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[T Overview

* cosmic ray physics in the GeV-TeV range
* the AMS-02 detector for the ISS in Space:

— anticoincidence counter
 qualification of hardware
* integration
« analysis
— prospects for AMS-02
* the PEBS detector in Earth‘s atmosphere:
— properties of Earth’s atmosphere and magnetic field
— simulation of cosmic ray measurements at the Southpole
— prospects for PEBS
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drticie S

o particle physics &
astrophysics are
merging

* use particle physics Siesler i T
methods in astrophysics — AP S year

T(uK)

and get input to particle physics from as'tﬁahysms

« important observations cry for explanations:

— Dark matter exists! What is the nature? Supersymmetry, Kaluza-
Klein,...

— Where does the asymmetry between matter and antimatter in the
universe come from?




Cosmic Rays
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learn about sources, acceleration,

propagation, age, grammage of matter, halo
size,...

good agreement of models in the GeV-TeV
range for particles, some unexplained
features in antiparticle/photon spectra
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Positrons & Antiprotons
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e no primary sources for positrons and antiprotons are known

e sensitive to new physics: dark matter annihilations e.g. from
new particles in supersymmetric or Kaluza-Klein Theories
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2 different appoaches for the o QTLVI§
- 107 F —
explanation of the baryon : He He
asymmetry: 104l 0 events 2.86x10° events
» dynamically: large CP violation is 7, _
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» separation of matter and antimatter w Lt
in the early universe 107¢
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measurement: ] (o
)

e bound on antihelium gives
constraint for the distance between

galaxies and antigalaxies
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etector

AMS-02
in the clean room @ CERN

S120E008548

artist view of AMS-02
on the International Space Station
> 2010
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["TTAMS-02 Overview

goals of AMS-02:
* precise spectroscopy of cosmic rays
. EEma without interactions in the
Star Tracker . TOF  atmosphere on the ISS

2\ \“RE ' 152« measurement/bounds on antimatter
* indirect dark matter search

subdetectors:

Transition Radiation Detector (TRD)
» classify particles by y=E/m
Time of Flight (ToF)
« trigger, velocity, dE/dx
Tracker + supraconducting Magnet (1T)
4 * track reconstruction, momentum, dE/dx
. —»-%Anti-Coincidence Counter (ACC)

 event selection — next slide
TOF Ring Image Cherenkov Detector (RICH)
(s3,54) * precise velocity mesaurement
Electromagnetic Calorimeter (ECal)
» shower shape and energy determination

Vacuum
Case
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rejection of internal interactions
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very clean single tracks

|| « reduce trigger rate, fast detector (ns):
e.g. south atlantic anomaly

scintillator
panels clear
fibers

2 panels share
1 lower and

. Charged particle 1
COUp'II\g i P Coupllng 1 upper PMT

i P | PMT
I T 4
Clear fiber WLS fiber \ \WLS fibercear fiber
Scintillator
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Cight Signals
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ACC Hardware Parts

0 Y-shaped Toray amame
clear fiber cables fine mesh PMTs, T e
B tolerant m&iﬁs EAN
(0.5T=>65% gain) iy

panel side
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dnel rroauction

machining of {8
panel b




Panel Classification

panel distribution
F10°F :Channem ® Entries 20
8 cemetf g | = Mean  18.71
g i %t' 10+ RMS  1.832
10° o 7
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calculation of photo electron number:
« measurement of MOP with cosmics 2r
 calibration with LEDs implemented in !

panels 9% 12 14 16 18 20 22 24

number of photo electrons[#]
- QC QLED

N .= material  photo elec.
0 1ED AMS-01 1.0cm 20
AMS-02 0.8cm 19
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“Coupling: WLS to Clear Fiber

