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Spontaneous Fission

e.g. 252Cf (mainly o decay)  Half life 2.65 years

Radioactive sources

241Am — 2’"Np + “He (5.6 MeV) °Be + “He — 12C + n (few MeV) Half life 433 y

‘Small’ accelerator based sources (‘D-T’)

2H (~ 150 keV) + 3H — 4He + n (14.2 MeV)

Fission

2%U+n—> X+Y+25n (~200 MeV total energy release, ~ 2 MeV per neutron)



£

Science & Technology Facilities Council

ISIS

Electron accelerator based sources

10-100 MeV electrons on heavy metal target
Produces bremsstrahlung photons which are absorbed by nuclei

Electron accelerators are cheap but power is limited by large
amount of heat to dissipate in the target, ~ 6 MeV per neutron

Electron lowar
In energy

Bremsstrahlung
(Roentgen guantum)
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ISIS

High energy proton accelerator based spallation sources

> 100 MeV protons on heavy metal target
~ 25 neutrons/proton, 30 MeV per neutron compared to fission
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D+T—-n+4%He E,=14.1 MeV
D+D—>n+3He E,=25MeV

Oil industry
Security
Structure evaluation
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SIS Neutron sources
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Some neutron history ...

Ernie Wollan and CIiff Shull Bert Brockhouse
Neutron diffraction Triple axis spectroscopy
Oak Ridge, USA Chalk River, Canada



Karl-Erik Larsson
TOF spectroscopy
Stockholm, Sweden
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PLUTO and DIDO (1956/7-1990)

DIDO/PLUTO during operational life

DIDO/PLUTO today

DIDO class reactors also built at HIFAR (Australia),
DR-3 (Denmark), FRJ-1I (Juelich)
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User programmes

Peter Egelstaff

Early programmes ‘parasitic’ at materials testing reactors
Mainly used by local scientists (staff)

UK Neutron Beam Research Committee (1966) expanded access to the broader university
research community

Institut Laue Langevin (1971) first research reactor purpose built for an external user
community. Also pioneered the use of neutron guides.

User programmes now common at synchrotrons etc.

. — A,
A survey of the users' community in evidence during the
past year indicated 102 FTE users and 284 part-time users,
of which the numbers 70 and 255, respectively, indicate
approximately the user activity at the national laboratories,
including the National Bureau of Standards. ~ (1978)

Claas A~ ! ;.//'." 4 "o

DIDO/PLUTO during operational life
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Neutron sources
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Neutron sources
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Neutron sources

1020 B | | | | | | | | | | | ] 1 i
n
: SNS ——
g ms_____1r'— u

-

S 1015 MTR  NRuU HFIR - Jons  ESS
X 10 B ) f ..................................... -
= HFBR
[wm—
c
o
8 1010 L |
c
£
g 105 k Berkeley 37-inch cyclotron |
Q 350 mCi
5 Ra-Be source
=
- 1 & Chadwick ; ]

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)



& Science & Technology Facilities Council

Neutron sources
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Carbon Stripping Foils

H- stripped to p* at injection
« Originally alumina folils

« Diamond-like foils supported by carbon fibres
— Last Y2 a user cycle

* Graphene foil tested
— Lasted whole cycle unsupported

Cheaper, faster, safer solution

& Science & Technology Facilities Council
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ISIGH:!

Rutherford Appleton Laboratory

ENGIN-X ™




& Science & Technology Facilities Council




& Science & Technology Facilities Council

ISIGH:!

Rutherford Appleton Laboratory

ENGIN-X ™




£

Science & Technology Facilities Council

ISIS

SNS Accelerator Complex

Accumulator Ring:

Front-End: Compress 1781°si§elgng pulseto _. ¢
Produce a 1-msec
long, chopped H-
beam
~1000 MeV
2.5 MeV N\
l |
Front-End

Liquid Hg 3~

Chopper Target
system makes
/ gaps 700 ns mini-pulse -

- c
5 [\ :
: o
(5]

l 1ms |

| macropulse ﬁl F 1ms ‘)‘
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ISIS

Targets
Tantalum Disk
Transition
Stainless Steel Manifold
Frame 20 cm \

Target Plates ‘—U;\j*

Water manifolds —
Proton
— [ .
L .
Pressure Vessel -
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% ISIS Liquid Hg target (SNS, JPARC)




% ISIS | - Liquid Hg target (SNS)
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ISIS

70 MeV H- Linac
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ESS: The European Spallation Source

ESS workshops: 1991 Juelich, 1992 Cosener’s House

1997 4+1 MW 50/10 Hz 2002 5+5 MW 50 Hz SP/16 Hz LP 2016 5 MW 16 Hz LP
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- 3522 I MHzC——— — = —— 770442 MHz:C— — 2017 March

€«25m=-> €4b6m> €«40m-> €38Im> €559Im> <767 m—> <« 1789m —>

i

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

Source LEBT RFQ - HEBT & Contingency
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Brightness (n/cm?/s/sr/A)

EUROPEAN
SPALLATION

Long-pulse performance

15

2
fisis TSt SIS 182

ESS 5 MW
2015 design

Possibilities of pulse shaping

ESS 5 MW
2013 design (TDR)

ESS 2 MW
2015 design

108 kW 2 KW

4 time{(ms)
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sample

distance

source

time
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Guides transformed neutron scattering
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Guides transformed neutron scattering
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Continuous sources can build multiple (narrow bandwidth) instruments on a
single beamline, for short pulsed sources you can’t, for long pulse sources you
could
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Where should | go to get neutrons?

http://neutronsources.orqg/

é Neutron centres - Neutronsources - Internet Explorer alﬂﬂ

@I\ @ N htto:/ineutronsources.org/neutron <entres.ht 52| 42| N Neutron centres -Neutronso... x ||

| Fle Edt View Favorites Tools Help
JX Go gle | 3-'l&ard:"-mm‘mre» Sgnln % ~
] 2 B Sugoested Stes v 2 ISIS Internal Information Se.... N Yahoo! UK 2 ISIS - ISIS Home Page = | RCUK SSC Orade Portal ¥ Google Maps = STFC Intranet Home 2 | Weh Sice Gallery v

[ Seacn | Jobs | Press comacs | Cooact_|

Neutronsources.org

Your entry ingo the neutron workd

Neutron centres

Research centres workiwide use neutrons as probes 10 investigate diverse proparties of a wide range of
matenais

Neutron associations support scientists who perform neutron research. These associations can be organised by
country or be a joint collaboration between different countries.

