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Dr. Wing Chi YU and Prof. Swee Kuan GOH

Correlated electron systems under extreme conditions

At the basement of Science Centre North Block, a group of students led by Prof. Swee Kuan
Goh and postdoc Dr. Wing Chi Yu is busy creating the high pressure, low temperature and
high magnetic field conditions for some precious single crystals. In these crystals, sometimes
of the best quality available, a vast number of electrons interact strongly with each other,
giving rise to a wide range of properties such as magnetism and superconductivity.

The properties of these so-called ‘correlated electron systems’ can be modified by external
perturbations. For example, it is possible to turn a magnet into a superconductor at low
temperatures by applying pressure, and the superconductivity can be suppressed by applying
magnetic field. The availability of all these ‘knobs’ gives physicists an opportunity to modify the
properties of the materials without knowing too much chemistry! Figure 1 shows a phase diagram
whereby the magnetic state can be destroyed by the application of pressure, and the realization of
superconductivity near the pressure where magnetism disappears. The superconductivity in this

case is of unconventional form — the glue that binds the electrons into Cooper pairs is likely not
provided by lattice waves.

40| 28 kbar
10t g
L 22001 S Fig. 1: Phase diagram showing the competition between
o N & l/ antiferromagnetism and superconductivity in CePd,Si,.
Y T, 0 (') = ol Hydrostatic pressure suppresses magnetism and induces
g .. 722 superconductivity.
s * [Picture credit: Nature 394, 39 (1998)]
- "'.
anti- ¥ o~
ferrgtmtagnetlc . superconductin )g S e =
ate ucting ; W s S O
. i ] 8 Ve . V “‘ o
t‘w\ L o é »
®e / ' .@»‘)j& ) /
0 s SO
0 10 20 30 40

{ S R

Pressure (kbar) >
In addition to modifying the properties of a given material, it is also important for physicists to study
the properties of the emerged states. For example, the metallic state is most accurately
characterized by the ‘Fermi surface’, which is an object in the reciprocal space that separates the
filled and empty electronic states. The Fermi surface can be mapped out experimentally by quantum
oscillations. However, to obtain clear quantum oscillation signals, we need to work at low
temperatures and high magnetic field. Figure 2 displays a photograph of our dilution fridge which
gives us a nominal base temperature of <10 mK. A superconducting magnet with a maximum field
of 14 T can be mounted on the dilution fridge. The right hand panel of Figure 2 displays some
quantum oscillation traces collected using our cryomagnetic facilities. From the analysis of these
traces, we can infer the shape of the Fermi surface.

In parallel to experimental works, we also carry out band structure calculation, which is influential
in the interpretation of our data. Students who are interested in understanding the properties of
correlated electron systems are welcome to contact members of our group.
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The Shubnikov-de Haas (SdH) effect

200x10”' Fig. 2: (Left) Photograph of our dilution fridge,
which is capable of cooling a large object down
to <10 mK. (Right) Quantum oscillation signals
detected using the dilution fridge. The Fourier
transform reveals a dominant frequency coming
from a small Fermi surface. (Data collected by
final year project student Ms. C. Q. Deng using
Bl 1 a crystal provided by Prof. J. L. Zhang of

(\J L Ningbo University)
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Recent highlight:

In 2015, using hydrostatic pressure, we discovered a system which features a tunable structural
phase transition. The structural phase transition temperature, T", can be driven to 0 K by applying
pressure. In addition, by clever chemistry, we found that the pressure effect can be simulated by the
substitution of Ca for Sr, resulting in the substitution series (Ca_Sr, ).Rh Sn .. Interestingly, the
system undergoes a superconducting transition at low temperatures. This gives rise to the phase
diagram (Figure 3) which is qualitatively similar to the ones that show competition between
magnetism and superconductivity (c.f. Figure 1 above), allowing us to investigate the interplay
between superconductivity and structural order. Using heat capacity, we probe the electron-phonon
coupling strength that is responsible for Cooper pairing. We found that near the point where T"->0,
the coupling strength is substantially enhanced.

The works on (Ca_Sr, ),Rh Sn ., were published in Physical Review Letters 114, 097002 (2015) and
Physical Review Letters 115, 207003 (2015).
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Fig. 3: (Left) Temperature—pressure phase diagram showing the competition between structural order
and superconductivity. The structure transition temperature and superconducting transition
temperature are marked by T* and T, respectively. (Right) The calcium content dependence of the
gap-to-Tc ratio and the normalized specific heat jump. The dimensionless quantities are significantly
enhanced near the calcium content of 0.9, indicating a strong-coupling superconductivity.
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Li Sin Sze (C&MA Sun Kei Secondary School)

After the programme, I have mainly three ideas in my mind on how
to be a good teacher: First, the design of the teaching materials.
Second, the control of the teaching pace. Third, the building of
relationship with students. Being a teacher is much more
challenging than I thought, and there is still a long way to go to
chase my dream to be a good teacher.

'Li Sin Sze (in the third row)
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