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AMS

a cosmic ray experiment in the ISS

eight years operating in space near earth
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@l  Galaxy view withy > 100 MeV ...

Launched on June 11, 2008, the Fermi
Gamma-ray Space Telescope.

y radiation is a tracer of high energy protons (and nuclei) and interstellar
matter in the Galaxy
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"i'_ SNR: proton accelerators...

A direct signature of high-energy protons is provided by gamma
rays generated in the decay of neutral pions
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CRs: transport equation

cosmic-rays are accelerated to a power-law spectrum in local sources,
Q(E) and diffuse within the galaxy (magnetic field environment)

diffusion coefficient: D

K~ 10 K]>c
h~ 200 pe
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Ei] CRs: transport equation
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let's evaluate the variation in time of EA
the density of particles, N in an 4~ $ ‘_:"
energy-space cell L _,l— 1
) \
ON_ % _% ok >
ot ox OF = Y8
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v particles will diffuse staying confined in the / / / /

galactic volume before escaping into

intergalactic space /
v/ can be modeled as particles diffusing

inside a boxed volume freely and being
reflected at its boundaries with some / S/ % /

probability

CRs: Leaky-Box model approximation

. . . N;
v escape time (r.), DV?’N — —TM = | M4 M =~ Qi+ Qs P,-jT—; (steady state)

e Te Tl

v relating particle density and source spectrum,

N(E) ~ Q(E) - T,(E) oc 7@

source acceleration: a ~ 2.3
diffusion: x ~ 0.4 secondaries/primaries
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o CRs: elemental abundances

L secondaries
1: v lithium (Li)
10° v berylium (Be)

U:’ v boron (B)

20 v fluor (F)

i v/ sodium (Na)
1: v aluminium (Al)
il v -
IR T N I v sub-Fe

Atomic Number (Z)
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AMS is orbiting around
earth at around 400 Km
of altitude and taking data
since May 2011

detector:

v’ high redundancy on measuring particle
observables

on every day:
v’ around 40 million events gathered

v’ ~ 100 GBytes to transfer every day at 10 Mb/s
through relay satellites (TDRS)

on every year:
v 16.5 10° Triggers (Raw Data)

almost 150 billions of events gathered till
now
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= AMS nuclei identification

Tracker (9 Layers) + Magnet: Rigidity (Momentum/Charge)

Coordinate Resolution m

N Z=1 ..,10 u'm 2 TV
2<7<8 5-7 um 3.2-3.71V

L1, UToF, Inner Tracker (L2-L8), LToF and L9
Consistent Charge along Particle Trajectory

v
3m level arm "¢
(from L1 to L9)

Inner Tracker Charge Resolution (c.u.)

1<7<8 0.05-0.12
9<7<16 0.13-0.19
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AMS Proton Spectrum (2011 - 2018)
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AMS Helium Spectrum (2011 - 2018)
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AMS Proton Spectrum (2011 - 2018) AMS Helium Spectrum (2011 - 2018)
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CRs primaries: He, C, O

>~.

AMS He, C, O Spectra (2011 - 2018) 1 o oo oo T '
L O 4 Helium -
410’ 4 i v=d[log(®)]/d[log(R)] e Carbon

T T ™TT T TTTT ™7 ¢
- I l + 125 million Helium i = .o4qH o Oxygen  _|
:,\ :: 2011-2018 ® 14 million Carbon : 5 - m -
(3 3—-98 o 12 million Oxygen ‘] ‘; —107 -g B : | i
BT ] 5 [ o L
N = - 26 —
£ 20 -7 S N ® ¢ 1
l\‘_. T 7 (% - A O {:] LJ|] -
o T - A ‘. A
w1 - I i
X 1——3A —{35

FR . 28 Rigidity R [GV] . -

[TH - L 3 L [ B N ] I L L 3 3 a3 L
0 ..., | RigdityRIGY] N 810 20 30 107 2x10? 10° 2x10°

34 10 20 1022><102 1032><1o3

1.4 p—r—rrrrr ——rrry S

- He/0x0.032 (2011-2018)

Flux Ratio

- C/O (2011-2018)

0.6 ngldlty R [GV]

0-5 2 2 2 aaal o o ....I » 2 2 a2l
10 10? 10°

Jornadas LIP 2020 (Braga) Fernando Barao (15)



A 4
— |
B CRs primaries: He, C, O
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Secondary Cosmic Rays

