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N
Outline of the Talk

Present state of Universe
Ongoing tensions in recent cosmology

Is rd tension related to Hubble tension?

At present, ry estimation is biased by the model and high redshift
CMB data.

@ How we measure rs from low-redshift measurements in a completely
model independent way?

@ Does low-redshift estimation of rs consistent with the one derived
from high-redshift CMB observations?

@ Conclusion
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A growing Universe ¢

Dark Energy
Accelerated Expansion
Atterglow Light
Pattern  Dark Ages Development of
375,000 yrs. | Galaxies, Plansls, ete.

Inflation:

Fluctuations

1st Stars
about 400 million yrs.

Blg Bang Expansion
12.77 hbillion years
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A growing universe ... and tension

early universe N
Hy=674+05 The Hubble tension
km/s/Mpc
Cosmic microwave
background
Early universe + AL R AR A o < e

cosmological \ ;’%ﬂﬂﬁ‘
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Another important derived parameter: r,
Another standard object like SNI-a &

ACOUSTIC OSCILLATIONS
INTHE EARLY UNIVERSE
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Current state

Current state : > 5 sigma tension
between Planck and SHOES 2022

Questions that follow: Is
ACDM the right theoretical
model?
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Tensions (Hubble Tension) ¢
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Current state - " Crisis” in Cosmology ¢
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.
Price of shift in Hubble Constant is the shift in r; ¢
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|
Price of shift in Hubble Constant is the shift in ry ¢
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Current state - Tensions (ry Tension) ¢
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N
Our Work ¢

! . Our Work :

Assumed ACDM N
Cosmolo
(zzlloogy 7 I _ Independent
CMB ’ Way

(at low redshifts)

Credit: Blake & Moorfield
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Our Work ¢

Assumed ACDM f . I(\)nlcj)rd\é\{ork'
Cosmolo
(z:1100§le ’ , Independent
.‘ Way
CMB
7 A ¥ (at low redshifts)
| .

Is r_s (absolute scale of Baryon Acoustic Oscillations) same as r_d
(sound horizon at drag epoch) ?

Credit: Blake & Moorfield
Notation : r_d Notation: r_s
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N
Our Work ¢

Assumed ACDM ! . Our Work :

Cosmolo Model
(zzlloogy 7 I _ Independent
CMB ’ Way

(at low redshifts)

Is r_s (absolute scale of Baryon Acoustic Oscillations) same as r_d
(sound horizon at drag epoch) ?

Probe of standard assumptions of

Notation : r_d early universe cosmology Notation: r_s
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Our Work ¢
Observables Used Data Used
* Luminosity D|stapnggured + Supernoave Type-la

Dy Pantheon Sample which comprises 1048
M =m—5logy, Tpc SNe data points ranging in the redshift
interval 0.01<z<2.3

* Angular Diameter Distance
inferred

« Transversal BAO data

o 2
Dp=(1+2) Dy (Assuming CDDR 116 _BAO (2) measurements B
is valid) obtained from public data of the Sloan Digital
~ Sky Survey (SDSS), namely DR10, DR11,
and DR12

* 2D BAO measurements from
angular separation of pairs of
galaxies

measured

f540(2)[°]

>

/
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Our Work ¢

Observables Used Data Used
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N
Our Work ¢

Observables Used

* Luminosity Distance
measured

Dy
M =m—5logy, Tpc

* Angular Diameter Distance

inferred

- 2
Dy =(1+2y Dy (Assuming CDDR

is valid)

* 2D BAO measurements from
angular separation of pairs of

Data Used

+ Supernoave Type-la

Pantheon Sample which comprises 1048
SNe data points ranging in the redshift
interval 0.01<z<2.3

« Transversal BAO data

11 6 _BAO (z) measurements
obtained from public data of the Sloan Digital
P11,

galaxies

measured

f540(2)[°]

_/
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-
Methodology ¢

Methodology
Snel-a Data BAO Data
LlBinning Binned data into 11 bins Have 11 data points
L Gaussian Processes Constructed a Gaussian Function Have 11 data points
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Methodology ¢

Methodology

LlBinning

Example:

L Gaussian Processes

Example:

Ruchika (INFN, Roma)

Snel-a Data BAO Data
Binned data into 11 bins Have 11 data points
| 2p BAO | | | TypelaSNe | Binning |
‘ n-th bin | Zhao IBAQ ‘ [z 28] ‘ 28N | Ny
| 1 o045 [ a77017 | 044007, 0.45173) | 0.44730 | 10
[ 2 | o047 | 5024025 | f0.46640.47175) | 046925 | 7
Constructed a Gaussian Function Have 11 data points
30.0
75
3.0
5
E 25
é 20.0
175
10 T Paniteon

