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Magnetism and Pressure
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Pauli’'s exclusion

Y =Y,.(1n,1,) Y (s,s,) _
Heisenberg’s
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Pressure alters the overlap of electronic orbitals in a solid,
modifying electron-electron interactions critical for magnetism.




Magnetism and the High Pressure knob
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Why Synchrotron Radiation (SR)? Why XMCD?

B High-brilliance SR sources ideally suited for the small sample volumes needed for high-
pressure research (1 Mbar ~ 1million atmospheres).

B SQUID magnetometry, Neutron diffraction, Mossbauer spectroscopy

m =120 kg m =3,000 kg
r=6 mm r=15cm
P=100 atm P=4 atm
é
@ <—1000 kg
é
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X-ray magnetic circular dichroism (XMCD) Fano 1969; Schutz 1987

Spin down

* Element- and orbital-selective probe.
e Sum rules may allow separation of S, L,
« “Vectorial” probe (unlike XES, Mossbauer)
requires net magnetization <[l€,. : ﬁ1]> =0
v' Ferro/Ferri-magnets (T<T,)
v' Paramagnets at high magnetic field
v' Canted antiferromagnets

v Geoscience: Upper mantle conditions
(20 GPa) since ordering Tc < 2000K

u, = ut —u® o< p(M - p(l) o< Mk, i)

u, = (u" +ut)/2
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Some of the challenges for HP-XMCD experiments
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Dedicated experimental setup at beamline 4-ID-D/XOR

High-resolution stages
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Cryostat carrier
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Beamline configuration, lock-in detection
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Pressure calibration

e Sample Powder mixture
Cu In Si-oil (1:1:15 by volume)
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Giant Magnetocaloric materials Gdg(Si,Ge,_),
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H Pecharsky and Gschneidner
o(ln o(l) Advanced Materials 13, 683 (2001).

* First-order magneto-structural transition (H,T) yields large MCE.
» Breaking of Ge/Si bonds reduces Gd 5d overlap (4f-4f indirect FM exchange) across slabs.

» Cooling AT 4~ 16 K at 280 K shown in H= 5T for Gd;Si,Ge,.
al., PRL 98, 24-




Phase diagram of Gd;(Si,Ge, _,),: Si doping stabilizes FM phase
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Volume effect on strength of FM interactions x=0.125, 0.375, 05
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x (Si)
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Are chemical pressure (Si) and applied pressure equivalent?
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Si doping enhances Gd-Gd FM interactions (Tc) faster than
a uniform lattice contraction.




Anisotropic lattice contraction

Need for XMCD expts under non-hydrostatic
conditions !

Local lattice contraction (Si XAFS)

@ GdiGe
O si

xa,+(-x)a,, =a

(AV V), > (AV/V)

macroscopic

macroscopic

 Ambient pressure Si XANES better simulated using lattice parameters from diffraction obtained
at 10 Gpa- consistent with Si XAFS showing large (few %) local contraction around Si.

g’ DH, et aI.’u-



EuX (X=0,S,Se,Te) Monochalcogenides (FM semiconductors)

* 100% spin-polarized, CMR materials (spintronics)

e Tc's are low (< 60 K), but strongly enhanced under strain/pressure
* Novel exchange (semiconductor, no conduction electrons)

« Eu?* results in 4f states near E

200 | Ea%i . /—

| *i EuO \# FuS Y
150 F 1|4 | _ ﬂ
g i :: 3! \ 1 %%—%—:'% ;-[ //)
|—§ 00 | 2 E\ - é@ E]L% {W

K. Rupprecht, Ph.D. thesis, 2004, Germany
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X-ray spectroscopy of EuX (XANES, XMCD) at high pressures
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e Data for compressed lattices (pressure or X) shows d—f spectral weight transfer.
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Density Functional Theory (LDA+ U band structure)
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e 5d-4f (c-f) mixing dictates the strength of FM interactions, Tc

Souza-Neto, DH, et al., PRL Feb 2009 (in print)




Why is P more effective than X-substitution in increasing Tc?
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Outlook

= Anisotropic materials, non-hydrostatic conditions (magneto-caloric, multiferroic,...):

—Single crystals
—Fluorescence geometry
—“Groovy” anvils, gaskets

= Needs to probe AFM ordering at high P:

Neutrons, XRMS, XMS
XMLD?
AC susceptibility, designer anvils

= High Pressures (~1 Mbar), High Fields
Better focusing (10 um)
2D beam feedback (few um)
Large bore solenoid (10 T)
Pulsed fields
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