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Abstract  This work aims at online calibration of signal attenuation of the long cable used in Tibet water Cherenkov 

muon detector array-A (Tibet MD-A) under the Tibet air shower array. Based on a waterproof connection of the signal 

cable to PMT (R3600_06) and characters of the high voltage divider, terminal reflection method is used for measuring 

the signal attenuation with a practical way to eliminate contribution of the pulse baseline. Comparison measurement 

data-taking method (with charge-to-digital conversion) was carried out by using open-ended cables, confirming that 

terminal reflection method is a fast and convenient, and suitable to online calibration of the signal attenuation for 

Tibet MD-A. At 26C, the measured attenuation coefficient with the 250-m cable connected permanently to the PMT, 

was ~13.9%. The cable frequency response was measured by using the sinusoidal signals. The method could be used 

to study time dispersion of signals produced with Tibet MD-A detector via Fourier analysis. 
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1 Introduction 

Since 1990, the Tibet air shower array experiment[1] 

has been operating successfully at Yangbajing (YBJ), 

Tibet, China, located at 90.522_E, 30.102_N, 4 300 m 

above sea level with an atmospheric depth of 606 g/ 

cm2. In very high energy γ-ray astronomy, cosmic -ray 

event is a dominant background for the ground- based 

experiment. In order to discriminate γ-rays from back- 

ground cosmic-rays, a large underground water- 

Cherenkov-type Muon-detector array (Tibet MD [2]) 

under the 37 000 m2 Tibet air shower array is under 

construction. In this paper, the charge attenuation and 

influence on the pulse rise time of the transmission 

line are studied, which are important for the proper 

working of the data acquisition (DAQ) system. 

2 Tibet MD-A and the cable attenuation 

As one of the 12 Tibet MD detectors, Tibet MD-A has 

16 detector units shown schematically in Fig.1 upper 

panel. Each unit (down panel in Fig.1) contains a 7.2 

m  7.2 m  1.9 m water tank viewed with a 508-mm 

PMT (Photomultiplier R3600_06). Each PMT is 

connected to a DAQ system using a 250-m coaxial 

cable. The cable consists of a 70-m one-end- loaded 

cable (RG-58C/U type) with a water-proof seal 

connection with the PMT, and a 180-m open-ended 

cable (RG-58/UR type) connected to the DAQ. Both 

cables belong to RG-58 family with characteristic 

impedance of 50 Ω, and are interconnected by a BNC 

(Bayonet Nut Connector) adapter located outside the 

water tank. 

The attenuation measurement is schematically 

shown in Fig.2. By two reference cables (A1B1 and 

C1D1), a pulse generator as the signal source is 

connected to E1, the end of the cable (F1E1) opposite 

to the PMT, and a signal is sent toward the PMT 

terminated on 10 kΩ. The signal is almost completely 

reflected (with a reflection coefficient of up to 99%), 

and both the direct and reflected signals are recorded 

on the oscilloscope. 
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Fig.1  Experimental setup of MD-A. 

 

Fig.2  Diagram of the terminal reflection measurement. A1B1 
is a 0.7-m cable to the generator, C1D1 is reference cable, and 
E1F1 is PMT cable. The Tee adapter connects A1B1, C1D1 and 
the oscilloscope. The BNC adapter connects C1D1 and E1F1. 

The pulse generator has two parallel-output 

load terminals. One is A1F1 transmission line 

associated with the PMT terminated on 10 kΩ, and 

another is the 1-MΩ oscilloscope, from which the 

source output signal is simultaneously reflected into 

C1F1 transmission line at the Tee adapter, without 

affecting the signals. 

The generator sent triangular pulses of about 

10 ns leading edge, 45 ns trailing edge and 30 ns 

FWHM, thus roughly reproducing the PMT output 

signal. The measurement was performed at 26C. 

The cable frequency response for sinusoidal 

signals was studied by setting the pulse generator in 

sinusoidal mode. The attenuation coefficient (174 dB/ 

km@100 MHz) was provided by the manufacturer, 

and used to check the measurement results. As shown 

in Fig.3, the A2B2 cable connects the pulse generator, 

and the C2D2 cable (180 m) is to be tested. The 

sinusoidal input pulse with 5-V amplitude comes from 

the pulse generator. 

The attenuation coefficients in Fig.4 were 

measured by comparing the signal amplitudes at the 

input (C2) and the output (D2) of the 180-m cable. 

