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The CLIC way to a multi-TeV linear collider - Basic features

r18vg2- 100 MV/m, 240 ns, 107 m'* brkdwn rate
- s CERN-KEK-SLAC

» High acceleration gradient (100 MV/m)

v “Compact” collider - overall length @ 3 TeV < 50 km
# v"Normal conducting accelerating structures

v High acceleration frequency (12 GHz)

. Drive b - 100 A, 240
 Two-Beam Acceleration Scheme f:lc:/r(; ff Qev to 240 Me(]/S

quadrupole
quadrupole power-extraction and
1 T transfer structure (PETS)

# v Cost effective, reliable, efficient
v" Simple tunnel, no active elements

v Modular, easy energy upgrade in stages —.12 GHz, 68 MW

Main beam —1 A, 160 ns
from 9 GeV to 1.5 TeV beam-position monitor




Robert H. Siemann >
ST

CTF3, Drive Beam Efficiency and use in PWFA-LC e

R. Corsini, 7.7.2009

R. Siemann Symposium and ICFA Mini-Workshop

The CLIC Two-Beam Accelerator

deceleralor, 24 secors ol 873 m

TR I L oo T

& meinlirac, 12 GHz, 100 MV m, 21.02 km e' mzin lingc

quadrupole .
- quadrupole power-extraction and

\‘ transfer structure (PETS)

-
— 12 GHz, 68 MW

beam-position monitor
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e circumfa‘encts ey
ER CR1 1448 m I W, 130 ue
CR? 4343 m

drive heam accelesstor 2 38 G2V, 1.0 GHz drive heam acceerator 2 38 GeV, 1.0 GHz
[ i
1 km 14m
delay loop P * delay loop
@ @ deceleralor, Ei sesiors ol 875 m

{-*ﬁ radus=120m e mazinlirac, 12 GHz, 100 MV/m, 21,02 km &' mazin linzc TA radius = 120 m)

483k m

CR  comhbiner finz hooster linac, 9 GeV/

TA  wrmaround

DR damping ring

PDR  precamping ring

BC  bunch compressor ¢ injeetor, 2.4 GaV
BDS  oeam delivery systam

P irteraction point

¢” injector, 2.4 GeV

CLIC schematic layout @ 3 TeV
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/ SJ_ZE I&Iyslr;ns ng:ﬂg;'?g; = 326 klystrors \
33 MW, 139 ps= I | | CF1 144.8 m | | | 33 MW, 139 us

=S
drive heam accelerstor 2.38 G2/, 1.0 GHz kS Bl 1 diive beam acceerator 2.38 GeV, 1.0 GHz

=T
1 km 14&m
delay loop P 4 celay loop
deceleralor, ;f- secos ol 873 m

\mﬁmﬂm . e )

CLIC RF power source

CLIC schematic layout @ 3 TeV
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The CLIC scheme - What does the RF Power Source do ?

The CLIC RF power source can be described as a “black box”, combining very long RF pulses, and
transforming them in many short pulses, with higher power and with higher frequency

650 Power stored in Power extracted from beam 140000
Klystrons electron beam in resonant structures Accelerating Structures
low frequency high frequency high gradient
high efficiency ‘
Long RF Pulses Electron beam Short RF Pulses
Pos Ny, T manipulation Py= P, x N,
Tn =1,/ N,

Va= Vgx Nj
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Full beam-loading acceleration in TW sections

No RF to load

No beam

High current
beam

4 4 4 4 4 4 J 4

most of RF power

(2 95%) to the
beam

“short” structure - low Ohmic losses
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G acc

Ebeam

unloaded
|

L

L

struct

|
|
|
|
loaded :
|
|

v

steady state

v

AP/IP (%)

Full beam-loading acceleration in TW sections

Time resolved beam energy
spectrum measurement in CTF3

Lo
o
1
100 200 300 400
Time (ns)
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Beam combination/separation by transverse RF deflectors

