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light neutrons 
λ < µm < nm 
E > eV > meV 
n 1→4 0.9997→1.0001 
θc 90° 1° 

B 1018 p/cm2/ster/s 
(60W lightbulb) 

1014 n/cm2/ster/s 
(60MW reactor) 

spin 1 ½ 
interaction electromagnetic strong force, 

magnetic 
charge 0 0 

Slow	  Neutrons	  vs	  Light	  



Topics	  

•  Flux	  calcula3ons	  
–  source	  brightness	  
–  brilliance	  transfer	  
–  calcula3on	  of	  flux	  given	  instrument	  parameters	  
–  example:	  ESS	  powder	  diffractometer	  
–  example:	  SNS	  STS	  chopper	  spectrometer	  

•  Resolu3on	  calcula3ons	  
–  calcula3on	  of	  instrument	  parameters	  given	  resolu3on	  requirement	  
–  formulate	  the	  measurement	  requirement	  
–  calculate	  par3al	  differen3als	  
–  match	  resolu3on	  contribu3ons	  
–  example:	  ESS	  powder	  diffractometer	  
–  example:	  SNS	  STS	  chopper	  spectrometer	  
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SNS	  @	  1MW	  
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ESS@	  5MW	  
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ESS@	  5MW	  

3ms 

Bpk

Bav
=
T
τ
= 25



Flux	  Calcula3ons	  

•  Basic	  approach:	  	  	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ



Flux	  Calcula3ons	  

•  Basic	  approach:	  
	  
•  Transported	  solid	  angle:	  	  

•  BT	  =	  Brilliance	  Transfer:	  between	  0	  and	  1	  
–  	  how	  effec3ve	  the	  guide	  system	  is	  
–  if	  you	  don’t	  know,	  set	  it	  to	  0.5	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

ΔΩ = ΔθH ×ΔθV ×BT
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•  Wavelength	  range	  
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“over-‐illumina3on”	  
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perfect	  neutron	  guide	  
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“over-‐illumina3on”	  
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Beam	  requirements:	  	  
•  Area	  
•  Divergence	  range	  
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BT =
BdAdΩdλ

source∫
BdAdΩdλ

sample∫
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Figure 5: Details for the guide solution found for a 3 cm moderator starting 2 m from the moderator. The
top graph shows the brilliance transfer as a function of wavelength, both for the mirrors requested (black) and
degraded mirror quality (red). The horizontal and vertical spatial and divergence distributions are shown. The
colored curves represent wavelength snapshots, here 1 Å for red, 1.7 Å for green, 2.3 Å for blue, 3 Å for black and
3.6 Å for purple.

Brilliance	  Transfer	  as	  a	  Guide	  Design	  Diagnos3c	  

18	  

McStas	  simula3ons	  for	  BIFROST	  spectrometer	  at	  ESS	  viewing	  3	  cm	  tall	  cold	  moderator	  
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Objective of the investigation
This document describes guide optimizations for a range of pancake moderator heights and di�erent distances
between the moderator and start of the guide. These results will go into a larger pool of data that in turn can
be used to select the optimal pancake moderator height, and decide if the gains from starting the guide closer
to the moderator is worth the increased risk and cost of doing so.

Simulations
The guide simulations performed where done using the guide bot tool. It will optimize a guide geometry under
given restrictions using McStas 2.0 and iFit. The spectra for the pancake moderator is calculated using the
fits provided by Troels Schönfeldt and generated using code from Peter Willendrup so that the source gen
component can be used to simulate the pancake moderator.

CAMEA
The guide for CAMEA was optimized for the figure of merit in table 1. As only the vertical geometry is
important, a simple geometry with direct line of sight was investigated. An elliptic feeder was used to narrow
the beam for the chopper position at 6.5 m from the moderator, where the dimensions was limited to a maximum
of 3.0◊6.0 cm2 . After the chopper position, an elliptic defocusing system followed by a straight guide and a
elliptic focusing system is used. The straight guide must at least be 60 m long to save cost by reducing the
amount of guide to be curved. An example of the optimized geometry can be seen on figure 1. The instrument
was simulated using the cold pancake moderator spectrum.

Horizontal sample size 1.5 cm
Vertical sample size 1.5 cm
Horziontal divergence ±0.75¶

Vertical divergence ±1.00¶

Wavelength range (optimized) 1 - 3.6 Å
Wavelength range (analyzed) 1.65 - 6.4 Å
Moderator to sample distance 150 m
Guide to sample distance 60 cm
Coating m = 3.5

Table 1: Parameters used in all simulations that describes the desired beam at the sample position.

Overview of the data

The primary result of this investigation is the graph describing the flux gain within the specified figure of merit
as a function of moderator height and normalized to the large 10 cm moderator. Such a graph was made for
both guides starting at 1 m and 2 m from the moderator, and can be seen on figure 2.

