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neutrino oscillation experiments established a lower bound 
on the sum of neutrino masses Mν ≳ 0.06 eV

sunbury neutrino oscillatory
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on the sum of neutrino masses Mν ≳ 0.06 eV

sunbury neutrino oscillatory

but they don’t measure Mν
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precise  reveal physics beyond the Standard Model 

(e.g. distinguish between “normal” and “inverted" hierarchies)

Mν

upcoming laboratory experiments are not sensitive to Mν
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 suppresses the growth of structure on small 
scales below their free-streaming scale
Mν > 0 eV
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 (95%, Planck TT+lowE+lensing+BAO)Mν < 0.13 eV

Planck Collaboration (2018)

best constraints currently come from cosmology: CMB + LSS



 (95%, Planck TT+lowE+lensing+BAO)Mν < 0.13 eV

best constraints currently come from cosmology: CMB + LSS

KATRIN 1.1eV upper limit  (Aker+2019)



Allison et al. (2015), Mishra-Sharma et al. (2018)

CMB measures  and thus heavily rely on  constraintsAse−2τ τ



Allison et al. (2015), Mishra-Sharma et al. (2018)

but upcoming ground-based experiments (CMB-S4) 
will not directly constrain  … LiteBIRD?, LiteCOrE?τ

CMB measures  and thus heavily rely on  constraintsAse−2τ τ



upcoming surveys: DESI, PFS, Euclid, Roman

imprint of  can be measured from galaxy clustering Mν

credit: desi.lbl.gov
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 degeneracy is a major limitation for the redshift-
space power spectrum
Mν − σ8

HADES simulation (Villaescusa-Navarro+2018)
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information in the nonlinear regime cascades from the 
power spectrum to higher-order statistics



Sefusatti+(2005)

these two distributions have the same power spectrum



Sefusatti+(2005)

these two distributions have the same power spectrum



3pt

4pt

but very different higher-order statistics

Sefusatti+(2005)



higher-order statistics have higher signal-to-noise on 
small scales

Sefusatti+(2005)

3pt
4pt
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h�(k1), �(k2), �(k3)i = �D(k1,k2,k3)B(k1,k2,k3)

introduction to the bispectrum
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introduction to the bispectrum

github.com/changhoonhahn/pySpectrum
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k1 ≥ k2 ≥ k3

1898 dimensional data vector

github.com/changhoonhahn/pySpectrum
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publicly available bispectrum code:

github.com/changhoonhahn/pySpectrum



does the bispectrum improve  constraints?Mν
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Mν > 0 eV

;  matchedMν = 0 eV σ8

can the bispectrum help break  degeneracy?Mν − σ8