Transverse
RF Deflector, A

A

Deflecting
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Beam combination/separation by transverse RF deflectors

Pol 2, vyl 2
\

Transverse
RF Deflector, A

/
Pol 2, vyl 2

Deflecting
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Counter flow distribution

Counter propagation from Instead of using a single drive beam pulse for the whole main linac,
central complex several (Ng = 24) short ones are used.
Each one feed a 900 m long sector of TBA.

decelerator sector main linac 2
e & “~N¢ «— main beam
) ) pulse
// pulse 2 pulse 1
From central
complex

(DLDS-like system)

Counter-flow distribution allows to power different sectors of the main linac with different time bins of a single long
electron pulse.

The distance between pulsesis 2 Lg = 2 L,,/Ns. The initial drive beam pulse length is equal to 2 L,,,,= 140 us/c.
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Use of CLIC-like drive beam in Plasma Wakefield Accelerator

Full beam loading

RF gun Drive beam accelerator
RF separator
bunch compressor g —
@eam dIStI’@

E Beam Delivery and IR )
)

PWEA cells o PWEA cells

main beam e-

.. main beam
injector

e+ injector

Concept for multi-stage PWFA Linear Collider

(collinear two-beam accelerator)

A. Seryi — PAC 09
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: Delay loop x 2
Drive Beam Accelerator gap creation, pulse

efficient accelerationin fU”y loaded linac Compression & frequency

multiplication
LR R R e B e e S —

B Transverse RF

Deflectors ) i
Combiner ring x 3

pulse compression &
Combiner ring x4 frequency multiplication

pulse compression &

frequency multiplication

CLIC RF power source

Drive Beam Decelerator Sector (24 in total)

Power Extraction

Drive beam time structure - initial Drive beam time structure - final
<—>24O - 240 ns
L P P P P L - > S8 Hs .
140 ps total length - 24 x 24 sub-pulses - 4.2 A A T T
2.4 GeV - 60 cm between bunches 24 pulses — 100 A — 2.5 cm between bunches
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Gap creation & first
Phase coding multiplication x 2

How to “code” the sub-pulses

I—delay =N /10 =C Tsub—pulse

Sub-Harmonic

Bunching vy / 2 . .
° Combination

/\\f\\//\\f scheme

180° phase

<— switch > e .
Acceleration v } ‘\ﬁ
ANANAANA ke Delay
JAVAVAVAVAVAVAVA uckets Loop

odd buckets

Deflection v,/ 2

JANIVA /™ -
\o/ U RF deflector
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RF injection in combiner ring

. injection line q
S

1St turn ‘0. septum 2"

..
1stdeflector ~_____ K 2nd deflector
ol—eo
local - -
inner orbits

RF deflector /.\ /.\ Mo /'\ /
fied /N O

o
rd S~ 4I’d
3 ‘o
I \\°'~\\
oo—{l-0----- ®------ o li—oeo
. ____ o--""
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CTF3 preliminary phase (2001-2002)

Transition through zero momentum
compaction optics - o < 10

streak camera
measurement

I'QFLa: 935 A 0 = 0

—_—— X X Ag
s

Beam structure
after combination

Sl

5 2Ry i ; ; (factor 4)
¥ ?’ s B Bunch spacing

Topat945A €< 3 ps

. st was performed in 2002, at low current and short pulse,
il Ly ~<itron Accumulator (EPA), properly modified

| 1 UiV N/l MV eIV VI

Pulse Length 6.6 ns
Beam Peak Current 1.2 A
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RF injection in combiner ring in CTF3 preliminary phase (2001-2002)

A X

83 ps

>

Streak camera images of the beam, showing the bunch
combination process



-ﬂk CTF3, Drive Beam Efficiency and use in PWFA-LC (EEE=re=)

