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OUTLOOK FROM THE INTERSECTIONS 

W.C. Haxton 
Institute for Nuclear Theory, NK-12, and Department of Physics, NK-15 

University of Washington, Seattle, Washington 98195 

ABSTRACT 

I review a number of the physics themes of the Fifth Conference on the 
Intersections of Particle and Nuclear Physics, discussing the significance and 
promise of current work at the interface of these fields. 

INTRODUCTION 

When Wim van Oers extended the invitation to present this lecture, thank- 
fully he stressed that the Organizing Committee did not want a summary. He 
was less specific about what the Committee did want. Left on my own to de- 
cide, I have selected a few topics that I believe might interest this audience 
and might be within my competence to discuss. The latter qualifier eliminates 
several important themes in this conference, and for that I apologize. 

I have now attended four Intersections conferences, all of which demon- 
strated the vitality that exists at the interface of particle and nuclear physics. 
And, as we have seen at this meeting, that intersection also includes wonderful 
astrophysics and atomic physics. Meetings of this breadth are important as re- 
minders of the unity of physics and of the creativity that different perspectives 
on physics can generate. They also serve as a reminder of the wealth of problems 
we have to choose from. 

In the spirit of David Letterman and late-night television, I have organized 
this talk around a list of ten impressions that I will carry away from St. Peters- 
burg. 

# 10 THE CURJOUS PATTERN OF MASSES 

Bill Marciano opened this conference by discussing the curious pattern of 
quark and boson masses, now augmented by the discovery of the top quark. 

mu : m, : mt - 0.005 : 1.35 : 174 GeV 
m, : m, : mw*:mzo ++ 0 : 0 : 80.2 : 91.2 GeV 

Is there significance in the fact that four of these masses are light, while three 
others are heavy and of comparable size, m, - mw* - mzo? The hope that we 
might guess the new (‘Balmer series” responsible for this pattern has occupied 
a number of theorists in recent years. 

If I can borrow a phrase from World War I1 on this 50th anniversary of 
D-Day, perhaps the neutrinos are the (‘soft underbelly” of this difficult problem 



of masses: While the quark mass ratios may be difficult to understand, perhaps 
we can at least understand the relation of these masses to those of neutrinos. In 
many extensions of the standard model the neutrinos are placed in multiplets 
with the charged. leptons and quarks 

(;) (;) (;) 
It is then natural to assume that a comrnon mechanism might generate the u, 

mass and that of the corresponding isospin member of the (:) quark doublet, 

the u quark, etc. That is, perhaps mu, - mu - mg, some typical Dirac 
mass. This immediately leads to a contradiction, since the tritium decay 
experiments[lI tell us that m,, <, 7.2 eV, not 5 MeV. 

However neutrinos are special among the fermions in that they carry no ob- 
vious additive quantum number that must reverse sign under particle-antiparticle 
conjugation. This allows the introduction of lepton-number-violating Majorana 
mass terms of the form 

Unlike familiar Dirac masses, we have no guide for the scale of these masses. 
However double beta decay tells us that ( m ~ ) ~ ,  <, 1 eV, where < indicates a 
sum over the mass eigenstates mi weighted by their coupling probabilities Uzi to 
the electron. And the absence of any low-energy manifestation of right-handed 
fields perhaps suggests that mR is quite large. 

As we lack an argument for demanding r n ~  = m~ = 0, it do.= not seem 
reasonable to insist these masses vanish. It was observed by Gell-Mann, Ra- 
mond, and Slansky and by Yamagida that nonzero Majorana mass terms could 
account for small neutrino masses. In a model where mL - 0, a neutrino mass 
matrix of the following form results 

. 

(where we write this schematically for one generation). Diagonalizing one finds 

Thus, if mR is very large, one generates a small parameter that accounts 
for the smallness of neutrino masses relative to familiar standard-model Dirac 

0 



masses, at the price of a very heavy Majorana neutrino that would be unobserv- 
able in our low-energy world. 

