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Abstract with seven holes horizontallgnd five vertically. The
horizontal and projected vertical hole spacing is 1.5 mm.
The last three profile monitors have larger screens with a
ifferent hole pattern.

Thetransverse current profile in the Next Linear Collider
Test Accelerator (NLCTA) electron beam can be
monitored at several locations along the beam line b)Fl
means of profile monitors. Thesensist ofinsertable
phosphor screens, light collection and transpgstems,

CID cameras, a frame-grabband PC and/AX based
image analysis software. bddition to their usefulness

in tuning and steering the accelerator,the profile

motor

monitors are utilized for emittance measurement. A o
description of these systenad their performance is ';'S’rvtv : A |
presented. stz:c:ggﬂor lamp : o
> beam screen! :
I. INTRODUCTION pneumatic PeaMm PIPE | ey | o | |
Among the devices which comprise thebeam  fociihrough side view |
instrumentation system of the Next Linear Collider Test ---------  ILLLILLILLIPLLORELLRTt : lead box
Accelerator [1] at SLAC are eight beam profile : | ; !
monitors: one near the gun, obetween the injector [l == <:]
sections, one each before, in tinédle of, andafter the . :
chicane, one after the main accelerator, and one at each of || miror /0 &80 ,
the two dumps. Along with four wire scanners, these =
profile monitors allow us to view thiansversecharge side view
distribution of the electron beam at variopssitions Figure 1. Profile monitor optics diagram.
along the beam line. Thegre of great utility for
monitoring beam shape, verifying transmissiang, in ll. OPTICS
the high dispersion region of thehicane and An optical system isemployed to distance the

spectrometer, measuring energy spread in the long buncgamerafrom the high radiation levels produced by the
train [2],[3]. In addition, theyare employed indata  beam, particularly when incident on the screen. The
acquisition for beam emittancand TWISS parameter |ayout of our optical elements is illustrated in Figure 1.
measurement. They include three flat optical mirrors, an adjustahie
and athree-inch, 350 mm focdength imaging lens.
Il. SCREEN The image magnification is set close to unity to
The screens used in our profile monitare of the ~ Minimize aberration. Theamera is placed eouple of
same type used in the SLC [4]. They are fabricéte feet off to the side of and below the beamlineand is
aluminum, to which is bound a fine-grained surfeyer ~ shielded by arenclosure oflead bricks supported by a
of Gd,0,S:Tb. This coating phosphorescedth a  steel frame. The amount of light entering tzenera is
decaytime of about a milliseconavhere the incident ~ adjusted bymeans of a remotely controlled motor
electron beam deposits energy. 'mght emitted per connected tahe iris. Also remotely controllable is a
unit area isproportional to thechargepassing through 1amp aimedthrough asecond window inthe vacuum
the screen. Theﬂre Supported on pneumatic vacuum chamber. This allows us to illuminate teereen in
feedthroughsvhich allow them to beetractedfrom the  order toview the hole patterandcalibratethe xand y
beam pipe volume when not in use. scales of the received image. lllumination is aleeded
When a screen is inserteils surfacemakes an While manually aligning the optical elements and
angle of 45° with the beam line axis so thatdan be  focusing the image.
viewed through a vertical view port. A pattern of holes
drilled in the screenallows for image dimensions to be IV. CAMERA
calibrated. For most screens, this iseetangulaframe The camera used irour profile monitors is the

CID2250D manufactured byCIDTEC, a 30 Hz,solid

* Work supported by Department of Energy contract DEState, CID(chargeinjection device),monochromevideo
AC03-76SF00515. camera. The designatidi€ID” refers to the fact that
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after each frame iseadout from the sensor, theharge
on its MOScapacitor array is injecteédto a substrate.
It is ratedfor fifty times longer life than CCD(charge
coupled device) cameras in aipnizing radiation
environmentand is much more"neutron-hard". The
sensor is a 59quare millimeter surface containing
512x 512 pixel capacitors with 0.015 mm spacing.
sensitivity and range can lagljusted bysetting thegain
and offset voltage.

The camera isfitted with a close-up zoom lens
which is focused onthe screenimage formed several
centimeters away. Aong, special cable connects the
palm-sized camera body to a cameoatrol unit (CCU)
outside of the shielded accelerator housing.

Its

V. FRAME-GRABBER / TIMING SIGNALS

Each of the eight CCU's isconnectedvia two
coaxial cables through a multiplexeand some
electronicsinto aframe-grabber inthe NLCTA control
room. For the latter we employ Data Translation's
Fidelity 200 Flexible Frame Procesdwrardinstalled in
an Industrial Computer Source 90 MHz PC.
Figure 2 shows aiagram ofour profile monitor signal
processing system.
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Figure 2. Timing signal electronics.

resetandincoming end-of-line signals in a NIM logic
unit. This process is illustrated in Figure 3. A time
delay reflectometewasused to determinthe round-trip
travel timebetweenthe control roomandthe CCU, so
that the delayed frame reset pulse would selecpryeer
end-of-line pulse. Theecessargomponentsre shown
in light gray in the diagram of Figure 2.
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End of Line Out ‘
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End of Frame Out
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Gate Generated
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Figure 3. Generation of end-of-frame signal.