R. Corsini, 7.7.2009

R. Siemann Symposium and ICFA Mini-Workshop

The CLIC Test Facility CTF3

is a small scale version of the CLIC drive beam complex

DRIVE BEAM

LINAC

150 Mev
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Ankara University (Turkey) Helsinki Institute of Physics (Finland) JLAB (USA) Oslo University (Norway)

BINP (Russia) IAP (Russia) Karlsruhe University (Germany) PSI (Switzerland),

CERN IAP NASU (Ukraine) KEK (Japan) Polytech. University of Catalonia (Spain)
CIEMAT (Spain) Instituto de Fisica Corpuscular (Spain) LAL/Orsay (France) RRCAT-Indore (India)

Cockcroft Institute (UK) INFN / LNF (ltaly) LAPP/ESIA (France) Royal Holloway, Univ. London, (UK)
Gazi Universities (Turkey) J.Adams Institute, (UK) NCP (Pakistan) SLAC (USA)

IRFU/Saclay (France) JINR (Russia) North-West. Univ. lllinois (USA) Uppsala University (Sweden)
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v" Provide RF power to test accelerating structures and components
v" Full beam-loading accelerator operation

v" Electron beam recombination by RF injection at high current

v" Safe and stable beam deceleration and power extraction
v" Two-beam acceleration scheme

recombination
X 4
recombination x 2

bunch length

control bunch _
compression

fully loaded

acceleration PETS

on-off
structures

phase-coding \ 12 GHz

deceleration
stability

Structures
Structure materials

structures Drive Beam generation
30 GHz PETS on-off

DB decelerator
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Drive Beam linac — high current, full beam loading operation

- RE PR ALY BB sseq by sioted s |
damping (first dipole’s Q factor < 20) '

W?@etumqg S —

“analog signal
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1.5 ps beam pulse

Direct measurement of efficiency at CTF3:

: /'
RF pulse at structure input
Setup: Adjust RF power and phase in all ' :
klystrons to beam current, such that fully loaded - foses - RF pulse at structure output.
condition is fulfilled - k-

analog signal

MKSO03 MKSO07

Spectrometer 4 Spectrometer 10 :

Method: - Measure RF power, current and initial/final beam energy.
- Switch off one klystron at a time and measure relative energy in spectrometer 10.
- Check consistency and compare with calculations.

measured RF-to-beam efficiency: 95.3 %
Theory: 96% (~4 % ohmic losses)



Robert H. éiemann
<

CTF3, Drive Beam Efficiency and use in PWFA-LC e

R. Corsini, 7.7.2009

R. Siemann Symposium and ICFA Mini-Workshop

Streak camera image

Fast phase switch from
SHB system (CTF3)

satellite

A5

EELLY 666 ps

3500 ] l ; '

F000 | I

2500 T Ili| I | ., ; 1, ]
“’} 6-cell 1.5 GHz o Y, N ¢ A t :
/ &= buncher structure
- -“ }

2000
LT ] 0,25 O B 0,75 1.0

M) | 85 666ps=5.7ns

3 TW Sub-harmonic bunchers,
each fed by a wide-band TWT
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Delay Loop — beam current multiplication x 2, hole creation

| | 140 ns |

Beam current measured: P m N ﬁ gﬁi
2 | |

4 '

before DL = A«\mm»w MV_},.W

[A] B‘/ﬁ m [~ Ir“ﬂi
inDL — 2 ] | -

|

J UL
after DL/O i = & Le‘_

0 500 1000 1500 2000
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Fast vertical beam instability in CTF3 solved by new deflectors
with strong damping of the vertical deflecting mode and larger hor./vert. detuning

Combiner Ring

r"""“”ﬁiﬁ\"‘n‘.u‘f"‘“‘“’*‘

L Beam

current

Old RF deflectors

N
i [k IR R NN SRR @
|

lﬂ'|.,|||
Hor

New RF deflectors (INFN-Frascati)

Bukit in Aluminium — very fast conditioning to nominal power (1 day)




