INSTITUT LAUE LANGEVIN

AWK
N
3

2D
cn
wm

Neutron Instrumentation

Eddy Lelievre-Berna

Service for Advanced Neutron Environment (SANE) — lelievre@ill.eu
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Neutron instrumentation

* What do we measure and need?
* Neutron guides & shielding

* Measuring techniques

* Sample environments

* Neutrons detectors

 Data acquisition system

[
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Neutron instrumentation

* What do we measure and need?
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What do we measure and need?

Elastic scattering: HIE,-H = Hl?f\l

Sample

Intensity vs wave-vector transfer
0=k —k
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What do we measure and need?

Inelastic scattering: ||kl # Ik

Sample

Intensity vs wave-vector & energy transfer

— - -
Q =ky—k;, ho = E.— E, _
.
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What do we measure and need?

Polarised neutron scattering

—
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— MJ_(Qaa))
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# T & Y
In general, the polarisation of a neutron beam will change both in
magnitude and direction upon scattering from a magnetic material.

."
Jaa .
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What do we measure and need?

Polarised neutron scattering

* We measure an intensity:

—

I (Q ha)) where QO = l_c)f—l_c)-, ho = E;— E,

* and components of the scattered polarlsatlon Pf for
each direction of the incident polarisation P :

PP, +P/
P, = ——— with (i,)) € {x,y,z}

| Pl




Neutron instrumentation

* Neutron guides & shielding

7 .
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G u Id eS H5 QUIde ha” INSTRUMENTS

Constructibility . _

Large Scale Structures group
M Nuclear & Particle Physics group

M Spectroscopy group
B Three-axis & Time-of-flight

- a real instrument
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Neutron guides
H1-H2 major upgrade in 2022

* A guide is made up of sections
joined together

* Glass is cheap and sufficiently
thick to hold the vacuum

* Curved guides eliminate fast
neutrons (R ~ km)

* Guides can split, focus,
collimate, polarise...
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Neutron guides

Replagem)ent of theHi,

H1-H2 beam tube removal
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Neutron guides
H5 major upgrade in 2014

* A guide is made up of sections
joined together

* Glass is cheap and sufficiently
thick to hold the vacuum

* Curved guides eliminate fast
neutrons (R ~ km)

* Guides can split, focus,
collimate, polarise...
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Neutron guides _
H5 major upgrade in 2014 '

S-DH GmbH
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Neutron guides

e.g. supermirrors from Swiss Neutronics

Q, [nm1]
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Neutron guides

e.g. supermirrors from Swiss Neutronics
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Neutron guides

supermirrors produced at the ILL

sputtering machine Pi
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WASP analyser 1°

3300 double-sided m=3.2 Co/Ti/Gd
mirrors for covering 90°
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Neutron guides -

of the ultra-cold neutron source

source

-
S-DH GmbH
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Shield against neutrons & gammas

Total dose per source neutron on the outer surface of the
sphere

* Hydrogeneous

- concrete, wax, polyethylene .
T
. 798 lllllllllllllllll
* Boron, ¢Li, Cd, Gd/GdO -'i Ll LTI I T L
os LI L ::l-nnnn-
11} ; js . U 8 Y g ) N O e
* Lead, Iron (soft steel) - ' ::;;;;:::
% 1606 | _‘;5.':::..'" '
* Number of collected neutrons x30 107}
since 2000 at ILL. The shielding
efficiency must continuously be SRR optima

improved (to save space)

Calzada et al. NIMA 651 (2011) 77
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Neutron guides & shielding
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European Spallation Source
5 MW long pulse source (+2 G£)
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Neutron guides & shielding
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Neutron instrumentation

* Measuring techniques

.
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Measuring technigques
Neutronography

Neutron tomography of
a camera lense.

Dr. B.Schillinger, TU Munich
Peter Vontobel, PSI
Eberhard Lehmann, PSI

5 um resolution — complementary to x-rays

i .
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Measuring technigques
Tomography

¢ N e u t ro n S S p e C L ;%gj Neutron andgfil:-oigjrgg\?Iir?éirenoble
- 1 ym resolution

- 1 ms images

- 1 s tomography
* Neutrons + X-ray

- 10 ym resolution

&
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Measuring techniques

Elastic scattering

 Powder diffraction

- collimator, filter

- focusing monochromator
- (spin polariser)

- slits, monitor

- collimators

- detectors
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Measuring technigques

Monochromators

* Array of single crystals e i = E
S "3
- - ' . B " =
- To select energy (and polarisation) , TR %_:,,_J,,rj
- Cu, Si, HOPG, Heusler, Diamond... T gy
- Flat, focusing vertically (diff.), o | | Bt |
vertically and horizontally (spec.) T BEESa |
B Ly J 2 |
- - . . ‘ | i 7 P — ¥ " |
- Controlled mosaic distribution by w R nE R e
plastic deformation of Cu crystals _. D | e i i B =

at high-temperature

'" 25
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Measuring techniques

Monochromators

* Array of single crystals
- To select energy (and polarisation)
- Cu, Si, HOPG, Heusler, Diamond...

