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Error	
  studies	
  at	
  4	
  deg	
  ,	
  8	
  deg	
  mode	
  
(10	
  x	
  βx*,	
  3	
  x	
  βy*	
  optics)　	
  

Layout	

Beam time status in 2012 

To-do + goals 

Summary 
Statistical errors in afternoon talk 

Systematic    errors Current laser  
　system  
condition 

first	
  M	
  detec2on	
  of	
  30	
  deg	
  mode:	
  	
  
(10	
  x	
  βx*,	
  10	
  x	
  βy*	
  optics)　	
  

174	
  deg	
  mode	
  	
  	
  (maybe	
  detected)	
  
(10	
  x	
  βx*,	
  3	
  x	
  βy*	
  optics)　	
  



largest Mmeas = 0.522 ± 0.042   ßà  σy,meas ~" 165 nm	
  

σy*= 201 ± 4.4 (stat.) nm 
Mmeas = 0.429 ± 0.012 (stat.) 
  
10 stable consecutive scans 
   30 deg,   Feb 17, 2012 
	
  10	
  x　βx*,	
  　10	
  x　βy*	
  	
  ,	
  S/N	
  ~	
  4	
  
 
 

Commissioning	
  of	
  30	
  deg	
  mode	
  
	
  

174	
  deg	
  mode:	
  	
  	
  	
  maybe	
  first	
  M	
  detec2on	
  
(10	
  x	
  βx*,	
  3	
  x	
  βy*	
  ,	
  	
  	
  S/N	
  ~	
  1)	
  

fringe-­‐scan	
  

Z-­‐scan	
  

Challenging conditions …… 
   σy* 	
  is	
  s2ll	
  large,	
  may	
  have	
  changed	
  over	
  8	
  hrs	
  
measured	
  M	
  >	
  0.1	
  many	
  2mes,	
  but	
  not	
  enough	
  reproducibility	
  

 Max.   Mmeas ~ 0.13  (stat.)    σy* ~ 90 nm 



8 deg mode: 　　 σy*= 413.4 ± 44.4  nm       Mmeas ~ 0.79 
From 11 stable consecutive scans 
   8 deg,   Feb 21, 2012    	
  	
  	
  (10	
  x　βx*,	
  　3	
  x　βy*	
  	
  ,	
  	
  S/N	
  ~	
  1	
  )	
  

M still at 0.8 after  
switching to 4 deg mode 

M ~ 0.8   (8 deg) 

Error	
  studies	
  at	
  	
  
4	
  ,	
  8	
  	
  deg	
  mode	
  	
  	
  	
  	
  



 
 Syst.	
  Error	
  studies	
  at	
  4	
  deg,	
  8	
  deg	
  mode	
  	
  	
  　	
  

  after vertical orbit tuning, coupling, dispersion correction 
 Mmeas  ~ " 0.8  (σy∗ ~  400 nm)    @ 8 deg mode  (2/21	
  ,	
  3	
  x	
  βy*) 
 
u  Next switched to 3.98 (4) deg mode 
If σy∗  ~ 400 nm didn’t change  
  M ~ 0.94 expected,  but M only reached 0.75 ~ 0.8  
 
   à overall M reduction factor due to syst. errors : C ∼ 0.8  (∴ 0.75 / 0.94)  
  could be worse ∴  8 deg mode already limited by syst. errors 

 
 
 
 
 
 
            

Modulation Reduction Factors　　 

　σy* over-evaluated   

can σy,meas  
be reproduced ? 	




Fringe	
  Tilt	


 transverse           longitudinal	


Evaluation from beam time data 

• 	
  Longitudinal	
  Hlt	
  	
  not	
  a	
  major	
  concern	
  
 
•  large σx*  (currently ~ 10 µm) 
    impact tranv.. tilt 

   aim for  
  alignment precision  
     (Δy, Δz)   < ~ (3 mm, 1 mm) 



Rela2ve	
  posi2on	
  jiZer	
  
In general: 　Δy ~ 0.3 σy    
ßà　　Δα  > ~ 250 mrad for 174 deg mode 
 　Cphase ~  98 % 　 

Small σy* is sensitive IPBPM data not yet available 
è  Estimate “worst  Δα “  from M plot: 

feedback correction 
beam position measurement 
 by IPBPM ? 
 
