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[image: image2.png]Question 1. Please make a very clear statement as to why CMS-UK has 2 sub-projects, and
how the balance of resources was optimised between them.

The motivations for UK participation in the CMS-ECAL and CMS-Tracker Readout projects
have been presented to the Panel on a number of occasions - most recently in the talks given
by Geoff Hall and Dave Cockerill on 19 May, and in the accompanying document
(PPESP/97/12). For the Panel's convenience, we reproduce below the relevant paragraphs
from this document.

'The motivations behind this activity are historic and strategic: the IC, RAL and
Brunel groups have substantial experience of tracking systems and their exploitation
for physics and, over the last five years, have contributed much to the R&D for
microstrip tracking at LHC. The special expertise and facilities which exist in the
UK for electronic development gave rise to a strong pressure from CMS to
concentrate on this area. Whereas the Tracker is well populated by teams with
silicon and gas detector expertise, the UK is unique in the ability and technical
support to deliver the readout system. Unfortunately, UK resources available to
CMS are not sufficient to take full responsibility for the system. However,
complemented by CERN especially on the optical data transmission system, our
effort has been focused on the front end ASICs and the VMEDbus receiver modules,
which together represent the backbone of the system.’

‘The case for UK participation in the CMS ECAL project has been presented in
previous documents submitted to the PPESP (e.g. PPESP 95/38). The physics
motivation remains as strong as ever: the ECAL will make a substantial
contribution to almost all aspects of LHC physics and in particular to searches for
Higgs bosons, supersymmetric particles and other physics beyond the Standard
Model. The details of the proposed UK involvement in the technical aspects of the
project have evolved considerably since the previous submissions to the PPESP and
are therefore described in some detail below. However, the basic rationale remains
the same, namely that the UK contribution will build on its extensive expertise in
R&D, design, construction and triggering aspects of large-scale electromagnetic
calorimetry. Indeed the revised participation provides an even better match with
previous experience, particularly in the area of photo-detection. The strengths of the
UK groups in these areas have been recognised by the CMS community, enabling the
UK to undertake a leadership role well beyond what might have been expected from
its modest financial contribution to the experiment.’

We remind you that UK physicists were responsible for emphasising the need to incorporate
a high performance electromagnetic calorimeter in the design of the ‘Compact Muon Solenoid'
experiment and played a leading role in the proof of principle of the lead tungstate/APD
approach. We were similarly responsible for defining the overall architecture and the
detailed design of the Tracker Readout, stressing from the start the advantages of using a
single solution for both the silicon and MSGC detectors. The impact of our work has now
spread throughout CMS, since 'Front End Drivers' of UK design will be used for all
subsystems of the experiment.

Our pioneering contributions to both the ECAL and the Tracker subsystems of CMS,
followed up with extensive work on R&D, design and prototyping, has resulted in the UK
securing leading roles in both projects. You will be aware that Geoff Hall is Electronics
Coordinator for the whole of CMS, Bill Haynes is Coordinator for both Readout and
Software aspects of the DAQ, Dave Cockerill is Project Coordinator for the ECAL
Endcaps, Chris Seez is ECAL Test Beam Coordinator and ECAL Simulation and Software
Coordinator, and Greg Heath has sole responsibility for the Calorimeter Global Trigger. (One
should also add that Derek Imrie is chief Internal Referee for the Tracker.) Had we chosen to
concentrate our efforts in just one area, the CMS design would certainly have been different
in the other area (and, dare we suggest, less satisfactory) and our visibility in the
collaboration would have been substantially lower.
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[image: image3.png]Following our pivotal contributions to the design, the challenge we have faced has been to
plan worthwhile and viable contributions to the construction phase in both areas, within the
very tight constraints imposed by the limited availability of resources. Nevertheless, through
hard work, ingenuity and with the cooperation and understanding of our non-UK colleagues,
we have succeeded.

