AMS TIM and General Meeting
Status of AMS TRD

Th. Kirn

|. Phys. Institute B

R Physics AC-|

Houston JSC, 30th October 2002

TRD Production & Testbeam Th. Kirn 50 min
TRD Electronics & Testbeam W. deBoer 20 min

TRD Box S R. Becker 15 min
TRD Box C P. Fischer 15 min
TRD Manifolds J. Burger 15 min



TRD Production Status

S. Fopp, K. Liibelsmeyer, W. Karpinski, Th. Kirn, S. Schael
G. Schwering, Th. Siedenburg, R. Siedling, A. Schultz von Dratzig

2.) Straw Module Status
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TRD Support Structure
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TRD Support Structure

gpp Octagon panels:
NRRIRRRS Sit cladding:

. & #' CFC Inserts to protect

90° panels ready
45° panels to be done
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TRD Support Structure
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TRD Support Structure

Lower HC Plate
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TRD Support Structure
Reinforcement Rings, Milling @ IPT

A
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TRD Support Structure

e Upper Support Plate

e Upper Reinforcement Ring +/

e Bulkheads

e Octagon panels /

e Grid (Cable & Tube Support)
e Lower Reinforcement Ring /

e Lower Support Plate /

e M-Structure

Th. Kirn Houston JSC, 30th October 2002 \NTH
PhysicsAC-|



9(0° Gas Connection
View From Outside

TRD Support Structure

UFE 90M

WTH 8
R Physics AC-I|
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45° Gas Connection
With Chamber Fixation

TRD Support Structure

UFE -45S
View From Outside

45° Chamber Fixation
View From Inside

Th. Kirn Houston JSC, 30th October 2002 \NTH
PhysicsAC-|



TRD Straw Module Status

1. B modules for long term test stand produced

Measurements
Wire Leak Rate | Gasgain
Tension q (He) Ar/CO,
(g) 10-4 mbar | HV: 1350 V
Flow: 1 1/h
100.68 + 1.53 2.4 5503 + 64
99.69 + 1.89 21 5336 + 53
99.49 + 1.24 2.0
99.71 £ 1.23 2.3 5344 + 76
i
E?}. 101.38 £ 1.18 2.2 —
2. 4 modules for space qualification produced 100.74 = 1.66 7.0 EEAl + 76
will be tested next week
100.53 + 1.62 2.6 —
3. 4/328 modules for AMS-02 TRD produced
il b infied el ok 100.03 £ 1.00 | 2.0 5531 + 117
continuous production has started

@i

Th. Kirn

. mchael

Py 8 G-

AMS TIM Meeting, CERN, May

2002

Houston JSC, 30th October 2002
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Straw Module Status

e 3 Longterm Straw Modules L=1549 mm,
(¢ = 21074222 (He))
e Leaky gas connectors

e 4 Space Qualification Straw Modules
L=1258, 1282, 1306, 1330 mm
(g~ 2—5-1074mbar (He))

e Leaky gas connectors
e Leaks at underside of endpieces
e Leaks along straws

e 3 TRD Flight Straw Modules
L=1540, 1564, 1588 mm
(g~ 1-107*m22 (He) < diffusion rate)
e Leaky gas connectors
e Leaks at underside of endpieces
e Leaks along straws

Th. Kirn Houston JSC, 30th October 2002 RWNTH



Double-O-Ring connector

Gas Connectors
Stainless Steel Tube Fitting

Seal Tube @ 6x0.5

0 - Ring 1.5x2 f Shrinking Tube

VA Tube 16x0.2 /

Leak rate: ¢ = 1-1076Lmbar  (He) Leak rate: ¢ = 1- 1076 Lz (He)

Th. Kirn

Houston JSC, 30th October 2002 \NTH
PhysicsAC-|

12



Gas Connectors, Stainless Steel Tube Fitting
Vibration Test | + Thermo Vacuum Test + Vibration Test ||

