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1911 - 2011 : a century of Cosmic Rays

Hess, Wulf, Wilson,
Anderson, Compton
Bothe, Kohlorster,
Millikan,
Blackett, Skobeltsyn,
Rochester,
Butler, Rossi, Pacini,
Conversi, Powell,
Occhialini

Anti-Particle was discovered in Cosmic Rays !
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The Nobel Prize in Physics 1936

Victor F. Hess, Carl D. Anderson
Biography
T IR S Victor Franz Hess was born on the 24th of June, 1883, in
> ' ~ Waldstein Castle, near Peggau in Steiermark, Austria. His
' '~ father, Vinzens Hess, was a forester in Prince Ottingen-

Wallerstein's service and his mother was Serafine Edle von
Grossbauer-Waldstatt.

He received his entire education in Graz: Gymnasium (1893-
1901), and afterwards Graz University (1901-1905), where he
. took his doctor's degree in 1910.

He worked, for a short time, at the Physical Institute in Vienna,
where Professor von Schweidler initiated him in recent
discoveries in the field of radioactivity. During 1910-1920 he
was Assistant under Stephan Meyer at the Institute of Radium
Research of the Viennese Academy of Sciences. In 1919 he
received the Lieben Prize for his discovery of the"ultra-
radiation” (cosmic radiation), and the year after became Extraordinary Professor of
Experimental Physics at the Graz University.

Hess's work which gained him the Nobel Prize, was carried out during the years 1911-1913, and
published in the Proceedings of the Viennese Academy of Sciences. In addition he has published
some sixty papers and several books, of which the most important were: "Die Warmeproduktion
des Radiums" (The heat production of radium), 1912; "Konvektionserscheinungen in ionisierten
Gasen-lonenwind" (Convection phenomena in ionized gas-ionwinds), 1919-1920; "The
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Domenico Pacini, the forgotten pioneer of the discovery
of cosmic rays

A De Angelis’, N. Giglietto® and S. Stramaglia®

' Dipartimento di Fisica dell’Universitd di Udine and INFN, Via delle Scienze, 33100
Udine, Italy; INAF Trieste, ftaly; LIP/IST, Lisboa, Portugal

? Dipartimento Interatenco di Fisica di Bari and INFN, Via Orabona, T0126 Beri, ltaly

Abstract

About a century ago, cosmic rays were identified as being a source of radiation
on Earth. The proof came from two independent experiments. The [talian
physicist Domenico Pacini observed the radiation strength to decrease when
going from the surface to a few meters underwater (both in a lake and in
a sea). At about the same time, in a balloon flight, the Austrian Victor
Hess found the ionization rate to increase with height. The present article
attempts to give an unbiased historical account of the discovery of cosmic
rays — and in doing so it will duly account for Pacini’'s pioneering work,
which involved a technique that was complementary to, and independent
from, Hess'. Personal stories, and the pre- and post-war historical context,
led Pacini’s work to slip into oblivion.




CR & the Particle Physics connection
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Antiproton/Proton Ratio
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this experiment

Golden et al. 1984

Buffington et al. 1981

Orito et al. 1995

Labrador et al. 1995

Stochaj 1990

Salamon et al. 1990
Bogomolov et al. 1987 & 1990
Gaisser & Schaefer 1992
Webber & Potgieter 1989
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Anti-protons by the balloon experiments
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4 BESS(95+97)

— 1 Mitsui et al.
—-—- 2 Bieber et al.
-3 Bergstrom et al.
---- 4 Donato et al.

