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Abstract
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CTEF3 Review

Referees:
Dr. B. Aune CEA Saclay
Prof. Dr. Heino Henke, Technische Universitéat Berlin

Prof. Dr. Robert Siemann, SLAC

Mandate of the Review Commiittee:

The design of CTF3 has reached a stage, where technical solutions are being frozen and manpower and
financial resources must be made available by CERN and collaborating institutes. The review committeeis
therefore asked to:

Review the proposed machine scheme and the technical solutions proposed.

Comment on proposed aternative technical solutions.

Identify technical difficulties and propose areas where more development is required.

Review the proposed construction phases, the planning and required resources.

Produce a written statement about the feasibility of the proposed scheme and the major
challengesin the design.



CTF3 Review

Programme
Tuesday 2.10.2001 40— SS—-C01

09:00-09:15 Welcome by C.Wyss, CERN Director for Accelerators

09:15-09:45 Introduction to CTF3 G.Geschonke

09:45-10:05 Injector H.Braun

10:05-10:25 Injector Optics, A.Yeremian/SLAC

10:25-10:45 Gun and Prebuncher design T.Garvey / LAL
10:45-11:10 Coffee Break

11:10-11:25 Photo-Injector Option G.Suberlucq

11:25-11:40 Laser for photo injector |.Ross/ RAL

11:40—-12:00 Drive Beam Accelerator Optics D.Schulte

12:00-12:30 Drive Beam Accelerator Structures E.Jensen

12:30 — 14:00 Lunch

14:00 - 14:30 Longitudinal Dynamics R.Corsini
14:30-15:00 Opticsfor Delay Loop and Combiner Ring, C.Biscari / INFN Frascati
15:00-15:15 Transfer Lines C.Milardi / INFN Frascati
15:15-15:30 Hardware Developments A.Ghigo / INFN Frascati
15:30-16:00 RF Deflectors A.Gallo/ INFN Frascati
16:00-16:30 Coffee Break
16:30-16:50 RF power Generation G.Mcmonagle
16:50—-17:10 RF Pulse Compression |.Syratchev
17:10-17:30 Mechanical design of BOC cavity /R.Losito
17:30-18:00 Low Power RF R.Bossart / E.Peschardt

Wednesday 3.10.2001 40 - SS-C01

09:00-09:20 30 GHz Power Production after Linac R.Corsini
09:20-09:40 Main Beam H.Braun
09:40-10:00 30 GHz Test Stand W.Wiinsch

10:00-10:30 Coffee Break

Travelling wave buncher L.Thorndahl

10:30-11:00 Experimentsdonein LPI and planned in preliminary phase L.Rinolfi
11:00-11:30 Organisation/ Collaborations/ Planning / Status / Budget G.Geschonke
11:30—-12:00 CTF3in the context of CLIC and Discussion J.P.Delahaye

12:30 — 14:00 Lunch
afternoon detailed discussions as requested by referees,  Salle A Main Building
Thursday 4.10.2001 40-R-A10

10:00-12:00 Closed Session with DG, representatives of Collaborations and CSC



Introduction to CTF3

(G.Geschonke
CERN / PS



CTH3 is not & user facility

Experimental machine :

Aim of review:
Demonstration of the RF power generation scheme for -E{MC
s Novel drive beam scheme in the two-bean scenano

Review the technical solutions e This two-beam scheme is not limited co CLIC

are they realistic 7

long RF puise at low frequency ﬂ
Give us technical advice ==> short RF pulse at high frequency with high power
Comment on alternatives using an electron beam for energy storage
Guide our funding bodies: y i
CERN high efficiency
Collaboratious Demonstration of major CLIC Components

RF power source at 30 GHz with nominal CLIC parameters

CTF3 is only possible as International collaboration

Make use-of alfeady existing material:

INFN Frascati
LLAL Orsay LPI complex available since LEP shut-downt: | o EPA

inj i -Posi A tor
Rutherford Appleton Laboratory - LEP injector Linac LIL and Electron Positron Accumu
SLAC . : | .

- Linac tunnel, space for rings, conirol room

Strathclyde University Building ek 5P 5
Uppsala University . Hardware:

3 GHz RF system: klystrons, modulators, accelerating sections

magnets, power supplies,
control system

.==% some technical choices sre 3 consequence of existing equipment




CLIC - CTF3
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Geme

layout of CTF3

CTF3 - Test of Drive Beam Generation, Acceleration & RF Mutiplication by a factor 10

~50m 35 A -2100b of 233 nC
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Drive Beom
Injector |
Mummm
16 Accelerating Structures
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CTF3 layout - Nominal phase
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Madules Test Stand  Maqin Beam
Injector 35 A - 150 MeV Teansfer Line
140 ns &
Burch Compressor

A possible housing of the CLIC Test Faci lity (CTF3) in the LEP Pre-injector building

wide bw 1.5 GHz klystron
Alternative: Laser gun

~ Thermionic injector
longer RF pulse, phase ramping

strong damping of HOM ,
New BOC development

new RF structures

bunch length manipulation

Main objectives and challenges
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:
=
&
:
i

Near 100% beam loading

bunch phase coding

=¥
3
5
&
=
-3
e
&,
£
8
0
3
&

Estimation: Stability of Vﬂlﬁgﬂ
injection with RF deflector

isochronous latkice
impedance

coherent synchrotron radiation

Drive beam accelerator:
handling of 35 A beam current

i Drive beam production:

35 A,

3 GHz RE:

" op | Delay loop, Combiner ring, bugch compressor



Drive beam accelerating structure—l

High beam current =>
RBeam induced modes have to be damped
s Prototype of TS structure built, RY power tested
New structure type has been developed
(SICA = Slotied Iris Constant Aperture;)
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limited beam crrrent

Major building modifications

Radiation shielding  Beam power 5 kW
—_

shiclding assumes : |
permenent beam loss of only 5% (250 %)
beam loss monitors in interlock chain shut-off beam

addiﬂnna; shielding required:
some outside walls

between accelerator funnel and klysiron gallery above
ap to 20 cm of iron

above EPA:
additional 90 cm concrete

Other building modifications: snake room for DL

new CLEX bullding
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Initial phase

2003 / 2004
| CR
injector DBA Iﬂ— —
- m——
i I I ] Y, S
B e e el
| S— = —
20 GHz test station

new injector (no Sub-harmonic bunchers ...}
new accelerating structures for DBA
30 GHz test station after linac

transfer lines
combiner ring

—_

combination tests can be done at reduced bunch charge

Rk = Combiner Ring

DL = Oslay Loap

gug = Sub Hormonle Buncher

CLEY = Clic Expedimental crea (FGHz)

From LPI to CTF3

AFARRAY
+ou-
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LAL: | INFN Frascati:
ogun, HY deck transfer lines, bunch lengthening chicane
pre-bunchers | | Delay Loop layout and hardware
CLIO-type gun for prel. phases already delivered Combiner Ring layout and hardware
RF deflectors
Fast kickers
SLAC: | Participate in commissioning and exploitation

triode assembly
Injector optics and layout

---------
lllllllllllllll

RAL and Strathclyde University: Ippsals
Laser for Photo-Injector option MM Wave detector for beam diagnostics
icipation in commissioning
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CTF3 drive beam in ectm_
ey Bun

E * requirements

° initial phase -
coneepts, problems aml remedlesf

° nominal phase
| options
' bucket switching

| * schedule

'+ contributions from collaborating institutes =
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specific problems initial phase

@ total charge per pulse
@ charge stability

¥ bunch length

@ energy spread

[N L N

Bucket switching

AHowed eharge in Satellite

E iﬁ_'

Bugsch L engiii {rms)

 Eacegy spread (single buach rms)

Enesgy spread (iotal on fiaf top inel.
Beam loading)

Charge Variaton bugch te buach
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Beam Repetition Rate
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CTF3 injector variants for nominal phase
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15?:{”!7['2 h;w' | | 3 GH-E : Iﬂmmz 33A vﬂunc}r:l'ﬁ GHz \ . _g
klystron 453 MW E,._ =18 MeV V=3 GHz . train for transients
tm.phaseshift klistrons | hean ; e 7 - -
every 1AD:ns 3 T=15dps Y, =5Hz E&ibﬁm 2 prettulmhﬂr with
e R loading exiernal load
storage cavities buncher with latge
¥ for pulse
: - ower overhead
compression P
i |:-:-.'..,.:.E.-:.5 .-.-:.-.-.-m- [ dﬂtunﬂd & dﬂmpﬂd
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N ace. structures
—=1 B 0 B e al ch 1 emittance .
& g total charge per puise | yeterioration & | strong focusing
beam cleaning, beam bre:ak—up
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e S

matching &

Subh / pre-b'ﬁh'er“' S instrumentation (CML) large apertures
ubharmomnic 2 Gz section
.5 GH
buncher, 1.5 GHz all systems canbe |
C baked at 150°C i
deterioration of . |
vacuum generous pumping
large apertures
reduced bandwidth
" beam loading of grid pulser
3 GHz ' . . '
45 MW S N charge stabidity induced energy beam current
klystrons - 1 0R0 L spread feedback on grid
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Advantages of such an solation:
+ absence of low charge parasite bunches
+no phase/energy tails as produced in conventional banching
+ @ASY 180° phase switching -
+ design of RF gun for CTF3 parameters straight forward
+ RF pTEL and photo-caiiode Wﬂg}’ well establisived at CERN
+ smaller beam emittances in il three phase space planes
+ much less pavanxeters (2 RY ampl. & phases compared with 6)
+ possibility of single bunch eperation for "
beam mondtor developmendt, wakefield, ¢

But:

— laser requirements for producing the long drive beam train very
demanding |

— past experience with CTF H laser system not very encouraging
— Unprecedented average current requirement for photo-cathodes

— High current tests of cathodes in PS photo-cativede ab.
last winter demonstrated feasibility of cathodes

> R&D program in collaboration with RAL and

Strathelyde University for the development of an
all diode pumped, solid state laser system

. v
dditional problem neminal phase

4 bucket switching every 140 ns |
with < 5ns switching time ;

\ . Method Problems

1.5 GHz sub harmonic | Parasite chavge in
Thermionic bunchers with 9~10 ‘empty buckets

with pockel cells Pockel cell lifetime

driven by S00kW, Large
solalEon L7
: kiystron during switching
|
3 Swr of optical Poclkel cell driver
Photo injector | defay in laser beam line
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Contributions from collaborations

SLAC

» design of beam-line initial & nominal phase

« gun triode for initial & nominal phase

LAL

« design and construction of gun electronic (HV, grid pulser,
controls electronic,...) and support structure (hot deck,...)

» design and construction of 3 GHz pre-bunchers

RAL

« development of diode pumped laser amplifier for
generation of long bunch train with photo-injector

Inst.of Photonics / Strathclyde

« development of diode pumped, pulsed laser oscillator

year

photo injector

Nominal phase |

Initial phase

thermionic

injector
Design of
2001 | beamline and ali
components
BC;IESI:;UEE?SH of Builgd laser
pon configuration for | Design of SHB
PILOT bunchers,
RF networks
| Assembly of and modulator
2002 :
beamline
PILOT experiment
long train photo-
irge-:tc}r demo.
Move CTF I1 Decision which solution to take
componenis to '
CTF3 mjector
Injector ‘
200 commissioning Upgrade PILOT ?;dgﬁ ﬂ?{fﬂsmll
laser to CTF3 laser | Z Xiystron
and networlk
: components
Injector operation Build RF gun | Build SHB’s
2004 |
gﬁtaﬂ laser and Iastall SHB's
2005 Ll

Commissiontng of nominal phase




October 2, 2001

Anahid Dian Yermeian, SLAC

Beam line Configuration
Gun -- optics and status
Beam line optics and expected beam parameters
Strengths for Bunchers, Accelerators and magnets
Diagnostics for tuning and beam quality verification

Conclusions

Dian Yeremian, SLAC CTF3 Review, QOctober 2, 2001, at CERN
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Gun Anoede - Cathode Geometry

i)

mmhmﬁmwmmwmsmcmm
for Boeing by Ron Koonts, now on loan to CERN

ThegunmmdiﬁedatSLACfortheCTFﬁAmdeCathnde

eonﬁguraﬂonandﬂighVultageprmeduptolﬁoKYmJMry
2000, _MnmshippingmGERNwﬂhasparemt_hode already installed,

Disin Yeremian, SLAC CTF3 Review. October 2,2001, at CERN
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Flectron Beam Characieristics as Simnlated with PARMELA N Gun Characteristics

Beam simulations in anode cathode region conducted with E-GUN
Longitudinal Magnetic Field and Emittance, Nominal Phase -

2600 T ; T T rYyrrrTerT] 35 |
AR CTF3 gun ray trace from EGUN. 5 A, 140 kV grid limited mode.
e’ = 30 o i
Ea T ] ML " i X ML
< 26
. o 40 - _
-Ezng
& ] & E¥r -
415 @ £
f <t :
4 10
- H) e
s |
, . : - % 20 40 80
1 LA i1.kL r-antn::_u .
’ 300 400 500 800 700 . o Distance {in)

+  Distanves (em) *

‘The Beam Env Nominal
elope, Stage Electron Beam Parameters of the CTF 3 Gun.

- Parameters CTF3 sun#1
i 5 |7 93 [104 | Amp
v 140 [ 140 1140 | 150 | keV
_Emincl.mermalandgﬁdeffem 26 - | 20 13 14 mnm - mrad

Dian Yeremian, SLAC ' CTF3 Review. October 2, 2001, a1 CERN | Bian Yeremian, SLAC CTF3 Review, October 2, 2001, ar CERN
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simulated Flectron Beam C haracteristics and RE Paramelers

Electron Beam Parameters at End of Accelerator 2.

Parameters Unit Nominal / Initial | Simulation
Target End Acc. 2

Beam Energy MeV <20 17.2/17.5

Beamn Current in 20° A 3.5 35

Charge per bunch in 20° nC 233/1.2 2.33/1.2

Allowed charge in Satellite T <f ! - g8/ -

Burich Length (FWEHM) ps < 12 12
Emmittance, N, rms mm-rnrad < 100 351 50

Energy spread (single bnch, fwhm) | MeV < (.5 0.5 /0.3

Buncher s and Accelerator s Parameters

RF Structure Paramefers Unit | Nominal / Initial

RF Fundamental Frequency GHz 299855

SHB Frequency {Nominal phase) (iHz 1.5

SHB Gap voltage no. 1,2, 3 {(Nominal phase} KV 20, 20, 20

PB Gap voliage (Nominal phase) KV 52.

PB Gap voltage no, | and 2 {Initial phase) KY 14, 30

17 Cell Buncher gradient ( w/ Beam Loading) MV/m 8.4 10 10.8

RF Deak Power into TPV Buncher MW 35

Acceterator Gradient Cell 1, 27, 34 (w/ BL) MV/m | .1i.4, 0.5, -6.8

RF Peak Power into accelerator MW 35

Dian Yeremian, SLAC

CTF3 Review, Coiober 2, 2081, &t CERN

Electron Beam Characteristics as Simulated with PARMELA |

Single Bunch Parameters
% | 1 I 2 l ] !
{a} (b)
27 1 {- —
N = - pdl
18 E ol % -
g A
g A - _
0 ' = 1 | |
wd) —20 { 20 -2 —1 0 1 2
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L SRR Ty
il - e w
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40 - o 20 0 a5 70 105 140
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Dian Yeremizy, SLAC

CTF3 Review. Octeber 2,2001, at CERN
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Conclusion

The CTF3 preinjector beam line including from the gun to the end of the
second accelerator section has been designed for both the Nominal and the
Inttial phase operation

All bunching and accelerating Gradients have been Defined.
All solenoid strengths and shapes have been defined.
All diagnostics for tuning and characterizing the beam have been defined

The gun 15 already transferred to CERN from SLAC. The HV and
electronics system is being designed at LAL

-

The traveling wave buncher and accelerator sections exist or are in
manufacturing stage.

The prebuncher and the subharmonic bunchers detailed design is under way
at CERN and LAL

The solenoids are at the drawing stage at CERN and soon will go out for
manufacturing bids.

The detaiied design of the diagnostics is under way at CERN

It remams to define the vacuum pumping and monitoring poinis on the beam
line

It remains To design the steering magnets once all the other details are
sufficiently defined and drawn on the beam line drawing.

It remains to include the actual SHB and PB electric fields once these are

designed. {Currently we use sign waves, and this is not a bad approximation
$0 We expect no surprises

[ want to thank the many people at CERN, LAL, and SLAC who have
contributed to this work.

Dian Yeremian, SLAC ' CTF3 Review. October 2, 2001, at CBREN

CTE3 Selenoid Strengths and Parameters per Power Supply
Excluding Voltage loss in the power cables

Name type Nturn R I* Imax**
(m2) (A} (A)

BucKing coil NLCTA 169 350 8 20
Gun Lens*#* NLCTA RPAL 1360 9 10
51 Tesla Eng. 64 39 a3 200
52 Tesla Eng. 04 39 T0 200
53 Tesla Eng. 64 39 70 200
S4 Tesla Eng. 64 39 70 200
=5 Tesla Eng. 64 3 187 200
6 Tesla Eng. o4 30 187 200
87 CERN 72 48.4 195 204
S8 CERN 72 48.4 195 200
59.11 CERN 72 145,2 203 200
S12-14 CERN T2 145.2 173 200
515-18 CERN 108172 242.2 657 700
815.18 CERN 72 2420 611 700
Note: | |

* 11is the expected current needed in the solenoid from the simulations

** Imax is current I would like to have available for added margin taking into
account coil limit (as in lens) or power supply limit as in $7 and S8

**%  the data is for NLCTA lens. If possible I would like to add 30% more turns to
this tens by adding 3 more layers in the vertical direction.

#*%% Power lost in the cable s from PS to coil are not included. Power should he
kept to a minitoum length specially for the high current case,

Dian Yeremian, SLAC CTF3 Review, October 2, 200§, at CERNM



T. Garvey / LAL — Orsay
CTF3 Review, October 2001.

¢ Gun Electronics
e High Voltage System

e Pre-bunching Cavities

M. Bernard, G. Bienvenu, B. Jacquemard, B. Mouton,
M. Omeich, R. Roux,




CTF3 GUN
specification

UNIT | OLD | NEW
Voltage stability; % | 0.1 1

Current A 9 6
Current flat-top % 0.1 i1->0.1
HV kV 140 140

HV (processing) | kV | 160 160

o3 ‘
S AMW 91 40 MW i
3 GHz 3 GiHz CTF 3 Injector

Initia stage

Beam maitching, Beam diagnostics
and collimation

524 43| g - |

_ N ko;go
.JZI > X IE >4 sne X UL\U \é

Quadrupoles tiplet Quadrupoles triplet

100 - 150 keV 5- 10 MeV 2% 9.2 MeV re 26 MeV.

