Hermann Schmickler, CERN AIME2013, December 2013

Bigger, brighter, more powerful...
Where Are We Going in the Field of High Energy Accelerators?

Outline:

« Overview

« Afew examples of recent projects (neutrinos, flavour factories,
antimatter, ions...)

«  Future ‘big boys’: ILC/CLIC/LHC...

 What does this mean for controls?

Slides from numerous
sources, have tried to
leave names on them
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. . Color code approved envisaged/proposed
Tentative schedule new projects RaD
R&D to CDR
Technical design to TDR
Construction - %
Operation
Last update: Project 2010 201152012 2013 2014 2015 2016 2017 2018 201932020 2021 2022 2023 2024 2025 2026 2027 2028 2029 203§ 2031 2032 2033
28/07/2010
LHC to nominal - loﬂh
Protons |LHC-HL ' 5.10"34 with luminosity leveling
LHC-HE NI || : eV
ILC Now: :
Linear  |CLIC Some words about neutrino facilities, LEEEERI
Colliders :v"\‘,’:: flavour and hadron/efion facilities ...
. Will look at LHC luminosity upgrade plans,
Muon Collider - ] i
Muons & o= - the possibility of ILC addressing Higgs,
Neutr . )
BUtrInOs I oject X/FNAL then look at future energy frontier options
LHeC after LHC ; Wards HE:LHeC
e -hadrons |ERHIC/BNL eV to 30 x 325 GeV
eucsas B | Would be interesting to update this slide | ELIC
ENC/GSI regularly ration HESR/EN
LHiC/CERN 2.8TeV’p 5.5 TeV/N: PP-FD, p-PD, m : Tow ards HE-LHeC
RHIC 1I/BNL
lons
NICA/DUBNA
FAIR/GSI
Beauty |SuperKEKB/KE 50/ab
Factories |SuperB/LNF 75/ab
J.P.Delahaye LHC =1fbt 66fb?* 336 fb* cHEP 2010 (28/07/10) 3070 fb12



Long-BaseIine Neutrino Experiment
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Wlde band 3GeV vy
L—I300km

Stage |:>10kton Ligq. ArTPC almlng

to go to underground (|,600m)
Stage 2:Additional 20-30kt
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X

2010 2011 2012 mH 2014 2015 2016 2017 2018 2019 2020 2021 2022
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tion at Fermilab
nstruction at SURF/Homestake
etector Installation
e Installation

Review drlven schedule ‘
Start operation in ~2022.

Stage |: 700kW Maln Injector beam
Upgradable to >2.3MW w/ Pro;ect X




Project-X

Operational in
Stages 1 and 2 Only
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® Neutrinos from Stored Muons (old idea but never Well-understood neutrino source:

realised!)
N : . . i — 53
® Strongly revived interest in the combination of /J, o I/,u + I/G —I— [
- aclear resolution of the short-baseline neutrino |_E]p ;
anomalies with >>50 C.L. { / \ :
. L Sterile
- the precise measurements of the electron neutrino _ ¢ ._ I‘l ' EIeCtE’IG” Aaeitan
cross-sections needed for LBL experiments, Target T neutrino _
- and the synergy with neutrino-factory technology. crosssections!
. K b 3 ]
® FNAL PAC stage-1 approval in June 2013. j ( ) 'S
To be reviewed by US HEPAP P5 in the future a — : FD
(#300MS$ project).

® LOI submitted at CERN in June 2013, under review. | ~50m | ~800 m |

T T T
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EPS-HEP 2013 A. Rubbia — Future neutrino programme

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire




» ~ 100 kW Target Station (designed for 400kW)
> Assume 60-120 GeV proton

> Carbon target
> Inconel
> Horn collection after target
» Collection/transport channel
> Stochastic injection of = NS A s bl
> Decay ring %WW
> Large aperture FODO

> Also considering RFFAG

> Instrumentation
> BCTs, mag-Spec in arc, polarimeter

3.8 GeV/c

Alan Bross EPSHEP2013

July 20, 2013




Slper-Kamiokande

r=Kamiokand . d it @ifochigi O

{[eRR; Univ. Tolkyo) [ / v o2 @ J-PARE

o
Ibaraky
® KEK \

E 1407 '30;

/
btof )

Shiga

At J-PARC, a proton beam is accelerated by a series of accelerators, which consists of
A 400 MeV (currently operating at 180 MeV) linear accelerator (LINAC)
A 3 GeV rapid cycling synchrotron (RCS)
A 50 GeV (currently 30 GeV) main ring (MR)

The applications of these beams include fundamental nuclear and particle physics, materials and life science, and
nuclear technology.

