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Summary of activities of Summary of activities of 
C L I C  Stud y T eam for 2 0 0 3C L I C  Stud y T eam for 2 0 0 3

Purpose of presentation  Purpose of presentation  –– to g iv e y ou b rief ov erv iew  ( j ust a to g iv e y ou b rief ov erv iew  ( j ust a fl av our)  of al l  d ifferent sub j ec ts stud ied  in 2 0 0 3  b y  th e C L I C  fl av our)  of al l  d ifferent sub j ec ts stud ied  in 2 0 0 3  b y  th e C L I C  team  w ith out g iv ing  too m uc h  d etail  team  w ith out g iv ing  too m uc h  d etail  
T h is sum m ary  w il l  b e pub l ish ed  as C L I C  N ote 5 9 1  in a m ore T h is sum m ary  w il l  b e pub l ish ed  as C L I C  N ote 5 9 1  in a m ore d etail ed  form .  d etail ed  form .  
I n partic ul ar I  w il l  :I n partic ul ar I  w il l  :
R ev iew  prog ress m ad e C L I C  M ac h ine S tud ies ( C M S )R ev iew  prog ress m ad e C L I C  M ac h ine S tud ies ( C M S )
G iv e resul ts ob tained  w ith  test fac il ities G iv e resul ts ob tained  w ith  test fac il ities –– m ostl y  C T F 3m ostl y  C T F 3



Given large amount of work accomplished by CLIC Team during Given large amount of work accomplished by CLIC Team during 
this 1 2this 1 2 --month period month period –– faced with 2  options for this presentation faced with 2  options for this presentation 
E ither to choose some particular highE ither to choose some particular high--lights and give detailed lights and give detailed 
results with plots and photosresults with plots and photos
O r to provide an overall picture by mentioning all activities wiO r to provide an overall picture by mentioning all activities with th 
only a very brief statement of what we have achieved only a very brief statement of what we have achieved 
Chosen latterChosen latter because I believe :because I believe :
important that work of every S tudy M ember is acknowledged important that work of every S tudy M ember is acknowledged 
once a year,  we review ex tent and q uality of our achievementsonce a year,  we review ex tent and q uality of our achievements



Damping ringDamping ring
Present DR design based on compact TME (Theoretical Minimum Present DR design based on compact TME (Theoretical Minimum Emittance)  arc cells w ith shortEmittance)  arc cells w ith short--period w igglers in tw o long straight F O DO  period w igglers in tw o long straight F O DO  sections sections -- energy  2 . 4 2  G eV  energy  2 . 4 2  G eV  -- ring circum 3 6 0  m.  ring circum 3 6 0  m.  -- rf  2 . 5  MV .  rf  2 . 5  MV .  
O ptimisation of  ring O ptimisation of  ring paramsparams.  tak es into account ef f ects of  S R and I B S  .  tak es into account ef f ects of  S R and I B S  
Present design does not,  how ev er,  q uite meet design goals :Present design does not,  how ev er,  q uite meet design goals :
γεγε x  =  6 3 1  nm and x  =  6 3 1  nm and γεγε y  =  9  nm (achiev ed on paper)y  =  9  nm (achiev ed on paper)
γεγε x  =  4 5 0 nm and x  =  4 5 0 nm and γεγε y  =  3  nm (nominal)y  =  3  nm (nominal)
O nly  long.  emit.  of  4 4 5 3  eV m is less than design v alue of  5 0 0 0  eO nly  long.  emit.  of  4 4 5 3  eV m is less than design v alue of  5 0 0 0  eV m.  V m.  
S tudies of  alignment tolerances and beamS tudies of  alignment tolerances and beam--based tuning hav e started.  based tuning hav e started.  
S how n S how n -- present design can accommodate anticipated changes in present design can accommodate anticipated changes in particles/ bunch f rom 4  to 3 x 1 0particles/ bunch f rom 4  to 3 x 1 0 99 ,  and bunch spacing f rom 0 . 6 6  to 0 . 3 3  ns.  ,  and bunch spacing f rom 0 . 6 6  to 0 . 3 3  ns.  
B U T does not q uite meet design goals B U T does not q uite meet design goals -- unlik ely  that a design based on unlik ely  that a design based on TME cells and w igglers w ith stateTME cells and w igglers w ith state--ofof --thethe--art magnets w ill ev er produce art magnets w ill ev er produce desired emittances desired emittances -- either target emittances hav e to be rev ised or an either target emittances hav e to be rev ised or an alternativ e (more ex otic)  approach has to be f ound.  alternativ e (more ex otic)  approach has to be f ound.  



Main linac beam dynamicsMain linac beam dynamics
Integrated simulations of main linac and BDS used to study Integrated simulations of main linac and BDS used to study lumlum.  loss from .  loss from p articles w ith  energy errors falling outside b andw idth  of BDS.  p articles w ith  energy errors falling outside b andw idth  of BDS.  
E nergy errors result from p h ase and amp litude errors in main linE nergy errors result from p h ase and amp litude errors in main linac,  and th ese ac,  and th ese come directly from p h ase and intensity errors of driv e b eam.  come directly from p h ase and intensity errors of driv e b eam.  
F ound F ound -- p h ase and amp litude tolerances in main linac w ere determined b yp h ase and amp litude tolerances in main linac w ere determined b y limited limited b andw idth  of collimation system of BDS b andw idth  of collimation system of BDS -- it’ s 7 0 %  larger for F F  alone.  Imp lied it’ s 7 0 %  larger for F F  alone.  Imp lied tolerance on driv etolerance on driv e--b eam p h ase j itter is ab out 0 . 1 5  degrees at 3 0  G H z  b eam p h ase j itter is ab out 0 . 1 5  degrees at 3 0  G H z  –– th is th is needs longitudinal feedb ack  system.  needs longitudinal feedb ack  system.  
Dev elop ed first concep t using sh ortDev elop ed first concep t using sh ort--cut p ath  in driv ecut p ath  in driv e--b eam turnb eam turn--around loop s to around loop s to correct measured incoming p h ase j itter on same p ulse.  correct measured incoming p h ase j itter on same p ulse.  
R eR e--op timiz ation of collimation system w ould v ery lik ely loosen th isop timiz ation of collimation system w ould v ery lik ely loosen th is v ery tigh t v ery tigh t tolerance b ut w ould almost certainly inv olv e an increase in lengtolerance b ut w ould almost certainly inv olv e an increase in length .  th .  
A  study of p ossib le sources of p h ase and intensity errors h as stA  study of p ossib le sources of p h ase and intensity errors h as started.  arted.  



Accelerating structure designAccelerating structure design

A very important improvement in HG performance and efficiency ofA very important improvement in HG performance and efficiency ofmain l inac 3 0  GHz  accel erating  s tru ctu re b een ach ieved th rou g h  amain l inac 3 0  GHz  accel erating  s tru ctu re b een ach ieved th rou g h  acomb ination of a new  damping  topol og y and a new  des ig n optimiz atcomb ination of a new  damping  topol og y and a new  des ig n optimiz ation ion procedu re.  procedu re.  
N ew  s tru ctu re u s es  b oth  iris  s l ots  and radial  damping  w aveg u idesN ew  s tru ctu re u s es  b oth  iris  s l ots  and radial  damping  w aveg u ides to to redu ce dipol e mode redu ce dipol e mode QQ ’ s  to th e order of 1 0  ’ s  to th e order of 1 0  -- th is  al l ow s  b u nch  s pacing  to th is  al l ow s  b u nch  s pacing  to b e redu ced from 2 0  to 1 0  fu ndamental  cycl es ,  increas ing  rfb e redu ced from 2 0  to 1 0  fu ndamental  cycl es ,  increas ing  rf--toto--b eam b eam efficiency from ab ou t 1 5 %  to ab ou t 2 6 % .  efficiency from ab ou t 1 5 %  to ab ou t 2 6 % .  
HG des ig n performance b een improved b y profil ing  cros sHG des ig n performance b een improved b y profil ing  cros s --s ections  of s ections  of iris  and ou ter cel l  w al l ,  s o th at s u rface fiel d enh ancements  cauiris  and ou ter cel l  w al l ,  s o th at s u rface fiel d enh ancements  cau s ed b y s ed b y damping  featu res  are l imited to b el ow  1 0 % .  damping  featu res  are l imited to b el ow  1 0 % .  
HG performance fu rth er improved b y redu cing  rf pu l s e from 1 5 0HG performance fu rth er improved b y redu cing  rf pu l s e from 1 5 0 ns  to ns  to 6 06 0 ns .ns .



Accelerating structure design Accelerating structure design -- co ntinuedco ntinued

New HDS (hybrid damped structure) has potential for substantial New HDS (hybrid damped structure) has potential for substantial 
improv ements in manufacture and assembly.  improv ements in manufacture and assembly.  
New dev elopments hav e in part made possible by purchase and New dev elopments hav e in part made possible by purchase and 
installation at C E R N of G dfidL  installation at C E R N of G dfidL  -- runs on cluster of 7  parallel runs on cluster of 7  parallel 
processors (2 8  G B  R A M ) processors (2 8  G B  R A M ) 
-- can run v ery larg e j obs (3 0 0can run v ery larg e j obs (3 0 0 --5 0 0  million mesh points).  5 0 0  million mesh points).  
G dfidL  been benchmark ed ag ainst C L I C  1 5  G Hz  A SSE T  test G dfidL  been benchmark ed ag ainst C L I C  1 5  G Hz  A SSE T  test 
-- appears to be v ery precise.  appears to be v ery precise.  
Now primary tool for wak efield calculations and, along  with HF SSNow primary tool for wak efield calculations and, along  with HF SS,,
is main code used in structure desig n.is main code used in structure desig n.







