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Scientific Motivation: research with neutrons

Amorphous and Disordered Materials
One of the major unsolved mysteries in the dynamics of amorphous solids, 
the origin and nature of the quantum mechanical tunnelling states, 
will be addressed. These states are ubiquitous in glasses but have so far pro-
ved elusive to microscopic measurement due to their extremely low density.

Chemistry and Chemical Structure
The study and understanding of the H-bonding holding together 
complex molecules, and arrays of molecules, will have an important impact 
on pharmaceutical materials and supra-molecular chemistry, allowing more
rational molecular engineering.

Solid State Physics
Neutrons provide unique access to the magnetic structure and dynamics of
solids. Neutron beams at the ESS will provide maps of the magnetic 
polarisation and spin dynamics of nano-structured systems. Furthermore, the
ESS will allow experiments under the extreme conditions required to explore
quantum phase transitions.

Particle Physics
The neutron can be seen as a composite particle consisting of quarks, virtual
pions and gluons. Its internal structure determines the decay process, 
the magnetic moment, and an anticipated electrical dipole moment that
would indicate new physics beyond the Standard Model of particle physics.
Related measurements can be performed using cold and ultra-cold neutrons.
Essential contributions can be expected to the unification of fundamental
forces in nature.

Liquids 
Nowadays, three-dimensional liquid structure refinement can be carried out
for liquids of small molecules. A challenge for the ESS will be to extend this to
large molecules. ESS will enable the understanding of why some ion combi-
nations or molecular species in solution induce protein folding, while others
cause denaturation. ESS will also reveal the structural changes of water sur-
rounding the macromolecule and deliver crucial information on the origin of
hydration forces.

The European Spallation Source
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Solid State Physics:
Neutrons provide unique access to the magnetic 

structure and dynamics of solids. 

Biology and Biotechnology
Neutrons are particularly sensitive to the dynamics of molecules and single
atoms. The relevant instrumentation at the ESS promises large gain factors, up
to three orders of magnitude above what is available today. This will allow an
unprecedented increase in experimental sensitivity, which, in combination
with bio-simulation, will be applied to the study of atomic and molecular
structure and dynamics in many fields of biology.

Polymers and Soft Matter
Complexity is one of the most common characteristics of soft condensed mat-
ter. The properties are often determined by key components that are dilute.
Instrumentation at the ESS will allow the observation of such components
under both equilibrium and transient conditions. One example is the explora-
tion of the structure, dynamics and phase behaviour of multicomponent com-
plex fluids in porous media, preparing the way for e.g. tertiary oil production
or the remediation of soil contamination.

Earth and Environmental Science
Geological activity in the earth’s upper mantle is responsible for geo-hazards
such as earthquakes and volcanic eruptions. At the ESS, high temperature and
high pressure studies of the structure and dynamics of minerals and magmas
under earth mantle conditions will lead to significantly improved predictions
of earth dynamics and the related geo-hazards.

Computer Simulation and Neutron Scattering
Neutron diffraction data is routinely used as the basis for structural models of
crystals, glasses and liquids. In the future advanced modelling software will
allow the production of dynamical models, e.g. ‘movies’ showing ‘where the
atoms are and what the atoms do’, on the basis of inelastic neutron scattering
data measured over a wide range of momentum and energy transfer at the
ESS.

Engineering and Material Science
Structure sensitive imaging will add a new dimension to real scale tomogra-
phy and radiography. Large field, high resolution images will display the dis-
tribution of structures in a material. Real time tomography of hidden objects,
such as lubricants or cooling fluids, will become possible.

Scientific opportunities at ESSScientific opportunities at ESS
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Neutron Scattering:
Neutron diffraction data is routinely used as 
the basis for structural models of crystals, 
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Particle Physics
The neutron can be seen as a composite particle consisting of quarks, virtual pions 
and gluons. Its internal structure determines the decay process, the magnetic 
moment, and an anticipated electrical dipole moment that would indicate new physics 
beyond the Standard Model of particle physics. Related measurements can be 
performed using cold and ultra-cold neutrons. Essential contributions can be expected 
to the unification of fundamental forces in nature.

