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X Experlmenful note on ibd" PMT tests,
g
5. Sep 683 5. HatSuny

We recieved a good ib“ Hamamatsu photomultiplier tube ( PMT ) in
July. Lnborutory tests of the PMT have been performed sxnce then and
'sone3encouruglng data were obtn;ned. 1 summarize here the nethod used to
make these tests and fhe-résults obtained.,
1) Cain and dark current of the PMT. 3 PC lqkt sources

The figure to the right | crbr hilte
shous the con-hguruuon uvsed to o ne"‘Tm{ dg"c'r)' (NS

1 > -
 measure gain and dark current of - . ol ___ 1 filters .
: : : lent wuan
' the 16" PHT.'?hg PHT was used in ' e lig X diffusey )

‘the cathoede high voltage ( - HV )

mode and the output current of

1he anode was dxrectly measyred

by a voltmeter. Although it wasn’t 23k : ' P‘V maeto v
necessary 1o use the lxght source to |

measure the dark current, I did seuerel megsurments at the same tlﬂe.
! I
fhe intensity of the light source was neusured by veing a

cqlxbruted PIN diode. Tuklnq into account the spectrul rerponse of the PIN
diode and that of the color filter uhlch we vsually vsed ¢ Melles—Griot,

03F1B003  ; cee Fig.i ), we couid culculutq:fhe relation between the light



iﬁteﬁsltp and the output current of the PIN diede. We find a value of

(:' E 1d¥y/bhotons/5/nﬁ.'Using'this valve, the light intensity was

estxnutcd u;th;n the uccurncy of ¥,20 X,

The PMT anode outpur current was measured against a certain lxght

intensity and a certain HV value. The data are shown in Fig.2 for HV = 2.0,

of the PHT and the light intensity but also a quantum efficiency { QE ) and

a callection efficiéncy ( CE ) of the PHT._Th& gain of the PMT was

cstinuted ussuning as QE g CE = 0.4.

The calculated gu;n of the PMT uus plotted against the Hv value in
Fig;3:ulong urth the data on the dark current. The solid lines rapresent
the data sent by the Hunuﬂaisu Co.. |

-The preéenf durk ;urrent'dutu is consistent uith thé data from
Hununutsu except in the higher voltage reglon. The d;FFerence is u;thin
30 % and not too significiant. 1 should mention that it had been hard to
n¢u§§f¢ the dark current esp#c;nlly +n the_hlgher voltqge region because

the PMT was ulreudy in the vnstable region. The dark current occasionally

"jumped up about one order of magnitude.

(in the other hand, the data en the gain of the PMT looks_in~

.consistent with Hamamatesu’s data. However our measurMents of the PNT

gain had inaccuracies nat only in the liqht'intensity byt alse in the

assumption of QE X CE = 0.4. In this llght, these datn seems consisienT

with ench other within the uccurucy of our neusurnent ¢ ﬁ HSox ). Or if

we asgume Hamamatsu’s gain flgure accurate, the GE x LE value must be

about 7 %,

ra

2.2, 2,5, and 2.7 kY. The anode current is!n function of not only 1he'guin-



2) 1 photo electron characteristic.

(L Ca) HU response. . — ?“k‘ |;3k;t Seurcl.

. The PMT response at 1 photo =j= - NP I%HtV'
electron ( pe ) level against the _?ﬂnS-biﬁr
.supply HV was measured by vusing 4o 4o -

>

logic curcuits and scalors ( see the

fig. at right J. The scaler i was

| dmpin
'lv‘y."'wv \F]FHA ! _

used for counting the number of the (W et
light pulses and scaler 2 was used for. : | GG, TiLat | .

‘ - _ 18
couﬁtjng the nunﬁer.uf the co%ncidence &“‘Y£] Scder 2 widtl
pulses,

' The data are shoun.in Fig.4. In thls fia. the uert;cal'ﬁxis.

repregﬁntsiihe.coincidcnce rate per.iéﬁflight pdlseﬁ. From this.Fig.,

the 4 §e p1utenu is found to be aruvond 2.8 kV. |

Q;

~ b) pulse height distributian

| The pulse he;ght d;str;butxon ut the i pe level was nvusured by
ﬁsing the'co;ﬁgxdence pulises ‘mentioned above as a gate pulse ?or the PHA.
The data was shown in Figq.5., The coincidennce rutg; the number of the
Ilight'pdlses, Ehe'pedk chdnnel'no.,-and'thg resolution, which is given by

FWHM 7/ peak channel no. , are tablated beleow.

HY . coin/light pulseés, peak ch. , resolution
' '
2.7 kV 10.2 k / 249 k R 140 X B0 %
. ~ : -
2.5 kV 9.9 k / 396 k % 100 ¥ 100 %

5.3 kU . 4.2k /7 4.5 M o X3 & 140 %



cC® Pulse height distribution of dark pulses.

The pulse height dlstribution of the dqu pulse eof the FMT is-
shown in Fiq.é. This data was taken for MY = 2.5 kV and the small arrow
within fhe fig. indicates the peak channel for i pe,

The Frequency of the dark pulses greater than i pe was k 5.8
kHz and that greater than i’74 pe was £.30 kHz . The present data on the
Burk pulsea-grauter thun i/4 pe is consistent with thnt from Hamamntsuy,

32.4 kHz, It rhould be ulso nofad that the noise counts drops fast with

amplitude being-i.4_kHz uboue 2 pe and 600 Hz uboue 3 pe.

o ‘ . ;
4) Geomagnetic effect. ' . '
o  The geomagnetic field strength ;l
in the 322 lab. und in 1h¢'test water b ' oscillo
) _ I Suf&
(L . tunk uus neusured to be'% 0.24 gauss : : ' ' 15&;“
which is two thirds of what it should be A
H -‘V""
in Honolnlu, 0.359 gauss. Although these ¥
uulues-ure snull, the significant effect on' _ e s _?G ]
_ UEDPdsu?

the output pulse he;ght n;ght be expacted

because of the long electron path betuuen the photocufhode qn& the first
dynode of ‘the 16" 'PMT. The LED llght pulstr und the osc111oscnpe were
.used to check the geoﬂugnetxc effect on the PHT output pulse ¢ see fig.
above ). | |
o Datu was- taken for Four LED pulser posxtxons und for two HV
.unlues{ The results were shoun in F;g 7. In contraost to the preu;aus

Mmeasuyrments dune by H;tsux veing anther sunple PHT at HU = 1.5 kV, we



found @ very small effect on the output_pu1s¢ height of PHTf The maximum.
effect is about i5 2,therefore we need not be too nervous about

geomagnetic effects.

S) Summery. _

Q) The bc gain of rhxs PMT is a llttlc less than what we want. In
fha'vdltnge region greuter'thun 2. D kU the noise current is not pro-
poriionol to the PMT gain at all., If we get a PMT with gain sevarel fxnes
that of this PHT, we can vse it 1n a relatively low voltoge reg;on. This
means that we can use it in a low noise region.

ﬁ) . The i pe charucter;sticﬁ 100k nice. The tube nge&s to be uperated
uf a higher uoitage { 2 2.?_kv 3 to fea;h plateav, hut'this.is'not eusy.

because of the PMT stabllity.

c) Gur noise measurements roughly agree with thesé suﬁplied by
‘(_ Hununutau | |
d) o The geonuqnetlc effcct is not important for this PET{
e) | He.uill make 13915 on the PMT sensitivity uersug the direcflpﬁ

of light and on the timing distribution using the test tank lab, soon.
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