
Flasher calibration of the T1 and

T2 CANGAROO telescopes and

TeV gamma ray observation of

Markarian 421 and

EXO 055625-3838.6 BL Lacertae

blazars

David Swaby

This thesis is submitted as a Master of Science (Research) to the

School of Chemistry and Physics (High Energy Astrophysics),

University of Adelaide

Supervisor:

Prof. Roger Clay

Adelaide, December 2010



Appendix A

Circuit diagrams of the flasher

apparatus and PIN diode monitor
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Figure A.1: Circuit diagram (rotated 90◦) of the Nichia blue LED flasher calibration apparatus.
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Figure A.2: Circuit diagram (rotated 90◦) of pin diode monitor apparatus to measure the flasher

output.
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Appendix B

T1 and T2 flasher calibration data

files
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Calibration data file no. Month(Year) Flasher setting No. of events

1042007 Apr. 2001 10 ns 7401

1042008 Apr. 2001 20 ns 10081

1042009 Apr. 2001 10 ns 7036

1042010 Apr. 2001 Background (random trig.) 19162

1071711 July 2001 20 ns 3239

1071712 July 2001 10 ns 2716

1071713 July 2001 20 ns ND 0.8 3188

1071714 July 2001 10 ns ND 0.8 2185

1071724 July 2001 10 ns ND 1.0 ? 4124

1071725 July 2001 10 ns ? 17803

1071726 July 2001 Background (random trig.) 5399

2020704 Feb. 2002 20 ns 13589

2020705 Feb. 2002 20 ns 10315

2020706 Feb. 2002 10 ns 12260

2020709 Feb. 2002 Background (random trig.) 11320

2060406 June 2002 10 ns ND 0.4 3922

2060410 June 2002 20 ns 9128

2060411 June 2002 10 ns 9518

2060412 June 2002 10 ns ND 0.1 8217

2060413 June 2002 10 ns ND 0.2 8519

2060414 June 2002 10 ns ND 0.6 4946

2060415 June 2002 10 ns ND 0.8 4129

2060416 June 2002 10 ns ND 1.0 2599

2060417 June 2002 10 ns 4423

2060418 June 2002 20 ns 3961

2060421 June 2002 Background (random trig.) 3168

Table B.1: Table 1 of 2: T1 flasher calibration data files from unit 2. Data file numbers in bold

indicate 10 ns setting used in two-dimensional cross-correlation calibration by month, see Fig E.4

Appendix E. The question marks for data runs 1071724 & 1071725, indicate some uncertainty about

the flasher settings for these two calibrations.
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Calibration data file no. Month(Year) Flasher setting No. of events

2110703 Nov. 2002 20 ns 7906

2110704 Nov. 2002 10 ns 4300 car lights

2110705 Nov. 2002 20 ns ND 0.4 4225

2110706 Nov. 2002 10 ns ND 0.4 4481

2110707 Nov. 2002 20 ns 3663

2110708 Nov. 2002 10 ns 3629

2110713 Nov. 2002 Background (random trig.) 10517

3010904 Jan. 2003 20 ns 13855

3010905 Jan. 2003 10 ns 7105

3010907 Jan. 2003 10 ns ND 0.4 7412

3010908 Jan. 2003 20 ns ND 0.4 8639

3010913 Jan. 2003 Background (random trig.) 10547

3060607 June 2003 20 ns 7794

3060608 June 2003 10 ns 10218

3060609 June 2003 20 ns ND 0.4 10543

3060612 June 2003 10 ns ND 0.4 19595

3060613 June 2003 Background (random trig.) 14910

3101604 Oct. 2003 20 ns ND 0.8 10076

3101605 Oct. 2003 10 ns ND 0.8 9151

3101606 Oct. 2003 20 ns 3312

3101607 Oct. 2003 10ns 3279

3101608 Oct. 2003 20 ns ND 0.4 3557

3101609 Oct. 2003 10 ns ND 0.4 4183

3101610 Oct. 2003 Background (random trig.) 10105

Table B.2: Table 2 of 2: T1 flasher calibration data files from unit 2. Data file numbers in bold

indicate 10 ns setting used in two-dimensional cross-correlation calibration by month, see Fig E.4

Appendix E.
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Calibration data file no. Month(Year) Flasher setting No. of events

