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We demonstrate that Higgsino dark matter (DM) could be discovered within the next few years using the
Cherenkov Telescope Array Observatory’s soon-to-be-operational northern site (CTAO-North). A 1.1 TeV
thermal Higgsino is a highly motivated yet untested model of DM. Despite its strong theoretical motivation
in supersymmetry and beyond, the Higgsino is notoriously difficult to detect; it lies deep within the
neutrino fog of direct detection experiments and could pose a challenge even for a future muon collider. We
show that, in contrast, Higgsino detection could be possible within this decade with CTAO-North in La
Palma, Spain. The Galactic Center is the region where the dominant DM annihilation signature emerges,
but it only barely rises above the horizon at the CTAO-North site. However, we project that this challenge
can be overcome with large-zenith-angle observations at the northern site, enabling the conclusive detection
of a Higgsino signal by 2030 for a range of DM density profiles in the inner Galaxy.
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I. INTRODUCTION

The Higgsinomay be the last chance for nature to realize a
minimal weakly interacting massive particle (WIMP) as the
dark matter (DM) of our Universe. A nearly pure Higgsino
commonly emerges as the lightest supersymmetric particle
in supersymmetric extensions of the Standard Model [1–7].
Realizing the WIMP miracle, the Higgsino can be produced
as a thermal relic of the early Universe with the correct DM
abundance when mχ ≃ 1.1 TeV [8]; we define the Higgsino
with this mass as the thermal Higgsino. With other WIMP
candidates, such as the wino, facing increasingly strong
tension from null indirect detection searches [9–12], the
Higgsino is arguably the last path to a strongly motivated
realization of the minimal DM paradigm [13].
Higgsino DM is a key science driver of many next

generation experiments in particle physics, ranging from
future DM direct detection efforts [14,15] to next generation

colliders [16–30] to precision experiments such as those
searching for an electron electric dipole moment [31–33].
Nonetheless, thermal Higgsino DM is notoriously difficult
to probe with terrestrial experiments. In its most minimal
form, the direct detection cross section is well below the
neutrino floor, and thus, out of reach of any planned near- or
mid-term effort [34–38], although the prospects improve for
small neutral mass splittings [39] or if the Higgsino strongly
mixes with other neutralino states [40]. As an example of
the difficulty of Higgsino detection, the thermal Higgsino is
only just within reach of proposed future 10 TeV muon
colliders and the Future Circular Collider-hh [17,41].
In contrast to terrestrial searches, indirect searches for

thermal Higgsino annihilation appear more promising in
the coming decades. Higgsinos may annihilate in the center
of the Galaxy to WþW− and ZZ at tree level and to γZ and
γγ at one loop [42]. The tree-level annihilation products
shower to create a broad spectrum of gamma rays below a
TeV, while the one-loop processes create a narrow spectral
endpoint, which in practice, is broadened primarily by the
finite energy resolution of the gamma-ray detectors.
Searches using data from the Fermi Large Area
Telescope (LAT) to date have leading sensitivity to
Higgsino DM annihilation, potentially even seeing the first
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signs of an emerging signal [43]. Of course, searches for
continuum emission are complicated by the other con-
founding astrophysical backgrounds. In contrast, there is no
known, standard astrophysical process that is capable of
making a narrow spectral feature at energies ∼1 TeV.
The Cherenkov Telescope Array Observatory (CTAO) is

the next generation of ground-based observatories designed
to explore high-energy gamma-ray astronomy [44,45].
Spanning an energy range from 20 GeV to 300 TeV,
CTAO employs three types of telescopes—large-sized
telescopes (LSTs), medium-sized telescopes (MSTs), and
small-sized telescopes (SSTs)—in order to achieve such
energy coverage. The telescopes are distributed across two
sites in order to cover the full sky: CTAO-South, located in
Paranal, Chile, and CTAO-North, situated at the Roque de
los Muchachos Observatory on La Palma, Canary Islands.
Statements regarding the discovery prospects for particle