HighHigh--p o w e r  s p l it t e r s  a n d  p ha s e  s hif t e r sp o w e r  s p l it t e r s  a n d  p ha s e  s hif t e r s

Novel design of mechanicallyNovel design of mechanically--dr iven 3 0  G H z  r f p ow er  sp lit t er  and p hase dr iven 3 0  G H z  r f p ow er  sp lit t er  and p hase shift er  develop ed for  C L I Cshift er  develop ed for  C L I C
B asic idea B asic idea -- t o ex p loit  p olar iz at ion p r op er t ies of H 1 1  mode in cir cu lar  t o ex p loit  p olar iz at ion p r op er t ies of H 1 1  mode in cir cu lar  W G  as t he W G  xW G  as t he W G  x --sect ion changed fr om cir cu lar  t o ellip t ical.sect ion changed fr om cir cu lar  t o ellip t ical.
S p lit  of ener gy b et w een t w o modes dep ends on angle b et w een or igiS p lit  of ener gy b et w een t w o modes dep ends on angle b et w een or iginal nal ( cir cu lar )  H 1 1( cir cu lar )  H 1 1 --mode p olar iz at ion and or ient at ion of ax es of mode p olar iz at ion and or ient at ion of ax es of ellip tellip t .  W G .  .  W G .  
W hen 2  degener at e modes conver t ed b ack  int o single mode in W hen 2  degener at e modes conver t ed b ack  int o single mode in su b seqsu b seq .  .  p iece of cir cu lar  W G ,  r esu lt ing H 1 1  mode changed it s or ig.  p olarp iece of cir cu lar  W G ,  r esu lt ing H 1 1  mode changed it s or ig.  p olar iz at ion.  iz at ion.  
B y r ot at ing p olar iz er  ( ellip t ical W G ) ,  sp lit t er  can b e u sed as vB y r ot at ing p olar iz er  ( ellip t ical W G ) ,  sp lit t er  can b e u sed as var iab le ar iab le divider  divider  –– 4 5  deg.  su fficient  t o go fr om t ot al r ej ect .  t o t ot al t r ans.4 5  deg.  su fficient  t o go fr om t ot al r ej ect .  t o t ot al t r ans.
B y p u t t ing 2  p olar iz er  devices in ser ies,  and r ot at ing t hem t ogeB y p u t t ing 2  p olar iz er  devices in ser ies,  and r ot at ing t hem t oget her ,  t her ,  device act s as p hase shift erdevice act s as p hase shift er -- p hase delay dep ends on p olar iz er  anglep hase delay dep ends on p olar iz er  angle



High gradient testingHigh gradient testing

No highNo high--p ow e r  3 0p ow e r  3 0 G H z  a v a il a b l e  in  2 0 0 3  b e c a u s e  C T F 2  w a s  c l os e d  a t  G H z  a v a il a b l e  in  2 0 0 3  b e c a u s e  C T F 2  w a s  c l os e d  a t  e n d  of  2 0 0 2  a n d  s t a r te n d  of  2 0 0 2  a n d  s t a r t --u p  of  3 0u p  of  3 0 G H z  p ow e r  p r od u c t ion  in  C T F  s c he d u l e d  G H z  p ow e r  p r od u c t ion  in  C T F  s c he d u l e d  t o s t a r t  in  2 0 0 4 .  t o s t a r t  in  2 0 0 4 .  
I n  or d e r  t o m a in t a in  m om e n t u m  of  e x p e r im e n t a l  H G  p r ogr a m  a n d  t o I n  or d e r  t o m a in t a in  m om e n t u m  of  e x p e r im e n t a l  H G  p r ogr a m  a n d  t o t e s t  s t r u c t u r e s  w it h l on g r f  p u l s e s  a s  s oon  a s  p os s ib l e  t e s t  s t r u c t u r e s  w it h l on g r f  p u l s e s  a s  s oon  a s  p os s ib l e  -- a  m ol y b d e n u m  a  m ol y b d e n u m  a n d  a  t u n gs t e na n d  a  t u n gs t e n --ir is  Xir is  X --b a n d  s t r u c t u r e  w e r e  c on s t r u c t e d ,  a n d  s e n t  t o b a n d  s t r u c t u r e  w e r e  c on s t r u c t e d ,  a n d  s e n t  t o S L A C  f or  t e s t in g in  t he  NL C T A .  S L A C  f or  t e s t in g in  t he  NL C T A .  
T he  XT he  X --b a n d  s t r u c t u r e s  w e r e  e x a c t l y  s c a l e d  v e r s ion s  of  3 0b a n d  s t r u c t u r e s  w e r e  e x a c t l y  s c a l e d  v e r s ion s  of  3 0 G H z  G H z  s t r u c t u r e s  t e s t e d  in  C T F 2  in  2 0 0 2  in  or d e r  t o a l l ow  m os t  d ir e c t  s t r u c t u r e s  t e s t e d  in  C T F 2  in  2 0 0 2  in  or d e r  t o a l l ow  m os t  d ir e c t  c om p a r is on  of  r e s u l t s  ob t a in e d  a t  t w o f r e q u e n c ie s .  c om p a r is on  of  r e s u l t s  ob t a in e d  a t  t w o f r e q u e n c ie s .  
A  n e w  v a c u u m  t a n k  w a s  c on s t r u c t e d  f or  XA  n e w  v a c u u m  t a n k  w a s  c on s t r u c t e d  f or  X --b a n d  t e s t s ,  a n d  c ool in g b a n d  t e s t s ,  a n d  c ool in g s y s t e m  w a s  m od if ie d  in  or d e r  t o c op e  w it h in c r e a s e d  he a t  l oa d  f rs y s t e m  w a s  m od if ie d  in  or d e r  t o c op e  w it h in c r e a s e d  he a t  l oa d  f r om  om  l on ge r  p u l s e  l e n gt h a n d  highe r  r e p e t it ion  r a t e .l on ge r  p u l s e  l e n gt h a n d  highe r  r e p e t it ion  r a t e .



High gradient testing High gradient testing -- c o ntinu edc o ntinu ed

Due to limited testing time only molybdenum structure tested to Due to limited testing time only molybdenum structure tested to da te.  da te.  
I n a v a ila ble testing time,  a ccelera ting gra dient rea ch ed only 6 5I n a v a ila ble testing time,  a ccelera ting gra dient rea ch ed only 6 5 M V / m M V / m 
( f irst cell)  f or 1 0 0( f irst cell)  f or 1 0 0 ns p ulses,  distinctly less th a n w a s h op ed f or.  ns p ulses,  distinctly less th a n w a s h op ed f or.  
G ra dient w a s not,  h ow ev er,  a  limiting v a lue,  a s indica ted by f a cG ra dient w a s not,  h ow ev er,  a  limiting v a lue,  a s indica ted by f a ct th a t t th a t 
conditioning curv e sh ow ed no sign of  sa tura tion a nd low  p ow er rfconditioning curv e sh ow ed no sign of  sa tura tion a nd low  p ow er rf tests tests 
a nd a  v isua l insp ection of  rf  surf a ces sh ow ed no signs of  da ma gea nd a  v isua l insp ection of  rf  surf a ces sh ow ed no signs of  da ma ge.  .  
T h is XT h is X --ba nd gra dient a lso consistent w ith  3 0ba nd gra dient a lso consistent w ith  3 0 G H z  gra dient a t sa me G H z  gra dient a t sa me 
number of  brea k dow ns p er unit surf a ce a rea ,  indica ting th a t muchnumber of  brea k dow ns p er unit surf a ce a rea ,  indica ting th a t much more more 
conditioning time w a s needed.  conditioning time w a s needed.  
T est does not ca ll into q uestion p erf orma nce of  molybdenum,  but T est does not ca ll into q uestion p erf orma nce of  molybdenum,  but 
indica tes th a t more needs to be lea rned a bout using th is ma teriaindica tes th a t more needs to be lea rned a bout using th is ma teria l.  l.  





