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Proton-Neutron Concentration Ratio in the Expanding Universe al the
Stages preceding the Formation of the Ekments.

Chushize Havaske,
Depardvuent of Plysics, Nawwa Uuiversizy.

(Becenmd Jaouney L9, 18R))

i1. Infroduczlom

In the trequy of the origin of the clements by Gamow, Aloher, and rolabo-
ratore”, mimoudial matter (vlem) of the univerze, which afterwards bae becn
cooicd down oaing bo the exdsuzion of the univeese arnd has formed the clemcats
through nuclear veactions snch zs radiative capture and beta-decaye, is assumed
to consiat aolely of neutrons. At early stages, howescr, of bigh temperatures
(2¥2zon', ne Yeing the clectron mase) o the cxpandivg uodverss bofure the
fotmation of thie clemeuls, oduecal beti-processes caused by euerypetic electrons,
positrons, peutrnns and aotiveutrdsos, In additton ta the natural decay of neutrona,
such as

wte™ DTS Atay, (1)
DE D Sl B (Ib)
N T P4 +ay, (1e)

wuat have procecdal, thele vites bejugr faster at higier temperaturce, and bad a
effact on the profod-ueatron congentration ratio. At atill higwer vemperatures
&7 Z (e is the mesons' mass), where lage nuwber of me3ons are expected ko
be lu existence, ¥-p coversion process induced by mesons would have been mach
anote rapid owing to their stropger interactiors with puclcops. than tae procesacs
irdneed by light parfictes, Conseguently, the #-p ratio must have been Jdeteradoed
hy ¢he rabes of zuch processcs and thosc of changes in tcwperuture and density
in the wliverse resulting from its expaosion.

We shall.ar Sased ou the relativistic theory of the expandlng univenw, which
are shown by Gamow sg having a possibility to cxplain the originx both of the
eleanesals and the galactc nedulac®  ‘Then, the expansion aud contraction rates
of the universe 2t the stages of kigh compressinn are given bx®

2= (B, @)
where £ i3 an arbitrary proper length of a volume contafning a glven amount of
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§ 6. Concluding Remarks.

In the universe in which p,>p, and at high temperatures where elements
are not allowed to be in existence, the n-p ratio follows the curves shown in
Fig. 2. It can be seen in particular that, if the existing laws of physics, micro-
scopic and macroscopic, are valid at least up to temperatures~2 x 10°°K, the #-p

ratio at the beginning of the elements formation, i. e,, at 21, is nearly 1:4,
whatever the physical conditions at higher temperatures, especially at the epoch
=0 when the universe is singular according to the current theory, may be.

It is. known that at present hydrogen and helium together form about 97
percent of all matter. If we assume that formation of nuclei heavier than He?! can be
neglected, and that reactions involving beta-processes such as #—p+¢~, p+ p— H?
+¢*, and H*>>He*+¢~, which are much slower than other nuclear transmutations
such as gamma-ray or particle emission unless material density is extremely low, are
not effective during the formation process, He' is built vp from original neutrons
and protons, after all, as 2z+2p—He', whatever the routes of formation may be,
for instance z+p—>H?, H*+ H*—=H’+p, H*+ H*>He'+ », or #+p—H?, H*+ n—H?,
H®+p—>He'. Consequently, the hydrogen-helium abundance ratio (in number)
resulting from the initial #z-p ratio 1:4 becomes 6:1, whereas recent observed
values in stellar atmospheres and meteorites range from 5:1 to 10: 1.

Y=4x(n/2)/(p+n)=2/([p/n]+1)



Under the original assumption of Gamow that “ ylem"™ consists solely of
neutrons, it is difficult to explain the fact that the building-up processes of the
elements jump over the “ crevasses” of unstable mass numbers 5 and 8, as shown
by Fermi and Turkevitch.” However, the existence of an appreciable amount of
original protons may relieve this situation owing to increasing probabilities of
capture by light nuclei of proton, deuteron, triton, and helium nuclei, since the
formation process is expected to begin at higher temperatures. Such a situation,
together with the above conclusion on the hydrogen and helium abundances,
seems to encourage further calculations on the formation of light elements, at
least up to C*. In this connection, to treat the building-up processes at initial
stages, especially formation of deuterons, more accurately, it will be necessary to
take into account the effects of their reverse processes, for instance A4, +n<«(4+1),
+ /v, caused by radiations having high concentrations at high temperatures.