    (à afternoon Goal II session) 



Phase	
  dri[	


 typically   
 30 - 90 mrad  per min 
à neglegible 

 2/ 21: (3×β∗y ) 
  
1.8 mrad/ min  (8 deg) 
24 mrad/ min   (4 deg )   

Esig = Eav {1 + Mcos (α + α0)}  
initial phase α0  vs  time   

•    adjust to S state by rotating  λ /2 disk"
•  not measured recently 
ü half mirror properties    (50% reflection only for pure S) 
ü eccentricity （P contamination) 

•    measured in past :   Cpol ~ 97.8 (2-8, 30 deg)         Cpol ~ 97.2 (174 deg) 
   for now assume   Cpol  ~ 98 %"

 (ex:) 2/17 : (30 deg, 10×β∗y ) 
 66 mrad/ min 

Polariza2on	
  related	
  power	
  imbalance	
  
impacts fringe contrast	
  

•  misalignment of final lens focal point  
•  divergence angle affected by reducer setup	
  

laser	
  profile	
  imbalance	

•  	
  replaced	
  damaged	
  opHcal	
  components	
  
•  	
  	
  opHmized	
  lens	
  /	
  reducer	
  setup,	
  alignment	
  	
  è	
  	
  C	
  profile	
  	
  =	
  	
  99	
  -­‐	
  100	
  %	
  	
  	
  	
  	
  	
  not	
  major	
  concern	
  now	
  



 
 
 
 
 
 
          

Systematic Errors estimated from actual beam time data 

•  total	
  M	
  reducHon	
  close	
  to,	
  but	
  not	
  agree	
  with	
  esHmated	
  upper	
  limit	
  C	
  ~	
  	
  0.8	
  
•  Not	
  adequate	
  data	
  to	
  accurately	
  evaluate	
  all	
  error	
  types	
  	
  	
  (ex:	
  )	
  	
  Cpol	
  >	
  98%,	
  	
  	
  	
  	
  phase	
  driS	
  (few%	
  ?)	
  
	
  	
  	
  	
  
	
  	
  	
  	
  	
  largest	
  syst.	
  errors	
  appear	
  to	
  be	
  
•  rela2ve	
  posi2on	
  jiZer	
  (phase	
  jiZer)	
  à	
  	
  feedback	
  correcHon	
  of	
  beam	
  posiHon	
  
•  Fringe	
  2lt:	
  à	
  now	
  prac-cing	
  more	
  precise	
  alignment,	
  	
  tune	
  σ∗x	
  smaller	
  (also	
  	
  issues	
  of	
  rotated	
  beam	
  ,	
  

coupling)	
  effects	


Especially	
  happened	
  to	
  be	
  heavy	
  for	
  30	
  deg	
  	
  
Even	
  so	
  detect	
  M	
  at	
  30	
  deg	
  	
  	
  à	
  	
  	
  σy*	
  much	
  smaller	
  than	
  200	
  nm	
  (?!)	
  



Small σy* sensitive to 
relative position jitter 

 
 
 
 
 
 
            

Syst.	
  Errors	
  for	
  174	
  deg	
  mode	
  

Fringe tilt should not 
 be concern if  
meet alignment precision	
Some errors intrinsic to 174 deg mode 

à Special hardware upgrades    (coming up)	




 add mover   (stroke 30 mm, 0.1 µm res.) 
 to final lens 

Change	
  of	
  beam	
  size	
  within	
  fringe	
  

Focal scanner à align focal point to IP 
expected precision: <  9% of Rayleigh length 