DM leveraging the relic DM abundance often hinge on an
assumption of the Milky Way’s DM distribution. Modeling
the DM density profile in the inner Galaxy is notoriously
difficult because the gravitational potential in this region is
dominated by baryons, e.g., Ref. [46]. Current space- and
ground-based gamma-ray telescopes, such as Fermi-LAT,
MAGIC, and H.E.S.S., do not have the necessary sensi-
tivity to resolve the linelike signal from Higgsino annihi-
lation except for the most optimistic DM distributions (see,
e.g., [47–49]), motivating future instruments such as CTAO
[12,50]. In detail, the strongest limits on the thermal
Higgsino signal at present were derived in Ref. [43] using
Fermi-LAT observations. Even for the median Auriga
profile, however, the Fermi constraints were a factor of
∼2.3 weaker than required to reach the thermal relic
prediction, although intriguingly, this is partly due to an
observed excess in the data. (Note the above discussion
includes a rescaling of the Romulus FIRE-2 profile used in
Ref. [43] to the median Auriga profile used here, as
appropriate for the analysis region in that work; in the inner
Galaxy, the Romulus profile falls slightly below the median
Auriga in terms of the predicted DM annihilation flux.)
The first telescopes for CTAO-South are expected to be

delivered in 2026 and begin collecting scientific data within
a couple of years [51]. Here, we assume that the full Alpha
Configuration will not begin until 2031, although a partial
southern array may be available sooner. For CTAO-North,
LST-1 in La Palma has already achieved first light [52]. An
initial detector configuration with four LSTs is expected to
become operational in 2026. Plausible revisions to the
CTAO construction timeline would shift the curves of
Fig. 1 along the time axis but leave our central conclusion
intact: CTAO-North could discover the thermal Higgsino
for favorable inner-Galaxy profiles, and it can do so before
CTAO-South accumulates comparable exposure.
Although the northern site is poised to be operating

sooner, CTAO-South is the conventional focus of DM
annihilation searches, as the Galactic Center rises to much
lower zenith angles in the southern hemisphere [53]. In

particular, the Galactic Center rises to < 10° zenith angle
at CTAO-South compared to ∼58° at CTAO-North.
Nevertheless, it has been demonstrated that imaging atmos-
pheric Cherenkov telescopes (IACTs) such as CTAO can
reliably collect data near the horizon. While this comes with
drawbacks like increased background rates and a higher
energy threshold due to dimmer shower images, it also offers
the benefit of a larger effective area compared to observa-
tions at low zenith angles. For example, the MAGIC
telescope [54], which is also located in La Palma, has
observed the Galactic Center for over 200 hrs to perform a
search for DM annihilation, including linelike final states
[47,55]. For the first time, in this paper, we consider the
ability of CTAO-North to use large-zenith-angle observa-
tions of the Galactic Center to search for signals of Higgsino
annihilation. Our conclusions are displayed in Fig. 1: the
Higgsino may be discovered or disfavored within a few years
using upcoming data from CTAO-North, depending on the
DM profile near the Galactic Center.

II. HIGGSINO ANNIHILATION

The Higgsino is nearly fully specified by its electroweak
representation and mass. Thus, one can precisely compute
both its annihilation rate and the photon spectrum that

FIG. 1. The expected discovery test statistic (TS) for the
1.1 TeV Higgsino DM model, including both the line and
continuum contributions, at CTAO-North (assumed to start
mid 2026, labeled “North LSTs on”) and CTAO-South in the
Alpha Configuration (assumed to start mid 2031) as a function of
time. No intermediate-array configurations for CTAO-South are
considered. For CTAO-North, we show sensitivity from the four
LSTs alone (orange) as well as four LSTs and nine MSTs starting
in 2028 (lightly shaded orange). We assume a data collection rate
of 100 hrs=year in the Galactic Center region around 60° in
zenith angle. The calendar-year axis should be interpreted as the
current best estimates for the start time of the array. As the
discovery TS accumulates approximately linearly with exposure,
a revised schedule translates these curves horizontally in time
while leaving the TS reached at fixed exposure unchanged. We
illustrate the discovery prospects across a wide span of under-
lying DM profile possibilities.
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emerges per annihilation. We use DMγSpec [42] to
determine the spectrum; here, we briefly explain the
physics involved. There are three relevant contributions
to the spectrum that one needs to consider for the Higgsino:
the line, endpoint, and continuum.
Line photons emerge from exclusively two body final

states such as γγ and γZ. Although the DM is electrically
neutral, these two body final states are reached at loop level
and are subject to Sommerfeld enhancement [56–59].
The endpoint contribution arises from three or more body

