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Goal: remotely sensing some effects which yield information on the particle nature of DM
Messengers: products of DM annihilation or decay in remote astrophysical sites
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a golden age of new 
cosmic ray measurements

AMS-02DAMPE

PAMELACALET, ISS-CREAM

VOYAGER FERMI AMS-02, PAMELA

5

AMS-02
PAMELA

FERMI/LAT
CALET

DAMPE
ISS-CREAM

Magnetic 
Spectrometers

Calorimetric 
experiments



TOF

Tracker

TOF

RICH
Tracker

ECAL

M
A
G
N
ET

A
C
C

A
C
C

M
A
G
N
ET

Tracker

TRD



19 MAY 2011 THE AMS-02 LAUNCH TEN YEARS 
IN A WEEK



15 November 2019: the intervention

#SpacewalkforAMS



#SpaceWalkForAms

https://www.facebook.com/hashtag/spacewalkforams?__eep__=6&__cft__%5B0%5D=AZVgqzqFiZ_qINEb9tTxu7ZiEwDuVq0UL2tAYxeyD1NNiy1tf01y7wOXR8cBzAf79vNM-pAkWspHbaFDF2lgW2j-_5MxcNp9tbHsDU3Krtq_H9FlanxSmwO66xhjyE37e_-QCwwzCkWx4Ta0WrS1MupeOw7R_0yBVYkFi55X7PnavCxQey1zJMpaTX5dNo93M2g




Ten years of AMS-02 on the ISS
https://agenda.infn.it/event/26613
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DETECTING ANTIMATTER WITH A MAGNET

x Charge sign (Tracker)
+ Rigidity |R| (Tracker)
+ Up/down direction (TOF)
+ Speed (TOF, RICH)
+ Hadroness (ECAL, TRD,Tracker)
+ Total energy E (ECAL)
+ Charge magnitude |Z| (All)
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AMS Data w/ R= 6 GV:
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Aguilar et al. Phys. Rept. 894 (2021)
Aguilar et al. PRL 122 0411012 (2021)

Positron Flux x E3



ü Data up to 1 TeV. Unequivocal excess wrt secondary production models
ü Viable DM interpretation: multi-TeVmass, leptophilic w/ large <𝛔v> ~ 1023 cm3/s

v Tension with other observations: dSphs, Halo, CMB
v Astrophysical sources of HE positrons: pulsars, if not SNRs

Data: positron flux

Aguilar et al. PRL 2014

extra
source

Aguilar et al. PRL 2019; Phys. Rept. 2021



Comparing bounds
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AMS-02 projection to 2028



Secondary	Antiprotons	from	Cosmic	Ray	Collision	

tuned	with	AMS	B/C	data		

A.	Reinert	and	M.	Winkler	JCAP	055	(2018)		

7	years	update	of	M.	Aguilar	et	al.,	PRL	117	(2016)	0911003	

New	Data	�	Please	refer	to	
forthcoming	AMS	publication	

AMS	Anti-Proton	Flux	 30	AMS-02 antiprotons

Hard antiproton spectrum, as hard as proton spectrum
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Antiproton anomalies

pbar/p prediction [Galprop Std + DM]

Cui+ 2017

1) The antiproton specturm is too hard w.r.t. B/C-driven predictions, even in new 
models that account for the spectral hardening in primary and secondary CR nuclei

2) Standard propagation models underpredict antiprotons at the 10 GeV scale. 
Evidence for an antiproton excess?



PRL 118 191102 (2017)

PRD 99, 103026 (2019)

PRD 99, 103014 (2019)

PRL 118 191101 (2017)

JCAP 1503, 021 (2015), 

From Tim Linden

Dark Matter fits



ü WIMP mass at ~50-80 GeV scale mass. Annihilation rate of <𝛔v> ~ 3x1026 cm3/s !
ü Compatible with bounds derived from dwarf spheroidal galaxies (Fermi/LAT ApJ 2016)
ü Compatible with PLANCK exclusion limits from observations of the CMB (Planck A&A 641, A6 (2020)
ü In agreement with DM interpretations of the Galactic center gamma-ray excess (Calore+ PRD 2015)

