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UK LC R&D andUK LC R&D and
Las e rLas e r --w i r e  Up dat ew i r e  Up dat e

G. A. BlairG. A. Blair
R o y al H o llo w ay  U n iv . L o n d o nR o y al H o llo w ay  U n iv . L o n d o n

C L I C  S e m in ar C L I C  S e m in ar -- C E R NC E R N
2 72 7 thth F e b ru ary  2 0 0 4F e b ru ary  2 0 0 4

•• L CL C --ABD ProposalABD Proposal
•• O v e rv i e w  of  t h e  proj e c t sO v e rv i e w  of  t h e  proj e c t s
•• U K  Ac c e le rat or I n st i t u t e sU K  Ac c e le rat or I n st i t u t e s
•• L ase rL ase r--w i re  u pd at ew i re  u pd at e
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UK funding for accelerator science UK funding for accelerator science 
for p article p h y sics 2 0 0 4  for p article p h y sics 2 0 0 4  -- 2 0 0 72 0 0 7

UK funding agency, PPARC, secured from Govt. £11M for UK funding agency, PPARC, secured from Govt. £11M for 
‘ accel erator science’  for p articl e p h ysics, sp end p eriod ‘ accel erator science’  for p articl e p h ysics, sp end p eriod 
Ap ril  0 4  Ap ril  0 4  –– March  0 7  March  0 7  

Cal l ed for b ids from universities and national  l ab s;  l arge Cal l ed for b ids from universities and national  l ab s;  l arge 
consortia w ere ex p l icitl y encouragedconsortia w ere ex p l icitl y encouraged

B ids p eerB ids p eer--review ed and p rel iminary new  al l ocations made review ed and p rel iminary new  al l ocations made 
O ct 2 1 2 0 0 3 :O ct 2 1 2 0 0 3 :
L CL C--B eam D el ivery £7 .2 MB eam D el ivery £7 .2 M
UKN F   £2 MUKN F   £2 M
2  university2  university--b ased accel erator institutesb ased accel erator institutes
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LCLC--A B D  Co l l a b o r a t i o nA B D  Co l l a b o r a t i o n

•• AbertayAbertay
•• B ri s to l  B ri s to l  
•• B i rm i n g h am  B i rm i n g h am  
•• C am bri d g e C am bri d g e 
•• D u rh am  D u rh am  
•• L an c as terL an c as ter
•• L i v erp o o l  L i v erp o o l  
•• M an c h es ter M an c h es ter 
•• O x f o rd  O x f o rd  
•• Q u een  M ary,  U n i v .  L o n d o nQ u een  M ary,  U n i v .  L o n d o n
•• R o yal  H o l l o w ay,  U n i v .  O f  L o n d o nR o yal  H o l l o w ay,  U n i v .  O f  L o n d o n
•• U n i v ers i ty C o l l eg e,  L o n d o n  U n i v ers i ty C o l l eg e,  L o n d o n  
•• D ares bu ryD ares bu ry an d  R u th erf o rdan d  R u th erf o rd --Ap p l eto n  L abs ;  Ap p l eto n  L abs ;  

4 1  p o s t4 1  p o s t--d o c to ral  p h ys i c i s ts  ( f ac u l ty,  s taf f ,  res earc h  as s o c i ates )  +  d o c to ral  p h ys i c i s ts  ( f ac u l ty,  s taf f ,  res earc h  as s o c i ates )  +  
tec h n i c al  s taf f  +  g rad u ate s tu d en tstec h n i c al  s taf f  +  g rad u ate s tu d en ts
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1. BDS Lattice Design and Beam 1. BDS Lattice Design and Beam 
Simu l atio nsSimu l atio ns

Bristol, Bristol, B’ h a mB’ h a m , , D a re sb u ryD a re sb u ry , L a n c a ste r, L iv e rp ool, M a n c h e ste r, O x f ord  Q M U L , R A L , R H U L , U C L, L a n c a ste r, L iv e rp ool, M a n c h e ste r, O x f ord  Q M U L , R A L , R H U L , U C L

1.1 BDS Lattice design: 1.1 BDS Lattice design: 
U nder stand design issu es,  co ntr ib u te to  gl o b al  dev el oU nder stand design issu es,  co ntr ib u te to  gl o b al  dev el o p m ent +    p m ent +    
o p tim isatio no p tim isatio n::
w o r k ing w ith  w o r k ing w ith  Sacl aySacl ay o n l atest T E SLA  I R  o p ticso n l atest T E SLA  I R  o p tics
very interested in: collimation system, extraction livery interested in: collimation system, extraction line,  ne,  

diag nostics layou t…    diag nostics layou t…    
1 . 2  B eam transp ort simu lations, b ack g rou nds +  collimation:1 . 2  B eam transp ort simu lations, b ack g rou nds +  collimation:

C radleC radle--toto--g rave simu lations;  datab ase of  T E S L A  train g rave simu lations;  datab ase of  T E S L A  train X ing sX ing s, p airs, F B, p airs, F B
6 4  6 4  cp ucp u G rid clu ster at Q M U L  f or p rodu ction j ob s ( 3 0G rid clu ster at Q M U L  f or p rodu ction j ob s ( 3 0 --4 0  4 0  cp ucp u --h ou rs)  h ou rs)  
B D S I M : develop ment and ap p lication.B D S I M : develop ment and ap p lication.
H alo p rodu ction and track ing  th rou g h  B D S : H alo p rodu ction and track ing  th rou g h  B D S : 
C ollimator C ollimator w ak ef ieldsw ak ef ields +  +  op timisationop timisation of  sp oiler +  collimator desig nof  sp oiler +  collimator desig n
B ack g rou nds in I R : p airs, g ammas, n: B ack g rou nds in I R : p airs, g ammas, n: -->  V X D , >  V X D , calorimetrycalorimetry, F B  , F B  
system …                system …                
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Example: banana bunches, impact on FBExample: banana bunches, impact on FB
••

