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Thesis subject

1) Photometric redshifts calibration of

Euclid data using deep learning and
multi-band images :

2) Tomographic analysis of photometric
galaxy clustering with the angular
two-point correlation function :

Flagship mock galaxy catalog

All galaxies

VIS <245

NISP Ha > 1.e-16

Simulated galaxies
(Science Challenge 8)

Flagship simulation of the Euclid survey
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Photometric redshifts calibration

Goal : find the relationship between the input galaxy images and their redshift.

Method : neural networks + optimization framework (Optuna)
Networks : CNNs, inception CNNs, ResNet and variants with additional inputs.

Data : 500000 galaxies simulated from the Euclid Science Challenge 8 + simulated spec-zs.

o = 0.570, bias = 0.235, no.1s = 0.627
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Photometric redshifts calibration

Tested neural networks : sequential CNN

XN E [2,4]

Sequential CNN architecture 4
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Photometric redshifts calibration

Tested neural networks : sequential CNN, inception CNN

Inception block architecture (arXiv:1512.00567) 5
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https://arxiv.org/abs/1512.00567

Photometric redshifts calibration

Tested neural networks : sequential CNN, inception CNN, ResNet34
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Photometric redshifts calibration

Goal : find the relationship between the input galaxy images and their redshift.

Method : neural networks + optimization framework (Optuna)
Networks : CNNs, inception CNNs, ResNet and variants with additional inputs.
Comparison for MLP (magnitudes) and inception CNN+MLP (images + magnitudes) :

MLP Inception CNN + MLP
0 = 0.382, bias = 0.038, g5 = 0.394 0 = 0.147, bias = 0.011, No.15 = 0.072
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Baryonic Acoustic Oscillations

* Specific scale where galaxies are more often found
* Result of the opposition between radiation pressure and the gravitational pull of matter
in the early Universe

Artist's impression of the pattern of
baryonic acoustic oscillations imprinted
on the large-scale distribution of
galaxies (exaggerated)

Source: ESA and the Planck Collaboration / Gabriela Secara / Perimeter Institute

Oct 30, 2023 V. Duret




2pcf measurement

* Landy-Szalay estimator ”UJ(Q) —
* Code : TreeCorr
* Flagship simulation :
- one octant of the sky (5157 sg.deg)
- 500 x 10° galaxies with VIS < 24.5
- fiducial cosmology : Q, = 0.049
Q. =0.27
h=0.67
As = 2.1x10°
ns = 0.96
* 13 bins between 0.2<z<2.5

Oct 30, 2023 V. Duret
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2pcf measurement

Code : TreeCorr

Flagship simulation :
- one octant of the sky (5157 sg.deg)
- 500 x 10° galaxies with VIS < 24.5
- fiducial cosmology : Q, = 0.049
Q. =0.27
h=0.67
As = 2.1x10°
ns = 0.96
* 13 bins between 0.2<z<2.5
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DD—2D R+ K1

Landy-Szalay estimator w(@) =

RR

Individual fits (mean 2, = 0.8322)
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Full-shape analysis

 Scalecuts:0.12°<8<1.7°
* Dark energy equation of state :

w(z) = wo + Wo Tr5
* MCMC on Q, Qc, h, As, Ns, Wo and wa
At each step of the MCMC, a new
2-point correlation function is computed

using the cosmology defined by these
parameters
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Theoretical 2pcf
Computed with the Core Cosmology Library (arXiv:1812.05995)

£ (0) = > 2ELCP Py(cosh)
[
Cpb = Am [ %Py (k)AL (k)AL (k)
AP (k) = [ dz nz(2)b(2)Ts(k, 2)51(kx(2))

n(z) : normalized distribution of sources in redshift

- used to compute the model in the likelihood.
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https://arxiv.org/abs/1812.05995

Full-shape analysis with modified n(z) :

Small scalesonly : 6<1.7°

Bias of n(z) :

n>(z) =n1(z+ 0.002)
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4.96E — 027338E-93

e
.

~

|

h=10.6853312
0.683188%

n, = 0.963+0.031

-0.029
+0.031
0.96015037

As = 2.07E- 0941336213

2.07E - 09+}83£-19
ﬁ

4
10 e Qc = 0.266°35%
026310018
A
8 0.2 TS
g Wo = —9.97E—01+334£-02
: ~1.00F + 002469252
6 7
__E = 00 - W, = 7.23F - 0589 =02
4 = > T 1.05E — 04+398€-82
) :0 :
2 —~02 . ‘ JL
; 9O X% PSILLH IO PI G
0 ¥ %% % %Y 0%yt 7e e (,,o'°:z'°¢)z'°° NN PO R Qd%oze;go’sezfc
. ‘ PRI fb‘°>9<>~° b
0 i 2 3 0 1 2 3 % d s As Q& W Wa
Z z
With respect to n1(2)
0.00 ‘ . . T mi@ 0.10 ° . o ml2) 0.15 ° R « ml2)
-0.01 ‘ —|l.®
- —~ - — . = ||~ @
Shift< 0.2 o | -0.02 -0.20 . 2% 010 .
3'|:E. -0.03 =]$-0.30 = 2 0.05 . .
-0.041 . -0.40 ‘
, , ‘ ‘ ‘ ‘ . . , , , , , , 0.001_, ‘ ‘ ‘ ‘ L
Oct 30, 2023 V. Duret Q h ns A Q. Wo W Oa, On On Oa  On, Ow Ow, Q, h ns As QOr Wo W




BAO analysis

* No restriction to small scales since we’'re interested in the BAO peak (# full-shape).

e Template : B X w(aé’) + Ag + % T %

* The cosmological parameters are fixed to
the fiducial cosmology (# full-shape)

a quantifies an eventual shift of the BAO peak

in the data with respect to the fiducial cosmology.

