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Background

Weak gravitational lensing probes cosmology.

GRAVITATIONAL
LENSING:

LSST
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Weak gravitational lensing requires
the redshift distribution function NV (z) = %‘1
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Photometric redshifts approximate spectroscopic redshifts.
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Photometric redshifts are problematic.
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Motivation

Why use photo-z PDFs?

Photo-z PDFs include all redshift uncertainties and biases.
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How do we use photo-z PDFs?

A probabilistic object necessitates a probabilistic approach.
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Motivation

Why use photo-z PDFs?

Photo-z PDFs include all redshift uncertainties and biases.

How do we use photo-z PDFs?

A probabilistic object necessitates a probabilistic approach.

What does the fully probabilistic approach get us?

It can yield the full posterior of parameters given data.
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(D),
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(D),

N(z)
| N(z) dz

p(z|N) =
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seek full posterior

p(N{dk})

(D),

N(z)
| N(z) dz

p(z|N) =
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seek full posterior

p(N{dk})

from individual posteriors
(4.) PEATA
K

N(z)

PN = TN
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p(z|N) =

K

N(z)

| N(z) dz
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seek full posterior

p(N{dk})

from individual posteriors
{p(zkldi)} K

(SDSS, LSST, ...)
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seek full posterior p(N|{dy}k)
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seek full posterior p(N|{dy}k)

posterior /-p(:i./:?r) likelihood
— P —
PWNHAIK) = p({ditn) - p({d} V)
evidence
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seek full posterior p(N|{dy}k)

posterior

PN ) = piid )
——

evidence

K
k=1

independence

Galaxy population statistics from photo-z PDFs

Poisson
7\

o [— / .N'(z)dz] «

p(dk|N)

likelihood
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seek full posterior p(N|{dy}k)

. prior Poisson
posterior A ( N) ) - A ~
pN{di}k) = p({d} k) exp [—/N(z)dz] x
id

K -
11 | Pldddz)p(ziN )z

k=1 ~ ~~ -
hierarchical model

independence
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seek full posterior p(N|{dy}k)

posterior

PN ) = piid )
——

evidence

K

[1

k=1

independence

need individual likelihoods
{p(dk|zc)}k
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Poisson
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hierarchical model

from individual posteriors
{p(zldi)}k
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need individual likelihoods from individual posteriors
{p(dklzi) } Kk {p(zkldi) } K

likelihood

p(dy|z) =
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need individual likelihoods from individual posteriors

{p(d|zc)} {p(zi|dic) }
likelihood likelihood
f—:‘—\ /—:‘—\
p(dk|zk) = p(dk|zk)
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need individual likelihoods
{p(dklzi) } Kk

likelihood likelihood
— —
p(dk|zk) = p(dk|zk)

Galaxy population statistics from photo-z PDFs

from individual posteriors
{p(zk|dk)} K ; interim prior Ny

1
—N—

p(zx|dk, No)
p(zk|di, No)
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need individual likelihoods
{p(dk|zk) } k

likelihood likelihood
/—_& /—_'/A
p(dlzx) = p(dklz)
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from individual posteriors
{p(z«|dk)}k ; interim prior Ny

Bayes' Rule
interim posterior -~ -\ ~
—_—~ g

p(di|No)

die, N¢ 7
P(zkl k 0) p(dk|Zk,N0) p(ZklNO)
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need individual likelihoods
{p(dk|zx) } k

likelihood
—

p(dy|zk) =
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from individual posteriors

{p(zk|di)} i ; interim prior N

interim posterior

p(zk|di, No)

p(zx|No)
—_——
O(N()
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likelihood
—_——

p(dilzi) p(dicNo)

p(di|zi, No)
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need individual likelihoods
{p(dk|zk) } k

likelihood

—
p(dk|zx) =
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from individual posteriors
{p(zk|dx)} Kk ; interim prior Ny

interim posterior

p(zk|di, No)

p(zx|No)
—_———
ocNg
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need individual likelihoods
{p(dk|zk)}

likelihood

p(di|zi) =

given interim prior A
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from individual posteriors
{p(zk|dx)} Kk ; interim prior Ny

interim posterior

p(zk|di, No)

p(zx|No)
—_———
ocNg

have individual interim
posteriors {p(zx|dk, No)}k
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pNIHddK) x pNYexs |- [ W)t

p(zNV) k|N)
xH/p(zk|dk,No) o

Sample this posterior!
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Fiducial PDFs
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In simulations

the mean of the samples
recovers the true N(z)
well
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In simulations

the mean of the samples
recovers the true N(z)
well (and better than
popular alternatives).
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Biased PDFs
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With real data

the mean of the samples
differs from the interim
prior.
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With real data

the mean of the samples
differs from the interim
prior.
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Conclusion
https://github.com/aimalz/prob-z/nz

m Cosmology needs a trustworthy A (z).

m Photo-z PDFs propagate all uncertainties and errors.

m Hierarchical inference correctly estimates N (z).
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Conclusion
https://github.com/aimalz/prob-z/nz

m Cosmology needs a trustworthy A (z).

m Photo-z PDFs propagate all uncertainties and errors.

m Hierarchical inference correctly estimates N (z).

Recommendations

m Stacking photo-z PDFs yields a biased estimate of N (z).

m The mean of samples is an accurate point estimator.
m It's best to sample the full posterior.
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Conclusion
https://github.com/aimalz/prob-z/nz

m Cosmology needs a trustworthy A (z).

m Photo-z PDFs propagate all uncertainties and errors.

m Hierarchical inference correctly estimates N (z).

Recommendations

m Stacking photo-z PDFs yields a biased estimate of N (z).

m The mean of samples is an accurate point estimator.
m It's best to sample the full posterior.

Code is now publicly available on GitHub!
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In simulations with lower

S/N data

the marginalized MLE
and mean of the samples
recover the true N'(z)

Alex Malz NYU 43



11

nN(z)

35000

30000

25000

20000

N)

15000

10000

5000 |-517

Malz+2016

True
Interim

. Stacked
KLD=0.0381

.. MmaP
KLD=0.0364

v MExp
KLD=0.0193

MMLE
KLD=0.0067

toan
Samples
KLD=0.0045

Galaxy population statistics from photo-z PDFs

Alex Malz

In simulations with lower
S/N data

the marginalized MLE
and mean of the samples
recover the true N'(z)
(with broader error
bars).
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