Higher intensity plans exists, as well as detector upgrade plans ...

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire




The EUROSB concept

® The European Spallation Source (ESS), which is being builtin ... i ol P
Lund, will have a 5 MW 2.5 GeV superconducting linac e = =
- . ' Jkristimeber
® First beams 2019, Full operation 2025 _ Jricsoion’ enstni
® Idea: Double linac power to 10MW (+accumulator ring) to “‘I-;o‘m:; s“;E'DE:;; ¥ /ff"'-"‘qjﬂ‘tﬂf.
deliver in addition SMW to a neutrino target to produce i iy L T / £ e o el
- . . v L) fqOmeptan T g
extremely intense beam with an average neutrino energy e .ty | ] Eagkm BE1050 me e
. .. —re M LU TR ) e .- ESTONIA
=300 MeV (Estimated additional cost for v beam: 400M€) b T ,-‘Eﬁz?;;;jg,ﬂq,;,g,ﬁ_“: -
® A MEMPHYS 540kton Water Cerenkov detector at Garpenberg ol " !‘Z/ ' -fjgi's:amgm =
DENMARK 2P0 L, DSy
mine (L=540 km). e Hiuna s -_'T'i‘":“
.._*‘.‘-_-' - N e o

Preliminary estimate
of CPV coverage

1.0

® Unique opportunity to develop MW-class very low-energy
neutrino beam and understand operational issues (highly
challenging!)

® Low energy beam poorly focused and cross-sections very
low, so sensitivity limited by statistics (at present level of

2GeY 2.5GeV 3GeV 35 Gev

fraction of &

understanding of systematic errors)
® Synergy with LAGUNA/LBNO for the far site (CERN-
Garpenberg=1700km and Protvino-Garpenberg~1300km)

o0 - - ¥ and detector
200 400 A0 8O0 JEEN]

L [Km]|

EPS-HEF 2013 A. Rubbia — Future neutrinc programme = 30
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Flavour Factories

Past:

e PEP-II @ SLAC, USA

o KEKB @ KEK, Japan
Present:

e DAO®NE @ INFN-LNF, Italy

e Vepp200o @ BINP, Russia

e BEPCII @ IHEP, China
Future:

SuperKEKB @ KEK

Proposals:
e Tau-Charm @ BINP, INFN, IHEP, TAC (Turkey)

M. E. Biagini, INFN/LNF



Upgrade to Belle Il detector

9‘94} Huuuﬂu @«44,44\ 9. v})ﬁ

Bellell Superconductmg Solenoid ’H ’ ’
r\

Colliding bunches

/ :TJ 7"‘7 :.;Q(LLL 17' 1 angle ssm; d ‘ /,éﬂi;lh'E f ‘ ffmé "?x TJ»
>\ ‘w ;"j','i“ 7_"47? S s === = ]

| ———) ot I
heS _TQCVE — LaCILE H C2RP ==
HER Q Q ” 35 ‘ QCIRP S Q_m\

New superconducting final focusing
magnets near the IP

‘- LI B s
ol

e 2.6A

Redesign the lattice to squeeze the
emittance (replace short dipoles with & Nano-Beam scheme

longer ones, increase wiggler cycles) extremely small ,B *
y

. :H‘ . t MDH _ low emittance

& Beam current double

I+X+y

HHpHHE - 2 3t

2ere

Replace beam pipes with TiN-coated

pipes with antechambers 4o times higher luminosity

2.1X1034 --> 8x1035 cm 28!

