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DEFINITION OF VOIDS

Search for local minima in density field
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Watershed algorithm: Platen et al. (2007, MNRAS 380, 551)
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DEFINITION OF VOIDS

70BOV: Neyrinck (2008, MNRAS 386, 4) VIDE: Sutter, Lavaux, Hamaus et al. (2015, A&C9, 1)
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DENSITY FIELDS

Voids are biased tracers of LSS (less clustered and sparser than galaxies)

CEIENES
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“YoID MODEL”
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PE) = oo — [ ;mgg b (1 g (1mg) 1 (ki) P (k) drydimg

Model for voids of given radius

Pog(k) = bybguy (k)P(k) + 7y uy (k)
Pyy (k) b P(k) + 0yt
Py (k) byuy (k) P(k)
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12

"> Void density profile is normalized to u, (k — 0) = 1
- Large scales: linearly biased tracers of dark matter
"> Small scales: dominated by internal void structure
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PRIMORDIAL NON-GAUSSIANITY

Expand primordial potential locally around Gaussian to first order
B(x) = g (x) + fur, [5(x) — (9E)]

Coupling between short- and long-wavelength modes effectively causes
local rescaling in the amplitude of matter fluctuations og.
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PRIMORDIAL NON-GAUSSIANITY

Expand primordial potential locally around Gaussian to first order
B(x) = g (x) + fur, [5(x) — (9E)]

Coupling between short- and long-wavelength modes effectively causes
local rescaling in the amplitude of matter fluctuations og.

Additional scale-dependent contribution to linear bias

Olnn _ gsz(k)D(z)

M(k)

=92 =1
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PRIMORDIAL NON-GAUSSIANITY

Expand primordial potential locally around Gaussian to first order
B(x) = g (x) + fur, [5(x) — (9E)]

Coupling between short- and long-wavelength modes effectively causes
local rescaling in the amplitude of matter fluctuations og.

Additional scale-dependent contribution to linear bias

Olnn _ gsz(k)D(z)

Olnog’ S0 3 QuH?

bng = 2fnapM ™!

With a universal halo-mass function / void-size function:

30, H2

blk. fw) = be + frw(be — Ve ey o

Dalal et al. (2008, PRD 77, 123514);  Slosar et al. (2008, JCAP 08, 031)
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FISHER FORECAST

Perform multi-tracer analysis (5 halo-mass bins, 3 void-size bins):
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FISHER FORECAST
Perform multi-tracer analysis (5 halo-mass bins, 3 void-size bins):
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NEUTRINOS AND VOIDS

Neutrinos freely stream into voids

Massara et al. (2015, JCAP 11, 018)
Banerjee & Dalal (2016, JCAP 11, 015)
Kreisch et al. (2019, MNRAS 488, 4413)
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VOID LENSING

2 Da(zs)
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4G Da(21)D (21, 2s)
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Mass (dark matter + baryons) vs. Light (baryons)
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@ Voids are biased tracers of the LSS, like galaxies / 21cm / Ly-«a, etc.
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CONCLUSIONS

@ Voids are biased tracers of the LSS, like galaxies / 21cm / Ly-«a, etc.

@ Their linear bias extends far into the negative regime.
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o Complementary clustering statistics enhance the attainable signal of
Inn & Y omy.
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@ Voids are biased tracers of the LSS, like galaxies / 21cm / Ly-«a, etc.
@ Their linear bias extends far into the negative regime.

o Complementary clustering statistics enhance the attainable signal of
Inn & Y omy.

@ A combination of void lensing and void clustering can offer
observational constraints.
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CONCLUSIONS

Voids are biased tracers of the LSS, like galaxies / 21cm / Ly-a, etc.

Their linear bias extends far into the negative regime.

Complementary clustering statistics enhance the attainable signal of
Inn & Y omy.

A combination of void lensing and void clustering can offer
observational constraints.

Essentially for free, as voids are contained in survey data anyway.
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CONCLUSIONS

@ Voids are biased tracers of the LSS, like galaxies / 21cm / Ly-«a, etc.
@ Their linear bias extends far into the negative regime.

o Complementary clustering statistics enhance the attainable signal of
Inn & Y omy.

@ A combination of void lensing and void clustering can offer
observational constraints.

o Essentially for free, as voids are contained in survey data anyway.

Thank you !
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SCALE-DEPENDENT VOID BIAS
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