EXECUTI VE SUMVARY.
Recomrendat i ons.

The Panel has reviewed four different proposals for Major Research Equi prment
(MRE) funding. In its deliberations and in its recomendati ons, the Panel has
been fully cognizant of the very high standards the proposals nust neet to
qualify for these funds. Even within this constraint, we find that the physics
ainms of all four proposals neet the criterion of being in the "nust do"
category. They all address the nobst fundanental questions in particle physics
today and have the potential to revolutionize our thinking about the workings of
our universe. Qur different recomendati ons for each proposal reflect other
factors we have taken into account besides the physics prom se, especially
potential conpetition fromother prograns and experinental state of readi ness.

MECO We recommend that the Foundation proceed with the funding of the MECO
proposal. In our view, MECOis in the strongest position, at this time, to nmake
a significant inpact on particle physics. MECO addresses the issue of |epton
conservation, one of the nost inportant questions in particle physics today. A
positive result fromthat experiment would have a profound effect on our
under st andi ng of the fundanmental constituents of matter and of the forces that
govern their behavior.

KOPI 0. Even though we recogni ze the very high physics potential of KOPIO, we do
not recommend funding at this time. There is another group interested in
perform ng an experinent at Fermilab with goals simlar to KOPIO, but using

di fferent nmethods. W believe that the i ssues of optinmumlocation and net hod as
wel | as of manpower have to be resolved, preferably by the two groups, before a
firmfunding commtnent is nade. We strongly urge the two interested groups to
wor k together towards a single proposal to performthis crucial experinent. The
EPP Program of the NSF should follow this process closely with the viewto
consider the resulting proposal for possible future MRE fundi ng.

BTeV. The Fernil ab managenent as yet has not deci ded whether to approve the BTeV
experiment, that decision awaiting a thorough evaluation of the scientific case,
technical feasibility, and proponents' cost estinmate. W reconmend that the
Foundati on's decision on this proposal be delayed until the results of that
review are avail abl e and a new proposal, reacting to any significant comments
and suggestions fromthat review, is submtted.

Muon Storage Ring R&D. The muon storage ring R& proposal is still in too
prelimnary a state to warrant conm tment of significant funds. However, the

i npact of this R& on particle physics, if successful, would be so significant
that we recommend that some initial funds be provided to all ow a broader
community participation in the work | eading towards generation of a mature R&D
pr oposal

Physi cs | npact.

W& now el aborate on the potential physics inpact of the proposals submtted. The
Standard Mbdel of Particle Physics is remarkably successful, insofar as it has
ability to explain a wi de range of observed phenonena, spanning an energy from
fractions of eV, in atom c physics, to hundreds of GeV in high energy colliders.
But we know that this cannot be the ultimate theory because it is internally

i nconsi stent at energies beyond current reach and it | eaves unanswered deep
guesti ons about the physical world.

It is generally recogni zed that there are several areas of experinenta
i nvestigations which address the key unanswered questions in the



St andard Mbdel and whose successful pursuit would very likely

| ead to maj or breakthroughs in our effort to develop the ultimte theory.

In the forefront of these questions are the origin of mass, the

nature of el ectroweak symmetry breaking, the origin of CP violation

the validity of |epton and baryon conservation, and understanding the properties
of neutrinos and their mxing matri x.

The proposal s we have reviewed all address one or nore of these inportant
guestions. Therefore, they all have the capability of making an enornous i npact
on our understanding not only of particle theory but also of the evolution of
our universe. Accordingly, the physics goals of the four proposals belong in
the "rmust do" category.

The MECO experiment is a bold and unique initiative that directly addresses
one of these fundamental questions of contenporary physics: the nature of
| epton flavor and whether or not it is absolutely conserved.

Wthin the Standard Model, |epton flavor conservation is an "accidental "
symmetry. It is supported experinentally by the fact that all the previous
searches for lepton violation have yielded null results. But we know

of no fundanmental reason why this symetry shoul d not be viol ated by physics
beyond that described by the current Standard Mddel. |ndeed, nost extensions of
the Standard Model, such as those based on | eptoquarks, conpositeness, or
supersymetry, lead to the conclusion that |epton flavor

conservation is not exact. They predict, for exanple, direct conversion of nuons
to el ectrons when nmuons are captured in an orbit around a nucleus. The rate R at
whi ch this process occurs can be characterized by the rate of nuon to el ectron
conversion relative to the rate at which nuons convert to neutrinos. The
predictions for R span a wi de range of val ues, dependi ng upon the details of the
various theories, but some of themgive values of R as large as 10-14.

