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Dark Energy Spectroscopic Instrument

., .} ® .' o9 ;o NS o 7‘\ ‘ % ool .tg ' “tb :
’@\@ ‘\‘ »1‘@‘74&%( (’ TR
, ok YR

- M *ﬁ & \ é@; -‘ . txa'{tf(t et ey
- | é‘% v,

e "‘. ;
)
.
)

The era of Stage-IV surveys: DESI, Fuclid, Rubin

fbg -

-

o
3
o &

n&@ct-ﬁ FETRThRT

”g ) >

~5,000 (robot) optic fiber positioners
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Dark Energy Spectroscopic Instrument

The era of Stage-IV surveys: DESI, Fuclid, Rubin c
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Schematically, LSS probes

Cosmology

Pz kop)~ Pe(k) T*(k)  8%z) Bz ) (1+B(2)u?)”

Inflation Gravity /Expansion Redshift—space
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Schematically, LSS probes

Cosmology
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Inflation Gravity /Expansion Redshift—space

Exquisite measurements of Growth & Expansion

Histories!
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Dark Energy Spectroscopm Instrument
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Schematically, LSS probes

Cosmology
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Inflation Gravity /Expansion Redshift—space

Exquisite measurements of Growth & Expansion
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https://arxiv.org/pdf/2411.12021

Clustering : 2pt statistics
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https://arxiv.org/abs/2503.14738
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The wy-w, plane

DESI Collaboration, Abdul-Karim et al - arXiv: 2503.14738
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The wy-w, plane

DESI Collaboration, Abdul-Karim et al - arXiv: 2503.14738
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The wy-w, plane
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The wy-w, plane
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The wy-w, plane

DESI Collaboration, Abdul-Karim et al - arXiv: 2503.14738

| I

—0.6 - T — wow,CDM
08N | - Binned w(2)

o |

~2.0- ,

—2.2

Rodrigo Calderon

00 05 10 15 20 25 30 35 4.0

07 April 2025 - CosmoGrav Workshop

- 1 E .l p F.BT . Wy T T B ARy .T

T T TEEes = 1

. w(a) =wy+w, (1 —a)
1s 2 “phenomenological”
parametrisation

* Extremely efficient in approximating
the observables, 1.e.

D,(z) & H(2)
NOT w(z) itself!

— spurious “‘phatom-crossing’’
w(z) < —1

- P AT sl VY B Al - T T _

.4 TNy, LR . T v

_ R y


https://arxiv.org/abs/2503.14738

s 00— o - ~ ST - _— - - B SEEEE L E BB & ¥© @2 T T TEERS . L4 1 & ta

" The WO—waplﬁalne

%
DESI Collaboration, Abdul-Karim et al - arXiv: 2503.14738
B N . w(a) =wy+w, (1 —a)
—0.6- | — wow,CDM is a “phenomenological” '
] | : . :
—0.81\, L n - Binned w(2) parametrisation i
| , u
IR T UpEpRY DR - SR ———— "”--T —————— * Extremely efficient in approximating ‘
> ‘ the observables, 1.e.
= —1.2- | | D,(z) & H(2) !
X Y .
S —1.4- 1] |
" NOT w(z) itselt!
—1.6- | — spurious “‘phatom-crossing”
|| w(z) < —1
-1 ’ ! ﬁ Minimall leddscalbs ficldl :
inima y-coup & scalar 11¢
—2.0- ‘I v’ ‘ P, =¢*—V(g) '
1 Wy@) = — == — |~l1<w <1
—2.2 . . —— . —— Py 5¢*+ V(g)
0.0 0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 1

Rodrigo Calderon 07 April 2025 - CosmoGrav Workshop 3

" - e "B F.BT . W0 T T » . 2 b e ° . AT il VY B R . O s . _ —-—E



https://arxiv.org/abs/2503.14738

The wy-w, plane
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3MpH*(2) = p,,(2) + PpE(2)

DESI Coll. - R. Calderon, K. Lodha, A. Shafieloo, E. Linder et al - JCAP 10 (2024) 048
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* Beyond a lineatly evolving w(a)
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* Beyond a lineatly evolving w(a)
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DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al.
arXiv: 2503.14743
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Robustnhess of the results
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Robustness of the results

DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al.
arXiv: 2503.14743

R S
# of free parameters

x* ‘saturates’ at ~2 free parameters

Additional degrees of freedom are NOT
justified/required by the data
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Robustness of the results

20 —0.5

O 3 uniform
O 4 uniform
o

All parametric and non-parametric methods suggest 5 uniform
the same DE behaviour, - — wow,CDM
in agreement with wyw CDM. S T S S S S

DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al.
arXiv: 2503.14743
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Quintessence-like models

DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al.

arXiv: 2503.14743 11% Z 5 1

N 1 N |

| — DESI + CMB +

E. Linder - Gen.Rel.Grav. 40 (2008) 329-356

Uniond

(R v
1 +w(a) = (1 +wya
(@) = (1 +wp) (1+ba—3)
“Thawing” Frozen by
Dynamics Hubble friction
w~—1
0.1 0.2 0.3 0.4 0.5 0.6 * PNGB/Axion-like
*V x ¢b?
¢V x ¢*
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A concrete axion-like V()

DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al. > o i 1
arXiv: 2503.14743 W il

"""""""""""""""

Union3
- PantheonPlus V(p) = m§f§ |1+ COS((P/JCQ)]
- DESY5 ?

