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SIDEREUS NUNCIUS (THE STARRY MESSENGER)
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Noticing this, and knowing that there was no 
way in which such alterations could be 

attributed to Jupiter’s motion,  
yet being certain that these were still the same 

stars I had observed […]  
my perplexity was now transformed into 

amazement.  
I was sure that the apparent changes belonged 
not to Jupiter but to the observed stars, and I 

resolved to pursue this investigation with 
greater care and attention. 

 
Galileo Galilei (1610)
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SNE IA COSMOLOGY IN A NUTSHELL 
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μ = 5 log( dL(z)
Mpc ) + 25 dL(z) =

1 + z
H0 ∫

z

0

dz

Ωm(1 + z)3 + 1 − Ωm
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PECULIAR VELOCITIES
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Peterson et al., 2022

zhel

zcmb

n ⋅ v (n(t0 − t(z)), t0) =
n ⋅ v(bulk) + ni(αij + γ δij) nj

zcos

JCAP 04 (2025) 013
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“IT’S NOT YOU, IT’S ME “
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“IMMENSE HEAVEN“
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Tully et al., 2014
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“IMMENSE HEAVEN“
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We are here

Tully et al., 2014
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AN “EXTENSIVE” WORK

9

Leonardo Giani 
Swinburne Univ. of Technology Erick Pastén 

Univ. de Santiago de Chile 

Me
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LANIAKEA AND PECULIAR VELOCITIES
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vp ∝ [ r (zcmb)
3

θ(in) + d ⋅ n + r (zcmb) ninj σ(in)
ij ]

Expansion ShearBulk motion

zcoszcmb
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RESULTS
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Applying on Pantheon+ 

•  and  recovered 

• Contracting region / over density   

H0 Ωm
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RESULTS
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Applying on Pantheon+ 

•  and  recovered 

• Contracting region / over density  

• Bulk direction towards Shapley  

• Clear anisotropic pattern

H0 Ωm
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RESULTS - EIGENVECTORS
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Consistent with Giani et al. 2023

Luminosity distance anisotropies contain direct 
information about the underlying kinematics of nearby large-scale structures
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MOCK VALIDATION
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The method is especially robust when a significant number of external 
supernovae is not introduced in the selection
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CONCLUSIONS
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SNe Ia provide independent route to 
describe the kinematics of  

nearby structures 

Next steps 
Apply to other datasets (ZTF, LSST) 

Refine methodology using N-body 
simulations 



Thanks for your attention!
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RESULTS - LOW MULTIPOLES
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γ [km/s] |v^bulk| [km/
s] ra^bulk [°] dec^bulk [°] H₀ [km/s/Mpc] Ω_m λ₁ [km/s] λ₂ [km/s] λ₃ [km/s]

−95±44 323±50 199±12 −51.2⁺⁵·⁴₋₇.₀ 74.1±1.1 0.317±0.01
9 −111⁺⁴⁰₋₃₁ −12±32 122⁺⁴⁰₋₅₀

Eigenvalues of αij

Monopole, dipole, quadrupole are all detected 

Bulk consistent with CF4 (see Watkins et al., 2023 and Whitford et al., 2023)
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RESULTS — QUADRUPOLE  - LOW MULTIPOLESQ(n)
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Q(n) = αij ni nj

Peak of the quadrupole is not far  
from bulk velocity direction 

No strong correlation with  
the supernova positions is evident
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SUMMARY CONSTRAINTS - LOW MULTIPOLES
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λᵢ significantly 
increases with z 
while errors stay 

~constant

Bulk direction 
close to Shapley 

Supercluster

Negative 
monopole: 
an infall ?


