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Demo Oriented NEutron Source - DONES

~90 m

Injector + ECR
100 keV

RFQ
5 MeV

Medium Energy 
Beam Transport

5 MeV

SC Linac
40 MeV

HE beam transport
40 MeV

- 40 MeV deuterons.
- Broad beam profile: 20 cm x 5 cm.
- 125 mA

ESFRI facility proposed in Granada.

Liquid lithium neutron 
production target
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33 research reactors in the EU
4 large neutron TOF sources
2 spallation neutron sources for material science

Spain
Strong 252Cf + AmBe
sources (CIEMAT, 
universities)

HISPANoS neutron 
source: p-Be, d-Be, p-7Li, 
d-d reactions with the 3 
MV tandem at CNA

Neutron sources in Europe

CERN n_TOF

SPIRAL2 NFS

JRC GELINA HZDR nELBEISIS

ESS
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http://fnuc-at-dones.es/

fNUC @ DONES study group

http://fnuc-at-dones.es/
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I. Fundamental nuclear science

• Nuclear reaction studies
• Nuclear structure studies
• Calibration and development of instrumentation
• Let our imagination fly…

II. Nuclear physics & industrial applications

• Radiobiology
• Material science
• Neutron imaging
• Isotope production for various purposes (medical, radiotracers, industry…)
• Irradiation of electronics
• Irradiation of plant seeds
• R&D on cargo inspection and homeland security

What could we do at DONES?
fNUC@DONES collected 30 Expressions Of Interest received from the 
different groups for experiments with continuous (see A. Letournaux talk) and 
pulsed neutron beams.
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Why pulsed neutron beams? The 
Time – Of – Flight technique
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production target,
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flight path L

Kinetic energy of the 
neutron by time-of-flight n

n t
Lv =

tn = ts – to

Time – Of – Flight technique
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The DONES facility

ZY plane (X=0)
(vertical)

Experiments with pulsed neutron + deuteron beams

Dimensions of R026:
~ 60 x 36 x 8 m
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Deuteron beam

13 m

R026

Extraction of the pulsed deuteron beam

Extraction of the 40 MeV deuterons with kicker (1/1000 duty cycle or less)
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Structure of the deuteron pulses: 5.6 ns width, 125 mA, 5.7 μs separation 

For TOF-DONES:
Parasitic experiment: extraction 1/1000 or less of the of the primary beam, 
producing a secondary beam of 125 μ A):

à 0.1% duty cycle max.
à Repetition rate: 175/n kHz (n = 1, 2, 3 …)

5.7 μs
5.7 μs x 2 
5.7 μs x 3
…

time

The TOF-DONES pulsed neutron beam
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Conceptual design of TOF-DONES

deuteron 
beam

target

beam line 1

beam line 3

beam line 2

Conceptual design:

- neutron production 
target
- Shielding

+ RP
+ background

- Collimators
- Beam dump

Very similar to NFS
(see X. Ledoux’s talk)

• Dimensions of R026 à ~ 60 x 36 x 8 m
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Target Reference EXFOR entry neutron yield (forward) 
(n/(sr·μC))

Li [Hag2005] http://www-nds.iaea.org/EXFOR/E1986.002 4.52·1011 (11%)
Be [Sal1977] http://www-nds.iaea.org/EXFOR/C1832.003 3.09·1011 (15%)
C [Hag2004] http://www-nds.iaea.org/EXFOR/E1985.002 2.02·1011 (--%) (*)
C [Lhe2009] http://www-nds.iaea.org/EXFOR/E1985.002 1.85·1011 (12%)
Al [Hag2004] http://www-nds.iaea.org/EXFOR/E1985.003 1.44·1011 (--%) (*)
H2O [Lhe2009] http://www-nds.iaea.org/EXFOR/O1746.004 1.64·1011 (15%)
D2O [Lhe2009] http://www-nds.iaea.org/EXFOR/O1746.003 2.82·1011 (12%)
(*) The values for C and Al from Hagiwara have been multiplied by a factor of 2 following the recommendation 

from the evaluator

We have investigated different possibilities for producing neutrons in a secondary target of
the TOF DONES time-of-flight facility:
- Thick target neutron production yields and energy spectra at forward angles
- Nuclear data for 40 MeV deuterons from the EXFOR database.

Programmed (d,xn) realistic event generators based on experimental data.