In conclusion, the author wishes to express his cordial thanks to Prof. H.
Yukawa for his continual interests and advices, to Prof. G. Gamow for his kind
suggestions and advices, and to Prof. Z. Shirogane for his continual encourage-
ments.



of Theoretical Physics, which was founded by Yukawa in 1946, and a Japanese version of this
paper was printed in the memorial volume of the Soryushiron Kenkyu (Vol. 1, 1949, no.3)
dedicated to Yukawa’s receipt of the Nobel Prize in 1949. As is well known now, this paper
revised the so-called oy theory of Gamow and his collaborators by introducing neutrino
black-body radiation, by which protons and neutrinos transmute each other through f and
inverse [ processes. In this paper, he first introduced thermal neutrinos with Boltzmann
distributions and wrote their density n, as 2, = n,/167(kT/hc)®. Later in the paper, he
argued as follows:

“Further, at temperatures higher than 102K, 2, will attain its equilibrium value

much faster through processes involving mesons, which are in existence in much

larger numbers (almost the same numbers as of photons) than nucleons.”
Mesons were crucial entities which led him to assume the black-body value z, = 1.

So black-body neutrino radiation was introduced as cosmic neutrinos by Hayashi. This
was the second invisible component introduced into the universe by the Big Bang theory. The
first was black-body photon radiation, which was introduced by Gamow and was detected
later. Cosmic neutrinos have remained undetected as the first candidate for dark matter.
Indeed now we have a long list of dark matter candidates. These have come from an interplay
of Big Bang and particle physics. Hayashi’s paper in 1950 was a breakthrough in the dark
matter problem through just this kind of interplay and allows us to come full circle and

recognize the connection between Yukawa and dark matter.

H.Sato,in "Dark matter in the universe’Springer,1990, Proc. BE—iZ)II 2R
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Fig. 4. The density-temperature region where helium formation occurs. The curve denoted by
p=D represents the temperature where the equilibrium value of deuteron given by Eq. (3-10)
equals the proton number. Production of helium occurs around this critical temperature.
In the hatched region, a time scale of three-alpha reaction is smaller than Tox, If most of
nucleons has been transformed into He already. The arrowed lines are the evolutionary
pathes; pu, is the density at T=2.7°K and M is the mass of supermassive object. The
lines denoted by (a) and (b) are the evolutionary pathes taken by Hayashi and Nishida.!?

¥ is chemical potential of electron divided by £7.

Sato et al,PTP
Supple. 1971
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It is good that the great work of Hayashi is being remembered. His work
on stellar evolution is widely known, but his pioneering cosmological work
on the p/n ratio has not been sufficiently appreciated.

(Indeed, a lot of the Japanese work in cosmology in the 1960s paralleled
what was done in the UK, the US and Moscow -- and | recall reading in the
late 1960s a really excellent series of papers on the 'big bang' in your
review journal, as well as very stimulating early work on quaars (the 'pile'
theory of dense star clusters certainly influenced me).

With respects and regards
Martin Rees






1946
G Expanding Universe and Origin of Elements
1948
aBy The Origin of Chemical Elements
G The Origin of Elements and the Separation of Galaxies "t,;x__
G The Evolution of the Universe Nature =
a-h Thermonuclear Reactions in the Expanding Universe
e 1950-51
On relativistic Cosmogony  RMP
The Role of Turbulence in the Evolution of the Universe
e 1953 10" H
Alpher-Follins-Herman ReV. Mod. Phys.

Cosmic Abundance

1946-53F CTHI15%F

Atomic Number



Cold P+ REYE

* M. G. Mayer and E. Teller,
Phys. Rev., 76, 1226(1949)

* R. E. Peierls, K. S. Singni and D. Wore,
Phys. Rev., 87, 46(1952).



