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|. Introduction

e Many groups in the ICCUB are carrying research where
technology is a key element
o Development tool = new instruments for fundamental science
o0 Product - transferred to scientific community or industry

e Quick overview of main current activities In:
e Instrumentation
 Electronics
 Very large data processing
for:
e Space missions
« Particle physics experiments
o Other fields
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[l. Activities In Instrumentation

« Several research groups develop activities in instrumentation, hardware
and electronics, mainly (sorry if we miss something!):

o Experimental High Energy Physics group. Colliders. ¢j.g -
. Part of Ideas UB instrumentation service (SiUB) T
. Cameras, single photon detectors and Radiation detectors  http://siub.ub.edu
. Microelectronics (ASICs) and digital high speed electronics (FPGAS)

o Astronomy and Astrophysics
. High-Energy Astrophysics. Gamma-ray astronomy.
. Physics of the Sun-Earth relationship. Space Meteorology
=  Astronomical image processing and high angular resolution techniques
. Instrumentation and robotic astronomical observation

o Radiation physics
. Monte Carlo Simulation of Electron-Photon Transport (PENELOPE)
. Medical physics and dosimetry http://www.ecm.ub.edu

o0 Systems for Instrumentation and Communications
. Part of the Department of Electronics Departament
) .. . d' Electrdnica  http://www.el.ub.es/
. Optical and electronics instrumentation Universia de Brcelon
. Embedded systems, communications and loT hardware
y ﬁ)’ ICCU B ?f‘)‘f'\l\(ilf:l-'xl:'
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[l. Activities In Instrumentation

Several research groups develop activities in instrumentation, hardware
and electronics, mainly (sorry if we miss something!): http://siub.ub.edu

Sorry if:we forgot something !
Just starting and the limit betwee
science and technology is fuzzy...

1ua=edap vO4 9nDDI Jo 1ed

d' Electronica  http://www.el.ub.es/
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 Design of the Front End
electronics of the first detector
of the calorimeters:
O 100 acquisition cards of 64 ch
O 800 ASICs (8 ch)
O Slow control system
O High speed links (2.5 GB/s)

* Now working in the upgrade
O New ASIC: ICECAL
O 12 bit dynamic range @ 40 MHz
O Low noise

ICCUB-IEEC, 09/07/2018, D. Gascon
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LHCDb: calorimeters
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e SPD and Preshower (PS) determine the electromagnetic nature of energy
deposited in the electromagnetic calorimeter (ECAL).
« Input to trigger system without dead time
» = signal processing in beam crossing period: 25 ns (40 MHz) & 1CCUB 9
« $PD to discriminate charged from neutrals: binary detector .ueocmessdences


Moderador
Notas de la presentación
LHCb calorimetry unfolds into four elements: a hadronic calorimeter (HCAL), an electromagnetic calorimeter (ECAL), a Preshower detector (PS) and a Scintillator Pad Detector (SPD). The system provides high energy hadrons, electron and photon candidates for the first level trigger (called L0 trigger). (Animacio 1 fleches a foto calo)
The PS and the SPD are designed to distinguish electrons from pions, and charged particles from neutrals respectively for the L0 trigger system, this means that the signal processing must be performed within the beam crossing period (25 ns) because no dead time is allowed. PS as well as ECAL and HCAL measure particle energy, whereas SPD is a binary output detector. 
SPD and PS are two sub-detectors in front of ECAL separated by a 1.5 cm thick layer of lead (Animacio 2 Pb) divided in about 6000 cells (Animacio 3 Fletxes caixes i cel·les) of three different sizes the outer with 1212cm2 tiles, the middle with 66cm2 tiles and the inner with 44cm2 tiles. 
They consist in a layer of plastic scintillator (Bicron BC-408) tiles (Animacio 4 Scintillator) with a Kurarai Y11 WLS (wavelength shifting) rolled fiber (Animacio 5 WLS) to collect the light emitted by the scintillator when a charged particle goes through it. 
Charged particles will produce ionization the scintillator (Animacio 5 senyal electro), whereas photons will not. This ionization generates a light pulse that is collected by the WLS fiber that is twisted inside the scintillator cell. The light is transmitted through a clear fiber to the SPD readout system.
A LED is inserted in each cell for monitoring and calibration purposes (Animacio 6 LED) 


