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CLIC activities and resources for 2004-2009

Want to bring you up-to-d ate  on l ate s t d e v e l opm e nts  c onc e rning f uture  
C L I C  ac tiv itie s
- l as t C L I C  m e e ting pre s e ntation 1 9  S e pte m be r 2 0 0 3
R e m ind e r f rom  th at pre s e ntation :
With out e x tra re s ourc e s  – w oul d  tak e  until  2 0 1 3  to c om pl e te  I L -T R C  R 1  
and  R 2  is s ue s ,  but w ith  e x tra re s ourc e s  w e  c oul d  d o it m ore  q uic k l y.

T h is  inf orm ation w ritte n-up and  pre s e nte d  to S P C  and  C ounc il  in D e c e m be r 
2 0 0 3  as  part of  d oc um e nts  C E R N / S P C / 8 3 4  and  C E R N / C C / 2 5 3 1  by M aiani
e ntitl e d  “ F uture  P roj e c ts  and  as s oc iate d  R & D ”  
and  al s o by A ym ar as  D G  d e s ignate  in d oc um e nt C E R N / S P C / 8 3 5  and  
C E R N / C C / 2 5 3 9  e ntitl e d  “ P re l im inary propos al  c onc e rning C E R N  ac tiv itie s  
oth e r th e n L H C  c om pl e tion f or th e  pe riod  2 0 0 4 -2 0 1 0 ”
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In this December paper, DG Designate made following statements and 
recommendations concerning C L IC  :
“ T he present situ ation concerning the definition of a linear electron-positron 
collider and the perspectiv e of its implementation inside a worldwide 
international cooperation are su ch that it is recommended to accelerate the 
tests of feasibility  of the C L IC  concept, in order to arriv e before 2 0 1 0  at 
a firm conclu sion on its possible u se. ”  
“ S hou ld the lau nching of the linear collider constru ction occu r only  after 
2 0 1 0 , the prev iou s technical choice of design parameters and concept will 
certainly  be rev iewed and reassessed in the light of the  L H C   resu lts.   
T herefore, it appears appropriate that the assessment of the C L IC  design 
concept be av ailable at that time, shou ld the need of a higher energy  then 
be recognised. ”



C L I CC L I C

“T h e  a b o v e  r e c o m m e n d a t i o n  t o  c o m p l e t e   t h e  C T F -3  f a c i l i t y  f a s t e r  t h a n  i n  
t h e  p r e s e n t  p l a n n i n g  w o u l d  r e q u i r e  a d d i t i o n a l  r e s o u r c e s  t o  b e  c o m m i t t e d  i n  
2 0 0 4  a n d  2 0 0 5 ,  w h i c h  a r e  e s t i m a t e d  a t  1 7 . 2  M C H F  a n d  9 5  m a n -y e a r s  i n  
t o t a l . ”
“T h e  p r e s e n t  C E R N  b u d g e t  c a n n o t  p r o v i d e  t h i s  l e v e l  o f  a d d i t i o n a l r e s o u r c e s .   
O n l y   c o o p e r a t i o n   w i t h   s o m e   i n s t i t u t i o n s   i n   t h e   M e m b e r  S t a t e s ,  
i n c l u d i n g  v o l u n t a r y  c o n t r i b u t i o n s  “a  l a  c a r t e ” ,  i n  k i n d  a n d / o r  i n  m a n p o w e r ,  
c a n  h e l p  t o  f u l f i l  t h i s  s t r a t e g i c  g o a l .  F o r  t h i s  t o  b e  p o s s i b l e , c o o p e r a t i o n  
w i t h  o t h e r  E u r o p e a n  l a b o r a t o r i e s  w o u l d  b e  n e e d e d ,  w i t h  e x c e p t i o n a l  
r e s o u r c e s  t o  b e  c o m m i t t e d  i n  2 0 0 4  a n d  2 0 0 5 . ”
I t  w a s  s a i d  i n  t h i s  D e c e m b e r  p a p e r  t h a t  c o n f i r m a t i o n  o f  t h e  d e t a i l s  o f  t h i s  
a c c e l e r a t e d  p r o g r a m m e  w o u l d  b e  p r o v i d e d  i n  M a r c h  2 0 0 4 .
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As a follow-up to this preliminary proposal DG asked CLIC 
Study Team to provide a firm proposal in the form of a paper 
giving the details of an accelerated programme to demonstrate 
the key CLIC-technology-related feasibility issues by 2009 for 
discussion in the March 2004 SPC and Council Meetings.

