
Contents iii 

NSLS-II Conceptual Design Report   

CONTENTS 

Contributors ........................................................................................................................................................................... i 
Contents ................................................................................................................................................................................ iii 
Acronyms and Abbreviations .............................................................................................................................................xxiii 
List of Figures .................................................................................................................................................................. xxvii 
List of Tables .................................................................................................................................................................... xxxv 
 
Chapter 1 Executive Summary  
1.1 Introduction.............................................................................................................................................................. 1-1 
1.2 Scope ...................................................................................................................................................................... 1-1 
1.3 Capabilities .............................................................................................................................................................. 1-1 
1.4 Cost and Schedule .................................................................................................................................................. 1-2 
1.5 Acquisition Strategy ................................................................................................................................................. 1-2 
 
Chapter 2 Project Overview  
2.1 Introduction.............................................................................................................................................................. 2-1 
2.2 Work Breakdown Structure ..................................................................................................................................... 2-3 
2.3 Cost and Schedule .................................................................................................................................................. 2-4 

 
Chapter 3 Science at NSLS-II  
3.1 Hard X-Ray Nanoprobe ........................................................................................................................................... 3-1 
 References .............................................................................................................................................................. 3-4 
3.2 Coherent X-Ray Scattering ..................................................................................................................................... 3-4 
3.3 X-Ray Photon Correlation Spectroscopy (XPCS) .................................................................................................... 3-7 
3.4 Small Angle X-Ray Scattering (SAXS) .................................................................................................................... 3-8 

3.4.1 Dynamical Events in Biological Macromolecular Solutions ........................................................................... 3-9 
3.4.2 Structures in Model Membranes Submerged in Water ............................................................................... 3-10 
3.4.3 Molecular and Supra-Molecular Organization in Micro-Textured Materials ................................................ 3-11 
References ............................................................................................................................................................ 3-11 

3.5 Inelastic X-Ray Scattering (IXS) ............................................................................................................................ 3-12 
3.5.1 Very High Resolution Inelastic X-Ray Scattering ........................................................................................ 3-13 
3.5.2  Moderate Resolution Inelastic X-Ray Scattering ....................................................................................... 3-14 
References ............................................................................................................................................................ 3-16 

3.6 Soft X-Ray Resonant Scattering: XRMS and RIXS ............................................................................................... 3-16 
References ............................................................................................................................................................ 3-19 

3.7 Soft X-Ray Coherent Scattering and Imaging ....................................................................................................... 3-19 
References ............................................................................................................................................................ 3-22 

3.8 Macromolecular Crystallography ........................................................................................................................... 3-22 
3.8.1 Macromolecular Crystallography Has Transformed Biology ................................................................... 3-22 
3.8.2 The Most Difficult Problems Are the Most Interesting ............................................................................. 3-23 
3.8.3 NSLS-II Will Have a Major Impact on Structural Biology ......................................................................... 3-24 
References ............................................................................................................................................................ 3-24 

3.9 High Energy X-Rays .............................................................................................................................................. 3-24 
3.9.1 Earth and High-Pressure Science ........................................................................................................... 3-25 
3.9.2 Strain Mapping and Materials Science .................................................................................................... 3-25 
3.9.3 Medical Imaging and Radiation Therapy (MRT, DEI, and PAT) .............................................................. 3-26 



iv  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

3.10 Hard X-Ray Imaging .............................................................................................................................................. 3-28 
3.10.1 Phase Contrast Imaging (PCI) ................................................................................................................ 3-28 
3.10.2 Diffraction Enhanced Imaging (DEI) ........................................................................................................ 3-29 
3.10.3 Coherent Fresnel Diffraction Imaging (FDI) ............................................................................................ 3-29 

 
Chapter 4 Accelerator Overview 
4.1 Scope of the Accelerator Complex .......................................................................................................................... 4-1 

4.1.1 Physics Design and Parameters of NSLS-II ................................................................................................. 4-2 
4.1.1.1 Storage Ring ............................................................................................................................... 4-2 
4.1.1.2 Injection System for the Storage Ring......................................................................................... 4-5 
4.1.1.3 Photon Sources .......................................................................................................................... 4-7 
4.1.1.4 Mechanical Design and Magnets ................................................................................................ 4-7 

4.2 Optimization of the NSLS-II Design ......................................................................................................................... 4-8 
4.2.1 Large-Radius Bends and IBS Limits ....................................................................................................... 4-10 
4.2.2 Emittance and Lifetime ............................................................................................................................ 4-13 
4.2.3 Collective Effects ..................................................................................................................................... 4-17 
References ............................................................................................................................................................ 4-17 

 
Chapter 5 Injection Systems 
5.1 Injection Systems .................................................................................................................................................... 5-1 

5.1.1 Introduction ............................................................................................................................................... 5-1 
5.1.1.1 Injection Sequence .................................................................................................................. 5-2 

5.1.2 Ring Injection Scope ................................................................................................................................. 5-2 
5.2 Linac ................................................................................................................................................................................ 5-3 

5.2.1 Scope ........................................................................................................................................................ 5-3 
5.2.2 Physics Design and Parameters ............................................................................................................... 5-4 
5.2.3 Klystron Modulators and Power Supplies .................................................................................................. 5-6 

5.3 Beam Transport to Booster ..................................................................................................................................... 5-6 
5.3.1 Structure of the Linac-to-Booster Transfer Line ........................................................................................ 5-6 

5.3.1.1 Linac-to-Booster Power Supplies ............................................................................................ 5-8 
5.3.1.2 Power Supply Control .............................................................................................................. 5-8 
5.3.1.3 Interlock ................................................................................................................................... 5-8 
5.3.1.4 Dipole Power Supply Specification .......................................................................................... 5-8 
5.3.1.5 Quadrupole Power Supply Specification ................................................................................. 5-8 
5.3.1.6 Corrector Power Supply Specification ..................................................................................... 5-9 
5.3.1.7 Kicker Power Supply Specifications ........................................................................................ 5-9 

5.4 Diagnostic/Instrumentation for Linac ....................................................................................................................... 5-9 
5.4.1 Electron Source Instrumentation ............................................................................................................... 5-9 
5.4.2 Linac Diagnostics ...................................................................................................................................... 5-9 
5.4.3 Linac-to-Booster Transport Line Diagnostics .......................................................................................... 5-10 

5.5 Booster .................................................................................................................................................................. 5-10 
5.5.1 Lattice ...................................................................................................................................................... 5-11 

5.6 Conceptual Design of Magnets and Hangers ........................................................................................................ 5-16 
5.6.1 Booster Ring Magnet Design Considerations ......................................................................................... 5-16 

5.6.1.1 Conceptual Design of the Booster Dipole Magnet ................................................................. 5-17 
5.6.1.2 Conceptual Design of the Booster Quadrupole Magnet ........................................................ 5-19 
5.6.1.3 Sextupole Magnets ................................................................................................................ 5-21 
5.6.1.4 Booster Corrector Magnets ................................................................................................... 5-23 

5.6.2 Booster Magnet Installation ..................................................................................................................... 5-23 
5.6.3 Booster Power Supplies .......................................................................................................................... 5-26 

5.6.3.1 B-PS – Main Dipole Power Supply ........................................................................................ 5-27 



Contents v 

NSLS-II Conceptual Design Report   

5.6.3.2 Q1-PS and Q2-PS – Quadrupole Power Supplies ................................................................ 5-28 
5.6.3.3 QC-PS – Quadrupole Power Supply ..................................................................................... 5-29 
5.6.3.4 SF-PS and SD-PS – Sextupole Power Supplies ................................................................... 5-29 
5.6.3.5 BH-PS and BV-PS – Dipole Corrector Power Supply ........................................................... 5-30 
5.6.3.6 Power Supply Interlocks ........................................................................................................ 5-30 
5.6.3.7 Electrical Safety .................................................................................................................... 5-31 
5.6.3.8 Cable Tray ............................................................................................................................. 5-31 
5.6.3.9 Power Supply Instrumentation .............................................................................................. 5-31 
5.6.3.10 Power Supply Controls .......................................................................................................... 5-31 

5.7 Beam Chambers and Vacuum System ................................................................................................................. 5-33 
5.7.1 Scope ...................................................................................................................................................... 5-33 
5.7.2 Mechanical Design .................................................................................................................................. 5-33 

5.7.2.1 Approach to Booster Vacuum System Design ...................................................................... 5-33 
5.7.2.2 Vacuum Chamber Design ..................................................................................................... 5-34 

5.7.3 Vacuum Pumping and Pressure Distribution........................................................................................... 5-35 
5.7.4 Vacuum Monitoring and Controls ............................................................................................................ 5-36 

5.7.3.1 Vacuum Monitoring ............................................................................................................... 5-36 
5.7.3.2 Vacuum Controls ................................................................................................................... 5-37 

5.8 RF Acceleration System ........................................................................................................................................ 5-37 
5.8.1 Introduction ............................................................................................................................................. 5-37 

5.9 Injection and Extraction System ............................................................................................................................ 5-39 
5.10 Beam Transport to Storage Ring ........................................................................................................................... 5-41 

5.10.1 Structure of the Booster-to-Storage Ring Transfer Line .......................................................................... 5-41 
5.10.2 Booster-to-Storage Ring Transport Line Power Supplies ....................................................................... 5-42 
5.10.3 Power Supply Control ............................................................................................................................. 5-43 

5.11 Diagnostics and Instrumentation ........................................................................................................................... 5-44 
5.11.1 Scope ...................................................................................................................................................... 5-44 
5.11.2 Flags ....................................................................................................................................................... 5-44 
5.11.3 Orbit Correction ....................................................................................................................................... 5-44 
5.11.4 Current Measurement ............................................................................................................................. 5-45 
5.11.5 Bunch Length Measurement ................................................................................................................... 5-46 
5.11.6 Tune Measurement System .................................................................................................................... 5-46 
5.11.7 Beam Loss Monitors ............................................................................................................................... 5-46 
5.11.8 Visible SR Diagnostics ............................................................................................................................ 5-46 
References ............................................................................................................................................................ 5-46 

