Current Gain Variation Experiments

What is known?

This graph shows the gain inspection, carried out this year on 33 new ionization chambers that are to be installed in the SPS – LHC transfer line later this year.
The plots above show the average of the results from the inspection of the six SPS tunnel sections, conducted last year.
The other plots show a N​2 filled lab chamber, three-repaired air filled chambers and a removed ‘broken’ chamber from the 2003 inspection.

From the graph it can clearly be shown that there is some difference from the lab tests to the tunnel tests. 

This could be from either an increased amount of radiation in the tunnel, increased electrical noise or the intensity of the Cs source used. 

There is also a slight difference between the nitrogen filled chambers (at 1.1atm) and the air filled chambers (at STP).
The SPS inspection from 2003 gave the following results for the current, when using a Cs 137 source.

You can see from the graph that the ionization chambers of the main ring section show little or no variation from the main distribution of approx 45pA (+ 3). 

However sections with increased radiation (such as INJ/EXT points) show a clear variation around the 45pA mark. 

Again this need further investigation to see if it is simply remittent radiation from the area or that the prolonged exposure to the higher radiation has altered the gas or metal of the chambers.

What is to do? 

So it has been proposed to re-inspect the installed chambers in the INJ/EXT areas and to not only do a repeat test but to also remove them from the area they are installed in (of high radiation) and do a second test in a low/no radiation area, to see if remnant radiation is causing the variation.  

There shall also be re-inspection of chambers 18 – which was replaced last year, 23 and 30 in SPS BA5, which provided results just above and below the main distribution. 

If the values remain the same these will be removed and inspected.

The chambers will also be inspected to see if they themselves are emitting radiation that may be causing the variation of the gain and if so what this may be.
Several chambers will also be removed from the SPS main ring (working and anomalous) and several from the INJ/EXT lines. 

The gas and material composition of the chambers will be inspected in a mass spectrometer. This will also occur for the damaged N2 filled chamber shown earlier. 

The results for this will be compared against the gas for a new chamber.

All chambers that are removed will be lab gain tested with a Cs 137 and (if they have been selected for gas removal) will be refilled (with N2 or air) and lab tested. 

This will hopefully show if there is a change in the gas, material or some form of layer that is produced that causes a gain variation. 

The refilling of the chambers with different gases and pressures should also be undertaken so that it will be possible to find the most appropriate combination – this is in some way linked to the development of the prototype models, to be discussed later.

There will also be a Geant simulation of the shower particles passing through the real chamber design so that we can see what signal they give and how many get stuck, etc.

There will also be signal – voltage test done on all removed chambers and compared with the results of ones to be done on new installed chambers.

Another experiment that will be undertaken is the installation of up to 3 chambers near the SPS extraction dump (probably N EXT channel # 2). 

Around this region there is an increased amount of radiation (roughly estimated 4x104 gry/100 day cycle). 

 As this is more than what the chambers should see in the LHC lifetime we will use this as a lifetime test where the gain and radiation dose will be constantly measured during machine development days. 

The results will hopefully be able to tell us the expected amount of time before the chambers loose a large amount of gain or become radioactive, and hence less sensitive.