Purpose of this presentation - to tell you what’s in this paper
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In conclusion :
. . . .  f ull e x p lor a t ion of  f or e se e n p h y sics w ill b e  b e st  a d d r e sse d b y  a  

h ig h -e ne r g y ,  h ig h -p r e cision e + e - collid e r  - im p or t a nt  t h a t  w or ld  
p a r t icle -p h y sics com m unit y  h a v e  a v a ila b le  a  ch oice  of  t e ch nolog ie s 
includ ing  one  a llow ing  h ig h e st  p ossib le  e ne r g y  sh ould  p h y sics 
r e sult s d ict a t e  such  a  ch oice .

. . . .  a  3  T e V  e + e - collid e r  p r ov id e s e x ce lle nt  long -t e r m  p e r sp e ct iv e s 
w it h in a ll t h e  sp e cula t iv e  sce na r ios f or  p h y sics b e y ond  t h e  
S t a nd a r d  M od e l t h a t  w e  h a v e  consid e r e d .  A lso q uit e  p ossib le  t h a t
som e  com p le t e ly  ne w  p h e nom e non w ill b e  d iscov e r e d  a t  L H C  t h a t  
w ill b e  e v e n m or e  e x cit ing  t h a n a ny  of  t h e or e t ica l sp e cula t ions 
d iscusse d  h e r e ,  b ut  it  is im p e r a t iv e  t o a nt icip a t e  t h e  ne e d  f or  
v e r y  h ig h  e ne r g y  collid ing  e + e - b e a m s t o f ur t h e r  p ur sue  t h e  st ud y  
of  such  p h e nom e na .

I - C L IC :  S u m m a r y  o f  p h y s i c s  c a s e
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1. C L I C  c o n c e p t
.. generally accepted that CLIC technology is the only viable 

technology f or m u lti-T eV  colliders.
2 . M a i n  d i f f e r e n c e s  w i t h  o t h e r  m o r e  c o n v e n t i o n a l  d e s i g n  s t u d i e s
3 . A d v a n t a g e s  o f  t h e  C L I C  s c h e m e
4 . D i s a d v a n t a g e s  o f  t h e  C L I C  s c h e m e
5 . S u m m a r y  o f  w h a t  h a s  b e e n  a c h i e v e d  s o  f a r
Summarised in 590 CLIC Notes and other publications- details see 
http: / / ps-div . w eb. cern. ch/ ps-div / CLIC/ P ublications/ CLICNotes. html

II - CLIC accelerated R and D programme
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Two categories of feasibility issues remain to be demonstrated
• C L I C -tech nology-related feasibility issues
• I ssues common to oth er linear collider studies
Th e new C L I C  Test F acility C TF 3  being built to demonstrate all 

k ey C L I C -tech nology-related issues of C L I C  two-beam 
sch eme.

I ssues common to oth er linear collider studies will be studied 
with in framework  of ex isting world-wide linear collider 
collaborations,  and in p articular in E urop e,  with in E U  F P 6  
P rogramme.

6.  What remains to be demonstrated
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Proposed to focus attention initially on "CLIC-T ech nolog y-R elated" issues as 
opposed to issues w h ich  are com m on to all LC studies -adopting  th is 
approach ,  th ere are th ree R 1  ( feasib ility)  issues and tw o R 2  
( conceptual desig n)  issues,  w h ich  h av e to b e dem onstrated first 

R1.1   Test of damped ac c el . str u c tu r e at desi g n  g r adi en t an d pu l se l en g th  
R1.2    V al i dati on  of dr i v e b eam g en er ati on  sc h eme w i th  fu l l y  l oaded l i n ac
R1.3    D esi g n  an d test of damped P E TS ,  w i th  O N / O F F  c apab i l i ty
R2 .1  V al i dati on  of b eam stab i l i ty  an d l osses i n  th e dr i v e b eam dec el er ator ,

an d desi g n  of mac h i n e pr otec ti on  sy stem
R2 .2   Test of a r el ev an t l i n ac  su b -u n i t w i th  b eam
A ll ab ov e-listed R 1  and R 2  feasib ility issues can b e dem onstrated in CT F 3 .