3010905 Jan. 2003 20 ns 25625

3010906 Jan. 2003 10 ns 16151

3010911 Jan. 2003 10 ns ND 0.4 13347

3010912 Jan. 2003 20 ns ND 0.4 8722

3010914 Jan. 2003 20 ns 19786

3010915 Jan. 2003 10 ns 12228

3010916 Jan. 2003 Background (random trig.) 11607

3060609 June 2003 20 ns 8294

3060610 June 2003 10 ns 27266

3060611 June 2003 20 ns ND 0.4 12098

3060612 June 2003 10 ns ND 0.4 8838

3060613 June 2003 Background (random trig.) 10396

3101603 Oct. 2003 20 ns 44802

3101604 Oct. 2003 20 ns 17809

3101605 Oct. 2003 10 ns 4203

3101606 Oct. 2003 10 ns ND 0.4 5809

3101607 Oct. 2003 20 ns ND 0.4 5230

3101608 Oct. 2003 20 ns ND 0.8 7934

3101609 Oct. 2003 10 ns ND 0.8 7462

3101611 Oct. 2003 Background (random trig.) 11037

Table B.3: T2 flasher calibration data files from unit 2. Data file numbers in bold indicate 10

ns setting used in checking flasher signal amplitude, month by month. Data file numbers in italics

indicate 10 ns ND 0.4 setting, also used for checking flasher signal amplitude for T2.

214



Appendix C

T1 flasher calibration: Mean ADC

Pedestals
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Figure C.1: ADC pedestals over 15 months. Box 1. Each figure shows 1-16 boxes of the T1 inner

camera (16 pixels per box). ADC pixel number is shown below each histogram.
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Figure C.2: Box 2. ADC pixel number is shown below each histogram.
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Figure C.3: Box 3. ADC pixel number is shown below each histogram.
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Figure C.4: Box 4. ADC pixel number is shown below each histogram.
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Figure C.5: Box 5. ADC pixel number is shown below each histogram.
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Figure C.6: Box 6. ADC pixel number is shown below each histogram.
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Figure C.7: Box 7. ADC pixel number is shown below each histogram.
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Figure C.8: Box 8. ADC pixel number is shown below each histogram.
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Figure C.9: Box 9. ADC pixel number is shown below each histogram.
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Figure C.10: Box 10. ADC pixel number is shown below each histogram.
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Figure C.11: Box 11. ADC pixel number is shown below each histogram.
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Figure C.12: Box 12. ADC pixel number is shown below each histogram.
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Figure C.13: Box 13. ADC pixel number is shown below each histogram.
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Figure C.14: Box 14. ADC pixel number is shown below each histogram.
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Figure C.15: Box 15. ADC pixel number is shown below each histogram.
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Figure C.16: Box 16. ADC pixel number is shown below each histogram.
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Appendix D

T1 flasher calibration: Pedestal

difference between the sample mean

ADC and histogram calculated

mean ADC
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Figure D.1: ADC pedestals differences over 15 months. Box 1. Each figure shows a box of the

T1 inner camera, (16 pixels per box). “Pedestal difference” is the difference between the sample

mean ADC, see equation 5.4 (Section 5.1.6), and the mean ADC generated by PAW, from the ADC

histogram.
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Figure D.2: Box 2. ADC pixel number is shown below each histogram.
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Figure D.3: Box 3. ADC pixel number is shown below each histogram.
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Figure D.4: Box 4. ADC pixel number is shown below each histogram.
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Figure D.5: Box 5. ADC pixel number is shown below each histogram.
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Figure D.6: Box 6. ADC pixel number is shown below each histogram.
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Figure D.7: Box 7. ADC pixel number is shown below each histogram.
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Figure D.8: Box 8. ADC pixel number is shown below each histogram.
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Figure D.9: Box 9. ADC pixel number is shown below each histogram.
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Figure D.10: Box 10. ADC pixel number is shown below each histogram.
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Figure D.11: Box 11. ADC pixel number is shown below each histogram.
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Figure D.12: Box 12. ADC pixel number is shown below each histogram.
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Figure D.13: Box 13. ADC pixel number is shown below each histogram.
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Figure D.14: Box 14. ADC pixel number is shown below each histogram.
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Figure D.15: Box 15. ADC pixel number is shown below each histogram.
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Figure D.16: Box 16. ADC pixel number is shown below each histogram.
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Appendix E

Two-dimensional flasher calibration

image results from T1 and T2’s

camera
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Figure 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.
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Figure 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).
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Figure 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.
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Figure E.4: Two dimensional cross-correlation results for the T1 flasher calibration by the calibration

