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Outline 
Measurements and results:   

 run 2010, 2011, 2012 

Analysis: 
 BBA model sensitivity, Measurement repeatability, 
 Accuracy limitation  

Documentation: 
 BBA Database; BBA elog; run-time log files, paper & tech note 

Application Development: 
 pre 2012; 2012; post 2012 

APEX plan for run 2013 
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Why is BBA Measurement Difficult in RHIC    

1.  Limited dipole correctors. In each 3-corrector 
bump there are 6-7 quads 2 DXs, 2 D0s; 

2.  Can not decouple the effects of Q1, Q2, Q3 
and they are equally strong; 

3.  Unknown magnet alignment errors;  
4.  Unknown beam positions and angles at the 

first corrector (beam angle at triplet); 
5.  Very large ring. When all the BPMs in all arcs 

are used, some BPMs contribute to noise 
more than to signal; 

6.  Signal/Noise ratio is low.  
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BBA Limitations on RHIC by Design   

1.  BBA requires a BPM-quad pair located near each other and 
independent control of the quads; 

2.  only quads Q1 - Q9 have the possibility of independent control; 
3.  All Q1 and Q3 quads have associated BPMs, but Q2 quads don’t; 
4.  Q1, Q3, Q4, Q7, and Q8 quads are associated with dual-plane 

BPMs; 
5.  Q5, Q6, and Q9 have only one plane available;  
6.  All of Q1, Q2, and Q3 quadrupoles allow for independent power 

supply control;  
7.  None of Q4, Q5, or Q6 have independent control; 
8.  However, it is possible to perform BBA on the associate BPMs using 

trim quads TQ4, TQ5, and TQ6 which are independently controlled;   
9.  Independent control of Q7, Q8, and Q9 quads varies by IR and ring. 
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BBA-able Quadurpole-BPM Pairs (Blue) 
(Only those quads with independent control and a nearby BPM plane can be used for BBA) 

IC = Independent Control of power supply is available  
H, V = Horizontal or Vertical BPM plane is available 

H+V	
  

Q1	
   24	
  

Q2	
   0	
  

Q3	
   24	
  

Q4	
   0	
  

TQ4	
   24	
  

Q5	
   0	
  

TQ5	
   12	
  

Q6	
   0	
  

TQ6	
   12	
  

Q7	
   8	
  

Q8	
   14	
  

Q9	
   7	
  

Total	
   125	
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BBA-able Quadurpole-BPM Pairs (Yellow) 
(Only those quads with independent control and a nearby BPM plane can be used for BBA) 

IC = Independent Control of power supply is available  
H, V = Horizontal or Vertical BPM plane is available 

H+V	
  

Q1	
   24	
  

Q2	
   0	
  

Q3	
   24	
  

Q4	
   0	
  

TQ4	
   24	
  

Q5	
   0	
  

TQ5	
   12	
  

Q6	
   0	
  

TQ6	
   12	
  

Q7	
   8	
  

Q8	
   14	
  

Q9	
   7	
  

Total	
   125	
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RHIC BBA Activity 2010 

RHIC 2010 Activities 

Measurements:  
 16 in Blue; 25 in Yellow 

Results:  
 1) Half of the results with      

re-measurements were      
inconsistent;  

 2) No error analysis;  
 3) Average error bar:           

178µm  
     (reanalyzed in 2012)  

Corrections:  
     None after offset reversal fix 
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RHIC BBA Activity 2011 

RHIC 2011 Activities 

Measurements:  
 13 in Blue; 1 in Yellow 

Results:  
 1) Almost all results with 
     re-measurements were 
     inconsistent;  
 2) No error analysis;  
 3) Average error bar:  
     314µm  
     (reanalyzed in 2012)  

