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Neutron EDM

Standard Model :

|dn| < 3.0 × 10-26 e cmPresent upper limit 

New Physics (SUSY ...) :
|dn| ~ 10-27 ~ -28 e cm

|dn| ~ 10-32 e cm

is approaching to the predictions of some physics 
beyond the standard model of particle physics.

Converted by Superthermal process

Dense UCNs are required
High power proton beam (by accelerator) 
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Improved Statistics with Superthermal UCN Source

Previous (ILL): Reactor neutrons (~ meV) slowed in g-field, turbine → 5 UCN/cc

Superthermal source: defeating thermal equilibrium

Inelastic scattering off superfluid 4He atoms

(E = p2/2mn)
8.9 Å(~1 meV) incident n 
transfers all p, E to phonon, 
“downscatters” to UCN

Ultra-cold neutrons (UCN): E < 300 neV, trapped in material bottles

4

Dispersion curve

UCN production by superfluid He converter

Superthermal source
Neutron with 1 meV transfers all energy and momentum to phonon and 
down-scatters to UCNs in superfluid He. 

Single phonon excitation

phonon processes to the UCN production rate. This might
be useful to calculate, for any given spectrum of incident
neutrons, the expected UCN production rate. As an exam-
ple, this is done here for the cold neutron beam PF1b at
the Institut Laue Langevin.

UCN production rate, general expressions
UCN production in superfluid helium is due to coher-

ent inelastic scattering of the incident cold neutrons with
energy E (and wavenumber k) down to energies E′ (k′).
The maximum final energy is defined by the wall potential
of the converter vessel (252(2) neV for beryllium) with re-
spect to the Fermi potential of He-II (18.5 neV at SVP):
Vc = 233(2) neV. The production rate is given by

PUCN(Vc) =

!

∞

0

dE

! Vc

0

N
dφ

dE
·

dσ

dE′
(E → E′) dE′, (1)

where dφ/dE is the differential incident flux, N the helium
number density, and dσ/dE′ the differential cross section
for inelastic neutron scattering. The latter is given by

dσ

dE′
= 4πb2 k′

k
S(q, !ω), (2)

where b is the neutron scattering length of 4He, !ω = E −
E′, q = k − k′, and S(q, !ω) is the dynamic scattering
function evaluated for values on the dispersion curve of the
free neutron. Details of calculation can be found in Ref. [11]
where the general result is given in Eq. (9). We may write

PUCN(Vc) = N σVc
kc

3π

!

∞

0

dφ

dλ
s (λ)λdλ, (3)

where σ = 1.34(2) barn [15] is the scattering cross section
of 4He, !kc =

√
2mnVc, and

s(λ) = !

!

S(q, !ω)δ(!ω − !
2k2/2mn)dω (4)

defines the UCN scattering function as function of the in-
cident neutron wavelength λ, making use of q = k = 2π/λ,
valid for k′ ≪ k. We divide it into a single and a multi-
phonon part, s(λ) = sI(λ) + sII(λ).

The single phonon contribution can be approximated by
sI(λ) = S∗δ(λ∗ − λ), where λ∗ = 2π/q∗ is the neutron
wavelength at the intersection of the dispersion curves of
the free neutron and the helium (q∗ = 0.706 Å−1 for SVP),
and S∗ = !

"

peak
S(q∗, !ω)dω denotes the intensity due to

single phonon emission. Evaluation of the single-phonon
UCN production rate yields

PI(Vc) = Nσ

#

Vc

E∗

$3/2 λ∗

3
β S∗

dφ

dλ

%

%

%

%

λ∗

, (5)

where E∗ = !2q∗2/2mn, and the Jacobian factor

SVP 0 bar

λ∗ [Å] 8.92(2) 8.26(2)

E∗ [meV] 1.028 1.20

N [1022cm−3] 2.1835 2.5317

β 1.42(1) 1.21(1)

S∗ 0.118(8) 0.066(7)

relative factor 1 0.41

Table 1
Factors relevant for single phonon production rate deduced from
Ref. [16,17,18]. An increase in flux of a factor ∼ 2.5, going from 8.9 Å
to 8.3 Å is necessary to compensate for the loss in intensity.
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dq
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%
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dq

%
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q∗

− dEHe

dq

%

%

%

q∗

accounts for the overlap of the two dispersion curves, En(q)
and EHe(q). For a beryllium-coated converter at SVP this
results in

PI(Vc) = 4.97(38) · 10−8 Å

cm

dφ

dλ

%

%

%

%

λ∗

. (6)

The differential multiphonon UCN production rate in the
same units is given by

dPII (Vc)

dλ
= NσVc

kc

3π

dφ

dλ
λsII(λ), (7)

which depends explicitly on the form of sII(λ) which is
discussed below.