PLANCK A&A 641, A6 (2020) 

Cholis+ PRD 2019

Dark Matter fits



AMS-02 antiprotons
Aguilar et al. Phys. Rept. 894 (2021)

antiproton flux antiproton flux

antiproton/proton ratio antiproton/proton ratio

Cui + 2017 Reinert & Winkler 2018

Cuoco+ 2017 Cholis+ 2019



Interstellar propagation
CR propagation models rely on several (questioning) simplifying assumptions. 
Unclear role of astrophysical processes e.g. reacceleration & convection
Spectral anomalies in CR nuclei fluxes to be properly accounted

Charge-sign dependent CR modulation

Hooper+ JCAP 2015, Cholis+ PRD 99, 103026 (2019)

Uncertainties in experimental CR data
Error bars include many sources of uncertainties of different nature. 
AMS data are dominated by systematic errors w/ high R-correlations.
Examination of error breakdown may lead to better constraints

Boudaud et al. PRR 2, 023022 (2020)
Cuoco et al PRD 99, 103014 (2019)

covariance
matrix Fragmentation cross-sections & uncertainties

Antiproton production/destruction for many CR+ISM combinations. 
Exploit recent data from NA49, NA61, BRAHMS, LHCb, ALICE

Force-field model is inadequate for precise data at GeV
Charge-sign dependence and B-polarity should be accounted

Hooper+ JCAP 2015

CS dependent

Daylan+ 2014
Calore+ 2014

CS independent

Aguilar et al 2018 PRL



Antinuclei: search in progress

PRL 122, 041102  
2019

�1

AMS-02 
Results

A. Kounine,  
NextGAPES-2019,  

Moscow 
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•ALADInO in L2
•AMS-100 in L2
•HERD on the CSS
•PAN in deep space

Future facilities in space

PAN, HERD, HELIX

Giant magnetic spectrometers
(for multi-TeV antimatter)

Calorimetric detector

Mini spectrometer (sub-GeV)



Detectors, telescopes, and their FIELD OF VIEW
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Current and past detectors are designed as 'telescopes': sensitive only to particles from above. 
For ground-based detectors, balloons or low-Earth-orbit space experiments, it’s ok! 

NB Calorimeters are always at the bottom, i.e. at the end of the particle travel

rays

The 4π paradigm



Current and past detectors are designed as 'telescopes': sensitive only to particles from above. 
For ground-based detectors, balloons or low-Earth-orbit space experiments, it’s ok! 

The 4π paradigm

CR

CR

CR

CR

Ω = 4π  is the target FoV of future projects. 
To exploit the CR "isotropy» and maximize the 
geometrical factor by using all the detector surface

How a 4π  calorimeter should be
• Highly isotropic and homogeneous
• 3D Segmented along x, y, z
• Same depth in all sides (sphere, cube…)
• Special care to readout electronics
• Placed in the center of the detector, not at the bottom.

E.g. CaloCube: a novel calorimeter for high-energy CRs in space [Cattaneo et al. JINST 12 C060004 (2017)] 
CaloCube is a INFN R&D project inspiring the next generation of large cosmic rays detectors in space



The HERD experiment in the Chinese Space Station
The HERD consortium: 130+ scientists from China + Italy, Switzerland, Spain:
Operation planned around 2025 with ∼10 yrs lifetime (Exp ∼ 20 m2 sr yrs)

proton flux

Direct measurements
of CRs at the knee

all-electron flux

3D calo

iTR x 5PSD x 6

TRD
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bending power over a large acceptance, while also maintaining a theoretical null magnetic 
momentum;  

- a tracking system, composed of silicon detector layers, to provide a measurement of the particle 
trajectory into the magnet field. Each of the detector layers is divided in ladders and arranged 
cylindrically around the calorimeter; 

A proposed overall arrangement of the magnet coils and of the tracking system can be seen in Figure 8. 

