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AMS: A TeV precision, multipurpose spectrometer
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a) Minimal material in the TRD and TOF
So that the detector does not become a source of e*

b) A magnet separates TRD and ECAL so that e* produced in TRD will be swept away
and not enter ECAL
In this way the rejection power of TRD and ECAL are independent

¢) Matching momentum of 9 tracker planes with ECAL energy measurements



AMS in SPS Test Beam, 2010

Full Tracker alignment,
TOF calibration,

Protons 400 + 180 1,650 ECAL uniformity
Electrons 100, 120, 180, 290 7 each TRD, ECAL performance study
Positrons 10, 20, 60, 80, 120, 180 7/ each TRD, ECAL performance study

Pions 20, 60, 80, 100, 120, 180 7/ each TRD performance to 1.2 TeV



AMS Flight Electronics for Thermal Control
TRD

24 Heaters 1118 temperature sensors, 298 heaters

8 Pressure Sensors
482 Temperature Sensors

TOF & ACC
64 Temperature Sensors
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Transition Radiation Detector (TRD) Identifies Positrons,
Electrons by transition radiation and Nuclei by dE/dX

w Completion

5,248 tubes selected from 9,000, 2 m length centered to 100um, verified by CAT scanner



> TRD performance on ISS
c
@ RN
O I | _e®®eee, T
H.: 104 e .‘ ................................................. .. ...... ..... ...... ..... .__

— : : @ i i S =
Y B ? i e N
A % T
SR Q% g i LA R
& "o | E
= 10 E_ ----------------------------------------------------------------------------------------------------------------------------------------------------------- ..... ,_E £e
2 E I R A L
o [ e ISSdata @@= ¢ pow
D o RS TRIONE WL U8 U0 0 N L [ 90%
o VE o e
e — 3 B
S il S N N N R A
ng 1 10 103 10°

Rigidity (GV)



I I Data from ISS Time of Flight System

Measures Velocity and Charge of particles
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Tracker

Perugia (Prof. Battiston and Bertucci) and Geneva (Prof. ohl) groups




~Tracker Thermal Control System in Space
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Allgnment accuracy of the 9 Tracker Iayers over 18 months
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Ring Imaging CHerenkov (RICH)
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50,000 fibers, ¢ =1mm, distributed uniformly inside 600 kg of lead
which provides a precision, 3-dimensional, 17X, measurement
of the directions and energies of light rays and electrons up to 1 TeV
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Energy Resolution(%)

ECAL Performance
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Proton Rejection
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Data from ISS: Proton rejection using the ECAL
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AMS Or erat|0ns B :';;;:-TDRS Satellites

24 hours
x 365 days
x 10-20 years
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AMS

Physics results
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Livetime (s)

A Large Magnetic Spectrometer in Space :
a game changing for the study of Cosmic Ray
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Results from
the first 2 years of AMS
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Data analysis in AMS (2 years of data)

AMS is a very precise particle physics detector.
Precision physics results require attention to detail and a large analysis effort.
The data are analysed by two independent AMS international teams.

Example: the positron fraction paé)
Group A roup a

B ¢
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b\ > !
/"",// 4 Iy

V. Choutko A. Kounine J. Berdugo

M. Incagli S. Rosier-Lees S. Haino, A. Oliva J. Casaus, P. Zuccon A. Contin



Physics results (ICRC 2013)

1.e*/(e*+ e ) ratio and anysotropy
2. Proton spectrum

3. Helium spectrum

4. Electron Spectrum

5. Positron Spectrum

6. All electron spectrum

7. Boron-to-Carbon ratio



Positron fraction

Physics of Positron Fraction: e* /(e*+ e ")

M. Turner and F. Wilczek, Phys. Rev. D42 (1990) 1001;

J. Ellis, 26th ICRC Salt Lake City (1999) astro-ph/9911440;

H. Cheng, J. Feng and K. Matchev, Phys. Rev. Lett. 89 (2002) 211301;

S. Profumo and P. Ullio, J. Cosmology Astroparticle Phys. JCAPQ7 (2004) 006;
D. Hooper and J. Silk, Phys. Rev. D 71 (2005) 083503;

