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l. Principle of XRMR (1/3) =

When use X-ray:
» Magnetic sensitivity

» Spatial resolution
» Element selectivity

Absorption spectroscopy Scattering Resonant Scattering
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|. Principle of XRMR (2/3) =)
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L SULEIL
l. Principle of XRMR (2/3) cz
m
»Interaction x-ray — Matter: 100
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l. Principle of XRMR (3/3) co
m=
= 2 ways to obtain I* and I e
* By reversing the polarization 2 1)
= Cpm configuration 5 €%
- By reversing the applied field. =
: Hpm configuration and IT configuration ED
§1E-12- 7(|)6.8e|V | | | | | |
10 20 30 Th4gta (50(; 60 70 80
Kerr signal
H+

M
ﬂ_.__l( )J Field (Oe)

= The field can be:
 In the 3 directions : longitudinal, transverse and polar

« At saturation or at remanence
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Il.  Formalism
1.  Generality
2. Kinematic

3. Dynamic, what is Dyna doing
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Il. Formalism: Generality =3

Diffracted intensity and Resonant atomic scattering factor, f: annonetal PR 61, 1245 (1989)

HE)=(€ e o+ F (E)+iF (E)-ile; xe, - m(M (E)+iM (E))

iQ-F,
| oc Z fe™"
Charge scattering 1st order magnetic scattering
= F —
[fx C? +2MC ) !

Matrix expression based
on the o, & polarization states:

F. De Bergevin et al, Acta Cryst. A37, 314 (1981)
J. P. Hilland D. F. McMorrow, Acta Cryst. A 52, 236 (1996)

f (E) = Fc(l 0 ]— Fm( 0 mIon COS(Q) + mO.P Sm(e)j

0 cos(260) —m,,, cos(d) + m, , sin(6) —m,. Sin(26)

See Annex for details
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Il. Formalism: kinematic (1/2) ez

2 Magnetic
IQF; component
| oc Z fje Experimental
j Configurations

Miran SIN(40)FM,
cos(260)? |E.|?

Miygn SIN(40)FM,
[1 4+ cos(26)?]|F.|?
—41m,,, cos 83 FM, 4mg psinB3 FM,
[1 4+ cos(26)?]|F,|? [1 + cos(26)?]|F,|?
0

FM1 — FIIMI _ FIMII
FM, =F'M'+F"'M"

See Annex for details
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Il. Formalism: kinematic (2/2)
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SYNCHROTRON
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Il. Formalism: dynamic = matrix formalism (1/3) cm

For this formalism, take the optics point of view
» The propagation of electro-magnetic waves in a medium is described by Maxwell
equations
= The electric displacement D is related to the electric field E thanks to the tensorial dielectric
permittivity £ : D = £.E
= The magnetic field B is related to the magnetizing field H thanks to scalar magnetic
permability p

» Link between the permittivity, and the scattering factors
ToA?

» Solve Maxwell equation

= The eigenwaves propagating in a magnetic medium are circularly polarized waves (in the
iIncident wave basis)

= Refractive index linked with optical factor F, and F_; :

mE=1+ > pif; where r, est electron radius and p; is the density of the it element.

To

2
‘ntx~1+ lenp (F, + (cosOmy,, + sin@ my p)E,;,)
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Il. Formalism: dynamic = matrix formalism (2/3) 5

The propagation of electro-magnetic waves in a medium is described by Maxwell

equations : Circular basis. The wave is therefore described in the circular basis and
vacuum Scattering plane

for each medium there is 2 waves represented by the
(]
[/

Do electric displacement D, one incident (transmitted) and one
?1 =A714,D, reflected. So the electric dlsplaci(iment can be written:
P2, i-
““““ _il1a Dn =
D, =A3" A D, R
P2@2 r

e ——_—— My

-------- At each interface, the boundary condition are taken into
account thanks to the boundary matrix 4;.

Aoao = /11@1 SO Al_lfioﬂo - pl

The roughness is treated by multiplying the matrix element

A, A, by an exponential simulating the roughness as a
T I I D Gaussian with a certain width . The magnetic roughness
—— IS not taken into account

20/09/2017
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Il. Formalism: dynamic = matrix formalism (3/3) =l

The propagation of electro-magnetic waves in a medium is described by Maxwell

equations : CIrC_UIar basis. Then the wave is propagating through the medium which is
vacuum Scattering plane

» modeled by a the matrix P;. At the end of the first medium
T~ Dy D, = Pp, = P,A, "A,D, and at the start of the new medium

—A—-11 A=1lAar A A~ —1 4
1741 4Dy p, =4, 'A,PA,  AyD,. SO at the end
P1@1 _____ " —1 ~ oma oA =1\ A _
@2 — A51A1@1 @f = Af l_IAumAm AO D = M@O

______________________________ PZ@Z " it y t+
= - -
--------------------------------------- Where D, = L+ and 2y = 0
r- 0

By solving this system we obtain the reflectivity in function of
the incident wave. Since P; and 4; depend on the angle 6,
the wavelength A, the refractive index n and the permittivity
¢, those last 2 depending on magnetization, one can derive
the magnetization, thickness and roughness of each layer.
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Il. Formalism: Summary

[ Magnetic dichroism + Reflectivity = depth magnetic sensibility

Qualitative Analysis

Asymmetry high angles = m

_ o Asymmetry low angles = m,,,
_ Circular polarization <
Direct <

\_ Linear polarisation —> Asymmetry = m, .,

\

J

Quantitative Analysis

Complex: Matricial formalism+ fit =
M. Elzo and E. Jal et al. JMMM 324, 105-112 (2012)

determination of depth
magnetic profile

20/09/2017
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Outline

Ill. How to use DYNA a matricial dynamic formalism
1. Entry: Optical constant / Parameter
2. Starting: Build a layer / Set the configuration
3. Fitting: Add experimental data / play with the parameter
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N Iz_.

> Dyna-V3_16
1. How to use DYNA Nom

1 T “ . *.P .
In a folder download the “sources” and “datas” folder, from here | Troeds

http://neel.cnrs.fr/spip.php?article2575 and create a “projects” folder

Src

™ Tables

4\ MATLAB R2013a

HOME

& 5" E » C: b Users » Emmanuelle » Documents » 2015-2017 UPMC-ATER » Recherche » Dyna » Dyna-V3_16 » Src

Current Folder (OB Cormmand Window
MName =« Date Modified |} Mew to MATLAB? Watch this Video, see Examples, or read Getting Started.
[t .DS_Store 21/08/201808:58 |
about_dyna.bt 21/08/2018 0858 |7 7
- . ' B Figure 1: Dyna - m] X
) doabs pncin V002080058 | e o e o Open Matlab
% dyna.m 21‘“}3‘0‘_{”3 03:53 ‘s\m #1: nodata v‘ ‘Formallsm Parratt Fix Enargy v‘
| FO_af.m 21,/08/,2018 08:58 > h h f
Stat  End Step  Resolution |CIRCULAR + ~
e I Rty v go to the path of you
] Fo_gf.m 21/08/2018 08:58 fade| 0 | 2 0001 0 | Beamtickness 0| .
) FOF1_af. 21/08/2018 08:58 o1 sSampe fengh f Id /
‘xj _ar.m /08/ “ mlimion Background X shift (DATAICALC) m a'l n O e r SO u rceS
*| FOF1_ef_CC_novect...21/08/2018 08:58 Ced0 [ 1 THe+do [ 0 Je-08[[1e05 [ 20 [ 0 [ 20 | D 3 1 6/S
) FOF1_gf.m 21/08/2018 08:58 = L = — e . g . yn a.'V rC
7)) FOF2_Parratt_sf.m  21/08/2018 08:58 Optimization Method e —_—
%) FOF2_Parratt_ef.m  21/08/2018 08:58 tgige
f‘ﬂ FﬂF?__Pa"att_qf.m 21/08/2018 08:58 Effective Intervall: xmin: [ Ol xmax [ 900 > ty p e yn a an p re SS
) fminsearchbnd.m  21/08/2018 08:58 W fdensity v EEES [w B 1.0
=| messages.lo 30/08/,2018 13:38 “| e t
B enter

