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@ A= Adagio Sostenuto

@ 19% Quantization Ao &2t S
Al 1¥H 3 Moderato, "Magnetic Monopole”

A2 Allegro ma non troppo, Fractional Charge”

@ 294k Conservation A 9] &JeF ¥H=t
A1 == Allegro con brio, "HEHZ| T} g A"

A2 Andante ma non tanto, ~Anti—particle, anti—-matter”

@ Coda, Maestoso con spirito



“Nature has a great simplicity and
therefore a great beauty.”
- R. Feynman
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“There exists a passion for comprehension... \G
Without this passion, there would be neither 1A
mathematics nor natural science.” - A. Einstein
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A (many-particle systems) = EX|=Z2
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@ Nobelprize.org
The Official Web Site of the Nobel Prize O Video @ Podcast cADOUt Us —

Nobel Prizes and Laureates Nomination Ceremonies Alfred Nobel Educational Events

Nobel Prizes and %‘ The Sveriges Riksbank Prize in Economic Sciences in Memory of "" %LW

Laureates . Alfred Nobel 1997

Robert C. Merton, Myron S. Scholes Eﬁﬁg‘eﬂ:iﬁa{pﬁ
Prize in Economic Seii € 1997 > Derspectives on agetng -~ s

Share this: FIEREE 3 B
v About the Prize in Economic The Sverlges leSbank
Sciences 1997 Prize 1n Economic Sciences

Summary

press Release in Memory of Alfred Nobel

Advanced Information

%2014 Nobel Prize
Award Ceremony Speech Announ&mehts
» Robert C. Merton

» Myron S. Scholes

All Prizes in Economic Sciences
All Nobel Prizes in 1997

Robert C. Merton Myron S. Scholes
Prize share: 1/2 Prize share: 1/2

NOBELPRIZE QUIZ

The Sveriges Riksbank Prize in Economic Sciences in Memory of Test your knowledge about
Alfred Nobel 1997 was awarded jointly to Robert C. Merton and the Nobel Prize
Myron S. Scholes "for a new method to determine the value ofderivative




uation he: J W Heat equation - Wikipedia l +

wikipedia.org/wiki/Heat_equation L ‘ I

4| b

Statement of the equation (edi

Note: ( Z:Y. 2, t) is not velocity. It is an arbitrary function being considered; often it is temperature.

For a function u(x,y,z,f) of three spatial variables (x,y,2) (see cartesian coordinates) and the time variable t, the heat

equation is
du N Pu  Fu  u _0
Ot 0z2 "~ 9y? 022
More generally in any coordinate system:
du 5
. O’V u=>_0
ot

where ais a positive constant, and A or V2 denotes the Laplace operator. In the physical problem of temperature
variation, u(x,y,z,1) is the temperature and a is the thermal diffusivity. For the mathematical treatment it is sufficient to
consider the case a = 1.

The heat equation is of fundamental importance in diverse scientific fields. In mathematics, it is the prototypical parabolic
partial differential equation. In probability theory, the heat equation is connected with the study of Brownian motion via
the Fokker—Planck equation. In financial mathematics it is used to solve the Black—Scholes partial differential equation.
The diffusion equation, a more general version of the heat equation, arises in connection with the study of chemical
diffusion and other related processes.

10
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Science is a wonderful thing if one does
not have to earn one’s living at it.
- Albert Einstein
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"It is not the fruits of
scientific research
that elevate a man
and enrich his nature,
but the urge to understand”

12
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@ some beautiful examples of symmetry

Beauty is truth, truth beauty — that is all o] 7179

Ye know on earth, and all ye need to know.
- John Keats
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Enjoy (the symmetries) while you can!



1 Brooks/Cole Publishing ITP

What is charge?




2 2005 Brooks/Cole «  homson
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. Electron (TX})
- “electric” + “on”
- SO MUA, setd o
EO=Re = -6 10 C
. Nucleus (2XfaH)
- Proton (ZMX}): (“proto-” + “on”), Q = +e
- Neutron (Z4XH: (“neutral” + “on”), Q=0

&2 HE=E X0 25l

e e = 1.6 x 101 Coulomb : basic unit of electric charge
e “proto-" : first, original (ex) protocol, prototype

=
FEpSE=

19
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Some “elementary’ objects have charge

e electron (&), proton (p)
e But, we don’t know WHY...
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e Quantized (7|2
e Conserved (&
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x5t Blo s 8

o For each fundamental interaction, there is a parameter
that determines the coupling strength

2 47 €O %
o Examples
e electric charge for EM interaction
e weak charge for weak int.
e “color” charge for strong int.

e oravtational charge??