& T -
et b ~ T
Robert H. Siemann/ e / CLIC

R. Corsini, 7.7.2009

R. Siemann Symposium and ICFA Mini-Workshop

b

Beam current Without the losses from the fast vertical

L

for hundreds of turns.

w MWWMHWMmenWWﬂWﬂW :

Combiner Ring

20 us — 70 turns

- = == H | 2 00 us/div

CR.SVBPMO155§ - CR.SVEPI0130S X
o CR.SVEPMO155S
o CR.SVBPI01305

Bunch re-combination of a 3 A beam with
factor four current increase had been -2.0
demonstrated — 12 A reached. -

-4.0
(DL still by-passed, and limited by RF pulse length) A 6870
-6.0
Beam current 6. ERFP02
-8.0
6870
-10.0 CR.SYBPMD1555 -11.37500
CR.SVBPI01305 -11.95600 J 12 A
-12.04, : : : . T T T T
5500 5750 6000 6250 6500 6750 7000 7250 7500

SED2(ns)
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CLIC Power Flow

Wall Plug ( 392 MW
i r Modulator | 263 MW
235 MW auxiliaries |
o= 03
T, =% 8 MW Main beam injection, magnets,
n, = 20 Power supplies ' services, infrastructure and
M = .70 klystrons detector
150 MW 129 MW
Drive beam | Ms= -9
acceleration | n, =977 ,f? \
139 MW nplungF = 25.7%
F(G) = 97 % .96 | Drive beam .
M =.83 power extr. Dumps TlRFfIIlélil’l _ ""8‘ l %
107 MW *
Nigs = 98
PETS :
Ny =-9% — o7,
\_ N = 1.2 % J
101 MW -~ B
Main Mgp= 28
: 28 MW ) Main beam
linag \\_,

e
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CLIC Power Consumption Breakdown

Grid
Main beam magnets power

[MW]
[njector linacs 1.2
Positron pre-damping ring 0.8
Electron pre-damping ring 0.3
Damping rings warm magnets 2.2
Damping ring SC wigglers 0.5
Surface to tunnel transfer 2.1
Return lines 1.0
Turn arounds 2.2
Main linacs 8.4
Beam delivery syslem 3.0
Spent beam lines 4.1
Main beam magnets total 25.8
Main Beam Injector RF
Positron production linac 0.5
Main beam linacs 2.4 and 9 GeV [.8
Pre-damping rings 6.5
Damping rings 6.5
Main beam injector RF total 15.2

Grid
Drive beam magnets power

IMW]
DB Accelerator 0.4
Delay loops 1.2
Combiner rings 1 1.3
Combiner rings 2 1.3
Surface 1o tunnel transfer 1.3
Return lines 0.3
Turn arounds 32.7
Decelerators 7.7
Beam dumps 0.5
Drive beam magnets total 46.7
Drive beam linac RF
Modulator auxiliaries 7.8
RF power 255.5
Drive beam linac RF total 263.3
Beam, RF and alignment 5.0
instrumentation
Detector 15.0
Water systems 9.8
Ventilation systems 8.8
Tunnel infrastructure 2.5
Grand total | 392.1|

Table 11: CLIC 3 TeV power consumption

R. Corsini, 7.7.2009




“@%k CTF3, Drive Beam Efficiency and use in PWFA-LC (- zmes

R. Siemann Symposium and ICFA Mini-Workshop R. Corsini, 7.7.2009

Energy spread in full beam-loading regime

Initial transient

A » Can be kept to a few percent level by RF delayed filling of DBA
Epeam structures

————— * In CLIC, small fraction of the pulse — will be lost in a controlled way at
the end of the DBA

steady state

v

* Any drive beam current variation will result in a corresponding variation in final drive
beam energy

» That's why in CLIC we accelerate a long (140 us) constant current drive beam pulse,
and only split/recombine it after acceleration
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Energy spread in full beam-loading regime

