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L ST status

 Intro: LST1 INFN role
« LST1 Commissioning status
« Activity 2020
« Commissioning and data shifts

* Reconstruction software and data analysis
o LST 2-4 schedule



Attivita INFN per LST1

Sampling electronics (LST-CAM)
Calibration box

CSS cables

SiPm Cluster (R&D)

Control containers

Drive container

Boogie mechanics

Analysis Software
Analysis Montecarlo
Data analysis
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I N cherenkov telescope array

Camera: Dragon, Pisa

:2&';1“,:;" Pixel module assembly at IAC
G Tenerife
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-~ 71LGs 7 PMTs ~ FPI module

265 modules/ Tel.
needed.

270 modules are
assembled @ IAC




Camera: Dragon: Pisa

Installazione dei moduli Dragon di
produzione giapponese ed italiana (50-50)

Camera equipaggiata interamente

Commissioning della camera presso
struttura a S. Cruz (Mirca)

Calibrazione trigger, FE, DAQ




LST1 INFN

CALIBOX




Calibox: Roma, Udine

Details of the calibo

Laser box

Diffuser box

shell
UV Laser

— 2 Filter wheels
v Calibox frame developed at INFN-RM1 :
vTest performed in RM1 and UD Diffuser and
VResults PoS(ICRC2017)857 M. Palatiello et Beam splitter
vCTA LST Meeting LaPalma Nov 2017 (talk M.lor)
v CTA LST Meeting Paris May 2018 (talk M. lori).
v Calibox controlled by OPC-UA installed on Odroid to set
the velay, laser, wheels, weatherboard
v Hermetic laser and diffuser boxes
v Shell protecting from weather conditions
v Inter-calibration by internal SiPM/PD

(see design pub in PoS M.lori et al 2016)

cherenkov telescope array

hermetic filled with dry air

1 wRedlaserspointer to align the calibox to the camera
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cherenkov telescope array

Calibox: Roma, Udine

Uniformity of the Calibox output

* The uniformity of the light diffused by the Calibox at the distance of 5
m (asper CTA TDR requirement) has been thoroughly tested at the

University of Udine
* A planar fit to the data result sin a uniformity of 1.9% (in agreement

with TDR request) on the region of interestat5 m distance from
source
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Carbon fiber ropes



CF ropes: Padova

d
..
e D a a
O e d
__,Wﬂ'.'
i |
1
I I
T
Leesil i |
®
O O DO 0) op ad O De d ad . d d
O 0],
O
AO4 series are 0 D



CF ropes: Padova




LST1 INFN

SIPM clusters-camera
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Camera SiPM: Padova, Torino _ Cherenkow teescope artay

Backplane + Trigger(L1)
+ Gbit-Ethemet

Trigger(LO+L1)
+ Analog-memory readout

Manuela Mallamaci’", Daniele Corti', Luigi Lessio?, Mosé Mariotti'3, Riccardo Rando'3, Bagdat Baibussinov!, Giovanni Busetto?,
Alessandro De Angelis’245, Federico Di Pierro®, Michele Doro™3, Elisa Prandini®, Piero Vallania®7?, Carlo Fi Vigorito®®

1 INFN Padova, 2 INAF Padova, 3 Université di Padova, 4 Universita di Udine, ® IST and LIP Lisbon, & INFN Torino, 7INAF OATo Torino, *Universita di Torino

A Silicon Photomuitiplier (SiPM)-based photodetector w
f t

It has been designed to match the size of the standard Pho
LST camera. Here, we describe the overall Si it 7 [ s ct to the ct used PMT cl
electronics of the 1 pixe ut are also pres d. In order to deriv 28, ¢ t ! unit, we measured the SiPM perform

n, photod s , @ unit of 14 SiPM: i iscL | preliminary results regarding th




Camera SiPM: Padova, Torino

ATTIVITA NEL 2018/19

» Versione definitiva Interface Board
e Test termici

* Integrazione del cluster con DRAGON

cta

cherenkov telescope array

Central Pixel on

cooling on
Air temp 22-23, RH 59-58%

Top plate 154
Heat pipe bottom 18.2
Bottom plate 193
Pixel front 212

pixel front

bottom platq

Delta Bottom plate pixel front=

heat pi
21.2-193= B9 ity

Delta Bottom plate pixel ON-OF
19.3-18.1=12 tdp plate

P a
-»«M«A\\‘\.,’w.“\-"'\/
Delta bottom - top plate OFF

~3°C

Final quartz temperature (if air is ~ 23)

