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Cosmic Ray Fluxes
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Cosmic Ray Composition:

Protons 88 %
Helium 10 %
e 1 %
e’ 0.03 %

e/ p:1/3000

Primary Cosmic Rays:

(p, He, C, O, Fe)

—> Important for Secondary Production
Secondary/Primary Nuclei:
( B/C, 1'Be/”Be)

— Constraints on CR Propagation &
Diffusion Models

v-Ray Astrophysics
Secondary Anti-Particles

CR nuclei + ISM— 71* — p* — e*
s — bb, W*W-, Z0Z0 — ¢+

— Indirect Dark Matter Detection
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Detector Requirements:
Antimatter Dark Matter

Astrophysics

Signal from neutralino annihilation

Spectra: €,p, v

Proton supression by 10°
Electron supression by 104
Gamma reconstruction (energy / angle)

Galactic models (secondaries + propagation)

Nuclear abundance: B, C, '°Be, °Be, ...
Standard particles: e, p

Tracking and charge / isotope separation

e Charge identification

* Rigidity measurement

* Velocity measurement

* e.m. energy measurement
* ¢/p separation

* Albedo rejection

e Strong system redundancy

Th. Kirn Threshold TRDs in Astroparticle
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TS93-Apparatus e Balloon mission September 8th 1993
. Ft. Sumner, 34°N latitude, 36 km altitude, 25h
™ .

— ——

Measurements of:

e, e 4-50 GeV, e/ e 10 GeV

e Transition Radiation Detector

L - e*/p-discrimination, active area 76-80 cm?
r:[ -~7—TOF Weight: 237 kg, Power: 100 W — 2560 ch.
10 Layers carbon fiber radiators + MWPC
11 | ) TRACKING-SYSTEM (Xe 80% / CH4 20%)
1 Fblgeld SILICON e Time of Flight System
. CALORIMETER Plastic scintillator 2cm — (dE/dx),
J N TOF Resolution: 400 ps (1.4 m path)
o ] 1}
J 4 T K e Superconducting Magnet
- ] Multiwire Proportional Chambers, Drift Chamber.
Bellotti et.al. Astroparticle Physics 7 (1997) 219-230,
Golden et al. Astrophysical Journey 457, (1996) 103-106 }' ECAL

Ki . 10
Th. Kim EM showers for e*, 5 xy-layers Si+tungsten



TS93-TRD

et/p-discrimination, active area 76:80 cm?

10 Layers Carbon Fiber Radiator +
MWPC

— X,=0.13
10 Layers in aluminium box
— 10 G shock protection

Weight: 237 kg, Power: 100 W — 2560 ch.

Radiator:

I Layer — aluminium frame — 4 poly-
ethylene bags — Carbon fiber segments
1. Layer — 1 additional radiator
Density: 0.06 g/cm’

CARBON FIBER

BAS OUT aox’/ °

MWPC (Xe/CH, 80/20):

Anode — Cathode 8mm

1 Anode plane — 256 gold plated tungsten
wires, @ 25um , tension: 70g, 3mm spacing
HV: 2950 V — Gasgain 10%, Fe>> — Monitoring
TRD 80X Overpressure in box 50 pbar, 870-1000 mbar

]

AS IN BOX

ER IRES
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TS93 Results s
% - B clusters in the irack
= 10 F % planes in the track
2 E . ® likelihood
S - . O Geametric mesn
% - 4 Rel. 8
v L 8 .
5 L .
o s
o [ *
= ‘ !
E | i t :
£ =1
S F
g 1-5GeV ;
g -0.2% m-contamination @ 90% e eff.
§ 19k Rejection power <100 >3 GeV
K o
FEC+TRD: 3-104
16> | 1 1 l i
2000 4000 6000 8000 10000
TABLE 1

SUMMARY OF ELECTRON-POSITRON RESULTS

OBSERVED
ENERGY BIN AT NUMBER OF MEDLAN CORRECTED NUMEBER AT
E 2 TOA
SPECTROMETER {GeV) VENTS ENERGY AT [e*f(e™ + 7]
(1) e” (2) et (3) TOA (4) e (5) et (6)
40-5.0. ..., 109 14 (0.9) 5.71 129.0 + 12.6 11.50 £ 4.0 0.082 + 0.027
070, 165 17 (1.5) 7.49 163.6 + 13.0 11.56 + 3.54 0.066 + 0.019
011, 97 11 (1.3) 10.8 78.4 + 8.08 6.57 =247 0.077 + 0.028
11-50 0o, 36 10 (1.3) 22.0 40.5 = 5.70 501 +£225 0.110 = 0.046

* The numbers shown in the parentheses are the residual proton contamination.
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High Energy Antimatter Telescope

Barwick et.al. Phys. Rev. Lett. V75 (1995) 390-393,
Barwick et al. NIM A 400 (1997) 34-52,
J.J. Beatty et al. Astrophys. J. (2004)

Balloon missions 1994 - 2002
Measurements of:
¢, e, p-rejection 10°, CR-abundances

Time of Flight System
— Z of particle  dE  Z?

Transition Radiation Detector

¢'/p-discrimination

6 pairs of plastic fiber radiators

+ MWPC (Xe 70% / CH4 30%)

Drift Tube Hodoscope (1T-field)
R=pc/Ze, p,..~ 54GeV/c

ECAL

EM showers for e*, TOF-Stop-Signal

10 layers lead + plastic scintillators

13



HEAT-TRD
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MWPC:

Xe / CH4 (70 % / 30%), HV=3700V (@ lbar

Cathode windows: 50 um aluminized mylar (tension 200 g/cm)

Windows are etched to form strips on mylar surface (7.8 cm wide, 1 wire)

Anode wire: 13 um gold plated tungsten wires, 5 mm spacing

Anode wire plane offset from center — time profil widening of arriving charge @ wire

X-ray signal arrive later in time than start of 1onization signal

8-10 wires — 1 electronic channel — spatial res. O(cm) — tracking — rejection o-¢
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HEAT-TRD TRD electronic:

Two kind of signals recorded:

3
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o 1. PHA method: total charge induced on
\\\\\\ LRGN \’\’\ \"\ ~ ’\ \’\"\”\" "\/\ ~ \,\"\"'l."\’\j\’\’\i\f\’\;\/\/\’\‘ L
//:;;;;;;;;;;;;;;;;;:;;;:;;;:;:,;::;;:%«\:;:;:.;:;:;;;:;;;;:;;:;:;:::::;::::::’;:::;:;: cathode planes eventwise;
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planes closer to anode wires are subdivided

