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R&D Spanish Activities for Future Facilities in 
Accelerator Particle Physics  

Juan A. Fuster Verdú

IFIC-Valencia
III CPAN Days, Barcelona 2-4 November 2011

Thanks for providing material (to me and/or I. Vila):
N. Armesto,  F. Arteche, F. Botella, A. Dieguez, A. Faus-Golfe, C. Fernández, MC 

Fouz, M, A. Gallas, MC García, E. Grauges, S, Gristein, S. Heinemeyer. C. Lacasta, M. 
Lozano, G. Rodrigo, A. Ruiz, F. Toral, J. Valls, I, Vila, M. Vos,    
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1983

LEP:

LoI
 

de experimentos 1982

El camino hacia el LHC, 1983-2000

Primer Workshop de 
la Física del LHC 1984

Aprobación de construcción del LHC por el Consejo del 
CERN 1994

(descubrimiento del quark top 1994)
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2004:TI8 CNGS

TI2

2008: FIRST BEAM TO IR3

2009: FIRST IONS TO LHC

2008: FIRST BEAM TO LHC
2005: FIRST HOLE (SPS)

2009: Sectors test

2003:TT40

El camino hacia el LHC, 2000-2009

2009!

2008: 19-Sep-2008
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Los haces son de partículas elementales (e+e-)

- Energía de la interacción conocida

- Todo el estado final es producto de la  interacción

- Especialidad:

- Física de Precisión + Alta energía

- Descubrimientos y alta precisión

Los haces son partículas compuestas (pp)

- Energía de la interacción desconocida

- Solo parte del estado final es producto de la   

interacción

- Especialidad:

-Alta energía

- Exploración de regiones cinemáticas nuevas,

descubrimientos.

Reconstructed tracks  
with pt > 25 GeV

Aceleradores: e+e-
 

versus pp/pp
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Gran Complementariedad y Sinergia
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Superconductividad, es la tecnología
 clave para las Altas

 
Energías

 
desde

 1980

LHC
 2009

Aceleradores: Histórico

ILC/CLIC
(2020-2025)

En los últimos 50 años alrededor de 1/3 de los Premios Nobeles

en Física se deben a resultados basados u obtenidos en aceleradores

(Claramente:    Instrumentos muy útiles para la investigación) 
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1980 James W. Cronin and
Val L. Fitch 

Cronin and Fitch concluded in 1964 that CP (charge-
parity) symmetry is violated in the decay of neutral K 
mesons based upon their experiments using the 
Brookhaven Alternating Gradient Synchrotron [28].

1981 Kai M. Siegbahn Siegbahn invented a weak-focusing principle for 
betatrons in 1944 with which he made significant 
improvements in high-resolution electron spectroscopy 
[29].

1983 William A. Fowler Fowler collaborated on and analyzed accelerator-based 
experiments in 1958 [30], which he used to support his 
hypothesis on stellar-fusion processes in 1957 [31].

1984 Carlo Rubbia and
Simon van der Meer 

Rubbia led a team of physicists who observed the 
intermediate vector bosons W and Z in 1983 using 
CERN’s proton-antiproton collider [32], and van der 
Meer developed much of the instrumentation needed 
for these experiments [33]. 

1986 Ernst Ruska Ruska built the first electron microscope in 1933 based 
upon a magnetic optical system that provided large 
magnification [34].

1988 Leon M. Lederman,
Melvin Schwartz, and 
Jack Steinberger

Lederman, Schwartz, and Steinberger discovered the 
muon neutrino in 1962 using Brookhaven’s Alternating 
Gradient Synchrotron [35].

1989 Wolfgang Paul Paul’s idea in the early 1950s of building ion traps 
grew out of accelerator physics [36]. 

1990 Jerome I. Friedman,
Henry W. Kendall, and 
Richard E. Taylor

Friedman, Kendall, and Taylor’s experiments in 1974 
on deep inelastic scattering of electrons on protons and 
bound neutrons used the SLAC linac [37]. 

