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Gamma MRI - motivation
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Gamma MRI - principles
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proof of principle

Y. Zheng, et al., Nature (537), 652 (2016)

➔ Use of polarised unstable tracers

➔ Positioning given by MRI sequences

➔ Tracer amount given by degree of 
asymmetry of gamma emission  
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proof of principle
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MANIPULATION LIKE IN MRI 
(HIGHER SPATIAL RESOLUTION)

DETECTION LIKE IN SPECT 
(HIGHER SENSITIVITY)



  

Gamma MRI – mXe nuclei

➔ Why mXe nuclei?
• hyperpolarization of 129Xe well established
• isomers with spin 11/2 - high degree of gamma emission 

asymmetry
• Xe – nobel gas (neutral to human body)
• 129Xe is already used in MRI studies of the lungs and brain
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Gamma MRI – mXe nuclei
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MAIN ROUTES OF PRODUCTION
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➔ Thermal neutron irradiation of highly enriched 128Xe/130Xe                     
in the reactor core

mXe production – reactors

128Xe(n,γ) 129mXe 

128Xe(n,γ) 129Xe
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130Xe(n,γ) 131mXe 

130Xe(n,γ) 131Xe
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➔ Stable xenon samples preparation
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➔ Stable xenon samples preparation

H

pXe=300mbar 
H=46-50 mm, 
V≈0.8cm3

dinner=4mm, 
doutter=6mm 

QUARTZ TUBE WITH STABLE 
Xe

128Xe (99.931%) + 
124,126,129,130,131,132,134,136Xe

130Xe (99.947%) + 
124,126,128,129,131,132,134,136Xe



  

 

mXe production – reactors
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➔ Gamma spectroscopy of Xe irradiated samples

main gamma lines source – external contaminants
129mXe
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➔ Gamma spectroscopy of Xe irradiated samples

main gamma lines source – external contaminants

samples decontamination:
1st step: nitric acid

2nd step: demineralized water
3rd step: ethanol

4th step: demineralized water

main gamma lines source – external contaminants
129mXe



  

 

mXe production – reactors
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➔ Gamma spectroscopy of Xe irradiated samples (after decontamination)

main gamma lines source – mXe + background 
+ residual contaminants

129mXe



  

 

mXe production – reactors
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METAL 
CONTAINER WITH 

QUARTZ TUBE

HV SETUP (10-3-10-6 mbar) – 2021/22 UHV SETUP  (<10-7 mbar) – 2022/23 
TRANSPORT VIAL

MECHANICAL 
FEEDTHROUGH

MAIN CHAMBER
(1-8∙10-8 mbar)

RGA CHAMBER
(<5∙10-9 mbar)

TRANSFER EFFICIENCY: 76(2)%

➔ Opening of irradiated Xe samples (after decontamination) 
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TRANSFER EFFICIENCY: 92(2)%



  

 

mXe production – reactors
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➔ Gamma spectroscopy of Xe irradiated samples (after opening)

main gamma lines source – mXe + background 
129mXe



  

No unstable 
contaminants 

detected 
in the samples

mXe production – reactors
➔ 130Xe samples irradiation results (7days, 17samples) - 131mXe
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mXe production – reactors
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two unstable 
contaminants 

detected 
in the samples

➔ 128Xe samples irradiation results (7days, 19samples) - 129mXe



  

mXe production – reactors
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125Xe 127Xe

➔ 128Xe samples irradiation results (7days, 19samples) – contaminants

σ(124Xe(n,γ)125Xe)=150(20)b
Mughabghab 2018 

σ(124Xe(n,γ)125Xe)=72(25)b 

σ(126Xe(n,γ)127Xe)=2.47(25)b
Mughabghab 2018 

σ(126Xe(n,γ)127Xe)=2.3(1)b 



  

 

mXe production – reactors
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Amin = 10MBq (10 days after the end of irradiation)

AEOI(129mXe) = 29MBq and AEOI(131mXe) = 24MBq

 

Φ( Xe129m )>5.9⋅1013 cm−2⋅s−1

Φ( Xe131m )>4.4⋅1013cm−2⋅s−1

reactors with thermal 
neutron flux greater 
than 6·1013                

suitable for the project 
cm−2⋅s−1

➔ Gamma-MRI project activity requirements



  

SUMMARY
● gamma-MRI – novel medical 

imagining modality
● two methods of mXe production 

were developed
● 129m,131mXe production established 

with ILL and MARIA reactors
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gamma-MRI project website:
http://gamma-mri.eu
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BACK-UP SLIDES



  

Xe samples composition



  

mXe cross section - 128Xe

 

128Xe(n,g)129Xe
128Xe(n,g)129mXe



  

mXe cross section - 130Xe

 

130Xe(n,g)131Xe
130Xe(n,g)131mXe



  

Xe cross section - 124Xe

 

124Xe(n,g)125Xe



  

Xe cross section - 126Xe

 

126Xe(n,g)127Xe
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