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Imaqging Atmospheric

Cherenkov Telescopes CTAO

Imaging atmospheric
Cherenkov telescopes
(IACTs) detect
Cherenkov light from
extensive air showers | Lo .
Those images are used to . n
reconstruct the incident
gamma rays (and cosmic
rays)

Cherenkov Light

0.1 km? light pool
a few photons per m?
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G P L

« Cherenkov Telescope Array Observatory
* Next generation gamma- ray, observatory

» Full sky coverage -
« Two IACT arrays: La PaLma Spain 8/I‘->-ar,a'hal Chile

_» 20 GeV to 300 TeV. enerby range \)/ L :
~=—Farge-Sized T i a— »

.%féasé;-g;;;-“-l\/leduam eSized T Te ciEv |de (IVIST J/80°CeV/to 50 TeVay « . ™
@ Small-Sized Telescope rSST TeV t0'360-TeV 7
- __Both arrays under constructlon\ %/La——wﬁ

v
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« Schwarzschild-Couder Telescope (SCT)

 Medium-sized dual mirror telescope

- Dual-mirror design improves point spread function across
the entire field of view, enabling b tter'angular resolution
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Prototype SCT (pSCT)

« Located at the Fred
Lawrence Whipple
Observatory in Arizona, USA

« Co-located with VERITAS
* Dual-mirror optical system
« Good optical resolution
across the entire field of
view
* Fine pixel resolution to .
match the optical resolution 7~

- 8° field of view with almost |

constant point spread

function (PSF)
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oSCT Camera

Modular camera with 9
sectors

177x 64-pixel camera
modules

11,328x 6x6 mm silicon

photomultiplier pixels
 0.067° per side

Original camera detected
the Crab Nebula in 2020
with only the central
sector

Full camera = 9 sub-fields
177 modules
11,328 image pixels
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oSCT Camera Upgrade

« Ongoing upgrade to improve
camera electronics and

JATIS Volume
. 12 Issue 3
= bty Article 034001
(2026)

mechanics

« Will fully populate the
camera

« Updated electronics with C
reduced crosstalk and ,_ S gt
trigger noise y? . cangmee, o _Tslae o

Analog world b Digital world
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Mono-pSCT Simulations

« Point source
sensitivity of the
mono-pSCT full
camera

« Comparable in its core
energy range with
other mono telescopes

« Very little loss in
sensitivity for off-axis
observations

10_9 i 50 hours observation time -
] = ON-axis
- 0.0-1.3 deg offset
- 1.3-2.7 deg offset
—— 2.7-4.0 deg offset
1010 LST-1 (2023) zenith = 23.63°
1100% Crab -+ HESS-CT5 (2025) zenith = 20°
1 Crab Nebula MAGIC 2015
10—11 —]
110% Crab
10-12 - 1% Crabh "-..._
o ] o ]
101 1009 101 102

Energy [TeV]
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Mono-pSCT Simulations

« Observation duration to
detect a point source across

VERITAS
- > 240 GeV

103 -

a broad range of fluxes £ 10 02000 TV
+ 10% Crab source takes ~5 3 10

hours of observations fora o _ |

56 detection S

« ~7order of magnitude less 107 ;

- limi
sensitive than VERITAS O 1 i i 1 s e WM 3
« Under Crab spectrum 20 4 o s
assumptions 2 T peu
2 10 ~
e T

Flux [C.U.] 9
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First Sector Installation

« 22 modules installed April
st 2026

10
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First Light April 2nd 26

 First light was achieved

with...
« Camera out of focus
* Mirrors dirty

«  98% moonlight
« Demonstrates the increased
robustness and observing
time of SiPM cameras

« No module calibrations
applied

n
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PSE Optimization

« Camera has 3D motion
control

« Pointing at the bright star
Arcturus and moving the
camera to/from the focal
point to optimize the point
spread function

* Further optimization of the
optical alignment is planned

12
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PSE Optimization

« Camera has 3D motion
control

« Pointing at the bright star
Arcturus and moving the
camera to/from the focal
point to optimize the point
spread function

* Further optimization of the
optical alignment is planned

13
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Star Tracking

« Using waveform baseline

Run 400215 star movie

variance from night sky L6
background events
« Stacking thousands of 1.4
events to increase signal-to-
noise
« Saturated peaks come from 1.2
colorbar limit
1.0
0.8

t=1.0 min

Arb Quantity
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Star Tracking

« Using waveform baseline

variance from night sky -6
background events
« Stacking thousands of 1.4
events to increase signal-to-
noise
« Saturated peaks come from 1.2
colorbar limit
1.0
0.8

t=18.0 min

Arb Quantity
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Commissioning Example

o I Run 400182 Event 45697
Cherenkov ring from a muon 056 0418 045005 LTC
followed ~8ns later by a

cosmic-ray shower 70
- Demonstrates the concept 60 ¢
of imaging atmospheric o S
Cherenkov telescopes =
-> muon reaches the ground 40 <
before the Cherenkov light 30 S
20;