We are puzzled that the Panel has had difficulty in recognising that our revised planning
could only have been achieved through discussion and mutual agreement between all the UK
physicists working on CMS. In determining the sharing of resources between the two
projects, first priority was given to preserving in both areas our intellectual input to the
engineering design, since this is constrained by, and crucial to, the physics performance . The
second priority was to be able to follow through with well targeted contributions to the
construction and commissioning of experimental hardware, in order to maintain our
visibility and influence through the long construction phase of the experiment, to provide
suitable projects for training PhD students and to exploit as effectively as possible the
particular skills, resources and infrastructure available in the universities. Finally, the sharing
of the requisition money reflects an attempt to contribute to CMS Cost Book items at a level
commensurate with our other contributions to the projects. In neither case have we been able
to contribute to procurement at the level we consider to be equitable in the context of CMS
as a whole, and the division of funds has therefore been less prescriptive. However,
important points were taken into consideration, for example the need to reduce the
vulnerability of the ECAL Regional Centre operation to difficulties in the supply of
components by non-Endcap ECAL collaborators.

The resulting balance of resources allocated to the two sub-projects thus reflects the iterative
process of detector definition. It has evolved over the last several years and the process has
been painful at times. The fact that we can present plans which appear to be relatively
independent should be seen as a success in implementing this process and not a failure.
Although our foreseen contributions to procurement are low in comparison with those of our
overseas collaborators, they nevertheless consider our continued involvement in both sub-
detector projects to be of vital importance.



[image: image4.png]Question 2. Please provide tables giving the UK CORE fraction per sub-project and the
fraction of physicists in CMS from the UK (specify criteria used).

a) ECAL

The previous estimate for the UK contribution to CORE items for the CMS ECAL (made
under the optimised model and assuming 2.067SF/£) was 4.0 MSF. (The CORE contribution
corresponding to the Global Calorimeter Trigger (GCT) was a further 0.45 MSF and
appeared under Trigger/DAQ in the CMS tables.)

The focus of UK interest has now moved from the Barrel to the Endcap section of the ECAL
and a completely new estimate of the CORE contribution has been necessary, taking into
account not only the reduced allocation, but also the changed responsibilities and the current
exchange rate. Our current estimates of the values of the CORE contributions are 2.81MSF
for the ECAL proper, and 0.39MSF for the GCT, giving a total which is 72% of the previous
figure. The breakdown is shown in Annex 1.

However, there is a problem. Our original estimated contribution to the barrel was based on
an established design. When we took over responsibility for the Endcaps, no design existed
for the particular items and services we plan to provide. Our subsequent work has shown
that the token values for these items, which appear in Cost Book Version 8, are much too
low. This problem will have to be resolved in Cost Book Version 9, to be produced later this
year.

For the present purposes we use our own costing since this is the only realistic one available.
Furthermore, using the Cost Book V8 estimates would result in an unreasonably low UK
contribution to the Common Fund (which is calculated as a percentage of the total CORE
contribution).

The total estimated cost of the ECAL is 82.75 MSF. The estimated income is 82.5 MSF (after
reducing the UK contribution from the optimised model figure). The UK contribution
(UKcon) therefore amounts to 3.4% of the total. (This figure becomes 3.9% if the cost of the
GCT is included under the ECAL heading, rather than under the Trigger/DAQ, where it
normally appears in CMS tables.)

UK scientists and engineers account for 9.0% of the total CMS - ECAL collaboration
(UKymn)- (The derivation of this figure is given below.)

However, UK¢on and UKyg, are distorted by the large non-CERN-Member-State
participation in the ECAL. If one computes the UK financial contribution and the UK
participation as fractions of the corresponding CERN-Member-State plus USA totals one
obtains: UK on = 3.6%, UKypy = 12.5%.

The Panel should treat the 'membership’ numbers with caution. No lists of scientists
associated with the separate sub-detector projects exists yet within CMS. The above
numbers were estimated from the mailing lists of people interested in the project, with some
attempt to correct for double counting. However, the lists include engineers and students as
well as PhD physicists - the UK numbers used therefore include these categories, to allow a
like-with-like comparison. The resulting numbers are (UK-ECAL) = 35, (Total-ECAL) =
391, leading to UKygy = 9.0%, as quoted above.

We note that there are approximately 1600 authors in total on CMS (including engineers and
graduate students). If we make the plausible assumption that they are distributed between
the ECAL, HCAL, MUON, TRACKER and TRIGGER/DAQ projects in the ratios of the
costs of these sub-systems, we would expect (Total-ECAL) to be 408, in agreement with the
'mailing list' estimate of 391.