•• ‘Banana’ bunch ‘Banana’ bunch (PLACET/MERLIN)(PLACET/MERLIN)

Gaussian bunch
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Tracking of halo energy deposition (BDSIM)Tracking of halo energy deposition (BDSIM)
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2. Beam Diagnostics2. Beam Diagnostics

2.1 2.1 L a s e r w i r eL a s e r w i r e ((R H U L ,  U C L ,  O x f o r d ,  R A L )R H U L ,  U C L ,  O x f o r d ,  R A L ) :  :  

O n g o i n g  c o l l a b o r a t i o n  o n  P E T R A  l a s e rO n g o i n g  c o l l a b o r a t i o n  o n  P E T R A  l a s e r --w i r e  p r o j e c t  w i r e  p r o j e c t  
U K  b u i l d i n g  l a s e r  s c a n n i n g  s y s t e m  (m u l t iU K  b u i l d i n g  l a s e r  s c a n n i n g  s y s t e m  (m u l t i --d i r e c t i o n )d i r e c t i o n )
S i m u l a t i o n s :  h a l o  b a c k g r o u n d s ,  d i a g n o s t i c s  l a y o u tS i m u l a t i o n s :  h a l o  b a c k g r o u n d s ,  d i a g n o s t i c s  l a y o u t
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• Fast scanning

Aim:
• 2nd dimension

• Advanced lasers

• BDS simulation

Vacuum vessel
at PETRA

• Vacuum vessel
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2.2 Bunch length/profile measurement (2.2 Bunch length/profile measurement (A b ertayA b ertay ,  D L  ,  D L  
O x ford ) :O x ford ) :
V ery  successful electroV ery  successful electro--optic b unch length optic b unch length ex ptex pt. at . at 
F E L I XF E L I X

6 0 0 fs achiev ed ;  aiming for 20 0 fs6 0 0 fs achiev ed ;  aiming for 20 0 fs

R & D  on S mithR & D  on S mith--P urcell rad iation b unch profile monitor P urcell rad iation b unch profile monitor 
((F rascatiF rascati)  possib le d eploy ment at F E L I X  )  possib le d eploy ment at F E L I X  

Longitudinal bunch lengthLongitudinal bunch length
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SubSub--p sp s bun c h  l e n g t h  m e a s ur e m e n t  ( E O )bun c h  l e n g t h  m e a s ur e m e n t  ( E O )

••

600 fs achieved.

Ongoing project 

at FELIX;

aiming for 200 fs
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collider component

3. Alignment + Survey: 3. Alignment + Survey: L iC ASL iC AS (Oxford(Oxford))

Tunnel Wall

Reconstructed 
tunnel shapes
(relative co-
ordinates)

wall markers internal FSI external FSISM beam

LiCAS technology
for automated 
stake-out process
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LiCASLiCAS D e v e l o p m e n tD e v e l o p m e n t
••Prototype survey car:Prototype survey car:
•• 2 0 0 4 :2 0 0 4 : S i n g l eS i n g l e--car sen sorcar sen sor
•• 2 0 0 5:2 0 0 5: 33--car prototype car prototype 
d epl oyed  i n  d ed i cated  7 0 m  d epl oyed  i n  d ed i cated  7 0 m  
tun n el  at D E S Ytun n el  at D E S Y
•• 2 0 0 7 :2 0 0 7 : 55--car prototype car prototype 
avai l ab l e f or use i n  T E S L A  avai l ab l e f or use i n  T E S L A  
X F E L  tun n elX F E L  tun n el

Prototype readout board
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4. Final4. Final--f o c u s  L u m ino s it y  f o c u s  L u m ino s it y  
S t ab ilis at io nS t ab ilis at io n

(QMUL, Oxford, (QMUL, Oxford, D a re s b u ryD a re s b u ry ))
BeamBeam--b as ed  f eed b ac k :  b as ed  f eed b ac k :  

W o r k ed  p r i mar i l y  o n  i n t r aW o r k ed  p r i mar i l y  o n  i n t r a--t r ai n  F B as  c o mp l emen t  t o  t r ai n  F B as  c o mp l emen t  t o  
‘ I P  F B’  ( t r ai n‘ I P  F B’  ( t r ai n --t r ai n )  +  ac t i v e mec h .  t r ai n )  +  ac t i v e mec h .  s t ab i l i s at i o ns t ab i l i s at i o n s c h emess c h emes
( w ar m d es i g n )( w ar m d es i g n )

S i mu l at ed  i n t r aS i mu l at ed  i n t r a--t r ai n  F B f o r  J / N L C ,  T E S L A ,  C L I Ct r ai n  F B f o r  J / N L C ,  T E S L A ,  C L I C

Location of 

FB BPM:
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FONT Luminosity Recovery (TESLA)FONT Luminosity Recovery (TESLA)
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FONT prototype at SLAC NLCTAFONT prototype at SLAC NLCTA

Dipole and kickers

Advanced
BPMs
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FONT2 initial results: feedback FONT2 initial results: feedback 
m o dem o de