Magnetoelectronics
Magnetic sensors based on the giant magnetoresistance (GMR) effect can be
found in hard disc reading heads, position sensors for precision tools and ABS
systems. GMR sensors exploit the magnetic field dependence of the electrical
resistance in layered magnetic structures, whose details were clarified by neu-
trons. The ESS will allow experiments on ultrathin and laterally confined films,
in order to explore the magnetic structures and interfaces of reading devices
as the lateral size of GMR heads shrinks to cope with increasing storage den-
sity.

Magnetic Neural Networks
GMR, together with the Exchange Bias (EB) effect that pins the direction of
magnetic moments in a certain direction, allows the construction of spin val-
ves, which are essential components of magnetoelectronics. On this basis,
smart micro-magnetic-media can be envisaged that could become prototypes
for magneto-neural-networks. The ESS will be an invaluable tool for the struc-
tural and dynamical evaluation of such systems.

Holographic Laser Discs
Liquid crystalline polymers with photosensitive side groups can undergo pro-
nounced photo-induced structural rearrangements that could be exploited,
for instance for three dimensional holographic laser discs with storage capa-
cities of the order of 1000 GB. Structural and dynamical neutron studies at the
ESS will help to direct systematic searches for new optimum formulations that
meet the demands of a wide variety of applications.

Drug Discovery
Knowledge of the three dimensional structures and dynamics of proteins and
nucleic acids, as receptors for drug molecules, opens a structure based path to
new drug discovery. For instance, major diseases in aging, such as Alzheimers,
are caused by the formation of insoluble amyloid deposits of proteins in the
brain and neurofibral tangles in the nerves. A combination of x-ray and neutron
crystallographic studies, both of the enzymes that catalyse processing of the
amyloid precursor proteins and of the proteins that associate with the plaques,
could make an outstanding contribution to the design of therapeutic agents. 

Enzymes in Food Productions
Improved knowledge of the active site structures in enzymes can be used to sup-
port their rational redesign. One of the most important enzymes in food pro-
duction – glucose isomerase – isomerises glucose to fructose. Fructose is used
extensively as a sweetener in the food industry, for instance in soft drinks like
Coca-Cola. This is a billion euro industry. If the ESS were available today, it
would allow a clearly resolved distinction between the magnesium and oxygen
atoms in the enzyme and facilitate placement of the bound water molecules
and cations that are involved in the enzyme's action.

ESS contributions to European 
research missions
ESS contributions to European 
research missions
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Drug Discovery:
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Biology and Biotecnology:
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Nuclear data 
Measurements:

Neutron Cross Section measurements (total, capture, 
fission, elastic, scattering gamma ray and neutron 

production) for supporting advanced Fuel cycle in New 
Generation Reactos
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Spallation versus Photoneutron source
• Spallation source are very effective in producing neutrons, but are large and expensive

• Electron drivers although are much less effective in neutron production are rather cheap and 
compact machine that might also bring advantages in terms of reliability

7th  Information Exchange Meeting on Actinide and Fission Product P&T (NEA/OCDE), Jeju, Korea, 14-16 Oct. 2002 
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photonuclear one. On the other hand, even the neutron cost is higher, the accelerator cost is much 
lower in the case of electron machine.  Therefore, for the same neutron flux required, a higher 
electron intensity  (and beam power) will be needed due to the lower efficiency. Thus, above a 
given neutron flux,  the spallation will be preferred while for the lower fluxes, the photonuclear 
process will tend to be cheaper. This is illustrated in Fig. 0, where for a given neutron flux, both 
an electron machine as well as a proton accelerator has been cost effectively estimated. Note that 
this is only machine cost, which does not include manpower or buildings(which again are 
certainly cheaper for the electron machine). In brief, for neutron source intensity higher than 
1017n/s, the spallation process will start to appear more effective, while below this value the 
photonuclear process is favored. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 0. Spallation versus photonuclear process for neutron production [2]. 
  
