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AMS on the International Space Station

e Primordial Antimatter
search with 10
sensitivity

« Indirect Dark Matter
search (e*,p, )

- Relative abundances of
nuclei and isotopes in
primary cosmic rays

* Y rays astrophysics
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The purpose of the AMS experiment is to perform accurate, high statistics, long period
measurements of charged cosmic rays (O(GV) - O(TV)) and Yy rays (E>1GeV)
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Z, P are measured independently by
the Tracker, RICH, TOF and ECAL
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- ‘AMSﬂ_in_gfacts
e S mx4'mx3m!

e 7.5tons

e 300k readout
channels

* { More than 600
microprocessors
reduce.the data
rate from 7 Gb/s to
10 Mb/s
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*. Total power
consumption < 2.5
kW
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May |6 201 |: launch!

Houston, JSC - May 52011@ 07:56 AM = it &)
gomodl, Zel -
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May |9 201 I: installation!

B J<= ISS - May 19, 2011

AMS installation completed

r
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LAT =-37.6 INC =51.6
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Orbital parameters
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Thermal environment

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

orbit plane
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Flight electronics for thermal control
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Seasonal effects on Tracker
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Silicon Tracker

Coordinate resolution 10 um

- 20-UV Lasers to monitor inner tracker
alignment

- Cosmic rays to monitor outer tracker
alignment

| a0’ i
120
100

80

60
40
20
0
41050 05 1 \
[ ]

(400 GV)/Rigidity -1

Rigidity resolution dR/R
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9 layers of double sided silicon microstrip detectors 4 - '”“1"0 - 1:)2 - 1;3 —
192 ladders / 2598 sensors/ 200k readout channels Rigidity (GV)
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Silicon Tracker charge resolution

Abundances not corrected for detector efficiencies
H and He prescaled

E§§§%§

| ILULRLLL IIIIIIIl T III[III|

Thanks to several energy deposits in silicon and
the High Dynamic Range of the Front End
electronics, the Silicon Tracker has a very
accurate charge resolution

& \4 2> ~0.1c.u.
102?\ ﬁ%%
10;\ 10 Heavy nuclei fragmenting to Boron
: T
1§\ Q>) - J 10! B—-B
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Tracker Charge Estimator 10 = . /o
- } C-B
The first layer (L1), used as a 10° = N B
standalone charge detector has a - ~
charge resolution (~ 0.3 c.u.) that A ..
allows the identification of the YE L ==Y 0-8
. . ~ [ $
fragmentations, being at the top of - i{* = s
the intrument (TOI) 1oLt ¢ = I
4 5 6 7 8 9 10 11
Tracker L1 Charge measurement
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Transition Radiation Detector (TRD)
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TRD e/p separation
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(1mm)

Fibers
(¢Imm)

50,000 fibers, ¢ =1 mm

distributed uniformly Inside 600 kg of lead

A precision, 3-D measurement of the
directions and energies of gammas and
electrons up to 1 TeV
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ECAL e/p rejection
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Full coverage of anti-matter and CR physics

_ . + —
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AMS data on ISS - 1.03 TeV electron

AMS Event Display Run/Event 1315754945 / 173049 GMT Time 2011-254.15:31:15
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AMS-02 First Published Result

“First Result from the AMS on the
ISS: Precision Measurement of the

Positron Fraction in Primary Cosmic
Rays of 0.5-350 GeV”

Selected as a
“Viewpoint” by APS

120
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N (e)] [o0]
o o o
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o
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| | | | |
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2013

0 | |
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PHYSICAL
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Articles published week ending 3 APRIL 2013

- Tracker

Published by
American Physical Society.

Q@ Volume 110, Number 14
physi
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Positron, fraction (0.5 — 350 GeV)

-
Q

Positron fraction
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The data show that the positron fraction is steadily increasingfrom |- AMS-02
10 to ~250 GeV, but, from 20 to 250 GeV, the slope decreases by (6.8 million e*, e~

an order of magnitude. events)
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No fine structure in the spectrum
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Positron fraction @ high energies
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Minimal empirical model

_ O Data Qo
= it to Data with Model
x%/d.f. = 28.5/57

1 10

10° e* energy (GeV)

Describe electron and positron fluxes as a sum of a diffuse component and a common

source with a cutoff energy :