000 025 050 075 100 125 150 175
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Results ¢

lable 2 Estimates of the absolute BAO scale from 2D BAO and SNe data for binning and GP methods. In this analysis, we
wssume the value of absolute magnitude as Mp=-19.214 £ 0.037 (SHOES 2021,) [42].

| | | o | \ |

a0 [ty sy | | (Mg dy (Mpe) raMpe) | top =t | dr (Mpg dy (Mpe] ra(Mpe)

\ D BAO | | | Type I | Binning |

ti-th bin

1096.00 + 107.79 | 13239 + 13.85 045 236135 £45.00 | 112306 + 2140 | 135.57 £ 5.48

1 045 | 477 £ 017

(0.44007, 0. l’-LTi] 044730 | 10

2 047 [ 50240 70| 115042 42207 | 14518 £ 701

5 [ll. 1664,0. LTITS] 046925 [ 7 ] 2606.23 + 30043 [ 1206.08 + 130,03 | 155.20 £ 19.49 047 248640

‘ 3 ‘ 040 | 400 + 020 | (04804, 0.40757] | 048635 | 7 | 268085 4 206.25 [ 106200 4 0200 | 150.60 + 1361 040 260044 £ 5048 | 117531 £2274 | 15252 +£ 7.06

i 050 [ 481 +017

050718, 051476] [ 051002 | 0 | 275304 + 246.42 | 120742 + 108.07 | 15513 + 1474 051 73446 £ 5330 | 1100.05 42340 | 15200 £ 6.4

5 0.53 | 420 +0.30 | [0.52851, 0.53033] | 053235 | 4 | 2607.60 + 203.15 [ 115238 4 86.78 | 13204 + 13.57 0.53 D86L86 £ 56,10 | 122248 4 2400 | 1005 £ 1017

i 0.55 | 425 +0.25 | [0.54530, 0.55381) | 0.55000 | 6 | 2058204 286.74 [ 123030 + 110.35 | L5 + 16.05 0.55 200640 £ 58.09 | 124608 + 2452 | 14338 + 8.80

7 ‘ 057 | 450 +0.36 | [0.565, 0.575] - 0 - - - 057 JL3LT0 £ GLGL | 127070 4 2400 | 150.95 + 1203

5 050 [ 439 4033 (.50185] [ 0.58878 [ 5 +286.21 [ 1307.13 + 113.21 [ 15031 4 18.27 050 327558 £ 6478 | 120544 4 25.62 | 16783 + 1227

9 061 | 385 031

060825, 0.61124] [ 061 || 355185 £+ 328.27 [ 1570.26 £ 126.61 | 14843 £ 15.00 061 0904 £ 68.08 | 131540 £ 2661 | 1231 £ 1181

10 063 ) 390 £ 0. 140.10 + 20.99 063 353601 £ 7438 | 133061 2700 | W7.65 £ 1657

3| [0.62522, 0.63222] [ 062961 [ 6 [ 3346.38 £ 540.44

W54 £ 30719 137,20 £ 13.09 0.65 365193 IML3L £ 2035 | 13713 £ 687

| u Jow|sssoe

064191, 0.64864] | 0.64509
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Results ¢

lable 2 Estimates of the absolute BAO scale from 2D BAO and SNe data for binning and GP methods. In this analysis, we
wssume the value of absolute magnitude as Mp=-19.214 £ 0.037 (SHOES 2021,) [42].

\ D BAO | | Type Ia $Ne | Binning | | | | o |
wthibin | 2 | a0 et 28] N . 4y (M) raMpe) | tgp =t | ds (Mpd dy (Mpe) o Mpe)
1 045 | 477 £ 017 | [0.44007, 0. l’-LTi] 044730 | 10 | 2304.34 + 226.62 | 1096.00 £ 107.79 | 13239 + 13.85 045 23GLA5 £ 45.00 [ 112306 + 2040 [ 13557 + 548
2 047 | 502 £025 [ll. 1664,0.47175) 0.46925 T | 2606.23 + 300.43 | 1206.08 + 139.05 | 155.20 £ 19.49 047 248640 + 115042 42207 | 148.18 + 7.00
‘ 3 ‘u 10 | 4994021 | [p4s04-atamsm Laiscar | 2 |ares | o oo Lo tino | o Losnans s | 173042070 | 1525 4 706
L o5t | 4814017 | osan £ 53,3 | 110005 42340 | 15200 £ 6.14
— MB 1y
5 || 4204030 200 1 |SHOES 2021, o 4+ 5610 | 122248 + 2400 | 10.05 + 1017
& Binning
6 |os | 4540 i GP £ 5903 | 124698 42452 | 14338 4880
| 7 Jos|asotos 180 4+ 6161 | 127070 + 2490 | 150.95 + 1293
s |os| 4304033 = 4+ 6078 | 120540 + 2562 | 157.88 & 1227
£ 160 |
9 || 3854031 | poose| = I F [ + 6505 | 131540 + 2660 | 12,31 £ 1181
=
0| ogs | 390 +043 | 0625 [ I T i T + 7038 | 133061 4 2700
| u Jows | a55016 | [posy 140 1 l r £ 7902 | 134030 +2035 | 13713 £ 6.87
120
r T
04 05 0.6 07
4
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Results ¢

