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Overview

• Past
– Idea of the Cherenkov Telescope Array

• Present
– Current telescopes & sensitivity
– Reached physics results

• Future
– Future telescopes
– Expected sensitivities
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The Cherenkov Telescope Array - three types of telescopes
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Small-Sized Telescope (SST) Medium-Sized Telescope (MST) Large-Sized Telescope (LST)
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The Cherenkov Telescope Array
The facility for Very High Energy gamma-ray astrophysics in the next decades
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Future

North South
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Angular resolution
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Future
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Sensitivity
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>10x

• Near full sky coverage
• Wider energy range 

(~20 GeV - 300 TeV)
• Higher sensitivity: 5-10x 

current IACTs

Future
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CTA-LSTs only
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SST ⌀4 m

Alessandro Carosi SAIT - 2023/05/17

The LST-1 Prototype

❏ Low energy threshold (down to ~20 GeV)
❏ Large effective area at multi-GeV range

          ( ~ 104 x Fermi-LAT @ ~ some mins. timescale)
❏ Fast slewing capabilities (~20 s/1800 in azimuth)

LST “sweet range” 
(CTA sensitivity dominated by LSTs)

GRB, GWs….

~104

- Camera: 1855 PMTs, FoV ~ 4.3°
- Parabolic mirror: 23 m, 400 m²
- Focal length: 28 m
- Moving weight: ~100 tons

SST ⌀4 m

Alessandro Carosi SAIT - 2023/05/17

The LST-1 Prototype

❏ Low energy threshold (down to ~20 GeV)
❏ Large effective area at multi-GeV range

          ( ~ 104 x Fermi-LAT @ ~ some mins. timescale)
❏ Fast slewing capabilities (~20 s/1800 in azimuth)

LST “sweet range” 
(CTA sensitivity dominated by LSTs)

GRB, GWs….

~104

- Camera: 1855 PMTs, FoV ~ 4.3°
- Parabolic mirror: 23 m, 400 m²
- Focal length: 28 m
- Moving weight: ~100 tons• Array of 4 LSTs already a significant improvement 

in sensitivity.
• Very well suited for transient studies and 

spectrally soft sources from the beginning on.

Future
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The first Large-Sized Telescope (LST-1)

• LST-1 inaugurated in 2018.
• >2000 h taken from Jan. 2020 - 

Jan 2024.
• Low energy threshold (~20GeV)
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Present
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Telescope performance: Crab
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Present

muon ring matching

Crab nebula SED

optical throughput

Crab pulsar phaseogram

flux sensitivity

Abe et al., ApJ, 956, 2023
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The LST collaboration
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• LST is a large part of CTA 
• World-wide effort 
• Costbook value: 15MEuro/tel. (incl. FTE) 
• 4 LSTs in the North (Alpha Configuration) 
• and 4 LSTs in the South (Omega 

Configuration)

numbers are growing

Credit T. Inada

Present
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Present
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LST-1 + MAGIC performance
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Present

A&A 680, A66 (2023)
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Future
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LST2-4
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good progress, no significant delays

LST-2 LST-3 LST-4

Present

Construction order: 
LST-4, LST-3, LST-2

End of construction:
LST4 June 2025
LST3 August 2025
LST2 October 2025



LST-1 Science results

Galactic Science
Fast slewing and low threshold makes LST-1 an ideal instrument for 
fast transients and spectrally soft sources.

15

JPL-Caltech/NASA

Present
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Pulsars with the LST-1
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- About 300 pulsars detected with Fermi-LAT,  
spectra displaying a characteristic PL + Exp. cutoff 
at a few GeV

- A few of them deviate from this Exp. cutoff  and 
show a spectral tail extending up to 100 x GeV’s 
and even to the TeV regime

- Three pulsars detected so far with IACTs: 
The Crab, Vela, Geminga.

- The origin the gamma-ray emission at VHEs in 
pulsars is still not clear (e.g “polar cap”, “slot gap”or 
“outer gap” models)

-  Are these systems “unique”, or there is a whole TeV 
pulsar population to be detected?

High Energy Pulsars
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● ~ Almost 300 pulsars have been detected by 
Fermi-LAT 

Second Fermi Large Area Telescope 
catalog of gamma-ray pulsars

● Their spectra usually follow a power law (PL) with 
exponential cutoff at a few GeV.         

● But some of them deviate from the exp.-cutoffs, 
showing a PL spectral tail that extends up to 
hundreds of GeV (and even up to TeV)!

Particle acceleration and models of 
emission at VHE are still not clear

Credit: Alice K. Harding 

High Energy Pulsars
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Second Fermi Large Area Telescope 
catalog of gamma-ray pulsars

● Their spectra usually follow a power law (PL) with 
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Crab pulsar phaseogram
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- Observed during LST-1 commissioning (Sep. 2020 - Jan. 2023) 
- Time after quality cuts: ~103h for Zd < 50deg Crab Pulsar results: Phaseogram

9

zd < 50 deg

P1 + P2 detected at 15σ in 100h!