Neutron production

https://doi.org/10.13182/FST05-A1081
http://www-nds.iaea.org/EXFOR/E1986.002
https://doi.org/10.1016/0029-554X(77)90559-6
http://www-nds.iaea.org/EXFOR/C1832.003
https://doi.org/10.1016/j.jnucmat.2004.04.026
http://www-nds.iaea.org/EXFOR/E1985.002
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/E1985.002
https://doi.org/10.1016/j.jnucmat.2004.04.026
http://www-nds.iaea.org/EXFOR/E1985.003
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/O1746.004
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/O1746.003
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Neutron production by 40 MeV deuterons
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22m

deuteron 
beam

up

down

collimators

neutron 
production 

target

sample position

Flight path = 22 m

Deuteron beam: 5 cm radius + uniform distribution of the neutrons.
Collimators: 7.1 + 4.6 cm radius (first) and 3.7 cm radius (second).
Time-of-flight distance: 22 m
Yellow: concrete – blue: collimators (iron + borated polyethylene)
MCNP6.2 using JENDL/DEU-2020 + JEFF-3.3

Simulations of TOF DONES
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Neutron flux per unit lethargy at the sample position (22 m) compared with n_TOF
(capture collimator). n_TOF has 0.83 pulses per second. A duty cycle of 10-3 has been
assumed for DONES.

next 
pulse
(n = 1)

7.4·106

n/(cm2·s)

Neutron flux of TOF DONES
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n/(cm2·s)

Beam profile & energy resolution
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Neutron energy resolution at different flight
paths.

Beam profile at the sample position (22 m).
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Neutron flux at 20 m TOF distance, as a function of the neutron energy, at
different angles generated by a 40 MeV deuteron beam of 125 μA impinging
on a thick graphite target.

6.3·106 n/(cm2·s)
5.6·106 n/(cm2·s)
3.9·106 n/(cm2·s)
2.6·106 n/(cm2·s)
2.0·106 n/(cm2·s)
1.7·106 n/(cm2·s)

Neutron flux at different angles
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We have investigated the possibility of moderating the neutron beam à not
straightforward, water/polyethylene … are not good moderators for 15 MeV
neutrons.
(In the picture: 20 m TOF distance + 125 μA deuterons on thick graphite)

Moderation of the neutron beam
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We have investigated the possibility of moderating the neutron beam à not
straightforward, water/polyethylene … are not good moderators for 15 MeV
neutrons.
(In the picture: 20 m TOF distance + 125 μA deuterons on thick graphite)

“Degradation” of the neutron beam
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“Degradation” of the neutron beam

We have investigated the possibility of moderating the neutron beam à not
straightforward, water/polyethylene … are not good moderators for 15 MeV
neutrons.
(In the picture: 20 m TOF distance + 125 μA deuterons on thick graphite)

Seems 
to be 
isotropic
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In the neutron beam, there will be some neutrons coming with the desired TOF-
Energy relation (black) and other neutrons from other pulses à background
(red). In the picture, n = 1 and the distance between pulses 5.7 μs (175 kHz).

Time structure of the neutron beam
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Time structure of the neutron beam

In the neutron beam, there will be some neutrons coming with the desired TOF-
Energy relation (black) and other neutrons from other pulses à background
(red). In the picture, n = 1 and the distance between pulses 5.7 μs (175 kHz).
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Comparison of TOF-DONES with other facilities

20 m TOF distance + 125 μA deuterons (duty cycle 1/1000) on thick graphite 

NFS value calculated for natC(d,xn) and 50 𝞵A
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TOF-DONES preliminary concept

Image courtesy by P. Ortego / SEA Ingeniería p.ortego@seaingenieria.es

0º high flux 
station

-18º high 
flux station-18º high 

resolution station

0º high 
resolution 

station

Included in the “Identification of Complementary Experiments in R026 and
Preliminary Safety Implications”.

mailto:p.ortego@seaingenieria.es
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Broad experimental program on neutron induced reaction cross section
measurements for nuclear technologies, astrophysics, fusion, particle and astro-
particle physics

• (n,el) - elastic
• (n,γ) - capture
• (n,n’γ) -inelastic
• (n,xn) – neutron multiplication
• (n,f) - fission
• (n,p), (n,d), (n,t), (n,α)… - charged particle production
• Reaction studies with pulsed deuteron beam: cross sections, radiobiology,

isotope production…
• Nuclear data relevant for fusion!

There is a program that requires decades of beam time (thee is room for
complementary facilities like n_TOF, NFS, nELBE, GELINA):

• 52 isotopes listed in the High Priority Request List for nuclear technologies
(also for fusion).

• Over 35 (n,γ) prioritary cross section measurements for astrophysics.

