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“The pure and simple truth is rarely pure and never simple.”
Oscar Wilde

Abstract

A bricf review on the status of the 17-keV neutrino is presented. Several dif-
ferent experiments found spectral distortions which were consistently interpreted as
evidence for a heavy neutrino admixture in f decay. Recent experiments, however,
rule out the existence of a 17-keV neutrino as well as escaping eriticisins of carlier
null results. Morcover, the majority of positive results have been reinterpreted in
terms of instrumental effects, despite the need for a different explanation in cach
case. Anomalies persist in the low energy region of the tritium spectrum which
deserve further investigation.

Invited paper presented at, The 5th International Workshe p on Newtrimo Teleacopes,
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1 Introduction

The possible existence of a 17-keV neutrino has been a subject of debate for more than
seven years. The intent of this paper is not to review in detail all experiments to date but
to highlight those aspects of the debate which are most relevant to the present discussion.
Concentration is on recent developments which finally point towards a resolution of “the
17-keV conundrmin”. Work during the past year has deepened our understanding of the
difficulties in performing precision measurements of nuclear 8 decay spectra. In particular,
the hazards associated with instrumental shape corrections are even more important than
previously imagined. Indeed, seemingly innocuous effects make certain “null results”
unrecliable whiie others have the potential to masquerade as a “real” signal.

For this discussion it is sufficient to consider a two-state model of the electron neutrino:

|ve >= cosOlvy > +sinb|v, >,

where v, and v; arc states of definite mass which couple to the weak interaction eigenstate
V.. In this scheme, the g spectrum becomes an incoherent sum of two g specira with
different end-points. The Fermi-Kurie plot iz defined in the conventional way, which is
a limear function of the S energy in the case of a single-component, massless neutrino.
With a heavy neutrino admixture the Kurie plot would exnibit vwo components shown
schematically in Fig.1. The spectrum is said to exhibit a “kink” at the threshold energy,
Q — M3, and the size of this kink determines sin? 0, the mixing probability for a heavy
neutrino.

Scarches for heavy neutrino admixtures in f decay spectra rely on a comparison be-
tween data and theory. It is customary to define a shape factor (Fig.2) which is simply
the ratio of the experiinental data to the theoretical spectrum in the absence of mas-
sive neutrinos. This coinparison is made after folding instrumental corrections into the
theoretical spectrum which generally lead to a departure from the ideal Fermi shape. 1t
follows that sensitivity to the physical parameters of interest is dictated by one's ability
to measure this shape accurately. While recognizing a threshold effect (in an otherwise
featureless spectrum) is a function of energy resolution, the size of the distortion is gov-
crned by the magnitude of sin? 0. Consequently, constraints on smail values of the mixing
probability are dictated by counting statistics and systematics cansing energy dependent
shape factors in the measured 7 spectrum.

The repion over which the 1 spectrum is substantially nonlinear is not very wide in
units of Afy. Specilically, with M, 17 keV, 50% of the distortion ocenrs in the first
2.6 keV below the threshold. It is often difficult to obtain the statistical accuracy to
observe a kink reaably, particularly when sin? @ is small. A signilicant part of the signal is
conbained, howe erg by noting, a change in slope of the Kurie spectium above and below
the threshold, Pence, the sipnature for heavy neatono emission exhibits bwo features a
local “kink” repion where the spectrum is nonlinear, and a longer vanpe effect associated
with a plobal chanpe mospectral shape, The latter part of the signal is most susceptible

tosystemabie imevttanbies assoc sbed with imstiomental shape conrections:!

"Farthes detwile concemmng, the mgnature for heavy neutsing emimsion me /4 de v apectta wd the
efbe ol vedttomental correcbions can e found v refa [I'},I:ll



2 History of the 17-keV Neutrino

2.1 A Tritium Experiment

The history of the 17-keV neutrino originates with Simpson who measured the 8 spectrum
of tritium implanted into a silicon detector. The experiment is unique for its calorimetric
design, providing a total absorption calorimeter that allowed a measurement of the tritium
spectrum down to a low energy threshold of ~850 eV. Originally motivated as a means to
study the tritium endpoint[l], the spectrum was later used to search for heavy neutrino
admixtures in the range of 350 eV to 10 keV(2]. A subsequent analysis of the low energy
region exposed an excess intensity below 1.6 keV, the result of which was interpreted as
evidence for a 17-keV neutrino admixed at the 2-3% level(3]. The anomaly is the only
departure observed in the tritium spectrum over the entire energy interval extending up
to the endpoint of ~18.6 keV. Otherwise, the measurement is a beautiful reproduction of
that predicted by Fermi theory.

