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Dark Matter Underground and in the Heavens CERN July 26, 2011




AMS is US Dept of Energy (DOE) led International Collaboration
16 Countries, 60 Institutes and 600 Physicists, 17 years
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The detectors were built all over the world
and assembled at CERN, near Geneva, Switzerland



The AMS experiment

A magnetic spectrometer conceived
to study very high energy cosmic rays on the ISS

3 '-.(;r'
g J

Sy
AMS detector is designed with the same preC|S|on and detection
capability.as the Iarge State- of t| | {CERN Detectors.

To install AMS onj thle"'f SSiwe have m |n|atur|zed the CERN Detectors to fit
I
Into the spacex shuttle£ his has been the maintechnical challenge.

Steadily taking data on the ISS since May 19 2011




AMS: A TeV precision, multipurpose particle physics
TRD spectrometer in space.

ldentify e+, e- Particles and nuclei are defined by their
charge (£) and energy (E ~P)

Z, P are measured independently by
the Tracker,RICH, TOFand ECAL




AMS Physics highlights:
High-precision and simultaneous measurement of cosmic-ray
fluxes inthe GV to TV rigidity region
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The Magnet

The detailed 3D field map (120k locations)

was measured at CERN on 25-27 May 2010
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- Veto System rejects random cosmic rays

Measured veto efficiency better than 0.99999



Ime of Flight (TOF) TOE

Provides trigger for
charged particles

Triggertimeis ] P —
synchronizedto | ———
UTCtimeto 1us '

Measures the time
of relativistic particles
to 160 picoseconds
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Transition Radiation Detector (TRD): -
Identifies Positron and Electron
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The coordinate resolutionis 10pym
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Silicon Tracker

9 Layers of silicon microstrip detectors
for an active area of 6.4m?, 3 um
mechanical alignment.

200k channels for 129 W of power

high dynamicrange frontend for charge
measurement up to Z=28

widetemperaturerange (-20/+40° C)
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Tracker : ngldlty resolutlon
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Ring Imaging CHerenkov (RICH)
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Radiator cmmm—p

Reflector

10

Intensity o 72 0975 008 0985 099 0995 1 _ 1005 1.01

Protons 400GeV/c

|
|
i A II I j N 1

T sy ) it i -

101

103

107

RICH test beam
E=158 GeV/n

S el i -
e b T
A ot o s sl -

TR st st el B - -
L ST | S i ] i e o ] - -

e o e
= photosensors CECL TR
3 O T O

L

I O O
o T

Single Event Displays
RICH test beam E=158 GeV/n

Ca



Calorimeter (ECAL)
3D Sampling

50,000 fibers, ¢ =1mm, distributed
uniformly inside 1,200 |b of lead
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N ﬂ;
The completed flight electronics
650 microprocessors, 300,000 channels




AMS in the Maxwell EMI chamber at ESTEC
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Test at CERN
AMS in accelerator test beam Feb 4-8 and Aug 8-20, 2010
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Beam test calibration 8-20 Aug 2010

x10°
Entries 1169986

- [RK

201~ o~10pum

10+

%75 0.01 0005 0 0005 001 0015

Bending Plane Residual (cm)

C e* Energy Resolution: 2.5-3%
2000[L¢ 100120 180 GeV
1500:
1000:
500:

ILAY ., DI, -

0 100 200 300 400

; Protons 400GeV/c
103?0:W%()
102;—
wi_ RICH ’”
: |

i

" 1.00

1.01

0.975 0.98 0.985 0.99 0.995 5
:104§'|""l""|""|' I T 3
o [ g
.ﬁ 3 I ®e E

10° ® %ee . .o 5 e
-2 : *ee So, é 3
Q St
m 10? 3 b' o =
: B : o
2 ,L TRD: 400 GeV .
O : protons
o - :

1 PRI NN SRS AU SR TR S N R S S S S S S N SRR R SR
50 60 70 80 90 100

Electron Efficiency (%)



Moving to NASA Kennedy Space Center

AMS in the Space Station
Processing Facility (SSPF), ready
for installation into the Space
Shuttle
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Loading of AMS into a US Air Force C5-M at Geneva Airport — 25 Aug 2010




Closing Endeavour’s
Payload Bay Doors
at the Launch Pad
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STS-134 launch May 16, 2011 @ 08:56 AM
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‘Monitoring AMS from NASA Johnson Space Center
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AMS is grappled by the Shuttle
Remote Manipulator System (SRMS)
May 19, 2011
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AMS is grappled by the ISS Canadarm?2
May 19, 2011




May 19: AMS installed on ISS 5:15 CDT, start taking data 9:35 CDT

During the first week, we collected 100 million cosmic rays
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One of the Firsts AMS-02 Event In Spae as seen in Houston






Science Data Flow

AMS backup POCC
for CERN POCC

AMS on the ISS JSC, TX
g= ;

AMS POCC
NASA Main operations centre
channels / (from June 23, 2011)

Internet

AMS GSC




In flight experience: Tracker
cooling and currents
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Tracker Temperature is stable on ISS
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TRD Temperature Monitoring on ISS, to be within +2C°

AMS data on ISS
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AMS collected over 3 billion
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ISS orbit =390 km, 51.7° , 90 minutes
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The leading candidate for Dark Matter is a SUSY neutralino (¢°)
Collisions of x°will produce excessinthe spectraof e* differentfrom known cosmicray collisions
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Detection of High Mass Dark Matter from ISS
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AMS data on ISS

AMS Event Display Run/Event 1306023159/ 120789 GMT Time 2011-142.00:18:04
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240 GeV Electron, 3D Sampling of Shower
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AMS dataon ISS - photon 40 GeV, 23 May

AMS Event Display Run/Event 1306127850 /159966 GMT Time 2011-143.05:26:24
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0
Longitudinal profile, energy 40 GeV
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AMS data on ISS Nuclear charge Z=14, Si

o P =136 GeV/c
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AMS data on ISS

Nuclear charge Z=8, O

P =sssiias P = 119 GeV/c
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AMS data on ISS
May 19 to 24, 2011




AMS is steadily taking data on the ISS since ~2 months

AMS will continue taking datafor the entire ISS lifetime (~20 years)




