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Gupta Choudhury and AAS, arXiv:2603.16852, To appear in Phys. Rev.D

https://arxiv.org/abs/2603.16852
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Parameter �CDM Logistic CPL

h (0.1, 1.2)

DESI-DR2 + DES + rplc
d

�m0 (0, 0.7) – (0, 0.7)
A – (0, 3) –
B – (0, 3) –
w0 – – [≠3, 1]
wa – – [≠3, 2]

DESI-DR2 + CMB and DESI-DR2 + DES + CMB

Êb (0.01, 0.03)
Êc (0.01, 0.6)

A – (0, 3) –
B – (0, 3) –
w0 – – [≠3, 1]
wa – – [≠3, 2]

TABLE I: Priors adopted for the cosmological
parameters of �CDM, Logistic and CPL models. For
the low-redshift combination (DESI-DR2 + DES +
r

plc
d ), the matter density parameter �m0 is sampled

directly. When CMB distance priors are included, the
physical baryon and cold dark matter densities
Êb = �bh

2 and Êc = �ch
2 are varied instead.

CMB combination, we compute several model-selection
diagnostics summarized in Table III. The logistic model
yields a significantly lower Akaike Information Criterion
(AIC) [52, 53] with �AIC = ≠14.9 relative to �CDM.
The Bayesian Information Criterion (BIC) [53, 54] also
shows a preference for the logistic model with �BIC =
≠4.0, while the CPL model remains statistically compa-
rable to �CDM under this metric.

We also analyze the model preference using the
Bayesian evidence evaluation. The resulting evidence dif-
ference, � ln Z = +1.8 for the Logistic model relative to
�CDM, indicates a positive preference, whereas the CPL
model yields � ln Z = +1.4, corresponding to a weaker
but still comparable preference [50]. Overall, these re-
sults consistently indicate that the Logistic parametriza-
tion provides an improved description of the observa-
tional data compared to the standard �CDM model,
while remaining competitive with the CPL parametriza-
tion.

Having established the observational preference for the
logistic model, we now examine its cosmological implica-

0.67

h

1.3

1.6

B

1.0

1.2

A

1.0 1.2

A

1.1 1.5

B

DESI-DR2+CMB

DESI-DR2+DES+rplc
d

DESI-DR2+DES+CMB

FIG. 1: One-dimensional marginalized posterior
distributions, 2 dimensional contour plots at 68% and

95% C.L. limits for the parameters of the Logistic
model using di�erent dataset combinations.

tions using the DESI-DR2 + DES + CMB dataset com-
bination.

The reconstructed evolution of the Hubble parameter,
shown in terms of H(z)/(1 + z), is presented in the left
panel of Fig. 2 together with the predictions of �CDM
and CPL. The H(z) evolution for all three models are
similar, with the Logistic model showing larger deviation
from �CDM model around z ≥ 0.7. Both the Logistic
and CPL models exhibit a similar epoch of transition
from a decelerating to an accelerating phase, identified by
the minimum of the curve, which occurs slightly earlier
than in the �CDM model.

To further illustrate the di�erences between these
models, we show the evolution of the total equation
of state wT(z) in the right panel of Fig. 2. At low
redshifts the logistic model exhibits a noticeably dif-
ferent evolution compared to both �CDM and CPL
predictions (this is further discussed in Appendix and
illustrated in Fig. 4). At higher redshifts, all models
converge toward wT ¥ 0, corresponding to the expected
matter-dominated regime. Interestingly, the behavior
of wT(z) at low redshifts for the Logistic model remain
quite similar to that obtained from non-parametric
reconstructions [28].

The behavior of H(z) and wT(z) for the three mod-
els indicates fundamental di�erences in their underlying
dynamics. An elegant way to quantify this is through
the jerk parameter which is exactly j = 1 for a �CDM

Prior Used
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Parameter �CDM Logistic CPL

h (0.1, 1.2)

DESI-DR2 + DES + rplc
d

�m0 (0, 0.7) – (0, 0.7)
A – (0, 3) –
B – (0, 3) –
w0 – – [≠3, 1]
wa – – [≠3, 2]

DESI-DR2 + CMB and DESI-DR2 + DES + CMB

Êb (0.01, 0.03)
Êc (0.01, 0.6)

A – (0, 3) –
B – (0, 3) –
w0 – – [≠3, 1]
wa – – [≠3, 2]

TABLE I: Priors adopted for the cosmological
parameters of �CDM, Logistic and CPL models. For
the low-redshift combination (DESI-DR2 + DES +
r

plc
d ), the matter density parameter �m0 is sampled

directly. When CMB distance priors are included, the
physical baryon and cold dark matter densities
Êb = �bh

2 and Êc = �ch
2 are varied instead.

