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MOtlvatlon The Deep Field

High Redshift (z) Universe:
* Distant and Young Galaxies.
* Small (~1 kpc).

* Small angular size.

* Blue intrinsic colors.
* Irregular morphologies.

Study the physical processes in these galaxies in detail is extremely difficult.

* One possible solution to these difficulties is to identify low-z analogs
to high-z galaxies.

Local Analogs Early Galaxies

(Low Redshift): (High Redshift):

 Irregular, Small, High * Irregular, Small, High
Star Formation. <:> Star Formation.

* Main features e Main features
observable in the UV - (UV-optical)
Optical - Infrared redshifted to the

Ultraviolet Coverage of the Hubble Ultra Deep Field (UVUDF) project.
Infrared_ Credit: E. Soto, D. De Mello (CUA), H. Teplitz and M. Rafelski (IPAC/Caltech), A. Koekemoer (STScl), R. Windhorst (Arizona
State University), and Z. Levay (STScl) NASA, ESA,
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http://www.nasa.gov/
http://www.spacetelescope.org/

Stratospheric Observatory for Infrared Astronomy

Sample selection

N

* Previous works: FUV luminosity, W(Ha),
i.e. Ostlin 2014, Hoopes 2007, Overzier 2014.
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* Novel Technique.

» Based on the success rate of 129 local
galaxy templates (from Brown et al.
2014) in fitting observe SED of 159,645
high-z galaxies (CANDELS?).

* High-z Galaxies with z > 2.

\\ / Redshift Redshift

* For galaxies at z>2 just 11 of the local template galaxies provide >90% of all the best-fit SEDs.

Morphology fraction

 Unique sample.

Refs: 'Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS). For survey details, see Grogin et al. (2011) and Koekemoer et al. (2011).
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Blue Compact Dwarf Galaxies (BCDGs)

Local galaxies.

Compact galaxies.

Small (optical diameter ~1 kpc)
Low metallicities (1/3to 1/417Z_ )

Blue optical colors (actively star
forming).

---> Are this young system?

BCDGs do not fit
in the Hubble
sequence P = .
classification. | b b(_._x

Normal Spiral

}'I_'\he H‘u_b‘ble qailax‘ies Classification
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* The Sample of Local Analogs
NGC2537 UGCA208 Mrk1450 UM461 Mrk1307 Haro02
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oA ' . * -
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1 kpc
Haro06 NGC4670 Mrk475 UGCA410 Mrk930

‘ ¢ i q " - SDSS i-band

Name RA Dec D logM. logMpur® f;lll Metallicity Alternative
J2000.0 Mpc Mg Mg Mo 12+1og(O/H) Name
NGC 2537 08:13:14.4 +445:59:13 8.6 9.107 8.428 0.17 8.19 Arp 6; ‘Bear Paw’
Mrk 140 10:16:28.3  +45:19:18 27.6  8.271 8.897 0.56 8.30 Mrk140
Haro 02 10:32:31.9 +54:24:02 23.7 9.790 8.45 Mrk 033
Mrk 1450  11:38:35.6 +57:52:27 14.7  7.272 7.351 0.54 7.96
UM 461 11:51:33.1  -02:22:22 20.7 7.045 8.467 0.96 7.78
Mrk 1307  11:52:37.4 -02:28:09 21.0 8.107 8.727 0.81 7.96 UM462
Haro 06 12:15:18.4  +05:45:39 35.1 8473 8.830 0.69 8.18
NGC 4670 12:45:17.1 +427:07:31 20.0 9.246 9.017 0.37 8.30 Arpl63
Mrk 475 14:39:05.5 +36:48:21 10.9  8.100 6.624 0.56 7.93
Mrk 487 15:37:04.2 +55:15:48 10.5  7.455 7.585 0.57 8.10
Mrk 930 23:31:58.6  +28:56:50 77.5  9.053 9.506 0.74 8.08
4

Skarleth Motifio Flores

smotinoflores@usra.edu



The SOFIA telescope

Stratospheric Observatory for Infrared Astronomy.