For = 2.99855 GHz for all RF structures
PB1, PB2Z = Pre-bunchers
B{ = Bunching system {TW structure}

31, 82 = Accelerating system (TW, 1.3 m, 2.2 MV/m)

SNL = Saolenods

March 2000
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CTEACHAR Temperature= 27 = : |
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----- 1 =
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Fime TG TR IS 67157  Right:  20.000000 DiF:  4.328433

1 0 LeFt: 140©.907 Right: 140 .00 Biﬁ-i ?.003
T = . | maf s (AR Riakt: @.033 Dire ? .20

Short-circuit protection

With the new parameters:
[=6A = Q~10uC AV/V=1% =>C=Q/AV ="nF

Stored energy =70 J
Hypothesis:
Vacuum 1x10° Torr, Arc potential 50-100 V
With a 500 Q resistor

I peak =280 A (100 A for CLIO )
Wéun <0.11]
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Preliminary tests
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Prebunchers for the CTE3

injector
o First prebuncher : normal simple design

> Second prebuncher : beamloading compensation

First prebuncher

In copper, coupled with a waveguide,
modelised with superfish and HFSS

Cut-off with a large diameter = 34 mm

e
pide
Wi

BT

Long range eleciric field

Longer mt—Z 90 mm
Transit Time Factor = 0.4 (140 keV)

Q=10 670 R, = 1.02 MQ:

Cavity dimensions : R, = 41.6 mm
h, = 18 mm

For a better magnetic field symmetry, cut-off axis shitted by 0.7 mm

-7 -



Second prebuncher

Beamloading ‘Vind= RSEQEE&W

. ()
WO CdsES .

I bunch length 1s long , FWHM = 8.33 mm
Same as the first but in stainless steel = V., =74 kV

If bunch length shorter = one needs an external load
and overcoupling ‘

et [

05 [
04 L

52 k

Hew simulations with PARMELA

»Very simple calculations, just to see the bunching
» Assuming PB1 is situated where SHB1 will be

V . 60 k_V E _m:.-j_!'Tﬁ;_.;w...._.:.,i-h-_,:,._“-'-__"Z,,,,f.,..‘_.,,‘.“..“". - "
—_— F B B : ¥ i
& [ . ) .—'_. . E "';_-
Using field given RRPPSS SECURTE IRV S SR
by Supertish
g A A——ee - . .,g.. ..........

F=140 keV .

1: T Iii _'Fi T 1

30

No space charge o

10

|11t{_'.lirf-r"1|

.B .I.t - .".' .

1 .5 a 151 | L5 P

7 =923 cm, FWHM = 1.3 mm o
gsgn



CTF3 Review
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Drive Beam Photo-injector Option
for the C'TF3 Nominal Phase

& . Subeviu cy

Maotivation

CTF3 Drive Beam Requirements
CTF3 RF gun desion

The Laser = (I. Ross / RAL)
The Photocathode

Cost estimate

Possible schedule

Expected advantages of the pholo-injector option compared to the thermionic source ;

% The laser time stucture can be easily manipulated to produce the best shape
= flexibility for studies and for minimizing transient beam-loading in the CLIC main
beam

% “Empty” buckets really empty = reduce losses and the radiation level

% Bmaller emittances (transversal and longitudinal) = easier beam transport and bunch
length manipulation.

% No low-enerpy tails af the end of the injector.

% Compacmess of injectar
% L.ess expensive

L | s et =

..Ii|h|.I.%n:n:l.—.:m.—.m:m::m::m.—..ﬂ
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CTE3 Drive BE&H‘I Phntﬂ-m]ectﬂr Requirements

Unit CTF-3
Fulse charge n 233
Pulse width (FWWHH; pa 10
Peak corrent A 240
Number of pulses - 2310
Distance between pulses s D667
Charge stability % + 5.1
Train duration 115 134
Train chargs pC 3.4
Repetition rate Hz 3
Nean current mA {0.026
Minimum QF at A %% 1.5
Minimun fetime at QE, h 116
Shots during lifetime ¥ 1¢° 39
Photo cathode produced charge C 10
Mean Laser power at the cathode W 0,008
TFhoto-injector Reliability %o = U3

A

CTF3 Drlve Beam Phntﬂ-m}ect{}r Requ:remmts (2}

BUT

To be taken mto account the photo-mniector MUST also demonstrate
the feasibility for CLIC

% On paper for the laser and with the today technology
= This hias been done : see CLIC Note 462

% As close as possible of the CLIC working point for the photocathode
= This has been done : see CTF3 Note 020

i
The photo-injector should be anoption for CTF3 and CLIC

3
see CLIC Note 487
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CTF3 RF gun design

The design for the RF gun is based Ic:rn the extsting CTE 2 drive beam gun

RF frequency 2.99855 GHz
RF power 30MW
Beam energy 3.6 MeV
Beam current 35 A
Peak field on cathode 835 MVim
Unloaded ¢ 13000
Coupling factor f 2.2
Delay beam /RF 400 ns

Special attention should be paid to the vacuum pumping speed

CTF-2 Drive Beam : RF Gun Desorption ?

& E-0%

5E-09

!

TE-0%

E =105 MV/m

:

:

Gan pressurs - VG L fmbar)

T 2w

eale M 1"

g

1E-0% 4

CoyTu g 137
48 pullhy

CirlaNo 120
24 pulesa

G+ 520 nC

Q= 35T /
i |

4 QF = Lax1p?

Cx,Ta o 117
Cu Mo 4484 QE =I5

G x4t

Emitted rharge {nC)

100 206 NS00 400 2S00 00

L.EHD

LE-08 +

1 CyTe MNp 1240
QE » 1.6 %

o ma

1y 50 100 110 208
Laror snargy af Sog culbiode in 24 pulees (Ul
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The CTE3 Photo-injector Laser System I. Ross, RAL

Collaboration RAL, Strathclyde University and CERN

Performances obtained at CTF or during the High Q test:

b
%
%
B
L
B
L

Working wavelength < 270 nm
Maximum electric field : at least 125 MV/tn

Fast response time : < few ps (measurement limited by instrementation)

Low dark currvent : slmilar to copper

High peak current : up to 10 k4

Macro-pulse charge ; 750 nC in 48 pulses, spacing 333 ps

High mean current : at least 1 mA - 1¢C at 1 kHz - Jimited by [aser power and HV power
supply)

Mean current densjty : 21 mafem®

% Resistance to lager damages: at least 6 W/em? @ 262 nm

F

v Lifetime: QE> 1.5 % during 460 h & 750 A, 1.4x10-* mbar at § MV/m In the DC gun

S.Hute¢hing 2001
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Classcat avapoation procsss: 168 MYim ; OTEZ Drive Bvam BF gun
md Raure i end, ¢etdmeted working fems Wit chog v progucton

1 working day over 2, B heirk f workdng day
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. MNo 137
5
4 -
2 1nr .. a::c o GBmn =15%
ﬂl ] L] { { 1

100

200 ciny 400 500
Working fime (h)

‘Wavelength 1047 nm (N4 . YLF}
= | Pulse width (FWHH) % 10ps
; Pulse train duration =100 pe
= | Repetition rate 5 He (100 Ho)
TFiming jitter +1yps
Fraquency 375 - 750 - 1500 MHz
S | Output energy / pulse 133 - 66~ 33 1)
Oufput power in the pulss train S0 W
Dittance betwesn pulses 0.667 ny
Amplitude stability 4 0.1 % (with feadback}
Wevelength on the photocathode 252 nm
Total effict m I to 3.
:E iucluda??aaic rifr:m tr!::; (upii?ﬁ?+ meterial) 54;?
B Charge / bunch 2.33nC
-5 Photoeathode QE 1.3% 4.5 %
g UV energy at the ¢cathode / pulse 0.75 ul 0.35 ut
o Output IR energy / pulse 21 pl Tl
Output IR energy / train . 31512 1.0517
Puise train mean power I1SkW A kW

Extrzcted output power f opticel pumping power
Cptioul pamping power

0.66
477 kW 16 kW




Cost estimate

Possible schedule

Preliminary cost estimate ;

% Materinl (without Infrasfructures and spares) : 0.5 -1 MCHF
"% Lager 1 500 kCHF with QF ~ 4.5 %
¥ Photocathodes : 20 kCHF
# RFgun: 100 kCHF

% Exploitation :
* material (with spares) : 70 kCHF / year
* manpower ! 1 man-year / year

5 F F

& F

1 B HEE o
! BRI HHH H A == FTI ]

T

Till the end of 2002 : Mote tests ,
% Experiments to demonstrate the reliability of the laser as close as possible of the
CTF3 conditions (PILOT)
¥ Thotocathode lifetime at high QF in the CTF2 and RF gun desorption study
End of 2002 : final decision on the CTF3 source

If the photo-injector is selected

Spring 2003 : Main parts will be ordered

18 months will be necéssary to build all parts of the photo-injector

Mid 2004 : Laser-room and infrastructures should be ready to stari the laser
assembly

Autumn 2004 ; Laser starting-up - the RF gun will be ready

Wirntter 2004-2005 : RF gun installation with the RF network - starting-up and
commissioning of the photo-injector

Spring 2005 : Operational production of electron beam in CTF3




A LASER SYSTEM FOR
THE PHOTO-INJECTOR OPTION
FOR CLIC/CTF3

(oSS

*BACKGROUND

*LASER DESIGN AND DEVELOPMENT
PROGRAMME

+*RECENT R&D PROGRAMME RESULTS

*pILOT’ TESTS ON CTF2

CLIC DRIVE BEAM PHOTO-INJECTOR

" Comhiner rmgs

Prive Beam Acoeﬁermr
§ 937MiHzZ, 3.9MV/ma, 91 uniis

67ps punch spacing, 1952 bunches/train
.f: . 1 Train (130ns) per Drive Beam Deceferator
| | Delay !me -

Wiain Linac accelerators

L, L gun
B o37TMiElz

AR NIVARN N e

[ E O Gate
HY drive function to Pockels Cell
130ns

Generator

468.5MHz
Oscillator

Amplifier Chain

.......

\ppleton Laboraiory
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QUESTIONS TO ANSWER

*Is it feasible?

+]Is it afteordable’
Where are the uncertaintics in the physics/technology?

+What pregramme will establish confidence and lead to

an optimised design?

CLIRC

< | Rutherford Appleton Laboratory

PHOTO-CATHODE SPECIFICATIONS

CLIC CTF3
Quantum efficiency assumed 1.5% 4.5%
UV energy per micropulse 51 0.25ul
Pulse duration <10ps <10ps
Wavelength 270nm 270mm
Time between pulses - 2.13ns 0.67 s
Pulse train duration 91.6us 1.5ps
Repetition Rate . 100Hz SHz
Energy stability (rms) 0.1% 0.1%
Laser/RF symchronisation dps <1ps
10° shots between Servicing
4 mronths at 100H2
Rutherford leion Laboraio



THE CTF3 PHOTO-INJECTOR LASER
SYSTEM

DESIGN STUDY ISSUES . RAL, IOP and CERN

*PI—IOTO-CATHODE robust, QK, stéble

*DP OSCILLATOR power, repetition rate
*DP AMPLIFIER power, efficiency, stability
*HARMONIC GENERATION  efficiency
“FEEDBACK 0.1%?

*SYNCHRONISATION  1ps

Rutherford Appleton Laborato
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LASER SPECIFICATIONS

CLIC CTE3

Energy per micropulse 100ug Tl
Total pulse train energy %_ES%J 16m]
Pulse train mean p@;wr 47W 10.5kW

Laser average power - 430W 80mW

Stability and conteollability  0.1% 0.1%

BEfficiency of IR to UY 5% 5%

Rutheriord Appleton Lapboraiony

10W cw TEMg, MeVeretsis

TRW ow
1d [ 180Hz

Oscillaiors -

MOPA -

Oscillators -

MIOPA

B VL& = &
NenVh@ «§

ECONSTRATED SYSTELS

5L o musimods
G0 ewr TERigy
SO ow mogelecked TENg,

- 16J / 100H=z

10m.d / 15fs / 1z

DESIGRIED SYSTEMS
YO

> 100

Rutherford Appleton Laboraiory




§W DIODE-PUMPED TEST AMPLIFIER

# Peak power after stabilisation(in 200us) = 60W (300W pump)

With stabilisation = )

Noise dug to
maode-beating

4

0 W0 20 W0 40 so
Time /us

= _gg\gacg?%) "
478" i_ﬁ.‘ . o]




{zain versus pump power
Pumping: 160V, 400us, SHz

Pump-distribution ;:

{fluorescence intensity)

Saturated gain

Rutherford Appleion Laborato
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-‘ TP , - Effect of cooling temperature on
Saturated gain-distribution at single pass | amplifier gain .

amplHication . |
. N | Pumping:100V, 1004, 400us

30 Hz, 24 deg
30 Hz, 18 deg

0.2
e [ e R BRI
0 200 400 600 800 1000
Time fus)
| 1.0 Pumping: 100V, 1004, 800us, SHe
P | ' —_— 7 deg
S - 0.8~
] ﬁ; —— 1 dog
ﬁé 0.6 g
%ﬁ ™ _ momerman=e )] (&g
0.4 5 e | § g
0.2 —
G-ﬂ I | i | t ] | | |

0 500 14600 1500 2000
Time (microsec)
Rutherford Appleton | aboraio Rutherford Appleton Laborato




Effect of changing of the input-power
and pump-power

Pumping:100 V, 800 us, 3 Hz

1004, 500m W input
96 A

————  100A, 210mWinput

X 96%outpat

0.6
60.8%output

0.4 —

Intesity (rel. scale)

0 500 1000 1300 2000 2500
Time (us)

- Rutherford Appleton Laboratory

Dependence of amplifier gain on the
pumprate

Pumping: 100V, 800us, 3 Hz

- 100A
904
304
704
604

0.0

| | ‘ I t ! I
0 500 1000 1500 2000
Time (microsec)

.:i'?ff - ~ Rutherford Appleton Laboratory



(Gain versus pump power
Pumping: 100V, 400us, SHz

FINAL AMPLIFIER DESIGN - PHYSICS

120 — Smalisignal gam
100~ Double- pass
50 — -
- . mgle- pass
s 60 N .
0 For maximum stability the trick is to operate in quasi-
207 ; steady-state mode with continuous pulse train input.
0 S e B I L |
, 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Pump power (kW) )
C../') 1.01 - T
? Saturated gam o~ !
Z
16 -  =—=——Double-pass % - I
14 — | g 1 . -
17 — Single-pasg E
10 o 5
5 ST |
' G‘ﬁ 100
j - : ‘ | :. | : | (microseconds)
{} | [ E | | E 1 | 1 | | —l
2.0 2.5 3.0 3.5 4.0 4.5 3.0

Pump power (kW)

-"’ - Rutherford Appleton Laboratory 2 Rutherford Appleton Laboratory




Signal {mv)

Signal {(mVv)

Stability of the amplifier syste
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vl . .
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Thermal-lensing effect in the Nd:YLE
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Thermal lensing measurements Stability of the amplifier at saturation

2080 -
|
; h
| N E Eﬂ 1000 — Saterated amplification
Strehl-ratio i ; ” ———  Baburated amplifisd sTznd
Measured 1 : | Pumping
eremene—v - (Cprrected | i 0 S B N AL E s p s B
0.4 — l 1 . . P 300 -200 -100 0 r0d 200 300 400
- + : Time {microses)
0.3 — f
g 0.2 ‘ _ Stability of the amplifier
= 1 Cylindrical aberration
= 0l = — - delaRME=0.171%
- 7 Vertically 1440 1
0.0 " } 0.74%
. T Horisontally 1L
-ﬂl - [ T T
| | | | =
.00 £ .40 8.00 12.00 E 1400 —
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Final design: Thermal power 170 W ” - i
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Horisontal aberration f=-60 cm
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Calculated effect of amplification and
saturation on pulse shape for Nd: YLF

1.0 -
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SUMMARY

SECOND AND FOURTH HARMONIC o ,
: ; ® G = OK& ﬁ h h
CONVERSION EFFICIENCY |- afﬁ;;ﬁﬁ igh pump
MEASUREMENTS '

| « Efficient extraction - OK, but more accurate

Conversion efficiency data requim@.

j | » Self-stabilisation - Yes, to a few % but not
N well matched to analysis

- improvement anticipated
- needs slow feedback system

0 £400 00 000 BIO0 10600

Wt | ud : egm dia 1.8mm EWHE

12003 THROC)

| + 30% amplified beam uniformity
| - better with fatter rod

——Gsanger KD*P, 30mr - -~ - Gsanger BBO, 3.5mm  —— Gsanger KD*P, 30mm{(2)
—o— Clev.Cryst.BBO, 1.1mm  —— Gsanger KD*P —— Geanger BB 3.5mm
BBO Gsanger 4.5mm

| « Thermal lensing and astigmatism measured
' - predict good correction for

CLIC power

| - Polished rod fractured at predicted power/cm
- etched rod believed better

Rutherford Appleton Laboraio

= Hutherford Appleton Laboratory




REMAINING CHALLENGES FOR CLIC?

- Requires slow feedback system
- Fast feedback system??

*STABILITY

*QYNCHRONISATION - To be determined

*UNIFORMITY - OK improvements expected
- options possible

*AMPLIFIED PULSE TRAIN - Low risk

*ENERGY EXTRACTION OVER LARGE ARFEA
- Low risk

Rutherford Appleton Laboratory

OUTSTANDING ISSUES

*1.5GHz(CTF3)/0.5GHz(CLIC) oscillator

~ *Electron charge measurement and stabilisation to

0.1%
*Synchronisation

*Photo-cathode reliability

Rutherford Appleton Laboralofy
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‘PILOT’ CTF2 TESTS

ATMS

Demonstrate stable pulse train operation
yielding 0.2nC per electron bunch from the photo-
cathode at a frequency of 250MHz and for a train

lemgth of 1.51 s.

Demonstrate optical feedback stabilisation of
the optical pulse train fo 1%.

Demonstrate beams on the photo-cathode
spatially uniform to 30%.

Rutherford Appieton Laboraiory

‘PILOT? CTFZ TESTS

ATMS

Demonstrate stable “' *
o pulse tredn operation
yielding 0.1aC per electron buncl frrom the photo-

cathode at a frequency of 500N

Hlz and for & tratm

lemgth of 1.5ps.

Demomstrate eptienl fesdlanclk sabiisation of

the oplical pullse trafm tp <%

Demonstrage bearss om the m@ﬁ@a@@@h@ﬁ@

spatially uniform t» 29%.