7 . CLIC-tech nolog y-related feasib ility issues
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8.   CTF3 feasibility test locations

CTF3 lay-out

X 5 
C o m b i n e r  R i n g

84 m

X 2
D e l a y  l o o p

42  m

D r i v e  B e a m  
I n j e c t o r

P r o b e  B e a m  R e l e v a n t  l i n a c  
s u b u n i t

D r i v e  B e a m  A c c e l e r a t o r

~  5 0  m

3 . 5  A  - 2 1 0 0  b  o f  2 . 3 3  n C  
1 5 0  M e V  - 1 . 4 µs

3 5  A  - 1 5 0  M e V
1 40  n s

3 0  G H z  
H i g h  G r a d i e n t
T e s t  S t a n d

TBL

CLEX

Two-b e a m  t e s t  s t a n d

1

2
3

4

5

Test of damped ac c el .  str u c tu r e at desi g n  g r adi en t an d pu l se l en g th  ( R 1 . 1 )
r eq u i r es l i n ac -dr i v en  h i g h -g r adi en t test stan d to b e c ompl eted ( l oc ati on  1 )
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8.   CTF3 feasibility test locations

CTF3 lay-out

X 5 
C o m b i n e r  R i n g

84 m

X 2
D e l a y  l o o p

42  m

D r i v e  B e a m  
I n j e c t o r

P r o b e  B e a m  R e l e v a n t  l i n a c  
s u b u n i t

D r i v e  B e a m  A c c e l e r a t o r

~  5 0  m

3 . 5  A  - 2 1 0 0  b  o f  2 . 3 3  n C  
1 5 0  M e V  - 1 . 4 µs

3 5  A  - 1 5 0  M e V
1 40  n s

3 0  G H z  
H i g h  G r a d i e n t
T e s t  S t a n d

TBL

CLEX

Two-b e a m  t e s t  s t a n d

1

2
3

4

5

Validation of drive-b eam  g eneration s c h em e w ith  fu lly -loaded linac  ( R 1 . 2 ) ,  
and tes t of an adeq u ately  dam p ed O N / O F F  P E T S  ( R 1 . 3 ) ,  

req u ires  C T F 3  to b e c om p leted u p  to and inc lu ding  c om b iner ring (location 2 )



C L I CC L I C

8.   CTF3 feasibility test locations

CTF3 lay-out

X 5 
C o m b i n e r  R i n g

84 m

X 2
D e l a y  l o o p

42  m

D r i v e  B e a m  
I n j e c t o r

P r o b e  B e a m  R e l e v a n t  l i n a c  
s u b u n i t

D r i v e  B e a m  A c c e l e r a t o r

~  5 0  m

3 . 5  A  - 2 1 0 0  b  o f  2 . 3 3  n C  
1 5 0  M e V  - 1 . 4 µs

3 5  A  - 1 5 0  M e V
1 40  n s

3 0  G H z  
H i g h  G r a d i e n t
T e s t  S t a n d

TBL

CLEX

Two-b e a m  t e s t  s t a n d

1

2
3

4

5

Validation of beam stability and losses in drive-beam dec elerator,  and desig n of a M P S  
(R 2 . 1 ) ,  and test of relevant linac  su b-u nit w ith  beam (R 2 . 2 ) ,  

req u ires C T F 3  ex p erimental area C L E X  c onsisting  of a h ig h -p ow er test stand (loc ation 3 ) ,  th e 
T est B eam L ine (T B L )  (loc ation 4 )  and th e p robe beam w ith  a relevant linac  tw o-beam 
modu le (location 5)
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9. Presently funded and unfunded sub-system s