AN

o
S AL A A,
TR NI Sl AP AP AP AP AP NI NI AR N DD AP NP
n

N0 proewres | e reree Ve into a tqtal .Of 56 strips, N |
N A T N each strip signal — charge sensitive/shaping
\\\\\.\ ........ '- L T R T T N . .
e —CatodeSwpe 1 ;:;j,ﬁqas amplifier — peak detector — 12bit ADC

2 273 |n

2. Time slice method: time structure of current pulses on anode wires for all MWPCs
anode wires combined into 96 wire groups (8-10 wires — 1 group);
Signal from each group — Amplifier — 3 || discriminators (different thresholds)
— output polled every 25 ns
System ~ flash ADC with coarse (2 bit) amplitude resolution

Th. Kirn Threshold TRDs in Astroparticle 15
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HEAT- TRD Performance
X X oy — | | | 1§ | 1 I T | | [ T F T 17T 7
10 GeV p & ¢ in single MWPC £ g
Q.:l:.. g\\I|l11!|w[[f\\lf\\\[I\III]lIT‘IITTWlFII[g é : 0.590/()p_eff.
5 0.002 = Protons PHA - ) i l
™ 0001 E = £ |
T : 2 10~ LRejection power
1) | (] ] bl b e A st - ]
0 000 2000 3000 4000 = - 170 @ 10 GeV 8 .
PHA ADC Value . EC+TRD: W ]
I 8104 | i
B e S
10 = _ - p=
i o0 [ TR OORA ! st e i 7 E
0 1000 2000 3000 4000 - -
PHA ADC Value : :
'Q-‘:- 0'4 LRI | T 1T 171 ] T 11 | F1T T E TT1 717 I T 17 I_E L |
< 03 Protons TS -3 A
£ 0_2 _; 10 IO N T N R T S R
0.1 = 0.8 0.85 0.9 0.95 1
0 T T R ™ Electron Efficiency
TS Criterion
Z._‘” O_I F7 3 | r1Ti1i 1. TTT 1 [ T T 11 } TTTT l | I . 6
£ Le/Ly = 1 (Pe(x:)/Bo(x:))
- i=]
5 0 15 20 25 30 (Le/ Lp )Total = (Le / Lp )PHA X (Le/ Lp )TS
TS Criterion
Th. Kirn Threshold TRDs in Astroparticle 16

Physics



HEAT- e*/(e*+ ¢ ) -Fraction
Reb2e | - | o m Heat-e*
: May1994, New Mexico,

(4 GV cutoff), Solar min

0.12——<‘> <'> :

e August 1995, Manitoba,
0~ (<1GV cutoff), Solar min
0.08 - & T —
| m Heat —pbar

O @ _<>_‘<>— June 2000, New Mexico,
004k T * A (4GV cutoff), Solar max

Pogitron Fraction e /(e"+e’)

® HEAT—pbar 2000 i
O HEAT—e™ 1994 & 1995 ~Moskalenko & Strong,

0.00 . T S R ' | ApJ 493, 694 (98), Positron fraction
i 104

Kinetic Energy [GeV]

based on purely secondary e* & e
production in a diffusive model for
galactic CR-propagation
Th. Kirn Threshold TRDs in Astroparticle 17
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positron fraction e*/(e*+e-)

e’/(e"+ e )—Fraction: e from Annihilating
Galactlc Halo WIMPs?

L=

HEAT 2000 SUSY+bkg 1'1t

LI II T T L= T T T
SUSY+bkg flt. HEAT 2000 |
| SUSY component o HEAT 94495 | SUSY component o HEAT 94+95 | L+
bkg. component bkg. component | ‘
bkg. only fit m.=340 GeV bkg. only fit =238 CeV
ﬁ&oma

101 | 101 |

0.1

positron fraction e*/(e*+e-)

m,=113 GeV m,=122 GeV

- O CAPRICE (1984)

Positron Fraction e'/{e'+e7)

(1-2,)=57.8 (1-2,)=2.35 O Golden (1993} ‘
102 |- 2a,(SUSY)=10.3x10-10 1072 - 4a,(SUSY)=16.8x10-1° LV AMS (1998) A
[ N=0.800, B,=95.0 N=0.720, B,=116.7 ® HEAT combined (1994, 1985, 2000) !
X°=1.34/dof X*=1.38/dof

o e e o e T e \ T /
positron energy (GeV) positron energy (GeV) Kinetic Energy [GeV]

z X X W | SUSY DM Hint?

' i e"-Spectroscopy:

Precision measurements

at higher energies
needed !

Baltz/Edsj0, Phys. Rev. D 59 (1999);
Baltz, Edsj0, Freese & Gondolo,

Phys. Rev. D 65 (2002); Threshold TRDs in Astroparticle 18
Physics




Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics

Veri ine installati Command / Measurement :
ernier engine installation antenna

Solar battery

] Pamela Research
e aI Hardware
=5 5 bressurized container
- 1

| =i
Instrument module A Research
Instrument a
pressurized container

hardware module
AN

AN Optronic equipment

Coordinate / time
synchronization antenna

Accessories module

Cooler

Star tracker

HadL Y=Y s

VRL (high rate datalink)

e
PAMELA Satellite Resurs Soyuz Launcher
Weight: 470 kg Weight: 10 t Baikonur
Power: 380 W Orbit: Elliptic (300 — 600 km) Launch: End 2005
GF: 20.5 cm? sr Inclination 70.4°
Dimensions: 120x70x70 ¢cm3

Measurements of (3 years Mission): e (50 MeV — 3 TeV), €7 (50 MeV — 270 GeV),
p (80 MeV — 700 GeV), p (80 MeV — 190 GeV), Nuclei <200 GeV/n (Z<6)

Th. Kirn Threshold TRDs in Astroparticle 19
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PAME LA e Level 1 trigger, Albedo discrimination

antiproton positron e dE/dx — Z of particle
) TOF : Time of Flight (S1) e Particle identification (up to 1 GeV/c)

e Plastic scintillators + PMTs
[ TRD: e Time resolution 110 ps
= Transition
E— Radiation Detector 1 nTesh
TOF : Time of Flight (S2) * ¢'/p-discrint 1GeVie @ 10°)
e 9 carbon f] i anes + straw tubes
Tracker(s)
Silicon a, Xe/CO, 80/20)
Strip
Detectors
Magnetic Spectrometer e Permanent Magnet B=0.4 T
I m e 6 planes double sided Si strips 300 um thick,
Spatial resolution ~ 3 um
e Plastic scintillators + PMTs

