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Slow Neutrons vs Light

light neutrons
A < um <nm
E > eV > meV
n 1—4 0.9997—1.0001
0, 90° 1°
B 1018 p/cm?/ster/s 1014 n/icm2/ster/s
(60W lightbulb) (60MW reactor)
spin 1 Z:
interaction electromagnetic | strong force,
magnetic
charge 0 0
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* Flux calculations

source brightness

brilliance transfer

calculation of flux given instrument parameters
example: ESS powder diffractometer

example: SNS STS chopper spectrometer

e Resolution calculations

calculation of instrument parameters given resolution requirement
formulate the measurement requirement

calculate partial differentials

match resolution contributions

example: ESS powder diffractometer

example: SNS STS chopper spectrometer
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Source Brightness

Brightness (nfcmzlsfsr!A)
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Flux Calculations

Amax
* Basic approach: P = f B, dAxAQ
Amin
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Flux Calculations

Amax
* Basic approach: P = f B, dAxAQ

A

'min

* Transported solid angle: AQ=Af, xAfO, x BT

e BT = Brilliance Transfer: between 0 and 1
— how effective the guide system is

— if you don’t know, set it to 0.5
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sample



EUROPEAN
SPALLATION

SOURCE

Guide lllumination

perfect neutron guide

sample

“ . L Beam requirements:
over-illumination e Area

* Divergence range
 Wavelength range
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Guide lllumination

perfect neutron guide

sample

, o " Beam requirements:
“over-illumination” Perfect Brilliance Transfer e Areg

* Divergence range
 Wavelength range
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Guide lllumination

perfect neutron guide

sample

, o " Beam requirements:
“over-illumination” Perfect Brilliance Transfer e Areg

* Divergence range
Brilliance Transfer < 1 * Wavelength range

Ml

“under-illumination”

=> |ess efficient guides
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Guide lllumination

perfect neutron guide

sample

, o " Beam requirements:
“over-illumination” Perfect Brilliance Transfer e Areg

* Divergence range
Brilliance Transfer < 1 * Wavelength range

1\
e s

“under-illumination”

BdAdQd A
BT — source
f o BAA dQdA
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Brilliance Transfer as a Guide Design Diagn

McStas simulations for BIFROST spectrometer at ESS viewing 3 cm tall cold moderator

1 | | | | | | |
08 B
2
[72]
E 0.6 e
E
& 0.4 Horizontal sample size
E Vertical sample size 1.5 cm
0.2 Horziontal divergence +0.75° |
+ + Vertical divergence +1.00°
0 | | | | |
0 1 2 3 4 5 6 7

Wavelength [AA]
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Example: ESS SANS

f{ms]=L[m]x A[A]/3.956




Example: ESS SANS

f{ms]=L[m]x A[A]/3.956
L{m]=T[ms]x3.956/AA[A]




Example: ESS SANS

f{ms]=L[m]x A[A]/3.956
L{m]=T[ms]x3.956/AA[A]

where AA is determined by the performance requirements:

eg. A . = 4A A = 12A = L =35m
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Example: ESS SANS

Evaluate flux for a 3 cmm sample and a 10 m collimation distance:
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Example: ESS SANS

Evaluate flux for a 3 cmm sample and a 10 m collimation distance:




(o)
Example: ESS SANS

Evaluate flux for a 3 cmm sample and a 10 m collimation distance:

|

AQ = 3cm
10m

=0.003rad




(o)
Example: ESS SANS
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Example: ESS SANS

Brightness (nfcmzls!srlA)
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A

®= [ B, dAxAQ

A

min

4A < L <12A
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Example: ESS SANS

Brightness (nfcmzls!srfA)
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water

hydrogen
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A

®= [ B, dAxAQ

A

min

4A < L <12A

A

max

[ B, dx

av
A

‘min

~2E13 n/cm?/s/sr
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Example: ESS SANS

Brightness (nfcmzls!srfA)
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(o)
Example: ESS SANS

O= [ B, dAxAQ

P e :_' : A

min

4A < L <12A
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Example: ESS Powder Diffractometer

0.6-2.4A

166m detector
sam

distance
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Example: ESS Powder Diffractometer
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o)
Example: ESS Powder Diffractometer

f{ms]=L[m]x A[A]/3.956

L=166m, AA=1.8A, Ar=120us, A@=0.1°

166m detector
sam
om time 34
>

distance
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Example: ESS Powder Diffractometer
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Brightness (nfcmzls!srfA)