The interpretation of heavy necutrino emission was scrutinized when it was pointed
out[4] that an incorrect choice of the screening potential and exchange effects in atomic
tritium could be the origin of the discrepancy. Sitnpson reanalysed his data[5) using what
is generally agreed as the correct atormnic physics for free tritium but found that the effect
was not reduced by more than ~25%. This conclusion was verified by Weisnagel and
Law|6] after performing a thorough analysis of Simpson’s data including a self-consisteut
treatment of atoinic screening corrections, exchange effects, as well as radiative correc-
tions. The matter is further complicated since such experiments do not employ free tritium
but rather tritium bound within a crystal lattice. In this case the uncertainties inherent
in the atomic physics of bound tritium are more problematic[7]. Nonetheless, the sudden
departure in the shape of the tritiumm spectrum is not casily described by conventional
atomic physics. It scemed that the original tritinm data still supported a 17-keV neutrino,
albeit with a mixing probability of only ~1%.

2.2 Enter a Controversy

The 17-keV neutrino entered into oblivion after a flurry of experiments measuring, Lhe
f decay of ™S wich au end-point energy of 167 keV. Measurements were performed
with magnetic spectrometers[8] and with cooled silicon detectors[9]. Very low limits were
claimed on the mixing, probability for a 17-keV neutrino compared to the 2 3% suppested
by Simpson. The 17 keV burial wiei nevertheless premature. Al negative results were
criticized|[h], cither for Haws in data analysis or for incomplete knowledpe of systematic
effects. I was even advocated[h 10] that two cases were consistent with the emission of
a 17 keV neutrino. These condusions were diawn after reconstracting spectra fiom the
publizshed shape factors and reanalysing the data over a narrow repion around the thresh
old enerpy for a 1'1 keV nentrino. I there s any justification in such an analysis it denves
from the potential visk of burymg a heavy newonimo signal throuph seeminply mnocuouns
assumplions i the datacanalyvas. There wa fear, however, it this reanalysis over sncha
narrow 1epion conld mustake statistical lactuation. asoa physical ellect Copsequently) the

ot of potive eflectzm these expenments o wan ng, wilthout amore nporous featient



of the data.

A feature common to all magnetic spectrometer measurements is that, after known
corrections are invoked to a data sample, one does not obtain a f spectrum shape in
agreement with expectation. It is extremely difficult to a priori measure or calculate the
energy-dependent efficiency of a magnetic spectrometer at the required level of accuracy.
The problem is handled by applying a “shape correction factor” which normally takes
the form of a polynomial in the # energy. The arguments applied assume that all sys-
tematic distortions are “smooth” and that such distortions cannot mask the signal for
a heavy neutrino. In addition to the ¥S measurements, a detailed report described a
search for a 17-keV neutrino in the ®Ni spectrum at Chalk-River[11], perhaps the most
impressive magnetic spectrometer measurement to date. Despite great atiention Lo detail
the measured shape deviates from the theory by ~3.5% over the interval studied. While
the Chalk-River data clearly rules out the 3% admixture originally claimed by Simpson,
it remains questionable if the data retain sensitivity to heavy ncutrino admixtures below
the 1% level.

The polential to suppress one's sensitivity to a heavy ncutrino signzture through
the use of ad hoc corections has been a catalyst for debate and a main ingredient, for
controversy concerning the 17-keV neutrino. The subtleties concerning the use of arbitrary
shape corrections has not been fully appreciated until recently and this point will be
discussed further below. Suflice it to say that the criticisins put forth do suggest that the
bounds reported in these early experiments are overstated aud that further experimeats
were reqaired to resolve the matter.