E — X Profile E —X Profile
$ 600~ $ 600
% —y Profile % —vy Profile
500~ 500
400 400
300 300
200, wavelength 200 clear fiber:
- shifting fiber: : 0.15dB/m
100~ 1001~
- 0.9dB/m | :
%O‘ | ‘-4‘0‘ | ‘-2‘0‘ | ‘(‘) - ‘2‘0‘ | ‘4‘0‘ | ‘60 %O‘ | ‘-40‘ | ‘-20‘ | ‘0 - ‘20‘ | ‘40‘ | ‘60
angle [deg] angle [deg]

« acceptance angle matching of wavelength shifting fiber and clear fiber is important
« WLS: wide distribution due to reabsorption is also responsible for large attenuation




Space Qualification - PMTs

within 5% after Space
Quialification
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PMT Selection for Flight
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Complete System Test

WLS fi'bers
in panels

charged particle

panel + clear fiber + PMT
clear show good results
fibers | (mean: 16 photo electrons)

7]
E'E panel distribution
n O Entrles 16
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101~ RMS 1317
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number of photo electrons[if]
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entries: 159
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‘ Inefficiency Studies: Testbeam - Setup

PMT 26 & 28 (Pair1)

central

[
slot

e - 8
e
- .i‘}';-—:-—'-':
-

LY/
e
i g ]
L
l:_"'i-s i\
:(I

PMT 24 & 25 (Pair0)

I* 92 .9 —
1L}

! 100.6

large | Beam Beam large 104.6
Trigger| telescope telescope| Trigger 107.2 slot
9g p pe Trigg b slot”

v VoL I 100.6
|
A 1 A
1
1
t I ﬁ
fnger  1ACC V2ACC finger Halo test of slot and central region

Trigger panel panel Trigger counter

=4

o
=
QO
0o
0. o3 \
: vl‘ \

-vonpoetinchem-oedrcn Tor Antparticies 1 cosmic Rays ausseminar —P.



Testbeam — Inefficiency Measurement

counts 1rom Do
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Signal Ratios

PMT1 PMT2
—

01.05

signal rati
=

0.95

0.9

0.85

0.8

0.75

0.7

IIII|IIII|IIII|IIII|IIII|IIII|IIII

—e— ratio = -0.0076cm™ pos+1 |

MOP signals on one
panels vs. position

0.650

i :
10 20 30 40

Cen!ral position [cm]

PMT1 \ / PMT2

entries: 1121

entries [#]
H
e

10

0 0.5

at the central position

mean: 0.99
RMS: 0.40

1 1.5 2 2.5 3
channel 3/ channel 4

‘ estimation of hit p03|!|on

p” von BOG!IHCI Iem gearc" IOI" !nhpa”m'es n Eosmlc Rays IIEHQQEHIIII!I UQ’UE!UE ~ B 22



w

length [cm]

40

30

20

10

-40+IIII|IIII|IIII§§

-40

-30 -20 -20 O 10 20 30 40
width [cm]

behaviour of one PMT

11

0.9

0.8

0.7

0.6

0.5

length [cm]

40

30

20

10

-40+IIII|IIII|IIII§§

-40

-30 -20 -20 O 10 20 30 40
width [cm]

behaviour for the highest
value of both PMTs

11

0.9

0.8

0.7

0.6

0.5




‘ Flight Electronics

2 branches of signal processing: Sk Trig JLVI ]
« fast veto decision for level1
trigger with discriminator Levl /Dt
threshold SDR  [Levi
« charge and time measurement F g
' || FT
after trigger (ADC, TDC) o TE SPT -
TOF / I TSFET
C ﬂ_l - g
< TDC| ¢
7125004~ <
/ @ 1l
I FE main IiTl
| FPGA— FPGA CT:UDM
ACC| —+— gBliy
./ »(Poux—|ADC Dl
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ngnt Electronlcs: Eallgratlon

