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Abstract

Calibration tests were made on the T1 and T2 telescopes of the CANGAROO collab-

oration in 2001 to 2003, using a custom-made LED light flasher apparatus to test the

two (T1 and T2) telescope responses to a fixed amplitude light signal. The flasher

apparatus was set up (a kilometre distance from the telescopes), to trigger the tele-

scopes with a 10 nanosecond or 20 nanosecond pulse width flash, running at a rate of

1 kilohertz. Measurement of the light intensity of the flasher was achieved by using

a custom-made PIN diode monitor coupled to the flasher output. After data analy-

sis, it was found that the principal flasher signal amplitude variation (from month to

month) as measured by a telescope, was due to errors in the encoders upon slewing

and parking the telescope. This effect was found and measured by taking the two

dimensional cross-correlation of the flasher pixel images (acquired in the camera of the

two telescopes), taken monthly. Measurement of the T1 telescope energy threshold

was attempted, using cosmic ray showers at the zenith, on two separate occasions.

Finally, 2313.9 on-source minutes of data on the HBL Lac. blazar, Markarian 421 data

was acquired by T1 in 2001 to 2003, and 1013 on-source minutes of data on the BL

Lac. blazar EXO 055625-3838.6 were acquired in 2002 and 2003, by T1. From alpha

plot distributions (where alpha ≤ 40◦), it was found that the TeV gamma ray signal

significance for Markarian 421 was 2.8 σ (in 2001-03); 3.3 σ (in 2001) and 0.4 σ (upper

limit in 2002-03). Furthermore, from (alpha < 20◦) to maximize signal over noise,

the significance for Markarian 421 was found to be 3.5 σ (2001-03); 3.5 σ (in 2001)

and 1.2 σ (upper limit in 2002-03). The TeV gamma ray signal significance (where

alpha ≤ 20◦), was 2.2 σ for EXO 055625-3838.6 over 2002-03.
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Preface

In the following chapters, most italicized words with the first letter capitalized, rep-

resents a trade name (or experiment name), for a component (electronic) module or

software, e.g. Nichia. Words in standard capitals are usually abbreviations, e.g. CAN-

GAROO (see the list of abbreviations, units and symbols tables at the beginning of this

thesis). Words that are in bold text often represent: 1. Raw or calibrated telescope

data format, e.g. calib10a. 2. A measured variable, e.g. ievent. 3. An ion e.g.

He++.
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T1 the CANGAROO-II telescope (first (T1) telescope in the CANGAROO-III array)
T2 second (T2) telescope in the CANGAROO-III array
T3 third (T3) telescope in the CANGAROO-III array
T4 forth (T4) telescope in the CANGAROO-III array
TDC Time to Digital Conversion
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2.10 From Protheroe & Mücke (2001b) [141]. Showing best-fit model in comparison to the

flaring data from Markarian 501 in 1997 from Catanese et al. (1997) [43]. Dot-dashed
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4.4 Circuit diagram of PIN diode monitor apparatus to measure the flasher output. For

clarity, this figure is enlarged in Appendix A, Figure A.2. . . . . . . . . . . . . . 88

4.5 PIN diode monitor output voltages, testing the linearity of the light intensity output

of the flasher using neutral density filters. . . . . . . . . . . . . . . . . . . . . 90

4.6 PIN Diode monitor output voltage measurements of the flasher, taken at the 10

ns & 20 ns setting, using the unit 2 emitter. Weighted means of the voltage were

calculated, usually because two or more readings were taken at the time of calibration

(see equation 4.2, for weighted mean definition). The open symbols indicate where

the sticky tape (semi-opaque film), on unit 2 was not changed immediately before

taking PIN diode readings. . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

5.1 Background light peak (left peak on both histograms) with added flasher signal (right

peak both histograms), taken in 1999 from the airport tower. Left: Histogram plot of

raw ADC count values for all 256 pixels in the inner T1 camera, for all events. The

number of event triggers in this run (99071204), is 5719. The flasher unit triggers at

33 Hz, interspersed with many background light event triggers without the flasher

signal present. Right: Histogram of;
∑256

i=1 (sum of raw ADC counts of the inner T1

camera pixels for each event), for all events (number of events is 5719). The data file

is the same as the left histogram. The sum ADC (flasher signal) histogram peak at

∼ 20000 counts, is explained in Section 5.1.3. . . . . . . . . . . . . . . . . . . 101

5.2 Gaussian or Normal distribution; f(x; µ, σ) = 1
σ
√

2π
exp

[

− (x−µ)2

2σ2

]

