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CLIC challenges- Talk outline

Introduction - CLIC peculiarities
The ILC-TRC 2003 recommendations

R&D results so far for baseline program
* Accelerating structures

* Drive beam generation & power
production

* Others
Other issues
* Generation of low emittance
* Alignment and stability
* Diagnostics
* Phase stability

Conclusions
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The CLIC way to amulti-TeV linear collider - Basic features

» High acceleration gradient (100 MV/m)

l

» “Compact” collider - overall length < 50 km
» Normal conducting accelerating structures

» “High” acceleration frequency (12 GHz)

OVERALL LAYOUT OF CLIC
FOR A CENTER-OF-MASS ENERGY OF 3 TeV

. CLIC*
397 klystrons 397 Klystrons
33 MW, 140 us 33 MW, 140 us
) combiner rings .
drive beam accelerator Circumferences drive beam accelerator
2.4 GeV, 1.33 GHz delay loop 90 m 2.4 GeV, 1.33 GHz
CR1180m
1 km CR2540 m 1km
delay
loop CR2
CR1
decelerator, 26 sectors 0f 810 m
N A
BC2 BDS BDS
N =_2.70 km 2.70 km—= 4 y
2 IP1 /
25 nain finac , 12 GHz, 100 MV/m, 21.06 km et main linac TA
R=120m
48.250 km
M booster linac,
9 GeV
_, BCY —
e- injector e* injector,
2.4 GeV 2.4 GeV
e DR e*DR
360m 360m

 Two-Beam Acceleration Scheme

d

* Cost effective, potentially reliable
« Efficient (~ 8% overall)
» Simple tunnel, no active elements

» Easy upgrade to higher energies

* Small emittance & small beam spot @ I.P.

* High Luminosity to beam power ratio
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The CLIC Technology-related key issues as pointed out by ILC-TRC 2003

R1: Feasibility

* R1.1: Test of damped accelerating structure at design gradient and pulse length

* R1.3: Design and test of damped ON/OFF power extraction structure

R2: Design finalization

* R2.1: Developments of structures with hard-breaking materials (W, Mo...)

 R2.3: Test of relevant linac sub-unit with beam

Covered by CTF3

* R1.2: Validation of drive beam generation scheme with fully loaded linac operation

» R2.2: Validation of stability and losses of DB decelerator; Design of machine protection system

* R2.4: Validation of drive beam 40 MW, 937 MHz Multi-Beam Klystron with long RF pulse g

* R2.5: Effects of coherent synchrotron radiation in bunch compressors

* R2.6: Design of an extraction line for 3 TeV c.m.

* Feasibility study done — need development by industry.
N.B.: Drive beam acc. structure parameters can be adapted to other klystron power levels

Covered by EUROTeV
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Other R2 key issues- common to all projects - as pointed out by ILC-TRC 2003

Damping Rings
electron cloud effects
fast 1on instability
extraction kicker stability
emittance correction
Low emittance transport

static tuning studies, dynamic effects during correction
beam instrumentation (luminosity monitor, laser-wire profile monitor)
prototype of the main linac module (on-girder sources of vibration)

Reliability

detailed evaluation of critical subsystem reliability
performance of beam based tuning procedures by complete simulations

Still relevant & complete ?
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CTF3 — Main components

DRIVE BEAM

LINAC

30 GHz
power station

N

Injector

\

DELAY LOOP

COMBINER
RING

chicane
\

two-beam
test stand

probe beam
linac

CLEX

30 GHZ
test stand
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CTF3 — R&D Issues

recombination
recombination x 2 x4

bunch length

control bunch

compression

T~

fU”y |Oaded R1 2
acceleration '

PETS R1.3
on-off

phase-coding \ st:l;cé;:ezs R1.1

deceleration

structures stability
30 GHz R2.2
R2.1

two-beam R2.3
acceleration
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— partly adressed

recombination
x4

bunch
compression

PETS
on-off

\ structures
12 GHz
deceleration

stability HISEN

structures acceleration

30 GHz
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R1.1: Test of damped accelerating structure at design gradient and pulse length

The presently tested CLIC structures have only been exposed to very short pulses (30 ns maximum) and
were not equipped with wakefield damping. The first Ranking 1 R&D issue is to test the complete CLIC
structures at the design gradient and with the design pulse length (130 ns). Tests with design pulse length
and with undamped structures are foreseen when CTF3 is available (April 2004).

R2.1: Developments of structures with hard-breaking materials (W, Mo...)

