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USE OF SCINTILLATING FIBRUS AND STANDARD TV BQUITLINT

FOR MONITORING OF EXTERNAL PROTON BEAMS AT THS C.P.S.

C.W. Fabjan')

INTHODUCTICH

Scintilleting screens, such as ZnS screens, have been widely
uscd for the setting up of externsl proton beams1). Since this detector
provides only limited information on the beam profile (particle density
distribution), a filsment device has been studied, héving a comparable
sensitivity combined with higher spatial resolution. The light output

of this scintillator is observed by means of a closed-circuit TV system.

FRINCIFLE OF THE DETECTOR

A sketch of the cevice used is shown in Fig, 1. A number of
fibres (say 100) are placed parallel to each other with a small spacing
between them in a plane perpendicular to the beam axis. On onc side, the
extrenities of the fibres arc viewed by a TV camera, having its optical
axis parallel to thc axes of the fibres. The image of the line, formed
by the ends of the fibres falls on the sensitive layer of the vidicon*)
with such an orientation that the vidicon beanm szurs the line at right
angle, Thus, the video signal is directly related to the decnsity distri-
bution along the axis of the beam normel to the axis of the fibres. Hence,
by displaying the video signal on a scope, the profile of a single given

beam burst cen be observed immedietely.

*) Use of an orthicon was not considered in detail Lecause a vidicon was

availeble and of sufficient sensitivity.
t) Summer student from "Technische Hochschule", Vienna,
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In order to obtain information about the beam cross-section in the two axes,

a sccond filament arrangement similar to the one described could be inserted
into the beam in the same plane as the other, but perpendicular to it. It

would bc possible to view them both with onc camers by mcens of a mirror system.
It also could be intercsting to usec a fibre bundle which traverses the beam fol-
lowing the longitudinal axis. The outer fibres of such a bundle might be longer
to obtain a larger signal from the periphery of the beam, which is in a given

ratio to that obtained from the beam centre for a fixed application.

SCINTILLATING DETECTCR

1. Previous work

In various applications, it is very attractive to replace the
homogencous lunincscent chamber by a bundle of fibres, thus obtaining well
defincd spatial resolutionZ). There have been numerous ideas for the use of

3) %)

uging a fibre bundle as cnergy transformcr, together with Polaroid film, thus

fibres as beam monitors. Recently, Kelmus developed a beam profile camecra

being capable of dcteccting 10°-10° particles/ cm?. Noets) suggested the
use of a lumincscent fibre as profile monitor and three fibres arranged in a

triangle as a boundary c.onitor.

2. _loterial used

¥e have been using type NE 1027 scintillating fibres of 0,5 mm
diamcter. According to Iredaleé) this scintillator has an e¢fficiency of
10% photons/ MeV for minimum ionizing particles. We are unable to answer
completely the question concerning radiation damage effects and lifetime of
the fibres. At the CERN synchro-cyclotron, aftcr exposure to & dose of
approximately 1.2 * 107 rad (corresponding to a particle flux of 4* 10" p/em?)
similar material shows a little browning., This will increase light absorption,
but not necessarily limit the use of the detector, which was found to be usable
up to an exposure of 10'¢ protons/'0m2.7) The heating of the fibres due to

the cenergy deposit is estimated in Appendix C.

*) See 2lso reference L),



2%, The optical coupling of the scintillator to the vidicon

Potter and prkinse) have studied the light efficiency of three
coupling methods :

a) Extension of the scintillating fibres to the aspheric surface

of the objective, which transmits the light to the vidicon.

b) Dircct coupling with a glass fibre bundle. This requires &
vidicon with a very thin window or a fibre-face plate, such es
provided by EMI (EMI type 9685).

¢) Scintillator extcnsion by a short curved gless fibre bundle

to the surface of an objcetive.

Methods b)and c¢) have shovn to give adequate performance
with a relative cfficiency of 10% , whereas method a) has an

efficiency of 4% .

