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Why Z=1&2 isotopes? 

● Helium nuclei are the second most abundant 
nuclei in cosmic rays.

● D and 3He are mostly produced by the 
fragmentation of 4He:
simpler comparison with propagation models 
wrt heavy nuclei

● Smaller cross section of He: 
D/4He and 3He/4He probe the properties of 

diffusion at larger distances 
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● Different A/Z ratios of  D and 3He allow to disentangle kinetic energy and 
rigidity dependence of propagation.
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L. ToF

U. ToF
• AMS is composed by different sub-detectors for

the redundant ID of the elements in CR

• The Mass is identified from the concurrent 
measurement of Rigidity, Velocity and Charge

• Mass resolution not good enough for 
event-by-event isotope ID -> Fit of distribution

TOF σβ/β ~ 3% 0.2 < Ek< 1.1 GeV/n

RICH NaF σβ/β ~ 0.3% 0.7 < Ek < 3.7 GeV/n

RICH Agl σβ/β ~ 0.1% 2.6 < Ek< 8.9
GeV/n

TRD
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Tracker L1

Tracker L9

Light isotope measurements
with AMS02 
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Isotope separation: 

Z=1 Z=2

βTOF :  0.679-0.706 βTOF :  0.814-0.842
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~ 10 % ~3%
~0.3 %
~ 0.1 %
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The separation power depends on rigidity and velocity (β) resolutions

Fit of the mass with templates from MC 

● MC templates tuned using data

● data driven estim. fragmentation from Z>1

● D’Agostini iterative method for bin-to-bin 
migration
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Method1: Isotope template fitting



Fit to data (on Mass distributions)  

14.1<R[GV]<15.3

14.1<R[GV]<15.3
● NxN mass templates obtained changing σ1 and μ1 in a 土20% range

● Independent fit for every template

● Marginalization: To every template a weight is assigned: w = exp(- Ꭓ2 / 2)

Fit  Ꭓ2

Marginalization 
over 𝜒2 matrix

best counts estim.

Local minimum

Centroid

Fit

D -> p

D

4He -> 3H

p

The two remaining free parameters (σ1 and μ1) are fixed bin-by-bin directly fitting the mass distributions
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R: 1.92-2.15

R: 1.92-2.15

Z=1 and Z=2 Template fits
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Trends for the free parameter were extracted as a function of:
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Energy Time

Agl

The stability of fit results 
were also 
checked to be stable 
against time
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Method2: Global bi-dimensional unfolding on R vs β distributions
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● Migration matrices for R and β from MC (iteratively adapted to data)
● Fit on the total Z=1(2) data distribution for TOF, NaF and Agl 

(assumption: unique continuous flux)



MC templates carry informations about:

● Detector Efficiency

● Bin-to-bin migration

Deuteron Fluxes It is possible to directly use them to calculate 
Acceptance and Unfolding factor to normalize 
the counts and obtain fluxes

10 yrs AMS flux
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stat + syst. errors

Preliminary results. Please refer to 
the forthcoming publication in PRL
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Deuteron Flux



MC templates carry informations 
about:

● Detector Efficiency

● Bin-to-bin migration

Helium-3 Flux
It is possible to directly use them to calculate 
Acceptance and Unfolding factor to normalize 
the counts and obtain fluxes

10 yrs AMS data
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stat + syst. errors

Preliminary results. Please refer to 
the forthcoming publication in PRL
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3He flux



D

3He
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Preliminary results. Please refer to 
the forthcoming publication in PRL
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Fluxes time 
dependence

● Time variation are visible above 
systematics only below ~ 5 GV

● 2H and 3He qualitatively follow the 
same time evolution of 4He

● More sophisticated analysis is needed
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Preliminary results. Please refer to the forthcoming publication in PRL
Preliminary results. Please refer to the forthcoming publication in PRL
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Draft of D and 3He paper
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CIEMAT TIPFA
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CIEMAT TIPFA

30/11/23 F. Dimiccoli - UniTN & TIFPA 16



CIEMAT TIPFA
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CIEMAT TIPFA

χ2 / ndf 10 / 17
Δ1 -0.284 ± 0.009
C1 0.144 ± 0.002

χ2 / ndf 22/ 17
Δ2 -0.104 ± 0.008
C2 0.174 ± 0.001

χ2 / ndf 20/ 17
Δ1 -0.288 ± 0.004
C1 0.140 ± 0.002

χ2 / ndf 11 / 17
Δ2 -0.108 ± 0.005
C2 0.175 ± 0.003
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Error bars TIFPA:

● Stat. (+ uncorr. syst)  <σs>/sqrt(N) v
● Fit systematic <σF> v
● Unfolding syst. <σU> v
● Acceptance error <σA> x

Error bars CIEMAT:

● Statistical  <σs>/sqrt(N) v
● Unfolding <σu> v
● Corr <σc> v
● Acceptance <σA> x

Agl ~3% “dip”

Comparison on D/4He
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Isotopes flux ratios
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Background from He fragmentation above L1
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Modelling beta resolution 
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Isotopes flux ratios
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Low energy time 
dependence

2530/11/23 F. Dimiccoli - UniTN & TIFPA



Low energy time dependence
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D/4He 3He/4He



Summary
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● AMS-02 measured the 3He and D fluxes using 
10 years of data in the rigidity range from 
2GV to 20 GV.

● Below ~4GV: solar modulation induces a time 
evolution of the the measured fluxes larger 
than the systematics of the measurement.

● Above ~4GV: D/4He and 3He/4He flux ratios 
are time independent. Their rigidity 
dependence is well described by a single 
power law ∝ R∆ with 

∆1 = −0.108 ± 0.003  D/4He 
∆2 = −0.290 ± 0.002 3He/4He

showing that cosmic rays D and 3He have 
different rigidity dependence. 
The significance of ∆1 > ∆2 exceeds 10 σ. 
This shows that contrary to expectations, 
cosmic deuterons have a sizeable primary 
component
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Thanks for your attention
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