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-AMS was
nstalled o
in May 2011.

’ An uniqu
precision, accelerator-
type spectrometer in
space

2

To date, it collected more than 200

billions of charged particles: e*, e, p,
pbar, nuclei...

Thanks to UTTP; : -
it will continue ’ Fesas:
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Why Z=1&2 isotopes?

He /'D 50 kpc » 4

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

e Dand?He are mostly produced by the "~~~ |
fragmentation of “He:
simpler comparison with propagation models
wrt heavy nuclei

® Smaller cross section of He:
D/*He and 3He/*He probe the properties of D, 10 GeV e
diffusion at larger distances

e Different A/Z ratios of D and 3He allow to disentangle kinetic energy and
rigidity dependence of propagation.
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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

Light isotope measurements
with AMS02

Tracker L1

TOF og/B ~ 3% 0.2 <E< 1.1 GeV/n
RICH NaF og/B ~ 0.3% 0.7 <E(< 3.7 GeV/n
RICH Agl og/B ~0.1% 26<E«<8.9

GeV/n
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|sotope separation:

2
rigidity abs. charge A_m & n 4 ﬁ
RZ

P — ﬁ ~0.3 %
mass "}’ «— speed /¢ ~0.1%

0.5 1 1.5 2 25 K] 3.5 4 4.5
Mass [GeV/c"2]
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Method2: Isotope template fitting

The separation power depends on rigidity and velocity (B) resolutions

B: 0.71-0.74

10° ¢ ISS Data
0.9 — Fic
0.8
0.7 I05
N
0.6 z
05 3
0.4 — <
1B iRkl stat : 0.4%
u ) - - = hond = . : '
10 1 10 @l % o syst : 3.5%
=

Fit of the mass with templates from MC

e MC templates tuned using data
e data driven estim. fragmentation from zZ>1

e D Agostini iterative method for bin-to-bin 0.5 1 1.5 2 25 3 35 4
migration Reconstructed Mass [GeV/c?)
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Fit to data (on Mass distributions)

The two remaining free parameters (o, and ) are fixed bin-by-bin directly fitting the mass distributions

e  NxN mass templates obtained changing o, and p, in a £20% range RS EE sy s s na s e ns nanes nanns nan sy B
14.1<R[GV]<15.3 7 -
e Independent fit for every template 9
Local minimum §
e  Marginalization: To every template a weight is assigned: w = exp(- X2/ 2) 1.
S 13
T T I L] L] L] T I L] L] L] L] I L] L] L] T I T 1 L] L] I T L] L] L] I T T L] L] g 3 __
14.1<R[GV]<15.3 = ]
5 B d
10 oc 3
¥ 18"
s Fit X2 5
p :....I....I....I....I....I....I....I....:
E — Fit -02 -015 -01 -005 0 005 01 015 02
% e A o, (%)

T T R R
F Marginalization

. over Y2 matrix 1
af- =
3f- =
2 E
£ . =

: unts estim.

620 640 780 800 820
Counts
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/=1 and Z=2 Template fits

R:1.92-2.15

05 1 15 2 25 3 35 r 45 5
Mass [GeVic®)

0.5 1 1.5 2 2.5 3 35 4 45

Mass/Z [GeV/c?
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Trends for the free parameter were extracted as a function of:

Energy Time
CPT= i B A M I ™ YA 3 L I UL IR IS I IR L L
- ] o TOF
- Agl ] -
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Method2: Global bi-dimensional unfolding on R vs B distributions

o Migration matrices for R and B from MC (iteratively adapted to data)
o Fit on the total Z=1(2) data distribution for TOF, NaF and Agl
(assumption: unique continuous flux)

x3 (TOF, RICH agl, RICH NaF)

ﬂ | B & & B &R N &R N § § §B § &R N _§ J
S - i
o) | i
&) p 1 I
\ ﬂ"[ Migration matrix ]— : O
|
I 12 DATA
— I 10 Q.
2 True rigidity I 1y _ e,
5 l 15 3
3 5 ] ] | = UNFOLDING S
\ =—p>  Migration matrix $ > §
I I 8
I J I o
‘(Q True rlgldlty l -------------- s l m
5
o
O Z>1 o .
- Migration matrix Reconstructed R

Distribution direclty obtained from Data
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Deuteron Fluxes

MC templates carry informations about:

It is possible to directly use them to calculate
Acceptance and Unfolding factor to normalize

e Detector Efficienc
Y the counts and obtain fluxes

® Bin-to-bin migration

400—
- [
L —
> —
O =
800
wn .
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oy —
E, 200—
N —
N b—
C  150—
X —
x —
= 100}—
L —
50 —

stat + syst. errors

Deuteron Flux

10 yrs AMS flux

BESS00 (2000/08)