Reinforce RF systems for
NN higher beam currents

Improve monitors and control system

Injector Linac upgrade

Upgrade positron capture section
e

DR tunnel Low emittance

RF electron gun

= 1\ New e+ Damping Ring
K. AKAI, Progress in Super B Factories, [PAC13



KEKB (@record) SuperKEKB
. LER HER LER HER
Beam energy Eb S5 8 4 7.007
Crossing angle (full) ¢ 22 83
# of Bunches N 1584 2500
Horizontal emittance Ex 18 24 3.2 4.6
Emittance ratio K 0.88 0.66 0.27 0.28
Beta functions at IP | Bx'/By" 1200/5.9 32/0.27 | 25/0.30
Max. beam currents b 2.0 1.4 3.6 2.6
Beam-beam param. Cy 0.129 0.090 0.0881 | 0.0807
Bunch Length Gz 6.0 6.0 6.0 5.0
Horizontal Beam Size G 150 150 10 11
Vertical Beam Size oy" 0.94 0.048 0.062
Luminosity L 2.1 x 1034 8 x 103°

K. AKAI, Progress in Super B-Factories, IPL}%%I' a_beam scatterlng 1S 1ncludedﬁ



FY2014

Baseline o S s
A 10 " 12 1 2 3 4 5 6 7 3 9 10 " 12 1 2 3 4 5 ] 1 B 9 10 " 12 1 2 4 6 7 1 9
| S Ce n arl O | Phase 1 Summer shutdow Phase 2 Summer shutdow Phase 3 Summer shutdown
| Commissioning Physics Run
|Belle Il solenoid Rell In In luminesity tuning detector tuning
|QCs Installation/ dismantlement P h ase 1 P h ase 2 - P h ase 3
acs Cooling test Jan. 2015 - ~4 months >
|QCs Field me-as. . ~5 mon t h S field meas.
| IR magnet Installation/ dismantlement > . |
|Concrete shield Installation/ dismantlement l l FI rSt targ et I u m I n OS Ity
(Cosric-ray tost N 5 1024 cm-2s-1
|Endcap- Endyoke Installation -
| TOP Installation TO P -
|CDC Installation C D g
vo - XD/SVD ready B installation
|Belle Il Status on the beam line
- [Phase 1] No QCS, No Belle Il

e Basic machine tuning, Low emittance tuning

* Vacuum scrubbing (0.5~ 1.0 A, >1 month)

* DR commissioning start (~Apr. - )

[Phase 2] With QCS, With Belle Il (without Vertex Detector)
* Small x-y coupling tuning, Collision tuning

* PBy* will be gradually squeezed

e Background study

[Phase 3] With Full Belle Il

* Increase beam current with adding more RF

Increase luminosity
K. AKAI, Progress in Super B-Factories, [IPAC13
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er t/charm proposa

Italian BINP IHEP Turkish
Tau/Charm Tau/Charm Tau/Charm Charm

Luminosity (cm2s™)
Circumference (m)
Beam energy (GeV)
Emittance H (nm)
Coupling (%)

IP B (xy) (mm)

bb V tune shift

Crab waist

Beam current (A)
N. of bunches

2 rings

1X1035

340
1223

5
0.25
70, 0.6
0.64 = 0.08
YES
1217

530

2 rings

1X 103

360/800

0.5 22
3/10
0.5

200,0.6/20, 0.76
0.09520.17

YES

1.8 2 1.7
418

s Linac+rin
8
1X10% 1.4 X 1035
990 250 (6007)
3 1+ 3.56
10 16
0.5 0.3
1000, 1 80, 5
0.06 0.12
YES NO
2.7 0.48 + 4.8
540 125

M. E. Biagini, INFN/LNF



xample of possible future...

SASF FEL Undulator

ERL

1 GeV Electron Linac

Detector

Tndulator

SR

) 3.56 GeV Tndulator
Tndulator Positron Ring
'SR
SR
Undulator

Wiggler Booster

—4- Data
— Fit
- PHSP MC

+ . Background
)

Events / 0.01 GeV/c?

3.8 .
Mo (/) (GeV/c?)
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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments

area (b.205) 2nd |P
Extracted beams from

Nuclotron \.

HV
i & e-cooler
ol

. 0¥ PO
KRION-6T | Y “

and HiLac
(3.5 MeV/u)
Booster (3-660 MeV/u) Multi-Purpose
Sl':';’ 32'(‘]" inside Synchrophasotron Detector (MPD)
(S MeV/u) Nuclotron yoke

0,6-4,5 GeV/u
Cryogenics

§ NICA NICA Project at JINR, Grigory Trubnikov Melbourne, July 07, 2012 http:/nica.jinr.ru




Facility for Antiproton and lon Research - FAIR

B

2 | SI1S100/300
\ p-LINAC

F

g 4
,’\ . UNILAC / !
\\\ “ ,/. /

W 4
A - I‘\‘

NW 7 /// HESR

PANDA /

' ; Rare Isotope N

Production Target ’ﬂ
/ Super-FRS

Antiproton

Y Production Target
Plasma Physics / o
—
Atomic Physics y / / )
FLAIR
, = O
V/'

@ HELMHOLTZ
O. Kester, IPAC2013, 14/05/2013 FAI R | ASSOCIATION G 5 ][
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European Strategy Priorities

European Strategy priorities:
LHC and LHC luminosity upgrades (until ~2030)
— Higgs and Beyond the Standard Model physics in long term
programme
* BSM -does it show up at LHC at 14 TeV, 2015 onwards ?

