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Outline

• Introduction to NSLS-II
• Construction update
• NSLS-II project beamlines
• Development of additional beamlines

• In-situ techniques for sc-CO2 studies
• In-situ X-ray diffraction/scattering
• In-situ X-ray spectroscopy
• Real-time X-ray imaging

•Summary
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NSLS-II:  Optimized 3rd Generation SR

TPC = $912M
• 3 GeV, 500 mA, Circumference 791 m
• Emittance: εx= 0.55, εy= 0.008 nm-rad 
• High brightness from soft to hard x-rays
• Small beam size: σy=2.6 µm, σx=28 µm
• Pulse length (rms)   ~15 psec
• 27 insertion device beamlines
• 31 BM / 3PW / IR beamlines
• Full built-out includes at least 58 

beamlines, plus canted IDs 
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NSLS-II Construction Progress

• NSLS-II project (DOE $912M)                                                                        
progressing on budget & on schedule

• Pentant 1 Beneficial occupancy received Mar 14. 2011;  Accelerator 
installation and beamline procurements have begun

• Expected start of operations in Mar. 2014

Hard X-ray Nanoprobe
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Laboratory Office Bldg.

LOB design: 33,600 ft2
• 120 seats
• 10 laboratories
• machine shop
• conference rooms
• loading/storage area
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Six Beamlines in Construction Project
• Inelastic X-ray Scattering (IXS)
• Hard X-ray Nanoprobe (HXN)
• Coherent Hard X-ray Scattering 

(CHX)
• Coherent Soft X-ray Scattering & 

Polarization (CSX) 
• Sub-micron Resolution X-ray 

Spectroscopy (SRX)
• X-ray Powder Diffraction (XPD)

XPD 28-ID

HXN 
3-ID

SRX 5-ID

IXS 10-ID

CHX 11-ID

CSX 23-ID

• Beamline locations finalized for 
the six project beamlines

• Preliminary designs completed
• Procurement of long-lead-time 

components in progress
• Commissioning and ramp-up of 

operations to start March 2014
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XPD BAT

Beamline Advisory Teams

SRX BAT

CHX BAT

IXS BAT

CSX BAT HXN BAT

• All NSLS-II beamlines are being developed using the concept of Beamline 
Advisory Teams (BATs).
• BAT represents a segment of user community;
• works close with facility to define scientific mission and technical scope;
• meets regularly with facility staff in design, construction, and commissioning.
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IUV20
low beta

white beam slits

storage ring wall

Horizontal  collimating mirror

pink beam  slits
Horizontal Si(111) mono

Horizontal  focusing mirrorVertical focusing Mirror

Vertical flat mirror

secondary source 
aperture 1

secondary source 
aperture 2

focusing optics

sampledetectors

z=62m

z=94m

z=108m

High-resolution mono 
(for mature phase)

Hard X-ray Nanoprobe (HXN)
BAT members
C. Noyan (Columbia) – Chair; D. Bilderback 
(Cornell); C. Jacobsen (SBU); T. Lanzirotti 
(U. Chicago); T. Buonasisi (MIT); P. Sutter 
(CFN - BNL); S. Vogt (ANL); M. Holt (ANL)

5 – 25 keV
Scientific interests:  nano-materials 
science, environmental science, nano-
biotechnology
Ultimate goal is world-leading ~ nm 
scale x-ray probe for fluorescence 
imaging and nanodiffraction

100 m long 
beamline   

XRF imaging at 23 nm x 27 nm (APS 26-ID)
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Sub-µm Resolution X-ray Spectroscopy (SRX)
BAT members
T. Lanzirotti (Chicago) – Chair; S. Sutton (Chicago); S. Vogt (ANL); G. Woloschak (NU); M. Rivers 
(Chicago); P. Eng (Chicago); L. Miller (NSLS); J. Fitts (BNL); P. Northrup (BNL); K. Jones (BNL)

XRF imaging:  KB 100 nm 
main branch and                      
FZP 30 nm side branch 
(not in initial scope)

Scientific interests:  submicron imaging of elemental 
distribution in chemical and energy science,                      
materials science, earth and                                  
environmental science,                                                          
life science

World-leading x-ray brightness in submicron 
focal spot size

Canted Undulators 
2 – 25 keV
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X-ray Powder Diffraction (XPD)

Scientific interests:  nanoparticles and nanoclusters, extreme 
environments, time-resolved and total structure studies.
Damping wigglers (7 m), high energy                                      
(30-80 keV), high-resolution diffraction                                                  
plus pair-distribution function                                             
studies in side station