UCN production rates from scattering data
The scattering function Eq. (4) can be extracted from in-

elastic scattering measurements. This has been done here
for data previously measured by Andersen and colleagues,
on the IN6 time-of-flight spectrometer at the Institut Laue
Langevin, at SVP and at p = 20 bar. Parts of this data
have already been published earlier in [14,18,19,20,21]. For
the present purpose we have treated and rebinned all of the
raw data to obtain a higher resolution in q and to cover the
complete accessible q-range. Existing data points from pre-
vious publications were used as reference for our analysis.
A typical measurement of the dynamic scattering function
S(q, !ω) is shown in Figure 1.
The plane is divided into slices with width ∆q = 0.2 Å−1.
Figure 2 shows S(q, !ω) for two representative values of q.
From each such slice we extract one value of sII(λ), with
λ fixed by the condition h/λ =

√
2mn!ω. For this pur-

pose the energy is binned with width ∆!ω = 0.02 meV.
The compiled data is presented in Table 2 of the appendix.
For the short wavelength region below 4.5 Å only one data
point exists from Ref. [19]. An accepted model for the ex-
trapolation to short wavelengths is given by Family [22].
It was developed from low-order diagrams of the interpar-
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phonon processes to the UCN production rate. This might
be useful to calculate, for any given spectrum of incident
neutrons, the expected UCN production rate. As an exam-
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UCN production

Narrow-bandwidth neutrons are required.
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Fig. 3. The energy spectrum of the flux measured on the beam NL4 of the HMI and the calculated UCN production as a function of λ–Å.

section. For the measured spectrum (normalized to 1 at the peak of dφ/dλ) we find:
!"

Φ(E1)S

#

k1,ω = αk21
2

$

dk1

%

= 0.025

yielding

Pmp = 4.72× 10−9

the one phonon contribution for this spectrum is found Eq. (12) as

P1p = 5.48× 10−9.

Fig. 3 shows the spectrum and calculated UCN production rate as a function of the wavelength of the incident
neutrons, λ, similar to what would be observed in a time of flight measurement.

3. Discussion

The results are summarized in the table below. The column labelled ‘Maxwell’ refers to a Maxwellian spectrum
corrected for an ideal guide transmission τ ∝ λ2 and cut off at 3.8 Å minimum wavelength.
We see that the multiphonon contribution as expected is a rather strong function of the source spectrum varying

from less than to slightly more than the one phonon production rate for the realistic spectra considered here
(Table 1).
(The NC State figures have been reduced by the factor of 2 for a 20 liter source volume as discussed above.)
Thus we see that the inclusion of the multiphonon production amounts to at most a little more than a factor

of 2 increase in UCN production. In the case of a cold beam the multiphonon contribution is a small correction
to the single phonon production so that the use of a monochromatic beam, which offers significant operating
advantages [6], would be accompanied by a minor loss in UCN production.
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function evaluated for values on the dispersion curve of the
free neutron. Details of calculation can be found in Ref. [11]
where the general result is given in Eq. (9). We may write
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defines the UCN scattering function as function of the in-
cident neutron wavelength λ, making use of q = k = 2π/λ,
valid for k′ ≪ k. We divide it into a single and a multi-
phonon part, s(λ) = sI(λ) + sII(λ).

The single phonon contribution can be approximated by
sI(λ) = S∗δ(λ∗ − λ), where λ∗ = 2π/q∗ is the neutron
wavelength at the intersection of the dispersion curves of
the free neutron and the helium (q∗ = 0.706 Å−1 for SVP),
and S∗ = !
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where E∗ = !2q∗2/2mn, and the Jacobian factor

SVP 0 bar

λ∗ [Å] 8.92(2) 8.26(2)

E∗ [meV] 1.028 1.20

N [1022cm−3] 2.1835 2.5317

β 1.42(1) 1.21(1)

S∗ 0.118(8) 0.066(7)

relative factor 1 0.41

Table 1
Factors relevant for single phonon production rate deduced from
Ref. [16,17,18]. An increase in flux of a factor ∼ 2.5, going from 8.9 Å
to 8.3 Å is necessary to compensate for the loss in intensity.
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The differential multiphonon UCN production rate in the
same units is given by

dPII (Vc)
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= NσVc

kc
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λsII(λ), (7)

which depends explicitly on the form of sII(λ) which is
discussed below.

UCN production rates from scattering data
The scattering function Eq. (4) can be extracted from in-

elastic scattering measurements. This has been done here
for data previously measured by Andersen and colleagues,
on the IN6 time-of-flight spectrometer at the Institut Laue
Langevin, at SVP and at p = 20 bar. Parts of this data
have already been published earlier in [14,18,19,20,21]. For
the present purpose we have treated and rebinned all of the
raw data to obtain a higher resolution in q and to cover the
complete accessible q-range. Existing data points from pre-
vious publications were used as reference for our analysis.
A typical measurement of the dynamic scattering function
S(q, !ω) is shown in Figure 1.
The plane is divided into slices with width ∆q = 0.2 Å−1.
Figure 2 shows S(q, !ω) for two representative values of q.
From each such slice we extract one value of sII(λ), with
λ fixed by the condition h/λ =

√
2mn!ω. For this pur-

pose the energy is binned with width ∆!ω = 0.02 meV.
The compiled data is presented in Table 2 of the appendix.
For the short wavelength region below 4.5 Å only one data
point exists from Ref. [19]. An accepted model for the ex-
trapolation to short wavelengths is given by Family [22].
It was developed from low-order diagrams of the interpar-
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Fig. 3. The energy spectrum of the flux measured on the beam NL4 of the HMI and the calculated UCN production as a function of λ–Å.

section. For the measured spectrum (normalized to 1 at the peak of dφ/dλ) we find:
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= 0.025

yielding

Pmp = 4.72× 10−9

the one phonon contribution for this spectrum is found Eq. (12) as

P1p = 5.48× 10−9.

