ESS og MAX-1V,
neutron-instrumentering

Peter Willendrupi:2

INEXMAP, DTU Fysik
2ESS Data Management & Software Center

Inkluderer materiale fra:

Jon Taylor, ESS

Thomas Holm Rod, ESS

Ken Andersen, ESS

Roger Pynn, Indiana University

Sunil K. Sinha, UCSD

Thom Mason, ORNL

Colin Carlile, Uppsala Universitet (tidl. ESS)

Neutron Guides ———

Ny &—— Moderator
or slows down the

A moder

Target Nucleus

@

Energetic proton

When a high-energy proton bombards

a heavy afomic nucleus, causing it to

become excited, 20 to 30 neutrons are expelled.
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Neutroner - der kan bruges til noget...

1. Det store overblik
*ESS og MAX-V
eRgntgen vs. Neutroner
eLidt mere i dybden med ESS

2.Moderne neutron-instrumentering
oAt kgle neutroner - til relevant bglgelaengde / energi
e Transport over afstand
e Tilpassede beams til det enkelte eksperiment

3.ESS som projekt

; ~ W
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Bade neutroner og X-rays vekselvirker med atomer

eX-rays "ser” elektronskyen rundt om atomkernen - hgjere atomnummer, mere

spredning

eNeutroner “ser” derimod kernen - ingen simpel sammenhang med atomnummer

X-ray cross section

—

Periodic Table of the Elements

Ground State Electron Configurations

http:/chemistry. sbout.com BA
©2012 Todd Helmenstine 2
About Chemistry He
2A . 3n__4A SA BA _7A i
4 5 L] 7 8 9 10
Be B Cc N o F Ne
169257 w2’ L 16926%° p L
12 13 14 15 18 17 18
Mg Al Si P S Cl Ar
[Nej3e 4B 6B ———B8B—— 2B [ B I I B0l DS
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Ca Ti Cr Co Ni Zn Ga Ge As Se Br Kr
[Ars’ [acs’ epad'ast || (Arpas [arpda: et wpdas | apdad | ageaas’ | (a paas | iagsa®asip fiana st aa asio Y paneaad op3dastp iagsdes
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Rb Sr Y Zr Nb Mo T Ri Rh Pd Ag Cd In Sn Sb Te I Xe
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(Rnprea’ré ed'1? | RopfTs’ | moptrs | Ropt're npf?78 | Fnpf1s? | Rapfrs? [ eoe ted o

inide
ropa' 15 || a7 | prsfests wmares? | Rt Rnp
. *values are based on theory and are not verified

Neutron cross section

Fig. 2. Neutron and x-ray scattering cross-sections compared. Note that

neutrons penetrate through Al much better than x rays do, yet are
strongly scattered by hydrogen.

Herfra handler det
mest om neutroner :



Del 1: Neutronproduktion

At producere neutroner...

Chadwick’s eksperiment / a pa Be

C hadwick
/,,,‘-*

9 12
20 ,Be 6C o = 45
‘«‘ 6’ K “ Beryllium L

Fz’ssion '

235U 141Ba

e Geiger counter
- >

SNS, Oak Ridge Tennessee . %OAKIB{DGE

Figur: Mads Ry Vogel Jgrgensen, AU

]
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>
o
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ESS target

| Spallation
o IV e
Proton-beam, S Sy §
3ms pulser @ 14 Hz.
Partikel-energi pa sigt 2 GeV.

Beam-effekt pa sigt i MW
klassen.




Del 1: Neutronproduktion

Neutron-moderation

 Energi-udgangspunktet i savel reaktorer og spallationskilder er “lige hgijt nok”

o - Malet er bglgeleengder i A-omradet / energier i meV (lille m, ikke store M)

Low neutron

welochy @ O © volocity
N (} fan Y

e I neutronspredning taler vi om termiske og kolde neutroner, hhv. svarende til
(f.eks.) medierne H20 ved stuetemperatur og H(l) eller CH4 ~ 20K

e Populaert kgler (modererer) vi neutronerne til passende energi ved “random walk” i
“en spand kold vand” eller “flaske flydende brint”.

e Resultat: Neutroner med gnskede egenskaber strales ud i ~ 41 rumvinkel

DTU F Sik >\ v N /,// \%\ EUROPEAN
I )/\ IDA event 30/4 2025 I y o NEXP\'AP ".%\ | SPALLATION
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At producere neutroner...

