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AMS-02 — A TeV Particle Spectrometer ‘

Upper Tracker
Silicon layer

ISS Lifetime extended
until at least 2020 / 2028
(March 2010)

o EEIEYREE . Switch to AMS-01
ISTIIREWE®  permanent magnet
(B=0.14T)
—Tracker reconfigured

— 'external’ layers
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AMS-02 — A TeV Particle Spectrometer
TR TOF

Separation et:p Particles and nuclei are defined by their 7 E

Silicon Tracker
Z, P

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL
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AMS-02 - Transition Radiation Detector (TRD)

Choosen configuration for 60 cm height:

20 Layers each existing of:
« 22 mm fibre fleece

* @ 6 mm straw tubes (Xe/CO, 80%/20%) £ vy Sl

Non-bending plane: 2x4 layers

Bending plane: 12 layers

/ ‘

Fleece—Radiator

AMS TRD Prototype X7 Beamtest

Data (Symbols) vs Geant3* MC (Line)

_____ = ﬁ O 100GeVp* y=107
,:f ,,{? 0 20GeVe y=39100
{ f 5 10 15 20 25 30
| v Eruse’keV
E ﬁ p*rejection >102 1-300 GeV 0.5m?2sr
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AMS-02 - Transition Radiation Detector (TRD)
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AMS-02 - Transition Radiation Detector (TRD)

*13/10/2005

AMS-02 TRD




4500

4000 VA Gain
1500 ,/ Power: 20W /5248 Channels
e : -
E 3000 ] . ' e et ! T
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2 1500 , ; -
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1000 L as : o g T
500 Range 60 MIPs —=ma T S, o~
0 PRERIEEE T H T | ~ama
0 500 1000 1500 2000

input charge [fC]
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— AMS-02 TRD

!

8 Straw Modules — 1 Gas Tower

P 41 Gas Towers — 10 Gas Circuits

41 Gas Towers

AMS-02 TRD




AMS-02 TRD: Gas System
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AMS-02 TRD
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AMS-02 TRD
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Starboard

AMS-02 TRD Gassystem
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Manifold MODULE 1 or] 3

AMS-02 TRD Gassystem

....Manifold MODULE 2.or.4..
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AMS-02 TRD Gassystem
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AMS-02 TRD: Radiator
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Radiator LRP 375 BK:
Polyethylene/Polypropylene fibers

Effective fiber diameter: 10 um
Radiator thickness: 22 mm
' — Density: 0.06 g/cm3

Bl o Cleaning with Dichlormethane CH,CI,

-+ 13/10/2005 — dM/dt = 10-*? g/s/cm?

AMS-02 TRD: Radiator

Inst.’f.- ‘ _,,C'hemistry
ichgrmethan (CH,Cl,)

> | Th. Kirn




AMS-02 TRD: Radiator

Gassystem (P,T controlled)

¥ 2250 |
S X single tube spectra
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layers © 2000 |~ ¢ eV e-
2 C 8
< 1750 | & .;
T ® LRP 375BK CH,CI,
1500 | © <
; : ® O LRP 375BK
1250 F° o
Fx % SEPARET 405
- 2
1000 | .
C e
750 |- %
500
[
250 [
0;_4, ... . e
0 5 10 15 20 25
Eryae / keV
Bt | Th Kimn AMS-02 TRD RWTHAACHEN 20

UNIVERSITY




AMS-02 TRD: Straw Modules
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AMS-02 - TRD:
Straw Modules

6lm Carbon

10.2um Aluminum

25im Kapton film

25im Kapton film

6iim Carbon

\ -
r S 05 ..Q.......QQ

6 longitudinal stiffeners Strips across every 10 cm

Straw tube proportional counter modules:

«Straw tubes: 72 um multilayer aluminium kapton foll,
@6mm,0.8 2.0m length

 Wire: tungsten anode wire, 30 um @, tension~ 100 ¢

» Gas mixture: Xe / CO, (80% / 20%) — to be optimized

 Operating HV ~ 1460 VV — Gasgain of ~ 3000

* 1 Module — 16 Straws, 100 pm mechanical accuracy

e 328 Modules — 5248 Straws

AMS-02 TRD RWTHAACHEN 22
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AMS-02 TRD:Gastightness P30-A

Sensitivity &1

| External Volume Vi 41 ml {1y
..:;NEE\

A
Single StraW AP 5m|n 0.45 mber Straw Volume VS g &
w 6.4
g | > Glue 51 ml
[ ] 203e-5 | mbar/s/ —
3 6.2 [ 2.880 mbagz]ooeslr sim %i:\ = S =
< \ Ref. Vol. Vg
PO1-D
58 - @ Sensitivity
0.015 mbar
5.6 ;D 32e-5 | mbar/s/m
[ 0.44 mbar/200s
54 '« B
7.3e-5 | mbar/s/m
R 0.10 mbar/200s
572 (8, | i i | i | i | i i
0,..50,.,100 150 200 250 300 350
B t/s
Entries 8058
800 Mean 11.67
RMS 18.97
600 |
He Single Straw Test
400 F 1mGH = 16 straws of 1Tm
200 E 1190 568
) T o ?0_‘5} Imbar!s!mcr'
Zartie Sheon 2 \\
: ; 10 10 QLEAK
Th. Kirn AMS-02 TRD RWTHAACHEN 23

UNIVERSITY

&
‘\\ —— /ﬂ’



— ‘ AMS-02 TRD Straw Module Gastightness

] ﬁ“‘"‘ | i Entries 328
' 0T Mean 8.202
RMS 2.137

60

oL — 8:3y =24y @ ISS
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N ¥ s \ - j

20 -

RN N "\ ..\'\ . L
\’\1“. % : \ )‘: 0 | I I_II—‘ TR N N N N A I
v R SAER | N AMS—TRD 12/07/2004
» _ Safety Factor CO,, Vacuum

CO, Leaktest in Vacuum  Straws @ 1bar
1mc,, = 16 straws of Im [+2 endpcs]  TYP. Module [1.5m]: 3.1 -10>1 mbar/s/mgy = SF 8.2
Gas Tlghtness measured in safety factors SF, SF=1 — 25.3-10° | mbar/s/m,
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Ch. 160, straw 8 | £ I ndf 56.13/23

AMS-02 TRD: Straw Modules; -

AGIG, [%]

L po 0.0124 +0.0005952

p1  2.861e05 *1.533e-06

Wire displacement detection by
Fe> — Gasgain-Measurement 4 [
for controlled shimming + ﬁ

£ I

i

}l 1

i 1
C i

_1; Jf e
: .|...|.%|1:1Lﬁ%% [

21
-800 -600 -400 -200 0 200 400
mech. Drahtablage A [pum]

J. Hattenbach

total wire displacement x = A + & in um

0 200 400
.69 E T T
c Wire: :30um W/AU § Myg,s=100g
c N - -
® 10 Tube: ;L =2m d=6mm
% Gas: | Xe/CO,  80/20
'© AV: 32V
2 8l Uwire:. 1460V
Ggain: 3000
6 /
4 /
2
0b——"1_. : ;
0 100 200 300 400
mech. wire displacement A in um
AMS-02 TRD
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AMS-02 TRD: Straw Modules,
Wire displacement detection,
Computer Tomography X-Ray

——

o - E—
Luisenhospital Aachen (GE 16-Channel CT)

Dicom Image File

I T T T T T

| Th kim  RWTHAACHEN AMS-02 TRD
; UNIVERSITY

AGain/Gain in %

total wire displacement x=A + & in um

10

0 200 400
N T T
Wire: (30um W/AU | Myg,<=100g
10 i Tube: i L =2m d = 6mm
L Gas: Xe/CO, 80/20
AV 32v
sl Uwire:i 1460V
Ggain: 3000
6 /
4 /.
2
0 [ _—-4"-/ L i i
0 100 200 300 400

mech. wire displacement A in um

Wire- and Tube-xy-Fit (c~10um)
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AMS-02 TRD: Straw Modules,

Wire displacement detection by Computer Tomography X-Ray

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

Mean
5 FrMms

— -67.50 Mean -82.50
69.60 | 5 [RMS —|H 44.65

ﬂﬂ UW

0 '~ | 0
-250 0 250 -250 0 250
AX / um AX [ um
. Mean 20.00 | Mean 207.5
RMS H 28.28 RMS 41.76

5_

L1l ],

-250 0 250 0 -250 0 250

T s
-
18 S e O Th
&'s L ||| ilee
0 s
3

AY [ um AY [ um
GAS-SIDE CENTER
. Kirn AMS-02 TRD

Mean 2.500
| RMS [W 44.65
L1 | L1 1 ’J L_L‘ L 1 | L 1
-250 0 250

AX [ um
Mean 32.50
| RMS [W 30.72
L1 | L1 1 ’J L|_‘ L 1 | L 1
-250 0 250
AY [ um

READOUT-SIDE
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counts/100

AMS-02 TRD: Fe>

— Gasgal

n-Measurements of 328 Flight Straw Modules

-_‘.,__‘ _,f' - e

o Fe> Spectrum §:Z Gasgain Variation

8{1350V Ar/CO, 20° 1013mbar 1lh | 551350V Ar/CO, 20° 1013mbar 1lh

" Ped. 5.okeV |57

° 2658 |3°0"

5¢ 55;—‘ . Lo e .

af 54 g I S

3} 53 - ®e ¢

SF 550 Mean = 5406

A .. RMS = 1.21%

I R R e e S Sy s S R PR PR
LS ADCDbin wire

2| Th. Kim AMS-02 TRD
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P ew 1
W z
F Zz 4
/& :
7

g

9

: 10
11

12

13

14

15

16

| RMS gasgain |

60

RMS, . : 0.59 %

328 modules

2 3
RMS [%]
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AMS-02 — TRD Straw Modules

