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A precision, multipurpose, TeV spectrometer

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL
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201 I: AMS launch - @ JSC, Texas

Houston, JSC — 16 May, 2011
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Cape Caqav;a-l, KSC‘-'
16 May, 2011, 08:56 AM
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2[AMS has collected

203,924,182,396

_ " cosmic ray events

| Last update: June 2, 2022, 6:12 PM

AMS-02 time on ISS since May 19th, 5:46 a.m. EDT:

'. ll' B 3 2 DAYS 8 HOURS 5 g MINUTES 3 8 SECONDS
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ISS Data — 1.03 TeV Electron

Run/Event 1315754945 / 173049 GMT Time 2011-254.15:31:15

AMS Event Display
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AMS measures : N
e Momentum (P, GeV/c)
e Charge (2)
 Rigidity (R=P/Z,GV) =~ -~
e Energy (E, GeV/A) |
* Flux (signals/(s sr m?GeV)) PR
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e/p discrimination

One important lesson from the
AMS experiment is the
importance of the redundancy:
use one detector to create
control sample for another one.

(i.e. likelihood) between “ | _Xzot‘o.i;b:;i;?m
dE/dx and TR in 20 80
layers of fleece radiator 4«
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Charge measurement

Charge Resolution (Z=6)
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Mass separation (i.e. isotopical measurement)

ISSData:6GV T eienie
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m2 Momentum Scale Verification
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The ac.curacy of the momentum is determined to be 1/(30,000 GeV) i.e.atl TeV the uncertalnty is 3%
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s Study of P05|trons & Electrons
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5 AStUd\/.foPosit.ronS"
. ey \ N . 2 - Collisions New Sourée or Dark Matter
@i ) = —[Cd<E/E1)” +C(EVE;) " exp(~ E/E;)| -

The p05|tron ﬂux is the '. o AMS positrons * *

- sum of Iow—energy ,
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e " co_llisic'_)ns.plu's
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Study of P05|trons & Electrons

" The finite cutoff
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- . 'The
' cbntribu_tion
from cosmic
ray .c.dllision'_s is
‘negligible _
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g Electrons .

.Eliec:t‘r'qn'.,s pect-rurh

‘without source term
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] Electro'hS' .

(E) = S(E)[Ca(Z?/Ea)ya + c,,(E/E,,)y” + f.Co (E/Ez)ys exp(— E/ Ee )]
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(s Nuclear matter

In ten years we 105
have studied 15 _ g
e el 10
(16) elements. 107
Inthenextten 446
study the other . 14
14 elements.  1Q3

This will provide
~ the foundation
for a Chy
- % Ee
-comprehensive Yoy, 9
theory of the -
' cOSmMos
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Nuclear matter

| The full set of AMS results is, challenging all the theore‘qica,l models .
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Primary elements (H, He, C, ..., FeJare
produced during the lifetime of stars. -

* They are accelerated by
| . ‘the explosion of stars (supernovae).
3
10, . : 140

4 | B i L |

- T +  Helium 125 Million 7

= 1 - Carbon 14 Million ]

S 1 o Oxygen 12 Million .
W 3198 ‘ﬁl — 105

()] - -

S LTI AR ]
Surprisingly, 5‘: 2 165 — 70

the primary cosmic rays x T 7

.~ . HeCandD . - 3 1 ]

have identical rigidity (P/2) w4 Rigidity R [GV] -
. dependence . ’ . 1 ' bbbl 35

70 102 2x10? 10° 2x10°
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(2 Secondary Cosmic Rays |

\' . 7 . -Secondary cosmic nucléi (Li, Be, B, ...) are produced by the collision of

=, ‘ o . primary cosmic rays and the interstellar medium.
\' Super"? |

*Secondary cosmic rays also have identical rigidity dependence |

3
5 A0 S — -
b — - 3
Oxygen 0] " « Lithium x200 ]
. w B o Beryllium x400 ]
- | Carbon » 3 + Boron x145 -
Interstellar q'; _, ]
N = -
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X »
x 1
X N -
TH C i
| . : _ 0 [osl : . ] M
Boron . V. -' | 70 10>  2x10° 100 2x10°
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msel Primaries vs Secondaries

3
4 x10 - ————
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Each has their own o 4 ézé 008658808802 -
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N i 'J‘h_ i
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He!avie'rp‘r.irnary cosmic rays

W
o

Heavier primary
~cosmic rays Ne,
Mg, S+ - .
_have their own’
identical rigidity .
behavior but
 different from.