2.3 Corroborative Evidence ?

An attempt to resolve the controversy was made in two new experiments carried out by
simpson and Hime at the University of Guelph. In the first place, the original Simpson
experiment was repeated by implanting tritium into a hyperpure germanium detector{7],
an experiment which circuivented many of the intrinsic uncertainties outstanding in the
implanted silicon measurement{3]. There again, a sudden excess of counts was observad
consistent. with that first reported by Simpson. A second experiment used 8 sources
together with a silicon detector|12] where the higher energy electrons circumvent the dif
ficulties associated with atomie physics in tritimm decay. Such an experiment adimits new
difficulties, however, i that one s faced with the task of recording electron energy specira
from sources that are external to the detector, Nonetheless, a distortion appeaced which
could be aeseribed by the emission of a heavy nentimo and with parameters consistent
wilh those extracted from the tritiem experiments. It seemed more than a striking co
maidence that two very different expetiments should yield consistent results. The latter
paper also quantilied some of the eriticinms applicable to the cadher nepative experiments,

with a concluding, tesnark by Simpeomn that s well heeded,

“Contrary to mtuthon, a vull resull o not necessarily more reliable

than o positive vesull™,

The "5 expemnents at Guelph emploved an ancollunated peametiy which pernnte,

unnecessaty cnetpy losses when elections penctiate the edpes of the alicon deteator . In



addition, the lack of collimation allows stray electrons to scatter from material in the
vacuum chamber which can enter the detector with less than their full energy. This moti-
vated improved experiments, performed at Oxford University, which utilized a collimated
geometry and thinner source substrates. Despite the changc in geometry, 3*S measure-
ments at Oxford[13,14] revealed a pronounced eflect (Fig.3) representing an 80 deviation
from the shape expected for a massless neutrino spectrum. Once again, the distortion
was well described by the emission of a 17-keV neutrino, consistent with reports on tri-
tinm and S from the Guelph experiments. The *S measurement was complemented
by a measurement of the Ni spectrum[13,15], offering a systematic check owing to the
different sources employed and the 100 keV shift in electron energy. The lower energy
electrons in the case of ®*Ni decay lead to larger sytematic uncertainties[14,15]. Nonethe-
less, a distortion was observed which was also consistent with the emission of a 17-keV
ncutrino.

Mecanwhile, a novel experiment employing a '*C doped germanium deteclor was per-
formed at Lawrence Berkeley Laboratory (LBL). Such an experiment reaps the benefits
of both the tritium and S experiments discussed here. On the one hand the bolometric
style mimics the simplicity of the experiments employing implanted tritium. On the other
haud, the endpoint energy of "C (~156 keV) yields clectrons with energies comparable
to that of 33§ decay such that atomic physics, problematic in the tritiuin case, are circum-
vented. The LBL group reported a distortion in their MC spectrum(16], also consistent
with a ~ 1% admixture for a 17-keV neutrino.

Table 1: Positive Results

Fxperinment Isotope (sin?0)x 100 M, (keV) Q 17 keV ref.

Guelph Min Si(Li) 1104 030 17.07 +0.09 1.6 [3,7]
Min HPGe  LI1A 037 16.93 1 0.07 1.6 [7]
g 0731011 169104 150 [12]
Oxford ang 078 4:0.00  16.95 1 0.35 150 [13,14,15]
GIN 099 1022 16.75 1 0.38 h) [14,15]
L1, M HPGe 126 1025 166 1 0.6 R [16]

The positive results stnnmarized in table | derive from measurements using a vaniety of
f emitters in different experimental envicoments, and spanning, two orders of magnitude
in the thieshold enerpy for a 17 keV neotrino. Without resorting, to a conspiracy the data
seem Lo provide an overwhelming case for a 17 heV nenttino. While the reliability of the
carhier null yesults remams questionable (see discuszion below) more 1ecenl experunents
(iscussed morection 4) definitively rule out o 1% branch for a 15 keV oneatrino, Herein
hies “the 17 heV conundinm™!



3 Sensitivity and Shape Corrections

It has long been argued(5,12,13] that the null results asserted by the magnetic spectrome-
ter experiments are largely overstated and that sensitivity to small admixtures of a heavy
neutrino is limited by systematic uncertainties associated with instrumental shape cor-
rections. The crux of the argument is that energy dependent shape corrections are not
known a priori and the need for such corrections becomes apparent only after attempts at
fitting data without such corrections. The problem is usually handled by applying smooth
shape corrections in the form of a polynomial in the 8 energy. Both the form and order
of such corrections is arbitrary, however, and the criteria for halting a given analysis is
determined when a “good fit” is achieved - that is, wken a flat shape factor is obtained.

