Article n°4

Sommaire

1- Page de garde du journal mentionnant la ou les bases de son
indexation ou le numéro d’identification ISSN
e https://www.worldscientific.com/page/mplb/aims-scope
e https://www.worldscientific.com/page/mplb/abstracted-indexed

2- L’abstract de I’article ou toutes informations référencées par la base
de données d’indexation (preuves d'indexation)
® https://www.scopus.com/sourceid/29055
® https://mathscinet.ams.org/mathscinet/search/journal/profile?

groupld=3277
® https://zbmath.org/serials/?2qg=MPLB

3- Tiré-a-part de I'article
https://doi.org/10.1142/S021798491850015X



https://zbmath.org/serials/?q=MPLB
https://www.worldscientific.com/page/mplb/abstracted-indexed
https://www.worldscientific.com/page/mplb/aims-scope
https://mathscinet.ams.org/mathscinet/search/journal/profile?groupId=3277
https://mathscinet.ams.org/mathscinet/search/journal/profile?groupId=3277
https://www.scopus.com/sourceid/29055
https://doi.org/10.1142/S021798491850015X

1- Page de garde du journal mentionnant la ou

les bases de son indexation ou le numeéro
d’identification ISSN



Actvités € Navigateur Web Firefox ¥ 8janv. 11260

“\ MPLB Aims and Scope - Mozilla Firefox

{e MPLB AimsandScope X [ETENEN X|T

@ €50 4¢ O & s worldscientifc.com)page mplb sims-scope s e @

World Scientific qQ B &
Comngcting Great Minds Search  MyCat  Sinin

Subject v Journals Books E-Products Partner With Us v Open Access  About Us v

Modern Physics Letters B

M Phyos et
Condensed Matter Physics, Statistical Physics; Atomic, Molecular and Optical Physics

ISSN(print): 02179848 | ISSN {onlinel: 1753-6640

Submit an article

Fos < Share Substribe

Online Ready | Current Issue | Avallabe ssues v 37 About theournal v

Aims & Scope

MPLB apens & channel for thefastcircultion of important an usefulresearch findings in Condensed Matter Physics, Statstica Physic, a5 wellas Atomic, Molecular and Optial Physcs. A sirong emphsis is laced on
tapics of current nterest, uch s cold atoms and molecules, new topological material and phases, and novellowedimensional materal. The Journal also contains a Brief Reviews section with the purpose of
publishing short reports on the ltest experimental findings and urgent new theoretical developments.

\‘:e World Scientfic Resources Ahout Us & Help Links

Minds

fyn0@%




Activités &) NavigateurWeb Firefox ¥ 8janv. 112

$\ MPLB Abstracted & Indexed in - Mozilla Firefox

\b MPLB Abstracted & Ince X

(- 9

61% " ﬁ

g/mplb/abstracted-nd

%Worldb‘cientific 0 x &
Gonnecting Great Minds Search  MyCert Sgnin

Subject ¥ Journals Books EProducts PartnerWithUs v OpenAccess AboutUs v

Modern Physics Letters B

e Py et
; Condensed Matter Physics; Statistcal Physics; tomic, Molecular and Optical Physics

[S5N {print): 0217-9849 | SSN fonline]: 1793-6640

Submit an aricle

Subscribe

Frols ¢ share

‘About the journal

Abstracted & Indexed in

# hcademic Onefile

# Aademic Search Complete Eite/ Premier

# Aetrophysics Data System (ADS) Abstract Senice
# Baidy

& Chemical Abstracts Senvice

# (N Scholar

o CrplIKKer

o (rossRef

# (5 Metenrological & Gevastrophysical Astrarts
o (urrent Conten ls::‘Pwys\taI‘ Chemiczl & Earth Sciences
# Ehszo Discovery Senvice

# Ebsco Flectronic Journal Senvice (E[S)

# ExLibrs Primo Central

# Google Schokar

o [NEPEC

o 5] Herting Services

o[ fate

# Journal Ctation Reparts/Sciance Edton

# MateralsScience Citation Indes (MSCI)

# MathematicalReviens  MathSiher

o Naver

# NSTL- Nationl Scence and Technology Libraries
# 0L WorkdCat”

# PraQuestScTech Premium Collection

# Sience Caton nce”

# Seience Ctation ndex Fipanded

# Seopus

+ TheSummon” Senie

# Zentraolatt MATH

Al journal arices published by World Scientic are archived at Portica which provides long-term preservation.



