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The Panel request more detail on the tasks which would be performed by the "Regional
Centre" for the tracker readout system and which would be performed by industry in the
light of the quality assurance requirements for the very large number of units which will
need to be handled.

There seems to be a possible misunderstanding of the number of modules. Based on the
Technical proposal layouts, we expect the following:

14.3M channels read out by 111500 front end (128 channel) chips
2376 Si hybrids and 17748 MSGC hybrids
1023 receiver boards in 64 crates.

Thus the total number of front end chips is expected to be around 100,000 while the
number of hybrid modules on which front end chips are mounted will be around 20,000.
Both of these numbers are very large and for this reason it will be essential to automate
as much as possible the testing procedures and minimise the manpower requirements.

We know that chip manufacturers will be unwilling to undertake any special chip testing,
except to verify that their deliveries are within their own specifications using standard
procedures. Therefore the experimenters are obliged to take responsibility for this. We
expect to carry this out using automatic on-wafer chip selection, using an automatic
probe station under computer control. We have yet to define how detailed the test
procedure should be. Minimal testing is to verify that current requirements are normal,
which picks out at least 90 % of bad chips. More detailed tests of operational
functionality can also be done in a probe station environment. Such testing is already

carried out (at low speed) for MX chips and the recent deliveries of 128 PreMUX chips

for CMS were tested on an automatic probe station in Padova at a rate of 300
chips/day. This was considered far from the limiting speed and would allow testing of
all wafers in little over one year.

We expect to obtain front end chips from two sources, probably Harris and DMILL,
possibly in a ratio 2:1 since the DMILL development is behind that of Harris. Thus, we
might be responsible for up to 2/3 of the total number of chips. However we also expect
help from other groups, of whom Padova will certainly be one. Thus a conservative
estimate is that we might take 40,000 chips. We feel that this is within the capabilities of
the RAL manpower allocation, Imperial College and Brunel.

The situation is similar regarding hybrids. In principle, the assembly of the hybrids might
be done in industry and we will continue to keep an open mind on this possibility
although we do not know of a precedent. However, up to now, it has been assumed that
for reasons of yield (and added cost of failures) that this task will need to be kept under
tight control. The task is relatively simple: glue tested front end chips onto hybrids, bond
the control and output lines to the chip (NB no significant bonding of detectors is
foreseen), install connector and test. If all the production were done at a single site, the
throughput required is about 20 hybrids per day to complete production in three years.

It is likely that several sites will contribute so this is again the most pessimistic estimate.
Testing is also expected to be automated. Once the connector is installed, the hybrid can
be put under voltage and, e.g., calibrate sequences applied to verify all the chips are still
functioning correctly. This should be done in groups so that it is not a labour intensive
task.

The Front End Driver modules will be delivered pre-tested by the manufacturers but it is
inevitable that such complex modules will be subjected to further detailed testing before
they are used in earnest. This will also be automated.
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Clearly, to construct a major scientific instrument like CMS requires unusual
responsibilities to be taken, which are out of the mainstream of particle physics research.
However, the panel will know it is not unprecedented for experiments to be constructed
by teams of dedicated staff, students and technicians. The scale of our task is larger but
this will be offset by a greater degree of automation. Correspondingly this will require
well defined testing procedures, with software and hardware development, beginning in
1996. These however are typical of many tasks undertaken by high energy physics
experimenters and are excellent training projects.

The other important constraint, which we are very conscious of, is the enormous challenge
of instrumenting such a huge detector at a very low cost per channel. In most cases,
commercial costs are beyond the means of our budgets for specialised tasks where high
yield is mandatory. However, we will certainly do our utmost to ensure that wherever
possible appropriate jobs are farmed out to industry so that PPARC resources may be
deployed on the most intellectually challenging endeavours.

The Panel noted that the RAL technology effort profile requested did not match the
guidelines. It is unlikely that such a profile will be possible - the collaboration is asked to
address this issue.

We refer to comment 6.7.6 from the minutes of PPESP meeting 127 that 'The time profile
of the effort available in the RAL technology department is likely to be fairly flat with
possibly a small positive slope'.

We presented the following request for Technology Department effort as a function of
time under the 'optimised’ funding guidlines of 11 SY/Y.

Year 95/6 | 96/7 | 97/98 | 98/99 | 99/00 | 00/01| 01/02 | 02/03 | 03/04 | 04/05 | Total
ECAL 6.75 | 875 9.00 |10.00 | 995 | 7.5 7.0 7.0 6.5 8.0 80
TRACKER 4.0 50 | 6.0 6.0 6.0 6.0 6.0 5.0 4.0 3.0 51

We remind the panel that our bid contained a request for a further 20 SY of effort, above
the optimised guidline figures. We emphasise again the need for the extra effort if we are
to fulfill our proposed commitment. However, for the purposes of studying the profile
we have assumed that this extra effort has a flat distribution with time.

Total** 875 | 11.75{13.0 {14.0 |13.0 |11.5 |11.0 |10.0 |8.5 9.0 111
Actual 9.0 - - - - - - - - -
allocation

Deviation +25{ +.75 | +2.0 | +3.0 | +2.0 | +0.5 0 -1 -2.5 -2.0
from flat
profile***

**The 'Total' line shows the totals after our additional request for a flat extra 2SY/Y
(ECAL + TRACKER) has been subtracted.