This dependence of mu on m& suggests that the neutrino mass ratios my, : 
mvP : mu, track the quark mass ratios mi : mz : mz. If one equates mR to the 
grand unification scale, 10l6 GeV, one might expect 

mu, : my@ : m,, - 2 - 10-l~ : 2 - 10-~ : 3 %  1 0 - ~ ~ v  
using the recent top quark mass estimate. As such masses can be probed in 
solar neutrino measurements, perhaps the values we deduce can tell us the scale 
of new physics. 

#9 THE MSW MECHANISM, v,, ETC. 

Balantekin summarized the solar neutrino problem, where the 37C1[31, 
SAGE/GALLEX[4], and Kamioka I1 and IIIi5] experiments suggest 

SSM 4 0 - 4  (PPI 

4(8B) - 0-5 4 
4 ( 7 ~ e )  - o 

SSM 8 ( B)  

where 4 and 4SSM represent the observed and predicted standard solar model[6] 
fluxes. It is the ratios of the observed fluxes that have recently made the solar 
neutrino problem so vexing: it is extremely difficult, by manipulating nuclear 
cross sections or the standard solar model, to produce a very low 4(7Be)’/4(8B) 
flux ratio. Most changes in the standard solar model that lower the ?lux of ppI1 
and ppIII cycle neutrinos increase the 4(7Be)/4(8B) ratio. 

One way to evade this difficulty is to postulate that one or more experi- 
ments is wrong: each of the existing detectors is limited by a low counting rate. 
However the experiments have been carefully scrutinized without the discovery 
of any obvious technical error, and the quoted uncertainties have become quite 
small by virtue of patient measurement. 

If these flux ratios are correct, then a very appealing explanation is pro- 
vided by the Mikheyev-Smirnov-Wolfenstein mechanism[7]. This solution, unlike 
so many others involving particle physics, does not require exotic physics: we 
expect massive neutrinos and flavor mixing of the neutrinos Gjust as with the 
quarks). It is a marvelous coincidence that our sun acts as an extraordinary 
regenerator to enhance the effects of modest neutrino flavor mixing. 

In MSW fits of the experimental data, the preferred solution is one char- 
acterized by 6m2 = m: - mj - 6 If, as we have 
argued, mg >> m2 >> ml, this suggests that the heavy neutrino (presumably up 
or u,) participating in the oscillation has a mass - 2.4 

Such a mass arose in our discussion of the seesaw mechanism for the u, with 
mR -  GUT. Thus perhaps we are seeing the effects of ue c-) U, oscillations, 
and have succeeded in finding a low-energy manifestation of the GUT scale. 

eV and sin2 28 - 
eV. 



Tempering our euphoria, of course, is the realization that the mue and mu,, then 
must be very light, so that neutrinos play no role in the dark matter problem, 
atmospheric neutrino anomaly, tritium 0 decay, etc. Even very long baseline u, 
oscillation experiments would require heroic efforts. 

Alternatively, perhaps we are seeing up ++ Ve oscillations, which would 
indicate new physics at some intermediate scale mR - 10I2 GeV. Then mu, - 
tens of eV, a value that would be significant cosmologically, likely dominating 
the mass density of the universe and consequently contributing to the formation 
of large scale struct me. 

Supernovae may provide our best direct test of such mvr. At 10 eV, the 
critical crossing density for u, c-f u, oscillations is pc - 10’ - 1010g/cm3, for 
typical supernova neutrino energies. This pc lies outside the neutrinosphere den- 
sity of - 1012g/cm3, the point where neutrinos from the neutron star decouple 
from the matter. Once the neutrinos pass through the neutrinosphere, their 
temperatures and spectral distributions are fixed. 

Rat her elementary arguments allow us to characterize supernova neutrino 
spectra. As the cooling neutrinos propagate out of the neutron star core, the 
various flavors are in thermal equilibrium because of the neutral current reac- 
tions uege c--) u&. Thus there is a rough equipartition of energy between the 
flavors. (The most important correction to this comes from the excess VeS from 
deleptonization, e-+p 4 n + v e . )  Near the neutrinosphere, the neutral weak in- 
teractions fall out of equilibrium, decoupling the flavors. While the heavy flavor 
neutrinos also decouple from the matter at this point, the u,s and Des interact 
for a somewhat longer time through the reactions 

ue + n ++ e- + p 

f i e  + p * e+ -/- n 

Note that the first reaction above is about seven times larger for ves than for 
heavy-flavor neutrinos. Thus the peaks of the resulting spectra are characterized 
by temperatures of order[’] 

where the lower y e / &  temperatures reflect the fact that these neutrinos decouple 
from the matter farther out in the star due to the reactions in Eqs. (1).  Tue < T,; 
because the matter is partially neutronized, so that reaction (lb) is more effective 
than (IC). 

