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BEAM MOHIPTORING IN THE SWITCHYARD

{Prelimivary Report)

We have dealt briefly with this subject in an esriler report {part III of
TN-63-I7).* Since that time some of the aspecis have been worked out in more
- detail.® 4,

e presgent report gives a preliminary overall descripticn of the beam woni-
toring regquirements in the switchyard and makes a swvey of possible techniques.

he purpose of this nobe is to establish s begis for futurs R and D work in
this fisld.

We divide this note intoe the following sections:

B AND LOCATYON OF
1i. FPRELIMINARY SPRCLFICATION:
TEE.  BURVEY OF TECHEIQUES
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I. FUNCWION AND LOCATION OF

The answer fo beam monitoring in the beam switchyard is not straight-

&=

forward. A proper cambiaaiion of different monitoring techniques is probably
required if a satisfactory soluticn is to be obtained.

In this note we consider only the beam monitors required in the principal
magnetic deflection systems, and we limit our discussion to beem current, beam
position and beam cross section (profile) monitors. Besm enexrgy and -energy
spectrun are being considered in other notes.

Figure I shows the type and loecation of the monitors under considerationg
end, for orientation, gives some approxzimabe vacuum chamber dimensions snd the

beam size along besm A. The monitors in bszam B have been disregarded in this
note gince thelir reguirements are the same as for beam A. The notationsg used
correspend to the layoul sketch in TN-63-47. The function{s) for each of the
monitors is (are) sumrarized in table 7 and will not be deseribed further in

the text.

et

T. PRELIMINARY GENEEAL SPECIFICATIORS

As a guide line we take the following conditions:
Peal, curvent range: 10 gd $o 50 ma |
Pulse lengih: 0,1 o £ ysec.
Pulge rate: between 1 and 300 pulses per second.
{Lower currents or shorter pulses will require special
monitors. )

Pulse shape versus time: We must assume that the eurrent
pulze can deviate conslderably from a square shape, ‘This
is particularly true after the slit where the shape may be
deteriorated very strongly because of variations in energy

gpectius veorsgus time.,

2. Rangs, Response
The current range {5000 : 1) is supposed to be just large eno:gh to

cover positron beams. /



TABIE I

T A R I o)

Beam Current Intensity Monitor

T =
= DBeam Position Monitor
PR = Besw Profile ¥onitor
Monitor Function Remark
1, Current from accelerator. gted. (I,,, ELN, I,5)s (see I1.8)
I, Current after collimator. gated. (I, - I, ) absarptioz
in collimator,
¥y Position in front of collimator, P, gated. P,, P, are precise
nonitors to adjust position and
¥ Fe Y £ ] N
P igf “*“zizfzer cmi¢imator, but engle for sach of the 3 beems in the
oy T ——
serore L0 mAagne collimator with pulsed steering.®
I, Curgeat r%a trine bteam in front 1
-t
1/3° vagnet. \ . N
) L 0 Heguirese more discussion.
I,:P; Current and position after 1/3
magnet.,
o e " ~ \ &
o Current of bewmn 4 afier pulsed magnet. Check on (IlO - Iag)
, . . . a9 . :
T4 Current of beam A after Pirst 127 bend. and {I,, - I,5)
L . + o . ,
L Position in Pront of queds. Stezexr beam A with pulsed msgnet
in center of quadsu
‘s ) 0 +
Py Position after fivst 127 bend.
Iin Currest besm A afier slid, Check on (I, - T,,) = absorpticn
in slit,
. “ o PO +
1q3 Current availabls for end statlion A Uhenk on il.j - X,m)
e TR Lo
; e
Py Positlon of beswm A to end station A
P@ Chosarve symmebtry of besam cross-poetion
e in ooyt T tma o
in front of ecollimator.
PR}O Shepe of besm A in front of quad.
PR Shape of energy analyzed bhesm hefore Adjust queds Q, ..
32 1 TO™LE
slit.
Pﬁia Shape before entering secoond 120 bend. “Adjust feld lens Q.
o ) .
Fﬁ;: Shepe of beam afber 2nd 12 bend. Adjust @ i 3ay4

% requires & measurement that the pulsed magnes is degaussed.