» This window open

phi (MMS) gamma (MMS)
2 | 0.0 0.0 5.0 | 0 1.00 | 0.00 0.00 1.00 | 0 0 90 |

50.0 | 0.0 0.0 5.0 | G 1.00 | 0.00 0.00 1.00 | O 090 | 0O 080
1.0 | ©.0 0.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 1.00 | @ 090 | © 090

Insert Delete ] 1 2 e a{ e [ i eafufl =] [ | . o] @ :
30-Aug-2018 17:44:37: Calculation performed
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l1l. How to use DYNA

/VEeL

SOLEIL

SYNCHROTRON

cP
i

Experimental
parameter

Sample
composition

Result of the
formalism

Fitting
window
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- Figure 1: Dyna
Dyna Project Ratio G

sim #1 - nodata

Start End
Energ | 3047 || 3100

Angle 0 2

Q 0.1

Normalization
1e-10 1 1e+10

raph  Sims Data Export

~ Formalism Parratt Fix Energy

CIRCULAR + ~
1 no outgoing analy... ~

0.001 Beam thickness 0
Sample length 1

Step Resolution

Background X =hift (DATA/CALC)

Ea[1) o] T

0 1e08 || 1e-08 -20 0 20
I T A

1e-10 1 1e+10

i
0

1e08 || 1e-05 -20

L3

Optimization Method :

TnlFun Tnlx K
1e-6 le-2

Effective Intervall:

W « |density

Simplex Accept

axFunFvals Maxher Diffidin Difflax
200 200 Te-4 1e-1
X min: 0] % max: 40

. Y Add
¥ Constr. [V 0

Hame

10 | 0.00 0.109 0.11 |
10 | 0.00 0.083 0.10 | 20.0
1| 0.01 ©.083 0.10 | 0.0

20.0 0.0 5.0 | 0.00 0.00 1.00
50.0 | 0.0 0.0 5.0 | Q.00 O0,00 1.00 | 0.00 Q.00 1.00 |
1.0 | ©.0 0.0 5.0 | ©0.00 Q.00 1.00 | 0©0.00 0.00 1.00 |

mma (MMS5)

Look Up Database

Insert Delete:

N Y el e— T Sl E—— T 1 E—— Y E—

set current laver man tn b

0 L N




l1l. How to use DYNA: Optical constant (1/3) =1

Need to know the absorption,
and XMCD to determine

» The absorption and
dispersive factor, F' and F”

»The XMCD/2 and magnetic
dispersive factor, M’ and M”

Check that they exist in the
table (select energy range)

. Figure 2: Database Panel and Scattering Factor Maker

Fe70Cu30

Star 1000

End 2000 -

Stey 01

Name juil Density [mol/cm3] Thickness

New element
rnaff slameant

5i | 10 | 0.00 0.083 0.10 | 20.0 40.0
51| 1| 0.01 0.0B83 0.10 | 0.0 0.0

fichier Gd : cf provient ?

0
g cf2 et mf fichiers vide (cf2=mf=0)

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR



500 -

I1l. How to use DYNA: Optical constant (2

If the complete resonant optical constant doesn’t
exist

»From an article or measurement extract XAS (F")
for both polarization

»Be careful we need F” and not B (8 = cste. A%, F"")
»Scale it far from the edge to Chantler table and

/VEEL

- Absorption scaled
= XMCD scaled

s

” — {2 chantler

1200
Energy (eV)

Derive the scaled XMCD/2

(https://physics.nist.gov/PhysRefData/FFast/html/ o

form.html) 400° 1 dyna n
»You have the resonant part of F” and M”, the % oo ' N

Imaglnary part -cgcs 1150 1200 1250
» Add this resonant part to the non-resonant file in * j —

order to use Kramers Kronig relation to derive the Y

real part F"and M 200,

1000 1100 1200 1300 1400 1500
20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR Energy (eV)



https://physics.nist.gov/PhysRefData/FFast/html/form.html

l1l. How to use DYNA: Optical constant (3/3) =1

If the complete resonant optical constant doesn’t exist

»Export Energy (eV), F’, F” in one .cf folder and the same for the magnetic part
(E(eV), M’, M”) in a .mf folder. Need to create an associate .cf2 file (=0) and a note
(.txt) file where you can write where does those data come from.

. Figure 2: Database Panel and Scattering Factor Maker — | X

Fe70Cu30

»You can plot them from the
program

Star 1150

FeNiCu40

FeNiCu45s End 1250

Steg 0.1

fichier Gd_r : cf et mf provienent du papier de Heigl,

normalized to Chantler...
f2 fichiers vide (cf2=0 v

20/09/2017



lll. How to use DYNA: Optical constant for alloy (1/2) =il

If for an alloy you do not have any measured or tabulated optical constant, you can
create an artificial alloy from the dyna database panel. To create an alloy Co,,Gd,,

» In the database panel, select the energy range (500-1500 eV) and click on the Co

element. B Figure 2 Database Panel and Scattering Factor Maker X
> Press insert, it will appears —
In the new element case
» Select the Gd element and
press insert. You have
now 2 elements

» Put the alloy coefficient
(70-30)

New element

rnaff alamant
-

fichier Gd_r : cf et mf provienent du papier de Heigl,
normallzed to dyna [Gd} e Henkle
fich d 7

20/09/2017



lll. How to use DYNA: Optical constant for alloy (2/2) =il

If for an alloy you do not have any measured or tabulated optical constant, you can
create an artificial alloy from the dyna database panel. To create an alloy Co,,Gd,,

»Press Calcul, it will give you the the optical constant with the stoichiometric

coefficient you have entered | rowez o smascatsing rcor e T o x
»Type a filename Fe70Cu30 - o

(eg: Co70Gd30 c, ¢ for e

calculated) res -
»Enter the comment in the oniouds

comment window S N = I
»You can save those data - S E—

and use the filename for -
one layer in the main panel | &=

zdr r50 W50 New element

F | t
ce - e

|
i 30 J[ Gdr
119.::1 v delete | 0
|

|

|

| fichier Co70Gd_r30 : cf, mf et cf2 proviennent des ”
| calculs de dyna

W
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lll. How to use DYNA: parameter oo

Once you have the optical constant for all your chemical component, need to
calculate the density in mol/cm?3 .

» From a periodic table (https://www.webelements.com/), know the density in g/cm?
and the atomic mass in g/mol, and divide them.

