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e High Energy Physics after LHC

In 1999 ICFA issued a statement on
Linear Colliders, ..... that there would be
compelling and unique scientific
opportunities at a linear electron-
positron collider in the TeV enerqgy
range. Such a facility is a necessary
complement to the LHC hadron collider
now under construction at CERN.

U

Two options: ILC - CLIC

Collaboration on common issues

The European strategy for particle physics

Unanimously approved by the CERN
Council at the special Session held in
Lisbon on 14 July 2006

4. In order to be in the position to push the energy and
luminosity frontier even further it is vital to strengthen
the advanced accelerator R&D programme; a coordinated
programme should be intensified, to develop the CLIC technology
and high performance magnets for future accelerators, and to play
a significant role in the study and development of a high-intensity

neutrino facility.

5. Itisfundamental to complement the results of the LHC with

measurements at a linear collider. In the energy range of
0.5 to 1 TeV, the ILC, based on superconducting technology,
will provide a unique scientific opportunity at the precision
frontier; there should be a stromg well-coordinated European
activity, mcluding CERN, through the Global Design Effort, for
its design and technical preparation towards the construction
decision, to be ready for a new assessment by Council around

2010, CERN/2685
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Physics motivation:

Electron-Positron Collider "Physics at the CLIC Multi-TeV Linear
» Centre-of-mass-energy: 3TeV. —>  collider report of the CLIC Physics
o Luminosity: >2*103 Working Group,*

CERN report 2004-5

Storage Ring not possible, energy loss AE ~ E4 Linac | E% i
=>» two linacs, experiment at centre 1

« total energy gain in one pass: high acceleration gradient
* peam can only be used once: small beam dimensions at crossing point

Boundary conditions: site length
Power consumption

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 3
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S=a—scLic+) CLIC acceleration system o

CLIC = Compact Linear Collider
(length < 50 km)

Acceleration in travelling wave structures:
CLIC parameters:

Accelerating gradient: 100 MV/m
RF frequency: 12 GHz IiF in RF out

64 MW RF power / accelerating structure  gagm J |—|—|—|—|—|—|—|—|—|—|—| L
of 0.233m active length _I r

= 275 MW/m

total active length for 1.5 TeV: 15’000 m

Pulse length 240 ns, 50 Hz ~ — 770 PR B EEEEEER
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Individual RF power sources ?
=>» Not for the 1.5 TeV linacs

The CLIC Two Beam Scheme

Two Beam Scheme:
Drive Beam supplies RF power

» 12 GHz bunch structure
* low energy (2.4 GeV - 240 MeV)
* high current (100A)

Drive beam = 100 A, 240 ns
from 2.4 GeV to 240 MeV

Quadrupole Power Extraction
Quadrupole transfer Structure
(PETS)

212 GHz - 68MW
Accelerating
Structures

Main beam — 1.2 A, 156 ns
from 9 GeV to 1.5 TeV

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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= CLIC+) The CLIC Two Beam scheme

Drive Beam decelerator, 24 sectors of 876 m

- D P AP
;L‘H' vl_ \ll\ v‘lll, ;vvr vllgi\‘l' Vl

ys

< 1

L S/ ]

Main Beam <
2904 bunches Time structure of Drive Beam
83 ps (12 GHz)
\h@H ,4, [ 1] ,7 [ L] ,7 L]
+“—> +—> +—> +“—>
240 ns

p 5.8us S
p 139us, 24 trains >

Bunch charge: 8.4 nC, Current in train: 100 A
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s cLic+) The full CLIC scheme

326 Klystrons 7 326 Klystrons
33 MW, 139 us 33 MW, 139 ps
: combiner rings :
drive beam accelerator Cireumferences drive beam accelerator

2.38 GeV, 1.0 GHz delay loop 72.4 m 2.38 GeV, 1.0 GHz
1km 1km

delay
loop

decelerator, Zi gctors of 876 m

) )

BDS
75 km 2.75 km

IP

o
e* main linac

e \y
e main linac , 12 GHz, 100 MV/m, 21.02 km

483km ——— !
CLIC 3TeV booster linac,
9 GeV
e injector e* injector,
2.4 Gev 2.4 GeV Not to scale!

€ e et gt
365m |\ 365m 365m 365m
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l-g\ l "f"‘f.n‘h*‘_)-! Why 100 MV/m and 12 GHz ?

