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Abstract

In the framework of the TESLA test facility (TTF)
project, transverse beam profile monitors using sec-
ondary electron emission grids have been studied and
congtructed.  For the low energy beam (250 keV), im-
plying short stopping ranges and high deposition in
the grid materid, titanium strips of only 12 microme-
ters thickness have been chosen. An SEM-Grid with
32 dtrips of 300 micrometers width and 400 micrometers
separation has been put on thefirst part of the TTF injector.
Secondary emission current is integrated and digitized.
Data treatment done with standard VME provides beam
profiles with the corresponding widths (FWHM, RMS, ...)
which are sent to an EPICS data base in order to determine
the beam emittance. The latter can be analyzed within the
macropulse through a 100 ns step gating system. Other
SEM-Grids designed for energy dispersion measurements
a 10 and 500 MeV have been constructed. Two grids
made of 40 wires of 20 micrometers diameter and 2 and
0.75 mm spacing respectively are provided with the same
readout system as for the low energy grid. A description
of the SEM-Grids with their electronic readout system is
given here. Emphasis is put on heating and transparency
problems which are very crucia for low energy beams.
First results with the 250 keV beam obtained at Saclay are
also presented.

1 INTRODUCTION

A test facility for the TESLA linear collider
project (TTF) is being built at DESY-Hamburg. This
500 MeV linac has a high duty cycle (800 microseconds,
10 Hz repetition rate) with a peak intensity of 8 mA. Such
intensity induces severe constraints on the destructive
monitors dedicated to beam profile measurements. Various
types have been devel oped for use with the pul sed beam of
TTF. Many of them concerns secondary emission multigrids
(SEM-Grids) and Transition Radiationin the Optical range
(OTR) [1]. This note contains a presentation of different
SEM-Grids to be used throughout the whole linac. The
injector is made of a 250 keV eectron source,
a superconducting RF “capture cavity” to bunch

and accelerate the incoming beam to energies of
8 to 14 MeV and a beam anadysis station to measure
the properties of the accelerated beam. SEM-Grids
are used to measure the 250 keV beam profile from
which the transverse emittance is derived. The energy
dispersion of the 814 MeV beam is aso measured
with an appropriate SEM-Grid; a third grid, with a
dightly different geometry is placed on the 500 MeV
anaysis line. A description of the SEM-Grids with their
electronic readout system is given below. Results on the
250 keV beam profiles and emittance are presented.

2 BEAM PROFILESFOR LOW ENERGY
BEAMS

An SEM-Grid is placed between the subharmonic buncher
and the “capture cavity” to measure the vertical beam pro-
fileat 250 keV. Thislow energy beam impliesshort stopping
ranges and high rate of energy deposition in the grid mate-
rial. A comparison between different materials (Tungsten,
Carbon, Beryllium, Titanium) led to the choice of titanium.
Stoppingrangeisabout 130 microns; multiplescattering av-
erage angle is 0.7 rad for a 12 micron thick strip. The use
of thisgridisdestructivefor the beam and avoids any other
measurement after it.

2.1 Heating problems

| oni zation losses induce consequent heating in the material
during the pulse duration or in the average regime.

2.2 Heating during pulse duration
The temperature rise during the pulse duration is given by:
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where AU, represent the energy deposited in the strip,
V, the volume concerned by the beam impact,
§, the material density,
C,p, the specific heat. A 250 keV electron deposits
an amount of energy per unit length of:
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This gives an amount of 13.6 MeV cm~! for the
titanium; temperature rise is less than 70° on the
centrd strip for a gaussian beam distribution of
oy, = oy =25 mm and for a 800 s pulse. Such heat-
ing can be tolerated even for smaller beam dimensions pro-
vided the total number of impinging el ectronsis decreased
via pulse width reduction.

2.3 Average heating
For alarge number of pulses, heat is dissipated by conduc-
tivity and radiation leading to an equilibrium:

AE, = AE;+ AE, (3)

Where AE,, AE,4, AE, represent the deposited energy and
the energies dissipated by conductivity and radiation respec-
tively. We get the following expressions. for the energies
deposited/dissipated per unit time;
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where, f represent the repetition frequency
%, the number of particlesintercepted by the strip,
L and ¢ the width and thickness of the strip, res-
pectively,
Y, the strip length,
k, the thermal conductivity,
AT, thetemperatureincrease (T; — T3 ) w.r.t theambient,
o, the Stefan-Boltzmann constant,
€, emissivity factor of thematerial. A reasonablework-
ing regime, so as to limit the equilibrium temperature to
400° isto use 10 us pulses 8 mA peak at 10 Hz repetition
frequency for a titanium multigrid with (L = 300y, £ =
12u,Y, = 5 cms) and for a beam with 1 mm width rms.