TOF-DONES experimental program
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Spanish experience with neutron beams

Spanish institutions form 20% of the collaboration and are leading 20% of the
experiments. Large experience in neutron physics and nuclear instrumentation
(FAIR, n_TOF and ISOLDE @ CERN…)

EAR-2
20 m vertical flight path

High intensity (300 x EAR-1)

EAR-1
185 m flight path
High resolution

Beam from 
the CERN 

Proton 
Synchrotron

Lead spallation target
NEAR station 6 m flight path

• Experiments at ILL-Grenoble and other experimental reactors.
• First Spanish proposals at the new Neutrons For Science (NFS) facility at 

SPIRAL-2 (France).
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“Spanish” detectors at n_TOF

neutron-beam

γ

iTED γ-ray Compton imager
IFIC - Valencia

1     1    1 2    2   2 3    3   3

Developed by IPN – Orsay and the 
Universidad de Santiago de Compostela

sTED
segmented 
total energy 

detector
CIEMAT

(n,γ) - capture

(n,f) - fission

(n,γ) - capture
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MONSTER neutrón detector
Coordinator CIEMAT

MATS Preparation trap
Coordinator U. Granada 

deputy spokesperson

CALIFA Detectors (USC; Uvi, IEM)
Coordinator USC

R3B spokesperson

Construction of nuclear instrumentation (FAIR)
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3D BELEN -48 detector
Coordinator UPC (in operation)

Beam tracking detectors
Univ. Sevilla

AGATA, demonstrator in operation
Coordinator IFIC Valencia

DTAS, Coordinator IFIC Valencia
proposed for FAIR-0

FATIMA array, in operation
Coordinator U Complutense 

proposed for FAIR-0
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The role of Spain in the international nuclear data 
community

• Coordination of the last 4 nuclear data European Projects (> 30 institutions): 
NUDATRA (FP-6), ANDES (FP-7), CHANDA (H2020) and SANDA (2020).

• Participation in the ENSAR and ENSAR2 European nuclear physics 
projects.

• Participation in the different transnational access programs: previous 
projects + EUROLABS.

• Spain will host the next largest nuclear data conference in the world: Nuclear 
data for science and technology 2025 (Madrid).
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Summary and conclusions
IFMIF DONES offers unique and superb scientific and technological possibilities.

• Spain lacks of intense neutron sources for fundamental and applied research.

• The construction of an additional neutron TOF facility (TOF-DONES) would lead to 
one of world’s highest intensity neutron TOF line for nuclear physics.

• The neutron spectrum could be tailored for covering a large amount of different 
experiments.

The Spanish Nuclear Physics community has the necessary expertise and skills for 
making the facility a great success!

At a very reduced cost we would:

- Provide the Spanish and international scientific community with an world leading 
high intensity neutron source for a broad range of experiments and 
applications.

- Boost largely the IFMIF-DONES scientific production.
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Spare slides
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Measurement of energy dependent neutron induced 
reaction cross-sections

𝜎! 𝐸 [𝑏𝑎𝑟𝑛] =
𝑁! 𝐸 [𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠 · 𝑠"#]

𝑛$ 𝑎𝑡𝑜𝑚𝑠 · 𝑏𝑎𝑟𝑛"# · 𝜙 𝐸 [𝑛𝑒𝑢𝑡𝑟𝑜𝑛𝑠 · 𝑠"#]

nT Nr
𝝓
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Energy range of the TOF measurements

10 m 20 m 30 m 40 m 50 m 60 m
n = 1 16 keV 64 144 250 400 580
n = 2 4 16 36 64 100 144
n = 3 1.8 7.1 16 28 44 64
n = 4 1 4 9 16 25 36
n = 5 0.64 2.5 5.8 10 16 23
n = 10 0.16 0.64 1.44 2.5 4 5.8
n = 20 0.04 0.16 0.36 0.64 1 1.44
n = 50 0.0064 0.025 0.058 0.10 0.16 0.23
n = 100 0.0016 0.0064 0.0144 0.025 0.04 0.058

TOF-energy (in keV) of the neutrons at the time of overlapping
with the next pulse, at the sample position à minimum neutron
energy for TOF measurements.
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Target Reference EXFOR entry neutron yield 
(forward) (n/(sr·μC))

Li [Hag2005] http://www-nds.iaea.org/EXFOR/E1986.002 4.52·1011 (11%)
Be [Sal1977] http://www-nds.iaea.org/EXFOR/C1832.003 3.09·1011 (15%)
C [Hag2004] http://www-nds.iaea.org/EXFOR/E1985.002 2.02·1011 (--%) (*)
C [Lhe2009] http://www-nds.iaea.org/EXFOR/E1985.002 1.85·1011 (12%)
Al [Hag2004] http://www-nds.iaea.org/EXFOR/E1985.003 1.44·1011 (--%) (*)
H2O [Lhe2009] http://www-nds.iaea.org/EXFOR/O1746.004 1.64·1011 (15%)
D2O [Lhe2009] http://www-nds.iaea.org/EXFOR/O1746.003 2.82·1011 (12%)

(*) The values for C and Al from Hagiwara have been multiplied by a factor of 2 following the 
recommendation from the evaluator

We have investigated different possibilities for producing neutrons in a secondary target of
the TOF DONES time-of-flight facility:
- Thick target neutron production yields and energy spectra at forward angles
- Nuclear data for 40 MeV deuterons from the EXFOR database.

