Comments on a Review of Specifications for NuMI Magnet Power Supply

June 28, 2001

Beam Loss Limits

Presenter:  S. Childress

1. (Reviewer:  G. Jackson)  I tried to attack the issue of tritium production in ground water from two different directions.  In the first, I asked about pulling down the water table locally around the beamline in the area above the dolomite layer.  In the second, I asked about the constraints on the beam permit system and operational reliability imposed by accidental beam losses near the water table.  In both cases I received a response which for all practical purposes could be interpreted by a reviewer as: “We professionals have looked at the issue of tritium production in groundwater and you should trust our word that we have thought about every contingency and this is the best solution”.  This may not be the message you were trying to transmit, and it could well be true anyway, but it is not a good way to present information to reviewers.

You need to be prepared to present a very technical talk about the groundwater and tritium production issues.  Do not be afraid to quote lots of facts and figures that support the science of groundwater migration, tritium detection, and legal responsibilities.  It is OK to defend your particular solution, but you need to be prepared to show alternative solutions, pointing out why they were not pursued in favor of the official plan.

2. (Reviewer:  C. Moore)  The one comment I would make in addition to the ones already made is about how one measures in a quantitative manner losses at the10-4 or even 10-6 level.  Sam indicated that we have done this in the past and I should have asked him to elaborate.

3. (Reviewer:  R. Trendler)  I was left with the impression (perhaps incorrectly) that the radiation issues resulting from misdirected beam were not yet completely understood. I suggest that this analysis continue and any subsequent results be presented at another review. A more definitive statement (how much radiation, how long will the beam have to be off, etc.) would be valuable to helping the lab understand the impact of misdirected beam.

Alignment Requirements

Presenter:  W. Smart

4. (Reviewer:  G. Jackson)  The collaboration did a good job of explaining the error tolerances of the transverse placement of the magnets.  What they missed was the longitudinal positioning along the beamline.  For example, while the Recycler transverse magnet placement tolerance was 10 mils, the tolerance for longitudinal magnet placement was almost 10 times bigger.  Error calculations should be expanded to include longitudinal placement errors.

5. (Reviewer:  P. Martin)  Obviously the main issue here is the physics.  A plot was shown (but not included in the handout) showing what I’ll call a lego-plot of the far detector beam.  I assume the point here is that targeting errors changes that distribution, although the corresponding plot was not shown.  That would have been useful, if only to try to understand why the RR ratio is a function of beam position.  We see that it does vary from page 8 of Wes’ slides.  I personally would like to understand why it does.  What is the physics behind that variation?  A more detailed discussion of slide 9, explaining what each of the items are, especially the largest two, would also be helpful.  On the physics aspects, I can maybe understand how variations in x-position can have an effect on RR, since the target is thin and as the beam moves to one side or the other, the production cross-sections change some, particularly per unit solid angle.  Less obvious is why a y-variation would have the same effect.  It just doesn’t seem that when you consider the effects of pion production angles off the target, and the horn focussing with an outer diameter of many inches, that changes on the order of a fraction of a mm in beam position should have a significant effect.  The NuMI/MINOS experiment really needs to understand this.  Again, as I mentioned in the review, a fall-back is to measure the beam position on target on every spill, and then to record that with the data so that the data can be analyzed in bins of position.  Another option, if this is a real concern in systematics, is to widen the target more, if the horizontal position has the effect I described above.

Beam Transport

Presenter:  P. Lucas

1. (Reviewer:  D. Edwards)  Missing from yesterday's discussion was the essential interplay between beam optics and specification.  I realize that cost considerations may prohibit a single series-powered transport line, but when I see that the tightest tolerance is associated with V110 and see some space downstream, I have to wonder if another quadrupole or two might help.

2. (Reviewer:  D. Edwards)  Why is the design dispersion function not equal to zero on target?  Nor did I receive an answer to my question about the derivative of the disperson function.

3. (Reviewer:  D. Edwards)  Functioning beam position monitors were essential to rapid commissionig of the Tevatron during the summer of 1983 and since then automated tuning, such as Autotune, has developed further here and elsewhere in the world.  The suggestion that the beamline under discussion may not achieve success in this regard probably leads to questions on other WBS items.

