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L. Zanini, et al., 2014.
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Further increase of moderator brightness?

1
1. Theoretical approach to calculations of moderator brightness was developed. 0.8 //
= 06
Thermal-to-cold conversion in the single collision: = /
X / '~8 0.4 Ath =lem
Iora(x) = Ity (1 —e A) 0_2{
x T/2 0
B Ithffll ( X )]ded 0O 2 4 o6 8 10
X)) =— —exp|— X
cold (x) 2 p A, c0s(0) X, cm
0 —m/2 95% of thermal neutrons are converted to cold ones

within layer x = 34, = no further increase in cold

: : _ _ neutron intensity for x > 3A4;.
2. Analytic calculations are benchmarked with MCNP calculations
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However, ...

2. Under-illumination of neutron guide by small moderator

1. Gain in the moderator brightness comes by price
of intensity losses:

Moderators 4 .
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A dream...

Tall moderator, however
maintaining a high brightness
of small moderator...

Could this dream be true?
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Increasing the moderator width while keeping the brightness of a narrow modgﬁtgy:ungszemum

multiple moderators

d=0 ~
<l Reduction of intensity I;: w I By=L/W
! B Z_I],‘ B dA - BtOt = 211 < Bl
I < = Dot # W < Dby \ 2w+ d)
W 11 B1 = Il/W
8 7
. |
. H=10cm | Reason for reduction of I, in stack:
= 5
o * high intensity comes from next-to-the-surface area of moderator,
o 4-
£ ] which is now shadowed by neighbouring moderators at small d
.20 3
= | (reduction of illumination).
1 « ford > w shadowing is small, I; = I; , however B;,; < B;
00 é ;1 é 8 10
W N W, cm For good moderator performance one needs
well developed and well-illuminated moderator surface.
Vertical stack of N moderators is
equivalent to thick moderator (N-W) o
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Increasing the moderator width while keeping the brightness of a narrow moderator:
multiple moderators

<l |—> u d‘{l Bi=0L/W |_>
——

< .

W 11 B1=11/WH

Crucial requirement: to provide the well-developed and fully illuminated moderator surface in moderator assembly
with minimized shadowing of single moderators and absence of non-emitting areas (holes) .

2w

Chessboard-like assembly of narrow moderators.

_ When illuminating a neutron guide:
w| L B =1 /W outgoing cold * large effective width (31)

WI R neutron beam * mutual shadowing for all-side illumination

_______ 1s about 5% .
/4 Il 31 = 11/W

Thus, the brightness of each single moderator in the chessboard will be almost kept,
but intensities from each of moderators will add up.
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Staircase arrangement of rectangular moderators

One-side overlap:

Top view

Cold
neutron

beam

I
LTSS TTI LTS SIS

4x larger moderator surface and only slightly compromised illumination

Full illumination

Under-illumination

- > .
\ Neutron guide

Moderators

Neutron guide

Brightness

Brightness of each of single moderators almost kept,
but intensities from moderators will add up.
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One-wall overlap:

- Cold

— neutron
beam

ff!!!!!!!!!!!!!ﬂ

Shadowed solid angle = 2-3% of total => large moderator surface and small losses in thermal neutron illumination

_ Losses caused by wall (thickness a) 12 -
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Wall thickness a is comparable to moderator width ~ * Maximal gain for thin moderators of (1-3) mm

=> reduction of achievable brightness * Homogeneous illumination of all steps
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Staircase moderator in beam tube: 10cm beam 'J JULICH

Thermal flux distribution
at ILL-like source
ILL Yellow Book)

Beam width W=10 cm, moderator wall thickness d=1 mm

1.5 .
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Cold neutrons with 1>2.6A: gains 1.7 relative to 20cm long moderators.
Reduction of flux along moderator
reduces potential brightness gain. MCNP simulations are in progress to take into
account shadowing effect: estimation ~3%.
Slide 11
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Multiple staircase moderators in beam tube: 3 cm beam

* Reduction of flux along moderator reduces potential gain Beam width W=3cm, moderator wall thickness d=1 mm

 Staircase moderators of smaller total length are preferable 2 staircases #
- - Gain = 2.1 2 Reactor, 2 staircases, W = 3cm, MFP = 20cm, wall.
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Multiple staircase moderators in beam tube: 10 cm beam ’J JULICH

* Reduction of flux along moderator reduces potential gain
 Staircase moderators of smaller total length are preferable

— Multiple staircases

Thermal flux distribution
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Beam width W=10cm, moderator wall thickness d=1 mm

Gain= 2.2
3 steps:
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Gain=2 L

even for 2 steps:
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Staircase moderators: realization
Cryostat

e e e o mm mm mm e e o mm mm o e o e mm e mm mm mm mm e mm Em e mm mm e e o e = e

Neutron

beam Neutron guide

Neutron
guide

Vacuum

- o e o e o e o e o o

Can be made of a single Al piece: inner walls connect large surfaces and direct LH, flow ‘:
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Plan for the next year:

* manufacturing of the moderator in FZJ
* test measurements at dedicated test facility at BNC using the pin-hole camera device (6)
(details in the talk of L.Rosta)

Coldhead

Hydrogen gas supply Helium gas supply
d
Vacuum
gauge \ . o
>
Let // 44— mematsvica
[ Heat exchang
2nd (Coaxial)
stag
- «4— Cryostat o wall
—
buffer
E: -— a
Cry
1 - o= fors
@ &
m | ‘\Tl 1 shield
H, cell
A
Be disc
Neutron shield
T f H I H BN C : Neutron transparent window C . h | d d
esttacility at ryostat with cold moderator
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Now we know how to increase moderator brilliance when its total size is fixed.
Actually, such multiple-moderator assembly can be of any desirable total size.

