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Summary Outline of Recommendations
==================================

We recommend that:

1.  An integrated work schedule for the shutdown, including all alignment
and mechanical tasks and manpower availability, be prepared.

2.  Kaiser coil measurements (before and after) should be considered to
check for unforseen problems introduced during the re-shimming
and unrolling procedures.  This program could be terminated as
statistics and confidence is obtained indicating an acceptably
low probability of such problems.

3.  A reliability survey should be undertaken to check Dave Augustine's
assertion of a 30% probability of requiring a replacement
of a Tevatron magnet for each warm-up/cool-down cycle for
a cryo house.

4.  Reshimming of ~106 dipoles near CDF and D0 to reduce the skew
quadrupole moment due to suspension creep should take place in
the upcoming shutdown.

5.  The rotational stick-slip test of the ungreased o-ring forming
the outer insulating vacuum flange seal should be tested
under vacuum in a rotational test fixture to determine
whether the dried-out o-rings in the tunnel would develop
vacuum leaks during the unrolling process.

6.  The rotational bench fixture test of the bellows (warm and under
vacuum) should be continued up to 8 mrad.  If it survives
a number of cycles (about 12) without loos of vacuum, then
the differential rotation limit for cold unrolls can be
conservatively set at 4 mrad.

7.  The tilt meter apparatus and measurement methodology presented
by Fred Nobriga still needs to be tunnel-hardened for easy
and problem-free use by the CDF and D0 volunteers.

8.  The Accelerator Integration Department should study/calculate the
effects of the proposed un-roll program to determine whether
it will provide adequate vertical corrector functionality at
980 Gev, and whether the proposed set of magnets to be unrolled
is complete and optimized.

9.  Tevatron cooldown to LHe temperature should be accomplished as soon
as possible, approximately 7 weeks into the shutdown, to allow
maximum time for leak checking and magnet replacement, if needed.

10.  Replacement of deteriorated magnet stands should proceed as far
as personnel are available to do the replacement.

11.  The Budker Institute hydrostatic level sensors should be installed
over greater than about 2 betatron wavelengths (in B-sector as
proposed).

12.  We encourage continued R&D on a less expensive version of the
BINP level sensors, realizing that they will not be available
for this upcoming shutdown.

13.  The Todd Johnson tilt meters should be installed in the same
locations with the BINP level sensors.  Possible instrumentation
drift must be understood, monitored, and corrected.

14.  The home-built hydrostatic level sensor system is not ready for
widespread installation.  It would be instructive to add a few
prototypes to the same magnets being monitored by the BINP
system to gain operational performance experience with this
prototype system.


Body of Report
==============

A review of the remaining elements of the Proposed Tevatron Alignment
Activities was conducted on July 31, 2003.  The reviewers participating
were Peter Garbincius (Chairman), Dave Augusine, John Carson, Bill Cooper,
Helen Edwards, Bruce Hanna, Wes Smart, and Alvin Tollestrup.  (Dave Finley
was replaced by John Carson.)  The elements reviewed included:

a.  Update of recent MTF measurements of the Reshimming and Field Angle Change;

b.  Cold Adjustment of Magnet Rolls (and also Horizontal & Vertical Positions);

c.  Cold Replacement of Magnet Stands;  and

d.  Installation of Real-Time Magnet Motion Sensors.

In addition, there was one other status update since the first review on
July 1, 2003.  The Gazebo in the center of the ring will NOT be demolished.
The Particle Physics Division has taken responsibility for maintaining the
Gazebo, adding the appropriate GPS antennae, and providing a hatch to the
roof for access for alignment reference.  (Carefull, don't fall off!)

Finally, Gerry Annala mentioned that CDF and D0 are considering requesting
a vertical move of their IP by about 2 mm.  This was not presented nor
considered by this panel.

On August 11, 2003, Peter Garbincius, Bill Cooper, Wes Smart, and Doug
Allen (substituting for Dave Augustine) visited Technical Division where
Tom Peterson demonstrated the warm bellows rotational test fixture and
discussed the previous bellows rotation data, and Fred Nobriga presented
the tilt meters to be used in measuring magnet rolls and monitoring the
unroll proceedure.