Preliminary
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Crab pulsar spectra
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- SED shows PL up to 450 GeV for P1 & 700 GeV for P2 (Confirms MAGIC results > 500 GeV)
- Syst. uncertainties in spectral indices: ~10% and ~5% for P1 and P2. 
- Dedicated LAT analysis (13 yrs) ⇒ smooth transition with LST-1
- Joint fit: preference for a smooth Broken PowerLaw model ⇒ PowerLaw extension at VHEs

Crab Pulsar results: Fermi-LAT + LST-1 SED 

14

P1

Preference towards Smooth Broken Power Law model: confirms PL extension at VHE

𝞪2~ -3.3

𝞪1 ~ -2.0𝞪1 ~ -1.8

𝞪2~ -4.4

P2

Preliminary Preliminary
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Pulsar: Geminga (PSR J0633+1746)
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Daniel Mazin ICRC2023, Nagoya, July 26 - Aug 3, 2023

Early Science: Galactic Center

• Data taken in 2021 - 2023 in 
wobble mode with an offset 
angle of 0.5 deg and 0.7 deg 

• After data selections, the data 
amounts to 39 hours 

• Analysis is carried out through 
the standard software lstchain 
and a special background 
modeling 

• Also taken joint data with 
MAGIC (S. Abe et al.)

11

See details in Shotaro Abe poster

PeVatron candidate: Galactic center

20

- LST-1 has observed the Galactic Center, the first proposed Galactic PeVatron (H.E.S.S. Collaboration 2016)

- LST-1 observations at Large Zenith Angles (LZA) in 2021 - 2023, for a total of about 40h.

- Standard analysis software lstchain + dedicated (in development) background modelling 

- Sgr A* & SNR G0.9+0.1: SEDs in line with current-generation telescopes —> LZA & 3D analysis feasible.

- More advanced analysis, including the diffuse emission, is ongoing. Joint observations with MAGIC carried out.

Daniel Mazin ICRC2023, Nagoya, July 26 - Aug 3, 2023

Early Science: Galactic Center

• Data taken in 2021 - 2023 in 
wobble mode with an offset 
angle of 0.5 deg and 0.7 deg 

• After data selections, the data 
amounts to 39 hours 

• Analysis is carried out through 
the standard software lstchain 
and a special background 
modeling 

• Also taken joint data with 
MAGIC (S. Abe et al.)

11

See details in Shotaro Abe poster

PRELIMINARY
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PeVatron LHAASO J2108+5157
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- LHAASO J2108 is one of the first 12 
UHE (E > 100 TeV) sources detected 
by LHAASO, and the only one without 
any associated counterpart at TeVs.

Abe, S., et al.: A&A 673, A75 (2023)

4FGL J2108.0+5155

4FGL J2109.5+5238c

4FGL J2115.2+5219c

4FGL J2110.7+5129
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+

+
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Fig. 3. Fermi-LAT TS map in Galactic coordinate above 2 GeV, which
shows the sources present in the 4FGL-DR3 catalog with their 95%
positional errors (magenta and red ellipses). The small green rectan-
gle indicates the position of the LHAASO source with statistical uncer-
tainty on RA and Dec derived from a two-dimensional Gaussian model,
while the smaller green circle represents 95% position uncertainty of
0.14� reported by Cao et al. (2021a). The larger green circle indicates
the 95% UL on the source extension (0.26�). The white cross highlights
the position of a new potential hard source, whereas the yellow contour
indicates the FoV of the previously discussed XMM observation.

of 4FGL J2108.0+5155, whereas using a harder photon index
moves the peak toward the southeast (in Galactic coordinates).
This trend becomes even more evident when we move towards
higher energies. Already above 2 GeV, the excess of the TS maps
assumes an elongated shape toward the southeast, and can no
longer be considered as point-like, nor can it be reproduced by an
extended symmetric Gaussian. These TS maps (Fig. 4) confirm
the very soft spectral behavior of 4FGL J2108.0+5155, whose
flux steeply drops above a few GeVs, and suggest the presence
of two di↵erent sources with clearly distinct spectra, located at
two di↵erent positions separated by ⇠0.4�. One of these sources
is 4FGL J2108.0+5155, which is already included in the 4FGL-
DR3 catalog, whereas the other is a new hard source (hereafter
HS), approximately located at l = 92.35� and b = 2.56�, not
included in the catalog. Such sources are di�cult to distinguish
from one another at low energies because of the relatively large
PSF of the Fermi-LAT instrument, and it is not trivial to spatially
disentangle them. On the contrary, they are clearly distinguish-
able above a few GeVs, where the PSF becomes smaller than
the two source separations7. The existence of two distinct peaks
is also evident in the nonsmoothed TS maps. Assuming a flat
spectrum, the excess at the position of HS dominates over that
of 4FGL J2108.0+5155 above ⇠4 GeV. If instead we assume a
harder spectrum, a similar transition occurs at even lower ener-
gies. It is important to mention that the new HS source does not
spatially correlate with the local structure of the di↵use Galactic
emission model.

