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What is the NPL?
• The National Physical Laboratory (NPL) is the UK's 

National Measurement Institute, and is a world-leading 

centre of excellence in developing and applying the most 

accurate measurement standards, science and 

technology available

• Approximately 950 staff

Neutron Metrology
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3.5 MV van der Graaff 

accelerator installed at NPL in 

1962.

This is / has been used for 

(mainly) for the production of

well-characterised neutron

‘beams’ with energies ranging 

from ~20 keV to ~20 MeV.

‘Building 47’ at NPL includes a

large area scattering room.

http://www.npl.co.uk/science-technology/neutron-metrology/

http://www.npl.co.uk/science-technology/neutron-metrology/


Neutron irradiation capabilities

Nuclear Metrology Group (NMG) houses a 3.5 MV Van der Graaff. 

Protons and deuterons to energies between 880 keV to 3.5 MeV.
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• Accelerator based neutron sources
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Neutron facility (‘Building 47’)
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Monoenergetic

Thermal

Neutron irradiation capabilities

Beam Energy 

(MeV)*
Neutron Energy 

range (MeV)
Reaction 

Max fluence at 1 m 

(cm-2 s-1)

2.905-2.945 0.001 → 0.05 45Sc(p,n)45Ti ~ 8

1.925-2.355 0.05 → 0.63 7Li(p,n)7Be 500 → 2000**

1.450-2.985 0.63 → 2.2 T(p,n)3He 1200 → 2100**

0.880-2.740 4 → 6 D(d,n)3He ~ 850

0.880-2.550 13 → 19 T(d,n)4He ~ 620
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Mn bath and Radioisotope sources

Source Total output (s-1)

252Cf 1.8 x 102 - 6.4 x 107

252Cf / D2O 5.1 x 107

241Am-Be 3.0 x 103 - 3.2 x 107

241Am-B 4.2 x 105

241Am-F 1.3 x 105

241Am-Li 2.1 x 105
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Measuring monoenergetic fluences
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• Long counters are used to measure 

monoenergetic neutron fluences

• Because of they are large, their 

effective centre, i.e. the point at which 

the fluence is measured, needs to be 

known

• Work over the 2003-04 

programme has cleared-up 

a longstanding problem 

over the correct effective 

centre values to use.

• The new values are based 

on transport calculations 

and experiments

A DePangher long counter
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Neutron irradiation capabilities – Thermal Pile
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Thermal neutron standards

• Thermal neutron fluence standards:                              

~107 cm-2 s-1 in a 12 cm diameter hole.

• ~104 cm-2 s-1 over an area of about 30 

cm diameter in the column
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Can irradiate U targets for standardised 

noble gaseous radioactive (Kr, Xe) sources



(n,f) Cross-section measurements
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▪
235U(n,f), 238U(n,f), 237Np(n,f ), 242Pu(n,f)

▪ Monoenergetic neutrons: En = 0.565 up to 2.4 MeV

▪ Fluence measurement → NPL long counter

▪ Fission detector → TFGIC

▪ 2 measurements: absolute and relative
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Other ‘beams’ at NPL – ICP-MS 

Analysis for Radioactive species 
▪ Dr. Ben Russell (SRS) – ICP-MS leader at NPL et al.,

▪ Atom counting and isotope ratios for radioactive species.

▪ Research includes 

(a) Isotope analysis of long-lived radioisotopes in nuclear 

fuel waste inc. minor actinides.

(b) Determination of radioactive lifetimes of very long-

lived species (e.g. 231Pa ; 238U etc.)

(c) Atoms counting for standardisation of (pre-clinical) 

medical isotopes (e.g. 155Tb)
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ICP-QQQ in the Nuclear Metrology Group

• Operating since September 2015

• Measurement of medium and long-lived radionuclides (>30 

years) as a rapid alternative to decay counting techniques

• Expands number of radionuclides measurable compared to 

decay counting techniques alone

• Tandem mass spectrometry design and integrated reaction 

cell reduces or removes need for relatively time-consuming 

offline chemical separation

• 8 PhD students, 11 Masters Placement students

• > 30 publications



Applications



Summary
▪ NPL van der Graaff facility provides traceable neutron fluxes 

in the energy regimes from ~ keV up to ~20 MeV.

▪ Can be used for research / measurements into e.g. (n,f) 

cross-sections on actinide targets etc.

▪ Provides neutron beam for graphite moderated thermal pile.

▪ Other ‘beam’ studies at NPL using ICP-MS (QQQ) for 

Radioactive Isotope atom counting.

▪ External research in collaboration with UK nuclear structure 

physics community includes 

a) 238U(n,f) spin distributions in fission (LICORNE, France)  

b) RIB nuclear data studies at e.g. CERN-ISOLDE; GSI-

FAIR (Germany); RIBF-RIKEN (Japan).
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