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The DUMANO II detector will consist of 9 strings of 24 optical modules each'.2. 
There are two versions of optical modules : European (EOM) and Japanese (JOM). 
The JOM is composed by the 15 inch diameter PMT mounted inside of 17 inch 
glass Benthos-sphere which is pressure tested to 600 atmosphere (Fig. 1). The 
optical feedthrough is specially designed for DUMANO II. The 1S inch PMT is an 
original design to fit in a Benthos sphere. and surrounded by mu-metal mesh to 
shield from the geomagnetic field. The main characteristics of the 15 inch PMT are 
summarized in Table I. At the OUMAND site where ocean water is constantly 
around O·C. the dark noise is suppressed to be less than 10KHz from 20KHz at 
room temperature. and. on the contrary, the gain is slightly improved. 
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I Fig. 1 Schematic view of JOM 
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Tube Diameter 15" 

High Voltage (Gain) 1900V (5-107) 

Quantum Efficiency 22% at 410nm 

Transit Time Spread 5ns, FWHM for 1 P_E. 

Dark Noise for ~ 1/4 P. E. 20KHz at room temp. 

Table I Typical feature of Hamamatsu R 2018 
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80 1 - Hardhat Plasti.cs· {6 mm thick} 
2 -Benthos Glass .(12.56 mm thick) 

3 - Silicone Gel (16 mm thick)60 
4 - PMT Glass (2.8 mm thick) 

40 

.....-- Quantum Efficiency .... ..20 .... ....... of PMT R2018� 
..........� ....

. 0 
A(nm)200 300 400 500 600 

Fig. 2 Spectral transmission in JaM materials and Quantum efficiency of PMT 

In Fig. 2, the wavelength dependence of light transmission in JaM materials 
and quantum efficiency of 15 inch PMT R 2018 are shown. 

The JOM electronics installed inside the Benthos sphere has a ring shape and 
its functional diagram is simply shown in Fig. 3. Fig. 3(a) shows the output pulse 
structure from the JaM to the String Controller. The output pulse from the PMT is 
split to two routes and sent to time-digitizers where the arrival times, time-over
threshold (TOT) and, in another branch, the integrated charges (0) will be 
measured. The Q signal will follow delayed by 200ns from the rising edge of the 
TOT signal and is present when the charge exceeds 3 p.e.. The TOT and Q 
signals will give us a useful information for an analysis of multi-muon events and 
cascades. Fig. 3(b) shows the JOM control diagram which is employed to set high 
voltage (HV) and thresholds (V-Th) for TOT and Q signals, and is also to report 
temperature, HV, V-Th, power supply, water leak, etc. to the String Controller. For 
these controls, the CPU-chip TMP 68301AF is used with the OS-9 operating 
system. 

In Fig. 4, TOT and Q versus charge ADC output are shown. From 1p.e. to 
3p.e., TOT will be used, with .the Q signal employed for the range of more than 
3p.e.. 
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(a) Output pulse shaping 
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FIG. 3 JaM Electronics 
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Fig. 4 TOT and Q versus charge 
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Rg.5 Transit Time Spread 
vs light intensity 
(1 p.e. =12.4pC) 
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Fig. 5 shows the Transit Time Spread (TIS) in 15 inch PMT versus incident 
light intensity after correcting the time walk of Transit Time depending on a pulse 
height (charge). One p.e. corresponds to 12.4pC and to about 5ns in TIS. When 
light intensity increases to 10p.e., TIS reaches less than 2ns. 

Zenith angle responses of JOM for a wide-parallel illumination are measured as 
shown in Fig. 6. For two azimuthal angle measurements, responses are almost 
same and measured points are fitted in a linear function with cosine of the zenith 
angle, Theta. 

The final calibration of JOM has been scheduled and is now in progress in the 
water-tank at University of Hawaii. 
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