2- I’abstract de P’article ou toutes informations
référencées par la base de données d’indexation
(preuves d'indexation)



PREUVE D'INDEXATION DANS
SCOPUS



Activités &) Navigateur Web Firefox ¥ §janv. 11200

Scopus preview - Scopus - Sources - Mozila Firefox

Web of Science Master X +

0 & ftps;www scopus.comsources.i s | v @y Yoo =

Author search  Sources 0 i |Create account

Sources

Tife Enter title

Tile: Modern Physcs Letfers B x

l I’ESU‘JE %, Download Scopus Source List - §) Lear more about Scopus Source List

v 08

View metrics for year

Source ttle | CiteScorey ~ Highest Cations ~ Dowments ~ %Ctedy NPy SRY Publisher s
percentile -~ 018y 0117\,

1 Modern Physics Letters B 0.8 3% 0 139 4 0404 029 World Scientfic
697
Condensed
Matter Physics

ATopof page



Activités € Navigateur Web Firefox ¥ §janv. 11:200

Scopus preview - Scopus- Modern Physics Letters B - Mozilla Firefox

0 | w @Y ‘npe =

Author search  Sources 0 ﬂ Creae account

Feedback )
Modem Physics Letters B Gl i
Scopus coverage years: from 19% o 2019 085
Publisher: World Scentific
ISSN: 02179849 E-ISSN: 1793-6640 SR8
0
Su bjCCT aea. (Physics and Astronamy: Condensed MatLerPhysics) (Physics and Astronomy: Statisicaland Nonlinear Physics) 0-229
[ Saveto souree st Journal Homepage NP 0
0.404
CiteScore ~ CiteScore rank &trend  CiteScore presets  Scapus content coverage
CiteScore 2018 Galcuated using data from 30 Apr, 2019 CieScore ank 0
$ N Cetegory Rank Perenti
0 85 (Citation Count 2018 1056 Claons
W0J* $ ; Physics and Astronomy
Documents 2015 - 1239 Documents y
007* I—Condensed Mter Physis A1) Wl
HCiteScore ncudes o aval bl ocumert types View CieScore methodology) - CieSeore FAQ')
Physics and Astronomy

L Sutsilnd o Physics flf m—1

CiteScoreTracker 2019 @ Lastupdaed on 0 December, 2019
oGl ey CteScore trends) Add CeSereto yoursie

% Citation Count 2019 1464 Citations to date y

L02-

& Documents 2016- 2018 1432 Documents to date)

$ Metrics displaying this con are compled according to Snowball Metrics 2, colaboration between indushy and academia,



PREUVE D'INDEXATION DANS
WEB OF SCIENCE



Activites &) Navigateur Web Firefox ¥ Bjanv. 11120

Web of Science Master Journal List - Journal Profile - Mozillz Firefox

G  ichof Scence Master . X [Ra

@ €900 04 darvate.om 0 m W@ VD@
Webof Welcome, YESSOUFQU Rachidi
& Science  SearchJoumals  MatchManuscript  Downloads  ScopeNotes  Help Center

Group @ Settings 2 Log Out
1E“'\

General Iformation MODERN PHYSICS LETTERS B

" e o Science Coverage IS /¢lSSN 0217-9849 | 1793-6640
Publisher WORLD SCIENTIFIC PUBL CO PTE LTD, 5 TOH TUCK LINK, SINGAPORE, SINGAPORE, 596224

I Journal Metrics

m Pecr Review Information .
General Information

Journal Website 0 Vit Site Publisher Website Vit Site
& Return to Search Resu , |

1t Year Published 1987 Frequency Fortnightly

Issties Per Year 3 Country | Region SINGAPORE

Primary Language English Submission Website 7 Vit

Some general nformation was sourced from the Directory of Open Access Journals and|or Transpose.