With a guide start at 2 m from the moderator, the instrument gain factor is around 1.8 for a range of
moderator heights, from around 2 cm to 4 cm. If allowed to start the guide at 1 m from the moderator, a gain
of around 2.0 is possible for 2 cm to 4 cm moderators.

Beam quality

It is however important to note that the increase in flux for pancake moderators are generally accompanied
by a decrease in the quality of the vertical divergence and spatial distribution. It is the job of the instrument
team to set the limit for when these distributions become so problematic, that the instrument is not usable.
On figure 3 the divergence and spatial distributions can be seen for moderator heights 1 cm to 4 cm when the
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Example:	  ESS	  SANS	  

t[ms]= L[m]×λ[Å] / 3.956

L[m]= T[ms]×3.956 /Δλ[Å]
Δλwhere	  	  	  	  	  	  	  	  is	  determined	  by	  the	  performance	  requirements:	  	  

e.g.	  	   λmin = 4Å λmax =12Å ⇒ L = 35m
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Evaluate	  flux	  for	  a	  3	  cm	  sample	  and	  a	  10	  m	  collima3on	  distance:	  	  
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Example:	  ESS	  SANS	  

Evaluate	  flux	  for	  a	  3	  cm	  sample	  and	  a	  10	  m	  collima3on	  distance:	  	  

θ



Example:	  ESS	  SANS	  

Evaluate	  flux	  for	  a	  3	  cm	  sample	  and	  a	  10	  m	  collima3on	  distance:	  	  

θ
Δθ =

3cm
10m

= 0.003rad
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Bav dλ
λmin

λmax

∫

≈ 2E13 n/cm2 /s/sr



Example:	  ESS	  SANS	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

4Å < λ <12Å

Bav dλ
λmin

λmax

∫

≈ 2E13 n/cm2 /s/sr

ΔΩ = ΔθH ×ΔθV ×BT = 0.003
2sr ×0.5



Example:	  ESS	  SANS	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

4Å < λ <12Å

Bav dλ
λmin

λmax

∫

≈ 2E13 n/cm2 /s/sr

ΔΩ = ΔθH ×ΔθV ×BT = 0.003
2sr ×0.5

Φ≈ 9E7 n/cm2 /s



Example:	  ESS	  Powder	  Diffractometer	  

distance 

time 

sample 

Pulse shaping!

θλ sin2d=



Example:	  ESS	  Powder	  Diffractometer	  
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detector 166m 
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0.6-‐2.4Å	  
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t[ms]= L[m]×λ[Å] / 3.956

0.6-‐2.4Å	  



Example:	  ESS	  Powder	  Diffractometer	  

34	  time 

sample 

di
st

an
ce

 

detector 166m 

6m 

t[ms]= L[m]×λ[Å] / 3.956

0.6-‐2.4Å	  L =166m, Δλ=1.8Å, Δt =120µs, Δθ = 0.1!
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Example:	  ESS	  Powder	  Diffractometer	  
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0.6Å < λ < 2.4Å



Example:	  ESS	  Powder	  Diffractometer	  
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Φ= Bav dλ
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λmax

∫ ×ΔΩ

0.6Å < λ < 2.4Å

Bav dλ
λmin

λmax

∫ = 4.7×1013  n/cm2 /s/sr



Example:	  ESS	  Powder	  Diffractometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

0.6Å < λ < 2.4Å

Bav dλ
λmin

λmax

∫ = 4.7×1013  n/cm2 /s/sr

×
120µs
2.86ms

= 2.0×1012  n/cm2 /s/sr



Example:	  ESS	  Powder	  Diffractometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

0.6Å < λ < 2.4Å

Bav dλ
λmin

λmax

∫ = 4.7×1013  n/cm2 /s/sr

×
120µs
2.86ms

= 2.0×1012  n/cm2 /s/sr

ΔΩ = ΔθH ×ΔθV ×BT = 0.00175
2sr ×0.5ΔθH = ΔθV = 0.1

!



Example:	  ESS	  Powder	  Diffractometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

0.6Å < λ < 2.4Å

Bav dλ
λmin

λmax

∫ = 4.7×1013  n/cm2 /s/sr

×
120µs
2.86ms

= 2.0×1012  n/cm2 /s/sr

ΔΩ = ΔθH ×ΔθV ×BT = 0.00175
2sr ×0.5ΔθH = ΔθV = 0.1

!

Φ≈ 3×106  n/cm2 /s



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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distance	  

3me	  

chopper	  

detector	  

sample	  

0	  

t[ms]= L[m]×λ[Å] / 3.956



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  

42	  3me	  

chopper	  
sample	  

0	  

Δλ[Å]= Δt[ms]×3.956 / L[m]
t[ms]= L[m]×λ[Å] / 3.956



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  

43	  3me	  

chopper	  
sample	  

0	  

Δλ[Å]= Δt[ms]×3.956 / L[m]
t[ms]= L[m]×λ[Å] / 3.956

L = 30m, Δt =12µs ⇒Δλ =1.6×10−3 Å



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

Δλ =1.6×10−3Å



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

Bav dλ
λmin

λmax

∫  at λ = 5Å

≈1.1×109  n/cm2 /s/sr

Δλ =1.6×10−3Å



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

Bav dλ
λmin

λmax

∫  at λ = 5Å

≈1.1×109  n/cm2 /s/sr

Δλ =1.6×10−3Å

ΔΩ = ΔθH ×ΔθV ×BT = 0.035
2sr ×0.5

ΔθH = ΔθV = 2
!



