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Design and test of a beam profile monitoring device for low intensity
radioactive beams

P. N. Ostroumov, P. Billquist, M. Portillo,a) and W. Q. Shen
Physics Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, Illinois 60439

~Received 2 August 2001; accepted for publication 1 October 2001!

Development efforts have gone into the construction and performance testing of a device that can
be used to provide snap shot images of the beam profile. It is intended to function even at very low
ion intensities, such as those expected from a rare-isotope accelerator. Intensity profiles and
emittance analysis are among the most critical tools used for optimizing beam transport through
accelerators. This article describes the design and performance of a beam image monitor. The device
is sensitive at a wide dynamic range which spans from;102 to ;1012pps. With the advent of
double-plane slits or a pepper pot plate, this system can be used to scan transverse emittance profiles
in both thex–x8 and y–y8 phase space planes, simultaneously. Conventional diagnostic devices
used for heavy ion accelerators generally require at least 109 pps intensity to carry out similar
diagnostics, which is not practical when considering beams with very low intensities, such as rare
isotope beams. Furthermore, the detection system used here can be used for a wide range of incident
ion velocities. Compared with solid-state detectors and scintillators that are inserted directly into the
beam, this type of detection system is less susceptible to beam induced damage resulting in longer
lifetimes and less maintenance. The test was done using single charge state Kr beams at energies
ranging from 3.6 to 18 keV/u. The device’s sensitivity was monitored for intensities below 1012pps
and an emittance scan was recorded and analyzed. The spatial resolution was characterized by
comparing the emittance profile with that obtained by a wire scanning device which had better
resolution but was sensitive only to intensities above 1011pps. Recently, the device has been used
to aid in the transport of;6 MeV/u radioactive beams, such as17F, produced by pickup reactions
with a gas cell target at the ATLAS accelerator facility. ©2002 American Institute of Physics.
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I. DESIGN FEATURES

A layout of the beam image monitor~BIM ! is illustrated
in Fig. 1. The beam comes in from the left and pas
through any necessary slits or apertures, such as a peppe
plate. Particles strike a flat aluminum surface that is orien
at 45° relative to the beam direction. The plate serves a
dynode since the ion signal is converted to a burst of seco
ary electrons~SEs!. These secondaries are promptly acce
ated by a 5–15 kV potential imposed by a grid lying para
to and 5 mm from the surface. Motion feedthroughs are u
to insert the aluminum foil dynode and a dual slit plate u
stream. A diagram illustrating a Simion 71 simulation of this
process is shown in Fig. 2. We note that the beam cr
section in the horizontal plane will appearA2 times large due
to the 45° tilt relative to the beam coordinate system of
beam which is shown in the diagram.

A position sensitive microchannel plate~MCP! is excited
by the secondary electrons and further amplifies the sig
induced by the secondaries. The MCP is parallel to the c
version surface as well and lies 47 mm after the grid. T
accelerating potential is distributed evenly enough such
the electrons are accelerated perpendicular to the conve

a!Author to whom correspondence should be addressed; electronic
portillo@phy.anl.gov
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surface, thus the system may be used to map the ion b
intensity along the transverse plane.

The actual detection of the signal is done with the co
bination of a phosphor screen and a light sensitive detecto
monochromatic charge coupled device~CCD! would be suf-
ficient for detecting the light signal; however, we chose
charge integrating device~CID! since it has less cross sens
induced noise as well as less thermal induced noise.

A dual MCP detection system was actually used here
obtain a high gain. The second MCP lies 0.5 mm behind
first, such that the channel holes align. Both MCPs are id
tical at 41 mm in diameter and can sustain a maximum b
of 1000 Vdc each. A resistive circuit was constructed to allo
both MCPs to have equal biases and runoff of a single po
supply. The dual MCP system has a combined maxim
gain of 43107.

