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Background and motivation Testing at University of Toronto

The EM27/SUN FTS has offered an amazing opportunity to collect total m The fibre optic (FO) tracking method offers great
column measurements of CO,, CH4, and CO from sites where a TCCON potential for increasing the amount of data
station has not been feasible or practical, or in regions where multiple \ collected, while reducing or eliminating the need
instruments are needed to constrain local emissions. While this instrument AZ?% = for regular maintenance.

has expanded our ability to validate satellite-based measurements and 2@ | p

monitor urban emissions, fully automated observations and better
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m Our FO tracking setup still does not seem to
perform as well as the CamTracker (CT) and we

weatherproofing could expand these capabilities even further. An EM27 with u still need to find out why the quality of our results
an alternative solar-tracking arrangement consisting of an optical fibre, RS in Toronto do not match those of the observations
telescope, and external solar tracking instrument (Eko Suntracker) has Fig. 5: Setup at the University of Toronto and camera image of the in Wollongong. Hardware modifications have been
already been used with some success at Wollongong [1]. This setup detector with CaF; lenses and a 50 cm telescope, on 2024-05-08. shown to significantly impact the variance in the

eliminates the risk of exposing sensitive optics during operations and the need retrievals, so we remain hopeful that a solution
for daily alignment of the solar tracker. If correctly implemented, this would e v oo m— exists that would allow FO tracking to provide full
allow data collection to be fully automated, thus increasing the rate of data g Wm“ | :‘ automation while yielding comparable data to CT.
acquisition while decreasing the demand for on-site or remote maintenance. e e m m We have considered a number of hardware

Instrument setup
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modifications in addition to the ones presented in
these slides, including the following:

m One can see in Fig. 5 and 6 that shortening the focal
i, length of the telescope provides a substantial increase in

RAY DIAGRAM TO EM27 5 ., ; | / : | B | il = | -
L %’ Fig. 4: An undergraduate engineering student TR ) the number of photons that reach the detector.
; j . e % (Maggie Wang) at one of our first outdoor Fig. 6: Setup at the University of Toronto and camera image of the m Changing the optical fibre.
o \® o MY\ tests, 2023-11-30. At this time, we were using detector with CaF, lenses and 15 cm telescope, on 2024-05-16. A The current fibre is a 2 m long silica core fibre with a
e a 10 m optical fibre. collocated EM27/SUN with standard tracker is also measuring. 550um diameter. It significantly attenuates wavelengths
in the 2nd channel (i.e., the CO channel), so the 5 m and
10 m fibres of this type did not provide enough spectral

1 Telescope mounted to Eko suntracker. We have tested a glass telescope o information to retrieve CO. A fluoride fibre would have
University of Toronto, St. George campus

Use Fixed Sun-Pixels (0/1):1 @P
Number Fixed Sun-Pixels:64700 F
Standard Aperture Pos (X/Y): 642.152/495.812 ‘
Exposure time (-1=Auto): -1
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Fig. 1: Ray diagram for the first version of the FO tracking set up with glass lenses.

lens with 400 mm focal length and two CaF, lenses with 500 mm and 150 g 430 1 2000 | less attenuation in the 2nd channel and have a flatter
mm focal lengths. With a shorter tocal length more light should enter the =< 425 oy 6000 ™ Daily averages for coIIocated. ?:tteh“e“?itr'si”j]‘;:neélbt‘:]tar‘]’VCt’E'edjrernhta}’iirrore attenuation
optical fibre and with the CaF, lenses there should be more transmittance g 420 - o _40002 measurements are generally in good  Continuing to fine-tune the alignment - ceeking fixed
at longer wavelengths (may be important for the CO channel). X a1s- ® ta(rO) T |00 28Feement. mounts or integrated optics with less freedom of

» Optical fibre, currently using a 2 m long 0.22 NA, low OH silica core fibre  © 4101 | | . | B A i | ; m [he daily standard deviation in movement for directing the light from the fibre into the
with 550um internal diameter. We have tested some longer fibres that g 1940 | 218000 Xco,» XcH,, and Xco are notably spectrometer. | N
had too much attenuation in CO channel. *31920 ', 3'& },&t 6000 £ larger for the FO (fibre optic) m Possibly trying a dlffere_nt solar t-racker,- if it became

3 Second collimating lens with 75 mm focal length. We have tested glass % 1900 A 4 ! -40002 measurements. We are still :55:::2:?s:ttrren;ict:i r:rrzzl?;ieanna;z?e after other
and CaF, (matching the telescope lens). %1880 ¢ S

_ 000 investigating the cause, but suspect Ack led "
' P : : ' cknowieagments
+ Flat mirror with manual positional adjustments. 1860 -, | | | | | | | 0 this is due to issues with alignment.

8000 m [ here are some days that we were m Funding for this project is provided by

-6000% able to observe with the FO tracking Environment and Climate Change Canada, grant
4000 >, that we would not have wanted to number GCXE245046, and from NSERC Alliance
5000 risk with the CT due to rain or not Missions grant number 577141,

0 having anyone on site (our

8000 enclosures are malfunctioning). References
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Fig. 2: Fibre mount, collimating lens, and flat mirror date ”Sklng the CamTracker Wandermg
used to direct the sunlight from the optlcal fibre into Suntracker with the 15 cm Fig. (: Daily average = standard deviation of GGG2020 retrievals from the site at the University in far in the wrong direction.

the spectrometer. telescope. downtown Toronto, for 2023-03-01 through 2024-05-20.
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