CMB combination, we compute several model-selection
diagnostics summarized in Table III. The logistic model
yields a significantly lower Akaike Information Criterion
(AIC) [52, 53] with �AIC = ≠14.9 relative to �CDM.
The Bayesian Information Criterion (BIC) [53, 54] also
shows a preference for the logistic model with �BIC =
≠4.0, while the CPL model remains statistically compa-
rable to �CDM under this metric.

We also analyze the model preference using the
Bayesian evidence evaluation. The resulting evidence dif-
ference, � ln Z = +1.8 for the Logistic model relative to
�CDM, indicates a positive preference, whereas the CPL
model yields � ln Z = +1.4, corresponding to a weaker
but still comparable preference [50]. Overall, these re-
sults consistently indicate that the Logistic parametriza-
tion provides an improved description of the observa-
tional data compared to the standard �CDM model,
while remaining competitive with the CPL parametriza-
tion.

Having established the observational preference for the
logistic model, we now examine its cosmological implica-
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panel of Fig. 2 together with the predictions of �CDM
and CPL. The H(z) evolution for all three models are
similar, with the Logistic model showing larger deviation
from �CDM model around z ≥ 0.7. Both the Logistic
and CPL models exhibit a similar epoch of transition
from a decelerating to an accelerating phase, identified by
the minimum of the curve, which occurs slightly earlier
than in the �CDM model.
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ferent evolution compared to both �CDM and CPL
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converge toward wT ¥ 0, corresponding to the expected
matter-dominated regime. Interestingly, the behavior
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Dataset h A B ‰2(Logistic)
min ‰2(�CDM)

min ‰2(CPL)
min

DESI-DR2 + CMB 0.6681 ± 0.0091 1.141 ± 0.071 1.220 ± 0.078 8.95 23.44 10.33

DESI-DR2 + DES + rplc
d 0.6773 ± 0.0055 1.234 ± 0.045 1.386 ± 0.082 1647.2 1654.5 1647.2

DESI-DR2 + DES + CMB 0.6760 ± 0.0055 1.205 ± 0.040 1.289 ± 0.047 1649.2 1668.1 1653.2

TABLE II: Marginalized 1‡ C.L. of the parameters of the Logistic model using di�erent dataset combinations. A
comparison of the ‰

2
min with �CDM and CPL model is also shown.

Model k ‰2
min AIC �AIC BIC �BIC ln Z � ln Z

�CDM 3 1668.1 1674.1 0.0 1690.4 0.0 ≠850.6 0.0
Logistic 5 1649.2 1659.2 ≠14.9 1686.4 ≠4.0 ≠848.8 +1.8
CPL 5 1653.2 1663.2 ≠10.9 1690.4 0.0 ≠849.2 +1.4

TABLE III: Model comparison for the �CDM, Logistic, and CPL using the DESI DR2 + DES + CMB
combination. Here k denotes the number of free parameters. The AIC and BIC are computed using N = 1700 data

points with DES SNIa sample containing a number of 1684 e�ective data points. Di�erences �AIC, �BIC, and
� ln Z are calculated with respect to the �CDM model.

universe. Consequently, any significant deviation from
j = 1 signals a decisive departure from the standard
�CDM paradigm. The evolution of the jerk parameter
j(z) for the Logistic and CPL models, together with the
constant prediction j = 1 from �CDM, is shown in Fig. 3
(left panel). Both models exhibit clear deviations from
the �CDM prediction, with the logistic model display-
ing a more stable behavior, unlike CPL for which j falls
sharply around present day. The reconstructed values of
the jerk parameter at di�erent redshifts are listed in Ta-
ble IV. The Logistic model shows large deviations from
j = 1 over a wide range of redshifts. In contrast, the CPL
parametrization also departs from the �CDM prediction
but with a lower statistical significance.