Here you can find a dedicated webpage with information about each research centre and neutron association
worldwide. Please browse them by consinent through the tabs above or by clicking on the map below.

f.'swtl O_m QJ ﬁl"g |@ A BP A ¢ % m

15/08/2015
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Europe

Reactors
Institut Laue Langevin — ILL (France — member countries or collaborations only)
Heinz Maier-Leibnitz Zentrum — MLZ (Germany)
— Julich Centre for Neutron Science — JCNS
— Forschungs-Neutronenquelle Heinz Maier-Leibnitz - FRM-II
Laboratoire Leon Brillouin — LLB (France)
Helmholtz-Zentrum Berlin — HZB (Germany)
Budapest Neutron Centre — BNC (Hungary)
Nuclear Physics Institute — NPl (Czech Republic)

Spallation sources

ISIS (UK)

Swiss Spallation Neutron Source — SINQ (Switzerland)
European Spallation Source — ESS (Sweden — under construction)
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http://www-llb.cea.fr/en/
http://www.helmholtz-berlin.de/user/
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http://www.helmholtz-berlin.de/user/
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http://www.helmholtz-berlin.de/user/
http://www.bnc.hu/
http://www.bnc.hu/
http://www.bnc.hu/
http://www.bnc.hu/
http://www.bnc.hu/
http://neutron.ujf.cas.cz/
http://neutron.ujf.cas.cz/
http://neutron.ujf.cas.cz/
http://neutron.ujf.cas.cz/
http://www.isis.stfc.ac.uk/
http://www.psi.ch/sinq/
http://www.psi.ch/sinq/
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http://www.psi.ch/sinq/
https://europeanspallationsource.se/
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https://europeanspallationsource.se/
https://europeanspallationsource.se/
https://europeanspallationsource.se/
https://europeanspallationsource.se/
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ISIS

ILL (France)
(Access only available for Pls from partner countries)

flagship centre for neutron science - Internet Explorer

O ]| & | %) [ZI 1L :: Neutrons for science

| File Edit View Favorites Tools Help
J x Go gle | ILL grenoble j"’ Search ~

J

Share ‘ More 3> Signin & ~

b Sucgested Sites v 2 18IS Internal Information Se... | Yahoo! UK 2 ISIS - ISIS Home Page & | RCUK SSC Orade Portal */® Google Maps 2| STFC Intranet Home & | Web Slice Gallery ~

[oon  [Passecs ]

CONTACTS | Visitors club | Library | Intranet
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ABOUTILL PRESSAND NEWS SCIENCE & TECHNOLOGY USERS INSTRUMENTS & SUPPORT  REACTOR, & SAFETY CAREERS
More than simiply
The Institut Laue-Langevin is an New brochure on 'Neutrons and
international research centre based in energy
Grenoble, France. The main chalings for
At the leading edge of neutron science and
technology, it operates one of the most - "~
intense neutron sources in the world. Scientific news
[more] osce.s
Solving & long-standing stomic mass difference puzzle paves
way to the neutring mass
To know more about ILL, see the FAQ [more}
You can find examples of the S2
Site entrance TLL'S work in this domain in its recently published i“”“"“: “”“‘t ”"" fuct :‘_:':I e .
= 5 o sternative matarisl cails has been probed by the
The site entrance i now located st 71 avenue des Dt My epeagy’ Brociiime, vy wbl:ﬂ: Pt ranka v
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o ozo7.1s
Colloguia at ILL Sizing up for spintronics
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ILL general presentation film
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< ISIS

ILL (France)
(Access only available for Pls from partner countries)

11|
GO~ [T SRomndex im0 2] 0 |2 I T he velowsook s % || A oA

| File Edt View Favontes Toos Hep
Ix G°8*'| 3{]Mv~§-§im|m» Signin W +

]s;; b sopested St=s v 2 ]1SIS Intemal Information Se.... [ Yahoo! U 2 1SIS - 1SIS Home Page | RCUK SSC Orade Portal - Google Maps 2 | STRC Intranet Home 2| Wsb Sice Galery v

Jll.eu/fleadminfusers_fles/Other_Sites/YellonBook2

The Yellow Book 2008 \
Guide to Neutron Research Facilities CONTENTS

Foreword

Elastic Sc
Powder diffractometers
Single crystal diffractometers
Large-scabe structure diffractometers
Reflectometers

Inelastic Scattering Instruments

Time-of-tight spectrometers
High resolution spectrometers
Thresaxss spectrometers.

Nuclear and Particle Physics Instruments
Nuclear and Particie Physics mstruments

User Programme
Computers and Computing
Chemistry and Dinlogy Laboratories
Sample Environment

Advanced neutron tools

Safety Regulation

Partnerships
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ISIS

ILL (France)
(Access only available for Pls from partner countries)

,é https:/ fwwwill.eu/fileadmin/users_files/Other_Sites/YellowBook2008CDRom/page/pg-htm?rub=1_3 - Internet Explorer - 51|1|
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LLB (France)
(reduced operation from 2016, closed from 2019)
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(reduced operation from 2016, closed from 2019)
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HZB (Germany)
(reduced operation from 2016, closed from 2019)
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Sitemap Contact Imprint My Intranet == A

Zentrum Berfin

enter search item, press return slisources  [&] Search
Overview Neutron and photon source Research User Access Offers News Media Centre
Quick Access for Visitors

BESSY H Users Information

Industry and Public Institutions
Berlin-based electron storage ring BESSY Il in
Adlershof yields extremely brilliant photon Press Information
pulses - from those in the longwave Terahertz \acancies
range all the way to hard X-rays.

