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PREFACE

f.u

Up 1o the present ’nme, the determination of atomic nuclear masse
hag always been discassed by mass speciroscopisis at waass bp’&—i-al‘ -
scope conferences and by (-value experts at nuclest “}hysics con-
jerences. No conference has so far been held bringivg togethe:
scieniists working on nuclear masses, but engzged m differeni
spheres of work, It is therefore especially pleasing that % hac besn
posmbie to asserable such a conference now, i which the maass
apectroscopisis and (-vahie-, beta decay-, and microwave-experts,
all dealing with zhe determinaiion of awmje;: masses, ¢an meet
together. Unfnrtunately, we bave not baen suvssssiulin arousing the
interest of & greaier nounber of theoretina! sta i this syna-
posiam. We hogpe this may be aclieved a )n‘:e‘n,nce
be held again somewhere, for the axc '}
involved in the de stesmination of nuck:
frmtful through s closer collaboration w
The guestion of 2rrors in messvrement s gn important part
in this book, as iz always the case when peenle who Jeal with pre-
cision messurement come together, This iy given some
more remote observers the impression thzi the mensurement of
unclear masses is an unusvally badly ce'nnopev ficld. Therefore
it may perhaps not be superflucus, st least in one place in this book,
to give exprassim 10 2 matter which is held as self- evident by experis
working in ihis eid, namelyv tbat in mavy cases nuclear masses are
determined with an accuracy of 1in 10 milhons and that a thorough
discussion of error involved or evsmuahy passible in a measurement
~constitutes an csseatial criterion of true presision determieation,
The discussion has not been wprodm.ced i full. Partly it was
possible 1o shorten i, whilst some question ramnarks had o be
smitted as no written vevsion froxs those who wx’) part in the dis-
cussion was available, neither was the tape recor dmg aiwayvs satis-
{2ciory. Individual articles have been revised by their suthers as
well as the ensuing discussion, As we wished o avoid toc great a
delay in publication, it was not possibie to et every one takiy__g part
in the discussion have the proof-sheets for ail remarks made by
them during ihe discussion. In these circumstancss it will have
hardly been possibie to exchude all mistakes which crept into the
records of the discussion.
To conclude, I would Like to thapk everybody who bas helped
with this symposium, Our special thanks to Our geaerous sponsors
have been expressed by Professor Hamy in his opening address. 1

. will only move
erists,
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would, however, like to thank Professor HAHN himself for the
effective help he has given in making this symposium possible.
Furthermore, I express our most cordial thanks to Professor
MATTAUCH for his assistance in making use of the tape recordings
and to Dr. MULLER-WARMUTH for making them.

H. HINTENBERGER

Max-Planck-Institute for Chemistry,
Mainz.
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OPENING REMARKS

Ladies and gentlemen!

May I extend a warm weicome to you and thank you for taking
the trouble to come here to Mainz to take part in this symposium
on the precision dstermination of atomic nuclear masses.

As is natural for this limited theme, the circle of participants and
those interested is none too large. But as 4 compensation, it may be
observed with satisfaction that every mass spectroscopic group
dealing with: the measurement of packing fraction is represented
here. Another fact which perhaps makes this symposinm of speciai
value, is the presence here, in addition to the mass spectroscope
experts, of physicists working on the determination of nuclear
masses, who are concerned with other aspects. There bas long bean
a deficiency in the field of nuclear masses, for though numerical
values with claims to high precision have been published by varicus
research groups, yet the numerical values much beyond the margios
of error of the various groups do not tally. Therefore a compre-
hensive discussion among those working in this field seemed to be
urgently needed. It appears of late to have become increasingly
clear that a wholly systematic discrepancy exists between nuclear
masses determined by mass spectroscopy and those derived from
nuclear reactions. The main objective of this symposium must
indeed be to make some contribution to the solution of this dis-
crepancy. - '

Perhaps I may be allowed to say & few words on how this sym-
posium came about. Last year, Herr MATTAUCH celebrated his
sixtieth birthday and as it had long been his wish that a symposium
of this kind on nuclear masses should be held, his colleagues wished
to afford him thai pleasure for his birthday. But it was not possible
to implement the original plan as speedily as the calendar and his
birth-certificate required, without sacrificing the attendance of some
essential participants in the symposium. It therefore seemed pre-
ferable not to adhere too strictly to dates and to leave time for the
plan to mature for convening the symposium. An especially favour-
able opportunity was afforded by the Amsterdam conference on
nuclear reactions, which brought many international visitors to
Europe from all over the world. Practical and economic considera-
tions counselled the holding of this symposium as a sequence to such
a conference, in order to save both time and travelling expenses for
those pasticipants coming from a great distance, although the date

- &2
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selected is not very convenient for German dmversny leciurers, a8
the end of term fails in this week.