Activités € Navigateur Web Firefox v 8janv. 11120

4‘\ Web of Science Master Journal List - Journal Profile - Mozilla Firefox
@ €048 0| & hetps | larvatecomournatproffe 0F % w@q AL E
& Web of Science Core Collection
. Science Citation Index Expanded (SCIE)
; Additional IWeb of Science Indexes
Ik Current Contents Physical, Chemical & Earth Sciences
3 Essential Science Indicators
" Categories: Physics, Mathematical | Physics, Applied | Physics, Condensed Matter | Physics | Applied Physics/Condensed
‘,‘ Matter/Materials Science
. Loginto b of Science to discover research literature from this journa,
Journal Metrics

2018 Journal Impact Factor 0929

" Categories: Physics, Mathematical | Physics, Applied | Physics, Condensed Matter



PREUVE D'INDEXATION DANS
MATHSCINET



Actvités € Navigateur Web Firefox ¥

4

Bos

Web of Science Master | X

(] : AMERICAN MATHEMATICAL SOCTETY

L 1
[ ]
A
.n
h,

Modern Physics Letters B. Condensed Matter Physics,

MATHEMATICAL REVIEWS

Bjanv. 11050

Modern Phys. Lett. B~ Journal Profile - Mozilla Firefox

(" Modem Phys.LettB- ) X |Rg

Statistical Physics, Atomic, Molecular and Optical Physics

Abbreviation

Publisher

Websites

(SN (Print)

(SN (Online)

Frequency

Publications Listed

Reference Lists

Publications Cited

(itations

Latest lssue

Earliest lssue

Moder Phys. Lett. B

World Sci. Pub.

Worldscientific.com

02179849

17936640

30 ssueshvol/yr

1258

NIA

161 (12.8% of publications]

345 from 309 publications

2019,vol. 33 iss. 36

1987 vol.1,iss. 5

Volume e Year

3 A9 Vew
3 09 Vew
3 o0y Vew
List Al lsses

Title Start End
Modern Physics Letters B, Condensed Matter 1987 -

Physics, Statistical Physics Atomic, Molecular and

Optical Physics

Journa! Tie History



Acthités ) Navigateur Web Frefox ¥ 8janv. 11059

;‘ ' Modern Phys. Let. B- Journal Title History - Mozila Firefox
B cAssourceln X | WebofScence Master X NGBS
@ €300 0 & Pttps mathscinet ams o mathscietsearch journa iskoryroupld=3277 w4 YINB O =
. TTUNTE T TTErETEn \.EJ‘ TeC N\JU‘H': ‘.“\.U\ {1:|NQVA) ‘ TEMIuruse ‘L‘\\J‘E‘.
' o
plln § : AMERICAN MATHEMATICAL SOCIETY ” 7
& " a.@g
'I' '."'-;Il.,#
'.;. MATHEMATICAL REVIEWS
' Y,
!
: Journal Title Hist

Tgh Modern Physics Letters B. Condensed Matter Physics, Statistical Physics, Atomic,
Molecular and Optical Physics

2
.'.
b
| Journal Releted ~ Issles
. Title Madern Physics Letters B. Condensed Matter Physics, Statitical Physics, Atomic, Molecular and Optical
Physics
g Abbreviation  Moden Phys. Lett B
Publisher  World Scl. Publ.
ISSN (Print) ~ 0217-9849
ISSN (Online] 17936640
Frequeny  30issuesfuolr.
mn o 0 Copyrght 209, American Mithematca c g

i % : Pria Satement
m v AMSWTHF.\MH\M ‘

L SocETy



3- Tire-a-part de l'article



Modern Physics Letters B
W rl ientifi
Vol. 32, No. 2 (2018) 1850015 (13 pages) \\h wwf/v)wgldssgenetl n: Co‘n’]

© World Scientific Publishing Company
DOI: 10.1142/S021798491850015X

EFT study of critical properties of the mixed spin-2 and
spin-g Blume—Capel model on the honeycomb lattice

R. A. Yessoufou*::¥, M. Karimou* and F. Hontinfinde*:’

* Institute of Mathematics and Physical Sciences (IMSP),
Republic of Benin
t Department of Physics, University of Abomey-Calavi,
Republic of Benin
tyesradca@yahoo.fr

Received 12 June 2017
Revised 4 September 2017
Accepted 12 October 2017
Published 11 January 2018

We use theoretical and numerical calculations in the framework of the effective-field
theory to examine the rigorous effects of the crystal field interactions of the mixed
spin-2 and spin—% Blume—-Capel model on the honeycomb lattice in the presence of an
external magnetic field. The ground state phase diagram has been constructed. Thermal
changes of the order parameters and other thermodynamic quantities of interest and their
influence on the phase diagrams of the model have been thoroughly investigated. The
system shows very interesting critical properties including continuous and discontinuous
phase transitions, tricritical points and compensation temperatures which are revealed
in specific ranges of the parameters space. Our numerical findings are compared to those
obtained by other methods and reliable agreements are recovered.