The signal for u, c--) u, oscillations, as seen in Fig. 1, is thus a distinctive Ye 

Thus the most elementary supernova thermodynamics demands Tu, < Tvp/yI. 



flux where Tue > #(Tu,, + T,,). Since cross sections off nucleons depend on 
(E;) - T,” (and those off nuclei tend to have a steeper dependence on T), the 
temperature differences of Eq. (2) will rather dramatically change the relative 
responses of supernova neutrino detectors sensitive to u, and to neutral current 
neutrino interactions. 

I 

densify 
vo cuu m 

Fig. 1. Schematic MSW diagram showing the two crossings experienced by a 
u, as the density is increased. 

Much of the solar MSW debate has been based on the uncertainties in 
predicting various neutrino fluxes, since these predictions depend on details of 
the nuclear reaction chain. It should be clear that the corresponding supernova 
neutrino issue is far simpler. The concern in the case of supernova neutrinos 
is the low galactic supernova rate, estimated to be 1/(35 years) with a large 
uncertainty. Thus the period between galactic collapses exceeds the expected 
lifetimes of the astrophysical neutrino detectors we are building. As the super- 
nova neutrino flux may provide our only direct test of m,, - 10 eV, it is clear 
that the community must begin to think in terms of neutrino observatories, not 
neutrino experiments. 

#8 THE DEMANDS OF PRECISION MEASUREMENTS 

The seesaw mechanism discussed earlier provides one example of the impor- 
tance of low-energy precision measurements (e.g., neutrino mass measurements 
like the tritium @-decay endpoint, double beta decay, and neutrino oscillations). 
Experiments that push boundaries of precision often reveal new effects, present- 
ing us with the problem of deciding whether the effect is new physics or a new 



background. I would like to mention a few examples where the resolution to this 
question is still ambiguous. 

Careful measurements of the shape of the electron endpoint in the p de- 
cay of 3H[11 have yielded important constraints on the electron neutrino mass. 
The spectrum is fitted by a theoretical function 3 ( p e ;  Wo, mVc), appropriate for 
allowed ,O decay, that takes into account Coulomb distortions of the outgoing 
electron wave function, the contributions of excited molecular states, etc. The 
parameters are the total decay energy Wo and m,,, and 3 is a function of the 
electron momentun p,. 

A troubling result has emerged: a series of experiments has consistently 
yielded a negative m: N -100 eV2, with the combined results of five experiments 
being 50 away from zero[’]. Remarkably, the derived result for WO is in excellent 
agreement with the value determined in trapping experimentsIl0]. If the rn? 
results are attributed to an error in the atomic structure of the T2 molecular 
(molecular 3H is used in the experiments), the required changes appear to be 
extreme, at least in the view of atomic/molecular structure experts. Although 
limits of m, <, 7 eV have been extracted from experiments, it has also been 
argued that the negative m: problem makes it difficult to assess the reliability 
of this bound. 

Another example discussed at this meeting by B. Fujikawa and G. Greene 
is the determination of IV&I2 in the Cabibbo-Kobayashi-Maskawa mass matrix. 
The uncertainty in this element dominates that of the CKM unitarity test. 

Currently the IVUdl2 value obtained &om neutron beta decay asymmetry 
measurements oversaturates unitary significantly, while that obtained from nu- 
clear beta decay undersaturates unitarity. Greene cautioned us about the new 
tron asymmetry measurement, but predicted that substantial improvements 
would be forthcoming. In the case of the nuclear p decay measurements, one has 
the difficult theoretical task of estimating radiative corrections. This involves 
isospin mixing in the nuclear wave functions and both short- and long-range 
radiative corrections of the sort illustrated in Fig. 2. It is very likely that these 
theoretical uncertainties dominate the experimental ones. 

