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Reflected beam ki
Incident beam k; gy

Direct beam direction

i A W\ethod used to deterwune the structure oF 3
* ‘matevials by directing a beam of polarized
neutrons onto an extremely Flat surface

T I«e mtens:tg oF the reHected neutrons IS
measured. as a Functlon oF and neutron
 wavelength.



Polawzed neutrons are a collectlon of

" neutrons whose spins have a preferential
~orientation with respect to-a particular. -

direction in space (usually the direction of a
o w\agnetw F:eld) mther than bemg at mndom.~



- Sepamt:on oF nuc(ear W\agnetw scattering.

4 J, « Determination of the magnitude and the
~ orientation of the local W\agnetlzatlon of
- the sample | - -

©* The measurement of tl«e couplmg between
%) -. wxagnetcc and nuclear structures



- Specular Re{"lectlon _
VA polarized incident beam with no analysis.
Y A polarized incident beam with analys:s

e OFF Specular Reflection:
S 'V A polarized mc:dent beam with no analysis.
v A polawzed mc:dent beaw\ with analys:s .
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the IBR-2
reactor
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- 3+10* neutron/(sececm?)

| .fParameters o{" the REMUR

Sample plane: vertical

~Scattering plane: hovizontal

Neéutron wavelength: 0.9 .— 10 A

Wavelength resolution: 8X = 0.011 A

ik Scattermg angle range: 1 — 100 W\md
< Sample — detector distance: 4:9 m

Detector's spatial resolution: 1.5 mm

- ‘\Neutron flux in. two"polarization W\odes:
- s two polarizers (PR1+PR2):
" 10* neutron/(sececm?)

* the second polarizer ( PRZ):
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. Fewomagnet:c and superconductmg lagered -
3 nanostmctures for example:

v Fe/Cr. and Fe/v nanoystems

v Ta/V/FeO V. 3/V/Fe0 7V0 3/Nb/S:

Matevial of .interest: '
5 /sl/Nb/N;O_TCuO_S/Sa. |
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. Crgpto Ferrow\agnetcc state is observed in

: *ﬁ,”‘o"‘ homogeneous magnetic heterostructures
that consists of a bulk-superconductor and

*fervomagnetic thin layer that can be due to the

: ‘.;mFluence of the superconductor.



From Scattering
measurements we
can determine the
size of the material.




- To study crgpto Ferrowxagnet:swx using .

- polarized neutron reflectometry (PNR) oF
Ferromagnetlc and superconductmg lagered
nanostructures 2 |
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Normalized (np)
Normalized (pp)
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Plot Column Worksheet Analysis Statistics Image Tools Format Window Help
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Wavx:‘Iengl number on neutrons number on neutrons
Ang
lamda reflected  fransmitte reflected it Reflectivity Normalized (np) reflected  fransmitte  reflected Reflactivity Normalized (pp)

1 128 24408 0.07111 13.56 0.00524 000122 178 24502 0.09889 13.61222 000728 0.00187

2 1.015 190 30343 0.10556 16.85722 0.00626 000145 257 30225 0.14278 16.79167 0.0085 0.00219

2 1.029 1 32899 012833 1827722 0.00702 000163 262 33318 0.14556 1851 000786 0.00202

4 1.044 244 34417 0.13556 19.12056 0.00709 000165 278 34860 015444 19.36667 000797 000205

5 1.059 231 34873 012833 19.37289 0.00662 000154 280 35004 015556 19 44667 0008 0.00206

6 1.074 237 34910 013167 19.39444 0.00679 000158 275 35001 015278 19.445 000786 000202

7 1.089 218 35480 012111 1971111 0.00614 000143 253 35040 014056 19 46667 000722 0.00186

8 1104 207 35067 015 19.48167 00059 000137 306 34481 017 1915611 000887 000228

9 1119 229 34545 012722 19.19167 0.00663 000154 292 34734 016222 19.29667 000841 000216

10 1134 212 35025 0.11778 19.45833 0.00605 000141 258 35017 0.14333 19.45389 000737 0.00189

n 1149 204 35157 0.11333 19.53167 0.0058 000135 291 34983 0.16167 19.435 00832 000214