final states, which we collectively denote by γ þ X. What is
important about these states is that we demand that the
photon energy E is very close to the DM mass, in particular,
1 − E=mχ ≪ 1. Given that the CTAO energy resolution is, at
minimum, ∼5% (see Fig. 5), once we apply the finite energy
resolution of the detector, these photons are indistinguish-
able from those of the γγ and γZ final states. The con-
tribution from these endpoint photons can be enhanced by
large logarithms that are resummed using effective field
theory techniques, as has been broadly explored for electro-
weak DM candidates (see Refs. [42,60–71]).
Last, there are the lower-energy gamma-ray contribu-

tions from the tree-level ZZ and WW final states. The W
and Z bosons are unstable, and when they shower and
decay, they produce a continuum spectrum of photons with
energies E ≪ mχ . A large fraction of these photons can fall
in the CTAO energy band, depending on the energy range
of the analysis. These effects are incorporated in DMγSpec
using the computation from PPPC4DMID [72].

III. CTAO-NORTH INSTRUMENT RESPONSE

The observational performance of IACTs strongly
depends on the zenith angle. At CTAO-North’s location
on La Palma, the Galactic Center culminates at a zenith
angle of 58°, which is challenging for traditional IACT
observations. Larger zenith angles result in a greater
distance to the shower and a geometrically wider light
pool, leading to an enhanced effective area—even by an
order of magnitude. Yet the Cherenkov light is further
attenuated relative to low-zenith-angle observations, lead-
ing to an increase in the telescope’s energy threshold, as we
discuss further below (see, e.g., Ref. [73]).
For this study, we assume an average zenith angle of 60°,

and further, that the data are collected via stereo observa-
tions involving all available LSTs and also MSTs once they
become operational. We use instrument response functions
(IRFs) tailored for large-zenith-angle observations from
Monte Carlo simulations using the publicly available
prod5-v0.1 library [74]. The IRFs comprise the
energy/offset-dependent effective area, angular resolution,
and energy resolution for the typical zenith angle. In Fig. 2,
we compare the effective area with different zenith angles
(20° and 60°) and telescope array setups at both CTAO
sites. We assume telescope configurations for the North and
South based on the latest official CTAO plan [75]. For

CTAO-South, we adopt the Alpha Configuration, which
consists of 14 MSTs and 37 SSTs. For CTAO-North, we
instead consider a two-stage telescope configuration, where
first there are four active LSTs that are then supplemented
by nine MSTs. For CTAO-North, we show the effective
area at small and large zenith angles (20° and 60°,
respectively), while for CTAO-South, we show only small
zenith angles, because the Galactic Center rises well above
the horizon. In our projections in Fig. 1, we assume that the
four LSTs for CTAO-North begin collecting science data in
2026, with the additional nine MSTs turning on, optimis-
tically, two years later, in 2028. We assume for this work
that the CTAO-South Alpha Configuration begins collect-
ing science data in 2031.
A notable feature of Fig. 2 is that at TeV energies,

moving from small to large zenith angles increases the
effective area by almost an order of magnitude. This
increase is the primary driver of the Higgsino reach
projected in this work. Note that the nine MSTs do not
appreciably increase the on-axis effective area at 1 TeV, but
they do increase the off-axis effective area, as we show in
Fig. 5. The MSTs are, therefore, more impactful in
constraining scenarios where the DM distribution is more
cored. In fact, at energies above hundreds of GeV, as shown
in Fig. 2, the large-zenith-angle CTAO-North effective area
is comparable to that of small-zenith-angle observations
with CTAO-South, despite CTAO-South having more
telescopes than the northern site. However, as discussed
next, the trade-off is that large-zenith-angle observations
are accompanied by decreased energy resolution and
background rejection efficiency (see Fig. 5).
Observations at large zenith angles typically involve

greater systematic uncertainties when compared to those at
small zenith angles. For instance, previous studies using the
MAGIC telescopes have reported systematic uncertainties
for large (small) zenith angles of approximately 15% (10%)

FIG. 2. The on-axis effective area as a function of the photon
energy Eγ for different combinations of CTAO-North and -South
configurations [76]. At 1 TeV, the effective area of the LST-only
northern array at large zenith angle (Zd) is comparable to
CTAO-South.
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for the absolute energy scale and 20% (15%) for flux
normalization [47,55,77,78]. Systematics related to the
absolute energy scale and overall flux normalization are
straightforwardly mitigated; e.g., a nuisance parameter can
be assigned to the overall flux normalization as in
Refs. [12,79]. On the other hand, it will also be important
in a realistic data analysis to account for the energy-
dependent observation-to-observation scatter in the cos-
mic-ray rejection efficiency.