IR et E S

L2 o T4
(ﬁ) } %p ; < g 112 B 3? GgooT”
g o 12 T(t)=A/t"?
% = s
o(TA05))W(T(1053))n(1043) x 1073 = O(1)
IREEDE R
n o< a B EEN(RTE) [FERA DA D

7(10%57)°  TERAE)’

n(1053) n(ERTE)

7(1057),n(1057), n(GRAE)  p#iEH,DS

TA0ST) %5 7KEHTE



1—L L WEYME

Herman, Gamow, Alpher






1973 Solvay Conf




Gamoty Dacha

185 - oth Street
EGW DV‘.’PQ_V\ZCQ S, Boulder, Colorado

NI g IWCVV\K v ou foy./bwdl"}'\g

-4
e You Payrenv om 3 oK v {elion
N Vevy fY)t‘Ca,Qy wni Fren except
That "eav‘é’j %FS{‘OV\/ 4 o B0 b “70\;'\‘2
Tow G')lc‘k‘e S TCacv.y of, what® &
Yow Know s a/a/"afj\ﬂrmevc-é {Webaé@”
Wiy f\‘vs‘ﬁ' (AQUQ,QQYJQC/( zQ)« dncel Ot (D44
(H(}g, Rew~ el Sso) ey ;7% ,50S, 154§
Noﬂluw; 52 680, 194 8), e eat(c'f‘?m/\
G‘é e NuUmeiCotf yefuc o gzi
Pyedent Cvesicl uc{)f@w\ yoe ver oy
Cowtdd Cen oo Lo wn Af&ohw & Mev yauus
[2pev { [Ry0. Rev. 757 1093, 1940 ) who
extrmate RSB K and e via
i, ()\)c«dsew(kﬁvgmng,\/cd Sels. 27 w010, 1953)
WId T ety amedte e 7K. Swem n,
(:\/VY\/ JJC(})M%Y (/‘)OQM “C\f‘-@u(h'c(v\ Uﬁ\JM;UQYJQ”
'K‘ ny (9 S 2) Y o CO;‘M Ve (ov\d’.). “2)
fee fC\f‘m'u—(Q 2’7;/-6\'10 %72. OK/ Cw\c[
e opPv Linga & S0 °K, ”()TM)\/CM
~dee woved ik mot ‘ . N
Sf\CW"f‘ widy Céﬁ’n/g}'\f\‘/;Dl‘ckC‘, - ’M@Vf%ggwow»-

o

Reines#®ILU AR .
[O3—S-HEIT—FDEEL
BV 1 XITHR, 1976



CMBLL&
[RIBTTRESRLLE
PoE., EERR

FRIGTTRE LI (ERITHECLRAFORR] RAFRTE 19685128

BRERRAIOFHERNTF
IBOBERAE. S-matrix, /\FAL-RR)F D
-N\FAVNE | EHIEE
HagedronI2if AR | HREE
FEEHEBESARKEAEX —>HEESK
TMED R MSENE ZED AL IERE |
SEELTEMFH 7ILT7—RY
-Za—k)/ RIGETERE

oocE?




Ew N COYEMREDEE BRI

CPHN
KEALES L) REHHEOTH
|
=
i
5
lb 10*10__ {.
i 70
| woz |¢]_Li ?iu
: 107 ! | ! ede padpe Ut
' 10"'-I0 10"30 10—20 10'-10 1 10l0 1020
i i [H(sec)

M4-4  FH COYERRDOEE L, ABIXA Y + Yo W,
ZXSEARVY, L lidB{Drs4x—27L VvV 7}
VEF LDTRLIC, RO TIED b %
i%@ﬁ%l\#’)?o

Y A

{ *= )0 = ey



RE () RBE

10794 10'°GeV ~~---------_of R - - - - - - - - - E1DEERR ( EHOHRLE,)

SEUVVBE{ER O,
VIR ETx—DICED
TED, NUFVHHED

10—39 101GGeV et e N, S R %20)*5&@

TlELE%,
B 58
7 L
| il
=) =]
{E {E
=2 H
1011 102GeV ~-------"--= - - - - ${3DIPEGRE [gg*ﬁggméﬁi]
D4,
104 10 'GeV - - - Tl - Sl - R FEADIRIRTE [91—7;\‘1%‘[3‘/\0
PEFDHLE,

AX3 REERONTTA L, ABHEEBZ (YVRLT, "fi—&hizh" 4 20HICHIEL TWLE & WS, FEfETE
MONZITALERB LM THS., ZONIZHEORBARL EIZHEIBL I

FHEBERICHI DD IR
ERSUIE - ERRIZ 19784



ERI FHZBEMERETHD]
(BRBEAXE)

19834

X1 vF 3 2w oo
A~ 2 v oS o i oo B
27 5 G5 (FERHE Q).