] test pulse, Gain 25, 1.2kQ, 5nF |

ADC counts [#]
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“Flight Electronics
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atmospheric muon

trigger counter

|so!rop|'c Particle Distribution \

central position

all tracks

Probabilty
=

Si
<
|
O

trigger
counter

paths in scintillator
thickness: 0.8cm

-
o
&

rel. signal vs. angle:
good agreement
with theory

/o

| | L1 1 Il
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| X

travelled path [m]

. beamtest: straight infall y E”eory

signal ratio

to panel /

. space: isotropic particle : -4
distribution leads to 2t
longer path lengths in ; =
scinitillator o e e s
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T Inefficiency Model

. —— Testbeam ) -= MC: LeCroy
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esibeam electronics:

* Simulation: use of testbeam spectra with extrapolation to small
values, system test, flight electronics, position measurements,
isotropic particle distribution, smearing of signal values: 5106




AMS-02 Cosmics: Eventdisplay

AMS Event Display

Run 1210153173/ 76281 Wed May 7 11:43:06 2008
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entries [#]

vent seiection

108 - T 107 E entries: 8817918
s 10 E
10°F c - F ) ) :
g o in X direction
B 5
10°F !”999" al / \
10*
10°E
10°
102 - 2
g noise noise 10
10 Tracker layer 5
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L1l L1 1 l L1 1 l L1 | L1 1 | L1l | L1 | Ll | | - l L1
0 2 4 6 8 10 12 14 16 18 20 0 10 20 30 40 50 60
time in tdc [us] tracker: |h|tTRD-h|tTR| [cm]

require for selection at least one - at least two tracker hits within 0.25cm

hit within 80ns of trigger  one hit within 0.25cm in last layer
before extrapolated hit position in ACC




mmg-ﬂ EOSITIICS

— ACC: 13066
— TRD: 4978989
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and for ACC events surviving all cuts

entries: 13066

[EnN
Qo
I

entries [#]

[ERN
o
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10

0 1000 2000 3000 4000
ADC counts [#]

event surviving tracker cuts:
no events below 30 (3RMS)
Inefficiency < 7.7-10-5




"AMS-02 Cosmics: Signals

574000 T
N N
<3500 53500
3 3
@)
Q3000 Q3000
< <
1
107

2

o [rad]

* mix of EM, QM and FM
» different settings and conditions
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‘ Position Matching: ACC/Track

= * i 10
o | x 8
N100[~ § N
with small signals 1
il o B
S0 g 6
[ S 0 1
L q) -
| 5
o . 9 =
il 10 < 4
(56 781 23 4 :
-50|- 3 10
100k . 10 . .
100ft entries: 81 1 entries: 81
“lllllllll | | | | | ||II|II||I|II|I| -_rl |||||II|IIII|IIII|IIII|IIII|II
-3 -2 -1 0 1 2 3 1 2 3 4 5 6 7 8
0 [rad] ACC sector [#]

position of hits below 30 very close to adjacent panel:
« adjacent panels show normal signals no events missed

* TRD/tracker matching not precise enough
» scattering in detector _OUt_Of 13000 ACC events
considering the complete ACC
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nimeiium wi -

4§ acceptance of ACC
[ than TOF

» check for the ability to
measure particles between
triggers with the ACC
which could spoil the

entries; [#]
o(’l
1 Illl

o
|

“E charge determination
m;— » toy MC with TOF, Tracker

e and ACC with isotropic
oo bl particle distribution and

0 01 02 03 04 05 06 0.7 0.8 09 1

s without magnetic field
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nimeiium wi -
ToF

\ rOF frlgger event

charge measurement efficiency

ex!ernal even!