Feed forward on

Beam flattener on

Beam starting positions

Feedback on
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5. 5. P o l a r i s a t i o nP o l a r i s a t i o n ,  P o s i t r o n  S o u r c e  ,  P o s i t r o n  S o u r c e  U n d u l a t o rU n d u l a t o r +  +  
C r a b  C a v i t y  C r a b  C a v i t y  ((D a r e s b u r yD a r e s b u r y ,  D u r h a m ,  L i v e r p o o l ),  D u r h a m ,  L i v e r p o o l )

5.1 e+ source 5.1 e+ source un d ul a torun d ul a tor d esi g n :  d esi g n :  
B a sel i n e m eth od  f or T E S L A ,  i n  con si d era ti on  f or N L CB a sel i n e m eth od  f or T E S L A ,  i n  con si d era ti on  f or N L C
P ol a ri sedP ol a ri sed e+ e+ -->  h el i ca l  >  h el i ca l  un d ul a torun d ul a tor ( E 16 6  ( E 16 6  ex p tex p t))
D esi g n  w ork  f or T E S L A  h el i ca l  D esi g n  w ork  f or T E S L A  h el i ca l  un d ul a torun d ul a tor i n  p rog ress:i n  p rog ress:

D eta i l ed  en g i n eeri n g  d esi g n ,  p rototy p i n g ,  test w i th  b ea mD eta i l ed  en g i n eeri n g  d esi g n ,  p rototy p i n g ,  test w i th  b ea m
5.2  C ra b  ca v i ty  d esi g n  ( f or I R  w i th  crossi n g  a n g l e):5.2  C ra b  ca v i ty  d esi g n  ( f or I R  w i th  crossi n g  a n g l e):

O v erl a p  of  i n terest w i th  a n g l e F B  sy stem s;  U K  R F  com p a n y  i n teresO v erl a p  of  i n terest w i th  a n g l e F B  sy stem s;  U K  R F  com p a n y  i n terestt



27th February 2004 G .  B l ai r,  R H U L 1 8

6.BPM 6.BPM S p e c t r o m e t r yS p e c t r o m e t r y (Cambridge(Cambridge,  U CL ),  U CL )

6.1 Measurement of Luminosity 

Energy Spectrum (MOLES): 

Absolute E (survey, alignment)

E jitter (fast BPMs)

E dispersion (laserwire?)
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Lattice design + Simulation
8%

Beam Transport + 
Backgrounds

9%

Laser-wire
15%

Longitudinal Profile
7%

Polarisation
1%

LiCAS
15%

FONT+ BPM Spectrometry
17%

Polarised Positron 
Undulator

8%

Crab Cavity
13%

Collimation
5%

Training+ General
2%

Overview of ProjectsOverview of Projects
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CCLRC New
14%

PPARC New
69%

PPARC 
Displacement

17%

Financial SummaryFinancial Summary

Total £10.5M
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Accelerator InstitutesAccelerator Institutes

•• 2  N e w  i n s t i t u t e s  f o r  A c c e l e r a t o r  s c i e n c e :2  N e w  i n s t i t u t e s  f o r  A c c e l e r a t o r  s c i e n c e :

C o c k c r o f tC o c k c r o f t :  :  L a n c a s t e r , L i v e r p o o lL a n c a s t e r , L i v e r p o o l ,  M a n c h e s t e r,  M a n c h e s t e r –– b a s e d  a t / n e a r  b a s e d  a t / n e a r  
D L  c a m p u s .D L  c a m p u s .
1 2  N e w  a c a d e m i c  p o s i t i o n s .1 2  N e w  a c a d e m i c  p o s i t i o n s .

O x f o r d / R H U L :  B a s e d  a t  b o t h  i n s t i t u t e s  ( p l u s  b a s e  a t  R A L )O x f o r d / R H U L :  B a s e d  a t  b o t h  i n s t i t u t e s  ( p l u s  b a s e  a t  R A L )
6  n e w  a c a d e m i c  p o s i t i o n s .6  n e w  a c a d e m i c  p o s i t i o n s .
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Summary and OutlookSummary and Outlook

•• UK hasUK has E m b ar k e d  o n  a su b st an t i al  UK L C  B D S  w o r k  E m b ar k e d  o n  a su b st an t i al  UK L C  B D S  w o r k  
p r o g r am m ep r o g r am m e
•• H av e  e x p e r t i se  i n  so m e  ar e as,  l e ar n i n g  i n  m an y  o t he r sH av e  e x p e r t i se  i n  so m e  ar e as,  l e ar n i n g  i n  m an y  o t he r s
•• A i m i n g  t o  b u i l d  a st r o n g ,  c o he r e n t  d e si g n  t e am :A i m i n g  t o  b u i l d  a st r o n g ,  c o he r e n t  d e si g n  t e am :

i n t e l l e c t u al l y  i n t e r e st e d  i n  B D Si n t e l l e c t u al l y  i n t e r e st e d  i n  B D S
ai m  t o  p r e p ar e  UK f u n d i n g  ag e n c i e s f o r  t he  L Cai m  t o  p r e p ar e  UK f u n d i n g  ag e n c i e s f o r  t he  L C

•• C o l l ab o r at i n g  w .  E u r o p e an  p ar t n e r s v i a ‘ F P  6 ’  C o l l ab o r at i n g  w .  E u r o p e an  p ar t n e r s v i a ‘ F P  6 ’  
p r o g r am m e :  p r o g r am m e :  E UR O T e VE UR O T e V