/ ‘ >
= = _—
== -7 7 Je
- ik P
7 S
/ X
e -?' / tg = T
“,i-. K j/ 4
l'. : I(.' -h !
§7 N
Start TRD Integration | End TRD Module Integration
September 2004 October 2005 -
pr— o : s
- 80 _ Entries 274
] e I 70 E Mean 0.6562
: RMS 0.2566 :3 : RMS 0.3133
3 Module Production 40 £ Module Integration
B on Granite Table 22 ] in Flight Octagon
2 10 F j
o e Pl P P e 05. i BTN A AR SN AN BT AT R P
¢ 02 04 06 038 1 1.2 14 16 18 2 0 02 04 06 0S8 { 12 14 1.6 18 5

RMS G in ArCQO, Granite Table [% .
asgain ArC0, Granite Table [%] BMS—TRE 02/08,/2005 RMS Gasgain ArCO, Octagon [%]
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Qualification Tests

AMS-02 TRD: Straw Modules: Space

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

e Random Spectrum apys = 6.8g

¢ Sine Sweep 0.5g (10-2000Hz)

40 cm e [ASinecrion] L-V [mm/s] Laser :z--Direction
Module o
100 128.5/Hz
Lh
fo =132.3 Hz ;”
¢ mau il Fh L LLL
| ; e FiTiEEE e
FEC coupled load modal analysis e R AIRR (RS
. ] | J
Parameters from static measurements : .J.-/ M H\“ =
Verify with component vibration tests e
Th. Kirn AMS-02 TRD RWTHAACHEN 30
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AMS-02 TRD:

Space Qualification Tests

i p A by

"Geo‘
~ + 5 1 7 t 3 1 7
AT AT A,
EC A
% 40 /At HE A 1 i T
[} | i |
E‘ :”“;. ‘ “ | ‘L |1 ‘-l |"“ ‘\E ‘\‘ :‘ ‘/"7
S oAl ': e IA 1A -
T20 e \" TSR i i")‘l H
‘ [ 11t \ \‘\ Tl ‘ 1! I \‘ "\ ‘
4 i W iNERNER |‘i ; )
| | | | | 1 1 O A L ' | .
! | I\ T O L
‘ l 1 o L (| 1% |
-20 - i ¥ i i ' R
L ‘ VLR LA N T
‘ i A BERVERS t VALY
[ J \ Y ¢ “\ Y \ Y \ \ \ WY \
-40 - sl b R N ] J g ] ' ] e
0 10 20 30 40 5 60 70
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> 7000
z
]
Il
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mn 6500
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S X g
<
s 6000 - ¢ i
S 8
2
&]
5500
5000 A Jigg
V¥ After Vibration I
O After Thermo-Vacuum
4500
@® After Vibration 11
4000 . ' ' :
L=587 L=611 L=635 L=659
Th. Kirn  31,/07/2003 Module

No significant changes in:

e Gasgain

» Gastightness

— Straw Modules space qualified
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1 Gasgroup — 8 Modules
Fe>> — Monitoring

Pressure-Drop Measurements

Mass-Spectrometer Measurements

-3

Y
o

longterm test of 8 straw modules
May 2004 - June 2006

" Em m =
pressure drop:
Xe/CO,: q_ = (8.3 0.4) x10™ | mbar/s

leak rate [| mbar/s]
=

A

&
L ndn s B sbbuan s ps

# mass spectrometer:

-
o

&

T 1 |||||I'|

Y
o
o

« CO,: q =(7.77 £ 0.08) x 10°° | mbar/s
t—o oo
107 s Xe:q__=(2.58+0.02) x10° | mbar/s

i CO,-SF: 6.9
1 = 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
Stable Operation for 2 years 107 o00 AR 0 800
| Th. ki AMS-02 TRD et
] ' RWTHAACHEN 3,

UNIVERSITY



AMS-02 — TRD: Performance, 20 Layer Prototype
S1 S2 S3 $4 S5

BEAM = 2 _______ 001 1

Beamtest @ CERN 2000

PS (T9) & SPS (X7, H6):
Recorded events: 3-10°

Particles: e, u, ¥ 10 - 100 GeV
Protons 10 - 250 GeV

R
4 horiz. la&%rs- ‘

~ & __le-vert. layers

AMS-02 TRD RWTHAACGHEN 33



1.1

AMS-02 — TRD: Performance, 20 Layer Prototype

| relative mean gain G
| relative density

T

e

D
G=-501xD+6.03

T

..-"'\-\.__
e,

T
L F ﬁ;h__
(']

v

Tube Intercalibration
Gasgain-Density-Corr.

Fe> Energy Calibration

» 100 GeV Myons b
20 GeV Myons
_ .*| B0GeV Myons .
0.99 1 1.01 D
' T ¢/ naf 20.65 / 15
P1 33.19+ 1.695 ‘
3 P2 797.0+ 9764
: P3 2765+ 7876 1
0 ' 500 1000
ADC channels

:\:’ | Th. Kim

AMS-02 TRD

Channels

oot Intercalibration errors
801 5000 muons
or per wire
60+
50+
40+
30F
20t
10t
D 1 1 1 1
1 15 2 25 3¢
%
2 [ ® X/7/H6 Proton MOP;
1.6} e ey
ool b M .
o | ! % [ ] -
iy 0
| e
1.4r A
L
. « NIST dEdX
- - 5 mm XeCO,
' 100 Egeny 200 GeV
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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

AMS TRD Prototype X7 Beamtest

entries

Data (Symbols) vs Geant3* MC (Line)

".n:“‘“ j
10 " i
- O 60GeVp"
[ g8 60 GeV pi y=430
- 60 GeV i y=570
10 2 . [0 20GeVe vy=39100 i k+
[ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | qftﬁ‘_l Tf%\{-

2.5 5 7.9 10 125 15 175 20

3| Th. Kim AMS-02 TRD AWTH

E;pe/keV
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AMS-02 - TRD: Performance 20 Layer Prototype

n | .
. o NA34 {HELIDS} » KEK i
1 i e C. Fabjan et al. A UAZ2
10 B = H 806 % H. Butt et al. =
F ,}* O A. Blngener et al. = DO 3
& - Sy * ZEUS + M. Holder et al. .
> . | ﬁ v H. Weidkamp i
T o * H. Grassler ef al.
E10 " ™ * ATLAS =
> : -+ NOMAD £
=] B ]
(<8 L 4
1073k 90% electron * AMS TRD _
= efficiency . 40GeVBeam 1
i 1 1 1 1 1 1 -I- 1 i
20 50 1oo 200

Total detector length (cm)

Proton Rejection Factor

at 90% e efﬂmency

2 :mln. required p* Rejection

10
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AMS-02 TRD: Frontend Electronic
UFE-Boards

P Th Kirn AMS-02 TRD RWTHAACHEN 37
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AMS-02 - TRD: Front End Electronic

VA-Chip Multiplexed Pulsheight Readout

UTE Board UFE Board
TR S
\\ IDEAS WA3I2-HDR12 AD 7476

- f
'“-—-__\_ﬁ_____ — | | | | ) E
[ - — — 12 bit =
——it Ry HOLD: MUX ADC 3
; SHAPE E

T )

AN ua
J Y Control

|

Tube-End Board Front-End Board

T e i

|1 Th. Kim AMS-02 TRD

-
B
=
S
-
-
=
-
=
-
-
9
T
-
o
e
e

4500 -
VA Gain

4000
/

3500 -4
3000 ]
2500
2000
1500
1000 -
500

0 500 1000 1500 2000
input charge [C]

Power: 20W /5248 Channels

MIP MOP 30 fC
(G=3000) 60 bins

MIP S/N > 60/2
Range 60 MIPs
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e ! |

358 VA Chips Tests

Select Chips 101 Production of 4 Types PCB

E e
=t

I Nldls 5
Wi ana ' 1
’,!. 2] e
. L

'

7 Tad
-l

Series of

Tests

.....

TVT — 3D Vibration

— Coating —> TVT Integration

5| Th. Kirn AMS-02 TRD RWTH 39



Conformal Coating

2 Th. Kirn AMS-02 TRD RWTHAACHEN 40
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AMS-02 — TRD: Thermal Profile of TVT Test for FM-UFE-Boards

Thermal Wacuum Test @RWTH-AC

AMS-D2 Thermal Vacuum Test Profile (FM) || —=— T-: Bath Set Temp.
& T, : Intzrnal Bath Temp.

| —  p— — — — T, : External Temp. #1
T~ l F 1 l i l —sa—— T, : External Temp. #2
| i é z :
|
|
|
|
]
|
I
I

o]
o

I[f1'||

] ®: Gajn Calibfration Iéloints

1
I\ : : : §||§ ; : H
i~ : S I - 5 5 5

=1]
o

=
o
1

N
o

n N
Operating ]rerrjpekatp;ré (-20 ~|+50 °C) i" 1
N | 1 i

Temperature [ °C]

N
o

o
T
D
b

| 1 I 1 1 E 1 1 i 1 1 1 1 1 1 1 1 1 1
01:00 O07:00 13:00 19:00 01:00 DO7:00 13:00 19:00 D1:00

Elapsed Time [HH:MM]
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AMS-02 — TRD: UFE-Board Noise Measurement after TVT Test

—— After FM Production

—=—— After 1* Thermal Vacuum Test
After Random Vibration Test

QT
r— 4-5 é_ ................... ——— After 2”d Thermal Vacuum Test
QO "4b S Wh— — — S
Q 3.5 é_ ................... TS N ) S o _i
S 3 f_ ................... Nmse Mean =1. 513 RMS 0.043- [ADG] ........ - =
= NDIEE Mean = 1 603 RMS =0.063 [ADC] .
0 25 E_ ........................................................................... E
o 15 i
Z 1t E
0-5 ;_I I I Cllommon rpode nOISe| Correctec;i ;
0 0 10 20 30 40 50 60

UFE Channel Number
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AMS-02 - TRD: UFE-Board Galin Callbratlon @ +50°C
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Output [ADC]
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-
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L1l
&

0.5 ."I:Ia‘ta."'l"l.l'T.fLIFE 2004905 EEI]QDE.fgaln.hl‘t cal |:|t _20050927_ 1?322I] B.dxl
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AMS-02 — TRD: UFE-Board Gain Calibration @ -50°C

Output [ADC]

Gain [ADC/C]

0.5 o Lr'ﬂ'.'a't'.'arrw ' """" i [l'F'l'E'"é'[i'[iidi:iS"é'éﬁi;i'[is.'r'gjéih'j't'{rt'"b’é’l"]&i"é'{i'ﬂéﬁﬁi‘l"éﬁﬁéﬁé’”ﬁ"ﬂi] """ T

u....i....l....1....}....I....i.
0 10 20 30 40 50 80

Readout Channel Number

e———
Th. Kirn AMS-02 TRD RWNTHAAC




AMS-02 — TRD: UFE-Board Gain versus Temperature

AMS-02 Thermal Vacuum Test of UFE(FM)

N
co

¥2 / ndf
p0

D.007299 / 1

229+ 0.02629
-0.008789 + 0.0008138
1.232e-05 + 7.585e-05

NN
=9 (=)

Gain [ADC/C]
N
N

4.174e-08 +1.375e-06

E\)ery channel has to
be calibrated within

operating temperature.