[image: image5.png]b) TRACKER

UK scientists account for 25 (5.6%) of the 446 strong CMS Tracker collaboration, based on
the CMS mailing list (and therefore subject to some uncertainty; see comments above). Our
financial contribution to Cost Book expenditure will be 3.2% based on the plan detailed in
answer to question 4.

Question 3. Update the number and profile (1996-2005) of PPARC supported SYs in the universities by sub-
project and supply updated tables of total university and PPD effort by sub-project (ref PPESP95/56)

UPDATED BRISTOL EFFORT NUMBERS FOR CMS ECAL

Category | PPARC | 96/7 | 97/8 | 98/9 |99/0 | 00/1 | 01/2 | 02/3 |03/4 |04/5 |05/0 | Total
6
Staff N 08 |1.0 |11 (12 |20 |21 |21 |21 |21 |21 |166
RA /Fellow Y 1.3 |20 [2.0 [20 |20 [20 [2.0 [2.0 [20 [17.3
RA/Fellow | N 0.2 0.2
Eng (Elec) [Y 04 |05 07 (0.8 [0.8 09 [09 [09 |09 6.8
Tech Y 03 |10 [13 |14 |15 [1.6 |14 |13 [0.8 |08 [114
Tech N 08 |10 [1.0 [1.0 [10 J05 |05 5.8
Student Y 20 |20 15 15 |20 [2.0 [2.0 [20 (25 |25 [20.0
Student N 1.0_|05 05 [1.0 [10 [05 |05 5.0
PPARC Total 23 |47 |53 |56 |63 |64 |63 |62 |62 |62 |555

UPDATED BRUNEL EFFORT NUMBERS FOR CMS TRACKER

Category PPARC |96/7 |97/8 |98/9 |99/0 [ 00/1|01/2|02/3 [03/4 |04/5 |05/0 | Total
6
Staff N 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10.0
RA Y 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10.0
Tech Y 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15.0
Tech N 0.33 {0.33 [0.33 {0.33 ]10.33 10.33 ]0.33 ]10.33 |0.33 |0.33 3.3
Student Y 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10.0
Student N 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 10.0
PPARC Total 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 35.0

UPDATED BRUNEL EFFORT NUMBERS FOR CMS ECAL

Category PPARC [96/7 |97/8 198/9 |199/0 | 00/1|01/2|02/3 {03/4 |04/5 |05/0 | Total
6

Staff N 2.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 12.0
RA Y 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 8.0
Tech Y 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5.0
Tech N 0.67 [ 0671067 1067 [0.67 | 067 [ 0.67 | 0.67 | 0.67 | 0.67 | 6.7
Student Y 1.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 19.0
PPARC Total 1.5 2.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 32.0
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[image: image8.png]CMS TRACKER/DAQ EFFORT FROM RAL

% of Research time devoted to CMS

Name Category 96/7 | 97/8 | 98/9 | 99/0 | 00/1 | 01/2 | 02/3 | 03/4 | 04/5 | 05/06

DPC Sankey | Physicist 5 10 15 20 45 65 90 100 | 100
Programmer

JA Coughlan | Physicist 30 50 60 70 80 90 100 100 | 100 | 100
Programmer

W] Haynes Physicist 40 50 60 70 80 90 100 100 | 100 | 100
Programmer

JV Morris Physicist 0 5 10 15 20 45 65 90 100 | 100
Programmer

D Clarke Technical Staff 5 10 15 20 30 50 70 100 | 100 | 100

AN Other Research 0 0 0 0 0 100 100 100 | 100 | 100
Associate

PPARC TOTAL 750 1.2 1.55 1.9 2.3 4.2 5.0 5.8 6.0 6.0




[image: image9.png]Question 4. State explicitly the contingency levels applied in each sub-project to the
equipment funding and manpower allocations.

1 ECAL Requisitions

In preparing the ECAL requisition estimates, an implicit 10% contingency had been included.
The updated table 3.4, from PPESP/97/12, shows the base cost and contingency
separately.