As evident from the right panel of Fig. 3, the DESI-
DR2 + DES + CMB combination leads to substantially
stronger deviations in j(z) compared to the constraints
obtained from low-redshift datasets alone. This indicates
that the early Universe information encoded in the CMB,
when combined with the low-redshift measurements from
DESI-DR2 and DES, helps to sharpen the distinction
between di�erent cosmic expansion histories.

CONCLUSIONS

We have presented a logistic RG-flow inspired
parametrization of the total equation of state wT(z), pro-
viding a simple and physically motivated description of
the transition from matter domination to late-time ac-
celeration. By focusing directly on wT(z) (as extensively
discussed in [40, 41]), this framework avoids assumptions

z Logistic CPL
j(z) Tension (‡) j(z) Tension (‡)

0.0 0.506+0.052
≠0.062 9.5 ≠0.295 ± 0.321 4.03

0.1 0.533+0.048
≠0.057 9.73 ≠0.004 ± 0.262 3.83

0.2 0.566+0.045
≠0.052 9.64 0.251 ± 0.201 3.73

0.3 0.606+0.043
≠0.049 9.16 0.465 ± 0.146 3.66

0.4 0.650+0.042
≠0.046 8.33 0.639 ± 0.100 3.61

0.5 0.697 ± 0.043 7.05 0.777 ± 0.067 3.33

1.0 0.922 ± 0.035 2.23 1.081+0.042
≠0.057 1.42

TABLE IV: Reconstructed values of the jerk parameter
j(z) at di�erent redshifts for the Logistic and CPL

models using the DESI-DR2 + DES + CMB dataset
combination. The tension is computed relative to the

�CDM prediction j = 1.

about the underlying composition of DE and o�ers a
complementary perspective to conventional parametriza-
tions. The strength of this approach lies in its abil-
ity to treat the low-redshift transition as a fundamen-
tal scale-evolution problem. This enables the model to
capture subtle features in the late-time expansion his-
tory that are not easily accommodated within minimal
parametrizations such as �CDM or CPL. Unlike CPL-
type parametrizations, which e�ectively represent trun-
cated expansions without asymptotic structure, the lo-
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gistic form encodes a bounded flow between fixed points,
providing a qualitatively distinct description of the ex-
pansion history.

When confronted with current observational data from
DESI-DR2, DES and CMB distance priors, the Logis-
tic model yields an improved description of the expan-
sion history compared to �CDM and performs compet-
itively with CPL. The reconstructed evolution of wT(z)
and derived quantities such as the jerk parameter indi-
cate strong deviations from the �CDM expectation at
low redshifts. We emphasize, however, that these de-

viations are inferred within the assumed parametriza-
tion and should not be interpreted as model-independent
evidence against �CDM, but to assess whether current
data show a preference for alternative descriptions. Fur-
thermore, such a logistic evolution of wT can arise from
an underlying multi component dark sector, for instance
through the inclusion of an additional fluid with a transi-
tioning equation of state (see Appendix ). This provides
a possible physical interpretation of the phenomenologi-
cal framework considered in this work.

To summarize, the logistic framework can be viewed
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Dataset h A B ‰2(Logistic)
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2
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points with DES SNIa sample containing a number of 1684 e�ective data points. Di�erences �AIC, �BIC, and
� ln Z are calculated with respect to the �CDM model.

universe. Consequently, any significant deviation from
j = 1 signals a decisive departure from the standard
�CDM paradigm. The evolution of the jerk parameter
j(z) for the Logistic and CPL models, together with the
constant prediction j = 1 from �CDM, is shown in Fig. 3
(left panel). Both models exhibit clear deviations from
the �CDM prediction, with the logistic model display-
ing a more stable behavior, unlike CPL for which j falls
sharply around present day. The reconstructed values of
the jerk parameter at di�erent redshifts are listed in Ta-
ble IV. The Logistic model shows large deviations from
j = 1 over a wide range of redshifts. In contrast, the CPL
parametrization also departs from the �CDM prediction
but with a lower statistical significance.