20.09.05 - 22.09.05

@ | Th. Kirn

=  LUFE(FM) 500M_01 -
o e e

Ll L1 1 E L1 1 | L1 L1 | L1 1 E Ll 1

20 -10 0O 20 40 50 60

Temperature [ "C]
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AMS-02 - TRD: FM-UFE-Board Pedestal & Noise Distribution

Pedestal Distribution :
~ 10% of full range

Mean/RMS = 372.21/106.66 [ADC]

102 [

Entries

- - Only FM = 82 UFEs

| |FM+Fs=101UFES

10

|

102 10°

UFE Pedestal [ADC]

@ | Th. Kirn

Noise RMS Spread :
~ 4%

Mean/RMS = 1.52/ 0.06 [ADC]

102

Entries

10|

1|||\

0

AMS-02 TRD

0.5 1 1.5 2 2.5 3

UFE Noise [ADC]
46




AMS-02 — TRD: FM-UFE-Board Gain & Nonlinearity Distribution

Gain RMS Spread :
~ 3%

Nonlinearity
~ 2E-04 [ADC/fC]

Mean/RMS = 2.04/ 0.07 [ADCI/fC] Mean/RMS = 1.99E-04/8.34E-05 [ADC/fC]

103 = T | T | T T | T T ‘ T 1T | T T ‘ T TT | T ‘ T | T B 103 E T T T 17T |||| ]
FI[ | Fm+Fs =101 UFEs . - || FM+Fs=101UFEs|
- -Only FM = 82 UFEs - Only FM = 82 UFEs | -
S 102F = B 102E .
l: B E
c c
LU LU
10 . 10| .
1 Ll | L1 | [ | Ll H H | L1 ‘ L1 | [ 1 1| L ‘ |
1 12141618 2 22242628 3 10°° 10* 1073 102
UFE Gain [ADC/fC] Gain Nonlinearity [ADC/fC]
| T Kim AMS-02 TRD
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AMS 02 TRD Integratlon of FM UFE Boards on Octagon Wall 2

Th. Kirn AMS-02 TRD




AMS-02 — TRD: Integration of FM-UFE-Boards on Octagon Wall 3
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AMS-02 TRD: Straw Module+Frontend-Readout,

Corona Discharges

ngh*\’oltage gi
Filter Capacitor o -
{ % High Voltage Distribution (UHV D)
I_—IB. Resistor
|| B1as Resistor Front End Board (UFE)

> >
63 Preamplifier & Shaper ADC(12bit)

Straw Tube (16 Ch.)

Potting : Dexter(EEA?lS and HD3561) compoun
and Hysol-934

TRD Tl.le‘} End (UTE) Conformal Coating

@l HYV plugs/receptacles : Reynold P/N 167-3306

' HYV cables : Reynold P/N 178—5139
4 UTEs

29.03.2005 by Chanhooh Chohg

3| Th. Kim AMS-02 TRD RWTH
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AMS-02 TRD: Corona Discharge Test

Straw Module UTE-board

Epoxy Potting [

:.l.;l‘l"i“-'». -;iffl- l"""'"—"""_"':ﬂ

HV cable

_'_;‘C *‘fﬁ.‘ ;
s CONformal Coating

HV-Supply from UHVD
|
[

UTE

Th. Kirn AMS-02 TRD

HV—Dlstrlbutlon (UHVD) board

=
"‘

HV-Supply for UTH

} ¢ -
e &
3
@ N £ T ol
i Rt G
T
D - F

UFE-Ground
UFE removed

@

& Cl. e

HV-Su| I;JTE é.
e \ :% {— HV plug/receptacle

‘ «4

HV-Supply for UTE

=

 Hv- Supply
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AMS-02 TRD: Corona Dlscharge Test

Octagon-Like Al. Panel

Comlete Smle HV & Readout Un|t

B2 | Th Kim AMS-02 TRD RWTH
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AMS-02 TRD: Corona Discharge Test

TRD 4 layers straw modules

WwHV PIug/ReceptacIe
HV Cables

7 UNIVERSITY



AMS-02 TRD: Corona Discharge Test

AMS'UZ TRD corona TESt | Thermal Vacuum Test @RWTH-AC

TRD inside Gas pressure

10°

TRD outside pressure

10°
10*
10°
10°
10
1
10"
10*

Pressure [Pa]

AICO,, 1 I/

1440 Thermal Vacuum Test @RWTH-AC

High Voltage (UHVG)

1420

1400

1380

High Voltage [V]

1360

T'i"y'l“i“l“}'i"l"f""'i"l"l"I"I"f

>
o]

Thermal Vacuum Test @RWTH-

22 Current (UHVG)

20

18

16

Current [Arb.]

14

|"|"|'1"I"|'""H"I'""I"f'l""'l"l‘

i i 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]

With Kapton Screening of UTE-boards no Corona discharges observed!

27| Th. Kimn AMS-02 TRD RWTHAACHEN 57
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AMS-02 TRD: ElectroMagnetic Interference Test

Octagon-Like Housing -
4 straw modules + UFE-Readout g EMI Test @ KMW Co. Munich

According to
“Space Station Electromagnetic Emission and
Susceptibility Requirements for the Electromagnetic
Compatibility”

SSP30237 paragraphs RS02, RS03, and RE02

Wave : Horizontal / Vertical Polar.
Frequency range : 10 kHz ~ 1 GHz
r, Electric Field : 5~ 100 [V/ m]



AMS-02 TRD: ElectroMagnetic Interference Test

LI

o 26| EMITest:f=10 khz ~ 200 MHz, V.P.,E=5V/m X"/ ndf 1.309/30

3 nE bo L ( Freq. =10 kHz ~ 200MHz
2 E IE| =5 [V/m]w. V.P.
0

=]

b

1.8 [m= _g rms

d B = L Noise '/ = 1.782 +- 0.0159[ADC]

1= 1;12 1.03 1.0‘ F,;:gfem [k;:;

26| f=200 MHz ~ 2, V.P. & H.P,, E =70 V/m { X /m 0.2324/8
g e (OmURAAREIRY bo " tevs:ogere: 200MHz ~ 1GHz, 70 [V/m]
= %F e Noise " = 1.808 +- 0.0279[ADC]
i T e = = = | Noise = 1.781 +- 0.0333[ADC]

::1 3 . . . . . po 1.791 +0.03334
o ii f = 14 kHz ~ 20 MHz, V.P., E = 50 ~ 100 V/m 7;; / ndt ::2:1:9}.53’1 :
e XE T [ 14kHz ~ 20MHz, 50~100[V/m]
§ 2 o ——b o—es—= | Noise /"’ =1.82 +- 0.0332[ADC]
z LE =
PR Sl | e 1_83';"’;’&".;‘535%2 ( Sweeping Freq. =14 kHz ~ 30MHz
= 2E, ) = |E|,.. = 20 ~ 100[V/m] w. V.P.
s e N e L Noise '~ = 1.839 +- 0.0554[ADC]
g 22 .E_Sweeplngf=30Msz1GHz.V.P.&H.P.,E=20~1MW po 1_80416.05125 ( Sweeping Freq_ ZSOMHZ - 1GHZ
3 E - = - |E|,.. =20 ~ 100[V/m] w. V(H).P.
S wfp ; - Noise = 1.804 +- 0.0613[ADC]

Th. Ki AMS-02 TRD
' RWTH 59




AMS-02 TRD: ElectroMagnetic Interference Test

. , Hes . Bw 10 kHzImpJ Ti PK+ T3
Ha%eﬁ]?.dan. 02 Time 10:08: 12 EB.Lvét — kH FIF bt
ef.Lv can.Stp Z A d
0 4 100.00 dBx Unlt [dBu‘.’/mF
T T I00 T T Inr T
90. 0“4 : ' - - ITi +— 1 F = +,+——-—-—— === '***j
80. UI—- |r . lL_+i__Jf_L4I__ B I I .i._ 1__i | | 4! o . —3
o0l —|| VRS L S . L ——
60.0 ——+ |
50.0 — =TT H- ' lri '
' | =] | | '
4.0 -Acceptable Lim Line for-one URE. . !
30.0 —- S - B R ST AT IR - .
qBéTc)re shieldir ng > |
20 U .; — I ! | . . | | i
10. n et ke p o shicldi 0 of - S e
rJ)p opri ate shielaing o a lS i LLI | ]
N T o b
Start Span Center Meas.Time Sto
250 kHz 29.75 MHz 2.73861 MHz 25 ms 30 HHzp
Messnorm: SSP 30237 Rvision D+E EUT: Detektor AMS 02-TRD Pruefer: Roehrl
Antenne;  HFH2-Z1 RE 02 r o= 1m Polarisation: Vert Aeal Mode
h. Kirn AMS-02 TRD
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AMS-02 TRD DAQ

