
ESS Source and Concerns

SNS High Energy Shielding Meeting December 2012

Phil Bentley



Target



View of Assembly



View of Assembly



Lund, 3/2/2012 K.H. Andersen

Pulsed-source time structures
cold  neutrons

log(Intensity)

0            20           40           60            80          100         120   
time (ms)

1

0.1

10

100μs0

short pulse

ILL

ISIS-TS1



Lund, 3/2/2012 K.H. Andersen

log(Intensity)

0            20           40           60            80          100         120   
time (ms)

1

0.1

10

ISIS-TS2

ILL

ISIS-TS1

Pulsed-source time structures
cold  neutrons



Lund, 3/2/2012 K.H. Andersen

log(Intensity)

0            20           40           60            80          100         120   
time (ms)

1

0.1

10

SNS ILL

Pulsed-source time structures
cold  neutrons

ISIS-TS1 ISIS-TS2



Lund, 3/2/2012 K.H. Andersen

log(Intensity)

0            20           40           60            80          100         120   
time (ms)

1

0.1

10

SNS ILL

Pulsed-source time structures
cold  neutrons

ISIS-TS1 ISIS-TS2

J-PARC



Lund, 3/2/2012 K.H. Andersen

log(Intensity)

0            20           40           60            80          100         120   
time (ms)

1

0.1

10

SNS ILL

Pulsed-source time structures
cold  neutrons

ISIS-TS1 ISIS-TS2

J-PARC
ESS

long pulse

3ms



Lund, 3/2/2012 K.H. Andersen

Long-Pulse Principle

0                  1                 2                 3        time (ms)

Intensity



Lund, 3/2/2012 K.H. Andersen

Long-Pulse Principle

0                  1                 2                 3        time (ms)

Intensity



Lund, 3/2/2012 K.H. Andersen

Long-Pulse Principle

0                  1                 2                 3        time (ms)

Intensity



Lund, 3/2/2012 K.H. Andersen

Long-Pulse Principle

0                  1                 2                 3        time (ms)

Intensity



Lund, 3/2/2012 K.H. Andersen

Long-Pulse Principle

0                  1                 2                 3        time (ms)

Intensity



Moderator Top View

Lund |  SAC-5 | 2012 March 29 |   L. Zanini 

MCNPX model with and without bi-
spectral extraction 
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Absolute brightness from cold moderator

• Comparison of calculated  ESS 
neutron brightness to the 
analytical reference
– Preliminary results based on ESS 

baseline cold moderator
• Proton beam parameters:2.86 

ms, 14 Hz, 125 MW/pulse
• Expected systematic 

uncertainties of about 15% due 
to uncertainties
– on the engineering design and 
– on models and libraries used in the 

calculation



	  MCNPX	  SINQ	  model

Source description

	  neutron	  spectrum	  inside	  cold	  moderator

- using the SINQ source as reference

- scaling up to the ESS (neutron flux, frequency)

- source size: 12cm x 12 cm (WxH)  
	  cold	  source

Energy region
0.5 eV – 600 MeV

Neutron fluxes: n/cm2/peak     (valid for 5 MW -> integrated flux/s is comparable to ILL flux) 

Dose rates: mSv/h (intern. standard conversion factors)  

	  cold	  source

	  MCNPX	  ESS	  model

	  8:1

	  1:1



Energy Windows at High Energy
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Beam Extraction Side View

• Chopper shelf like SNS

• Shroud around the monolith, 
less than 4 yards thick, made 
from copper, tungsten

• Taking new directions, in a 
small part of the shielding that 
will have big impact on the 
instrument backgrounds

• Natasha, Richard & Kelly will 
talk about the background 
information on this
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Technical Issues for Extraction & Shielding

• Eye-of-the-needle solutions

• Curved guides (no straight 
ellipses)

• Double line of sight

Guide comparisons (K. Klenø, K. Lieutenant)

