[image: image2.jpg]<



[image: image2.jpg]

Unusual Magnetic Phase Diagram of CrAs1-xPx (x < 5%)
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Introduction 
The discovery of pressure-induced superconductivity in CrAs is the first example of superconductivity in a Cr-based compound1,2. At ambient pressure, CrAs undergoes a first order phase transition to a helimagnetic state at TN = 265K and TN drastically decreases with increasing pressure, eventually disappearing at 0.45GPa. It was recently reported that in CrAs, superconductivity emerges around 0.3GPa, reaching a maximum Tc at around 1 GPa, while magnetic order is suppressed at a critical pressure of about 0.7 GPa. 
Results and Discussion

In our previous magnetization measurements of CrAs up to 65 T, we found a peak at 46.5 T in the derivative of the field dependent magnetization measured at 0.58 K, which moves to lower fields with increasing temperature.  The peak disappears at temperatures above 260 K, which may be related to the first-order phase transition to the helimagnetic state. Besides applying pressure, doping also suppresses the magnetic state and leads to the decrease of TN. It is suggested that TN is completely suppressed to zero with 5% P doping3. In this study we measured the magnetization of CrAs1-xPx (x<5%) at various temperatures up to 65 T to reveal the effect of doping CrAs. As seen in the figure below, a peak in the derivative of the magnetization is present in CrAs0.96P0.04 and CrAs0.955P0.045 below 235 K and 157 K respectively. The unusual B-T phase diagram is shown in (c) for pure CrAs and the two doped samples. The red dots represent the first order antiferromagnetic transition of pure CrAs from the susceptibility measurement up to 14 T using the VSM in the PPMS system. The red squares are determined by the peak position from the pulsed field magnetization measurement performed in Los Alamos. Since the upsweep and downsweep data overlap with each other, this transition is second order in nature. The cross point of susceptibility and magnetization is labeled as B0. The same procedure applies to CrAs0.96P0.04 and CrAs0.955P0.045 , and the cross points are labeled as B1 and B2, separately.
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(a) Magnetization of CrAs0.96P0.04.  (b) Magnetization of CrAs0.955P0.045.  (c) B-T phase diagram of CrAs1-xPx (x < 5%).
Take CrAs for example; below the characteristic field, the Neel temperature remains the same and is independent of the magnetic field. Above the characteristic field, the antiferromagnetic order is continuously suppressed by magnetic field regardless of the P doping level. As anticipated, the transition temperature decreases with P doping, but curiously the metamagnetic transition remains the same for all three samples until the temperature rises above TN. Typically when TN decreases, the magnetic field required to destroy the magnetic phase is expected to decrease. Further theoretical work is required to explain this peculiar phenomenon.
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