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Abstract

The preshower scintillating detectors of different thicknesses, electromagnetic calorimeter and the systems preshower-calorimeter (all sandwich lead-scintillator type) have been studied to measure their electron/pion rejection under momentum particles of 1GeV/c, 4.5GeV/c, 5GeV/c both for electrons and pions; and for 26GeV/c electrons - 40 GeV/c pions. It was obtained dependencies of pion registration efficiency from electron registration efficiency for the indicated detectors under the known particle momentum. The study of the preshower-calorimeter systems has shown that obtained values of electron/pion rejection capability for the wide and a priori unknown particle momentum range are comparable with the values of the rejection for preshower under known particle momentum. The typical results that was achieved are: the efficiency to electrons around 95% with the pion losses of 30% (value of mixing of pions and electrons) for one plate preshower (1cm lead absorber) under 1GeV/c momentum; 95% electron efficiency with 6% pion loss for multi-plate preshower under 1GeV/c momentum and practically the same result for the system of the multi-plate preshower-calorimeter under apriority unknown momentum value of 1GeV/c and 5GeV/c. In the case of 26GeV/c electrons/40 GeV/c pions momentum it was obtained 95% electron efficiency with 6% pion loss for one plate and multi-plate preshowers and 95% electron efficiency with 0.3% pion loss for the system of the multi-plate preshower-calorimeter system.

1. Introduction

The use sandwich metal-scintillator type preshower for the electron/pion rejection is planed at number of the experiments /1,2/. We have studied electron/pion rejection of preshowers of different number layers, calorimeter both of lead-scintillator type and preshower-calorimeter systems. The first task of our investigations was to optimise the number of layers of preshower for the case of the known particles momentum. The second task was to study the electron/pion rejection of the preshower-calorimeter system. In a principal these systems permit to realise the fast (a few tens ns) rejection under unknown particles momentum /3/.

2. Beam tests.
The beam used was T10 (East Hall) of CERN PS, tuned for 1GeV/c (positive and negative particles), 4,5 GeV/c (negative particles) and 5 GeV/c (positive particles. The beam set-up is shown in Fig.1. The trigger S1S2S3S4C was used to separate electrons and pions. Other beam used was channel 2 of IHEP 70 GeV accelerator, tuned for 26 GeV/c electrons or 40 GeV/c pions. In the last case it was used only scintillating trigger of 5 scintillator counters.

The electrons and pions spectrums of the preshowers and calorimeters obtained at positive 1Gev/c and positive 5Gev/c are presented in Fig.2, 3, 4.

Muon component in pion spectrums was discriminated by the S1S2S3S4C trigger only at 4,5 and 5 GeV/c momentum. In the case of 1Gev/c momentum muon component becomes a part of pion spectrum, but its contamination does not exceed a few percents /4/ and therefore did not influence on results of the rejection capability practically.

3. Results

3.1 Study of rejection of the preshowers and calorimeters under known particles momentum.

The electron/pion rejection

Electron/pion rejection was defined on the measurements of electron and pion spectrums of events. Obtained results are presented on Fig.5 and Fig.6. The value 1-(( is the value of mixing pions and electrons. The rejection capability of the one plate preshower can be increased by the selection of the events with help of the calorimeter, displaced behind the preshower. Fig. 5a demonstrates the influence of discrimination threshold of the calorimeter signals. These results ‑ the essential improvement of the rejection ‑ can be explained by the discrimination of the "soft" particles in the beam produced by the interactions of the beam particles in the matters of the scintillators S1-S4 and other detectors displaced before the preshower (14g/cm in total). It is necessary to point that in the real setup, for example, in the case of DIRAC experiment /5/ the thickness of the matter on the particle trajectories before the preshower will be around 10g/cm, that is not too far from the case studied here.

It seems for us that higher significants of the rejection capability obtained in the paper /4/ under comparable condition are explained by the use of the trigger counter placed behind the preshower in direction of the beam. This counter registers only the part of the "soft" particles and as a result the rejection capability increased. That explanation is confirmed by the dependence of Fig.5a. (1), corresponded very low value of threshold for the calorimeter signals, which plays the role of a trigger counter in our case. Besides the measured /4/ rejection capability decreased with increasing of the particles moment that can be connected with the inefficiency of the last trigger counter /4/ to "soft" particles and the dependence of the inefficiency value from the particles momentum.

