Decision 12:  How much is a 1% change in average luminosity worth?
Why is this an important question?

There will be many options that will increase the average design luminosity by small amounts at certain costs.  We need an answer to this question to evaluate which of these options are worthwhile.  Examples:

· Should magnet power supplies be made redundant (and hence improve the availability by x %) at a cost of $xxxx?

· Should there be a spare laser for the polarized e- gun?  Should there be a spare gun?

· Should we install HOM BPMs and movers on the cryomodules to decrease the emittance growth and increase the luminosity?
Considerations
Let x be the value in dollars of a 1% improvement in luminosity.  Our task is to determine a reasonable value of x.
A 1% improvement is clearly not worth 1% of the capital cost.  If it were, it would be worthwhile to build two identical ILCs and that is clearly out of the question.  Just to give a rough number: x < .01 * $7B or x < $70M.
One could say that a 1% improvement in luminosity is worth 1% of the total cost of operating the ILC laboratory for, say, 10 years.  This is probably too high an estimate as one would not actually shut down the lab 1% earlier and save the money.  Even if one did, consideration of the time value of money (money spent earlier is worth more that money spent later) would indicate this is too high an estimate.  Just to give a rough number: x ~ (1%)*(10 years)*(annual laboratory budget) or x ~ 0.01 * 10 * $300M or x ~ $30M.
One could say that a 1% improvement in luminosity is worth 1% of the marginal cost of running the accelerator.  This will be dominated by the cost of the electricity.  (Other components are shift differentials and cost of consumable parts like klystrons.)  Just to give a rough number: x ~ (1%)*(10 years) * (number of hours in a 9 month run) * (Power consumption in MW) * (electricity price per MWhr) or x ~ .01*10*6579*180*110 or x ~ $13M.

PEP-II is making improvements to increase the luminosity.  Very roughly, $4M/year is being spent with the expectation of doubling the luminosity in about 3 years.  The TPC for the project was about $200M.  Hence they are spending 4*3/200 = 6% of the TPC to double the luminosity.  So for PEP-II, x ~ 0.06% of the TPC.  The corresponding number for ILC would x ~ (0.06%)*$7B or x ~ $4.2M

Recommendation

Use the middle of the numbers in the last two paragraphs: x ~ $13M.  If we use this number then it would be worth $1.3B to double the luminosity of ILC.  This doesn’t seem too unreasonable.