A third example is atomic parity nonconservation, where sin2 Bw(0) can 
be extracted and compared to the value at the Zo-mass, sin2 Ow(MZ). As the 
standard model running is calculable, the precision to which sin2 6w(O) can be 
measured determines the constraints on any “new physics” that might affect 
this running. The interpretation of precision atomic experiments makes great 
demands on atomic theory: in selected atoms such as Cs it appears possible to 
calculate parity mixing matrix elements to the requisite 1% accuracy. As exper- 
iments continue to improve, the t heoretical challenges will become increasingly 
difficult to meet. 

It has been recently suggested that the study of a series of isotopes might 
allow one to reduce theoretical uncertainties: the neutral weak charge, approxi- 
mately proportional to the neutron number N, would change, while the atomic 
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Fig. 2 Radiative corrections to superallowed nuclear beta decay corresponding 
to a) a single nucleon loop and b) the two-nucleon diagram. 

physics remains constant. However, substantial uncertainties in our understand- 
ing of neutron distributions in nuclei become a serous theoretical uncertainty for 
sin2 Bw(0) determinations at the level of -O.l%.[ll] 

These three examples illustrate that the interpretation of many important 
low-energy tests of the standard model require careful nuclear, atomic, and 
molecular theory, as well as the capacity to assess theoretical errors. 

It appears to me that the level of effort the community is investing in this 
kind of theory - state-of-the-art many-body calculations - has diminished in 
recent years. I suspect this is a trend we may regret. 

#7 IMPRESSIVE PROGRESS ON LEPTON FLAVOR VIOLATION TESTS 

Van der Schaaf reviewed the impressive progress on experimental tests of 
separate lepton number conservation, p + ey and p -+ e conversion in the 
nuclear field. The nuclear physics involved in p -+ e conversion extends the 
power of such measurements in interesting ways. Even if the p + e conver- 
sion is mediated by photon exchange with the nucleus, two additional form 
factors which vanish for on-shell photons can contribute to the nuclear process. 
But more generally, the process can be mediated by new interactions, including 
those that may carry quantum numbers requiring nuclear excitation. The exper- 
iments described by Van der Schaaf also place strong limits on p 4 e conversion 
accompanied by excitation of low-lying levels in the nucleus. 

I did not hear a discussion of double beta decay at the meeting, though this 
is another area where experiments are improving quickly. Neutrinoless double 
beta decay is a test of total lepton number violation, which can be introduced 



through Majorana mass terms of the form 

We previously discussed such masses in connection with the seesaw mechanism. 
Two new experimental efforts using enriched (- 87%) 76Ge, the Moscow- 

Heidelberg and IGEX[13] experiments, promise to push neutrinoless double beta 
decay half life limits to years. The first results from the Moscow-Heidelberg 
experiment, corresponding to 9.7 kg-years of data, yielded the limits 

90% c.1. 1 r;72 (o+ -+ oi’, 2 2.7. 
7r72 (0’ 3 2:) >, 1.3 1024y 

where 0: and 2; are the ground state and first excited 2+ state in the daughter 
nucleus 76Se. The O+ - 2+ transition requires right-hand currents, while the 
O+ --+ O+ limit constrains the Majorana neutrino mass 

2n 
(m,)Maj = v,2,m; x i  CP 

i= 1 

to be <, 1 eV, where mi is the mass of the ith mass eigenstate and U:i its 
coupling probability to the electron neutrino. Note that the expression for the 
mass contains A?‘, the relative CP eigenvalue of the mass eigenstates[l*]. (This 
assumes CP conservation.) In the Dirac limit, this mass vanishes because the 
eigenvalues m; become pairwise degenerate, but with opposite CP. 

The challenge for the next generation is how to move beyond “table-top” 
experiments to very large volume detectors. The task of building large, ultra- 
clean detectors with low energy thresholds and good energy resolution is also a 
task facing the solar neutrino community: Borexino is one example. It is clearly 
important to the “intersections” that we continue to support, the development of 
innovative detector technologies, since we may derive great benefits from their 
applications. 