Adding the new HS source in the original source model
and rerunning the likelihood fit analysis provides slightly dif-

7 As a matter of reference, 0.4� corresponds to more than
68% containment angle above 3 GeV for the Fermi-LAT instru-
ment. At higher energies, the PSF decreases, reaching 0.2� and
better above 10 GeV. For a detailed Fermi-LAT PSF dependence
on energy see: https://www.slac.stanford.edu/exp/glast/
groups/canda/lat_Performance.htm

ferent results for the spectral shape of 4FGL J2108.0+5155,
which is now fitted with a log parabola with a normalization
of (9.9 ± 0.9) ⇥ 10�13 ph cm�2 s�1MeV�1, ↵ = 2.7 ± 0.2 and
� = 0.32 ± 0.16, assuming the same fixed value for Eb. The
new HS source is detected with a significance of ⇠4�, and
its spectrum can be fitted with a PL with a normalization of
(1.5 ± 0.9) ⇥ 1013 ph cm�2 s�1MeV�1 and a photon index of
� = 1.9 ± 0.2, using an energy scale of E0 = 1 GeV. If we fix
the photon index, the normalization accuracy of HS improves
to (1.5 ± 0.5) ⇥ 10�13 ph cm�2 s�1MeV�1. Due to the HS small
flux at low energies, its inclusion in the model does not signif-
icantly a↵ect the spectral results of the neighboring sources, in
particular at low energies. Using a di↵erent model to represent
the HS source, such as a log parabola or ECPL does not improve
the likelihood fitting, and so the simple PL is preferred, which
presents fewer degrees of freedom. The angular separation of
this HS from the LHAASO J2108+5157 source is 0.27�, which
is larger than the 95% upper limit of the extension provided in
Cao et al. (2021a), and is therefore unlikely to be its counterpart.

The SED points of J2108.0+5155 and HS shown in Fig. 5
were computed by running a separate independent likelihood
analysis in each smaller energy band, replacing the source of
interest with a simple PL spectrum. The normalization of this
spectrum was let free to vary in the fit, whereas its photon index
was fixed to the local slope (↵) of the log parabola in the case of
J2108.0+5155, and to the previous obtained photon index � in
the case of the HS source. The error bar represents 1� statistical
error. The confidence band represents the 1� error obtained from
the covariance matrix of the fit.

The discrepancy between our flux and that provided by
Cao et al. (2021a) can arise from the several di↵erences present
between the two analyses, which we highlight in this article. In
particular, we used a more recent IRF, a more recent source cat-
alog, and a more recent isotropic di↵use emission component.
Furthermore, Cao et al. (2021a) provided the integral flux value
assuming a symmetric Gaussian extended source with a radius
of 0.48�, and our TS map results suggest this is not a correct
assumption (see Fig. 4).

2.3. XMM-Newton

The field surrounding LHAASO J2108+5157 was observed
by XMM-Newton on June 11, 2021, for a total of 13.6 ks.
The observation was centered on RA(J2000)=317.0170�,
Dec(J2000)=+51.9275�. We reduced the data from the
European Photon Imaging Camera (EPIC)8 of XMM-Newton

using XMMSAS v19.1 and the X-COP data-analysis pipeline
(Eckert et al. 2017; Ghirardini et al. 2019). After screening the
data and creating calibrated event files using the standard chains,
we used the XMMSAS tasks pn-filter and mos-filter to
filter out time periods a↵ected by strong soft proton flares. After
excising the flaring time periods, the clean exposure time is
4.7 ks (MOS1), 4.9 ks (MOS2), and 3.0 ks (pn). From the clean
event files, we extracted images in the soft (0.5–2 keV) and
hard (2–7 keV) bands, and used the eexpmap task to create
e↵ective exposure maps accounting for vignetting, bad pixels,
and chip gaps. To estimate the nonX-ray CR-induced back-
ground (NXB), we made use of the unexposed corners of the
detectors to rescale the filter-wheel-closed event files avail-
able in the calibration database. We then reprojected the filter-
wheel-closed data to match the attitude file of our observation

8 The EPIC is made of three co-aligned detectors: MOS1, MOS2
and pn.

A75, page 6 of 16

- LST-1 data set: 91h taken  from June to Sept. 
2022 => 50h after quality cuts selection

- Dedicated Fermi-LAT and XMM-Newton analysis
- LST-1 analysis yields a hint for an excess (3.7σ) 

at E > 3 TeV. 

