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TTriaH riexymm

Beeperme. Tlpumeper ycusieHns cBepXripOBOAMMOCTU B HEPaBHOBECHOM COCTOSHUU
(nnexwn Be, Ga, Al, obvemHere obpasuyer Al,_ Si, )

‘Ljucnepcua Tc B rexcabopuge urtpus YB,

*Kpucrannmyeckasa crpyxrypa YB,

- dnieKTpoHHaa cTpyKTypa YB,, nosepxHocTs Pepmu, QOHOHHbBIE CrieKTPbI

* AHasM3 CBEPXTIPOBOAALLYErO M HOPMAJIbHOIO BK/IGAOB B TENJIOEMKOCTL, ornpenesieHmne H,,,

* AHasM3 HaMarHUYeHHOCTU B CBEPXTIPOBOAALLUEM COCTOAHUM, oripeaesieHne H., u H,,

- Xapaxrepucrku csepXripoBogalero cocroaHna YB;, cpasHeHue ¢ pesysibraramu
U3IMePeHU TYHHESTBHBIX M MUKPOKOHTAKTHLIX CIEKTPOB

- Kosppuumerter Xorsisia 1 Tepmo3AC B HOPMAITIbHOM COCTOSHUM, riepexon B @asy
KapkacHoro creksa 8 YB,

- TensioemKkocTs 1 HamarHUYeHHOCTs B HOPMAJIbHOM COCTOSHMM, pasaesieHne BK/IGA08,
KOHUeHTpaLmsa BaKaHCUM 1 BaKAHCUOHHBLIX KOMIISIEKCOB, MArHUTHbIE MOMEHTbI

- PeweroyHas HeycToUYUBOCTL U yCUSIEHNE CBEPXTPOBOAUMOCTH B YB,

(%)
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TTpumepsr ycurieHus csepXxnpoBoamocT B HepasHOBECHOM COCTOSHUU 4

The T, enhancement in the vicinity of lattice instability in the non-equilibrium state
is well-known effect which up to now is not understood in detail.
%:i}For' example, the evaporation deposited amorphous beryllium films on low temperature
substrates have shown the enhanced T, about 10 K compared with that of 0.026K
for an Acp phase of Be
B.G. Lazarev, A.I. Sudovtsov, E.E.Smirnov, Sov. Phys. JETP 6, 816 (1958).
M. Okamoto, K. Takei, Y. Maeda, Jap. J. Appl. Phys. 26, suppl. 26-3, AKO7 (1987).

In Ga-films condensed at temperatures below 10 K the value of T, increases to 8.4 K
instead of 1.1 K in the bulk gallium
W. Buckel, W. Gey, Z. Phys. 176, 336 (1963).

CylwecTBeHHO yBenuUYUTL TemnepaTypy ceepxnpoeoadulero nepexoaa B Al (T,=1.18K)
MOXHO, NoABeprHye obpasel 0bnyyeHUro HeTpoHamu, noHamu H, D, O u ap.,
npuyem B psae Cnyyaes BenmumHa T, aocturaet 6K

A.M Lamoise et.al., J.Physique Lett. 36, 271 1975,

%E%The non-equilibrium solid solutions Al;_,Si, demonstrate T, variation between
1.2 K (x=0) and 11 K (x~0.2) and the enhancement of superconductivity
was attributed to development of lattice instability in these fcc Al-based crystals.
E.l.TToHaTosckut u ap., 8TT, 26, 1208, 1984 u Phys.Stat.Sol.A, 89, K127, 1985).
J. Chevrier, et.al., Phys. Rev B 49, 961 (1994).
N.E. Sluchanko et.al., Phys. Rev B 51, 1112 (1995).
A.A. Gippius eft. al., J.Phys. Cons. Mat. 12, 9167 (2000).

o“"""’“"‘%}N.E. Sluchanko et.al., Phys. Rev B 61, 6019 (2000).
; %ﬁ




CUHTE3 HEPAaBHOBECHBIX CBEPXTIPOBOAAUNX TBEPAbIX pacTBopos Al, . .Si, S5

2,5

|
]

DSC of Al 5,550y og5

at different heating rates: 2, x, at.% Si
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H-T @asosas anarpamma teepasix pacrsopos Al, ,Si, 6

N
o

4,0

TTockoneky 4, =0.38 =>
=> yp-e Makmurinara:

<a)10g> { 1.04(1+ 1) }
exp

12 A 11 (140624)

dH_/dT k2 K

T.=

A= 2T o (O F(@)dew/ w

<6010g> =exp {ZT d;a) 0(2 (0)F(w)n(w)/ /1}

7 /I_N(EF)<12 >
‘- M < w® >

Fl@), <on,y> <a?>??7?