Optimisation: (A.Grudiev) L /N [a.u]
150 : ; : X
Structure limits: 40 ; ]

* RF breakdown - scaling
* RF pulse heating

120 ¢

120

= [Mm]

acc

M0

<E

Beam dynamics:
* emittance preservation — wake fields 1o F-
 Luminosity, bunch population, bunch spacing T
o efficiency — total power

150

Figure of merit:

« Luminosity per linac input power el N

130 +
take into account cost model

= [Mm]

120

acc

<E

110
after > 60 * 106 structures:

100 MV/m 12 GHz chosen,
previously 150 MV/m, 30 GHz

100 |-

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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Accelerating structures

Objective:
 Withstand of 100 MV/m without damage S
e breakdown rate < 107 i
 Strong damping of HOMs

Technologies:
Brazed disks - milled quadrants

_ SLOT
/
e

DAMPING
WAVEGUIDE

" BEAMLINE

RF CAVITY

(W. Winsch this conference)  c)japoration: CERN, KEK, SLAC

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 9



T18vg24-disk

10_ B | | | F ep————— IEEEEEEE e —— | I ——
1 @ T18150 ns after 250 h
¢ T18 230 ns after 250 h
O T18 230 ns after 500 h
> a
3 10°
P
o
=y
s
[=]
<
s 10"
@
« Designed at CERN, o'lliwet” 1 i
96 98 100 102 104 112
® Machined by KEK Average unloaded gradint (MVim)
» Brazed and tested at SLAC
Latest data

Design: 100 MV/M loaded | Proof-of-principle !

BR: 10”7 (so far without damping)
EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 10
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Special development for CLIC

» Travelling wave structures 136 MW RF @ 240 ns per PETS
* Small R/Q : 2.2 kQ/m (2 accelerating structures)
g Sectors 3 (accelerating structure: 15-18 k€2/m) 0.21 m active length
» 100 A beam current total number : 35’703 per linac
damped

on-off possibility

ref: Igor Syratchev

Status:

Advanced design,

RF power testing at SLAC planned July 08
with beam in CTF3 in autumn 2008

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN



COOLING CIRCUITS

ACCELER. STRUCTURE
(BRAZED DISKS)

VACUUM MANIFOLDS RF DISTRIBUTION

Maiﬂ%

Dr I |/e Beam

BEAM
INSTRUMENTATION

GIRDER

1300

1360

CRADLES

Iine§

~Transfer

4

=

ALIGNMENT

SYSTEM

INTERCONNECTIONS PETS (MINI-TANK) PETS (OCTANT

Drive Bea

. Main Beam
ref: Germana Riddone
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===—cric+ Getting the Luminosity (>2*10%*cm-2s)

", v

Beam size at Interaction Point (rms) : o, = 40nm, o, = 1nm
Total site AC power: 322 MW

Issues:

e generating small emittance beams

e emittance preservation

» alignment and vibration control

» final focus ( Beam Delivery System)

Final Focus Main beam
- | quadrupoles quadrupoles
itter tolerances :
J Vertical ~0.2nm >4 Hz ~1nm>1Hz
work ongoing, Horizontal 2nm>4 Hz 5nm>1Hz

Proof-of-principle:
quadrupole stabilized to < 0.5 nm in vertical plane

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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Emittance

booster linac,
9GeV
pef output DR: ye,=381/ye,= 4.1 nmrad
ezTerscet\?r €& - [ e 241Ge\/‘ y X y y
soom \soom||.2% [ PR for 4.1*%10° particles at 2.4 GeV

DR design exists =» Y. Papaphiloppou, this conference

Wigglers being developed, superconducting and normal conducting versions considered
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i G “;/' CLIC Test Facility CTF3 o

Provide answers for CLIC specific issues
= Write CDR in 2010

Two main missions:

/

Prove CLIC RF power source scheme:
* bunch manipulations, beam stability,
e Drive Beam generation

» 12 GHz extraction

Demonstration of “relevant” linac sub-unit;

e acceleration of test beam

.