Rutherford Appleton Laboratory

el
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Optics Design and Simulations for the

CTF3 Drive Beam Accelerator The Beam
| Bunch charge q nC | 2.33
\’D S e | Bunch length o, |mm | L5
‘ | Norm. emittances €y | pm | 108
Initial energy Eo | MeV| 24
Distance betw. bunches | As m 0.2
No of bunches ~ 2100
Final beam energy spread | AE/E| % 5

ol ionl jonl il ebenl lewl lonl lonl il lew | bl i bl Gl il e

The Structure

Length

Ll m 1.2
boad. Gradient |G |MV/m (6.5
No of cells 34

Two different designs: TDS and SICA
both use damping and detuning

= the SICA has lower transverse wakefields

the wakefields have been caiculated by
A. Millich, L. Thorndahl, E. Jensen, |. Syratchev



Simulations

Simulations have been performed using PLACET

20 structures were simulated

space is available
slightly conservative estimate

longrange transverse wakefields
individual cells are simulated

with uncoupled modes {4-5)

~ dipole loss factors 50% higher

uncertainty of the calculation, simplifica-
tions made

Q-values 50% higher
imperfect loads

Q = 1000 in end cells (no damping)
RF phase will be adjusted for compression

) RF = —6° is assumed

General Considerations

In each lattice, the quadrupole strengths can be
varied

weak focusing

= sensitiv to wakehelds

strong focusing

= sensitive to energy errors

=> compromise Is necessary

the energy must be well controlled because of
the ring

= strénger focusing

more difficult to start {low intensities are not
simpler)

once the linac runs, injecting into the ring should
be simpler



~09 -

Investigated Options

FODOQ lattice with one structure per half-cell

10em 1Eom 10cm 10cm 10em 1icm

e b Ay e

10cm 10cm 1Gcom 1

e i Al

i | lm——— - M g AP I w— A A—N

2190m 200m 122cm 20cm 2%om 20cm 123cm 20cm 22cm 204

B cuadrupole fldipoles Pscructure FRApickup

triplet lattice with two structures per cell

25cm 250m  10cm 10cm 18¢cm

- | = - e ~alin- wiiee Al i

T ——— — . s i
22cm 220 22cm 20cm 122cm 1232cm 20cm 22cm 2

P auadrupcle P dipoles M structure pickup
Il

4

doublet lattice with two structures per cefl

500om ldem 2icm I00m 21em 10cm S0«

e e e A R

e i - =E - b - : » = g

22em 22em Z20cm 12Zcm 12Z2em 20cm Z22cm
J cuadrupole Hédipoles W =tructure ] pickup

= space requirement and cost is very comparable

10cm L0om  25cm

B [m]

D kPO 0D A £ D ~] DD

e

O
6.5
6 B
556
— 2T
E 49
o '
3.5 s
3 L
2.5 1
2

Beta-Functions

FODO-Lattice

-
e
Ea
-

1 L
e {i:: i — -3
P
- L]
L]
. N i

_____

05 1 18 2 25 3 35 4 45

s im]
Triplei-Lattice

B imj
SN RUIC @O

'05 1 15 2 25 3 35 4 45

s [m]
Doublet-Lattice

05 1 156 2 258 3 35 4 45
s [m]
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Gradient Error

1 i2 14 16 18 2
G/Gy

The acceptance A, is defined such that any par-
ticle with initial positions xg, =, yo and yj that
fulfils ’

2 } 22 2 Y
) +la) (o) o) <4
\\0z,0 Tyl 0 Ty,0 Ty 0

will pass through the accelerator.

= a gradient that is too high is less of a problem

than a gradient that is too low

Jitter Amplification

Triplet Lattice

Xty Oy ot

Single bunches are kicked hard

= triplet lattice better than FODO lattice



Jitter Amplification

Triplet Lattice

0 500 1000 1500 2000
bunch rumber
FODO Lattice

0 560 1000 1600 2000
bunch nomber

bunches at intersections of trains are kicked hard

Amplification vs. Energy Acceptance

Amplification

asl,
o

FODO —
doublets -

e T = R A = 5 B #
. LI DL

0.7

Q.75

0.8

09 0985

1



Y foyf(ay/oy o)

Initial Energy -

- o W

4
3-
2
K
g’
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H}-‘i[t!.i‘
o
2
..3..
4
4 -3

Bunch-to-Bunch Transverse Jitter

Hard to measure
should be absent in slm devices
but sub-harmonic bunches is fast

an angle and position jitter of 6 = 0.1¢ in-
creases emittance by only 1%

should not lead to a large emittance due to
wakefields

100 ' _' 4 i 1." [_‘,K r_ —
~ [FODO. ¢,
. 4 /W ols, &, - - -
% P triptats, €,
R {
5 60 y
r )
4
§ wl ﬂ
o
.;:_:r-‘i'rr S ST
0 r_«-_a——-qﬂﬁﬂt__‘h,..._-..._..mr . '
0 100 200 300 400 500 800
$ [strange units)

=> use triplet lattice



T Chromatic Emittance Growth
Bunch-to-Bunch Transverse litter, Cont. m it

100 (—— - T TrO00 — ) Gradient is assummed to vary slowly

S o amplitude § = 5%
| \ . next pair of structures has opposite variation

=
o 10
& . |
. G1(s) = Go(l + 0sin(2ns/ Lirain))
| Go(s) = Go(l £ §sin(2w8/ Lipain))
1 | | - l '-'“"“‘""'*""l‘r'--’F---‘.E'-.,.,-ujk g . : - : : . :
07 075 08 08 09 095 1 I N o o o ;
AG/G [% abal, X e : :
[%] 71 gibbal, — E 1 g i B
x ﬁ 3 ..'E g E %
100 ¢ ' . ‘  FODO —— %5_ f T s e N
g ; SN T S S B
\ triplets - _—— ho- 4 i ’* ““—é___-d g
A 3} T
=] : mhh'”‘- - 21 3 — #
o 10 | . | R - fl, _____f.,-----...::::“_:'_:‘
} : _D .ﬂ—-"l-l' --------- l‘-‘_- L 1 - 1
N . 0 5 10 15 20 26 30 35 40 45
. s [m]
1 | | o g
0.7 0.76 0.8 0.85 0.8 0.95 1
AGIG (%]

= triplet lattice



Local Gradient Variation

-::asla"l —
case 2 e
5 [ S
& ;
@ 3 F 4
h
1 e ?___ S »3' i
- fomeeeah e TS
ﬂ- _._.-—-—J4 e taeaaad™ ARELY j---'
o 5 10 15 20 25 30 35 40 46
s [mj]

Vertical emittance growth is smaller

three cases considefed

1) | *
L o oo T = L

2)
o s o o e v o o e s e

3)
g o [ v o s o e o

Beam-Based Alignment

All elements are initially misaligned with an RM3S
of 200 ym

ane-to-one correction used as beam-based align-
ment

each dipole corrector is set to minimise offset in

the next BPM



FODO-Lattice vs. Triplet-Lattice

Local gradient error with & = 0%

4
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A Gaussian error hds been added to quadrupole
strengths ’

the average over 100 machines is shown
the vertical plane is much better
=> an error of o /k < 0.01 seems acceptable

average betatron function enlarged by quadrupole
error

maximum A[}_g}g for beam jittEl" for 100 simu-
lated machines is 2.35 for o /k < 0.01 (1.85
without betatron mismatch)



Conclusion

Triplet lattice with two stmsctu s per triplet
g[ves better COMDIoOY RN Wakernei and |
dlsperswe effects than FODO lattem

= USe tripiet lattice

beam and bunch-to-bunch jitter amplification is
large in FODO lattice

= but triplet lattice is OK

= break resonance

static emittance growth is small

corrector would be better placed in the centre
of triplet

=> but not too much improvement

-6
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- Feb-00: successful TDS high power tests,
- May-00: re-considering slotted iris structure,
- Jul-00: SICA - combining slotted iris with constant aperture

. 22-Nov-00: Market Survey started (SICA & TDS)
30 European firms contacted, 6 interested and qualified to bid.

!
o ° 30-May-01: Invitation to Tender (SICA & TDS)
l 6 firms contacted, 4 positive answers

» 20-Aug-01: successful SICA high power tests
- 23-Aug-01: Tender opening, structure type decided (SICA)
-.19-Sep-01: Proposal through FC, letter of intent dispatched

- Apr-02: 1s* full size prototype ready
- Apr-03: delivery of 18 SICA structures

’ th i e R e i ] Rt B e W i S i s A e X g g e SR K TR ke b gy B b Vg TR o i T g e A pe e Ao TR o fecki R e bt T R W
B " ‘t‘l "'I-. Sy |"'"'-I-'..'-'-:-.-:-'c'-'.'—! S T A e AR N N A A e e e e, E R e .-'-..":-. ----------------------

E. Jensen - Drive Beam Accelerator Structures 2/ 10/01 23
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AT 57 AR oy LS it S

. Full beam loading
| allows for very high efficienyl
2 Transverse wakefields
serious issue: beam current 3.5 A, 1.5 psl
EJ en Driv Beam cceleun Sr I T T 2

G F B v s LS

AL e T AR L TR L PO TE

35 A - 2100 bof 2.33nC
150 MeV - 1.4 ps

Drive Beam Acceleraior
16) Accelerating Structures

3 GHz -8.0 MeV/structure

R e R T e e e
2/10/01

- -"---l-?..l_.zﬂ._.'r.; P




(e "l-'la_ﬂ AL S [ AR S A T ruvd

structure Ie.ng’rh for
96% B.L.

power flow:

e.lp. wove v beam {overipading)

This illustration simplified for constant rmpedaﬂce

- initial gradient  oc [ P

H
+ overloading if
- current too high, or
- input power too small, or
- structure too long.

R T R P B N TR

E. Jensen - Drive Beam Accelerator Structures

celt vg[% c] RIQKQIM] Q P MW] P MW] P, MW] PoIMW] WimJ] VIKV]  VIMV]
(Linac def.) accum. accum. accum,
1 5.155 3.145 13868 30.00 28.68 0.02 1.24 63 3563.32  (.353
4 4918 3.176 13871  26.09 24.83 0.33 . 4.85 58 338.69 1.384
7 4.674 3.206 13874 22.36 21.16 0.55 8.29 52 32272 2.369
10 4.421 3.235 13645  18.83 17.70 074 11.56 46 305.35 3.303
13 4,160 3.260 13488 15.51 14.45 0.92 14.63 40 286.16  4.181
16 3.891 3.279 13273 12.41 11.44 1.07 17.49 34 264.80  4.997
19 3.614 3.289 12994 9.58 8.69 1.20 20.10 28 240.85 5,744
22 3.328 3.288 12644 7.03 6.24 1.31 22.45 22 213.86 6.413
25 3.035 3.273 12220 4.79 4.13 1.39 2448 16 183.1¢ 6.995
29 2.632 3.225 11539 2.39 1.90 147 26.64 0 13529 7.610
32 2,320 3.164 10941 1.07 0.74 1.50 27.76 4 02.81 7.933
5.2 16000
47 14000
- 2000
4.2 + 000
37 2000
3.2 v + G000
-+ 4000
2.7 - 2000
1234 353687 0 910MM1213194151617181920 21222324 2526 27 28 2030 31 32
celt number

'E. Jensen - Drive Beam Accelerator Sr‘uctr T E.f IDHDI

L A . el -
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Illustration of “full” beam loading

14 -

12

10

— 0% beam loading, (beam current = 0 A)

—— 50% beam loading (1.2 A)
—— 100% beam loading (4.3 A)

accelerating gradient {MV/m]
(9]

3 6Hz drive beam accelerator CTF3
32 cells, tapered SICA structure

| Input power: 30 MW

nominal w/o coupler cells:

7.93 MeV,

n=925 %,
k=974 %,
r =98.6ns

with coupler cells:

7.97 MeV
=93 %,
k=979 %
7 = 1004 ns

E. Jensen - Drive Beam Accelerator Structures

L

E. Jensen - Drive Beom Accelerator S*rr'ucfur T

2 3 4 5 6 7 8 9 10 M1 12 13 14 45 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Cell number

5o gL R L 0 g A T e g e AT i e T N e T B e A W o T L T S R N e e e T T

2/10/01 G L

A3 B DL R Tt AT LY T A N T A A e e e e ey

Acceleration
[MeV]

12

10
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SICA (slotted pis - constant gerture)
Detuning method:

varying nose cones (a= 17 mm, nose = 0 ... 4.66 mm),
constant (large) aperture = low short range wake

TDS (lopered dunped struciure)

irts variation (a= 17 ... 13.3 mm), wide detuning

Mode selection (selectively damp HOM's, but not the fundamental 1):

L)

geometric type (uses field symmetry)

radial iris slots couple dipole modes to SiC loads
placed in currugated waveguides.

Calculated damping of 1st dipole:
(=5
Construction:
external diameter 174 mm, compact, round.

Status (Octobre 2001):
4 cell prototype tested (35 MW),
full size prototype being built

Potential issues:
field enhancement (1.3) near slot

[&f
. T—Iumunmum.um} A
5
L/
7
]
Rl
W B

‘ :
VY -
sl
T}
L A

N oleaa e v

" E. Tensen ~ Drive Beam Acceleratar 51'ru-:1*ur

L e e A e R e Y EE P P TS T 1 TN P A G AV,

i0/01. |

filter type

waveguides with cutoff > 3 GHz to couple HOM's to
5iC loads.

Q~18

larger external diameter 460 mm, possibility to
access SiC after brazing

prototype ready, high power tested up to
40 MW,

fabrication(?), handling(?)

: A
Iii:
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A I A
E1h i
; A
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19
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NOTE : on the outside diameter of the disc {see #xx on the isomelric view), engraved its number |
NOTE : sur le c6té diaméire axtérieur {voir Hxx sur ta vue isomedriquel, araver sen numara (xx}

TR T
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diameter 174 mm

total length 1.22 m
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TDS, cell 32
1 wake, o: 2.5 mm

SICA, cell 32
1 wake, o: 2.5 mm

~ E. Jensen - Drive Beam Accelerator Structures
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CTF3 Longitudinal Beam Dynamics Lssues
;,.3. 21 rt;}E:' v ITc.-* .:,h,'u MY
. fuynch length & phase requirements
. Bunch length gymnastics in CTF3 - effects & congtraints
- Coherent Synchrotron Radiction (C5@})
- Ring longitudinai impedance
+ Tsochranicity - momentum compaction
. Bunch length limitations at ring injection
. Langitudingl phase space evohrtion - gimulations
- Idle cavity option

i — TN e Lemgttfirnd Brysemden - 2 Chetwhar 2001
B b -

. Final bunch length requirements

f2eawf
Pore = F* gl where F=je'””’p{r}d.r = F=¢g ¢ for geussian lhmches

o

In order to effi ciently produce 30 GHx power in the PETS, the bunches wust be shart.

In CLIC rhe nominal bunch length is o ~ 0.4 mm rms
In CTFY, for efficiencies around 90% = a =~ 0.5 mmn rra
CLIE

&

=
]
24—

E

Fewer peonraon effaciedcy (%)
&

Poeett peoction afficiency (%)
E
L]
1

1 1 1 1
02 94 [ OB 1

Bamch o hmgah {mrm;

-
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Requirements on bunch phase 5

The distance between bunches of ter combination is 2 cm (15 6Hz). Any variation in bunch-to-
bunch distance correspends to a loss of efficiency.

Below - reduction in 30 64z power generation efficiency, for a linear phase siip of the center
of the injected bunches.

For instance, in order to stay above 80% = As < 0.4 mm / tun
¢~ 0.5 mmrmms
E % 05 ! | T ]
E" -y
E E 90 7
: ~{— - g%
B5 T
g g
& &0
E g 75 - CTF3 !
= ﬁ
0 . e | | | L
0 1 _ 2 3 4 Mo 01 02 03 04 05
Phase slip per turn {mm) Phase slip per turn (mm)
R Gorgini - CTF3 Review Longitudinal Dynamics - 2 October 200t

Considerations on bunch length in CTF3 .

@Coridertiom n o g B =

. A very short bunch length is required after combination for efficient 30
GHz power production

. Tn order to avoid excessive bunch lengthening, the momentum compaction of
the transfer lines, the delay loop and the combiner ring must be kept very

small

. However, for short buhches, the longitudinal impedance as well as coherent
synchrotron radiation emission become important i1ssues:

Energy spread & energy loss = bunch lengthening & phase errors

Sirategy:

. Compress the bunches Yo the final value only after the combiner ring
. Optimize the bunch length in the different systems composing the CTF3

| ituai ics - 2 October 2001
R Corsini - CTFI Review 8 /{ Longitudinal Dynomics



short bunches are good for fransverse stability
& larger correlation for the same total energy spread

Bunch length in DL and CR
~ & mIn rms

8unch length from injector Bunch length in DBA
1 %0 1.5 mm rms 0.5 to 1.5 mm rms

=\ =
gttt bty R it R el *

— —
10m
Bl e 6N
Bunch length needed for 30 GHz long bunches are good te cwitt Gl ol offects
power production max bunch length l'::ihlhs A dafmcters
~ 0.5 nwn rms energy spread limit by 10 SRR -AORPREIMS ©
ring ard the SaNERE. R

R, Corgini - CTF3 Review

C AT = 'R56 AP/P

Aplp 4 *ail Ap/p
,7L, .
ct ct
head

~82Z-

Apip Apfp
head
ct ct

tail

Longitudinal Dynamics - 2 October 2001



Short, high-charge electron bunches in magnetic bends radiate coherently at wavelengths larger

than the bunch length. The effect is an average energy loss and an energy spread. When the
vacuum chamber is smail compared Yo the wavelength emitted, the emission is reduced (shielding)

SR - anergy rudl.m‘ed per umf frequency

-
$-10 ' p=1075m
E 360 MeV
110° | 5 -
<
% 110° b -
: s
3 - : )
2110 3
-g ¢=:>?, . —
Ho : ¢- No coherent.enhancement >r
: (wavelength shorter than bunch)
i lﬂ-g .: { L | B 1 I L. I
1{ 10 100 140° 1 10t 1{50; ) ppo® 107 10 140°
| . |
No coherent enhancement Auencs

. Lowgitudinat Dynamics - 2 October 2001

R. Corsini - CTF3 Review

CSR wake-field =

The CSR is similar to a longitudinal wake-field, causing an average energy loss und an ehergy
spread whose amplitude does not depend on the beam energy.

