UNIVERSITY 0f PENNSYLVANIA

Constructing a 3D Galactic Data Cube Using Sloan Digital P
%3 Penn Siy Survey Lnaging Dats %Y Penn

1 2 2
UNIVERSITY 0f PENNSYLVANIA Joy Gong', Helen Qu“, Masao Sako

.. . . . . . Department of Physics and Astronomy
'University of Pennsylvania, College of Arts and Sciences Class of 2025, 2Department of Physics and Astronomy, University of Pennsylvania P ) )

Introduction Results Conclusions
Figure 6. Spectra of various pixels within the central galaxy of a data cube generated for redshift 0.1. Results are reasonable within the SDSS wavelength range, 350-1000 nm. ':Zzzrjt;il:t?zifdtiael ;ZET;Z?SQQ:;:&TTN pixel, b and c) pixels on
Measuring the Universe .. FpTe— ' ' T : Future Steps
-19 : 'L._‘ “stretch-factor” corrected - 10— 14 | 7 1s . I I
* Type lasupernovae are standard candles, 5. ' 150 | 1] « Using SDSS data as a template, this project automates the
objects with an intrinsic luminosity | i ol & I construction of galactic data cubes at any user-defined redshift or
A falntetrhappbqrer;t. rr;agtrrm]ltude gen.erjlllyt. % galaxy of interest
means the object is farther away, indicatin 50 - : -
an older age J y J -0 f : - - For a supernova in this galaxy, the host galaxy spectrum (data cube)
* ’ d:;)s ® ? 0 L o M‘Ja\:/lzrength (nanorl:;ten o i
[ ] SNe |a brightness and distance help to I?guge1:hefsc,:n(:arrjnzs:allig:;tecurve?f':;ypeI:ZL:i)aeLrunn::oaS:iez):::::egé’r\‘c;:lnd é 10723 i \ 0 100 200 . Can be .SUbtraCted from Roma’fs SN+ga|aXy ObservatlonS, Set to
determine dark energy parameters F062 F087 F106 F129 F158 F184 2 \ ! e launch in 2027
4 u 10—26 1 “’ " g .
Host Galaxy Contamination - ..-.nn AN Modifications
* The Roman Space Telescope will T | I { « Other variations which may lead to slightly different model spectra of
observe an enormous amount of SNe la | — o galaxies include:
X [pix] i . . . . . . . .
spectra, but observed spectra are 2 1 ot 1 S gty s ot sl shoun o e o 10722 ‘ : o Assuming Gaussian noise or standard deviation for error maps
contaminated by host galaxies HErn | . . . . o o Varying parameters that make source detection looser or
. alaxy-only 102 104 106 108 Pixel (100,105 .
;I'he hc?]st galllaxy spectrum must be subtractgd 2. Wavelength . stricter
rom the telescope-obtained spectra to obtain : : o Considering redshift-dependent star formation models
clean SNe la spectra : :
» Using SDSS imaging data as templates, Broader S|gn|f|cance
simulated host galaxy spectra are generated and - - - o | _
Stored In data CUbeS F/gureE.SIlcesofthedatacubeforagalaxyatredsh|ft0.1,acrossarangeofwavelengths.TowardstheendsoftheSDSSrange,thegalaxya;pe;rstofS;deoz: - o 10 . 10° 10° 10° ZZZ’::’)‘?;(QEQSZT;QZZL;ZI\ZT;?iIdmCUbe,Wlthxandy * AnalyZIng numerous Clean SNe |a SpeCtra
« The SDSS telescope images the night sky in five g o leads to improved standardization of SN light-
filters, ugriz, spanning wavelengths of ~3500- 200 - curves, which ultimately helps to:
griz, Spe J eng . o —" 7 r 0.350 pm 0.377 pm 0.406 pm 0.436 pm 0.453 pm : y P
10000 A - just into UV and infrared light (U o Measure redshift directly from SN spectra
Figure 3 a) The SN+galaxy and galaxy spectra b) Clean SN spectra after . . .
st et gl g e 00 " " ” " " _ o Distinguish between SNe la subtypes
i 17 o More accurately determine the dark
energy equation of state parameters to
200 measure the acceleration of the
- = = . - ] . , .
0.484 pm 0.516 pm 0.548 pm 0.581 pm 0.614 pum i universe’s expansion
1 Download SDSS images . ; 100
Randomly select a galaxy satisfying input conditions ;O :
(redshift or ID) from a filtered catalog i 15
« Download FITS imaging files from web using indicators: . 200 -
run, rerun, camcol, filter, field . . 0.682 pm 0.727 pm 0.767 pm 0.816 pm - References
0 0 50 100 150 0 0 50 100 150 200 ﬁ
— N
2. Resample, cutout, and clean oo o 5 5
24900 g -
« Each filter (ugriz) of the same galaxy is slightly offset N y Astraatmadija, T., Fruchter, A., Deustua, S., Qu, H., & Sako, M. (2022). 3D
* Realign images according to r-band é datacube reconstruction using Roman slitless prism spectra. Bulletin of
 Generate a 201x201 plx_el cutout centered on the central galaxy, and the AAS, 54(6). https://baas.aas.ora/pub/2022n6i318p02
clean other non-central light sources 200 - ' = '
« Generate noise, or error, maps based on gainand darkVariance values 0.850 pm 0.911 pm 0.973 pm 1.008 pm 1.069 pm
for each filter
« Save fluxes and flux errors for galaxy pixels to an ASCII file 100
3 Fit to CIGALE S~ Acknowledgements
ASCII file as CIGALE’s input Gataxy pixel are definec 2 hawing = 1 souscs observation. .
° i 20 . .
Uses interpolating galaxy-fitting model to generate continuous 1.155 pm 1.320 pum 1.457 ppm 1.705 pum 1.908 um « This project was funded by the Penn Undergraduate Research
spectra across a wavelength range Y f f Y H
- Different spectra for each galaxy pixel; output data saved to FITS files Mentoring Program as part of the Center for Undergraduate Research
100 and Fellowships.
4. Assembl ! . . . .
ssemb e data cube - N e Special thanks to Tri Astraatmadija from STScl for putting my work
*  Reassemble each pixel's model spectrum into its correct (x) position into greater context and providing expertise on data cubes, as well as
Non-galaxy pixels are filled with spectra of O 0 : : :
- Data cube represents a continuous spectra, instead of five discrete 0 100 2010 100 2010 100 2010 100 2010 100 200 all members of the Sako group, who imparted immense academic and
fluxes for the image X |pix] nonacademic support.



https://baas.aas.org/pub/2022n6i318p02

