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HST slitless spectra simulation


[1]:






import numpy as np
import pandas as pd
import matplotlib.pyplot as pd
from glob import glob

# slitless dependencies
from slitless.optimize import Data, Model, Fitter
from slitless.analysis import names_ha, units_ha
from slitless.rotation import plateau
from slitless.constants import reflines
from slitless.plot import *

# for reproduciblity
np.random.seed(18)








Data


[52]:






path_data = '../data/'
filename2D = sorted(glob(path_data+'/*_2d.fits'))[1]   # some hst 2d.fits galaxy file

data = Data('Ha', filename2D, instrument='G102', decontaminate=True)










Model


[53]:






# Create data with kinematics

z = 0.6
v0 = 250   # [km/s]
r0 = 0.6   # [arcsec]
re = 1   # [arcsec]
incl = 60     # [deg]
pa = 15    # [deg]
psnr = 40
profile = 'sersic'
input_params = [v0, v0/r0, (1+z) * reflines['Ha'], 80, 20, 30, 25, 0.5, 0, 1]

model = Model(instrument='G102', method_disp='linear', simuData=True,
              Complex=True, Inputparams=input_params,
              names=names_ha, units=units_ha)
model.init_Data(data)
model.set_lines('Ha')
model.set_instrument(wave='custom')
model.set_FoV(60)    # pixel number in the the photometry image
model.set_galaxy(re, incl, pa)
model.set_rotation(plateau)            # to construct mock
model.set_density(profile=profile)
model.set_sens('apodize')
model.set_dispersion()
model.set_mock(input_params, PSNR=psnr)

print(data)
print(model)













mock data made with rotation: plateau
------------------------------
--------  Data class  --------
------------------------------
#### Simulation ####

grism used: G102
broaband: 60 x 60 px
2D-spectrum: 60 x 360 px
2D-data flux: 168.2
average dispersion: 23.66 A/pixel
spatial scale: 0.13 ''/pixel
redshift = 0.6000
magnitude = 21.7
effective radius = 7.7 px = 1.0 arcsec
inclinaison = 60.00 degree
PA = 15.00 degree
line [Ha] at 10503.4 Angstroms
Peak Signal to Noise: 40.0
----------------------------------------
------------  Model class  -------------
----------------------------------------
Modelisation of mock
Instrument : G102
kinematic resolution = 343 [km/s/pixel]
Rotation model : plateau
Density profile: sersic
lines emission: [Ha] at 10503.4 [A]
effective radius = 1.0 [arcsec] = 7.7 [pixel]
Parameters for mock data:
v0_sini = 250.00 [km/s]
w0_sini = 416.67 [km/s/"]
wHa = 10503.38 [A]
iHa = 80.00 [arb.units]
iNII = 20.00 [arb.units]
iSII = 30.00 [arb.units]
sigma = 25.00 [A]
cte = 0.50 [arb.units]
dy = 0.00 [px]
eta = 1.00 [arb.units]
2D-data shape: 60 pixel x  360 pixel
2D-data flux: 168.2
2D-model shape: 60 pixel x  360 pixel
2D-model flux: 168.2
dispersion method: linear
galaxy PA (fit): 15.0









Fit


[54]:






guessKin = [200, 200]   # v0, w0
l1, l2 = model.instrument.Wavelength_coverage
errors = (30, 30, 25, 10, 5, 5, 10, 0.05, 0.3, 0.1)
lims = (None,None,(7500,17500),None,None,None,None,None,(0,0),(0.5,2))

fit = Fitter(data, model, guessKin=guessKin, guessdy=0, guess_eta=1,
             lims=lims, errors=errors, zoom=True, pixel_zoom=(20,30),
             center_ha_sii=True)








[55]:






# Prefit the 1D spectrum like on real data

fit.guessSpe = fit.guess_spe(save=True)













---------------------------------- -----------------------------------
----------------------- Pre-fit on spectrum 1D -----------------------
------------------------------------------------------------------
| FCN = 0.02241                 |     Ncalls=181 (181 total)     |
| EDM = 0.00013 (Goal: 1E-05)   |            up = 1.0            |
------------------------------------------------------------------
|  Valid Min.   | Valid Param.  | Above EDM | Reached call limit |
------------------------------------------------------------------
|     True      |     True      |   False   |       False        |
------------------------------------------------------------------
| Hesse failed  |   Has cov.    | Accurate  | Pos. def. | Forced |
------------------------------------------------------------------
|     False     |     True      |   True    |   True    | False  |
------------------------------------------------------------------
wHa = 10496.225 [A]
iHa = 69.719 [arb.units]
iNII = 23.117 [arb.units]
iSII = 13.500 [arb.units]
sigma = 23.051 [A]
cte = 0.509 [arb.units]











[image: ../_images/notebooks_hst_simulation_8_1.png]




Let’s detail the galaxy model that we constructed in order to simulate the galaxy spectrogram (slitless spectroscopy spectrum):


	spatial flux distribution \(F(x, y)\) (top left panel): a sersic profile with \(r_e\) = 1 arcsec, \(i\)=60°, PA=15°


	velocity field \(v(x, y)\) with \(v_0 \sin i\) = 250 km/s and \(w_0 \sin i\) = 420 km/s/arcsec


	H\(\alpha\) + [NII] + [SII] complex (including instrumental transmission \(T(\lambda)\)





[56]:






_ = input_model_dima(fit, trace=True, yticks=[-20, 0, 20], cmap='gray_r', zoom=160)













/home/outini/.local/anaconda3/lib/python3.7/site-packages/scipy/stats/stats.py:3508: PearsonRConstantInputWarning: An input array is constant; the correlation coefficent is not defined.
  warnings.warn(PearsonRConstantInputWarning())











[image: ../_images/notebooks_hst_simulation_10_1.png]





[57]:






# Initialize minuit fitter
fit.set_minuit(tol=0.1, callback=None)
print(fit)   # values before fit













----------------------------------------------------------------------
---------------------------  Fitter class  ---------------------------
----------------------------------------------------------------------
Guess parameters:
v0_sini = 200.000 +/- 30.000 [km/s] ; lim: (-inf, inf)
w0_sini = 200.000 +/- 30.000 [km/s/"] ; lim: (-inf, inf)
wHa = 10496.225 +/- 25.000 [A] ; lim: (10023.10, 10969.35)
iHa = 69.719 +/- 13.944 [arb.units] ; lim: (0.00, 278.88)
iNII = 23.117 +/- 6.972 [arb.units] ; lim: (0.00, 174.30)
iSII = 13.500 +/- 6.972 [arb.units] ; lim: (0.00, 174.30)
sigma = 23.051 +/- 4.610 [A] ; lim: (0.00, 34.58)
cte = 0.509 +/- 0.102 [arb.units] ; lim: (0.00, 1.53)
dy = 0.000 +/- 0.300 [px] ; lim: (0.00, 0.00)
eta = 1.000 +/- 0.100 [arb.units] ; lim: (0.50, 2.00)
zoom: True
pixel zoom: 60 px x 40 px
edm_max = 2.0E-04
centered region between NII and SII: True






Then, in order to quantify the kinematics detection we’re gonna do a fit with a model without kinematics first and then with a model with kinematics.

Fit without kinematics


[58]:






# Create data and model class for the fit class without kinematics

model0 = Model(instrument='G102', method_disp='linear', simuData=True,
              Complex=True, Inputparams=input_params,
              names=names_ha, units=units_ha)
model0.init_Data(data)
model0.set_lines('Ha')
model0.set_instrument(wave='custom')
model0.set_FoV(60)    # pixel number in the the photometry image
model0.set_galaxy(re, incl, pa)
model0.set_rotation(none)            # no kinematics
model0.set_density(profile=profile)
model0.set_sens('apodize')
model0.set_dispersion()

fit0 = Fitter(data, model0, guessKin=guessKin, guessdy=0, guess_eta=1,
             lims=lims, errors=errors, zoom=True, pixel_zoom=(20,30),
             center_ha_sii=True)
fit0.guessPars = input_params
fit0.set_noRotation()

# Initalize
fit0.set_minuit(tol=100, callback=None)
print(fit0)   # values before fit













----------------------------------------------------------------------
---------------------------  Fitter class  ---------------------------
----------------------------------------------------------------------
Guess parameters:
v0_sini = 0.000 +/- 30.000 [km/s] ; lim: (0.00, 0.00)
w0_sini = 0.000 +/- 30.000 [km/s/"] ; lim: (0.00, 0.00)
wHa = 10503.376 +/- 25.000 [A] ; lim: (7500.00, 17500.00)
iHa = 80.000 +/- 10.000 [arb.units] ; lim: (-inf, inf)
iNII = 20.000 +/- 5.000 [arb.units] ; lim: (-inf, inf)
iSII = 30.000 +/- 5.000 [arb.units] ; lim: (-inf, inf)
sigma = 25.000 +/- 10.000 [A] ; lim: (-inf, inf)
cte = 0.500 +/- 0.050 [arb.units] ; lim: (-inf, inf)
dy = 0.000 +/- 0.300 [px] ; lim: (0.00, 0.00)
eta = 1.000 +/- 0.100 [arb.units] ; lim: (0.50, 2.00)
zoom: True
pixel zoom: 60 px x 40 px
edm_max = 2.0E-01
centered region between NII and SII: True







[59]:






_, _ = fit0.fit_minuit(verbose=True)
print(fit0.result())













------------------------------------------------------------------
| FCN = 2667                    |     Ncalls=110 (110 total)     |
| EDM = 0.153 (Goal: 0.01)      |            up = 1.0            |
------------------------------------------------------------------
|  Valid Min.   | Valid Param.  | Above EDM | Reached call limit |
------------------------------------------------------------------
|     True      |     True      |   False   |       False        |
------------------------------------------------------------------
| Hesse failed  |   Has cov.    | Accurate  | Pos. def. | Forced |
------------------------------------------------------------------
|     False     |     True      |   True    |   True    | False  |
------------------------------------------------------------------
---------------------------------------------------------------------------------------------
|   | Name    |   Value   | Hesse Err | Minos Err- | Minos Err+ | Limit-  | Limit+  | Fixed |
---------------------------------------------------------------------------------------------
| 0 | v0_sini |     0     |    30     |            |            |         |         |  yes  |
| 1 | w0_sini |     0     |    30     |            |            |         |         |  yes  |
| 2 | wHa     |  1.050E4  |  0.000E4  |            |            |  7500   |  17500  |       |
| 3 | iHa     |    80     |     8     |            |            |         |         |       |
| 4 | iNII    |    19     |     8     |            |            |         |         |       |
| 5 | iSII    |   30.7    |    2.1    |            |            |         |         |       |
| 6 | sigma   |   24.7    |    1.7    |            |            |         |         |       |
| 7 | cte     |   0.499   |   0.005   |            |            |         |         |       |
| 8 | dy      |   0.00    |   0.30    |            |            |         |         |  yes  |
| 9 | eta     |   1.000   |   0.005   |            |            |   0.5   |    2    |       |
---------------------------------------------------------------------------------------------
------------------------------------------------------------
|       |    wHa    iHa   iNII   iSII  sigma    cte    eta |
------------------------------------------------------------
|   wHa |  1.000  0.959 -0.966  0.366  0.850 -0.276 -0.034 |
|   iHa |  0.959  1.000 -0.986  0.462  0.914 -0.377 -0.073 |
|  iNII | -0.966 -0.986  1.000 -0.352 -0.864  0.252  0.027 |
|  iSII |  0.366  0.462 -0.352  1.000  0.589 -0.816 -0.121 |
| sigma |  0.850  0.914 -0.864  0.589  1.000 -0.565  0.030 |
|   cte | -0.276 -0.377  0.252 -0.816 -0.565  1.000 -0.121 |
|   eta | -0.034 -0.073  0.027 -0.121  0.030 -0.121  1.000 |
------------------------------------------------------------
----------------------------------------------------------------------
--------------------------- Result migrad ----------------------------
----------------------------------------------------------------------
minimization time : 2 min and 11 sec
Minuit ncalls : 189
edm : 0.152530
is_valid: True
has_valid_parameters: True
hesse_failed: False
has_covariance: True
has_posdef_covar: True
has_accurate_covar: True
has_made_posdef_covar: False
is_above_max_edm: False
has_reached_call_limit: False
FIT HAS CONVERGED y("0)y

Intrinsic parameters:
v0_sini = 0.0000 +/- 0.0000 [km/s]
w0_sini = 0.0000 +/- 0.0000 [km/s/"]
wHa = 10503.0488 +/- 1.4269 [A]
iHa = 79.6726 +/- 8.2102 [arb.units]
iNII = 19.3898 +/- 7.7915 [arb.units]
iSII = 30.6851 +/- 2.1364 [arb.units]
sigma = 24.6718 +/- 1.7265 [A]
cte = 0.4992 +/- 0.0050 [arb.units]
dy = 0.0000 +/- 0.0000 [px]
eta = 1.0000 +/- 0.0046 [arb.units]

Peak Signal to Noise: 40.0
Chi2/DoF = 2667/2393
Total peak-normalized RMS: 0.016
Data: [Ha] line at 10503.4 [A] : z = 0.60000
Fit: [Ha] line at 10503.0 [A] : z = 0.59995 +/- 0.00022
ecart relatif en redshift : 0.008%
----------------------------------------------------------------------
Correlation matrix:
[ 1.    0.96 -0.97  0.37  0.85 -0.28 -0.03]
[ 0.96  1.   -0.99  0.46  0.91 -0.38 -0.07]
[-0.97 -0.99  1.   -0.35 -0.86  0.25  0.03]
[ 0.37  0.46 -0.35  1.    0.59 -0.82 -0.12]
[ 0.85  0.91 -0.86  0.59  1.   -0.57  0.03]
[-0.28 -0.38  0.25 -0.82 -0.57  1.   -0.12]
[-0.03 -0.07  0.03 -0.12  0.03 -0.12  1.  ]

Extra info on the fit:






Fit with kinematics


[65]:






fit.guessPars[:2] = v0, v0/r0
fit.set_minuit(tol=100, callback=None)
_, _ = fit.fit_minuit(verbose=True)
print(fit.result())













------------------------------------------------------------------
| FCN = 2454                    |     Ncalls=168 (168 total)     |
| EDM = 0.164 (Goal: 0.01)      |            up = 1.0            |
------------------------------------------------------------------
|  Valid Min.   | Valid Param.  | Above EDM | Reached call limit |
------------------------------------------------------------------
|     True      |     True      |   False   |       False        |
------------------------------------------------------------------
| Hesse failed  |   Has cov.    | Accurate  | Pos. def. | Forced |
------------------------------------------------------------------
|     False     |     True      |   True    |   True    | False  |
------------------------------------------------------------------
---------------------------------------------------------------------------------------------
|   | Name    |   Value   | Hesse Err | Minos Err- | Minos Err+ | Limit-  | Limit+  | Fixed |
---------------------------------------------------------------------------------------------
| 0 | v0_sini |    320    |    50     |            |            |         |         |       |
| 1 | w0_sini |    440    |    50     |            |            |         |         |       |
| 2 | wHa     |  1.050E4  |  0.000E4  |            |            | 10023.1 | 10969.3 |       |
| 3 | iHa     |    79     |     8     |            |            |    0    | 278.876 |       |
| 4 | iNII    |    19     |     7     |            |            |    0    | 174.297 |       |
| 5 | iSII    |   30.1    |    2.1    |            |            |    0    | 174.297 |       |
| 6 | sigma   |   25.2    |    1.6    |            |            |    0    | 34.576  |       |
| 7 | cte     |   0.500   |   0.005   |            |            |    0    | 1.52577 |       |
| 8 | dy      |   0.00    |   0.30    |            |            |         |         |  yes  |
| 9 | eta     |   1.000   |   0.005   |            |            |   0.5   |    2    |       |
---------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------
|         | v0_sini w0_sini     wHa     iHa    iNII    iSII   sigma     cte     eta |
-------------------------------------------------------------------------------------
| v0_sini |   1.000  -0.479  -0.016  -0.031   0.015  -0.057  -0.020   0.053   0.043 |
| w0_sini |  -0.479   1.000  -0.011  -0.005   0.012   0.008   0.029  -0.009  -0.028 |
|     wHa |  -0.016  -0.011   1.000   0.955  -0.963   0.348   0.839  -0.265  -0.028 |
|     iHa |  -0.031  -0.005   0.955   1.000  -0.984   0.449   0.908  -0.372  -0.069 |
|    iNII |   0.015   0.012  -0.963  -0.984   1.000  -0.333  -0.853   0.241   0.020 |
|    iSII |  -0.057   0.008   0.348   0.449  -0.333   1.000   0.579  -0.812  -0.117 |
|   sigma |  -0.020   0.029   0.839   0.908  -0.853   0.579   1.000  -0.564   0.038 |
|     cte |   0.053  -0.009  -0.265  -0.372   0.241  -0.812  -0.564   1.000  -0.126 |
|     eta |   0.043  -0.028  -0.028  -0.069   0.020  -0.117   0.038  -0.126   1.000 |
-------------------------------------------------------------------------------------
----------------------------------------------------------------------
--------------------------- Result migrad ----------------------------
----------------------------------------------------------------------
minimization time : 3 min and 12 sec
Minuit ncalls : 274
edm : 0.163897
is_valid: True
has_valid_parameters: True
hesse_failed: False
has_covariance: True
has_posdef_covar: True
has_accurate_covar: True
has_made_posdef_covar: False
is_above_max_edm: False
has_reached_call_limit: False
FIT HAS CONVERGED y("0)y

Intrinsic parameters:
v0_sini = 321.2298 +/- 51.6880 [km/s]
w0_sini = 443.6140 +/- 51.7726 [km/s/"]
wHa = 10503.1178 +/- 1.3466 [A]
iHa = 79.4085 +/- 7.6988 [arb.units]
iNII = 19.2493 +/- 7.2746 [arb.units]
iSII = 30.0687 +/- 2.0901 [arb.units]
sigma = 25.1893 +/- 1.6120 [A]
cte = 0.5001 +/- 0.0049 [arb.units]
dy = 0.0000 +/- 0.0000 [px]
eta = 0.9999 +/- 0.0046 [arb.units]

Peak Signal to Noise: 40.0
Chi2/DoF = 2454/2391
Total peak-normalized RMS: 0.015
Data: [Ha] line at 10503.4 [A] : z = 0.60000
Fit: [Ha] line at 10503.1 [A] : z = 0.59996 +/- 0.00021
ecart relatif en redshift : 0.007%
----------------------------------------------------------------------
Correlation matrix:
[ 1.   -0.48 -0.02 -0.03  0.02 -0.06 -0.02  0.05  0.04]
[-0.48  1.   -0.01 -0.01  0.01  0.01  0.03 -0.01 -0.03]
[-0.02 -0.01  1.    0.95 -0.96  0.35  0.84 -0.27 -0.03]
[-0.03 -0.01  0.95  1.   -0.98  0.45  0.91 -0.37 -0.07]
[ 0.02  0.01 -0.96 -0.98  1.   -0.33 -0.85  0.24  0.02]
[-0.06  0.01  0.35  0.45 -0.33  1.    0.58 -0.81 -0.12]
[-0.02  0.03  0.84  0.91 -0.85  0.58  1.   -0.56  0.04]
[ 0.05 -0.01 -0.27 -0.37  0.24 -0.81 -0.56  1.   -0.13]
[ 0.04 -0.03 -0.03 -0.07  0.02 -0.12  0.04 -0.13  1.  ]

Extra info on the fit:






We can then compare the two fits by plotting the residuals and compute the p-value which tell us how much the addition of kinematics in the model is relevant to describe the data.


