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A MULTIFUNCTIONAL PROFILE AND EMITTANCE MEASUREMENT SYSTEM®
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Abstract
We presenl a microprocessor controlled profile and emittance
measusement system, which can be easily applied to various
applications. The system includes stepping motor driven slits
and prefile harps, multichannel profile current amplifier, a
mictoprocessor system and software for measurement and data
evaluation. Online profile mcasurements, 2~dimensicnal  slit-
to-slit and 3-dimensional point-to-slit emittance measurements
are possible. Yaricus slits and profile harps can be used to
cxamine beams within a wide range of intensity, power and si-
se . The device is used to develope lon sources and ion optical
devices. 1o investigale influence of beam neutralization! | to
controll the beam injection into RFQ’s and to examine the beam

2 The concept of the device and experi-

behind the accelerater
mental results of the influence of a solencidal lens and a gabor
plasma lens on the ion beam phase space distribution will be

presented.

Cencgept of the Device

Fig. 1 shows a schematic diagram of the measurement device. Up
to 4 slit/prafi‘e harp combinations may installed to 6 stepping
motor driven UHV feedthroughs. The profile currents of one harp
are switched by a multiplexer te the 60-channei current amplifier.
Motor and amgplifier electronics arc centrelled by an 8-bit
micreprocessor system with digital /O boards. This microproces-
sor is connected to a 68000-PC which harndles interactive dialogs.
data measurement and dala evaluation. Slits are made of tantalum,
molvbdenum o staintess sieel. cooled versions for mean beam
powers up to € kWatt are available. An optional kicker in front
ol the emittance device may increase the measurable beam power
up to 1 MWatt. The slit heights variies between 0.1 and lmm,
depending on the expected beam optics. The profile harps consist
of 30- 60 tantalum or melvbdenum wires or bars with a diameter
of 0.1, 0.5 er I mm. Slit ard profile harps are mounted either on
one frame ard one feedthrough or on two different feedthroughs
to provide independent movements of siit and profile. We prefer
the independent movement. because this makes online prefile
measurements, profile intermediate steps. profile offset and
automatic posilianing}“‘ , high angle resolutions and also point-
to-slit emittance measurements with crossed slits possible. Fig, 2
shows the measurement principle with crossed slits and profile
harps. The slits filter a beam partition of the coordinates x.y.
The profile harps determine the angles X and y" of this partition,
therelore obtaining the beams charge distributions I(,\’,_\y.\") and
I{x.v.v). Out of these 3-dimensional distributions caleulation of
all 2- and 1-dimensional subspaces c¢f the beam distribution is
possible. Fig. & gives an overview on all beam distributions which

can be measured and calculated with our diagnostic device.
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Fig. 2: crossed slits und crossed profile haros for
measurements of the H{x.x"v) and the 1{vy"x)

charge distributions
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Fig.3: survey on the charge phase spacc distributions

which may be measured (fal rect.) or calculated
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Emittance Measurements behind a Gabor Plasma Lens

For a second measurement series we replaced the solencid by
a Gabor 8
distributions of a 10 keV/ 125 wA Ar™ beam behind the lens.

plasma lens The figures show the phase space
Again the beam occupied a large fraction of the aperture. Fig .
8 shows the «x'- emittance of the beam measured with slit and
profile harp, composed of an extreme high intense coavergent
‘butterfly’, a second low intense convergent “butterfly’ and a
divergent neutral beam. The 3-dimensional distributions I(x,x".y)
{Fig .9) give an explanation of the structure of the 2-dimensional
emittance:

The Ar® bteam is divided by the lens in a high intense central
part and a low intense outer part, both showing the contour of
a negative 'S”. Compared with the shape obtained from solenoid
measurements, the focusing strength inside the solenoid increases
with radius, the Gabor lens shows a decrcasing with radius,

