Beam Dynamics and Technologies for Future Colliders

21 Feb 2018,08:30 — 6 Mar 2018, 21:00 Europe/Zurich

@ Hotel Crowne Plaza (Zurich, Switzerland)

m — 15:20 Linear Collider Studies Overview
Speaker: Dr. Steinar STAPNES (CERN)

Main sources: talks by Shin Michizono, Akira Yamamoto, Phil Allport —and my old slides from various talks also full of
“extractions” from many LC colleagues
More information for most topics will be given in your lectures the next two weeks

cﬁw European Organization for Nuclear Research

<7 Organisation européenne pour la recherche nucléaire




Experimental Particle Physics

Accelerators

= Luminosity, energy, quantum numbers, physics goals
Detectors

= Efficiency, speed, granularity, resolution, physics goals
Trigger/DAQ

n Efficiency, compression, through-put, physics models
Offline analysis

n Signal and background, physics studies

The primary factors for a successful experiment are the accelerator and detector
trigger system, and losses there are not recoverable.

At all steps above simulations and real data are used
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Particle type to accelerate

Not so many choices:

Need stable charges particles: protons, electrons, (muons),
ions — most used: electrons and protons

Secondary beams: photons, pions, kaons, neutrons,
neutrinos, .....

Quark-
Antiquark-
Pair

Proton collisions: compound particles

Mix of quarks, anti-quarks and gluons: variety of processes Gluon

Parton energy spread
QCD processes large background sources
Quark
Electron/positron collisions: elementary particles
Collision process known
Well defined energy e
Background from other physics limited

proton mass
electron mass

= 2000
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The landscape
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Limitations - synchrotron radiation

We want E_,, as high as possible for new particle accelerators
Circular colliders = synchrotron radiation loss:

._2 . 1 Eal

P = synchrotron”
g = :

- ' ligt :ﬂal‘ﬁﬂ!e
G?TEQ (_'F'H.ﬂ(".z)‘i R2 shr cone

trafectory

For electrons a severe limitation, size and costs
explode — go linear

Less of a problem with protons (size of ring
driven by magnet technology but radiation
losses also there becoming significant for the
components)

Cost [arb.u.]

There are other reasons why linear colliders are pursued:
Scalable (lengthen or shorten) and upgradable with new technology
Very linked the main invest-area in accelerator construction — light-sources/FELs
Affordable covering (most of) the Standard Model precision physics
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Linear Collider (LC) studies — CLIC and ILC

Outline:

. Generic elements and challenges of a Linear Colliders

. Focus on CLIC (380 GeV) and ILC (250 GeV) status

Smaller Linear Accelerators for material characterization, medical applications, etc
. Key points

damping ring

source main linac

beam delivery
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Generic Linear Collider

The key parameters: Energy and luminosity

damping main linac [ detector [ main linac damping
ring rnng
e-source NTML BDS BDS RTML o4 source

The critical steps (in next slides):

1) Create low emittance beams (sources, injector, damping rings, ring to main linac
- RTML)

2) Acceleration in main linac (energy increase per length)

3) Supply energy as efficient as possible to beam (high power at 1, 1.3 and 12 GHz)

4) Nano-beams: Squeeze the beam (Beam Delivery System- BDS), i.e. reduce 3

N2
L =Hp nyfr | Bryry
dro o, Ory = ~
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Damping ring, experience from light sources

The damping rings reduce the phase space (emittance ¢, ) of the
beam — wigglers to stimulate energy losses (SR)

) A =

energy loss re-acceleration

Light-sources need similar beams (picture: ALBA)
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The RTML (ring-to-main linac transport) reduces the bunch length
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imize acceleration per meter

E
S . | | cuc
2 200 [ |achieved
T
;.‘l.’ cLic
) 150 "| achieved
§ cLic
8 100 WARM — .- SC —
g
® NLC
£ % ++1JLC-C e o0 ;ESLAB"" Below left: A high-gradient “warm” accelerating structure, 12
s . a|SLC TESLA500| GHz for CLIC
LE+0l  LE+02 1E+03 1E+04 1E+05 1E+06 1E+07 Above: A superconducting 1.3 GHz Rf structure for ILC
RF pulse duration (nanosec)

Limitations by electrical and magnetic fields on surfaces, field emission and
heating (key technology optimisation)

Different pulse lengths and bunch structure (ILC and CLIC):

Bunches per pulse n, 1312 312
Distance between bunches Az [mm] 554 0.5
Repetition rate f. [Hz] 5 50

.. has ramifications for acc. size, beam dynamics, instrumentation, detectors,
etc, ....

