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Due to relatively lower superconducting transition temperature(T.), weaker anisotropy and larger
coherence length, the overall strength of thermal fluctuations in iron-based superconductors seem to be
intermediate between cuprates and more classical superconductors like Nb3Sn. A detailed linear and
non-linear ac magnetic susceptibility technique has been used as a probe to investigate the vortex-glass
melting transition and vortex dynamics in an optimally doped p-type Bags4Ko46FexAs, good quality
single crystal (RRR = 10) under various fields and frequency range. Besides these, we have also con-
structed a vortex phase diagram in this compound using dc magnetization. Magnetic irreversibility
temperature (Tj;) is the only temperature where solid vortex phase shows true zero resistance and has a
great importance for technical applications of a superconductor. We have clearly observed that T
strongly depends on frequency and this dependency can be explained in the framework of vortex-glass
phase transition model. From our experimental observations, we conclude that vortex-glass melting
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transition is second order in nature and vortex phase shows glassy character in this compound.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

It has been recognized that critical thermal fluctuation and
disorder control the overall vortex dynamics in the mixed state of
type-II superconductors. In the phase diagram of type-II super-
conductor there exists a new thermodynamic state called vortex
glass phase which is actually a true superconducting phase with
zero dc resistance [1]. Vortex glass phase is characterized by a
nonzero Edwards-Anderson order parameter but does not have
conventional off diagonal long-range order (ODLRO) [2]. The dis-
covery of high-T. type-II superconductivity in Fe-based materials
[3—6] has ignited huge interest in the physics of vortex dynamics
since these materials are thought to make a bridge between high-T,
cuprates and low-T. BCS type superconductors. In the cuprate high
temperature superconductors, critical thermal fluctuations of the
3D-XY universality class, due to the short superconducting coher-
ence length and high transition temperature, determine the
superconducting properties around T [7—12]. As a result solid
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vortex phase melts into a liquid vortex phase below the super-
conducting transition temperature [13]. In iron-based supercon-
ductors, thermal fluctuations have also been observed but they are
stronger in the 1111 compounds than in the 122 compounds [ 14,15].
The vortex melting transition can be either of a first order if solid
phase is crystalline or second order if solid phase is glassy
depending on the nature of pinning [13]. In iron arsenide
Bap 5K 5FesAs; superconductor, second-order-type thermody-
namic vortex melting transition has been observed experimentally
and it may cross to a weakly first-order transition in high fields as
confirmed from specific heat, thermal expansion and dc magneti-
zation measurements [16]. Despite these, the evolution of vortex
melting transition under different magnetic field and frequency
regime needs further investigation, including nature of vortex
melting transition and vortex phase in optimally doped (Ba, K)
Fe,As; single crystal. We have chosen ac susceptibility (ACS) tech-
nique to investigate the vortex dynamics where we actually mea-
sure the response of vortex lines to ac fields. Ac technique can yield
extra information than dc resistivity since frequency can be varied
in addition to temperature, dc field and ac field amplitude. The
order of the vortex melting transition can be made possible to
observe through ac susceptibility (ACS) by observing frequency
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dependence of the magnetic irreversible temperature (Tj). Tirr iS a
significant transition temperature from a state of flux pinning to a
state of dissipative flux motion without pinning. T changes with
application of magnetic field and it provides a distinct phase
boundary in the magnetic phase diagram of the vortex state called
irreversibility line Hy,(T) or H(T). Irreversibility temperature (Tig)
can be determined from the third harmonic ac susceptibility
measurement since it gives only nonlinear dissipation. In
Y—Ba—Cu—O crystals, Tj is independent of frequency suggesting a
1st order phase transition, while in Bi—Sr—Ca—Cu—0O and TI—-&
Ba—Ca—Cu—O crystals T strongly depends on frequency implying
a 2nd order phase transition [17]. These findings have made newly
discovered Fe-based superconductors more interesting to deter-
mine whether Tj; strongly depends on frequency or not in opti-
mally doped Ba;_xKxFeAs; single crystals. We have carried out
detailed experimental investigation through linear and non-linear
ac susceptibility measurements to study flux dynamics and fre-
quency dependence of Tj; on single crystal Bags4Ko4gFe2As;
(BaK122). In this paper, our main focus is to show the frequency
dependence of Tj; of BaK122 single crystal and to conclude the
nature of vortex-glass melting transition. We have also done some
investigations of vortex phase of BaK122 single crystal using dc
magnetization and construct a vortex phase diagram. In this paper,
we report detailed magnetization (ac and dc both) on BaK122 single
crystal with T, = 38.5 K. The results include: (i) clear observation of
second magnetization peak (SMP) in magnetization hysteresis
loops (MHLs), (ii) estimation of critical current density from MHLs
using Bean'’s critical state model [18] with the correction [19] and
their variation with magnetic field, (iii) obtaining the vortex phase
diagram from magnetization data, (iv) temperature variation of
fundamental and harmonic ac susceptibilities measured for several
ac field frequency (f), dc field (Hqc) and ac field amplitude (Hyc) of
BaK122 single crystal, (v) finally based on the above results un-
derstanding of the nature of vortex-glass melting transition and
comparing of the results with cuprates and other iron based
superconductors.

