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The upper moderator has a thickness of 30 mm chosen as a compromisee
between brightness and brightness transfer

brightness transfer can be lower if the source is smaller than the guide, due to guide underillumination
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With the upper butterfly moderator, the ESS performance at 2 MW is 
equivalent to the original (from Technical Design Report of 2014) expected
performance at 5 MW 
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1 moderator is enough!

A very important by-product of using a low dimensional moderator, is that 1 
moderator can serve all the instrument suite

Possibility to develop a second source

protons

target

moderator
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TDR = 42 openings

The original TDR (2014) moderators allowed for 42 beam openings (1 per 
beamport)

A given beamport would point to the 

upper OR to the lower moderator
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Present = 84 openings

The butterfly moderator allows for 84 beam openings (2 per beamport)

A given beamport can point to the upper 

AND to the lower moderator
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First generation of parahydrogen moderators (BF2) –Twister

(in-kind FZJ Jülich)
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Openings 

from upper 

moderator

Openings 

from future 

lower 

moderator

TOTAL

available

used

42
0

84
1616

42

20%

Presently only 20% of the beam openings are used
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https://arxiv.org/abs/1401.6003v1.  

L. Zanini et al. Nuclear Inst. and Methods in Physics Research, A 925 (2019) 33–52

2014

https://arxiv.org/abs/1401.6003v1
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Highness

This proposal
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The lower moderator will have a higher brightness than the upper moderator for a 
combination of two effects

i) Reduction in moderator dimensions. Narrowing 

the height of the moderator from 30 mm to

10 mm or 5 mm alone increases brightness by 

approximately a factor of 1.8 or 2.2, respectively

In addition, narrowing the width of the moderator 

provides a further gain of at least ≈ 10%. 

ii) Simpler geometry. Compared to the complex 

geometry of the upper moderator, which is designed 

to serve all 42 beamports at ESS and provide both 

thermal and cold neutrons (from water and 

parahydrogen moderators, respectively), a simpler, 

directional cold moderator can be placed in an 

optimal location. 
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Design concept of the moderator
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The geometry of the lower moderator can be adapted to the number of instruments

Tube geometry (approx 200 X 40 X 5 mm3)

For six instruments spacing of 6 degrees)

Pancake geometry (approx. 200 

mm  diameter X 5 mm height) for 

all 42 beamports. 

Be

water

para-H2
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NMO placed outside monolith,no heating or radiation damage
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small prototype elliptic NMO 

equipped with non-

polarising supermirrors, 

demonstrated a brilliance 

transfer for small samples of 

72%



NMO in McStas
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▪ Conic component

− Base by Giacomo Resta (MIT)

− Supports wolter optics

− Elliptic – Hyperbolic (point to point with magnification)

− Parabolic - Elliptic (parallel beam to point)

▪ Derived flat version called NMO

− Christoph Herb (TUM)

− Elliptic shape (point to point)

▪ Neither support gravity or waviness

Ready made components

202 6-04-21



Alternatives to NMO
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▪ For very small sample sizes  (mm) and very low divergence, NMO might not be needed and 

conventional optics used instead

▪ See NEUSTRUCT proposal (slide 28)
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ESS lower mod.

The second source will bring ESS at the top for both peak and time-average brightness

21

ESS lower moderator, 

3X1 cm2 emission surface
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The lower moderator will use the existing cryogenic infrastructure of 
the upper moderator



Possible integration with a high intensity LD2 
moderator
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Impact of HB moderator on LD2: likely less than 10%

Impact of LD2 moderator on HB mod: to be quantified 

but certainly larger

o LD2 replaces Be reflector

o will be transparent to cold neutrons from the LD2

o possible mitigation from additional premoderator?

o Needs a dedicated study

Be reflector

Water 

premoderator



Gap analysis
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Proposed new instruments what would use  
the very high brightness moderator (1)
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SMÅ - SANS FOR MATERIALS ANALYSIS
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Proposed new instruments what would use  
the very high brightness moderator (2)
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Proposed new instruments what would use  
the very high brightness moderator (3)
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Proposed new instruments that would likely 
use  the very high brightness moderator (4)

Due to the very small phase space, the NeuStruct team has indicated that

conventional optics instead of NMOs might be used.

Would likely take neutrons from upper moderator for SANS end station, and 

neutrons from lower moderator (from the same beamport) for the MX 

endstation.



Proposed new instruments what would use  
the very high brightness moderator (5)
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Additional intruments that could use the 
very high brightness moderator (6,7)
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This  moderator achieves much of the gains previously proposed for a dedicated mHz source with obvious 

advantages of serving more instruments and of being able to deliver not just mHz but also 14Hz.



Technical level of maturity: moderator
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❑Concept uses established decade-long best practice in parahydrogen 

moderators.

❑Materials established (parahydrogen, beryllium, structural materials)

❑Scaled-down complexity wrt to upper moderator, but similar in concept

❑Should these instruments be accepted, such moderator could be 

immediately implemented

❑Uses the existing cryogenic infrastructure

❑Only cost is the additional Be material



Technical level of maturity: optics
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❑NMO is a new concept, derived from Wolter Optics

❑Not yet used at neutron sources

❑Experimental validation of prototypes performed at FRM-II and PSI (Herb, 

Zimmer, Böni et al)

❑The reported experimental results, obtained with a small prototype elliptic 

NMO equipped with non-polarising supermirrors, have demonstrated a 

brilliance transfer for small samples of 72%. 

❑There are ongoing measurements and developments (P. Böni et al).

❑Will require additional R&D to consolidate the technology, improve brilliance 

transfer, and study effects such as waviness

❑Can profit from parallel developments from other teams (NNBAR, NJORD) that 

have NMOs in their proposals

❑Conventional optics might be used for instruments using very small sample 

areas and divergences (NEUSTRUCT)



Strength of the team
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❑ The present consortium consists of specialists in source design, optics, and instrument 

scientists

❑ More resources would be needed for neutronic, optics design and prototyping

❑ Detailed neutronic design of moderator will need additional resources (1 PhD)

❑ It is expected that as the interest grows, there will be collaborations with the different 

instrument teams using the lower moderator

❑ Optics design would be done in collaboration with instrument teams using lower 

moderator, as it was done for the upper moderator

❑ Additional development of NMO would also be done in collaboration



Conclusions
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❑The VHBS,consisting of a high brightness moderator combined with the beam extraction of 

NMOs, may provide a factor 2 in brightness for  neutron scattering instruments with small phase 

space volume.

❑Ideal for instruments with small samples and low-divergence beams 

❑Once ESS reaches 5 MW, it would make ESS simultaneously the source with highest peak and time 

average brightness in the world

❑Four proposed instruments (NJORD, KVASIR, SMÅ, NEUSTRUCT) have expressed strong interest in 

this source, and the VHBS would likely become their source of choice instead of the upper 

moderator (NEUSTRUCT would use both)

❑Other proposed instruments (YGGDRASIL, ASGARD, SAGA) would likely benefit from it.

❑There might be more of the proposed instruments, we have not talked with all the teams

❑Should these instruments be accepted, the moderator could be soon implemented thanks to:

❑Uses the existing cryogenic infrastructure

❑Low additional cost (Be reflector) for the planned twister plugs.

❑Integration with a future LD2 moderator seems possible; needs detailed study
202 6-04-21
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