Fig. 3 shows the spectrum and calculated UCN production rate as a function of the wavelength of the incident
neutrons, λ, similar to what would be observed in a time of flight measurement.

3. Discussion

The results are summarized in the table below. The column labelled ‘Maxwell’ refers to a Maxwellian spectrum
corrected for an ideal guide transmission τ ∝ λ2 and cut off at 3.8 Å minimum wavelength.
We see that the multiphonon contribution as expected is a rather strong function of the source spectrum varying

from less than to slightly more than the one phonon production rate for the realistic spectra considered here
(Table 1).
(The NC State figures have been reduced by the factor of 2 for a 20 liter source volume as discussed above.)
Thus we see that the inclusion of the multiphonon production amounts to at most a little more than a factor

of 2 increase in UCN production. In the case of a cold beam the multiphonon contribution is a small correction
to the single phonon production so that the use of a monochromatic beam, which offers significant operating
advantages [6], would be accompanied by a minor loss in UCN production.
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phonon processes to the UCN production rate. This might
be useful to calculate, for any given spectrum of incident
neutrons, the expected UCN production rate. As an exam-
ple, this is done here for the cold neutron beam PF1b at
the Institut Laue Langevin.

UCN production rate, general expressions
UCN production in superfluid helium is due to coher-

ent inelastic scattering of the incident cold neutrons with
energy E (and wavenumber k) down to energies E′ (k′).
The maximum final energy is defined by the wall potential
of the converter vessel (252(2) neV for beryllium) with re-
spect to the Fermi potential of He-II (18.5 neV at SVP):
Vc = 233(2) neV. The production rate is given by
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function evaluated for values on the dispersion curve of the
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defines the UCN scattering function as function of the in-
cident neutron wavelength λ, making use of q = k = 2π/λ,
valid for k′ ≪ k. We divide it into a single and a multi-
phonon part, s(λ) = sI(λ) + sII(λ).

The single phonon contribution can be approximated by
sI(λ) = S∗δ(λ∗ − λ), where λ∗ = 2π/q∗ is the neutron
wavelength at the intersection of the dispersion curves of
the free neutron and the helium (q∗ = 0.706 Å−1 for SVP),
and S∗ = !
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S(q∗, !ω)dω denotes the intensity due to

single phonon emission. Evaluation of the single-phonon
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where E∗ = !2q∗2/2mn, and the Jacobian factor
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λ∗ [Å] 8.92(2) 8.26(2)

E∗ [meV] 1.028 1.20

N [1022cm−3] 2.1835 2.5317

β 1.42(1) 1.21(1)

S∗ 0.118(8) 0.066(7)

relative factor 1 0.41

Table 1
Factors relevant for single phonon production rate deduced from
Ref. [16,17,18]. An increase in flux of a factor ∼ 2.5, going from 8.9 Å
to 8.3 Å is necessary to compensate for the loss in intensity.
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accounts for the overlap of the two dispersion curves, En(q)
and EHe(q). For a beryllium-coated converter at SVP this
results in

PI(Vc) = 4.97(38) · 10−8 Å
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The differential multiphonon UCN production rate in the
same units is given by

dPII (Vc)
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= NσVc

kc

3π
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λsII(λ), (7)

which depends explicitly on the form of sII(λ) which is
discussed below.

UCN production rates from scattering data
The scattering function Eq. (4) can be extracted from in-

elastic scattering measurements. This has been done here
for data previously measured by Andersen and colleagues,
on the IN6 time-of-flight spectrometer at the Institut Laue
Langevin, at SVP and at p = 20 bar. Parts of this data
have already been published earlier in [14,18,19,20,21]. For
the present purpose we have treated and rebinned all of the
raw data to obtain a higher resolution in q and to cover the
complete accessible q-range. Existing data points from pre-
vious publications were used as reference for our analysis.
A typical measurement of the dynamic scattering function
S(q, !ω) is shown in Figure 1.
The plane is divided into slices with width ∆q = 0.2 Å−1.
Figure 2 shows S(q, !ω) for two representative values of q.
From each such slice we extract one value of sII(λ), with
λ fixed by the condition h/λ =

√
2mn!ω. For this pur-

pose the energy is binned with width ∆!ω = 0.02 meV.
The compiled data is presented in Table 2 of the appendix.
For the short wavelength region below 4.5 Å only one data
point exists from Ref. [19]. An accepted model for the ex-
trapolation to short wavelengths is given by Family [22].
It was developed from low-order diagrams of the interpar-
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Fig. 3. The energy spectrum of the flux measured on the beam NL4 of the HMI and the calculated UCN production as a function of λ–Å.

section. For the measured spectrum (normalized to 1 at the peak of dφ/dλ) we find:
!"

