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ABSTRACT 

The charge response of streamer tubes has been measured as a function of ionization power by 

exposure to retativistic ions. The results are discu«",fld in view of the use of streamer tubes in the 

search for magnetic monopoles. 

INTRODUCTION 

The MACRO experiment at Gran Sasso^\ dedicated to the search for magnetic monopoles 

and to cosmic ray physics underground, makes use of streamer tubes as tracking device^. 

Considering the conventional e.m. interactions with matter, a magnetic monopole is predicted to 

give ionization in gas with a velocity threshcld at B~10~3 (see ref. 3), which is the expected velocity 

for monopoles bounded in our galaxy. More recently Drell et al.(4) have suggested an excitation 

mechanism of gases by magnetic monopoles, with threshold at B~104, which is the interesting 

velocity region for GUT monopoles bounded in the solar system. By this mechanism, at B=103, 

one expects an ionization power which i;> about 10 times greater than the energy losses of a 

minimum ionizing panicle. Due to Drell mechanism, gaseous detectors provide an indipendent 

information with respect to other ionization devices in the search for monopoles at very low 

velocities. Moreover, due to accurate spatial localization, they can provide a powerful rejection of 

accidentals. In general gaseous detectors can also give information about the energy loss. 

So far the limited streamer mode has usually been considered an almost saturated regime. Here 

we show that the streamer tubes response is also dependent on energy loss, and a useful 

information can be obtained at high ionizations. It has been previously noticed that, at given 

operation conditions, the average streamer charge for a particles of a few MeV is greater than for 
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minimum ionizing particles*1*, thus pointing out a possible dependence on the primary ionization. 

In order to establish a quantitative relation between streamer charge and ionization loss we have 

performed a preliminary calibration by exposing a test streamer tube to ion beams at the SATURNE 

accelerator in Saclay. 

EXPERIMENTAL SET-UP 

As test module we have used a 30 cm long tube with the same geometrical parameters of the 

streamer tubes of MACRO: the cell size is 3 x 3 cm2 and the anode Be-Cu wire has a 100 |im 

diameter. The only difference is the cathode made of aluminum. The gas mixture in the streamer 

tube is Argon+isobutane: 1+1. The operation point is chosen at 4.8 kV, just above the knee of the 

single rate plateau with cosmic rays (see Fig. 1). The test tube has been put downstream of the 

magnetic spectrometer SPESIV<5> (Fig. 2). During the test, SATURNE accelerated , 2C, or 14N, 

or 1 6 0 at a few GeV/nucleon, and the extracted beam was sent to a target in front of the SPES-IV. 

The spectrometer was set-up to select nuclear fragments near 0 degrees, with Z ranging from 2 to 

9, and P=3.8 GeV-Z. The tube was placed perpendicular to the beam iine, about 1 m beyond the 

final focal plane of the SPES-IV. The angular spread of the outgoing panicles is of a few mr, so 

that they can be considered at orthogonal incidence with respect to the wire. The counting rate of 

the streamer tube, during beam extraction, was below the saturation limit of the streamer mode 

(-100 Hz per cm of wire). 
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FIG. 1 - Singles counting rate as a function of high voltage. 

The streamer charge has been recorded by means of charge analyzer. The pulses from a narrow 

scintillator, just in front of the streamer tube, were filtered by a window discriminator system, thus 

selecting a well defined ion charge 
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FIG. 2 - Test beam layout 

Fig. 3 shows the pulses from the tagging 

scintillators: the amplitude distribution is 

clearly separate into lines, according to the 

fragment charge. Since the tagged ions are 

relativistic, we can consider the ionization 

loss as proportional to Z2. The normalization 

runs at Z=l have been performed by means 

of a collimated 6 source. 

FIG. 3 • Pulses from the triggering scintillator. 

EXPERIMENTAL RESULTS AND ANALYSIS 

Fig. 4 shows the streamer pulses obtainedwith cosmic rays and local radioactivity (a) compared 

to the pulses as detected on the wire during beam extraction (b) (different ion charges are 

superimposed, Z=4 is predominant). A difference in the pulse shape can be noticed, pointing out 



some new mechanism. The existence of a dependence of the streamer charge on ionization is 
shown by Fig. 5, where the streamer charge distributions are plotted for different ion charges. For 
collimated B rays the usual nearly symmetric distribution is obtained, just like minimum ionizing 
particles, at normal incidence, corresponding to single streamers. For increasing ionization power 
one can notice that the peak of the streamer charge distribution shifts to higher values, while the 
distribution shape becomes more asymmetric. We plot in Fig. 6 the value of the peak of the charge 
distribution as a function of ion charge Z. In the measured range the peak dependence on Z can be 
fitted with log Z. In the same figure the behaviour of the average of the charge distribution is also 
plotted: it exhibits a faster dependence on Z, due to uie increasing asymmetry of the distributions. 

The simplest interpretation of die experimental data is to 
assume that for increasing ionization two different processes 
occur, 
i) a main streamer production, which is responsible for the 

measured peaks, with the dependence on ionization of 

Fig. 6; 
ii) a multiple streamer production whose rate of occurence 

increases with the ionization power. Delta ray production 
could account for this process. 

2-1 

FIG. 4 a) Wire pulses with local radoiactivity and 
cosmic rays, b) Wire pulses during beam extraction. 
HV is 4.8 kV. Horizontal scale is 100 ns/div; vertical 
scale is 100 mV/div. 