- TOF : Time of Flight (S2) e Defines tracker acceptance

Si-W Imaging Calorimeter

e reconstructs EM shower profiles

o Si-X/W/Si-Y structure

e 22 W planes, 16.3 X, AE/E < 5% (20 -
200 GeV e*), rejection power @ 10%-103

Silicon Calorimeter

S4 and Neutron detectors
* Energy range extension for primary

pore upto 10 TeV
* Plastic scintillator as trigger
* 36 *He counters in a polyethylen moderator
Th. Kirn Threshold TRDs in Astroparticle 20
Physics
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PAMELA- e/(e*+ e ) -Fraction

I'I_.;—q\ TTT T | i T | T T T T T T ||| T T T IIII T
3:‘ ] I = PAMELA expectation (3y)
‘o L < 1 _r = ]
RS
+ﬂ_‘.| * |
= : |
RS, -. y
© G l"
~ 40! T * i [ 4 i - -| Secondary production
3 I g To. [hex [LErd ” L, | ‘Leaky box model’
- l e RY 1 | (Protheroe 1982)
T e A
© ® CAPRICE98 X _I} |
v AMS Il PR
Secondary production * CAPRIGES94 < A I
‘Moskalenko + Strong A HEAI94+90 o fo-d \‘I‘
model’ (1998) without O Clemetal. 1996 | |
reacceleration m 7S935 '
A MASSE9 TO
N @ CGolden et ol. 1987 _
: ¢ Muller & Tang 1984 | 1 .
* Daugherty 1975 b
o
111 FGPSEI’IG.T."I |1 gﬁ? 1 1 L1 1 ||| 1 1 1 1 III - Primbrv prOdUCtion from XX‘
107" 1 10 10° annihilation (m(y) = 336 GeV)
Energy (GeV)
Th. Kirn Threshold TRDs in Astroparticle 21
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Space Qualified TRD | = |F. Cafagna

[ , 10 Layers of radiators + straws (1024)
5 |\ Carpon Fiber Radiator .
E? e B | Radiator:
S [P enens ISmm | carbon fibers
§ r—— :::'-1;1%::-':-' e e | | Effective fiber diameter: 7 pm
= B e s = o | B I Radiator thickness: 1.5 cm
4 mm | Density: 60 g/l
\
Xe/CO,
. oF Straw tube proportional counter:

e Straw tube: 30 um copperized Kapton foil,
4mm O, 28 cm length

— | » Wire: tungsten anode wire, 25 pm @,

_ tension = 60 g

'U — | « Gas mixture: Xe / CO, (80% / 20%), 1500 |

d TRDs in Astroparticle 22

>  Operating HV ~ 1400 V — Gasgain of ~ 10*
ﬁ_i;: S N F R R s R R R R '
Physics



TRD Performance SPS, July 2000
Beamtests at CERN PS and SPS facilities

Particles: m, |, e
Momentum Range: 2 — 5 GeV/c (PS), 40 - 80 GeV/c (SPS)

Th. Kirn Threshold TRDs in Astroparticle 23
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Space Qualified TRD Performance

85 % e eff.

<
||||N

5% m-cont. | * "

pion contamination (%)

o
ToTa]

—: i ; y ¢ = y,=287
_ ¢ { =y, =430

ol o + + -
1 - + + &y, =758
Uo-l"'m”'zo 30 :n-"hl_ +l¢'+"'

TR PR TS P
Energy released in one plane (a. i) =4 be 0 By ; .90 109
electron efficiency (%)

Rejection factor of 20 for non-radiating particles (@ ~90 % e efficiency

Th. Kirn Threshold TRDs in Astroparticle 24
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Matter matter

AMS

Alpha Magnetic Spectrometer AMS

e

Space Shuttle

International Space Station ISS

Weight: 6700 kg
Power: 2500 W
GF: 0.5 m? sr

Dimensions: 3.5x2.3x2.3 m3

Mission: > 3 years

Acceleration: 3 (6) g
Launch: March 2008

Weight: 420 t, Dimensions: 108 x 80 m?
Orbit: Elliptic (400 km)

Inclination 51.57°, 15.62 revolutions/d
Temperature Variations: -150 ~ +30 °C

Deposition Limits: <10-14 g/s/cm?

Th. Kirn

Threshold TRDs in Astroparticle 25
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AMS-02 — A TeV Particle Spectrometer

AC Photomuitipiiers
e \ ’ =X : -K“'; 3 :;é =
A N ¥ { ¥ / 4
5 N S . L
N B i =
A . S — =
oy = &
e i x| _ . |
———— =3 E
S L |k [
X‘:_:“M.‘.‘.‘”.L-“-q__: . r —— ‘_. e e
e g, | ; E\. - fe
o i ey | = =)
A ““-‘—vis_t;;_"f_-—-- f— — N -
P— Oncintir— 0%
Photomultipliers Soiliaiors .
o —
£ -
Radiator
/ Photomultipliers
;I;; 2
Photomultipliers
/"‘“\\*“*' P~
Th. Kirn

TRD Particle ID & 3D tracking,
20 layers fleece + Xe/CO,, 5248 channels 6mm straws
p*rej. >102 1-300 GeV 0.5m3sr

TOF 1,2 Trigger, o;. =120ps: B dE/dX: Z;
Anticoincidence (Veto) counter,
Fine Mesh PMTs + plastic scintillators

Superconducting Magnet, B=0.9 T, BL?2 = 0.8 Tm?

Silicon strip tracker (2:10° Ch) with internal laser
alignment, 6 m2in 3 double+2 single xy layers,
10 charge separation up to 1TV, dE/dX: Z

TOF 3,4 Trigger, 1.3 m distance to TOF 1,2

d /‘E‘JE:‘,T‘] p'/et > 3o below 2 GeV

RICH  Aerogel / NaF Radiator for A<27 and Z < 28
separation > 3c from 1-12 GeV

ECAL 3D sampling lead/scint.- fibre, with p-E matching +
shower shape: h rej. >104 1-300 GeV 0.05m2sr

Threshold TRDs in Astroparticle
Physics
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AMS-02-Physics Expectations: p, He Energy Spectra

p He

~10 f.'"‘
o * AMS-02 (6 hours) = * AMS-D2 (3 days)

} ® Present Measurements ——— ® Present Measurements
@ >

= @
75 G0 L

% -
- (7))
£ 2 @ L . + + +

E o w "t"

"‘LI'J" EOO - # 1‘+++++

Ses y [} iy
> s ¥ +
u;a =
o e

LIJ 0 1 .|2. NI;u 0 L N | " .......|:2

1 0’ 1 .10 10 1
Klnetlc Energy (GeVB Kinetic Energy (GeV/nO)

Protons and Helium: The most abundant elements

Spectral index: Origin and acceleration, differences between both species
Used to determine the expected fluxes of p and e*, atmospheric neutrinos, etc...