The second cause of obtaining of that high rejection can be connected with a the registration efficiency loss for products of the pion interaction in the preshower absorber from the relative big distance around 18cm between the preshower and the last trigger counter and its relative small sizes (60*100mm).

The results obtained at 26 GeV/c electrons and 40 GeV/c pions are shown on Fig.6.

3.2 Possibilities of the fast electron/pion rejection in the wide and unknown energetic range with the help of preshower-calorimeter system.

The possibility of that rejection was evaluated for example in the paper /3/. However the use of the ratio of the signal from the part of the calorimeter to the signals from whole calorimeter is not the optimal method from the low reaching values of the rejection. The other method is the use of signals from the calorimeter to drive by the threshold of the preshower signals discrimination for the electron/pion separation and consequently for the rejection. Both these methods are based on the strong correlation between the signals from calorimeter and preshower for electromagnetic showers and weak correlation for the interacted in the preshower or calorimeter pions. The "driving" process is sufficient fast (a few ten ns) to use that separation in the first level triggers of experimental set-up for example in the cases of LHCb/1/ and DIRAC/2/. 

The multi-layer preshower-calorimeter system

Two dimension plots of the preshower signal (charges (q)) verse the calorimeter signal is shown on Fig.7 for pions and electrons under different values of particle momentum. Those plots added on the two momentum of 1&4,5GeV/c (negative particles) are demonstrated on Fig.8. The limits of the interval of preshower electron signals proportional to the calorimeter electron signals and corresponded to 10% loss of electrons are seen here too. The upper and lower limits are proportional to the changes of calorimeter electron signals besides some region, corresponded to the small calorimeter signals, where low threshold is the constant value. The dependencies the pion efficiency from the electron efficiency corresponded to the added on 1 and 4,5Gev/c are shown on Fig.5b by the circles.

In the case of 26 GeV electrons – 40 Gev pions we have used the analogous selection events on the plot of the signal amplitude from calorimeter - the signal from the preshower (Fig.9). The obtained resalts are shown on the Fig.6c in comparison with the result for single preshower.

Schematically that process of driving by the discrimination thresholds can be realized by a help of the charge sensitive shaper /5/ (Q – shaper), which generates sufficient short (around 20 ns) pulses with flat tops and amplitudes proportional to the charges of input signals. The possible scheme of that driving is shown on fig.10. Signals from calorimeters are formed by the Q-shaper to the pulses of around 20 ns width and amplitudes proportional to charges of calorimeter signals. These two formed pulses are used to drive thresholds of the lower and upper levels discriminators. It was shown (Fig. 7) that the “upper” threshold (threshold of the upper level discriminator on Fig. 10) must be proportional to charges of calorimeter signals (K2Q on Fig. 10) and the lower threshold (threshold of the lower level discriminator on Fig. 10) must be proportional to the charges of calorimeter signals (K1Q) till calorimeter signal value Qo and then must be equal to constant value KIQo from Qo up to zero.

The one-layer preshower-calorimeter system


Two dimensional plots for one-layer preshower-calorimeter system are shown in Fig.11. Unfortunately for this system it is impossible to receive significant improvement of the electron-pion rejection on the base of additional information received from calorimeter. There are two main reasons: significantly less correlation between preshower and calorimeter for electrons and wider shape of spectra. Total increase of rejection is about 10-12%, in comparison with case of the separate one layer preshower.

4. Conclusions

The main points emerging from our investigation are listed below.

(a) The results of Section 3 (Fig. 5a) clearly indicate that triggering counters disposed behind the preshower increase the rejection capability. This can lead up to too optimistic treatment of the experimental results.

In the accordance with paper /6/ the rejection capability of the multi-plates preshower (Fig. 5b) excess the capability of one plate preshower (Fig. 5a). In the case of 26 GeV electrons and 40 GeV pions the obtained rejection capability was slightly more for one plate preshower. It seems us that this fact is connected only with small number of photoelectrons in the case of the preshower of 7 lead plates, 7 scintillator plates (for mip – around 10 in the case of multi-plates preshower and around 50 for one plate preshower). 

