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Figure 1 (Color online) The lattice structure between NiAs-type and

MnP-type structure. Hexagonal lines is NiAs-type structure, and cuboid
line is MnP-type structure
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Figure 2 (Color online) Double helical spin structure of CrAs, where
only Cr atom sites 1, 2, 3 and 4 are shown. The angles o ,=034=—120°

and o 3=054=185°. The propagation vector, 0=0.354x2nc*, is along
c-axis'®
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Figure 4 (Color online) Magnetic susceptibility and resistivity for CrAs. (a) Magnetic susceptibility y versus temperature T between 2 and 300 K

with H=1 T; (b) temperature dependence of resistivity for CrAs, the transition at 270 K can be clearly seen. The inset shows the resistivity curve of the
thermal hysteresis at 270 K!'!!
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Figure 10 (Color online) Resistivity under various pressures of single crystal of CrAs. Temperature dependence of resistivity p(T) of CrAs crystal
under various pressures. (a) p(T) data below 7=300 K; (b) temperature dependence of resistivity transition displays multi-step drops before reaching a

constant under the pressures below 0.7 GPa; (c) the multi-step feature fades away with further increasing pressure above 0.8 GPa
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Figure 13 (Color online) Temperature-pressure phase diagram of
CrAs. (a) Pressure dependence of Ty and T¢; (b) pressure dependence of
the superconducting shielding fraction, and superconducting transition
width at 0.4 K; (c) pressure dependence of the low-temperature resistiv-
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Figure 16 (Color online) NMR spectrum in the low temperature of
CrAs. (a) Temperature dependence of 1=1/7T below 5 K at 0.81 GPa.
The absence of coherence peak at 7. indicating unconventional super-
conductivity; (b) the change in the resonance frequency of NMR coil
near T; (c) temperature dependence of 1/7;. 1/T; shows a e dependence
below T, evidences line nodes in gap function

iR, TN, UTTA— R TR, mEEA
Hebel-Slichtertf T 06 H B, X Ui P& R ZIEBCSHE
. B 16(a) 8 L iy S0 2k 2 i 8 ALBCS i A
RUR B 4% )[R M S E%Ao/kBTsl.gB@l/Tl

I 58 T A Sk 2 B ek S BEBR Y /T, T, HBE IR
KN Al T.=2.6. ;&Bﬁ%‘é@%cmﬁ?&ﬁ*ﬁ?aﬁwj,

4045



i % b B 2017THE12FH He62% HE34H

VLN T B9 CrAs A 2 AL 48 i AE # M T k. K
16(c) Fr7/n7£0.81 GPalf, 1/T B i1k, FET.
DL 1T Bl R B8 AR AR R T°, 3 o iF B A7 78 £ 1 g
BT AL AR R AR IR J20.7 K, XMREYS
TAH AN SR, B DLIXAS 56 Z 38 75 22 041K A9 i 3
ERININ

3.2 RO

TERICrAsNER S UG, Kellerd: AP F1Shen
s N\ BUSR Bl ST 52 5 T CrAsin R T By R v 8t
SEHy. KellerZs APOVR HIAE0.6 GPallPy, RUEGEA R
FEAE, (BRGNS B, 7£0.6 GPalt, Cri) A
Wi KA R, e M ab TG B actfi, 8] A 4 0% 2% 23 ¢
RG>, BEE R I, Bk GPay it s Sy
WG F 5E T R, X T a1 HLAE fe kR
i, Fedn 8 Y Cril J 1) T ST HES, X A28 SRk
AH d5 AT &8 B 1) B AR R R S — R L
17(2)P7/RTE1.2 KB, AN[AEJ1750.35, 0.5%10.65 GPa
R v IS RO P, R rp R T A A4 ) B
P A B 170 B, 85— W A A R [A] R
J1F P=0.35, 0.5%10.65 GPaftZ5 k. 18 W Rw 5 5 b
RT3, 3318 B T8 R AR AN WS T
S 24 1% 4R N AE B TR IS Y 1.7 1 985/ 3 0.65 GPa F 11

0.38445
ShenZ: AP T HE0T 1 GPaltt iy o AT 5. fib
4000
CrAs @
[ T=1.2K l
L g P=0.65 GPa 'A | LA
3 .
NN
1000
P=0.35 GPa V h
\wt

ol

.- A | —— e P -
0 20 40 60 80 100
26 ()

&S % AL S T AT HHE A, 0.6 GPa
SRR 24810, VLB B R A mE R AR .
ST/, AT 4053 B A5 3 A 55248 02 i 1 F iE M ab
I 7% Bl actii. E19(a) B s, U5 2% bifi R g Fn il B B 56
FE. URIEAEabT N B, TERSHEA0.4 GPalif, Fifi
TR FRAR G K B A D/, 7E0.6 GPaltf, I R 4R
PR/ X 17 B IR 0 SR IR R T,=88 K.