Due to the nature of the signal, the addition of unknown degrees of freedom in a
fitting routine creates additional corr:lations with the physical parameters of interest,
consequently decreasing the overall sensitivity of a data sainple. While it secems counter-
intuitive that smooth corrections can mask a heavy neutrino signal one is reminded that
a large part of the signal lies outside of the “kink” region. Morcover, the corrections
invoked represent ~ 3 to 10% deviations from the Fermi shape, significant in comparison
to a 1% admixture for a 17-keV neutrino. It remains a question of statistics whether or
not the data retain sensitivity to a heavy neutrino signature when confined to a narrow
cnergy interval.

The potential hazard in applying “arbitrary” shape corrections is quantified in the
Monte Carlo studics by Bonvicini[17] who has clearly demonstrated the ability of a non-
linear distortion: to bury a heavy neutrino signal and still be “well-fitted” by smooth shape
correctio.s. Hence, if instrumental shape corrections cannot be determined independently
from the B decay measurement itself, systematic ancertaintics can be estimated only by
varying the type of shape correction applied and noting the correlation induced with the
heavy neutrino mixing probability. As demonstrated in ref.[17], these correlations are
potentially very strong and it is unlikely that the earlier “null experiments” are capable
~F ruling out a 17-keV neutrino admixed below the 1% level. The only way to overcome
such correlations is to determine a priort any energy dependent instrumental effects in a
given experiment. Otherwise, very large statistical samples of data are required in order
that a “kink” be searched for direetly.

1 Recent Null Results

‘The potential difliculty i applying, arbitrary shape corrections has tevently been cirenm
vented i a mapnetic spectiometer measureinent. of the “Ni spectium at the Tostitute for
Nuclear Studies (INS) in Tokyo[18]. Although nnkown shape corrections are required in
fitting, the data, the very tuph statistics accmmulated i the repion of interest makes 1t
extremely unlikely that a 17 keV nentiinoe has been overlooked in this experiment (1ig.4).
Specitically, the o 20w 107 events acoummlated between 39 and 60 keVoallows one to
search for a 17 eV “kink” directly. AL the recent. Motiond Work:hop, Holzschuh[19)
presented resalts from o '/NEmeasirement usig the Zurich toroudal spectionieter wheie,

agaun, i dedicated searchin the “kink repon™ Teaves hitle toom for o 17 keV oneatemao



Other magnetic spectrometer searches have continued over the past few years. Efforts
at CalTech[20] have seen improvements in the performance and understanding of their
spectromeler, and tests to demonstrate sensitivity to a 17-keV neutrino continue. The
Princeton group have also continued their measurements of the **S spectrum(21], including
a more rigorous treatment of systematic effects. In particular, it has been found that their
need for a shape correction is greatly reduced when account is inade for clectrons which
back-scatter from the source substrate. The back-scattering contribution has been studied
in some detail and their limit on the mixing probability for a 17-keV neutrino appears quite
stable against uncertaintics in this correction. The accuracy of the Princeton measurement
has further been demonstrated in that a good fit to the spectrum is achieved over a rather
wide energy interval, without the need for further shape corrections.

Perhaps the most convincing evidence against the 17-keV neutrino follows from the 3°S
measurement (Fig.5a) performed at Argonne National Laboratory[22). A silicon detector
was employed in the same vain as the Guelph and Oxford experiments, however, the use
of a solenoidal magnetic field provides a natural form of collimation wherein electrons are
focussed from the source into the detector with essentially 27 acceptance. Measurements
of the electron response function included internal conversion electrons from '?*Ce, offering
calibration lines bracketing the region of interest. In this way the response function could
be interpolated over an energy interval relevant to the search for a 17-keV neutrino. The
Argonne group have demonstrated the sensitivity of their experiment by performing an
independent measurement with a small component of C admixed into a **S source. A
fit te the data reconstructs the spectrum beautifully (Fig.5bh), a difficult if not impossible
task without an accurate understanding of systematic uncertaintics.

