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MAPMT (R8900 series) for space useMAPMT (R8900 series) for space use
Low noise Low noise 
(1 p.e. level detectable)(1 p.e. level detectable)( p )( p )
Position sensitive PMTPosition sensitive PMT
Large effective surface Large effective surface gg
> 80 % physical area> 80 % physical area

CompactCompact

R8900 200 M16MOD UBA

26 x 26 x 27 mm26 x 26 x 27 mm33

Operate at low voltageOperate at low voltage
R8900-200-M16MOD-UBA

We have made two additional improvements
~  900 V, gain ~ 2 ~  900 V, gain ~ 2 ××101066

Ultra biUltra bi--alkali photoalkali photo--cathode  cathode  Q.E. > 40 % Q.E. > 40 % 
R d d dR d d d

p
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Rugged dynodes Rugged dynodes 
toleranttolerant of vibration for launching rocketof vibration for launching rocket



Basic CharacteristicsBasic CharacteristicsBasic CharacteristicsBasic Characteristics

1 t1 t1 p.e. spectra  1 p.e. spectra  
MAPMT gainMAPMT gain

HV dependence of gainHV dependence of gain
Temperature dependence Temperature dependence 
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Setup for evaluation test  Setup for evaluation test  pp

We use the single photoelectron of minimum signal for MAPMTWe use the single photoelectron of minimum signal for MAPMT
We obtained the signal with a trigger synchronizing with the LED.We obtained the signal with a trigger synchronizing with the LED.
I t it f LED i tt t d t 1 l lI t it f LED i tt t d t 1 l l
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Intensity of LED is attenuated to 1 p.e. level.Intensity of LED is attenuated to 1 p.e. level.



1 p.e. spectra1 p.e. spectrap pp p

We obtained the 1p.e. spectra and estimatedWe obtained the 1p.e. spectra and estimated
(1)(1) MAPMT gain (Gain, HV dependence, uniformity)MAPMT gain (Gain, HV dependence, uniformity)
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(2)(2) Temperature dependence of dark countsTemperature dependence of dark counts



MAPMT GainMAPMT Gain

0 5 pC0.5 pC
0.26 pC

comparing

1 t1 p.e. spectrum
(pixel 3, －900 V)

Spectrum of test pulse (0.5 pC)

To determine the MAPMT gain, we first make the test pulse for a To determine the MAPMT gain, we first make the test pulse for a 
certain input charge (0 5 pC) then compare its pulse height withcertain input charge (0 5 pC) then compare its pulse height with

G = 1.6 x 106 (error ~10 %) at -900 V
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certain input charge (0.5 pC) , then compare its pulse height with  certain input charge (0.5 pC) , then compare its pulse height with  
actual 1 p.e.  signal from the MAPMT, and obtain the charge of actual 1 p.e.  signal from the MAPMT, and obtain the charge of 
1p.e.1p.e.



HV Dependence and Uniformity of GainHV Dependence and Uniformity of Gainp yp y

(left) HV dependence of gain(left) HV dependence of gain
G = a x HVG = a x HVbb , log, log1010a = a = --23.1,  b = 9.923.1,  b = 9.9
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(right) The ratio of gain obtained by 1 p.e. spectra by (right) The ratio of gain obtained by 1 p.e. spectra by 
using pixel3 reference 100.using pixel3 reference 100.



Temperature Dependence Temperature Dependence 

Thermal electron spectrum
at 20 degree (1000 s)

Counts/s vs. temperature 

N = N0 x exp(aT), N0 = 3.6, a = 0.07
We obtained the spectra of thermal electrons at any temperature.We obtained the spectra of thermal electrons at any temperature.
and obtained the count rates.and obtained the count rates.
In this measurement we obtain only thermal electronsIn this measurement we obtain only thermal electrons
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In this measurement, we obtain only thermal electronsIn this measurement, we obtain only thermal electrons



Result from two improvementsResult from two improvements

Rugged dynode  Rugged dynode  
Ultra biUltra bi alkali photoalkali photo cathodecathodeUltra biUltra bi--alkali photoalkali photo--cathodecathode
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Rugged DynodeRugged Dynodegg ygg y
Standard dynode (not rugged)

Rugged dynode
Dynode is damaged and gain is changed

Rugged dynode

Dynode is not damaged and gain is not changed

Standard dynode was damaged by the vibration for the launching a rocket Standard dynode was damaged by the vibration for the launching a rocket 
→→Necessity for tolerance toNecessity for tolerance to vibrationvibration

Dynode is not damaged and gain is not changed 
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yy
We improved tolerance of MAPMT to vibration in possible launching vehiclesWe improved tolerance of MAPMT to vibration in possible launching vehicles



Setup for Random Vibration TestSetup for Random Vibration Testpp
Picture of setup

MAPMT was fixed like this 
h t h

Vibration profile (HIIA profile)

Y photograph.