2.4 Description of the multigrid

The multigrid is made of 32 titanium strips of 12 um thick-
ness; strip width of 300 pm and separation of 400 pm. The
titanium multigrid is fixed on a ceramic support on which
photolithography and engraving of the electrical patterns
havebeen previoudyrealised. Aneectrolyticgoldlayer (10
microns) has been deposited on the engraved pattern. The
stripsare obtai ned through chemical cutting on thetitanium
foil. The latter isthen fitted on a frame applied on the en-
graved pattern; the strips are then stretched and electrically
welded. A stainless stedl grid, obtained by photolithogra-
phy, is provided and put a few mm after the titanium grid:
abiasvoltage of 50 voltsis put on the former.

2.5 Electronic readout

The SEM-Grid VME board was developped at LAL. Inte-
grators with LF 356 OP-amps are connected to the strips.

An adjustablegainamplifier isadded in each channel. Digi-
tisation is realised viaa MAX 255 circuit. Each of these
modules has 8 sample-and-holds with a multiplexer, an 8
bit ADC and an 8 bit x 8 channel memory. Data treat-
ment is done on aMotorolaMVME 162 L X board running
Vx Worksand the EPICS database system from LANL and
ANL. The following specific tasks are performed:

e Measurement and averaging of profiles
e noise substraction

e Timing through a 100 ns gating system which alows
profile analysis inside the macropul se

e caculation of beam area, mean and widths (RMS,
FWHM, width for 90% of the intensity)

e storage of profilesand calculated dataon Unix system
files

The profileand the cal cul ated dataare storedinthe EPICS
database and may be seen on Unix displayswith the EPICS
MEDM tool. Thedisplaysallow to control the measurement
parameters (amplifier gain, noise substraction, timing) and
to save the data on files.

2.6 Emittance Determination

For each setting of the magnetic lenses preceeding the mon-
itor, n profiles are taken, averaged and the corresponding
widths (RMS, FWHM, ....) determined. The magnetic
lenses setting values and the widths are then stored on a
UNIX system file. The measurement process and the file
storage are controlled from a display. At 250 keV, due to
space charge effects, an appropriate procedure is needed
for the emittance calculation. It uses the integration of the
Kapchinsky- Vladiminsky envel ope equation[2]:
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wherewetakefor R twicetheRMSvaueandfor |, thetota
intensity: Thisequationisintegrated successively for n dif-
ferent settingsof the magnetic lens placed before the SEM-
Grid. The calculated radii are then compared to the mea
sured ones and a least square fit method allows the value
of the emittance, the radiusand divergence of the beam up-
stream of the magnet to be determined. The Twiss coeffi-
cients are then derived and the ellipse constructed and dis-

played.

3 BEAM PROFILESFOR HIGH ENERGY
ELECTRON BEAMS [10 MEV, 500
MEV]

Multigrids are made of 40 tungsten wires with 20 pm
diameter and 2 or 0.75 mm separation. As for the ti-
tanium multigrid, a polarized grid (50 volts) is put
5 mm after the multigrid in order to capture the secondary



electrons. Except for thewires, thetechnology used issim-
ilar to that of the titanium grid. The electronics readout is
the same as well as the procedure for width determination.
However the application is here, different. These grids are
dedicated to the energy dispersion measurement at 10 and
500 MeV and are placed in the horizontal focal plane of the
analyzing magnet. Thedispersion coefficientis16 mm/% at
10 MeV and 12 mm/% at 500 MeV. The expected resolution
is10~2. The gating system will allow energy dispersion
analysisinside the macropul se (800 pS).

4 EXPERIMENTAL RESULTSON THE
TTFINJECTOR

M easurements have been performed on the first part of the
injector at 250 keV. The SEM-Grid provided beam profiles:
examples are presented on figure 2. Following the method
described above the beam emittance has been derived. A
set of beam dimension (2 o) vstheintensity in the magnetic
lensis represented on figure 3. The normalized emittance
found is 12 mm mrad which agrees with a preceeding mea-
surement previously done at Saclay with a 3-wire monitor

(3].

5 SUMMARY AND CONCLUSIONS

SEM-Gridswithdifferent material sand geometries are used
on TTF injector. They provide good resolution, (much less
than 1 mm), excellent signal to noiseratio. Thefirst results,
obtained at low energy, showed a so good reliability and be-
haviour with intense beams (5.10'! e~/pulsg).
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Figure 1: Block diagram of the SEM-Grid Electronics
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Figure 2: Beam Profiles
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Figure 3: Beam dimensionsvslensintensity