» Here the principal element

Densite g/cm3 7.874 | 8.908 8.9 2.33 2.7 21.09 7901 @ 8.219 | 16.650 | 8.920 4
Masse atomique g/mol | 55.845| 58.6934 1 58.933| 28.0855 | 26.98 | 195.084 @ 157.23 158.925 180.95 63.546 101.961
Densite mol/cm® 0.141 | 0.152 | 0.151  0.083 0.100 0.108 | 0.0502 | 0.0517 | 0.092 | 0.1404 0.039

Hame m Density [mol/cm3] Thickness REoughness MMS AS phi (MMS) gamma (MMS)
~ ______“

W 10 | O.uu w.108 0.11 | 5.0 10.0 20.0 | 0.0 0.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 1.00 | 0 0 80 | 0 0 80
5i | 10 | 0.00 0.083 0.10 | 20.0 40.0 0.0 | 0.0 0.0 5.0 | 0,00 0.00 1.00 | 0.00 0.00 1.00 | 0 080 | 0 0 80
51 | 1| 0.01 0.083 0.10 | 0.0 0.0 1.0 | 0.0 0.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 1.00 | O 0 80 | 0 0 580

Look Up Database &gt current laver man tn s

nsert Delete 1 I I DT Y Y Y I Y DY N Y Y Y N ) Y Y N

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR



https://www.webelements.com/

I1l. How to use DYNA: Build a layer/sample (1/2) =y

>Se|eCt a ||ne Hame m Density [mol/cm3] Thickness Roughness AS

= Enter the name 11 W] 10]0.00 0.108 0.11 | 5.0 10.0 20.0 | 0.0 0.0 5.0 | 0.00 0.00 1.00 | 0.0
. 2 Si | 10 | 0.00 0.083 0.10 | 20.0 40.0 50.0 | 0.0 0.0 5.0 | 0.00 0.00 1.00 | O.0C

= m=nb of repetltlon 3 5i | 1| 0.01 0.083 0.10 | 0.0 0.0 1.0 | 0.0 0.0 5.0 | ©0.00 0.00 1.00 | 0.00

of a multilayer stack
= Density
. Lock Up Database |
8 ThICkneSS w 10 0 0.1085 0.11 g 10 20 0 ] ]
= Roughness nset | Deete | 1l I 4 | ol 4| ol

»Do the same for the other layer of your sample
»Do not forget to adjust the lower and upper limit

»~If you want to add a layer or delete one, use the button “insert” and “delete” in the
left-bottom corner.

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR




IIl. How to use DYNA: Build a layer/sample (2/2) =l

To bund our samle N the samle comosmon nanel:

phi (MMS) gamma (MMS)

p
1] W | 10 | ©0.00 0.10% 0.11 | .0 10.0 20.0 | 0.0 0.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 .27 1 JJJI
2 Si | 10 | 0.00 0.083 0.10 | 20.0 40.0 50.0 | 0.0 0.0 5.0 | 0.00\0.00 1.00 | ©.00 0.00 1.00 |
3] Si | 1| 0.01 0.083 0.10 | 0.0 0.0 1.0 | 0.0 0.0 5.0 | 0.00 O\0OO 1.00 | 0.00 0.00 1.00 | o 0 90

Look Up Database

Insert Delete [

» Then take care of the magnetic part

= Put 1 for mms, it will give a magnetic moment proportional to the
magnetic optical constant.

= Adjust both angles phi and gamma for the direction
= There is 3 registered useful direction

= If you want several mms, you need to divide your magnetic layer
but we will do that after the structural fit (slide 44)

»Do not take into account AS => for anisotropic
ferrimagnetic

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR




lll. How to use DYNA: Set experimental parameter (1/2 =]

VEEL

institut

SOLEIL

To build your sample, in the sample composition panel:

» You should obtain that

20/09/2017

. Figure 1: Dyna

Dyna Project Ratio Graph Sims Data Export

|SIITI #1 : nodata v| |Forma|\sm Parratt Fix Energy v|

Start End Step Resolution CIRCULAR + ~
E"E’W| 8047 || 8100 H 1 | no outgoing analyzer v

Ang\e| 0 || 2 H 0.001 || 0 | Beam thickness |I|
o Sample length

Hormalization (DATA/CAL g (DATA/CALC) X shift (DATAICALC)
[ 1e10 || 1 [[te+10 | 0 [[1e08 | 1e08 | 20 || o | 20
[Tl | 4 T I »
[ 1e0 | 1 [ tes+10 | 0 [ 1e08 | 1e0s | 20 [ o | 20
il ol Ll I 0|
— —
Optimization Methed : Simplex - Start Accept
TolFun TolX MaxFunEvals Maxtter DiffMin Diffax
| 1e] | 1e2] | 2000 | 200 1ed 1e-1
Effective Intervall: X min 0] xomax

‘Gd_r vldensity v| l—Lﬁ Gd_r hd -1

Name m

Wl 1] 0.00 0.105 0.15 | 20.0 1000.0 19000.0 | ©.0 2.0 5.0 | 0.00 Q.00 1.00 | 0.00 0.00 1.00 | 0 90 80 | 0 90 S0

[ Look Up Database |

‘set current layer mag to v |
[ Gdr | 1 [ o Joese2 | o011 || 5 [ w0 [ s | o | 3 [ s | o | 12 | 94 || o [ o [ 1 | [0 9090 [ o [90]90 | ro]|rerr|Lone
Insert Delete | [l =] ) Il Al ] I3 Kl Il =] ) ] Al Al Al 1+

EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR




[Vt
lIl. How to use DYNA: Set experimental parameter (1/2) I=i

SYNCHROTRON

cP
5

To build your sample, in the sample composition panel:
> You should obtain that g

|SIITI #1: nodata

v| |Forma|\sm Parratt Fix Energy

Start End Step Resolution CIRCULAR + ~
E"E"QY| 6047 || 8100 H 1 |

no outgoing analyzer ~
Moo | o || 2 Jlowm || o |

Beam thickness [ o |
Sample length

ion (DATA/CAL g (DATA/CALC) X shift (DATAICALC)
[ 1e10 || 1 [[te+10 | 0 | 1e08 | 1e08
4

|20 || o | 2
v 4]

il AK
[ 1e10 [ 1 [ te+10
O [

0 [ 1e08 | 1e-05
» 4

3

Il
[ 2 || 0o | 20
13 4

Optimization Method : Simplex ~

TolFun TolX MaxFunEvals Maxi Diffllax
| e8] | ez | 200 |

" e ot
Now you need to adjust  |="" e T o
the experimental
parameter

vldensity

[ Look Up Database
[ Gdr | 1

Insert Delete

set ent layer mag to |
[o0s02 | 011 || & | 10 | 180 || o |90 90 [ 0 [ 90090 |[poweerp|Long
=] ) Il Al Il

20/09/2017
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Ill. How to use DYNA: Set experimental parameter (2/2) SLLQL
Adjust the experimental parameter e
»Type of Formalism sim #1 - nodata v |Formalism Pamatt Fix Energy
(top right slide menu) Stat ~ End  Step  Resoltion  CIRCULAR +
= Paratt (only structyre) Energy | 8047 | 8100 1 no outgaing analyzer
= Magnetism (structure + magnetism) Angle | 2 0.001 Beam thickness
= Anisotropy (structure + anisotropy) a | o Sample length 1

= For each, fix energy / fix angle / fix Q Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATAICALC)
1 1e+10 0 1le08 | 1e-08 -20

2| ] Il
»Energy / Angle : 1e08 | 1e-05

»Polarization (no outgoing analyzer
»All the other variable will be adjusted to mimic the experimental data

»You can add a simulation by going to the Sims menu (at the top). The sample
panel will be the same between the different simulation, but all the parameter of
the experimental are independent from one simulation to the other.