4. (Reviewer:  E. Harms)  There seems to be great reliance placed on AutoTune for MuMI operation.  There were no details provided about it despite the fact that I was led to believe in this review that it will play a significant role in compensating for power supply variation as well as provide for ground water protection. AutoTune deserves special scrutiny because of the multi-faceted role it appears to be playing. In my 20+ years of operational experience with the accelerators and beam lines at Fermilab I have reservations about AutoTune based on the little information I have of it. In general, 'automatic' beam line tuning programs in use at Fermilab have not run with 100% reliability and, in fact, most tuning applications require a fair amount of human intervention. I know there has been talk of running AutoTune on an existing beam line, such as AP1, prior to using it for NuMI. What is the status of such an effort? AutoTune needs to be demonstrated to work as advertised on a primary beam line well before it is put to use for NuMI. In addition AutoTune will need to interface to the power supplies through a controls system - ACNET? Are there specifications for the controls system in terms of resolution both for settings and readbacks?
5. (Reviewer:  G. Jackson)  It was stated that the 5 Booster batches destined for the NUMI target are extracted 90 degrees in longitudinal phase space rotation after the batch aimed at the antiproton production target is extracted.  The goal is to obtain the absolute smallest momentum spread possible in the NUMI primary beamline.

The problem is that the beam distribution during bunch rotation is not rigid, but in fact deforms the longitudinal beam distribution into an S-shaped phase space shape.  By knowing the initial longitudinal bunch emittance and the RF voltages during the rotation, it is possible to precisely simulate this shape.  This is a straightforward calculation which would give you MUCH better estimates of the particle losses in the transfer line.

It was stated that a fractional momentum spread was between 100 and 400 ppm.  What is the longitudinal emittances before bunch rotation which achieves these momentum spreads?

6. (Reviewer:  P. Martin)  The issue of whether all errors add in quadrature should be addressed.  If there is some cancellation, for example the upbend errors canceling the downbend, then the regulation requirements could be relaxed.  I would also recommend examining regulation errors in the P1 and P2 line in detail to see the degree of line-locking presently observable.

7.    (Reviewer:  P. Martin)  The speakers presented results we could not follow in as much detail as I would have liked.  There was often confusion as to exactly what was being plotted…what beam size definition, both transverse and in momentum spread, and how they were being summed.  Without the exact information, it is difficult to assess the situation.  I would recommend that all this information be gathered into one note, with some additional explanation along these lines.  Also, the issues of tails on the momentum spread should be examined further.  Some of this may require additional beam measurements, similar to those already done to confirm the compatibility of bunch rotation for pbar production prior to the NuMI extraction.  Since one cannot measure momentum spread directly, measuring the tails on the bunch at the time of pbar extraction, and then again a full 180 degrees later (as opposed to 90 degrees, the time at which NuMI beam would be extracted) might yield a good estimate by averaging the above measurements in the time-spread of the beam.

Targeting Characteristics and Requirements

Presenter:  P. Lucas

1. (Reviewer:  G. Jackson)  During the review two facts were stated which were quite troubling.  First, it was stated that if the transverse beam size were to be reduced by a factor of two that the target would be damaged.  In other words, the target has only a factor of four energy density safety factor.  I was not aware that the science/art of targetry had evolved to error bars down to the size of pi.

Second, it was stated that the tolerance for random transverse beam size changes is 20%, which corresponds to an emittance variation of 40%.  Beam instabilities, especially around transition crossing time and during flattop, make such variations of this magnitude quite common.  It is not clear to me that any of the present emittance measurement devices in existence can determine transverse emittance accurately or fast enough to be an input in any kind of beam permit system.