About 0.5 mm behind the second MCP there is a ty
P-20 phosphor plate. It is biased at 3 kV relative to the M
output to convert the accelerated electron’s energy into p
tons of predominantly 560 nm wavelength. The quantum
ficiency is estimated to be about 0.063 photons/eV/elect
in this wavelength region.2

The image is demagnified by a factor of 3 and transm
ted to the CID sensor via a fiber optic transport system. T
demagnifying element is a fused, tapered fiber optic bun
that goes from 41 to 13.7 mm in diameter. Between the
il:
© 2002 American Institute of Physics
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of the tapered rod and the phosphor screen is a 13.7
diam fiber optic rod in direct contact, such that loss of lig
in minimized. The fiber optic rods are both made of fus
glass, optical fiber rods with polished faces. The combin
optical system has about 15% total transmission efficie
for most of the visible spectrum of light. The spatial reso
tion for a single particle exciting the MCP surface directly
better than 0.15 mm according to the manufacture
specifications3 and the reported results of Shapira a
others.4

The CID sensors accumulate a charge that is dire
proportional to the total photon flux absorbed at each resp
tive location. The charge is integrated over a 33 ms per
and each sensor is discharged after each read. The the
noise of the CID sensor array limits the integration per
and the amplification gain; however, cooling the sensor
electronics to about210 °C improves the performance ov
room temperature operation. We chose to test the pe

FIG. 1. Diagram of the BIM.

FIG. 2. Diagram secondary electron collection region of BIM. Trajector
of electrons exiting the surface at angles ranging from260° to 60° with a
kinetic energy of 25 eV are simulated with Simon using a 330mm spaced
grid. Bias potential used for each element is shown along the bottom.
beam coordinate system is oriented such that thez axis points in the direc-
tion that the beam travels.
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mance of this system at room temperature in this study.
The electronics within the camera allow the CID sens

to be read out in the RS-170 standard of rastering imag
The signal is amplified and then fed into a PCI-1408 fra
grabber circuit board. The board features its own amplifi
tion with programmable gain to processes the signal befo
is delivered to an 8-bit flash analog to digital converter. T
ADC is capable of sampling at up to 16.5 MHz, but ne
only function at 12.3 MHz in the RS-170 raster mode. T
images may be digitally processed in real time with the u
of National InstrumentsIMAQ software and may be stored fo
later reference or processing. The image signal may also
split to be monitored simultaneously with a TV monitor. Th
beam imaging system including MCP, phosphor screen, fi
optic rod, and CID camera was purchased commerci
from the Calutron Research Corporation.3

The PC also has a stepper motor control board and
coder reference input. This allows us to control and mon
the linear feedthrough devices that introduce the convers
surface and the upstream slit pattern. The conversion sur
may be removed to allow the beam to pass when detectio
no longer necessary. The position of the slit is monitor
with a differential encoder.

A group at the Leuven facility has reported the perfo
mance of a similar device.5 The most notable feature of the
setup is the use of microsphere plates~MSPs! instead of a
dual MCP as used here. Although its known to sustain hig
pressure conditions than the MCP, the MSP generally ex
its artificial structure resulting in poor resolution. The Le
ven device has a limited grid potential of 5 kV and little
referenced about the effects the grid spacing has on its
formance. In the BIM device here we can apply up to a
kV potential without thermionic emission and breakdown
pressures better than 1026 Torr. Furthermore, they use
CCD lens camera for detection from the phosphor scr
while a CID sensor and fiber optics is utilized here inste
Other systems based on secondary electron emission
been tested or are underway for the measurement of
beam transverse and longitudinal profiles.6

In another study conducted by Shapira and others, a
tection system similar to the one constructed here was u
with thin foils of carbon or aluminized Mylar instead of
polished aluminum surface.4 They utilized a similar MCP
detection system to study fast timing and position resolut
with the use of a position-sensitive timing detector. Th
results support some of the conclusions found in this stu

II. BEAM INTENSITY CALIBRATION

A test bench at the ‘‘8°127° West’’ beam line at the
Argonne Dynamitron accelerator was configured to test
performance of the detection system with stable84Kr11 dc
beams. The beam energy used ranged from 300 keV to
MeV for our experiments. Two dipoles bending in the sam
direction are used to select the isotope of interest over a 1
long transport line and a quadrupole doublet refocuses
beam as is delivered to the target region.

The plasma source of the accelerator typically deliv
beams at the tens of microamperes range in steady opera

s
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An independent channeltron detection system was set up
rectly upstream to monitor the intensity. This detector co
sists of an aluminum cup used as a dynode for collec
secondary electrons at the channeltron for ion detection.
cup floats at a very high impedance to allow measuremen
tens of picoamps with a current integrator. This detector
be readily calibrated for each measurement by simu
neously applying two grid attenuators to suppress the b
intensities down to the 103 pps level for a84Kr1 beam at 12
keV/u. The detection efficiency of the channeltron detect
system was measured to be 1.7%60.1%.

