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CMB dipole
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In SN distances, Doppler term enhances the dipole due to our peculiar velocity at low redshift

) we need a rather limited number of sources
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Pantheon+SHOES: analysis

1701 SNe lightcurves! 77 Cepheid hosts

] =5log 10(DL =IMpc) + 25 = 5l0g ;oD + M

MCMC routine

1
log(L)= 5 'C* @)
i "+ M ceph i | 2 Cepheid hosts Foger = 5log L(M27Icnl) +25 @)
- "+ M lodel & Otherwise p
Parameter Prior range
Vo [0, 1200] km/s
M [-100, 100]
Ho [30, 100] km/s/Mpc
m [0, 1]
ra [0°, 360°]

dec [-90°, 909]
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Results

Zeut Vo Ho m ra dec
Ref. value 369 73.4 0.338 167.942 -6.944
Nocut 3283, 7311")% 0:339"%:018  139:4'72  42:0"2

42 . . . 0 :019 8 0 6 9
0.005 344% 735 1:0  0:3357 01 14767 48:9"%;
38 . 0 :97 . 0 :020 .1+8 :6 4191
0.01 3027, 734708 0:3407%7 1411755 34147
57 . 1:10 . 0 :016 .4+10 :3 8 3
0.0175 77TV, 7346y 0342700 1324755° 452

91 . 1:10 . 0 :020 .q+11 :9 .1+9:9
0.025 4347, 733875 0:341705%  137:17G 0 42170

110 a¥l:l . 0 :018 18 17
0.0375 49075, 73675  0:338"% 50 1417 33",
150 . 1:17 . 0 :022 37 34
0.05 370"y 7355756 0:333710%5 1677, 2175,
250 .z+1:0 . 0 :025 29 46
0.1 6205, 73575  0:338"%% 21179 2%,

Ho and m agree well with Pantheon+ and insensitive to z¢yt
Vo remains within about 2 of the Planck value

Direction is very di erent!
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Planck direction is excluded at
more than 3 !
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‘Bulk velocity'

Figure: Ref.: jvpuk j = 182 km/sec  (ra, dec) = (191 °,-61°)

Vpuk = Vo Vplanck Larger amplitude, but directions in agreement!
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Thanks for your attention!
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(a) Pantheon (b) Pantheon+
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Pantheon+ z dependence
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Theoretical model

Luminosity distance

For a spatially at universe:

DpL(z;n) =

Ina at CDM:

Atz 1,H(2)r(2)"

(
1 1
DL(Z) + W(VO n)+ m (V n)++
z ! z )
r(z) ") dr r(z) r
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Theoretical model

Pantheon+SHOES

=5log 19(DL =1Mpc)+25=5log o DL + M

1701 SNe lightcurves! 77 Cepheid hosts

Zeut Pantheon+ Cepheid hosts Pantheon
Covariances (statistical + systematics) without Cepheids
No cut 1624 77 1048
. . . . 0.005 1615 50 1048
Zhel . Heliocentric Redshift 0.01 1576 7 1046
0.0175 1468 2 1010
Zcme - CMB Corrected Redshift 0.025 1312 0 976
0.0375 1126 0 915
. . . . 1054
zyp : Hubble Diagram Redshift (with 0.05 05 0 890
. 0.1 960 0 837
CMB and vpec corrections)
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Theoretical model

2 analysis

Zeut 2 .2 2 .2 2 .2
No dip best t Planck best t ZHDp best t
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 29

For zcut 0:02:

Best t 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

Validity check
For Pantheon vg is 2:4 smaller

Pantheon roughly agrees with Planck dipole
and 'our' dipole

Zeut Pantheon+  Pantheon
0.01 1576 1046

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

Peculiar velocities in Pantheon+

Vorticity is neglected
'Ad hoc" vpyk within R =200h Mpc
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Theoretical model

Position xed

(a) Lowest redshifts (b) Low redshift

(c) Medium redshift (d) High redshift
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