Syst.	
  Errors	
  specific	
  to	
  174°mode	


Spherical	
  Wavefront	
  	
  
Offset	
  between	
  beam	
  and	
  laser	
  waist	
  
à  beam	
  “feels”	
  distorted	
  fringes	
  
à  　Csphere	
  	
  >	
  99.7	
  %	
  	
  	
  	
  	
  	
  

Strong focusing,  
  change in σy* within laser fringes 
  no longer neglegible 
 
   Cgrowth ~ 99.7%	


  
.	




region	
 status	


1	
  rela2ve	
  2ming	
 Stability	
  ~	
  500	
  ps	
  	
  :	
  	
  	
  	
  ~	
  1.5%	
  on	
  stat.errors	
  

2.	
  Intensity	
  
	
  
	
  intensity	
  issues!!	


Stability	
  ~	
  1%	
  	
  	
  :	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  1	
  %	
  on	
  stat.	
  errors	
  	
  	
  	
  	
  	
  	
  
	
  
opHcal	
  components,	
  viewport	
  damaged	
  by	
  high	
  intensity	
  laser	
  
Reducer	
  setup,	
  final	
  lens,	
  flash-­‐lamp	
  exchange	
  
~	
  	
  50%	
  power	
  opera2on	
  	
  for	
  now	
  

3.	
  	
  temperature	
 constantly	
  monitored	
  according	
  to	
  standards	
  for	
  stable	
  operaHon	
  

4.	
  Oscilla2on	
  	
   flash	
  lamp	
  exchanged	
  
seeder	
  malfuncHon	
  occasionally	
  	
  àInspecHon	
  by	
  technician	
  

5.	
  profile	
   Triangular	
  (non-­‐Gaussian)	
  on	
  verHcal	
  table,	
  dark	
  spots	
  
Improve	
  by	
  cavity	
  rear	
  mirror	
  tuning	
  
	
  

6.	
  Laser	
  posi2on	
  	
  
	
  	
  	
  	
  stability	


Added	
  Beamlok	


　Current	
  status	
  :	
  laser	
  system	
  



Status	
  :	
  	
  
v  Commissioned	
  30	
  deg	
  mode	
  :	
  	
  M	
  ~	
  0.5	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  stably	
  measured	
  σy*	
  ~	
  	
  200	
  nm	
  	
  	
  	
  
v  Error	
  studies	
  at	
  4	
  deg,	
  8	
  deg	
  mode	
  
v  174	
  deg	
  mode:	
  	
  	
  M	
  maybe	
  detected	
  
	
  
Systema2c	
  Errors:	
  	
  
v  Upper	
  limit	
  on	
  M	
  :	
  C	
  ~	
  0.8	
  	
  	
  
	
  	
  	
  	
  	
  (from	
  4,	
  8	
  deg	
  mode	
  studies;	
  	
  	
  depend	
  on	
  condi-on)	
  
v  Rela2ve	
  posi2on	
  jiZers,	
  	
  	
  	
  fringe	
  2lt	
  
	
  
Solu2ons:	
  	
  
v  Improvements	
  in	
  alignment	
  ,	
  	
  hardware/	
  so[ware	
  upgrade	
  	
  
v  Accurately	
  es2mate	
  syst.	
  errors	
  to	
  correct	
  σmeas	
  
	
  	
  	
  	
  important	
  for	
  mode	
  switching,	
  precision	
  at	
  174	
  deg	
  mode	
  

Summary	




More	
  on	
  beam	
  stability	
  	
  
coming	
  up	
  in	
  a>ernoon	
  talk	
  	
  
	


•  As effective beam tuning device :  
    Reproduce beam sizes in between mode switching 

•  Fully commission 174 deg mode 
     Consistent M-detection  
     accurate measure σy* < 100 nm at 174 deg 
 
•  resolve and accurately evaluate systematic errors  
 
•  bias factors intrinsic to 174 deg mode 

Laser issues 
• Maintain stable system 
• Improve profile 
• Optimize setup of reducer, final lens 

• Intensity control 
     Important for nominal beam operation !!! 