B2 | Th Kim

AMS-02 TRD
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OFMUPD1-Crate @ = . j O FM UPDO-Crate @

- 5 EM U-Crates. 2 EM UPD-Crates

Th. Kirn AMS-02 TRD RWTHAACHEN 62
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AMS-02 TRD DAQ

All AMS-02 electronics is
mounted on two main
radiators (RAM and WAKE)

b | | v S to dissipate about 1000W
 (SEam AV Into space

i — U-Crate and UPD
""'-: '
;I‘-':. ! ¥ II':-:.:'—

: f ~ TRD readout electronics
b .4I

"',! \\p N\ (RAM side):

Th. Kirn AMS-02 TRD CHEN 63
UNIVERSITY



AMS-02 TRD DAQ

‘a5 Front End UCrate UPD_

28VDC from PDS

A to UGcrate
A

== = filter

UPSFE = UPD
Power/Data i . 7
i = Y\ — i :
L ¥ P i :
i Data o DC/DC

~ - s ¥ . \ \ \
—_— p=") . - > \ =y from/to
Trigger/DAQ

Space requirements issued by NASA :
Electromagnetic Interference
Electromagnetic Compatibility
Mechanical Vibration
Thermal Vacuum Test

TRD Power Consumption

UFE (20W) + UCrate (41W) + UPD (36W)
~ 100W

AMS-02 TRD RWTH n 64
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AMS-02 TRD DAQ

to JLVI] 4 to JIMNJ
II""

U-Crate| (TRD FrontEnd

JINF UTE
cors mg |
e |
| S
B ol Lr20v 1500V
fam | A
= | Go Status
; v v
g UPSFE | UPSFE UHVG
E FPGA LR MHY100
A E A . B A
2 il ol 15l
. S/
+3.4V -2 BV +1 2005
£ ControliSlatys | | )
¥ | I *l.r
S9011AU 590534 S89048
Co
" EFPGA = i malferter AI:nm;'erter
| |
I I
S9011B
UPD Box R
% _d
2avifrom PDS
AMS-02 TRD
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AMS-02 TRD DAQ

o TRD Electronics Productlon

Karlsruhe Readout

¥ i} T
UFE LVDS

Phases:
EM = Engineering
QM = Qualification

QM2 = QM at
L sy ™ production line

Production of
qualification and
flight model at
CSIST in Taiwan

i,

Board-level qualification and acceptance testing performed during production
| in Taiwan with specialized CSIST technicians and physicists.

S ——— — e o —— A e — O

T RMs 02 1R S RNNTHAATHED B6
UNIVERSITY




o | AMS-02 TRD DAQ
=  (OM/FM Thermal-Vacuum-Test

Karlsruhe

I = W ]

Repeated temperature profile

= 1=
s ’%T

p<10-Smbar E : : ’

W ’ - ]’

» Storage temperature cycles -45°C to +85°C

* Functional tests -25°C to +35°C

» Heat dissipated to cool plate only (on ISS this is the
main radiator)

TWEPP-10, Aachen IEKP,Andreas Sabellek p.10

AMS-02 TRD RWTHAACHEN 67
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o | AMS-02 TRD DAQ
gl QM EMI/EMC Test

Karlsruhe

“ » EMC: operation during conducted or
= 18 radiated disturbing pulses without
g ® e failure
. « EMI: test of radiated frequency
S - : | spectrum in kHz to GHz range within
i 1.00E+08 1.00E+07 1.00E+08 A
sl 4 NASA limits
_— N010-09-21 TWEPP-10, Aachen IEKP,Andreas Sabellek p.11

B | Th Kirn AMS-02 TRD RWTHAACHEN 68




o | AMS-02 TRD DAQ
QM/FM Vibration test

n-;. 7

KIT - IEKP
Karlsruhe

T —

| Mar.06

S.E.R.M.S, ltaly Frequency spectrum 20Hz to 2kHz

+ Simulation of vibration frequencies occuring during shuttle launch of
up to 6.8g rms (duration about 10min — duration of shuttle launch

about 4min)

« After test careful inspection for damage

TWEPP-10, Aachen IEKP Andreas Sabellek p.12
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AMS-02 TRD DAQ

o TRD Readout m AMS-02

KIT - IEKP
Karlsruhe
5248 Proportional Chambers LT Sl e
16
=" SRA S 05 —
= - bl =l iy
% 16x :ml HoC [ | [P PGARTII T c DAQt
% 16X — L_ % omputer ~5 MBit/s
g;g_]s 82 X 12 X 006 @)
Y% "‘":j 350km
%@o
FPGA: Control of Readout 4 NASA
Charge Fi_e:at;ioqt Aaalicle SRAM: Event Buffer Marshall
el IRl Ll DSP: digital signal processing /J

JSC,
Routines: Houston
A) Calibration: Pedestal calculation and

test of channel quality
B) Data processing: Pedestal subtraction

and zero suppression

A%\ ©0010-09-21 TWEPP-10, Aachen IEKP Andreas Sabellek p.16
Th. Kirn AMS-02 TRD R\NTH 70



O

KIT - IEKP
Karlsruhe

ATAD-SZpctrddagd [on pobrddegd)

TRD Status Monitor
_E

e QAL ﬁﬁrm— |

Extract from data stream, what instrument
sends

HE-DCC-map nasw run

e B Ry
LLLERE
I

(R &8 8 B 8 8 B B 8B B B N _J§ |
L]

AMS-02 TRD DAQ

onitoring

MPYV fitted to on track [histo mpv
amplitudes e
m [T | U U UL LU | | | I'R“s 22?’3

Q@ 10°

= | ]

i 10F

— 10 ]

1ﬂ...l...|..| L | :

0 20 40 60 80 100 120 140 160 180 200

Landau MPV [ADC]

(status of power supplies,
temperature, gas parameters,
data acquisition, etc)

TWEPP-10, Aachen

IEKP Andreas Sabellek p.19
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AMS-02 TRD DAQ

O UDR DSP Code Description

KIT - IEKP
Karlsruhe
5248 Proportional Chambers U-Crate Electronics
= -
Data | |SRAMT3 ¢ 7| DSP
%’ 16x o VA1 » ADC ——— |- ~IFPGA = -
% 16x ;wgl HoC || 32enmer | S FPGAR T I
% 16x | |SRAM <} & | DSP|!
Analog = @9y o TTTmrT I TTTTTTTTTTTTT
Signals 82 X 12 X
Charge Readout (VA) and Fpgghi:né;ﬂrﬁf;}zc:out
Signal Digitization (ADC) DSP: digital signal processing

Each UDR2 board reads and processes raw data of 448 strawtube
channels. Raw data consists of 12-bit adc values.

A  2011-01-31 AMS SW Review, KSC IEKP Andreas Sabellek p.7
B .| Th.Kim AMS-02 TRD RWTH 72




AMS-02 TRD DAQ

Three main detector-specific parts:

a) Data calibration: pedestal calculation and test of channel
quality

b) Event processing: pedestal substraction and zero-
suppression, dynamic pedestal calculation

c) DAQ monitoring: Assembly of housekeeping data,
calculation of average hit amplitude and occupancy

B Th. Kirn AMS-02 TRD RWTH 73




AMS-02 - TRD M-Structure, Heating

| T ki AMS-02 TRD RWTHAACHEN 74
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TR

AMS-02 — TRD M-Structure Heating

D Component Temperature Range

Item Experim. Quantity Temperature | Operative | Survival Comment
Setup tested Range [°C] (no damage)
|DOR-Connect0r LN, (15 min) 8 77 No Yes
T<-20 No Yes
|DOR-Connector TVT AC 20 20<T<+40 Yes Yes
Manifold
FVs unswitched | TVT AC pc;'tt’; c‘? f]';ag?y‘igst R e e
’ -25<T<-20 Yes
. 0<T<+40 Yes Yes
|FV Operation TVT AC 2xX2FV 25<T<0 No Yes No switching
TRD Straw TVT AC 4 SQ-Modules -20<T<+45 Yes Yes With (Gas, HV, Power)
[Module TVT MPE -45<T<+60 Yes No (Gas, HV, Power)
-20<T<+50 Yes Yes
JUFE TVT AC 82 FM( +19 FS) -35<T<-20 Yes
+50<T<+80 Yes
|UHVD TVT AC 5 QM -45<T<+63 - Yes

TRD Requirements

ICD 27.01.2006

TRD Component Space Qualification:

Non Operative (Survival) -20<T<40°C Non Operative (Survival) -25<T<40°C
Operative -10<T<40°C Operative -20<T<40°C
Th. Kirn AMS-02 TRD RWNTH 75




" | AMS-02 - TRD M-Structure, Heating [

Physics AC-/

Cable routing heating overview 05.01.2007

=

7 3 5 6 [ 7 g
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02 - TRD M-Structure Heating

AMS-
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AMS-02 — TRD M-Structure Heating

| 03n 1,75m |

06 —=i

| 175m 0.3m |

st

04

02 —=

| 1,75m 0,3m |

Bt

|12rn

&

Verwendungsbereich Zul. Abw.  |Oberfliiche| Masstab | cewiont

Werkstoff. Halbzeug

&
\/

2006 | Datum | Name B

[Bears] 26.11 | &lun | M-Structure schematics

[cepr.

