Explore the features and functionality of

ATOMIC MATTERS & ATOMIC MATTERS MFA
computation systems. The following screenshots
present relevant examples of the functional algorithm
which should help you comprehend the software
interface and principles.

ATOMIC MATTERS is designed to calculate, simulate
and visualize the most relevant properties of materials
which are determined by the fine electronic structure of
contained ions or atoms in defined conditions.

ATOMIC MATTERS MFA is software for magnetic
phase transition simulation according to Mean Field
Approximation methodology.

The synergy of both applications makes it possible to
predict the macroscopic properties of materials in user-
defined temperature regions by using the physical
properties of atomic electron systems under the
influence of an external magnetic field. The software
systems are intuitive and productive due to their
graphical user interface, the wealth of interactive tools
including 3D interactive visualizations, and the easy
portability of data.

JOIN US TO TEST AND DEVELOP
ATOMIC MATTERS SOFTWARE

Rafal Michalski

Atomic Matters project Leader
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e, - Angle of external magnetic field (X axis,Y axis): 0.00 deg.

Hamiltonian matrix Spin-orbit cooeficient {lambda s-0): 920.00 K

Base

Please choose output directory:

=% comple You can add/remove the informations in this area for this set -

1 of aplication and do not forget to save these changes e Disk lokalny (C:)

@ % Config.Msi

CEF Parameters - L dell

BI=-10.83227 K <L Intel
- JMatPro-wS-dema

o_

B,y= 044314 K L MKTex 239

Bj=0.88628 K PerfLogs

; Program Files

Program Files (x86]

[values not shown are equal - ProgramD ata
to zero] o TR

per-right corner

Spin-orbit constant
i, =920K
Magnetic field (static) <
Bt 011 _g_spectro 2016-08-08 14:31-a—
sl lie o Pl ol _o_spectro 2016-08-08 14:31-a—
\=la_entr 2016-08-08 1%:31-a— 0K || Cancel |
| |a_spech 2016-03-08 14:31-a--
— ! : I_.g_l::hi 2016-08-08 14:31-a—

Pick results to save: , | |g_invchi 2016-08-08 14:31-a—
||+ W.dzx real Hamiltonian matrix d moment 1650808 14:31-a—
61 522 e o et _d_temp 2016-08-08 14:31 -2~
[ = = 2016-08-08 14:31-a—
| |o_spc 2016-08-08 14:31-a—
 o_chi_z 2016-08-08 14:31-a—
save additional data (plot ranges, markers) I_.ﬂ_d"li_}( 2016-08-08 14:31-a—
o_chi_y 2016-08-08 14:31-a—
| |o_neu 2016-08-08 14:31-a—

o E 2016-08-08 14:31-a—
Wi- |description 2016-08-08 14:31-a--

iF'hysic:aI Review Letters PRL 101, 217002-3 [2008]

| Cancel




(® Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit 1 INPUT DATA
s iy for Mean Field Approximation calculationS
= = = o et I o W i Filename: D:\—ATOMIC MATTERS—\W-Y-N-I-K-T\FULL -WYNIKI PRZECZESANE NEW CONCEPTION OF READER 07-2016'\Dy3+ in DyAl2 [110]-AL Lima et al_ PhysRevB72(3
1! ) a8 G imee W WY f pescription:ALL Lima etal. Phys. Rev. B 72 (2005) 024403

& input data QT N— : For dowloading calculation parameters, select an *.atma file
” '_':%"‘ i e - B Wﬂ—- - . created by the Atomic Matters application. All results from
mol= |7+ g ™ parameters Hamiltonian ICEF view eneragy levi spectroscopy magnetic sus. inverse sus. spedfic heat entropy jescription . a a a - -
ot i the file will be loaded into specially designed input tabs and
8T= K 1 1 H
ot e e selected fon local CEF surroundings of central fon magnetic field the 'parameters sub-tab' will appear. You can freely change
@;”fl E——— Selected symmery: cubic T O Oy i the input tabs and result sub-tabs to establish the object of
Temperature range for calaulations: o ||+2] B2 F'o.0o0638 K A~ W Ka ' . . . .
T=10..1001 K it s - ECUTE . calculations (ion/atom) and verify calculation parameters,
Estimated calculation time: +3 B§= QK A§= QK%-‘ i - B 2 ( ) y p
705 Dy Bl- 0K A= Ka* 1 T — respectively.
G gfs _ Bj- D09z K Aj- [5E21995  |Kay* il T— The MFA calculations have one only physical parameter
prosium TE 0_ 1] s ¥ = o )
= T Bt ; e :: %ﬁ SR setable by the user: molecular field parametersn, .
automate calculations for L=5; §=5/2; 1=15/2 3 L -6
set external magn. field increment: | 22 aground multiplet: *H Bg= J:I K A= Q Ka, YT
BB’ ux= 05| Tesha # Gl R Bi= [0.000137 K A}= 1806941 Ka,™* Bm b
set number of increment steps: ‘ =0 BS= E K A= Ka,™* / ?l
20 | steps Base & I
B, = [0..10] Tesla Cl 813 Note:ay = 0.05291772 nm
set external magn. field direction: Hamiltonian matrix Heer =220, AT <@
o= |° p-p_|° ® o3 o
Estimated calculation time:
4205 automate calculations fr— : 5 o i Flename: (o file loade
':\‘v,'ll ) ) = = fmce WO RME g:criptinn: Enu 2:& :oagegg
input data \ouputdata :
load file

MFA vD.49A (05.08.16), 64-bit

Smokey Quartz Kamri
(c) 2011-2016 Induforce
Main ideas: Rafal Michalski

Scientific background:

M ea n Fi e | d Ryszard 1. Radwanski, Rafal Michalski

= Approximation Programming:  Jakub Zygadio,
HH - Marek Karas, Rafal Michalski, Tadeusz Moron,
atomic matters MFA Edyta Osika, Tomasz Sanecki, Andrzej Wronka
load | | hep | | dose |

import parameters and settings from defined *.atma file 4

V1vad LNdNI V4IA sis)1ew diwole



atomic matters MFA INPUT DATA calculation parameters verifications

INPUT DATA - parameters calculation verification

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit

for Mean Field ApprOXImathﬂ calculations File name:  D:\—-ATOMIC MATTERS-—\WJ-Y-N-I4¢-T\FULL -WYNIKI PRZECZESANE NEW CONCEFTION OF READER 07-2016\Dy3+in DyAl2 [110]-AL Lima et al_PhysRevB72(
:: Description: A.L, Lima et al. Phys. Rev. B 72 (2005) 024403
All result data from *.atma files is available in sub-tabs : : rE— ——
grouped in the 'input data' tab. All graph functionality is Mau= B:6_| T/iy - R Y < e e e
) ) . . set temperature step: *' — choose color paletts
exactly the same as in corresponding tabs in Atomic Matters s1- 2 L, T | S mre— o
- - - - set number of temperature steps: 2 L T =" o m]
application. The set of results from an *.atma file that will be Bl Vi ka,? || TmmcOlE=G L2
. V- b |ka Resolution: | Menyhigh  |=7]
Temperature range for calaulations: i T = | i
the source of parameters for MFA calculations can be SSgdie Vi B Txas* || [out | / =
H H H H L g = | -
chosen by setting the active input tab. Information about the ke = E Eou |1 :
. .. g i= Kag -
number of calculation steps can be set on the left sliding G I al — il o
: o time Nl — Crpm ™
panel. Estimated calculation time is shown. _ ol :
[# automate calculations for MCE V3= [.1645120051 Ka, ™ -
set external magn. field increment: V,’;= bi Ka“"' -
3] e ES Tesla Vi Cl Ka, 4 =
set number of increment steps: V§= h K:n,q
0
o] sters Vi- [35.82199883] Ka,™
Bt = [0..10] Tesla v ] Kag?
set external magn. field direction: vE- Cl Ka,?
o) o ] & ay =
b 10 p 1o [ Vi ", :
Estimated calculztion time: 5 e e N . -
(@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit 42.0s V= D Ka, T {'o-—- 66,2275
= vZ- o Kag? ] i
ile Tabs Help S Cll{ L [
= = = iy S i File D:\—ATOMIC MATTERS—\W-Y-N-I-K-T\FULL -WYNIKT P o = = —
rl = O owee W i smn:xmA.L. Lima et al. Phys. Rev. B 72 (2005) 024403 V- [103832353€ Ka, ° min i
1= —— ol — R
, - = vi= [ Kag*® paint of view
lecular-field i Ioad file 13,3z> B=0T (MBdz=B=aT[00) vi- Cl Kag® 7% e
Noa= -6 | T/, - parameters Hamitorian CEF view energylevels  spectroscol Vi- [21.80694140( Ka," b
set temperature step: i S % =] = I m
= : S Vi- T ke, Sl
51= 1|k o (m® vi- B :
set number of temperature steps: ﬁlﬁlﬁ 'Mliioi |]:Z| ‘;l \]i| 2 ‘—‘ Ky — | e uns | in frant
50 | steps SR ||| oo magnasc vecoe |
Temperature range for calculations: 20
T=[0..100]1 K
Estimated calculation tme:
7.0s
.#‘\E File Tabs Help
@ =g =0 ey e o e File name: D:\—ATOMIC MATTERS--—-\W-Y-N-IK-T\NOWE-DARMSTADT \Nd2Fe 14B.atma
: L ! () V=) 87 (3 | mce WY M Description: R, Sasaki, D. Mura, A. Sakuma, Appl. Phys. Express 8 (2015) 043004
@autumate calculations for MCE = o
set external magn, field increment: —_ input data
A £
5B'en= 05| Tesha = molecular-field coefficient: s LSz ex
set number of increment steps: B ="
20 | steps = Npo= 250 | T/ ~ Hamiltonian CEF view energy levels spectroscopy miagnetic sus. inverse sus. specific hieat (C)
... = [0..10] Tesla © 0 set temperature step: o =
LA = e |t = - Black = B |u =y | =
set external magn. field direction: - 8T= 10 K 22 EI = Tahoma . e |_||._J|_2I
a=p_]° p-p_1° setnumber of temperature steps: Results generated on 5-27-2016, at 05:14:20 PM (calculation time: 34.6s) for electronic configuration: 4f3
Estimated calculation tme: 60 steps Static calculation in |L,Lz,5,5z> base with complex Hamiltonian
i I} Temperature range for calculations: Local symmetry: free/triclinic (complex) C_i C_1
o T=[0..600] K Used CEF parameters: A, = 0.0000000000 K/ap?, A;l=0.0000000000 Kfag?, A,2 = 450.0000000000 K/ag?,
Estimated calculation time; A0 = 0.0000000000 K/ag*, A,l=0.0000000000 Kfag¥, A, = 0.0000000000 Kfay?, A4S = 0.0000000000 K/ag?, At =
S 0.0000000000 K/ay?, N
@ A0 = 0.0000000000 K/agh, Agl=-45.0000000000 K/a,5, A;2 = 0.0000000000 K/ag®, A;™'= 0.0000000000 Kfag®, At=
. 0.0000000000 K/ay®, A% = 0.0000000000 K/a,®, A5 = 0.0000000000 K/agt,
Value of external magnetic field: 0.00 T
Angle of external magnetic field (Z axis, XY plane): 0.00 deg.
Angle of external magnetic field (X axis,¥ axis): 0.00 deg.
transitiondata | Spin-orbit cooeficient (lambda s-o): 430.00 K

[You can add/remove the informations in this area for this set of result separetely. Use text formating buttons in the upper-right corner
of aplication and do not forget to save these changes




@ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit

File Tabs Help
| f‘; " File name: D:\—ATOMIC MATTERS—\W-Y-N-I-K-T\WOWE-DARMSTADT \Nd2Fe 14B.atma
¥ F | owee WYY Description: R. Sasaki, D. Miura, A, Sakuma, Appl. Phys, Express § (2015) 043004
input data . .
molecular-field coefficient: ' lpad file ! & 5; '.EL-S:LZ.SZ> _
Npw= 250 | T/u; = parameters Hamiltonian CEF view energy levels  spectroscopy magnetic sus, inverse sus. desaiption
set tempera_mre step: quantizstion sz graph view
5T= 10 K Sz (D i ) e . E =
(rzEaLe i JY & | 12 ,—J )J_ ,?J ? |:| hide magnetic moment : show transitions
set number of temperature steps: it L L L SRR Y 7 |
60 =heps E [K] | groundterm | energy levels Energy 5 [K] magnetic moment components: my,,, m, mg (magnitude, angles and cartesian coordinates) IEI
Temperature range for calculations: e > =0 U001 s, o=90.00%, B=45.00" <M ==U.00010s, =Y0.00°, p=4:
T=[0..600] K 4000 0.0001p;, «=00.00° B=45.00° <m,>=0.0000g5, .=90.nn“. B=4%
Estimated calculation time: e >=0.0003p,, o=90.00° §=225.00" <m_ =>=0.0002u;, «=90.00°, =23
5m 46.05
G
patters MFA) v0.49A (05.08.16), 64-b |-
= 2000 a=89.43°, p=45.00° <m_>=0.0008u;, «=90.00°, B
a=00, UU° B=225.007 =m_==0.0004p, ;=90 EIU°
e e el 2
o= = <m_==0. Ha, O=
o.=90, EID° p=45.00° <m_==0.0001ps,
a=90. DU° p=45.00° <m ==0.0002p,
o=90. UD° B=225.00° <m_>=0.0006y,, f—QD DD° B= 2
1]
S
«=00.00%, p=225.00" <m_==0. g,
0.=90.00°, p=225.00° <m_>=0.0001pz,
-2000 U.=S‘D.EID° p=45.00° am ==0.0001ps, Il
U.=QD.UD° p=225.00% <m >=0.0004p;, o 'E:
— ! 'J:é
3 g
£ i o <m_>=0.00025, 5
3 \ P T -
n 50.00 § % o= <:IT“_> e T
o | o= <m, >=0.0001p., B 2
k) b ground state o= <mg>= D.DDD2u5, 1
z : |V
:-E b
E detzited information; | eigenvalues |eigenvecmrs | scattering
= —
= 40,00
% l close |
.%
7
@
]
7]
=
Lo
E 20,00
0
a 50 100 150 200

temperature T(K)

detailed information

suoinedllusA sia1aweed uone|ndled viva 1LNdNI WY4IA siallew dlwole



atomic matters MFA ENERGY LEVELS SCHEME vs TEMPERATURE result tab

ENERGY LEVELS SCHEME vs TEMPERATURE

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit

File Tabs Help

thermal evolution of FINE ELECTRONIC STRUCTUREn |$_| = ) P Mf:? CACH, ’I;'{;c n::;zmgtfgaoggl ”p?\ﬁse:\;%?ﬁ;ﬁ% ;WYNIDG PRZECZESANE NEW CONCEPTION OF READER 07-2016\Dy3+in DyAl2 [110]-AL Lima et al_PhysRevB72(;
Mean Field Approximation calculation methodology. MFA calau | input data ~ output data
molecular-field coefficient: e N 1 G
The thermal evolution of Fine Electronic Structure Set";:;az:mw.ug . [ creov o gunene
. . . . . . ' quantization axis graph view
c_alcu_lated in Mean Field Approxmatlon ofionsiis ts;: zf e 12 1) [5) [ | eeeem— | [roeme— =]
visualized by an advanced viewer that can zoom, b . . .
Compare and d|3p|ay the Structure Of elgenstates Of Temperature range for calculations: I =] !—\
. . T=[0..100] K £
energy. Set the slider for the temperature at Which t0 | cmeted caiulotin tines 150 o
view eigenstates and eigenfunctions with expected 350 e e v
. . N . == =gy ey
values of directional, spin and orbit components of Sl e
o « A Figeir:
magnetic moment of every state of structure. ' a0 = \“\\\
@aummab& calculations for MCE e e N
set external magn. field increment: 4 _—___ﬁh“-—h_,____a K“‘S
BB'ex= 05| Tesh i S e T T
set number of increment steps: ‘ B
El steps i lg = o |
B'ext = [0..10] Tesla —— -
(@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit Siii’(hfmﬁagn' e drecoo: - pm—————— _jf:::- 2
5 B= E = L
Sl Estimated calculation time: 4____~——~‘_”j__:—_:"/— / /
GEESe e 60 v Enm gy e e e
E f ~ output data & T e P /
molecular-field coefficient: i
o= 36 | Thy = energy (MF) i ;H__,,/"
set temperature step: i quantization axis graph view ————_’f
8T= ]:JK =z H g sl et
set number of temperature steps: S : Ii&d' = lh‘m—m L = i
o . 0 50 100
TEmperamr:r:ngE fnsrtmp\:ulaﬁuns: 'E . siider position 64 K sslected tamperatwre: 64 K Temparatire [K]
T=[0..100] K . I = - shaw detaed dara fr
Estimated calculation time; | 160 71%—“‘% == 5 a [ ="
35.0s —_————__‘__h:-,_
H_-‘“'“‘ﬁ:::_‘:—hf____‘_ _1H‘“1-ﬂ_, ‘
— e S 1
= a0 e e e T e e
(&) automate calculations for MCE _¥‘—~ﬁ___‘___ =3 _‘-—::‘:_i\\:_a\ _H‘
zet external magn. field increment: s —— ﬂb_‘—h—ﬁ___‘_ - =
BB'= 05| Tesla ——————— - i e =
set number of increment steps: S N e R e
20 | steps £ === —
B'ext = [0..10] Tesla — P___g__i—— ‘ | -
set extemal magn, fied direction: s = e Two screenshots of thermal evolution of the Fine
a=b_1° p=p_I° S PO = = = . :
e e | = — e e Electronic Structure calculated by Atomic
12m 15.05 0 /00— —_— 3 3+ - . .
~ —— e e 3 Matters MFA for Dy ions in DyAl, compound in
' — | CEF environment under the influence of an
L - g | external magnetic field applied in crystal direction
e . [110] withvalue B,,=0andB,,=5T.
;': E u;o -
sider posmion 64 K salected temperane: 64 K Temparatura [K]
show detailed data for "
selected J




@ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit
File Tabs Help

A screenshot of the thermal evolution of
Fine Electronic Structure calculated
by Atomic Matters MFA for Nd** ions
in Nd,Fe,,B supermagnets.

