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Neutron and neutron scattering



Neutrons are everywhere

× Protons: 40kg

× Neutrons: 32kg

× Electrons: 22g



ÅNeutrons are 
bound in nuclei, 
need several MeV 
for liberation

ÅNeutron decays -> 
can't accumulate

Reid, R.V. (1968). Annals of Physics. 50: 411ï448

Free neutrons



The discovery of neutron 



James Chadwick
1932

J. Chadwick, Proc. Roy. Soc., A 136 692 
(1932) 

The discovery of neutron 



Neutron: the perfect tool for atomic studies

Graphite Diamond

Atomic Structure and Dynamics Determine the Macroscopic Properties of Matter



http://www.nobelprize.org/nobel_prizes/physics/laureates/1994/illpres/neutrons.html

1994Nobel Prize in Physics-- Shull and Brockhouse



Neutron is an 

indispensable tool for 

material science study

ñIf the neutron had not 

been discovered by 

Chadwick in 1932, it 

would have been 

invented.ò

--Brockhouse

'94 Physics Nobel Prize

Applications of Neutrons



Neutron and X -ray

Neutron/X-ray ¸ Detects changs in 

neutron/x-ray direction, 

momentum

¸ Deduce the structure 

and dynamics of matter

Neutron interacts with 

nucleus

X-ray interacts with e-cloud

Neutron Scattering and X-rays: powerful complementary tools

for studying material structure and dynamics
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A dispensable Research Platform

Deep stress 
detection

Nuclear 
Data

Atmospheric 
Neutron

New Energy 
Materials 

Supercond
-ucting

Materials 

high penetration magnetic moment Sensitivity to Light Elements:



Spallation Neutron Source



Fission Reactors

Å Chain reaction
Å Continuous
Å 2-3 neutrons/fission
Å ~180MeV/neutron

Spallation

Å No chain reaction
Å Pulsed
Å 30-40 neutrons/proton
Å ~30MeV/neutron

Production of neutrons



The First Artificial Neutron Beam

Chicago Pile 1, CP1, 1942
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History neutron source



Spallation neutron source in the world

KEKS, 2 kW, 1980
IPNS, 7 kW, 1981

LANSCE, 80 kW, 1988 ISIS, 200 kW, 1985SNS, 1MW̆2006 J-PARC, 1 MW̆2009

CSNS̆100 kW ̆2018

ESS, 3MW, 2027

SINQ, 600 kW, 1998



Basic Components and Principles of a Spallation 

Neutron SourcêShort pulse) 
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LINAC

RCS/AR

Neutron target

Neutron instruments



UK: ISIS

Diamond

ISIS

2nd target

ÅStarted from 1980

Å160+32kW

ÅTwo target stations



US: SNS

ÅStarted from 1998, 6 

institues, 8 years,$1.4B

ÅNow operating with 

1.7MW



Japan: J-PARC

2

1

ÅStarted from 2001,design beam power 1MW̆$2B̆
finished at 2009

ÅIncluding a 30GeV synchrotron for high energy physics

January, 2005



China: CSNS

ÅStart from 2011,design beam power 100kW, $0.3B̆
finished at 2018



Spallation neutron source

Machine Energy 

[GeV]  

Intensity 

[ppp] 

Tune-shift Rep-rate 

[Hz] 

Power 

[MW]

Type

ISIS 0.07-0.8 2.5x1013 ~0.4 50 0.2 RCS

J-PARC 0.4 - 3.0 0.8x1014 0.15 25 1.0 RCS

SNS 1.0 1.6x1014 0.1 60 1.0 AR

CSNS 0.08-1.6 1.56x1013 0.28 25 0.1~0.5 RCS

ESS 1.0 2.3x1014 14 1 LINAC



China Spallation Neutron Source



Location of CSNS

Χ

·



CSNS campus

Before ground breaking, May 9, 2009

Aug. 28, 2017Aug. 2024
É Proposed at year of 2000

É Budget: about 2.2 B CNY

É Constructionstarted at Sep. 2011, 

and finished at Mar. 2018

É User program started in Oct. 2018

É Beam power increased from 

20kW to 170kW

É Operation with long user hours

and high availability

É 11 neutron instrumentsand in 

user program



CSNS Facility

DTLRFQIon Source

1.6 GeV   RCS

Target

0.05 MeV 3 MeV 80 MeV

LEBT MEBT LRBT

RTBT

Beam Power on target [kW] 100

Proton energy [GeV] 1.6

Average beam current [uA] 62.5

Pulse repetition rate [Hz] 25

Linac energy [MeV] 80

Linac type NC

Linac RF frequency [MHz] 324

Macropulseduty factor 1.05

RCS circumference [m] 228

RCS harmonic number 2



Back-n White neutron source

Layout of the Back-n

neutron

Å The back-streaming neutrons are 

leading to the Back-n tunnel

Å The ES#1: 55m

Å ES#2: 70m

Å Thermal neutrons to 300 MeV. 

Å The highest neutron flux: 1E7 n/cm2/s.

Å different neutron beam spots and 

fluxes can be obtained by using 

different collimator

Neutron energy spectrum



CSNS BeamPower History
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BL05:Highenergyinelasticspectrometer

BL08:Engineering MaterialDiffractometer 

BL09:High resolution Diffractometer

BL16:Multiple Physics Instrument

BL15:High Pressure Diffractometer 

BL14:Very small angle neutron scattering

BL13:Energy resolved neutron imaging

BL11:Atmosphere Neutron Irradiation

Neutron Instruments

ü 3 phase-I instruments

ü 8 cooperativeneutron instruments

¸ 5 in user program

¸ 3 in trail user operation
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UserProgram

https://user.csns.ihep.ac.cn(in both Chinese and EnglishЄ
¸ Registrationuser: 8000+(130+abroad)

¸ A total of over 2,000 projects from ~240 units were completed,with
industryuserscomprisingapproximately10%of the total.

¸ Tworoundsof proposalcallseachyear

Userpublication
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Research Areas

Energy & Battery
30%

Magnetism&Multiferroic
13%Metal&Alloy

15%Oxides Film
7%

Spintronics
5%

Polymer
8%

Nano Composite
7%

Biology
1%

Superconductivity
3%

Engineering
6%

others
5%

UniversityχЌ45%

Research institutionχЌ49%

EnterpriseχЌ6%



CSNS Accelerators:

Design and Commissioning



CSNS accelerators

1.6GeV

RCS

80MeV H- linac


