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Lunch table chats, stories...

T

Russian Dolls round table in cafeteria —
shitsev |« present of Soviet physicists to Fermilab, 1975 s




“Unproven and Controversial” - |

Strange Bumps in the LHC
Data



LHC=Large Hadron Collider
record high particle collision energy
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Interactions of constituents of the colliding protons, the so called
partons (quarks, gluons)

proton 1 proton 2

-

Ps. ... momentum proton 1 Ppactos: ... Mmomentum parton 1

Pp. ... momentum proton 2 Praon: .. momentum parton 2
* interaction vertex
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“Bumps” in Data (# events @ E)
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Recent important discovery:

Higgs Boson, m=125 GeV
(2012)

& Ferrgnilab
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The “Higgs” — Last Missing Piece of
The Standard Model of Particle Physics

The Standard Model
describes the fundamental
particles that we know about
and the forces that govern
their interactions.

The SM has been
extraordinarily successful in
describing nature. HAPPY?

NO! WHY?:

e Toomany-17 -
elementary particles - 1?7

« Dark energy? Dark matter?
« Gravitation ?
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Summer 2015: “Fuss” on LHC bumps

TNy Search for high-mass diboson
o arX|V 150600962 resonances with boson-tagged jets in
proton-proton collisions at /s = 8 TeV
with the ATLAS detector
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“3/4/5 Sigma” s-
In physics —
probability.
of mistake :-

0.3

34.1% 34.1%

-3 -2 -1 X 2 3
Sigma-level | Alpha-level | . . —°=° ~2°2 F 5 = °
1 0.3174 > 10 —_:Cow/bolned w/o MSS obs. ATLAS Preliminary
3
2 0.0455 10 ﬂl’m‘:’v:c’)?ﬁ%%}gg b \s = 7TeV, [Ldt = 4.6-4.8 fb
A
3 0.0027 10k -~ Embmad wig MSS orp. 'S = 8TeV, JLdt = 13 b
4 0.0000633 107
- 0.00000057 | 103
3 o — “observation” 10°
° -7
5 o — “discovery” 1
9
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. 10"
Higgs Boson ~/ o gl m o e T T
115 120 125 130 135

m, [GeV]
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Are these “bumps” real?

Need more data to improve
statistics (from 3 sigma = 5 sigma)

About 2 more years of data
taking?

Stay tuned--
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“Unproven and Controversial” - |l

Dark Matter Search




Heavy Elements

Universe Mass ==
WLl 0.03%

Composition

Neutrinos
0.3%

Stars
0.5%

| Free Hydrogen
and Helium
4%

Dark Matter
23%

Dark Energy

NASA Figure 712%



DARK MATTER : #1 “It Exists”

ekloRa B lecH Measured .
(km/s)

200+

50000 100000
distance from center [light years)

Gravitational Lens in Abell 2218

PF95-14 . ST Scl OPO - April 5, 1995 « W. Couch (UNSW), NASA




DAMA/LIBRA

o’\"

‘l
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Gran Sasso
National
Laboratory
»

Direct Searches

(- =
WIMP-nucleon scattering

Look for nuclear recoil

WIMP /

V-10TeV
\

nuclear recoil

\

1 m concrete
ve-box in HP Nitrogen atmosphere
or calibrating In the same running

conditions of the production runs
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«M
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§
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Simplified schema of ~ 100 kg Nal(T1) set-up



o NaI(TI) target:
*, P (\ﬂ 87 kg 1996-2003
| & 250 kg 2003-now

s hlghly radiopure

DAI\/IA/LIBRA Results 1996-2013
~20Q0 hn'tsld'ay, annpal moc'iula;lon!--lo_ hlt§lday, 9'.30 effeqct
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CONTROVERSY (other detectors)
CoGeNT (Ge detector) ... YES

XMASS (LXe) NO
COUPP (Xe) NO
CDMS (Ge/SiI) NO
Xenonl00 (LXe)

LUX (Xe)