Modelling procedure and geometry considerations 
 
A simplified model of the neutron irradiator has been created using a typical MCNP [6] geometry 
setup in 3D. MCNP was also used to obtain  the keff  eigenvalues and  neutron fluxes. Neutron 
production with electrons was modeled by the same MCNP code enhanced  with photonuclear 
capability [8]. In all cases the recommended IAEA photonuclear  data files have been used [4]. 
Both (?,n), (?,2n) and (?,fiss) reactions were taken into account explicitly  for all materials used in 
the problem and with a corresponding full secondary neutron  transport. 
 
Below we present two different geometry configurations, although in both cases the neutron 
production target is a spherical uranium envelope. The major difference between them is that in 
one case electrons interact with the target from inside, while in the second case – from outside as 
explained in more detail below. 
 
Spherical geometry G1 
  
A proposed electron target is 2 cm thick and made of enriched uranium  (~19g/cm3). Its total 
volume and mass is ~17000cm3 and ~323kg respectively. An electron beam is dispersed at the  
entrance of the  system, so it can interact with nearly half of the actual surface of the inner 
uranium envelope as shown  in Fig. 1. We choose 100 MeV electrons since  neutron production is 

Plot reference: 
Ref: D. Ridikas, H.Safa, M.L.Giacri – Conceptual Study of Neutron Irradiator Driven By Accelerator – 7th Information 
Exchange Meeting on Actinide and Fission Product P&T (NEA/OCDE), Jeju, Korea, 14-16 Oct. 2002

To obtain very high neutron 
fluxes by photo-production, 
much higher electron beam 
intensity will be necessary. This 
wi l l increase the electron 
accelerator complexity, resulting 
in a less convenient solution 
f rom an eng ineer ing and 
economical point of view.

Above a given neutron flux the spallation will be 
preferred whi le for the lower fluxes, the 
photonuclear process will tend to be more 
convenient
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Physics Overview
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Bremsstrahlung radiation:
High Energy Electrons on target

•More than 80% of electron interaction in 
the target produces Bremsstrahlung with 
continuos spectrum from 0 to E_e.

•The number of photons in a given energy 
interval is inversely proportional to the 
photon Energy

•These photons interact with the target 
nuclei, that are excited. These excited nuclei 
can emit neutron to come back to the 
fundamental status

 Bremsstrahlung 
Photon Spectrum

in W Target

This cut is an artefact due to
EMFCut  card option 

for lower E of photon transport
in order  to save cpu Time
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Photo-neutron and Proton Production

• It is a threshold reaction: energy greater 
than binding energy (5-15 MeV) is 
needed to release a neutron. 
Photoneutron physics is dominated by a 
giant resonance phenomena (GDR) in 
the energy range from few MeV up to 
few tens MeV

• Protons could be also emitted but the 
presence of large Coulomb barrier 
strongly represses this channel in heavy 
nuclei . Below Z=20 the proton yield is 
in general larger than the neutron yield, 
while the reverse is true in heavier 
elements

Three main mechanisms depending on E!

• Giant Dipole Resonance (E! <30 MeV)

• Quasi-Deuteron  (E! >30 MeV)

• Intra-nuclear cascade: decays from 
produced photo-pions (E! >140 MeV)

1 Neutron Photoproduction: physics principles

High energy electrons impinging on a target produce a continuous spectrum of bremsstrahlung
photons. These gamma rays can generate neutrons via photo-nuclear reactions As the nu-
cleons are bounded in the nucleus, the (�,n) reaction will occur only if the the �-ray energy
is at least equal to the bending energy of the neutron target: photoneutron production is
essentially a threshold process (see figure 1).

2.5 

I.5 

1.0 
0 20 40 60 80 100 

6-77 PHOTON ENERGY k (MeV) 320482 

Fig. 2 

l (Yl” > Threshold 

Figure 1: Threshold for photoneutron production
for different materials

Figure 2: Typical photoneutron cross section be-
haviour for medium (Cu) ans high Z (W) materials

Photonuclear interaction is mainly the result of three specific processes:

• GDR-Giant Dipole Resonance. The electric field of the photon transfer its energy to
the whole nucleus by inducing an oscillation (known as giant resonance oscillation),
which leads to a relative displacement of tightly bound neutrons and protons inside
the nucleus. Absorption of the incident photons excites the nucleus to a higher
discrete energy state and the extra energy is emitted in the form of neutrons. For
heavy nuclei, the excited nucleus comes into ground state by emission of neutron
n (�,n). Some contribution from double neutron emission (�,2n) is also possible
for higher photon energies. Because of the presence of the large Coulomb barrier,
proton emission is strongly suppressed for heavy nuclei (on the contrary, below
Z=20 the proton yield is in general larger than the neutron yield).

