Quasi-monoenergetic high energy neutron fields:
present status and future prospects
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Accelerator-based neutron fields
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Do we need (quasi)monoenergetic fields
(as well as broad energy fields)?

Why “quasi”?



Spectral fluence typically measured with a
liquid scintillator: NE-213 / BC-501A / EJ-301

iThemba LABS version:

Data are recorded in coincidence in list mode using the standard
NIM-based acquisition systems or modern digital systems:

* Pulse height L
* Pulse shape S
 Time-of-flight T

... usually combined with a reference fluence measurement
(e.g. U fission chamber), and data from beam monitors.



Neutrons and gamma-rays produced by a 66 MeV proton

measured by a 2” x 4” BC-501A detector at 0°.

Pulse shape S (arbitrary)

beam irradiating a 6.0 mm Li target,
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Quasi-monoenergetic beams
Li(p,n)’Be is often used (Q = -1.6 MeV)
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Time-of-flight measurement of neutrons produced by
an 80 MeV proton beam irradiating a 10.0 mm Be target
(with BC-501A at 8.00 m).
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Global menu
Quasi-monoenergetic HE neutron fields

Facility E, Pulsing | Neutron | ToF

(MeV) beam | path

angle (m)

iThemba LABS | e 1" South Africa | 35-200 ns |0and16| 10

RCNP 2 RCNP Japan 100-400 ns Oto30 | 100
TIARA &)QST Japan 40-90 ns 0 13
CYRIC i% Japan 20-90 ns 0 ?
CIAE Zuommssnzanr|  China 75-100 DC 0 (3)
IRIS IRIS Rave eotope science Korea 83 ns 0 50
NFS canit @D|  France 20-33 ns 0 28
NPI VC\') NUCI‘.EARPHYS“I‘CSINSTITUTECAS CzeCh Rep 18_36 nS O 5

Future facilities ?
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Abstract

This paper provides an overview of high-energy quasi-monoenergetic neutron sources and
facilities above 20 MeV around the world. Various technical matters are discussed which are
required in characterizing the neutron fields by spectrometry, fluence and beam profile
measurements. Important topics regarding the calibration of neutron detectors are also
introduced with emphasis on beam monitoring, tail correction, background subtraction and
fluence-to-dose conversion. Efforts to standardize the high-energy neutron fluence in Japan
and by the German national metrology institute in collaboration with Belgian and South
African institutions are also presented.
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Energy spectra of neutrons produced by proton beams irradiating a
6.0 mm Li target (measured with NE-213 at 8 m).
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Measurements of neutron energy of neutrons (via Time-of-Flight)
produced by a 66 MeV proton beam irradiating a 6.0 mm Li target.
(with 2” x 4” BC-501A detector at 8.00 m from the target at 0°).
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Research Center of Nuclear Physics

Osaka University, Japan

East experimental hall

Neutron beam line
(100 m)

West experimental hall AVF injector cyclotron



Research Center of Nuclear Physics

Quasi-monochromatic neutron beamline “N0”
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Takasaki lon Accelerators for Advanced Radiation Application (TIARA)
of the Takasaki Institute for Advanced Quantum Science (TIAQ),
National Institutes for Quantum Science and Technology (QST).
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Investigation of properties of the TIARA
neutron beam facility of importance for
calibration applications ~ “ .
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Takasaki lon Accelerators for Advanced Radiation Application (TIARA)

Energy spectra of neutrons produced by 50 MeV
proton beam irradiating a 3.7 mm Li target
(measured at 6.5 m and 13 m).
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Cyclotron and Radioisotope Center (CYRIC)
Tohoku University, Sendai, Japan
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Fast neutron facility of the China Institute of Atomic Energy
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Fast neutron facility of the China Institute of Atomic Energy
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Nuclear data production system (NDPS)

RAON, Korea
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e Superconducting linear accelerator 3 (SCL3)
* Quasi-monoenergetic and broad energy neutrons

up to 83 MeV (p+Li) or 98 MeV (d+Be).
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Energy spectra of neutrons produced
by 16 MeV/u “°Ar on 28 mm C target
(measured at 4.8 m)
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CANIL
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Neutrons For Science Facility of GANIL/SPIRAL2

S ducting LINAC
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Energy spectra of neutrons produced by 33 MeV
proton beams irradiating thin Li and Be targets
(measured with EJ-301 at 28 m).
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Fast neutron facility at CAS Nuclear Physics Institute
Q@ NUCLEAR PHYSICS INSTITUTE CAS () Tcisch e

of Sciences
public research institution
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Rez, Czech Republic

* |sochronous cyclotron U-120M
* Proton beams 1-37 MeV

Energy spectrum of neutrons produced by 32.5 MeV
proton beam irradiating a 2 mm Li target
(measured with NE-213 at 4.5 m).
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Three important high energy neutron facilities
closed over last decades:

 Cyclotron Research Centre,
Catholic University of Louvain-la-Neuve, Belgium

* The Svedburg Laboratory,
Uppsala University, Sweden

* Indiana University Cyclotron Facility,
Indiana University, USA




Global menu
Quasi-monoenergetic HE neutron fields

Max.

Facility E, Pulsing | Neutron | ToF

(MeV) beam | path

angle (m)
iThemba LABS | e 1" South Africa | 35-200 ns |0and16| 10
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Future facilities ?




Do we need (quasi)monoenergetic fields
(as well as broad energy fields)?

.. metrology generally (ToF)

.. metrology for response functions (ToF)

.. detector response (no ToF) *

.. passive irradiation ... subtraction effect *

* ... ToF not required for “quasi” => quasi



Wish list

Quasi-monoenergetic neutron fields over a wide energy range
(offering peak energies from about 20 MeV to several hundred MeV);
Well-characterized and reproducible neutron energy distributions; and
Low, well-characterized background.

A stable short-pulsed proton beam of sufficient intensity;

Adjustable time between subsequent proton pulses (pulse selection/beam kicker);
Real time monitoring of proton beam focus by accelerator operators;

Good target control with well shielded neutron production area;

Excellent proton beam removal in dump, with good beam charge measurement;
Well characterised neutron collimation, with sufficiently narrow (and wide) profile;
Sufficiently large experimental hall designed for low scattering background;
Sufficiently long Time-of-Flight path;

Several neutron beam measurement angles (e.g. 0° and 20°);

Good vault infrastructure; patch panels; clean earth; etc.

Reference instrumentation for neutron beam (spectral) fluence measurement (u < 5%);
Well characterised and stable beam monitors.

Accessibility (e.g. PAC); general technical support; experience ...



Final thoughts

... that there is much stronger international coordination and cooperation ...
including a “community of facilities”.

... that ISO 17025 (compatible) guidelines are drafted to guide the evolution of
existing and new facilities ... covering ...

charged particle beam production, focusing, stability and monitoring;

neutron production; collimation; backgrounds; neutron beam size and profile; and
primary and secondary fluence measurement including traceability, and reporting.

... that plans are designed to guide key comparison studies between
participating NMI facilities ... coordinated by CCRI ... :

. using the same reference instrument in different facilities at the same energy;
... and using many different instruments at one (or two) facilities at two energies.
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... including a project to design the uncertainty budget for:
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