[96]:






_ = paper_simu_residuals_old(fit, fit0, zoom=100, alpha=5, trace=True,
                             npts=80, s_cross=400, norm_flux=40)












[image: ../_images/notebooks_hst_simulation_19_0.png]





[74]:






# Correlation matrices
corr0, corr = fit0.correlation(), fit.correlation()

_ = correlation_both(corr, corr0, cmap='RdBu_r', r0=None, line='Ha', N=10, useTex=True)












[image: ../_images/notebooks_hst_simulation_20_0.png]
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Simulation of EUCLID slitless spectroscopy galaxies images

Author: Mehdi Outini m.outini@ipnl.in2p3.fr

The purpose of this study is to determine if the slitless spectrography can be used to get access to kinematics properties such as the maximal velocity in galaxy rotations curve. This will be done by using simulations of slitless spectroscopic galaxies images of EUCLID. Since the EUCLID survey will count more than 1 billion galaxies, even if this methods will be effective on a few sampling it will still have an important science result combined with Tully-Fisher application.


*[EUCLID_IR] *

- lambda_min = 0.9 [\(\mu\)m] - lambda_max = 2.0 [\(\mu\)m] - resolution = 380

- dispersion = 13 [A/px] - scale = 0.3 [arcsec/px]




	z_lambda_min (H:math:alpha) = 0.37


	z_lambda_max (H:math:alpha) = 2.04


	z_lambda_min (OIII) = 0.79


	z_lambda_max (OIII) = 2.99


	z_lambda_min (OII) = 1.41


	z_lambda_max (OII) = 4.36





[2]:






%matplotlib inline








[3]:






import matplotlib
import matplotlib.pyplot as plt
import numpy as np
import galaxy as GALAXY
import rotation as ROTATION
import density as DENSITY
import instrument as INSTRUMENT
import constants as Cte
import warnings
warnings.filterwarnings("ignore")
plt.rcParams['image.cmap'] = 'gray_r'
matplotlib.rcParams['figure.figsize'] = (18, 12)








1 - EUCLID simulation


None velocity - homogenous density


[4]:






I = INSTRUMENT.Instrument('EUCLID_IR', sample_factor=2, rebin_factor=2)
I.resample()
gal = GALAXY.Galaxy(1.5, 60.0, 0.)
gal.set_instrument(I)
gal.set_rotation(ROTATION.none,R0=0.,V0=0.)
gal.set_density(DENSITY.homogeneous)
l0 = I.central_wavelength()
gal.set_spectrum(amp0=1.0,lbda0=l0,stddev=50,continuum=0.5)
gal.__str__()
I.__str__()
I.plot_galaxy(gal, contour=False, zoom=True)














----------------------------
Galaxy radius = 1.5 arcsec = 5.0 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : none with R0 = 0.0 arcsec = 0.0 pixel, V0 = 0.00 km/s
maximal velocity = 1.00 km/s
Density galaxy : homogeneous
Spectrum galaxy with ray at 15500.0 Angstroms and a Redshift z = 1.36
----------------------------
Instrument name : EUCLID_IR
Scale : 0.3  arcsec/pixel
Dispersion : 13.0  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  67  x  67
wavelength coverage : [ 11000.0 , 20000.0 ] Angstroms.
wavelength pixels :  692











[image: ../_images/notebooks_EUCLID_prospect_7_1.png]





[5]:






I.plot_slitless('left',gal,zoom=True,contour=True)












[image: ../_images/notebooks_EUCLID_prospect_8_0.png]







Plateau rotation - exponential density


[6]:






gal.set_rotation(ROTATION.plateau,R0=0.7,V0=300.)
gal.set_density(DENSITY.expo)
l0 = I.central_wavelength()
gal.set_spectrum(amp0=1.0,lbda0=l0,stddev=50,continuum=0.5)
gal.__str__()
I.__str__()
I.plot_galaxy(gal, contour=False, zoom=True)














----------------------------
Galaxy radius = 1.5 arcsec = 5.0 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : plateau with R0 = 0.7 arcsec = 2.3 pixel, V0 = 300.00 km/s
maximal velocity = 291.85 km/s
Density galaxy : expo
Spectrum galaxy with ray at 15500.0 Angstroms and a Redshift z = 1.36
----------------------------
Instrument name : EUCLID_IR
Scale : 0.3  arcsec/pixel
Dispersion : 13.0  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  67  x  67
wavelength coverage : [ 11000.0 , 20000.0 ] Angstroms.
wavelength pixels :  692











[image: ../_images/notebooks_EUCLID_prospect_10_1.png]





[7]:






I.plot_slitless('left',gal,zoom=True,contour=True)












[image: ../_images/notebooks_EUCLID_prospect_11_0.png]







No rotation - exponential density


[8]:






gal0 = GALAXY.Galaxy(1.5, 60.0, 0.)
gal0.set_instrument(I)
gal0.set_rotation(ROTATION.none,R0=0.,V0=0.)
gal0.set_density(DENSITY.expo)
l0 = I.central_wavelength()
gal0.set_spectrum(amp0=1.0,lbda0=l0,stddev=50,continuum=0.5)
gal0.__str__()
I.__str__()
I.plot_slitless('left',gal0,zoom=True,contour=True)














----------------------------
Galaxy radius = 1.5 arcsec = 5.0 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : none with R0 = 0.0 arcsec = 0.0 pixel, V0 = 0.00 km/s
maximal velocity = 1.00 km/s
Density galaxy : expo
Spectrum galaxy with ray at 15500.0 Angstroms and a Redshift z = 1.36
----------------------------
Instrument name : EUCLID_IR
Scale : 0.3  arcsec/pixel
Dispersion : 13.0  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  67  x  67
wavelength coverage : [ 11000.0 , 20000.0 ] Angstroms.
wavelength pixels :  692











[image: ../_images/notebooks_EUCLID_prospect_13_1.png]





[9]:






im1 = I.slitless('left', gal)
im2 = I.slitless('left', gal0)
I.plot_slitless_diff('left',gal0,im1,im2,zoom=True,contour=True)












[image: ../_images/notebooks_EUCLID_prospect_14_0.png]







Contour plot of the image without rotation on the one with rotation


[14]:






fig = plt.figure()
ax = fig.add_subplot(111, xlabel="X (px)", ylabel="Y (px)")
ax.contourf(im1, cmap='RdBu_r')
ax.contour(im2, cmap='RdBu_r')
ax.set_xlim([I.extent('vertical',gal)[2],I.extent('vertical',gal)[3]])
ax.set_ylim([I.extent('vertical',gal)[0],I.extent('vertical',gal)[1]])
ax.set_aspect('equal')












[image: ../_images/notebooks_EUCLID_prospect_16_0.png]





Conclusion :


	Structures with a size of about \(\sim\) 10 pixels when comparing the galaxy simulation images with and without velocity field.


	Contour plot difference shows of about a few pixel shift \(\rightarrow\) possible to take into account this effect with EUCLID.
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Modelisation of thin-disk galaxy kinematics in slitless spectrography

Author: Mehdi Outini m.outini@ipnl.in2p3.fr


I - Introduction

The long-slit spectrography involves observing elongated celestial object through an elongated slit aperture and refracting afterwards its light with a prism (or a grism). The Doppler shift frequency effect on the distribution of the collected light allows to reveal the amplitude of the rotation curve. This type of spectrograph gives a spectrum with the following shape : \(F(\lambda,x)\) where \(x\) is the spatial direction of the slit and \(\lambda\) the spectral component. The
major inconvenient is that the other spatial information \(y\) (perpendicular to the slit) is lost.

The slitless spectrography allows to get both spatial dimensions and the spectral one. The issue is that the detector receives a dispersed image corresponding to the continuous superposition of the object image and in all wavelenght coverage. Thus, the result has the following shape : \(F(\lambda,x,y)\) which make the data analysis more delicate. In order to attenuate the superposition of the spectrums, we disperse the images in differents directions (right, left, top, …)


The potential of slitless spectrography

The goal of the slitless spectrography is to measure the spectrums and redshifts of celestial objets (mainly galaxies) in a more important field than slit spectrography thanks to the absence of slit. The purpose of this study is to determine if the slitless spectrography can be used to get access to the maximal velocity in galaxy rotations curve. This will be done by studying the potential effect of rotation on slitless spectrography galaxies images.

This is a very interesting parameter since it gives access to the intrinsic luminosity of a galaxy according to the empirical relation of Tully-Fisher :


\[M = a\,log(V_{max}) + b\]

where \(M\) is the absolute magnitude \(a\) and \(b\) are coefficients depending on the galaxy spectral band. Moreover, by using the relative magnitude \(m\), well known, one can derive the distance of a galaxy thanks to the relation of the apparent and relative magnitude : \(\,\)


\[m - M = 5\,log\frac{D}{10pc}\]


[1]:






%matplotlib inline








[2]:






import matplotlib
import matplotlib.pyplot as plt
import numpy as np
import galaxy as GALAXY
import rotation as ROTATION
import density as DENSITY
import instrument as INSTRUMENT
import constants as Cte
import warnings
warnings.filterwarnings("ignore")
plt.rcParams['image.cmap'] = 'gray_r'
matplotlib.rcParams['figure.figsize'] = (18, 12)













---------------------------------------------------------------------------
ModuleNotFoundError                       Traceback (most recent call last)
<ipython-input-2-d94056272d87> in <module>
      2 import matplotlib.pyplot as plt
      3 import numpy as np
----> 4 import galaxy as GALAXY
      5 import rotation as ROTATION
      6 import density as DENSITY

ModuleNotFoundError: No module named 'galaxy'











II - Modelisation

** Hypothesis used in the simulation ** - approximation of a thin disk - axisymmetric velocity field and density profile (radial model)

In order to caracterize how much the instrument can resolute the velocity field of a galaxie by pixel, we introduce a variable nammed the “kinematic resolution” which is derived in \(km\).\(s^{-1}\).\(px^{-1}\). We know that the shift \(\Delta\)\(x\) in pixel induced by the rotation field can be given as :


\[\Delta x = \frac{\Delta \lambda}{D} = \frac{\lambda_{obs}}{D} \frac{\Delta v}{c}\]

where \(D\) is dispersion of the grism, \(c\) is the light velocity, \(\Delta\)\(v\) is the magnitude of the velocity field and \(\lambda_{obs}\) is the wavelenght of the galaxie emission line which take into account the redshift.

Therefore, we can define the “kinematic resolution” as :


\[R_{kinematic} = \frac{\Delta v}{\Delta x}  = \frac{D.c}{\lambda_{obs}}\]

For instance, if we consider a velocity field with 300 \(km\)\(.s^{-1}\), with a ray at 1,3 \(\mu\)\(m\) (i.e. a H\(\alpha\) ray at z = 1) we need to at least have a dispersion \(D\) \(\leq\) 13\(\mathring{A}\).\(px^{-1}\) in order to detect a global shift of 1 pixel.

*Resolution kinematic for the simulation compare to actual and future survey*









	Grism

	Spatial scale(\("\).\(px^{-1}\))

	Dispersion
(\(\mathring{A}\).\(px^{-1}\))

	kinematic resolution
(\(km\).\(s^{-1}\).\(px^{-1}\))





	G102 (3DHST)

	0.13

	24.5

	[640, 910]



	G141 (3DHST)

	0.13

	46.5

	[840, 1260]



	G280 (3DHST)

	0.13

	46.5

	[700, 2050]



	G800L (3DHST)

	0.05

	40

	[1200, 2150]



	EUCLID

	0.3

	13

	[210, 310]



	JWST

	0.065

	10

	[120, 300]



	Instrument TEST

	0.2

	0.13

	[3, 3.5]






Spectrum

Also, the galaxy spectrum will contain only one emission line (Ha, [OIII], [OII], …). It will be simulate with a continuous plus a gaussian at the caracteristic wavelenght line emission shifted due to the Doppler effect and the peculiar velocities of the galaxies : \(\,\)


\[\lambda'_{0} = (1+\bar{z})\,(1+\frac{v_{peculiar}}{c})\lambda_{0}  = (1+z)\lambda_{0}\]

Finally, we add a second Doppler effect because of the velocity of the galaxy : \(\,\)


\[\Delta\lambda = \frac{v}{c}\lambda'_{0} = \frac{v}{c}(1+z)\lambda_{0}\]

where \(v\) is the radial velocity.

Velocity field

The velocity field corresponds to the rotation velocity of the stars among the galaxy around the center. Several models are possible such as a solid rotation (which is too simple), a keplerian rotation predicted by the classic gravitationnal laws of Newton by only considering the baryonic matter(luminous matter). Nethertheless, the most physical model is the “plateau” which take into account both baryonic and dark matter distribution.

Instrument and observationnal parameters : - inclinaison \(i\) - position angle \(PA\) - parameters of the instrument such as : spectral dispersion \(D\) [\(\mathring{A}\).\(px^{-1}\)] and the spatial scale \(S\) [arcsec/pixel].


	rotation (solid, plateau, kepler)


	density (homogeneous, exponential)


	slitless instrument for spectroscopy (G141, G800L, EUCLID, JWST …)




We developed a ‘Instrument test’ with pruposely important dispersion in order to visualize the effect of the field velocity on the slitless spectroscpic galaxies images.


Density homogeneous - no velocity field


[5]:






I = INSTRUMENT.Instrument('INSTRUMENT_TEST', sample_factor=2, rebin_factor=2)
I.resample()
gal = GALAXY.Galaxy(1.5, 60.0, 0.)
gal.set_instrument(I)
gal.set_rotation(ROTATION.none,R0=0.,V0=0.)
gal.set_density(DENSITY.homogeneous)
l0 = I.central_wavelength()
gal.set_spectrum(amp0=1.0,lbda0=l0,stddev=0.5,continuum=0.5)
gal.__str__()
I.__str__()
I.plot_galaxy(gal,contour=False)














----------------------------
Galaxy radius = 1.5 arcsec = 7.5 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : none with R0 = 0.0 arcsec = 0.0 pixel, V0 = 0.00 km/s
maximal velocity = 1.00 km/s
Density galaxy : homogeneous
Spectrum galaxy with ray at 12025.0 Angstroms and a Redshift z = 0.83
----------------------------
Instrument name : INSTRUMENT_TEST
Scale : 0.2  arcsec/pixel
Dispersion : 0.13  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  100  x  100
wavelength coverage : [ 12000.0 , 12050.0 ] Angstroms.
wavelength pixels :  385











[image: ../_images/notebooks_Modelisation_slitless_22_1.png]







Density homogeneous - plateau model


[6]:






gal = GALAXY.Galaxy(1.5, 60.0, 0.)
gal.set_instrument(I)
gal.set_rotation(ROTATION.plateau,R0=0.7,V0=300.)
gal.set_density(DENSITY.homogeneous)
l0 = I.central_wavelength()
gal.set_spectrum(amp0=1.0,lbda0=l0,stddev=0.5,continuum=0.5)
gal.__str__()
I.plot_galaxy(gal, contour=False)














----------------------------
Galaxy radius = 1.5 arcsec = 7.5 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : plateau with R0 = 0.7 arcsec = 3.5 pixel, V0 = 300.00 km/s
maximal velocity = 291.85 km/s
Density galaxy : homogeneous
Spectrum galaxy with ray at 12025.0 Angstroms and a Redshift z = 0.83
----------------------------











[image: ../_images/notebooks_Modelisation_slitless_24_1.png]







Density exponential - plateau model


[7]:






gal = GALAXY.Galaxy(1.5, 60.0, 0.)
gal.set_instrument(I)
gal.set_rotation(ROTATION.plateau,R0=0.7,V0=300.)
gal.set_density(DENSITY.expo)
l0 = I.central_wavelength()
gal.set_spectrum(amp0=1.0,lbda0=l0,stddev=0.5,continuum=0.5)
gal.__str__()
I.plot_galaxy(gal, contour=False)














----------------------------
Galaxy radius = 1.5 arcsec = 7.5 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : plateau with R0 = 0.7 arcsec = 3.5 pixel, V0 = 300.00 km/s
maximal velocity = 291.85 km/s
Density galaxy : expo
Spectrum galaxy with ray at 12025.0 Angstroms and a Redshift z = 0.83
----------------------------











[image: ../_images/notebooks_Modelisation_slitless_26_1.png]




**Conclusion : - application to the future survey EUCLID **


[4]:






import os
os.chdir('/home/outini/these/slitless/slitless/kinematics/')








[13]:






import matplotlib
import matplotlib.pyplot as plt
#import seaborn
import numpy as np
import galaxy as GALAXY
import rotation as ROTATION
import density as DENSITY
import instrument as INSTRUMENT
import constants as Cte








[14]:






run test













PERFECT INSTRUMENT
photometric shape input:  60 pixel x  60 pixel
wavelengh pixel: 385 pixel
average dispersion: 0.13 Angstrom/pixel
lines emission: ['Ha'] at [12025.0] Angstroms
effective radius = 10.0 pixel = 2.0 arcsec
redshift = 0.832
inclinaison = 60.00 degree
PA = 0.00 degree







[20]:






plt.rcParams['image.cmap'] = 'gray_r'
matplotlib.rcParams['figure.figsize'] = (18, 12)
I = INSTRUMENT.Instrument('INSTRUMENT_TEST', sample_factor=1, rebin_factor=1)
I.set_spatial_parameters(-10,10)
#I.resample()
I.set_disp()
G = GALAXY.Galaxy(1.5, 60.0, 0.)
G.set_instrument(I)
G.set_rotation(ROTATION.plateau,R0=0.5,V0=300)
G.set_density(DENSITY.sersic,n=1.)
l0 = I.central_wavelength()
G.set_spectrum(amp0=1.,lbda0=l0,stddev=0.5,continuum=0.5)
I.set_galaxy(G)
G.__str__()
I.__str__()
I.plot_galaxy(I.disp, zoom=False, contour=False)
plt.show()














----------------------------
Galaxy radius = 1.5 arcsec = 7.5 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : plateau with R0 = 0.5 arcsec = 2.5 pixel, V0 = 300.00 km/s
maximal velocity = 259.62 km/s
Density galaxy : sersic
Spectrum galaxy with ray at 12025.0 Angstroms and a Redshift z = 0.83
----------------------------
Instrument name : INSTRUMENT_TEST
Scale : 0.2  arcsec/pixel
Dispersion : 0.13  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  100  x  100
wavelength coverage : [ 12000.0 , 12050.0 ] Angstroms.
wavelength pixels :  385











[image: ../_images/notebooks_Modelisation_slitless_31_1.png]





[21]:






im = I.slitless(disp=I.disp,method='fft')
f.plot(im)
plt.show()












[image: ../_images/notebooks_Modelisation_slitless_32_0.png]
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[1]:






!pwd













/home/novae/outini/these/slitless/docs







[2]:






import os








[3]:






os.chdir('/home/novae/outini/these/slitless/slitless/kinematics/')








[5]:






%matplotlib inline








[6]:






import matplotlib
import matplotlib.pyplot as plt
#import seaborn
import numpy as np
import galaxy as GALAXY
import rotation as ROTATION
import density as DENSITY
import instrument as INSTRUMENT
import constants as Cte








[8]:






plt.rcParams['image.cmap'] = 'gray_r'
matplotlib.rcParams['figure.figsize'] = (18, 12)
I = INSTRUMENT.Instrument('INSTRUMENT_TEST', sample_factor=1, rebin_factor=1)
I.set_spatial_parameters(-10,10)
#I.resample()
I.set_disp()
G = GALAXY.Galaxy(1.5, 60.0, 0.)
G.set_instrument(I)
G.set_rotation(ROTATION.plateau,R0=0.5,V0=300)
G.set_density(DENSITY.homogeneous,n=1.)
l0 = I.central_wavelength()
G.set_spectrum(amp0=1.,lbda0=l0,stddev=0.5,continuum=0.5)
I.set_galaxy(G)
G.__str__()
I.__str__()
I.plot_galaxy(I.disp, zoom=False, contour=False)
plt.show()