IV. DISCOVERY PROSPECTS AT CTAO-NORTH

At maximum, CTAO-North could collect roughly
250 hrs=year of dark time data toward the Galactic Center
from 58° to 70° in zenith angles [80]. We assume, for
definiteness, 100 hrs=year of data are collected in practice.
We further assume, for simplicity, that the exposure time
is split equally into four pointing locations slightly offset
from the Galactic Center: ½l; b� ¼ f½�0.42°;�0.42°�g,
with the four locations corresponding to the four sign
combinations [81]. The LSTs are designed to optically cover
a field of view (FOV) with a diameter of 4.3° (see Fig. 5).
A mock exposure map is provided in Fig. 6. The FOV is

larger when the MSTs are included (diameter ∼8°) and
larger still for the small-zenith-angle CTAO-South con-
figuration. In light of these changes in FOV, for projections
involving the full-array realizations of CTAO-North and -
South, we assume pointing locations offset at 1.2° as
opposed to 0.6° from the Galactic Center (see Fig. 6).
The energy resolution is taken to be ∼15% (see the
Appendix for illustrations of the IRFs). We assume a
cosmic-ray-induced background rate derived from dedi-
cated Monte Carlo simulations given by the prod5-v0.1
library [76]. An additional background component is the
astrophysical flux from the Galaxy, which we account for
with the Fermi gll_iem_v07 (p8r3) diffuse model;
we extrapolate above 2 TeV using a power law as in
Ref. [12]. Note that the p8r3 model is a good description of
the gamma-ray sky at TeV energies in the inner Galaxy, as
validated through Fermi-LAT data (see Ref. [12] for a
discussion). These two contributions are compared to a
putative signal flux in Fig. 3.
Since baryonic physics dominates the gravitational

potential at the center of the Milky Way, it may well be
that common Ansätze such as the Einasto profile [82],
empirically motivated from DM-only simulations, do not
realistically reflect the underlying DM distribution of our
Galaxy. To bracket the current wide range of uncertainty on
the DM content in the inner Galaxy, we use two suites of
hydrointensive high-resolution simulations, Auriga [83,84]
and FIRE-2 [85], each ofwhich contains a set ofMilkyWay-
like galaxies with candidate profiles. In our analysis, we
consider 6 galaxies fromAuriga and 12 galaxies fromFIRE-
2, as well as the DM-only NFW and Einasto profiles, all
normalized such that the density at radii of 8.3 kpc is
0.38 GeV=cm3. The J factors of these profiles, shown in

Fig. 4, are defined as the integral of the DM density squared
along the line of sight (see the Appendix) and illustrate the
range of signal sizes we expect from DM annihilation.
These predictions roughly bracket our current uncertainty
on the J factor; the differences arise from an interplay of
baryons near the Galactic Center generating an adiabatic
contraction of the DM halo and strong baryonic feedback—
arising, for instance, from supernovae—that disperse the
baryons from the center, partially dragging DM with them.
For a detailed discussion of these points, see Ref. [46].
To project sensitivity to a DM annihilation signal, we use

the following idealized analysis scheme, which is based on
that discussed in Ref. [12] for CTAO-South. We bin the
Asimov (i.e., mean, expected) data [86] in 100 logarithmi-
cally spaced energy bins between 100 GeVand 10 TeV. For
concreteness, we bin the data from all observations
spatially in five concentric annuli around the Galactic
Center of radius 1° each, though our results are not strongly
sensitive to this choice. We analyze the data over energy
bins in each annulus separately. We model the spectral data
using two background spectral templates, one for cosmic-
ray-induced background emission and one for astrophysical
backgrounds, in addition to the signal spectral template.
Point-sourceandotherextendedcomponentsarenot included
in this analysis, as they are negligible compared to the diffuse
emission in all annular bins [12]. Note that we include all
energy bins in our analyses, so that both the annihilation end
point and continuum contribute to the signal model. In
Fig. 3, we illustrate the spectral templates for CTAO-North
with LSTs only, summed over all annuli (r < 5°) along with

