Thermodynamic H-T phase diagram
of Fe(Se0.5Te0.5) single crystals up to 28T

T.Klein* - P.Rodière - P.Strobel - P.Toulemonde
Institut Néel, CNRS, Grenoble, France
*Institut Universitaire de France and UJF, Grenoble, France

C.Marcenat - D.Braithwaite - G.Lapertot
CEA, Institut NAnosciences et Cryogénie,
SPSMS, Grenoble, France

A.Demuer - I.Sheikin - W.Knafo
LNCMI-CNRS, Grenoble & Toulouse
ANR TETRAFER 2009
Institut Néel : magnetic imaging (K.Hasselbach : microSQUIDs &
H.Cercellier : Hall probes) + magnetic measurements (A.Sulpice) +
pressure effects (M.Nunez-Riguero) + theory (I.Paul)

CNRS : Institut Néel :
Team : «Systèmes à Fortes Corrélations Electroniques»
SUPERCONDUCTIVITY
Iron bases
superconductors

Dichalcogenides
(NbS2, Cu-TiSe2,...)

K.Hasselbach
P.Rodière
T.Klein
C.Marcenat*

P.Rodière
H.Cercellier
F.Levy-Bertrand
T.Klein
C.Marcenat*

Heavy Fermions

Covalent systems
(MgB2
B doped C and Si)

K.Hasselbach
C.Paulsen
E.Lhotel

T.Klein
C.Marcenat*

+ (frustrated) MAGNETISM
MULTIFERROICITY

*= CEA Greoble/INAC/SPSMS/LATEQS

Iron pnictides : High Tc values
from ~ 26K in La(O,F)FeAs to ~ 54K in Gd(O,F)FeAs
so called [1111 phase] (Kamihara et al., Takahashi et al.)
and ~ 36K in (Ba,K)Fe2As2
so called [122 phase] (Rotter et al.)
or Li1-yFeAs [111 phase] : Tc ~ 18K (Tapp et al.)

agram, and how different ground states can be driven by Fe and
Se doping is not yet understood. We report the first systematic
[11
: Tc structural
up to 15K
(for x~0.5)
on phase]
crystal growth,
refinement,
magnetic study
x 1-xreport
on
Fe
Te
Se
crystals,
with
a
controlled
Fe
and Se compo1+x 1 y (Hsu
y
at ambient pressure
et al., Sales et al.)
sition. We clearly prove how the crystal structure is affected by
and ~ 35Kdoping,
at 7GPa,
x=1
et al.)
and how
such(Margadonna
structural changes
are related to superconductivity and magnetism in ”11” iron-chalcogenides.

or Fe1+ε(Se

Te )

Simplest crystallographic structure but shares the most
2. Experimental
salient characteristics of iron based systems
Two series of single crystals of Fe1+x (Te,Se) have been
square-planar lattice of
Fe with tetrahedral coordination
grown starting from two different Fe:(Te,Se) ratios: 1:1, and

0.9:1. According to the assessed Fe-Te phase diagram [23],
the tetragonal (⇥-phase) Fe1+x Te is stable for 0.04<x<0.08 and
does not melt congruently. The nominal precursor compositions actually correspond to two different compositions of the
Te-rich flux. For each Fe content, a series of Fe1+x Te1 y Sey
with y ranging from y=0 to y=0.45 was prepared. Crystals

Figure 1: Crystal structure of ⇥-Fe1+x Te, showing the tetrahedr
(blue) of Fe1 by four Te atoms, distance h of Fe1 from the next T
square pyramid (light blue) TeFe4 . The pictures in the right pan
crystals used for this study.