When the beam-pipe dimensions is small compared to the wavelength emitted, the wake is
reduced (shielding) _

CSR Wake
Oz= 1.5mm-Qp =233 nC

9/2 turns in CR

2 ; T | Y T
. Shielding ~
b hst9mm T -

The emitted radiation can overcome the ' Free space
bunch along its curved path. Therefore, . 4 T T
unlike a classical wake, the bunch head ' 15 <10 5 0 5 10 15
can be accelerated. Z {mm)

R. Corsini ~ CTF3 Review 8 g _ Longrl'udlml DML'E E ﬁmbar Eﬂﬂl



Shielding effect for CSR

4 I

n,a. 10 : ! .]
E ; : :
:E H{.’; = '
: S
g &
2 oo @ .
R 01—
4 \ G.001
02 04 0.6 0.8 1 12 1& ' 1. 0.01 ¢ = pr s o I00
L. 2.4 = Beam Chamber Height (mm)
Effect of shielding for CSR inducq.d | X paremeter as a function of beam
energy loss and spread, as a function of chamber height, for a bunch with
the scaling parameter £, defined as: oy % 1.5 ram
| Foith=38mm o) =03
-.,f 2p 0,
(k)=
5
- : Longitudinal Dynamics - 2 October 2001
R. Corgini - CTF3 Review

Qy=2.33nC

and including shielding in a h = 19 mm vacuum cheiser (T

free space
5
2
=
g 0
>
-5
. i i ! ) )
S -2 0 2 4
Z (mm)
If the bunches are compressed to the final length &
before injection in the ring, the CSR wake would be S
too strong
-2 -
Stretching the bunches before injection reduces
the CSR wake -3 I I | |
- -5 -1 -5 0 5 10 15
z{mm} - TP T T )
R, Corsini ~ CTF3 Review Longitudinal Dynamies - 2 October 2001
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. " Bunch length limitation at injection I

The bunch length is increased before the delay combiner and the ring, to minimize CSR and
longitudinal wake-field effects.

The main limitation to the maximum bunch length acceptable in the ring comes from the
injection by RF deflectors

Center of injected bunch

A long bunch has a iarge phase extension
in the 3 6z deflector, so the kick

experienced by the bunch tails is
d:ffsrant from the one experienced by
the bunch center:

- Reduction of “usefui” kick to avoid septum
- Effective emittance growth (only at

injection)
|

+ Max bunch length ~ 2.5 mm rms

Y {a.n.)

R. Corsini - CTF3 Review | | | Longitudinal Dynamics - 2 October 2001

- Layout of injection region

C. Biscari, CTF3 Note 24

Beam envelopes (2 o longitudinal and horizontal) for
_injected and circulationg bunches, o, = 2.5 mm.

The space available for the septum is ~7 mm,
the kick from the RF deflector is 10 mrad
(6 MW at 150 MeV)

-" . tM :I Do TP
R, Corsini - CTFI Review — 3 S - Longi mbwumtcs zamhu-zw



. Isochronicity - momentum compaction

The ring momentum compaction 0. causes a distortion in the longitudinal phase

space
145
o Requirement: o< 1104
i
=3
-
140
~8 ~4 0 4 8
ct(mm)
Longitudinal phase space distribution, after 9/2 turns, for twoe different values of the
ring momentum compaction

R. Corsini - CTF3 Review o e s——

| rum co fhc combiner ring __

Isochronicity curve in the combiner ring - comparison between
requirements and MAD tracking

" : y | T
AD fracking

Energy Spread (%)

a=1104% ~
_2-'_ 7 —
g
| | | I |
-1.5 -1 -8.5 0 0.5 1 1.5

Path length difference (mm - 9/2 turns)

R. Corsini < CTF3 Review



. Longitudinal phase space evolution - simulations

A model of the single-bunch longitudinal phase space evolution in the complex, based on the
use of macroparticles, has been used.

The starting point is a longitudinal phase space distribution at the exit of the injector
obtained from PARMELA.

The evolution in the drive beam accelerator is calculated taking into account the RF field in
the accelerating structures and the longitudinal short-range wake-fields.

The short-range wake-fields are modeled applying fo the macro-particle distribution delta
wake-fields of the form: .
W, =w, exp (w’z' Jz/mm)

The evolution in the ring has been calculated taking into account CSR, conventional wakes and
momentum compaction. An analyticel medel has been used for CSR, with the approximation of
considering a Gaussian longitudingl distribution for the bunches.

The conventional wake-fields have been treated using a delta wake model similar to the one
used in the linac.

R. Corsini - CTF3 Review Longitudinal Dynamics - 2 October 2001
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Longitudinal phase space at the injector éxit

18357

181

E (MeV)

4

»

S I%ﬂ- . -
17.5 !: '#'\;‘-—

¥ A

10

delta N (%)

-5 o 5
Z (mm)
15 | J
1L t
0 0 5
Z (mm)

R. Corgini - CTF3 Review

Phase space before the compression chicane

18.5 I | T ]

N ISL'_. ~
¥ -
& [
" 115 I;_,_r‘& -
| l | !
i 5 10 15 29
delta N (%)

Particle distribution in longitudinal phose-space,
bunch shape and mementum spectrum after the
cleaning chicane

oy = 1.5 mm

gp = 0.12 MeV

is introduced by

The beam is accelerated in a first linac section. A correlated energy spread
the combination of off-crest acceleration and short-range

wake-field.
RrT—— | N ! ' f
51[
&
L ]
Z S50 ~
=
PN N — T
=5 ) 5
' Z (mm) 2 (om)

Longitudinal phase space distribution

before the compression chicane

Longitudinal short-range wake-field
in the linac and RF field

(-11° of f-crest)
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Phase space after the compression chicane |8

@ The bunches are compressed in the compression chicane.

5271 ;m l 32 1 I

51 N
: 3
& S50 - 2 s0pb : -
&) 9 E‘_:]

491~ “ (r"J

| | . ) J - "
s 0 s By 10 20 30
Z {rm) delta N (%)
30T Y R A T e
Particle distribution in longitudingl phase-space,
bunch shape and momentum spectrum after the
¥ 200 -1 compression chicane
Z
ﬁ ) 'ﬂz = 0-? mm
S 10f - |
,..-rr S, = 0.45 MeV
i i {
075 0 5
Z (mm)

o SR TS

R, Corsini - CTF3 Review - Longitudinal Dynamics - 2 2001

. ~ Phase space after the DBA -

The beam is further accelerated in the second part of DBA. A correlated
@ energy spread (opposite sign) is introduced. The total energy spread must
be within the ring acceptance

155[- [ . — 135 == ] -
A
— u ring
3 momentum
& acceptance
9]
145 - A 4
l | L.
-5 0 5

Z (tnm)

G The bunches are stretched in a 4 bends achromat 10 o, ~ 2 mm




The particle distribution is distorted by
momentum compaction, Bunches belonging to different pulses make different
numbers of turns (from 1/2 to 9/2) in the Combiner Ring, and will have

different phase-space distributions.

CSR, wake-fields and residual

R. Corgini - CTF3 Review

. Final bunch compression - Y]

155 B A

150
%
> |
-

145p= .

N — I
-5 o 5
ct {mm)

P —rr

During the final compression, bunch-to-bunch energy differences are converted in
phase errors, and differences in phase space distribution prevent optimum compression

1 | 1
, 1504
o
2
-
145F -
i | I
-5 {0 5
¢t {mm}
30 T " [ ]
g 2 g
z 1/2 turn
3 . "
1o 9/2 turnd
(b G |

420 pm < 6, < 620 um
Nrr = 86 %

Bunch length and corresponding power production efficiency
- as @ function of the compression strength

2 T - t o o oo | 1 =
s R
- e 1/2 turn
% £ s .
‘g E
0.5 -
(=] e -
3 T
o : i { &
0 0.1 0.2 0.3 0 0.1 0.2
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H. Brovn

idle 15 GHz for improved 30 GHz power production efficiency in CTF3

problems

* contradictory requirements for optimum bunch-length from combiner ring and 30 GHz power
production.

» combiner ring increases effective longitudinal phase space area due to CSR and vacvum
chamber impedance

however

+ effective longitadinal phase space afler compressor is still small enough for sufficient bunch

compmsmunb:ﬂﬂneedsanenergyspwaﬂkﬁ,xﬁ larger than what is acceptable for the
combiner ring

)

solutions
* increase drive beam energy to decrease AT/T
andfor

* introduce Ry downstream of combiner ring, This requires a cavity nmning at 15 GHz.
We want to introduce a correlation in the bunches but we don’t need to add energy to the beam,
thus an idle cavity acting as 2 reactance on the beam seenis to be attractive |




To get the fast nisetime a travelling wave structure terminated with a matched load, very similar to
a PETS, seems to be practical. We give four examples for possible configurations. This is a first try
on the design, probably better solutions exists.

The solutions with two struciures offer faster risetimes and more flexibility due to the possibility to
remove or add structures. However, they require more struciure length. The magnitude of
transverse wakefields is probably small compared to the downsiream 30 GHz PETS’s.

E”’m Ew Eﬂ@g i LG
distribution at the end of DBA

b fpace Bunch stretching to ~ 2 mm rms

155p~= i ' 135 : —
¢ g
E’ 34|
a5k _ 145~ -
| i i
: 5 r =5 0 5
7 (o) Z (mm)
L ™
Longitudinal phase space o 150
distribution after the %
combiner ring =
1451 , .
| | ]

"R, Corgini - CTF3 B
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Idle cavity option - II

10 ] ] I
s|- - Steady state longitudinal field in idle
E cavity, over the bunch extension
& of - _ |
N peak integrated voltage 6 MV
-5 | et de-phasing 60 degrees
- ol
10 -5 0 5 10
V (MV)
Longitudinal phase space distributions, hefore and after the idle cavity
1607 N 16077 | —
155 - -
2
SRR, - & .
» e ) =
W5k - -
befﬂl‘ﬁ : & anan
l4ﬂ :5 _.Iﬁ |5 . 140 _Es In . --1;‘ 1
- ¢ t {mm) Ct{mm)
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L . Idle cavity option

160 1 : | ——r
155 b /2 turn
&
% 130~  9/2 turns .
-
1455
¥ resr ™ *
i il 1
140523 0 5
¢ t{mm} :
40 ™ I =
S 1/2 furn
z. _ "
g I 9/2 turns
3 . ‘
| [
07— 0 5
Z (mu)

- final compression

Longitudinal Dynamics - 2 October 2001

200 pm < ¢, < 330 pm
Mrr = 95 %
Bunch iength and corresponding power mducﬂm efficiency
as a function of the compression strength
& 100 -1 2 | ] ]
g & 15 -
- 158 L _
E :
g o 4 2 0.5 ]
- I ] 0 i | 1
0 005 01 015 02 0 005 01 015 02
Compressor RS6 (m) Compressor R56 (m)

“33,

Longitudingl Bynamics - 2 October 2001 |
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. R Corsini - CTE3 Review

- A very short bunch length is required in CTF3 after recombination for efficient
30 Gz power production

- The rins bunch length is changed along the complex in order to minimize
distortions to the phase space distribution.

. Tn particular, the rms bunch length is maximized to ~ 2 mm in the Delay Loop and
the Combiner Ring. |

. By a careful design of the components it is possible to keep the conventional
wake-fields contribution within the design limits. |

. The Delay Loop and the Combiner Ring are isochronous to 2nd order.

- The bunches are finally compressed to ~ 500 um.

- A simplified model, based on macro-particle distribution and analytical calculations
has been developed to evaluate the evolution of the longitudinal phase space in the
CTF3 complex, taking into account CSR and conventional wake-fields.

. The results show that the desired bunch length and 30 GHz power production
efficiency can be obtained after final compression with the assumptions made
above. '

LE] L5t ]

R. Corsini - CTF3 Review T - T Lohgiudinat Dynomics - 2 October 2001

Besides the CSR effect, the electromagnetic interaction with the vacuum chamber can produce
energy spread and energy loss.

A rough evaluation of an acceptabie impedance can be made by assuming a purely inductive impedance. The limit of
+he normalized impedance is found to be 2/a < 0.4 Q. The estimated value compared to the impedance of other
accelerator rings (for example, Z/n~21 Qi EPA and 0.6 Q in DAFNE) shows that a very careful design of the

CTF3 combiner ring vacuum chamber is necessary.

A more precise evaluation can be ebtained by a time-
domain calculation of the contributions of the

different efements in the ring

Liere it is shown the cumulative wake-field obtained
by summing up the different contributions, for a ‘
bunch with oy = 2 mm

The main effects are coming from the BPMs and
the RF deflectors
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DELAY LOOP
and

' COMBINER RING DESIGN

C, Biscari

. Biscari, A. Clozza, A, Gallo, A. Ghigo, M. Preger, C. Sanelli,

F. Sannibale, M. Serio, F. Sgamma, M. Zobov

LNF, INFN, Frascati, Italy

CTF3 REVIEW — 2-3 October 2001, CERN

OUTLOOK

¢ General considerations

o Combiner ring

Parameters
Optics design
Path length tuning
Isochronicity

Orbit/trajectory correction

e Delay loop
Parameters
Optics design (A and B)
TL Matching
Isochronicity

o Work in progress
CR as storage ring
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DBA = Drive Beom Accelerator
CR = Combinar Ring

DL = Deley Loo
S4B = E::Z HﬁnF':'mnin Buncher

CTF3  MOMINAL 2004 and 2005

From LPI to CTFS3



Drive Beam
High current in short bunches, low energy

Energy (MeV) - 180 - 350

Emittance (mom mrad) I-05

Bunch length (mm) i

Bunch charge (n() 2.3~10
. 20em
| 4 a After Linac
Y N Y W B A |
& ' »

140 mrec

Aotran

| After Delay Loo
AhAAkL kA _Ad P

- -—

TR - mAfter Combiner Ring

’,.,

&y
o0
)
~ Frequency multiplication must keep the bunch
structure (longitudinal and transverse)

Control of bunch length +
possibility of modifying it (to deal with CSR)

Isochronicity
Tunable Ry
Stretcher and compressors

Path length tuning

Linac frequency
Wigglers

Space constraints +
reusing when possible existing hardware, design

material and decumentation
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COMBINER RING PARAMETERS
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WigsLER  CGolL

Path ~ length tuning wiggier field

B (gauss) - iransverse behaviour
y

B (gauss) - longitudinal behaviour
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WIGGLER PARAMETER LIST
(3D calculations)

R AT U KT e A S S A e 2 A A P TP AR R i SRR ) ST

5

Nom. Magnetic Field : T 0.6 - . ) s
Nom. Magnet Gap i 40 : -
Wiggler Period Length o m 1.6
Number of Periods | | 1
Number of Full Poles | i
Number of Half Poles 2
Wiggler Length 1.638 .
Ampere-turns per pole (full) 12330

Ampére-turns per pole (half) 9420

A0
234

&

'zin _'

182

Iy

B
U
158

s
130

.

il .fl
g7 u

"

Turns per pole 40
Nom. Excitation Current (full pole) A 308.25

78

Current Density (full pole) - A/ mm? 4,36
Nom. Excitation Current (half pole) A 2355
Current Density (half pole) A/ mm? 3.33
Nom. Total Power Consumption W 6410

B2

lllll
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I

ol ey Y T e e o g e gt I L] s i Do mnm imn fn ] e tmdee gt ity it ey
L S R i L e S s R T T e L gk T W T TR R g L rh ol e R Rt !-'-_-'-5'1-:'.f-"-:‘.r-'-"-"*'-'-'-"'!.:::.i'.'!-'I:‘-::"!::-"-".'-"-5:-.='.'I'!'J:'T:'.':i;":'li.'l."'f"""':.'“_'-ﬂ_.l: A e e s S T ST

Water Flow per magnet l/min 9.3
Water Temperature Rise °C 10
Iron weight kg 1925
Copper conductor weight | ke 242

Optical functions of wiggler section from midpoints of adjacent arcs
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COMBINER RING MAGNETS

N. of Dipoles (type 4.7)

A) 12
Dipole Field (T) 0.55/1.67
Dipole Bending Radius fm] . 1.09
Pole width [mm] 230
Gap height [nmn] _ 45
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» Maaumum K, %
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| 081457

. Duadrupole farilies fitni Sunprdferred). | 902
__Pole. width [min] - - 34 _.f
 Avaffable apé‘rture [mm] 184 J
O N nfsextupt:ies . | 24 :'
| - .Magnetm Jength [m} 010
| Madimium K, i 100
- Max Integrated Gradient [T!m] 6/11 7
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Available aperture [mm} o 108 |
D) N.of Path Length Tuning W:gglers 2
Pole width [mm] : 156
Gap height [mm] 40
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EPA QUADRUPOLES

Isochronicity
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CSR in CTF3 COMPRESSOR RING MAGNETS

CSR IMPEDANCE (real part) CSR WAKE FORCE (for different bunch length)

- 5
5000 SN0 M an ae s ae N T ALY SRR 110

; ! - eVim
Parallel plafe case__ -
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‘X f i 0 '
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2000 510" | -
) 1 sk _ .
1000 1107 ¢ % \7 4
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For EPA magnefs incorporated in CTE3 compressor For 2 bunch of 2 mm long with a s:l;atrge 2..;3 nC
ring design and the vacnum chamber of 90x36 mm?® the energy sprea*d due to CSR after S :lr;s
the parallel plate approximation can be applied to contained within £0.5% of the norminal ring
estimate the enexgy loss and enexgy spread: energy
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Orbit and trajectory correction

The correction procedure of the closed orbit and/or the trajectory i
the combiner ring has been discussed-only preliminarily.

Correcting the closed corrects also the trajectory when the
combiner ring is used for the recombination. The trajectory in the
first five turns oscillates around the corrected closed orbit with
amplitudes determined by the injection offset.

Simulations : misalignments in the quadrupoles

A% = 200 LL
Ay =100 1
A8 = 0.02 mrad

20 correctors and 20 monitors per plane

maximum corrector kick less than Imrad

before after
| correction | correction
 Xipgy (0N 38+x1.0 | 008+0.04
Xis (M) 19205 | 0.04 +0.02
Ve (M) 28x1.3 1 011 +0.07

Ve (1) 1.5x07 | 0.06£0.04




SIMULATION OF ORBIT/TRAJECTORY CORRECTION
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i Acceleration - Delay Loop
3 GHz
ANANAANR
AAVARV, U V VUV U even
buckets
180T phase switch in \
beflection “ SHB Y
1.5 GHz p— ,
v o/ v odd buckets
RF deflector
1.5 6Hz
149 nx 14G ns
20 10 cmy
sub-pulse fength odd buﬁkﬁ::en buckets hafwiﬁn pulse length 1140 ns ﬂﬁ:ﬁm b'i'-ﬂ:éﬂﬂ
€ ? i bunches > pulse gap / bunches
T D LRI ﬁ LALAEEE ML (AT LEHI J A LI
« ;2 3 . >
L6 pus train length - 35 A current 1.6 ps train length - 7 A peak current

Principle of x2 bunch frequency multiplication in the DL
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Delay Loop Optical Functions — Solution A
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-3r)y =

Delay Loop Linear Lattice

A
ct = (ct), + Ryg =
| P
| D
Ry =|—*ds=
P
_4 -2
lor,| <5-10 R|<2.1-107 m
Main Parameters
- A) B)
Max. Horizontal Beta [m] | 14.8 11.5
Max. Vertical Beta [m] 12.7 14.5
Max, Dispersion [m] 0.85 1.3
Horizontal Betatron Tune 5.90 4.0
Vertical Betatron Tune 2.19 14
{ Horizontal chromaticity -18.9 -6.4
Vertical chromaticity -10.2 - -8.6

Even Bunches Line Matching
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Even Bunches Line Optical Functions

| Dispersion is self-matched and beta functions and derivatives present the same values of

the ones see by the odd bunches at the end of the DL

The Isochronicity condition is not completely fulfilled but the very small value of R;; at

the line output (0.2 mm) does not require any particular care



Delay Loop Magnetic Elements

e

0 in each arc

56

R

A) B)
A) Number of Dipoles (EPA-like) 16 10
Dipole Bending Radius [m] 1.079 1.979

Dipole Bending Angle [deg] 3 30
Dipole Field [T] (180/350 MeV) 0.60/1.1 §.60/1.1
Integrated Quadrupole Coeff. in Dipoles [T] (180/350 MeV) 0204 | 02004

| B) Number of Quadrupoles (DADNE Accumulator-like) 34 22
Mazx, Integrated Gradient [T] (180/350«MeV) 1.4/2,77 9.9/1.3

Quadrupole Families (minimum/preferred) 14/18 11

C) Number of Sextupoles (DADNE Accumulator-like) 10 ?