The SOFIA Instruments

NIR(0.75+3 pm) —p st MIR (3-30 pm) et e FIR (30-300 psm) - st Submm
W U.S. Principal Investigator Instrument
® U.S. Facility Instrument
@ German Principal Investigator Instrument
i} InDevelopment
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Telescope Assembly Secondary Mirror Mechanism
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https://www.sofia.usra.edu/sites/default/files/Instruments/HAWC_PLUS/Documents/hawc_data_handbook.pdf
https://www.sofia.usra.edu/sites/default/files/Instruments/HAWC_PLUS/Documents/hawc_data_handbook.pdf

Mrk 1450
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MIPS 24

Figure 4. Optical to FIR images of Mrk 1450. The red bar corresponds to 20”, and the blue bar indicates 1 kpc.
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|® 0@ HIPE 15.0.1 - [new file]

File Edit Run Pipelines Scripts Window Tools Help \

e H& ue» = LaesaAd

«x\_[rs=8)

® % G| & (v NoFiter |

Other Data

error_aveCorr
FO505_HA_IMA_06022229_HAWAHWPOpen_
F0505_HA_IMA_06022230_HAWCHWPOpen
FO505_HA_IMA_06022231_HAWDHWPOpen
FO505_HA_IMA_06022232_HAWEHWPOpen_
Flux
Flux_0
Flux_Corr
Flux_error
Flux_error_0_0
Flux_error_0_1
Flux_error_0_2
Flux_error_0_3
Flux_error_0_4
Flux_error_0_5
i
ir
ir_error
J El Console x
m
map
maps
MRK1307_155
MRK1307_55
MRK1307_89
MRK1450_155
MRK1450_216

s

h..........................

sroesn = T s o
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https://www.cosmos.esa.int/web/herschel/hipe-download
https://www.jython.org/

Photometry: %~

Annular Sky
Aperture
Photometry:
= Image
Units:
Jy/Pixel

Aperures
(pixels or arcsec)

HIPE> Result = annularSkyAperturePhotometry(image=MRK1450 55, centerX=94.98058210987237,
centerY=103.56310730363946, radiusPixels=10.0, innerPixels=15.0, outerPixels=25.0, fractional=1, centroid=True)

[ Editor X \Z% Outline

x (@ MRrK1450_55 x (@ MRK1450_89 % (@ Photometr...av.savpy x (= Fost‘HA,l...H,ongB % (@ New-1 x| (3 annularsky...hotometry x @ results x\

62.0,229.4 -0.00077018 Jy/pixel ‘ 11:38:18.778, +57:51:47.32

@ @ E @\ 373 |1 v|[ 000000 995% || 0.0250000

Target center

Coordinat Mouse interaction e ] [¥] Centroiding

Image hd

Apertures
Radius ‘ Pixels Vl
Target aperture Sky aperture
Target radius [pixels] 10 Inner radius [pixels] 115 ‘
| |
-

Curve of Growth

Step size curve of growth

Outer radius [pixels] ‘25
Sky estimation
Pixels Fractional pixels
Algorithm Daophot

Source and Sky radius

Help ‘ Clear Accept

[Curve of growth|

Target flux (sky subtr) [Tv]

3 Ir 12 14 I
Radins [pixels]



Mrk 1450

Source Flux:

Fgource — (ﬁot) _ Bgave‘

Uncertainties:

EJHC — \/ (F s>lc<)u1rcefA‘bscal)2 - Bgstd2 y

Abs__ = 10%- 15%

187.6,51.6 | -0.0089649 Jy/pixel ’ 11:38:41.061, +57:53:52.97 ‘ Image w
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* Example of Script to perform photometry