1992 Georges Charpak Charpak’s development of multiwire proportional 
chambers in 1970 were made possible by accelerator-
based testing at CERN [38]. 

1995 Martin L. Perl Perl discovered the tau lepton in 1975 using Stanford’s 
SPEAR collider [39]. 

2004 David J. Gross, Frank Wilczek, 
and  
H. David Politzer 

Gross, Wilczek, and Politzer discovered asymptotic 
freedom in the theory of strong interactions in 1973 
based upon results from the SLAC linac on electron-
proton scattering [40]. 

2008 Makoto Kobayashi and
Toshihide Maskawa 

Kobayashi and Maskawa’s theory of quark mixing in 
1973 was confirmed by results from the KEKB 
accelerator at KEK (High Energy Accelerator Research 
Organization) in Tsukuba, Ibaraki Prefecture, Japan, 
and the PEP II (Positron Electron Project II) at SLAC 
[41], which showed that quark mixing in the six-quark 
model is the dominant source of broken symmetry [42]. 

Year Name Accelerator-Science Contribution to Nobel Prize-
Winning Research 

1939 Ernest O. Lawrence Lawrence invented the cyclotron at the University of 
Californian at Berkeley in 1929 [12].

1951 John D. Cockcroft and  
Ernest T.S. Walton 

Cockcroft and Walton invented their eponymous linear 
positive-ion accelerator at the Cavendish Laboratory in 
Cambridge, England, in 1932 [13].

1952 Felix Bloch Bloch used a cyclotron at the Crocker Radiation 
Laboratory at the University of California at Berkeley 
in his discovery of the magnetic moment of the neutron 
in 1940 [14]. 

1957 Tsung-Dao Lee and Chen Ning 
Yang 

Lee and Yang analyzed data on K mesons (θ and τ) 
from Bevatron experiments at the Lawrence Radiation 
Laboratory in 1955 [15], which supported their idea in 
1956 that parity is not conserved in weak interactions 
[16]. 

1959 Emilio G. Segrè and 
Owen Chamberlain 

Segrè and Chamberlain discovered the antiproton in 
1955 using the Bevatron at the Lawrence Radiation 
Laboratory [17]. 

1960 Donald A. Glaser Glaser tested his first experimental six-inch bubble 
chamber in 1955 with high-energy protons produced by 
the Brookhaven Cosmotron [18].

1961 Robert Hofstadter Hofstadter carried out electron-scattering experiments 
on carbon-12 and oxygen-16 in 1959 using the SLAC 
linac and thereby made discoveries on the structure of 
nucleons [19]. 

1963 Maria Goeppert Mayer Goeppert Mayer analyzed experiments using neutron 
beams produced by the University of Chicago 
cyclotron in 1947 to measure the nuclear binding 
energies of krypton and xenon [20], which led to her 
discoveries on high magic numbers in 1948 [21]. 

1967 Hans A. Bethe Bethe analyzed nuclear reactions involving accelerated 
protons and other nuclei whereby he discovered in 
1939 how energy is produced in stars [22].

1968 Luis W. Alvarez Alvarez discovered a large number of resonance states 
using his fifteen-inch hydrogen bubble chamber and 
high-energy proton beams from the Bevatron at the 
Lawrence Radiation Laboratory [23].

1976 Burton Richter and 
Samuel C.C. Ting 

Richter discovered the J/ particle in 1974 using the 
SPEAR collider at Stanford [24], and Ting discovered 
the J/ particle independently in 1974 using the 
Brookhaven Alternating Gradient Synchrotron [25]. 

1979 Sheldon L. Glashow, 
Abdus Salam, and 
Steven Weinberg 

Glashow, Salam, and Weinberg cited experiments on 
the bombardment of nuclei with neutrinos at CERN in 
1973 [26] as confirmation of their prediction of weak 
neutral currents [27].

