Alpha Magnetic Spectrometer sulla Stazione Spaziale Internazionale:
stato e risultati dopo 4 anni di missione.
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TR Spettrometre multipurpose, GeV->TeV @§d§7
(g

Z, P misurate indipendentemente da
Tracker, RICH, TOF, ECAL
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PARTE 1 : Obiettivi scientifici
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Anti-Universe

Dirac’s Nobel speech

“We must regard it rather as an accident that the Earth [...] con-
tains a preponderance of negative electrons and positive protons. It
15 quite possible that for some stars it is the other way about.”
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ANTI-MATTER & DARK MATTER

WIMP as the responsible of Dark Matter (?)
Indirect DM search - search for (RARE IN CR) products from their annhilation....

X
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Positrons:  + 4 — e* + ...

my=800 GeV

my =400 GeV

I. Cholis et al.,
-arXiv:0810.5344 .
102 e* energy [GeV]



i Propagazionelinterazione <2

e, p are produced in the CR interactions with the ISM

PrHigy/PtHeg, . 5.
He+H,, / HetHe,,

I Diffusion
> HALO Convection
) 2 AM?O /\ Reacceleration
': E < uf\_ ) DISK |nteractions with the
=) - s . — Interstellar Medium
N 27 x 10% ly (B) (ISM):
l * Fragmentation
» Secondaries
«— 100 x 103 ly > * Energy loss

Information on Cosmic Ray Interactions and Propagation can be provided
by the accurate measurement of nuclear species e.g. BIC

C+(p,He) - B + ...




A

di Fisica Nucleare

N Fisica dei raggi cosmici &<

charged cosmic rays (GV-TV)
Gamma rays (E>1GeV)
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INFN quadro sperimentale pre-AMS @_gdg)
N E The electron bump? & No bump in Fermi / PAMELA data
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*PARTE 2:
Detector & Presa dati




orbita @ 400 km T=90min  zsdc’

LAT =-37.6 INC = 51.6
ALT = 230.0 D/N: 0:45:57 |

LON= -52.5 BETA_§73 & R _.
i oo BGMT = 215/12:45:00
. : A :

IFAE2015 - F. Nozzoli (ASI-ASDC & INFN)



wev presa dati monitorata h24 =i
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<Acquisition rate> = 500 Hz
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wn presa dati monitorata h24 ado

<Ach|S|t|on rate> 500 Hz
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variazioni termiche orbitali zdc)

AMS-02 is not a free-flyer
- attitude and sun exposition cannot be
controlled!

zenith

SU N zenith

orbit: plane
“AmS-02,

IFAE2015 - F. Nozzoli (ASI-ASDC & INFN)



ASI Science

Elettronica dedicata al controllo termico Casdg?

24 Heaters

TOF & ACC

8 Pressure Sensors
482 Temperature Sensors

64 Temperature Sensors

Magnet

68 Tempe
Silicon Tracker [y

rature Sensors

4 Pressure Sensors
32 Heaters
142 Temperature Sensors

96 Temperature Sensors

| m— Starboard

RICH




Esempio: effetti termici sul Tracker
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dopo il ri-allineamento del Tracker (ﬁé@;ﬁ
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INFN  AMS: un detector HEP in ambiente ostile Qgﬁdcg)

Tutti 1 sotto- ﬂVE'&tOI’I estenswamente testati a terra

Before assembly :
Beam test,
Thermal,
Vibration,

TVT, EMI

After assembly :
EMI, TVT,
Beam Test
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Tracciatore al silicio

casdc)

Coordinate resolution 10 um (for Z=1)
—20-UV Lasers to monitor inner tracker alignment
->Cosmic rays to monitor outer tracker alignment
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wx _ Time of Flight (TOF) (@sdc
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LN/Q | Rivelatore Cherenkov (RICH) <a§d67

beta resolution  0.1% for Z=1 particles
0.01% for ions

Redundant measurement of Z

PMT plane
' f,;;% Z =7 (N) A Z =14 (Si)
S P =2.09 TeVic AET p = 0.95 TeV/c
ST N eaa—c e
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Fleece—Radiator

LRP 375 BK (ATLAS)

One of 20 Layers

%ﬁé Transition Radiation (TR )