As evident from the right panel of Fig. 3, the DESI-
DR2 + DES + CMB combination leads to substantially
stronger deviations in j(z) compared to the constraints
obtained from low-redshift datasets alone. This indicates
that the early Universe information encoded in the CMB,
when combined with the low-redshift measurements from
DESI-DR2 and DES, helps to sharpen the distinction
between di�erent cosmic expansion histories.

CONCLUSIONS

We have presented a logistic RG-flow inspired
parametrization of the total equation of state wT(z), pro-
viding a simple and physically motivated description of
the transition from matter domination to late-time ac-
celeration. By focusing directly on wT(z) (as extensively
discussed in [40, 41]), this framework avoids assumptions
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j(z) Tension (‡) j(z) Tension (‡)
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≠0.062 9.5 ≠0.295 ± 0.321 4.03
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TABLE IV: Reconstructed values of the jerk parameter
j(z) at di�erent redshifts for the Logistic and CPL

models using the DESI-DR2 + DES + CMB dataset
combination. The tension is computed relative to the

�CDM prediction j = 1.
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gistic form encodes a bounded flow between fixed points,
providing a qualitatively distinct description of the ex-
pansion history.

When confronted with current observational data from
DESI-DR2, DES and CMB distance priors, the Logis-
tic model yields an improved description of the expan-
sion history compared to �CDM and performs compet-
itively with CPL. The reconstructed evolution of wT(z)
and derived quantities such as the jerk parameter indi-
cate strong deviations from the �CDM expectation at
low redshifts. We emphasize, however, that these de-

viations are inferred within the assumed parametriza-
tion and should not be interpreted as model-independent
evidence against �CDM, but to assess whether current
data show a preference for alternative descriptions. Fur-
thermore, such a logistic evolution of wT can arise from
an underlying multi component dark sector, for instance
through the inclusion of an additional fluid with a transi-
tioning equation of state (see Appendix ). This provides
a possible physical interpretation of the phenomenologi-
cal framework considered in this work.

To summarize, the logistic framework can be viewed
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Which Model Gives a Better Fit?

5

Dataset h A B ‰2(Logistic)
min ‰2(�CDM)

min ‰2(CPL)
min

DESI-DR2 + CMB 0.6681 ± 0.0091 1.141 ± 0.071 1.220 ± 0.078 8.95 23.44 10.33

DESI-DR2 + DES + rplc
d 0.6773 ± 0.0055 1.234 ± 0.045 1.386 ± 0.082 1647.2 1654.5 1647.2

DESI-DR2 + DES + CMB 0.6760 ± 0.0055 1.205 ± 0.040 1.289 ± 0.047 1649.2 1668.1 1653.2

TABLE II: Marginalized 1‡ C.L. of the parameters of the Logistic model using di�erent dataset combinations. A
comparison of the ‰

2
min with �CDM and CPL model is also shown.

Model k ‰2
min AIC �AIC BIC �BIC ln Z � ln Z

�CDM 3 1668.1 1674.1 0.0 1690.4 0.0 ≠850.6 0.0
Logistic 5 1649.2 1659.2 ≠14.9 1686.4 ≠4.0 ≠848.8 +1.8
CPL 5 1653.2 1663.2 ≠10.9 1690.4 0.0 ≠849.2 +1.4

TABLE III: Model comparison for the �CDM, Logistic, and CPL using the DESI DR2 + DES + CMB
combination. Here k denotes the number of free parameters. The AIC and BIC are computed using N = 1700 data

points with DES SNIa sample containing a number of 1684 e�ective data points. Di�erences �AIC, �BIC, and
� ln Z are calculated with respect to the �CDM model.

universe. Consequently, any significant deviation from
j = 1 signals a decisive departure from the standard
�CDM paradigm. The evolution of the jerk parameter
j(z) for the Logistic and CPL models, together with the
constant prediction j = 1 from �CDM, is shown in Fig. 3
(left panel). Both models exhibit clear deviations from
the �CDM prediction, with the logistic model display-
ing a more stable behavior, unlike CPL for which j falls
sharply around present day. The reconstructed values of
the jerk parameter at di�erent redshifts are listed in Ta-
ble IV. The Logistic model shows large deviations from
j = 1 over a wide range of redshifts. In contrast, the CPL
parametrization also departs from the �CDM prediction
but with a lower statistical significance.