LHCb upgrade: SciFi

© A. Comerma (Univ. Heidelberg)

Introduction onstruction
(o] o]

SciFi Overview

XUVX 53cm

e Scintillating Fibre Tracker:

e Light detector, < 1%Xo/layer
e Large area, total of 6 X 5m?2

e XUVX planes on each station
[ ]
L]

Full detector is 3 stations
Total radiation up to 35kGy x 3 =12 layers
e Requirements:
— Hit efficiency ~ 99%
— High granularity 250um
— Hit resolution < 100um

“l‘l Albert Comerma (comerma@physi.uni-heidelberg.de) SciFi - The New Scintillating Fibre Tracker for LHCb
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CTA

e Large energy range & Close collaboration with HEAP group:

sensitivity http://www.am.ub.edu/ca/node/926
o Large array (>1 km?)

o 50-100 telescopes
o Dishfrom6to24m

* North (La Palma) & South
site (Chile)
Designed 3 different chips
and made important i
contributions to the cameras 'cta
e Cherenkov telescope array observatory

ICCUB-IEEC, 09/07/2018, D. Gasco6n
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CTA Cameras

» Different components for DragonCAM (LSTs) and NECTArCAM (MSTSs)
o Preamplifier: PACTA
o Signal conditioning: ACTA
o Trigger system in collaboration with IFAE, CIEMAT and UCM

M

ectar CAM module: http://inspirehep.net/record/1491931
& ICCUB ¢
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LHCb (PACIFIC)

© A. Comerma (Univ. Heidelberg)

Introduction Mats construction Readout electronics Testbeam Summary
Q00 [e]e]e)] [elsle] le (e]0]

PACIFIC Collaboration: Heidelberg, ICCUB, LPC-Clermont, IFIC-Valencia
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) BGA package
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ASICs: automated quality control

e More than 100,000 chips to be tested in 2018

o Automated quality control

ICCUB-IEEC, 09/07/2018, D. G ¢ b ICCU B ?
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Cards and links

* High speed links
e Custom cable compensation
0O 2.5 Gb/s data rate (27m!)

Unequalized

* Single photon sensors (PMTs, SiPMs)
» Low noise front end, DAQ and control
 FPGA based, USB interface

» Control and power distribution
 FPGA based _ -
13 ICCUB-IEEC, 09/07/2018, D. Gascon » Radiation tolerant b ICCU B ?I
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Solar Orbiter (ESA)

 Polarimetric and Helioseismic Imager of Solar Orbiter mission

* Image Stabilization System for SO/PHI, which includes:
o Correlation Tracking Camera: based on STAR1000 sensor (1MPx)
o Tip-Tilt Controller: that drives a Piezo-Electric TT Mirror
o Firmware: Manages the ISS and stabilizes images using a Correlation Algorithm

* |SS has been made jointly with Sener and it is at TRL8 (“Flight Qualified”)

CTC Sensor board TTC board

%

& ICCUB 2

Institute of Cosmaos Sciences
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Monte Carlo: PENELOPE

F. Salvat, J.M. Fernandez-Varea Data Bank

NEA /NSC,/DOC(2045)3

PENELOPE (PENetration and Energy Loss of
Positrons and Electrons, and photons)

; ; . ENELOPE-2014: A Code
Applications: System for Monte Carlo

- Radiation metrology Simulation of Electron

- Dosimetry and Photon Transport
- Detector design
Workshop
- X-ray sources Barcelona, Spain
. 29 June-3 July 2015
- External radiotherapy

- Braquitherapy

Proton transport included recently as an

extension |
@)0Eco Cynen

15 ICCUB-IEEC, 09/07/2018, D. Gascoén ﬁ’ Icc U B ? i
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Monte Carlo: PENELOPE

