Report

On 

“SpaceTime: A MIDEX Proposal”, by L. Maleki

The author proposes a mission with the purpose of testing Einstein’s Equivalence Principle (EEP) with a gravitational red-shift experiment, to achieve new limits to the EEP’s validity. The experiment consists of an assembly of three spacecraft-borne highly stable atomic clocks that respond differently to gravitational red-shift, under the assumption that there is such a difference.

In evaluating such a proposal, we must address two questions foremost:

· Is the proposed search of parameter space scientifically defensible?

· Is the promised increase achievable, and if achievable is it worth the investment?

These two questions are in fact related, as I point out further below.

Naturally, there are many other questions to address, many of them have been adequately answered in the proposal and I will not go into their details. 

Scientific Motivation

I believe that it is currently not in doubt that the EEP holds beyond the current limits of experimental accuracy. That is not to say that we do not expect the EEP to break down in some regime, but there is (contrary to what is adduced to in the proposal) no accepted theoretical line of thought that would suggest a breakdown of EEP. In particular, string theory is notoriously vague about this point. Particular schemes of symmetry breaking or dilaton modifications of string theories are not standard, and do not carry fundamental significance. “Quintessence” theories do not have the status of “accepted” theoretical models, and their theoretical underpinnings are highly speculative. It is therefore certainly too early to claim that there is a need to critically test any of these candidate theories. 

This is not to say that extensions to the Standard Model that violate the EEP cannot, or do not, exist. In fact, given our lack of understanding of unified field theory, we must expect such a violation a priori, however, we have no evidence whatsoever regarding the parameter range of such a violation. This brings me to the second question.

Achievable Increase in Accuracy

The proposal promises an increase in precision of four orders of magnitude for the red-shift experiment, and an increase of one order of magnitude (from 10-9 to 10-10), in the differential acceleration test. Other tests of interest are being proposed that increase precision by larger margins, but the red-shift measurements are the most important, so I will focus on those. 

The proposed increase in precision of one to four orders of magnitude is based on the most optimistic mission parameters, and assumes that the noise sources discussed are under control. Funding shortfalls and/or non-optimal launch conditions drastically affect the anticipated accuracy. In order to achieve the accuracy, environmental conditions need to be controlled to an unprecedented level. Magnetic shielding and temperature control appear to be the two most important, and should be of grave concern. Temperature stabilization to the order of 10-16, as necessary for the accuracy strived for, has not been demonstrated in the type of environment (six solar radii, radiation-intensive) to my knowledge. Requirements for magnetic shielding and radiation hardening of PMTs are a further cause of concern. Finally, the Lamb-shift for high-Z hydrogenic ions becomes less well known theoretically as Z approaches 80, because finite-size corrections (difficult to calculate) become important (25% of the Lamb shift at Z=80). All these effects contribute to a lowering of the estimates of accuracy, likely to an increase in precision of one to two orders of magnitude.

In conclusion, the present proposal cannot be supported for two reasons. First, the experimental uncertainties, in particular environmental variations (such as temperature and magnetic fields) are large enough to be skeptical about whether the proposed accuracy can ultimately be achieved. Even a re-evaluation by a factor of two will mean that a solid increase in precision of ground-based experiments will bring the acceleration-based measurements into SpaceTime’s range, at only a fraction of the cost. To achieve the type of accuracy called for here in gravitational read-shift measurements in a difficult environment requires years of experience with this particular type of environment and its effect on clocks, something that is very doubtful given the short time proposed to go to phase C/D. Given the experience that this team has with atomic clocks, and their documented accuracy in the laboratory, it is conceivable that an increase in precision of one or two orders of magnitude (bit not four) would ultimately be achieved. 

Second, given the complete absence of any evidence with regard to the parameter range of EEP violations (first question above) an increase in precision as proposed (with the inherent risks) is simply not enough incentive to warrant a space mission of considerably cost such as the one proposed.

In summary, while the proposed mission appears to be realistic as far as experiment, flight plan, weight, budget, etc is concerned, there appears to be enough uncertainty in whether the increase in accuracy can actually be achieved within the time and budget constraints outlined here. Even in the case that the advertised accuracy is ultimately possible (perhaps with increased funding and a longer planning stage) such a mission would almost certainly fail to attract the necessary funding from Congress, given the situation surrounding Gravity Probe B, and the current political situation.  

