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connected to the chamber, The results upon the precision which can

be obtained in the recoznstrucf:lon of the tracks are discussed,
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1. - INTRODUCTION, -

In the last years the use of streamer chambérs in nuclear
and high energy physics has been increasing rapidly: by consequence,
the technical development of such devices has gained a great enhan
cemenf(l’z). |

Basically, two types of streamer chambers can be distin-
guished: those in which the H, V, pulse is quenched in order to prevent
from propagation of the discharge in the surroundings of the ionizing

particles pa’ch(3 )

, and those in which the H,V, pulse is quenched by
the discharge in the chamber itself(éU (self shunted streamer charnbers),
The localization of trajectories turns out to be similar in both types
of chambers, For the first type of chambers, however, the poor
brightness of tracks requires the use of filling gas mixtures usua-
Lly consisting in 70+ 90% of Ne and 30 10% of He, together with
image intensifiers and special attentions for obtaining a short (10+20ns)
H.V. pulse (Blumlein system), fn'wthe chambers of the second type,
the most suited impurities to beiadded to the filling gas (3He; 4He)
must be found in order to achieve the best localization of tracks,
which are very bright, Usually one has to deal with hydrocarbons in
percentages of few parts per thousandu’).

The self shunted streamer chambershave also the ddvantage
of operat(ing,) filled with high ﬁpurity (2 99.8%) helium, even at high

5,6

pressure . On the other hand a disadvantage arose during the

(7)

experiment’ °, in which a self shunted streamer chamber, filled with
He at one atm, and placed in a magnetic field, was used for analy-_
sing ‘:rvi beams, Namely, it turned out that, because of the magne-
tic field, the tracks loosed their vertical localization (Fig, 1), at

least if the usual percentage(4) of contaminating hydrocarbons were

used,



3.

In this paper we describe the operating conditions of a self
as

shunted streamer chamber used/a tracks' visualizer in a magnetic

(8)

spectrometer ’, In particular we discuss how good localization can-
be achieved by replacing hydrocarbons with suitable inorganic gases
for contaminating the chamber's filling gas. Finally, the results

we obtained in the spatial tracks' reconstruction are also reported,

2. - DESCRIPTION OF THE EQUIPMENT. -

The agnetic spectrometer consists in a streamer chamber,
inside a magnetic field, which has been exposed to the avi beam of
the LEALE Laboratory in Frascati. The trigger for the H,V, pulse

generator is provided by a counters' telescope as shown in Fig. 2,

2.1,- The electromagnedt- -

The electromagnetihas been built in the Frascati National
Laboratories of CNEN(Q). It generates a uniform (within + 0.5%) ma
gnetic field inside a cylindrical volume 10 cm high; and 42 cm in
dia.. The uniformity has been achieved by introducing two iron rings
into the coils, as schematized in Fig, 3. In Fig, 4 the field maps
atthree quotesare given for B=7200 Gauss: they don't change ap-
preciably in the range 5000 t0.9000 Gauss (maximum field), This elec
tromagnet allows for measuring radii of curvature with very high

(10)

precision, for well localized tracks 30+ 40 cm long .

2.2,-The H.V. pulse generator, -
As it is well known, for the operation of streamer chambers
electric pulses a few hundreds of kV high and with peculiar time fea

tures are needed( 11)

. The most commonly used H,V. generators
for this purpose are those of the Arkadiev-Marx type which show

the following qualities: low output impedance, low self inductance,
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stability in their parameters, The specific application of such gene

rators for pulsing streamer chambers requires the fulfillement

of additional conditions such as:

a) the possibility to be triggered with a delay as small as possible
between input and output and a negligible jitter in this delay;

b) the capability of operating at the frequency required by the expe-
riment;

c) to produce a H, V, pulse with a very fast (a, 10 ns) rise time;

d) to be provided with a sufficient number of sections and an overall
discharge capacity for delivering the required output voltage to
the load,

Each section consists of a capacity C which is charged

through a resistance R and is separated from the next one by a

spark gap,

The capacities C of the sections are all charged to the sa

me voltage by connecting in series (Fig, 5) the charging resistors R,

By triggering a discharge in the first section, we can obtain, as we

shall see later, an over-voltage between the electrodes of the se-

cond spark-gap. The discharge between this two electrodes will
give rise in turn to an over-voltage on the third section, and so on,