Thermovacuum Start 27.06.02 11:10:15

o |
60 W f ﬂ I I | (]
e /
il
= i
) 1 N nin | — Ch.a12
= 20 | \‘ | | ‘ \‘ \‘ Control
i ‘ “ — Ch.0L:
: ‘\ Fitting 6
0+ | — Ch.02:
" \ | Alu-plate
\ | \ I
20 - LT L
\
40 - \ b LJ LWW-._ALM:
\ \ ‘ L1

I L L | | TER S T B
0 20 40 60 80 100 120
Time (hour)

Leak rate before 4 after: ¢ = 1107612 (He) = Test with Straw Modules
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Straw Module Endpieces
Old Design:

New Design:

Leak rate: ¢ = 3- 1075 Lm0z (He)
Space qualified? = Thermo Vacuum Test

Th. Kirn Houston JSC, 30th October 2002 RWNTH 14
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Straw Module Endpieces
Thermo Vacuum Test

Thermovacuum Start 27.06.02 11:10:15

ool n
=60 (111
2
©
o 40
g— |
o — ch12
= 20 U TETEEE T e -~ Control
i ~— Ch.0L:
Polycarbonate
0 FHHHHH A ,,,E,,P,l,,g ,,,,,,,,
I -~ Cch.o2:
| %Pol ycar borjate
220 A A AHAH A A rrrrrrrr EP2 rrrrrrrr
40 FAHAAAH A
L \ ‘ \ \

— L L : i AR R EN B \ |
0 20 40 60 80 100 120
Time (hour)
Leak rate before + after: ¢ = 3 - 10—5 l-msbar

= Test Straw Module
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Space Qualification

e 5 Straw Modules — Leaks along straws Mod.

L =376, 400, 400, 424, 448mm No. | 10-5 Lmbar | 15 Lindar
Test programm: 376 2 00 2.58
Vibration test, Thermo vacuum test 188 ;302 ;22
— Eigenfrequencies, Leak rate, gas gain jig g(l)lll ;;;

Th. Kirn Houston JSC, 30th October 2002 \NTH
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Space Qualification, Vibration Test

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

e Random Spectrum agyg = 6.8g

e Sine Sweep 0.5g (10-2000Hz)

Th. Kirn Houston JSC, 30th October 2002
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(607) 9

Space Qualification, Vibration Test

x: 152,628, y: 55.1811

200

0.5

0.1
20

10
e gy o2

Th. Kirn

ASineGI9 | L-D fum] Laser:Z-Direction

1x: 513.633
y: 7.36702

MOD 04/2  3x: 152628

- y: 55.1811
bef.Ran.
bef.Thermo Vac

50 100 200 500 1000 2000
Hz (Log)
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Space Qualification,
Thermo Vacuum Test

Thermovacuum Start 28.08.02 10:05:56
‘560 AT ] N — chi2
§ i ‘ | “; Cont%rol
S ol {1 O WO
g_ ‘ — crg.01
E L AIu-pIate
& ol
20 N """"""""""" — C h02 """"""
Ll UFE§
0 U """""""" e Ch03 """"""
TubéFitting
20 0T Tt Cchos
| Endéime
40 L1 S
| | \ | |

HHEHHEHHHHE\\H%HHMH\
0 10 20 30 40 50 60 70
Time (hour)

All Stainless Steel Tube Fittings leaky!
— Double-O-Ring connector the choice!
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Th. Kirn

gas gain
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20000

30000

25000
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Space Qualification

Gas Gain Measurement in ArCO,, (Mod4/02)

246451+ 1.7%
— 255714 +1.6%
25559.3+1.4%

(=L

® Prod
S 376 B Vibrl
— A Thermo —

0 5 10 15

25112 + 1.4%
n 24470 +2.9%
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Houston JSC, 30th October 2002

24689.9 + 2.1%
— 25229.4 +2.2%
24851.6 + 1.9%

o |

® Prod
S 400-I H Vibrl

— A Thermo —|

0 5 10 15

25607 + 1.5%
u 25203+ 1.8%
25517 + 1.9%

® Prod
S 448 H Vibrl

— A Thermo —

0 5 10 15

straw no.