[
o

16

t=21ns
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Commissioning Example

« Cherenkov ring from a muon a2 et 03l
followed ~8ns later by a =
cosmic-ray shower

« Demonstrates the concept
of imaging atmospheric
Cherenkov telescopes
-> muon reaches the ground

before the Cherenkov light

Amplitu

17

t =37 ns
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Markarian 4271 Observations

Example run
Shower candidate
rate is constant at
~80 Hz

« Events surviving
basic cleaning
and filtering

« True shower rate
is lower

Night sky
background

changes increase
all event rate

Rate (Hz)

100+

80

(=)}
o

40

Run 400215

—— All Events /10
—}— Shower Candidates H

—}— Flashers ] AN M | |
\__l ! d \ \ A Y- | J AV}

Preliminary
L e L T En o o i o o o o B e e mana a o B T P
0 200 400 600 800 1000 1200 1400 1600
Time (s)

15
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Markarian 4271 Observations

 The pSCT is ~35 meters from VERITAS T4

« Matched cosmic ray

4
3
2
0

Central
circles are
0.5° radius




o
N

ian 4271 Observations

Matched bright cosmic ray
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Central
circles are
0.5° radius
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Markarian 4271 Observations

« Matched 3.4 TeV gamma ray

Central
circles are
0.5° radius

100

80

60

p.e.

40

20

21
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Markarian 4271 Observations

Matched 3.4 TeV gamma ray (162 m from T4
Offline matching of cosmic
rays and gamma rays is

robust
~15 Hz rate of matched
showers

An important step towards
possible integration of the
pSCT as part of an IACT

array

)

100

80

60

p.e.

40

20
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Next Steps

e 52 more camera modules
are in Wisconsin for
optimization, calibration,
assembly, and testing

« They will be installed this fall

« The final 103 modules will
follow after that

« Simulations of the mono-
pPSCT are in development,
with further work to improve
SCT array simulations

23
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Summary

« The pSCT camera upgrade
is underway

« Installation and first light of
22 camera modules

« Gamma-ray coincidence
matching with VERITAS
during initial Markarian 421
observations

52 more modules are
]gxliaected to be installed this
a

« Thelast 103 modules are
expected to be installed in
2027
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Thank youl!

curtisginsbe@wisc.eud

CTAD -
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Backup

CTAD .
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CTAO Alpha Configuration

Southern Array: 150 GeV -
LeGEND °300 TeV, 14°MST, 37 SST°
Large-Sized Telescope ‘ / - ’ e
Medium-Sized Telescope ‘ ~~ ’ ’/‘: ’ .

CTAO Operations Building & s e 8- % Q- -’ 2@ o ----  SEm dade s
Other Calibration Devices I

Weather Station © ’ ’ ® ? ® .

Northern Array: 20 Qev -5TeV, 4 LST, 9 MST

*
i

Stellar Photometer ‘ " ’
1
= :
Raman LIDAR !
1
Road — 5
1
1
Gradient — ®
1
MAGIC Telescopes )
External Facilities L [ LEGEND ) — =
Medium-Sized Telescope (MST) ’ Weather Station L
Small-Sized Telescope (SST) / , Stellar Photometer A
Large-Sized Telescope (LST) % Raman LIDAR *
Foundation Z =

Other Calibration Devices
SST Foundation

27

Source: CTAO \
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CTAO Sensitivity

e  Minimum flux needed for 1"°E T CTAO Nottem Ara =2
. . - —a— outhern Arra =
50 detection of a point ¢ F '
source with 50 hoursof 5 I = " t
exposure (or instrument =~ £~ -3
equivalent) g - %, -l
« Forthe alpha £ o2 . Vi e e B
. . w = i e i? T e —— ER-
configuration 5 F e S 34
« Comparing CTAO to = [ =~ -2
other current and 107 e L

upC0m|ng |nStrumentS - Diferental flug sensitity (S01) o - .

1072 10 1 10 10?
Reconstructed Gamma-ray Energy ER (TeV)
28

Source: CTAO



Zach Curtis-Ginsberg, pSCT First Light, 9/2/26

CTAO-US

« 17 US institutions, 50+ : i .

