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Strateqgy

Accelerator

Technology maturity

Candidates
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LHC upgrade (HL-LHC) e+e- colliders
Ongoing manufacturing Feasible technology
HL-LHC ILC, CLIC, FCC-ee, CEPC, C3

SHORT TERM MEDIUM TERM
Higher Higgs Higgs factory /
precision Electroweak/top
Physics

C. Oliver

10 TeV CM colliders

High R&D and financial effort

FCC-hh, SppC, 10 TeV Muon Collider

LONG TERM

BSM Physics



HEP colliders

D) ©

Energy Frontier

Direct Production
of new particles

Accuracy/Intensity Frontier
Indirect sensitivity to new physics
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HEP colliders Challenges

Circular e*e
‘ | : : _, (Lkm\? (E\*
(ECC) @ Circular vs linacs P =~ 3X10 (T) (;) eV/s

j“\w = Power loss
SN e = Large dimension

Linear e*e

= Upgradeable

= No multiple turns

= High RF power (proportion to V?)
= Electric field optimization

Energy Frontier
(9]
@

Direct Production
of new particles

Circular pp
5 ~3 (yap) Co) 7

= Large radius
= Very high magnetic field

Accuracy/Intensity Frontier Circular muon collider

Indirect sensitivity to new physics * Elementary particle

= Heavier than p = no power loss
= Lower energy

= R&D in technology
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Higgs Factory: candidates

O
+
(J]
-
iy
>
(S
—
O

Linear e+e- colliders

FCC-ee: CERN
Viability study
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ILC: 250/500 GeV

HETOHOKURESIONGE PN 1 @tUrE design, based on SRF

F m— Do cucnm
fj —avv-sai e cuchem

20.5 km, Japan/Europe

Recirculating Linacs

Detectors

Positron source

Compress /

Separator Separator
" m

Damping rings

Electron source
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CLIC 380/1000/3000 GeV
high gradient beam drive RF for higher energy

sbun Burdweq

CEPC: China
TDR, approval pending

250/550 GeV... > TeV
Cu cavity (LN2 temp) in R&D phase

L 4 A £ T C3 - 8 km footprint for 250/550 GeV

\ Main Linac
G P\ [y R y——" yy—) Do B
i/ O L e s 1118 & o Oabvary
on (A ) b MR
; ol I
AN BeAu A TR ST ) Polarized DamgngRing |
- = (- e—= Bl S Pro-Damping Ring
Ao —
- =
s e PostronSource "=

EIIITIIII IIsTar

Wakefield accelerator, 3.3 km, built anywhere

< »
Facility length: ~3.3 km
Turn-around loops

Positron Damping rings (31 GeV e*/drivers)

Beam-delivery system
with turn-around loop

(31 GeV e)

source (3GeV) Driver source, —
Interaction point RF linac (5 GeV) nac. Electron
(250 GeV c.o.m.) qi’ eI, (5-31 GeV e*/drivers) source
As 53333 = 133333333233 S » e
RF linac

Beam-delivery system
(500 GeV e")

Plasma-accelerator linac
(16 stages, ~32 GeV per stage)

Positron transfer line (5GeVe)
(31 GeVeY)
Scale: 500 m

Source: Foster, D’Arcy & Lindstrem, preprint at arXiv:2303.10150 (2023)
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Long term candidates

Timeline determined by:

o R&D requirements (e.g., HFM)

o High construction and operation cost (Sustainability!!)
Muon collider

FCC-hh: pp at \/s=80-100 TeV = Lower energy for 10 TeV CM physics
= Smaller (10 km circumference) , more luminosity/TWh (+)

=  Technological challenges (-) . a
Cryomodules operating a high B folzl;:f;;gzhiiiﬁ;:%
20 T HTS solenoid 500 ‘
Muon cooling system
Neutrino effect

= Tunnel FCCee, CERN experience, 4 collision points (+)

» R&D magnetic field (14-16 T?)