A
Ibeam
IO
|
|
|
|
|
|
|
|
| |
} ! Constant current drive beam pulse
| i — with duration >> t;,
t
L
N Steady state after t;,
E
beam Eo
|
i
~ |
~Bof 2: steady state
“““ o
I |
I |
L L |

v
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Energy spread in full beam-loading regime

A
Ibeam |
0
_____ | I I |
I I I I
I I I I
| I I I
I I I I
I I I I
| I I I
| | | |
: | I | |
I L At> | . . _
| T | | Drive beam pulses with duration > t;,
1 | fill | »
| i ¢ spaced by At > tg,
L
A “Short” steady states
Ebeam

v
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Energy spread in full beam-loading regime

A

Ibeam

Drive beam pulses with duration < t
> spaced by At < tg,

quasi steady-state (“filtering®)
Ebeam

v
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E. Jensen-D.Schulte, CLIC ACE May 2009

Energy spread in full beam-loading regime

e Drive beam phase jitter leads to luminosity drop.

« A@p at 1 GHz causes 12 Ap at 12 GHz!

e Any R, transforms drive beam energy jitter to phase
jitter.

« (With full beam loading, drive beam current error }

transforms to energy error (and then phase error)
« Requirement (order of magnitude):
drive beam phase jitter <0.02° (3.5E-4, 50 fs)
drive beam energy jitter <¢(1E-4)
(With a feed-forward, this may be relaxed by a factor 10!)
-[Accelerating structures and recombination Scheme]

act as filters for the noise. filtering the klystron signal:

Filtering of drive beam
current variations

filtering the beam signal:

V.. Vs
B/ B3IMW)) Do /(421 A
= PO
Lo =2
o
8 A0
- . 3B
Filtering of klystron " RN 20
power variations . —
T \ Vool L0 T —
0.002 | 0.004 0.006 0.008 'nl.um 0.012 0.002 | 0.004 TS 0.008 o.oin _D.Elz
f-1 f-f
z ﬁH_l GHz T & GHz
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1.000 5
osort A i
If the beam is split/recombined like in the " H .
CLIC scheme, there is an additional n ‘
. . 100 .
filtering effect ﬁ
0.050
i nn”nﬂ mml At
014
Re-combination 003
transfer function
0.002 o_uT 0.006 0.008 0.010
Total S—1.
transfer function Tp GHz
rjn jl' : : 19 il } 1 1 1
I I I
e (\ A : Aq
il i ' - Lebife o !
i ll nI|’].:| f II1 T
01 R ﬂ ) , . NI 1 . f\‘
i - : i “”""“ — 0.1 Pllﬁllnnnu“ Al
[ Inl TR e T s
,D_{}'l n
.01t
001
0,002 0.0 0.006 0.008 0010 0.002 0, 0.006 0.008 0,010
S =1 s
GHz GHz
1 1 -1

il
Tan Tp

Generic Optimized
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Some drive beam issues for multi-stage PWFA Linear Collider

Time structure — energy spread

RF gun Drive beam accelerator —

RF separator

bunch compressor ) o
Drive beam distribution

Power loss \
by SR in arcs
—b>
Bunch Beam Delivery and IR
length/compression “*0 :
SR & CSR PWEFA cells - PWFA cells

Phase stability

l

(Cost) optimum
for drive beam energy

main beam e-
injector

main beam
e+ injector

Control of drive beam losses

Machine protection system
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CLIC-like drive beam as a PWFA collider driver — time structure
A. Seryi — CLIC Workshop 2008

mini-train 1 2.9E10 e-/bunch mini-train 20
Single train for e+ and e- sides
Separation by RF deflectors
Ifd Ifd If4 Ifd
B T R 1) ) 1)
500ns 100ns 12ps train
2*125 bunches  kickergap @ 7tooo- >

Kickers '
Kickers with ~100 ns rise time

|
1 feed- Possibility for feed-forward

|
! forward Plasma cell spacing c*600 ns/2

1
y

NB: DBA fill time ~ 250 ns

main beam

animation of beam drive distribution:

<