Provide RF power for validation of
CLIC components:

accelerating structures,

RF distribution,

PETS (Power extraction and Transfer
Structure)

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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JZET0<  Drive Beam generation in CTF3

™,
W -l |

J

Principle: A long high intensity bunch train (1.4 us) is accelerated with 3 GHz
Bunch manipulations increase bunch repetition frequency
and increase peak current

“Phase-coding” of bunches bunch interleaving with Delay Loop
Acceleration Delay Loop
3 GHz

ANANAANRA
JVVV VYV VA

180° phase switch in
Deflection ¢ — SHB

even
buckets

1.5 GHz
JANEVAN /A
o’ o U odd buckets
RF deflector
1.5 GHz
140 ns 140 ns 10
dd bucket 20 cm dd+ cm
sub-pulse length *“ "0 bickets  between pulse length  140ns  CLREIEY botween
) \ / bunches «—> Pyse 9P / bunches
NRRRRR R n N nnnnnnuana * LALLEEELY LI ALY
1.6 ps train length - 3.5 A current 1.6 ps train length - 7 A peak current
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S cric e Drive Beam generation

successive injection of 4 bunch trains into Combiner Ring

injection line 2nd turn
1stturn o.._ septum o “
Istdeflector ~  _____ < 2 deflector R
— m N o~ o tel—eo
__________________ = -0------ [
local é ____________ -7
inner orbits
A
RF deflector /0\ /0\ ° /0\ / /.\_\ /.\.\ /.\.\ /
field / \/ \/ \/ / \/ \/ \/
31 turn *- e 4thturn
L e
— —_0
H‘Q;“" """ o Sli—eee coofleo--0--0--0--0;Hooeo
______ o - - ‘~-<___.__
/[
/
W2
140 ns 10 cm
pulse length 140 ns between 140 ns 2 cm
«—> pulse gap bunches — between

T NI (T m) L bunches

3
>

<&

) 1 train - 35 A peak nt
5 trains - 1.6 us train length - 7 A peak current rat pea curre
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0 g CTF3 building blocks e

Infrastructure from LEP

PULSE COMPRESSION
FREQUENCY MULTIPLICATION

. magnetic chicane
150 MeV e-linac

30 GHz test stand I
\ \ I j
35A-14ys “—H_D I @
M= o f}l' _ vy
elay Loop Yy X
E‘ | )4 P

| /¢ Combiner Ring
[t et ™ e e T B TN =

)

\u. ’\] — dh.“ -
| ™ el
E—— * 7

- L a1
Photo injector tests, = / . = =
Vosar CLEX (CLIC Experimental Area)

TWO BEAM TEST STAND
PROBE BEAM
Test Beam Line 28 A - 140 ns
10m

L1

A

total length about 140 m
EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 18
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CEEE ) CTF3-CLIC G

CTF3 is scaled down from CLIC:

CLIC CTF3
Drive Beam energy 2.4 GeV 150 MeV
compression / 24 8
frequency multiplication | (Delay Loop + 2 Combiner Rings) | (Delay Loop + 1 Combiner Ring)
Drive Beam current 4.2 A*24 2101 A 3.5A*8=> 28 A
RF Frequency 1 GHz 3 GHz
train length in linac 139 us 1.5 us
energy extraction 90 % ~ 50 %

CTF3 uses existing infrastructure from LEP injector:
Building, infrastructure,
3 GHz RF power plant,

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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L \\ CLEX 2007-2009 \

30 GHz producti PR T
Photo injector / laser (PETS “F;]e) building in 2006/7 Beam up to here,
exit Combiner Ring

tests from 2006 and test stand TL2 2008

CLEX building: TL2/TL2’ installation ongoing,
Everything installed (except TBL) commissioning start in June 2008
Commissioning start June 2008

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 20




CTF3 Installation

Thermionic gun
10 A max,
after bunching
3.5 A nominal, max. 7 A
one sw and one tw buncher
three 1.5 GHz bunchers

i (e
{ , \\

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN

Injector solenoi

Vi

Magnetic chicane
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Injector and Linac

Y75 3
gh 1l
7 o~ J

el - 2
, A X ?_'; a I

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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< oLIce) Full Beam loading

™,

Drive Beam accelerating structure:
Proof of one of the major CLIC features:

Full Beam Loading

RF in . .y No RF to load
short” structure B

(low Ohmic losses) T

UUﬁﬂL
/

\
High current ﬂ 0 g b Most RF power -
beam to the beam |

/ beam — -

RF to beam transfer: . \ J

— SRR R S SN, e M|

RF power at output of accelerating structure

Linac routinely operated with full beam loading
EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 23
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= cLic+<)  Sub-harmonic bunching / phase coding

Tek Run: 10.0G5/s  Sample
E M.

o AIR90mMV
@: —470mV |

LA begrdd

R |

15GHz | “:‘I"|“|f1 Jl Jr

500mVG

Acceleration 3 GHZ

Aut'oisa\'ré' S <
Re(t:gIIR\évffm Sa\zeh\;.ffm D&(I;ge single Seq L i
OFF preadsh
3