•• A c c e l e r at o r  I n st i t u t e s A c c e l e r at o r  I n st i t u t e s –– a r e v i v e d  ac ad e m i c  d i sc i p l i n e  i n  a r e v i v e d  ac ad e m i c  d i sc i p l i n e  i n  
t he  UK.t he  UK.
•• M an y  n e w  p o st s ab o u t  t o  b e  av ai l ab l e  at  t he  i n st i t u t e s M an y  n e w  p o st s ab o u t  t o  b e  av ai l ab l e  at  t he  i n st i t u t e s 
an d  al so  i n  L Can d  al so  i n  L C --A B D  p r o g r am m e .A B D  p r o g r am m e .
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LaserLaser--w i re U p d at ew i re U p d at e

•• M o t i v a t i o n  f o r  t h e  p r o j e c tM o t i v a t i o n  f o r  t h e  p r o j e c t
•• L a s e r w i r e  a t  P E T R AL a s e r w i r e  a t  P E T R A

-- E n v i r o n m e n t  a t  P E T R AE n v i r o n m e n t  a t  P E T R A
-- I n s t a l l a t i o n  o f  H a r d w a r eI n s t a l l a t i o n  o f  H a r d w a r e
-- F i r s t  m e a s u r e m e n t sF i r s t  m e a s u r e m e n t s

•• C o n c l u s i o n s  a n d  O u t l o o k  C o n c l u s i o n s  a n d  O u t l o o k  
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CollaboratorsCollaborators

•• D E S YD E S Y
•• B E S S Y  B E S S Y  
•• U K :  R H U L ,  U C L ,  R A L ,  O x f o r d .U K :  R H U L ,  U C L ,  R A L ,  O x f o r d .
•• C E R N :  ( L a s e r ,  p l u s  c o l l a b o r a t i o n )C E R N :  ( L a s e r ,  p l u s  c o l l a b o r a t i o n )

C l o s e  c o n t a c t  w i t h :C l o s e  c o n t a c t  w i t h :
•• S L A CS L A C
•• K E K   K E K   
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Principle and GoalsPrinciple and Goals

535535
55

335335
4 . 54 . 5

1 9 61 9 6
4 . 54 . 5

σσxx/ n/ nmm
σσyy/ n/ nmm

IPIP

2 0  t o  1 502 0  t o  1 50
1  t o  2 51  t o  2 5

7  t o  507  t o  50
1  t o  51  t o  5

3. 4  t o  1 53. 4  t o  1 5
0 . 35 t o  2 . 60 . 35 t o  2 . 6

σσxx/ / µµmm
σσyy/ / µµmm

B D SB D S

T E S L AT E S L AN L C / G L CN L C / G L CC L ICC L IC
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Laserwire for PETRALaserwire for PETRA

4.5 to 124.5 to 12
~ 10 0~ 10 0
1 to 31 to 3
50 0  to 10 050 0  to 10 0
~ 10 0~ 10 0

E /G e VE /G e V
σσzz/p s/p s
n Cn C
σσxx//µµmm
σσyy//µµmm

E n e r g yE n e r g y
B u n c h  L e n g thB u n c h  L e n g th
C h a r g e /b u n c hC h a r g e /b u n c h
H or . b e a m s i z eH or . b e a m s i z e
V e r . b e a m s i z eV e r . b e a m s i z e

•• P o s i t r o n  E l e c t r o n  T a n d e m  P o s i t r o n  E l e c t r o n  T a n d e m  
R i n g  A c c e l e r a t o rR i n g  A c c e l e r a t o r

•• I n j e c t o r  f o r  H E R A ,  u p g r a d e  t o  I n j e c t o r  f o r  H E R A ,  u p g r a d e  t o  
s y n c h r o t r o n  l i g h t  s o u r c es y n c h r o t r o n  l i g h t  s o u r c e

�� L o n g  f r e e  s t r a i g h t  s e c t i o nL o n g  f r e e  s t r a i g h t  s e c t i o n
�� E a s y  i n s t a l l a t i o n  o f  h a r d w a r e  E a s y  i n s t a l l a t i o n  o f  h a r d w a r e  

d u e  t o  e x i s t i n g  a c c e s s  p i p e  d u e  t o  e x i s t i n g  a c c e s s  p i p e  
a n d  h u t  o u t s i d e  t u n n e l  a r e aa n d  h u t  o u t s i d e  t u n n e l  a r e a

•• QQ--s w i t c h  N d : Y A G  w i t h  S H Gs w i t c h  N d : Y A G  w i t h  S H G
•• F r o m  C E R N  L E P  p o l a r i m e t e rF r o m  C E R N  L E P  p o l a r i m e t e r
�� T r a n s  M o d e :  l a r g e  MT r a n s  M o d e :  l a r g e  M 22 ~ 9~ 9
�� L o n g  M o d e :  s t a b i l i t y  L o n g  M o d e :  s t a b i l i t y  ±  2 0 % ,  ±  2 0 % ,  

b e a t i n g  b e a t i n g  �� p s  s u b s t r u c t u r ep s  s u b s t r u c t u r e
�� H o m e g r o w n  t i m i n g  u n i t  f o r  H o m e g r o w n  t i m i n g  u n i t  f o r  

e x t e r n a l  t r i g g e r i n g  e x t e r n a l  t r i g g e r i n g  

10 6 4/53 210 6 4/53 2
250 /9 0250 /9 0
1010
3 03 0
~ 7~ 7
0 .70 .7

l /n ml /n m
E /mJE /mJ
d t/n sd t/n s
ffreprep/Hz/Hz
σσ x , yx , y /m m/m m
θθ/m r a d/m r a d

