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Cosmic ray messengers



» Propagation is affected by

* Intergalactic Magnetic Field
+ Intergalactic Matter/dust
- Background Photons

Credit: CTAO/D. Della volpe
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vy-photon
|
* Detection of
Visible light : Long-wavelength
ob;erva'gle Infrared spectrum Radio waves observable radicg) Wales s
Gamma rays, X-rays and ultraviolet absorbed by from Earth.
light blocked by the upper atmosphere from Earth, atmospheric biocked. C h eren kOV
with some
(best observed from space). . gases (best
atmospheric o rved I | g h t
distortion. from space). ]
flashes require.
« shower
O
T > ~
£ e
+ Single photon
g£o
2 | | | | | |
JU 7 sensitivity
0%
0.1 nm 1nm 10 nm 100 nm 1pm 10 pm 100 pm 1 mm 1cm 10 cm m 10m 100 m 1km * Na O SeCO d
|
Wavelength n n

time resolution

Gamma Proton

&

l telescope

https://www.ikp.kit.edu/corsika/ https://www.ikp.kit.ebdu/corsika/
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v-photon * The spatio-temporal profile of the shower image proxy to:

o * energy (image intensity, impact parameter)
h light * direction (image orientation, timing)
shower \ + identity of primary particle (image shape, timing)

E,.=2.68TeV E, = 3.67 TeV
Nominal LST Camera x102 Nominal LST Camera x101

telescope

CameraFrame CameraFrame
| 1 1 1

>

4 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025



What do we gain going for an IACT array ?
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What do we gain going for an IACT array ?

e Better parameter reconstruction:

\ :1: L
A . ,‘. .\
ik

4+ Improved angular resolution

0, T
4+ Improved energy resolltion ll : [

+ prroved background rejection
i

Credit: CTAO
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June 25th 2021: design and cost-
book of first CTA phase (“Alpha
configuration”) approved by the Board i
of governmental representatives

= support for CTA construction at

area covered by the
array of telescopes

Northern (La

Southern (

P9

The CTA Observatory

Array Coordinates

Latitude: 24° 47 0.34" South * Next-generation observatory for gamma-
Longitude: 70° 18’ 58.84" West . ]

ray astronomy in the Very-High Energy
band (>20 GeV)

* (Consortium gathers more than 1,500
iﬁ’ O scientists and engineers from albout 150
s Y h\

CTAO-South
Paranal, Chile

\ Institutes in 25 countries

e A
Al
Nz

~3km?

CTAO-North
La Palma, Spain

~0.25km?

area covered
by the array of
telescopes

D) ' Array Coordinates
d ma! S Oaln) and Latit)t:de: 28° 45" 43.7904"” North
rar al, Chle) Sl-tes Longitude: 17° 53’ 31.218" West
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Array Coordinates

Latitude: 24° 41 0.34" South * Next-generation observatory for gamma-
Longitude: 70° 18’ 58.84"” We . ]
CTAO Hrlw 1 gstronomy In the Very-High Energy

' 185 followers
e d (>20 G
This week, the CTAO ERIC participated in the ER| gl :-~ “ ] (> eV)

Brussels, where Stuart McMuldroch, CTAO ERIQ /0('/ ‘ ral,

signed the Memorandum of Understanding, .--.« ng

Form. s PR.VE. 1sortium gathers more than 1,500

A ber, the CTAO will collaborat ith 28

dediiies Sl b - entists and engineers from about 150

challenges and contribute to the advancement ur .I A
litutes in 25 countries

» CTAO-South
Paranal, Chile

Forum meetings offer the opportunity to networ \

policymakers, and key stakeholders like EU institutio / e

ministries, funding bodies, user communities, international D3 d
regulatory authorities and industry. (&

We're excited to be a part of this significant crossroads of the European research

~3 km?2 community! 5
For more details, follow this link: https://Inkd.in/ebHz2m7a
area covered by the #CTAO #ERIC #EuropeanResearch ERIC Forum

array of telescopes CTAO-North

La Palma, Spain

June 25th 2021: design and cost-
book of first CTA phase (“Alpha
configuration”) approved by the Board
of governmental representatives

~0.25km?

