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IMAGESCOPE TO PHOTODIODE BEAM-PROFILE IMAGING SYSTEM*
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Summar

Transverse beam-distribution measurements of
high-current cw accelerators must be obtained froum
noninterceptive sensors. For the 100-mA H2 or D

beam of the Fusion Materials Irradiation Test
(FMIT)'+? accelerator, these transverse properties may
be obtained by detecting the visible radiation result-
ing from beam inteiactions with residual gas. A sys-
tem of mirrors, intensified TV cameras, digitizers,
and tomograehic reconstruction codes has been reported
previously.’® This report describes a new technique
for sensing and digitizing the 1ight projected trans-
versely from the beam of the FMIT accelerator at Los
Alamos National Laboratory.

Figure 1 is a sketch of the main components of
the Imagescope to photodiode beam-imaging system. An
input lens focuses the beam-profile image onto a bun-
dle of optical fibers that are spatially coherent from
end to end. The output end gathers the fibers from
the four input legs into a small double-row format.
Thus, four different beam-profile images are trans-
ferred from this fiber-optic bundle (Imagescope)
through a microchannel-plate (MCP) image intensifier
with a format arrarged so that two linear photodiode
arrays (Reticons) receive the intensified images. The
photodiode arrays have 512 elements each; thus, each
beam profile has a 256-element resolution. An elec-
tronic package accepts the electric signal from the
phocodiodes, digitizes the contribution of each sensi-
tive element, and transmits the digitized profile
information over a fiber-optic data link to a memory
unit accessible by the CAMAC data-acquisition and
processing system. Detaiis of this new beam-profile
imaging and digitizing system are presented in the
following sections.

Piysical Arrangement

Figure 2 shows the prototypic assembly from input
lens to digital transmitter. Each of the four input
legs s 122 cm long witt a bend radius of less than
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lNg. 1. Sketch of system components showing the
coherent hundle fiber optic lma?escope. MCP
image intesifier, linear photodiode arrays,

and digitizing electronics package.
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10 cm. The 1nput ends are shown in various stages of
assembly, from exposed fiber ends through lens coupler
and inserted lens and on to a stripped lens mounted in
the final beamline holder. The final holder is then
mounted outside a narrow window on the beampipe within
a 3.3-cm axial dimension. The inexpensive commercial
lenses were disassembled to remove unnecessary materi-
als and reduce the 1installed sfze. Custom-built
lenses could allow still further reduction of the
installation space requirements. The active area of
the fiber bundle 1in each leg 1s 7 by 3 mm, with
6-um individual fiber diameters. The output end of
the Imagescope gathers the images from the four legs
into two rows of two images each with an active region
of 14 by 3 mm for each row.

The output format of the Imagescope was chosen
to fit in the aciive area of the 25-mm MCP intensi-
fier. The MCP intensifier has a gain of up te 30 000,
adjustable by the external voltage appliea. The reso-
lution of 25 line pairs/mm 1is the system's limiting
resolution. The MCP intensifier is enclosed in the
1ight-tight assembly between the output end of the
Imagescope and the two photodicde arrays (Fig. 2).
This assembly has provisions for aligning the photo-
diode arrays with the 1mage regions on the intensi-
fier's exit face. All these units use fiber-optic
coupling for maximum efficiency in light transfer.

The linear photodiode arrays were chosen to maxi-
mize the active area and are referred to by their com-
mercial name, Reticon. Each has an active area of
12.8 by 2.5 mm, separated into 512 elements along the
long dimension. With two beim profiles imaged onto
each Reticon, the resolution for each profile is 256
¢lements corresponding to a beam-view region of
roughly 3 cm for this particular application. As seen
in Fig. 2, the Reticons are attached to the read-out
electronics with ribbon cables, although future ver-
sions will use sockets on the circuit boards for the
Reticons, to reduce the unamplified signal transmis-
sion distance. The use of photodiodes to image a beam
has been reported at Chalk River.®

The size of the electronic package 1s unneces-
sarily large for the version pictured {in Fig. 2.
Future versions will reduce the package size to
roughly 10 by 15 by 7?0 cm., The Reticons may be cooled
by installing them on thermoelectric cooling pads.
Voltage control for the gain of the MCP intensifier is
accomnplished through this electronics package. The
digitized output is transmitted over a fiber-optic
data link. Note that powering this system with a
small battery pack would imply complete electrical
isolation with the attendant noise {immunity. The
overall system now being constructed will encompass
four of these units to be placed at longitudinally
separated positions on the beamline. This system then
will provide {nput tor tomographic reconstruction of
the transverse beam-density distribution at any of the
four positions or of the transverse emittance distri-
bution {n efther horizontal or vertical planes.