2. Experimental details and main results

The Bag54Ko.46Fe2As; single crystals were prepared by self-flux
method [20]. The sample, with sizes of =2.5 x 2.4 x 0.4 mm°, is
characterized by a T, = 38.5 K and AT, = 1.0 K (offset-onset crite-
rion). The crystals have been characterized by x-ray diffraction
(XRD) at room temperature to confirm the absence of any foreign
impurity phase. We have also carried out energy dispersive x-ray
(EDX) analysis to know the exact chemical compositions of the
crystals. For other measurements such as magnetization (ac and dc
both) we have actually used a small single piece of sample that has
been cleaved from the thick sample. The composition difference
was negligibly small. Each of the layers can be easily cleaved from
the rest. The temperature dependent magnetization data have been
recorded in the zero-field-cooled (ZFC) mode during warming cycle
using a superconducting quantum interference device-vibrating-
sample-magnetometer (SQUID-VSM) (Quantum Design, USA)
with magnetic fields up to 6 T for both out-of-plane (H||c) and in-
plane (HLc) orientations. We have also measured magnetic hys-
teresis loops (MHLs) using the same instrument (SQUID-VSM)
mentioned above for both out-of-plane (H||c) and in-plane (H.Lc)
orientations. The temperature dependence of the higher harmonics
as well as fundamental harmonics of ac-susceptibility has been
measured at different ac and dc field amplitudes and frequencies.
The ACS data have been recorded when the temperature is
increased with a rate of 0.3 K/min.

Fig. 1(a) shows the recorded X-ray diffraction pattern at room
temperature using a diffractometer (Panalytical X'Pert Pro) with Cu

K, radiation (A = 1.542 A) and the observed pattern is very similar
to the previously reported results [21]. For these measurements, a
plate-like single crystal with dimensions of 2.5 x 2.4 x 0.4 mm>
was attached to a flat sample holder. The observation of only 00!
Miller indices confirms that c-axis is perpendicular to the flat sur-
face. Based on the ThCr,Si, type structure, we have indexed all the
observed reflection peaks which confirm phase purity of our
Ba;_xKyFe,As, single crystals. The FWHM of the 002 diffraction
peak is only about 0.093° and it clearly indicates good crystalline
quality of our sample. We have also carried out elemental analysis
at eight different layers of the sample using energy dispersive x-ray
analysis (EDX) in the electron probe micro analyzer of JEOL JXA-
8200 superprobe. Treating the sample as Ba;_xKxFe)Asy, the final
potassium (K) content (x) was estimated by averaging over
different points and it comes out to 0.46(1) which is close to the
optimally doped composition. The single crystal of hole-doped
Bap 54Kp.46Fe2Asy (BaK122) exhibited superconducting transition
temperature at 38.5 K using magnetic measurement (shown in the
inset of Fig. 1(b)) and this T, value corresponds to the optimal
doping in the phase diagram of Ba;_xKxFe)Asy [22]. We have car-
ried out detailed dc magnetization study to construct the vortex
phase diagram. Fig. 2(a) and (b) show isothermal magnetization
curves M(H) up to +60 kOe applied magnetic fields at various
temperatures below T, for H||c and H.c orientations, respectively.
From these data we have calculated critical current density in two
different orientations using Bean’s model [18] and extended Bean’s
model [19] and it is explained below. Finally we have presented
fundamental as well as higher harmonic ac susceptibility data to
investigate in details about its flux dynamics.