DAMIC (CCD)
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TWENTY THINGS PEOPLE SAY
DARRKR MATTER IS MADE OF

Not Particles, But Chunks: Dark

Weakly Interacting Massive Particles (WIMPS) ,
: ¢ Matter Gets Stranger

Massive Compact Halo Objects (MaCHOs)

Robust Associations of Massive Baryonic Objects (RAMBOs)
[ Macroscopic objects (macros) |

Brown dwarf stars

White dwarf stars

Neutron stars

Black holes

Axions

Neutrinos

Neutralinos

Sterile neutrinos

Gravitinos

Photinos

Extradimensional mass

Defects in the quantum-field topology of the universe
Non-Newtonian, non-Einsteinian gravity

55 gram .... 104 kg

(Cat photos’ ) 2% Fermilab

A “hidden valley” parallel dark-matter universe
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“Unproven and Controversial” - Il

Radioactive Decay
Periodically Varies in Time ?



Radioactive Muclei x Ng

Radioactive decay

Zur Quantentheorie des Atomkernes.

» Always exponential:
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Si1-32 (T,,,=300,000 years) and CI|-36
IN Brookhaven National Lab
0.2-0.3% annually 4 years

23

X106 1 1 1
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Earth and Planetary Science Letters 78

(1986) 168



Ra-226 in Berlin... 0.1% annually
15 years

1.003 1

1.002 -

1.001

1.000

0.999

Variations in **Ra decay rate

0.998 -

0.997 ;
Lo b‘ 0 ’& "L Lo <:> 6 '\ Q Date
e # R LI \q \‘-b ® 3 q\g o)

%
& ) o\~ o}
g\q’ g\rﬂ ’b\q,’l' fb\qﬂf fb\(ﬂ @\ q,\q’l\yfb\q’\/ fa\q"\’ fg,\q’ fb\q’ q,\q’ . q,\h" ,b\'\' 4,.\ fb\

. v i i D96 : @ 5
Fig.8. Deviations of “*’Ra radioactivity measurements from average value [11].
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Co-60 (5.3 yrs) & Sr-90/Y-90 (29 yrs)
In Moscow State University 10 years
0.3% annually, 0.02% monthly

puls/s
1655 1 1
16.50 0o
— * counter CBM-12
16.40
16.35 1 puls/s counter CBM-12
583 {1
562 J :
581
580
579 puls/s 905,90, counter CTC-5 :
131.0 41 | . !
1308 1 |4 N Y R " H“ﬁ
130.6 T _
puls/s 130.4 ‘ ‘
186.6 +1
2395,
196.4 M M W & ...nothing for alpha-source?
186.2
G e 0 0 3 o Y S e o S e -

2006 2007 2008 2009



Institute of
Technology

' - Massachusetts THE, NET ADVANCE OF PHYSICS
http://web.mit.edu/redingtn/www/netadv/

Review Articles and Tutorials in an Encyclopadic Format

VARIABILITY OF NUCLEAR DECAY RATES

PLEASE NOTE: The Net Advance of Physics does not take a position on the existence and/or explanation of the reported
phenomena. To add papers, please write to the editor (redingtn at mit dot edu). Last update: 07/30/15 TOTAL=87papers

* Rescarch papers: General:
o [s Radicastive Decay Really Exponential? by Philip J. Aston [Europhysic
o Sensitivity of astrophysical reaction rates to nuclesr uncertainties by Thor

