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The list of major publications and expected timescales to publication are given below based on estimates from the E821 experience, taking into account the length of time it took to understand the systematic errors in E821 and thereby finish the blind data analyses. We have a completely new beam situation at Fermilab, upgraded storage systems, a new incarnation of the storage ring, and new detector and readout technology, all of which will require time to study and understand with respect to the impacts on the measurement.  The Fermilab experiment will be pushing into a regime of precision not previously explored, which is certain to bring new challenges in controlling systematic errors.
We make the following schedule assumptions: The magnet is assembled and powered by the end of 2014 and the beam and other systems are ready in 2015 so that data collection can begin early in 2016.  Only highly citable PRLs with a major impact are included.  This list does not include papers based on development of hardware, software, or analysis techniques.  It does include the flagship measurement of anomalous magnetic moment, aμ, the dedicated search for a muon EDM in the precession data, and some auxiliary analyses where sidereal variations can be used to probe Lorentz violation or the well-defined magic momentum can be used to test relativity.   
	1st PRL: 2017- early 2018
	3-4 PhDs
	A new value for the muon anomaly at the sub ppm level comparable to final E821 result, viz.  ± 0.5 ppm

	2nd PRL: 2017- early 2018
	2-3 PhDs
	A new limit on the muon EDM ×10 better than BNL E821

	3rd PRL: 2018-early 2019
	3-4 PhDs
	An improved value for the muon anomaly at the ± 0.25 ppm level, half the E821 error

	4th PRL: 2020
	3-4 PhDs
	Final results for the positive muon anomaly ≤ ±0.14 ppm one quarter of the E821 error

	5th PRL: 2020
	2-3 PhDs
	Final results from the positive muon EDM search ≈ 10-21 e-cm

	6th PRL: 2020-2021
	1-2 PhDs
	Search for Lorentz and CPT violation effects in muon spin precession and tests of relativity.


The number of dissertations that could be supported on the experiment is 14 to 20.  This does not include master’s or hardware-based theses.  These are developed from the baseline goals for the experiment.  Additional PRLs would result from meeting the stretch goal of the experiment to deliver more beam to the experiment, thus enabling a similar set of measurements using the negatively charged muon to serve as a systematic check and precision test of CPT. This would require the protons delivered to target or the efficiency of capturing, transporting, and injecting muons into the storage ring to increase by a factor of three from the baseline goal.  Such an increase would also enable the experiment to be run in different configurations where sensitivity to systematic errors are enhanced or reduced as a powerful crosscheck.
By way of comparison, the dissertation list from E821 is provided in Appendix A.  In total, the E821 collaboration generated 17 PhDs.  Five of these dissertations were completed prior to the first real physics in 1999.  These were graduate students who were involved from an early stage and graduated on measurements in support of the experiment or on data taken in the first engineering runs.  Due to the much shorter design and construction phase, E989 does not anticipate having as many students in this category.  Another dozen dissertations were produced based on the primary E821 physics papers.  
To gain a better understanding of how each result from a precision experiment can fuel so many PhDs, it is useful to consider an example of the analysis structure from E821.  The figure below shows the aμ analysis structure for the final round of BNL data taken in 2001.  This happens to be the only run taken with negatively charged muons, but a similar structure was used for two separate phases in the aμ analysis of positively charge muons.  These phases were divided based on analysis of the 1999 data, where the 1970s results from CERN were surpassed, and the 2000 data which provided another fourfold increase in the statistics. 
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Although this is a quest for a single value aμ, at this level of precision the data must be analyzed from a number of different strategies.  These strategies increase or decrease sensitivity to particular systematics, and ultimate confidence in the result can only come from the final agreement of all of these techniques.  In the BNL analysis these techniques could be broadly divided into directly fitting the spin precession data with a multi-parameter fit versus a ratio fit which manipulated the timestamps of the data such that any slowly varying terms would cancel in the ration.  The multi-parameter fits also covered many different strategies.  In the simplest version, all of the positrons above a threshold from all 24 calorimeters are summed and fit simultaneously.  This has the advantage of canceling classes of systematic errors that average out when data from the full 2π of the ring is summed.  A variation on this is to weight the events as a function of their energy, which provides the best statistical power since high-energy events are more correlated to the muon spin direction.  A third variation is to simply fit the data separately by calorimeter or in energy-bands.  The disadvantage is that no systematics cancel and getting an acceptable χ2 becomes more difficult, but it also carries the advantage of maximizing statistical power while more clearly elucidating systematic issues.
Each technique contains many individual decisions regarding data quality cuts, reconstruction, fitting procedures, and how to deal with systematic errors arising from the treatment of pile-up, muon losses, coherent betatron oscillations, and other systematics.  What might seem like a completely benign decision can lead to an error and having multiple independent blind analyses, even using the same technique, provides an invaluable crosscheck.