Material test facilitiesMaterial test facilities

Two new EST test facilities for CLIC came on line in 2003: a dcTwo new EST test facilities for CLIC came on line in 2003: a dc--sp ark  sp ark  test stand and a laser p u lsed su rface h eating  test stand.  test stand and a laser p u lsed su rface h eating  test stand.  
B oth  facilities conceiv ed to sp eedB oth  facilities conceiv ed to sp eed--u p  tech nical dev elop ment of new u p  tech nical dev elop ment of new materials and p rep aration tech niq u es materials and p rep aration tech niq u es -- aim to mak e simp le ex p eriments aim to mak e simp le ex p eriments wh ich  address relev ant p h y sical issu es b efore mak ing  fu llwh ich  address relev ant p h y sical issu es b efore mak ing  fu ll--b lown rf b lown rf tests ( ex p ensiv e,  infreq u ent and often limited in time)tests ( ex p ensiv e,  infreq u ent and often limited in time)
B oth  facilities b ench mark  tested B oth  facilities b ench mark  tested -- now ready  for p rodu ction u se.now ready  for p rodu ction u se.
N ew cop p er alloy s inv estig ated for p u lsed su rface h eating  p rob leN ew cop p er alloy s inv estig ated for p u lsed su rface h eating  p rob lem.m.
Cop p er z irconiu m seems to b e  an ex cellent candidate with  electrCop p er z irconiu m seems to b e  an ex cellent candidate with  electrical ical and th ermal condu ctiv ities b etter th an 9 2%  of cop p er and a fatigand th ermal condu ctiv ities b etter th an 9 2%  of cop p er and a fatig u e u e streng th  twice as h ig h .streng th  twice as h ig h .
A  samp le h as b een p u rch ase and first measu rements of its fatig u eA  samp le h as b een p u rch ase and first measu rements of its fatig u ep rop erties b eing  made in laser test stand.p rop erties b eing  made in laser test stand.



Material test facilities Material test facilities -- co n tin u edco n tin u ed

Collaboration between CERN, JINR (Dubna) and IAP (Nizhny Collaboration between CERN, JINR (Dubna) and IAP (Nizhny Nov g orod) to p rov ide p uls ed s urf ac eNov g orod) to p rov ide p uls ed s urf ac e--heating  f atig ue data is  not heating  f atig ue data is  not p rog res s ing  well.  p rog res s ing  well.  
Des p ite m uc h work  it is  p rov ing  ex trem ely dif f ic ult to g et >  6  MDes p ite m uc h work  it is  p rov ing  ex trem ely dif f ic ult to g et >  6  M W  W  
of  nom inal 3 0  M W  into tes t c av ity, and lik elihood to im p rov e of  nom inal 3 0  M W  into tes t c av ity, and lik elihood to im p rov e s ituation is  v ery s m all bec aus e p roblem s  are c aus ed by s p ec tral s ituation is  v ery s m all bec aus e p roblem s  are c aus ed by s p ec tral im p urity of  radiation f rom  3 0 . 7  G H z f ree elec tron m as er.  im p urity of  radiation f rom  3 0 . 7  G H z f ree elec tron m as er.  
T his  ex p erim ent is  now running  m ore than two years  late and s tatT his  ex p erim ent is  now running  m ore than two years  late and s tatus  us  of  c ontrac t has  to be c ritic ally rev iewed.of  c ontrac t has  to be c ritic ally rev iewed.



Beam position monitorsBeam position monitors

A first study  to use the CLIC mainA first study  to use the CLIC main--l inac  ac c el erating  struc tures l inac  ac c el erating  struc tures 
as b eamas b eam--p ositionp osition--monitors ( B P M )  w as w rittenmonitors ( B P M )  w as w ritten--up  this year and up  this year and 
suc c essful l y p resented as a doc toral  thesis.  suc c essful l y p resented as a doc toral  thesis.  
T he w ork  c entred on an ex p eriment to measure the b eam T he w ork  c entred on an ex p eriment to measure the b eam 
p osition using  sig nal s p roduc ed b y a heav il y damp ed 3p osition using  sig nal s p roduc ed b y a heav il y damp ed 3 G H z  S ICA G H z  S ICA 
struc ture.  T he data ob tained show ed that the resol ution of this struc ture.  T he data ob tained show ed that the resol ution of this 
nov el  monitor w as ab out 5 0nov el  monitor w as ab out 5 0 µµm.  m.  



MultiMulti--b e a m  k ly s tr o n s  f o r  C L I C  d r iv e  b e a m  a c c e le r a to rb e a m  k ly s tr o n s  f o r  C L I C  d r iv e  b e a m  a c c e le r a to r

CLIC scheme needs high efficiency 50 MW, 100 CLIC scheme needs high efficiency 50 MW, 100 µµsec 0. 9 3 7  G H z  sec 0. 9 3 7  G H z  k l yst r o ns t o  p o w er  dr iv e b ea m a ccel er a t o r .k l yst r o ns t o  p o w er  dr iv e b ea m a ccel er a t o r .
A  no v el  design o f mu l t iA  no v el  design o f mu l t i--b ea m dev ice in w hich a s ma ny a s 2 7  b ea ms r u n b ea m dev ice in w hich a s ma ny a s 2 7  b ea ms r u n t hr o u gh indiv idu a l  b ea m l ines, b u t  int er a ct  in co mmo n R F  v o l u me,t hr o u gh indiv idu a l  b ea m l ines, b u t  int er a ct  in co mmo n R F  v o l u me, ha s ha s b een co mp l et ed a nd p a t ent ed.  b een co mp l et ed a nd p a t ent ed.  
N ew  design u ses B O C t echno l o gy N ew  design u ses B O C t echno l o gy -- init ia l l y dev el o p ed in R u ssia , b u t  init ia l l y dev el o p ed in R u ssia , b u t  fu r t her  dev el o p ed o v er  l a st  few  yea r s her e a t  CE R N .  fu r t her  dev el o p ed o v er  l a st  few  yea r s her e a t  CE R N .  
N ew  MB K  is mecha nica l l y r o b u st  a nd simp l e t o  ma nu fa ct u r e, a nd N ew  MB K  is mecha nica l l y r o b u st  a nd simp l e t o  ma nu fa ct u r e, a nd b eca u se it s ma ny b ea ms ha v e l o wb eca u se it s ma ny b ea ms ha v e l o w --p er v ea nce ( cu r r ent  div ided b y 3 / 2  p er v ea nce ( cu r r ent  div ided b y 3 / 2  p o w er  o f v o l t a ge)  p o w er  o f v o l t a ge)  -- ha s a  v er y high efficiency o f 8 0ha s a  v er y high efficiency o f 8 0 % .  % .  
B y ex t r a ct ing t he p o w er  t hr o u gh a  ser ies o f miniB y ex t r a ct ing t he p o w er  t hr o u gh a  ser ies o f mini--w indo w s inst ea d o f a  w indo w s inst ea d o f a  singl e w indo w , it  is ex p ect ed t ha t  t he dev ice w il l  b e v er y r el iasingl e w indo w , it  is ex p ect ed t ha t  t he dev ice w il l  b e v er y r el ia b l e.  b l e.  



Power Extraction and Transfer Structures (PETS)Power Extraction and Transfer Structures (PETS)

New large aperture (25mm New large aperture (25mm d i ad i a)  P E T S  d ev elo ped  )  P E T S  d ev elo ped  -- h as  o c tago n al xh as  o c tago n al x --s ec ti o n  c o mpo s ed  o f  8  i d en ti c al rac k s  wi th  a f lat s h allo ws ec ti o n  c o mpo s ed  o f  8  i d en ti c al rac k s  wi th  a f lat s h allo w--s i n us o i d al s i n us o i d al c o rrugated  s urf ac e c o rrugated  s urf ac e -- peak  s urf ac e elec tri c  f i eld  <  1 0 0  M V / mpeak  s urf ac e elec tri c  f i eld  <  1 0 0  M V / m
8  rad i al 1 .4  mm wi d e s lo ts  c utti n g P E T S  all way  alo n g i ts  len gth8  rad i al 1 .4  mm wi d e s lo ts  c utti n g P E T S  all way  alo n g i ts  len gth ,  c h an n el ,  c h an n el o ut d i s rupti v e H O M  en ergy  to  S i C  lo ad s .o ut d i s rupti v e H O M  en ergy  to  S i C  lo ad s .
D es i gn ed  to  pro d uc e 56 0  M W  f ro m 1 50  A  d ri v e b eam. D es i gn ed  to  pro d uc e 56 0  M W  f ro m 1 50  A  d ri v e b eam. 
P o wer c an  b e turn ed  O F F  b y  i n s erti n g th i n  metal wed ges  th ro ’  4  oP o wer c an  b e turn ed  O F F  b y  i n s erti n g th i n  metal wed ges  th ro ’  4  o f  8  f  8  d ampi n g s lo ts  d ampi n g s lo ts  -- wed ges  d etun e s y n c h ro n o us  mo d e f req uen c y  an d  wed ges  d etun e s y n c h ro n o us  mo d e f req uen c y  an d  prev en t c o h eren t b ui ld  up o f  ex c i ted  f i eld . prev en t c o h eren t b ui ld  up o f  ex c i ted  f i eld . 
S pec i al b ro adS pec i al b ro ad --b an d  q uas ib an d  q uas i --o pti c al c o upler d es i gn ed  to  c o uple o ut po wer o pti c al c o upler d es i gn ed  to  c o uple o ut po wer wi th  ef f i c i en c y  o f  9 8 %  wi th  ef f i c i en c y  o f  9 8 %  -- c o n s i s ts  o f  3  parts ,  a mo d e laun c h er,  a c o n s i s ts  o f  3  parts ,  a mo d e laun c h er,  a d i f f rac to r,  an d  a c o mb i n er s ec ti o n  d i f f rac to r,  an d  a c o mb i n er s ec ti o n  -- th es e un i ts  pro v i d e an  ef f i c i en t th es e un i ts  pro v i d e an  ef f i c i en t s teps tep--b yb y --s tep c o n v ers i o n  o f  en ergy   f ro m E 0 1  mo d e o f  th e o v ers tep c o n v ers i o n  o f  en ergy   f ro m E 0 1  mo d e o f  th e o v er--mo d ed  mo d ed  c i rc ular W G  to  th e f un d amen tal H 1 0  mo d e o f  th e s tan d ard  rec tan guc i rc ular W G  to  th e f un d amen tal H 1 0  mo d e o f  th e s tan d ard  rec tan gular lar W G sW G s ..



