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Typical energy scales for the relevant interactions in high-Tc materials are given by:
EXPERIMENTAL WORKSHOP ON Eg ~ 0.1 eV (from photocmission)
HIGH TEMPERATURE SUPERCONDUCTORS AND RELATED MATERIALS
(ADVANCED ACTIVITIES) h”phonon"'ﬂ'ﬂﬁ eV (500 cm™)
(26 November - 14 December 1990) Jexchange~0'1 eV (in insulator precursor materials)

The magnetic and electron-phonon interactions are of the same order of magnitude and
therefore we cannot easily ignore either one (although the size of J in the doped case is
not clear).

" Investigation of Electron-Phonon Coupling in High-T¢ Oxides "
An equivalent stetement is:

presented by: tp~ %
D. MIHAILOVIC where vg is the velocity of sound, and vp is the Fermi velocity. A carrier will thus catry
Institute Jozef Stefan with 1t a polarization cloud: normally this is called a polaron.
Department of Physics
Jamova 39, P.O. Box 100 The main subject of this presentation is an investigation of cleciron-phonon coupling.
Ljubljana 61111 We show a number of clectron-phonon coupling- induced lattice effects (anharmonicity,

Yugoslavia polar structure) and suggest that a polaron model of superconductivity which includes
apex O anharmonicities should be investigated further. The presence of a polar
structure casts some doubt on the interpretation of circular birefringence measuretnents

being evidence of anyor or flux-phase superconductivity.




INTERACTION BETWUEEN SUPERCONDUCTING
CURLENT B THE LATTICE:

YBa,Cu,0, THIN FILM

| |

THE Two ARE UNDENYABLY (ouPLED
1=45 mA at 4.2K (for 166h)
Prokliorov et al, JETP Lett, 51, 149 (1990)
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Golovashkin et al.
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The Pyroelectric Effect in )

.
O oy

YBaZCu307’ N [ty e e A .,.V

, At _,.,"')
1. Primary pyroelectricity at constant volume
. - (%)
2. Secondary pyroelecricity arises due to strains arising
from AT. 2b = D! 23 where i o 3 et Corirn
B-I- nE 2T . ¢ = STRESS \'Bagu.o‘a SINGLE  CRYSTAL  ~ lanan™ Sew
v € = STRAIN
3. Tertiary pyroelectricity arises due to strains
arising from non-uniform aT.  (an art fo £ 2) Time
10s
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The appearance of pyroelectricity implies the existéhce of '
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POLARIZATION
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Raman Scattering in High-Tc

materials

Summary of information that ¢an be gained:
1) Phonons:

- anomalies related to possible electron - phonon
mechanisms can be seen at T in the phonon spectra.

- show the effect of doping on (electronic) structure.
/

2) Raman Scaftering ‘rom Impurities and Defects

3) Resonant Raman Scattering

- resonance condition gives information about symmetry and
structure (energy) of electronic states (bands)

4) Electronic Raman Scattering

- gives low energy part of the excitation spectrum !

5) Magnetic Raman Scattering

- two magnon spectra (together with neutron scattering)
are the best evidence for the existence of spin-waves in
high-T¢ cuprates

.
R

P JET Sl
gty Jp



7)/40’."3‘__@‘9_‘1"3&:“- d/t_—z QHMV - Frswon -/’w-am

EveeOu

-f/ucj‘rc- -

42}

L ™
™

b )
w0 =] =
T

RAMAN SHIFT [em™)

£
2]

+

+

P, ¥
‘ +

+

:/’<%>l

e

T T T T
. * |
.
hL ] o E
- 4
i y ‘ L 1

n

Frowency [cm™)

o
08

Raman Shift [em-1]

T nos

TEMPERATURE IKI

Thewsea ook (1913)

Fraquency (')

Y T T T
.
4 4
5 . i
]
H

szl

1 i L 1 1
[ ] : 100 i1 0

HacFarlame ot ol (1257)

Fwotcm"]

% «B:=0T

—t

345 |
344
343 l

o B=10T

342 7] II

| T N TR T S

40 42 44 46 48 50 52
Temperature [K]

R-‘Q o ol (1O%)

Wma.l7 \.9}-2 4O con ! Amoale i

éﬂw—d—b\

ApeX
ANOMALY oF/o(n) VIB2ATIoN
LINEWDTH -N'I‘R Ve

R — N7 nean?