The two attenuators are 1.5 m apart with a 27° be
dipole between and have known transmission values. F
jaw slits are used for lowering down the intensity further
well as for finding the exact location of the beam positio
Once calibrated, the channeltron detection system serve
the reference to determine the beam current.

III. PROPERTIES OF SECONDARY ELECTRONS AND
EFFECT ON DETECTOR

A significant amount of signal amplification is attribu
able to the collision of the ion with the aluminum dynod
The excitations from the colliding projectile at the dyno
result in the ejection of other ions, neutrals, photons, a
electrons. The energy and angle distributions of ejected
have been studied by Rothard and others7 and find that the
angular distribution of the ejected electrons tends to obe
cosu distribution, yet with no dependence on the angle
incidence of the projectile. When surface roughness is ap
ciable the intensity seems to drop off more rapidly wh
sampling away from the surface normal.

The energy distribution of secondaries tends to exhib
feature that is predominantly independent of the combina
of projectile and target used. The distributions tend to exh
a sharp peak at 2.160.3 eV that contains;85% of the total
distribution. The rest of the distribution lies along a decay
exponential like curve with some structure present as a re
of Auger and kinematic effects.7

The average number of secondary electrons ejected
ion eventg depends on many characteristics of the project
surface combination. A general argument can be applied
understanding why SE flux is attributable to the excitatio
close to the surface. The range even for 0.3 keV/u84Kr is
about 200 Å and most of the energy is deposited eve
along the path of the collision cascade. The mean free pa
electrons with energies even at 20–100 eV is 3–5 Å;8 there-
fore, it is conceivable that only the energy deposited wit
the first few layers from the surface contributes to the
flux. For these reasons the average number of ejected
trons turns out to be proportional to the electronic stopp
power dE/dx of the projectile/target combination.9 The en-
ergy deposited close to the surface also increases with
angle of incidence, and studies have shown that the sec
aries give a distribution proportional to secu.10

The number of secondary electrons ejected per ion e
can be characterized by a Polya, or negative binomial,
tribution as shown by Dietz and Shefield.9,10 Binary colli-
sions between atoms are generally described best by a
Downloaded 14 Mar 2008 to 146.139.199.4. Redistribution subject to AI
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son distribution; however, the effects of the bulk surface
the escaping electrons results in a broadening that dep
much on the ion/target species as well as other surface p
erties. The result is an overall growth in the variances for
the distribution. For example, it had been observed that a
keV Cs1 beam impinging on an oxygen treated Cu–2%
surface gives;10% largers than expected form a Poisso
distribution at the measuredg.11 The broadening affects th
efficiency of detection and makes it impractical to apply t
technique for discriminating between different particles.

In this study we measure the overall electron flux
applying a potential to the dynode to suppress the electr
and subtracting the ion current. At an incident angle of 4
we obtain;12 e2/ion for 1.5 MeV84Kr11 on the untreated
aluminum surface. Building up an oxide layer at the surfa
and using materials such as Cu–2%Be can increaseg; how-
ever, we use an untreated surface since it is less suscep
to surface degradation over long exposures to heavy ion

Trajectory simulations were carried out using Simion
to determine the broadening effects caused by the ove
drift and microlensing at the grid. Monte Carlo techniqu
were applied to simulate the energy and angular distribu
of the secondaries. The distribution of angles is taken to
cosu in form. The combination of two Gaussians and a Ma
wellian function was utilized to form a probability densit
that best fits the data of Rothard7 for the energy distribution.
The function is expressed by

p~x!5
a1

A2ps1
2

exp@2~E2EC1!2/2s1
2#1

a2

A2ps2
2

3exp@2~E2EC2!2/2s2
2#1

a3

EM
exp~2E/EM !,

~1!

where the parameters used are listed in Fig. 3 along wi
plot of the simulated distribution. The initial positions of a
trajectories are distributed evenly along the grid over ei
grid spaces. This was necessary since the focusing actio

FIG. 3. Simulation of energy distribution~bar graph! compared to the ex-
perimental data of Rothard. The parameters used with the probability
sity function are listed.
P license or copyright; see http://rsi.aip.org/rsi/copyright.jsp
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the grid depends on this initial position. The relative d
placements were recorded for each trajectory to evaluate
rms displacementse . The results obtained when samplin
se , along with the rms transverse velocitydn, are shown in
the double axis plot of Fig. 4~a!. The grid potential was kep
constant atVg513 kV.

