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I. INIRODUCTION

The two-mile accelerator is expected to produce, in Btage T; 20 Bev bean
pulses at a rate of 360 pps. The pulses are 0.1 to 2.1 usec long, and the peak
current is 50 ma. The 360 pulses will be divided in the beam switchyard among
the three beams {see Fig. 1}, so as to be able to use the accelerator for three
sinmltaneous experiments. The three beams may heve the same or different energies.

The Peam switchyerd contains all instrumentation and eguipment required to
entabligh the beams, to analyze thelr energy, to fecus them, and to deliver them
1iith sufficient shlelding and separation intc the experimental end stations.

Figure 1 shows the equipment planned at this time, and indicaﬁes schematically
how we plan to locaite auxiliary equipment in the switchyard bullding on top of
the earth shielding in order to get away from ths bigh radiation levels in the
beam switchyard tunnel. The auxlliary eguipmen’ includes the power supplies for
magnets, vacuum eguipment, amplifiers and other electronic circuits, ete.

The purpose of this note ig to review briefly all equipment invoived in the
beam switchyard and to give an ocutline of how we propose to build a suiteble

instrumentation and control center for this complicated ares.

IT1. SCOPE OF THE INSTRUMENTATION AND CONTRCL SYSTEM

A.  Sumary

The instrumentation and comirol system for the beam swiltchyard arvea is con-
cerned with the vacuum system; the distribution of beam pulses; the setting of
magnet power supplies and measurement of magnetic fields;the beam steering and
monitoring; the positioning devices for slits, colliwabtors, ete.; a great num-
ber of equipment protectlon devices; and the interlock gystems.

The great number of instruments and the apperatus involved for three beams
{about 120 pieces in the beam switchyard and sbout 50 in the switchyard building)
and the high power of the beams sllow very little room for operation on & trial
and error baesis. A simple and well thought out control system mst be devised
for the heam switchyard.

In this Section we will review the beam switchyard equipment. No reference
will be made in this note to instrumentation involved with the mechanical align~
ment of the eguipument.

B. Vacuum System

It has been declded o continue the accelerator vacuum system through the
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beam switchyard. The vacuum pipes will be c¢losed in the end stations by thin
vacuun windows.

Electrical breakdown requires s vacuum of 107% torr in the accelerator
proper, while scattering in the beam switchyard requires only 107%* torr. A
differential pumping system at the beginning of the switchyard will match both
areag. The ten vacuum pumps are locabed in the swltchyard bullding.

A muber of vacuum gaugee and vacuum valves for servicing and replecing
ipternal targets are placed along the pipes in the beam switchyard. Fast act-
ing vecuum valves are provided in each pipe {see Pig. 1) to close off this
section quickly in case of rupture of the thin window at the end of the pipe.

The vacuun pipe diameter through most of the beam switchyard is 6 inches;
before the collimator it 1s 2 imches; and near the center quadrupole lenses
(Qla) and (Q32)5 12 inches (see Fig. 1)-

The vacuum pumps will be started up locelly. Vacuum geuge readings and
the position of the valves need to be easily accessible to the operator. A
nunber of vacuum interlocks are required, ircluding one that prevents the beam
fron burning holes in closed valves.

C. The Undeflected Beam up to the Pulsed Magnet

The main element in this area is the collimator (CJ}E It will be built

with en sdjusteble opening. This collimstor is & very complicated device and

probably will require much instrumentation essociated with the edjustable
opening and with cooling and radiation interlocks.

Beem position monitors (Ply P2§ and intensity monitors (Il, Ie} are
placed on both sldes of the collimator. The intensity difference ‘(IE - Il)
shows the beam percentage scraped off by the collimstor. Tae beam position
indicsetors are used to adjust the beam steering. Since the gteering is energy
dependent, a set of pulsed siteering colls {one horizontal and one vertical) is
provided, so that each of the three beams of different energy can be adjusted
independently. A set of dc steering coils, covering one energy only, 1is pro-
vided as spare.

