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Angular Diameter Distance: d,(z) = 1 BAO, CMB Angular Scale
<
Luminosity Distance: d;(z) = (1 +2)d(z) Flux measurements using Snla

Standard Practice: Assume an EOS for DE w(z)
You can also reconstruct w(z)

3(1 +w(z)) d- Model Indendently
1 +z2

et = o

Construct 3H(z)? = Pn(2) + pi.(2)

Construct distances and fit with data to get constrain on poarameters e.g £, Wg, W,, . .
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Basic Set Up for Model Independent Reconstruction

* Let us start with the dynamics for the Background Cosmology:

2H + 3H? = — 3nGP; (governed by the Total Pressure)

* This is space-part of the Einstein’s equation (assuming spatially Flat FRW Univ.)

* You can also get it from Raychaudhury Equation (assuming GR):

a N2 17/ 17/ H— _ Uy, U
0 u”+ 39 +0,0" -0, 0 V,A R, u'u

with 0=V u", Wu,=1); A¥=u"V u"

* In terms of Comoving Distance:

D// 3 8 G 1/ H
M 4 = — LP Or ___1,\4(1 +2)—1= L= W7, D, (z) = - 1/(2)  Dimensionless Comoving Distance
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Initial Conditions: D,;,(0) =0and D;,(0) = Dy(0) = 1
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Logistic Cosmological Evolution

As low redshifts observations measure D,, and its derivatives (1)), they are only sensitive
to the p, or p, (W)

[t is agnostic to how one distributes p, (or @) in different components.

For evolution of matter fluctuation at linear scales:

. .3 :
5+ 2H8,, =~ HG,8,(1 +2)

Also determined by @, (Note that H(z) o« —) plus the extra information for €2, which

Dy,
gives the necessary gravitational potential (assuming no interaction between DE-DM).

So with background data, we constrain @ and then with growth data together with the
constrained w;, we measure {2 .

Then use the measured €2, to get DE behaviour from the constrained background.
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Modelling of @

Unlike @, which have different evolution history, depending on the particular DE Model (Thawing/

Tracker/minimally couple/non-minimally couple etc), @ has always standard fixed points during the

cosmological evolution.

At very high energies (Rad. dominated) is 1/3; at intermediate energies (Matt. Dominated) it is 0; and

low energies (late times) itis < 0. This is independent of any DE/modified gravity models.

So wis scale evolution problem and may be written as a RG-flow like equation—g = [(2) where

du

[(2) is the beta-function of the theory having particular fixed points depending on the evolution of

parameter g.

We already have such equation in standard cosmology. The evolution equation of €2, in ACDM

model is given by a RG flow like Logistic eqn:

Q.

dloga

S function

with fixed points at o and 1 at early and future universe.
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* In terms of w, for ACDM this becomes:

da)r/} N N
=3 a)T(l + a)T) with two fixed points at o and -1.
dloga

. . , a 9 3 dwr

. In fact due to this equation: ] = =1 +—w(1 +w;)+—( +2) = | for ACDM.
aH? 2 2 dz
da)ﬁ\« N N
A straightforward generalisation of this: 71 =C a)T(D + a)T) will give us a model of DE with
0g a
constant DE-EOS which has been studied extensively.

* For CPL, we could not find any such Logistics equation for @;.

. .. dwyp b .
. We propose a simple generalization: y — T W (A + WT). [t is same as that for constant

4

DE-EOS but with flow variable z, instead of log a. This results a different evolution.



Modelling of @



Modelling of @

. Solution for w;becomes: w(z) = . The integration has been fixed to have a
1 + exp(Bz)

minimal two-parameter model.



Modelling of @

. Solution for w;becomes: w(z7) = — . The integration has been fixed to have a
1 + exp(Bz)

minimal two-parameter model.

* Unlike CPL, this new logistic behaviour does not reduce to ACDM behaviour for any choice of
model parameter. So it is a non-nested model w.r.t to ACDM.



