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Proton beam

    20 GeV/c p from PS

    7 ns bunch length

    Min. 1.2s btw bunches

Spallation reaction 
C. Rubbia et al., A high resolution spallation driven facility at the CERN-PS 
to measure neutron cross sections in the interval from 1 eV to 250 MeV
CERN/LHC/98-02(EET) 1998

300 neutrons per incident proton
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@ target : 2·1015 n/pulse
@ EAR 1:   8·105 n/pulse
@ EAR 2:  3·107 n/pulse
@ NEAR:  8·108 n/pulse

                  

 n_TOF facility
5



  

@ target : 2·1015 n/pulse
@ EAR 1:   8·105 n/pulse
@ EAR 2:  3·107 n/pulse
@ NEAR:  8·108 n/pulse

                  

 n_TOF facility
5



  

       Energy (eV)      TOF(μs)
EAR1 EAR2 NEAR

10-2 1.3·105 1.5·104 2.2·103

10-1 4.2·104  4.6·103 690
1 1.3·104 1.5·103  220
10 4.2·103 460 69
102 1.3·103 145 22
103 420 45.9 6.9
104 133 14.5 2.2
105 41.5 4.5 0.68
106 12.7 1.39 0.21
107 3.63 0.39  0.06
108 0.82 0.09 0.01
109 0.09 nan not a neutron nan

 n_TOF facility
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Maxwellian-Averaged capture Cross Section (MACS)

 

NEAR Station
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B4C cylinder20 mm thick
Each B4C thickness corresponds to 

a kT temperature 

With suitable filters (i.e. B4C) the neutron flux can be shaped to obtain 
Spectral Averaged Cross Section (SACS) close to the Maxwellian-

Averaged capture Cross Section (MACS)

NEAR Station
88
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Time Of Flight Area - EAR1

 D. Tarrío et al.(The n_TOF Collaboration)Physical Review C 107, 044616 (2023)DOI: 10.1103/PhysRevC.107.044616

M. Mastromarco et al.(The n_TOF Collaboration) Eur. Phys. J. A 55, 9 (2019)DOI: 10.1140/epja/i2019-12692-7

232Th/235U 

233U(n,f) 157Gd(n,ɣ) 

157Gd(n,ɣ) 
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Time Of Flight Area - EAR2

A. Stamatopoulos et al.(The n_TOF Collaboration)Physical Review C 102, 014616 (2020)DOI: 10.1103/PhysRevC.102.014616

240Pu(n,f) 

 C. Lederer-Woods et al.(The n_TOF Collaboration)Physical Review C 104, L022803 (2021)DOI: 10.1103/PhysRevC.104.L022803 J. Balibrea-Correaet al. The n_TOF Collaboration)EPJ Web Conf. 279 (2023)DOI: 10.1051/epjconf/20232790600426Al(n, p)

94Nb(n,γ)
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238U (T1/2: 4.5 Gyr)
235U (T1/2: 0.72 Gyr)

232Th (T1/2: 14.1 Gyr)

Only a small amount of Pb (< 1%)
is radiogenic

What is the origin of Lead?
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r-process

s-process

What is the origin of Lead?
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(n, )𝛾

β-

EC

204Tl(n,𝛾) experiment
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Pellet containing 225 mg of 203Tl, 99.5% isotopic purity, 
produced at PSI 

Irradiated at ILL reactor with thermal neutrons for 56 days: 
9 mg of 204Tl (𝜏 =3.78 yr) produced 180 GBq of β activity 

620 mSv/h contact
18 mSv/h a 10 cm

A Casanovas-Hoste et al. (The n_TOF Collaboration)Physical Review Letters 133, 052702 (2024)DOI: 10.1103/PhysRevLett.133.052702 
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https://dx.doi.org/10.1103/PhysRevLett.133.052702


  

Pellet containing 225 mg of 203Tl, 99.5% isotopic purity, 
produced at PSI 

Irradiated at ILL reactor with thermal neutrons for 56 days: 
9 mg of 204Tl (𝜏 =3.78 yr) produced

A Casanovas-Hoste et al. (The n_TOF Collaboration)Physical Review Letters 133, 052702 (2024)DOI: 10.1103/PhysRevLett.133.052702 
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By using the new 204Tl MACS, the 
uncertainty from the 204Tl(n, ) cross 𝛾

section on the -process abundance of  𝑠
204Pb has been reduced from ∼30% 

down to +8%/−6%, and the -process 𝑠
calculations are in agreement with the 
latest solar system abundance of  204Pb 

reported by K. Lodders in 2021.

180 GBq of β activity 
620 mSv/h contact
18 mSv/h a 10 cm

https://dx.doi.org/10.1103/PhysRevLett.133.052702


  

235U(n,f)  is one of the most significant 
cross-section standards at 0.025 eV 
and [0.15-200] MeV BUT there are no 
experimental data above 200 MeV

235U(n,f) experiment
18



  

Parallel plate fission (ionization) chamber
     4 double sided 235U (99.93% 235U) = 32,660

Parallel Plate Avalanche Counter
      2 235U (92.7% 235U) = 28 mg 
♦ coincidence analysis 
♦ (detection of the 2 FFs)

3S-RPT3S-RPT

MS-RPTLMS-RPTL MS-RPTHMS-RPTH

well characterized detector in the 
neutron energy: 0,025 eV - 200 MeV

Recoil Proton Telescopes @ 25°and @ 20°

¹H(n,n)p events identification:

• selection of multiple coincidences

• analysis of the ΔE-E matrix
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3 14 3 C2H4 - C

coincidence analysis - detection of the 2 FFs 
neutron energy: 0,025 eV - 1 GeV

235U(n,f) experiment

Elisa Pirovano et al,JINST 18 P11011(2023)DOI: 10.1088/1748-0221/18/11/P11011Alice Manna et al,JINST 18 P04024 (2023)DOI: 10.1088/1748-0221/18/04/P04024
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https://iopscience.iop.org/article/10.1088/1748-0221/18/11/P11011


  

235U fission cross-section relative to neutron-proton elastic scattering. This was the first time this measurement was 
conducted in the 10 to 440 MeV energy range, which extended the upper limit of previous research by more than 
200 MeV.

235U(n,f) experiment A Manna, E. Pirovano et al. (The n_TOF Collaboration)Physics Letters B , 860 139213 (2025) DOI: 10.1016/j.physletb.2024.13921320



  

R. Mucciola, Neutron capture and total cross-section measurements on Mo isotopes at n_TOF and GELINA

R. Zarrella, A. Manna, Re-TOF: A novel detector for the measurement of the fission cross section induced by high energy neutrons

M. Spelta, Measurements of neutron capture cross sections for nucleosynthesis at n_TOF: the cases of 64Ni(n, γ) and 30Si(n, γ)

N. Pieretti, Measurement of Cu neutron capture cross sections at the n_TOF facility
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140 researchers, mostly from Europe (+ Japan and the USA)

The n_TOF Collaboration



  
140 researchers, mostly from Europe (+ Japan and the USA)

The n_TOF Collaboration
Thank you for your attention
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