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AMS-02 — Anti Coincidence Counter (ACC)

Matter Antimatter
The ACC surrounds the silicon tracker

inside the magnet.

It rejects particles that leave or enter
AMS-02 through inner shell of the
magnet — protection against
misidentification of matter nuclei as
antimatter nuclei.

—
L
=
3
oI
=

Requirements:

 High detection efficiency (0.9999)
« operational in high magnetic field
 fastresponse for trigger
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AMS-02 — Anti Coincidence Counter (ACC)

Rejection of internal events L
Rejection of external events
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AMS-02 ACC Principle

Charged particle .
Coupling J9eap Coupling
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Clear fiber WLS fiber WLS fiber Clear fiber

Scintillator
Scintillator Panel: Bicron BC414 (826.5 x 230 x 8 mmg3)
Wavelength Shifting Fiber (WLS): Kuraray Y-11(200)M
Clear Fiber (CLF): Toray PJU-FB1000
Photomultiplier (PMT): Hamamatsu R5946
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AMS-02 ACC without Vacuum Case

Panel: Bicron BC414

WLS: Kuraray Y-11(200)M
CLF: Toray PJU-FB1000
PMT:. Hamamatsu R5946
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AMS-02 ACC with VC

Panel: Bicron BC414

WLS: Kuraray Y-11(200)M
CLF: Toray PJU-FB1000
PMT: Hamamatsu R5946




AMS-02 ACC Scintillation panel
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16 FM Scintillating Panels and 4 FM-Spare Scintillating Panels were produced
following a procedure:
1.) 74 Grooves were milled into the scintillation panels:
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—Anticounter scintillation panel 826.5 ]

6765 {Start of Z dunkingl Z+-125 from surface
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AMS-02 ACC Scintillaton Panel machining

1.) Groove milling into the scintillation panels:
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AMS-02 ACC Scintillaton Panel machining

1.) Groove milling into the scintillation panels:
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AMS-02 ACC Scintillator Module Production

2.) Optical inspection of scintillation panels - . ,A\\ _
3.) Preparation of tongue, groove and frontfaces |

4.) WLS-Fibers placed into grooves after warming WLS-Fibers to avoid defects
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AMS-02 ACC Scintillator Module Production
5.) Optical inspection of WLS-fibers for defects after placing into grooves
6.) Storage for thermal equilibrium at chemical room

7.) Glueing of WLS-Fibers and Scintillating Panels with BC-600

8.) Curing of glue @higher temperature using infrared lamps
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AMS-02 ACC Scintillator Module Production
9.) Bundling of WLS-Fibers into 2 Bundles at each side of scintillating panel
10.) Glueing of 2 UV-LEDs into scintillating panel

11.) Mounting of fiber bending protection

12.) Lighttight packaging of WLS-Fiber bundles in Viton tubes

18/04/2007
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AMS-02 ACC Scintillator Module Production

13.) Mounting of optical connector at end of WLS-Fiber bundles

14.) Wrapping of scintillator panel with reflective aluminized mylar foil

'''''

09 AC RWTHAACHEN
AMS-02 ACC UNIVERSITY 13




AMS-02 ACC Scintillator Module Production

15.) Lighttight wrapping of scintillating panel with black cloth
16.) Lighttight glueing of scintillating panel with Nusil glue

17.) Cutting of overlength and polishing of WLS-fibers

AMS-02 ACC RWTH 14




AMS-02 ACC Scintillator Modules:
Lightyield-Measurement, Setup

Test with atmospheric muons & pulsed LED-signals

The 16 FM and 4 FM-Spare Scintillation AMS02 ACC scintillation panel
Panels tested with atmospheric muons: - &

The Most-probable-value of the typical
Landau-Distribution corresponds to the
number of photo-electrons detected by two
reference PMTs mounted to the AMS-02
counter.

All AMS-02 scintillation panels were tested
with the same reference PMTSs!

Calibration:

A LED-pulse create a typical Gaussian-
distributed signal in the AMS-02 counter and
can be used to calibrate the detected
number of photo-electrons .

AMSO01 ACC trigger counters
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AMS-02 ACC Scintillator Modules: Lightyield-Measurement,
Calculation of photo electron number

panel distribution
Ero' —°:a""e:‘1’ £ F Entries 20
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 Measurement of MOP with cosmics
« calibration with LEDs implemented
In scintillation panels

16 18 20 22 24
number of photo electrons[#]

FIight-Spare'Bane
(1% produced FM panel)

Calculation of photo electron number N = QC?LED
O Ep
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AMS-02 ACC Scintillator Modules: Lightyield-Measurement,
Result of photo electron number measurement

e m| Panel No. | p.e. || Panel No. | p.e.

= 10 RMS 1832 1 13 11 19
g | 2 17 12 18

’ 3 17 13 17
o 4 19 14 19

: 5 19 15 20

4 6 20 16 19

: 7 19 17 20

2 8 20 18 21

* N 9 19 19 18
T e s o ooctmatis 10 19 20 21
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AMS-02 ACC Scintillator Modules: Space Qualification

The 16 FM and 4 FM-Spare Scintillation Counters are made out of the same material as the
AMS-01 ACC scintillation counter. The space qualification was carried out for the AMS-01 ACC
scintillation counters and is therefore done by similarity for the AMS-02 ACC scintillation
counters.

