Hydrogen Line Doppler Mapping of Eight Nearby Galaxies Using the 20m Skynet Dish at Greenbank Observatory

Dr Andrew Thornett, M6THO, Lichfield Radio Observatory, Lichfield, UK www.astronomy.me.uk 
Jason Burnfield, Electronics Engineer III, Data Acquisition Group, National Radio Astronomy Observatory (NRAO), Domenici Science Operations Center (DSOC): Rm. 257


Article for SARA Journal

Greenbank 20m Skynet Radio Telescope.

The 20 m telescope was built by RSI and delivered to Green Bank in 1994 as part of the US Naval Observatory's Earth Orientation (geodetic VLBI) program. It operated from 1995 until 2000, when USNO funding was cut, and the facility was repurposed for testing and education (Green Bank Observatory 20m, accessed 2025). In 2012, the dish was refurbished and integrated into the Skynet Robotic Telescope Network, becoming the first radio element of the UNC Chapel Hill operated network. The dish has 20m diameter, with F/D ratio: 0.43. The receivers are cryogenically cooled (≈15 K) HEMT systems covering roughly 1.3–1.8 GHz (L band) and 8–10 GHz (X band) (gb.nrao.edu).
The 20m’s performance allows for system temperatures ~31 K (L band), ~46 K (X band); a surface accuracy ~0.8 mm RMS; slew rate ~2°/sec; aperture efficiency ~58–61% for L band; and a pointing accuracy ~34″ RMS (https://www.gb.nrao.edu/20m/).

Skynet’s network includes ~20 optical telescopes globally plus this single radio telescope at Green Bank, enabling automated, remote observations by professional astronomers and students worldwide. Professional science includes pulsar timing, fast radio burst (FRB) searches, supernova remnant flux monitoring, and blazar variability campaigns (https://www.danreichart.com/radio). Educational and student use ranges from timing and spectroscopy to mapping neutral hydrogen (HI), OH lines, and continuum studies—Skynet has been used by thousands of students annually (https://www.danreichart.com/radio).

Though professional and educational use dominates, SARA members (Society of Amateur Radio Astronomers) have engaged with the 20 m telescope, especially via guidance documents and workshops (Society of Amateur Radio Astronomers. https://radio-astronomy.org/) In the SARA email list, amateur radio observers have shared real results.

All SARA members can access the telescope to make observations using SARA’s account. There are also pre-taken observations open to all amateurs, whether or not they are members of SARA or have an account at Green Bank Observatory.

Observing Eight Galaxies Outside the Milky Way.

The current paper describes the results of our study of eight galaxies outside the Milky Way, in order to demonstrate the ability and features of this telescope, and to explore the predominant features of different sources. We choose both galaxies located within the local group and some further away, in order to explore the differences between these groups.



Methodology.

Observation Settings used on the 20mg Skynet Dish for these observations:

· L-Band
· High Resolution
· Centre Frequency set to 1420.4 MHz
· 1 second “ON”
· 1 second “OFF”
· 3-10 repetitions for a total of 10 seconds for each (dependent on brightness of galaxy)
· 1.5 degrees Az and El offset for “OFF”
· Alternatively use tracking mode and capturing separate off-target calibration observation

Analysing the Data:

Our method involved taking individual spectra in the same way we do other galaxies and analyzing the data in Excel. We used an Excel spreadsheet designed by one of the authors (Jason Burnfield) to standardise analysis and speed up the process of analysing data from multiple galaxies. If the spectrum had a clear “winning” peak, the value of the velocity at that peak is chosen for that point on the map. If there was no clear “winning” peak or if the spectrum was more or less flat, the average velocity was calculated using the average of the products of amplitudes and velocities over the spectrum divided by the average amplitude. We then coloured cells in the velocity maps using conditional formatting with a 3-colour scale (red, yellow, blue) representing 90th percentile, 50th percentile, and 10th percentile of all velocities in the map. Cells in the amplitude maps were coloured using conditional formatting with a 3-colour scale (white, yellow, black) representing 90th percentile, 50th percentile, and 10th percentile of all amplitudes in the map.