[Nams] Thermostats & heaters
\R] ¥ Zeich Blatt
IRWNITH| p
| Physics AC-/ 45 5L
|Rev.| Anderung |R Ers. [ [Ers. d.: [ Plot Datum:
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AMS-02 - TRD M-Structure Heating

C1 W
Buchss
)~ 15+
1 ORN 4 oRN
5 YEL v — o o] o [: YEL
8 iﬁﬂ A 120 VDC Hot & g[:l EE¢| g# € geﬂn -
8 @ VIO | 8 @ VID |
5 . GRY 3 GRY
10 () WHT 10 WHT| +
11 @ BLK 1 @ BLK
12 OBRN 2 ® BRN
12 RED 12 @ RED
4 ORN| 77 4 OrN|
15 YEL %5  YEL

B 120 VDC Cold

B.R1

B.R2Z
—
B.R3
— 1
B.RL
—

Verwendungsbereich

Zul. Abw.

Oberfliiche MuBstab Cowicht
@D Werkstoff, Halbzeug

2006 Datumn  Nome Benennung
Bearb. 25.11. &fler
Gepr.
Name

Zeichnungsnummer Blait

2
BL
|Rev. Anderung  RevisionName Ers. f.: Ers. d.: Ploi Datum.:

Th. Kirn
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AMS-02 - TRD M-Structure Heating

04, 06, 08

mm [2_ [1_ MBIS1MII-BI2N
® 3 @RED | . _i_:ﬁ
h 4 OmN ™ AT AT2 [4  omN
o] -1s GNR| 77| GNR|
o LR 1ih j"“ﬁm’
o5 [t e
b 10 WHT 10 wHT| *
o mq] B.T1 B.1Z
® 12  BAN [ 7 zesrN
T[4 ORN ~ 14 = ORN -

F!
i

02

Buchss “mm
[ IR +
4 ORN ™ ATY AT2 oo 77 T4__omN
8 DGNR| 7~ 8 T GNR
[T @B | / (7 @BLU |
8 ®Vio [ AT
+ [10 " wHT /’/| / ! A 0wt
11 9 BLK %J I |ﬂ‘3—‘ BT 812 [ T SBLK
12 ® BRN I : | M2 @BRN
—[14_orN T #7114 ORN| —
15 YEL 15
Protection resistor
RNR 55 C 1004 FR
© AT o Ao
§5%)|Bo—
oy o
o =)
MB2T508 E10F8F
Hot
Verwendungsbereich Zul. Abw. (Qberfliche Mafstab Gewicht

@D Werkstoff, Halbzeug

2006 Datum Namae B
Bearb. 25.11 Effar
Gepr.

Name

Aeichnungsmoummer Blatt

Bl

\Rev. Anderung Revision Nome Ers. f.: Plot Datum:
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AMS-02 — TRD M-Structure Heating

RMNTH
F i Psics AC-/

Cable routing Wall08 03.01.2007

=

? 3 4 5 6 [ 1 Gl
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AMS-02 — TRD M-Structure Heating

‘ 3
Thermostat Box @ &45° Wall08 Heaters @ M-Structure 1 Thermostat Box @ &5° Wall02 .
Iat
[a e |
el A 120 VDC Mot T'-
Al n’ wi [ R s
| |
| |
| B 120 VDC Cold |
| i wlbw || B
e —————— il
' |
U[—ll Power @ Corner Bracket 3 -
B A
Cold  Hat
C
0
£
Verwendungsbersich Zul, Abno. Oberfliche] Mafstab 1-12 ]::m.m-m
-@-B- oy 126 2768 | wio/  [Ferketofy, Halbzeug
rnittel
2007 | Datum | Name Berennung
e | Xebee M—Slructure schemalics
Nam Thermostats & healers F
TV 1] Zeichnungsnummer it
Physics AC-/ ams02-06-4100g oo
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AMS-02 — TRD Thermostats Space Qualification

Temperatur T2
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Fig. 5 Environment, Temperature sensor T2 on Thermostat Box 04
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| AMS-02 - TRD Fllght Integratlon System Test

S .

7| Th. Kirn

i A
G r!.'” Rl
A . I, " ¥
.’r"ll - NS
P - 119 0

AMS-02 TRD

15/10/2007

-

RWTHAACHEN 87
UNIVERSITY




AMS-02 — TRD Flight Integration,

_ Gastightness @ RWTH Aachen Cleanroom
3 1816 e A e T ST T T e
£
""‘—’1814 ...........................................................................
- He-dp/dt-Measurements of
| | i, ; | individual straw modules
1810 [ e o — L T : :
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1808 | ha T o . o
1808 . . : : | Qa7 = 1.56*102 | mbar/s
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AMS-02 - TRD

TRD Delivery to CERN October 2007
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AMS-02 — TRD Flight Integration,
mi|  Gastightness @ AMS Cleanroom CERN

Ar/COZ (80%/20%) dp/dt Measurements

of whole TRD after delivery to CERN
end of 2007:
Jcoz= 0.29 * 10-2 | mbar/s

» Comparison Measurement dp/dt in air:

He < CO2 Factor of 2
e Factor 5 20% to 100 % CO2

5q,,, = 3.09%10-2 | mbar/s

— TRD gastight
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AMS-02 — TRD Flight Integration,
Gastightness @ AMS Cleanroom CERN
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AI\/IS 02 TRD




AMS-02 @ CERN Cleanroom




& AMS-02 @ ESTEC, Noordwijk

- Ia AMS-02 inThermal Vacuum Chamber
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AI\/IS 02 @ ESTEC, Noordwijk
7 5 \Electromagnetlc Interference

Test:

5 « Emission
o Susceptibility/Immunity

EMI emission profile: et N
. Range 30 Hz - 50 MHz NN W, TR
. Limit set by Nasa not exceeded I F’W,\ B
EMI susceptibility (not shown): | ™
o Interference at 80 MHz (TDCs) i\ JH.
major issues o LI 1 T '

30 100 300 1k 3k 10k 30k 100k
Frequency [Hz]

B Th. Kim AMS-02 TRD RWTH 95




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

T TTT

AMS-02 — Test Beam H8 CERN i
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at Geneva —

AMS-02 in the Space Station

Processing Facility (SSPF), ready
for installation into the Space
Shuttle

Extended data taking periods to
verify detector performance

&= Th Kim AMS-02 TRD




AMS-02 in Endeavour Payload Bay,
Closing of Doors




AMS-02 - STS 134 Launch
16th of May
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- TRD: First Slow Control Data

No UG block

e [ s e
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AMS-02 - Start Data Taking 09:35 CDT, May 19th 2011

AMS-02 - Trigger Rate

I I 1 1 I '} ! 1 1} 1 i I ! 1 I ! 1 ] 1 | I I L I | I 1 |
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4%  More than 15 Billion Triggers recorded Longitude ((I))
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AMS-02 TRD

TRD Hits per event

[ .I.I.I.I.;.I.I.I.I. P T I I T I I T T A I I N A I [ 1

-150 -100

B2 | Th Kim

-50 0 50

AMS-02 TRD

100 150

RWTHAACHEN105
UNIVERSITY




AMS-02 TRD - Occupancy
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AMS TRD Occupancy AMS-02 TRD - Occupancy

5246/5248 Channels within specification.
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Pedestal

AMS-02 TRD - Amplitude/Noise
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AMS-02 TRD - Temperature Monltorlng
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AMS-02 TRD - Temperature Monitoring
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AMS-02 TRD — Pressure Monitor
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5 Total leak rate of 4.2 mbar/day:
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— 0.764 g /day = 8.85 pg / s (before launch 6 ug /s )
Total storage: 5kg
— CO, lasts for 17.9 years > ISS Lifetime
- TN
- S -3.2 mbar/day
5 1100: B, ‘
= | "v ‘v‘ K
O 1050 g A
.§’ — "’“\\ \ -4.2 mbar/day
= — fv operation \
@ 1000 " '
S - ™,
a” | "!!. "y
;ﬂ 950: ‘\ \\\-4.2 mbar/day
900 — . \\\

50 : ! : 1 : : | : :
11/05 25/05 08/06 22/06 06/07 20/07 03/08 17/08 31/08 14/09
time




AMS-02 TRD Raw Data, before 15t Calibration
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Wall 3, Manifold 1 MPV vs Time
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AMS-02 TRD Raw Data, before 15t Calibration
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g AMS-02 TRD Raw Data, before 1¢ Calibration
3.0.007
" 0.008 AMS TRD Proton Spectrum
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AMS-02 TRD after 1%t Calibration, He-Sample

Helium (Z=+2, 10.0 GeV/c < P < 20 GeV/c)

Day 138 - 220
h_ModSpec h128
Entries 2.913264e+07 Entries 47319
: Mean 376.7
0.006— RMS 1935
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TRD Calibration Helium
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AMS-02 TRD Response to Protons, Helium, Electrons

» Use ToF, Tracker and ECAL to define clean single track proton, helium

and electron samples
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1/N dn/dx

Rejection

AMS-02 TRD Proton Rejection

..........................................................................................................................