Vibration with 6.8g with AMS-01 ACC panels
AMS-01 ACC panels consist of the same Material
as AMS-02 ACC panels

Glca +PHT 3

Test Level: 0,000 dB Reference RMS: 6.789 Test Range: 20.000, 2000.000 Hz
Test Time: 000:01:30 Clipping: Otf Resolution: 5.000 Hz .
1
Control E— ———
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12:31:10 Y - Achse Random AVT_6.79 gmms
Thu Feb 13 1997 9702_05 AMS ACC1

Data Review Name: 9702_05_AMS.001
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AMS-02 ACC Scintillator Modules: Space Qualification

Thermo-Vacuum-Test @ Institute for Bauforschung at RWTH Aachen with
AMS-01 ACC panels which consist of the same Material as AMS-02 ACC panels

Temperatur in °C

30 | .. . |
| | ]L_
-40 L | , | L | L : _

| -
-50 : - -

0 12 24 36 48 60 72
Zeitin h
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AMS-02 ACC Scintillator Modules: Space Qualification

Lightyield-Measurement of AMS-01 ACC panels before and after space qualification
tests. The AMS-01 ACC panels consist of the same material as AMS-02 ACC panels

3000
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1000 |-

500

L]

before tests, cosmics

after vibration (x,y) AVT gp,g = 6.8 g, cosmics

Landau fit: f(x) = P3 * exp[- 0.5 (y + exp(-y))] , y=(x - P1}/P2
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Landau fit: f{x) = P3 * exp[- 0.5 (y + exp(-y))] , y=(x - P1)/P2

after thermal cycling, cosmics

1750 |-
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1000 ‘
750 :.—
o |
250 -

Landau fit: f(x) = P3 * exp[- 0.5 (y + exp(-y))] , y=(x - P1)}/P2

No significant differences between the light output performance before and after

the space qualification tests.
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AMS-02 ACC Optical Couplings: |
WLS Fiber « Clear Fiber «— PN
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Clear Fiber Cable
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AMS-02 ACC WLS Fiber «— Clear Fiber;

Farfieﬁi Measurement (porac FH Nirnberg)

WLS Fiber Output

Clear Fiber: Bicron Clear Fiber: Toray

entries [#]

damping 3.7dB (40%) damping 1.5dB (70%)

500/
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AMS-02 ACC Clear Fiber

T_panel

fiber bundles connector
in Viton tube
connector

PMT
connector

panel
connector panel
connector
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PMT Housing Venting Channels

/ Venting Channel
— Single Fiber
/ Fiber Bundle Hose

7 ' Porous Foam Inserts

J AMS-02 ACC PMT: Hamamatsu R5946

. PMT

/

Venting Channel

PMT Housing

ACC PMT Construction Detail (Variance from TOF design)
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_| AMS-02 ACC PMT: Space Qualification @ RWTH Aachen

Temperature on voltage divider

G 6o .
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AMS-02 ACC PMT: Space Qualification @ RWTH Aachen

Vibration teststand

No significant
changes observed !
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AMS02 ACC Photomultiplier (PMT):

Space Qualification Tests, Measurement of # photo electrons

Test with atmospheric muons & pulsed LED-signals for 3 different PMT HVs

AMSO02 ACC scintillation panel nr. 19

MS02 ACC PMT
/!

» -
_ -
L

Saat w

AMSO01 ACC trigger counters
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AMS02 ACC Photomultiplier (PMT):
Results after Space Qualification Tests (TVT & Vibration)

MOP 1900V number of photo

TS 3001 PMT (adc counts) electrons
3 | 1 86 27
@ 250 ° 2 69 21
s I 3 47 21
= 200|- 4 50 27
87 flight 6 9 22
- 7 144 29
150/ . 8 74 25
- o18 o1 o7 9 68 23
i 10 69 24
100~ . 11 125 26
B PR T 12 54 24
50~ 3 o1 os o21 13 64 25
i e 2 14 77 26
Hflightspare | 15 70 25
% 25 30 16 25 24
number of photo electrons [#] 17 121 30
18 131 23
red: flight 19 255 26
: 20 40 28
blue: flight spare 21 54 29
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AMS02-ACC System Test:
(FM scintillation panel, clear fiber cable and PMT)
i ﬁ‘ \ ‘ PMT
clear fibers - f.bers

-t |
. — - .,

-
"‘-.'
-

wave length shifting
fibers
L

|7

stack of two
sets of 2 ACC
panels with
clear fibers
and PMTs
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AMS02-ACC System Test Results:
(FM scintillation panel, clear fiber cable and PMT)

MOP A MOP B
1900V number of 1900V number of
Panel Cable A PMT A photo Cable B PMT B photo
(adc (adc
electrons A electrons B
counts) counts)
13 18 short 7 short
19 127 15 7 70 13
12 18 long 7 long
2 short 11 short
19 sho 18 76 14 sno 1 60 16
16 2 long 11 long
5 1 short 17 short
1 46 17 17 69 18
4 1 long 17 long
h h
9 8 short 8 44 16 6 short 5 53 14
7 8 long 6 long
11 15 short 3 short
15 44 16 14 45 16
14 15 long 3 long
10 10 short 9 short
10 44 16 9 41 15
6 10 long 9 long
13 short 14 short
8 3 shor 13 43 17 shor 21 33 17
15 13 long 14 long
18 12 short 4 short
12 37 17 4 36 17
20 12 long 4 long
19 shor 21 shor
3 9 short 2 4 14 short 3 40 16
17 19 long 21 long

red: flight; blue: flight spare
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ACC PMT: 4 Hamamatsu R5946 in Box

] RWTHAACHEN
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ACC PMT: 4 Hamamatsu R5946 in Box

Y R N V0
A\ signal/HV |
B\

“scables
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AMSO02-ACC System Test Results:
PMT Boxes: Order of PMTs and clear fiber cables

WAKE A TOP Sector 8, Z+ RAM A TOPSector 24, Z+

PMT 8 cable 8 cable 18 PMT 19 PMT 18

PMT 1

cable 10 PMT 10 PMT 15

i
i}
i
(R}

WAKE B BOTTOMSector 8, Z- RAM B BOTTO®ector 24, Z-

cable 6 PMT 6 PMT 17 PMT 11 PMT 7

cable 4 PMT 4 cable 9 cable 14 PMT 21

gl
I

i}
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AMSO02-ACC System Test Results:
Positioning of scintillation panels

RAM

[

11 8

1472 15>~U5
VO

1 As
N Scintillating panel

position number in VC
1 2/16 =

/
18 10
Scintillating panel
Production nr. D
WAKE

AMS-02 ACC

19
10
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AMS-02 ACC Pre-Integration:
PMT-Boxes & Clear Fiber Cable
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AMS-02 Pre-integration Data-taking with Cosmic Muons

Cosmic muon \

=
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Cosmic muon

Inefficiency study of ACC with TRD and tracker tracks:

Extrapolate clean single tracks and determine ACC
inefficiency as function of position!

