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Outlook

Evolutionary Dark Energy vs Cosmological Constant scenario:

DESI-DR2 results with a Flat- ACDM model:

A DESI Collaboration, 2503.14738
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Outlook

Evolutionary Dark Energy vs Cosmological Constant scenario:

D. Brout, D. Scolnic et al., 2202.04077

Pantheon+ & SHOES - All Models

FlatACDM 0.3344+0.018 0.666 +0.018 73.6 +1.1 . 2
ACDM 0.306 + 0.057 0.625+0.084 73.4+1.1 " .
FlatwCDM 03000062 069110959 735 +11 0904014 2
Flatwow, CDM 04031005 os59Tiold 733411 —0931015 —01108

QM QK

DES-SN5YR (No External Priors)

Flat ACDM 0.352 +0.017

ACDM 0291195 0.16 +0.16
Flat wCDM 02641900 .. —0.80+214
I Flat wow,CDM 0.49512933 e —0.36103¢

DES-Y5 Collaboration, 2401.02929



Outlook

Evolutionary Dark Energy vs Cosmological Constant scenario:
wow,CDM vs. ACDM

Datasets Axiiap Significance A(DIC)

DESI —4.7 1.70 —0.8
DESI+ (0., wh, whe)oMmB —8.0 240 —4.4
DESI+CMB (no lensing) —9.7 29a —5.9
DESI+CMB —12.5 3.le —8.7
DESI+Pantheon+ —4.9 176 ~{: 1
DESI+Union3 —10:1 2:7To —6.0
DESI+DESY5 —13.6 3.30 -9.3
DESI+DESY3 (3x2pt) —T:3 2.20 ~9.8
DESI+DESY3 (3x2pt)+DESY5 —13.8 3.30 -9.1
DESI+CMB+Pantheon+ —-10.7 2.80 —6.8
DESI4+CMB+Union3 —-174 3.80 —13.5
DESI+CMB+DESY5 —21.0 420 —17.2

DESI CoIIaboratio, 2503.14738



Are SNe la alone really unable to reveal the presence of
Evolutionary Dark Energy and not discriminate its nature?




Theory part




. : : 7?2 | Similar diagnostic tool for DE:
What is the effective running Hubble constant” ol e 13

Sahni et al., 0807.3548

A new diagnostic for Dark Energy:

H(z) = Ho() B()APM  —  Hy(2) = Hypoom

Dainotti et al., 2103.02117
Kazantzidis et al., 2004.02155
arXiv:2506.04162 Jia et al., 2212.00238




What is the effective running Hubble constant? |Similar diagnostic tool for DE:

DESI Collaboration, 2503.14743
Sahni et al., 0807.3548

A new diagnostic for Dark Energy:

H(z) = Ho() B()APM  —  Hy(2) = Hypoom

ACDM

Q0 (142)3+(1-Q0 ) (1+2)30+w)
rHO(z) = HO\/ ml 593(1++(z)3+(1)£59n)) wCDM

Q0 (142)3+(1—00) (1+2)31+wo+wa)e *PaTiz
H\/ 00 (1+2)°+(1-Q0) wow,CDM

Dainotti et al., 2103.02117
Kazantzidis et al., 2004.02155
arXiv:2506.04162 Jia et al., 2212.00238




Effective running Hubble constant
Flat wCDM

3.0 3.5 4.0
Hy =70 km/s/Mpc, Q0 =0.3
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Effective running Hubble constant
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Effective running Hubble constant
Flat wow,CDM Ho" (2 =0) =
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Effective running Hubble constant
DESI — wow,CDM

—— DESI+CMB+Pantheon+
~—— DESI+CMB+Union3
—— DESI+CMB+DESY5

2.0 2.5

arXiv:2506.04162 DESI-Collaboration, 2503.14738
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Effective running Hubble constant
DESI — wow,CDM
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Effective running Hubble constant
DESI — wow,CDM

arXiv:2506.04162

Phantom

—— DESI+CMB+Pantheon+
~——— DESI+CMB+Union3
—— DESI+CMB+DESY5




Dark energy models analyzed

1. wCDM = H, \/90 (1+2)3+(1-00 ) (142)30+v)