Data Processing

The integration time for light input to the pho-
todlode elements {s selectable, with a tradeoff being
meode between dark current in the photodiodes, the gain
voltage of the MCP {ntensifier, and the light stop of
the input lens. Prosent usage has a 13.ms integration
time and a well-stopped lens for incriased depth of
field. Fiqure 3 outlfnas the data flnw from raw



Fig. 2.

Photograph of system components.
foreground with the Imagescope legs curving bac
T#ao ribbon cables emerge from the Reticons at the lower left of that enclosure ard connect to the

The input ends (with varied lenses and holders)

prototypic circuit boards of the readeut and digitizing electronics package.

-

!

AETICON

A

RETICON
B

‘ cLocn '

Fig. 3.

TIMING

i
CONTROL

Block diagram of the data flow and electronics.

7
“FH

BUFFER

ANy

GAIN &
11 ADJUNY

bt

ANAL OG
SWTCH

T

4

1]

i

SAMPLE &
HoLD

12 an
Al

I

of ey

avn
P{IRMATI IR

e .. -

TRANIM' YT R
L

[Fintroriic
AT TE

—

BUFFLP
AP

FIBLR OP YL

10 CAMAC
wonui i

ANERA HEAD

tiBer 0PI [FiBrR oPTIC
(”‘}ia;‘*' RECEWIR |~ %
¢

NTENSTY

Lo L I

ILLIAAETY
LT =

rOSITION

are in the

TIMING &
CONTROL

F-cooLs

16 1t
RUFIER

MICRO
COMPUTER

beam)ine and connects to the CAMAC module, drawn at the upper right, over the fiber optic link.
shown {5 the CAMAC-based microcomputer and a sketuh of the output data array.

right

k to the light-tight enclosure of the MCP 1intensifier.

__ 0

CATARAY

The left-hand section {s physically located on the

Also



photodiode current to profile display. Signals from
the ophotodiodes are multiplexed 1into a 12-bit
analogue-to-digita’ converter (ADC) and then trans-
mitted in serial format over a fiber-optic transmis-
sion link. The receiver for this 1ink is mounted in
a CAMAC module with a 1024-element memory that is
accessible from the CAMAC control system. The data
are passed to the CAMAC-resident LSI 11/23 microcom-
puter that stores them on a magnetic disk. The pro-
files then may be plotted as shown in Fig. 3 or pro-
cessed through the tomographic reconstruction coding
to provide either transverse spatial or emittanca
distributions. Not shown in the figure is a digital-
to-analogue converter (DAC) locatea in the CAMAC mod-
ule that allows real-time presentation of the raw pro-
files on ar oscilloscope as an ald to operator tuning
of the beam,

Immediate plans for upgrading the system iiaclude
mounting the Reticons on the read-out circuit board,
adding a clock and microprccessor to the board, and
providing an incoming fiber-optic 1link for control
messages. The incoming 1ink with the on-board proc-
essor will allow remote control of the MCP gain volt-
age, of the Reticon intenration time, and of the
sequencing of read-outs from the several Reticons of
the completed system. These increased capabilities
include timing of the Reticon light-integiration period
to correcpond with the passage of a 10-ms beam pulse,
an operating mode to be used for initial start up of
the accelerator.

Conclusion

The system described here i1s now in use on the
FMIT accelerator beamline at Los Alamos. It 1s work-
ing well and is sufficiently flexible in its applica-
tion to be chosen for making new measurements of the

beam at new positions. The cost of the optical com-
ponents appears to be steadily decreasing. The data
qualfty is expected to be superior to that of the com-
p2ting TV camera system. The noise immunity also s
expected to be a preferred feature of this noninter-
ceptive beam imaging system.
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, Summar
[h~k_‘ Transverse eam-distribution measuremcnts of

high-current cw . celerators must be obtained from
noninterceptive se <ors. For the 100-mA H2 or D

beam of, the Fus in Materials [Irradiation Test
(FMlT)Kig)acce1eratc , these transverse properties may
be obtainad by deteccing the visible radfation result-
ing from beam interactions with residual gas. A sys-
tem of mirrors, intensified TV cameras, digitizers,
and tomograehic reconstruction codes has been reported
previously.\lﬁ“ This report describes a new technique
for sensing and digitizing the light projected trans-
versely from the beam of the FMIT accelerator at Los
Alamos National Laboratory.