— Inefficiency = 1.523 -10° © < 0.9999
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MT-Boxes Clar Fiber ables
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AMS-02 ACC Integration: Scintillator Modules
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Scintillator Modules

e . . e F ¥ _,:‘F @ . —. -~ .
| il o € A-Mfc_’ oé‘m% -

— - mt\: e bi




£ i
Y
E . _ -
F - Qc
[ - .‘ 1
. @ D4
- - X
3
bk ’ d
- 2\ & " .
- " "
7. P o 3 QW -
‘4 * &
- - el

‘w0z v AMS-0AAC RWTH 41

L




S-02ACC |

f—i?'.’?—_'"._: i

AM




— A

ntegrtion: Support Cylinder

e
= ~
.

— e

Yo i, \.. ._.,.:_:
Pty g ) oy

4;
— AMS-02 ACC




\ o
=
s
M
O
c
=
m .

| = [
o|
=
=
O
Q
<
AN
<
)
M .
<




AMS-02 ACC Readout

SFET2s SFET2bH SFET2c SFET2d
[+] [ ] [ -] [ ] [ ] [ ] ]
=P | | =8 P || =D =5
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o e % :
& il
L] w3 75} el 3 g .
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[ ] 5] [ ] ] [} L ] [ ]
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AMS-02 ACC Readout
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AMS-02 ACC Readout

i L JLVI ]
Levl
N\ Cirl/Data
SDR Levl
(] [ Fr
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TOF / / I ™ SFET
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D L 4

Pouxl-' ADC P>
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AMS-02 ACC Readout

Signal e J[AVAL SDR2
ACC-PMT | > Einstellungen T 1

.-r@') ___________ :
g e : b :
Zeit () ; TDC ]
BERH |
@ 250ns E |—|ﬂ|—
@; ®| sl Lo
® [ o ~— V0 ©
AMP Frontend 51 main
DAC . FPGA [= i FPGA
\ J |
fLadung@
Poux |® ADC |||i@
| SFEA 5 ]
©)
®
@
@
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AMS-02 ACC
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AMS-02 — Test Beam H8 CERN
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AMS-02 ACC: Inefficiency Measurement in Test Beam

2010 August Testbeam Configuration

ﬁ PMT ﬁ PMT ﬁ PMT

| Sector 3 | Sector 2 | Sector 1

180 GeV proton-beam

@ beamspot: ~ 3 cm

©| @@ @
SLer Lo Lo

(exchanged)

4 positions for ACC-test
(1) panel (8mm thickness), exchanged PMT (3) slit region (2x4mm thickness), shared PMT

(2) panel (8mm thickness), original PMT  (4) slit region (2x4mm thickness), separate PMT

AMS-02 ACC RWYHAACHEN 51



AMS-02 ACC: Inefficiency Measurement in Test Beam

. | |
Event Selection Front I E E—
P e e E====c
Requirements: reotoe0 | s ol
- Trigger from Upper TOF 5310522 e e

- Single reconstructed TRD-Track 2994861
- TRD-Track matching beam config. 705926

- matching TOF-hit positions 528643
- min. 2 matching TrCluster-hits

on first 3 layers below TRD 415966
- linear fit / check for chi? 324826
- track predicts ACC-hit 322884

— 322,884 events after all cuts

AMS-02 ACC
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‘AMS-OZ ACC: Inefficiency Measurement in Test Beam

Dimensions
panel width: 22 cm
beamspot @: 3cm

Slit region (nut & spring)

width of slit region
between panel: 0.6 cm

/E/,E,/-CMT

betweeh

Inefficiencies
Panel (8 mm thickness):

| <1.90-10°
Slit region (2x4mm thickness),
shared PMT:

| <3.17:10%
Slit region (2x4mm thickness),
different PMT:

| < 3.18-10%

central panel central
) 22cm S
0.6cm
~ ' Y
~97% ~3%

of total scintillator-area

single inefficiencies
weighted corresponding to area

ACC Inefficiency:

|<1.89 - 10 (@ 95% CL)

\/

requirement: Idesign < 10-4
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AMS-02: 2010 KSC Cosmic Data Period — ACC Stability
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AMS-02 2010 KSC Cosmic Data Period

- TRD-track for prediction of ACC-hit
- only the center of panel is taken into account

Position of ACC-hits (from TRD)

sector 1| [sector 2| [sector 3| [sector 4| |sector 5| |sector 6] |sector 7| [sector 8]

o
o

W
o

positioninz [cm]

— N
o o
o ——

b4
o o o

I - eeeeeeceseeem-cesesesececc-ecssssceemesessseceses-ssessssesesssccsessssssssmsssssssssssssssss

' | 1 i 1 | | Ii | 1 | | ; 1 | | i
0 50 100 150 200 250 300
arc length [cm
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ACC Signals [ADC]

2000

1800

1600

1400

1200

1000

800

600

400

200

AMS-02 2010 KSC Cosmic Data Period

MOP= 747 £ 10 [ADC]
MOP= 768+ 14 [ADC]
MOP= 863+ 16 [ADC]
MOP= 835+ 13 [ADC]
MOP= 737+ 20 [ADC]
MOP= 769+ 12 [ADC]
MOP= 852+ 14 [ADC]
MOP= 815+ 13 [ADC]
MOP= 799+ 8[ADC]
MOP= 801+ 12 [ADC]
MOP= 833+ 11 [ADC]
MOP= 761+ 11 [ADC]
MOP= 828+ 13 [ADC]
MOP= 789+ 13 [ADC]
MOP= 826+ 15 [ADC]

MOP= 772+ 13 [ADC]