Requisitions for prototyping are listed in the updated Table 3.3 with contingency shown
separately. The table in PPESP/97/12 had prototyping costs from 95/96 included. These
have been removed, since the PPESP award refers to 96/97 onwards. We have used the
balance, £77k, to provide contingency to the prototyping projects - Alveolar prototyping,
Mechanical prototyping, VPT prototyping and Global Trigger prototyping. An important
factor determining the cost of prototyping is the number of iterations required to reach an
acceptable design. This leads to a somewhat larger uncertainty in the estimated cost than in
other areas. We therefore consider the figure of 17% contingency, which emerges from our
latest planning, to be appropriate.

2) ECAL Hired effort

The calculation of hired effort (52.3 SY, £1220k) was based on experience gained from a
similar programme of work for the OPAL ECAL Endcap project. Thus the estimate was
well founded and included a safety margin at the level of 2 - 3SY (4 - 6%).

The estimate assumed construction of 350 supercrystals (12,000 crystals) enough for one
endcap. It has been agreed within CMS that the innermost region of the endcap (the 'plug’ *)
would be staged if insufficient funds were available to complete the full detector at the start
of data taking. Thus, should there be an overrun on the amount of effort to construct
supercrystals, a further 3 SY would be released for the main endcap region by staging the
plugs (and handing over responsibility to others).

*Calorimeter coverage across the 'plug' region (2.6<1n|<3.0) is required to ensure hermiticity
in missing E; searches. This can be provided by the HCAL during low luminosity running.
However, at high luminosity the ECAL 'plug' is required to protect the corresponding region
of the HCAL from radiation damage. The 'plug' is not required for ECAL physics, for

exampleH — yy, H— ZZ* »e*e’e*e’. Each plug contains 660 crystals - 5.7% of the total
endcap count.

3) ECAL Technology Department Manpower
a) Design

The majority of the RAL TD manpower (30.75 SY out of 50 SY) is devoted to mechanics
design, front end system design and global calorimeter design. The estimate for the
manpower requirement is based on previous experience (OPAL, ZEUS) and is conservative
at the level of 1.5 - 2.0 SY.

Part of this programme is directed towards designing the interface between the supercrystal
and the endcap support plate (requiring an estimated 5.5 SY). This is an area where our
RDMS collaborators are also contributing. In the case of an overrun in the effort required in
areas for which the UK has sole responsibility, we would hope to negotiate a transfer of
work on the interface design to our RDMS colleagues, in order to release up to 1.0 SY of
effort for use elsewhere.



[image: image10.png]Thus, including the possibility of renegotiating the UK/RDMS boundary of responsibility on
the interface design, the estimate of the effort required contains a total contingency of
2.5-3.05Y (8 - 10%).

b) Coordination and construction

19.25 SY are assigned to coordination and construction. The post of UK Regional Centre
Project Manager requires an allocation of 8 SY. This person will be responsible for the overall
management of all UK wide Regional Centre matters (across the four institutes) and all
industrial and international liaison for imports/exports and the general high level
coordination needed for such a project.

The remaining 11.25 SY are required for a floor manager throughout the main construction
period (4 SY) and experienced permanent staff (7.25 SY) to build supercrystals from the
R&D/Prototyping phases through to the preproduction and production phases, and to
provide continuity throughout the project. There is some contingency built into this estimate,
at the level of 1 SY (5%). As in the case of hired operators, a further 6% of effort could be
released for other tasks if necessary, by giving up responsibility for the ‘plug’ region.

Updated Table 3.3 : Prototyping and R&D costs

Item Cost Contingency Toml  Costing
Y| M £M source

Prototyping : Alveolar 'supercrystal’ units 0.155 0.02% 0.183 8 »
and R&D : Mechanical mockups 0.155 0.028 0.183 9 4

: VPTs 0.088 0.016 0.104 10

: Global Calorimeter Trigger ASICs 0.035— 0.005 0.040

: H4 & APD prototyping 0.023 - 0.023 SPENT
Sub total 0.456 0.077 0.533

Quotes/estimates, 1997 :

8) J Connolly estimate
9) J Connolly estimate

10) Assuming 5 prototyping runs in total to maximise
a) grid efficiency
b) photocathode response
¢) glass radiation hardness
d) photocathode radiation hard
¢) dynode radiation hardness it £17keach)- D Imrie

Inflation applied at 2% per annum
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[image: image11.png]Updated Table 3.4 : Requisitions for the CMS ECAL