P # 'Mrk 1307'  SOFIA "HAWC+ Bands A, C, D'
# 155 um FO483_HA_IMA_06022239_HAWDHWPOpen_CRH_091_093. fits
# 89 um FO483_HA_IMA_06022239_HAWDHWPOpen_CRH_067_074.fits
# 55 um F0483_HA_IMA_06022239_HAWDHWPOpen_CRH_077_088. fits

from math import *
from java.lang.Math import PI

wl = ['55','89",'155']
maps = [ F0483_HA_IMA_06022237_HAWAHWPOpen_CRH_077_088 , \
FO483_HA_IMA_06022238_HAWCHWPOpen_CRH_067_074, F0483_HA_IMA_06022239_HAWDHWPOpen_CRH_091_093]
HHHH A SETTING UNITS TO Jy/pixel #######HHHHHHHHHHHHHHHYT
for i in range(3):
map = maps[i]
map.setUnit(herschel.share.unit.Unit.parse("Jy/pixel"))
# Save maps with units to file

simpleFitsWriter(product=map, file='/Users/admin/HIPEScripts/SOFIA/MRK1307_Jy_pixel wl_'+wl[i]+'um.fits"')

A READING MAPS FROM FILE #H##H#HHHAH

MRK1307_55 = fitsReader(file = '/Users/admin/HIPEScripts/fits_images/SOFIA/MRK1307_Jy_pixel wl_'+wl[0]+'um.fits")
MRK1307_89 = fitsReader(file = '/Users/admin/HIPEScripts/fits_images/SOFIA/MRK1307_Jy_pixel wl_'+wl[1]+'um.fits")
MRK1307_155 = fitsReader(file = '/Users/admin/HIPEScripts/fits_images/SOFIA/MRK1307_Jy_pixel_wl_'+wl[2]+'um.fits"')

maps = [ MRK1307_55 , MRK1307_89, MRK1307_155]

# 0Or read the files:
#for 1 in range(3):
# maps[i] = fitsReader(file = '/Users/admin/HIPEScripts/SOFIA/MRK1307_Jy pixel_wl_'+wl[i]+'um.fits')
#maps[i] = 'MRK1307_Jy_pixel_wl_'+wl[i]+'um.fits'

HHAHHHARAHAAAHARRE Annular Photometry #HHHHHHHHHHHHHHHH AR

### Mrk1307 Source positions in units of pixels not Astronomical Coordinates
# To obtain: On the map, Right click on the source and select Get coordinates

coordY
coordX

[108.43, 109.44, 98.0]
[173.47, 179.60, 156.0]
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46 ###H

47 N =3 # Number of Data images. (Bands A, C, E).

48 Flux = Nx[0.0]

49  error_ave = Nx[0.0]

58  nabg = 6 # Number of apertures to measure the background.
51  Flux_error = Nx[[0.0, 0.0, 0.0, 0.0, 0.0, 0.0]] # Array for for errors

70 ir = [15, 15, 151 # Aperture radius in pixels

53 ir_error = [15, 15, 15] # Aperture radius in pixels for the errors

54  Flux_Corr = Nx[[0.0, 0.0, 0.0]]

55 error_aveCorr = Nx[0.0]

56  RADIO = [30, 30, 30]

57

58 for i in range(N):

59 Flux[i] = annularSkyAperturePhotometry(image=maps[i], radiusPixels=ir[i], fractional=1, centerX=coordX[i],
60 centerY=coordY[i], innerPixels=ir[i]+10, outerPixels=ir[i]+20)

61 a = 0.0

62 b = 0.0

63 ir_error[il = sqrt(0.5)xir[i]

64 for j in range(nabg):

65 radio = RADIO[i]

66 angle = j*2%PI/(nabg)

67 x = coordX[i]+radioxcos(angle)

68 y = coordY[i]+radioxsin(angle)

69 Flux_error[i]l [j] = annularSkyAperturePhotometry(image=maps[i], radiusPixels=ir_error[i], fractional=1,
70 centerX=x, centerY=y, innerPixels=ir_error[i]+8, outerPixels=ir_error[i]+12, centroid=False)
71 a =a + Flux_error[i] [j]1["Results table"]["Total flux"].datal[2]

72 b =b + Flux_error[il [j] ["Results table"]["Total flux"].datal[2]

73 print ' i=',i,' j=',j, ' FluxErr[il[jl= ',Flux_error[il[j]["Results table"]["Total flux"].datal[2]
74 average = b /nabg

75 sigma =0

76 for j in range(nabg):