Power ‘on’ Power ‘of f ’



ParametersParameters

A study of opt. aperture and freq. of A study of opt. aperture and freq. of ac c elac c el . struc tures m ade w i th  ai m  to . struc tures m ade w i th  ai m  to opti m i z e sum  c ost of c api tal  i nv estm ent and operati on for g i v en opti m i z e sum  c ost of c api tal  i nv estm ent and operati on for g i v en l uml um . . 
rfrf--toto--b eam  effi c i enc i es and w ak efi el ds for struc tures at di fferent b eam  effi c i enc i es and w ak efi el ds for struc tures at di fferent freqsfreqs. and aperture. and aperture--toto--w av el eng th  rati os determ i ned tak i ng  i nto w av el eng th  rati os determ i ned tak i ng  i nto ac c ount struc ture desi g n c onstrai nts i m posed b y m ax i m um  adm i ssi bac c ount struc ture desi g n c onstrai nts i m posed b y m ax i m um  adm i ssi b l e l e surfac e fi el ds and tem perature i nc reases. surfac e fi el ds and tem perature i nc reases. 
S tudy sh ow ed S tudy sh ow ed -- opti m um  freq. depends on l i m i tati ons on ac h i ev ab l e opti m um  freq. depends on l i m i tati ons on ac h i ev ab l e b eam  si z e at I P . F or present param eters b eam  si z e at I P . F or present param eters -- opti m um  freq. i s i n rang e 2 2opti m um  freq. i s i n rang e 2 2 --2 6  G H z  w i th  rati o of aperture to ac c el erati ng  w av el eng th  of 0 .1 72 6  G H z  w i th  rati o of aperture to ac c el erati ng  w av el eng th  of 0 .1 7 55--0 .2 . 0 .2 . 
I f prog ress i n D R  and B D S  desi g n w oul d al l ow  sm al l er b eam  si z es I f prog ress i n D R  and B D S  desi g n w oul d al l ow  sm al l er b eam  si z es at I P ,  at I P ,  th i s opti m um  w i l l  sh i ft to h i g h er frequenc i es. th i s opti m um  w i l l  sh i ft to h i g h er frequenc i es. 
R ec ent struc ture dev el opm ents h av e opened up possi b i l i ty of reduR ec ent struc ture dev el opm ents h av e opened up possi b i l i ty of reduc ti on c ti on of b unc h  spac i ng  from  2 0  to1 0  rf c yc l es,  a reduc ti on of parti c l eof b unc h  spac i ng  from  2 0  to1 0  rf c yc l es,  a reduc ti on of parti c l es/ b unc h  s/ b unc h  from  4  to 3 x 1 0from  4  to 3 x 1 0 99 ,  and a reduc ti on of ov eral l  rf pul se l eng th  from  1 3 0  ns ,  and a reduc ti on of ov eral l  rf pul se l eng th  from  1 3 0  ns to possi b l y 6 5 ns to possi b l y 6 5 ns -- i m pl i c ati ons of th ese ev entual  i m pl i c ati ons of th ese ev entual  paramparam . c h ang es are . c h ang es are b ei ng  studi ed.b ei ng  studi ed.



Luminosity at the interaction pointLuminosity at the interaction point

An important challenge for CLIC will be to develop a luminosity An important challenge for CLIC will be to develop a luminosity monitor monitor that can be used to optimiz e machine performance.  that can be used to optimiz e machine performance.  
S tudy has started to identify potential signals that could be usS tudy has started to identify potential signals that could be used for ed for this purpose this purpose -- promising first results obtained using signals proportional promising first results obtained using signals proportional to number of coherent pairs produced and the level of beamstrahlto number of coherent pairs produced and the level of beamstrahlung.ung.
M ore work  done on effects of singleM ore work  done on effects of single--bunch wak efieldbunch wak efield--induced induced distortion of bunches at IP  ( the sodistortion of bunches at IP  ( the so--called bananacalled banana--effect)effect) -- shown for shown for static misalignments at 3  T eV ,  luminosity loss can be almost comstatic misalignments at 3  T eV ,  luminosity loss can be almost completely pletely compensated by optimiz ing both collision angle and beam offset acompensated by optimiz ing both collision angle and beam offset at IP  t IP  --this of course req uires some sort of luminosity monitor.  this of course req uires some sort of luminosity monitor.  
Although this look s promising,  the effect of dynamic effects on Although this look s promising,  the effect of dynamic effects on this this luminosity optimiz ation procedure have however to be studied.luminosity optimiz ation procedure have however to be studied.



Beam delivery systemBeam delivery system

CComplete design of final focus and collimation reviewed for ICFA omplete design of final focus and collimation reviewed for ICFA 
H AL O ’ 0 3  work sh op wh ere all design aspects considered over last H AL O ’ 0 3  work sh op wh ere all design aspects considered over last 
four y ears were summariz ed.  four y ears were summariz ed.  
Apart from th is,  no new design work  was made for B D S  in 2 0 0 3 .  Apart from th is,  no new design work  was made for B D S  in 2 0 0 3 .  



Stability studiesStability studies
Colliding Colliding na nom e t e rna nom e t e r --s iz e  b e a m s  im p os e s  v e r y  t igh t  t ole r a nc e s  on s iz e  b e a m s  im p os e s  v e r y  t igh t  t ole r a nc e s  on s t a b ilit y  of  m a gne t ic  gu iding a nd f oc u s ing f ie lds  s t a b ilit y  of  m a gne t ic  gu iding a nd f oc u s ing f ie lds  -- v e r t ic a l p os it ion v e r t ic a l p os it ion j it t e r  t ole r a nc e  on m a in lina c  t y p ic a lly  1j it t e r  t ole r a nc e  on m a in lina c  t y p ic a lly  1 --2  nm  a nd on F F  q u a ds  0 . 2  nm  2  nm  a nd on F F  q u a ds  0 . 2  nm  a b ov e  4  H z  f or  a  2 %  lu m inos it y  los s .a b ov e  4  H z  f or  a  2 %  lu m inos it y  los s .
A s  y ou  k now  A s  y ou  k now  –– in 2 0 0 1  in 2 0 0 1  -- s t a b iliz a t ion s t u dy  gr ou p  s t a r t e d t o inv e s t iga t e  s t a b iliz a t ion s t u dy  gr ou p  s t a r t e d t o inv e s t iga t e  t e c h nic a l f e a s ib ilit y  of  s t a b ilis ing t h e s e  e le m e nt s  t o t h e s e  le vt e c h nic a l f e a s ib ilit y  of  s t a b ilis ing t h e s e  e le m e nt s  t o t h e s e  le v e ls  e ls  -- s e t  s e t  u p  t e s t  s t a nd in f a ir ly  nois y  loc a t ion on CE R N  M e y r in s it e  t o dou p  t e s t  s t a nd in f a ir ly  nois y  loc a t ion on CE R N  M e y r in s it e  t o do t h is .  t h is .  
M os t  r e c e nt  r e s u lt s  s h ow  t h a t  v ib r a t ion le v e l of  p r ot ot y p e  q u a drM os t  r e c e nt  r e s u lt s  s h ow  t h a t  v ib r a t ion le v e l of  p r ot ot y p e  q u a dr u p ole  u p ole  c a n b e  r e du c e d b y  one  or de r  of  m a gnit u de  c a n b e  r e du c e d b y  one  or de r  of  m a gnit u de  w . r . tw . r . t .  s u p p or t ing gr ou nd.  .  s u p p or t ing gr ou nd.  
B e s t  m e a s u r e m e nt s  indic a t e  t r a ns v e r s e  r m s  v ib r a t ion a m p lit u de s  (B e s t  m e a s u r e m e nt s  indic a t e  t r a ns v e r s e  r m s  v ib r a t ion a m p lit u de s  ( a b ov e  a b ov e  4  H z )  of  ( 0 . 7 9 ± 0 . 0 8 )  nm  h or iz ont a lly  a nd ( 0 . 4 3 ± 0 . 0 4 )  nm  v e r t ic a l4  H z )  of  ( 0 . 7 9 ± 0 . 0 8 )  nm  h or iz ont a lly  a nd ( 0 . 4 3 ± 0 . 0 4 )  nm  v e r t ic a lly ,  a nd ly ,  a nd m a x im u m s  of  le s s  t h a n ( 1 . 4 7 ± 0 . 1 5 )m a x im u m s  of  le s s  t h a n ( 1 . 4 7 ± 0 . 1 5 ) nm  a nd ( 1 . 0 0 ± 0 . 1 0 )  nm ,  r e s p e c t iv e ly ,  nm  a nd ( 1 . 0 0 ± 0 . 1 0 )  nm ,  r e s p e c t iv e ly ,  ov e r  a  p e r iod of  s e v e r a l da y s .  ov e r  a  p e r iod of  s e v e r a l da y s .  
S im u la t ions  u s ing m e a s u r e d v ib r a t ion s p e c t r a  S im u la t ions  u s ing m e a s u r e d v ib r a t ion s p e c t r a  -- s h ow n t h a t  w it h  t h is  s h ow n t h a t  w it h  t h is  le v e l of  s t a b iliz a t ion a nd t h e  im p le m e nt a t ion of  b e a mle v e l of  s t a b iliz a t ion a nd t h e  im p le m e nt a t ion of  b e a m --b a s e d p os it ion b a s e d p os it ion f e e db a c k  a p p r ox  7 0 %  of  CL I C nom ina l lu m inos it y  is  ob t a ine d.  f e e db a c k  a p p r ox  7 0 %  of  CL I C nom ina l lu m inos it y  is  ob t a ine d.  