Q0 (142)3+(1-Q9)

0 (1+2)3+(1-09)

2. CPL,(’wO — wa) z) H \/QO 0 (14-2) 3+ 1-0Q0 (1_{_z)3(1+2w)e*3wl—iz

arXiv:2506.04162



Dark energy models analyzed

Q0 (1+2)3+(1-Q0))(1+42)30+w)

1. wCDM Ho(z) = Q0 (1+2)3+(1-Q0)

/ _ 0 (142)34(1—00 2)3(1+2u) 3w T
2. CPL/(wo = wa) Ho(2) = Hoy| B o

3. Dynamical Dark Energy (DDE) model

Dark energy created by the variation of cosmological gravitational field

arXiv:2506.04162



Dark energy models analyzed

Dynamical Dark Energy (DDE) model

e Particle creation mechanism

plae(z) = (ffz) (1 + wae)pde + Pc]

3Hpc =TI (1 + wde)pde
N

phenomenological constant
particle creation rate

Lima et al., 0708.3397
Montani., 0101113
arXiv:2506.04162 Elizalde et al., 2407.20285
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Dark energy models analyzed

Dynamical Dark Energy (DDE) model

e Particle creation mechanism

vo = I'/Hy
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Dark energy models analyzed

Dynamical Dark Energy (DDE) model

e Particle creation mechanism

vo = I'/Hy

N\ [
7

plae(z) = (1+ ) (1 + wae)pde + Pc]

= -3 _
?)Hpc = T (]. + wde)pde p,de(z) 142 (]‘ + wde) (1 3E(2) )pde

e Theoretical constrain

q=-1+3(E%  =q "

|z0

Lemos et al., 1806.06781
Efstathiou, 2103.08723

arXiv:2506.04162



Dark energy models analyzed

Dynamical Dark Energy (DDE) model

EZ(z):Q,On(l—I—z)g’—l—(1—921)(1"‘2)3(”1“)6}(1){ —3(1 + w) fO AT E (y)}

Wesf(2) = w — 55

arXiv:2506.04162



Dark energy models analyzed

Dynamical Dark Energy (DDE) model

| B2(2) = 00,1+ 2% + (1 - 99) (1 +2)°0 exp { -3(1 + w) [} ity b

Wesf(2) = w — 55

l

_ 05, (142)3+(1-09,) (14+2)%) exp{ ~3(1+w) [; oty |
%0(2) — HO\/ Q0 (142)3+(1-Q9)

arXiv:2506.04162



Recap of models

= H, Q0. (142)3+(1-00)) (1+2)3(1+w)
Q9 (1+2)3+(1-Q9)

1. wCDM

0 (1+2)3+(1—Q0)

2. CPL,(WO = w,) Ho(z) = Hy \/m m(1+2) 3+(1 90)(1+z)3<1+2w>e T

_ Q0 (142)3+(1-0Q9, ) (1+2)30+w) exp{—3(1—|—w) Iy %}
(2) = Ho Q0 (112)°+(1-Q0)

3. DDE

ACDM
Power law (PL)

arXiv:2506.04162 Dainotti et al., 2103.02117 |




Model testing part




Method - Datasets Dainotti et al., 2201.09848

) Dainotti et al., 2501.11772
Binned SNe la datasets:

e Pantheon binned SNe la sample

74}

e Master binned SNe la sample:
SNe la from DESY5, Pantheon+,
Pantheon and JLA

without duplicates

20 Bins [equipopulated]

~
N

~
(=)

Hy (km/sec/Mpc)

(o))
oe]

(o))
(o))

<z> of the bin

arXiv:2506.04162



Method - Datasets

e Same priors as those used to obtain the binned data samples

Prior for different datasets

Parameter Background | Pantheon Master

Qo U[0.01,0.99] | NT0.298,0.022] N10.322,0.025] -
Hy (km/s/Mpc) U[20, 100] N[70.393 +£2.158] U[60, 80]
W Uui-1,3] Ui-1,3] Ui-1, 3]

arXiv:2506.04162



Method - Datasets

2 .2 2
e MCMC performed with Cobaya Xtot = XHObin + Xao

mOb,m

e Backy [Giare, Fazzari, in prep.]

