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ABSTRACT

The AMS-02 RICH will have 11840squarepixels9 x 9mn?. HamamatsiR7600-00-M1hotomul-
tipliers (4 x 4 pixels) will be usedfor the photoncounting. The importantfeaturesof thesedevicesare
the pixel gain, single photoelectronresolution,andrelative efficiency. The calibrationprocedureof 60
phototubesandfew selectiorrulesfor thefinal detectorareshovn.
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1. Intr oduction

The AMS-02 detectorhas a proximity focusing
RICH sub-detectoin placeof thethresholdCerenlov
counterof AMS-01 (seefigure 1).

A 2 cmthick aerogelayeris usedasCerenlov ra-
diator, andthelight coneswill expandfor about50cm
beforereachingthe pixels plane,parallelto the radia-
tor layer A conicalmirror is usedto gain acceptance,
andthe pixel planehasa squarehole in front of the
electromagneticalorimeter(figure 2).

The total pixel numberis 11840, and their size
is 9 x 9mnm?.  HamamatsuR7600-00-M16 photo-
multipliers (PMT) are usedfor the photoncounting.
These740PMTshave 4 x 4 pixelsandareoperatecht
—(750+-900) V.

A setof 60 PMTswastestedn BolognalNFN lab-
oratoriesandin GrenoblelSN laboratoriesusingtwo
differentread-outschemes.

2. The PMT test

In orderto measurehe gain andthe single photo-
electronresolutionof every pixel, few (3 or 4) runsper
PMT were doneat different voltages,using a short-
pulseLED emittingfew photonsperpulse.

Every run gives a “single photoelectronspec-
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Figure 1. The AMS-02 detector
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Figure 2. The AMS-02 RICH detector

trum”, i.e. aPoissoniarchagedistribution with avery
low meanphotoelectromnumber (figure 3). Sucha
spectrumhas a recognizable‘zero-peak” (the ADC
pedestal)and “one-peak” (the single photoelectron
signalsdistribution).

2.1. Gain

By definition, the distancebetweenthe zero- and
one-peaksdividedby theelectronchage,is the PMT
gain atthegiventension.

If we considertwo Gaussiarpeakswith mean,
andstandardieviation ¢;, the gain G is thenumber:

(M1 — Ho)Qapc 1)
e

whereQ,p¢ is thechage per ADC countande s the

electronchage, while the uncertaintyAG is computed

usingthe errorson p; given by thefitting routineand

theerroron Qupc.

The latter was considerednggligible, even if ne-

glectingtheuncertaintyon Q, - meansunderestimat-
ing AG of roughly 10% with the Bolognaelectronics

G=
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Figure 3. Two singlephotoelectrorspectra.

(AQapc/Qapc ~ 1.5%) and 50% with the Grenoble
ADC chip ((AQapc/Qapc)est = 5%).

Thetensiondependencef the gainis easilyfound
by usingalinearfit in alog-log scale:

log,,G =P, +P,log,,V 2

whereP arethe fit parameterandV is the absolute
valueof theoperatingvoltage(seefigure 4).

2.2. Singlephotoelectron resolution

The single photoelecton resolutiond is the ratio
betweenthe standarddeviation of the Gaussiarone-
peak,andits distancerom the zero-peak:

91
Hy— Ho
(thereis no needfor Q- here),andits erroris com-

putedusing the fit uncertaintieson g, and ;. The
smalleris J, the betteris the photoncounting.

o= 3)

2.3. Pixel efficiency

The absolutepixel efficiency cannotbe measured
with the devices available in Bolognaand Grenoble,
but therelative efficiency with respecto all otherpix-
els of the samePMT canbe evaluatedlooking at the
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Figure 4. Linearfit of the gain to voltagelog-log de-
pendence.

SA0224 -- Relative pixel efficiency
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Figure5. Therelative pixel efficiency is almostinsen-
sibleto theHV settings.

normalizationfactorsof the Gaussiarfit of the one-
peak (assumingthat the samenumberof eventsis
recordedn eachrun. Seefigure5).

This is not comparablewith the Hamamatswdata:

HV 1 2 3 4 5 6 7 8 9 10 11 12 GND

360 360 360 150 150 150 150 150 150 150 150 180 360
2.4:2.4:2.4: 1 :1 :1:1:1:1:1:1:1.2:2.4

Figure 6. Firstrow: dynodesSecondaow: resistorsn
kQ. Third row: repartitionfactors.

they measurethe anodescurrent output when uni-
formly illuminating the pixels,i.e. whatthey quoteas
“AnodeUniformity” is therelative efficiency timesthe
pixel gain.

