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SURVEY OF BEAM MONITOR FOSSIBILITIES FOR
THE EJECTED BEAM AT THE C,P.S. EAST AREA

W
C.V. Fabjan ¢)a.nd H. Zulliger ")

_ SUMNARY

Possiblc beam monitors for the slow ejected beam at the C.P.S,
arc discussed. In particular, the optical and direct electrical methods
are investigeted., The final discussion should enable us to select the

most promising monitor for norc detailed study.

*) Surmer Student from "Technische Hochschule", Vienna.
t) Visitor from Stanford University, California, U.S.A,



INTRODUCTION

The requirements for detectors of the future extcrnal proton beams
and some possible solutions are summarized in Table I. It is apparentfrom
this survey that some now detcctors have to be developed, notably to assist
the focusing on the target (spot sizes of a few mni). We also desire to
measure the intcnsity of the slow cjected bcam in a non~-destructive way.The lat-
ter detector constitutes a difficult task, as the beam current is only
0.25 pwA to 100 pA (at 3x10'' protons/p in the beam), and beem bursts

from 200 msce to 0,5 msec,

It is thc purposc of this rcport to selcct.from the multitude of

possiblc beam monitors the most sultable oncs for further consideration .

We have divided the beam monitors in three groups:

1) )

1) Nuclcar reactions (C. Bovet
2) Dircct electrical signals (H. Zulliger, Part A)

3) Light czission (C. Fabjan, Part B).

)

There exists already a rcport by C. Bovet
but 2 and 3 will be discussed here,

describing nuclear reactions,

PS/4578/k1



PART A

POSSIBILITIES FOR FROTON DETUCTORS BASED ON DIRECT ELECTRIC FHENOMENA

Table IT shows a survey of such particle dctectors,

I. Non-intersccting monitors Usable for:
1, Electromagnctic pick-up I (Pos)
2. Electrostatic  pick-up I (Pos)

(3. Cavity)

II. Scmi-intersccting monitors

1. Residual gas ionization chamber| I

III. Intcrsecting monitors

(1. Gagor tube)
(2, Spark chamber)

2. Recsistance monitor i,Pos,Pr
4. Thermo-couple moritor I,Pos,Fr
5. Secandary emission monitor(SEM)| I ’Pos,
6. Ionization chamber I

7. Solid state detectors Pos (Ir)
8, Faraday cup I

I = Intensity

Pos = Position
Pr =Frofile

The dctectors and/or used in brackets are questionable

in case of the C.P.S. slow ejected beam,
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I.

NOK-INTERSECTING BEAM MONITORS

1, Electromognetic Beam Monitor

Because of better coupling with the beam, we prefer a toroidial
magnet core which is not position-sensitive., The necessary increase of sens-
itivity by a factor 10°, compared to the presently used monitors in the C.P.S.,
causes problems in amplification and bick-up from external noise sources. The
sensitivity can be scaled up by improving the geometry and the permeability
of the magnetic core. A toroid with 25 000 turns would have an output voltage
of 7.5 uV and 107'" A, (for 3x10'"' p during 200 ms). These values are
smaller than the ncise figures of good commerciel amplifiers. In order to
shield against external noise sources, a magnetic and elcctric shield is
provided. Field effect transistors or cascaded TI 2 N930 transistors may

improve the amplifier (For detailed cstimates sce ref. 3).

2. Blectrostatic Beam Monitor

Ve can increase the sensitivity by having a long celectrode, e.g.
100 cm. Under the same beam conditions, this yields a voltage of 37 uV
on a capacity of 35 pf. The initial discharge current is 1.3 x 107'% A
for a time constant of 1 seo. Gool elcctrometer tubes have a grid leakage
current in the same order of magnitude., Field effect transistors may, however,

solve this problem.

5 )

Ionization of thc rest gas apparently causes severe problems &
We st ~st a fine grid inside the elcctrode to collect these free charged

paerti.ies (For further details sce reference 4).

3, Cavity Monitor

Thc cavity monitor does not work in the slow ejected beam,



II.

IIT,
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SEMI-INTIRSECTING BEANM LIONITOR

The residual gas monitors) does not require any end foils; thus
only thc rcsidual gas is intecrsecting the beam. This monitor opcrates on
the same principle as an ionizotion chamber, but has a simpler ficld distribu-
tion, and it is, thereforec, easicr to calculate the efficiency. The protons
ionize the rest gas in the beam pipe, and by varying the ges pressure, one
can adjust the sensitivity. The problcms involved in this method arc:

purity of gas, constant gas pressure, recombination and sccondary emission.,

NTLRSECTING BiiAll MONITORS

Geiger tube.

e
2. _Spark chamber.