It is shown that preshower-calorimeter systems permit to obtain values of electron/pion rejection capability for wide and apriority unknown particles momentum diapason comparable with the rejection capability of the single preshower under known momentum. These systems permit to realise the fast (a few ten ns) rejection under unknown particle momentum and to use them in the first level triggers of experimental set-ups.

The values of rejection capability obtained in the measurement are essentially more than calculated in the paper /3/ where it was used ratio of the signals from the part of calorimeter to the signal from whole calorimeter.
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Fig. 1a. Test beam setup on T10 (1-5) GeV/c 



C ‑ threshold cherenkov counter.

S1 (100(5 mm2), S2 (70(5 mm2), S3 (70(5 mm2), S4 (2(40(40 mm3) – scintillating trigger counters.

Preshower – 1 cm thickness lead plate, 4 cm thickness scintillator plate (100(100 mm2), air light guide or 15 lead plates of 2 mm thickness, 15 scintillating plates of 5 mm thickness (100(100 mm2), air light guide. Calorimeter – 45 lead plates of 2 mm thickness, 45 scintillator plates of 5 mm thickness (100(100 mm2), light collection by the WLS bar.
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Fig. 1b. Test beam setup on the channel 2 IHEP 26 GeV electrons, 40 GeV/c pions



S1–S4 
‑ scintillating trigger counters (100(5 mm2),




S5 
‑ scintillating trigger counters (40(5 mm2).

Preshower ‑ 1.5 cm thickness of lead plate, 1 cm thickness of scintillator (100(100 mm2), lucite light guide or 7 lead plates of 4 mm thickness,7 scintillator plates of 5 mm thickness (hexagonal form 80 mm), light collection by the single spiral WLS fibre of 1 mm diameter.

Calorimeter – 50 lead plates of 2.5 mm thickness, 50 scintillator plates of 5 mm thickness (100(100 mm2) light collection – by the WLS bar.
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Fig. 2. Amplitude spectrum of one plate preshower for:

a. 5 GeV pions&protons 
b. 1 GeV electrons

c. 5 GeV electrons
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Fig. 3. Amplitude spectrum of 15 plates preshower for:

a. 5 GeV pions&protons 
b. 1 GeV electrons

c. 5 GeV electrons
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Fig. 4. Amplitude spectrum of 44 plates calorimeter for:

a. 5 GeV pions&protons 
b. 1 GeV electrons

c. 5 GeV electrons
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Fig. 5. Electron/pion rejection for:

a. one plate preshower, 1 GeV/c, 1-the dependence for the single preshower, 2-the threshold for the calorimeter signal is slightly more than pedestal, 3-threshold cuts around 10% of MIP spectrum of calorimeter, * - value of the regection capability of 1 cm led plate thickness preshower from paper /4/. 

b. 15 plates preshower, the circle points – the rejection points – the added on 1 and 4.5 GeV/c rejection capability for the preshower/calorimeter system.

c. 44 plates calorimeter
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Fig. 6. 
26 GeV electrons – 40 GeV pions rejection for the cases:

a. one plate preshower

b. multilayer (7 led plates of 4 mm thickness, scintillator plates of 5 mm thickness) preshower
c. the rejections of preshower-calorimeter system using selection of the events.
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Fig. 7 Two dimension plot of signal amplitudes of the calorimeter and preshower for electrons and pions. The lines are boundaries of the interval of preshower electron signal amplitudes corresponded to 10% loss of electrons

a. 1 GeV/c

b. 4.5 GeV/c
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Fig. 8 Two dimension plot of signal amplitudes of the calorimeter and preshower for 1 GeV/c and 4.5 GeV/c electrons and pions. The lines are boundaries of the interval of preshower electron signal amplitudes corresponded to 10% loss of electrons
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Fig. 9 Two dimension plot of preshower signal amplitudes ‑ calorimeter signal amplitudes for 26 GeV/c.


Fig. 11 Two dimension plot of preshower signal amplitudes ‑ calorimeter signal amplitudes for 1&5 GeV/c (The case – one-layer preshower-calorimeter system.)
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