Keywords: Critical phenomena; thermal changes; crystal fields interactions; mixed spin-2
and spin—%

1. Introduction

Recently, in statistical and condensed matter physics, many extensive numerical
investigations of various mixed spins Ising systems have been performed.!™* This
increasing interest is due to the revelation of new and very important critical prop-
erties which cannot be detected during the study of their single-spin counterparts.
The mixed spins Ising model has been one of the most used models to investigate
ferrimagnetic materials in which numerous properties useful in modern technologies
(ultra-high density magnetic storage and recording devices, biomedical applications

etc.) are singled out.5 10

fCorresponding author.
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Theoretically, many authors used various numerical and computational meth-

11-20

ods to study these systems: effective-field theory, mean-field approxima-

21-23 24 pumerical simulations based on

tion, renormalization-group technique,
Monte Carlo?®32 and recursion relations technique.?3 3% Albayrak,3® by means of
recursion relations technique, and Fathi?! using the mean-field theory based on
Bogoliubov inequality for the Gibbs free energy, studied the present model and
found similar results and very interesting thermodynamic properties. Also, Deriven
et al.t® used the framework of EFT to investigate the Blume-Capel version of this
model in the presence of a longitudinal magnetic field. More recently, Karimou
et al.?* studied the Blume-Emery-Griffiths version of the mixed spin-2 and spin—%
with equal crystal field in the presence of an applied magnetic field on the Bethe
lattice by means of recursion relations technique and found very interesting results
concerning the effects of the crystal field strengths, the biquadratic interaction and
the magnetic field on the critical behaviors of the system.

In this work, we use the EFT to investigate the critical properties and finite
temperature phase diagrams of the mixed spin-2 and spin—% Blume—Capel system
with unequal crystal fields on the honeycomb lattice in the presence of an exter-
nal magnetic field. Our attention will be rigorously focused on the analysis of the
critical contributions of the crystal fields and also the external magnetic field on
the thermodynamic properties of the model. The present investigation is motivated
in the sense that the synthesis of new magnetic materials which need to be exten-
sively investigated for a good understanding of their ferrimagnetic properties is,
nowadays, an active field of research in molecular magnetism. Mixed spins Ising
models are an effective tool for such study.

The remaining part of this paper includes the following: in Sec. 2, the formula-
tion of the model on the honeycomb lattice, calculations and analysis of its ground
states phase diagram are covered. In Sec. 3, detailed numerical findings concerning
the thermal behaviors of the order parameters, other thermodynamic quantities are
deeply exposed and discussed. Finally in Sec. 4, we conclude.

2. Model and Its Ground States Calculations and Analysis

Let us consider the mixed spin-2 and spin—% system composed of two interpenetrat-
ing sublattices A and B on the honeycomb lattice on which the model is formulated
as shown in Fig. 1. The sites of sublattice A are covered by atoms of spins o;, where
0; = £2,+£1,0. Those of the sublattice B are covered by atoms of spins S;, where
S; = :I:%, :&:%. So, the Hamiltonian of such model with bilinear interaction param-
eter J (J < 0) between the nearest neighbor, the crystal field interactions D4 and
Dp and the external magnetic field h acting on both sites of the system is given by

H:_JZUiSj_DAZU?_DBZSJQ‘_h ZSj-i-ZO'i . (1)
(4,9 i J J i
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{ < )

g

Fig. 1. The studied model composing of two interpenetrating sublattices A and B with spin
variables 0 =2 and S = 5, respectively, defined on the honeycomb lattice.

