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C. Guerrero,1, ∗ V. Becares,1 D. Cano-Ott,1 M. Fernandez-Ordonez,1 E. Gonzalez-Romero,1 F.
Martin-Fuertes,1 T. Martinez,1 E. Mendoza,1 G. Pina,1 J. Quinones,1 V. Vlachoudis,1 M.

Calviani,2 S. Andriamonje,2 M. Brugger,2 F. Cerutti,2 E. Chiaveri,2 A. Ferrari,2 Y. Kadi,2 E.
Lebbos,2 E. Berthoumieux,3 F. Gunsing,3 J. Andrzejewski,4 J. Marganiec,4 J. Perkowski,4 L.

Audouin,5 B. Berthier,5 L. Tassan-Got,5 V. Avrigeanu,6 M. Mirea,6 F. Becvar,7 M. Krticka,7 F.
Belloni,8 P. M. Milazzo,8 F. Calvino,9 G. Cortes,9 M. B. Gomez-Hornillos,9 C. Carrapico,10

I. F. Goncalves,10 R. Sarmento,10 P. Vaz,10 N. Colonna,11 S. Marrone,11 M. Moinul,11 G.
Tagliente,11 V. Variale,11 I. Dillmann,12 C. Domingo-Pardo,13 M. Heil,13 I. Duran,14 C. Paradela,14

D. Tarrio,14 S. Ganesan,15 G. Giubrone,16 J. L. Tain,16 F. Gramegna,17 P. F. Mastinu,17 S.
Harrisopulos,18 K. Ioannides,19 D. Karadimos,19 E. Jericha,20 H. Leeb,20 C. Weiss,20 F. Käppeler,21
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After a halt of four years, the n TOF spallation neutron facility at CERN has resumed operation
in November 2008 with a new spallation target characterized by an improved safety and engineering
design, resulting in a more robust overall performance and efficient cooling.
The first measurement during the 2009 run has aimed at the full characterization of the neutron
beam. Several detectors, such as calibrated fission chambers, the n TOF Silicon Monitor, a Mi-
croMegas detector with 10B and 235U samples, as well as liquid and solid scintillators have been used
in order to characterize the properties of the neutron fluence. The spatial profile of the beam has
been studied with a specially designed “X-Y” MicroMegas which provided a 2D image of the beam
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as a function of neutron energy. Both properties have been compared with simulations performed
with the FLUKA code. The characterization of the resolution function is based on results from
simulations which have been verified by the study of narrow capture resonances of 56Fe, which were
measured as part of a new campaign of (n,γ) measurements on Fe and Ni isotopes.
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I. INTRODUCTION

The neutron time-of-flight facility n TOF [1] at CERN
has been devoted, from its construction in 1998-2001, to
the measurement of neutron capture and fission cross
sections of isotopes relevant for innovative nuclear tech-
nologies as well as for nuclear astrophysics. The unique-
ness of this facility resides in the combination of a very
high instantaneous flux (106 neutrons/pulse from 1 – 106

eV) at a long flight-path (185 m) with state of the art de-
tectors and data acquisition systems. Further references
about the facility and the main results obtained during
the Phase-1 (2002 – 2004) are given elsewhere [2].

The facility has recently resumed operation after a
halt of four years during which a new and optimized
spallation target has been constructed and installed.

This contribution describes briefly the new target and
the measurements carried out during 2009 for the com-
missioning of the new spallation target, summarizing the
main results. These regard the intensity and energy dis-
tribution of the neutron flux, the profile of the neutron
beam at the measuring station and the energy resolution
of the neutron beam.

II. THE NEW SPALLATION TARGET

Neutrons at n TOF are generated by spallation reac-
tions produced by protons of 20 GeV from the CERN PS
on a lead target. The new spallation target of the n TOF
facility, sketched in Fig. 1, is basically a cylindrical lead
block 40 cm in length and 60 cm in diameter. Besides
the shape of the lead block, the main difference with re-
spect to the previous n TOF target is the separation of
the circuits for cooling and moderation.

The cooling circuit consists of a water layer of 1 cm
that surrounds the target, while the moderation circuit
is a 4 cm thick vessel that can be filled with either
water or borated water. In the latter case most thermal
neutrons are absorbed by means of 10B(n,α) reactions,
hence suppressing the 2.2 MeV γ-ray background from
1H(n,γ) reactions which in the past has been the main
source of background in measurements with C6D6

detectors [6].

∗E-mail: carlos.guerrero@ciemat.es

Table 1. Measurements for the characterization of the
n TOF neutron flux.

Detector Reaction Energy range (eV) Refs.

PTB 235U(n,f) 10−2 − 107 [3]
MGAS 235U(n,f) 10−2 − 105 [4]
MGAS 10B(n,α) 10−2 − 104 [4]
SiMon 6Li(n,α) 10−2 − 103 [5]

Fig. 1. (Color online) Sketch of the new lead spallation
target. Note the independent circuits for cooling (water) and
moderation (water or borated water).

III. NEUTRON FLUX

The 2009 experimental campaign made use of a water
moderator and hence the following results correspond
to that configuration. The absolute intensity and dis-
tribution of the neutron flux as function of energy have
been determined in four different measurements, which
are summarized in Table 1.