FHE{LOE LD

ZE - BFfE
DEE

wmE O
pE

X s
D Bk

/"

H

RF¥FE

¥
(A7 —3>)
¥

ADEFH

&
(Eh EAH)
.

7 \
ENTFH
\.

/

.

e/

7

N

H




HnY






1964 45 11 FIC R AR M= a— Y 7KK
FlEVIHEESEH Y, COR, TaFE Big-Bang
TFARLTFRERS==— ) /OHIZTOVWTIVE 2
=% 7o b ¥ARXAH He flash (2L v-loss &
He &b ahiffivd b L, £hussL
WS LM 1950 4R on Tl o T
EREEFOHE (ph) ORPHA L Eicthici< He
REHRHLTHRDEIREE LW EIN,

Z Ok, 1946 E8(3 6 Gamow iz
FHIWOE M CIHEEES 5 L v I NHELEHTDH
505 ZORECUEOILESNEREVENILET

HHT LTz, He Y Hayashi B LI iC PIMAGY
WEFET-OH E Likilaic 2w T Fermi-Tarkevich 35
Fie->TwhH pn L2 lLiEdORE» X,

1958 4Ek2 Hayashi-Nishida 2 —E Z 2§70 - Tiw
50, 3a HREE DA EFRE LCEWCESEAS LTS
it % H - Toicfo TP S A R Bl %
FELTw Iz itk -Twi, He Z02E50TH
hiE, i3] Gamow {5 LS RE o & $2X
RFEREECH D, TrL A Fermi-Turkevich odkig izt
LOT L2 ThH S, 1950 4D Hayashi 353 @ pfo
#HEC LT 5 Lz Smimow @ He R oOHMNED
BE{MARHER X D) RS, LL, 1950 4
DRLCiEdieFo halflife 2 20.8 52 LTHDH, £

[RXA#HI1970F48 5

Eddington A5 JLZE =
BIITHSADIEE]
ERIZEDEL]
IEBENFHICH TN LA



REEH AT
BOERAIE.

N\FAVF S FEHIRE

DFHERNF
S-matrix, /\FAY-XFY T D

S ANV S  BREBE

Hagedronit

FEEBESAREAERN —SBEKK
ED R MSENE LTV AL IERE
SELTHMTFE 7ILT—AY

»—a—M)/ RIGEE TS

oocE?




a0}

BN
k
. I[]l
| Za
CHPN Yt
151 — N
[l v '
yF ol
0 g 7
}‘Clo— ES
5_
III'J!] 1[_1-‘1!1111'1!141

47 49 51 53 55 57 59 61 63 65 4



50 Bk |

1010 — /]
_ F®
, 10°— 2 Mg _
= 0|l “Fe
= 107 — I,c,
% - .’l ¥o o
2 104 | O ..Ll 0.,
O 5 ] .11 K
= 10° — % U &
8 7 oo’ 200
10° — S fﬁ
102 — ¥
[ " 1 ' |
0 20 40 60 80

RFES Z

Atomic Number




Scanned at the American
Institute of Physics




NASA G-68-10,41L4






vy TR I C OB AP PR b
TR - ERAET R O TR, 3T - oNna —iEE

Ny 7x—X, HHS., JFaaEElh, 2EDEAK

KGRI R D HEE T L

=1

1963 —HE

1966 i HE

1970 TTF A Ry e AXN BTEESRILHE
1971 A AR - BIGE

1982 AP E

1986 AbEhE

1995 FERE Tl

1998 ) — 5 I

2004 TI—RAE KRPERFE



I XN DA —OF T
1895—1935—1980
XHR
RN
JRF - [RF#%
FHF
9=, . LT, IDI5
EDIFRNF—RETFEDER

EvINFEH TDYE LY
BIRINF—, —a—F /K&



10° -

10°
1 10F
AR R )
1 F

10-! ' S
8000 6000 4000 2000

L& 1 (K)



BHMOAENICHAEZ AN EGHEN—>
DEAIICREZELTLHIDONHS
2) AREAMNEESTS

LA E B MG ER RN E DO
—> B/EF>TKHEE (BRADLES)
—a—K)/ F=OIRNF— F—IIF— -
BDEFHDEE ME=TEHEIE]

AR AELE-STLNVS ?