File name: D[:\—ATOMIC MATTERS-—\W-Y-N-I-K-T\NOWE-DARMSTADT \Wd2Fe 148. atma
Description: R. Sasaki, D. Miura, A. Sakuma, Appl. Phys, Express 8 (2015) 043004

output data

molecular-field coefficient:
Npw= [250 | Tju, -

set temperature step:

6T= 15 K
set number of temperature steps:

'4?’— steps
Temperature range for calculations:
T=[0..705] K

Estimated calculation time:
13m 37.8Bs

quantization s graph view

1:1 ’)+ ,-)_II zoom | show magnetic moment Iz | observable transitions |

iz

| 2000

| -2000

(@@ details of eigenfunctions

Eigenfunctions for 4% in |L,Lz,5.5z> base

Temperature: &0 E

‘eigenfunction[l] = -0.081|-3_.0,-1.5> +0.2439%|-4
EIGENVALUE:E[1] = -5683.143%

'eigenfunction[2] = -0.1566|-2.0,-1.5> +0_3836|-

EIGENVALUZ:-Z[Z] = -5435.7376
ieigenfunction[3] = -0.2354|-1.0,-1.5> +0.461&|-
EIGENVALUZ:Z[3] = -5174.2741 : )
leigenfuncticn[4] = -0.328310.0,-1.5> +0.543|-1 Energy levels and corresponding expected values of 4§2 in |L,Lz,5,52> base
EICENVALUE:-E[4] = -4836.0507 I —
|eigenfunction[5] = +0.4305(+1.0,-1_.5% —0_5399|0.0,-0_5% +0_5671|-1.0,+0_5% -0_.3649|-2_0,+1_5» Tempersturer @HE.
EIGENVALUE-E[5] = -4540.1880 Energy lewvel| di {En-Eo) | Jx Sx Ix | mix)
‘eigenfunction[f] = +0.5352(+42.0,-1.5% —0_6284141.0,-0.5> +0.498610.0,40.5> -0.26921-1.0,41.5> “SoRRTRASY n-hoogall . —d.aa0a1t 0.00000  -0.00001  —0.00001
ETERALOE R e i%a7 aEdd -5455.757580 152.366368 -0.000001 -0.00000 -0.00000 —0.00000
leigenfunction[7] = +0.83653(+3.0,-1.5> —0_&211142.0,-0.5> +0.41641+1.0,+0.5> —0_183610.0,41.5> saliacalaldy BiL:EHARES, -0-A0A03 o s s S e
e i it el -4836.050747 553.113200 -0.000005 0.00000 -0.00001  -0.00000
leigenfunction[8] = +0.2302|-4.0,-1.5> —0_5456(-5.0,-0.5> +0_8053|-4.0,+0_5> AL TRANS]  C1RER-SySals Co-O00A9t  O.dnond. Sh-oonl  SU-00or
S TRCEATIE B8] — oA adst -4307.553446 1381.210501 -0.000008 0.00000 -0.00001 —0.00001
g it o g o ” . y - -4133_563807 1555600340 -0_000002 -0.00000 -0.00000 =-0_00000
f;gs;g:;;leT;?] = ;géz‘ifl;4'g' L SRRSO T B L SRR RO T AT I L -400&.242054 1682_921833 -0.000012 0.00000  -0.00001  -0_000a0l
-1 2. IR + = o.2c

: - s B ) 5 . N s -3586.427271 1702.736676 0.000014  -0.00000 0.00002 0.00001
'Elg:nfuncfffnllol_— +0.8158+5.0,-1.5> ~0.519|+4.0,-0.5> +0.24241+3.0,40.5> ~0.07911+2.0,+1.5> s ook I s liee i i v sl S Pae s it
_ZFG‘thLU;j‘[lol = _3803'16°9 N - ~ ~ - -3691_651055 1997.512Z892 -0.00000& 0.00000 =-0.00001 =-0_00001
E:.g:nt:unc::l.fn[ll] = —0.34:-1—3.0,—1.5} +0.€0594|-4.0,-0.5> -0.4897|-5.0,+0.5> -0.5194|-6.0,+1.5> —Z486_TTESEL 3303 385387 a_onooaT —0_0000a 0.00001 o_ooooo
BICRERLIR - RELLY = “a6Tlh gl -3330_§07535  2358.556412 —0.000005 0.00000 -0.00000 —0.00000
‘eigenfunction[12] = +0.89961+6.0,-1.5> —0.4068145.0,-0.5> +0_1532(+4.0,+0.5> -0.0422(+3.0,+1.5>

—2941 662224 2747 .501724 -—0_000004 0._00000 —0.00000 —0.00000
- —2566.201128 3122.9€2B20 -0.000005 0_00000 —0.00000 —0.00000

EIGENVALUE:E[12] = =—3486.778&

]

gel 3insal JINFHDS ST13ATT ADHIANT V4N Sisijew diwole



atomic matters MFA MAGNETIC MOMENT in ORDERED STATE, result tab

MAGNETIC MOMENT vs TEMPERATURE

@ Mean Field Approximation {(atomic matters MFA) v0.48a (02.08.16), 32-bit

thermal evolution of MAGNETIC MOMENT in

File Tabs Help

) ) T ) P : Mg | i Filename: D:\—ATOMIC MATTERS—\W-¥-N-T K T\FULL WYNIKI PRZECZESANE NEW CONCEPTION OF READER 07-2016\Dy3+in DyAl2 [110] AL Lima et al_PhysRevB72(2
ordered state calculated according to Mean Field = = : e e I B LR f
Approximation. (A B output data
molecular-field coefficient: | Lo gems el . 2 a3
. . Now= R4 | T, - y b f— N
The value and direction of thermal dependence semmwaﬁp: T s
' irecti i 81= _|x e =
of magnetic moment directional componentsin J s=f2_Jx ] e (D W = ——
an ordered state calculated according to Mean o |steps p— M, My
1 1 1 Temperature range for calculations:
Field Approximation. s sl \
Estimated calculation time: 3 o
7.0s
@ Mean Field Approximation {atomic matters MFA) v0.49A (05.08.16
File Tabs Help ’;f‘.: 7.5
Iij_l ._'I ' | %l |_,-'J Mg Ll . & E:;cn:pt- (& automate calaulations for MCE E_:\
- — - set external magn. field increment: Bee E’?
T input data  outpll 5B .= 05| Tesh | [
moleatar-ficld flicient: load file - set number of increment steps: ‘ %
= B 20 steps fes g 5
Memor= Tip * (ME) - moment ( B'.. = [0..10] Tesla =
set temperature step: — plot sczle set external magn. field direction: %‘
a1= [ K T o= _|° p=fp | 5
set number of temperature steps: = &ﬂ Estimated calculation time:
60 steps 4 dils
Temperature range for calculations: 52
T=[0..600] K
Estimated calculation time:
4.0 K
= 3 ’
[ o 2 .5 51 75.5 100
| automate calculations for MCE :; Temperabir i)
b e dbrrriad man. ol brerammie i E:-'c' detailed information |
i :,‘::
. £
144 o
£ 2
¥
a
E
e Two screenshots of thermal evolution of
. magnetic moment components for Dy*" ions
in DyAl, and Nd** in Nd,Fel4, compounds
respectively.
a
10 157.5 305 452.5 500
Temperature T(K)

detailed information




@ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit

File Tabs Help

REE& @ F

Description: R. Michalski, Z. A

molecular-field coefficient:
Agm= (235 | Tlg, -
set temperature step:

oT= 1 K
set number of temperature steps:
30 steps

Temperature range for calculations:
T=[0..30] K

Estimated calculation time:

2m 21.0s

output data

moment (MF) - mag. sus. (M

— plot sczle

s = @ W
3

maghetic moment m, , . (jig)

File name: D:\—ATOMIC M.

@ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit

File Tabs Help

|_'.:| =i = ';'I : Ay o . " \ File name: D:\—ATOMIC MATTERS-—\W-Y-N-I-K-I\NOWE-DARMSTADT \Er 2Fe 14B.atma
! 0 Y| = L MeE = Description: B.F. Bogacz, A. T. Pedziwiatr, Nukleonika 58 (2013) 31-33
el input data ' output data 3
molecular-field coefficient: | load file > © MFA test %
M= |21 Tlug = iergy (MF) G oment: (MF) 3 =
set hempera_mre step: — plot scale st type of graph
&6T= 10 K
=gy set range o l:‘ li‘ Ii‘ 58t markers [+]
set number of temperature steps: = ki || m m rotal e
P z X
60 steps 10
Temperature range for calculations:
T=[0..600] K
Estimated calculation time:
17m 18.0s
- =
5 7.5
L e
| automate calculations for MCE ::
i =
i
=
[
E
o
£ 5
o
=
]
C
o
I
E
& 2.5
a
10 157.5 305 452.5 600
Temperature T(K)

detailed information

155

detailed information

Temperature T(K)

2 screenshots of magnetic moment thermal
evolution calculated by Atomic Matters
MFA for Er*"ionsinEr,Fe,Band Nd** ionsin
NdNIi, compound respectively.
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atomic matters MFA MAGNETOCRYSTALLINE ANISOTROPY CONSTANTS K(T) result tab

MAGNETOCRYSTALLINE ANISOTROPY

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit

. File Tabs Help
CONSTANTS KI(T) Calculated accordlng to = E = e Sy i . 'y @) i Filename: D:\-—ATOMIC MATTERS—\W-¥-N-I-K-I\FLILL AWYNIKI PRZECZESANE NEW CONCEPTION OF READER 07-20161Dy3+in DyAl2 [110]-AL Lima et al_PhysRevB72(
Mean Field Approximation. £ =) & Y omee W 8 i Description: A.L Lima etal. Phys, Rev. B 72 (2005) 024403
% boul: input data :" .mrtpu‘tdata
: molecular field cocflicient: ) ers, R 5 16 gnl? el® eld e 2l
The value of magnetocrystalline constants K; Nai= [T | Tiay ~ = T S __
calculated for all temperatures from a defined = T>=e=" sz e o g
. . ~ . ——t1a set range @ L IRC N INCIRC etk ()
region as expressions of expected values Of [ setrumberof temperature steps: [ el ) K Ko Ky Ks Ko e
. 50 ste
Stevens operators <O", >, according to exact ... .ceore o cossons: "
formulas: L1 e
: 3 0/&0 o/AaG 21 o/AD Estimated calculation time:
K,(T) = —(2BZ<OZ> +5B9(6)+<°B2(6¢) 3505
7 0/A0 0/A0 | automa e
KZ(T) = E(SB‘I <04> + 2756 <06>) r [ automate calaulations for MCE — I—_—_—___—__*————“___“—_—
1 =et external magn. field increment: E: E
* A A BB’ eu= 05| Testa il
KZ(T) = E(qu<02> + EB:<02 >)f =et number cfln:rementsbeps: < g %’_//_/—
23 [0 | steps pe? 2
1 4 * 11 = B'.xt = [0..10] Tesla 3
K3 (T) == B:(°g>r K3(T) = _7B:<°2>' set external magn. field direction: E
16 16 wp 1° P =
Estimated calculation time:
@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit - I
File Tabs Help
I@ =iih i @ % |_r'J Mg ) g Ig‘l;cnapllpz EETTUITC\N}LTIIE;S_?;;?Z-UI;;I\;Z%;NYMH PREECZESAME MEW CONCEPTION OF READER 07-2016\Dy3+ in DyAl2 [110]-AL Lima et al_ PhysRevB72(;
el HEs H 5 - — H ription: A.L, Lima et al. Phys. Rev,
E\  output data
molecular-field coefficient: ; 3 o o S B B T T s e B B S0
A . = ) o () anisotropy.F) gpechest () awopi0F)
set tempiramra step: — plot scale set type of graph 51 75.5 100
setniusr:h_ar ]:;il:mpler:mre steps: : t, |i| o Foteies G %‘ KE‘ |Ki! %l igl il | = T(KJ
’r steps SRR S i e
Temperature range for calculations: .
T=[0..100] K
Estimated calculation time:
35.0s
— 025 Two screenshots of thermal dependencies of the
Wi it L anisotropy constants K(T) calculated by Atomic
e BT 2 Matters MFA for Dy’" ions in DyAl, compound in
e A s a CEF environment under the influence of an
eps E -35.5 . . . . . .
Bure — [0..10] Tesla g / external magnetic field applied in crystal direction
T 5 [100] with value B,,=0andB,,= 5T respectively.
Estimated ?\zc::l'a:;?ohsme:
-110.25
B
2 h 26.5 51 75.5 100

Temperature T(K)

detailed information

| temp. range



@ Mean Field Approximation {atomic matters MFA) v0.49A (05.08.16), 64-bit

Two screenshots of thermal dependencies of the [fFie Tabs Help

anisotropy constants K(T) calculated by Atomic | Bl @ @ (P M O O B & e e K ot oy STADT 27 145.ma
Matters MFA for Er** ions in Er,Fe,,B compound | : ' output data

and Nd*" ions in Nd,Fe,,B compound, respectively. [ molecutar-field coeffcient:
Npor= 40) Tiug = energy (¥ : sus, (MF)  invsus. (MF)
set tempera_ture step: set type of graph
6T= 10 K
i H N
set number c_:Fbemperah..lre steps: L) i et e El KE_| lKiz! lKi:l lKEJ
60 steps