Table 2: Recent Null Results

Experiment  Isotope  (sin?6)x 100 M, (keV) el

INS Tokyo  ®Ni < 0.08 (9% CL) 10-25 [18]

Argoune "S < 0.25 (95% CL.) 1045  [22]
Princeton #S < 0.29 (95% ClL.) 17 [21]
Zurich “INi ~ 011 (95% CL) . L

5 Ulectron Scattering Effects

The null results sunmmanized in table 2 shine sevions doubt on the existence of a 17 keV
venttino and one i foreed to reexamine the possibifity that instramental artifacts are the
otipin of the anomalies observed in {1 decay spectra. This seems an wanbitious task since
one vequires adifferent explanation for several different experiments. Election scattering,
cllects wete constdered by Pillonen and Abashian{23] who concluded that the distortions
observed i the Oxford expeniments could be due to an mcomplete assessment of Lhe

election response function. At question is the small amplitude for elections which seatter



intermediately fromn material between the source and detector. A first glance suggests that
such a solution is untenable. Scattering effects are geometry dependent, and the change
in geometry from the Guelph to Oxford apparatus was motivated as a systematic check
agairst scattering effects. Thke null result from Argonne Laboratory strongly suggests,
however, that scattering effects are the culprit in the Oxford and Guelph experiments since
the focusing field in the Argonne geometry circumvents the need for material between the
source and detector.

5.1 Experiments at Oxford

Experiments at Oxford[13-15] employed thin radiation sources in a cylindrical geometry
with a cooled silicon detector. The aim was to provide a well defined geometry in which
electrons are normally incid:nt on silicon, an improvement on the scheme used at the
University of Guelph(12] where no formn of collimation was used. Chamfered apertures
at the source and detector restricted electrons to be incident on the detector with angles
less than 10 degrees. An aluminium baffle was placed between the source and detector to
prevent interactions with the walls of the vacuum chamber. Apart from the intrinsic en-
ergy resolution of the detector one must accommodate the finite probability for ionization
when elect: ons pass through the contact of the deteclor, as well as the fact that electrons
can back-scalter from the silicon crystal. These effects create an instrumental energy
dependence in the shape of the experimental spectrum, details of which are neccesary for
an accurate comparison between data and theory[13).

Recently, this author studied the cilects of scaltering[24] described by Piilonen and
Abashian[23]. Intermediate scaticring effects (Fig.6a) represent second order corrections
compared to those of encrgy loss and back-scattering effects (which were accounted for
in the original analysis). lHence, it seems unlikely that such small effects could play a
significant role, particularly when the results proved robust against uncertainties in the
deminant components of the electron response function[13-15]. Nonetheless, the distribu-
tion of electrons scattered from the aluminum baflle is such that it eflects primarily the
last 20 keV of the S spectrumn. Indeed, a reanalysis of the Oxford ¥S and ®Ni data
produces an equally good fit, to the data when the heavy neutrino hypothesis is simply
replaced by that based on electron scattering effects|24].

The potential to suppress a heavy neutrino signe!  arough an incorrect assessment,
of instrumental effects has been emphasized in this paper. One can only wonder if this
reanalysis of the Oxford data has done nothing more than bury a “real” ellect. Tn this
viin a more rigorons analysis of cabbration data (from internal conversion electron mea
surements performed in patadlel with the Oxford f decay measuremets) was carried out.,
A small effect was unveiled which is in good agreement with the Monte Carlo simulations
of inwermediade scattenny, effects (Fip.6b). In addition, an idependent study at Oxford
has adso demonstrated the impoirtance of election seattering, effects. By performing a
senes of tests with vanations on the source/detector geometry it s found that the Oxford

experiment does nol support the presence of a 17 keV neatiinol2h).



5.2 Experiments at Guelph

The geometries employed in **S measurements at Guelph[l12] are quite different than
that at Oxford. Hence, it is non-intuitive, and seemingly contrived, that such similar
effects appear in both experiments. Measurements at Guelph were made with **S sources
in both “near” and “far” geometries without the use of baffles or aperiures between
the source and detector. A complete simulation of ihe Guelph geometry has proven an
ambitious task since the absence of collimation at the source and detector allows many
scattering sites. Furthermore, calibration data accumulated in the Guelph experiment
are not rich enough to unfold all of the relevant components of the response function in
this complicated geometry. The electron response function used in the Guelph analysis
represents a first order approxomation to a more complicated description. For example,
clectrons can scatter from an effective aluminium balfle housing the detector in the Guelph
“far” geometry. The resulting distribution takes a form very similar to that of electron
scaltering from the aluminium baffle in the Oxford gcometry.