As evident from the right panel of Fig. 3, the DESI-
DR2 + DES + CMB combination leads to substantially
stronger deviations in j(z) compared to the constraints
obtained from low-redshift datasets alone. This indicates
that the early Universe information encoded in the CMB,
when combined with the low-redshift measurements from
DESI-DR2 and DES, helps to sharpen the distinction
between di�erent cosmic expansion histories.

CONCLUSIONS

We have presented a logistic RG-flow inspired
parametrization of the total equation of state wT(z), pro-
viding a simple and physically motivated description of
the transition from matter domination to late-time ac-
celeration. By focusing directly on wT(z) (as extensively
discussed in [40, 41]), this framework avoids assumptions

z Logistic CPL
j(z) Tension (‡) j(z) Tension (‡)

0.0 0.506+0.052
≠0.062 9.5 ≠0.295 ± 0.321 4.03

0.1 0.533+0.048
≠0.057 9.73 ≠0.004 ± 0.262 3.83

0.2 0.566+0.045
≠0.052 9.64 0.251 ± 0.201 3.73

0.3 0.606+0.043
≠0.049 9.16 0.465 ± 0.146 3.66

0.4 0.650+0.042
≠0.046 8.33 0.639 ± 0.100 3.61

0.5 0.697 ± 0.043 7.05 0.777 ± 0.067 3.33

1.0 0.922 ± 0.035 2.23 1.081+0.042
≠0.057 1.42

TABLE IV: Reconstructed values of the jerk parameter
j(z) at di�erent redshifts for the Logistic and CPL

models using the DESI-DR2 + DES + CMB dataset
combination. The tension is computed relative to the

�CDM prediction j = 1.

about the underlying composition of DE and o�ers a
complementary perspective to conventional parametriza-
tions. The strength of this approach lies in its abil-
ity to treat the low-redshift transition as a fundamen-
tal scale-evolution problem. This enables the model to
capture subtle features in the late-time expansion his-
tory that are not easily accommodated within minimal
parametrizations such as �CDM or CPL. Unlike CPL-
type parametrizations, which e�ectively represent trun-
cated expansions without asymptotic structure, the lo-
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di�erent dataset combinations.

gistic form encodes a bounded flow between fixed points,
providing a qualitatively distinct description of the ex-
pansion history.

When confronted with current observational data from
DESI-DR2, DES and CMB distance priors, the Logis-
tic model yields an improved description of the expan-
sion history compared to �CDM and performs compet-
itively with CPL. The reconstructed evolution of wT(z)
and derived quantities such as the jerk parameter indi-
cate strong deviations from the �CDM expectation at
low redshifts. We emphasize, however, that these de-

viations are inferred within the assumed parametriza-
tion and should not be interpreted as model-independent
evidence against �CDM, but to assess whether current
data show a preference for alternative descriptions. Fur-
thermore, such a logistic evolution of wT can arise from
an underlying multi component dark sector, for instance
through the inclusion of an additional fluid with a transi-
tioning equation of state (see Appendix ). This provides
a possible physical interpretation of the phenomenologi-
cal framework considered in this work.

To summarize, the logistic framework can be viewed
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+ CMB constraints (left panel). The right panel shows the reconstructed j(z) for the Logistic model obtained from

di�erent dataset combinations.

gistic form encodes a bounded flow between fixed points,
providing a qualitatively distinct description of the ex-
pansion history.

When confronted with current observational data from
DESI-DR2, DES and CMB distance priors, the Logis-
tic model yields an improved description of the expan-
sion history compared to �CDM and performs compet-
itively with CPL. The reconstructed evolution of wT(z)
and derived quantities such as the jerk parameter indi-
cate strong deviations from the �CDM expectation at
low redshifts. We emphasize, however, that these de-

viations are inferred within the assumed parametriza-
tion and should not be interpreted as model-independent
evidence against �CDM, but to assess whether current
data show a preference for alternative descriptions. Fur-
thermore, such a logistic evolution of wT can arise from
an underlying multi component dark sector, for instance
through the inclusion of an additional fluid with a transi-
tioning equation of state (see Appendix ). This provides
a possible physical interpretation of the phenomenologi-
cal framework considered in this work.