ILCILC--T R C a c t i v i t i e sT R C a c t i v i t i e s

A lot of effort was made in 2002 to prepare information, to updaA lot of effort was made in 2002 to prepare information, to update te desig ns, and to mak e c omparativ e simulations for I nternational Ldesig ns, and to mak e c omparativ e simulations for I nternational L inear inear C ollider C ollider -- T ec h nic al R ev iew C ommittee ( I L CT ec h nic al R ev iew C ommittee ( I L C --T R C ) .  T R C ) .  
S inc e main foc us of th is rev iew was a 5 00 G eV  S inc e main foc us of th is rev iew was a 5 00 G eV  c . o. mc . o. m.  c ollider, many  of .  c ollider, many  of C L I C  subC L I C  sub --sy stems suc h  as damping  ring s, main linac , driv esy stems suc h  as damping  ring s, main linac , driv e--b eam b eam dec elerator, and b eam deliv ery  sy stem, h ad to b e rev isited to endec elerator, and b eam deliv ery  sy stem, h ad to b e rev isited to ensure sure th at b oth  parameters and h ardware were downwards c ompatib le withth at b oth  parameters and h ardware were downwards c ompatib le withnominal 3  T eV  desig n.  nominal 3  T eV  desig n.  
T h e C L I C  c ontrib utions to th is report h av e b een summarised and T h e C L I C  c ontrib utions to th is report h av e b een summarised and pub lish ed as a C E R N  y ellow report pub lish ed as a C E R N  y ellow report –– for more details seefor more details see

h ttp: / / psh ttp: / / ps--div . web . c ern. c h / psdiv . web . c ern. c h / ps--div / C L I C / I L C _ T R C / T R C _ c lic 5 00_ 3 . pdfdiv / C L I C / I L C _ T R C / T R C _ c lic 5 00_ 3 . pdf

http://cern.ch/ps-div/CLIC/ILC_TRC/TRC_clic500_3.pdf


ESGARD activitiesESGARD activities

The CLIC team participated in preparation and organisation of a The CLIC team participated in preparation and organisation of a b id to b id to 
get money  from E u ropean U nion w ithin 6 th framew ork  program (F P 6 )get money  from E u ropean U nion w ithin 6 th framew ork  program (F P 6 )
for accel erator R & D  for accel erator R & D  -- the sothe so--cal l ed CA R E  proj ect cal l ed CA R E  proj ect ((Coordination in Coordination in 
A ccel erator R esearch in E u ropeA ccel erator R esearch in E u rope)).  .  
B id B id -- accepted and w ork  al ready  started.  accepted and w ork  al ready  started.  
In particu l ar,  for CLIC,  it means participation in E u ropeanIn particu l ar,  for CLIC,  it means participation in E u ropean--w ide netw ork  w ide netw ork  
on l inear accel erators (E LA N ),  and in j oint research activ ity  (Jon l inear accel erators (E LA N ),  and in j oint research activ ity  (J R A ) to R A ) to 
constru ct a photo inj ector for CTF 3 .  constru ct a photo inj ector for CTF 3 .  
CLIC team is al so activ el y  participating in preparation of new  FCLIC team is al so activ el y  participating in preparation of new  F P 6  b id P 6  b id 
concerning fu tu re l inear col l ider D esign S tu dies.concerning fu tu re l inear col l ider D esign S tu dies.



CLIC roadCLIC road--m ap  an d re s ou rc e s  s t u di e sm ap  an d re s ou rc e s  s t u di e s

Over last year or so, efforts to setOver last year or so, efforts to set--u p  w orldu p  w orld --w i d e c ollab orati on  to b u i ld  w i d e c ollab orati on  to b u i ld  5 0 0  G eV  L C  i n  n ear fu tu re h ave i n ten si fi ed  5 0 0  G eV  L C  i n  n ear fu tu re h ave i n ten si fi ed  -- th erefore d eem ed  th erefore d eem ed  ap p rop ri ate for C L I C  stu d y team , after 1 7  years of C L I C  stu d i es,ap p rop ri ate for C L I C  stu d y team , after 1 7  years of C L I C  stu d i es, to to tak e stoc k  of w h at h ad  b een  ac h i eved , an d  w h ere stu d y w as g oi n g .tak e stoc k  of w h at h ad  b een  ac h i eved , an d  w h ere stu d y w as g oi n g .
I n  p arti c u lar, i t w as felt th at m an ag em en t sh ou ld  b e m ad e aw are I n  p arti c u lar, i t w as felt th at m an ag em en t sh ou ld  b e m ad e aw are of of w h at c ou ld  an d  c ou ld  n ot b e ac h i eved  w i th  p resen t resou rc es.   w h at c ou ld  an d  c ou ld  n ot b e ac h i eved  w i th  p resen t resou rc es.   
A fter g ath eri n g  n ec essary i n form ati on , rep ort w as p u b li sh ed  w h i cA fter g ath eri n g  n ec essary i n form ati on , rep ort w as p u b li sh ed  w h i c h  h  p rop osed  p rog ram m e of w ork  for C L I C  stu d y for p eri od  2 0 0 3p rop osed  p rog ram m e of w ork  for C L I C  stu d y for p eri od  2 0 0 3 --2 0 0 8 , 2 0 0 8 , tog eth er w i th  n ec essary resou rc estog eth er w i th  n ec essary resou rc es
I n  p arti c u lar i t li sted  ac ti vi ti es req u i red  to en ab le elab orati oI n  p arti c u lar i t li sted  ac ti vi ti es req u i red  to en ab le elab orati on  of C L I C  n  of C L I C  C on c ep tu al D esi g n  R ep ort ( C D R )  b y 2 0 0 8 .  C on c ep tu al D esi g n  R ep ort ( C D R )  b y 2 0 0 8 .  -- i t i d en ti fi ed  C L I C  su bi t i d en ti fi ed  C L I C  su b --system s c u rren tly n ot b ei n g  stu d i ed  an d  w h i c h  c ou ld  b e u n d ertak esystem s c u rren tly n ot b ei n g  stu d i ed  an d  w h i c h  c ou ld  b e u n d ertak en  b y n  b y ou tsi d e lab oratori es or i n sti tu tes.  ou tsi d e lab oratori es or i n sti tu tes.  



CLIC roadCLIC road--m ap  an d re s ou rc e s  s t u di e s  m ap  an d re s ou rc e s  s t u di e s  -- c on t i n u e dc on t i n u e d

In parallel with activity just described, three roadIn parallel with activity just described, three road--m ap discussions m ap discussions were held between C L IC  S tudy team  and the users ( essentially thewere held between C L IC  S tudy team  and the users ( essentially theC L IC  P hysics S tudy G roup)  to look  at possibilities of  using  C L ICC L IC  P hysics S tudy G roup)  to look  at possibilities of  using  C L IC twotwo--beam  technolog y at lower centrebeam  technolog y at lower centre--ofof --m ass energ ies.   m ass energ ies.   
Interest centred on f ollowing   ( i)  g ig aInterest centred on f ollowing   ( i)  g ig a--Z  f actory  ( ii)  operation at Z  f actory  ( ii)  operation at W W  threshold ( iii)  lig ht H ig g s f actory and ( iv)  S U S Y  H ig g s W W  threshold ( iii)  lig ht H ig g s f actory and ( iv)  S U S Y  H ig g s production.  production.  
O n m achine side, work  consisted of  proposing  layouts and lum inosO n m achine side, work  consisted of  proposing  layouts and lum inosity ity estim ates f or various centreestim ates f or various centre--ofof --m ass energ ies.  T his work  is m ass energ ies.  T his work  is unpublished but copies of  transparencies are available on req uesunpublished but copies of  transparencies are available on req uest.t.