® Research papers: PERIODIC VARIATIONS: SCALE OF SECONDS

o (51 K-Capture Anomaly:
» Measurement of the beta+ and arbstal elestron-capture decay rates |
= Observation of Non-Exponential Otbital Electron Capture Decays ¢
® On the time-modulation of the K-shell electron capture decay of H-
® Osilintions in the GS| electron capture sxperiment by H. Bu
= Kumematics and Quantum Field Theory of the Neutrino Oscillations
® New method for studving neutrino mixing and mass differences by
* Comment on the Neutrino-Mixing Interpretation of the GSI11
® Reply [to Giuntil by A, N, Ivanov et al. [200803]
» Comment by Murray Peshkin [2008/04) Meant to sefute Lipk
» The GSI method for studving neutrine mass differences - For
* Comment by Murray Peshkin [2008/11] *Quantum mechanic
® The (S Time Anomaly: Facts and Fiction by Carlo Giunti [2
s Comment by V. V. Flambaum [2000/08] Disagrees with Lipk
® Neutrino-Puleating Vacuum and Neutrino Mass Difference by H. K
® Neutnino masses from the Darmetads oscillations by A. N, Ivanov ¢
allats abaratory for Testi ew Physics by
» Rates of Processes with Cobierent Production of Different Particles
quantum beats between energy levels of decaying ion instead
® Comment by A. N. Ivanov et al. [2008107]
s The GSI anomaly by Hendrik Kienert et al, [2008/08] Agains
= The GS} Timc Anomalz Facts aad Fiction by leo Giunti [

 The GSi Time Apomaly: Facts and Fiction by C urio Gmnn [+
= New interactions: past and future expersments by Michele Malton: |
. On the Tim:-\!odula(ion of tbe Bm-D:cg Rate of H-like NDP:‘

ngm;m_by Yu. A. Litvinov et al. [2008/07]

= Could the GSI Oscallations be Observed in a Standard Electron Cap
reporting that a conventional (as opposed fo storage-nng) K-capture

* Theoretical Overview of Neutring Properties by Zhi-Zhong Xing [2
40 SIHISEV | Sdiliuwidil FuzZies in

M()\cmm of ‘chtnnc Pmm by Zlu M Ymg n‘l)OS 7] Wigh re
@m&m_&lﬂmmﬂgﬂh Avraiam Gal [2008 08] and when ey d
» Tume Modulation of Orbutal Electron Capture Decayy of H-like Heavy lons b
8 Netrinw mageetic moment effects in electron-capture messurements at GSI
® Spanerotation couplmg in non-exponential decay of hydrogenlike beavy 1ons by Gm
» Commsnt by V. V, Flambaum [200908] Disagrees
» Why 2 spliiting in the fins] state cannee explsm the GSI-Oscillaticns by Alexaeder |
8 On the time modalaticns of the K-shell electron capture decay rates of Hoke heavy
data can be explained in terms of the mterference of two massive seutrmo mass<ig
8 Comment by V. V. Flambaum [200908] Disagrees
» Reply by A N l\m:n andP kmdr: ‘000 09}

® Ths GSI mdﬁhognw\tgy by Alexsnder Merle [Progress in Particle mi Nuclear
observed oscallstions cannot be caued by standard neutrine ming *

® [ the GST anomaly due % seutring oscillations? « A real time perspective by Jun W

® Ossillations in the decay I 5 possibie quantum meshamsal explmation of the 03

 {Oscillsting) non-exponential decays of wstable states by Francesco Giacosa snd €
» GSLanomaly and senrotaticn couphing by Gactino Lambiase of ol [2012405]

® Dseay Ossillations in Elestrom Capture and the Newnne Mass Difterence by Murra
» GSI Oseiliations &s Iterference of Neutrmo Flavour Mass~Eigenstates and )

® Neutrino sigmls in S tworbod EC rates by Avraham Gal [201407]

® Decay Law of Relativistic Particles: Quantiam Theory Mests Special Reftity by ¢

® Osqifiating Decay Rate in Electron Capture and the Neutrino Mass Difference by M

®» Properties of decaving particles: “GST ancesaly” like effects by Kezysztof Urhanow

* Research papers: PERIODIC VARIATIONS: SCALE OF DAYS OR YEARS:

© Exidence for Solar [nfluesces on Noclear Decay Rates by Ephraim Fischbach <t al. [2010
o Half-lifs of 3351 by D. E. Alteeper <t al. [Earrh Planer, Sci Latt. 78, 168 (1986)] Observe
© Evidence for Coerelations Berween Nuclesr Decay Rates and Earth-Sus Distance by Jere
¢ Searching for modifications to the M radiactive decay law with the Cassini o
o E 1451! 3 Jcnm smr;h!m m!m g &‘ dﬁlx E 25 ’nd Edﬂh 3l mns h‘\ EX\C

the vame nnhm
o Researches of sioba and beta radiosctivity st long-tens cbservations by A, V. Packhomov

o Additional experimental evidence for a solar mﬁ'aenoc on nuclc;ar decav rates
o The Case for 2 Solar Influence on Certam Nuclear Decay Rates by Peter Star

o Additional evidence against a solar influence on nuclezr decay)
arfifacts ..."
w Conceming the Phase of the Time-Variation m the Cl-36 Decay Rate br
model".

o Time-Varying Nuclear Decay Parameters and Dark Matter by Jonathan Nister
instzad?

o Disproof of solar influence on the decay rates of 908: 90Y by Karsten Kosser

o Analvsis of Beta-Decav Rates for A2108. Bai33. Fuls2. Fuls4, Kr85. Ra2d

o Results of a search for dasly and anmual variations of the Po-214 half-life at tf

* Research papers: NON-PERIODIC VARIATIONS:

o Gengral:
 Noa-Poisson distributions observed during countng of certam carbon-
® Is it possible to stimulate nuclear zlpha decay by superfluid helium? by
u Search for the time depeadence of the 137Cs decay constant by E. Bell
u Constraining spacetime variations of nuclear decay rates from fight cur
¥ Neutrino induced decoherence and variation in muclear decay rates by I
u Signature of nonexponential maclear decay by R. N. Manchester [2015

o Of Cosmic Origin:
® Interpretation of cold muclear fusion by means of erzion catalysis by ¥i
resembling muons.

® New interactions: past and future expersments by Michele Mzltoni [20(
u Perturbation of Nuclear Decay Rates During the Solar Flare of 13 Dect
» Implications for C-14 Datine of the Jenkins-Fischbach Effect am

u Effect of radsoactivity decrease. Is there a link with solar flares?
= Study of the dependence of 198Au half-life on source geometry |
matter. Paper reports an experiment o set limits on this effect. [A
w Search for correlations between solar flares 2nd decav rate of rad




Jenkins, Jere H., et al. "Evidence of
correlations between nuclear decay
rates and Earth—Sun distance.”
Astroparticle Physics 32.1 (2009). 42-46.

Raw Undecayed 226Ra PTB Data with Earth-Sun Distance

Eccentricity of Earth’s Orbit

“ -t 0 w ~ @ [~ Q ha o~ [aed -+ [Teg w N~ @ (=2 Q
@ Q « ° X o < o 2 4 & -4 @ =4 2 -4 2 2
o o o~ o~ N - = - - [=] s 8 © o o o o @

& & A A ] I < & 4 & & & & el & & & &

‘ + Normalized Undecayed - USNO 1/R"2!

27 shitsev|"Gan Pearson Correlation Coefficient r=0.62, N=1974, Prob=5.13x10210




Cross-checks (2009-2013)

Cl-36 — Ohio State vs PTB (Berlin)

Standardized + Measurement data of PTB by means of TDCR liquid scintillation Distance Sun-Earth
activity 4 Measurement data of Ohio State University by means of Geiger-Miiller counter R?in (AE)?
1,020 W 1,04
1,016
- 1,03
1,012 - &
a - 1,02
1,008 9 s
& A & ab ) a A
A A |
1,004 A o = A A A a o
- a e ¢ T s
& a & &p A a>a A \a a®al &
1,000 x a b +a A +4+ 4 4 HH i S aha st L R - 1,00
N : & Ta, Tasl a4 A
e A A ﬁ A A A o o
0,996 1 A28 aaf A 8y 2" & 0 - 05
A o a a
0,992 A
A a
0,98
0,988
0,97
0,984 -
0,980 . . . 0,96
01.01.2009 01.01.2010 01.01.2011 01.01.2012 01.01.2013
Date

The issue not resolved... stay tuned
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“Unproven and Controversial”- |V

Gravitational Constant
1s Not a Constant ?