Refore concluding this address of welcome, I would like to express
my specie. thanks to, those who have helped in overcom;ng the
financial difficuities, above all the Federal Ministry in Bonn, Pro-
fessor K. WinNACkeR of the “Farbwerke Hoctst” and the “Max-
Planck-Gesellschalt” in Géttingen.

In conclusicn, I wish you every success in the symposium aund I
wish all pariicipants a pleasant stay in Mainz.

0. Hauy,
President of the Max-Planck-Gesciischaft, Goitingen.
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I}
THE PRESENT STATUS OF THE
DETERMINATION OF NUCLEAR MASSESt

K. T. BAINBRIDGE
Zarvard University, Cambridge, Massachusetts

It 15 a pleasure to convene, to make and to renew acqurintasd
and to exchange ideas within the fisld of the precise dctemumdun
of atomic masses in aszociation with President Orro HAHN, dirsctor
emeritus of the Max-Planck-Institut filr Chemie, and with Frof
JoseF MATTAUCH, the present director.

Many of us met nsarly five years ago at a sympesium on fdass
Spectroscopy i Physics Research held in Washington in Sepferber
1951. The meeting, one of a serics of twelve symposia held 1o com-
memorate the semicentennial of the U.8. National Burean ¢ f Stand-
ards, was supported by the U.S. Department of Commerce and the
'J.8. Office of Maval Research., That cor ference was unigue 1o my -
knowledge as the first internationa! conference it me field of mass
‘spectroscopy, 4 field which has done so mauch to advance the scienczs
of physics, cheraistry, and medicine, and which has spread inic every
engineering and iechnological field.

Considering one phase .of physics only, a large part of ouer Ecx*w
ledge of nuclear forces of the most fundamental kind has come & “m
emyirical knowledge of the masses of nuclei and the syatemanm
nuclei.

Although there have been many theoretical calculations of the
binding energies of helium and lighter nuclei, g0 sau*?acmry
detailed theory of heavier nuclei has been developed. The isotepic
weight M, or mass of an atom, is of fundamenial interest. Whit the
mass number A, the atomic number Z, and the neutron number
N = A—Z are known for the hundreds of stable and uostabie
nuclei, M is in many cases not available, and in other cases mcmasm
accuracy in the determination of M would be desirable.

The available M values, together with a huge amount of data on
radioactive decay schemes, have been correlated within the sexai-
empirical drop model formula.®-"

An entirely acceptable theory of the masses of atomic nuclei must
be able to predict the actual values. At this time, the semi-empirical

t-Supported in part by a joint programme of The Office of Naval Rescarch
and the U.S. Atomic Energy Commission.
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6 K. T. BAINBRIDGE

formulation of an energy surface permits interpolaticns and extra-
polations which are and have been of great value, but which are
recognized as the coarse generalization of more precise information
won by experiment. They supply no final substitute for measure-
ments and more complete knowledge derived from experiment. The
very nature of a liquid drop model excludes such structural details,
with their external manifestations, as appear in the shell thzory
developed by MavER, JENSEN, SuEsS, HAXEL and others. (8-1%)

Fruasser first pointed out that there must be some sort of sheli
structure in nuclei for which, at certain values of Z and WV = 4--Z,
specially siable confipurations resulted.® A large field of interest
for precise mass measurements lies in the comparisen of semi-
empirical mass equations with such precise mass data, a comparicon
which is the subject of WAPSTRA’S talk for this symposium. ¢3-17)
Not only ars shell structure effects on binding energy uncovered, but
also the general detailed basic foundations of the formulas can be
examined. -

The four fields of physics primarily concerned with the precise
measureraent of mass data are all represented in this meeting. The
uses of precise rass data and assocated information extend far inio
physics, chemistry, astrophysics, and geophysics. We ali share the
respensibility of contributing to the erection of a stable and periodic-
ally impraved structure.

