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Astroparticle Physics

IPARCOS

Cosmic accelerators

Juan Abel Barrio, IPARCOS- TIDPAN @ Valencia, June 2026



Gamma ray astrophysics CNiD

Cosmic Microwave background, ~3 mm
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Juan Abel Barrio, IPARCOS-UCM 3/60 TIDPAN @ Valencia, June 2026



& Scientific case

~  IPARCOS

All particle

-
=

Pulsar Wind Nebulae

Supernova (e.g. Crab)
Remnants

—
o
1

E? dJ/dE [GeV m? s sr!]

108 10‘~; 10 101 Fundamental
physics
I
o ) 7
E Compact-object :
= NEEES : ‘ *
Pulsars 4 :

E N
[y Active SRR R !
w = ; » . ; ™ x:'Q_.
= SUNSPOTS : ! Galactic > Y
L MAGNETIC D Nuclei ®
= A STARS
= N £ '¥
= Dark Matter

INTERPLANETARY |
SPACE %

Lorentz Invariance
Cosmology

—
=
c

GALAETIE{

ml,,  pc Tkpc Mpc Gamma-ray )
SIZE Binaries



Detection technique -+ . SRl W
Atmospherlc Showers SELESE T e
‘Cherenkov TeIeSCOpesi

'Telescopes |

Bwldmg blocks




Detection technique CND
Extended Air Showers (EAS)

Yprimary Cosmic Rays (p, @, ...)

Atmospheric nucleus

7t+ -
1 n K t X\
1
Nucleons
'.0 —
V,
EM Shower & 70 "
T
y o 2
e\
4 Y
M eF et
- - e-
Nucleons EM Shower

Juan Abel Barrio, IPARCOS-UCM 6/60 TIDPAN @ Valencia, June 2026



Extended Air Showers CND

Shower secondaries o g
|
e EM shower: Y 20 km
— Electrons, positrons, gammas .

— Cherenkov (C) light: v.> ¢/n
— Fluorescence light
— Radio waves

e Hadronic showers:

— Same as EM-EAS
— Muons, neutrinos Particle Density L
— Other hadrons = *

Juan Abel Barrio, IPARCOS-UCM 7/60 TIDPAN @ Valencia, June 2026



Extended Air Showers CNO
Shower secondaries: ballpark numbers

10%v

AT Epe= 10" eV, PROTON Tail-catcher calorimeter
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Extended Air Showers CND
Simplified model (Heitler, 1944)

— Model parameters 4
T XO DZ’pair REO
< Radiation Length (bremsstrahlung): b [ T s S
X Y X IR:X0 In2 _~< >
_ X,. 2 A ey,
E=Ege ,Xo(g/cm)DISOzz,t—Xo =< F o
« Mean free path (pair creation): Y L AN "\ |
A = (911X, EE NS N & AN §F
— Energy and n° secondaries N after 2 e i i il . i B B i

n steps, thickness t and depth x:

E=Ee'=E,/N;N=2%(2/3¢"1/3y) N()=¢' =2"T Xiznlnzm R=Z=X,In2
0 n
— Shower maximum:

dEj [dEj E,

— | =|—| DE=E x. . =X,In(N__);N__ =N(x_ )=—

(dx ;o Ndx/, ‘ 010N ) (%) E

— Track length of charged 9 ox N
secondaries: L=§L N(X)dx=f0 e’ dx ==X, LEO—I) o E,



Electromagnetic Showers

CNO

Quantitative model (Greisen, 1956)
e Features:

Passive low-Z medium
Tail-catcher calorimeter
Exponencial density profile 2 x,.,

more compressed than in a man-
made calorimeter

Bremsstrahlung + pair creation +
dE/dx ionization + Coulomb Scat.

e Outcome

C.N.:20°C, 1 atm; X, =37.1 g/cm’
E. =81 MeV;x,6 =27.8X,

p(h) = p, ™) by =7.25 km

o (CN,SI) =1.35kg/m’
n=l+ap,ap<<10 1/n0l-ap
n(CN,sl)=1+2.76107" [

a 1210 m’ kg R, , =79 m

— Coupled differential equations for N, and Ny

— Age parameter s measuring the degree of progress of a shower

Nei(t)z \/; )

Juan Abel Barrio, IPARCOS-UCM

1 nl- ns
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Electromagnetic Showers CNO

Quantitative model (Greisen, 1956)

e Results: 2200 m.a.s.l. s.l.
{1
/.2 3
370 pey,
] ] | ] ] | | ] | |
30 35
t (Xo)

J2..a (300 GeV) =8, N, (300 GeV') 11322]

Juan Abel Barrio, IPARCOS-UCM 11/60 TIDPAN @ Valencia, June 2026



Electromagnetic Showers CNO
Quantitative model (Greisen, 1956)

e Caveats & extras:
— Calorimeter with no test-beam available I’Jf“ IEEE

— " e atmospheric absorption limiting E|,
- C light less absorbed by atmosphere >
smaller £ allowed - lead-glass-like ECAL

e Cherenkov light as secondary:

— Subtle changes in light transmission:
clouds, ozone, aerosols

- C light not exactly proportional to dE/dx
— Dark-night-alone observations
— No walls = Night Sky Background (NSB)

- MC simulation is essential

Juan Abel Barrio, IPARCOS-UCM 12/60



MC simulation of EAS

20 T T T
1TeV photon
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Extended Air Showers

CNO
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Cherenkov Telescopes ©NO
Cherenkov Radiation emitted by EAS |

1
B>pB, =—; cosf =— Dl
n noon

— Cherenkov light by a charged particle
d’E _ Z’aho |
dwdx c pBn’ (l,p)