code interfaced with Cobaya for testing late-time modified cosmological
models using background observables

mostly useful for Dark Energy and Hubble tension

arXiv:2506.04162



Results

e 1w constrained with higher precision from binned SNe la compared to the
full SNe la dataset

wCDM

—— Master bin. (wCDM)
Master (wCDM)

—— Pantheon bin. (wCDM)

—— Pantheon (wCDM)

)

-1.5 -1.0
w

arXiv:2506.04162




Results

e 1w constrained with higher precision from binned SNe la compared to the
full SNe la dataset

wCDM CPL' DDE

— Master bin. (wCDM) | —— Master bin. (CPL) ] —— Master bin. (DDE) ]
Master (WCDM) Master (CPL') Master (DDE)

—— Pantheon bin. (wCDM) —— Pantheon bin. (CPL) N Pantheon bin. (DDE)
F —— Pantheon (wCDM) —— Pantheon (CPL) i — Pantheon (DDE)
]

il

-1.5 -1.0

arXiv:2506.04162




Results

Datasets

Master bin.

Pantheon bin. Master Pantheon

69.865 + 0.083

70.43 £0.24 69.11 £ 0.40 70.07 £0.43

0.3245 + 0.0053

0.2978 £0.0047 0.318 £0.024  0.306 + 0.039

-1.012 £ 0.014

-1.047 £0.022 -0.904 +0.067  —1.03*014

69.609 + 0.078

69.77 £0:22 68.92 % 0.39 69.81 +£0.43

0.3257 + 0.0053

0.2992 +£ 0.0049 0.328 +£0.023  0.322 £ 0.036

—0.884 + 0.012

-0.882 +£0.019 -0.808 +0.061 -0.941- 10

arXiv:2506.04162

69.838 + 0.061

70.10 £ 0.14 69.50 + 0.30 69.99.£0.31

0.3247 + 0.0054

0.2979 £ 0.0050  0.343 +£0.024 0.311 £0.041

—-1.12 + 0.14

~1.20+0.16 —1.060% 1616




Results
e wCDM and DDE perform better compared to the CPL'

In B; ey = In B,y — In B; Master bin. Pantheon bin.

2.5 <In Bi,ref > 5.0 Model In Bi,ACDM In Bi,PL In Bi,ACDM In Bi,PL

moderate wCDM 464 602 243 4.65
CPL 1451 15.90 1452 16.73
Jeffreys et al., 1998

Trotta, 0803.4089 DDE 3.09 4.48 2.56 4.77
Giare, wgcosmo GitHub PL -1.38 _ 2217 —

arXiv:2506.04162



Results
e wCDM and DDE perform better compared to the CPL'

e CPL' model is significantly disfavored with respect to ACDM

In B; ey = In B,y — In B; Master bin. Pantheon bin.

In Bi,ref > 9 strong Model In Bi,ACDM In Bi,PL In Bi,ACDM In Bi,PL

wCDM 464  6.02 243  4.65

|EL’ 1451  15.90 14.52 16.7ﬂ
Jeffreys et al., 1998 DDE 3.09 4.48 2.56 477
Trotta, 0803.4089 PL 138 o 991 o

Giaré, wgcosmo GitHub

arXiv:2506.04162



Results
e wCDM and DDE perform better compared to the CPL'

e CPL' model is significantly disfavored with respect to ACDM

e PL model emerges as the favored one

InB;,et =InB,.; —InB;
1.0 <InB;,er > 2.5 weak

Master bin. Pantheon bin.