CLIC roadCLIC road--m ap  an d re s ou rc e s  s t u di e s  m ap  an d re s ou rc e s  s t u di e s  -- c on t i n u e dc on t i n u e d

In September In September -- th i s  ti me a t req u es t o f  C E RN  ma na g ement th i s  ti me a t req u es t o f  C E RN  ma na g ement -- C L IC  s tu d y  C L IC  s tu d y  tea m a s k ed  to  pres ent w o rk  pro g ra mme a nd  s c h ed u l e,  a s s u mi ng  prestea m a s k ed  to  pres ent w o rk  pro g ra mme a nd  s c h ed u l e,  a s s u mi ng  pres ent ent res o u rc es ,  to  d emo ns tra te 5  k ey  tec h no l o g yres o u rc es ,  to  d emo ns tra te 5  k ey  tec h no l o g y --rel a ted  f ea s i bi l i ty  i s s u es  rel a ted  f ea s i bi l i ty  i s s u es  f o r C L IC  i d enti f i ed  by  f o r C L IC  i d enti f i ed  by  Interna ti o na l  L i nea r C o l l i d er T ec h ni c a l  Rev i ew  Interna ti o na l  L i nea r C o l l i d er T ec h ni c a l  Rev i ew  C o mmi ttee ( IL CC o mmi ttee ( IL C --T RC )  i n repo rt ( SL A CT RC )  i n repo rt ( SL A C --RR--6 0 6 ,  2 0 0 3 ) .  6 0 6 ,  2 0 0 3 ) .  
C L IC  s tu d y  tea m s h o w ed  C L IC  s tu d y  tea m s h o w ed  -- w i th  ex tens i o n to  f o res een f a c i l i ti es ,  a l l  w i th  ex tens i o n to  f o res een f a c i l i ti es ,  a l l  C L ICC L IC --tec h no l o g ytec h no l o g y --rel a ted  f ea s i bi l i ty  i s s u es  c o u l d  be d emo ns tra ted  i n rel a ted  f ea s i bi l i ty  i s s u es  c o u l d  be d emo ns tra ted  i n C T F 3  B U T  w i th  res o u rc es  f o res een C T F 3  B U T  w i th  res o u rc es  f o res een -- c o u l d  no t be c o mpl eted  bef o re c o u l d  no t be c o mpl eted  bef o re 2 0 1 4 .  2 0 1 4 .  
T h i s  ti me f ra me c o ns i d ered  u na c c epta bl e by  ma na g ement a nd  s tu d y  T h i s  ti me f ra me c o ns i d ered  u na c c epta bl e by  ma na g ement a nd  s tu d y  a s k ed  to  s tu d y  a n a c c el era ted  pro g ra mme to  d emo ns tra te k ey  i s s u ea s k ed  to  s tu d y  a n a c c el era ted  pro g ra mme to  d emo ns tra te k ey  i s s u es  s  bef o re 2 0 1 0 .  bef o re 2 0 1 0 .  
T h i s  w a s  c o mpl eted  a nd  prel i mi na ry  pro po s a l  ma d e by  D GT h i s  w a s  c o mpl eted  a nd  prel i mi na ry  pro po s a l  ma d e by  D G --d es i g na te to  d es i g na te to  c o u nc i l  i n D ec ember.  c o u nc i l  i n D ec ember.  



CLIC Test Facility (CTF3) StudiesCLIC Test Facility (CTF3) Studies

Large fraction of CLIC resources devoted again in 2003 to CTF3. Large fraction of CLIC resources devoted again in 2003 to CTF3. 
A p p rop riate at th is m om ent to m ention A p p rop riate at th is m om ent to m ention -- th is facil ity  is b eing b uil t in th is facil ity  is b eing b uil t in 
col l ab oration w ith  IN FN  ( Frascati) ,  IN 2P 3 ( LA L) ,  S LA C,  th e U nivecol l ab oration w ith  IN FN  ( Frascati) ,  IN 2P 3 ( LA L) ,  S LA C,  th e U niversity  rsity  
of U p p sal a,  th e N orthof U p p sal a,  th e N orth --W estern U niversity  of Il l inois and Finnish  W estern U niversity  of Il l inois and Finnish  
Industry . Industry . 
Fol l ow ing ch ap ters sum m ariz e various CTF3 activities.Fol l ow ing ch ap ters sum m ariz e various CTF3 activities.



CTF3 injector and linac installationCTF3 injector and linac installation

After successful operation of “preliminary phase”, LIL was complAfter successful operation of “preliminary phase”, LIL was completely etely d ismantled  and  installation of new inj ector and  linac b eg an in 2d ismantled  and  installation of new inj ector and  linac b eg an in 2 0 0 3 .   0 0 3 .   
T he thermionic g un is on loan from S LAC  T he thermionic g un is on loan from S LAC  
1 6 0  k V  hig h v oltag e supply, and  hig h v oltag e d eck  with the g un p1 6 0  k V  hig h v oltag e supply, and  hig h v oltag e d eck  with the g un pulsing  ulsing  circuit circuit -- prov id ed  b y LAL.  prov id ed  b y LAL.  
T he g un is followed  b y a b unching  system consisting  of two sing lT he g un is followed  b y a b unching  system consisting  of two sing le cell e cell S W  b unchers, mad e b y LAL, and  a 1 7S W  b unchers, mad e b y LAL, and  a 1 7 --cell T W  b uncher mad e b y C E R N .  cell T W  b uncher mad e b y C E R N .  T he T W  b uncher has an increasing  phase v elocity along  its leng thT he T W  b uncher has an increasing  phase v elocity along  its leng th to to account for increasing  particle speed  and  has W G  d amped  and  d etuaccount for increasing  particle speed  and  has W G  d amped  and  d etuned  ned  cells to suppress d isruptiv e wak efield s.   cells to suppress d isruptiv e wak efield s.   



CTF3 injector and linac installation CTF3 injector and linac installation -- continu edcontinu ed

The CTF3 buncher is followed by two accelerating structures whicThe CTF3 buncher is followed by two accelerating structures which h bring beam  energy up  to 2 0  M eV  bring beam  energy up  to 2 0  M eV  -- these structures are CTF3 linac these structures are CTF3 linac p rototyp es,  one is a TD S  ( tap ered,  dam p ed structure) ,  the other p rototyp es,  one is a TD S  ( tap ered,  dam p ed structure) ,  the other is the is the industrial p rototyp e of series p roduction of S I CA  structures.   industrial p rototyp e of series p roduction of S I CA  structures.   
Transv erse focusing of CTF3 beam  in inj ector region is done by pTransv erse focusing of CTF3 beam  in inj ector region is done by p utting utting all eq uip m ent in 0 . 2  T solenoid channel.  all eq uip m ent in 0 . 2  T solenoid channel.  
I nj ector is followed by cleaning chicane used to rem ov e offI nj ector is followed by cleaning chicane used to rem ov e off--energy energy p articles but also used as a sp ectrom eter line for diagnostics pp articles but also used as a sp ectrom eter line for diagnostics p urp oses.  urp oses.  
A ll this eq uip m ent was com m issioned with beam  in sum m er.  A ll this eq uip m ent was com m issioned with beam  in sum m er.  
2  m ore S I CA  structures and m ore beam  diagnostic eq uip m ent then 2  m ore S I CA  structures and m ore beam  diagnostic eq uip m ent then installed,  together with girders for m ore S I CA  structures.installed,  together with girders for m ore S I CA  structures.
This brought total length of beam  line to 2 8  m  This brought total length of beam  line to 2 8  m  -- this was com m issioned this was com m issioned with beam  during a second 3with beam  during a second 3--week  op eration p eriod in O ct/ N ov .week  op eration p eriod in O ct/ N ov .





CTF3 beam diagnostic equipmentCTF3 beam diagnostic equipment
A comprehensive beam diagnostic system either developed, or adapA comprehensive beam diagnostic system either developed, or adapted, ted, to special beam req u irements of  C T F 3 .  to special beam req u irements of  C T F 3 .  
T hree types of  B P M s are f oreseen, indu ctive pickT hree types of  B P M s are f oreseen, indu ctive pick --u ps w ith bandw idth u ps w ith bandw idth of  5  decades, specially developed f or long bu nch trains, bu tton of  5  decades, specially developed f or long bu nch trains, bu tton pickpick --u ps u ps w ith very f ast response and high f req u ency ou tpu t f or bu nch lengw ith very f ast response and high f req u ency ou tpu t f or bu nch length th optimiz ation, and electrostatic pickoptimiz ation, and electrostatic pick --u ps f or measu rements inside the u ps f or measu rements inside the solenoid f ield.  solenoid f ield.  
B P M s also u sed to measu re beam cu rrent bu t w hen a f aster time B P M s also u sed to measu re beam cu rrent bu t w hen a f aster time resolu tion is req u ired largeresolu tion is req u ired large--band band W C M sW C M s u sed u sed ––can almost resolve single can almost resolve single 3  G H z  bu nches.  3  G H z  bu nches.  
B eam prof ile monitoring done u sing either phosphorescent, or aluB eam prof ile monitoring done u sing either phosphorescent, or alu miniu m miniu m ( or graphite)  O T R  screens ( or graphite)  O T R  screens -- images analyz ed w ith either C C D  or vidicon images analyz ed w ith either C C D  or vidicon cameras, or w ith high timecameras, or w ith high time--resolu tion streak  camera.   resolu tion streak  camera.   
T he spectrometer lines eq u ipped w ith S E M  grids f or horiz ontal prT he spectrometer lines eq u ipped w ith S E M  grids f or horiz ontal prof ile of ile measu rements w hich are intended to give f ast response to resolvemeasu rements w hich are intended to give f ast response to resolve f ast f ast position/ energy variations w ithin bu nch train, bu t f or moment doposition/ energy variations w ithin bu nch train, bu t f or moment do not not w ork  above ~  one tenth of  nominal cu rrent f or some u nk now n reasow ork  above ~  one tenth of  nominal cu rrent f or some u nk now n reason.  n.  



