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1.6 New Methods of Photometric Redshift 12

Figure 1.4 Mapping to redshift and EW from the ratios Hα12/Hα8 and Hα12/Hα16.
Redshift identified on black dashed lines. Equivalent width shown on the colored lines.
From Draper et al. (in prep).

emission line (and therefore 90% of the total light from the galaxy). The Hα12 filter will capture

about 60% of the light and the Hα16 filter will capture about 2% of the light. The resulting ratios

of the flux from these filters, specifically Hα12/Hα8 and Hα12/Hα16, can be mapped to a unique

redshift and equivalent width (EW).

This mapping is shown in Figure 1.4. This figure shows how the EW and redshift of an object

can be determined from the Hα12/Hα8 and Hα12/Hα16 ratios, depicted on the x and y axes,

respectively. The various redshift values are shown by the black dashed lines and the EW values

are the colored dashed and dotted lines. Based on this figure, redshift increases moving to the right

around the curve and equivalent width increases moving up.

Both of the above methods assume that the emission line captured in the bandpass of these

filters is the Hα line. It is possible, and very common, for a galaxy to reside behind the void at such
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a distance that a different emission line is observed. The two emission lines that cause concern are

the [OIII]λλ5007,4959Å doublet (hereafter [OIII]) and the [OII]λ3727Å blended line (hereafter

[OII]). Since galaxies with [OIII] and [OII] can easily contaminate the field, it is important to be

able to distinguish which lines are Hα , [OIII] and [OII]. This can be done by observing the galaxy

as a whole through broadband filters.

Whether the emission observed is Hα , [OIII] or [OII] tells us the distance to the galaxy emitting

the light. This distance indicates how far back in time these observations are going.

Figure 1.5, from Draper (2019), compares the Hα , [OIII] and [OII] groups of galaxies. The

figure shows the unique populations that are apparent when comparing the color indices of the

Sloan broadband filters, specifically g′-r′ and r′-i′. Each point on this figure is one of 827 galaxies

from the SDSS survey. The red points represent 648 galaxies with a redshift of cz = 1,600km·s−1 to

9,400km·s−1, which would make the Hα line detectable in the narrowband filters. The green points

are the 20 galaxies at a redshift of z = 0.32 to 0.35, with [OIII] emission captured in the narrowband

filters. And the blue points are the 159 galaxies at a redshift of z = 0.77 to 0.82, with [OII] emission

observed in the narrowband filters. The three groups of galaxies appear to occupy three distinct

areas on the graph, with a fair amount of overlap.

The inner dashed circle indicates the region within which 1σ of the Hα galaxies are located and

the outer dash-dotted circle is the region where 2σ of the Hα galaxies are located. The area to the

lower left of these circle is almost entirely populated by Hα galaxies, and as such is referred to as

the Hα region. Inside the 2σ region, 78.4% of the object are Hα , 2.4% are [OIII] and 19.2% are

[OII]. The objects in the 1σ region are 91.9% Hα , 0.2% [OIII] and 7.9% [OII].

Using a combination of the narrowband and broadband filters and methods, this technique calcu-

lates the redshift of each object. This method is still being tested and confirmed with spectroscopy

as part of this thesis.
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Figure 1.5 This figure plots the color indices g′− r′ and r′− i′ of three groups of galaxies,
each at a different distance to put different emission lines within the bandpass of the
Gaussian filters, Hα , [OIII] and [OII]. The size of each point is proportional to the
equivalent width of the emission line of the galaxy. The scale is normalized to keep the
point sizes similar between galaxy populations. The dashed ellipse contains 1σ of the Hα

galaxies in the sample. Within this region, 91.9% of the objects are Hα , 0.2% are [OIII]
and 7.9% are [OII]. The dashed-dotted ellipse contains 2σ of the Hα galaxies. Within this
region, 78.4% of the objects are Hα , 2.4% are [OIII] and 19.2% are [OII]. From Draper
(2019).
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Figure 1.6 A schematic of the ramp filters from Lesser et al. (2019).