24 Nobel Prizes in Physics that had direct contribution from accelerators

W. Chou, ICFA Meeting, Beijing Februray

 

2011
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Present
 

motivation
 

and
 

situation
LHC is

 
a unique

 
machine

 
which

 
is

 
presently:

•
 

Exploring
 

the
 

physics
 

at 10-17cm 
 

TeV–1, ie, the
 

weak
 

scale
 

(High
 Energy

 
Frontier, ATLAS and

 
CMS)

•
 

Testing
 

Flavour
 

Physics
 

(High
 

Intensity
 

Frontier, LHCb
 

+ ATLAS + 
CMS)

•
 

Testing
 

Hadronic
 

Physics
 

(ALICE+CMS+ATLAS)  

Exciting
 

results
 

await
 

to
 

come, among
 

them, by the
 

end
 

of
 

2012
 

it
 

appears
 possible

 
either

 
to

 
find

 
the

 
Standard Model

 
Higgs

 
or

 
to

 
exclude

 
it. 

Importat
 

implications
 

for
 

future
 

work, R&D
 

and
 

future
 

facilities
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Future Facilities: High Energy and High Intensity Frontiers

µC

LHC –
 

SLHC –
 

DLHC
LHeC

LHCb

ALICE
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Future Facilities: High Energy and High Intensity Frontiers

µC

LHC –
 

SLHC –
 

DLHC
LHeC

LHCb

ALICE

Future Program: Physics Driven, 

mainly depending on LHC results, 

2013 European Strategy, Im
portant Decisions
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sLHC-Upgrades

FLC=ILC/CLIC

Super B Factories


 

radiation,
 

pileup, high backgrounds
high luminosity


 

high precision,
 

hermeticity, 
particle-flow, nano-beams, 
very high luminosity


 

radiation,
 

background,
 

particle-ID,
very high luminosity,nano-beams

Challenges for Future Colliders
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
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2013: Decision for European StrategyR&D Phase is
needed to develop

New Detectors and Accelerators

Temporal Scale
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Belle II       SuperB

ILC      CLIC
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Present Plans for LHC
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sLHC
 

challenges pile-up
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Visualización
 

del  retosLHC
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•
 

Vertex  
~1/5 rbeampipe

 

, ~1/30 to 1/1000 pixel size (ILC wrt

 

LHC), 
vtx

 

2-3 cm (CLIC wrt

 

ILC) 

•
 

Tracking
~1/6 material, ~1/10 resolution (ILC wrt

 

LHC), 
B=4-5 T (CLIC wrt

 

ILC)

•
 

Particle Flow, Jet Energy Rec.   Calorimetry
~1/2 resolution (ILC wrt

 

LHC),  
Redesign Forward Region, HCAL 7,5 (CLIC wrt

 

ILC)

(1/ p)  5 105 /GeV

 E / E  0.3/ E(GeV)

(h  bb ,cc , )

 2/3sin/105 pmmip 

)nada incl.;(   hXZhee 

Challenges for ILC/CLIC detectors
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BelleII/SuperB

Vertex-Tracking
DEPFET

CNM-IMB
IFIC
UB

USC
IFCA

SLHC

Tracker
IFCA/ITA

FLC

EndCap
Tracking/Cal

CIEMAT
CNM-IMB

IFCA
IFIC
UB

USC

Time

Alice LHCb

ATLAS

CMS

LHC

Vertex ECal HcalTracker

Tracker SPD

Muons Alignment
CIEMAT/IFCA/UO

UAM

USC UB/URL

USC/CIEMAT

CNM-IMB/IFAE CNM-IMB/IFIC UAM IFAE/IFIC/UV

Spanish Participation: LHC
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sLHC/Upgrades

Alice LHCb

ATLAS

CMS

LHC

Vertex ECal HcalTracker

Tracker SPD
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Tracker

CIEMAT/IFCA/UO

UAM

USC UB/URL

USC/CIEMAT

CNM-IMB/IFAE CNM-IMB/IFIC UAM IFAE/IFIC/UV

IFCA/ITA

FLC

EndCap
Tracking/Cal

CIEMAT
CNM-IMB

IFCA
IFIC
UB

USC

Time

Spanish Participation: LHC, sLHC/Upgrades
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FLC

