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7\SLFDO�&0%�VLPXODWLRQV 7\SLFDO�/66�VLPXODWLRQV
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Ɣ +2'���6HPL�DQDO\WLF�PRGHOV�
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https://w.astro.berkeley.edu/~jcohn/mocklist.html
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http://cosmo.phys.hirosaki-u.ac.jp/takahasi/allsky_raytracing/
https://www.astro.ljmu.ac.uk/~igm/BAHAMAS/
http://www.columbialensing.org/%23massivenus
https://lambda.gsfc.nasa.gov/simulation/tb_sim_ov.cfm
https://yomori.github.io/mdpl2synsky/index.html


∑CMB tSZ kSZ CIB ∑gal/∞

MULTI DARK PLANCK 2 SYNTHETIC SKY SIMULATION

• Based on the MultiDark Planck 2 N-body 
simulation (Klypin 2016,  box 
with  particles), and associated halo 
catalogs. 

• Galaxy evolution model (used for CIB/radio 
galaxies) from UniverseMachine (Behroozi 
2018) and TRINITY (Zhang 2021). 

• 1 full-sky realization (all the components 
provided as  maps or catalogs). 

L = 1 h−1Gpc
38403

Nside = 8192

Coming soon https://yomori.github.io/mdpl2synsky/index.html

MDPL2-synsky 3

Configuration

Box size 1 ⌘
�1Gpc

#part 38403

Mass resolution 1.51 ⇥ 109
⌘
�1M�

Force resolution ⇠ 15 ⌘
�1kpc (at high I)

⇠ 8 ⌘
�1kpc (at low I)

Initial redshift 120
#snap 130

Table 1. Specification of the MDPL2 simulation.

and R������� (Behroozi et al. 2013) halo catalogues4. Extensive
analyses have been conducted on the MDPL2 simulation including
investigations of halo concentration and halo profiles (Klypin et al.
2016), halo mass functions (Benson 2017). The advantage of using
MDPL2 over other simulations is number of existing data prod-
ucts including galaxy catalogs from semi-anlytical models (Benson
2012; Croton et al. 2016; Cora et al. 2018) studies of other tracers
such as emission line galaxies (Alam et al. 2020) and intensity map-
ping (Yang et al. 2020), which could potentially be implemented in
our lightcone.

To construct the lightcone, the simulation box is tessellated
making use of the periodic boundary conditions, and the particles
(both the density d and distance weighted velocity Elos/32

�,8
) are

projected onto a HEALP�� grid (Górski et al. 2005) of #side = 8192
(corresponding to a pixel size of 0.43 arcminutes), with a shell width
of 25 Mpc/⌘. For every Gpc/⌘ (1 box length) in the lightcone, the
shells are rotated with a random spherical rotation angle such that
the same structure does not appear multiple times along the line of
sight (as shown in Figure 1), which poses issues for probes that are
integrated along the line of sight. The same rotations are also applied
to the halo catalogues to maintain the correlations between the
observables. From these particle density maps and halo lightcones,
we generate maps of the synthetic extra-galactic sky. This approach
was also taken in Carbone et al. (2016) to produce CMB lensing
maps, and it was shown that the measured power spectrum agrees
well with the analytic model.

While this approach has the disadvantage of losing some of the
large-scale modes as well as the line-of sight correlations (due to the
random rotations applied to the shells), the foremost advantage is
the high resolution maintained at high redshifts. Such an approach
necessary to produce reliable CIB maps, which is one of the key
component in our simulation. Additionally, since we maintain high
resolution up to high redshifts, we are also able to generate lensing
maps that are accurate down to small angular scales. Using such
maps of the lensing potential, we are able to lens the other secondary
observables to generate realistic maps that contain higher-order
correlations.

3 MODELLING OF THE SECONDARY COMPONENTS

In Table 3 we list the components implemented, and the redshift
range that each of the observables cover. For CMB lensing, we in-
tegrate up to I = 8.6 and add a Gaussian realization of the high-I
convergence between 8.6 < I < 1089. This cut-o� is chosen such
that the underlying density field is su�ciently Gaussian beyond that

4 Available at http://hipacc.ucsc.edu/Bolshoi/MergerTrees.
html or http://astronomy.nmsu.edu/aklypin/SUsimulations/
MDplanck1GpcNew/Rockstar/.