 

Below a few tens of kHz, the cable frequency 

response is completely flat. In this region, the 

measured attenuation is ~9%, which corresponds to an 

attenuation of ~41% /km at the normalized unit length. 

This means that at low frequency the attenuation 

coefficient depends on the cable length instead of 

frequency. 

 

Fig.3 Diagram of the direct measurement. A BNC adapter 
connects the A2B2 cable (0.7 m) and test cable (C2D2). 

 

Fig.4 Attenuation coefficients as a function of pulse frequency. 

Above 1105 Hz, the attenuation increases 

quickly with frequency, and reaches the cutoff 

frequency at about 2107 Hz, corresponding to a 17.5- 

ns rise time, which is roughly consistent with the 

measured 22-ns rise time of the PMT signal, as the 

PMT has the10-ns nominal rise time . 

At 1108 Hz the cable attenuation coefficient 

of the cable is up to 96.6%, and roughly in consistent 

with 174dB/km@100 MHz (corresponding to 97.3%/ 

180 m@100 MHz) provided by the commercial 

manufacturer. Also, the measured cable frequency 

response can be used to study the time dispersion of 

the real signal produced by Tibet MD-A detector using 

Fourier analysis. 

3 Comparison measurement of attenuation 
coefficient 

It is impossible to use the cable end connects the PMT 

as the source end. The reflection technique at the 

cable’s open-end is used for studying its attenuation. 
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3.1 Terminal reflection method 

The reflection coefficient (λrc) is given by Eq.(1), 

λrc=(R–Rci)/(R+Rci)                   (1) 

where, R =10 kΩ is the terminal load resistance, and 

Rci =50 Ω is the characteristic impedance of the cable. 

The PMT output can be taken end as the input end, the 

R is located at the HV-divider board of PMT, and the 

reflection coefficient is about 100%, so the long cable 

meets requirements of no-loss terminal reflection. 

According to Ref.[3,4], compared with the 

input pulse, the leading and trailing edges, and the 

pulse baseline of the reflected pulse are deteriorated. 

The delay of the reflected pulse depends on the cable 

length, and is about 2450 ns for 250-m cable. The 

observed pattern is the sum of the input and the late 

reflected pulses. To get a reasonable charge of the late 

reflected pulse, the contribution of the pulse baseline 

(pedestal) has to be subtracted. 

In Fig.2, provided that QF1C1 is the pulse 

charge after A1F1 and F1C1 cables, and QD1C1 is the 

pulse charge after A1D1 and D1C1 cables 

(disconnecting E1F1 cable and PMT at E1). There are 

reflections at F1 and D1 respectively in these two 

cases. So the attenuation coefficient aE1F1 of E1F1 

cable is given by Eq.(2), 

αE1F1=1–(QF1C1/ QD1C1)
0.5                    (2) 

where 
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where, ΔS is the pulse area of the observed pattern. 

The attenuation coefficient of E1F1 cable is given by, 

αE1F1 = 1– (ΔSF1C1/ΔSD1C1)
0.5             (5) 

Fig.5 shows the S measurement. Sub is the 

area of the baseline unit between two downward 

arrows, and Sref1 is the reflected pulse area between 

two upward arrows. Assuming a time interval of 6Sub 

at Sref1, the reflected pulse area (Sref1) can be 

ΔSref1= Sref1 – 6Sub                (6) 

 

Fig.5  Measurement of reflected pulse area. 

3.2 Comparison measurement 

QDC (Charge-to-Digital Conversion) method can be 

used to measure the attenuation coefficient for the 

180-m open-ended cable, but not for the 70-m 

one-end-loaded cable. Also, it is important to compare 

the attenuation coefficient using terminal reflection 

method with that using QDC facility. The attenuation 

coefficient of the 180-m open-ended cable was 

investigated by QDC data taking and terminal 

reflection methods. The latter is realistic and practical 

to the conditions at the YBJ site. 

3.2.1 Measurement by QDC method 

Fig.6 shows the diagram of the QDC method. The 

square output pulses from the generator to drive LED 

light source were of 3.9-V amplitude, 700-ps leading 

and trailing edges, 30-ns pulse width, and 90-Hz 

repetition. 

 

Fig.6  Diagram of the QDC data taking method. 