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

flasher calibration month is shown as the first month above each slide with the slide number on the

top left, e.g. slide no. 1 is the April 2001 calibration. The centre of the concentric rings in these slides

(numbers 1 to 8), is the position of the cross-correlation maximum. This maximum position is shown

in δ and ε, in Table 5.4. Slide no. 8 shows the autocorrelation function, (cross-correlating October

2003 with itself).
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Figure E.5: 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 the position of the cross-correlation

maximum. This maximum position is shown in δ and ε, in Table 5.7. Slides 1 to 3 are the 10 ns

flasher setting and slides 4 to 6 are 10 ns ND 0.4 flasher setting. The cross-correlation months (shown

above each slide) as January and June 2003 with slides 3 and 6 showing the autocorrelation function,

(cross-correlating October 2003 with itself).
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Appendix F

T1 and T2 flasher calibration

results & weather station data

255



Figure F.1: Mean ADC over all calibration months, per pixel (rotated 90◦ to fit page). The eight

selected inner camera linear pixels used are (by ADC ID-number); 60, 64, 73, 74, 154, 227, 228, 236.

Flasher settings are 10ns (solid lines), and 10ns ND 0.4 filter (dotted lines), recorded in calib10a data

format. Each point and line, pertinent to its particular pixel, is indicated by the table on the right of

the graph. Each monthly mean ADC value is corrected using the PDM derived ratio values, shown

in Table 4.3. 256



Figure F.2: Normalized ratio of average mean ADC of the eight selected T1 camera pixels over all

calibration months for the 10ns setting with T1 cross-correlation maximum position distance (where

1.0 indicates the camera centre position and a lower value, further away from it). Both these quantities

plotted together are unit-less. The average mean ADC datum point from June 2003 has been left out

due to mirror dewing. 257



Figure F.3: (Rotated to fit page). Showing: 1. Normalized ratio of average mean ADC of the 192

inner T2 camera pixels for the calibration months, January, June & October 2003, for 10 ns & 10 ns

settings. 2. Normalized T2 cross-correlation maximum position distance from 1.0, for 10 ns & 10 ns

ND 0.4 settings. All results from other months are normalized to the sum ADC and cross-correlation

maximum values from October 2003.
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Figure F.4: (Rotated to fit page). Monthly data of Outside Temperature, Dew Point and Humidity

from the Davis Weather Station at the T1 telescope.
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Appendix G

Logbook data from 24/2/01,

25/2/01 and 2/1/01 flasher

calibrations, supporting “square

structure”
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Figure G.1: Page 1 logbook entry detailing flasher image analysis from 24/2/01 and 25/2/01

showing consistent dark bands through different flasher data files
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Figure G.2: Page 2 logbook entry, detailing flasher image analysis from 25/2/01 (and previous

month’s data on the 2nd January 2001), showing consistent dark bands through different flasher data

files.
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Appendix H

CANGAROO-II (T1) TeV blazar

observation summary: Data files
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Run number on/off no. events exposure (min) weather faults

01012405 off 53519 61 fine
01012408 on 34819 29 fine DA trouble
01012409 on 49496 35 fine DA trouble
01012410 on 8842 9 fine DA trouble
01012413 on 41367 20 fine DA trouble
01012609 off 136586 62 thin cloud
01012619 on 437460 84 fine
01012703 off 92607 105 fine
01012713 on 151726 110 fine
01012803 off 54303 55 fine to cloudy
01012809 on 23093 41 fine to cloudy
01013003 off 32151 37 fine ground lights
01013004 off 139594 110 fine
01013007 on 100210 12 fine ground lights
01013008 on 144604 144 fine
01013113 off 10603 19 fine ground lights
01013114 off 53716 98 fine
01013117 on 19029 31 fine ground lights
01013118 on 69132 103 fine
01013121 off 15300 17 fine
01020120 off 30359 27 fine ground lights
01020121 off 131290 62 fine
01020124 on 23653 32 fine ground lights
01020125 on 165424 92 fine
01020128 off 55694 25 fine
01030107 on 103460 60 fine
01030110 off 124457 52 fine
01030206 on 135353 76 fine
01030209 off 141595 68 fine
01030303 on 47344 125 ?
01030306 off 112214 139 ?
01030403 on 56831 101 ?
01030409 off 28692 99 ?