• QD-Quasi-Deuteron. When Photon energy is greater than 35 MeV, the cross sec-
tion for the giant resonance neutron production decreases rapidly. At 35 ⇥ E ⇥
140MeV, the photoneutron production is due to quasi deuteron effect. In this pro-
cess, he incident photon interacts with the dipole moment of a neutron-proton pair
inside the nucleus rather than with the nucleus as a whole.

• Intranuclear Cascade. Above 140 MeV photoneutrons are produced via photo-pion
production

The photo-neutron cross section exhibits the behaviour shown in figure 2: it starts
to rise for E ⇤ E(th), reaches a maximum and after decreases. The cross section has
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Not only Neutrons.... what else ?:
Pions, Muons, Kaons,....

γ p→ π +n, γn→ π −n
Pions are produced mainly by photo-production

Muons are produced  by pion decays

Muons are produced also  by kaon decays

Muons can also be produced by pair Bremsstrahlung if E!  > 211 MeV
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Fluka: Photonuclear implementation 
Fluka is a single integrated code which can treat in a same run complete hadronics cascade (generation and transport of about 60 
different particles) over an energy range spanning more than 14 orders of magnitude (up to 100 TeV). It is developed by INFN and 
CERN.

Photonuclear reactions have been implemented in 1994 opening the way toward a more accurate electron shielding design.

Fluka code deals with photonuclear reaction on the whole energy range.

Photon reactions with nuclei show features which are strongly changing with energy, in correspondence with very different interactions 
mechanism at the nuclear level. For modelling purpose 4 regions are distinguishable:

Giant Resonance
7<E<30 MeV

For medium and heavy nuclei, cross sections have 
been taken from the Atlas of Dietrich and Berman, 
Atomic Data and Nuclear Data Tables 38, 199 (1988), 
which provides cross section for neutron emission 
rather than total cross section: for heavy nuclei the 
two cross section are approximately equal

Quasi Deuteron Resonance
30<E<200MeV

Levinger absorption mechanism has been 
implemented

L is the Levinger constant given as function of A

Delta Resonance
E>140 MeV

Above the energy threshold per pion
production, photonuclear interaction

are characterized by excitation of Delta Resonance

High Energy Range
E>720 MeV

Above the delta resonance the Vector Meson 
Dominance model is used. The total cross section is 

obtained as :
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Photonuclear Cross Sections in Fluka

Taking advantage from:
• the new IAEA Photonuclear Data Library for 164 isotopes 

(2000) 

• other evaluated data from various Laboratories (ORNL, LANL, 
CNDC, JAERI, KAERI, MSU)

• many experimental data make available via the EXFOR database 

190 nuclides data are tabulated :

If experimental cross sections are not available then Lorentz fits of the existing data are used:
•  If Z>29 then Lorentz parametrization is used (with published Lorentz parameters as peak energy, peak height, width) if 

they exist. They are all those reported in the Atlas of Dietrich and Berman Atomic Data and Nuclear Data Tables 38, 199 
(1988), except Pr, Au and Pb, for which we have used the parameters published in Berman et al., Phys. Rev. C36, 1286 (1987). 
otherwise

•  Lorentz parametrization with parametrized Lorentz parameters. (it sounds funny, but Berman and Fultz (Rev. Mod. Phys. 47, 
713 (1975) have published some general formulas giving the 3 Lorentz parameters as a function of A and Z.)