(I)e"' = Ce"' E “7e* + CSE_}’S eE/Es
(I)e_ = Ce_E'Ye' + CSE')’S e-E/Es

Yo. = Yer = —0.63 £ 0.03

Yo — 7V s=0.66%0.05

C../C.=0.091 £ 0.001

C,/C.. =0.0078 + 0.0012

1/E,=0.0013 £ 0.0007 GeV™', (760*19° GeV)
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005

Origin of the excess

Astrophysical objects
Cholis arXiv: astro-ph/1304.1840

1.00 T
All Milky Way pulsars
0.50r
107
020 o
N 2 \
© 010} PAMELA . S \
= 4= = i
V) .Q.) i
1

Dark Matter
Kopp hep-ph/1304.1184

—— AMS -02 data
— UT g m, =610 GeV, (ov)=4x10 Fem3 /s

002 10°2F====W W " m,=1TeV, (ov) =1x10 " em'[s |
—— Background
1 5 10 50 100 10! 10* 10°
E (GeV) E [GeV]

Different energy behavior of the positron fraction:

Dark Matter prediction:
- steeper fall at high energies
- isotropic positron flux

* Pulsars predictions: .
- slow fall at high energies
- anisotropic positron flux
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Positron (e*) flux
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Electron (e) flux
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All-electron (e*+e") flux
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Proton flux
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AMS-02 proton flux and the Pamela’s break

‘}’ AMS data, a 3.1% scaling uncertainty not included
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AMS-02 helium flux and the Pamela’s break
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PAMELA Measurements of Cosmic-Ray Proton and Helium Spectra
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Boron to Carbon ratio
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Conclusions

 AMS is the Cosmic Rays observatory of
the next decade

« AMS data have potential to shed a
light on the nature of the Dark Matter

* The observed positron excess may
imply a heavy Dark Matter WIMP
particle or a new mechanism of
acceleration in the pulsars

* Observation of anomalies in the anti-
proton spectrum would be an
evidence of the DM hypothesis

* Accurate measurements of the CR
primary components are being
performed

 More statistic is needed

* AMS precise measurements are s ling hapbehs it will take
promising new Physics e whole I1SSlife-(2024).:

e
g
. 0 )

16/03/14 M. Duranti 38



A\




Backup
slides




Carbon (Z=6)
AZ (cu)

0.30
0.33

3. Upper TOF (1 counter) 0.16

0.12

5. Lower TOF (1 counter) 0.16

0.32
0.30
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The (e"+e°) flux measurement

Nops(E, E + AE)

®(E,E + AE) =

| AE AfFeXp Aeff Ctrig
® = Absolute differential flux (m=2sr -1 GeV-)
N = Number of observed events

obs
AT, = Exposure time (s)

A, = Effective acceptance (m?sr)

E.i,, = Trigger efficiency

16/03/14

M. Duranti
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Acceptance
Estimated with MC (Geant 4)

3.9m

Nselected(E)

Ngenerated(E) )

Aeff.(E) = A

generated X

)
N\

A
N

generated — @cceptance of the generation surface

selected = €VeNts passing the selection criteria
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Acceptance

The final acceptance (i.e. after the selection cuts)
is evaluated using MC

S
o
0.06— o
- Illlllllll.llll............
~ 005:_ l.-..
o | - -. DDDDDDDDDDDDDDDDDDDDDDDDD
= - . oD Ooo0pg
~ 0.04_— O
§ - =0 The effect of every
S 003, " cut has been checked
g:' . D':' | on ISS data and, if
e 002 g = Preselection needed, the value of
- 0 o Selection acceptance
0.01g" o e “corrected” (O(%))
1 10 102

Egen (GeV)
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The trigger efficiency

e © 0 0 0 0 0 00 00 000000t e

0.9 = The trigger efficiency
08¢ has been determined
> 0.7 = with ISS data using
< 0.6E the “unbiased
2 0.5 = trigger” (a trigger with
s 04 looser conditions,
8-2 = pre-scaled by 1/100)
01— 100% efficiency at E>3 GeV
O E| | Lo | Lo |
1 10 10°
Energy (GeV)
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Systematic error:acceptance

# of e* with a track

Track r lon:
ack reconstruction: o~ through Trk acceptance

The effect of every
cut has been -
checked on ISS & -

S naF M m
data and, if needed, & *°- ¥ 7 S PR YNIEREYERL B 5
the value of 0.8 7SS DATA
acceptance 0.7 o NC
“corrected” (O(%)) | , |

