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0 O O Low Temperature Magnetization of the Heavy Fermion Superconductor CeColns
oo

We present low temperature dc magnetization measurements on the layered structure heavy fermion
superconductor CeColns with T=2.3 K, revedling afirst-order phase transition (FOPT) at the upper criticd field
Hc, for both H//a and ¢ axes below 0.3T [1]. The M(H) data at 1.6 GPafor H//c still shows aclear FOPT at He,
although the superconducting condensation energy significantly decreases. We aso found an unusual pesk effect
for H//c and the FFL O phase transition for H//a, which was recently observed in the specific heat measurements
[2]. Possible physical mechanisms of the observed phenomenon will be discussed.

[1] T. Tayamaet al., Phys Rev[ B65, 180504 (2002)01
[2] H.A. Radovan et al., Nature 425, 51 (2003).
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O O O Imaging the Quantum Interference of Cuprate Qnasigarticles
000

Magnetic materials generally develop long range order at temperatures similar to the characterigtic
spin-interaction energy scale. However, weak connectivity and competing interactions can suppress static spin
order and giverise to qualitatively different strongly correlated states of matter. | shall discuss neutron scattering
experiments that characterize such nove phases in illustrative model systems of varying complexity. The focus
shdl be on lattices of corner-sharing ssimplexes wherein the dominant interactions can be satisfied without long
range order. La,CusMo00O,, for example contains a lattice of weakly interacting copper spin triangles [1]. Pulsed
neutronscattering experiments show that inter-triangle interactions are satisfied through adoption of a Kramer's
doublet ground state. A phase trangition to long range order amongst the residua composite spin was detected at
temperatures more than two orders of magnitude below the characteristic exchange energy.
Quasi-two-dimensiona  SrCrg,Ganx.g0019 [2,3] and QS-Ferrite [4] both contain triangular latticelayers
sandwiched between two kagomeé lattices. Samples studied sofar do not achieve long range spin order at any
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temperature. Instead there is local order within simplexes and the spin relaxation rate decreases with T until a
spin freezing trangtion a a few percent of the CurieWeiss temperature. ZnCr,O, is a cubic lattice of
corner-sharing tetrahedra with substantially more complex behavior. We show that tetrahedra that are connected
to form hexagons develop fluctuating spin director degrees of freedom. This spin director paramagnet is
however unstable towards a lattice deformation that relives frustration and enables long range spin order.

1.Y. Qiu, C. Broholm, S. Ishiwata, M. Azuma, M. Takano, R. Bewley, and W. J. L. Buyers, cond-mat/0205018.

2. S. H. Lee, C. Broholm, G. Aeppli, A. P. Ramirez, T. G. Perring, C. Carlile, M. Adams, and B. Hessen,
Europhys. Lett. 35, 127 (1996).

3.S-H. Lee, C. Broholm, G. Aeppli, T. G. Perring, and B. Hessen, Phys. Rev. Lett. 76, 4424 (1996).

4. G. Gasparovic, S-H. Lee, C. Broholm, and R. J. Cava, unpublished (2003).

5. S-H. Lee, C. Broholm, W. Ratcliff 11, G. Gasparovic, Q. Huang, T. H. Kim, and S.-W. Cheong, Nature 418,
856 (2002).

6. S-H. Lee, C. Broholm, SW. Cheong, T.H. Kim, and W. Ratcliff I, Phys. Rev. Leit. 84, 3718 (2000).
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0 O O Quantum criticality and metamagnetism in the Ruthenate SrsRu,O;
aood

Quantum criticality may provide a unified framework for understanding many facets of strongly correlated
electron behaviour of solids. Furthermore, entirely novel behaviour is often seen in the close vicinity of quantum
critical points. In thistalk wewill discuss the bilayer ruthenate metal SrsRu,O.