AN NN

i - - 5 10 15 20 25 30
MuCol Would be easy if the muons did not decay

Lifetimeis 1=y x 2.2 us \ su [Tev]

Proton Driver Front End Cooling Acceleration Collider Ring

2070 - 2095

SC Linac

Buncher
Combiner
6D Cooling
Bunch
6D Cooling

Merge
Final Cooling

Accumulator

Accelerators:
Linacs, RLA or FFAG, RCS

=
z

Charge Separator,

Short, intense proton lonisation cooling of Acceleration to collision Collision
bunch muon in matter energy

S p pC 5 ‘/5= 12 5TeV : Protons produce pions which

decay into muons
muons are captured

= CepCtunnel CepC

SppC CLIC 3 TeV

= 20 T magnets

® |ntermediate stage with 12 T magnets

=  CDR, demo facilities (+)

=  Large dimensions and high power consumption (-)
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HEP accelerators: comparison

Required R&D:

* Medium term (ILC, CLIC, FCCee),
« Medium-Long term (FCC, linac upgrade, SppC)

Sustainability
Geopolitics

Community engagement

D000 O0CO

« Very long term (Muon collider, Plasma ...) Leadership
Upgrade possibilities
(a) Total Carbon Footprint of Different Colliders — T T T —TT T T H H H
f i Ot S ol CE ] Funding timeline
., ;| ™ Construction o N ey R ]
S wzmw o B et v o ]
B C? baseline 2 E | G ety pgpete el . Consumo
% Lo/ PRX Energy, 2, 047001 3 400 | RIS ] potencia | Tamafio Afios para
B~ = I J Nombre Energia TeV (MW) (km) Complejidad Riesgo Coste fisica
% o3 © : 1 FCC-ee (0.24TeV) 0,24 290 91 1 1 12-18 13-18
g o 2001 o ] CEPC (0.24TeV) | 0,24 340 ) 1 1 12-18 13-18
= i ; 1 ILC (0.25 TeV) 0,25 140 20,5 1 1 7-12 <12
é 025 ol arxiv: 2306.02837 , . CLIC (0.38 TeV) 0,38 110 11,4 2 2 7-12 13-18
o _ o 1 CCC (0.25 TeV) 0,25 150 3,7 1 1 7-12 13-18
OV 2D And 90 GeV 20 and 0 GeV  SEOME GV 91200 eV Center-of-Mass Energy [TeV] CERC (0.24 TeV) 0,24 90 2 2
seollidee. Frgect ReliC (0.24 TeV) 0,24 315 20 2 2
ERLC (0.24 TeV) 0,24 250 2 2
- " XCC (0.125 TeV) 0,125 90 1,4 2 2
n 10 - MC (0.13 TeV) 0,13 200 0,3 1
T s ILC (3 TeV) 3 400 2
() f 10" g CLIC (3 TeV) 3
% ¥ Yy 5 CCC (3 TeV) 3
g0 7 & ReliC (3TeV) 3
% / - Lfg MC (3 TeV) 3
B o z LWFA (3 TeV) 3
MC 3 TeV g —N 0§ PWFA (3 TeV) 3
_.%-10‘2- ~+-FGG se 00 E SWFA (3 TeV) 3
@ g ~+CERC —~-FCC é MC (10 TeV) 10
L —~—ReliC —PWFA £ LWFA (15 TeV) 15
i By A P PWFA (15 TeV) 15
0?3 o e o SWFA (15 TeV) 15
CM Energy [TeV] FCC-hh (100 TeV)| 100
SPPC (125 TeV) 125
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2022 ACCELERATOR ROADMAP

* The European Laboratory Directors Group (LDG) was
mandated by CERN Council in 2021 to oversee the

accelerator technology R&D programme.

* |t defined the R&D roadmap in 2022, reflecting the

consensus position of the accelerator R&D community.

CERN Yellow Reports: Monographs CERN-2022-001

European Strategy for Particle Physics
Accelerator R&D Roadmap

Editor: N. Mounet (CERN, Geneva, Switzerland)
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2022 ACCELERATOR ROADMAP

CPAN days 19-11-24

HIGH FIELD
MAGNETS
Nb3Sn, HTS

MUON BEAMS
AND
COLLIDERS

Sustainability

ADVANCED
TECNOLOGIES
FOR RF
STRUCTURES
Normal and
'Superconducting

R&D FOR LASER/PLASMA
NEXT acceleration

GENERATION ‘techniques
OF COLLIDERS

ENERGY
RECOVERY
LINACS

C. Oliver




' Spanish Accelerator Community
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SPANISH MAIN* CONTRIBUTORS TO ACCELERATOR R&D FOR FUTURE COLLIDERS

