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Processing Function SPE

OU-SPE (O. Le Fevre/C. Surace)
SDC-FR (M. Poncet)
Calibration (B. Epinat)

Calibration Work Shop
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Interfaces :

- PF interfaces :
- SIM
- SIR

m - PHZ

- SWG interfaces :
- GC

- Calibration

- SDC dev:
- SDC-FR
- SDC-IT
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Goal of the PF-SPE :

PF-SPE should deliver redshift and spectrophotometric information for
each spectrum available, observed with NISP

PF-SPE should provide
Best redshift for each galaxy, and list of redshifts with quality flags

PDF for redshift measurement

Measurements of spectral features (Emission Lines, Absorption
lines, spectral breaks, continuum)

Spectral classification of each object

INPUTS : 1D Spectra and associated 1D Noise from PF-SIR.
1D decontaminated combined spectra
Single 1D decontaminated spectra for each single roll observation.
1D Covariance matrix




Organisation

WP-4-3-07-1000
WP-4-3-07-2100
WP-4-3-07-2200
WP-4-3-07-3000
WP-4-3-07-4100
WP-4-3-07-4200
WP-4-3-07-4300
WP-4-3-07-5200
WP-4-3-07-5300
WP-4-3-07-5400
WP-4-3-07-5500
WP-4-3-07-5600
WP-4-3-07-6000
WP-4-4-03-2207
WP-4-4-03-2307

SPE Management

SDC Interfaces

Interfaces - OUs
Requirements and V&V

Data Model

Data Calibration

Quality Mask

Lines id. and z measurement
Spectral features Measurement
Z Quality

Rest Frame Parameters
Spectro photo classification
Infrastructure

SDC-FR DEV SPE PF implementation
SDC-FR DEV Support to SPE PF V&V

O. Le Fevre
P.Y. Chabaud
C. Surace

V. Le Brun
J.C. Meunier
B. Epinat

C. Surace

V. Le Brun
M. Moresco
O. Le Fevre
L. Tasca

O. Ilbert

T. Fenouillet

P.Y. Chabaud

T Fenouillet

N

N

FR
FR
FR
FR
FR

FR
FR
FR
FR

FR
FR

# uch




PF-SPE Implementation S

éuch

The PF has been split in Processing Elements. Each PE has been split
into Modules.(links are descriptions of the PE in the EUCLID SGS
redmine site)

PE5200 : Lines id. and redshift measurement
http://euclid.roe.ac.uk/projects/ou-spe/wiki/5200 v01 Describe modules in prototype

PE5300 : Spectral features Measurement
http://euclid.roe.ac.uk/projects/spe pf/wiki/PE5300

PE5400 : Redshift Quality

http://euclid.roe.ac.uk/projects/ou-spe/wiki/5400 v01l Describe modules in prototype

PE5500 : Rest Frame Parameters
http://euclid.roe.ac.uk/projects/ou-spe/wiki/5500 v01l Describe modules in prototype

PE5600 : Spectro photometric classification
http://euclid.roe.ac.uk/projects/ou-spe/wiki/Wp-4-3-07-5600-Description




low chart -

Highlights

M1 : contiuum Spectrum

determination J\

M2 : Emissi
detect

on lines
ion

M3 : Absorption lines
detection

M4 : Continuum features
Detection

M10 :define X correlation
parameters
and constraints

template spectra

M11 : X correlation with

M6 :Features analysis

M5 :Spectrum fitting
with templates

@1 : Global continuum fitting)
@2 : Spectrum smoothingD

M7 :Features
S/N ration determination

ms :Determination of z_features
\with associated quality flags

inputs :

— template spectra
(cont+ lines)

- measured noise

i 4 I
inputs :
- List of reference

spectral features

N7

M9 :extract constraints
on possible z

Failure after several
tries

Count tries

no validated result

\/

M12 :correlation and constraints
analysis

z registering

{ z unknown )

\
| l

,,,,,, <|can include template fittinglﬁ

match btw corr and constraints

outputs:

- z and associated correlation
parameters based

on spectroscopic data

iteration needed on featues

M3 :Emission lines
Gaussian fitting

M4 : Absorption line
Gaussian fitting

M5 : Emission lines
direct integration

M6 :Continuum indices
computation

N2

@7 :Line indices computatior)