Max Integrated Gradient [T/m] (180/350 MeV) 11/22 ?

Sextupole Families 3 ?

D) Number of Path Length Tuning Wiggler 1 1

E) Number of 2° Septa (DADPNE Accumulator-like) | 2 2

F) Number of 27°.14 Septa (DADNE Accumulator-like) 2 2

() Imjection Dipoles Number 2 2

Injection Dipoles Bending Angle fmrad] 5 5
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Second Order Isochronicity
0 + ¥y + + 4 ¥ t
_ a8 o ’
Ap .. . Ap , Ap Ap -. .
ct= (Cf)mRs'e‘_"""Tﬁiﬁ Xo—— +L556 Xg ——+ T Yo% ]
p _ 2 N
T )’Sé’i”}ﬁﬁ (ct} Q"‘T (EP”J
0 566 -
p p p o
i “Edp A % p=.2
:Z-;:;k elements of the second order transter matrix Off-energy Parhcles Longitudinal Position at D1 Input (Crosses) and Qutput (Dots)

First Order Correction

.-Ly;.- —

Isochronicity jis achieved when:

T =0 Vil

= Need of strong focusing sextupoles

m:-maﬁwﬁﬂma@ﬂ;%m

Second Order Correction
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Work in progress

Six-dimension particle tracking

Definition of corrector dimensions + positioning of the
monitors + analysis of other kind of errors (dipole
misalignments, dipole and quadrupole field errors,
monitor €1ro7s,. .. ) + trajectory correction in the
combiner ring without the option of 1storing the beam

Solution B for the Delay Loop

Storage ring option for the Combiner Ring

Combiner ring => Storage ring

Storing a beam would allow DC measurements of orbit and
betatron functions (machine modelling), although the lattice for
beam storing has to be modified with respect to the nominal one
since it canpnot be isochronous,

The RF system design is based on a single-cell cavity already.
available &t LIV%. Ih ofdér io coitain cost and cofpléxify of the
system, a mqﬂgf??ate gradient is foreseen, obtainable with a simple
(and cheap) B¥ powe.:r source (such as solid state amplifier).

It can be installed in the extraction region, symmetric to the
extraction kicker. |

RF System
Parameter Symbol Value
Freguency | £, 356.8 MHZz -
Harmonic number h 100
Voltage Ver =70 KV
Shunt impedance Rs = 2.5 M
RF power P ~1 KW
Beam current (s.b.) Ip = 3.5 mA
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High momentum compaction lattice

i Parameter Symbeol - Value
Energy E 350 MeV
Momentim compaction O¢ 2.7 10-2
Energy spread of/E 29104
Emittance £ 138108 mrad
Bunch length Oz 12 mm
Beam losses (@gp = 1 nC) Vioss <17 keV
Touschek lifetime T = 1000 s

Low momentum compaction lattice

Ll

Parameter Symbol Value
Energy " E 350 MeV
Momentum compaction O 2.5 103
Energy spread op/E  |2.9104
Emittance ¢ 5.3 10"% m rad
Bunch length .. Oz 4 mm
Beam losses (@qp = 1 nC) Vioss < 40 keV
Touschek lifetime r = 100 s

—~ AL 2 -
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Beam Parameters

E = 180 - 350 MeV
g, = £, = 106 [m rad]

Ap/p = 1%

I, bunch length from the Linac

Alb bunCh P 1 i '1 i *..tjh 5

Al =£1.6 mm

CTF3 Transfer Line

Catia Milardi

October 2-3 2001
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S *  isochronicity
B : *  pbunch lengbiyigse
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_ }i? 527@6@&%% * L{;:c[i;,y to minimize chromatic

*  Jow 1, to have small contribution to

second order isochronicity as well
as to transverse emittance.
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* match the Delay Loop and Combiner
Ring insertions

* peuse as much as possible EPA
magnets and power supplies
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Isochronicity

The path length variation with energy is:

cAt = Rgix + Rspx + RgeAp/p +
Ts%(ﬁp,p)z + .

the first order approximation neglects
contribuation from T matrix

the achromatic condition implies
Rs;=Rsy=0

cAt = Rz,Ap/p

the isochronicity condition becomes

R56= 0
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Four-Bends Achromat

.16 [m] € R., < .16 {m]

KQS2  KQS3 KQ% |

DS1 | | vs2 e H m[
I NI L
KOs KQst KQS7 KQS3

|Ry=-16[m]_|Ry=0[m] |Ry= 16fm) |
9 - .99 1.28 |
" 189 | 153
1184 24
1.89 1.53
- 99 1.28
-9 1.55
_.79 -1.55
DSl
DS2 o=18"
DS3 p=1.79m
NS4

D81, ...DS4 are the EPA TL magnets

B oemi, 2 iy

Four-bends achromat
twiss functions

04 Z 2 3 2 ; é 7 g P 7.
= {m}
Ry ~ .16
assuming no E, z correlation the rsm
bunch lenght G is

6% = 624+ R560%
the achromat can be used to stretch the buanch
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Four-b‘end‘sr__fg?léromat Four-bends ‘achromat off
twiss functions o | twiss functions

B | 1} FU_D_
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Aty Do
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& & e 75 160 12.5 ,
sin)

R56~0.

the achromat is isochronous f | R = 0. 1
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Four-bends achromat
twiss functions

23

L [m]

r r E r—rr T r ey v E

.3

0.2

0.1

- ~g--X[m] (forl= 1?50!71}

--g--Xim] (fori=1.04m)

o

.-a--R58{m] §

- &~ - 56 [m]
e I _I -@‘5
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Three-bends achromat

twiss functions
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CTF3 Transfer Line twiss functions
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Beam Envelope
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Magnets Used

32 Quadrupoles
11 Bending magnets
2 Septa

(overall .592 m)

=921 m* @.18 GeV
e | |

AX
N=d473m? @35 GeV

K.

Bendings:
I =.561 m
o= 392 rd

(overall .87 m)

Bend & Septum List

L_[m] Angle [rad] Zone | !
 DSI__ 561 | -3927 4 Bends Achromat |
DS2 561 3927 N B
DS3 561 3927
DS4 561 -3927
m1 361 - 4248 I Isochronous Arc
2 561 - 4248
03 261 - 4248
4 561 4248 Il Isochronous Arc |
ID5 561 4248 o
11D6 561 4243
| SPT1 6197 _0349 Combiner Ring Injection
SPT2 7122 -.3428 -
DSP 561 3777




Quadrupole List

— 'gg.;

i fm] KL fof] Zone
Q1 38 29 From Linac
Q2 38 26
Q3 .38 82
04 38 43
KQS1 38 - 99 4 Bends Achromat
KQS2 38 1.89
KQS3 38 1.84
KQS4 38. - | 1.89
1KQSs - .38 - 99
KQS6 - - 138 |-.79.
{KQS7 . ]38 - |-79 -
| RQDL 38 |-36
KQDL1 38 .70
KQDL2 38 231 Delay Loop Insertion
KQDL3 38 1.49 | |
KQDL4 38 - |-33
KQDLS 38 -1.55
KQDL6 38 | 228
 KQF() 38 1.85 I 1sochronous arc
KQD(1) 38 -67
KDDQI1 38 1.18
KDDQ2 38 -1.31
{ KDDBQ3 38 1.15
KQF(2) 38 | 1.668 11 isochronous arc
KOD(2) 38 |-60
XSPQ1 38 95 Combiner Ring Injection
KSPO2 38 ~79
KSPQ3 38 A8

satisfies the C'I'T3 spatial general layout

reuse the EPA magnets
match the ring insertions
satisfies the first order isochronicity

keeps low the value of the Twiss functions




Next

further optics optimization

complete the Combiner Ring extraction
line '

fix the bunch diagnostic tools and their

position
vacuum chamber definition and project

study the impact of the higher ord oy
terms on the beam dynamics

i /(flS"'



CTF3 Combiner Ring Impedance
Contributing Elements (Very preliminary)

1. Phenomena’ (not discentinuities)

a) Coherent Synchrotron
b) Space Charge;
¢) Resistive Walls

2. Big Vacuum Chamber Objects

a) R¥ Deflectors

b) Extraction Kicker

¢) BPMs or Striplines

d) Synchrotron Radiation Port
e) Injection Port

f) Extraction Port

g) Cavity if necessary

3. Small Discontinuities

a) Tapers |

b) Pumping Slsis
¢) Valves o
d) Flanges :

e) Shielded Bellows

- ) Surface Roughness

MAFATE CILD

1007 FASOLIO T

=
®
O

NOLLYHOEVY 1100 €410 40 4TVH38 NO
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2000

1000

CSR in CTF3 COMPRESSOR RING MAGNETS

CSR IMPEDANCE (real part)

i e e o e e S I . R T i e g e et e -"-;""':'—1—”. . i .1{]5
Re {Z] | Parallel plate case #
. '-.:-'H.-?'u.-. o e fle wami. _ 5 |ﬂ4 _
:I; | A B
: . 0
)
:; : 1 1
__________ /... Race rack geomelry ... 4 &10 -; |
.......................... _"l -110° g R ,
- ._:_....__i__z._...L...-i_L_A__..'-...J_J:_.A.__'__:d._:n..JE_.._!_i_-. L_“L.J_l._J_J...] '1'.5 105 ——d et g L PSR PRI B J.._,,J,.......l....,_!.._.-..i-..._J.__..._-. SN [N S R
500 1000 1500 2000 2500 3000 -10 -5 0 5
X

For EPA magnets incorporated in CTF3 compressor
ring design and the vacuum chamber of 90x36 mm”
the parallel plate approximation can be applied to
estimate the energy loss and energy spread

CSR WAKE FORCE (for different bunch length)

For a bunch of 2 mm long with a charge 2.33 nC
the energy spread due to CSR after 5 turns is
contained within +0.5% of the nominal ring
energy
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Resistive Wall Impedance and Wake

Z )= (1+ )2 2% (_%1)
(@) =(1+j)—"2 Fol —

dL 431:2&:0'?79 2 4 Na |

372 .
BEB"Z 0y ? .5'2
Wis) = 31“2"[”) XY\ 12 [ S

For CTF3 Combiner Ring after 5 turns:

E lost = 13.35 keV
AE = 35.25 keV

Low Frequency Impedance Limit

Assume purely inductive machine impedance
joL. Then, the wake potential and the

maximum energy spread AE are:
~Wazfiwzlmax
l I I ; - I
charge density ,
0.5 .
0
05 -
Y 0.1 , 0.2 0.3 0.4 0.5
o T ATAE L2 )
; , c“\Z ]/

N

the charge Q = 2.33 aC

For the bunch with rms length ¢ = 2 mm and

and assuming that the

energy spread is equal to 1% the low frequency

impedance limit is:

\EIE 0.32€
n
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CTF3 RF DEFLECTORS
| (D. Alesim)

MULTIBUNCH DYNAMICS

* Single passage out-of-phase wake and multibunch regime

A
o
If{_,f-!r
A
,.-r'rr
! o7 oI5 02 035 03
=\ 2 [m]
X
ON
\
DEFLECTOR DESIGN -  Multi-passage tracking
* 2D cell simulatiogs 1) Tracking code scheme  —> the bunches are modeied as macroparticles

o HFSS 3D Cell simulations
« HFSS 3D simulations of the BF couple
* _I'LFSS ﬁD Sill_llﬂﬂﬁﬂlls of the singie cgts

« Simulations of a SW cavity for the delay b

DEVICES UNDER CONSTRUCTEON

» Alluminium profolype
e Vacuuym-tight copper device

—_

—» rigid profile model of e wake

goictory

_____



- 2) Results

a) Perfect injection of the 5 trains (x;,=0, X"i;=0):

~» 1. =8107 mm mrad 1_,=4.2:10° mm mrad

— bunch design emittance ~0.5 mm mrad @ 186 MeV

. S
Wy _.}m'ﬂwmw.u A A e
03 w0 980 1200 1500 1500 2100
Banch number
0.15 T y
~ 0.l T
E ﬂﬂ'ﬁ ‘ﬂh,mgnﬂrmwm;unumnuﬂy
E fmm..:,ﬂﬁ-x#'ﬂﬁ'vu.
™ —0.05 —
01 b i
0 300 600 990 1200 1500 1800 2100

Bupch gumber
+J b} Injection errors: "

— ro_
x;,,—lmm, X ;n“-ﬁ

Same Invariant I, <

Kinzﬁ, X' n=01633 mrad
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004 Y raEms |
e 4
A8} Exnd ).
Eam 2
. sain |

"E‘-lﬁg,Ls s ol

~0.392 mm myad
— I, na=0.814 mm mrad

— 1,.,,=0.405 mm mrad
— I, 1 =0.850 13m mrad
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DEFLECTOR DESIGN

 3) Conclusions

» Sketch of the 10 cell deflector

—  The spread of the macroparticle Courant-Sn ' '
yder invariant values caysed
the systematie effect (x, =0, X'n=0) is a small fraetien of the CTF3 buncli)ly

design emiitance;

= The I, . and the Loov Of the final distribution are
Bot constant for a oi
L;n but depend on the betatron Phase of the bunch train a¢ the iﬂjﬂﬂE f;ven

and on the horizontal tune;

—  For our nominal phase advance the scenario is good
15 iy r S : !
( ﬂﬂﬂhﬂg )! Ipﬂ-m ax/Iiniz-ﬁ; g the Ipﬂ-va‘l.r"::{m

> Modifications of the phase advance of the order of 10°
. =10° (AQ ==
does not significantly change the scen io: (AQ,=+0.03)

M

|
<~ an
ob yway, some m valyes may give magnification factors larger than 10; e P
] ' | ’

4} Further analysis - : — MAFIA simulated structure
_ . 5.603R-02

- Eff;c_ts of different injection comditions for “odd” and “even” bunches in | ¢ o008 —
; periodic boumdiany & >
| conditions -
— a
R jﬂ_ i

0. 3.333B-02

T — ———— e



. » HFSS 3D simulations of the RF coupler

— Check of the resonant frequency of the scaled structure

— Parameters sensitivity:

 AffAa=-13.2 MHz/mm _
Af/Ab=-49.7 MHz/mm
Af/At= 2.9 MHz/mm
Af/Ad=1.2 MHz/mm

WLl

» HESS 3D Cell simulations

~»  Azimuthal asymmetry for vertical and horizontal deflecting mode
splitting

~»  scaled coupler

i

—  azimuthal and longitudinal symmetries of the structure: tetrahedral
mesh reduction

~6hY =

—  coupling cell parameters variation (w, 1)

o3 | .
~>  re-tuning of the fundamental mode by the sensitivities obtained by ol .
MAFIA (modified b radius) * |
oAl _'f '
Dimensions Simulatioa results . 1
a=21.43 mm 02l | )
b=56.03 mm | frrs3 =2998.7+ 0.3 MHz (code uncert.) : - |
d=33.33 mm AL = fyert - fhor= 48 MHz oL I 2
t = 953 mm 297% 1 3025 306 3075 3l

. frequency (GHz}




- HFESS 3D simulations of the single cell tuning

—  tuning of the single cell resonant frequency (r=3mm)

tuner position (h) Af
Imm ~ (0.5 MHz
2mm ~ 1 MHz




s Simulations of a SW cavity for the delay line

- ) SY -

* Alluminium prototype

Reasenable dimensions @ 1.49928 GHz compared with a sealed
Lengeler structure

Efficienty

DEVICES UNDER CONSTRUCTION

No bunches probing the out-of-phase wake R
anirjil il g
T
2. . kg2 - frizzlod
1III..-I"’ e
‘ {17 i nt
2 A % b
- 1.2 -
214
103 3=333
R SRS -
- R . 3 -
L ey

] e

{
1/

—  Dispersion curve measurements

—  Coupler efficiency measurements

—  Field Batness and cells tuning
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CTF3 Nominal Phase

Klysfron—Modulators and
other RF components

G.McMonagle
" CTF3 Review 2nd October 2001

Liode
Gun 40 MW 33 MW 33 MW 33 MW 33 MW 33 MW IBIMW  33Mw 4OMW
Modulator 3 GHz Sz 1GHz 3 GHz 3 GHz 3GHz 3GHz 3GHz  3GHz  3GHz
' i i 1)
| MG v 3
|
| 0D O O—L.0 o310 g T B '
T — SMeV | 15 m-.ﬁr LﬁMe"r.T {6 MeV 16Mev] . 16Me 16 MeV 16MeV | _ 16 Me 1& MeV

: " Sphier | | Spliter | [Splitter Splitter Splitter Splitter [Sphuer | [ Sphiter ] | Spiiter | Splitter

i Splitter
SHB

t | Ll - I i
ll I Al A2 A3 Ad AS A6 AT AB A% AN All AI2Z Ai3 Al4 AIS AI6
pB1 PB2 Bl 51 82

.
Spliver |

100
‘Fest MDK & Probe beam RF 9 Phasze
1.5GHz shifter
0.5MW O O A0MW
BW 150MHz 3 GHz RE
DEFL
RF
DEFL
FROM
DBA DBA energy Is 150 MeV, 2,33 nC per bonch (3.5A),
Bf;gt ﬁg:rr & jL 200 bunches, and 1,405 pulses driving 1.22m long structures,

RF peak power at each DBA siructure input <30 MW,

The LIPS/BOC gain ~ 2.0, Average waveguide length {5 20m
ghving abont a 10% loss from LIPS output to the input of
the ncceleruting sections.

G.McMonagle CTF3 Beview 2nd October 2001
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LIPS Peak Power versus Kiystron Pulse Length

Limitations of Klystron Pulse Length

- Saturation of HV Pulse Transformer, & = f U-dt < &,
D <i.68Vs for trafo of TH2094, can be changed by other trafo @<2.25Vs of TH2132,

- Cathode High Voltage Breakdowns
It is very difficult to condition the gun of an old klystron for bonger pulses (TE).