area covered

by the array of
. telescopes
= support for CTA construction at
Northern (La Palma, Spain) and Tt € €200 et
SOUthern (Darar a|, Ch |e) SlteS Longitude: 17° 53’ 31.218" West
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CTAO - Alpha configurations

Southern Site

LEGEND

Large-Sized Telescope
Medium-Sized Telescope

CTAO Operations Building &
Other Calibration Devices

Weather Station P

Stellar Photometer A

Raman LIDAR @

Road —
Credit CTAO

Gradient ——

MAGIC Telescopes

External Facilities P © ®

© © e ©
Al @)
. ©

© ) | © ®
@ .. ®
0 e ! © © g
.
® | )
© S ©®
LEGEND

Medium-Sized Telescope (MST) ’ Weather Station

Small-Sized Telescope (SST) Stellar Photometer
Large-Sized Telescope (LST) /,,, Raman LIDAR
Foundation &z

Other Calibration Devices
SST Foundation

‘lo>0

LST funded with Italian PNNR

Credit, CTAO T
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Cherenkov Telescope Array Observatory

The next generation of very high energy gamma ray observatory

1 "IIIIIII 1 1 1 llIIII | 1 1 IlIIII | 1 lllIlII | C
10 |— 3 —eo— CTAO Northern Arra _19
LST MST 1070 A y =
- - B \‘ —a— CTAO Southern Array =
Effective mirror 370 m? 88 m? 8m? é(;‘ - “ af:
area o _ - £
#telescopes 4 9 0 5 g
North o 107 & =k
#Telescopes * * 2 — Fermi-L - 8
South 0 ' 37 ‘g :..(19\}’ P ‘oQ:\ | .§
S n-12 [EECE — &
o 10 TE EE
5 = 14
T = oK
ERTaL™ =F
- LST MST =i

N Differential fluxI sensitivity (50 h) | I I N

10°* 107" 1 10 107

Reconstructed Gamma-ray Energy ER (TeV)

Differential sensitivity: the minimum flux

that can be detected in 50h
*the lower the better

8 M. Heller | The AdvCam [ DPNC Seminar 19/02/2025
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CTA Science cases g
: \;\Cosmicrayé.@

v'( r. Y .. 4
- E 'A'- -
. i .
L Fn o/
o
S pr 0 O

xS

* Understanding the origin
and role of relativistic
cosmic particles
+ Cosmic accelerators

+ Propagation and influence of
Accelerated particles

Binaries S—
+Active Galactic

'''''''

-----
e

. \ AR R ‘. ’
o S Wl

* Probing Extreme ,
environments | . | | T T
+ Black hole and jets . gl 2 ckgrovnd -
+ Neutron stars and relativistic R e e o L'ghi =
outflows o ExrEedadad s afeelmn ) . "
+ Cosmic voids _‘ e T - e
RIS - Darkimatter:
* Exploring frontiers in physics :
+ Dark matter

+ Quantum gravity and Axion-
like particle

. »
» " - .' v . .
i “‘.., ‘ (,» o MEL R ST (O L~ > - r
b B ST e o . .8 .,
Y ] d 3 1 »
i & i - 5
< Cosmie voids e ..
a 3 - b .

Yo e ¥ T 7S ¥ e b — . »
N .
\ \ Loy P v h ) g \
MR, AN A I B X;

o e s s , 2N

~/Axions- -
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< The Large-Sized Telescope

The Instrument

Large-Sized Telescope (LST)

_ FEnergyrange 20 GeV — 150 GeV
(in which sensitivity is optimized)

Number of LST telescopes 4 (North)

Optical design Parabolic

Primary reflector diameter 23.0m

Effective mirror area 370 m?
(including shadowing)

Focal length 28 m

Total weight 103 t

Field of view 4.3 deg

Number of pixels

1855

A

Pixel size (imaging) 0.1 deg

./“‘
.

