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https://skysurvey.readthedocs.io/en/latest/index.html

SNANA skysurvey

ler et al. : ' '
(Kessler et al. 2009) aims to replace the simulation part of SNANA

Light curves fitter
Cosmology fitter Transient simulations
Transient simulations

SNANA is central for cosmological analyses...

Yet, hard to install and complex to use. Simple pip install skysurvey

Run locally on a laptop

(Way to go: ssh to a private Chicago cluster...)
Only coded in Python

(Coded in a mix of C, Python and Fortran)
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https://github.com/RickKessler/SNANA

skysurvey | concept

targets survey
Nature | An object in the sky How you observe the sky

dataset

The data you collect

Luna Dellazzeri - LSST France - 25/11/25 3



skysurvey | goal: easy to use

targets survey
Nature | An object in the sky How you observe the sky
import skysurvey
snia = skysurvey.SNela.from_draw(10_000, zmax=0.3, ztf = skysurvey.ZTF.from_logs()
tstart = "2018-04-01", lsst = skysurvey.LSST.from_opsim('baseline_v3.3 10yrs.db"')

tstop = "2020-12-01") :
Easy to build you own survey
Lots of pre-built targets, easy to customize

dataset

The data you collect

dset = skysurvey.DataSet.from_targets_and_survey(snia, ztf)

Always as easy as that

Luna Dellazzeri - LSST France - 25/11/25 4



skysurvey | goal: easy to use

targets survey
Nature | An object in the sky How you observe the sky
prop = dict(zmax=0.3,
tstart="2018-04-01", tstop="2020-12-01") ztf = skysurvey.ZTF.from_logs()

lsst = skysurvey.LSST.from_opsim('baseline_v3.3_10yrs.db")
skysurvey.SNela.from_draw(10_000, *xkprop)

skysurvey.SNeII.from_draw(1_000, %prop) Easy to build you own survey

Lots of pre-built targets, easy to customize

snia
snii

dataset

The data you collect

dset = skysurvey.DataSet.from_targets_and _survey(/lsnia, sniil|, ztf)

Always as easy as that

Luna Dellazzeri - LSST France - 25/11/25 5



Pre-Built Transients

Transient templates and sources are built on top of SNCosmo (Barbary et al. 2025)

Any SNcosmo built-in source is available:

Type Ia Supernovae snia = skysurvey.SNelIa()
Transient Time Serie sn_07pk = skysurvey.TSTransient("v19-2007pk-corr")
: Customization is easy
Kilonova kilonova = skysurvey.Kilonova()

rate, redshift range, absolute

Supernova Types snii = skysurvey.SNelIl.from_draw(1000) magnltude dlStI‘lbUthH,...

“Collection SNII | SNIIb | SNIIn | SNIb | SNIc | SNIcBL
Transient Time
2o 22 6 12 7 6
(Vincenzi et al. 2019) Y

see skysurvey doc for how to change the rate of a
target

Tutorial "how to create a new transient class' soon available on the skysurvey doc

Luna Dellazzeri - LSST France - 25/11/25 6


https://sncosmo.readthedocs.io/en/stable/source-list.html
https://github.com/sncosmo/sncosmo
https://skysurvey.readthedocs.io/en/latest/howto/change_rate.html
https://skysurvey.readthedocs.io/en/latest/howto/change_rate.html

Easy to build complex transient DAG

def tripp98(x1l) c, alpha=-0.14, beta=3.3, sigmaint=0.1, mabs=-19.3):
"""This is the Tripp 98 relation."""
magabs = x1 * alpha + ¢ * beta + mabs # natural SN Ia magnitude (non-standardized)

magabs scattered = np.random.normal(loc=magabs, scale=sigmaint) # add intrinsic scatter mdag.visualize()
return magabs scattered

modeldict {

(¢'xI™» {"func": np.random.normal, \
"kwargs": {"loc": 0, "scale": 1}},
"c": {"func": stats.lognorm.rvs,
"kwargs": {"s": 0.7, "loc": =-0.2, "scale": 0.2}},
"magabs": {"func": tripp98, magabS
: ({"x1": "@x1") "c": }}

mdag = modeldag.ModelDAG(modeldict)
data sim = mdag.draw(1l 000)

