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A B S T R ACT 

An analysis of the TI beam at the l25-MeV channel of the CERN 600-MeV 

Synchrocyclotron is reported. The position of the pion producing internal 

target and the beam transport magnetic system have been investigated in 

order to obtain a TI beam suitable fo~ TI absorption at rest experiments. 
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1. - INTRODUCTION 

In this report we present the results of a serles of measurements 

carried out by our group at the CERN 600-MeV synchrocyclotron (BC) in 

order to investigate the beam composition of the 125-MeV nominal energy 

p,an channel. 

The need of such measurements was justified by the followcng reasons 

related to an experiment on the negative pion absorption at rest in light 

nuclei, which our group is planning to perform at the BC (ReLl). For 

such experiment the stopping rate of negative pions in rather thin tragets 

(0.2 ~ 0.3 gr/cmZ) should be the highest as possible. To meet this re~Ul

rement the incoming pion beam should have: 

1) a low energy in order to reduce as much as possible the p,an losses 

due to nuclear interactions in the energy degrading material; 

2) a spread in momentum as low as possible in order to enhance the 

stopping rate in thin targets; 

3) a contamination of muons and electrons (always present in such 

beams) as small as possible in order to reduce any possible source of 

background in the experiment. 

This conditions are rather well satisfied by the pion beam available 

at the LEPC channel of the BC. Unfortunately, this channel conveys negative 

pion beams for field-up conditions of the machine, which means clockwise 

circulat ion of the internal proton beam, so that the sharing of the extract

ed proton beam is not possible. 

This reason and also the lack of sufficient space in the experimental 

area in front of the LEPC channel (neutron room) forced us to explore other 

possibilities for having a beam with the re~uired characteristics. 

After having excluded the use of pions produced by external targets 

In the proton room because of the presence of cumbersome apparatus in 

this room, a solution of comporomise was realized at the l25-MeV channel 

in the neutron room with field-down conditions of the machine so as to 

make possible the sharing of the machine-time with groups using the ex

tracted proton beam. We succeeded in obtaining a satisfactory pion beam 

at this channel through the proper choice of the pion producing internal 
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target position and of the corresponding set-up of the magnetic transport 

system of the beam. 

The most critical element of this system is the inflector magnet 

(MHl) through which, by adjusting its position and field, low energy 

plons can be injected into the channel ln greater number than that obtain

ed by the action of the fringing field of the machine only . In fact this 

method works normally wi t 'h machine field-up conditions. 

2. - EXPERH1ENTAL GEOMETRY 

The geometric arrangement of the experimental set-up 18 schematical

ly represented in Figure 1 . 

The experimental procedure consisted in measurlng (a) the time-of

flight spectrum of the particles in the beam and determining thereform 

the moment um spread of the pions , and (b) the differential range-curve 

for evaluating the stopping rate of pions. All these measurements have 

been performed for various settlements of the position of the plon pro

ducing internal target, and a l so of the beam transport magnet currents. 

The data relative to field-down conditions (meas. nO 1 , 3, 4 , 5) and, for 

the sake of comparison , to fiel - up conditions (meas . nO 2) of the machine 

are reported in Table I . 

In the beam transport system , apart from the inflector magnet (MHl), 

there are also two quadrupole lenses (LCI & LC2) having the function of 

focalizing the beam on a collimator of variable aperture. This aperture 

determine both the intensity and the momentum spread of t he beam. The 

collimator can be also condidered as a virtual object for the rest of 

the beam transport system which, beside t he focalizing quadrupoles LB30 , 

LB31, LB40 , LB25 , containes also a momentum analyser magnet (MC3). This 

las t magnet is set for a 35° deflection of negatively charged particles. 

The time-of-flight was measured by two plastic scintillator counters , 

Co and C2 , coupled at the lateral sides to XP2230 photomultipliers by 

means of adiabatic lucite light pipes. 

The other detectors C] , C3 , C4 together with Cz formed a beam teles

cope with C] used ad beam monitor, C3 as a simulated target of 0. 2 gr/cmZ 
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and C4 as an anticoicidence counter to detect the pions stoppe'd in C3 . 