 Magnet 
 Superconducting magnets (SM) allows for high momentum resolution at the TV scale and over large 
detection surfaces. The main requirements of SMs for space applications are: (i) low mass budget, i.e. high 
stored energy to mass ratio; (ii) low power consumption, i.e. efficient cryogenics; (iii) very high stability. 
The first requirement is obtained by using low density materials and high current density.  
Stability and helium cryogenics have been the major problems which have hindered the use of SM 
technology in space, so far. Stability is the capability of a SM to sustain a sudden energy release without 
quenching. It is a sensitive issue in designing SMs operating at liquid helium temperature: the problem 
became less important increasing the operational temperature, due to the cubic temperature dependence of 
superconductor specific heat. 

During the last decades, technological advances have made it possible to envisage solutions for 
space magnets based on high-temperature superconductors (HTS). HTS magnets are operable at 
temperatures up to 40 K with the double benefit of solving the problems related to stability and avoiding 
cryogenics based on liquid He . Among HTS, ReBCO (Rare Earths-Barium Cuprates) tapes are particularly 
promising for space applications. At present, commercial ReBCO can be operated at 400 A/mm2 at 30 K in 
a 3 T field. Recent developments indicate that the current density can be pushed to 2000 A/mm2 in the next 
years [Majkic 2018]. The use of magnesium diboride wires, despite its poorer current properties, is also a 
possible option, due to the low average mass density [Musenich 2016, Kovác 2018]. 
Quench protection techniques is quickly rapidly evolving towards fast and safe procedures guaranteeing 
magnet integrity even in critical conditions [Zhang 2018]. 

 

 
The proposed magnet design for ALADInO is based on the SR2S design [Musenich 2014, Bruce 2015, 
Juster 2015]: a toroidal configuration guarantees a large geometric acceptance, confining the field within 
the coils and minimizing the dipole moment. Low density structural materials (Aluminum and Titanium 
alloys, Al-B4C and Al-Al2O3 cermets, aramid fibers) will be used to counter the Lorentz forces. It is worth 
noting that one of the components of ReBCO tapes is hastelloy, therefore the conductor will contribute to 
the magnet mechanical structure.  
Bending power: the coil number and shape (round, racetrack, D-shaped) will be optimized to maximize the 
detector performance. Figure 9 shows a possible magnet configuration having 4.3 m overall diameter 
dimension with a 1 m inner bore to host the calorimeter. 
With 4.4 MA-turns, the average field on the tracker is 0.8 T providing a 1.1 T·m bending power. The mass 
of the magnet, with the present technology and including the mechanical structure, is 1200 kg. We estimate 
that the superconductor technology evolution and a targeted R&D will allow a mass reduction to less than 
900 kg. 

Figure 9. Scheme of a possible magnet configuration with its field map 

ALADINO is a concept for a spectrometer to operate in L2 for 
measurement to extend the legacy of PAMELA and AMS-02

ALADInO: A Large Antimatter Detector In space

• Isotropic 3D calorimeter à la HERD surrounded by a toroidal tracker
• Tracking system placed within high-T superconducting coils (B= 0.8 T)

Weight: 6 Tons
Power:  4 kW
# channels: 2.5 M

High Precision Particle Astrophysics as a 
New Window on the Universe 

with an Antimatter Large Acceptance Detector In Orbit  
(ALADInO)  
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Address: Dipartimento di Fisica, Via Sommarive 14, 38123 Trento  
E-mail: roberto.battiston@unitn.it  
Telephone: +39 366 687 2527 

High Precision Particle Astrophysics as a New Window on the 
Universe with an Antimatter Large Acceptance Detector In Orbit (ALADInO) 

Presented at ESA call VOYAGE 2050

Core team members from IT, FR, DE, SE, CZ, CH

Total acceptance 10 m2sr
MDR 20 TV
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It is also worth noticing that the pulsar scenario considered for the explanation of the positron 
fraction do not predict any excess in the antiproton flux. Models of extra-sources of antiprotons from 
astrophysical processes involve the hadronic production of secondary CR inside the shockwaves of 
supernova remnants [Cowsik 2014, Cowsik 2016, Tomassetti 2017, Lu 2016]. These models can be 
definitely tested using secondary nuclei data at multi-TeV energies. 
 
Thanks to its large acceptance, long duration and orbital operation far from the Earth magnetic field, 
ALADInO will provide more than two orders of magnitude increase in the existing antiproton statistics in 
the energy range 100 MeV-5 TeV. 
 