Since both the position and the angle of the beam through the cellimator
have to be corrected, there are in fact two sets of steering coils. The second
set is located in the lest free space alopg the accelerator.

The current supplies for pulsed sieering are fairly complex since they heve
to provide current pulses of adjustable magnitude covering both polarities for
each of the three beams.



The signals from the beam intensity and beam position monitors in this
srea have to be gated in order to display seperately the readings for the
three interlaced beams.

A besm shaps indicator may have to be put in front of the collimator to
study beam syrmetry when required.

D. 7he Pulgad Magnet {Bef. 1)
The pulsed magnet deflects x Dbeam pulses over 060 into beam channel A

axd z puilses into beam channel B. The y pulses for the neuntrino area pass
undisturoed through the gap of this magnet. The pulsed msgnet will be con-
structed in five one-meter long sections. An adjustable supply {capacitor
resonant discharge type) for each section provides x positive and z nega-
tive current pulses for the magnet. A degeussing system ensures thst the y
undeflected pulses are not affected by remanent magnetism.

The use of five sectlons has advantages from an operational point of view.
When one section fails, it will be possible within epergy limits to continue
with four sections.

For low energles it will be advantageous to use fewer than five sections
in order to maintain suificlent voliage across the ignitrons for reliasble firing.
¥hen both low and high energies are used, the number of active sections has to
be changed con a pulse-~to-pulse basis.

The control and interlock circuits for this megpet will be fairly complicated.
E. Pulse Pattern Selection '

It iz deslrable to have great flexibility in the selection of the pulse
pattern for’ x, y and z for the three beams. The z-rate in beam channel B for

secondary particle production #ay be, for example, as low as 1 pulse in 2 sec-
onds if a big bubble chamber is used. In that case it msy also be desirable

to suppress the beam pulses in the other beams during the sensitive time of

the chamber (10 msec before and 10 msec after the trigger pulse) so as to reduce
background tracks.

The pulse patterns have to be applied to all pulsed equipment in the beam
switchyard and to the trigger system for the klystrons and the injector, ete.
{For a description of the proposed system, see Ref. 2.)

F. Deflected Beams
The two deflected beams are in principle the seme. Beam A {2h°) is designed

for &% energy spreed and 0.1% resolution; beam B {12°), for 6% energy spresd and
0.3% resolution.



For beam A the pulsed megnet deflects the x beam pulses into the de zero-

dispersion megnet deflection systemn3 The system consists of a quadrupcle

pair Q10~11’ s 12° bending magrnet 310~13 (four three~meter-long sections}, 8
horizontally focusing center guadrupole Qza (field lens), a second 12° bend-
ing magnet Bl4~17 and the second guedrupole palr Qla»lB' The eight bending
magnet sections are all in series on separate supplies with a common reference
source. The required precision is 0.01%. We are considering the placing of

a2 ninth megnet section close to the supplies in the switechyard building in ser-
ies with the other eight sectlons in order to meeasure the magnetic field in the
center of the gap and to provide a slgpal for the regulator feedback loop.

This solution eliminetes the need for probes gble to stend high radiation
Tields.

The purpose of this megnet system is to bend the beanm enough to allow space
for experiwventation and sghielding and to define the mnergy and energy spresd
of the beam. The beam energy may be defined accurately by measurement of the
megnetic field B with an MMR geussmeter  (the deflection angle & and the
effective length of the magnet being known precisely).