----------------------------
Galaxy radius = 1.5 arcsec = 7.5 pixel
Galaxy inclination = 60.0 deg
Galaxy position angle = 0.0 deg
Rotation galaxy : plateau with R0 = 0.5 arcsec = 2.5 pixel, V0 = 300.00 km/s
maximal velocity = 259.62 km/s
Density galaxy : homogeneous
Spectrum galaxy with ray at 12035.0 Angstroms and a Redshift z = 0.83
----------------------------
Instrument name : INSTRUMENT_TEST
Scale : 0.2  arcsec/pixel
Dispersion : 0.13  Angstroms/pixel
spatial coverage : [ -10 , 10 ] arcsec.
spatial pixels :  100  x  100
wavelength coverage : [ 12000.0 , 12070.0 ] Angstroms.
wavelength pixels :  539











[image: ../_images/notebooks_Modelisation_slitless_40_1.png]
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3D-HST Aegis #19843


[1]:






import numpy as N

import astropy.io.fits as F
from astropy.wcs import WCS

import slitless.fourier.fourier as SF













---------------------------------------------------------------------------
ModuleNotFoundError                       Traceback (most recent call last)
<ipython-input-1-59679a0ad2a8> in <module>
      4 from astropy.wcs import WCS
      5
----> 6 import slitless.fourier.fourier as SF

~/these/slitless/slitless/fourier/__init__.py in <module>
     26 if __importAll:
     27     for pkg in __all__:
---> 28         __import__(__name__ + '.' + pkg)

~/these/slitless/slitless/fourier/plots.py in <module>
     16 __version__ = "Fri Jan 20 10:25:54 2017"
     17
---> 18 import arrays as FA
     19 from misc import pearsonr
     20

ModuleNotFoundError: No module named 'arrays'







[4]:






import matplotlib.pyplot as P
# P.style.use('bmh')

%matplotlib inline








Original analysis

[image: 3D-HST/Aegis #19843]




Input dataset


Broadband image


[3]:






hdu = F.open("data/aegis-01-G141_19843.2D.fits")
hdu.info()













Filename: data/aegis-01-G141_19843.2D.fits
No.    Name      Ver    Type      Cards   Dimensions   Format
  0  PRIMARY       1 PrimaryHDU      36   ()
  1  DSCI          1 ImageHDU         8   (37, 37)   float64
  2  DINTER        1 ImageHDU         8   (37, 37)   float64
  3  DWHT          1 ImageHDU         8   (37, 37)   float32
  4  DSEG          1 ImageHDU         8   (37, 37)   int32
  5  SCI           1 ImageHDU        21   (312, 37)   float64
  6  WHT           1 ImageHDU        22   (312, 37)   float64
  7  MODEL         1 ImageHDU        22   (312, 37)   float64
  8  CONTAM        1 ImageHDU        22   (312, 37)   float64
  9  WAVE          1 ImageHDU        21   (312,)   float64
 10  SENS          1 ImageHDU        22   (312,)   float64
 11  YTRACE        1 ImageHDU        22   (312,)   float64







[4]:






ima = hdu['DSCI'].data

# bkgnd = N.percentile(ima, 20.)
bkgnd = N.median(ima)
ima -= bkgnd      # Median background subtraction
ima /= ima.sum()  # Flux normalization

x, y = SF.create_coords(ima.shape, starts='auto')

ax = SF.display_image(x, y, ima, contourf=True)
ax.set_title("Broadband image");












[image: ../_images/notebooks_fourier_aegis_7_0.png]







Dispersed image


[5]:






dima = hdu['SCI'].data

xd, yd = SF.create_coords(dima.shape, starts='auto')








[13]:






if True:  # Remove contamination
    print("Dispersed image total flux (before decontamination):", dima.sum())
    cima = hdu['CONTAM'].data
    print("Contamination flux:", cima.sum())
    dima -= cima

print("Dispersed image total flux:", dima.sum())













Dispersed image total flux (before decontamination): 113.21977628627748
Contamination flux: 20.69140390239573
Dispersed image total flux: 92.52837238388175







[15]:






psnr = dima.max() / N.std(dima[dima <= N.percentile(dima, 10)])
print("Estimated peak SNR:", psnr)













Estimated peak SNR: 26.037521947799508







[17]:






wcs = WCS(hdu['SCI'].header)
print(wcs)

fig = P.figure(figsize=(14, 4))
ax = fig.add_subplot(1, 1, 1, projection=wcs, aspect='equal')
ax.contourf(dima)
ax.set(title=u"Dispersed image →", xlabel="Wavelength [m]", ylabel="Position [arcsec]")
#ax.xaxis.set_major_formatter(P.matplotlib.ticker.StrMethodFormatter("{:g}"))
# Astropy WCS specific commands
axlbda = ax.coords[0]
axlbda.set_ticks(number=7)
axlbda.set_major_formatter('%g')
ax.coords.grid(color='white', alpha=0.5, linestyle='solid')













WCS Keywords

Number of WCS axes: 2
CTYPE : 'WAVE'  'LINEAR'
CRVAL : 1.02086398609255e-06  0.1578007717913473
CRPIX : 1.0  19.333
CD1_1 CD1_2  : 2.319768697486688e-09  0.0
CD2_1 CD2_2  : -0.00060240367711474  0.064127
NAXIS : 312  37











[image: ../_images/notebooks_fourier_aegis_12_1.png]







Extracted spectrum


[21]:






shdu = F.open("data/aegis-01-G141_19843.1D.fits")
print(shdu[1].columns)

wave = shdu[1].data['wave']
flux = shdu[1].data['flux']
dflux = shdu[1].data['error']

fig, ax = P.subplots(figsize=(10, 4))
ax.plot(wave, flux)
ax.fill_between(wave, flux - dflux, flux + dflux, alpha=0.4)
ax.set(xlabel=u"Wavelength [A]", ylabel="Flux [e/s]")

print("Spectrum total flux:", flux.sum())













ColDefs(
    name = 'wave'; format = 'D'; unit = 'ANGSTROMS'
    name = 'flux'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'error'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'contam'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'trace'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'etrace'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'sensitivity'; format = 'D'; unit = 'E/S / 1E-17 CGS'
)
Spectrum total flux: 123.53313693181266











[image: ../_images/notebooks_fourier_aegis_14_1.png]







Dispersion law


From primary header


[10]:






dw = hdu[0].header.get('DW')  # [A/px]
w0 = hdu[0].header.get('W0')  # [A]

print "Dispersion: {:.2f} A/px".format(dw)
print "Central wavelength: {:.2f} A".format(w0)

steps = N.diff(wave)
print "Steps: {:.2f} ± {:.2f} A/px, from {:.2f} to {:.2f} A/px".format(steps.mean(), steps.std(), steps.min(), steps.max())













Dispersion: 22.00 A/px
Central wavelength: 14000.00 A
Steps: 23.45 ± 0.15 A/px, from 23.20 to 23.71 A/px









Rough estimate from dispersed image


[25]:






dmin, dmax = -120., +120.  # Spectral extent [px]
lmin, lmax = 11000., 16500.  # Spectral coverage [A]

dw = (lmax - lmin) / (dmax - dmin)  # [A/px]
w0 = lmax - dw * dmax               # [A]
print("Dispersion: {:.2f} A/px".format(dw))
print("Central wavelength: {:.2f} A".format(w0))

disp = (wave - w0) / dw  # Dispersion toward the positive x [px]













Dispersion: 22.92 A/px
Central wavelength: 13750.00 A









From WCS of dispersed image


[26]:






wx, wy = wcs.wcs_world2pix(wave * 1e-10, 0, 0)  # WCS takes wavelengthes in meter
# Dispersion offset wrt image center (has to be coherent with center_array centering)
disp = (wx - dima.shape[1] // 2) + 1j * (wy - dima.shape[0] // 2)








[27]:






ax = SF.plot_dispersion_xy(wave, disp)
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[14]:






# Dispersion correlation coefficient
print "Dispersion Pearson R={:.3f}".format(SF.pearsonr(disp.real, disp.imag))

# Spectral extent
print "Spectral extent: {:.2f} A, {:.1f} px in x, {:.1f} px in y".format(
    wave[-1] - wave[0], disp[-1].real - disp[0].real, disp[-1].imag - disp[0].imag)

# Mean dispersion
dispx = (N.diff(wave) / N.diff(wx)).mean()
dispy = (N.diff(wave) / N.diff(wy)).mean()
print "Dispersions: {:.2f} A/px in x, {:.2f} A/px in y".format(dispx, dispy)

# Rotation angle [deg]
alpha = SF.dispersion_angle(disp, degrees=True)
print "Rotation: {:.3f} deg".format(alpha)













Dispersion Pearson R=1.000
Spectral extent: 7294.42 A, 314.4 px in x, 3.0 px in y
Dispersions: 23.20 A/px in x, 2469.44 A/px in y
Rotation: 0.538 deg







[15]:






ax = SF.display_image(xd, yd, dima, contourf=True, figsize=(14, 4))
ax.set_title(u"Dispersed image →");

SF.plot_dispersion_xy(wave[::5], disp[::5], s=N.maximum(40 * flux[::5], 5), ax=ax);
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Fourier extraction


Broadband image


[16]:






eima = SF.embed_array(ima, dima.shape)
xe, ye = SF.create_coords(eima.shape, starts='auto')








[17]:






ax = SF.display_image(xe, ye, eima, contourf=True, figsize=(14, 4))
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[18]:






u, v, fima = SF.fft_image(eima)

print "Integrated image total power:    ", SF.total_power(eima)
print "FT(integrated image) total power:", SF.total_power(fima, normed=True)

fig = SF.display_fimage(u, v, fima, layout='vertical', title="FT(input image)");













Integrated image total power:     0.00635895987594
FT(integrated image) total power: 0.00635895987594
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Dispersed image


[19]:






_, _, fdima = SF.fft_image(dima)

fig = SF.display_fimage(u, v, fdima, layout='vertical', title=u"FT(dispersed image →)");
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Wiener deconvolution

The optimal (in the minimum Mean Squared Error sense) Wiener deconvolution [https://en.wikipedia.org/wiki/Wiener_deconvolution] can be written:


\[\hat{\mathcal{S}}(u, v) = \frac{\hat{I}(u, v)}{\hat{F}(u, v)} \left[
    \frac{|\hat{F}(u, v)|^{2}}{|\hat{F}(u, v)|^{2} + \frac{P_n(u, v)}{P_s(u, v)}}
\right]\]

where \(P_n\) (resp. \(P_s\)) is the mean power spectral density of the noise (resp. signal). The difficulty is the estimate of the unknown SNR power spectrum \(P_s/P_n\).

Other possibilities: * maximum a posteriori (e.g. Ocvirk et al. 2006) * myopic deconvolution (e.g. AIDA [https://github.com/erikhom/aida], Hom et al. 2007) * sparse deconvolution (add an L1-penalty term)


[20]:






ipower = N.abs(fdima)**2  # Power of the dispersed image (I + N)
fpower = N.abs(fima)**2   # Power of the integrated image (F)
fpower *= ipower.sum() / fpower.sum()

dfima = SF.disperse_fimage(u, v, fima, flux, disp)
spower = N.abs(dfima)**2   # Power of the modeled dispersed image (I)

npower = N.percentile(ipower, 50)    # Mean power spectral density

wfilter = fpower / (fpower + npower / spower)
assert N.isclose(wfilter.max(), 1), "Error in W-filter normalization."








[21]:






nima, nlbda = dima.shape

fig, ax = P.subplots(figsize=(8, 6))
ax.plot(u[0], fpower[nima//2], label=u"|F|²")
l, = ax.plot(u[0], ipower[nima//2], label=u"|I+N|²")
ax.plot(u[0], spower[nima//2], color=l.get_color(), ls=':', label=u"|I|²")
ax.axhline(npower, color=l.get_color(), ls='--', label=u"|N|²")
ax.plot(u[0], wfilter[nima//2], label=r"Wiener")
ax.set(xlabel='u', ylabel='PSD', yscale='log', title="Wiener filter")
ax.legend();
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[22]:






alpha = 1    # standard Wiener filter
# alpha = 0    # standard inverse filter
# alpha = 0.5  # geometric mean filter
f = fdima / fima * wfilter**alpha

fig = SF.display_fimage(u, v, f, layout='vertical', title=u"FT(spectral trace →)", figsize=(14, 6))
fig.axes[0].contour(u, v, wfilter**alpha, 3, cmap='gray', alpha=0.5)
fig.axes[1].contour(u, v, wfilter**alpha, 3, cmap='gray', alpha=0.5);
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Spectral trace


[23]:






sima = SF.ifft_image(f, shifted=True)  # Deconvolved spectral trace

ax = SF.display_image(xd, yd, dima, contourf=True, figsize=(14, 4))
ax.set(title=u"Spectral trace →", xlabel=u"x ≡ λ", ylabel='y');
ax.contour(xe, ye, sima, 3, cmap='plasma', linewidths=1);













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:371: UserWarning: ifft(image) is not purely real, ignoring imaginary part.
  warnings.warn("ifft(image) is not purely real, ignoring imaginary part.")
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Extracted spectrum


[24]:






theta = SF.dispersion_angle(disp, shape=f.shape, degrees=True)
print u"Rotation in the (u,v) plane: {:.1f}°".format(theta)













Rotation in the (u,v) plane: 4.5°







[25]:






fspec = SF.average_fimage(f, theta, weights=wfilter**alpha)
spec = SF.ifft_spectrum(fspec, shifted=True)
spec *= dima.sum() / spec.sum()  # Normalize to total input flux













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:339: UserWarning: ifft(spec) is not purely real, ignoring imaginary part.
  "ifft(spec) is not purely real, ignoring imaginary part.")







[26]:






spec3 = SF.wiener_deconvolution(fdima, eima, flux, disp, alpha, niter=3, rotate=True)













Wiener deconvolution iter #1/3: RMS=3.16300991662
Wiener deconvolution iter #2/3: RMS=1.23320529886
Wiener deconvolution iter #3/3: RMS=0.441334838388







[27]:






fig, ax = P.subplots(figsize=(14, 6))
ax.set(xlabel=u'Obsframe wavelength [A]', ylabel='Flux [e-/s]')
ax.plot(wave, flux, label="3D-HST")
ax.fill_between(wave, flux - dflux, flux + dflux, alpha=0.5)
ax.plot(wave, spec, label="Wiener #1")
ax.plot(wave, spec3, label="Wiener #3")
#ax.plot(wave, sima.sum(axis=0), label="sima.sum(axis=0)")

# Reference wavelengthes [A]
reflines = {'Ha': 6564.610,
            'SIIa': 6718.290,
            'SIIb': 6732.670,
           }
z = 0.9513

for line, l0 in reflines.iteritems():
    ax.axvline(l0 * (1 + z), c='0.8')
ax.legend();
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Reconstructed dispersed image


[28]:






dfima = SF.disperse_fimage(u, v, fima, spec3, disp)

fig = SF.display_fimage(u, v, dfima, layout='vertical', title=u"Simulated FT(dispersed image →)")
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[29]:






sdima = SF.ifft_image(dfima)  # Simulated dispersed image








[30]:






ax = SF.display_image(xd, yd, dima, contourf=True, figsize=(16, 6))
ax.contour(xe, ye, sdima, cmap='plasma', linewidths=1)
ax.set(title=u"Dispersed image →", xlabel=u"x ≡ λ", ylabel='y');
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[31]:






residuals = dima - sdima
ax = SF.display_image(xd, yd, residuals, contourf=True, figsize=(16, 6))
ax.set(title=u"Dispersed image → (residuals)", xlabel=u"x ≡ λ", ylabel='y');
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[32]:






sel = SF.select_coords(xd, yd, xlim=(-50, -35), ylim=(-5, +5))
ax = SF.display_image(xd[sel], yd[sel], residuals[sel], contourf=True)
ax.contour(xe[sel], ye[sel], dima[sel], cmap='plasma', linewidths=1)
ax.set(title=u"Dispersed image → (residuals)", xlabel=u"x ≡ λ", ylabel='y');
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Fourier-based slitless spectrography

Author: Yannick Copin y.copin@ipnl.in2p3.fr


Theory

The astrophysical content of a source is described by the intrinsic spectro-spatial distribution \(C(\vec{r}=(x, y), \lambda)\). For the sake of simplicity, the transmission factor \(T(\vec{r}, \lambda)\) of the total instrument is included in \(C\), and will be handled by during flux calibration.

If the source is supposed to be separable, one can write:


\[C(\vec{r}, \lambda) = F(\vec{r}) \cdot S(\lambda).\]

Examples:


	Point source at position \(\vec{r}_0\): \(F(\vec{r}) = \delta(\vec{r} - \vec{r}_0)\)


	Infinitely-thin emission line at intrinsic wavelength \(\lambda_0\): \(S(\lambda) = \delta(\lambda - \lambda_0)\)




The observation is described (we neglect here the sampling considerations) by its spectro-spatial Impulse Response Function \(P(\vec{r}, \lambda)\) (usually named Point Spread Function in the spatial coordinates, and Line Spread Function in the wavelength coordinate), and the observable source is:


\[O(\vec{r}, \lambda) = C(\vec{r}, \lambda) \otimes P(\vec{r}, \lambda)\]

where \(\otimes\) denotes the convolution both in the spatial and spectral directions:


\[(f \otimes g) (\xi) = \int dy\,f(\xi - \psi)\,g(\psi) = \int d\psi\,f(\psi)\,g(\xi - \psi).\]

The IRF can be considered as having two distinct components:


	a shape component \(P_0\), which degrades the spatial or spectral resolutions without (significantly) alter the expected position of the source, e.g.:


\begin{align}
\iint \vec{r}\,P_0(\vec{r}, \lambda)\,dx\,dy &= \vec{0} \quad\forall\lambda \\
\int \lambda\,P_0(\vec{r}, \lambda)\,d\lambda &= 0 \quad\forall\vec{r}
\end{align}


	an offset component \(P_{\Delta}\), which differentially translates the observed position with respect to the expected one as function of position or wavelength, e.g.:


\[P_{\Delta}(\vec{r}, \lambda) = \delta(\vec{r} - \Delta\vec{r}(\lambda))\]

This component could describe astrometric distortions (potentially chromatic), or any dispersive behavior (where position is an explicit function of wavelength), such as Atmospheric Differential Refraction.





Overall, considering reference position \(\vec{r}_0\) and wavelength \(\lambda_0\), and no offset in the spectral direction, one can write:


\[P(\vec{r}, \lambda) = P_0(\vec{r}, \lambda - \lambda_0) \otimes P_{\Delta}(\vec{r} - \vec{r}_0(\lambda - \lambda_0)).\]

The position component \(P_{\Delta}\) is usually ignored by somehow recentering the global IRF around the origin (even if, in the case of a complex shape, this registration might be ill-defined and only approximate): any position offset is then attributed to an extrinsic position model (e.g. the Atmospheric Differential Refraction). While this can be reasonable if the chromaticity of the PSF only impacts to its shape component (e.g. a broader PSF at longer wavelengths), the PSF can be
constructed to include intrinsic chromatic offsets (such as aforementioned Atmospheric Differential Refraction), or more general dispersive effects.


