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The instrument .
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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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.| AMS has collected

208,689,847, /794

cosmic ray events

Last update: September 7, 2022, 8:56 AM

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

| ll' 1 2 8 DAYS 2 3 HOURS 2 ll' MINUTES 1 8 SECONDS
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ISS Data — 1.03 TeV Electron

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

| | |
| fr l ' ' i ! . : !
ont H i - i . side , :
VIEW  =—— 7 view = T 7
1 1 1 ] I|= = ;‘?Il = '(ll T 1 Illv:!l r!rg'_l
— &
”"' ; TRD: == ESEE
=== ===V identifies the'T = —T
electron %ﬁ
—”‘ I| \\‘~\~~\\ \
# ~~~~~~~~~ Tracker and Magnet: /
TOF: sign of | _____.-----= measure the momentum
velocity and f lf
trigger " /
] : ———
i T RICH unitary T 2 T
] charge (2)
OO T G O T [T OO T
=———————=, ECAL: identifies the electron ——
3 ' —— fmeasures the energy = l ]

14/09/22

M. Duranti - DMNet2022

10



TOF

Tracker
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AMS measures : | ‘Be

Beryllium
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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

Study of the difference £ 1a0F = o
(i.e. likelihood) between “ %

dE/dx and TR in 20 layers 80?
of fleece radiator +  .of

20F

straw tubes

control sample for another one. 1 DU o classiner
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Physics Results .

" 1aj/o9/22 Y * 1. Duranti - DMINet2022




m@ Study of Positrons & Electrons
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e Study of Positrons & Electrons.
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Positrons

Fits of the data to

CEy, E < Eoi

@ +(E) =
e+ (E) CEY(E/E,)% E > E,.
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Electrons

Traditionally, Cosmic Ray
spectrum is described by a power
law function.

Ay= 0.080+0.014
60 effect

Change of the behavior at ~50
GeV and at ~1 TeV
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Am‘s’"oz Antiprctons. \VAS pOS.itr'OnS.

‘Antiproton data
show a similar |
- trend as .
positrons.

+’+.*
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Awl{oz Antiprgtons. \VAS] pOSitr'OﬂS.
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¥, % e, e AMS Data
. 'The positron-to- -
."" antiproton flux"
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constant

e*/p flux ratio’
w

- independently of

| " energy.
Antiprotons
cannot come
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5% Study of Positrons’
E— — = ' : N 2 ~ CQIliSi.OthS New Source or Dark Matter
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m@ Study of Positrons & Electrons

_ Ez - Collisions New Source or Dark Matter
.- o . =5 ' Vs = "
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s ConcIUS|on

-in the first 10 years AMS- 02 produced a W|de set of hlgh statlstlcs
- ‘_Lh|gh accuracy, unprecedented, cosmic ray. measurements -4

" this set of measurements is challenging the theoretical
- community for a fully comprehensjve model able to explaln aII
the observed features | |

AMS will be operated‘focth'e'full Iife"time of the ISS'(2032?) In -
- case of upgrade, some channels will have a S|gn|f|cant boost in
statlstlcs/accuracy ' » '
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Ams—o"z upgrade "LO'?-

. New Silicon Tracker Plane - . LO-Y LO_U
bending direction . ' rotated 45°
+ 7 micron . .10 micron bending
‘ 10 micron non-bending.

New S|I|con
Tracker Layer:
one plane, two
layers, each ~

ladders of ladders of
12 sensors

n 10 sensors

ladders of
8 sensors

Acceptance mcreaised to 300% (10 years
data'becdmes 30 years data)
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Stay tuned...
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bending plane
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| ‘Unexpected results from the Study of P05|trons & Electrons

‘The posﬂron qux is'the sum of a Iow-energy part from cosmic ray

P+ (E) =

collisions

‘plus a high energy part from pulsars or dark matter

“The antiproton spectrum rules out the pulsar origin of positrons..
Bulk of electrons originate from different sources than positrons;

~ but highest energy electrons show positrori-like contribution at 26 level.

2

ol [Cd(E/El)l’d+C (E/EZ) exp(— E/ES)]

o AMS positrons

Positrons from
cosmic ray
collisions

Positrons from
new source
or
Dark Matter

Esd)eh. [GeVZ m2 s s ]

e (E) = s<E)[ca(E/Ea) X cb(E/Eb)
+C(E/E,)" exp(~ E/ES )]

* AMS electrons
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’oo.
L
s
[

Powerlawb
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e AMS positrons

including positrons from cosmic ray collisions ++

peft

)

& ?