The Oxford data is clearly very sensitive to small, and presumably innocuous, depar-
tures from the “truc” response function. Hence, it is feasible that the anomalies observed
in the Guelph data are also susceptible to reinterpretation. Attempts at reanalysing the
Guelph data have indicated the sensitivity to small variations on the clectron response
function. Without a more robust handle on the response function appropriate to the
Gueiph experiment the data cannot make a reliable case for the 17-keV neutrino admixed
at the 1% level.

6 IBEC Measurements

Searches for a 17-keV neutrino using internal bremsstrahlung spectra have been made,
although with less definite conclusions. A study of the 1 spectrum[26] in 1986 lacks
the statistics to rule out heavy neutrino admixtures below the 1% level. A positive result
emerged from Zagreb[27] where Zlimen et al. employed "'Ge. The statistically weak result
is over-optimistic, however, even at the quoted 20 level. While carlier studics of the %Fe
spectrum(28] fai'ed to find evidence for a 17-keV neutrino, a group at LBL reported an
anomaly consistent with a 22-keV neutrino[29]. Furthermore, a measurement of the ' Ge
spectrum in Argentina[30] found, not a 17-keV neutrino, but an anaomaly prescribed by a
14.-keV neutrino! While the diserepancy amongst the various IBEC experiments seriously
calls into question their sensitivity, it is a clear indication that fortuiteus results will arise
when systematies are not completely understood.  This point s further substantiated
in the recent reanalysis of the ™' Ge spectrum at Argentina[31], where a more detailed
analysis of instrumental response and uncertainties associated with p wave capture has
lead to an upper limit of 0.5% on the mixing, probability for a 17 keV neatrino.

A Timiting, feature of IBEC studies follows from the intrinsically low rates achievable.
Consequently, large source volumes are required Lo obtain the desired activity with the
result that the system exhibits a rather complicated response function for photons. Fur
thetmore, the energy dependence in this response s diflicult to detenmine at the required

level of accumtacy. A model of the response function must. be invoked Lo account for un



certainties duc to energy dependent detector efficiency, photon self-absorption in a finite
sized source, as well as Compton scattering and back-scattering effects. While the work at
Argentina only marginally excludes a 17-keV neutrino, the recent work at LBL(32] using
55Fe must be taken seriously. Despite a branching fraction of ~ 3.3 x 10~5, about 107
counts/keV have been acquired in the region of the expected kink. An analysis over a
narrow region in the data is paramount to a direct kink search and excludes the presence
of a 17-keV neutrino (admixed at the 0.8% level) at the 7o level. An independent analysis
using the second derivative of the spectrum (a procedure similar to that utilized by Simp-
son[2] in 1981), which shows a clear effect in a Monte Carlo simulation, is all but flat in
the data. This “local” kink search circumvents the difficulties associated with long range,
energy dependent effects which can otherwise limit one’s sensitivity to a heavy neutrino
signal. It thus seems that the IBEC measurements at LBL are also in serious conflict
with the existence of a 17-keV neatrino.

7 Missing Links

7.1 Tritium Revisited

The experiment of Stocfl et al., using gaseous tritium in their large toroidal magnetic
spectrometer, has unveiled intcresting results in the low cnergy region of the tritium
spectrum(33]). The superior energy resolution in the Livermore experiment allows an
“end-to-end” measurement of the spectrum with a threshold of essentially zero energy.
Surprisingly, a large excess of counts was discovered in the low energy region, amounting
to ~30% of Lhe total integrated spectrum. While much of the intensity is contained in the
first 200 cV of the spectrum a long tail extends to higher energics. Interestingly enough,
the deviation from the conventional shape occurs below ~1.6 keV, precisely where the
deviation is observed in the tritium experiments at Guelph.

An explanation of the Livermore data, whether a molecular, atomic, or nuclear effect
remains unkown. A possibility, suggested by Stoefll, is that the excited final states of the
HeT* molecule (also ~ 30% of the tritium decay rate) autoionize. The low energy (shake-
off) electrons that ensue would subsequently be collected in the spectrometer. Confidence
in this interpretation relies on one accepting that essentially 100% of the excited final
states proceed in this manner and a theoretical calculation would be useful in this regard.