see modeldag doc

Luna Dellazzeri - LSST France - 25/11/25



https://modeldag.readthedocs.io/en/latest/?badge=latest

Easy to build complex transient DAG

def tripp98(x1, c, alpha=-0.14, beta=3.3, sigmaint=0.1, mabs=-19.3):
" This is the Tripp 98 relation """
magabs = xlxalpha + cxbeta + mabs # natural SN Ia magnitude (non-standardized)
magabs_scattered = np.random.normal(loc=magabs, scale=sigmaint) # add intrinsic scatter

return magabs_scattered mdag.visualize()

magabs_to_magobs(magabs, GEHEH!EE cosmology=Planck18):
""" distance_modulus(cosmo) =m - M """

mu = Planckl8.distmod(redshift).value
return mu + magabs

modeldict = {"x1": {"func": np.random.normal, "kwargs": {"loc": @, "scale":1}}, l) (1 117f
"c": {"func": stats.lognorm.rvs, "kwargs": {"s": 0.7, "loc":-0.2, "scale":0.2}}, maga S redshitt

"magabs": {"func": tripp98,
llkwargsll: {lelll: "@Xlll’ "C": "@C"}},

"redshift": {"func": draw_from_rate},
"magobs": {"func": magabs_to_magobs,
"kwargs'": {"magabs":"@magabs", ["redshift": "@redshift"

magobs

mdag = modeldag.ModelDAG(modeldict)
data_sim = mdag.draw(1_000)
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Current SNe 1a “Age model”

. A+B model (Mannucci et al. 2006)
» stretch distribution evolving with z (Nicolas et al. 2021)
* broken or population-dependent a (Ginolin et al. 2025) @ @

model_extension = {"prompt": {"func": ... d @
"kwargs': ...

"mass": {"func": ...

"kwargs': ...

import skysurvey
snia = skysurvey.SNela.from_draw(1_000,

model=model _extension)

Luna Dellazzeri - LSST France - 25/11/25 °
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Build your own Survey

# Load the survey
survey = skysurvey.Survey.from_pointings(data, footprint=footprint)

10



Build your own Survey

# Load the survey
survey = skysurvey.Survey.from_pointings(data, footprint=footprint)

footprint | camera footprint in the sky shapely

skysurvey.get_footprint("des")

Luna Dellazzeri - LSST France - 25/11/25
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Build your own Survey

# Load the survey
survey = skysurvey.Survey.from_pointings(data, footprint=footprint)

footprint | camera footprint in the sky shapely

skysurvey.get_footprint("des") ‘

O

Polygon

import numpy as np
from shapely import geometry
from skysurvey.tools import utils

# footprint | 2-deg radius circle
footprint = geometry.Point(0,0).buffer(2)

Luna Dellazzeri - LSST France - 25/11/25
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Build your own Survey

# Load the survey
survey = skysurvey.Survey.from_pointings(data, footprint=footprint)

footprint | camera footprint in the sky

skysurvey.get_footprint("des") ‘

o0) H

Polygon MultiPolygon

import numpy as np
from shapely import geometry
from skysurvey.tools import utils

# footprint | 2-deg radius circle
footprint = geometry.Point(@,0).buffer(2)

Luna Dellazzeri - LSST France - 25/11/25

S



Build your own Survey

# Load the survey
survey = skysurvey.Survey.from_pointings(data, footprint=footprint)

footprint | camera footprint in the sky data | what was observed when, under which conditions
ra, dec — Camera pointings
Q H | . mjd — time in Modified Julian Date
| | i band — name of the filter used
Polygon MultiPolygon . i skynoise — level of the sky noise (unit of zp)

skysurvey.get_footprint("des") ‘

zp — depth of the image
import numpy as np : : :
from shapely import geometry gain — camera gain (e-/ adu), used for noise
from skysurvey.tools import utils

# footprint | 2-deg radius circle

: _ datal"skynoise"] = np.random.normal(size=size, loc=200, scale=20)
footprint = geometry.Point(0,0).buffer(2)

Luna Dellazzeri - LSST France - 25/11/25 14
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Build your own GridSurvey