However, physics, cost, power, luminosities remarkably similar in the end (for
similar collision energies)

CE?W European / .~ ¢.ear Research
\ o & A

<7/ Organisatio curopeernic po®™a recherche nucléaire

22/2/18 - Steinar Stapnes (CERN)



Example: CLIC 20 MW L-band (1 GHz) 20 MW, 50 Hz, 150 Tsec
Multi-beam pulsed klystron. 150 kw

180 kv

Modulator (1=0.9) | |

Energy . HY A -
I switch | transformer Cathode RF circuit (n=0.7) Collector 60 KW Nrotal = 0.62
& -
150 kW + 88 kW I [ 4 Solenoid 4 KW l
> A 4
& Lower (<60kV) voltage: Permanent Magnets: | Depressed collector (n=0.5)
é - 40 mini-cathodes - No power consumption
5 - No oil tank (cost) - Potential cost reduction New klystron RF circuit (n=0.8)
I - Shorter tube (cost) Vs. SC solenoid: (+) Reduced Collector dissipation (16 kW)
2 - Faster switching (efficiency/cost) | - More expensive solution
(S}
§ Gated mini-cathode:
o - No switches (cost) n =0.9
> - Modulator efficiency ~1.0 : . Total = -
§ (+) Improved stability Power from grld :

}9(200 MW
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Nano-beams

Very small beams (example from ILC 500 GeV and CLIC 3 TeV)

o e Jauc

Centre of mass energy m [GeV] 500 3000
luminosity L [1034cm 251 1.8 6
Luminosity in peak Loos [10%%cm2s1] 1 2
Gradient G [MV/m] 31.5 100
Particles per bunch N [10?] 20 3.72
Bunch length o, [um] 300 44
Collision beam size Oy [nm/nm] 474/5.9 40/1
Vertical emittance €,y [Nm] 35 20
Bunches per pulse ny, 1312 312
Distance between bunches Az [mm] 554 0.5
Repetition rate f, [Hz] 5 50

The CLIC strategy:
Align components (10um over 200m)
Control/damp vibrations (from ground to accelerator)
Measure beams well — allow to steer beam and optimize positions

Algorithms for measurements, beam and component optimization,
feedbacks

Tests in small accelerators of equipment and algorithms (FACET at
Stanford, ATF2 at KEK, CTF3, Light-sources)
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Courtesy,MN.Aerunuma

ATF/ATF2 Collaboration

@.
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&
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A. Yamamoto, 171106
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ILC Layout

Damping Ring

_ e+ Main Liinac
Physics Detectors

“\

glectron®

e+ Source

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
Average current 5.8 mA (in pulse)

E gradient in SCRF 31.5 MV/m +/420%
acc. cavity Q,=1E10




ILC: SCRF

Cavity Field Amplitude

Ultra-high Q, (10%°)

Almost zero power (heat) in cavity
walls (in SC RF the main efficiency
issues related to fill factors and
cryogenics)

Standing wave cavities with low peak
power requirements

Long beam pulse (~1 ms) - favorable
for feed-backs within the pulse train

Low impedance

beam generates low “wakefields”
relatively large structures (1.3 GHz)

Fill Time Flat Top

Incident Power
(Adjust for Lorentz Detuning
if Piezo Compenstation Not Used)
Beam Current

T T T T
0 500 1000 1500 2000
Time (us)




SCRF Accelerators Advances ... 2010 ™

CEBAF-JLAB (US)
XFEL-Hamburg (EU)

LCLS-Il — SLAC (US)

SPIRAL-II (France)
FRIB — MSU 8US)

ESS (Sweden)
PIP-lI-Fermilab (US)