Φ(E1)S

#

k1,ω = αk21
2

$

dk1

%

= 0.025

yielding

Pmp = 4.72× 10−9

the one phonon contribution for this spectrum is found Eq. (12) as
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Fig. 3 shows the spectrum and calculated UCN production rate as a function of the wavelength of the incident
neutrons, λ, similar to what would be observed in a time of flight measurement.

3. Discussion

The results are summarized in the table below. The column labelled ‘Maxwell’ refers to a Maxwellian spectrum
corrected for an ideal guide transmission τ ∝ λ2 and cut off at 3.8 Å minimum wavelength.
We see that the multiphonon contribution as expected is a rather strong function of the source spectrum varying

from less than to slightly more than the one phonon production rate for the realistic spectra considered here
(Table 1).
(The NC State figures have been reduced by the factor of 2 for a 20 liter source volume as discussed above.)
Thus we see that the inclusion of the multiphonon production amounts to at most a little more than a factor

of 2 increase in UCN production. In the case of a cold beam the multiphonon contribution is a small correction
to the single phonon production so that the use of a monochromatic beam, which offers significant operating
advantages [6], would be accompanied by a minor loss in UCN production.
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phonon processes to the UCN production rate. This might
be useful to calculate, for any given spectrum of incident
neutrons, the expected UCN production rate. As an exam-
ple, this is done here for the cold neutron beam PF1b at
the Institut Laue Langevin.

UCN production rate, general expressions
UCN production in superfluid helium is due to coher-

ent inelastic scattering of the incident cold neutrons with
energy E (and wavenumber k) down to energies E′ (k′).
The maximum final energy is defined by the wall potential
of the converter vessel (252(2) neV for beryllium) with re-
spect to the Fermi potential of He-II (18.5 neV at SVP):
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where b is the neutron scattering length of 4He, !ω = E −
E′, q = k − k′, and S(q, !ω) is the dynamic scattering
function evaluated for values on the dispersion curve of the
free neutron. Details of calculation can be found in Ref. [11]
where the general result is given in Eq. (9). We may write
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defines the UCN scattering function as function of the in-
cident neutron wavelength λ, making use of q = k = 2π/λ,
valid for k′ ≪ k. We divide it into a single and a multi-
phonon part, s(λ) = sI(λ) + sII(λ).

The single phonon contribution can be approximated by
sI(λ) = S∗δ(λ∗ − λ), where λ∗ = 2π/q∗ is the neutron
wavelength at the intersection of the dispersion curves of
the free neutron and the helium (q∗ = 0.706 Å−1 for SVP),
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Factors relevant for single phonon production rate deduced from
Ref. [16,17,18]. An increase in flux of a factor ∼ 2.5, going from 8.9 Å
to 8.3 Å is necessary to compensate for the loss in intensity.
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The scattering function Eq. (4) can be extracted from in-

elastic scattering measurements. This has been done here
for data previously measured by Andersen and colleagues,
on the IN6 time-of-flight spectrometer at the Institut Laue
Langevin, at SVP and at p = 20 bar. Parts of this data
have already been published earlier in [14,18,19,20,21]. For
the present purpose we have treated and rebinned all of the
raw data to obtain a higher resolution in q and to cover the
complete accessible q-range. Existing data points from pre-
vious publications were used as reference for our analysis.
A typical measurement of the dynamic scattering function
S(q, !ω) is shown in Figure 1.
The plane is divided into slices with width ∆q = 0.2 Å−1.
Figure 2 shows S(q, !ω) for two representative values of q.
From each such slice we extract one value of sII(λ), with
λ fixed by the condition h/λ =

√
2mn!ω. For this pur-

pose the energy is binned with width ∆!ω = 0.02 meV.
The compiled data is presented in Table 2 of the appendix.
For the short wavelength region below 4.5 Å only one data
point exists from Ref. [19]. An accepted model for the ex-
trapolation to short wavelengths is given by Family [22].
It was developed from low-order diagrams of the interpar-
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Demonstration   - “Rebuncher” to control neutron energy
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Demonstration   - “Rebuncher” to control neutron energy

製作された電磁石
Yoke 材質：SS400 (構造材)

中間磁極：SS400+アルミの積層
コイル冷却：間接水冷
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Demonstration   - Fast switching of RF, “Spin Flip Chopper”
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Figure 3.10: A photograph of a magnetic
supper mirror (MSM).

Figure 3.11: A photograph of a radio
frequency flipper (RFF).

Figure 3.12: An illustration of the Larmor precession inside the radio frequency flipper.
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Demonstration   - Fast switching of RF, “Spin Flip Chopper”
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Figure 3.12: An illustration of the Larmor precession inside the radio frequency flipper.
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Possible setup for SNS-UCN beamline

moderator. These areas are “pie-like” slices, surrounding the SNS
target monolith. An overhead view of the FnPB is presented in
Fig. 3. FnPB delivers neutrons to two smaller experimental areas
via a beamline which is split shortly after it exits the target
shielding monolith. Beamline 13A, or the “8.9 Å” line, delivers
8.9 Å neutrons to an external building expected to host an