™

(o]
&
\

>

N
—
T

N\
\
\
\
v

-1

Linewidth (cm )
| | o
X ©
”
”
\
\
L

(=
o
1
b 2
[
-3
1:-’IJL
~tr—

[N
(o]

0 _ 100 200 300

Temperature (K)
Aldencterf- ot af ~ s5C 7¢ 5% ((290)

o Up(uuz.f(' Oﬁ’))

s /qu‘ﬂ—? s aosle ﬂ’ft oue
ik oy Lad! o e pulon gpreety o
y,ﬁ:«p&‘ﬂ :



Raman intensity o< xnl
For apex O vibration,

AUxx
xnl oc Qlyy

490

350

Intensity [c/s)

210 1~

0

|
600 1000
Energy (cm™)
Hihaitevec 3 Bewicavle  (182%)

Xhe ;i o a gqueshiy ot e
,A A o4 rf.t:AI.qmalGAHt;l Mmlm}-

|
200

-------------------------------------------------

< =

350 9'25 1000
VY (T |‘j~’ - ———

Neo b Ha ;f—l—\' a6)

L] 1 L L3 ¥ T 1 T
230 313 400 475 550 625 700 T3

(suun “qre) Ansusju]

-¥
— e —m———

|

L

770°C

----------------------

-----------------------------------------------------

G (oct)
HacCarty ot 0 { 1488

L] LI L] T L] L L3 L
400 475 350 625 700 TIS 350 925 1000

50 325

be relates

(suun qJe) Ansunu]

- o pruabenst /“%’“ b fescing

€
%
T s

t N N - . P
PEs o

A



xf- devtes auaiaAueaajcué? o

A /'Jhu
520

Frequency (cm-1)

Frequency (cm-1)

500

3

420
0

mwOM@J

o(x) i=

YBe,0v0, 4

200 400 600 800

Temperature (C)

cd/ol) e
34

200 400 800 800
Temperature (C)

. hihalend Xhuir, £SC (A9

F] ',?-:‘\_/; ir 'E.'. —

}ypu'.) %0_/

[230))

AN

(4103

Zyoen

ol

INTENSITY {arb ) .

171

TCHING PULSE, Ty

LASER IIENSITY

PROBE FULSES, 1,

N
X(Z2ZIX ' : I_—l OELAYED DY At |

]

At 1
]

500 700
- “ENERGY [ecm™)

0.270

540w’ suoulnd  (hTEIIY

Q . TiIME
]
Soze0!
2 . (o]
=] o I
Thpn- :ﬂ-t v 1;.
(fenctiom form)
0.170 " . .
_ 45} Tur«dun({unﬁhu\ 'fw\\
T ]
‘s' (o] o]
g |
%470 “0&"; PNHD'J a@ L Teme
4Bﬁu 5. B 1!0 1'5 20
. Time (ms)

| obery ot sl (1196) Ty . fas. B

’

. I‘/”/—' ol .JA_A_J.'M) M—CY/



Romon intensity (orb,units)

HWHM (cm-1)

5
O'Mane of & (1239) g

Au Agpmond'c

a/AO

e La, bu 0‘,_)

390 420

450

100
- (o}

(0] L ] 1 11 } 1
432
L {b)
428T' - s Ay " : L] _-. ..uo . ':
424 1 i ] 1 1 |
o 100 200 300
Temperature (K)
tbvaten 45 adse AN

© 590

600 eI TIT P rrereeen;
T + O(3) mode ]
595 - * Tc_o ni -
i J
| } by
585 } y
sso : L 'l L L )
490 T ————————r—eey
ass [ t 0O(2) mode 3
486 [ = APEX O ]
] 1z
el i‘ } &
ag2 [ 3
480 F ol 1 i i alkaa l. l. ]
415 prerrreeerTTT———T———Te—— .
n _ 0O(1) mode 3
F (PLAWAA
407 | tz ]
b L
03 | } + + % { 3
1 {. :
399 ]
395 Leesut
295 [T
1 | % 3
a7 | :
bhoy
m | tt
275 :;-.;.I- 1 1 L ' POUYY FYYYY | ]

200 300 400 500 600 700 800 900 1O

Temperature (K)

MM&J

C_C CCCC

K. M Cﬂu'lj (n puﬁl:.shd) i

/“ ﬂ)‘(,ﬂ BAI C«ZAOJ_J .

12

-

t

“.

200 "j'
i

RT
T T T T T T 1 ‘
¥ 176 . 27% 375 475 . 875 878
Lo Sho ™)

e kil



Ti;Ba,CaCuy04-5

90
.
.

