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• Where does the signal come from (magnetization, noise, induction, …)

• Relaxation: where does it go?

• How do we use the signal most efficiently?

• Flip angle

• Temporal resolution

• Acceleration
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And has led to increased magnetic field strength, optimized pulse sequences and detection coils

>12 g of [1-13C]glucose infused during 
examination. 10 min acquisition time and 
~50 cm3 voxel size

Wijnen et al, Magnetic Resonance 
Imaging 28 (2010) 690–697

Zeng et al, Magnetic Resonance Imaging 29 
(2011) 25–31

~9 min acquisition with 10 cm3 voxel size
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13C polarization 20%
(enhancement 24,000)

SNR=4592 (0.5s)

Conventional NMR spectrum

Hyperpolarized spectrum

SNR = 7 (65 hours)
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The magnetization induces and electromagnetic force (voltage) in the receiver
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The magnetization induces and electromagnetic force (voltage) in the receiver
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The magnetization induces and electromagnetic force (voltage) in the receiver

 

Eemf = 0
 ̃B 1xyM0VS sin e

( −R2
 + j 0 ) t
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80 000 mM

5 ppm (1.5 T)

gH/gC=4

500 mM

20 %

Water 1H

13C in syringe

124 dB

13C in aorta (20-30 s)

50 mM

134 dB

5 mM

10 % 5 %

108 dB

160 dB

13C in tissue (40-60 s)

Conventional 1H Hyperpolarised 13C

8 mM

5 ppm (1.5 T)

Endogenous

metabolite 1H
44 dB

 averaging  relaxation
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F: noise figure of the pre-amplifier

R: Equivalent resistance of noise contributions (sample noise should be dominant)

T: Temperature of the noise resistor

: Bandwidth

 

nrms
FID = F 4RkBT
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Measured Q Simulated Q

Loop Configuration 300K 77K 300K 77K

Coil 1 259 611 361 970

Coil 2 182 459 242 615

Coil 3 246 525 346 889

- In our simulations the capacitors and transmission lines are ideal, so losses are not taken 

in account for them → That explains the lower measured Q.

- Measured Q-factor, consistently lower than simulations ( ≈ 40% difference).

Measured Q-factor (coil unloaded):

Coil 1 Coil 2 Coil 3
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When cooled to 77 

K T decreases for 

copper a factor ~20

Potential 4.5-fold SNR 

enhancement 

(assuming low sample 

losses)

f = 32 MHz

coil radius = 25 mm
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Simulated B1
- (@ 300K):

Simulated B1
- (@ 77K):

Target depth



16. JUNE 2026 PROF.

JAN HENRIK ARDENKJÆR-LARSEN

AARHUS UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

Overskrift én linje

Light eller AU Passata Bold PREAMPLIFIER

◼ Commercially available: Wantcom WMA32C

◼ Frequency of 32.19 MHz

◼ 3.0 Ohm Input Impedance    

◼ 0.70 dB Noise Figure

◼ 28.0 dB Gain

◼ 1.22:1 Output VSWR

◼ Unconditional Stable, k>1

◼ Non-magnetic 

◼ Low input impedance: can be used for preamp decoupling in phased arrays.

◼ Includes a High Electron Mobility Transistor (HEMT): Noise Figures below 0.05 dB reported in literature 

when cryogenically cooled*



16. JUNE 2026 PROF.

JAN HENRIK ARDENKJÆR-LARSEN

AARHUS UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

Overskrift én linje

Light eller AU Passata Bold COIL INTERFACING

Full circuit (coil + preamp)

Bias decoupling 

Capacitor

 

Matching

Capacitor

 

Tuning 

Capacitor

 
Symmetrizing

Capacitor

 

Passive 

Decoupling

 

Active

Decoupling

 

Bias Resistor

(Optional)

 

Bias Inductor
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Hyperpolarized agents:

• No remagnetization after RF excitation.