1.6.2 Ramp Filters

Another recent technique for finding photometric redshift was introduced in Lesser et al. (2019). In

this work, they used asymmetric bandpass filters, called ramp filters, with a transmission shown

in Figure 1.6. The x-axis of the figure represents the wavelength being observed and the y-axis

represents the percentage of light allowed through the filter at that wavelength, or the transmission.

Each filter is represented by a different colored line. The solid blue line represents the blue sloping

or BS filter, the dashed red line is the red sloping or RS filter and the dot-dashed light blue line

represents the 697 filter, which will be referred to as the continuum filter in the rest of this paper.

These ramp filters introduced in Lesser et al. (2019) should not be confused with the ramp

filters used by the Advanced Camera for Surveys (ACS) and the Wide Field and Planetary Camera

2 (WFPC2) on the Hubble Space Telescope (HST). The filters used on the ACS and the WFPC2

termed ramp filters are narrow- to medium- band filters that can be tuned to the desired wavelength
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when observing spectral features. The filters referred to in this paper are broadband filters named

for their sloping wings and are not tunable.

The blue and red sloping ramp filters are designed to capture within their band-pass the Hα

emission line with a redshift of 0< cz< 12,000km·s−1. With the Hα emission line in the band-pass,

the measurements from the ramp filters can be used to determine the exact redshift of the galaxy

being observed.

As an example of how the method from Lesser et al. (2019) works, imagine observing a strong

Hα emitting galaxy which is redshifted so the Hα line is at about 660nm. In other words, the

galaxy is very bright at 660nm and relatively dim at all the other wavelengths within the bandpass

of the ramp filters. In this case, a large percentage of the bright emission line will be observed in

the BS filter because at 660nm, the BS filter has a transmission of about 80%. A smaller portion of

the emission line will be observed in the RS filter, which only has a transmission of about 25% at

660nm. The total brightness in the BS filter will be brighter than that in the RS filter, so the ratio of

BS/RS will be greater than 1.

Now, suppose there is another galaxy observed that is more distant so that the Hα line has been

redshifted to about 680nm. In this case, the BS filter will only observe about 10% of the light from

the emission line while the RS filter will observe about 95% of the light, making the observation in

the RS filter much stronger than that in the BS filter, so the ratio BS/RS will be less than 1.

Once the relationship between the BS/RS ratio and the redshift of a galaxy is known, then by

observing any galaxy with Hα emission within the redshift range with the BS and RS filters and

calculating the ratio of the two, one can evaluate the redshift of that galaxy.

This method works under the assumption that all the light observed in the BS and RS filters

comes from the emission line, which is not quite true. Every galaxy has an underlying continuum

that comes from stars and other black-body radiation. The continuum filter in Figure 1.6 is used

to identify and then subtract out that continuum. The continuum filter is designed to avoid major
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emission lines, so that all the light in the continuum filter should be from the continuum. If one

assumes the continuum is flat, which is close to true when observing a small range of wavelengths,

and since the width of the filter is known, the continuum itself can be estimated within the continuum

filter. By assuming the continuum in the ramp filters is about the same as the continuum in the

continuum filter, the calculated continuum can then be subtracted from the measurements in the

ramp filters, leaving only the light from the emission line.

In Lesser et al. (2019), they calculated a relationship between the redshift and the BS/RS ratio

and found that the ramp filter method could predict the redshift of a galaxy with an accuracy of

∆cz = 573km·s−1. That is an order of magnitude improvement over other photometric methods.