3. Analysis and discussion
3.1. Construction of vortex phase diagram using dc magnetization

Now in this section we have constructed the vortex phase dia-
gram using dc magnetization measurements. From the magneti-
zation vs magnetic field curves (MHLs), we observe a central peak
at zero magnetic field and then magnetization decreases continu-
ously with increasing magnetic field for HLc orientation. But for H||
c orientation it behaves differently: after the central peak observed
at zero magnetic field, there is another peak at non-zero magnetic
field and it is clearly visible from the peak (Fig. 3(b)) in current
density calculated from MHLs when temperature is very close to Te.
This is called fishtail effect or second peak effect or peak effect (PE).
This feature has also been observed in the clean high quality single
crystal such as cuprate superconductors, NbsSn [23], MgB; [24] and
it may be induced by a different mechanism. In conventional su-
perconductors like niobium, the occurrence of PE is observed just
below He, and the two dimensional melting field H2P, respectively.
It has been attributed to the softening of the shear modulus [23]. In
some cases such as bulk REBa;Cu307_5 (REBCO), the anomalous
second peak appears at different fields at different temperatures
and in other cases such as Bi-based and Tl-based cuprates the peak
position is temperature independent [25]. The origin of PE in
REBCO and Bi- or Tl-based cuprates is different but have not got
general consensus. In iron based superconductors small size
normal cores may be the possible reason for PE [26]. Recently, Zhou
et al. have investigated that PE in BaK122 type iron-based super-
conductors are accompanied with collective (or elastic) to plastic
vortex pinning regime crossover (E-P crossover) [27] and small size
normal cores are helpful for occurrence of E-P crossover [27]. At low
temperature, we have not seen any second peak anomaly even for
H||c orientation because of shifting the peak position at high
magnetic field beyond 60 kOe as shown in Fig. 2(a). The peak po-
sition (Hsp) gradually shifts to the low field region with increasing
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Fig. 1. (a) The high resolution x-ray diffraction pattern of Bag 54K¢ 46Fe2As, single crystal. (b) Temperature dependent in-plane resistivity of Bags4Ko 46Fe2As, single crystal in the
vicinity of superconducting transition; inset shows temperature dependent magnetization data in the zero-field-cooled (ZFC) mode during warming cycle using a superconducting
quantum interference device-vibrating-sample-magnetometer (SQUID-VSM) (Quantum Design, USA).
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Fig. 2. Isothermal magnetization curves M(H) at different temperatures (a) for H||c direction and (b) for HLc direction. (c)—(d) Field dependence of the calculated critical current

density from the Bean’s critical state model corresponding to the above curves.