4 PRIMO 0.1.5.1310 (BONE-IMRT1)

" = PENELOPE used as the simulation engine for external radiotherapy (PRIMO)

E-IMRT1 SAGITTAL CORONAL

BOME-IMRT1 A BOME-IMRT1 BOME-IMRT1

Image: 88 (3.34 ¢m) H Lt Image: 143 (27,98 cm)
256 pix % 256 pix | i % \ 256 pix % 154 pix
zoom: 1.00 \ R 4 \ zoom: 1.00
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R&D: photon sensors and readout ASICs

In many projects: single photon . Fast single

Jun 23, 20

detection, low noise & high speed § photon counting
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Knowledge Transfer

Medical applications:

Advantages from PMTs to SiPMs - in PET detectors =
2. EXCELLENT TIME RESOLUTION

ESUITS asnsady

Towards TOF-PET (Time of Flight) achieved with PMTs

- measure the time difference in the amival of the two photons
- to constrain the pesition of the interaction point along the line of response
=3 |.&, improve 5/N

O = ef2 A

At A x
500ps | 75em
100ps | 1.5em

n PET instrumentatio the
spread of high hght yield and
fast scintillators (e S0

* Family of ASICs originated form our
contributions to LHCb and CTA RO
electronics: FLEXTOT ....

* New research projects for new
applications: fast light detection

1 TICCUB-IEEC, 09/07/2018, D. Gascon

cimrm Hoe

Nanosatelites:

A transversal project of the IEEC
(Institut d’Estudis Espacials de
Catalunya: CSIC,UPC,UAB and UB).

ICCUB possible contribution:
e Electronics

e Control

e Data handling
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Activities iIn Computing & Data Processing

Main research groups:

O

Gaia/DPAC group of Barcelona:

. Instrument and Galaxy models and simulations

=  Very large data processing and analysis for the Gaia mission

. Data mining and visualization techniques

. High-Performance Computing (HPC) and efficient database systems
. Software engineering

DIRAC / cloud computing:

. DIRAC is a resource management solution that was born as a necessity to manage
LHCb computing,

. But has grown to be fully integrated solution used by many other scientific
communities.

High-performance data compression:

. FAPEC entropy coder

. Pre-processing (decorrelation) algorithms

. Technology transfer: DAPCOM Data Services S.L.

& ICCUB ¢

Institute of Cosmaos Sciences



http://icc.ub.edu/technology

Thanks a lot for your
attention !!!

dgascon@fga.ub.edu jportell@fqa.ub.edu

l€EEC” & ICCUB ¢
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Computing & Data Processing. Gaia/DPAC

Gaia Data Processing and Analysis Consortium (DPAC)

Initial Data
Treatment

Object
Processing

cu4

Photometric
Processing

CU5-PhotPipe

CU1-MIT CU3-IDT CU3-FJ

ni h
TS s - L ksl e ) G0 A4, PRV,

Science and
management
groups

/
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networks

Variability

Processing
cur /
Archive and

Main DB
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Spectroscopic
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Computing & Data Processing: DIRAC

DIRAC: Our painkiller ODIRAC

THE INTERWARE

 DIRAC was created as a distributed data production
and analysis system used by the LHCb experiment

* Includes workload and data management
components

* The main goals are:
* Ease access to computing resources to scientists
* Minimize human intervention at sites
e Provide a central place to enforce community policies

e Add up resources to:
* increase resource occupancy
e Offer a higher amount of computing power to researchers

] INCELENCIZ
& |ICCUB %
- ) DE MAEZTU
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Computing & Data Processing: FAPEC

* High-performance data compression solution: FAPEC
«  Efficient entropy coder ":: (EAPEC
o Suite of pre-processing algorithms: instrumental data, ". .“ompressnon
images, text, genomics, watercolumn... \\\,:\.:..‘-‘“
 Fast, performant, resilient, secure pae
« Spin-off: DAPCOM Data Services S.L.
e Applications: nanosats, medicine, DAPCOM