Proton Therapy

Visitors, Students and PhD

Perspective

Research for Society

o Welcome to the Helmholtz-Zentrum Berlin

At the Helmholtz-Zentrum Berlin fir Materialien und Energie (HZE) we explore materials and complex material systems that help to
face current and future challenges, such as the energy transition - “Energiewende”. One of the HZE's research emphases is on
© HzBde Twitter materials for thin-film photovoltaics and for the conversion of solar energy into chemical energy carriers (e.g. molecular hydrogen)

(& HZE Youtube

Bl HZBde Facebook

To be able to study material structures and processes in detail, the HZB operates two separate large-scale research facilities - the
B Rss neutron source BER |l and the synchrotron radiation source BESSY Ii - used by some 3,000 guest scientists from all around the World
every year. At both facilities, HZB teams have developed in some cases unparalleled instruments and are continuing to work on
increasing their measurement precision to allow for new insights to be gleaned.

HZB Instagram

V4 Hzezlog
The HZB is a member of the [2Helmholtz Association and co-founder of the Competence Centre for Thin-Film and Nanotechnology
for Photovoltaics Berlin (PVcomB). whose mission it is to promote the technology transfer to industry.
Aktuelle Tweets @HZBde
v
|https: fjwww.helmholtz-berlin.de index_en.html |
Mowe and Drace Dalnacne
. === od L 1043
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HZB (Germany)
(reduced operation from 2016, closed from 2019)
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~ Neutron and photon source i .
M Complex neutron experiments under extreme conditions at BER 1l -
¥ Research Reactor BER Il HZE offers access to a great variety of newtron instruments for complex experiments under extreme conditions. Both thermal and cold = Floorglan 2011
- ) . ) h X ] plan 20
neutrons are available. Instruments provided with thermal neutrons are located in the Experimental Hall, instrumants provided with cold
e neutrons are located in the Neutron Guide Hall An exception is the diffractometer EXED in the Neutron Guide Hall, which can be (PDF. 637 KE)
Experimentzl Hall operated both with thermal and cold neutrons. = the complete BENSC instrumentation
N Guide Hall brochure (April 2007)
e aLn Users who are unsure which is the most appropriate instrument for their experiment should contact the User Offica for help. (PDF. & MB)
¥ Operation BER || :
In order to achieve those extreme conditions, HZE is placing a special emphasis on sample environment for 2.g. high magnetic fields,
¥ High Field Magnet high pressures, high to ultra low temperatures - and combinations thereof.
Beamtime Coordination
Social Media Dr. Astrid Brandt
= 9 @
H HZede Facebook = 8 @
Emnail
B HZBde Twitter
HEZE Youtube
(&
B Rss
HZE Instagram
¥4 Higzlog
Links
= User Access
= Sample Environment
e = Badge
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BNC (Hungary)
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Budapest Neutron Centre ...for research, science and innovation!

BNC Association of the KFKI Research Institutes Centre for Energy Research - Wigner Research
nhaaie Centre for Physics

Facebook Youtube DENIM 2015

Neutron Source > < Events
Instruments > Schedule
Science at BNC > < User's Area
About us > < Publications
Partners > <« Gallery
Accomodation
| SEARCH
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PGAA; Prompt Gamma Activation Analysis E M E
H_ .

REF; Polarised Beam Neutron Reflectometer
GINA; Polarized Reflectometer E .

NRAD; Dynamic n/y Radiography, Static Radiography
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NPI (Czech Republic
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ESS Science Symposium 2012
Physical simulations of processes In

enginsering  materiale  with  In-slfu
nautron diffractionfimaging

November 1516, 2072 Frague, Czech
Repudic
Resd mars...
ACCELERATORS
Tandetron
NEUTRON INSTRUMENTS

Research reactor LVR-15

HK3 - Neutron Anslytical MEIh:II:Sm
MK~ Stain Scanner
" MEREDIT - Powder Diffraction
L’A‘L‘lD - High Resolution SANS“
: HKSD - Neutron Optics -

HHKD - Strain Diffrsctometer

HOME | INTRANET | WEBMALL | STEMAP | [y

3 [, Nuclear Physics Institute, ASCR

= Department of Neutron Physics

ﬁ‘ THE ACADEMY OF SCIENCES
V2V oF THE czecH REPUBLIC sesrch

Department of Neutron Physics

The sctivity of the Neutron Physics Department has been focusing besicslly in twa directions:
+ Fundsmantal and Applied Research with Thermal Neutrons af the Resctor LIWR-15
+ Nueiear Analytical Methods with Charged Particies st fhe Van de Graaif and Tandetron sceelerafors

Fundamental and Applied Research with Thermal Neutrons

The neutron resesrch has been carried out st five horizonts] beam chennels of the resctor LVR-15 which sre hired st
the Resesrch Centre Rez, Lid. Scattering of neutrons is used to study structure of msterisls in various size scales
from ordering of stoms in crystsl Istice to microscopic heterogensities on nano- and microscopic scsles. High
penetration of neutrons in most materials permits to cary out these tests non-destructively in the bulk andior inside
=specisl sample enviranment (low and high temparstures, mechanical losd). Nuclear reactions of netrons with matter
are empioyed to anslyze concentration profiles of light eements in sofids. Our experiments! faciities are opened to
external users. Neutran Physics Lsborstory perticipstes in the Transnafional Acsess to Large Fasiities programme in
the frame of FPT MMI3 project whese we have offered to European neutron community 5 experimentsl facilties:
Neutron strein scsnning, Small-angle neutron scattering, Neutron depth profiing and Neutron sctivation snafysis and
Radiative thermal neutron capture.