TOTAL on 1611843 1104
TOTAL off 1212680 1036

Table H.1: Markarian 421 T1 observation results for data collection in January, Febru-
ary and March 2001. The data file number is shown as the run number. The on/off
indicates the long on and long off source exposure, with the exposure time for that
run in minutes. Weather and run time faults reports on the data taking night are
sometimes included, (question mark indicates that the weather was not reported for
the night). The total indicates the sum of on or off source number of triggered events
and exposure times for Markarian 421 in 2001.
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Run number on/off no. events exposure (min) weather faults

02021604 off 28462 123.8 fine
02021608 on 197634 201.9 fine
02021612 off 40788 58.7 fine
02021704 off 12120 97.9 thin cloud ADC trouble
02021709 on 14894 96.2 fine HV box out, dish elev.

02021710 on 20607 76.7 fine
02021717 off 37457 65.9 fine
02021804 off 4195 79.9 cloudy ADC trouble
02021810 on 14005 165.8 thin cloud
02021814 off 14320 82.2 cloudy
02021906 off 2442 34 cloudy
02021910 on 38069 160.3 thin cloud
02021914 off 70238 96 cloudy
02022004 on 66424 149.9 fine
02022008 off 121291 109.4 fine
03010808 off 257762 62 ?
03010809 on 178024 63.7 ?
03010919 on 130141 57.3 ?
03011012 off 91540 55.5 ?
03011016 on 94516 63.9 ?
03011204 off 35603 81.2 ?
03011205 on 116932 96.2 ?
03011209 off 24063 78 ?
03011212 on 85373 78 ?

TOTAL on 956619 1209.9
TOTAL off 740281 1024.5

Table H.2: Markarian 421 T1 observation results for data collection in February 2002
and January 2003. The total is inclusive of the sum of exposure times and events of
the Markarian 421 data in 2002 and 2003 above.
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Run number on/off no. events exposure (min) weather faults

02110307 off 135928 168 cloudy
02110310 on 161175 208 ?
02110403 off 69373 218 clear
02110407 on 177751 217 clear
02110511 off 118180 172 clear
02110514 on 184407 158 clear
02110603 off 54750 216 cloudy
02110606 on 156973 213 cloudy
02110716 off 67462 118 cloudy
02110719 on 65818 110 cloudy
02110803 off 59877 147 clear
02110806 on 205853 144 clear
02110906 off 52230 95 clear
02110909 on 105013 95 clear
02111003 off 47045 92 clear
02111006 on 66811 91 clear
02111204 off 23459 19 clear
02111208 on 104693 51 clear
02122612 on 59134 50.9 ?
02122714 off 70735 38.6 ?
02122717 on 170571 96.5 ?
02122909 on 55278 106.7 ?
02122913 off 45527 49 ?
02123108 on 452846 179.1 ?
02123111 off 215681 118.4 ?
03010204 off 50145 36.6 ?
03010207 on 288503 194.7 ?
03010210 off 157107 129.3 ?
03010304 off 46317 34.9 ?
03010306 on 397950 186.7 ?
03010310 off 302917 141.5 ?
03010404 off 34477 34.9 ?
03010406 on 343044 198.4 ?
03010409 off 387349 152.4 ?

TOTAL on 1767326 1013
TOTAL off 1310255 786.5

Table H.3: The BL Lac. blazar; EXO 055625-3838.6 observation results for data
collection in November and December 2002, and in January 2003 from the T1 telescope.
The data file number is shown as the run number. The on/off indicates the long on
and off source exposure, with the exposure time for that run in minutes. The total
indicates the sum of total on or off source number of triggered events and exposure
times, and is the sum of the data files shown in this table for this source observation.
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Appendix I

T1 Monte Carlo simulation results:

Proton showers
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Figure I.1: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

Markarian 421: Showing the Hillas Parameter distance (dis), amongst other results. The spectral

index for this source is 2.7, the zenith angle is 70◦ and the number of events simulated are 1 × 105.
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Figure I.2: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

Markarian 421: Showing the Hillas Parameter length (len) and width (wid), amongst other results.