AL
\f.»/

The first summation is carried out only over the nearest-neighbor pair of spins.
Now, let us evaluate the mean values of m4 = (0;) and mp = (S;). For this, we
make use of the exact Ising spin identities with the differential operator techniques
introduced by Honmura and Kaneyoshi.!”'8 Thus, one can get the expressions of
the two sublattices magnetizations as

(o)) = <H[a0(a) +a1(a)Sjs + as(a)(Sjys)? + GS(G)(SJ+6)3]> fil@)]e=o,  (2)

)

(Sh) = <H[b0(a)+b1(G)Uz‘+6+bz(a)(0i+6)2+b3(a)(0i+6)3+b4(a)(0i+6)4]>gz($)|z—07
)
(3)

where § and a = JV are, respectively, the coordination number and a new variable

of the model which depends on the differential operator V = %. The function f;(x)
and g;(z) are defined by

4sinh[28(z + h)] + 2sinh[B(x + h)] exp(—38D4)

hilw) = 2 cosh[28(x + h)] + 2 cosh|B(z + h)]exp(—38D ) + exp(—48D4) )

folz) = 8 cosh[28(x + h)] + 2 cosh[fB(x + h)] exp(—38D4) 5)
2 2cosh[28(z + h)] + 2 cosh[B(x + h)] exp(—38D4) + exp(—48D4)’

() = 3Sinh£’ 38 (x4 ;] +sinh[2 (2 + h)] exp(—28Dp) ©)

2cosh[=F(xz + h) —|—2cosh[g(w+h)] exp(—28D5g)’

() = 9 cosh[22 (x + h)] + cosh[5 (z + h)] exp(—26Dp)
92 2 cosh[% (z + h)] + 2 cosh[g(x + h)]exp(—28Dg)’

5
3 (")

where § = 1/kpT, kp is the Boltzmann constant and T is the absolute temperature.

1850015-3
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The coefficients ay(a) (k =0, ..., 3) for spin-3 and by, (a) (m =0, ..., 4) for spin-
2 can be explicitly calculated by means of the exact van der Waerden identity as

= oo (2) o (22)]
ay (a) = % [27sinh (;) — sinh (32“” :

(8)
as(a) = % {— cosh (;‘) + cosh (32“)] ,
as(a) = % [ 3sinh (g) + sinh (?’;ﬂ .
bo(a) =1,
by(a) = %[g sinh(a) — sinh(2a)]
ba(a) = %[16cosh(a) — cosh(2a) — 15], (©)

b3(a) = %[f sinh(a) + 2sinh(2a)],

1

ba(a) = ﬁ[_4 cosh(a) 4 cosh(2a) + 3].

It is very important to mention that Eqs. (2) and (3) are exact and valid for all
values of §. If one tries to exactly treat all the spin—spin correlations for that set of
equations, the problem rapidly seems intractable. So, a first obvious attempt to deal
with is to neglect correlations and the decoupling approximations are expressed as

(0i(0)® -+ (o)) = (o) ((03)%) -+ {(0im) "),
(S5(55)2(Sjm)?) = (S)((S5)*){(Sjm)?) ,

where i #£ i # --- #£i" and j # j/ # -+ # j™ have been introduced within the
EFT with correlations.1”-!®
According to these approximations, one can reduce Eqs. (2) and (3) to

ma = lao(a) + a1(a)(S;) + az(a)((S;)?) + as(a)((S;)*)° f1(2)|e=0, (1)
qa = [ao(a) + a1(a)(S;) + a2(a)((S;)) + a3(a){(S;)*))° fa(@)]e=0,  (12)
mp = [bo(a) + b1(a)(o:) + ba(a)((04)?) + bs(a)((04)?)

(10)

+ba(a)((0:) ) 91(2) a0, (13)
g5 = [bo(a) + bi(a){es) + b2(a){(0:)%) + bs(a)((:)*)
+ba(a)((0:) ) g2(2) =0 (14)

1850015-4
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In the spirit to examine the thermal behaviors of the order parameters and then
display different phase diagrams of interest, one can make use of Eqs. (11)—(14).
After expanding the right-hand sides of Egs. (11) and (13), one obtains the following
set of coupled equations for the sublattice magnetizations:

ma = Co+ Cimp + 02m23 + Cgm?fg + C4m‘}3 + 05m53 + Cemﬁg

+ C7ym + Csm¥; + ComY (15)
mp = Eo+ E1ma + Egmi + Egmi + E4mfl4 + E5m?4 + Eﬁmg

+ E7m?4 + Egmi + Egm% + Elom}f + E11m,141 + Elzm,lq2 ) (16)

where the coefficients Cy (K = 0,1,...,9) and E,, (m = 0,1,2,...,12) can
be analytically calculated by applying the following mathematical relations:
exp(aV) £(2) om0 = F(& + )]0 and exp(aV)g(&)lamo = 9z + @)amo.