- First scientific publication by the LST-1 Collaboration 
(Abe et al. 2023) SST ⌀4 m

Early Science: candidate Pevatron Observation

LHAASO J2108+5157 is the first gamma-ray 
source directly discovered in the UHE 
band (~100 TeV)

䙘 ~ 91 hour observation
䙘 No X-ray or VHE counterpart (3.7σ in 

the few TeV band) → 
constraining upper limits achieved

䙘 First Science publication by LST-1

J. Juryšek et al. (CTA-LST Project et al.): arXiv:2210.00775 (A&A accepted, 2023)

Alessandro Carosi TeVPA 2023 - 2023/09/15
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PeVatron LHAASO J2108+5157

22

- Both leptonic (IC) and hadronic (pp interactions in nearby 
Molecular Clouds) considered 

Abe, S., et al.: A&A 673, A75 (2023)

Table 4. Best-fit parameters of an ECPL electron distribution in the
form dN/dE = N0(E/E0)�↵ exp(�(E/Ec)), where E0 is the energy scale,
↵ the spectral index, and Ec the cuto↵ energy.

Parameter Best fit value Frozen

E0 [TeV] 1 True
Ee,min [GeV] 0.1 True
Ee,max [TeV] 1000 True
N0 [⇥1043 TeV�1] 1.7+4

�1.4 False
Ec [TeV] 100+70

�30 False
↵ 1.5 ± 0.4 False

Notes. Normalization of the spectrum N0 is calculated for the source
distance of 1 kpc. VHE-UHE emission of LHAASO J2108+5157 is
assumed to be dominated by emission due to IC scattering of electrons
on CMB (T = 2.83 K, u = 0.26 eVcm�3) and FIR (T = 20 K, u =
0.3 eVcm�3) seed photon fields.

Fig. 7. Multiwavelength SED of LHAASO J2108+5157 showing a
leptonic scenario of emission. Observations with di↵erent instruments
are represented by data points of di↵erent colors: XMM-Newton r =
60 (blue), r = 160 (green), Fermi-LAT (red), LST-1 (purple), and
LHAASO-KM2A (yellow). The black solid line represents the best-
fitting IC-dominated emission of LST-1 and LHAASO data. The cor-
responding synchrotron radiation of the same population of electrons
is represented with dashed and dash-dotted lines for B = 1.2 µG and
B = 1.9 µG, respectively. The dotted line represents a phenomenolog-
ical model of a tentative pulsar: the best-fit PL with a subexponential
cuto↵ on the Fermi-LAT data.

limits, which are relevant if the source is relatively close, the
constraints on the magnetic field would be even stronger, namely
B . 0.5 µG. Given its Galactic latitude of b ⇡ 3�, the source is
close to the Galactic plane if it is not too distant from the Sun,
and one should not expect a background magnetic field strength
significantly below the typical level; therefore the absorbed case
is favored. The possibility of greater extension of the undetected
PWN – which would potentially lead to more relaxed constraints
on its magnetic field – cannot be excluded. However, we note
that even the approximate absorbed X-ray flux ULs scaled on the
full UHE source extension lead to a relatively low B . 1.9 µG
compared to the average Galactic magnetic field (also shown in
Fig. 7 for reference).

Such a weak magnetic field, needed to suppress the syn-
chrotron emission of LHAASO J2108+5157, is on the lower
end of the typical range seen for BPWN, which is, 1�100 µG
(Martin et al. 2014; Zhu et al. 2018). However, we note that a
relatively weak magnetic field is needed to explain a leptonic
UHE emission, which is only possible in radiation-dominated
environments (Vannoni et al. 2009; Breuhaus et al. 2021, 2022).
MILAGRO (Abdo et al. 2009) and HAWC (Abeysekara et al.
2017) detected an extended 2� TeV emission surrounding the
pulsar Geminga, leading to the recent establishment of a new
class of TeV-halo sources (Linden et al. 2017; Sudoh et al.
2019). Resulting from propagation of relativistic electrons that
already left the PWN in the interstellar medium (ISM), mag-
netic field in the TeV halos can be expected to follow the
level of the magnetic field in the ISM. However, Liu et al.
(2019) obtained an upper limit on the magnetic field in the
halo of Geminga of B < 1 µG, and therefore the TeV halo
scenario for LHAASO J2108+5157 is also feasible. The TeV
nebula surrounding Geminga has a large angular extension, but
this pulsar is also relatively close (d = 250 pc Faherty et al.
2007). In the Geminga-like scenario, the lower limit on the
distance of LHAASO J2108+5157 is approximately 2 kpc in
order not to violate the source-extension UL of 0.26� provided
by Cao et al. (2021a).