Flux x B [ m2s7sr' (GV)'"]

. T T T 1 T T I .
4 Neonx 1.2 A Helium/14

o Carbon/4.7
o Oxygen/5.1

= Siliconx 1.1

‘He; G, 0. =+ -
"Unexpectedly, . L
primary cosmic =
EVEEV KL 10 |
leasttwo i g X
classes. - L Rigidity R [GV]
: 9 ' L L ] ] PR T R | ]
10 2x10? 10° 2x10°
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‘Unexpected Result:

Ironis'in the He, C, O -

primary cosmic ray

group instead of the
-expected Ne, Mg, Si
group. - "

Flux x R [ m2s'sr! (GV)'"7]

X e
-A
o .
1 ®

o Helium
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e Ironx180

e Neonx170
= Magnesiumx140
» Siliconx160

70 107 25102
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Unexpeéctedly,
secondary cosmic rays
-also have two classes

Flux x R [ m2s7'sr! (GV)"]
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Third group.

| ',The‘_ThirqI Group of
. Cosmic Rays:

The fluxes are well

. ..descrlbed as a sum of
. aprimary component
-+a se_condary

Flux x R [m2s'sr (GV)'"7]
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0 ._ ] L33 gl I I ] L3 o3 a3l I 1
<) 10>  2x10? 10°  2x10°
Rigidity R [GV]
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’

Provides unique information on production
and propagation of secondary cosmic rays
- * (®7Li, >7B) and age of cosmic rays (*1°Be). |

. Primaries
. Secondaries ..

A

Protons

T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10

Neutrons -

' oe/os/22 Y M. Duranti - PPC2022 . - T 37



.9Be . ' stable
*’Be ’“_1'-'4 10°y

~AMS data constrams the
halo sizeh-
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T|rne varlatlons protomns .

Yearly, Monthly, Dally Proton Flux from 5.5 b|l||on events
. Unexpected observation of periodic -
"L : structures which are momentum dependerit

. L ERT R 2017
[1.92-2.15] GV
[2.97-3.29] GV

&

- These are new and unique probes of .
F fundamental properties of solar.
' system and provide safety, .
information for interplanetary travel.- . ¢

% Flux [m'zs"sr‘GV"]
1000 1500

2011

. :  [4.02-4.43] GV
. . . ‘ . [5.90-6.47] GV
- : ' ' [9.26-10.10] GV

2013
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— WS - L LS
& rrotons vs electrons and positrons

Positron vs. proton-

221
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. Positrons and protons
fluxes have a linear relation
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fluxes is a surprise
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ConcIUS|on

| s
.AMS

s in ) the first 10 years AI\/IS 02 produced a wide set of hlgh statlstlcs
& .;hlgh accuracy, unprecedented cosmic C ray measurements :

. this set of measurements is challenging the theoretical
. 'communlty for a fully comprehenswe model abIe to explain all
the observed features

“+ AMS will bee operated for the full life-time of the 155/(20322). In
. case: of upgrade 'some channeIs will have a S|gn|ﬁcant boost in .
statlstlcs/accuracy * B :
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- one plane, two

*& N\\S-02 upgrade "LO". .
| g S Lo .U
bending direction . rotated 45° .
-+ 7 micron . . 10 micron bending
| ' 10 micron non-bending.

" New Silicon Tracker Plane

. New Silicon .
Tracker Layer:

ladders of
12 sensors

" ladders of
10 sensors

ladders of "
|| ||||||| 8sensors
.

layers, each ~.
*4m

. Aci:eptance i-ncriea‘sed tb .'3.0(.).% (1(5-years . :
data’becomes 30'years data) .
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- 10x10 cm? sensors
.- (INFN-Perugia, Italy)
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