• ESS needs long guides; ”natural length” 156 m
• Guide loss is a potential problem; RN→ 0

– In particular for thermal neutrons
• Simulate different guide geometries

Lefmann et al, private communication

Böni et al, Nuc Inst Meth Phys Res A 624 (2010) 162

moderator vessel, and (ii) the g!radiation from neutron capture
and inelastic neutron scattering from structure elements as they
are: (a) neutron guide coating (Ni/Ti, m¼3), (b) neutron guide
walls (float glass, borofloat glass, aluminum), and (c) shielding
within the biological shielding and the heavy concrete around the
guide outside the biological shielding.

In the MCNP-simulations, the total reflection of the neutrons in
the neutron guide is not considered. This has no impact on the
simulated neutron dose rate outside the shielding because the
contributions of fast and intermediate neutrons are dominant
here. The contributions of cold and thermal neutrons, which can
be totally reflected in the guide are negligible outside the
shielding. However, for large distances from the cold source the
dose rate of the generated g!radiation is underestimated,
especially for the curved guide after the end of the direct sight
to the cold source: Neutrons that are total reflected and
afterwards absorbed close to the end of the guide cause an
additional g!component that is not included in the simulation
results.

3. Dose rates of curved neutron guide

Contour plots of the dose rate (DR) for neutron and
g!radiation of a curved guide using the approximate dimensions
of the TASP-guide at SINQ [5] are shown in Fig. 2. Outside the
direct line of sight, the DRs are massively reduced, while close to
the biological shielding, the DR exceeds 5mSv=h. The maximum
allowed DR varies for the various facilities in a range of typically
1–5mSv=h. Therefore, additional shielding is necessary. Fig. 3
shows the dependence of the dose rate for the various energy
groups as measured with the detector 1.3 m away from the optical
axis of the guide. It is clearly seen that the fast neutrons
E40:1 MeV are mostly responsible for the neutron DR. Neutrons
in this energy group are scattered from the moderator vessel into
the neutron guide. The DR decreases up to the line of sight due to
the decreasing solid angle. After the line of sight, the fast neutrons
are moderated and scattered by the guide walls and the shielding
thus leading to a fast decrease of the DR. The moderated neutrons

show up in the two energy groups with Eo0:1 MeV. From the
simulations it is clear that the guided neutrons are not relevant
for the DR of the neutrons.

Similarly, the DR for the g!radiation drops also significantly
upstream of the line of sight. The major contribution to the DR is
due to the two energy groups E40:5 MeV. The g!radiation is
mostly produced by the interaction of the neutrons with the
neutron guide. It is in particular the Ni/Ti coating m¼3 that
produces hard g!radiation with an energy around 7 MeV. It is
clear that this contribution increases if coatings with even larger
critical angles are used due to the rapidly increasing amount of Ni
and Ti of the coatings [15]. Presently, supermirror with m
approaching 7 is manufactured thus N increases up to C10,000.
When compared to the DR of the neutrons, the g!DR is rather
small.

Concluding, beyond the line of sight of the curved guide, the
dose rates are very small and the thickness of the shielding may
be reduced. However, it is necessary, to improve the neutron
shielding close to the biological shielding to achieve radiation
levels of the order of 1mSv=h. At most reactor based sources, the
curved section is contained inside a neutron guide bunker that
provides an effective shielding.

Fig. 2. (Color online) Contour plot of the total dose rate (DR) for neutrons (top)
and g!radiation (bottom) of a curved guide. Outside the direct line of sight of
25.6 m, the radiation levels drop quickly to below 1mSv=h. The inner and outer
radii of the heavy concrete shielding are 0.2 and 0.6 m, respectively (white lines).
The black contour indicates the DR-level of 5mSv=h.