¢
VS.
Lo~
s —— 17
2.0 2.9 Phantom crossing seems to be needed to
Z significantly improve the fit over ACDM
Rodrigo Calderon 07 April 2025 - CosmoGrav Workshop
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Testing gravity at cosmological scales

Masstve Particles (Growth)

NN
g S MB\X\\\\ —k—z\I’ = 4zGu(a, k)pd

a2

b = Qpp(a)

Massless Particles (LLensing)
k* '
——2((I> + W) = 8x2G2(a, k)pd :
d
9
T(@) = 1 + 22
CpE j

DESI Collaboration, A.G. Adame et al - arXiv: 2411.12022
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Testing gravity at cosmological scales
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DESI Collaboration, A.G. Adame et al - arXiv: 2411.12022
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Hints ot moditied gravity ?

BB DESI (FS+BAO)+BBN+n,10
BN CMB (PR3)-nl
0 { WS CMB (LoLLiPoP-HiLLiPoP)-nl
B CMB (CaniSpec)-nl
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DESI Collaboration - M. Ishak, J. Pan, R. Calderon et al - arXiv: 2411.12022
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" Hints of modified éravity P
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9 { BN CMB (LoLLiPoP-HiLLiPoP)-nl the growth of structures (2)
s CMB (Carq'Spec)-nl
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DESI Collaboration - M. Ishak, J. Pan, R. Calderon et al - arXiv: 2411.12022
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the growth of structures u(z)
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Hints of modified gravity ¢

BN DESI/(FS+BAO) + CMB (PR3)-nl l

W DESI}(FS+BAO) + CMB (LoLLiPoP-HiLLiPoP)-nl » DESI (on its own) can only constrain

1.0 { W DESI(FS+BAO) + CMB (CamSpec)-nl the growth of structures u(z) I
» Without CMB lensing, constraints on 2(z) are |

highly sensitive to the choice of CMB likelihood l

DESI Collaboration - M. Ishak, J. Pan, R. Calderon et al - arXiv: 2411.12022
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» Without CMB lensing, constraints on 2(z) are
highly sensitive to the choice of CMB likelihood
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Hints ot moditied gravity
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- -- DESI BAO+DESY5SN+CMB-nl
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¢ !

DESI Collaboration - M. Ishak, J. Pan, R. Calderon et al - arXiv: 2411.12022
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In the EFT of DE, linear perturbations
entirely characterised
by 4 functions of time

. “Running”:
d1n MZ%;

A=
M= dlna

. “Braiding””:
ag(?)

.4 D e WS © 0000 A% L

. “Kineticity”:
()

* ““Tensor speed excess:
A 2 —15
ar=cy—c- S 10 g

At least one of the a;(r) # 0!

a(t) = c¢; Lpp(a) ﬁ
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Implications of w(z) < —1

BB DESI BAO+DESY5SN-+CMB-nl In the EFT of DE, linear perturbations
| DESI (BAO+FS)+DESY5SN+CMB-nl eél“f;yniﬂiffﬁfnﬁ

| u
61 BB DESI (BAO+FS)+DESY5SN+CMB .

. “Running”:
d1n MZ%;

A=
M= dlna

. “Braiding””:
ag(?)

. “Kineticity”:
o (1)

() -t R, * ““Tensor speed excess:

o= ¢ 6 < 1082
wow,,CDM

ol . . .
0 1 2 3 4

cr a(t) = ¢; Qpp(a)

DESI Collaboration - M. Ishak, J. Pan, R. Calderon et al - arXiv: 2411.12022
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Summary

- Tantalising hints of an evolving dark energy component:
~ 3 — 40 deviation from A (wy = —1, w, = 0)
Results are stable under different data combinations
& NOT driven by the parametrisation of w(a)

. Models that cross w = — 1 consistently fit the data better than those that do not
(GP suggests w(z) < — 1 at ~30)

&  J V e . T\ awa B ° 2 9

. It confirmed, these results could have profound theoretical implications for DE
DE/DM interactions, Non-minimal couplings/Modified gravity

e Careful investigation of the CMB lensing excess (A;.,>1)
— 2(2) > 1
o 2 va <0 '