CAPRICE®M (1994/08)

[ (u] ICAPRICEMUQDBX)SI

II] IMAX92 (1992/07)
MASSES (1989/09)

PAMELA-CALO (2006/07-2007/12)

IZ' PAMELA-TOF {2006/07-2007/12)

. AMS-02

Preliminary results. Please refer to
the forthcoming publication in PRL

ime var. {2011/21)

|
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Helium_3 Flux MC templates carry informations

about:

It is possible to directly use them to calculate

e Detector Efficienc
Y Acceptance and Unfolding factor to normalize

e Bin-to-bin migration the counts and obtain fluxes

I_I T T I I T I I T T | I I T T I I T T I T T T I T T I I T I T I T T T I T —
— stat + syst. errors ~
- 3He flux .
— 350— —]
S - -
7 — 10 yrs AMS data -
v 250— _
¢y 2501 —
m - —
w : BESS98 (1998/07) :
N 200— —
E : IMAX92 (1992/07) :
[— | -
N~ - | o l IMP7 (1873/05-1973/07) -
o 150— —
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§ 1 00 —_ E PAMELA-TOF (2006/07-2007/12) ——
LI__ — e AMS02 —
50 - P, Preliminary results. Please refer to Time var. (2011721} ]
E e the forthcoming publication in PRL E
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Time var. (201121}

Preliminary results. Please refer to

the forthcoming publication in PRL
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D/*He vs *He/*He Spectral index

E = BIO
— T T T T T s 0:_ + O B/C
0.22|— £ E - *He/*He
- A I T S S
- &R Pt DEg e
0.2f— wof AT d
: -0.45— L | H
- 55_ | |
0.18— = N
= RIGVI] _
Q
L 016 t _
§ o f } 0=-0124001
\ . et
& C 4 -
0.14— ¢ —
R 5
0.12}— —_—
01: A =-0.29+0.01 .
‘ —  Preliminary results. Please refer to -
. the forthcoming publication in PRL | stat + syst. errors_|
0.08 2 3 4 5 6 7 8 9 10 20

R [GV]
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Time evolution of D vs 4He

B Comparison of the relative time evolution
1B 2<R[GV]<3 (TIFPA) of the flux of 2H and 4He
1.4 99% ul_ For each R bin, fitted to
i | w0+ S
1ok T X
A B 4 .
& [ e X . @(2H) < @(2H) > y ( <I>(4He) )a
- : ~J
& 1 ®(*He) < P®(*He)> ‘< ®(*He)>
N : M, i
08 ; B% - O ORI .
- » stat only errors -
0.6 _.» ............................................................................................................................................. —
s Preliminary results. Please referto -
[~/ the forthcoming publication in PRL ] . . .
0alile Ly L RN T a = 0 if the evolution of the two species
8.4 0.6 0.8 1 1.2 1.4 1.6 .
Byj<by> is the same
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Time evolution of D vs “He

30.2

_'llllllllllllllllllllllll LN L

Average * 1o
CIEMAT

i Preliminary results. Please refer to the forthcoming publication in PRL

stat. only errors

2 K

P. Zuccon - UniTN & TIFPA

4 5
R[GV]

6 7 8

TAUP 2023 - Vienna

Only fit statistical errors are
shown

For R<3.5 GV, both groups see
hints of significative time
dependence of the ratio

For R>3.5 GV, the two species
show evolution compatible
within the errors
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Summary

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

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

e Above ~4GV: the ratio of 3He and D to “He
are compatible with a power law function.
The spectral indexe seem to be different for
the two species.

e The fluxes time evolution are qualitatively
similar to those of 4He. We observe hints of
significantly different behaviour of the two
species below ~3GV

Thanks for your attention p. 10 GeV e
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General Parametrization of the velocity resolution (Z=1 - TOF)

double gaussian core + tail of bad reconstructed events (not in MC)

10°

LI IIIIII| |

104

UL IIIIIII

10°

LI IIIIII|

10?

LI lllllll
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LI IIIIII|

10
0.7
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Model:|Gaus

mn.(AIAl,ul,cl) + Causms(AlAz,uz,Gz) +|Gausmﬂ(A|A3,Ll3,03)

11 lIIIlIl

X2/ ndf 142.8/137
M, 1.001+ 0.000
Hy Ky 0.000625 + 0.000308
M, 0.0252 + 0.0029
S, 0.03791+ 0.00042

1.284 + 0.005

3.543 + 0.521
1.987e+04 + 1.141e+03
1.064e+04 + 1.533e+03

4.433 + 0.952

| lIllllIl | Illlllll | IlIIllIl | IlIIIlII

11 IlllIlI

0.8 0.9 1 1.1 1.2 1.3 1.4
A=(1/B_ -1/B )