S AAAAAAAAAAAAA ........... 6200@90% AAAAAAAAAAAAA . o\.
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AMS-02 TRD Proton Rejection

Electron Efficiency
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AMS-02 TRD Proton Rejection
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TRD/TRDGas-System Monitoring Programs
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TRD/ACC/TAS-Standard Shift
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e - Th. Kirn

List of TRD/TRDGas Programs

Electronics Monitoring;

» TRD Status Monitor (TRD-S)
» Pedes_Canvas

« UDR_HK_ Canvas

» Read Dblock_files

« UHV Status Monitor (UHV-S)

Gas Monitoring:

* TRDGAS Monitor (TRDGAS-M)
 TRDGAS Status Monitor (TRDGAS-S)
* TRD Pressure Monitor (Pressure Monitor)

Detector Monitoring

* TRD Data Monitor (TRD-M)
* TRD-DTS Monitor (TRDDTS-M)
» TRD-GainMonitor (TRD-GainMonitor)

AMS-02 TRD RWTH
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TRD-ACC-TAS SHIFTER:
TRDGas Standard Monitoring Shift

Start-up of AMS-Activation:

AMS Power-Step-1 from CMD Post

- Initializes TRDGAS Crate (UG)

- Configures and starts UG CtrlTsk

- Activates UG Q-List items 7A/7B

HV ON: CMD asks if TRD Gas 1s ok

Standard Shift Activity:

. No TRDGAS commanding in standard shift

« Adjust TRD HV once per day by a 3V step (MOP-ADC value = 60)
details see pages 131-133

e Check: TRDGAS monitor data available
All plots in TRDGAS-M update

e Check: Pressures and Temperatures in range
TRDGAS-S is updating regularly

Th. Kirn AMS-02 TRD RWNTH 127




TRD-ACC-TAS SHIFTER:
TRDGas Emergency Actions

Emergency Actions from TRD Post CALL EXPERT

- Xe/C02 Vessel High Pressure (>175/100bar)

- Xe/C02 Vessel High Temperature (>+60 C)

- Xe/C02 Vessel Low Temperature (<-20 C)

- Xe/C02 Vessel Low Temperature (<-40 C)
Requires UGPD-B powered and all DC/DC on

- Xe/C02 Vessel Low Temperature (<-50 C)

- Mixing Vessel High Pressure (>13bar)

- Box-C High Pressure (>1500mbar)

- TRD High Pressure (>1300mbar)

- TRD Low Pressure (< 900mbar)

-TRD-SidePanel High Temperature (>+40 C)
Ask CMD to disable TRD 120V Heaters
- TRD-SidePanel High Temperature (>+50 ()
Option: ask CMD for AMS StandBy last Option:
- TRD-SidePanel Low Temperature (<+5 C)
Ask CMD to switch ON TRD 120V Heaters A & B
- TRD-SidePanel Low Temperature (<-20 C)

ASK for Commanding
UG Heaters DISABLE
UG Heaters DISABLE
HEAT VESSELS (UG-A)
HEAT VESSELS (UG-B)

Turn AMS into sun
VENT MIX

VENT Box C

Flipper Valves CLOSE
Flipper Valves CLOSE
ask CMD: TRD HV OFF
Flipper Valves CLOSE
(PDS 120V Heater #3)
ask CMD: TRD StandBy
Turn TRD away from sun
Flipper Valves CLOSE
(PDS 120V Heater #3)
Turn AMS into sun
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TRD-ACC-TAS SHIFTER:
TRD Standard Monitoring Shift

e Check: TRD data monitor (TRD-M, Pedes Canvas.ps, UDR HK Canvas)

e Check: TRD Temperatures in range (TRDGAS-S and TRD Sidepanels)

Emergency Actions from TRD Post CALL EXPERT ASK for Commanding
-TRD HV Trip! ASK Command to stop DA(

Go to IRD=[HY

reset HV by pressing
button "HV On”
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TRD-ACC-TAS SHIFT SETUP
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TRD Monitoring:
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| /Data/BLOCKS/HRLR/COR | -
* Every bOX green’ 7

I T —

Status
JINF & JINF &
Crate Power [ AR TELTAL I

HV 0K | 1580 ¥ |
[ 20110611 16:27:58 |

Check:

0K
Crate Power 20110611 16:35:15

« HV value match the setji

| Status |
[ox] 1580 v |
l_ 20110611 16:33:23 [

| Status |

UDR & |
Df "1_ 20110611 16 35:15 | DAQ = 20110611 16:35:15 |

[“Data [SICS EI_EI_EI_EI_EI_EJI_ |_Data__||SIKCSINoj [ [foa]2 Kea]s| foR] 4| |

= - | - R - |G e | ||

/Data/BLOCKS/HELR/ CDP/ 38147
/Data/BLOCKS/HKLE/ CDP/ 38146

Th. Kirn 5 AMS-02 TRD RWTH o 138
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TRD-S

JMDC
QList

DAQ and
SC Status

BLOCK |

Files

Commands
from ground

H:] TRD Status Monitor

Melonic Heil 03-Funr2011

fData/ELOCEE/ECIEPE/RT

NEARAEE
20110611 14:09:31

0021 | 470
470) FEAD
Qi 20110611 15:01:42|

JINF &
Crate Power 20110511 15 01:52

| 1580 v

20110611 14:52:21

UDR & [oKl|

DAG [ 20110611 15 01:52 |

Ul

M OK |
20110611 15:01:52

JIMF &
Crate Power
l_l 1580 v
20110611 14:56:56
o |
= 20110611 15:01:52 |

O - T - RN e O s [

| #Data/BLOCKS/ SCIBPE/RI/ 21470

=

H:]| TRD Status Monitor

'l‘_une 20110611 15:01:51 ereated Pedes Canvas_ . ”%“

Melanie Heil OF-Ape-2011

— Dirccoy [ DOBGIAEEA
/Data/BLOCEEfHELR/ COP

Status

JINF & |
Crate Power

oK ||

20110611 16:35:15 |

153I] L'
20110611 16:33:23 |

g

UDR & Status

DAQ (Lo [ 0K
= 20110611 16:35:15 |

|_Data__|[S|IL3] EI_E_II_E_II_EI_EI_E_‘II_

T —
JINF &

Crate Power 20110611 15 35:15 |

1530 v
20110611 16:27:58 I
%I

UDR &
[k
DAQ = 20110611 16 35:15

|_Data__ {30 fn]1|[CR]2) ] s In] 4 ]S ]

| esevent [0 N - B = | Sl
| i::mm:mm:ﬂ: 2
All information from TRD Readout is analyzed and summarized
in overall status for shift taker
AMS-02 TRD RWNTH

Th. Kirn
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Screen-3: Additional Tools for TRD Experts

UHYV Status Monitor:

Go to RUN directory and open programm:

~ “m
Cd /RUN Stale Interval INF Ok
UHV-S & UHV Status Monitor
IR 1 T
%, /Data/ELOCES/HELR/CDE QLT 20110528 20:29:29| ]I 20110611 16:41:30] 15 41 30  PRINT |
Set Directory to UHVG ADC Voltages and Alarms

o Side & U0 Side B Ae

Data/BLOCKS/HKLR/CD

U1 Side A& U1 Side B

Set to current directory and file
Use to check single channel HV values for A/B-Side

i i RWTHAACHEN
Th. Kim AMS-02 TRD UNIVERSITY 40




Pedes_Canvas.ps

. gv: fpocchome/trd/TRD/Pedes_Canvas.ps: File:0199109 20110309 07:28:34 (M.Heil 07-Dec-: =

gel [ Landsoapel 0.250] | A4 fpocohms o TRD/Peaes_Canves s

Variable Size |
Een Bl.-lﬂﬂ.lﬂﬂil-ll-ﬂﬂ-. .= =R = O o= B ekl e e
! - = = e R ekl e
Print Marked |
_ Savedl |
Save Marked |

Pririt harke E o ot e o o e e o
" o P -

Sanve Al S ETH T F o S = D R ok

F F o o o s o o s ol s ] e B el N

Save Marked E DN N N (NN N NN N T O N F ::::::::::::::::

- im0 D - - o e -

[ | R - [ - P T .

i) o Aok ook WO 0 e 1 ) R R AR = (R oot o e s 68 R o
E7 it ool e s S i O O O o O e
E e N O i O e A E

D e 0 S D -

]

B L LT T T 1]
| = :

a3 [e=3- i e s e O e o

34/|°3737 3: 3 o e O e [ e e e O
[ 11 1 3 0 0 B 1 | B8 1 | 1 1 |||} -

L L Ll 1 QL [ R J | L _J_1 .l ] ™ I
W - | o -

F -
o= o = = S8 e S o

F =5l
il e o S = o 5 F - = e . O ..
el N e i e o O ol A e L] - —
o i R e e B F -
[V S T WY, ] R TR A, E

1m0 130 il =0 o ) . L] [E] = =50 Jiw a0

Calibration of each of the 5248 Straw-Tubes

Upper left: Actual Pedestal values in ADC channels

Upper Right: Difference between actual and default Pedestal values
Lower Left: Actual Noise values in ADC channels

Lower Right: Difference between actual and last Pedestal values

.02} Th. Kiryoise should show usual pattern i RWTHAACHEN
. (all but 2 channels green for A-Side Power,AIvIS 02TRD UNIVERSITY 141

also slightly higher noises on end/front of segment for B-Side Power)




UDR_HK_Canvas.ps

gv: fpocchome/trd/ TRDJUDR_HK_Canvas.ps: File:0199108 Time: 20110309 07:27:51 (M.Heil

_ File | State| Page||Landscape||0.250 | A4] /pocchome/trd/TRD/UDR_HK_Canvas.ps: | | Wed Mar {

e e |
o |
e |
Fint ot
omea
Save ke
ElEq
poo |
S

- | N T S T — —— — —— i — —

Upper: Actual Occupancy (number of hits in each of the 5248 straws)
Lower: Actual Amplitude (Median, Pedestal corrected) values in ADC channels
for each of the 5248 straws

| Th. Kirn Occupancy plot should not show any unusual high or low channels Wﬁé&é‘ﬁ# 142

A

A
] S'U?
g

7 « Amplitudes should be fairly homogenous AMS-02 TRD



TRD-DTS Monitor - TRDDTS-M

A total of 404 Dallas Sensors on 40 strips are read out by USCM-UG-A/B (202 sensors — 20
strips — 7 busses respectively)

The Label contains Layer-Number LO01..L20, Tower-Number T-9..T+9 and position along
chamber in decimeters [XY]-10..[XY]+10

Some sensors on the strips are located outside of the octagon volume (near the connector
patch-panel). For those sensors the naming scheme is as follows: Layer-Number P01..L.20,
Wall-Number W1..W8 (W1 = +X, W3=+Y, W5=-X, WEmrtz)Vall-Half[+-][XY]