One issue Lesser et al. (2019) came across in their research is that other emission lines, even

small ones, around the Hα line can disrupt the calculations - specifically, the [SII]λλ6716,6731Å

doublet (hereafter [SII]), which is an emission feature that falls just to the red side of Hα . For

galaxies with a redshift z < 0.018, the [SII] line falls within the bandpass of the RS filter, making

the Hα emission seem brighter than it is in that filter. At a redshift of about z = 0.018, the [SII]

line shifts from the RS filter to the continuum filter, so at redshifts of z > 0.018, the continuum gets

over-estimated with the presence of the [SII] line in the continuum filter. This produces a bump in

the RS/BS relationship, which increases the error. The presence and magnitude of the so-called

"[SII] bump" is one aspect of the ramp filters method that will be addressed in this work. In my

master’s research I will fine-tune and improve the ramp filter method so that it can one day be

accessible to other researchers studying the LSS of the Universe.



Chapter 2

Gaussian Filters Technique

2.1 Spectral Confirmation Methods

To confirm the Gaussian Filter method described in Section 1.6.1, candidate void galaxies identified

by the method must be observed spectroscopically to determine the redshift with this more con-

ventional method. These spectroscopic observations were made using the Astrophysical Research

Consortium (ARC) 3.5m telescope at Apache Point Observatory (APO) on the Dual Imaging

Spectrograph (DIS). There were two gratings used, one for the red spectrum and one for the blue.

The grating used for the red spectrum was the R300 grating which offered a wavelength coverage of

5190Å to 9810Å and a linear dispersion of 2.31Å/pixel. The blue grating was the B400 grating,

with a wavelength coverage of 2570Å to 6230Å and a linear dispersion of 1.83Å/pixel. A 2.0" slit

was used for the observations.

Targets were chosen from candidates in the second and eighth voids indexed in Foster & Nelson

(2009), hereafter FN2 and FN8. To be chosen, the candidates needed to fall within the 1σ , 2σ or

Hα region of Figure 1.5 and have a magnitude brighter than 21. Priority was also given to objects

with a stronger emission line as estimated by the narrowband filters. A list of the targets observed is

18
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given in Table 2.1. All of the objects listed in Table 2.1 except one, FN8-45-16341, fall into just one

of the sections in the GRI color-color plot, as listed in column 6. FN8-45-16341 is one of seven

objects in Draper (2019) that fell into both the Hα and 2σ regions.

Table 2.1 Target objects observed with ARC. The first two columns give the field the object
is in and the identification number. The next two columns give the RA and declination of
the object. Column five is the magnitude of the object in the r′ filter. The sixth column
gives the section the object falls within in the GRI broadband plot, Figure 1.5, and the
seventh column is the date observed in UTC.

Field ID RA Dec Magnitude Hα section Obs date

(J2000.0) (J2000.0) (r′) (UTC)

FN2-22 4803 03h41m33.s98 17◦45′55.′′6 19.8 2σ 1/12/21

FN2-22 6323 03h42m18.s83 17◦51′32.′′1 19.7 2σ 1/12/21

FN2-22 6936 03h42m30.s20 17◦54′16.′′7 20.2 2σ 2/6/21

FN2-22 7633 03h41m42.s61 17◦57′07.′′3 20.3 2σ 2/6/21

FN2-22 8150 03h42m34.s04 17◦59′23.′′8 19.9 2σ 1/12/21

FN2-22 9134 03h42m11.s24 18◦03′24.′′0 20.0 2σ 2/6/21

FN2-22 9164 03h41m10.s62 18◦03′25.′′8 20.4 1σ 11/14/20

FN2-22 11932 03h41m21.s03 18◦13′57.′′1 20.2 1σ 2/6/21

FN2-23 4526 03h41m32.s64 17◦08′20.′′4 20.0 2σ 2/6/21

FN2-23 7035 03h41m49.s70 17◦17′06.′′4 20.0 2σ 2/6/21

FN2-23 7179 03h42m56.s20 17◦17′39.′′8 18.5 2σ 1/12/21

FN2-23 7651 03h41m28.s50 17◦19′18.′′9 19.7 2σ 1/12/21

FN2-23 8674 03h41m49.s45 17◦23′07.′′4 19.3 2σ 1/12/21

FN2-32 5251 03h44m00.s88 17◦50′13.′′1 21.1 1σ 11/14/20

FN2-32 10088 03h44m33.s47 18◦06′50.′′3 19.4 2σ 1/12/21

FN2-33 6064 03h45m37.s65 17◦14′58.′′4 19.4 1σ 11/14/20
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Table 2.1 cont.