Inverse-Compton-dominated radiation of a single electron
population cannot explain the soft GeV emission of 4FGL
J2108.0+5155, which is spatially coincident with LHAASO
J2108+5157. There are 117 �-ray pulsars identified in the
Fermi-LAT data showing similar spectral properties to 4FGL
J2108.0+5155 (Abdo et al. 2013). We therefore put forward the
hypothesis that the GeV emission is the signature of a �-ray pul-
sar. Saz Parkinson et al. (2016) applied machine learning meth-
ods to classify sources in the Third Fermi-LAT catalog in two
major classes: AGNs and pulsars. 3FGL J2108.1+5202, which is
the Third Fermi-LAT general catalog (Acero et al. 2015) coun-
terpart of 4FGL J2108.0+5155, was classified consistently with
logistic regression (LR) and RF classifiers as a pulsar, which
provides support for our hypothesis. However, we note that the
resulting LR and FR probabilities are relatively low, that is,
only about 30%, and therefore we cannot exclude the possibil-
ity of misclassification of the source, and an extragalactic origin
of the HE emission cannot be excluded (for further details see
Saz Parkinson et al. 2016).

Gamma-ray pulsars are characterized by soft spectra, with
the flux steeply falling above a few GeV (e.g., MAGIC
Collaboration 2020). In the Fermi-LAT energy band, the typical
di↵erential spectrum can be described with a PL with a subexpo-
nential cuto↵ dN/dE = N0(E/E0)�� exp(�(E/Ecuto↵)b), where
E0 is the energy scale, � the photon index, Ecuto↵ the cuto↵
energy, and b the cut-o↵ strength (Leung et al. 2014; MAGIC
Collaboration 2020). In order to reduce the degeneracy of the
model parameters, considering that there are only three signifi-
cant Fermi-LAT flux points, we fixed b = 0.7, which is the cut-
o↵ strength of the PL with a subexponential cuto↵ model of the
Geminga pulsar SED in the GeV band (MAGIC Collaboration
2020). The best fit of the Fermi-LAT data consistent with XMM-

Newton ULs shown in Fig. 7 has � = 1.5+0.1
�0.2 and Ecuto↵ =

0.9 ± 0.2 GeV. Despite the large uncertainty, the photon index
is consistent with that of �-ray pulsars with a spin-down power
of Ė = 1034 � 1037 erg s�1 (Abdo et al. 2013). The �-ray lumi-
nosity of 4FGL J2108.0+5155 of between 1 and 100 GeV is
L1�100 GeV = 2 ⇥ 1033(d/1 kpc)2 erg s�1. One should note that,

A75, page 10 of 16
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Fig. 8. Multiwavelength SED of LHAASO J2108+5157 with hadronic
models of emission. Observations with di↵erent instruments are rep-
resented by datapoints of di↵erent colors: XMM-Newton r = 160
(blue), Fermi-LAT (green), LST-1 (red), and LHAASO-KM2A (pur-
ple). The best-fitting hadronic model of VHE-UHE emission (solid
line) with fixed spectral index of the proton PL distribution ↵ = 2.75
has �min = 1.6 ⇥ 105 for both clouds. Dashed line represents the
total neutrino flux for both clouds. Black and red dash-dotted lines
represent the synchrotron emission of secondary particles for cloud 1
and cloud 2, respectively. The gray dash-dotted line represents the ⇡0

decay emission model with ↵ = 2 and �min = 1 shown for reference
(Cao et al. 2021a).

is ET,1 = 7.5 ⇥ 1046 erg and ET,2 = 1.5 ⇥ 1046 erg, assuming the
interaction of protons with the more distant and closer molecu-
lar cloud, respectively. This is well below the energy content of
CR protons interacting with molecular clouds in the vicinity of
W28 and IC 443, which is 1%�10% of the total energy of a typ-
ical SN, which is ESN ⇡ 1051 erg (Ackermann et al. 2013; Cui
et al. 2018).

The total neutrino flux resulting from ⇡+/� decay is compa-
rable with the �-ray flux in the TeV range (see Fig. 8), which
makes this source an interesting candidate for a follow-up anal-
ysis of data from a neutrino detector in this region. However,
we note that the sensitivity of current neutrino detectors is about
an order of magnitude lower than the predicted neutrino flux,
and only future instruments will have the potential to defini-
tively confirm or reject the hadronic emission hypothesis (e.g.,
Grant et al. 2019).

The HE �-ray emission cannot be explained in a single-
component hadronic scenario together with VHE-UHE emis-
sion. Cao et al. (2021a) suggested that the spectrum of the
extended source 4FGL J2108.0+5155e may be associated with
an old SNR, which usually features a soft spectrum above 1 GeV
(Acero et al. 2016b; Li et al. 2021). However, our dedicated
analysis of Fermi-LAT data shows that the Gaussian extended-
source assumption is not correct. Fitting the SED of 4FGL
J2108.0+5155 in the Fermi-LAT energy band above 1 GeV with
a single PL provides a photon index of � = 3.2 ± 0.2, which
in turn tends to be too soft compared to the observations of old
SNRs interacting with dense molecular clouds (see Yuan et al.
2012). One might also consider a significant contribution of HE
emission from the sea of CRs. The energy density of CRs at
Galactocentric radii > 8 kpc is uCR(E > 1 GeV) ⇡ 0.5 eV cm�3

Table 5. Best-fit parameters of ⇡0 decay-dominated VHE-UHE emis-
sion of LHAASO J2108+5157 for both molecular clouds in the direc-
tion of the source.