Nuclear Analytical Methods with Charged Particles

Two electrostsiic accelerstors, oid Wan de Grasff and new Tandetron 4120 MC are used for modification and
characterization of micro- a nano structured materiats. Instsllstion of new analytical devices in the Tandetron lsborstory
is in progress. The RES-channeling device for analyses of crystaline materisls and ERDA-TOF davice for depth
prafiling of light elements were put into routine operation. lon microprobe, unigue in CR. was installed in 2008, The
Tandetron basad device for high ensrgy ion implantstion hes been in routing use. The ressarch schvities of the group
has meinly been concentrsted on preparation, modification and characterization of polymer-metsl composites
(coilsborztion with Institute of Chemicsl technology-Prague, the University of J.E Purkyne-Usti nad Lsbem and Kazan
Physical-Technical Institute-Russis). chalkogenide glssses (University of Pardubice). opticsl costings (Instiute of
Physics AS). B-C-N-Si based hard costings (University of West Bohemis), biosctve matenisls {Institute of Physiology
AS). diamond-iike and siloxan based coatings (Masaryk University, TU Brma). Otner sctiviies include the study of
diffusion of water solubons in minersls (Muclesr research Institute), development of ion beam based analytical
techniques (collaboration with FZR Rossendorf-Germany) and testing of position sensitive detectors (Institute of
Technical snd Exparimentsl Physics-Prague).
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Science & Technology Facilities Council Contact

J ISIS Neutron and Muon Source
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People User Office &pply for beamtime Beam Status News Events Careers and Iraining
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| Next proposal deadline: 17/10/2018 F

Experiment Support and
Sample Environment »

What does ISIS Neutron and Muon Source do? »

About us

1S1S Neutron and Muon Source is a world-leading cenfre
for research at the STFC Rutherford Appleton Laboratory
near Oxford. Our suite of neutron and muon instruments

Science Highlights

e sword and the neutron - specific
P use ol Bronze Age Swords confirmed

Calculations by neutron technology

The meeting will take place Monday Sclentists have been using the latest

16th and Tuesday 17th July 2018, The science to reveal the specific usage of

Cosener's House, Abingdon. UK. Bronze Age swords dating back to

1400 BCE.

give unique insights into the properties of materials on the

atomic scale.
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ISIS Instruments
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SINQ (Switzerland)
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HOME M LINKS

PAUL SCHERRER INSTITUT A

arch with Neutrs

Instrumentation
Access to SINQ
SINQ Live

Safety Regulations
Publications

The Neutron Source

Contact

SINQ: The Swiss Spallation Neutron Source

Neutron scsttering is one of the most effective ways to obtain informstion on both, the structure and the dynamics of condensed matter. A wide scope
of problems, ranging from fundsments! to solid state physics and chemistry, and from materisls science to biclogy. medicine and environments!
science, can be investigated with neutrons. Aside from the scsttering techniques, non-diffractive methods like imaging techniques can slso be spplied
with 9 for industrisl i

The spallstion neutron source SINQ is a continuous source - the first of ifs kind in the world - with s flux of sbout 10 n/cm?/s. Beside thermal neutrons,

2 cold moderator of liquid deuterium (cold source) slows neutrons down and shifts their spectrum to lower energies. These neutrons have proved to be
particularly valusble in materisls research and in the of biologics! SINQis & user facility. Interested groups can spply for
beamtime on the vsrious instruments by using the SINQ propossl system.

Latest scientific SINQ highlights:

A new class of chiral materials hosting magnetic skyrmions beyond room temperature
Y. Tokunags et al

RMATION MA

| flv]=]a]+]

@

USER CONTACTS
User Office

DUO Login

Call for Proposals

Next submission deadline:
November 15, 2015, 23:58 (CET)

More Information

SING OPERATION STATUS

« Accelerstor Status
* Expenment Schedule

SINQ operation

PSI User Facilities Newsletter

Current News from PSI photon, neutron
and muon user facilities
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Diffractometers

HRPT High resoiution powder diffractometer (thermal neutrons)

NFORMATION MATERIAL
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FURTHER INFORMATION

nformation sbout SINQ sample
environment squipment

nformation sbout SINQ computing.
software, manusls and instrument control
systems

thods offered st the PSI User
s, please make use of the filter

SING OPERATION STATUS

« Accelerstor Status
« Experiment Schedule

User Contacts

« User Office
+ DUO Login

PSI User Facilities Newsletter
Current News from PSI photon, neutron

and muon user faciliies

Open Positions
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UL 2, 2018
CROSS BORDER SCIENCE & SOCIETY.

Mapping Quantum Phase Transitions and Her Future

LA - ‘
Researching with Neutrons: Interview with Sofie Janas * EVENTH = Py g

2 i | e Vi
In herMAX4ESSFUN research projecttaexplare quantum phase transitions in cobalt chioride, Delivering ESS:‘_BﬂghtﬂtSS Closggg
young researcher Sofie Janas is finding ways to strengthen both the science of novel materials and

Conference Celebrates Unigue Project's
her neutron scattering research network.

Achievements

JUL 2, 2018 JUN.25, 2018

NEWS,

LENS: A New Consortium ESS ACTIVITY REPORT 2017 DOWNLOAD PUBLICATIONS
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Science Using Neutrons
| Instruments
Instrument Technologies

Data Management & Software
Centre

Science Support Systems

unique, optimised for obtaining particular kinds of scientific data.