Temperature range for calculations:
T=[0..600] K
Estimated calculation time:
17m 18.0s

| automate caleulations for MCE

o
]
C
8
| input data . output data g
| load file ; T
: B
 (MF: sus, (MF) 5. {MF} - anisotropy...F) - sps 2
— plot scsle set type of graph =
If'|1:1| set range o li‘li‘li'illi'
e~ Ky Kz 63 Raiky
273
173,75
o 305
]
8 Temperature T(K)
n
é detailed information | temp. range
i 74.5 e ) )
(o R
o
=
o
o
;o
o
ok L
-24.75
-124
15 187.5 360 532.5 705
Temperature T(K)

detailed information | | temp. range |
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atomic matters MFA SPECIFIC HEAT result tab

SPECIFIC HEAT of ELECTRONIC

SYSTEMS c(T) calculated according to Mean
Field Approximation.

Visualizations of thermal evolution of molar
specific heat of a localized electron system
calculated according to Mean Field
Approximation is displayed on a unified
interactive graph. Additionally, the interactive
graph of specific heat can simulate a crystal lattice
contribution to full specific heat (Debye specific
heat). All graphs can be freely resized and filled
manually with additional points (experimental,
reference data).

set type of graph

0BUEME). spec. heat F)’ gntropy (F)

@ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit
File Tabs Help

il ™ Sy i mE ot )i Filename:  Di\—-ATOMIC MATTERS—\W--N-1-K-TINOWE-DARMSTADT\PrRu2SiZ-new. atma
pl 5 =] B8 O mee "D Y B pescription:R, Michalski, Z. Ropka, R, J, Radwariski. 3, Phys, Condens. Matter 12 (2000) 7609-7615

output data

e Ths = —

— plot scake

et type of graph

set temperature step:
5BT=1 |k e A~ \
set number of temperature steps: [ %t sctraeoe |® ATUT  efT] | Debyelaw || sstmames(s) |
30 steps 11

Temperature range for calculations:
T=[0..30] K

Estimated calculation time:

2m 21.0s

e e A ) F4h
e AH) setramoe .@ of THT  fT] [ Debye faw J["etuenesi |
10

specific heat ¢ (3K - mol)

7.52 15.01 22,51 30

Temperature T{K)

Two screenshots of thermal dependencies of the electronic
specific heat c(T) calculated by Atomic Matters MFA, for
Pr**ions in PrRu,Si, compound and Nd** ions in NdNi, compound
respectively. In both cases, external magnetic field B,,,=0.

0.00 3 [

Temperature T(K)




entropy S(3/K mol)

s ENTROPY of ELECTRONIC SYSTEMS S(T) calculated according to
: = b e de il sstmakes (4] | Mean Field Approximation.
10
Visualizations of thermal evolution of molar entropy of a localized
electron system (magnetic entropy) are displayed on unified
interactive graphs. The plot of magnetic entropy displays comparable
values of statistical entropy. All graphs can be freely resized and filled
7.5 manually with additional points (experimental, reference data).
,;fJ,fF
5 x 7 S i = o 1
Jf',f ; ,/J J,’(,/’:// @ Mean Field Approximation (atomic matters MFA) v0.49A (05.08.16), 64-bit =0 L
S e File Tabs Help
i = : o = - p— g ; BT RS i
S S () (511 100 59 £ e (0 () B | Denmption:R. Wi, 7 Ropka, 3. 3. Radware 3. Phys, Condens, Nt 12 (3000) 7009-7515
g , - - 8 = = =
. ;:xrr/// /,"f,”/,’ alcule input data  output data
' Aty 17 molecular-field coefficient:
ik % el Npor= Ty v
J,”:r;r’ l‘,:/ :/;,f SEth;n;pjra'Tre shep':( ot iede
£ Rl S = S \
’I‘::'r ,';.:;’fzf set number of temperature steps: Iil*"i@ tatetal elhtropy 1l sebii ) |
:‘;;’J, ::i:’.-{-:'-/ 30 steps o
il ' ":'_—”;? Temperature range for calculations:
T=[0..30] K
0 2.5 5 Estimated calculation time:
Temperature T(K) — 2L
detailed information | &: 5
| automate calculations for MCE
Two screenshots of thermal dependencies of the entropy ' 2
of localized electronic system S(T) calculated by Atomic §,
Matters MFA, for Nd**ions in NdNi, under the influence Y i
o o . g 2 o g =l
of an external magnetic field applied in [001] direction with 5
valuesfromB,,=1T uptoB_,=10T.
Z
a
0 7.3 15 22.5 30
Temperature T(K)
detailed information |

| temp. range
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atomic matters MFA AUTOMATIC MULTIPLE CALCULATIONS for MCE investigations MAGNETIC MOMENT result tab

AUTOMATICALLY MULTIPLE CALCULATIONS
for MCE (Magnetocaloric Effect) investigations

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit
File Tabs Help

:: File name: D:\—ATOMIC MATTERS—\W-Y-N-IK-T\FULL -WYNIKI PRZECZESANE NEW CONCEPTION OF READER 07-2016\Dy3+ in DyAl2 [110]-AL Lima et al_PhysRevB72{3

