_/"'-..,.—-.. o
]]I}I[ INTERNATIONAL ATOMIC ENERGY AGENCY #
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

LC.T.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

SMR.959 - 40

MINIWORKSHOP ON STRONG ELECTRON CORRELATIONS
"Disorder and Interaction in Quantum Systems
and Their Classical Analogs”

(1 - 19 July 1996)

----------------—---—----a---------------’--------------_--------------------------- ---------------

“Theory of Magnetic Raman Scattering in the
Normal State of High-T. Superconductors”

Dirk K. Morr
University of Wisconsin-Madison
Department of Physics
Wisconsin, MA 53706

_--_--_---------—-----—--------g-------g-------u--------------u------—------p----------------n-----

These are preliminary lecture notes, intended only for distribution to participants.

MAIN BUILDING STRaDA COSTIERA. 11 TEL. 2240111 TELEF
MICROPROCESSOR LAB. V1A BEIRUT. 3! TEL. 2249911 TELEFA

Ax 224163 TELEX 460192 ADRIATICO GUEST HOUSE V1A GRIGNANO, 9 TEL.224241 TELEFAX 224531 TELEX 460449
x 224600 TELEX 460792 GALILEO GUEST HOUSE V1A BEIRUT.7 TeL. 2240311 TELEEAX 2240310 TELEX 460392



Theory of Magnetic Raman
Scattering in the Normal State of
High-T,. Superconductors

Dirk K. Morr

Department of Physics,
University of Wisconsin-Madison

A. Chubukov, UW-Madison
G. Blumberg, UIUC
A. Kampf, University of Cologne

RE | July (%5 '9¢

N TH EEITETT I T ST SuErFY NN (W e s o =

IR T



Introduction

Why are magnetic Raman scattering (MRS) ex-
periments important?

e It is widely believed that the pairing mech-
anism in high-T, superconductors is mainly
due to the exchange of antiferromagnetic fluc-

tuations.

¢ Raman scattering probes antiferromagnetism
and can provide important input parameters
for theoretical models (e.g. Ji2,A).

What is the current status of experimental work?

e Raman signals were not only found in the in-
sulating parent compounds (e.g. in LasCuOy4
and SroCu0,Cly) but also in doped systems
like Y BasCusOg.e up to z = 0.9

e the dominant feature of the Raman signal
is a pronounced ”two-magnon” peak in B,
geometry
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Scattering Geometries

X'y' = B1g + Azg

X' X' = A1g + Bag

XX=Aig+Big .. =3

Xy:A2g+B2g ________ /‘\__;I



Intensity (arb. units)

Raman Intensity
(arbitrary units)
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Raman cross section (arb. units)
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In this talk I will focus on the following ques-
tions:

1. How can one explain the change in the shape
of the Raman signal and the strong w;-dependence
of the two-magnon peak height (TMPH) in
the resonant regime. -

2. What is the effect of the double-layer struc-
ture on the Raman signal 7 Can J be ex-
tracted from Raman experiments ?
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The Formalism

The Raman scattering intensity is given by the
lowest order Golden Rule as

I (Win, Win — Weut) =
a x| (f| Mg | 4) |2 6(Awin — Miwour + € — €f)

We use the SDW formalism to calculate the ma-
trix element in a diagrammatic language.

The CuO, layers are represented by a single /double
layer quantum antiferromagnet with 5 = 1 /2 on

a square lattice which is described by the Hub-
bard Hamiltonian (¢t << U).
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For the matrix element one has to compute:

1. the excitation spectrum of the fermionic quasi-
particles

2. the interaction vertex between the quasipar-
ticles and the incoming and outgoing light

3. the excitation spectrum of the magnons

4. the interaction vertex between the quasipar-
ticles and the magnons

for example:
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The resonant regime

In this case w; — 2A ~ O(J1) the dominant
contribution to Mg is given by

q

kt k-q
“ g . , et~
Wi 4" Wt

and we obtain

’ (%%éz) (aec’;ck— éf) [p'qﬁk*-q — )\qek]z

M
RO (o BB~y B~ By~ 2B

which is the so-called triple resonance diagram.
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We now include the final state magnon-magnon
interaction. The interaction vertex between magnons
is found from the quartic terms in the Heisen-
berg Hamiltonian after introducing a standard
bosonization (HP or DM).

The full Raman intensity is then given as an
infinite series of bubble diagrams:
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Raman Intensity (arb. units)
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Raman Intensity (arb. units)
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Conclusion

e 3 comparison with experimental data shows
that the resonant diagram is mainly respon-
sible for the form of the MRS signal

e the triple resonance diagram yields a quali-
tative good agreement for the overall shape
of the Raman intensity as well as the TMPH
as a function of w; in B;, geometry

e we derived the matrix elements for MRS in a
2LAFM in the non-resonant and the resonant
regime

e a finite J, leads to a non-vanishing signal
in A;, geometry already in the non-resonant
case

e comparing our results for the A;, geometry
with experiments, we can establish an upper
limit of Jy < 0.2J; on the magnitude of Js.
This result is in good agreement with the
analysis of recent NMR experiments using
Monte Carlo calculations (Sandvik et al.’95)
and with recent neutron scattering experi-
ments (Hayden et al.’96).
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