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Outline
● Bit of history

● NMR and MRI

● Basic principles of DNP

● Radiation-detected NMR

● Current DNP project at CERN
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DNP applications – a bit of history
● A. Overhauser, A. Abragam 1960s

● M. Borghini, T. Niinikoski 1970s at CERN

● Long history of CERN experiments – EMC, SMC, COMPASS

● Nucleon spin structure – Spin crisis 1988

● NMR signal enhancement applications – early 2000s
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NMR and MRI
● Response of nuclear spins in static magnetic field to RF excitation

● Pnuclear~10-5 at RT and ~ a few T magnetic field

● Low sensitivity as Signal  P∝ ∝Bext , where                        for S=1/2

● Currently 1.2GHz (~28 T) spectrometer available on the market

● MRI machines: 1.5 T, 3 T (becoming mainstream), 7 T, 11.7 T (experimental)

● Increasing polarisation via hyper-polarisation techniques

1.2 GHz NMR 11.7 T MRI

Big and expensive

P= tanh ( μ B
kT

)



04/12/2025 5

Polarisation methods

Nuclear Polarisation

Optical pumping (OP)

Spin exchange optical pumping (SEOP)

Signal amplification by reversible exchange (SABRE)

Dynamic nuclear polarisation (DNP)
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Principles of DNP
● Low temperature, high magnetic field: 1K, 2.5 T

● Equilibrium polarization low for nuclei: 0.25 % for protons

● Very high electron polarisation:  >99 %

● RF induced spins flips between unpaired electron and nuclei

● Unpaired electrons – radicals – chemical or radiation induced

2 theoretical descriptions
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Dissolution DNP
● Frozen sample at 1K

● Does it have a practical use?

● Yes! - the sample can be rapidly dissolved and transferred 

Le Page L. M. et al., Trends in Neurosciences 43 (2020)



04/12/2025 8

RD-NMR
● Use of anisotropic β-decay or γ-decay

● Spin >1/2 for β-decay or spin >1 for γ-decay

● RF-excitation to “destroy” the asymmetry

● Example: Measure β-decay asymmetry

● Needs initial polarisation above thermal equilibrium

● Enhanced sensitivity wrt conventional NMR >106
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DNP project at CERN

● Idea to build compact and affordable setup fitting standard lHe dewar

● Polarise both stable and (for the first time ever) radioactive nuclei using DNP

● In-house know-how – SC magnets, NMR, cryogenics

● First radioactive isotope – 18F, t1/2 =110 min, produced for PET

● Can help not only conventional NMR but also to spread use of RD NMR

● Supported by CERN Medical applications funding
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Current status

● Design of all elements for stable nuclei ~finished

● Magnet, 1 K cryostat, MW chamber, sample holder, all fitting to 50 mm aperture!

● Design of Beta detectors for 1 K operation pending

● 2.5 T tesla solenoid made by EP-DT workshop

● Magnet testing prepared at CERN Cryolab

● First tests done December 2nd 
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Magnet tests

● Ramp-up current in steps up to nominal 100 A

● Test with both polarities

● Stability test for 30 minutes

● Field measurement in the magnet centre using Hall probe

●
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Summary and Outlook
● DNP has a long history of applications

● NMR/MRI suffer from low sensitivity

● DNP can enhance the sensitivity while keeping cost and size down

● DNP could allow for wider spread of RD-NMR technique

● Currently CERN-MA funding supports a development of compact and 
affordable system for DNP to be used for both stable and radioactive nuclei
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Thank you for your attention!

● Our team and collaborators (former and current): 

● VITO team: MP, N. Azaryan, M. Sojka, M. Dvorak, J. Jilek, L. Rimpl, M. 
Kowalska, 

● Elsewhere at CERN: A. Dudarev, T. Koettig, A. Vacca, S. Prunet, F. Garnier, C. 
Petrone, N. Doshita, 

● Thanks to CERN MA funding which supports this project
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