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The n_TOF facility at CERN – EAR1The n_TOF facility at CERN – EAR1

n_TOF is a spallation neutron source
based on 20 GeV/c protons from the
CERN PS hitting a Pb block (~360
neutrons per proton).

EAR1 Experimental Area at 185 m.
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The n_TOF facility at CERN – EAR2The n_TOF facility at CERN – EAR2



Features of the neutron beam:

• high resolution in energy (E/E = 10-4) - study resonances

• wide energy range (25 meV<En<1GeV)    - measure fission from ther. to GeV

• low repetition rate (< 0.8 Hz)                     - no wrap-around



- Higher fluence, by a factor of 25,(30 exp) relative to EAR1.
- The shorter flight path implies a factor of 10 smaller time-of-flight.
Global gain by a factor of 250 in the signal/background ratio for radioactive isotopes! 

The gain in signal-to-background ratio in EAR2 allows to measure 
radioactive isotopes with half lives as low as a few years.

7Be(n,) and 7Be(n,p) 
measurements

(Big-Bang Nucleosynthesis)
A. Musumarra, M. Barbagallo

Facility milestone
flagship - experiment



n_TOF Capture setup «old-style»

Scintillation material
C6D6 EAR1

EAR2



n_TOF Capture setup S_TED 

Scintillation material
C6D6

Improvement in S/R ratio





“Big” C6D6 Liquid 
scintillators Large & segmented C6D6 Solid organic scintillators

Read-outs/Power supplies

Solid
Higher density 

No Chemical hazard
n/ discrimination

Compact array of small C6D6

Motivations for developing a new prototype



Stilbene characteristics

Linear response in energy

/n 
discrimination



d-Stilbene

2 HAMAMATSU 6x6
2 AdvanSid 4x4

TaraT test run at NCSR Demokritos (Athens) June 2021 

thanks to           
Natalia P. Zaitseva

from LLNL

26 x 23 x 11 mm3
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Signal parametrization



3.5 cm

HAMAMATSU R1924A 

Sens-Tech PS1807
Ultra compact active base

with DC-DC converter
no HV needed

d-stil first prototype - June 2022  



First test @ EAR2 – June 2022



By Javi Balibrea

Preliminary analysis

We got the same S/N ratio of STED by using a much simpler device !

ToF spectra normalized to Au saturated resonance



By Riccardo Mucciola

New setup HV=600 V

Second test during Mo(n,) measurement in EAR2



1”x 1” 4 cylindrical INRAD p-stilbene detectors

137Cs

The p-stil detectors - first array (n. 4 INRAD ScintinelTM crystals) 



LoI for stilbene detector development @ n_TOF – April 2023



EAR2 May 2023 set-up

90° P-STIL

135° P-STIL



Pulse width 
[ns]

Rise time 
[ns]

Detector

408 L6D6

244.4sTED

233DSTI-1

193.3DSTI-2

203.9PSTIR
is

e
 t

im
e

: 
1

0%
--

>
9

0%

Pulse Width: 10% →10%

Average pulse shape calculated by 88Y  
calibration source 

LLN –ISIC

1stINRAD 
2ndINRAD 

by Javi Balibrea

Detectors’ pulse shape analysis (only ɣ)



All linear Energy calibrated!
Small crystals→ Low threshold

Deposited energy calibration
by Javi Balibrea



197Au(n,ɣ) saturated resonance to establish relative efficiency between detectors

197Au(n,ɣ) saturated resonance

by Javi Balibrea



Excitation functions on 12C @ EAR2(1-10 MeV)
for n+12C and empty frame at two different laboratory angles, 90° and 135°

Analysis conditions:

According to the detector angular position:
- Detector responses are in agreement with each other
- Different structures can be observed with the 12C target 
- The background (empty frame) is structureless

Beam high intensity pulses
400 keV threshold to the deposited energy  
PSD condition for neutron selection: amp/area<0.074*

By Rudra, Cristian and Maria Grazia 



LoI for elastic and inelastic measurements EAR1@n_TOF – April 2024



New stilbene crystals from PROTEUS: first tests October 2023

Analysis by Dimitris Papanikolaou



Pulse Shape Discrimination by Am-Be n- source (600 V HV)

PROTEUS INRAD

INRAD
INRAD

By  D. Papanikolaou



PROTEUS INRAD

INRAD
INRAD

PSD (Pulse Height/Qtot) – FOM

By  D. Papanikolaou



Charge (tail)

Principal Component Analysis (PCA) by five signal parameters

By  D. Papanikolaou



Time resolution by 60-Co coincidence (preliminary)

By  D. Papanikolaou



Fast counting in EAR 2 
needs some new 
development….



New ultrafast DAQ by ToT
SPIN-OFF of POLIMI

2+1 channels

16 channels module in progress





ToT by 137-Cs gamma source

PSTIL-1 (INRAD-STILBENE)





Fast scintillator crystal with dedicated PM

Try to achieve

2-3 ns signal length

100 MHz max rate



Photomultiplier already at INFN-CT scintillator



Conclusions and perspectives

● A new array of Stilbene detectors has been characterized at CERN and
INFN-CT

● The results look promising, facing the new demanding application before
and after LS3@CERN

● The new setup shows very good performances for n-capture reactions
● Implementing n- discrimination makes the array suitable also for 

measuring n-n and n- coincidences.
● A new d-Stibene array by LLNL is in progress (Spanish collaborators)