A similar but different pixel efficiengy definition
was adoptedto comparethe pixels of all the PMTs,
asdescribedn §5.3.

3. PMT testin Bologna

A setof 80 PMTs was testedin Bologna, taking
singlephotoelectrorspectraat 3 differenttensions.

EachPMT wasputin ablackboxandconnectedo
—900V for atleast15 minutesbeforethefirst test,in
orderto allow for decreasingf thePMT window pho-
toluminescencenducedby the ervironmentallight.

Each PMT requiredroughly 1 hour to be tested.
Three data setsof 10’000 events were taken, with
—900V, —850V and —800 V. For low gain PMTs
thesequencevas: —900V, —850V, —950V (always
10’000eventsperrun).

Thevoltagedividerwasalways“hot” (nonightturn
off) and connectedo somePMT, with the exception
of theminuteneededo changePMT. It wasturnedoff
during weekendsandturnedon for at leastone hour
beforethe next test.No significantchangds notedaf-
ter 18 hours(from 17:00to 09:00)of continuousPMT
operating.

3.1. Setup

The voltage divider was from Hamamatsu(fig-
ure6). Thesignalscomingfrom the divider wereread
usingLEMO 50 Q cables Eventhoughtheimpedance
is notexactly the samethe signalsaregoodenoughto
take chage measurements.

The PMT wasilluminatedby a red LED driven at
60Hz by a CAEN module(modelC529),with roughly
a 20 V amplitudepulseof 5 nswidth. An opaque2
mm thick plexyglasslayeris usedto diffuselight in a
uniform manner(no differenceis seenwhenrotating
the PMT).

Theanodesignalsaresentto alinearADC (CAEN
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modelC205A)anddigitized usingthe 0.033pC/count
scale.Therelative uncertaintyonthe ADC corversion
scaleis 1.5%,but wasneglected.

4. PMT testin Grenoble

A subsetof 60 PMTswastestedin Grenoble tak-
ing singlephotoelectrorspectraat4 differenttensions:
—750V, —800V, —850V, and—900V.

4.1. Setup

EachPMT requiredabout4 minutesto be tested.
TheLED wasdrivenatroughly2 kHz, andits light was
carriedon by light fibersto the PMT pixels. Every run
is a setof 63'000events. The PMTswerereadby the
RICH front-endchipsanda customboardcontrolled
by LabView.

The voltagedivider wasdifferentfrom thatusedin
Bologna, and was chosendue to its betterlinearity.
The total impedancenvas 80 MQ and the repartition
was2.4:24:1:1:1:1:1:1:1:1:1.2:2.4:
24.

Theanodesignalsarereadby a 16 channelgi\nalog
Devices AD7476ART ADC chip situatedon the flat
cablecoming out from the divider. Only one of the
two gainscalef this12 bits ADC wasused the“5 x”
scale(0.0037pC/count,5% uncertainty).

Channels and7 hadproblems:it seemghatthey
had a positive offset, left-shifting the ADC distribu-
tions (anodesgive negative signals)until truncation
occurs. This offsetis presentbut not critical, alsoin
“Gain 1" scale,thatwasusedfor thosetwo channels
only.

Theresultinghistogramsvererebinnedfrom 4096
to 1024 channelgnot for pixels 6 and7), in orderto
compensatéor thegreatfluctuationdbetweeradjacent
bins. Hencetheeffective resolutionof thechagemea-
surements 10 bits, with 0.0146pC/count.In addition,
the resultinguncertaintyof the chage measurement
(~5%) wasnot consideredn the errorscomputation.

Another problem was the pedestalposition: the
zero-peakwasvery different(almosthundredcounts)
for few PMTs, dueto unknovn reason.With the ex-
ception of the PMT SA0207, that shavs a baseline
shift duringthe samerun (at 850V), the pedestakhift
was not impeding the gain and single photoelectron
resolutionmeasurements.

SA0164 -- Pixel single ph.el. resolution
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Figure 7. Single photoelectrorresolutionasfunction
of theHV value,measuredn Grenoble.