Present tests have demonstrated the advantages of tungsten and molybdenum irises in reaching the highest
gradients in accelerator structures. These tests should be pursued, possibly also with other materials, for
application to CLIC and possibly other machines.
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CTF Il - Dismantled in 2002, after having achieved its goals

—

L CTF30GH, [
i MODULES
N



Breakdown and damage of structures

High-power tests of copper accelerating structures in CTF || and elsewhere showed a maximum surface field
around 300-400 MV/m.

At these field levels structures seem to suffer severe surface damage from breakdowns.

Microscopic image of damaged iris Damaged iris—longitudinal cut

Possible solutions:

e Optimize the RF design to obtain lower surface field to accelerating field ratio (small a/A)

e Investigating new materials that are resistant to arcing - tungsten looked promising
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High-gradient testsin CTF i1

- Al | ' LIC

accelerating tield requirements without any damage

190 MV/m accelerating gradient in first cell - tested with beam ! (but only 16 ns pulse length)
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ernative

Mo:
high E-field

I ssues R. Corsini — CLIC ACE

Pulsed curre atigue)

= use of CuZr, or improved
mechanical strength
conduct alloy.

CuZr C15000:
pulsed currents
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Acceleration structure fabrication tests

Mo

Bi-metallic structure
Hot | sostatic Pressing

CulZr
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CTF3 High-Power test results

Accelerating structure test in CTF3
(Mo iris - clamped)

CTF Il experiment

200 _6/ ! ! ! ! ! !
180 F- b b SRR S ' ) '
o~ : : Reached nominal CLIC values :
60| fhadle, . CLICgoal 150 MV/m - 70 ns
140 160 ; ;
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* Damaged irises
» Breakdown rate too high for CLIC operation
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Ilts— 30 GHz

More recent results & open questions:

« HDS geometry tested (Cu) — worse performance (many potential explanations)
» Breakdown rate slope for Mo less steep than Cu — material or clamping dependent ?
* Mo slope & conditioning limit not consistent in different tests...

e g /"'C'U”j .......... e

& HDS B0 @ T=70ns
: : : : log, (EOR) = E[Mv/m] /6.2 - 12.8
T P | HDS 60 Reverse @ T=70ns

; : : log, ,(BOR) = E[Mv/m] /7.9 - 12.8
: : / : : : : : : : : +  Circular Cu @ T=70ns

........ log, ,(BOR) = E[Mv/m] /3.2 - 128

+  Circular Mo & T=b1ns
log, o(BOR) = E[My/m] /143 - 11.4

a0 100 10 1200 1300 140 150

E, o MV/r]
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results—30and 11.4 G
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“p nce indeed relevant for C -
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R1.2: Validation of drive beam generation scheme with fully loaded linac operation

The validation of the drive beam generation with a fully loaded linac is foreseen in CTF3.
Beam dynamics issues and achieving the overall efficiency look challenging.

R2.2: Validation of stability and losses of DB decelerator; Design of machine
protection system

The very high power of the drive beam and its stability are serious concerns for CLIC. The drive beam

stability should be validated, and the drive beam Machine Protection System, which is likely to be a
complex system, should be designed to protect the decelerator structures.

R2.3: Test of relevant linac sub-unit with beam

The test of a relevant linac subunit with beam is required. This is one of the purposes of CTF3, which
should start operation in 2004.
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RF Power Source “building blocks”

: .. RF in No RF to load
Full beam-loading acceleration in

TW sections

High beam
current @ @ ﬂ. ﬂ'

“short” structure - low Ohmic losses

Most of RF power
to the beam

Transverse
RF Deflector, v,

. . 2 xPy.,2xw
Beam combination/separation

by transverse RF deflectors

Deflecting
VA WAL
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Delay loop x 2
gap creation, pulse
compression & frequency

multiplication

Drive Beam Accelerator
efficient acceleration in fully loaded linac

/

Combiner ring x 3

pulse compression &
frequency multiplication

Combiner ring x 3

pulse compression &
frequency multiplication

RF Power Source
Layout

Power Extraction

Drive beam time structure - initial Drive beam time structure - final

300 ns 300 ns o
D — ¢ > 4 us
L T - < >
140 us total length - 18 x 26 sub-pulses - 5.2 A -
2 4 GeV - 45 cm between bunches 26 pulses — 93 A — 2.5 cm between bunches




e

@ﬂ)'(?ﬂf(? 2 Review of CLIC Cha“enges and Key | ssues R. Corsini — CLIC ACE 21 June 2007

Demonstration at CTF3:

MKSO03 ; MKSO05 MKSO07

Spectrometer 4 Spectrometer?()%

Setup:  no RF pulse compression (with exception of MKS03)
1.5 us long RF & beam pulses
adjust RF power, beam current and phase to fulfill fully loaded condition
measure energy gains for different klystrons

analog signal

Iy _ Measured RF-to-beam efficiency
RF pulse at structure input
' B3 %
< 1.5 us beam pulse >
Theory

RF pulse at structure output
96% (~ 4 % ohmic losses)
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Dipole modes suppressed by slotted iris
damping (first dipole’s Q factor < 20)
and HOM frequency detuning

..... =

ey Measured RF-to-beam efficiency
" RF pulse at structure input

A
Yo

1.5 us beam pulse
Theory
RF pulse at structure output\A

| analog:-signal | . : : T 96% (N 4 % ohmic 1OSSGS)
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I
1000

I
1500

I
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o ;;:-'---33:"'"'j"fBeam recombination in the
e Delay L oop (factor 2)




g' = - E‘IA‘C?"“:'=I Re\/laN Of CLIC Cha”enges and Key | ssues R. Corsini — CLIC ACE 21 June 2007

CTF3 Preliminary Phase
(2001-2002)

streak camera
measurement

Beam structure " Beam structure
in linac - 4 pulses after combination
(factor 4)
Bunch spacing Bunch spacing

6.6 ns 420 ns 333 ps 83 ps
L L L L «—
) - Pulse Length 6.6 ns

total length 1.3 us - Peak Beam Current 0.3 A Beam Peak Current 1.2 A
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Preliminary Phase results
Bunch combination (factor 4)

-

Beam current circulating in the ring
measured during combination with a
beam current monitor
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< First combination test factor 2
(June "05)

280 ns_

—o CR.STBPI0130S
. CR.STBPI0208S
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1 ON/OFF power extraction structure

ﬁ des1gn an entire drive beam sectlon must be tur ed off on any fault (in p -ular on any c
1echanism to turn off" only a few structures in the event of a fault. At the time o
ific R&D program a1mednat that objec ve but possible sche e being studi
“.?t Ty ™ - :
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Power Extraction & Transfer Structure Fast (15 ms) < Detuning

linear movers ON wedges

:

 In interaction with the drive beam, the PETS must
produce and efficiently extract a few hundreds MW
of RF power.

» The PETS is a periodically
corrugated structure with
low impedance (big a/A).

PETS ON/OFF mechanism

Reconstructed from GDFIDL data
PETS output pulse envelopes

10

ANY
ON
N

~—.
1
L

e
-

0.01

Power, norm.
-
=

E
1

I
N
—
——=

4 __. 6
Time, ns
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High-power &
. Wy 5
transfer line g

Y

| High-gradient
b ST (et stand
'll 'I“ iﬂ--.

30 GHz power
production in CTF3

Power extraction &

transfer structure (PETS)

» Produced power up to about 100 MW - structure tests started in 2005

* 5 structures tested until now
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»

037 MHz Multi-Beam

on with long RF p

on performance is needed to finalize the design choices for tt
‘TeV energy upgrade (long pulse

Typical ranges (commercially available) E. Jensen
10000 = ~ ~
\\ \\ \\
N N
N T—— N AN
\\ _ \\ N\
N Y N N\
Transistors \ —_ \
1000 — — SSPAs (x32) — — =
Grid tubes . A A —— ™~
10T \\ ———
_CK;Iéstrons N M \\\
® new DBA klystron \
2100 =—| A old DBA kiystron [ =
= ~<] o ILC RDRKlystron [ ——<_ - NG
] AN N\ b RPN —
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\ (I>) N \\\ =— \\\
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= N ~. \$h
© For the average power, it looks as though this is well in reach.
However, there was a study made (Thales), which concluded that at 1 GHz
the limit would be around 40 MW, 100 pus (red triangles).
\\ \\ \\

100 1000 f[MHz] 10000
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n radiation in bunch compressors

otron radiation on the CLIC bunch compr must be perfo

tulle -PS|

Optimized Chicane Layouts Vo w0 0 @ o Y0 5 o s
s [um] AQIQ, [%]
- 200 7 Position siml= 0.001
. : peak current | [A)= 196
Ong()lng WOI‘k . bunch length Opms M= 2495
=< 100
" ; - energy spread
El.l?deg 1.17dcg;’ i 50 total (AEE), [%1= 1782
.................... f— . slios (AEIE) - [%1= 1947
by, 000 500 0 500 1000 :
s [um] B
10

§ 10 15
4Q1Q, [%]

Posilion s[mj= 42.01
peak current I[A]= 1658
bunch length s [WMI= 29 55

energy spread 1
total (AE/E)__[%]= 1782 LY

o B slice (AE/E) _ [%I= 1556 L !
VLl \

Frank Stulle, CLIC Seminar, 08.10.2005 200 -100 0 100 200




I wes R. Corsini — CLIC AC
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Figure 13: Transverse beam profiles obtained at the dump window, 247 m downstream
of the interaction point.