• Multidimensional space needs to be sampled in short time

Parallel Imaging can be implemented without SNR penalty for 

Hyperpolarized agents

Parallel Imaging SNR for hyperpolarized agents 

not proportional to the acceleration rate!
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Fully-sampledUnder-sampled
SENSE recon

from 23Na profiles
Difference

R=2

R=3

R=4

Retrospective undersampling of the fully 

sampled 13C 2D GRE acquisition (lines in k-

space removed uniformly)

R=2, Total scan time 16 min

R=3, Total scan time 11 min

R=4, Total scan time 8 min

Olin, Sanchez et al, MRM 2022
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Pyruvate

Lactate

Bicarbonate

3D blipped stack-of-spirals with dual-resolution.

FOV 28x28x12 cm3, SPSP exc., TR/TE 80/9 ms, spiral 

readout duration 45 ms.

Voxel size pyruvate = 7 x 7 x 15 mm3.

Voxel size metabolites = 14 x 14 x 15 mm3.

Acq. time pr. slice (4 exc.) = 320 ms.
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Injection

0 s / 0.5 M 

Brain vessels

23 s / 50 mM 

Aorta

25 s / 50 mM 

Lung vessels

  5-15 s / 50 mM 

cardiac output 6 L/min

injection at 5 mL/s

Heart chambers

3-4 s / 50 mM 

Coronary artery

15-20 s / 50 mM 

time [s]
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imaging
imaging

imaging
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Peters et al, Nature Communications ( 2026) 17:4561
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Garnæs et al, NMR in Biomedicine, 2025; 38:e70151



16. JUNE 2026 PROF.

JAN HENRIK ARDENKJÆR-LARSEN

AARHUS UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

Overskrift én linje

Light eller AU Passata Bold HYPERPOLARIZED WATER; 1H IN D2O

• Large magnetization due to high concentration

• Large gyromagnetic ratio for higher spatial 

resolution

• Signal detection with optimized 1H MRI 

equipment and sequences

Applications

• Coronary MR angiography: high spatial 

resolution and fast acquisition to avoid motion 

artefacts. Eliminates the ionizing radiation from 

CTA and Gd-based contrast agents.

• Flow and perfusion.

• Proton exchange in proteins and chemical 

reactions, hydration reactions etc.
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Inversion recovery T1 on thermal samples in Shigemi tube (deoxygenated)

When mixed with blood T1 will quickly reduce to ~1 s

Harris et al, JMR 211 (2011), Dissolution DNP NMR with 

solvent mixtures: Substrate concentration and

radical extraction

Höfer et al., JACS 130 (2008) 3254-3255

T (°C)
H2O

(s)

10% H2O 

in D2O

5% H2O 

in D2O

4.8% 1:1 

glycerol:H2O 

and 30 mM 

TEMPOL in D2O

25 3.3 16 25 3.0

40 5.0 22 36 4.3

60 7.4 26 51 6.5

80 10 35 64 9.0

[H+] 111 11.8 6.26 4.56
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Nucleus Initial conc. 

[M]

Polari-

zation

Initial M0

[mA/m]

T1

[s]

Relaxation 

factor

Dilution 

factor

M0 at 

imaging 

[mA/m]

1H (H2O/D2O) 2 50% 4,895 10 e-15/10=0.2 0.1 216

13C agent 0.5 50% 615 60 e-15/60=0.8 0.1 49

Thermal 1H 80 10 ppm 

@ 3T

7.8 1 0.6 1 4.7
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The hyperpolarized MR signal is initially 211 times stronger than the thermal H2O 

signal, and the T1 of the decay is 24 s. The hyperpolarized signal decays into the noise 

since the 1H density is ca 20 times lower than the thermal H2O sample.
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Intra arterial injection in pig at 3 T with an 8-channel cardiac array receiver coil. Gradient echo sequence.

MRI parameters

Flip angle 5°

Slice thickness 40 mm

TR 3.4 ms

TE 0.98 ms

Matrix size 256x256

FOV (140 mm)2

Acquisition time 870 ms
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