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Spin Glasses AuFe and CuMn

La2CuO4.12,  (La,Nd,Sr)2CuO4

Sr4V2O6Fe2As2,  Sr4Sc2O6Fe2As2

MnSi under applied pressure  
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Ruderman-Kittel-Kasuya-Yoshida

(RKKY) interaction

 frustration

 randomness in geometry
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 no sharp feature in the specific heat
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dc susceptibility of CuMn

FC

ZFC

Field-Cooling (FC) vs Zero-Field-Cooling (ZFC)
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Time-dependent isothermal remanent magnetization
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 ac susceptibility depending on measuring frequency
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Distinguishing static versus dynamic effects
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Noise power 
spectrum P(ω)

 fluctuation rate ν
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Mn spin fluctuations   Brownian motion of nuclear spin precession
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Static Gaussian Field

  Gz(t) ~ exp(-Δ2t2) 
near t ~ 0

Dynamic field makes 
it into 

Gz(t) ~ exp(-t/T1)
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static magnetism in the stripe : 1/8 systems   ZF-µSR  

Luke et al., 1991
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Stage-4 La2CuO4.11

from MIT 

TC = 42 K

TN = 42 K

sharp satellite Bragg peak

long range spin correlations
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Finite Volume Fraction

Full Volume Fraction

ZF-µSR
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Columbia University, 
2002

Andrei Savici

Finite 
volume 
fraction

Same local 
spin 
structure

Stripe systems: ZF-µSR 

in LCO:4.11,  LSCO:0.12
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Trade-off between magnetic

volume and superfluid 

No superfluid on SDW island

with K.M. Kojima, S,Uchida
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TF-µSR: Superfluid density

Zn-doped cuprates

STM (Davis)
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Nature Physics 3 (2007) 29 - 35
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Control parameter:  pressure or composition

ordered

paramagnetic

thermal phase transition

quantum phase transition
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itinerant localized
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In both cases, 

Heisenberg

Slater

Stoner

Doniach

Moriya
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1979 PRL
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µSR in MnSi:  PRL 1978

1/T1  ~  T/(T-Tc)

1/T1T ~ χ

  i.e.

T1 ~ (1 – Tc/T)

HLF = 700 G
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Support for the SCR theory of Moriya

µSR covers wide temperature region, complementary to NMR
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ZF precession in ordered state:  

frequency scales with ordered moment
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Weak TF   100 G
T=2K

T=70K

Precession amplitude 
represents  para- / 
non-magnetic volume
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Pfleiderer et al., PRB1997;  Nature2004

Anomalous short-
range correlations 
at p* > p 

neutron scatt.

Transport /
suscepti.  
weakly 
first order 
transition 
above 
p*~12 kbar
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1998 -   MuSR in MnSi under applied pressure

              ---- difficulty in large background from cell

                     and limited accessible pressure

2004 Summer and November:  major progress with T. Goko

         MuSR in Transeverse Field of 100 G.

        Single crystal specimen from Pfleiderer (TU Munich)
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WTF = 100 GSingle 
crystal
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(kbar)

p*  pC

Thursday, August 18, 2011



8.3
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New Information from MuSR

1. Finite Static Volume Fraction between 12– 15  kbar 

----- Spontaneous Phase Separation

2. No static component above 15 kbar

3.  No dynamic critical behavior above p*

Also:  Little temperature dependence of ordered moment size 
(ZF-µSR frequency)  ---  confirming NMR ---

p* pC

 First-order QPT
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Neutron scattering
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Neutron intensity:  S2 times Volume fraction

Volume 
average

Looks like 
second order
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Neutron energy resolution 50 µ eV

Mn spin fluctuation rate ν < 1011 /s at 16 kbar
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MuSR:      ν > 1010  /s,   if instantaneous moment size ~ 0.2 µB

Mn spin fluctuation rate  ν  at 16 kbar ( pC < p )   at T = 2.5 K

Neutron:  ν < 1011 /s

Very slow but definitely dynamic fluctutions of 
the diffusive spin correlations

 In para/non mag state, very slow soft mode towards 
competing magnetic state

1010 < ν < 1011 /s
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