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ac susceptibility depending on measuring frequency
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Figure 1.2: The ac susceptibility as a function of temperature for Cu-0.9%
Mn for the frequencies 1.33 kHz (O), 234 Hz (o), 10.4 Hz (x), and 2.6 Hz
(A) (from Mulder et al, 1981, 1982).
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Distinguishing static versus dynamic effects

DECOUPLE
R RANDOM LF
FIELDS cHi M Y

|
\
N‘:nf (1 - A
. \
y 71N, N\

Thursday, August 18, 2011



NO CHANGE
FAST
DYNAMIC
FIELDS
: F . G, (1)
- Pw)
€L~ /I\

fluctuation rate v

| . v
e A
T, V2 +w 2

Noise power
; spectrum P(w)

Thursday, August 18, 2011



Thursday, August 18, 2011



_C_gMn (1l at %) Tg*IO.SK
H (©el= «O0O 40 +80 - 60 « 320 o 640

Q2 - Q2
0' T T T T T Oo T T T T T
0o w2 04 06 08 O o QG2 04 06 G8 O
TIME  .iusec)’ TIME (usec)

Thursday, August 18, 2011



P(H;) P(H)

i=Xx,y,2
0 H; 0 IHI
lorentzian
L Yu = (WaLsTepT & Walxker, 1974)
P("i)'?'(z 2“2)
a wu ;
i STATIC CASE
1.0 ———
L | Frs 2
g'z-(t) Qz(t) = -3-(1 at)exp(-at)
05+ (Scwenck 1978, Kuzo 1979)
e R el —
3 S
. 2 14’
2 | 2 3 a
t.a

Thursday, August 18, 2011






To
e A
25t
e Qo CuMn (1.1%)
L | GuMn % <‘L o ZF-uSR
2, A % ALF
= o} |
o
=2 + AuFe (1.0%)
. * ZF-4SR
9 <+ ({,
- Sr AuFe ¢¢¢¢ é
E '

@
% s

¢Tg Tg
O 1 + 14) -

O O 10
TEMPERATURE (K)

Thursday, August 18, 2011



‘o wt in CuMn
ol LA
é’: b — T\_
L)
i
. T +\\k
=00 5 30t% '
g r 4
x \
(®) < !
o 20—
e | at% ) ‘
[+ ©
5 L e, . ng (lat) ng (3 OT./o)qu(s at%)
‘.
0 | los s L Lo 4 o 4
0 10 20 30
TFMPERATURE  (K)

Thursday, August 18, 2011



IO« 20 %o -
S % o i ‘. AuFe
o . R
g s Ty
0.8 a b 0
8 O
= A
_ . o
? Dol oA}
—  Mbssbauer A R
2 A
T O04F & 1.7 a% AL
.
C = o 4.4 O
= o &5 ZFLSR &
2 o 6. o
L A I.O CIT.O/o O
0.0 E . e 5P E — §F— g ¥ 4]

L
00 Q2 04 0.6 0.8 1.0
T/ Tg

Thursday, August 18, 2011



AC — SUSCEPTIBILITY

DYNAMIC

T
|

—

TEMPERATURE

Thursday, August 18, 2011



® ZFuSR (a5/89)° s acSus (1-%/x, ) === -S-K Model @(T)

\ N, £ \ '
N \ 3 \'\\ + ' N\ \T ‘
\\.+ \\.\A‘}A!‘ N AL
5 g \ B s -\\ ¢A* = 2 \\ N 4]
. s . ‘\‘ A '\‘\ ’
\\QAQ \.\ +A \\ e
AuFe 1.0% ﬁg CuMn 1.1% CuMn 5% 4
Oo ] Al | .é 1 ‘\«
O. Ko .0 O, D O O O 1.O
T/ Tg slg T/ Tg

Thursday, August 18, 2011



S
)’—‘ﬂ|
K

\»
5

s P £ n Cu
{ 3 b |
— 'O =" e = e
% E Q“’,60 - T ’> - \+‘ .
o - ~ i 5 %
- (]
= b g e :
% | —t lI ¢ (\ +\+\
E E £30r T 3% \
K o ~
z | g T *
o : ¢
s | 2 20 X |
a. =7 — B
8 0.! E"g, : 1% \‘ ,t
- o - L, - R (] T (3%) | T.(5%)
g 5 o’ 0.\ l bq ( g
g E 1 | I I l:l, 1 1 4 \ J
- ! loeo 1 = G S

=10 20 40 60 O 0 20" 30

TEMPERATURE (K) TEMPERATURE (K)

