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o At any rate the earliest reference I know to the new
particle is Heisenberg’s mention of ‘your neutrons’ in a letter to Pauli®” dated
1 December. More details are found in Pauli’s letter (its main part follows)
of 4 December to a gathering of experts on radioactivity in Tiibingen.®

- Dear radioactive ladies and gentlemen,
I have come upon a desperate way out regarding the ‘wrong’ statistics of the N- and
the Li 6-nuclei, as well as to the continuous B-spectrum, in order to save the ‘alternation
law’ of statistics* and the energy law. To wit, the possibility that there could exist in
the nucleus electrically neutral particles, which I shall call neutrons, which have spin
1/2 and satisfy the exclusion principle and which are further distinet from light-quanta
in that they do not move with light velocity. The mass of the neutrons should be of
the same order of magnitude as the electron mass and in any case not larger than 0.01
times the proton mass,—The continuous B-spectrum would then become understand-
able from the assumption that in B-decay a neutron is emitted along with the electron,
“in such a way that the sum of the energies of the neutron and the electron is constant,

There is the further question, which forces act on the neutron? On wave mechanical
grounds.. . . the most probable model for the neutron seems to me to be that the neutron
at rest is a magnetic dipole with a certain moment . Experiments seem to demand
that the ionizing action of such a neutron cannot be bigger than that of'a y-ray, and
~ so p may not be larger than e X 107" ¢m. ' ‘

For the time being I dare not' publish anything about this idea and address myself
confidentially first to you, dear radioactive ones, with the question how it would be
with the experimental proof of such a neutron, if it were to have a penetrating power
equal to or about ten times larger than a Y-ray. _

I admit that my way out may not seem very probable a priori since one would
probably have seen the neutrons a long time ago if they exist. But only he who dares
wins, and the seriousness of the situation concerning the continuous B-spectrum is
illuminated by my honored predecessor, Mr, Debye, who recently said to me in Brussels:
‘Oh, it is best not to think about this at all, as with new taxes’. One must therefore
discuss seriously every road to salvation.—Thus, dear radioactive ones, examine and
judge.—Unfortunately I cannot appear personally in Tiibingen since a ball** which
takes place in Ziirich the night of the sixth to the seventh of December makes my
_resence here indispensable . . . Your most humble servant, W. Pauly’.
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Fig. 6.3 Kurie plots from recent measurements of tritium f-decay. (a) Bergkvist (1972); (b)
Tretyakov et al. (1976); (c) and (d) Lyubimov et a/. (1980). (c) shows the average of several
runs, and (d) the “best” mass estimate for m, from each of 16 runs. The expected distributions
- for m, = 0 and m, = 35 eV/c? are indicated.
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Fig. 9.2 Electron energy distribution from neutron beta de-
cay. (Solid line is the theoretical curve; dots are experimen-
tal data)) (Source: Christensen, C. |. et al. (1972) Physical

Review, D5, 1628. Figure (9.4).)

1.29




in{30):=

13 1}=

1R[32):=

nj33i=

oulEsl= 0,061

in{3dj:=

Cull34]=

|af35}=

Cutf3}=

|n[36:=

Duif36}=

Plme_, del_] :

Ffme_, del_] :
me = 0,511 del = 939,565 - 938,272

Pme, del]

1 s 1 1 3 s L 1 i

armif;@fvpg b

Plot[eSqrt[er2-meAr2] (del-e) 42, {e, me, del}]

Integrate[ e Sqrt[er2-mer2] (del-e)4r2, {e, me, del}]

LX)

F[.511, del]
0.0569086

P[o, del]

0151

0.05

1.2

08 1.0

0.2 0.4 0.6

F[o, del]
0.120468

1.2




WT-1Y

E s apote é‘{ﬂ@‘.@‘ﬁ'f&.?{”@.} “M ffﬂi (6 10 G T Eeo

C oml® . o
W S dpe l}% |” L& T&)

- Ty = mu—my=me™ Te T M7y TEe
Py Y
LG “ e, Eeleiomne -
) e AE EenE ¢ -t €
pers i@‘”} lM} o Eey B -(me™) C*’% Y ;)

M,




Wi-)s

N&WW TRy Y o

TR T PR it T

R

N st mf%a A *}’”@aye«ﬂ

me‘“tfnp
| i —pry M~ -
ne € e fl ’ t:@:) S er m£V5“

1}[ i wend s %ﬂw@l@»ﬁy«m«f%ﬁ- stﬁ’ %, fsr‘?’ﬁ ef}; , LT {M’ Sy

(totéte-it mev ™)™

~
i

T
an® (L bE-e m:a‘\/.,;> <7/> Coves? m‘g\/“{‘i)