During our investigations, we also look for the compensation temperature which
is located at the crossing point between the absolute values of the sublattice mag-
netizations m and mpg. For this, we thermally study the variations of the net or
global magnetization mr given by

mp = w. (17)

Also, for the investigation of the influences of the external magnetic field, we make
use of the total susceptibility y7 defined by

_ Oma omp
=00 |, oh

Let us make a deep analysis of the ground state of the model in the absence of the
external magnetic field. To determine the ground states, we need to express first
from the Hamiltonian of Eq. (1) the contribution E, of a pair of spins (o, .S) which
is given by

(18)

h=0

J Dy 5 Dp o

E,(0,5) = mJS - ma - mS .
An interesting ground state phase diagram is obtained and illustrated in Fig. 2 after
computing and comparing values of I, for all possible configurations of the model. It
follows from this figure that there are six stable phases denoted respectively by O; =
(£2,F2,4,9), 00 = (£2,F1,4,1), 05 = (£1,72,1,2), Oy = (£1,¥3,1,3), D1 =
(0,0,0, %) and Dy = (0,0,0, %) The two last ones are two particular disordered
phases where for example in the phase D; (respectively in the phase Ds), the
sublattice magnetization mp = 0 and the quadrupolar moment gg # 0 because
one-half of the sublattice is occupied by spin in state % (respectively in state %)
whereas the other half is occupied by spin in state —% (respectively in state —%)
Also, from this ground state phase diagram, other interesting and key features of
the model can be identified. Among them, we have three multicritical points By, Bs

and Bs where at least three phases coexist with eight coexistence lines. On some

(19)
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i D, o, o, )
0 B,(- 1.5; 0) |
3
Sn
a Dg=-3511/4-D, /2
r B,(- 0.5; - 0.5) p
Dg=-531J1/4-3D, /2
B, (- 0.16; - 1)
1
L D, 04 0,
2 \ \ \ \
-3 -2 -1 0 1 2
DAISIJI

Fig. 2. Ground state phase diagram of the studied model in the (D /é|J|, Dg/d|J|) plane (for
more detailed description, see the text).

coexistence lines, we have some hybrid phases. For example, on the coexistence
line between phases Oy and Os, one has the hybrid phase (£2,F1,4,1). For large
negative values of the two crystal fields, the dominant phase is the disordered phase
D;, whereas for large positive values of the two crystal fields, the dominant phase
is the ordered phase O;. Our ground state phase diagram is similar to the one
displayed in Fig. 1 in Refs. 21, 22 and 38.

3. Numerical Findings and Discussions

In this section, we proceed to the exposition and the in-depth discussion of most
results concerning the temperature dependence changes of the sublattice magneti-
zations, the global magnetization, the total susceptibility and the finite temperature
phase diagrams.

3.1. Thermal behaviors of the order parameters
and the response function

In order to characterize the nature of different transitions, identify the compensation
phenomenon of the studied model and then illustrate different finite temperature
phase diagrams of interest, we first study and analyze the thermal behaviors of the
sublattice magnetizations ma and mp, the global magnetization m7 and the total
susceptibility x7 as depicted in Figs. 3 and 4. Figure 3(a) illustrates temperature

1850015-6



EFT study of critical properties of the mized spin-2 and spin—%

2 T I T I T I T I T
< - Dy /WI=Dy/lJI = 3.0
1= 5=3 7
0 -
u BP EFT N
m 1+ —
E @
_2 1 I 1 I 1 I 1 I 1 I 1
0 2 4 6 8§ 10 12
2 T T T
< T T
£ .
X | Dy/NI=Dg/I =3.0
| 5=3
0
m
E
(b)
2 1 [ [ [ [ [
0 2 4 6 8§ 10 12
1,5 T I T I T I
Dy /MI=D/lJI = 3.0
= 5=3
X
T s
0 I
0 0 12

46
kT/JI

Fig. 3. Order parameters and response function as functions of the temperature when fixing
Dy/|J| = Dg/|J| = 3. Panel (a): thermal variations of the sublattice magnetizations m4 and
mp for two different methods. Panels (b—c): thermal variations of the sublattice magnetizations
ma, mp and the total susceptibility x7 for four values of the magnetic field as indicated in the
figure.