e= (@2 He | MADS M(Si), N(EL)??
o z,% (1?), az(a))?
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27Al AMP uccnegosarmsa coeguHeHmd Al,_Si,

Hcrionib308aHme 06061eHHOro N*ER)/NE, F) e i S
cooTHOLWeHUA KoppuHr suga 8- s | (a) -
1 s . _ i

2 2 2 N %6+ AAA A fast 7

L _ah(n)()(VE)) B | . sou]
rrk*  n \y.)\x )\ N(E) e s ey | '_
EoNERD o AV Al ¥ :

(A.Abparam, TIpuHumner s8epHoro i S e TR
marHerusma, Mup, 1961) e e 100
¢ yuetom K(T)=const nosonser u3 f ' IS
TEMeparypHoL 3aBUCUMOCTU CKOPOCTU 100 - . ﬁ
CIIMH-PELIETOYHOU pesiaKcaLiim OLeHUTs ey % (b))

(] =

r1epeHOPMUPOBKY C TEMMEPATYPOU

10 4
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MJI0THOCTU 3J1EKTPOHHBIX COCTOSAHUU i i
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N*(Er)/N(EF) BcneacTsme s@ppeKTos 1 . SR
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A.A. Gippius et. al., DT e
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Resistivity and X-rays data for YB; 8
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Crystal structure of hexaborides: YB, 9

RB¢ bHcc structure of CsCl type (space group Pm3m - O,1)
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Electronic structure, Fermi surface and phonon DOS in YB, 10

Ying Xu et al.,

;f} géé Phys. Rev.B 76,
5 RIS 214103 (2007)
[

40

35

25

20

15

10

I —— | T o
15T YBq Fermi Surface
I X M R I M
EF"'Z eV
5.0 - |,| totl r.-'llll'h
a5 L ||| Ikhl\w/kﬁ,ﬂul“"\ r,u| [ i _____ - 45
i / IIl| / 1 1 L’L’JJJ 1 a i i L '-
00 : . _ - 3 - f . g N -
Sl R— Y4d ., 'a_‘ _‘F_.::"' o Ii'i: 5 B | 1
8 1 821 ',“"'J :"-;-._! " ;'J E 30
I: ’ ] ™ 40 & r"': b
00 P':'\'\-.f ttttt e _ t;\
- e B-2s = oL S
B-Zp 3
_ o
1.5 :': A E
I,-f-, ) T NG /X7 S e
00 "y T ik SRR
-15 -10 -5 1]
Energy (eV) 5




Heat capacity and SC-state characteristics of YB,

11
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Heat capacity, normal and SC-states characteristics of YB, 12

2
C/T (mJ/mol K%) | yT2/H¢,2(0)=const

L (@

Ne3
» 5kOe o 30kOe
> 20 kOe e 60 kOe

B. Jager et.al,,

J. Alloys Compd. 383,
232 (2004).

G. E. Grechnev et.al.,
Low Temp. Phys. 34,
1167 (2008).

y=1/3 72 Kg® Ny(EF) (1+2, 1)

"_‘,_z"-'“]!. o H=5kOe Nb(EF) =0.115-0.12 ST/(ZV GT)
= 1=3.8+3.85 mJ/(mole K) N(E-)=0.23+0.235 st./(eV at
0 10 20 30 40 Ae-pn ©0.93-0.96

T?(K?

A(0) = (2IN(ER))2 H,y(0)
&(0)=(2y/ 2 Hea)V2

i;‘/%% k1(T)=212 Heo(T)/ Hep(T)




Magnetization and SC-characteristics of YB,

13
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Magnetization and SC-characteristics of YB, 14
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SC-state characteristics of YB,

15

From the specific heat data:

AT P/ 0 O AC, AC A0), 2A(0) dH,
YB, TP/TLO, K | ATLOK om> mJ 7Te K Te dT,
mole K Hey(0) Oe | Oe/K | k,(0) £0), A M0),A
Nel 7.55/7,38 0.3/0.15 618 62,1 2,21 14,8 4,01 2850 -559 3,26 340 1109
No2 7.4/7,3 0.12/0.15 613 59 2,1 14,6 3,99 2912 -575 3,36 336,4 1130
Ne3 6.6/6,2 0.2/0.4 429 29,3 1,24 12,1 3,91 2927 -623 4,82 335,5 1618
From the magnetization data:
dHc,
YB, Tk |ATek Hen, Oc He,(0), Oe dT,
H»(0), Oe Oe/K K,(0) £(0), A M0),A
Nel 7,55 0.25 615 267 2902 -530 3,34 337 1124 0.85
Ne2 7,4 0.15 610 267 2845 -530 3,30 340 1121 0.85
Ne3 6,6 0.35 470 147 3189 -666 4,8 321 1540 0.55