temperature which is clearly visible from Fig. 3(b). An estimation of
the field dependent critical current density (J3°) from isothermal
magnetization hysteresis loops has been carried out with the
framework of Bean’s model [18] when magnetic field is applied
parallel to the c-axis H||c. When magnetic field is applied perpen-
dicular to c-axis (H.Lc), the situation becomes complicated.
Depending on the motion of Abrikosov vortices under Lorentz
force, two different current densities exist in HLc orientation: one
for the vortex motion parallel to the planes (]ﬂ) and another for the
vortex motion across the planes (J¢). The formula derived by Gyorgy
et al. [19] is mainly important for relatively large anisotropic ma-
terials. In our case anisotropy is low (~1—2). According to the Bean’s
model critical current density Sb) is given by
J® — 20AM/[w(1 — w/31)], where AM is measured in emu/cm?, and
the length [ and the width w of the sample (w < [) are measured in
cm. For Hlc orientation we have used simplified method by
assuming ]gb = ﬂ for calculating J¢ which is described in Ref. [28]

and [29]. Fig. 2(c) and (d) show the field dependence of J&° and J¢
for H||c and H.Lc orientations where current densities decrease
monotonously with magnetic field after a sharp peak at near zero
field. The estimated J2° and J¢ at 5 K and O T are 2.0 x 108 A/cm? for
H]|c orientation and 0.9 x 10® Ajcm? for H.c orientation, indicating
good current carrying ability for promising technological applica-
tions. Fig. 3(b) shows that J2° increases with the magnetic field after
the first peak when applied magnetic is along the c direction. This is
obviously due to second peak anomaly in MHLs. Peak in the J% (H)
(inset of Fig. 3(b)) separates a region of elastic vortex flow below
the peak from plastic vortex flow above the peak, which may be
related to the vortex glass melting transition. Corresponding to this
J% (H) curves we have defined three characteristic fields termed as
peak field (Hsp), valley field (Hmin), and irreversible field (Hjr). Hir
is defined as the points where J. goes to zero which is shown in the
inset of Fig. 3(b). The magnetic upper critical field (H7) has been
estimated using the magnetization vs temperature curves (M-T)
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Fig. 3. Temperature dependent magnetization of Bag 54K 46Fe2As; single crystal under different magnetic field for (a) H||c and (c) HLc orientations. We have given offset to avoid
overlapping. (b) Field dependence of the calculated critical current density from hysteresis loops using Bean critical state model at the temperatures just below the superconducting
transition temperature for H||c orientation to observe peak effect. Inset: shows three characteristic fields related to J(H) curve. (d) The phase diagram of Bag 54Ko 4cFe>As; single

crystal. Solid lines are fitted curves using power law function.

recorded at different magnetic fields and we have given offset to
avoid overlapping as shown in Fig. 3(c). We have taken the tem-
peratures where bifurcation starts in the ZFC and FC curves. In
Fig. 3(d) we have shown the vortex phase diagram of the material
showing variation of different characteristic fields, e.g., Hsp, Hmin,
and magnetically determined upper critical field (H[5). Here we
have tried to fit the Hmin and Hsp curves using Hp (T) = Hypin (0) %
(1 —T/Te)" and Hgp(T) = Hsp(0) x (1 —T/T¢)". The solid lines are
the fitted curves with Hpin(0) = 179 kOe and n = 1.1. For Hgy(T) we
have obtained Hg,(0) = 210 kOe and n = 0.8. The same power law
has been used previously by Yang et al. [26] to explain the vortex
phase diagram of hole doped Baj_xKxFe;As, single crystal. For
Hmin(T), Yang et al. have got n=1.3 and n= 1.5 for Hsp. In some
electron doped compound like Ba(Fe;_xCox)2As,, Shen et al. [30]
have also used power law fittings to study vortex phase diagram.
They have obtained n = 1.4 for Hsp and n = 1.2 for Hyr. So our results
are very similar to the previously reported results. The similar po-
wer law behavior in Hgy(T) is found in YBCO [31] and oxygen free
LiFeAs compound [32]. From the careful observation of the exper-
imental data, it is seen that at a temperature of 36 K second peak
occurs at a magnetic field of 27.49 kOe in H||c orientation (shown in
inset picture of Fig. 3(b)) and current density vanishes at 56.04 kOe.
So in this compound, peak effect and vortex-glass melting occur at
different regions of the vortex phase diagram. This is a character-
istics feature in the case of glassy transition (exists in our com-
pound as shown below) where there are large number of weak
point defects in the material. Below the peak of ]., pinned vortices
creep due to thermal fluctuation and above the peak plastic flow
occurs. J. completely goes to zero at Hj, which implies that after
Hj; vortex exists without any pinning.

