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Overview

• Motivation
• PINOCCHIO 
• SPHEREx
• 3D -> 2D power spectrum
• Assigning Hα emission lines to dark matter halos
• SFR uncertainty
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Motivation

• Fast method to generate many realisations -> covariance matrices
• Hydrodynamical simulations too expensive
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DM halos from PINOCCHIO Line intensity map



PINOCCHIO
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PINOCCHIO (blue) – 155 CPU hours
MICE N-body simulation (red) – 370,000 CPU hours 
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SPHEREx

• 6.2” spatial resolution (~ 0.1 cMpc at z ~ 1.5)
• Spectral resolution R ~ 41 for 0.75 – 2.42µm 

(~ 100 cMpc slice at z ~ 1.5)
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2D power spectrum
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Hα

• DM halos -> SFR -> 𝐿!"
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𝐿*+ erg s)% = 2.27 × 10,% 𝑆𝐹𝑅 (M⊙ yr)%)

𝐿*+./01 = 10)
!"#
$.& 𝐿*+23 ./01 where 𝐴*+ = 1

Credit: Hui Yang (University of Illinois) 
and NASA/ESA

Kennicutt (1998b) 
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Luminosity function of simulations
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𝐿*+ erg s)% = 2.27 × 10,% 𝑆𝐹𝑅 (M⊙ yr)%)

IllustrisTNG: Nelson+18
EAGLE: Alpine+16



SFR-halo mass relation
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TNG300-1 (z = 0)

lo
g 1

0(
SF

R 
[M

⨀
yr

 -1
])

log10(Mhalo[M⨀h -1])

lo
g %
((
𝐿 4

#
[e
rg
s)

% ]
)

𝐿*+ erg s)% = 2.27 × 10,% 𝑆𝐹𝑅 (M⊙ yr)%)

IllustrisTNG: Nelson+18



SFR-halo mass relation
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TNG300-1 (z = 0)
AGN

QuenchedScatter
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IllustrisTNG vs EAGLE
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EAGLE: 
L100N1504 
(z = 0) 

TNG300-1 (z = 0)
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Comparison to observations/simulations
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Power spectrum
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Realisation 1
Realisation 2 PINOCCHIO

lo
g %
((
𝑘!
𝑃
𝑘
/2
𝜋)

log%((𝑘[h Mpc)%])

PI
N
OC
CH
IO

TN
G

lo
g %
((
PD
F)

PI
N
OC
CH
IO

TN
G

log%((𝜈𝐼5 nWm)!sr)% )



Does scatter affect the power spectrum?
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No scatter
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Does scatter affect the power spectrum?
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Does scatter affect the power spectrum?
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scatter

No scatter

lo
g 1

0(
SF

R 
[M

⨀
yr

 -1
])

lo
g %
((
𝑘!
𝑃
𝑘
/2
𝜋)

log%((𝑘[h Mpc)%])

Gaussian scatter?

lo
g %
((
𝐿 4

#
[e
rg
s)

% ]
)



Interlopers and instrument noise
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Hα (z = 1.3) OIII (z = 2.0) noise Hα + OIII + noise



Summary

• Can use PINOCCHIO to quickly produce many realisations
of mock intensity maps
• The scatter in the SFR has a significant effect on the 

luminosity function and the power spectrum
• More work is needed to understand this scatter
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Backup
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Are satellites important?
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Assigning subhalos

• HOD (Halo Occupation Distribution)
logMhalo~11.0

logMhalo~12.4
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Central subhalo SFR

logMhalo~12.4

logMhalo~10.0
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Satellite subhalo SFR

logMhalo~12.4

logMhalo~10.0
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Central only
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Central only
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Realisation 1
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Do satellites affect the power spectrum?
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Bimodal scatter
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No scatter
Bimodal – cent only
Bimodal – cent + sat



EMERGE
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No scatter Scatter



dM/dt (over dynamical time)
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