WIH ¢
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Th. Kirn

Space Qualification, Gastightness
L=376, 400, 424, 448mm

Mod. QHe QHe dHe.,dif f
No. | 1075 Lmbar | 10=5 Lmbar | 1=5 L.mbar
befores afters )
376 2.90 3.83 2.58
400 5.08 4.89 2.68
424 3.04 3.57 2.77
448 3.11 3.83 2.8

Houston JSC, 30th October 2002

RWTH
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Leaks along Straws, Parylene-C Coating @ Astrium
L=376, 400, 424, 448mm with 9 um Parylene-C

Th. Kirn Houston JSC, 30th October 2002 RWNTH 22
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Vco,,cr, = 2000 1 — qco,,cFy,max =

Th. Kirn

Parylene-C Coating, Gastightness

Safety factor =

__ 2000 1-1013 mbar .

5 23.5.107° l-mbar

1000-86400 s

500 m

CICOQ,CF4,maX'LModu1e ] f
@)

S*MModule

4COq
Mod. qHe qCO, qco..diff | Safety-
No. | 1075 Lmbar | 10—5 Lmbar | 1(=5 Lmbar | factor
208 h 1400 h COs
376 2.90 - - - before S.Q.
3.83 - - - after S.Q.
- 4.0 0.70 2.9 9 um P.-C
400 5.08 - - - before S.Q.
4.89 . . . after S.Q.
4.38 4.5 0.74 2.8 9 um P.-C
424 3.04 - - - before S.Q.
3.57 - - - after S.Q.
- 4.0 0.78 3.3 9 um
448 3.11 - - - before S.Q.
3.83 - - - after S.Q.
3.88 4.5 0.83 3.1 9 um P.-C
Houston JSC, 30th October 2002 RWNTH
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Straw Module Gastightness
e Xe/CO5 (80/20) Leak rate 3 single Straw Tubes L=1.3 m

g i
8 | _ ~—~ 1-4 ‘ T T T T T T T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T
€ 35| O pressure dro — 2 i 6
= S P p i = q(Xe + CO,) = 1.17 - 10°° I-mbar/s
© o)
S i ® mass spectrometer £ 1ol ° |
— 3 . © s ° L) oo ©
87 i g % .' o ¢ L
cxs () ° ‘ [ ] ®
© I > 1 s
2 25} 1 s . A ]
i & i A AN Bnn ]
i N i ° b B YA 1
.1 B 08| ¢ n0 -
- 0:;“ A q(CO,) = 0.89 - 10° I-mbar/s |
- 0.6 |- A -
15| - i 2
i 2
* s (Xe) = 0.28 - 10°® - mbar/s |
- | e)=0. . -‘mpar/s _|
L B 04} .. q
B N | [}
Qys = 1.17 - 10° I-mbar/s ] ke A A A AAA  AMAA A |
05 | N 0.2 l A AM AA R ]
‘: AMAMA
| AMA
L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L | 0 ‘A-A.‘“‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
. ime [h
time [h] time [h]

4c0,(20%, 16straws) = 0.37 - 10~ 5_Lmbar

S*MModule '

900z,maz = 20?(())0%-1561206712&7“ 50 = 47-107° S_%Ti‘;fﬂe — Safety factor :12.7
C]Xe(SO%, 16straws) = 0.12 - 10—5_L:mbar

S MM\odule '

__ 8000 1-1013 mbar . 1 _ ) —5 l-mbar .
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Th. Kirn

gas gain

gas gain

Gas Gain Measurement in ArCO,, (effect of Parylene C -Coating)