#6 EXCITING PROGRESS IN STUDIES OF ATOMIC ELECTRIC DIPOLE 
MOMENTS 

The atomic electric dipole moment searches for CP nonconservation (CPNC) 
were mentioned several times in parallel session discussions. The recent result 
of the Seattle 

ld(199Hg)( <, 1.3 - 10-27e cm 95% c.1. 

improved the bound on the lQ9Hg edm by about a factor of 20. The limit can 
be compared to that on the neutron[l6] 

ldneutronI <, 8 10-26e cm 95% c.1. 



a value obtained by combining the recent Grenoble and Gatchina results. 
Given the difficulty of visualizing such small numbers, two comparisons 

might be helpful. The atomic experiments typically employ fields of lo4 volts/cm. 
Thus the "'Kg limit corresponds to a change in the ground-state energy of about 
10-23eV, the interaction energy of two electrons separated by one light month. 
Alternatively, if one were to expand the "'Hg atom to be the size of the earth, 
the edm limit would correspond to a charge excess layer of thickness <, 0.02A 
at the north pole. 

The problem of relating the "'Hg edm to some underlying model of CPNC 
is both challenging and interesting. Let's limit the discussion to CPNC within 
the nucleus. From some underlying model of CPNC violation, which presumably 
involves new short-ranged interactions, the first task is to derive the effective 
interactions appropriate for nuclear physics. This usually means estimating the 
induced CPNC meson-nucleon couplings using whatever theoretical tools are 
available (low-energy theorems, chiral symmetry, et c.) Meson loops involving 
one strong and one CPNC meson-nucleon coupling then provide an estimate of 
the nucleon edm. Similarly, a nuclear CPNC NN interaction is generated by 
meson exchange, with one of the vertices being CPNC. 

The nuclear edm of an odd-A (J # 0) nucleus is generated from the single- 
nucleon edm of the unpaired valence nucleon, as well as from the CPNC admix- 
ture in the nuclear ground state that results from the CPNC mixing of the naive 
ground state with excited states of oppposite parity. Generally this second term 
dominates. Such a nucleus, within a neutral atom, can then interact with an 
external field. That interaction is weakened by screening effects that would be 
complete if the nucleus were a point and if only Coulomb forces held the atom 
together, as Schiff discussed[17]. The origin of the screening is easily seen: the 
atom, being neutral, does not accelerate in an applied field. The nucleus, bound 
to the atom, also does not accelerate. As it is charged, the average electric field 
acting on it must be zero: the sagging of the electron cloud in the applied field 
produces a net field at the nucleus that vanishes. 

This screening of the nucleus is incomplete due to the nuclear finite size and 
to relativistic corrections arising from hyperfine interactions with the nuclear 
magnetic and electric quadrupole moments. The finite size corrections lead to a 
residual effect of the order of for "?Hg: the much larger 
penetration effects in heavy nuclei account for the incomplete screening. 

The estimates in Ref. [15] indicate that the atomic measurements have now 
reached a level of sensitivity to sources of CPNC that match or exceed the neu- 
tron measurements. (See, however, Ref. [18].). This is an exciting result because 
opportunities exist for significant improvements in atomic edm measurements. 
Recent progress has been rapid, and the experiments have not yet reached fun- 
damental statistical limits. If techniques can be developed for atoms with atomic 
spins s', # 0, nuclei with exceptional electric polarizabilities can be exploited. 
For instance 229Pa, with a ground-state 5 / 2 -  c-) 5/2+ doublet split by just 200 
eV, provides an enhancement factor of - 104[191. These considerations suggest 

for He and 



that we can make significant progress in closing the gap between existing exper- 
iments and standard-model CPNC (& - e cm) in the next few 
years. Perhaps a new source of CPNC will be revealed along the way. 