72N

=1







556.4.6

N I e R



1905 HETEFFKEE

1906. 3. 31 Fijk 4%
L1907. 1. 23 FIIUMID FHE
1914—18 %—@ﬁﬁiﬁ%
1922. 11 74>~/194>‘1§23 g = s 2
== F1IX
1926 %%Bjmc%ﬂf?ﬁ_%m%
1935 Flll HfEFim
937 Za—HEFHEER
ek
AR 1043 Bl XLBE
" ok Jz‘f&‘f1943 Bk B EEEER
1945 R \h-h-:; ﬁ\" o » o
R 1946 zlll 787 L 25
1948 EAK <V HIEH
1949 Zlll /—~JLE
O 1952 Bk XILEE
1954 EX=/KIR. 8%
1955 AR B
/\ i ! NS
o 056763 K HEALE
1960 ZTRE N _
ZARE 1963—69 Bk HAZFMR@mIK
1965 BiK /—N)LE
. 1966 izl FMEEER
1968—69 K% \ L
1975 WA TN Ty a-BEEIUR
1979. 7. 8 Bk #=E
1981.9. 8 ;%Jlléﬁ_ﬁ%
2005 HEYIELE ARRAN AT A5 JLEE






FEBRUARY 19, 1979 «

I SHOULD HAVE
BOUGHT SOME
STOCK IN A
SOLAR PANEL
COMPANY.




ANTONY HEWISH

19744 Hewish /NLY—_ ERETH

§4> NISXIOUISY [Ne)

I
u:
v
~
A~
-
=
oy«
©]
A .
:7’
G

19834 Chandrasekar HEZE

& NOBELPRIS

19834 Fowler JTZxEiLE

: oo NOBELPRIS [

19784 Penzias-Wilson FH & =5t

;B ~Nosereris [
o g TR

19745 Ryle BETSHFT.%EE

w
H
4
(=¥
=y .
L=l -
= b
[e]
Z
7



FH.HEKEEZR/—NILE FD

19045
1927%
19375
193645
1947 %
1967%
1970%

Rayleigh,Ramsay ({b) ZESES 7L . HFHR
Wilson ALY DEFE

Urey(1b) . KR

Hess FHEHR
Appleton TEEf=
Bethe KEE#ZIRILF*—. [RF#%
Alfven THLRA. < E




1974-E

1978%

1983 %

1993%
2002%

2006 %

HRER/—NILE D2

Mather

Ryle ERTHET. £E
Hewish IN)LY—
Penzias-Wilson FHE =T
Chandrasekar #giRE . A
Fowler JTCRACIR . % EER
Halse-Taylor EZ/N)LY—,  EAK
Davis XNiz=—a—kJ/
Koshiba —a—M)/XXZF
Giacconi XHR R =F
Smoot COBE



B 2 RIBF [C& > TERTEEAFAREEO RIS
’{. LEVOWRIC KD &R

W OSUDENBERPRICEIDER,
RIBF TERENIRE IS AT

E W RRICREICIHES 2ETH |
¥ TNFTERBSNLTRER ) e
RF OGRS (ERNTE) (Pr; 8 =

» BFREMRETOL SNIEARZEZ oD
(95 ETOFIRDER) Ot gl "

] rale

(Sn)S0== ? @,@ @ '

eatl <7 a2
. - -
I il. ~ '

(M) 28—l gt 57
(Ca) 20=

r i
50
(0) B {'I.L'_‘:"fr
(He) 2o’ 20 28

2 ® R FOR (B DFER) —»

2 ¢3
M~ 8
SH) ESHE —

S
Ny

w591 RIEROBRFIEZNTFET S FBER TS (B). RBFEE. 593000 fEXR%EFET
TEZEERTES (KEvo, &, R 953 vEToxER, BREBRECL > TERENETEE
ZORROBIBETTELLZFASN TS (FoXM) A FEEHIO SN TOERG, REBFiX., €0

WBIZE R THI TIREET 5.



FHTOABOLEE

FMEMERE —>  AROBS
MR R 7R 772 TR
[ESTHONEE ]

ARV TEFEIEEDY AR

B2 FHDBITIZNAHDINT N L RDNFETHDEEN D
BEZIELSBRVRETIZITES LZSINVWDTLE S ?