W a v e l e n g t hW a v e l e n g t h
E n e r g yE n e r g y
P u l s e l e n g t hP u l s e l e n g t h
R e p r a t eR e p r a t e
B e a m  s i zeB e a m  s i ze
D i v e r g e n c eD i v e r g e n c e

Laser parameter

PETRA parameter
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Laserwire for PETRALaserwire for PETRA
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Setup at PETRASetup at PETRA

HALL EAST

Q-SWITCH

TUNNEL AREA

EMBL HUT

OUT
IN

OUT IN

IN
OUT

LASER

PD TRIGGER BOX

SCOPE

PIT.Y

PIT.E

CAL

BPM

IP

PD@IP

PETRA
TIMING

e+

COMPTON
PHOTONS
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Installation at PETRAInstallation at PETRA
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Lab Measurements at RHULLab Measurements at RHUL
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Installation at PETRAInstallation at PETRA
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DetectorDetector
•• R e q u i r e m e n t s  f o r  d e t e c t o r  m a t e r i a lR e q u i r e m e n t s  f o r  d e t e c t o r  m a t e r i a l

-- s h o r t  d e c a y  t i m e  ( a v o i d  p i l e  u p )s h o r t  d e c a y  t i m e  ( a v o i d  p i l e  u p )
-- s h o r t  r a d i a t i o n  l e n g t hs h o r t  r a d i a t i o n  l e n g t h
-- s m a l l  M o l i e r e  r a d i u ss m a l l  M o l i e r e  r a d i u s

•• C u b o i d  d e t e c t o r  c r y s t a l s  m a d e  o f  P b W O 4C u b o i d  d e t e c t o r  c r y s t a l s  m a d e  o f  P b W O 4
•• 3 x 3  m a t r i x  o f  1 8 x 1 8 x 1 5 0  m m  c r y s t a l s3 x 3  m a t r i x  o f  1 8 x 1 8 x 1 5 0  m m  c r y s t a l s
•• E n e r g y  r e s o l u t i o n  E n e r g y  r e s o l u t i o n  

b e t t e r  t h a n  5 %b e t t e r  t h a n  5 %
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Detector CalibrationDetector Calibration

•• D e t e c t o r  s t u d i e s  w i t h  D E S Y  I I  t e s t b e a mD e t e c t o r  s t u d i e s  w i t h  D E S Y  I I  t e s t b e a m
•• B e a m l i n e  w i t h  e l e c t r o n s  w i t h  e n e r g y  B e a m l i n e  w i t h  e l e c t r o n s  w i t h  e n e r g y  

f r o m  4 5 0  M e V  t o  6  G e Vf r o m  4 5 0  M e V  t o  6  G e V
•• T e n  d e t e c t o r  c r y s t a l s  w e r e  c a l i b r a t e d  T e n  d e t e c t o r  c r y s t a l s  w e r e  c a l i b r a t e d  

u s i n g  a  s i n g l e  P M Tu s i n g  a  s i n g l e  P M T
•• C o m b i n a t i o n  o f  n i n e  c r y s t a l s  i n  m a t r i xC o m b i n a t i o n  o f  n i n e  c r y s t a l s  i n  m a t r i x
•• R e s o l u t i o nR e s o l u t i o n

-- H i g h  i n t r i n s i c  r e s o l u t i o nH i g h  i n t r i n s i c  r e s o l u t i o n
-- F u l l  m a t r i x  l e s s  g o o d  F u l l  m a t r i x  l e s s  g o o d  
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The LaserThe Laser

•• T h e  l a s e r  h a s  b e e n  g i v e n  t o  u s  b y  B .  D e h n i n g  f r o m C E R N .  T h e  l a s e r  h a s  b e e n  g i v e n  t o  u s  b y  B .  D e h n i n g  f r o m C E R N .  
I t  w a s  u s e d  a t  L E P  t o  me a s u r e  b e a m p o l a r i z a t i o nI t  w a s  u s e d  a t  L E P  t o  me a s u r e  b e a m p o l a r i z a t i o n

•• I t ’ s  a  N d : Y A G  QI t ’ s  a  N d : Y A G  Q --s w i t c h e d  s y s t e m,  r u n n i n g  w i t h  3 0  H zs w i t c h e d  s y s t e m,  r u n n i n g  w i t h  3 0  H z
•• p u l s e  e n e r g y  me a s u r e d :  4 0  mJ ,  p o w e r :  4  M Wp u l s e  e n e r g y  me a s u r e d :  4 0  mJ ,  p o w e r :  4  M W
•• s y n c h r o n i z a t i o n  t o  P E T R A  b e a m b y  t r i g g e r i n g  t h e  Qs y n c h r o n i z a t i o n  t o  P E T R A  b e a m b y  t r i g g e r i n g  t h e  Q --s w i t c h  s w i t c h  