To mcke life casier, we simply viewed the filamcnt Cevice by means
of a lens system having an apcrture stop f1/’2.8 . Potter®’, computed the
angular distribution of light emittcd from o fibre, being a function of the
fibre length. This Jjustifies an isotropic first order approximation for the
small axial angles and short fibres considered herc., In other words, an
optical system with an aperture stop £/1.0 would improve the sensitivity

eight times.

Bovet emphasized the possibility of cbteining high 1light collcction

from thce fibres by mcans of a mirror '€’/ .

4, Treatment of fibres

570/k1

Pottch) states the cffects of verious trcatments on the face of
the fibrcs, and shows that well polished faces give the grecatcst light output.
Great care should bec taken not to damage thc surfaces of the fibres, which

would result in a drastical loss in light transmission.,
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VIDICON

1, Vidicon operatcd as integrator.

The pulse length of the slow cjocted bean of the C.P.S., varies
from 500 pus to 200 ms. Thus, in ordcr to obtain informztion on thc total
anount of light cmitted by the scintillator, we can conveniently make use
of the storagc propertics of the vidicon. As long as the scanning of the
photoconduetive laycr is suppresscd, a charge pattern will be built up,
corrcsponding to the amount of light, incident on every pc. .. :ular point
of the laycr. In our case, thc suppression is achicved by applying a
positive voltagce pulsc to the cathode of the imnge tube during a period
which cxtends somewhet beyond the beam burst duration. Thus, the total
light corresponding to the total beam pulse is converted into a charge
inage. This information is almost complctely transmitted by the video signal

resulting from the first scanning after thc suppression.

2, _lain characteristics of the vidicon.

i) Sensitivity.
Calculations show (App. A and B) that a standard vidicon can be
opcrated at a flux of ~7.1°10'' photons/ en® sce at a wavelength
of 5500 A.U. [Ircdalc states 5.3 10'" photons/ cn® sec.‘e) l.
The highcst practicable sensitivity is limited to applying 50- 70 V

to the targect elecctrode, beecause of the incrcase of the dark currcnt.

ii) Dark currecnt.
The dark current fluctustes up to 20% . This holds for good vidicons

and scanning over the whole arca of the laycr")

iii) High 1light illunination.
For constant illumination of thc vidicon face-plate, the signal current
may fluctuate within 10% when scanning over the whole arca. This
figure is considerably rcduced when observing only the central part

of tho imago").

iv) Modulation depth.
Thc separate mesh EMI vidicon 9677 has as a characteristic value a
nodulation depth of 85% for 300 lines, which ensures very good

performance in our application.
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v) Radiation Resistivity.
There are now speciclly designed vidicons with high radiation
rcsistance available: c.g. the GE C 1328 (7325) type vidicon can
withstand a dose of 10'? crg/g without noticceblc change
in performance 27, However, this should not bec a greoat problen,
since it hes becn shown thoet vidicons used for bcam observations

have no significantly shortcr lifetines than thosc tubes employed

in non-radiation arcas' 1) .

DISCUSSION

1. Scnsitivity.
In order to ocbtain comparable results, we introducc a linear proton

density & (beam cross-scction projccted onto plane normal to the fibres
axis).

8 = protons / pulsc cm.

With the figures calculated in Appendix B, we obtain for a EMI-standard

9677 type vidicon ¢ . 1.2+ 10" photons / scc cm®
niain

b

min

li

vo. Din,flux on vidicon face-plate.

Using an objective with £/D = 2,8 f = 75 mm, and having a lincar nagnifi-
cation n = 1/10, we cstimatc from the figurc of Pottere), assuning a light

+-ansnission factor of T = 0.5

q)out / = 1077
Din
cee flux from fibrc surfaces
out
in ttt flux on vidicon face-plate.

Taking into account the fact that we only obscrve onc TV inmage, corresponding
to e time of 20 us, having an c¢fficicncy n = 4* 102 photons/iicV and an
average absorption of 7.2 1072 MeV/proton, we f£ind the ninimum obscrvable

density

o

8 = 4.2°+10° protons/ pulsc cm.
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2. _Accuracy

Thc accuracy of the profile detection is restricted by the noise
of the vidco signal and changing charactcristics of the individual fibres.
Lot us consider a 5% random fluctuction of the video signal for constant
illuninetion; it should be possiblec to keep this figurc smaller by sclecting
a homogenecous picturc clement from the layer. No figurcs arc available for
the cffeet of surface dameage on the transnission propertics of the fibres.
For good perfornance the light transmission of the fibres should be ic-ted
by a method similar to the onc described by Pottora) . IDrrors are caused
2lso by browning of thc fibres, which reduces the transnission in the central

fibrcs more repidly.