Photodetector type

*

PMT

t event rate
Telescope readou . v >7.0 kHz
after array trigger

Telescope data rates
(readout of all pixels;

24 Gb/s
before array trigger)

Positioning time to any point in the sky (>30°
elevation)

Pointing precision <14 arcseconds

Any astrophysical object with
k
Observable sky elevation > 24 degrees

M. Heller [ Status of the CTAO LST [ VHEP 2024 17/10/2024
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The inauguration - October 2018

11 M. Heller | Status of the CTAO LST [ VHEP 2024 17/10/2024
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b+ Science with LST-1
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tl \\:
——

15400

15200

2 15000
[ =
(]

* In commissioning since 2079, however it o PSR 1S
delivers unigque scientific results:
+ Pulsars (Crab, Geminga, Vela) | Crab pulsar [EHEEes
+ Recurent Symbiotic Nova (RS Oph, T CrB) | |
+ AGNs (OP313 furthest FSRQ ever observed)
+ QGalactic Center |
+ TranS|ent‘(BQ\AT) = gl S . N
/ \ The BOAT GRB in Context . — ! Bk g't%i‘s’j'tl% lc’f*ei” :
Dﬁ\ \:. *;\ . % This work
—— = Count rate B.lazars (HEP)
— millonsof 4 s R B R [ Finke et al. 2010 Model C (29)
g . [l & Dominguez et al. 2011 (37)
Helgason & Kashlinsky 2012 (38)

per second) |
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Why reaching the lowest energies?

Time since Big Bang [Gyr]
19 9 0 d 4 3 2
lt | I | | | |
Absorption in (infrared) i E‘;[T77 — 1] * This work
extragalz(a%i\(;)tiac?géol_u)nd Iight (EBL) MST @ 45° 1 \\ Blazars (HEP)
=0 € e
! ! Er200GeyY PO, 00000 e Finke et al. 2010 Model C (29)
= I Dominguez et al. 2011 (37)
é \ BiXD N T i Helgason & Kashlinsky 2012 (38)
-~ i
=2
L?Cj O.l;
P
LST @ 45° |
E Ein=40 GeV
Physics of compact objects, Measurement of EBL O 01_ | | Yo .
acceleration/absorption in jets, ... (— Cosmology ) . ~ e — 0'5' ' ' i — '1'5' ==l é ke—t—l '2 5 —d 3
Redshift

* Pushing the limits of the lowest detectable energy on the ground means:
+ Increasing the gamma-ray horizon
+ going back further in time

16 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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* Physics events comes randomly:
= Cameras needs to analyse images continuously gwyfx}
to take a decision whether or not to acquire an event " f;j;:;.}gg._:,:._.’-_ﬁﬁ;g s

|

)

[ |

. L o
#lipe
e

S i R
Energy []] PR :'*;M-'_- Ers,.ln"

S i
10-1© 10-® 1076 10~* 102 1 107 HAT A DR L
: A R e b
e What is an event? Fan AL Ll NO NN
AUGER W ke 2 I~ .'"'.':;-"' i ':"‘-.'.,'i"1 ';T#LiE:;.LT;;J:}? ~
- LIS T Y
e A short clip of 50 frames (50 ns) D AT R
e - - " e e A
| with a 12 bit resoluition also called IR e X LR
ICETOP+ICECUBE : "-’.f“z__. .:-_-‘ 'ﬁiﬁ:..:.
: data cube R

NUCLEON

Telescope Array
Tibet-111

' * Physics events only represents about 0.1% of

Ankle

%/ .1 the observation time (20k events per seconds)

-
3

68

®

E? Intensity [GeV m ™2 s sr1]

e

3
1
I

* With single photon sensitivity, dark is never
| | | really dark: Need to distinguish faint images

w 106[(3 ) 0 102 from background light excesses
nergy |Ge

el
3
N

el
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Triggering on

21 pixels

Sum signal

—

or

[ pixels

Daisy chain
propagation to all
camera modules

showers with analogue trigger

Night Sky Background rate
- 10°E Coslmlc. rays..
g 10° %_ E i ; i
Sum signal “E
10° =
compared to Nye _\ .
threshold T TR N
Background wall}- -5 TT————
10" FACT
B Lo by Py a0 8 ol v v ey |
0

—
o
R

100 200 300 400 500 600 700 800 900
Threshold [dac counts]
» Operate telescopes far from "background wall”

» This hardware threshold imposes the lowest
energy achievable later at analysis stage

18 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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Triggering on

21 pixels

Sum signal

—

[ pixels

Daisy chain
propagation to all
camera modules

or

showers with analogue trigger

Night Sky Background rate
—10° —P
= _F ‘ : ‘ 5 é é s a
o 107 = R w— -
o 10°F- Ny Cosmic rays|
3105%— : 5 i 3 g
Sum signal o
10° ==
compared to E NN
threshold e iy N\
Background wall}- oo TS
10%6"" 06200 500 400 500 600 700 800 600