General Recommendations:
=======================

Integrated Work Schedule:
========================

An integrated work schedule for the upcoming shutdown, including
these proposed alignment tasks, alignment group manpower assignments, and
all other tunnel work should be developed to insure that needed manpower
resources will be available, that the number of re-survey of given magnets
be optimized, and that the the job interferences in the tunnel be
minimized.

Kaiser Coil Measurements:
========================

Kaiser Coil measurements of the horizontal (compared to nominal
vertical) B-field for Tevatron Dipoles may be useful in assuring that
the cold mass coil package has not rotated during either during the
re-shimming or during the un-rolling process.  Kaiser coil measurements
should be taken both before and after these dipole adjustment processes.

These measurements rely on exciting the dipole coils WARM and
observing the induced voltage in the Kaiser coil which is located in
junction of the two horizontal halfs of the steel yoke.  Since it is
difficult to rely on a 20 year old calibration, a difference between
before and after Kaiser coil measurements would be used to check for
coil package rotation relative to the steel yoke, which can be
externally referenced.

The Tevatron bus would be disconnected from the power supplies
and the coils of 4 dipoles + 1 quad or 8 dipoles + 2 quads would be
simultaneously pulsed via the safety leads.  This would involve
disconnecting the safety leads and then later reconnecting.  The
BD Electrical/Electronics group, as part of their tunnel power system
checkout at the end of the shutdown, checks for the proper connection
of the safety leads (but does not measure the torque on the bolts).
This information is from Steve Hayes who also says that he has two
programmable power supplies capable of exiting the dipole coils for
this Kaiser coil measurment.   Joe DiMarco (Technical Division) has
the power supply currently being used and the appropriate instrumentation.
Can this be brought to the Tevatron tunnel?  Is there enough for more
than one team simultaneously performing these Kaiser Coil measurements?
We note that the Technical Division has not established plans to perform
Kaiser coil measurements in the tunnel this shutdown.


The real question is benefit - catching a real blunder vs.
the cost in manpower.  Vladimir Shiltsev had a suggestion that might
represent a good mode of operating:  plan to do Kaiser coil measurments
on the first strings of re-shimmed or unrolled magnets.  The measurements
themselves will indicate whether there is a problem, or with increasing
statistics, build up confidence to the point of deciding to terminate
the measurements if no problems become evident.

We recommend that the Kaiser Coil Measurements be considered
as a check that the coil package has not rotated relative to the iron
yoke during the re-shimming and un-rolling process, at least until
sufficient statistics and confidence has been attained that problems
are not being introduced by these procedures.

Risks of Warming-up a Cryo String to Room Temperature
=====================================================

The review panel was somewhat surprised at Dave Augustine's
assertion (again later attested to by Dave) that there is approximately
a 30% chance of breaking a Tevatron magnet which would necessitate
replacement every time a cryo house is warmed-up to room temperature and
cooled down.  Dave stated that these breaks requiring replacement are
typically helium to vacuum leaks, beside the more common and locally
reparable leaks in the cold c-seal or warm o-ring flanged couplings.
Magnet replacement requires approximately 1 shift if the leak is found
warm, and 1 week for thermal cycling if the leak is found cold.  This
represents a substantial risk.  We urge Paul Czarapata to perform a
reliability evaluation of this activity.


a.  Update on Re-shimming and Field Angle Change
================================================

Recommendation:
--------------

We continue to recommend that the reshimming of the 106 dipoles
near the CDF and D0 interaction regions take place during this upcoming
shutdown.  The smallness of the measured MTF field angle change data
indicate that there would be little benefit from undertaking a program of
Kaiser coil measurements before and after re-shimming the Tevatron dipoles
in the tunnel other than to check for unforseen mistakes outside of the
experience of the MTF tests.