_ 180° phase switch in
Deflection Sub-Harmanic

1 58 Hz E é Ec Fiar

140 ns 140 n 10em S t h g t t b t 7 b h
buck 20 cm dd+
sub-pulse length odd buc eg\fen buckets  between pulse lengTh 1|40 ns Obuclf\elfg between WI C I n rans I en a Ou u nC eS
/ bunches <_><_pu)se 9ap / bunches
L L * TR RIS TSI
1.6 us train length - 3.5 A current 1.6 ps train length - 7 A peak current
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T Delay Loop

Designed and built by INFN Frascati

circumference 42 m (140 ns)
iIsochronous optics

wiggler to tune path length
(9 mm range)

-—"

™ b-h-r-h-r-ﬁ T

1.5 GHz RF deflector

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 26
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===—cic«  Bunch interleaving in Delay Loop

e

| | 140 ns
6 3) —>. —
™ N
Beam current measured: m D |
P ) i _
before DL }TMN_, ] =
TA] m/ﬁ (] ~ I
inDL — 2[ L (1
|
W L |
after DL /0 | = Le._
0 500 1000 1500 2000
t [I'IS] Delay Loop

even

140 ns 140 ns 10 cm buckets
dd buckets 20 cm odd+ even
sub-pulse length ° U\C eeven buckets  between pulse length 1|40 ns buckets between
<> / bunches <> Puse gap / bunches
RN AN AR A AN AN N AN AN ARRNANY = TR TIRAY LA L e
< > < > odd buckets RF deflect
1.6 us train length - 3.5 A current 1.6 ps train length - 7 A peak current 1;61?2 or

Successful demonstration of Delay Loop operation !

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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cLIC+) Combiner Ring

RF deflectors

Artizt wew of TLE OR and TLZ in the Formaer LFT bwileing

1 | lill =4
|.l1,]|2|:’r|un zepta \
‘."
: el
! COMBINER =
RIMNG -
- P “’
"'0. quads Tdige 29
1| & i ue SRl = ue L J
- i uu i u iuuw

TL2
|—| axtrastion :'-u-'r:. fﬁ:-r kicker

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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R cLIc+) Combiner Ring

RF deflectors

Artizt wew of TLE OR and TLZ in the Formaer LFT bwileing

| lill =4
|.l1,]|2|:’r|un zepta \%

|
COMBINER B
RING

TICITERE M

e
' BB ]
axtrastion sapha fost kicker

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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RF deflectors

| I'II =4
|.l1,]|2|:’r ion zepta \%
._'k.--_. ‘
i . =
O wiggler I
-

.r'

o ®

COMBINER
RIMNG

o
g EHE 200N = uE &
'
axtrastion sapha fost kicker

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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RF deflectors

.;." ‘I l.ill

injection zepta

i wigglar
. wiggler

COMBINER
RIMNG

TEETECITINTE &
BRE B

axtrastion sapha fost kicker

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 31



= =S{nbiner Ring

L Tu#u“ uu= v SoUY

injection zepta

. wiggler

COMBINER
RIMNG

axtrastion sapha

LR Ll
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===—cic+«/  Combiner Ring commissioning e

Achieved recombination:

 Linac current lower than nominal

» DL bypassed (no holes, missing factor 2)
 Losses during recombination (instability...)

85A

-10. 04, : : ' : v : T
5600 5800 6000 6200 6400 6600 6800 F000

SR ) 10.4 A
EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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Tests at 30 GHz still continuing

High-gradient test "//’ 4
stand, CTF2 St

100 MW produced at 30 GHz,
Transmission via circular

TE,, line (17 m) with 65 %
efficiency

operation for 30 GHz now routine,
largely automatic.

Accelerating structure testing o

12 GHz work:
Collaboration with SLAC and KEK,
presently no test facility at CERN

Stand-alone power source in preparation

Klystron with
pulse compressor

24 hour operation EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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'I;?a=—;i§?f.;5ij CLEX (CLIC Experimental Area)

existing building

22 m

CALIFES Probe beam injecfor |

\ 4

/ 42.5m 1
Two Beam Test Stand Probe Beam

Construction during 2006/beg 2007
installation of equipment from
2007 - 2009

Beam in CLEX from June 2008 onwards

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 35
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Probe Beam