1111

1111

12/11 12/11

In the same configuration period,
=\ all 16 PMTs are stable less than 2% level

AMS-02 ACC

13111

13/11

1411

DateTime
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AMS-02 2010 KSC Cosmic Data Period

‘ < WAKE(+2) Sector(1) WAKE(+2) Sector(2) WAKE(+2) Sector(3) WAKE(+Z) Sector(4)| ’ +  RAM(+2) Sector(5) RAM(+Z) Sector(6) RAM(+Z) Sector(7) RAM(+Z) Sector(8)
G 2000 ] T T . wop= 102+ 83 panc) G it A R B N B MOP= 813 £ 100 [ADC]
n 1800 | - - ; = MOP= 813+ 73[ADC] Q 1800 :— e —_—y MOP= 884+ 84 [ADC]
< 1600 | Wake +Z + MOP= 700+ 61[ADC] < 1600 RAM +Z ______ MOP= 880+ 77 [ADC]
—_— B : : 5 v MOP= 782+ 111 [ADC] - . *  MOP= 788+ 100 [ADC]
1400 [— : : ! =] Red 00 [ : —
[72) g : 1 - ]
C 1000 - e C 1000 i . =
T * i g EBRW, .
D wofisi, r'«z i e e~ B SR O | M 1*' i sl Ko b
- v ] “ Hiedh . I N n
o b E QO wo| -
ob L | N N A AN A R S < - ' ' -
0 | | | | | | | | | | |
02/09 09/09 16/09 23/09 30/09 07/10 14/10 21/10 28/10 04/11 11/11
- 02/09 09/09 16/09 23/09 30/09 07/10 14/10 21/10 28/10 04/11 1111
DateTime DateTime
1 |
G 2000 F MOP= 763 41 [ADC] G 2000 T MOP= 8122 59 [ADC]
n 1800 [ MOP= 820+ 33 [ADC] 1800 |- MOP= 794+ 33 [ADC]
< a MOP= 789+ 31[ADC] 2 1600 [ R A M _ Z MOP= 800+ 32[ADC]
bd 400 | W k Z MOP- 22 s land — 0 MOI.>= 724+ _42 {ADC]
L 1200 i a e i 1 L 1200 B 1
— — — —
© - . ) B ]
1000 | = 1000 E
O ot ’ ) O .t 3 st | i
i’_) 800 H i R R Ill‘!,ﬂ ‘ “ $ 'j O Ig_;ﬂ}mn 4 ) 'mm;.!' # & 3 R
600 | = (7] 600 E
< 200 (- B 200 f— é
P N N (N N S SR N AN SN S N B < oL | N N I N H N N
/i) 02/09 09/09 16/09 23/09 30/09 07/10 14/10 21/10 28/10 04/11 11/11 02/09 09/09 16/09 23/09 30/09 07/10 14/10 21/10 28110 04/11 11/11
g | Th. Kimn DateTime AMS-02ACC RWTH DateTime®>’
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AMS




TRD/ACC/TAS-Standard Shift

Th. Kirn AMS-02 ACC RWNTHAACHEN
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ACC-System

ACC sectors U
15114 17__i 8 1321 « ACC is mounted inside PM surrounding
RAM T~ «— Panel No )
=St - 5 < f inner tracker planes to serve as a veto.
« ACC consists of 8 cylindrical sectors
19] 7 with a radius of 55 cm from the center of
Z-axis, 83 cm in height and readout by
b 16 PMTs. Each sector is composed of
““““““““““““““““““““““ two scintillator panels optically linked to
7 4 upper one and lower one PMT.

« Upper and Lower 4 x 4 PMTs are
grouped and housed into 4 PMT boxes

sec 2 sec3 (2 x Wake +Z, 2 x RAM +Z) mounted on
-z: S2 \'_/ vacuum case.
124 48+ 10 10| 20
WAKE A TOP RAM A TOP

« Charge threshold is set the same 25
ADC in all LT/HT/SHT values.

(ELICREN PMT 19 PMT 18

PMT 15 I*‘ PMT 13 [CELIERE]

WAKE B BOTTOM RAM B BOTTOM

PMT 1 y PMT 8 cable 8 cable 2
lz x

PMT 10 PMT 12 =TIV

cable 10

« Monitor calibration (pedestal and its
width), configuration (HV, threshold, .. )
and scaler from JLV1 status

cable 6 (LI PMT 11 PMT7 KNS

PMT 6 IV PMT 17 ELIERES

PMT2€b aBlens

*| Th. Kirn AMS-02 ACC RWTH 60

* Monitor ADC and TDC during DAQ

cable 4 (ELIERER PMT 21 I*’ PMT 14 LELEE]




TRD/ACC/TAS-Standard Shift

List of ACC Programms:

« ACC Status Monitor (ACC-S)
« ACC Slow Control Monitor (ACC-M)
« ACC Data Monitor (ACC-data-M)

Th. Kirn AMS-02 ACC

61



TRD-ACC-TAS SHIFTER: RWTH
ACC Standard Monitoring Shift

e Check: ACC slow control data and data monitor (ACC-M, ACC-data M)

* Check: ACC scaler rates, HV-settings, Temperatures in range (ACC-S)

Emergency Actions from Shifter ASK for Commanding

1. Temperature PMT-Box out of Range LEAD: Turn ACC-HV off
(Operational: -30 C

2. Scaler rate to high (>35000 outside SAA and polar regions)

3. Scaler rate zero -> HV off

-> cooperate with TOF-Shifter!

-> make an entry in E-Log: TOF
-> Phone ACC-expert!