Photometry case

The image \(I(x, y)\) is the integral of the observable source over the wavelength domain:


\[I(x, y) = \int_{\lambda} d\lambda\,O(x, y, \lambda)\]

By construction, an imager has no intrinsic dispersive power, and the final IRF is dominated by its shape component:


\[\begin{split}\begin{align}
P_\Delta(\vec{r}, \lambda) &\simeq \delta(\vec{r}) \\
P(\vec{r}, \lambda) &\simeq P_0(\vec{r}, \lambda)
\end{align}\end{split}\]

In the limit case where the IRF is fully achromatic, \(P_0(\vec{r}, \lambda) = P_0(\vec{r})\), and one has:


\[ \begin{align}\begin{aligned}  I(x, y) = (\bar{C} \otimes P_{0})(x, y)\\where :math:`\bar{C}(x, y)` is the wavelength-averaged source.\end{aligned}\end{align} \]

However, the IRF usually includes some (shape) chromaticity. If one naturally neglects the LSF contribution, \(P_0(\vec{r}, \lambda) = P_{\lambda}(\vec{r}) \otimes \delta(\lambda)\) and


\[ \begin{align}\begin{aligned}\begin{split}  % C(\vec{r}, \lambda) &= \bar{C}(\vec{r})\left(1 + \frac{C(\vec{r}, \lambda) - \bar{C}(\vec{r})}{\bar{C}(\vec{r})}\right) \\
  I(\vec{r}) = \iint_{\vec{r}_0} d^{2}r_0\,\bar{C}(\vec{r}_0) \int_{\lambda} d\lambda\,P_{\lambda}(\vec{r} - \vec{r}_0)\left(\frac{C(\vec{r}_0, \lambda)}{\bar{C}(\vec{r}_0)}\right)\end{split}\\which is not exactly a convolution product.\end{aligned}\end{align} \]

Assuming the source is factorizable (see above), \(C(\vec{r}, \lambda)/\bar{C}(\vec{r}) = S(\lambda)/\bar{S} = 1 + \epsilon(\lambda)\) the relative chromaticity of the source, and


\[ \begin{align}\begin{aligned}  I(x, y) = (\bar{C} \otimes \tilde{P}_{0})(x, y)\\with\end{aligned}\end{align} \]


\[ \begin{align}\begin{aligned}  \tilde{P}_0(\vec{r}) = \int_{\lambda} d\lambda\,(1 + \epsilon(\lambda))\,P_{\lambda}(\vec{r})\\where :math:`\epsilon(\lambda)` is a function of the (usually unknown) spectrum :math:`S(\lambda)` of the source.\end{aligned}\end{align} \]

With the further assumption that the source chromaticity is small (\(\epsilon \ll 1\)), we find the traditional convolution relation: the observed image is (almost) the convolution of the intrinsic wavelength-integrated signal \(\bar{C}\) by the wavelength-averaged PSF \(\bar{P}_0 \propto \int d\lambda\,P_{\lambda}\),


\[I(x, y) \simeq (\bar{C} \otimes \bar{P}_0)(x, y)\]

Remember this convolution strictly holds only if


	the source is supposed to be factorizable (otherwise, the observed image cannot be expressed as a spatial convolution),


	its relative chromaticity \(\epsilon\) is negligeable (otherwise, the effective PSF \(\tilde{P}_{0}\) is a function of the source spectrum).




If the chromaticity \(\epsilon\) is not negligible, but can be approximated a priori by \(\tilde{\epsilon}\), the convolution relation approximately holds locally with a spectrum-weighted wavelength-averaged PSF \(\bar{P}_{\tilde{\epsilon}} \propto \int d\lambda\,(1 + \tilde{\epsilon}(\lambda))\,P_{\lambda}\) which depends on the source.




Imaging spectrography case

In the imaging spectography case (also known as slitless spectroscopy), the native imager includes a strongly dispersive element (a prism or a grism). For sake of simplicity, we hereafter ignore the shape components of the IRF (both PSF and LSF) to focus on the offset component. We can therefore write, for a dispersion toward the positive \(x\),


\[ \begin{align}\begin{aligned}  P_{→}(x, y, \lambda) \simeq \delta(x - D(\lambda), y)\\where :math:`D(\lambda)` is the dispersion law of the disperser, i.e. the offset in position introduced at a given wavelength.\end{aligned}\end{align} \]

As for any imager, the observed image is the integral over wavelength of the intrinsic source convolved by the IRF:


\[\begin{split}\begin{align}
I_{→}(x, y) &= \int_{\lambda} d\lambda\,C(x, y, \lambda) \otimes P(x, y, \lambda) \\
&= \int_{\lambda} d\lambda\,C(x - D(\lambda), y, \lambda)
\end{align}\end{split}\]

Taking the Fourier transform of the spatial component, one gets:


\[ \begin{align}\begin{aligned}\begin{split}  \begin{align}
  \hat{I}_{→}(u, v) &= \int_{\lambda} d\lambda \iint_{x, y} dx\,dy\,C(x - D(\lambda), y, \lambda)\,e^{-i2\pi(xu + yv)} \\
  &= \int_{\lambda} d\lambda\,\hat{C}(u, v, \lambda)\,e^{-i2\pi uD(\lambda)} \\
  &= \hat{F}(u, v) \int_{\lambda} d\lambda\,S(\lambda)\,e^{-i2\pi uD(\lambda)}
  \end{align}\end{split}\\where last equation holds for a factorizable source: :math:`\hat{C}(u, v, \lambda) = \hat{F}(u, v)\,S(\lambda)`: **hereafter, this assumption is supposed to hold.**\end{aligned}\end{align} \]

For an arbitrary dispersion law \(\vec{D}(\lambda) = D_x(\lambda)\,\vec{e}_x + D_y(\lambda)\,\vec{e}_y\), the Fourier transform of the slitless image can be written:


\[ \begin{align}\begin{aligned}  \hat{I}(\vec{k}) = \hat{F}(\vec{k}) \, \mathcal{S}(\vec{k})\\where the :math:`\mathcal{S}` operator is defined as\end{aligned}\end{align} \]


\[\mathcal{S}(\vec{k}) = \int_{\lambda} d\lambda\,S(\lambda)\,\exp\left[-i2\pi \vec{k}\cdot\vec{D}(\lambda))\right].\]


Uses


	Forward modeling: to simulate a dispersed image \(I(x, y)\) from its Fourier transform \(\hat{I}(u, v)\) computed from dispersion model \(\vec{D}(\lambda)\) and intrinsic cube \(C(x, y, \lambda)\), or spatial flux distribution \(F(x, y)\) and spectrum \(S(\lambda)\) for a separable source.




The simulated image can be used for its own purpose, but also for efficient forward modeling of an observed dispersed image, for: * source extraction: estimate \(C\) assuming dispersion model \(\vec{D}\) * dispersion calibration: estimate dispersion model \(\vec{D}\) assuming known source properties, e.g. a point-like reference star; * Backward extraction: to derive, for a supposedly separable source, an estimate of its spectrum \(S(\lambda)\) from any single
observation \(I(x, y)\), assuming a known spatial flux distribution \(F(x, y)\) (e.g. from direct image) and dispersion law \(\vec{D}(\lambda)\) (from independent instrumental calibration procedures).




Linear dispersion

If the dispersion law happens to be linear in wavelength and oriented toward positive \(x\), \(\vec{D}(\lambda) = d\lambda\,\vec{e}_x\) (up to some constant offset) and


\[ \begin{align}\begin{aligned}  \mathcal{S}_{→}(u) = \hat{S}(d u)\\where :math:`\hat{S}(k) = \int d\lambda\,S(\lambda)e^{-i2\pi k\lambda}` is the Fourier transform of the spectrum. Under the linear dispersion assumption, slitless spectroscopy can be interpreted as a Fourier spectrograph!\end{aligned}\end{align} \]

For a tilted linear dispersion, \(\vec{D}(\lambda) = (d_x\,\vec{e}_x + d_y\,\vec{e}_y)\lambda\) and


\[ \begin{align}\begin{aligned}  \hat{I}_{→}(u, v) = \hat{F}(u, v) \int_{\lambda} d\lambda\,S(\lambda)\,e^{-i2\pi (u + v\,d_y/d_x)d_x\lambda}\\which corresponds to a shear in the Fourier domain.\end{aligned}\end{align} \]




Dispersed images for different dispersion directions

It is traditional to mitigate contamination issues by taking multiple observations with different dispersion directions (e.g. different grism orientation):


\[\begin{split}\begin{align}
\hat{I}_{⇄}(u, v) &= \hat{F}(u, v) \int_{\lambda} d\lambda\,S(\lambda)\,e^{\mp i2\pi uD_{⇄}(\lambda)} = \hat{F}(u, v) \, \mathcal{S}_{⇄}(u) \\
\hat{I}_{⇅}(u, v) &= \hat{F}(u, v) \int_{\lambda} d\lambda\,S(\lambda)\,e^{\mp i2\pi vD_{⇅}(\lambda)} = \hat{F}(u, v) \, \mathcal{S}_{⇅}(v)
\end{align}\end{split}\]

If the dispersion law \(D\) is considered equals between the different orientations (this neglects chromatic distortions introduced by optical elements other than the rotating grism), and aligned with the \((x, y)\) main directions, one can write:


\[ \begin{align}\begin{aligned}\begin{split}  \begin{align}
  \hat{I}_{→}(u, v) &= \hat{F}(u, v) \, \mathcal{S}_{→}(u),
  &\hat{I}_{←}(u, v) &= \hat{F}(u, v) \, \mathcal{S}^{*}_{→}(u) \\
  \hat{I}_{↑}(u, v) &= \hat{F}(u, v) \, \mathcal{S}_{→}(v),
  &\hat{I}_{↓}(u, v) &= \hat{F}(u, v) \, \mathcal{S}^{*}_{→}(v).
  \end{align}\end{split}\\where :math:`^{*}` denote the complex conjugate, from which one derives:\end{aligned}\end{align} \]


\[\begin{split}\begin{align}
  |\hat{I}_{→}| &= |\hat{I}_{←}| = |\hat{F}|\,|\mathcal{S}_{→}|
  &|\hat{I}_{↑}^{T}| &= |\hat{I}_{↓}^{T}| = |\hat{F}^{T}|\,|\mathcal{S}_{→}| \\
  \Phi(\hat{I}_{⇄}) &= \Phi(\hat{F}) \pm \Phi(\mathcal{S}_{→})
  &\Phi(\hat{I}_{⇅}^{T}) &= \Phi(\hat{F}^{T}) \pm \Phi(\mathcal{S}_{→})
\end{align}\end{split}\]








Simulations: introduction, the simplistic case


Spatial (2D) and spectral (1D) models


[1]:






from __future__ import division, print_function

import numpy as N
import astropy.modeling as AM
# P.style.use('bmh')

import slitless.fourier.fourier as FF
import slitless.fourier.models as FM
import slitless.fourier.arrays as FA
import slitless.fourier.plots as FP
import slitless.fourier.misc as Fmisc













---------------------------------------------------------------------------
ModuleNotFoundError                       Traceback (most recent call last)
<ipython-input-1-733da277feff> in <module>
      5 # P.style.use('bmh')
      6
----> 7 import slitless.fourier.fourier as FF
      8 import slitless.fourier.models as FM
      9 import slitless.fourier.arrays as FA

~/.local/anaconda3/lib/python3.7/site-packages/slitless-0.3.0-py3.7.egg/slitless/fourier/__init__.py in <module>
     25 if __importAll:
     26     for pkg in __all__:
---> 27         __import__(__name__ + '.' + pkg)

~/.local/anaconda3/lib/python3.7/site-packages/slitless-0.3.0-py3.7.egg/slitless/fourier/plots.py in <module>
     16 __version__ = "Fri Jan 20 10:25:54 2017"
     17
---> 18 import arrays as FA
     19 from misc import pearsonr
     20

ModuleNotFoundError: No module named 'arrays'







[3]:






from matplotlib import pyplot as P
%matplotlib inline
P.rcParams['figure.figsize'] = (10, 6)








[4]:






model2D = (AM.models.Gaussian2D(x_stddev=10, y_stddev=5, theta=N.pi/6) +
           AM.models.Gaussian2D(x_stddev=20, y_stddev=10, theta=-N.pi/6))
model2D._name = "2D-spatial model"

y, x = FA.create_coords((64, 256), starts='auto')  # (ny, nx)
ima = model2D(x, y)
ima /= ima.sum()








[5]:






model1D = ((AM.models.Gaussian1D(amplitude=1.0, mean=32, stddev=2) +
            AM.models.Gaussian1D(amplitude=1.0, mean=64, stddev=1) +
            AM.models.Gaussian1D(amplitude=1.0, mean=96, stddev=0.5) +
            AM.models.Const1D(0.05))                    # Continuum
           * AM.models.Gaussian1D(mean=64, stddev=30))  # Transmission
model1D._name = "1D-spectral model"

lbda = FA.create_coords((128,))                    # (nl,)
spec = model1D(lbda)








[6]:






fig, (axI, axS) = P.subplots(2, 1)
FP.display_image(x, y, ima, contourf=True, ax=axI)
axI.set(title="Input image", xlabel='x', ylabel='y')
FP.plot_spectrum(lbda, spec, ax=axS)
axS.set(title="Input spectrum", xlabel=u'λ', ylabel='Flux')
fig.tight_layout()
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Dispersion model


[7]:






disp = FF.dispersion_model(lbda,
                           AM.models.Linear1D(slope=1, intercept=-64),  # dx/dl
                           AM.models.Const1D(0))                        # dy/dl
FP.plot_dispersion_law(lbda, disp);













/usr/local/lib/python2.7/dist-packages/scipy/stats/stats.py:3010: RuntimeWarning: invalid value encountered in double_scalars
  r = r_num / r_den
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Fourier space


[8]:






# Generate slitless-spectroscopy image from Fourier analysis
u, v, fima = FF.fft_image(ima)                    # same shape as ima

fig = FP.display_fimage(u, v, fima, layout='vertical', title="FT(input image)")













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/plots.py:127: RuntimeWarning: divide by zero encountered in log10
  mod = N.log10(N.abs(fimage))
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[9]:






# Sanity check: iFT(FT(ima)) = ima
try:
    assert N.allclose(FF.ifft_image(fima), ima)  # Simple back-and-forth test
except AssertionError:
    raise AssertionError("Image and iFT(FT(image)) do not match.")
else:
    print("Sanity check: OK")













Sanity check: OK









Slitless images


[10]:






# Roll=0 dispersed image
fdima0 = FF.disperse_fimage(u, v, fima, spec, disp)

fig = FP.display_fimage(u, v, fdima0, layout='vertical',
                        title=u"FT(dispersed image →)")

dima0 = FF.ifft_image(fdima0)

axI0 = FP.display_image(x, y, dima0, contourf=True, figsize=(14, 4))
FP.plot_dispersion_xy(lbda, disp,
                      s=N.maximum(40 * spec, 3), ax=axI0)
axI0.contour(x, y, ima, cmap='plasma', linewidths=1)
axI0.set(title=u"Dispersed image →", xlabel=u"x ≡ λ", ylabel='y');
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[11]:






# Roll=180 dispersed image
fdima180 = FF.disperse_fimage(u, v, fima, spec, -disp)

fig = FP.display_fimage(u, v, fdima180, layout='vertical',
                        title=u"FT(dispersed image ←)")

dima180 = FF.ifft_image(fdima180)

axI180 = FP.display_image(x, y, dima180, contourf=True, figsize=(14, 4))
FP.plot_dispersion_xy(lbda, -disp,
                      s=N.maximum(40 * spec, 3), ax=axI180)
axI180.contour(x, y, ima, cmap='plasma', linewidths=1)
axI180.set(title=u"Dispersed image ←", xlabel=u"x ≡ -λ", ylabel='y');
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[12]:






N.allclose(N.abs(fdima0), N.abs(fdima180))








[12]:







True









Spectral traces


[13]:






fima[fima == 0] = fima[fima > 0].min()  # Remove null values

f0 = fdima0 / fima  # FT of the spectral trace

fig = FP.display_fimage(u, v, f0, layout='vertical',
                        title=u"FT(spectral trace →)")

s0 = FF.ifft_image(f0, shifted=True)

ax = FP.display_image(x, y, s0, figsize=(14, 4))
ax.contour(x, y, dima0, cmap='plasma', linewidths=1)
ax.set(title=u"Spectral trace →", xlabel=u"x ≡ λ", ylabel='y');
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[14]:






f180 = fdima180 / fima

fig = FP.display_fimage(u, v, f180, layout='vertical',
                        title=u"FT(spectral trace ←)")

s180 = FF.ifft_image(f0, shifted=True)

ax = FP.display_image(x, y, s180, figsize=(14, 4))
ax.contour(x, y, dima180[::-1, ::-1], cmap='plasma', linewidths=1)
ax.set(title=u"Spectral trace ←", xlabel=u"x ≡ λ", ylabel='y');
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Spectrum extraction


[15]:






k, fspec = FF.fft_spectrum(spec)
fspec0 = N.mean(f0, axis=0)
fspec180 = N.mean(f180, axis=0)

fig, ax = P.subplots(figsize=(14, 4))
ax.set(xlabel='k')
l, = ax.plot(k, N.abs(fspec), label=u'Re(FT(S(λ)))')
ax.plot(k, N.angle(fspec), ls='--', c=l.get_color(), label=u'Im(FT(S(λ)))')

l, = ax.plot(u[0], N.abs(fspec0), label=u'Re(T→(k))')
ax.plot(u[0], N.angle(fspec0), ls='--', c=l.get_color(), label=u'Im(T→(k))')

l, = ax.plot(u[0], N.abs(fspec180), label=u'Re(T←(k))')
ax.plot(u[0], N.angle(fspec180), ls='--', c=l.get_color(), label=u'Im(T←(k))')

ax.legend();
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[16]:






# Extract spectra from dispersed images
spec0 = FF.ifft_spectrum(fspec0, shifted=True)

spec180 = FF.ifft_spectrum(fspec180.conj(), shifted=True)

fig, ax = P.subplots()
ax.set(xlabel=u'λ', ylabel='Flux')
ax.plot(lbda, spec, label="Input spectrum")
ax.plot(x[0] + 64, spec0, label=u"Reconstructed spec. →")
ax.plot(x[0] + 64, spec180, label=u"Reconstructed spec. ←")
ax.legend();
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Simulations: still perfect yet more realistic case

Spatial and spectral models roughly mimic 3D-HST Aegis #19843, the 4 major dispersion directions (aka roll angles) are simulated.


