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A comparison of (some) neutron sources around the world
(a.k.a., the too-busy slide that gets me hate mail)
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LANSCE (Los Alamos National Lab)
(Spallation neutron source)

Notable capabilities:
• Many beam lines
• GENESIS partner (Chi-nu)
• Reaction/fission studies
• Activation/decay
• Neutron imaging
• Isotope production
• …

Neutron Source(s): 800 MeV Spallation
Beam spectrum:

(up to 800 MeV)

Target distances

8m - 90m

n Flux (n/cm2/s)

1x106-9+ (?)

g-ray detectors

DANCE, HPGe…
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Gaerttner Linear Accelerator Laboratory (RPI)
(Electron LINAC, photoneutron source)

Notable capabilities:
• Multiple stations
• e- → Ta →
brem → (g,n)
• Nuclear data
• Rad damage
• Radioisotopes
• LSDS
LLNL-PRES-780137

Neutron Source(s): Photonuclear
Beam current:

8 µA (60 MeV e’s)

Target distances

15m - 250m

n Flux (n/cm2/s)

3.5x104 (30m)

g-ray detectors

NaI, BaF3, C6D6

Overberg et. al., NIM A 438 (1999) 253-264
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sured. In the energy region from 10 keV to 10 MeV nELBE is
suitable for total neutron cross-section measurements.
Precise measurements of fast neutron-induced ﬁssion crosssections of minor actinides and Pu isotopes are of relevance for the
development of transmutation strategies in innovative nuclear
systems. The energy range of the neutron spectrum at nELBE is
very well suited to investigate neutron induced ﬁssion in the
energy range up to 10 MeV.
This paper will present the main properties of the nELBE neutron
beam—the spatial proﬁle, the intensity, the energy distribution and
the time structure—and the techniques how they are measured.

isotropically, whereas the bremsstrahlung is mostly forward peaked. A
collimator is placed at an angle of approximately 951 with the electron
beam direction by which the bremsstrahlung intensity in the neutron
beam direction, the so called photon ﬂash, is reduced signiﬁcantly.
The experimental area in the neighboring room is separated
from the neutron-producing target by a 2.5 m thick wall of normal
and heavy concrete. A ﬂoor plan is shown in Fig. 1. The neutronproducing target is 1 m in front of the shielding wall. The neutron
beam collimator consists of a precision steel tube with inserts of
lead and borated polyethylene. The insertions have conical holes
with inner diameters increasing from 2 cm at the entrance to 3 cm