'SR s
Positrons = _*_‘_,,,«/4’

b ! e - T Tyywy
. '_and-, d Dark : Spectrum drops due to
Matter the energy-momentum

- Model * conservation

Positrons from

Cosmic Ray CoIIisionIs EnergyI [GeV]
10 100
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Time variations: protons |

Yealjly, Monthly, Daily Proton Flux from 5.5 billion events
: Unexpected observation of periodic -
structures which are momentum dependerit

{1.00- 2017
[1.92-2.15] GV

[2.97-3.29] GV

“ These are new and unique probes of e el g et %“»%/
. fundamental properties of solar )
- system and.provide safety, : VL0 Trmssrany
information for interplanetary travel. = - ' w0 100 50

[5.90-6.47] GV
[9.26-10.10] GV
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Protons vs electrons and positrons

Positron vs. proton- . . . _Electron vs. proton

no
N
—
o

[1.00 - 2.97] GV [1.00 - 2.97] GV

2011

N

4III|.IIIlllld)lll|III|III|III|III|III|I

2019 .

—_
[e2]

2019 - .
1.8 Cine

—
N

1.6

1.4

—_
N

1.2

1

0.8

o)

e, .
P s Ak 1Y .
SRS
.;.\:-1:..: s N :{
wy. .
<.
et o

. ’- 33

0.6

2en
Ry

()

0.4 2015

Electron Flux [m2 s st GV]"

>
O
’,
n
n
‘N
B
X
=
Lo
C
O
p -
=
N
(@)
o

%200 ‘Aéd"ééd“ééd"%od"ééd“éédf‘{obb HHoo %50 400 500 600 700 800 900 1000 1100
Proton Flux [m2s st GV]'1 L Proton Flux [m? s sr'GV]"
The relation between
‘the electron and proton .
fluxes is a surprise

P05|trons and’ protons
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1ajos/22 . LY * (1. Duranti - DMNet2022




A particle physics experiment on ISS

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

3615DAYS 13HOURS 3l|'MINUTES BBSECONDS 17516761581;484

cosmic ray events

Last update: April 11, 2021, 10:36 PM

LAT = -37.6 INC = 51.6 —t

ALT = 230.0 DIN: 0:45:57 @ o

LON= 525 BETA-67.3 B -3
e




Energy measurement
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ECAL energy absolute scale

calibrated and tested during Beam Tests on ground
ECAL energy scale known at 2% level in

[10.0 — 290.0] GeV

At high energies (>100 GeV), the energy
resolution is better than 2%.
This has been checked in a large Beam Test
campaign and is well predicted by the MC
simulation

Test Beam Electrons
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Energy scale

ECAL energy scale known at 2% level in [10.0 — 290.0] GeV

[ Energy resolution Historically the error on the absolute
v Absolute scale uncertainy | ENETGY Scale is not quoted and not
rrrrrrr e~ | plotted or quoted/plotted as error on
SR W the energy (i.e. "on x") and not on the
flux (i.e. "on y"):
004 ~C0 0 S O AU _ 1 O
: P Y abs
0.02F v ..
obul v vl vl
1 10 10° 10°
Energy (GeV)

 For each energy bin, the flux measurement is reported to a representative value

E of the energy in the bin for a flux E-3 )
* the uncertainty on the energy scale is associated as an error to the choosen E




Energy absolute scale

The comparison of the ECAL
energy with independent
Tracker rigidity measurement
+ used to ensure the correction

} absolute scale
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* Installation of one additional
sylicon tracker layer (~7 m?):
layer 0 (LO)

» Acceptance X3

Flight Support Structure
F?E<-;>
Layer-0

Latch- Brackets

Layer-1
Bridge-Latches

Brackets

20" AMS-02 202 AMS-02.01 202 AMS-02.02
InstalledOnISS 1° Upgrade:UTTPS 2° Upgrade:L0




AMS Upgrade

AMS-02 Upgrade

* How? LO, an additional two side silicon layer (~7 m?) on top AMS-02
* What you gain? 300% increase in the acceptance for most of the channels
* When? install LO in 2024, the sooner is LO installed, the larger is the statistics gain

L0-2, Z=170 cm

—

L1, 2Z=158.9cm

A
. >
K

2030, With AMS Upgrade
4 sigma detection of source term

K Projection AMS Upgrade
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Projection to 2030 with the upgrade
A }
¥

including positrons from cosmic ray collisions
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Accurate Measurement of Positrons
. For every. cosmlc p05|tron there are 10,000 cosmic protons
al% measurement requires a e*/p separatlon of 106

_Transition Radiation Detector (TRD)
+/p separatlon of "'103 .

4
i.
il

TRD Proton Rejection
R gapaainng]

Momentum [GeV/c]
il . MR | N PR

10 102

Electromagnetic Calorimeter (ECAL)

Ee.*/.r.>.s.t.e.l,Oara,ti,c?'r.'..9f",'1.0‘.‘.--'- / Eonr A ;
i e I T T TRD and ECAL are separated by the

magnet so that e* produced in the

spectrometer do.not enter the ECAL

ECAL Proton Rejection

 Momentum[Gevic] : ' | e*/p.separatibn of >'1.06
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