Notes from BLM Discussions May 10, 2002

R. Witkover

Place:

SNS Building (817), BNL

Present:
Pete Cameron, Wim Blokland, Tom Shea. Bob Shafer, Mike Plum, Saeed Assadi, Coles Sibley,  Dave Gassner, Alexei Fedotov

Discussions followed a short presentation by R. Witkover describing the status of the BLM system design. Many areas were explored with specific recommendations made for some. The need for more study was indicated. Summaries of these discussions follow.

BLM Detector

The baseline design uses the well-known FNAL ion chamber designed in 1982 by Bob Shafer. Problems with production variability, which were noted when the same units were procured for RHIC, have now been eliminated with a simple modification to the outer electrode where it joins the support rods. This now allows the BLMs to be used with the preferred bias polarity (negative on outer electrode), offering better signal rise time and saturation than for the opposite polarity needed to reduce unit-to-unit variation. However, the ion transit time is still too long (comparable to the macro-pulse width) and the collection efficiency too low at the specified high end loss. 

A new BLM has been designed and beam tested, which improves the ion transit time by an order of magnitude and shows only a few percent departure from linearity for the high end loss requirements. The two BLMs were compared and the relative merits of each debated. The new BLM is a significant improvement over the FNAL detector in meeting the SNS requirements, but, as it is of more complicated  ceramic and metal construction, versus simple glass and metal, is likely to cost twice as much and will require further development. While the stability of the FNAL BLM over 20 years is known, the question of long term outgassing of the ceramic in the new design needs to be investigated. 

High End Loss Requirement

The working upper limit for  the BLM system suggested by YY Lee to allow it to detect a local loss of 1% of the beam, or 20 kW. The table of SNS Diagnostics Requirements (V1.7, 1/24/2002) calls of 2.5 x 105 R/hr, which is equivalent to 1.157 R/macro-pulse or the loss of 3.4 mini-pulses or 0.34% of the total beam. An estimate for the old and new chamber designs, using a calculation for continuous rather than pulsed radiation, indicates that the FNAL chamber will depart from linearity by 58% while the new design will be off by 3% from linear. While this upper end loss might be considered credible, it is not clear how linear the response must be. The consensus at the meeting was that a few percent saturation at this loss level was acceptable. Even larger departures could be handled if the saturation curve could be properly defined. Bob Shafer referred to an article by Boag in which he calculated the curve for pulsed rather than a continuous radiation. However, even this is not able to handle recombination perfectly and is really only applicable for short pulsed (that is, comparable to electron transit times of 1-2 microseconds). For longer irradiation times it becomes very complex. Further investigation of the pulsed response efficiency will be needed.

Detector Placement

Saeed mentioned that there was a proposal to use redundant detectors in the linac area to assure that losses would still be sensed even if a detector was not functioning. Presently the BLMs are to be mounted on supports  30 cm from the beam lone. While this enhances the low-loss sensitivity it shields downstream BLMs from upstream losses preventing them from providing wider area coverage if a BLM is not functioning. An alternate proposal to place the detectors on the cable trays would give the wider field of view but would also reduce the sensitivity and localization of losses. It was recommended that simulation codes be run to further study these options. The dual detectors that Saeed mentioned have not been provided in the baseline design, but provision for them has been made in the database and cabling will be provided.

It has been proposed to run alternate BLMs on separate HV bias cables to allow some coverage when an HV fault occurs. To enhance this capability, alternate detectors must be run from different AFE modules and different VME/IOC’s if possible as well, so that loss of a circuit board or the need to reboot a VME chassis does not create an extended blind area.

Beam Abort Sensing

The Analog Front End (AFE) circuit design uses a “leaky integrator” to accumulate the dose during the macro pulse for use in tripping off the beam. A “leaky integrator” uses a large value bleed resistor to drain the charge from the feedback capacitor during the inter-pulse period, eliminating the need for complex reset, gating and compensation circuits otherwise needed to dump the charge. The design depends on finding a suitable compromise RC which will give a credible integration while decaying fast enough to return close to zero before the next pulse. Mike Plum felt that while the design worked reasonably for losses on a single pulse, LANSCE experience indicated that lower level losses over many pulses were very important and would not be handled by this approach. He suggested that if the integration extended over 1 second it would account for changes in rep rate which would not be possible with the present design. 

There was considerable discussion on this point with opinions voiced for detecting both fast single pulse losses and extended multi-pulse losses. In the end it was decided that both had merit and should be implemented. It was felt that the 1 W/m output could be used to detect multi-pulse losses which  could be reasonably handled in the IOC since that integration was already being done there. Coles Sibley pointed out that the Utility Module in the VME crate did have a direct hardware line to the MPS which could be used for beam abort if a software threshold was exceeded. This was acceptable to all.

Also discussed was the hardware to sense the fast single pulse losses. This will be done in a special “Comparator” module residing in the VME crate. The output from the leaky integrator will be brought from the AFE crate to the VME crate where they will be compared to programmable references. The comparator modules will have front panel connectors (to be specified by Coles)  which will go to the MPS. Connectors will also be provided to bring in the reference signals, which will initially come from a VME DAC module. Perhaps at a later time these references will come from a PLC or other qualified device.

Conclusions

We will continue to develop the new BLM detector design. It is intended to be the BLM used in SNS because of the significantly faster ion transit time and higher collection efficiency at high dose rates. However, a true cost estimate for its production by an outside ion chamber vendor must be obtained  and the cost increase approved. 

The high level loss specification needs to be revisited and a number for linearity also provided. The present limit of 2.5 x 105 R/hr stated in Sasha’s table of rerquirements is reasonable, however, a statement of the linearity at that dose rate and higher is required.

Further study of the expected loss patterns is needed to determine the proper BLM placements. This may necessitate a compromise between low end sensitivity and wide viewing for redundancy in beam abort sensing.

A second beam abort based on 1 second high loss average will be implemented based on the 1 W/m analog output and comparisons in the IOC. The Utility module MPS line would be used to abort the beam.

Further discussion about system design to provide redundancy in sensing will be required. Particular attention must be paid to distributing the detector channels so that loss of a module does not leave a large contiguous area unprotected.  