We consider the case where the perpendicular com
nent of the velocityn' is nonrelativistic and the transvers
component is small compared ton' . Also, we assume tha
the acceleration takes place in a region that is neglig
short compared to the drift that follows. Under such con
tions we can apply the relation

se'L•
dn

n'

'dnA L2me

2 •Vge
, ~2!

whereL is the distance between the dynode and MCP s
face,me /e is the mass to charge ratio of the electron, andVg

is the acceleration potential. The term in the square roo
Eq. ~2! is approximately constant; hencese scales very lin-
early with dn. The transverse velocities are amplified by t
grid potentials as the grid spacing becomes large
especially beyond 0.5 mm. A 0.33 mm spaced copper g
with ;90% transmission was used for this apparatus.

FIG. 4. ~a! Broadening of the secondaries as they are transported to
MCP for detection as calculated by Simion 7. A 13 kV potential was used
grids of different mesh size. The rms of the transverse velocitydn compo-
nent increases with mesh size, which causesse to increase almost propor
tionately.~b! Results of simulation showing these ~left axis! anddn ~right
axis! dependence on grid potential for a 0.33 mm grid. The solid line
evaluated from an equation that explains what the physical significanc
the process is wheredn is taken to be a linear function of the grid potentia
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We then turn our attention the broadening depende
on the grid accelerating potential. For a 0.33 mm grid sp
ing, Vg is varied over some range, and the broadening
better understood if we rewrite Eq.~2! as

se'a•dn/AVg5a•j~Vg!, ~3!

wherea is a constant obtained by comparing with Eq.~2!
and the dependence onVg is absorbed into the function
j(Vg). A comparison is made between this equation and
results of the Simion simulation in the graph shown in F
4~b!. These ~left axis! anddn ~right axis! values are plotted
for grid potentials between 0 and 20 kV. The rms transve
velocity seems to increase linearly with accelerating pot
tial, however, only by;10% throughout this range. Th
solid line is obtained by Eq.~3! under similar conditions.

Since the rms velocity remains approximately consta
it is possible to decrease the divergence by increasing
grid potential. Going from 5 to 13 kV decreasesse by almost
40%. The rate at whichse decreases lessens appreciably
higher potentials and will eventually shift to an increase w
Vg asdn will ultimately dominate. The actual limit obtaine
with our detector seems to be at about 15 kV, at which po
the thermionic emission produces considerable noise to
detector.

The dependence onVg was measured experimental
with a beam spot centered on the dynode surface.
weighed rms moments along the horizontal axisH rms were
measured for grid potentials varying from 2 to 11 kV.
constant factordh0 is summed in quadrature tose to account
for both the finite beam size and broadening due to the e
tron and photon optics at the MCP. This results all expres
as follows:

H rms
2 5se

21dh0
2. ~4!

Fitting this equation with the measuredH rms values yields
dh050.87 mm if se is evaluated by Eq.~2! and dn values
are taken from a linear fit to the simulation. We solve forse

and plot the values in Fig. 4~b!. The effect of the grid poten-
tial on the broadening seems to be well understood from
result.

IV. MEASURING TRANSVERSE DENSITY
DISTRIBUTIONS

The tests with84Kr11 ions from the Dynamitron accel
erator have shown that a beam 3.6 or 18 keV/u can be w
resolved with an intensity as low as 43102 pps. The latter
value is the lowest beam intensity achievable using the
tenuators. The maximum intensity could be higher than 2
nA; however, the extent of the grid and MCP detector lif
time may suffer. We did not observe deleterious beam effe
even when running up to 1012pps at 1.5 MeV for severa
hours. A plot of the beam distribution is shown in Fig.
Bitmap images of single snap shots of two different bea
are illustrated in Fig. 6. Figure 6~a! is that of 18 keV/u kryp-
ton ions at rate of 43102 pps. Each resolvable spot repr
sents at least one ion collision event. We point out that
voltage across the MCP system need only be high enoug
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obtain a detectable light intensity when keeping the phos
system at peak sensitivity. This is necessary to extend
lifetime of the MCP.