nELBE (Helmholtz-Zentrum Dresden-Rossendorf)
(Electron LINAC, photonuclear source)
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with a beam dump present. The black symbols show the
total fluences while the light ones show the backscattered
fluences only. For both neutrons and photons, the backscattered component is close to the total in the case of a
2m
beam dump present, i.e., most of the detected particles
come from the cells of the dump. When the dump is absent,
the backscattered component is smaller (comparatively),
which indicates that the particles scatter relatively more
top view:
front (floor,
view:ceiling, other
often in other parts of the geometry
n
walls than the one hit by the PE
beam).
Introducing the beam
shielding
dump reduces the total neutron fluence detected in the ring
detectors to about 20% from the situation without a dump.
Pb wall
For photons, this number lies between 50 and 60%.
Different beam dump geometries were examinedγby
n’
varying the diameter and depth
n’of the entrance hole, and
γ
the total width and depth of the dump. In the latter
case
sample
sample
this meant that the total CHB volume changed, since the
thickness of the leadneutron
walls remained unaltered. For faster
photon
simulations the neutrons
and
photons
were
started
detectors
neutron
uniformly from a disc of 3 cm diameter atphoton
the exit of the
detectors detectors
collimator, thus representing a beamdetectors
with no halo. A
comparison, using the same dump geometry, with the
result from the case when the particles were started in the
liquid-lead radiator demonstrated the feasibility of this
simplified
approach,
owingonto
to thethe
factliquid-lead
that the lead circuit where it produces neutrons.
Fig. 1. Layout of the nELBE time-of-ﬂight facility. The electron beam enters from
the left
and ismuch
guided
close to
the collimator
the beam
halo.A setup
Fig. 17.to
BaF
detector array.
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A collimator with inserts of lead and borated polyethylene is used to deﬁne a sharpshield
neutron
beam
enteringexit
theattenuates
experimental
area.
measure
inelastic
neutron
It was found that a dump with a total length of 110 cm
indicated. The setup covers up to 96% of the total solid angle.
scattering is placed, consisting of BaF2 and plastic scintillators to detect the emitted photons
and
neutrons,
respectively.
The
usable
ﬂight
path lengths are from about 4 m to 7 m.
(in the axial direction) and a total width of 53 cm
(in the
radial direction), and with a 9 cm diameter, 45 cm deep
entrance hole, posed the best solution with a reduction of
to measure both the slow and the fast component of the
the total neutron and photon fluences down to about 10%,
BaF2 scintillation light. Thereby pulse shape discrimination
compared to the situation without a dump.
(PSD) can be utilised to separate photon signals from
intrinsic a-particle background. The time resolution
attained with a 60 Co g-source is typically 650 ps (FWHM).
6. Detector development
The readout is performed with dedicated CAEN V874 B
ADC/TAC modules2 [18] that allows for simultaneous
For the characterisation of the dependence of the
measurement of timing and energy signals including PSD
neutron flux on the electron beam energy we plan to use
in VMEbus standard. The system is controlled by a
especially designed solid plastic scintillator detectors
Creative Electronics Systems3 RIO3 real-time LynxOS
coupled to highly sensitive photomultiplier tubes, making
PowerPC-based computer running the real-time operating
them sensitive to proton recoil signals down to neutron
system LynxOS and the data acquisition system MBS [19].
energies below 25 keV. These detectors are described in a
A fast digital data acquisition system based on the
separate article of this journal [17].
Acqiris DC282 digitiser4 is under development.
For measurements of neutron-capture g-rays, a BaF2
scintillation detector array of 42 crystals is being built, see
Fig. 17. The crystals are 19 cm long and have a hexagonal
6.1. BaF2 array response
cross-section with an inner diameter of 53 mm. Two
adjacent inner rings of 12 crystals each are surrounded
The response of the BaF2 array due to ðn; gÞ reactions in
by an outer ring of 18 crystals, covering the interstice
an experiment target of 1 cm3 (7.87 g) of 56 Fe (motivated
between the inner rings. This setup comprises 92% of the
by its use as construction material) was investigated by
total solid angle. By separating the inner rings with
transporting g-rays from simulated g-cascades through the
13–14 cm (i.e., still encompassing the area created in
detector system. It depends on (i) the detailed behaviour of
between with the outer ring) up to 96% of the total solid
the g-ray cascades following neutron capture in the studied
angle can be covered.
nucleus, and (ii) the transport of the emitted g-rays through
The crystals are read out by fast Hamamatsu R2059
2
photomultiplier tubes,1 which are UV sensitive to be able
http://www.caen.it.

Notable capabilities:
• e- → Pbliq → brem → (g,n)
• Very short pulse (5ps!)
• Close match to fission spectrum
• Fission, capture, inelastic studies
• 56Fe(n,n’g) including g(W)

Neutron Source(s): Photonuclear
Beam current:

1 mA (40 MeV)

Target distances

6.18m

n Flux (n/cm2/s)

4x104 (6.18m)

g-ray detectors

HPGe, LaBr3, BaF2

3

1
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http://www.hamamatsu.com.

http://www.ces.ch.
http://www.acqiris.com.
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UKAL – University of Kentucky Accelerator Laboratory
(7 MV Van de Graff Accelerator)

Notable capabilities:
• Monoenergetic beams (0.1-23 MeV) Neutron Source(s):
• Spectroscopy
Beam current:
• Scattering studies
Target distances
• g-ray production cross sections (0nbb)
n Flux (n/cm2/s)
g-ray detectors

LLNL-PRES-780137

D(d,n), T(p,n)
1-2 µA (<7 MeV)
4cm - 2m
2x103 (2m)
HPGe, BGO

Garrett et. al., J. Res. Natl. Inst. Stand. Technol. 105,
141 (2000).
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TUNL – Triangle Universities Nuclear Laboratory
(10 MV Tandem accelerator)

Notable capabilities:
• Monoenergetic n (25 keV - 20.5 MeV)
• Low-background experimental area
• Fission yields (YNb vs. En)
• Cross sections
• Activation/decay (169Tm(n,3n))
• Rabbit system (~seconds)

LLNL-PRES-780137

Neutron Source(s): DD, DT, pT, 7Li(p,n)
Beam current:

1-2 µA

Target distances

2.15m, 4.27m…

n Flux (n/cm2/s)

2x104 (2.875m)

g-ray detectors

BEGe, HPGe, NaI,
CeBr3, LaBr3

Bhatia et. al., NIM A 757 (2014) 7–19

7

Edwards Accelerator Laboratory – Ohio University
(4.5 MV Tandem accelerator)
5
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FIG. 3: Experimentally-measured neutron spectra from the D(d, n) reaction.