experiment to search for the neutron electric dipole moment
[22]. These neutrons will be converted to UCN via the super-
thermal processes in 4He [23]. The external FnPB building begins
at the outside wall of the SNS target building. Its volume is
2789.2 m3 with a useful floor area of 220.18 m2 and height of the
crane hook 7.931 m. The bridge of the crane is parallel to the wall
of the SNS target building. The nEDM experiment [22] requires an
isolation pad, which is made of 1.22 m thick concrete, is 4.62 m
wide and 7.28 m long, begins 21.90 m from the end of the 13A
guide and is oriented so that its center is along the line of sight to
the 13A guide. There is a second isolation pad to support the
neutron guide (not yet installed) that begins at the external
building boundary and extends to the main isolation pad. The
guide isolation pad is made of 0.61 m thick concrete and is 1.30 m
wide and 4.44 m long. The boundaries between the isolation pads
and the external building floor are filled in with styrofoam (Fig. 4).

Beamline 13B, or the cold beamline, is polychromatic and
completely enclosed in a cave in the SNS target building. The broad
distribution of slow neutron energies in this beam can serve a suite
of experiments. The boundaries of the experimental area are shown
in yellow in Fig. 3, with two labyrinth walls defining the entrance.
The useful space is 2.84 m across on the upstream end of the cave
and 5.38 m on the upstream end of the first labyrinth wall, with
12.65 m along the direction of the beam. The experimental area has
a pit in the floor to accommodate a large magnetic spectrometer for
the Nab experiment [24,25]. The pit is 4.88 m long, 2.13 m wide,
2.44 m deep and begins 16.02 m downstream of the moderator face.

3.1. Shielding

An extensive shielding package that satisfies the SNS radiolo-
gical requirement of o0:25 mrem=h combined gamma and neu-
tron radiation at the boundary between adjacent beamlines and in
the instrument hall at 2 MW power extends from the moderator
outwards to the first labyrinth wall. The individual shield blocks
were designed so that there is no direct line of sight through joints
extending from the source to the experimental area.

The shielding configuration starts with 2.5–5.1 cm of steel
around the guide, staggered periodically along the beamline to
prevent neutrons and gammas streaming through gaps in the
shielding. The steel is followed by high density concrete up to 9 m
from the moderator. The height of the beamline shielding is
4.45 m from the instrument floor and extends from the source
out to a distance of 7.4 m. Here, the shielding height drops to
3.96 m and continues to the experimental cave, E15.2 m down-
stream of the moderator. The cave is covered by a 45 cm thick
regular concrete roof. A 4.5 m3 heavy concrete cube beamstop
begins at 6.91 m from the upstream end of the cave. Its support

Target Moderators 

Beamlines 

Fig. 1. A cutaway view of the mercury target, surrounded by four moderators
enclosed in a beryllium reflector. Each moderator is viewed by several beamlines.
See text for details.

Fig. 2. The mercury target vessel surrounded by 4 moderators inside of a beryllium
reflector. FnPB views the bottom downstream moderator (bottom right in the
figure). See text for details.

Fig. 3. A top view of the Fundamental neutron Physics Beamline(s). 13A is the
monochromatic line (left) and will extend into the external building to serve the
nEDM experiment. 13B is the polychromatic beamline (right), shown with
the NPDGamma experiment [19–21] installed in the experimental area. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)

Fig. 4. Schematic view of the Beamline 13 components, including bender guide,
choppers, monochromator assembly, secondary shutters (cold and 8.9 Å lines), as
well as straight (B/cold) and expanding (A/8.9 Å) guides. See text for details.
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moderator. These areas are “pie-like” slices, surrounding the SNS
target monolith. An overhead view of the FnPB is presented in
Fig. 3. FnPB delivers neutrons to two smaller experimental areas
via a beamline which is split shortly after it exits the target
shielding monolith. Beamline 13A, or the “8.9 Å” line, delivers
8.9 Å neutrons to an external building expected to host an

experiment to search for the neutron electric dipole moment
[22]. These neutrons will be converted to UCN via the super-
thermal processes in 4He [23]. The external FnPB building begins
at the outside wall of the SNS target building. Its volume is
2789.2 m3 with a useful floor area of 220.18 m2 and height of the
crane hook 7.931 m. The bridge of the crane is parallel to the wall
of the SNS target building. The nEDM experiment [22] requires an
isolation pad, which is made of 1.22 m thick concrete, is 4.62 m
wide and 7.28 m long, begins 21.90 m from the end of the 13A
guide and is oriented so that its center is along the line of sight to
the 13A guide. There is a second isolation pad to support the
neutron guide (not yet installed) that begins at the external
building boundary and extends to the main isolation pad. The
guide isolation pad is made of 0.61 m thick concrete and is 1.30 m
wide and 4.44 m long. The boundaries between the isolation pads
and the external building floor are filled in with styrofoam (Fig. 4).

Beamline 13B, or the cold beamline, is polychromatic and
completely enclosed in a cave in the SNS target building. The broad
distribution of slow neutron energies in this beam can serve a suite
of experiments. The boundaries of the experimental area are shown
in yellow in Fig. 3, with two labyrinth walls defining the entrance.
The useful space is 2.84 m across on the upstream end of the cave
and 5.38 m on the upstream end of the first labyrinth wall, with
12.65 m along the direction of the beam. The experimental area has
a pit in the floor to accommodate a large magnetic spectrometer for
the Nab experiment [24,25]. The pit is 4.88 m long, 2.13 m wide,
2.44 m deep and begins 16.02 m downstream of the moderator face.