Supernovassy

% \_ Proton

Helium

Secondary cosmic nuclei
(Li, Be, B, ...)
are produced by the collision of

Interstellar primary cosmic rays and interstellar medium
medium

Beryllium

:
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Ei] CRs secondaries/primaries: B/C

. -1
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CRs secondaries/primaries: LiBeB

s Helium

o Carbonx30

o Oxygenx28 Primary ﬁ {
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2 Helium

o Carbonx30

o Oxygenx28 Primary ﬁ %
Iﬁ

Aok ,“_w,-g_m.; %4{35&:1 AI[:J al%] 45]

primaries: Np ~ Q(E) - 7.(E)
secondaries: Ny ~ Q(E) - T*(E)

YER
A L|th|umx200$ Mg
e Berylliumx400

= Boronx145

Secondary
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EL AMS: positrons and antiprotons
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AMS: positrons and antiprotons
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%_ AMS: protons and antiprotons
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Solar activity indicators
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Bl /sotopes identification with AMS02
mass determination ——<_L1

v ltrelies on rigidity (R = Z°) and velocity
measurements (8 = v/c)

TOF
1 L2-18
m=RZ ,8_2_1 | Inner
Tracker
v/ mass separation: what mass resolution is
required?

TOF
depends on abundance balance but RICH-NaF
assuming 3o separation.... RICH-AGL

Z | elements “m | amount
1 2H, H 30% 2/100
2 | 4He, 3He 15% 80/20 v Charge (Z) measurement in many detectors
3 7Li. 6Li 10% 50 / 50 tracker L1, UTOF, tracker L2-L8, LTOF, RICH
’ ° ensures good charge separation
4 | 10Be, 9Be, 7Be 3% 20/80 v Velocity (3)
5| 11B,10B 3% | 70/30 TOF, RICH
complementar (overlapping) kinetic ranges
6 | 14C,12C 2% 7/100
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JUl /sotopes identification with AMS02
mass determination
v ltrelies on rigidity (R = Z°) and velocity 0:;5
measurements (8 = v/c) 098s
m=RZ ,8% -1 o
v/ mass separation: what mass resolution is -
required? .
depends on abundance balance but oot

assuming 3o separation....

Z | elements o amount B
1 | 2H,H 30% | 2/100

2 | 4He, 3He 15% 80/20 1005
3 | 7Li, 6Li 10% | 50/50 asss
4 | 10Be,9Be, 7Be | 3% | 20/80 E
5 | 11B, 10B 3% 70/30 i
6 | 14C,12C 2% | 2/100 g
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= Mass resolution

v/ tracker resolution [ inner Tracker or/R ~ 10% (R< 20 GV)

- :

E 9

°

§ 1" — Proton MC

'—g _ e Test Beam /

g | . 400 GV

290™~——"180GV A

- . | OF Upper
£ 1 10 10? 10°

Rigidity (GV)

v’ different detector regions of 8 measurement Inner

(Uﬁ /B )2:1 23
TOF Er < 1.1 GeV/n ~4 % ~2% ~1.5%

RIGHNAF | 0.7<E,<37GeVIn | ~035% | ~025% | ~0.15%
RIGHAGL | 2.6 <E;<12GeV/in | ~012% | ~0.07% | ~0.05%
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LL
o
-
= T T T T
017 A [ADataToF B DataNaF @ Data AGL E
(PRI BPIINEN BN BRI BT B 0.16 A MCToF I MCNaF  $ MC AGL E
o 2 4 6 8 10 12 S o
Ek (GeV/n) '.g 0.15 $ =
“4Eprotons ., - b 5 o1af- A ® =
mass resolution 05 3 Ronmp A + . E
Eot:%— i . = d 012§_§ # é _;‘%;
O'm_(O'R)@yz (0',3) % 02f 3 I ++++ . ¢ R
o 0.15F 3 s Helium 1 =
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5} Geomagnetic cutoff impact

primary particles arrive to AMS with a minimum varying rigidity that depends on its
location within the earth magnetic field

Exposure time of the experiment is dependent on rigidity

To notice that a rigidity cutoff corresponds to different thresholds on velocity for
different isotopes ( depends on A/Z)