C hadwick

'y 9Be 20 Ip
8 @ =
Fission

235U 141Ba |

Figur: Mads Ry Vogel Jgrgensen, AU

I )/\ IDA event 30/4 2025

Del 1: Neutronproduktion

Nuclear Example Neutron Heat
process yield release
(MeV /n)
d-t in solid 400keV d 4% 10~%n/d 10,000
target on t in Ti
Deuteron 40 MeV d 7% 1072%n/d 3500
str{pping on liquid
Li
Nuclear photo 100MeV e~ 5x 107 2n/e™ 2000
effect from e~ n 2387
bremsstrahlung
9Be(d,n)1?Be 15 MeV d In/d 1000
on Be
°Be(p, n; p, pn) 11MeV p 5x 10~ 3n/p 2000
on Be
Nuclear fission Fission of 1n/fission 180
2357 by
thermal
neutrons
Spallation 800 MeV p 27n/p or 05 or 30
n 2387 17n/p
or Pb
Accelerators for Neutron Generation and Their Applications
Reviews of Accelerator Science and Technology
Vol. 4 (2011) 219-233
© World Scientific Publishing Company
DOI: 10.1142/51793626811000549

*Fremtiden (50ar +) kan betyde brug af fusions-reaktorer, men de bruges
pt. til andre formal.... ;-)
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Del 1: Neutronproduktion

Performance af neutronkilder

- | enheder af “brugbare neutroner’, dvs. instantan brillians (det kommer vi tilbage til hvad er...)

\ EUROPEAN

es SPI\LLAFTION
1 020 B | | | > SOURCE
ES$
({) : |
N P ke o ~ ol
E 1015 NRU HF? o 'Ll ISIS-TS ISIS-TSM J-PARC
210" o IPNS o l
c HFBR ZING-P ‘g o FRMm-II  PIK
X WNREBKENS
'-'__ 1036 LI LI L | L
© 10 XFEL
c10"F -
5 10 Rgntgen
C
- " @
rrcavai Q
1 05 . Berkeley 37-inch CYCIOtron ¢=§ 10%* 3" Generation @ A ® _
350 mCi e Steady S{= :
Ra-Be source E 10'® 2™ Generation S
m Pulsed S{¢ , 3
17 Generation YD
1 I & Chadwick H 1o? -

X-ray tubes

1930 1940 1950 1960 1970 1980

1OEIIII|IIIF|IJII|I1II
1850 1900 1950 2000 2050

(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Aca

Calendar Year |\oldsommere
fremskrivning i

Nt X-ray land....

=
—
=
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Del 1: Neutronproduktion

Reaktor vs. spallationskilde:
konstant vs. pulset (typisk)

o Jfr. (f.eks.) Braggs lov har vi behov for at vide “hvad bglgelaengden er”

 P3 reaktorer benytter vi typisk netop Braggs lov til at veelge denne

bolgelaengde: & ~
I .
Bragg’s law: <hil>
A = 2dsinB J_ ;&
fwhm < 10-*°
Coa AMA—0 !
\\\ \\ /,4 //4 \ Perfect crystal j
\ \ / /
\\ \ / /
\\ \\\ ,// // /
\\\ \\ // ///
— o AV '3 A
A 5 4 S=h
d :g\'?\/dsine S g
I—eo—o o 870 0o —4¢ AN = coty AO

Mosaic crystal
distance - J

' e P3 pulsede kilder benytter vi istedet Time-of-Flight (ToF)

‘ ;< At t:ime
I DTU Fysik DTU :Ex pmp / \\ EEEEEEEE w
I )/\ IDA event 30/4 2025 g - (€ / ) seaLLm



Del 1: Neutronproduktion

Reaktor vs. spallationskilde:
konstant vs. pulset (typisk)

o Jfr. (f.eks.) Braggs lov har vi behov for at vide “hvad bglgelaengden er” nar vi
maler “afbgjet straling”