Parameter Best fit value Frozen
Cloud 1 Cloud 2

n [cm�3] 115 240 True
d [kpc] 3.1 2.0 True
R [pc] 7.1 4.5 True
�min [⇥105] 1.6 ± 0.5 1.6 ± 5 False
�max [⇥106] 1.0 1.0 True
B [mG] 9 ± 5  8 False
N [⇥10�15 cm�3] 4 ± 1 3 ± 1 False
↵ 2.75 2.75 True

Notes. The injected protons are assumed to be distributed according
to ECPL with �-factor in the range (�min, �max), cuto↵ at �cut, spectral
index ↵, and total numeric density N.

(Yang et al. 2016), which is lower than observed in the Solar
System. Considering the angular resolution of Fermi-LAT at
1 GeV, which is about 0.9�, the UL on the radius of 4FGL
J2108.0+5155 to still appear as a point-like source can be writ-
ten as R < d tan (0.9�). This results in rather weak limits on
the proton energy density up,1(E > 1 GeV) > 0.14 eV cm�3 and
up,2(E > 1 GeV) > 0.10 eV cm�3, for the more distant and closer
molecular cloud, respectively, and a hadronic origin for the HE
emission therefore cannot be excluded.

4. Summary and conclusions

In this work, we present a multiwavelength study of the uniden-
tified UHE �-ray source LHAASO J2108+5157, which has not
yet been found to be associated with any PWN, SNR, or pul-
sar. Dedicated observations of the source with LST-1 – yielding
49 hours of good-quality data – resulted in a hint (2.2�) of hard-
spectrum emission at energies between 300 GeV and 100 TeV,
which can be described with a single PL with a photon index of
� = 1.62 ± 0.23. Our data analysis with selection cuts optimized
for source detection show a possible excess (3.7�) at energies
E > 3 TeV. Although a confirmed detection of the VHE emis-
sion would require deeper observations, the LST-1 data provide
important constraints on the source emission in the TeV range.

The VHE-UHE �-ray emission can be well described with
IC-dominated emission of relativistic electrons with a spectral
index of ↵ = 1.5 ± 0.4 and a cut-o↵ energy of Ec = 100+70

�30 TeV,
favouring the PWN scenario. However, there is no sign of any
X-ray source in 13.6 ks of dedicated observation with XMM-

Newton, which puts strong constraints on the magnetic field in
the emission region, B . 1.2�1.9 µG, depending on the angular
extension of the X-ray-emitting region. Such a weak magnetic
field is on the lower end of a typical magnetic field in PWNe,
and also compatible with a magnetic field in the TeV halo around
Geminga. A detailed morphological study of the region with a
high-resolution instrument, such as the future completed CTA
observatory, or a deeper X-ray observation would shed more
light on the nature of the source and help to distinguish between
the PWN and TeV-halo hypotheses.

The lack of detection of a pulsar associated with the UHE
source presents another challenge for the PWN/TeV-halo sce-
nario. Our dedicated analysis of the 12 years of Fermi-LAT data
allowed us to precisely determine the spectral properties of the
HE source 4FGL J2108.0+5155, which is spatially consistent
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Fig. 1. ON (blue) and OFF (orange) counts detected by the LST-1 telescope after selection cuts in 49.3 hours of e↵ective observation time in
four blindly selected energy bins. Number of excess events in the first two ✓2 bins for the highest energies is 45 ± 13 with a Li and Ma detection
significance of 3.67�.

Table 1. Best-fit parameters for the spectral analysis performed on the LST-1 data alone using a PL model of the spectrum, and for the joint fit to
LST-1 and LHAASO data using ECPL.

Data Spectral N0 � Ecuto↵ �2 logL
model [⇥10�14 cm�2 s�1 TeV�1] [TeV]

LST-1 PL 8.0 ± 5.4 1.62 ± 0.23 . . . 5.17
LST-1 + LHAASO ECPL 7.6 ± 4.8 1.37 ± 0.22 50 ± 14 7.30

Fig. 2. Spectral energy distribution of the LHAASO J2108+5157 source
observed with LST-1. The green confidence band represents the best-
fitting PL spectral model of LST-1 data and its statistical uncertainties.
The blue confidence band shows a joint likelihood fit of the LST-1 data
and LHAASO flux points with an ECPL spectral model. The ECPL
spectral model was used to estimate the 95% confidence level ULs on
the di↵erential fluxes shown in all energy bins.