+ tnis quantity may be used for the besm intericck system.
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If possible we should cover this range with .one type.of monitor.

Monitors that will tle in with the beam interlock sysiem require a fast
response (< 100 us).

3. Interaction with beam

For same of the most criticel experiments scatiering allows only 107 %

: radiation length of material. This means thet monitors, which are essential
4 during operation, should be of the non-intercepving type. Invercepting type
" monitors will be helpiul to set up beams, and in locations where scattering
e is not imporiant (e,g° in front of a target). These monitors, however, should
- be made remoﬁable by rewote control.

%, Current intensity (precision)

The intensity monitors have 3 funciion:

2. To monitvor the current before and after each Geflection magnet, or
monitor the difference betwsen these values, The ebsolute yrecision
should be < 5%, the velative precision (stebility) 0.14 - 0.54.

b. To shovw the dynamic behaviour of the bemm pulse; the absclute pre-

cision ), the relative precision 1 or 2¢, the wise time 15 n sec.

G

To measure the intezrated current at the end of each bhesm; the abso-
lute precision should be 0.1¢. (fhis requires a precision integrator>*?3%

with an extremely high inpub impedance if & high impedence monitor -
like an SEM - should be used.)

5. Position {precision)

I% showld be possible 1o monitor vhe charge center with a précisicn of
0.5 mm,

In view of the positron beanms we should try to keep the tolerances st low
currents a&s good as possible., {For low electron currents one could afford to

‘lose part of the beam. )

6., Profile

This indicator should work over the lergest poseible current range. The
ideal profile indicator will not only show the beam cross section but also
intensity contrasts within the cross section. A stlll acceptable profile in-
dicator will show only the horizontal and vertical beam dimensions. (More

precise specifications for the profile monitors will be established later. )



T, Calibration and checking

H

We should think gbout simple ways of checking the proper functioning and
calibvration of the monitors, since access o the monltors will be very much
restricied.

Calibration anﬁ recalibrotion is pardtlicularly important for the current
monitors. It is stendard praciice to calibrate opainst a Faraday cup., We
cannot rely on the evailsbility.of s Faraday cup and should look for other
means.,

A current transformer may be preferred in this respect, since we may send

L

down a calibration current pules through an extra winding for this purpose,
8. Gating
As indicated before, the deta taken by 11: 12 and P, (Fig. 1A} should be

gated, displaying the resulis separately for esch of the thres beams. They

4

must hay iagt responss |

9., nadistion damage

By scaling from DeStasbiar's note (5) we assume for ovientation purposes
the Tollowing rediation levels for the monitors.
Mverage in or just oulslde the vacuum chambar
102 ergs/gr, 10 yea
Within one meter from a dump {coliimator, s1it):

=4

lx,}” {;r:r’,g;ﬁ:/ gr, 10 years
Aversgse in bhe uppsyr tumnel
107 ergafgr, 10 years
Aress in the upper tunnel above hobt spots should not be used for elthsr

instrumentation or cable passage. Obhviously, we should Uy to plece monitors

bype maberials, meluls or maybe guarte,

e
For cables we Inbtond to use Mgd isolation, Coaxial cables using this

isclation are RGGLMu REER/u.  We have still to find & radiation resismnb

S

:""

aling technlcue for these P“gfﬁ copic cgblen. Stycost 2850 ¥ as used for

#
K. Jobhnson brought o our sttention the "Micetemp” tvoe cabls, using

reinforeed mica for 15@¢&miaao \fg. Hockbestos). Yhis cable can sbsorb s
threshold dose of 10i% ergefor. and is supposedly not hygroscopic.




the magnet colls may be suitable. It will require the addition of a eatalyst

for room bemperature setting.

10. Thermal . effects

Where beam intersction is involved, thermal effects @8 a resgult of power

absorption should be considered.