FIG. 5 - Streamer charge distributions for different 
ion charges. The gas mixture is Argon+Isobutane 
1+1; h.v. is4.8kV. 
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FIG. é - Avenge and peak streamer charge measured as a function of ion charge. 

It has previously been pointed outW that the single streamer charge distribution, as obtained 

with particles at normal incidence with respect to the wire, can be well approximated by a gaussian; 

so we have fitted the experimental distribution with a sum of gaussians. The parameters of the 

fitted gaussians are reported in Table I. Fig. 7 shows the fit superimposed to the streamer charge 

distribution for Z-7. Already at Z=2 at least two gaussians are necessary to have a good fit and for 

Z=9 three gaussians are needed to fit the data. 

It can be noticed that the second gaussian, corresponding in our hypothesis to a double 

streamer production, has a mean which is about the sum the mean of the first gaussian plus a 

contribution corresponding to a single streamer as obtained for Z=l. This reinforces the delta ray 

hypothesis, which is also confirmed by a numerical computation of the delta ray production in the 

tube material and of their emission angle. 

TABLE I - Mean value and standard deviation of the gaussians used in the Tit to the 
experimental charge distributions. The last column is the weight of the first gaussian with 
respect to the total. 

z 
1 
2 
4 
7# 
9* 

<Ql>(pC) 

84 
152 
219 
276 
289 

* At Z= 9 three gaussians 

<*Ql(pC) 

7 
50 
43 
23 
58 

have been used in 

<Q2> (PC) 

-
253 
299 
367 
415 

the fit 

<*Q2<P9 

-
66 
133 
111 
93 

W ] 

1.0 
.66 
.58 
.26 
.18 



6 

60 -

40 -

20 - FIG. 7 - Streamer charge distribution 
for Z=7 with a two-gaussian fit 
superimposed. 

4oo Streamer Charge 

The measurement so far described 

refer only to particles at normal incidence 

with respect to the wire. We could also 

run at different angles of incidence, and 

the characteristic multi-streamer 

generation mechanism, already reported 

for minimum ionizing particles'"', is 

observed. In Fig. 8 the peak of the 

streamer charge distribution is plotted 

versus the angle of incidence, for Z=4 and 

Z=l. A streamer obscuration length of ~1 

cm is deduced from this measurement 

20 30 40 

Angle (degrees) 

FIG. S • Peak streamer charge as a function of the angle 
of incidence at 2*4 and Z*l. 

SEARCH FOR MONOPOLES 

The previous results can be used to estimate the dE/dx resolution for monopole detection in 

MACRO by using the streamer tubes only. For the slow massive GUT monopoles, 5-rays 

production can be ignored , at least for B<10~1, so we can make use only of the main streamer 

charge distributions. We have generated tracks with ten hit tubes, and the expected charge response 

is obtained by sampling the parent charge distributions, using the fitted gaussians to the main 

streamer for the different Z selected in the experimental test. Fig. 9 shows the charge response as a 

function of energy loss, for tracks at an incidence within 20" around the normal, averaged over the 
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ten tube layers, together with the 

corresponding r.m.s. resolution: the energy 

loss is expressed in units of the dE/dx of a 

minimum ionizing particle, and the 

proportionality to Z2 has been considered. 

FIG. 9 - Estimated average streamer peak charge 
and dE/dx resolution as a function of dE/dx in 
streamer tubes, in units of minimum ionizing 
particle energy loss, for 10 hit planes. 

Fig. 10 shows the calculated dE/dx curve as a function of B according to the Drell mechanism 

and to the conventional processes(3) for GUT monopoles in the gas mixture of MACRO tubes (He 

+ n-Pentane 3+1). The curve of Fig. 10 has been calculated considering the Drell effect to be 

responsible of the energy loss up to B=10"3; for 10~3<B< 10"2 the Lindhard-Winther 

approximation*7) for the electronic stopping power has been used, while for B£10~2 the ionization 

energy loss has been computed according to the Bohr-Bethe-Bloch formula for magnetic poles(8/. 

In the same figure we also show the stopping power for protons in the same gas mixture. We have 

checked our calculations for fi>10~3 (Lindhard+Bethe formulas) by performing analogous 

computations for protons in H,C, and He. The results are in good agreement with the existent 

experimental data*9*. 

«M 

FIG. 10 - Energy loss for a magnetic 
monocole in the gas mixture of the 
streamer tubes. The shaded areas are 
the estimated resolution intervals 
corresponding to the measurements 
with Z»2,4 7 for 10 hit planes. The 
dotted line is the energy loss for a 
minimum ionizing particle. 
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The shaded areas of Fig. 10 represent the resolutions intervals from Fig. 9 (± 1 a) relative to 
Z=2,4, and 7, always under the assumption of ten hit tubes. If a monopole candidate is detected in 
MACRO, once the corresponding B is determined (either by the streamer tubes system or by the 
scintillators) the measured average streamer charge can be compared with the prediction of Fig. 10. 

CONCLUSIONS 

The presented results show that streamer mode is not saturate beyond a certain dE/dx, and a 
measurable dependence on primary ionization exists. Considering also that the streamer tubes 
exhibit a very low threshold in ionization*10) (~10~2 of a minimum ionizing particle), they are very 
well suited as tracking device in monopole experiments. 

We are planning further work in order to investigate the pulse generation mechanism, and to 
collect more data at different angles of incidence. The possible dependence on the gas mixture is 
also to be established. 

We also want to point out that the detection features here reported open other fields of 
applications for the streamer tubes, such as nuclear and heavy ion physics. 
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