The energy spread of the bean is defined by the position and the adjustable
opening of the energy defining slit {SLIGES With respect to instrumentation,
the same conslderstions as mentioned for the collimator Gl apply for the slit.
Extra instrumentation will be needed if the slit 1s to be a combination of a
mechanicsl and o magnetic slit.®

A beam epergy spectrum snalyzer ésll) {Bee Ref. 5} in front of the slit
shows the beam intensity distribution across the horizontally anelyzed beanm
on a CRY. This spectrum is ths primery reference for the adguﬁtm&nﬁ‘of the
accelerator controls {see also Sect. III.C). This analyzer covers only +1.5%
[E/R, For that reason we plan & very simple spectrum analyzer {SlO} in the
0.5° beam to be used especially during set-up or when studying excessive beam
instabilities. This monitor will work meinly es a rough but sensitlive energy
devigtion inmdicator end may cover s 8% AR/E.

in order to get the beam properly through the magnet deflection system,%
we need sufficient beem moniltors for the current (119“13}’ the position

(P ) and the beam shape (TR Y. The position and intensity wonitors
LOmL2 1oL

.3 .
A delicate procedure in view of the high bemw power (which will be deslt
with in e later note).
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should provide continuous readings and should be nonintercepting. The ghape indi-
cator wey be intercepting and moved into the beam only during seb-up.

Sma)l collimators (Cl 0_15) are planned st this time to protect the coil insula-
tion of the megnets and gquedrupoles sgainst radistion produced earlier in the beanm
and, particularly, sgainst melfunctioning of beam deflecting elements that would
deliver s full beam pulse Into the insulastion. In the latter case an equipment
rediation protection system (see II.L) will stop the succesding beam pulse and give
an slsrm. Coliimsbor Gm serves also as g protective beanm stopper in case besm A
is not used.

A target Tz.o’ which is to follow magned Bll s 1ls plamned to provide a &° ¥
besm.

A set of steering coils (Al O“‘ll.} &t the end of the megnet deflection systenm
is provided to correct the sngle of the parallel besm.

G. Besm A Before Entering Bnd Station A (aves after s-a' in Pig. 1)

The purpose of end station A is to do electyon, ijﬁi’tI’On* and =,7r~my%* exper-

iments. Several solutions to the problem of providing versatile beam lsyout for this

ares are pregently wnder study.

{me of the prcblems is the dumplng of the high-power electron besm after using
a 7 target. The originel ides was to defliect this besm by & simple dumping meg-
net into a beam dump {shown in the upper part of Fig.l). Toe current thought is
to moke use of this beem inetead of Qumpling it. One of these schemes 1s Included
in Flg. 1. We will oot discuse the sltexnative schemes here, bub will mention
that much instrumentation will be reguired in this ares.
H. Beaum B Before Entering Fnd Statlon B (ares after b-b in Fig. 1)

This end station is plsrwed for secondsry psrbticle production. A second pulsed

pagnet is belng considered to serve three rotating targets.
1. Straight-On Feutrino Beenm
Very little work has been done so far on this bean.

A 1/3° vertical bending megnet (33_4} corrects for the 1/3° downwsrd slope of
the accelerator. It is hoped that by making s special but simple gpectrum monitor,
this bending magnet can be used to measure the energy of the beam. If this is not
possible, the energy of this beam must be meapured in me of the deflected besms,
which will entaill complicated calibration procedurss.

*®
By putting a radiastor somevherse along the accelerator, changing the accelerstor
vhase after this point by 1€0° snd reversing the polerity of all magnets. [See
ﬁucle#r Tnstr. 19, 45-50 (1962).] :
Using & thin target.
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J. Power Supplies for Magnets

The power supplies and detelled status monitoring for all megnets will be lo-
ented in the switchyard building. All pover supplies are eadjustable over a wide
range and have electronic regulators, some of them with a precision as high as
0.01%.
K. Cooling Systems

Magnets, collimators and slits require cooling water. Some of this cooling
water will be radicactive. Instrumentation such as flow meters, thermostats and
radietbion monitors ere needed, 88 well as controls for the pumps and the heat
exchangers. Most of this squipment will be lccated in the switchyard bullding.
L. Equipment Rediabtlon Protection

The high power electron beam is very destructive in neture aend creates high
radigtion levels in the beam switchyard, particularly arcound the collimmtors and
slits. For this reason, and also since access to the beam switchysrd is excluded
during operation and limited after shutdown, it 1s pleanned to locate all suxilisry
equipnent in the switchyard building. In the besm switchyard a relisble inter-
lock system is needed to protect equipment from being melted or otherwise damsged
by rediation. The use of signals from surface redlation monitors and differen-
tisl signaels from either beeam intensity or besm position monitors on both sides
of the bending megnets are under consideration for the radistion interlocks.