CTF3 commissioningCTF3 commissioning
Apart from difficulties with first preApart from difficulties with first pre--b un cher which ex perien ced b un cher which ex perien ced multipactor prob lems an d was fin ally  disab led with on ly  v ery  minmultipactor prob lems an d was fin ally  disab led with on ly  v ery  min or or chan g es in  performan ce,  the commission in g  of C T F 3  in j ector an d fchan g es in  performan ce,  the commission in g  of C T F 3  in j ector an d first irst part of lin ac wen t v ery  smoothly .part of lin ac wen t v ery  smoothly .
N omin al b eam parameters were reached an d in  some cases ev en  N omin al b eam parameters were reached an d in  some cases ev en  ex ceeded ex ceeded –– ob tain ed 5 A of b eam curren t,  for ex ample,  compared to ob tain ed 5 A of b eam curren t,  for ex ample,  compared to n omin al curren t of 3 . 5  A,  an d rms b un ch len g th was ab out 4  ps n omin al curren t of 3 . 5  A,  an d rms b un ch len g th was ab out 4  ps compared to n omin al v alue of 5  ps.compared to n omin al v alue of 5  ps.
O n e of main  results was successful an d stab le operation  of S I C A O n e of main  results was successful an d stab le operation  of S I C A structures with their n ov el H O M  dampin g  g eometry  un der fullstructures with their n ov el H O M  dampin g  g eometry  un der full--b eam b eam loadin g  con dition s.  I n  this reg ime more than  9 0  %  of R F  power frloadin g  con dition s.  I n  this reg ime more than  9 0  %  of R F  power from om k ly stron s tran sferred to b eamk ly stron s tran sferred to b eam. . 

I mportan t result for C L I C  scheme b ecause operation  of C L I C  driv eI mportan t result for C L I C  scheme b ecause operation  of C L I C  driv eb eam lin ac in  fullyb eam lin ac in  fully --loaded con dition  is k ey  feature which had to b e loaded con dition  is k ey  feature which had to b e demon strated.demon strated.
F in ally  F in ally  -- automatic correction  procedure successfully  tested in  last automatic correction  procedure successfully  tested in  last run n in g  period run n in g  period -- will hopefully  simplify  steerin g  man oeuv res in  future.will hopefully  simplify  steerin g  man oeuv res in  future.





Preparation for the next CTF3 stagesPreparation for the next CTF3 stages

Good progress was made in parallel with installation and Good progress was made in parallel with installation and 
test programme,  to prepare f or nex t C T F 3  installation test programme,  to prepare f or nex t C T F 3  installation 
phases.phases.

M ost of  eq u ipment b een designed,  b u ild and ordered.M ost of  eq u ipment b een designed,  b u ild and ordered.
F ollowing sec tions su mmariz e this preparatory  work .F ollowing sec tions su mmariz e this preparatory  work .



Preparation Preparation –– l inac  s tru c tu res ,  w av eg u id es  and  l oad sl inac  s tru c tu res ,  w av eg u id es  and  l oad s

Industrial manufacturing of SICA structures for drive beam linacIndustrial manufacturing of SICA structures for drive beam linac now  now  
at sp ecified rate,  and 5  of 1 8  structures ordered already  at CE Rat sp ecified rate,  and 5  of 1 8  structures ordered already  at CE R N .  N .  
P rogress made on develop ment at CE R N  of h ighP rogress made on develop ment at CE R N  of h igh --p ow er loads for SICA p ow er loads for SICA 
structures ( industry  declined)  structures ( industry  declined)  -- first p rototy p e load consisting of tw o first p rototy p e load consisting of tw o 
SiC absorber p lates electroly ticallySiC absorber p lates electroly tically --bonded to cop p er W G  tested up  to bonded to cop p er W G  tested up  to 
3 5  M W  and 2  3 5  M W  and 2  µµs.  V ery  p romising first result but since nominal s.  V ery  p romising first result but since nominal 
req uirement is for 6 0  M W  and 1 . 5req uirement is for 6 0  M W  and 1 . 5 µµs more w ork  req uired to reach  final s more w ork  req uired to reach  final 
design.design.
L ay out of rf p ow er distribution sy stem now  froz en,  and new  desigL ay out of rf p ow er distribution sy stem now  froz en,  and new  design of  n of  
p ump ing p ort develop ed and ready  for tendering.  p ump ing p ort develop ed and ready  for tendering.  





Preparation Preparation –– rf  pow er s y s temrf  pow er s y s tem

Good progress made with new BOC pulse compression system developGood progress made with new BOC pulse compression system developed ed to complement and partly replace ex isting L I P S  systems.  to complement and partly replace ex isting L I P S  systems.  
P rototype systems b uilt including mechanical detuning system to P rototype systems b uilt including mechanical detuning system to disab le disab le these cavities under special operating conditions and a S iC ab sothese cavities under special operating conditions and a S iC ab sorb er to rb er to remove unwanted resonances.  remove unwanted resonances.  
P rototypes power tested to nominal parameters of  6 8  M W  and 1 . 5  P rototypes power tested to nominal parameters of  6 8  M W  and 1 . 5  µµs.   s.   
P roduction of  series of  6  BOC cavities underway at CE R N .   P roduction of  series of  6  BOC cavities underway at CE R N .   

F inally F inally -- additional modulator constructed this year to complete total additional modulator constructed this year to complete total numb er req uired f or CT F 3  to 1 0 .numb er req uired f or CT F 3  to 1 0 .
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Preparation Preparation –– s u b  h arm onic  b u nc h ing  s y s tems u b  h arm onic  b u nc h ing  s y s tem

One of main CTF3 goals is to demonstrate bunch interleaving techOne of main CTF3 goals is to demonstrate bunch interleaving techniq ue niq ue 
of CL I C driveof CL I C drive--beam generation scheme beam generation scheme -- to do this,  bunches have to be to do this,  bunches have to be 
“ p hase“ p hase--coded”  i. e.  subseq uent bunch trains have to alternatively  occup ycoded”  i. e.  subseq uent bunch trains have to alternatively  occup y
even and odd R F buck ets.  even and odd R F buck ets.  

For CTF3 this req uires 1 . 5  G H z  w ideFor CTF3 this req uires 1 . 5  G H z  w ide--band ( 1 0 % )  bunching sy stem to band ( 1 0 % )  bunching sy stem to 
enable p hase of bunching voltage to be changed very  q uick ly  ( ty penable p hase of bunching voltage to be changed very  q uick ly  ( ty p ically  ically  
1 01 0 --2 0  ns)  2 0  ns)  -- develop ed lowdevelop ed low --p ow er costp ow er cost--effective sy stem for this effective sy stem for this 
consisting of three 6consisting of three 6 --cell largecell large--ap erture TW  structures each p ow ered ap erture TW  structures each p ow ered 
by  commercially  available 4 0  k W  TW  tube ( P oland) .by  commercially  available 4 0  k W  TW  tube ( P oland) .



Preparation Preparation –– 3 0  G H z  pow er s ou rc e3 0  G H z  pow er s ou rc e
Since CTF2 closed down at end of 2002, no 30 GHz highSince CTF2 closed down at end of 2002, no 30 GHz high--p ower  sou r ce p ower  sou r ce av ailab le at CE R N  for  testing of CL I C p r ototy p e eq u ip m ent av ailab le at CE R N  for  testing of CL I C p r ototy p e eq u ip m ent -- im p or tant im p or tant to p r ov ide new 30 GHz sou r ce with nom inal length R F p u lses A SA P .to p r ov ide new 30 GHz sou r ce with nom inal length R F p u lses A SA P .
To satisfy  this need To satisfy  this need –– p lanning to b u ild a 30 GHz p owerp lanning to b u ild a 30 GHz p ower --gener ating line gener ating line alongside CTF3 linac into which the 300 ns 5 A  CTF3 b eam  at ~ 7 0 Malongside CTF3 linac into which the 300 ns 5 A  CTF3 b eam  at ~ 7 0 M eV  eV  can b e switched in a b ycan b e switched in a b y --p ass configu r ation when r eq u ir ed.  p ass configu r ation when r eq u ir ed.  
30 GHz p ower  p r odu ced b y  1 . 530 GHz p ower  p r odu ced b y  1 . 5 m  cop p er  P E TS m ade fr om  3 segm ents m  cop p er  P E TS m ade fr om  3 segm ents with 9 , 6 . 7  and 9with 9 , 6 . 7  and 9 m m  diam eter  ap er tu r es to m atch waist of dr iv e b eam .  m m  diam eter  ap er tu r es to m atch waist of dr iv e b eam .  I n later  stage for eseen to r ep lace cr itical Cu  p ar ts b y  W  or  M o.I n later  stage for eseen to r ep lace cr itical Cu  p ar ts b y  W  or  M o.
A lthou gh A lthou gh -- p otential to p r odu ce ~  1 00 M W  p ower , ou tp u t will p r ob ab ly  p otential to p r odu ce ~  1 00 M W  p ower , ou tp u t will p r ob ab ly  b e initially  lim ited to ~  5 0 M W  to p r ev ent dam age to cop p er  P E TSb e initially  lim ited to ~  5 0 M W  to p r ev ent dam age to cop p er  P E TS.  .  
P ower  tr ansfer r ed v ia lowP ower  tr ansfer r ed v ia low--loss ( < 5 % )  line to CTF2 b u ilding wher e HG loss ( < 5 % )  line to CTF2 b u ilding wher e HG testing will b e done testing will b e done –– line is essentially  a cir cu lar  TE 01  m ode wav egu ide line is essentially  a cir cu lar  TE 01  m ode wav egu ide A ll p ar ts of line defined and or der ed fr om  R u ssian fir m  GY CO M .A ll p ar ts of line defined and or der ed fr om  R u ssian fir m  GY CO M .
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Preparation Preparation –– 3 0  G H z  pow er s ou rc e 3 0  G H z  pow er s ou rc e -- c ontinu edc ontinu ed

