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AMS has been installed on the
International Space Station on
May 19th 2011



AMS consists of 5 sub-detectors which provide redundant

TRD information for particle identification oF

Identify e+, e- Particles and nuclei are defined by their

charge (Z) and energy (E ~ P)

Silicon Tracker




Scientific goals of AMS on the International Space Station

Indirect search of Dark Matter: simultaneous observation in several signal channels...
* e+, antiprotons, antideuteron, Y

* Measuring CR spectra up to the iron — refining propagation models;

* Solar modulation on CR spectra over 11 year solar cycle

 Direct search of primordial antimatter: Anti He, Anti C ...

* New forms of matter: strangelets

* |dentification of local sources of high energy photons: SNR, Pulsars, ...

Main analysis currently
on going:

* Positron fraction

 B/C

* P, He, electron ... fluxes

* Monitor of the solar activity
« Gamma studies




AMS Orbital parameters
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DATA collected

28 .
Billions events transferred
Billions events reconstructed
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Billions of Events
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19 May 2011 1Jan 2013

28 billion events collected in 18 moths
60 TB raw events (Downlink 10 Mbit/s)



TRD offline calibration

TRD gain calibration

TRD alignment
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Cosmic protons are used for alignment to an accuracy of 0.04 mm for each
straw module and used to calibrate the detector response to 3% accuracy.
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Tracker layers thermal stability

Heat exchanger T T T T T 7 77T T—T—T T T

Py -
., Condenser 9 25:_ (a) —— AMS suppOI't structure
p— o -
_. g 20 — Inner Tracker plane
2 Ze00) Y Pume © 15/
a 2 10
g
~ 5 -
0; V T ¥ ;
Red line: CO2 gas/liquid two phase Blue line: CO2 liquid phase '5;_ —;
L n 1 | | L n L | =
>c S5O0y 2 Cox»>C 3500y >
© 3 S © @© S om 3 s o 2 g
ﬁ’<m°§§-:ﬂ.’5<sﬂ‘-'<m0§

Tracker Thermal Control System

Coordinate resolution on each plane is measured with 10 ym in
the bending direction.

Position of ladders in the external layers are dynamically aligned
to an accuracy of 3 ym.



Alignment accuracy of the 9 Tracker layers over 18 months
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Positron identification and Proton rejection

e+ low signal and high P background: P ~ (103 +104) e+
P rejection factor: 10° +106 to identify e+ with an error at % level

TRD
Distinguish between e+ and P

SILICON TRACKER and MAGNET
measure the rigidity and the momentu

ECAL
measures the energy,
Identifies 3D characteristic positron
shower and rejects hadronic
showers

Total rejection of proton 106
Verified at testJ}oeam at CERN



TRD Proton rejection

Signals from 20 g E Measurement with 1 of the 20 TRD Layers !
layers are combined e Electrons
in a likelihood
estimator which "
allows an efficient | [Transmon Radiation
discrimination of "
proton background sl
T e e
Pulse Height [ADCl
TRD estimator = -In(Pe/(PetPyp)) .
Normalized probabilities P, and P, W olectrons

== protons

#events

00"'l"'["'l"'l"'l"'l"

2 25
11 TRD LikelihoodRatio electron/proton



A A

Proton rejection at 90% e* efficiency

o
N

o
w

o
N

—l
o

A

TRD performance on ISS

.............................................................................................................................................................................................

0ol

A

10 10° 10°

Rigidity (GV)

12

70%
80%
90%
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ECAL classifier

A Boosted Decision Tree (BDT) is a multivariate classifier
constructed on the basis of the shower shape in the ECAL to
distinguish protons and electrons.

The BDT exploits non linear correlation among variables to separate
two different populations.
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Tracker e+ and e- identification and P rejection
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A fit of particle trajectory is used to measure the sign of the particle
and its momentum P:
1) Used to suppress e-

2) compared to the energy E measured by ECAL, E/P is used to
suppress Protons
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Proton rejection at 90% e* efficiency
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Proton rejection using ECAL and E/P
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Data Selection

Dataset: 19 May 2011-10 December 2012, 18 months
More than 25 billion of events

Energy range: 0.5 — 350 GeV

No SAA

Down going particle

Energy > Geomatic Cut Off

ECAL Fiducial volume

+ Track — Shower position matching
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Analysis Steps

Remove proton background with cuts on ECAL classifiers

Study of the charge confusion: the probability of misidentify the
sign of the charge (background due to e-)

Build 2D templates: signal (electrons) and background
(protons) from Data, charge confused signal from MC

Fit TRD likelihood vs EoP with templates, extracting: Nele,
Npos, Npro, Ncc from Nele

Evaluation of the systematic error

18



Study of the charge confusion

- TB and MC have been used to define the shapes of the

different charge confusion contributions

- Two sources of charge confusion for electrons/positrons on

TB:
— Spill over (due to resolution effect)
— Wrong hits (due to scattering, interactions, backscattering)

Relative contribution of the two sources changes with energy

Different methods have been studied giving compatible
results

19



Analysis steps: 2D templates fitting

Nearly 6.8 million of primary electrons and positrons
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2D FIT results projected on the TRD estimator

Fit TRD e/p likelihood vs EoP with templates, extracting: Nele,
Npos, Npro, Ncc
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TRD Estimator (83.2-100 GeV) 21



Systematic error on the positron fraction:
1.acceptance asymmetry
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Difference between positron and electron acceptance due to known

minute tracker asymmetry
22



number of trials

Systematic error on the positron fraction:

2.Selection dependence
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For each energy bin, over 1,000 sets of cuts were analyzed.
No correlation between number of positron and positron fraction.
The measurement is stable over wide variations of the cuts
in the TRD identification, ECAL Shower Shape,
E (from ECAL ) matched to IPI (from the Tracker). 23
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Systematic error on the positron fraction:

Energy Resolution(%)

3.Bin-to-bin migration

L e,
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Energy(GeV)

Event migration effects are obtained by folding the measured spectra of positrons

and electrons with the ECAL energy resolution.