P o c k e l sP o c k e l s --c e l lc e l l
•• t r a n s v e r s e  b e a m q u a l i t y  i s  mo d e s t  ( mu l t i mo d e )t r a n s v e r s e  b e a m q u a l i t y  i s  mo d e s t  ( mu l t i mo d e )
•• me a s u r e d  s p o t  s i z e  a t  I P :   me a s u r e d  s p o t  s i z e  a t  I P :   σσLL =  ( 8 0  =  ( 8 0  ± 10)± 10) µµmm
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Averaged Laser Time ProfileAveraged Laser Time Profile
•• M e a s u r e d  a v e r a g e d  p r o f i l e :   M e a s u r e d  a v e r a g e d  p r o f i l e :   

f i t s  t o  g a u s s i a n  w i t h  a  w i d t h  o f  1 2 . 5  n s  ( a s  e x p e c t e d )  f i t s  t o  g a u s s i a n  w i t h  a  w i d t h  o f  1 2 . 5  n s  ( a s  e x p e c t e d )  
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Longitudinal laser structureLongitudinal laser structure
•• T h e  l o n g i t u d i n a l  s t r u c t u r e  i s  d u e  t o  l o n g i t u d i n a l  m o d e  T h e  l o n g i t u d i n a l  s t r u c t u r e  i s  d u e  t o  l o n g i t u d i n a l  m o d e  

b e a t i n g  b e a t i n g  –– t h i s  w a s  e x p e c t e dt h i s  w a s  e x p e c t e d
•• T h e  b e a t i n g  c h a n g e s  f r o m  s h o t  t o  s h o tT h e  b e a t i n g  c h a n g e s  f r o m  s h o t  t o  s h o t

30 ps

79 ps
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Laser SummaryLaser Summary
•• A s  e x p e c t e d  f o r  a  t h i s  t y p e  o f  l a s e r ,  t h e  l o n g i t u d i n a l  A s  e x p e c t e d  f o r  a  t h i s  t y p e  o f  l a s e r ,  t h e  l o n g i t u d i n a l  

p r o f i l e  s h o w s  s u b s t r u c t u r e  d u e  t o  m o d e  b e a t i n gp r o f i l e  s h o w s  s u b s t r u c t u r e  d u e  t o  m o d e  b e a t i n g
•• T h e  s p i k e s  h a v e  a  w i d t h  o f  3 0  t o  6 0  p s  a n d  a  d i s t a n c e  o f  T h e  s p i k e s  h a v e  a  w i d t h  o f  3 0  t o  6 0  p s  a n d  a  d i s t a n c e  o f  

6 0  t o  8 0  p s6 0  t o  8 0  p s
•• U n f o r t u n a t e l y ,  t h e  s t r u c t u r e  i s  n o t  s t a b l e  a n d  c h a n g e s  U n f o r t u n a t e l y ,  t h e  s t r u c t u r e  i s  n o t  s t a b l e  a n d  c h a n g e s  

f r o m  s h o t  t o  s h o tf r o m  s h o t  t o  s h o t
•• T o  o v e r c o m e  t h i s ,  t h e  l a s e r  h a s  t o  b e  e q u i p p e d  w i t h  a  T o  o v e r c o m e  t h i s ,  t h e  l a s e r  h a s  t o  b e  e q u i p p e d  w i t h  a  

f r e q u e n c y  s t a b i l i z e d  s e e d  l a s e r  o r  e v e n t u a l l y  w i t h  a n  f r e q u e n c y  s t a b i l i z e d  s e e d  l a s e r  o r  e v e n t u a l l y  w i t h  a n  
E t a l o nE t a l o n

•• H o t  s p o t s  a  p r o b l e m  ( t e m p  s t a b i l i t y )H o t  s p o t s  a  p r o b l e m  ( t e m p  s t a b i l i t y )
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First Photons 31.07.03First Photons 31.07.03

Laser on Laser off

Photodiode at IP

Q-switch

Calorimeter
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Result Orbit ScanResult Orbit Scan

•• G a u s s i a n  a p p r o x i ma t i o n  o f  b e a m s h a p e  G a u s s i a n  a p p r o x i ma t i o n  o f  b e a m s h a p e  
σσm m =  ( 0 . 1 7 5  =  ( 0 . 1 7 5  ±  0 . 0 2 0±  0 . 0 2 0 s t a ts t a t ±  0 . 0 3 8±  0 . 0 3 8 s y ss y s )  mm)  mm

•• V e r t i c a l  b e a m s i z eV e r t i c a l  b e a m s i z e
σσee =  s q r t (=  s q r t ( σσmm -- σσLL )  )  
l a s e r  l a s e r  σσLL =  ( 4 0  =  ( 4 0  ± ± 1 0 )1 0 ) µµmm
σσee =  ( 1 7 0  =  ( 1 7 0  ±  2 3  ±  3 7 )  ±  2 3  ±  3 7 )  µµmm

•• R e s u l t  o f  f i t  s e n s i t i v e  t o  R e s u l t  o f  f i t  s e n s i t i v e  t o  
b a c k g r o u n d  mo d e l l i n gb a c k g r o u n d  mo d e l l i n g

•• S y s t e ma t i c  e r r o r  d o mi n a t e d  S y s t e ma t i c  e r r o r  d o mi n a t e d  
b y  v e r t i c a l  o r b i t  j i t t e rb y  v e r t i c a l  o r b i t  j i t t e r

•• M o r e  me a s u r e me n t s  a n d  M o r e  me a s u r e me n t s  a n d  
u n d e r s t a n i n g  o f  b k g  s o u r c e s  u n d e r s t a n i n g  o f  b k g  s o u r c e s  
n e c e s s a r yn e c e s s a r y
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Fast Scanner OperationFast Scanner Operation
•• N e x t  s c a n  w i t h  r e m o t e  N e x t  s c a n  w i t h  r e m o t e  

c o n t r o l l e d  fa s t  s c a n n e rc o n t r o l l e d  fa s t  s c a n n e r
•• O r b i t  p o s i t i o n  s t a b l eO r b i t  p o s i t i o n  s t a b l e
•• S c a n  r a n g e :  S c a n  r a n g e :  ±  2 . 5  ±  2 . 5  m r a dm r a d