[17]:






# Integrated image (thumbnail)
model2D = (AM.models.Gaussian2D(x_mean=2, y_mean=4,
                                x_stddev=5, y_stddev=2, theta=N.pi/6) +
           AM.models.Gaussian2D(x_stddev=10, y_stddev=5, theta=-N.pi/6))
model2D._name = "2D-spatial model"
# print(model2D)

nima = 37
y, x = FA.create_coords((nima, nima), starts='auto')  # (ny, nx)
ima = model2D(x, y)
ima /= ima.sum()








[18]:






# Spectrum
model1D = (AM.models.Gaussian1D(amplitude=1.0, mean=12810, stddev=40) +
           AM.models.Gaussian1D(amplitude=0.3, mean=13130, stddev=120) +
           AM.models.Const1D(0.5))
model1D._name = "1D-spectral model"
# print(model1D)

nlbda = 312
lbda = FA.create_coords((nlbda,), starts=10232, steps=23)  # (nl,)
spec = FA.apodize(model1D(lbda), apod=0.1, null=nima // 2)








[19]:






# Extended horizontal image (nima × nlbda) has to be perfecty centered
hima = FA.embed_array(ima, (nima, nlbda))
yh, xh = FA.create_coords(hima.shape, starts='auto')

# Extended vertical image (nlbda × nima)
vima = FA.embed_array(ima, (nlbda, nima))
yv, xv = FA.create_coords(vima.shape, starts='auto')








[20]:






# Dispersion law
"""
The input spectrum and the dispersed image (implied) WCS have to be
coherent at sub-px scale to avoid fake wavelength offset in extracted
spectrum.
"""
lmin, lmax = lbda[0], lbda[-1]                 # Spectral coverage [A]
dmin, dmax = -(nlbda - 1)/2., +(nlbda - 1)/2.  # Spectral extent [px]

dw = (lmax - lmin) / (dmax - dmin)  # [A/px]
w0 = lmin + dw * (nlbda // 2)       # [A]
print("Dispersion: {:.2f} A/px".format(dw))
print("Central wavelength: {:.2f} A".format(w0))

disp = (lbda - w0) / dw     # Complex dispersion [px]













Dispersion: 23.00 A/px
Central wavelength: 13820.00 A







[21]:






fig, (axI, axS) = P.subplots(2, 1, figsize=(14, 6))
FP.display_image(xh, yh, hima, contourf=True, ax=axI)
FP.plot_dispersion_xy(lbda, disp,
                      s=N.maximum(40 * spec, 3), ax=axI)
axI.set(title="Input image", xlabel='x', ylabel='y', aspect='auto')
FP.plot_spectrum(lbda, spec, ax=axS)
axS.set(title="Input spectrum", xlabel=u'λ', ylabel='Intensity')
fig.tight_layout()
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[22]:






# Generate slitless-spectroscopy image from Fourier analysis
uh, vh, fhima = FF.fft_image(hima)  # same shape as hima
uv, vv, fvima = FF.fft_image(vima)  # same shape as vima

fig = FP.display_fimage(uh, vh, FF.demodulate_fimage(fhima), layout='vertical',
                        title="FT(input image)")

if not N.allclose(hima, FF.ifft_image(fhima)):  # Simple back-and-forth test
    import warnings
    warnings.warn("Image and iFT(FT(image)) do not match.")
else:
    print("Sanity check iFT(FT(image)) == image: OK")













Sanity check iFT(FT(image)) == image: OK
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[23]:






# Roll=0 → dispersed image
fdima0 = FF.disperse_fimage(uh, vh, fhima, spec, +disp)  # FT(dispersed image)
dima0 = FF.ifft_image(fdima0)                            # dispersed image

# Roll=180 ← dispersed image
fdima2 = FF.disperse_fimage(uh, vh, fhima, spec, -disp)
dima2 = FF.ifft_image(fdima2)

# Roll=270 ↑ dispersed image
fdima1 = FF.disperse_fimage(uv, vv, fvima, spec, +1j*disp)
dima1 = FF.ifft_image(fdima1)

# Roll=90 ↓ dispersed image
fdima3 = FF.disperse_fimage(uv, vv, fvima, spec, -1j*disp)
dima3 = FF.ifft_image(fdima3)








[24]:






fig = FP.display_fimage(uh, vh, FF.demodulate_fimage(fdima0), layout='vertical', title=u"FT(dispersed image →)")
fig = FP.display_fimage(uv, vv, FF.demodulate_fimage(fdima1), layout='vertical', title=u"FT(dispersed image ↑)")
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[25]:






# Dispersed images
fig, (ax0, ax2, ax1, ax3) = P.subplots(4, 1, figsize=(10, 8))

FP.display_image(xh, yh, dima0, contourf=True, ax=ax0)
FP.plot_dispersion_xy(lbda, disp,
                      s=N.maximum(40 * spec, 3), ax=ax0)
ax0.contour(xh, yh, hima, cmap='plasma', linewidths=1)
ax0.set(title=u"Dispersed image →", aspect='auto')

FP.display_image(xh, yh, dima2, contourf=True, ax=ax2)
FP.plot_dispersion_xy(lbda, -disp,
                      s=N.maximum(40 * spec, 3), ax=ax2)
ax2.contour(xh, yh, hima, cmap='plasma', linewidths=1)
ax2.set(title=u"Dispersed image ←", aspect='auto')

_x = N.rot90(yv)
_y = N.flipud(N.rot90(xv))

FP.display_image(_x, _y, N.rot90(dima1), contourf=True, ax=ax1)
FP.plot_dispersion_xy(lbda, +disp,
                      s=N.maximum(40 * spec, 3), ax=ax1)
ax1.contour(_x, _y, N.rot90(vima), cmap='plasma', linewidths=1)
ax1.set(title=u"Dispersed image ↑", aspect='auto')

FP.display_image(_x, _y, N.rot90(dima3), contourf=True, ax=ax3)
FP.plot_dispersion_xy(lbda, -disp,
                      s=N.maximum(40 * spec, 3), ax=ax3)
ax3.contour(_x, _y, N.rot90(vima), cmap='plasma', linewidths=1)
ax3.set(title=u"Dispersed image ↓", aspect='auto')

fig.tight_layout()
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[26]:






# Fourier deconvolution
f0 = fdima0 / fhima
f2 = fdima2 / fhima
f1 = fdima1 / fvima
f3 = fdima3 / fvima

fig = FP.display_fimage(u, v, f0, layout='vertical',
                        title=u"FT(spectral trace →)")
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[27]:






# Deconvolved spectral trace
ima0 = FF.ifft_image(f0, shifted=True)








[28]:






# Extracted spectra
fspec0 = N.nanmean(f0, axis=0)
spec0 = FF.ifft_spectrum(fspec0, shifted=True)

fspec2 = N.nanmean(f2, axis=0)
spec2 = FF.ifft_spectrum(fspec2.conj(), shifted=True)

fspec1 = N.nanmean(f1, axis=1)
spec1 = FF.ifft_spectrum(fspec1, shifted=True)

fspec3 = N.nanmean(f3, axis=1)
spec3 = FF.ifft_spectrum(fspec3.conj(), shifted=True)








[29]:






fig0, (axI0, axS0) = P.subplots(2, 1, figsize=(14, 6))
FP.display_image(xh, yh, ima0, ax=axI0)
axI0.set(title=u"Spectral trace →",
         xlabel=u"x ≡ λ", ylabel='y')#, aspect='equal')
axI0.contour(xh, yh, dima0, cmap='plasma', linewidths=1)

axS0.plot(lbda, spec, label="Input spectrum")
axS0.plot(lbda, spec0, label=u"Reconstructed spec. →")
axS0.plot(lbda, spec2, label=u"Reconstructed spec. ←")
axS0.plot(lbda, spec1, label=u"Reconstructed spec. ↑")
axS0.plot(lbda, spec3, label=u"Reconstructed spec. ↓")
axS0.legend()

fig0.tight_layout()
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Simulations: yet even more realistic case

Spatial and spectral models roughly mimic 3D-HST Aegis #19843, dispersion includes small shear.


[30]:






drot = 3                    # Cross-dispersion tilt [degree]

dx = dmax - dmin                  # x-extent [px]
dy = dx * N.tan(N.deg2rad(drot))  # y-extent [px]
print(u"Cross-dispersion tilt: {:.1f}° ({:.1f}/{:.1f} px)".format(drot, dy, dx))
disp = disp + 1j * 0
disp.imag = (lbda - w0) / ((lmax - lmin) / dy)













Cross-dispersion tilt: 3.0° (16.3/311.0 px)







[31]:






hima = FA.embed_array(ima, (nlbda, nlbda))
yh, xh = FA.create_coords(hima.shape, starts='auto')
uh, vh, fhima = FF.fft_image(hima)  # same shape as hima

# Roll=0 → dispersed image (Fourier)
fdima0 = FF.disperse_fimage(uh, vh, fhima, spec, disp)  # FT
dima0 = FF.ifft_image(fdima0)  # Dispersed image (noiseless)













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:175: UserWarning: ifft(image) is not purely real, including imaginary part (0.00%).
  .format(((ifima.imag**2).sum() / (ifima.real**2).sum())))







[32]:






ax0 = FP.display_image(xh, yh, dima0, clip=(nima, nlbda),
                       contourf=False, figsize=(10, 4))
FP.plot_dispersion_xy(lbda, disp,
                      s=N.maximum(40 * spec, 3), ax=ax0)
ax0.contour(xh, yh, hima, cmap='plasma', linewidths=1)
ax0.set(title=u"Dispersed image →", aspect='equal')
ax0.figure.tight_layout()
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[33]:






# Fourier deconvolution
f0 = fdima0 / fhima

fig = FP.display_fimage(uh, vh, f0, layout='vertical',
                        title=u"wFT(spectral trace →)")
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[34]:






# Deconvolved spectral traces
ima0 = FF.ifft_image(f0, shifted=True)

# Individual spectrum extraction (single orientation)
theta = FF.dispersion_angle(disp, degrees=True)
print(u"Rotation in the (x,y) plane: {:.1f}°".format(theta))
theta = FF.dispersion_angle(disp, shape=f0.shape, degrees=True)
print(u"Rotation in the (u,v) plane: {:.1f}°".format(theta))

fig = FP.display_fimage(uh, vh,
                        FA.crop_array(FF.shear_fimage(f0, theta), (-1, nlbda)),
                        layout='vertical',
                        title=u"Rotated wFT(spectral trace →)")













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:175: UserWarning: ifft(image) is not purely real, including imaginary part (0.17%).
  .format(((ifima.imag**2).sum() / (ifima.real**2).sum())))












Rotation in the (x,y) plane: 3.0°
Rotation in the (u,v) plane: 3.0°











[image: ../_images/notebooks_fourier_intro_47_2.png]





[35]:






fspec0 = SF.average_fimage(f0, theta)
spec0 = SF.ifft_spectrum(fspec0, shifted=True)













-----------------------------------------------------------------------
NameError                             Traceback (most recent call last)
<ipython-input-35-48a079e04d24> in <module>()
----> 1 fspec0 = SF.average_fimage(f0, theta)
      2 spec0 = SF.ifft_spectrum(fspec0, shifted=True)

NameError: name 'SF' is not defined







[ ]:






fig0, (axI0, axS0) = P.subplots(2, 1, figsize=(14, 6))
SF.display_image(xh, yh, dima0, clip=(nima, nlbda), ax=axI0, contourf=True)
axI0.contour(xh, yh, hima, 5, cmap='plasma', linewidths=1)
axI0.set(title=u"Dispersed image →, angle = {:.1f}°".format(drot),
         xlabel=u"x ≡ λ", ylabel='y', aspect='equal')

axS0.plot(lbda, spec, label="Input spectrum")
axS0.plot(lbda, spec0, label=u"Wiener spectrum")
axS0.set_xlim(lbda[0], lbda[-1])
axS0.legend()

fig0.tight_layout()










Preliminary conclusions


Perspectives


	The goal is not to deconvolve the inner (shape) part of the PSF/LSF, but only of the dispersive auto-contamination.


	A clear path to a combined extraction of the different dispersion angles: the FT norm part are supposedly equals (and can be averaged), only the phase parts are different (and can be combined).


	Formally, the phases can be computed independently of dispersion law in the case in opposite dispersion angles.


	In the approximation of a linear dispersion, one can directly recover the (FT of the) spectrum without having to consider the intermediate spectral trace. For a non-linear dispersion, a deconvolved spectral trace can still be computed and treated and extracted as a standard trace.


	The broad band image is used to estimate the missing FT power: it can be numerically used as is, or semi-analytically with a Multi-Gaussian Expansion.







Difficulties


	Error propagation to and from Fourier (complex) space (no conceptual difficulties, yet to be done).


	Noise amplification in the Fourier conversion requires proper filtering (e.g. Wiener).


	The core assumption is that the source is factorizable: the broad band image is representative of the spatial distribution at every wavelength. This is probably OK for barely resolved/compact sources.


	This method will probably not solve the cross-contamination issue (between independent sources), but can probably help.
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    Application to WFC3/3D-HST
    

    

    
 
  

    
      
          
            
  


Application to WFC3/3D-HST


Aegis #19843


[1]:






from __future__ import division, print_function

import numpy as N

import astropy.io.fits as F
from astropy.wcs import WCS

import slitless.fourier.fourier as FF
import slitless.fourier.models as FM
import slitless.fourier.arrays as FA
import slitless.fourier.plots as FP
import slitless.fourier.misc as Fmisc













---------------------------------------------------------------------------
ModuleNotFoundError                       Traceback (most recent call last)
<ipython-input-1-84d269647ac1> in <module>
      6 from astropy.wcs import WCS
      7
----> 8 import slitless.fourier.fourier as FF
      9 import slitless.fourier.models as FM
     10 import slitless.fourier.arrays as FA

~/.local/anaconda3/lib/python3.7/site-packages/slitless-0.3.0-py3.7.egg/slitless/fourier/__init__.py in <module>
     25 if __importAll:
     26     for pkg in __all__:
---> 27         __import__(__name__ + '.' + pkg)

~/.local/anaconda3/lib/python3.7/site-packages/slitless-0.3.0-py3.7.egg/slitless/fourier/plots.py in <module>
     16 __version__ = "Fri Jan 20 10:25:54 2017"
     17
---> 18 import arrays as FA
     19 from misc import pearsonr
     20

ModuleNotFoundError: No module named 'arrays'







[2]:






import matplotlib.pyplot as P
%matplotlib inline
P.rcParams['figure.figsize'] = (10, 6)








Original analysis

[image: 3D-HST/Aegis #19843]




Input dataset


Broadband image


[3]:






from os.path import expanduser
DATAPATH = expanduser("~/Dropbox/Science/SlitlessSurveys/3D-HST/")

hdu = F.open(DATAPATH + "aegis-01-G141_19843.2D.fits")
hdu.info()













Filename: /home/ycopin/Dropbox/Science/SlitlessSurveys/3D-HST/aegis-01-G141_19843.2D.fits
No.    Name      Ver    Type      Cards   Dimensions   Format
  0  PRIMARY       1 PrimaryHDU      36   ()
  1  DSCI          1 ImageHDU         8   (37, 37)   float64
  2  DINTER        1 ImageHDU         8   (37, 37)   float64
  3  DWHT          1 ImageHDU         8   (37, 37)   float32
  4  DSEG          1 ImageHDU         8   (37, 37)   int32
  5  SCI           1 ImageHDU        21   (312, 37)   float64
  6  WHT           1 ImageHDU        22   (312, 37)   float64
  7  MODEL         1 ImageHDU        22   (312, 37)   float64
  8  CONTAM        1 ImageHDU        22   (312, 37)   float64
  9  WAVE          1 ImageHDU        21   (312,)   float64
 10  SENS          1 ImageHDU        22   (312,)   float64
 11  YTRACE        1 ImageHDU        22   (312,)   float64







[4]:






ima = hdu['DSCI'].data

# bkgnd = N.percentile(ima, 20.)
bkgnd = N.median(ima)
ima -= bkgnd      # Median background subtraction
ima /= ima.sum()  # Flux normalization

x, y = FA.create_coords(ima.shape, starts='auto')

ax = FP.display_image(x, y, ima, contourf=True)
ax.set_title("Broadband image");
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Dispersed image


[5]:






dima = hdu['SCI'].data

yd, xd = FA.create_coords(dima.shape, starts='auto')








[6]:






decontaminate = True

if decontaminate:  # Remove contamination
    print("Dispersed image total flux (before decontamination):", dima.sum())
    cima = hdu['CONTAM'].data
    print("Contamination flux:", cima.sum())
    dima -= cima

print("Dispersed image total flux:", dima.sum())













Dispersed image total flux (before decontamination): 133.9111801886732
Contamination flux: 20.69140390239573
Dispersed image total flux: 113.21977628627748







[7]:






psnr = dima.max() / N.std(dima[dima <= N.percentile(dima, 10)])
print("Estimated peak SNR:", psnr)













Estimated peak SNR: 29.720110314137678







[8]:






wcs = WCS(hdu['SCI'].header)
print(wcs)

fig = P.figure()
ax = fig.add_subplot(1, 1, 1, projection=wcs, aspect='equal')
ax.contourf(dima)
ax.set(title=u"Dispersed image →", xlabel="Wavelength [m]", ylabel="Position [arcsec]")
#ax.xaxis.set_major_formatter(P.matplotlib.ticker.StrMethodFormatter("{:g}"))
# Astropy WCS specific commands
axlbda = ax.coords[0]
axlbda.set_ticks(number=7)
axlbda.set_major_formatter('%g')
ax.coords.grid(color='white', alpha=0.5, linestyle='solid')













WCS Keywords

Number of WCS axes: 2
CTYPE : 'WAVE'  'LINEAR'
CRVAL : 1.02086398609255e-06  0.1578007717913473
CRPIX : 1.0  19.333
CD1_1 CD1_2  : 2.319768697486688e-09  0.0
CD2_1 CD2_2  : -0.00060240367711474  0.064127
NAXIS : 312  37
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Extracted spectrum


[9]:






shdu = F.open(DATAPATH + "aegis-01-G141_19843.1D.fits")
print(shdu[1].columns)

wave = shdu[1].data['wave']
flux = shdu[1].data['flux']
dflux = shdu[1].data['error']

if decontaminate:  # Remove contamination
    print("1D spectrum total flux (before decontamination):", flux.sum())
    contam = shdu[1].data['contam']
    print("Contamination flux:", contam.sum())
    flux -= contam

fig, ax = P.subplots(figsize=(10, 4))
ax.plot(wave, flux)
ax.fill_between(wave, flux - dflux, flux + dflux, alpha=0.5)
ax.set(xlabel=u"Wavelength [A]", ylabel="Flux [e/s]")

print("Spectrum total flux:", flux.sum())













ColDefs(
    name = 'wave'; format = 'D'; unit = 'ANGSTROMS'
    name = 'flux'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'error'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'contam'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'trace'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'etrace'; format = 'D'; unit = 'ELECTRONS/S'
    name = 'sensitivity'; format = 'D'; unit = 'E/S / 1E-17 CGS'
)
1D spectrum total flux (before decontamination): 123.53313693181266
Contamination flux: 6.669461502457319
Spectrum total flux: 116.86367542935534
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Dispersion solution


From primary header


[10]:






dw = hdu[0].header.get('DW')  # [A/px]
w0 = hdu[0].header.get('W0')  # [A]

print("Dispersion: {:.2f} A/px".format(dw))
print("Central wavelength: {:.2f} A".format(w0))

steps = N.diff(wave)
print("Steps: {:.2f} ± {:.2f} A/px, from {:.2f} to {:.2f} A/px".format(steps.mean(), steps.std(), steps.min(), steps.max()))













Dispersion: 22.00 A/px
Central wavelength: 14000.00 A
Steps: 23.45 ± 0.15 A/px, from 23.20 to 23.71 A/px









Rough estimate from dispersed image


[11]:






dmin, dmax = -120., +120.  # Spectral extent [px]
lmin, lmax = 11000., 16500.  # Spectral coverage [A]

dw = (lmax - lmin) / (dmax - dmin)  # [A/px]
w0 = lmax - dw * dmax               # [A]
print("Dispersion: {:.2f} A/px".format(dw))
print("Central wavelength: {:.2f} A".format(w0))

disp = (wave - w0) / dw  # Dispersion toward the positive x [px]













Dispersion: 22.92 A/px
Central wavelength: 13750.00 A









From WCS of dispersed image


[12]:






wx, wy = wcs.wcs_world2pix(wave * 1e-10, 0, 0)  # WCS takes wavelengthes in meter
# Dispersion offset wrt image center (has to be coherent with center_array centering)
disp = (wx - dima.shape[1] // 2) + 1j * (wy - dima.shape[0] // 2)








[13]:






ax = FP.plot_dispersion_xy(wave, disp)
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[14]:






# Dispersion correlation coefficient
print("Dispersion Pearson R={:.3f}".format(Fmisc.pearsonr(disp.real, disp.imag)))

# Spectral extent
print("Spectral extent: {:.2f} A, {:.1f} px in x, {:.1f} px in y".format(
    wave[-1] - wave[0], disp[-1].real - disp[0].real, disp[-1].imag - disp[0].imag))

# Mean dispersion
dispx = (N.diff(wave) / N.diff(wx)).mean()
dispy = (N.diff(wave) / N.diff(wy)).mean()
print("Dispersions: {:.2f} A/px in x, {:.2f} A/px in y".format(dispx, dispy))

# Rotation angle [deg]
theta = FF.dispersion_angle(disp, degrees=False)
print("Dispersion angle: {:.3f} deg".format(N.degrees(theta)))













Dispersion Pearson R=1.000
Spectral extent: 7294.42 A, 314.4 px in x, 3.0 px in y
Dispersions: 23.20 A/px in x, 2469.44 A/px in y
Dispersion angle: 0.538 deg







[15]:






ax = FP.display_image(xd, yd, dima, contourf=True, figsize=(14, 4))
ax.set(title=u"Dispersed image →", aspect='auto');

FP.plot_dispersion_xy(wave[::5], disp[::5], s=N.maximum(40 * flux[::5], 5), ax=ax);
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Fourier extraction


Broadband image


[16]:






eima = FA.embed_array(ima, dima.shape)
ye, xe = FA.create_coords(eima.shape, starts='auto')








[17]:






ax = FP.display_image(xe, ye, eima, contourf=True, figsize=(14, 4))
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[19]:






u, v, fima = FF.fft_image(eima)

print("Integrated image total power:    ", FF.total_power(eima))
print("FT(integrated image) total power:", FF.total_power(fima, normed=True))

fig = FP.display_fimage(u, v, FF.demodulate_fimage(fima), layout='vertical', title="FT(input image)");













Integrated image total power:     0.006358959875943862
FT(integrated image) total power: 0.0063589598759438695
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Dispersed image


[20]:






_, _, fdima = FF.fft_image(dima)

fig = FP.display_fimage(u, v, FF.demodulate_fimage(fdima), layout='vertical', title=u"FT(dispersed image →)");
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Wiener deconvolution

The optimal (in the minimum Mean Squared Error sense) Wiener deconvolution [https://en.wikipedia.org/wiki/Wiener_deconvolution] can be written:


\[\hat{\mathcal{S}}(u, v) = \frac{\hat{I}(u, v)}{\hat{F}(u, v)} \left[
    \frac{|\hat{F}(u, v)|^{2}}{|\hat{F}(u, v)|^{2} + \frac{P_n(u, v)}{P_s(u, v)}}
\right]\]

where \(P_n\) (resp. \(P_s\)) is the mean power spectral density of the noise (resp. signal). The difficulty is the estimate of the unknown SNR power spectrum \(P_s/P_n\).