In CERN’s MTP, CLIC study funded at level of 3.4 MCHF/y and 27 my/y 
of w h i c h  2.6  MCHF/y and 23 my/y ar e devoted to CTF3. 
W i th  r esour c es avai lab le fr om CERN and ex i sti ng  c ollab or ati ons w i th  INFN, 
LA L, NW  U ni ver si ty of Illi noi s, RA L, S LA C, and U p p sala U ni ver si ty, li nac  and 
delay loop  w i ll b e c omp leted b y end of 20 0 5 .
A ssumi ng  th e CERN fundi ng  r ate c onti nues unti l 20 0 9 , th e follow i ng  ex tr a
r esour c es ( w i th  r esp ec t to th e p r esent level of fundi ng )  w ould b e nec essar y to 
c omp lete th e ab ove-menti oned feasi b i li ty p r og r amme. 
5 .7 MCHF and 1 4 my for  c omb i ner  r i ng  
8 .5  MCHF and 38  my for  CLEX  i nc ludi ng  ( i )  p ow er  test stand ( i i )  li nac  tw o-b eam 
module ( i i i )  mai n-b eam li nac  and ( i v)  Test B eam Li ne ( TB L) . 
2 MCHF and 6  my to i nstr ument and automate th e li nac -dr i ven HG  test stand 
0 .5  MCHF and 1 2 my for  str uc tur e tec h nolog y develop ments
0 .5  MCHF and 25  my for  mai ntenanc e and full-ti me op er ati on of CTF3
T o tal o f 1 7 .2  M C H F  and 95  m y to  dem o nstrate R 1 , R 2  i ssues befo re 2 0 1 0 .
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Extra resources

T h e associ ated  sp en d i n g  p rof i l e i s g i v en  i n  F i g . 3
 CTF3 spending profile for extra resources
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Extra resources

T h e associ ated  m an p ow er p rof i l e i s g i v en  i n  F i g . 4
 CTF3 manpower profile for extra resources 

0

5

10

15

20

25

M
an

 Y
ea

r

manpower 10.60 19.20 22.70 17.25 15.95 9.50

2004 2005 2006 2007 2008 2009



C L I CC L I C

10. Planning

The important construction and installation phases together 
w ith test periods of  k ey  f easib ility  issues are giv en in Tab le.

R2.1 Beam stability bench mark tests

Test beam line

R2.2 feasibility test of relevant CLIC linac sub unit

Probe Beam

R1.3 feasibility test of PETS∗∗∗∗ structure

CLEX

R1.2 feasibility test of drive beam generation

Combiner Ring

Delay Loop

R1.1 feasibility test of CLIC accelerating structure

30 GHz high-gradient testing (4 months per year)

30 GHz high-gradient test stand 

Drive Beam Accelerator

200920082007200620052004
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11. Stand-al o ne  h i g h -p o w e r  3 0  G H z  te s t s tand

Although this item is not included in the request for extra resources,  it w ould b e 
highly  desirab le to hav e a stand-alone high-p ow er 3 0  G H z  source ( in p arallel w ith,  

b ut indep endent of C T F 3 )  to carry  out the high-gradient testing.  
T ime required to condition structures is difficult to estimate w ith p resent state of 
k now ledge b ut recent data suggests that moly b denum structures require 
significantly  more time than cop p er structures.
I f this p rov es to b e correct the numb er of C T F 3  op erating hours foreseen for 
conditioning structures w ill hav e to b e significantly   increased w hich w ill p ut too 
heav y  a b urden on an already  amb itious C T F 3  test p rogram.  
I n this case,  it w ill b e indisp ensab le to hav e a stand-alone high-p ow er 3 0  G H z  
source ( indep endent of C T F 3 )  to carry  out the high-gradient testing.  I t should b e 
noted that if C L I C  mov es on to the design stage sev eral of these high-p ow er 3 0  
G H z  sources w ill b e needed to v alidate all the critical R F  comp onents.  S uch dev ices 
are not off-the-shelf items and w ould need some dev elop ment.
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12. Work packages