Figure 17: Horzontal and wertical profiles of the disruptad beam and the particles of the

\ coherent pairs with the same charge, at the end of the CLIC pest-collision
line: the full {respectively dashed ) line spectra are cbtained with (respectively

without) vertically focusing elements downstream of the chicane. At first

order, the harizontal beam profile gives an image of the = distribution at the

interaction point, while the vertical beam profile shows the energy spectrum
of the dismpied beam.

.t
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® ADONE o
[ ]

BEPC g | VEPP4M

EP

@ horizontal size
@ vertical size

1 nm

1960 1970 1980 1990

Adapded from S. Chattopadhyay, K. Yokoya, Proc. Nanobeam "02
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ALIGNMENT SYSTEMS

Tolerance of CLIC prealignment: + 10 um over 200m

- need for alignment systems with the following characteristics:
- high resolution
- continuous measurements
- working in severe environment (strong electro-magnetic fields and radiations)

Red Alignment System from
NIKHEF (RASNIK)

Wire Positioning System (WPS) H. Mainaud
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ALIGNMENT SYSTEMS : PREVIOUS APPLICATIONS

All these alignment systems have already been used sucessfully :
v L3 detector for RASNIK system
v" LEP low beta quadrupoles for HLS system
v" LEP spectrometer for WPS system
v WPS + HLS tested on CTF2

=
i }

i Al 4,' / }
4 Ahbly | (D

W 743

N g VL TS R
<N e i, o

/

For CLIC: a new parameter ... the dimension

Perturbation of gravity and its consequences H. Mainaud
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Stability S. Redadlli et al.
Vertical spot size at IP is ~ 1 nm (size of water molecule)
Stability requirements (> 4 Hz) for a 2%
loss in luminosity
Magnet Ix I Need active damping of
) 9 " | mp tive g
Linac (2600 quads) 14 nm 1.3 nm vibrarions
Final Focus (2 quads) 4 nm 0.2 nm

=
-

; CERN vibration test stand




The Impact of Longitudinal Drive Beam Jitter on
the CLIC Luminosity

CLIC Note 598

D. Schulte, E. J. N. Wilson, F. Zimmermann

F. Stulle -PSI

PAUL SCHERRER INSTITUT

Beam Line Overview

Bunch Compressor
Phase

Measurement

ase
Measurement

Bunch Compressor with Phase Correction

Frank Stulle, CLIC Seminar, 06.10.2008
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: Figure 1:
gradient error in the mamn linac.
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{ ‘@“ Diagnostics
~arorer J. Sladen, A. Andersson Phase measurement

» Phase accuracy: 0.1°

* Amplitude range: ~6dB

« Bandwidth: 50MHz, system investigated
up to 250MHz

Offline pulses, amplitude (2 channels), phase, phase zoomed

Amplitude, dBm

.

L
coohonons

0
@
2
o
@
o
&
7]
«
=
o

FPhase, degrees

100 1350
Time, ns (all plots)
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Diagnostics
L Soby —I. Podadera Beam position

Measurement of the beam position and current in the main
linac (attached to the quadrupoles) of the next generation
colliders (ILC and CLIC) with the specifications:

« Resolution:100 nm.

» Aperture: 4-6 mm.

« Absolute precision: 10 um.
* Risetime: 15 ns.

Test in CTF3 late
thisyear
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Soby—A. D'Elia
The aim

The 3" generation of CLIC Test Facility (CTF3) \ Diagnos
foresees a beam formed by bunches separated of - Wall Current Monitor
A, = 67 ps WCM h. f. cut-off = 20 GHz =

for a total pulse duration of

1,=1.54 s —— WCM L. f. cut-off = 100 kHz

“m N\

The existing design

8 feedthroughs

but
tite in order to lower the |. f. cut-off to 100 kHz .
rou dified in order to extend their bandwidth
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mittance — main beam (for but
am profile drive beam
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ONCLUSIONS
gR&D
ere already obtained in CTF 1l and in thefirst stages of CTF3

LC-TRC)

ed issues addressed in CTF3 by 2010

“

d within Eurdfé\/_éndin clrose ollabor ation w

identified by the study, partly under study
"y " . T




Still alot of work beforeit flies...