How does Lhe recent finding al Livermore relate to the anomalies observed in the
tritium experiments of Simpsoa and Hlime at Gaelph? ‘I'wo possibilities come to mind.
One is that the rise below 1.6 keV was first seen by Simpson as an indication of a 17-keV
neutrino but misinterpreted due to the higher threshold and poorer energy resolution. In
this case the excess of counts must be due to interaciions of the g electron and not from
secondary electrons associated with atomic or nolecular physics.  On the other hand,
the Guelph and Livermore observations may not be related. For example, if the excess
obaerved at Livermore is associated with an atomic clectron then the effect would not be
observed in the Guelph expriments sinee it would accompany a f§ particle and the total
energy of the two electrons would be summed i the detector.
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7.2 LBL Y"C Measurements

While the results from the Livermore experiment are intriguing in their own right it is far
from clear that they bare any resemblence to the original observation by Simpson. Equally
baffling is the positive result obtained in the LBL C experiment[16). Indeed, an under-
standing of that spectrum requires yet another explanation, different than that for tritium
or the experiments employing silicon detectors with external sources. A disadvantage in
the "C experiment is that the response of the detector is not measured with monoen-
ergetic electrons originating within the implanted detector, a problem shared with the
experiments employing implanted tritium. Instead, only the intrinsic energy resolution
is determined using external photon sources. Photons at the relevant energies interact
predominantly via the photoelectric effect, <jecting photoelectrons that are indistinguish-
able from a f particle. Nonetheless, the sensitivity to small departures in the electron
response function is clearly demnonstrated in the reanalysis of the Oxford data. The latter
result serves as a warnirg that the true response function might not be determined in the
4C experiment.

The low rates (~25 [1z) in the "C experiment make background subtraction an impor-
tant issue. The background is subtracted from a different detector (not containing C)
possibly leading to unkown discrepancies. Of greater concern is the need to veto degraded
events that occur near Lhe boundaries of the detector. The latter point seems relevant
since an analysis of “unvetoed versus “vetoed” data reduces the mixing probability for
a 1/-keV neutrino from 1.2% to 0.75%. This spread of 6.45% is too large to be the re-
sult solely of events occuring near the detector boundary. Studies have shown, however,
that electronic cross-talk in the veto systein can create anomalics in the spectrum. While
further investigations are required to fully understand the problem, the LBL group have
recently concluded that the latter effect is the likely culprit for the " C result[34].

Unlike the 2H, S, and *'Ni spectra, '"*C exhibits a significant theoretical deviation
from allowed 3 decay. This forbidden contribution to the shape of the "C spectrum is
modelled by an additional parameter in the form of a linear shape factor. A measurement
of the MC spectrumn at Princeton finds both an endpoint energy and forbidden shape
correction that are statistically different than the values deduced in the LBL experiment.
Whether these diserepancies offer any insight into the LBL anomaly s not clear. Further
insight may come from the "¢ experiment underway at Argonne National Laboratory. It
will be interesting to see if the poesent generation of f# decay measurements are sensitive
to such phenomena as forbiddon shape corrections.

8 Summary and Conclusions

The scarch for heavy neatrino admixtures in nuclear f# decay spectra has proven a most
ambitious task, and the dithiculties inherent in such searches is clearly dominated by
nnderstanding systematic effects. Perhaps this observation is not uicommon to any scarch
for physics beyvond the standard model where we musi probe natare beyond the 1% level.
Studies over the past year have indicated that great cave is requied to anderstand enerpy

dependent shape conections. Indead, seemingly innocnons assumptions can lead to hoth



“negative” and “positive” ciaims for heavy neutrino emission when systematic effects are
not properly taken into account.

Recent experiments definitively rule out the presence of a 17-keV neutrino and circum-
vent the criticisms applicable to earlier “null” results. It remains a remarkable coincidence
that several different experiments found consistent evidence for a 17-keV neutrino, indi-
cating a rather unique situation in the history of physics. On the one hand, experiments
using external sources with silicon detectors have been reinterpreted in terms of electron
scattering effects. It seems, despite the bizarre coincidence, that the '*C anomaly is also
the result of an instrumental artefact. It is perhaps ironic that the last remaining item
awaiting to be resolved is the low energy excess in the tritium spectrum first seen by
Simpson seven years ago. Whatever the reason, the anomaly is not the result of a 17-keV
neutrino. What a pity!

I would like to express my thanks and appreciation to Professor Milla Baldo-Ceolin
for providing us with a plecasant and stimulating enviroment at this coaference. AH is
grateful to Los Alamos National Laboratory for an Oppenheimer Fellowship.
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