REFERENCE:
A. Fassò, A. Ferrari, P.R. Sala – Photonuclear Reactions in FLUKA: Cross Sections and Interaction Models – AIP Conf. Proc. 769 (2005) pp.1303-1306

Un Important upgrade for the photonuclear 
physics was done in 2005: the Fluka Library was 
updated and completed: 

At present a total cross section data for 190 
nuclides have been inserted

Thursday, 15 December 11



n@BTF:
Neutrons at DaΦne

e-

n
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Optimized DaΦne BTF target: neutron yield
W cylinder R=35 mm L =60 mm(Z=74; ϱ=19 g/cm3; X0=0.35 cm; MR=0.9 cm)

BEAM axis parallel 
to the cylinder 
target’s axis e- 

Quite isotropic 

Optimization criterion: recursive process on calculating neutron fluence leaving the target, increasing linear dimensions (Rand 
L)
Best solution: the one for which, a new step would have affected only marginally the photoneutron yield (gain of only few %).
L from 15 to 20X0 gain less than 3% (so final choice 17X0 on the plateau); Same considerations: R final choice 10 X0.

n@BTF Fluence [n/cm2/pr]
(on all spectrum)

FLUX
n/cm2/s

(all spectrum)

exiting the target=ϕ1 ( A ) 1.0E-03 ±4% 5.00E+08

entering the shield=ϕ2 ( B ) 4.1E-04 ±4% 2.30E+08

leaving the shield=ϕ3 ( C ) 4.9E-05 ±4% 2.50E+07

1.5 m from shield=ϕ4 ( D ) 8.1E-07 ±4% 3.90E+05
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calculations have been made in order to optimize the yield of
neutrons produced per electron inside the target and the ratio
of the neutron flux exiting from the target with respect to the
photon one.

For our target we choce a cylindrical geometry and many
cases have been simulated, changing both the length and the
radius of the cylinder, in order to find the best solution. In
particular, for each configuration we estimated the neutron
flux coming out from the target and the ratio between the
neutron and the photon flux, integrated, respectively, on all
the energy spectrum and all solid angle. In addition, the
neutrons to photons ratio has been also estimated along well
defined directions respect to the incident primary beam (0,
± 30o, ± 45o, 90o). We identified the best solution as that
for which, a further increase in the linear dimensions affects
only marginally the photo-neutron yield (only few percent).
The length has been chosen to be ⇥15X0

3 (about 60 mm):
the increase of the cylinder length of 33% (from 15 to 20X0)
induces an enhancement of the neutron yield of less than 3%.
A fine tuning of the final radius has been also done and the
optimum value for the radius has been determined to be ⇥
10X0 (35 mm): 10 times larger radius means to have only
11% more in terms of neutrons per primary, while the increase
of the radius from 1 to 10X0 allows to obtain a gain of the
neutron yield per primary of 35%.

At the end, the optimized cylinder for neutron photo-
production at the Da�ne BTF is a cylinder made of W with
radius 35 mm and length 60 mm. It is shown in figure 2.

Fig. 2. Optimized W target

III. NEUTRONS AND PHOTONS FROM THE OPTIMIZED
TARGET: ENERGY SPECTRUM AND SPATIAL DISTRIBUTION

Monte Carlo simulations have been performed up to now by
FLUKA code. The main goal of these simulations is to give an
accurate estimation of the neutron rate as well as to study the
neutron energy spectra and spatial distribution as function of
the thickness of the chosen target and of all the materials that
can be placed around the target in the experimental set-up.

In figure 3 the expected neutron spectrum [neutron/cm2/pr]
from the W target with optimum geometry has been shown.
As expected, up to 100 MeV the spectrum is described as a

3The radiation length for the W is 0.35 mm
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Fig. 3. Energy spectrum of neutron produced in the target

