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DES:

C_I, D(z), MG models,
joint likelihoods,
nuisance parameters,
covariances, halo

External:
camb,
wmap,
planck, cfht,
bicep, ...

model, ...

CosmoSIS Core:
Interfaces, Build
systems, run time

Python, scipy, gcc, gsl,
fftw, ...

Cosmological Survey
Inference System
(CosmoSIS)




One-click download of all dependencies (currently for
mavericks and SLF6) and CosmoSIS core
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| Unpacking gs1-1.16-d13-x86_64-prof.tar.bz2

Removing gs1-1.16-d13-x86_64-prof.tar.bz2

Downloading lapack-3.4.2-0sx109-x86_64-e5-prof.tar.bz2
% Unpacking lapack-3.4.2-0sx109-x86_64-e5-prof.tar.bz2
Removing lapack-3.4.2-0sx109-x86_64-e5-prof.tar.bz2
Downloading mpich-3.1-d13-x86_64-e5-debug.tar.bz2
Unpacking mpich-3.1-d13-x86_64-e5-debug.tar.bz2
Removing mpich-3.1-d13-x86_64-e5-debug.tar.bz2
Downloading mpich-3.1-d13-x86_64-e5-prof.tar.bz2
Unpacking mpich-3.1-d13-x86_64-e5-prof.tar.bz2
Removing mpich-3.1-d13-x86_64-e5-prof.tar.bz2
Downloading nose-1.3.0c-d13-x86_64.tar.bz2

Unpacking nose-1.3.0c-d13-x86_64.tar.bz2

Removing nose-1.3.0c-d13-x86_64.tar.bz2

Downloading numpy-1.7.1b-d13-x86_64-e5-prof.tar.bz2
Unpacking numpy-1.7.1b-d13-x86_64-e5-prof.tar.bz2
Removing numpy-1.7.1b-d13-x86_64-e5-prof.tar.bz2

= Downloading pyfits-3.2a-d13-x86_64-e5-prof.tar.bz2
Unpacking pyfits-3.2a-d13-x86_64-e5-prof.tar.bz2
Removing pyfits-3.2a-d13-x86_64-e5-prof.tar.bz2
Downloading python-2.7.6-0sx109-x86_64.tar.bz2
Unpacking python-2.7.6-0sx109-x86_64.tar.bz2 Dt
Removing python-2.7.6-0sx109-x86_64.tar.bz2 PM
Downloading scipy-0.13.0b-d13-x86_64-e5-prof.tar.bz2 el
Unpacking scipy-0.13.0b-d13-x86_64-e5-prof.tar.bz2
Removing scipy-0.13.0b-d13-x86_64-e5-prof.tar.bz2
Downloading sqlite-3.08.03.00-05x109-x86_64.tar.bz2

Steps: Unpacking sqlite-3.08.03.00-05x109-x86_64.tar.bz2
— detrent Removing sqlite-3.08.03.00-05x109-x86_64.tar.bz2
= Eéﬁb mac-123715:cosmosis-bootstrap dodelson$ 1s
— imand README . md cosmosis cosmosis—-bootstrap d13-files.v00_00_01 slf6-files.v00_00_01
- b'gﬁ mac-123715:cosmosis-bootstrap dodelson$ ls cosmosis
Ode cfitsio gcc lapack nose pyfits scipy setups sqlite ups
— object fftw gsl mpich numpy python setup setups_layout upd
= Fak 04l mac-123715:cosmosis-bootstrap dodelsons I
— Fake S
Classificatio
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Repos: Collaboration members push/
pull their modules for the benefit of all

LASAw) Ter c

-4.1% hg clone https://dodelson@bitbucket.org/joezuntz/des-pipe
: _bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:
ied (check hos i i i

http authorization required

realm: Bitbucket.org HTTP

user: dodelson

password:

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

destination directory: des-pipe

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

requesting all changes

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

adding changesets

adding manifests

adding file changes

added B48 changesets with 3010 changes to 1725 files

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

updating to branch default

i55:4e:01:6d:58: ff:e4:28:7d:2a:14:ae:3b not verif




Repos: Collaboration members push/
pull their modules for the benefit of all

l_Ne) e/ lerminal — Basic

|
bash-4.1% hg clone https://dodelson@bitbucket.org/joezuntz/des-pipe E[
warning: bitbucket.org certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:6d:58:ff:e4:28:7d:2a:14:ae:3b not verif
ied (check hostfingerprints or web.cacerts config setting)

http authorization required

realm: Bitbucket.org HTTP

user: dodelson {

password:

warning: bitbucket.orw\certificate with fingerprint 24:9c:45:8b:9c:aa:ba:55:4e:01:64:58: ff:e4:28:7d:2a:14:ae:3b not verif ;

ied (check host AN rerminal — Basic

destination dirbash-4.1$ cd des-pipe/

warning: bitbucbash-4.1$% 1s

ied (check hostbaryon data doc glue likelihood makefiles nonlinear README supernovae utils
requesting all boltzmann default_run example interface_example 1ss mock_likelihood number_density sampler templates
warning: bitbucdark_energy DEVELOPING FORTRAN_INTERFACE_TOOLS intrinsic_alignments Makefile MODULES PYTHON_INTERFACE_TOOLS shear TROUBLESHOOTING
ied (check hostbash-4.1% ls lss/dodelson/

adding changesebias.f98 bin5 cl.f dodelson_cl.py dodelson_xi.py IF1.f InterpolateFile.f polint.f sigma.f twodint.f zeros_JO
adding manifestbinl chi.f cosmology.h dodelson_lss.py hunt.f interface.f90 Makefile gqsim. f testinterface.py w.f

adding file chabash-4.1$ [J
added 848 chang
warning: bitbuc
ied (check host
warning: bitbuc
ied (check host
warning: bitbuc
ied (check host
updating to bra



Development: Can now edit any of the files and add your code;
run by simply putting a list of modules to include in a config file

e NO Terminal — Basic
[pipeline E
= ../.. . -level directory where all the modules are to be found. :
modules = dodelson_shear_single dodelson_like_single HST ; This list of modules to be run. They are described below.
ikelihoods = WL HST 3 T i of likelihood values that will be generated by the pipeline and summed.
values = - ;file containing parameter ranges and start values

; For example, the pymc sampler can read different options, say:

[pymc]

params = omega_m h® sigma_8 ;parameters to vary

values = shear_params.txt ;file containing parameter ranges and start values
covmat = shear_covmat.txt ;file containing covariance matrix

name = mice_shear.1l ;output dir name for the run

samples = 10000 ;number of MCMC samples to get

; These sections describe what the different named modules are and where to find them.

; You can have modules here that are not actually used, so you can switch between them just by changing the modules
; option at the top, rather than re-writing the whole file.

[camb]

file = boltzmann/camb/camb_all.so

function = execute

setup = setup

[wmap]

; The WMAP7 likelihood code

file = likelihood/wmap7/wmap_interface.so
function = execute

[dodelson_shear]

;Scott's code to generate C_ells in 5 redshift bins
file = shear/dodelson_shear/dodelson_cl_multibin.py
function = execute

[dodelson_like]
;Scott's code to get likelihoods of C_ell theory predictions for 5 redshift bins
;Based on BCC

ore—(66%)
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Interfaces: Need to be able to pass inputs/outputs

easily from one module/user to another

c iew Project Build Run Design SCM Window # Help
olole Terminal — Basic
ppd-117474m: likelihood dodelson$ ls gglensing_lss/ =}
HLData README joint_likelihood.py test.py -

ppd-117474m: Llikelihood dodelson$ open -a Xcode gglensing_lss/joint_likelihood.py
ppd-117474m: Likelihood dodelsons$ []

8006 || joint_likelihood.py

QG MO 2=

< » ¢ joint_likelihood.py:111 % execute ¥

def execute(fits_handle, config):
#We wrap everything in a try/except block so if there are any errors
#we catch them and return a status error to (e.g.) the sampler rather
#than just crashing.
try:
#read fits file data
data = pydesglue.DesDataPackage.from_fits_handle(fits_handle)

# Get the observed data, which we loaded in the setup function and
# was passed back to us as "config".
obs_nz, obs_nl, obs_ell, obs_cl, obs_weight = config

section = pydesglue.section_names.shear_cl
n_zbin = data.get_par@m(section, "NBIN")
# need to make sure this agrees wi

like = 0. # will be a sum over the chi2 for all bins
for bin in range(1,n_zbin+1):
# This is the theory predi

h z bin - is this okay?