=

) 60 B
—
<
-~ 9
= o :

% 30
=
—

{ 'y * LI
0 i L M 1 1 " 1 L " 1 N
300 400 500 600 700 800 900 1000
Temperature (K)

= 590

e 490

o 415

x 125

Limewiatth o D omoot IS gr‘rouécg

7—’0&%"““’/"""6 y bk ONLY ;_;f-' %

OJCag,;a awof 74 - O ﬁ/ane_ vibratiouy,

Linewidth (cm™)

YB7TLWDTH Data
100

60

3'!0!'.44: 'av-n"l-l—

¢ o R

20 i 1 1 1 i
300 500 700 900 1100
Temperature (K)

B 500
O 340

Wiol F . 4 apex o ('O ra Aoa v/

Mode Fthe 340 ™ mmosn Show s o 6vaa,oanv'n;,



Viw)

110 ergl

6 -
5 -

Viw)
(102 kT)
435
1.62
29
2Y7
145
0.72

-145
-217
.25

-3.62
-4.35

Tss-
W

”220K

’SBOK

Y3a i

p.g-Neldor, (hn pubtuhd )

A modst potential pr K apr O i o
GrToiteuien oo v A(wwﬂhg H, XANES 2 K AtAnS

arb.units

"INTENSITY.

14
YBagluyOy_y thaochbo S 4
- . §fmfhfol ﬁwu‘,/.._“{q i’
X(2Z)X (r9¢9)  }
747.{1\:-4.- C_ :
*3
(z2)X |
| : | X(YVIR
| _ '- .._“_.4cni". '
. — |
. i
4 [ 2 1 " [ —_— E‘E
..200 . 400 .. 600 . .
© RAMAN SHIFT, o’
M gé,l,uu_lﬂk‘"&l t 7“‘0' Ha / \ ‘
74( W O awsl Cla Mbra £ o>
a&'w oo aywof u'\ -2—% j



Sam e
VAnharmonic modes

Alg Alg
o Cu
2-1-4 1-2-3  2-2-1-2
/h e B e an Lor A Aanales e,

Yo CT7
figh = Te  npamomoluctns redeted

_/ﬁuuﬁtq,?('ou PO

15

Raman Scattering from Magnons

Well characterized in K2NiF4. a prototﬁpe 20 antiferromagnet.'
and J ~ 100 cm'l,

Both lineshape and symmetry of observed Raman scattering
spectum is in good quantitative agreement with theory.

In cuprates, J is much larger (0.1 eV or 800 cm'l).
But,
- lineshape not in agreement with simple theory

- observed lineshape may be explained including next-nearest-
neighbour interactions J° (J.P.Singh, 1990)

- symmetry of observed scattering is not in agreement with
theoretical predicitions for a 2D AF.

- significant spin-lattice interaction is seen in temperature
dependence of the 2-magnon peak (Kooll et al 1990)

UPON DOPING:
- scattering intensity drops dramatically, (and dissappears ?)

- peak in spectrum shifts to lower energy,

[But what is the spectrum that remains in the superconducting phase? |
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Electronic Raman Scattering

Originally observed in ceramic YBa.Cu,0-.(1987)

I )
TEMPERATURE (K)

Behaved rather unexpectedly:

- redistribution of states was seen above Tc



1

More recent results on YBa.Cus0,-; with Tc = 60K show different 4 I's

Further work on YBa:Cu0. single crystals with Tc > 90K showed components of the scattering (Slakey et al, 1990) behaving

a clear redistribution of states below 90K (e.g. Cooper et al, 1988)
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Electronic RS: Conclusions

a) The shape of the spectrum can be fitted using a

- BCS model,
- marginal Fermi Liquid (Ruvalds et al, 1989)
- Mott-Hubbard model (Shriram et al 1990).

b) The symmetry of the scattering can possibly be used for a more
unambiguous determination of the origin of the scattering.

c) Hysteresis in Ag spectra suggests also the presence of hot
luminescence or scattering associated with O defects

d) The effects of changing resonance condition with T. (due to
band edge shift) have not yet been properly taken into account.
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dependent conductivity,

e.g. Reik et al, (1963)
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Conclusions

The e-p interaction in High-Tc materials
manifests itself in a number of ways:

Anaharmonicity of apex O modes
Pyroelectricity, incipient ferroelectricity
Anomalous T-dependences in Raman spectra

Local distortions suggest apex oxygen involvement in
vibronic interaction

Polaron hopping gives o(w) in mid-IR

23

Phonon (structural) anomalies at Tc  (or just above TQ)

Conclude: whatever the effect of other
interactions, e-p coupling has clearly been
shown to be important in describing the
normal properties of the superconducting
perovskites.



Photoinduced Local Mode Spectroscopy (PLMS)
No g =0 selection rule!
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