An example of processing within Excel during this study (below):
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Results:

Results from M31:
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Results from M33:
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Results from M101:
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Results from IC342:
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Results from NGC2403:
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Results from M81, M82, and NGC3077:
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Where we go from here.

We plan to conduct a more detailed study of M81 and M82 and their environs, in order to ascertain the extent to which the two galaxies overlap, and their effects upon each other.


Further information.

Further information about this project is available on the www.astronomy.me.uk website or by contacting me using the “contact us” page on that website.




References.

A. H. Rots, A Neutral Hydrogen Mapping Survey of Large Galaxies https://www.researchgate.net/publication/234361514_A_neutral_hydrogen_mapping_survey_of_large_galaxies_I_-_Observations 

Green Bank Observatory 20m, accessed 2025. https://greenbankobservatory.org/about/telescopes/20m/

Laurent Chemin, Claude Carignan and Tyler Foster – H I Kinematics and Dynamics of Messier 31 https://arxiv.org/pdf/0909.3846v1.pdf

Radio Skynet. https://www.danreichart.com/radio

Society of Amateur Radio Astronomers. https://radio-astronomy.org/

S. Z. Kam, C. Carignan, L. Chemin, T. Foster, E. Elson, T. H. Jarrett – H I Kinematics and Mass Distribution of Messier 33 https://arxiv.org/pdf/1706.04248.pdf

Welcome to Skynet, Skynet 20m: Education and Science Collaboration. https://www.gb.nrao.edu/20m/





image2.png
Jonaam

Peak Amplitude M31

sodson i
sous

s

soetsn]

soso0m

sostsn]

atsom

o

axsoom l .
atstsn]

a215m|

ol

42430m|

a20a5m|

4340m)

Scale K

417 365 319 270 221 172 123





image3.png
ons1m

Jonsom

Jontom

Peak Doppler Velocity

Jonasm
Jonazm

Jongsm

Jonasm

Jonadm

Jonasm

Jontzm

Jona1m

Jonaom =

Py

Jonzom

onsem

Jonsem

onssm

39u15m|

39430m,

30d15m

40d0m|

a015m|

40430m|

a00a5m|

4100m)

a1q15m|

a10a5m|

4240m)

a2015m|

42430m|

az0a5m|

4340m|

8

Jonaam

Scale (ki)





image4.jpeg
Declination

+43°

+417

+407

+39°

obs5™

M31 Contour Overlay

60" 457 40" asm 30™

Right Ascension




image5.png
Peak Amplitude M33

sussofll ]
31430n)

1S

1d0m) .
30445m
30430m

30d15m)

3040m B

29045m

B TS TSR TR PRI 32 5





image6.png
Peak Doppler Velocity M33
E £ 5§ 5 5 5§ FEE

145

31430n)

1S

1d0m)

30445m

30430m

30d15m)

30d0m| B

23d45m| [

Scale Vikmis) [ R




image7.jpeg
M33 Contour Overlay





image8.png
PeakAmplitude

55d5mHHHHHHHH
=
=
=

="





image9.png
PeakDoppler Velocity

EEEiEEEE M101
55dsm-, .
s4d50m
s4a35m
s4420m
sdsml
53d50m
scale (k) [QRSIS08 285 268 251 234





image10.jpeg
M101 ContourOver|





image11.png
Peak Amplitude

AR EE I E IR R

i 1C342

68d20m|

685

&7d50m|

&7435m|





image12.png
Jansamass

Jansamass

695,

68d50m|

Peak Dof

§

i
3

ppler Velocity

oB435m|

68d20m|

685

&7450m|

67435m|

Scale Vikm/s)

100

%

79 68

1C342




image13.jpeg
IC342 ContourOverlay





image14.png
665

65d50m|

65435m|

65d20m|

655

4450m|

|7nazmass
{7ndomass

Peak Amplitude:

{7nssmass

[7n36mass

i7naamass

7nsamass

Scale k.

