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A novel dark energy model with an equation of state (EoS) given by: o(z) = o, +
+ o, z/(1+1In(1+z)) is proposed, which effectively captures the transition from deceleration to
acceleration in the cosmic expansion. This model is motivated by recent observational measurements,
all of which indicate a significant shift in the dynamics of the universe at intermediate redshifts
(z~=0.5). By utilizing a logarithmic damping term, the model allows for a smooth, redshift-
dependent transition between matter, dark energy, and radiation domination, and avoids the abrupt
transitions often observed in simpler models. In particular, the parameters o, and ®, govern the
early and late-time evolution of the equation of state. ®, characterizes the late-time asymptotic
behaviour, while ©, controls the rate of transition at intermediate redshifts. The model is further
examined from multiple theoretical standpoints: we establish its correspondence with viscous and
logotropic dark fluids, reconstruct its scalar field theoretical counterpart (quintessence-type), and
derive the effective equation of state o, (z) , which confirms a smooth transition to an accelerating
phase near z~ 0.5. Furthermore, we perform a thermodynamic analysis to verify the validity of
the generalized second law of thermodynamics (GSL) and ensure the model's stability. The speed
of sound, which is essential for stability analysis, is computed and analysed to ensure it remains
positive and stable across all redshifts, ensuring that the model adheres to physical constraints. We
analysed the present model with updated observational Hubble parameter data from cosmic chro-
nometers, performing a full chi-square minimization and model selection analysis using the Akaike
Information 2Criterion (AIC). The resulting best-fit parameters indicate a close match with data,
yielding a X, comparable to ACDM and CPL, and a AAIC that confirms the present model
as a competitive phenomenological alternative within the current cosmological framework.

Keywords: pressure parameter: dynamic dark energy:flat universe: deceleration
parameter

Department of Physics, Maharaja's College, Ernakulam (Affiliated to MG
University, Kottayam), Kochi-682021, Kerala,
India, e-mail: sivakumar@maharajas.ac.in



320 C.SIVAKUMAR

HOBAsA TTAPAMETPU30OBAHHAA MOJEJIb "1:EMHOI71
OSHEPI'MU B IINIOCKOMW BCEJIEHHOMU

C.CUBAKYMAP

IMpennoxeHa HoBasi MOJIEb TEMHOI 3Hepruu ¢ ypaBHeHUEM cocTosiHus (EoS)
no cdopmyie: m(z)= 0y + o, z/(l + ln(l + z)), Kotopast 3(p@PeKTUBHO (UKCUPYET
Mepexo] OT 3aMeUIeHUSI K YCKOPEHUIO0 B KOCMUUECKOM PACIlIMPEeHUU. DTa MOJEb
OCHOBaHa Ha HeJaBHMX HaOMIOAATebHBIX U3MEPEHUSIX, KOTOPbIe YKa3bIBAIOT Ha
3HAUYUTEJIbHBI COBUT B IMHAMuKe BceleHHOII Ha MPOMEXYTOYHBIX KPACHBIX
cMmeneHusIX (z ~0.5). Mcroab3ys JorapudMUIecKril 4jieH 3aTyXaHusl, MOIEb
MO3BOJISIET 00ECIEeUNTh TUIABHBIN, 3aBUCSILUNA OT KPAaCHOTO CMELIECHUS TIepexo
MEXIy MaTepreil, TeMHOM SHEPrueii 1 TOMUHUPOBAHUEM U3TYICHUS, U TTO3BOJISIET
n306exkaTh pe3KUX IMepPeXoJ0B, KOTOPbIE 4acTO HaOMIOAaloTCsl B 0ojiee MPOCTHIX
Mozessix. B yacTHocTHM, mapamMeTpsl ®,, ®, YIPABISIOT paHHEW W TO3IHEN
9BOJTIOLIIEN YPAaBHEHUS COCTOSTHUS. ®, XapaKTePU3yeT aCUMITOTMYECKOE TOBENICHUE
B MO3[JHEM BPEMEHU, B TO BPeMS KaK ), KOHTPOJIUPYET CKOPOCTh Mepexona Ha
MPOMEXYTOUHBIX KpaCHBIX cMelleHusix. Jlajee Moaellb paccMaTpUBaeTcsl ¢
HECKOJIBKHX TEOPETUYECKMX TOYEK 3PEHUS: YCTAHABIMBAETCS €€ COOTBETCTBUE BSI3KUM
U JIOTOTPOITHBIM TEMHBIM KUIKOCTSIM, PEKOHCTPYUPYETCSI €€ TeOPETUUECKUIA aHAJIOT
CKaJISIPHOTO MOoJisl (TUMa KBUHTICCEHLIMU) U BBIBOAUTCS 3¢ (PEKTUBHOE ypaBHEHUE
COCTOSIHUSL  ®, (z), MOATBEpKAaloIlee IIaBHBII Ilepexold B (a3dy YCKOPEHUS
BOMM3U z~0.5. KpoMe TOro, BBHIIIOJHEH TE€PMOAWMHAMMYECKUWI aHAIW3, YTOOBI
MPOBEPUTH CITPaBEeIIMBOCTh OOOOIIEHHOIO BTOPOro 3akoHa TepMoauHaMuku (GSL)
U yoenuThecs B CTAOMIBbHOCTU Mojaean. CKOpOCTb 3ByKa, KOTOpas UMEET BaXKHOE
3HAUeHWE IJIs aHaIu3a YCTOMYMBOCTM, BBIUMCISIETCSI M aHAIU3UPYETCs], YTOOBI
yOeaUThCsI, YTO OHA OCTAETCS TOJOXUTEIbHON M CTaOMJIBHOM Ha BCEX KPaCHBIX
CMEIIEHMSX, TapaHTUPYs, YTO MOJIEJb COOTBETCTBYET (DM3NMYECKIUM OIPAHUYEHUSIM.
Hacrosiias Moaens mpoaHalu3upoBaHa ¢ OOHOBJICHHBIMU JaHHBIMU O HaOJIIO-
JaTeJIbHbIX TlapaMeTpax Xa00ja OT KOCMUYECKUX XPOHOMETPOB, BBIMIOJHUB MOJTHYIO
MMHMMU3ALMIO X -KBaapaT U aHaJIU3 BbIOOpa MOJEIM C UCIOJIb30BaHUEM UHMOp-
ManuoHHoro kputepust Akauke (AIC). IlomydyeHHbIe MapamMeTpbl HaI/IJ'Iy‘IH_Izel“O
COOTBETCTBUSI YKa3bIBAIOT Ha OJIM3KOE COOTBETCTBUE C NaHHBIMU, UYTO AACT Xmin ,
cpaBauMoe ¢ ACDM u CPL, u AAIC , u TIoATBepKAAaeT CYIIECTBYIOIIYIO MOIEIb
KaK KOHKYPEHTHYI (heHOMEHOJIOTUYECKYIO allbTepHAaTUBY B paMKax TeKyllei
KOCMOJIOTUUECKOIN CTPYKTYPHI.

KiroueBbie ciona: napamemp dasaenust: OUHAMUYECKAs MeMHA IHepeusl. nioCcKas
Bcenennas: napamemp 3ameonenus
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