Discussion:
----------

John Tompkins (TD) presented the latest measurements of reshimming
tests # 3 and # 4.  The adjusted skew quadrupole change in a1, delta(a1)
was ~1 unit for insertion of 3 mil shims as anticipated and the field
angle change was  measured to be -0.29, 0.06, 0.25, and 0.18 mrad with
respect to horizontal for tests #1 to #4.  Although such data was not
available for test #1, the correction for unplanned rolling of the steel
yoke during this operation reduced these angle changes (relative to steel
yoke) for tests #2 - #4 to 0.06, 0.16, and 0.13 mrad.  The #4 test also
measured the field angle relative to the yoke using a Kaiser coil, showing
consistency with the 0.13 mrad field angle change as above.  It is noted
that the Technical Division manufacturing specification for Field Angle
relative to iron yoke is +- 0.5 mrad and the alignment specs for the
magnet steel yoke orientation is +- 1 mrad.  The field angle changes are
much smaller than these specifications and do not appear to have any
substantial systematic bias.

Using a 80 cm long probe, the change in the a1 skew quadruople
component, delta(a1), was measured along a Tevatron dipole which had
larger shims replaced at the stations 2-8 and no shims at the stations
1 and 9 to simulate the situation where an existing Main Ring dipole
and stand preclude access to the stations 1 and 9 at the end of the
Tevatron dipoles.  The delta(a1) components at stations 2-8 were
consistent with ~ 1.3 units, with some unexpected deviations at
stations 1-9.  John Tompkins reported that there is not an understanding
of the delta(a1) for the end measurement, but they are definitely the
3 mil changes in cold lifts due to creep, and the operational plan is to
correct back to the cold lift settings with which the magnets left MTF
in 1982.

There was some discussion of whether Kaiser coils could be used
in the tunnel to check for field angle changes due to reshimming.  This
would require getting a driving current into the Tevatron dipoles, likely
through the safety leads.  It was asked whether there was enough benefit
to justify the extra effort, especially considering the measured field
angle changes being small with respect to specification.  Kaiser coil
measurements would have to be taken both before and after reshimming to
make this a useful exercise.

John Tompkins verified (4aug03) that the plan is to have a single
shim size of 3 mils for all magnets where all 9 suspension stations are
accessible, and 4 mils for stations 2-8 for those magnets where stations
1 and 9 cannot be accessed for shim insertion.  The idea is to keep it
simple.

Technical Division plans to measure the reshimming of one more
dipole.  Technical Division will also perform an internal review of the
tunnel reshimming procedures soon.


b.  Cold Adjustment of Magnet Rolls (and horizontal and vertical positions)
===========================================================================

This topic is more complicated and involves much more potential
risk.  Therefore, we enclose the following preamble.

Preamble:
--------

The issue is repositioning the magnets horizontally, vertically,
and rotationally (roll) while cold, at LN2 temperature during the upcoming
shutdown.  Since there is adequate transverse play in the bellows, the
relative horizontal and vertical motions between adjacent magnets have
been done before and are not a real concern for the distances contemplated.
However, the cold (and therefore blind) rolls are a concern since they
involve considerable risk.  While a catastrophic leak to vacuum would be
instantly detected, a subtle leak may not show up until cooled to LHe
temperature which would mean scrambling at the end of the shutdown to
warm-up to room temperature, find and repair, and cool down again. Is
it possible to cool-down an individual cryo house as soon as possible
after un-rolling to check for leaks at LHe temperature?  Breaks which
could not readily be repaired in the tunnel would bring into question the
number of 980 GeV capable spare magnets. There are 7/9 "Superior" TB/TC
and 1/2 "Good" TB/TC Tevatron dipole spares, which could be used anywhere
in the Tevatron.  Assuming the graded approach that a replacement magnet's
performance be only as good as required to operate at 980 GeV at that
point or temperature in the ring, it appears that there are adequate
number of spares (G. Annala and R. Hanft, 4aug03).  But let's not use
this exercise as an excuse to break magnets and to test the spares system.

Even a few repairable leaks, either at LN2 or at LHe temperature,
will place a large burden on the BD/Mechanical Department, and likely
increase the length of the shutdown.

