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Jaw Vibration Jaw Vibration 
MeasurementMeasurement

using a using a 

Laser Doppler Laser Doppler VibrometerVibrometer

H. Richter, R. Wilfinger, J. Lettry, I. Efthymiopoulos, R. Assmann, S. 
Redaelli and the ATB-EA and collimation teams
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OutlineOutline

• Measurement setup
• Cleaning up of raw data
• Repetivity test 
• Comparison of jaw movement along  

different locations 
• Comparison if jaw movement for different 

beam intensities
• Outlook
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Collimator ModificationsCollimator Modifications

4 windows in collimator tank

Only one jaw

Retro-
reflective 
tape

Laser Doppler 
Vibrometer (LDV) 
measures out-of-
plane surface velocity

Sketches: courtesy S. GIROD, M. LAZZARONI 

14 3 p+



Workshop on Materials for Collimators and 
Beam Absorbers , September 4th, 2007, 
Page 4

Herta RICHTER
CERN, AB/ATB/IF

Herta.Richter@cern.ch

LHC Collimator Jaw Vibration Measurement 
using a Laser Doppler Vibrometer

Test Setup Test Setup –– Jaw and Jaw and 
Measurement SpotsMeasurement Spots

4 3 1

2

Measurement points #1, #3 and #4 directly on collimator jaw surface 

Measurement 
point #2 on the jaw 
support table. An 
accelerometer is 
fixed on the table 
for comparison (S. 
REDAELLI et. al.)

TED
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Setup Setup -- Laser Doppler VibrometerLaser Doppler Vibrometer

View towards collimator

LHC collimatorLHC collimator

TT40 tunnel and 
CERN-SPS 

extraction beam line
Deflection

mirrors

Laser 
beam
(18 m 

distance)

450 GeV
proton beam
pulses: max.
32 x 1012

protons
per 8.5 µs 
pulse

View towards 
collimator

LDV sensor
head inside a

shielded chamber

Installation: 
October 18th, 2006
Measurement: 
November 9th, 2006

LDV sensor
head inside a

shielded chamber

Installation: 
October 18th, 2006
Measurement: 
November 9th, 2006

Sketch: courtesy M. LAZZARONI 

Pictures: courtesy R. WILFINGER

12
3

4
0

Surface coated 
mirrors to stir laser 
beam from LDV 
towards measurement 
points: 
• remotely controlled 
rotating mirror (0)
• fixed deflection 
mirrors (1, 2, 3, 4)

p+ from SPS
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SPS Beam ParametersSPS Beam Parameters
• Proton beam with kinetic Energy 

of 450 GeV from SPS
• Beam time profile: 

– 1 bunch:
• Bunch length: 1 ns
• Bunch spacing: 25 ns
• 10E10 protons

– 1 batch:
• 48 bunches
• Batch spacing: 200 (8 x 25) ns

• Different proton beam 
intensities: 
– 480E10 p (1 batch)
– 960E10 p (2 batches)
– 1920E10 p (4 batches)
– 2880E10 p (6 batches)

• Different beam impact 
parameters:
– +5 mm (inside jaw)
– +4 mm 
– +3 mm 
– +2 mm 
– +1 mm
– 0 mm (surface)
– -1 mm 
– -2 mm (outside jaw)

• Beam size: 1 mm (FWHM)
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Cleaning Up Raw DataCleaning Up Raw Data

• Missing calibration 
factors

• Glitches: likely due to 
vertical jaw movement 
(t.b.c) => difficult to 
distinguish

• Partially recuperated by 
comparison with 
measurement with known 
calibration factor

• Obvious „glitches“ were 
removed from data. 
Missing data was 
replaced by average 
values of left and right 
neighbours of glitch
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Removal of Glitches Removal of Glitches 
–– Low IntensityLow Intensity

• 480e10 p+
• measurement 
point #4
• beam impact 
parameter +4 
mm
• sample 
frequency 5.12 
MHz

~4.5 µm
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Removal of Glitches Removal of Glitches 
–– High IntensityHigh Intensity

• 2880e10 p+
• measurement 
point #3
• beam impact 
parameter +5 
mm
• sample 
frequency 5.12 
MHz
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Repetivity TestRepetivity Test

Parameters: 
• Low intensity range: 480E10 protons (1 batch)
• beam impact parameter: +4 mm
• For each measurement point 4 recorded velocity-

time-signals => comparison possible
⇒Example follows for measurement point #3 (no 

glitches, all calibration factors known)

4 3 1

2
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Measurement Point #3 Measurement Point #3 
–– Velocity (first 100Velocity (first 100µµs)s)

• 480e10 p+ 
• measurement 
point #3
• beam impact 
parameter +4 
mm
• no glitches 
removed
• all calibration 
factors known
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Measurement Point #3 Measurement Point #3 ––
Displacement (first 12 ms)Displacement (first 12 ms)

• 480e10 p+ 
• measurement 
point #3
• beam impact 
parameter +4 
mm
• no glitches 
removed
• all calibration 
factors known
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maximum velocity)
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Dependeny on Measurement Dependeny on Measurement 
LocationLocation

Parameters: 
• 480E10 protons (1 batch)
• beam impact parameter: +4 mm
• Measurement points on collimator jaw (#1, 

#3, #4)
• calibration factor only unknown for 

measurement point #1
• No glitches
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Dependency Measurement Point Dependency Measurement Point ––
Velocity & Displacement (100 Velocity & Displacement (100 µµs)s)

• 480e10 p+ 
• beam impact 
parameter +4 
mm
• no glitches 
removed 
• calibration 
factor unknown 
for MP #1

135

434

327

Measurement 
pointsignal
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Dependency Measurement Point Dependency Measurement Point ––
Velocity & Displacement (5.5 ms)Velocity & Displacement (5.5 ms)

• 480e10 p+ 
• beam impact 
parameter +4 
mm
• no glitches 
removed 
• calibration 
factor unknown 
for MP #1
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Dependency on Beam IntensityDependency on Beam Intensity

Parameters: 
• beam impact parameter: +5 mm
• Measurement point #3
• Glitches removed extensively for signal 16 and 18
• calibration known

4 3 1

2
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Dependency Beam Intensity Dependency Beam Intensity ––
Velocity & Displacement (200 Velocity & Displacement (200 µµs)s)

• beam impact 
parameter +5 
mm
• measurement 
point #3
• glitches 
removed for 16 
and 18
• calibration 
factors known
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Conclusions & OutlookConclusions & Outlook

Conclusions:
• LDV measurements are reproducible
• Displacement („first response“) scales according to 

beam intensity
Outlook:
• A technical note on these results in preparation 

(including comparison for different beam impact 
parameters – work in progress)

• Frequency spectra have been obtained by LDV in 
parallel, but not yet analysed
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