| Binning

\ GP |

‘ Measurement |Hu[KHl/'s/1\l[)C}| rs(Mpe) |u :—“ o ‘ rs(Mpc) ‘ n ‘ a |

‘ Planck CMB + Lensing |

67.36 +

051 | 15944 £ 1788 | 108

| 07 ] 16159+ 1096 | 11 | 132

| ACT + WMAP CMB | 67611 | 13870 17.98 | 108 | 065 | 160844 1113 | 109 | 123
| BOSS DRI2 + BBN 635522 | 15653+ 1821 | 106 | 052 | 15864+ 1183 | 108 | 0.98
‘ SHOES 2021 | mos1d | ueses1676] 099 | 002 ] 14880 %1035 | 101 | 0.16 |
\ Masers 1930 | usa1 1729 | 099 | 010 | 14737 £ 1157 | 100 | 02
| SHOES 2019 To+14 | s+ 1644 | 099 | 01214730+ 1025 | 100 | 0.0
‘ SHOES 2021, | M1+13 | 145.01 £ 16.39 | 0.98 ‘ 0.13 ‘ 146:96 + 10.19 ‘ 0.99 ‘ 0.013 |
| MiyFihe | T60£26 | 1414551645 | 096 | 034 14335 £ 1080 | 0.97 | 05 |
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Results ¢

‘ | Binning ‘ G.P. |

‘ Measurement | Ho(Km/s/Mpe) | rs(Mpe) | p==2

i

T ‘ rs(Mpc) ‘ n ‘ a |

Planck CMB + Lensing | 6736 £ 054 | 139442 1788 | 108 | 0.7 | 16159+ 1096 | 11 | 132 |

‘ ACT + WMAP CMB 6.6+11 | s+ 1re | vos | oes | 160841113 ] 1oo | 128 |
\ BOSS DR12 + BBN 685 £22 | 15653 +18.21 240
‘ SHOES 2021 | m2s1d | uese 167 — M & H MASERS
220 @ HaPlanck CMB + Lensing @ Ha SHOES 2019
‘ Masers 739 £3.0 14541 £17.29 &  Ha ACT + WMAP CMB M, SHOES 2021,
\ SHOES 2019 4.0 £14 145.14 + 16.44 200 § Ao BOS5DR12 + BEN & Hy Tully Fisher
r I H, SHOES 2021
‘ SHOES 2021, | M1+13 | M45.01 £ 1639 | 8
£ 180
| TiyFishe | 760£26 | ML45+1645] <
160 [ .
140 o1 [ g
120 - , . - -
3 &8 70 7 74 76
Hy [km 57 Mpc™1]
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-
Results : Consistency with ACDM ¢

Hors [km/s]

Hors [kmy/s]
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Conclusion ¢

@ Results from both the methods agree with each other and with
the CMB estimate within 10.

@ To note : Compatible because of high error estimates on r;.

@ Motivation: Can test the robustness of the ACDM model and standard
assumptions taken at high-redshift universe in future.
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Conclusion ¢

@ Results from both the methods agree with each other and with
the CMB estimate within 10.

@ To note : Compatible because of high error estimates on r;.

@ Motivation: Can test the robustness of the ACDM model and standard
assumptions taken at high-redshift universe in future.

And, the Future is DESI, Euclid, J-PAS...
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Grazie Mille!
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-
Theoretical Model explaining CMB Observations ¢

Concordance ACDM model (P.Ade et al. A& A 2018):

o Mainly 6 parameters Multipole moment, £
5 — 2 10 50 500 1000 1500 2000 2500
@ Qph=- fractional density of baryons % 6 i
o Q. h?- fractional density of CDM 2 5000 ;“
S _ | |
@ Hp-Hubble Parameter g o f .“.
. g -
@ ns-scalar spectrum power law index 2 | _—
£ ERVAVA
@ 7- the optical depth due to 2 M | we
reionisation é’ L !’ﬂpeﬁ;‘ i 99
10 - PP A .
@ In(10*"As)-amplitude of primodial o v 0 o 00

power spectra Angular scale
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