Responsibility of IRFU (DAPNIA), CEA, Saclay

200 MeV
bunch charge 0.5 nC

number of bunches 1 - 64

20

RF pulse compression

2x 45 Mw (OO

K

25

Status:
Installed, RF conditioning in June

Laser under development
X steerer

O position monitor

® profile monitor

25 beam dump
l guadrupoles

15 MV/m

17 MV/m
acceleration

. <

I:I1
SUJS

[ ]

rf gun cavity

0
v
C@Ag@% compression

|

focusing coils

LIL sections

X

17 MV/m
acceleration OX

RF deflector spect. magnet

A. Mosnier, CEA Dapnia

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN 36



- P Test Beam Line TBL o

High energy-spread beam transport
decelerate to 50 % beam energy
Drive Beam stability

Stability of RF power extraction
total power in 16 PETS: 2.5 GW
Alignment procedures

Energy distnbution of the beam

012
o
01
0.09
0.08
0.07
0.06
0.05
0.04

0.0z |
02 0 0204 0608 1 12 14 156

3 [m])

5 MV/m deceleration (35 A)
165 MV output Power

E [GeV]

PETS development: CIEMAT
BPM: IFIC Valencia

2 standard cells, 16 total
and UPC Barcelona

ke, C
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CALIFES Probe beam injector

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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LEX building

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN

39



-‘«..‘

e

i .‘:‘3‘5. 5

- -
o -
s oy Lhe. v i o
3 ¥ il
7 i B
nat ! o

| -
e

une 2006

L=
= =

Test Beam Line TBL

122m |

CALIFES Probe beam injector
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10m e T i

Test Beam Line TBL:
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Two Beam Test Stand \u June 2008
[ (UnlverS|ty Uppsala) E%‘;ﬁ- g T




Eqmpment mstalled (except TBL)
Beam foreseen from June 2008

Jan 2008




CTF3 Collaboration

CTF3 — Collaborations INFN-LNF CIEMAT
BINP LURE CERN

NWU LAPP Uppsala

INFN-LNF
CERN

INFN-LNF
CERN — N
RRCAT
TSL

CERN NWU CERN

PSI Uppsala

\\ CEA-DAPNIA
CERNLAL N CERN

SLAC Uppsala AL
CERN

CIEMAT

UPC IFIC
CERN

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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Conclusion

Tentative long-term CLIC scenario

Shortest, Success Oriented, Technically Limited Schedule (Jean-Pierre Delahaye)

Technology evaluation and Physics assessment based on LHC results
for a possible decision on Linear Collider funding with staged
construction starting with the lowest energy required by Physics

2008 | 2009] 2010 | 2011] 2012

20141 2015

2016

2017] 2018 ] 2019 | 2020

2021

2022 2023

Feasibility issues (Accelerator&Detector)

Conceptual design and cost estimation

Design finalisation and technical design

Engineering optimisation

Project approval & final cost

Construction accelerator (poss. staged)

Construction detector

CDR

'

'

TDR

Project
approval

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN

First

Beam
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':a__ | ,j';H;r,?ﬁi Conclusion Il o

Well advanced programme
Consistent parameter set

Technical programme is on track
» Accelerating structure progressing, Proof-of-principle
e CTF3on schedule

full beam loading

bunch phase coding and Delay Loop operation

First results on recombination on Combiner Ring

Progress Is only possible because we have a very prosperous
collaboration between 24 international institutes

EPAC 2008 CLIC / CTF3 G.Geschonke, CERN
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Ankara University (Turkey)
Berlin Tech. Univ. (Germany)
BINP (Russia)

CERN

CIEMAT (Spain)

Finnish Industry (Finland)
Gazi Universities (Turkey)

CLIC/ CTF3 collaboration

24 collaborating institutes

IRFU/Saclay (France)

Helsinki Institute of Physics (Finland)

IAP (Russia)

IAP NASU (Ukraine)

Instituto de Fisica Corpuscular
(Spain)

INFN / LNF (Italy)

J.Adams Institute, (UK)

JASRI (Japan)

JINR (Russia)

JLAB (USA)

KEK (Japan)

LAL/Orsay (France)
LAPP/ESIA (France)

LLBL/LBL (USA)

NCP (Pakistan)

North-West. Univ. lllinois (USA)

Oslo University

PSI (Switzerland),

Polytech. University of Catalonia (Spain)
RAL (England)

RRCAT-Indore (India)

Royal Holloway, Univ. London, (UK)
SLAC (USA)

Svedberg Laboratory (Sweden)

Uppsala University (Sweden)
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