3.1. Shielding

An extensive shielding package that satisfies the SNS radiolo-
gical requirement of o0:25 mrem=h combined gamma and neu-
tron radiation at the boundary between adjacent beamlines and in
the instrument hall at 2 MW power extends from the moderator
outwards to the first labyrinth wall. The individual shield blocks
were designed so that there is no direct line of sight through joints
extending from the source to the experimental area.

The shielding configuration starts with 2.5–5.1 cm of steel
around the guide, staggered periodically along the beamline to
prevent neutrons and gammas streaming through gaps in the
shielding. The steel is followed by high density concrete up to 9 m
from the moderator. The height of the beamline shielding is
4.45 m from the instrument floor and extends from the source
out to a distance of 7.4 m. Here, the shielding height drops to
3.96 m and continues to the experimental cave, E15.2 m down-
stream of the moderator. The cave is covered by a 45 cm thick
regular concrete roof. A 4.5 m3 heavy concrete cube beamstop
begins at 6.91 m from the upstream end of the cave. Its support

Target Moderators 

Beamlines 

Fig. 1. A cutaway view of the mercury target, surrounded by four moderators
enclosed in a beryllium reflector. Each moderator is viewed by several beamlines.
See text for details.

Fig. 2. The mercury target vessel surrounded by 4 moderators inside of a beryllium
reflector. FnPB views the bottom downstream moderator (bottom right in the
figure). See text for details.

Fig. 3. A top view of the Fundamental neutron Physics Beamline(s). 13A is the
monochromatic line (left) and will extend into the external building to serve the
nEDM experiment. 13B is the polychromatic beamline (right), shown with
the NPDGamma experiment [19–21] installed in the experimental area. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)

Fig. 4. Schematic view of the Beamline 13 components, including bender guide,
choppers, monochromator assembly, secondary shutters (cold and 8.9 Å lines), as
well as straight (B/cold) and expanding (A/8.9 Å) guides. See text for details.

N. Fomin et al. / Nuclear Instruments and Methods in Physics Research A 773 (2015) 45–51 47



“Feasibility study of neutron wavelength width compressor  
for EDM measurement”,  INPC2016 at Adelaide, 13 Sep. 2016,  
Masaaki Kitaguchi (Nagoya Univ.) page 22

Possible setup for SNS-UCN beamline

moderator. These areas are “pie-like” slices, surrounding the SNS
target monolith. An overhead view of the FnPB is presented in
Fig. 3. FnPB delivers neutrons to two smaller experimental areas
via a beamline which is split shortly after it exits the target
shielding monolith. Beamline 13A, or the “8.9 Å” line, delivers
8.9 Å neutrons to an external building expected to host an

experiment to search for the neutron electric dipole moment
[22]. These neutrons will be converted to UCN via the super-
thermal processes in 4He [23]. The external FnPB building begins
at the outside wall of the SNS target building. Its volume is
2789.2 m3 with a useful floor area of 220.18 m2 and height of the
crane hook 7.931 m. The bridge of the crane is parallel to the wall
of the SNS target building. The nEDM experiment [22] requires an
isolation pad, which is made of 1.22 m thick concrete, is 4.62 m
wide and 7.28 m long, begins 21.90 m from the end of the 13A
guide and is oriented so that its center is along the line of sight to
the 13A guide. There is a second isolation pad to support the
neutron guide (not yet installed) that begins at the external
building boundary and extends to the main isolation pad. The
guide isolation pad is made of 0.61 m thick concrete and is 1.30 m
wide and 4.44 m long. The boundaries between the isolation pads
and the external building floor are filled in with styrofoam (Fig. 4).

Beamline 13B, or the cold beamline, is polychromatic and
completely enclosed in a cave in the SNS target building. The broad
distribution of slow neutron energies in this beam can serve a suite
of experiments. The boundaries of the experimental area are shown
in yellow in Fig. 3, with two labyrinth walls defining the entrance.
The useful space is 2.84 m across on the upstream end of the cave
and 5.38 m on the upstream end of the first labyrinth wall, with
12.65 m along the direction of the beam. The experimental area has
a pit in the floor to accommodate a large magnetic spectrometer for
the Nab experiment [24,25]. The pit is 4.88 m long, 2.13 m wide,
2.44 m deep and begins 16.02 m downstream of the moderator face.

3.1. Shielding

An extensive shielding package that satisfies the SNS radiolo-
gical requirement of o0:25 mrem=h combined gamma and neu-
tron radiation at the boundary between adjacent beamlines and in
the instrument hall at 2 MW power extends from the moderator
outwards to the first labyrinth wall. The individual shield blocks
were designed so that there is no direct line of sight through joints
extending from the source to the experimental area.