Example: ESS Powder Diffractometer

e water

* hydrogen
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Wavelength (A)
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A

m

[ B, dAxAQ

A

min

0.6A <A<24A

P =
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o)
Example: ESS Powder Diffractometer

1016 }Lmax
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o)
Example: ESS Powder Diffractometer

1016 A‘max
®= [ B, dAxAQ
A’min
g o o
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Ng o N ) )
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Example: ESS Powder Diffractometer @

O= [ B, dAxAQ
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Example: ESS Powder Diffractometer

Brightness (nfcmzfs:‘srm)
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Example: SNS STS Cold Chopper Spectrome

f{ms]=L[m]x A[A]/3.956

distance
detector

sample
chopper

time 4l



Example: SNS STS Cold Chopper Spectrom

f{ms]=L[m]x A[A]/3.956
AA[A]= Af[ms]x3.956/ L[m]

sample
chopper

time 42



Example: SNS STS Cold Chopper Spectrom

f{ms]=L[m]x A[A]/3.956
AA[A]= Af[ms]x3.956/ L[m]
v L=30m,At=12us = AA=16x10"A

sample
chopper

time 43



Time-Average Brightness (nfcmzfsfsrfA)
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oo
Example: SNS STS Cold Chopper Spectrome

1013 A‘max
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Time-Average Brightness (nlcmzlsfsrfA)
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Example: SNS STS Cold Chopper Spectrome
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Time-Average Brightness (nfcmzlsfsrfA)

oo
Example: SNS STS Cold Chopper Spectrome
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Time-Average Brightness (nfcmzfsfsrfA)

oo
Example: SNS STS Cold Chopper Spectrome
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Resolution Calculations

* Calculation of instrument parameters given
resolution requirement

* Decide on the relevant quantity
* Express how it is calculated
e Calculate its uncertainty

— requires the partial derivatives

e Match the various contributions

— maximises flux for a given resolution
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Example: ESS Powder Diffractometer

) {5

od
06

o

A dd
d = 2
2sinf Ad (G)L
(Ad/d)" =(AA/A)" +(cot6AB)

(At/t)" +(cotOAB)




Example: ESS Powder Diffractometer

S

2
: Ad* = 0d AL 0d AH
2sinf oA 86?

(Ad/d)

(AA/A) +(cotOAB)

(At/t)" +(cotOAB)

100 |
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Example: ESS Powder Diffractometer
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Example: ESS Powder Diffractometer

2
i-—" Ad? = (adM) (adAH)
2sin@ oA 00
Ad/d) =(AA/A) +(cotBAB)
(Ad/d)
=(At/t)2+(cot0AH)2 o

o)
choose to match resolution terms for 206 =90 °




Example: ESS Powder Diffractometer

2
i-—" Ad? = (adM) (adAH)
2sinf oA 06
(Ad/al)2 = (A)L/}L)z + (cotHA9)2
= (At/t) +(cotoAO)” |,
= (At/t)" + AG” 10

choose to match resolution terms for 206 =90 °




Example: ESS Powder Diffractometer

2
i-—" Ad? = (adA)L) (adAH)
2sinf oA 06
(Ad/a’)2 = (A)L/}L)z + (cotHA9)2
= (At/t) +(cotoAO)” |,
= (At/t)" + AG” 10

choose to match resolution terms for 206 =90 °

science case: optimise for Ad/d = O.3%n'1 F

V.01




Example: ESS Powder Diffractometer

2
i-—" Ad? = (adA)L) (adAH)
2sinf oA 06
(Ad/a’)2 = (A)L/}L)z + (cotHA9)2
= (At/t) +(cotoAO)” |,
= (At/t)" + AG” 10

choose to match resolution terms for 206 =90 °

science case: optimise for Ad/d = O.3%n'1 F

V.01

=> At/t =2 % 1()‘3’ AB =2 x 1073 0 20 04(%69) 60 80




o)
Example: ESS Powder Diffractometer

A=15A,L=160m
~ |t[ms] = AMA]x L[m]/3.956 = 60.7ms
0.6-2.4A

At/t=2x107
= At =120us
AB=2x10"=0.11°
time .