E. Ponton and L. Randall, JHEP 0904 (2009) 080;

G. Kane, R. Lu and S. Watson, Phys. Lett. B681 (2009) 151;

D. Hooper, P. Blasi and P. D. Serpico, JCAP 0901 025 (2009) 0810.1527; B2
Y-Z. Fan et al., Int. J. Mod. Phys. D19 (2010) 2011;

M. Pato, M. Lattanzi and G. Bertone, JCAP 1012 (2010) 020.

= X+tx—=e+... :
- my=800 GeV -
i my=400 GeV i
0.1 F 3
B Collision of Cosmic Rays _
E Dark Matter model based on I. Cholis Ft al., arXiv:0810.5344 ;
2 +
10 10 et energy [GeV]



In the first 1.5 years in space, AMS has collected over 25 billion events.

6.8 million are electrons or positrons.

Electron E=982 GeV Positron E=636 GeV
Run/Event 1329775818/ 60709 Run/Event 133119-743/ 56950

- pii
T T
T

: ] !l' side *
L view =X

e

HtHHE

TR
gl

BRNEY

XZ view

S NN
NN - TR """t
N T
NN Is R s a

N R NN R
N N AR NN RN
_—_ NN N
Nt N

40 =
301
ey
=
N N, N
== S R
i il S,
i R N
N S X T_T_=**_;: Z R "
N R NN N N itk
N Rt \\\\\\\\\ti\\\\\\t\\s\\\ R \\\t:i\\\\\\\\ \\\\\\\\\\\\\\\:::\\\\\“\\\\\\\\\\\ N\ . MR
N R N AR T}T T TR Rtk NN
N N —_ T RNt N
T \ R T T —, N 3 X NN
—_—_@ TSR s T T Tk ) AR N
A Rs R Ty mmns
N NN
\\t\ NN

I nnik N
Nnnns N

RN __;,:
H I
NN

NN
N N
NN
N
N
N N

\\\

N \\\\\\\\

s neHm’Raaim°

 — T TTtR__—_—_ e
AT s
R TR
RS
R

N

N

N
N
N

N\
R
M
NIR
3

NN
D
RN
TR
N mas
i

NN

2

N
NN

NN

N
N
N

N N
NN

N N N
N D
NRRTTHHTEH“N
N N R
NN

R
N NN
N NN
Mk N N
NN —mtnn N N N
N N M Ny RN NN R
N N e N
NN N N
3  RRTRTITRTRHRH R M SH
NN R’ NN
N

N N N N
N R R
N Mnmiiama NN N N
AT Tl —_, - nmin; ;mne R
NN N NN N N [N [N N NN NN [
—_RRnnnnrE® T T R HRHHHiHNnNT >
RN N N
R TRTRIRTHTT™ T
3 RN NN NN
RS N RN
R RS
NN RO
MRS N




Probability

TRD performance on ISS
TRD estimator = -In(P,/(P,+P,))
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Results of the fit:

The TRD Estimator shows clear separation between protons and positrons with
a small charge confusion background
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Separation of protons and electrons with ECAL

ISS data: 83—100 GeV

—L

Boosted Decision Tree, BDT:
19 variables describing

3D shower shape combined
(B.Roe et al., NIM A543 (2005) 577)

Fraction of events
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Systematic error on the positron fraction:
e+/- Charge confusion
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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.