CANADA

current members R S e

« Development of the S s e LY i
p S C T / S C T i n St rfume nt o M*u = u(mzznsr':nsm* o e e - 8%
« CTAO leadership AR (] e e e L

contributions o i o
« Co-spokesperson Pl T | T e e
« Science Coordinator berme\Jl ST NI o s WA UK

B B A )
MEXICO Aty Shmare

* Science working group leads g5\ 0T T e
« SAPO leadership/members =R I o
- Science and technology L S R : —

development
« White papers leadership

29
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SC Vs. DC Medium Sized
Telescope

A / telescope camern

mirror access plattforms

monitoring CCD camera
calibration box

optical support structure

head with azimuth and
elevation drive assemblies

/ mirrors with active mirror contre

counter weight structure

positioner housing
all edectrical cabinets

foundation

Source: D. Nieto et al. “Construction of a medium-sized Schwarzschild-Couder telescope as a candidate for the Cherenkov Telescope Array: development

of the optical alignment system”, J-F. Glicenstein. “Status of the Davies-Cotton and Schwarzschild-Couder Medium-Sized Telescopes for the Cherenkov
Telescope Array”

30
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SC Optics

« Focal length
5.586m

« Aperture
9.66m

- = =

et gt

— - =%
- . -

—
e e e et

- e
- —{ —
- ——

Source: J. Rousselle et al. “Construction of a Schwarzschild-Couder telescope as a candidate for the 31
Cherenkov Telescope Array: status of the optical system”
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SC Optics

9.7m primary,
2.4m
secondary

48 segments
on primary, 24
segments on
secondary
On-axis PSF
~3.2'

PSF = 2 MAX{o,  } [arermin]

o

~ PSF (arcmin)

0 0.5 1 1.5 2 25 3 3.5
Field angle (deg)

3.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

0.5

PSF [arcmin] vs Field Angle [deg]

1 15 2 25 3

Field angle (deg)

3.5

32



Zach Curtis-Ginsberg, pSCT First Light, 9/2/26

oSCT &V

ITAS Locations

FLWO Basecamp Telescopes

. °
60 T3
40 -
North
U 20 4
South T4
o
(m)
0 .
Tl.
-201 _pSCT
_40 -
o2
—I25 (IJ 2I5 5I0 7I5 1[IJO 12I5

33

West & East (m)
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oSCT Crab Detection

« Observation campaign of
the Crab Nebula in 2020

« 17.6 hours of data

« 8.60 detection

Y (degrees from source)
(0) @duedyubIS [B21ISHEIS

-1.0 -0.5 0.0 0.5 1.0
X (degrees from source)

Source: C. Adams et al. “Detection of the Crab Nebula with the

9.7 m Prototype Schwarzschild-Couder Telescope” 34
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oSCT Crab Detection

Table 1: Gamma-ray selection cuts optimized using VERI-
TAS matched events.

Gamma-ray selection cuts

0.33° < distance < 1.14°
250 p.e. < size < 20000 p.e.
width < —0.070° 4 0.047° log o (size/p.e.)
length < —0.369° + 0.201° log,,(size/p.e.)
1.139° — 1.742°(width/length) < distance
distance < 1.273° — 0.737°(width/length)
o < 6°

20
O - | I e Gl A ' | | I R A | | ) 50 e | I | I I e BB | A4 | l L
0 10 20 30 40 50 60 70 80 90
o (%)
Source: C. Adams et al. “Detection of the Crab Nebula with the -

9.7 m Prototype Schwarzschild-Couder Telescope”
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Star Tracking

Run 400215

e Red X are peaks in the 2026-04-19T05:02:25 UTC
Ax =-0.82, Ay = 1.36, AO = -0.0236

stacked variance image 60
 Yellow + are stars expected
in the field
« Using solved star field to =0
calculate source position
(Markarian 421) _40
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Markarian 4271 Observations

* Matched cosmic ray

psmbej
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Markarian 4271 Observations

« Matched bright cosmic ray

pSCT' ) I
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Markarian 4271 Observations

« Matched 1.5 TeV gamma ray

Central
circles are
0.5° radius

39
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Markarian 4271 Observations

- Matched 1.5 TeV gamma ray (221 m from T4)

30

25

20

15

10
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Markarian 4271 Observations

« Matched 1 TeV gamma ray (falls almost on top of pSCT)

30

25

Central
circles are
0.5° radius

41
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Markarian 4271 Observations

« Matched 1 TeV gamma ray (falls almost on top of pSCT)

Y )

. ;
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Markarian 4271 Observations

« Spatial location of Hillas -
centroid for all shower
candidates L85

e 29 minute run

0.30
E
>-.0.25

0.20

0.15

Preliminary

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 43
X (m)
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SCT Array

Adding 11 SCTs
improves
performance more
than 11 DC-MSTs
The off-axis
improvement is
even larger
Updated
simulations are in
development

E2%¥ [erg cm™2 s71]

Angular resolution [deg]

On-Source
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=~ ]
——
= +++
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- —o—_._—o—_e_—i—
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10~ 10 100
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