ADS- (China, India)
Globally Int. Effort

Courtesy, H. Padamsee

Upgrade 6.5 GeV => 12 GeV electrons

18 GeV electrons — for Xray Free
Electron Laser — Pulsed)

4 GeV electrons —-CW XFEL (Xray Free
Electron Laser)

30 MeV, 5 mA protons -> Heavy lon

500 kW, heavy ion beams for nuclear
astrophys

1-2 GeV, 5 MW Neutron Source ESS -
pulsed

High Intensity Proton Linac for Neutrino
Beams

R&D for accelerator drive system

CE/RW European Organization for Nuclear Research
\
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Worldwide SRF Collaboration

CERN, DESY
0O IHEP, PKU FNAL/ANL MSU
O TRIUMEF Q OOO Cornell
CEA, CNS-LAL COx .0 O JLAB
INFN ~ ® : KEK SLﬁC, LCLS-HI
e - . ]
European XFEL FAC, il%fAT ‘:‘ 4*"’ Americas, LCLS-II

Proto-type Cryomodule (JLAB)
T Bt i

ILC-SRF technology ; o T '

Asia,
PAPS@IHEP CFF/STF@KEK

Progress:
2013: Construction started

2016: E- XFEL Linac completion
2017: E-XFEL beam start

Note : ~1/10 scale to ILC-ML

A. Yamamoto, 171106
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EuropeanXFEL,@BRFAinac Completed? The E-XEL

Progress:
2013:Eonstruction@tarted

2016:F- XFELBLinac completion
2017:E-XFELBbeamBtart

1.3 GHz/ 23.6 MV/m
800+4 SRF acc. Cavities
100+3 Cryo-Modules (CM)
E/108caleRodLC-ML

Courtesy,?D.Reschke ,BN.@Valker,@T.Pagani

ABamamoto 71105 EuropeanFEL:SRFTavity®Performancel
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ILC Parameters

Nano-bam:
ATF-FF equiv. beam size (y) 37 (reaching4l) nm KEK-ATF
ILC-FF beam size (y) 5.9 (correspond. nm
7)
SREF:
Average accelerating gradient 31.5 (x20%) MV/m DESY, ENAL, JLab,
Cavity Q, 1010 Cornell, KEK,
(Cavity qualification gradient 35 (x20%) MV/m)
Beam current 5.8 mA DESY-FLASH), KEK-
STF
Number of bunches per pulse 1312 DESY
Charge per bunch 3.2 nC
Bunch spacing 554 ns
Beam pulse length 730 ms DESY, KEK
RF pulse length (incl. fill time) 1.65 ms DESY, KEK, FNAL
Efficiency (RF>beam) 0.44
Pulse repetition rate 5 Hz DESY, KEK

CE?W European Organization for Nuclear Research
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ILC SC RF global integration model

DESY, INFN
CERN
IHEP, PKU FNAL/ANL
Oy ' O o o,
TRIUM ornell
CEA-Saclay, LAL-Orsay GO O KEK Q O
OO SLAC, LCLS-I
IUAC,RRCAT
ILC
Host/Hub-Lab Hub-lab:
Industry: t ‘\ regiqnally
manufacturing hosting
components d Y Integration
w/worldwide In UStry ‘ & Test
contracts .m worldwide lE
W Y ?'
= AAARRRSY
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ILC since the TDR in 2012-13: Technical focus and changes

|+ Site specific studies

Technical developments for most accelerator systems - high Q
improvements for example

Ichinoseki Station

Sendai Station

Tohoku "
Univ.

E-XFEL at DESY successfully constructed and put into operation — a
key technology demonstration

+ Tsukuba City
Tokyo
Station
e K Nt Atport: Recent proposal to start with an initial energy
Haneda Airport . .
_ _ of 250 GeV (physics impact report) — key
G- Optlons for ILC Staging at 250GeV issues:
A ;n = Y e - Higgs precision depends significantly on
HiLumi performance and theory
Options A, A’: 250 GeV tunnel NM assumptions (Iink)
Sone & 2 320 EoY e
o L - - Below ttbar threshold
o = e 1 0) et _
- Reduced search capabilities

optons | Srdemim | ccun | T || seecem reenesm | oo | Nevertheless, provides impressive precision,

TDR update 500 Mza:/ogm 10 1,473 m om 33.5km and remains upgradable_

Option A 315 6 Om 20.5km

Option B 6&8 583 m 3,238 m 27 km

Opt.ion C, 250 6% 6&10 6,477 m 33.5km

options™ ] 33 ser | vossm oim e TDR costs of ~8 BILCU for 500 GeV (ILCU =

Option C’ 6&10 6,477 m 33.5km . .