Necither methods can resolve nor integratc proton flux bursts of
10'% ¢/ sce.

3.__Recsistance Change lonitor

)

about Fenwall bead thermistors withstanding 1012 erg/g in a 70 MeV clectron

Even though some cncouraging information from SLAC7’ was rcceived
beam, this applicetion rcquires further studies. A thin platinum wire still

scerns toc be the most reliable scnsor for a resistance change monitor,

A ten times zig-zagged 0.05 mm diameter platinum wirce increascs
its rcsistance by about 3% (6x10'' p/p in the centre gives a temperature
risc of approximately 10°C)., Employing a difference method measuring the
rcsistance, 0.5% accuracy seems to be possible. The coolirg time constant
can be adjusted by changing the hcating current through the wire. (50 mA
heating approximatcly to 100°C in vacuum). The output voltage is scveral

mV (Details of relevant calculations can be round in refercnce 8).

L, Thcrmo=couple Monitor

Philips thermo-~couples with 0,05 mm lecad diamcter can be placed
in the beam, The output EMF is proportional to the temperaturc at the
junction, This is e point scnsor and, therefore, scnsitive to position

changos in x and y direction simultaneously. Bccause of heat conduction
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in the lcads, the tempcrature distribution becomes very compliceted and it is
difficult to find a good geomctrical arrangement. The output voltage of one
Pt Rd-Pt thermo-couple wculd be approximately 0.5 mV (ot = 10°C ). Again
a serics conncction of sceveral junctions and a compcnéation mcethod would yicld
a rcasonablce output signal of severel mV. Becausc of the difficulties to
acjust the time constant and the wnclear tempcraturc distribution, we think
this method to be infcrior comparcd with the resistance change device ( lore

information can be found in reference 9).

5.._Sccondary Enission lonitor

Good rc¢sults werce obteaincd with transmission dynodes for an
clecctron multiplicr, using a thin KQ layer on Al foils, as reportcd by
Stcrnglass1°) . The flux was, however, only 10° p/cm® scc .For a larger
nunmbor of particles, such as 10'2 protons/p, the voltage drop causcd by
the high current,and thc high resistance of the laycr, can cxcecd the bias
voltage and the SEIl saturatcs, Al foil backings oxydize and do not reduce the
resistance appreciably. We are still 1cft with the old problem of having a
very thin ( 10 u ), homogencous, non-oxidizing and conductive foil. Recently
acveloped diffusion technigues mey allow a thin layer of corrosion proof
material to diffuse onto an aluminium foil. AMPZRO, Embarcadero Rd. in Palo
Alto, Czl. USA, could be contacted for diffusion probloms.

SLAC11) reperts a stable SEM with aluminium foils. Special

procedurecs are, r-wever, rcquired to keep the surfacc clean.

6. TIonization chamber

SLAC12) reports an ionization chamber over a range of
10° - 10'° ¢/p . Levine and Swartz'J) constructed a chamber for 10"' p/p
with pulse length from 20 psec to 250 msce, If the gas pressurc could be
lowered somcwhat more, we might be able to develop a chamber for 10'2 p/p.

The problems involved in building a stable ionizotion chamber arc:

a) Recombination
b) Gas purity
c) Constant pressure

d) Secondary cmission,



7. Solid State Detectors1‘>

So0lid state detector monitors are based on the same principle as
ionization chambers, but having the advantage of an cnergy loss per ion pair
of €= 3¢V (~ 30 for gas). This number allows to build detectors yielding
about 2V output signal in the C.P.S. proton beam. Unfortunately, the devices
arc radiation scnsitive, and thc signal strength decrecases rzpidly with
radiation over 10'? p. 0. Barbelat'“’/ has built & profile indicator with
8 diodes which works satisfactorily. However, long tcrm stability causes

problems and a2 continuous calibration method would be desirable.

8. _Faraday Cup

The Faraday cup is a precisc monitor for total charges, but it is
not transparent. Becausc of its large dimensicns (~ 2 m length for Stanford
Mark III , 1 GeV linac) and high absorption, it could :zly be used after
the target.
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PART B

Possibilities for proton detectors based on light emission phenomena

Teble IITI indicates the principles of such particle detecctors.