" Data services

genomics, geosciences, physics, astronomy...
« FPGA prototype In SpaceFibre board
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Computing & Data Processing. Gaia/DPAC

e Main ICCUB contributions and know-how:
Models: Instrument, calibration, Universe
»  Algorithms: Data processing
Techniques: Monitoring, validation, visualization, data mining
 Engineering: Software (Java, Python, SQL, ...)
Systems: Operation and monitoring

Point Spread Function G2V star
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Computing & Data Processing. Gaia/DPAC

Some example contributions:

Gaia simulator: TBs of data generated (raw telemetry + sources + DB entries)

Absolute Visual Magnitude

Thin Disc \
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Computing & Data Processing. Gaia/DPAC

« Some example contributions:

Initial Data Treatment: Overall system specification, framework design and
implementation, algorithms integration and testing, monitoring and validation...

MIT IDT
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Computing & Data Processing. Gaia/DPAC

Some example contributions:

Initial Data Treatment: Overall system specification, framework design and
implementation, algorithms integration and testing, monitoring and validation...

Institute of Cosmaos Sciences




Computing & Data Processing. Gaia/DPAC

« Some example contributions:
Intermediate Data Updating: Overall system specification, framework design and
implementation, algorithms integration and testing, monitoring and validation...

Main Cross-Matching algorithm: resolution of the main Gaia source list (clustering
algorithm)
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Computing & Data Processing. Gaia/DPAC

« Some example contributions:
Algorithms: Satellite attitude reconstruction, photometric calibration and reduction,
raw data reconstruction, ... FOVA RO AFS: AGKAL rfls
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Computing & Data Processing. Gaia/DPAC

Some example contributions:

Software Engineering: implementation and testing of data simulation, processing
and monitoring; data mining; tailored data visualization tools; ...

m Blacklisted detections

s Surviving detections
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Computing & Data Processing. Gaia/DPAC

« Some example contributions:
Gaia Archive: Validation and definition of the final Gaia Data Release contents

+ EURDPEAN SPACE AGENCY. [ ABOUT [SAC

gaia archive
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Computing & Data Processing. Gaia/DPAC

Some example contributions:
GENIUS FP7 606740 project: Gaia data mining and improved user services

Traditional technologies = not enough to cope with TBs of data
Big Data technologies = unlock the full scientific potential of Gaia data

Gaia-UB team: Big Data platform to enable data analysis on the Gaia archive
GDAF (Gaia Data Analysis Framework)

Based on Apache Spark framework as Big Data engine

SEETKE

= Browse & query the archive in seconds (standard SQL, no relational DB)
= Compatible with Java, Python and Scala

= Data flow oriented

= Powerful Machine Learning tools

] INCELENCIZ
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Computing & Data Processing. Gaia/DPAC

Some example contributions:
GENIUS FP7 606740 project: Gaia data mining and improved user services

Highly scalable:
Astronomical catalogues can be added to the framework alongside existing ones and
equally accessed, enabling huge cross-match tasks.

In 10 minutes, a full-sky density map can be computed using about 40 lines of code
(Scala and Python): —

Goal of the platform: . Ll
Astronomers to use it as a tool to execute tasks on the data themselves
Test platform available as Virtual Machine image with miniaturized version of GDAF.

& ICCUB ¢
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Computing & Data Processing: DIRAC

DIRAC origins (LHCb)

e LHCb is an experiment built on the LHC at CERN

 LHCb generates ~2 PBs of RAW data each year

e All the LHC experiments will generate roughly 15PBs annually
e Even more after the LHC upgrade!

e Lots of data to analyze...

e Huge computing facility required
e WLCG

& ICCUB ?:i

Institute o f Cosmos Sciences



Computing & Data Processing: DIRAC

What's the WLCG?