Thursday, August 18, 2011



Mn spin fluctuations =2 Brownian motion of nuclear spin precession
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static magnetism in the stripe : 1/8 systems ZF-uSR
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Zn-doped cuprates
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Static magnetic order of quasi-two-dimensional FeAs compounds SrsA;06_ FesAss, with A = Sc and V,
has been detected by *'Fe Massbauer and muon spin relaxation (1SR) spectroscopies. The nonsuperconducting
stoichiometric (x = 0) A = Sc system exhibits a static internal/hyperfine magnetic field both at the *"Fe and ot
sites, indicating antiferromagnetic order of Fe moments below 7y = 35 K with ~0.1 bohr magneton per Fe at
I = 2 K. The superconducting and oxygen deficient (x = 0.4) A = V system exhibits a static internal field only
atthe ¢ site below Ty ~ 40 K, indicating static magnetic order of V. moments coexisting with superconductivity
without freezing of Fe moments. These results suggest that the 42622 FeAs systems belong to the same paradigm
with the 1111 and 122 FeAs systems with respect to magnetic behavior of Fe moments.
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Phase separation and suppression of
critical dynamics at guantum phase
transitions of MnSi and (Sr4_,,Ca,)RuOs;
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Nature Physics 3 (2007) 29 - 35
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Table 1. 7. versus Spin-wave Stiffness in Ferromagnets

MnSi Ni l'e PdaMnuSn EuQ
. (K] 20 630 1020 193 69
Spin-wave Stiffness D [meV A?] 50 400 320 110 13.5
E4*" at zone boundary [meV] 37 496 373 42 7.9
E 4" [kT. (measured) 15 9.1 4.2 2.5 1.3
E,.,*/kT. (NN Heisenberg) 5 4.6 2.9 2.0 1.3
Ordered Moment S(7° — 0) 0.18 0.3 1.1 2.0 3.5
Pyaraf/ Pora * 4.1 1.5 1.05 1.0 1.0

Rhodes-Wohllarth Ratio 'itinerant localized ——
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uSR in MnSi: PRL 1978
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ZF precession in ordered state:

frequency scales with ordered moment
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Pfleiderer et al., PRB1997; Nature2004
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1998 - MuSR in MnSi under applied pressure
---- difficulty 1n 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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Volume Fraction
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New Information from MuSR p* Pc

\

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-uSR frequency) --- confirming NMR ---

=» First-order QPT
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Pressure dependence of the magnetic structure of the
itinerant electron magnet MnSi

B Fik', R A Sadykov?, J Flouguet' and G Lapertot’
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Neutron intensity: S? times Volume fraction
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Neutron energy resolution 50 u eV
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Mn spin fluctuation rate v < 10! /s at 16 kbar
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Mn spin fluctuation rate v at 16 kbar (p-<p) atT=25K

MuSR: v>1019 /s, if instantaneous moment size ~ 0.2 ug

Neutron: v < 1011 /s

1019<v < 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
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Table 1 Phase separation (PS)/first-order transition (FOT)/partial-volume (PVF) features detected at OPT.

System Crossover Parameter FOT/PS/PVF Method
(p in kbar)
[tinerant electron magnets
UGe, FM1-para p. =16 FOT Magnetization
PS Ge NOR
2rZng FM-para p.=16.5 FOT Magnetization
MnSi Helical-para 12=p* <p <p.=14.6 FOT Susceptibility
P < Pe FOT SiNMR
p <18 PVF Si NMR
p* < p<pe PS uSR
FOT
(Sr1—xCa, JRuO4 FM-para 0.7 < Calx) < 0.65 PS uSR
FOT
Heavy-fermion systems
CeCusz 2Sip AFa-SC Temp. PS uSR
LRu, Si; AF-hidden 3<p<10 PVF Si NMR
0<p=<=10 PVE/FOT uSR
Celna AF-SC p.=24.3 FOT In NOR
High- T, systems
La. Sr)a(Cuq—y Zn, )0y SC-normal Znlx) PS uSR
Biy SraCalCug—_, Zn, )0g SC~fnormal Zn(x) PS STM
Lay a5 ySro.15EUy JCUO, Stripe-SC Euly) PS uSR
O-doped (Lag_,Sr,)Culy, Stripe-SC Temp.. Srix) PVF/PS uSR
Tl,BazCulg. 5 SC-metal Overdope 0i8) PS uSR
BiaSryCaCuyOg. 5 SC—metal Overdope 015) PS STM
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