Complicated electronic structure (Fe - d orbitals)
electron (M) and hole (Γ) pockets

Multigap superconductivity
as observed in MgB2
ARPES measurements (Ding et al., Nakayama et al.)
on (K,Ba)Fe2As2
Δ ~ 4-6 meV (2Δ ~ 3-4kTc ~ BCS) : large hole pocket
to 8-12 meV (2Δ ~ 5-7kTc) : small hole and electron pockets
UNIVERSALITY
OF point
SUPERCONDUCTING
IN . . .et al.)
in
agreement with
contact (Szabo etGAPS
al., Teague
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formula %(k) = %0 coskx cosky , which is known
the extended s-wave symmetries,11 as discussed ear
5
5
K0.4 sample.4,6 This formula predicts the opening
β
(smaller) gap on a smaller (larger) FS and a sign cha
α
θ
θ
θ
SC gap between hole and electron FSs, resulting in a
0 5
0 5 10
0
10
state. The fitting result (%0 = 9.0 meV) [black d
β
in Fig. 3(d)] shows a basic agreement with the pre
γ
0
α
ky (π/a)
suggesting a dominant contribution of the s± -wa
BCS value
to the superconductivity. It is also found that the
10
(d)
of the γ FS is slightly overestimated. This is d
|∆| = ∆0 |cos kx cos ky|
α
8
fact that the γ FS is smaller than the α FS, while
∆0 = 9.0 meV
fully open gaps but possibility
of gap node lines in P substituted
hole
sizes are compounds
comparable. When we introduce the sec
β
6
γ
we see a better agreement with the experiment, as
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! at room temperature. Five crystals, weighing
c ¼ 6:061 A
"2 g each, were mutually aligned to increase the count
rate. The mosaic full width at half maximum (FWHM) of
the individual samples and the coaligned assembly are 2.8
degrees and 4.8 degrees, respectively. Magnetic neutron
scattering measurements were performed using thermal
(BT7) and cold (SPINS) neutron triple-axis spectrometers
at NIST. The sample temperature was controlled by a
pumped 4 He cryostat. As opposed to experiments on
samples containing 8% excess Fe [10], no low energy
magnetic signals were detected at the antiferromagnetic
wave vector Qm ¼ ð!0 12Þ in FeSe0:4 Te0:6 . Therefore, we
250 concentrate
300
will
on results from scans in the (HHL) reciprocal plane from BT7, using the fixed Ef ¼ 14:7 meV
configuration. Measurements with better resolution and
in a 7 T cryomagnet were conducted
at SPINSBusing
r
c Ef ¼
4:2 meV. Pyrolytic graphite (PG) and cooled Be were used
(Lumsden et al.)
Fe(Se,Te)
to reject order contamination on BT7 and SPINS, respectively, and both instruments employ PG to monochromate
the incident beam and analyze the scattered beam.
Figures 1(a) and 1(b) show the spin excitation spectrum
of FeSe0:4 Te0:6 , combining 10 different constant energy
FIG. 2 (color online). (a) Constant Q ¼ ð0:46; 0:46; 0:65Þ scan
scans near the in-plane nesting vector ( 12 12 ), at temperature
sample-turned
La(F,O)FeAsat 1.5 K and 30 K, measured at BT7. The
Ce(F,O)FeAs
T ¼ 1:5 K and 30
background measured at 30 K is shown by green open circles.
a K, respectively. The temperature independent, sharp spurions in (a) and (b) cancel in the differ(b) The difference intensity of the const-Q ¼ ð12 12 LÞ scans meaence spectrum [Fig. 1(c)].
sured at 4.2 and 30 K using SPINS, with and without an applied
c An intense ‘‘resonance’’ sharply
7 T magnetic field. The solid line is a guide to the eye. The blue
defined both in energy and in-plane momentum appears
bar indicates the FWHM instrumental energy resolution.
below Tc , above the normal state ridgelike continuum at
the nesting vector Qn rather than at the wave vector Qm of
the antiferromagnetic parent compound. Correspondingly
To determine the spatial correlations associated with
we note that while the ‘‘parent’’ nonsuperconducting heavy
the
resonance, constant energy scans were performed in
fermion compound CeRhIn5 orders in an incommensurate
its
vicinity.
Figure 3(a) shows a basal plane scan at the
antiferromagnetic structure [16], the resonance in superresonance
energy
covering a full Brillouin zone. Weak
conducting CeCoIn5 appears at the commensurate wave
1 1 1
intensity
at
Q
¼
ð
vector associated with dx2 %y2 superconductivity [17].
2 2 2Þ and T ¼ 30 K is strongly enhanced
in the superconducting state at T ¼ 1:5 K. The net enFigure 2(a) shows constant-Q scans through the resohancement
is shown by the difference data in Fig. 3(c).
nance above and below Tc , together with measured backSpurions
exist
at both temperatures but these cancel in the
ground. The spectrum appears to be gapless in the normal
difference
plot.
The horizontal bar indicates Zhao
the FWHM
state as measured at 30 K with a weak ‘‘knee’’
at the
Huang
et al.
et al.
instrumental
resolution.
Based
on
the
calculated
resoluresonance energy. The normal state data in Fig. 1(b) is
tion function, the
similar to data from paramagnetic and metallic V2 O3 (see
pffiffiffi deconvolved half width at half maximum
is 0:023ð5Þ & 2 & a' , indicating a correlation length of
Fig. 2(b) of Ref. [18]) indicating spin fluctuations resulting
19(4) Å or 7(1) Fe-Fe lattice spacings. Figure 3(b) shows
from Fermi surface nesting. At 1.5 K, a full spin gap is
a scan in the interplane direction above and below Tc ,
opened at low energies as spectral weight concentrates in a
with
the difference in (d). As for quasi-two-dimensional
resonance peak at @"0 ¼ 6:51ð4Þ meV. Higher resolution