— What are the best machines to access such physics directly
post-LHC .... we don’t know but we can prepare main options
the next years towards next strategy update (~2018)

— Two alternatives considered; higher energy hadrons (HE LHC
or VHE LHC), or highest possible energy e+e- with CLIC

* ILCinJapan, a possibility for exploring the Higgs in detail, starting
at 250 GeV

— If implemented a comprehensive programme that can map
out the Higgs sector in particular

) < ) Polarised
Damping Rings eTtron source

(inc4|bunch compressors)
-

T— -
T Beam Delivery com
Polarised  System (BDS)
positron & physics
source detectors




“Exploitation of the full potential of the LHC"

2009

2010
2011
2012
2013

LS

2014
2015
2016
2017
2018 LS2
2019
2020
2021
2022 LS3

2023
20307

\_

{> LHC startup, Vs = 900 GeV

\Vs=7~8 TeV, L=6x10% cm2s1, bunch spacing 50 ns

~20-25 fb1
Go to design energy, nominal luminosity
Vs=13~14 TeV, L~1x1034 cm2 s, bunch spacing 25 ns

~75-100 fb1
Injector and LHC Phase-1 upgrade to ultimate design luminosity
Vs=14 TeV, L~2x10% cm2 s, bunch spacing 25 ns

. ~350 fb

HL-LHC Phase-2 upgrade, IR, crab cavities?

Vs=14 TeV, L=5x10% cm2 s, luminosity leveling

EPS HEP 2013
Fréedérick BORDRY

20t July 2013



1.£+05 HE-LHC E f t m h I
e proton synchrotrons 2040? — n e rg y ro n I e r a C I n e S
= hadron col]iders superconducting
= |epton .CO||Id9fS il HE-LHC
=8 (hadrons or leptons)
1.E+04 —
CLIC from hitp//www.hep.phy.cam ac j htmi
— = 1000 T
= = Tevatron pp ' =
S 1.E+03 20352 [ ratios of LHC parton luminosities:
s 14 TeV/8TeV and 33 TeV /8 TeV
2 " Spps ILC ILC
2 20207 2028?
g g9
& u LEP2 o 100} L 5
% 4 HERA = F ==== 200
£ 1.E+02 #SLC, LEP 5
© =|SR = TRISTAN = 3
PETRA= @ Tevatron Q -2 < no
L) = PEP é LIHC parton
FNAL, SPS = 10 -( - uminosity
= CESR 2 i - — L
1LE+01 e A >
'PS,AGS DORIS j'4' _____——”—
pvorna & =T i o PO |
° l;evgtrgn | wJs2012 ; ; NSTWi
e Cosmotron = ADONE 110 100 1000 2TeV
M, (GeV
1.E+00 T T A|CO T T T T I I = ( )
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 ( for a fixed mass scale )
year of first physics
L.Rossi o PPPPcrosssections o -
I,
o1 5 rP-&r’ E Process VLHC CLIC
tot w ¥
05 = N a0tV | 3Tev |5Tev | Need to look at
1017 g s E k 15 1.5 2.5 .
g squarks
U 5 E sleptons 1.5 2.5 phySICS mOdels
10 Obb 4 z' 30 20 30 1
Lz o : : (hopefully guided
¥ |r 3 5 by new LHC
107F gw>< F Extra two dimensions | 65 2033|3055
10 ojel(EJ“‘uooGee) e E Wi, 300 700 900 d ata.) y re aC h
105 4 TGC (95%) 0.0003 0.00013 | 0.00008
wi % 1| A compos. 130 300 | 400 (E,Lum), costs,
103 oy 1
w02k cjﬂml;“wém)
EPS HEP 2013 |
CERN , , . £ “Higes "'
. Frédérick BOR DIy s
7 -1} “Higgs T T I