The resulting over-voltage between the electrode of the last section

and ground will then be approximatix%ely the product of charging

voltage V, timesthe number n of sections, The discharging time of
the H,V, generator depends upon the formation time of the dischar
ge between the electrodes: for this reason the spark-gaps are moun
ted facing one another so as to allow for the ultraviolet flash and.
the ionization produced in each spark-gap to speed up the discharge,

Moreover the spark-gaps' electrodes have been shaped with the

least curvature still able to prevent for the stationary corona effect

If Cp is the stray capacitance between the sections and C; the stray
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capacitance of each section referred to the ground, we can draw for
the second section (and subsequent) the equivalent circuit shown in
Fig, 5 : Vg is the overvoltage which arises between the electrodes
of the spark-gaps, The value and time behaviour of the overvoitage
in the second spark-gap (lower than the overvoltage in the subsequent
spark-gaps) can be deduced by the equivalent ¢ircuit of Fig, 5:

S "REEE-)
(1) V-V £V o e t"p

0 oC t+ Cp

By taking in account the average statistical delay of the discharge,
which depends upon the opera‘tiﬁg conditions of the spark-gaps we
can deduce the minimum value of R for areal H,V. generator. If
for instance the output capacitance 6f a generator is Cy =357 pF (we
can obtain this capacitance for a generator' with 14 stages of C= 5000
pF each) the resulting R turns out to be 10 kQ about, which places
an upper limit of about 10 Hz to the operating frequency of the H, V.
generator, Since the charging time of the generator is higher by
some orders of magnitude than the discharging time, it seems lo-
gical to replace the resistors R by inductances, which, by the way,
are easier to be built: in this case the upper limit to the operating
frequency will be determined by the deionization time of the spark-
-gaps. Basically, the rise time of the H,V, pulse depends upon the
self inductance of the generator itself, which inturn depends upon
the position, type and dimensions of the components used. It must
be noted that the capacitors employed are anti-inductive, so that a
generator turns out to be composed by n successive sections each
consisting of m capacitors with nominal capacity C, mounted in pa
rallel, The generator is connected to a load capacitance C,. Getting
rid of the internal resistances, of the generator!s self inductance
and of the shunt effect due to the leakage currents, the output voltage

V is approximatively given by the following relation:



mC
o

(2) "mC +nC
0 C

- nvVv
o

The maximum operating frequency f, is given by:

2W

2
C V mn
0o 0

(3) f=

2

where W is the power delivered by the supply. From (2) and (3)
we can deduce the capacity of each generator's section, C= mCO,
and the number of sections, In fixing V we must recall that the ‘ac
tual amplitude of the output pulse can be reduced by 15+ 20%(11).
In Fig, 6 an outline of the generator we built for this experiment
is given. The generator is composed 1byA 14 sections, with a capa-
citor each (5000 pF; 20 kV; Ba Ti 02), it has molybden electrodes,
with adjustable distances, and can operate in a nitrogen atmosphere
at a pressure of up to 4 Atm, The first section is fired by a four
electrodes system (see Fig. 6), three of which are mounted at right
angles to each other while the fourth electrode consists of a plati-
num-iridium wire pushing on a BaTi Oy pellet to provide a ultraviolet
flash., This u.v, flash, which is seen also by the first spark-gap
of the generator, keeps fairly constant the delay between the input
and the output pulses (300 ns), within a very small jitter, The trig-
gering system is shown in Fig, 7: it transforms the pulse provided
by the electronic logit of the experiment into the pulse required to
start the generator, namely Vo /2,

In Fig, 8 a sketch of the equipment is given, The genera-
tor is mounted inside a cylindrical inox steel vessel resting on an
insulating ring which in turn is placed upon the lower iron magnetic
field correction ring, The vessel contains also the cylindrical insu-

lating support of the high voltage electrode, upon which the streamer

chamber is laid,
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The high voltage electrode (an aluminum plate 1,5 cm thick
and 54 ¢m in dia, ) is connected to the generator; both the plate and
the connection are immersed in a bath of highly insulating (~ 100 kV /mm)
oil, The ground wire electrode, placed at the top of the streamer cham
ber, is connected to the cylindrical vessel, This electrode is formed
by a brass ring, with an internal diameter of 50 cm; upon this fra
me Ni-Cr wires (§=0,1 mm) are tightened with a spacing of 1 cm,
which permits tophotograph the chamber's interior. The discharge
through the chamber ends on the generator's external metallic ves
sel and the ground of the chamber H,V, generator system is sepa
rated from the magnet's ground, which acts as an electrostatic screen,
In the presence of particles through the chamber, the H. V.,
pulse turns out to be 40+ 70 ns long, in agreement with the results