-
1 - = s s s s s s s E s EEEEEEEEE.E....
0.9 _:
s gl S SURUUUNE SRS SOOI SV : =
r . . . . —
(A == W /7 S é..............é .............. é..............é .............. D’He4’Li6 =
: : : : He3 =
0.6 ST - - Li7 =
s . . . . . . . . . . E
0.5 . s T e aeaeasaeadeeeeaeaeaeaaan et eeeeeeeegeeeeeaaanana A e e sasarasasamesasanaaaaaaan e —
v M 1 1 M M 1 1 M M M =
g 20 e e B A T T T S T . S - U S S S
T s R SRRRRRY R SRS SRR SRR SRR
: 16 ; .............. ... .............. ... .............. -. .......
= 14 S s sssesssssssmesssseEsesesagsessssssssssssmssssssssessssgEsssssas
“;’ . . . . |
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h'g'l_ Isotopic separation methods

mass template method

[1 After applying Z selection: isotopes identification relies on the (8, Rig)

measurement /(R° rM)
The number of particles crossing the detector having measured tracKer Rm
observables R,,, 8,, and true rigidity R, /

velpcity | m

dN o< P(R,,) P(Ro|R) P [BnlBo (R, m)] z
= O(Ry) dRy £(Ru;Ro) AR, £ (B Bo) dfm

[]1 Data can be sampled in one of the variables and look how is distributed
the other one
= splitting data in 8 bins and distribute data in terms of mass M = f(R,,, 8.),

dN o0 Brop v

d_M o d . (I)(R()) dR() ’ /(leROa O-R()) /(ﬁmlﬁo’ 0-,30) ?

1

dB,
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EL Isotopic separation methods
folded rigidity template ) = //
[1 Choosing a very thin sampling of 8 (bin AB,, ~ 03/10) o B:m_azw// by 078, 073
P(BolBn) = P(Bo) P(BnlBo) Py :
% ,
dN m+0 10? i :
dﬁ() (D(ﬁ()) f / (ﬁm IﬁO) dﬁm - (D(ﬁ()) / (,80 Iﬁm 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 ([)3.8

[1 the selected events reflect the detector velocity resolution

Therefore, their distribution in terms of the true rigidity dN/dR, will show clearly

separated
= rigidity peaking at: Ro(8y,m;) (Bo energy loss corrections needed)
= The rigidity spread reflects the velocity resolution: & ~ -
[1 Build a folded rigidity template from true rigidity distributions
RICH-Agl 0.9863 < B<09864
PR Bo) = P (RolBo. 0,) P (RulRo(Bo, M) ol "

5 4000 -
3000 E-
2000 E-
1000 E-

0 5 10 15 20 25
R[GV]
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1y

v time period
May 2011 - Nov 2017 (6.5 years)

v data sample
100 million events He4
18 million events He3

v selection
B>0.73
Z =2 (Layer 1 crossed)

COII8I (6102) €CT TId ‘G109 SNV

_ , R [GV] R[GV]
same exposure time for both isotopes
v/ isotope population derived from
unfolded rigidity
RICH-NaF region: 0.9532 < j,, < 0.9537 RICH-Agl region: 0.9863 < §,, < 0.9864

ZOII8I (6102) €Z1 Td ‘qPiiod SWV

ZOII8I (610T) €C1 Td ‘9100 SWV
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EL Helium isotopes: flux ratio
|
- — . N .
0.18f— (a) ® AMS — [ (b) ]
] Fit to C(R/4GV)" for R > 4 GV i 0.2 —* * °He/'He -
0.16 WU Fitto C(RMGV) for R<4GV i = B/O ]
B - > . o B/C i
F- i - g2 of —
gm 0.14 — — % E i 1.
3 [ 1: ° i ; o 1:
S 02| 1: g_—o.z_—+ % o 4
: | I A S b
0.1 — ] ;% —0.4 -_ u o E _- §
5 _ n i
i R[GV] . 1z . R [GV]
L L i A A L L 2 2 3 32221 M 2 2 3 2221 M 2 2 2 22341 N
3 4 5 6 7 8 910 10 10° 103

v’ Above rigidities of 4 GV, He3/He4 flux ratio shows no dependency with time and is well
described by power law,

D o (%/)
v ratio spectral index (a) shows no dependence with rigidity above 4 GV
a =-0.29

comparison with other sec/primaries measurements: B/C, B/O
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= Deuterons

v/ deuterons are secondaries essentially created

by helium fragmentation lﬂsé— 0.985<P,<0.987 prown: ?

v although a large mass gap to protons wk e
(compared to heavier isotopes), its very low 2ol :
abundance rends difficult its separation from S :
protons N E
mass templates have to include tail 10 # 1 4t HE
effects ot e L

05 1 15 2 25 3 35 4 45 54

Reconstructed Mass [GeV/c?]