- RF Losses of RF Windows

Fdystron TH2094 (LIL)Y: 35MW x 4.5s or 3IMW x 5.04us.
Kiystron THZ100 (CTEF3}: 38MW x 5.0y, to be tested.

LIPS Compression Gain G versus Kiystron Pulse Leagth T

Flat top of LIPS pulse: T2=1.4us, APP<+-1%, Mp<+-Odcp.
Duration of pulse compresston: T3=1.64s, = =0 ks,

T = 4.5us 5.0ps 5.54s 6.0us
G(T)= 1.90 204 2.12 2.16
W)= 59% 51% 54% 50% n=GT2/T

LIPS Peak Power Py for TH2094, PL=GPx

- T=45ps8: Pr=35MW, G = 1.90, P, = 66MW

- T=5004s:Px=3IMW, G=2.04, PL=63MW
For constant dielectric losses of the RF windows, Px-T=const, a short pulse length 4.5us
provides a higher LIPS peak power Py, since the RF losses in the LIPS cavities are Jess.

Conclusion
~

If the Klystron RF power is limited by the dielectric losses of the RF window, it 1s _
recommended to use the klystron at the highest nominal power which the klystron is built

for, because it provides the best pulse response and the best LIPS pulse compression gain
at this working point.



Klystron-Modulator peak operating parameters
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MDK Wominal Peak Power Maximum peak power Peak power available Peak power available at
Outpmt available from Klystron available at each of the aceelerating section using
MW with security margin two accelerating sections, 800nS rise time of
MW two per klystron (1) (2) klystzon voitage, two per
MW Klystwon (2) (4)
MW
Klystron voltage fat top A58 | S0pS | 558 | 45uS | SO0pS | S5pS | 4508 | 50uS | S5p5 | 4548 | SuS | SS5uS
legnth 2
03 4% 43 41 43 41 34
13 a5 35 35 37 1 A3 33 27 28.0 30 30 31.6 EX R
15 35 35 35 33 33 33 27 28.6 30 a0 31.6 13.8
2% 35 35 35 33 13 33 27 28.6 36 30 316 33.8
27 45 43 4a* | i3 41 39 | 353 | 355 ¢ 356 1 302 | 392 | 40
25 35 35 35 33 33 33 27 28.6 30 30 31.6 33.8
3l 45 43 417 |43 4t 39 | 353 | 355 | 456 | 392 | 392 | 40
33 (3) 45 3 A% | 43 41 35 | 302 | 305 | 305 | 336 | 343 | 376
5 A5 - 35 a5 33 33 33
97 7 37 A7 35 35 35 28.7 303 31.9 31.9 | 3315 5.9
08 37 37 37 35 35 35 28.7 30.3 3.9 it 335 359 |
Total pask power 532 | F5 1] 591 | 6t2 &&4d
available to accelerating
sections with a pulse
width of 1.68 (MWD
{Nominal 540 MW?

(1} Communication of LIPS gain from R. Bossart (LIPS Gain 1.8 a1 4518, 1.5 at 2185, 2 at 3.3u5)

{2} 0.4dB power loss in wavegnides

{3} Three way split of RF power after LIPS, first spiit 6:]

(4) Communication LSyratchev - -

£ tpcceast 10 pulce widiy =l 1OWEC AR Vo [+ose n.f)'the.ﬁt - Iﬂti-ji"h!ﬂﬂ ~p lowar peale power auk {THALE 5)

3 GHz Klystron Modulator Status

* The kiystrons and modulators can *  Reserve klystrons
be used as they exist to produce the  * 2 TH2100 37 MW
required power to the accelerating *  1TH2100 45 MW (November 2001)
structures for the 150 MeV nominal =~ ! TH213245 MW (March 2002)
phase * 4 YKI1600 35 MW (2 already mounted in HT

tanks)
Reserve klystrons can replace some

lower power kiystrons to increase
available power

There is the capability to increase
the pulse width of the 35/37 MW
systems for energy upgrade by
modifying the pulse forming
networks and pulse transformers if
necessary

G.Mchonagle CTF3 Review 2nd October 2001
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Modulator Schematic Diagram

| .__]é
!

%

THYRATRON

it

KLYSTRON
| %7 Taset [ = 1 i
‘ ] g & ohms -
+ | . . Tl | ONT END ! ‘
L ohms L FR
‘ b T SNUBBER
High Voltage D'Guing comparator . 1
Power Unit trigger system Prefarance
Valtge bt L Pulse Tx
Valvo YK1600 | Thales TH2094 | Thales THZ2100 | Thales TH2100 | Thales TH2132
35 MW 35 MW 37 MW 45 MW 45 MW
Klystron 270 270 280 305 305
Voltage (kV)
Modulator PFN 40 4() 41 41 4]
voltage (KV)
Pulse 1:13 1:13 1:13 1:14.8 1:14.8
Transformer
ratio (1: x)
PEN ~ 5.0 ~ 5.0 ~ 5.0 ~ 4.4 ~ 4.4
Impedance
{ohms)

Y

(. MeMonagle CTF3 Review Zad October 2001
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PT6006
Pulsed Klystron Amplifier

The PT6006 is an 8 cavity, L-band
tenable puised high power klystron
which features an output section of the
extended interaction type fo optimise
instantanecus bandwidth.

MICK REFERENCE

Centre frequency

1.3 GHz

Instantanecus bandwidth
0 MHz

Feak output power (Hominal)
100 kKW

Gain
25 dB

Cathode modulated
Solenoid focused
Liguid cooled

Input RF connector
TYFEN

Quiput RF connector
3 1/8"standard coaxial

TYPICAL GPERATION

Heater volfage

7 volis
Heater current TYPICAL PEREORMANCE
16 amps
Beam voltage {peak) Frequency range
33KkY 1.25-1.34 GHz
Beam current (peak) Peak output power
12.6 amps 90 kKW minirmum
Beam duty factor Bandwidth*
0.05 _ 20 MHz
Efficiency Saturated gain
25% 25 dB
Bearn pulse [ength
8.5 ps
Beam duty factor
0.05
Spurious output power level
-85 dB

* for peak power culput of B0 KW minimum

EVD 3561
January 2000
Page 1
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SHB modulator main parameters

Parameter Yalue Units
Primary capacitor voltage 5 kY
Peak IGCT pulse current 450 A
Pulse voltage rise lime(10-90%) &00 ns
Flat top voltage deviation over 2 us pulse width 0.3 %
IGCT DC voltage for 100 FIT failure rate 2800 v

Pulse sansiormes
N=1:13
Klystron
1.5CGE
300 kW
BW 150 M

Tk o=l

© TMD Technologles Ltd

i is also possible to mount the tube horizontally but in that case it would be difficult
io use transformer oil because of the problems in sealing the gun region of the tube
when the tube is removed from the socket.

A self-connecting plug has been fitted to the end of the gun which will work
immersed in transformer oil. The action of lowering the tube into the solenoid will
automatically make the cathode, heater and grid connections.

A cut-away drawing of the tube with overall dimensions is shown in Figure 14.

5. CONCLUSIONS AND RECOMMENDATIONS OF THE STUDY
The main conclusions of the feasibility programme are:-

i) The calculations show that the PT6006 klystron can be scaled to give the
required output power over the correct bandwidth at the higher frequency
required,

i) Thesamnun‘hbefoftmmhercaviﬁe&wﬂbenmmhmmd
design but a longer body stack wil be required because of the ighees power
operation. The lafter means operating at a higher EHT voRage wivich
increases the interaction length.

iiy  The existing coaxial RF window used on the PT6006 will be adequate for use
in the new design although it may need pressurised air or insulating gas to
ensure arc-free operation.

iv) A larger ‘pilibox waveguide window can be provided if necessay.

v) It is recommended that a gridded gun is used on the tube as descrited in this
report. This will give befter RF pulse shaping and more Sexitsitity wath - puise
length and timing. Howevera non-gridded version of #we gem design can-be
produced if the equipment available makes it inconvenient to use e gridded
technology.

vi)  The mounting position of the tube can be vertical, with the gun downwards, oF
horizontal. In the former case, transformer oil insulation can be used aroured
the gun for cooling and insulation. With horizontal mounting, the gun is best

insulated with a gas such as SF6. The gun will operate in either of these

environments.

vi)  Aninsulated collector has been provided to allow for the possibility of collector
depression to improve the overall efficiency of the tube.

EVT 24589 Issue 2 © TMD Technologies Ltd 13
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Conclusions

The existing 3GHz modulators and klystrons can all be
used in the CTF3 Nominal phase.

They can eventually be upgraded to higher power operation
with no technical difficulties if needed

The 1.5 GHz klystrons have positive feasibility reports,

one 18 on order, a price enquiry for manufacture for the
other is being prepared.

The associated modulators for the 1.5 GHz klystrons are
being manutactured.

Specifications for 1.5 GHz passive components are being
prepared for price enguiry next year

G.ivchMonagle CTF3 Review Znd October 2001
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" RF Pulse Compression,

I.Syratchev

1, Syratchev, CTF3 Review, Geneva, CERN © October 2001 | t

RF Pulse Compression system for CTF3.

R S S RR e TR D

o RF Puise Compression is the only sz to
increase RF power level from the number
of klystrons available for CTF#3.

+ RF phase/amplitude modulation is the tool
to control the RF pulse shape in a system -
klystron plus "SLED"-like RF pulse compressor.

- ey CITS Reviow, I . Dﬁ 21 B S L s e .,
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The flat pulse after the cavity based pulse compressor (LIPS), with
modulation of the input RF phase (PM).

LIPS cavity Q, =1:8x10°, f=8

25

2.1

2,31

X

&

5.5

6.5 ukec

ec

—-rr=r

Power gain

S

I. Syratchev, CTF3 Review, Seneva, CERN
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The linear part of the phase slop will be
compensated with the frequency shift:

AT, = LA

)

RF phase, degree

i)

e

* [

Ap1=6° Ap2=80

-

minimized

1 1
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R

T
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B
b
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2
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(EF 2

Time, ns

RF Pulse Compression system

St e el e

for CTF3,

The effect of residual RF phase sage and energy spread. R, Corsini
| Energy spread
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RF Puise Compression system for CTF3. S
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The flat pulse after the cavity based pulse compressor (LIPS), with
modulation of the input RF phase-to-amplitude (PTA).

- | ws | | Bk

2 o :
o A
K1 3 ] “
| _E-_ LIPS+PTA L X
£ : - .
s o i — i \5

1
0 I 2 3 4 5 L] 7 4500 £000 S50 SO0 65D

Time

Comparison between PTA and PM
Pros: Cons:

* Output pulse flat both in ® Less efficient (~10%).
RF amplitude and phase. ® Two klystrons needed.
® Easy RF power level control.

¢ Better stability of operation.

LIPS*| %2

C 5- RF Pulse Compression system for CTF3. [

Power guin,

24

22
= - PTA
&, '
o
=
o
o

l.EK'

L&

14
4.5 5 a3 G 6.5 7 15

Kiystron pulse, usec

# LIPS modification is mainly the adjusting of the cavity coupling.

I+ sm.l.che?' CTFa Rﬂviaw‘ r . Gﬁw m . . s . . W T el A :T_-.'E-.".:-":'-_‘:_-".'-".'E'.'f'.:.:.-!-=-.'.-'.E'-_-£-'.-..-'-'_'i-.'--:'-'-'a

— A6 Y-



'''''

RF Pulse Campre:ssmn sysfem for CTF3 )‘

. --"# .
BRI TR R i g cvmee -

Sys'ram upem‘hnn stability.

Because of the energy spread, the T examples of the compressed RF pulse
demand on the compressed pulse € 70 The Kiystron RF phase rippies.
flatness is: a) RF Phase modulation. Klystron
o R | 0 G-
AP/D < 2% | F phase ripples 13 peak-te-peak.
The main sources of instability: . ’Fﬁu
Ly
: 3
Klystron RF phase and amplitude o
@ Jitter as result of HV supply N |
instability. ﬁ
10 e, _------"“"_'_-‘--J
Eaaa o Time
: J 4 b) RF Phase-to-amplitude modulation.
. B ) Klystron RF phase ripples 10° peak-to-peak.
}E. = 7 .
o L :
b& .-"'L*/' /
S e
= A g
17 g a
al 4 & —l’l
Klystron's RF phase emplitude . S~ -
of ripples, degree. Time

Syﬁem uperuhnn sTub:!rTy

(2) The frequency deviation of the (3) The identity of the LIPS
storage cavity, mainly becatise cavities resonant frequencies.
of the temperature variation.

100

2.6 _i
,\f_lﬁ-m Ktz |
S S
245 -
LT
. -3 kHz\ a2 T
g 23 o S
(=N [ : :
-1 kHz - 3 ;ﬁ
' &
215 l J
3 - ' Q]
4000 4750 5500 6250 00 0 2 4 5 B 10

Time, hs AF, kHz

To keep the flatness of the compressed pulse within specified AP/P, the
temperature stabilization of the cavity must be < + 0.04 °C.

I Syratchey, CTF3 Review, Genevo, CERM October 2001 . 8
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RF Puise Cumpressmn sysTe.rn fnr CTF3 Y'

=

T it e R T, e 0 A L I i s e e ) [

Sys?e:m nper*uhun sfublhfy
Aigorithm of the fast correction of the cavity frequency shift.

STnndurd "SLED" RF phase '
Pulse mndﬂlaﬁnn . Flat pulse Distorted pulse
6 l l I 200 i g 3 ; 1 3 I | r
+ : I - Al ™
i 1 -10 kHz
i | - » | 2 _
W i NS R N
0 W00 A0 ADOD 600 000 £030 o 2000 4000 G0B0 BOOC o 000 4000 SO0 BOOD
. >
3 7 i 200 I ﬁ
' — old Re-adjustment of the
2 - . RF phase modulation in
€ w- XN €& ||afastlocal feedback
L - ;”’# system of the klystron.
DF{\; oty 0 ,-'[,I | ¥
Poome mmoeme e 5000 6000 - Temperature confrol
modulation

- == r _ —— _ _ - R ——_—n

o £

Experiments at a high RF power le:vel R. Bossart, December 2000.

Klystron uutpu’r

Klys'rr'nn drwe phuse RF phase

Parameters:

Q unloaded 1.6x10°
Coupling 8.0

Tin B usec

Tout 1.4 psec

P out/in 34.7/18 MW
P gain/teor. 1.92/2.04
AP/P < 1%

o e L e e VR T 5 200
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#1. We need at least four more
RF Pulse Compressors. |

#2. BOC Compressor operates
in a TW regime utilizing single
cavity:
- no needs for additiona! 3 db
couplers and doubling the
cavities,
- the system is more stable in
operation.

) m ] e e P vy e I a1 ey e e la !

RF Pulse Compression system for CTF3.

R i A R R et ey, R

The Barrel-cavity.brief theory. The eigen-frequency of the Barre! cavity with
E g 0scillation is the sofution of the next equation:

ket =Y .+ (q_‘l’/z)a
sing

Vi 1S @ root of the Bessel function that for the
big m can be approximated as:

Vo =M —f°  (r=12,..),

13
-.-I,? = x—0.25 }1.5:.&:]”3 , M= (ﬂ) .

2

The optimal radius r,, when the external caustic

has the smallest height comes from: r, =245in’8
where o and 6 are derived from:

- o a m
: ' i = l—ugj g=—-
Za sing Lh sin @ Cos v | |
Cavity profile Finally the height of the external caustic and Q-factor

of the cavity are:
~ r V _ asin &
z“\/”’”“{“(z” e Oy =

I. Syratchev, CTF3 Review, Geneve, CERN
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RF fields plots with BOC operating in a traveling wave
regime (rotating TMg 7 mode) —

Electric field

at median plane Magnetic field

on a surface
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" Outober 2001 13

I, Syratchev, CTF3 Review, Geneva, CERN
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Analyﬁcuf (dash) and HFSS (circles) cuiculafmn of the loaded Q-factor for the BOC
. with 15 mm diameter coupling holes,
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Mechanical Design of BOC cavity

R. Losito
CERN-SL/CT

R. Losito, Mechanical design of BOC cavily CTF3 Review, 2/10/2001

= Raymond Hanni

+ Responsible for the definition of the fabrication procedures
and follow-up

= Sebastien Marque

+ Numerical simulations, cooling design
x Sylvain Gyrod

+ draughtsman
= MYSE]f

¢ RF stuff....

R. L.osito, Mechanical design of BOC cavity CTF3 Review, 2/10/2001
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- Specs

2 L L TR T T e N S L E R b Pl e iy T e AR T S B T

s Frequency: 2998.550 MHz

n Pulse shape:
¢ 4.5-6 ts, 525 Hz rep. rate

m Power:
¢ 40 MW from source
¢ 1750 W average loss on walls (6 us, 25 Hz)

R. Losito, Mechanical design of BOC cavity CTF3 Review, 2/10/2001 4
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m Tuning Strategy: by water cooling.
-« Range: £ 250 kHz (= 0.0085% !!!)

m Consequences:
+ must be insensible to pressure variations =
+ cavity must be very stiff =
+ good precision for manufacturing.,

R. Losito, Mechanical design of BOC cavily CTF3 Review, 2/10/2001 5

_————————, = =

m How to get the 1deal frequency???
¢+ Cut & try: sensitivity is few MHz/mm at the equator.

m Proposed final fine tuning is through electrolytic etching
¢+ (but we would like to avoid it).

R. Losito, Mechanical design of BOC cavity

il Pkl

CTF3 Review, 2/10/2001 6
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m Cavity Material : OFE Copper

¢ Thermal Conductivity: 400 W/m/K
¢ Specific Heat: 385 J/Kg/K

» Yield stress: 200 MPa

Equator + Wavegnide:

“Qhoulders” Splnlllﬂg Machined then EB welded

CTF3 Review, 2/10/2001 7

- elements

Coupled Rf

and
Mechanical
stmulations
made with |
ANSYS™ SN e
- 8. Losito, Mechanical design of BOC cavity CTF3 Review, 2/10/2001 - 8
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Drawback:
only 3D
elements are

avatlable for
RF
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+ Demineralised Water

+ Power to be dissipated : 1750 Waltts
+ Temperatnre rise for water: 1 K

+ Coolant velocity < 2.5 m/s

¢+ Turbulent regime

Water cooling Specs

+ Water Flow:
2 1 /b for the waveguide cooling channels
2 0.5 m’/h for the shoulders’ cooling channels
+ Ulobal Exchange coefficient :
n 4700 W/m*K for the waveguide cooling channels;
7 7800 W/m?/K for the shoulders’ cooling channels;
+ Total Pressure Drop : 0.2 Bar

+ Coolant Velocity : 1.3 n/s;
Reynolds Number : 18000;

il il el "

R. Losito, Mechanical design of BOC cavity CTF3 Review, 2/10/2001 — 16
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s 12 cycles,
25 Hz
(0.52 sec)

Max stored

Energy:
148 J
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hermal Inalysis
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Simulations
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Simulations
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Hations
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= fy=2998.550 MHz @ (<P o, >=1750 W + Water@303 K
¢ Max AT=4.02 K

¢ Max IAx|= 6 pm, | Afprope= -110 KHz
¢ Max Von Mises eq. Stress: 11 MPa
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imulations
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Conclusions

m Simulations confirm that the specs are fulfilled

+ (and all parameters are consistent with Igor’s experience)

m Production has already started, cavity available by
- February 2002. ' '

R. Losito, Mechanical design of BOC cavity CTF3 Review, 2/10/2001 | 28
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The followings points
will be treated:

e Synchronization

e The RF Distribution System
e Phase Control

e The Data Acquisition System
e \Voltage Control

. Energy Control

The CTF3 Low
Power RF System

Ernst Peschardt
2/10/2001



Synchromization of RF Pilot Frequencies for CTF3
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Synchronization

e TWo more frequencies are
generated centrally:

e Aleading for the odd
numbered klystrons with
pulse compression.