= 7., ¢ wiv™ T g™

T = JJe0 & = 20 o
4y - '
A 157 oA Cc/iovu 1.7

(Vl s :_\‘ﬁ‘ P /(@-w/ ffﬂm %, .frﬁf‘"f”ﬁf.ﬂ@)

?‘ i G Carr (- 2,
) (s.rd" (v }f: M&W\wfﬂj




=

! - 2.
ﬁ e 65}{{‘},_{,;8‘-&5‘; I (mé«*\ A Q “:;‘a!) mégﬂ .
V"*-f'#-)

E,ﬁwu L M”‘f

ety T P,
Thn 9 e | e
ﬁ‘{%”g ff““m’() NP gttt
ol 0
o At

,ﬂw,é o
72 '“&7 2. - Z.
L G /M}l‘" g e, Ee (O~ Ee)
K= ndk (:'_g?‘""{ji.)é p

( »{\z.u@;f;f“ IRA ,ﬁf‘é’{f*

Q,/{f Cj §ertesnse

—

T

Gr -
| i a
= i oM
f‘»q‘{df&f{ g"” s fﬁ*ﬂ %/ ' flf&'“'f’i‘

A" PN {;{’ L e K ol ; g :
ﬂ}\ﬂ é:)\ dﬁﬁ e %é; e . ‘“5! . ’f (:Qw
b ﬂj?f’ @ (;«'; e g I}
o b & M’; g @j\&.ﬁkﬁ f o S

ﬁ‘_,{ w;:fj\,, et
( pre Ao

y e G |
/ f’f\" a1 e (& = J. Fire ’/>
e pess '

; i B R /ﬂ{?f’tﬂ Jg(/‘ et i3
e P YT S S,
P4 ﬁ%ﬁ" rwui&'l (e "‘Zé W % —&% -
13 ,ﬂ #e

gt e P A Ly }m/“’"’

I oA T B s
2 P B Vo
1 ;J\;?w?’ -4 ]
3 i lr i

i {4l

wal ol

Con ve 8] S
W /"\"3' ﬂ).'fﬁ’i Fub e e i A

s




WX\

(g,—d,u.w} %,‘/dtj te vreef~ W{““-% °‘f?~» NM«‘?{‘#”:@&%@{
¢ en PP Arg—b Cr f*@w My S g oar  proay.

FAVI NI AR S LN plore e ggh ?

A ! Sa'r(g'h,,m Cy oo fl - e £ e @\ N ewiriras o~ [6 ~ 1 boarn g

CHw pitd
[ Wuﬁ V! el d ' cmfiﬂd F/gz) Mﬁ”{f ( A v‘f/q? W,Q[,( - fm’) 7

[ ks 0 e 0 )

C -*T; é\ s £ 'M(J ;ﬁfop_x 7 (;/Mf}( f%”w&ﬂ} 3’,; ryljﬂé.ﬂf é ftﬁ@wj” 5;2 ,/a{p%‘,\ .
l\/ wé.@ur f’»tﬁc:-ilv\f /ﬁ"’w Ao s f’("’f 7 ? s 7

s

. \JP
)7
N o
a_.m;m_,.wk_»mm %/’1 { e Pﬂmm G{N %Ef, EA f‘ e W@ 'fwﬁg‘ﬁﬁ £r Ry

Is A /erf% é.h,c»ewﬁ?‘, ﬁ? ﬁﬁ'ﬁ v:j}"“




~ I

[G&( (‘@Mﬁ‘ﬂ"“ P-Qlﬂ-f! ﬁn’f)n(mf‘%”ww A*%flf’{tm- ,;Q‘,«/:ls’fgqu,,ﬁ
&ﬁ; f&:\f&ﬂw\ﬂd{ g;,j@g\ Wﬂ!&mf Ma@ﬁ”m (5“ C@sy% f”\w&“\

[j Lhaer eAne )

Cfec‘uf)@ Card eninen
ﬁ;”ﬂ ot MW&

Mmff\’?‘? j

Am’g,e,/.w fkgﬂ-"’m : 2 o0.5ShMey 8 B
fu{éew*af Eg shY¥ /EE_MN TMeV

w16,

ot
ﬁ&‘ﬂ’\ ﬁw‘«f F ™ , u’?.““c.ir} 'as,i,

.

T

g’ P i e ¢ o~ 0,808
g%w e g

}« |
(4\?’ %7‘? E thf: cadeadb H s, per f/{ﬁ""p j




from reactor

CdCl, + water




Fig. 6.4 j Schematic diagram of the experiment by Reines and Cowan (1 959),
interactions of free antineutrinos from a reactor. '
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