M8 : synthetic magnitudes
computation

More inputs :
Filter Transmissions

M9 : Spectral Mesurements
output table creation




Algorithms: PE5200 C@
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Cross correlation with templates:

Minimisation of the %2 function vs. redshift and maximisation of the
likelihood

11850

11800

x? function vs. Redshift
11750} -

g g | ; * The red points are the
in 2
11650L. | ... ________________________ ________________________ ......................... _________________________ e Each redshift value has
an associated quality
116000 | ,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,, S _________________________ (probability)




Test Status and Results: PE5200 p

Simulated spectra from internal data, with gaussian noise, no
contamination noise. SIM S|mulated spectra will be next (beeing tested)

111111111111111111111111111111111111111111111111111111
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201605311009_id299_z1.64713_mag40.4_sfr1.0_combined.fits

\

00000

0000000000000000000000000

Simulated galaxy at z=1.647

00000

11111
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Test Status and Results: PE5200 e
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Example of the analysis of simulated spectra using 4 roll angles spectra for the
redshift extraction. With these data we reach the requirement of 6z < 10-3

Success rate in redshift measurement

Redshift accuracy vs. Redshift accuracy
[dark blue line]=Median, [blue area]=Percentile 25%-75%, [light blue 100
100 L
@ 107 : i 80
N
+
=
= 102}
—
o
N ~
o 10°} c}i 60
— 10* B : ¢
4’_1 0
8
10° L] ; S ®
: 0
0 1 2 3
90
80 |
70}
E gg: 20
40}
QO 30
20
lg» ‘ K ; = combined
0 2 3 = interleaved
REDSHIFT 0
10° 10 10° 10 107

(zcalc-zref)/(1+zref)



Test Status and Results: PE5200 b=

Line Strength (expressed as SFR)

Performance Tests to validate methods

A performance matrix is set up to identify limitations of the methods.

For each redshift bin (z=0 to 7.0 with 0.5 steps), simulations are produced on a grid of
integrated line fluxes and objects magnitude. PF-SPE is run on the simulated spectra
and the success rate in redshift measurement is computed for each bin.

0.<z<0.5 05<z<1.0

0.1

1 1
100% 100%

SFR

1.0<z<15

2
0%

1.5<z<20

1
100%

120 210 220 230 240 250 260 27.0 280 120 210 220 230 240 250 260 27.0 280

- 20<z<25 25<z<30

01

...... : £ 100
&

120 210 220 230 240 250 260 27

3.0<z<35

0 280

120 210 220 230 240 250 260 27.0 280

01

3.5<z<4.0

120 210 220 230 240 250 260 27.0 280

01

- 40<z<45 45<z<50

ool

120 210 220 230 240 250 260 270 280

100%

SFR

120 210 220 230 240 250 260 27

5.0<z<6.0

0 280

12 21 22 23 24 25 26 27 28 12 21 22 23 24 25 26 27 28 12 21 22 23 24 25 26 27 28 12 21 22 23 24 25 26 27 28

Magnitude range

01

SFR

120 210 220 230 240 250 260 2

6.0<z<7.0

0 280

uccess: Az < 103

Failure: Az > 103

N: simulated objects
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PE5300: line measurement

With the redshift list from PE5200
compute line fluxes, EW, FWHM

Perform line fit and measure errors

Provide measurement of the
continuum and absorption indices |f= s

(checks ongoing) 0

Redshift list [PESZDO)

Spectral continuum
[FES200)

= [NI] + Ha complex to check
— Data
- - Guess
— Fit

0 Ho
S (1]

Continuum
5 [ Adjusted domain
3
-5
-10

15950 16000 16050 16100 16150 16200 16250
AL
T

(F,.-F..)/F,, inSpec

2.5F

2.0

1.5}
1.0}

0.5

0.0}y

L
9.

s,

106705 0.0 05 1.0 15 20 25 3.0 35

L4

Check detectability (mask)

Save measurements

Measiire
contineum indices
R AL

Chack detectability
[mask)

(Fo-Fiu)/F,, Bo

SNR(Ha)

Store
output



Bayesian model

Algorithms: PE5400 ng

Likelihood p(D|z,M;,I) X  Priorpdfp(z, M 1)

