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Neutron Scattering in Europe

User Community –
 

6000-8000
Large University based community
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The “Standard Model”
 

for New Sources

SNS

HFIR

JPARC

The US Community

Now has state-of-the art facilities 
comparable to/better than Europe

User Community 

~800 Users
Mainly National Lab Staff

http://www.sns.gov/images/hfir/HFIR-aerial.jpg
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The Need for New Sources
The broad impact of having a moderate intensity accelerator‐based neutron source in a 

 university environment is of major significance to our national scientific effort.  We have all 

 seen how neutron research in Europe blossomed as a result of their university‐based 

 research teams.  We have suffered significantly because of a lack of university involvement 

 in this area.

NSF Reviewer

National/International (2nd/3rd)

University/Regional (1st)

SNS, HFIR, LANSCE, NIST

MURR, LENS
(MIT, UNC)

ILL, ISIS, PSI, FRM‐II, Saclay

Budapest, Berlin, Delft, Gatchina, 

 Prague, Dubna,, Studsvik, Kjeller

Reactors

Pulsed Sources
(short pulsed)

A network of new small sources is needed to capitalize on the multi‐billion 

 dollar investment in large sources.
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The Next Generation

Reactors have run out 
of room for “growth”

Short pulsed spallation 
sources are reaching their 
limits
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Variety of different lay-outs for legacy accelerators (e.g., IPNS, ISIS) or 
combined facilities (J-PARC), other considerations (CSNS)

Instantaneous power on target (for 1 MW at 
60 Hz, i.e. 17 kj in ~1 s pulse on target):     17 x


Current generation spallation source (green field)
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Current generation spallation source (green field)
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simplified

Cost equivalent linear accelerator alone can produce the same cold 
neutron pulses by ~100 s proton

 
pulses (SNQ project, 1980's)
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Next generation spallation source

simplified

If we find ways to control pulse 
parameters by neutron beam 
choppers

 
(pulse length, repetition 

rate): 

 Leave the linac on for more 
neutrons per pulse and higher 
peak brightness  (Long Pulse 
source)

Cost equivalent linear accelerator alone can produce
 

the same cold 
neutron pulses by ~100 s proton

 
pulses



UCANS‐I 16‐18 August 2010

0 500 1000 1500 2000 2500 3000
0,0

2,0x1013

4,0x1013

6,0x1013

8,0x1013

1,0x1014

1,2x1014

In
st

an
ta

ne
ou

s 
br

ig
ht

ne
ss

 [n
/c

m
2 /s

/s
tr/
臸

Time [s]

2010.06.30 ACNS 2010

Next generation spallation source

simplified

If we find ways to control pulse 
parameters by neutron beam 
choppers

 
(pulse length, repetition 

rate): 

 Leave the linac on for more 
neutrons per pulse and higher 
peak brightness  (Long Pulse 
source)

Cost equivalent linear accelerator alone can produce
 

the same cold 
neutron pulses by ~100 s proton

 
pulses

From Feri Mezei
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The Next Generation

ESS

LENS CPHS

The future is in long pulsed sources
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Supporting the Future
Beyond the full utilization scenario described above, the U.S. will need a new national facility, driven 

 by the age of some of the existing facilities and the intriguing

 

new concepts that are developing, 

 such as very cold neutron sources for ultra‐long neutron wavelengths, long pulsed sources, and 

 novel continuous sources. The long‐term strategy must be planned during the coming decade, based 

 upon experience with the current facilities, bearing in mind the

 

needs of individual investigators 

 working in CMMP and the instrumentation and facilities they need

 

to carry out state of the art 

 research.
CMMP 2010 NAS Decadal Survey

Pulsed Sources
(long pulsed,
Very cold neutrons)

Long Pulsed Very Cold Neutron Sources

1st

 

generation
2nd

 

and 3rd

 

generation
LENS
None – (SNS LWTS, ANL VCNS)

None
None – (ESS)
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What are Compact Sources?

LENS

Spallation Neutron Source

20 neutrons/proton 200 MeV “Barrier”

500 MeV Accelerator

15 microAmp Average current

Spallation reaction in a heavy target

Compact Pulsed Source

10 kW “class”
 

accelerator

P-n reaction in a light target (Be, Li, ..