Model In Bi,ACDM In Bi,PL In Bi,ACDM In Bi,PL

wCDM 4.64 6.02 2.43 4.65
CPL 14.51  15.90 1452 16.73
Jeffreys et al., 1998 DDE 3.09 4.48 2.56 4.77
Trotta, 0803.4089 PL 138 — 5] —

Giaré, wgcosmo GitHub

arXiv:2506.04162



Method - Datasets

Background analysis:

e Pantheon and Master SNe la
e DESI DR2 calibrated with Planck constraint on 7a = N'[147.09,0.26]

e Cosmic Chronometer

Prior for different datasets

Parameter Background | Pantheon Master

Qo UI[0.01,0.99] | N[0.298,0.022] N[0.322,0.025]
Hy (km/s/Mpc)| U[20, 100] N170.393 +2.158] U[60, 80]
W Ui-1,3] Uui-1,3] Ui-1,3]

arXiv:2506.04162



Results

Statistical uncertainties
larger than those
obtained from the
binned SNe la data
alone

No 1lo discrimination
between phantom and
quintessence regimes
for the wCDM and
DDE models

arXiv:2506.04162

Datasets

Master+DESI+CC Pantheon+DESI+CC

6727 £0.357

68.67 £0.72

0.2969 + 0.0092

0.2970 + 0.0084

—-0.873 £ 0.039

-0.972 £ 0.048

66.95 £ 0.55

68.14 £ 0.66

0.3230 + 0.0080

0.3185 + 0.0077

—Q. 777 £0.032

—0.845 + 0.039

68.36 +£ 0.45

69.12 £ 0.51

0.015
0.305%5613

0.028
0.284* 1050

-0.90 £ 0.28

-0.79 £ 0.43

68.37 £ 0.46

69.01 +£0.47

0.3102 + 0.0079

0.2977 + 0.0077




W Mater $0ESISC
W Gantrecns DS+

BN Master+DESI «CC [wCDM|

W8 wasiors DESIHCC (DDE| W Master+DESI+CC (ACDM}
W Panthesn+ DESI+CC (DDE] £\ SR Pantheon+DESI+CC IACDM)




Effective running Hubble constant

o Master binned sample

— wCDM

— CPL' (Wo = Wa)
73 - * DDE

— PL

- - ACDM
72 A

TL

70 -

69 -

68 -

67 -

66 T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
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Dark Energy EoS

— wCDM
—— CPL'(wp = wj)

-1.5
1073
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Take home messages

1. #Ho(2)is a useful tool able to discriminate between quintessence or phantom
DE simply looking at its increasing or decreasing behavior with the redshift
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Take home messages

1. #Ho(2)is a useful tool able to discriminate between quintessence or phantom
DE simply looking at its increasing or decreasing behavior with the redshift

2. Among the DE models, binned data prefer phantom dark energy scenario
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Take home messages

Ho(2) IS @ useful tool able to discriminate between quintessence or phantom
DE simply looking at its increasing or decreasing behavior with the redshift

Among the DE models, binned data prefer phantom dark energy scenario

PLand ACDM are the most favoured parametrizations from the SNe la
binned data
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Take home messages

Ho(2) IS @ useful tool able to discriminate between quintessence or phantom
DE simply looking at its increasing or decreasing behavior with the redshift

Among the DE models, binned data prefer phantom dark energy scenario

PLand ACDM are the most favoured parametrizations from the SNe la
binned data

Thank you

arXiv:2506.04162



Backup slides

Quintessence

& £ 5
Q0. wo = —0.8, w, = =0

Phantom

wo = —1.3, W, = —04




Backup slides

Model

Flat-ACDM
ACDM
Flat-wCDM

Flat-wow,CDM

@
B

DES-SN5YR
DES-SN5YR+CMB
DES-SN5YR+BAO+3x2pt

Model favouredi
comparedto @
FlatACDM

Model disfavoured
compared to FlatACDM

2.5
(In BE) compared
to FlatACDM




Backup slides | | -
= DESI + CMB + Union3 _

Om(z) = (hz( )—1

1+2)3—1

hz(Z) — Hz(z)

h

wow,CDM |

2.0 2.5 3.0

DESI Collaboration, 2503.14743
Sahni et al., 0807.3548




