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ISS AMS-02
Altitude: ~400 km Size: 5m X 4m X 3m
Orbit: 90 minutes Weight: 7.5 ton
Size: 70m x 110m x 20m Power: 2.4 kW
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AMS on the ISS

10-th Year
Anniversary
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May 16, 2011: AMS Flight, Space Shuttle Endeavor
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Precision Measurements
of Cosmic Rays

AMS: a unique TeV precision,
accelerator-type spectrometer in space
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AMS has 7 instruments which
independently measure Cosmic Nuclei
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GCR In the Heliosphere
-

Outer boundarry
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GCR In the Heliosphere
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GCR in the Heliosphere

The Cosmic Ray propagation in the Heliosphere is described by the Parker Equation:

af+V3WVf V( ﬁf)_%ﬁf/ 97 =0

ot " omR
Solar wind DIfFUSIOﬂ Ad|abat|c energy
plasma and drifts losses and gains
convection
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GCR in the Heliosphere

The Cosmic Ray propagation in the Heliosphere is described by the Parker Equation:

Phase space distribution function of GCRs

@+ V V f V Vf)—=V-V =0
Solar wind DIfFUSIOﬂ Ad|abat|c energy
¢ Time Evolution plasma and drifts losses and gains
convection
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GCR in the Heliosphere

The Cosmic Ray propagation in the Heliosphere is described by the Parker Equation:

Phase space distribution function of GCRs

00/ VA VG O VS N VAR R
ot| " f ( . J ) 3 W olnR
Solar wind DifFUSi'?ﬂ Adia batifc energy
¢ Time Evolution plasma and drifts losses and gains

convection

* Velocity dependence of the
diffusion tensor:

k(r,R) =Bk (r)k(R)

Nuclei with distinct A/Z result in
different velocity,
hence a different behavior
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GCR in the Heliosphere

The Cosmic Ray propagation in the Heliosphere is described by the Parker Equation:

Phase space distribution function of GCRs

00 VA VGO VS L v R A
ot| W "L R G W olnR
Solar wind DifFUSi'?ﬂ Adiabatic energy
¢ Time Evolution plasma and drifts losses and gains
convection
* Velocity dependence of the * Difference in the spectral shape
diffusion tensor: outside the heliosphere
L(r —BE (r)E (Local Interstellar Spectrum, LIS):
(r,R) = 1( ) Q(R) the adiabatic energy changes term
Nuclei with distinct A/Z result in depends on the LIS shape, hence
different velocity, nuclei with different LIS behave
hence a different behavior differently.
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Preliminary Data
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Time Evolution
. ' ' ' Please refer to the AMS

forthcoming publication in PRL
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Time Evolution
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Preliminary Data
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Preliminary Data
Please refer to the AMS
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Time Evolution

> 800=— p , =
= He x 8
S 700 Hoxs [2.15-2.40] GV ﬂ%ﬁ
;'_w 6002— . 0O x333 y _i
E soolmug, -
< = 1 m =
4001 Ty =
— ané_ N e T o _E
> 240 P =
O] — He x 6 =
< 220 C ¢ 201 [4.02-4.43]GV . -
o 200 0 x 241 . .ﬁg
w — p—
o 180'_ﬂ’.~ =
140 Ll ¢ =
L 1onE— o e -
> 25E- P =
O LE He x5 [10.10 - 11.00] GV =
o = Cx 180 =
o Sgg_ 4, Ox190 W@
Y ] =
E 21?““;’3%“%; AR —=
e 20 —
195 =
18;_ ! L ! . | . _..;
S _F p ' =
0.75- =
°E Hexs [38.90 - 41.90 ] GV =
50.65 - C x 148 =
—. = O x 141
06k " . 4t 4 ' } ! lmhﬁ
£
=0.55 i } ' =
0.5:— _;
ICRC 2021

Preliminary Data “owo
Please refer to the AMS
forthcoming publication in PRL

- proton, Helium, Carbon &
Oxygen fluxes

from May 2011 to Oct. 2019,
In 27 days time interval
(Bartels rotations)

- Rigidity ranges:
[1,60]GVforp
[1.7,60] GV for He
[1.9,60] GV for C
[2.1,60] GV for O

- similar long-term and
short-term time structures

At ICRC2021 by AMS collab.:

- Daily p, by Y. Jia (749)

- Daily He, by C. Consolandi (1139)
- SEP, by C. Light (1003)

- FD, by S. Wang (1146)
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Time Evolution
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Preliminary Data
Please refer to the AMS

forthcoming publication in PRL

- proton, Helium, Carbon &
Oxygen fluxes

from May 2011 to Oct. 2019,
In 27 days time interval
(Bartels rotations)

- Rigidity ranges:
[1,60]GVforp
[17, 60] GV for He
[1.9,60] GV forC
[2.1,60] GV for O

- similar long-term and
short-term time structures

- the amplitude of these
structures decreases with
increasing rigidity
and

becomes non-observable at:

~25GVforC&O

~ 50 GV for He
while it's always observable
for protons in the rigidity range
analyzed.
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ClO Flux Ratio
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Preliminary Data
Please refer to the AMS
forthcoming publication in PRL

- 4 Bartels rotations time interval

- He/(C+O) flux ratio exhibits a
time dependence up to ~2.5 GV

- He, C&O have similar AlZ
- their LIS have different
rigidity dependence above 2 GV
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~ p1(C+0) Flux Ratio

[2.15-2.40] GV %%/NDF = 138.15/28 (8.25 o) é
= Preliminary Data
‘ = Please refer to the AMS
+ b b . = forthcoming publication in PRL
A A S S I
= R ‘4 =
= , . _. . . = -4 Bartels rotations time interval
N 155%_ [2.40-2.67] GV ¥2/NDF = 176.99/28 (10.01 o) E
D b = - pl(C+O) flux ratio exhibits a
S E e b -  time dependence up to ~4 GV
St AT e e =
- ® ¢ ® * =
140— vty T ]
= $ = - p, C&O have different AlZ
135— — - both LIS rigidity
o0 | . | -  dependence and velocity
= | | = contribute to the observed time
118:— [4.43-4.88] GV ¥2/NDF = 67.78/28 (4.12 ©) = dependence Of pI(C+O)
O 116 =
+ . E -
O ME, ’ —
ro 1123—-----+----#--é"#-*"*"*";-{r-#-----*--;-*-*--;--"‘-------;—-#-------------j
- ¢4 e tey -
110— —
108 —
106?_.. PR I S T N S T S S S S T S S S NN S S S S (N ST SO TS (N SN SR S SR S NS S S S S ._.f
ICRC 2021 ~— Matteo Palermo 22




Summary & Conclusions

@® The precision measurement of proton, Helium, Carbon and Oxygen fluxes in
Bartels rotations from May 2011 to October 2019 has been presented

® The study of the time evolution as a function of rigidity for different nuclei
species provides unique info to understand the contribution of the LIS and of
the velocity dependence of CR propagation in the heliosphere

® The first and only measurement of the time dependence of Carbon and
Oxygen fluxes as a function of rigidity

® The 4 nuclei species exhibit similar behavior in time:

® C&O have an identical time behavior, indicating a very similar rigidity
dependence of their LIS above ~2GV .

@® The Hel(C+0O) flux ratio exhibit a time dependence up to ~2.5 GV, indicating
that their LIS has a different rigidity dependence

@® The p/(C+0O) flux ratio also shows a time dependence up to ~4 GV.
Both LIS rigidity dependence and velocity contribute to this time behavior
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