The current limts on the | epton nunber violation, frommnuon to el ectron
conversion, and from muon and K decays, are around 10-12. Thus the

MECO experiment, designed to reach a sensitivity of 10-16, is of great

i nterest because it offers the only possibility in the foreseeable future

to probe this question down to these levels. A positive MECO result, show ng
that charged lepton flavor symetry is not exact, in effect that "nuonness" and
"el ectronness” are not absolute qualities of nature, would be a stunning result,
the kind of news that attracts attention of nedia outlets all over the world.

Two of the proposals, KOPIO and BTeV, address the topic of CP violation with
totally different techni ques. The subject of CP violation

is of imrense inportance to particle physics and cosnology. It inplies

that the aws of nature, at their deepest |evel, depend on the

direction of time. CP violation is a profoundly quantum nechani cal effect, with
deep phil osophical inplications for our view of space and timne.

The subject has a nore practical side as well. Some anobunt of CP violation
seens necessary to explain the observed predom nance of matter over antimatter
whi ch, according to our current understanding, was established in the very
early universe. Wiether or not the Standard Model contains enough is a

matter of sone debate, but the present consensus is that nore is necessary.
Thi s suggests that sonme new source of CP violation is required to nake up

the difference.

These considerations |ead to the conclusion that CP violation should be
studied in all its forms. First, because it mght well point to new
physi cs beyond the Standard Mbdel, and second, because it was an
essential ingredient in the cosmc stew that made up the early universe.



In particle physics, CP violation can be studied through the production

and decay of K and B nesons. W believe that it is essential to make precise
measurenents of CP violation in both systens. A direct conparison of the results
will test the Standard Mbdel and m ght possibly reveal the new physics that lies
beyond it.

Present - generati on experinents have denonstrated the existence of CP

violation in the K system but they have not yet found it conclusively

in the B system Nor have they nade an accurate nmeasurenent of the

CP-viol ati ng phase, a key paraneter whose precise neasurenent will shed light on
the origin of CP violation. It is essential to nmeasure this phase as accurately
as possible in both systens. The KOPI O experinment seeks to perform such a
measurenent in the K system the BTeV experinent in the B system

The fourth proposal we considered was an Expression of Interest (EQ)

for R& D towards a Neutrino Factory Based on a Mion Storage Ring and eventual ly
towards a Mion Collider. This EQ is the first step in a |long

range programthat, if successful, would open up new exciting experinenta
possibilities in high energy physics. Its success woul d have enornous potenti al
for addressing several of the key questions in particle physics: the nature of
mass, the nechani sm of el ectroweak symretry breaking, the nature of neutrinos.

The ultimate goal of this proposal is to develop technology to build a nmuon

col lider which may well be the optinumpath to the high energy frontier beyond
that provided by the LHC. There is little doubt in the particle physics
community that extending the energy reach is the key to our further progress in
the field. Regardless of what LHC may find, the further elucidation of these
potential discoveries will require new high energy machi nes, capabl e of

conpl ementary investigations.

En route to this ultimate goal, there is another and only slightly |ess
chal | engi ng obj ective: the construction of a nmuon storage ring to be used

as a source of neutrinos. Such a storage ring would give well collimted, high
intensity fluxes of neutrinos which would significantly extend the range of
possi bl e investigations in neutrino physics. It would allow detail ed studies
of neutrino nasses and neutrino mxing matrix, essential ingredients in our
efforts to understand the ultinmate nature of matter

DETAI LED DI SCUSSI ON OF THE FOUR PROPGCSALS.

W address next each proposal in turn, follow ng the guidelines provided
to us by the NSF, namely:

. What is the intellectual nmerit of the proposed activity?

A. How inportant is the proposed activity to advanci ng know edge and
understanding within its own field or across different fields?

B. How well qualified is the team of proposers to conduct the project?

C. To what extent does the proposed activity suggest and explore creative
and original concepts? How does the proposed activity conpete with simlar
proj ects?

D. How wel | conceived and organi zed is the proposed activity?

E. Are the proposed costs and schedul es reasonable at this stage of the
proj ect ?

F. Is there sufficient access to necessary resources?



I1. What are the broader inpacts of the proposed activity?