4.2. Results

Thessinglephotoelectromesolutionis relatively in-
sensitve to the HV settingsandsometimess betterat
low voltage (figure 7), while with the Bolognasetup
hassometimeshe oppositebehaior (figure8).

TherearelargefluctuationsbetweeradjaceniADC
channelgevenif thestatisticsarehighenough:63'000
events),probablydueto the “sampleandhold” tech-
nique. The systematidin-wisefluctuationsare nggli-
gible afterrebinning:the ADC hasaneffective 10 bits
resolution(figure9).

Thelastproduced®MTs shav a moreuniform be-
havior than the first ones: the Hamamatsuproduc-
tion chain“stabilized” aroundPMT SA0190(seefig-
ure 10). This can be importantwhen selectingthe
PMTsfor thefinal detector

5. PMT selectioncriteria

5.1. Expecteddynamic range

The 16 channelsADC is perfectly linear over its
full scale(4096counts)andhastwo gainscaleqafac-
tor of 5 in dynamicrange),but the preamplifierOPA
340reduceghelinearrangeto 2/3 of thefull-scale. A
testof animproved versionof the chip is foreseeron
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SA0164 -- Pixel single ph.el. resolution
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Figure 8. Single photoelectrorresolutionasfunction
of theHV value,measuredn Bologna.
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Figure 9. Theeffective resolutionof the AD7476 ART
ADC chipis 10bits.

SeptembeR00B.
The front-endelectronicswill readeachpixel over

3J. Powse, privatecommunication.

Pixel gain/lﬁ VS. PMT number, at 850V
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Figure 10. All pixelsgain distribution for V = 850V,
measuredn Grenoble.

thresholdaskingthe ADC for the5x scaleif not sat-
uratedor elsethe 1x scale. We will assumehatthe
5x scaleis perfectlylinear. If the pedestapositionis
beforethe 500 ADC counts,we canconsiderat least
3500ADC countsastheeffective lineardynamicrange
in the5x scale.

The simulatedmeannumberof photoelectronper
pixel producedby a Fe nucleusis about20, but their
distribution has a tail reachingapproximately 100
phel/piel*.

If we setthevoltagein orderto have 50 (10) counts
in the5x (1x) scalefor thesinglephotoelectrompeak,
wewill beableto reach70 phel/pixel countsin the5x
scalej.e.thelinearrangereacheshe Fenuclei.

5.2. HV settings

Theplot of thetensionV* neededo have 50 ADC
countsin the 5x scalecorrespondingo 1 phel/pixel
(figure 11) shaws that all the PMTs testedin Greno-
ble (with the exceptionof SA0132,SA0152,SA0168,
SA0169,SA0187)needavoltagein therange— (780~
880)V, thatis not very large. In addition, thereis a
sharpindication that the last producedPMTs (from

4J. Casausprivatecommunication.
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V(50 ADC ch.) VS. PMT no.
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Figure 11. Distribution of the voltageV* neededto
have ontheaverages0 ADC countsfor thesinglepho-
tolectronpeakin the5x scale.

G(V) parameters VS. V(50 ADC ch.)
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Figure 12. Distribution of the gain to voltagefit pa-
rametersasfunctionof V*.

SA01900n) aregroupedn a narraver range aseffect
of the stabilizedproductionchain.

The PMTs installed in the final detectorwill be
powveredin smallsets(5 or 6 PMTsperHV channel),

Pixel gain dispersion at 800V
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Figure 13. Distribution of the RMS 1-peakto O-
peakdistance(up) and maximumdistancedifference
(down), in ADC counts.

connecte@sdaisy-chainsin additionto V*, thesesets
shouldhave similar gain to voltagedependencen or-

derto guarantea goodcollective behaior in caseof

smalladjustment®f thetension.

Theplot of thefit parameter¢seeeq.2) shovsthat
other3 PMTs (SA0159,SA0180,SA0182)shouldbe
discardeddueto very differentvaluesfrom the rest
of thesample(acceptedanges:—33 < P, < —21and
9.5<P, <135).

In total,8 PMTsover 60 shav badvalues,andthey
have serialnumberdowerthan190.

5.3. Pixel gain and efficiency

The valuesplottedin figures11 and 12 are mean
values,but we have alsoto considerthe pixel related
guantities.For examplewe shouldchoosePMTs with
a little spreadingbetweenpixel gains. This can be
doneby looking at the positionof the 1-peakwith re-
spectto the 0-peak,asin figure 13.