The dimensions of all the counters are reported in Figure 2. 

The C4 anticoincidence counter was also coupled to two photomulti 

pliers (EMI9815b) because of the need of having a nearly 100% eff i 

clency for charged particles combined with a rather thin thickness in 

order to have the minimum poss i ble efficiency for neutron detection , 

as required by the planned experiment. 

3. - EXPERIMENTAL PROCEDURE 

The electronics used for the measurements lS shown In the block 

diagram of Figure 3. 

The signals from the photomultipliers connected to the counters 

Co and C2 are shaped by ORTEC 454 Timing Filter Amplifiers in order 

to get the best timipg "i th the ORTEC 473 Constant Fract i on Timing 

Discriminators. The use of the 454 TFA has also the advantage of allow

ing a multiple use of the output signals without heavy losses and defor

mations of their shape (ReF. 2) . 

The best timing performances have been reached by uSlng the 473 

CFTD In the EXT shape position , by a suitable choice of the delay cable, 

instead of using them in the SCINT position. 

The signals from either the counters Co and Cz were furthermore 

sent into a Mean Timer circuit. This circuit has the function of compen

sating the time differences due to the different light paths in the scin

tillator depending on the detection point in it (Ref. 3). 

By a proper adjustment of all the parameters involved In this Clr

cui try it was possible to achieve time reso'lutions of the order of 

350 psec. 

All of the photomultipliers "ere supplied with the same high-voltage 

value in order to have the same . time dispersion in them; the differences 

In the pulse heights "ere compensated by suitable attenuators. 

A typical t-o-f spectrum is shown in Figure 4. The distance between 

Co and Cz used for this spectrum measurement was equal to 4.80 meters, 
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being limitated by the availability of the experimental area. Such flight 

path al101{ed us to get a good identification of the composition of the 

beam but, unfortunately, was not enough to deduce the momentum spread of 

the pions simply by looking at the FWHM ln the time-of- flight spectrum. 

This was possible in previous measurements with plon energles of about 

80 MeV at the LEPC channel (Ref. 3) . Anyway the FWHM could give a rough 

estimation (4.5%) of the true value (6.0%) deduced from the range curve, 

as indicated in Figure 5 . 

The logic part of the electronics was made by generating logic pulses 

from the linear signals of counters Cj, C2 , Cj , and C4 , by means of fast 

discrimator , and feeding these pulses to coincidence circuits . A double 

coincidence C3 x C4 gave the signals really needed to veto the signals 

from the coincidence CjXC2XC3 so that CjXC2XC3xC4 was the signal to be 

used in the determination of the range curve. (The coincidences CjXC2XC3 

gave the integral and the Cj C2 C3 C4 the differential range-curve). 

The same signal was also used to gate the Time-to-amplitude converter ln 

order to measure the time- of- flight spectrum corresponding to pions stopped 

in the simulated target C3 (Figure 6) . Clearly this spectrum shoud be a 

peak having a width determined by the spread in time of the electr onic 

system because only p"ans of very well defined velocity can be stopped 

in a plastic scintillator only 2 mm thick. But, as seen from Figure 6, 
ln the spectrum is also present a peak which corresponds to electrons 

apparently stopped in C3' Since such an event is physically impossible, 

the correct interpretation is that electrons scattered at small angles 

in the absorber pass across the light- guides of the counter C3 producing 

a signal by Cerenkov radiation, so as to simulate a stopping event in 

this counter in all those cases ln which these electrons are not detected 

by the anticounter C4 because of geometric reasons. 

By gating the scaler which counts the CjXC2XC3xC4 events with logic 

s ignals furnished by an ORTEC 420 Timing Single Channel Analyser which 

selects from the t-o- f spectrum of the particles stopped in C3 the part 

corresponding to stopped pions only (Figure 7), one can determine the 

true range curve for pions (Figure 8). 

Asymmetries in the range curves are to be attributed to an asymmetry 

already present in the magnet transversal curve (Figure 9). This asymmetry 

- ... ' .., , J 
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can be easly removed by acting on the magnet MCH, the purpose'of which is 

just to direct the beam towards the collimator. 