3.2. Flux dynamics and nature of vortex melting transition using ac
susceptibility

In this section we have investigated the evolution of irrevers-
ibility temperature under different field and frequency conditions
and the microscopic nature of transition using ac susceptibility
technique. In ac magnetic measurements, the magnetization peri-
odically changes in response to the applied ac field. High temper-
ature superconductors (HTS) often exhibit nonlinear magnetic
behavior in application of ac field due to nonlinear flux diffusion in
the vortex region. So the application of a pure sinusoidal field
B(t) = Bgccos(2mft) induces a non-sinusoidal oscillation of the
magnetization M(t). This oscillation can be expressed as a sum of
sinusoidal components with harmonics of the driving frequency.

o0

HoM (1) = Bac > [x;, cos(2mnft) + xysin(2mnft)| (1)
n=1
_ Mo 27 —

where  x;, = A [§T[M(t)cos(2mnft)|d2nft),  Xn = - Jg IM(D)
sin(2wnft)]d(2nft) are in phase and out of phase components of
harmonics, respectively and n is an integer. We can express it in the
complex notation by y,, = x/, — ix,. If the response is linear then we
will get only first or fundamental harmonics corresponding ton =1
and higher harmonics, e.g., second (n=2), third (n=3) if the
response is nonlinear. Here we have presented fundamental as well
as ac higher harmonic susceptibility studies for determination of
flux dynamics and order of vortex-melting transition in single
crystal BaK122 superconductors. Fig. 4(a) shows the temperature
dependence of real part (X/) of the fundamental ac-susceptibility at
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Fig. 4. (a) Temperature variation of x’ for several frequencies of Bag 54K 46Fe2As; single crystal measured for Hy = 5 Oe and Hy. = 0 Oe. (b) Temperature variation of y' for several dc
magnetic fields of Bags4Ko.46Fe2As, single crystal measured for Hy,e=5 Oe and f=5000.5 Hz. Both ac and dc magnetic fields applied perpendicular to the c-axis. Inset: shift of

diamagnetic onset with magnetic field in an extended scale.

several frequencies with ac magnetic field amplitude hgc =5 Oe and
hgc = 0 Oe. The experimental results show that the frequency of the
ac magnetic field does not affect the fundamental harmonic sus-
ceptibility versus temperature curves strongly. Real part (x} ) versus
temperature (T) curve has identical shape for different frequency
and x; increases with frequency clearly indicating the presence of a
certain time scale for vortex motion. The frequency dependence of
fundamental susceptibility is not explained by critical state model
since it assumes that the magnetic response of the material is in-
dependent of the frequency of the applied alternating field. In the
temperature region which is far below fromT, ) strongly depends
on frequency, in contrast with the prediction of critical state model.
However, this discrepancy shrinks in the region close to T.. The data
close to T is well described by the critical state model. Fig. 4(b)
shows temperature dependence of x) at several dc magnetic fields
up to 40 kOe with applying 5 Oe ac magnetic field at a particular
frequency. Here both magnetic fields have been applied along
perpendicular to the c-axis. The main feature of the y/ (T) curves is
the shift of diamagnetic onset towards the lower temperature with
increasing dc magnetic field as shown in inset of Fig. 4(b). In the
present paper we concentrate on the frequency dependence of the
irreversibility temperature (Tj) which we can determine from the
onset of third harmonic signal. The basic idea behind this is that the
existence of irreversibility will produce harmonics. The tempera-
ture dependence of the third harmonic susceptibility(xs) has been
measured at a frequency of 5000.5 Hz with different dc field up to

