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Nuclear Resonance Scattering
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TDPAC  vs  SR TDPAC
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Advantages of SR TDPAC:
• no chemical or electronic aftereffects
• only one nuclear transition
• in general, large contrast of the beats 



Formal description of SR TDPAC for M1
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Isotope transition 2A22

57Fe, 119Sn 1/2 3/2 1/2 0.5

61Ni, 155Gd 3/2 5/2 3/2 0.28

121Sb, 151Eu 5/2 7/2 5/2 0.22

99Ru 5/2 3/2 5/2 0.02

SR TDPAC



SR TDPAC on 57Fe
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Sample: 
α-iron enriched by 57Fe

with magnetic splitting  
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SR TDPAC for E2 transition
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Experimental setup
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Dynamical range: ~106 ph/s
Time resolution: ~0.1-2 ns
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band width:

1-30 meV



SR TDPAC vs NFS
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Differences:

• dependence on the spatial evolution of nuclei

• dependence on the ground nuclear state spin evolution  



Hyp. Int.: quadrupole splitting
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Hyp. Int.: 2 single lines
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Hyp. Int.: magnetic splitting
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Applications

• Site-specific phonon dynamics

• Relaxation in glasses

• Study of QI in -tin



Phonon assisted SR TDPAC
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Weber, H., Hafner, S.S.: Z. Krist. 133 (1971) 331. 

A site: tetrahedral, B = 49.0 T

B site: octahedral, B = 46.0 T

Handke B et al., Phys. Rev. B 71 (2005) 144301
Sample:

Magnetite, Fe3O4



Phonon assisted SR TDPAC
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Relaxation in glasses
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EFG

ferrocene
Fe(C5H5)2

Sample:

Glass-former:

Di-butyl phthalate, 

Tg = 178 K

Task:

resolve rotational and translational 

degrees of motions



Relaxation in glasses
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Relaxation process
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Relaxation in glasses
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Relaxation in glasses
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  J.Phys.Chem.B 108(2004)4997
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Conclusions:

The probe reproduces the dynamics of the glass former.

At low T dynamics of the probe follows slow β branch

At low T only molecular rotation is seen in both NFS and SR TDPAC.



Study of -tin by SR TDPAC
C. Strohm et al., in preparation

K.P.Mitrofanov et al., Sov. Phys. JETP 21 (1965) 524
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Measurements by SR TDPAC
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J.C. Soares et al.,
Phys.Lett. 45A(1973)465



Study of -tin by SRPAC
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Conclusion:
•value of the life time of 23.9keV nuclear state of 119Sn  was obtained with high precision
•quadrupole splitting of -tin have been seen in the time spectrum and was measured for different temperatures
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Conclusion

SR TDPAC – method which allows to extend study of hyperfine interactions by TDPAC 
on to Mössbauer isotopes

– method which allows to extend study of hyperfine interactions by MS into 
the range of zero Lamb-Mössbauer factor.

3 main directions of application:

Complementary to MS information about hyperfine splitting and dynamics

Hyperfine interactions in high energy Mössbauer isotopes

Study of hyperfine interactions and dynamics in soft condensed matter
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