AF “instability” for low doping contents
Q=(π/a,π/a) nesting -> Spin Density Wave
[«associated» with orthorhombic-tetragonal transition]
resonance in
spin excitations
at Q=(π/a,π/a)
E ~ 4-5 k T

or

Rotter et al.

coexisting...

week ending
7 AUGUST 2009

... or not with the superconducting state

Very high value of the upper critical fields
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rather small anisotropy
~ 4-7 in 1111 to ~ 2 in 122 phases
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Hc2(0) : 50T (//c) to 400T (//ab)
(and even more... )
large broadening of R transition under field
(knee ?)Possible existence of a reversible vortex
(liquid) phase ?

small superfluid density (~1/λ2) :

as previously observed in
cuprates
about 100x smaller than
in MgB2 for equivalent Tcs

unconventional coupling ?

Uemura plot

Pnictides :

Cuprates :

metal

Mott insulator (large Coulomb repulsion, U)

(EF close to Van-Hove Singularity in d states)

Multi-band superconductivity
Tetrahedral coordination of Fe atoms

Cu : at sites with strong planar coordination

AF “instability” of the Fermi surface
Q=(π/a,π/a) nesting -> Spin Density

AF : lowering of the spin energy

Spin resonance

Spin resonance

Reduced superfluid density
Large upper critical fields

Reduced superfluid density
Large upper critical fields

(moderate anisotropy)

(large anisotropy in BSCCO)

small electron-phonon coupling constant
calculations (Boeri et al.) led to a λ ~ 0.2
(as compared to ~ 1 in MgB2)

Mazin et al. : unconventional mechanism
mediated by spin fluctuations (?)

unconventional mechanism
mediated by ???

s-wave with sign reversal between different
sheets of the FS (nodes in P doped samples : d wave ?)

d-wave symmetry
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Hall probe magnetometry : Bloc (x, T, Ha )
Tunnel Diode Oscillator measurements :

(T ) / fres

... in Fe(Se0.5,Te0.5)

T

AC specific heat measurements :

Optical
Fiber
P(w)

thermodynamic determination of Hc2
High sensitivity 1/1000 but relative variations only (unknown P)
T
ac

Well adapted to small samples : 500ng to 500µg
Continuous T or H sweeps (T>0.3K

Hhor

= 8T,

Hvert

=16T)