12 1.164 191 33666 010811 1870333 0.00567 000132 248 33502 013667 18.61222 000734 0.00189

13 1.179 223 33239 012380 1346611 0.00671 0.00156 243 32770 0135 18.20556 0.00742 000191

14 1194 204 32636 011333 1813111 0.00625 000145 254 32672 014111 18.15111 000777 0002

15 1.208 205 32552 011389 18.08444 0.0063 0.00146 236 32753 013111 18.19611 000721 000185

16 1223 216 32002 012 17.77389 0.00675 000157 262 32306 014558 17.94778 000811 000208

17 1238 190 31828 0.10556 17.68222 0.00597 000139 241 31505 013389 17.50278 000765 000197

18 1253 185 31499 0.10278 17.49944 0.00587 000136 237 31251 013167 17 36167 000758 000185

19 1.268 192 31119 0.10667 17.28833 0.00617 000143 224 31027 0.12444 1723722 000722 0.00186

20 1.283 201 30504 0.11167 16.94667 0.00659 000153 220 30566 012222 16.98111 0.0072 000185

21 1.298 218 29709 012111 16.505 0.00734 0.0017 247 29863 013722 16.59056 o.o08z7 000213

22 196 28417 010889 1578722 0.0069 0.0016 260 23706 014444 15.04778 0.00908 000233
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o : - Reflectivities || w [t - SimulReflecForm
[ 5| xauto|v Auto| Lin | Eip param. | Resolution Fiting |

Normalisatior Fitting range—7 | Data fitting options— [ Polydom

Scales ;‘lbr iter. 199999 Randomness [0 3 l Absemi i || & all data curves [ Enat
00 1 [Eem—— includna = Lesd e o 000 e
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= smooth weight | 000 ep[0.000 | | Absc. max [200001 | | £ o8| | Fraction
L ‘Weighting ||og v[ Step (%] IElC'U1 I~ FitNom

" spin asymmetry :
0.00001 sToP ¢ cos PHI only Fraction
Yhoo—Hl e Elopsedtime  [6471.1 Replot |

" sirf PHI only
Position MultiLayer IF’arametersI Lambda speclruml Theta spect(uml
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Tk e T N S, e Fitting-the experimental datatoa = -
e S us. ‘.. 7. theoreticalmodel. . .
. Experlmental data‘is represented by
the green dots and theoretlcal fit is the
- red line. ‘ |
Finally...we could both subtract the
background and measure magnetlzatlon
- from the theoretical fit.

hy nasreddin = @
File Edit View State Window Help

Graphic1 = | = = ! pada/Rp.dat o || =] 28

1913113.26460487 HH pada/Rp.dat

Fluctuation at 0.000000000000000E+000
1913113.264960487 0.0@7 0017 0027 0.037 o.fd# 0.057 0.057

Fluctuation at 0.000000000000000E+000 iz dt 1.000
1913113.26460487

Fluctuation at 0.000000000000000E4+000
1913113.26460487

Fluctuation at 0.000000000000000E+000
1913113 .26460487 0100

Fluctuation at 0.000000000000000E+000
1913113.26460487

Fluctuation at 0.000000000000000E+000
1913113.26460487

Fluctuation at 0.000000000000000E4+000 iz J £ oo —
1913113.26460487

pada/Rm.dat = = 3 ! console window = = EZ
padafp;m .dat NHasreddin

changes - 22.09.2015%

IZI_IQ.-“W 0.057 0.067 0.077 0.087 = 4606825.86595751

Fit is finished with chizZ= 1913113.2649604987

Time of calculation 7680.000 =

Change input and press a key

Funning |Input pending in console window



Rew A’

' The expérimental-data yielded a perfect fit usira\(g |
- the Parvat program’ but unfortunately we could
not measure the magnetization of the sample.
« SimulReflec could not give a perfect fit as a result

- .of not being able to subtract the background on =
the theoretical fit. - |

o 1 learnt how toFit data using various software

 and gained a lot of knowledge about PNR.
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ANEUTRON NALKS INTO A BAR
AND ASKS HOW MUCH FOR A DRINK.

B ) THE DARTENOER REPLIES
) “FOR YOU_NO CHARGE”
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