---- § Galprop

Leaky Box

Force field $=600 MV
Leaky Box

Drift model TA=10°(-)
Simplified 2-zone diffusion
Force field $=500 MV
2-zone diffusion

Force field $=500 MV
Plain diffusion

Force field $=600 MV

101

Kinetic energy (GeV)

7



Anti-matter in space

The'space program

* ® ®) @ Less opportunities/more expensive

» ® ® Hostile environment/no failure allowed
» © © No atmospheric background

* © © © Long exposure times



P ’LLa a payload for Antimatter matter Exploration
2 and Light-nuclei Astrophysics
On orbit since 06/2006 on the Russian Satellite RESURS DK1:

v 10° triggers collected )
v 70° elliptical orbit at 360-600 km p\ y P (He,...)

v' 20 TB of downlinked data + 81, S$2, S3; double layers, x-y

* plastic scintillator (8mm)

* ToF resolution ~300 ps (S1-3 ToF >3 ns)
* lepton-hadron separation < 1 GeV/c
Trigger, ToF, dE/dx * §1.52.83 (low rate) / S2.S3 (high rate)

OF (81)

* Permanent magnet, 0.43 T

OF (82) T (CAT) *21.5cm?sr

* 6 planes double-sided silicon strip
detectors (300 pm)

A, Sign of charge, | * 3 ym resolution in bending view » MDR
L~ SPECTROMETER .= . .

: : rigidity, dE/dx

e P MDR 1.2 TeV

* 44 Si-x / W Si-y planes (380)
Electron energy, |[*16.3X0/06L

cacormerer | OEfdx, lepton- s dE/E ~5.5 % (10 - 300 GeV)
hadron separation |, Self trigger > 300 GeV / 600 cm? sr

HIEUTROMN
pETECToR - 36 *He counters
-3He(n,p)T; E, = 780 keV
~470 Kg/ ~360 W -1 cm thick poly + Cd moderator

- 200 ps collection 9
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The positron fraction
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PAMELA ApP 2010

Artificial Neural Networks (MLP)

Lower limit 90% CL

Illlll

1

1 III]II| | 1 |- lII 1 1

10

10?
Energy [GeV]

R

0—3

10"

10°

a Payload for Antimatter matter Exploration
and rLight-nuclei Astrophysics
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BESS 2000 (Y. Asaoka et al.)
BESS 1999 (Y. Asaoka et al.)
BESS-polar 2004 (K. Abe et al.)
CAPRICE 1994 (M. Boezio et al.)

CAPRICE 1998 (M. Boezio et al.)

HEAT-pbar 2000 (A. S. Beach et al.)

PAMELA
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Fermi AR

Gamma-ra ce Telescope

The all electron flux: The positron fraction

[ A Kobayashi (1999) O AMS (2002) @ FERMI (2010) ] 1r ' ' L '
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Geomagnetic field + Earth shadow = directions from

which only electrons or only positrons are allowed

events arriving from West:
e* allowed, e blocked

—

90° longitude

0° longitude -

180° longitud h 4

180° longitude

events arriving from East:
e allowed, e* blocked

* For some directions, € or e* forbidden
* Pure e region looking West and pure e region looking East
* Regions vary with particle energy and spacecraft position

* To determine regions, use code by Don Smart and Peggy Shea (numerically
traces trajectory in geomagnetic field)

* Using International Geomagnetic Reference Field for the 2010 epoch
12
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a payload for Antimatter matter Exploration
and right-nuclei Astrophysics

Break ? in p and He spectra
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Alpha Magnetic Spectrometer

TRD e/p separation Particles/nuclei ID by
e Charge Z 10Fv,Z

- Rigidity R =p/Ze el

* Energy E

* Velocity v = fic

e iTmie

......