Frank,Tamm ;\f/i

Cerenkov

Juan Abel Barrio, IPARCOS-UCM 15/60 TIDPAN @ Valencia, June 2026
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Cherenkov Telescopes CN
Cherenkov Radiation emitted by EAS | L
— Cherenkov light by a charged particle p>P, = coso, B -

— Cherenkov light by a charged part. on ground PPE Zoho 1
— 1—
dwdx C ,327”!2 (A,P)

—hlhy)

O
x =[] p(h")dh' = pyhye ™™ = hyp

charged n:l+0{p;0£,0<<1D l/nDl—Ot,O

particle

Cherenkov

light

16/60 TIDPAN @ Valencia, June 2026



Cherenkov Telescopes ©NO
Cherenkov Radiation emitted by EAS

1 B L 1
— Cherenkov light by a charged particle p>P, o cosb, = Bn -
— Cherenkov light by a charged part. on ground P2E B Laho 1
| , Heigl':t ahov? sef level/km h dodx - C B ﬁz Z(A,p)
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Cherenkov Telescopes ©NO

Cherenkov Radiation emitted by EAS | L
— Cherenkov light by a charged particle p>B, = cost, :’3— U—

n n

— Cherenkov light by a charged part. on ground PPE Zoho 1
— Cherenkov light by a shower on ground (MC) 4,4, B ,32,,,2(1,[))

x. (300 GeV)=t__X, 13000 kg/m>; h__(300 GeV)18.6 km; 6. [10.7°

% Y c,max

c

e~ r T T T TTT | ! T T T T T 11
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|| X 'l
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\G Cherenkov Telescopes  ©NO

Cherenkov Radiation emitted by EAS

ﬁ > ﬁ — l 9 — L M 1
Cherenkov light by a charged particle n = TV T g,
Cherenkov light by a charged part. on ground IPE Zoho 1

Cherenkov light by a shower on ground (MC) ;. 4« - c 1= Bn 2(1 p)

- tail-catcher or full-active calorimeter

Cherenkov Photon Density at 2200 m a.s.l. Photon Pasttmns on Ground for 50 GeV Gamma

Bhoton Pasitions on Ground for 200 GeV Proton

i e R S S e "-«j.f-‘Z‘sﬁ:,‘i‘.-:.:w'."'. '% Ww’i&‘ / §
EOF Moodhn o
g L
.Er 10" 3 100
2
I X ;
g 0L 50 e "f’
5§ 5
‘E [ ; 0

""'1 - " a

F" 5 50
'] o
107 s B
i i AL L 14 II P . . |I b A
10* 10’ 10’

Energy (GeW) Light pool



% Cherenkov Telescopes CNiD

IPARCOS

Cherenkov Radiation emitted by EAS | |

. _ b 1
— Cherenkov light by a charged particle p>P, o cosb, = Bn -

— Cherenkov light by a charged part. on ground 2, zzaha)[ I ]

— Cherenkov light by a shower on ground (MC) ,454c = ¢
— Chernkov spectrum on ground
(incl. ozone+Rayleigh+aerosol absorbtion)

L)
-

""""""" ** -=-== Light emitted at 10 km [~
: -1 —— Light detected at 2 km -

Rl S
@ ~] Co O

o
<

S
[T o T Y

d*N/dxd). (arbitrary units)
&
|||||||||||||||||||||||||||||||||||||||||||||||||

| | i | 11 | i | | | |
500 550 600
wavelength )\ (nm)
Juan Abel Barrio, IPARCOS-UCM 20/60 TIDPAN @ Valencia, June 2026
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NG Cherenkov Telescopes ©NO
Operation principle
e Features:

— Effective area ~ 10° m?
— Energy threshold ~50 GeV
— Image duration ~5 ns

— Background rejection

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026



Cherenkov Telescopes ©NO

Operation principle
e Imaging Atmospheric Cherenkov Telescope (IACT):
— Shower develop. imaged at the telescope camera (full-active calorimeter)
— 2nd moments of Cherenkov light distribition at camera: Hillas parameters

— Background rejection, Energy, Direction of arrival and Impact parameter

\ Shower Image on the focal plane
3
2
=2
< F—— SR ~
Shower image
Max. at
8-10 km Shower direction
altitude

Focal plane (camera)

Dazzi 2011. PhD thesis

Telescope reflective surface




Cherenkov Telescopes  ©NO

Operation principle
o IACT:

— EAS develop. imaged at camera
— Hillas parameters

— Background rejection

Nieto 2012,
PhD thesis



#¢',  Cherenkov Telescopes CNiD

HEGRA

Operation principle RN
S 20 z i
o IACT: =7
@
— EAS develop. imaged at camera g 1o}
[ '
— Hillas parameters = o
o L% .
— Background rejection °c o2 04 08 0B 10
Length (deqg)
g —e— gamma — Simulation
% i
(I %
: iw ]
- ﬂ.g -‘-I_-_L;-E”i:?;“;':ﬁ-.i.
0.2 o3 [0 Iy § 0.5
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Cherenkov Telescopes ©NO

Operation principle
® IACT HEGRA CT1: Mkn 501, 1997
. 50000
— EAS develop. imaged at camera - .;:A
i 3500 |-
— Hillas parameters : iy
— Hadron rejection factor ~200, o0 | sotb [
angular resolution ~0.1° ____ : P
after filter 25'0!} N
Nieto 2012, PhD thesis 000 b
i E?'G'Di} —
i ': .
20000 11500 |
hadion ejection with :
! irosge shape culs !
i :: 00e
10000 iﬂij:’ a:ﬁcrcum
i - after loces o 'll
Crab Nebula i - i after cuts i i
' Iﬂ ||||||_|-!_I_|!_|"'|_I—|-|—|-I—i G||||||||t|||||||_|7
565 56 555 55 L 20 40 G B0 : o 20 —_iﬂ_,—ﬂﬂ'"@
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o IACT:

