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Diagram of the microwave cavity used in the "hot-finger’ technique
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Fig. 1. Design of the insert’s part placed inside the cryostat: () niobium resonator, (2) tube, (3) waveguides, (4) coupling elements,
(3 links, (6) bellows, (7) sapphire rod. (&) sample, (9) thermometer. (/0) heater, (11) thick-walled tube, (12) copper rod. ({3) col-
lector of liquid *He, (14, 15) *He-supplying tubes, (16—19) tubes of the vacuum jacket, and (I-IV) parts of the resonator unit.
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Surface impedance and conductivity in dirty Nb at 9.3 GHz
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Surface resistance (red lines) and reactance (blue lines) in the ab-planes
(at the left) and along c-direction (at the right) of optimally doped
YBa,Cu,0 4; single crystal at 9.3 GHz
Yu.Nefyodov, M.Trunin, A.Zhohov et al. PRB 67, 144504 (2003)
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The conductivities o), /a7 (0) and o, /a.(0) of YBa2Cu3Og o3 single crystal versus T /T,
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(a) Real R ,(T) and imaginary X ,(7T) parts of the ab-plane
surface impedance of the five states of YBa,Cu,0,__ single
crystal; (b) the components of the c-axis surface impedance
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Crossover 3D-2D in YBa,Cu;0,_: from Drude

c-axis conductivity to the hopping one
M. Trunin and Yu.Nefyodov, JETP Lett. 11, 592 (2003)
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The evolution of the measured dependences of conductivity in YBa,Cu;0,_
crvstal in the normal (left) and superconducting state (right)
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annealing critical doping parameters zero temperature s (T)cT® A /1
temperature temperature penetration depths ¢ atcTib()

o) P X
t, °C T.K A, M A, um

500 92 0.160 0.07 152 1.55 1.0 10

520 80 0.120 0.26 170 3.0 1.1 18
550 70 0.106 0.33 178 5.2 1.2 29
600 57 0.092 0.40 190 6.9 1.3 36
720 41 0.078 0.47 198 16.3 1.8 83

T =T ™[1-82.6-(p-0.16)"]
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Low-temperature dependences of 1 ,(7) (open symbols)
measured for five states of the YBa,Cu,0,, crystal with
T.=92K, 7.=80K, 7.=70K, 7. =57K,and T, = 41 K.
Dashed lines are linear extrapolations at 7' <7 /3
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A,(0) value

M. Trunin, Yu. Nefyodov, and
A. Shevchun, Phys. Rev. Lett.
92, 067006 (2004)
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Superfluid density: n

BCS d-wave superconductor (DSC): ng(T) =ng(0)/1-

= m Ang(T,p)~

~AZ_, (T.p)
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The temperature versus doping p schematic phase diagram based on
calculations of [Nayak, Pivovarov. PRB 66, 064508 (2002)].
AF 1s the 3D antiferromagnetic phase. The system 1s an 1solator 1n the
AF state, a metal 1n the DDW and DDW + AF states, and a
superconductor in the DSC and DDW+DSC states
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The values of A2,(0) = n,(0)u e*m*
P 45 (right scale) and slopes |dA2_,(7)/dT |,
0sl % 'S — uem*|dn(T/AT |,._, (left scale) as a
1 / function of doping p in YBa,Cu,0._.
Error bars correspond to experimental
06l \ / accuracy. The dashed and dotted curves
4—% /——> 1 £ guide the eye.The solid green curve is

the |[dny(T )/dT| [ p~2 dependence.
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Imaginary part of conductivity at 7<7 /2 in the ab-planes of
YBa,Cu,;0,_, crystal with different doping. The solid line
corresponds to clean d-wave superconductor

1.0 —

09r

hab (0)/ Az (T)
o
o0

o 92 0.160
0.7 80 0.120 Vo N
A 70 0.106 _
v 57 0.092 g
0.6 - 41 0.078 VA
0.0 0.1 0.2 0.3 0.4
T/T,

The concavity of o"(7)
curves for the heavily
undorped states evidences
the d-density wave
scenario of pseudogap in