-- S c a n  l i n e  = r a n g e  *  S c a n  l i n e  = r a n g e  *  fflenslens==
0 . 6 2 5  m m  ( ±  2 0 % )0 . 6 2 5  m m  ( ±  2 0 % )

•• C h a n g e  a m p l i t u d e  o f s c a n n e r  C h a n g e  a m p l i t u d e  o f s c a n n e r  
p o w e r  s u p p l y  ( 1p o w e r  s u p p l y  ( 1 --1 0 0 V )1 0 0 V )

•• T a k e  5 k  c o u n t sT a k e  5 k  c o u n t s
•• R e c o r d  l a s e r  I P  i m a g e  w i t h  R e c o r d  l a s e r  I P  i m a g e  w i t h  

C C DC C D
•• M o v e  l a s e r  b e a mM o v e  l a s e r  b e a m
•• T a k e  5 k  c o u n t s  . . .T a k e  5 k  c o u n t s  . . .

SCANNER

125 mm

IMAGING
LENS

TO
DUMP

VIEWPORT
MIRROR SPLITTER

CCD

BEAM

LENS
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CCD DiagnosticsCCD Diagnostics
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Data and AnalysisData and Analysis
•• S e v e n  s c a n  p o i n t s  r e c o r d e dS e v e n  s c a n  p o i n t s  r e c o r d e d
•• 5  mi n  /  p o i n t5  mi n  /  p o i n t
•• 4 0  mi n  f o r  f u l l  s c a n4 0  mi n  f o r  f u l l  s c a n
•• P o s i t r o n  b e a m p o s i t i o n  s t a b l e  P o s i t r o n  b e a m p o s i t i o n  s t a b l e  

w i t h i n  w i t h i n  ±  4 0  ±  4 0  µµmm
•• M o v i n g  l o w  e n e r g y  p e d e s t a lM o v i n g  l o w  e n e r g y  p e d e s t a l
•• N o  b a c k g r o u n d  mo d e lN o  b a c k g r o u n d  mo d e l
•• O r b i t  s t a b l e  O r b i t  s t a b l e  �� b k g  c o n s t .b k g  c o n s t .
•• S i mp l e  p e d e s t a l  c u t  i n s t e a dS i mp l e  p e d e s t a l  c u t  i n s t e a d
•• S u f f i c i e n t  b a c k g r o u n d  S u f f i c i e n t  b a c k g r o u n d  

r e j e c t i o nr e j e c t i o n
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New Setting 5.12.03New Setting 5.12.03
•• P o s i t r o n  b e a m  i n  P E T R AP o s i t r o n  b e a m  i n  P E T R A
•• B e a m  e n e r g y :  7  G e VB e a m  e n e r g y :  7  G e V
•• P o s i t r o n  b e a m  o p t i c s  n o t  a s  i n  O c t o b e r  s c a n s .P o s i t r o n  b e a m  o p t i c s  n o t  a s  i n  O c t o b e r  s c a n s .
•• B u n c h  p a t t e r n :  1 4  x  1  b u n c h  e v e n l y  f i l l e dB u n c h  p a t t e r n :  1 4  x  1  b u n c h  e v e n l y  f i l l e d
•• L o w  c u r r e n t :  7 . 1  m A ,  f i r s t  b u n c h  0 . 4 5 8  m AL o w  c u r r e n t :  7 . 1  m A ,  f i r s t  b u n c h  0 . 4 5 8  m A

-- B u n c h  c h a r g e  =  a v g .  c u r r e n t  /  ( r e p r a t e  *  N b u n c h e s )  =  3 . 9  n CB u n c h  c h a r g e  =  a v g .  c u r r e n t  /  ( r e p r a t e  *  N b u n c h e s )  =  3 . 9  n C
•• H i g h  c u r r e n t :  4 0 . 5  m A ,  f i r s t  b u n c h  2 . 6 8 6  m AH i g h  c u r r e n t :  4 0 . 5  m A ,  f i r s t  b u n c h  2 . 6 8 6  m A

-- B u n c h  c h a r g e  =  2 2 . 3  n CB u n c h  c h a r g e  =  2 2 . 3  n C
•• V e r t i c a l  a n d  h o r i z o n t a l  o r b i t  b u m p s  t o  s t e e r  p o s i t r o n  b e a m  V e r t i c a l  a n d  h o r i z o n t a l  o r b i t  b u m p s  t o  s t e e r  p o s i t r o n  b e a m  

i n t o  l a s e r  b e a mi n t o  l a s e r  b e a m
-- C l o s e d  s y m m e t r i c  b u m p s  u s i n g  f o u r  s t e e r e r sC l o s e d  s y m m e t r i c  b u m p s  u s i n g  f o u r  s t e e r e r s

•• S c a n n i n g  o f  l a s e r  b e a m  u s i n g  t h e  f a s t  p i e z o  s c a n n e rS c a n n i n g  o f  l a s e r  b e a m  u s i n g  t h e  f a s t  p i e z o  s c a n n e r
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Results 04.12.03 DataResults 04.12.03 Data

•• G a u s s i a n  a p p r o x i m a t i o n  o f  b e a m  s h a p eG a u s s i a n  a p p r o x i m a t i o n  o f  b e a m  s h a p e
σσm m = ( 6 8  = ( 6 8  ± ± 3  3  ± ± 2 0 )  2 0 )  µµm  a t  l o w  c u r r e n tm  a t  l o w  c u r r e n t
σσm m = ( 8 0  = ( 8 0  ± ± 6  6  ± ± 2 0 )  2 0 )  µµm  a t  h i g h  c u r r e n tm  a t  h i g h  c u r r e n t