Eb = 1580.67 MeV). The other three 4FGL sources visible in
Fig. 3 are fainter and present a softer log-parabolic spectrum
with a turnover at lower energies, with the only exception being
J2109.5+5238c, whose spectrum is a PL with a photon index
of 2.6, which locally overtakes the flux of 4FGL J2108.0+5155
above a few tens of GeV.

The spectrum of the closest source to LHAASO
J2108+5157, namely 4FGL J2108.0+5155, presents a steep
decrease above a few GeVs, which is not compatible with the

Table 2. LST-1 flux ULs (95% confidence level) assuming a point-like
source with an ECPL spectral model.

E min E max Flux ULs TS

[TeV] [TeV]
"
⇥10�14

cm�2s�1

#

0.32 1.00 30.8 0.85
1.00 3.16 19.2 0.23
3.16 10.00 10.6 4.19
10.00 31.62 4.86 7.07
31.62 100.00 1.20 0.15

UHE LHAASO points. Therefore, its physical relation to the
UHE source is challenging (see the discussion in the following
sections). By rerunning the analysis, extending the low-energy
threshold to 500 MeV and to 300 MeV, and properly increasing
and adapting the selected ROI, the fitted spectra that we obtain
present some scatter at low energy, which is due to the large
instrument PSF. Although it depends on how much freedom we
allow in the fit to the neighboring sources and to the Galactic
di↵use emission, in all cases the trend converges toward a
unique and consistent behavior above a few GeVs.

In order to verify the goodness of the used source model at
high energies, we constructed a 15� ⇥ 15� TS map centered on
the LHAASO source, removing the source 4FGL J2108.0+5155
from the model. We computed the TS map above di↵erent
threshold energies, from 1 GeV to 10 GeV, and we used a PL
spectrum for the putative source, assuming di↵erent � indices
(from �1.5 to �3). Some of these TS maps are reported in
Fig. 4. Each TS map has been smoothed with a Gaussian with
a standard deviation equal to 68% of the Fermi-LAT contain-
ment angles at each di↵erent threshold energy. From this analy-
sis, we can clearly see that, assuming a very soft photon index,
above 1 GeV the peak of the TS map coincides with the position
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- The LST-1 and LHAASO observations can be explained as IC 
emission by relativistic electrons with a cutoff energy of 100+70 TeV. 

- The low magnetic field in the source imposed by the X-ray upper 
limits on synchrotron emission is compatible with PWN / TeV halo, 
but no pulsar detected.

- UHE emission and LST hint of hard 
spectrum could work in a hadronic 
scenario (protons from middle-aged 
SNR + MC interaction), but then the 
HE counterpart may not be related? 
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Nova: RS Ophiuchi

23

- RS Oph: symbiotic binary of white dwarf + red giant star. d~2.45 kpc
- Recurrent nova outbursts every ~15 yrs
- August 2021: first nova ever detected at VHE gamma-rays (MAGIC, H.E.S.S.)
- LST-1 also observed and detected RS Ophiuchi  

RS Ophiuchi (RS Oph)

Credit: David A.Hardy/ www.astroart.org & PPARC.  

• Symbiotic binary at ! ∼ 2.45	kpc
– White dwarf and red giant star

• Recurrent nova outbursts every 
~ 15 years
– Recurrent nova

• Nova: 
– Thermonuclear runaway explosion at 

the surface of a white dwarf in a 
binary system

• August 2021, RS Oph outburst: the 
first detection of a nova at VHEs 
(H.E.S.S. Collaboration 2022, Acciari et al. 2022)

2

Credit: David A.Hardy/ www.astroart.org & PPARC. - t_obs = 6.5h accumulated in the first 3 nights of the outburst
- 12 σ detection for the 3 nights combined, 6 - 8 σ each night

Daily SEDs

8

date Φ [10-10 TeV-1 cm-2 s-1] @ 130 GeV PL index
20210809 3.3 ± 1.1 4.1 ± 0.2

20210810 4.8 ± 0.9 3.6 ± 0.1

20210812 5.4 ± 0.9 3.4± 0.1

- Consistent with   
H.E.S.S./MAGIC

- Hint of hardening

PRELIMINARY
SEDs consistent with 
MAGIC and H.E.S.S
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Nova: RS Ophiuchi

24

- Gamma-ray emission modelled in an hadronic and a 
leptonic scenario

- retrieve spectra of injected particles (using LST-1, MAGIC, 
H.E.S.S. and LAT)

- hadronic model preferred (AIChad = 95.6, AIC_lep = 128.8)• The hadronic model is preferred 
over the leptonic one
– Hadronic: Total* AIC = 95.6
– Leptonic: Total AIC = 128.8

• The reduced chi-square is large 
for both models 
(~ 1.6 and 2.2, respectively)

• Important differences between 
MAGIC and HESS

8

Hadronic vs. leptonic modelling

Total AIC: Akaike information criterion (AIC) value obtained sums up of all the observations days fit results

PRELIMINARY

AIC =Akaike Information Criterion
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Nova: RS Ophiuchi and follow-ups