Gravitational Constant G

Henry Cavendish
experiment 1797-1798

(2 balls on strings 1.6 lbs + 2
heavy ball 350 pounds)

Measured many
times with relative
standard uncertainty
1.2 X10™

G = 6.673 84(80) x 107" m® kg™
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Gravitational Constant G

Inconsistency of results
“Pasbpoa u LLlataHmna”

NBS (1982) +————t 100 ppm
Moscow (1996) & PP
® Los Alamos (1997)

Washington (2000) =@«

—@— BI’M (2001)
Wuppertal (2002)» 2

New Zealand (2003)

@ Huazhong (2005)

@~ Ziirich (2006)

Huazhong (2009) =@
JILA (2010) =@
8- BIPM (2013)

] | | ] |
6.671 6.672 6.673 6.674 6.675 6.676 6.677
G/10™1 kg m3s7?)

Wires

Uppu

masb

= Source masses

Lower
fest
mass

2& Fermilab
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G Is not a constant ?

Length of the day (24 hours) varies by ~0.002 sec | @8 uie

L, 110 [2005) 10

over decades and periodically by 0.00013 sec 0. 1209/0235-50T/ 1101100
every 5.9 year —> G correlates with that per‘iod ? Measurements of Newton's gravitational constant

| | | | — and the length of day
6.676— LOD periodicity of 5.9 years e~ DAt O Boom?, V, T aad M- & Bmmnt
~ 6.675 /\ /\ -

ID.[) |

— B

t'l\l | UZur=06

< . 74 [ MSL~03 —

- 6674 3

:I‘O i \ / \ / | “_ HUST=09

= 6.673 — /:\ _— ]

" \\ %

O - NIST-82 :: ‘,:/ Oeta .m.w..\'\\ //’s\\\ . o -
6672 __ | 'f B \\\?j/\ HUST=05 LENS-14 @9 __
6.67]-""l""l'"'l""l""l""l""l-

1985 1990 1995 2000 2005 2010 2015 lab
Date (yr)




“Unproven and Controversial”- V

"Penrouse Circles” -
Signals from
“Before the Big Bang™?




)
e

Time
{(~15 billion years)

<« —_——— »
Expanding universe

ot :
3¢ Fermilab
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Cosmic Microwave Background

1=2.72548+0.00057 K

~100 LK EEEOE W +100 K

Wilkinson Mlcrowave Annsotropy Probe



Hypothe5|s Cyclic Cosmology

Classic
Cyclic Universe e
universe)

The cycle of expansion

and contraction

k-
\
. s . .
¢ —— Roge r continues endlessly
4 RL3

€ 8.
2 | ~ \)‘\\S;de'\ O"JQ
A
Penrose i £ D 7= \v
:’v V\l 2 ‘I

Temperature change Effect on the CMB




“Penrose Circles” — discovered?

« V.G.Gurzadyan,
R.Penrose (2010)

— arXiv:1011.3706
* 60 effect! 15 pK/2.5

— arXiv:1012.1486
— arXiv:1302.5162
— In agreement with CCC
» Critics:
— Moss A, Scott D., Zibin
J.P., arXiv:1012.1305

— Wehus I.K., Eriksen H.K.,
arxiv:1012.1268

— A.Hajian,
arXiv:1012.1656
* 3 0-noise!
« Confirmation

K.Meissner et al,
arXiv:1207.2498

. " . . 3 o o G SN M 400 2% - s 0 3 n‘ ‘n‘ no 125
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http://arxiv.org/find/astro-ph/1/au:+Gurzadyan_V/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Penrose_R/0/1/0/all/0/1

Summary:

Physics is fun !
George Gamow was great !

There are many interesting
discoveries ahead of us !

Thank you for your attention!