The camerasnust operate at 3Hz. However, in
NLCTA operation, the beam repetitigate is generally
10 Hz. The resulting strobeffect in the video image
can be annoying and gives one only a onehird
probability of capturing a beam image eachtry. The
following procedure was therefore incorporated. take
a 10 Hz trigger identical to that driving the electron gun
from the same PDU (Programmable Delay Unit) that
gives us our 30 Hz trigger. Wéxpandthis with agate
generatorand combine it in a logic unit with our
constructedend-of-framesignal.  Since the latter has
beenslightly delayed,the effect is to passevery third
end-of-frame pulse, as illustrated in Figure 4. When the
frame-grabber is then given this signal and toldxpect
10 Hz video, this is all that it digitizedespitethe fact
that the camera is sending thirty frames per second. This
is accomplished byhe unshadeccomponents in Figure

The frame-grabber operates on three timing signalsy

pixel clock, end-of-line,and end-of-frame. Using the
board'sinternal oscillator for the pixel clock wasund

to eliminate a line-to-line image jitter problem. The
end-of-line signal, output by the camera controits, is
brought in through one of the coax cables. Blger
cable carrieshe raw videosignal. Toavoid stringing
more cables than necessaamd becauseour multiplexer
only switches two signals, weorkedout a way to run
without bringing the CCU'end-of-frame(EOF) signal
into the frame-grabber, as described below.

A third coax cable, daisghained toall of the
CCU's from the control roontarries tothem a 30 Hz
frame-resesignal to synchronize theameraswith the
acceleratotiming system. The CCU's outpend-of-
framesignal islocked toits first end-of-linepulse after
the leading edge of the frame reset. ¥daproduce the
same signal in the control room by combining ttzene

@ End of Frame
(constructed)
(30 Hz)

H

BEAM Trigger
(10 Hz)

I

@ NIMGATE

Figure 4. Reduction of end-of-frame frequency to 10 Hz.

1A2 (EOF In)

VI. SOFTWARE

In conjunction with the Fidelity 20@rame-grabber
card, weuse Data Translation'SLOBAL LAB Image
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software, running in Microsoft Wdows for relevant dimensiomre determined.Theseare related to
Workgroups.  This image processinand analysis the beam sigma matrix at thscreen by o, =05.
packagehas many features. It configures tframe- MATLAB

grabber forour cameramodel. It displays livevideo or

captures single frames, whiatan besaved asTIFF 2510
format image files. Itanplot the pixel values along - 210 1A
any slice of an image selected by dragging a line. It also £ 151" - C=0.562.mm.. ¢ \
allows the user to program scripts to perfodesired s M 7 v
sequences of operations. ¥ S0 ey 'Y
Unfortunately, GLOBAL LAB Image seem®ot to : E
have beerdesignedwith beam physicists in mind. It - Ty - B T}
cannotreadily dosuch things as projectionsuyrvefits, X ()

andcontour plots. One canexpandits capabilities by A T

writing additional C-code. However, for our purposes, it 1'12134 :
was preferable toFTP beam images to the SLC VAX 8000 ¢
and analyze them there, when desired, with our cvde 3333 :
written in MATLAB. This codesubtracts thebaseline 2000

from the image array, displays 2-D contoptots, _mg S

projects the pixel values onto theaxd/or y axis, and 0

fits gaussian curves tdeterminethe beam sigmas. An ¥ (o)

examp|e beam spot is shown in Figure 5. Its Figure 6. Projections and gaussian fits (dashed).

projections, along with gaussian fit@re shown in
Figure 6. then reads irthe quadrupolenameandfield valuesfrom

the CORRELATIONS PLOT output and gets tinenfer
matrix betweenthe quadrupole andhe profile monitor
from the online database, as well as the beam energy. A
parabola isfit to a plot of o vs. quadrupolestrength.
From itsthree coefficientsand the transfermatrix, we
can determine th@ x 2 sigma matrix at theuadrupole.
The emittance and TWISS parameters then follow from
e=\deto, =0y, /Jdeto, and a =-0,//det 0.
Using further transfer ratrix information from our
model, wecan"swim" this beam ellipse upstream and
calculate the mismatch at theaccelerator input,
characterized by

O O
Bmag:l *+£+§j/§—a* /EEZD,
208 B+ HV B o VBrHR
Figure 5. Beamspot image. wherethe asterisked parameters dahe measuredvalues
and the others the design values.

Y-Projection

VII. EMITTANCE MEASUREMENT

The beam physics program of the NLCTmakes REFERENCES
it desireable to bable to measure the beam emittance,[l] Ronald D.Ruth, "Results From the NLOest

as well as how welinatchedthe beam is to the lattice. Accelerator,” these proceedings. .
This is donewith our profile monitors using to the [2] A.Yeremianetal, "NLCTA Injector Experimental
general procedure described by Ress|. [5]. Results,” these proceedings.

To measure horizontal beam phase space, fol3] C.Adolphsengt al, "Beam Loading Compensation
example, the CORRELATIONS PLOT program in our  inthe NLCTA," these proceedings.
controls software is used to step a horizontally focusing4] M.C. Ross,et al, "High ResolutionBeamProfile
quadrupolemagnet  upstream of the chosen profile ~ Monitors in the SLC,"proceedings ofthe 1985
monitor through seven field strengths about the nominal ~ Particle Accelerator Conference, Vancouves,C.,

value. Ateachstep, a trigger is sent to otiame- Canada, May 13-16, 1985; SLAC-PUB-3640.
grabber,and GLOBAL LAB Image stores thebeam [5] M.C. Ross, et al, "Automated Emittance
image to disk. Measurements in the SLC," proceedings of the 1987

These images are then transfered from PC to VAX,  Particle Accelerator Conference,adshington,D.C.,
and their gaussian spacial distribution sigmas in the  March 16-19, 1987; SLAC-PUB-4278.
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