Since the 2pcf is measured on Flagship, we
expect a = 1.

B is a nuisance parameters accounting for
corrections of the amplitude.
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BAO analysis

* No restriction to small scales since we want to extract the BAO peak (# full-shape).

— template fit 1 1
— template fit 1 2
— template fit 1 3
template fit 1 4
—— template fit 1 5
template fit 1 6
— template fit 1 7
template fit 1 8

* Several templates were tested to identify
the one providing the best constraints :

Templates 1-4 :

B x w(af) + Ag + 2t + 22

B x w(af +A0—|—A19—|—%

)
BXUJ(O!Q)—l—AQ—FAlQ—I—% o
B x w(oz@) -+ AO + Alg —+ A292 Q ‘\’563 ]
\%Q |
Templates 5-8 : B — % :;\6) |

* Comparison templates 3 and 1 : os(a) = 0.88 01(a)
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BAO analysis N
CPPM

* Extracting a in each redshift bin allows us to constrain the Hubble parameter h = Hy /100

dA Tdrag,fid

o = ! h =0.674%3:313

Tdrag dA,fid ﬁ

p ( |Q ) BBN prior Qp x h? = 0.02235+0.00037
sin(Ho~/ |25
if Q <0 Q, = 4.92E - 0212:32£-03

(142)Ho+/ ||

da=1{ 1 if O =0 i
A FIN

0
%

Qp
o
% "G5

sinh(Hoy/ |2 |T)
if O >0
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Q
7
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Conclusion

* Promising results are obtained for photo-zs with the inception CNN + MLP model.
— additional optimizations will be conducted to study the benefit from including other inputs.

* The pipeline for full-shape and BAO analyses with photometric galaxy clustering is ready
and will be used to check the influence of scale cuts, priors and other systematic effects.

* Next year : application of this work to the first Euclid data

17
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Early commissioning test image, VIS instrument Early commissioning test image, NISP mstrument
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Back-up
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Photometric redshifts

Euclid bands :
VIS 550-900 hm 08| vis (raizm v J -
}f]_zfélfggznr?m 0.61 Blue grism _Red|grism
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Euclid preparation: I. The Euclid Wide Survey
(arXiv:2108.01201)

o
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https://arxiv.org/abs/2108.01201

Photometric redshifts

Loss function used to train : mean squared error

Metrics :
- Standard deviation of residuals o = std(Az) wtih Az = Zphot — Zspec
- Bias : mean( | Az |/ (1 + Zspec) )

- Quitlier fraction at 15 % : #(bias > 0.15) / #(test set)
+ fractions at 10 % and 5 %

- onwap = 1.4826 x median(] Az | - median(Az))

- omap = 1.48 x median( | Az |)

21
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Photometric redshifts

Side plots :

Learning error & = P(Zphot - Zspec | Zspec)
- in each bin of the histogram, | compute the mean and standard deviation of the Zyredicted, - Zoin
for all zspec,ifalling into that bin

PredlCtlon Uncertalnty “‘ = p( thot' Zspec | thot)
— In each bin of the histogram, | compute the mean and standard deviation of the Zspec,i- Zbin
for all zpredicieq, falling into that bin

Additional statistics on & and 11 :

Avg % error Min % error Max % error Avg % error without high z bins Min % error without Max % error without
16.085 5.26 90.56 19.23 109.97 908,56
22
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Photometric redshifts

Example of PDFs produced after adaptation of the networks :

0.10] 0]101
—————— Zepec 0,10 10
0.08 0/08] |
o vYvey . thot ! 0/08 "
N ! | | '
N 0.06 0,06 olos |
it
0 0.04 0041 ! 0/04- "
i i 9
& 0.02 0 02__/.%\ 0 OZJE\\ é 1.O—M
0.00 8/00 | H 8l00 1t 03)-
0.0 05 1.00.0 0.5 1.0 0.0 05 1.0 2
z z z ©
0.10] 0/10] 0/10] =
T
5 0.08 008 0,08 | o
o
N 0.06 0/06 i 0/06
©
It
C 0.04/ 0/04 0/04 |
o
L 002 0,02 olo2{
: 0.0 0.2 0.4 0.6 0.8 1.0
0.001 0,00 000\ PIT
0.0 05 1.00.0 0.5 1.0 0.0 05 1.0
z z z

PIT distribution of the PDFs
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Photometric redshifts

Characterization of the PDFs :

Probability Integral Transform (PIT), for a galaxy i of redshift zspec = zi

CDF,( f PDF,(z)dz

If PDFs are often too narrow then the zsp,ec Will more often be under/overestimated and
the PIT value will be close to O or 1.