“First Result from the AMS on
the ISS: Precision
Measurement of the Positron
Fraction in Primary Cosmic

Rays of 0.5-350 GeV” [ 4 [ oomwew Actictespablished week ending 5 APRIL 2013

Selected for a
Viewpoint in Physics and
an Editors’ Suggestion

[Aguilar,M. et al (AMS m
Collaboration) Phys. Rev. § e TTRCK
Lett. 110, 1411xx (2013)] = ' \
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Published by
American Physical Society. S Volume 110, Number 14
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The positron fraction is steadily increasing from 10 to ~250 GeV |
From 20 to 250 GeV, the slope decreases by an order of magnitude
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Selected events are grouped into
5 cumulative energy bins:
16-350, 25-350, 40-350, 65-350
and 100-350 GeV.

Their arrival North Galactic Pol
directions are used to .o | North-South
build sky maps in et
galactic coordinates, g
(b,/), containing the i~
number of observed . N
. *"aa0° \O -y
positrons and *° ™
electrons Solar SystQT Galactic Cent
‘S| East-West
| __direction

South Galactic Pole
(-90° lat.)



positron

The relative fluctuations of the
ratio, e*/e-, across the observed sky map

show no evident pattern

o

Significance (o)
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The relative fluctuations of the
ositron ratio, e*/e’, are described by means of a
spherical harmonic expansion

N\ =W/

re(b,1) — (re)

0 4
— >: >: A/m Y(m(ﬂ/z —b,1)

(re) (=0 m=—/
Where
r.(b.l) : denotes the positron ratio at (b,l),
(re) : Is the average ratio over the sky map,
Y /m : are the real spherical harmonic functions,

Am  : are their corresponding amplitudes



The amplitudes of spherical harmonic
contributions at fixed angular scale, ¢ are fit to
data for dipole / =1), quadrupole ( (:2) and
octopole (/=3)

The fit amplitudes, a,,,, are found to be consistent
with the hypothesis of isotropy at all energies and
angular scales



Dipole amplitude a,_
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Dipole amplitude a_,
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AMS upper limits on 0 at the 95% CL
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0 <0.030 for 16<E<350GeV

No seasonal excess is observed and same results are
obtained using solar ecliptic coordinates
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New results from AMS
2) Proton flux
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Proton flux
Comparison with past measurements
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New Results from AMS
3) Helium flux
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PAMELA Measurements of Cosmic-Ray Proton and Helium Spectra
O. Adriani et al.

Science 332, 69 (2011);

DOI: 10.1126/science.1199172
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Fig. 4. Proton (left) and helium (right) spectra in the range 10 GV to 1.2 TV. The gray shaded area
CALORIMETER represents the estimated systematic uncertainty, and the pink shaded area represents the contribution
due to tracker alignment. The green lines represent fits with a single power law in the rigidity range 30 to
s s 240 GV. The red curves represent the fit with a rigidity-dependent power law (30 to 240 GV) and with a

HEUTROMN single power law above 240 GV.

DOO00000OCCO0O0CE DETECTOR




Flux x E*" (m® s st GeV) "' GeV*’

Proton and Helium Nuclei Spectra
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New results from AMS
4) Electron Spectrum
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New results from AMS

5) Positron Spectrum
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Electron plus Positron) Spectrum
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(Electron plus Positron) Spectrum
2+ comparison with recent measurements
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New results from AMS
/) Boron-to-Carbon ratio

Precise measurement of the energy spectra of B/C
provides information on Cosmic Ray Interactions and Propagation

AMS: Multiple Independent Measurements
Carbon (Z=6)
of thg Charge (|Z|) AZ (cu)
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Boron-to-Carbon ratio
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comparison with recent data
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We now understand
the systematic errors to ~1%.

Studies with 1% statistical error
will take time to collect the data.



Physics analysis nearing completion

1. Antiprotons (0.5-300 GeV)
2. Anti-He (@ few 108 events)
3. Solar physics

4. lon fluxes



The Cosmos is the Ultimate Laboratory.

Cosmic rays can be observed at energies higher than any accelerator.

With AMS-02 on the ISS we have entered the era of precision Cosmic Ray
physics to search for phenomena which exist in nature but we have not
yet imagined nor had the tools to discover.