_\B‘(IT AMS-02 ACC m;; 2

Karlsruhe Institute of Technology L.r/



ACC-Monitoring Program

1. ACC Status Monitoring (ACC-S)

Check HV, Temperature and Scaler with operating ranges

2. ACC Housekeeping Monitoring (ACC-M)

JLV1 Scaler, ACC Calibration (Ped, Width), ACC Configuration (HV, Trigger
Threshold)

3. ACC Data Monitoring (ACC-data-M)

Charge signal mean and ist running median, TDC mean, Temperatures
(SFEA2, PMT boxes, Veto trigger rate w.r.t LV1)

S Th. Kim AMS-02 ACC RWTHAACHEN




Configuration of ACC-S

Set Directory to Find Last File Load for reading R_ead cc_)ntinously
/Data/BLOCKS/HKLR/CDP  (left click on L) (left click) (right click)

10 ACC Status Monjtor

Directory ||| rie |FCICIENH EIEIEB 147 |
fData/BLOCES /HELR/ COP Tme Time m

RWTHAACHEN




ACC-S

ACC-5@pcpoct62 (on pcpoct2)

| .  acos

D.m @FWEEEWF "l' T (s

Scalers | CLEAR

IEL K i U1 TG [6-h8-4h Temp out of ¥»*nge ... .. +Z T=+20_06 oC
034513 znunqns :I.B:E?:43 ..... wm +Z T=+20_06 oC
034512 20110408 16:-56-42 Temp out of rduge .. _ . WAKE +Z T=+20_06 oC
i34 512 20010408 16:55:52 HY out of ramge ______. EAM +Z-Ch23 wv= 1718_2
D034 H12 20010408 16:55:52 HVY out of yamgp .. .. ... BEAM +Z-Ch2D HY= 1796.2 /\1796_2 v
o034 512 20110408 16:55:41 Temp out Al ... WAKE +Z T=+20_.06 oC
o034/5108 [ 20110408 16:54-40 Temp out of rafge .. __ . WAKE +Z T=+20_06 oC
D034 509 20110408 16:53:-38 Temp out of raofye .. .. WAKE +Z T=+Z0_06 oC
D034 H0s 20110408 16:52-37 Temp out of wrafye .. .. WAKE +Z T=+2Z0_06 oC
0024450 20110408 16:51-36 Temp out of raye ... .. WAKE +Z T=+20_.06& oC
034/ 505 20110408 16:49-33 Temp out of e . WAKE +Z T=+20_06 oC
D034/ 504 20110408 16:48-32 Temp out of ranle .. __. WAKE +Z T=+2Z0_06 oC
D034 50 20110408 16:47-31 Temp out of yange .. __. WAKE +Z T=+20_06 oC
034503 20110408 16-46-30 Temp out of range . __. WAKE +Z T=+20_06 oC
03450 20110408 16:-45-28 Temp out of range . __ . WAKE +Z T=+20_06 oC
00347 500 20110408 16:44-27 Temp out of range .. __. WAKE +Z T=+2Z0_06 oC
i34/ 494 20110408 16:43:26 Temp out of rangle .._.. WAKE +Z T=+20_.06 oC
D34/ 498 20110408 16-42-24 Temp out of vangp ... .. WAKE +Z T=+20_06 oC
00347 495 20110408 16:39:21 Temp out of rangl ... .. WAKE +Z T=+Z0_06 oC
D03d4F 5 20110408 16:30-34 Scaler oukt of ragge ... WAKE -Z-Ch3 = 413




First ACC-M:
Set Directory to
/Data/BLOCKS/SCIBPB/RT

Second ACC-M:
Set Directory to
/Data/BLOCKS/HKLR/CDP

ACC-M

-JACC-M@pcpocbl

ACC-M

e I A EEEE Fie N cLEa|

300+ 200 —
200 — 100~ --
100 1]

4: Pedestal S0/0+

f f t
Z21:01 03:01 09:01 15:01 21:0

100

o A —
21:01 03:01 09:01 15:01 21:01
5: Pedestal S1/Rs 100

o 7 —
210 03:01 09:01 15:01 21:01
&: Pedestal 52/0- 100

t t t
21:01 0301 09:01 15:01 21:01
7: Pedeskal S3/R- 100

e —

2200

2000

T T T
Z21:01 03:01 09:01 15:01 21:01

£l

T I T
21:01 03:01 09:01 15:01 21:01
13:87 S1/R+ 20-23 200

18

00— —7
210 03:01 03:01 1501 21:01
14:87 5&/9- 20-E3 200

——
21:01 03:01 03:01 15:01 21:01
15:87 S3/R- 20-23 200

200 -- 200 —--- 200 —--
I i
100 -2 ‘; 100 100
[ "
‘:‘ S " i: ! L ? L L . : .
0 T T 1 0 [ 1 T 0 1 T 1 o [ 1 1
21:01 03:01 09:01 15:01 21:01 21:01 03:01 09:01 15:01 21:01 21:01 03:01 09:01 15:01 21:01 21:01 03:01 09:01 15:01 21:01
B: width S0/8+ 100 9: gidth S1/R+ 100 10:7ideh SB/7- 100 11:width S3/R-

22+ :

Z21:01 03:01 09:01 15:01 21:0

Wadion. anses 1rsar/oer 9 5

22— —————
2101 03:01 09:01 15:01 21:01

[al(51 . €1 frs Tr/AT/Ear PP 5

22 T 1 T
21:01 03:01 09:01 15:01 2101
lﬂmﬁgmm- e s ol D

22— —————
2101 03:01 09:01 15:01 21:01

[all5% . c2/p- 1r/arsaar FPA o

@pcpoch

Directo oofz]a]a]z]7 0033|200 | . " "
/Data/ELOCES/EELR/ COP 3 hidiv
¥ l ;
H d [
10000 10000 81 IR - 45
5000 5000 lh

I T T T
11:27 14:27 17:27 20:27 23:27
1: Scaler E1/Rs 00
e

1 T T T
11:27 14:27 17:27 20:27 23:27
%: Scaler S2/0-

o f ——
07247 10:47 13:47 16:47 19:47

5 P —
07:47 10:47 13:47 16:47 19:47

i 18:Temp BHT 0- ﬂg 5

i 19:Temp PHT B- ﬂg 5

CHEN
IVERSITY 66



JLV1 Scaler
(DT=0x11)
DM

Calibration
(DT=0x13)
Pedestal / Width

SD Proc. Status
(DT=0x14)
SHV-LR

LTHT/SHT
Threshold

ACC-M

=

ACC-M@pcpoc65

(on pcpoc65)