At the beam center decreasing charge intensities can be obser-
ved. The I-dimensional beam prefile in space (Fig. 1011} show,
that we get a holiow beam. This may be explained by the
incomplete filling of the lens by electrons occupiing only the

region pear “he axis.
The diagnostic device is a powerful tool to investigate 1-.2- and
of The

anildysis of the 3-dimensional distribution I(x‘xﬂy') and I{v.v"x)

d-dimensional phase space distributions ion beams

gives tmportant information about the genesis of beam halo,
cemittance aberrations and emittance growth. Further develop-
ment of the device will include reconstruction of the 4-di-

mensional phase space distribution I{x.x"y v}
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Fig.8: Distribution I{x.x’} of a 10 keV/125 pA Ar" beam,

measured with slit and profile harp behind a Gabor plasma lens
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£9: Ar® beam distributions 1(x,x"v) at different positions v,
measured with two crossed slits and profile harp
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Fig. 10: Ar* beam distribution I{x,¥), calculated from
the measured distribution 1(x,x".y)
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Fig. 11: perspective view to the Ar* beam distribution I(x.y)



Emittance Measurements behind a Solenpidal Lens
5

We used a plasma beam fon source” with a successive sclenoidal
lens® and extracted a 10 keV/3.6 mA He* beam. The ion beam
occupies at least 75% of the lens aperture, causing aberrations
of the beam phase space distribution. Fig.4 shows the measured
x-emittance, the I{(x,»’) distribution of the beam, measured with
slit and profile harp. The convergent He’ beam and a divergent
neutral beam can be clearly distinguished. The dark 80% partition
of the He beam shows a “$" shaped contour. This is the effect
of the nenlinear solenoidal Tield. In addition the phase space dis

tributicn has a ‘butterflv” shape.. This is caused by the noalinear
field with radial symmetry, which twists different beam partitions
I{x.x".v) dependent on their position y. More clearly this can be
scen from the results of the point to slit measurements. Fig.5
shows the beam profile, calculated from the beam emittance
(Fig.4). The distribution is sharply peaked containing a broad hale
caused by the lens aberration. We measured the beam distribution
I{>,x".v) with the point to slit method for the same beam parame-
ters. Fig.b shows different parts [(x.x'}_\‘i) of this measurement.
with y=-14, -12, -10 and O mn. At the edge (v=-14mm)} a small
xx" distribution can be scen, showing less aberrations. The

[ ,x .y

=-12mm) distribction is characterized by a '8 shaped
contour, which 1s caused by the nonlinear field and the drift
space inside the solenoid. The Hx . y=-10mm) distribution shows
the same contour, but the "8 becomes wider. [n the center ¢f the
beam (v=0mm) the "8 is very wide. but no more closed. This mn
be explained by the reselution of the current amplifiers, which

suppress the low intensity part of the distribution in the neighbour

hood of the inteas beam core. Therefore the butterfly” shape of

the emittance. the [{x.x’) distribution and alse the beam halo is
compased out of different '8 shaped 1{x.x".v) distributions. From
this distributien we caleculate the distribution I{x,¥), the 2-di-
mensional beam prefile. Fig.7. Again we distinguish a high intens
beam core. a homogenous middle part and increasing intensities
at the edge of the beam. This 2-dimensional profile has @ “somb
rery’ like shape. The rim of this distribution is caused by strongly
focused beam partictes with shorter focal lengths than the inner
beam part. Additional measurements with different beam and

solenoid parameters gave the same results’
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Fig.4: The distribution I{x x) of a 10keV/3.6 mA He® beam,
measured with a slit/profile harp combination behind a

solencidal lens

757

1
R !f \ PROFIL-EM3DX
i Y Draht-Zahi: 35
o h \‘\ -Hohe [L/100 nnl: @
N : . -Biff [1/100 nnl: 100
Pos. Inmd: [2] 0 T2
hd 7 Gate Insi: [of 0 [94]
v "’ STROM {unl: 0.00
- ,, n=[eT i Te] e
ol Maximum (aml: 777777
f Skalierung: [ 5 &
| LADEN | SRVE: [rersfocinn]
A t ENOE |[ Enittanz
17 6 B E -17 -17 R Imnl

Fig.5: The beam distribution I{x), calculated from

the distribution I{x.x"). Fig.4
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Figt: Het

measured with two crossed slits and profile harp.

beam distributions I{x.x"») at different positions v,

Fig. 7 : Distribution I{x,y) of the He™ beam, calculated

from the measured distribution I(x,x'.)')