2 11F

w- n :
The uncertaintyon ~ 2"®F 0<1% . a
the MC/Data V' \F oo o o morooagt—F ‘
agreement has 0.95 =
been quoted as 0.9 -
systematic T BT

Energy GeV
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Systematic error:acceptance

The effect of every

> 8 TRD hits used in the estimator

cut has been > F L]
checked on ISS E 3 BﬂﬁMMsaaM!sggguusmsgg&@@@@g”y
data and, if needed, § 09—
the value of ® 0_8f_gi
acceptance ] 1 1SSDATA
‘“ ” 07I ® MC
corrected” (O(%)) =
g 1.151—' - '
The uncertainty on iuo 1'0515
the MC/Data F o5t
agreement has 09E
been quoted as 0.85-
systematic 0.8 L e
1 10 107
Energy GeV
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Systematic

error: stability of the signal vs ECAL BDT cut

| h Occurrency
'n €ach energy 0 10 20 30 40 50 60 70 80 90
Interval the Cuton > : -III||IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
the ECAL BDT has g 2300 [102.5,109.4] GeV ||

: Q0 - i
been varied around © 2200F -
the_worklng pqlpt to 9 51000 5
verify the stability of 3 : :
the measurement. Z 2000 “MH’ | -

1900 i £ —

Thg RMS of the 18005 5
estimated number -
of e*, over a wide 1700;_ ]
range of BDT cut 1600F -

. : n Mean 1931
efficiencies has E T ; RMS 21.02
been quoted as 0.5 0.30.4 05 0.60.7 0.8 0.9
systematic BDT cut efficiency
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Systematics: bin-to-bin migration

1.7% @ 100
GeV

The effect is
not negligible
only below
few GeV

Energy Resolution(%)

\( 70E-4) + (1.4)°

16/03/14

------ n|----1---“---I.------‘-------I---"l“"'
S TSSO
100 200
Energy(GeV)
M. Duranti




TRD e/p rejection on ISS

I

—

o
™~

3
°

At high
energies the
rejection
could be
easily
improved
tightening
the cut

-

o
w
|

—
o
N

L IIIIII|

70%
80%
90%

-t
o

[ IIIIII|

Proton rejection at 90% e* efficiency
| IIiﬂIIIfIﬁI?IIIII | IIIIIIII | IIIIIIII | |

i
10°
Rigidity (GV) |

10

—

—
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ECAL e/p rejection on ISS

ECAL classifier,
combined with
the energy-
momentum
matching,
exceeds 104,
below 200 GeV,
and it becomes
~103 at E~1TeV

Proton rejection at 90% e* efficiency

—
o
)

-
o
'

-
o
w

-
o
N

-
o

C Ot ee ]
E_ ................................................................................................ S0 SO O §i Lo _E
F | U
- ECAL BDT (for signal efficiency of 90%) -
. N -
o E/p>0.75 -
R R IR R

A

10

102

10°
Rigidity (GV)
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30

Trac Ry

ke % 4

'Charge 25 " Ty toF O
Resolution: AZ =~ 0.05 for 2Z =
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Positron fraction stability

_Energy range 83.2-100 GeV

5 012 _!15§ - T 1
S I I £ [ width=0.0013]
+=0.1181 n °© ot .
5 - . o 150 —
o L . Qo | -
= I - —10% i _
8_0.116_— o c i 1
i ] 100 —
0.1141 — - -
i 1 7° I ]
L - 50_ —
0.112- — - -
011- N T T T S NS S SR S R S S S -_ 0 O_ — A T — ]
450 500 550 600 0.10 0.11 0.12 0.13
number of positrons positron fraction

The measurement is stable over wide variations of the cuts
in the TRD identification, ECAL Shower Shape,
E (from ECAL ) matched to |P| (from the Tracker), ...
For each energy bin, over 1,000 sets of cuts were analyzed.
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Template fits (positron fraction)

Fit in e*/e+e* measurement :
The TRD Estimator shows clear separation between protons and positrons with

a small charge confusion background

ﬂ 250: o Da’lta on ISSI | | ﬂ;+ | ]
c - — Fit +Lr— —
D 200 [ — Positron —
> L --- Proton .
LL] | Charge confusion i
150 ]
© x2ndof=0.83 + it ]
- _ 4
100~ E ]
B *'j).j-+-‘ ;-ft! |
50 4 . ]
i & : R | :
- positrons 5. protons | ]
ol e T | el ]