The figure above shows that in 2001, five independent analyses of the spin precession were performed.  Averaged over all three data runs, about half of the independent analyses were performed by graduate students and the other half were performed by postdocs. Not yet mentioned is the field analysis.  To extract aμ, the spin precession data is only half of the measurement.  A precise determination of the magnetic field is the other half.  Each year of data had two independent, blind analyses of the field.  With the exception of one graduate student, these analyses tended to be led more by postdocs in the E821 experiment, but we expect that will change for E989.
It is reasonable to expect that the FNAL experiment should support more graduate students than the BNL version for several reasons:
1) The precision will be increased by another factor of 4-5, which will certainly lead to more challenges.

2) New segmented calorimeters will be used where for the first time pileup can be reduced through a spatial separation.  This will inevitably lead to many choices about how to handle the pileup and crosschecks from independent, blind analyses will be invaluable.

3) A whole new analysis technique, called the Q method, will be added to the list of techniques used by E821 to analyze the spin precession data.  In this method, charge in the calorimeters is integrated in place of finding individual pulses.  It is a less optimal uses of the statistics, but the systematic sensitivity to pileup is greatly reduced.  Due to the limitations on data handling in E821, this technique was not possible. 

4) The systematic error from the magnetic field will match the statistical error as opposed to the BNL experiment where statistical error was fives times larger than the field systematic.  Every result would benefit from having a graduate student dedicated to the field analysis.
5) The trackers are expected to be fully-functional at the start of the run, designed to better assist the aμ analyses, and motivated from the outset by a desire to push the limits on the muon EDM.  This is very different than the BNL case where the tracker was primarily built to determine the distribution of stored muons and was not given a high priority. 

In conclusion, although precision experiments are by definition built with a nearly-single purpose goal and therefore only produce a few physics measurements, the richness of the analysis and the handling of systematics vulnerabilities leads to many more dissertations than what might naively be expected.  The Fermilab Muon g-2 experiment has the possibility to produce anywhere from 14-20 PhDs that would all be doing very distinct analyses.  Furthermore, since the timescale of the experiment is relatively short, these students experience many opportunities to aid in design, construction, or operation of hardware in addition to the high-level problem solving required to analyze the data.  The end result is a body of highly trained and capable scientific professionals. 

Appendix A:  List of PhDs from E821

	Pre-1999 engineering runs and work supporting g-2 
	Alex Peter Grossmann: Magnetic Field Determination in a Super-ferric Storage Ring for a Precise Measurement of the Muon Magnetic Anomaly, University of Heidelberg, (July 1998).

Douglas Hodson Brown: Measurement of Three Pion Production in Electron Positron Annihilations for the Hadronic Contribution to the Anomalous Magnetic Moment of the Muon, Boston University, (1998).   
Joel Matthew Kindem: The Anomalous Magnetic Moment of the Positive Muon, University of Minnesota, (September 1998).

Sergei Ivanovich Redin: Preparation and First Result of BNL Experiment E821 "A New Precision Measurement of the Muon (g-2) Value", Yale University (May 1999). 
William James Deninger: A measurement of the magnetic field systematic correction to the muon anomalous magnetic moment associated with muon phase space in experiment BNL E821, University of Illinois at Urbana-Champaign, (1999).

	1999 run: aμ+ to 1.3 ppm
	Long Hoang Duong: A Precise Measurement of the Anomalous Magnetic Moment of the Positive Muon, University of Minnesota, (December 2001).

Alexei Vitalyevich Trofimov: A New Precision Measurement of the Anomalous Magnetic Moment of the Positive Muon, Boston University, (December 2001).

	2000 run: aμ+ to 0.7 ppm
	Huaizhang Deng: Precise Measurement of the Positive Muon Anomalous Magnetic Moment, Yale University, (September 2002).
Frederick Earl Gray Jr.: A Measurement of the Anomalous Magnetic Moment of the Positive Muon with a Precision of 0.7 Parts Per Million, University of Illinois at Urbana-Champaign, (February 2003).

Benjamin Bousquet: A measurement of the anomalous magnetic moment of the positive muon to 0.7 ppm, University of Minnesota, (2003).

	2001 run: aμ- to 0.7 ppm
	Jonathan M. Paley: Measurement of the Anomalous Magnetic Moment of the Negative Muon to 0.7 Parts Per Million, Boston University, (April 2004).
Charles C. Polly: A measurement of the anomalous magnetic moment of the negative muon to 0.7 ppm, University of Illinois at Urbana-Champaign, (2005)

	Muon EDM
	Ronald Steven McNabb Jr.: An Improved Limit on the Electric Dipole Moment of the Muon, University of Minnesota, (December 2003)
Steven Giron: Measuring the electric-dipole moment of the muon at BNL E821, University of Minnesota, (2004).

Michael J. Sossong: A search for an electric dipole moment of the positive muon, University of Illinois at Urbana-Champaign, (2005).

	CPT, LV, & Relativity Tests 
	Tao Qian: A precise measurement of muon lifetime at Brookhaven National Laboratory muon storage ring, University of Minnesota, (2006)

Xiaobo Huang: CPT and Lorentz violation test in the BNL muon g-2 data, Boston University, (2008).