#These are the observations for is z bin
ell_data = obs_ell[bin-1]

cl_data = obs_cl[bin-1]

weight = obs_cov[bin-1]

#compute the likelihood from the theory spectra; assumes z bins are uncorrelated
like = like -(chi2bin)/2.0

#save the resulting likelihood back into the FITS file
data.set_param("GGLSS_LIKE", like, pydesglue.section_names.likelihoods)

1
o

chi2bin = compute_likelihood(ell,cl,ell_data,cl_data, weight) # returns the chi2 for this bin

C

-

v

o .
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[ BICEP in cosmosis — cosmosis

(Ble])(s ]

Joe Zuntz & March 17, 2014 1:33 PM
To: cosmosis_development Hide Details
BICEP in cosmosis

Hi all,

Just a quick bit of fun - | added a BICEP2 cosmosis module just now after they released the likelihood code with the papers a few hours back.
It seems to work nicely! Here is a version of their figure 10b (not exactly the same as the other cc i are not i

Joe

BICEP BB-only likelihood with 7.
T T T T

T

0.00 0.05 X 0.20 0.25 0.30 0.35 0.40 0.45
Scalar-Tensor ratio

Breaking out v1.0 in mid-May

Screen Shot
2014-...3.34 PM




All of this will be much harder for LSST

 Not simply a parameter
estimation toolkit: we need to
understand what the Science

WGs want to do and how they
do them -

* Incorporate project simulation /D.pmt ntertaces \
t00|s DESC Framewrs;ﬁ(ring

* |ncorporate aspects of DM \kgg

* Leverage data handling tools ~_ .
developed for other
experiments [ s

GRID)
* Use Compute resources (Grid, ~

NERSC) in least painful way

10



Example: Use Case for Large Scale Structure

12 LSST DESC Framework Use Cases (Rev. 11)

6. Based on the residual cross-correlation, output an error estimate due to this
systematic.

7. If the above steps are repeated multiple times, output “scores” for each algorithm
(e.g.. the residual cross-correlation or the estimated error) to enable selection of an
optimal algorithm.

8. Output a corrected number density of galaxies.

Postconditions

The cross-correlation after correction should be small.

3.1.2 Correct galaxy number density for depth variation and track
uncertainties

Immediate scientific goal

There are many effects that lead to depth depending on position on the sky: dithering,
tiling, seeing, galactic extinction, atmosphere, time varying in detector response. If these
are not accounted for, the observed galaxy density will (incorrectly) be reported as tracing
these systematics. The “mask” quantifies how many galaxies there should be in a given
pixel if these systematics were absent. Different catalogs (corresponding to different
choices of galaxies/qsos) will have different masks. So the survey will produce multiple
masks. The essence of this task is to transform the different LSST observations into
a mask that encodes how deep a given region was observed. The “mask” in principle
includes all effects; this particular task does not include the contribution of stellar fields
to the mask.

Preconditions

Simulated images from OpSim that were generated given the telescope pointing plus
the conditions under which the data were taken. An image must be made of the OpSim
output. This could be done by running ImSim or by using healpix to sub-divide pointings.
Healpix can generate skies at different resolutions; currently the LSS WG is running over
200,000 pixels on the sky, with ~ 10 elements in each pixel.

Healpix and OpSim run on full sky, while ImSim runs are typically much smaller fields.
ImSim generally is computationally prohibitive to generate large areas used for LSS tasks,
but it will be used to examine small scale tests.

Each pixel will be of order an arcsecond, and scientists might typically apply this to
100 — 1000 square degrees, so the total data set is small. Full skies run on a laptop in 10
minutes. For the input to this task, running OpSim itself takes 3 days.

Steps

1. Run OpSim to generate a series of meta-data at given times that include pointing
location, filter, predicted magnitude limit etc.

2. For small scale work, run ImSim to turn the OpSim output into a simulated co-
added 10-year image and then run the LSST DM tools to generate a catalog of stars
and galaxies OR

n-body Cosmology Area

galaxies stars Observing Plan

Raw Frames

v

DM Stack

LSST Galaxies LSST Stars

Analysis steps

11



Walk through this tomorrow

LSST DESC Framework Use Cases (Rev. 11) 13

. For large scale work, use Healpix, source count laws, and a Milky Way model to

generate a map of simulated star and galaxy counts directly from the output of
OpSim

. Using the information generated in the first 3 steps, estimate the mask at each pixel

via the ratio Ninput/Nfound-

. Correct the galaxy density using the mask
. Cross-correlate the resulting galaxy density with observables such as the stellar

density, the mask itself, or other sources with which it should not be correlated.

. Using these cross-correlation functions, improve the estimate of the mask and then

repeat Steps 5 and 6.

. Evaluate the residual cross-correlation in the corrected image.

. Based on the residual cross-correlation, obtain an error estimate on the mask.
10.
11.

Output a mask and its uncertainty at all pixels.
Other outputs include: a corrected map of the galaxy density; an angular correlation
function of the galaxies, both corrected and un-corrected; and the range of scales
that is unpolluted by uncertainties in the mask.

3.1.3 Inject fake sources into data and rerun DM

Immediate Scientific Goal

Real data (e.g. from SDSS) added to fake sources to see if the DM recovers the sources
in the presence of realistic fields. The initial goal is to obtain completeness (probability
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