The PTB detector [3] is a well calibrated and certified
fission chamber containing five 235U samples with a to-
tal mass of 201.4 (5) mg. The MicroMegas (MGAS) [4]
detector, based on the microbulk technology, is a trans-
parent charged-particle detector built by the n TOF Col-
laboration for continuous monitoring of the neutron flux
during the cross section measurements. Last, the Sili-
con Monitor (SiMon) [5] is the primary n TOF monitor,
consisting of 4 silicon detectors looking at a 6Li target.

The highest accuracy is provided by the PTB fission
chamber and determines the absolute intensity of the
flux. However, neutron capture cross sections are mea-
sured relative to some reference and hence the energy
dependence of the neutron flux is more important than
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Fig. 2. (Color online) Neutron flux from the PTB fission
chamber and the MGAS (10B) together with the MCNP sim-
ulations used to characterize the dips in the flux.

Fig. 3. (Color online) The use of borated water as a moder-
ator will reduce the background of in-beam γ-rays, but affects
also the neutron flux in the region below 10 eV.

the absolute flux. For that reason, the flux has been
measured with different detectors based on different re-
actions in order to minimize the uncertainty on the en-
ergy dependence.

The results, after normalizing all data to the PTB
results in the region 0.1 to 1 eV, are shown in Fig. 2.
The flux is dominated by the evaporation peak in the
MeV region, a nearly isolethargic distribution between 1
eV and several hundred keV, and a thermal peak in the
meV region. The dips in the keV region are transmission
dips from the aluminium windows along the beam line.

All results are in good agreement, and are well
reproduced by MCNP and FLUKA simulations with
ENDF/B-VII. The combination of all the measured and
simulated (unlimited statistics) results provides the so-
called evaluated neutron flux that is used for the analysis
of cross sections. The uncertainty in the energy distribu-
tion of this evaluated flux is only 2%, which corresponds
to the degree of agreement between experimental data.
The simulations serve to describe with narrow bins the
fluence in the dips observed at 0.01 – 1 MeV.

Table 2. Beam interception factor for different sample
radii as function of neutron energy.

Sample
radius
(mm)

Neutron energy range (eV)

10−2

1
1
10

10
102

102

103
103

104
104

105
105

106

5 0.153 0.159 0.161 0.162 0.165 0.166 0.173
10 0.501 0.513 0.519 0.522 0.528 0.530 0.546
15 0.815 0.822 0.828 0.832 0.835 0.836 0.846
20 0.975 0.976 0.977 0.979 0.979 0.979 0.981

Fig. 4. (Color online) 2D profile of the neutron beam mea-
sured with the XY-MicroMegas at thermal neutron energy.

The use of borated water as a moderator starting from
2010 will lead to a change in the neutron flux, mainly at
low energies. The advantage is that the intensity of in-
beam γ-rays flying along with the neutrons will be highly
reduced, ensuring lower background in capture measure-
ments with C6D6 detectors [6]. The calculations, dis-
played in Fig. 3, indicate that the neutron flux will re-
main unchanged above 10 eV while the background of
2.2 MeV γ-rays will be reduced by at least an order of
magnitude.

IV. BEAM PROFILE

The characterization of the beam profile is of primary
importance because in most neutron capture measure-
ments the samples are smaller than the neutron beam.
This allows one to reduce uncertainties related to inho-
mogeneities of the samples and to maximize the reaction
yield, but implies that corrections must be made accord-
ing to the fraction of beam intercepted by the sample,
which may depend on neutron energy.

A new detector, the X-Y MicroMegas (XYMG) [7],
was developed for the determination of the beam profile.
Also based in the bulk technology, it consisted of a 6 × 6
cm2 active area subdivided into 106 × 106 strips read by
two 96 channels Gassiplex cards. With this resolution
the beam profile could be determined at any neutron
energy. A 10B converter has been used with two different
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Fig. 5. (Color online) Resolution Function, expressed as
moderation distance, of the new and old spallation target in
the region around 100 keV, where the resolution broadening
becomes dominant.

Fig. 6. (Color online) The measured 56Fe(n,γ) resonance
near 81 keV and the expected shape with and without broad-
ening by the RF.

thicknesses: 20 nm to investigate low neutron energy
range, and 2 µm to study the profile for neutron energies
up to 1 MeV.

The beam profile for thermal neutrons is shown in
Fig. 4. The collimation system along the beam line pro-
vides a nearly Gaussian profile with a width of ∼7 mm
changing slightly with neutron energy. Hence, the frac-
tion of the beam intercepted by sample of a given size
varies slightly with energy as shown in Table 2.

V. RESOLUTION FUNCTION

Due to the finite width of the proton pulse and due to
the neutron production and moderation processes, neu-
trons of the same energy leave the target at different

times. The function relating the time-of-flight with the
energy of the neutrons is referred to as Resolution Func-
tion (RF), and becomes the dominating broadening ef-
fect (over Doppler) at energies above some tens of keV.

The RF of the new target has been determined from
simulations and is described analytically by a modified
RPI function, see [8]. Above 100 keV (see Fig. 5), the
RF of the new target is essentially similar to that of the
previous target [7]. At lower energies, the tail of the
distributions is broadened due to the effect of the air
gap between the exit of the target and the beginning of
the TOF tube.

The correctness of the analytical function is tested by
comparison of the expected with the measured shape
for narrow resonances which width are dominated by
the resolution broadening. This is illustrated in Fig. 6,
where the expected and measured shapes are in excellent
agreement. The magnitude of the RF broadening with
respect to Doppler is illustrated by the large difference
in the width of the blue and red lines (with and without
including the RF broadening).
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