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Introduction of columnar defects in a clean single crystal of superconductor strongly enhances the
critical current density (Jc). This has been confirmed by many experiments [1,2] and explained by
theoretical analyses. Several conditions of heavy-ion irradiation, such as the energy, density, and
the incident direction of heavy ions strongly affect the structure of columnar defects and
enhancement of Jc. An anomalous peak effect has been observed in iron-based superconductors at
~1/3 of the dose equivalent matching field, B®, when the columnar defects are introduced from
two symmetric directions with respect to the c-axis at angles of ~+20° [3]. Actually, a similar peak
effect has been observed in YBa2Cu307 with tilted columnar defects but with natural splay [1].
Despite these extensive research on iron-based superconductors and cuprate superconductors,
there have been few studies on the effect of columnar defects in conventional superconductors.
Recently, a peak effect has been observed in NbSe2, which is a canonical conventional layered
superconductor, with tilted columnar defects [4]. To understand how the configuration of
columnar defects affects the Jc in NbSe2, effects of 800 MeV Xe irradiation on NbSe2 single
crystals have been investigated. We introduced three kinds of columnar defects (parallel, tilted,
and splayed columnar defects with respect to the c-axis) in NbSe2 single crystals. Pronounced
peak effects in M-H

loops have been

observed in the case of

samples introduced 200

tilted or splayed NbSe, Paralleol CDs i
800 MeV Xe A G =0° 6;=0
columnar defects when T=1K

the field is applied to the 100
average direction of
columnar defects (Fig.
1). It should be noticed
that with a large
matching field of BO = 8
T, the superconducting
transition temperature
hardly changes. We will
discuss the origin of the
anomalous peak effect in
NbSe2 with tilted or

M (emu/cc)
=

-100

Splayed CDs
_200 __._ QCD= :|:].0°.. gﬂz 0°

Tilted CDs
—— QCD: 3001 %: 30°_|

splayed columnar ) 1 0 1 2
defects. B(T)
[1] L. Civale et al., Phys. Rev. Lett. 67, 648 (1991).

[2
(3
[4

T. Tamegai et al., Supercond. Sci. Technol. 25, 084008 (2012).
A. Park et al., Phys. Rev. B 97, 064516 (2018).
S. Eley et al., Sci. Rep. 8, 13162 (2018).

el o e

Keywords: NbSe2, columnar defects, peak effect