All the activities, including those covered by the present resources, and the 
activities not yet f unded, w hich are req uired f or the above-m entioned 
f easibility program m e, are presented in the f orm  of  w ork  pack ages in Annex  1 .  
T he req uired resources ( m aterial and m anpow er)  w hich are not presently 
available in the C E R N  M T P  ( unless specif ically m entioned) , are indicated 
together w ith the tim e schedule.  
M em ber S tate I nstitutions are invited to contribute to this program m e by 
providing voluntary contributions “ à la carte” , in cash, in k ind and/ or in 
m anpow er, including f ull technical responsibility f or part, com plete or several 
w ork  pack ages.
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12. Work packagesAnnex 1: CTF3 accelerated programme– work packages               
 

 

Work Package Provider Schedule Resources 

 1. Combiner  Ring (CR), Transfer  L ine (TL1) to CR and Transfer  L ine 
         (TL2) with bunch compressor  to CLIC EXper imental Area (CLEX) 

 
Collaborating institute or CERN 

Total WP1  
5.7 MCHF 
14 m*y 

1.1 Optics layout 
A reference layout exists from INFN, further optimisation and follow-up in conjunction with final 
integration is necessary. 

Collaborating institute or CERN 1 m*y 

1.2  Magnets 
Design and procurement of all magnets for the Combiner Ring the transfer lines and the bunch 
compressor. 
These include bending magnets, quadrupoles, sextupoles, path length wigglers, septa and corrector 
magnets. For most magnets a design is already available 

Collaborating institute or CERN 
1.85 MCHF 
4 m*y 

1.3  Vacuum system 
Design and procurement of the aluminium vacuum chambers for the 80 m circumference ring and 
transfer lines, vacuum pumps, pumping ports, vacuum gauges, shielded bellows. 
A large part of the design of equipment made by INFN for the Delay Loop can be used.  Detailed 
design work is required. 

Collaborating institute or CERN 
0.7 MCHF 
2 m*y 

1.4  Beam diagnostic equipment 
Supply of 32 beam position monitors, and vacuum ports for synchrotron light. Such monitors have 
already been developed for the CTF3 Delay Loop.  This design could be used without modification 

Collaborating institute or CERN 
0.53 MCHF 
1 m*y 

1.5  Power conver ters for  all magnets 
Some power supplies are available from LPI.   

CERN 
1.16 MCHF 
1.8 m*y 

1.6  Technical services and installation  
cabling, water-cooling, alignment, air conditioning 

CERN 
1.05 MCHF 
2 m*y 

1.7  Control system for  combiner  r ing and related software 
The system has to be compatible with the existing controls infrastructure 

CERN, possibly in collaboration 
with external experts 

0.1 MCHF 
1 m*y 

1.8  Fast kicker  with High Voltage pulser  
Design and manufacture of the fast kicker system (kicker and high voltage pulser) for the CR 
Special attention has to be given to the impedance seen by the beam. 

Collaborating institute or CERN 
0.24 MCHF 
1 m*y 

1.9  RF distr ibution system for  RF deflector  
Fabrication and installation of the complete waveguide system from the klystron to the RF deflector 
in the Combiner Ring 

CERN 

Up to and 
including CR:  
ready for 
installation end 
2005,  
TL2: 2006 

0.1 MCHF 
0.2 m*y 
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12. Work packages2.      30 GHz RF power test stands 
  

Total WP2 
2.9 MCHF 
10 m*y 

2.1  Automated 30 GHz high gradient test stand 
Design, procurement, installation and participation in exploitation of all equipment required for the 
30 GHz test stand.  This includes all RF and diagnostic equipment as well as the software for 
automatically operating this installation.  Such a test stand will be installed during 2005 in CTF3.  
This work package includes participation in structure testing. 