Maxwellian distribution with average energy around 1 MeV
(0.7 MeV, for sake of precision). This contribution is due to
the Giant Dipole Resonance mechanism, according to which
the photon interacts with the nucleus as a whole. The excited
nucleus behaves as a compound nucleus that can return in
fundamental state by emitting nucleons, typically a neutron.
The Giant Dipole Resonace (GDR) is the predominant phe-
nomenon for photon energy lower than 30 MeV. Approaching
the higher energies, the Quasi-Deuteron (QDR) effect adds a
tail to the Giant resonance spectrum, whose slope becomes
steeper as the incident electron energy is approached. In the
QD mechanisms the photon is able to interact with the dipole
momentum of the neutron-proton couple inside the nucleus,
inducing the expulsion of one or both of them. In both
mechanisms (GD or QD resonance) the information about the
incident photon is lost in the interaction with nuclei and the
neutron emission is quite well isotropic, as it is shown in figure
4 where the projection in the vertical plane of the neutron flux,
in the target and in the air around the target itself, it is shown.
The neutron flux at the source has been estimated to be 1.8E-3
n/cm2/primary, that in case of 4.9E+11 primary/s corresponds
to 9.E+8 n/cm2/s.
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Fig. 4. Neutron Spatial distribution around the target: neutron flux [n/cm2/pr]
projected on the ZX plane, averaged in the Y direction.

One of the main limiting aspect of using neutrons produced

W-BTF
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Experimental setup and flux Measurement

!

!

Total Neutron Flux per primary particleTotal Neutron Flux per primary particleTotal Neutron Flux per primary particle

Experimental 
Measurement 

FLUKA MCNPX

8.04E-7 ±3% 8.10E-7 ±4% 8.02E-07 ±0.2%

Lethargic (dϕ/dE)*E spectrum normalized to the total flux
 The flux above 10 keV is
 6.53E-7 /cm2/pr

As expected, more than 80% is 
found around the Giant 
resonance (from 10 KeV up to 
20 MeV)

Statistical uncertainty in the 
calculations less than 4%

Neutron Flux at 1.5m from 
shield = 4E+5 n/cm2/s
corresponds to 
Equivalent Dose=45 mSv/h
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From n@BTF toward more 
challenging and powerful tasks:

the
SuperBTF
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SuperB layout

       5.7 GeV e+    3.9 GeV e-                  
e+ 

e- 

combiner 
DC dipole 

e+#6.7#GeV#to#ring##

e/#up#to#6.2#GeV#to#SuperBTF##

e/#4.2#GeV#to#ring##
6#GeV#LINAC#

THERMIONIC!
GUN SHB 0.6 GeV PC 

BUNCH!
COMPRESSOR 

              5.7 GeV e+    3.9 GeV e-              
POLARIZED!
 SLAC GUN! SHB 

50 MeV!
CAPTURE!
SECTION 

e+ 

e- 

combiner 
DC dipole 

    0.25 GeV     !

CAPTURE!
SECTION 

positron(linac(
1(GeV(e+ 

e+ 
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๏As starting point we used the DaΦne BTF optimized target. We identified these cases as BTF-like ones: 

• W,  Cu,  U_238,  Be , Al. 

๏  Thick target configurations for Al, Be, Cu have been simulated . Also Composed (W+Be+Au in progress)

๏  As primary beam we mainly  used: 

• 4.18 GeV  electron for all the materials and target configuations

• 6.2 GeV electrons and 6.7 GeV positrons in several cases (some of 
which are stil in progress)

Target design strategy: performed activities

e- bunch

Relevant(parameters(of(SuperB(
(Main(Rings(for(injec7on(

e8( e+(
Energy((GeV)( 4.18( 6.70(

Number(of(bunches( 978( 978(

Par7cles/bunch( 6.6x1010( 5.1x1010(

Charge/bunch((nC)( 10.6( 8.2(

Horizontal(emiSance((nm)( 2.5( 2.0(

Ver7cal(emiSance((pm)( 6.2( 5.0(

Rela7ve(energy(spread( 7.3x1084( 6.4x1084(

Life7me((s)( 269( 254(

Polariza7on( ≈80%( 0(

MC

Pred. Rate 
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Hadron Yields from target (Ee=4.18 GeV)

•  These results have been obtained with a 
statistic of 5E+4 primary electrons and biasing 
techniques
•  Values in columns are yield per primary
•  Statistical error are  < 5%
• We still need to have better statisctics and 
more severe simulations are running ...

