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Briefing 
 

Nuclear Magnetic Resonance (NMR) has passed through a short but fast development since 

its first phenomenon observed in 1946 by Bloch and Purcell. Its brilliant history has not only 

involved pure scientific discoveries, but furthermore led to revolutionary progress in medical 

examination of both clinics and research. There have been 3 Nobel Prizes generated, millions 

of patients examined, and numerous research discoveries achieved. A prosperous future is 

awaiting more and more participants and investments.  

 

Many specific techniques had been developed among various types of NMR 

examinations on various target objectives. NMR imaging of human lung using hyperpolarized 

(HP) noble gases (3He or 129Xe) has significant advantages: measurable quantities such as gas 

distribution, diffusion and nuclear-spin relaxation have been shown to correlate with 

pulmonary physiology, and clinical applications are being actively explored. 

 

Dr. Pierre-Jean Nacher had presented us a vivid introduction of his research works at 

LKB about the preparation of hyperpolarized 3He and NMR imaging of lung by HP 3He. 

Hereby we sum up our comprehension of his report, as well as some study of ourselves. 

 

Preparation of hyperpolarized 3He 
 

The hyperpolarizing process of 3He is based on an optical pumping method which had been 

developed since early 1960s’. The Labotoire Kastler-Bossel at ENS also hold this technique, 

for 3He-4He mixture gas and 3He fluids. 

 



In order to force 3He nuclei to undergo a synchronized rotation, the gas is exposed to a 

laser beam directed along the axis of an external magnetic field. The laser light is circularly 

polarized, its plane of polarization rotating around the direction of propagation. Energy and 

uniform spin of the photon can be transferred to the electrons of 3He, which in turn transmit 

their spin direction to the nucleus via magnetic coupling between electrons and nucleus. 

 

For 3He, optical pumping from the atomic ground state is not possible because no 

excited states of sufficiently low energy exists. Pumping, however, can occur from the 

metastable 3S1 state. This metastable state can be produced in concentrations of about 1 ppm 

in a low pressure (1 mbar) discharge cell that works like a fluorescence tube. The metastable 

state can be optically pumped as sketched in the following figure, using the transition from 

21S1 to 21P0 that can be induced by laser light with a wavelength of 1083 nm.  

 
The orientation of the metastable atoms builds up within microseconds. Within the 

same time scale the orientation of the metastable state is transferred to the nuclear spin of the 

groundstate atom by so-called metastability exchange collisions. 

 

The metastable optical pumping of 3He provides a spin transfer rate of one per second 

per ground state atom; with commercial lasers of several watts, production rates of 1019 

nuclear spin-polarized 3He atoms per second can be achieved. Expressed in more convenient 

units, about 3-4 liters per hour at one bar pressure can be produced with 50% of the 3He in the 

polarized form. This is roughly what is required for recent applications. 

 



Principles of NMR imaging 
 

The basic principles of NMR imaging could be found everywhere in libraries or on internet. 

However to formally study it one needs the resources from nearly a full room of a library. 

Therefore we try to concise the concept of the NMR imaging technique. 

 

In brief, a static magnetic field was applied across the object to form a net 

magnetization moment of the nuclei spin, which will then respond to another radio-frequency 

(RF) oscillating magnetic field.  

For practical, a pulse RF signal was applied and rapidly removed, and afterwards there 

will be two major relaxation processes: the longitudinal (T1) relaxation during which the 

nuclei dissipate their excess energy as heat to the surrounding environment and revert to their 

equilibrium position; and the transversal (T2) relaxation during which the magnetic moments 

interact with each other causing a decrease of transverse magnetization. 

 

 
The transversal relaxation is mostly concerned with local substance structure and 

therefore it contains the most important information for NMR imaging, calling the ‘T2 

dependence signal’. To achieve this, a pulse sequence known as the ‘spin-echo’ are used. A 

pulse sequence consists of several components, of which the main ones are the repetition time 

(TR), the echo time (TE), flip angle, the number of excitations (NEX), bandwidth and 

acquisition matrix. 

T1 signals have some more special applications for the so-called ‘functional imaging’, 

which means, instead of the information of the detecting target atoms, one gets the 

information of the correlation between target atoms and their environment. 