 
Chapter 6 Lattice and Accelerator Physics 
6.1 Lattice and Beam Dynamics .................................................................................................................................... 6-1 

6.1.1 Physics and Design Goals for the Storage Ring Lattice ............................................................................ 6-1 
6.1.2 Nonlinear Dynamics .................................................................................................................................. 6-8 

6.1.2.1 Guidelines ............................................................................................................................... 6-8 
6.1.2.2 Sextupole Scheme .................................................................................................................. 6-8 
6.1.2.3 Dynamic Aperture Optimization ............................................................................................. 6-10 
6.1.2.4 Impact of Alignment and Field Tolerances on Dynamic Aperture ......................................... 6-16 
6.1.2.5 Control of Closed-Orbit Distortions ........................................................................................ 6-20 
6.1.2.6 Control of Vertical Beamsize ................................................................................................. 6-22 
6.1.2.7 Robustness of DA ................................................................................................................. 6-24 
6.1.2.8 Control of Impact from Insertion Devices .............................................................................. 6-27 

6.1.3 Future Work in Lattice and Beam Dynamics Issues ................................................................................ 6-31 
References ............................................................................................................................................................ 6-32 



vi  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

6.2 Collective Effects ................................................................................................................................................... 6-33 
6.2.1 Introduction ............................................................................................................................................. 6-33 
6.2.2 Wakefields and Impedance ..................................................................................................................... 6-34 
6.2.3 Estimates of Instability Thresholds .......................................................................................................... 6-38 

6.2.3.1 Transverse Mode Coupling Instability (TMCI) ....................................................................... 6-38 
6.2.3.2 Longitudinal Microwave Instability ......................................................................................... 6-39 
6.2.3.3 Transverse Coupled Bunch Instability Driven by Resistive Wall Impedance ......................... 6-41 
6.2.3.4 CESR-B Cavity Longitudinal Impedance and Coupled Bunch Growth Rates ....................... 6-42 
6.2.3.5 CESR-B Cavity Transverse Impedance and Coupled Bunch Growth Rates ......................... 6-44 

6.2.4 Impedance Budget .................................................................................................................................. 6-45 
6.2.4.1 Insertion Device Chambers ................................................................................................... 6-46 
6.2.4.2 CESR-B Short-Range Wake ................................................................................................. 6-49 

6.2.5 Intrabeam Scattering ............................................................................................................................... 6-50 
6.2.6 Touschek Lifetime ................................................................................................................................... 6-52 
6.2.7 Landau Cavity ......................................................................................................................................... 6-55 
6.2.8 Conclusions ............................................................................................................................................. 6-58 
References ............................................................................................................................................................ 6-58 

6.3 Orbit Feedback System ......................................................................................................................................... 6-60 
6.3.1 Requirements for Beam Stability ............................................................................................................. 6-60 
6.3.2 Fast Orbit Motion with Feedback Loop On and Off ................................................................................. 6-60 
6.3.3 Ground Movement at the NSLS-II Site .................................................................................................... 6-62 

6.3.3.1 Long-Term Ground Movement .............................................................................................. 6-62 
6.3.3.2 Temperature Stability ............................................................................................................ 6-64 

6.3.4 BPM Resolution and Noise Floor ............................................................................................................ 6-64 
6.3.5 Requirements for the Feedback System ................................................................................................. 6-65 
References ............................................................................................................................................................ 6-65 

 
Chapter 7 Storage Ring System 
7.1 Storage Ring Magnets ............................................................................................................................................. 7-1 

7.1.1 Parameters and Tolerances ...................................................................................................................... 7-1 
7.1.2 Conceptual Magnet Design ....................................................................................................................... 7-6 

7.1.2.1 Storage Ring Lattice Magnet Design Considerations .............................................................. 7-6 
7.1.2.2 Dipole Magnet Conceptual Design .......................................................................................... 7-8 
7.1.2.3 Quadrupole Magnet Conceptual Design ............................................................................... 7-11 
7.1.2.4 Sextupole Magnet Conceptual Design .................................................................................. 7-13 
7.1.2.5 Correction Magnet Conceptual Design .................................................................................. 7-16 
References .............................................................................................................................................. 7-17 

7.1.3 Storage Ring Power Supplies ................................................................................................................. 7-17 
7.1.3.1 B PS – Main Dipole Power Supply ........................................................................................ 7-17 
7.1.3.2 Quad. 3 PS and Quad. 4 PS – Quadrupole Power Supplies ................................................. 7-20 
7.1.3.3 Sext. 2 PS, Sext. 25 PS, and Sext. 3 PS – Sextupole Power Supplies ................................. 7-22 
7.1.3.4 B1 Trim PS and SKQ PS – B1 Trim Coil Set Power Supplies ............................................... 7-22 
7.1.3.5 BH PS and BV PS – Corrector Coil Set Power Supplies ....................................................... 7-23 
7.1.3.6 FIBH PS and FIBV PS ........................................................................................................... 7-24 
7.1.3.7 FGBH PS and FGBV PS ....................................................................................................... 7-24 
7.1.3.8 Power Supply Interlocks ........................................................................................................ 7-25 
7.1.3.9 Power Supply Instrumentation .............................................................................................. 7-25 
7.1.3.10 Power Supply Controls .......................................................................................................... 7-25 
7.1.3.11 Electrical Safety ..................................................................................................................... 7-26 
7.1.3.12 Cable Tray Cable Routing ..................................................................................................... 7-26 
7.1.3.13 Power Supply Racks ............................................................................................................. 7-26 



Contents vii 

NSLS-II Conceptual Design Report   

7.2 Magnet–Girder Support System ............................................................................................................................ 7-28 
7.2.1 Scope ...................................................................................................................................................... 7-28 
7.2.2 Alignment Tolerances and Stability Requirements .................................................................................. 7-28 
7.2.3 Conceptual Design of the Magnet–Girder Support System .................................................................... 7-32 

7.2.3.1 Functional Requirements .......................................................................................................... 7-32 
7.2.3.2 Main Conceptual Design Features ............................................................................................ 7-33 
7.2.3.3 Magnet–Girder Assembly and Alignment ................................................................................. 7-33 
7.2.3.4 Installation of the Magnet-Girder Assembly .............................................................................. 7-34 
7.2.3.5 Mechanical Stability of the Magnet-Girder Support System ...................................................... 7-34 
7.2.3.6 Resonant Frequencies of the Girder Support System .............................................................. 7-36 
7.2.3.7 Flow-Induced Vibrations ........................................................................................................... 7-38 
7.2.3.8 Thermal Stability ....................................................................................................................... 7-38 
7.2.3.9 R&D Program on Stability of the Magnet–Girder System ......................................................... 7-39 

References ............................................................................................................................................................ 7-39 
7.3 Beam Chambers and Vacuum Systems ................................................................................................................ 7-40 

7.3.1 Scope ...................................................................................................................................................... 7-40 
7.3.2 Mechanical Design .................................................................................................................................. 7-40 

7.3.2.1 Design Overview ....................................................................................................................... 7-40 
7.3.2.2 Vacuum Chamber Design ......................................................................................................... 7-41 
7.3.2.3 Pumping at the Photon Absorbers ............................................................................................ 7-45 
7.3.2.4 Injection Kicker and Front-End Chambers ................................................................................ 7-45 
7.3.2.5 RF-Shielded Bellows, Flanges, and Ports ................................................................................ 7-46 

7.3.3 Pressure Requirements and Distribution ................................................................................................ 7-47 
7.3.3.1 Static Vacuum: Thermal Outgassing ........................................................................................ 7-49 
7.3.3.2 Dynamic Vacuum: Photon Stimulated Desorption .................................................................... 7-49 
7.3.3.3 Dynamic Pressure Distribution.................................................................................................. 7-49 

7.3.4 Vacuum Chamber Materials, Fabrication, and Treatment ....................................................................... 7-51 
7.3.4.1 Selection of Chamber Materials ................................................................................................ 7-51 
7.3.4.2 Vacuum Facility ........................................................................................................................ 7-52 
7.3.4.3 Fabrication, Assembly, and Evaluation ..................................................................................... 7-52 
7.3.4.4 Installation, Alignment, and In Situ Baking ................................................................................ 7-53 

7.3.5 Storage Ring Vacuum Pumping .............................................................................................................. 7-53 
7.3.5.1 Roughing Pumps ...................................................................................................................... 7-54 
7.3.5.2 Ultra High Vacuum Pumps ....................................................................................................... 7-54 

7.3.6 Vacuum Measurement and Control ........................................................................................................ 7-55 
7.3.6.1 Monitoring and Control Methodology ........................................................................................ 7-55 
7.3.6.2 Vacuum Gauges ....................................................................................................................... 7-55 
7.3.6.3 Residual Gas Analyzers ........................................................................................................... 7-56 
7.3.6.4 Vacuum Control and Equipment Protection Systems ............................................................... 7-56 

References ............................................................................................................................................................ 7-57 
7.4 Beamline Front Ends ............................................................................................................................................. 7-58 

7.4.1 Scope ...................................................................................................................................................... 7-58 
7.4.2 Mechanical Design .................................................................................................................................. 7-59 
7.4.3 Vacuum Components / Enclosures ......................................................................................................... 7-60 

7.4.3.1 Heat Absorbers ......................................................................................................................... 7-61 
7.4.3.2 Radiation Protection ................................................................................................................. 7-65 
7.4.3.3 Diagnostic Equipment ............................................................................................................... 7-65 
7.4.3.4 Interlocks .................................................................................................................................. 7-65 

7.5 Storage Ring RF Systems ..................................................................................................................................... 7-67 
7.5.1 Physics Requirements and Design Parameters ...................................................................................... 7-67 

7.5.1.1 Impedance Analysis and Beam Stability ................................................................................... 7-69 



viii  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

7.5.2 500 MHz RF System ............................................................................................................................... 7-71 
7.5.2.1 500 MHz Cavities ...................................................................................................................... 7-71 
7.5.2.2 HOM Damper ............................................................................................................................ 7-72 
7.5.2.3 KEK-B Cavity Option ................................................................................................................. 7-72 
7.5.2.4 RF Transmitter .......................................................................................................................... 7-73 