If we ask that the RMS dispersionbe less than
12 ADC countsandthe maximumdifferencebe less
than50ADC countstwo additionalPMTsarerejected
(SA0188and SA0223). Noticeableis that SA0223is
thefirst PMT after SA0190thatdoesnt satisfythere-
quirements.

AMS Bologna Internal Note 2001-08-01
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Mean pixel eff. at 800V VS. PMT no.
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Figure 14. Distribution of the meanpixel efficiency.

Thelastthingswe canlook into arethe meanpixel
efficiengy andtheefficiency spreadingperPMT. In or-
derto have adefinitionof the (relative) pixel efficiency
thatcanbe usedfor all the PMTs, we adoptedhefol-
lowing definition:

(4)

whereN = 63’000 is the DAQ triggersnumberand
N, is the normalizationconstanbf the Gaussiarfit to
the 0-peak.Assumingthatthe geometryandthe LED
behaior don't changeappreciablybetweendifferent
runs,N, is roughlytheinefficiency of the pixel.

The bad news here are that even thoughthe effi-
cieng/ shavs alittle corvergenceincreasinghe serial
numberthefluctuationsarelarge: themechanicaton-
structiondoesstabilize,but the materialof the photo-
cathodedoesnot.

Referringto figures14 and 15, we chose80% as
lowestvaluefor the meanefficiency, 8% and 35% as
highestthresholdson the RMS efficiency and maxi-
mumdifferencerespectiely. Theresultsare(already
discarded®MTsarenotshavn):

Pixel eff. spread at 800V VS. PMT no.
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Figure 15. Spreadingf the pixel efficiencies.

PMT (€)  &rws  Emax— E&min
(%) (%) (%)
SA0142 73.89 17.40 67.03
SA0149 76.84 18.30 88.45
SA0161 75.43 17.77 61.90
SA0163 83.67 4.37 89.58
SA0177 78.02 3.83 12.21
SA0199 7458 16.41 90.44
SA0205 79.53 4.50 14.58
SA0207 82.67 4.31 88.57
SA0220 83.06 4.96 91.57

whereboldface PMT namesmatchall three negative
conditions.

A summarytable for all the 60 PMTSs testedin
Grenobles givenin the Appendix.

In conclusion,a very high numberof PMTsis re-
jectedusingall the suggesteatuts. Eventhoughthe
stabilizationof the productionchainis very promis-
ing for whatconcernghegain behaior (andwe could
hopeto discardno PMT dueto badvoltageor fit pa-
rameters)it is unlikely thatmuchlessthanthepresent
fraction of 10% (18% usingthe OR of conditionson
efficiencies)of PMTswill notbediscardediueto bad
pixel efficiencieswhen selectingthe 740 onesto be
mountedn thefinal assembly