* A lagging for the even
numbered klystrons.

The Distribution system

* The signals to the 11 klystron

are sent through equal length
coaxial cables.

e Phase stabilized coaxial cables |
will be used (3to 6

ppm/deg.)

* Over 60 m the phase drift will
be less than 1.4 deg. RF at 3
GHz if the temperature varies
1 deg. between the cables.
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Phase Cont_rol

e At the input of each amplifier
chain a 10 bit 360 degree
phase shifter is used to set

the phase with respect to the
beam and the other

accelerating sections.

e The fast analogue phase
shifter is used for the phase

programme for the pulse
compression.
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Phase %Control

e Uncontrollable phase
variations are compensated
with a feed forward loop. The
phase between the reference
and a directional coupler in
the waveguide is measured
with a quadrature coupler.

e The average phase during the
beam pulse is calculated and
a correction applied to the
digital phase shifter before
the next pulse.

'.I 3 1O

RF reference

90° | —{RF

kUp,sind
RF from IF e KU

® —— RF
waveguide

Quadrature nuxer
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Data Acquisition
System.

e About 20 measurements are
required during the duration
of the beam pulse (1.4 ms).

e A fast system is therefore
heeded. -

o ADC boards with sample rates

up to 65 MHz and 12 bits and
a PCI bus exist.

e The acquisition can be
completely synchronized to
the beam pulse.

Msample

buffer
Msample
buffer
FIFO
FIFO

16k*32

ok B W sk S

Fast data acquisifion system

e vk bl W ol

--------

—————————————————————————

External trigger

®
External clock

®
Max. 65 MHz
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Beam Energy Control

e The power gain of the
compressor can be adjusted
with high resolution by
changing the duration of the
RF power production.

o Eventually by measuring the

beam position at the end of
the linac a feed forward loop
could be implemented. .

e Was successfully used in LIL.

Voltage Control

e At nominal beam current the
accelerating cavities are fully
loaded. '

e With the same klystron power
at low current the average

field would then be twice as
high.

* The klystron output power
can be varied between17 and
35 MW by changing the
modulator voltage.

* Another factor two by

changing the gain of the pulse
compression.



RF Power Production in CTF3 using the DBA

o
(lz C@’i‘{’i el

MOTIVATIONS: -

* Following recent evidence of high-gradient limitations and damage in 11.4 GHz NLC prototype
structures as well as in 30 6Hz CLIC prototype structures, the CLIC study group started an
intense R&D program, centered on high-power test of components.

+ These test are at present carried out in CTF II, which will be shut down at the end of 2002.

* The CLIC study needs a 30 6Hz high power source (in the 100 MW range) at an early stage in
CTF3 after CTF II shut down and before CTF3 Neminal Phase operations in 2005,

The DBA shouid be commissioned towards the end of 2003, and be in operation in 2004
Can the DBA beam be used to produce 30 6Hz power with the required characteristics ?

Power production

| section
0m S Twm ~10m
[i [T_! 1 ]
— e PR e Sl N N
: Lyt LJ 3 (s 3 ]
Bunch compression Spectrometers

chicone

The DBA zone can be separated from the rest of the CTF3 building. High pnweﬁ tests can
thus proceed while doing civil engineering and installation work in the rest of the compiex.

R, Corsini - CTF3 WG Meeting ' 99 ~ 2/10/2001



Power Extraction and Transfer Structures @

e T e e fafTh R B T T T R T B e e A

.- cL - .. - A L Cateon

Transverse slice (3-cells) of the CLIC Power
Extraction and Transfer Structure

Damping slits

Drive Beam
with 30 GHz time
structure

Extremity of open PETS used in CTF II
showing output couplers and channels.
Also visible is a piece of SiC damping
material.

A T o e e A ST S B L A o A [P LL S D 2 i O

R. Corsini - PAC 2001 15/6/ Eﬂﬂl

QUESTIONS:

*What kind of structure is most adapted to such a task ?
*What would be the requirements on the electron beam ?

The basic formula for RF power production in Power Extraction and
Transfer Structures (PETS) is (steady-state regime, linac Q):

Limited by gun & §
linac performances \ | / Ltm::éj:; rﬂr‘;:for’r
(D P=—"17" “{?_ _1_12 F? Maximum of about 1
4c Q ﬂ s = > for short bunches,
g ho phase errors

.

Structure design, linked to aperture and
transverse wakes, finally limited by transport

; R ' C-n;-a G ; B e e L RO

2/10/2001

- 493 -



REQUIRED POWER

- At present, about 40 MW, 15 ns pulses used for structure testing in CTF 11T,
limited by breakdowns - such power level in the CTF3 linac would already be an
extension of the present Yests, since longer pulses (= 100 ns) would be possible.
The repetition rate is also potentially higher (5 Hz = 25 Hz).

- A new CLIC accelerating structure is at present under development. 58 MW at
the structure input are needed to reach 150 MV/m accelerating field for the new
structure design. The surface to accelerating field ratio in this structure is 2.18
peak surface field = 300 MV/m (I. Syratchev).

- Operational experience with CTF II has shown that in practice, only 2/3 of the
theoretical RF power is obtained.

Required power - 100 MW

(including form factor, PETS imperfections, coupler & waveguide losses, but NOT
including PETS Q-value, that must be treated in the calculation)

R. r'sini - CTF3 W5 Meeting 2/10/2001

L. Syrat chev

SRR = N -'__1_ .
Quarter € PET ;’% geometry

LA LT : 0 ogm
Y . q_e._.-l-.:.\.. : _.\,F"':' "'"-'-E- 3
LA Ly | == R E
.:_-c L w9 h i ey 'H.:C'-;I DRVEE A
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1
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Coupler Design Tor

T e e e e R = T A S e e T e T e R e T e e e e e T e i e o AT T D T S———
R. Corsgini - {:"':3 ‘IJ!E FﬂEP‘i‘mg 3/10/2001
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. MAXIMUM FIELD IN PETS

Maximum surface field in PETS:

. As mentioned. the max surface field in the accelerating structures to be tested is
of the order of 300 MV/m

. Tt looks reasonable to limit the maximum surface field anywhere in the PETS fo a
significant lower value (e.g. a factor 2). The PETS themselves should not be part
of the breakdown studies !

Required max surface field in PETS < 150 MV/m

R. Corgini - CTF3 W6 Meeting 2/10/2001

ELECTRON BEAM CURRENT

e |

! T T 6
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- For a reduced electron pulse length (= 200 ns) the current can be increased from
35 A to 5 A, for the same beam loading - the beam energy will also increase by
the same factor from 150 MeV to 210 MeV

Electron beam current = 5 A

. the power at the DBA structure input would be 60 MW (possible?)
- The RF pulse compression system should manage also twice the nominal power
- the total beam peak power will be 1 GW

M
R. Corsini - CTF3 WG Meeting /( 3 5 2/10/2001



. PETS scaling

- Simple PETS design: cylindrically symmetric, iris loaded waveguide 2rn/3 phase
advance, constant aperture.

R Q) (O

| j 0.6 T T

- ) ® Data from A. Millich (4 wg) Group
Shunt o4~  Velocity

Impedance

o« Data from I. Syratchev 3
\\‘ = (iris loaded) 02k -
\\‘\‘ Fit used for
1 1 power 1. l
5 10 15 calculation 0 5 10 15
a (mm) ™ ) a (mm)
TOO0 T 1 6 : ] /.
6000 - st -

4 = -
O 3000 =
3—— —_—

4000 - i -
Quality factor Ratio between  2[ E
‘ ' max and on-axis
3000 | i
0 3 10 13 field Lo 5 10 15

d (mm)

a (mm)

R. Corgini - CTF3 WG Meeting 2/10/2001

Pulse length - Repetition rate

+ The filling time of the DBA structure is 100 ns (transient beam loading). The
PETS filling time is typically much smaller (< 10 ns ?). For a 200 ns electron pulse
length the RF pulse length should be > 100 ns. A longer electron pulse should be
possible, with a somewhat reduced current. |

- Shorter RF pulses are in principle possible. They will be useful fo study the
breakdown limit dependence on pulse length, in the region from 15 ns (tested in
CTF II) up to the nominal CLIC pulse length.

- A high rep rate would be important to reduce the conditioning time and to
perform life-time tests.

- The average beam power in the DBA for the nominal phase is 4 kW (5 Hz, 3.5 A,
150 MeV, 1.5 us). The averuge beam power for DBA RF power production would be
5 kW at 25 Hz. (5 A, 210 MeV, 200 ns).

+ The CTF3 shielding is designed for an average beam power" of 6 kW.

R. Corsini - CTF3 WG Meeting - 496 - “2/10/2001



"\ s=15m,a=9 mm

P =100 MW
Euax = 134 MV/m
Emax (MV/m)
P {MW)
0
‘ 6 g 16 12
AAA a (mm)
R. Corsini - CTF3 W6 Meeting 2/10/2001

40]m,u=?mm

P = 60 MW
Euux = 137 MV/m

4 6 8 10 12

AAA PPP a {mm)

R. Corgini - £TF3 W5 Meeting _ /( 5 -} — 271072001



:Eﬁi :CLIC

While the generation of the RF power with the beam, the highest surface field
will tole place at the end of the structure. The situation con be improved with
the the structure starting from the lower group velacity at the beginning
Towards group velocity at the end (Tapered-Out Structure).

Comparison for the 0.5 m structure and 3.5 A current

The tapered-out structure.

Apertare, mmibg %) Max. 5. Ficld, MV/m Power, MW
Constantz 7.5 (31.5) 58.5 12.54
TOS 5->10 (15-48) 46.0 14.87

CTS-L - CTSL

-~ 498 -



* Not useful for single structure, P > 100 MW , due to limitation in peak surface field

* Can be used for two-structure operation (P> 50 MW), or for "booster” mode

* Example:

HE T T ! 304y 1 T ] T
(] HR‘M
- o ",
3 £ 200
: , .
. . -.._._":\q_;.,..._._ -
: | <o
® R E 100 “aﬁhh
% {; 2 {;4 Et.fi n::t_a Yo ':I' £ ':;-‘* *;-'5 ‘; 8
K K
- - P =51 MW
ls=0.5m,a=86mm By = 140 MV/m
Plus second structure in “booster” mode, will give: P =120 MW

Euix = 154 MV/m

R. Corsini - CTF3 W& Meeting

. =

* Production of 30 6Hz power in the 100 MW range using the DBA looks possible.
+ Pulse lengths r¢

2/16/2001

SUMMARY - OUTLOOK

nging up to the nominal CLIC value

rate of 25 Mz Id be accessible.

(150 ns) and a repetition

* The optimum PETS design and parameters are still to be identified - some
investigation in beam transport & stability must be made to assess that.

* Recirculation + boester eperation can i:essfbiy be used with some advantage.
A proof-of -principle test of recirculation in CTF IT would be useful.

R. Corsini - CTF3 W6 Meeting

—- A99 -
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Single bunch probe beam

* test acceleration

« cross check of 30 GHz RF power calibration

» measure synchronous frequency of accelerating structures protolypes
* measure Bigher order modes frequencies of accelerating structures prototypes

etest-bed for CLIC main beam instrumentation

Multi bunch probe beam

* test CLIC beam loading compensation scheme

ek F -:1_' i W pmtﬂtyw




CLEX - CLIC experimental area

30 GHz CLIC “demo” string

30 GHz accelerating structures

Injection energy in 36 GH:z Module:

Assuming a 30 GHz module length of 1.4m, an aperture of 3.5 mm, a nore. injectes
emittance of 56 mm paad and a 40 beam clearance with

64L
T=~§§?“E

— B>186 MeV

Bunch length:
Energy spread dae to b.l. AT/T=1-cosws,
For AT/T € 1% => ¢, £ 0.75 ps )

Potential energy gain in & 30 GHz accelerator
Assume 30 GHz structure parameters, E=150 MV/m, 1.=0.286m, AT=3.51 P%
If we decelerate the drive beam by 100 MeV we have 3.5 GW of 30 GHz power available.

This is sufficient to power 24 acceleratmg stmctures giving a total acceleration of 1.03GeV
in an a:::twe length of only 6.9m !

.--fz((}){ -
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Ti0ps fwhm
0.688ns spacing, N,<32
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Summary

» The probe beam injector will be needed from 2005 on

~ As for the drive beam we have two gun options, thermionic and a photo-injector.

» The choice will probably follow the choice for the drive beam

» Both options will make extensive use of existing equipment

~ Both options need one 45 MW Kklystron with pulse compression as 3 GHz power source
» Both options wiil be about 20-25 m long 1

» Both options will need a bunch compressor

» No detailed design has been worked out yet

~ Before making a more detailed design we need discussions and decisions what we want
to measure with the probe beam

|
-




-907% -

The CTE3 test stands are foreseen to be
the main experimental facilities for CLIC
RF system development.

A test stand is a highly flexible single unit
of two beam accelerator driven by the
CTF3 beam and instrumented for high
power, gradient and current tests.

For high power testing, the CTF3 test

stands are direct descendents of CTF1 and
CTFIL. |

We expect to start with the end-of-linac
test stand (Roberto's talk) to get going as
early as possible. We continue with the

end-of-everything test stand for ultimate -

performance.

High-frequency high-
~power in CTF3

[/Uu WCLMJ'@-LL_

The nominal CLIC RF pulse 1s 30 GHz,
240 MW, 130ns, 100Hz giving an
accelerating gradient of 150 MV/m.

The nominal CLIC drive beam is 240 A,
37 k.

In order to develop the CLIC RF system

we need a such a beam and such a
power...

We can probe these parameters with the
CTF?3 test stands.



End-of-linac test stand

End-of-everything test stand
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Materials: materials for arc resistance,
materials for ultimate gradient.

Preparation and RF  Processing:
Machining, cleaning, pre-processing {glow
discharge, laser melting etc.), 'soft’
conditioning.

Pulsed surface heating: Physics,
mechanics, materials, machining.

Lifetime testing.......c.oovviiiiiiiiiianieeannne

Beam/structure interaction: Verification of

RF parameters, field asymmetry, beam
loading compensation, longitudinal and
transverse wakefields, beam position
signals.

Physics and Development

Structures:

Power genérating structures

Accelerating étructures

Waveguide components

Special test structures

Subjects:

Physics -otf ‘breakdown: Trigger process,
evolution of arc, absorption of RF energy,
ultimate gradient, frequency scaling¥,

pulse length scaling, effect of RF design,
effect of beam loss*, instrumentation.
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Power generation

CTFI - 24 A, 90 MeV, 8 ns, 80 MW
CTFII - 37 A, 60 MeV, 16 ns, 300 MW

~  CTF3-35A,160 MeV, 130 ns
(End-of-linac- 3.5 A)

One of the most central design issues of
the test stand is that of the power
generating structures which must be
matched to the current and energy of the
driving beam.

.4

 CTE3 current® allows the use of existing

CTFII style power generating structures.
We may choose to re-optimize because,

Higher beam energy makes transmission
through power generating structures easier.

Increased pulse length will be more
difficult - but pulse length is an objective!



X-ray and
accoustic
Sensors

Matching,
focusing,
steering

Matching,
focusing,

Beam position monitor
Wall current monitor

Beam position monitor

Streak camera

S
x
S
£
-
£
£
e
=
w
2

i Wall current monitor
& Wall current monitor

/ Streak z
N camera 7 IN

BPM
Faraday cup

& A 4 30 GHz power
Emitted current Probe beam +

spectrometer spectrometer o Emitted current
spectrometer

Optic and instrumentation layout

N of test stand, driven side
Q
]
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Gradient in the CTFI 3 GHz traveling wave buncher taking into
account 5 A beam loading and 35 MW available input power

A.D. Yeremiar, SLAC

Cavity | Phase Velocity Gradient
# B (C) (MV/m)
1 0.71 -~ 8.37
2 0.76 9.34
3 (.82 10.06
4 (.38 10,60
5 0.94 11.00
6 1.0 11.25
7 1.0 11.26
8 10 11.36
0 1.0 11,30

1§ 1,0 11,21
11 - 10 11,11
12 1.0 11.61
i3 1.0 65.94
14 10 10.88
15 1.0 10,84
16 1.0 16.80
17 1.0 .73

Octeber 2, 2061

Travelling-wave buncher for the

CTE3 1njector

H. Braun, G. Carron, R. Miller, A. Millich, L.
Thorndahl, A. Yeremian

Specification:
- Seventeen 27/3 S-band cells

- The first 5 cells have linearly increasing phase
velocity from O.71c to c o ke V- ﬁ 06

- With 35 MW input power the loaded starting
gradient should be about 8 MV/m rising to 10 after
6 cells and then decreasing to about 8 for 5 A beam
current

The TDS type design, with damping waveguides for
HOMs, was chosen for convenience, since the
hardware people involved had just built and tested

a TDS structure,

Present status: The 17 cells are being measured and
tuned.
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otivations

The CLIC Test Facility (CTF3) has been proposed to demonstrate the technical
feasibility of the key concepts of the CLIC RF power source:

1) generation of a high-current, high-frequency drive-beam by combination of electron bunch trains in an
isochronous ring using transverse RF deflectors.

2) operation with a fully-loaded drive-beam accelerator.,

3) CTF3 will also provide the 30 GHz RF power needed to test the CLIC accelerating structures and
components at the nominal gradient and pulse length (150 MV/m for 130 ns).

These issues will be fully covered in the CTF3 Nominal phase (2004-2005)

 The Preliminary Phase of CTF3 (2001-2002) is a demonstration of the first point,
but at low-charge and short pulse.

#

Also acquire experience in combiner ring operation and develop tools for next phases.