There ware available in April 1951 two new mass scales, indepen-
dently measured, for the light elements. One was that of L1, WHALING,
Fowrer, and LAURITSEN, derived from puclear disintegration
snergies. 8- 1%) The other was the less extensive mass-spectrographic
scale measured by H. EWALD who at that time was at this institute, @%
I mention thus particularly because the excellence of EWALD'S
doublet messurements of 1950 and 1951 has become even more
apparent with the passage of time. These measurements and equiva-
lent doublets constructed from Lr's table agreed statistically with
only one exception among 16 doublets. In other words, the errors
in both reports behaved very nearly according to the distribution to
be expected for random errors of the magnitude reported.

There were two gross differences occurring at the 28 and the
UNe doublets, where statistically only one would be expected.
EWALD’s 1951 results @9 are in even better agreement with WAPSTRA’R
1935 tabulation ®) based on recent Q values, and with the doublets
measursd by ScoLmaN, QUISENBERRY, and NIER. (3. ¥)

There were at that time (1951) other recently published mass data
which did not agree either with those of Li et al. or with those of
EwALD. These disagreements doubtless played a pari generally in
stimulating new and continued studies of possible sources of error
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n mass-spectroscopic [asS THEASUTCMEnS, and in the initiation of
morz extensive studies of the energy standards to which O values
were referred.
The masses of atoms are determined from the results obtained in
tour fields of experimental physics: mass spectroscopy, wicrowave
spectroscopy, measurements of the groumd-stats energy transitions
in nuclear reactions invelving ‘mavy particles, and of ground-state
transitions or their equivalent in the deca) of raczvoacmﬂ isotopes,
Essentially new methods of attack in all these fields, and the
devetopment of nnpmvcd instruments and techmiques, largely
accoupt for the great increase in the amount of precise data available
for the determination of atomic masses. Some of thess advances
tovk place in the few years prior to the 1951 meeting mentioned.
carfier, but many have been made since that time.

MASS SPECTROSCOPY

The most recently deviloped apparatus for mass determinations
is the mass synchrometer of L. G. SMiTH and his associates. %
Results obtained by its use are nromised for this Sympos sium. Those
already published or in process of publication are impressive: a
half-width resolution which 1s adjustable between 10,000 and 25,000
is attzined for all masses uelow 250.¢% 2% Experience with their
superposition techuique of matching peaks shows that the probable
error of single measuremnents of the separation of two peaks is
about 10-% of their width at half amplitude. This corresponds to
random errors of fess than 1 part in 107 in A4 in the comparison of
masses, where the mass number of a doublet component 4 ~ M.

The first report on the mass synchrometer prototvpe of the present
model was made a2t the 1951 confercace, just a few days after the
first tests of the introduction of radiofrequency modulation at the
180° region of the ion orbits. ¥ 29

The superposition technique for the measurement of doublet
separations is also utilized in the most recent mass spectrometer
developed by A. Q. Nir and his assoviates, Resolving power values
of 30,000 to 60,000 have been used generaily, although in ceriain
unspecified cases 75,000 to 100,000 have been attained.

While not specifically stated, the accuracy of the peak matehing
attained can be calculated to lie in the rangs of 5x 102 o 1073 of
the peak widths or 1 part in 50,000 in the doublet measurements.
Accordingly the assigned errors are in the same range of 10-7 or
better reporied by Swars. G4

Efforis have naturally been concentrated on thres essential factors,
resoiving power, accurate measurement of line position, and accurate

a
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measurement of dispersion. which enter into the precise determina-
tion of masses. Increased resolving power helps to eliminate super-
imposed satellite lines which can ruin results, and also simplifies the
improvement in accuracy of measurement of the separation of the
lines. The recently reported values for resolving power are about an
order of magnitude greater than those of 20 years ago. The width of a
doublet line, however, is of the order of 109 electron volts of binding
energy. Hence there has always been great necessity for getting inside
the line width, that is, for measuring to a fraction of a line width in
order to achieve-higher accurzcy in the comparison of masses. Where
photographic recording is used, the grain size of ithe emulsion imposes
a natural statistical limit on the accuracy of the determination of the
centre of a line. EwALD has remarked on this and also on the statis-
tical improvement, desirable on other grounds, which is obtained by
increasing the number of doublets measured. EWALD’s paper was a
very concise and comprehensive summary of the problems of precise
mass measurements, and of some of the studies which he and
MATTAUCH have completed, &1