=> What is the right combination of moderator and guide entrnace sizes?

To answer this question we developed a new optimization method to determine the optimal

neutron moderator size based on instrument parameters.

Simple and fast analytic method to find out optimal combinations of sizes of neutron moderator

and optical system entrance, which allow for the full sample illumination with minimum to none

background.
P. Konik, A. loffe, https://arxiv.org/abs/2302.00581
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General layout of neutron instrument

Moderator

Beam propagation

Moderator

In-between

position

Neutron Transport System

Guide entrance

position

Guide exit

position

Wou/2

angle

UJ JULICH
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Sample

Phase-space volume
required by instrument:
defined by the resolution a’

\

Beam propagation

In-between

Sample pogsition

position

Wou/2

Phase-space approach

q)out -

: each point corresponds to the unique state of the system - single neutron trajectory in neutron beam

Slide 17




Phase-space approach: each point corresponds to the unique state of the system - single neutron trajectory in neutron beam

Optimal instrument performance is reached when:

Sample position * Vis fully inscribed in Vg,
Phase-space volume V; * the excess volume (Vg - V) is minimal
required by instrument:

defined by the resolution ocsl

position

2Linas(2Louta’s - ds) o
Win
- Curve of Optimal and Full Sample lllumination (COFSI)

Wou/2 Dopt (Win) = Win,

Sample flux
100 ‘ ‘

£ 80 0.8
E |
-Wou/2 ~ Phase-space volume V,; .
delivered by neutron guide S 60 0.6
O
-oé' 40 0.4
()
©
@]
= 20 0.2

20 40 60 80 100

’J J U LI C H NTS entrance W, , mm
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What happens when one deviates from COFSI?

* Moderator over-illuminates guide entrance COFSI:
* Excessive neutrons are absorbed along the guide « sample is fully illuminated.
\ * minimal number of useless neutrons at sample
Sample flux
100 g - e ' ' 1
- “‘ \ * Moderator under-illuminates guide entrance
€ sof  Useful sample flux reduced
DE * “Gothic-like structure” of divergence
o 60
N
7 350000
S
fe] 40 300000 f
© 250000 |
Y 200000
2 150000 | f.A g *
5 100000 {1 1 f ¢ POl 4 % |
20 40 60 80 100 00041 1 @\; P M
0 i & . A A

-1 08 -06 04 -02 0 02 04 06 08 1
Vertical divergence [°]

Guide entrance W, , mm
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lllumination with low-dimensional para-H, moderator

Size-independent Size dependence Size-dependent
brilliance for pH, flat moderator brilliance
_ Compression gain h=10 cm Sample flux NF-NF + pH2
100 ISampIIe flux NF NF. ; 8 ‘ ‘ ‘ ‘ 100
£ 7 = 1.6
E sof 0.8 . E 80 1.4
. y
a s ) 60 112
g 5 N 1
N 8, - 0.8
S 40 = .o 4 '
..a m3 S 0.6
o) o
T 20 0.2 2 B 20 G
= Al = 0.2
0
20 40 60 80 100 Eh 5 . 5 8 0 20 40 60 80 100
Guide entrance w, , mm Width, cm Guide entrance w, , mm

High flux + ideal sample illumination

Higher flux + “gothic” divergence profile

This is a recipe how to find the optimal combination of moderator size and neutron guide size.
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One moderator serving two instruments

100

Para-hydrogen brilliance

40 60 80

Moderator size, mm

20

souel||ug

Ly mm

Moderator size D

D
o

S
o

High-resolution instrument

80

40 60

NTS entrance w, , mm

HR instrument | LR instrument
Optimally and fully Dypy =18 mm | D,y = 51 mm y,
illuminated sample b, = 3.8 o, =9
Under-illuminated sample; | Dy = 13 mm | D,y = 25 mm /
maximal sample flux d,=4.1 &, =115
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(flux scales are different!)

100

, mm

Moderator size D

100

Low-resolution instrument

40

20

- N W b OO O N O ©

20 40 60 80 100

NTS entrance W, , mm

Best solution is close to Dypi=18 mm:

HR instrument reaches best performance

LR instrument gets very high (not maximum) flux
LR instrument sample under-illumination

does not compromise its operation
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Conclusions Forschungszentrum
Staircase moderator
geometry
Choice of the moderator size
(not compromising on brightness and intensity)
Combination of moderator-neutron guide sizes
for optimal and full sample illumination

Choice of neutron guide size Manufacturing high-brilliance cold moderator of optimal size
for the given moderator for existing neutron guides with brightness gain of about (2-3)

Thank you for attention!
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