Test to produce a phase jump of 18 degrees in CTF3 3 GHz bunch tTest to produce a phase jump of 18 degrees in CTF3 3 GHz bunch train rain successful l y  made during one of running periods w ith v iew  to prosuccessful l y  made during one of running periods w ith v iew  to producing ducing 180  degree phase jump in 30  GHz pow er pul se for a possibl e futur180  degree phase jump in 30  GHz pow er pul se for a possibl e future e impl ementation of S L E Dimpl ementation of S L E D --l ik e rf pul se compressor.  l ik e rf pul se compressor.  
Cal cul ated how ev er that ev en w ithout a phase shift,  a S L E DCal cul ated how ev er that ev en w ithout a phase shift,  a S L E D --l ik e pul se l ik e pul se compressor w oul d increase 30  GHz peak  pow er from a 4 . 5  A  7 0 0  ns compressor w oul d increase 30  GHz peak  pow er from a 4 . 5  A  7 0 0  ns driv e beam from 80  M W  to 17 0  M W  driv e beam from 80  M W  to 17 0  M W  –– enough pow er to generate enough pow er to generate gradient of 15 0  M V / m in l atest HD S  design of accel erating structgradient of 15 0  M V / m in l atest HD S  design of accel erating structure.ure.



CTF3 photoCTF3 photo--i n j e c tor  s tu d i e si n j e c tor  s tu d i e s
EEventually planned to replace CTF3 thermionic injector by PI. ventually planned to replace CTF3 thermionic injector by PI. 
A  major s tep tow ards  this  w as  made in S pring  2 0 0 3 w ith the PIL O TA  major s tep tow ards  this  w as  made in S pring  2 0 0 3 w ith the PIL O Ttes t ( Phototes t ( Photo--Injector L ong  Train)  w hich us ed ex is ting  CTF2  R F g un,  and Injector L ong  Train)  w hich us ed ex is ting  CTF2  R F g un,  and diodediode--pumped las er amplif ier built by R A L  to produce long  train of  2 5 0pumped las er amplif ier built by R A L  to produce long  train of  2 5 0electron puls es . electron puls es . 
A s  w ell as  demons trating  technical f eas ibility of  this  s cheme A s  w ell as  demons trating  technical f eas ibility of  this  s cheme –– it als o it als o s erved to identif y and f ind s olutions  f or the dif f erent s ources  s erved to identif y and f ind s olutions  f or the dif f erent s ources  of  of  ins tability,  and to demons trate the validity of  the s imulations .ins tability,  and to demons trate the validity of  the s imulations .
Follow ing  this  tes t conf idence hig h that CTF3 s pecif ication can Follow ing  this  tes t conf idence hig h that CTF3 s pecif ication can be met.be met.
A ls o took  advantag e of  this  tes t to do s ome more dark  current A ls o took  advantag e of  this  tes t to do s ome more dark  current meas urements . Found that up to 1 0 0  M V / m,  the caes ium telluride lmeas urements . Found that up to 1 0 0  M V / m,  the caes ium telluride layer ayer does  not produce a s ig nif icant increas e of  dark  current. does  not produce a s ig nif icant increas e of  dark  current. 
S everal Pock els  cells  als o tes ted to check  ability to produce reS everal Pock els  cells  als o tes ted to check  ability to produce req uired q uired temporal temporal behaviourbehaviour -- nominal phas e coding  produced w ith 2 0  ns  ris e and nominal phas e coding  produced w ith 2 0  ns  ris e and f all times ,  but w ith 2 %  res idual s ig nal,  due to acous tic vibratif all times ,  but w ith 2 %  res idual s ig nal,  due to acous tic vibrations . ons . 
B elieved this  can be improved by collaborating  w ith manuf acturerB elieved this  can be improved by collaborating  w ith manuf acturers . s . 



Construction of a CTF3 photoConstruction of a CTF3 photo--inj e ctorinj e ctor
A demand to finance construction of photoA demand to finance construction of photo--inj ector for C T F 3  made inj ector for C T F 3  made 
w ithin E uropean U nion F P 6  prog ramme as a C AR E  J R A entitl ed w ithin E uropean U nion F P 6  prog ramme as a C AR E  J R A entitl ed 
“ C harg e P roduction w ith P hoto“ C harg e P roduction w ith P hoto--inj ectors”  ( P H I N ) . inj ectors”  ( P H I N ) . 
J R A w hich inv ol v es participations from 8  E uropean col l ab orating  J R A w hich inv ol v es participations from 8  E uropean col l ab orating  
institutes w as accepted. institutes w as accepted. 
C T F 3  P I  part div ided into 3  parts:  l aser C T F 3  P I  part div ided into 3  parts:  l aser -- to b e dev el oped and b uil t b y  to b e dev el oped and b uil t b y  
R AL ,  R F  g un b y  L AL ,  and P C s,  instal l ed and commissioned b y  C E R N .R AL ,  R F  g un b y  L AL ,  and P C s,  instal l ed and commissioned b y  C E R N .
J R A al so aims to improv e performance of present caesium tel l uridJ R A al so aims to improv e performance of present caesium tel l uride e 
photocathodes and to dev el op new  photocathode material s. photocathodes and to dev el op new  photocathode material s. 
I n l ig ht of ab ov e,  second part of 2 0 0 3  dedicated to dismantl ing  I n l ig ht of ab ov e,  second part of 2 0 0 3  dedicated to dismantl ing  of of 
former C T F 2  to prepare for instal l ation of l aser room and new  P Iformer C T F 2  to prepare for instal l ation of l aser room and new  P I ..



CTF3 collaborations and external resourcesCTF3 collaborations and external resources
A collaboration meeting with all partners was held at CERN in SeA collaboration meeting with all partners was held at CERN in September,  ptember,  where impressiv e progress was reported by  all collaborators.where impressiv e progress was reported by  all collaborators.
I mportant step tak en in D ecember with signatu re of  CERN/ I NF N I mportant step tak en in D ecember with signatu re of  CERN/ I NF N collaboration agreement collaboration agreement -- I NF N tak es responsibility  f or design and I NF N tak es responsibility  f or design and constru ction of  D L  and T L  f rom linac to D L  which inclu des magnetconstru ction of  D L  and T L  f rom linac to D L  which inclu des magnetic chicane ic chicane f or bu nch length manipu lations.  f or bu nch length manipu lations.  
Statu s Statu s -- lay ou t f inaliz ed,  detailed technical work  u nderway ,  all necessalay ou t f inaliz ed,  detailed technical work  u nderway ,  all necessary  ry  components being manu f actu red.  I n particu lar,  f abrication of  allcomponents being manu f actu red.  I n particu lar,  f abrication of  all components components of  magnetic chicane well adv anced,  and installation planned du riof  magnetic chicane well adv anced,  and installation planned du ring 2 0 0 4 .  ng 2 0 0 4 .  
L AL  L AL  -- 2  pre2  pre--bu nchers,  gu n H V  sy stem ( +  pu lser) ,  installed and commissioned.bu nchers,  gu n H V  sy stem ( +  pu lser) ,  installed and commissioned.
U ppsala U ppsala –– contd.  work  on bu nch phase monitor contd.  work  on bu nch phase monitor -- prov ided operations su pport.   prov ided operations su pport.   
NW  U niv ersity  ( I llinois)  j oined proj ect as new collaboration parNW  U niv ersity  ( I llinois)  j oined proj ect as new collaboration partner tner -- hav e hav e part paid f or one SI CA stru ctu re part paid f or one SI CA stru ctu re -- now dev eloping f ast beamnow dev eloping f ast beam--loss loss monitoring sy stem.  P rototy pe beammonitoring sy stem.  P rototy pe beam--loss monitors already  tested in CT F 3  loss monitors already  tested in CT F 3  du ring 2 0 0 3 .  du ring 2 0 0 3 .  
SL AC SL AC –– in 2 0 0 3  participated in commissioning of  inj ector ( +  loan of  trin 2 0 0 3  participated in commissioning of  inj ector ( +  loan of  triode)  iode)  



Interfacing with CLIC Physics Study GroupInterfacing with CLIC Physics Study Group

CLIC physics study group again very active in 2003 simulating coCLIC physics study group again very active in 2003 simulating collisions llisions 
using latest CLIC parameters and luminosity spectra provided b y using latest CLIC parameters and luminosity spectra provided b y the the 
CLIC M achine S tudy M emb ers.  CLIC M achine S tudy M emb ers.  

A  report on physics potential of  CLIC has b een w ritten and w ill A  report on physics potential of  CLIC has b een w ritten and w ill b e b e 
pub lished early 2004 .pub lished early 2004 .



Technical publications of the CLIC Study GroupTechnical publications of the CLIC Study Group

More than 49 CLIC Notes written More than 49 CLIC Notes written 
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