15(T_top)+3+7.4+18=27.2°C

fixed fixed

can be less (or
negative) if ambient
temperature

< bottom plate

can be improved by better
heat pipe thermal contact
to top plate



Camera SiIPM: Padova, Torino

ATTIVITA NEL 2020

Versione definitiva Interface Board

Realizzazione ottica di piano focale

Integrazione del cluster con DRAGON
Progettazione e realizzazione della meccanica
Realizzazione di 3 moduli di cluster

Test di un cluster completo
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’ I N N ‘ cherenkov telescope array
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Commissionig container



LST1 INFN

B0gies mechanics



cherenkov telescope array

Carrelli “Bogies” per struttura LST

Realizzati INFN PD Officina
Meccanica (Ramina) importanti
elementi per la costruzione dei
carrelli portanti del telescopio

-24 assi per ruote

-6 strutture di carpenteria pesante
-3 frames in gara al momento

- Bulloni speciali lavorati in OM




LST INFN
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LST1 - Status/activity



CTA-LST Status/activity

cherenkov telescope array

FN cta

« LST in commissionig: turni di messa a punto e inizio presa dati

«  Workshop sul software ed analisi di LST a Padova organizzato dalla
sezione presso LNL. Rubén Lopez responsabile e coordinatore software
ed analisi di LST (Contributo in dettaglio)

« Graduale aumento qualita dei dati: presa dati sistematica con shifts:
nella prima fase seguendo le osservazioni MAGIC

Maggio 2019

Aprile 2019
Dicembre 2018 .

Run: 442 / Event: 159214
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Run: 442 / Event: 53502




CTA' I_ST StatUS/aCJ[IVIJ[y &Eéﬂcope array

Importante sforzo per cherenkov
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D. Mazin, LST Project Manager LST general meeting, Rijeka, July 8-12, 2019 16




CTA-LST Status/activity =N Cta

« LST in commissionig: Issues with sun concentration on several
elements: Concerns also on CF ropes:

 Contact with Future Fiber (cable manufacturer)

»~
— Rope itself not very impacted by high temperature i
* CF rods epoxy likely damaged around 200 degrees
* CF continuity around the termination —~—
* CF itself will start burning at much higher temperature -

— Termination more problematic
* Epoxy cured at lower temperature and may degrade at temperature around
100 deg.

* Only place where epoxy is working in compression
* The company ask to make a check on this termination to insure they will
hold on long term

1
"
AL
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LST — Activity 2020



CTA-LST activity 2020

cherenkov telescope array

N (¢ cta

* In preparazione gare per i prossimi 3 telescopi: INFN PD meccanica funi,
INFN TS-UD Calibration box,

* Richieste economiche PD 2020: Funi e meccanica ancillare per funi,
completamento del cluster R&D a SiPm, Presa dati nel sito ed analisi
combinata con dati MAGIC
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Impegno INFN Software/data analysis LST

* INFN ha un ruolo chiave nel coordinamento e sviluppo del
software per LST (Rubén). Il primo meeting sull’analisi dati e
stato organizzato preso strutture INFN

« E nostra intenzione mantenere un ruolo di rilievo in questo
settore sia con risorse umane che come investimento “in
Nplok

Convolutional Neural Network Single -
Telescope Reconstruction
for the Large Size Telescope of CTA

y/h separation
dir reco

Nicola Marinello

July 11, 2019 B

f Information Engineering

v/h sepam(-or\:
dirreco
n |
I
I
I

Istitut o na
Co-Supervisor: Rubén Lépez-Coto

Academic Year 2018-2019

cta

cherenkov telescope array




Impegno INFN Software/data analysis LST

»  Sviluppo di metodi CNN per analisi dati LST (mono al momento)
estremamente performanti. Vogliamo mentenere la leadership in

questo settore

Direction reconstruction

— 2D regression problem
+ models comparison by their angular resolution (lower is better)

