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observing faint sources, detector noise must be studied and energy spectrum [9]. We have simulated this environment for a 250 % : E
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minimized in order to maximize signal-to-noise (SNR). However, due um-thick silicon detector with a geometry of 2k x 2k, 15 um pixels O :20 =
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to the intense radiation environment of space and the demonstrated (Fig. 3). This detector thickness is characteristic of Skipper CCDs =ile 110 &
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ultra-low-noise achievable by modern detectors, Cherenkov radiation that provides high quantum efficiency at near-infrared wavelengths Do S T T T =
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emerges as a relatively unexplored source of low-energy background [10]. Track masking radius [px]
[3].

Fig 5: Residual Cherenkov background rate and fraction of masked pixels
as a function of the masking radius for a 2k x 2k detector after a 30s
exposure. A higher fraction of masked pixels translates into a lower

effective exposure time.

Cherenkov photon production

The Cherenkov effect [3] is the process by which a charged

Results

particle emits electromagnetic radiation when crossing a
polarizable material (Fig. 1). In order for this to happen, the

particle must have a speed greater to the phase velocity of The Cherenkov background rate is in the order of ~1le-/h

light in the medium (dependant on photon frequency). For for range of 2-20px of masking radii. We compare this rate

silicon, this means that photon emission drops sharply above Fig 3: Simulated 30s exposure for a 2k x 2k, 15um pixel, 250 um thick silicon to other sources of background in Skipper CCDs. These
detector in LEO including cosmic-ray proton tracks and secondary Chernenkov

~4eV [4,5]. This results primarily in single-electron events photons. The expected proton rate is ~950 particles per image, each of which has sources of background, including readout noise and dark
_ S . some probability of generating one or more Cherenkov photons (inset; blue

(SEE), which can be significantly spatially separated from the circles). current (intrinsic) and speckle and zodiacal light (extrinsic)

track of the high energy primary [6]. 11], are of the same magnitude as the Cherenkov

For image processing, we set an energy threshold of 25e- to

oackground rate (Fig. 6). We emphasize that the Cherenkov
identify cosmic-ray tracks. We then dilate these high energy tracks

background is an irreducible background in silicon
outwards a fixed distance (“masking radius”). The masked area of

_ _ o _ detectors. Thinner detectors will have a lower rate, but will
each image is removed when combining exposures to increase

_ . also be less sensitive to near-infrared photons.
exposure time. The SEE that were not removed by the masking

make up the Cherenkov background rate. A bigger masking radius :
Fig 1: Charged particle crossing silicon and radiating Cherenkov photons P 5 58 5 : Sklpper CCD
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that are absorbed in the silicon bulk as single-electron events (SEE). means a smaller effective exposure time per plxel, but reduces the 10 : -
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background rate in return (Fig. 4 and 5). il
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silicon detectors. Filtering for atmospheric muon tracks, we = I 1500 ORI u Wavelength [um]
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characterized the low-energy halo of SEE around these tracks 3 [ cloctrons FLY R AR St
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, , - [ 750 o RE R S S Fig 6: Signal and background sources for exo-planet spectroscopy using a
and show good agreement with our models (Fig. 2). - ool 500 R ‘ s R Skipper CCD as a function of wavelength. This figure was generated for a
0 . )
- (ZU [ 250 Lo realization of the Roman-CGl in IFS mode observing a 5.0 mag GOV primary
Y e PRrrd el e and a Jupiter-radius planet orbiting at a separation of 3. observed at a
g 1e=3 | gllisco Lo allbaccllscol 0 d a Jupiter-radius planet orbiting at tion of 3.8 AU observed at
S | 1 Data L 1 =n e il ° distance of 10 pc using software provided by [11].
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E 3:_ Fig 4: (Left) Examples of small (2 pixel; top) and large (8 pixel; bottom) masking
> radii around a simulated proton track and secondary Cherenkov photons. (Middle)
< 23_ Simulated residual Cherenkov photon rate after masking and combining 120x30s
_:4% : exposures. (Right) Effective exposure time for 120x30s exposures after masking.
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