— EAS develop. imaged at camera

— Hadron rejection factor ~200,

angular resolution ~0.1°

Bagging Decision Trees (aka Random Forest)

=
s

- Nieto 2012, PhD thesis

8
III|III|II

Mean decrease in Gini-index [a.u.]
—J
£

Juan Abel Barrio, IPARCOS-UCM

10
RF-input parameter

26/60

Cherenkov Telescopes
Operation principle

CNO

=

—_—

(=1
]

(=] (=]
— —
| I

number of event [Norma
—
—
I

2 o

0.02

(el LT

: : : - Dazzi 2011. PhD thesis
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Operation principle
o IACT:

IPARCOS

\
— EAS develop. imaged at camera |

b

\ -

| -

F’

— CNN-based reconstruction based of pixels

— Demonstrated on MAGIC real data

ROC curves
1.0 0.4
J -
Zo.8 / - £
e £03|
Los6f :
Z 20,
204 &
'“=-|' — AL5Ts-L5TCam, AUC=0.980 ;
= 0.2 —— 13MSTs-NectarCam, AUC=0.994 50
- 4055Ts5-CHEC, AUC=0.996 E
%80 02 04 o6 o088 10 TR o W
False positive rate sl Te]
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X +  M6CS (no LSTs)
=r —— 4LSTs-LSTCam
T 1011 x— 13MSTs-NectarCam
*l:: \ 40SSTs-CHEC
— ‘\
g kv
S 1071 A — o ——
~ =,
2 Ta——— //‘ iis
: ~dage ; ~— =z / —
F et LA T
-~ — —— . e — ——
10-%% —— B
107} 10° 10 10?
Erecol TEV]

\ Cherenkov Telescopes

CNO

k] cTro
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$ e
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Output Outpus ke t
I t { .
Additional
o Mappicg from | | | Mapping troen e
utput ; ¢
C
t } t °
n
Hand- Hand-
desiggned denigred Fostares S
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t
'y A r
u
Input Input C
t
Cla i
Rule-based Rusrad
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E.g.: RF&BDT

0Ol 10.5281fzenodo. 3342952

TIDPAN @ Valencia, June 2026


https://pos.sissa.it/501/757/pdf

Cherenkov Telescopes ©NO

Operation principle

e Stereoscopic IACTs:

— Effective area ~10° m?
— Improved reconstruction
— Background rejection ++

== == Fondo
0.8+ e Senal

Arbitrary units

teg = 0.08 deg

TIDPAN @ Valencia, June 2026

Juan Abel Barrio, IPARCOS-UCM 28/60
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\ Instruments

IPARCOS

i 3 Pl
Whlpple (1959)\ “
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Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026




IPARCOS

& Telescope Building Blocks ©Nw

Structure

e Layout:
— Aimed pointing accuracy ~0.004°
— Modified-Davies-Cotton for off-axis

incident ray [ 3 Y
on axis off axis n\\
[}

0.14
0.13 4 -<©- Hybrid Davies Cotton Design (1.4xDC)

0.12 4 -~ Modified Davies Cotton Design (1.2xDC) ,:::
0.11 4 ~—*- Davies Cotton Design J;,’;"

0.10 - ot
0.09 - 2
0.08 - L
0.07 - £2%°
0.06 - "

0.05 - A
0.04 - e

0034 _ ___..e=*°
0.02 -
0.01 -
0.00

PSF (680) [°]
%{\

OjO OTS 1t0 1?5 2t0 2?5 3?0 3.r5 4tO
Offset Angle [°] 31/60 TIDPAN @ Valencia, June 2026



a3 Telescope Building Blocks CNiD

IPARCOS

Structure

e Layout:
— Aimed pointing accuracy ~0.004°
— Modified-Davies-Cotton for off-axis
— Parabolic for isocronous photons

32/60 TIDPAN @ Valencia, June 2026



IPARCOS

& Telescope Building Blocks ©Nw

Structure

e Layout:
— Aimed pointing accuracy ~0.004°
— Modified-Davies-Cotton for off-axis
— Parabolic for isocronous photons
— Alt-Azimuth mount

e Light-weight structure (CFRP tubes)

Juan Abel Barrio, IPARCOS-UCM 33/60 TIDPAN @ Valencia, June 2026



IPARCOS

ks 4 Telescope Building Blocks C©NiD

Optics
e Reflecting surface
— Teselated light-weight mirrors

— Multilayer spherical cold-slumped
— Reflectivity >~90%

Average surface reflectivity of KS-1N batch with 10 mirrors

g

ZF T T T T 1
£ o : | CTAOMST
& C | ]
[
% m' I T T T T : Press for 2 h
. EE‘: | | ]
solin l |
“ | | Glass sheet 2.7mm
7 I Glue AV138
- | |
i ' SUS403
= | |
B I Glue AV138
£ | | il vsopal N I P Glass sheet 2.7mm
6350 300 Aas50 400 450 500 550 [104] 650

(surface) cTAO

wavelanght [nm]

Juan Abel Barrio, IPARCOS-UCM 34/60 TIDPAN @ Valencia, June 2026



% Telescope Building Blocks CNiD

IPARCOS

Optics
e Reflecting surface
— Teselated light-weight mirrors
— Multilayer spherical cold-slumped
— Reflectivity >~90%
e Active Mirror Control
— Laser-spot+CCD+actuators

actuator i
CCD-camera Y cardan io”‘lt
fix point '
ctuator with
— frastiom in one axis