FIG. 3. The expected background and signal counts within 5° of
the Galactic Center for 500 hrs total of observation time with
CTAO-North LSTs only. Note that the signal model has been
convolved with the expected instrument response, which broad-
ens the narrow end-point line. In addition to the benchmark
assumption of 15% energy resolution, we illustrate how the signal
profile is altered for 10% and 20% energy resolutions. The
bottom panel demonstrates how the signal would emerge in the
residual dataset that follows from the subtraction of the best-fit
background model.
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theAsimovdataand1σ statisticalerrorbars,assuming500hrs
of exposure time. The cosmic-ray-induced background
dominates in all but the innermost radii [12].
To show the maximal science reach of the instruments,

we assume a perfect model for the background components
with no free parameters. In order to ensure the null model is
nested within the signal model, we multiply the signal
normalization by a parameter μ, with μ ¼ 0 giving the null
hypothesis and μ ¼ 1 the expectation for the thermal
Higgsino, at fixed Higgsino mass. We compute the like-
lihood for the signal model parameter μ in each annulus,
and then join the likelihoods together across the annuli to
construct our final statistic used to probe the Higgsino
model. We then assume Wilks’s theorem and use standard
frequentist methods to project the expected discovery
significance under the signal hypothesis (μ ¼ 1). See,
e.g., Ref. [87] for more details.
Implementing the procedure above, in Fig. 1, we display

the discovery potential of CTAO-North and -South as a
function of calendar year. We quantify the discovery poten-
tial through the discovery test statistic under the signal
hypothesis, as described in the Appendix; the discovery
significance in terms of number of “σ” is approximatelyffiffiffiffiffiffi
TS

p
. For the northern site, we assume that the full LSTarray

will begin data collection in 2026 and that the MST array
could contribute two years later. For the southern site, we
assume that the Alpha Configuration begins data taking in
2031, and for CTAO-North, we use an optimistic data
collection rate of 100 hrs per year. The CTAO-South instru-
ment response and assumed cosmic-ray-induced back-
ground rates are illustrated in the Appendix.

We project the discovery TS as a function of time for a
variety of assumptions for the DM density profile. We show
the canonical DM-only Einasto profile and the medians of
the ensemble of Auriga and FIRE-2 profiles, with medians
computed with respect to the ensemble of discovery TSs
across the simulations. In the Auriga J-factor scenario,
CTAO-North is able to detect Higgsino DM with over 5σ
significance by 2028. The median FIRE-2 model is far
more challenging, and a discovery would require decades
of data collection with CTAO-South or further improve-
ments to the instruments. Nevertheless, a 95% exclusion
would require only 11.3 years of data and would, therefore,
likely be achieved well before the scenario is tested at a
collider.

V. DISCUSSION

Figure 1 shows that CTAO-North could discover
Higgsino DM within the current decade and before
CTAO-South turns on. Yet there remain outstanding ques-
tions to resolve. First, more work is needed to understand
the shape of the DM density profile in the inner Galaxy.
Second, our results follow from an idealized analysis, with
no mismodeling for the backgrounds from misidentified
cosmic rays or astrophysical gamma rays. Last, detecting
the Higgsino for the true underlying DM profile of the
Milky Way may require that both CTAO-North and -South
successfully install the required instrumentation and allo-
cate sufficient observing resources toward the DM sci-
ence case.
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FIG. 4. The expected J factors (see Appendix) as a function of
the angle θ away from the Galactic Center for a number of the
spherically symmetric DM density profiles we consider. The
median profiles from each of the simulation suites have been
highlighted in bold, and these, along with the Einasto profile, are
used to produce the results in Fig. 1. Additionally, we color code
the J-factor profiles by those that are expected to lead to Higgsino
evidence of at least 3σ with CTAO by 2030 (North only) and
2050 (North and South).
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APPENDIX A: ANALYSIS DETAILS

Here, we provide a more detailed description of the
analysis used to construct the projections shown in Fig. 1.
Consider first the expected signal and background. The

expected differential flux of gamma rays from DM anni-
hilation incident on Earth is given by

dN
dEdtdA

¼ J
8πm2

χ

dhσvi
dE

; ðA1Þ

where dhσvi=dEγ is the differential cross section with
respect to the photon energy E normalized per annihilation.
For example, if the annihilation proceeds via χχ → γγ with
rate hσvi, we have dhσvi=dE ¼ 2hσviδðE −mχÞ. The J
factor is defined as an integral over the DM density [88],