 

 



Clinical imaging of lung by inhaling polarized He-3 gas 

Dr. Nacher showed us some NMR images of human lung. There are three fundamental types 

of NMR imaging by HP 3He: ventilation, functional O2 pressure, and diffusion. 

Two sets of comparison were presented for ventilation imaging: first, image of proton 

and image of HP 3He from lung of the same person; second, images of lung from healthy 

person, smoking person, asthma patients and lung cancer patients. It could be easily observed 

that the HP 3He imaging was much more sensible than common proton imaging. And the 

structural difference of lung for healthy persons and ill persons were clearly seen.  

Benefited by the strong signal-noise ratio of HP 3He, dynamic activities of lung during 

a breathing process can be recorded instantaneously.   

We extracted some words in one of Dr. Nacher’s articles from arXiv: 

(physics/0401130) to make clear on the details of experiment procedures. 

…In vivo measurements were performed, with informed consent on 3 healthy subjects… 

While lying supine in the imager, the subject exhaled normally, inhaled the gas directly from 

the bag, then inhaled air to fill the lung and held his breath (typically 5 s or less) for signal 

acquisition. Imaging was performed using a single-shot, spin-echo RARE sequence, while 

transverse relaxation times were measured using a CPMG sequence… 

 Furthermore, Dr. Nacher’s group also developed a method of functional imaging of 

the O2 partial pressure. It was based on  T1-signals. In this way they showed more potential 

techniques for lung examination. 

 Diffusion imaging were also showed for a comparison between healthy persons and 

severe emphysema patients. 

Discussions 

Why HP 3He? 

At the seminar I asked a question if any other type of gas could be possibly prepared into 

hyperpolarized state. And the answer was negative. Dr. Nacher explained that, due to the 

relaxation process dominated by hyperfine interaction of the spin-polarized nuclei and 

paramagnetic centers of the container surface, the hyperpolarized state would rapidly 

degenerate to common non-polarized state. As for He-3, the lifetime of this process is quite 

long (thousands of seconds, enough for observation), but for other gases like hydrogen or 

oxygen the lifetime is just about dozens of milliseconds. And in fact there are only a few type 

noble gases (He-3 or Xe-129) can be prepared and maintained hyperpolarized for clinical use.  



And it is indeed a pity that some important gases such like oxygen cannot be prepared 

into hyperpolarized state. As widely acknowledged, the recent breakthroughs in cognitive 

sciences, studying the activities of human brain, are based on an important method called 

BOLD (Blood Oxygen Level Dependent) to detect the brain activity by the NMR signal of 

oxygen in blood. Even if any isotopes of Oxygen could be hyperpolarized it would be a great 

contribution to the progress of NMR technology. However in principle that is impossible. 

Why low-field NMR? 

An appealing reason for constructing more and more powerful NMR equipments is the 

endlessly increasing requirement of higher resolution and sensitivity. In this way, more 

powerful = higher magnetic field = more complex design = much more money. However, 

such like computers are not the larger the better, a potential developing direction of NMR 

equipments is towards miniaturization, namely, low-field NMR.  

 The greatest advantage of low-field NMR equips lie in their portability. At present, 

patients MUST move into a huge room at a large hospital and climb into a chamber before the 

examination starts on another control room under commands of the doctor. Suppose a full set 

of NMR equips that could be mounted onto a mobile ambulance, would greatly facilitate not 

only emergent examinations but also scientific research as well. You can drive it to African 

tribes or Chinese minorities and do investigations and then publish on Nature or Science, I’m 

not kidding if I can provide Simens or Philips with this idea to see if such a vehicle could be 

within 100,000 €.  

 Another technical advantage is that, the longer time of transversal relaxation, T2, and 

T2CPMG, will reduce the effect of susceptible tissues. This is a double-sided blade though, 

meanwhile reducing the resolution and sensitivity – contrary to high field NMR of high price. 

Hyperpolarized noble gases will partially help resolve such a problem but not for all, as 

mentioned above for its limitations.  

 

Conclusions   
 
It was a nice experience listening to Dr. Nacher’s lecture and studying further on the related 

issues by reading references. Thus we got a deeper impression of the hyperpolarization of 

noble gases and its application in clinical NMR imaging technique.  


