June 15: Follow-up on trying to clean the contaminants that are causing some wires to have anomalous spectra with high gains.

Pauline Gagnon, Serguei Kovalenko, Chuck Long, Anatoli Romaniouk

Summary: Serguei has made a list of modules of type 1 modules having such wires: 16 modules are affected on 88 separate wires. Some wires have many anomalous spectra. His initial criteria when looking for these anomalous spectra was to require either S/A > 30% or the size of the overflow bin to be greater than twice the peak maximum. 
Note: This criteria was changed later on and is redefined at the end of this document.
We redid a test over the weekend with a more powerful X-ray source than the one used by the MGM. This is the source normally used by Serguei Konovalov for aging studies. This X-ray tube can provide currents comparable to the LHC rates.

Test setup: the module was flushed with a mixture of Ar-CO2-O2 with 3% of oxygen. The X-ray gives a continuous spectrum between 20-25 KeV. The module was held at 1455 V (about twice the nominal gain in this gas mixture) with all wires grounded. The first night, the module tripped and we do not know when since we could not monitor it. So we do not know the exact duration of irradiation but it was between 33 and 43 hours nor which wire caused the trip. The current draw was around 500 (A for about 320 wires with roughly 10 cm exposed to the X-ray beam. This gives a current draw of about 0.15 (A/cm per wire, of the order of magnitude expected at the LHC, namely 0.1 (A/cm per wire. Only one Z position was irradiated, Z=37 ( 2. At this position, 9 points on 6 wires with anomalous spectra from module 1.35 laid within the irradiated zone. These are tabulated below, with the points in the irradiated zone shown in red. The other points also have anomalous spectra but were not irradiated.

	Wire #
	Z position

	274
	37 39 49 50

	300
	37 38

	301
	37 38

	302
	34 35 36

	325
	34 35


The following plots show the anomalous spectra shown in red in the above table before (left column) and after (right column) exposition to the high rate X-ray levels. The spectra were taken in Ar-CO2 in normal MGM scan conditions, that is, at 1230 V with the MGM X-ray.
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All wires have cleared up except wire #325 at position Z=35 but some of the nearby points seem to have improved, as can be seen from the next set of plots:
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The high tails in the anomalous spectra exposed to radiation have all disappeared or greatly improved, except for wire #325 where the overflow bin increased. But on the other hand, the spectra improved for this wire, as can be seen from the following set of plots. One possible explanation is that this wire received a smaller dose since it is located right along the shell and the shell could have absorbed some of the radiation if the shell was not perfectly aligned on the horizontal. For this wire, it appears that the nearby points have also improved slightly (see plots above), so this seems to indicate that this point was exposed to some of the X-ray beam but maybe received a lesser dose. The contaminants there could also have been of a different nature or of a larger quantity, necessitating a longer exposure to clean up.

For comparison, here is the spectrum taken in May before any other tests. The height of the overflow bin was about 900 counts. Below are the spectra for the same point (Z=35) from the scan in June before and after exposure to the intense X-ray source, all scaled to a maximum of 100 counts. One can then see that the shape of the spectrum has improved. The overflow bin had a height of about 800 before irradiation and 1500 afterwards. Anatoli thinks that this could be due to the contaminant layer becoming thinner. My understanding is that the effect is similar to having a wire with smaller diameter. Therefore, at a given voltage, discharges can occur with a higher probability because the field increases. Hence, a larger number of entries in the overflow bin. At the same time, a sizeable segment of the wire is now clean and gives a normal spectra, hence the shape improvement. 
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One other to look at the results suggested by Serguei is to look at the S/A values for the exposed wires. The X-ray beam was hitting all straws with wire number above 250. For these wires, Serguei made a list of all wires that had a spectra at a Z position Z>19 (the back side) with the number of entries above 1.33 times the peak value was greater than 7 times the number of entries found at the peak. Two lists are given below, one before irradiation and one after irradiation. Clearly the number of anomalous spectra found is much reduced after irradiation in the region where the beam hit, that is around Z=37(2. The points that disappeared are marked in red.

Before irradiation                                                         After irradiation

	Straw
	Z

	274
	49 50

	296
	

	297
	33

	298
	47  48

	300
	

	301
	

	302
	33  34

	303
	31  32  33

	314
	30

	319
	49  50

	323
	48

	325
	34  35

	326
	43  44

	327
	45  46

	328
	47  48  49

	329
	50


	Straw
	Z

	274
	37  39 49  50

	296
	41

	297
	33

	298
	48

	300
	37  38

	301
	35 36  37 38

	302
	33 35  36

	303
	31  32

	314
	30

	319
	48  49 50

	323
	48

	325
	34  35

	326
	42  43  44

	327
	45  46

	328
	47  48  49

	329
	41  50


For wires exposed to the radiation (roughly wires with wire number greater than 250), one can also look at the S/A value as a way to assess how much cleaning occur. The plots below show both the S/A value as a function of Z position along the wire before and after irradiation. Here S is the half width on the right side at 0.20 of maximum peak, and A is the peak amplitude. A value of S/A > 30% is seen as problematic. We also show the overflow bin (Ovf) as a function of the Z position also before and after irradiation.
 Clearly, less anomalous wires are found in the area around Z=37 where the X-ray pointed.
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Conclusions: it seems safe to assume that the affected wires (88 in total in type 1 modules) will clean up once exposed to intense radiation in the presence of oxygen. We have stopped all tests on this at this point and resumed normal operation. 
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