Phase transitions studied by
ultra-low-temperature X-ray diffraction
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Abstract: In thése past ten years, many interesting materials have appeared which
show the phase transitions at low temperatures below 1K. The crystal structure may be the
m-ost essential information to understand the new phase below the transition temperature.
In order to investigate these phase transitions and the ground étates of these materials,
we developed an x-ray diffraction measurement syste_m for powder samples below 1K. We
studied the phase transition of PrPtBi . Ceq ;La, ;Bs CeBg, MgB,, Nb, Fe,0, and Potasium metal
by measuring the temperature dgpendence of the lattice constant, the intensity and full
width at half-maximum of the reflection peak by our low texnperature x-ray diffractometer

between 0. 28K and room temperature.

CeBg with a cubic CaBg—type structure has a localized 4f-electron with
a ground state of [’y quartet and excited I'; doublet. And it is the typical
anti—ferro quadrupole ordering substance. By using the x—ray diffractometer
with a dilution refrigerator, which we developed recently, we studied the
phase transition of CeB; by measuring the temperature dependence of the
lattice constant, 'the? intensity and full width at half-maximum of the

reflection peak between 0. 20K and room temperature. We observed the anomaly
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of the reflection integrated intensity around the anti—ferro quadrupole
orbital ordering phase transition temperature 3. 3K.
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Substitution of Ce atom by La atom in Ce,la, B, makes appreciable
modification to the magnetic phase diagram. In the case of x=0.70 phase IV
below Tc=1. 4K is stable down to T=20mK. So the specimen with x=0. 70 is quite
suitable to be investigated the properties of phase IV. By using the x-ray
diffractometer with a dilution refrigerator measuring system, which we
developed recently, we have investigated the phase transitions of Ce, ;La, 4B
(Tc=1.5K) between 0.28K and room temperature. At 0.28K, the lowest
temperature in the present experimental run, the (330) reflection peak was
slightly split. From this splitting, the crystal distortion A 1/1 was
estimated to be 2.6X10™ Temperature dependences of the lattice spacing
measured for (110) and (210) reflections quickly dropped at 1.5K as shown
in the figures. Wé found that not only the temperature dependence of the

lattice constant, but also the temperature dependence of the integrated
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intensity and the full width at half maximum (FWHM) of the diffraction
spectrum gives important information about the phase transition. The
Cey. ;Lay 3Bg compound shows the phase transition at about 1. 5K and the phase

IV in Cey;Lay ;B; is ferro—quadrupole ordered state.
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We have studied varied material such as MgB,, Nb, PrPtBi and Ce\La, B,.
We found the negative thermal expansion at the low temperature was rather

common phenomena no matter what kind of phase transition is in it.
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