
Эффект нейтронного гетеродинирования и 
быстрая кинетика нано-систем 

Б.П. Топерверг  

        Петербургский институт ядерной физики им. Б.П.Константинова  
 Национального исследовательского центра «Курчатовский институт» 

Совещание по использованию рассеяния нейтронов  

и синхротронного излучения в конденсированных средах 

 

http://www.pnpi.spb.ru/
http://www.pnpi.spb.ru/
http://www.pnpi.spb.ru/


Collaborators 

• Kirill Zhernenkov          (CEA-Grenoble) 

• Dima Gorkov                (Ruhr Uni-Bochum) 

• Sergey Klimko              (LLB Saclay) 

• Nicolas Martin              (TU München & LLB)  

• Louis-Pierre Regnault  (CEA-Grenoble) 

• Roland Gähler              (ILL-Grenoble) 

• Hartmut Zabel               (Ruhr Uni-Bochum) 



Where the spins are and what they are doing in nano-materials.  

                            Current subjects for reflectometry: 

a) Exchange coupled  

bi-layers and superlattice with  

antiferromagnetic ordering  

(GMR and TMR systems) 

b) Dilute magnetic 

semiconductors as 

spin-injectors   

in semiconductor  

heterostructures  

c) Laterally patterned  

    magnetic films, nano-wires,etc.  

d) Ferromagnetic films  

on antiferromagnetic 

substrates with  

Exchange bias  

through common interfaces  

e) Spring magnets:  

soft magnetic layer exchange  

coupled to a magnetically hard  

layer (spin valves)  

Also: Superconducting films, polymer films, membranes, etc  
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To-day spintronic material application: 
Magnetic Random Access Memory (MRAM)  

 
•   “read-write” 2D arrays of spin valves  

• Writing with weak magnetic field 

• Reading with electric current 

 

    Neutrons: 

    Intrinsic 

mechanisms and 

rates of spin re-

arrangement in 

nano-elements and 

their ensembles  



Emerging Challenges: non-linear spin dynamics & kinetics  



Layer-by-layer time resolved magnetometry with PNR? 
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Landau-Lifshits regime vs Walker break down 

Schyer & Walker, 1974  



Reflection for polarization collinear with magnetization 
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       Reflection coefficients  

(ideal polarization, no analysis)  
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Time modulation and smearing of PNR response  
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Time modulation with double reflection  
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Heterodyne setup  
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PNR at RESEDA 



Hysteresis loop from periodic [FeSi]x40 multilayer  



Heterodyne effect measured @ RESEDA (FRM2-Muenchen, 2014) 
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Double reflection @ frequency  f 1= 75.0kHz,  f2=75.5kHz
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Trasmission after reflection @ frequency, f1 = 75.0kHz, f2=75.5kHz

0 20 40 60 80 100
4

8

12

16

20

24

28

32

36

40

time, 10
-4
 s

Double reflection @ frequences:  f1 = 400 kHz, f2=400.5 kHz

 

 

 R50

 R42

 R40

 R35

0 20 40 60 80 100

40

60

80

100

120

140

160

Transmission after reflection @ frequences f1 = 400 kHz,  f2 400.5 kHz

 

 

 T50

 T42

 T40

 T35

time, 10
-4
 s

Heterodyne @ fH=500 Hz for frequences f=75 kHz & 0.4 MHz 
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Heterodyne modulation contrast 



Frequency scans at different ac amplitudes 



Conclusions 

Heterodyne effect is experimentally proven to work 

   with broad wavelength spread  

 

Prototype of the spectrometer fro TRAC PNR is built 

 

Perspectives for development of e.g. spin-echo spectrometer      

for inelastic PNR are suggested  

  



Integrated over time PNR from 100 nm Fe film 

in AC field parallel to DC field and one of easy axes 



Frequency dependence of fitting parameters 

dispersion  is  coscos

1w-

)(sin
1

   

     w-)(cos
1

4

1
RR

)1()1(
4

1
R

)1()1(
4

1
R

22

2

0

2

0

22

2

2

ww

wtdt
T

s

wtdt
T

c

sRR

cRcR

cRcR

T

T

t

@ 400 kHz crossover from  

180º+ 90º DW  to 180ºDW 



General Equation for PNR with 1D polarization analysis 
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Time averaged PNR for crossed DC and AC fields 
(with polarization parallel DC field) 

K. Zhernenkov, D. Gorkov, B.P.Toperverg, H.Zabel, to be published 
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