A comprowmise pust be found betveen the number of interlocks and their asctus~
tion levels, or it will be almost impossible to get the besms through to the end
stations. Particulsar difficulties would be encountered during setting-up periods.
The equipment protection system 1s an extensive subject, which will be considered
in & later note.

M. Perscnnel Protection%

Sufficient instrumentation will be provided to protect people from radistion
exposure, high voliage, ete.
N. Crenes and TV Sets

Cranes will be avallsble in the yard for installing equipment. The equipping
of the cranes with remote handling (hot cell) tools and the use of closed circuit
™V sets for work at hot spote after shutdown are under consideration.

0. Commnicationsg

Personnel commumication faeilities will be provided between the besm switchysrd

)
This topic is mentioned in this note for completeness only. RBedistlon survey
and personnel protection are umder stuvdy by M. Whitchead.
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building, the beam switchyard tunnel, the central conirol room, the accelerator
and the end stabtions.
We plan to use the following systems.
a. Telesphones
b. Public address system, operated from the central coutrol room
c. Intercommunicaticn syshenm
d. Bervice communicetion channels using headsetbs
During the initial start-up period of the sccelerator (see Section IV.B) it
may be desirsble to provide visual commnicatlon between the centrsl control room
and the beam switchysrd bullding using twe wide-angle cloged circult TV sets. In
this way the main Operator will be able to follow visually, to a certain extent,
the getivities in the switchyasrd building and vice versa.

ITI. OSOME FEEMABKS ON BEAM MONITORING INSTRUMENTATION

A. Jntensity and Position
The beam intensity and position monitors® before the collimator csn be of the

seme type (l-inch eperture, megnetic induction) as those developed for the
sccelerator. The preclsion, however, should be about five times better for the
intensity monitor (1% instead of 5%).

The monitors should work for peak currents of 1 me. or lower. 'The beam mon-~
itors after the collimstor will need larger apertures {at least 2 inch), and will
requlre extrs atiention since the redistion levels in the besm switchyard are
considersbly higher.

For the besm intenslty in this sres we msy use & wmonitor simllar 1o the
Ferryite ipnduction transformers developed by T. de Perry for +the ZquSa% This
trensformer hes & four-in. sperture, the sensitivity is 7 volts/amp, the fre-
guency response 40 me.

The construction of nonintercepting beam position monitors with a lavge
gperture is a more Aifficult provlem. Megnetic ipduction colls are not sensitive
encugh for apertures larger than 2 lnches, and sensitive electrostatic electrodes
have limitations because of charge pick~up by scattered electrons.

We plan to copsider two other techniques for beam position monitoring.

a. Microwave cavities, elther s 'I‘Mll structure”’ or the 4 rescnent cavity type.®

b. Residuel ges detector (see beem shsps)

*
Private commmicstion.



B. Beam Shape

We have two idess Iin mipd to monitor the beam shape.

a. A screen mode of o grid of thin impure guartz wire, locking at the
Fiuoresence with a TV seh and scme highly polisbed 45° metsl mirrors. The lenses
of the TV camers should be made of the pon~browning glass used in hot cells, to
avoid Lilsckening.

b. A residuel ges detector. The ides is to allow loesally into the vacuum
charber & gas with Wigh iondzatiop light efficiency at & pressure of sbout
107% torr. We msy alsc use the flucrescence of o gas. A speclal pump will be
required o control this gas pressure.