ECAL E
=T



Particle signals

€ | P | HeliBe,.Fe et | p,d| He,C
| |
TRD ¥ v v ¥ T T
' \'A
Vv \s
T v y v
TOF ' ’ v . , ; Y
Tracker J \ \ N K j J
ECAL § m\ % ¥
Physi
exayr:::a Cosmic Ray Physics Dark matter
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Time of Flight System

Measures Velocity and Charge of particles

Velocity = Distance / Time

v > " Resolution = 160ps
2500 [

2000 [

1500

1000 [

<

500

P I |

-1.5 -1 -05 0 0.5 1 15
time of flight (ns)

PMTs

e Z= 234567891011121314 151617 18 19 20
Light Guides Light Guides % He
07 f
10 3;—
10 2%—
10 %_ | |
0 I 5 10 15 20 I25 30 35 40

nuclear charge Q 16



Transition Radiation Detector (TRD):
identifies Positrons and Electrons
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Ring Imaging CHerenkov (RICH) 160 Gv
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Calorimeter (ECAL)

1000000000000 0000000000000 0N
QORI NNCONOCOORNINNNNS
J0000000000000000000000000000!
PO0000000000500C00000CCRNNNNNS
POOGOOOONNNNNNNNITNNCORNRRNNNNY
CR00000000000000000000GONNNINYNY
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50,000 fibers, ¢ =1mm, distributed uniformly inside 1,200 |b of lead
which provides a precision, 3-dimensional, 17X, measurement
of the directions and energies of light rays and electrons up to 1 TeV




Silicon Tracker

Tracker Layers

196 Ladders in 9 Layers

Bending side (lato p) (P, =110 um)
640
canali

1

Non bending side (lato n) (P, = 208um)

19ouseAl

384 J1—
canali 3
A 4
1M
2Mm S :
13 P
/| 4 M | 12 P
[ 5M |
/ 6 M
7M
\ 9 M
10 M
11 M |
\l 12 M
NL_13 M
A f
M - Side —

20



Silicon sensor

Wafer
* Thickness 300 um I — "
* Size 7x4 cm? I KIIIII UL T
* Total number 2264 |l||||l|ﬂmﬂmllﬂllﬂmmﬂlllﬂﬂlﬁlmmﬂlﬂm i
* Total area 6.75 m? |
T Junction (p) side |
- ' * Implant pitch 27.5 pm [l
* Readout pitch 110 pm i
e Read out channel 640
Ohmic (n) side * Bending coord. (Y)
* Tuplant piech 104 yorn S OO

* Readout pitch 208 um
* Read out channel 384

* Non-bending coord. (X)

NI

21




Resolution VS angle (Muons on ground)
NIM A 615 (2010) 207

€40__ — : , =285um 10°<8 <15° |
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2 - ' \g } B / - 10g E
<o No— o 1 H W f
: S L
L | 03 0.2 0.1 0 0.1 02 03
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: -
£ 201 O "
= H
St l%ﬂ—
3 0 }iwnﬁﬁ
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[ —o— Optimal (o)
[ —— Test Beam (G, ,)
! ! ! ! | ! ! ! ! 1 ! ! ! ! ! !
% 10 20 30
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Magnetic Rigidity

Relation between the curvature

and momentum or Rigidity 4
p =qeoB [eV/c] // 0
R =coB (R=pclge[V]) | @F
R/Gv =0.3 (Q/m) (B/Testa) '\‘
g<0 = R<O0 \\
e.g. \\R = pc/qe

p=1GeV/ic, g=1(R=1GV),
B=1Tesla = 0=33m

23



Sagitta

s =0-vVo2-(L/2)? . o
~ 0- 0(1-(L/0/2)*/2) .'" QF
— [2/0/8 = 0.3BL L E‘?
8R
V1i-x = 1-x/2 (x<<1) ¥ \i‘
\ R = pc/qe

e.g.
R=1GV, B=1Tesla, L=1m =2 s=38 mm

24



Rigidity resolution

. 03BL
SR
A(I/R) = 2R _84s
R2  03BL

e.g.
B=1Tesla,L=1m,As=0.1 mm
=2 AR/R=2.7 % (R =10 GV)

25



Maximum Detectable Rigidity

A_R 8As

R=1= R,,=

R 0.3BL?

oR/R

107 E

IIII 1 1 IIIIIII

1 10 102 10°
Injected Rigidity [GV]

0.3BL?