7.5.3 1500 MHz Harmonic Cavity System ........................................................................................................ 7-74 
7.5.4 Low-Level RF and Beam Control ............................................................................................................ 7-75 

7.5.4.1 Master Oscillator and Ring Frequency Synthesizers ............................................................. 7-76 
7.5.4.2 Cavity Controllers .................................................................................................................. 7-77 

7.5.5 Cryogenics .............................................................................................................................................. 7-78 
7.5.5.1 Factors Influencing Cryogenic System Design ...................................................................... 7-78 
7.5.5.2 Mechanical Design Program ................................................................................................. 7-79 
7.5.5.3 Preventive Maintenance Programs ....................................................................................... 7-89 
7.5.5.4 Electrical Design and Power Supplies ................................................................................... 7-90 
7.5.5.5 Control System ...................................................................................................................... 7-90 

References ............................................................................................................................................................ 7-90 
7.6 Injection System .................................................................................................................................................... 7-92 

7.6.1 Injection Sequence .................................................................................................................................. 7-92 
7.6.2 Ring Injection Scope ............................................................................................................................... 7-92 

7.6.2.1 Linac and Electron Gun ......................................................................................................... 7-92 
7.6.2.2 Booster-to-Storage Ring Transfer System ............................................................................ 7-93 

7.6.3 Injection Simulations ............................................................................................................................... 7-95 
7.6.3.1 Phase Space of the Injected Beam ....................................................................................... 7-95 
7.6.3.2 Stay-Clear Aperture Required for Injection ............................................................................ 7-96 

References ............................................................................................................................................................ 7-97 
7.7 Beam Scrapers and Photon Absorbers ................................................................................................................. 7-98 

7.7.1 Beam Scrapers ....................................................................................................................................... 7-98 
7.7.1.1 Conceptual Design ................................................................................................................ 7-98 

7.7.2 Photon Absorbers ................................................................................................................................... 7-99 
7.7.2.1 Conceptual Designs of Photon Absorbers ........................................................................... 7-101 

References .......................................................................................................................................................... 7-102 
7.8 Storage Ring Diagnostics and Instrumentation ................................................................................................... 7-103 

7.8.1 Introduction ........................................................................................................................................... 7-103 
7.8.2 Physics Design and Parameters ........................................................................................................... 7-103 
7.8.3 Intercepting Diagnostics ........................................................................................................................ 7-104 
7.8.4 Circulating Current ................................................................................................................................ 7-105 

7.8.4.1 Filling Pattern Measurement ............................................................................................... 7-105 
7.8.4.2 DCCT .................................................................................................................................. 7-106 

7.8.5 RF Diagnostics ...................................................................................................................................... 7-107 
7.8.5.1 RF BPMs ............................................................................................................................. 7-107 
7.8.5.2 Tune Monitor ....................................................................................................................... 7-108 
7.8.5.3 Beam Stability Monitoring .................................................................................................... 7-109 
7.8.5.4 Transverse Feedback System ............................................................................................. 7-110 

7.8.6 Synchrotron Radiation Diagnostics ....................................................................................................... 7-110 
7.8.6.1 Overview ............................................................................................................................. 7-110 
7.8.6.2 Two-Slit Optical Interferometer ............................................................................................ 7-111 
7.8.6.3 Bunch Length Measurement ............................................................................................... 7-112 
7.8.6.4 Photon Beam Position Monitors .......................................................................................... 7-113 
7.8.6.5 Optical Synchrotron Radiation ............................................................................................. 7-114 
7.8.6.6 Diagnostics Undulator ......................................................................................................... 7-114 



Contents ix 

NSLS-II Conceptual Design Report   

7.8.7 Other Diagnostics ................................................................................................................................. 7-115 
7.8.7.1 Beam Loss Monitors ........................................................................................................... 7-115 
7.8.7.2 RF Monitor .......................................................................................................................... 7-115 
7.8.7.3 Scrapers .............................................................................................................................. 7-115 
7.8.7.4 High-Level Accelerator Modeling ........................................................................................ 7-116 

References .......................................................................................................................................................... 7-116 
 

Chapter 8 Radiation Sources 
8.1 Insertion Devices ..................................................................................................................................................... 8-1 

8.1.1 Planar Undulators ..................................................................................................................................... 8-2 
8.1.1.1 CPMU – U19 ........................................................................................................................... 8-2 
8.1.1.2 SCU – U14 .............................................................................................................................. 8-2 

8.1.2 Elliptically Polarized Undulators ................................................................................................................ 8-2 
8.1.2.1 Soft X-Ray EPU – EPU45 ....................................................................................................... 8-3 
8.1.2.2 VUV EPU – EPU100 ............................................................................................................... 8-3 

8.1.3 Wigglers .................................................................................................................................................... 8-3 
8.1.3.1 Damping Wiggler – DW100 ..................................................................................................... 8-3 
8.1.3.2 Superconducting Wiggler – SCW60 ........................................................................................ 8-3 

8.2 Bend Magnets ......................................................................................................................................................... 8-4 
8.3 Parameters and Performance of Radiation Sources ............................................................................................... 8-4 

8.3.1 Brightness ................................................................................................................................................. 8-5 
8.3.2 Flux ........................................................................................................................................................... 8-7 
8.3.3 Power ........................................................................................................................................................ 8-7 
8.3.4 Power Density ........................................................................................................................................... 8-8 
8.3.5 Photon Beam Size .................................................................................................................................... 8-9 
8.3.6 Photon Beam Angular Divergence .......................................................................................................... 8-10 
8.3.7 Effect of Increasing Undulator Length ..................................................................................................... 8-12 
8.3.8 Effect of Possible Reduction of Horizontal β-function ............................................................................. 8-13 
8.3.9 Options for Multiple U14 or U19 Undulators in a Single ID Straight Section ........................................... 8-13 
8.3.10 Optimization of Insertion Devices for Specific Beamlines ....................................................................... 8-14 

8.4 Infrared .................................................................................................................................................................. 8-15 
8.4.1 Bending Magnet Source  ......................................................................................................................... 8-16 
8.4.2 Dipole Edge Source ................................................................................................................................ 8-20 
References ............................................................................................................................................................ 8-21 

 
Chapter 9 Control System 
9.1 Introduction and Scope ........................................................................................................................................... 9-1 
9.2 Control System Requirements ................................................................................................................................ 9-2 

9.2.1 Technical Requirements ........................................................................................................................... 9-2 
9.2.2 Software Requirements ............................................................................................................................. 9-3 
9.2.3 Architecture Requirements ........................................................................................................................ 9-4 

9.3 Identification of Control System User Groups ......................................................................................................... 9-5 
9.4 EPICS Toolkit .......................................................................................................................................................... 9-6 

9.4.1 Structure of an EPICS Control System ..................................................................................................... 9-6 
9.4.2 EPICS Servers .......................................................................................................................................... 9-7 
9.4.3 Server Side Processing ............................................................................................................................. 9-7 
9.4.4 EPICS Clients ........................................................................................................................................... 9-8 
9.4.5 EPICS Development Environment ............................................................................................................ 9-9 

9.4.5.1 Distributed Development ......................................................................................................... 9-9 
9.4.5.2 Application Development ...................................................................................................... 9-10 
9.4.5.3 Server Development ............................................................................................................. 9-11 



x  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

9.4.5.4 Record and Device Support .................................................................................................. 9-11 
9.4.5.5 Client Tools and Middleware Data Servers ........................................................................... 9-11 
9.4.5.6 Console Applications ............................................................................................................. 9-12 
9.4.5.7 Alarm Handling ...................................................................................................................... 9-13 
9.4.5.8 Archiving................................................................................................................................ 9-14 
9.4.5.9 Plotting .................................................................................................................................. 9-15 
9.4.5.10 Automatic Sequencing .......................................................................................................... 9-15 
9.4.5.11 Data Scans ............................................................................................................................ 9-15 

9.5 NSLS-II Control System Applications .................................................................................................................... 9-15 
9.5.1 Physics Applications Rapid Prototyping .................................................................................................. 9-15 
9.5.2 Model-Based Physics Applications ......................................................................................................... 9-16 
9.5.3 I/O Controllers / Equipment Interfaces .................................................................................................... 9-17 
9.5.4 Global Control System ............................................................................................................................ 9-18 

9.5.4.1 Buses .................................................................................................................................... 9-18 
9.5.4.2 Event System ........................................................................................................................ 9-18 
9.5.4.3 Global Feedback ................................................................................................................... 9-20 

9.5.5 Reflective Memory .................................................................................................................................. 9-21 
9.5.6 Machine Protection ................................................................................................................................. 9-23 

9.6 Equipment Protection System ............................................................................................................................... 9-23 
9.6.1 Functionality ............................................................................................................................................ 9-24 
9.6.2 Design Specification ................................................................................................................................ 9-24 
9.6.3 Interface .................................................................................................................................................. 9-25 

9.7 Personnel Protection System ................................................................................................................................ 9-25 
9.7.1 Functionality ............................................................................................................................................ 9-26 
9.7.2 Design Specifications .............................................................................................................................. 9-26 
9.7.3 Interface .................................................................................................................................................. 9-27 

9.8 Accelerator Personnel Protection System ............................................................................................................. 9-28 
9.8.1 Linac/Gun Personnel Protection System ................................................................................................. 9-28 

9.8.1.1 LPPS Functionality ................................................................................................................ 9-28 
9.8.1.2 LPPS Design Specifications .................................................................................................. 9-28 
9.8.1.3 LPPS Interface ...................................................................................................................... 9-29 

9.8.2 Storage Ring/Booster Personnel Protection System (APPS) .................................................................. 9-29 
9.8.2.1 APPS Functionality ................................................................................................................ 9-29 
9.8.2.2 APPS Design Specifications ................................................................................................. 9-30 
9.8.2.3 APPS Interface ...................................................................................................................... 9-31 