2%



beb
" atoms

ﬂ electric " magnetic /
planets apple \ / |
Quantum mechanics
1 >< electromagnetism
8 ravz | mechamcs l / / =

Speczal relatzvzty

deca
GR Quantum ElectroDynamzcs b- 2

Electroweak theory «— Weakf % s o-décay

\

St;‘ing theory ?< Grand Unification’<

Strong Force

from H. Murayama’s summary talk at LP 2003
22



Themes & Variations

® e i I
® Variations on a theme of Quantization

© g I
® Variations on a theme of Conservation
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Variations on a theme of Quantization

N = _,
_3 gt/ +mg =0
! £ oi

: Atomizer W

R. Millikan (1911)
Nobel Prize(1923)

“... if these researches of

Millikan had given a

different result, the law of

- Einstein would have been

“without value, and the

theory of Bohr without
support. After Millikan's
results both were awarded
a Nobel Prize for Physics

last year.”

i
l
‘ © 2001 Brooks/Cole Publishing/ITP
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© 2001 Brooks/Cole Publishing ITP

Quantization Variation |
Moderato, “Magnetic Monopole”

il
- =

PA.M. Dirac (1931)
- magnetic monopole 5= %;

n

25



Faraday’s law

> S Ni =-»
I Coil “sees” an increasing I Coil “sees” a decreasing
field to the right 1 field to the right

Ammeter




Resistance

<

4 Non Supercon-
ductive metal

\
/Onnes (1911)
| \

Superconductor

TC

>

Temp

'\/'>
y
9

Quantization Variation |
Moderato, “Magnetic Monopole”

Small biasing current

material

i | /
YA /L— Voltage output
> | FIU.X ‘left by, DM Supercondutive

. —

dipole

-1

Superconducting coil : |
Magnetic
i [ dist ﬁ“’dﬁf
%
arf,_.-r"'
| Gz
/ —Gap
A o— ‘_“““Jnsephsnn
< "dist j?.ﬁﬂ;;?-l junction
Monopole detection with SQUID ] Votage

Current

27



Quantization Variation |
Moderato, “Magnetic Monopole”

VOLUME 48, NUMBER 20 PHYSICAL REVIEW LETTERS 17 May 1982
Pollock, Phys. Rev. A 24, 1544 (1981). p. v, Giaquinta, M. Parrinello, and M. P, Tosi,
°F. J. Rogers, H. E. De Witt, and D. B. Boercker, Phys. Chem. Liq. 5, 305 (1976); ¥
Phys. Lett. 82A, 331 (1981); D. B. Boercker, Phys. lished. HEdl
Rev. A 23, 1969 (1981); D. B. Boercker, F. J. Rogers, 'B. Bernu and P. Vieillefosse, |
and H. E. De Witt, Phys. Rev. A 25, 1623 (1982). (1978).
‘L. Spitzer, Jr., Physics of Fully Ionized Gases H. Minoo, M. M. Gombert, anc
(Interscience, New York, 1956). Rev. A 23, 924 (1981).
°L. P. Kadanoff and P. C. Martin, Ann. Phys. (N.Y.) ’R. J. Bearman and J. G. Kirwo
24, 419 (1963). 28, 136 (1958).

First Results from a Superconductive Detector for Moving Magnetic Monopoles

Blas Cabrera
Physics Deparvtment, Stanford University, Stanford, California 94305
(Received 5 April 1982)

A velocity- and mass-independent search for moving magnetic monopoles is being per-
formed by continuously monitoring the current in a 20-~cm?-area superconducting loop.
A single candidate event, consistent with one Dirac unit of magnetic charge, has been de-
tected during five runs totaling 151 days. These data set an upper limit of 6.1% 10710 ¢ =2
sec™' sr™! for magnetically charged narticlac mavine thranch tha anmth’e cnwfean

PACS numbers: 14.80.Hv TIME OF DAY (PST)

3 6 9 e 15 18 21 24
n T T I ! x T I I 1 1 I T I 1 1 I T I T

The detection of a moving magnetic charge
a superconducting ring is based solely on th«
range electromagnetic interactions between 6l

Valentine’s Day Moenopole !