=R u-'J MCE "0 UE B 5 pescription: AL, Lima etal, Phys. Rev, B 72 (2005) 024403
MCE magnetic moment N e e
Work with Atomic Matters MFA can be Moo= BS_| Tise ~ | specficheat___ centopy - magneticmoment
set temperature step: 3 5
automated to create groups of sets of results for 5 b 1= o sy
. . . A y fli li @ O O O | st markers (+)
different external magnetic field values along a Set““mba,fgﬂesz“tm : : - Boallr Bdllx Bonlly  total
- o - o eps
defined direction. The magnetic MomMeNnt Y .eascorms o cooatons: Y| e e
B=0T automatic_1 -
components vs. temperature m(T) taken from § Ed‘j[“‘--:“‘?" [ =05=0.57 automatc 2
. . SUmal Calculaton ume: El
different sets of results calculated for different 3505 BES]
.. [ [=--1B=2T automatic_5
values of external magnetic fields can be compared = . [ =52 5T automatic 5
H H H H =t 2 v =3T automatic
for magnetocaloric effect (MCE) investigations. omat < (et
[# automate calculations for MCE = [#l[===]B=4T automatic_9 =
set external magn. field increment: E’? Line style & color
@ Mean Field Approximation {atomic matters MFA) vi.48a (02.08.16), 32-bit BB exi= E It ‘ Jg < . B\ac_k Y
set number of increment steps: £ +
File Tabs Help Eﬂelﬁ i g . Show type of graph
=y i) (Bt il ¢ Stde e gL ARl s e I = Selected result details:
= | ) (P : MCE S i Description: AL, Lima etal. Phyd set‘:xte:na\ nfa‘;n::;i:k]j ;::ﬁ:m £ Tt e ILS33.>  field: real
FA calc input data .nutplrtdata o= |° E..:]a— E g CEF Parameters Magnetic field
molecular-field coefficient: @ ns el ) ; . Estimated calculation time: B2~ -0.00064 K = Bes 18T
o ar T = = : 12m 15.0s Bi=-0.00319K a= 450
set"bemperah.lra step: : 2 Bg: -0.00001 K P = l]:.
1=« Bi=00001 K | (| [ e
set number of temperature steps: [values not Es);;-lange parameter
0| steps © shounate s | max = 28 W1m,2
Temperature range for calculations:
T=[0..100] K _reload | | dose |
Estimated calculation time: 0
35.0s [i] 25 50 75 100
Temperature T(K)
= 5 7.5 datailed information | tamp. range |
auhomahe calculations for MCE 3
set external magn. field incement: E’?
6B = Es Tesla t .
setnumlerofincrementsbeps: o é TWO ScreenShOtS Of SImU|ated thermal
o . . .
o] steps 5 5 dependencies of total magnetic moment in
e L e : ordered state m,,(T) under the influence of an
“FMdH B-b_I° - external magnetic field.
Estimated calculation time: .
12m 15.0s The automated Atomic Matters MFA
= calculations for Dy*" ions in DyAl, compound
in CEF environment under the influence of an
external magnetic field applied in crystal
direction [110] and [100] respectively, with
a
5 = = ?5 - value fromB,,,=0 uptoB,,= 10T.
Temperature T(K)
detailed information | temp. range |




@ Mean Field Approximation {atomic matters MFA) v0.49A (05.08.16), 64-bit

File name: D:\—ATOMIC MATTERS—\W-Y-N-I-K-T\NOWE-DARMSTADT \NdMi5 - new.atma
Description: V.M.T.5. Barthem, D. Gignoux, A. Nait-Saada, D. Schmitt, A.Y. Takeuchi, J. Magn. Magn. Matter 80 (1989) 142

molecular-field coefficient:
Npo= 3.3 Tlug -
set temperature step:
6T= 01 | K
set number of temperature steps:

120 steps

Temperature range for calculations:

T=[0..12] K
Estimated calculation time:
48.05

 output data

| specficheat - entopy -~ magneticmoment

7 plot sczle

2

set type of graph

Co| ] setrange | 0.0 O
m

pA

®

total

52t markers [+

@ ursalect =l urves- from awvilsble results for comparison
@ El B=0T automatic_1 -
7] B=0.5T automatic_2

E==9e=1T sutomatic_3

¥l [F==1B=1.5T automatic_4

E--1B=21 automatic_5

[l [——lB=2.5T automatic_s

7] B=3T automatic_7

¥ [F-=1B=3.5T automatic_3

@ E| E=4T automatic_9
Line style & color

—

Show type of graph

automate calculations for MCE
— 5 L . 9 . set external magn. field increment:
: : 18 : BB'uy= 05 | Tesla

set number of increment steps:

magnetic moment] My, 2t )

ik 20 steps
L+ | B'ext = [0..10] Tesla Selected rl51u|tdetai|s:
[ - |£ setrange | et s g fdd direchon: Ton: Pr™~  base:|LSL,,S,> field: complex
4 o= 0 o B=lo o CEF Parameters Magnetic field
Estimated calculation time: o BF=0K Beg 0T
16m 48.0s ) R B}=0K a= 0.000
. : = BO= 0K p = 0.000
— % S Spin-orbit constant
: Bi-DK s
BZ=0K
f;j‘_: 1.5 B*=0K
:
45. Temperature T(K)
g detailed information | | temp. range |
E 1 _—
B
E
0.5 Two screenshots of thermal dependencies of total
magnetic moments m,,(T) and z-component of
magnetic moment m.(T) respectively, calculated by
Atomic Matters MFA for Nd** ions in NdNi,
. compound in CEF environment under the influence
; . . 5 - of an external magnetic field applied in crystal
Temperature T(K) direction [100] withvalue fromB,,=0 toB,,=10T.

detailed information |

| tamp. range
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atomic matters MFA AUTOMATING MULTIPLE CALCULATIONS for MCE investigations ENTROPY result tab

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit

File Tabs Help

PEEe!

e .
T L

i Filemame: D:\—ATOMIC MATTERS-—\W-¥-N-I-K-I\FULL -WYNIKI PRZECZESANE NEW CONCEPTION OF READER 07-2016Dy3+in DyAl2 [110]-AL Lima et al_PhysRevB72(2

g i Description: A.L, Lima et al. Phys. Rev, B 72 {2005) 024403

input data

 output data

molecular-field coefficient:

New= B6 | Tl =

set temperature step:

aT= K
set number of temperature steps:

,50_ steps
Temperature range for calculations:
T=[0..100] K
Estimated calculation time:
35.0s

automate calculations for MCE
set external magn. field increment:
BB’ oxt= [05_ | Tesha
set number of increment steps:
[0 ] steps
B'ext = [0..10] Tesla
set external magn. field direction:
o= 1° p=p_|°
Estimated calculation time:
12m 15.0s

Two MCE entropy screenshots: thermal
dependencies of entropy S(T,B,,) and entropy

entropy S(3/K mel)

o pot scale

N 0

| s=tmaren (4]

24

W Elack

Show type of graph
Selected result details:

Ton: Dy *7  base: |1,53,3

CEF Parameters
BJ= -0.00064 K |~

Bj=-0.00319K
B2=-0.00001 K
Bi=0.00014 K

[values not
shown are equal
In el

[ unsslect =l curves- from avilable resuits for comparison

@ B=3T automatic_7

[#g E-=1B=3.5T automatic_s

@ E=—lB=4T automatic_9
Line style & color

[-s5... | (oo

curve 5(B=0)
2| s

o> field: real
Magnetic field
Boy=15T

a@= 450

p=00

Spin-arbit constant
A, = infinite value
Exchange parameter
Moy = 24K/pg"

reload | | close |

25 50
Temperature T(K)

change parameter - IE(LB®), respectively.