Bin width: 20 up to 5 GeV; 40 up to 50 GeV; 80 up to 100 GeV; 190 up to 300 GeV.

25



Systematic error on the positron fraction:

Probability

4. Reference spectra
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Definition of the reference spectra is based on pure samples of
electrons and protons of finite statistics.
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Charge Confusion

Systematic error on the positron fraction:
5. Charge confusion

MC simtjlation

107

TR ST T FUUUUUF DU OO UG S UURUURURRS T R FISTOOT RO SO SO S o
20 30 40 10°  2x10? 10°
Energy (GeV)

Systematic errors correspond to variations of these effects
within their statistical limits.

Difference between Data and MC added to systematic error
26



Systematic errors to positron fraction

1. Acceptance asymmetry
» Difference between positron and electron acceptance due to known
minute tracker asymmetry

2. Selection dependence
» Dependence of the result on the cut values

3. Migration bin-to bin
»  Migration of electron and positron events from the neighboring bins
affects the measured fraction
4. Reference spectrum
»  Definition of the reference spectra is based on pure samples of electrons
and protons of finite statistics
5. Charge confusion
» 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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Energy[GeV]| N+ Fraction ostat. | Gacc.  Osel.  Omig.  Oref. Ocec. | Tsyst.
59.36 - 64.03 | 448 0.0962 0.0047]0.0002 0.0009 0.0000 0.0002 0.0006[0.0011
64.03 - 69.00 | 392 0.0978 0.0050|0.0002 0.0010 0.0000 0.0002 0.0007|0.0013
69.00 - 74.30 | 324 0.1032 0.0057|0.0002 0.0010 0.0000 0.0002 0.0009|0.0014
74.30 - 80.00 | 276 0.0985 0.0062|0.0002 0.0010 0.0000 0.0002 0.0010{0.0014
80.00 - 86.00 | 232 0.1023 0.0067|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
92.50 - 100.0 | 226 0.1189 0.0081|0.0002 0.0011 0.0000 0.0003 0.0012(0.0017
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
151.5 - 173.5 | 144 0.1364 0.0121]0.0002 0.0026 0.0000 0.0006 0.0045|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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Positron fraction
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o Dg+ = Cq+ Emve* + CE-1s @ F/Es
e ®,- = C,-Eve + CEvseF/Es

Te- = Yes

Comparing AMS data with a minimal model

Sum of diffuse power law spectra and a single common source of e*

(C.+ C.- C, relative weights)
(E, : cutoff energy for the source spectrum)

=—0.63+0.03 the diffuse e* is softer than the diffuse e-
Ye. — Vs = 0.66+0.05 the source is harder than the diffuse e-

C../C._=0.091 + 0.001 the diffuse e* amounts to ~10% of the diffuse e-
C,/C._. =0.0078 = 0.0012 the source constitutes ~1% of the diffuse e-

Positron fraction
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10
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31

1/E, = 0.0013+0.0007 GeV-1

corresponding to a cutoff energy

of 7601990 Gev.

The positron fraction spectrum is
consistent with e* fluxes given by
the sum of the diffuse spectrum
and a single common power law
source.



Study of the Anisotropy

The source of e* may induce some degree of anisotropy of the measured
positron to electron ratio.
The fluctuations are described using the spherical harmonic expansion

p \ o0 (‘
re(b, {) n

- : o ]- — £ )/ m :’T 2 o b.l
— E:E.ac. tm (7 / )

I—_— “ M= f_

re(b,l) denotes the positron fraction at (b,l), <re> is the average ratio,
Yim are the spherical harmonic function and aim are the corresponding weights.
The coefficients of the angular power spectrum are defined as

{
i & .
C": "7*12
¢ = o0+ 1 Z,'”"'

m=—£

consistent with isotropy at all energies

Limits on the amplitude of a dipole anisotropy in any axis in galactic
coordinates on the positron to electron ratio

§ = 3\/6'1 /47 < 0.036 (95% C.L.)

31



Conclusion
The first 6.8 million primary e* and e~ events collected with AMS on the ISS show:
I. At energies < 10 GeV, a decrease in the positron fraction with increasing energy.

ii. A steady increase in the positron fraction from 10 to ~250 GeV.

iii. The determination of the behavior of the positron fraction from 250 to 350 GeV
and beyond requires more statistics.

iv. The slope of the positron fraction versus energy decreases by an order of
magnitude from 20 to 250GeV and no fine structure is observed. The agreement
between the data and the model shows that the positron fraction spectrum is
consistent with e* fluxes each of which is the sum of its diffuse spectrum and a single
common power law source.

v. The positron to electron ratio is consistent with isotropy; 6 < 0.036 at the 95% C.L.

These observations confirm the existence of new physical phenomena, whether from
a particle physics or an astrophysical origin.
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More science coming soon' Stay tuned!!!