9.9 Beamline Controls and Data Acquisition ............................................................................................................... 9-31 
9.9.1 Introduction ............................................................................................................................................. 9-31 
9.9.2 Design Concepts ..................................................................................................................................... 9-32 

9.9.2.1 Considerations for Accelerator–End Station Information Exchange ...................................... 9-33 
9.9.2.2 Design of the Main EPICS Node at Each Beamline .............................................................. 9-33 

9.9.3 Support for Large Data Sets and Data Analysis Software....................................................................... 9-34 
9.9.3.1 Data Server Facility ............................................................................................................... 9-35 
9.9.3.2 Data Analysis Concepts ........................................................................................................ 9-35 
References .............................................................................................................................................. 9-35 

 
Chapter 10 Global Support Systems 
10.1 Survey and Alignment ........................................................................................................................................... 10-1 

10.1.1 Scope ...................................................................................................................................................... 10-1 
10.1.2 Tolerances .............................................................................................................................................. 10-1 
10.1.3 Design Philosophy .................................................................................................................................. 10-2 

10.1.3.1 Control Network Design ........................................................................................................ 10-2 



Contents xi 

NSLS-II Conceptual Design Report   

10.1.3.2 Elevation Control Network ..................................................................................................... 10-6 
10.1.3.3 The Lattice ............................................................................................................................ 10-7 
10.1.3.4 Smoothing ............................................................................................................................. 10-7 
10.1.3.5 Fiducialization ....................................................................................................................... 10-8 

10.1.4 Implementation ....................................................................................................................................... 10-8 
10.1.5 Training ................................................................................................................................................... 10-9 
10.1.6 Component Assembly, Testing, and Calibration ..................................................................................... 10-9 
10.1.7 R&D ........................................................................................................................................................ 10-9 
References ............................................................................................................................................................ 10-9 

10.2 Process Water Systems ...................................................................................................................................... 10-10 
10.2.1 Introduction ............................................................................................................................................... 10-10 
10.2.2 Thermal Loads .......................................................................................................................................... 10-10 
10.2.3 System Design and Parameters ............................................................................................................... 10-10 
10.2.4 Water Quality Control ............................................................................................................................... 10-13 
10.2.5 Aluminum Bakeout System ....................................................................................................................... 10-13 

 
Chapter 11 Experimental Facilities 
11.1 Introduction............................................................................................................................................................ 11-1 
11.2 Beamline Development at NSLS-II ........................................................................................................................ 11-2 

11.2.1 Strategy for Beamline Development ....................................................................................................... 11-2 
11.2.1.1 Beamline Teams ................................................................................................................... 11-3 
11.2.1.2 Facility Usage ........................................................................................................................ 11-3 

11.2.2 Facility Usage ......................................................................................................................................... 11-3 
11.3 Standard X-Ray Beamline Components ................................................................................................................ 11-6 

11.3.1 Double-Crystal Monochromator .............................................................................................................. 11-6 
11.3.2.1 Cryogenically Cooled Silicon Monochromator ....................................................................... 11-6 
11.3.2.2 Water Cooled Diamond Monochromator ............................................................................. 11-10 

11.3.2 Focusing Mirror ..................................................................................................................................... 11-14 
11.3.3 Beam Position Monitors ........................................................................................................................ 11-15 
11.3.4 Other Standard X-Ray Beamline Components ..................................................................................... 11-16 
References .......................................................................................................................................................... 11-17 

11.4 A Hard X-Ray Nanoprobe Beamline .................................................................................................................... 11-17 
11.4.1 Example Experiment on a CNT Device ................................................................................................. 11-18 
11.4.2 General Optical Concepts ..................................................................................................................... 11-19 

11.4.2.1 Direct Mode ......................................................................................................................... 11-19 
11.4.2.2 Mirror Mode ......................................................................................................................... 11-21 
11.4.2.3 Waveguide Mode ................................................................................................................ 11-22 
11.4.2.4 Full Field Transmission Mode ............................................................................................. 11-23 
11.4.2.5 Spatial Resolution and Monochromaticity ........................................................................... 11-24 
11.4.2.6 Choosing Beta for High Spatial Resolution Optics .............................................................. 11-25 
11.4.2.7 Consequences of Depth of Focus and Chromatic Optics .................................................... 11-25 
11.4.2.8 Summary of Optical Components ....................................................................................... 11-27 

11.4.3 Nanoprobe Beamline Components ....................................................................................................... 11-28 
11.4.3.1 Source ................................................................................................................................. 11-28 
11.4.3.2 Layout ................................................................................................................................. 11-29 
11.4.3.3 Incident Power Filter ........................................................................................................... 11-29 
11.4.3.4 Monochromators for a Nanoprobe Beamline ...................................................................... 11-30 
11.4.3.5 The Nanoprobe Instrument ................................................................................................. 11-32 
11.4.3.6 Front End Aperture .............................................................................................................. 11-32 
References ............................................................................................................................................ 11-34 



xii  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

11.5 An Inelastic X-Ray Scattering Beamline .............................................................................................................. 11-34 
11.5.1 Introduction ........................................................................................................................................... 11-34 
11.5.2 Conceptual Design for the Inelastic X-Ray Scattering Beamline ........................................................... 11-36 

11.5.2.1 Source ................................................................................................................................. 11-36 
11.5.2.2 Beamline Optics .................................................................................................................. 11-37 
11.5.2.3 End Station I (0.1 meV) ....................................................................................................... 11-37 
11.5.2.4 End Station II (1 meV) ......................................................................................................... 11-43 
11.5.2.5 End Station III (50 meV) ...................................................................................................... 11-44 

11.5.3 Strip Detector ........................................................................................................................................ 11-47 
11.5.4 Laboratory and Office Space................................................................................................................. 11-48 
11.5.5 Outstanding Issues ............................................................................................................................... 11-48 

References .............................................................................................................................................................. 11-49 
11.6 An X-Ray Coherent Scattering Beamline ............................................................................................................ 11-50 

11.6.1 Introduction ........................................................................................................................................... 11-50 
11.6.2 Conceptual Design of the CXS .............................................................................................................. 11-50 
11.6.3 Source ................................................................................................................................................... 11-53 
11.6.4 Optics .................................................................................................................................................... 11-54 
11.6.5 End Stations .......................................................................................................................................... 11-56 

11.6.5.1 End Stations for XPCS ........................................................................................................ 11-56 
11.6.5.2 End Station for CXD ............................................................................................................ 11-57 

11.6.6 Detectors ............................................................................................................................................... 11-58 
11.6.7 Computing and Controls ....................................................................................................................... 11-59 
11.6.8 Laboratory and Office Space................................................................................................................. 11-59 
11.6.9 Conventional Facilities Requirements ................................................................................................... 11-60 
11.6.10 Outstanding Issues ............................................................................................................................... 11-60 

11.7 A High-Resolution Soft X-Ray Beamline for Resonant Scattering and RIXS ...................................................... 11-60 
11.7.1 Source ................................................................................................................................................... 11-61 
11.7.2 Beamline Design and Optics ................................................................................................................. 11-62 

11.7.2.1 Introduction and Proposed Design ...................................................................................... 11-62 
11.7.2.2 Source Parameters ............................................................................................................. 11-64 
11.7.2.3 Monochromator Design ....................................................................................................... 11-64 
11.7.2.4 Ray Tracing ......................................................................................................................... 11-70 
11.7.2.5 Design for Use of Two Canted EPUs .................................................................................. 11-73 
11.7.2.6 Power Absorbed by Monochromator Mirrors .......................................................................... 11-75 

11.7.3 Beamline Layout ....................................................................................................................................... 11-76 
11.7.3.1 XRMS End Station .............................................................................................................. 11-77 
11.7.3.2 RIXS End Station ................................................................................................................ 11-78 

11.7.4 Detectors ............................................................................................................................................... 11-80 
11.7.5 Laboratory and Conventional Facilities ................................................................................................. 11-81 
11.7.6 Outstanding Issues ............................................................................................................................... 11-81 
References .......................................................................................................................................................... 11-82 

11.8 A High Flux Beamline for Soft X-Ray Coherent Scattering, Imaging, and Spectroscopy .................................... 11-84 
11.8.1 Soft X-Ray Spectromicroscopy ............................................................................................................. 11-85 
11.8.2 Coherent Scattering and Imaging .......................................................................................................... 11-86 
11.8.3 Beamline Design ................................................................................................................................... 11-87 

11.8.3.1 Scope .................................................................................................................................. 11-87 
11.8.3.2 Choice of Fast Switching EPW vs. Canted EPUs ............................................................... 11-88 
11.8.3.3 Beamline Design ................................................................................................................. 11-89 
11.8.3.4 Beamline Optics .................................................................................................................. 11-90 
11.8.3.5 Source ................................................................................................................................. 11-91 
11.8.3.6 Beamline Layout .................................................................................................................. 11-93 



Contents xiii 

NSLS-II Conceptual Design Report   

11.8.4 Detectors ............................................................................................................................................. 11-100 
11.8.5 Laboratory Space ................................................................................................................................ 11-101 
References ........................................................................................................................................................ 11-101 

11.9 A Macromolecular Crystallography Beamline .................................................................................................... 11-102 
11.9.1 Scientific Case for Macromolecular Crystallography ........................................................................... 11-102 
References ........................................................................................................................................................ 11-103 
11.9.2 X-Ray Damage to Biological Samples ................................................................................................ 11-103 

11.9.2.1 Thermal Damage .............................................................................................................. 11-103 
11.9.2.2 Radiation Damage ............................................................................................................ 11-104 
References .......................................................................................................................................... 11-106 

11.9.3 Source and Optics .............................................................................................................................. 11-106 
11.9.3.1 Performance of the Optical System ................................................................................... 11-107 
11.9.3.2 The Usefulness of Dual Undulators ................................................................................... 11-109 
11.9.3.3 End Stations ...................................................................................................................... 11-109 

