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QCP and unconventional SC
P-induced SC in CrAs

P-induced SC in MnP

Conclusion and outlooks



Quantum critical point (QCP)
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Coleman & Schofield, Nature (2005)
Si & Steglich, Science (2010)
Sachdev & Keimer, Phys. Today (2011)
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Cr- and Mn-based superconductor?
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E P-induced SC in CrAs




1st order AF transition of CrAs
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Earlier high pressure studies and motivation
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What will happen at the
magnetic critical point?
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g Kbar Superconductivity??
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High-quality CrAs single crystals are important

SCIENCE CHINA
Physics, Mechanics & Astronomy

* Research Paper « July 2010 Vol53 No7:1207-1211
Recent Development of Iron Pnictide Superconductors doi: 10.1007/511433-010-4006-1

Low temperature properties of pnictide CrAs single crystal

WU Wei, ZHANG XiaoDong, YIN ZhiHua, ZHENG Ping, WANG NanLin & LUO J ianlin

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of ‘?r;-;arﬂ Reifine 100100 China

150

100

p(uQ cm)

50

" 1 L
0 50 100

TR T
150 200 250 300
T(K)

0.0008

0.0007

x (emu/mol)

0.0006 j

L n 1 i 1 n 1 i 1 (a}
50 100 150 200 250 300
T(K)

0.0005
0



HP measurements on the CrAs crystals

" Resistivity ~ Ac magnetic
susceptibility

» Piston-cylinder cell

» Pressure manometer: Pb
P(kbar) = (7.2-T.)/0.0365

» Pressure medium:

Glycerol
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Bulk SC evidenced from ac susceptibility
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SC sensitive to disorder
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Coherent length vs Mean free path
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Neutron scattering : Phys. vs Chem. P
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Inelastic neutron scattering
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Evidence for quantum criticality: Enhanced m*
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Evidence for quantum criticality: nFL
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Further evidences for quantum criticality
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Mn-based superconductor?
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M (MB)

MnP would be the a good start point

to approach a magnetic instability Orthorhombic MnP (dash lines)
by the application of high pressure!!!

Hexagonal NiAs (solid line)




Physical properties of MnP at ambient pressure
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Earlier high-pressure studies
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HP techniques with extended pressure capacity
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R(T) @HP: Cubic anvil cell

— 2.0
+ 0 GPa _ 1.5_3#1 ;j
5 : | 93
% 1.0 - - 10.7
= 0.5- 2.8
0 GP alw sy My s i syt
0.0 T

0.0 0.5 1.0 1.5 2.0

0_ II|IIII|IIII|IIIIIIIII|IIII|I

0 100 200 300 02?
T(K) nn-

1 ocPa

~9

@ P suppresses the magnetic transition;

@ Possible SC appears near the magnetic instability;

€ P may alter the nature of magnetic transition

0.5 1.0 1.5 2.0



R(T) @ HP: Opposite anvil cell
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T-P phase diagram of MnP
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Signatures of AFM QCP
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€ non-Fermi-liquid behavior and dramatic

enhancement of effective mass m* near P,
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Conclusion and outlooks

** P-induced magnetic QCP is an important approach to
search for unconventional SC, e.g. CrAs and MnP.
» Expected to have more Cr- and Mn-based SCs....

** Open questions: What is the specialty for the helimagnetic
QCP? Can we also realized SC in other helimagnets: FeP,
FeAs? Nature of the AFM order in MnP?
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Viewpoint
Superconductivity with a Twist
Michael R. Norman
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The discovery of superconductivity in o mangonese-based “helical” magnet opens a new paoth fo
explore the relafionship beftween superconductivity and magnetism.