The shielding configuration starts with 2.5–5.1 cm of steel
around the guide, staggered periodically along the beamline to
prevent neutrons and gammas streaming through gaps in the
shielding. The steel is followed by high density concrete up to 9 m
from the moderator. The height of the beamline shielding is
4.45 m from the instrument floor and extends from the source
out to a distance of 7.4 m. Here, the shielding height drops to
3.96 m and continues to the experimental cave, E15.2 m down-
stream of the moderator. The cave is covered by a 45 cm thick
regular concrete roof. A 4.5 m3 heavy concrete cube beamstop
begins at 6.91 m from the upstream end of the cave. Its support

Target Moderators 

Beamlines 

Fig. 1. A cutaway view of the mercury target, surrounded by four moderators
enclosed in a beryllium reflector. Each moderator is viewed by several beamlines.
See text for details.

Fig. 2. The mercury target vessel surrounded by 4 moderators inside of a beryllium
reflector. FnPB views the bottom downstream moderator (bottom right in the
figure). See text for details.

Fig. 3. A top view of the Fundamental neutron Physics Beamline(s). 13A is the
monochromatic line (left) and will extend into the external building to serve the
nEDM experiment. 13B is the polychromatic beamline (right), shown with
the NPDGamma experiment [19–21] installed in the experimental area. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)

Fig. 4. Schematic view of the Beamline 13 components, including bender guide,
choppers, monochromator assembly, secondary shutters (cold and 8.9 Å lines), as
well as straight (B/cold) and expanding (A/8.9 Å) guides. See text for details.

N. Fomin et al. / Nuclear Instruments and Methods in Physics Research A 773 (2015) 45–51 47

moderator. These areas are “pie-like” slices, surrounding the SNS
target monolith. An overhead view of the FnPB is presented in
Fig. 3. FnPB delivers neutrons to two smaller experimental areas
via a beamline which is split shortly after it exits the target
shielding monolith. Beamline 13A, or the “8.9 Å” line, delivers
8.9 Å neutrons to an external building expected to host an

experiment to search for the neutron electric dipole moment
[22]. These neutrons will be converted to UCN via the super-
thermal processes in 4He [23]. The external FnPB building begins
at the outside wall of the SNS target building. Its volume is
2789.2 m3 with a useful floor area of 220.18 m2 and height of the
crane hook 7.931 m. The bridge of the crane is parallel to the wall
of the SNS target building. The nEDM experiment [22] requires an
isolation pad, which is made of 1.22 m thick concrete, is 4.62 m
wide and 7.28 m long, begins 21.90 m from the end of the 13A
guide and is oriented so that its center is along the line of sight to
the 13A guide. There is a second isolation pad to support the
neutron guide (not yet installed) that begins at the external
building boundary and extends to the main isolation pad. The
guide isolation pad is made of 0.61 m thick concrete and is 1.30 m
wide and 4.44 m long. The boundaries between the isolation pads
and the external building floor are filled in with styrofoam (Fig. 4).

Beamline 13B, or the cold beamline, is polychromatic and
completely enclosed in a cave in the SNS target building. The broad
distribution of slow neutron energies in this beam can serve a suite
of experiments. The boundaries of the experimental area are shown
in yellow in Fig. 3, with two labyrinth walls defining the entrance.
The useful space is 2.84 m across on the upstream end of the cave
and 5.38 m on the upstream end of the first labyrinth wall, with
12.65 m along the direction of the beam. The experimental area has
a pit in the floor to accommodate a large magnetic spectrometer for
the Nab experiment [24,25]. The pit is 4.88 m long, 2.13 m wide,
2.44 m deep and begins 16.02 m downstream of the moderator face.

3.1. Shielding

An extensive shielding package that satisfies the SNS radiolo-
gical requirement of o0:25 mrem=h combined gamma and neu-
tron radiation at the boundary between adjacent beamlines and in
the instrument hall at 2 MW power extends from the moderator
outwards to the first labyrinth wall. The individual shield blocks
were designed so that there is no direct line of sight through joints
extending from the source to the experimental area.

The shielding configuration starts with 2.5–5.1 cm of steel
around the guide, staggered periodically along the beamline to
prevent neutrons and gammas streaming through gaps in the
shielding. The steel is followed by high density concrete up to 9 m
from the moderator. The height of the beamline shielding is
4.45 m from the instrument floor and extends from the source
out to a distance of 7.4 m. Here, the shielding height drops to
3.96 m and continues to the experimental cave, E15.2 m down-
stream of the moderator. The cave is covered by a 45 cm thick
regular concrete roof. A 4.5 m3 heavy concrete cube beamstop
begins at 6.91 m from the upstream end of the cave. Its support

Target Moderators 

Beamlines 

Fig. 1. A cutaway view of the mercury target, surrounded by four moderators
enclosed in a beryllium reflector. Each moderator is viewed by several beamlines.
See text for details.

Fig. 2. The mercury target vessel surrounded by 4 moderators inside of a beryllium
reflector. FnPB views the bottom downstream moderator (bottom right in the
figure). See text for details.

Fig. 3. A top view of the Fundamental neutron Physics Beamline(s). 13A is the
monochromatic line (left) and will extend into the external building to serve the
nEDM experiment. 13B is the polychromatic beamline (right), shown with
the NPDGamma experiment [19–21] installed in the experimental area. (For
interpretation of the references to color in this figure caption, the reader is referred
to the web version of this article.)

