Dimensionality Reduction

Principal Component Analysis (PCA)
t-Stochastic Neighbor Embedding (t-SNE)

Uniform Manifold Approximation and Projection (UMAP)
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What should we
do If we don't
have labels?
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Example: Galaxy spectra

SDSS/Galaxy Zoo

Survey: sdss Program: legacy Target: GALAXY ROSAT_D ROSAT FE
RA=25.85808, Dec=-1.22998, Plate=401, Fiber=125, MJD=51788
2=0.04263+0.00002 Class=GALAXY AGN

No warnings.
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Distant “Lyman Break™ Galaxies

Zaroubi et al. 2013
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Two Fundamental
Assumptions for Photometry

If an object is sufficiently well-measured, there is
a surjective (one-to-one or many-to-one, but not
one-to-many) mapping from photometric fluxes
to astrophysical properties
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Two Fundamental
Assumptions for Photometry

1. If an object is sufficiently well-measured, there is
a surjective (one-to-one or many-to-one, but not
one-to-many) mapping from photometric fluxes
to astrophysical properties.

2. Objects with sufficiently similar photometry

should be mapped to similar astrophysical
properties.
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Approach 1: Color space map
using two colors (three bands)

COSMOS2015 catalog, objects at z=1
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Approach 1: Color space map
using two colors (three bands)

COSMOS2015 catalog, objects at z=1
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Approach 2: Color space
map using all bands
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1.

continue to hold.

Pwo Three Fundamental

Assumptions for Photometry

If an object Is sufficiently well-measured, there is
a surjective (one-to-one or many-to-one, but not
one-to-many) mapping from photometric fluxes
to astrophysical properties.

Objects with sufficiently similar photometry
should be mapped to similar astrophysical
properties.

We can map objects from the full, n-dimensional

space with all bands to a smaller one with many
neighbors, and the other two assumptions will
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Pwo Three Fundamental

Assumptions for Photometry

1. If an object is sufficiently well-measured, there is
a surjective (one-to-one or many-to-one, but not
one-to-many) mapping from photometric fluxes
to astrophysical properties.

2. Objects with sufficiently similar photometry
should be mapped to similar astrophysical
properties.

3. We can map objects from the full, n-dimensional
space with all bands to a smaller one with many
neighbors, and the other two assumptions will
con’rmue to hold.

worren SHERRD Can we somehow decide what Wednesday May 4, 2022
a=f>| information is “important” even without labels?




Principal Component Analysis (PCA)

https://setosa.io/ev/principal-component-analysis/

original data set
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Principal Component Analysis (PCA)

https://setosa.io/ev/principal-component-analysis/
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Principal Component Analysis (PCA)

https://setosa.io/ev/principal-component-analysis/
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Principal Component Analysis (PCA)

https://setosa.io/ev/principal-component-analysis/
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PCA In 3D

https://setosa.io/ev/principal-component-analysis/
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PCA In 3D

https://setosa.io/ev/principal-component-analysis/
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PCA In 3D

https://setosa.io/ev/principal-component-analysis/
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Alcoholic drinks
Beverages
Carcase meat
Cereals
Cheese
Confectionery
Fats and oils
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Fresh fruit
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OK, so how can we find the right basise

1. Standardization
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OK, so how can we find the right basise

1. Standardization

2. Compute covariance matrix
I_Cov(:r,a:) Cov(z,y) Cov(z,
Y

Cov(y,z) Cou(y, (1
L Cov(z,z) Cov(z,y) Cou(z,
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OK, so how can we find the right basise

1. Standardization

2. Compute covariance matrix

|_ Cov(z,z) Cov(z,y) Cou(z,
Cov(y,z) Couv(y,y) Covu(y,
L Cov(z,z) Cov(z,y) Cou(z,

3. Compute eigenvectors and eigenvalues
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OK, so how can we find the right basise

1. Standardization

2. Compute covariance matrix

|—CO'L’(33a93) Cov(z,y) Cou(z, :)"
Cbﬂ%f)CbM%y)Cbm%zJ

L Cov(z,z) Cov(z,y) Cou(z,z
3. Compute eigenvectors and eigenvalues

J

4. Discard vectors that are not
Important enough
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Example: Handwritten Digits

MNIST dataset

$999993%944094
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Example: Handwritten Digits

MNIST dataset

$999993%944094
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Some things aren’t linear!

Wikimedia Commons

U { variance
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Group “similar” things together

Pezzotti 2019
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Group “similar” things together

“Fashion MNIST" datasets, t-SNE
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Group “similar” things together

Wang et al. 2020

t-SNE(perplexity=10) UMAP(n_neighbors=10) TriMAP(n_inliers=8)

UMAP(n_neighbors=20) TriMAP(n_inliers=10) PaCMAP

t-SNE(perplexity=40) UMAP(n_neighbors=40) TriMAP(n_inliers=15)
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First, make a t-SNE

Approach 2
mMap reducing to two d

IMensions

objects at z=1

’

COSMOS2015 catalog
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Approach 2: Similar galaxies are nearby

COSMOS2015 catalog, objects at z=1

X M X L
[ TUNE U [ P PO T TR P T

ol

met—
— ol .-\____.‘

R L L LI CRCE R L
i LR S TD= U A U (TR Byl DL et EX I | T

Y T . -;//—_'_
/

-

i ovt) ) v ol LWl
T T T . T
e ]
L -
.-/ﬁ_- ‘

L M L L
a0 DY I0S0G 12800 1030 Y a0 20000

PE— ad

| PR

T T T T

T
—
S e \
st

LT
155, M a0) LS008

T T LN

i i

i L
[LES TR S RUN [0 PRSI TR PRUHUBIE BN 6 BT
L B I B B e R T e I o B ]

-
R TP TP P SPRPR S R
S TR Yndame SOe 5000 1RART LT
T T T T T

Wednesday May 4, 2022



Approach 2: Similar galaxies are nearby

WARNING: positions are neither fixed nor meaningful. Topology is meaningful.
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Approach 2: Arranging by photometry
also calculates other useful things!

COSMOS2015 catalog, objects at z=1
Log10(Mx)
9.5 10.0 10.5 11.0 11.5 *  S/Nmips<5
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Approach 2: Finding "dead” galaxies

COSMOS2015 catalog, objects at z=1
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Photometric Redshifts Usually Work...

Hovis-Afflerbach, Steinhardt et al. 2020
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Photometric Redshifts Usually Work...

Hovis-Afflerbach, Steinhardt et al. 2020

N=22978
0=0.0078

Zphot

o

+
w
o Q

|
w
Q

T

AZ/1 + Zspec

Wednesday May 4, 2022




10! - Sometimes, sparse sampling can miss the
: correct redshift by a large margin!

Is anybody reading these slides? I'll take the first
student who emails me (steinhardt@nbi.ku.dk) about
this on our conference trip to sail a Viking ship this

June, as long as you email by midnight, May 3. — Zphot
— Zspec
100 I 1 1 | |
0 1 2 3 4 5 6
Redshift
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...But Not Always!

About 5% of objects fail template fitting’

Can we identify these objects without comparing with
spectroscopye

Can we fix these objects and determine the correct propertiese

Wednesday May 4, 2022
1Hildebrandt et al. 2010:

12 photo-z methods tested on objects with 18 bands, between 4.9% and 29% of objects had dz/(1+z) > 0.15