Th. Kirn Threshold TRDs in Astroparticle 27
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AMS-02-Physics Expectations: Hadrons Z > 2

In addition to the information provided by primary CR such as C, N and O,

secondary CR (produced by spallation) are used to estimate the amount of matter

traversed by the CR (confinement volume and time)
0.4
I * AMS-D2 (6 months) 0.6 | o AMS02 (1 yean)
- kg > Ehmpmren 0.57 O Previous (Balloons)
0.3l o HEAO-3 00.4
i A |SEE-3
——

0.1

| —— Strong & Moskalenko

% Spacelab-2

0..I IR ET |
1
10

Th. Kirn

o1 10 10°
Kinetic Energy (GeV/n)

o
w

&

108g / 2Be Rati
%]

N ]

===
c ool
< O D=

"« RICH (AGL 1.05)

e RICH (

* TOF

NaF 1.33)

1

10 1 10
Kinetic Energy (GeV/n)

Radiactive Isotopes:

Provide information about the confinement time

of CR in the Galaxy, — t,, 5. = 1.5-10° years

Threshold TRDs in Astroparticle

Physics
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Yeld in GV intervals, for 3 years on 185

AMS-02-Physics Expectations. Direct Search for Anti-Helium

AMS on ISS (search for antimatter) He / He

10% Helium o (@ (8 Butfington et al. 187
- (b) Gotden et al. 1357
7l 9 fc) Badhwar el al. 1978
10 m 2 x 107 events - (d) Alcaraz et al. 1934
i |£ 53000 GV - © — fe) Sasakietal. 2001
: : fiby
2 . 6 1
- [4}] f
10°% = 3
2 0 9 5
B = :
wE T 3 Amsor @
= £ 1 1.1x10°
0% "6 % Bamela
= -
C PIRL -
2 o 3 =
10 "6_] .l“.; —
05 T 0 —
10 L 0 & A AMS-02, 3 years on the ISS
E = s
L 16
1 I AT tolonooNogoolooanlaononll onag i Lol Cor il ool L1
500 0 500 1000 1500 2000 2500 3000 f 15 10° oW
Rigidity (GV) Rigidity (GY)
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AMS-02-Physics Expectations: Indirect Dark Matter Search

p Flux with AMS (3 years) XX — et 41X

1 V. Choutko, Nucl. Phy. B (Proc.Suppl) 113(2002)

* HEAT 94-95

n
L]

— Signal+bkg

AntiProton Flux (m™ sr'sec’ GeV!

10 . @ AMS.o= ° R
® AMSss ° bkg Moskalenko-Strong-. ’+‘
S+ -2 . [
iy ! 10 — - - DM signal 2
y Q -
% B i d - ® AMS-02 1 year
® MASS 91 o » 3
“ | | I | | 1 1 I I I | . 1 1 11
-1 2
10 1 10 10 1 10
Kinetic Energy (GeV) E (GeV)
Th. Kirn Threshold TRDs in Astroparticle 30

Physics



AMS-02: p/e"-Separation

AMS TRD Prototype O e X7 20Gev
Tube Spectra  — e GEANT3+

10

Cern X7 Beam A p’ X7 160 GeV

p* GEANT3+

Proton Rejectionfactor
Elektron Efficiency jeweils = 90%

TRD TR-Cluster: 102..103
ECAL Shower-Shape: 103
ECAL+Tracker E/p: 10

Th. Kirn Threshold TRDs in Astroparticle
Physics
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AMS-02 - TRD : /

(| RS Fleece—Radiator _
= LRP 375 BK (ATLAS)

p* rejection >102 1-300 GeV 0.5m?3sr

Choosen configuration for 60 cm height:
20 Layers each existing of:

e 22 mm fibre fleece
* ) 6 mm straw tubes (Xe/CO, 80%/20%)

A pJr Data Q e Data
— p'MC — ¢ MC

Radiator + Straws + Xe/COq 168 kg

Octagon + Support + Shielding 207 kg

(Gas System 50 kg

Electronics 53 kg

| TRD Total 478 kg
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AMS-02 - TRD

TRD Octagon/Straw tubes/Radiator/FE-Electronj
RWTH Aachen

TRD Gas Supply/Circulation System
MIT — Design CERN & MIT - Construction

TRD Slow Control System
MIT & INFN Rome

TRD DAQ

TH Karlsruh\
) a




Radiator LRP 375 BK:
Polyethylene/Polypropylene fibers

AMS-02 - TRD

/ 1 Effective fiber diameter: 10 um
N Fleece-Radiator Radiator thickness: 22 mm
_____________________________________ kB?.F.??.B.!\..(@.TL_A_?') .
____________________________________________ 0.06 glem’ | 22 mm Density: 0.06 g/cm?

Cleaning with Dichlormethane CH,Cl,
— dM/dt = 1012 g/s/cm?

Inst. f. Organic Chemistry
chhlarmerthan (CH ,CL,)



Straw tube proportional counter modules:
AMS-02 - TRD *Straw tubes: 72 um multilayer aluminium kapton foil,

@ 6 mm, 0.8 + 2.0 m length

I Mo e———— |
| | samfmmns o Wire: tungsten anode wire, 30 um @, tension~ 100 g

25ym Kapion film * Gas mixture: Xe / CO, (80% /20%)

* Operating HV ~ 1460 V — Gasgain of ~ 3000
- * | Module — 16 Straws, 100 um mechanical accuracy
250m Kapton fim * 328 Modules — 5248 Straws

0.2um Aluminum

Bum Carbon

Film (150-180°C)

r C. BP0V 0Q000Re
A

6 longitudinal stiffeners Strips across every 10 cm
Threshold TRDs in Astroparticle 36
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AMS-02 — TRD: Gas-System & Single Straw Gastightness

Leckrate [10‘5I-mbar/s]

TRD 230 I'in 41 loops (500 mcy)

Xe 495 kg (9340 | @ 1 bar)
COs 4.5 kg (25301 @ 1 bar)

CO4 Safety-Factor SF=1 for 10%s
25.3.107° | mbar/s/mcy @ 1 bar

1.2

0.8

0.6

04

02
i

- Xe/CO5 80/20 in 3 tubes @ 1.3m |

CO,: q (t—e) = 0.89 - 107 I-mbar/s o
o

Mass spectrometer
measurements

Xe: q (t—e) = 0.28 - 10° ' mbar/s

ARA A

A ANA

- £ £

3 = = -
2 (-l ] 8
S B 3 N 8
S E E E E

Th. Kirn

1200
Zeit [h]

0 200 400 600 800 1000 1200

Kapton Wall Diffusion Limit
Xe 0.12:10° | mbar/s/m., — SF =183
CO, 0.37-10° | mbar/s/m., — SF =16