Field ID RA Dec Magnitude Hα section Obs date

(J2000.0) (J2000.0) (r′) (UTC)

FN8-34 4185 12h32m44.s66 72◦25′57.′′6 20.6 1σ 2/12/21

FN8-34 6530 12h31m07.s85 72◦31′25.′′9 19.6 2σ 2/12/21

FN8-34 8185 12h31m43.s22 72◦34′50.′′8 19.7 2σ 2/12/21

FN8-34 10395 12h33m10.s67 72◦39′42.′′8 19.2 2σ 1/12/21

FN8-34 11439 12h33m39.s44 72◦42′14.′′7 20.8 2σ 2/12/21

FN8-34 15362 12h26m28.s39 72◦50′42.′′8 20.8 2σ 2/12/21

FN8-43 12351 12h42m18.s21 73◦23′51.′′8 20.8 2σ 2/12/21

FN8-45 2887 12h40m13.s79 71◦44′00.′′4 19.5 2σ 1/12/21

FN8-45 6206 12h42m43.s45 71◦53′40.′′4 18.5 Hα 11/14/20

FN8-45 7617 12h42m17.s00 71◦57′15.′′9 19.6 2σ 2/12/21

FN8-45 11878 12h36m59.s15 72◦08′02.′′4 16.4 2σ 1/12/21

FN8-45 16341 12h41m14.s50 72◦17′55.′′2 16.1 Hα and 2σ 1/12/21

FN8-53 4906 12h48m52.s31 73◦06′19.′′6 21.8 Hα 11/14/20

FN8-53 15443 12h53m00.s38 73◦27′42.′′5 20.2 2σ 2/12/21

FN8-53 16430 12h52m21.s03 73◦30′00.′′3 20.6 2σ 2/12/21

The observations on the ARC telescope took place the nights of November 14, 2020, January

12, 2021, February 6, 2021 and February 12, 2021 (all dates are UTC time and date). For these

observations, exposure time varied based on the magnitude of the object. Wavelength calibration

frames were taken with HeNeAr lamps.

The images were processed with standard IRAF reductions for long slit spectroscopy. An

overscan region was used in place of bias frames, and because of the low dark current (about 1
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electron/pixel/hour for the blue chip and 2.7 electrons/pixel/hour on the red chip), dark frames were

deemed unnecessary for this work. Flat fields were also not used.

With the fully processed spectra, I was able to accurately identify emission lines. For less

common lines I referred to Ralchenko et al. (2010) for an extensive, but not exhaustive, list of

emission lines historical observed in galaxies. I definitively determined for each object if, as

expected, there was an emission line within the bandpass of the Gaussian filters, between 6600Å

and 6770Å, and what that emission line was. With the emission lines identified, I calculated the

redshift of each object to determine if it was within the void.

To find the error in the redshift calculations, I calculated the redshift based on other identified

emission lines. In this work, I give both the maximum of those calculated errors and the mean of

those measurements and identify for each object which is which. When those two values are the

same (i.e., there is only one other emission line), I present them as a single error.

2.2 Results and Discussion

I observed 31 objects spectroscopically. These objects were identified as void galaxy candidates by

the Gaussian Filter method described in Section 1.6.1. I found that one "object" (3.2%) was not

visible at all, 13 objects (41.9%) had no emission, 4 objects (12.9%) had emission outside the band

pass and 13 objects (41.9%) had emission within the bandpass, as predicted. Of the 13 objects with

emission inside the bandpass, for 1 object (7.7%) that emission was [OII] emission, for 6 objects

(46%) it was [OIII] emission, for 1 object (7.7%) it was Hβ emission, for 1 object (7.7%) it was

Hγ emission and for 3 objects (23%) it was Hα emission, while 1 object (7.7%) had emission that

could not be identified. This is summarized in Table 2.2.