Since the MCP plates are highly insensitive to gam
radiation, this detection system is sufficiently immune to
dioactive decay of a wide range of implanted particles. Fr
a recent experiment we obtained the results illustrated in
6~b!, where a momentum selected, mixed beam of17F91 ~67
MeV!, 16O81 ~56 MeV!, and16O71 ~43 MeV! is striking the
conversion surface. The17F91 component constituted 68%
of the 2.53105 pps resulting from an inverse kinematics i
flight production technique used at the ATLAS to produce
variety of radioactive species at energies at or below
Coulomb barrier.12

At the high intensity limit, the vertical profile of 1 MeV
Kr11 beam with an intensity of;200 nA was measured with
both the BIM/slit combination and a 0.25 mm scanned w
The resulting beam profiles are shown in Fig. 7. The t
scans coincide well, which demonstrates that the BIM s

FIG. 5. Transverse beam density distribution obtained for Krypton
3107 pps) beam.
Downloaded 14 Mar 2008 to 146.139.199.4. Redistribution subject to AI
or
he

a
-

g.

a
e

.
o
-

tem is useful for scanning profiles. More experiments will
conducted with the BIM to study its performance under oth
conditions that may arise.

V. EMITTANCE PROFILE MEASUREMENTS

The previous section demonstrated that profiles in
transverse plane could be measured over a wide dyna
range. This section looks at the performance of such a de
when used to measure the transverse phase space cha
of a beam. Measurements of this type are useful in eval
ing the performance of beam transport devices. Typica
one looks for features such as the phase space area an
lipse orientation in terms of the Twiss parameters.13 With
enough spatial and angular resolution, such devices can
offer details about higher order aberration effects.

A schematic diagram of the dual slit plate used for the
measurements is shown in Fig. 8. Each slit is 0.2 mm w
and about 45 mm in length. The beam is aligned and focu
within a region bounded by a circle of;30 mm diameter
such that each of the two slits scans both thex andy profiles
along separated intervals. The plate is located a distancL
530.5 cm upstream from the center of the dynode surf

FIG. 7. Beam profiles in they direction measured by both the wire scann
and BIM systems when the grid accelerating potential is 13 kV.
.
f

FIG. 6. Beam images of:~a! low in-
tensity ;43102 pps 18 keV/u kryp-
ton beam, area size is 5.1 mm36.5
mm; ~b! total intensity of 2.5
3103 pps of a radioactive beam line
Area covered in coordinate system o
the beam is;17.0 mm318.2 mm.
P license or copyright; see http://rsi.aip.org/rsi/copyright.jsp
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and a linear feed through that is driven by a step moto
used to scan the plate across the beam in the transv
plane.

At any position of the slit plate, a snap shot can
acquired of the image and recorded at the CID sensor a
An average from multiple snap shots may be processe
order to reduce white noise in cases where the noise to si
level is high. The image is then stored in memory as a tw
dimensional~2D! array of 8-bit integers whose intensity
denoted asMi j . The subscriptsi andj denote horizontal and
vertical position, respectively, of each pixel along the pla
of the sensor array. Each snap shot yields a distribution of
beam divergence along the length of the slit. For exam
when the beam is in the vertical slit position~see Fig. 8!, the
intensity will be proportional to the distribution of diver
gence valuesx8 along the slit that runs along they axis of the
beam coordinate system. Any constants of proportiona
derive from a transformation that converts the position v
ues at the sensor array to those of the beam coordinate
tem ~compare Figs. 2 and 8!.

The emittance distribution in thex–x8 plane is obtained
from a series of profilesMi j (x) measured for allx values
with the vertical slit. Similarly, they–y8 distribution is ob-
tained from a series of profilesMi j (y) in which the horizon-
tal slit is in the region of the beam. Notice from Fig. 8 that
the linear feed moves in the direction shown byDr , then
there is a corresponding movement ofDx5Dr /v2 by the
vertical slit andDy52Dr /v2 by the horizontal. Depending
on which slit is in the beam region, a statistical average
the profile is taken by summing values along the orientat
of the slit. For example, for everyMi j (x) profile we take the
sum over the indexj

Hi~x!5(
j

M i j ~x! ~5!

FIG. 8. Double slit plate used to scan both thex andy profiles. The orien-
tation is such that the beam is coming out of the page and the relative b
coordinate axes are labeled on the bottom left.
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to obtain the 1D array with values that represent the aver
beam intensity along the horizontal direction at the alum
num surface, which is tilted 45° relative to the beam coor
nate system. Similarly, a profile along the vertical axis
obtained by

Gj~y!5(
i

M i j ~y!. ~6!

Of interest is the rate at which the beam disperses ou
drifts from the slit to the aluminum plate, or the divergen
of the beam.