GRID: Combination of computer
resources from multiple domains
applied to a common task

~10° processors
170 sites
34 countries

e v gl
; b N
La imatgeria 45 ns d's | ¥ EXCELENCIA
Wrftar Al |~ - Gtsmask | Jobsummany summary Fies stored o ut MARIA
scasajs@ hob_prod * (DC=es/DC=rsg O =acm-ulyCN =Adrn- Casajus | » DE MAEZTU
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Computing & Data Processing: DIRAC

Large community issues

* Dealing with heterogeneous resources
* Various computing clusters, grids, etc (yandex...)

* Dealing with the intracommunity workload management
* User group quotas and priorities
 Priorities of different activities

Dealing with a variety of applications
* Massive data productions
* Individual user applications, etc

Most of the users are not tech-savvy &1CCUB %

Institute of Cosmaos Sciences



Computing & Data Processing: DIRAC
What does it do?

Integrates all the

USER Communities

heterogeneous PR e Ve
computing resources - E W A
available to a 1 ——— N ——— M h———— 0
1 d e R foi'.:’;' oo W —— \ A
community under an s e 2 =
homogeneous hood [ gnaln ddiewas dewmecs |
Resources

» Allows a community to define activities that will be executed

automatically and enforce policies, quotas and priorities upon
users

» Without sites intervention

] INCELENCIZ
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Computing & Data Processing: DIRAC

LHCDb statistics

In 2014-2017 DIRAC managed more
Cumulative Jobs by Country than 80M jObS in 23 countries that
161 WeeksfromIWeek51lof2013 toWeekOdonOlIT processed +500PB Of data

Cumulative Input data by Site
161 Weeks from Week 51 of 2013 to Week 04 of 2017

Mjobs

Mar 2014 Jul 2014 MNov 2014 Mar 2015 Jul 2015 Nov 2015 Mar 2016 Jul 2016 Nov 2016

Max: 86.4, Min: 0.50, Average: 44.9, Current: 86.4

O UK 177 H B 41 MW CERN 03 WO 0.0
@ cH 149 M@ PL 3.0 [ ORG 03 @O MULTIPLE 0.0
| FR 12.2 W LHCB 12 HW BG 00 W GR 0.0
[ 114 O RO 07 HIL 00 O EU 0.0
| RU 66 O sU 0.6 M@ HU 0.0 [ NET 0.0
B DE 64 @ BR 06 B EZ 0.0 @ com 0.0
W NL 60 W US 0.4 W ANY 0.0

Generated on 2017-02-06 11:12:46 UTC

Mar 2014 Jul 2014 Nowv 2014 Mar 2015 Jul 2015 Nov 2015 Mar 2016 Jul 2016 Nov 2016

Max: 509, Min: 0.82, Average: 214, Current: 509

O LCG.CERN.ch 100.3 @ LCG.NCE).pl 55 @ LCG.CBPF.br 13
O LCG.RAL.uk 95.2 MW LCG.RAL-HEP.uk 53 W LCG.Liverpool.uk 11
W LCG.CNAF. it 90.8 M@ LCG.C5CS.ch 52 M LCG.LALfr 09
B LCG GRIDKA de 607 M LCG Manchester uk 39 M LCGIHEP su 05
B LCG.IN2P3.fr 55.3 MW LCG.UKILT2-IC-HEP.uk 25 W ARC.RAL uk 05
B LCG.NIKHEF.nl 21.4 [ LCG.CERN.cern 24 O LCG.USC.es 0.4
[ LCG.PIC.es 18.0 @ LCG.CPPM.fr 21 [0 LCGJINR.ru 0.4
B LCG.RRCKLru 17.8 MW LCG.NIPNE-07.ro 15 MW LCG.T-Systems.cern 03
W LCG.SARA NI 123 W LCG.LPNHE.fr 15 .. plus 114 more
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Computing & Data Processing: DIRAC

Current actors

FRISNCE

} I.:ll fll—l—!:m
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ASICs for Cherenkov Telescopes

The Cherankov Telescope Array (CTA) s intended to
explore the Universe in depth in Very High Energy
gamma-rays and investigate cosmic non-thermal
processes. Several ASICs have been designed for the
the CTA project. Functionalites of each include pre-
ampification, triggering and Signal Canditioning.
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