We will show evidence for the presence of a magnetic-field-tuned quantum critical point and discuss the
nature of such a point. In addition, we will show the presence of unusua properties that become much more
pronounced as the disorder level is reduced.
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O O O Effect of hydrogen bonding on excited state charge transfer dynamics
oo

Since the observation of dual emission of 4-N,N,-dimethylaminobenzonitrle (DMABN) by Lippert et d and
the subsequent explanation of dua emission in terms of Twisted Intramolecular Charge Transfer (TICT) and
Localy excited date (LE) by Grabowski et da, lot of interested was generated in different laboratories
investigating this molecule and a so other molecules having a donor and acceptor moiety connected by essentid
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single bond. Myriad of experimental and theoretical results on the ICT nature of DMABN have aready been
published. Though three different mechanisms viz, TICT, PICT and RICT have so far been proposed but the
former one is popular. Whilst much work continue to concentrate on determining the structures of the LE and
TICT dates, the precise nature of the difference between the properties of the excited state in protic and aprotic
solventsis little understood. For example, the fluorescence quantum yield of DMABN in protic solventsis lower
and the fluorescence spectrum is further red shifted and broadened, relative to aprotic solvents of same polarity
and the fluorescence decay kinetics are difficult to interpret. The present talk is addressed to this problem relating
to our results on 4 N,N-dimethylaminocinnamaldehyde (DMACA) and aso some other important results in this
context.
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0 O O Magnetic anomalies and geometrica frustration effectsin spin-chain oxides of the type, AsMXOg
aoog

We have been investigating a class of spin-chain compounds of the type AsMXOs, derived from K,CdCls type
rhombohedral structure, and found many interesting magnetic anomalies. All these results will be reviewed.
Particular emphasis will be placed on CasCoXOs (X = Rh, Ir and Co) serving as new examples for spin-glass
behavior, that too of an unusual type, among stoichiometric compounds due to geometrical frustration effects.
Creation of disorder by chemica substitution (say, by doping Mn for Co) restores long range magnetic ordering
(exactly opposite to what has been known in magnetism till to date), as though the geometrical magnetic
frustration is released by disorder.
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0 O O Geometricaly frustrated magnetsin external field
oo0o

Applied field has dramétic effect on magnets with geometric frustration. We compare finite-field behavior of
severa frugtrated magnets including classical Helsenberg antiferromagnets on kagome, garnet and pyrochlore
lattices, and XY checker-board antiferromagnet. The thermd order by disorder effect  stabilizesin these strongly
frustrated magnets a number of unusual phases: states with triatic (third-rank tensor) order parameters a low and
high magnetic fields and collinear spin-liquid states at one-third or one-half of the saturation.

The quantum order by disorder effect is examined for the high-field phase transition from the saturated state
for the frustrated square lattice and the face centered cubic lattice antiferromagnets. In the fully saturated phase
the magnon spectra for the two models have lines of minima. Transition into partially magnetized state is treated
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viaamapping to Bose condensation of single-flip magnons with anomal ous dispersion. The asymptotic behavior
of the magnetization curve differs dgnificantly from that of conventiona antiferromagnet in d-spatia
dimensions.

We a so examine the magnetothermodynamics of a number of frustrated magnets. The field induced adiabatic

temperature change is significantly larger for such systems compared to ordinary non-frustrated magnets and also
exceeds the cooling rate of an ideal paramagnet in awide range of fields. An enhancement of the magnetocaloric
effect is related to presence of a macroscopic number of soft modes in frustrated magnets below the saturation
field. The obtained results suggest that frustrated magnets can be used as novel refrigerant materials in adiabatic
demagnetization refrigerators. Analytical predictions are confirmed with extensive Monte Carlo smulations.
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0 O O Spin-dependent tunnel currents in junctions between ferromagnets and normal metals (superconductors)
with charge-density waves

aoog

A new experimenta scheme to study a spin polarization P of ferromagnetsis proposed. Specifically, normal or
superconducting metals partially gapped by charge density waves (CDWSs) are suggested as a probe of P while
measuring dynamic conductivity G(V) of tunnd junctions between CDW metals and ferromagnets in externa
magnetic fields. Caculated G(V) ae subgtantiadly different from those in the case of the
superconductor-insulator-ferromagnet structures, being well-known probes of P. The exigting variety of CDW
substances with critical temperatures and energy gaps substantially exceeding their superconducting counterparts
condtitute an advantage of the proposed set-up.
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O O O Consequences of proximity to a metamagnetic quantum critical point
- Anomalous behaviour in Sr3Ru,O7 -

oo

Quantum criticality is currently generating large interest in the solid state physics community because of its
potential to describe strongly correlated electron systems in a wide perspective.  Novel electronic states of
matter, for example unconventional superconductivity, have been observed close to quantum critical points.  In
this seminar, | present the latest data on the ultra-pure single-crystals of SrsRu,0O;, which is close to a
metamagnetic quantum critical point. We observe dramatic and unexplained behaviour in the bulk properties
close to the critical field; a broad peak in the resistivity that is bounded by first order phase transitions.  This
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anomal ous behaviour is enhanced as the disorder level is decreased suggesting that it isintrinsically eectronic in
nature and not a consequence of impurities.
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O O O Electron Coherence in Mesoscopic Kondo Wires
oo