To determine the divergence at a given position of
slit we must transform the units of position as referenced
the CID sensor to those of the beam coordinate system.
displacements must be evaluated relative to the slit posi
by applying the following transformations:

hi5 i •kx2x•A2 ~vertical slit!, ~7!

and

gj5 j •ky2y ~horizontal slit!. ~8!

Here,hi represents the corresponding horizontal position
the aluminum plate at pixel rowi, and gj represents the
vertical. The constantskx and ky are the scale factors tha
account for the magnification of the tapered fiber optic r
and the distance between each pixel in the horizontal
vertical directions, respectively. Both are taken to be 4
60.3 mm/pixel in this setup. Thev2 factor in Eq.~7! ac-
counts for the 45° tilt of the aluminum plate along the ho
zontal plane

From these arrays we can then evaluate the first
second statistical moments at each position. In the horizo
plane, the second momenthrms is evaluated about the firs
momenthm at eachx position by taking the square root of

hrms
2 ~x!5

1

H0
(

i
Hi~hi2hm!2, ~9!

whereH0 is the integrated profile intensity. Similarly,grms

values are evaluated for eachy position. Furthermore, we
assume that broadening due to the transport of electrons
photons through the detection systemhd can be accounted
for by a deconvolution of Gaussian functions. The convo
tion theorem dictates that the final rms values of convolu
normal distributions yields another normal distribution wi
rms value equal to the quadrature sum of each r
component.14

Suppose we are interested in rms broadeninghb caused
solely by the divergence of the ion beam, then broaden
contributed by any other factorssd must first be determined
before a deconvolution may be applied in obtaining the t
broadening caused from the divergence. The dominant c
ponent ofsd here is the broadening of secondariesse ; how-
ever, there is some contributionsOP gained due to the lim-
ited resolution of the MCP and photon optics. For now,
make the assumption thatsOP is negligible.

As long as it is valid to model the measured rms value
the data as a convolution of distributions with rms values
se andhb , then we must have

am
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hrms
2 5hb

21se
2. ~10!

The corrected profileHi
c can be extracted by applying th

product of the functionAi(x) with Hi to deconvolute two
Gaussian distributions at eachx position. This function is
obtained from

Ai~x!5exp@2~hi2hm!/2h0
2#, ~11!

where

h0
25hrms

2 @~hrms/se!
221#. ~12!

The results along they axis are obtained in the same wa
The resulting profilesHi

c andGi
c should represent the distr

bution of ion current density in the coordinate system of
conversion surface. They8 axis coincides with the vertica
axis directly but thex8 axis does not because of the 45° ti
therefore, the transformations for finding divergence alo
each respective axis must be given by

yj8'gj /d0

and

xi8'hi /A2d0 ~13!

expressed in units of radians, whered0 is the distance from
the slit to the midpoint of the conversion surface. The d
convoluted emittance profiles obtained by these transfor
tions is shown in Figs. 9~a! and 9~b! for they andx profiles,
respectively. A standard statistical analysis is implemente
extract the rms emittanceex* and the Twiss parametersax ,
bx , andgx .15 The y profile emittance seems to be overpr
dicted largely due to an aberration that appears at the1y
side of the profile. The aberration seemed to be caused
misalignment between the beam axis and the quadru
doublet.

The beam current was high enough to scan an emitta
profile with the wire scanner, which has a well-defined re
lution. From a comparison it seems that the magnitude of
emittance measured by the BIM is about twice as large as
wire scanner measurements. This is largely due to the
that the divergence is very small for theL530.5 cm drift
between the slit and spatial dispersion. Aside from a poss
future test, enough information on the BIM system has b
obtained to assess its usefulness as an emittance profil
vice. It is estimated that the rms spatial width from the
vergence is no greater than 0.12 mm, which makes it diffic
to extract the profile by deconvolution. The present setup
the Dynamitron allows only relatively small emittances to
transported to the slit without loss of beam, thus the o
future solution will be to increaseL threefold to obtain
enough spatial dispersion. Aside from a possible future t
enough information on the BIM system has been obtaine
assess its usefulness as an emittance profile device.
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FIG. 9. Emittance profiles extracted from the divergence profiles. The
lipse drawn fits the phase space area given byex andey . If the distributions
were truly Gaussian in form then 90% of the total beam intensity would
within this boundary. The Twiss parameters and rms emittance were ev
ated by a statistical analysis.
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