11.9.4 Experiments Driving This Development .............................................................................................. 11-109 
11.9.5 Experimental Apparatus ...................................................................................................................... 11-111 
11.9.6 Experiment Control ............................................................................................................................. 11-112 
11.9.7 Computing Environment ...................................................................................................................... 11-112 
11.9.8 User-Assistance Environment ............................................................................................................. 11-113 
11.9.9 Crystallography Conventional Facility Requirements .......................................................................... 11-113 

11.9.9.1 Protein Sample and Crystal Handling ............................................................................... 11-113 
11.9.9.2 Crystallization Facility ........................................................................................................ 11-114 

References ........................................................................................................................................................ 11-114 
11.10 An Optics R&D Diagnostic Beamline ................................................................................................................. 11-114 

11.10.1 Conceptual Overview .......................................................................................................................... 11-114 
11.10.2 Source ................................................................................................................................................. 11-114 
11.10.3 Beamline Optics .................................................................................................................................. 11-115 
11.10.4 Optics Test Beamline – Experiment Plan ............................................................................................ 11-115 
References ........................................................................................................................................................ 11-116 

11.11 A High-Magnetic Field Beamline ....................................................................................................................... 11-116 
11.11.1 Source ................................................................................................................................................. 11-117 
11.11.2 Optics .................................................................................................................................................. 11-117 
11.11.3 Beam Transport and Enclosures ......................................................................................................... 11-117 
11.11.4 End Stations ........................................................................................................................................ 11-117 
11.11.5 Conventional Facility Requirements .................................................................................................... 11-118 

11.12 A High-Energy Beamline ................................................................................................................................... 11-118 
11.12.1 Conceptual Overview .......................................................................................................................... 11-119 
11.12.2 Source ................................................................................................................................................. 11-119 
11.12.3 Optics .................................................................................................................................................. 11-120 
11.12.4 Beam Transport and Enclosures ......................................................................................................... 11-121 
11.12.5 End Stations ........................................................................................................................................ 11-121 
References ........................................................................................................................................................ 11-122 

11.13 A Hard X-Ray Imaging Beamline....................................................................................................................... 11-122 
11.13.1 Introduction ......................................................................................................................................... 11-122 
11.13.2 Scope of Scientific Program ................................................................................................................ 11-123 

11.13.2.1 Phase Contrast Imaging .................................................................................................... 11-124 
11.13.2.2 Diffraction Enhanced Imaging ........................................................................................... 11-124 
11.13.2.3 Coherent Fresnel Diffraction Imaging ................................................................................ 11-125 
11.13.2.4 Image Reconstruction ....................................................................................................... 11-125 

11.13.3 Preliminary Conceptual Design ........................................................................................................... 11-125 
11.13.3.1 Undulator Source and Front End ....................................................................................... 11-125 



xiv  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

11.13.3.2 X-Ray Optics and Window ................................................................................................ 11-125 
11.13.3.3 Experiment Hutches .......................................................................................................... 11-126 
11.13.3.4 Second Optics Enclosure and Beam Transport ................................................................ 11-126 
11.13.3.5 Experimental Instrumentation ............................................................................................ 11-126 
11.13.3.6 Conventional Laboratories and Offices ............................................................................. 11-127 

11.14 Small-Angle X-Ray Scattering Beamline ........................................................................................................... 11-127 
11.14.1 Conceptual Overview .......................................................................................................................... 11-127 

11.14.1.1 Radiation Source ............................................................................................................... 11-128 
11.14.1.2 Focusing Optics ................................................................................................................. 11-128 

11.14.2 Performance Estimate for the Main SAXS Station .............................................................................. 11-128 
11.14.2.1 USAXS,/SAXS/WAXS ....................................................................................................... 11-128 
11.14.2.2 Microbeam SAXS .............................................................................................................. 11-130 
11.14.2.3 USAXS, with a Linear Detector ......................................................................................... 11-130 
11.14.2.4 USAXS with Long Working-Distance Focusing Optics ...................................................... 11-130 

11.14.3 Supporting Facilities ............................................................................................................................ 11-130 
References ........................................................................................................................................................ 11-130 

11.15 A Photoemissions Beamline, ARPES, at 0.1 meV and 10 meV ........................................................................ 11-131 
11.15.1 Conceptual Overview .......................................................................................................................... 11-131 

11.15.1.1 Source ............................................................................................................................... 11-132 
11.15.1.2 Optics ................................................................................................................................ 11-132 
11.15.1.3 End Stations ...................................................................................................................... 11-132 

11.16 X-Ray Bending Magnet and Damping Wiggler Beamlines ................................................................................ 11-133 
11.16.1 EXAFS Considerations .................................................................................................................... 11-134 
11.16.2 Configuration for Canted Damping Wiggler Sources ....................................................................... 11-135 
11.16.3 Configuration for Bending Magnet Sources ..................................................................................... 11-137 
11.16.4 Computing and Controls .................................................................................................................. 11-138 
11.16.5 Conventional Facilities ..................................................................................................................... 11-138 
11.16.6 Special Considerations for Biological X-Ray Absorption Spectroscopy ........................................... 11-138 
11.16.7 Anticipated Beamtime Demand vs. Capacity ................................................................................... 11-138 
11.16.8 Powder Diffraction Considerations .................................................................................................. 11-139 
11.16.9 X-Ray Topography Considerations .................................................................................................. 11-139 
11.16.10 X-Ray Footprinting Considerations .................................................................................................. 11-140 
References ........................................................................................................................................................ 11-141 

11.17 VUV and Soft X-Ray Bend Magnet Beamlines at NSLS-II ................................................................................ 11-142 
11.17.1 Monochromator Options ...................................................................................................................... 11-142 

11.17.1.1 VUV Range: <10 eV – ~ 50 eV ......................................................................................... 11-142 
11.17.1.2 Soft X-Ray Range: ~50 eV – 2000 eV ............................................................................... 11-143 
11.17.1.3 Medium X-Ray Energy Range: ~1000 eV – ~5000 eV ...................................................... 11-143 
11.17.1.4 Zone Plate Optics as Monochromators ............................................................................. 11-144 

11.17.2 BM Ports and Beam Extraction ........................................................................................................... 11-144 
11.17.3 UV Circular Dichroism ......................................................................................................................... 11-144 
References ........................................................................................................................................................ 11-145 

11.18 Infrared Beamlines ............................................................................................................................................ 11-145 
11.18.1 Introduction ......................................................................................................................................... 11-145 
11.18.2 Conceptual Design .............................................................................................................................. 11-146 

11.18.2.1 NSLS-II as an Infrared Source .......................................................................................... 11-146 
11.18.2.2 Infrared Beamlines ............................................................................................................ 11-146 
11.18.2.3 Beam Transport and Distribution Optics ............................................................................ 11-148 
11.18.2.4 End Stations ...................................................................................................................... 11-148 
11.18.2.5 Hutch Enclosures .............................................................................................................. 11-149 
11.18.2.6 Computing and Controls .................................................................................................... 11-149 



Contents xv 

NSLS-II Conceptual Design Report   

11.18.3 Conventional Facility Requirements .................................................................................................... 11-149 
11.18.3.1 Support Labs ..................................................................................................................... 11-149 
11.18.3.2 User and Equipment Access ............................................................................................. 11-150 
11.18.3.3 Services ............................................................................................................................ 11-150 

11.18.4 Example Infrared Beamline Schematics ............................................................................................. 11-150 
References ........................................................................................................................................................ 11-151 

11.19 Time-Resolved Studies ..................................................................................................................................... 11-152 
11.19.1 Scientific Scope and Method ............................................................................................................... 11-152 
11.19.2 Review of Basic NSLS-II Properties .................................................................................................... 11-152 

11.19.2.1 Bunch Length .................................................................................................................... 11-152 
11.19.2.2 Bunch Fill Patterns ............................................................................................................ 11-152 
11.19.2.3 Special Operating Modes for Timing ................................................................................. 11-153 
11.19.2.4 Short Bunch Operations .................................................................................................... 11-154 
11.19.2.5 Synchronization Signals .................................................................................................... 11-154 

 
Chapter 12 Research and Development Program  
12.1 Introduction............................................................................................................................................................ 12-1 
12.2 High-Spatial Resolution Optics .............................................................................................................................. 12-1 

12.2.1 Introduction and Overview ...................................................................................................................... 12-1 
12.2.1.1 Imaging Modes ...................................................................................................................... 12-2 
12.2.1.2 X-Ray Interactions with Matter .............................................................................................. 12-3 
12.2.1.3 Important Metrics of Focusing Optics .................................................................................... 12-4 

12.2.2 Basic Focusing Optics ............................................................................................................................. 12-6 
12.2.2.1 Mirrors ................................................................................................................................... 12-6 
12.2.2.2 Fresnel Zone Plates and Multilayer Laue Lenses ................................................................. 12-7 
12.2.2.3 Refractive Optics ................................................................................................................. 12-10 
12.2.2.4 Waveguides ........................................................................................................................ 12-11 

12.2.3 Basic Source Properties ........................................................................................................................ 12-12 
12.2.3.1 Source Size, Divergence, and Estimate of Optic Size......................................................... 12-12 
12.2.3.2 The Smallest Spot Needs Coherent Illumination ................................................................. 12-12 
12.2.3.3 The Importance of Emittance .............................................................................................. 12-13 
12.2.3.4 Incoherent Illumination is Better for Full Field Imaging ........................................................ 12-16 

12.2.4 Some Implications of Metrics, Source, and Optics ................................................................................ 12-16 
12.2.4.1 The Effect of Apodization on the Modular Transfer Function .................................................. 12-16 
12.2.4.2 Limitations of Crossed Linear Lenses ..................................................................................... 12-17 

12.2.5 Leading Candidate Approaches to Achieving 1 nm Resolution ............................................................ 12-19 
12.2.5.1 Multilayer Laue Lenses (MLLs) ........................................................................................... 12-19 
12.2.5.2 Kinoforms ............................................................................................................................ 12-26 