= u

true

P. Zuccon - UniTN & TIFPA TAUP 2023 - Vienna

o, is the only free parameter
of the model

other parameters are fixed by
the high velocity behaviour

TOF:

bad rec. events
modeled as third
gaussian

20



General Parametrization of the velocity resolution (Z=1 - NaF)

double gaussian core + tail of bad reconstructed events (not in MC)

m I I L I L I I LI I LI I L I | L I LI I | L
10% = Model{ Gaus,,(AlA 1 ,6)) + Gaus, (AlA 1 6 |+ Gaus_ (AIA 1 ,6,) + H( L+sign(A-1)*x’ [
u 22 / ndf 59.2/110 N
B A, 1799 + 56.0 =~ o, is the only free parameter
3 H 1+ 0.0 ]
10°E o, 0.002787 + 0.000056 E of the model
= H 2.112e+04 + 6.498e+03 =
:  § -29.42 +5.39 3 i
- A, ey ] o;hehr‘ p;raTeFersbaLe f|?<ed by
5 6,/0, 1.49+ 0.07 the high velocity behaviour
10°F A, 66.82 + 37.76 —
= 6,/0, 2.551+ 0.268 3
= MR, 0.0002092 + 0.0001882 -
B HH, 0.00105 + 0.00062 i
1 0 - . e |SS data —
= —— MC sim. (tuned) =
- t 1 RICH (NaF):
1 =
4  badrec. events
107! A I . e i 1 ‘ modeled as
A= (1 - 1 -
( ﬁmeas Btrue) law tail 21
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General Parametrization of the velocity resolution (Z=1 - Agl)

10°

10*

10°

10?

10

P. Zuccon - UniTN & TIFPA

RICH (Agl):

T T rrrrrrrrrr 1o 1T
| Model] Gausmrc(AlAl,ul,ol) + Gausm(AIAz,u,,Oz) + Gausmﬂ(AIA},u*,os) + H*(l+sign(A-l))*x~'l u
- A\ double-gaussian 2/ ndf=110.4/102 .
B score A, 3.885e+04 + 1.314e+03 .
= 1 u1 1+£0.0 —
= v Oy 0.0009792 + 0.0000114 3
- H 2.516e+05 + 1.019e+05 -
B Y -168.2 £ 26.8 7
A, 1.796e+04 + 1.259e+03
- 6,/0, 1.6+0.0 —
- A, 676.7 £ 137.3 3
: 02/01 3005 + 0101 :
B Rl -0.000152 £+ 0.000011 ]
» L —0.00011583 £+ 0.0000651
= | \ interaction tail o 1SS data =
- '/ 9 . . ]
+ i jjgn’ MC sim. (tuned)
= 5 ‘! N + ——
E i 3 r i.l E
| [l[i bol I |
A ilig
| | [ | | L1l 13 | I | | ||, L1 1 1]

0.99 1 101 1.02
= ( 1 /Bmeas_

sl I
1.03 1.04

1'{PLIPUE))3 - Vienna

— The velocity response was modeled from high energy flight data: (R>50 GV)

o, and p, are the only
free parameter of the
model

other parameters are
kept rigidly related to
them at all velocities

> Biue=1: distribution not influenced by isotopic composition
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Isotope Fluxes

MC templates carry informations
about:

e Selection Efficiency

®  Bin-to-bin migration

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

Flux x R [m2 sec™'sr' GV

Flux x R?7 [m?2 sec'sr'GV|
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Average Deuteron Ratios Fit ' R
1.6 FIT Time var. ]
- ¥2 { ndf 11.88/17 -
Ratios against rigidity factor out the solar modulation -> ~ Time i A 1+ 0.1617 7
independent 14 R 2.078 + 0.08311 _
- 52 0.1459 + 0.007255
R%1 R<R, o - 51 0.6532 + 0.3098
. L i
Fit: A { & I 7]
RS2 R>R 2t )
0 = i i
1 -
L] L] L] L] L] L] L] L] I 0.8 ]
i ] D/3He ]
L Time var. e C . : : : PR | n
0.18 - 2 3 4 5 6 7 8 910
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016 — — C T T T T T T LI | .
i . 0.028 -
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S 0:14 R 0.024 - -
A N > o 3
0.022F =
e - - C . ]
0.12 — 0.02F- Time var) e
i A 0.1708 £ 0.002803 7 o F 3
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7 R, 2.409 £0.07443 - E ]
0.1 . HO1eE FIT E
i 52 —0-1284 :0.0147 7 0.014f A 0.02061+ 0.0003961 -
oosk- D / 4He 51 1.022£01575 1 - R, 2431200563 3
R . . . D 4 0.01f- 52 0.104£00143 3
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2 3 4 5 6 7 8910 0.008[% D/p * =
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