A. How wel| does the activity advance di scovery and understandi ng while
promoting teaching, training, and | earning?

B. How wel| does the proposed activity broaden the participation of
underrepresented groups (e.g., gender, ethnicity, disability, geographic,
etc.)?

C. To what extent will it enhance the infrastructure for research and
education, such as facilities, instrunentation, networks, and partnerships?

D. WII the results be dissem nated broadly to enhance scientific and
t echnol ogi cal understandi ng? What may be the benefits of the proposed
activity to society?

The MECO Experi nment

(Section del et ed)

The KOPI O Experi nment.

(Section del et ed)

The BTeV Experi nment.

(Section del et ed)

EA for R&D for MJON Storage R ng and Mion Col |l i der
SUMVARY.

This proposal is the first step in a long range programto study feasibility of
cooling and storing an intense beam of muons. The |ong range goal is a nmuon muon
collider in the energy range of several TeV. A very interesting internediate
step would be a nuon storage ring used as a source of a well understood, well
collimated, and very intense neutrino beans.

Achi everrent of these goals would open up new uni que opportunities in the
experimental high energy physics. It may well be that nmuon nuon collisions wll
offer the most fruitful way to extend the energy frontier in the future;
extending this frontier has been historically the key to progress in the field
and we believe that this will remain the case in the future. The many i deas put
forth to extend the Standard Mbdel will be tested nost effectively at high
energi es. The LHC may wel | provide sonme answers but undoubtedly further
elucidation of its potential discoveries will require new machi nes capabl e of
conpl ementary investigations.

The muon storage ring would be a "neutrino factory"” providing new opportunities
in neutrino physics. Elucidation of the questions of neutrino mass and neutrino
m xing matri x, key questions in particle physics today, may not be possible

wi t hout new ways of maki ng neutrino beans. The nuon storage ring, by virtue of
its intense collimted neutrino beans, would offer the possibility of doing
truly long baseline experinments, with the neutrino source on one continent and



detector(s) on other continents. This would not only all ow unprecedented new
measurenents to be nmade but would also stir and excite the imagination of the
whol e scientific community and the public at |arge.

The R&D proposed expl ores original and highly challenging concepts. The risks
are great and success is not guaranteed; the potential imense payoff, however,
argues for support at this tinme. In this R& program new i deas have to be
investigated in areas that traditionally have been outside of the domain of
particle physics. Thus it is inportant to enbark on interdisciplinary

col l aboration; universities are ideal places where such contacts are nade and

i nterdi sciplinary research thrives.

A nunber of new university groups have expressed interest in joining this
effort. We recommend i ncreased support for this work which should allow a | arger
and broader community to get involved. The goal of this effort should be
generation of a formal R&D proposal on a tine scale of 1-2 years which woul d
clearly delineate the activities, the resources, and the tine needed to answer
the key questions. Since this work will include DOE and NSF supported

| aboratories and universities, close interagency cooperation will be needed in
supporting and overseeing this program A well thought out R&D proposal would be
a very strong candidate for future MRE funding.

I. Intellectual Merit

A. The proposed activity, which is R& D at a relatively early stage, is
initself both challenging and broad in its intellectual and

techni cal demands. As such it will advance know edge in a variety of

accel erator related areas, and will undoubtedly generate spin-offs in other
fields. As far as the two ultimate scientific goals are concerned, if

eventual |y achieved, they will have the potential to bring great advances in our
under st andi ng of the m crocosm

B. The team of proponents is extrenmely well qualified to conduct the

proposed R&D. In view of its large scope and its difficulty, nore intellectua
and technical effort would be beneficial. The teamis geographically and
technically broadly based and has |inks, though perhaps not as strong and
formal as is desirable, with efforts in the same direction in Europe and

el sewhere.

C. The R & D proposed certainly explores original and highly chall engi ng
concepts. Wiether practical solutions exist to sone of the questions is not
known but will be answered in the course of the program There is a sinilar

al t hough somewhat smaller at present, effort in the sane direction in Europe.
There is good contact between the two groups, but it would be desirable for them
to be at least very well coordinated if not formally amal gamated, both fromthe
poi nt of view of avoi ding unnecessary duplication and inportantly

acting as a nucleus of an eventual global collaboration. It should be noted
that if the neutrino factory beconmes a reality, then in all probability the
accel erator would be in one continent and the detector(s) in other

continent(s), clearly a very good basis for a gl obal approach

D. The coll aboration is at an early stage. This is a high risk activity,

the R & D is very challenging and success cannot be assured in sone
potentially critical areas. New ideas are needed in areas that are not the
traditional preserve of accelerator professionals. It is hoped that by tapping
new resources in universities and | aboratories these new chall enges can be net.