dependences of the sublattice magnetizations for two different methods: the Bethe
Peierls approach (BP) and the EFT. From this figure, it emerges that the two sub-
lattice magnetizations continuously decrease from their saturation values ma = 2
and mp = —% at T = 0 to zero at T, as the temperature increases. Numerical cal-
culations indicate that the second-order phase transition occurs at T../|J| = 6.923
for (EFT) and T./|J| = 4.773 for (BP). The phase transition is from the ordered

1850015-7
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T T I T I T I T
Dy/lJ|=-1.05 i
mT Dg/|J|=3.0
02+
0,1+
O 1
0 2 3 5
k|
0,0l T T I T T I T
my D,/lJ|=- 1.485
Dy/l|=-1.44
T(:Om]:?I (b)
0,005
O I
0,5
0,01 T T T T T
my Dy/|J[=-1.4817
L D, /M|=-1.35 i
0,005
0
0,5 1 ksT/|J| 1,5 2

Fig. 4. Total magnetization m7 as a function of the temperature for several selected values of
crystal fields D4/|J| and Dp/|J| as indicated in different panels of the figure. The model shows
one, two or three compensation temperatures which strongly depend on values of the two crystal
fields, especially for the negative ones.

ferrimagnetic phase O; to the paramagnetic phase (P). One can remark that the
phase transition temperatures T, are not the same for both methods and this ap-
pears normal. Also, the (EFT) seems to more overestimate the phase transition
temperature of the model. Figures 3(b) and 3(c) show thermal behaviors of sub-

1850015-8
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lattice magnetizations and the total susceptibility as functions of the temperature
for four values of the magnetic field h/|.J| when D /|J| = Dg/|J| = 3. From panel
(b) to panel (c), one notes what follows. First, the sublattice magnetizations after
their decrease do not go to zero for h/|J| # 0. This means that the model does not
show transition for h/|.J| # 0. Also, the absolute remaining values of the sublattice
magnetizations increase as the magnetic field strength increases. Second, it is clear
that the global susceptibility xr diverges at T, for h/|J| = 0, but for h/|J| # 0, it
shows a maximum and by increasing the magnetic field value, the height of the max-
imum decreases, whereas the temperature value at which this maximum appears
increases. So, one can conclude that the magnetic field really affects the magnetic
properties of the model.

Now, let us pay some attention to the compensation phenomenon in the model.
For this, we plotted in Fig. 4 thermal variations of the global magnetization mr as
a function of the temperature for selected values of the two crystal fields. From this
figure, it follows that the model exhibits the compensation phenomenon. Indeed,
one can observe from different panels of the figure that the system presents one,
two and three compensation temperatures which strongly depend on the values of
the two different crystal fields. It is important to mention that the selected negative
values of the two applied crystal fields favor more the appearance of two or three
compensation points. Figure 4 shows same topologies as Fig. 5 of Ref. 21.

3.2. Phase diagrams of the model

In order to provide a deeper insight into how the two different crystal fields affect the
overall critical phenomena of the studied model, we plotted in Figs. 5-7 different
phase diagrams in the form of critical temperature as a function of both crystal
field strengths in zero magnetic field. In these figures, solid, dashed, dotted lines
and black triangles, respectively, indicate the second-, first-order phase transitions,
compensation lines and tricritical points. In the following, first-order transitions are
obtained when jump discontinuities appear in the thermal variations of calculated
order parameters and magnetic susceptibilities.

The first phase diagram is obtained in the (Dg/|J|, kT./|J|) plane for several
selected values of D4/|.J| as shown in Fig. 5. From this figure for D4/|J| > —3,
the phase transition lines are all of second-order separating the order ferrimagnetic
phase (F') from the paramagnetic phase (P). All of them present different constant
critical temperatures as Dp/|J| — —oo. Especially for D4/|J| > 6, the second-
order transition lines show the same critical temperature kT, /|J| = 3.079 for large
negative values of Dg/|J|. Also, for Da/|J| = —3, the phase transition line is of
the second-order. For —4 < D4 /|J| < —2, the transition line behaviors drastically
change and the model exhibits a tricritical behavior, i.e. the occurrence of tricrit-
ical points where second-order phase transition lines and the first-order ones are
connected. In this domain, as D 4/|J| decreases, the portion of the first-order transi-
tion line increases. For D 4/|J| < —4, all the phase transition lines are of first-order