EXZURIICNTAL RESULTS

1._Scintillators tested

e placed thrce scintillotors in the slowly cjected proton beam;
the filament device, and two homogeneous plates, 1 mm thick, one viewed from
behind, the other from the sicde. Fhotograph 1 show the videco signal obtained
by scanning the image of the scintillator viewing the front. Photographs 2,3,54

rceproduce the video signal fron the side-vicwed counter and show the beanm

. profilc obtained with the filament device. A beam profile can clearly be

PS/4570/k1

scen in all threc cascs. The most remarkable difference is the apparcent
enlargement of the beam cross-scction when obscrving it with a homogencous
scintillator. Thesc light-piping properties of the fibres were confirmed in
the following test. With the TV cancra obscrving irom the front side (at

45° to the planc of the fibre device), no TV signal could be obtained.

2., _Conmparison with calculation .

From picturcs which hove becn t aken at an intensity of
8
8

the vidicon, we obtain for an average veluc of 4O ns for the timec interval

2+10"! protons/ pulsc em , we cstimatc a winimun obs.rvable density

7+10'° p / pulsc cn. If we toke into account the wclay of rcsponse of

between the proton pulsc and the first scan, a loss of scnsitivity by a factor
~ 2.5. The TV cquipnent ACEC, with which we have carricd out our cx-

perinents,is approxinmately threc times less scnsitive than the EMI vidicon,
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for which the calculation has been carried out. Our thecretical figure
4.5 10° p/pulsc em should therefore be incrcascd to 3.2+ 10'° p/ pulsc cm.

Calculation and mecasurcnoent then cgree within a factor 2.

Howcver, with an EMI vidicon end a lcns system of £/1.0, a density
8 =5+10° p/scc cn should be obscrvable, if the suppression can be cx-
tonded@ for about 100 ms after the end of the burst (thus avoiding loss
due to delaycd rcsponsc).

FUTURT ¥ORK

31.. Choicc of matcrials

It would be intercsting to find a natcrial with comparable scin-
tillating cfficicney, but with sconcwhat higher radiation resistence.
Dc Raad describes sd ntilletion fron a quartz platc’s). He elso refers to
quartz which will withstand a dosc of 10'' crg/ g without altcration in

12)

optical propcrtics, but it is not ccrtein that both matcerials erc identical.

.

There arc also somc glass specinens avelinble haoving hish 1isht

output under radiation'®’, Onc way to overcone rediction damage problens
is scen from a suggostion by ce Raad12): quartz tubing of high rcsistance
quality fillcd with a liquid scintillctor could be used instcad of homo-
geneous scintillating fibres. Another possibility might be to f£ill these
tubcs with a noble gas, such as xcnon, which would reduce the light output
to 0.1% cc .~rcd with a plastic scintillator of corrcs.onding Giamcter.
Using a Xern - ..- nitrogen mixturc and opcrating the chamber in an elccetric

ficld, we would gein a factor 100 in intcnsity"

By introcucing ccrtain
black fibres, it is possible to obtain a refcerence systen for fixing the
position of thc bean. It is also possible to divide the cnds of the fibres
opposite the TV camera into two groups - cach group Lieing taken to a
scparatc photomultiplicr. If the currcnt diffcrence of these two Fil
beconcs zero, the position would be well defined. Tho possibility of using
a differcent thickness of scintilletor in diffcerent pzrts of the beam has
alrcady been nmentioncd (p. 2 ).
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APPENDIX A