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR
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SOLEIL

SYNCHROTRON

l1l. How to use DYNA: Import experimental data lc2

You should get something like that

B Figure 1: Dyna - O X
Dyna Project Ratio Graph Sims Data Export El

|sim #1 : nodata v| |Forma\ism Parratt Fix Energy v|
YO u W a n t t O Stat  End  Step  Resolon  CRCULAR+ v
Energy ‘ 1180 | ‘ 8100 | | 1 | ‘no outgoing analyzer v‘

compare this calcul |7 = = v
to your data. T T e T
[ 1e10 || 1 /100000000 0 |[1e08 |[ 1e05 || 20 || o | =20

»Your data should s
be in a txt file in a

»

3

Optimization Method : Simplex - Start Accept

TolFun TolX MaxFunEvals Maxiter Diffiin DiffMax

1e-6 1e-2 200 200 1e4 1e-1
Effective Intervall: X min: [ 0f xmax
2 column format o |

A
Del

»In the data menu
Select import data

Name m Density [mol/cm3] Thickness Roughness 5 LS phi (MMS) gamma (MMS)

Gd r | 1 | 0.00 0.050 0.11 | 5.0 100.0 150.0 | ©0.0 3.0 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 | 0 90 90 | 0 90 90

>GO to your da‘ta 2 W | 1| 0.00 0.1050.15 | 20.0 1000.0 1000.0 | 0.0 2.0 5.0 | 0.00 0.00 1,00 | 0.00 0.00 1.00 | 0 90 90 | 0 90 90
folder and select
your data file

w

\A%‘ |591 current layer mag to e |
[ w [ 1+ | | o Jots | o1 || 2 | 100 | wo0o || o | 2 [ s [ o | o | 1 | o | o | 1 | | 090 |90 [ 0 |90]s0 | poL|rere|Long

D | ] 1 o ] ol ] o TR IS T E—

31-Aug-2018 10:57:17: Calculation performed
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Ill. How to use DYNA: Play with experimental parameter (1/3) (.-

You should get something like that

M Figure 1: Dyna - [m} X

Dyna Project Ratic Graph Sims Data  Export

|sim #1 :Gd_th2th_1180_Imoy.txt v| |Formalism Parratt Fix Energy v|

You want to adjust -

EHEFQY‘ 1160 || 8100 || 1 | |nooutgomganalyzer v‘

roughly your A”‘J'e\ 0 || 80 || 01 || 0 | Beam thickness | 0 |

. a Sample length
C aI C u I atl O n to th e Normalization (DATAICAL  Background (DATAICALC) X shift (DATA/CALC)
[ 1e-0 | 1 10000000/ 0 || 1e08 | 1e05 | | 20 || o | 20
- 1 » v o«
data by playing

with the

—e— Gd_th2th_1180_Imoy.txt

N

4
| 1810 | 1 J[1o000000/ | 0 || 1e08 | 1e-05 | | 20 || o | 20
4 » 4 » 4

Optimization Method : AEET

[l TolFun TolX MaxFunEvals Maxkter Diffhlin Diffax
experlmental S B —
Effective Intervall: X min: X max:
parameter foar  Slosy ¥ EEE o W 1. 0
[Constrain |
Ll

» Normalization

» Background

» X-shift (not for
angle scan)

| usually only play
with the calc
parameter

phi (MMS)

Look Up Database |sel current layer mag to s ‘
[ w [ 1+ | | o Jwo1ws | 015 | 2 [ 1000 | w000 || o | 2 | s | o | o | 1 [ o | o | 1 ] [0 ]90 90| o0 |90]90 |rol|rerelLong
[ Insert || Delete | | [ Kl K| AR BRI v 4 Il | |»

31-Aug-2018 10:57:17: Calculation performed
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Ill. How to use DYNA: Play with experimental parameter (2/3) [--

You should get something like that

M Figure 1: Dyna — [m} X

Dyna Project Ratio  Graph Sims Data  Export

‘SIITI #1:Gd_th2th_1180_Imoy.txt w | |Formal|sm Parratt Fix Energy ~ ‘

YO U Want to adJ u S Start End Step  Resolution  |CIRCULAR + v —

—— Gd_th2th_1180_Imoy txt
roughly your ey [ o ][ 1 e
. Angle | 0 || 60 || 01 H 0 | Beam thickness lIl

calculation to the | -

= 8 Normal ization (DATAICAL  Background (DATAICALC) X shift [DATAICALC)
d ata b Ia I n [ 1et0 || 1 [tooooooo| [ o [ 1em8 || te0s | | 20 | o || =20
[l RN ro 4l 1 >
- | 1e-10 | 400000 |[10000000 | 0 [ 1e07 | fe-05 | | 20 | o | =20
with the 1 s e s
e Xp e ri m e n t aI Optimization Method : e
TolFun TolX MaxFunEvals Maxkter Diffilin Diffldax
aram ete r 1e-6 1e-2 200 200 1e-4 1e-1
Effective Intervall: X min: X max:

» beam thickness .. = i om0
» Sample length T e
» Resolution

Warning, the
resolutlon and the 1 64 r | 1 0.00 0.050 0.11 | 5.0 100.0 150.0 | 0.0 3.0 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 | 0 50 80 | 0 80 50
roughness have a

w
Si ilar eﬁect T ‘setcurrentlayermagtn v|
I I l " | w | 1+ | | o Jwo1s | 015 || 2 | w0 | 1000 | o | 2 | 5 | o | o | 1 [ 0o | o | 1 | "0 |90 |90 | o |o90]c0 | |poL|rereLone
[ Insert || Dekete | | [ K| K| M4 ARK + 4 |» | I

31-Aug-2018 11:42:00: Calculation performed
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Ill. How to use DYNA: Play with experimental parameter (3/3) [

. Figure 1: Dyna

I - o x
O S ave yo u r Dyna Project Ratic Graph Sims  Data Export
p ro J e Ct an d 'sim #1:Gd_th2th_1180_Imoy txt v|  |Formalism Parratt Fix Energy v|

Start End Step  Resolution  |CIRCULAR + v|

eXport yOur Eneray | 1180 || 8100

[
Angle ‘ 9 H 50 H 01 H 0.3 ‘ Beam thickness

simulation: '

Normalization (DATAICAL  Background (DATAICALC) X shift (DATA/CALC)

| 1e-t0 || 1 |1oocoo00 | o || 1e08 || 1e05 | | -20 || o | 20
se the il .| 1] 3 T m— ;

| 1e-10 | 400000 |10000000/ | 0 || te07 || 1e05 || -20 || o | 20
Project menu [ : =
Optimization Method : Accept

to S ave a n d TolFun Tolx MaxFunEvals Maxtter Diffiin Diffilax
1e-6 1e-2 200 200 1e4 1e-1

Ioad yo u r Effective Intervall: X min X max:

|Gd_r vldensit\.r v| % |Gd_r V| X 1 - 0 Add

project -

»Use the export
menu to export -
y O u r SI m u I atl O n m__ Density [mol/cm3] Thickness P — o = .