>

166m detector
sam

distance
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Example: SNS STS Cold Chopper Spectrome

ho=FE -FE,
distance
t detector
sample
chopper
>

time 61
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Example: SNS STS Cold Chopper Spectrome

ha)=El.—Ef

science case: “1% resolution at A=5A"
detector

sample
chopper

time 62
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Example: SNS STS Cold Chopper Spectrome”“"“

ho=E -E
! Y
science case: “1% resolution at A=5A" E,
“““““““““““““““““““ for E; = E, =3.27meV

————————————————————————————————————————————— sample
chopper

0 time 63
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Example: SNS STS Cold Chopper Spectrome

ha)=El.—Ef

science case: “1% resolution at A=5A"

A 01

2
= ' = 5.227L—2
3.956  L[m] t

flms]

time 64
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Example: SNS STS Cold Chopper Spectrome

ho=E -FE
/ A

science case: “1% resolution at A=5A" E.

2
L= [ = 5.227L—2
3956 L[m] t

flms]

AE At JE[meV]

— At S
E, t  1142L [m] sal 451

!’ M. Arai et al., ICANS-X Proc. 297 (1988)

0 time >
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Example: SNS STS Cold Chopper Spectrome

ha)=El.—Ef

science case: “1% resolution at A=5A"

A 01

0

2
L= F =5 .227L—2
3956  L[m] t
A flms]
E. V
Ab_ -2 Ar_ \/ [meV] Aty lus]] = At =19us
E 11421 [m]
J M. Arai et al., ICANS-X Proc. 297 (1988)
time o6
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Example: SNS STS Cold Chopper Spectrome”“"“

mod \2 chop \2
det \/(Atdet ) +(Atdetp)

1 Aty detectors 3 Aty P
1 7 + I. II
17 L2
j— { )
/i chopper
j chopp T /Bl
S L]_ l/ ;
/Il lll L + L
Atdet At A det L AtChoP
! Ll l,'ll'l 1
/ v R
Atmod
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Example: SNS STS Cold Chopper Spectrome”“"“

1
At,, = \/(At’"‘)d)z +(AtPY? A = AP = —19us =13 4us

det det
N

1 Atee™  detectors 4 At o
1 7 + I. II
a L2
/ : /)
/i chopper
 CNOPP T {7 By
S Ll !
",' ',’/Az_mod _ L2 Az. ,,III,II, Atchop _ L2 + Ll At_
! S 0det T & ~"mod L det L chop
1 Ll [III 1
! v R
Atmod
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oo
Example: SNS STS Cold Chopper Spectrome

1
At,, = \/(At’"‘)d)z +(AtPY? A = AP = —19us =13 4us

det det
N

1 Aty detectors 3 Aty P
1 7 + I. II
17 L2
/,’/ v ;.
4 chopper
g pp T ! I,' Atchop
’ ! Ll l, ,1
,,/I ',/A tmod _ L2 At' ,,’I//', Al‘ ChOp _ L2 + Ll Al‘
/! ," det — , mod II'I,’ det L chop
:'I Ll 'III 1
Atmod = 135MS - Ll =30m
’ * R ‘
Atmod
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Example: SNS STS Cold Chopper Spectrom

_ mod \2 chop \2
Aty,, = (ALY +(AL")
4 Aty ™ detectors
+
I3 L,
i '
'/ cho
/ chopper T
Ll
SN = 2Nt
,' L,
At =135us = L, =30m
, v
Atmod

mod chop _ 1
A det Atdet - \/_
2

A AtdetChOp

1
1T 7
T 7
i
N

f\

5

chop
/ L +L
A SZOP 2 : Altcho
t Ll 1%
= At =12.2us

v
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19us =13 4us
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Summary

* Peakvs Time-Average Brightness

* Brilliance Transfer
— if you don’t know it, set it 50%
— very useful metric when evaluating simulations

e (Calculation of flux given instrument parameters

Amax
* Flux at sample: P = fB dA x AQ
* Resolution calculations Py "

'min

— calculation of instrument parameters given resolution requirement
— formulate the measurement requirement

— calculate partial differentials

— match resolution contributions

— example: ESS powder diffractometer

— example: SNS STS chopper spectrometer
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