Fig. 4. Schematic view of the Beamline 13 components, including bender guide,
choppers, monochromator assembly, secondary shutters (cold and 8.9 Å lines), as
well as straight (B/cold) and expanding (A/8.9 Å) guides. See text for details.
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Possible setup for SNS-UCN beamline

moderator. These areas are “pie-like” slices, surrounding the SNS
target monolith. An overhead view of the FnPB is presented in
Fig. 3. FnPB delivers neutrons to two smaller experimental areas
via a beamline which is split shortly after it exits the target
shielding monolith. Beamline 13A, or the “8.9 Å” line, delivers
8.9 Å neutrons to an external building expected to host an

experiment to search for the neutron electric dipole moment
[22]. These neutrons will be converted to UCN via the super-
thermal processes in 4He [23]. The external FnPB building begins
at the outside wall of the SNS target building. Its volume is
2789.2 m3 with a useful floor area of 220.18 m2 and height of the
crane hook 7.931 m. The bridge of the crane is parallel to the wall
of the SNS target building. The nEDM experiment [22] requires an
isolation pad, which is made of 1.22 m thick concrete, is 4.62 m
wide and 7.28 m long, begins 21.90 m from the end of the 13A
guide and is oriented so that its center is along the line of sight to
the 13A guide. There is a second isolation pad to support the
neutron guide (not yet installed) that begins at the external
building boundary and extends to the main isolation pad. The
guide isolation pad is made of 0.61 m thick concrete and is 1.30 m
wide and 4.44 m long. The boundaries between the isolation pads
and the external building floor are filled in with styrofoam (Fig. 4).

Beamline 13B, or the cold beamline, is polychromatic and
completely enclosed in a cave in the SNS target building. The broad
distribution of slow neutron energies in this beam can serve a suite
of experiments. The boundaries of the experimental area are shown
in yellow in Fig. 3, with two labyrinth walls defining the entrance.
The useful space is 2.84 m across on the upstream end of the cave
and 5.38 m on the upstream end of the first labyrinth wall, with
12.65 m along the direction of the beam. The experimental area has
a pit in the floor to accommodate a large magnetic spectrometer for
the Nab experiment [24,25]. The pit is 4.88 m long, 2.13 m wide,
2.44 m deep and begins 16.02 m downstream of the moderator face.

3.1. Shielding

An extensive shielding package that satisfies the SNS radiolo-
gical requirement of o0:25 mrem=h combined gamma and neu-
tron radiation at the boundary between adjacent beamlines and in
the instrument hall at 2 MW power extends from the moderator
outwards to the first labyrinth wall. The individual shield blocks
were designed so that there is no direct line of sight through joints
extending from the source to the experimental area.

The shielding configuration starts with 2.5–5.1 cm of steel
around the guide, staggered periodically along the beamline to
prevent neutrons and gammas streaming through gaps in the
shielding. The steel is followed by high density concrete up to 9 m
from the moderator. The height of the beamline shielding is
4.45 m from the instrument floor and extends from the source
out to a distance of 7.4 m. Here, the shielding height drops to
3.96 m and continues to the experimental cave, E15.2 m down-
stream of the moderator. The cave is covered by a 45 cm thick
regular concrete roof. A 4.5 m3 heavy concrete cube beamstop
begins at 6.91 m from the upstream end of the cave. Its support
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P. Harris
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FNPB beamline (2007)Install flipper units

Flipper units can be installed step by step.

Multilayer mirror with ONLY a few percent 

bandwidth is good enough to supply neutrons

to WWC.



“Feasibility study of neutron wavelength width compressor  
for EDM measurement”,  INPC2016 at Adelaide, 13 Sep. 2016,  
Masaaki Kitaguchi (Nagoya Univ.) page 24

For continuous source

Flipper units functions as a simple neutron decelerator. 

We can use the shorter wavelength neutrons for UCN production.

wavelength distribution

8.9 wavelength [angstrom]

w/o deceleration

with deceleration
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= intense Flipper units are useful 

NOT ONLY for pulsed source 

BUT ALSO continuous source, 
including reactor.



“Feasibility study of neutron wavelength width compressor  
for EDM measurement”,  INPC2016 at Adelaide, 13 Sep. 2016,  
Masaaki Kitaguchi (Nagoya Univ.) page 25

Summary

In the case of UCN production by using of superfluid He converter, 

only narrow width of wavelength of neutrons can be utilized. 

Spin flipper with strong magnetic field can control the kinetic energy 
of neutrons.

Series of the flippers can compress the width of neutrons wavelength 
by controlling the timing of RFs. 

Target wavelength can be changed by tuning of the timing.
Realistic flipping probability have only little affect to the 
UCN production.

We have already demonstrated the energy control of neutrons by 
“Rebuncher”, the fast switching of RF by “Spin Flip Chopper”.



“Feasibility study of neutron wavelength width compressor  
for EDM measurement”,  INPC2016 at Adelaide, 13 Sep. 2016,  
Masaaki Kitaguchi (Nagoya Univ.) page 26
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Flipper Unit
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