70 kOe. Fig. 5(a) shows the temperature variation ofys with
different dc fields keeping ac field fixed at 5 Oe and
frequency5000.5 Hz. We have observed from the figure thatys rises
abruptly when sample is cooled from above T and decreases slowly
after crossing the peak. The onset of x3 is weakly dc field dependent
and it reflects a sharp transition(Tj,) from a reversible to an irre-
versible state when moving from aboveT.. The decreasing part of x3
and peak is strongly affected by the dc magnetic field as shown in
the figure. Inset of Fig. 5(a) shows the variation of irreversibility
temperature with magnetic field which separates reversible vortex
liquid (VL) and irreversible vortex glass (VG) phases. This line is
actually called irreversibility line (IL). The points are taken from the
onset of third harmonic signal with different magnetic fields from
Fig. 5(a). Fig. 5(b) shows the temperature variation ofys with
different ac fields keeping frequency at 5000.5 Hz. Here we have
observed that with increasing ac field, x3 peak height decreases and
T+ strongly depends on ac field (shown in inset of Fig. 5(b)). Now
we are going to discuss how the Tj; and Tpeqr depend on frequency
when dc and ac fields are kept fixed. With increasing frequency,
penetration depth of the ac field decreases which results the
decrease of peak height with increasing frequency. Fig. 6(a) shows
the temperature variation of real part of the third harmonic sus-
ceptibility (x}) with different frequencies keeping ac field fixed at
5 Oe. Here main point is that T;; strongly depends on frequency and
this dependency increases with dc magnetic field. It is clearly
shown in the Fig. 6(b) and (c). Fig. 6(d) shows the temperature
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variation of magnitude of the third harmonic susceptibility(|ys|)
with different frequencies keeping ac field fixed at 5 Oe and
without applying any dc field. Inset of Fig. 6(d) shows the variation
of 3 with temperature in an extended scale clearly showing the
increase of Tj with increasing frequency. From the Fig. 6(d) we
have seen that the peak temperature (Tpeax) moves to the higher
temperature side with increasing frequency, exactly opposite to the
increasing magnetic field as discussed in the above. Fig. 7 shows the
temperature variation of imaginary part of the third harmonic
susceptibility (x3) with different frequencies keeping ac field fixed
at 5 Oe and dc field 0 kOe (Fig. 7(a)) and 30 kOe (Fig. 7(b)). These
also represent the same behavior as for the real part and only dif-
ference is that peak resides in opposite side. The variation of peak
height and peak temperature with applied dc magnetic field is
shown in the Fig. 8(a). From the figure we see that peak tempera-
ture (Tpeax) continuously moves to the lower temperature with

increasing dc field. The peak is obtained when the alternating field
fully penetrates the sample and when dc field increases it occurs at
lower temperature. But for the case of peak height, trend is little bit
different. With increasing magnetic field up to 60 kOe peak height
increases gradually and then suddenly a small peak (reduced peak
height) is obtained at 70 kOe magnetic field. It is well known that
third harmonic susceptibility y3 is a measure of nonlinear dissi-
pation only whereas out of phase susceptibility (x'{) is a measure of
linear and nonlinear dissipation. In presence of high magnetic field,
the total field is almost constant which removes the observation of
field dependence of flux flow and thermally activated flux flow
(TAFF) and generates a linear diffusion process of the magnetic
field. So in the high magnetic field nonlinear process is suppressed,
which results the decrease in third harmonic signal at very high
magnetic field. In Fig. 8(b) we have shown the frequency variation
of onset temperature T(|x3 |onset) of third harmonic signal for
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several dc fields. From the figure it is clear that onset temperatures
increase with frequency (also shown in Fig. 6(d) for zero dc field).
This onset temperature is a significant point which separates VG
from VL states. To explain the frequency dependence of the irre-
versible temperature there are two models: thermally-activated
flux motion (TAFM) approach and vortex-glass phase transition
model. In the scenario of TAFM, gradual freezing of fluxons in their
pinning centers determines the magnetic irreversibility and above
the irreversibility temperature depinning of fluxons occurs due to
thermal activation within the time scale of the experiment which
leads to T;+=0 for time scales approaching infinity. On the other
hand in the vortex-glass phase transition model transition tem-
perature (Tg) is the irreversible temperature when time scale ap-
proaches infinity, i.e., f — 0. For a second-order phase transition,
universal critical scaling behavior near the vortex-glass phase
transition temperature (Tg) is expected. Near Ty critical slowing of
the dynamics is expected with a power-law divergence of the
relaxation time [1,33]. Here we have interpreted our experimental
frequency dependence of the irreversible temperature in the
framework of vortex-glass phase transition model. For a second-
order phase transition at Ty, power-law divergence of the correla-
tion length £ « |T — Tg| ™ is expected, where v is a critical exponent
[1,33]. Critical slowing down of the dynamics is also expected near
Ty with relaxation timer o |T — T| % where z is a dynamical critical
exponent. From the above relationship one can write the frequency
dependence of the irreversible temperature for a D dimensional
system [1,33]:

(2)

where Tj;(H,0) is identified with Tg(H) and A(H) is a coefficient
depending on the applied magnetic field. The solid lines in Fig. 8(b)
represent the fitted curves to the experimental data using Eq. (2)
for dc magnetic fields of 0 Oe, 100 Oe and 30 kOe. We have calcu-
lated the parameters v and z following the same procedure used by
Kim et al. [34] We have obtained z = 4.2 and v = 1, which are in good
agreement with the values (v ~ 1-2 and z > 4) predicted by Vortex
Glass (VG) theory [1,33]. We have used D = 3 since there are some
reports which explain three dimensional nature [35] of Baj_xKx.
Fe,As, with no predicted dimensionality crossover induced by
fields. We have fitted (shown in Fig. 8(b)) frequency dependent Tj;
data using Eq. (2) and obtained Tg values are 38.42(1) K, 38.40(1) K
and 37.97(2) K for dc magnetic fields of 0 Oe, 100 Oe and 30 kOe,
respectively. So our experimental observation clearly indicates that
frequency variation of Tj; is well explained by the framework of
vortex-glass phase transition model and the order of vortex-glass
phase transition is second-order in nature. This conclusion is also

Tirr(H,f) = Tg(H) + A(H)f/"#+2-D)

supported by recent specific-heat and thermal expansion mea-
surements of Bag 5Kg sFesAs; single crystal [16]. Another important
thing is that the moderate fluctuation in Fe-based superconductors
relative to cuprates has also some effect on the vortex-glass tran-
sition. To explain this effect more clearly, one needs more theo-
retical understanding of the vortex-glass transition in a magnetic
field within the fluctuation region. To understand different fre-
quency variation of Tj; among various Fe-based superconductors
more experimental works are required on high quality single
crystals.

4. Summary

In summary, we report the experimental observation of second
order vortex-glass melting transition in an optimally doped p-type
iron-based superconductor Bags4Ko.46FexAs; through ac suscepti-
bility measurements under various fields and frequency conditions.
Magnetic irreversible temperature (Tj;r) of a superconductor is a
significant transition temperature from a state of dissipative flux
motion without pinning to a state of flux pinning and has a great
importance from technological point of view. From the dc magne-
tization measurements, we have observed that peak effect (PE) and
vortex glass melting transition occur at different regions in the
vortex phase diagram and it is a characteristic feature of a glassy
transition. From fundamental and higher harmonic susceptibility
measurements, we have observed that Tj; strongly depends on
frequency in this compound. This frequency dependence can be
explained in the framework of vortex-glass phase transition model.
All the experimental results suggest that vortex-glass melting
transition is a second order in nature. One can conclude that
thermal fluctuations and level of defects control the overall vortex
dynamics in this compound. Nevertheless, more experimental and
theoretical studies are necessary in order to understand clearly the
overall vortex dynamics in this compound as well as other iron-
based superconductors.
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