E 2012 USS estimate used in the TDR) can be
A. Yamamoto, 171106 reduced by up to ~40%


http://www.jahep.org/files/ILC250GeVReport-EN-FINAL.pdf
https://arxiv.org/abs/1708.08912

Status and Prospect for ILC

ICFA
ILCSC s
. (Pre-Preparation and) JE= 1 Gl Ll
- Work Sharing (ILC Lab.)

Preparation Phase

RDR/DBD Activities Construction  Operation

~2+) 4 year
Site-dependent (v2+) 4y (9 year)

design

We are here,
In 2018
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"f j’ A
Compact Linear Collider (CLIC)
B 380 GeV - 11.4 km (CLIC380)

U 1.5 TeV - 29.0 km (CLIC1500)

-



CLIC layout, power generation

Drive-beam (low energy, high intensity, long
pulses) created by klystrons

. 445 klystrons
circumferences | | | 20 MW, 48 ps
delay loop 73m
CR1283m drive beam accelerator
CRZ439m

25km i

-d delay loop

decelerator, 4 sectors of 878 m

[=d | o
BG2 t=00.01 ns STk SN
4.9km F 1.9km
T e~ main linac, 12 GHz, 72 MVim, 3.5 km &” main linac TA

-. | f quadrupole
11 km ( Quadrupole  Power- “eXtraction apq
ransfer Structure (PZTS)

CR combiner ring
TA  turnaround

DR damping ring
POR predamping ring booster linac ac ) ‘\
BC bunch compreasor 286109 GeV

BDS beam delivery system
IP interaction point

E dump
- ey
e~ injector e*injector
2.86Gal 2.85 GaV
Drivefeam@imeBtructurednitialll Driveeam@imeBtructureinall
240 ns 240 ns
«—> 5.8 ms
L L »
140 ms train length - 24 ~ 24 sub-pulses i
4.2 A-24 GeV - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches
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First stage energy ~ 380 GeV

m 380'GeV m

Centre&f&nass,energy,
Total,luminosity,
Luminosity,above,99%,0f,Vs,
RepeEEon,frequency,
Number,of,bunches,per,train,
Bunch,separaEon,
AcceleraEon,gradient,

Site,length,

1034cm&s&.

1034cm&s&.

Hz,

ns,
MV/m,

km,

European Organization for Nuclear Research
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0.38,
1.5,
0.9,
50,
352,
0.5,
72,
11,

5.9,
2.0,
50,

312,
0.5,
100,
50,

Let us look at three challenges:

High-current drive beam bunched at 12 GHz
Power transfer + main-beam acceleration
~100 MV/m gradient in main-beam cavities



CLIC Test Facility (CTF3)
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Status

 Produced high-current drive beam bunched at 12 GHz

Arrival time
stabilised
to 50 fs

_10-

-15 1

X2

- 20 e et signal
- _2015.12_04_14:5725ref
—— 2015.12.10_19:49:281¢f x3 28 A
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Status

 Demonstrated two-beam acceleration

31 MeV = 145 MV/m
—

15-Jul-2011
Energyy at screen center= 215.32 MeV

160- 204 208 212 216 220 22 Drive beam ON
g 140 CLIC Nominal,
3120 S Energy at screen center= 212.25 MeV

CLIC Nominal,
loaded -‘ 0

Drive beam OFF

Accelerating gradien
-3
=)

202 206 210 214 218 222 226
MeV

0 20 40 60 80 100 120
Power in accelerating structure (MW)




Status

e Achieved 100 MV/m gradient in main-beam RF cavities

8 T24-KEK-KEK n E0 measured
|| @ T24-Tsi - £ |
1E-4 [ ® T24-Tsinghua-KEK = o E_scaled to 180 ns ]
F| @ TD24-KEK-KEK ] E 0 ]
TD24R05#4-KEK-KEK o X EO scaled to 180 ns, BDR = 3x1 0'7 ]
TD26CCN1-CERN-CERN o 1
-