AMS Bologna Internal Note 2001-08-01
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Appendix: Testresultswith ISN setup
PMT Ve Py P, Orus  Omax—Oyin  (€)  Erus  Emax— Eqin
(Volt) (ADC counts) (%) (%) (%)
SA0097 800.5 -23.03 10.02 9.422 33.90 84.74 4.219 13.99
SA0098 832.4 -24.99 10.63 3.585 11.50 83.16 4.891 17.76
SA0099 797.7 -24.45 10.51 3.503 12.60 85.12 4.539 14.00
SA0132 766.4 -27.87 11.76 11.93 54.90 85.25 4.572 15.11
SA0133 781.8 -24.05 10.41 6.390 23.10 85.77 4.389 13.78
SA0141 813.8 -23.60 10.19 10.73 40.17 81.57 5.903 22.23
SA0142 852.7 -25.01 10.60 5.107 14.80 73.89 17.40 67.03
SA0144 826.6 -29.04 12.03 4.802 17.28 81.00 7.628 30.12
SA0145 793.1 -23.69 10.26 4.654 17.77 84.19 4.372 14.18
SA0146 810.0 -23.89 10.30 7.537 26.52 82.55 4.513 14.52
SA0149 849.5 -27.99 11.62 5.555 19.40 76.84 18.30 88.45
SA0150 828.3 -27.37 11.46 5.463 20.68 82.26 4.365 16.80
SA0152 883.2 -29.23 11.98 3.418 12.80 71.35 17.61 58.34
SA0154 787.5 -25.12 10.76 8.147 26.00 83.25 4.775 16.81
SA0156 806.2 -23.68 10.23 4.936 13.80 84.29 4.482 13.86
SA0157 795.8 -24.65 10.58 9.040 31.19 84.81 4.507 13.25
SA0158 794.6 -25.60 10.91 7.651 26.58 85.09 4.590 13.92
SA0159 815.0 -15.21 7.307 3.950 14.60 83.74 4.474 15.17
SA0160 816.2 -25.54 10.85 3.440 12.60 82.45 4.474 14.34
SA0161 857.2 -31.10 12.67 5.850 21.00 75.43 17.77 61.90
SA0162 789.4 -26.29 11.17 5.246 16.38 85.10 4.142 12.98
SA0163 824.5 -24.25 10.39 5.327 19.50 83.67 4.365 89.58
SA0164 786.2 -26.31 11.18 3.565 14.10 83.64 4.463 14.03
SA0166 798.2 -26.38 11.18 5.346 17.50 83.79 4.504 15.69
SA0168 778.1 -97.29 35.75 4.348 17.00 83.54 4.110 13.21
SA0169 766.7 -43.42 17.15 17.09 58.96 83.05 4.390 14.89
SA0171 781.2 -25.11 10.78 9.883 36.35 83.36 4.284 16.32
SA0172 797.0 -24.92 10.68 4.591 17.09 84.95 5.255 19.25
SA0173 798.2 -24.64 10.58 6.152 23.20 81.38 4.042 14.78
SA0174 789.9 -24.65 10.60 3.638 15.10 83.39 4.281 15.37
SA0175 799.5 -25.65 10.92 8.293 30.84 82.65 4.225 13.63
SA0177 837.5 -28.93 11.97 3.377 13.90 78.02 3.832 12.21
SA0180 780.0 -43.42 17.11 88.20 355.2 83.85 4.633 16.98
SA0182 858.6 -35.87 14.29 6.334 24.00 78.55 12.05 49.36
SA0184 865.0 -30.04 12.29 9.223 32.50 80.69 4.739 16.68
SA0186 829.9 -30.45 1251 3.972 14.20 83.41 4.070 13.39
SA0187 776.7 -44.10 17.35 16.46 50.60 82.21 5.136 14.75
SA0188 816.0 -25.05 10.68 15.23 52.40 85.97 4.968 15.76
SA0189 821.3 -24.13 10.36 7.133 25.30 84.07 3.977 13.20
SA0190 799.3 -24.84 10.65 6.532 22.53 83.04 4.600 15.46
SA0191 803.5 -25.65 10.91 4.154 16.00 84.06 4.518 15.48
SA0192 819.9 -25.04 10.67 8.717 31.60 80.97 4.427 14.40
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D. Casadei

SA0195
SA0196
SA0197
SA0198
SA0199
SA0200
SA0201
SA0203
SA0205
SA0207
SA0208
SA0209
SA0210
SA0220
SA0222
SA0223
SA0224
SA0231

830.3
841.8
838.7
835.0
865.6
850.2
839.8
845.5
837.6
845.7
840.3
819.6
815.1
869.4
815.1
846.9
844.9
816.3

-25.84
-28.19
-25.53
-26.49
-31.53
-24.75
-24.01
-25.94
-25.64
-27.53
-27.47
-25.89
-25.56
-29.29
-24.75
-27.64
-27.06
-25.06

10.93
11.71
10.80
11.14
12.80
10.52
10.28
10.93
10.84
11.48
11.47
10.97
10.86
12.03
10.58
11.51
11.31
10.69

4.313 16.06
4551 17.40
4110 11.90
3.632 12.22
4.627 17.00
6.030 18.91
4.858 17.48
4546 16.40
4.024 11.78
7.223 27.84
5.358 18.70
5.275 19.86
5.073 19.10
5128 17.10
2.826 10.41
12.54 53.20
4.330 16.00
6.779 23.90

82.26
83.60
81.16
82.13
74.58
82.12
81.10
81.17
79.53
82.67
84.25
85.66
86.12
83.06
82.63
86.53
84.07
85.84

4.438
4.445
4.279
4.863
16.41
4.473
4.640
4.175
4.504
4.314
4.752
5.401
4.311
4.961
4.766
5.819
4.542
4.491

14.35
15.30
13.10
16.65
90.44
13.62
15.30
13.22
14.58
88.57
15.91
19.67
15.27
91.57
16.35
22.68
15.67
16.17
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