1850015-9



R. A. Yessoufou, M. Karimou & F. Hontinfinde

8 I T I T
D[(IJI =

k T/IJI
B

|
-5

DJIJI

Fig. 5. Phase diagram in the (Dg/|J|,kgT/|J|) plane for several values of D 4/|J|. The lines are
labeled with the values of D 4/|J|. Solid, dashed lines and black triangles, respectively, indicate
the second-order, first-order transition lines and the tricritical points. It is important to mention
that the same representation is also valid for the rest phase diagrams. For D4 /|J| > —%, the
system shows constant temperature values at large negative values of Dg/|J| and all the phase
transition lines are of second-order.

kind. So, as the second-order phase transition disappears, only the first-order phase
transition dominates. This phase diagram shows some similarities with Fig. 2(a) of
Ref. 22, Fig. 3 of Ref. 38 and Fig. 2 of Ref. 21.

The second phase diagram is calculated in (Da/|J|,kT./|J|) plane for various
selected values of Dp/|J| as it is seen in Fig. 6. This figure also expresses interesting
properties of the model. Indeed, for all values of Dg/|J|, the second-order phase
transition line is connected to the first-order phase transition line which is obtained
at low temperature at a tricritical point. So, for Dg/|J| < f%, a unique tricritical
point at which all the second-order phase transition lines are connected to the
corresponding first-order transition ones is given by (Da/|J| = —1.444, kT, /|J| =
0.501). A same result is obtained for Dp/|J| > 3 and the tricritical point here is
given by (Da/|J| = —4.211,kT./|J| = 1.244). Figure 6 bears some resemblances
with Figs. 4(a) and 4(c) of Ref. 38, and also with Fig. 2 of Ref. 22 and Fig. 3 of
Ref. 21.

In the same way as it is done for the second phase diagram, we displayed in Fig. 7
the compensation lines of the model. Indeed, one remarks that for Dg/|J| > —1.26,
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Fig. 6. Phase diagram in the (Da/|J|,kgT/|J|) plane for various values of Dp/|J|. The lines
are labeled with the values of Dg/|.J|. The system presents a tricritical behavior for all values of
Dpg/|J|. Especially for Dg/|J| > 3 (respectively for Dp/|J| < 7%), the system exhibits a unique
tricritical point, respectively.

the model only exhibits one compensation temperature, whereas for Dg/|J| <
—1.26 and in a specific range of negative values of D 4/|J|, the system shows two or
three compensation temperatures. All these findings are in perfect agreement with
Fig. 4 of Ref. 21 and Fig. 4(b) of Ref. 38.

4. Conclusion

In this paper, via the framework of the effective-field theory, we single out the effects
of the interaction parameters on the critical behaviors and phase diagrams of the
mixed spin-2 and spin—% Blume—Capel system with unequal single-ion anisotropies
on the honeycomb lattice in the presence of an external magnetic field.

First, we have investigated as shown in Fig. 2 the ground state phase diagram
which is very useful for a good classification of regions of different stable states and
for a reliable checking in the construction of the finite temperature phase diagrams
at very low temperatures. Also, in Figs. 3 and 4, the thermal variations of the
sublattice magnetizations, the total magnetization and the total susceptibility are
rigorously investigated in order to find the nature (continuous or discontinuous)
of the phase transitions, as well as calculate the compensation points. Then as
it is seen in Figs. 5—7, different finite temperature phase diagrams are displayed
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D/

Fig. 7. Compensation temperatures (dotted lines) as functions of D 4/|J| for various values of
Dp/|J|. The lines are labeled with the values of Dp/|J|. The system presents one, two or three
compensation temperatures in specific ranges of values of the crystal fields interactions, especially
the negative ones.

in all planes of interest in zero external magnetic field. We have found that the
model revealed interesting ferrimagnetic properties such as the first- and second-
order phase transitions, tricritical points and compensation temperatures which are
all strongly dependant on the competition between interaction parameters of the
model, especially the two different crystal fields interactions.

By comparing our findings with those of Refs. 21, 22 and 38, reliable agreements
are found. It is very important to indicate that our results are more interesting than
those found in Ref. 16 where authors used the same method to study the present
model but with equal crystal field strength in the presence of a magnetic field.
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