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ

Bav dλ
λmin

λmax

∫  at λ = 5Å

≈1.1×109  n/cm2 /s/sr

Δλ =1.6×10−3Å

ΔΩ = ΔθH ×ΔθV ×BT = 0.035
2sr ×0.5

ΔθH = ΔθV = 2
!

Φ≈ 7×105  n/cm2 /s



Resolu3on	  Calcula3ons	  

•  Calcula3on	  of	  instrument	  parameters	  given	  
resolu3on	  requirement	  

•  Decide	  on	  the	  relevant	  quan3ty	  
•  Express	  how	  it	  is	  calculated	  
•  Calculate	  its	  uncertainty	  

–  requires	  the	  par3al	  deriva3ves	  
•  Match	  the	  various	  contribu3ons	  

–  maximises	  flux	  for	  a	  given	  resolu3on	  
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Pulse shaping!

θλ sin2d=
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Example:	  ESS	  Powder	  Diffractometer	  

d = λ
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Δd d( )2 = Δλ λ( )2 + cotθΔθ( )2

= Δt t( )2 + cotθΔθ( )2



Example:	  ESS	  Powder	  Diffractometer	  

d = λ
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Δd d( )2 = Δλ λ( )2 + cotθΔθ( )2

= Δt t( )2 + cotθΔθ( )2



Example:	  ESS	  Powder	  Diffractometer	  

55	  POLARIS	  @	  ISIS	  TS1	  



Example:	  ESS	  Powder	  Diffractometer	  
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Δd d( )2 = Δλ λ( )2 + cotθΔθ( )2

= Δt t( )2 + cotθΔθ( )2

choose	  to	  match	  resolu3on	  terms	  for	  2θ	  =	  90	  °	  	  
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Example:	  ESS	  Powder	  Diffractometer	  

d = λ
2sinθ Δd 2 = ∂d
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choose	  to	  match	  resolu3on	  terms	  for	  2θ	  =	  90	  °	  	  

science	  case:	  op3mise	  for	  	  

Δd d( )2 = Δλ λ( )2 + cotθΔθ( )2

= Δt t( )2 + cotθΔθ( )2

= Δt t( )2 +Δθ 2

Δd d = 0.3%



Example:	  ESS	  Powder	  Diffractometer	  

d = λ
2sinθ Δd 2 = ∂d
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choose	  to	  match	  resolu3on	  terms	  for	  2θ	  =	  90	  °	  	  

science	  case:	  op3mise	  for	  	  

Δd d( )2 = Δλ λ( )2 + cotθΔθ( )2

= Δt t( )2 + cotθΔθ( )2

= Δt t( )2 +Δθ 2

Δd d = 0.3%
⇒Δt t = 2×10−3,  Δθ = 2×10−3



Example:	  ESS	  Powder	  Diffractometer	  
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detector 166m 

6m 

0.6-‐2.4Å	  

λ =1.5Å, L =160m
t[ms]= λ[Å]× L[m] / 3.956 = 60.7ms

Δt t = 2×10−3

⇒Δt =120µs

Δθ = 2×10−3 = 0.11!



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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distance	  
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detector	  

sample	  

0	  

!ω = Ei −Ef



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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distance	  

3me	  

chopper	  

detector	  

sample	  

0	  

!ω = Ei −Ef

science	  case:	  “1%	  resolu3on	  at	  λ=5Å”	  



Example:	  SNS	  STS	  Cold	  Chopper	  Spectrometer	  
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distance	  
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•  Peak	  vs	  Time-‐Average	  Brightness	  
•  Brilliance	  Transfer	  

–  if	  you	  don’t	  know	  it,	  set	  it	  50%	  
–  very	  useful	  metric	  when	  evalua3ng	  simula3ons	  

•  Calcula3on	  of	  flux	  given	  instrument	  parameters	  
•  Flux	  at	  sample:	  	  
•  Resolu3on	  calcula3ons	  

–  calcula3on	  of	  instrument	  parameters	  given	  resolu3on	  requirement	  
–  formulate	  the	  measurement	  requirement	  
–  calculate	  par3al	  differen3als	  
–  match	  resolu3on	  contribu3ons	  
–  example:	  ESS	  powder	  diffractometer	  
–  example:	  SNS	  STS	  chopper	  spectrometer	  

Φ= Bav dλ
λmin

λmax

∫ ×ΔΩ



Thank	  you!	  
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