1= x|

ACC-M

0034|937
20110409 00:01:06

Ch. Clatng & T.Kim 20110812

e Scate
1 hidiw

0+ T T T 1
07:31 08:31 09:31 10:31 113

[n]n]3]z][s]z]7
/Data/BLOCRE/REAZZ 20110408 07:20:46

400

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

200

0 T T
07:31 08:31 09:3:

I 1
10:31 11331

IE| 1: Scaler S1/R+

R 2a0]

0 T T
07:31 08:31 09:31

I 1
10:31 113

0+ T T T 1
07:31 08:31 09:31 10:31 113

[gl2: Scaler s2/9-

[gl[0: Scaler so/m RN 200]

0 T T T
07:31 08:31 09:31 10:31 113

0 1 1
07:31 08:31 09:31

[§ll5: Pedeatel S1/R+

1}

I I
07:31 08:31 09:31

E=) 200]

[gl3: Scaler s3/e- R 200]

0 T T T
07:31 08:31 09:31 10:31 113

[gll6: Pedeatal s2/9-

[gl4: Pedestal si/+  |ERETY| 100]

4']_

20

0
07:

4['_

20

0 T T
07:31 08:31 09:31

2000 -
13950

1900 } } }
07:31 08:31 09:31 10:31 1133

[gl[1z:7% so/m+ 20-22 | &0

ol o: width S1/Rs

2000 -5 o0 B R
18001 - -=--

1600 } } f
07:31 08:31 09:31 10:31 11:31

40_

20—

1}

I I
07:31 08:31 09:31

[gl7: Pedestal 53/~ |EXETY[ 100

4']_

20

0
07:

o[ i0:width S2/9-

2200

1800

200085 E--iE

f f
07:31 08:31 09:31

2200
2000

1800 } } }
07:31 08:31 09:31 10:31 1133

[gl14:77 s2/0- 20-23

301

254 -1

20 IR —
07:31 08:31 09:31 10:31 11:31

[gl13:7 si/e+ 20-23 || 200

30+

_.|..i_.|..g_.|.€|_.|.
AMS-02 AC(

20
0731 08:31 09:31 10231 1103

29

|g[20:50/9 Lr/er/oEr | 5

30+

2541
-

20 T

I
07:31 08:31 09:31

I
10:31 113

|gli5:mv s3/m- 20-23 |EORTY| Z00]

301

254 -1

20 IR —
07:31 08:31 09:31 10:31 11:31

[fl2i:51/m Ln/mn/oer | S

[gl22:52/9- LT/ew/emr ||

5

|g[23:5%/r- Lr/or/omr | 5




fData/BLOCES /HELR/ COP

ACC-M

Scalar rates of 16 ACC PMTs

ACC-Mapcpoctl

ACC-M

1o [o]2]4 4 = 7 T el
Time Time — m
. . i 5

Black (SFEA input channel O)
Green (SFEA input channel 2)

AMS-02 ACC

10000 - - ' 10000
5000 18U 5000
1 | | | 0 | | | 0 ! ! ! 0 | | |
11:27 14:27 17:27 20:27 23:27 11:27 14:27 17:27 2027 23:27 11:27 14:27 17:27 20227 23:27 11:27 14:27 17227 2027 23:27
g0 scaler sO/f+  |EEYN[S006][[§f[1: Seelez si/ee  |ERENN|S000] |[gf2: Scaler s2/o-  |EREMN[S060] |[3f: Scsler si/e-  |ERYN[SG0G
SO S1 S2 S3
WAKE +Z RAM +Z WAKE -Z RAM -Z

Red (SFEA input channel 1)
Blue (SFEA input channel 3)

RWTHAACHEN g
UNIVERSITY



ACC-M

Scalar rates of 16 ACC PMTs during Cosmic Data taking at KSC

ACC-M@pcpoctsS (on pcpocts) E]E]ﬁ

Directo File "EEEE EEE File ' 937 TRAR[ : Time Scale
fData/ELOCES/REAZE Time AIT | 20110409 00:01:06 ORI - 1 hidiz

400 0 ) CRCREE CECRE 400 1 B SEPERESPRPER SRRPLE o050
200 200 - ooooe: TS e 200 200
0 | 1 1 | 0 1 1 1 | 0 | 1 1 | 0 | 1 1 |
07:31 08:31 09:31 10:31 11:3 07:31 08:31 09:31 10:31 11:3 07:31 08:31 09:31 10:31 11:3 07:31 08:31 09:31 10:31 11:3

g[0: Scaler so/m+ R 200] |[gff1: Seoler si/es  |EIRMY| 200] |[gf[2: Scsler sz/o-  |ERN| 200 |[§f3: Scaler s3/r-  |EREYN| 200

SO S1 S2 S3
WAKE +Z RAM +Z WAKE -Z RAM -Z
Black (SFEA input channel 0) Red (SFEA input channel 1)
Green (SFEA input channel 2) Blue (SFEA input channel 3)

" .| Th. Kimn AMS-02 ACC RWTHAACHEN &9
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ACC-M

Calibration: Pedestal & Pedestal Width of 16 ACC PMTs

JACC-M@apcpoctl

ACC-M

fData/BELOCEE/ECIEPE/RT

3["] e L

200 Jommm D -
et e T el
100 o | | | 0 | | | | | |
21:01 03: |]1 09: |]1 1a: |]1 21:01 21:01 03:01 09:01 15:01 21:01 21:01 03:01 09:01 15:01 21:01 21:01 03:01 09:01 15:01 21:01