- We want to reconstruct
the vector d; = [A.;, A_,,,]T.
biifssstor i.e. the angular delta
- DenseMetAC (Lmb4, ke32) o5
Baseine (AF) J between the pointing
{ direction of the telescope
and the incoming direction of

the 4 ray.
Training loss function:
E=L1N |1di—dj|

N L

energy increases

— resolution decreases at

y'v ¥
]
gt

‘ —+ resolution improves as the
10

the highest energies due to a

"w

non-optimal signal extraction

Energy reconstruction

— 1D regression problem

— models comparison by their energy resolution (lower is better)

rgcoverant %

» We want to reconstruct
Egammas. i-€. the true energy
of the 7 ray

Training loss function:
MAE = 4 TV e — 4]

where €; = logyq (Egammas)

—» resolution improves as the
energy increases

-+ resolution decreases at
the highest energies due to a
non-optimal signal extraction

cherenkov telescope array




I N cherenkov telescope array

Impegno INFN Software/data analysis LST

* Analisi dati MAGIC + LST con forte contributo italiano: le
performances dei dati MAGIC ed LST piu che raddoppiano la
sensibilita di MAGIC soprattutto alle bassse energie! Sara dedicato
un talk di Federico su questo argomento

cherenkov
‘ telescope
array

MAGIC + LST simulations

F. Di Pierro*', L. Arrabito’, A. Baquero Larriva’, A. Berti', J. Bvegeo D, Depaoll o
*, R. Lopez Coto", M. ganaro’, S. Mi¢anovi¢®, A. Moralejo’,
Terzic’, I. Vovk™, T. Vuillaume'' for

Combined MAGIC-LST1
performance

Ditferential Sensitivity

1 have significantly better sensitivity than MAGIC alone (on
e factor 1.5 better)

+ LST1 simulated including MAGIC HW trigger
LST Collaboration meeting, 2019/07/11 F. Di Pierro




cherenkov telescope array

Impegno INFN Software/data analysis LST

Data storage LST “offsite” PIC - CNAF

Raggiunto accordo di coinvolgimento CNAF nella gestione dei dati LST “offsite”: PIC
traferisce dati da La Palma e poi si archiviano al CNAF a Bologna. Lisa Zangrando
Tecnologo di Padova incaricata di questa task

TRANSFER SCHEME

Varue Destrs &
Fle: [Cta-ist-entnc] INFN computing ressurces avatable for LST data backp

Mansl Mangr %, CTALST arswnded stoasing commasest
Dear Mosé, Manel and colleagues,

First of all my apologies for not being able to join you in Rijeka

With respect to the storage resources at CNAF, some weeks ago | have spoken briefly about it with Gaetano Maron, Director
of CNAF, and we're both fully supportive of a collaboration between PIC and CNAF to safely store the LST data,

In addition, I'm pleased to announce that the dedicated 10 Gbps network link between PIC and ORM is now fully
commissioned with MAGIC, and will become the default path for MAGIC data storage as soon as the technical coordinator
gives the go-ahead. This link is provided to PIC free of charge by the Spanish NREN RedIRIS. We invite the LST management
to consider enabling the access to this link from the LST IT container. This way, we would have good peak speed to transfer
data from LST-1 to PIC and from there to CNAF over our 20 Gbps dedicated link (mostly used by LHC).

Best regards,
Manuel




cherenkov telescope array

FN cta

Richieste finanziarie 2020 LST2

Funi e meccanica ancillare per funi Da inglobare nelfarco
(riferimento documento PDF allegato alle richieste) o G5

Funi 2-4: gara dedicata, costo della precedente 170K/sistema

Per la prima fornitura LST2, la tempistica & troppo stretta: bisogna realizzare 3 elementi
(fuori gara costo ~ 15k Apparati) da realizzare inizio 2020 e da poter essere inglobati
nell’arco che sara in produzione primo quarto 2020



Richieste finanziarie 2020 LST2

cda

cherenkov telescope array

& i

Fig. 3 Cavallotti in acciaio (double jaw taggle) realizzati nell’officine meccaniche di Padova,
lavorazione di acciaio speciale tramite elettroerosione

T T AT ETAIN T

Elementi meccanici ancillari, costo 14 k in consumo PD:

parte per la lavorazione dei cavallotti in elettroerosione (~

5 K) Fig. 4 elementi di ancoraggio (chain plates) delle funi sul telescopio: tre di questi per ogni lat]
del telescopio, quello verde per 5 funi centrali, quello grigio per 4 funi a destra e sinistra de
centrale. 13 funi per lato, 26 in totale.

