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FC ≡ F����/ C����� �������0�����
ZFC ≡ Z���/ F���� C����� �������0�����
TRM ≡ T1����/ R������� M������0�����

ZFC(t)+TRM(t) = FC(t)
Nordblad et al, JMMM 54, 185 (1986)
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ZFC-FC curves of Co nanoparticles
(CoxAg1-x , with varying concentration x)
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determination of the autocorrelation C(tw,t)=<v(tw)v(t)>recordings
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Phys. Rev. Lett. 88I��.���
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&����)

= ��������� �����1/��F� &�( �>>,�I1���0����������)
= �/���%��8��%�������6 straight lines of slope 1/Teff - compatible
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(dashed line)

Miguel Ocio
(1943-2003)
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 ↓↓↓↓ 6���	�������� Irestart of the 
relaxation
 ↑↑↑↑ 6������ Ino effect of the time 
spent at T-∆T
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Tokyo (Takayama group), Roma (Parisi group), …
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Berthier & Young (2005)

9D%��������������� ���*�����E��� �%���������6��� PRL 92I��.���&����)
(nature of the Heisenberg spin-glass phase ? chiral glass à la Kawamura ?)
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more details and references in cond-mat/0603583



Rejuvenation and memory effects in terms of spins ?
not simply domain growth-like

� � �� �� �� �� ��
�I�

�I�

�I�

�I�

�I�

�I�

�I�

�I� $�$�
��.

��
���

�
�

���*0

χO
O

D
��� M

��	
(


�
� N





��>������������%��%������
�R
1�	>>�����
�����	

 M+N

� ����� ����� ����� �����
�

�

��

��

��

��

�� /� +(�





 M
+

N

�M�N

 ↓↓↓↓ 6���	��������
 ↑↑↑↑ 6������

Aging at fixed T : growth
of SG-order up to some
coherence length L*T

Rejuvenation ⇒⇒⇒⇒
different equilibrium
correlations at different T’s
(chaos-like ?)

Memory ⇒⇒⇒⇒
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A microscopic mechanism for rejuvenation ��� memory ?

J2>0 J2>0
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1) Temperature dependent effective interactions
(due to frustration)
9D��%�� 6
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A microscopic mechanism for rejuvenation ��� memory ?
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In a real spin glass : 
should occur naturally at various length/energy scales

Is this necessary to 
memory ?
���7��1�������I EPJ B 
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���W entropy induced 
slowing down” E� ���F�
���!����1���I Progr. 
Theoret. Phys. Suppl. 157I
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2) Memory spots
(due to inhomogeneity of interactions)
9D��%��6
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V. Dupuis, PhD thesis, Orsay 2002, and cond-mat/0603583

"#$%��
��	�� ���1 ���%�
(Uppsala 2001)

aging ≡≡≡≡ combination of 
cooling rate effects
�����������

rejuvenation & memory effects
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MEMORY EFFECTS IN A GELATINE GEL
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5���2��F�����:��R�� 3������
Research Division, Firmenich SA (Geneva , Switzerland)
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difference plot
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Conclusions
= �%���������6 ����� �>>�
��

waiting time dependence of ac+dc susceptibility, and in noise
similar to aging in structural and polymer glasses
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probably yes (R&M in nanoparticles, PMMA, gelatine …)

more details and references in cond-mat/0603583