Threshold [dac counts]

» Operate telescopes far from "background wall”

» This hardware threshold imposes the lowest
energy achievable later at analysis stage
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Triggering on

21 pixels

Sum signal

—

[ pixels

Daisy chain

or

L

showers with analogue trigger

Night Sky Background rate
~ 10°E @ ? @ é @ @ i | @
T — ‘ : ‘ i | | é |
o 107 = = e S—
- 10°L \ayCosmic rays;.
',? 108 %_ . s s s s
Sum signal “E
10° ==
compared to e NHAN
threshold T s ANY
Background wall}- - TSN
weFACT T :
1070406200 500 400 500 600" 700 800 600

Threshold [dac counts]

» Operate telescopes far from "background wall”

» This hardware threshold imposes the lowest
energy achievable later at analysis stage

Data analysis methods will improve, hardware threshold
must not be the limiting factor

propagation to all
camera modules

20 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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Performance from existing LST camera
@ low energy

gamma
103 —

gamma

-—— 20 GeV e & average ‘
14 -
102 - - 104
12.
— 1014 ;
> 10 l s
g 10
3 2 3
g 10°; @ £ |
- 102 : =
@ »
10~
6_
®
"
1w
20 GeV ~ b0 p.e.
10_3 T T T T T T 10O 2 .
10° 10! 102 103 104 103 10° 10! 102 103
size [p.e.] size [p.e.]

Images are small and faints = Use sensors with higher sensitivity

‘ 20.0 GeV < Ereco < 100.0 GeV
. | |

E 10:!

10°

Can we improve the performance?

Simulated
Gamma event

Existing

® Proposed detector upgrade for future
Imaging atmospheric telescopes

e Main upgrades:

+ Standard photomutiplier tubes
= Solid state sensors (SiPM)

® Higher sensitivity
© Smaller pixels (x 4)

+ Analog trigger and analogue memories
= Fully digital readout

@ Digital trigger
@ Real-time processing capabilities

M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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The Single Mirror Small-Size Telescope - SST-1M

 Swiss, Czech and Polish project proposing a cost effective
design for the small-sized telescope array of CTAO

* Not approved despite meeting all requirements

* One prototype and one pre-production telescope produced

* Both installed at the Ondrejov Observatory in Czech
Republic, performing stereo observation since 2022

 SNF project started in February for relocation of the
telescopes to a proper astronomical observatory (E.g.
Hanle, India) and deployment of advanced trigger
techniques

22 M. Heller | The AdvCam [ DPNC Seminar 19/02/2025
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The precursor
The Single Mirror Small-Size Telescope - SST-1M

* Focusing on observations bright and nearby blazars
* Exploiting large FoV to observe extended sources

SST1M Crab Spectrum (stereo | 23.60 h)

10720

10—11 4

e2dnde [erg / (cm2 s)]

[
o
|

-

N

._.

S
i
o

| === Crab MAGIC 2015

o~ "\.

-~
-~
-~
B =
-
-~
-~

~
——
-~

—— Best fit model
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—-= Crab VERITAS 2015
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@ Flux points

Crab spectrum
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The Single Mirror Small-Size Telescope - SST-1M

* All these excellent results confirmed the technological choices made

* Biggest advantages of the SST-1M telescope is its camera which feature
SiPMs and fully digital readout

(Micro-Crate 3
(Micro-Crate 2 [
r N
Micro-Crate 1
________________ X9 , 1
'FADC Card #1 | Trigger Card / / Inifniiband
<:> = Main trigger cables
fllg gnalzrmgl(s: CE <:> Data readout /
250 MS/s ! Re Time stamping L
s
nalogue . ! Z 1 FPGA / |
signals Xg;/':(ffﬂ i " XC7VX485T | [—
FEG1158 ~<:> | 2FFG1927 | [
SST-1M Optical module SST-1M readout architecture

24 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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* International project within the Large-Sized Telescope
of the Cherenkov Telescope Array Observatory

« Camera characteristics
+ 2.1 m diameter
+ 151 modules of 49 pixels = 7399 pixel
+ Field of View of 4.3°