Tcble ITI

Type of detector usable for
T, Non-intecrgecting monitors

(1+ Synchrotron 1ight) (I) Pos
TT, Seni-intcrsecting monitors

no detectors existing

III. Intersccting monitors
1. Scintillation light (I) Pos, Pr

2, Cerenkov light (I) Pos, Pr

I, Nen-intersccting monitors

1. Synchrotron lizht

The synchrotror .ight erfect, which is frequently used for
electron beam monitoring, is far too small for monitoring in the case of

accelerated protons (Icﬁ-iz for particles on a circular path).
o

JII. Intersccting monitors

1 Scintilletion light

1.1 Homogencous scintillators

141 Zn-8 screens
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* )

Zn-S screens ) are widely used for position monitoring'® ’.
Spatial resolution is sometimes insufficient, and it is difficult to obtain
screens with comparable scintillating properties. Radiation ddmage requires

frequent replacenent.

14142 Discs of & plastic scintillator

Discs of plastic scintillator material, 1 mm thick, have becn used
for position monitoring, (For cxperimcntal details see reference 16). With a
standard TV equipment, a particle flux of 10'° protons/ cn® pulse is observe-
cble. This matcrial is easily obtaineble with well defined scintillation

propertics, and it can be machined for any wanted shape,

The intensity reogion to be cbserved is simply zoverned by the
thickncss of the material. Expcriments on radiation damage are under

preparation,

1e%e3 Other usablc matcricals

Ve did not consider in detail standard scintillating materiel,
ceg. NaI (T1l) crystals, sincc they arz more suitable for single particle
counting. The higher light output, comparcd with plastic scintillators,
is, however, not a preferable feature, as in our case light intcensities ob-

taincd with plastic material are high enough for TV operation,

1.2 Scintillating fibres

Yie have studied the following filement device: about 100 plastic
scintillator fibres, O, 5 mm diameter, are inserted into the beam with
Vory little spacing and with the axcs of the fib}es normal to the beam axis,
thus covering with the fibrecs an area larger than the beam cross-section,
By observing the ends of the fibres with a TV camncra, we cbtain from the
video signal the information about position and profile of thc beam'® ).
Spatial resolution of the device is limited by the fibre diameter; the

accuracy of the profile is limited by the noise of the TV camecra and the
optical properties of the fibres.

A

*) Perhaps one should study other materials, such as Ca wo,
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1.3 Scintillating gas

Koch'a) measured the photon yield from noble gases when bombarded
by 5 kcV a particles. From these results we note that xenon hes the
highest light output per unit length and 2t a given pressure. The photon
efficicncy can be increascd considerably when using a noble gas - nitrogen
mixturc and operating the ce¢ll in an clectric fleld. De Raal gives some
possible realizations of gas cclls, heving a visible length of about 15 en'? /.

For these lengths, the unsharpncss of the image is about 10% of the beam size.

2.__Cerenkov light

Ps/4578/k1

. e

The usc of Cerenkov light for beam monitoring seems to be very

attractive and there cxist clrcady some suggostions17) .

2.1 Cerenkov light from o gas.

. de Raad '’ suggests an Argon-Cerenkov cell for electron detecting.
Sincc the refraction index of NTP Argon is n = 1,000281 (for the D line),
the threshold cenergy for Cerenkov light emission, given by nf = 1, is reached
for protons at en encrgy of a2bout 130 GeV, At our energics a high pressurc

ccll would be regquired which makes this solution less intcresting.

2.2 Ccrenkov light from 2 liquid.
With a woter cell, we obtain the following figurcs:

d =1cn thickness of the ccll

il

N 190 nurber of photers produced per cm, in the spectral region

A = L4000 to 650 (for 27 GeV protons).

With a suilteble opticel system, a flux of 1010 rrotons/cn”® pulse
should bc observeable., The r.n.s. scattering engle at 27 GeV is

= 107 2% radians.
r,.lis.S.



- 10 -

2,3 Cerenkov light from a solid.

de Raad17) suggests the observation of the Cerenkov light emitted
from particles when traversing a thin quartz plate. With a 3 mm thick plate
we could expect to observe 10'' protong/en® pulse.Since in the region of
10 GeV to 27 GeV, the B for protons varies up to 4% , adjustment.of the

optical system is necessary for different energies.

A comparison of the verious dectectors discussed is gziven
in Teble IV.

Distribution (Open):
Scientific Staff of MPS Division
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