Cost Contingency TOTAL  Costing
Item M M £M source
Regional Centre crystal acceptance + robotics 0.140 0.018 0.158 3
Regional Centre VPT acceptance, including magnetic field 0.050 0.003 0.053 4
Regional Centre supercrystal jigs/handling tools 0.033 0.004 0.037 Estimate
Regional Centre database project costs (UK wide) 0.023 0.003 0.026 5
Initial VPT run (2000 units) 0.092 0.010 0.102 6a
Front end housings, 12000, one endcap 0.600 0.063 0.663 6b -
6*6 connectors for one endcap 0.036 0.004 0.040 7
Global Calorimeter Trigger 0.162 0.018 0.180 PPESP, May 95
Sub total 1 (minimal scenario) 1.136 0.122 1.258
Remaining 10000 VPT units, to complete one endcap 0.450 0.050 0.500
12,000 preamps @ £10 each 0.120 0.013 0.133
Sub total 2 ("Highly Desirable' scenario) 0.570 0.063 0.633

Not included : 12,000 front end housings for RDMS endcap, £0.6M

1997 Quotes/estimates:
3)  £46 k from IC estimate of required lab equipment
£14 k CMS specific lab infrastructure at IC
£55 k for prototype robotics and raw materials
£35 k completed robotics lines
4)  £25 k for test equipment + £25k for B field work
5)  Minimum, Bristol first estimate
6a) Expected VPT price from Electron tubes, at £50 each
6b) Assuming VPT housings at £50 per crystal - J Connolly

7)  Connectors at £100 per supercrystal

Inflation applied at 2% per annum
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[image: image12.png]4) Tracker cost and contingency

The electronics cost has been estimated as 2.4CHF/channel, including 10% spares but not
including the 10% contingency which was added to arrive at the total cost of the tracking
system of 87.9MCHF including contingency. These figures have been broken down and
explained many times to CORE and LHC and PPESP referees as well as within CMS and
are based on commercial quotations for front end chip wafers and optical links. The FED
has been costed at the component level and the main uncertainty surrounds the precise
construction method to be adopted. The details will be discussed with the new referee in the
near future. Since optical links and front end ASICs dominate the total system cost, it is
believed that the less precise numbers for some control chips, for example, will be contained
within the contingency allowed.

Table 1 Breakdown of electronics cost

Tiem fraction of cost (%)

Front end ASICs 45

Ancillary ASICs 2

Optical links 35

FEDs 14

Control system 4

Table 2 Tracker RAL Technology manpower by task
Year Microelectronics Front End Driver Total TD

design test design test
SY SY SY SY SY

97/98 2.3 2 1.7 6
98/99 2.5 0.5 1.5 1.5 6
99/00 3.1 1.5 1.5 7.1
00/01 0.5 1.5 1 4
01/02 0.5 1.5 1 4
02/03 0.2 1.5 0.5 1.5 3.7
03/04 0.1 0.7 0.5 1.5 2.8
04/05 0.1 0.5 2 2.6
05/06 0.1 0.1 2 2.2
total 9.4 7.8 7.5 13.7 38.4

The Technology Department staff allocation is 25.9SY between the current year and 2005/6.
The changes since our original submission are:

Purchased manpower costs: We require 12.55Y of essential testing manpower. In the absence of
detailed charges for Technology Division manpower, we would ideally obtain this at the
most economical manner, which is to purchase the least expensive people. We await
guidance on the detailed costing of manpower to be used to improve on our budgeting. For
the present we continue to assume £48k/SY, although this represents an average of (more
expensive) design and test engineers.

1997/98 allocation From the individuals associated with the project and the fraction of their

time allocated, we arrive at a requirement of 6.0SY including contingency (see below),
compared with 6.5 SY in PPESP/97/12.
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[image: image13.png]Manpower contingency The figures include an allowance of 10%_contingency.

The total cash allocation in “pounds of the year” is £2.69M, which includes a spend of
£100k in 1996/97. The budget required to carry out the work, including the cost of the paid
Technology Division manpower, is shown in Table 3. This differs from that presented
previously as there is no attempt to use deferral of payments to the Common Fund to
achieve better matching to a desirable profile.