7000

6000

5000

7000

6000

5000

Parylene-C Coating, Gasgain

gas gain

gas gain

D 60282+15%
| 6035.4 + 1.5%
2%y, e ga?, """

u al" p
® before coat.
B after coat.
[~ S376

Pos:37cm | |
0 5 10 15
1 1 1 1 ‘ 1 1 1 1 é 1 1 1 1 ‘ 1

6009.9 + 1%
| 5946.78 + 1.1%
[ ] (1
1009 80gui"any
® before coat.
Bl after coat.
[ S424

Pos:40cm | |

0 5 10 15

Houston JSC, 30th October 2002
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Po0s:38cm | |
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T oo028512%
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] ngt
® before coat.
Bl after coat.
[~ S448 ]
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Testbeam

Upper Jigg — Space qualification jigg, Modules coated with 9 pum Parylene-C

Lower Jigg — EMI-Jigg, Old long space qualification modules non coated

Th. Kirn Houston JSC, 30th October 2002 RWTH 26
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Th. Kirn

Testbeam T9-Area

o

— talk W. deBoe

Houston JSC, 30th October 2002

R

r
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o P T Beamtest Setup / UFE Intercalibration
- m 14 GeV T9 Protons Xe/CO, 1500V
120 - - c 600
i IS
EENNS 808 080 60 ;36 £00 §) 5
L B (@] 400
125 o
I £ 200
- ()
L o
130 — : & 0
- I I 0 32 64 96 128
- : VA Channel
135 - < 5
i 5
L ; 4
i [
140 7\/ g 3
i 2 2
i o
- 1
145 0 32 64 96 128
i VA Channel
i o 200
150 |- Q ., EMIUFE90S96#01  SQ UFE 90M18#01
- o - 3 1 3
- % 100 : : T : R :
LIS S0 080 80 ¢28 900 9, 8 50 || YT oW I B ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
: _________ ~ 7T ) | | i\\\\\\\\\\\\\\\i\\\\\\\\\\\\\\\
e f‘“\” | %0 32 64 96 128
160 | [ [ [ L 1dl L1 L1 | VA Channel
6 4 2 0 2 4 6 On-Track Landau
T.S. 25/10/2002 02:59
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Electron Spectrum DATA vs MC with Parylene-C

Attenuation Lengths (LBNL) SQ-Jig Layer 4 Beamtest Data
.4 1D b T T
310 7~ POLYIMIDE = o T9DATA 3GeV e
- - C
= | — PARYLENE-C ® GEANT 72u Kapton
< 10 3. _. — GEANT +10u Parylene-C
E 10 3:
10 % |
10 ”
1 |
o BNk g0 .
-1 0 10 20
10 1 0. Eruge L8 / keV
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AMS-TRD GEANT

N S
= GEANT for 20 Layer Beamtest | &
c o
o 20 GeV € I3
)
_ o
04 0y 70 p Kapton -
— 100 p Kapton S
S

103 o TUBE/keV

5 10 15 20
1P Etub on Track
Th. Kirn Houston JSC, 30th October 2002

Proton Rejection vs Electron Efficiency

I

- GEANT 20 GeV Electrons

100 GeV Protons

O
e 100 p Kapton « 2
© 70 u Kapton ®
L [ o ]
{ O
- ® O _
L O
[ O
L ° OO _
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O
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o 0 °©
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Space Qualification with 9 ym Parylene-C coated Modules
L=587, 611, 635, 659, 635 mm

760.2 Maximum Length

674

650

626

602

before Parylene-C coating (november)