Workshops & Facilities
Science Using Neutrons

The instruments selected for construction at the

9K

European Spallation Source are versatile, and most
serve several different scientific communities. :
Developed and built by teams across Europe, they

are each designed to be world-leading from day

one.
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Americas

Reactors

NIST Centre for Neutron Research - NCNR (USA)

High Flux Isotope Reactor — HFIR (USA)

Canadian Neutron Beam Centre - CNBC (Canada - closed)

Laboratorio Argentina de Haces de Neutrones — LAHN (Argentina — under
construction)

Spallation sources
Spallation Neutron Source — SNS (USA)

Los Alamos Neutron Science Centre - LANSCE (USA — reduced user
programme)



http://www.ncnr.nist.gov/
http://www.ncnr.nist.gov/
http://www.ncnr.nist.gov/
http://www.ncnr.nist.gov/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.aecl.ca/en/home/facilities-and-expertise/cnbc.aspx
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://www.lahn.cnea.gov.ar/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://neutrons.ornl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/
http://lansce.lanl.gov/

Science & Technology Facilities Council

< ISIS

NCNR (USA)

/& NIST Center for Neutron Research - Internet Explorer &=l
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NIST Center for Neutron Research [ —

Stondords and Techaslogy

--a national resource for industry, universities, and government agencies

Coming to the NCNR?

Click Here. CFHERMS—a n S o) ft NEWS FOR NCNR USERS

Visa question?
Logon to your

MCNR-IMS account NCNR Seminar Schedule
NCNR SiteMap RECENT RESEARCH HIGHLIGHTS CALL FOR PROPOSALS
The new deadline for proposals for NCNR
About the NCNR instrument time is June 16, 2015, Successful

proposals will be allocated instrument time
from September 2015 through March 2016.
details

What We Do

Informal History

Staff

Annual Report

2015 Summer Schools

Meutron beams reveal how two pieces
of Parkinsen's puzzle fit
details

We have posted some proposal statistics
summarizing the last five calls.

* Neutron Spectroscopy
Working at the NCNR IMPORTANT CHANGE!!
NEW ACCESS CONTROL POLICY

Facility Information Starting July 21, 2014, driver's licenses from

Live Data 7 states/territories will not be accepted as
Instrumentation valid ID for NCNR access. Only US citizen
Instrument Contacts users are affected.

details
Schedules

From separation to
transformation: metal-organic
framework shows new talent

Center for High Resolution
Meutron Scattering (CHRNS)

INSTRUMENT DEVELOPMENT MEETING
=Education and Outreach

details A workshop on future directions for neutron
Sample Environment instrument development for the benefit of
NCNR Staff Forms the scentific community was held in
Sample Prep Labs Potomac, MD on Aug. 21-22, 2014,

details

User Information Executive Summary of outcome
Planning Your Experiment
Obtaining BeamTime
Data Reduction/Analysis TRAINING FROM OTHER LABS
Shipping Samples MIST helps cancer treatment MIST now accepts basic radiation safety
Publishing Your Results drugs get past their sticking training from other U.S. neutron facilities in
Financial Assistance paint place of the NIST offered on-line training.
Travel & Lodging . details
NCNR User Group details v

CRE News item

[
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HFIR (USA)

e Neutron Sciences | Neutron Science at ORNL - Internet Explorer
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Neu Sciences FORUSERS ABOUT SCIENCE INSTRUMENTS & SUPPORT PUBLICATIONS NEWS CAREERS
HFIR Refueling
o9 00000
Neutron Sciences at ORNL is home to the High Flux Isotope Reactor (HFIR) and Spallation Neutron Source (SNS),
providing researchers with unmatched capabilities for understanding the structure and properties of materials,
macromolecular and biological systems, and the fundamental physics of the neutron. Y
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HFIR (USA)
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CNBC (Canada — closed March 2018)

/£ Canadian Neutron Beam Centre - Internet Explorer B
@: @ |@ http:/fwww.crl.cajen/home fac d-ex px O x| 4| @ canadian Neutron Beam Cen... %

| File Edit View Favorites Tools Help

J x Go gle | CNBC neutron El-’] Search +
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-ﬁshare‘More» Signin % ~

Canadian Nuclear | Laboratoires Nucléaires i itional &
/I Laboratorles Cinadlari Francais  Contact  Additional Resources

Facilities & Centres of Commercial Work Environmental News &
Expertise Excellence Stewardship Publications

Home = Facilities & Expertise » Canadian Neutron Beam Centre

All Facilities
Canadian Neutron Beam Centre

National Research Universal

share this FIEIEIEER 2

The Canadian Neutron Beam Centre (CNBC) is a unique and versatile element of Canada’s
research infrastructure. The CNBC enables academia, government and industry to use neutron
beams as tools for world-class materials research, providing new understanding of materials
and improving products for businesses. Each year, over 200 scientists, engineers, and students
participate in research that depends on access to the CNBC's six neutron beamlines.

Improved safety and reliability, reduced costs, or opening of markets are a few of the v
benefits industrial clients have gained from employing neutron beams as part of their research Email: cnbc@cnl.ca
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SNS (USA)

é Neutron Sciences | Neutron Science at ORNL - Internet Explorer
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. National Laboratory
Neutron Sciences FORUSERS ABOUT SCIENCE INSTRUMENTS & SUPPORT PUBLICATIONS NEWS CAREERS
HYSPEC Gets High-Performance Upgrade
o0 00000
Neutron Sciences at ORNL is home to the High Flux Isotope Reactor (HFIR) and Spallation Neutron Source (SNS),
providing researchers with unmatched capabilities for understanding the structure and properties of materials,
macromolecular and biological systems, and the fundamental physics of the neutron. V.
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SNS (USA)

