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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)

c) Laterally patterned
magnetic films, nano-wires,etc.

(c)

1/\ @ AR

mag

=2A F - pinned

chem ’

H

d) Ferromagnetic films

on antiferromagnetic
substrates with

Exchange bias

through common interfaces

b) Dilute magnetic

semiconductors as
spin-injectors

in semiconductor
heterostructures

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

7~

Hard magnetic layer

Contacting metal bars




Emerging Challenges: non-linear spin dynamics & kinetics

Magnetic Domain-Wall

Racetrack Memory

Stuart S. P. Parkin,* Masamitsu Hayashi, Luc Thomas

o, C

Reading
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Vertical racetrack

Racetrack
storage array

Horizontal racetrack
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Magnetic ratchet for three-dimensional spintronic

memory and logic

Reinoud LGrrijsenl, Ji-Hyun Leel, Amalio Fernéndez—l’achecol, Dorothee C. M. C. Petitl, Rhodri Mansell' & Russell P. Cowburn'

31 JANUARY 2013 | VOL 493 | NATURE | 649
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Layer-by-layer time resolved magnetometry with PNR?
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RAPID COMMUNICATIONS

PHYSICAL REVIEW B 88, 020401(R) (2013)

Frequency dependence of magnetization reversal in thin Fe(100) films

K. Zhernenkov."" D. Gorkov,' B. P. Toperverg.'* and H. Zabel’
Lehrstuhl fiir Festkdrperphysik/Experimentalphysik, Ruhr-Universitidt Bochum, 44780 Bochum, Germany
*Petersburg Nuclear Physics Institute, 188300 Gatchina, Russia

ac . . . . .

W, t=T/2, w, =1 w,

Reduced magnetization m(t) = M (t)/ M =w, —w, =1-2w/(t),

. 1 . . . . o
Surface fraction | w (t) =— jdt' v(t")| with negative magntization , | isdomain size
I

v(t) = uy,, H(t) 1sDW welocity (Landau & Lifshits,1935), g, 1S DW mobility

If H(t)=Hysin(w-t) then w,(t) = up,H, 1—COS(Ia) -1)
a).

1 cos(w -t
w1’ Am(t) = 20y H, @)

m(t) = m + Am(t), where|m =1-2x,,H,




Landau-Lifshits regime vs Walker break down
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Reflection for polarization collinear with magnetization

Reflection coefficients
(ideal polarization, no analysis)

R6)= = R ED IR 5]

R, arereflectionamplitudes for £ spin states

Surface average for timemomentt :
R =w,R(b)+w,R( -b), b=B /|B |

RO = R -Lrm© 3R [ [-m) ]

R(t)=% #R. 12 -J-m) 4R 2 -J+m(t) ]}

For unpolarized beam R :% R, > +|R_|? ]10 effect

Forideal mirror, |R, |=1, |R_[]=0, and H(t) = H,sin(w-t)
How Ho

the reflected intensityis modulatedas: R = I— cos(a)-t):




R++

Simulated R’ reflectivities for [Fe/Si]x50 polarizing Bragg mirror
along hysteresis loop
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Time modulation and smearing of PNR response

l;

I, /2

Ii jdxsli djdxOI jdﬁ R,cos{w-[t—(L+Xx, +X4)/Vv,]}-W(1)

s —I,/2 d -ly/2

It) =R, +

v.=1/cA, c=(m,/27h)=0.2528-10" sec/(cm-,OA), t=t+At, t =ciL,
where v _is neutron velocity, and W(4) is spectral function
(At/t)=x(/L)£(AA/A) uncertainty in time,

If ﬁ,=4,&, L=100cm, |I=1cm, AA/A=1%, then t =1msec,

At, =cAl =10usec, At, =10usec, At=20usec, f =50kHz




Time modulation with double reflection
\ =1 cm \

RF coils

/2

1(t) oc% Idx!diRz[t—(Lz +x)/v. ] R [t—(L, + L, +x)/v ]-W, (1)
1/2

R, =R, +R,cos{w,t-(r, +7,)]} T, =XIv, 7,=L,1v,

R, =R,+R,cos{w,[t—(r, +7, +7,)]}, T, =L /v,

1 1
< COS@, - COSQ, >= > < cos(p, —@,) +cos(p, + @,) >~ > <cos(p, —p,) >

o=@, =, -(t-7,)-lo, 7,-o7]~0, 1-¢
If heterodyne frequency o, = o, —®, Is small o, 7, <<1,
¢ =(w,L, —o,L,)/V and at MIEZE conditions |w,z, —o,7, |<< ALIA



Heterodyne setup




PNR data (SuperADAM) + fit
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Reflectivity (counts / s)
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Hysteresis loop from periodic [FeSi]x40 multilayer

FeSi multilayer
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0.004 — = — perpendicular to axis .
// {x’;ﬁ i
0.002 =
| Ry
E 0.000 : : f {: f/ fjfj/
-0.002
e
-0.004 | %"‘j/
——— I e
80 60 40 | 20 0 20 40 60 E;ﬂ




Intensity (a.u.)

Heterodyne effect measured @ RESEDA (FRM2-Muenchen, 2014)
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Heterodyne @ fH=500 Hz for frequences =75 kHz & 0.4 MHz

Double reflection

@ frequency f 1=75.0kHz, f2=75.5kHz
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Phase variation

¢ =[(L,/L}— (o, o) (@,L, IV,),05f
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Contrast

Heterodyne modulation contrast
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Frequency scans at different ac amplitudes

Af =+ 3500 Hz, L/L, = 20, no bias field
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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
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Frequency dependence of fitting parameters

++ 1
(R), =73

")

W, -w, +w, =1

A= <0052 ;/>—<cos;/>2 is dispersion

R,(1+T,)+R.(L-C,)
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D
" iof G
P — o O/
7 | —9—<gos >
== A"
2
—V—<S§> W
\\. =‘= \'A'l'l
\\ ka.':o HAC=D
\ H,=10 Oe| H =735 Oe

¢- ]
‘3““‘“1-:; @ @

i
| rr

05 1.0
Field frequency, [MHz]

@ 400 kHz crossover from

180°+ 90° DW to 180°DW




General Equation for PNR with 1D polarization analysis
If P, ={0xP 0}, then (P, -b)==+P, cosy,
R :% lR+ > +|R_|° ]I+ PP -<0052 y>]
1 —_
e IR+ > —|R_|° ]I’. +P; -(cosy)

+%Re(€+*R_;Pi P, -(sin’ 7)

In ideal case P =+1

Non -spin - flipreflectivities .
R*™ = % < (@+cosy)-R* +(Fcosy)-R™ |*>
Spin - flip - reflectivities:

R* =%<| R*—R™ |* -sin®y >

where averaging runs over reflecting surface and time



Time averaged PNR for crossed DC and AC fields
(with polarization parallel DC field)
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