0 0.2 0.4 0.6 0.8 1 1.2

TRD Estimator (83.2-100 GeV)
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Positron fraction errors

Positron events, positron fraction in
each energy bin

Systematic Errors

I . . total
Energy [GeV] N, Fraction statistical | acceptance ever?t bll"l-tO-.bIn reference cha rge systematic
error asymmetry | selection migration spectra confusion .
uncertainty

EnergV[G EV] Ne+ Fraction Otat. Oace. Ogel, 0—mig. Oref. Occ. 0—syst‘
1.00-1.21 9335 0.0842 0.0008 0.0005 0.0009 0.0008 0.0001 0.0005 0.0014
1.97-2.28 23893 0.0642 0.0004 0.0002 0.0005 0.0002 0.0001 0.0002 0.0006
3.30-3.70 20707 0.0550 0.0004 0.0001 0.0003 0.0000 0.0001 0.0002 0.0004
6.56-7.16 13153 0.0510 0.0004 0.0001 0.0000 0.0000 0.0001 0.0002 0.0002
09.95-10.73 7161 0.0519 0.0006 0.0001 0.0000 0.0000 0.0001 0.0002 0.0002
19.37-20.54 2322 0.0634 0.0013 0.0001 0.0001 0.0000 0.0001 0.0002 0.0003
30.45-32.10 1094 0.0701 0.0022 0.0001 0.0002 0.0000 0.0001 0.0003 0.0004
40.00-43.39 976 0.0802 0.0026 0.0002 0.0005 0.0000 0.0001 0.0004 0.0007
50.87-54.98 605 0.0891 0.0038 0.0002 0.0006 0.0000 0.0001 0.0004 0.0008
64.03-69.00 392 0.0978 0.0050 0.0002 0.0010 0.0000 0.0002 0.0007 0.0013
74.30-80.00 276 0.0985 0.0062 0.0002 0.0010 0.0000 0.0002 0.0010 0.0014
86.00-92.50 240 0.1120 0.0075 0.0002 0.0010 0.0000 0.0003 0.0011 0.0015
100.0-115.1 304 0.1118 0.0066 0.0002 0.0015 0.0000 0.0003 0.0015 0.0022
115.1-132.1 223 0.1142 0.0080 0.0002 0.0019 0.0000 0.0004 0.0019 0.0027
132.1-151.5 156 0.1215 0.0100 0.0002 0.0021 0.0000 0.0005 0.0024 0.0032
121.5:173.2 144 0,1364 0.0121 0,0002 00026 00000 ___ 00006 __ 00045 0.0052
173.5-206.0 134 0.1485 0.0133 0.0002 0.0031 0.0000 0.0009 0.0050 0.0060
206.0-260.0 101 0.1530 0.0160 0.0003 0.0031 0.0000 0.0013 0.0095 0.0101
260.0-350.0 72 0.1550 0.0200 0.0003 0.0056 0.0000 0.0018 0.0140 0.0152
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Charge confusion (positron fraction)

c
2101 —
o) -
s - MC P
0102 — -
- +»- P +
L . .‘.O.
10° = ?‘
E .---"‘.‘.*
- o‘"“.-.
R .
_‘ . ’
| | | | | | | | I | |
20 30 40 50 60 102 2x10° 3x10?

Energy (GeV)
Two sources: large angle scattering and production of secondary tracks along
the path of the primary track. Both are well reproduced by MC. Systematic
errors correspond to variations of these effects within their statistical limits.
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Spectrometer resolution and charge confusion

Momentum resolution contributes at the O(%) Ievel in the

charge confusion at the TeV energies £ Fcharge 300 GeV
W o.8]- confused
8 [ €— |
5 go.ﬁ_— :
5 2 0.4f
§ N
0.2F
> :
5 , b L L domed b L L 0= . 1 ] AT
S NS )3~ 2 1 1 2
2 Pl iz
| L
......... : : arge : 1 TeV
P S .| confused :
o 5080 =29 :
Hi R %0.6:— «— |
10 E I :
- , 5
N 20.4_—
0.2
T Lol | | ||||| ] i :
1 10 107 10° I R
Rigidity (GV) AR/R
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Charge confusion sources: interaction in the detector

AMS Event Display

Run/Event 40279(

P )
-

8 GeV electron reconstructed as 1 GeV positron

. Bremsstrahlung and delta rays

provide many nearby tracks with high
probability for association of a wrong hit
to the main track.