Other possibilities: * maximum a posteriori (e.g. Ocvirk et al. 2006) * myopic deconvolution (e.g. AIDA [https://github.com/erikhom/aida], Hom et al. 2007) * sparse deconvolution (add an L1-penalty term)


[21]:






ipower = N.abs(fdima)**2  # Power of the dispersed image (I + N)
fpower = N.abs(fima)**2   # Power of the integrated image (F)
fpower *= ipower.sum() / fpower.sum()

dfima = FF.disperse_fimage(u, v, fima, flux, disp)
spower = N.abs(dfima)**2   # Power of the modeled dispersed image (I)

npower = N.percentile(ipower, 50)    # Mean power spectral density

wfilter = fpower / (fpower + npower / spower)
assert N.isclose(wfilter.max(), 1), "Error in W-filter normalization."








[22]:






nima, nlbda = dima.shape

fig, ax = P.subplots(figsize=(8, 6))
ax.plot(u[0], fpower[nima//2], label=u"|F|²")
l, = ax.plot(u[0], ipower[nima//2], label=u"|I+N|²")
ax.plot(u[0], spower[nima//2], color=l.get_color(), ls=':', label=u"|I|²")
ax.axhline(npower, color=l.get_color(), ls='--', label=u"|N|²")
ax.plot(u[0], wfilter[nima//2], label=r"Wiener")
ax.set(xlabel='u', ylabel='PSD', yscale='log', title="Wiener filter")
ax.legend();
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[23]:






alpha = 1    # standard Wiener filter
# alpha = 0    # standard inverse filter
# alpha = 0.5  # geometric mean filter
f = fdima / fima * wfilter**alpha

fig = FP.display_fimage(u, v, f, layout='vertical', title=u"FT(spectral trace →)", figsize=(14, 6))
fig.axes[0].contour(u, v, wfilter**alpha, 3, cmap='gray', alpha=0.5)
fig.axes[1].contour(u, v, wfilter**alpha, 3, cmap='gray', alpha=0.5);
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Spectral trace


[24]:






sima = FF.ifft_image(f, shifted=True)  # Deconvolved spectral trace

ax = FP.display_image(xd, yd, dima, contourf=True, figsize=(14, 4))
ax.set(title=u"Spectral trace →", xlabel=u"x ≡ λ", ylabel='y');
ax.contour(xe, ye, sima, 3, cmap='plasma', linewidths=1);













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:172: UserWarning: ifft(image) is not purely real, ignoring imaginary part.
  "ifft(image) is not purely real, ignoring imaginary part.")
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Extracted spectrum


[25]:






theta = FF.dispersion_angle(disp, shape=f.shape, degrees=False)
print(u"Rotation in the (u,v) plane: {:.1f}°".format(N.degrees(theta)))













Rotation in the (u,v) plane: 4.5°







[26]:






fspec = FF.average_fimage(f, theta, weights=wfilter**alpha)
spec = FF.ifft_spectrum(fspec, shifted=True)
spec *= dima.sum() / spec.sum()  # Normalize to total input flux













/home/ycopin/Dropbox/Science/Euclid/Slitless/slitless/fourier/fourier.py:139: UserWarning: ifft(spec) is not purely real, ignoring imaginary part.
  "ifft(spec) is not purely real, ignoring imaginary part.")







[27]:






spec3 = FF.wiener_deconvolution(fdima, eima, flux, disp, alpha, maxiter=5, objrms=0.05, shear=True)













Wiener deconvolution iter #1/5: RMS=0.139489431758
Wiener deconvolution iter #2/5: RMS=0.046830406138







[28]:






fig, ax = P.subplots(figsize=(14, 6))
ax.set(xlabel=u'Obsframe wavelength [A]', ylabel='Flux [e-/s]')
ax.plot(wave, flux, label="3D-HST")
ax.fill_between(wave, flux - dflux, flux + dflux, alpha=0.5)
ax.plot(wave, spec, label="Wiener #1")
ax.plot(wave, spec3, label="Wiener #3")
#ax.plot(wave, sima.sum(axis=0), label="sima.sum(axis=0)")

# Reference wavelengthes [A]
reflines = {u'Hα': 6564.610,
            '[SII]a': 6718.290,
            '[SII]b': 6732.670,
            'SIIIa': 9068.600,
            'SIIIb': 9530.600,
           }
z = 0.9513

for line, l0 in reflines.iteritems():
    zl = l0 * (1 + z)
    if not (wave[0] < zl < wave[-1]):
        continue
    ax.axvline(zl, c='0.8')
ax.legend();
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Modeled dispersed image


[29]:






dfima = FF.disperse_fimage(u, v, fima, spec3, disp)

fig = FP.display_fimage(u, v, dfima, layout='vertical', title=u"Simulated FT(dispersed image →)")
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[30]:






sdima = FF.ifft_image(dfima)  # Simulated dispersed image








[31]:






ax = FP.display_image(xd, yd, dima, contourf=True, figsize=(16, 6))
ax.contour(xe, ye, sdima, cmap='plasma', linewidths=1)
ax.set(title=u"Dispersed image →", xlabel=u"x ≡ λ", ylabel='y');
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[32]:






residuals = dima - sdima
ax = FP.display_image(xd, yd, residuals, contourf=True, figsize=(16, 6))
ax.set(title=u"Dispersed image → (residuals)", xlabel=u"x ≡ λ", ylabel='y');
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Thin-disk galaxy kinematics in slitless spectrography

Author: Yannick Copin y.copin@ipnl.in2p3.fr


[1]:






# Technical stuff related to the Jupyter notebook
%matplotlib inline








[2]:






import numpy as N
from matplotlib import pyplot as P
try:
    import seaborn
    seaborn.set_style("ticks", {'axes.grid': True})
except ImportError:
    pass

RAD2DEG = 180. / N.pi  # ~57 deg/rad

P.rcParams['image.cmap'] = 'gray_r'








Coordinates

Coordinate cubes:


[3]:






xx = N.linspace(-10, 10, 41)   # Spatial coordinates
yy = N.linspace(-9, 9, 37)     # yy has a different shape just for debugging purposes
ll = N.linspace(-10, 10, 101)   # Spectral coordinates
lbda, y_in, x_in = N.meshgrid(ll, yy, xx, indexing='ij')
print(x_in.shape)













(101, 37, 41)






Internal thin-disk coordinates:


[4]:






r_in = N.hypot(x_in, y_in)
theta = N.arctan2(y_in, x_in)  # [rad]

P.imshow(r_in[0] < 8, extent=[xx[0], xx[-1], yy[0], yy[-1]])








[4]:







<matplotlib.image.AxesImage at 0x7fc721169610>
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Projected coordinates:


[5]:






incl = 60. / RAD2DEG    # Disk inclination (0 is face-on) [rad]

x = x_in * N.cos(incl)  # Inclination along the vertical axis
y = y_in
psi = N.arctan2(y, x)  # Azimuthal angle
r = N.hypot(x, y)
m = N.hypot(x_in / N.cos(incl), y_in)  # Elliptical radius

P.imshow(m[0] < 8, extent=[xx[0], xx[-1], yy[0], yy[-1]])








[5]:







<matplotlib.image.AxesImage at 0x7fc720d30d10>
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TODO: include position angle.




Simple case: uniform disk, no rotation

The model is restricted to a uniform disk without any internal kinematics: the spectrum is uniform over the disk extent.


[6]:






r0 = 8.      # Disk radius

disk = N.zeros_like(m)
disk[m < r0] = 1
P.imshow(disk[0], extent=[xx[0], xx[-1], yy[0], yy[-1]])








[6]:







<matplotlib.image.AxesImage at 0x7fc720cb9f90>
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TODO: include pixel integration (“antialiasing”).


[7]:






def disperse_cube(cube):
    """Disperse a cube in a slitless image."""

    nl, ny, nx = cube.shape
    ima = N.zeros((ny, nx + (nl - 1)))  # Empty image
    for i, subima in enumerate(cube):  # Loop over constant-wavelength slices
        ima[:, i:i+nx] += subima

    return ima








[8]:






ima = disperse_cube(disk)
print(ima.shape)
P.imshow(ima)













(37, 141)







[8]:







<matplotlib.image.AxesImage at 0x7fc720ae5e10>
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Add a spectral component: single Gaussian emission line + constant background.


[9]:






sigma = 2 / 2.355  # Spectral line sigma
spec = N.exp(-0.5 * (ll / sigma)**2) + 1
P.plot(ll, spec)








[9]:







[<matplotlib.lines.Line2D at 0x7fc720a5aa90>]
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[10]:






cube = disk * spec[:, N.newaxis, N.newaxis]  # Spectro-spatial cube

ima = disperse_cube(cube)
print(ima.shape)
P.imshow(ima)













(37, 141)







[10]:







<matplotlib.image.AxesImage at 0x7fc7209dd9d0>
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Uniform disk, solid rotation

The model is restricted to a uniform disk with a solid rotation.

Velocity curve:


[11]:






def rot_solid(r, r0=5, v0=5):
    """Solid rotation."""

    return v0 * r / r0







Velocity field:


[12]:






v_sol = rot_solid(r_in) * N.sin(incl) * N.sin(theta)
v_map = N.ma.masked_array((v_sol * disk), mask=(disk == 0))
P.contourf(v_map[0], extent=[xx[0], xx[-1], yy[0], yy[-1]], cmap='RdBu_r')
P.colorbar()








[12]:







<matplotlib.colorbar.Colorbar at 0x7fc72092ba90>
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[13]:






spec_sol = N.exp(-0.5 * ((lbda - v_sol) / sigma)**2) + 1
cube_sol = disk * spec_sol  # Spectro-spatial cube

ima_sol = disperse_cube(cube_sol)
P.imshow(ima_sol)








[13]:







<matplotlib.image.AxesImage at 0x7fc720856990>
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Uniform disk, keplerian rotation

We associate a uniform disk to a realistic velocity profile.


[14]:






def rot_plateau(r, r0=2, v0=5):
    """Plateau rotation curve."""

    return v0 * N.tanh(r / r0)

def rot_kepler(r, r0=2, v0=5):
    """Keplerian rotation curve."""

    return v0 * N.tanh(r / r0) / N.sqrt(0.5 * (1 + r / r0))

rad = N.linspace(0, 10)
P.plot(rad, rot_plateau(rad), label="Plateau")
P.plot(rad, rot_kepler(rad), label="Keplerian")
P.legend()








[14]:







<matplotlib.legend.Legend at 0x7fc7207d9910>
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[15]:






v_kep = rot_kepler(r_in) * N.sin(incl) * N.sin(theta)
v_map = N.ma.masked_array((v_kep * disk), mask=(disk == 0))
P.contourf(v_map[0], 11, extent=[xx[0], xx[-1], yy[0], yy[-1]], cmap='RdBu_r')
P.colorbar()








[15]:







<matplotlib.colorbar.Colorbar at 0x7fc720739b10>
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[16]:






spec_kep = N.exp(-0.5 * ((lbda - v_kep) / sigma)**2) + 1
cube_kep = disk * spec_kep  # Spectro-spatial cube

ima_kep = disperse_cube(cube_kep)
P.imshow(ima_kep)








[16]:







<matplotlib.image.AxesImage at 0x7fc720655ed0>
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Exponential disk, keplerian rotation


[17]:






r0_exp = 4.  # Exponential disk scale length

disk_exp = N.exp(-m / r0_exp)
P.imshow(disk_exp[0], extent=[xx[0], xx[-1], yy[0], yy[-1]])








[17]:







<matplotlib.image.AxesImage at 0x7fc7205cea10>
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[18]:






cube_exp = disk_exp * spec_kep  # Spectro-spatial cube

ima_exp = disperse_cube(cube_exp)
P.imshow(ima_exp)








[18]:







<matplotlib.image.AxesImage at 0x7fc720551a10>
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Kinematics measurement from 3DHST and GLASS survey

** Author:** Mehdi Outini m.outini@ipnl.in2p3.fr
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Optimal cross-dispersion summation of slitless spectra in EUCLID

Authors: Yannick Copin y.copin@ipnl.in2p3.fr, Mehdi Outini m.outini@ipnl.in2p3.fr


[1]:






%matplotlib inline

import matplotlib.pyplot as P
import numpy as N

from slitless.summation.summation import *

P.rcParams['figure.figsize'] = (12, 9)
P.rcParams['image.interpolation'] = 'nearest'
P.rcParams['image.cmap'] = 'magma'
N.set_printoptions(precision=3, threshold=5)













---------------------------------------------------------------------------
AttributeError                            Traceback (most recent call last)
<ipython-input-1-07f60dc779b2> in <module>
      4 import numpy as N
      5
----> 6 from slitless.summation.summation import *
      7
      8 P.rcParams['figure.figsize'] = (12, 9)

~/these/slitless/slitless/summation/__init__.py in <module>
     14 if __importAll:
     15     for pkg in __all__:
---> 16         __import__(__name__ + '.' + pkg)

~/these/slitless/slitless/summation/summation.py in <module>
    338
    339
--> 340 class XProfile(object):
    341     """
    342     Cross-dispersion profile simulation.

~/these/slitless/slitless/summation/summation.py in XProfile()
    469
    470     @staticmethod
--> 471     @add_attrs(label="Plain")
    472     def integ_sum(y, vy):
    473         """

~/these/slitless/slitless/summation/summation.py in decorate(f)
     46
     47     def decorate(f):
---> 48         for key, val in kwargs.iteritems():
     49             setattr(f, key, val)
     50         return f

AttributeError: 'dict' object has no attribute 'iteritems'







Methods of summation

We present here different ways to estimate the total flux of an observed profile.

Notations:


	\(y\) represents the slitless spectrum (2D), and \(\sigma^2\) its associated variance;


	\(S\) represents the looked-after cross-dispersion summation of \(y\) (1D), and \(\sigma^2_S (=\mathrm{v}_S)\) its estimated variance;


	\(P\) represents the cross-dispersion weighting profile (1D).





Plain summation

The summation in this case is :


\begin{align}
S &= \sum_{i} yi \\
\sigma^2_S &= \sum_{i} \sigma_i^2
\end{align}



Least-square estimate

We suppose known a normalized cross-dispersion profile (e.g. from broadband image, or from integration of the 2D slitless spectrum along the spectral direction), \(\hat{P_i} = P_i \big / \sum_{i} P_i\)

The least-square flux estimate \(\alpha\) minimizes the sum of squared residuals from observations \(y_i\) to estimated cross-dispersion profile \(\alpha \hat{P}_i\):


\[ \begin{align}\begin{aligned}  \lambda^2 = \sum_{i} (\alpha \, \hat{P_i} - y_i)^2\\:math:`\partial \lambda^2/\partial \alpha = 0` gives:\end{aligned}\end{align} \]


\[\alpha = \frac{\sum_{i} \hat{P_i} \, y_i}{\sum_{i} \hat{P_i}^2}\]

We finally obtain our least-square flux estimate:


\begin{align}
S &= \sum_{i} w_i \, y_i
\quad\text{with}\quad w_i = \frac{\hat{P_i}}{\sum_{j} \hat{P_j}^2} \\
\sigma^2_S &= \sum_{i} \sigma_i^2 \, w_i^2
\end{align}



Least-square estimate with background

In this case, we estimate at the same time the total flux \(\alpha\) and a constant background \(\beta\):


\[ \begin{align}\begin{aligned}  \lambda^2 = \sum_{i} (\alpha \, \hat{P_i} + \beta - y_i)^2,\\which we minimize simultaeously with respect to variables :math:`\alpha` and :math:`\beta`. We obtain:\end{aligned}\end{align} \]


\begin{align}
\alpha &= \frac{\sum_{i} y_i \, \left(\hat{P_i} - 1/N \right)}{\sum_{i} \hat{P_i}^2 - 1/N} \\
\beta &= -\frac{\alpha}{N} + \frac{1}{N} \, \sum_{i} y_i
\end{align}
We finally obtain our flux estimate \(S\) and the background \(b\):


\begin{align}
S &= \sum_{i} w_i \, y_i
\quad\text{with}\quad w_i = \frac{\hat{P_i} - 1/N}{\sum_{j} \hat{P_j}^2 - 1/N} \\
\sigma^2_S &= \sum_{i} \sigma_i^2 \, w_i^2 \\
b &= -\frac{S}{N} + \frac{1}{N} \, \sum_{i} y_i
\end{align}



Weighted least-square estimate

Assuming normal errors, we define the \(\chi^2\) function to minimize with respect to integrated flux \(\alpha\):


\[ \begin{align}\begin{aligned}  \chi^2 = \sum_{i} \frac{(\alpha \, \hat{P_i} - y_i)^2}{\sigma_i^2}\\We find:\end{aligned}\end{align} \]


\[ \begin{align}\begin{aligned}  \alpha = \frac{\sum_{i} w_i \, y_i}{\sum_{i} w_i \, \hat{P_i}}
  \quad\text{with}\quad
  w_i =  \hat{P_i} \big/ \sigma_i^2\\We obtain our optimal estimate:\end{aligned}\end{align} \]


\begin{align}
S &= \frac{\sum_{i} w_i \, y_i}{\sum_{i} w_i \, \hat{P_i}} \\
\sigma^2_S &= 1 \, \big/ \sum_{i} w_i \, \hat{P_i}
\end{align}
This is formally equivalent to the so-called optimal summation of Horne (1986PASP…98..609H) and Robertson (1986PASP…98.1220R).




