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1.
Test Procedure


We performed measurements on one representative cathode strip using the FDC prototype. We employed the following in our measurements:

1. GAS-1 preamp card.

2. 18 m of the Amphenol twisted-pair cable.

3. Shaper boards, both low and high gain versions.

4. Fe-55 source.

5. Scope. 


The output of the shaper board was fed to a scope set for infinite persistence display. In this manner we accumulated cathode strip pulses over a period of time and spanning a wide range of amplitudes. The gain of the readout chain was 1.85 mV/fC when using the low gain shaper board; it was 8.91 mV/fC when using the high gain shaper board. Please refer to GlueX-doc-1065 for further information.

Measurements were taken at various sense wire voltage potentials, HV, while the guard wire potential was kept at -500 V. We were interested in observing the behavior of the detector at the nominal sense wire operating voltage of +2420 V, as well as, above and below this level. The nominal operating voltage is set just above the knee on the efficiency plateau.
2.
Measurements with the Low Gain Shaper Board
For each of the following scope pictures, a set of levels was super-imposed in order to arrive at consistent quantitative measurements based on the intensity of the display:
1. Baseline (0).

2. Most likely pulse amplitudes (L or Low).

3. Higher pulse amplitudes (H or High)
4. Average of L and H (M or Medium).

Note that the determination of the average in item 4 provides for some signal headroom for the most likely pulse amplitudes. Figure 1 shows the range of signals on the scope at the nominal operating voltage.
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Figure 1: Pulse amplitudes at +2420 V.
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         Figure 2: Pulse amplitudes at +2450.                Figure 3: Pulse amplitudes at +2500.
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         Figure 4: Pulse amplitudes at +2390.                Figure 5: Pulse amplitudes at +2350.


The data obtained from the above scope pictures is plotted in figure 6. It is observed that the changes in amplitudes as a function of the HV, i.e. electric field, track for the most likely pulse amplitudes, as well as, the higher pulse amplitudes.

[image: image6]
Figure 6: Pulse amplitudes as a function of HV on the sense wire.


This data is then scaled to the input of the preamplifier by applying the amplification factor of the whole readout chain, or 1.85 mV/fC. This is plotted in figure 7 and where the linear region of operation for the GAS-1 preamplifier ASIC is indicated. However, note that high linearity region for the preamplifier applies for input charges of up to 300 fC and this is satisfied by operation of the chamber at the nominal operating voltage of +2420 V for the sense wires, -500 V for the guard wires and with the low gain shaper board.

[image: image7]
Figure 7: Input Charge as a function of HV on the sense wire.

3.
Measurements with the High Gain Shaper Board

The chamber was also operated as above but with the high gain shaper board. The effective gain of the readout chain was 8.91 mV/fC. Figures 8 and 9 show the pulse response with a Fe-55 source.
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         Figure 8: Pulse amplitudes at +2350.                Figure 5: Pulse amplitudes at +2390.


The pulse amplitudes in both cases are well above 2V and saturation of the shaper board is clearly observed.
4.
Summary

[image: image1]There are three sections that need to be considered carefully in determining the dynamic range and the gain of the detector readout chain: the preamplifier, the shaper section gain and the ADC, in the case of the FDC cathode readout. It is understood that the signal cable attenuates the preamplifier signals but this factor is fixed for the anticipated length of the cable (18 m). The anode wires of the FDC will also employ the same preamplifier but in discriminator mode and, therefore, the gain and the dynamic range of the preamplifier for this application are not critical.

The cathode readout must also operate within the linear region of the preamplifier. Referring to figure 7, good linearity and minimal preamp saturation is obtained at the nominal operating conditions. Furthermore, it is also possible to operate the FDC at ± 30 V around the nominal setting with minimal performance degradation, with regards to non-linearity. It should be noted that the preamplifier behaves well beyond the linear region but with degraded linearity, i.e. range compression. Another observation that becomes apparent from figure 7 is that the signal gain changes by about a factor of 2 per 100 V (from +2350 V to +2450 V) change on the sense wire. This can be used favorably when tuning the detector but care should be taken in stabilizing the FDC power supplies during normal operation to minimize gain variations with respect to changing environmental conditions.

The gain of the shaper section may be determined before production of the fADC125 in order to optimize operation of the FDC and the CDC. It is, however, clear that the higher gain shaper board prototype version has excessive gain and saturation results very frequently.


The FDC sense wire readout will employ the preamplifier in discrimination mode, as mentioned above. It has been determined that the charge on a sense wire is about a factor of five higher than the charge on a single cathode strip, for the same event. In principle, the preamplifier gain when used on the sense wires could be set to a factor of five lower than the cathodes, which is presently set at 3.7 mV/fC. However, this is not absolutely necessary due to the behavior of the preamplifier under high input charge conditions. These quantities may be adjusted when considering the performance requirements of the CDC.
Tentative GAS-2 gain settings:


Low Gain:
2 mV/fC
- FDC Anode Wires.


High Gain:
3.7 mV/fC
- CDC Anode Wires, FDC Cathode Strips.


As a final remark, it has been determined that the FDC response to the most energetic particles under normal operation in Hall D will provide a response envelope very similar to the Fe-55 source, a point ionization source. In this context, these results provide a good indication of the gain and dynamic range required from the readout chain.[image: image10.emf] 
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[image: image11.wmf]FDC Cathode - Amplitude vs. Sense HV

(GAS-1, 18 m Cable, Low Gain Shaper -- 1.85 mV/fC)
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