 19(a) & CrAsTE e 71 A5 21 B9 A 147 55 5504 43
BT B 5 ke ARG B A AL Bl S s WG R A5
Hth & A 1EP=0.72, 0.82, 0.88 GPa. &KWk 1EP~
0.94 GPa. A &8 02 0% 0% 1 S5 34 R 5 A
TR AL [ 48 R TR S IR I R A R DL
W 2R 9 SR DL/ N IR B A . 5 R AR 43 BB s T AR Ak Y
KA VLA 00 BB 5 I RIE A E. X segh R
S A L B TE XA R R AR ARG SR8 3 22 R B A
HAEHBY,

(B A5 3 72 B 2 Keller % A POVFiTShen %5 A B A4
ST A — R [ 2 Ak, KellerE A B4 HAE0.65
GPafif ¥ A i n B 45 4 % A, ifii Shen %5 A PU Y &5
WWIR T T AR B RETERSAS, TET=88 K,
0.6 GPasJ i G I % S ik /b . X R [a b & i
AT 4% FE A RS [ 1T S 33 Keellerd AP0k £
THRFARIE A, X T RE T BUE S AN A]. 1 Shen

3 e =
HENCPVHBRAR, ARTREEED TIHEERA Y
1000 — =
I
25 900} —_.% P=0.65 GPa
2 g 800 ] .
7] P S v 5 .
2 8 700 - _\-’—v—-_....,,_—-e-’& N "
£E= ¢ Rt -
600 R o«
" P=0.5 GP!
50000 i L
GE 800p 7. . _,_y,f' s
% § 700 s ‘;‘Lﬁ’ ' ..-‘ -";-..'_.__it-u.
_“600' . = priE T
500 -
__900 o~ P=0.35 GPa
-*E—:g 800
c 3
g 8 700 P
= 800 BN s
500 _—
120 8 10 12 14 16 18

20(%)

B 17 (MR () CrAsTEARIR B R TATHHER. () HEE 1.2 KRR E S R (P=0.35, 0.5 1 0.65 GPa)CrAsH FHTEHE R (b) Sh—AREHL

5T R IR TE J7 s 41129
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Research and prospect of CrAs superconductor
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The study of superconductivity in unconventional superconductors such as heavy-fermions, high transition-tem-
perature cuprates and iron pnictides has been promoting the development of condensed matter physics in recent decades.
The superconductivity in these materials usually emerges in the vicinity of long-range antiferromagnetically ordered
state. In addition to doping charge carriers, the application of external pressure is an effective way to induce unconven-
tional superconductivity near a magnetic quantum critical point. In this paper, we summarize the structure and basic
physical properties of CrAs, and the discovery of superconductivity in the vicinity of double helical antiferromagnetic
order in CrAs via the application of external pressure. In addition, we also summarize several follow-up studies on the
structure, magnetic and superconducting mechanism of CrAs.

CrAs crystallize in the orthorhombic MnP-type structure. A first order double helical magnetic transition occurs at
about 270 K accompanied with discontinuous changes of lattice parameters. The antiferromagnetic fluctuations seem to
be abundant above Ty in that the magnetic susceptibility of CrAs keeps increasing with temperature up to at least 700 K
under ambient pressure. As a matter of fact, such an increasing behaviour of magnetic susceptibility has been found to be
universal in the recently discovered iron-based superconductors, and regarded as an indication for antiferromagnetic
fluctuations. This magnetic transition can be readily suppressed under external pressure, and superconductivity is found
with a maximum transition temperature of 2 K when the helical magnetic transition is completely suppressed at about 0.8
GPa. A number of experimental evidences suggest an unconventional pairing mechanism for CrAs. The observations of
non-Fermi-liquid behavior and a dramatic enhancement of the effective mass near critical pressure in the transport meas-
urements, which are characteristics of antiferromagnetic quantum critical point, signal the important role of critical spin
fluctuations for superconductivity of CrAs. The superconducting volume and transition temperature in CrAs is very sen-
sitive to sample quality, which is similar to Sr,RuO,4 and some heavy fermion superconductors. The NMR (nuclear mag-
netic resonance) measurements indicate that there is no coherence effect near 7, and a T° dependence of 1/T; below T,
which are in support of the non BCS (Bardeen-Cooper-Schrieffer) mechanism and existence of line-node in supercon-
ducting gap function. In addition, the experimental results from NMR and neutron scattering under pressure also indicate
the importance of magnetism and its possible interplay with the observed superconductivity. Controlling superconductiv-
ity by tunable quantum critical points by pressure in CrAs is a good example to find other new superconductor in the fu-
ture. The existence of a QCP (quantum critical point) may offer a route to understand the origin of non-Fermi liquid
properties, the microscopic coexistence between unconventional superconductivity and magnetic or some exotic order,
and ultimately the mechanism of superconductivity itself, and we can deeply understand the critical spin fluctuations as-
sociated with the quantum criticality could act as an important glue medium for Cooper pairing. In this regard, further
theoretical and experimental studies are needed to elucidate the pairing symmetry and the dominant mechanism, espe-
cially the role of magnetism, for the observed superconductivity in CrAs. The present finding opens a new avenue for
searching novel unconventional superconductors in the Cr and other transition metal-based systems.

unconventional superconductivity, pressure, Cr-based compounds, quantum criticality
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