2 W 1] 0.00 0.105 0.15 | 20.0 1000.0 1000.0 | 0.0 2.0 5.0 | ©.00 0.00 1.00 | ©0.00 0.00 1.00 | 0 90 50 | 0 90 50

L]

—e— Gd_thZth_1180_Imoy.txt

‘ |n0 outgoing analyzer v |

You are ready to fit !

-

3

W
Lock Up Database set current layer mag to ~
| Gdr | 1 | o Jwoos02 | o1 || 5 | 10 | 10 || o | 3 | s | o | 1 | 2 [ o | o | 1 | 0 |90 |90 [ o |90]90 | poLrere|Long
[ msen || peete | 4 [} ARl ] o] [l ] I ] [ol] EC) | S I 23 Y I 3

31-Aug-2018 11:50:40: Calculation performed
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Ill. How to use DYNA: Fitting generality / strategy (1/2) =

In DYNA you can only fit the sample parameter (and not the experimental one)

Since there is a lot of parameter to play with, you need to be careful. Here are some
rules and trick | am following

»Do not fit all the parameters together
» Start by structural parameter and Paratt formalism (Use laverage) far from
resonance and then at resonance
= Only thickness
= Only roughness
= Both
= Density
»Without changing the structure, fit the magnetic parameter with magnetism
formalism (Use Asymetry)
= Only mms, 1 layer
= Depending on the qualitative analysis, fit the angles
= Try to divide the magnetic layer

}Do not hesitate to re-iterate those steps

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR




Ill. How to use DYNA: Fitting generality / strategy (1/2) =}

» Use several experiment set up at the same time:
= several energy
= Reflectivity and asymmetry

» Do not forget to adjust the experimental parameter if you do not succeed to fit
properly the roughness

Here a summary on how the parameters influence the most the results
»The thickness plays on the oscillation periodicity

»The roughness plays on the amplitude of the oscillation and decreasing shape
» The density plays on the slope, mainly at small angle

»The mms plays only on the amplitude of the asymmetry.

»The angle plays on the shape accordingly to the kinematic formalism

»If do not succeed to fit the asymmetry at large angle but quite good at low angle,
try to make interface magnetic layer.

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR
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I1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)

. . . Figure 1: Dyna — m} X
Fit the thickness of o e e o s s oo ~
G d |sim #1 :Gd_th2th_1180_Imoy.txt v| |Formalism Parratt Fix Energy v|

>1n the fitting

Ang\e| 1 H 50 || 01 || 0.3 ‘ Beam thickness

window, select the | °

Normalization (DATAICAL  Background (DATAICALC) X shift (DATAICALC)

| 1e10 || 1 [[10000000 | 0 | 1e08 | 1e05 || 20 || 0o | 20
layer, the = i gl
)

| 1e-10 || 400000 10000000 | 0 | 1e07 | 1e05 | 20 || 0 | 20
1|| » 4 A

parameter, preSS Optimization Method : ’Smplﬁ—v‘ m lm‘

[11 ” TolFun TolxX MaxFunEvals Maxiter Diffhlin Diffhlax
a 1e-6. 1e-2 2000 2000 Te-4 Te-1

Effective Intervall:

Start End Step Resolution |CIRCULAR + v|
1180 H 8100 || 1 |

—s— Gd_th2th_1180_Imoy.txt
|n0 outgoing analyzer v|

4

X min: 2.9999€ x max

»Then “start”, when | o == @
finished, “accept”
or “reset all”

» Increase the
“Maxlter” and

W 1] 0.00 0.105 0.15 |

20.0 1000.0 1000.0 | 0.0 2.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 1.00 |

0 90 80 | 0 90 a0
11 ”» hd
MaxFunEvals” | N Fr=r—Ta—
\ Gdr | 1 | | o Jows2 | o1 || s | w0 | 150 || o | 3 | s [[ o | 1 | 2 || o | o | 1 o9 a0 [0 90|90 ||po|rere|Long
[ mset || peete | 4 | o] [ | =] [ | L K| | o | [ o] 1]
n e e d e d 31-Aug-2018 14:07:20: Calculation performed
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SYNCHROTRON

l1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3) ez

Fit the Roughness® " . .. 5 >

Dyna  Project Ratio Sims Data Export k]

> De I ete th e .I:It.tl n |sim #1 :Gd_th2th_1180_Imoy txt v | |Formalism Parratt Fix Energy v|
g .

tarl End Step  Resoltion  |CIRCULAR + v| —— Gd_th2th_1180_Imoy.txt
parameter [ [ [0 e
Angle | 4 || 50 | 01 || 03 | Beam thickness
.
Sample length
thickness a e
Normalization (DATA/CAL Background (DATA/CALC) X shift (DATAICALC)

| 1e10 | 1 |[to000000 | 0 | 1e08 || 1e05 | 20 || o || 20

>Add Roughness |f|1Je,m | 400000 ||1000000:0 |LIJ0 || 1e-07 | 1er5: \il—zn | d || 20 b
of Gd randW o —

Optimization Method :

- TolFun Tolx MaxFunEvals Maxter DiffMin DiffMax
> F It 1e-6 1e-2 2000 2000 1e4 1e-1
Effective Intervall: X min: 2.9999€ X max:
|W V|r0ughness V| % Gd_r ¥ x 1 - [ d

2  Wroughness 2.069f2**

m Density [mol/cm3 Thickness Roughness ] phi (MMS)

P W] 1] 0.00 0.105 0.15 | 20,0 1000.0 1000.0 | 0.0 2.1 5.0 | 0.00 ©0.00 1.00 | ©.00 0.00 1.00 | Q @0 s0 | o 80 =0
W
Look Up Database |set current layer mag to s |
[ Gdr | 1 | o Jooso2 | om || s | 10 | 10 || o | 3 | s [[ o | 1 [ 2 [ o | o | 1 | |0 |90 |90 [ 0|90 |90] poL pereLong
| mset || pemte | 4 1 =] L) ] =) L] ] oAl ] LK1 =] B I 2 T I 3

31-Aug-2018 14:13:20: Calculation performed
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SYNCHROTRON

l1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3) ez

Fit the Roughness® - T

na Project Ratio Graph Sims Data Export k]

. .
; D e I ete th e flttl n g |sim #1:Gd _th2th_1180_Imoy txt V‘ |F0rmali5m Parratt Fix Energy v|
Starl End Step  Resoltion  |CIRCULAR + v

parameter cnorgy | 1130 |[ o0 | 1 | EEr—
\
thickness oo [ 1 [ o [[ o1 [[ 03 | meamtictoess

—=— Gd_th2th_1180_Imoy.txt

a n Sample length

d d h Normalization (DATA/CAL  Background (DATAICALC) X shift (DATAICALC)

; A I aoug neSS | 1et0 | 1 |1ooco000/ | 0 || 1e08 || te05 | 20 || o || 20
K b 4 0| L] >

A4
| 1e-10 | 400000 |[10000000 | 0 | 1e07 || fe05 | 20 || o || 20
A el

of Gd_rand W ‘ 1L

>F|t’ Accept Optimization Method :

TolFun TolX MaxFunEvals Maxter Diffidin Diffiax

N

= 1e-6 1e-2 2000 2000 1e4 1e-1
> F It b Ot h Effective Intervall: X min: X max:

roughness and | » clese - S50
thickness but ;W 21072

looks worst, -
reset all ;

Density [mol/cm3] Thickness MMS %] phi (MMS) gamma (MMS)

.
; SInCe 2] W 1| .00 0.105 0.15 | 20.0 1000.0 1000.0 | 0.0 2.1 5.0 | 0.00 Q.00 1.00 | 0.00 0.00 1.00 | 0 90 50 | o 80 20
illations
k d d n | LookUpDatabase | |set current layer mag to ~ |
Wee y M a | Gdr | 1 | | o Joose2| om |[ & [ w0 | s |[ o [ 3 [ s | o [ 1 [ 2 [ o [ o [ 1 ] [0 90 9| |0 |90 |90 | poclrereLone

[ et || ovees | I o N o 4 | o A N o | >l A
e n e rgy 31-Aug-2018 14:13:20: Calculation performed
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IIl. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)

cP
e

Add an energy at.. .."