Physics
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AP / mbar

160

Qe Air (10°° I*mbar/s/m)

e A teaky modutes AMS-02 — TRD: Single Straw Test
120 ._ s jie straws not testeq
F ® flight modules R
3 single straws not tested 41 ml \\\
o O flight modules E’i—g’g:lﬁty = % =
gl straws tested 0.45 mbar
80 - PR Te— Straw Volume Vg
single strows tested,

51 mi

new material

60

: ,f ) ‘*\ \ - ! . . Th. Ssedenburg 1202
al |\
e PO1_ﬁD
‘ ‘ Single-Straw Limit: SF=4I%LI @ Sensitlvity

Safety Factor CO,, Vacuum 0.015 mbar
_ .10-5
Single Straw AP 5min He gpy < 1-10™ I mbar/s/m
6.4
[0 203e-5| mbar/s/m ] Entries 8058
6.2 _ 2.80 mbarf200s 800 -_ Mean 1 1 67
[ | B RMS 18.97
6/ 600 |
% He Single Straw Test
58 400 | 1mg,, = 16 straws of 1m
' : 1190 | 568
5.6 32e-5 | mbar/s/m 200
| 0.44 mbar/200s o 0 :_‘_’_I_ I o o | ?Ol-slllrnba”‘SfmC!_'
5.4 | . >
i 7.3e-5 | mbar/s/n] 10 10° Qeak
O 0.10 mbar/200s ThreShOLu LINLUD 1L MdUUpAL ULV J0
5.2 | L | L |

0...99,,.100 150 200 250 300”3850 Physics



AMS-02 — TRD: Flight Module Gastlghtness

| e — R i ' Entries 328
B il 70
- ean 8.202
i ﬁMS 2137
60 '
— 83y =24y @ ISS
50 [

;0; [

30 [
20 |
0| j
0 ] Ll I_lr R B I
0 2 4 6 8
AMS—TRD 12/07/2004

Safety Factor CO,, Vacuum

CO, Leaktestin Vacuum  Straws @ 1bar: 1.85-10°° | mbar/s/mqy = SF 13.7
1mgy = 16 straws of 1m [+2 endpcs] Typ. Module (1.5m1: 3.1 -1031 mbar/s/mey = SF 8.2

Th. Kirn Threshold TRDs in Astroparticle 39
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Ch. 160, straw 8 1 ndf 56.13 /23
55 A 5 Prob 0.0001356
- — o~ F - G 33 L 0 0.0124 + 0.0005952
AMS-02 — TRD: Fe asgain | % | p
1] L p1 2.861e-05 +1.533e-06
= 4
L \ I
3_— %’
2 % %’
qC %"
o i
E % e
e % I
.2_ (] | [ ] | (B ] |k§‘| [ ] ] | S S |
-800 -600 -400 -200 0 200 400
mech. Drahtablage A [pum]
total wire displacement x = A + & in um
0 200 400
c.\q o T T
c Wire: {30um W/AU | Mg, s=100g
é% 10 I Tube: ;L =2m d=6mm i 10
~ L Gas: | Xe/CO, 80/20 i
o
] . ® AV 32v
COntr0||ed MOdUI'Sh|mm|ng 9 8l Uwire:} 1460V IS
F Ggaini 3000 R
6 / 6
4 / 4
2 2
Th. Kirn Threshold TRDs in Astropar o .
Physics % 100 200 300 200 °

mech. wire displacement A in um



AMS-02 — TRD: Computer Tomography X-Ray

C oG TG LDC TG00 ] ) S S S S S

Dicom Image File

Luisenhospital Aachen (GE 16-Channel CT) Wire- and Tube-xy-Fit (a210um)

Th. Kirn Threshold TRDs in Astroparticle 41
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AMS-02 — TRD: Computer Tomography X-Ray

Controlled Shimming of +200um y-direction in middle of module

Mean — -67.50
—RMS 69.60
| 1 | ﬂ ITII_‘ 11 1 | L1
-250 0 250
AX [ um

Mean 20.00

| RMS H 28.28
L1 | L1 1 1 | L‘ L1 1 | L1

-250 0 250
AY [ um

GAS-SIDE
Th. Kirn

Mean -82.50
—RMS H 44 .65
0 11 | | 11 L‘ 11 11 | 11
-250 0 250
AX /[ um
| Mean 207.5
RMS 41.76
11 | | | I | L1
-250 0 250
AY / um
CENTER

Threshold TRDs in Astroparticle
Physics

| Mean

2.500
RMS H 44.65

L on

-250 0 250
AX / um

Mean 32.50

| RMS H 30.72

0 [ | L1 1 ’J L|_‘ | | [
-250 0 250
AY / um

READOUT-SIDE

42




AMS-02 — TRD: Fe> - Gasgain Flight Modules

counts/100

N W R (OO N 0 ©

—_

~ Fe> Spectrum

;135OV Ar/CO2 20° 1013mbar 1l/h
- Ped. | 5.9keV
3 265.8
L ]. L il L ! L L il
200 250 30_0
ADCDbin

Ch160 on Nomex  Shim 0.6mm  Gain 6098 RMS 150
01 03 05 07 09 11 13 15 17 19M  giraw
1
2
3
4
5
i}
7
8
9
10
11
12
13
14
15
16
| RMS gasgain |

- Gasgain Variation 60- RMS,..: 0.59 %

11350V Ar/CO, 20° 1013mbar 1l/h - 328 modules

‘e

b ® e® © °

e ¥ g P

2 ®e *® .