The 3 objects with Hα emission in the bandpass (23% of objects with emission in the bandpass)

seem, at first, like they could be within the void, based on the presence of the Hα line within the
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No Object 1 3.2%

FN2-23-7035

No Emission 13 41.9%

FN2-32-10088 FN8-45-16341 FN2-22-11932 FN2-33-6064 FN2-22-8150

FN2-22-6323 FN8-45-11878 FN2-22-6936 FN2-32-5251 FN2-22-9164

FN2-22-4803 FN8-45-2887 FN2-23-4526

Emission Outside Bandpass 4 12.9%

Hα [OIII] Hβ [OII] Unclear
FN2-22-9134 FN2-23-7651

FN2-23-8674 FN2-22-7633

2 0 0 0 2

50% 0% 0% 0% 50%

Emission Inside Bandpass 13 41.9%

Hα [OIII] Hβ [OII] Unclear
FN8-45-7617 FN8-34-10395 FN8-34-6530 FN8-53-4906 FN8-34-4185

FN8-45-6206 FN8-53-16430

FN2-23-7179 FN8-34-11439 Hγ

FN8-43-12351 FN8-53-15443

FN8-34-8185

FN8-34-15362

3 6 1 / 1 1 1

23% 46% 7.7% / 7.7% 7.7% 7.7%

Table 2.2 A summary of all the objects observed with ARC. Each object falls in the
category of "No Object" (nothing visible), "No Emission" (object, but not emission,
visible), "Emission Outside Bandpass" (emission was present outside the bandpass of the
Gaussian filters) or "Emission Inside Bandpass" (emission was present inside the bandpass
of the Gaussian filters). The total number of objects and percentage within these categories
are given on the right. Within the categories with emission, objects are sorted based on the
identification of the type of emission (Hα , [OIII], Hβ , Hγ , [OII] or unknown emission).
The number and percentage of these are given below each column.



2.2 Results and Discussion 23

bandpass of the Gaussian filters. However, for two of the objects, FN8-45-7617 and FN8-45-6206,

these emission lines are redshifted enough that both objects fall just behind the void in question,

FN8. The third object, FN2-23-7179, has such a small redshift that it is well in front of the void

FN2. This means that no objects were found inside either of the voids FN2 or FN8.

The 9 objects (69.2% of objects with emission in the bandpass) identified with [OII], Hβ , Hγ or

[OIII] emission are background objects far behind the void. These types of objects are expected to

contaminate the field.

The 18 objects (58.1% of total objects) with no emission within the bandpass of the Gaussian

filters were erroneously identified with emission based on the method. This indicates that there may

be an issue in the method that must be investigated.

In the work of Draper (2019), redshifts were calculated for objects observed with the Gaussian

filters, assuming that the emission line caught in the bandpass of the filters was Hα . While this was

only true for three of the objects observed at APO, I calculated what the redshift would be if the

twelve objects with emission in the bandpass were Hα galaxies. This is not the actual redshift for

these galaxies (except the three mentioned above), but gives us a way to quantitatively evaluate the

accuracy of the photometric redshifts against the spectroscopic redshifts gathered for this project.

The photometric and spectroscopic redshifts for the relevant objects are given in Table 2.3. The

photometric redshifts are from Draper (2019). The objects with "..." entries for the photometric

redshift had too high of an error to accurately estimate the redshift with the Gaussian filter method.

The spectroscopic redshift used for object FN8-45-6206 was calculated from the knot (FN8-45-

6206-k) because the original coordinates for FN8-45-6206 point to the knot, not the nucleus.

Using the nine objects with valid photometric and spectroscopic redshifts, the error of the

photometric redshift as measured by the Gaussian filters is 945 km·s−1.