1202211 L1,

10°E 0.66<B,;<0.69 protons 3 10 0.928<p,,,£<0.938 protons = E_ =
3 Deutons 3 F Deutons E = 3
C Tritium ! ’ E_ 3
10 1SS data - E E
F 3 10°E = E
C . 5
L, 3 2E L T E
£10° - =] == —
: : E? =
o f o - <E =
[ SE- 3
10° = =1 ) =
3 3 0.5 1 15 2 25 3 35 4 4.5
3 "
C 10 .
10 -
I P I |

ol v PR 1 1 PR P P 1
05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5

Reconstructed Mass [GeV/c?] Reconstructed Mass [GeV/c?]
. . 8 antl e S Bt e
220 Te e g A 3 .
E ¥ T ' v M M E E T E
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AMS

- is the only magnetic spectrometer in space
- it will continue to take data for the ISS life time (2024)
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M Helium: detector induced background

v Z selection based on independent detector measurements imply that helium sample contains
negligible background from higher Z particles (Z > 2, < 1073)

v He4 fragments in the detector (mostly carbon and aluminum) into He3, H3, H2, H
He3 contamination can be estimated using the Tritium produced which is purely background,
as their production cross-section is very similar

v To estimate the amount of He3 detector induced in AMS, we charge select helium (Z=2) at
the entrance of the detector (Tracker layer 1) and singly charged particles (Z=1) in the inner
Tracker (layers 2 to 8)

Mass distribution of events interacting between both charge measurements (Tracker layer 1
and inner Tracker)

He3 contamination estimated as less than 10% for full analysis rigidity range

Helium fragmented events with velocity 0.9721 < 8 < 0.9954 measured by

30000 ————

the RICH detector (Agl radiator) - p . Data
— Simulation 7
— n
a r [ ] 20000 |~ —
°<.- 16 (Abdurakhim ) “He on different targets ] 2 16 +  °H(Glagolev etal) ‘HeonHtarget ] 7)) L 2
X B at 3.6 GeV/n b =) - at different energies - -E H 3H
g 1.4 [ ( m ) . é 1.4 [ »  ’He (Glagolev et al.) - o
~ - . w - - > -
= [ 1 ° f ] w - .
T 12f - 12 | ] 10000 [ -
e R - R : ]
o S S | I N SR SO B ] I ]
0.8f . 08f t . i
B ) 1 [ ] 0 M P | N M N
[ Li C Al Cu ] L . 0.7 1 2 3 4 5
0.6 —— s — v 0.6 —— e . — 5
10 102 1 Mass [GeV/c”]
A; E, [GeVIn]
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EL Deuterons: background

0 Contributions to protons and deuterons abundances from helium
fragmentation in the detector have to be evaluated and subtracted

B: 0.71-0.74
:I | I | L I L I | L | L | | L | L I L :
10° = ' ISS Data —=
S — Fit | =
10° = —
0 = =
t F -
= B il
S
=} =
2 stat: 0.4% .
= syst:3.5% 9
.%n 103 L ‘ - _E §.
z E 3
100 T —=
10

]
0.5 1 1.5 2 2.5 3 3.5 4 4.5
Reconstructed Mass [GeV/cZ]
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Bl deuteron/proton

O.II: T T T T T T T =
0.00F- ® June ‘11 - Nov ‘18 Preliminary data_

= refer to upcoming AMS PRL =

“UET e Variance: i gublication_E

0.07 - AT = 4 months P —

S 006 =
= = =
; 0.05;— —;
S onf- =
0.03 E— —E

0.02 E— —E

0.01 f— —E

c . - ] =

1 2 3 4 5 6 7 8 9 10 20

d/p ratio in terms of rigidity
O tends to stabilize above 3 GV
0 do not show time variability
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EL Helium isotopes: flux ratio

E °  AMS-02 E

0.3 - = PAMELA-CALO —

- o 0 PAMELA-TOF 7

0.25 [ A IMAX-92 -

L =Y % o BESS-98 -
g ar 0 BESS-93 1.
E- | — — GALPROP -
S o ] :
! ¢ 5~y . 1:
IS N |
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