 P3 reaktorer benytter vi typisk netop Braggs lov til at veelge denne

bolgelaengde: -~ ~
Bragg’s law: <hki>
A = 2dsin@ J_ ;L
fwhm < 10-4°
oA AAMA — 0 !
\\\ \\ //4 /74 \ Perfect crystal /
\ \ / /
\\ ) f // Steady
A \\\ // / K / ,_Tl \ T \ I source
\\\ \\ / // \ I ({n Fl \/\\
\ / // ux
oo o & ‘oo 4 A /- \
d /3\'%. o fhin= 0.1 ° ‘ Pulsed .
e e o ‘8, e o ¢ AMA = cotB; AB v source \
Mosaic crystal
distance o / —

Wavelenic.]th —_—

'« Pa pulsede kilder benytter vi istedet Time-of-Flight (T

- At time
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Del 1: Neutronproduktion

ILL vs. de pulsede kilder - performance

Pulsed-source time structures
cold neutrons

o

log(Intensity)

short
ulse
10 P
I/ | >
1 0 1030“ ILL
ISIS-
0.1 TS1
# i L || |l L.
0 20 40 60 80 100 120
time (ms)
l)/\ IDA event 30/4 2025 [ g ;m‘ﬂﬂ:\ \g-‘-'l:); EEZS:AN



Del 1: Neutronproduktion

ILL vs. de pulsede kilder - performance

log(Intensity)

Pulsed-source time structures

cold neutrons

short
ulse
10 P
I) | .

14 0 o o ILL

1ISIS- 1ISIS-

0.1- TS1 TS2
“ 'i . || L.

0 20 40 60 80 100 120
time (ms)
| OTU Fysik g geﬁgéé @
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log(Intensity)

Del 1: Neutronproduktion

ILL vs. de pulsede kilder - performance

Pulsed-source time structures
cold neutrons

short
ulse

10 ) P

1 SNS 0 1030“ ”_L

1IS1S- |IS1S-

04‘} TSr TS2

§ i { | || 1,
0 20 40 60 80 100 120
time (ms)
I DTU Fysik g if*ﬂ % @)
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Del 1: Neutronproduktion

ILL vs. de pulsede kilder - performance

log(Intensity)

Pulsed-source time structures

cold neutrons

short
pulse

10 J-PARC }

l I | >
. SNS | o 1OSOp L
ISIS- ISIS-
0.1 Tsr 1S2
l_g | L | ,
0 20 40 60 80 100 120
time (ms)
| DTU Fysik g ieg é @5/) )
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Del 1: Neutronproduktion

ILL vs. de pulsede kilder - performance

@ Pulsed-source time structures
cold neutrons
log(Intensity) long
_pulse
3ms
10- J-PARC ES
SNIS LL
1SIS- |SIS-
TST TS2
| L | ,,
20 40 60 80 100 120
time (ms)
I)/\ . IDA event 30/4 2025 I oty FySik
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Del 1: Neutronproduktion

\ EUROPEAN
SPALLATION

Altsa...

e ESS er hverken en steady-state kilde eller en kortpulset kilde, men langpulset

Single-Pulse Brightness at 5 A

ESS SMW

ISIS TS1 128kW
ISIS TS2 32kW
SNS TMW
JPARC 300kW
----- ILL 57MW

(8]
—
O_\

w
|

NN

—_

o
&

210"

Brightness (n/cm?/s/sr/A)

T 2 4 5
Time (ms)

e Med passende instrumentering der tager hgjde for dette kan man opna
(mindst) 30 x ILL performance og 5-10 x kortpulset performance
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Del 1: Neutronproduktion

: : @:ﬂ:ﬂ:ﬁm
Major neutron sources in the world

ILL (F)

HZB (D)

LLB (F)

PSI (CH) Spallation

FRM-II (D)

HFIR (USA)

NIST (USA)

JRR-3 (J)

PIK (RU)

IBR-2/2M (RU)

ISIS-1 (UK) Spallation

1SIS-2 (UK) Spallation
SNS (USA) Spallation
J-PARC (J) Spallation
ESS (SE) Spallation
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Del 1: Neutronproduktion

SOURCE

Lengths of beam line and pulse affect A .):s:am
resolution

Neutron pulse Beamline

22



Long-pulse performance
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Adapting the pulse width

Short-Pulse Source Long-Pulse Source (ESS)
- set pulse width by choosing moderator - set pulse width using pulse-shaping chopper

’ f

Intensity

Intensity

0 100us  200us 0
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Neutron instrument layout
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Neutron instrument layout
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C(S@ e Instrument suite at ESS

soishud

/T-REX
MAGIC <= \\\\ EIMDAL
MIRACLES _..._‘s;
BIFRQST. \xx?f’ ‘<
(GSPEC

scale

1 I
150 m 200 m

15 instruments (10-15
M€ each)