Object FN2-23-7179 has a very small redshift as measured spectroscopically, and the difference

between the spectroscopic and photometric redshifts is extreme, five times greater than the next
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Object ID Photometric Redshift Spectroscopic Redshift

(km·s−1) (km·s−1)

FN2-23-7179 5100 35.8

FN8-34-10395 6100 6769

FN8-34-11439 4500 4536

FN8-34-15362 5800 6932

FN8-34-4185 . . . 6969

FN8-34-6530 4200 3892

FN8-34-8185 4200 3791

FN8-43-12351 4400 4708

FN8-45-6206-k . . . 7085

FN8-45-7617 . . . 6997

FN8-53-16430 5300 4991

FN8-53-4906 6100 6369

Table 2.3 Photometric and spectroscopic redshifts of objects with emission inside the
bandpass of the Gaussian filters. The photometric redshifts were calculated with Gaussian
filter observations from Draper (2019). The spectroscopic redshifts were calculated with
observations secured at APO for this project.
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highest difference. There is no reason to exclude this data point, but it is such an outlier that it is

worth noting that without FN2-23-7179, the error is only 430 km·s−1.

These relatively low errors show that if the emission line can be correctly identified, the redshift

can be calculated with observations from the Gaussian filters.

In the sections below, I will present each of the 31 objects observed with their spectra and a

catalog of their observed emission lines, if applicable. They are organized based on whether or not

they have emission and if that emission is within the bandpass of the Gaussian filters.

2.2.1 "Objects" with no object

FN2-23-7035

Despite being identified as an emission line object with the Gaussian method, no object was observed

in the red or blue images for FN2-23-7035. This could indicate there is an issue with the method, or

that the object is fainter than expected.

2.2.2 Objects with no emission

All the objects in this section have no emission visible in their spectra. There are many possible

reasons why the Gaussian filter method returned that these objects had emission lines when they do

not appear in spectral observations. A night with poor seeing and intermittent cloud cover could

have made observations in some filters artificially dimmer than they should have been so that, when

compared to observations in other filters, taken without as much cloud cover, it imitated what an

emission line would look like - a brightness in certain filters, but not all of them. These spectral

observations helped quantify how common this error is in the method.
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FN2-22-9164

Figures 2.1a and 2.1b show the blue and red spectra of FN2-22-9164, respectively.

(a) Blue spectrum of FN2-22-9164. (b) Red spectrum of FN2-22-9164.

Figure 2.1 Blue and red spectra for FN2-22-9164.

FN2-33-6064

Figures 2.2a and 2.2b show the blue and red spectra of FN2-33-6064, respectively.

(a) Blue spectrum of FN2-33-6064. (b) Red spectrum of FN2-33-6064.

Figure 2.2 Blue and red spectra for FN2-33-6064.
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FN2-32-10088

Figures 2.3a and 2.3b show the blue and red spectra of FN2-32-10088, respectively.

(a) Blue spectrum of FN2-32-10088. (b) Red spectrum of FN2-32-10088.

Figure 2.3 Blue and red spectra for FN2-32-10088.

FN2-22-6323

Figures 2.4a and 2.4b show the blue and red spectra of FN2-22-6323, respectively.

(a) Blue spectrum of FN2-22-6323. (b) Red spectrum of FN2-22-6323.

Figure 2.4 Blue and red spectra for FN2-22-6323.
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FN2-22-4803

Figures 2.5a and 2.5b show the blue and red spectra of FN2-22-4803, respectively.

(a) Blue spectrum of FN2-22-4803. (b) Red spectrum of FN2-22-4803.

Figure 2.5 Blue and red spectra for FN2-22-4803.

FN2-22-8150

Figures 2.6a and 2.6b show the blue and red spectra of FN2-22-8150, respectively.

(a) Blue spectrum of FN2-22-8150. (b) Red spectrum of FN2-22-8150.

