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Optimizing the Cadence at Fixed Depth

The current proposal for the High Latitude Time Domain Survey (HLTDS) is two tiers (wide and
deep) of multi-band imaging and prism spectroscopy with a cadence of five days (Rose et al., 2021).
The five-day cadence is motivated by the desire to measure mid-redshift SNe where time dilation is
modest as well as to better photometrically characterize the transients detected. This white paper does
not provide a conclusion as to the best cadence for the HLTDS. Rather, it collects a set of considerations
that should be used for a careful study of cadence by a future committee optimizing the Roman survey.
This study should optimize the HLTDS for both SN Ia cosmology and other transient science.

This white paper proposes that a fair way to trade cadence against the other survey parameters like
survey area is to fix the survey depth per unit time, scaling the per-visit targeted S/N by

√
cadence.

When fitting light curves and spectra using templates, fixing the survey depth per unit time in this
way should give roughly the same SN parameter uncertainties (up to some maximum cadence to be
determined). Figures 1 and 2 show our computed exposure times for the median SN Ia at redshift 1
and redshift 1.7 (respectively) as a function of cadence from one day to fifteen days.

Longer required exposure times have more Poisson noise and are thus more amenable to faster
cadence. The wide tier of the HLTDS has shorter exposure times and thus the survey speed is very
sensitive to the cadence (Figure 3, left panel). However, the cadence in the deep tier could be sped up
(especially in the redder filters) without much loss in survey speed (Figure 3, right panel). Thus the
HLTDS has conflicting pressures put on it as SNe generally evolve faster at lower redshift and in bluer
filters but these are conditions where longer cadence is more efficient.

The Committee should also consider the effects of staggering filters to improve cadence. For example,
for a five-band survey, this could mean a single filter every day for five days, or a pair of filters (to provide
a color) every two days.

The prism deep tier (∼ 1 hour every ∼ five days in the Rose et al. 2021 report) could approach a
one-day cadence without much penalty to efficiency. In fact, prism survey strategies generally assume a
four-point dither (e.g., Rubin et al. 2022), so these dithers could simply be on different days if desired.

Note that for the filter imaging (as opposed to the prism), there are currently no plans for chip-gap-
spanning dithers (or any other kind of intra-filter dithers) during a single visit, as it is generally better
to increase the cadence rather than dither. The fill factor of the Roman focal plane is about 7/8ths, so
about 1/8th of the survey area will be missing in any one filter and the cadence will thus be twice the
nominal value when this happens. Ideally, the survey should dither between different filters in the same
cadence step to reduce the chances of missing two filters at the same time.

Fast-evolving transients always benefit from faster cadences (rather than better depth per visit at
a slower cadence) for Euclidean geometry and Poisson-noise-dominated exposures. For example, for
fast transients that only show up in one visit, increasing the cadence to one day from five days reduces
the S/N per visit to 45%, reducing the distance reach to 67% and thus the sampled volume to 30%.
However, the number of visits increases by five, so the total number of detected fast transients in the
survey increases to 150%, in general scaling as (cadence)1/4.

A point in favor of slower cadence is that detector noise has spatial/temporal correlations, so exposing
long enough to average it down may improve systematic uncertainties in the photometry as well as
improving statistical uncertainties. This should be evaluated using the observed noise from actual darks.
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F062, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads

2 4 6 8 10 12 14
Cadence (Days)

0

100

200

300

400

Se
co

nd
s p

er
 Fi

ve
 D

ay
s

F087, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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F106, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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F129, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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F158, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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F184, S/N=10 Cadence/5 @ Maximum, z = 1.00
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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F213, S/N=10 Cadence/5 @ Maximum, z = 1.00

Exposure Time per 5 Days
Including 50.0 Seconds of Overheads

Figure 1: Exposure time (per 5 days) vs. cadence targeting S/N of 10
√

cadence for the median SN Ia at
z = 1. Each panel is computed for a different filter and shows both the exposure time itself (blue dots)
and the total time assuming 50 seconds of overheads per visit (red triangles). The rapid decrease in
exposure times with increasing cadence is due to the averaging down of read noise for longer exposures.
The difference between the red triangles and blue dots is simply 50 seconds/(cadence/5 days).
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F087, S/N=10 Cadence/5 @ Maximum, z = 1.70
Exposure Time per 5 Days
Including 50.0 Seconds of Overheads
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Figure 2: Exposure time (per 5 days) vs. cadence targeting S/N of 10
√

cadence for the median SN Ia
at z = 1.7. Each panel is computed for a different filter and shows both the exposure time itself (blue
dots) and the total time assuming 50 seconds of overheads per visit (red triangles).
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Figure 3: Summing over the red triangles in the previous figures (and dividing one hour into this total
time), we find the total survey speed: the number of pointings per hour of survey time over five days.
The left panel shows redshift 1 and the right panel shows redshift 1.7, both as a function of cadence.
We show two different filter combinations for each redshift, finding similar results for both. The survey
speed is much more sensitive to the cadence for the wide tier.
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