8As
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Multiple scattering

) ;—X/2—>’ -

T \\\\i qjg)lane ¢
ST —~ “planex
$ Opla

A
13.6 MeV
0y — m)e 2 1/ X, [1 +0.038 111(,@/)(0)}
* x/X, : Thickness in radiation length

* e.8.
XX,=1% = 0,= 1.1x10? rad /AR
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1071

102

10°®

Simulation with scattering

-B=1Tesla,0,=0.1 mm x3,x/X,=1 %
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AMS-02 : Timeline 2009~2011

Oct-Dec 2009 Spectrometer integration at CERN

Feb 2010 Beam test at CERN

Mar-Apr 2010 Space qualification tests at ESTEC
| Apr-Jul 2010 Reconfiguration with Perm.Magneft

Aug 2010 Beam test at CERN

Sep-Dec 2010 Payload integration at KSC

May 2011 Launch
Start the mission on the ISS
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AMS-SC AMS-PM
B=08T,L=1m B=0.1571, L= 3m

Tracker

Layers
1

1
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Exposures VS Resolution

L1

L

L9

MC estimation

Inner only (L2-8)
4500 cm?sr, MDR 0.2 TV

L2-8 + L1
1600 cm?2sr, MDR 0.6 TV

28 12.8+1L9
950 cm?sr, MDR 0.8 TV

L2-8 + L1 + L9 (Max Span)
300 cm?sr, MDR 20TV
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Exposures VS Resolution

L1

}L

L9

MC estimation

Inner only (L2-8)
4500 cm?sr, MDR 02 TV

L2-8 + L1
1600 cm?2sr, MDR 0.6 TV

>3 128 +1L9
950 cm?sr, MDR 0.8 TV

L2-8 + L1 + L9 (Max Span)
300 cm?sr, MDR 2.0 TV
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Exposures VS Resolution

MC estimation

Inner only (L2-8)
4500 cm?sr, MDR 0.2 TV

L2-8 + L1
1600 cm?2sr, MDR 0.6 TV

L2-8+ L9
950 cm?sr, MDR 0.8 TV

PAMELA

Acceptance L.2-8 + L1 + L9 (Max Span)
215 cm2sr 300 cm?sr, MDR 2.0 TV

MDR ~1 TV
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Exposures for positrons

L1 AMS-PM

L2-8 + 1.9
950 cm?sr, MDR 0.8 TV

L2-8 + L1 + L9 (Max Span)
300 cm?sr, MDR 2.1 TV

L.2-8
AMS-SC

L1-8 + Ecal

950 cm?sr, MDR 2.2 TV
L9

34



Dark Matter Candidate %° x°-> e*e™ for my°= 200 GeV

Jﬁéé

PAMELA

0 147

'%AMS‘SC e AMS-02 S.C. magnet 3 years
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- O HEAT
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AMS-02 : Timeline 2009~2011

Oct-Dec 2009 Spectrometer integration at CERN

Feb 2010 Beam test at CERN

Mar-Apr 2010 Space qualification tests at ESTEC
AprJul 2010 Reconfiguration with Perm.Magnet
| Aug 2010 Beam test at CERN |

Sep-Dec 2010 Payload integration at KSC

May 2011 Launch

Start the mission on the ISS

36






Test Beam Results with permanent magnet — 8-19 Aug 2010

N x10°
i Entries 1169986 N
201~ o~10pum
- 10?
10
0: o SN L 10
-0.015 -0.01 -0.005 0 0.005 001 0.015
Bending Plane Residual (cm)
N e Ener%% Resolution: 2.5-3% 0.
200016 0120 180 GeV
1500:
1000:
500:
i Energy
IR d A L .
0 100 200 300 400

Velocity measured to
an accuracy of 1/1000
for 400 GeV protons

HW.... i

75 0.8 09é5 099 0995 1 1005 101

—h
A
LU

Proton Rejection
3 3

Reconstructed Velocity

10° g

IIIIIlIIilIIIIIlIIIIIiIIIIL

TRD: 400 GeV .
protons ’