To test the QDC method, the CABLE in Fig.6 

was replaced with a 20-dB attenuator. The QQDC_20dB 

(with 20-dB attenuator) was 15.7 pC, and QQDC_norm 

(without 20-dB attenuator) was 152.9 pC. Then, the 

attenuation coefficient with the 20-dB attenuator 

(aQDC_20dB) is aQDC_20dB=1–QQDC_20dB/QQDC_norm=89.7%. 
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It corresponds to 19.7 dB, and is roughly in agreement 

with the nominal value of 20 dB.   Thus, the 

attenuation coefficient of the open-ended cable can be 

measured by the setup in Fig.6. 

Again, the CABLE in Fig.6 was replaced by 

the 180-m open-ended cable. With QQDC_180m =137.6 

pC, and QQDC_norm=152.9 pC, and the attenuation 

coefficient is aQDC_180m =1–QQDC_180m/QQDC_norm= 10%. 

So, the QDC method is reliable, and can be 

used to check other measurement methods. 

3.2.2 Measurement by terminal reflection method 

In Fig.2, PMT and the E1F1 cable was replaced by the 

180-m open-ended test cable, and the C1D1 was the 

180-m reference cable. The waveforms of the pulse 

generator and the reflected signal were recorded on the 

oscilloscope. 

The triangular output pulses from the generator 

were of 5-V amplitude, 10-ns leading edge, 45-ns 

trailing edge, 30-ns pulse width, and 90-Hz repetition. 

The pulse shape selected by the results in Section 2 is 

similar to the output signal of the MD-A detector. 

Using the terminal reflection method and Eq. 

(6), we had ΔSref1_180m = 77.62 nVs, and ΔSref1_360m = 

63.28 nVs. Using Eq.(5), we had the attenuation 

coefficient arefl_180m = 9.7%. This is roughly in 

agreement with aQDC_180m obtained using QDC data 

taking method. 

3.3 Attenuation coefficient with total cable length 

According to above results, the attenuation coefficient 

with the 250 m one-end-loaded cable in Tibet MD-A 

can be measured by using the terminal reflection 

method, and the experimental setup schematically 

shown in Fig.2. For each detector unit in Fig.1, the 

DAQ system was replaced by the devices after PMT 

and F1E1 cable. The A1B1 is used to connect the pulse 

generator; the C1D1 corresponds to 180-m reference 

cable; the E1F1 is 250 m (70 m +180 m) one-end- 

loaded cable under test. The input pulse of the circuits 

from the pulse generator is the same as in Section 3.1. 

For one Tibet MD-A detector unit, using the 

terminal reflection method and Eq. (6), we had 

ΔSref1_180m = 78.26 nVs, and ΔSref1_430m = 58.06 nVs. 

Using Eq.(5), we had the attenuation coefficient 

arefl_250m = 13.9%. 

Therefore, at 26C the attenuation coefficient 

with the 250 m long cable is corrected as 13.9%, 

corresponding to 0.52 dB/100 m. 

4 Conclusions 

The cable frequency response is measured with the 

sinusoidal signals. It is completely flat below a few 

tens of kHz, indicating that its attenuation coefficient 

at low frequency depends mainly on the cable length 

instead of the frequency. The attenuation above 100 

kHz increases quickly with frequency, and reaches the 

cutoff frequency at about 20 MHz, corresponding to a 

17.5-ns rise time. 

The measured frequency response can be used 

to do Fourier analysis for signals produced with Tibet 

MD-A detector in the near future. Because the 508 mm 

PMT (Photo-multiplier, R3600_06) has a waterproof 

connection with the signal cable and the characters of 

the high voltage divider of the PMT, we developed a 

terminal reflection method to study the attenuation of 

the long cable, eliminating contribution of the pulse 

baseline (pedestal) successfully. The attenuation 

coefficient of the 180-m open-ended cable obtained 

with terminal reflection method (arefl_180m, 9.7%) is 

roughly in agreement with that obtained with QDC 

data-taking method (aqdc_180m, 10%).  

The terminal reflection method is reliable and 

convenient, and can be used to calibrate the signal 

attenuation online for Tibet MD-A detector. At 26C, 

the attenuation coefficient (arefl_250m, 13.9%) of the 250 

m long cable connected to the PMT of the Tibet MD-A 

detector is obtained with terminal reflection method. 

In addition, we are going to study the signal 

attenuation caused by the electronics in the DAQ 

system in Fig.1. 
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