- Flat, focusing vertically (diff.),
vertically and horizontally (spec.)

- Controlled mosaic distribution by
plastic deformation of Cu crystals
at high-temperature
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Measuring technigques
Elastic scattering High fielo

Guidefield| 10T Cryomagnet Sample Detector "Beumsiup

Monochromator Shutters

* Crystal diffraction

- (polarising) monochromator

. g
" . -
@ S

e § L

._ e

" e
oy
L

- harmonic filters

- monitor, (spin flipper)

- collimation, slits, (cradle) L =N\ Hespinfiler| [Decor

- (polarimeter & spin analyser) 1 (P

- single or PSD detector 'Y
Guidefield |  |Nutators  |Cryopad
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Measuring technigques
Spin flippers

* Mezei’s flipper: sensitive to environmental magnetic fields, neutron
wavelength dependent, for cold and thermal neutrons only
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Measuring techniques
Spin flippers

* Cryoflipper (Tasset’s flipper): neutron wavelength independent, 99.9%
efficiency down to 0.3 A, operates in up to 400 G stray fields

0.1 - 1 mm thick superconducting Nb foil

guiding field

polarisation
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Measuring techniques
Spin flippers

* RF flipper: in the rotating frame of the neutron, the polarisation follows
the effective field and rotates adiabatically.

F Coil ) A independent and
/4 no material in the beam

guiding field
(<150 Gauss)

beam
polarisation
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Measuring technigques
Spin flippers

* RF flipper: in the rotating frame of the neutron, the polarisation follows
the effective field and rotates adiabatically.

A independent

no material
in the beam

([ .
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polarised 3He filling station Tyrex2

Measuring technigques
Spin polariser & flipper

* 3He spin filters are
characterised by their opacity:

@ — Nf G'H'
~ 0.0732 p[bar] Z[cm] A[A]

'

|
o=
18

|
s i JF

—— —— P— — ¢ — ok — — g —————
Y s - .
- - N b
h 7S »
!
K .

* The total transmission and
polarising efficiency are:

T, « cosh (@PgHe)
P€ — tanh(@P3He)
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Measuring technigques
Spin polariser & flipper

* 3He spin filters are
characterised by their opacity:

0= NKGH ) Bménnal-shaped Quartz cell Si-windowed
~ (.0732 p|bar] £[cm] A[A] Quartz cell cell

* The total transmission and
polarising efficiency are:

T, « cosh (@PgHe)

P€ — tanh(@P3He)
magneto static cavity ""
33
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Measuring technigques
Spin polariser & flipper

* 3He spin filters are
characterised by their opacity:

@:NKG'H'

130° spin analysis

~ 0.0732 p[bar] Z[cm] A[A]

* The total transmission and
polarising efficiency are:

T, « cosh (@PgHe)
P€ — tanh(@P3He)

_'nl'ﬁ_ '
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Measuring techniques

Manipulation of the beam polarisation (polarimeter)

* Cryopad:
Cryogenic
Polarisation
Analysis
Device

* sample in zero field

* manipulates the beam
polarisation vector
before and after the
sample

/| .

THE EUROPEAN NEUTRON SOURCE NEUTRONS
FOR SOCIETY
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Measuring techniques

Manipulation of the beam polarisation

* Cryopad:
Cryogenic
Polarisation
Analysis
Device

* sample in zero field

* manipulates the beam
polarisation vector
before and after the
sample

X - .3:::\?'
3

V7 /4
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Measuring technigques

Elastic scattering

* Small angle neutron scattering (SANS)

- velocity selector, (polariser + flipper), filter, (choppers in TOF mode),
collimators, slits, detector(s) in evacuated chamber

Velocity selector Polarizer RF Flipper Wavelength fiter | Monitor Neutron Guides /collimators Sample Front detector Rear detector
3 ._-_i.- e
> > 0 3 - S | — - \~ = é‘——:_-——-—.‘__—
= i R 1 R 1~ R I — f ——
— T
Chopper | Chopper 2 Chopper 3/ Chopperd| | Attenuator Inter-collimation apertures Evacuated fube (14m)