HTSCs

A.l. Larkin conference. June 26, 2007. Chernogolovka



Comparison of experimental n (7) curves (symbols) with linear
n(T)1(=T) (dashed lines) and root nS(T)D(—\/T) (solid curves)
dependences for moderately doped (p = 0.106, x = 0.33) and heavily
underdoped (p=0.092, x=0.40,; p=0.078, x=0.47) YBa,Cu,0-_,
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The dependence 42,,(0)/2%,,(T ) (open symbols) in YBa,Cu,0,_ and A% (0)/A> (T ) (full
symbols) measured for three states of the YBa,Cu,0, crystal with 7, =92, 70 and 41 K
Solid and dashed curves stand for the dependences A2 (0)/A? (T ) calculated in [Rojo,
Levin. PRB 48, 16861 (1993)] for YBa,Cu,0,_ with different oxygen deficiency. The
inset shows 1/4, at 7= 0 as a function of doping p
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CONCLUSION I

Thus, three main experimental observations of YBa,Cu,0-_, viz,

(1) drastic increase of low-temperature n(T) slope at p<0.1,

(1) the deviation of An(T) dependence from universal BCS
behavior An(T)oc(-T) at T<T_/2 towards AnS(T)oc(—\/T) with
decreasing p<0.1, and

(111) very weak influence of pseudogap on the low-T and doping
dependences of the c-axis penetration depth evidence the DDW
scenario of electronic processes in underdoped HTSC.

Nevertheless, the measurements of A (T) and A _(T) at lower
temperatures and in the high-quality samples with smaller carrier
density are necessary for ultimate conclusion.



Crystal structure of Ba, K BiO,
Pei et al. PRB 41, 4126 (1990)

0<x<0.13 monoclinic
structure 0N
— 3
: Q
0.13<x<0.37 orthorhombic o
structure -
4.36 Y r . Y ‘/
34 az= 43548 - 0.1743 x |
e x >0.37 cubic structure c3|>
=< —
< 430 Q_J
4.28

0 01 0.2 03 04 05 0.8
X




v' (arb. units)

ac susceptibility of Ba, K BiO, (0.4 <x <0.6) single crystals
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The field values (from
right to left) for sample
a: B=0,1, 6,12 and
19.5T;

for sample d: H=0,
0.067,0.133, 0.2 and
027 T

G.Tsydynzhapov, A.Shevchun,
M. Trunin, V.Zverev,D.Shovkun
et al., JETP Letters 83, 405
(2006)



Upper critical fields B_,(T) in Ba, K, B10O; single crystals
a - € with 5K <T,<32K (0.35 <x <0.55)

Solid lines show BCS
model;

Dash-dotted lines show
extended saddle-point
model of A.Abrikosov, PRB
56, 5112 (1997)
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Surface impedance of Ba, K, Bi0; single crystal with
T.=30K (x=0.4)at9.4 GHz
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The impedance of Ba, K BiOj; single crystal with 7.~ 11 K (x = 0.5)
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Compton scattering
N. Hiraoka et al., Phys. Rev. B 11, 205106 (2005)

Traces of CDW

(a) x=0.39(metal)
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| |
(@D | P They are manifested as a

e - Bxp| T suppressed electron density

== of states near the middle of
diagonal of the Brillouin
zone (L point)

Low momentum density High momentum density

Small derivative coefficient Large derivative coefficient

FIG. 3. Comparisons between theory and experiment for the x

0.39 sample [(a) momentum density and (b) derivative] and the

x=0.13 sample [{c) momentum density and (d) derivative]. L is the
projection of L onto the {001) plane.
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Band structure
Sahrakorpi et al. PRB 61, 7388 (2000)

T.~30K T.~-5K

Manifestation of CDW: flat parts of the spectrum formed due to
suppression of the density of states in the L points in the Brillouin zone