The automated Atomic Matters MFA
calculations for Dy*" ions in DyAl, compound in a
CEF environment under the influence of an
external magnetic field applied in crystal
direction [110], with value from B,, =0 up to

B..= 10T.

ext™

automate calculations for MCE
set external magn. field increment:
8B’ 4= [05_ | Tesla
set number of increment steps:
B0 steps
B'..: = [0..10] Tesla

set external magn. field direction;

o=p1° p-p_|°
Estimated calculation time:
1Zm 15.0s

75

100

MAGNETOCALORIC EFFECT
and AUTOMATION of multiple MFA CALCULATIONS

MCE entropy

Entropy curves S, . (TB,,) taken from different
result sets calculated for different values of an
external magnetic field can be compared and
transformed for magnetocaloric effect (MCE)
investigations. The entropy curves can be taken
from result sets calculated separately or by using
MCE automation. Select the curve S(T,0) for B,,,=0
and subtract it from other curves S(TB.,) to
demonstrate magnetocaloric effect parameter

entropy change -AS(J/K mol)

0.5

-2

detailed information

| temp. range

25

Temperature T(K)

detailed information

50 75 100

| temp. range



Two MCE entropy screenshots for the

automated Atomic Matters MFA calculations
for Nd** ions in NdNi, compound in a CEF
environment under the influence of an external
magnetic field applied in crystal direction [001],
with value fromB,,,=0 uptoB,,=10T.

The screenshots show the thermal
dependencies of entropy S(T,B.,) and MCE

entropy change parameter - E(TB® ),

respectively.
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(¥ [F==]B=1.5T automatic_4
E B=2T automatic_5
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@ B=3T automatic_7

(& [=-=1B=3.5T automatic_8
@ E B=4T automatic_9 =
Line style & oolor curve 5{B=0)

[——4 =| @ Black |3 | selest |

Show type of graph

3]

| =250 | [ S (B
Selected result details:

TIom: Nd 7 base: |L53,3.>= field: real

CEF Parameters Magnetic field

BY=3.35121K [~| | Baxa=0T

B}=0.01443 K a= 0o

B%- -0.00035 K gl

= Spin-orbit constant

BL - B34 K A_ = infinite value

Exchange parameter

[walues not - Mg, = 233 Kfpg”

reload | | dlose |

&
Temperature T(K)

Temperature T(K}

| detailed information
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atomic matters MFA AUTOMATING MULTIPLE CALCULATIONS for MCE investigations SPECIFIC HEAT result tab

MAGNETOCALORIC EFFECT and
AUTOMATION of MFA CALCULATIONS

MCE specyfic heat

The electronic specific heat curves c(T,B.,)
calculated according to Mean Field
Approximation (with Debye' crystal lattice
component) taken from different sets of
results calculated for different values of
external magnetic fields can be compared and
transformed on the MCE sub-tab for
magnetocaloric effect (MCE) investigations.

@ Mean Field Approximation (atomic matters MFA) v0.48a (02.08.16), 32-bit

File Tabs Help
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i File name: D:\—ATOMIC MATTERS—\W-Y-N-I-K-I\FULL -WYNIKI PRZECZESANE NEW CONCEPTION OF READER U?QIG\DY3+ in DyAl2 [110]-AL Lima et al_ PhysRevB72(;
i Description: A.L, Lima et al. Phys, Rev. B 72 {2005) 024403

FA caloulz

¥ output data

molecular-field coefficient:

| P—— ’F T i ¥
set temperature step:

6T= |2
set number of temperature steps:
IT steps
Temperature range for calculations:
T=[0..100] K

Estimated calculation time:
35.0s

automate calculations for MCE
set external maan. field increment:

BB’ o= Es Tesla

set number of increment steps:

JZ{) steps

B'.xt = [0..10] Tesla

4 5pec'rr.|c heat

= plot sczle

48

36

24

rFy
fic heat c(1/K - mol)

B e =7 {+)
|- |1 setramge | | Debyelaw || stmakes(s) |

7= plot scale

Sl

= Isli et range J

Debye law il sat markers (+] |

specific heat c(1K - mol)

25 50 75 100
Temperature T(K)
temp. range |

Two screenshots of simulated thermal dependencies of specific heat
curves c(T,B,,,) for the same compound DyAl, under the influence of
an external magnetic field applied along different directions. Thisis an
example of automated Atomic Matters MFA calculations for Dy**
ions in DyAl, compound CEF environment under the influence of an
external magnetic field applied in crystal directions [110] and [100]
respectively, withvaluefromB,,=0 uptoB,,=10T.

Temperature T(K)

60

90

120




Calculated thermal dependencies of specific
heat for Nd** ions in NdNi,. The screenshots
show specific heat curves c(T,B.,) and
specific heat change E(LB>®) transformed
from c(T,B,,,) by subtracting c(T,B.,,=0).

An external magnetic field was applied along
[001], with value from B,, =0 up to B,, =
10T.

specific heat
s— phat scale
e
== 2l B s |
10
@ ::: E=IT automatic_5
(¥ =—lB=2.5T automatic_&
i @B:S‘T automatic_7
(¥ E==1B=3.5T automatic_3

specific heat (/K - maol)

P
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L+ i )
== .Ii sebramoe ) | Debye law sat markers (+) |
[
3

@ IE| E=4T automatic_9
Line style & color

E = .Bla_ck -

Show type of graph

Selected result details:

Ton:Hd*®  base:{1,533,> field: real
CEF Parameters Magnetic field
B3=3.35121K (=||| Bexe=0T
BY=0.01449K a= Qo
= po

BC- -0.00035 K =0

= Spin-orbit constant
BZ=-0.01347 K L_, = infinite value

[values not

| ACau | | G (B

Exchange parameter

curve ofB=0)

select |

shown are equal = 2
tn 7ernl = Mgy = 233K/ g
| reload | | close |
9 12

specific heat change Ac(J/K - mal)

a8 9
Temperature T(K)
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