Modelling of @

. Solution for w;becomes: w(z7) = — . The integration has been fixed to have a
1 + exp(Bz)

minimal two-parameter model.

* Unlike CPL, this new logistic behaviour does not reduce to ACDM behaviour for any choice of

model parameter. So it is a non-nested model w.r.t to ACDM.
dw

. Itis easy check that for ACDM and our Logistic model, " has a maxima. For our Logistic

dz
model, it is always at z=0 and for ACDM, it is determined by €2, .




Modelling of @

Solution for wrbecomes: w(z) = — . The integration has been fixed to have a
1 + exp(Bz)

minimal two-parameter model.

Unlike CPL, this new logistic behaviour does not reduce to ACDM behaviour for any choice of

model parameter. So it is a non-nested model w.r.t to ACDM.
dw

[t is easy check that for ACDM and our Logistic model, ! has a maxima. For our Logistic

dz
model, it is always at z=0 and for ACDM, it is determined by €2, .

As shown, the logistic evolution for @ for ACDM results j = 1 identically. Hence for our
Logistic behaviour, jerk j will be the crucial parameter for any deviation from ACDM.



Modelling of @

. Solution for w;becomes: w(z7) = — . The integration has been fixed to have a
1 + exp(Bz)

minimal two-parameter model.

* Unlike CPL, this new logistic behaviour does not reduce to ACDM behaviour for any choice of

model parameter. So it is a non-nested model w.r.t to ACDM.
dw

. Itis easy check that for ACDM and our Logistic model, " has a maxima. For our Logistic

dz
model, it is always at z=0 and for ACDM, it is determined by €2, .

* Asshown, the logistic evolution for @ for ACDM results j = 1 identically. Hence for our
Logistic behaviour, jerk j will be the crucial parameter for any deviation from ACDM.

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


https://arxiv.org/abs/2603.16852
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Data Analysis

* We have three competing models: ACDM, CPL, Logistic Model.
* Data Used:
* 13 correlated BAO distance measurements from the DESI-DR2 release
* Latest SNIa sample from the five-year DES supernova program (DES-Dovekie).

* Compressed CMB-Likelihood having CMB shift parameter, the acoustic angular
scale, and the present physical baryon density (Bansal and Huterer, 2025). For this, we
add the radiation energy density in the total energy budget.

* Instead of Compressed CMB-Likelihood, we also use CMB sound horizon prior
r, = 147.09 +0.27 Mpc. This is denoted by 77"“.
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Results

Dataset h A B
DESI-DR2 + CMB 0.6681 + 0.0091 1.141 = 0.071 1.220 £+ 0.078
DESI-DR2 + DES + rglc 0.6773 4+ 0.0055 1.234 4+ 0.045 1.386 4= 0.082

DESI-DR2 + DES + CMB 0.6760 &= 0.0055 1.205 = 0.040 1.289 = 0.047
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Which Model Gives a Better Fit?

Model k Yo AIC AAIC BIC ABIC InZ Aln Z
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Logistic =~ 5  1649.2  1659.2 —14.9  1686.4 —4.0 —848.8 +1.8

CPL D 1653.2 1663.2 —10.9 1690.4 0.0 —349.2 +1.4
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Which Model Gives a Better Fit?

Model k Yo AIC AAIC BIC ABIC InZ Aln Z
ACDM 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

Logistic Model gives Statistically Better Fit to the data compared to both ACDM and CPL.
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CPL: 10
ACDM: 10

z Logistic CPL
7(2) Tension (o) 7(2) Tension (o)

0.0 0.50672-952 9.5 —0.295 + 0.321 4.03
0.1] 0.53370:048 9.73 —0.004 + 0.262 3.83
0.2] 0.56612-0%5 9.64 0.251 + 0.201 3.73
0.3 0.60672942 9.16 0.465 + 0.146 3.66
0.4] 0.650102-942 8.33 0.639 4 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 1.0811)0%2 1.42
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What The Jerk ParameterTells?