If pufficient idght 1e produced, the beam shape and position msy be chserved
vhen locking with & TV setl perpendiculsrly Ffrom two sldes. It 48 aot koown at
present whetlher the high energy electrons will produce enough lonizetion. If
enough light were produced, the gas pressure might be adjusted for minlaizetion
of scatbitering.
¢. Energy Spectrim Anslyzers

The apalyzer described in Ref. 5 dis bullt in two halves, which can bz retracted
gldeways as moch o the width of the slit opening s¢ as to avold scabtterdng in the
ugeful part of the besm by the folls. In this retrscted position the monitor still
provides informetion oo the stabllity of the sceslerator. '

The erergy raoge covered by this anelyzer i1s 13.6% {resolution 0.1%) and the
adnimum Intensity for which it is expected tc work properiy ls a psek current of
1 ma. Slnce the sbove ﬁgfux'es may be insuflicient during beam set-up periods,
we plan {as mentloned sbove) to dazvelop a slmple meonitor covering 16% AER/E,
which will work st lower intensities. (Peek curvenmts lower than 100 pe) The
spectrum display for this monitor way be simplificd to 16 amps which show in
percert how much the epergy delivered by the accelerator devistes {+ or -} with
respect to the desired value set by the flrst bending wmagoet. These signals
might also be used to teke out or add klystrons autcmeiically so as to limit
bean Jumping.

B. . Pogitron Beems

The conversion efficiency from elecirans te positrons is 107% to 1077, The

positron beam intensily, therefore, will be so lov as to meke 1t difficult to use
nonintercepting beam monitars. Consequently, for setting up the pozitron besam
it will probebly be necessary to use intercepting besm monitors with grester sen-

sitivity {lonizetion chawber or miltiplate secondery emission monitor:. During
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the experiment these monitors should be tsken out, and the beam stability should
be wetched by special techrnigues.

Iv. LAYOUT CONCEPT FOR CORNTROL SYSTEM

A. General ,

The following three points pley an important role in the constraction and
cost of a practical control system for the beam switchyard.

1. The amount of equipment and the large srea over which it is spresd

2. The high beam power and bigh redistioe levels which put severe limitatioms
on the construction maberisls that can be used

3. The Pact that the beam switchysrd contrel system cannot be considered
independent of the sccelerator and, in fact, iz part of it
B. Location of the Control Syetem

The logical snd most convendent loecation for all comtrols is in the central
control roum of the accelerstor. This control rocm is located sbout 1000 feet
froam the end of the accelerstor {csble length, 1500 feet). Because of this dige
tance and the amount of signels involved this zolutiom will be expemsive, even
if multiplexing is used.

Our intention at present is to bring Informetion and controls essentilal for
the operation of the sccelierator into the central control rous but to lesve, for
the moment, the bulk of the controls located in the ewlitchyeard building. Our
intention is to start up the accelerator and to gain enough operstionsl exper-
ience before we decide bow to devise & more permanent locstion for the awilalrmrd
control syghen. ‘

C. Data VETansmissio?j Eouipment

In view of the above, at this time we expect to use mltiplexing or semi-
multiplexing techniques only to s limited extent.
D. Control Computer

Recentiy we have giver scme thought to the use of & fast control camputer.
Aleo, Argomne plsns to use e fast camputer to control the Z.G.5. There are many

aspects of our accelerator that make the use of such a computer very attrsctive.
We hope to clarify a muber of unsnswered questions in the nesr future.
E. Cable System

We plan to uge to & great extent magnesive oxide insulated cable in the beaw
switchyard tumnel. This insulation material does not change properties ix high
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radigtim fields and has & woch lower rediation dnduced nolse level then standard
cables.”

We plan to use this ¥Mg0 csble oniy In the besm swltchyard aod to chenge to
Standard C cable op ceble terminel racks bhefore going wp through the verticesl
cable penctrablons to the besm switchyard bullding {see Fig. 1}. These cable
termingl racks may be placed in snielded alcoves in the yard or sieply sgeinst
the wall, depemding om whether we gre golng to have g normal tumnmel or & double
deck tunnel for the besm swltelrard structurs.

T
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