11. Aligmment

The position monitors should be properly aligned {#0.5 mm) with reepect %o
the magnetic camponents in the beanm switchyard. Where posgsible the position
monitors should be rigidly conn&éted to these compounents Lo minlmize alignmept
equipment and sligmuent effort. The aligment of profile and current monitors
is not so critical. As far as alignment is concerne& it 15 desirable to build

the different .ypes of monitors as one unit.

12, Vacu.m

All monitors considered here are downstream of the differential pumping
system; the pressure is J.Of'"br tory.

The vacuum chamber dimensions change along the switchyard. @he.proper
dimensions are not yet known; figures for guldence are shown in Fig. IA. No
aquick-disconnect flanges are being considered {as plsmned in the vacuum chamber
for the magnets), so that s defective monitor is aifficult o replace. A
simple and reliable design is'thérefore fundamental for all monitors.

The monitors should prefergbly clear the full vacﬁum,ghamber opening.

Where this conflicits with sensitivity, etc., one 5 ould at least clear the
24, AE/E beam envelope showa in Figé¢ IS, IC, pilus @ iolerance to accommodate

for bear instabilities. All monitors will require special vacuum chamber sections.

13. Display end storage

£11 information will have to be displayed in a logical way in the beam
switchyerd building. All auxiliary monitoring equipnent like smplifiers, etec.,
gshould also be located in this building. A part of the informetion will be
transmitted to the central control room.



Recording facilities for all types of information involved should be
available for permanent data storage, if sc desired. In choosing display and
storage sysitems, techniques most eesily adaptabls to digital computers should

be preferred.

I1X. REVIEW OF BEAM MONITORING TRCHNIQUEE
We will review briefly beom monitoring techniques that may he useful in

the switchyasrd. Most of the techniques sre conventional, s few ideas ars new.
A swmary with references is given in Table T1I1.

We limit the review of these techniques to sume coments with respect to
our switchyard regquirements. Sood general review articles may be found in

Refs., 6 and 7 and detailsd descriptions in the references shown in Table IX.

Non=-intercepting current monitors

1. ZBlectrostetic:

The disadvantage of this principle is the high impedance and the largs
piates required, which make the system very sensitive to strey pick up. Since
we expect & high lsvel of seatiered charge in the switchyard this technique

seams not recommendable.

2. Elsciromegnetic:

Current transformers are widely used, employing toroidal cores mads of
either ferrite, iron powder or permalloy iape.

Compereially the following is availsble:
Pearson Electronics can supply 6-in. torcid (permalloy?) trans-
Pormers with the following characisristics: kA/V; 1 = 50 naec;
1%/us drcop; $1635,
ARCCO supplies complete assemblies with the ferrite external
to the vacuum envelope. With an 1.0, = 1,5 in,, $756, and con-
bined with I ferrite position pickup coils $1338¢
Toroids with en I.D. of 3 to © inches, mede of high frequency

Kickel Zine ferrite can be obtained by special order (= $600).



BEAM MONITORING TECHNIQUES
Current, non-intercepting

intercepting

FPosition, non-intercepting

semi-intercepting
intercepting

Profile, non-intercepting
| semi-intercepting
intercepting

TABLE IT

Princigle

1.
2.
3.
b,

s,

6.

To
8.

9.
10,
11,
1z,
13,
1k,
5.
16.
17.

10
19.
20.

Llectrostatic
Electromagnetic
Cavity
Synchrotron light

Secondary emission

Icnization chamber
Foil activation
(Faraday cup)

Electrostatic
Electromagnetic
Cavities
Synchrotron light
Residual gses

Beam boundéry sensor
Sweeping wire

Screens

Reference

8) 9) 10) 11) 12)

13) 14)

b,)

2) 15) 16) 17) 18) 19)
31)

20) 32)
21) 22)
23) 2h)

=)

26) 27) 28)
29)

)

1) 3) 30)

[d

Four quadrant quartz plate

Synchrotron 1light
Residual gas

Sereens

4)
1) 3)



For our application we have Lo look into the radiation damsge of the core
materials,
We heve to conglder the noige profuced in the tresnsformer as @ result of

hitiing the torold core dirzetly. Noise should be reduced by limit-

ing the bendwidth of the transformer.

tween Trequency responce and sensitivity.

e
At some locations we will probsbly nesd two types; one o cbserve dynswic
pulses and one with low nelge and a good sensitivity snd g ability.