- Mean = 5406

RMS = 1.21%

"2 4 6 8 10 12 14 .16 % 2 3

wire

Physics

RMS [%]



AMS-02 — TRD: Octagon Structure: 3D-Measurement

-

Upper and lower 4 layers || B GHRARGEERARERE |E
Middle 12 layers L B R NN g
.":": 00 mmm— () E
8 ™~ E

Th. Kirn Threshc “/g ENENEE / = &

LU LU LR L]

-0.35 Az

+0.35 mm



AMS-02 — TRD: Flight Modules Gasgain Homogenity
\ 1 1 /

\ T stmming - T ¥/
656 F

Entries .
., 60 Entries 274
o AG/G = 2% * (Ayge/200um)? :
10 %o " (AyecH ) Mean 3.429 w0 b Mean 0.5412
RMS 3.422 - RMS 0.2566
40
30 F Module Production
20 F on Granite Table
10
O 2 4 6 8 '10 12 14 1 |.1|6I |.1|8| 1 I2O 0 :I 1 11 1 I 1 1 1 I 11 1 II 11 1 11 1 11 1 1 II l—|—| 1 1 1
Gain Variation NO shimming AG/Gin % 0 02 04 06 08 1 . 1214 1.'6 18 2
RMS Gasgain ArCO, Granite Table [%]
Entries 656 80 Entries 274
Mean 0.2736 70 E Mean 0.6562
RMS 0.1061 60 z_ RMS 0.3133
: : 50 F
102 0.05 mm Shimming 40 Module Integration
30 F . .
0 E in Flight Octagon
10 F
1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 0 :I 11 1 I 1 1 1 I 11 1 I 1 11 I 1 11 I 1 11 I 1 1 I—|—._|_|—|—
0 2 4 6 8 10 12 14 16 18 20 0 02 04 06 08 1 12 14 16 18 2
Gain-Variation - shimmed AG/Giin % AMS—TRD 02/09/2005 RMS Gasgain ArCO, Octagon [%]
Grms?,cr = Grms?grr + Grms2gy
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AMS-02 — TRD: Fl

-

ight Module Integration Status




AMS-02 — TRD: Flight Module Integration Status

-95709/2005 }

|
-A
o
e




AMS-02 — TRD: Flight Module Integration Status

Module-Octagon-Integration 04/05

Laver 20

/

Laver 19

# Module integral

Layer 15

I.ayersl?o =
Layer 17 : f
Layer i% 0 r .

: &

Layer 14

g
L [ ]
La yermo i
Laver 12 : /
- e

Layer 11
i )

Layer ‘ISO o

Layer 9

Layer 8

Layer i 00 -

Layer 6

Layer 5 = !

Layer 450 F f 7‘,

Laver 3 5 ? 7
Layer 2 : :.“ /"
Layer 1 P
0 |\ | | /
& Tz 2 £ 2 &= B = £ -=' M g = 2
FEEEEEEEEERE5E 4
AMS—TRD 02/09,/2005
Kw
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AMS-02 — TRD: Space Qualification: Structural Verification

FEC coupled load modal analysis

Parameters from static measurements
Verify with component vibration tests

Th. Kirn

Threshold TRI /

Vibration-Test-Cycle:
e Sine Sweep 0.5g (10-2000Hz)

& L

e Random Spectrum apys = 6.8¢g

o Sine Sweep 0.5g (10-2000Hz)

i n A
AT RIS
[A sine G 101 | L-V [mm/s] Laser - z--Direction
500 A Oy B5E-5067
oo zt':-_cij-;;” (1=
128.5 Hz
o & |
[
0 - g
-
o =uia I

S=sgl
Psd

5

|t

2

e
1 AR

P1°=

10 20 50 100 200 500



AMS-02 — TRD: Space Qualification: Thermo-Vacuumtest

g 7000
:I:.\ 6500
; :
T 6000 | Q i i
S 8
° 5500
5000 | A Jigg
V¥ After Vibration I
O After Thermo-Vacuum
4500
® After Vibration I1
4000 : ' ' '
L=587 L=611 L=635 L=659
%601 7S ¢ o T S R e R Vet o ' et e Module
M iwimin i e No significant changes in:
Sy | | * Gastightness
2 — Straw Modules space qualified
40 NN | J S o N L x "
R E R e TRDs in Astoparicl .

Time (hour)

Physics



AMS-02 — TRD: Front End Electronic

VA-Chip Multiplexed Pulsheight Readout

UTE Board UFE Board 4500
h l_?_" . . VA Gain
. IDEAS VA32-HDR12 AD 7478 4500 el
et . - /f“
il —_— 2 3000
4H Jama : = . 12 bit § 2500
|_| | te=2dus — ADC 3 2000
SHAPE E 1500
— 5_ T $ 1000
! i 500
4\\) Control 0
HV
- 0 500 1000 1500 2000
input charge [fC]

Tube-End Board
; Power: 20W /5248 Channels

e
i
-
-m
-
-
=
-
=
-
=
£
i
-
e
-4
B

MIP MOP 30 fC
(G=3000) 60 bins

MIP S/N > 60/2
Range 60 MIPs

Th. Kirn Threshold TRDs in Astroparticle 51
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AMS-02 — TRD: FE & DAQ

Front End UCrate UPD

ket | MUY 28VDC from PDS_(~
v to UGcrate (T Y

P S0 filter
_ﬂ{ — UPD

DC/DC
SQ(_)xx

\

from/to

Trigger/DAQ
UTE Tube End . .
UHVD Hieh Vol Y eD,n . Space requirements issued by NASA :
igh Voltage Distributor Electromagnetic Interference
UFE Front End Electromagnetic Compatibility
UPSFE Power Supply for Front End Mechanical Vibration
UDR?2 Data Reduction ' Thermal Vacuum Test
UHVD High Voltage Generator .
JINF J-Crate Interface TRD Power Consump tion
UFE(20 W) + Ucrate(41W) + UPD(36W) ~ 100W
Th. Kirn Threshold TRDs in Astroparticle 52
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AMS-02 — TRD: FE & DAQ

— 45l L = e T
o .5 g from RMS Calculation g
2 4 E'— i \ i B —@— Common Mode Noise Subtracted _g
— 3'g E ____Common Mode Noise Subtracted | °
% 55 E ........Mean = 1.522 [ADC] (ENC = 4000 ¢)_ -
£ - N S N M W
= E ‘

1.5E

1k

0.5F

al

0 0

UFE Channel Number
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AMS-02 — TRD: FE & DAQ: Space Qu

=

i
o

E s pz 1.586e-05 + 1.811e-05
O 27F k p3 2.3692-08 + 4.995e-07
= - o
O 26 e =
2 251 \‘\\\}\ =
< 2.4; N i
© 2.3 Phige
= L =
o 22| ]
2'1 — \.‘\; -
2 ‘\:‘\ =
19} . UFE(FM}dSS_Ddl. “+ 3
1-8 = O T W T U T TR ARV VI N SRR A O N A Y A
-60 -40 -20 0 20 40 60

AMS-02 Thermal Vacuum Test of UFE(FM) p0

0.02025/2
2.359 + 0.01517
pi -0.005194 + 0.0006583

Temperature [ °C]

Noise [ADC]
W

o =

.