Dyna Project Ratic  Graph  Sims

res O n an Ce Isim #3 Gd_Escan_RT.txt v

|Forma|ism Parratt Fix Angle

Start End Step  Resoltion | CIRCULAR +

—
—— Gd_Escan_RT txt
» check the shift|> = = o s
Angle ‘ 45 H 30 ‘ 01 H 0.3 ‘ Beam thickness 1
. o
in energy! :
- Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATA/CALC)

. | 1e10 || 1 [1o000000 | 0 || 1e08 || 1e-05 | o || 20
» 11 eV shift => | o |

| 1e-10 || 400000 | 10000000 | 0 || 1e07 || 1e-05
4

substarct 11 eV ’ ’

Optimization Method :

TolFun TolX MaxFunEvals Maxkter

! Diffili Diffhd
1e-6 le-2 2000 e2000 I II11 e-4 I EL:e—1

eXp e rl e n Ce Effective Intervall: X min: .

|Gd_r vlthickness v| % |Gd_r

¥ 1 - 0 [

2 W roughness 2.069176f2**
1 Gd_r thickness 101.214767 f1**

Hame m Density [mol/cm3] Thickness Roughness ] phi (MMS) gamma (MMS)
Gdr | 1| 0.00 0.050 0.11 |

5.0 101.2 150.0 | 0.0 5.0 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 |

0 50 90 | 0 50 50

Look Up Database set current layer mag to hd
\ w I | 1000 || 0o | 206918 |
| mset || Deete |

0 /909 | 0903 | roLlpere|LonG
_»] A [l

31-Aug-2018 14:27:04: Calculation performed
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SULEIL
I1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)

i
Ad d an e n e rgy a't :n:igu;:j:::mriatio Graph
reS O n an Ce [Formalism Parratt Fix Energy v

Starl End Step  Resoltion  |CIRCULAR + v
» check back ooy | e [ oo || 1|

Sims Data Export

|sim #1 :Gd_th2th_1180_Imoy txt v

—— Gd_th2th_1180_Imoy.txt
‘ | |n0 outgoing analyzer V|
Angle | 4 || 50 H 01 || 03 | Beam thickness
.
1180eV (1169 in | -
Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATA/CALC)

DYNA [ 1e10 | 1 |[0000000] | 0 |[ 1e08 || te05 | 20 |[ o | 20

il v < T >

| 1e-10 | 400000 |[10000000 | 0 | 1e-07 || 1e-05

Lo || d || 20
»Much better! -

Optimization Method :

WaxFunEvals Waxiter Diffilin Diffhax
1e-6 1e-2 2000 2000 1e-4 Te-1

X min: 2.9999€ X max:

TolFun TolX

Effective Intervall:

|Gd_r V|thickness

v| CEE [, 1 I P

2 W roughness 2.069176f2* *
1 Gd_r thickness 101.214767 f 1 **

m Density [mol/ Thickness Roughness

11 Gd r | 1| 0.00 0.050 0.11 | 5.0 10l.2

150.0 | 0.0 5.0 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 | 0 90 30 | 0 S0 30

"~
W
Look Up Database |set current layer mag to s |
[ w | 1+ | o o105 | o1 || 2 | 100 | 1000 || o J20e918 5 | o | o | 1 [ o | o | 1 | |0 |90 |90 [ 0|90 |90] poL pereLong
[ mset || eete | 4 [ [E] [ I3 ]| | Bl & Bl [ B BN I 3 Y I 1|
31-Aug-2018 14:37:01: Calculation performed
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l1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3) cal

Add an energy at .

Dyna Project Ratio Graph Sims  Data  Expoert

re S O n a n C e |sim #1 :Gd_th2th_1180_Imoy txt w ‘ |Formali5m Parratt Fix Energy

Start End Step  Resoltion  |CIRCULAR +

> 1180ev (1169 In Energy | 1169 || 8100 H 1 .
gk | 1 || 60 H 041 || 0.2 | Beam thickness
DY N A) Q Sample length

| |no outgoing analyzer

Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATA/CALC)
. | 1e10 | 1 |[to000000 | 0 | 1e08 || 1e05 | 20 || o || 20
»Adjust the = ol S,
| 1e-10 | 600000 |[100000000 | 0 | 5e08 || fe05 | 20 || o || 20
4 A BK 3 4 3

n O rm aI i Z ati O n Optimization Method :
an d re d O flt ’%‘ ’%‘ MaxFunEvals Maxter Diffidin Diffhiax

2000 2000 1e4 1e-1

roughness and | ™™ SO

Gd_r v |thickness v — Gd_r vl x [0l
==
-~

normalization REERT P

1 Gd_rthickness 103.721f1**

Reset

Reseti...

m Density [mol/cm3] Thickness phi (MMS) gamma

W] 1] 0.00 0.105 0.15 | 20.0 1000.0 1000.0 | 0.0 1.9 5.0 | 0.00 Q.00 1.00 | ©.00 0.00 1.00 | 0 90 30 | 0 S0 30

Look Up Database |set current layer mag to s |
[ Gdr | 1 | o Jooso2 | om || s 10525 150 || o |33 | s || o | |0 |90 |90 [ 0|90 |90] poL pereLong
[ mset || eete | 4 1 =) ] =) L] ] LKl

31-Aug-2018 14:47:29: Calculation performed
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IIl. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)

VEeL

SOLEIL

SYNCHROTRON

cP
e

Add an energy at

resonance

»1195 eV
(1183eV Dyna)

>

H Figure 1: Dyna - O b4
Dyna Project Ratio Graph Sims Data Export
|sim #1:Gd_th2th_1195_Imoy txt V| |F0rma\ism Parratt Fix Energy V|
Start End Step Resolution ‘CIRCULAR + V| : l(;d_thzm_ﬁss_lmoy_m
Energy ‘ 1183 H 8100 H 1 ‘ ‘no outgoing analyzer V|
pae | 1 J[ e [ o1 ][ oa ]

Beam thickness
Sample length

:

Normalization (DATAICAL  Background (DATAI/CALC)

X shift (DATAI/CALC)
| 1e10 | 1 [1oo00000 | o0 | 1e08 || te0s | | 20 || o | 20
Rl 2| o 4 | >
| 1e-10 || 800000 10000000 | 0 (1507 || 1e05 | | 20 || o | 20
4| » 4 » 4| I »

Optimization Method :

Simplex o Start Accept

TolFun TolX MaxFunEvals Maxiter Diffiin

i{ Diffl
1e-6 1e-2 2000 2000 1e4 I Ef1(e—‘1

Effective Intervall:

X min: 2.9999€ X max:

|Gd7r V|th|ckness V| % |Gd_r v| 1 - 0 Add

2 Wroughness 1.922018f2*~
1 Gd_r thickness 106.684900f1 **

Hame m Density [mol/cm3] Thickness

phi (MMS)

2] W] 1] 0.00 0.105 0.15 |

20.0 1000.0 1000.0 | ©.0 1.% 5.0 | ©.00 0.00 1.00 | 0.00 0.00 1.00 |

0 90 80 | 0 80 90

W
Look Up Database set current layer mag to et
| Gdr | 1 | | o |oos02 | o011 || 5 | 1037 | 150 || o |a40555] 5 || o | [ 2 | o | 0 |90 90| | o |90 |90] poL|pere|Long
[ mset || pDeete | 4 1 o] [l ] | L ol | Al Il 1+
31-Aug-2018 14:58:36: Calculation performed
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I1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)
Add an energy at & o~

Dyna Project Ratic Graph Sims  Data  Export

re S O n an Ce |swm #1 :Gd_th2th_1195_Imoy txt v| |Formalism Parratt Fix Energy
Start End Step  Resolution  |CIRCULAR+
»1195 eV ey | i |[owo |[ 1]

|no outgoing analyzer

(1183ev Dyna) Angle 1 ‘ 80 H 0.1 H 0.7 ‘ Beam thickness

a 04 Sample length

Normalization (DATA/CAL  Background (DATAICALC) X shift (DATAICALC)

> Start flt Only thIS |L|1Je_10 [ ||1000000:J gJU | 1e08 | 1e—05} |ﬂ-2n [0 | 20

| 1e-10 || 950000 |10000000 0 |12e07| 1e05 || 20 | 0

|| 20
energy (do nOt ;timizationMethod: = ‘ b
forget to save

MaxFunEvals Iax Diffhin Diffllax

It
1e-6 1e 2000 3000 1e4 1e-1

th e p reVi O u S Effective Intervall: X min 2.9999¢ x
energy!)

N

1 Gd_r thickness 105653 f 1
2 Wroughness 1.986F2%

>Check 1180eVvV | ™
=> not so bad — s

5 LS phi (MMS) gamma (MMS)
>Check ] ] 96 8 dr 0.00 0.050 0. .0 105.7 150.0 | 0.0 3.4 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 | 0 850 S0 0 50
b}

0 80 80 | 0 50 S50
20.0 1000.0 1000.0 | 0.0 2.0 5.0 | 0.00 Q.00 1.00 | 0.00 0.00 1.00 |

0 90 90 | 0 90 %0

Look Up Database

| | ||
| nsen | |
31-Aug-2018 16:17:58: Calculation performed

set current layer mag to
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I1l. How to use DYNA: Fit example Gd 10 nm on W: structure (1/3)

cP
ik

Add an energy at @=on Eam——
resonance J : :

|S\ITI #3 Gd_th2th_1196p8_Imoy txt V| |F0rmali5m Parratt Fix Energy

> 11 9 5 eV Start End Step  Resoltion  |CIRCULAR +

Energy ‘ 1185.8 H 8100 H 1 ‘

|no outgoing analyzer
(1183eV Dyn a) Ade | 1 || @ |[ o1 || o7 | Beamtickmes
a 04 Sample length
; C h e C k 11 9 6 8 Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATAICALC)
] | 1e10 | 1 |10000000 0 |[1e08 [1e05 || 20 | o | 20
@ I v 4 i
e an y | 1e-10 | 900000 10000000 | 0 |/ 3e07 [ 1e05s || 20 | o | 20
A [ ApK [ y

~Not perfect for | omsesmm.
both. Try to fitall | ™ ™« ™5 ™5 ™ ™

th e e n e rgy at th e TZ:{i‘lrivelntervall: @r:nm; X.f'nax: _

Same time 2 Wroughness 1.986f2*~

j N d t f.t h 1 Gd_rroughness 3378f1**
separately, the
II d 'ﬁ fame m  Density [mol/cm3 5 as phi (MMS) gamma (MMS)

SI I Ia. I erence ar 0 5.0 105.7 150.0 | 0.0 3.4 5.0 | 0.00 1.00 2.00 | 0.00 0.00 1.00 | 0 90 90 | 0 90 90

ShOUId give error 0 20.0 1000.0 1000.0 | 0.0 2.0 5.0 | 0.00 0.00 1.00 | 0.00 0.00 1.00 | 0 90 90 | 0O 80 80
bars.

Look Up Database set current layer mag to
[ mset || peete | 4

31-Aug-2018 16:22:27: Calculation performed
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V774

institut

SOLEIL

SYNCHROTRON

lll. How to use DYNA: Fit example Gd 10 nm on W: Magnetism (1/3) (<=

From the structure 2= -0

Dyna Project Ratic Graph Sims Data Export

Of 11 9 5 eV I O O k at |S\ITI #2 Gd_th2th_1195_Assym.txt V| |F0rmali5m Magnetism Fix Energy V|

Start End Step  Resoltion  |CIRCULAR + v|

the mag netlsm Energy ‘ 1184 H 8100 H 1 ‘ |no outgoing analyzer v|
- Angle 1 30 01 07 Beam thickness
formallsm and ‘ H H ‘ Sample length

Q 0.1
Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATA/CALC)
asyl I Ietry | 1e10 | 1 |/10000000 0 || 1e08 | 1e05 20 | o | 20
il 3 KT 3Kl | 3
. . | 1e-10 | 950000 [10000000 0 | 1.2e07 | 1e05
»Longitudinal Tt

Optimization Method :
g e O I I I etry an d TolFun Tolx MaxFunEvals Difflin Diffax

Maxfh
1e6 1e2 2000 | 2000 1e4 Te-1
| I “ I lS — 1 => not Effective Intervall: Xmin: (28999 X max

|Gd_r vlroughness w Gd_r o x[ 1 - ol
”~

g OOd a-t h i g h 1 Gd_rthickness 106663 f1*~

2  Wroughness 1.986f2**

an g I e 1 Gd rroughness 3.378f1 %%
| ]

ratio-H-+H/-H+ +H

Hame m Density [mol/cm3] Thickness Roughness ] phi (MMS) gamma (MMS)

W | 1] 0.00 0.105 0.15 | 20.0 1000.0 1000.0 | 0.0 2.0 5.0 | ©0.00 0.00 1.00 | 0.00 0.00 1.00 | 0 90 90 | 0 90 90

Look Up Database set current layer mag to ~
| Gir | 1 | | o Joos02 | on || 90 [105653| 110 || o [33me04| s5 || o | 1 | 2 | o | 0 |90 180 [0 |90 90 | |eoLrere|iong
[ mset | | i I KT >l | [l [ ] AT

31-Aug-2018 16:28:21: Project saved to C:\Users\Emmanuelle\Documents\2015-2017 UPMC-ATER\Recherche\Dyna\Dyna-V3_16\Projects\Gd - Tb\Dyna_model\Gd\Gd_Angle_LT_1195_As.mat
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/VEeL

SOLEIL

SYNCHROTRON

lll. How to use DYNA: Fit example Gd 10 nm on W: Magnetism (1/3) (<=

From the structure=— - LR

Dyna Project Ratic Graph Sims Data Export k]

Of 11 9 5 eV I O O k at S\ITI #2 Gd_th2th_1195_Assym.txt V| |F0rmali5m Magnetism Fix Energy V|