12.2.6 Testing of Optics ................................................................................................................................... 12-35 
12.2.6.1 Investigation Modular Transfer Function ............................................................................. 12-35 
12.2.6.2 Iterative Phasing Method .................................................................................................... 12-35 
12.2.6.3 Coherent Illumination Methods ............................................................................................ 12-36 

References .......................................................................................................................................................... 12-36 
12.3 Nanopositioning Instrumentation ......................................................................................................................... 12-37 

12.3.1 Real-Space Linear Nanopositioning for a Nanoprobe Scanning System .............................................. 12-37 
12.3.2 Requirements and Issues ..................................................................................................................... 12-37 
12.3.3 Survey of Technical Approaches .......................................................................................................... 12-38 

12.3.3.1 General Structure of the APS/CNM EUI .............................................................................. 12-39 
References .......................................................................................................................................................... 12-44 



xvi  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

12.4 High Energy Resolution X-Ray Optics ................................................................................................................. 12-45 
12.4.1 Introduction ........................................................................................................................................... 12-45 
12.4.2 Asymmetric Optics ................................................................................................................................ 12-46 
References .......................................................................................................................................................... 12-50 

12.5 Metrology and Reflective Optics .......................................................................................................................... 12-51 
12.5.1 Challenges in NSLS-II Mirror Development .......................................................................................... 12-52 
12.5.2 Next Generation Long Trace Profiler ..................................................................................................... 12-53 
12.5.3 Stitching Metrology Development .......................................................................................................... 12-53 
12.5.4 Polishing Technology R&D.................................................................................................................... 12-54 
12.5.5 At-Wavelength Metrology ...................................................................................................................... 12-55 
12.5.6 In-Situ LTP Development ...................................................................................................................... 12-56 
References .......................................................................................................................................................... 12-56 

12.6 Advanced Detectors ............................................................................................................................................ 12-56 
12.6.1 Detector Requirements and Challenges ............................................................................................... 12-56 

12.6.1.1 Imaging Challenges ............................................................................................................. 12-57 
12.6.1.2 Spectroscopy Challenges .................................................................................................... 12-57 
12.6.1.3 Other Applications ............................................................................................................... 12-58 

12.6.2 Infrastructure and Technologies ............................................................................................................ 12-58 
12.6.2.1 Sensor Fabrication and Novel Sensor Development ........................................................... 12-58 
12.6.2.2 CAD Tools ........................................................................................................................... 12.58 
12.6.2.3 Readout Electronics ............................................................................................................ 12.60 
12.6.2.4 Beamline Integration and Data Acquisition .......................................................................... 12.60 

12.6.3 Detectors Needed for Proposed Beamlines .......................................................................................... 12-60 
12.7 Insertion Devices ................................................................................................................................................. 12-60 

12.7.1 Tunable Hard X-Ray Sources ............................................................................................................... 12-61 
12.7.1.1 Cryo-Permanent Magnet Undulator ..................................................................................... 12-61 
12.7.1.2 “Cryo-Ready” MGU Installed in NSLS-II .............................................................................. 12-62 
12.7.1.3 Optical Gap Measurement .................................................................................................. 12-62 
12.7.1.4 Optimizing the CPMU Design .............................................................................................. 12-62 
12.7.1.5 Minimizing Phase Error ....................................................................................................... 12-63 
12.7.1.6 Effect of Magnetic Field Errors on the Undulator Harmonics............................................... 12-65 
12.7.1.7 Baseline CPMU Magnetic Design ....................................................................................... 12-68 
12.7.1.8 New Magnetic/Pole Materials Development ........................................................................ 12-70 
12.7.1.9 Vacuum and Mechanical Systems Development ................................................................ 12-70 
12.7.1.10 CPMU Magnetic Measurement Systems Development....................................................... 12-71 

12.7.2 Variable Polarization Device ................................................................................................................. 12-72 
12.7.2.1 Anisotropy of Permanent Magnets ...................................................................................... 12-73 
12.7.2.2 Advanced Options ............................................................................................................... 12-73 
12.7.2.3 EPU45 (Apple-II) Design ..................................................................................................... 12-74 
12.7.2.4 EPU50 (HISOR) Design ...................................................................................................... 12-78 

12.7.3 Damping Wigglers ................................................................................................................................. 12-80 
12.7.3.1 Dynamic Field Integral ......................................................................................................... 12-80 
12.7.3.2 Attractive Force and Size/Cost Challenges of the Damping Wiggler ................................... 12-81 
12.7.3.3 Non-Sinusoidal Field Effect ................................................................................................. 12-81 
12.7.3.4 Baseline Damping Wiggler Design ...................................................................................... 12-82 
12.7.3.5 R&D Elements for DW Development ................................................................................... 12-85 

12.7.4 Insertion Devices for Future Consideration ........................................................................................... 12-85 
12.7.4.1 Quasi-Periodic Undulator .................................................................................................... 12-85 
12.7.4.2 Superconducting Wiggler   .................................................................................................. 12-86 
12.7.4.3 Superconducting Undulator ................................................................................................. 12-86 
12.7.4.4 Revolver Type ..................................................................................................................... 12-87 



Contents xvii 

NSLS-II Conceptual Design Report   

References .......................................................................................................................................................... 12-87 
 
Chapter 13 Conventional Facilities 
13.1 Conventional Facilities Overview........................................................................................................................... 13-1 

13.1.1 Introduction .......................................................................................................................................... 13-1 
13.1.2 Project Goals ....................................................................................................................................... 13-1 
13.1.3 Project Description .............................................................................................................................. 13-1 

13.2 Site Analysis .......................................................................................................................................................... 13-5 
13.2.1 Building Site Alternatives ........................................................................................................................ 13-5 

13.2.1.1 Site Analysis Criteria ............................................................................................................. 13-5 
13.2.1.2 Alternative Site Analysis ........................................................................................................ 13-8 

13.2.2 Selected Site Analysis............................................................................................................................. 13-9 
13.2.2.1 Campus Planning ................................................................................................................ 13-10 
13.2.2.2 Adjacencies ......................................................................................................................... 13-11 
13.2.2.3 Access, Traffic, Parking ...................................................................................................... 13-11 
13.2.2.4 Vibration Survey .................................................................................................................. 13-11 
13.2.2.5 EMI/RFI Survey ................................................................................................................... 13-12 
13.2.2.6 Geotechnical Survey ........................................................................................................... 13-13 
13.2.2.7 Topographical Survey ......................................................................................................... 13-13 
13.2.2.8 Existing Site Utilities ............................................................................................................ 13-13 
13.2.2.9 Existing Facilities ................................................................................................................. 13-14 

13.3 Functional Requirements .................................................................................................................................... 13-15 
13.3.1 Codes and Standards ........................................................................................................................... 13-15 

13.3.1.1 DOE Orders ........................................................................................................................ 13-15 
13.3.1.2 Codes, Standards, and Guides ........................................................................................... 13-15 

13.3.2 Code Analysis ....................................................................................................................................... 13-16 
13.3.3 Site/Civil ................................................................................................................................................ 13-16 

13.3.3.1 Existing Conditions .............................................................................................................. 13-16 
13.3.3.2 Site Utilities ......................................................................................................................... 13-16 

13.3.4 Architecture ........................................................................................................................................... 13-19 
13.3.4.1 Building Envelope ............................................................................................................... 13-19 
13.3.4.2 Building Occupancy ............................................................................................................ 13-20 
13.3.4.3 Parking ................................................................................................................................ 13-20 
13.3.4.4 Vibration Criteria ................................................................................................................. 13-21 
13.3.4.5 Noise Criteria ...................................................................................................................... 13-21 
13.3.4.6 EMI / RFI Criteria ................................................................................................................ 13-22 

13.3.5 Functional Program ............................................................................................................................... 13-22 
13.3.5.1 Ring Tunnel ......................................................................................................................... 13-23 
13.3.5.2 Experimental Hall and Access Corridor ............................................................................... 13-23 
13.3.5.3 Central Lab Office Building ................................................................................................. 13-23 
13.3.5.4 Lab Office Buildings ............................................................................................................ 13-24 
13.3.5.5 Service Buildings ................................................................................................................. 13-24 
13.3.5.6 Linac/RF Buildings .............................................................................................................. 13-24 

13.3.6 Structural Engineering ........................................................................................................................... 13-24 
13.3.6.1 Codes and Standards ......................................................................................................... 13-24 
13.3.6.2 Soil Conditions .................................................................................................................... 13-25 
13.3.6.3 Building Design Loads ........................................................................................................ 13-26 

13.3.7 Mechanical Engineering ........................................................................................................................ 13-27 
13.3.7.1 Codes and Standards ......................................................................................................... 13-27 
13.3.7.2 Mechanical Systems ........................................................................................................... 13-27 
13.3.7.3 Outdoor Design Conditions ................................................................................................. 13-27 



xviii  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

13.3.7.4 Indoor Design Conditions .................................................................................................... 13-27 
13.3.7.5 Facility Cooling Load ........................................................................................................... 13-28 
13.3.7.6 Existing Utilities ................................................................................................................... 13-28 
13.3.7.7 Ventilation............................................................................................................................ 13-28 
13.3.7.8 Chemical Fume Hoods ........................................................................................................ 13-29 
13.3.7.9 Radioisotope Fume Hoods (if required) ............................................................................... 13-29 
13.3.7.10 Bio-Safety Cabinets ............................................................................................................. 13-29 
13.3.7.11 Building Pressurization ........................................................................................................ 13-29 
13.3.7.12 Supply Air Filtration ............................................................................................................. 13-29 
13.3.7.13 Vibration Isolation ................................................................................................................ 13-30 
13.3.7.14 Process Systems ................................................................................................................. 13-30 
13.3.7.15 Plumbing Systems ............................................................................................................... 13-30 
13.3.7.16 Fire Protection Systems ...................................................................................................... 13-30 