of ref, (11),

2,3,- The streamer chamber,-

The streamer chamber shown in Fig, 8 is the last of a se-
ries of models we have tested. It has an internal diameter of 52 cm
and an internal height of 12 ¢cm, The diameter has been so choosen
as to photograph only the chamber's portion where the magnetic field
is coa%%tant, avoiding in the same time to photograph the vertical
wall,Az-:-ii cm of track near the wall itself, The cylindrical wall is
made of PVC (polivynilchloride) 0.5 cm thick; the thickness is redu
ced to 0.3 cm in the region traversed by the particles, The cylinder
is closed on top an bottom by two glass plates 1 cm thick. The inter
nal surface of the cylinder has been painted in black with a suitable
pigment dissolved in araldite, A glass tap has been inserted in the
cylindrical wall for filling and draining the chamber. Finally, a win
dow (22 cm large and as high as the chamber is) has been cut away

from the wall and covered with a thin (0,07 mm) PVC foil, glued to
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the window's edges by araldite, The upper glass plate of the cham-
ber has a diameter larger than the lower one (which is immersed in
0il) in order to increase the external distance in air between the
upper electrode and the inner surface &f chamber's wall, Fiducial
‘marks have been engraved on the surfaces of the glass-plates»and
are illuminated together with the counter of pictures by grazing light
Just after the two cameras have advanced, The cameras are equipped
with objectives MIR -1 (aperture £/2, 8, focal length 37 mm), the op
tical axes are parallel to the electric and magnetic fields and are
160.mm apart, The centre of each objective has a distance of 789 mm
from the chamber's bottom (@ =520 mm) whose image in the picture
results to be 24 mm in dia.. Between the two objectives a mirror has
been mounted at 45 deg with respect to the chamber's axis in order
to remotely monitor the chamber's operation via a television system,
These chambers require to be vacuum pumped for about 12
hours: when a static vacuum better than 10_2 torr has been reached,

they are filled and drained with pure helium before the final filling,

2.4.-Streamer chamber filling technique, -
In a streamer chamber the discharge originates along the
ionizing particle!s path and propagates symmetrically towards the

(12)

electrodes The possibility of. reconstructing from stereo pictures
the points of the particles trajectory (localization) is poor along

the direction of the electric field while is good at right angle, This
feature occurs both in the chambers pulsed by a short H,V, pulse(ls”l‘l)
and in the self shunted chambers;in the latter case,however, the
tracks are much more bright, The addition of hydrocarbons vapours
improves the localization of traLcks(4), allows for operation at pres-

sure higher than the atmospheric onee(5’ 6) and reduces the brightness

of the two brush discharges which propagate symmetrically towards
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the electrodes., This happens because the impurities have energy le
vels much lower than those of helium and high photoionization cross
sections and are therefore able to reduce the mean energy of the elec
trons and, as a consequence, the number of excited helium atoms in
the brushes. It follows a reduction in the brightness of the diverging
brushes, while the brightness remains unchanged in the region where
the electron density, and the number of excited helium atoms, is
higher, i, e, in the region we define to be the "track". The best re-
sults up to now have been obtained by contaminating helium with va-
pours of q-pinene (refined oil of turpentine) in small amounts
(£0.05%), and employing electric fields higher than 10 kV/em at
atmospheric pressure.