@ Ilonization
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TRD Classifier = Log,,(P.)
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a@ mCanrimetro Elettromagnetico (ECAL) Cﬁg_§dg_>‘,

p* e* A precision, 3-D measurement of the
directions and energies of gammas and
electrons up to 1 TeV

Lead foil
(Imm)

50,000 fibre, ¢ =1 mm
distributed uniformly Inside 600 kg of lead
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INFN Scala energetica: <%

|| 20
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0 50 100 150 200 250 300 350
ECAL Reconstructed Energy (GeV)

MIP ionization used to cross-calibrate
the energy scale in flight

ECAL energy comparison with Tracker
rigidity used to check the stability of the
scale over time

 ECAL energy resolution ~2% at HE

I  ECAL energy absolute scale tested

during test beams on ground
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Time
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detector ridondanti e/o complementari <a§dc;;
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INFN__ PARTE 3: risultati Bsdc

Published:

1.Positron Fraction ( 0.5-350 [2013] 0.5-500 GeV [2014])
2.Electron ( 0.5-700 GeV ) and Positron Fluxes ( 0.5-500 GeV )
3.All electrons Flux (0.5 GeV — 1 TeV)

in 2015:
1.....proton, he fluxes

2.....anti-proton
3.....B, C, Li, O ...ratio / fluxes




wx _ Alta statistica accumulata (=dc’

Billions of Events

To date AMS collected > 60 billion events

707 A -
=60 billion events are currently under analysis

63 <@ D
56
491
421,
351 eT/(et + e) measurement
28 Events collected g
214 Events reconstructed

14+ -

47 months of AMS operations
'7_.

Date
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vev_ Esempio identificazione e'/e (@sdc

-TRD: Front = |
- identify the particle as e*/e we?"i i === //
rejecting the hadronic hypothesis } ==/
I Ty
| == I//

_TOF: I  — | ——( -

- down going relativistic particle

- Z=1 i
-
<
-TRACKER: =
- ldentify charge sign (e’/e*)
- Z=1

- Measure P

-ECAL.:
- identify the particle as e*/e’/y rejecting
the hadronic hypothesis (BDT,E/P)
- measurement of energy b
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>
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INFN_ Frazione di Positroni : e*l(e* + &) (@50
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o || (10.9x10° e*, e~ events) ++H
o 0.1, "',éﬁ*
s gl
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No fine structures are observed, no anisotropies, slope suggests a maximum?




INFN __ Frazione di Positroni ad alta energia <2

i Fisica Nucleare

Positron Fraction

AMS-02

PAMELA
Fermi
AMS-01
HEAT

TS93

A Vv CAPRICE9%4

DA .'.
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Iniziata una nuova era:
Misure di precisione dei raggi cosmici carichi.
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N Modello empirico minimale &=

c 0.2

2 T

ajd - . .

g i Fit to Data with Model

= i X?/d.f. = 36.4/58

o 01},

c B ®

o i * Data

wjed . u

‘B - = Minimal Model

& 0 i | L i |

1 10 10? 10°
Describe electron and positron fluxes as  e* energy (GeV)
a sum of a diffuse component and a

common source with a cutoff energy : v -y =-0.56+0.03

cpe+ C E %+ + C E-s@EEs y_-v.=0.72+0.04
C.,/C.=0.091 + 0.001

— —Ya- - -E/E )
&, =C.E "%+ CE®re"ss C./C.. =0.0061 + 0.0009
1/E,=1.84 + 0.58 TeV-
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. Origine fisica del termine di sorgente?  (250<

1) Particle origin: Dark Matter

2) Astrophysics origin: Pulsars, SNRs

3) Secondaries: peculiarities of
propagation

>300 references to the first AMS publication
In 22 months..

Presentazione: N. Masi @ IFAE2015
“Interpretazione dei dati leptonici e
nucleari di AMS-02: implicazioni e
prospettive per la ricerca di materia
oscura”
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INFN Flussi di elettroni e positroni  (@5d<
L/ di Fisica Nucleare
300 . x
‘o 250E 25—E v E A\
5 f i cren ”’ 1T BEThRY Positron
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Both the electron flux and the positron flux are significantly different in their
maghnitude and energy dependence.

Both spectra cannot be described by single power laws.
The spectral indices of electrons and positrons are different.
Both change their behavior at ~30GeV.