20 protons/neutron Mev Barrier

~10 MeV Accelerator
~mA  Average Current

10 kW “class”
 

accelerator

A University 
size facility!
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The Low Energy Neutron  Source

Instruments
•SANS
•SESAME
•Fourier TOF
•LPSS Diffract.

low‐energy

 
(p,nx) reactions (Ep

 

<13MeV) 

 in Be.

cold moderator (e.g. solid CH4

 

at 

 1K<T<40K).

variable pulse width

 
(from  ~10 s to 

 more than 1.0 ms).

Accelerator
•13 MeV Linac
•30‐50 mA Peak Current
•~2 mS pulse width
•13 kW Average Power

Target
•10x10 cm2

•4.2 x 1013

 

n/s
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The Role of Small Sources
Developing New Instruments and Technology

Developing (and Training) the User Community

Scientific Studies

New facilities will need a large number of 

 sophisticated users to fully exploit their 

 capabilities – and justify their construction cost.

All three components are essential to the success of Small (and large) sources.

Increasing raw flux is hard (and expensive)

Future increases in data rate are going to come from
•New Instruments
•Better Optics
•More efficient moderators
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Instrumentation 
Development

Recommendation 4
Participating federal agencies promote and coordinate efforts to

 

advance neutron scattering methods 

 and neutron source technology needed for the future. Specifically, this includes promoting: 
•Upgrades and enhancements to neutron scattering instruments; 
•Research and development in neutron source (including moderator)

 

technology; 
•Efforts to develop new and improved neutron scattering methods; and 
•Efforts to expand the application of neutron scattering to new areas of science. 

OSTP Interagency Working Group on Neutron Science

SESAME  ‐

 
Decoupling resolution 

 and intensity using an interference 

 technique. 
2/ 2/

sample
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Instrumentation for Long Pulsed Sources

Chopper 1

Chopper 2

L

L

Detector
Sample 

t
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tnmT  )2(

Each time channel 
contains information on 
multiple wavelengths

n m 

4 7 3

6 8 2

8 9 1

n m 

8 14 6

10 15 5

12 16 4

14 17 3

16 18 2

18 19 1

Many instruments at a LPSS can use 
the same principles as a SPSS

Many can’t!

SANS, Reflectometry, …

Diffraction, TOF Inelastic, …

New techniques are needed!
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Innovation 
All of the examples that they give pose interesting scientific questions and most are well‐suited to 

 LENS. 

 

However all of the proposed science could be done today at the large neutron scattering centers in the 

 US. 

 

Thus the justification for this source cannot rest on its contribution to condensed science alone. 

 

In fact, I 

 believe that the most important contribution of this source would be in the areas of neutron production and 

 instrumentation development.
NSF Reviewer 

Polarized 3He cell (11 cm diameter)

Fig. 1. Setup of the experiment at the electron linac facility of Hokkaido 
University. A 2 m sextupole magnet comprised of 40 units of aluminum 
blocks. Each block contained six pieces of NEOMAX48 [4], 5×5×50 
mm, as shown in the photograph.       Shimizu et al

LensesMagnetic Lenses

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVH-405JT8G-G&_user=1105409&_coverDate=03%2F31%2F2000&_rdoc=1&_fmt=full&_orig=search&_sort=d&view=c&_acct=C000051666&_version=1&_urlVersion=0&_userid=1105409&md5=49cd718a8b8057d3909014dbe79ac8ed#bib4
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Moderator 
Development
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Perhaps the single most important advance that could come out of

 

LENS is the development of a 

 source of very long wavelength neutrons. This offers the possibility of some very innovative and 

 novel scientific advances that gives access to larger scale structures that are not accessible at 

 any neutron source in the country. 
NSF Reviewer

LENS Goal – a 4 K Moderator Effective Temperature

Improved Capabilities opening new frontiers

Peak flux 
1TI

Peak 
wavelength 

2/1T

International Cold Moderator 

 Working Group
•Jack Carpenter (ANL)
•Phil Ferguson (ORNL)
•Eric Iverson (ORNL)
•Gunther Muhrer (LANL)
•Stewart Ansell (ISIS)
•Mike Snow (IU)
•Paul Sokol (IU)
•Dave Baxter (IU)
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Developing the User Community
The breadth and depth of neutron scattering research—recent 

research highlights

Neutrons provide 'core' 
understanding of magnetic 
nanoparticles

•

 