* In addition to CLPU, potential contribution to
accelerators from DONES, etc
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SPANISH MAIN CONTRIBUTORS TO ACCELERATOR R&D FOR FUTURE COLLIDERS
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SPANISH MAIN* CONTRIBUTORS TO ACCELERATOR R&D FOR FUTURE COLLIDERS

Buncher design for
e ERL

EXPERIENCE IN
HEP ACCELERATORS *

Cryogenic vacuum system
Damping rings kicker tests
Damping Ring RF system
Collective Effects
Ciemat Beam instrumentation & diagnostics

Centro de Investigaciones

Energéticas, Medioambientales H TS fo r FCC Va C u u m Sc re e n

y Tecnolégicas

e : Electron imaging diagnostics

Buncher design for ERL
High Field Magnets
Permanent Magnets

RF cavities
Kicker
PETS, Movers

Beam dynamics
RF structures
Control system
LLRF

* Only main experience in HEP accelerators in
shown in this slide
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Spanish Accelerator contribution to HEP Projects*

* The order of appearance in this presentation
does not mean order of importance/preference
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HL-LHC
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Contribution to HL-LHC

VMICBXFE (CIEMAT dnner Teplet w  Gorrectdnbackage—
( ) e e . e o Ilﬁl
NRE § |
MCBXEF is an orbit corrector magnet located inthe ' =~ " = " -
Inner Triplet, the closest group of magnets to the
interaction points. Inner Triplet will be upgraded for MCBXFB MCBXFA
(2.5 T-m) (4.5Tm)

HL-LHC.

MCBXFB: Short magnets
Two prototypes (MCBXFBP1, MCBXFBP2) at CIEMAT facilities
Series of 12 magnets

MCBXFA: Long magnets
Prototype (MCBXFAP1) at CIEMAT facilities

Series of 6 magnets

Coil fabrication techn
previously used due to
number of turns.

Rutherford cable

SCstrand 2
2

igues not
the high

f— %

\\ Vertical | Combined
® dipole field | dipole field
: (2.17T) (Variable

opientation)

v >

Horizontal
dipole field (2.1 T)

First nested
superconducting accelerator
magnet with mechanical

torque locking

Assembled in collaboration with CERN (927 laboratory)

Dipoles, endplates and

MCBXFB

C. Oliver

iron laminations
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ILC
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Contribution to ILC

[ Technical activities indicated as critical and covered in the ILC Technology Network (ITN)

1 Spain contributes via CIEMAT and IFIC groups to important accelerator aspects

The European ITN activities — 2023

European ITN studies are distributed on five main activity areas:

A1 with three SC RF related tasks
SRF: Cavities and Cryo Module (INEN, C
Crab-cavities (STFC, CERM?

« Main Linac elements{ ML quads and cold BPMs (CIEMAT, IFIC)

DESY: IJCLAB?)

A2 Sources

«  Wheel/target (the same and UK groups)

A3 Damping Ring including kickers
* Low Emittance Ring lab(s) (UK?)

A4 ATF activities for final focus and nanobeams
» On-going/restarted (Oxford, DESY, |JCLAB, CEA, C
« MDI here ?

A5 Implementatlon mcludmg Project Office
Dump, CE, Cryo — earlier efforts at CERN, possible follow up being
considered

Sustainability, Life Cycle Assessment (CERN, DESY, CEA, UK groups?)
» EAJADE started (EU funding) SHOW groups?

CPAN days 19-11-24

CERN LC, project office
(within existing LC
resources at CERN).

LC budget line in MTP
until end 2028

Personnel with interest
and skills in European
labs/Univ., local
infrastructure.

EAJADE, MC exchange Material funds as

project supporting estimated (major/core
Higgs factory personnel | part from KEK), in some
exchange to Japanand |  cases complemented
the US. by local funding.
Started 1.3.2023 Agreement signed

7.7.2023

EAJADE: Information at LINK

From J. Fuster

C. Oliver

EAJADE

Europe-America-Japan Accelerator
Development Exchange Programme

EAJADE: Europe-America-Japan Accelerator

Development Exchange Program

- Marie Sklodowska-Curie Research and Innovation Staff
Exchange (SE) action, funded by the EU under Horizon-Europe
Grant agreement ID: 101086276

= National members: IFIC
= Associated non-academic partners in Spain:

INEUSTAR
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Sp] D comERNO  MNisTERIO Ciemalt
Shl T DEESPANA  DECIENCIAINNOVACION  Cowo corvompr. covm
<U®Z ¥ UNIVERSIDADES Encrghins Medounbionales
INSTITUT DE FISIC Yeensiégeas

