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1.  Introduction
The data acquisition system (DAQ) constructed for the Primakoff Experiment (TJNAF E00-014) currently consists of three fastbus crates with modules which read the output of 31 ADCs and 1 TDC.  A fourth crate to control the readout of tagger electronics will be added upon installation into Hall B.  The read out of these modules is controlled by the Trigger Supervisor. In any data acquisition system there is a certain portion of time in which the system is unable to take inputs as it is processing previous data.  The percentage of time in which the system is able to take inputs is known as the live time.  As the event rate is increased the live time decreases and therefore limits the rate at which data can be recorded.  The following studies explore three different aspects of the DAQ.  The first shows a full read out all available channels, the second is a read out of approximately 100 channels, and the third is a read out of a varied number of channels.  The tests were performed to investigate the limits of the data rate of the DAQ, and show a maximum data rate under run time conditions is ~4 kHz and will have a live time of ~85%.
2.  Two Fast-Bus Read Out
The first situation studied was the read out of just two fastbus crates (as the third was in repair).  It is possible to set the threshold on ADCs in order to ensure that signals read out are of significant size to be considered real data.  This threshold is known as the sparsification threshold and for this portion of the tests was turned off.  This created a situation in which for each event every channel was read out, or approximately 2/3 of the total channels (since only 2 of the 3 crates were working).  The trigger rate was then varied from 0.1 to approximately 6.0 kHz.  For each run the integrated values for the live time, event rate, and data rate were recorded (see Table 1).  In Figure 1 the live time vs. data rate was plotted.  As the plot indicates, data rates higher than ~9000 kb/second experience a sharp drop in live time.  In addition, a plot of the data rate vs. trigger rate can be used to determine what trigger rate corresponded to the maximum data rate of 9000 kb/second (see Figure 2).  In this case the data rate increased linearly with the trigger rate until the trigger rate reached approximately 2 kHz.  This shows that for a full read out of two fastbus crates the maximum trigger rate is ~2 kHz which produces a data rate of 9000 kb/second without significant loss of live time.  This result is important for tests of such as the Light Monitoring System or pedestal runs, as it shows that the trigger rates should be kept under 2 kHz.
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3.  ~100 Channel Read Out
The second study was to try to pick a threshold so that only about 100 channels were being read out for every event.  This was chosen because a two cluster event should contain approximately 100 channels, and this is exactly what one would expect from a 0 event.  To do this, it was assumed that each event would contain about 6 bytes of data, so the sparsification threshold was set such that the event size was ~600 bytes, or a threshold of 640.  The trigger rate was varied from approximately 2.5 kHz to 20 kHz and the integrated values for live time, event rate, and data rate were recorded (see Table 2).  The live time was plotted as a function of data rate and shows a cutoff ~2300 kb/second (see Figure 3).  When live time was plotted against trigger rate, it showed the cutoff correlating with a trigger rate of about 4 kHz (see Figure 4).  This means that with the current triggering scheme it would be possible to accept triggers at a rate of up to 4 kHz.
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4.  Sparsification Threshold Variation

In order to assure the trigger rate is kept far from the cut off the experiment will run at a rate of approximately 3.3 kHz.  In the final situation studied the sparsification threshold was varied while holding the trigger rate at 3.3 kHz.  Because the gain in each channel is different the higher the sparsification threshold is set the fewer channels will be read out for each event.  This will cause a decrease in the data rate.  To do this the sparsification thresholds were varied from 300 to 700.  This time the live time, data rate, event rate, and approximate event size were recorded (see Table 3).  From this again live time can be plotted as a function of data rate to show at what data rates significant loss in live time occurs (see figure 5).  Here the cutoff appears to be at ~5000 kb/second.  This shows that for an input trigger rate of 3.3 kHz the number of channels read out in an event can be increased to read out a maximum of 5000 kb/second.
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5.  Conclusion
The data acquisition system for the Primakoff Experiment consists of a variety of electronics which have fundamental limits on the speed at which they can read data.  In order to test these limits three different assessments were performed.  First the live time was measured as the trigger rate was varied with no sparsification thresholds set for two fastbus crates.  This showed a maximum data rate of 9000 kb/second at a maximum trigger rate of 2 kHz.  Second the sparsification threshold was set to imitate an event size of approximately 100 channels and it was shown that the maximum data rate was 2300 kb/second at a trigger rate of 4 kHz.  Finally the sparsification threshold was varied while the trigger rate was set at 3.3 kHz producing a maximum data rate of 5000 kb/second.  
Tables