Table 3 Allocation of tracker requisitions budget

Units are £M in 199697
Year Before After ASIC FED |Beamtest| Infra- Man- [Cost book
inflation J inflation structure | power
M

97/98 0.20 0.20 0.09 0.02 0.02 0.02 0.05

98/99 0.23 0.22 0.09 0.02 0.02 0.02 0.07 0.11
99/00 0.34 0.32 0.22 0.02 0.02 0.01 0.05 0.24
00/01 0.39 0.36 0.15 0.06 0.02 0.01 0.12 0.21
01/02 0.40 0.37 0.12 0.12 0.02 0.01 0.10 0.24
02/03 041 0.37 0.12 0.12 0.02 0.01 0.10 0.24
03/04 0.26 0.22 0.12 0.02 0.01 0.07 0.12
04/05 0.21 0.18 0.12 0.01 0.05 0.12
05/06 0.14 0.12 0.12 0.02 0.12
total 2.59 2.35 0.79 0.72 0.14 0.10 0.63 1.40

The Cost Book contribution value is £1.40M (96/97 units) or 3.25MCHF using an exchange
rate of 2.32CHF/£. This is distributed as Tracker £1.21M (2.80MCHF) and DAQ £0.20M
(0.45MCHEF), to be compared to the system costs of 87.9MCHF (tracker) and 47.1IMCHF
(DAQ). The items to be purchased, including 10% contingency, are as follows:

FE ASICs (10%) 450 wafers  £0.70M

FEDs (27%) 210 modules £0.51M
DAQ (11%) 20 crates £0.06M
DAQ (B1%) 55modules £0.14M

DAQ purchases are essential integration components, the Readout Control Units, which are
required in each crate to enable the FEDs to operate and a number of the VME crates
themselves.

5) Common fund

According to the CMS rules, the contribution to the Common Fund from a given Funding
Agency is calculated to be 29% of its total CORE contribution to the experiment (including
the Common Fund). Thus the UK contribution is (3.20 + 3.25) x 0.29/0.71 = 2.6 MSF
(96/97 prices and 2.32 SF/£). This corresponds to £ 1.2 M (cash, or 'then year pounds’,
using the CMS Common Fund spend profile). Assuming the current Treasury exchange rate
of 2.0 SF/£, the figure becomes £ 1.40 M .
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[image: image14.png]Question 5. Clarify the VAT status of the project, and if non-zero provide estimates to
show where it applies and how it can be accommodated.

Discussions are currently taking place between CLRC and Customs and Excise to define our
VAT liability, however, the outcome is not yet clear.

ECAL

For the time being we have been guided by our experience with previous experiments and our
costings assume that VAT will be paid on items that remain in the UK, but not paid (or
eventually reclaimed) on items that are eventually exported to CERN. A favourable ruling
by Customs and Excise might reduce the VAT liability below the level assumed.

Tracker

All the front end ASICs and FEDs and DAQ equipment are intended to be exported to
CERN so under no circumstance should represent a liability for VAT. Beam test expenditure
is intended for necessary support of beam tests in CERN so should represent exported
material also. Only infrastructure might be liable for VAT and we await a detailed ruling
from Customs and Excise. Thus the maximum liability, in the worst case, could be £20k in
VAT which, if unavoidable, will be absorbed in expenditure reductions elsewhere.
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[image: image15.png]Annex 1 Cost breakdown of the ECAL CORE contribution from the UK

Requisitions

ECAL £1.078M

Global Calorimeter Trigeer  £0.180M

Total £1.258M (see Table 1)
Hired Operators for the Regional Centre £1.218M (see text and PPESP/97/12
table 3.5)

The CMS Cost Book budgets for some of the effort required to operate a Regional Centre,
but assumes that most is supplied 'free’ by the host institution. We propose to include 20%
of the cost of hired effort in our 'visible' contribution. '

Thus the total CORE contribution to the ECAL is £(1.078 + 0.20 x 1.218M = £1.322M

This figure is in then-year pounds. At current prices it corresponds to
£0.992 + 0.2 x 1.087)M =  £1.209M

Thus the estimated ECAL CORE contribution is 2.805MSE

The Global Calorimeter Trigger CORE contribution is 0.390MSF'

" at 2.32 SF/£
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