24/02/14

M.Duranti
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Charge confusion sources: interaction in the detector

AMS Event Display =~ Run/Event 268506793 / 75148 GMT Time 2012-283.15:43:22

{iRichEcal No 0 1d=47 p= 212t 93 M= 19.5:1.1e+02 6=2.79 ¢=0.71 Q= 2 = 0.996= 0.046/ 1.00/ Bh= 0.000= 0.000 6_M 18.2° Coo=(-55.23,-28.27,53.06) LT -1
McParticle No 0 Pid=3, Trkid=0, Parentld=0, Coo=(-94.67,-61.25,195.00) 6=2.79 6=0.70 Momentum(Gev)= 87 Mass=0.00051 Q= -1

38 GeV electron reconstructed as 0.8 GeV positron.
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Charge confusion from interactions

Different reconstructed quantities are sensitive to interactions and
can be used to separate Correct and Wrong Charge Sign assignment

0.14 | S 10
0.12 | sign %
5 01 n &
%o.os E § 102
S 0.06 o
% 0.04 |
8002} 10° £
0 L. Ly B -
0809 1 1112 13 14 15 1.6 -1.5 -1 -0.5 0. 0.5
Tracker charge Log10(distance noise hit [cm])

Use a statistical estimator to build a tracker charge sign
discriminating variable
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Tracker Charge Sign Estimator

45
T | 40E_OISSe+@1OOGeV
-0.04  -0.02 0 0.02  0.04 a5 — Wrong sign e
1/Rigidity (GV-') = -- Correct sign e
30E -- Fit
25 [
oy =
g 20F
% 15F
= =
o 105—
o 5F ==
0 :I sy B '_!—__ o R T
035 04 045 05 055 06 065 0.7
Tracker Charge Sign Estimator
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origin understanding perspectives

0.2

0.15

Positron fraction
o

- In 10 years
005 Trom now
———
| BaCkgmund | |
0200 400 600 800 1000
e* energy (GeV)
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The origin of the excess

...I1s there any privileged arrival direction?

Analysis of possible deviation of the measured ratio as a
function of the arrival direction in galactic coordinates (b,l)

reb,l) Z Z agy Yo, (/2 — b, 1)

<I‘e> =0 m=—¢

Power spectrum from the coefficient of the spherical armonics:

i

Compatible with isotropy in the dipolar mode § = 3\/C1/47T‘

0 £0.036 at the 95% confidence level
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Isotropic?

If the excess has a particle physics origin, it should be isotropic

The fluctuations of the positron ratio e*/e™ are isotropic

- -
RO O
ant? o, N ML Ry (e L
ak L il -y ’-. . Baa,
. Aty e h g e g gL * b PO
Galactic e e Tk el oo,
‘_c' - -',' '?.,;'*.—0‘. < u gk - L o LS ¥ iy Cobd] . LY
- b Ll PP I - unsn¥ L

coordinates (b, l) w1z e

= N W A~ O

ELLE TP eE

Significance (0)
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Sensitivity to anisotropy

Current limits on the amplitude of a dipole anisotropy in any axis in
galactic coordinates on the positron to electron ratio in the energy range from 16
GeV to 350 GeV

6 £0.030 at the 95% confidence level

w0 107! P r —rrr

16 < E <350 GeV

T

6 =0.010 at 95% C.L. 102 b-rrm oo :

Current Sensitivity
(660 days)

In 10 more years, AMS will
reach a sensitivity of

for a dipole anisotropy in the

positron to electron ratio el T
1 10

Time since May 2011 (years)
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June 27 - |2 1998:
AMS-01 pilot experiment on Discovery STS9|

&
“AM
2

N\ ,‘f 7,

o]

- 10 days of data taking in orbit:
o 400 Km altitude
o latitudes <51].7°
o all longitudes

« 108 events recorded

« Physics results (Phys. Rep. 366

(2002) 331)

° precise measurements of
primary fluxes

o detection of secondary fluxes
(quasi-trapped)

o antimatter limit at 106

i
3
g
e
gl
§
ﬁ,‘
5

3

v i, N,

iz 22
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