* Each pixel signal is amplified in a custom ASIC and
digitized at 1 GSps with 12 bits resolution continuously
+ Digital waveform accessible as early as possible

: Composed by Pa Ex Officio: M. Teshima, .
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DBScan before HW stereoscopy and more T”gge”ess

* Does it run well on a hardware accelerator? e
+ Not straight forward, issues with varying latency (varying number of points) r;*“*ff:z

+ Can be tackled by limiting the cluster growth T
DBScan spatial only

* Accelerating the DBSCAN clustering algorithm for low-latency primary : =
vertex reconstruction

+ With 230 tracks (points) = 0.726 ps latency. VU9P FPGA & T
Alex Tapper : fi
Latency Andrew Rose
Fggﬁ:ggi’s“ Lucas Santiago Borgna — DBScan ccfu”u

127 % Marco Barbone
Robert John Bainbridge
Wayne Luk

Still not enough*, we need latencies below 100 ns !
* Implementation not applicaiton specific
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+ &t (number of frame to look back) =~ corrdr o ]
. rame = e v .
+ MinPts (Threshold) i -
 Create a mask of the clusters  femens
10° > N7 | Kernel Matrix
Frame Out 6 nan nan 6 4 60480.0 nan nan
g 107 Main advantages of the 3DConvolution with
respect to DBScan
- conv DBSCAN
- L1 (super flower) + L2(DBSCAN on isolated flower) | i
’ —— DBSCAN on overtapped flower Run at 350MHz, Low and fixed Latency (~11.5ns)
-2 25 50 75 100 125 150 175 200 _ _ _
e h e p i a
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Data acquisition hardware

151 modules 151 boards

SWITCH

Front-end board
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amplifying
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200 Gb/s

r---------
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Camera housing

Module
49 Sensors

Pre-

amplifying

151 modules 151 boards

Front-end board

Pre-
amplifying
ASIC

Neighbor clusters : :

e The AdvCam readout architecture

High level
hardware trigger

Central Trigger
Processing board

Data acquisition hardware

Can we run
deep :
learning L o,
inference at :
this stage ?
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Can we use the full event data?

e \We need the full data cube but we use a subset for the

training
* Two tasks:

1) shower/night sky background

2) gamma/hadron

20
40
60
80
100

120

T. Miener (UniGe)

30x30 pixels x 5 frames Fl?
2 CNN layers (8, 16)
GlobalMaxPooling

2 dense layers (32, 2) or (32, 3)

A
|[Gamma! Hadron], NSB)

Model: "SingleCNN_block"

waveforms (InputLayer) [ (None, 30, 30, 5)]

SingleCNN_block_wvf_conv_1 (None, 30, 30, 8)
_1 (Conv2D)

SingleCNN_block_wvf_pool_1 (None, 15, 15, 8)
(MaxPooling2D)

SingleCNN_block_wvf_conv_2 (None, 15, 15, 16)
.1 (Conv2D)

SingleCNN_block_wvf_pool_2 (None,
(MaxPooling2D)

SingleCNN_block_wvf_global (None,
_maxpool (GlobalMaxPooling

Total params: 1536 (6.00 KB)
Trainable params: 1536 (6.00 KB)
Non-trainable params: © (0.00 Byte)

waveforms (InputLayer) , 30, 30, 5)]

SingleCNN_block (Functiona (None, 16)
1)

fc_particletype_1 (Dense) (None,
particletype (Dense)
type (Softmax)

Total params: 2146 (8.38 KB)

Trainable params: 2146 (8.38 KB)
Non-trainable params: @ (0.00 Byte)
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ZCan we use the full event data?