OP1OW3+X

OP04W3+X
(o] (o] (o] (o]
e %:' o lD )
[@]
o ¢
9000
oo ©°9
OPLEWL+Y
o o 2 OPL2WL+Y
0?® OPI7TWL+Y
17| o o 0
13 |o o
0 0 o o
14 (4 a L, O
16
18 o P9 . o o o S °
O PL6WS.Y —o—t+—Fo—O0——F—0+—0——0 o0
O P12WS5-Y = 0 0 oP—P0 o o 21.0°C
O POTWS5-Y ¢
|
|
|
|
[ 20.0°¢
|
|
=
[
0 P20W7-X [
O P1OWT-X [ 19.0°C
O PI4W7-X R

AMS-02 TRD 143




Directo B N EEEEE : 0038 | 148 || : :
/Data/ELOCES/HELR/ CDP e g . 1 hfdiw
O PAW3I+X
O PLIWIX
0 PMWIX
Time of last
update
0  PLWLY
O PLWILY
O  POTW1+Y
On any sensor: O PiWSY
Left click -> get sensor T R
_ _ mformatlon ] \
Right click-> get histogram of %
sensor temperature [ e Change
i (=
(clos_e hls_togram C color range
again using the N E /
‘Return’ button!) m
= 10.0°C
Im TFLET —— adnul £ [ |
Th. Kirn




Usage: TRD-DTS Monitor- TRDDTS-M

-
TRD DTS MONITOR v1.4 R
%I 5J5 7[5 52 ooss] [ 221 « Each button represents the
/Data/BELOCES/BT81553 _W 20110328 12:58:35 Mﬂ .D:} @L approx |0C8.t|0n Of 1A & lB
-
Mean TRD Temperatwre date 25.03.2011 Se n SO r
pr— £ 1o o < s * Aleft-/right-click on a button
ot ool o Oo §mmfiinii AN— Shows detailed information/
00 o oJ U i SR SO S |
{ o ° A Temp.history of the sensor
00 20304 cereeiens Geeeeneene e l,,..!i;..? ............ . )
Ty I S e L[ ¢ ‘Last update’ supposed to stay
$oo0©0 N T R N green in ‘Read’-mode
/ C T S S « Color palette adjustable left-
o [w] 11:00 11:30 12:00 12:30 13:00 /rlght—CIICk on maxor mln
9 4 o Do o .
T oo ot oo e — button increases/decreases
° ° o . respective limit by 1
o o ° 14 «  On bottom right the active
! o o readout side is shown —in
8 Fwwsy] | 2o O 5 O 51015 O 5 O 5105010, case both readouts are
R 00 N ,. I T 7 Ke e available one can select which
° .t . ] one shall be displayed
ee o [ « Different views available (click
o o ] e on ‘Name’ button on bottom)
0 o [
° o0 ]
0% 0o ° I
P20W7-X 0 o] o
g PISWT-X\ )| 19.0°C
O PO4WIX
1: TRO DTS Overview | Readout | pee- ol N

. Kirn AMS-02 TRD RWTH 145



Gain Monitor:

GainMonitor

The HV of the TRD has to be adjusted every day to minimize the gas

gain variations.

The MOP should be at about 60 ADC counts.

For checking the evolution of the TRD signal gain, open a terminal, go to

RUN directory and open program:

cd ~/RUN
TRD-GainMonitor &

Take care that you do not hit any key
afterwards (causes hang-up)

Be patient, especially when you ask
for updating.

[~} Gain Monitor - K
Gain Monitor
quit | user name  schwerin remote wildcard  /f2users/ trdealib/ TRDGain_new/log/cal_*log update
g =
E 120 :
o — ﬂ‘
g T A
< 100 =
© ru b
@ — -
E L f’
80 /
-/ Ry
/ 30
. Sl S S
i S ///// //"ff};./ |
40 ' B : : g .
- { ;’l !
20
C 1 L 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1
26/05/11 25/06/11 25/07/11 24/08/11 23/09/11 23/10/11
time
Using / pocchome/ trd/ RUN/OUTPUT/ GainMonitor/ log for calibration input files

AMS-02 TRD




Type in your GainMonitor
CERN AF$ user name

Click on update

Gain Monitor
Gain Monitor
quit | user name schwerin remote wildcard  / f2users/ trdcalib/ TRDGain_new/log/ cal_*log update

S
|

1y ISR U, N N — — STE— —

mean mop value

=2 ]
o
|

60 ey ey pL—

40 | / .......................

20 0 B T T R —

B | | | | | | | | | | | | | | | | | | | | | | | | |
26/05/11 25/06/11 25/07/11 24/08/11 23/09/11 23/10/11
time

Using / pocchome/ trd/ RUN/ QOUTPUT/ GainMonitor/ log for calibration input files

You are then prompted in the terminal window:

Your user name@ams.cern.ch password:
Th. Kirn AMS-02 TRD




GainMonitor

Click on unzoom for returning
to complete data set

] Gain Monitor - X
Gain Monitor
quit | user name  schwerin remote wildcard  /f2users/ trdcalib/ TRDGain_new/ log/ cal_*log UNZOOMm update

70 _— ------------------------------- Y—ou can deduce the actual value by

68 __ ............................... eStl matlﬂg theslope ..........................

mean mop value

You can enlarge the — | T . ; | |

scale by selecting an ({
interval on each axis

\

62

—I- | | | | | - | I — | ] - | | | ] - | I |

27- 12h‘28 00h 28-12h 29-00h 29-12h 30-00h 30-12h 31-00h
time

Using /pocchome/ trd/ RUN/QUTPUT! GainMonitor/ log for calibration input files

AMS-02 TRD 148




TRDGas Monitoring

* TRDGAS Status Monitor (TRIDGAS-S)
* UG CHD (Crri

*TRDGAS Monitor W&M)
* Pressure Monitor (Pressure Momnitor)

Th. Kirn AMS-02 TRD




TRD/TRDGas-System

JMDC

PDS

VENT
— : =
SPIRO
T o8
% [ %f
—'“ UGPS
| |IBOX-C , Piefrle
=||
1 | ( 11
UGBS UGBC UGFV
I e I N A o e
US'J — SSFI_ | BSF | ooy bus SSFL |
i \ UW i
Z 3.3V A1
: ek
C UG-Crate )
28VDC A+B
AMS-02 TRD RWTH
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TRDGas-System |

i Box ¢
: TO GSE FROM GSE
| A e
1
i
1
1
| ) (B
! CP1 g h
, P3 g»
S o/ Ny &
i 1
| CP2
| FiLL PORT @ [
. @~
1 o
1
'Faa P4
= &3
Xe vessel plg
| Av4
1
! Fic Wala : BW&
: Kulits 03000 ﬂ Marotta 5 i Burkert
| P1d W20b i ;\. pPac | ' MANIFOLD SEGUENT
! Kbt (=300 ﬂ mr:‘gr; Eﬂ% M 1 |
[N} . 1
| V., & Dl — e Yo o goc
i e e K i
i cO ﬁ T i s i o éﬁjﬁ 11D seqment gﬁ’ i
i 2 i OGP@ o
: VESSEI 5eon Vab 30 oo I|I|I|I|I oMb vab f 0=300 :: o ﬁ /‘//// E l
| Wy T Ry
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TRDGAS Supply Vessel Limits

Supply Vessels:

Pressure- Temperature dependency

Xenon Isothermals from NIST  Temperature in °C: 60 40 _CO2 Isothermals from NIST Temperature in °C: 60 40
s 200 T 200 —
g | [ ot | 5 1
€ _“E’ 180
o 180 o 180
3 =
§ 2 ]?’0 = - N USSP SNSRI SIS ST SN SS: SENR: S
H]
&£ 160 T TV S ——
150
140 140 |
| ; | f I S0 T USSR SO SUSPRTOVO: SUUPURUINE SOOI SOSHOUOIS VSV SHOTS SISO SUPSPSPOTS SUROOS: SYP - SOOI SOOI SOTRIOTOIE NOTORUIS SO  JONME SY J013
10
100 = 100 | .
SD S R—— 30
70 |
[T S— e
&0 | : ...;.‘-.-.- i
a0 |- 50 e
40 i v
20 | A ? T f 30 o e
L N T O U O . O OO . O 20 |t
0 | | - | . N Density 10 |4 - i
0 2 4 6 8 10 12 14 16 18 moll 0 i L J L L L ensity
0 10 20 30 40 50 60 80 90 100 110 kg /50.01 0 2 4 6 B 10 12 14 16 18 20  moll
0 5 10 15 20 25 30 as a5 50 55 B0 kg /2751 0 5 10 15 20 25 30 35 40 kg /50.00
1] 05 1 15 2 25 a as 4 45 5 5.5 6 6.5 7 kg! 3.01 0 1 2 3 4 5 [ 7 8 9 10 1 kg/13.41
L
Vessel: Xenon C02 MIX

100% Fill Level:
Max.0p.Press.
Max.Des.Press.
Proof Press.
Burst Press.
Min.Des.Temp.
Max.Des.Temp.