We should work on siteble colls, good shielding and dirsct cslibration by

sending 0.1% reference pulses through an extra winding on the cove,

The esvity is not a very precise current monitor since ite response
depends very much on the shape of the current puise.
The noise level seems 1o be guite accep%ﬁblem Zyngisr {(Crsay) nas con-

”

gidered its use for positrons and thl éde has made noise measuranents

showing in his pwr@*“uier getup nodse levels as low &z .5 uf ps

LY, Synchrotron light

May be usaiul as a relative Intensiity monitor at the higher currents. At

very low currentsg (pmg.ar‘ﬁ b&&ag) the ligh@ could be observed with & photo-

5 qeae&qavv emisaion

Aluminum foll SE monltors, although not very stable, are widely used.
The gtability may be Inproved using gold covered Aluninum Ffolls., At high bean
currents local iemperature riss may affect the amission constant. Tsabelle has
studied & water cooled SEM (Bef. 2) for uss in ow

A SEM will ofien regquire recalibration, which would be difficult in the
switehyard.

should can&idér non~intercepting, ring type collector electrodes

instead of the usual muliinlate assembliss For very low currents, it neces~
sery, we could consider 500-1000 Angstram thick ¥OL foilsag vhich have a very
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high secopdary emission coefficient. These folls seem stable in strong redi-
ation. Complete discclorstion does not dffect the emission properties

(Sternglass). A difficulty with this type of foils is surface churge build up.

6. Ionization chamber

They can be made to work perfectly over a range of about 105 - 1Ol0

electran%fpulse, Four or 5 foills are needed o assemble a chamber. Brownman
has made chembers with the elecirodes L+ the direction of the beam. This ides
still r&quireﬁva end-folls and assumes . large enough plate distance,

The current range depends on plate distance, type of ges, and gas pressure.
The stability can be much betier ther for the SEM and depends on the purity of
the gas, the gas pressure and the plate distance. Flowing gas through the
chamber at a controlled pressure in order to obtain stability ig probably too
complicated for our application.

The lonization chamber may bhe the only accepisble preciss monitor for the

positren besms.

7. Foil sctivation

A monitor using this principle ig described in Ref. 21 for the cosmobtron.
It provides averags current valugs over a relatively long time (= 1 sec.). The
range 15 small and it will prebably not work at our max. current intensity. It
is an impractical piesce of apparatus and reguires maintenance. It may be use-

ful for experimenial set-ups in external beams. Not useful in the switehyard.

Non-intercepting position monitoers

9. Electrostatic (see IIL, 1)

16. Blectromagnetic

Several vaviations are possible (see references) but none of them seem
capable of giving 0.5 mm precision if we assume gaps as large es 4-in., or 6-~in.
The output signal is current dependent and requires normalization for the proper

current value.

11. Cavities

gt - St Atress

This monitor has the drawback of being current dependent, and current pulse

shape dependent. However, the capability of the 4 cavity type monitor to show



variations of the beam position during the ulse length (see Ref. 29) deserves
serious consideration.

We have Lo see whether e cavity type position monitor (either with 4 cavi-
ties or a TV

1 _
suitable solution for Pl (gaﬁed position monitor in front of collimat@r)@

3 structure) or the electromagnetic position monitor is the most

12. Synchrotron light
As described in Ref. k4, this light can be used to observe the beam position

in & puwsber of magnets. The precision is expected to be limited, making it not
accurate enough to meet our speciflcations. It may be useful, however, as an
auxiliary dirvect observation method.

Using this method we have to think sbout light reflections against the inside
of the vacuum chamber walls. Instead of observing the light with a8 W camera in
the upper part of the tunnel (as proposed in RBef. L) it should be considered to
transmit the light through 2 k-in. penetrstion and place the camera on top of the

carth shielding. The same is true, of courss, for the ohservation of the screens,

E;

Seml~intercepting position menitors

13.  Residual gas

Tt has been shown (3) that sufficient de-exitation llght will be producad.
The light spot will not be es sharp as for the synchrotron light. The residual
gas detector may heve an application at a loestion where synchrotron light is

not svailable.