To summarize, the logistic framework can be viewed

5

Dataset h A B ‰2(Logistic)
min ‰2(�CDM)

min ‰2(CPL)
min

DESI-DR2 + CMB 0.6681 ± 0.0091 1.141 ± 0.071 1.220 ± 0.078 8.95 23.44 10.33

DESI-DR2 + DES + rplc
d 0.6773 ± 0.0055 1.234 ± 0.045 1.386 ± 0.082 1647.2 1654.5 1647.2

DESI-DR2 + DES + CMB 0.6760 ± 0.0055 1.205 ± 0.040 1.289 ± 0.047 1649.2 1668.1 1653.2

TABLE II: Marginalized 1‡ C.L. of the parameters of the Logistic model using di�erent dataset combinations. A
comparison of the ‰

2
min with �CDM and CPL model is also shown.

Model k ‰2
min AIC �AIC BIC �BIC ln Z � ln Z

�CDM 3 1668.1 1674.1 0.0 1690.4 0.0 ≠850.6 0.0
Logistic 5 1649.2 1659.2 ≠14.9 1686.4 ≠4.0 ≠848.8 +1.8
CPL 5 1653.2 1663.2 ≠10.9 1690.4 0.0 ≠849.2 +1.4

TABLE III: Model comparison for the �CDM, Logistic, and CPL using the DESI DR2 + DES + CMB
combination. Here k denotes the number of free parameters. The AIC and BIC are computed using N = 1700 data

points with DES SNIa sample containing a number of 1684 e�ective data points. Di�erences �AIC, �BIC, and
� ln Z are calculated with respect to the �CDM model.

universe. Consequently, any significant deviation from
j = 1 signals a decisive departure from the standard
�CDM paradigm. The evolution of the jerk parameter
j(z) for the Logistic and CPL models, together with the
constant prediction j = 1 from �CDM, is shown in Fig. 3
(left panel). Both models exhibit clear deviations from
the �CDM prediction, with the logistic model display-
ing a more stable behavior, unlike CPL for which j falls
sharply around present day. The reconstructed values of
the jerk parameter at di�erent redshifts are listed in Ta-
ble IV. The Logistic model shows large deviations from
j = 1 over a wide range of redshifts. In contrast, the CPL
parametrization also departs from the �CDM prediction
but with a lower statistical significance.

As evident from the right panel of Fig. 3, the DESI-
DR2 + DES + CMB combination leads to substantially
stronger deviations in j(z) compared to the constraints
obtained from low-redshift datasets alone. This indicates
that the early Universe information encoded in the CMB,
when combined with the low-redshift measurements from
DESI-DR2 and DES, helps to sharpen the distinction
between di�erent cosmic expansion histories.

CONCLUSIONS

We have presented a logistic RG-flow inspired
parametrization of the total equation of state wT(z), pro-
viding a simple and physically motivated description of
the transition from matter domination to late-time ac-
celeration. By focusing directly on wT(z) (as extensively
discussed in [40, 41]), this framework avoids assumptions

z Logistic CPL
j(z) Tension (‡) j(z) Tension (‡)

0.0 0.506+0.052
≠0.062 9.5 ≠0.295 ± 0.321 4.03

0.1 0.533+0.048
≠0.057 9.73 ≠0.004 ± 0.262 3.83

0.2 0.566+0.045
≠0.052 9.64 0.251 ± 0.201 3.73

0.3 0.606+0.043
≠0.049 9.16 0.465 ± 0.146 3.66

0.4 0.650+0.042
≠0.046 8.33 0.639 ± 0.100 3.61

0.5 0.697 ± 0.043 7.05 0.777 ± 0.067 3.33

1.0 0.922 ± 0.035 2.23 1.081+0.042
≠0.057 1.42

TABLE IV: Reconstructed values of the jerk parameter
j(z) at di�erent redshifts for the Logistic and CPL

models using the DESI-DR2 + DES + CMB dataset
combination. The tension is computed relative to the

�CDM prediction j = 1.

about the underlying composition of DE and o�ers a
complementary perspective to conventional parametriza-
tions. The strength of this approach lies in its abil-
ity to treat the low-redshift transition as a fundamen-
tal scale-evolution problem. This enables the model to
capture subtle features in the late-time expansion his-
tory that are not easily accommodated within minimal
parametrizations such as �CDM or CPL. Unlike CPL-
type parametrizations, which e�ectively represent trun-
cated expansions without asymptotic structure, the lo-
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gistic form encodes a bounded flow between fixed points,
providing a qualitatively distinct description of the ex-
pansion history.