25

- Gamma-ray emission modelled in an hadronic and a 
leptonic scenario

- retrieve spectra of injected particles (using LST-1, MAGIC, 
H.E.S.S. and LAT)

- hadronic model preferred (AIChad = 95.6, AIC_lep = 128.8)• The hadronic model is preferred 
over the leptonic one
– Hadronic: Total* AIC = 95.6
– Leptonic: Total AIC = 128.8

• The reduced chi-square is large 
for both models 
(~ 1.6 and 2.2, respectively)

• Important differences between 
MAGIC and HESS

8

Hadronic vs. leptonic modelling

Total AIC: Akaike information criterion (AIC) value obtained sums up of all the observations days fit results

PRELIMINARY

- Can LST-1 (or the full LST array) detect more novae (T CrB, 
classical novae)?

- very different γ-ray emission among different systems
- LST sensitivities computed using either classical (LAT) or RS Oph 

spectra
• Can LST-1 and the 4LSTs 

detect more novae ?
– T CrB ? (see next talk by David)
– Classical novae ?

• Very different !-ray emission 
among the different systems

• LST sensitivities computed 
without the 5% bkg condition
– Non and Noff corrected by the 

sensitivity integrated time

12

Detectability studies

PRELIMINARY

AIC =Akaike Information Criterion



LST-1 Science results

Extra-Galactic Science
Low energy threshold (~20GeV) suited for extragalactic observations because 
gamma rays are less absorbed by extragalactic background light (EBL).

26

ESA/NASA, the AVO project and Paolo Padovani

Present
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BL Lac flare

• Intermediate-synchrotorn-peak BL Lac type object
• Redshift z = 0.069
• VHE gamma-ray emission only during high states
• Multiple gamma-ray flare periods since 2020
• LST observed flare of BL Lac: 17.6h in July-Aug 2021
• Significant intra-night flux variability (>100 GeV) on 

Aug 9
• 3-4 Crab Unit (C.U.) at the peak

• Fast variability time scale indicates a small size of 
emission region 
• R<ctvar δ~1015cm

• Joint binned likelihood analysis using Fermi-LAT and 
LST-1 data 
• Smooth connection between Fermi-LAT and 

LST-1 spectrum
• Modeling & interpretation using multi-wavelength data 

is ongoing
27

LST-2

1 hour

Aug 9, 2021
Nozaki, ICRC2023
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Baxter, TeV

PA
2023

AGN Zoo: Monitoring Active Galactic Nuclei

28

Mrk501:  
Tracked temporal 
evolution of a 
spectrum consisting 
of 11 blocks via the 
Bayesian block 
algorithm

1ES1959: 4 blocks, 
fitted by ECPL + EBL 
absorption

Distant VHE sources ES 0647+250 and PG 1553+113: 
Effectively reconstructed a spectrum that seamlessly connects with the Fermi-LAT 
observational data from the corresponding time period

Mrk421: 

- Exceptional flares with intra-night variability
- Spectral variation over time
- Spectra reconstructed down to a few tens of GeV
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Flat spectrum radio quasar: OP313

• Flat spectrum radio quasars (FSRQs): most powerful sources.
– Strong flux variability, but the flare mechanism is still unresolved.
– Only nine detected so far at very-high energies, likely due to internal absorption of 

VHE gamma-ray photons within the source.
• OP313: high redshift z=0.997 (furthest blazar ever)—> gamma-ray 

absorption by EBL —> challenging for the sensitivity of current-generation 
Cherenkov telescopes
– First detection at VHE with the LST-1 in December 2023 (ATel #16381).

• This detection confirms outstanding sensitivity of LST-1 and capability to 
perform exciting physics results!

29



LST-1 Science results

Transients
Fast slewing and low threshold of LST-1 suitable for observations of 
transient sources from the beginning on.

30

NASA/ESA

Present
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GRB 221009A

31

- Super-powerful GRB: Eiso ~ 2x1054 erg @ z = 0.151 
- Detected at ~100 GeV but not with IACT
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Summary: LST-1 & Early science 

• Present: LST-1 shows high science performance.
– We are doing high quality Galactic and Extra-galactic science with one telescope! 

• Near Future: LST2-4 will provide even better sensitivity —> new exciting 
scientific results to be expected in 2025!

• Future: Full Cherenkov Telescope Array will be the most sensitive 
observatory ever at VHEs!

32
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Summary: LST-1 & Early science 

• Present: LST-1 shows high science performance.
– We are doing high quality Galactic and extra-galactic science with one telescope! 

• Near Future: LST2-4 will provide even better sensitivity —> new exciting 
scientific results to be expected in 2025!

• Future: Full Cherenkov Telescope Array will be the most sensitive 
observatory ever at VHEs!
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The future is bright,  
but the present is already shiny!
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Thank you!

34

The 
LST collaboration