However it must be noted that hydrocarbons tend to decom
pose and loose their localizing effects after a few ten thousand dis-
charges, Furthermore, vertical localization becomes to be lacking
in streamer chambers whenever they operate in the presence of ma
gnetic fields higher than 1 kG. This trouble is obviously absent in
chambers where the H.V. pulse is short (10+ 15 ns). During the ope
ration of our chambers filled with helium and a -pinene we noticed
that the applied magnetic field (parallel to the: electric field) con-
tracts the dimensions of the brush discharges and increases the
spatial density of the charges, For a magnetic field of 1 kG, the elec
tron density in the brush from the side of the positive electrode is
enough for exciting the helium atoms, thus creating a bright oblong
region above the point of the track, which appears as succession
of exclamation points (!!!1'11), Fig, 9 shows an example of this type
of tracks, Moreover, this phenomenon clearly indicates that the dis
charge is not propagating toward the two electrodes in a symmetric
way. If the magnetic field is increased (2+3 kG) a bright zone is crea

ted also toward the negative electrode, For fields higher than 4= 5kG
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the discharge reaches both electrodes as seen in Fig, 2, Fig. 10
gives a sketch of the above arguments, For a fixed magnetic field
value, the phenomenon can be diminished by reducing the q -pinene
amount., Therefore, in order to avoid the disadvantage of vertical
discharges (cases b,c,d of Fig, 10) which should prevent from using
this type of streamer chambers in the presence of a magnetic field,
we reduced the o -pinene contamination up to a limit which is below
the sensitivity of filling equipment. As a consequence, we obtained
unreproduciable contaminations, a lower photographic contrast of
the tracks and a higher number of bright discharges along the ver-
tical wall of the chamber, The picture in Fig. 9 has been taken
with an applied magnetic field of 5 kG, with an a -pinene contamina
tion which, by mistake, was slightly exceeding,

In order to overcome the difficulties related to the a -Ppinene
contamination, we tried to reproduce the localizing effect by using
a mixture of inorganic gases, which moreover, don't vary their
characteristics when submitted to repeated electrical discharges,

Satisfactory results, from the point of view both of operation
stability in a magnetic field and of track localization, have been ob
tained by contaminating helium with small amounts of Xe and No.
Starting from a vacuum of 10-:2 torr about, the chambers ar’e filled
with Xe up to 10"1 torr about, with N2 up to 4x10-]' torr, at which
point the filling is completed with He up to the atmospheric pressure,
These values for pressures, recorded by the same instrument, re-
present the filling we consider the most suited for helium filled
chambers at atmospheric pressure and in the presence of a magnetic
field, By employing films with 27+ 29 Din Ilford HP4 sensitivity
it is possible to photograph tracks of particles at minimum of ioni
zation with an aperture f/5.6., There are no problems for recording

. . + :
.in the same time ¢ particles and # mesons: Fig. 11 shows a (a ™, He4)
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large angle scattering event occurred during the experimen’c(g)(x).

No bright brushes are now observed along the tracks, This
means that the mean energy of electrons in the brushes is in this
case higher than in the presence of @ -pinene contamination, and
the trapping effect of the magnetic field is therefore reduced. On .
the other hand, the energy of electrons is not yet enough for exciting
the lowest emission levels of He in the visible spectrum,

The most relevant emission of He in the visible spectrum oc
curs at a wavelength of 5875, 62 ?X for an excitation energy of 23,07
eV (ref, 15), This corresponds to the emission of photons with an
energy of about 2.1 eV and to a residual excitation energy of helium
of about 21 eV (Helium does not emit for excitation energies lower
than 20,95 eV), The residual excitation energy can be absorbed by
impurities, Impurities: must therefore be choosen which have the
largest number of states excitable by an energy lower than 21 eV and
corresponding to the emission of light not detectable by the usual
photographic films. The organic molecules, for instance, emit in-
tensively in the invisible spectrum, The electric field intensity must
be the lowest which is consistent with a stable operation of the strea
mer chamber, In this way the energy of electrons in the brush dischar
ges is high enough for exciting the lowest levels of impurities and
only in the region where the spatial charge density is greatest both
the highest levels of impurities, and the 23,07 eV level of He, can
be excited, However, only very small percent contaminations must
be employed, in order to keep negligible their emission in the visi-

ble spectrum, expecially from the brush regions, For instance, with

(%) - Furthermore,this problem does not exist either in high pressure

chambers, as shown (see Fig, 12) by the (7, He4) elastic scat-

(7)

tering event taken in the experiment °,
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a Nz ‘contamination lower than 0,02% we obtain well localized tracks

(16)

while the brush regions are bluish ; by increasing the amount
of N2, the 1oéa1;ization is poorer because the visible emission of
Nitrogen is no longer negligible,