1.0 // -
0.5
0.0
Logistic: 1o
CPL: 1o
_0.5_ ACDM lo
0 1 2 3 4

<

Given that Logistic is a non-nested model w.r.t to A\CDM,

0.0
0.1
0.2
0.3
0.4
0.5

1.0

Logistic CPL
7(2) Tension (o) 7 (2) Tension (o)
0.50670 0o 9.5 —0.295 + 0.321 4.03
0.53310 05> 9.73 —0.004 + 0.262 3.83
0.5661 0 055 9.64 0.251 + 0.201 3.73
0.60670 0ae 9.16 0.465 + 0.146 3.66
0.65010 05 8.33 0.639 % 0.100 3.61
0.697 + 0.043 7.05 0.777 £ 0.067 3.33
0.922 4 0.035 2.23 1.0811)0%2 1.42

a large deviation from | = 1 probably indicates a new class of low-redshift cosmological evoution.
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Constraining Q_, from Growth Data

Having Constraints on the Background Evolution H(z) (using @), we can use the growth equation
for the matter density contrast:

O, 25’—3 2Q 0. (1 +2)°
m T Hm_a 0 m()m( +Z)

We then use the growth data e.g fo, (Gold Sample), to see with the constrained H(z), what €2, is required.

We also need the o5(0) information. But we can constrain Sy = 6,(Q, ,/0.3)"*



Constraints from Growth

Sg from gexp H(z) + fog: 0.800 £ 0.028

| e Planck-2018 Sg =0.834 =+ 0.016
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Constraints from Growth

(mo posterior (mean £ 68\% Cl) from qexp H(z) + fosg

m— 03 = 0.79: Qmo=0.301 + 0.021
m—= 0g = 0.811: Qmp=0.286 = 0.020

20.0F
0s = 0.82: Qmo = 0.280 + 0.019
17.5 F JP Planck-2018 (Qyo = 0.315)

15.0

125

10.0

posterior density

~
ol
T

ok
-
T

2.5

0.300 ' 0.325 0.350 0.375 0.400

QmO

O 0 1 1
0.200 0.225 0.250 0.275



Constraints from Growth

fog(z): qexp vs Planck-ACDM (og € {0.79,0.811,0.82})

—— Planck-ACDM, Qo = 0.315
—— 05=0.79, Qmo = 0.300
—— 03=0.811, Qo= 0.286
0.6 | ~+— 05 =0.82, Qmo = 0.280
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Wpe(2)

Possible Dark Energy Behaviour

05 Dark-energy equation of state (og = 0.82, bands: 68%)
— gexp, 0g =0.82, Qmo=0.280
=== Planck-ACDM (w=-1)

Dark-energy equation of state (0g = 0.811, bands: 68%)

05 Dark-energy equation of state (og = 0.79, bands: 68%) 05
— gexp, 0g =0.79, Qno = 0.300 — gexp, 0g=0.811, Qno=0.286
=== Planck-ACDM (w =-1) === Planck-ACDM (w =-1)
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w,.(z) crucially depends on Growth History plus the 63(0) normalization.



Conclusions

We show a different way to parametrise the low redshift cosmological evolution using the certain
Logistic Evolution of w (total equation of state of the Universe).

The model is not nested with ACDM behaviour.

The Logistic Evolution gives statistically better fit to DESI/DES/CMB (compressed) data than both
ACDM 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 j = | making the low-redshift tension worse than
anticipated.

With the constrained background, one can use the growth data to get (2, and subsequently w, (z).

In this approach, the whether dark energy evolution crucially depends on Growth History of the
Universe together with the 6; normalization.



Thank You For Your Attention



wp = 0.02237 £ 0.00014

I Logistic: DESI-DR2+DES+CMB
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What Kind of DE Model?

A preliminary study: DE consists of a Cosmological Constant plus a X-fluid with EOS:

1 7—2Z
WX == 1+tanh( . 0)

(Q,,, = 0.2974, Q, = 0.570, z, = 0.198, and A = 0.451)
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