The spectral index for this source is 2.7, the zenith angle is 70◦ and the number of events simulated

are 1 × 105.
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Figure I.3: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

Markarian 421: Showing the Hillas Parameter alpha (top left histogram), amongst other results. The

spectral index for this source is 2.7, the zenith angle is 70◦ and the number of events simulated are

1 × 105.
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Figure I.4: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

EXO 055625-3838.6: Showing the Hillas Parameter distance (dis), amongst other results. The spectral

index for this source is 2.7, the zenith angle is 10◦ and the number of events simulated are 1 × 105.
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Figure I.5: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

EXO 055625-3838.6: Showing the Hillas Parameter length (len) and width (wid), amongst other results.

The spectral index for this source is 2.7, the zenith angle is 10◦ and the number of events simulated

are 1 × 105.
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Figure I.6: Histograms of primary proton EAS Monte Carlo GEANT 3.21 simulation results for

EXO 055625-3838.6: Showing the Hillas Parameter alpha (top left histogram), amongst other results.

The spectral index for this source is 2.7, the zenith angle is 10◦ and the number of events simulated

are 1 × 105.
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Appendix J

Markarian 421 and EXO

055625-3838.6 alpha plot results

from T1
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Figure J.1: The alpha image plot for all Markarian 421 T1 observation data from 2001 to 2003 (data

files; see Tables H.1 and H.2, Appendix H). On-source alpha plot only. See Figure 7.7 for comparison.
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Figure J.2: The alpha image plot for all Markarian 421 T1 observation data from 2001 to 2003 (data

files; see Tables H.1 and H.2, Appendix H). Off-source alpha plot only. See Figure 7.7 for comparison.
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Figure J.3: The alpha image plot for Markarian 421 T1 observation data from 2001 (data files; see

Table H.1, Appendix H). On-source alpha plot only. See Figure 7.8 for comparison.
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Figure J.4: The alpha image plot for Markarian 421 T1 observation data from 2001 (data files; see

Table H.1, Appendix H). Off-source alpha plot only. See Figure 7.8 for comparison.

278



Figure J.5: The alpha image plot for Markarian 421 T1 observation data from 2002 to 2003 (data

files; see Table H.2, Appendix H). On-source alpha plot only. See Figure 7.9 for comparison.
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Figure J.6: The alpha image plot for Markarian 421 T1 observation data from 2002 to 2003 (data

files; see Table H.2, Appendix H). Off-source alpha plot only. See Figure 7.9 for comparison.
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Figure J.7: The alpha image plot for EXO 055625-3838.6, T1 observation data from 2002-2003 (data

files; see Table H.3, Appendix H). On-source alpha plot only. See Figure 7.14 for comparison.
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Figure J.8: The alpha image plot for EXO 055625-3838.6, T1 observation data from 2002-2003 (data

files; see Table H.3, Appendix H). Off-source alpha plot only. See Figure 7.14 for comparison.
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Appendix K

Incremental significance (S, Li &

Ma (1983)) plotted against 5
◦ alpha

distributions from Tables 7.2 and

7.3
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Figure K.1: Data taken directly from Table 7.2: Plot of Mkn 421 2001-2003 incremental significance

calculated using equation 7.3 (Li & Ma (1983), [111]) against each 5◦ (bin width) angle in Figure 7.7

alpha cut histogram. The size of the error bars (uncertainty) in this figure are explained in Section

7.1.4 and in Table 7.2 caption.
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Figure K.2: Data taken directly from Table 7.2: Plot of Mkn 421 2001 incremental significance

calculated using equation 7.3 (Li & Ma (1983), [111]) against each 5◦ (bin width) angle in Figure 7.8

alpha cut histogram. The size of the error bars (uncertainty) in this figure are explained in Section

7.1.4 and in Table 7.2 caption.
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Figure K.3: Data taken directly from Table 7.2: Plot of Mkn 421 2002-2003 incremental significance

calculated using equation 7.3 (Li & Ma (1983), [111]) against each 5◦ (bin width) angle in Figure 7.9

alpha cut histogram. The size of the error bars (uncertainty) in this figure are explained in Section

7.1.4 and in Table 7.2 caption.

286



Figure K.4: Data taken directly from Table 7.3: Plot of EXO 055625-3838.6 incremental significance

calculated using equation 7.3 (Li & Ma (1983), [111]) against each 5◦ (bin width) angle in Figure 7.14

alpha cut histogram. The size of the error bars (uncertainty) in this figure are explained in Section

7.1.4 and in Table 7.2 caption.
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[140] Protheroe, R.J. & Mücke, A. (2001a), Particles and Fields in Radio Galaxies

(San Francisco, U.S.A.), ASP Conf. Proc., 250, 113.
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