Material Neutron Proton Pion+ Pion- Muon+ Muon- Kaon+ Kaon-

W(nat) 2.51 0.122 7.34E-03 0.013 3.80E-03 2.30E-04 3.75E-05 Negl

U238 3.7 0.08 7.20E-03 1.48E-02 3.70E-03 2.40E-04 3.28E-05 Negl

(TEST) Al 0.162 0.156 5.01E-03 5.39E-03 2.64E-03 1.01E-04 3.92E-06 Negl

(Op)Cu 9.66E-01 0.365 1.25E-02 1.48E-02 1.25E-02 6.68E-03 5.98E-05 9.80E-07

Cu 0.21 0.08 3.20E-03 3.84E-03 8.60E-04 1.00E-04 2.80E-05 Negl

Al 5.844-03 5.04E-03 5.16E-04 4.58E-04 1.01E-04 2.05E-05 Neg Negl

C 1.10E-03 1.20E-03 1.80E-04 1.97E-04 2.50E-05 1.00E-05 Negl Negl

Be 1.32E-03 5.51E-04 1.27E-04 1.39E-04 1.93E-05 1.04E-05 1.00E-05 Negl

T
h

in
T

a
rg

e
t

T
h

ic
k

T
a
rg

e
t

Legenda:
 Blue cases have same geometry of W BTF target

Red ones have 10X0 radiation length depth (  Thick 
target L> 10 X0)

W-BTF: L=6cm, R=3.5 cm
Thick Al:  L=70cm, R=12 cm

OpCu: L=14.30cm, R=7.15 cm
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Some considerations on neutron yield 
vs material and primary E
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WBTF like(Ee = 4.18 GeV): Neutron

neutron
produced

neutron
escaping

neutron 
absorbed

2.58 2.51 0.03

neutron balance per primary
(Ee=4.18 GeV)

Important contribution 
at high energy ( for 

E>100 MeV  additional 
neutrons from bump 
pion reabsorption) 
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GDR Peak shift from U to Al

Z X0
(cm)

dens
(g/cm3)

U238 92 0.32 18.95

W 74 0.35 19.3

Cu 29 1.43 8.96

Al 13 8.9 2.7

RM = 0.0265 X0 (Z + 1.2)

GDR peak shifts toward 
higher energies for lower 
atomic number material:
➡ U238 (peak)=   0.68 MeV
➡ W (peak)=   0.77 MeV
➡ Cu(peak)=  1.2 MeV
➡ AL (peak)=  2.3 MeV

The high energy neutron contribution is a more important
 fraction of the total yield for medium Z nuclei respect to high Z 

nuclei

n/
pr

/c
cm

2
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Target BTF-like (4.18 GeV e-): neutron yield 
dependence on material (Cu vs W)

Neutron with E> 100 MeV
are 0.84 % of total yield:
0.021 n/pr over 2.51 n/pr

Neutron with E> 100MeV
are 3 % of total yield

0.0063 n/pr ove 0.21n/pr

Neutron with E> 10 MeV
are 6 % of total yield:

0.15 n/pr over 2.51 n/pr

Neutron with E> 10 MeV
are 15 % of total yield

0.032 n/pr ove 0.21n/pr

Total Neutron fluence for Cu is 2 order of 
magnitude lower than W

  (fixed geometry and primary beam Energy)

W Cu

The high energy neutron contribution is a more important
 fraction of the total yield for medium Z nuclei respect to high Z nuclei
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Neutron Spectrum dependence on primary energy beam  

Neutrons with E > 10 MeV:
6.5% of total yield

Neutrons with E > 10 MeV:
less than 3 % of total yield

 1e-09

 1e-08

 1e-07

 1e-06

 1e-05

 0.0001

 0.001

 1e-08  1e-07  1e-06  1e-05  0.0001  0.001  0.01  0.1  1

n/
pr

/c
m

2

Energy  (GeV)

EdF/dE neutron spectrum

Double Log Spectrum

W-n@BTF : 510MeV e-

Neutrons produced in the target 
per primary electron: 0.2 Neutrons produced in the target per 

primary electron: 2.23

W-BTF like:4.18GeV e-
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Measured Neutrons at DaΦNe BTF and Predicted for 
SuperBTF