, where σ is the

Population Standard Deviation and the mean is, µ, Bevington (1992) [32]. These

three curves are based on this statistical function only and not flasher data, for

illustrative purposes. Typically, while µ 6= 0 for a signal, these three curves show

flattening when the FWHM, Γ, widens with increasing background noise level, where

Γ1 has the lowest background noise level (smallest FWHM), to Γ3, which has the

highest (largest FHWM). All three curves have the same mean or maximum “signal

amplitude”, µ = 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

xix
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by calib10, Okumura (2000) [132]. The mean ADC (the average summed ADC counts

of every camera pixel shown on the x-axis), is plotted against their individual ADC
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5.4. Slide no. 8 shows the autocorrelation function (cross-correlating October 2003
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using the PDM derived ratio values, shown in Table 4.3. For clarity, this figure is

also shown enlarged in Figure F.1, Appendix F. . . . . . . . . . . . . . . . . . 127

5.10 Normalized ratio of average mean ADC of the eight selected T1 camera pixels over all
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5.11 Plot of cross-correlation maximum position distance from 1.0 (see Figure 5.10), versus
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equidistant contour lines are fixed at 10. Contour colours are false and not set to any

level. Contour levels are determined from the maximum pixel value to zero. This
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5.13 T1 flasher mean ADC two dimensional pixel map (top two slides), and mean sum

ADC (bottom two histograms). The data for all four figures is 20ns (no ND filters)

from T1 in June 2003. The colour scale on the right hand side of the top slides
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where “saturated” are uncorrected pixels, see Section 5.2.5. This figure is also shown

(enlarged) in Figure E.3, Appendix E. . . . . . . . . . . . . . . . . . . . . . . 133
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5.17 Two dimensional cross-correlation results for the T2 flasher calibration by calibration

month, shown in the cross-correlation transform space of x-shift (delta, δ), y-shift

(epsilon, ε). The centre of the concentric rings in these slides (numbers 1 to 6), is
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(cross-correlating October 2003 with itself). For clarity, this figure has been enlarged

in Appendix E, Figure E.5. . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

xxii



5.18 Showing: 1. Normalized ratio of average mean ADC of the 192 inner T2 camera
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settings. 2. Normalized T2 cross-correlation maximum position distance from 1.0◦,
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size is explained in the main body of the text. This figure is enlarged in Figure F.3

(Appendix F), for clarity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
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7.3 Histograms of primary gamma ray EAS Monte Carlo GEANT 3.21 simulation results

for Markarian 421: Showing the Hillas parameter length (len) and width (wid), all

given in units of degrees, amongst other results. The assumed spectral index for this

source is 3.0, the zenith angle is 70◦ and the number of events simulated is 1 × 105. 163
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ratio of average mean ADC of the eight selected T1 camera pixels over all calibration

months for 10ns setting to test the hypothesis, that of correlation, between these two
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E.1 Hit-map of T1 flasher images from Feb 7th 2002. This “hit-map” is a two dimensional

image map (of the T1 camera), where any PMT pixel recorded a “hit” during the

data acquisition run (see Section 3.2.6), hence hit pixels. The colour scale on the two

right hand side slides (slides B and D) is hit pixel count where, e.g. yellow indicates

a hit pixel count between 2000 to 3999. The number of equidistant contour lines are

fixed at 10. Contour line colours are false and not set to any level. Contour line

levels are determined from the maximum pixel value to zero. Slides A and B are

unit 2 at 20ns. Slides C and D are unit 2 at 10 ns. The FOV of the camera shown

in each slide is about 3 degrees by 3 degrees. . . . . . . . . . . . . . . . . . . . 250

E.2 Comparison of 10ns flasher T1 hit-map contour images with the calibration in Feb.

2002, compared to July 2001. The number of equidistant contour lines are fixed at

10. Contour colours are false and not set to any level. Contour levels are determined

from the maximum pixel value to zero. Slide A is July 2001 (unit 2), slide B is Feb.

2002 (unit 2), slide C is July 2001 (unit 1), slide D is Feb. 2002 (unit 1). . . . . . 251

E.3 T1 flasher mean ADC two dimensional pixel map (top two slides), and mean sum

ADC (bottom two histograms). The data for all four figures is 20ns (no ND filters)

from T1 in June 2003. The colour scale on the right hand side of the top slides

is mean ADC count where, e.g. yellow indicates a mean ADC pixel count between

1000 to 1999. The isolated bright (> 7000 mean ADC counts) pixel in the lower

right hand corner of the pixel maps is a scaling reference pixel only, and is not a real

data point. “Flashercut” and “saturated” were an early attempt at pixel correction,

where “saturated” are uncorrected pixels, see Section 5.2.5. . . . . . . . . . . . . 252

E.4 Two dimensional cross-correlation results for the T1 flasher calibration by the cali-
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