T
T ~ P/jCw
ac

No arbitrary background (phonon) substraction (if H>Hc2 available)

T ~ P/K
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+ RELAXATION METHOD
home-made microcalorimeter
A. Demuer
-> absolute values
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•
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Local probe (~4 to 40µm)

•

High resolution AsGa 2DEG : 700Ω/T to 1200Ω/T
single vortex detection

•

High linearity but M+H (M/H ~10-5 at 1T)
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0.08
observed magnetic structure, this scenario can also provide
an explanation for the structural phase transition as the
2 [92, 93].
lattice distortion relieves the magnetic frustration
0
0
These frustration effects have also been used to explain
theat 35
small
Starting with a
dρ /dT
K ordered moment [92, 94].
local moment Hamiltonian consistent with those discussed
¬0.5
0 structural
x=0
previously
[92–94],
0.1
0.2
0.3
0.4
0.5 it was suggested that the
0
x
transition is actually a transition to a ‘nematic’ ordered0.06
phase
which will occur at a higher temperature than the SDW
transition
[95].
magnetic order
Figure 1 | Magnetic and superconducting properties
of Fe1.02
(TeIn
Sex ) to the view that the ¬2
1 xaddition
is driven exclusively
either Fermi surface nesting or local
(0 ⇥ x < 0.5). a, The phase diagram. The Néel temperature,
TN , of the by
AFM
moment
superexchange
1111
and
122 by neutron scattering
FeTe (green squares), susceptibility interactions, an alternate approach 0.04
phase,
determined
based on analysis of DFT calculations included aspects of
(orange triangles), Hall coefficient (blue triangles) and
(black
bothresistivity
[96]. This work
concluded that the moments
¬4 were largely

¬4π χ

1

1.0

0

Liu et al.

x

b

1.5

2

0.04 0.0
x

0.07
Fe1+εTe : superconducting
at ~ 8K at
ambiant pressure
0.5
0.08
-> up to ~ 35K
for P ~ 7 GPa

ρ

Tc

MFeS (µ B/Fe)

x = 0.04

but resonance in spin excitations at Q=(1/2,1/2)
in superconducting state as in pnictides

crosses) measurements. T ⇤ , onset of the superconducting transition

50

60

ΔC/T
Samples A :

R

grown by sealed quartz tube method :
pure Fe, Se pieces + Se shots in 1:0.5:0.5 ratio
Heated slowly (100°C/h) at 500°C for 10h
+ melted at 1000°C for 20h,
+ cooled slowly down to 350°C at 5°C/h,
[and finally cooled faster by switching off the furnace]

Samples B :

χ

grown by Bridgman technique
(double wall quartz ampoule : C coated inside wall of the outer ampoule
-> lowest possible oxygen partial pressure during the growth)
3 zone gradient furnace (1000°/840°/700°) lowered at 3 mm/h

X-rays : single phase: a = 3.7992(7) A and c = 6.033(2)A

[in agreement with the literature]

SEM micro-analysis -> Fe1.05(2)(Te0.55(2)Se0.45(2))
-> (low) value of Fe excess (0.05) confirmed by transport measurements

Possible crossing
of ‘‘Hc2’’ lines ?

!

!
!
!
!

!

"#$!%&!'()*$+,)*!-+#.!!"#$%&!

!
"#$!%&!'()*$+,)*!-+#.!!"#$%&!
Khim
et al. see also Lei et al., Braithwaite et al.
!

“...” = transport measurements
: not thermodynamic

(AC) specific heat measurements

Tc2(H=28T)

- well defined Cp jump at Tc2(H) [RAW DATA]
- similar shifts (i.e. reduced anisotropy) for H//ab and H//c
- but significant difference in the shape of the anomaly
-> anistropic fluctuations (see also Serafin et al.)