* Development of the SC Quadrupole package combined with

. ! Type-B module
cavities (8) ) SC quad paCkage (1 ) w/ 8 SR!:-ca)\lliFt?es and 1 SC-Quad. Magnet

BPM at the center of the Cryomodule (B) of the SRF string S e e R L e e

for beam acceleration

[FIC Development of a cold cavity Beam Position Monitor (BPM)

Centro de Investigaciones
Energéticas, Medicambientales
¥ Tecnolégicas

High precision BPM with a time nanometer resolution (<369 ns) and a spatial
resolution < 1um

ILC beam bunch by bunch measurements (fast readout electronics)

Low beam dynamics impact (wakefields studies)

Ultra high-vacuum and cryogenic temperatures performance | Vet EeM

SCRF Cavity

Special mechanical design for ease cleaning

Main quadrupole magnet combined with dipole corrector and IFIC BPM

o £ ¥ GOBIERNO
red
b 3 Q  DEESPANA

Conduction cooled to avoid the need of a He cryostat |

Splitable magnet for assembly out of the clean area :
National MAGNEXT Project: design, fabrication and characterization of conduction-
cooled coils with large temperature margin (in collaboration with KEK).

HOOnrtns

<

Rijie

MINISTERIO Ciemat
DE CIENCIA, INNOVACION Centro de Investigaciones
Y UNIVERSIDADES Energéticas, Medioambientales

¥ Tecnolégicas
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Contribution to ILC

ATF3 programme (final focus, nanobeams) ATF2 beamiine I F I(

* ATF2 beamline is the only existing test accelerator
in the world to test the final focus system (FFS) of
linear colliders.

* The following 3 research topics are important topics
to be pursued at the ATF.

* wakefield mitigation

* correction of higher-order aberration

* training for ILC beam tuning 3 LS : o
* The technical research at ATF2 beamline has activities

U Training of PhD students on ILC beam tunning (in EAJADE framework)
* One month stay of 3 IFIC students in ATF in 2023 in nanobeam

proceeded, and should continue to be based on the . . . . . .
ATF international collaboration, or its extension Very relevant studies for any linac and Higgs factory O Emittance preservation studies: emittance measurement in Damplng
(welcome to new collaborators). closely related to low emittances and nano beams, . . . . .

e.g. alignment, stabilisation, instrumentation, Ring, in extraction line and in the FFS.

beatmdynaniic =t 0 OTR commissioning in extraction line in next December 2024

* Strong European leadership with several group Q Linac beam dynamics modelling and simulations
from France, UK, Spain, Germany and also

CERN, also extensively used for PhD training U RF-Track model of ATF linac (space-charge, wakefields...)

Wakefield test station

Octupole magnets
for higher-order * A future ATF3 programme has been defined and

aberration

reviewed internationally, supported also by MC
Maximum search algorithms researcher exchange programmes as EJADE and

g to be applied to beam tuning
< | (Machine Leaming) EAJADE

From J. Fuster
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CLIC
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CIEMAT CONTRIBUTION TO CLIC i e ., Clomat

Y UNIVERSIDADES Energericas, Mediaambientales

CLIC: permanent magnets

Combined Function:
CLIC DRs Main Bending Magnet (Prototype) Longitudinal gradient with trapezoidal shape (2.3 T Peak)

Development of dipole magnets with variable longitudinally Transverse gradient 11 T

Dimensions:

field based on permanent magnets: low-emittance damping  ossxosexosem
rings.

Weight: 1.2 T Steel 1010

Flux concentration

/ Armco

e Hyperbolic pole tips profile

Fe-Co (Vacoflux)

Field trimming Flat pole tip profile

SmCo in LF NdFeB in MF and HF

25

= = 2regions profile (Old) <y
—-=-3 regions profile (New)
——New optimal 2.3 T profile

Magpnetic field [T]

05

o I | | I
-400 -300 -200 -100 ) 100 200 300 400
Position in Z axis referred to the magnet centre [mm]
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CIEMAT CONTRIBUTION TO CLIC

CLIC: RF structures QB

o TD26CC

—_
2

« Disks manufactured by Spanish Industry (EGILE)

Manufacturing of Power
Extraction and Transfer

- Pending RF tests at CERN Structures (PETS)

« Tolerances fully achieved

CPAN days 19-11-24 i = Oliver



IFIC CONTRIBUTION TO CLIC

CLIC project

e R&D contract IFIC-CERN, IFIC-CSIC collaboration on
CLIC-CERN: KE2638/BE. 2015-18.