 

 
REQUIREMENT 3 

Testing the TeV-scale mass DM annihilation requires a collection factor of ~15 m
2
 sr yrs to 

extend at least one decade in energy the antiproton flux measurement. To achieve the needed 

sensitivity, the antiproton background must be suppressed. This requires a rejection factor 

of ~10
5
 against mis-identified protons and an electron/proton separation of ~10

4
.  

 
ANTIDEUTERIUM AND ANTIHELIUM – In addition to the measurement of the antiproton spectrum, 
complementary DM searches with antideuteron nuclei (D-) in the sub-GeV energy region would benefit 
from promising DM signals and kinematically suppressed background, thereby offering a potential 
breakthrough for new physics discoveries [Aramaki 2016]. The situation is similar with anti-

3
He in terms 

of signal/background ratio, although the absolute signal level is significantly suppressed at increasing mass 
number [Cirelli 2014b, Carlson 2014, Coogan 2017].  
The ideal requirement, for these channels, would be to reach the level of astrophysical background, testing 
any model of DM annihilation that gives rise to a detectable excess above the background. Figure 4 shows 
flux calculations for antideuteron (left) and anti-3He (right) as a function of kinetic energy per nucleon, 
including predictions for the DM models (blue lines) consistent with present antiproton data [Cuoco 2017, 
Korsmeier 2018]; an up to date calculation of the astrophysical background is also included, along with its 
uncertainties [Tomassetti 2017]. The simulated flux measurements with ALADInO are shown as red 
markers for the astrophysical background and for the DM signals. The best current upper limits are also 
shown [BESS 2012, Sasaki 2019]. Antideuteron searches are and will be performed by AMS-02 and GAPS 
during the coming years. These instruments combined will only approach 10-6 flux sensitivity, leaving 
untested a significant region of parameter space of DM models. The expected AMS-02 sensitivity in 10 
years is ~10-9 for antihelium/helium ratio at 0.1-50 GeV/n. The dotted lines show the ALADInO sensitivity 
level, for 10 years of exposure, over its optimal range of detection. 

Figure 3 Antiproton-to-proton ratio as a function of kinetic energy according to standard calculations for the 
astrophysical background: the plots illustrate the effect of two benchmark models, as discussed in the text. The two 
scenarios represent 10 TeV (right) and 60 GeV (left) mass DM particles annihilating in b-bbar [from Jin 2015]. In both 
scenarios, projections for ALADINO in 5 years of observation times are shown. 
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DM model from H. Jin et al., 2015, Phys. Rev. D 92, no. 5, 055027



Pontential for antinuclei detection

DM model from A. Cuoco et al. 2017, Phys. Rev. Lett. 118, 191102, M. Korsmeier et al., 2018, Phys. Rev. D 97 n.10, 103011
BKG model from N. Tomassetti and A. Oliva, 2017, ApJ Lett. 844
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With a predicted sensitivity in 5 years of ~5∙10-9 part/(m2 sr s GeV/n) at the 95% C.L in the 0.1-1.5 GeV/n 
kinetic energy region, ALADInO will probe most models of light and heavy DM particles in the antideuteron 
channel, and a vast region of parameter space for in the antihelium channel.  
 

REQUIREMENT 4 
The astrophysics background level of secondary CR antinuclei can be reached with 20 m2 sr 

years of exposure on antideuteron (antihelium) in the GeV energy region. The optimal 
energy range to detect DM-induced excesses is 100 MeV/n – few GeV/n. 

 
 

 High energy CR (electrons, protons and nuclei) 
HIGH ENERGY ELECTRONS – The precise measurement of the supra-TeV e+/- spectral features could 
provide relevant information to assess the nature of the observed excess in the positron flux. The 
measurement of the total (e++e-) flux is insensitive to charge sign identification: it is an interesting 
observable for both spectrometric and calorimetric space experiments, as well as for ground observatories. 
The experimental scenario is variegated. Indirect ground measurements first revealed, although with large 
uncertainties, a sudden drop in the (e++e-) flux intensity starting at 1 TeV [HESS2009, MAGIC2011, 
VERITAS 2015]. The drop has been recently confirmed by direct space measurements [DAMPE 2017, 
CALET 2017, CALET 2018] which have studied the e± spectrum up to ≈5 TeV. However, no evidence of 
a break up to 2 TeV is observable in the Fermi-LAT measurement [FERMI 2017b] nor from the latest AMS-
02 results [AMS02 2019a, AMS02 2019b]. Finally, in the [300-1000] GeV energy range, discrepancies in 
the flux intensities up to 30% are observed between measurements from different space detectors. 

