution < 0.002 mm. Technology :  CMOS camera arrays being developed for
LHC during the last  10 years (record resolution 600 nanometers)

Expected Acceptance: ~5 m^2 sr
MDR: 22 TV
Mass: ~ 30 tons



How to get to micron tracking 
accuracy

• 1) AMS experience show us that through 
suitable cooling micron level stability can be 
achieved over O(1) m3 using stiff CR as 
alignament tool

• 2) Space seems to be the right place to 
implement O(1) μm resolution tracking, which 
is considered for LHC upgrades and has been 
developed for at least 10 years. 
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Micron accuracy, tiles tracker
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Radius  = 1.3 m

0,5-1 cm



ECAL/HCAL

Upper ToF
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Silicon Tracker
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AMS-03-Superconductive Magnet

SRD-Like Silicon Tracker



PRELIMINARY DESIGN   (25-10-2013) (B) with SC magnet

ToF + Tracker + Ecal/HCAL + SRD-Like

SRD-like:  2D X-ray detector to be installed on the top of the magnet on the space station

Magnet: (B) 𝑀𝑔𝐵2 double helix (perfect dipole):  Inner radius 130 cm, Height 100 cm,
B-field 1 Tesla

Weight: << 1 Ton , MDR 56 TV,  
Acceptance 6 times AMS-02-Magnet 

ECAL: Radius 130cm, tungsten absorber, scintillating fibers with SiPM readout,
Thickness 32 cm, 37 Radiation Length, 
Weight ~15 Tons,  Acceptance 75 times AMS-02 ECAL

Hadronic energy resolution of the ECAL : to be calculated, expected 30-40%  @ TV scale

Tracker: 5 carbon fiber disks in a carbon fiber support structure with a top and bottom silicon
layer on each disk. 
Single Point resolution < 0.002 mm. Technology :  CMOS camera arrays being developed for
LHC during the last  10 years (record resolution 600 nanometers)

Expected Acceptance: 9 m^2 sr
MDR: 56 TV
Mass: ~ 15÷18 tons
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R&D on HTS 
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 SRS2  FP7 (Framework Programme for Research and Technological Development) is

developing a  MgB2 –Ti  cable which could match the needs of AMS-03

 Magnet operation temperature 10K, cryogenics based on recirculating fluid  no 

endurance limit
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