Figure 2.6 Blue and red spectra for FN2-22-8150.
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FN8-45-16341

Figure 2.7 shows the blue and red spectra of FN8-45-16341. FN8-45-16341 appears to be a star.

FN8-45-16341 falls within the Hα and 2σ regions on the color-color plot. As more of these are

observed, it will help us understand the traits found in objects in that region.

(a) Blue spectrum of FN8-45-16341. (b) Red spectrum of FN8-45-16341.

Figure 2.7 Blue and red spectra for FN8-45-16341.

FN8-45-11878

Figure 2.8 shows the blue and red spectra of FN8-45-11878. Based on these spectra extracted for

FN8-45-11878, this object is clearly a star.
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(a) Blue spectrum of FN8-45-11878. (b) Red spectrum of FN8-45-11878.

Figure 2.8 Blue and red spectra for FN8-45-11878.

FN8-45-2887

Figures 2.9a and 2.9b show the blue and red spectra of FN8-45-2887, respectively.

(a) Blue spectrum of FN8-45-2887. (b) Red spectrum of FN8-45-2887.

Figure 2.9 Blue and red spectra for FN8-45-2887.
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FN2-22-11932

In the red image of FN2-22-11932, no object was visible. An object was visible in the blue, but

there were no identified emission lines. Figure 2.10 shows the blue spectrum of FN2-22-11932.

Figure 2.10 Blue spectrum for FN2-22-11932.

FN2-22-6936

Figures 2.11a and 2.11b show the blue and red spectra of FN2-22-6936, respectively.

(a) Blue spectrum of FN2-22-6936. (b) Red spectrum of FN2-22-6936.

Figure 2.11 Blue and red spectra for FN2-22-6936.
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FN2-23-4526

Figures 2.12a and 2.12b show the blue and red spectra of FN2-23-4526, respectively.

(a) Blue spectrum of FN2-23-4526. (b) Red spectrum of FN2-23-4526.

Figure 2.12 Blue and red spectra for FN2-23-4526.

FN2-32-5251

Figures 2.13a and 2.13b show the blue and red spectra of FN2-32-5251, respectively.

(a) Blue spectrum of FN2-32-5251. (b) Red spectrum of FN2-32-5251.

Figure 2.13 Blue and red spectra for FN2-32-5251.
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2.2.3 Objects with Emission Outside Bandpass

These objects have prominent emission, but outside the bandpass of the Gaussian filters. Because

there is no emission within the Gaussian filters, the object should not have been identified using this

method and the presence of emission lines elsewhere in the spectrum appears to be a coincidence.

Hα emission

FN2-23-8674

The location of the Hα line gives the object FN2-23-8674 a redshift of z = 0.107 ± 0.002. The

wavelength and equivalent width of the identified emission lines are in Table 2.4. Figures 2.14a and

2.14b show the blue and red spectra of FN2-23-8674, respectively.

Table 2.4 Emission lines from FN2-23-8674.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

[OIII]λ5007 5535.056 12.9376 Very faint

Hα 7265.075 21.6891

(a) Blue spectrum of FN2-23-8674. (b) Red spectrum of FN2-23-8674.

Figure 2.14 Blue and red spectra for FN2-23-8674.



2.2 Results and Discussion 34

FN2-22-9134

FN2-22-9134 has a redshift of z = 0.2436 ± 0.0003/0.001 (mean/max). The observed emission

lines from both spectra are shown in Table 2.5. The blue and red spectra are shown in Figures 2.15a

and 2.15b, respectively.

Table 2.5 Emission lines from FN2-22-9134.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

[OII] 4638.793 22.7537

Hβ 6046.81 8.2962 Faint

[OIII]λ5007 6228.601 7.329 Faint, on a skyline

Hα 8163.903 45.4283

[NII]λ6584 8190.118 17.0294

(a) Blue spectrum of FN2-22-9134. (b) Red spectrum of FN2-22-9134.

Figure 2.15 Blue and red spectra for FN2-22-9134.
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Unknown Emission

FN2-23-7651

Only one emission line was found for FN2-23-7651, so the identity of the line could not be deduced.