This demonstration is possible using the existing hardware - However, it needs a large humber of
modifications of the former LPT (LEP Pre-Injector) complex.

= e LR L LR R e O T P PR R o el D T, AT R Al A B L T T

A ST

CTF3 Review Committee " LR 3 October 2001
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General description of CTF3 preliminary phase
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streak camera RF deflectors
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gun & bunching % \ /

4 MeV Linac ( 8 structures )

matching
section

Beam structure
in linac

Beam structure
Y after combination
\ 4 (factor B)

Bunch spacing
10 cm

Bunch spacing

2 cm

o

Pulse Length 6.6 ns
Beam Peak Current 2.5 A

6.6 ns 420 ns
o - >
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total Length 2.53 ps - Peak Beam Current 0.5 A
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Layout for the micro-bunch
measurements. A streak camera
uses the synchrotron light coming
from the EPA ring.

Two screens allow measurements in
a dispersive region (MSR56) and in a
non-dispersive region (MSR52).
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Streak camera image of the electron pulse
(April 1599)

Streak camera image of the total
puise and corresponding time profile
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streak camera in EPA ring - 3 [@]
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For a given bunch length, the energy spread depends on the phase of the bunch with
respect to the rf wave in the linac.

The contribution of beamloading to the energy spread is made negligible by reducing the
pulse charge.
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Bunch Length Measurements - 2

The phase between the bunch and the rf wave is changed and the energy spread i

recorded using ¢ SEM-grid at 2 dif ferent energies in the linac (LTL).

From the energy spread, the bunch length is deduced in the linac.
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\/— __— MW
mrad —— ¢ = 535—*
E MeV

Nominal deflection angle) = 4.5 mrad
Nominal beam energy E = 350AeV
Nominal input power P = 7 MW

Both RF deflectors conditioned up to 13 MW

Reflected power Sr'grr{af
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O'rher“Beam Studies done and planned
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The linac: Tyiss parameters and emittances, Energy gains in the RF structures,
Trajectory measurements,

The ring: Circumference measurements, Synchrotron frequency,

Experimentalprogram for 2001 and 2002

Tests of injection with RF deflectors in the isochronous ring (single pulse)
Demonstration of bunch train combination for combination factors 3, 4, 5

Possible further tests:
Bunch length and phase HF monitor (Uppsala University)
Test of new deflector prototypes (INFN-Frascati)
RF deflector stability studies
Coherent Synchrotron Radiations studies,
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- Collaboration with other Institutes
+ LAL (CLTO gun)
+  Frascati (RF deflectors)
> Uppsala University (Optics design)
+ IPN Orsay (RF wave guides installation)

- Technical Installation Committee (TIC)
»+  All groups of the PS Division
+ EST,LHC, ST, TLS Divisions

- People participating in the 2001 commissioning with beam
- CERN: 5 accelerator physicists 'f
+  Uppsala University: 1 accelerator physicist (part-time)
- Frascati: 3 accelerator physicists per week with beam (part-time)
+ Possible other contributions from CERN and external Institutes (under discussions)
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Wall current monttor
after the bunching system
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Collaborations
LAL: - INFN Frascati;
gun, HV deck transfer lines, bunch lengthening chicane
pre-bunchers Delay Loop layout and hardware
CLIG-type gun for prel. phases already delivered Combiner Ring layout and hardware
RF deflectors
Fast kickers |
SLAC: Participate in commissioning and exploitation
triode assembly

Injector optics and layout
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RAL and m#ﬂ:n_uim University:

Uppsala University;
Laser for Photo-Injector option PP ty

mm wave detector for beam diagnostics
participation in commissioning

- 223 -



-1 —

Nominal (and initial) phase

Thermionic Injector

Triode assembly delivered by SLAC
Work on Gun started at LAL
Design of Pre-bunchers under way at LAL

Beam dynamics of injector nearty complete (SLAC)
detailed layout started

Travelling wave buncher (CERN)
fabrication well advanced at CERN

Solenoids (CERN)
design well advanced

Sub-harmonic buncher (CERN)
design staried

Photo Injector Option
high current tests of photo cathodes successtul

test of diode pumped high power laser amplifier
“well advanced

Status
Preliminary Phase
New e-gun ( LIO typ E) dEliVEI’E& b}" LAL, EPA I'iﬂg mﬂdifiﬂd,
installed and commmissioned circumference changed,
transfer lines modified

/ [
/

/ CYF3 Preliminary Phase
!

y
LIL linac modified

¢ Machine closed as planned on 17. September 2001

» Beam up to end of linac in first week of commissioning.
e Presently missing components being installed,

¢ Commissioning will continue

o Part of the uperaﬁﬂn schedule of the PS complex



RF power sources

3 GHz

45 MW klystron ordered, add. modulator built

RF Pulse compression:
long pulse power tests with promising result (LIPS):

up to 60 MW, limited by RF load

BOC cavity built, low power tested,
new design finished, prototype under construction

(a 1.5 GHz

-~

Q narrow band klystron ordered,
‘ design study in October

wide band klystron:
design study received,
call for tender for klysiron under preparation.

Drive Beam Accelerator (DBA)

Accelerafing structures

TDS
prototype built, tested with RF power

SICA
Short section built and tested with High RF power

Full size structure being buiit at CERN

CERN FC has authorized to place a contract with industry for
18 SICA structures

DBA optics

Layout finished, detailed mechanical design to be done.

Beam Instrumentation well advanced



Transfer Lines -

Design well advanced,
all existing magnets

Chicane designed

Delay Loop

optics design well advanced, nearly frozen

1.5 GHz defiector study is progressing

Combiner Ring
optics finished 4
vacuum components being designed, impedance !!
prototyping of HV kicker and pulser progressing
BPM under development, choice fixed
3 GHz RF deflector being designed,
cold model in fabrication,

offers for “real”structores”, fabrication in 53 / 7 months,
instaliation in prel. phase possible during 2002.
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3.2 Multi-TeV Electron-Positron Colliders

Most of the arguments and motivations for a sub-TeV e’e” collider also
apply to multi-TeV accelerators of that type. The mass range accessible to search
for Higgs bosons or other new particles will be much larger, according fo the
energy of the accelerator. The potential for discoveries and precision studies at
very high energies, comprising novel aspects such as the production of new gauge
bosons, of new quarks and leptons and composite Higgs bosons, is therefore much
enhanced and extends in many cases beyond that of the LHC.

While a multi-TeV e'e collider offers a greater physics potential, many years of
intense R&D are still needed for such a machine. The CLIC design [8], developed
and studied at CERN for more than 10 years, offers a promising way to build such
a machine in the 3 to 5 TeV range. It is based on a two-beam scheme where
intense low-energy electron beams provide the rf power to accelerate the high
energy electron and positron beams. It is designed to reach very high accelerating
gradients, allowing a much shorter total linac length than other schemes. A test
facility (CTF3), currently planned at CERN, is intended to demonstrate the
conceptual feasibility of this technique within the next five years.

33  Assessments and Comments of the Werking Group

The Working Group sees a strong physics motivation for the construction
of an ¢*e” linear collider, reaching at least 400 GeV collision energy and exceeding

. e 2 ol
luminosities of 10 cm™s™. Flexibility to increase the energy

range to significantly higher energies will enhance its capability to study new
processes and physics beyond the Standard Model. Justification of an extended
energy range will greatly benefit from results obtained at the LHC.

The Working Group recommends the realisation of an e’e” linear collider in the
collision energy range from 90 up to at least 400 GeV, with possible extension to
higher energies. It is convinced that the decision to construct such a machine

should be taken soon,

Promising techniques for a multi-TeV e’e” linear collider like CLIC are being
developed at CERN but still need significant R&D work before the technical
feasibility can be demonstrated. The Working Group recommends the
continuation of R&D to show the feasibility of an e’e” linear collider in the multi-
TeV collision energy range, such as CLIC.

ECFA01/213
21 September 2001

EC FA =uropEAN COMMITTEE FOR FUTURE ACCELERATORS
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REPORT OF THE WORKING GROUP

ON THE FUTURE OF ACCELERATOR-BASED PARTICLE
PHYSICS IN EUROPE’

EXECUTIVE SUMMARY

The ECFA Working Group on the futwe of accelerator-based particle paysics in Europe has
considered the possible options and time-scales for the next major accelerator project, the
implications for the current particle physics programme and the strategy that ought to be pursired
in the long-term future. Although charged with considering the future for Europe, it has also
considered the international coniext since particle physics is intrinsically international. The
Working Group makes the following recommendations:

. In the immedjate future:

1) the allocation of all necessary resources to fully exploit the unique and pioneering LHC
facility:

2) continued support for ongoing experiments, since they promise significant scientific results,
provide an optimal physics refurn on previous investment, and are vital for the education of

young physicists;

3) the realisation, in as timely a fashion as possibie, of a world-wide collaboration 1o construct
a high-luminosity ¢*¢’ linear collider with an energy range up 10 at least 400 GeV as the next
accelerator project in particle physics; decisions concerning the chosen technology and the
construction site for such a machine shouid be made soon;

4} an improved educational programme in the field of accelerator physics and increased support
for accelerator R&D activity in European universities, national facilities and CERN.

For the long-tern:

5) aco-ordinated collaborative R&I effort to detenmine the feasibility and practical design of a
nevtrino factory based on a high-intensity muon storage nng;

6) aco-ordinated world-wide R&D effort to assess the feasibility and estimate the cost of a 3-5
TeV e'e” linear collider (CLIC), a very large hadron collider (VLHC} and 2 muon collider; in
particular, R&D for CLIC is well advanced and should be vigorously pursued.

The central role of CERN in Europe must continue and will be essential as the fulcrum of the
long-term fature of particle physics, The Working Group considers it essential that, through
CERN, Europe should be ab}; to play a key role in the exploration of the multi-TeV horizon that
will open in the post-LHC ere.

The implementation of these recommendations would ensure a vibrant and exciting programme
of investigations into the fundamental structure of matter and maintain Europe’s leading role in
this piopeering adventure in science.

1 Address http:fa‘wtb.nnm,{:hfﬂmnnﬁuncstCFM (Working Group)



-hie -

CEEN/SPC /7593 59
CERN/FC /4424

34 R&D Accelerator

Although the main objective of CERN is obviously the LHC and its possible
upgrading, in paralle} a small but significant effort is made to explore options for
the post-LHC era. The latter comnprises a muiti-TeV linear collider and advanced

neutrinog beams.

CERN's know-how in accelerator physics and technology has also been used for
a feasibility study of a synchrotron, associated extraction jines and gantries for a
cancer-therapy facility which has been concluded with a detailed conceptual
design report in 2000.

Limited resources will severely restrict the amplitude and breadth of the R&D
studies for future accelerators. They will not allow much more than an exploration
of the possible options and the opportunity to remain in touch with leading-edge
accelerator developments around the world.

Collaboration with other European laboratories interested in these topics is
being established and contacts have been made with the interested communities in,
the US and Japan. These collaborations are imperative and provide invaluable
help in a number of issues, which otherwise could be studied ondy superficially.

CERN/SI?C /793
CERN/FC/4424
Original: English
28 May 2001

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Actipn fo be taken Yoting Procedure
SCIENTIFIC FOLICY
For recommendation COMMITTEE
to Council 218th Meeting
11 and 12 June 2001
Simple Majority
For recommendation FINANCE COMMITTEE + 70 % of Member States'
to Councii 285th Meating Coatributicns Present and
13 June 2001 Voling
COMMITTEE OF COUNCIL
For recommendation to Coungil 24Tth Meeting Simple Majority
14 June 2001
COUNCIL
For Appraval I tBth Sescion Simple Majority
15 Jane 2001

THE SCIENTIFIC ACTIVITIES OF CERN AND
BUDGET ESTRMATES FOR THE YEARS 2002-2005

Over the years under consideration, the main goal is to finalise.the
construction of the LHC, while running a restricted scientific programune of

high quality.

Council is invited to:

i) approve the overall figures proposed for 2002 to allow for the
preparation of the 2002 Draft budget, and

ii}  take note of the proposed budget estimates for 2003, 2004 and 2005.

01/60/5/e
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7. SUMMARY OF THE MEDIUM-TERM PLAN

7.1 Scientific Programme

After more than 11 years of successful and efficient operation LEP is being
dismantied and will be fully removed before the end of 2001 The analysis of LEP
experimental data is expected to continue until 2003. The period 2002-2005 will be
characterised by intense construction work towards the commissioning of the LHC
by 2005/2006. Despite difficulties encountered by the civil-engineering
contractors, the excavation of the caverns is proceeding and every effort is being
made to make up for the accumulated delay. The LHC magnet system is now
entering its production phase. Construction of the LHC detectors js proceeding
according to the revised schedule. The installation of ATLAS i scheduled to start
in 2003, CMS and ALICE in early 2004 and LHCb in mid-2004.

The non-LHC scientific programme essentially consists of already approved
experiments. Several, such as the NOMAD and CHORUS neutrino experiments,
and most of the SP5 heavy-ions programme, have reached the end of their
data-taking phase. However, two heavy-ions experiments with very specific goals
optimized for the SPS are being kept on until 2003. The successful NA48
experiment will further study CP violating K-decay properties in 2002-2003. The
CERN scientific programine has been considerably enriched by the introduction of
a highly competitive neutrino activity, built around the CNGS facility, and the
inception of the very promising TOF neutron facility.

Accelerator R&D is focused on the design and construction of a new test facility
CTF3 {CLIC Test Facility 3) in preparation for the post-LHC generation of

accelerators. .—P § A .
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October 4, 2001

CTF3 Review
B. Aune (Saclay), H. Henke (T. U. Berlin), R. Siemann (SLAC)

| lntrnductmn

CLIC is a multi-TeV linear collider that 1s a possible future CERN project.
Distinctive CLIC features include

e A two-beam configuration to generate the RF power,

e High RF frequency, frr = 30 GHz,

e High accelerating gradient, G = 150 MeV/m.
CTF3 is a test facility that is part of the CLIC development and 1§ a collaboration
between CERN, INFN Frascati, LAL Orsay, RAL Didcot, SLAC, Strathclyde UK,
and Uppsala University. CTF3 would test the underlying concepts of the RF power
generation by experimentally demonstrating several critical aspects including high
efficiency energy transfer from low frequency RI to the Drive Beam and frequency
multiplication using a delay loop and a combiner ring. Thirty GHz RF would be
produced at the end of the Drive Beam linac in the Initial Phase and with the beam.
from the combiner ring in the Nominal Phase. This power can be used to test
accelerating structures and RF components to establish the feasibility of the CLIC
accelerating gradient.

Specific CTF3 goals are
Fully beam-loaded operation of the Drive Beam Accelerator
Phase coding of bunches and bunch interleaving
Control of bunch length and energy spread
Production of 30GHz RF power at nominal CLIC requlrements
Provide a test facility for CLIC RF components

Principal Findings and Recommendations

CTF3 or an equivalent facility is imperative for the development of CLIC.
The actual technical choice of CTF3 is based on existing buildings and components.
Under the given boundary conditions collaborations are vital for the project. INFN
(Frascati) is taking responsibility for the transfer lines, delay loop and combiner ring,
which are major, essential parts of CTF3.

The CTF3 concept is sound, and 1t takes advantage of existing buildings and
hardware to realize substantial savings. The project is staged intelligently with three
stages that explore the vanious CTF3 goals with increasing demands on performance.

The project is technically demanding, but there are no insurmountable
problems. Resources and schedule look possible but tight. We believe that, because
of the technical demands, several years of commissioning and operation will be
required after the completion of the installation.

CLIC is critically dependent on developing the processes, materials,
techniques, etc. that firmly establish the feasibility of the high acceleration gradient.
The RF power from CTF3 will be available for testing major CLIC components, but
high power RF experiments need at least one fully dedicated and continuously
available test stand. Either a dedicated power source or new collaborations devoted to
understanding gradient limits are necessary soon for a timely and systematic
exploration of the many 1ssues that must be resolved.
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Comments on Technical Solutions

Injector: A thermionic gun and bunchers have been des; gned with
requirements on current magnitude and stabj lity that are at the upper limit of what is
possible. If the stability is not achievable right away, a feedback solution is foreseen.
In parallel an RF gun is under design. It would allow for a better bunch structure and
lower emittance. The main challenge is the drive laser. There is encouraging
progress on that, and planned experiments should allow a choice between these two
injector options. -

Linac: A slotted iris structure with higher order mode damping and detuning
(SICA) was chosen, and the first high power tests were positive. The 3 GHz power
generation relies on existing Klystrons, modulators, and modified LIPS pulse
compression. The RF system will require sophisticated temperature and phase
control. The linac would be operated fully beam-loaded to demonstrate high
efficiency, but full beam-loading is not necessary for high power RF generation.
Comparison between FODO, doublet and triplet optics showed best emittance
preservation and smallest jitter amplification in the case of triplets.

Transfer lines, delay loop and combiner ring: All of these devices are

isochronous, and parameters have been chosen but they are not final. They make use -

of existing magnets and are being designed to fit within the footprint of the available
building. Work on the RF deflectors is in progress, and no major problems have been
encountered. A novelty is the use of wigglers in the rings for path length control.

The requirement on the low frequency impedance in the combiner ring, Z/n = 0.4Q, is
low but possible with a smooth vacuum chamber and a minimum number of vacuum
chamber transitions. |

Longitudinal phase space manipulations: Very short bunches will create
coherent synchrotron radiation in the rings and degrade the emittance. Bunches,
which are compressed in the linac to reduce energy spread, must be Jengthened before
they are injected into the delay loop and compressed again after the combiner ring.
This will be demanding and requires sophisticated diagnostics.

Staging of the project: A Prelimary Phase, which has already started, makes
use of the existing linac, 2 new gun, and EPA ring with a modified lattice. It will
allow the first demonstration of beam combining with factors of 3, 4 and 5 at low
current. Jt will also allow first experiments on defleciors, on coherent synchrotron
radiation effects, and bunch length and phase monitors. In a second stage, the Initial
Stage, the new linac will be installed and will have a test stand for high power RF
experiments. High power RF test stands will be invaluable for CLIC, and this test
stand should remain operational during mstallation, commissioning and operation of
the full CTF3 facility. The combiner ring, delay loop, CLEX experimental area and a
probe beam will be added in the Nominal Phase, which is the third and final stage.

Probe beam and CLEX experimental area: CLIC needs 240 MW/m for 130
nsec at a repetition rate of 100 Hz. This would give 150 MeV/m accelerating gradient
in the main linac. The CLEX test stand is intended for power generation, testing of
waveguide components and accelerating structures at nominal parameters, study of
breakdown phenomena at 30 GHz and other RF frequencies, and determining the
ultimate possible gradient. A 200 MeV probe beam will serve for verification of RF
parameters, measuring of wake effects, and the CLIC beam-loading compensation

scheme.
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