™ elegionics 35/60 TIDPAN @ Valencia, June 2026



IPARCOS

% Telescope Building Blocks C©NiD

Optics
e Reflecting surface: i
— Teselated light-weight mirrors ‘ T

— Multilayer spherical cold-slumped
— Reflectivity >~90%

e Active Mirror Control
— Laser-spot+CCD+actuators

e QOutdoor operation
— No dome -> mirror protection

— Evaporated Al/xx

— Harsh conditions

‘ l ‘ Press for 2 h

Glass sheet 2.7mm
Glue AV138

SuUS403

Glue AV138
Glass sheet 2.7mm

(surface) CTAO TIDPAN @ Valencia, June 2026




arq\’ Telescope Building Blocks C©NiD

ffffff

Camera

e Mechanics & cooling
— Sealed, ~1000 pixel ~5° FoV (3 m)
— Water/air cooling
— Modular structure: ~10-pix + FEBs
e Focal Plane Instrumentation
— Light concentrators |
— 40% QE PMTs
— Preamp with dual gain (0.5 - 1000 pe) 5

B L8 L | \
2 e | :_ ‘
Roller Shutter { 9 ! » CTA MST Camera

Enclosure

Okumura (2012)
T
- eunm. 8 oy -
\ v\
\\ -
\i 4
\ ]
p ¢
1
i'e -l
- Winston Cone Hg" 8 -3
a2 IR
~- - Quadratic Bézier 1 2 = 5 1
. T \‘ 8 ]
= Cubic Bézier v A I 9
\ 1 ‘
05 10 15 20 e e HV power supply PACTA boards [
Incident Angle @ (deg) (3 PCBs) (2 PCBs)

Juan Abel Barrio, IPARCOS-UCM 37/60 TIDPAN @ Valencia, June 2026



%  Telescope Building Blocks C©NiD

Camera —
e Read-out & DAQ

— FEBs based on Switched Capacitor
Array ASICs

— 1 GS/s sampling, ~500 MHz BW & *
12-bit ADC @ 40 MHz CTAMST

— FEB buffers delivered (TCP/UDP) to Event Builder multi-core PC on
ground at ~10 kHz trigger rate via Ethernet Switches

Mﬁfﬁfﬁ Imverter Diomdmo ChIY.IuAG IC Rotating sampling wawve '1“
Diomdmo Wans 1074 calls —] Svnchr 94

topee W_ S J i
- 4

Anzlogma 69
impt 62

' S J r
L[] || oo ;

‘ i i : 19

Clock $0MHz —|_|_|_ B SROTT :2
Dazzi 2011. PhD thesis 1 ‘ ‘ ;

Juan Abel Barrio, IPARCOS-UCM 38/60 TIDPAN @ Valencia, June 2026



% Telescope Building Blocks C©NiD

IPARCOS

Camera: multi-level trigger
e Array Trigger

— Stereoscopic SoftWare Array Trigger, with ~1 s latency,
— Based on White-Rabbit-timestamped Camera Triggers

Camera Server PC

ADC FEBs Data

Camera Trigger )/ L
WR-Timestamp ¥/
LST-Camera Hardware - -
Stereoscopic Trigger Camera Server PC Onsite Repository
ADC FEBs Dafa » Memory buffer | . 4
Camera Trigger A=
WR-Timestamp
= " Timestamp !
CTA » Coincidence !
SWAT

Juan Abel Barrio, IPARCOS-UCM 39/60 TIDPAN @ Valencia, June 2026



& Telescope Building Blocks ©Nw

IPARCOS

Camera: multi-level trigger
e Array Trigger
e Camera Trigger

— Separate gamma-ray-like from NSB-induced events
— Triggers the readout of the FEB SCA buffers (1 — 4 us depth)
— Hardware trigger (latency ~250 ns, precision ~1 ns), in stages:

L1/L2

<+ ASIC-based multi-level trigger decision Camera Trigger]  L1for |
<+ Trigger management CTAMST Timestamp other
FEB BPB :‘ """ I:Z— """ ! telescopes

=+ Trigger to FEBs R Emazeny %"5;;;;;,;@" | White Rabbit

LO-ASIC: AT+DT functionality VY oo Camera. i Timestamping

St i Lo D 4

| e LG B 1'“ Trigger b b Camera

EB C-BPB ! E Trigger

Y
F 3
v

—— i j i 2 TIB: Trigger
: 4 L FpGA /L Camera ' . _FGA Il Camera Management
LI-ASICAT % b o Lo Trigger e Trigger !

functionality

xne Y . .
friseh >JLEQ> Jx. ﬁef'g‘zbef- Calibration
ey _‘;> | Lt out Lo Thy] bOr Ped es‘tal

(Analog, diff) x7 Vh ’. s J
! b Array
T thH
§ Other telescopes
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IPARCOS

Telescope performance
e Aim
— Ly, ~90 GeV (match satellites)

— Fast repositioning (20 s, for GRBSs)
— AE/E <20%, A6 ~ 0.1° @ 300 GeV

® Results

— Improved sensitivity from stereoscopy

— Extended-source analysis

- - = Energy bias

MAGIC |

o
w
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o
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TTTJTTITTT

Energy resolution
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Juan Abel Barrio, IPARCOS-UCM

&  Telescope Building Blocks

CNO

o
—
]

[m] 68% cont., Crah, 2010

egreel

on [d

- 68% cont., Crab Oct12-Jan13

eso
o
—
N

1

Angular

_____ L= N
[ ]
. g
b4
Preliminary

MAGIC

10°
Energy [GeV]

Arbitrary units
| I I-I-I-I-I-I-'

aw™
-_.-¢
-
4
a?

rgg = 0.08 deg

Hadron bkg.
Signal

£ 02 TeV
o 0, & . =1 TeV
T 0 +10 TeV
25«
202
152—
10F
s
c_wcll I N
Offset 6 (deg)
0.03 0.04

02 (deg’)