%HWW EEEEF e
Tme Time m

Time Scale
E hidiw

gfl4: Pedestal s0/0+ || 100||/slS: Pedestal sifee || 100 |(gl6: Pedestel s2/o- || 100|)(sl7: Pedestal s3/k- |l 100
L L L .
200 - et gt 2001-----+ e 2001 a -l 200
fopzyrcet TR R PRI R AL PIRPRE
100 - e ir '-h ------ 1uu#--{;-.-’§-‘.—.l:i.!.3_=------ mu_r-;'i'!ﬁ*:!'""}'-;. - S 1““‘:':!"-5‘6‘":!#":;?-!3 ------
RERT g L e TS L VY ;
1] 1] 1] 1]

21:m I]3:II]1 I]EI:II]1 15:|I]1 21:m 21:m I]3.I]1 I]EI.I]1 15:I]1 21:m 21:m I]3:II]1 I]EI:I]1 15:I]1 21:m 21:m I]3II]1 09: I]1 15: I]1 21:m
of[e: Tidth S0/5+ 220y 200] |[gf[o: width s1/me 22| 200] |[gf[20:wideh s2/o- 22| 200] |[gf[11:wideh 53/5- [ Scate L
SO S1 S?2 S3
WAKE +Z RAM +Z WAKE -Z RAM -Z

Black (SFEA input channel 0)

‘Ams-02,

5 Th. Kirn
A

Green (SFEA input channel 2)

AMS-02 ACC

Red (SFEA input channel 1)
Blue (SFEA input channel 3)

RWTHAACHEN 70
UNIVERSITY




ACC-M

High voltage settings of 16 PMTs of SO, S1, S2 and S3-crate

200014~ wa b va e 2000 -5~ R Rk iR D 2200134 ke 2200 &~ wa ke d e
. : : : L L U T T T T I
19570 BECRCIREE RS SRREERK SRCR 1800 - =k -om- o ommn 20005555 --h-E -k 2000 - SRR
= = m = m = . . . ] b ] L ]

1900 1600 1800 1800 :

1 I I
07:31 08:31 09:31 10231 113

I 1 I I I I I I I
07:31 08:31 09:31 10231 113 07:31 08:31 09:31 10231 1131 07:31 08:31 09:31 10:31 1131

gli2:77 so/9+ 20-22  |ERE| 50| |[gf(1%:mv si/e+ 20-22 IR 200| |[sf[i4:mw se/v- 20-23  |ERR| 200 |[gf(15:mv s3/k- 20-2@  |EIEN @00

S0 S1 S2 S3

WAKE +Z

RAM +Z

Black (SFEA input channel 0)
Green (SFEA input channel 2)

WAKE -Z

RAM -Z

Red (SFEA input channel 1)
Blue (SFEA input channel 3)

SHV-brick S0 S1 S2 S3
Ch20 19754V 1795.7V 2093.2 V 2042.0V
Ch21 1923.5V 2014.6 V 21916V 2157.1V
Ch22 1972.4V 1952 V 2048.5 'V 2018.6 V
Ch23 1936.5V 1719.4V 2007.0V 1900.8 V

Th. Kirn AMS-02 ACC RWNTH
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MoP [ADC]

MoP [ADC]

ACC-High Voltage Scans

x2/ ndf 3.645/1 ‘ e SO.LR20 wio Corr
p0 1.101e+04 = 4144 —
p1 42044180 | 0 0 0T T T T O
880 | p2 0.003472 + 0.001058 = (]
860 =
840 = <
820" - %
800; B E
780 -
760| =
740 e
7201 S0-LR 20
1940 1960 1980 2000 2020
Applied HV [V]
¥2 | ndf 0.6618 / 1 ‘ . SOLRD wio Carr
T T)
900| P2 0.00242+ 0.00109 = o
880 B S
860; = n_
840 = o
820 = =
800| E
780 :
S0-LR22
740 =
1940 1960 1980 2000 2020 2040
. Kirn

Applied HV [V} %2 A%¢

950

900

330

800

750

900
880
860
840
820
800
780
760
740
720

2
x*  nof 0.1784/1 « BULK2T i Corr
pbd 1579+ 4314
pi -2.638 = 4.417 I
p2 1.001155 + 0.00113 e
. o -
i e’ i
'_ - _
: S0-LR 21
L a 1
1 1 1 1 1 1 1 | 1 1 1
1920 1940 1960 1980 2000
2
x* { ndf 0.9889 /1 ‘ s S0-LR23 wlo Corr
p0 1220 + 4010
pi 2211+ 4.104 ! ‘
p2 0.001024 = 0.00105

S0-LR23

A R
1920 1940 1960 1980 2000

Applied HV [V]
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ACC-High Voltage Scans RWTH

. 2 [ ndf 0.002371 /1 e S1LR21wio Corr

iof ndf 298:'10532: ; ‘ «  S1-LR20 w/o Corr oy 920 7:30 " 4842 + 4631 ‘ ‘ — ST LR‘21 : ! IC
— 900 p1 4476+ 3.722 T T T T T T o pil -5.632 + 4,546 E
8 P2 0.001808 + 0.001036 i 0 900| P2 0001795+ 0.001115 E
- E < =0 .
S 850; - —t 860 |- .
(a i i % 840 -
O 800 N - E
i ] E 820 - ]
= | ] 800 [ =
sor i 780/ ;
- 1 760 - =
S1-LR20 : S1 LR21 :
i . 740 | 3

T “|7|6(|) 1780 islod | islzd ' '18|46 — 2000 2020 2040 2050 2080

Applied HV [V] Applied HV [V]
. 2/ ndf 2.66/1 e S1LR23wio Corr

7;0’ ndf -31;;‘10:: : ‘ s S1-LR22 wio Corr . J:,:, i 5502+ 3299 S ‘ ‘ ‘51 :_R2‘3 ", C‘
r— 43, T T 1 T T T p -7.813 + 3.839 ]
8 222 Z; -0.000137::;:;039::: é 8 9007p2 0.002916 + 0.001116 ]
< 840} = <, 850 ]
201 g o | g
% 800 = O 800 =
s 7800 E = :
760 = 750 -
740 7 - .
7200 31 LR 22 - 7001 S1 LR 23 :
700 - - o