The atomic excitation energies are well known(ls), together
with their relative intensities and is therefore possible to deduce
the spectra shown in Fig, 13, The data referring to He, N, Ne, Ar, Kr
and Xe are normalized among themselves in the range 5500 X:_{ A £
<.6000 X The full line hystogram represents the relative intensi-
ties as a function of wavelength (500 K bins), The intervals A <4000 &
and A > 7500 R contain the total U,V, and I,R. emission respectively,
By defining as 'localizing power' for helium filled chambers the ra-
tio between the emission intensity in the range 5500 & £ A 46000 R
and the total intensity, we obtain for the various elements the re-
sults listed in Table I for different upper limits of the excitation
energies, (We did not take in account the molecular spectrum of Nz,
which emits mainly in the U, V, for excitation energies lower than
18 eV about).

It must however be noticed that the experimental conditions
in which the emission spectra of ref, (15)have been obtained are diffe-
rent from those in which a streamer chamber normally operates,

From the values of Table I column 3, for excitation energies
lower than 18 eV, it appears that the most relevant contributiohs to
the localization of tracks are provided by Ny and Xe,

This explanation can be extended also to the self-shunted
streamer chambers filled with Ne, because this element has not

(15)

energy levels lower than 18 eV . Taking into account the inter-
val 4500 Xél “ 6500 X, also in the case of the neon filled chambers
(see Table I) the best localization should be possible by contamina

ting with N,.
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Pion tracks, obtained in our selff-shunted streamer cham
ber filled with Ne contaminated with N2’ are shown in Fig, 14, The
electric field was about 10 kV cm-1 and the objective aperture £/8;
all the other experimental conditions were the same as in the case
of He filled chamber, This result agrees with our phenomenological
explanation of the track localization we obtained by adding a little
amount of suitable impurities to the filling gases (helium or neon) of

self shunted chambers,

3. - PRECISION IN THE TRACK RECONSTRUCTION, -

The photographic images of the tracks, obtained by two ste-
reo-cameras, in the present experiment, have been measured with
a semi-automatic plane digitizer and, in this case, it is possible to
deduce with good precision the radius of curvature of the track, The

(8)

precision depends on the accuracy in the measurement of the tracks'
points in each reprojection on the plane, on the track length and on
value of the radius. In Fig, 15 the distribution of the distances of
the points measured in a plane view from the best fit-circle is shown;
the result is in very good agreement with that of ref, (16) for straight
line tracks, Measuring several times the pion track of Fig, 14 (L g4 =
=28 cm) and the a-track of Fig, 11 (Lig =13 long) we obtained the va
lues of curvature radius shown in Fig, 16, The number of non corre-
sponding points measured in each view is 15,

Better results in the recoil particle energy measurement can
be obtained in the high pressure streamer chamber, It is possible,
in this case, to deduce with good precision the range and angles
of the tracks. For example, the method we used in the experimer1ts(7)

consists in measuring 5 points for each track in each view, When,

for example, the ¢ -recoil stops in the chamber (see Fig. 12 and 17)
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the first point A and the fifth pont A' are selected at the ends of
.the track, as those having about the same darkness, since the

0. -tracks are very bright and their length in the photographic ima
ges depend also on the quality of the film development, After sub-
tracting, in each view twice the segment A'V to the total length AA!
the spatial reconstruction of the recoil results in good agreement
with the kinematic previsions, For the event of Fig, 12 our recon-
struction gives the results shown in Fig, 18. The incident pion ener
gy value, deduced by these data, is E=(181 +4)MeV and in that ex

position the central pion beam energy was (180+9) MeV,

4, - CONCLUSIONS. -

The self-shunted streamer chambers are, as shown, good
track detectors and also good vertex detectors, when their filling
gas (4He, 3He, Ne) is used as target, The relatively low electric
field necessary (2210 kV cm_l) permits the construction of big volu
me chambers, but this type of chamber cannot work with a central
H. V. electrode, as in the case of the short pulsed chambe‘rs(g), The
brightness of the tracks permit to use commercial film and a small
objective aperture, The precision in the radius of curvature measu-
rement is comparable to that obtainable with other visual detectors,
‘but absolute measurements of track ionization are very difficult (see
ref. (1) pag, 238), The range measurement, as known, is the best me
thod for deducing the particles energy and in streamer chambers also

it gives good results,
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FIGURE CAPTIONS, -

FIG, 1 - Pion tracks in a self-shunted streamer chamber, filled with
helium contaminated by « --pinene, in magnetic field (11 kG).