2A/kgT.=3.9-4, 4,,,~0.93-0.96,
from medium to strong coupling
regime, type IT SC, x =3-5,
dirty limit, € <« £ (see below)
s-wave pairing

_{%ﬁ};

Ana YB, 7./ 6:~0.075 n oTHOWeHWe
y T2/ 1o VH,,2(0)~1.7 oka3sbiBaeTcs
npubnU3UTEnbHO B 2 pasa meHblue
3HaYeHus (~3.7), NpeAcKasaHHOro

A8 d-wave pairing
H. Chi, J.P. Carbotte, Phys. Rev. B 49, 6143 (1994).




Results of spectroscopic measurements of YB, 16

Point-contact spectroscopy, P. Szabo et.al,,
Supercond. Sci. Technol. 26, 045019 (2013)

Tunneling spectroscopy, R. Schneider et.al.,
Europhys. Lett. 4, 845 (1987) 2A(0)/ Ky T ~4

A
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CANNG . N N L g -
=S L U - Figure 2. The temperature dependence of the high resolution
o 3 (I" = 0) Pt—YBs point-contact spectrum (solid lines) measured at
L the indicated temperatures. The open symbols show the BTK fits
—o.10k | 0.20
' with the fitting parameters Z = 0.64 and A(0) = 1.3 meV. The
L J B temperature dependence of the energy gap A(T') is shown in the
N inset by the symbols. The solid line is the BCS prediction.
—=0.20 /
a) / b)
i iy
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Fig. 4. — a) Measured RDOS (solid line) and a fit calculated by the MMR program (dashed line) for
YBs; 4, is the zero-temperature gap. The inset shows the RDOS of a diode with a slightly smaller gap,
measured up to 120 meV using a broad modulation signal of ~1meV. b) The Eliashberg function
resulting from the MMR anslysis of the measured RDOS (fig, 4a)). The parameters are 2 =0.90,
w¥=0x£001, 4p=124meV, {w)=6.28meV, {w?) = 45.83 (meV)’.
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Hall and Seebeck effects in YB,: SC and cage-glass transitions 17
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Transition to the disordered cage-glass state in YB,

18
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Heat capacity contributions in the normal state of YB; 19
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Heat capacity contributions in the normal state of YB; 20

QO r Einstein component Cg
QO B S O
(C) CE :3R(9Ej e T
\ 3 3 O
2 AE r O\ T (1- e T )?
Csen :Ngog1(AEj e’ ‘
T’ ° \T =
(goe " + g1)2 - Wg O
AE.Z ~T’°~5OK _ p—— >
{I:% b‘ ~97.2 K~8 meV
AR A
YBq ( AE, K\ [N=4n, |AE,K N,~ny NEQ Z(o?;:;;c:?(/lﬂ g.C, r/em’ g, r/em3
Nl 512 Tlo123, 139 0,00073 0,95 y | Y40sBss16 3.55 3.559+0.006
N2 {514 Jloae] T133 0,00076 [ 0,945] | Y;005Bs511 3.54 3.56+0.01
N3 \47,9 / To106], [108 0,00357 0,96 | Yo.0Bs5a 3.58 3.62+0.02
A4
n(B)=2.7-3% n(Y)=4-5.57%
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Conclusion & Acknowledgments 21

1. B HepaBHOBeCHOM COCTOSHUU- B (pa3e KApPKACHOro cTekna
npu T<T*~ 50K B YB, peanusyetca s-wave
ceepxnposogumocTtb II-poaa (x =3-5) B rpa3HoOm npepene
{ <« £ B NepexoAHOM pexmme OT NPOMeXyTOYHOU K
CUNbHOW cBA3U (2A/kyT.=3.9-4, A, ,, 20.93-0.96).

2. PeweTtouyHas HeyCTOWUYMBOCTL U YCUNeHUe
csepxnposoaumocTtu B YB, 0bycnosneHbr pocTom
KOHLUEHTpaLumMm OAUHOYHBIX BAKAHCUU B y3nax Y u B

Pabota BbrnonHeHa npu puHaHcosou noanepxke rpaHTa P& Ne 15-
02-02553 u TTporpammbr O2H PAH «CunbHO KoppenupoBaHHbIE 351eKTPOHLI».
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