N
O UINOWOAUIO

il
B

|
;-

alification

—e— After FM Production
—&— After Thermal Stress Test

—=—— After Random Vibration Test

—F— After Thermal Vacuum Test

UFE Channel Number



AMS-02 - TRD: FE & DAQ:

Local Discharge (Corona) Test

Thermal Vacuum Test @RWTH-AC
‘ AMS'OZ TRD corona TeSt TRD inside Gas pressure
— 10° T - T T T T r TRD autside p
E 10° i ' ' ﬁ Z : .
= 1
e 3 : B § : :
5 10
o 2
o 1
- : : : : :
10* i i i i i i i i i
1440 = : : : : : : : Thermal Vacuum Test @RWTH-AC
> — : High Voltage (UHVG)
g-, 1420 [ 5 : T
© — o
= — .
(2] 1400 |— —
-~ — ;—
oy 1380 [— =
1360 [ _:
C ! ! ! ! ! Thermal Vacuum Test @RWTH-AC
22 — Current (UHVG)
2 B
18 [— 1
16 — —
= —
= i i i i i i i i ]
01:00 01:20 01:40 02:00 02:20 02:40 03:00 03:20 03:40 04:00
Elapsed Time [HH:MM)]
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AMS-02 — TRD: FE & DAQ EMI-Test
EMI Test @KMW Co. Munchen

Aes . Bw 10 kl-‘zl:mpj Ti PK+ E-Il

i Date 09.Jan."'02 Time 10:08: 12 T6.Lvl ff I
— Hef.Lvl Scan.Stp 7.000 ad-’z FIF Att
= — . . . C 100.00 dB* nit ldBuV/ml
. : - . 100.0 —— T T T T =T T I ] r O | D i ITL
90.0 — e e {1
il AMS TRD DAQ , EMI Test | | | 1 . =
01—t | —
600 Acceplable lelt Line for Full TRD |
) o — 1 - ' ]

40. O—Auﬂp{able Lun}t Line-forone LLE——EVw

0.0 ——

!
Aftel qppropt‘late shleldmg of cables : ‘
L) ) (SF) . SN I L I _J
10M
Start %) Meas.Time Stop
230 kHz 29.75 Mz 2.73861 MHZ 29 ms 30 MHz
Messnorm:  SSP 30237 Rvision D+E EUT: Detektor AMS 02-TRD Pruefer: Hoehrl
Antenne; HFH2-Z1 HE 02 r=1im Polarisation: Vert Real Mode

i

Wave : Horizontal / Vertical Polar.
Frequency range : 10 kHz ~1 GHz
Electric Field : 5 ~100 [V/ m]
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AMS-02 — TRD: Performance, 20 Layer Prototype

Beamtest (@ CERN 2000

PS (T9) & SPS (X7, H6):

Recorded events: 3-10°

Particles: e, u, n* 10 - 100 GeV
Protons 10 -250 GeV

S
4 horiz. lakz%rs- ‘

< _lo6-~vert. layers

TRDs in Astroparticle 57
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AMS-02 — TRD: Performance, 20 Layer Prototype

O
12

1.1k

107

107

| relative mean gain G
| relative density

-

D
G=-501xD+6.03

T

..""\-\._

e .
4
L F ﬁ;x_
&

v

Tube Intercalibration

Gasgain-Density-Corr.

Fed° Energy Calibration

10

« 100 GeV Myons ° G
a0 GeYV Myons
_ *| B0GeVMyons |
0.99 1 1.01 D
' | ¥/ ndf 2065 / 15
P1 3319+ 1.695 ]
P2 797.0+ 9764 -
P3 27.65+ 7876 1
| 1 |
0 500 1000
ADC channels
Th. Kirn Threshold TRDs in Astroparticle

Physics

Channels

9ol Intercalibration errors
80r 5000 muons
70r per wire
60F
50F
40t
307
20t
10f
—4 75 2 25 34
=
2 | » X7/H6 Proton MOP4
1.6¢ R
o[ 4 = .
L A

I e
14F  »

L

’ « NIST dEdX

- 5 mm XeCO,

121,

T00 Eggay 200 GeV



AMS-02 — TRD: TRD Spectra with Geant 3™ MC

dE/dX in thin gas-layers V. Ermilova, NIM A 145 (1977) 555

TR gener. and absorp. M. Cherry, Phys.Rev.Lett. D 10 (1974) 3594
Implement. V. Saveliev (HERA-B) G.M. Garibian, NIM A 125 (1975) 133

N e
QL % AMS TRD Prototype = X7 Beamtest
=R/
‘D_I 0 4|4 Data (Symbols) vs Geant3™ MC (Line)
10 °F
- O
| 57 60 GeVpi
- 60 GeV i y=570 .
102} O 20GeVe v=39100 i *
[ | ] | | | | | ] | | | | | | | ] | ] | | ] | L1 | ] | | | | | ] | ] | | | | I:\' _ I-’él}'\{-

2.5 5 7.5 10 125 15 175 20
E uge/keV



AMS-02 —

TRD: Performance, 20 Layer Prototype

Th. Kirn

o NA34 {HELIDS} # KEK
1 _* ® C. Fabjan et al. & UA2
10 E m R 806 ¢ H. Butt et al. =
E ,}‘* O A. Blingener ef al. x DO 3
o - ~. * ZEUS + M. Holder et al. ]
s ‘%ﬁ v H. Weidkamp 7
T o . #* H. Grassler ef al.
=10 " . * ATLAS =
v = iﬁ #t4 + NOMAD E
= ™ m AMS TRD -
103k 90% electron ,? . ¥ . ]
= efficiency Jﬁ . 40 GeV Beam
: 1 1 1 1 1 MM\‘I + 1 :
20 50 100 200
Total detector length (cm)
L ¢ I AMS TRD! Prototype
& B e e T & 0 R A e R R R R P R R
c -+ (5 * X7p'e ' Data
B 10 3 d) ::::::(:? SEAN] TRDMC
@ - @ ..................
D e Q ......... S—
- o A —
o
- S— TR
O b ————————————— —
Likelihood Analysis @
T eﬁ'l'é'lency .........
10 2 ;"“"' rqured f Rofcton |_ ®
0 100 200 EBE AMIGeV

ThreShOiu LINLUD 11 MdUUpALULVLIY
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AMS-02 — TRD: Longterm Test

leak rate [| mbar/s]
5 3 3

—
<
=2}

1 Gasgroup — 8 Modules

Fe~> — Monitoring

Pressure-Drop Measurements

Mass-Spectrometer Measurements

Th. Kirn

Stable Operation for 1 year

longterm test of 8 straw modules
May 2004 - August 2005

pressure drop:
Xe/CO,:q,  =(8.2%0.3)x 10"° | mbar/s

A m‘““”ﬂ

o~

mass spectrometer:
« CO,:q,_ _=(7.89+0.08)x10” I mbar/s

107
s Xerq,  =(2.08+0.01)x 10°° | mbar/s
1 CO,-SF: 6.3
10-8 1 1 1 1 I 1 1 1 [ I 1 1 1 1 l 1 1 [ 1 I 1 1 1 1
0 100 200 300 400 500
time [days]
Threshold TRDs in Astroparticle 61
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AMS-02: Launch Schedule

