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Progress of Theoretical Physics, Vol. 5, No. 2, March~April, 1950.

Proton-Neutron Concentration Ratio in the Expanding Universe at the
Stages preceding the Formation of the Elements.

Chushiro HavasHi.

Department of Plysics, Naniwa University.

E’E@j(l?ﬁﬁ_d(

(Received January 12, 1950

§ 1. Introduction.

In the theory of the origin of the elements by Gamow, Alpher, and colabo-
rators”, primordial matter (ylem) of the universe, which afterwards has been
cooled down owing to the expansion of the universe and has formed the elements
through nuclear reactions such as radiative capture and beta-decays, is assumed
to consist solely of neutrons. At early stages, however, of high temperatures
(£TZmc, 1 being the electron mass) in the expanding universe before the
formation of the elements, induced beta-processes caused by energetic electrons,
positrons, neutrinos and antineutrinos, in addition to the natural decay of neutrons,
such as

NASA G-68-10,Li

ntet T35 ptay, (1a)
ntv T p+e, (1b)
n I35 pte +ay, (1¢)

must have proceeded, their rates being faster at higher temperatures, and had a
effect on the proton-neutron concentration ratio. At still higher temperatures
2T Zpe* (¢ is the mesons’ mass), where large number of mesons are expected to
be in existence, 7#-p conversion process induced by mesons would have been much
more rapid owing to their stronger interactions with nucleons. than the processes
induced by light particles. Consequently, the #-p ratio must have been determined.
by the rates of such processes and those of changes in temperature and density
in_the universe resulting from its expansion.
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Progress of Theoretical Physics, Vol. 58, No. 6, December 1977

Cosmological Constraints
on the Mass and the Number of Heavy Lepton Neutrinos

Katsuhiko SATO and Makoto KOBAYASHI

Department of Physics, Kyoto University, Kyoto 606

(Received May 23, 1977)

If the neutrinos associated with the heavy leptons have the masses, they may decay
into the lower mass neutrinos. We discuss implications of the decays of those massive
neutrinos in the standard big bang model of the universe and derive the constraints on their
masses and the number from the cosmological observations, ie., 1) the lower limit of the
age of the universe and the upper limit of deceleration parameter, 2) the upper limit of the
observed cosmic background radiation and 3) _the upper limit of the primordial abundance of
‘He. The following results are then obtained: 1) No neutrinos should exist in the mass

~ range 70 eV<m,<23MeV. 2) If the muon and electron neutrinos are also massive, number
of neutrinos lighter than 70V should be less than four. 3) A limit to the number of the
neutrinos heavier than 23 MeV but lighter than 50 MeV is obtained as a function of the mass
of neutrinos.
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“ He4d Yp =0.2b34 +0.0083 Aver, Olive, Skillman (2012)

D/H=(2.82+0.20)x107 Pettini ct al.(2008)
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‘He/D <0.83+0.27 Geiss and Gloeckler (2003)




IIII|_|_|,|I 1 II|_|_|,|I 11111




Eﬂ%ll‘itﬁijj}::; i




it o T [ 2R B
» Supersymmetry (SUSY) : Fz/LSfIFoR—XHLF

ey REENE=EREMREEER
“BHIAN.BOH, BOVADOBDHDHF—H, KYU5FELLK

AN VA

by JARY v
ANTG—=DF =0 (R 4—7)
AHT—=VThV (ALT V)

F—U R JEF

75 b v

—a—k3)—J)ZFED

7 )V 3N T
kY —)
Jx—7
L7 bV

ORRCERGERGERON RO




EvJ AHEDFEEERRE

¢ K#E—DRT—)L

M, =10"- 10"GeV

- BRERDART—

M, =10°-10°GeV

JU

Evd RGOHRTI )L

V==&(T¢—vﬂ2

° 4

>

_

m

d?V
_ %
[0]0) B dQDZ

2

4

=22 =O(M)

F—ORJI VR JIIWNEIFVICEEEZESAH5MDMT
m, ~ A (@), m> ~ g(p)




=) RABEN0D = FF1L

IRILF—RITHN2RDFEEK

ZOEHH AL [HEZ AL
E0S TELF—0LRERT A~V M ~ 10 GeV
HYNA TR —)L

sm? ~(10° GeV) ?




fEREIERREIEE DBV BEEGEIEMN ?
REZEALVEYVTREE  m, ~(1026ev)
=EFHEEDE Sm? (015GeV)
- 2 2 5 15 E
ENLERTE M ~ Mo +0om’ ~(10°GeV) ?
EREBOR—LERDAIIE, HEEL TRLTEIENS 57

m + ‘Q (10°GeV)’ ?

0(1015GeV)

7 A HDEDP (2013)

$ 14,310,087,734,958.59 (UXA)
-) $ 14,310,087,734,957.70 (X H)

?‘ < UV EE =




AR AREIS =B B A8 2R

HLULBXFRENTEELIE., T )LIRFEAR—XH
FOmMAEDHFEENTE. *ﬁ?’x“i’%)

t
0 -- -- ¢

1 202

- (471_)2 ¢

MEANTOTEA |52 — — L
[ZlogdD b * (4n) !

2
m;

=EZEL . B ;
. A
m- 1n[—)

IARTDENENFDEEN VI — IRV DEERELLE LU

2 2 2
m; le; - ...NO(MW)




RS FEIC LD D —

BN, B, BN
DIEEERITHE—=NnD?

M, ~10"GeV

HEXPMEERTE, B0
AR B BICREDTEVDRIFE
LML= MESZTEAD

8 10 12 14

‘L[ 2 102 Gev | Log,,(Q/1 GeV)

Martin, A Supersymmetry Primer”




XA EDEA &
ARTTDREEHEFETIL

c BXIMMEDHENDR—ILIZTSETA—/

BeEZIEHND

> O()TeV 7/ —IEE

s NnE

>~ 0(10%)GeV-O(1)TeV:E

| < O(10%)GeV-O()TeV 4 —insE




EvI N\ EERKIZES. FRIE
L F ~ D HIE




1) Electro—magnetic cascade

7+’yBG—>e++e_
v+egg > Y+e, e +yg—e +v
Y+ vyBG = 7Y+

2) many soft photons are produced

3) Photo-dissociation of |ight elements
D+~v—p+n,

‘He +v —3He+n, T+p, D+p+n

"He+~v—=D+p-+n, etc.
He3/D >~ O(1)
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FIG. 3. Plot of the spectrum of the produced mesons (z+ + 7=, K+ + K~, and K}) as a
function of the Kinetic energy Ey,. This is the case that the center of mass energy is /s = 91.2
GeV which corresponds to the Z° resonance. They are computed by using the JETSET 7.4 Monte
Carlo event generator.
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S. Dimopoulos et al. (1988)
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