EndCap
Tracking/Cal

CIEMAT
CNM-IMB

IFCA
IFIC
UB

USC

Time

BelleII/SuperB

Vertex-Tracking
DEPFET

CNM-IMB
IFIC
UB

IFCA
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Alice LHCb

ATLAS

CMS
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Tracker SPD
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Tracker
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UAM

USC UB/URL
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CNM-IMB/IFAE CNM-IMB/IFIC UAM IFAE/IFIC/UV

IFCA/ITA

Spanish Participation: LHC, sLHC/Upgrades, BelleII/SuperB
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Key
 

words:
 

Synergy, Optimization of Resources, Coordination

FLC

EndCap
Tracking/Cal
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CNM-IMB

IFCA
IFIC
UB

USC

Time

BelleII/SuperB

Vertex-Tracking
DEPFET

CNM-IMB
IFIC
UB
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ATLAS
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Vertex ECal HcalTracker

Tracker SPD

Muons Alignment

Tracker

CIEMAT/IFCA/UO

UAM

USC UB/URL

USC/CIEMAT

CNM-IMB/IFAE CNM-IMB/IFIC UAM IFAE/IFIC/UV

IFCA/ITA

Spanish Participation: LHC, sLHC/Upgrades, BelleII/SuperB, FLC
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Resources: AIDA 2011-2014

•

 

A European network to create infrastructure that will boost detector R&D for applications in future 
collider experiments (and accelerator-based neutrino experiments)

•

 

Follow-up and extension of the EUDET network. Involving the whole community: ILC/CLIC, LHC 
upgrade, Super B-factories, accelerator-based neutrino experiment

•

 

Start data: February 2011. Duration: 4 years
•

 

Participants: over 80 institutes from 23 countries
•

 

Total budget: > 25 Million €

 

(8 Million €

 

EU funded) 
•

 

Spanish involvement:
–

 

3 Work Packages, with bulk of the effort on Si position sensitive devices
–

 

One WP leader (M. Vos, IFIC) and the chair of the Collaboration board (I. Vila, IFCA)
–

 

391K  €, ~ 5% EU contribution
–

 

7 institutes (CIEMAT 26K €, IMB-CNM 50K €, IFAE 26K €, IFCA 88K €, IFIC 127K €, UB 44K €, 
USC 30K €) 

http://aida.web.cern.ch/

http://aida.web.cern.ch/
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Resources sLHC-Upgrades  2010-2013 (I. Vila 7th Oct. RECFA)

Resources for period 2010-2013:
–

 

29,5 FTE 
–

 

1,4M  €

 

for Detector R& 

Organization and Coordination:
Follows present group participation inside the 
LHC experiments
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Resources: Linear & B-Factories, National
 

Plan  2011-2013 (FPA)

2010 Request at National Plan (FPA), covering the period 2011-2013:
–

 

65 physicist/engineers in the funded projects. 30  are permanent.
–

 

48 FTE (73% dedication of 65). Shared with LHC experimental projects.
–

 

4 PhD fellows were granted (2 Det

 

+ 2 Acc.). 
–

 

1,5M  €

 

for Detector R&D
–

 

0,8M  €

 

for Accelerator R&D 

Participation in the National Plan projects for the period 2006-2008 

Scientific Production & Visibility

For Instance LCWS11 workshop
(Theory+Detectors

 

R&D+Accelerators):

•

 

16 Parallel talks (3 theo.+8 R&D +5 Acc.)
•

 

2 Summary talks (1 theo. + 1 R&D)
•

 

1 Plenary talk (R&D)
•

 

4 Working Group Conveners

A stable community 
over the last 5 years
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R&D for Detectors and Physics:
–

 

ILC, End Cap: DEPFET Coll. (Pixels), SiLC

 

(Tracker), CALICE (Calorimeter)
–

 

Belle II, DEPFET Coll.
–

 

CLIC, Physics Benchmark, End Cap, Mechanical Structures
–

 

ILC/CLIC/sLHC

 

(very long term), 3D sensors, APDs, TimePix
European Projects:

–

 

EUDET (R&D for detectors which is finished)
–

 

