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The many faces of magnetism



How do we understand 

the occurrence of 

magnetic order?

Lev Landau (1908-1968)
Philip Anderson 

(1923- )



Broken symmetry is a cornerstone of CMP

Consider a magnet

T>Tc

These magnets are the same



T<Tc

Broken symmetry is a cornerstone of CMP

Consider a magnet

These magnets are different



This has a simple mathematical description

T>Tc T<Tc

Mathematical singularity at Tc prevents you following the properties



The 4-fold way of broken symmetry

 Phase transitions

Mathematical singularity at Tc

 Rigidity

order transmits forces

 New excitations

New particle spectrum

 Defects

Walls that separate different order in different places



The magnet

 Order parameter M

 Rigidity: permanent magnetism

 Excitations: magnon particles

 Defects: domain walls









or

Uniformly weakly magnetic    Non-magnetic, with strongly
magnetic impurities

Susceptibility gives average information and therefore
can give the same response for the situations sketched
above 

µSR gives local information and therefore can distinguish
between these two situations.
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The most beautiful magnetic spectrum ever recorded?

















Dipole-dipole field



Dipole-dipole field



Dipole-dipole field



Dipole-dipole field

Problem:

0











Systems with energy gaps



Spin Peierls: another fate for 1D 

spin systems

Uniform spin system

Dimerized spin system below Tsp



Isolated dimers

Dimers have an S=0 ground state (no magnetization) and a 

gap to the first excited magnetic state. 



Spin Peierls: another fate for 1D 

spin systems

MEM(TCNQ)2

S.J. Blundell et al., JPCM 9 L119 (1997) 



Quantum magnetism and dimers

[Cu(gly)(pyz)](ClO4)

arXiv:1311.761

4



[Cu(gly)(pyz)](ClO4)

Bleaney-Bowers

Susceptibility: J=7.5 K



[Cu(gly)(pyz)](ClO4)

Bleaney-Bowers

Susceptibility: J=7.5 K

No order in ZF

down to 30 mK 



Isolated dimers



Weakly coupled dimers

In an idealized case we expect a quantum phase

transition to XY magnetic order

Weakly interacting dimers



Weakly coupled dimers

In an idealized case we expect a quantum phase

transition to XY magnetic order

Weakly interacting dimers



[Cu(gly)(pyz)](ClO4)

Bleaney-Bowers

Susceptibility: J=7.5 K

Two set of transitions

in applied field



[Cu(gly)(pyz)](ClO4)

Consistent with a FM

Coupled dimers

Suggests J = 7.3 K

and J’ = 3.3 K
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You can find out more about magnetism in many books 

Including:











et al. 98



Proton fluctuations

et al. 98



Proton fluctuations
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S S

S S

S

et al. 81



0.0 0.5 1.0 1.5 2.0

t ( s)

0

2

4

6

8

10

12

14

16

18

20

A
(t

)
(%

)

Cr7Mn-h

Cr7Mn-d

0.0 0.5 1.0 1.5 2.0 2.5

t ( s)

Cr8-h

Cr8-d

(a) (b)

S S

et al. 81



S

λ ∝
B2

µ

B2
n

1

τn

et al. 81



0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

,
0

(M
H

z)

Cr8-h

Cr8-d

Cr7Mn-h

Cr7Mn-d

3 5 10 20 50 100

T (K)

0.0

0.5

1.0

1.5

d
/

h

(a)

(b)

et al. 81

B2
n ∝ γ2

µIn(In + 1)

τn ∝ 1/ γµ In(In + 1)

















TMTSF salts

Stacks of TMTSF molecules  1D chains



TMTSF salts

Very rich
phase diagram



1D electron gas unstable to SDW formation



Spin-density wave



Raw muon data on TMTSF2X

L.P. Le et al, PRB 48 7284 (1993) 





SDW phase in (TMTSF)2X 

L.P. Le et al, PRB 48 7284 (1993) 