50 60 70 8 9 100
Electron Efficiency (%)



Tracker alienment ~900 beam positions

-g _
=150 § . § I | g - /
100}- 100 100 100k
S . TOF g g [ o
s0[- s0- s0- oot F
oF o o i 4
! : : o 8
i 501 50 . 4
= ToF : : -50F TOF
100} 100 100 100:
[ -1501 -1501
-150r Ecal ; ; 150k
[ sl 00 50 ©0 50 100 00 50 ©0 50 100
100 -50 0 50 100 Y (cm) Y (cm) e
Y (cm) 100 -50 0 50 \(1(221 )

Proton 400 GeV (primary beam)
416 positions: 2 external layers (Full Span)
280+80 positions: At least 1 external layers (Half Span)

120 positions: Internal layers
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Beam ofile on ea

cm) E

N 150
100f-

50
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ch layer

Layer 5
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-60 -40

20 40 60
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Ladder alignment

* 5 parameters for each ladder have been
determined from residual in the track fitting

with fixed momentum (5x192 = 960 in total)
— Translation (dx, dy, dz)

— Rotation  (dx/dy, dz/dx, dz/dy)
y dy/dx : y
— ] P
X 30~60cm Z—
Z € =




Momentum resolution dP/P

Momentum resolution
¢ AMSPM: Aug./2010

120

—— Simulation: S.C. magnet B
80—

—— Simulation: Perm.magnet R N
® Beamtest : Feb./2010 AR 60}
@® Beamtest : Aug./2010 S i

I

20

] IR LEEAN

=
LI

2 15 1 05 0 05 1 15 2

- (400 GV)/Rigidity-1

E o AMS-SC: Feb./2010

- 200

~ R R R . Sigma=0.18
150

10 102 10°

Proton momentum (GeV/c) wof_

| " |
1512 2
(400 GV)/Rigidity-1
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AMS-02 : Timeline 2009~2011

Oct-Dec 2009 Spectrometer integration at CERN

Feb 2010 Beam test at CERN

Mar-Apr 2010 Space qualification tests at ESTEC
AprJul 2010 Reconfiguration with Perm.Magnet
Aug 2010 Beam test at CERN
|Sep-Dec 2010 Payload integration at KSC}|

May 2011 Launch

Start the mission on the ISS
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Vol spécial pour
I’'aimant chasseur
‘antimatiere

PHYSIQUE Assemblé
au CERN, AMS quitte
Cointrin pour la
Floride d’ou il doit
étre lancé dans
I'espace en février.
ANNE-MURIEL BROUET

C’est un monstre obése,
comme avachi sur ses trains
d'atterrissage. La gueule
ouverte, le Super Galaxy de I'US
Air Force, un des plus gros avi-

ons-cargos du monde, attend sur
le tarmac de l'aéroport de Coin-

trin. 11 est le seul capable de
transporter au-dessus de I'Atlan-
tique le Spectrométre magnéti-
que Alpha (AMS), fruit de
quinze ans de travail de 600
physiciens en Europe, aux Etats-
Unis, en Chine, a Taiwan et en
Corée. Cet instrument unique,
assemblé au CERN, I'Organisa-
tion européenne pour la recher-
che nucléaire, traquera, depuis
T'espace, l'antimatiére et la ma-
tiére noire soupconnée de cons-
tituer 2 90% de la masse de
I'Univers.

Le chargement dans la soute a
eu lieu hier. Le mastodonte a
devait décoller ce matin entre 6
et 7heures, en direction du Cen-
tre spatial Kennedy en Floride.
Clest de la que le précieux instru-
ment partira, en principe en fé-

vrier, pour sa destination finale,
la Station spatiale internationale.