AIDA (R&D for detectors, present)
–

 

ENVISION-ENLIGHT (R&D for detectors, Medical Physics)
R&D for Accelerators:

–

 

ILC (Test Facility ATF2), OTR + FONT4 (IFIC), TESLA500+MLQ (CIEMAT)
–

 

CLIC (Test Facility CTF3), PETS+KICKERS (CIEMAT), BPS (IFIC. UPC) 
European Projects:

–

 

EUCARD (R&D for accelerator, present)
–

 

PARTNER-ENLIGHT (medical Physics, present)
–

 

TIARA (Accelerator Network)

Three National Networks:
–

 

R&D for Future Colliders  (Detectors + Accelerators + Theory)
–

 

Flavor Physics (Detectors + Theory)
–

 

LHC, Experiment & Theory

Future
 

Colliders: Linear & B-Factories, Organization
 

and
 

Coordination
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National Coordination:
–

 

Future Linear Collider Network Coordinator, Alberto Ruiz
–

 

Flavor Network Coordinator, Francisco Botella
–

 

Principal Investigators of projects from the National Plan

Workshop Organization and Participation:
–

 

ECFA-ILC/GDE workshop in Valencia, November 2006
–

 

LCWS11 workshop in Granada, 26-30 September 2011
–

 

National Network for Future Linear Colliders workshops, 6 in the

 

period 2008-2011 
(santander, Santiago de Compostela, Barcelona, Madrid, Valencia, Granada). Next 
meeting in Zaragoza, December 2011

–

 

CPAN workshops participation as specific community

International Representation:
–

 

FALC (Funding Agencies for Large Colliders),  Francisco Del Aguila
–

 

ECFA chair for the Linear Collider Study, J. F. (WWS-OC European contact)
–

 

ILD Executive Board, Forward Tracker, Alberto Ruiz
–

 

AIDA chair of the Collaboration Board, Ivan Vila
–

 

AIDA WP9 and  Depfet

 

Linear Collider Coordinator, Marcel Vos

web

 

page

 

of

 

the

 

network:  http://ilces.ific.uv.es

Future
 

Colliders: Linear & B-Factories, Organization
 

and
 

Coordination
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Barcelona
UB
IMB-CNM
IFAE
URL

IFCA 
USC

IFIC 
Madrid
CIEMAT
UAM

ITA

Future
 

Colliders: sLHC-Upgrades
 

(backup slides)

ATLAS - IFAE & IMB-CNM
•

 

Vertex-IBL, New 4th pixel layer (2013): validate 3D 
sensors, bump-bonding, sensor characterization, 
power distribution

ATLAS - IFIC & IMB-CNM 
•

 

Forward Si tracker: sensor & thermal mechanics,
•

 

TiCal: readout off-detector electronics

CMS - CIEMAT & UAM 
•

 

TIM and ROS systems: Readout and Trigger

CMS - IFCA & ITA 
•

 

New Outer Tracker: Sensor assessment, 
•

 

Integration: Power distribution,
•

 

Monitoring stability/alignment: Optical fiber system

LHCb - UB & URL
•

 

Calorimeter: accommodate readout for  40 MHz, 
•

 

SiPM

 

readout , 
•

 

Synergies with CTA

LHCb - USC
•

 

Vertex-Velo

 

upgrade for 40 MHz, Velopix

 

(timepix) & 
-strips 

•

 

R&D: timepix, -strips



Juan Fuster 33

Future
 

Colliders: Linear & Super
 

B-factories
 

(backup slides)

Forward Tracker

Barcelona
CNM-IMB
UB

CIEMAT 

ITA

Silicon for Large Colliders
IFIC, IFCA (since 2005), UB, IMB-CNM, USC, ITA 
IFCAEUDET member, several associates
New EU project: AIDA 

Spanish participation in DEPFET Coll.
IFIC (since 2005)‏
UB, IMB-CNM (since 2008)
IFCA ( mechanical alignment and integration)

CIEMAT

Coordinated effort :
•

 

Regular meetings (network), strategy
•

 