	Trigger Rate (Hz)
	Live Time (%)
	Event Rate
	Data Rate

	5882
	16.9
	1888
	9812

	5000
	19.7
	1901
	9817

	4545
	21.8
	1898
	9803

	4000
	24.1
	1873
	9670

	3448
	28.1
	1907
	9846

	3030
	32.4
	1893
	9777

	2703
	36.0
	1842
	9514

	2632
	43.3
	1860
	9605

	2500
	48.8
	1886
	9757

	2381
	52.4
	1855
	9580

	2326
	56.5
	1854
	9574

	2222
	61.3
	1845
	9527

	2083
	74.4
	1895
	9785

	2000
	85.4
	1911
	9868

	1887
	89.0
	1832
	2045

	1786
	90.7
	1761
	9095

	1695
	91.2
	1668
	8612

	1587
	91.9
	1557
	8038

	1493
	93.2
	1185
	6117

	1099
	95.2
	1086
	5610

	1000
	94.5
	988
	5103

	901
	95.3
	897
	4632

	800
	95.0
	789
	4073

	699
	95.5
	690
	3563

	599
	97.2
	588
	3038

	500
	97.2
	495
	2555

	400
	97.6
	398
	2059

	299
	98.5
	298
	1540

	200
	99.0
	198
	1023

	100
	99.5
	100
	516

	Table 1
Trigger Rates were varied between 0.1 and 6 kHz.  Live time, event and data rates were then recorded.


	Trigger Rate
	Live Time
	Event Rate
	Data Rate

	20000
	12.6
	4202
	2413

	11111
	20.2
	4188
	2403

	8333
	29.2
	4126
	2366

	7143
	32.2
	4213
	2467

	6250
	35.0
	4110
	2403

	5556
	41.9
	4170
	2437

	5000
	49.1
	4152
	2430

	4762
	61.8
	4202
	2458

	4545
	90.0
	4133
	2415

	3448
	96.1
	3305
	1931

	2564
	96.5
	2467
	1445

	Table 2
With the sparsification threshold set to 640 the trigger rate was varied from ~2.5 kHz to 20 kHz.  The integrated values for live time, event rate and data rate were then recorded.


	Threshold
	Live Time
	Event Rate
	Data Rate
	Event Size

	300
	14.4
	898
	6050
	7000

	400
	24.6
	1195
	5800
	3000

	425
	30.9
	1304
	5618
	4400

	450
	37.7
	1531
	5645
	3500

	475
	51.9
	1942
	5945
	3300

	485
	52.1
	1929
	5461
	2900

	495
	66.3
	2362
	6065
	2650

	500
	74.0
	2656
	6512
	2500

	525
	92.1
	3091
	5790
	1900

	550
	92.1
	3250
	4740
	1500

	575
	95.8
	3266
	3890
	1225

	600
	97.5
	3278
	3078
	900

	700
	95.3
	3231
	1053
	330

	Table 3
With the trigger rate set to ~3.3 kHz the sparsification threshold was varied between 300 and 700.  The integrated values for live time, event rate, data rate and event size were recorded.
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Figure 1


Live Time vs Data Rate with sparsification thresholds turned off.  From this plot it is clear that there is significant loss in live time for data rates higher than 9000 kb/second.
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Figure 2


Data Rate vs. Trigger Rate with sparsification thresholds turned off.  The data rate increases linearly with the trigger rate until it plateaus at 9000 kb/second which shows a maximum trigger rate of ~2 kHz.








� Figure 5


Live Time vs. Data Rate with a trigger rate of ~3.3 kHz.  The sharp cut off of the live time shows a maximum possible data rate of 5000 kb/second.





� Figure 4


Live Time vs. Trigger Rate with sparsification threshold set to 640.  This shows that for a 100 channel read out the maximum trigger rate will be approximately 4 kHz.





� Figure 3


Live Time vs. Data Rate for a sparsification threshold of 640.  This plot shows a clear maximum data rate for approximately 100 channels at ~2300 kb/second.








[image: image6.wmf]Sparsification Threshold Off

0

10

20

30

40

50

60

70

80

90

100

0

2000

4000

6000

8000

10000

12000

Data Rate (kb/s)

Live Time (%)

[image: image7.wmf]Sparsification Threshold Off

0

2000

4000

6000

8000

10000

12000

0

1000

2000

3000

4000

5000

6000

7000

Trigger Rate (Hz)

Data Rate (kb/s)

[image: image8.wmf]Trigger Rate ~3.3 kHz

0

10

20

30

40

50

60

70

80

90

100

0

1000

2000

3000

4000

5000

6000

7000

Data Rate (kb/s)

Live Time (%)

[image: image9.wmf]Sparsification Threshold 640
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