2. (Reviewer:  G. Jackson)  There was a discussion during the review about beam steering scans and the need to perform them on a regular basis.  It was stated that the tunnel “should” be stable enough to only need an initial alignment scan.  Because of interest in building the NLC and VLHC in the geography surrounding Fermilab, there have been definitive measurements of vertical tunnel movement in the same rock layer in which the NUMI tunnel exists.  A good reference is Physical Review Special Topics – Accelerators and Beams, Vol. 1, 031001 (1998) by Lach, Shiltsev, and others.  Presenting data rather than opinions is always preferable.

3. (Reviewer:  G. Jackson)  How many abort triggers per hour are expected given the number of NUMI permit channels and the signal to noise level of each channels?  How many cycles must the NUMI beam be disabled after a 10% accident in the upper end of the sloped carrier pipe?  I hope that the review on the beam permit system is very quantitative and thorough!

Specifications for NuMI Power Supply Regulation

Presenter:  N. Grossman

1. (Reviewer:  P. Czarapata)  The e/e support department identified the weakness of the digital to analog reference signal from the controls module. The plan to develop a regulator with its own reference inside the supply must be pursued. In addition a casual comment regarding the "Fermi ampere" indicates a long standing problem. The madc readbacks are attempting to resolve small signals after significant cable run in electrically noisy environments. The newly developed module should also incorporate the readback adc. In developing this system the e/e support department must work with the controls department to allow a seamless integration of the new module. 

2. (Reviewer:  P. Czarapata)  The power supply upgrade should provide configurable monitoring that can be used for the power supply interlock. If a number of supplies are going to be monitored for the NuMI beam permit, it would be far better to signal condition and provide a single signal to the monitoring system indicating if the supply is in tolerance or not. This again allows immediate processing of the signal locally without having to transmit it long distances. 

3. (Reviewer:  D. Edwards)  I learned from the presentation by Nancy Grossman speaking as Level 3 Manager that at an incremental project cost of $110,000 the 7 supplies could be brought to the 200 ppm level.  Nancy Grossman said that a bandwidth expansion to 40 Hz could yield another factor of two, and Steve Hayes said that may be achievable.  The cost impact of the latter step was not presented.  Even were that factor of two to be achieved, variation in the strings designated HV101, V105, and V110 would remain outside tolerance.  Therefore, I conclude that the proposed specfication is 200 ppm at incremental project cost of $110,000 with potential and yet to be estimated impact on contingency to achieve the position-on-target requirements.
4. (Reviewer:  E. Harms)  The regulation of trim magnet supplies is noted for maximum current (0.1%). One hopes that these devices will not routinely run at the maximum current. There should be a specification for their operation at low current as well.

5. (Reviewer:  E. Harms)  For the quadrupole supplies there is a difference in regulation spec of (0.05% for the maximum current and (0.44% for the operating current – is this really good enough - has some modeling been performed? Why is there a difference in regulation between the two modes?

6. (Reviewer:  E. Harms)  This was advertised to be a review of the power supply specifications.  What was presented focused on power supply regulation. Have the supplies themselves already been purchased? Have issues such as water requirements, controls interfaces, manufacturer, etc. already been addressed? Such issues, and probably others that I haven't thought of, should be part of a power supply review.
7. (Reviewer:  G. Krafczyk)  I am quite surprised that the EE group has not been given specifications in writing that they must met.  The EE group is quite competent and would be able to met the hand waved wishes that were banded around as do as good as you can but don't spend any money.  We will be wringing our hands 6 months after Numi comes on line with operating funds footing the bill to get the specifications that are needed.
8.    (Reviewer:  P. Martin)  The power supply regulation requirements for most of the NuMI beamline magnet power supplies (four dipole and all quad supplies) appear to be easily achievable.  The remaining three dipole supplies are more challenging and require some development and additional cost to the project.  It appears the requirements are entirely physics motivated, as opposed to the other issues that were also raised, namely groundwater protection and use of Autotune.  It would be useful for future reviews to tabulate the requirements separately for each supply according to these various issues.

9. (Reviewer:  R. Trendler)  Since it is likely that there could be some surprises, I suggest that all the considered design techniques be implemented to improve power supply performance. Improvements done later are always much more difficult to make.  It would be valuable to remove the power supply regulation issue from the list of potential difficulties in operating this beamline.