20t July 2013 s w0 e



HE-LHC - LHC modifications

Zhi HE-LHC
>2030

LHC

: ""'-'I-\J”‘c:mi'q‘thArea SPS'l',
1.3 TeV, >2030/Cb

1740 1141

SPS
T2

CNGS
2006 Gran Sasso

AD
™o

ol LEIR
R N LINAC 3
E July 23, 2011 S. Myer 200578 m 20
EFECEA_EFD< CCrannhla




80 100 km tunnel In Geneva area — VHE-LHC

ibi nf et-e- (TLEP) and p-e (VLHeC)
oSS e

circumference 80 km

max beam energy 175 GeV

max no. of IPs 4

luminosity at 350  0.7x1034
GeV c.m. cm?st

luminosity at 240  5x10%*cm-
GeV c.m.

luminosity at 160
GeV c.m.

luminosity at 90
GeV c.m.

16 T= 100 TeVin 100 km

20T = 100 TeV in 80 km

LEGEND

weann Ha.mclﬂkmol'ﬁﬂﬂ
 potential shaft location




An intense R&D programme is required to continue
rigorously now if HE-LHC should become a real option for
following the HL-LHC in the 2030s

EuCARD13 T
large dipole+
18 T small
insert

US basic programs
and LARP R&D
EU FP6-CARE-NED

LARP 11T ) :
US 13 T Quads 15-20 T R&D 15-20 T dip final Final

USH6 long quad i i dipol
cmall FP7-HiLumi Ipole proto &

_ EuCARD US NbSn-HTS models and Magnets
dipole I ializati
Y R&D development TS Industrialization HE-LHC

2005 2010 2015 2020 2025

EuCARD2
HE-LHC full bore Industry HE-LHC

preliminary dipole contracts, start start-up
study HTS constrution

delivery

HL-LHC work as a test bed From L. Rossi, CERN
22




Physics at Linear Colliders from 250 GeV to 3000 GeV

o SUSY model Il
ﬂi 10° ~ i H+X | [
* Physics case for the Linear Collider: S N- >< l —=zue
. o O i
* Higgs physics (SM and non-SM) @ =
4 — squarks
* Top § L — sMi
e SUSY 5 1 ; — ¥, Ve
. . . , — neutralinos
* Higgs strong interactions o /
« New Z’ sector T,
° 10-2 Lo b 1e L N h G. U .ga"f‘.ﬁy : 1

Contact interactions 1000 2000 3000
* Extra dimensions Vs [GeV.

o

Higgs boson Production Cross-Sections

Recently: Further work on completing picture of

. o VeVe ———7 A
Higgs prospects at ~350 GeV, ~1.4 TeV, ~3 TeV, = “//’/: SR
10° F s = 126 GeV Hvv, Hete
example for CLIC: TF PRlca-eg|
T 10 '_ _' 217 GeV HZ
collisionenergy |Vs=14TeV |Vs=14TeV |¥s=30TeV |Ys=30TeV o f FEE - I
Polarization e/e* | unpolarized -80% / +30% | unpolarnzed -80% / +30% *9/ i 1
5 1F 3| 343 GeV HHZ
Aottt |
: 101 3 3 472 GeV Htt

| \_optimal signal to bkgd ~ /
Mumbers with polarized beams obtained by scaling signal and background cross all cross section 7

L (R O N O TN [N S S VA |
1hers with | | e ; : . 0 1000 2000 3000
sections, ignoring polarizafion-dependent changes to kinematic properties. values: = GeV
mH = 120 GeV Vs [GeV]

C@ European Organization for Nuclear Research Lehrun £t 4l anXi:1209,2543
\\_/ Organisation européenne pour la recherche nucléaire



@ -  ILC TDR Layout ile

Damping Rings Polarised electron

source

Ring to Main Linac (RTML) e+ Main Linac
(including

bunch compressors)

e- Main Linac

Parameters Value

= C.M. Energy 500 GeV

Peak luminosity 1.8 x103* cm2st
Beam Rep. rate 5 Hz

Pulse duration 0.73 ms

ILC Schame | © www form-one de

Average current 5.8 mA (in pulse)

E gradient in SCRF 31.5 MV/m +/-20%

A. Yamamoto, 13/05/27 :
acc. cavity Q,=1E10



yield [%¢]