When confronted with current observational data from
DESI-DR2, DES and CMB distance priors, the Logis-
tic model yields an improved description of the expan-
sion history compared to �CDM and performs compet-
itively with CPL. The reconstructed evolution of wT(z)
and derived quantities such as the jerk parameter indi-
cate strong deviations from the �CDM expectation at
low redshifts. We emphasize, however, that these de-

viations are inferred within the assumed parametriza-
tion and should not be interpreted as model-independent
evidence against �CDM, but to assess whether current
data show a preference for alternative descriptions. Fur-
thermore, such a logistic evolution of wT can arise from
an underlying multi component dark sector, for instance
through the inclusion of an additional fluid with a transi-
tioning equation of state (see Appendix ). This provides
a possible physical interpretation of the phenomenologi-
cal framework considered in this work.

To summarize, the logistic framework can be viewed
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min ‰2(�CDM)
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DESI-DR2 + CMB 0.6681 ± 0.0091 1.141 ± 0.071 1.220 ± 0.078 8.95 23.44 10.33

DESI-DR2 + DES + rplc
d 0.6773 ± 0.0055 1.234 ± 0.045 1.386 ± 0.082 1647.2 1654.5 1647.2
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TABLE II: Marginalized 1‡ C.L. of the parameters of the Logistic model using di�erent dataset combinations. A
comparison of the ‰

2
min with �CDM and CPL model is also shown.

Model k ‰2
min AIC �AIC BIC �BIC ln Z � ln Z

�CDM 3 1668.1 1674.1 0.0 1690.4 0.0 ≠850.6 0.0
Logistic 5 1649.2 1659.2 ≠14.9 1686.4 ≠4.0 ≠848.8 +1.8
CPL 5 1653.2 1663.2 ≠10.9 1690.4 0.0 ≠849.2 +1.4

TABLE III: Model comparison for the �CDM, Logistic, and CPL using the DESI DR2 + DES + CMB
combination. Here k denotes the number of free parameters. The AIC and BIC are computed using N = 1700 data

points with DES SNIa sample containing a number of 1684 e�ective data points. Di�erences �AIC, �BIC, and
� ln Z are calculated with respect to the �CDM model.

universe. Consequently, any significant deviation from
j = 1 signals a decisive departure from the standard
�CDM paradigm. The evolution of the jerk parameter
j(z) for the Logistic and CPL models, together with the
constant prediction j = 1 from �CDM, is shown in Fig. 3
(left panel). Both models exhibit clear deviations from
the �CDM prediction, with the logistic model display-
ing a more stable behavior, unlike CPL for which j falls
sharply around present day. The reconstructed values of
the jerk parameter at di�erent redshifts are listed in Ta-
ble IV. The Logistic model shows large deviations from
j = 1 over a wide range of redshifts. In contrast, the CPL
parametrization also departs from the �CDM prediction
but with a lower statistical significance.

As evident from the right panel of Fig. 3, the DESI-
DR2 + DES + CMB combination leads to substantially
stronger deviations in j(z) compared to the constraints
obtained from low-redshift datasets alone. This indicates
that the early Universe information encoded in the CMB,
when combined with the low-redshift measurements from
DESI-DR2 and DES, helps to sharpen the distinction
between di�erent cosmic expansion histories.

CONCLUSIONS

We have presented a logistic RG-flow inspired
parametrization of the total equation of state wT(z), pro-
viding a simple and physically motivated description of
the transition from matter domination to late-time ac-
celeration. By focusing directly on wT(z) (as extensively
discussed in [40, 41]), this framework avoids assumptions

z Logistic CPL
j(z) Tension (‡) j(z) Tension (‡)