Funding/project
•

 

R&D interests, cooperation, benchmarks
•

 

Design of the Forward Region for LC detectors

Timepix: USC

IFCA 
USC

IFIC 
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Forward Tracker

CIEMAT 

Future
 

Colliders: Accelerator
 

R&D
 

(backup slides)

UPC

IFIC, ILC, ATF-ATF2
•

 

Beam Dynamics Studies and commissioning 
of EXT line (LAL, KEK, SLAC)

•

 

Instrumentation: New Multi-OTR system 
(SLAC, KEK)

•

 

BPM with micro-movers for FONT4 (KEK, JAI)

IFIC-UPC, CLIC-CTF3
•

 

BPM’s

 

for the TBL (CERN)

CIEMAT, CLIC-CTF3
•

 

Quadrupole

 

Mover (CERN)
•

 

PETS (CERN)
•

 

Orbit Correctors (CERN)
•

 

Kickers (CERN)
•

 

SEPTA (CERN)

CIEMAT, ILC
•

 

TESLA500 (SLAC)
•

 

Cooling of Superconducting Magnets 

IFIC 
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Forward Tracker

Barcelona
UB
IFAE

Madrid
IFT
UCM

UZ

UGR

Future
 

Colliders: Physics
 

and
 

Theory
 

Coordination

LHC/sLHC, results & Interprtation

Marie Curie Initial

 

Training Network 
PITN-GA-2010-264564 (2011–

 
2014)

EU Coordinator:  G. Rodrigo    (10 
countries, 30 institutions, 3 industry

 
partners, 150 researchers) USC University

IFCA 
USC

IFIC 
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Forward Tracker

Barcelona
UB
IFAE

IFCA USC

IFIC 
Madrid
IFT
UCM

UZ

UGR

Summary

•
 

In Spain, an important effort in the R&D activities for future colliders at the 
High Energy and Intensity frontiers is being made for detectors, accelerators 
and physics studies

•
 

The national networks are found very useful to help in the coordination. It 
allows to have common discussions, optimize resources and find synergies

•
 

Spanish groups are well prepared to participate in any future collider 
project: sLHC-Upgrades, ILC/CLIC, BelleII/SuperB

•
 

Future projects realization will depend mainly on LHC physics results and 
our community will take an active part in the decision 

•
 

Spanish participation in future colliders is internationally visible and 
relevant. 

•
 

Good participation in EU projects, AIDA, EUCARD, TIARA …
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Forward Tracker

Recognition
 

has always
 

been
 

important

Sir Ernest Schakleton

The Imperial Trans-Antarctic Expedition (1914–17),

Also known as the Endurance Expedition is considered the last major 
expedition of the Heroic Age of Antarctic Exploration.
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Recognition
 

has always
 

been
 

important

Sir Ernest Schakleton

The Imperial Trans-Antarctic Expedition (1914–17),

Also known as the Endurance Expedition is considered the last major 
expedition of the Heroic Age of Antarctic Exploration.

For

 

a crew

 

of

 

~30 people
more than

 

4000 applications
were

 

received

Today`s

 

R&D

 

Future

 

Colliders

 

adventure: Men and Women are wanted
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Backup Slides

R&D Contributions from Spanish Groups
for Future Colliders
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Accelerator
 

R&D, CIEMAT
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Accelerator
 

R&D, IFIC-Valencia
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Detector R&D, Santiago de Compostela University
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Detector R&D, University
 

of
 

Barcelona
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Detector R&D, IFCA-Santander
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Detector R&D, IFIC-Valencia
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Detector R&D, CIEMAT
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Detector R&D, AIDA
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Physics
 

LHeC,  Santiago de Compostela University
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sLHC/Upgrades,  IFIC Valencia
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sLHC/Upgrades,  IFAE Barcelona
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sLHC/Upgrades,  CIEMAT 
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sLHC/Upgrades,  IFCA Santander
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LHC/Upgrades, Santiago de Compostela University
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LHC/Upgrades, Barcelona and
 

Ramón Llul
 

Universities
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