The large statistical uncertainties above the TeV region and the observed discrepancies below the 
TeV region add further complexities in the data interpretation of the origin of the spectral break and of the 
tentative feature observed at 1.4 TeV by DAMPE, which could be explained involving new astrophysical 
mechanisms or DM related effects [Athron 2018, Fan 2018, Jin 2018, Liu 2018, Lopez-Coto 2018, Lipari 
2019, Niu 2019, Mertsch 2019, Recchia 2019]. Redundant measurements of the (e++e-) energies and spectra 
are a fundamental requirement to reduce systematic uncertainties. ALADInO, taking advantage of its 
calorimetric collection factor of 20 m2 sr yrs and an hadron rejection capabilities larger than 105, will provide 
for a real advance in the field. Below 10 TeV the hadronic background will be kept below 0.1%. The 
measurement uncertainty will be consequently dominated by the knowledge of the calorimeter energy scale 
which, as for the AMS-02 experiment [Kounine 2017a], will be improved by at least a factor of 2÷3, with 
respect to calorimeter-only instruments, by the cross-calibration with the rigidity measurement of the 
spectrometer. The large collection factor will extend the sensitivity of ALADInO to characterize the 
spectrum of nearby astrophysical e+/- sources up to 50 TeV, as shown in Figure 5. In the scenario where the 
supra-TeV region will also be measured by the CTA ground observatory [CTA 2019] and the calorimetric 

Figure 4. Antideuteron (left) and anti- 3He (right) fluxes as a function of kinetic energy per nucleon. See text for 
description. 
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are a fundamental requirement to reduce systematic uncertainties. ALADInO, taking advantage of its 
calorimetric collection factor of 20 m2 sr yrs and an hadron rejection capabilities larger than 105, will provide 
for a real advance in the field. Below 10 TeV the hadronic background will be kept below 0.1%. The 
measurement uncertainty will be consequently dominated by the knowledge of the calorimeter energy scale 
which, as for the AMS-02 experiment [Kounine 2017a], will be improved by at least a factor of 2÷3, with 
respect to calorimeter-only instruments, by the cross-calibration with the rigidity measurement of the 
spectrometer. The large collection factor will extend the sensitivity of ALADInO to characterize the 
spectrum of nearby astrophysical e+/- sources up to 50 TeV, as shown in Figure 5. In the scenario where the 
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description. 
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Orbiting @ the second Lagrange point or L2

The	best	place	to	operate	a	cryogenic	superconducting	magnet	  
is	Lagrange	Point	2,	like	the	Webb	space	telescope.

AMS-100

�6

, ALADiNO

The best place where to operate a cryogenic 
superconducting magnet is the Lagrange Point 2, 

like the Webb space telescope

Main mirror

Sun-shield



AMS-100
The Next Generation 
Magnetic Spectrometer

Presented at ESA call VOYAGE 2050
The Next Generation Magnetic Spectrometer in Space –
An International Science Platform for Physics and 
Astrophysics at Lagrange Point 2 

White paper: Shael et al. NIM A 944 162561 (2019)



AMS-100 detector
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Figure 12: Schematic view of the AMS-100 detector and its response to protons and
positrons. The magnetic field inside the main solenoid is oriented in the z-direction, i.e. the
bottom left view shows the bending plane of the magnet, and a transverse view is shown
on the bottom right. The upper panel shows a zoom into the bending plane view.

the Sun in one year, together with Earth and L2. This will guarantee homogenous sky
coverage for “-ray astronomy. The weight estimate of the instrument is given in Table 3.
It has eight million readout channels in total and an estimated total power consumption
of 15 kW.