13.3.8 Electrical Engineering ........................................................................................................................... 13-30 
13.3.8.1 Codes and Standards .......................................................................................................... 13-30 
13.3.8.2 Utilization Voltages .............................................................................................................. 13-31 
13.3.8.3 Utilities ................................................................................................................................. 13-31 
13.3.8.4 Normal Power Distribution ................................................................................................... 13-32 
13.3.8.5 Emergency Power Distribution ............................................................................................ 13-32 
13.3.8.6 Uninterruptible Power .......................................................................................................... 13-33 
13.3.8.7 Design Loads ...................................................................................................................... 13-33 
13.3.8.8 Grounding............................................................................................................................ 13-35 
13.3.8.9 ELF EMI and RFI Mitigation ................................................................................................ 13-36 
13.3.8.10 Vibration Isolation ................................................................................................................ 13-36 
13.3.8.11 Radiation Protection ............................................................................................................ 13-36 
13.3.8.12 Exterior Lighting .................................................................................................................. 13-36 
13.3.8.13 Interior Lighting .................................................................................................................... 13-36 
13.3.8.14 Special Systems .................................................................................................................. 13-37 

13.3.9 Sustainable Design and LEED .............................................................................................................. 13-38 
13.4 Program ............................................................................................................................................................... 13-39 

13.4.1 Building Program ................................................................................................................................... 13-39 
13.4.1.1 Definitions............................................................................................................................ 13-39 

13.4.2 Ring Building ......................................................................................................................................... 13-39 
13.4.3 Central Lab Office Building ................................................................................................................... 13-40 
13.4.4 Lab Office Buildings .............................................................................................................................. 13-44 
13.4.5 Laboratory Design ................................................................................................................................. 13-46 
13.4.6 Service Buildings ................................................................................................................................... 13-47 
13.4.7 Linac/RF Buildings ................................................................................................................................ 13-49 
13.4.8 Circulation ............................................................................................................................................. 13-52 
13.4.9 Building Floor Elevations ....................................................................................................................... 13-52 
13.4.10 Building Cross Sections ........................................................................................................................ 13-52 

13.5 Scope and Conceptual Design ............................................................................................................................ 13-59 
13.5.1 Improvements to Land (WBS 1.6.3.2) ................................................................................................... 13-59 

13.5.1.1 Existing Structures .............................................................................................................. 13-59 
13.5.1.2 Pavement ............................................................................................................................ 13-59 
13.5.1.3 Abandoned Utilities ............................................................................................................. 13-59 
13.5.1.4 Railway Spur ....................................................................................................................... 13-59 
13.5.1.5 Site Work ............................................................................................................................. 13-59 
13.5.1.6 Paving ................................................................................................................................. 13-59 
13.5.1.7 Storm Water ........................................................................................................................ 13-60 
13.5.1.8 Landscaping ........................................................................................................................ 13-60 



Contents xix 

NSLS-II Conceptual Design Report   

13.5.1.9 Erosion and Sedimentation Control ..................................................................................... 13-60 
13.5.2 Central Lab Office Building (WBS 1.6.3.3) ............................................................................................ 13-60 

13.5.2.1 Architectural Concepts ........................................................................................................ 13-60 
13.5.2.2 Space Program ................................................................................................................... 13-61 
13.5.2.3 Circulation ........................................................................................................................... 13-61 
13.5.2.4 Quality of Life ...................................................................................................................... 13-61 
13.5.2.5 Foundations ........................................................................................................................ 13-62 
13.5.2.6 Building Superstructure ....................................................................................................... 13-62 
13.5.2.7 Building Construction .......................................................................................................... 13-62 
13.5.2.8 Interior Finishes ................................................................................................................... 13-62 

13.5.3 Ring Building (WBS 1.6.3.4) ................................................................................................................. 13-63 
13.5.3.1 Architectural Concepts ........................................................................................................ 13-63 
13.5.3.2 Circulation ........................................................................................................................... 13-63 
13.5.3.3 Quality of Life ...................................................................................................................... 13-63 
13.5.3.4 Foundations ........................................................................................................................ 13-63 
13.5.3.5 Building Superstructure ....................................................................................................... 13-64 
13.5.3.6 Lateral Load Resisting System ............................................................................................ 13-65 
13.5.3.7 Building Construction .......................................................................................................... 13-65 
13.5.3.8 Interior Finishes ................................................................................................................... 13-66 

13.5.4 Lab Office Building (WBS 1.6.3.5) ........................................................................................................ 13-67 
13.5.4.1 Architectural Concepts ........................................................................................................ 13-67 
13.5.4.2 Space Program ................................................................................................................... 13-68 
13.5.4.3 Circulation ........................................................................................................................... 13-68 
13.5.4.4 Quality of Life ...................................................................................................................... 13-68 
13.5.4.5 Foundations ........................................................................................................................ 13-68 
13.5.4.6 Building Superstructure ....................................................................................................... 13-68 
13.5.4.7 Building Construction .......................................................................................................... 13-69 
13.5.4.8 Interior Finishes ................................................................................................................... 13-69 

13.5.5 Structural Materials ............................................................................................................................... 13-69 
13.5.5.1 Concrete (normal weight, unless noted otherwise) ............................................................. 13-69 
13.5.5.2 Reinforcing Steel ................................................................................................................. 13-69 
13.5.5.3 Structural Steel .................................................................................................................... 13-70 

13.5.6 Mechanical Utilities ............................................................................................................................... 13-70 
13.5.6.1 Mechanical Systems ........................................................................................................... 13-70 
13.5.6.2 Plumbing Systems .............................................................................................................. 13-83 
13.5.6.3 Process Systems ................................................................................................................ 13-85 
13.5.6.4 Fire Protection Systems ...................................................................................................... 13-88 
13.5.6.5 Automatic Temperature Controls ........................................................................................ 13-89 

13.5.7 Electrical Utilities ................................................................................................................................... 13-89 
13.5.7.1 Site Utilities ......................................................................................................................... 13-91 
13.5.7.2 Normal Power Distribution................................................................................................... 13-92 
13.5.7.3 Emergency Power ............................................................................................................... 13-94 
13.5.7.4 Uninterruptible Power Supply .............................................................................................. 13-94 
13.5.7.5 Voltage Utilization ............................................................................................................... 13-94 
13.5.7.6 Voltage Drop ....................................................................................................................... 13-94 
13.5.7.7 Feeders and Branch Circuits ............................................................................................... 13-94 
13.5.7.8 Grounding ........................................................................................................................... 13-95 
13.5.7.9 ELF EMI and RFI Mitigation ................................................................................................ 13-96 
13.5.7.10 Vibration Isolation ................................................................................................................ 13-96 
13.5.7.11 Radiation Protection ............................................................................................................ 13-96 
13.5.7.12 Exterior Lighting .................................................................................................................. 13-96 



xx  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

13.5.7.13 Interior Lighting .................................................................................................................... 13-96 
13.5.7.14 Special Systems .................................................................................................................. 13-97 

13.5.8 Sustainable Design (LEED)................................................................................................................... 13-99 
13.5.8.1 Approach ............................................................................................................................. 13-99 
13.5.8.2 Sustainable Site .................................................................................................................. 13-99 
13.5.8.3 Water: Protecting and Conserving Water .......................................................................... 13-100 
13.5.8.4 Energy: Designing for Energy Efficiency Using Alternative Sources of Energy ................. 13-100 
13.5.8.5 Materials: Optimizing the Environmental Life Cycle of Materials ....................................... 13-100 
13.5.8.6 IEQ: Enhance Indoor Environmental Quality ..................................................................... 13-101 
13.5.8.7 LEED Status ...................................................................................................................... 13-101 

13.6 Method of Accomplishment ............................................................................................................................... 13-102 
13.6.1 Design ................................................................................................................................................. 13-102 
13.6.2 Construction ........................................................................................................................................ 13-102 
13.6.3 Quality Assurance ............................................................................................................................... 13-102 

13.6.3.1 NSLS-II QA Plan ............................................................................................................... 13-103 
13.6.4 Bid Strategy ......................................................................................................................................... 13-103 

13.6.4.1 NSLS-II Base Scope ......................................................................................................... 13-103 
13.6.4.2 Bid Alternatives ................................................................................................................. 13-103 

13.6.5 Value Management ............................................................................................................................. 13-104 
13.6.6 Commisioning ..................................................................................................................................... 13-104 

13.7 Conceptual Design Drawings ............................................................................................................................ 13-105 
13.7.1 Site/Civil Concept Design Drawings .................................................................................................... 13-105 
13.7.2 Architectural Concept Design Drawings .............................................................................................. 13-106 
13.7.3 Mechanical Concept Design Drawings ................................................................................................ 13-107 
13.7.4 Electrical Concept Design Drawings ................................................................................................... 13-107 
References ........................................................................................................................................................ 13-107 

 
Chapter 14 Environment, Safety and Health, and Quality Assurance 
14.1 Introduction ............................................................................................................................................................ 14-1 
14.2 Preliminary Hazards Analysis (PHA) ..................................................................................................................... 14-2 

14.2.1 Construction Hazards (NSLS-II PHA – 1) ............................................................................................... 14-5 
14.2.1.1 Construction Hazards – Mitigating Factors (Design) ............................................................. 14-5 
14.2.1.2 Construction Hazards – Mitigating Factors (Operational) ...................................................... 14-6 

14.2.2 Natural Phenomena Hazards (NSLS-II PHA – 2) .................................................................................... 14-6 
14.2.2.1 Natural Phenomena Hazards – Mitigating Factors (Design) ................................................. 14-6 
14.2.2.2 Natural Phenomena Hazards – Mitigating Factors (Operational) .......................................... 14-6 

14.2.3 Environmental Hazards (NSLS-II PHA – 3) ............................................................................................. 14-6 
14.2.3.1 Environmental Hazards – Mitigating Factors (Design) .......................................................... 14-7 
14.2.3.2 Environmental Hazards – Mitigating Factors (Operational) ................................................... 14-7 

14.2.4 Waste Hazards (NSLS-II PHA – 4) ......................................................................................................... 14-7 
14.2.4.1 Waste Hazards – Mitigating Factors (Design) ....................................................................... 14-7 
14.2.4.2 Waste Hazards – Mitigating Factors (Operational) ................................................................ 14-7 