27th February 2004 G .  B l ai r,  R H U L 45

Immediate PlansImmediate Plans
•• L a s e r w i r e  a t  P E T R A  p r o d u c e d  f i r s t  c o m p t o n  p h o t o n s  a n d  L a s e r w i r e  a t  P E T R A  p r o d u c e d  f i r s t  c o m p t o n  p h o t o n s  a n d  

m e a s u r e  v e r t i c a l  b e a m  s i z e  N e x t  s t e p s :m e a s u r e  v e r t i c a l  b e a m  s i z e  N e x t  s t e p s :
•• R eR e --c a l i b r a t e  c a l o r i m e t e r  ( r a d i a t i o n  d a m a g e ? )c a l i b r a t e  c a l o r i m e t e r  ( r a d i a t i o n  d a m a g e ? )
•• F u l l  c h a r a c t e r i s a t i o n  o f  l a s e r :  b e a m  s i z e ,  d i v e r g e n c e ,  a n d  F u l l  c h a r a c t e r i s a t i o n  o f  l a s e r :  b e a m  s i z e ,  d i v e r g e n c e ,  a n d  

p o w e r  ( s t a b i l i t y )  w i t h  s l o t  s c a n s  a n d  i m a g i n g  t e c h n i q u e sp o w e r  ( s t a b i l i t y )  w i t h  s l o t  s c a n s  a n d  i m a g i n g  t e c h n i q u e s
•• U p d a t e  a l l  r e a d o u t  s o f t w a r e ,  m e r g e  B P M , C C D  a n d  P M T  U p d a t e  a l l  r e a d o u t  s o f t w a r e ,  m e r g e  B P M , C C D  a n d  P M T  

s o f t w a r es o f t w a r e
•• N e w  T r i g g e r  b o x  a n d  c a l o r i m e t e r  r e a d o u t .N e w  T r i g g e r  b o x  a n d  c a l o r i m e t e r  r e a d o u t .
•• S y s t e m a t i c  s c a n s  w i t h  t h e  f a s t  s c a n n e rS y s t e m a t i c  s c a n s  w i t h  t h e  f a s t  s c a n n e r
•• G o  t o  s m a l l e r  l a s e r  s p o t  s i z e s  a n d  r e d u c e  e r r o r  b a r sG o  t o  s m a l l e r  l a s e r  s p o t  s i z e s  a n d  r e d u c e  e r r o r  b a r s
•• B u i l d  s e c o n d  d i m e n s i o n  s c a n n e r .B u i l d  s e c o n d  d i m e n s i o n  s c a n n e r .
•• P u s h  u p  t h e  p i e z oP u s h  u p  t h e  p i e z o --s c a n n i n g  s p e e ds c a n n i n g  s p e e d
•• T r y  t o  u p g r a d e / r e p l a c e  t h e  l a s e rT r y  t o  u p g r a d e / r e p l a c e  t h e  l a s e r
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Future ProgrammeFuture Programme
•• L a s e r w i r eL a s e r w i r e --U K  m e e t i n g  h e l d  a t  O x f o r d  i n  J a n  0 4U K  m e e t i n g  h e l d  a t  O x f o r d  i n  J a n  0 4
•• N e w  i d e a s  f o r  h i g h  p o w e r  t e s t s  w i t h  m i c r o n  s p o t  s i z e s ,  N e w  i d e a s  f o r  h i g h  p o w e r  t e s t s  w i t h  m i c r o n  s p o t  s i z e s ,  

p o s s i b l y  a t  A T F  i n  K E K ?p o s s i b l y  a t  A T F  i n  K E K ?
•• I n c o r p o r a t e  n e w  B P M s  a n d  T R D s  i n  i n t e g r a t e d  v a c u u m  I n c o r p o r a t e  n e w  B P M s  a n d  T R D s  i n  i n t e g r a t e d  v a c u u m  

v e s s e l .  v e s s e l .  
•• I n v e s t i g a t e  n e w  C C D  r e a d o u t  s p e e d s ,  c o m b i n e d  w i t h  f a s t  I n v e s t i g a t e  n e w  C C D  r e a d o u t  s p e e d s ,  c o m b i n e d  w i t h  f a s t  

p o s i t i o np o s i t i o n --s e n s i t i v e  d e t e c t o r s .s e n s i t i v e  d e t e c t o r s .
•• S e t  u p  a d v a n c e d  l a s e rS e t  u p  a d v a n c e d  l a s e r --s y s t e m s  p o s t  L C  t e c h n o l o g y  c h o i c e .s y s t e m s  p o s t  L C  t e c h n o l o g y  c h o i c e .
•• S t a r t  d e s i g n i n g  a  c o m p l e t e  l a s e rS t a r t  d e s i g n i n g  a  c o m p l e t e  l a s e r --w i r e  e m i t t a n c e  w i r e  e m i t t a n c e  

m e a s u r e m e n t  s y s t e m  f o r  t h e  L C  B D S .m e a s u r e m e n t  s y s t e m  f o r  t h e  L C  B D S .

S u m m a r y :S u m m a r y :
•• V e r y  a c t i v e  o n g o i n g  p r o g r a m m e  a t  P E T R A .V e r y  a c t i v e  o n g o i n g  p r o g r a m m e  a t  P E T R A .
•• E x c i t i n g  n e w  p l a n s  a n d  i d e a s .E x c i t i n g  n e w  p l a n s  a n d  i d e a s .