"TOF
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nimeiium wi -

close hit: Om<jhit__ -hit,|<0.05m
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£ | =10°
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.g 1 =
0107 g10°
8 3
i S 10
1
102

107
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103 103

10*

0 1 2 3 4 5 6 7 8
number of close hits

TOF trigger events and external longer than 80ns from trigger @ 2kHz

events .
external hits can be nearly completly
s> . xcluded to spoil charge measurement
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xnllpro!ons WIH! IRB, IBF ana |racker

S s N
.&:’—’.102 = 90% 5’effiCienCy .&J_’. M
[ N [
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s I S I e .
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105— 10:_
| | .| | L1 11 | | | | | | | | | | L1 11 | | | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
Y5 2 25 3 35 4 45 5 b 50 100 150 200 _ 250
Energy [GeV] Energy [GeV]
resolution of TOF (100ps) from Lorentz factor y=E/m

due to different masses due to different masses




P ——————
Antiprotons with TRD, TOF and Tracker

4 -3
=10 —10°F :
e —— 5’ AMS, 1095 dayS E— [ |—e— AMS, 1095 days
i 103 s B AMS. 1095 d o I~ |[_]AMS, sys. error
ST q — -
F.({) l\\_?‘“ —&— P, ) ayy c | | — Galprop + DM
— T
10?2 >y conv. Galprop 2 | |— DM, DarkSusY
> BN % ---- conv. Galprop
® 10 h i i
O L m,,= 262 GeV, m = 1560 GeV
e 12 '
é 1 g 10_4 | tanf= 40, u>0, A0=O i
— =
(T o [ | DM signal boost factor: 1.0
1 - Y IMAX
10 l -% | @ Caprice 98
Esn :- c | * Caprice 94
##—‘ L W BESS 95/97
10-2 5] * < o BESS 02
Heat
3 g8 P::wla(prelimmary)
10 i
4 ’
10 10° 1 5
5 AMSO1 protons ~ A 1
- IMAX antiprot
10 Capricaenglgraon?i;fotons B 5
* Caprice 98 antiprotons B (€
B BESS 95/97 antiprotons - ol
10'6 BESS 02 antiprotons _,v'
A combined antiprotons —_,—'
-7 1 1 ||||||| 1 1 ||||||| 1 1 ||||||| 1 | | IIIIII| Il Il IIIIII| Il Il IIIIII| Il
10

1 10 1 10

10? 10°
Energg)/ [GeV] Energ? [GeV]

measurement over 3 years with:
 acceptance = 0.4m3sr : : :
« 63% efficiency electromagnetic calorimeter possible

* 10% systematic errors to the knowledge of detector properties
* tracker resolution is not important in this energy range (c,=0.04%/GeV-p®1.5%)
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‘PEBS — Cosmic Rays in the Atmosphere

Positron

Electron

Balloon
Spectrometer

detector proposal:

e COSMic ray measurements
@ North- or Southpole
magnet

eryosta N | « balloon in 40km altitude in the
atmosphere and magnetic field

detector properties:

« flight time: 100days (total)

e acceptance: 0.4m?3sr

 magnetic field: 1T

e weight: <2t
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simulate at South Pole

compare secondary muons
with BESS @ Ft. Sumner, TX

extract galactic fluxes
caculate errors

verify simulation

Earth’s magnetic field and atmosphere
(IGRF, NRLM SIS00)

solar Modulation
force field approximation

produce spectra of
galactic cosmic ray

isotropic distribution
in 40km height

GALPROP
DarkSUSY
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« use of program package:
PLANETOCOSMICS based
on GEANT4

e atmospheric model:

NRLMSISEOO
"10GeV proton | -
\ R  magnetic field: IGRF 2005
CHEEN -,
L mn gy ]
o detection planes around the
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= electron art ficles in 500K
- positron - ‘ e glart particles In m
- phetemn \ altitude
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‘ Conclusion

 ACC system for AMS-02 works!

— scintillators, clear fibers, PMTs: good
— flight electronics: good

— preintegration done!

— cosmic test of AMS-02

— good inefficiency of about 10-° for antimatter
search

« PEBS prospects are promising!
— atmospheric and magnetic simulations work fine

— good capabilities to measure positrons and
antiprotons and Southpole or Northpole
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