Posterior pdf : p(redshiftz, model M, | dataD,]) = Evidence p(D | 1)
MAP estimate : Zge. estim = argmax,(p(z|D,1)) with: p(z|D,1) = f p(z,M;|D,I)dM,
Jnimodal distribution Multimodal distribution MT
) J::i-r’nf ¥ VAP pdr pd‘r'

D.1)

d ey l | I ' | A unimodal pdf with a high probability leads to a
. ‘certain’ estimation

pdf P(z|D.1)

erior pdf P (z

Posterior
,.

h j | A multimodal pdf with equiprobable modes leads to
ST o a ‘unreliable’ zypp

Rdl|

Fig. : Examplec 0/ Posterior Pa’f P(z|D, 1} with a cst prior ina redshlft

range 0,
[CLASSIFICATION TE:S T]_Confusion Matrix of
Different types of the Posterior pdf p (z | D, 1) Resubstitution tests
different level of trust in the estimation Ensemble classifier
(Tree bagger, 20 learners, OVA)
3]
Inference of the quality state of the global maxima E I 7
Zypap Via: % 0% 0.29%
Machine learning (classification and/or clustering) =
Lo . CORLEGA 0% 0.14%
Characteristics of the Posterior p (z | D, I) £
True0 Truel True2
o Preliminary tests [04/2016] Unreliable flag‘ 0’
3 Levels the trust in the estimation zMAP Reliable flag‘1’
Very reliable flag‘2’

12
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Status - Algorithms =

Status of the Processing elements (PE) 4 )
PE-5200 : redshift measurement PE>200
Line model implemented PE-5300 PE-5400 |G
Cross-correlation implemented T
Spectral line detection implemented PE-5500 oA
Working within LODEEN 2B
PE-5600 3
PE-5300 : Line measurements
Fit of lines implemented i
\ PF-SPE

Extraction of Measurements / errors

PE-5400 : redshift quality determination
Implementation of PDF

PE-5500 : Rest Frame parameters
Algorithms defined

PE-5600 : Spectro photometric classification
Identified algorithms and methods

13



Vo

V0.5

Vi

V1.2

V2.1

V2.2

V2.5

V2.9

V3

V3ai

V3.5

Nov 2014

Nov2015

July 2016

October 2016

October 2017

July 2018

March 2019

April 2019

May 2020

Sept. 2020

July 2021

nlanning Schedule

Technical note
integration infrastructure

Prototype — including Data Model integration

Presentation of the software

Prototype v1.2 - interfaces with infrastructure

Prototype v2.1 - interfaces with infrastructure

Prototype v2.2 - interfaces with infrastructure

Production PF v2.5

Production PF V2.9

Production PF V3

Production PF V3.1

Production PF V3.5

SRR - Science requ. Revue

TK1 - keypoint

Scientific challenge

DR

TK2 - keypoint

SGS scientific challenge #7

IR

RR

ORR

DPRR

Check and assessments of scientific
requirements

Check integration within the LODEEN
environment

Check advances in the development of the
prototype

Check integration within the CODEEN
environment

Requirements validation, testing in CODEEN
environment

testing in CODEEN environment

Full integration Fraction TBD of modules
already coded and validated

Full integration Fraction TBD of modules
already coded and validated

Full integration of modules already coded and
validated

Full integration of modules already coded and
validated

Full integration of modules already coded and
validated

1A-1B

1A-1B

2A

2A

2A-2B

2A-2 B-3A

2A-2 B-3A

3B

3B

3B

14



Regquirements = b
OCl

Main PF-SPE requirements :
O Process and deliver 150000 redshifts and associated data each week.

R-LRD-018/R-GDP-DL3-222 : Provide central wavelength,
identification, FWHM, equivalent width, flux and luminosity and
Oerrors associated

R-LRD-031 : Provide interpolated flux at a specified set of rest-frame
wavelengths (15004, 25004, U,B, V, R, I, J, H, K) with associated
errors.

R-GDP-DL3-230 : Selection of sample (completeness level is > 45%)
and purity (required survey purity level is > 80%) (The Ha line flux
limit is 2x10-1® erg cm=2 st at 1600 nm (at S/N > 3.5)) and meets
the required density.