Corrections:  
 None 
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BBA Procedure Before and After Run 2012 
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BBA Measurement Status (at Q1, Q3 & tQ4) 
During RHIC run12     

bh1 bv1 bh3 bv3 bh4 bv4 bh1 bv1 bh3 bv3 bh4 bv4 

bi1- 6/13/12 6/13/12 6/13/12 6/13/12 yo1- 5/30/12 5/30/12 6/13/12 5/30/12 6/13/12 6/13/12 

bo2- 6/13/12 6/13/12 6/13/12 6/13/12 yi2- 5/30/12 5/30/12 5/30/12 6/13/12 6/13/12 6/13/12 

bo3- 6/13/12 6/13/12 6/13/12 6/13/12 yi3- 6/13/12 6/13/12 5/30/12 6/13/12 

bi4- 6/13/12 6/13/12 6/13/12 6/13/12 yo4- 6/13/12 6/13/12 6/13/12 6/13/12 

bi5- 5/2/12 5/2/12 5/30/12 5/30/12 5/2/12 6/13/12 yo5- 5/16/12 5/16/12 5/16/12 5/16/12 5/16/12 5/16/12 

bo6- 5/2/12 5/2/12 5/2/12 5/2/12 5/2/12 5/2/12 yi6- 5/16/12 5/16/12 5/16/12 5/16/12 5/16/12 5/16/12 

bo7- 5/30/12 5/30/12 5/30/12 6/13/12 6/13/12 6/13/12 yi7- 5/16/12 5/16/12 5/16/12 5/16/12 6/13/12 5/17/12 

bi8- 5/30/12 5/30/12 6/13/12 5/30/12 6/13/12 6/13/12 yo8- 5/30/12 5/30/12 6/13/12 5/17/12 5/17/12 6/13/12 

bi9- 5/30/12 5/30/12 6/13/12 6/13/12 yo9- 5/17/12 6/13/12 6/13/12 5/30/12 6/13/12 6/13/12 

bo10- 6/13/12 6/13/12 6/13/12 5/30/12 yi10- 5/17/12 5/30/12 6/13/12 6/13/12 6/13/12 6/13/12 

bo11- 5/30/12 5/30/12 5/30/12 6/13/12 6/13/12 6/13/12 yi11- 6/13/12 6/13/12 5/30/12 5/30/12 6/13/12 6/13/12 

bi12- 5/30/12 5/30/12 5/30/12 6/13/12 6/13/12 6/13/12 yo12- 5/30/12 5/30/12 6/13/12 5/30/12 6/13/12 6/13/12 
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RHIC BBA Activity 2012 

RHIC 2012 Activities 

Measurements:  
 60 in Blue; 68 in Yellow 
 (Finished all Q1s & Q3s)  

Results:  
 1) Most of re-measurements 
     were consistent;  
 2) With error analysis;  
 3) Average error bar:       
     138µm   

Corrections:  
 All BPMs that are measured 
 (60 in Blue; 68 in Yellow) 
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Results from the BBA Analysis 
All BPMs in Yellow measured-corrected-remeasured in run 12     
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yo1 bh3
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Results from the BBA Analysis 
All BPMs in Blue measured-corrected-remeasured in run 12  
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BBA Model Sensitivity Analysis 
Include all Q1, Q3 and tQ4 Measurement data obtained during run 2012     

Q1 
<d(dA/dx)/dk> = 31.4 
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tQ4 
<d(dA/dx)/dk> = 18.2 

Q3 
<d(dA/dx)/dk> = 33.9 
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BBA Measurement Repeatability 
yo5-bh3 Measurements during run 12     
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Yellow:  Au104 Phys 
Fill 11882, Δk=-1e-3 
3/9/2010, 23:21 

Red:    pp12b-v2 Phys 
Fill 16600 Δk=-(1,2)e-3 
3/21/2012, 18:10,19:03 

Green:  U12-v2 Set up 
Fill 16756 Δk=(1,2)e-3 
4/22/2012, 9:50-10:00 

Purple: U12-v2 Set up 
Fill 16756 Δk=-2e-3 
4/22/2012, 10:04 

Cyan: U12-v2 Set up 
Fill 16758 Δk=-2e-3 
4/22/2012, 11:56 

Cyan: U12-v2 Set up 
Fill 16758 Δk=1.5e-3 
4/22/2012, 12:01, 12:06  

2012 measurements: Center_ave = -2137µm, Center_RMS = 140µm, Error_ave = 149µm, Error_RMS = 50µm       
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RHIC BBA Activity Documentations   

1.  BBA Database tables:  
 a) “BBAelem”: Complete elements (384 total) with 15 searchable attributes; 
 b) “BBAMeas”: All measurements (257 sets) with 37 searchable attributes; 
 c)  Accessible online: http://www.cadops.bnl.gov/Controls/apps/dbbrowser/ 

