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Introduction

CMB dipole

75° % Planck

® vy = (369 & 0.9)km/s
e o A M N W W >, v ® (1,b) = (263.99 + 0.14, 48.26 + 0.03)
® (ra,dec) = (167.942+0.007, —6.944+0.007)

— In SN distances, Doppler term enhances the dipole due to our peculiar velocity at low redshift
— we need a rather limited number of sources

At z < 1, H(2)r(z) ~ z and:

Dr(z,m) ~ D (2) (1 + mvo . n)

In a flat ACDM:

DL _ 1+z/ dz (1)
VO (1 +2)3+1—Qn
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Pantheon+SHOES: analysis

1701 SNe lightcurves — 77 Cepheid hosts

p=>5log;o(Dr/1Mpc) + 25 = 5log,o D, + M

MCMC routine

1
log(£) = —c ApTC™ Ap ()
) ) ) . ) D iony
At = /f‘ + oM — ”;ephv i € Cepheid hosts Hrnodel = 510g<%) + 25 3)
kL n'+ M — pyoqes  Otherwise pe

Parameter Prior range
vo [0, 1200] km/s
oM [-100, 100]
Hy [30, 100] km/s/Mpc
Qo [0, 1]
ra [0°, 360°]

dec [-90°, 90°]
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Results

Zcut o) Hy Qm ra dec
Ref. value 369 73.4 0.338 167.942 -6.944
Nocut  328%35 73117097 033070015 1304702 42,0772
0.005 344112 735410 033510019 1476180 489109
001 et TaaT 030000 LIS seadd,
oorrs T 7acthiy osetbUl amatly a5t
0.025 434790 73.38%000 0.341F0:020 137.afld 42179
0.0375 490713 73.6710  0338F003  141f3d 33417
0.05 3701150 73557000 03337001 167F3] 21134
0.1 620%330 735775 0338705 211FE _gtie

® Hp and 2y, agree well with Pantheon+ and insensitive to zcut
® 9o remains within about 20 of the Planck value

® Direction is very different!
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Resu

z=0.01
z=0.005
No cut

Planck direction is excluded at
more than 3o !
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'Bulk velocity'
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Figure: Ref.: |[viuk| = 182km/sec  (ra, dec) = (191°,-61°)

Vbulk = V0 — VPlanck Larger amplitude, but directions in agreement!
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Thanks for your attention!
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Pantheon+ z dependence
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Theoretical model

Luminosity distance

For a spatially flat universe:

_ 1 1
Dr(z,n) = DL(Z){I—F?{(Z)T(Z’)(VO.H)—F(?[(Z)T(Z)_I) ((v~n)+\1’+

/Or(z) i+ <1>)> o /Or(z) % [1 - r;i)(;TAn} (@ + ‘1!)} (4)

In a flat ACDM:
142 dz

Dr(=) = Ho /0 VO (T +2)3+1—Qn

(5)

At z < 1, H(z)r(z) ~ z and:

Dr(z,n) = Dr(2) (1 + WVO : n)
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Theoretical model

Pantheon+SHOES

= 5log;o(Dr/1Mpc) + 25 = 5log o D1, + M

® 1701 SNe lightcurves — 77 Cepheid hosts

Zeut Pantheon+ Cepheid hosts Pantheon
® Covariances (statistical + systematics) without Cepheids
No cut 1624 7 1048
® 2.e1: Heliocentric Redshift 00'00015 ig;g 570 1812
0.0175 1468 2 1010
® zonvmB: CMB Corrected Redshift 0.025 1312 0 976
0.0375 1126 0 915
. 1054
® 2y p: Hubble Diagram Redshift (with 00015 90650 8 ggg

CMB and vpec corrections)
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Theoretical model

x? analysis

Zcut X2No—dip - X%est—ﬁt X%lanck - X%est—ﬁt XEHD - X%est—ﬁt
No cut 88.2 66.4 9.1

0.005 88.5 68.5 19.1

0.01 62.1 41.4 15.0
0.0175 53.6 42.6 14.4
0.025 41.7 19.2 -2.1
0.0375 22.3 5.3 1.3

0.05 8.7 0.9 -1.0

0.1 7.4 3.4 2.9

For zcut < 0.02:
® Best fit dipole very strongly favored over no dipole or the Planck dipole
® Also wrt Pantheon+ p-value > 97.5 %

For zcut > 0.05:

® Dipole no longer clearly detected = dipole correction is of the same order of noise
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Theoretical model

Comparison with Pantheon

Horstmann

=

® Validity check

(\b
£ ,
® For Pantheon vg is 2.40 smaller

A

® Pantheon roughly agrees with Planck dipole
and 'our’ dipole

\
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Figure: Thanks to N. Horstmann arXiv:2111.03055
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Theoretical model

Peculiar velocities in Pantheon-+

Zhel
ZcmB
ZHD
® Vorticity is neglected
~0.650 ® 'Ad hoc” vpyuk within R = 200h~!Mpc
—
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Position fixed

z=0.01
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Theoretical model

Comparison with Pantheon
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(a) No cut (b) z=0.0175
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Theoretical mode

Horstmann Horstmann
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(a) z=0.025 (b) z=0.0375
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Theoretical mode
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Conclusions

Conclusions

We have determined the dipole of the Pantheon+ data

® |t is significantly different from the CMB dipole (more than 3o at zcut < 0.02)

® Pantheon still marginal consistent with CMB

Next steps

® Test the hypothesis of significant bulk flow
® Studying higher multipoles
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Quadrupole (in preparation)
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Figure: Fixing vo
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Conclusions

Quadrupole eigevalues (in preparation)
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Figure: Fixing vo
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