Contents

Abstract
Resumen
Resum
Contents

1 Introduction

2 Data acquisition for experimental physics

2.1 High Energy Physics experiments . . . ... ... ... ... ... ........

2.1.1 Structure of a HEP setup . . . . . . . .. ... .
2.1.2 DAQ and trigger systems . . . . . . . ...

2.2 Evolution of data acquisition systems. . . ... ... ....... .. ........
2.2.1 Historical evolution

2.2.2 Current and future DAQs

3 Synchronization in DAQ systems

3.1 The concept of synchronization. . ... ... ... ... ... ... ... .....

3.1.1 Clock distribution and data synchronization

3.1.2 Latency and jitter

3.1.3 Time synchronization

3.2 Synchronization over data links. . . ... ...... ... ... ... ... ... ...

3.2.1 Pairwise synchronization. . . . . . . . .. ... ...

iii

Vil

X

16

24
24
29

37

38
39
48
52
61
63

ix



Contents

3.2.2 The effect of clock drift. . . .. .. ... ... . L L o 66
3.2.3 The effect of link asymmetry . . . . . ... ... ... ... ... 68
3.2.4 The effect of clock phase. . . . . ... .. ... .. . . L 69

3.3 Link skew measurement . . . . . ... ... ... 73
3.3.1 Transceiver latency . . . . . . . . . . . . e 76
3.3.2 Phase measurement . . . . ... ... ... L L Lo 81

3.4 Review of precise synchronization technology. . . ... ... ... ... ..... 89
3.4.1 Commercial devices. . . .. .. ... ... .. .. L 90
3.4.2 Synchronization methods . . .. ... ... . ... ... ... .. . . . 95

3.5 Proposed synchronization scheme . ... ... ... ... ... . ..., ... 100
3.5.1 Proof-of-principle implementation . . . . . ... ... ... ... ... L. 103
3.5.2 Experimental results . . . . ... ... L 114

4 Positron Emission Tomography 119
4.1 OVerview. . . ..o 119
4.2 Physical principles of PET . . . . . ... ... 123
4.2.1 Radiation generation . . . . ... ... ... .. L Lo o 123
4.2.2 Radiation detection . . . . . ... ... ... L o o 128
4.2.3 Photodetectors. . . . . . . . .. L e 135

4.3 Data acquisition in PET . ... ... .. ... . 142
4.3.1 Energy resolution . . . . . . . . . .. 144
4.3.2 Position estimation . . . . ... ... Lo Lo L 145
4.3.3 Coincidence detection. . . . . . . ... ... L L Lo 159
4.3.4 Time-of-Flight PET. . . . ... ... ... . . . . . 169

4.4 Image reconstruction. . . ... ... ... L o oo 171
4.4.1 Analytical reconstruction methods. . . . ... .. ... ... o o 0oL 171
4.4.2 2D analytical reconstruction. . . . . . .. ... o oL 174
4.4.3 3D analytical reconstruction. . . . . . .. ... L Lo Lo oo 180
4.4.4 Iterative reconstruction methods. . . . . .. ... ... ... . L. 187

5 DAQ systems for PET 193
5.1 DAQ system architecture . . . ... ... .. ... ... 193
5.1.1 Subevent processing. . . . . .. .. ... L L e 195
5.1.2 Trigger and coincidence detection . . . . . .. .. ... ... ... ... .. ... 198
5.1.3 Review of PET systems . . . . . ... ... ... ... . ... ... ... ..., 204

5.2 Proposed architecture . . . . ... ... . ... 206



Contents

6 Implementation of the proposed DAQ architecture

6.1 Circuit board design . . . ......... .. ... . ... . ...
6.1.1 Board specifications. . . . . .. ... ... oo Lo
6.1.2 Analog channels . . . . ... ... ... ... ... .....
6.1.3 Power distribution. . . . . ... ... Lo L L oL
6.1.4 Circuit board. . . . ... ... ... ... Lo o

6.2 Firmware design . . . . ... ... ... ...
6.2.1 ADC receiver module. . . . .. ... ... .. .. .. .. .. ...
6.2.2 Oscilloscope module. . . . . ... ... ... ... . ...,
6.2.3 Histogram module. . . . .. ... ... ... ... ... . ...,
6.2.4 Ramp calibration module . . . . ... ... ... ... ......
6.2.5 Subevent builder module. . . . ... ... ... 000000
6.2.6 Coincidence module. . . . . ... ... ... ... ... ...
6.2.7 Inter-Module Link. . . ... ... ... ... ... ... ...
6.2.8 Control software. . . ... ... ... .. .. .. .. .. .. .. ..

6.3 Experimental results . . . ... ... .. ... ... L .
6.3.1 Synchronization subsystem . . ... ... ..............

6.3.2 Time coincidence . . . . ... .. .. . .

6.3.3 Photodetector evaluation . ... ... ... .............

7 Summary and discussion

A Distribution of DDMTD phase measurements
B Running linear regression

Bibliography

List of Figures

List of Tables

List of Acronyms

211

293

297

301

337

345

347

xi