Contents

IPARCOS




IPARCOS

«\s Cherenkov Telescope Array C©NiD

Artistic View, CTAO-South

Improved Sensitivity x10
Extended Energy Coverage x10
Improved Angular Resolution

‘ Two Sites (North/South)

~100 telescopios

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026
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IPARCOS

LSTs, 23 m 1] 'pa_rabo'lic

S_STS,-4 m o dual m‘irror, | at the center of the' array, . MSTS, 12 m @ Davies-Cotton
spanning for ~4.5 km?, - for the 20 --150 GeV range ina ~1km?area,
in the 5 - 300 TeV region -~ =~~~ - forthe 0.15 - 5 TeV domain

3LST® |
14 MST
50 SST *

CTAO-North @ OR’M céfanary Island CTAO-South @ Paranal Chile ==




Deep stereoscopic observations

/Light radius ~100-150 m

Optimum Trigger & Reco region - many EAS lost

O 0O 0 O
© O 0.0
© OO O
© O 0O
© © 00O

Juan Abel Barrio, IPARCOS-UCM

- Typical telescope spacing

O

O Larger collection area

O
o
O

More images —> better

reconstruction

Angular Resolution [deg] (2D)

102 1
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% Cherenkov Telescope Array C©NiD

www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

Energy EH (TeV)
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IPARCOS

Key Science Projects

g”w&@“dm | !UMJ —— Transients

Time from GRB [sec]

S
ke =

Dark Matter RNl Jeif g
Programme ‘\‘1\%;!,’/’

Star Forming
Systems

Galactic
Plane Survey

Science with the
Cherenkov Telescope Array
arXiv:1709.07997 ~20 pp

Juan Abel Barrio, IPARCOS-UCM I IDPAN @ Valencia, June 2026
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IPARCOS

Project overview Y

~15 countries
~200 institutes
~1500 members

b

CTAQO Councill
N

N\
VAIN 7/

¢ =5\ CTAO Office opens
CTAO ERIC at Bologna in 2017

Pre-production (2019 — 2026) | Production (2027 — 20307?)
Early LST Science Early CTAO Science

First Pre-production LST-1 First Pre-production MSTs
on CTAO-North 2019 on CTAO-South 2026

Juan Abel Barrio, IPARCOS-UCM 48/60 TIDPAN @ Valencia, June 2026

ERIC Established
in 2025

Design Prototyping
2008 - 2012 2012 - 2018
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IPARCOS

Large Size Telescope

e Design < MAGIC
— Sensitibity in the 20-150 GeV range
— Fast slewing: 180°in 20 s
— Tesselated parabolic reflector 23m @
— Fast 4.5° FoV camera
— Pointing error 14” (0.07 mrad)

e Structure
— Azimuth rail, bogies and central pin
— 4 motors for fast azimuth slewing

— Two elevation bearings & 1 motor
— Reflector frame & arc with CFRP tubes & headstays

e Optics e Camera
— 1855 Light-Concentrator + PMT
— 0.5 -2000 pe dynamic range

: : — FEB based on DRS4 SCA @ 1 GS/s
— Active Mirror Controls with 300 MHz BW & 12-bit ADC

— 28 m focal distance, 0.1° pixels
— ~200 1.5 m spherical mirrors, 6 radii



& Cherenkov Telescope Array C©NiD

IPARCOS

LSTs @ CTAO-North

Observatorio Roque de los Muchachos @ La Palma Canary Island
MSTs, 12 m g Davies-Cotton
ina ~1 km? area,

forthe 0.15 - 5 TeV domain

LSTs, 23 m @ parabolic
at the center of the array, -
for the 20 - 150 GeV range / ‘

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026
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IPARCOS

LSTs @ CTAO-North

Observatorio Roque de los Muchachos @ La Palma Canary Island

March 2026

Dominant Spanish contribution

GranTeCan
-
<, MAGICI
ﬁ;,g = MAGIC-lI
: 3 a9 <%

Stamere AT © K. Noda

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026



IPARCOS

LST Advanced

1\% Cherenkov Telescope Array CNiD

Camera

&
Camera housing Q ~—— Analogue
Module Neighbor clusters {(/\O Tri
....... > I er
49 Sensors OO 99
<& (ceontral Trigger
Processing board

SiPMs

20 30 50
Amplitude (mV-ns]

0.06
H
3004
- E
- w
go.02

163 modules 163 boards

q...:.
1 GHz 12-bit  «zst.
i FADC

Front-end board

Neighbor clusters

stereoscopy

Juan Abel Barrio, IPARCOS-UCM

M. Heller, 2025

52/60 TIDPAN @ Valencia, June 2026
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2¢% Cherenkov Telescope Array ©NiD

Medium Size Telescope
e Robust design < HESS
— Max. sensitivity in core range 0.15 — 5 TeV

— Tesselated 12 m d reflector, mod. Davies-Cotton

— Fast ~8° FOV ~3 m wide camera, in two flavours:
FlashCam (South) and NectarCAM (North)

— Pointing error 77 (0.04 mrad)

e Positioner + structure

— Tower + head + yokes, with azimuth drive rotating
head and elevation drives rotating yokes

— Steel beams and tubes for mirror and camera
support

e Optics
— 16 m focal distance, 0.18° pixels
— ~86 1.2 m spherical mirrors
— Active Mirror Control

Juan Abel Barrio, IPARCOS-UCM



IPARCOS

& Cherenkov Telescope Array C©NiD

Medium Size Telescope
e Robust design < HESS
— Max. sensitivity in core range 0.15 — 5 TeV
— Tesselated 12 m d reflector, mod. Davies-Cotton

— Fast ~8° FOV ~3 m wide camera, in two flavours:
FlashCam (South) and NectarCAM (North)