Development of Xboxes RF test-stands
Operation of Xboxes test-stands (RF conditioning)
Breakdown studies for CLIC

Development of a High-Power S-Band Radio-Frequency (RF)
system at IFIC

CLIC technology transfer
e R&D contract IFIC-CERN, KE3968/BE, Breakdown

& @m studies and tests of S-Band structures for medical

applications at HG-RF lab at IFIC. 2019-2021.

CPAN days 19-11-24

C. Oliver

INSTITUT DE FISICA
CCCCCCCCCCC

First prototype of the
KT medical proton
linac structure




ALBA CONTRIBUTION TO CLIC N

« Contract KE with CLIC-CERN (2017-2020).
« WP1: Damping Ring Stripline Kicker tests
« WP2: Collective Effects
« WP3: Beam Instrumentation & Diagnhostics
« WP4:

« EU H2020 - ARIES — ADA (2017-2021)
= WPS8:

 Contract KE with FCC-CLIC-CERN (2018-2021-2024 G
. Novel ( )m @ @

for future accelerators

* femalt
bod % GOBIERNO MINISTERIO C
* S 'Q DEESPANA DE ECONOMIA, INDUSTRIA Carero de bwestigaciones
Y COMPETITIVIDAD Enerpeuicas, Me mbercaies

* lescamt
a a ¥ Tecwcidgiaas

CPAN days 19-11-24 C. Oliver



FCC
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-
TPy T GOBERNO  MINSTER o Ciremal
3 & DEESPANA DE CIENCIA, INNOVACION Centro de Investigaciones
Y UNIVERSIDADES Energéticas, Medioambientles
2 2 ¥ Tecnolégiaas

January 2024: revised mandate of HFM
O 14 Tis the operational field target for Nb3S
 Shall be reached at 80% of short sample at 1.9 K, with “improved HL-LHC conductor” jc=1200 A/mm?2 at 4.2 K

* Design (and mechanics, and protection ...) shall be scalable to 15 m

O For HTS, we are not able to give today a target, but rather a 15-20 T range

March 2024, FCC steering board, energy reach
O HFM should also focus on the global optimization of the system

O Setting target of 14 T operational field for FCC-hh Nb3Sn option gives 85 TeV with present lattice
(83% filling factor)

O Further optimization can provide 90 TeV (87% filling factor)

Open research lines:

O The temperature of operation of FCC-hh magnets is under study (Operation at 4.5 K could
improve the energy efficiency, although the superconductor performance is not so good )

O High critical temperature superconductors (HTS) properties are in constant development during
the last years. HTS magnets could be used for FCC-hh collider in different ways: hybrid magnets,
correctors...

CPAN days 19-11-24 C. Oliver




CIEMAT contribution to FCC: e e, Clemat

Y UNIVERSIDADES Energéticas, Medioambientsles
2 & ¥ Tecnolégiaas

O CIEMAT is contributing to this effort by collaborating with the HFM program led by CERN.
O CIEMAT is commissioning SMART-Lab, a new facility to prototype high field magnets.

O 16 T dipole in common coil configuration (Nb3Sn)

o Double aperture dipole based on 2 flat (racetrack) coils powered in opposite directions.
o Simple geometry easier to produce, in principle, with brittle conductors like Nb;Sn.

O CIEMAT is working on two high field magnets in common coil configuration:

" ISAAC: a model magnet using existing coils produced at CERN.

" DAISY: a 14 T magnet demonstrator with 50 mm aperture.
O The previous magnets are based on Nb3Sn coils, but parallel efforts are being organized to work also on high critical

temperature superconductors (HTS).

O CIEMAT has the committment to be part of the HFM Board research laboratories team, in a long-term collaboration,

sharing the objectives for the ESPP with translational aims.

