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Neutron and neutron scattering
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Neutrons are everywhere

X Protons: 40kg
x Neutrons: 32kg
x Electrons: 229

SNS




Free neutrons { SNs

®

| A Neutrons are
bound in nucleil,
need several MeV
for liberation

| A Neutron decays ->
can't accumulate
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Reid, R.V. (1968). Annals of Physics. 50: 41171 448




The discovery of neutron (sns
Noting that atomic number (Z) does not correspond to

atomic weight (A), Rutherford suggests that, in addition
to “bare” protons, the nucleus contains a heavy neutral

particle.

1930  Bothe and Becker discover a penetrating, neutral
radiation when alpha particles hit a Be target.
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- The discoverz of neutron {SNS

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



- Neutron: the perfect tool for atomic studies { SNs

Graphite Diamond

Atomic Structure and Dynamics Determine the Macroscopic Properties of Matter



Neutrons show
where atoms are

Research reactor

When the neutrons
collide with atoms inthe
sam ple matearial, thay
change direction {are
scattered) - alastic
scatt erin g.
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cry stalline sample

J-axis sp ectromets

Clifford G. Shull, MIT,
Camebridge, Massachusetts,
USA, recdves one half of the
1554 Nobed Prize In Physics for
development of the neutron
difraction technique.

rotatable crystals ¢ _

Crystal that sorts and rot atable sample

forwards neutrons of
a certain wavelength o

Detactors record the directions
of the neutrons and a diffraction
pattern is obtained. {energy) - mono-

The pattern shows the chromatized neutrons
positions of the atoms relative S 7y
to one another.

Neutrons show

what atoms do

Crystal that sorts and
forwards neutrons of
a certain wavelength
{energy) = mono-
chromatized neutrons

Betram N. Brockhouse,
McMater Universty, Hamilton,
Ontarlo, Canada, receives one
half of the 1594 Nobel Frize

In Physics for the development
of neutron Hecrosopy.
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When the neutrons 3
panetrate the sample .
they start or cancel
oscillations in the
atoms. If the neutrons
create phonons or
magnons they
themselves losa the
aenergy these absorb
= inelastic scattering

«.and the neutrons
then counted in a
detector.

http://www.nobelprize.org/nobel_prizes/physics/laureates/1994/illpres/neutrons.html
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- AEEhcatlons of Neutrons {SNS

Neutron is an
indispensable tool for
material science study

Al f the neutr
been discovered by
Chadwick in 1932, it
would have been

l nvented. O
--Brockhouse

‘94 Physics Nobel Prize

health
sustainability
technology
heritage




_ Neutron and X -ray (SNs

Neutron Scattering and X-rays: powerful complementary tools
for studying material structure and dynamics

Detects changs in
neutron/x-ray direction,
momentum

Deduce the structure
and dynamics of matter

Neutron/X-ray

Neutron interacts with
nucleus
X-ray interacts with e-cloud




A dispensable Research Platform @NS

X-ray (Electron Density) Neutron (Scattering Amplitude)
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Spallation Neutron Source
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Production of neutrons

Fission Reactors

A Chain reaction

A Continuous

A 2-3 neutrons/fission
A ~180MeV/neutron

Spallation

No chain reaction
Pulsed

30-40 neutrons/proton
~30MeV/neutron

Too Jo T To




The First Artificial Neutron Beam (SNs

Chicago Pile 1, CP1, 1942
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History neutron source ( SNs
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Spallation neutron source in the world (SNs
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Basic Components and Principles of a Spallation

Neutron Source Short pulse)

LINAC
RCS/AR

T R ——— e T— -~

Neutron instruments , N

Neutron target



UK: ISIS SNS
m

A Started from 1980
A 160+32kW
A Two target stations

\ ENGIN-X

EC MUON FACILITY

1his B OSIRIS
o




- US: SNS (Sns
EINACTONE——7 7 IINGSERVICE )
DUMP ~t=  BUILDING — B
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DUMP

institues 8 years$1.4B J =

KLYSTRON
GALLERY

SERVICE
BUILDING

" RF FACILITY

SRF ASSEMBLY
FACILITY

A Now operating with
1.7MW
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Japan: J-PARC (Sns