Parameter Value

⌘0 0.6777
⌦m 0.307
⌦c 0.048
⌦⇤ 0.693
f8 0.818⇤

Table 2. Cosmological parameters used in the MDPL2 simulation. Note for
the value of f8, the original simulation used 0.8288. However we find that
that the amplitude of the particle power spectrum matches better with the
value given below, and hence we will use this value hereafter.

Figure 1. The scheme of box rotation used in generating lightcones from the
MDPL2 simulation box. Each individual grid represents a 1 ⌘

�1Gpc box.

Observable Redshift range

CMB lensing 0 < I < 1089
tSZ 0 < I < 3.0
kSZ 0 < I < 3.0
radio 0 < I < 4.0
CIB 0 < I < 8.6

X (lensed) 0 < I < 8.6
^g, W1, W2 0 < I < 8.6

Table 3. The redshift ranges covered by the various astrophysical compo-
nents implemented in the simulation. For CMB lensing, we raytrace up to
I = 8.6, and add a Gaussian realization of the lensing potential between
8.6 < I < 1089.

redshift, and that the simulation artifacts do not dominate the struc-
ture. Additionally, we integrate the CIB, density, convergence, and
galaxy shear fields up to this redshift. In Section 4.5.4, we inves-
tigate whether there are contribution to the total CIB power that
is negligible beyond this redshift cut. For both tSZ and kSZ, we
integrate up to I = 3, however, we omit the first 100 ⌘

�1Mpc of the
lightcone since since the signal from the most massive large clus-
ters at these redshifts induces significant variance in the measured
spectrum (see e.g. Osato et al. 2020).

In the following sections we describe how each of the compo-
nents are implemented and how the maps are generated.

MNRAS 000, 1–35 (2020)

• Ray-tracing computed on . All the CMB secondaries are 
lensed using the lensing field. 

• Accuracy of the simulation tested for various types of analyses (high-  
TT, 6 2pt, tSZ cross-correlation, component separation, delensing etc). 

• Plans to implement various galaxy types via HOD. 

Nside = 16384

ℓ
×

https://arxiv.org/abs/1411.4001
https://arxiv.org/abs/1806.07893
https://arxiv.org/abs/1806.07893
https://arxiv.org/abs/2105.10474
https://yomori.github.io/mdpl2synsky/index.html
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&KDOOHQJHV

Ɣ &RPSXWLQJ�WLPH��IRU��������FRUUHODWHG�VLPXODWLRQV�
ż $�IHZ�[����PLOOLRQ�&38�KRXUV��QHHG�D�ODUJH�IUDFWLRQ�RI�D�VXSHUFRPSXWHU�DW�RQFH�

Ɣ 6WRUDJH��a3%�
ż a��7%�SHU�PRGHO��FDQ�EH�VPDOOHU�LI�RQO\�NHHSLQJ�PDSV�DQG�FDWDORJXHV�

Ɣ -RLQW�UHTXLUHPHQWV�DQG�YDOLGDWLRQ
ż :LWK�OLPLWHG�UHVRXUFHV��ZKDW�DUH�WKH�NH\�UHTXLUHPHQWV"
ż 9DOLGDWLRQ�FDQ�WDNH�D�ORQJ�WLPH

Ɣ 0DLQWHQDQFH
ż 'RFXPHQWDWLRQ
ż 'DWD�UHOHDVH
ż )XWXUH�XSJUDGHV

Ɣ 3HUVRQQHO
ż 7UDLQLQJ�DQG�DFNQRZOHGJLQJ�WKH�VLPXODWLRQ�VFLHQWLVWV

$OVR�VHH��5HSRUW�IURP�WKH�7UL�$JHQF\�&RVPRORJLFDO�6LPXODWLRQ�7DVN�)RUFH��E\�%DWWDJOLD�����
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Ɣ 3K'�SURMHFWV
Ɣ 3RVWGRF�SRVLWLRQV��WR�EH�DQQRXQFHG�LQ�WKH�IDOO�
Ɣ RU�VLPSO\�VKDUH�WKRXJKWV�
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