T240pen-SLAC-CERN a 1
L| ® TD24R05K1-KEK-KEK -
8 TD24R0O5K2-KEK-KEK

E1E 5L ® TD26CCN3-CERN-CERN i
E’ '| @ TD26CCN2-CERN-CERN -9 :
5 | ® T24-PSI-CERN v
a r 7
S—
= ’
/
5 / _
m ’ R
/l #--=-* ’-’
1E-6 7 ,
i =~==p ¢ /, ]
7 / i
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3E-7 | RPN il itoiie? IV 4 V4
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Acc. Structures TD24&26 — new baseline optimised and alternatives for

manufacturing and cost

Baseline: Machines disks,
damping structures, bonding steps

LIWNSOVG.85 (124)

3 TeV
structure
— CLIC G*

Lwﬂ % (optimised)

SwissFEL Assembly
Rectangular (manufacturing) (brazing)

CLIC-G* Matching Step CLIC-G* Bend waveguide

32mm D2 |Smm 02 |5.2mm
1 [31mm T [5smm 1 [3amm 12 |4.8mm
L2 [2mm Mx | 0.75 mm 12 |2mm [ Mx |02 mm H I . SLQ C/CE N
01 [08mm Mz | 1mm D1 [1mm |Mz |1mm a VeS . I 2
12WNSOVGLKEK (124 k5] 1 |06mm ™ [omm T [1mm [Tx |0mm
Rared dhaaiies i 3 0.7 mm T [0mm

e?“.

CE{W European Organization for Nuclear Research
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SwissFEL

104 x 2m-long C-band structures
(beam = 6 GeV @ 100 Hz)

e Similar um-level tolerances

 Length ~ 800 CLIC structures

clear Research

&8y [a recherche nucléail



Industrial considerations
(example)

CINEL (IT)
Bodycote (FR) . VDL (NL) ~ 'Thermocompact (FR) VDL (NL)
Reuter (DE) S\QVTISRS;%l(ZU(%H) LT-Ultra (DE) BACMI (FR) ™  BACMI (FR)
TMD (UK) Yvon Boyer (FR) Multivalent (NL) CECOM(IT)
Concept Laser DMP (ES) Reuter (DE)
(DE) ; _
: Morikawa (JP) Nihon (JP)
i e AR INITIAL (FR)

il Protoshop (DE) KERN (DE)) COMEB (IT)

Viztrotech (KR)

il
Thales (FR) Scandinova (SE)
ales
CPI(US) Jema (ES)

Toshiba (JP) Picatron (CH)

European Organization for Nuclear Research
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Cost and Power

L B e o
Luminosity per year

-+ L
Table 11: Value estimate of CLIC at 380 GeV centre-of-mass energy. £1 000 - ™™ Total ]
. C
Value [MCHF of December 2010] S gop [ L———peek ]
e C
Main beam production 1245 s L 15TaV 3TV
Drive beam production 974 o 600 ]
Two-beam accelerators 2038 = r
Interaction region 132 B 4001 ]
Civil engineering & services 2112 E C
Accelerator control & operational infrastructure 216 S 200 p
3 C
Total 6690 ok Ll L L]
0 5 10 15 20
Year
10000~
9000 .
0o CERNRnergyXonsumptionl
20004 1 Radio-frequency 2012:F.35TWh
2 6000 = Cooling ® 3 osmsTev "15Tev | 3Tev
E 5000 Ventilation > = ]
2 m Instrumentation & Controls 5 i i
T 4000 um Interaction area & experime a i ]
E —_— 2 [ 1
= 3000 g i i
2000 = - |
e - .
1000~ =, L ] i
(@) 1= |
| -
0 ® - -
500 GeV A 500 GeV B 380 GeV - i |
M Main beam production ™ Drive beam production m Two-beam accelerators L - .
Interaction region H Civil engineering & services ™ Machine control & op. infra r | | | b
0 T T 1 L1 L1 1
0 5 10 15 20