JðθÞ≡
Z

∞

0

dsρ2DM½rðs; θÞ�; ðA2Þ

and the integral is computed along a given direction in the
sky with s the distance from Earth.
Given a pointing location on the sky, we forward model

the predicted energy- and spatial-dependent flux map to a
set of observed counts in (finely) pixelated sky positions
and energy bins using the appropriate CTAO instrument
response [74]. We then rebin the data into our (coarser)
analysis annuli and energy bins, which are used in the
projected analysis. Note that we forward model the Fermi
p8r3 diffuse emission in the same way to obtain the
expected astrophysical background per annulus and energy
bin. The expected cosmic-ray-induced background is given
directly by the CTAO IRFs [74].
The Asimov datasets are given by the set of predicted

counts d ¼ fNi;kg, where i specifies the Galactocentric
annulus and k the energy bin. We analyze these data given
the likelihood

pðdjM; θÞ ¼
Y
i;k

μi;kðθÞNi;ke−μi;kðθÞ

Ni;k!
; ðA3Þ

where for the Asimov (mean, expected) dataset we ana-
lytically continue the factorial to noninteger counts using
the gamma function. Here, the model M is the null plus
signal model, which has a single model parameter μ,
controlling the normalization of the signal flux. For this
idealized projection, we assume perfect knowledge of the
background flux in order to separate our results from any
assumption of analysis strategy.

We construct the profile likelihood,

λðμÞ ¼ pðdjM; μÞ
pðdjM; μ̂Þ ; ðA4Þ

with μ̂ denoting the model parameter point that maximizes
the likelihood. The discovery TS is given by q≡ −2 ln λð0Þ
for μ̂ > 0, with q≡ 0 otherwise, since we are interested in a
one-sided test. In the Asimov analysis to determine the
expected discovery TS, the data contain a signal component
such that μ̂ always matches the true value of μ used to create
the data. (See Ref. [87] for a pedagogical introduction to
this framework.)
It isworthmentioning that a realistic analysis scenariowill

likely contain several nuisance parameters that give freedom
to the background model. In the template analysis we
envision, an additional two nuisance parameters per annulus
would be included in the likelihood, to be profiled over such
that the likelihood is maximized for each choice of μ. These
parameters would control the overall normalizations of the
cosmic-ray-induced and astrophysical backgrounds, respec-
tively,within that spatial region, rescalingall expectedcounts
μi;k by the same amount in each energy bin k.
We end with a discussion of the relative benefits of

conducting an analysis with Higgsino annihilation as the
specific signalmodelasopposed to themoregeneral searches
for “line-only” χχ → γγ and “continuum-only” χχ →
WþW− annihilation modes in the gamma-ray data. These
types of searches are far more common in the literature, as
they are more model independent in their framing, and each
of these signal modes shares qualitative features with the
Higgsino spectrum. On the other hand, each is an imperfect
partial model of a fully known and well-motivated signal
prediction. It is worth being concerned that conducting
mode-specific andmodel-independent searches at the exclu-
sion of model-specific ones may result in unnecessarily
reduced sensitivity or even mismodeled results.
Under the signal hypothesis, where the Asimov data are

generated including flux from a 1.1 TeV Higgsino, we find
that the discovery TS is reduced by a factor of ∼2 by
searching for line-only orWþW−-only signals. Since, in the
Gaussian limit, accumulation of TS is linear with time,
twice the amount of observation time would be needed to
establish an equal-significance discovery of a line-only
signal. In a realistic analysis, the sensitivity of a WþW−

search would suffer more severely, since the loss of the
sharp endpoint feature greatly increases the spectral degen-
eracy between signal and background. As a second-order
note, the best-fit cross section from a search of χχ → γγ and
χχ → WþW− will differ from the “true” Higgsino cross
sections. This is due to end-point contributions to the
former, resulting in a best-fit value ∼20% larger, and
spectrally different ZZ contributions to the latter, resulting
in a best fit ∼40% smaller than the total annihilation rate.
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APPENDIX B: SUPPLEMENTARY FIGURES

FIG. 5. Similar to Fig. 2; comparison of various instrumenta-
tion metrics among the different CTAO instrumental configura-
tions and observation modes considered in the main text. We
show the expected performance of the instrument field of view
(top), energy resolution (middle), and cosmic-ray background
rejection (bottom). Note that energy resolution is defined here as
δE=E, with E the central line energy and δE the 68% symmetric
containment interval on the flux after forward modeling by the
energy migration matrix.

FIG. 6. The mock exposure map at 1 TeV that we generate
using Monte Carlo and the assumed instrument response function
for our projections of the CTAO-North LST subarray (top) and
the full North (middle) and South (bottom) arrays. We assume
pointing locations further offset from the Galactic Center for the
latter configurations due to their larger FOV. Furthermore,
100 hours of total exposure are assumed, equally split between
the pointing locations.
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