Zeroing all the dipole rolls will minimize the burden on the
vertical corrector circuits.  Zeroing all the quadrupoe rolls will
minimize horizontal-vertical coupling.  We have just been presented
with a proposal (Ray Stefanski, 4aug 03 revised) of which (not all
> 2 mrad) magnets to un-roll, including warming the A2 house to room
temperature to allow warm unrolling of  18 magnets up to ~ 8 mrad in that
house.  There would also be cold unrolling of 20 magnets in B1 and and 23
in E3. Norman Gelfand (BD/Accelerator Integration Department) has been
requested to analyze the improvement in Tevatron performance expected if
this plan is implemented.  Other options for unrolling should also
be considered, e.g. whether warm unrolls in A4, F1, and E2 are cost-
effective, and whether other cold unrolls would have significant effects.

The Tevatron Department has also requested that cryo houses
A4, F1, and E2 be warmed up.  In order to warm up 4 houses along with the
F0 Lambertson liner work during this upcoming shutdown, Dave Augustine is
trying to form a second dedicated leak checking crew including personnel
from outside of the BD/Mechanical Support Department.  However, that might
push the Tevatron part of the shutdown to 8 weeks' duration.  In these
other three cryo houses proposed to be warmed up, 6 magnets with rolls of
2.0-2.9 mrad at E2 and 1 magnet with roll of 2.2 mrad at A4 could be
corrected, besides those that could be corrected cold with < 2-2.5 mrad
roll.

The Magnet Test Facility tests of varying the rolls was
presented by Ray Stefanski, using Tom Peterson's transparencies.  A
representative string of

   Feed-Can - Quadrupole - Dipole #1 - Dipole #2 - Turn-Aroung-Box

was set up and the magnetic field directions, vacuum integrity, and
bellows squirm were observed as Dipole #1 was rolled up to 8 mrad warm
and up to 4 mrad cold.

There were certain inconsistencies between this test set-up and
and the tunnel installation that are a concern:

a.  the beam tube bellows had an extra extension in the test configuration
(~ 3" which is approximately twice the ~1.5" extension in the
tunnel) which would minimize the squirm and stress;
b.  the magnet-to-magnet tie rods were loose, not tightened - actually,
the inner nuts were tight to withstand the vacuum load while the
outer nuts were loosened, just as for the proposed magnet unroll
in the tunnel;
c.  the o-ring on the outer vacuum flange was greased, while the
grease on the o-rings in the tunnel would have dried out;  and
d.  although the two dipoles had standard tunnel stands, the quadrupole
magnet did not and the relative motion between this quadrupole
and dipole #1 could not be considered typical of that for the
tunnel installation.

In none of the cold (to 4 mrad) or warm (to 8 mrad) roll
tests did a leak to vacuum occur.  The large outer vacuum flanges showed
differential rotation (fresh grease) of the same magnitude of the
differential dipole-to-dipole rotation.  Kaiser coil measurments indicated
that coil rotation followed the yoke rotation to within 0.2 mrad, which
is acceptable.  The dipole #2 coil rolled at ~ 10% of the rotation of
dipole #1, even with the unconstrained differential rotation of the outer
vacuum flanges.  There was severe squirm of the beam tube bellows for the
8 mrad warm roll, for which there was still some residual sqrirm or
deformation after the roll was returned to zero.

This study consisted of only one magnet and adjacent dipole
and likely does not represent all situations to be encountered in the
Tevatron.  Due to the varied histories of magnet reaplacement and
rolls at installation, it is not apparent that all the current
differential rolls between adjacent magnets were due to ground motion.

Tom Peterson concluded by recommending:  "Cold rolling carries
definite risks, but so does a thermal cycle.  Tests at MTF indicate that
small cold rolls (< 2 mrad) may work."  Tom Peterson later admitted that
this was probably too conservative and that removing a 2 mrad differential
roll would be safe.  Dave Augustine (4august03) would feel confident with
a roll removal up to ~2.5 mrad.

There are many rolls > 2 mrad, and there is a proposal to warm-up
the most rolled A2 house, which would impact BD/Mechanical Group personnel
and possibly preclude warmup of another refrigerator house or possible
extend length of the shutdown for the Tevatron.  Those magnets with rolls
of > 2 mrad could, in principle, have their roll reduced by 2 mrad.

Given this state of testing and understanding, we cannot give
a recommendation to proceed with the cold un-rolling of Tevatron
magnets at this time.  Instead, we present a list of intermediate
recommendations which should be completed before reconsidering approval
of the cold un-rolling activity.