Fig. 3. (Color online) Dose rate of the neutron (top) and g!radiation (bottom)
versus distance from the cold moderator for a curved guide as measured in the
detector surrounding the guide at a distance of 1.3 m. The results show that the
high energy contributions are mostly responsible for the DR. The DR for neutrons
with E40:1 MeV is almost identical to the total DR. Beyond the line of sight, the
DR drops quickly to very low levels 51mSv=h.

P. Böni et al. / Nuclear Instruments and Methods in Physics Research A 624 (2010) 162–167164

4. Dose rates of elliptic neutron guide

Fig. 4 shows the contours of the DR for the neutron and
g!radiation. The comparison with the DR of the curved guide
shows that the background is higher in the second half of the
guide section, i.e. for x425 m. Obviously, the present design of
the beam catcher does not help to reduce the background
significantly: Most of the fast neutrons from the moderator pass
the beam stop and hit the guide structure downstream of the
catcher. Simulations show that even a beam stop with a length of
2 m does not reduce the radiation caused by these fast neutrons
significantly. The position of the catcher can be identified by the
spot of enhanced g!radiation at xC25 m up-stream of the guide.
The design of the catcher may be further improved by shaping it
more streamlined thus maintaining its maximum cross-section
while increasing its length.

Similarly as for the curved guide, it is only the DR of the fast
neutrons E40:1 MeV and of the g!radiation in the energy
window E40:5 MeV, which contribute to the background
(Fig. 5). The background caused by the guided cold and thermal
neutrons is irrelevant. The simulations show that the background
as produced by the elliptic guide is well within the acceptable
limits of a few mSv=h. By adding a small amount of shielding, the
contribution of the fast neutrons can be reduced such that the DR
drops below 1mSv=h.

Of most concern are the fast neutrons that are not absorbed by
the beam stop and hit directly the sample or neutron optical
devices in the focal point at the exit of the elliptic guide.
Considering that the useful neutron flux is increased by
approximately a factor of four or more for m¼3 [5], the ratio of
fast to useful neutrons increases only by a factor of about 3.

5. Discussion

In Sections 3 and 4 we have presented the results of the
simulations of the background of a curved and an elliptic guide.
Fig. 6 shows a direct comparison of the total dose rate (DR) of the
two concepts. The DR close to the biological shielding is reduced
for the elliptic design due to the more compact shielding near the
moderator. In contrast, the DR is reduced for the curved guide
when compared with the elliptic guide by more than an order of
magnitude downstream of the position xC25 m. Both guide

Fig. 4. (Color online) Contour plot of the total dose rate (DR) for neutrons (top)
and g!radiation (bottom) of an elliptic guide. The inner and outer radii of the
heavy concrete shielding are 0.2 and 0.6 m, respectively (white lines). The black
contour indicates the DR-level of 5mSv=h.

Fig. 5. (Color online) Dose rate of the neutron (top) and g!radiation (bottom)
versus distance from the cold moderator for an elliptic guide as measured in the
detector surrounding the guide at a distance of 1.3 m. The results show that the
high energy contributions are mostly responsible for the DR. The DR for neutrons
with E40:1 MeV is almost identical to the total DR.

Fig. 6. (Color online) Comparison of the total dose rates (DR) for the curved (open
symbols) and elliptic (filled symbols) guide. The diamonds and the triangles
indicate the DR for neutrons and g!radiation, respectively. The DR for both guide
concepts is of the order or below 1mSv=h.

P. Böni et al. / Nuclear Instruments and Methods in Physics Research A 624 (2010) 162–167 165



• Work in Prague, Berlin, 
Copenhagen and Lund all 
agree very well

Converging Guide Geometry Concept
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Rules of Engagement

• Very happy to have free flow of information

• Throw rocks at our ideas and tell us what you think will and will not work

• We will tell you everything we are thinking and modelling on these problems

• We can provide equipment, help with measurements, modelling, and testing, 
to help SNS and PSI, and at the same time together we can improve existing 
and future sources

• Design goal: 100x reduction in the size of the “prompt pulse” on the 
spectrometers