Goal and Plans    for 2012 spring run 
  



BACKUP	




largest Mmeas = 0.522 ± 0.042   ßà  σy,meas ~" 165 nm	
  

σy*= 201 ± 4.4 (stat.) nm 
Mmeas = 0.429 ± 0.012 (stat.) 
  
From 10 stable consecutive scans 
   30 deg,   Feb 17, 2012 
	
  (10	
  x　βx*,	
  　10	
  x　βy*	
  opHcs)	
  
 
 

Commissioning	
  of	
  30	
  deg	
  mode	
  
	
  

•  S/N	
  :	
  4	
  –	
  5	
  	
  
•  Signal	
  jiFer	
  ~	
  22%	
  
•  BG	
  fluc.	
  ~	
  15%	
  
stable	
  	
  beam	
  current	
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~	
  20	
  m	
  	


垂直定盤	
  

レーザー定盤　 
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　	


 -- Laser 源 
--  運送前の状態 
     を調整・監視	


　干渉縞の形成	




　　-­‐-­‐	
  Piezo	
  stage	
  による位相制御	
  

	
  	
  	
  	
  -­‐-­‐	
  	
  	
  回転ステージ、prism	
  stage	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  とmirror	
  actuator	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  で各モードの光路を作る　	
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Vertical  table 
Nd	
  :YAG	
  	
  
Q-­‐Switch	
  laser　　　　　　　　　　　　	
  
PRO350	
  	
  
Spectra	
  Physics	
  



Parameters	
  	
  	
 Requirement	
  /	
  goals	


BG	
  energy	
  	
 	
  	
  	
  	
  suppress	
  	
  fluctua2on	
  

S/N	
 	
  3	
  –	
  4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (>	
  1	
  	
  at	
  least	
  )	


Sig.	
  	
  Energy	
  	
 Should	
  meet	
  expecta2on	
  	
  	
  	
  	
  	
  	
  40-­‐	
  50	
  GeV	
  in	
  laser	
  wire	
  peak	
  
	


Sig.	
  jiier	
 <	
  	
  20	
  %	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  beier	
  to	
  be	
  around	
  10%	
  
	


Laser	
  spot	
  size	
  	
 10	
  –	
  15	
  	
  μm	
  	
  	
  	
  	
  now	
  OK	
  
	
  

Laser	
  poinHng	
  
stability	


<	
  1	
  μm	
  @	
  IP	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (	
  <	
  50	
  μm	
  @	
  other	
  PSDs	
  on	
  opHcal	
  tables)	
  
	
  
	
  

ICT	
  	
  [10^9	
  e-­‐/bunch]	
   6	
  –	
  7	
  x	
  10^9	
  /	
  bunch	
  	
  ,	
  fluc	
  <	
  few%	
  	
  	
  	
  	
  	
  	
  	
  	
  now	
  OK	


Requirements for 
beam time conditions	




Resolution < 10% expected  
for σy 25 nm ~6 µm 
 
However…….	
  
•  degraded	
  for	
  low	
  S/N	
  	
  
	
  	
  	
  	
  ~	
  	
  15%	
  in	
  Dec,	
  2010	
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Expected	
  performance	
  and	
  resolu2on	


simula2on	
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Crossing	
  angle　θ	
 174°	
 30°	
 8°	
 2°	


Fringe	
  pitch	
  d	
  
	
  

266	
  nm	
 1.028	
  μm	
 3.81	
  μm	
 15.2　μm	


Lower	
  limit	
 25	
  nm	
 80	
  nm	
 350	
  nm	
 1.2	
  μm	


Upper	
  limit	
 100	
  nm	
 360	
  nm	
 1.4	
  μm	
 6	
  μm	


Resolu2on	
  for	
  each	
  mode	
  

Assuming ~ 4 % res. 