H//ab

H//ab
H//c

STRONG downward curvature of the Hc2 line

H//c

Hc22 ~ 1-T/Tc
(for H//ab)

very similar to what observed in
2D superlattices (Uher et al. Mo/Ni)
Strong termperature dependence
of the anisotropy

Ginzburg-Landau including both orbital (Ho)
and Pauli (Hp) limits
Vedeneev et al.

(H/Hp)2 + (H/Ho)=1-T/Tc
Ginzburg-Landau approach
limited to T -> Tc
Ho and Hp values confirmed by
more general fit in BCS clean
limit model
Brison et al.

For H//ab, Hc2 is limited by paramagnetic effects on almost the
entire phase diagram (up to T/Tc ~ 99%)
Hpc > Hpab «confirming» the (possible) crossover of the Hc2
lines deduced from transport measurements but...

H//c

H//ab

Ho (T)

170

650

Hp (T)

75

65

Hc2 does not correspond to any peculiar
criterion in transport measurements
The very strong downward curvature
(dHc2/dT ~ 40T/K for H//ab)
is not visible in transport measurements

sample A

⇠ab =
sample B

0 /(2⇡[0.7

⇥ µ0 Ho ]) = 15 ± 1Å

⇠c = ⇠ab ⇥ Hoc /Hoab ⇠ 4 ± 1Å

< c ~ 6A : possible 3D-2D crossover but
hindered by paramagnetic limit

very small Fermi velocity

vF,ab = ⇡ ⇠ab /~ ⇠ 1.8 ± 0.4 ⇥ 104 m/s

Fig.3, our data sets S/T in T ⇥ 0 to be 2.8 ±0.3µV/K2 .
Purely diffusive Seebeck response of a Fermi liquid is
expected to be T-linear in the zero-temperature limit,
with a magnitude
proportional
to the
strength
of elecin agreement
with
ARPES
measurements
tronic correlations as in the case of the T-linear electronic
specific heat, Ce /T = . Both of them can be linked to
the Fermi temperature, TF :

S/T = ±

=

⇥ 2 kB 1
2 e TF

⇥2
n
kB
3
TF

(1)

(2)

very strong renormalisation
of the bands m*/mb ~15-20
for α3 (hole) and β (electron) bands
[as compared to DMFT calculations]

STRONGdependence
CORRELATION
FIG. 3: Temperature
of the SeebeckEFFECTS
coefficient divided by T, S/T in Fe1+y Te1 x Sex , with x=0,0.05 and 0.4. In
the superconducting samples a magnetic field was applied to
partially recover the normal state. Inset presents the temperature dependence of S/T for three optimally-doped samples
at B=12 T.

where kB is Boltzmann’s constant, e is the electron
charge,
is the carrier
Tamai and
et al.,nNakayama
et al. density. In a multi-band
systemsee
with
electrons
alsoboth
Aichhorn
et al. and holes contributing with
opposite
signs to the
overall Seebeck
this oneFIG.
3 (color
online).
(a), response,
(b) Band
dispersion along X!M
band formula sets an upper limit to the Fermi tempera(21.2
polarization,
¼ 12
K). The inset shows data around
ture ofeV,
the s
dominant
band.
aTwide
range
see
alsoInPourret
et al.of half-filled
correlated
metals with
a carrierby
density
of one carrier
per
the
M point,
divided
a smooth
function
to enhance the
Strong
value
of
seebeck
effect
formula unit, the magnitude of S/T correlates with [20].
contrast
(h" ¼ 36 eV).oneThe
white line is a guide to the eye.
Now, here in our system,
can deduce TF =151 K
2
S structure
⇡ kB 1means that thefor
2 FeSe.
(c)
DFT
The dispersion of
from
S/T band
= 2.8µV
of
=/K 2 . This calculation
= 2.8µV /Kratio
T
2 toe the
TF normalized
the low-energy
critical temperature
Fermi temthe
excitations
extracted
from the data in (a) is
Tc
perature, TF is as large as 0.1. One can insert the magand
overlaid.
nitude of S/T reported
for two unconventional super2
⇡ 5 (12µV
n /K 2 )[21] and YBa2 Cu23 O6.67
conductors CeCoIn
=
k
= 23mJ/molK
B
(-0.4µV /K 2 )[22] in3 Eq.1 T
and
extract
TF in a similar way.
F
Tc
As seen in Fig. 4, TF ratio is of the same order of magnitude in the
threevalue
systems.
ThisFermi
figure is
a plot first in: small
of the
temperature
troduced by Moriya and Ueda[23] suggesting
an intimate
4 m/s
->
v
=
1.2
10
F
link between Tc and the coherence
temperature of a correlated electron system when superconductivity is medi-