E. Relatively nodest anmounts of noney injected at this stage woul d have a
| arge effect and we recommend such increnmental support, especially if it allows
nore groups and individuals to beconme involved in this effort. The noney should



| argely be used to enpower the universities to contribute in areas where no
expertise exists at present and new ideas are at a premium It clearly is

i mportant that the two fundi ng agencies (NSF and DOE) col |l aborate closely to
ensure that the maxi mum benefit accrues fromthe investnent.

F. The project is being supported at a low |l evel by DOE at present, but as

menti oned above, there is a need to expand both the human base and the tota
| evel of funding. New NSF supported groups have recently joined the

Col | aborati on but have not been funded at this time for work on this topic.

1. Broader | npact

A. The Rand D activity is state of the art and beyond, so that it wll
certainly advance di scovery in technical and applied scientific areas. If
successful and it leads to the construction of a neutrino factory and a
muon col lider then the discovery potential is vast. The R and D project has
to address a | arge nunber of quite fundanental questions that are very
suitable for the training of graduate students and are likely to attract

t hem because of the undoubted intellectual challenge.

B. The activity is extrenmely broadly based geographically already and
should (and is likely to) becone even broader if supported.

C. The broad scope of the work and its perceived inportance for the future

of the field has already led to intercontinental ties; these should be

nurtured and strengthened. The partnership within the US between | aboratories
and universities funded by DOE and NSF is inportant in enabling the appropriate
talent and facilities to be sought and nobilized.

D. The results of the Rand D will undoubtedly be very broadly

di ssem nated. There may wel|l be technol ogi cal benefits al ong the way
resulting directly fromthe R and D program since much of it is at the
frontier of know edge. Should the ultimate goals of a neutrino factory and a
muon col lider be attained then society will benefit froma deeper
understanding of the world we live in.

Appendi Xx.

The National Science Foundati on has appointed a panel to consider 3 proposals
as possi bl e candi dates for Mjor Research Equi prent (MRE) funding, officially
designated as "Panel to Evaluate Major EPP Project Possibilities". The pane
menber shi p was:

Jonat han Bagger, Johns Hopkins University

Ceorge Kal mus, Rutherford Appleton Laboratory

Vera Luth, SLAC

Harrison Prosper, Florida State University

Stanl ey Wjcicki, Stanford University(chair)

In addition, Roberto Peccei, UCLA, was scheduled to participate as a pane
nmenber but because of illness was not able to attend.

Joe Dehmer, Alex Firestone, and Marvin Col dberg were the NSF representatives
present during Panel's deliberations. In addition, Jack Ritchie represented DCE
as an observer.

The three proposal s were:
1. Rare Symmetry Viol ating Processes (RSVP) from Brookhaven National Laboratory
2. BTeV Experinent froma Fermlab oriented Collaboration
3. An Expression of Interest for support of R&D oriented towards a Mion
Storage Ring and a Mion Col i der
The RSVP Proposal consisted of proposals for two separate experinents, KOPIO



(KOL decay) and MECO (mu capture). These two experinments were considered as
separate entities by the Panel for the purpose of evaluation

The witten versions of all the proposals were subnmitted to the panel nenbers
about a nonth before the neeting.

The Panel net at SLAC on Novenber 29 and 30 and Decenber 1. The first day was
devoted entirely to the presentations by the four groups of proponents. The
early nmorning of the next day was spent in an Executive Session discussing the
proposal s and formul ati ng questions for the proponents. Subsequently, the Pane
met with the proponents in individual groups to obtain answers to the

guestions that the Panel fornulated. The | ast couple of hours of that day were
spent in the Executive Session discussing an outline of recomendati ons.
Assignments were nmade for witing drafts of recomendati ons. The final day was
spent in witing the drafts of reconmendati ons and then di scussing themin
Executive Session. The final drafts were distributed by the authors to the chair
and ot her Panel nenbers via E-mail. The chair then finalized the report through
E-mail interaction with the Panel nenbers.



