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Report: 
 
PuCoGa5 is a material that is a well-known superconductor at Tc = 18 K [1]. The mechanism of electron 
pairing in this material is unknown, but it certainly involves d-wave symmetry [2]. The first aspect of these 
experiments was to determine the valence of the Pu atoms in the structure. Already neutron experiments have 
shown that the Pu ion is not in a simple trivalent (Pu3+) state with five 5f electrons [3]. DMFT calculations 
[4] have suggested that the Pu ground state is a mixture of 5f5 and 5f6 states, and predicted a value for the 
ratio R = µL/µS, where µL and µS are the orbital and spin moments, respectively. For a classic 5f5 trivalent Pu 
ion this value is R = –1.36, whereas the DMFT theory gives R = – 1.74. The second aspect was to examine 
the superconducting state (T < 18 K) and see whether the signal changed. 
 
The data obtained at the lowest temperature are shown in Fig. 1. The spectral shape is unusual; the M5 
spectrum consists of two contributions, whereas the M4 spectrum is very narrow (FWHM ~ 5 eV). Both these 
features are very similar to those found in a localised 5f5 system PuSb [5], and quite different from those 
found for the itinerant system PuFe2 [6]. 
 
Treatment of the data shows that the branching ratio is close to that found for other Pu systems, and the total 
moment induced by the applied field of 17 T is 28(5) mµB, which consists of µL = + 68(7) mµB and µS = – 
40(4) mµB, giving an R = – 1.70(25), in remarkable agreement with the DMFT [4] and with the neutron 
experiments [3] showing that the ground state is not purely 5f5. 
 
Lowering the temperature below Tc showed that the signal slowly increased – as shown in Fig. 2. This 
increase is not understood. The situation for T <Tc is complicated as for Hc1 < H < Hc2 in a type-II 
superconductor (the situation here) there is a field penetration depth λ, which at T = 0 and H = 0 is 265 nm 
[7]. For H = 17 T this probably increases to almost 300 nm. The penetration depth for photons at the M4 edge 



 

of Pu is also of this magnitude, making it unlikely that the x-rays penetrated into the superconducting 
material. It seems probable, therefore, that we are still probing the normal state even with the sample 
temperature below Tc. Furthermore, if we were probing the s/c state we should expect to see a reduction in 
the spin susceptibility, as observed in the NMR experiments [8], and therefore a change in the spectral form 
of the XMCD signal. This was not observed. On the other hand, in the normal state the susceptibility is 
essentially independent of temperature, so a Curie-Weiss-like rise at the lowest temperatures is unexpected. 
 
Further considerations of the data are now in progress. 
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Fig. 1.  
XANES and XMCD of PuCoGa5 
obtained at ID12 at 2.1 K with an 
pplied field of 17 T. Note that the 
spectral form of the XMCD signal 
does not change between the normal 
and superconducting states. 

Fig. 2 
Results for XMCD at low-T as 
measured at 17 T on ID12. 
 
The penetration depth λ does not 
change much below ~ 8 K but 
we do not understand the 
increase at low temperature. 
 