The understanding of the ground state of an electron gas at zero temperature is one of the magjor chalengesin
Solid State Physics. For along time it has been known that such a ground state is well described by Landau's
theory of Fermi liquids [1]. In this description, the lifetime of quasiparticlesis infinite & zero temperature, as
the coupling to the environment tends to zero. Alternatively, in mesoscopic physics, one key physical concept is
the phase coherence time, i.e. the time an dectron can travel in a solid before it looses its phase coherence and
thus its quantum, wave like behaviour.  Such a decoherence is due to inelastic processes, like electron-phonon,
electron-electron or eectron-photon collisions. It has been shown by Altshuler and coworkers [2] that the phase
coherence time diverges at zero temperature as electron-phonon, electron-electron and electron-photon
interactions all go to zero at zero temperature. However, recent experiments on metallic aswell as semiconductor
wires suggest that the phase coherence time saturates at very low temperature [3].  Following this work, it has
been argued that the observed saturation is indeed universal and intrinsic, and due to electron-electron
interactions in the ground state of the Fermi liquid [4] which has sparked a relaively heavy debate in the
mesoscopic community. More recent experiments invoke the coupling to magnetic impurities as a possible
source of the frequently observed low temperature saturation of the phase coherence time [5-7]. In thistalk we
will review shortly recent experimental progress on the dephasing issue. In particular we will concentrate on the
influence of magnetic impurities on the phase coherence time in mesoscopic quantum wires. We will show that
the interactions between the magnetic impurities even in very dilute systems lead to a saturation of the phase
coherence time at low temperatures [6] and are hence important for the issue of eectron coherence in metallic
conductors.

[1] D. Pinesand P. Nozieres, The Theory of Quantum Liquids, W.A. Benjamin (1966).

[2] B.L. Altshuler, A.G. Aronov and D.E. Khemelnitskii, J. Phys. C 15, 7367 (1982).

[3] P. Mohanty, E.M.Q. Jariwalaand R.A. Webb, Phys. Rev. Lett. 78, 3366 (1997).

[4] D.S. Golubev and A.D. Zaikin, Phys. Rev. Lett. 81, 1074 (1998).

[5] F. Pierreand N.O. Birge, Phys. Rev. Lett. 89, 206804 (2002).

[6] F. Schopfer, C. Béuerle, W. Rabaud and L. Saminadayar, Phys. Rev. Lett. 90, 056801 (2003).
[7] A. Anthore, F. Pierre, H. Pothier and D. Esteve, Phys. Rev. Lett. 90, 076806 (2003).
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0 O O Optica Investigation on Metal-Insulator Transitions (MIT) of Pyrochlore transition metal oxides.
000

Using optical spectroscopy techniques, we investigated optica properties of some 4d transition metal oxides,
including R:Mo,O; (R=rare earth metas) and (Bi,Y).Ru,O;, which have interesting MITs. In spite of the
extended nature of the 4d orbitals, we found that the electron-electron correlation could play important rolesin
the MITs. By comparing the optica responses with numerous Hubbard models, we will dso discuss on the
importance of orbital degeneracy and geometric frudtration in the MITs observed in these pyrochlore
compounds.
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0 O O Hidden Order/Disorder at Ambient Pressure Sampled by NMR in Powdered URU,Si,
aoog

Below the hidden order transition temperature Tg~17K, ambient-pressure ©Si and ®Ru NMR spectra in an
aligned powder of URu,Si, reveal local internal field distributions at both S and *Ru sites. From temperature
and applied-field orientation studies, we find that the internal fields are isotropic at the *°Si sites, but anisotropic
at ®Ru positions, being larger in the ab-plane. The temperature dependence of the internal field distributions is
found to be different for different field orientations also. While the ®Ru spectra for a longitudina field
orientation display a minority ferromagnetic phase, this phase is not seen in the corresponding spectra for
perpendicular geometry. The majority phase in the *Ru spectra also appears to change differently for different
field orientations. We propose disorder in the non-magnetic sector as away to understand our measurements and
at the same time reconcile them with the occurrence of atransition to hidden order.
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