The emission found was on top of a known skyline, so the equivalent width was also questionable.

The lone emission line is recorded in Table 2.6. The spectra for this object are shown in Figure 2.16.

Table 2.6 Emission line from FN2-23-7651.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

Unknown 7488.505 18.1962 On top of a skyline

(a) Blue spectrum of FN2-23-7651. (b) Red spectrum of FN2-23-7651.

Figure 2.16 Blue and red spectra for FN2-23-7651.

FN2-22-7633

For FN2-22-7633, there was only one emission line identified. Because there were no other emission

lines found, the identity of the emission line could not be determined. This emission line is displayed

in Table 2.7. The spectra for this object are shown in Figure 2.17.
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Table 2.7 Emission line from FN2-22-7633.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

Unknown 7502.605 21.8966

(a) Blue spectrum of FN2-22-7633. (b) Red spectrum of FN2-22-7633.

Figure 2.17 Blue and red spectra for FN2-22-7633.

2.2.4 Objects with Emission Inside Bandpass

These objects have emission present within the bandpass of the Gaussian filters. This supports the

accuracy of the method.

Hα emission

FN8-45-6206

Based on the finder chart, Figure A.4e, this object appears to be an edge on spiral galaxy with a knot

in one of the arms. I reduced and processed the spectra for both the nucleus of the object and the
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knot. For distinction, these are referred to as FN8-45-6206-n for the nucleus and FN8-45-6206-k

for the knot.

Both of these spectra had an Hα emission line within the bandpass of the Gaussian filters. The

identified emission lines are for the nucleus and the knot are in Tables 2.8 and 2.9, respectively.

The redshift calculated for FN8-45-6206-n is cz = 6,969 ± 95/182km·s−1 (mean/max), while

the redshift of FN8-45-6206-k was calculated at cz = 7,085 ± 63/120km·s−1 (mean/max). Both

of these calculated redshifts place the galaxy behind the void FN8. If these two signals originated

from the same object, as expected, then the two redshift values should be the same. There is some

variance between the two, but they are within the maximum error for both, indicating that it is

still reasonable for them to be from the same object. It is also possible that variance between the

calculated redshift values is due to the rotation of the knot around the nucleus of the spiral galaxy.

The spectra for FN8-45-6206-n are given in Figure 2.18, while the spectra for FN8-45-6206-k

are in Figure 2.19. Because the Hα emission line in Figure 2.19b dwarfs the rest of the spectrum,

Figure 2.20 shows the same red spectrum zoomed in to get a better view of the other spectral

features.

Table 2.8 Emission lines from FN8-45-6206-n.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

Hβ 4974.144 6.8501

[OIII]λ5007 5121.614 2.6885

Hα 6717.202 48.1103

[NII]λ6584 6738.229 14.5316
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(a) Blue spectrum of FN8-45-6206-n. (b) Red spectrum of FN8-45-6206-n.

Figure 2.18 Blue and red spectra for FN8-45-6206-n.

(a) Blue spectrum of FN8-45-6206-k. (b) Red spectrum of FN8-45-6206-k.

Figure 2.19 Blue and red spectra for FN8-45-6206-k.
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Table 2.9 Emission lines from FN8-45-6206-k.

Emission Observed Wavelength (Å) Equivalent Width (Å) Notes

[OII]λ3727 3815.937 54.0764

Hγ 4442.559 18.07

Hβ 4976.416 205.0606

[OIII]λ4959 5076.111 311.24

[OIII]λ5007 5125.209 1095.386

HeI 6016.173 51.8886

[OI] 6452.105 34.8388

Hα 6719.759 1211.18

[NII]λ6584 6740.247 18.7253

[SII]λ6716 6877.293 56.716

[SII]λ6731 6891.772 48.1438

[ArIII] 7305.483 28.3101

[SIII] 9286.196 217.5596