So, one may bear in mind that it is important to reduce as much the 

electron contamination in the beam, but , on the other hand, that it is 

possible to have the exact number of pions stopped ln a target by the 

use of the time-of-flight spectrum for the stopped beam. 

From Figure 8 it is clear that the correction for electrons lS unl

formily distributed over the entire range curve and lowers the continuous 

level of it. At the maximum of the range curve this level produces a back

ground of apparently stopped pions which in reality is due to plon interac

tions in the counter C3 or in the last layers of the absorber and producing 

no signal from the counter C4 . This is a physical background which becomes 

increasingly important at higher energies of the incoming beam, a fact 

which explain6 the need of using the lowest possible energy. 

The background represented by CJxC2xC3xC 4 events that do not correspond 

to plOnG stopped in the true target, will be eliminated almost completely 

ln the planned experiment by taking the t -o-f spectrum relative to all the 

CJ xC2xG3xC4 events with the true target ln and out of the beam, and then 

by selecting those events corresponding to the peak which appears in the 

t-o-f spectrum when the true target is in. 

4. - EXPERIMENTAL RESULTS 

The significant results of our measurements are reported ln Table I, 

where the various parameters are clearly indicated. 

It lS worthwhile to do the following comments: 

1) It is possible to produce negative pion beams of rather high in

tensity with field-down conditions of the machine, for high values of the 

MHl current and by choosing a radial position of the pion producing in

ternal target ~ 225 cm. 

2) The ratio of the number of plons to the number of electrons can be 

made of the order of two by acting on the MHl current; the higher the 

current the lower the electron contamination. 

-,.., 
iJ , .... 
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3) The rather large width of the range curve is due to the energy 

spread of the incoming beam and can be reduced only by decreasing strongly 

the aperture of the collimator thereby caus1ng a strong reductibn 1n 

intensity. The correlation between the two conditions is clearly shown in 

Figures 10 and 11. 

Measurements 1/1 and 1/2 in Table I differ from the preceding ones 

1n the distance of the beam telescope from the output quadrupoles . In the 

measurement 1/1 the distance was equal to 4.80 meters; in the measurement 

1/2 the distance was reduced to 2.60 meters , which will be the distance 

in the planned experiment. All the other measurements were taken at large 

distances to favour the application of the time- of- flight technique . 

The good effic i ency of the anticounter C4 is shown in Figure 12 , re

present i ng the number of ClxC2xC3xC4 coincidences taken without any ab

sorber. In this case the efficiency 1S 99 . 5%. This is not in disagreement 

with the ratio peak- to- valley found 1n the range curve of Figure 5 because 

the two curves are taken in different experimental conditions. The spread 

in momentum t.p/p (6%) is such that in our 0.2 gr/cm2 counter C3 only 

about 4% of the incident pion beam, already reduced by 12% the absorber, 

can be stopped . After careful examination of all these results our choice 

was the solution 1/2 Table I . 
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FIGURE CAPTIONS 

Figure 1 - Lay-out of the experimental area. 

Figure 2 - Beam telescope. 

Figure 3 - Block diagram of the elect ronics . 

Figure 4 - Time- of-flight' spectrum and time calibration for field - down 

conditions of the machine and MC3 current equal to 152 A. 

Figure 5 - Range curve for MC3 current of 152 A. 

Figure 6 - Time-of-flight spectrum with the 457 Biased Time-to-Pulse

-Height Converter gated by the CjXC2XC3xC4 coincidence and 

with electron contamination. 

Figure 7 - Time-of-flight spectrum with the 457 Biased Time-to-Pulse-
-

- Height Converter gated by the CjXC2XC j xC4 coincidence and 

without electron contamination . 

Figure 8 - Range curve with (dashed line) and without (solid line) 

electron contamination. 

Figure 9 - Stopping rate of negative p,ons as a function of the MC3 

current. 

Figure 10 - Stopping rate of negative plons as a function of the hori 

zontal collimator aperture and schematic representation of 

the collimator . 

Figure 11 - FHHM of the range curve as a function of the horizontal 

collimator aperture. 
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