FIG, 2 - Layout of the experJLmental apparatus, Cl ¢ = scintillation
coun’cerk,, 1) - (4x10) cm?2 collimator; 2) - analyzmg magnet; 3) - strea
mer chamber; 4) - 12¢C target (3x50x100) mm3, The e trigger for the
H.V. pulse generator is given by the logic: C1020304C C6, in case
of ref, (8), and C1CoC4Cy for this work,

FIG, 3 - Layout of the electromagnet, The zone of the magnetic fleld
unlformlty and his radial behaviour, obtained by introducing in the
coils 1) two iron rings 2), are shown,

FIG, 4 - Magnetic field maps at different quotes, The full line repre-
sents the radial behaviour of the magnetic field after the correction.

FIG, 5 -~ Schematics of the H,V, pulse generator and equivalent circuit
of the second section, V, = charging voltage; Vg = overvoltage; C = ca-
pacity of each section; R = charging resistor; C_ = capacity between two
sections; C4 = capacity of each section referred to the ground,

FIG, 6 - Outline of the H,V, pulse generator,

FIG. 7 - Outline of the triggering system, The pulse given by the elec
tronic logic of the experiment is transformed into the pulse required
to start the generator, namely V,/2.

FIG, 8 - Layout of the streamer chamber placed in the electromagnet,
1) - stereo cameras; 2) - light sources for fiducial marks; 3) - connec
tion strap between the upper wire electrode and the vessel containing
the insulating oil for the H,V, electrode; 4) - streamer chamber;

5) - insulating oil; 6) - Arkadiev-Marx generator's container; 7) - con
nectors for charging power supply and trigger; 8) - tap for filling with
Nog up to 4 atm,

FIG, 9 - Pion tracks in a self-shunted streamer chamber, filled with
helium contaminated by « -pinene (in percentage lower than in the case
of Fig, 1), in magnetic field (5 kG). The real distance between the fi-
ducial marks is 19,5 cm,

FIG, 10 - Front view of a track, in a self shiinted streamer chamber,
filled with helium at 1 atm and a little contamination of % -pinene

(%= 0.05%), for different values of the magnetic field, a) - <1 kG;
b) - : 1kG;c) - 2-3kG; d) - 24KkG,

FIG, 11 - (11"‘, 4He) elastic scattering event in a streamer chamber
filled with helium at 1 atm and working in magnetic field, The real
distance between the fiducial marks is 19,5 cm,

FIG., 12 - (7=, 4He) elastic scattering event in a streamer chamber
filled with helium at 1 atm, The of -recoil is 79, 6 mm long (see Figs,
17 and 18),
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FIG, 13 - Atomic emission spectra of He, N, Ne, Ar Kr, Xe ’I‘he
data of ref. (15) are normalized in the interval 3500 A= A< 60004,
The intervals A =< 4000 A and A > 7500 A contain the total U,V, and
L. R. emission respectively. The dashed line hystograms represent
the emission spectra of the states excited by energies lower than
18 eV,

FIG, 14 - Pion tracks in a‘se]L:f-shunted streamer chamber, filled at
1 atm with neon contaminated by nitrogen. The maximum real distan
ce between the fiducial marks is 19,5 cm.

FIG, 15 - Distribution of the distances of the measured points, in the
plane views, from the best fit circle,

FIG., 16 - a) Radius of curvature of a pion track (28 cm long) measured
several times (see Fig, 14); b) Radius of curvature of an ® -recoil track
(13 cm long) measured several times (see Fig, 11),

F1G, 17 - Schematics of the event of Fig. 12, as derived by each photo
graphic view, The points AA! have been choosen, having about the sa-
me darkness, by the scanner, The segment Rec represents, for each
view the projection of the « ~recoil, inde pendently from the quality of
the film developments.

FIG, 18 - Distribution of the parameters (see Fig. 17) of the event of
Fig. 12, measured several times, All the data have been reconstruc-
ted in the space, 0, = angle of the elastic scattered pion; 0y = angle
of the K -recoil; R°< = range of the «{ -recoil, From these data the
energy of the incident pion results E, = (181 ¥ 4) MeV,
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