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Beam spot size analysis 
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MERIT Elements – Layout

QFO.415s (focusing) quads
3 elements in series 

QDE.430s (de-focusing) quads
3 elements in series 
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Survey data after the MERIT run – 18.12.2007
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Upstream face: -72.3cm
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Beam optics

Fit parameters: QFO, QDO strengths and locations (within limits)
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Beam envelope (1-sigma) - ε=0.25 (mm.mrad), Dp=0.1%
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Without dispersion term
σ(x) = 1.2mm , σ(y) = 1.1 mm
238 J/gr @ 30TP

With dispersion term
σ(x) = 2.2mm , σ(y) = 1.1 mm
130 J/gr @ 30TP
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Reminder – Beam Emittance

For proton machines, the emittance is measured by measuring the beam 
profile in a position of known beam parameters (optics)

The convention is to use TWO sigma value
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Beam Emittance measurement – 14 GeV/c

Friday 26.10@15:55
Beam intensity: 

h16, 1E13 
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Beam Emittance measurement – 14 GeV/c

Friday 26.10@17:37
Beam intensity: 

2.5E11/bunch 
2 extracted bunches, 
DT=1.7us
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http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013585
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013588
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013589
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Beam Emittance measurement – 14 GeV/c

Friday 26.10@18:24
Beam intensity: 

1.3E12/bunch
2 extracted bunches, 
DT=1.7us 
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http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013590
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013594
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1013593
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Beam Emittance measurement – 24 GeV/c

Friday 02.11@14:55PM
Beam intensity: 

2.5E11/bunch 
16 bunches
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http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014015
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014013
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014010
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Beam Emittance measurement – 24 GeV/c

Friday 02.11@16:02PM
Beam intensity: 

16 bunches, 
6E12 protons
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http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014018
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014022
http://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/view.php?attachId=1014024


Beam Emittance measurement

Summary of measured data

September 25, 2008

Using the formulas of slide #6 

in good agreement with the online calculations
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Emittance extrapolation

Eh[2sigma-norm]= 11.23 Intensity[e13] + 1.5998

R² = 0.6783

Ev[2sigma-norm] = 6.0664 Intensity[e13] + 5.6415

R² = 0.6321
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Estimated beam spot at the target (z=0)

Using δp/p(2s) = 1.66(1.1)e-3 for 14(24) GeV/c
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Estimated beam spot at the target (z=0)

Using δp/p(2s) = 1.66(1.1)e-3 for 14(24) GeV/c
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Alignment Information and 

Beam Direction

November 5, 2008 17



MERIT beam element survey  

Done by CERN geometers (TS/SU) after the run, 18.12.2007
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MTV.454MTV.484HgWUp
z=0HgWDo

Reference line on floor

Element {x, y, z} 

MTV.454 {+8.7,+6.3, -5893.95}

MTV484 {+13.4, +4.6, -4230.95}

HgWUp {-1.5,-10.0,-742.95}

HgWDo {+57.0, -26.0, +2950.2}

Hgz=0 {-1.0,??,0.0}

x

y

z

700mm

680mm

624mm547.5mm610.0mm

Coordinates of element center wrt
nominal beam axis 
• units in mm
• z distances from z=0 at solenoid 

center
Solenoid tilt – (h-plane) 

Position Distance Radius total Difference

HgWUp 680 23.495 703.495 -3.495

SecUp 624 79.375 703.375 -3.375

SecDo 547.5 150.876 698.376 +1.624

HgWDo 610.0 57.15 667.15 +32.85

3.3mm
1.6mm

!!0.3
59.1
9.4 mrad

m
mm

==ϑ



Nominal beam position in various elements
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Beam at Hg container
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Impact point calculation from 

the MTV data
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Projected beam impact point

Using the alignment information from the previous slides the beam 
impact point at the target can be calculated

For the H-plane there is no ambiguity
For the V-plane we must assume some tilt angle – or just the 
nominal?

Two sets of MTV data were used: 
The online measurements as recorded in the log files

The data from Goran who analyzed the flag information
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Recorded beam position in the two flags
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Online flag information  from the logbook

The ellipses indicate the nominal beam position at the flags according to the  geometers



Recorded beam position in the two flags
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Flag position from Goran

The ellipses indicate the nominal beam position at the flags according to the  geometers



Projected beam position in the target
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Online flag data from the logbook

The ellipses indicate the nominal beam position at the flags according to the  geometers



Projected beam position in the target
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Using the data from Goran

The ellipses indicate the nominal beam position at the flags according to the  geometers



Information from the beam diamond
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pCVD detector installed at the upstream 
window, well aligned with the target

According to this, the diamond position is around -12mm.
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Projected beam impact point

Conclusions
The recorder online (“eye”) and Goran’s analysis results for the flag info basically 
agree

Goran’s data show more spread, 
remaining errors in the analysis that the eye is easier to correct

The beam seems to be way off for flag-2 (MTV.484)
I don’t believe the alignment information from the geometers, but I don’t 
understand where the error comes

Using the alignment information from the previous slides the beam impact point at 
the target can be estimated but it comes completely off that can’t be true

The signal of the beam diamond (aligned within ±1.5mm to the target) peaks at ~-
12mm in the horizontal direction

Re-calibrating using that offset, the beam impact point at the upstream window 
is within <2mm from the nominal
However we can’t say much on the angle of the beam!!! 

Vertically we seem to be ok
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Pump – probe analysis using 

the diamond detectors
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Pump – probe data analysis

The data used are from the Macrus’s files
Reminder: the detector response for each bunch is calculated as 
the integral of the recorded signal over a time window

typically set to the interbunch spacing
i.e. no additional correction or more sophisticated algorithm for the 
signal extraction

Runs used
Use the information from Harold’s run list to classify the runs
Use Adrian’s data for BCT bunch information
Rungs are flagged as “bad” and rejected from the analysis if 

Information is missing (e.g. BCT) or
Wrong readings for some bunches

The observed response dependence vs bunch number was corrected
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Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=131ns

What is plotted is the response per bunch divided by # of protons, normalized to the first bunch



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=131ns

The correction with the BCT data smoothens the observed dependence



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=131ns

The strongest effect is for the beam diamond; the dump detector is rather strange at all cases…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=262ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=262ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=262ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=526ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=526ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=526ns

Normally the effect should be reduced with longer interbunch spacing, however the signal is 
larger…



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=795ns



Diamond response vs bunch number
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Data from all good runs with Dt(bunch)=131ns – after correction

Similar plots for the other cases, not included here…



Pump – probe analysis result
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Data from pump-probe runs – various 
Δt(bunch)

What is plotted is:

where A, B are the correction coefficients 
evaluated as before for each bunch
In the present analysis A and B are the 
same coefficients, i.e. treat 1st bunch of 
probe as 1st bunch of pump – what would 
be the alternative???

If cavitation is formed in the target, then 
the ratio should increase with the pump-
probe distance (lower denominator)
Is the difference L-R significant?

probe

Ni i

i
ibunch

pump

Ni i

i
ibunch

N
BCT

SdtB

N
BCT

SdtA

R

probe

pump

∑

∑

=

=

⋅

⋅

=

,1

,1

det),(

det),(

(det)



Pump – probe analysis

Comments – next steps
Some runs are rejected because no BCT information is available 

Adrian is checking that

Additional correction vs beam position to apply

Separate analysis vs beam(pump) intensity
what info from the beam impact can we get from the cameras?

Do ratios (e.g. L/R) to improve errors?

Is 5% “cavitation” something the MFH models predict?
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