4 Fermllab
Shiltsev | "Gamowian" Puzzles in Physics
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Few More Comments on
George Gamow



GWU = Concoran Hall

Sh

George Gamow
Professor Of Physics
at The George Washington University
from 1934 to 1956

Gamow (1904-1968) is rerowned for developing the *Big Bang Theory” of the
universe (1948); explaining nuclear alpha decay by quantum tunneling (1928);
describing, with Edward Teller, spin-induced nuclear beta decay (1936);
pioneering the liquid-drop model in nuclear physics (1928); introducing the
“Gamow* factor in stellar reaction rates and element formation (1938); modeling
red giants, supernovae, and neutron stars (1939); first suggesting how the genetic
code might be transcribed (1954); and popularizing science through a long series
of books, including the adventures of *Mr. Tompkins® (1939-1967)

This plaque is placed in honor of their colleague George Gamow
by the
Physics Department
of
The George Washington University

April 2000
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Gamow in English “literary world”

Google books Ngram Viewer

Graph these comma-separated phrases:  Alberi Einstein, George Gamow,Hans Bethe Lev Landau | case-insensitive

between 1900 and 2000 fromthe corpus English ~ with smoothing of 3~

0.000110%+
0.000100%+
0.000090%+
0.000080%+
0.000070%+
0.000060%+
0.000050%+

0.000040%+
0.000030%+ -’

0.000020% - b
&

0.000010%+ George Gamow
Hans Bethe

0.000000% r : ' ————___ . . : yLev Landau
1900 1910 1920 1930 1940 1950 1960 1970 1980 1980 2000

(ciick on lineflabel for focus)

—

aEreii Illl:lb
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Gamow In Russian

Google books Ngram Viewer

Graph these comma-separated phrases: Tamo,llanay,Caxapos, JlomoHocos,MeHpenees

LI _-'\v )
between 1900 and 2000 from the corpus Russian (2009) v with smoothing of 3 v . [t SRl

0.00300% =

0.00250% -

0.00200%

0.00150% -

0.00100%+

) lomoHocoB

0.00050% Caxapos
Nanpay
MeHpenees

0.00000% ; " , , . , y[amos

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

(click on line/label for focus) )

(R ~rinvow v ST IV ILAI T 1 Ui 1 Y oo B A A S T L g



Google search: “copmyna N'amoBa™

EKaTepuHa lamoBa, team Russia
World Champion (2006, 2010)
202 cm (6’87)

upto George Gamow (204 crp) S




Why 111 ?

 Al: because of 1904 (GG’s B-day)

« A2: Viadimir Arnold (1937-2010),
In Russian State Duma 06.12.2002:

— G.Seabord (Nobel Physics, 1951)

— California State Board of Education/
Academic Standards Commission

111: 3

without calculator
— Senate
— “anti-constitutional” & “racist”

— declined Vladimir I. Arnold

2& Fermilab
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Ho y 'amoBa Ob1iH, KaK MOKHO J0TaAbIBATHCS, BeCbMa
JMYHBIC OTHOIIEHHUS C TeopeTHyeck ol ¢pu3ukoit. OH cMoTpen
Ha HEE KaK Ha BOJIBHOE, CJIerKa [aXe JIETKOMBICIIEHHOE
HCKYCCTBO — M BpeMf OT BPEMEHH NOJIYy4Yal B OTBET

Oonbme W MajieHbkHe noaapku. Takue, kak 3tH 3 K u3
"Physics Today", mocraBumiecss 6e3 TpyaoB W YCHIMH H
TOYHO COBMABIINE C MepBbIMH H3MepeHHsaMH [leH3maca u
Buicona. [Ouesuano, uto u 7 K u3 crareu 1953 r. — 310
TOXE TPHU3 W3 TeX, YTO BRIMAJAIOT HA MO0 "H30paHHBIX,
CYACTJIMBIEB MMPA3IHBIX, EAHHOTO MPEKPACHOTO Kperos'.

Ascyem 1994 2. Tow I64, Ne 8
MCIHEXHWM PHIMYECKHX HAVK

3 HCTOPHH @M3HKH
Kax I'aMOB BbIMHC/IHI TEMICPATYPY PEAHKTOBOIO W3 TYUCHHS,
HJIH HEMHOI'0 00 HCKYCCTBE TeopeTHYecKoi pu3nKn

A Yepunn

JE :
3¢ Fermilab
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DM? X-ray signal from outer space points to dark
' matter Alexey Boyarsky of Leiden University (Netherlands)

Compare spectra of X-rays from
Galaxies with models - see excess!