Weighted least-square estimate with background

Once again, we can simultaneoulsy estimate the integrated flux \(\alpha\) and a constant background \(\beta\) by minimizing:


\[ \begin{align}\begin{aligned}  \chi^2 =  \sum_{i} \frac{(\alpha \, \hat{P_i} + \beta - y_i)^2}{\sigma_i^2}\\We obtain :\end{aligned}\end{align} \]


\begin{align}
\alpha &= \frac{\left(\sum_{i} w_i \right) \, \left(\sum_{i} y_i / \sigma_i^2 \right) - \left(\sum_{i} 1 / \sigma_i^2 \right) \, \left(\sum_{i} y_i \, w_i \right)}{\left(\sum_{i} w_i \right)^2 - \left(\sum_{i} 1 / \sigma_i^2 \right) \, \left(\sum_{i} w_i \, \hat{P_i} \right)}
\quad\text{with}\quad
w_i =  \hat{P_i} \big/ \sigma_i^2 \\
\beta &= \frac{- \alpha \sum_{i}w_i \, \hat{P_i} + \sum_{i}y_i \, w_i}{\sum_{i}w_i}
\end{align}
We finally obtain the weighted least-square estimate with background (TBC: :math:`sigma_S` looks overestimated):


\begin{align}
S &= \alpha \\
\sigma^2_S &= \frac{\big(\sum_{i}1 / \sigma_i^2\big) \cdot \Big(\big(\sum_{i} w_i\big)^2 \, + \big(\sum_{i} 1 / \sigma_i^2\big) \, \big(\sum_{i} w_i^2 \, \sigma_i^2 \big)\Big)}{\Big( \big(\sum_{i} w_i\big)^2 - \big(\sum_{i} 1 / \sigma_i^2 \big) \, \big(\sum_{i} w_i \, \hat{P_i}\big)  \Big)^2} \\
b &= \beta
\end{align}





Application to NISP-S instrument


Read-out simulation

We simulate the full px-level MACC ramp [ADU] from input flux [e-/s], including:


	photon shot noise on each frame


	read-out noise on each read frame


	MACC(N,M,D) read-out mode




using the NISP-S read-out mode properties:


	\(N=15\) (number of groups), \(M=16\) (number of frames per group), \(D=11\) (number of dropped frames in-between groups);


	\(t_f = 1.4586\) s (exposure time per frame);


	mean gain: \(G = 0.51\) ADU/e-


	read-out noise: \(\sigma_{\text{RoN}} = 10.6\) e-/frame




We then extract flux, associated variance and Quality Factor (QF, aka ‘chi2’) using Kubik et al. (2016PASP..128j4504K) estimators.




Cross-dispersion profile

We simulate the cross-dispersion (x-disp) profile as a Gaussian of \(\sigma = 0.5\) arcsec over a \(2×5 \sigma\) window (corresponding to 38 px of 0.13 arcsec/px), with an additional constant of 2 e-/s for the zodiacal background (561 ADU/px).
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N.random.seed(0)
nisp_s = ReadOutMode("NISP-S", NISP_S_NMD)
print(nisp_s)

# X-disp. normalized Gaussian profile
sigma = 0.5          # Spatial width [arcsec]
nprofile = XProfile.build_gaussian(sigma, nsig=5, scale=NISP_SCALE)
npx = len(nprofile)

# Scaled x-disp. profile [e/s]
eflux = 10.                 # Integrated flux [e-/s]
ezodi = 2. * N.ones_like(nprofile)            # Zodiacal background [e-/s]
eprofile = nprofile * eflux

# X-disp. profile simulator
simu = XProfile(nisp_s, eprofile, ezodi)
print(simu)

fig = nisp_s.fig_profile_ramps(eprofile, ebkgnd=ezodi)













Read-out mode 'NISP-S': NMD=(15, 16, 11)
  Tf: 1.45 s, RoN: 10.60 e-, Gain: 0.51 ADU/e-
  Effective integration time: 549.91 s
  Total exposure time:        573.19 s
Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile: mode=NISP-S, width=38 px
  Integrated profile signal: 2804.56 ADU, mean-background level: 560.91 ADU/px
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Figure caption: on the left, the evolution of the x-disp profile with time (going down), at each group in the ramp; on the top right, the input x-disp profile model (in blue) and the simulated signal and error (in orange); on the bottom right, the simulated Quality Factor, fluctuating around the expected number of degrees of freedom for the ramp (here \(N - 2 = 13\)).




 Monte-Carlo simulations

We stack 1000 simulated x-disp profiles (as described above) as a simulation of a 2D slitless spectrum with constant flux. We compare the different methods of integration described in the first section.
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nmc = 1000                    # Number of realizations
#Sm.simu = simu
_, _, _ = simu.simulate(nmc=nmc)
simu.analyze()                               # X-disp. profile integration
fig = simu.plot_xprofiles()
fig = simu.plot_pulls()













XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2792.95 ± 108.51 ADU
   Pull:   -0.11 ± 1.06
LSQ integration:
   Signal: 2798.79 ± 70.98 ADU
   Pull:   -0.09 ± 1.04
LSQ+cte integration:
   Signal: 2801.93 ± 85.29 ADU
   Pull:   -0.03 ± 1.01
Chi2 integration:
   Signal: 2792.82 ± 70.80 ADU
   Pull:   -0.17 ± 1.04
Chi2+cte integration:
   Signal: 2801.69 ± 116.60 ADU
   Pull:   -0.03 ± 0.74












/data/ycopin/Softs/local/lib/python2.7/site-packages/matplotlib/axes/_axes.py:6448: UserWarning: The 'normed' kwarg is deprecated, and has been replaced by the 'density' kwarg.
  warnings.warn("The 'normed' kwarg is deprecated, and has been "
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Figure captions: top, the simulated 2D slitless spectrum (dispersion direction is horizontal); middle, the x-disp integrated fluxes estimated from different methods; bottom, the pull distribution \((S - S_0)/\sigma_S\), where \(S\) (resp. \(\sigma_S\)) is the flux estimate (resp. its error), and \(S_0\) is the true integrated flux. An unbiased estimate of the flux and its error should lead to a \(\mathcal{N}(\mu=0, \sigma^2=1)\) pull distribution.

By varying the total incident flux \(S_0\) (spread over the x-disp profile) from 0.1 to 100 e-/s, we get the following results:
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efluxes = N.logspace(-1, 2, 7)  # Integrated flux [e-/s]
simus = OrderedDict()           # {flux [ADU]: simu}
methods="sum,lsq,lsq_background,chi2,chi2_background"
for eflux in efluxes:
    print(" eflux = {:.2f} e-/s ".format(eflux).center(70, '-'))
    simu = XProfile(nisp_s, nprofile * eflux, ezodi)
    simu.simulate(nmc=nmc)
    simu.analyze()
    simus[simu.flux] = simu













------------------------- eflux = 0.10 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 20.17 ± 103.14 ADU
   Pull:   -0.08 ± 0.99
LSQ integration:
   Signal: 25.77 ± 61.04 ADU
   Pull:   -0.04 ± 1.00
LSQ+cte integration:
   Signal: 28.78 ± 75.65 ADU
   Pull:   +0.01 ± 1.01
Chi2 integration:
   Signal: 20.81 ± 61.03 ADU
   Pull:   -0.12 ± 1.00
Chi2+cte integration:
   Signal: 29.28 ± 108.84 ADU
   Pull:   +0.01 ± 0.70
------------------------- eflux = 0.32 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 82.44 ± 103.27 ADU
   Pull:   -0.06 ± 1.00
LSQ integration:
   Signal: 85.59 ± 61.28 ADU
   Pull:   -0.05 ± 1.04
LSQ+cte integration:
   Signal: 87.28 ± 75.87 ADU
   Pull:   -0.02 ± 1.02
Chi2 integration:
   Signal: 80.51 ± 61.26 ADU
   Pull:   -0.14 ± 1.04
Chi2+cte integration:
   Signal: 87.62 ± 109.03 ADU
   Pull:   -0.01 ± 0.71
------------------------- eflux = 1.00 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 273.53 ± 103.65 ADU
   Pull:   -0.07 ± 1.01
LSQ integration:
   Signal: 277.37 ± 62.01 ADU
   Pull:   -0.05 ± 1.02
LSQ+cte integration:
   Signal: 279.43 ± 76.57 ADU
   Pull:   -0.02 ± 1.02
Chi2 integration:
   Signal: 272.22 ± 61.99 ADU
   Pull:   -0.14 ± 1.02
Chi2+cte integration:
   Signal: 279.67 ± 109.58 ADU
   Pull:   -0.01 ± 0.71
------------------------- eflux = 3.16 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 875.66 ± 104.83 ADU
   Pull:   -0.11 ± 1.00
LSQ integration:
   Signal: 881.82 ± 64.27 ADU
   Pull:   -0.08 ± 1.02
LSQ+cte integration:
   Signal: 885.13 ± 78.74 ADU
   Pull:   -0.02 ± 1.03
Chi2 integration:
   Signal: 876.67 ± 64.24 ADU
   Pull:   -0.16 ± 1.02
Chi2+cte integration:
   Signal: 885.58 ± 111.32 ADU
   Pull:   -0.01 ± 0.73
------------------------- eflux = 10.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2798.76 ± 108.52 ADU
   Pull:   -0.06 ± 0.99
LSQ integration:
   Signal: 2800.56 ± 70.98 ADU
   Pull:   -0.06 ± 1.01
LSQ+cte integration:
   Signal: 2801.52 ± 85.29 ADU
   Pull:   -0.04 ± 1.01
Chi2 integration:
   Signal: 2795.14 ± 70.80 ADU
   Pull:   -0.14 ± 1.01
Chi2+cte integration:
   Signal: 2801.97 ± 116.60 ADU
   Pull:   -0.02 ± 0.74
------------------------- eflux = 31.62 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 8853.71 ± 119.40 ADU
   Pull:   -0.13 ± 1.05
LSQ integration:
   Signal: 8863.98 ± 88.92 ADU
   Pull:   -0.06 ± 1.05
LSQ+cte integration:
   Signal: 8869.50 ± 103.28 ADU
   Pull:   +0.00 ± 1.03
Chi2 integration:
   Signal: 8857.11 ± 87.95 ADU
   Pull:   -0.14 ± 1.04
Chi2+cte integration:
   Signal: 8868.97 ± 131.16 ADU
   Pull:   +0.00 ± 0.79
------------------------ eflux = 100.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 28030.09 ± 148.70 ADU
   Pull:   -0.11 ± 1.04
LSQ integration:
   Signal: 28034.45 ± 130.29 ADU
   Pull:   -0.09 ± 1.09
LSQ+cte integration:
   Signal: 28036.79 ± 146.25 ADU
   Pull:   -0.06 ± 1.10
Chi2 integration:
   Signal: 28026.35 ± 126.57 ADU
   Pull:   -0.15 ± 1.09
Chi2+cte integration:
   Signal: 28035.52 ± 166.06 ADU
   Pull:   -0.06 ± 0.92







[5]:






fig = plot_simus(simus, methods)
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Figure caption: top, absolute error [ADU] with respect to input flux, for different estimates of the integrated flux; middle, absolute relative error; bottom, pull distribution mean and stddev.




Effect of background subtraction

In this section we will study 2 cases: - if the (constant) background subtraction is not perfect, - if the background is structured, and therefore increases the shot noise differentially along the x-disp profile).


Incorrect subtraction of the background (99%)
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# Scaled x-disp. profile [e/s]
eflux = 10.                 # Integrated flux [e-/s]
sigma = 0.5                 # Spatial width [arcsec]
nprofile = XProfile.build_gaussian(sigma, nsig=5, scale=NISP_SCALE)
npx = len(nprofile)

ezodi = 2 * N.ones_like(nprofile)     # zodiacal-background [e-/s]
eprofile = nprofile * eflux

# X-disp. profile simulator
simu = XProfile(nisp_s, eprofile, ezodi)
print(simu)

nmc = 1000                    # Number of realizations
_, _, _ = simu.simulate(nmc=nmc, background=0.99*simu.bkgnd)
simu.analyze()                      # X-disp. profile integration
# fig = simu.plot_xprofiles()
fig = simu.plot_pulls()













Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile: mode=NISP-S, width=38 px
  Integrated profile signal: 2804.56 ADU, mean-background level: 560.91 ADU/px
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 3007.68 ± 108.51 ADU
   Pull:   +1.87 ± 1.02
LSQ integration:
   Signal: 2873.16 ± 70.98 ADU
   Pull:   +0.96 ± 1.01
LSQ+cte integration:
   Signal: 2800.92 ± 85.29 ADU
   Pull:   -0.04 ± 0.98
Chi2 integration:
   Signal: 2870.48 ± 70.80 ADU
   Pull:   +0.93 ± 1.01
Chi2+cte integration:
   Signal: 2800.96 ± 116.60 ADU
   Pull:   -0.03 ± 0.71
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efluxes = N.logspace(-1, 2, 7)  # Integrated flux [e-/s]
simus = OrderedDict()           # {flux [ADU]: simu}
methods="sum,lsq,lsq_background,chi2,chi2_background"
for eflux in efluxes:
    print(" eflux = {:.2f} e-/s ".format(eflux).center(70, '-'))
    simu = XProfile(nisp_s, nprofile * eflux, ezodi)
    simu.simulate(nmc=nmc, background=0.99*simu.bkgnd)
    simu.analyze()
    simus[simu.flux] = simu













------------------------- eflux = 0.10 e-/s --------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 240.78 ± 103.16 ADU
   Pull:   +2.06 ± 1.05
LSQ integration:
   Signal: 101.95 ± 61.05 ADU
   Pull:   +1.21 ± 1.04
LSQ+cte integration:
   Signal: 27.41 ± 75.65 ADU
   Pull:   -0.01 ± 1.04
Chi2 integration:
   Signal: 96.94 ± 61.03 ADU
   Pull:   +1.12 ± 1.04
Chi2+cte integration:
   Signal: 27.83 ± 108.84 ADU
   Pull:   -0.00 ± 0.72
------------------------- eflux = 0.32 e-/s --------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 287.06 ± 103.25 ADU
   Pull:   +1.92 ± 1.05
LSQ integration:
   Signal: 157.76 ± 61.26 ADU
   Pull:   +1.12 ± 1.02
LSQ+cte integration:
   Signal: 88.34 ± 75.85 ADU
   Pull:   -0.01 ± 1.01
Chi2 integration:
   Signal: 152.81 ± 61.25 ADU
   Pull:   +1.04 ± 1.02
Chi2+cte integration:
   Signal: 88.72 ± 108.99 ADU
   Pull:   -0.00 ± 0.70
------------------------- eflux = 1.00 e-/s --------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 487.58 ± 103.65 ADU
   Pull:   +2.00 ± 0.99
LSQ integration:
   Signal: 351.70 ± 62.01 ADU
   Pull:   +1.15 ± 1.01
LSQ+cte integration:
   Signal: 278.75 ± 76.57 ADU
   Pull:   -0.02 ± 1.02
Chi2 integration:
   Signal: 346.79 ± 61.99 ADU
   Pull:   +1.07 ± 1.01
Chi2+cte integration:
   Signal: 279.04 ± 109.58 ADU
   Pull:   -0.01 ± 0.71
------------------------- eflux = 3.16 e-/s --------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 1098.75 ± 104.85 ADU
   Pull:   +2.02 ± 1.06
LSQ integration:
   Signal: 961.23 ± 64.29 ADU
   Pull:   +1.15 ± 1.04
LSQ+cte integration:
   Signal: 887.39 ± 78.77 ADU
   Pull:   +0.00 ± 1.00
Chi2 integration:
   Signal: 956.97 ± 64.26 ADU
   Pull:   +1.09 ± 1.04
Chi2+cte integration:
   Signal: 887.60 ± 111.36 ADU
   Pull:   +0.01 ± 0.71
------------------------- eflux = 10.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 3007.00 ± 108.51 ADU
   Pull:   +1.86 ± 1.02
LSQ integration:
   Signal: 2873.31 ± 70.98 ADU
   Pull:   +0.97 ± 1.02
LSQ+cte integration:
   Signal: 2801.53 ± 85.28 ADU
   Pull:   -0.04 ± 1.01
Chi2 integration:
   Signal: 2870.74 ± 70.80 ADU
   Pull:   +0.93 ± 1.02
Chi2+cte integration:
   Signal: 2801.70 ± 116.59 ADU
   Pull:   -0.03 ± 0.74
------------------------- eflux = 31.62 e-/s -------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 9068.73 ± 119.41 ADU
   Pull:   +1.67 ± 1.06
LSQ integration:
   Signal: 8935.49 ± 88.91 ADU
   Pull:   +0.75 ± 1.10
LSQ+cte integration:
   Signal: 8863.94 ± 103.26 ADU
   Pull:   -0.05 ± 1.08
Chi2 integration:
   Signal: 8937.06 ± 87.94 ADU
   Pull:   +0.77 ± 1.10
Chi2+cte integration:
   Signal: 8864.17 ± 131.15 ADU
   Pull:   -0.04 ± 0.84
------------------------ eflux = 100.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Explicit background subtraction
Plain integration:
   Signal: 28249.11 ± 148.71 ADU
   Pull:   +1.37 ± 1.03
LSQ integration:
   Signal: 28119.76 ± 130.31 ADU
   Pull:   +0.57 ± 1.06
LSQ+cte integration:
   Signal: 28050.30 ± 146.27 ADU
   Pull:   +0.03 ± 1.05
Chi2 integration:
   Signal: 28128.48 ± 126.59 ADU
   Pull:   +0.65 ± 1.06
Chi2+cte integration:
   Signal: 28050.73 ± 166.06 ADU
   Pull:   +0.03 ± 0.88
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fig = plot_simus(simus,methods)
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Structured background
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# Scaled x-disp. profile [e/s]
eflux = 10.                 # Integrated flux [e-/s]
sigma = 0.5                 # Spatial width [arcsec]
nprofile = XProfile.build_gaussian(sigma, nsig=5, scale=NISP_SCALE)
npx = len(nprofile)

# Background non uniform --> add correlation
ezodi = 2 * (1 + 4*XProfile.build_gaussian(sigma, loc=-12.5, nsig=5, scale=NISP_SCALE) ) # Z-background [e-/s]
eprofile = nprofile * eflux

# X-disp. profile simulator
simu = XProfile(nisp_s, eprofile, ezodi)
print(simu)

fig = nisp_s.fig_profile_ramps(eprofile, ebkgnd=ezodi)













Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile: mode=NISP-S, width=38 px
  Integrated profile signal: 2804.56 ADU, mean-background level: 619.96 ADU/px
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nmc = 1000                    # Number of realizations
_, _, _ = simu.simulate(nmc=nmc)
simu.analyze()                               # X-disp. profile integration
fig = simu.plot_xprofiles()
fig = simu.plot_pulls()













XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2800.72 ± 112.68 ADU
   Pull:   -0.04 ± 1.04
LSQ integration:
   Signal: 2801.93 ± 71.22 ADU
   Pull:   -0.04 ± 1.05
LSQ+cte integration:
   Signal: 2802.58 ± 86.64 ADU
   Pull:   -0.03 ± 1.05
Chi2 integration:
   Signal: 2796.31 ± 71.07 ADU
   Pull:   -0.12 ± 1.06
Chi2+cte integration:
   Signal: 2802.66 ± 120.41 ADU
   Pull:   -0.02 ± 0.75
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efluxes = N.logspace(-1, 2, 7)  # Integrated flux [e-/s]
simus = OrderedDict()           # {flux [ADU]: simu}
methods="sum,lsq,lsq_background,chi2,chi2_background"
for eflux in efluxes:
    print(" eflux = {:.2f} e-/s ".format(eflux).center(70, '-'))
    simu = XProfile(nisp_s, nprofile * eflux, ezodi)
    simu.simulate(nmc=nmc)
    simu.analyze()
    simus[simu.flux] = simu













------------------------- eflux = 0.10 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 18.60 ± 107.51 ADU
   Pull:   -0.09 ± 0.99
LSQ integration:
   Signal: 24.65 ± 61.30 ADU
   Pull:   -0.06 ± 0.99
LSQ+cte integration:
   Signal: 27.89 ± 77.14 ADU
   Pull:   -0.00 ± 1.01
Chi2 integration:
   Signal: 19.70 ± 61.28 ADU
   Pull:   -0.14 ± 0.99
Chi2+cte integration:
   Signal: 28.34 ± 112.85 ADU
   Pull:   +0.00 ± 0.69
------------------------- eflux = 0.32 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 83.88 ± 107.63 ADU
   Pull:   -0.05 ± 1.02
LSQ integration:
   Signal: 87.81 ± 61.55 ADU
   Pull:   -0.02 ± 1.03
LSQ+cte integration:
   Signal: 89.92 ± 77.37 ADU
   Pull:   +0.01 ± 1.07
Chi2 integration:
   Signal: 82.69 ± 61.52 ADU
   Pull:   -0.10 ± 1.03
Chi2+cte integration:
   Signal: 90.20 ± 113.03 ADU
   Pull:   +0.01 ± 0.73
------------------------- eflux = 1.00 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 268.67 ± 107.98 ADU
   Pull:   -0.11 ± 1.04
LSQ integration:
   Signal: 276.15 ± 62.27 ADU
   Pull:   -0.07 ± 1.05
LSQ+cte integration:
   Signal: 280.17 ± 78.05 ADU
   Pull:   -0.01 ± 1.05
Chi2 integration:
   Signal: 271.16 ± 62.24 ADU
   Pull:   -0.15 ± 1.05
Chi2+cte integration:
   Signal: 280.53 ± 113.56 ADU
   Pull:   +0.00 ± 0.72
------------------------- eflux = 3.16 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 872.24 ± 109.12 ADU
   Pull:   -0.14 ± 1.03
LSQ integration:
   Signal: 883.62 ± 64.53 ADU
   Pull:   -0.05 ± 1.07
LSQ+cte integration:
   Signal: 889.73 ± 80.19 ADU
   Pull:   +0.03 ± 1.07
Chi2 integration:
   Signal: 878.40 ± 64.50 ADU
   Pull:   -0.14 ± 1.07
Chi2+cte integration:
   Signal: 889.88 ± 115.25 ADU
   Pull:   +0.03 ± 0.74
------------------------- eflux = 10.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2798.83 ± 112.68 ADU
   Pull:   -0.05 ± 1.04
LSQ integration:
   Signal: 2802.77 ± 71.22 ADU
   Pull:   -0.03 ± 1.04
LSQ+cte integration:
   Signal: 2804.89 ± 86.64 ADU
   Pull:   +0.00 ± 1.02
Chi2 integration:
   Signal: 2796.95 ± 71.08 ADU
   Pull:   -0.11 ± 1.04
Chi2+cte integration:
   Signal: 2804.85 ± 120.42 ADU
   Pull:   +0.00 ± 0.74
------------------------- eflux = 31.62 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 8855.17 ± 123.20 ADU
   Pull:   -0.11 ± 1.04
LSQ integration:
   Signal: 8862.48 ± 89.10 ADU
   Pull:   -0.07 ± 1.05
LSQ+cte integration:
   Signal: 8866.40 ± 104.38 ADU
   Pull:   -0.03 ± 1.04
Chi2 integration:
   Signal: 8856.00 ± 88.22 ADU
   Pull:   -0.15 ± 1.05
Chi2+cte integration:
   Signal: 8866.48 ± 134.66 ADU
   Pull:   -0.02 ± 0.80
------------------------ eflux = 100.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 28043.89 ± 151.78 ADU
   Pull:   -0.01 ± 1.13
LSQ integration:
   Signal: 28046.54 ± 130.43 ADU
   Pull:   +0.00 ± 1.16
LSQ+cte integration:
   Signal: 28047.97 ± 147.06 ADU
   Pull:   +0.01 ± 1.13
Chi2 integration:
   Signal: 28039.22 ± 126.89 ADU
   Pull:   -0.05 ± 1.15
Chi2+cte integration:
   Signal: 28047.69 ± 169.16 ADU
   Pull:   +0.01 ± 0.93
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fig = plot_simus(simus,methods)












[image: ../_images/notebooks_summation_32_0.png]









Incorrect weighting profile in the summation

We now test the impact of an incorrectly estimated profile in the weighted summation schemes, eigher because of an incorrect width or registration.


Incorrect width (\(\sigma\))
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# Scaled x-disp. profile [e/s]
eflux = 10.                 # Integrated flux [e-/s]
sigma = 0.5                 # Spatial width [arcsec]
nprofile = XProfile.build_gaussian(sigma, nsig=5, scale=NISP_SCALE)
npx = len(nprofile)

# Scaled x-disp. profile [e/s]
ezodi = 2 * N.ones_like(nprofile) # Z-background [e-/s]
eprofile = nprofile * eflux

# X-disp. profile simulator
simu = XProfile(nisp_s, eprofile, ezodi)
print(simu)

# incorrect profile
sigma0 = 0.45
profile = XProfile.build_gaussian(sigma=sigma0, nsig=5.5, scale=NISP_SCALE)  # wrong sigma
nmc = 1000                    # Number of realizations
simu.simulate(nmc=nmc)  # Simulate x-disp. profiles [ADU]
simu.analyze(profile=profile)     # X-disp. profile integration
#fig = simu.plot_xprofiles()
fig = simu.plot_pulls()













Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile: mode=NISP-S, width=38 px
  Integrated profile signal: 2804.56 ADU, mean-background level: 560.91 ADU/px
Gaussian XProfile: 2 × 5.5 × 0.45'' / 0.13''/px = 38 px
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2804.01 ± 108.53 ADU
   Pull:   -0.01 ± 1.02
LSQ integration:
   Signal: 2654.46 ± 67.65 ADU
   Pull:   -2.22 ± 1.06
LSQ+cte integration:
   Signal: 2585.87 ± 79.30 ADU
   Pull:   -2.76 ± 1.04
Chi2 integration:
   Signal: 2661.57 ± 67.52 ADU
   Pull:   -2.12 ± 1.07
Chi2+cte integration:
   Signal: 2601.60 ± 104.34 ADU
   Pull:   -1.95 ± 0.78











[image: ../_images/notebooks_summation_34_1.png]





[14]:






xdisp = N.linspace(-simu.npx / 2, +simu.npx / 2, simu.npx)
fig = P.figure(figsize=(8,6))
ax = fig.add_subplot(1, 1, 1, xlabel="[px]",ylabel="Signal")
ax.plot(xdisp, simu.eprofile / simu.eflux, label='eprofile $\sigma$=%.2f arcsec ' % sigma)
ax.plot(xdisp, simu.nprofile, label='incorrect profile  $\sigma$=%.2f arcsec ' % sigma0)
ax.set_title('X-disp Profiles')
ax.legend(loc='upper right', fontsize='medium')
fig.tight_layout()
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efluxes = N.logspace(-1, 2, 7)  # Integrated flux [e-/s]
simus = OrderedDict()           # {flux [ADU]: simu}
methods="sum,lsq,lsq_background,chi2,chi2_background"
for eflux in efluxes:
    print(" eflux = {:.2f} e-/s ".format(eflux).center(70, '-'))
    simu = XProfile(nisp_s, nprofile * eflux, ezodi)
    simu.simulate(nmc=nmc)
    simu.analyze(profile=profile )
    simus[simu.flux] = simu













------------------------- eflux = 0.10 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 20.07 ± 103.14 ADU
   Pull:   -0.08 ± 1.01
LSQ integration:
   Signal: 27.02 ± 57.92 ADU
   Pull:   -0.02 ± 1.03
LSQ+cte integration:
   Signal: 30.21 ± 69.92 ADU
   Pull:   +0.03 ± 1.02
Chi2 integration:
   Signal: 22.50 ± 57.91 ADU
   Pull:   -0.10 ± 1.03
Chi2+cte integration:
   Signal: 30.55 ± 96.73 ADU
   Pull:   +0.03 ± 0.74
------------------------- eflux = 0.32 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 75.99 ± 103.26 ADU
   Pull:   -0.13 ± 1.04
LSQ integration:
   Signal: 80.91 ± 58.14 ADU
   Pull:   -0.14 ± 1.02
LSQ+cte integration:
   Signal: 83.16 ± 70.13 ADU
   Pull:   -0.08 ± 1.01
Chi2 integration:
   Signal: 76.33 ± 58.12 ADU
   Pull:   -0.22 ± 1.02
Chi2+cte integration:
   Signal: 83.53 ± 96.88 ADU
   Pull:   -0.05 ± 0.73
------------------------- eflux = 1.00 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 273.13 ± 103.65 ADU
   Pull:   -0.07 ± 1.00
LSQ integration:
   Signal: 261.70 ± 58.86 ADU
   Pull:   -0.32 ± 0.96
LSQ+cte integration:
   Signal: 256.46 ± 70.81 ADU
   Pull:   -0.34 ± 0.99
Chi2 integration:
   Signal: 257.23 ± 58.84 ADU
   Pull:   -0.40 ± 0.96
Chi2+cte integration:
   Signal: 256.91 ± 97.45 ADU
   Pull:   -0.24 ± 0.72
------------------------- eflux = 3.16 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 879.24 ± 104.84 ADU
   Pull:   -0.08 ± 1.05
LSQ integration:
   Signal: 837.33 ± 61.09 ADU
   Pull:   -0.82 ± 1.04
LSQ+cte integration:
   Signal: 818.10 ± 72.94 ADU
   Pull:   -0.95 ± 1.05
Chi2 integration:
   Signal: 833.98 ± 61.06 ADU
   Pull:   -0.87 ± 1.05
Chi2+cte integration:
   Signal: 820.19 ± 99.17 ADU
   Pull:   -0.67 ± 0.77
------------------------- eflux = 10.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2794.15 ± 108.51 ADU
   Pull:   -0.10 ± 1.07
LSQ integration:
   Signal: 2647.43 ± 67.63 ADU
   Pull:   -2.33 ± 1.02
LSQ+cte integration:
   Signal: 2580.14 ± 79.28 ADU
   Pull:   -2.83 ± 1.02
Chi2 integration:
   Signal: 2654.31 ± 67.49 ADU
   Pull:   -2.23 ± 1.03
Chi2+cte integration:
   Signal: 2595.48 ± 104.33 ADU
   Pull:   -2.00 ± 0.78
------------------------- eflux = 31.62 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 8864.48 ± 119.42 ADU
   Pull:   -0.04 ± 1.05
LSQ integration:
   Signal: 8391.07 ± 85.11 ADU
   Pull:   -5.62 ± 1.13
LSQ+cte integration:
   Signal: 8173.96 ± 96.65 ADU
   Pull:   -7.19 ± 1.11
Chi2 integration:
   Signal: 8473.99 ± 84.42 ADU
   Pull:   -4.68 ± 1.13
Chi2+cte integration:
   Signal: 8290.09 ± 118.58 ADU
   Pull:   -4.88 ± 0.89
------------------------ eflux = 100.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 28043.28 ± 148.72 ADU
   Pull:   -0.02 ± 1.05
LSQ integration:
   Signal: 26528.42 ± 125.21 ADU
   Pull:   -12.12 ± 1.13
LSQ+cte integration:
   Signal: 25833.68 ± 137.82 ADU
   Pull:   -16.05 ± 1.14
Chi2 integration:
   Signal: 27032.07 ± 122.65 ADU
   Pull:   -8.27 ± 1.12
Chi2+cte integration:
   Signal: 26530.63 ± 152.75 ADU
   Pull:   -9.92 ± 0.96
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fig = plot_simus(simus,methods)
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Incorrect registration (\(\mu\))
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# Scaled x-disp. profile [e/s]
eflux = 10.                 # Integrated flux [e-/s]
sigma = 0.5                 # Spatial width [arcsec]
mu = 0.
nprofile = XProfile.build_gaussian(sigma, loc=mu, nsig=5, scale=NISP_SCALE)
npx = len(nprofile)

# Scaled x-disp. profile [e/s]
ezodi = 2 * N.ones_like(nprofile) # Z-background [e-/s]
eprofile = nprofile * eflux

# X-disp. profile simulator
simu = XProfile(nisp_s, eprofile, ezodi)
print(simu)

# incorrect profile
mu0 = -1
profile = XProfile.build_gaussian(sigma, loc=mu0, nsig=5, scale=NISP_SCALE)  # wrong mu
nmc = 1000                    # Number of realizations
simu.simulate(nmc=nmc)  # Simulate x-disp. profiles [ADU]
simu.analyze(profile=profile)     # X-disp. profile integration
#fig = simu.plot_xprofiles()
fig = simu.plot_pulls()













Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile: mode=NISP-S, width=38 px
  Integrated profile signal: 2804.56 ADU, mean-background level: 560.91 ADU/px
Gaussian XProfile: 2 × 5 × 0.50'' / 0.13''/px = 38 px
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2799.72 ± 108.52 ADU
   Pull:   -0.05 ± 1.04
LSQ integration:
   Signal: 2756.02 ± 70.79 ADU
   Pull:   -0.69 ± 1.07
LSQ+cte integration:
   Signal: 2732.56 ± 85.08 ADU
   Pull:   -0.85 ± 1.05
Chi2 integration:
   Signal: 2736.59 ± 70.58 ADU
   Pull:   -0.97 ± 1.08
Chi2+cte integration:
   Signal: 2722.55 ± 116.39 ADU
   Pull:   -0.71 ± 0.77
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xdisp = N.linspace(-simu.npx / 2, +simu.npx / 2, simu.npx)
fig = P.figure(figsize=(8,6))
ax = fig.add_subplot(1, 1, 1, xlabel="[px]",ylabel="Signal")
ax.plot(xdisp, simu.eprofile / simu.eflux, label='eprofile $\mu$=%.1f' % mu)
ax.plot(xdisp, simu.nprofile, label='incorrect profile $\mu$=%.1f' % mu0)
ax.set_title('X-disp Profiles')
ax.legend(loc='upper right', fontsize='medium')
fig.tight_layout()
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efluxes = N.logspace(-1, 2, 7)  # Integrated flux [e-/s]
simus = OrderedDict()           # {flux [ADU]: simu}
methods="sum,lsq,lsq_background,chi2,chi2_background"
for eflux in efluxes:
    print(" eflux = {:.2f} e-/s ".format(eflux).center(70, '-'))
    simu = XProfile(nisp_s, nprofile * eflux, ezodi)
    simu.simulate(nmc=nmc)
    simu.analyze(profile=profile)  # sigma larger for profile integration
    simus[simu.flux] = simu













------------------------- eflux = 0.10 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 18.85 ± 103.14 ADU
   Pull:   -0.09 ± 1.01
LSQ integration:
   Signal: 25.69 ± 61.04 ADU
   Pull:   -0.04 ± 0.99
LSQ+cte integration:
   Signal: 29.37 ± 75.64 ADU
   Pull:   +0.02 ± 0.99
Chi2 integration:
   Signal: 20.60 ± 61.03 ADU
   Pull:   -0.13 ± 0.99
Chi2+cte integration:
   Signal: 29.82 ± 108.83 ADU
   Pull:   +0.02 ± 0.69
------------------------- eflux = 0.32 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 84.69 ± 103.27 ADU
   Pull:   -0.04 ± 1.01
LSQ integration:
   Signal: 87.41 ± 61.28 ADU
   Pull:   -0.03 ± 1.04
LSQ+cte integration:
   Signal: 88.87 ± 75.87 ADU
   Pull:   -0.00 ± 1.05
Chi2 integration:
   Signal: 82.32 ± 61.26 ADU
   Pull:   -0.11 ± 1.04
Chi2+cte integration:
   Signal: 89.32 ± 109.01 ADU
   Pull:   +0.01 ± 0.73
------------------------- eflux = 1.00 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 273.76 ± 103.65 ADU
   Pull:   -0.07 ± 1.02
LSQ integration:
   Signal: 273.25 ± 61.99 ADU
   Pull:   -0.12 ± 1.01
LSQ+cte integration:
   Signal: 272.97 ± 76.55 ADU
   Pull:   -0.10 ± 0.99
Chi2 integration:
   Signal: 267.97 ± 61.97 ADU
   Pull:   -0.21 ± 1.01
Chi2+cte integration:
   Signal: 273.22 ± 109.56 ADU
   Pull:   -0.07 ± 0.69
------------------------- eflux = 3.16 e-/s --------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 875.82 ± 104.83 ADU
   Pull:   -0.11 ± 1.00
LSQ integration:
   Signal: 866.49 ± 64.20 ADU
   Pull:   -0.32 ± 1.04
LSQ+cte integration:
   Signal: 861.47 ± 78.67 ADU
   Pull:   -0.33 ± 1.03
Chi2 integration:
   Signal: 859.69 ± 64.16 ADU
   Pull:   -0.43 ± 1.03
Chi2+cte integration:
   Signal: 860.68 ± 111.26 ADU
   Pull:   -0.24 ± 0.73
------------------------- eflux = 10.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 2798.16 ± 108.52 ADU
   Pull:   -0.06 ± 1.03
LSQ integration:
   Signal: 2756.23 ± 70.78 ADU
   Pull:   -0.69 ± 1.05
LSQ+cte integration:
   Signal: 2733.73 ± 85.07 ADU
   Pull:   -0.84 ± 1.04
Chi2 integration:
   Signal: 2736.66 ± 70.58 ADU
   Pull:   -0.97 ± 1.05
Chi2+cte integration:
   Signal: 2723.88 ± 116.37 ADU
   Pull:   -0.69 ± 0.76
------------------------- eflux = 31.62 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 8857.33 ± 119.41 ADU
   Pull:   -0.10 ± 1.07
LSQ integration:
   Signal: 8716.59 ± 88.40 ADU
   Pull:   -1.73 ± 1.05
LSQ+cte integration:
   Signal: 8641.02 ± 102.70 ADU
   Pull:   -2.22 ± 1.03
Chi2 integration:
   Signal: 8606.94 ± 87.26 ADU
   Pull:   -3.00 ± 1.07
Chi2+cte integration:
   Signal: 8566.61 ± 130.52 ADU
   Pull:   -2.32 ± 0.80
------------------------ eflux = 100.00 e-/s -------------------------
XProfile simulation: 1000 realizations
  Perfect background subtraction
Plain integration:
   Signal: 28039.08 ± 148.72 ADU
   Pull:   -0.05 ± 1.08
LSQ integration:
   Signal: 27570.17 ± 129.16 ADU
   Pull:   -3.68 ± 1.10
LSQ+cte integration:
   Signal: 27318.40 ± 144.95 ADU
   Pull:   -5.02 ± 1.09
Chi2 integration:
   Signal: 26963.06 ± 124.73 ADU
   Pull:   -8.68 ± 1.13
Chi2+cte integration:
   Signal: 26880.30 ± 164.48 ADU
   Pull:   -7.09 ± 0.91
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fig = plot_simus(simus,methods)
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