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Alpha	Magnetic	Spectrometer	

• AMS-02	is	a	particle	physics	detector	
devoted	to	the	measurement	of	cosmic	
rays	fluxes	in	the	near	Earth	orbit	in	the	
range	0.1	GV	– 2	TV

• It	will	take	data	data	for	the	rest	of	the	life	
of	the	ISS	(extends	to	2024)
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AMS is MIT led International Collaboration
16 Countries, 60 Institutes and 600 Physicists, 17 years

The detectors were built all over the world 
and assembled at CERN, Geneva, Switzerland
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POCC at CERN in control of AMS since May 19th 2011
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Z=178.5	cm

AMS	“tomography” using	rare	nuclear	interaction	events		

The	gray	scale	is	proportional	
the	the	number	of	found	

vertices
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AMS Physics Goals

• Searches for primordial antimatter:
– Anti-nuclei: He, …

• Dark Matter searches:
– e+ , e± , p , …
– simultaneous observation of several signal channels.

• Measuring CR spectra – refining propagation models;
– Nuclei spectra from p, He -> Fe

• Identification of local sources of high energy photons (~TeV):
– SNR, Pulsars, PBH, …

• Study effects of solar modulation on CR spectra over 11 year 
solar cycle

• Search for Strangelets
• …
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Carbon	&	Oxygen	Flux	
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The	current	precision	of	the	data	at	highest	energies	is		limited	by	statistics.		

8.3	Million	Events
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The	High	Rigidity	Behavior	of	Carbon	Flux	
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Current	Data
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AMS
Orth et	al	(1978)
Juliusson et	al	(1974)

AMS	Lithium	flux	
The	results	contradict	the	assumption	that	cosmic	lithium	is	purely	secondary	in	origin.

Purely	secondary	production	of	lithium	would	not	produce	a	sharp	transition.	
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Be	Flux
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Be	Flux
0.9	million	beryllium	nuclei
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Be/B	Flux	Ratio	Measurement
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C,	N,	O,…,	Fe	+	ISM	à Li,	Be,	B	+	X

10Be	à 10B	+	e- +	νe
_

Galactic	Disk

ISS

Be	isotopes	(7Be,	9Be,	10Be)	are	generated	by	spallation	of		B,	C,N,O	…
10Be	is	not	stable,	decays	into	10B	with	half-life	of	1.5	My.	

Due	to	relativistic	time	dilation	the	fraction	of	decaying	10Be	decrease	with	energy,		so
the	raising	energy	dependence	of	Be/B	reveals	the	characteristic	lifetime	of	cosmic	rays	in	the	

Galaxy.
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Be/B	Flux	Ratio
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AMS	Data		(Ek=	3.9	GeV/n)

Two	isotopes	FIT7Be		9Be			10Be

CRIS	2018	- Portopalo 17P.Zuccon	- TIFPA	&	Trento	U.

c2/df 264/66	
Ratio	9Be/7Be 0.68(1)

Three	isotopes	FIT

c2/df 106/67		
Ratio			9Be/7Be 0.63(1)
Ratio	10Be/7Be 0.16(1)

GOOD	 BAD	

Mass	(a.m.u.) Mass	(a.m.u.)



7Be	fraction	(preliminary)

P.Zuccon	- TIFPA	&	Trento	U. CRIS	2018	- Portopalo 18

PRELIMINARY
err	stat	only	
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Boron	and	Nitrogen	Fluxes	
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The	current	precision	of	the	data	at	high	energies	is	limited	by	statistics.		

2.3	million	boron	nuclei
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2.1	million	nitrogen	nuclei	
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3He/4He	ratio

Error	bars:	stat	+	sys
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Preliminary Data.
Please refer to the AMS 

forthcoming publication in PRL.
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AMS Physics Goals

• Searches for primordial antimatter:
– Anti-nuclei: He, …

• Dark Matter searches:
– e+ , e± , p , …
– simultaneous observation of several signal channels.

• Measuring CR spectra – refining propagation models;
– Nuclei spectra from p, He -> Fe

• Identification of local sources of high energy photons (~TeV):
– SNR, Pulsars, PBH, …

• Study effects of solar modulation on CR spectra over 11 year 
solar cycle

• Search for Strangelets
• …
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Unexpected	Result
Flux	Ratio	of	Elementary	Particles	p/p	
is	energy	independent	above	60	GeV
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Compare	antiproton	fraction	data	to	
diffuse	production	scenario:

AMS	data	lies	at	the	edge	of	
the	allowed	band.

Propagation and	primary	
slopes systematics	can	be	
improved	through	AMS	
measurements.

Cross-sections systematics	can	
only	be	improved	by	new	data

Precise	AMS	measurements	
will	help	to	constrain	these	
error:
B/C,	nuclei	fluxes,	isotope	
ratiosarXiv:1504.04276
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ISM

Primary	CR	(H,	He,	C,	etc.)

Secondary	CR	(Li,	Be,	B,	N,	etc.)

ISM
Spallation

Cross	Section	
(N-N)

Anti-proton	
Production
Cross	Section

P.Zuccon	- TIFPA	&	Trento	U. 28

p+ p→ p + X
p+He→ p + X C + p→ B+ X

B
C
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AMS Physics Goals

• Searches for primordial antimatter:
– Anti-nuclei: He, …

• Dark Matter searches:
– e+ , e± , p , …
– simultaneous observation of several signal channels.

• Measuring CR spectra – refining propagation models;
– Nuclei spectra from p, He -> Fe

• Identification of local sources of high energy photons (~TeV):
– SNR, Pulsars, PBH, …

• Study effects of solar modulation on CR spectra over 11 year 
solar cycle

• Search for Strangelets
• …
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In the past hundred years, measurements of charged cosmic rays by 
balloons and satellites have typically had ~(30-40)% accuracy.

AMS is providing cosmic ray information with ~1% accuracy.
The improvement in accuracy is providing new insights.

Possibly AMS-02 measurements will shed light on new 
physics
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