A Started from 2001,design beam power 1MV$2B
finished at 2009




_ China: CSNS (SNs
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AStart from 2011 de3|gn beam [ power 100kW $0.3B
finished at 2018



- Spallation neutron source ( sNs

Machine Energy |Intensity Tune-shift | Rep-rate | Power |Type
[GeV] | [ppP] [Hz] [MW]

ISIS 0.0740.8 |2.5x10°3 ~0.4 50 0.2 RCS
J-PARC 0.4-3.0 |0.8x1G4 0.15 25 1.0 RCS
SNS 1.0 1.6x1G4 0.1 60 1.0 AR
CSNS 0.081.6 |1.56x1G° |0.28 25 0.1~0.5|RCS
ESS 1.0 2.3x104 14 1 LINAC




China Spallation Neutron Source
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Location of CSNS

Jinan Campus
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- CSNS campus

(SNs

Proposed at year of 2000
Budget: about 2.2 B CNY

Constructionstarted at Sep. 2011
and finished at Mar. 2018

User program started in Oct. 201!

Beam power increased from
20kWto 170kW

Operation with long user hours
and high availability

11 neutron instrumentsand in

user program



CSNS Facility (SNs

il |

- wg_ﬁuﬂ H H H 0. 05 MeV 3 MeV 80 MeV
o m— - 9
ST el

Proton energy [GeV] 1.6

Average beam currentyA] 62.5

Pulse repetition rate [Hz] 25

Linac energy [MeV] 80

Linac type NC

Linac RF frequency [MHZz] 324

Macropulseduty factor 1.05

RCS circumference [m] 228

RCS harmonic number 2




Back-n White neutron source

Neutron ES#1
eam
Layout of the Back-r**™ neutron Detestor
window Collimator 1 :
target shutter Shielding Shieldin
l ) = ‘
0 259 30.3 31 492 50.2 55.3 57.2
- R B B B B B B L B Energy range flux (neutrons/cm?/s)
Eiooe E 0.1-1 eV 4.08%10°
S
s 1-10 eV 1.79%x10*
510°:= = 4
- E 10-100 eV 3.01x10
5104-' 1 0.1-1 keV 5.01%10*
2 E 1-10 keV 1.23%10°
o L
3.0k ] 10-100 keV 430105
° | Neutron energy spectrum o.i-1 mev 2.98x 106
107 bl il ssnad sl i sl ssssalsssind 1-10 MeV 2.77%106
10" 1 10 10* 10® 10* 10° 10°® 107 10° 10°
En (eV) 10-200 MeV 6.21x10°
Total 7.03x10°

: _

69.6

A

To o o T I

70.6

The back-streaming neutrons are
leading to the Back-n tunnel

The ES#1: 55m
ES#2: 70m

Thermal neutrons to 300 MeV.

The highest neutron flux: 1E7 n/cm?/s.
different neutron beam spots and
fluxes can be obtained by using

different collimator



Average Power (kW)
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CSNS BeamPower History (SNs
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Neutron Instruments (SNs

K 3\‘““'-..$L16:Multiple Physics Instrument
; "flv ‘l _,-:‘;Lé:;;. . :
gﬂjﬁ- ﬁLlS:ngh Pressure Diffractometer

- BL}3:Energy resolved neutron imaging
Y/

BLO8:Engineering Matenf;»\ff 3@‘%: / BL11:Atmosphere Neutron Irradiation
&

.  \¢ U 3phasel instruments
BLO9High resolution.Diffractometer P

K U 8 cooperativeneutron instruments
@ 51in user program

3 in trail user operation



UserProgram

(SNns
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https://user.csns.ihep.ac.ciin both Chinese and Englisi

Registratioruser. 8000+ (130+ abroad)

A total of over 2,000 projectsfrom ~240 units were completed,with
Industryuserscomprisingapproximatelyl 0%of the total.
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https://user.csns.ihep.ac.cn/

Research Areas (SNs
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CSNS Accelerators:

Design and Commissioning

(SNS



CSNS accelerators
80MeV H- linac

SNS

1.6GeV
RCS



