
A NEW COMPACT DESIGN OF A THREE-DIMENSIONAL IONIZATION 
PROFILE MONITOR (IPM) 
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Figure 2 shows an IPM module for the laser beam 

position measurement as implemented in FLASH [1] [5]. 
Problems and disadvantages of this design are the 
following: 

 The large size of the monitor (approx. 400 mm x 300 
mm x 200 mm) results in an insufficient 
homogeneity of the electrical field applied. Therefore 
the exact path of the electrons or ions from the origin 
of creation to the MCP is unknown and the spatial 
resolution is in the order of about ±50 microns. 

 The size makes the IPM harder to manufacture and 
more expensive due to the high number of high 
voltage feedthroughs. 

 To detect the horizontal and vertical parameters of 
the laser beam (3D) two consecutive detectors have 
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to be implemented with perpendicular orientation to 
each other demanding large space. 

 To take a look at the single bunches rather than just 
examining the whole train, the IPM needs a time 
resolution of at least 100 ns, a value the conventional 
set is not capable of achieving. 

 

 

 Unification of the separate horizontal and vertical 
monitors with an alternating homogeneous electric 
field. 

 A special cage protects the area of interest from 
electrical stray fields to ensure an optimal 
homogenous electric field. 

 Decreasing the size of the device to 203 mm x 218 
mm x 246 mm while at the same time reducing the 
applied electrical voltage with the appropriate low 
cost feedthroughs. 

 With the Finite Element Method (FEM) a 
comparison of different residual gas particles is 
performed concerning their trajectories in the electric 
field. 

 This procedure offers an optimization of the design 
by simulating the trajectory of the particles in the 
electrical field with the deflection caused by the 
inhomogeneity of the field. Varying the CAD 
monitor model helps finding out the best possible 
determination of the laser beam position. 

 

 

Device Specifications 
 

 1x stainless steel block with measures 140 mm x 203 
mm x 203 mm 

 2x reducing flange 160 to 100 
 2x special reducing flange 100 to 40 with electrical 

feedthroughts 
o SPE-10046425-10 [6] 

 1x CF160 flange 
 1x CA100 flange 
 2x special coated sight glass 

o VPCF40DUVQ-L-BBAR2 [6] 
o Fused Silicia with anti-reflective 

coating 
o transmission range: 400 nm - 800 nm 

 1x 41-time electrical feedthroughts with plugs and 
cables 

o W-MPC2-41-DE-CE-SSG [6] 
 2x micro-channel-plate and P47 phosphor screen 

assembly by HAMAMATSU 
o F2222-27P227 [4] 

 2x grid bonded in a ring washer by Precision 
Eforming 

o MN49 bonded to 20mm SS Frame [7] 
 potential support plates and pads consisting of 

stainless steel 
 an inner retainer of the cage consisting of MACOR 

by MCI UG [9] 
 a pulse generator for generating an alternating 

orthogonal electrical field 
o Matrixpuls 1x21 by  

GBS ELEKTRONIK GmbH 
o able to grant 100 kHz [8] 

 Cameras, which could be chosen by user, but should 
have a fast shutter time (for example 100 ns) and a 
high frame rate to achieve a bunch resolution 

 
 
 
 
 
 
 

 
 

 
 
 
 
 

-
  

micro-
channel 
plate & 

phosphor-
screen

potential
support 

grid

potential
support

pad 

potential
support
plate

ceramic 
isolator

(spacer &
 case)

electrical 
feed-

throughts

scre

. 

WEPF04 Proceedings of IBIC2013, Oxford, UK

ISBN 978-3-95450-127-4

C
op

yr
ig

ht
c ○

20
13

by
JA

C
oW

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
-B

Y-
3.

0)

812 Beam Profile Monitors



 
 

To analyse the homogeneity of the electric field and to 
determine the trajectory of different particles obtained 
with the design described above, a FEM analysis was 
carried out using ANSYS 14 modules workbench [2] and 
classic [2]. In the simulations different variations and 
possible future developments of the design were included 
directly from the CAD-model. 

Potential atios 
Simulation studies performed with the workbench 

module package proved the potential ratios, as can be 
seen in figure 4, to be optimal for a homogeneous electric 
field and hence for a straight flight of particles. Since the 
MCP has a diameter of merely 20 mm, only in the marked 

Also, the expected beam variation in X or Y is below ± 5 
mm. Homogeneity in a larger space does not result in a 
higher spatial resolution. 
 
The electrically conductive potential supporting points are 
assumed as being an ideal conductor with equal potential 
at any point. The permittivity of the ceramic was assigned 
to  
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The first prototype of a 3D-IPM is currently under 
construction and will be completed and tested in 2013. 
Before any test with a toggling electrical field, there will 
be tests with a rigid field. First practice tests are planned 
in 2014 at FLASH in DESY Hamburg site. 
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