3.3.1 Event trigger

Reducing the 2 MHz rate of incoming particles to an acceptable level of a few kHz for the
higher level DAQ systems and to a data rate of ≥28 Mbps [112] for the transfer to Earth
with on-board computers will be a major challenge. To overcome it, the fast information
provided by the outer detector (ToF-system and SciFi-tracker) will be used for the trigger
decisions, in combination with calorimeter measurements: The track segments of the
higher energy particles reconstructed in the SciFi tracker will provide a first estimate of
the particle’s rigidity up to the TV scale, and the ToF signal amplitudes will determine the
particle’s charge. This will allow the configuration of flexible trigger menus. For example,
light nuclei with rigidity below 100 GV have to be mostly rejected. Charged particles with
an energy below ≥ 100 MeV will be deflected by the magnetic field of the main solenoid

15

• Cylindrical shape multipurpose HEP detector for 𝛾/CRs
• Physics program from CR/ 𝛾 astrophysics to new physics

Figure 8: Magnetic field lines in the AMS-100 magnet system (black) and amplitude of
the z-component of the magnetic field (color map). The compensation coil cancels the
magnetic moment of the main solenoid, without substantially a�ecting the magnetic field
inside the main solenoid.

Figure 9: Simplified thermal model for AMS-100 taking only the radiation between the
surfaces, the Sun and deep space into account. The color scale indicates temperature in
Kelvin. Left: Warm side facing the Sun. Right: Cold side facing deep space.
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Weight:43 Tons

questions need to be worked out in detail to make such a large space mission possible.
These questions are of similar complexity as the ones that had to be solved to realize
AMS-02 after the proposal in 1994 [118]. The AMS-100 concept as outlined in this article
(Tab. 5) has the potential to improve the sensitivity of AMS-02 by a factor of 1000. This
means that we will reproduce 20 years of AMS-02 data within the first week of operation
at Lagrange Point 2. In the second week, we will start exploring completely new territory
in precision cosmic-ray physics.

Quantity Value
Acceptance 100 m2 sr
MDR 100 TV for |Z| = 1

Material budget 0.12 X0
of main solenoid 0.012 ⁄I

Calorimeter depth 70 X0, 4 ⁄I

Energy reach 1016 eV for nucleons
10 TeV for e+, p̄

8 GeV/n for D̄
Angular resolution 4ÕÕ for photons at 1 TeV

0.ÕÕ4 for photons at 10 TeV
Spatial resolution (SciFi) 40 µm
Spatial resoultion (Si-Tracker) 5 µm
Time resolution of single ToF bar 20 ps
Incoming particle rate 2 MHz
High-level trigger rate few kHz
Downlink data rate ≥28 Mbps
Instrument weight 43 t
Number of readout channels 8 million
Power consumption 15 kW
Mission flight time 10 years

Table 5: Important quantities in the AMS-100 design.
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Possible launch date NET 2039
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AMS-100 detector
• Cylindrical shape multipurpose HEP detector for 𝛾/CRs
• Physics program from CR/ 𝛾 astrophysics to new physics
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(Tab. 5) has the potential to improve the sensitivity of AMS-02 by a factor of 1000. This
means that we will reproduce 20 years of AMS-02 data within the first week of operation
at Lagrange Point 2. In the second week, we will start exploring completely new territory
in precision cosmic-ray physics.
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Calorimeter depth 70 X0, 4 ⁄I

Energy reach 1016 eV for nucleons
10 TeV for e+, p̄

8 GeV/n for D̄
Angular resolution 4ÕÕ for photons at 1 TeV

0.ÕÕ4 for photons at 10 TeV
Spatial resolution (SciFi) 40 µm
Spatial resoultion (Si-Tracker) 5 µm
Time resolution of single ToF bar 20 ps
Incoming particle rate 2 MHz
High-level trigger rate few kHz
Downlink data rate ≥28 Mbps
Instrument weight 43 t
Number of readout channels 8 million
Power consumption 15 kW
Mission flight time 10 years