— Figure 1 is a sketch of the main components of
the Imagescope to photodiode beam-imaging system. An
input lens focuses the beam-profile image onto & bun-
dle of optical fibers that are spatially coherent from
end to end. The output and gathers the fibers from
the four input leqgs into a small double-row format.
Thus, tour different beam-profile images aie trans-
ferred from this fiber-optic bundle (Imajescope)
through a microchannel-plate (MCP) image intensifier
with a format arranged so that two linear photodiode
arrays (Reticons) receive the intensified images. The
photodiode arrays have 512 elements each; thus, -ach
beam profile has a 256-element resolution. An elec-
tronic package accepts the electric signal from the
photodiodes, digitizes the contribution of euch sensi-
tive element, and transmits the digitized profile
information over a fiber-optic data link to a memory
unit accessible by the CAMAC data-acquisition and
processing system. ODetalls of this new heam-profile
imaging and digitizing system are presented in the
following sections.

Physical Arrangement
Figqure ? shows the prototypic assembly from input

lens tu digital transmitter. FEach of the four input
legs 15 122 c¢m lang with a bend radius of less than
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10 ecm. The input ends are shown in various steges of
assembly, from exposed fiber ends through lens coupler
and inserted lens and on to a stripped lens mounted 1in
the final beamline holder. The final holder is then
mounted outside a narrow window on the beampipe within
a 3.3-cm axia) dimension. The inexpensive commercial
Tenses were disassembled tu remove unnecessary materi-
als and reduce the installed size. Custom-built
lenses could allow still further reduction of the
installation space requirements. The active area of
tke fiber bundle in each leg is 7 by 3 mm, with
6-um individual fiber diameters. The output end of
the Imagescope gathers the images from the four legs
into two rows of two images each with an active region
of 14 by 3 mm for each row.

The output format of the Imagescope was chosen
to fit in the active area of the 25-mm MCP intensi-
fier. The MCP intensifier has a gain of up to 30 000,
adjustable by the external voltage applied. The reso-
lution or 25 lire palrs/mm i; the system's limiting
resolution. The MCP intensifier is enclosed in the
Tight-tight assembly between the output end of the
Imagescope and the two photodiode arrays (Fig. 2).
This assembly has provisions for aligning the photo-
diodc arrays with the image regions on the intensi-
fier's exit face. All these units use fiber-optic
coupling for maximum efficiency in 1ight transfer,

The linear pnotodiode arrays were chosen to maxi-
mize the active area and are referred to by their com-
mercial name, Reticon. Each has an active area of
172.8 by 2.5 mm, segarated into 512 elements along the
Tong dimension. With two beam profiles imaged onto
each Reticon, the resolution for each profile is 256
elements corresponding to a beam-view region of
roughly 3 cm for this parti:ular application. As seen
in Fig. 2, tne Reticons are attached to the read-cut
electronics with ribbon caoles, ali.ough future ver-
sfons will use sockets on the circuit boards for the
Reticons, to reduce the unamplified signal tranemis-
sion distance. The use aof photodiodes to image a beam
has been reported at Chalk River.}

The size of the electronic package {s unneces-
sarfly large for the version pictured 1in Fig. 2.
Future ver<ions will reduce the package stze to
roughly 10 by 15 by 20 cm. The Reticons may bhe cooled
by installing them on thermoelectric cooling pads.
Voltage contral for the gein of the MCP fintensifier is
accomplished through this electronics package. The
digitized output is transmitted over a fiber-optic

data link. Nnte that powering this system with a
small battery pack would imply complete electrical
fsolation with the attendant nolse inmunity. The
overall system now belng constructed w!ll encompass

four of these units to bn placed at longltudinally
separated positions on the beamline. This system then
will provide fnput for Lomoyranhic reconstruction of
the transverse beam-density distribution at any of the
four positions or of the transverse emittance distri-
bution in efther horizontal or vertical planes.

Data Processing

vhe Integration time for light ifnput to the pho-
todiode elements 15 selectable, with a tradeot( belng
made betweren dark current in the photodiodes, the gain
voltage of Lhe MCP intensifier, and the 1ight stop of
the input lens. [Present usage has a 11 mg inteqgration
time and a well-stopped lens for ‘aereased depth of
field.  diqure 3 ou*lines the data flow from raw