1940 1960 1980 2000 2020 2040 1680 1700 172“ 1740 1760

Th. Kirn Applled HV [viMS—OZ ACC App'l&d HV [V]S



ACC-High Voltage Scans

2 I ndf 0.5624 /1 1/ ndf 0.6268/1 o S2LR21 wio Corr
p0 " 1.618e+04 + 5016 ‘ C e S po s sstl = SZ. —
G 840/ p1 661ca855 [ T T o 820! ™ 4.301+ 4.967 ' R
D 820 p2 0.00442 + 0.001175 _: 0 7p2 -0.0006284 + 0.001146 ]
o ] 800 — I
< 800 = < - ]
—, = ] — 780 ]
780 = s .
o g . 0. 760 E
760 = o - .
o ™I ] 740 =
S 740f 3 = :
220k E 720 .
700 E 700 1
6801 S2- LR 20 - 6801 S2- LR 21 -
T | N 660" . . . 1. . S
2020 2040 2060 2080 2100 2120 2120 2140 2160 2180 2200 2220
Applied HV [V] Applied HV [V]
22/ ndf 1.788 /1 X [ et 0.7896 /1 «  S2.LR23wio Corr
po 13880404 + 5611 ‘ s  S2-LR22 wfo Corr 840 p0 -1262 + 4523 S ! . ‘SZ LR‘ZG I! c
G 840 et ag+s5s67 | T T LT T o Pl 0.1863:+ 4.57 || | | ]
a 820 |_P2__ 0004103+ 0.00138 * E 0 820| p2__ 0.000414+0.001154 =
< 8000 3 < E
— 780} = = 780 E
% 760 = % 760 E
S 740 E = 740 1
720 ;_ _E 720 ? E
700 = 7001~ E
680 = E 680 —
660 S2- LR 22 660 - S 2-LR 23 E
640 e ‘ . N 6400 . | . . . 1 ‘ s N
_ 1980 2000 2020 2040 2060 2080 1940 1960 1980 2000 2020 2040
Th. Kirn S-02 ACC 74
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ACC-High Voltage Scans RWIH
“ n 2/ ndf 0.2277 /1 .
N 7;0’ ndf 65:.:214552;; ‘ *  $3-LR20 wio Corr —_ 7::0 " 1.071e+04 + 5945 | ‘ ‘ ‘SS(LRIZ vlvm (‘:Drr
N, 920/ o 7.235+5122 | L L I QO 900 et A10.73+ 5.48 E
8 900 P2 0.002167 + 0.001239 _E 0 330_p2 0002839 + 0.001262 -
< oo L s
O 840 = O 820( E
S 820 = = 800[ -
800 = 780| ]
780 = 760 - =
S3-LR20 - S3- LR 21 :
I - E T R . . T
4 5020 2040 2060 5080 2100 2120 2120 2140 2160 2180 2200 2220
Applied HV [V] Applied HV [V]
_ 2 [ ndf 2.722/1 e S3.LR23wlo Corr
e [ el L
=1 940/ A7.56+ 5. L L R p .22+ 5. b
Ol ceni o f % s e |
2 o] < oo _;
— 880 = a | ]
T ool g O 8501 R
s 840f - = I i
820 = 800 ]
800 |- = B ]
780 S3-IR22? - 750 S3- LR 23 ]
760 = e | ]
Ee | | | ]
" Kzooo 2020 2040 2060 2080 2100 AMS.02 ACC 1880 1900 1920 1940 1960 198°ﬂ5
i -
Applied HV [V] Applied HV [V]




ACC-CR Spectra (Raw) RWTH

ETHUTT MUP=- BLET DL [A0C]

| WAKE +Z | ' EUFYTT MUPS 16 DL (A0 ‘ RAM +Z ‘
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ACC-M

Discriminator threshold settings; all register values set to 25 (Maximum)

(artificial spread to visualize 4 points)
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Set Directory to
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ADC (mean)
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ACC-data-M

Mean ADC values for each of the 4 PMTs of SO, S1, S2 and S3 crate
Calculated out of 500 events, pedestal corrected
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ACC-data-M

Median ADC values for each of the 4 PMTs of SO, S1, S2 and S3 crate

Median value range 700 — 1000, ADC value range 300 — 2000,

Running value: ADC value above median — median increase by 1/8
ADC value below median — median decrease by 1/8
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ACC-data-M

Mean number of TDC Hits, averaged over 1500 entries
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ACC-data-M

Global DALLAS Temperature Sensor on each ACC PMT box
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ACC-data-M

« JLVI1-trigger: Percentage of events which get a veto-flag
ACC Veto rate every 500 JLV1 trigger, depending on JLV1 trigger setting
(2 out of 4, 3 out of 4 (standard), 4 out of 4 or ECAL trigger)
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ACC-trouble shooting
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ACC-trouble shooting
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Scaler increase (stepwise) due to change of HV settings (or trigger config)

Scaler at zero — No data taking, HV off, PMT dead, cross check with ACC-S!
Contact ACC-Expert, AMS-LEAD, AMS-CMD
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ACC-trouble shooting

20— : — PMT-box, S0 (WAKE, top)
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10— -30°C ... +45°C — PMT-box, S2 (WAKE, bottom)
- : — PMT- RAM
: Non-Operational: box, 53 (RAM, bottom)
0ol— -35°C ... +50°C
B |S1/53 on
10— S3 off
- S1 off
20 — /—-/
j operational mininum: -30°C | /_/
_30 USSR appspupepupepepepepey— h...-...- et | e e e
- 1 " I L 1 " | N | " | L 1 L | " 1 " I L 1 L | L l 2 I " 1 " | " 1 " | " | L | 1 1 " | L 1 " I L 1 "
02.04. 03.04. 04.04. 05.04. 06.04. 07.04. 08.04h 0944. 10.04. 11.04. 12.04. 13.04. 14.04. 15.04.
12:00 12:00 12:00 12:00 12:00 12:00 12:00 122050 12:00 12:00 12:00 12:00 12:00
Temperature below operational range — HV off!
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Screen 3 Right!
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