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«Conventional» superconductors: 'll

model (theory) BCS e
1957: J.Bardeen, L.Cooper, R.Schrieffer
principal ingredient — Cooper pairs (L.Cooper, 1956)

attraction of two electrons exchanging a virtual phonon

_ or electron-phonon interaction
relation of spectral and superconducting characteristics
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electron pairs in BCS BCS:
have zero spin and orbital momenta V<0 A=const>0
(the most symmetric state):
L=0, S=0



«Uncvonventional» SC state in HTSC '-ll
IS experimentally proved
NEUTRONS

d-wave gap function: ARPES (1996) FOR SCIENCE

For such gap symmetry
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in the SC state has increased
value at certain Q
(AFM-vector Qap)
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The spin (or magnetic) resonance is observed by INS
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Cuprates: complex oxides ill

with a layered crystal structure NEUTRONS
FOR SCIENCE

The layers CuO, are responsible for the main SC properties
while the other layers stabilize the crystal structure and serve charge “reservoirs”

Perovskite-like layered structures YBa,Cu304,, =

ABO3:(AO) + (BOZ) Y + 2(BaO) + Z(CUOZ) + 1(CUOX)
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Orthorhombic structures: elastic domains 'll

NEUTRONS
YBa,Cu,0, 26=1.8° FOR SCIENCE
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Preparing single-domain (detwinned) samples '.ll

As grown crystals are first annealed in appropriate atmosphere IF\!EUST(SROI\JNS
in order to reach the desired doping content OR SCIENCE

Then crystals, one after another are compressed with a uniaxial mechanical force
(~0.5 kbar) applied along <100> (“a” or “b”) at high temperature in the tetragonal phase
while keeping a controlled atmosphere around the crystals
then cooled through the tetra-ortho transition keeping the force

and at last the force is released at ambient temperature

appropriate sample size — several cubic mm
not enough for INS — composed samples from individually characterized crystals

b} Dhetw inmed



Preparing single-domain (detwinned) samples
neutron beam characterization

‘ Nominal COIIIpOSitiOI‘l ‘ YB&QCU306_35 { YB&QCU306_6 l YB&QCH306_45 |
Dh 0.148 0.12 0.085
mass (g) 1.3 2.9 2.0
majority domain 95% 94% 92%
e

375 380 38 380 395

3?5 380 385 3.80 395

Flipping Ratio

elastic ScaIls ||||||||||||| [A| Raltice parameles v [A) LaMlice paramalres A
Temia(K) [AT. (K)] 90 [2] 61 (2] 35 [3]
, ‘..-_:-- -na . r(pr\r_\(vw_x L g_n{u """ "
::: . .
-wwf o FoooaRt 3’ BT L
typical curves
Eresonance (meV) 4]- 38 20 (?)
- YBa 2CI.lsO 6. 7 5 \’Baz(3u30EF i YBa2Cu306 "
- Bﬂld. EWM - (@) field cooling I‘
- 11 ) SRS - o S S e ....'
x -e
12} m fleld s “ l rotate o
& mag;znc warmﬁ;/,..’
H.‘ﬂ E, 201 . ol
6 5 7 haseamene’
c
10
L= Og.45
45 50 55 60 65 70 75 80 0% 30 35 20 5 10 15 20 °

T (K)

Temperature T (K)

Temperature T (K)

I
NEUTRONS
FOR SCIENCE



. . |/
Objects for research: single crystals 'll
good to have ~1 cm3
In the great majority of cases it is not possible NEUTRONS

in particular for new materials such as HTSC
«composed» samples:  0.06-0.45 cm3,

8, 60, 80, 120, 180, 250(!)
small single crystals
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Experimental equipment ill

“On the-floor”
distances — meters
divergences - degrees

weight of the moving modules — up to tons
precision of positioning — 0.01 degree

neutron polarization analysis



Dispersion of the resonance intensity

Neutron Intensity (a.u.)
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cannot be related to pinned “stripes”

more detailed analysis on detwinned samples
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Magnetic resonance in cuprates

anisotropy in the plane CuO, and dispersion of the resonance intensity
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Integrated Intensity along a* (a.u.)
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Magnetic resonance in cuprates
anisotropy in the plane CuO, and the resonance dispersion