If they are too wide then zs,ec Will often be in the PDF, which favors intermediate PIT values

- study of the PITs distribution :

- if PDFs have inadequate shapes then the distribution will either be concave or convex.
- if there is a bias between the predicted redshifts and zs..c then it creates a slope

— an ideal PIT distribution is horizontal and has no curvature.

24
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Photometric redshifts
Example of a bad PIT distribution :

Many PDFS misS Zspec ) The PIT distribution is convex
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Vanishing gradients

The update of weights is proportional to the gradient of the loss function with respect to current
weights. In the backpropagation, the chain rule for partial derivatives is used, which implies that

we can end up multiplying very small gradients in chain. This entails the death of some neurons
because their weights no longer change.

As for exploding gradients, Rectified activation functions like ReLu limit this issue because they
can only saturate by negative values but the issue can still appear. Some oscillating functions

can be used to counter this problem 6
like the Growing Cosine Unit :

1\/5678

https://commons.wikimedia.org/wiki/File:Growing_Cosine_Unit_(GCU)_activation_function.png




Residual blocks

The layer n give its output to layer n+1 and layer
n+5 (in ResNet34) or n+3,... depending on the

Flx relu : .. :
() Y X Benefit : when the number of layers is increased in a
weight layer identity neural network, results improve before reaching a

maximum and then degrade (vanishing gradients).

ldea :

https://arxiv.org/abs/1512.03385 residual = output — input « output = residual + input

This enables the identity operation when the residual is fixed to 0. This is useful since the
identity can’t be the output of a neural network if there is no skip connection (non linear
activation functions) - the least useful layers have weights close to 0 but won't make
gradients vanish because the skip connection will have larger weights.
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Flagship 2.1

- one octant of the sky, 145 < ra < 235 deg, 0 < dec <90 deg
- 500 x 10° galaxies with VIS < 24.5 and photo-zs.
- fiducial cosmology : Q, = 0.049

Q. =0.27
h=0.67

As = 2.1x10°
ns = 0.96

- 13 bins between 0.2 <z < 2.54

Galaxies 12

75°

| — Planck 2018 _____________________________ e

-15°
-30°

2000

8000 -

>

30° 6000 =

5 ()

15 " c
D0 € =
a 4000 3 MV
Q (@]
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=0 28
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Flagship 2.1

Equipopulated bins n(z) : Measured galaxy bias:

— 020 =z = 0.303
030 =z = 0.409
— 041 =z = 0.48
—— 048 =z = 0.599
— 060 =z = 0.67
— 067 =z = 0.759

076 = z = 0.85 2 5_
—— 085 =z = 0.932 L]

093 =z = 1.048

i 105 =z = 1.19
,r'\l — 119 =z = 1411
[ 1 141 =z = 1677

l — 168 =z s 25 20—
.

Normalized n(z)

1.5

1.0
i >

0o
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Full-shape analysis with modified n(z)

Goal of GCPHz WP paper 3 : study systematic uncertainties like n(z) model misspecifications

Modifications of n(z) :

- unbiased —— unbiased

T T T T T T T T T T
0.0 05 10 15 20 0o 05 10 15 20

Additive bias Broadening

30
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Full-shape analysis with modified n(z)

Broadening of n(z) :

m(z) =ni(z+ 0.02(z — zp))

x10°

Qp = 4.90F — 02+1.04E-03
4.90F — 02+1-03£-03

s

h =0.681*3:828
0.66715:953

ns = 0.962+9:922
0.960+3929

/T

As

— n(z)
—— n(z+0.02(z-zp)

Prior

ns = 0.960 + 0.02

Qp = 0.049 + 0.001
Asx 10°=2.1 +0.1014

= 2.09F —09+373E-11
2.08E —09+983E-11

=
-

&

Q. = 0.262+9:928
0.268:83

®©

Shift of 0.15 o on h and Q.

—  0.01;
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Full-shape analysis with modified n(z)

Influence of n(z) model misspecifications
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BAO analysis

BAO extracted from the 2pcf measured on Flagship, in each bin of redshift

8 - ---- theoretical 8gan
h measured Ogao
6|
|
1
O
5
L
D 4
'ﬂ.l\‘.\‘
M

Bsr0 and its error are obtained by MCMC.
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BAO analysis

MCMC with the previous measurement (left) and the new one (right) :

1.02- B 2pcf A = 0.33 deg
2pcf AO = 0.20 deg
1.01
1.00]
S
0.99
0.98 1
0.97 1 | | | | | | . |
1 2 = 4 5 6 7 8
Template

The error on a is divided by 2 with the new measurement.



BAO analysis

Comparison including or excluding the last redshift bin :

1.02] == all bins
mm without last bin
1.01
S 1.00
0.99
0.98 1L , , . . . . .
1 2 3 4 5 6 4 8
Template

In agreement at 1o but there is an obvious systematic shift towards larger a and errors.
The robustness of the results with respect to the redshift bins used should be checked.
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