Of conrse, electric recording carrizs its own natural statistical
Jimitztion on accuracy of the determuination of the centre of an ion
beam. This has limited accuracy. )

The natural or assumed Limits on skit size, focusing aberrations,
ion currents, current demsities, etc., together with the above-men-
tioned considerations cu resolving power, have led Nigr, DUCK-
wORTH, FIINTENBERGER, MATTAUCH and associates, OGATA and
MaTsupa, CoLLINS and me to go to larger instruments with greater
radil of curvature-in the analyser.® All hope thereby to attain cven
higher resolution and higher accuracy as well.

The dispersion constant for all typzs of instruments was analvsed
five years ago in a definitive paper by MATTAUCH. ®®) The accuracy
of the dispersion constant is-a prime factor in the precise determina-
tion of masses. It appears that this constaat is more easily measured
to the required accuracy for a fixed-radius spectrometer witk elec-
trical recording than for a photo-recording mass spectrograph. The
mean dispersion, however, can be and is determined over the whole
of ihe doublet region for mass-spectrograph plates, while what has
been published on fized-radius spectrometers indicates that the dis-
percion . constant usvaily must be inierpolated at the doublet
region. 8 The validity of this procedure may be based on the fact
that these are effectively linear-scale instruments; and also on the
sgreement, for the same mass differences. when doublets of different
mass numbers are used. ~

in - addition to NBR’s new spectrometer®) and SMITH'S
synchrometer®) already mentioned, other new instruments and
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improvements {0 existing ones have been completed in the labora-
tories DUCKWURTH, ENGLER, EWALD, MATTAUCH, NIER, and OGATA.
This list is probably not coniplete to date.

A most valuable part of any new development or improvement
is found in the revorts on the tremendous amount of background
work which goes into the effort to detect and eliminate systematic
errors. The list of references given includes not only the description
of many of the current instruments but aiso research results specific-
ally aimed at uncovering and tracing the source of systematic
errors. (38 24 31. 3-4) The work of MATTAUCH and EWALD has been

- particularly valuable for problems connected with photo-recording
spectrographs and instruments which use mgn-vcltage gas discharge
icn sources, (8. 356-38)

The provisioral programme lists seven papers from four labora-
tories on recent mass determinations. Prof. DUCKWORTH, who has
done a major share of ihe expioration of the heavier nuclei, will
speak on his work. Dr. EwALD, whose earlier work I have mentioned
in some deiail, will discuss mass determinations obtained by means
of his stigmatic-focusing spectrograph. Prof. K. OGATA, who recently
completed a new instrument at Osaka University, will describe his
most recent results. Prof. A. O. NIer and associates have scheduled
a series of three reporis on the atomic masses of the isotopes of the
lighter elements. Dr. L. G. SMiTH, whose mass synchrometer repre-
sents quite a new approach, will speak on some 'esults of measurs-
ments with that instrument.

Some of these results have appeared in part, and some will be
presented for the first time at this symposium. Errors in M of 1 part
in 19%, § parts in 108, and 3 parts in 108 are attached to some of the
measyrements ajready published.

It is clear from the work already published that it is possible today
to obtain and process data at a much faster rate than ever before
‘possible. This is a tremendous accomplishment by Prof. Nigr and
the Minnesota group, to which Dr. T. L. CoLLINs also contributed
greatly at the start of the work.

Under these new conditions the standard deviation of a particular
measurement can be lowered to a fraction of the systematic error
produced by known factors. Data in this category should no longer
be handled as if the errors were random errors, although this has
been done in a few cases.

In the field of mass spectroscopy, the work of many peopls is
continually improving the precision and reliability of mass deter-
minations, More detailed comment must wait until later in this talk
when, in considering raass tables, mass measurerents from all sources

San 0e VIewed 11 Perapeciive.