 DESI (DR2) constraints from 2-pt & 3-pt functions are on the way (+Euclid results!)
Extremely exciting times for Cosmology

calderon@fzu.cz
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' wow, CDM
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DESI Collaboration, K. Lodha, R. Calderon, W. Matthewson, A. Shafieloo et al.
arXiv: 2503.14743
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Baryon Acoustic Oscillations

l T T L T T " T T T | 14 1 1 e T T o T S

[ l A A ] A l ' | L L l

Padmanabhan et al. (2012) MNRAS
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Baryon Acoustic Oscillations

e | T T L T f T T T T | 14 Y Y . T T . Y e

* The BAO feature is expected to be isotropic !

[ l A A A A l S L | L l

Padmanabhan et al. (2012) MNRAS

Rodrigo Calderon 07 April 2025 - CosmoGrav Workshop

» - ® ~ " d y ~ 'S « P/ e



——_——

B TN - s SEEEE L E T EEEmE. @ & ¥ A 1 ? A W

Baryon Acoustic Oscillations

* The BAO feature is expected to be isotropic ! I

-
* Non-linear gravitational evolution introduce anisotropies
along longitudinal/ transversal directions I
. ; . : 'i

— Broadening of the BAO peak in 2pt correlation function

i |

Padmanabhan et al. (2012) MNRAS
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* The BAO feature is expected to be isotropic !

* Non-linear gravitational evolution introduce anisotropies
along longitudinal/ transversal directions

— Broadening of the BAO peak in 2pt correlation function

* By reconstructing the velocity field, we can “undo” the

Baryon Acoustic Oscillations

effect of gravity/non-linearities.

— Increase significance of the detection !
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Baryon Acoustic Oscillations
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* The BAO feature is expected to be isotropic !
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* Non-linear gravitational evolution introduce anisotropies
along longitudinal/ transversal directions I

1'

— Broadening of the BAO peak in 2pt correlation function

* By reconstructing the velocity field, we can “undo” the
effect of gravity/non-linearities.

— Increase significance of the detection !
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Ruling out inverted ordering for v’s?
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| |
| — CMB
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\
E \ | :
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. |
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ACDM N3~ |
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DESI Collaboration, A.G. Adame et al - arXiv: 2411.12022
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https://arxiv.org/pdf/2411.12022
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Negative neutrino masses 7
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Tightly connected to the CMB lensing excess/anomaly (A;.,>1)
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https://arxiv.org/pdf/2407.13831
https://arxiv.org/pdf/2405.00836
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Negative neutrino masses 7

XQZ Myeff — XQZ m, =0 + Sgn( Z my,eff) [thgz 2 3 Xﬁz m’/zo]
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W. Elbers et al. [2407.10965] 2.8 — 3.30 with tension neutrino oscillations
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https://arxiv.org/pdf/2407.10965
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Negative neutrino masses 7

XQZ Myeff — XQZ m, =0 + Sgn( Z my,eff) [thgz 2 3 Xﬁz m’/zo]
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W. Elbers et al. [2407.10965] 2.8 — 3.30 with tension neutrino oscillations
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https://arxiv.org/pdf/2407.10965
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Negative neutrino masses 7
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Is there an excess of lensing ¢

Cosmology from CMB lensing and delensed EE
power spectra using SPT-3G polarization data
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SPT Collaboration - Ge et al. [2411.06000]
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Systematics in the data ?

CamSpec as mean
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The “cosmic calibration’ tension

Standard “Candle” Distance'g)“gg)y Relation Standard “Ruler”
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< | BAO calibrated with Planck, SN calibrated w/ SHyES (rs(z;) = 147.09 +0.26) [
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The “cosmic calibration’ tension

Standard “Candle” Distance'g)ugg)y P Standard “Rulet”
Dy (Zegr) D s (Zeg)
---- ACDM . 6dFGS - SDSS - DES Y6 ¢ DESI ¢  Pantheon™
T reara— S A SO 1Y W
Q:’ | + L) t ! 4o n = =
& 02 T Re e et o b e R e =
< BAO calibrated with Planck, SN calibrated w/ SHyES (r(z;) = 147.09 +0.26) [
_0.4 $ $ } $ $ } $ ¢ l $ ¢ $ I + :
~ 0.0 *-+ ------------------ +— -------------------- i ------- 1
= |
) | ¢ | | r |
E —0.2?"'{'*'""7"'"""H"*"""""'""'T""T'}T'I"H"h{*"%"?
< . SN & BAO calibrated w/ SHoES (r5(z4) = 136.9£2.1) [
~Ofp2 0! T

V. Poulin, T. L.. Smith, R. Calderon, T. Simon - arXiv: 2407.18292 Z
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