The rise in the positron fraction from 20 GeV is due to an excess of
positrons, not the loss of electrons (the positron flux is harder)
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Il flusso somma (e* + e)
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Variazioni temporali
- Modulazione Solare

200

150

100

50
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E'x®/(GeVPm2srs)

Data
Fitto C x E’

y=—3.170 = 0.008 (stat + syst.) + 0.008 (energy scale)

o
The flux is smooth and it is consistent
with a single power law above 30 GeV.
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wen  Conclusioni
« AMSO02 e il piu grande
spettrometro che opera nello
spazio

Progettato per raccogliere dati
per l'intera vita della ISS

4 anni di presa dati: 60 Miliardi di
eventi raccolti

Misure di precisione fino alla
scala dei TeV

Evidenza di una sorgente esotica
nel flusso dei positroni le cui
caratteristiche sono misurate per
la prima volta con precisione

Sorgente astrofisica o evidenza di
materia oscura?

Nuovi risultati stanno arrivando!
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Electrons
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O o 1D fit to measure N, and N, &

Reference spectra for the signal and the background
are fitted to data as a function of the TRD classifier for
different cuts on the ECAL BDT estimator

10 2400

= electrons + positrons —— (e*+e) signal

—— Proton background

— Fit to data
x?/ndf: 1.03

|
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ECAL Classifier
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TRD Classifier

Measurement is performed for the BDT cut that
minimizes the overall statistical + systematic
_ uncertainty ( > &g,)
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w Nm 1D fit to measure N. and Np S s

Reference spectra for the signal and the background
are fitted to data as a function of the TRD classifier for
different cuts on the ECAL BDT estimator

s 1 = F
= 08F ¢ electrons + positrons @ 240 — (e"+e) signal
g 3 Fn) = = = ,.‘é-. 220 —— Proton background
© 0.6F > 1] 200 — Fit to data
O 04F [, 10° 180 x2/ndf: 1.00
- ooF ol 160
S E8 140
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-0.2F i 100
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Oty 60 +
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b 02040608 1 12141618 2 i ediue RN i e
TRD Classifier Ehi cassier

Measurement is performed for the BDT cut that
minimizes the overall statistical + systematic
_ uncertainty ( > &g,)
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e
di Fisica Nucleare

Dominating - K_nom_rledge of the TRD reference
systematic dlstr!I:_)utlons _ _
uncertainties - Stability of the fit result for dlffere_n_t
on Ne‘+e background levels, e.g. ECAL classifier cuts
w32 0
= RMS=4%  b) [ a) [500 - 700] GeV ||,
300+

16
14
12
260 10

280

240

220

-IIII|IIII|IIIIIIIIII||||||II|III|III|II
200 150 100 50 0.78 08 082 084 086
Trials E ecaL

The analysis was repeated 2000 times in each energy bin varying the ECAL estimator cut and
different values of selection cuts used to construct the templates and the stability of the results
verified within a 5% window in ECAL estimator cut efficiency
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v' Event Selection

v' Energy measurement
v' Exposure Time

- Detector acceptance
> Trigger efficiency
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C mome Detector Acceptance

Estimated with MC (Geant 4)

Nselected( E)

Aeff(E) = Agenerated X

Ngenerated( E)

Agcnerated = acceptance of the generation surface
N.ciectea = €vVents passing through active volume of TRD, TOF,TRK,ECAL
(Ageom = 550 cm2sr) and satisfying selection criteria (&.,=70-90%)

Aeﬂf — Agenm " €gel - (]- + 5)
& = data derived correction (-4%@2GeV, -3%@1TeV)
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§ i o Systematic Error

W [© | e Statistical Error o
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Jp 5.

N
Tg |
@
e
o

Acceptance
uncertainty

Signal identification

107 systematic
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1 10 10° 10°
Energy (GeV)

m Measurement error dominated by the acceptance systematic below 100 GeV
m Statistical fluctuation dominates the error above 200 GeV
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The Acceptance (asdc)

Acceptance (m? sr)
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Determined with ISS data using with unbias trigger
(pre-scaled by 1/100)
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@i/m N The Tracker Efficiency @sdc

# of electrons with a track
# of electrons passing through TRK acceptance

Track reconstruction:
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Exposure time: geomagnetic eﬁect@m’

CR
CIQR>Rcutoff\ / <Acquisition rate> = 500 Hz
Eﬁﬁ;; is of rotation 30; é 5 ; é s f 3
CNA‘ x oo S,
“‘ 40 -
20
0
....L”nii?“"" ~150 100500510 1(;6"' 150
- Longltude (°)
<Livetime> = 89%

Effect on data taking:

-Reduced livetime: in South Atlantic
Anomaly region and close to
geomagnetic poles.
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Is‘imlo NaZion'I. Ex ti m
di Fisica Nucleare
—

The exposure time to a given energy along the orbit is performed only
considering the time spent in the regions where the rigidity cutoff used in
the event selection is lower than the energy.
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The (e +e*) flux:
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e* + e flux measurements with AMS

..Taking into account also the knowledge of the energy scale....