L@. LINEAR COLLIDER COLLABORATION '..'b
Progress in SCRF Cavity Gradient

2nd pass yield - established vendors, standard process
# 28 MV/m yield B >35 MV/m yield
100 - +
80 ]
L * T
60
B ! - Production yield:
94 % at > 28 MV/m,
20
LCWS 2012 i
. | Average gradient:
& $ & & 37.1 MV/m
§ § § §
$ §
test date (Hcavities) v reached (20 12)

25 A. Yamamoto, 13/05/27 ILC Technical Status



L'EO. LINEAR COLLIDER COLLABORATION

2009 ~

FLASH (DESY)

e TDP focus
e7CM - 1.2 GeV beam
e photon user facility

Accelerator System Tests

NML (FNAL)

e Under construction
e Up to 6 cryomodules

e Operation: end 2012 -j"::.‘ =7

systems
integration
testing

26

A. Yamamoto, 13/05/27

STF (KEK)

e “Quantum Beam”
experiment 2011

¢1 CM with beam 2013

~ +(2CM 2015)

ILC Technical Status



@ CLIC Layout at 3 TeV @

Drive Beam
Generation

Drive beam time structure - initial

240 ns
<——>

140 ps train length - 24 x 24 sub-pulses

[ -

4.2 A-24GeV-60cmbetween bunches

ga—

6"~/¥ e~ main linac, 12 GHz, 100 MV/

Drive beam time structure - final

240 ns

: > 5.8 us

24 pulses - 101 A - 2.5 cm between bunches

CR combiner ring

TA turnaround

DR dampingring

PDR predamping ring

BC bunch compressor
BEDS beam delivery system
IP interaction point

= dump e~ injector,
2.86 GeV
Main Beam
Generation

Complex

48.3 km

—

tr;:weﬁextraction and
nsfer Structure (PETS)




Main linac gradient - Ongoing test close to or on target I
— Uncertainty from beam loading being tested

i
TD24 baseline:
Unloaded 106 MV/m
Expected with beam
loading 0-16% less

1/pulse/m
w
m
~
Q-
[o]
<

Drive beam scheme — Generation tested, used to accelerate test beam aboy z B
specifications, deceleration as expected

- Improvements on operation, reliability, losses, more
deceleration studies underway

80 120

100 110
Unloaded Accelerating Gradient MV/m
quadrupole

Quadry
pole CLIC Nominal,

power-extracrion and

"ENSferStructure (PETS) EMO unloaded
5120
- % 100,
E, 80/
2 o CLIC Nominal,
'E ol loaded
8ryy, T ;3 20,
% 20 , 40 | 60 80 " "1‘30 120
ower in accelerating structure
Luminosity — Damping ring like an ambitious light source, no show
stopper
— Alignment system principle demonstrated
— Stabilisation system developed, benchmarked, better
system in pipeline
— Simulations on or close to the target
Operation & - Start-up sequence and low energy operation defined
Machine Protection - Most critical failure studied and first reliability studies
drive beam .
Implementation - Consistent three stage implementation scenario defined == geggclt°f1 o e
— Schedules, cost and power developed and presented S —
= = 1=2.75 km
- Site and CE studies documented e et
- - “L=2.75km

unused arcs

Fig. 3.6: Simplified upgrade scheme for CLIC staging scenario B.
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smmm CERN existing LHC s
Potential underground siting : g

ssse CLIC 500 Gev ’
v esese (CLIC1.5TeV : >
esse CLIC 3 TeV
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e
L
"‘.ﬂ.' .

¥ Jura Mouyntains
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Implications for Controls

...preparation of the round table discussion....

Three tier design well establised everywhere...will persist

Application layer....can not get much more complicated than at LHC; needs a lot of
domain competence; underying technologies may evolve, the key is still to
understand what you want and implement this. Security aspects, versioning and
release tests will become more important (we are handling very fragile and
expensive installations). Check limits of scalability.

Middle tier and data storage will evolve together with industry standards.
Scalability also an issue here.

Front ends: A real development is needed here: Less expensive, radiation hard,
cheap and reliable interconnectivity to data concentrators. Open source hardware
and FE software, more modular with zillions of network attached devices.

For the next years no real ‘big boy ‘construction projects in sight, but many other
facilities, test stands and technology developments. Industry should act in this
period as collaboration partner and not only as service provider for final
installations.

It seems all projects are based on a smaller and smaller core community at the
host laboratories. Collaborations with industry vital (for both).