# Load a GridSurvey
survey = skysurvey.GridSurvey.from_pointings(data, fields_radec,
footprint=footprint)

15



Build your own Survey

# Load a GridSurvey
survey = skysurvey.GridSurvey.from_pointings(data, fields_radec,
footprint=footprint)

footprint | camera footprint in the sky data | what was observed when, under which conditions
ra, dec — Camera pointings
Q H | . mjd — time in Modified Julian Date
| | - ! band — name of the filter used
Polygon MultiPolygon i skynoise — level of the sky noise (unit of zp)

skysurvey.get_footprint("des") ‘

zp — depth of the image

import numpy as np : : :
from shapely import geometry gain — camera gain (e-/adu), used for noise

from skysurvey.tools import utils

# footprint | 2-deg rad%us circle datal"skynoise"] = np.random.normal(size=size, loc=200, scale=20)
footprint = geometry.Point(0,0).buffer(2)
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Build your own GridSurvey

# Load a GridSurvey
survey = skysurvey.GridSurvey.from_pointings(data, fields_radec,
footprint=footprint)

footprint | camera footprint in the sky shapely data | what was observed when, under which conditions
ra, dec — Camera pointings
H | . mjd — time in Modified Julian Date
| | - ! band — name of the filter used
Polygon MultiPolygon i skynoise — level of the sky noise (unit of zp)

skysurvey.get_footprint("des")

zp — depth of the image

import numpy as np : : :
from shapely import geometry gain — camera gain (e-/adu), used for noise

from skysurvey.tools import utils

# footprint | 2-deg radius circle

: _ datal"skynoise"] = np.random.normal(size=size, loc=200, scale=20)
footprint = geometry.Point(@,0).buffer(2)

# fields

fields radec = { 'C1': {'dec': =-27.11161, 'ra': 54.274292+180},
'C2': {'dec': =29.08839, 'ra': 54.274292+180},
'C3': {'dec': -28.10000, 'ra': 52.648417+180},

fields | Coordinates Of the grld center 'E1l': {'dec': -43.00961, 'ra': 7.8744167+180},
'E2': {'dec': =-43.99800, 'ra': 9.5000000+180},

'S1': {'dec': 0.00000, 'ra': 42.820000+180},

'S2': {'dec': -0.988389, 'ra': 41.194417+180},

{ﬁEldid: {ra: Z)alue, dec: value}} X1': {'dec': =4.929500, 'ra': 34.475708+180},

'X2': {'dec': -6.412111, 'ra': 35.664500+180},
'X3': {'dec': -4.600000, 'ra': 36.450000+180}
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skysurvey | easy & fast

survey Imin20

import skysurvey
lsst = skysurvey.LSST.from_opsim('baseline_v3.3_10yrs.db',

sql_where="night<365%5")

targets 1s

tstart, tstop = lsst.get_timerange()
snia = skysurvey.SNela.from_draw(100_000,

dataset 3min20

—> dset = skysurvey.DataSet.from_targets_and_survey(snia, 1lsst)

100 000 SNe Ia | 5 years of LSST | 3min

template="salt2-extended",
zmax=0.7,
tstart=tstart, tstop=tstop)

Luna Dellazzeri - LSST France - 25/11/25
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LSST opsim (dev)

skysurvey | easy & fast

survey Imin20

import skysurvey
lsst = skysurvey.LSST.from_opsim('baseline_v3.3_10yrs.db',
sql_where="night<365%5")

dataset 3min20

—> dset = skysurvey.DataSet.from_targets_and_survey(snia, 1lsst)

targets 1s

tstart, tstop = lsst.get_timerange()

snia = skysurvey.SNela.from_draw(100_000,
template="salt2-extended",
zmax=0.7,
tstart=tstart, tstop=tstop)

100 000 SNe Ia | 5 years of LSST | 3min

9 3000 - -
= Lo GRI
@) 2500 - ’,”
= -
= 2000 - P 4.5 x faster
0p)
skysurvey: 450/s | 1 laptop Sp -
SNANA: 117 million lights curves g el
: 1000 - .-
generated in 8hr on 40 cores (Source: . e -
: S 500 - - s
SNANA tutorial) -> 100/s . It _o— skysurvey —®
= 04 e —
0 50000 100000 150000 200000 250000 300000
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skysurvey | works in progress

skysurvey used for:
- contaminations of non-Ila objects, lensed SNe (Alice Townsend)
- kilonovae counterpart, association transient/ gravitational-waves events (Michael Coughlin)
- inference pipelines for cosmology (ZTF-France group)
- simulation based inference (Adam Trigui)

And many others !

pip install skysurvey | Github
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https://skysurvey.readthedocs.io/en/latest/index.html
https://skysurvey.readthedocs.io/en/latest/index.html
https://github.com/MickaelRigault/skysurvey