Update of Warm Bellows Torsion Test (11 August 03)
--------------------------------------------------

Tom Peterson demonstrated the warm bellows rotation test fixture
and described the test results.  The bellows was extended to its correct
length as for tunnel installation (~ 1.5 inches).  Although the bellows
was not under vacuum for these tests, the next round of testing will
be under vacuum and monitored to check for development of leaks.

A torque wrench was used to twist the bellows.  The rotational
angle increased smoothly with torque, reaching 5 mrad at 70 ft-lbs.  At
that point, the bellows popped into a distorted helix with rotation of
8 mrad while still at 70 ft-lbs.  Beyond that point, the slope of
rotational angle vs. torque then approximately doubled, and the bellows
was rotated up to 16 mrad.  This behavior was somewhat elastic in that as
the torque was reduced below 70 ft-lbs, the bellows then followed the
orignal slope through zero (with some slight deformation remaining at
zero torque) to -5 mrad at -70 ft-lbs where it likewise popped to -8 mrad,
and continued with an increased angle vs. torque slope to some value in
excess of -12 mrad.  A simple calculation assuming the bellows was a
thin-walled tube in shear would indicate the yield point would
correspond to about 70 ft-lbs of torque.

The bellows were thus cycled about a dozen times to 8 mrad and
a few times to 16 mrad.

The proposal is to repeat these tests monitoring for leaks while
under vacuum.  If it passes the testing, cycling a dozen times to 8 mrad
without leaking (at room temperature), then both Tom Peterson and Doug
Allen would recommend a maximum cold un-roll limit of 4 mrad.  Along with
the warming up of A2 for large unrolls, this 4 mrad limit would allow
the unrolling of most of the rolls around the ring.  After succesfully
passing this test, a program of cycling while increasing the torque/angle
would be done to find where the first leak occurs.

The Technical Division does not plan to schedule another cold
rotation test of the Q-D-D string.  There was also a proposal to extend
the bellows in the above test fixture to the ~ 3" extension as in the
previous cold roll test to see what difference the length would make in
its rotational performance.  This seems, however, to be of purely
academinc interest.  Finally, the rotational slip/stick properties of
an ungreased o-ring for the outer vacuum flange will be tested in a
separate fixture.

Fred Nobriga demonstrated his placing fixture, the commercial
tilt sensor, and the LabViews readout (on laptop computer) for the
roll measurements and monitoring the unrolling procedure.  There is
anticipated to be two setups available.  Is that enough?  There seemed
to be some lack of a plan whether the tilt monitors alone would be
used for the unrolling operation (Stefanski) or whether alignment
personal would be required (Volk - says they are scheduled).  The
tilt measuring system is still under development for the tunnel
application by volunteers from CDF and D0 experiments.

There seemed to be an increasing amount of manpower needed for
these unrolling operations:  measure tilts, mechanically prepare for
unroll, provide vacuum monitor, pre-unroll Kaiser coil measurement,
unroll (by alignment while optically monitoring or by technicians using
tilt monitors), mechanical follow-up, post-unroll Kaiser coil measurement,
and final tilt measurement.  We are concerned whether this amount of
manpower will be available for this process.


Intermediate Recommendations:
----------------------------

Differential (between adjacent magnets) horizontal and vertical
position adjustments can be done up to +- 50 mils while cold (Phil Martin,
6 October 86).

If a cryo house is warmed to room temperature, the rolls can
be removed after the outer vacuum bellows are retracted and the
internal beam tube vacuum is observed or disconnected during the
un-rolling procedure.

The goal of the unrolling operation should be to provide the
vertical dipole corrector circuit the capability of fully correcting the
orbits at 980 GeV.  Gerry Annala reported that the previous warm
un-rolling of magnets for A1 produced adequate vertical corrector range at
980 GeV.  We urge the Accelerator Integration Department to analyze the
un-rolling plan to determine whether it meets these goals.

The Tevatron Department has stated its warm-up priorities as
#1: A4, #2:  F1, #3: E2, and #3:  A2(if time permits).  Pending the Beam
Integration Department study, we believe that the A2 house should be
warmed-up to correct the major magnet rolls there.