FIG. 4 (color online).
wave functions for FeS
by the Fe lattice. (c), (d
intensity along the !M
of the scattering planes

097002-3

Onset of diamagnetic response close to R ~0
i.e. well below the Hc2 line

Possible melting of the vortex matter
Amplitude of thermal fluctuations
given by Ginzburg number Gi

λab (nm)

ξab (nm)

Γ

Tc (K)

ε0ξc (K)

Gi

YBaCuO

160

1.5

6

92

200

3 10-2

Nd(O,F)FeAs

270 (± 40)

3 (± 0.5)

~ 4-6

35

200 (± 100)

4 (± 4) 10-3

(K,Ba)BiO3

280

3

1

32

800

2 10-4

MgB2

50

10

5

39

16000

10-6

Fe(Se,Te)

430 (± 50)

1.5 (± 0.5)

~4

15

40 (± 20)

1 (± 1) 10-2

FLUX DISTRIBUTION : MgB2

weak pinning : dome shape profil

Pnictides

strong pinning : «V» shape (Bean) profil

centre

edge

Hp
edge

Hp

centre

⇤ab

⇤c

value obtained for T ⇧ Tc (i.e. ⇤ Ho /Ho ).
we confirm that ⇤ ⌃ T 2 in both crystalloirections and show that the temperature deof Cp strongly deviated from the standard BCS
pling behavior confirming the non conventional
mechanism of this system. However, the amplihe specific heat jump is much larger than those
y reported in other Fe(Se,Te) samples and hence
ollow the ⇥Cp vs Tc3 scaling law reported in iron
tems [18, 19].

.

SAMPLE PREPARATION AND
EXPERIMENTS

sent here specific heat, transport, Hall probe
nel Diode Oscillator (penetration depth) meas performed in
Fe1+ (Se0.50 Te0.5ab
) single crystals
c~
H
80G
(and
H
c1
c1 ~ 25G)
two di⇤erent
techniques. Samples
A have been
ng the sealed quartz
tube method. The samples
ab (0) = 430 ± 50nm
ared from very pure iron and tellurium pieces
200nmtogether in
um shots in a 1:0.5:0.5
ratio,±loaded
c (0) = 1600
ube which has been sealed under vacuum. The
⇠ ⇠ab /⇠atc 500˚C
⇠ 4 for 10
were heated slowly
(100˚C/h)
c / ab
melted at 1000˚C for 20h, cooled slowly down
at 5˚C/h,
finallydensity
cooled ~faster
by switchsmalland
superfluid
other pnicides
e furnace. Single crystals were extracted me-

heat, R = transport, HP = Hall probe and TD
diode oscillator]
Sample
A1
A2
A3
A3’
A3”
A4
A5
B1

d (µm)
50
60
65
40
40

w (µm)
l (µm)
180
220
300
750
400
600
400
300
100
100
m 50 µg
m 1.1 mg
m 0.7 mg

mea
AC-Cp
HP
HP
HP
HP
A
DC
DC

optical fiber and the corresponding temperat
tions were recorded with a thermocouple (sam
A4). In parallel, the specific heat (sample A
were carried out in a miniaturized high-resolu
calorimeter using the long-relaxation techniqu
resistance used as both thermometer and heate
the thermal conductance of its leads have bee
calibrated up to 28T using a capacitance the
Each relaxation provides about 1000 data po
temperature interval of about 80% above the
perature which has been varied between 1.8
Data can be recorded during heating and co
merging of the upward and downward relax