BAT members
S. Billinge (Columbia/BNL) – Chair; P. Chupas (APS, ANL); L. Ehm (SBU/BNL); J. Hanson 
(Chemistry, BNL); J. Kaduk (INEOS Technologies); J. Parise (SBU); P. Stephens (SBU)

• Multi-crystal analyzer 
array for high-resolution

• Multi-element strip 
detector for ms time-
resolved studies
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Development Process of Additional Beamlines

• Scope
• All areas of science and beamline types – ID, BM, 3PW, IR
• Independent of funding source or implementation approach

• Science case and technical requirements
• Results

• 54 Beamline Development Proposals received by Jun 21
• Reviewed by Science Advisory Committee & Study Panels
• 34 BDPs approved; Results announced Oct 4, 2010
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34 Approved Proposals Posted On-Line
http://www.bnl.gov/nsls2/beamlines/2010BeamlineProposal-Approved.asp
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sc-CO2/Materials Research at NSLS/NSLS-II

Metal Uptake

Liquid-Solid 
Interfaces

Porous Matter Reaction 
Control

Fluid Dynamics
NSLS / NSLS-II

Spectroscopy ImagingScattering

• in-situ
• ambient conditions

• time-resolved
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Four Dimensional Extreme Environments (4DE2)
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Powder Diffraction for In-Situ Studies of Structural and 
Chemical Transformations 
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Quick X-ray Absorption and Scattering (QAS)

Ni K-edge in-situ XAS in 
battery cell
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X-ray Fluorescence Microscopy (XFM)
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Tender Energy X-ray Absorption Spectroscopy
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Frontier IR Spectroscopy at Extreme Conditions
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Electron Spectro-Microscopy (ESM)
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NEXT Beamlines
ESM        Electron Spectro-Microscopy 
FXI          Full-field X-ray Imaging from µm to nm
ISS          Inner Shell Spectroscopy 
ISR          Integrated In-Situ & Resonant X-Ray Studies
SIX          Soft Inelastic X-ray Scattering
SMI          Soft Matter Interfaces
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•Example:  In-situ studies of dendritic
growth of Cu in CuSO4 solution by 
electrical potential (APS 32-ID, 8 keV)

• Frame rate:  100 msec/frame
• TXM FOV:  22 µm

J. Yi, S. Wang (ANL), Y-K. Hwu (Acad. Sinica, Taiwan),
J. H. Je (POSTECH, Korea), Y. S. Chu (NSLS-II, BNL)

Real Time Nano-Imaging of Electrochemical Growth

• Modern x-ray lenses (Fresnel zone 
plates) and bright x-ray sources enable 
x-ray microscopic imaging at nano-scale 
spatial resolutions
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B

A

Above Ni K-Edge

Below Ni K-Edge

Solid Oxide Fuel Cell (SOFC) Pore 
Structures:  Yittria Stablized Zirconia
YSZ (electrolyte) / NiO (anode)

Element-Specific Nano-Tomography

W. Chiu (U. Conn.)              
Y.S. Chu (NSLS-II, BNL)
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New Transmission X-ray Microscope at NSLS
• New TXM (~$2M funded by DOE ARRA) has been installed at X8C and is being commissioned
• TXM will be transitioned to the Full-field X-ray Imaging (FXI) beamline at NSLS-II

30 nm 
features 
resolved
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High-speed Imaging and Single-Pulse Flash Imaging

Fuel spray in engines: pixel array detector

Kamel Fezzaa, Wah-Keat Lee, Jin Wang, et al. (APS)

Single-pulse X-ray flash imaging at 150ps
X-ray flash image

Visible-light image

200µm

5µs 
chopper

Fluid velocity ~ 
150 m/s

3.6µs / ring

formation of 
micro-jet

white-beam 
undulator A

~1µs 
CCD 

shutter
~ms 

shutter
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6 NSLS-II Project Beamlines
4 NIH Beamlines

6 NEXT Beamlines
3 Type II Beamlines

14 NxtGen Beamlines
  

   
  

FY14 FY15 FY16 FY17FY09 FY10 FY11 FY12 FY13

Beamline Development Schedule and Summary
CD-4

Near-term
19
16
10

6

Projected Early Finish

Funding assured or 
reasonably certain for 
19 beamlines by FY15

Preliminary                    CD1 CD-2       CD-3                       Early CD-4
NEXT Schedule         & CD-3A Finish

Summary
• NSLS-II is pursuing an aggressive schedule to ramp up cutting-edge 

experimental facilities in broad areas of science and technology
• Many experiments may be pursued at existing NSLS to jump start research 

programs discussed here at this Workshop
• We are excited to work with scientific community to develop science programs

up to 33 Under discussion with 
DOE for up to14 moreup to 
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