Year &

A cost of ~6 BCHF and power ~200 MW are “reasonable” values
—> Continue work on modules, RF and CE for costs; for power RF and magnets




CLIC roadmap

2013 - 2019 Development Phase 2020 - 2025 Preparation Phase

Development of a Project Plan for a Finalisation of implementation

staged CLIC implementation in line with parameters, preparation for industrial

LHC results; technical developments with procurement, Drive Beam Facility and

industry, performance studies for other system verifications, Technical

accelerator parts and systems, detector Proposal of the experiment, site

technology demonstrators authorisation
2019 - 2020 Decisions 2025 Construction Start 2035 First Beams
Update of the European Strategy for Ready for construction; Getting ready for data taking by
Particle Physics; decision towards a next start of excavations the time the LHC programme
CERN project at the energy frontier reaches completion

(e.g. CLIC, FCC)
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@ Compact Linear Collider




Technical activities — examples

‘ B “' ] Technical Developments are motivated by several

~ N\ possible reasons —and are now quite mature:

* Key components for system-tests (example
magnets, instrumentation, modules)

* Critical for machine performance (example
alignment, stabilization, damping ring studies)

* Aimed at cost or power reduction (example
magnets, klystrons, modules)

European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire




Information about some relevant suppliers and subcontractors participating to
prototypes procurement for the CLIC Magnets R&D phase

Note: majority of coils and of other components manufacturing, magnet assembly, was done by CERN
apart for the DBQ magnets (EM and PM versions).

1) Main Beam Quadrupoles. 4 prototypes procured: 3 Typel (the shorter), 1 Type4 (the longer)
- ' . ¢ % Relevant procurements:

- Coils: TESLA Engineering LTD, Storrington, West
Sussex - UK

- High Precision quadrants machining:
- DMP 20850 Mendaro, Gipuzkoa - ES

2)DriveBeammMuadrupolesdEME 3)DriveBeam@uadrupolesiPME
version):Biprototypesrocured:a Version):2@prototypesiprocureds
by@aresburydaboratoryl

TR i

5) Final Focus
Quadrupole QDO: 1
prototype procured

Rele

-De.
-Tomplete@nanufacturing:® _gpp,
Danfysik@\/SE26300aastrup,? Han
DKH -|3-,','J
-BE
-[rs

-

Relevant@nanufacturers:?

Relevant manufacturers:
- PM blocks, Permendur EDM

machining: Vacuumschmelze Gmb

European Organization for Nuclear Researc [IEESASCICUETREY

CE/RW
\

NS

Organisation européenne pour la recherche

H VDL Groep BV, Eindhoven - NL

4)MMainBeamBteeringDipoles:?
2prototypesirocured?

6) Final Focus Sextupoles
SDO: (1 prototype
procurement on-going)

Relevant manufacturers:

- Permendur and PM blocks
procurement:

7) Octupoles for ATF
facility at KEK, Japan: 2
magnets procured

Relevant manufacturers:

- Coils: S.E.F. Sarl, Labége - F

- Iron Yokes EDM Machining:
Rottgers Varktgj A/S Odense - DK

M. Modena, CERN, TE-MSC




Towards TeV beams with new technology ?

y (mm)
0O 5 10 15 20 25

T T
No Plasma Interaction x1.00 ]

1.7 GeV energy gain in 30 cm of pre-
ionized Li vapor plasma.

2% energy spread

Up to 30% wake-to-bunch energy
transfer efficiency (mean 18%).

T T
| —— Simulation

E 8°'i32‘2 50
Qo 40-D
0
16 18 20 22 24
Energy (GeV)

A possible witness beams: Existing driver beams options :
Electrons: 1010 particles @ 1 TeV Lasers: up to 40 J/pulse
~few kJ Electron driver: up to 60 J/bunch

Proton driver: SPS 19 kJ/bunch, LHC 300 kJ/bunch

While GeV acceleration in plasmas has been demonstrated for with both lasers and electron beams,
reaching TeV scales requires staging of many drivers and plasma cells. Challenging.