Notable capabilities:
• Swinger arm (0º-155º)
• Beam pulser/buncher (tunable pulse
frequency—eliminates wrap-around)
• Long, collimated time-of-flight cave
• Solid/Gas targets
• Monoenergetic+
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Neutron Source(s): DD, DT, pT, X(d,n)…
Beam current:

5-10 µA

Target distances

4-30m

n Flux (n/cm2/s)

1x105 (5 m)

g-ray detectors

HPGe, NaI, BGO,
LaBr3

Meisel et. al., Physics Procedia 90, 448-454 (2017).
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03 corresponding to the forward direction.
The same generic model is used for each flight path. It consists
of an evacuated flight tube with idealised collimators at the
entrance of the flight tube and in front of the detector. The first
collimator starts at 3.1 m from the hot spot, has a length of 3 m
and an inner diameter of 16.8 cm. The second collimator starts at
28 m from the hot spot, has a length of 2 m and an inner diameter
of 12 cm for the MFC and 3 cm for the DFC. Most calculated
quantities shown in this work correspond to a distance of 32 m
from the hot spot, i.e. 2 m behind the second collimator. Idealised,
i.e. fully absorbant (black), shadow bars are used for the
simulations of the direct (DFC) and moderated (MFC) flux
configurations. It was checked that for the present choice of
second collimator its presence is of limited importance for the
flux and flux spectra. For the DFC the difference is within 5% and
for the MFC it is up to 30%. As a reminder, Flaska et al. [9] found
agreement within about 20% between the measured and calculated fluxes for one flight path for MFC and one flight path for DFC.
So, for absolute estimates the differences with and without
collimators are mostly not significant. On the other hand these
differences suggest that this does not eliminate the possibility for
important modifications of experimental conditions that may be
due to the particular arrangement of collimation, windows, filters
and room return. This is in fact no surprise and such impacts may
be studied by careful comparisons of additional Monte Carlo
calculations with the present reference case. However, these
possible effects are not the concern of the present paper, partly
because some effects are not facility specific, partly because a
generic study of relevance to all foreseeable experiments would
require many additional careful considerations and calculations.

Gelina – Geel Electron LINear Accelerator
(70-140 MeV electron linac, photonuclear/fission)
2.2. Geometry model

The model for the neutron producing target of Ref. [7] is also
used here (Fig. 3). A uniform electron beam of 1 cm diameter
strikes the UMo disk in the midplane as indicated by the arrows in
Fig. 3. The UMo disk of depleted uranium with a 235U
concentration of o0:2% and a density of 17.46 g/cm3 is
modeled as mono-isotopic uranium (238U). It is represented in
brown in the figure. In the model the outer diameter of the

Fig. 2. Neutron-producing target.

Fig. 3. Left: side-view of the MCNP model of the GELINA rotary target [7]. Right: top-view of the MCNP model of the flight paths.

Notable capabilities:
• e- → U → brem → (g,n)
• Water tanks (above/below) to produce
low-E neutrons
• Eighteen flight paths
• Long (200m) flight paths
• LONG irradiations (1000’s hours)

LLNL-PRES-780137

Neutron Source(s): Photonuclear/fission
Beam current:

70 µA (avg)

Target distances

8-400m

n Flux (n/cm2/s)

2x104 (30 m)

g-ray detectors

HPGe

Ene, et. al., NIM A 618 (2010) 54–68
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56

Fe(n,n’g)

GENESIS – 88-inch cyclotron @ Lawrence Berkeley Nat’l Lab
(K140 cyclotron)

Notable capabilities:
Neutron Source(s):
• g-tagged inelastic cross sections
(d3s/dEndEn’dW)
Beam current:
• 22+ EJ309 neutron scintillators
Target distances
• High flux (>1011 n/cm2/s in Cave 0)
2
• Tunable spectrum/beam size (<20cm) n Flux (n/cm /s)
• FLUFFY (<1s rabbit system)
g-ray detectors
• Radioisotope production cross sections
LLNL-PRES-780137

Deuteron breakup
10 µA (14-55 MeV)
5-10m
1x106 (5 m)
HPGe, LaBr3, LEPS

Harrig et. al, NIM A 877 (2018) 359.
Meulders, et. al., Phys. Med. Biol., 1975, 20(2), 235, (1975)
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Thanks!

UC Fee NPI@NIF grant launches
UCB/LLNL collaboration: 2012

Branching out: 2014

This vast variety of neutron
capabilities at LBNL are the
result of many dozens of
students’ and postdocs’
efforts through a very
successful collaboration
(BANG) between LBNL,
LLNL, and UCB over the
past eight years.
Realizing we need to
take group photos
more often: 2018