Principal et unique instru-
ment de physique sur I'ISS, AMS
devrait y fonctionner durant
une vingtaine d’années. Les don-
nées récoltées seront transmises,
via Houston, au CERN ou se
trouve le centre de contrdle du
détecteur.

Soixante universités et insti-
tuts, dont I'Université de Genéve
et 'EPFZ en Suisse, ont contri-
bué a la réalisation de ce détec-
teur de 7,5 tonnes, haut de 4 mé-
tres et large de 5, qui ne rentre
pas dans des avions-cargos stan-
dard. Sa valeur totale atteint
2 milliards de dollars.

Bouquet de surprises

Qu'en attendent les physi-
ciens? «Des surprises», a déclaré
hier au cours de la conférence

s, AIR FORCE

] GeneveActualité

| g,

de presse le porte-parole de I'ex-
périence et Prix Nobel Samuel
Ting. «Le plus souvent les dé-
couvertes n'ont rien a voir avec
le but premier de I'expérience.»
Toutefois, I'idée de base est de
profiter de I'énergie gigantesque
des particules dans 'espace. Sile
grand accélérateur de particules
du CERN, le LHC, peut pousser
les particules 4 une énergie de 7

|
|
]
|

Aéroport de Cointrin. LIn des nlus aros avions-caraos dit monde attend sur le tarmac |l est le seull canahle de transnorter aii-dessiic de 'Atlantinue le Snectromatre maanétionie Alnha (AMS) 1 a1 i9ENT GUIRAUD

TeV, dans le cosmos celle-ci peut
atteindre 100 millions de TeV.
Lintérét d'étre a 400 kilométres
de nos tétes est donc d'échapper
aux brouillages de 'atmosphére.

Une quantité appréciable
d’antimatiére détectée depuis
I'ISS serait une preuve quune
source d'antimatiére serait en-
core active dans le cosmos.

Le Spectrométre magnétique Alpha (AMS). Il traguera, depuis I'esp:

noire soupgonnée de constituer 90% de la masse de I'Univers. (LAURENT GUIRAUD)

Outre l'antimatiére primordiale,
AMS analysera la composition
des rayons cosmiques galacti-
ques et extragalactiques, et re-
cherchera également la matiére
noire.

ace, I'antimatiére et la matiére

JEUDI 26 AOUT 201C
TRIBUNE DE GENEVE
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Planes alignment check with muons
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External planes alignment

* Fitting residuals :
Prediction of Inner tracker
Multiple scattering
Hit resolution

Alignment shift
E1045
2 KL © Residual sigma
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Alignment Accuracy VS statistics
Measured with muons on ground
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— Plane 1
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—————————— M Data Plane 9
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Alignment accuracy [u m]

-
o

Alignment Accuracy VS statistics
Estimation for protons on the ISS
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Alignment check with Eg_.//Prr.cker
using e* and e” sample

Simulation

AY=+20um E__ >80 GeV AY=-20um E__ >80 GeV
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T T
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MDR extimated with muons @ KSC

Rigidity resolution %
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AMS-02 : Timeline 2009~2011

Oct-Dec 2009 Spectrometer integration at CERN

Feb 2010 Beam test at CERN

Mar-Apr 2010 Space qualification tests at ESTEC
AprJul 2010 Reconfiguration with Perm.Magnet
Aug 2010 Beam test at CERN

Sep-Dec 2010 Payload integration at KSC
[May 2011 TLaunch |

Start the mission on the ISS
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launch':May 16,2011, 08:56/[EDT
Last flightioflEndeavour.