The accuracy attained in performing the warm un-rolls at A1 this
spring appears to be within the +- 1 mrad alignment tolerance and
within the spread of the great majority of magnet rolls.

Concerning the tests performed in MTF, there is not enough
information to determine whether a cold un-roll of > 2 mrad differential
would be safe.  The cold roll test of at least 2.5 mrad should be repeated
with conditions that more nearly simulate those in the Tevatron as
mentioned in the preamble.

There is some concern that the dried-out o-rings in the outer
vacuum flanges in the tunnel could stick and produce a leak.  It is
important both to test the cold unrolling procedure with dry o-rings
and to monitor the relative shear between the flanges during cold rolling
in the tunnel.

MTF is preparing to perform additional warm torsional tests on
beam tube bellows to better understand inelastic squirm.

For those cryo houses brought to room temperature, any of the
observed rolls (up to 8 mrad) can be corrected, with the outer vacuum
bellows opened to allow observation of the squirm of the Beam Tube
Bellows, and disconnecting the beam tube bellows (c-seal) if needed.

Other options for roll testing of tunnel magnet strings may exist
beside MTF, namely the M1 line (warm test only, unknown present state of
vacuum), and the A2 house (during warm un-rolling - it is probably too
risky to TEST cold un-rolls with installed magnets).

The lack of understanding of the causes of the absolute rolls and
the differential rolls between adjacent magnets make extrapolating the
limit to larger un-rolls problematic.  If the magnets were originally
installed with zero rolls (relaxed bellows) and the cause of the presently
observed rolls is due to ground motion (which squirmed bellows), then
un-rolling would relieve the squirm.  However, if a magnet was replaced
and set to zero roll, but its neighbors had previously rolled due to
ground motion, then the un-rolling of the neighbors will introduce
the same amount of differential roll.   It would be a great benefit in
making un-roll strategy decisions to understand the replacement and
alignment history for each magnet position in the Tevatron.

It is vitally important to get the SIGN of the un-roll adjustment
correct and to not aggrevate a differential roll or bellows twist condition.


Discussion:
----------


Concerns:
--------


c.  Cold Replacement of Deteriorating(ed) Magnet Stands
=======================================================

Recommendation:
--------------

We recommend that the replacement of deteriorating(ed) magnet
stands proceed as proposed.  We do not forsee any risk in the cold
replacement of magnet stands as presented.  We recommend that the amount
of drilling, cutting, grinding, filing, chipping, etc. in the tunnel
be minimized.

Discussion:
----------

There will be adequate number of new stands available for 119
dipoles and some number (~ 45) of quadrupoles.  Depending whether one
or two crews can be assigned to this task, it is planned to replace
stands for ~57 or ~114 dipoles plus one crew for the quadrupoles. The
stand replacements primarily would be for magnets which have to be moved
or rolled for which the magnet stand adjustments are frozen.  The exact
roster of other stand replacements has not been determined.  All magnet
stands will be cleaned and lubricated with white lithium grease.

We encourage the investigation of the use of hydraulic shear
and structural epoxy of stand to floor to minimize the cutting, grinding,
filing, chipping, etc. in the tunnel.

For a simple stand replacement where the magnet position or roll
is not intentionally changed, it is intended to use dial indicators to
exactly reposition the magnet.  If the dial indicator references for a
given magnet are lost or disturbed during the stand replacement process,
addition attention by the alignment group will be required to place the
magnet into position.  Many of the magnets for which the stand will be
replaced are expected to have some other associated repositioning which
would require a post-move alignment variation or check in any case.