5 Large-scale structure
iInstruments

5 Diffractometers
5 Spectrometer

J : r I
”’*‘5 . life sciences 6} A magnetism &
p— superconductivity
(:’@E soft condensed matter } engineering & geo-sciences

& chemistry of materials archeology & heritage
conservation

energy research @ particle physics




EUROPEAN

e Instrument suite at ESS
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scale

i i
150 m 200 m

15 instruments (10-15
M€ each)

5 Large-scale structure
iInstruments

*classification not official

5 Diffractometers
5 Spectrometer

p magnetlsm &

¢

»
%E‘ soft condensed matter engineering & geo-sciences
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& chemistry of materlals-
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energy research

archeology & heritage
conservation
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@ particle physics
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e Instrument suite at ESS

(7)) ' e r ) @ r
©  ODIN Imaging Instrument @ (’@0 0") CSPEC cCold Chopper Spectrometer @ 9@“ & &"
B
. " ;
©  SKADI General Purpose SANS & 9@” &" Broadband Spectrometer
e > _
— & @20 Q -
) LoKIl Broadband SANS @ 8 T-REX Thermal Chopper Spectrometer &" &
() @ r (7))
© ; X r r
§  Surface Scattering @ Q@ % & g BIFROST crystal Analyser Spectrometer &" & }
(7)) } . O P
a> FREIA Horizontal Reflectometer @ C’Qe & 8 VESPA vibrational Spectroscopy &"‘ &
=4 : : . A0 | e y @2
3 Estia Vertical Reflectometer & ® @ MIRACLES Backscattering Spectrometer @ @@@ &
r £ :
HEIMDAL Powder Diffractometer % ;’ c)"‘ High-Resolution Spin-Echo C?@e &
~ : : N @2, o
DREAM Powder Diffractometer &" % ) Wide-Angle Spin-Echo E% 9@6 &ﬂ
;-4 : - - c
g Monochromatic Powder Diffractometer& . &r‘ FaitigeRhysics Beamine @
=
8 BEER Engineering Diffractometer ) & @ iitesciences &’;" AREnSLEm 5
E superconductivity
i o @2 . ; : ;
0 Extreme Conditions Diffractometer I ) &,, & 9@@ soft condensed matter } engineering & geo-sciences

MAGIC Mgt ctisos Diftrctometer ﬁ o & & chemistry of materials archeology & heritage

conservation

3 . energy research o article physics
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Components of neutron instruments

4 Sample-environments - )

o At fa de rette
til det givne e

tabslgst som 1

Del 3: Instrumentering

(

Detectors

S

Neutron Guides

Scientific samples: H

@ TU0,
-
a4

b
.
|

&

Lall
Culy
Lall

-

Starts with a source of neutrons,

[Neutron moderator

be it a reactor- or spallation source
\ J{‘.o?'i»‘::'!.
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The uropean Spallatlon Source
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. Host countries: Sweden, Denmark ™ ,,

Partner countries: Czech Repu‘biié, Estonia,
France, Germany, Hungary, Italy, Norway,
Poland, Spain, Switzerland and the United

Kingdom




An International Collaboration

Sweden,

Denmark and Norway:
50% of construction and
20% of operations costs
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European partners
pays the rest
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The ESS Instrument Suite 15/22

Instrument classes

'owder diffraction

ingle crystal diffraction

JEoscory =  [oirrost 2=

eflectometry S
maging , A g | MIRACLES I%:IH

ndicate the

national
ities are
struction of

DTU Fysik
Proton beam Institut for Fysik




EUROPEAN
) SOURCE The Data Management and Software Centre

Topic of later, dedicated talk...

Lund, Sweden

Data Management
Instrument Control

Data Reduction & Analysis
Instrument simulations

(Theory and simulations)

[ 7 -\
(7, \\ \ EUROPEAN

tA~ma *-“1":]\e$}“ | SPALLATION
|\ 7 )
\\/,/ SOURCE

\\ T: —;W_r%i%

)

i
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High-level instrument construction schedule SOURCE

(zeldre version — tiden er skredet lidt, men der er virkelig stadig gang i den...)
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