o 1 gamma-diffuse 0 S
(] gamma . . S5
- =1 poiogy * Once optimized, e R Tactor lareno el D —
i A SO O ... M o
g = nsb algorithm can run on e R A 3 129 66
: FPGA at throughput iiiiim i i E 1§§$3i géiiéi :i 16 15.3 52
— _ RacasEs | % S e R 32 15 29
S 10° about twice larger when o R SN NN N 64 20.4 17
S o . E 3] o] ezm) € 128 33 9
compared to GPU s, 1wl pel wedl pom) o 256 2 6
101 Shower/ nSb ,I,Utilization(%)l ________ 61 ______ 71 _______ Sl ______ 48101 *results for post-implementation simulation
‘geparation| |« On Xilinx XCKU040 S L
| L . mmm CPU (TensorFlow) '
e @ e e FPGAusIng HLSAML e e
Classifier value (nsbness) ~
% reach ~5 ps latency
] 1 gamma-diffuse 40000 -
] gamma v
proton . :‘:’
— dlectron * If resources are available, % ..
] ] nsb . =
network complexity does ¢
3 impact so much the
« 10Y 7
S throughput
1071 - . 0-
‘  Performance on binary
data cubes under test o
107 0.0 0.'2 014 0:6 0.'8 1.'0 ? Model and Parameter Count

Classifier value (gammaness)

T. Miener (UniGe), A. Perez, J. A. Barrio (UCM), C. Abellan Beteta, |. Bezshyiko (UZH) 41 M. Heller [ The AdvCam | DPNC Seminar 19/02/2025
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Camera housing

Module
49 Sensors

High level
hardware trigger

Central Trigger
Processing board

Pre-
amplifying
ASIC

SWITCH
Data acquisition hardware

151 modules 151 boards
. . .

SWITCH
Front-end board

Pre-
amplifying
ASIC

r---------

r- Il I I = = = == =N =N =N = = = = =N =N m.
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Camera housing

Module
49 Sensors

Going for RoCE compliant

Neighbor clusters

'hardware (switch, network card

Front-end board : Central Trigger and processing hardware)

Pre- Processing board

=

DI

amplifying
ASIC

IT Cluster

R ITTITUTY DI DigDecd DecQiuc DecQDecl DecDecd DecIDecl DecDerd

Data acquisition hardware

151 modules 151 boards

Front-end board

Pre-
amplifying
ASIC

r---------

r- Il I I = = = == =N =N =N = = = = =N =N m.

Sessasese
SecedesesedeSeSeeteseSe0t
RREERIIEREE
NeceCesege 6200000065

Neighbor clusters
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e Reaching the lowest energies

—
o
N

Trigger rate [HZ]
o

Background
rate reduced
1051 by more than

{  two orders of
magnitude

104

Analogue trigger
Advanced trigger

Digital sum threshold [a.u.]

140

-
N
o

Gamma rate, s"1TeVv!

44

=3
-
o

o0
o

@)
o

N
o

-—== PMT, zenith 10.00°
—— AdvCam, zenith 20.00°

Ul
o

N
Ul

Od
0.00 0.01 0.02 0.03 0.04 0.05
Energy, TeV

\~
\§
—
§~
—
~-~-
—-—__--

0.00 0.05

0.10 0.15 020 0.25 0.30
Energy, TeV
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Trigger rate [HZ]
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e Reaching the lowest energies

. | -==PMT, zenith 10.00°
107 - Analogue trlgger 140 —— AdvCam, zenith 20.00°
? Advanced trigger 120- - 125-
— I
| =
> Y 100-
2 100 £
" V75
106 g 80 b
: © C 50
© 60- c
= = 25
Background = ' S
rate reduced o 011N\ o | ] | |
105{ by more than ,' N 0:00 0.01 0.02 0.03 0.04 0.05
| two orders of 20- ’.' X Energy, TeV
magnitude P QY Tt
—————— I ————
4 -
Q
4 | +—
Lo o 2
4—
Lower threshold 0

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Digital sum threshold [a.u.] Energy, TeV
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“=ace - Reaching the lowest energies

Trigger rate [HZ]
o

—
o
o

Background
rate reduced
105{ by more than

i two orders of
magnitude

104

Analogue trigger

Advanced trigger

Digital sum threshold [a.u.]

