
PAUL SCHERRER INSTITUT

— —

J

PSI Bericht Nr. 17-03

Dezember 2017

ISSN 1019-0643



Contents

1 Introduction 1

1.1 Synchrotron light sources - from the past to the presence 1

1.2 The new light source generation 3+ 4

1.3 Design features of SLS-2 4

2 Lattice Design 7

2.1 Introduction 7

2.2 Concept for a compact low emittance lattice 8

2.3 The SLS upgrade lattice 12

2.4 Non-linear dynamics 17

2.5 Lattice Imperfections 20

2.6 Stochastic effects 26

2.7 Magnet parameters 27

2.8 Advanced modes of operation: round beam 28

3 Instabilities and Impedances 29

3.1 Introduction 29

3.2 Coupled bunch modes 30

3.3 Longitudinal single bunch instabilities 32

3.4 Ion trapping 38

3.5 Other instabilities 40

4 Magnets 43

4.1 Combined function VB/BN/VB magnets 44

4.2 Combined function reverse bend AN 45

4.3 Higher order multipoles 46

-v—



vi
CONTENTS

vi

4.4 Superconducting longitudinal gradient bend

63
5 Vacuum System

5.1 Introduction

5.2 Vacuum Performance

5.3 Vacuum Chamber Design
^9

?Q
5.4 Photon Absorption

5.5 Vacuum chamber connections 75

5.6 NEG activation
75

6 Mechanical Engineering ^9

6.1 Introduction to the girder concept 79

6.2 Girder requirements 80

6.3 Design considerations 81

6.4 Girder Configuration 85

7 Injection 89

7.1 Introduction 89

7.2 The anti-septum injection scheme 89

7.3 Multipole kicker injection 92

7.4 Beam injection at the early stage of the commissioning 94

7.5 Transport line modification 95

7.6 Emittance exchange 96

8 Radio Frequency System 97

8.1 RF Parameters and Specification for the Storage Ring 97

8.2 Modifications for SLS-2 101

9 Diagnostics 105

9.1 Overview 105

9.2 Beam Position Monitors (BPM) 105

9.3 Fast Orbit Feedback 108

9.4 Current Monitor (NPCT) HI

9.5 Filling Pattern Monitor (FPM) and Streak Camera (S-CAM) Ill

9.6 Beam Loss Monitors (LBLM and BLM) 112



CONTENTS vii

9.7 BTR Diagnostics Upgrade and Screen Monitors (SCM) for the Injection Straight . . .
112

9.8 Storage Ring Profile and Emittance Monitors 113

9.9 Photon Beam-Based Diagnostics 113

10 Power supplies 117

10.1 Key issues and challenges 117

10.2 Power supplies for the SLS-2 storage ring 117

10.3 Existing SLS power supplies: Reuse or replace? 122

11 Control System 123

11.1 EPICS 123

11.2 Software 124

11.3 Hardware 124

12 Alignment 125

12.1 Survey net and component alignment 125

12.2 Coordinate frame 125

12.3 Survey reference network 125

12.4 Instrumentation 125

12.5 Component Installation 126

12.6 Final alignment 126

13 Insertion Devices 127

13.1 Introduction 127

13.2 Soft x-ray
129

13.3 Hard x-ray
131

13.4 Tender x-ray
133

14 Infrastructure 135

14.1 Building 135

14.2 Technical Infrastructure 137

14.3 Radiation protection 140

14.4 Installation / project plan 140



viii
CONTENTS

15 Schedule and Costs 143

15.1 Planning 143

15.2 Cost and manpower 145

Bibliography 147

A Executive Summary of the Conceptual Design Review Committee 157