Long ago, Phil Martin had specified a maximum cold move of these
magnets of < 50 mils.  This magnet stand operation requires motion of
only 2-3 mils while relieving loads on the old/new stands.


d.  Installation of Real-Time Magnet Motion Sensors
===================================================

There were four components to this category.  The common themes
in our recommendations are to instrument fewer sections better, rather
than to instrument more sections less well; system stability, gas
reference pressure stability, and instrumental drift are stil
uncertainties and concerns for the tilt meters and home-built level
sensors; electronics and interfacing to ACNET issues have not been
resolved; peformance in radiation and magnetic fields; and the difficulty
of tunnel access to commission new systems.


d.i.  Existing Budker Institute (BINP) Hydrostatic Level Sensors
================================================================

Recommendation:
--------------

We agree with the proposal to install the existing 26 hydrostatic
level sensors on quadrupole magnets in one house in B-sector during the
upcoming shutdown.  A slight variation might be to cover at least 2
betatron wavelengths as best as could be done with the existing sensors.

Discussion:
----------

The costs are reasonable and this activity  begins the
monitoring of the vertical positions of Tevatron elements.  There is
an existing stand-alone interface into a PC which has not yet been
linked to ACNET.

The BINP system has a closed air reference system which is
monitored for pressure and temperature.


(minor) Concern:
---------------

We were not presented with a plan for how data would be
taken, analyzed, and ultimately used to improve performance of the
Tevatron.


d.ii.  BINP R&D on Reduced Cost (adequate accuracy) Level Sensors
=================================================================

Recommendation:
--------------

We endorse this R&D effort.  However, since a prototype is
not anticipated to be completed until the end of calendar year 2003,
any resulting new hardware will not be available for the shutdown
beginning in September 2003.  The esimated cost of producing this
prototype is $ 2 K in FY03 and $ 13 K in FY04.


d.iii. Todd Johnson's Tilt Meters
=================================

Recommendation:
--------------

Although no plan was presented on where to install these
12-16 tilt meters, we recommend that they be installed in the
same Tevatron region as the BINP level sensors.  We feel it will
be more useful to get more complete data over a reduced region of
magnets rather than less complete data over a wider region.

Discussion:
----------

This system already has an ACNET interface through MADCs which
was used for the measurements in the Tevatron E-sector.

Concern:
-------

We are concerned that instrument drift cannot be ruled out
as the cause of the apparent long term trend in the difference
signal, rather than magnet motion.  If a group of sensors and
readouts exhibit such a common trend, placing two sensors adjacent
with opposite orientations (signs) may be able to isolate the common
instrumentation drift (weighted average of two sensor readings) and
actual magnet motion (by monitoring the weighted difference of two
sensor readings). Todd already planned to perform this check.

What are the manufacturers' specifications of accuracy and
stability of the sensors and readouts and the stability of Todd's
home built mountings?


d.iv.  Home-built Hydrostatic Level Sensors
===========================================

Recommendations:
---------------

While the goal of instrumenting all of the quadrupole magnets
in the Tevatron is a good one, we do not believe the R&D on these sensors
has progressed to a level to justify even moderate (~ $ 150 K) investment
for a complete Tevatron-wide installation during this coming shutdown.

However, fabrication of a small fraction of the sensors and
mechanical hardware, enough to overlap the region to be covered by the
BINP level sensors, for installation this coming shutdown, even while
awaiting electronics, may be reasonable.  If electronics and readout
become available, it would be a useful exercise to gain experience with
this new system and cross-checking with the stable and accurate BINP
system.

Consideration of implementation of the entire system will
require demonstration of adequate long-term performance of a fraction
of the number of proposed sensors and mechanical hardware (could be
with more expensive standard electronics and readouts) and at least
advanced prototype electronics modules that meet the required
performance specifications.

Concerns:
--------

There has been no demonstration of the performance of this system,
either with respect to accuracy or long term stability.  There is
not yet a complete plan for electronics or reading out the data.  The
custom electronics, based on a previously operational system, are still
in the design phase by Sten Hansen of PPD.  There has only been an
informal request of BD/Controls to install an ethernet cable in the
tunnel for readout of these electronics. At least that part of the
ethernet cable overlapping the BINP monitored section should be installed
this upcoming shutdown.  (There are outstanding Davis-Bacon questions of
installation and tapping into this ethernet cable.)  Purchasing and
assembling the sensors and mechanical hardware are the easy and
inexpensive parts of the system, but they are not the parts which will
cause problems with the operation and interpretation of data from this
system.

What were the manufacturer's specifications for the accuracies
and stability of the capactive sensors?

==========================  end of report  =============================