ISAAC
v
DAISY S
Investigating Superconducting Assembly to Address Common coil mech 14 T dipole field in an aperture of 50 mm
CPAN days 19-11-24 C. Oliver




ALBA CONTRIBUTION TO FCC A

* EU H2020 Project EuroCirCol (2018-21) | o |
= WP4: FCC @cm D

« Contract KE with FCC-CERN (2018-2021-2023). Lt (@) @

for the FCC Vacuum Screen

FAES

. EU H2020 - ARIES — ADA (2017-2021)

. wre SIES s
e Contract KE with FCC-CLIC-CERN (2018-2021-2024) >
Novel for future accelerators (;ES) @
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Energy Recovery Linac
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ESS-BILBAO contribution to ERL

( PERLE is a compact three-pass ERL project based on SRF
technology, being as a new generation machine targeting the
10 MW beam power regime.

PERLE Conceptual Design Report, https://arxiv.org/pdf/1705.08783.pdf

PERLE buncher cavity

 Thermo-mechanical and Multipacting studies

Position=0.65 m Position=0.74 m

Position=0.803 m

O Manufacturing

Density {a.u.)
Density (a.u)

A

500 600
Time (ps)

Position=1.1 m

700 900 1000 1100

Time (ps)
Position=1.2 m

1200 1300
Time (ps)

Position=1.3 m

08

1251
o6 3 100
N * 04 § 0,75
= n@’ % 0.50
G0z S o254
0.0 0.00
2480 2500 2520 2900 2920
Time (ps) Time (ps)
Figure of PERLE buncher Figure of PERLE buncher cERL-like
merit cERL-like optimized merit optimized
Input power 5 kW Irisa 0.070 m
vo 0.21 MV Irisb 0.020 m
TTF 0.84 Wave guide  WR-975 (274.65 mm,
123.80 mm). Taper=0.5
Gradient 1.392 MV/m 511dB -35.81dB
(VoT/ Leaw)
865 Power loss 4972 W fany 49.7 MQ/m
RsTT = 6.26 MQ Esurf_max 8.21 MV/m
(voT)2 [ Ploss

C. Oliver
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https://arxiv.org/pdf/1705.08783.pdf

Industry
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Industry as an essential player

Slide from M. Sanchez (INEUSTAR) in Jornada de la red de
Spanish science industry, represented by INEUSTAR futuros colisionadores (July 2024) iNneustar

fiola de la Industria de la Ciel

CATALOGUE: Spanish Capacities in Large Scientific Facilities

orolia | O

\"/
WV Jema 3, cTVP

R

e gmBT
INGECIBER — EERERECEeN

AWG E \( AFp|aIbora(orles le%:ero : g Sgen ld
TECHNOLOGIES TE’S t a r FAGOR caldereria pesada.sa.
SENEN 9

Solutions ﬁntec M@m ““.-v’ OVS . % RAMEM @ SCIENTIFICA

ABENGOA added value solutions

indra

@ enwesa

ﬁnsa ga mCO_'_|I ThuneEureka Arracla b l mg%.!igscxo! m%m
Qenusa O P o “Swisslan ~ AZOM
o o & &S ° —
& Cryovac Nortemecanica ., AER PROCON TT%: oArer UJ
y grupo . SYSTEMS TECNICAS REUNIDAS » TEGIAS (o
|/_Z| I . dominguis
OQYMSA | G\acqona = CAT SN Cﬂm NM'EC

EMPRESARTOS AGRUPADOS

\ .

IKARTEN
gasNatural SRRl

‘J 6 @) IDESA
Optics enosa ingenierfa y disefio europeo, s.a.
IBERDROLA ((C Neureus asez @ Ztecnaom | n sefhide® )
TecHNOLOGIES
on nﬂ = @@ LEADING asturfeito r_
H|w “ . METAL MECHANIE SoLuTIoNS spirit of advance c I T D

*Non exhaustive presentation

Ingenieria y Construccion
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https://www.cdti.es/recursos/publicaciones/archivos/14067_4949202015826.pdf

Conclusions

o -
o =
o =
o =
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Take-home messages

“ ,, Main contributions in high field
Soanich _ ] magnets, permanent magnets,
panish community with long Developments for both linear high gradient cavities, beam
tradition in accelerator : : diagnostics, RF systems

and circular colliders g 7 NI 2 '
development for future HEP dumping rings, ...

colliders

Personal view (C. Oliver): High

Di_fferent R&D !nstitutes workload in own developments
involved in different Industry as important actor in and lack of funding vs future
technologies the future developments opportunities
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Thank you

Thanks to Ibon Bustinduy (ESS-Bilbao), D. Esperante (IFIC), Francis Pérez
(ALBA), F. Toral (CIEMAT)
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