Th. Kirn

Mod. qHe qHe,dif f ilelo} qcos.aiff | Safety-
No. | 107> Lkmbar | (=5 Lmbar | 1(=5 Lmbar | 1=5 Lmbar | factor
110 h 1400 h C'Oq
587 4.17 3.37 5.5 1.08 4.2
611 4.18 3.46 5.5 1.12 4.4
635 4.23 3.54 5.5 1.17 4.6
659 5.21 3.63 7.5 1.21 3.5
Houston JSC, 30th October 2002 RWNTH
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Straw Module Gastightness, Alternative

e 4 +7 Longterm Straw Modules L=1549 mm, — Leaks along straws

(Veo,,cry = 2000 1 — 400,07y mar = 29005086400 5 " 500 = 235+ 107> omar)
Mod. JHe qco, Safety- qcF, Safety-
No. | 1077 Lkmbar | =5 Lmbar | factor | 1075 L1%T | factor
240 h C'Os C'Fy
| _ _ _ _ _
[ 27 15.2 3.1 - -
|1 147 73.0 0.7 0.21 172
Y 56.8 31.1 1.6 0.82 44
1 21.6 - - 0.72 3.7
2 15.3 - - 0.53 68
3 13.4 - - 0.10 361
4 14.8 - - 0.10 361
5 14.3 - - 0.60 60
6 14.2 - - 0.56 64
{ 13.2 - - 0.52 69
diff. 6.9 2.82 12.7 0.17 212
Th. Kirn Houston JSC, 30th October 2002 RWNTH 32
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AMS TRD GAS CF, vs. CO;

ATLAS TRT | 10 puA/straw | CF4 + Os, HoO —  F & HF etching & Si deposition
AMS TRD | 20 pA/straw none in space
150 Hz G 3000
Mixture Xe/COy | Xe/CFy
80/20 Volume | 40/4 Kg | 40/8 Kg
Diff. loss / 1000 d | 300/300 g | 300/26 g
28 /AU 1.0%/V | 2.0%/V
HV @ 1000 mbar 1500 V 1585 V
HV @ 1250 mbar 1570 V 1620 V
Th. Kirn Houston JSC, 30th October 2002 R 33
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Straw Module Production Status

Continous production has started

e TRD: 328 Flight Modules

e Flight Modules produced: 12 (2/d)

e Module chambers produced @ FVT: 48 (2/d)

Th. Kirn Houston JSC, 30th October 2002 RWTH 34
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TRD Status
e Thermovacuum stand @ Aachen |.b e EMI test @ CAE Electronics GmbH

Th. Kirn Houston JSC, 30th October 2002 RWTH 35
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TRD Time Schedule

| 2000 | 2001 12002 ) | 2003 | 2004 | 2005
Nr. | © Vorgangsname 4.Qtl 1. Qtl|2. Qtl|3. Qtl 4.Qtl|1. Qtl|2. Qtl |3. Qtl | 4. Qtl 1. Qtl 2. QtI|3. Qtl |4. Qtl 1. Qtl 2. Qtl | 3. Qtl [4. Qtl 1. Qtl 2. Qtl | 3. Qtl | 4. Qtl [ 1. QI |2. Qtl 3. Qtl 4. Qtl
1 1. Antikoinzidenz System
2 [Eq 1.1.FIE [ .!b
3 1.2.Fertigung :
4 1.3.Test %
5 :
6 2.IR-Alignment System
7 E 21.F/E { ,_Th :
8 2.2.Fertigung :
9 2.3 Test ; l%j
10
1 3. Si-Tracker
12 3.1. Si Wafer I |
13 ] 3.2.Support Flange [ i
14
15 4.TRD
16 |[E 41.FIE | S’b
17 4.2. Fertigung
18 |4 4.3. Cosmic Test Ac
19 |[4 4.4.Test Cemn :I
20
21 5.Assembly ~
2 | Einbau Zuerich
23 Functional Test
24
25 |[H Testing JSC
26
27 Ams to KSC
28
i Launch
Vorgang _ Meilenstein ’ Externe Vorgénge e
g’a‘zﬁ':; Sgﬂzsii%hgguleSK Unterbrechung oo Sammelvorgang _ Externer Meilenstein €
In Arbeit I Projektsammelvorgang ﬁ Stichtag
Seite 1
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