Plasma Plasma Plasma Plasma Plasma Plasma Witness beam

——S S

Drive beam: electron/laser

Current focus on “small scale” applications — for LCs a long way to go:

Electrons and Positrons, staging, energy efficiency, suitable beam-parameters and luminosity

However — disruptive technologies so (always) very important to pursue (and cost in this case likely less)
Mostlv from E Adli



Free electron lasers and Linear Colliders

Optional
Optical
Cavity
Mirrors

‘?’ﬁam#:’(‘ BOhENY ) eserughe

g

Source

Electron Beam

Wiggler for Conversion
of Electron Energy
into Light

Linear Accelerator

User community in many fields of
science (LCLS 2013)

LCLS Facts

- 594 scientists conducted experiments in 2013

- 4,580 operating hours in 2013

- 277 publications since LCLS began in 2009

- 15 collaborators, on average, per experiment proposal
- 6 experimental stations

L Physics

lu Life Sciences
Chemistry

L. Materials
Instrumentation
Engineering

Optics LCLS I and Il, SACLA, E-XFEL, SwissFEL ... many more

Earth and

Users by Field Environmental Sciences (from SOft tO hard X' ray)

40
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Ex. links LCs and FELs for CLIC(ILC shown already)

CERN XBox-1&estBtand S50MW Operational,&onnectionZ o LEARDIanned

Xbox-2&estBtand S0MW Operational

XBox-3 test®tand Ax6IMW Operational
Trieste LinearizerorFermi 50MW Operational
PSI Linearizeror@BwissFEL 50MW Operational

Deflector@or®BwissFEL 50MW DesignBand@rocurement
DESY Deflectorfor@FLASHforward 6MMW DesignBand@rocurement

DeflectorforFLASH2 6MW DesignRand@rocurement

DeflectorFor®Finbad tbd Planning
Tsinghua Deflectorfor@omptonBsource | S0BMW Commissioning

Linearizer@or®ComptonBource | 6AMW Planning , e
SINAP Linearizer@orBoftEX-ray&FEL 6MW Operational : b i

DeflectorsFor@BoftX-ray®EL 3x50MW Procurement ez I s S ) K 1

e, B . mw: %\ et

Australia TestBtand 2x6AMW Proposal@ubmission e Facties e 5.',:_,}::,;::“_ = ‘;\H I
Eindhoven | Compact@omptonource,Z100MMeV 6MW DesignBandBprocurement p /J'f o \
Valencia S-band test®tand 2x10MW Installation@nd&ommissioning ( - 3
KEK NEXTEFest&tand 2X50MMW Operational et ﬁl_fm—\wa”’
SLAC Design@®ffhigh-efficiency@X-bandiklystron 60MW InBprogress U'
Daresbury | Linearizer MW DesignEand@®rocurement

Deflector thd Planning Quadrupole )

Accelerator thd Planning - v seselerscor . S Yoray beam
Frascati XFEL,plasma accelerator,fl@GeV 4(8)x50BMW CDR J

TestBtand 50MW DesignEand@®rocurement ) ® s AN M . Q

! decelerator

Groningen | 1.4GGEVXFELFAccelerator,@.4feV thd NL@oadmap,AZDR Wwﬁ -

dump

Eindhoven University led
SMART*LIGHT Compton Source
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Key points

Two linear collider projects are being pursued (ILC and CLIC) — with large collaborative effort.

* Both are mature, have a clear physics case, are (each) affordable — and it is likely one will be
built.

* Within 1-2 year the landscape in Japan and Europe can be expected to be clearer.

The developments (design, technical developments, tests of single elements or systems, industrial
(pre)-productions — and also civil engineering, conventional systems, power and cost optimizations,
are done by international teams/collaborations, usually led a major lab with special interest in the
project but with world-wide participation since the technology developments and knowledge are
transferable to other and/or local projects.

Linear accelerator technology and development are currently strongly taking part outside particle
physics — very beneficial in both directions and easy to show societal impact

Any linear collider facility is likely to host many future machines. It can be extended — and/or
equipped with new technology in the future ... but still a long way to go

Future accelerators in particle physics are today cost and power limited — don’t scale energy unless
you can scale down cost/GeV and maintain or increase luminosities

CE/RW European Organization for Nuclear Research
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