Checking the dark matter origin of 3.53 keV line with the Milky Way center

A. Boyarsky', J. Franse'?, D. lakubovskyr’, and O, Ruchayskiy*

' Instituut-Lorentz for Theoretical Physics, Universiteit Leiden, Niels Bohrweg 2, Leiden, The Netherlands
?Leiden Observatory, Leiden University, Niels Bohrweg 2. Leiden, The Netherlands
‘Bogolyuboy Institute of Theoretical Physics, Metrologichna Str. 14-b, 03680, Kyiv, Ukraine
'Ecole Polytechnique Fédérale de Lausanne, FSB/ATP/LPPC, BSP, CH-1015, Lausanne, Switzerland

(@Dated: August 12, 2014)

9 A ' ' ' ' gcc: ross — ) " X-ray satellite
i Y 1 . Data from:
- - 1 .+ Center of our Galaxies
i | arxiv:1408.2503 Ty, | |0 Pegasuscluster
. o % om oo .. . ‘e Andromeda Galaxy
g T I w2, e 73 other Galaxy clusters
i i | it
3 Mot Lt i iy .
i¥ o %iii{i}{liﬁ" 3”“52 i P Point to

a0 PHRETE T 707 7 74 3540 eV line (m,/150)

3.0 3.3 4.0 4.5 5.0 5.5 6.0

Energy (xeV] with ~6 sigma significance



[Toucku noa cpoHepem u ganee...

THIS IS WHERE YOoU
LOST YOUR WALLET?

NO, T LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.
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Classic |

s - Volume
Cyclic Universe (of the
The cycle of expansion universe)

and contraction
continues endlessly.

5
"~ 00 Big Bang Big Bang Big Bang Big Bang oo
The past The future
Cr(li/\?
Modified Volume
Cyclic Universe (of the

) 3 universe)
During each successive cycle,

the universe expands to a
bigger volume.

i Time

O
T-' 0 Big Bang Big Bang Big Bang Big Bang 0o’
- The future

(The universe and time
begin with a bang.)
v

rnntov v CUATTIVVVIALTL 1 Ueaivw 11 Ly Uivo




“Unproven and Controversial”- VI

Moon Origin Controversy



Our Moon (JIlyHa) — “Impact Theory”

5 ﬁeia — Hartmann, Davis (1975) and Cameron,Ward (1976)

T, =4567 million
years ago: birth of
Solar system

T, +(10-20) million
years

separation of iron
(core) and silicon
(outer layers)

T, +(60-120) million
Theia impact (~10%
of Earth weight and
~20 km/sec) and
Moon formation
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Theia can not be a priory of (NOt) Our MOOn ’)

the same isotopic content as
Earth — but it is to <0.001% !? Before

-2-10 1 2 3 4 5 ’

Impactor Proto-Earth

KREEP-rich samples

Standard impact

Low-Ti mare basalts

"
(Corrected)

High-Ti mare basalts
T ——
(-

] et

8 E l_o_lﬁ (Corrected)

-2-10 1 2 3 4 5
52 g182W cs Half-Earth impact




Outer-solar-

(11 )
Sun P dalrad d OX system water

Earth E chondrites Mars
Moon

DEVIATION FROM (670 - 0.52 6'%0)

The Earth—Mars difference in A is 300 times smaller than the difference between
Earth and the Sun; the Earth—Moon difference in A is smaller still by an additional
factor of about 25 — g

No isotopic differences between

N .
Earth and the Moon have yet been ®
recognized,; for instance, for O, Ti,
Ca, Sl, or W - Why ??f) mgs::pinning

Next steps:

 Better measurements
 Better models

o “Better rocks” (crangesososzoir
« Check Venus

B3 sub-Earth

2

I'TME