rise to a phase-sensitive q selectivity for the QPI
of two gaps (2.5
(16, 22, 23), which dependsexistence
on the time-reversal
optical conductivity data o
symmetry of scattering potential.
For scalar pothe same source as ours),
tential scattering that is even
rever-AR s
We under
point time
out that
sal, C(q) ~ 0 if q connectsresolution
the statestechnique
with therespo
same sign of the SC gap. to
Asthe
a result,
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Ce = electronic contribution to Cp
= CTOT - PHONONS
clear deviation from BCS confirming the presence of large gap value
but no clear evidence for any small gap value
even though more recent Cp measurements :
2 gap fit of Ce(T) with
Δ ~ 2.1 meV and Δ ~ 3.4 meV [to be confirmed]
Hu et al.
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FIG. 5. "Color online! Temperature dependence of #−2 for
FeTe0.5Se0.5. The curve "black line! is a fit to the data using two
s-wave components, each with an isotropic gap.
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but non exponentiel temperature dependance :
2

/T

as observed in other pnictides (besides P doped samples)

hindering any precise determination of (small) gap value(s)

FIG. 2. !Color online" The slopes Hc2,c!T" near Tc for a few 122
ron-pnictides. The data are taken from: RbFe2As2 !Ref. 17",
KFe2As2 !Ref. 18", Ba0.55K0.45Fe2As2 !Ref. 19", the underdoped !ud" and overdoped !od" Ba!Fe1−xCox"2Fe2As2 !Ref.
3", Ba0.6K0.4Fe2As2 !Ref. 20", Sr0.6K0.4Fe2As2 !Ref. 21",
Ba!Fe-Ni"2Fe2As2, and Ba!Fe1−x−yCoxCuy"2Fe2As2 !Ref.
in 22".
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Strong pair breaking effects
(
for which <Ω>=0

in the
particular
spin slip scattering in s+/- symmetry
ffect of the transport and
spin-flip scattering.
We note also that in well-studied MgB2 with two Kogan
s-type et al., Gordon et al.
gaps of the same sign, the slopes of Hc2 do not show a
imilar behavior: one can suppress Tc by neutron irradiation
eaving the slopes Hc2
! nearly unchanged.232 Moreover, carbon
doping enhances Hc2
! !Tc" without causing a substantial re24
c (TO BE CONFIRMED)
duction of Tc.
Figure 3 shows the specific heat jump measured in a number of compounds and reported in Ref. 1. The scaling !C
c2 and Canfield *is evident
c
!see
' T3c suggested by Bud’ko, Ni,
lso Ref. 26". Again, it is worth noting that only the combined rate (+ enters the coefficient in front of T3c of Eq. !51",
2
o that the source of Tc suppression
p c is not
c necessarily the
pin-flip AG pair-breaking. The ever present transport scatering suppresses Tc as well, provided the order parameter is

<Ω> <<⎮Ωmax⎮2)

- Δλ(T) α T
- 1/λ α T

- dH /dT = A T with A~ 0.2 in 1111 and 122 phases
but in FeSeTe : dHc2/dT~ 1 Tc

- ΔC /T α T

systematic study of all scaling laws
currently under investigation in Ni
doped 122 single crystals

FeSeTe

Budko et al.

In summary :
Extremely large orbital Hc2 values -> 800T (//ab)
<-> reduced Fermi velocvity : strong band renormalisation
H-T diagram limited by paramagnetic effects
up to T/Tc ~ 0.99 (//ab)
strong coupling : large gap Δ/kTc ~ 5.2 (for sure may be 2 gaps)
Reduced superfluid density
Δλ~ Tc2 (pair breaking effects ?)

Thank you for your attention...