(ammm

= Total weight:| 2,008t

@EreditgNASA
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TDRS Satellites

Ku-Band
High Rate (down):
Events <10Mbit/s>

N
» S-Band
« Low Rate (up & down):
. Commanding: 1 Kbit/s
+ Monitoring: 30 Kbit/s
L
L J

V

AMS Payload Operations Control and NM

Science Operations Centers

AMS C ters
(POCC, SOC) at CERN omputers 56

at MSFC, AL



General Charles Bolden, NASA Administrator, inaugurated =
AMS Payload Operation Control Center at CERN, ’
“:June 23 2011




Event from the first minutes: e- 20 GeV

AMS Event Display Run 1305815610/ 114493 Thu May 19 16:38:57 2011

Front i

1
- - i
5 1 1 1 1 5 1 1 ) | AL X <4
) — L 1 I L 1 . 1 ' 5 - ns
\ _.l_'ﬂ,l_!" ) ¢ 1 L 1 ) | ) 1 | a v
I I 0 8 r | n I &
- K K X . X X v 1 \ ' |
AR I ) & I | I & s A | ) A LA/ . ¢ 1
:) y
=
)
" | — — — ) 1
X L  — i3/ ('
b\ w—— X ' ' x ' e/
\H—&—H—'_l' ) — 8 ) 8 II \!
| —— —— | ')
AL i B ) B | | ) ) ' 74 ¥

\¥ ' ' /

|
|
II
| |
DAQ DAC
[ARRRRRRRRRRRRRR RRRRRRERD wo 0 LELDRDRVRULELCOIREREEEL LI iy | = -
1 T

z




Event from the first minutes: Carbon 40 GeV/c

AMS Event Display Run 1305815610/ 224169 Thu May 19 16:42:29 2011
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Orbital DAQ Parameters
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DAQ rate, average 700 Hz
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AMS collected over 8 billion events
for the first 6 months

Million
Events
92357
83127 Events collected

73881 Events reconstructed

64657
55417
46187
36947
27717
18477

9247

19-May  7-Jun  25-Jun  13-Jul 1-Aug 19-Aug 7-Sep 25-Sep 14-Oct 1-Nov 20-Nov



Solar Beta Angle (B)
The angle between the ISS Orbital

Plane and the Solar Vector

Orbital
Inclination

Solar Beta Angle (B)

Equatorial
Plane

Not Drawn .

to Scale

The Earth’s Orbit around the Sun changes the Solar Beta Angle
~1° per day

Ken Bollweg NASA/JSC




ISS orbit parameters

i=51.6° (Baikonur latitude is ~46°)

-
-3'n*] 2'R" cos(d)

dQ/dt= 6°/day o

R ()|
2a - €

Q ~ Longitude of the ascending node;
R~ Mean equatorial radius

h — 3 2 0'400 km J, ~ Zonal coeff.(for earth = 0.001082)

n ~ mean motion (sqrt(GM/a?)), a~

semimajor axis

T=~90 min.
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Solar beta angle
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- Additional thermal variables:

e Shading from adjacent Attached Payload
(Express Logistics Carrier — ELC)

‘& Ken Bollweg
M/ NASA/ISC
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ECAL
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Outer Tracker Temperatures
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Solar beta angle
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Orbital
Inclination
51.6¢

Solar Beta Angle (B)
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The angle between the ISS Orbital
Plane and the Solar Vector
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temperature (C)
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-10

-20

Inner Tracker Temperatures

Inner tracker temperature is kept
under control by the TTCS

TTCS tests

Inner tracker = _q.;
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Mean pedestal (ADC)
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AMS-02 in flight experience: TOF

| Beta (Z=1 , R>5 GeV) I Entries = 126560

%2/ ndt 45.88/29
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AMS dataonIss ~ Photon 40 GeV,

AMS Event Display  Run/Event 1306127850/ 159966 GMT Time 2011-143.05:26:24
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Charge measurement

70 days statistics e
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Charge measurement

70 days statistics

“Tracker dE/dx VS B F=°%

Energy Deposition in Tracker (a.u.)




Conclusions

AMS mission started on 19/May/2011 after
successful launch and installation onto ISS

All the detectors are fully operational with the
expected performance

Data calibration (e.g. Tracker alignment,
e/p separation study, etc...) is on going

Expecting data taking for more than 10 years

80