CONCLUSION 11

Ba, K BiO; compound 1s a unique object exhibiting a
transition from HTSC to BCS superconductivity in the
metallic phase (x > 0.4) when potassium doping x
increases. We observe 1t clearly in measurements of the
temperature dependences of the upper critical field B ,(7)
and surface impedance Z(7) of a series of Ba, K BiO;
single crystals. The change 1n the nature of
superconductivity can be due to the special features of the
electron spectrum of Ba, K BiOj; that are associated with
the residual effect of the charge density wave and the
inclusion of the high-temperature superconductivity
mechanism suggested by Abrikosov
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ISSP RAS

Institute of Solid State Physics RAS
Laboratory of electron kinetics

Thank you!
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Z, §2

Surface resistance R(7T) (circles) and reactance X(7) (squares)
of V;Si1,_ crystals with different silicon content
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R, X (Q)

Surface resistance and reactance of two V;S1,_, crystals
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R, X (Q)
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Temperature dependences of the imaginary (left) and
real (right) parts of conductivity in V;Si1,_, crystals
#1(x=025)and#2(x=024)at T <T,
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The equations for order parametres [Golubov, Mazin. PRB 55, 015146
(1997)] and the formulas for conductivity [Nam. PR 156, 470 (1967)]
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G’ (I)/c”"(0)

Temperature dependences of the imaginary parts of
conductivity in V;S1,_ crystals with different silicon
content
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T .vs interband scattering y;,. Squares are experimental
points obtained from the comparison of ¢”"(T) curves
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=3 Y11 =722 = 9 K,
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ny, = 0.93,
i w=0.5K
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Temperature dependences of the real parts of
conductivity in V;S1,_ crystals with different silicon
content
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KoMmniiekcHasi nDOBOAMMOCTDb kpucTasia d Ha yacrore 28.2 I'T'u

T T
1 O P VW Vo ¥ "t ¥ eV ¥ ' ¥ e ¥ ot —
.

c"(T)/c"(0)

0 | 0i5 | 1.0
T/T,

Touku — s3xcniepumenT. LlTpuxossie muanm — BKII. ConomHeie TuHIA —
cuibHas CBs3b [Kapakozoe, Maxcumos. KITD 102, 132 (1992)]
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VY nenbHbIe COTPOTUBIIEHUS 00pa3loB V;S1, . B HOPMAJIBHOM COCTOSIHUU,
u3MepeHHsble B pa3Hbix rpynmnax (ISSP #1 u #2 — UOTT, MKI-FKF S1, S1b u

S2 —uncTuTyT M. Makca [litanka B IlItyTrapre). JInausamu nokazaHbl
Teopetrudeckue Kpussbie [1]. Ha BcTaBke - TpaHcnopTHas (yHKIIMS
Onmanidepra [2], UCMOJIL30BABIIAACS B pacyeTax

120
[1] Dolgov. private

100 : :
communications

80

[2] Kihlstrom. Phys.
Rev. B 32, 2891 (1985)
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Cxema npeanoJsiaraemoii gpaszosoit nuarpammsl Ba, K BiO,

n:m 3:5 1:2
B3I1 cinennl B3I1 l
TUAJIEKTPUK MOACHE BKIII
AOpukocoBa

CornacHo runorese
[Knunkoea. COXT 7, 418
(1994)] BenuunHa X
IpUHUMAET 3HAUYCHUS

n:m = Ba:Bi.

3:5=>x=04; 1:2 =>x=0.5

X < 0.4: nanbHUK TOPSIJIOK B
pPacnoioKEHUU HOHOB Bi’*,
B3II;

0.4 <x<0.5: 6amxHee
yIopsiJioueHrue HOHOB Bi,
«cnensl» B3II;

X > (0.5: pa3pylieHue
OJIMKHETO MOPSI/IKA, CHKATHUE
noBepxHoctu Oepmu
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Hypothetical phase diagram of Ba, K BiO,

. 3:5 1:2
Vi m
CDW | Traces of CDW I
HHHHHHHHH]]] X
Insulator Abrikosov BCS
model

The Ba-to-Bi content ratios # : m that correspond
to presumed phase boundaries are indicated
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