—]Gas Freezing

48Kkg 5kg
100bar
220bar
330bar
440bar
-70°C
+65°C

175bar
207bar
335Bar
645Bar
-70°C
+65°C

-110°C -55°C

1l4bar
20bar
40bar
80bar

AMS-02 TRD
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TRDGAS Sensor Value Limits

UG-Supply-Current [92] Monitoring: 0.6A
Pump HalfSpeed: +0.1A
Heat Vessels:
Heat for Mix: +1.0A
Marotta Valve: +1.2A

BoxC Canister Relief Valve at Inlet: 1.7bar
TRD Pressure: 900-1300 mbar

Pump HalfSpeed: Psup +320mbar Pret -320mbar
MfdP [96..99]: O +- 20 mbar
Temp [89/94]: -20°C .. +55°C

NO BOX-S/C Marotta-Valve Operations below 0 °C
NO Pump Operation below +5°C [94-SP blk]

Temp UGSCM/UGPD [70] -15°C .. +45°C

Th. Kirn AMS-02 TRD RWTH 153




Configuration of TRDGAS-S

Set Directory to Find Last File Load for reading Read continously
Data/BLOCKS/HKL\R/CDP (left C|ICk) (left click) (right cliik)

_—y @ \ THD&S Status MLnltor S

Set X to 2 ooy [ M OOEIAAEE S o0 147 |9
left-click 1 number /Data/ELOCES/HELR/ CDP 20110527 21:31:59 | 20110611 16:41:30

right-click | number TRDGas Press oK TRD Press oK

Leak (14

R

TRDGas Temp

TRD Temp 114

35990 [E] 20110609 04:
35990 [E] 20110609 04:
35455 [E] 20110608 12:
35455 [E] 20110608 12:
35455 [E] 20110608 12:
35455 [E] 20110608 12:
31208 [E] 20110604 02:
31208 [E] 20110604 02:
30786 [E] 20110603 15:
30786 [E] 20110603 15:
27877 [E] 20110531 13:
27877 [E] 20110531 13:
27877 [E] 20110531 13:
27877 [E] 20110531 13-
26638 [E] 20110530 08 1ﬂ

out of ramge [CH 2 OUTLET] d4F 387 [Pumps D D]
out of range [CH 2 OUTLET] d4F 387 [Pumps D D]
status sensor Pld

status sensor Plc

status sensor Plb

status sensor Pla

pressuve(s) out of range

TED: 320 mbar [Pumps DI D]

presanve(s) out of range

318 mbar [Fumps D D]

status sensor Pld

status sensor Plc

status sensoxr P1b

status sensor Pla

pressuve(s) out of range

BEEEES®

:

B G0 U 0 R md O O %] med el ] G ST

iiiioiisiinies
1999889998884

L L
REER

:

* Every box should be green,
« Temperature and Pressure values should be in the operating ranges,

» check the browser for warnings or errors
Th. Kirn AMS-02 TRD RWTH 154




TRDGAS-S

Directo
fData/ELOCES fHELR S COP

RDGas Press J

TRDGas Temp J

TRDGas St

TRD “ress
TRD 1 emp

atus Monitor

%HE@E@ EEEB% F_m o
=N E

20110609

20110608
20110608
20110608
20110608
20110604
20110604
20110603

20110531
20110531
20110531
20110530

04

TP

it
EEEEEEEERERERE

HB

|
[ch 2

387 [Pumps D D]
87

(AP — dP(Out)) /[2=0 50 mbar

pressuvel(s) out BE range

Temperatures:
All TRDGas
DTS-Sensors
Range:

-30 Cto +50 C

Pressures TRDGas:

Xe/CO, / Mix. Vol.
Range:

Xe: <150 bar
CO,: < 80 bar
Mix.Vol.: < 4.6 bar

Pressures TRD:

BoxC

Range:

Pump off: 900 to 1500 mbar
Pump on half speed:

P3: 1220 to 1820 mbar

P4: 580 to 1180 mbar

SidePanel DTS-
Sensors:
Ranges: +5 C to
+40 C

MS-UZ2 TRD

RWTHAACHEN .
UNIVERSITY




UG CHD (Critical Health Data) Bit Definition:

AMS-02 CHD Time-Mux Data ID=14

UG-CHD Bits from UG-CtrlTask TRD Gas Status
MO n i t or M u -L t i C as t S erver.: 6 P-TRD (1:low;2:high;3:inv) P-Mix (1:low;2:high;3:inv) P-CO2 (1:low;2:high;3:inv) P-Xenon (1:low;2:high;3:inv)
- Pump off at over | Valve disabled at | Heater off at over | Gas closed by leak | Closed gas segment differeing from P3- |Gas circulation drop|
‘ temperature over temperature temperature detection P4 wrong, Datayovald
$ TRD C H D - M -Mm MC C ( S h u t t -L e ) 8 T-V1/2/3 (1:low;2:high;3:inv) T-PH (1:low;2:high;3:inv) T-CO2 (1:low;2:high;3:inv) T-Xenon (1:low;2:high;3:inv)
-m HOSC (ISS)
9 T-UG/PD (1:low;2:high;3:inv) T-BP/Mix (1:low;2:high;3:inv) T-Can (1:low;2:high;3:inv) T-V4/6/18 (1:low;2:high;3:inv)

] trd@pcposj0:~/COMMANDING/TRDGAS _ 4 X

STA INV — not updated File Edit WView Terminal Help
-> UG-Task running ? [trd@pcposid TRDGAS]% ~
[trd@pcposid TRDGAS]%
XE 20.. 175bar [trd@gpcposi® TRDGAS]$ TRDCHD-M -m FS1553

02 MCastOpenFrom: IP: [224.0.0.24] PORT: [62822] IF: [ethO]

MIX
BXC
DRP

10.. 100bar

0.. 13bar
800..1200mbar
Pin-Pout = 0 / 650mbar
For CP off half

nwouvhm?>o T

LEAK detected by UG-CtrlTask

i T 0 1 [EH FEE EEE] PRl EEE] FEED OEE
XE T -30..+60degC . K] o T Al ad ol dd gd gk
C02 E -50..+60deqC LHEE 2 1 A1 i 0 a0 B4

PH M -15..+60degC B EE 2 A A4 i 4
MVS P -15..+60degC . ol # g A ) A
MVC E -15..+60degC r kf o U g gl g e gl
BXC R +5..+40deqC S'I.'ﬁ. XE céz Mix BXC DRP LI-;AH e ?? e nx
MIX T -15..+60degC ofl - PRESSURES - - TEMPERATURES - - - -

Th. Kirn AMS-02 TRD




TRD-Gas Monitor Program: TRDGAS-M

THD—Gas Monitor

ofafi|e]|7|4]e]
/Data/ELOCEE/HELR/ CDP 20110519 10:18:13|

0019| [ 447
FEAT
[ 20110522 00:52:36

ES Ty 1FMay-2011

% hfdiw

G0 ey o

50 - e 2

a } i i
1553 18:53 2153 00:53  03:53

[§ 93:Fher melr.nl Go2lb.cl || 10

T T T
16:53 21:53 00:53 03:53

15:53
[ 2:Ptiber) in Peoholrgs] || 500

1200

1150

1100 ; ; ;
15:53 1853 21353 0053 03:53

[l 3:Pnber) Bors svp/fretiz/b] || S0

| EE R P R R

u_—f.-—é-..

|8l 52:tons wE/vLAE/ER [o/n/n/] R 5

gl 7 ame ey ve-1 (k/z/b/o/nl |EE| 100

1 e e T
10 i i i 0 ' - i i
15:53 18:53 21:53 00:53 03:53 15:53 18:53 21:53 00:53 03:53 15:53 18:53 21:53 00:53 03:53
(gl 90:Ttos) Zelz.al GoZlh,cl || 2| |[gl 95:E-en Ee/ove/rm/eilzb/o/n] R 1 |[gl 39:@une-en cR1/CRE[/L] [ scate |
T T e 104 beseinens R IRRRRRR 200 -
: : ‘
N &A rrrrrrrrrr PR A £ 195
10 0.0 | | i 190 | |
13z 53 18: 53 21 53 00:: 53 03:53 1353 18:53 21:53 00:53 03:53 15:53 18:53 21:53 00:53 03:53
[§] e5:Tlos) ¥-2/3/4/7/C kaben] ooy 10 |5l 5%:1(2) 708 veen-alz.plElb. ol |Eay| 0.5 |[5 38:5% 7o c/Mmegiet /=] [ scate | IS
0- 0 iy -_--l """""
-100
5 ; i i -200 i i i -200 i i i
15:53 18:53 21:53 00:53 03:53 15:53 18:53 21:53 00:53 03:53 15:53 18:53 21:53 00:53 03:53

gl 99 amd ey w1 e/z/b/e/n || 100

a0l T ] ]

!‘Q ‘ ‘ : ! .
15t - }F ----- f" ----------
10 i i i
15:53  18:53 21353 00353 03:53
[l 70:T{os; 0BSGH/GEED [L/b] | scae [

T T I
1553 18:53 21353 00:53 0353
[l %611 tnhar) wE-0 [k/z/b/o/nl || 200

o4

-100

-200 T T T
1553 18:53  21:53 0063 0353

8 Semz e wi-0 [kizfs/o/n] |ERm| 160]

Tthi'!"* __E"' _':

15:53 16:53 Z1 53 oo: 53 03:53

[8l 7:Tiot; T SidePencls mn/nr |Rd| 10

0 . 3
15:53 16:53 21:53 00:53 03:53

[fll == wi/inraneim-enlc/n/ofofh |00 1

21:53

15:53 18:53 00:53 03:53

[fll =4 wi/10/20/2 e c/n/nlolh | 1

selected interface
DDDD/NNN

Dir;
File:

right-click READ

PDS-UGPD current
from PDS
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TRD-Gas Monitor Program: TRDGAS-M
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TRD-Gas Monitor Program: TRDGAS-M

20 s RV s

Wy SERRRETEES P o

16 1 1 1
19:44 20:44 £1:44 2244 £3:44

29 -
20 b i e AEERELEEEE
13 1 1 1

19:44 20:44 £1:44 £ dd £3:44

0.5 b P e

TR RIS NI NN S

0.0
19:44

|
2044

|
21:44

|
2244 2344

= 5| |8l 3%:2unp-en cRl/oRE(/m)

(gl 90:Tlo6] Relr,n) G0Zih, o) [ scate [IIE
N

(g 70:Tlo6] UeSG/UBED (3 /)

4
-
N T =
Tl < & A: $ N EELE
SPIRC) (o
®) ST d"?\ UGPS

UGBC UGFV] [LascMm CANG <
A/sE;;F sgéB A8 [T = JMDC <> E
I LeCroy bus I
: Q
3.3V Ah_ _H_JE PDS ~— g
M N
UG-Crate )
AMS-02 TRD

28VDC _A+B

1 159
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TRD-Gas Monitor Program: PressureMonitor
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