End Step  Resoltion  |CIRCULAR + v|

h 1 Start

t e m ag n etl S m Energy ‘ 1184 ‘ ‘ 8100 ‘ ‘ 1 ‘ |no outgoing analyzer v|

fO rm al IS m an d Angle 1 ‘ 80 ‘ ‘ 01 ‘ ‘ 07 ‘ Beam thickness
Sample length

Q 01

ratio-H-+H/-H+ +H

aS m e t r Normalization (DATA/CAL  Background {DATAICALC) X shift (DATAICALC)
y y | 1e10 | 1 10000000/ o0 || 1e08 | 1e0s || 20 | o | 20
il 4 | >
T t I th | 1e-10 | 950000 10000000 | 0 |[1.2e07 | te-05 || 20 | o | 20
»Try to play with  Ja—— "=

Optimization Method : Start Accept

OP angle phi to

TolFun TolX MaxFunEvals Maxler Difflin Diffax
. 1e-6 1e-2 2000 2000 Te4 Te-1
fit Iarge reflected | e e 25500 x

|Gdr vlroughness v| lﬁt‘ﬂ—l Gd_r - |j| -

1 Gd_r thickness 105653 f 1
2  Wroughness 1.986f2*
1 Gd_rroughness 3378f1~*

angle => Better!

»Need to divide
the magnetc
layer

rﬂLﬂIJ[J] hhll’d“l“lﬂﬂ

phi (MMS) gamma (MMS)

W | 1] 0.00 0.105 0.15 | 20.0 1000.0 1000.0 | 0.0 2.0 5.0 | ©0.00 0.00 1.00 | 0.00 0.00 1.00 | 0 90 90 | 0 90 90

Look Up Database TiEE T E

| Gir | 1 | | o o052 | onn || 9 |105653| 10 || o [33we4| 5 || o | 1 | 2 [ o [ o | 1 | n|132|1an|_|0|9o|90 | poL | [pere]LonG
[ mset || peete | Al | o] [ A i o] [ | JL T | A [CTDl| ] i

31-Aug-2018 16:27:17: Calculation performed
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I1l. How to use DYNA: Fit example Gd 10 nm on W: Magnetism (1/3)

/VEeL

SOLEIL

SYNCHROTRON

cP
5

From the structurea=-».
of 1195 eV look aty— " "

|S\ITI #2 Gd_th2th_1195_Assym.txt V| |F0rmali5m Magnetism Fix Energy V|

ratio-H-+H/-H+ +H

th e m ag n eti S m Start End Step  Resoltion  |CIRCULAR + v|

Energy | 1184 ‘ ‘ 8100 ‘ ‘ 1 ‘ |no outgoing analyzer v|

formalism and e [+ w0 [ or [ o7 | micons
asym m etry Q 0.1 Sample length

Normalization (DATA/CAL  Background (DATA/CALC) X shift (DATA/CALC)
= . | 1e10 | 1 10000000/ o0 || 1e08 | 1e0s || 20 | o | 20

» Divide the o ] fri
| 1e-10 | 950000 10000000 | 0 |[1.2e07 | te-05 || 20 | o | 20

4 3 4 3 4 I 3

magnetic layer in
2 (thickness total

Optimization Method :

TolFun TolX MaxFunEvals Maxler Difflin Diffax
1e-6 1e-2 2000 2000 1e4 1e-1
n Ot Ch an g ed) Effective Intervall: X min: 2.9999¢ X max:

Gd_r v |mms

95,7/10
»Fit the 2 mms

»To be continued

. Check thiS Hams m density [mol/cm3 loughness 5 BS phi (MMS) gamma (MM5)
model for other S R
energy

v cor B x 1 - o [Aw]
”~

Reset

2 Gd_r MMS0908f2**

Resetin. |

0.00 0.050 0.11 | 5.0 10.0 50.0 | O.
0.00 0.105 0.15 |

(=]
(=]
[
o o
tn tn
(==

20.0 1000.0 1000.0 | O. 0.00 0.00 1.00 | ©.00 0.00 1.00 |

Look Up Database set current layer mag to ~
u Try Bmms | Gir | 1 | | o o052 | on || s |95653 | 10 || o | 34 | s5 || o Jossmpes| 2 | o | o | 1 | 0 |90 180 [0 | 90|90 ||eoL|pere|Long
[ mset || peete | Al | 3l | [ K] ] BIE] ] S T | = A el A ]

31-Aug-2018 16:36:58: Calculation performed
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V. Conclusion and Outlook -

»Normally you have now all the basis to fit.

It is important to go back and forth between different energy to be sure the model
you found is unique and robust.

»The code is still evolving, so check from time to time if there is a new version on
the website (http://neel.cnrs.fr/spip.php?article2575). If you have a suggestion, do
not hesitate to contact us.

»Please cite this article if you are referring to DYNA in a paper.
M. Elzo et al. JIMMM 324, 105-112 (2012),

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR
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Annex: Formalism: Deriving the equation co

Resonant atomic scattering factor, f: . onetal PrL61, 1245 (1989)

) -2 1+ F (£)+1F (E))- i e, m{ (£)+iw(E)

Charge scattering 1st order magnetic scattering
- Fc = |:m

Matrix expression based on the o, & polarization states:
> e; = 0; oufni : etfer = 0, 0U T,
a 0i,0r O,y
> HE) = (fni,a,, fni,n)
» EXpress o;, &, o,, ® and m in the (x,y,z base)
> fo,0, 1S f(E) for e, = g, and e; = o;
> fo,n, 1S f(E) for e, = m,. and e; = o;
» etc. ...

20/09/2017 EMMANUELLE.JAL@SORBONNE-UNIVERSTE.FR



Annex: Formalism: Deriving the equation cz
If fo.e. = Fc(er-e;)) —iF,(er X e;)-mand
1 O O mtran
o; =0, = <0>,ni = sin(8) |,m, = —sin(8) |,etm =€ ( mzon> avec € = +1
0 —sin(0) —sin(0) Mo p
Then
» fai,ar = F
> fai,nr = —ieFy(Myyn cos(8) + mg p sin(6))
> fryor = —i€Fn(mopsin(0) —myy cos(@)) (M)
7 frym, = Fcos(20) + i€k, Myqp sin(20)
and _
f(E)=F. 1 0 ) 13 0 | m,,, Cos(6) +.molp sin(O)
0 cos(20) —m,,, cos(&)+m, , Sin(H) —m,,. Sin(26)
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Annex: Formalism: Deriving the equation co

From this resonant scattering factor, the reflected intensity can be calculated since

07+ 12 . . . . .
I o« |¥; f;e'%"i|". The reflected intensity can be decomposed in the o, m, basis and in
the approximation that the scattering factor is independent of the atom, one find:

I'= Io"r T I7Tr = ‘fa'r‘z T ‘fn’r‘z

For a general initial polarization, the resonant scattering factor can be written

f _ fai,ar fai,nr . ( Oe, ) _ 5eafai,ar - ienfai,nr _ far
¢ fni,ar fni,nr —len 0 eafni,ar o lenfni,nr fnr
Developing the equation and neglecting the magnetic term of order 2 or more one

find the general expression of the reflected intensity with ¢ and € = +/-1 and e, and e,
=0orl

Is = [ez + ez cos(20)]|F.|* + e{ezmyrqn SIN(40)[F''M' —
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