- 

#5 THE As = 0 WEAK INTERACTION BETWEEN NUCLEONS 

Although the charge-changing hadronic weak interaction can be studied in 
A s  = 1 hyperon decays, the neutral current plays a role only in As = 0 inter- 
actions. Thus the NN interaction is the only practical laboratory for studying 
the weak hadronic neutral current. Parity nonconservation (PNC) in such in- 
teractions provides a filter that allows us to study weak amplitudes despite the 
presence of much stronger strong and electromagnetic interactions. 

The A s  = 0 effective low-energy Lagrangian of the standard model is 

The first term on the right hand side, a symmetric product of AI = 1, As = 
0 charge-changing currents, contributes to A I  = 0 and AI = 2 interactions. The 
second term, a symmetric product of A I  = 1/2,As = -1 currents, is AI = 1 
but strongly suppressed by sin2 e,, where 8, is the Cabibbo angle. It follows that 
the third term dominates the A I  = 1 hadronic interaction: the weak neutral 
current can be measured by isolating the A I  = 1 parity-violating NN interaction. 
This interaction is dominated by the long-ranged T* exchange, with one T N N  
coupling governed by the weak interaction and the other the strong[20]. 

A series of NN and nuclear experiments, using systems like p’+ p ,  $4He, 
18F, and ”F, have been performed and interpreted in ways that are minimally 
affected by nuclear physics uncertainties. The results provide constraints on the 
various PNC meson-nucleon couplings that mediate the weak NN interaction at 
low energies. Among these are the A I  = 1 7rNN coupling F, and the isoscalar 
pNN coupling Fo. The experimental values for these couplings can be compared 
to the predictions of the standad model for the underlying quark currents, once 
the difficult (and model-dependent) task of calculating the strong interaction 
dressings of these elementary vertices has been performed. 

The result, known since the Lake Louise meeting, is that Fo - 1.2 FFDH 
and F, <, where FgDH and FFDH are the “best value” coupling con- 
stants calculated by Desplanques, Donoghue, and Holstein[21]. The observed 
and predicted isospin dependence of these couplings differ sharply, a result that 
reminds one of the A I  = 1/2 rule. Most important, existing experiments provide 
no evidence for a neutral current contribution. 

This field needs new experiments to verify this result and to improve the 
limits (and hopefully measure) F,. Two possibilities are the asymmetry mea- 
surement for fitherma, + p * d + 7 and the intermediate energy p’+ p experiment 
proposed at TRIUMF. Two others were mentioned at this conference. G. Greene 
discussed the possiblity of a n’ spin precession experiment in 4He, which would 



complement the existing measurement of p’+4He and allow one to extract both 
the isoscalar and isovector PNC couplings. D. Bowman discussed the LAMPF 
neutron transmission experiments that are measuring the s-p wave mixing of 
nearly degenerate compound nuclear states. The latter is a beautiful example of 
symmetry breaking in a strongly interacting chaotic system. Whether one can 
quantitatively relate the observed PNC to the underlying PNC NN couplings 
remains an open, much debated question. 

LEMS 
#4 THOUGHTS ABOUT STRONGLY-INTERACTING MANY-BODY PROB- 

Particle physicists are making a frontal attack on the difficult task of solving 
QCD by putting the theory on a lattice. The explosion of computing power, 
such as the expected evolution from gigaflop to teraflop machines in the next 
few years, provides hope that this stategy will succeed. 

However important approximate techniques are working their way into the 
field, some of which we heard discussed at this meeting. Two examples are 
cooling techniques and the interest in testing heavy quark effective field theory 
predictions against lattice calculations. Another example is the introduction of 
multigluon effective operators to repair the quenched approximation, a concept 
quite familiar to nuclear many-body theorists. It is clear that clever approximate 
techniques will remain an important part of numerical QCD: some problems of 
great interest, such as QCD at finite density and temperature, are so dif€icult 
that the hope of a purely numerical solution is quite dim. 

It is interesting to compare lattice QCD to the much earlier development 
of the nuclear many-body problem (defined as nonrelativistic point nucleons 
interacting through a static and rather singular potential). The solution of this 
classical nuclear structure problem would provide an important baseline in the 
search for new effects, such as relativity and quark-gluon substructure. 