— Pointing error 7 (0.04 mrad)

e Positioner + structure

— Tower + head + yokes, with azimuth drive rotating
head and elevation drives rotating yokes

— Steel beams and tubes for mirror and camera

support
e Optics e Cameras
— 16 m focal distance, 0.18° pixels — FlashCam based on 250 MS/s 12-bit

FADCs

— NectarCAM based on NECTAr SCA @
1 GS/s with 500 MHz BW & 12-bit ADC

Juan Abel Barrio, IPARCOS-UCM 54/60 TIDPAN @ Valencia, June 2026

— ~86 1.2 m spherical mirrors
— Active Mirror Control
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IPARCOS

Small Size Telescope ‘
e New IACT design T
— Sensitibity in the 5-300 TeV range |||/ |
— Schwartschild-Coude 4 m & It
— Fast 9° FoV camera A |
— Pointing error 7” (0.04 mrad) L Primary AR
e Structure
— Alt-azimuth steel mount with counter-weights

— Two elevation bearings and the camera
support on the primary mirror structure

e Optics QP(
TARGET

modules

 Secondary ..

.....

— Segmented primary mirror and monolithic
secondary one, with aspheric facets & AMC

e Camera
— 2048 SiPMs as photosensors SiPMs

— FEB TARGET modules based on TARGET SCA
@ 1 GS/s with 500 MHz BW & 12-bit ADC

Backplane



IPARCOS

rq s Cherenkov Telescope Array CNiD
Calibration -

e Atmospheric monitoring: = SR
— Extincién por aerosoles y moléculas e
— Elastic/Raman LIDAR
— Monitorizacion adicional de nubes, etc

e Telescope calibration

— QOverall optical telescope characterization by
means of a Central Laser Facility (CLF)

— Camera Calibration light sources in each IACT

Clear Sky — Rayleigh only

Aerosol Layer — Rayleigh + Mie

N W




Summary

o Astroparticle Physics unveils cosmic accelerators in
compact objects g .

o |IACT operating since 40 years recording photon messengers 1
from cosmic accelerators

e IACT working as fully-active calorimeter using the Atmosphere

o Current generation (MAGIC, HESS, VERITAS) fuIIy succesfull

/v

o~

-4'//

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026
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< Backup CNiD

IPARCOS

Juan Abel Barrio, IPARCOS-UCM 59/60 TIDPAN @ Valencia, June 2026



G \C Extended Air Showers
MC simulation of EAS

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026



Cherenkov Telescopes ©NO
Steroscopic Observation

00:15.16

Juan Abel Barrio, IPARCOS-UCM TIDPAN @ Valencia, June 2026



IPARCOS

Trigger de array

Clock Distribution and Trigger timeStamping (CDTS)

e Basado en el protocolo White Rabbit (precision~1 ns)

e [ICkS-CTA nodo WR en LSTCAM / NectarCAM

T
=g
=
-

Bulk Data

Y

o B
)

D) =

Storage

Central
Trigger Data

Central Array Trigger}

A

SWAT

: Array triggered

All Telescope

Trigger-Messages

& A

Buffer Events

1

events

TiCkS-CTA

Seven Solutions ©

ZEN-CTA
A

7

Central
GPS
Receiver

GPS

Input
Clock

CDTS Server

| Red White Rabbit

Central Clock Distribution

Generic Camera

WhiteRabbit Interface:

3 Clock and Time Synchronized

S

White Rabbit Network

Trigger Message Rates: Clock

WhiteRabbit 300-400 kHz -> ~200 Mbit/s ST B AR

rar oo for nominal rates :

Switch WhiteRabbit Network  |ntermediate . .

Nodo White Rabbit
Single Mode Simplex Switches O 0 I e a I

[ 0 (I O O

Master Synchronized .

Clock Clock 10 Gb/s ethernet network 1Gbys optical ethernet network

/ Bulk Data
/ / Backplane
T

PPS Signal
10 MHz Clock

Trigger Signal

This is the normal CTA

..................

Juan Abel Barrio, IPARCOS-UCM

This represents camera internal
communication of any kind

O O

This represents the coax
connections between
the central GPS clock



a¢ . Telescope Building Blocks ©NiD

Camera: multi-level trigger

e Array Trigger
e Camera Trigger

— Separate gamma-ray-like from NSB-induced events
— Triggers the readout of the FEB SCA buffers (1 — 4 us depth)

CTAMST
FEB

7£:»

V4

FEB

71::»

V%

Juan Abel Barrio, IPARCOS-UCM 63/60 TIDPAN @ Valencia, June 2026
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IPARCOS

Camera: multi-level trigger

e Array Trigger

e Camera Trigger
— Separate gamma-ray-like from NSB-induced events
— Triggers the readout of the FEB SCA buffers (1 — 4 us depth)

— Hardware trigger (latency ~250 ns, precision ~1 ns), in stages:
<+ ASIC-based multi-level trigger decision

LO-ASIC: AT+DT functionality

L1-ASIC:AT
functionality W

sssssss

LOINPUT e

1"1_
(Analog, diff) x7 X
Slow Control N
Interface M _;i>
(SPIlike) Vi

Telescope Building Blocks

CNO

2y

CTAMST
FEB BPB :' """ I:Z— ---- !
I |
Ll Ll | FTTTmm ey :
Controller :
@ LT | :
i FPGA ! !
FEB C-BPB : i
Ll\(' L1 | i
I [SCA-FPGA 7 R !
j\ 7 . H . ;
J FPGA ! FPGA !
f T
xne
iJ_\ ne ;%%O’
-
64/60

TIDPAN @ Valencia, June 2026



%  Telescope Building Blocks ©NiD

IPARCOS

Camera: multi-level trigger %

e Array Trigger
e Camera Trigger

— Separate gamma-ray-like from NSB-induced events
— Triggers the readout of the FEB SCA buffers (1 — 4 us depth)
— Hardware trigger (latency ~250 ns, precision ~1 ns), in stages:

< ASIC-based multi-level trigger decision CameraTrigger]  L1for |
+ Trigger management CTAMST Timestamp other
FEB BPB Co ! telescopes
F\(’ — L
) > Controller | | White Rabbit
) LO L1 L ! Timestamping
Z FPGA | E | -
1; b 5 : Camera
FEB C-BPB : E i Trigger
L1 B |
j\ , I SCA-FPGA !—\(v Ly, .‘ L1/L2 »| TIB: Trigger
LO/L1 b D Management
V% FPGA/ '} FGA 1| Camera 9
I v oo oo Trigger .
iz “*”%f;b Calibration
N, 0
“hbey. Pedestal
Array

Juan Abel Barrio, IPARCOS-UCM Other telescopes




% Schwarzschild-Couder MST CNiD

IPARCOS

Mirrors _
(US/IT)

e Aim
— Max. sensitivity in core range 0.15 — 5 TeV

— Enhanced y—ray angular resolution

SC-MST :— 107 IQ o
E E T/q, ——— MST-F .
= ‘ .
3 £Q® 6?8{{\* ;:.Ft ( )
FE W g )
—-== a

3.16 TeV Proton Shower

1 Ll
Impact Distance: Om ) 20 4 100200 pa. ~ 102 10 10 10?
energy [TeV]

e Main specs
— Dual-mirror Schwarzschild-Couder optics with
10 m @ primary mirror
— 8° FOV camera, with 0.07° pixels

e US teams with international contributions Structure

e Status and plans (US/DE)

— Prototype SC-MST (pSCT) finished by Aug. 2018
at VERITAS site - 1-year commissioning

— Live: http://cta-psct.physics.ucla.edu/

AUX (MX)



http://cta-psct.physics.ucla.edu/
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RN
Surveys P \
Extragalactic survey: g ‘ “
¥ of sky with ~ 6 mCrab BRRC b oot s ‘
sensitivity during ~1000 h g ‘ A ';'
Population studies, \ N ../ -_
unknown sources = ‘
SN\
. . galactic lcﬂgitude (deqg)
Galactic Plane survey: - Fermi/LAT 2FHL catalog
Full GP with ~2-4-mCrab sensitivity during ~1600 h * Detectable sources within GTA surveys

Latitude (deg)

= AGNs detected by IACTs

~400 new.VYHE sources: SNR, PWN, PeV candidates

10

5

CTAO Simulation

0
Longitude (deg)
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Transients CTA transient targets:
‘? 10_3 E 1 I I LI III T T I 1T TTT I 1 1 LI III| I I . . .
qZ E — E=25GeV Sensitivity to ~minute to
107" - ===+ E =40 GeV _ .
; e C 75 oo day transients
o 107 =+ =+ E=100 GeV
w | F - E =250 Gev G:RBg,, AGN flares, y-ray
2 10 binaries, GWs, etc
w 107
>
:E 10_8 Simulations from Inoue et al. 2013, arxiv:1301.3014
e 10 GRB 080916C ' t= 30 sec
3 7=4.3, E>30GeV, 0.1 sectime bin
5107 B |
(1
g 107" — J A | | \ T
= B it |
R T lMi e
:.n:10—13 ] Lo Tl ] IR AR I m | L A% il.' vyl ;1 1'I'- i
10 102 10° =1000 - | °F o 60 80 100 ]
Time (s) %) i Time from GRB [sec] ]
GRB detection requirements: 5 500 [ ]
X L ]
Low energy threshold w 1
Fast repositioning 0 L .\L‘aund[. A T RY) s A sl
0 50 100

Juan Abel Barrio, IPARCOS-UCM Time from GRB [sec]



IPARCOS

Cherenkov Telescope Array ©Nw

Kifune’s plot
10% ¢ ~ 5000 sources
- Asca .
- by Fermi, AGILE
B Ginga Re
u Fermi
3 T AGILE
o 107 enma # ~1000 sources
o - Hakucho . , by CTA
a i Uhuru . !
® .* EGRET J
s 102 yTaysy, - & HESS Il
- - e <~ MAGIC Il
m X-rays -
a i .,/ COSB )
£ | -*
< 10 ' HE ’FIEGRA
E , |V -f-rayal *Whipple
- SAS-2.. ‘
= L ,.
N N, |1 g Whipple L
1960 1980 2000 2020
year 2040

Juan Abel Barrio, IPARCOS-UCM
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CTAOQ control/operation CND

e Telescope Control e Array operation e Data management
— Cameras, motors, etc — Observing proposals — Reduction
— Alma Common Software — Scheduling — Dissemination

& OPC-UA standard

Scientific community

Data products

Observer

Virtual Observatory

Proposal

CTA observatory

Evaluation + selection, Data dissemination
preparation and reduction

Validation

GEANT
LR

Scheduling Execution Enabling Grids
for E-scienckt




AIROBICC

® Instrumento

— PMTs + conos

Primeros detectores CNoO

AT  Ep.= 10" eV, PROTON
~ 2-10* et e~ (+ few p, 1)
~ 8x10*r

~ 10%y

Calorimetro
tail-catcher

. ~ 10 &—PHOTONS SHOWER AXIS
Winston ~ 10° FLUORESCENCE PHOTONS ,\7%, /
, CHARGED PARTICLES %N /
— Medida Cherenkov ~ 15ns//100m / FLUORESCENCE
— PMTs20cm @ AYS OF  iinestoom . ”
e Resultados
—a— few km & .
- FOV ~ 450 dela:lio.’a'rrfsN/SIOOm
—_E>~10TeV C—TELESCOPE
— Sin fuentes puntuales P
5;_'___“;::3._:__?!!"*: AIR— C—MATRIX e
A ; —====.1=__'—-__E PM -:/ WINSTON\iONE CALORIMETER l gggriltlggon
\ h_;h'l.i:l:-nl 7 E\ (. / \
II'|”|_15I2n il 'I TSN @ B y m v \vl . \vl @
g 1! i :
E e | = et e | smemezm | —
X !
Lk E. Lorenz 4 DETECTORS