1k, Peam bourdary sensor

The principle is shown in Fig. 2. Three hollow quariz Tibers, a few nils
in diameter, are independently movable in the radiasl direction,

The tubing i €illed with a scintillating meterisl (gas or liguid). fThe
fibers may be positioned until 3 light spots are cbserved {position 1) showing
+the boundaries of the beam. ‘fhe light should be obssrved vis reflectors by a
W camera or 3 phote resistors (or other photo-sensitive components).

Placing the fibers in position 2 and using signals from the photo-resistors

e s #*.
the system could be used as a fast beam position interlock.

L . - . . : , .
Similar schemes could be considered using the (secondary) emission effect
of metal wires.



The quartz tubing should be pure o avoid blackening. A filling must be
found that maintaine its luminescent properties for a long enough time in

radiation, We are proceeding with some egperiments.

Intereepting beam position monitor

15, Screens {(see 19)

16, FPour quadrani positicvn monitor

In order to steer the beam precisely through the collimstor and to deflect
the beam properly on the center of the irst guadrupoles we need z position
wondbor with good resolution in the magpetic center of cur deflection system.

The position wonitors discussed so far may not be satisfactory for this
purpose. A device that could be useful for beam centering is shown in Fig. 3.
The gquadrants are formed by & gold deposit on & 1 mil quartz plate. ‘The plate
i1s clemped between 2 ceramic rings, which support slsc the cylindrical coliector
electrodes. Differential signals from the 2 horizontal end the 2 vertical quad -
rants may allow a precise centering of the beam (zero method). “he detection
sensltivity may bte adjusted by changing the charging pericd of the eca apecliors
(see Pig. 3C). The monitors reguire, of cmurﬁﬁ, Precise aligmment, Since they

are intercepiing, they have to be made removeble remotely.

Hon-intercepting profile indicator

17. Syuchrotron light

The light fram the first guadrupoles may be used for this purpose (Ref. 4),
(See also 71, 12). '

18, Residual gas

5

Because of light diffusion in the gas it will be difficult to use this
technique as a profile monitor. ¥Yhe only possible way seems to lock perpendi -

cuiar into the heam from a horizonial and 8 vertical direciion.

19. Sweeping fiber

In pripciple it mey be possible to sweep a luminescent guartz fiber

{1 - 5 mil thick) through the beam and observe the light,



Intercepiting profile indicators

20. Screens

Since the ideas in 17, 18, and 19 are insufficient we will have to look
into conventional screens piaced across the beem at a h50 angle, Zinc Sulfide
is not suitebls since 1t loses luminescence very quickly when placed in the
heam.

We plan experiments with luminescent quartz fiber grids {the same as in
Ti. 14%)., Quartz is an attrsctive material since it has a high thermal dura-
bility and can be supplied in very thin dimensions. There ave scme promising
new glass qualities available as a result of laser development. They show
high light outpult under radiation.

He must try to find screen moterials that need not freguently be replaced.
It is important to meke a simple construction allowing the quick replacement

of a screen without spoiling the vacwm,

iv. FUTURE WORK
It is still too early to make a firm proposal on besm monitoring technigues

to be used in the switchyard.

In Fig. 14 we have made preliminary indications as to the techniques that
may be useful for the monitors indicated. The numbers in Fig. 14 correspond
to those used in Table IT of this nots.

In the next year we will analyze end try cubt the techniques discussed in
this note. Duricg the same period we zlsc will study beam operation pro-
cedures and beaw ionterlock schemes. When these results are available we
will be able to make firm proposals on the beam monitoring system.

The final proposals will include besam monitors for the complede bhesm
chennels in the switchyard (including beam A', the &¢ y-beam, the peutrine

besm, and the second pulsed magnet arsa in beam B).
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