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Appendix [LI

GROWTH OF INFORMATION

From time to time we have presented figures demonstrating the
amount of experimental work which has gone into spectroscopy, and
the amount of new information available as a result. The 1982 ver-
sions of these figures are shown as Figs. | and 2,

Figure 1 is a simple count of the number of mieson resonances
listed in the Tables, categorized as those “‘understood’” .- i.e., all
quantum numbers are believed known -- and those simply “listed”, A

rapid recent increase in both of these categories occurred because of

the discovery of the J/y and related particies.

—— Mesons bsted a Table
w0k i

—— Well-understaod mesons
|/
_-—,
I
aot / A
w ot
x .
= 30 // —
€ —
w Ne pablcaton = Lo

m years marked

Year of RPP publication

Fig. t. MNumber of meson resonances listed in the Tables
(dashed line) and those for which all quantum numbers are
known (solid line}, as a function of year of publication of the
Review of Particle Properties.

in Figure 2 we present similar information for the baryon reso-
nances, but concentrate here on the “growth of understanding™. That
is, the number of known baryons (we include for this figure only those
with known JF) has grown only very slowly with time (dashed linc);
the real progress has been in the measurement of the properties of
those baryons. Therefore we show as the solid line a count of the
number of baryonic properties -- mass, width, and branching ratios.
Most of these results are from partial-wave analyses.

A history of the values of some of the constants in the Review of
Particle Properties is presented in Figs. 3-7. It may be said that one
can estimate the age of a high encrgy physicist by asking him or her
the mass of the A. If the answer is 1115.44 MeV, he probably was

deep into his graduate training in 1965,
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BARYON RESONANCES

B0 TITTITTIT I AT T I I T TR ]
-==- Count of unstable baryons
260 — accepted for Table, -
with known JP
240 = — Count of properties ]
{m,[', branching ratios)
220 |- for these baryons -
200 — .
180 — -
76 77 79 81
No publication
w 180~ these years ]
@
-
-
= 140 -
I
120 b No publication —
these years
59 6062 66
100 - -
B0 - ]
60 - 7
l,-.
40 |- Pl .
r:q._a-—-—""’
20— —
Y g
Obmroe L L L by
1957 60 65 70 75 80 85

Year of publication

Fig. 2. Total amount of information (mass + width + branch-
ing ratios) on baryon resonances listed in the Tables, restricted
to those with well-established-JF (solid line). Dashed line
shows numbers of such resonances listed. Abscissa shows year
of publication of Review of Particle Properties.

A history of this sort has more than whimsical value, We may
use it as a guide to develop a *‘f{eel™ for the reliability of current
values. In Fig. 3 we show how the generally accepted values for the
speed of light and a couple of other constants have changed with time.
The “generally accepted value'” is usually an average over several

experiments, performed by a compiler (in Fig. 3, the compiler is other




than the Particle Data Group in all cases, although we do quote the
:ompiled resubts), The abscissa on all these figures is the date of pub-
lication of the value shown. Clearly there is a general progression
toward better understanding -- ai least as measured by the size of the
ercor bars. However, the size of the error bars does not tell the full
story, as we can see by the frequency with which the ““best” value has
changed by more than one standard deviation. Changes in these values
can come from several sources: a new experimental measurement, re-
evaluation of an old measurement (which can come about if a previ-
ously unrecognized source of bias is discovered and corrected, or if a
new vaiue for one of the input constants, e.g. the electric charge, is
available), or a change in the averaging procedure.

In Fig. 4 we show the history of some masses (including the A,
for radioactive A dating of your colleagues), based on averages which
we ourselves performed. These are adapted [rom those originally
presented by Rosenfeld! in 1975. The publication date refers to the
publication of the Review of Particie Properties.

In Fig. 5 we show the best estimates for the lifetimes of some of
the particles stable against strong decay. These and subsequent figures
have been compiled since publication of the Rosenlfeld article.? In Fig,
6 we show the widths of some of the resonances, and in Fig. 7, the
values of some of the branching fractions. AH values are taken from
the Tables. Before 1964, very few branching fractions were listed in
the Tables. In all cases, a representative sample is chosen, usually
from those with a ot of activity {a limited number of special requests
for 2 more complete set of such figures may be honored, for those seri-
ously interested in the history of the ‘‘*best’ wvalues of physical con-
stants). In each fgure, the heavy inner error bar represents the statist-
ical error computed in the averaging procedure, and the thin outer
error bars, when present, indicate the increase in the error due to the
“‘scale factor”. The scale factor is described in the introductory text,
Sec. VIL. 1t represeats an attempt to quantify the increase in the
uncertainty which is present in the case of experiments which disagree
by more than a certain amount. In the case where the error represents
an ‘“‘educated guess,” rather than a calculation, the inner error bar is
absent,