é Neutron Science Instruments | Neutron Science at ORNL - Internet Explorer

s.ornl.gov/ir

DL] +3 [ sns usa - Google Search

| a Neutron Science Instrument... * I_I

| File Edit View Favorites Tools

J x Go 8[8 sns neutron :.I " ‘ Search ~ ﬁ Share ‘ More 3> Signin 9 ~
J bs 271515 Internal Information Se... | Yahoo! UK £ | ISIS - ISIS Home Page = | RCUK SSC Oradle Portal *® Google Maps 2 | STFC Intranet Home & v
w "
% OAK RIDGE BL-1A| USANS
inmscontaoswiid d Ultra-Small-Angle Neutron Scattering
NEUTRONS. ORNL.GOV
Wige Aagalar-Rango Instrument
Diftractometer INOMAD) - B1-18 (ARCS) - 18 Spectrometer (SEQUOIA) - BL-1)
R e BL-1B | NOMAD
Wira-Smalk-Angle Newtron Nanoscale-Ordered Materials
[T — :
e Diffacometer
Soaatien Nestrons an e e
Pressure Ditiractometsr
BL-2 | BASIS
me-rrr i preer—— Backscattering Spectrometer
NYSPEC) - B1-108
BL-3 | SNAP
Spallation Neutrons and Pressure
Fundamental Neutroa Dlﬁradometer
Physics Beam Line +BL-13
Cald Neutran Chy BL-4A | MR
SHchimetribS Magnetism Reflectometer
Exteaded 0-Range Small-Angle Newtron . i BL-4B | LR
Scatteriag Olftractemeler (EQ-SANS) - BL-6 Versattic Newtron quulds Reﬂeclometer
\napisg
Instremes s
(VENUS) - BL-19
Powder Ditfractemetor BL-5| CNCS
(POWGEN] - BL-1A
T Cold Neutron Chopper Spectrometer
BL-6 | EQ-SANS
Extended Q-Range Small-Angle Neutron
Scattering Diffractometer
BL-7 | VULCAN
Engineering Materials Diffractometer
BL-9 | CORELLI Y.
[7start a“ sl =5l A |ird Bl L
2 L =l || &7 : 29/08/2015 *




Science & Technology Facilities Council

< ISIS

Lujan Centre (USA —
no longer accepting external proposals)

,é LANSCE | Lujan Center - Internet Explorer
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Lujan Center atvansce

£ % Lufan Center
LANSCE

Lujan Center Mission

The Lujan Canter delivers science by explaifing the unique characteristics of intense beams of
moderated pulsed neutrons for academia, national security. and industry.

N CENTERLU]&H Center Vision

The Lujsn Center will operste & world cless user program in the senvice of the nstion. Lujsn
Center scientists will be recognizad for their |esdarship and innovation in neutron sesttering.

LULIAN HOME

LUJ,'

Lujan Center at LANSCE
The Lujan Center is one of five user facilifies supported by the LANSCE sccelerator which is stewarded by NNSA. Together these:
instruments provide capability for basic and applisd neutron science relevant to scadermia. nations| security and industry.

Lujan Center User Capabilities
The Lujan Genter instruments operate in time of flight mode receiving neutrons from a tungsten spallation target. Four moderators
provide epi-thermal, thermal and cold neutrons o specialized beamlines. The faciity operates for a total of 2,000 hours per year. At
the core of the Lujan Canter is = 20Hz spallstion neutran target and the LANSCE proton acoslerstor, which operstes st sn energy of
200 MeV/ with typical beam currents of 100 — 125 pA. The Lujsn Center's highly optimized tungsten spallation terget provides a high
ith & broad wevelength bandwidth per frame. T liquid hydrogen moderators provide high intensity cold neutron beams.
jt=d for nuclear physics. reflectometry. inelastic soatiering snd small angle scatisring. Water moderstors provide thermal
neutrons for neutron imaging, nuclear physics and difraction beamiines. In addition, because of its low repetition rate, long
wavslength neutrons can be used without significant frame overlap aliowing the oollection of data over a broad range of time
constants and length scales, ideally suited for Total scatiering and difiraction studies. The Lujan Center offers access to a large variety
of specislized sampie environments, including low temperatures down to 40mK, magnetic fields up to 7T, high temperature fumases
up o 2400 and unisxisl stress (F_max=250M) and fiuid as well as snvil cell pressure capabilities (30GPa-2000K)

CONTACTS

Lujan Cenk

Instrument Suite

Deputy Leader & Crystallography: NFDF, HIFD, HIFFO,PCS
Experimental Area Engineering and Strain: HIPPO, SMARTS. NFOF
Disordered Materials: HIFD, HIPFO
Large Scale Structures: LOD ASTERIX
Magnetism: ASTERIX, HIFD, HIFFQ
pEnment Coarmnator Biology: PCS, LQD T
A Neutron Imaging: HIPPO. SMARTS, NPOF 4 . “d v
Muclear Science and Technology: DA Pl & i b

T asiie

AT @ e W
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Asia-Oceania-Africa

Reactors

Japan Research Reactor 3 - JRR3 (Japan - awaiting permission to restart)

Australia Nuclear Science and Technology Organisation — ANSTO, OPAL
reactor (Australia)

High flux Advanced Neutron Application Reactor - HANARO (South Korea)
Bombay Atomic Research Centre - BARC (India)

South Africa Nuclear Energy Corporation — NECSA, Safari reactor (South
Africa)

China Advanced Research Reactor (CARR — not yet operational)
China Mianyang Research Reactor(CMRR)

Spallation sources
J-PARC Materials and Life Science Facility - MLF (Japan)
China Spallation Neutron Source (CSNS)
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ISIS

JRR-3 (Japan — awaiting permission to restart)
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About T3
[+ Utilization facilities of JRR-3 [ PAGE TOP
The JRR--3 has been utilized 2 a top-level high performance research reactor in the world for beam experiments and neutron iradiations.
There are 9 irradiation facilities for nradiation tests on nuclear fuel and material, production of RI and silicon semiconductor and neutron
activation analysis. Furthermore, there are total 31 instruments for neutron beam experiments including 13 and 18 instruments belonging to
universities and the JAEA, respectively. List of neutron iradiation facilities and mstruments are shown below.
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OPAL (Australia)

,é OPAL reactor - ANSTO
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Australian Nuclear Science and Technology Organisation

HOME ABOUTANSTO EVENTS NUCLEARFACTS BUSINESS SERVICES RESEARCH HUB RESOURCES CONTACT US

s s OPAL Reactor
Facilities

ANSTO’s Open Pool Australian Lightwater (OPAL)
reactor is 3 state-of-the-art 20 Megawatt reactor
that uses low enriched uranium (LEU) fuel to
achieve a range of research, scientific, industrial
and production goals.