Our educational infrastructure at the graduate level must keep pace with these 
investments in our neutron sources:

-

 

Need to attract and train new users of these facilities capable of 
designing experiments to answer increasingly sophisticated scientific 
questions 

-

 

Need to train experts in the techniques of neutron scattering who 
may eventually become instrument scientists  (APS report)
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Education

•
 

Neutron scattering research is almost exclusively done at a few large 
facilities

-
 

no equivalent to the lab x-ray machine for neutrons
-

 
very few small neutron sources compared to Europe

•
 

The scientific areas addressed by neutron scattering are very broad  -
 educational efforts must be interdisciplinary as the background of 

students are quite different

•
 

Neutron scattering probes both the structure and dynamics of 
condensed matter; these two capabilities are often intertwined –

 
most 

users employ only structural methods as these methods are much 
higher throughput

•
 

Computational methods are frequently essential in interpreting the 
data
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LENS as a 
Support Facility

The fact that LENS can achieve such an intensity makes it clear that good experiments can be 

 done with it (because IPNS does experiments now that impact scientific frontiers).  On the other 

 hand, one should be careful to recognize that the IPNS is a first‐generation source and the that 

 the SNS will be a third‐generation source.  Thus LENS really will be a “feeder Source”

 

for the SNS 

 rather than an internationally competitive neutron source – somewhat in the same sense that a 

 rotating anode is a powerful laboratory source of x‐rays which allows some forefront 

 experiments as well as the preparation of state‐of‐the‐art experiments at synchrotron x‐ray 

 sources.
NSF Reviewer

BIOLOGY BIOLOGY ––

 

Uversky (IUMS)Uversky (IUMS)

 and Kaiser (LENS)and Kaiser (LENS)
Intrinsically disordered proteins, such Intrinsically disordered proteins, such 
as as αα--synuclein, are thought to be synuclein, are thought to be 
responsible for neurodegenerative responsible for neurodegenerative 
disorders (Parkinsondisorders (Parkinson’’s disease, s disease, 
AlzheimerAlzheimer’’s, ...)s, ...)

Molecular model of the α-synuclein 
aggregation leading to the 
formation of insoluble fibrils
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Sample # 1, -synuclein, pH 6.0, in D2O

increasing 
temperature

SANS data taken at NIST
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LENS as a Research Facility

Observation of the density minimum in 

 deeply supercooled confined water
Chen et al, PNAS 104, 9547 (2007)

•Bulk water is anomalous at freezing

 shows a density maximum at 4 C
•Freezing is suppressed in confined water
•Density minimum at ‐63 C for confined water

An ideal study for LENS

SANS Data from NIST

Why LENS?
Strong Scatterer
Large Sample
Challenging Sample Environment

LENS is a low intensity neutron source. The time‐averaged intensity will be comparable to the 

 current IPNS at Argonne National Laboratory. There is an excellent scientific case for smaller 

 neutron facilities, especially in universities, that complement the high flux, tightly scheduled 

 neutron facilities in national laboratories. 

 NSF 

 
Reviewer

http://www.pnas.org/cgi/content/short/104/23/9570/
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LENS as a 
Unique Facility

Experiments that can be done uniquely at LENS include feasibility studies, higher risk instrument development 

 
and preliminary experimentation.

 
NSF Reviewer

Potential application: in‐plane structure of membranes

The Spin Echo Scattering Angle Measurment (SESAME) instrument at

 LENS will offer unique opportunities to measure long correlation

 lengths.  Initially, such measurements will only be possible at LENS.

Structure of nanopatterned films
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X-rays neutrons

Radiography

Note: individual gun powder grains can be distinguished

New Opportunities
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Conclusions

••
 

Compact Accelerator Based Neutron Compact Accelerator Based Neutron 
 Sources offer a unique opportunitySources offer a unique opportunity

••
 

In developing the user communityIn developing the user community

••
 

In developing new instrumentationIn developing new instrumentation

••
 

In cutting edge scienceIn cutting edge science

••
 

In opening new markets.In opening new markets.

••
 

This is a very exciting time!This is a very exciting time!
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ILL

SNS

ISIS

JPARC

LENS CPHS
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