On the whole, the number of times the values have changed by

more than one standard deviation over the years is remarkably few.
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Even those branching [ractions which involve rare decays and which
are therefore presumably difficult to measure (Fig. 7} are, for the most
part, within one or two standard deviations in 1978 of their value in
any year since 1960. This is in spite of the vast amount of new experi-
mental input, and indicates the general reliability of the results,

Of course, the data points for a given quantity are hardly
independent of cach other, but those differing by several years fre-
quently have quite different experimental input. The relative lack of
change is a comment both on the experiments and on the averaging
procedures. We, of course, are responsible only for the averages
(except Fig. 3). These averages entail considerable exercise of judg-
ment; there are conflicting cxperiments, experiments with impossibly
small errors, “‘preliminary’’ results, and so forth. Statistical pro-
cedures will tell us that two experiments do not agree; they do not give
a clue as to which (if cither) is a good representation of the truth.
Major decisions, and their motivations, are usually discussed on a
case-by-case basis in the Data Card Listings; general comments may be
found in Sec. II of the text and in Rosenfeld!. Note that, occasion-
ally, the error bars increase from one publication to the next. This is
usually the result of decision making by the compiler, c.g., to cease
using a particular result, or because of new results in poor agreement
with the old results.

We show these figures not only to demonstrate that there is not
much change in these averages in the usual case, but also to show that
there exist cases with relatively large changes. There is a psychologi-
cal danger in preparing tables of *‘right'’ answers. The old joke about
the cxpcfimcntcr who fights the systematics until he or she gets the
“right'"' answer (read ‘‘agrees with previous experiments’"), and then
publishes, contains a germ of truth (presumably, those who compile
and average experimental results are also not immune to this disease).
A result can disagree with the average of all previous experimeats by
five standard deviations, and still be right. Hence, perhaps it is of
value to show that large changes can (and do) sometimes occur.

Reference
I. A H. Rosenfeld, Ann. Rev. Nucl. Sci. 28, 555 (1975).
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R | NUCLEONS,
BelleVe it oxn. nct1 Ignore it at your own risk!

o Mycleons are made of Electrcns(e ). and Poeitrone (e ) ."751 -
Vie puy e and e and nothing else'into the vacyym of au accelerator and Nucleons

come out, Thls ie proof enough of- this beautwrul, simple jruth but

i uch mere evidence. . _
chleons in collision hreat gp into Mesons. Some ol theee are positive, 'p;“

:11 negative,,some neutral This proves that there were meny e and e w1thin the :

Nuc eone. Mesons decay very quictly and the ‘end product 15 e_ and e:.;y
Eheee facte are lrrefutable Rejolce Ulth me, the nroblem is eolved T Let

file the quarke away uith the old’ phlogiston and get on- wlth sc1ence._¢
The method nature usee to assenble e and e’ cinte Nucleons is crystalllzatlor

| as lt is in all dense materials, Collielone of el and e form palrs (e 8- ) and

pairs’ ‘form cryutals Unlike particles are. close together‘

) @@@ee-—;

dont need the postulated gluons. The repulsive forcee preven* black holes.

Thls diagram ehows the'beg:.ninrT of a nucleon crystal lhe paptern lS the cublc_;

leytlce .
The neutral nucleon or neutron has a balancen charge It has the same number

of e 'as e . By maes ratlo, 1t hae 919 e~ and 919 e’ . The p051t1ve nucleon, er}“
. proton has one unmatched e'. The neutron often chanaes 1nto & procon by emlclng
~one & - and one pair (e 2 ) which we call a neutrino, So the preton has 9175e_h?

'_and 918 e

The 2 znd only primordial elementary particles ar ef-and e’ Neltherris :
an. ancipa“ticle. They join te form neutral pairs. (e e ) which ig. the. ubmqulteus
pQSJLronlum. This is almost undetectable, so it seems to annlhilate. Here 'is: " -
the mlssing mass, Nucleons are the solid state. of positronium, Our grgat ‘store-.
house of gass and energy is & universe filled with positronium . (e e ) To o -
nats elect*icity, ve pull these pairs apart in magnetic rields, ‘ . ;*i :

If we cannot belleve what our accelerators are telling us, ehy should wef
keep spending billions on larger and larger accelerators? I hope that.some qﬁ”
good scientists will recognize this viewpoint as a possible breakthrough,” and
will publish reviews on this paper and/or ny boox The Nucleon Simplified.

I am now 87, so thlS may be ny leet eflort to get thle lmpertant matter be’ore

the fcrum\"'.

Ps Thls is the science of the future. f ' ff;; '
You can help introduce this simple, éf(fz-b444
veawtifyl truth. Will you ride up .

front, or follow in the rear?




