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Introduction

Cosmic ray particles were discovered by Victor Hess on
August 7, 1912, leading to his co-winning the Nobel Prize in
Physics in 1936 [1, 2]. Initially thought to be rays (photons), in
the 1920s they were recognized as being charged particles [1]. I
describe in this article how I acquire and process images of cosmic
ray particles (CRPs) on a microscope with a digital camera in the
imaging core facility I manage.

Of relevance to light microscopists, a research-grade light
microscope is typically equipped with a charge-coupled device
(CCD) camera that is struck by a cosmic ray particle about once
every 30 seconds. This is not a big deal for an N = 1 experiment
of one green/red fluorescent micrograph with exposure times
of less than 1 second per channel. It could lead to confusion,
however, when acquiring a long time series involving low-light-
level fluorescence imaging such as single-molecule fluorescence
tracking or in precision localization microscope (PLM) techniques,
such as PALM, STORM, FPALM, and related techniques [3-7].

Methods and Materials

The figures accompanying this manuscript were all processed
from a 5,380-minute (322,800 seconds) data set acquired over
the 2012 Labor Day weekend (Friday August 31 to Tuesday
September 4, 2012). I used a Hamamatsu ORCA-II ERG digital
CCD camera. The sensor was cooled to —60°C, dark current was
0.0045 electrons/pixel/second, and the exposure time was 2 hours.
For this dataset, I acquired 538 ten-minute exposures in one time
series. The ORCA-II ERG camera uses the same ER-150 interline
CCD as in the popular ORCA-ER, with the latter cooled to —20°C,
dark current 0.1 electrons/pixel/second, and maximum exposure
time 10 seconds. I have acquired weekend CRP datasets with my
core’s ORCA-ERs, but then typically used 2 x 2 binning to make
the file size more reasonable when acquiring ~32,000 ten-second
(~320,000 seconds) exposures over a holiday weekend. Thus, one
advantage of the ORCA-II ERG’s exceptional cooling is simply
that more events can be captured in fewer images and at full sensor
resolution (1344 x 1024 pixels, sensor area 8.67 x 6.60 mm). The
Labor Day dataset was acquired in ORCA-II ERG 12-bit mode,
though in retrospect 14-bit mode could have provided additional
information. (Either way the data were saved to a 16-bit Zeiss ZVI
file and later exported as a 16-bit TIFF.) Image acquisition was
performed in time-series mode using Zeiss Axiovision 4.8.2.

The ORCA-II ERG camera is mounted on a Zeiss Axiovert
200M inverted motorized microscope with objective lens turret,
filter cube turret, objective lens nosepieces, and camera/eyepieces
ports motorized. The Zeiss FluoArc mercury arc lamp and halogen
transmission lamps were off. The objective lens turret was on a
blocked (lens cap) position. The ORCA-II ERG camera was on the
left camera port, and I selected the microscope light path to go to
the right camera port (blocked with a light tight cap). I selected
the Zeiss Cy5 filter set, covered the stage with a black clipboard,
shielded the microscope from the computer monitor with two
additional clipboards, and placed a box over the eyepiece port.
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After starting the time series, I turned off the HP ZR30w monitor,
turned off all lighting (a tungsten reading light on a side table and
the overhead fluorescent lighting), closed the lab door, and placed
a “do not disturb” sign outside. The acquisition PC was a Dell
Optiplex 960 with Windows XP (32-bit operating system).

At the end of the time series, the dataset was saved to Zeiss
ZVT file, it was exported to 16-bit TIFF format using Axiovision
(the free Axiovision LE also enabled exporting), and then the TIFF
series was opened with MetaMorph (64-bit) version 7.7.3 [8] on
a Dell Optiplex 960 with Windows 7 (64-bit O.S., 16 Gb RAM). I
then resaved the data in MetaMorph Stack format. The ten-minute
exposures have an offset + dark current ranging from ~560-630
corner to corner, so I used the Stack Arithmetic: Median command
to produce an estimate of this background. I then subtracted this
median image from every plane in the stack and saved the result
as my “background subtracted” stack. Using the median image
is not a perfect method to eliminate background, so I (somewhat
arbitrarily) selected 40 intensity levels as my lower threshold in
deciding what “events” to count. By performing Stack Arithmetic:
Maximum on the background subtracted stack, I made a single
image with all the “events.” This is the same operation that I use for
“maximum projections” of a fluorescence Z-series or time series.
Given the sparseness of the events, this was a reasonable approach,
but users who would prefer to count plane-by-plane can download
the dataset from my web site [9].

Results

MetaMorph’s Integrated Morphometry Analysis (“IMA”)
command, with a threshold minimum of 50, counted 1,486
“objects” when the IMA object was set to be at least 2 pixels in size.
A threshold minimum of 40 counted 1,742; a threshold minimum
of 30 counted 2,051 objects; a threshold minimum of 25 counted
2,273 objects; and a threshold minimum of 20 yielded many single
pixels from the residual background noise. This is as expected from
working with 1344 x 1024 x 538 = 740,425,728 pixels of data and
having chosen to use a median of each pixel from 538 planes for
subtraction. For a 5,380-minute dataset, I might have expected
~10,000 “events.” The apparent undercount might be due to many
events producing only weak “hits” above the camera floor. Figures
1 and 2 show the results. The cosmic ray particle tracks are revealed
in these figures.

Because of space limitations, I will not go into the intensity
distribution of the events. I am posting the data online [9] to
enable readers to evaluate this dataset and consider acquiring and
evaluating your own data.

Discussion

Considering the care and time involved, this type of
experiment may not have been accomplished previously on a light
microscope with a digital camera. The image acquired here was not
intended to make a publishable image of a cosmic ray, but rather
to act as a cautionary for people who are doing low-light-level and
single-molecule imaging.
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Cosmic Ray Particles

Figure 1: Cosmic ray particle tracks revealed in a five-day-long exposure. Color image combines red 001-180, green 181-360, and blue 361-538 planes into a

contrasted 24-bit.tif image.

Figure 2: Detail from near the center of Figure 1 showing cosmic ray particle
tracks.

Conclusion
Long-term images may contain details from cosmic rays that
could be taken for image information. These images show artifacts
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of dots and tracks that could be for real data in super-resolution or
single-molecule imaging.
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