Powerful exact techniques are in use: Faddeev calculations for three-body 
nuclei and variational Monte Carlo methods for ground-state properties of heav- 
ier nuclei. There also exists an elegant theory of the g-matrix and the effective 
interaction for solving the many-body nuclear problem with the true NN poten- 
tial in a truncated Hilbert space. 

Yet the vast majority of work on medium- and heavy-mass nuclei starts 
with phenomenological interactions and uncontrolled approximations. The pre- 
dictions of models have errors that cannot be quantified. This was dictated by 
our computational abilities 25 years ago. We are far less limited today. 

Perhaps it is time for us to rethink this venerable problem. There may be a 
middle ground between exact lattice QCD calculations and shell model studies 
with empirically derived interactions, one that can make use of gigaflop and 
teraflop computing. 

#3 THE TECHNICAL REVOLUTION IN ASTRONOMY/ASTROPHYSICS 

One impression left by the astrophysics sessions at this meeting was the rich- 
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ness of the technical revolution in astronomy and astrophysics, and its important 
implications for nuclear and particle physics. The new instrumentation includes 
the Hubble telescope; the gamma ray observatory; a variety of large, ground- 
based new-technology telescopes; underground neutrino detectors; COBE; DU- 
MAND, AMANDA, and Milagro; LIGO; advances in infrared astronomy; and 
the automation of smaller telescopes to search for gravitational lensing phe- 
nomena. This instrumentation is yielding a great deal of new physics: precise 
microwave spectra that tell us about the density perturbations from which large- 
scale structure grew; MACHOS and gravitational lensing maps of dark matter; 
estimates of dark matter from rotation curves and large scale flows; a mysteri- 
ous pattern of gamma ray bursts; cosmic ray events above 10l8 eV, with one 
incredible event above lo2’ eV; millisecond pulsars; and the detection of solar 
and supernova neutrinos. 

There is a growing, vigorous intersection between this field and nuclear and 
particle physics, spurred on, I believe, by two phenomena. The first is the grow- 
ing involvement of astronomy and astrophysics with microphysics of atomic and 
nuclear origin. The second is the concern with very high energies, including 
both the acceleration mechanisms in astrophysical objects and the detection of 
high-energy particles on earth. One of the first examples of the importance of 
microphysics is big bang nucleosynthesis, where careful nuclear physics mea- 
surements and calculations tell us the baryon content of the universe and the 
number of light neutrino This may not be a closed chapter, given 
the recent Keck deuterium results that favor lower values of Inhomoge- 
neous big bang scenarios, which postulate an inhomogeneous initial distribution 
of nucleons induced by the QCD phase transition, raised new nuclear physics 
issues. From the particle physics side, a variety of stellar cooling arguments have 
been used to constrain neutrino magnetic moments and Dirac masses and the 
couplings of axions and Majorons. 

The astrophysics sessions at this meeting, which included the BATSE de- 
tection of gamma ray bursts and the composition, spectral shape, and origin of 
cosmic rays of energy >, 1015 eV, posed problems that may be as much particle 
and nuclear as astrophysical. 

#2 NSAC, HEPAP, AND THE FUNDING OF OUR SCIENCE 

The funding problems facing our field were the principal focus of the town 
meeting held earlier this week. There was a good deal of worry and pessimism 
expressed. One concern I have is that our field’s attitudinal problems may 
discourage young people from remaining in physics. I would like to offer a 
relevant theorem: “It is easier to do good physics with a little money and lots 
of talent that with lots of money and little talent.” If budget cuts come, the 
future is best preserved not by protecting the status quo, but by assuring that 
opportunities for young people and new physics remain open. I think human 
resource issues tend to get lost in our discussions. 

Another old theorem is that “We must all hang together or surely we will 



all hang separately.” Nuclear physics and particle physics appear already to be 
among the lower priorities of the funding agencies. In this climate, I hope the 
two fields will see the wisdom of supporting each other. 

#1 APPRECIATION FOR THE EFFORTS OF THE ORGANIZERS 

Number one on my top ten list is appreciation for the efforts of the orga- 
nizing committee and Wim van Oers in putting together this fine meeting. We 
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and the feelings of community that exist among these intersections. 
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