***The deviation from a flat award of 11 SY/Y, for each of the years from 1996/7
onwards. For 1995/6 the deviation is shown with respect to an actual award for
1995/6 of only 9.0 SY.
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We would like to point out to the panel that it is very difficult to schedule the programme
of work to be anything but 'peaked’ on a project of this nature. However, acknowledging
the difficulties in accomodating our request within the overall programme, we have
looked very carefully for ways of ameliorating the problem. The resulting deviation is
now:

Year 95/6 | 96/7 | 97/8 | 98/9 | 99/00| 00/01 | 01/02 | 02/03 | 03/04 | 04/05

Deviation from | +0.25| +0.75| +1.0 | +2.0 | +1.0 | +0.5 00| 00| -05| -1.0
flat profile

ECAL

For the period 1997 - 1999 we had assigned a total of 4.5 SY for Technology Department
to support the CERN beam tests and calibration. However this period also coincides
with the startup and first 2 years of the regional centre operation.

We therefore propose to change the emphasis of our contribution to the test beam
activities from the R&D phase to the detector calibration phase, which is later and
extends to 2004/5.

The year 1998 is the year in which both the engineering and front end electronics designs
are finally realised and have to be incorporated at the regional centres. It is difficult to
find other, straightfoward, ways of flattening the profile around this time.

We would be prepared to consider changing the balance between requisition and
manpower costs from year to year. However even if this is considered to be helpful from

the point of view of UK resource planning, it would still need the agreement of the CMS
collaboration.

TRACKER

The manpower profile of the request from RAL Technology for the CMS tracker is flat
from 1997/8 to 2001/2 with a slow decline after that date. The overall numbers
(~65Y /year) are such that it is difficult to contribute to a flattening of the total RAL
Technology allocation without a large impact on the programme. However, assuming
that some of our request will be funded from requistions as described in our plan then it

may be possible to optimise the purchase of manpower to contribute to the amelioration
of the overall problem.

The Panel would also like to know how the requested 10 % descoping (by the LHCC)
and staging scenarios might affect the UK commitments.

The descoping scenario for the ECAL is:

- not to build the barrel preshower, saving 6 MCHF.

- increasing the barrel crystal size by 9% per side leading to a reduction in the number
of readout channels from 92,880 to 77,400 channels, corresponding to a 17%
reduction, saving 4 MCHF.

The descoping of the barrel preshower would not have a direct impact on the UK
programme. The descoping of the number of readout channels in the barrel would affect
us in two ways. Firstly, the number of individual elements handled at a Regional Centre
would be less, resulting in some reduction in the time and effort necessary to build the
detector. Secondly, since the UK plans to contribute to the procurement of front end
electronics, the decrease in the number of channels would allow us to increase the
proportion we purchase or to deploy the money elsewhere. We have currently assigned
(PPESP 22. September 95) 1.16 MCHF of our requisiton money to the provision of 50%
of the front end electronics.
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-  stage barrel preshower. The staged spend is 6.0 MCHF. This item is only needed at
high luminosity.
- stage endcap preshower. The staged spend is 3.5 MCHF.

We do not see any direct impact on the UK program of work if these items were staged.
Our programme has little if any overlap with the preshower detectors.

In the staging scenario for the tracker, the main change which influences our contribution
to CMS is in the staging of the MSGC barrel and forward wheels which are therefore
foreseen to be delivered later. These contribute about 20 % of the tracking system
channels. In principle, this means that all the electronics for these wheels are also
delivered late and certainly this allows a longer timescale for the testing of front end
chips, production of hybrids and FED modules.

It may allow some of the front end electronics to be delivered later but it will require us to
plan carefully whether it is better to order all of the front end chips at the same time
(which means in practice spread over several years for reasons of financial profile and
rate of production of wafers at the foundry) or to delay the ordering of about 20 % of the
production. Probably it will be wiser not to risk changes in the manufacturing process
which could be the result of delaying the order. Then, once the wafers are delivered, it
will be necessary to test samples from them to ensure that they meet specifications. It
may even be most effective to test the wafers fully. Thus, this aspect of our contribution
will not change dramatically.

However, it should certainly be possible to delay the production and testing of complete
hybrids for the staged modules. This should be accommodated by reducing the overall
rate of production since it will be unlikely that we will be able to close down a
“production line" and easily restart it after a gap of more than a few months. Similarly,
the final 20 % of Front End Driver modules might be ordered after a delay but the volume
required (~ 1000 units) is not large compared to commercial production throughput so
extra costs could be incurred if a fraction of the total order is delayed.

In the descoping plan, CMS stressed that reduced funding would inevitably lead to
production of a tracking system with reduced performance, because less money must
mean fewer detectors and readout channels. However without a detailed study of the
impact on physics performance, which was not possible in the short time available, a list
of changes was given which appears to provide sufficient saving. They were:

omission of two forward MSGC wheels (- 1.9 MCHF)

increase in readout pitch or increase in detector length to reduce the number of
readout channels by 10 % (- 3.4 MCHF)

replacement of double sided silicon by single sided detectors (- 3.6 MCHF)
replacement of double sided MSGCs by single sided MSGCs (- 1.8 MCHF).

Thus descoping would lead to a reduction of about 14 % in the number of readout

channels which then would require less front end chips, hybrids and FED modules. The
impact on the UK workload is evident.

In short, descoping the tracking system would lead to a reduced workload for the

production of the detector, while staging would delay some of the work but the full
impact will be more complicated.
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