77 sigma = sigma + (average - Flux_error[i] [j]["Results table"]["Total flux"].datal[2])**2

78 std = (sigma)/(nabg-1)

79 Flux_Corr[i] = Flux[i] ["Results table"]["Total flux"].datal[2]-(average)

80 error_ave[i] = a/nabg

81 error_aveCorr[i] = std|

82 print = ¥.3,1 Flux = ',Flux[i]l ["Results table"]["Total flux"].datal2],' Error Average = ',error_aveli]
83 print (' Backgroung Average: ',average,' STD: ',std)

84 print iz %4, Flux_Corr = ',Flux_Corr[i], '+- Sigma_Corr:',error_aveCorr[i]

85 print ‘\n'

86 m=1i

87 Flux_0 = Flux[m]

88 disp = Display(mapsIm])

89 disp.addAnnularSkyPhotometryProduct(Flux_0, java.awt.Color(200,120,0))

90 for j in range(nabg):

91 Flux_error_0_0 = Flux_error[m][j]

92 disp.addAnnularSkyPhotometryProduct(Flux_error_0_0, java.awt.Color(50,055,055)) res@usra.edu | 11
93 print 'done’



SDHEIA

Black Body modeling

* Modified Black Body Function:

B l _ 2 h’/ /C Haro06 - BlackBody Fitting Haro06 - BlackBody Fitting
174 ;

— Shu/kT _q A A s SN s vt

10° = - 10° -

10" - 10' & -

B oo (1 —exp(—7)) B (T)

o _s__._f;’"_“J-\____\ !
u,

10" = -
E ~ 3

‘ TTTTIT | B |
Vs

|

Flux (Jy)

Flux (Jy)

107 £

A

AO ﬂ u)'é /,'f g mé, \\’ é
Bood(T) = QB,(T) [1 —exp |- [ 2 5 :

“,‘41 1 L T | | L 1 - 10° L 1 Il | Y O [V | |

1 1
100 100
Wavelength (xm) Wavelength (x«m)

IRAS - MIPS m HERSCHEL % SOFIA IRAS - MIPS m HERSCHEL % SOFIA

B(v,T): the Plank function. Parameters:
* SOFIA-HAWC+: 55, 89, 155, and 216 um (in red).

e T: Dust temperature [K].
P [ ] * Herschel: 70, 100, 160, 250, 350, 500 um (in blue).

e Q: Normalization constant.
» Spitzer- MIPS: 24 pm (in green).
* B: Dust Emissivity Coefficient.
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Stratospheric Observatory for Infrared Astronomy

Bayesian Inference of parameters

130 15 140 145 150 1% 180 & 170

— PT2
Best Sd
Avaage
Perce 50

P(6Ipriors) = exp ( - x*/2.0)

¥5 400 45 460 45 00 =25 550 575
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Diagnostic plots for the SED fits ik 1450 SCFiA
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Results | Black Body Models
2 components
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Def. & Characterization Of Local Analogs to High-z Galaxies | Skarleth Motifio Flores

smotinoflores@usra.edu

| 15




FUV- FIR: Spectral Energy Distribution (SED)

MRK930

0.1 1.0 10.0  100.0
Wavelength, A [um]
NGC4670

0.1 1.0 10.0  100.0
Wavelength, A [um]
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http://github.com/rafaeleufrasio/lightning

Results | Star Formation History

Stratospheric Observatory for Infrared Astronomy

SFH - NGC2537 SFH - MRK 140 SFH - Haro2
I I I I I I I I I I 2_| I I I I
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—Q 2 The 16th and 84th percentiles,
o enclosing the yellow areas.
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Article:

e Skarleth M. Motino Flores et al. 2021 ApJ 921, 130
https://iopscience.iop.org/article/10.3847/1538-4357/ac18cc

LIGHTNING Reference:

* Eufrasio R. et al. 2017 ApJ 851, 10.
https://iopscience.iop.org/article/10.3847/1538-4357/aa9569
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Stratospheric Observatory for Infrared Astronomy
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SOFIA products:
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