Programmed (d,xn) event generators based on experimental data.

The neutron flux, in n/(cm2·s), at forward angles,
can be obtained from (n=1):

𝐹 =
0.0125 · 𝑌

𝑑!
where:

- d is the time-of-flight distance, in meters.
- A duty cycle of 10-3 has been considered.
- Y are the values on the right column.

Graphite (~2·1011 n/(sr·μC):
1 m   à 2.5·109 n/(cm2·s)
10 m à 2.5·107 n/(cm2·s)
20 m à 6.2·106 n/(cm2·s)
40 m à 1.6·106 n/(cm2·s)
60 m à 6.9·105 n/(cm2·s)

1. Neutron production

https://doi.org/10.13182/FST05-A1081
http://www-nds.iaea.org/EXFOR/E1986.002
https://doi.org/10.1016/0029-554X(77)90559-6
http://www-nds.iaea.org/EXFOR/C1832.003
https://doi.org/10.1016/j.jnucmat.2004.04.026
http://www-nds.iaea.org/EXFOR/E1985.002
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/E1985.002
https://doi.org/10.1016/j.jnucmat.2004.04.026
http://www-nds.iaea.org/EXFOR/E1985.003
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/O1746.004
https://doi.org/10.1016/j.nima.2009.02.035
http://www-nds.iaea.org/EXFOR/O1746.003
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PTB

CERN n_TOF

NPL

SPIRAL2 NFS

ILL

JRC-Geel

HZDR nELBE
CVREZ

BRR

Accelerator driven neutron TOF

IJS

Reactors
Compact accelerators

Neutron sources in the ARIEL H2020 project

CEA
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Neutron production by 40 MeV deuterons

Thick graphite rotating target
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Neutrons per pulse and per unit lethargy at the sample position (22 m)
compared with n_TOF (capture collimator). For DONES we have assumed a
duty cycle of 10-3 and 1.75·105 pulses per second (175 kHz).

next 
pulse
(n = 1)

1 n_TOF pulse à 200000 DONES pulses

Neutron fluence of TOF DONES
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10 m 20 m 30 m 40 m 50 m 60 m
θ = 0º 2.5·107 6.3·106 2.8·106 1.6·106 1.0·106 7.0·105

θ = 5º 2.2·107 5.6·106 2.5·106 1.4·106 8.9·105 6.2·105

θ = 10º 1.6·107 3.9·106 1.7·106 9.7·105 6.2·105 4.3·105

θ = 15º 1.1·107 2.6·106 1.2·106 6.6·105 4.2·105 2.9·105

θ = 20º 7.8·107 2.0·106 8.7·105 4.9·105 3.1·105 2.2·105

θ = 25º 6.7·107 1.7·106 7.4·105 4.2·105 2.7·105 1.9·105

Neutron flux, in n/(cm2·s), at different angles and TOF distances,
generated by a 40 MeV deuteron beam of 125 μA impinging on a thick
graphite target.

Neutron flux at different angles (thick target)
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6.3·106 n/(cm2·s)
5.6·106 n/(cm2·s)
3.9·106 n/(cm2·s)
2.6·106 n/(cm2·s)
2.0·106 n/(cm2·s)
1.7·106 n/(cm2·s)

Neutron flux at different angles

Neutron flux at 20 m TOF distance, as a function of the neutron energy, at
different angles generated by a 40 MeV deuteron beam of 125 μA impinging
on a thick graphite target.
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We have investigated the possibility of moderating the neutron beam à not
straightforward, water/polyethylene … are not good moderators for 15 MeV
neutrons.
(In the picture: 20 m TOF distance + 125 μA deuterons on thick graphite)

“Degradation” of the neutron beam
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We have investigated the possibility of moderating the neutron beam à not
straightforward, water/polyethylene … are not good moderators for 15 MeV
neutrons.
(In the picture: 20 m TOF distance + 125 μA deuterons on thick graphite)

“Degradation” of the neutron beam
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Time structure of the neutron beam

In the neutron beam, there will be some neutrons coming with the desired TOF-
Energy relation (black) and other neutrons from other pulses à background
(red). In the picture, n = 1 and the distance between pulses 5.7 μs (175 kHz).
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2 MeV

800 keV

500 keV

230 keV

130 keV

80 keV

In the neutron beam, there will be some neutrons coming with the desired TOF-
Energy relation (black) and other neutrons from other pulses à background
(red). In the picture, n = 1 and the distance between pulses 5.7 μs (175 kHz).

Time structure of the neutron beam
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TOF-DONES experimental program

- Irradiation of targets
- In-beam production/excitation of 

isotopes via (n,f), (n,xn), (n,n’γ)
- γ-ray, neutron and charged 

particle spectroscopy.

γ-ray 
detector

neutron 
detector

Pulsed 
neutron or 
deuteron 

beam