Table 5: Important quantities in the AMS-100 design.
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Figure 3: Cosmic-ray positron spectrum. Expected data from AMS-100 (stat. uncertainties
only) for two di�erent scenarios: a) The spectrum is described by a power law plus a
source term with an exponential cuto� (blue circles, lower curve at high energy). b) The
spectrum is described by power laws with spectral breaks and the last break is at 300 GeV
(blue squares, upper curve at high energy). The dashed green curve shows the expected
spectrum from a) without the source term. Recent experimental data from PAMELA [55]
and AMS-02 [7] are shown.

cosmic-ray positrons. The latest data on the positron flux from AMS-02 show a spectral
break at 300 GeV followed by a sharp drop [7]. The detailed understanding of the shape
of the spectrum above this energy is the key to deduce the origin of these high energy
positrons.

A generic source term, that describes the contribution of the new source responsible for
the positron excess, is given by a power law with an exponential cuto� (e.g., Ref. [7]).
AMS-100 will be able to precisely measure the cosmic-ray positron spectrum up to 10 TeV
(Fig. 3).

If the origin of the source term is a process producing electrons and positrons in equal
amounts, the e�ect should also be detectable in the cosmic-ray electron spectrum. Both
pulsar models and dark matter models generically predict such a charge-symmetric source
term. H.E.S.S. [60], VERITAS [62], and DAMPE [58] have observed a spectral break of
the combined electron and positron flux at about 1 TeV followed by a sharp drop, which
might be related to this question. AMS-100 will be able to precisely measure the cosmic-
ray electron spectrum up to 20 TeV (Fig. 4) and detect features associated with the local
sources of electrons predicted in propagation models. Identifying such features will shed
light on the origin of positrons, electrons, and other cosmic-ray species.

2.3 Antiprotons
A key discriminator between various models for the origin of positrons is the presence or
lack of antiprotons. Pulsars will not generate these antiparticles, but according to most
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Experiment Energy range D̄ sensitivity Ref.
(GeV/n) ([m2 s sr GeV/n]

≠1)
GAPS 0.1 to 0.25 2.0 · 10

≠6 [69]

AMS-02 0.2 to 0.8 4.5 · 10
≠7 [70]

2.2 to 4.2 4.5 · 10
≠7 [70]

AMS-100 0.1 to 8.0 3 · 10
≠11

Table 1: Comparison of antideuteron sensitivities. (The AMS-02 sensitivity was estimated
in Ref. [70] for the superconducting magnet instead of the permanent magnet used in the
flight configuration.)

extrapolating the AMS-02 candidate He event rate to the AMS-100 acceptance results in
the prediction of ≥ 1000 He events/year. The precision measurement of the spectral shape
of the He flux would allow tests of the origin of He. Additionally, the rotational symmetry
of AMS-100 allows detailed systematic cross-checks of such a result equivalent to inverting
the magnetic field.

2.5 Antideuterons
Antideuterons potentially are the most sensitive probe for dark matter in cosmic rays [71,
72]. While antiprotons are predominantly produced in secondary interactions in the inter-
stellar medium, antideuterons at low energy have no other known origin. No antideuterons
have ever been identified in cosmic rays. The current best limit has been set by BESS [73],
excluding a flux of 1.9 ◊ 10≠4

(m2 s sr GeV/n)
≠1 between 0.17 GeV/n and 1.15 GeV/n at the

95 % confidence level. The expected sensitivity of AMS-100 is 3 ◊ 10≠11
(m2 s sr GeV/n)

≠1

in the energy range between 0.1 GeV/n and 8 GeV/n. It is compared to other experiments
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Compact and modular: PAN - Penetrating particle ANalyzer

PAN is a concept for a spectrometer to be operated as
ancillary module of exploration missions or detector 
array in the solar system. As an onboard equipment. 

Precise measurement of CR energy, charge, sign of the 
charge and time dependences in the [50 MeV – 20 GeV] 
range using a spectrometric approach in long duration
planetary and exploration missions

"Mini-PAN" demonstrator funded by EU H2020 FET_OPEN 

PAN white paper: X. Wu et al. Adv Space Res. 63 (2019)



Current operating experiments

from M. Duranti
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Current operating experiments @2028

from M. Duranti
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Future facilities w/ 3 yrs data

Assumed 3 years of observation (after launch)