14.2.5 Fire Hazards (NSLS-II PHA – 5) ............................................................................................................. 14-8 
14.2.5.1 Fire Hazards – Mitigating Factors (Design) ........................................................................... 14-8 
14.2.5.2 Fire Hazards – Mitigating Factors (Operational) .................................................................... 14-8 

14.2.6 Electrical Hazards (NSLS-II PHA – 6) ..................................................................................................... 14-8 
14.2.6.1 Electrical Hazards – Mitigating Factors (Design) ................................................................... 14-9 
14.2.6.2 Electrical Hazards – Mitigating Factors (Operational) ........................................................... 14-9 

14.2.7 Noise and Vibration Hazards (NSLS-II PHA – 7) .................................................................................... 14-9 
14.2.7.1 Noise and Vibration Hazards – Mitigating Factors (Design) .................................................. 14-9 
14.2.7.2 Noise and Vibration Hazards – Mitigating Factors (Operational) ........................................... 14-9 



Contents xxi 

NSLS-II Conceptual Design Report   

14.2.8 Cryogenic Hazards (NSLS-II PHA – 8) ................................................................................................. 14-10 
14.2.8.1 Cryogenic Hazards – Mitigating Factors (Design) ............................................................... 14-10 
14.2.8.2 Cryogenic Hazards – Mitigating Factors (Operational) ........................................................ 14-10 

14.2.9 Confined-Space Hazards (NSLS-II PHA – 9) ........................................................................................ 14-10 
14.2.9.1 Confined-Space Hazards – Mitigating Factors (Design) ..................................................... 14-10 
14.2.9.2 Confined-Space Hazards – Mitigating Factors (Operational) .............................................. 14-11 

14.2.10 Ozone Hazards (NSLS-II PHA – 10) ..................................................................................................... 14-11 
14.2.10.1 Ozone Hazards – Mitigating Factors (Design) .................................................................... 14-11 
14.2.10.2 Ozone Hazards – Mitigating Factors (Operational) ............................................................. 14-11 

14.2.11 Chemical and Hazardous Materials Hazards (NSLS-II PHA – 11) ........................................................ 14-11 
14.2.11.1 Chemical and Hazardous Materials Hazards – Mitigating Factors (Design) ....................... 14-11 
14.2.11.2 Chemical and Hazardous Materials Hazards – Mitigating Factors (Operational) ................ 14-12 

14.2.12 Accelerator/Beamline Hazards (NSLS-II PHA – 12) ............................................................................. 14-12 
14.2.12.1 Accelerator/Beamline Hazards – Mitigating Factors (Design) ............................................. 14-12 
14.2.12.2 Accelerator/Beamline Hazards – Mitigating Factors (Operational) ...................................... 14-12 

14.2.13 Ionizing Radiation Hazards (NSLS-II PHA – 13) ................................................................................... 14-13 
14.2.13.1 Ionizing Radiation Hazards – Mitigating Factors (Design) ................................................... 14-13 
14.2.13.2 Ionizing Radiation Hazards – Mitigating Factors (Operational) ........................................... 14-13 

14.2.14 Non-Ionizing Radiation Hazards (NSLS-II PHA – 14) ........................................................................... 14-13 
14.2.14.1 Non-Ionizing Radiation Hazards – Mitigating Factors (Design) ........................................... 14-13 
14.2.14.2 Non-Ionizing Radiation Hazards – Mitigating Factors (Operational) ................................... 14-14 

14.2.15 Material-Handling Hazards (NSLS-II PHA – 15) ................................................................................... 14-14 
14.2.15.1 Material-Handling Hazards – Mitigating Factors (Design) ................................................... 14-14 
14.2.15.2 Material-Handling Hazards – Mitigating Factors (Operational) ............................................ 14-14 

14.2.16 Experimental Hazards (NSLS-II PHA – 16)........................................................................................... 14-14 
14.2.16.1 Experimental Hazards – Mitigating Factors (Design) .......................................................... 14-15 
14.2.16.2 Experimental Hazards – Mitigating Factors (Operational) ................................................... 14-15 

14.3 NEPA Compliance ............................................................................................................................................... 14-15 
14.4 Quality Assurance ............................................................................................................................................... 14-15 
References ..................................................................................................................................................................... 14-16 
 
Chapter 15 Radiation Safety and Shielding 
15.1 Shielding Objectives .............................................................................................................................................. 15-1 
15.2 Shielding Estimates for the Accelerator Enclosures .............................................................................................. 15-2 

15.2.1 Sources of Radiation Hazard .................................................................................................................. 15-2 
15.2.2 Shielding Design Methodology for the Accelerator Enclosures ............................................................... 15-2 

15.2.2.1 Radiation Attenuation Factors for the Shielding Materials ..................................................... 15-2 
15.2.2.2 Dose Equivalent Factors of Radiation Components .............................................................. 15-3 
15.2.2.3 Shielding Calculations for the Linac Enclosure ..................................................................... 15-3 

15.2.3 Shielding Estimates for the Linac Enclosure ........................................................................................... 15-4 
15.2.3.1 Linac Parameters .................................................................................................................. 15-4 
15.2.3.2 Bulk Shielding for the Linac Tunnel ....................................................................................... 15-4 

15.2.4 Design of the Linac Beam Stop ............................................................................................................... 15-5 
15.2.5 Shielding Estimates for Booster and Storage Ring ................................................................................. 15-6 

15.2.5.1 Storage Ring Parameters ...................................................................................................... 15-6 
15.2.5.2 Bulk Shielding for the Storage Ring Enclosure ..................................................................... 15-6 
15.2.5.3 Bulk Shielding: Booster-to-Storage Ring Injection/Extraction Region ................................... 15-7 

15.2.6 Bulk Shielding Estimates for the Booster Enclosure ............................................................................... 15-7 
15.2.6.1 Bulk Shielding for the Linac-to-Booster Injection/Extraction Region ..................................... 15-8 

15.2.7 Booster Beam Stop Design Calculations ................................................................................................ 15-9 
15.2.7.1 Booster Beam Stop ............................................................................................................... 15-9 



xxii  NSLS-II Conceptual Design Report 

  Brookhaven National Laboratory 

15.3 Shielding Estimates for the Beamlines and Front Ends ....................................................................................... 15-10 
15.3.1 Sources of Radiation Hazard in the Beamlines ..................................................................................... 15-10 

15.3.1.1 Radiation through the Ratchet Wall ..................................................................................... 15-10 
15.3.1.2 Radiation through the Ratchet Wall Penetration ................................................................. 15-10 
15.3.1.3 Interaction of Stored Beam with Storage Ring Components ............................................... 15-10 

15.3.2 Shielding Design Simulations ................................................................................................................ 15-11 
15.3.2.1 Simulation Tools .................................................................................................................. 15-11 

15.3.3 Bremsstrahlung Source Estimates in the ID Beamlines ........................................................................ 15-11 
15.3.4 Design of Shutters/Stops ...................................................................................................................... 15-12 

15.3.4.1 Geometry Used for the Calculations .................................................................................... 15-12 
15.3.4.2 Thickness of Shutters/Stops ................................................................................................ 15-13 

15.3.5 Shielding Estimates for Experimental Stations ...................................................................................... 15-14 
15.3.5.1 Computation for Bremsstrahlung and Synchrotron Radiation Scattering ............................ 15-14 
15.3.5.2 Shielding Estimates for the First Optics Enclosures ............................................................ 15-15 
15.3.5.3 Shielding Estimates for Secondary Bremsstrahlung ........................................................... 15-15 
15.3.5.4 Synchrotron Radiation Scattering Calculations with STAC8 ............................................... 15-17 
15.3.5.5 Shielding Recommendations for FOE and White Beam Stations ........................................ 15-18 

15.4 Radiological Consequences of Accidental Beam Loss ........................................................................................ 15-19 
15.4.1 Consequences of Accidental Linac Beam Losses ................................................................................ 15-19 
15.4.2 Consequences of Linac-to-Booster Injection Losses ............................................................................ 15-19 
15.4.3 Consequences of Booster-to-Storage Ring Injection Losses ................................................................ 15-19 
15.4.4 Maximum Credible Incident Analysis .................................................................................................... 15-19 

15.5 Activation Analysis of Accelerator Components .................................................................................................. 15-21 
15.5.1 Residual Activity Estimates of Accelerator Components ....................................................................... 15-21 

15.5.1.1 Methodology for Estimating Activation in Materials ............................................................. 15-21 
15.5.1.2 Radioactivation of the Linac Iron Beam Stop ...................................................................... 15-22 
15.5.1.3 Radioactivation of the Booster Iron Beam Stop ................................................................... 15-22 
15.5.1.4 Radioactivation of the Tungsten Injection Stop ................................................................... 15-22 
15.5.1.5 Radioactivation of Copper at the Injection Septum ............................................................. 15-23 
15.5.1.6 Radioactivation of Lead at the Injection Septum ................................................................. 15-23 
15.5.1.7 Radioactivation of the Aluminum Vacuum Chambers ......................................................... 15-23 

15.5.2 Activation of the Soil .............................................................................................................................. 15-24 
15.5.2.1 Results of Soil Activation Calculations for NSLS-II .............................................................. 15-24 

15.5.3 Activation of Air in the Accelerator Enclosures ...................................................................................... 15-25 
15.5.3.1 Results of Air Activation Calculations for the Accelerator Enclosures ................................. 15-25 

15.5.4 Activation of Cooling Water ................................................................................................................... 15-25 
15.5.4.1 Results of Cooling Water Activation Estimates ................................................................... 15-26 

15.6 Skyshine Estimates and Site Boundary Doses .................................................................................................... 15-26 
15.6.1 Estimates of Skyshine Created at the Linac Beam Stop ....................................................................... 15-26 
15.6.2 Estimates of Skyshine Created at the Booster Beam Stop ................................................................... 15-27 

References ............................................................................................................................................ 15-27 
 
 