Demonstrated In progress

OK by analysis/ or « perfect » data To be done

15
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From Galaxy Clustering :
R-GC.1-3 : Az/z < 1*103 <(0.4 pix)

R-SPE-CAL-F-020 : Line intensity data processing error < 10% of
the statistical error.

R-GC.1-4 : Measured redshifts should have a systematic offset
<1/5 of the standard deviation given in R-GC.1-3, (exception of
catastrophic redshift failures).

R-GC.1-10 : Catastrophic redshift failures < 0.2 (20%).

R-GC.2.1-2 : The completeness of the redshift measurements
from NISP spectra shall be larger than 45%.

© O O OO0

16



Interface and Data Definition —

uch
Interface with Other PF/OUs

Interface with PF-SIR (1D spectra and noise, 1D covariance
matrix, Masks)

Interface With SIM (SIM 1D by pass products)

Interface With PHZ(High quality redshift sample)
Interface with SWG (requirements)

Interface with calibration (list of lines, templates)

|

Open points:
List of products for interfaces TBD.

Data Model

The definition of the 1D spectrum Data Model is still in
progress (basic Spectrum DM)

17



Open Issues II =

| uch

|

Validation tests with simulation spectra from SIM
(working with by-pass)
SIM data are being tested, A test-bed will be provided
before autumn

Validation tests with output spectra from SIR
Date not yet defined, depending on SIR

18



Extra slides 7 |
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Algorithms

Analysis of lines distribution wrt redshift

04

08

12

16

2

4

!

catalog: linecatalogamazedvacuum_B10D. lyafitAx bt
Lines presence = f(z) for observed spectrum in [12500.04 - 18500.04]
black=present, white=absent

§ 32 36 40 M 48 R

6 60 64 6§ 72 76 80 84 88 92 96

00
[SI16731-6732.T1AT

[SI6716 - 6718.324

INIoube1)- 6565238
Hlha- 564584

[NI){coublet-112.95) - 6549.84A

[Odoubet1) - 5008.164|
[OMdoublet-1/3)- 4960.154|
Hbeta - 4862.624
Hoamma - 4341584]
Hdelta- 4102814)
Hepsilon - 3971.154|
HB-3690114|

Nell- 3869054

H9- 3836.434|

HLO- 3198934
HIL-3770634)
[01[3729-3729.884 |
[ON3726-3727.094| .

[NeVe] - 3426.734

[NeVh) - 3346.81A

[CIIj1307 - 1906.684

[CII1909 - 1908.734

Helldoublet3] - 1640474

Helldoublet2] - 1640.334

(V1350 - 1551194

CIVI548 - 1548 61A

LyAE- 1216034

OVILO3TE - 1037.624

OVIL031E - 1031934

LyBE- 1025.124

LyGE- 972534

7

Emission

Lines

!
Halpha - 6564.56A —

NaD - 5395.6A
Mgl5175 - 5176.71A
Hbetad - 4862.624|
HgammaA - 4341584
GBand - 4304.57A
Hdelta - 4102.81A
HepsilonA - 3971.15A
Call H-3969.55A
Call K- 3934.73A
HBA - 3890.11A

H9A - 3836.43A

catalog: linecatalogamazedvacuum_B10D_lyaEfitAxl.txt
Lines presence = f(z) for observed spectrum in [12500.0A - 18500.0]
black=present, white=absent

HI0A- 3798.93A]

HIIA- 377L65A]

el - 3582.19A

Mgl2852 - 2853.73A
Mqll2803 - 2804.29A

Mgli2796 - 2797.11A

Fell2600 - 2600.87A

Fell2586 - 2587.35

Fell2382 - 2383.4A

Fell2374 - 2375.1A

Fell2344 - 2344.84A

Fell2260 - 2261.39A

Fell2249 - 2250.49A

AllIng62 - 1863.29A

Allings4 - 1855.22A

Alln670- 1671234

Fell1608 - 1608.88A

CI-1560.73A

CIVI550A - 1551.19A

CIVI548A - 1548.61A

Sill1526 - 1527.12A

SiiV1402 - 1403.15A

SiiV1393 - 1394.12A

Nill- 1370.5A

Cll- 133489

01-1302.51A

Sill1260 - 1260.76A

LyAA- 1212.04

OVIL037A- 1037.62A

OVIL031A- 1031.93A

LyBA-1025.724

LyGA- 972.53A

Absorption Lines
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