Collaborating institute or CERN 

Start in 2004, to be 
implemented in 
stages from 2005 to 
2007 

2 MCHF 
6 m*y 

 

2.2   Two-Beam test stand in CLEX 
Design, construction and installation of 30 GHz RF test stand for test of PETS and two-beam 
operation. This test stand can be built in conjunction with WP 2.   Collaborating institute or CERN 

Design,  fabrication: 
2005/2006 
Operational 2007, 
together with 4 in 
2008 

0.9 MCHF 
4 m*y 

2.3  30 GHz RF pulse compression system 
Pulse compression system (delay line or similar device) to compress the long-pulse 30 GHz power 
pulses obtained from the linac-driven PETS into short high-power pulses for the test stand for CLIC 
component testing 

Development by collaborating 
institute 2005 CERN MTP  

 3.      Design and construction of the CLEX building 
CERN 

Construction during 
2006 

1 MCHF 
2 m*y 

 4.      200 MeV Probe beam linac  
Design, procurement installation and exploitation of the probe beam linac – including : 
Electron gun, acceleration system, optics, magnetic and diagnostic elements, vacuum system.  
The following equipment from the former LEP injector linac (LIL) are available : 
klystron / modulator, RF distribution (3 GHz), and 3 GHz accelerating structures. 

Collaborating institute or CERN 
Manufacture 
2006/2007 
Operational 2008 

1.6 MCHF 
9 m*y 

 5.     Relevant CLIC linac sub unit with beam 
Construction and test with beam of one PETS structure with two CLIC accelerating structures 

CERN in collaboration with  
other institute 

Manufacture 2007 
Operational 2008 

1.5 MCHF 
8 m*y 

 6.     35 A Test Beam Line (TBL) 
Design, construction, installation, exploitation and bench-marking simulation tests of a 20 m long, 
well-instrumented test decelerator with typically 10-15 RF power-extracting structures (PETS), to 
validate the CLIC drive beam stability and losses with the CTF3 beam. The making of the PETS for 
the TBL ia part of WP 7. 
 

CERN in collaboration with 
other institute 

Design 2005/2006, 
ready for tests in 
2008 

1 MCHF 
8 m*y 
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12. Work packages7.       30 GHz structure development Collaborating institute or 
CERN 

ongoing 2004 – 
2009 

Total WP7 
3.0 MCHF 
19 m*y 

7.1  Accelerating structure development:  
Addresses all conceptual, design, and some fabrication issues for accelerating structures. Most of 
this work is covered in the CERN medium term plan (MTP).  

Collaborating institute or 
CERN 

ongoing 2004 – 
2009 

CERN MTP 

7.2  PETS development:  
Addresses all conceptual, design, and some fabrication issues for PETS structures (covered by 
MTP).  
Fabrication of 12 PETS for TBL in CLEX. 

Collaborating institute or 
CERN 

ongoing, proof-
of-principle 
prototype for 
2007 
TBL PETS - 
2008 

 

2.5 MCHF 
7 m*y 

7.3  Structure technology development:  
Addresses technological and fabrication issues for accelerating and PETS structure developments 
(refractory metals, copper alloys, composites, 5-axis machining and metrology).  The TS 
department at CERN would be the most appropriate place to do this work if the necessary resources 
can be found.  

Collaborating institute or 
CERN 

2004-2006 0.5 MCHF 
12 m*y 

 8.     Operation of CTF3 
Support for operating the facility.  This essentially concerns development of operation software . 
 

CERN, in collaboration with 
other institutes 

up to 2010 0.5 MCHF 
25 m*y 

   

The following item is not part of this request for extra resources, but 
is considered to be highly desirable (see chapter 12). 
 

9.      30 GHz stand-alone power source for development of CLIC 
RF equipment: 
Design, development, installation and commissioning at CERN of a 200 MW RF power source at 
30 GHz, pulse length 140 ns,  repetition frequency 50 Hz.   
Candidates are gyroklystron, FEM, magnicon or similar devices.  Several of these devices might be 
combined to achieve the required power. 

Development by 
collaborating institute or 
order from industry with 
experience with similar 
devices. 

Delivery mid 
2006, ready for 
operation at 
CERN beg. 
2007 

10 MCHF 
6 m*y 
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SPC and COUNCIL (March 2004)

Physics case presented to SPC by J .  E l l is
Physics case presented to Cou ncil  by J .  E ng el en
A ccel erated CT F 3  prog ram m e presented to both SPC/ Cou ncil  
by J ean-Pierre – now  report on ou tcom e and discu ssions