0.0 0.506+0.052
≠0.062 9.5 ≠0.295 ± 0.321 4.03

0.1 0.533+0.048
≠0.057 9.73 ≠0.004 ± 0.262 3.83

0.2 0.566+0.045
≠0.052 9.64 0.251 ± 0.201 3.73

0.3 0.606+0.043
≠0.049 9.16 0.465 ± 0.146 3.66

0.4 0.650+0.042
≠0.046 8.33 0.639 ± 0.100 3.61

0.5 0.697 ± 0.043 7.05 0.777 ± 0.067 3.33

1.0 0.922 ± 0.035 2.23 1.081+0.042
≠0.057 1.42

TABLE IV: Reconstructed values of the jerk parameter
j(z) at di�erent redshifts for the Logistic and CPL

models using the DESI-DR2 + DES + CMB dataset
combination. The tension is computed relative to the

�CDM prediction j = 1.

about the underlying composition of DE and o�ers a
complementary perspective to conventional parametriza-
tions. The strength of this approach lies in its abil-
ity to treat the low-redshift transition as a fundamen-
tal scale-evolution problem. This enables the model to
capture subtle features in the late-time expansion his-
tory that are not easily accommodated within minimal
parametrizations such as �CDM or CPL. Unlike CPL-
type parametrizations, which e�ectively represent trun-
cated expansions without asymptotic structure, the lo-
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Having Constraints on the Background Evolution H(z) (using ),  we can use the growth equation 
for the matter density contrast:

ωT

··δm + 2H ·δm =
3
2

H2
0Ωm0δm(1 + z)3

We then  use the growth data e.g   (Gold Sample), to see with the constrained H(z), what  is required.fσ8 Ωm0

We also need the  information. But we can constrain  σ8(0) S8 = σ8(Ωm0/0.3)1/2
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Possible Dark Energy Behaviour

 crucially depends on Growth History plus the  normalization.wde(z) σ8(0)



Conclusions
• We show a different way to parametrise the low redshift cosmological evolution using the certain 

Logistic Evolution of  (total equation of state of the Universe).


• The model is not nested with  behaviour.


• The Logistic Evolution gives statistically better fit to DESI/DES/CMB (compressed) data than both 
 and CPL parametrisation.


• The constrained evolution of  is different than CPL case, especially around present day and in 
future. 


• Also there is a significantly large deviations from  making the low-redshift tension worse than 
anticipated.


• With the constrained background, one can use the growth data to get  and subsequently .


• In this approach, the whether dark energy evolution crucially depends on Growth History of the 
Universe together with the  normalization.

ωT

ΛCDM

ΛCDM

ωT

j = 1

Ωm0 wde(z)

σ8
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What Kind of DE Model?
A preliminary study: DE consists of a Cosmological Constant plus a X-fluid with EOS:

                                                                   


                                                                                            wX = −
1
2 [1 + tanh ( z − z0

Δ )]
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Evolution of wT and dwT
dz

The key di�erence in the behavior of wT for �CDM
and the Logistic model arises from the choice of flow vari-
able in the logistic evolution (Eqs. (6) and (10)). Such a
structure cannot be realized for the CPL parametrization
for nontrivial values of w0 and wa. From this perspec-
tive, �CDM and the Logistic model belong to the same
class of logistic-type evolution, motivating the latter as
a natural extension, though not embedding �CDM as a
limiting case. In both cases, wT can be interpreted as a
flow between cosmological fixed points corresponding to
matter domination and late-time acceleration.

Upper panel of Fig. 4 shows that the transition from
matter domination to acceleration is sharper in �CDM
than in the Logistic model and both of them remain well-
behaved when extrapolated to the future. In contrast,
the CPL exhibits completely di�erent qualitative behav-
ior, reflecting the artifact of the parametrization.

Eqs. (6) and (10) imply that dwT
dz attains a maximum at

wT = ≠ 2
3 for �CDM (independent of �m0) and at wT =

≠ A
2 for the Logistic model. The latter occurs at z =

0, while for �CDM the corresponding redshift depends
on �m0. This is also seen in the lower panel of Fig. 4,
where both models show qualitatively similar behavior.
However, a significantly flatter evolution in the Logistic
model leads to the large deviations observed in the jerk
parameter.
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FIG. 4: Evolution of wT (upper panel) and dwT
dz (lower

panel) extrapolated to future for the models considered.
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(Ωm0 = 0.2974, ΩΛ = 0.570, z0 = 0.198, and Δ = 0.451)