Absorption in the fibres

The calculation is bascd on a beam cross-scction rccorded by
ocans of nuclear emulsions (Fig. 17a, b of refercnce 1). ¥e definc as
bean radius the radius of the cross-scction corresponding to a proton
density of 10% of the moximum valuc, thus obtaining o radius r = 2 mm,
total intensity: 5+ 10'" protons/ pulse. Approximatcly 1.2°10'' protons
will pass the central fibre,

Fibres: 0,5 mnm diameter, p = 1.032 g/cn’,

giving an avercge arca density

p, = 0.0.05 g/cn?,

With the data of Stornheimcr“’), we f£ind for 27.5 GeV protons
-(1/p)(as5/ax) = 1.835 LcV/gen~? for berylliun,

Since no extrapolation of this valuc was possible, we take this

figurc for our calculation.
Ve find the everagc cnergy absorption

4% = 1,8 * 0,04 KcV/ proton,
Fer pulsc is decposited lu the central fibre:

0.0720* 1,2+ 10'" = 0,086 10'" MoV

ks

abs

Bps = & 6+10° MeV/ pulse £ 3.25 * 10™* cal/ pulsc

PS/L570/x1



AFFENDIX B

—— —rve——— -

Light cmission fron thc fibres

Sensitivitics of photo-clectric devices are normally statcd for
illunination with a tungsten lemp, T = 2870° K. Fron the known spectral
cencrgy distribution of the tungsten lemp and the radiant sensitivity of
the humen cye, thc ninimun light flux for diffcercent vidicons can be
calculated16>.

Definition:

1 Vatt light ( A 5550 LU )

1l

(153

680 luuen (1m )

To simplify caleculation, we asswic lincar response of the signal currcnt

to the illumination (nore cxactly:

S = k1Y

S ... Signal current

I... Illuninction

k ove Constant

v «eo Constant 0.7 < v < 1) .

1. Vidicon Thornson~Houston (Scc Fig. 3).
I

i

0.39 uW (Tungsten lanmp)
2 7.1 » 10" photons /scec [ A = 5500 AU ]

niin

>

2., kin. Flux fron the scintillaior. Since data on ths spectrun of the

NE 1024 secintillator heve not been available, we take a scintillator
spectruii with nax. cuission at the samc wave lcength (Kmax= 4150 AU’):7
a) Vidicon Thomson- Houston

Toin = 070 uw

1.5 * 10'? photons /scc (N = 4150 LU)

13

b) Vidicen EWI 9677 Standard
0059 u-"‘}
1.2+ 10'% photons/sce (A = 4150 LU ).

I.
nin

>

PS/4570/k1



AFPENDIX C

Estimnte of the heating-up of the fibres

Assunptions:

we assurie ©

radiction,

¢ =1 ca dizneter of the beam

N ==1,2°+410"'" protons/pulse ....

NN nurber of particles trensversing the central fibre
(see Appendix A)

E =8.6°10° LieV/ pulse & 3,25 10"* cal/ pulse

1,60+ 107% cal/ sec absorbed.

134

cp= 0.174 cal/ g zrad
(for quartz, we take this velue for our estimation, in general

s0lid organic substance hove greater values).

For the calculation of the upper limit of the surface temperature,
no heat conduction in the fibre, a2ll heat only removed by

radiation from insidec the fibre is ebsorbed in the fibre.

The encrgy balence leads to

O = 0
“dbs “rod
Q = oA e ( T; -T4)

energy ebsorbed / sec

“abs. e e

a ces € ;- redicted e

) nd encrgy radicted / scc

o +e. Stephan- Boltzmonn cor  nt

€ +ve cnissivity € = 0.5
T ... surface tempereturc

T ... ambient temperature Ta = 293° K

and we find for the surfacc temperature

P /4570/k1

T. = 308°K = 35°C.
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Photo 1
Plastic scintillator disc,
viewed from behind
Intensity: 1-1010p /pulse
Scope: 2 msec/cm

Photo 2
Plastic scintillator disc,
viewed sideways
Intensity: 5-1010p/pulse
Scope: 2 msec/cm

Photo 3
Filament device
Intensity: 4-1011p/ pulse
Scope: 2 msec/ cm
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Photo 4
Filament device
Intensity: 2¢10 1p/ pulse
Scope: 2 msec/ cm