Optimized 
W BTF
Target

DaΦne 
(1E+10  e-/pulse & 50 Hz injection rate)

DaΦne 
(1E+10  e-/pulse & 50 Hz injection rate)

IF 
SuperBTF Minimum rate 
(6.6E+10)*0.04 e-/pulse  

  (5.1E+10)*0.04 e+/pulse
Supposing 50 Hz injection

IF 
SuperBTF Minimum rate 
(6.6E+10)*0.04 e-/pulse  

  (5.1E+10)*0.04 e+/pulse
Supposing 50 Hz injection

Optimized 
W BTF
Target

Value per 
Primary

@510 MeV

Present 
Max Rate 

Value per 
Primary

@ 4.18 GeV

Minimum 
Expected 

 Rate 

Neutron source
(integrated on all the 

solid angle and 
all E spectrum)

0.21
[n]

1.E+11
 [n/s]

2.51
[n]

3.28E+11
[n/s]

Flux around the 
target

(integrated on all the 
solid angle and all E 

spectrum)

1. E-3
[n/cm2/pr]

5.E+8
 [n/cm2/s]

1.2E-02
[n/cm2/pr]

1.6 E+9
[n/cm2/s]

Flux at 1.5 m
along  an 

extraction line

8.1 E-7
[n/cm2/pr]

3.9 E+5 
[n/cm2/s] ---- ---

n@BTF Measurements **

** Ref:  Submitted NIM-A
“Experimental and numerical characterization of the neutron field produced in the n@BTF 
Frascati photo-neutron source”

Thursday, 15 December 11



What about other secondary hadrons:
 W target and OpCu

cases
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WBTF like (Ee-=4.18 GeV)

1.00E%07'

1.00E%06'

1.00E%05'

1.00E%04'

1.00E%03'

1.00E%02'

1.00E%01'

1.00E+00'

1.00E+01'

%6' %5' %4' %3' %2' %1' 0' 1' 2' 3' 4' 5' 6' 7' 8' 9' 10' 11' 12' 13' 14' 15' 16' 17' 18' 19' 20' 21' 22' 23' 24' 25' 26' 27'

Number'of'secondaries'generated'in'inelas3c'interac3ons'and'decays'per'
beam'par3cle'in'the'W'Target'(Eprimary=3'GeV)'

Alpha      

He-3 

Deuteron    
Triton 

Proton    

Neutron  

Pion  + 

Pion -  

Sigma+/Sigma-/
Sigma0 

 
 

Pi0 

electron/ positron 

K+ 
Lambda K0 

Muon+ 

Muon - 
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WBTF like (Ee = 4.18 GeV): proton spatial distribution

p 1.22E-01

proton yield per primary e-
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Particles per Primary − pz

Angular Distribution
respect to the incident 

beam direction 

Protons are emitted mostly 
forward in a cone  

less than 20 deg around Z
A n important contribution of 
backscattering is also present

Backscattered 
peak
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peak around 0.44 GeV/c
corresponding to

 100 MeV kinetic Energy

θz

Px Py Pz

Ptot
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WBTF like (Ee = 4.18 GeV): proton
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The lenght of the vector is proportional to the 
modulus of Momentum

Z axis
The higher momentum protons are escaping 

mainly from the forward flat surface
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( primary electron beam)
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WBTF like (Ee = 4.18 GeV): Pion+
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WBTF like (Ee = 4.18 GeV): Pion+
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More statistics is needed to reconstruct more accurately the histograms
Higher energy Muons+ with (Pz>0) are escaping  forwarding
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OpCu (Ee = 4.18 GeV): summary
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SuperBTF possible Layout
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Conclusion and Future 
Plans

• Several Target Configurations have been studied 
and others are in progress

• Composed or Alloy  Target configurations will be 
studied for optimization ...

• The best solution(s) will depend on the directive 
of the scientific community ( more suitable and 
well designed targets)

• Future Tasks: Benchmarking with Geant4 and Ansys 
Simulation of thermal analysis
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Thank 

THANK YOU 
FOR YOUR ATTENTION

http://www.lnf.infn.it/acceleratori/btf/
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