OPAL reactor

Institute for Environmental
Research

) Institute of Materials
) rime Minister in 2007, AL
Engineering Opened by the Prime Minister in 2007, OPAL is
one of a small number of reactors with the
» ANSTO LifeSciences capacity for the commercial production of

radioisotopes. capacity, combined with the
open pool design, the use of LEU fuel and the
wide range of appiications, places OPAL among
the best research reactors in the world.

Centre for Accelerator Science
Facilities and instruments

User access

While OPAL is the centrepiece of ANSTO's research facilities, the suite of tron beam instruments
Scholarships housed next to the reactor building and operated by the Bragg Institute represent a significant
addition to ANSTO's research capabilities. Former Minister for Industry, Innovation, Science, Research
and Tertiary Education, Senator Kim Carr, described ANSTO's contribution to Australian science by
saying:

Research staff profiles

"Having started out as a specialist organisation...at Lucas Heights, ANSTO is now driving
innovation in nuclear science and technology right around the country. The Governmen
aware of how important this work is.”

OPAL is operated and maintained by the Reactor Operations group within the Nuclear Operations
division.

The role of research reactors
While virtually every research reactor is unique, OPAL is one of a number of similar production

facilities around the world, including the Safari-1 reactor in South Africa, the HFR reactor at Petten in v
the Netherlands and the NRU reactor at Chalk River in Canada. These reactors play a vital role in
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> Instruments

Instruments

Thirtesn neutron beam instruments are either operational ar commissioning at the new OPAL
reactor. ANSTO expacts to add more instruments within five years. The facility has the capacity for

Bilby

Sika

Taipan

Wombat

SAXS

X-ray Refleciometer
MNeutron Beam

Analysis of neutron scattering

further expansion, including potential for s second neutren guide hall.

A suite of sample-enviranment equipment allews studies at different temperatures, pressures and
magnetic fields. Scientific references are available for most of our instruments.

11 Operational Instruments (named after Australian and overseas faunal:
ECHIDNA High-Resolution Powder Diffractometer (Tachyglossus aculeatus)
WOMEAT High-Intensity Pawder Diffractometer (Vombatus ursinus)

KOALA Laue Diffractometer (Ph:

larctos cinereus)
KOWARI Strain Scanner (Dasyuraides byrnei)
PLATYPUS Neutron Reflectometer (Ornitharhynchus anatinus)

QUOK

£ Small-Angle Neutron Scattering (Setanix Brachyurus)

itellatus)

TAIPAN Thermal Neutron 3-Axis Specirometer (Qxyuranus sc

)

Beryllium-filter option on TAIPAN - completed in 2014, currently in commissioning

KOOKABURRA Ultra Small-Angle Neutron Scartering (Dacelo novaeguinese)
PELICAN Time-of-Flight Spectromerer (Pelecanus conspiciilatus)
DINGO Neutron Radiography/Imaging/Tomagraphy (Canis lupus dingo)

SIKCA Cold Neutron 3-Axis Spactrometer [Cervus nippan)

f BB et
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DHRUVA REACTOR

41

During ezrly 1970z 2 strong need was felt for building a research reactor with higher neutron
flux to meet the growing demand of radioisotopes and advanced research in basic sciences.
This l2d to the s=tting up o a research reactor at BARC which was named Dhruva by Dr. Giani
Zail Singh, the then President of India. Construction of DHRUVA was an important milestone in
the d P and impl ion of indi nuclear technology in India, The reactor
incorporates several features catering to the requirements of a broad-based multidisciplinary
user community as also in the production of radicisotopes of high specific activity. Dhruva has
been declared as 2 National Facility for Neutron Beam Research to cater to the needs of Indizn
scientific community where scientists from BARC, other units of the Department of Atomic
Energy (DAE), universities and national laboratories work under collaborative projects. Many of
the collzborations are supported by the University Grants Commission - DAE Consortium for
Scientific Research (UGC-DAE-CSR), the Board of Research in Nuclear Sciences [BRNS) and
other agencies. At present there are about 40 active projects running under the UGC-DAE-CSR
scheme.
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BHABMA ATOMIC RESEARCH CENTRE !l |!
MUMBAI, INOIA

DHRUVA REACTOR

——

LAl

During early 1970s a strong need was felt for building a research reactor with higher neutron
flux to meet the growing demand of rzd:o sotopes and advanced research in basic sciences,
This l=d to the setting up of a research reactor at BARC which was named Dhruva by Dr. Giani
Zail Singh, the then Prﬂs\dent of Incwa. C:mslrumon of DHRUVA was an important milestone in
the d p and i of nuclear technology in India. The reactor
incorporates several features catering to the requirements of a broad-based multidisciplinary
user community as also in the production of radicisotopes of high specific activity, Dhruva has
been declared as 2 National Facility for Neutron Beam Research to cater to the needs of Indizn
scientific community where scientists from BARC, other units of the Department of Atomic
Energy (DAE), universities and national laboratories work under collaborative projects. Many of
National Facllity for Neutron Beam Research the collaborations are supported by the University Grants Commission - DAE Consortium for
Scientific Research (UGC-DAE-CSR), the Board of Research in Nuclear Sciences (BRNS) and
other agencies. At present there are about 40 active projects running under the UGC-DAE-CSR
scheme.
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Home Organization Publications News Cooperation I Contact Us I Chinese Version
Introduction
Leadership First Phase Neutron Sattering Instn ion at the China A Ry Reactor
Academicians
History After 50 years of service for the Research & Development in neutron science and technology, the
Heavy Water Research Reactor (HWRR) (maximum power 10 MW) at China Institute of Atomic Energy

Research Departments . .