2.  BBA elog was established at the beginning of run 2012. Records: 
 a) pre APEX planning, notes during APEX sessions, post APEX summaries; 
 b) Data process preliminary and final graphs and results;  
 c) BBA discussions and communications. 
 Accessible online: http://www.cadops.bnl.gov/cgi-bin/elog/ 

3.  Run-time log-files are saved automatically by the measurement script. 

4.  PAC 2011 paper reported 2010 and 2011 activities and major results. 

5.  Tech Note reports 2012 activities and major results. 
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Summary of BBA Measurement and Correction   

1.  Now RHIC BBA generally produces reliable results. 

2.  It takes 3-4 min for each set of measurement with good accuracy/resolution. 

1.  Measurements at Q1 & Q3 completed in both rings (24H, 24V each ring). 

2.  BPM at tQ4 completed in Blue IR 6, 8, 12; in Yellow IR 2, 6, 8, 10, 12.  
     (12 of 24 in Blue, 20 of 24 in Yellow). 

4.  Confirmed some of large offsets. Results are generally good. 

5.  Offset corrections are installed on all BPMs measured. 

6.  There is some room for measurement improvement 
 a)  Systematic measurement (initial investigation in IR 6 during APEX)  
 b)  Iteration through measure-align-measure-align 
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Summary of BBA Analysis   

1.  All the existing measurement data in the RHIC BBA 
history (after BPM offset fix in 2010) are revisited. 

2.  All the useful data are identified and and reanalyzed 
with the 2012 analysis program. 

3.  All the useful results were used during run 2012 
4.  Accuracy limitations of BBA on RHIC: ~0.1 mm      

 a)  BPM accuracy is temperature dependent: ∆10∘F ~ ∆1ns trigger time 
 ~ +⁄-0.1mm up to 1mm BPM reading.  BPM resolution is about 10µm 
 for a constant temperature; 

 b)  Quads physical misalignment relative to each other: ~ +⁄-0.06mm; 
 c)  BPM position with respect to the outside fiducials: ~ +⁄-0.13mm; 
 d)  Unknown beam positions and angles at the first corrector (beam 

 angle at triplet). It was estimated to have the effect ~ +⁄-0.1mm 
 e)  Repeatability under same machine settings: ~ +⁄-0.1mm 
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APEX Plan for Run 2013 
1.  Obtain data on all measurable Quad-BPM planes. 

 Not_yet_measureed / total_measurable: Blue 65/125, Yellow 57/125 

2.  Further explore and improve BBA measurement. 
 For example: Iteration through measure-align-measure-align 

3.  Further explore and improve BBA analysis. 
 For example: Using signals from a subset of BPMs which have above 
average signal/noise ratio   

4.  Further explore and improve BBA offset corrections. 
 For example: Work toward the correction model by minimizing the 
beam deflection in quads including the magnet survey measurement 

5.  Testing, improving, and fine tuning application code. 
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Summary of BBA Code 
•  Significant	
  improvements	
  in	
  usability	
  and	
  reliability	
  as	
  a	
  result	
  of	
  

•  IncorporaDon	
  of	
  bump	
  manager	
  
•  RewriDng	
  of	
  iniDal	
  code	
  with	
  explicit	
  emphasis	
  on	
  error	
  handling,	
  

modularity,	
  and	
  usability	
  
•  Designing	
  measurement,	
  analysis,	
  and	
  offset	
  correcDon	
  scripts	
  in	
  

parallel	
  
•  AdapDng	
  measurement	
  techniques	
  based	
  on	
  knowledge	
  from	
  

previous	
  measurements	
  

•  Stand-­‐alone	
  GUI	
  applicaDon	
  nearly	
  ready	
  for	
  use	
  
•  Measurement,	
  Monitoring,	
  &	
  Analysis	
  handled	
  in	
  one	
  applicaDon	
  

•  Knowledge	
  from	
  measurement	
  database	
  “BBA_meas”	
  provides	
  
parameters	
  for	
  	
  faster,	
  safer,	
  more	
  accurate	
  measurements	
  

•  Element	
  database	
  “BBA_elem”	
  allows	
  BBA	
  on	
  the	
  fly	
  with	
  no	
  setup	
  	
  

•  Easily	
  view/analyze	
  previous	
  measurements	
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RHIC Vertical Survey Results 
Realignment was done except 6-7 o’clock region     

Courtesy of Frank Karl 
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