Parte per la realizzazione dei 6 elementi “chain Plates” di
raccordo funi-struttura (9 k)




Richieste finanziarie 2020 LST2

» The second Calibox will be produced soon (starting in within this year)
also as to have as soon as possible also as a ‘spare’ for LST1. More
details in Maurizio talk: the overall cost around 40k

{




Prospettiva LST2-4

 \We are in the same time

e commissioning LST1

+ Northern Hemisphere

* pbuilding LST2, LST3 and LST4

D. Mazin, LST Project Manager

LST general meeting, Rijeka, July 8-12, 2019

cherenkov telescope array

EFN cta

Type:

23mLsT @
12mMST o
(MAGIC)



Prospettiva LST2-4

Focal Plane Instr.
Electronics (JP/IT/ES/FR)
Camera body (ES)

Camera Supporting
Structure (FR/IT)

Camera Access

Tower (E6488& ES
Flywheel, UPS (JP)

Computers, network (JP)_ '
INFRA (ES)

. Mazin, LST Project Manager

cta

cherenkov telescope array

=N

CTA-LST Project: big International Effort
BR(Brazil), DE(Germany), ES(Spain), FR(France), IN(India), IT(Italy),

HR(Croatia), JP(Japan), PL(Poland),

cricii.adaa)
...... ’

Mirror (JP)
Interface Plate(JP/BR)

Actuator @f= DE
CMOS-Cam (JP)

Star Guider (HR/JP/SE)
Calibration Box (IN/IT)
Cabling @&y ES

Structure (B&/ES) ES
Access Tower (BEiE8) ES

Drive (ES/FR/DE)
Bogie (E5/8&4% ES
Rail (esye®™ ES

Foundation (ES)

LST general meeting, Rijeka, July 8-12, 2019 3
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Prospettiva LST2-4

2019 2020 2021
Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4

- ~ Tender .
Azimuth Syst (ES) Production (ES)

Structure Tender o o quction (ES)

(ES)
Production Production LST3/4
LST2 (FR) (33))
: IF
assembly
CSS cables Productio

Production  Production
o LST2 (FR) LST3 (FR

Drive

Mirrors

Camera Tower

Camera LST2 Production LST2 (EJPIFR)
Camera LST3 : Production LST3 (ES/JP/FR)
Camera LST4 Production LST4 (ES/JP/FR)

D. Mazin, LST Project Manager LST general meeting, Rijeka, July 8-12, 2019 5
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Prospettiva LST2-4

Q1 Q2 Q3 Q4|Q1 Q2 Q@3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4

INFRA Project Civil Works

Structure LST2/3/4

Drive / Tower/
Cabling

CSS

LST2/3/4

LST LST

Mirrors

Camera

N Mazin | ST Proiect Manaoer | ST aeneral meetina Riieka liilv 812 2010 6
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Budget in prospettiva LST2-4

50 k per far partire gara funi nel 2020, di cui 30 sono per
realizzazione di meccanica ancillare per il sistema di
aggancio funi al telescopio ed anticipo gara

Problemi con il pagamento dei CF, soldi stanziati ma MoU
non passato in giunta ed il nostro direttore (che aveva firmato
il pagamento 2 anni stesse condizioni) non vuole firmare




LST 5-8

Progettazione camera SiPm insieme ai colleghi svizzeri (ETH, uniGE)
Sara probabilmente una camera di nuova concezione «pizza box»
Riunione preliminare con Teresa e Biland al CERN il 18 dicembre. Se si

creano le condizioni giuste potrebbe essere un contributo rilevante
INFN per tutto CTA. Tema comunque delicato......




