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Specifications 
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(EDMS n. 772786) 

 Specification 

 Bunch by bunch resolution of  
5 % in 0.1s 

 Accuracy 5 % on emittance in 
0.1s  
=> assumption 3.5% contribution  
from beam size and 3.5 % from 
beta function uncertenty  
=> 1.8 % beam size accuracy 
(dsig/sig=1/2 depsi/epsi) 



Injectors Wire Scanner Measurements 
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LMC summary on injector emittance measurements (G. Arduini) 

Order (PSB, PS, SPS) of measurements more convincing at low beam intensities 



LASER beam reproducibility test measurements 
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Verification measurement accuracy after having introduced calibration data 

 Fluctuation up to several 100 um 

 Fluctuation due to principle of scanner hardware 



Resolver 
X Axis: Optical position sensor 

Y Axis: Diamond Detector 

Motor Stator 

Schematic and First Design 
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X Axis  Optical position sensor measurements 
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 Absolute accuracy of beam width determination of about 5 um 

 Reduction of play in mechanical system  
=> all elements mounted on same axis 

 Position measurement  
=> high accuracy angular position sensor  

 Overcome bellow limitations: 

 Low lifetime  

 Friction 

       => Locate all moveable parts in the vacuum 

 Minimize fork and wire deformations 
=> Study of dynamic behavior of fork/wire system 
=> Vibration mode optimized acceleration profile 

 Large dynamic range for secondary particle detection 
=> Usage of sensor with large dynamic (diamond) 
=> Automatic electronic switching of gain ranges (range 
dynamic 1E4) 

 



1. Optical Position Sensor 
1.6 Tests & System performance 

• Calibration Results: Speed: 290rad/s ,  Alignment:  0.58deg,  Spot 20um, Track 10um. 

 

Fork Considered: 10cm 

 

Resolution: 15.7mm 

Error Sigma: < 2.1mm 

 

 

 

• Results in test-bench 

• To be tested in prototype 

• Better results expected! 

 

• Which method is more  

reliable for validation? 

 
 

 
 

Courtesy J. Sirvent 



 

Goal for Beam 
Gas Vertex 
detector 
 
bunch by bunch 
measurement  in all 
operation condition 
 
Absolute accuracy  

 



 

Minimizing vacuum window thickness required 



 

Number of tracks 

per vertex 



 

Bunch by bunch 
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MODEL Beta-beating Best Analytical matching 

WS X 165.484 159.27 ± 23.6% 161.7 ± 7.5 % 179.9±16% 
 

Y 287.814 280.4 ± 7.13% 274.8  ± 5.72% 276.3±3.3% 

D3 X 172.967 167.43 ± 24.5% 174.5  ± 7.77% 

Y 214.595 203.65 ± 11.27% 206.5  ±  4.2% 

MODEL Beta-beating Best Analytical matching 

WS X 123.512 127.52 ± 96.6% 114.3 ± 6.2% 119.1±8.3% 

Y 404.551 413.24 ± 7.18% 410.4 ± 1.33% 413.6±1.6% 

D3 X 127.090 126.34 ± 17% 126.2 ± 2.7% 122.3±9.5% 

Y 334.613 358.9 ± 23.72% 340 ± 4.545% 344±2% 

Georges Trad 
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Remarks and Summary 

 The new instruments aim for an increased accuracy and faster 
acquisition time  

 Specified measurement time together with the accuracy limits could only be 
reached with wire scanners (LHC and SPS usage limited by beam intensity) 

 It is aimed reach the specified accuracy with the beam gas vertex monitor 

 The envisaged beta function changes at LHC IP4 at the location of the 
emittance monitors should result in an increase of the function at all 
locations (top energy) 

 It is foreseen to install a new wire scanner system in the SPS (517) in 
LS1 

 It is foreseen to install a demonstrator beam gas vertex monitor in the 
LHC IP4 in LS1 (LSC decision pending) 

 Many improvements are foreseen to cope with the observed limitations 
of the existing emittance monitors (BSRT, WS, BGI, IPM) 

 To obtain the specified emittance accuracy of 5 % a beta function 
absolute accuracy of 3.5 % needs to be obtained 
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LHC IR 4 
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Limitations 

 Reproducibility much larger as required 
by specification 

 Beam size min LHC 130, PSB 2000 um 

 Flexible design of wire fork 

 Deformation of fork are not 
measured 

 Angular position measurement outside 
of vacuum system 

 Lever arm play is not measured   

 Speed regulation circuit 

 Analog feedback loop difficult to 
optimize 

 Secondary particle acquisition system 

 Requires accurate adjustment of 
working range 

 Saturation effect of PM 

 Dynamic of working range small < 200 

 Tail measurement limited by noise 

 High intensity beams cause an increase 
of background signal 

 Dynamic of working range reduced 

 Aging of bellows 
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Motor 

&  

Position  

sensor 



Goals 

 Scan at least as fast as the existing system (20 m/s needed to avoid wire damage) 

 => Rotational system (power ~ inertia ~ m * r2) 

 Absolute accuracy of beam width determination of about 5 um 

 Reduction of play in mechanical system  
=> all elements mounted on same axis 

 Position measurement  
=> high accuracy angular position sensor  

 Overcome bellow limitations: 

 Low lifetime  

 Friction 

       => Locate all moveable parts in the vacuum 

 Minimize fork and wire deformations 
=> Study of dynamic behavior of fork/wire system 
=> Vibration mode optimized acceleration profile 

 Large dynamic range for secondary particle detection 
=> Usage of sensor with large dynamic (diamond) 
=> Automatic electronic switching of gain ranges (range dynamic 1E4) 

 Increase MTBF compared with existing systems 
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