(CIAE) was shut down in 2007. The 60MW China Advanced Research Reactor (CARR) at CIAE has taken
Key Reserch Fields
Hey Ressarch Projects aver this role, which has reached the first criticality in May, 2010. It is a tank-in-pool type reactor using a
TR S D20 reflector for inverse neutron frap. and the designed optimal undisturbed thermal neutron flux is
Key Laboratories

8x10" niem®s. The reactor experiment hall houses a set of instruments connecting te 7 horizontal
et thermal neutron beam tubes, two of which are dual beam ports. Additionally, cold neutrons produced by a
Patents.
Papers liguid hydrogen cold source are transported via 4 guide systems to the 30 = 60m? guide hall, where a suite
Products & Techniques of gcattering instruments are placed.
Hener & Awards
Guide hall
CARR is devoted to fundamental and applied research, of which the Neutron Scattering Laboratory
W
(NSL)is for neutron ing and radicgraphy research programs open to users in China

sl 0 03] )] € [P A O e
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CMRR (China)

l 8] x]

<ISMEl

£ x| |*2| 2 Chinese Neutron Scattering ... * I A

| File Edit View Favorites Tools Help

J x Go 3|61 cmrr china neutron ;l Search v+ mshare ‘ More » Signin % ~
] % B Sucgested Sites v 2| ISIS Internal Information Se... W@ Yahoo! UK & | ISIS - ISIS Home Page 2 | RCUK SSC Orade Portal ¥ Google Maps
i\
A
China Mianyang Research Reactor
Chinese Neutron
Facilities
The China Mianyang ch Reactor (CMRR) with the power of 20 MW is located in
the NP campus of Institute of N ics and Chemistry, Mianyans city, 3ichuan
Province. It was open to users . including the thermal and cold
neutron halls. The liguid hydrogen c urce began to work fr ptezber
2013. The =measured therzmal and cold ¥ neutron scattering e nts are
- 2.4X10"14 n/cm2 * s and 10°9 n/cm2 respectively.
China Spallation HEEIAIS
Neutron Source
(CSNS)
‘
China Advanced
Research Reactor
(CARR)
China Mianyang
Research Reactor NP campus of Institute of Nuclear Physics and Chemistry
(CMRR) s 5 :
is devoted to both lamental and applied research. ctrometer layout
in the fizure. In the first phase, eight neuron sc = instruments have
installatied and start operation from middle of 2014. Four the?mal neutron v

| ) &

o startI 6]”

truments were installed in the reactor hall: a high resolution neutron
(HRND)  a residual atress neautron diffractometer (RSND)  a tharmal
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s at J-PARC | J-PA =0
@T\ - I@ http: j-parc.jp/MatLife/en/ }Dj ¢+| (2 Material and Life Sdence Exp... % | 5 e ted
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apan ProfBh Accelerator Research Complex o
FOR USERS NEUTRON ABOUT MLF = JAPANESE PAGE
What's MLF
Materials and Life Science Experimental Facility (MLF) is aimed at promoting materials science and
life science using the world highest intensity pulsed neutron and muon beams which are produced
using 3-GeV protons with a current of 333micro-amps and a repetition rate of 25 Hz.
%9 News & Events
2015/7/7 The 7th AONSA Schoal / 3rd MLF School N
2015/5/29 Announcement of Cancellation: J-PARC MLF 20158 Call for
| ce——————| General Use Proposals
W 2015/5/15 Information of the target problem at the MLE
7E /1 " .
————— 2015/5/15
===, 2015/04/14 The continuous 500-kW proton beam operation for the user
About JPARC operation has started. W
Access to J-PARC
Links: %2 Meetings
Map of J-PARC
Tth nONSA T — g
Upthdos, £ st NEUWD & 'E -7
J-PARC Canter The Srd MIF fehoal AQNSA htta, Japan, sy 32.Juns 3, 2015
. The 7th AONSA Neutron School /  The 7th NEUkTon WAVElength-
e The 3rd MLF School dependent imaging
1-5 December 2015 May 3ist - June 3rd 2015
v
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'LENS.

The Low Energy Neutron Sou:ci_ 4

Center for Exploration of Energy and Matter
an OVPR Research Center
at Indiana University

Home About LENS Instruments Research Directory Education Visitor Information Contact Us

News and Events

LENS Operations Schedule
Recent News

Conferences and Workshops

Apply for Beamtime

Related Neutron Links
LENS Sponsors
Employment opportunities

Center for Exploration of
Energy and Matter (CEEM) @

IU Department
of Physics
Welcome!
IU Office of Vice Provost for
Research (OVFR) The Low Energy Neutron Source (LENS) is a pulsed neutron source at the Indiana University Center for
Neutron Radiation Effects (NREF) Exploration of Energy and Matter (CEEM) . The source utilizes a low energy p-n reaction in Be coupled with a
at LENS high-current, variable-pulse-width proton accelerator to produce either short or long neutron pulses. A highly
optimized moderator produces cold neutrons for use by a suite of neutron scattering instruments and development

facilities.

Major on-going activities include the development of new neutron instrumentation (in particular for neutron spin
manipulation and improved moderators), large scale structure studies in materials using SANS, SESAME, and
neutron radiation effects.
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The Julich high-brilliance neutron source project
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Fig. 16. Schematic layout of a future accelerator-driven high-brilliance neutron source.
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