/| .
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Measuring technigques

Velocity selectors

* Large AA/A: typically 10 to
12% fwhm resolution

* High transmission: from
/5 to 95%

* Rotation frequency:
from 1 to +5 kHz

 Multi-disc or multi-blade

sy .
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Measuring technigques

Specular & off-specular scattering

* Horizontal or vertical reflectometry

- monochromator or choppers (TOF mode), (polariser + flipper),
monitor, collimator, slits, detector in evacuated chamber

(hopper | (hopper?_ Mirror1 [Mirror2 | Collimator Sample Detector
Ly
i —m—m—— T
ll Ll ﬂm - ‘\,\’: —":_{1 ___________ —eamnnmonoes ' 2 .
i 1l )
I m 1l
Chopper 3| Chopper 41 [Slit 1 Slit 2 Slit 3 Slit 4 Evacuated tube il
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Imput slit (p=1060 mm,)

Measuring techniques i

Sapphire filter
Inelastic scattering

* Three-axis spectroscopy

Monochromator changer

- collimator, (filter, velocity selector)

o Secondary shutter
- (polarising) monochromator Diophragm R
. Sumple 6 _/ \' Monitor |
slits before (and after) sample Beam s g Gude feds/Fioper s
i . Diaphragm __ Helmholtz coils
(Spln) analyser PG Filter ¢ Monitor 2
. Anal
- single or PSD detector Gude felds -
Flipper coils £
- very low neutron background Defecor

/[
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Measuring technigques

Inelastic scattering

Beam stop Be filters |  Diaphram| | Monitor View from fop

* "Two-axis" spectroscopy

- collimator, (filter, velocity selector)

Monochromator

- (polarising) monochromator

AT
oooooo
.

- slits before (and after) sample s -
- (spin) analyser =

: PG cristals | ' Shielding (] Hotsoure
- single or PSD detector i

)

- very low neutron background

(|
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Measuring technigques

Inelastic scattering

Shielding |  Displex . Diaphram | [Monitor

* "TWO-axis" spectroscopy

- collimator, (filter, velocity selector) Bemsop [ —— gy | oo
.
- (polarising) monochromator G rictals
- slits before (and after) sample
Screen
- (spin) analyser
Detector

- single or PSD detector

- very low neutron background

.
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Measuring techniques

Inelastic scattering

* Time of flight spectroscopy

- choppers, monitor, collimator

- (monochromator, filter, choppers)
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Measuring techniques
Choppers - Time of flight technique

Sample
O
e
§ ©
/  'O
time ,

Repetition rate multiplication by M. Russina & F. Mezei NIM A 604 (2009) 624

.
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Measuring techniques
Choppers - Time of flight technique

* TO choppers to stop fast
neutrons (pulsed sources)

* Bandwidth-limiting
choppers (prevent frame
overlap)

* E,or Fermi choppers to
transmit a very narrow
bandwidth of neutrons
(e.g. to define E)

To single-blade rotor

assembled To chopper unit '."
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Measuring technigques
Choppers - Time of flight technique

* TO choppers to stop fast
neutrons (pulsed sources)

* Bandwidth-limiting
choppers (prevent frame
overlap)

* E,or Fermi choppers to
transmit a very narrow
bandwidth of neutrons
(e.g. to define E)

INS5 chopper disc

IN5 chopper housings '."
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Measuring technigques

Quasi-elastic scattering

* Backscattering

- velocity selector

- background and phase space
transformation choppers

- Doppler monochromator

- analysers

- position sensitive detector (PSD)
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Measuring technigques

Quasi-elastic scattering Normal version with neutron guide

Selector Polarizer m ﬂlpper (o _TZLﬂlpper il | Sample ?umplel Supermllrror greu
. . : Small echo leld col analyser: |aetector
° NEUtrOn Spln EChO » Beam stop

o M — 3l
. — 1 — Il = — J
- velocity selector
Precession| Precession
o _ e ‘,={ L solenoid 1/ solenoid o
- polarising supermirrors > ,. W
Or four chopper system for TOF mode
- precession solenoids =
. > 1'?:1 ——
- Ttand T[/Z fli PPEIS Polarizer ~ Neutron focusing mirror * {**"""‘”st
- spin analyser, PSD detector Mirror version with neutron focusing =
- choppers for TOF mode
/
/[
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Measuring techniques

Quasi-elastic scattering

 flipper coil Inner - coi Outer - o

* Neutron spin echo  Nomal version with nestron guide

: Sel Polari
B VE'OCIty SGlECtOI" mtl:on elector olarizer
- polarising supermirrors =3 — i
e analyser
- precession solenoids Inner compensation coils -£13:7__ Beam stop
Precession solenoid . Detector
- tand /2 flippers Outer compensation coils | Conal
Field tuning coils ™
- spin analyser, PSD detector gt
analyser

- choppers for TOF mode
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