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The Origin of Chemical Elements
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S pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-

rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas

Physical Review, 1948/4/1

2RE p159

MNEXY,



2RE p159

5. WA ) 5.2 EvINVIEETER

=

NODOEFHH Vs ERFH;

1948, a B v, EEEBEDFHUHICEC AR T, IXNTHITTRNDO2<SHNSDB]
10504, #, NFUSHD3IDE TCEITHR=MNDO<H5NSB]

LD,

LT —ID S, FFEHFE (118i‘$
vs HEKDEEH ST, #EKFERIL30E

%ﬁ?

El}
H}}
=

[FHEICI|BIEVERDYER)

12



2RE p159

5.FHs ) 5.2 EWINVEEFHR

=kGETHR vs EHFHM
EvJIN\YFER

'FHICIFIBEDDHH o) 'FHICIEBED HRDOD B,
FEIELR, 3D TETROSHD FEEEE LT\ THITE [CYED
=Nz AR UL TULWNIEARS R
E ’ \ ?ﬁ%(i?eab\ﬁ%?&@%(t‘JQI\J) 1
"1-'?1 '@ Mo ERd2/CES2TCLD

% 5 n N J

“w )N, LWWERITE. A
“w )N VFEERE, EESCEICULEDS
J

13



BIEIDIZ=WVIR—/\—H\S

1L
S

"By JINVFH) DA
'EEFHETIVLY DRTIL
( "RDOEFEHM ZHRUTESTEEEIS)

e

i

5.F®H# ) 5.2 EWIINIIZHEFTEHR HRE p159
—=ROEFHM VS Er T Hm
EwvJINVFHR
'FEICIEBE D DB > T 'FEICIED BRDD BHAW,
PHILYR, 3P TEIROSHKA  FEEEELTLWTHHLCHED
anr AR L TWRIEASER

[%5@?@ﬁﬁ%@%%&WﬁWy)

MNSWBE-TEED>TLS
Ew Iy, WWRRIE. A \“‘ '
Cy ONVEER, CERTECLES A\
-

v 4 \\r-' W W " ./“
b‘c'/q -(\Vméf\ryﬂP\\é?@f’\ P_u/‘ﬁ—-\/ %ﬁ'%%%brf’éﬂ-‘}‘b
vty FTer ke, Y u@mA s, 1T,

(#é “’iEEE’rQy_[L\,aL[,




5.F®## ) 5.2 EVININEEFTHR

2EE p160

#51 EvINUVFHETVEEEFHETVOHK

Yy ZNVFEHET I EWTFHET IV

FH ok FHEKRDP 1 Er6IECEY, Bk | BkRziET w5205, WHEAERD D
PRI TVWS, BEEIEESEED | I TWADT, FHOWHEEE
KDEZ 72708, BERZBEDO-D, | II—ETHS. FHOLZ BEIB
'(1'1511.)#75‘1EET 7z. EHAET di)%

TCE DAL TCHREROBER? S, B (H, He) | GREHET)

DAFENIIFHHATE 2. 2 DAt
F2TE TV,

FH 4ERD FHEERZEBHTAZLIZL T, F | FHIIKBWIIAELZDT, FHER
HAEDSIRE 5. 2 BRI

FH A FHITHLEZIEI L F o7, Ly | Ewd SLEITR WV

L FOAB=_ALZHBPTX 2\,

15



5.FH#A ) 5.2 EwINUIESFHS
FHYTMIORE =i

Cosmological Microwave Background Radiation (CMB)
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Discovery of CMB

Arno A. Penzias (1933-)
Robert W. Wilson (1936-)
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Cosmological Background Explorer, 1992

Cosmic Microwave Background Spectrum from COBE
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WMAPRIEICKSCMBDHIE

Wilkinson Microwave Anisotropy Probe, 2002
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WMAPRIEICKSCMBDHIE

Wilkinson Microwave Anisotropy Probe, 2002

® The mean temperature of photons in the Universe today is 2.725 K

® WMAP is capable of measuring the temperature contrast down to
better than one part in millionth
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CMB®MOHIE

1965 Penzias and 2013

Wilson Planck
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PlanckE&£IC X DCMBMDAIE

Planck, 2013
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FIG. 3 (color). Left: BICEP2 apodized E-mode and B-mode maps filtered to 50 < ¢ < 120. Right: The equivalent maps for the first of
the lensed-ACDM <+ noise simulations. The color scale displays the E-mode scalar and B-mode pscudoscalar patterns while the lines
display the equivalent magnitude and orientation of lincar polarization. Note that excess B mode is detected over lensing+noise with

i BT high signal-to-noise ratio in the map (s/n > 2 per map mode at £ = 70). (Also note that the E-mode and B-mode maps use different
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o ML I (FB%IEEE superstring theory)
=11 Rl ClaRk S N =FE /38R DI

=R F BEZeD /8% ME D 7L —> (D-brane)
O NFTIEHRLSINL
= RITAFZE DR
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Blg2 k7L —> 6 RITZE D, 4 H

F‘i%ﬂ SN VWS R (closed string)
ICEHUCIAD SN TW5B,
EERAD. BN F=5%

rT—IRNF (open string)
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EFFEN S HRTTOES, EiBamDERE L TETMEEI L.

56



—F >0, IRFEHwZED (2007F, &

SR AYE)  (5) start on click 2°00”
https://www.youtube.com/watch?v=n8Mcl810LOc

57


https://www.youtube.com/watch?v=n8Mcl81oLOc

Ha® ) 5.4

|

DIEAVED),

—_—

fRFE# (Brane-world cosmology)

=Bl S RITTHRDARITEFZEICtrapSITL\S.
INS R R T—=)VTTIEERITTHE UNRLN.

i=-bDFH

(4 k7T L—>[FE])
WAk D LR IC H
V), BROIREYHD KT X°
NEElRd 5. Fhlb
|3 228 3 R DR D B
B9 % 4 k2’
ICHSZA56NTVLWTW
5. EHETIEERT
AREIICERATZ 5D
T, EHEEHL.

5 RT7AIF)
=D TL—DMAIICIZEA W
PIERT3ZEIPVOAD > TV DB.

RRIBEGICL I, FAAB
I3 S RTHZE D F D ZfE
SKRTDTL—> [JE]
LICHSZAB N TWA.
CHDETFIVTIREDE G
D & £ 5 X THafHr
HEHWC & E HRICEHEA

| B ENTES.

O B A 7B FSE Ry (BHF) o
BEOOHHICE-T, B BHEEASHTREC ° ° °F
EDFEHOEE Tl A% TCTETVWT, 7 T
DI TRTCEHEAT 3. L— BEBHTE 3.

2531 FYF—WETFYRIAPRELLZTL—VT—IVF-ETIVD 1D,

L. Randall & R. Sundrum (1999)

FHTL—> [E]
=D TL— DI
ELT, EAPEFRLT
W3 IEFh.

(= ETV, 1999)

ZEE p178

58



1

Ham ) 5.4

|

—_—

DIEAVED),

fEFHEm (Brane-world cosmology)
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Brane-World model

5th dimension

Brane (4-dim, t,x,y,z) Another Brane?

Bulk
(with cosmological constant?)

5th dimension

all matter and forces are trapped
in 4-dimensional space-time

I Mf{\f\
%77 but only gravitational force propagates
higher dimensional space-time
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