260 233

NGC2403

071 0.4




image15.png
Peak Doppler Velocity

|7nazmass

665

NGC2403

65d50m|

65435m|

65d20m|

655

4d50m|





image16.png
NGC2403 Contour Overlay

N240





image17.png
10n8m

10n5m

7T0deg 15m

T0deg

Pk Amplitude M81 & M82

10n2m

E

fon o

£

Jon e

E

Jonsa

E

Jon o

Jona7m

Jon aam

Gdeg d5m
Gdeg3om
Godeg 15m
sodeg

Gadeg dsm
6deg3om
6adeg15m

oBdeg

Scale Vikmis)

135 120 104 088 072 056 041





image18.png
Pk Velocity M81 & M82

S GG EIE1E|EIE|E
5|5/ 8/2/2/52/3|3

T

Todeg 15m

Toueg

eddeg a5m
ol

e9deg3om

eddog 15m

69deg

6Bdeg asm

68deg3om

6Bdeg15m

oBdeg

scatevikmys) (RN o5 4 _





image19.jpg
M81, M82, & NGC 3077 Contour Overlay





image1.jpg
A B G

POWER XLYR=[.23, 1.19]
VELDEF=RADI-0BS

000

¥
#

#

#

#

#

#  WARNING=None
# NOISECAL=HI

#  PRECAL-S

# POSTCAL=5

# CRYOTEMP=16

#  BOXTEMP=26

#  TSYSSXX1:146.14, YY1:149.
#  TSYS-XX2:145.98, YY2:150.
#  TCAL-XX1:9.17, YY1:10.07
¥ TCAL-XX2:9.17, Y¥2:10.07
# Calibrated spectra

#
#

4FreqL(MEXX1L wiF
1427.444 927217 85.89
1427.429 932004 86.2893
1427.414  93.995 86.5008
1427.399  94.275  86.9029
1427.383  94.9579  87.4953
1427.368  95.5171 87.8621
1427.353  95.9348  88.2615
1427.337 964285 88.7450
1427.322  96.7688  89.2747
1427.307 97.7834  89.6412

82
12

req2(MHz)XX2

1427.444
1427.429
1427.414
1427.399
1427.383
1427.368
1427.353
1427.337
1427.322
1427.307

92.6248

93.103
93.8967
94.1765
94.8586
95.4173
95.8345
96.3277
96.6677
97.6811

3 s H ) K
2
15
0s
o
pkampl pvel 0 w0 130
1618325 309
avgampl avgvel 05
0.466212 2812195
m 00022
b 285
w2 0bs vs cal V(km/s) smoothed avg (XX1,YV1) fit
86.0631” 1065 -103.937 -0.618348  2.33095 3.07866
864632 118155 -100.716 -0.588741 25657 3.07158
8668417 120595 -97.4954 -0.593944. 20657 3.06449
870787 100235 -94.2744 -0.585025 266895 3.0574
8767157 1268 -91.0555 -0.555086  2.33845 3.05032
8803917 107625 -67.6344 -0.519783 268585 3.04324
884347 109855 -84.6132 -0.484474  2.62505 3.03615
8892477 112225  -81.392 -0.453897 23987 3.02906
89.45467 098125 -78.1707 -0.328471 25083 3.02198
80.62187 11424 749493 0245603 272925 3.01489

smoothed

20

corrected
0.747712
-0.505876
-0.99879
-0.388454
0.711872
-0.357386
-0.411099
-0.630362
-0.513675
-0.285638

2% 0

prod
64.26028
59.20579
57.90675
55.15288
50.54365
4565482
40.99292
36.94361
2567676
18.42272

a0

450

S0