Vibration profile (HIIA profile)

ZX

Duration of vibration was 2 min (120 s) / 1 axis.Duration of vibration was 2 min (120 s) / 1 axis.
Random vibration was given to 3 axes X, Y, and Z.Random vibration was given to 3 axes X, Y, and Z.g , ,g , ,
We examined the gain of MAPMT by 1 p.e. spectra.We examined the gain of MAPMT by 1 p.e. spectra.
At first, we tested at 12 GAt first, we tested at 12 Grmsrms (1.5 times HIIA profile)(1.5 times HIIA profile)
The acceleration had been increased from 5 to 17 GThe acceleration had been increased from 5 to 17 G
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The acceleration had been increased from 5 to 17 GThe acceleration had been increased from 5 to 17 Grmsrms
in increments of 3 Gin increments of 3 Grmsrms



Result for Vibration TestResult for Vibration Test

Pixel 13 spectrum before vibration (red)  and after 12 Grms (green) 

The result of spectrum The result of spectrum before vibration before vibration and and after 12 Gafter 12 Grmsrms
The signal output was not significant change before vibration and after.The signal output was not significant change before vibration and after.
Vibration level up to 17 GVibration level up to 17 Grmsrms (double of expected HIIA profile).(double of expected HIIA profile).
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pp rms rms ( p p )( p p )
AAfter vibration at 17 Gfter vibration at 17 Grmsrms, no significant change in signal output in all pixels., no significant change in signal output in all pixels.



Ultra BiUltra Bi--alkali Photoalkali Photo--cathodecathode

Ultra bi-alkali photo-cathodeBi-alkali photo-cathode

100 photons 20 photoelectrons 100 photons 40 photoelectrons

Q.E. ~ 20 % Q.E. > 40 %Q
(double of Bi-alkali)

Ult bi lk li h th 40 % f Q E d it i d bl f bi lk liUltra bi-alkali has more than 40 % of Q.E and it is double of bi-alkali
It means that sensitivity is doubled.
UBA has been made by  Hamamatsu Photonics K.K. in last year.

f
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UBA proto-type  of R8900 series is improved Feb. 2008.



GammaGamma--ray Spectra with Plastic Scintillatorray Spectra with Plastic Scintillator

Source
241Am Plastic array

Set-up

MAPMT

241Am y

signal

High Voltage: 900 V59.5 keV
gamma raygamma-ray

UUBABA--type MAPMT can resolve a photoelectric peak for all pixelstype MAPMT can resolve a photoelectric peak for all pixels
thanks to high Q E which had been greatly improvedthanks to high Q E which had been greatly improved
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thanks to high Q.E which had been greatly improved.thanks to high Q.E which had been greatly improved.
(standard BA(standard BA--type , the 59.5 keV peak is irresolvable in some pixels)type , the 59.5 keV peak is irresolvable in some pixels)



Energy Resolution at 60 keVEnergy Resolution at 60 keV

Compared the ultra bi-alkali with the 
bi alkali in the same conditionUltra bi alkali bi-alkali in the same condition.

Ultra bi-alkali has 60 photoelectron 
th t i bi lk li

Ultra bi-alkali

more than twice as bi-alkali 
(~25 photoelectron)Bi-alkali

100100
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BiBi--alkalialkali
Comparing energy resolution at 
60 keV photoelectric peak
UBA-type has better resolution 
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than BA-type in all pixels.
The best resolution at 60 keV

49 8 % (FWHM) by using BA
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Ultra biUltra bi--alkalialkali
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49.8 % (FWHM) by using BA
29.9 % (FWHM) by using UBA

PixelPixel
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Ultra biUltra bi alkali alkali 
average ~ 35 %average ~ 35 %



ConclusionsConclusions

WWe have improved a new type of MAPMT featuring UBA e have improved a new type of MAPMT featuring UBA 
photophoto--cathode and rugged dynodes cathode and rugged dynodes 
W l t d b i MAPMT f b i thW l t d b i MAPMT f b i thWe evaluated basic MAPMT performance by using the We evaluated basic MAPMT performance by using the 
single photoelectron signalssingle photoelectron signals
Improved MAPMT withstood the 17 Grms vibrationImproved MAPMT withstood the 17 Grms vibrationImproved MAPMT withstood the 17 Grms vibration Improved MAPMT withstood the 17 Grms vibration 
Thanks to high Q.E (> 40 %), good energy resolution of Thanks to high Q.E (> 40 %), good energy resolution of 
29 9 % (FWHM) was obtained for 60 keV gamma29 9 % (FWHM) was obtained for 60 keV gamma--raysrays29.9 % (FWHM) was obtained for 60 keV gamma29.9 % (FWHM) was obtained for 60 keV gamma--rays.rays.
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