140-

120-

Gamma rate, s~ 1Tev~!
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Monoscopic performance only

Minimal Flux Needed for 50 Detection in 50 hours

Sensitivity ratio

£
—— CTLearn-TRN-LSTSiPMCam (cleaned) ' 105
—— CTLearn-TRN-LSTPMTCam (cleaned) %
cC 4 |
10-10] . S 10
NN based analysis 3
= 10°
O
(O]
= 102;
10711 o 1072 101 109 10t
Etme[TeV]
\ I, ':E‘ 10_1-—2
/ 2
-12 | 7 ©
10 7 51073
7 5
o
2107
O
©
o
10-13 | | ‘ 1077 ‘ ‘ ‘
1072 107! 100 101 1072 101 10° 101
Ereco[TeV] Ereco[TeV]
20.8 -
§ c 0.5
c 0 \
9 0.61 50.4
5 3
o o
ﬁ 0.4 30 3
Ic T 0.2
30.2 L
c i 0.1
< | | | | | |
1072 1071 10° 101 1072 1071 109 10%
Ereco[TeV] Ereco[TeV]

T. Miener, B. Lacave (UniGe)

47

The AdvCam performance

LST sens. ratlo per combo type - g/h eff = 50 95% 0. eff = 068% 6.=20°, @ 180 wobble = ON

Random Forest
based analysis

10 |

102 =

R LSTs 1234 S|PM/LSTs 14
LSTs 1234 PMT/LSTs 14 |
—— LSTs 123 SiPM/LSTs 14
—— LSTs 123 PMT/LSTs 14
—— LSTs 14 SiPM/LSTs 14 -

— LSTs 14

Reconstructed energy [TeV]

Preliminary results do not yet take advantage of new

trigger scheme

Still sensitivity improvement larger than factor 2
below 50 GeV and additionnal energy bin available!

Analysis pipeline yet not ready to process such faint

events, need to revise:
+ Training recipe

+ Network architecture
+ ...

M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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Conclusions and Perspectives

« Gamma-ray astronomy enters a new era with the CTAO ERIC
+ Recognition of In Kind Contribution can start...
+ ...acceptance of telescopes as well

* But this is a long journey, 30 years of observation is ahead of us, we need to plan for upgrades

e Sensitivity of instruments has been improving steadily since begining of the field, following
mirrors and sensor technological improvement

 But major steps in gamma-ray astronomy in the future will also heavily rely on real-time
processing:
+ FADC cost and power consumption going down, cameras will unevitably move to fully digital readout
opening new opportunities:
@ Sensor signal treatment
@ More sofisticated low level trigger algorithm to fight against the NSB wall

@ Robust and efficient high level trigger to to particle classification
@ Fast and performing real-time analysis pipelines for better reaction to alert or emission

o Stay tuned, more telescopes are coming and CTAO will soon deliver science as an array!

48 M. Heller [ The AdvCam [ DPNC Seminar 19/02/2025
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Use of Al ASICs for sensor real-time processing

Trained ML model
¥

CML Compiler
¥

» Goal: EdgeML accelerator ASIC for
targeting real-time waveform
analysis
+ Temporal signal analysis (1D CNN, ...)

+ (Data reduction, e.g. auto-encoder for
denoising)

« CSEM edgeML technology:
+ CSEM Portfolio of different IP blocks

ML Accelerators RISC-V Processor

] ] ~
to build system-on-chip
BDT CNN RNN Image/Video *;
5 9 Spatial o §
()] e . . |
o 2 Signal Analysis interconnect —
- (CNNs,..) |
o Temporal Movemen t
s - - FLL
o) Signal Analysis -
S , , . o e ¥
o (RNN, TCNN,..) Multiport ll Multiport ll Low-Voltage T
— (72, . L1 SRAM B L2 SRAM B Register Files
S ?5 Activity s J eom | .|
o _ Detection Accelerators Memories Peripherals —
>

Compuvutational complexity
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Developing single photo-electron extraction

* |dentify single photons out of uncalibrated waveforms
* Qutput is a quantity of photons per unit of time
* Baseline algorithm already developed for CTA based on 1D CNN (“only” 28k parameters)

10 MHz of random p.e. Zoomed window

" o Study feasibility to run real-
time inference
—— ="« Risk mitigation scenario

s T - + The algorithms runs on pre-
S0 T T T e
B HRDDDRNN — . TR LJHMA B level trigger implement in FPGA)
e E ;::%c_t:rzd £ = v E E%Z%c-t r:diction — 'JT——[A - " "

1 P * Project updated Iin
: — N collaboration with HEPIA

o - e Mfkﬁ . .

E)[/f 25b0 SObO 75’00 10(')00 12500 15600 17%00 6 160 260 360 460 560 6(30 760 860 PrOf. A. UpeQUI, Y. Perln
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