Incommensurability (r.l.u.)
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with reducing doping “x” in YBa,Cu;Og,,

anisotropy in the plane increases at lower energies
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Magnetic resonance in cuprates '.ll

anisotropy in the plane CuO, and the resonance dispersion

Aa, Ab (r.lu)
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Fe-based SC '.ll

(from 2008 — pnictides, then selenides)
resemble cuprates: layered structures, Magnetic AFM layers, NEUTRONS
several structure types, phase diagrams alike FOR SCIENCE

LaOFeAs e
Kamihara et al CI.IPPG‘I'CS Pnictides Resonance:
= interband transitions

TIACC 2NNQ

between distinct

parts of the Fermi
surface with different
signs of the SC-gap
function:

A(K) = -A(k+Qap)

Ak)=A, (cosk, -cosk,) A(h=0)=A,, A(k=m,m)=-A, so called Si pairing

hole () ( ) electron
FS P FS
0O O O Electron doping
T = B s s i st s,
()

O

SC SC

o~
(e
()
P
0 i
- -
mn
\:\_.‘
|
|
I
I
—
=}
)
g |
=3
@ [

+<— hole doping electron doping™ " :
14



R (o)}
o (e

N
o

Temperature (K)
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In the 111 family Na(FeCo)As

lifting of the orbital degeneration under uniaxial stress
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“In-situ” detwinning under uniaxial stress i’l

at low tem@perature NEUTRONS
FOR SCIENCE

Qsyrong = (1,0,5) at IN8 (d) Queak = (0,1,5) at IN8
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“In-situ” detwinned Ba-122
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Conclusion ill
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Anisotropy of magnetic fluctuations is well developed
in the orthorhombic phases of
copper- and iron-based unconventional superconductors

Anisotropy of magnetic fluctuations
IS supportive of the theories
generating nematic order in the 2D electronic liquid

the “broken symmetry” low-temperature phases
correspond to reduced rotational
and not
translational symmetry
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BTCI1 Ha ocHOBe Xene3a

(c 2008 roga — NHUKTUABI, U 3aTEM - cerleHnAabl)

BO MHOIOM NMOXOXW Ha KynpaTtbl:

CTPYKTYpPbI CO CJIOAMU, eCTb MarHUTHO-aKTUBHbI€ CJIOU C AFM B3aumogencTBuem
HEeCKOJIbKO TUMNOB CTPYKTYP, noaooOHbIe d)a3OBble AnarpamMmmbl

LaOFeAs 1 m
Kamihara et al DN
JACS 2008 e <,
1 7\
La—-\:} N WoN
FeSe E ’ ;
LiFeAs

1 cnom Fe,As,
B 3NIeMEeHTapHOMU fAYenkKe

-12-40 K -18 K

CrnoucTble CTPYKTYpbl, HO C TeTPa3aApPUYEeCKOM, He
nfaHapHOW KoopAuHauunen

Opyrue pasnuuua: HeAONUPOBAHHLIE COeAUHEHUs - He
U3ONATOPLI, G METANMLI, XOTa U «nnoxue»

HonuposaHue B Fe-based: Bce TMMbI BO3MOXHBI,
3NEeKTPOHHbIE, ABIPOYHLIE, U30BASIEHTHbIE,
3a cYeT U3MeHeHUa pacCTosHUU NOA AABrieHUEeM.
MoxHo wupoko 3amewats Fe, Toraa kak B Kynpartax
CTT 6b1cTpo AerpaaupyeT npu 3amelueHum Cu (1%).

Kynpater 60onee oaHOpOAHLT BHYTPU CeMeUcTBa,
a Fe-based moryTt cunbHo otnuuatbca No csoiicTeam

Fe based 6onee croxHble:
MHOro-30HHblIe, MHOIro-opbuTasnbHble,
MHoOro-wieneBble

Paglione et al, Nat.Phys. 2010
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dPaszoBble gnarpammbli
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High-Temperature Superconductors 'll
(HTSC) from 1986:

HTSC Cu-based:

Tc > 30 K NEUTRONS
FOR SCIENCE

oxides

HTSC Fe-based: pnictides and chalcogenides
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«UJnconventional»
superconductors
ceramics materials

different from

«conventional», «usual»
superconductors
known earlier in metals
and intermetallics
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