©® AMS Assembly @ CERN (2006)
® AMS Space Test @ ESTEC (2007)
© Launch @ NASA/KSC (2008)
® Installation On-board ISS (2008)




Precision TRDs

Th. Kirn Threshold TRDs in Astroparticle
Physics
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Cosmic Ray Nucleus Experiment

Gas Cerenkov
C1

Scintillator
T1

Transition
Radiation
Detectors

Scintillator
T2

Gas Cerenkov
c2

C1

T1

1.1m

A

= Photomultiplier
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University of Chicago
Cosmic Ray Nuclei Detector

J. L*'Heureux et al. NIM A295 (1990) 246-260

Dimensions: O 2.7 m
height: 3.7 m
Mass: 2420 kg
Average Power: 330 W @ 28 V dc¢
Geometry Factor: 5 m? sr
Data Rate: 102 Kbit/s
Average Event Rate: 70 Hz

2 Scintillation counters T1 & T2
— Trigger, Z, up-down by time of flight
2 integrating gas Cherenkov counters C1 & C2
— Energy Measurement (40 — 120 GeV/amu)
6 Layer TRD Radiator + MWPC
— Energy > 400 GeV/amu
— Hodoscope for trajectory information

Space Shuttle Challenger Flight
July 29th 1985, Duration 8 days
Orbit inclination 49.5°
Altitude: ~ 310 km
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CRN TRD Radiator: 6 Modules

Radiator composition and fiber batting materials

Radiator composition
Composition Effective thickness
[g/cm?’]
Radiator 1 15.2 cm fiber batting #1 ~0.6
6.7 cm fiber batting # 2 ~03
Radiators 2-6 5.0 cm fiber batting #1 ~0.2
¢.7 cm fiber Latting # 2 ~0.3
Fiber batting materials
Batting #1 Batting #2
Supplier Hercules Inc. 3M Company
Matenal Type Herculon 101 Thinsulate M400
Composition Olefin fibers Polyolefin fibers
Fiber Diameter [pm] 17 2-5 (average 4.5)
Fiber density [g/cm’] 0.9 0.9
Batting Density [mg /cm’] 40 a5

) Radiator 1 is the most upstream radiator.

— X-Rays 2-15 keV

J. L*'Heureux et al. NIM A295 (1990) 246-260
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CRN TRD MWPC

MWPC Signal (keV/Z?)

SN B
V= el _Z;m
L

WIRE; 50pm
STAINLESS STEEL

AL. MYLAR; 50pm

mO®O

protons

pions
muons
Fe nuclei - flight data

:I Fermilab

MWPC:
1 Wire — @ 50 um stainless steel, Length: 2m
1 MWPC — 200 Wires
— Thickness: 2cm
— Gas: Xe/He/CH, @ lbar
(25%/60%/15%)
— HV: 1300 V — Gasgain: 20
— Fe-nuclei — Signal < 1pC
6 MWPC — 1200 Wires
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Transition Radiation Array for Cosmic Energy Radiation

 Detector Dimensions:
~2.0mx2.0mx 1.5m

» Geometric Factor ~ 5m? sr

* Scintillation Counter
— 7 measurement of

* 1600 Proportional tubes

(0 2cm, L=200 cm) filled with Xe/CH,:

8 Layers straws
— dE/dx of incoming CR particle

4 Layer Radiator + double layer straws
— Energy measurement of elements

O —Fe (0.5 GeV/nto 10 TeV/n)
* Cerenkov Counter rejects low

energy particles
o1 day flight Antarctlca 1999




[ix]
i)
-

=

=

o]
L)
i

TR Eesponse in arbitrary
[ =
- L)
= . ™I
n 3 n

Lo}
[y

gpec. ioniz.

gpec. ioniz.

+

TE

1072 10°

4
Loren%g Factorlg

dN/dE x E** [m™sr™'s™(GeV/amu)™

—
=

—_

—
=

'
—_

TR + de/dx

10

o HEAO

+ CRN "

= TRACER

Ll L 1l L
102 103
Energy per amu [GeV/amul

> 1000000
ENTRIES 44853
0.00 0.00 0.00
0.00 0.44810- 05 0.00
0.c0 0.00 0.c0

de/dx

2003 sample

68



Cosmic Ray Energetics And Mass

* Measurement of individual energy
spectra and element composition of
CR (1 =722>26) from | TeV — 1000 TeV
 Search of cutoff in p-spectrum ~ 100 TeV
* Test of propagation models:
Measurement of B/C up to 500 GeV/n
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CREAM

ﬁ/g TCD~_ }é& * Three Complementary Z-Measurements
: : ' ' : - » Timing Based Charge Detector
Wiper TRD Module | . Pi)ocelgted. Silicpn Detector
e A E R * Scintillating Fiber Hodoscope
herenioy Luyer 4 | * Two Complementary E-Measurements
Lower TRD Module %N * Transition Radiation .Detector
EESERTILE S Xe/CH, (95%/5%) mix
) SCOP 4 S0/S1E (velocity for Z > 3)
Z o) :
'é:m \ S * Tungsten SCN Calorimeter
d AN (energy for Z > 1)
% NN
H— - | * Acceptance
: Mission § * 0.3 m?srfor Z=1 & 2
© Support = *1.3m?’srforZ>3
° TRD Electronics 2
® Gas @
< 71 inches >
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CREAM TRD
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* 2 Sections (35 cm) of 4 Layers — 8 Layers
 Active area 120-120 cm?
* Polystyrene foam radiator

(mechanical support for tubes)

512 Proportional tubes, 16 Layers
Aluminized Mylar (100 pm),
Length: 1.2m, @ 2cm
Xe/CH4 (95%/5%) @ 1bar

» Measurement of y and trajectory
* Sensitivity range 10° <y < 10°
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Figure 3: Measurements of the energy deposited in the TRD tubes versus the

normalized Cherenkov light signal during the flight (-1 day).




Conclusions

* TRDs have been used in underground, balloon and space experiments
— Measurements of cosmic ray €, ¢ and highly relativistic nuclel
» Threshold TRDs excellent devices for Dark Matter Susy searches
» Advantage of low mass to area ratio
» Space qualified TRD designs like AMS-02 or PAMELA
* Long flight duration in space > 3 years possible
 Precision TRDs excellent devices for measuring high energy CR-nucle1

up to the energy of the knee — no saturation before y~10°
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