Juan Abel |

- L
| pharpdnninnher |

71/60 TIDPAN @ Valencia, June 2026



IPARCOS

Y ] .
: Milagro CND

Instrumento
® Piscina
— Agua en 60 x 80 x 8 m

— 750 PMTs en dos filas

— Luz Cherenkov de
particulas cargadas

— Direccion de la cascada
con la fila superior

— ldentificacion de hadrones
y energia con la fila inferior

] . | A Ser fﬁth'"
e Tanques externos /
— 175 tanques para localizar el core . \

e Rendimiento !
— E>2TeV
— FOV ~2sr, 40 ~0.5°
— Sensibilidad: 0.5 CU

Jual 72/60 TIDPAN @ Valencia, June 2026




Milagro

Instrumento

® Piscina
— Agua en 60 x80x8 m
— 750 PMTs en dos filas

— Luz Cherenkov de
particulas cargadas

— Direccion de la cascada
con la fila superior

— ldentificacion de hadrones
y energia con la fila inferior

e Tanques externos

— 175 tanques para localizar el core
e Rendimiento

—E>2TeV

— FOV ~2sr,40 ~0.5°

— Sensibilidad: 0.5 CU

Jual 73/60

%

] From D.A. Williams 2013

Wt
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Rayo y simulado

TIDPAN @ Valencia, June 2026



CNO

§ N2 Milagro

Resultados

e Mapa del cielo

e Fuentes puntuales
— Nebulosa del Cangrejo

— Mrk 421 o EGRET All-Sky Map —— Gamma Rays Above 100 Mev
70 S
0 Milagro FOV
Y Brazo f
il del Cisne %

-10

Declination

=30

-50

-70

-80
360 340 320 3C0 280 260 240 220 200 180 180 140 120 1c0 80 60 40 20 a
Rmant Ascension. Dearees

Juan Abel Barrio, IPARCOS-UCM 74/60 TIDPAN @ Valencia, June 2026



7 - .
8 N2, Milagro CND

Resultados
e Mapa del cielo

3EG J2016+3657

)

o
=

MGRO J2019+37

e Fuentes puntuales

— Nebulosa del Cangrejo
— Mrk 421

® Fuentes extensas

3EG J2033+4118

Galactic Latitude (de

Cygnus Region 3EG J2027+3429
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H4 . . H Galactic Log#ftude (deg)
— Region del Cisne, coincidente con EGRET
dec= 70 dec = 60 lec = 50 dec = 40 dec~ 30 de#~ 20 dec= 10 dec =~ 0O

= - oy 7 rET 4 ; i
S 8 E o & , ‘
= . = c4 / / L. 5
‘% | = ? o 22019437 ¥ ) .',"'190..“ ) -1
= = J2031041 / . f { ag /
g OE d Ly /- 4 ey - :
= = - 9 =] ~
S 1 - ” Py B
2 3 > c1) / / / <
S g E_ J 1

= 5 "-‘ - A é Li‘ A 4 D
120 100 80 &0 40 20
galactic longitude (degrees)
dec =0 dec =10 dec = 20 dec = 30 dec = 40 dec = 50 dec = 60 dec =70

= A\ \ - ) \ \ b = - T~
e 8 — ! \ \ \ o\ ~
: E £ \ & \
2 a \ : \ \ \ .
§ ="\ o X _
2 0 E \ g \§- . \ N\ X % R
§ \ o \ \ & - \ : .\_ \ i
= -8 :-—: \ \ e o -.\ S~

= . o X

220 : 360 180 160 140 ; .
Juan Abel Bari gslactic longitude (degrees) |a, June 2026



Indice CNo

e Monitores de cielo

<+ Detectores actuales: HAWC

Juan Abel Barrio, IPARCOS-UCM 76/60 TIDPAN @ Valencia, June 2026



Instrumento

e Mosaico de RPCs

— Observatorio 4300 m.a.s.l (Tibet)
— Resistive Plate Chamber + Pb

® Rendimiento

— E > 500 GeV
— A6 ~0.2° S
— Sensitivity 0.3 CU « Tib®t array

HEE =588

] ‘ ! B B B B B B € STRIPSLECTURA
12 RPC' = 1 cluster R B (_
= B (57x76m) SFEL 8 Strips = 1 Pad BV —eeessssssssssssssssmmn ~ AISLANTE (MYLAR)
< > 3 /4 (36 x 62 em?)
g 78'm sl ESPACIADOR \
»1;‘ \o: E NImm  CAS PLANOQ RESISTIVO
= o [y Jaur
L =l 10 Pads = 1 RPC| €= GRAFITO
5 EE = = = (280 x 125 m’) GND I
- : >
111 m

Juan Abel Barrio, IPARCOS-UCM 77/60 TIDPAN @ Valencia, June 2026
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~T1

CNO

)

-

Resultados
e Mapa del cielo
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IPARCOS

A “ HAWC CND

Instrumento

e Matriz de tanques
— 111 tanques de agua ~ 4000 m.a.s.l.
— 4 PMT en cada tanque

— Luz Cherenkov de particulas
cargadas

— Direccion de la cascada con los
tiempos de llegada en los PMTs

— ldentificacion de hadrones
por hits aislados
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Juan Abel Barrio, IPARCOS-UCM
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