E® x @ (GeVZ [m? srsec]™)
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EXAMPLE:
Minimal Model Fit to the data

Diffuse Flux Source Flux

‘l)ﬁ+ — Ce+ B Tet CSE—’THE—E/EH
&, = C,_F - 1 C,E1eB/E

Simultaneous fit to

— a) Positron Fraction from 2GeV
— b) Electron + Positron from 2GeV

* (Ve- B Ve+)’ (Ve- - vs)l Ce+l ce-I CSI Es are
constant

* Y.. IS energy dependent below ~15 GeV.
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Minimal Model:

Diffuse Flux Source Flux

O+ =[Cor B et + CSE_%E_E;E”
O, =[N | CSE—THB—E{ES

Fit to a) Positron Fraction from 2 GeV
determines the relations:

Ye. = Yer =-0.63£0.06
Ye. - ¥s=0.66+0.05
C.. /C..=0.095+0.003
C./C.=0.008+0.001
1/E, = 1.3+0.6 TeV!

o

P o

o w
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| | 1

Positron Fraction

0.15
0.1

0.05

“Diffuse F

a) Positron Fraction

I | I e ""'ll

10

10° 10°
Energy [GeV]
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Minimal Model:

Diffuse Flux ~  Source F_Ifg;E Fit to b) Electron + Positron Flux from
Do+ = Cer B et +C,E Te ’ 2 GeV determines y, and C_.

$,- =C,-E Ve + C,E e B/Es

—~ 300r | . . e -
,;‘_” : b) .
w 250 Electron+Positron
- Flux

; Diffuse Flux :

0 | | | | L1 | l l [ | | | | | L1 11 |
10 10° 10°
Energy [GeV]

Y.. is energy dependent below ~15 GeV
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Minimal Model:

Diffuse Flux Source Flux
— et —Ys ,—E/[E;
Do+ ={Cetll +HCET e Prediction from fit it to a)
¢, =0 B T +E e Positron Fraction and b)
Electron + Positron Flux
~ 300——rrm ———
n

- c) Electron Flux i

; Diffuse Flux :

0 | | | | L1 | l l I | | | | L1 11 | ]
10 10° 10°
Energy [GeV]
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Minimal Model:

Diffuse Flux Source Flux
— et —Ys ,—E/[E;
Do+ ={Cetll +HCET e Prediction from fit it to a)
¢, =0 B T +E e Positron Fraction and b)
Electron + Positron Flux
o 35 I T T | T T 1 T 1
7)) E . 2
‘Eﬁ 30 d) Positron Flux E
N'E 25 ]
:EG L _
o) 20
Ti 15[ .
=~
w19 Source Flux
5k b
- Diffuse Flux ]
B ] L 1 1 1ol L L L 1 4 oo E & =

10 10° 10°
Energy [GeV]
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Minimal Model:

Diffuse Flux Source Flux
— et —Ys ,—E/[E;
Do+ = -+ Prediction from fit it to a)
d,. = C.-E " + C,E Te E/Es Positron Fraction and b)
Electron + Positron Flux
1l_-"""- BDD_ 1 IIIIIII 1 1 IIIIIII 1 | IIIIIII
o -
T - e) Electron Flux - Positron Flux
@ 250 (Electron diffuse component fro
= - ~ 30 GeV)
¥, 200
m -
O "

T T .

n
O
ERRERE

Diffuse Flux

D 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII

10 107 10°
Energy [GeV]
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Measured Distribution
Electrons;

Expected Isotropic Distribution

The incoming direction of electrons
above 16 GeV in galactic coordinates

yields & < 0.01 at the 95% confidence
level

The incoming direction of positrons
above 16 GeV in galactic coordinates

yields & = 0.03 at the 95% confidence
level
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