FLUX
N
T

) f
"2y ‘ LN, TRANSFER

FEBRUARY 14 1982




TIME OF DAY (PST) TIME OF DAY (PST)

6 9 12 15 |12 15 18 21 24

v 117 1T T T T"1

T T T T T T T T

!

LNz LHe
TRANSFER TRANSFER
APRIL 8 198|

[ LABORATORY OCCUPIED 3
=5 LABORATORY UNOCCUPIED 2
» 20 —~
— O
2 -
Y B —
> 5 CAL IBRATED «
" MAGN | TUDE 5 ol
o 10 FOR ONE ™
@ DIRAC CHARGE -
- Al
U — 4
= |
g O | l | Ba |
0 > 4 6 8

EVENT MAGNITUDE (|A$l/¢,)

In this experiment a four-turn, 5-cm-diam loop,
positioned with its axis vertical, is connected to
the superconducting input coil of a SQUID (super-
conducting quantum interference device) mag-
netometer.® The passage of a single Dirac charge
through the loop would result in an 8¢, change in
the flux through the superconducting circuit, com-
prised of the detection loop and the SQUID input
coil (a factor of 2 from 4mg =2¢, and of 4 from
the turns in the pickup loop). The SQUID and
loop are inside a 20-cm-diam, 1-m-long cylindri-
cal superconducting shield closed at the bottom,
and these are mounted inside a single Mumetal
cylinder. The combined shielding provides 180-

APRIL 28 198l

WA A NS Pod s i iy Nt M R W

(e) The critical current of the loop is not
reached for currents a thousand times greater
than 8¢ ,/L and is typically 102 times greater.

(f) Mechanically induced offsets have been in-
tentionally generated and are probably caused by
shifts of the four-turn loop-wire geometry which
produce inductance changes. Sharp raps with a
screwdriver handle against the detector assembly
cause such offsets. On two occasions out of 25
attempts these have exceeded 6¢, (75% of the
shift expected from one Dirac charge); however,
drifts in the level were seen during the next hour.

(g) No seismic disturbance occurred on 14
February 1982.

h oy ool osmic ravs depositine < s

29



Quantization Variation |
Moderato, “Magnetic Monopole”

http://pdg.lbl.gov
Monopole Flux — Cosmic Ray Searches
“Caty” in the charge column indicates a search for monopole-catalyzed nucleon decay.

The absense of an entry usually means a track-etch experiment.

FLUX MASS CHG COMMENTS

(cm—2sr—ls— 1y Gev) (g) (B =v/c) EVTS DOCUMENT ID TECN
<1.4E—16 1 1.1E-4 < 3 <1 o 19AMBROSIO 028 MCRO
<3E—16 Caty 1.1IE-4< 3<5E—3 0 11 AMBROSIO 02c MCRO
<1.5E—15 1 5E-3<3<099 0 12AMBROSIO 02D MCRO
<1E—15 1 1.1 x 10%-0.1 0 13AMBROSIO 97 MCRO
<5.6E— 15 1 (0.18-3.0)E—3 0 14 AHLEN 94 MCRO
<2.7E—15 Caty 3 ~1x103 0 15BECKER-SZ... 94 IMB
<8.7E—15 1 >2.E-3 0 THRON 92 SOUD
<4.4E—12 1 all g 0 GARDNER 91 INDU
<7.2E—13 1 all g 0 HUBER 91 INDU
<4.E-—11 1 0 CABRERA 83 INDU
—~e—1c L o W vi—1 U DUINANLLLL 02 wivin
6.E— 10 1 all g 1 22CABRERA 82 INDU

Cosmis Ray AIE monopole A= A 1%t

30
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Here a "quack" there a "quack"

Everywhere a "quack, quack"
Old Macdonald had a tfarm, E-I-E-I-O

Old Macdonald had a farm, E-I-E-1-O

Quantization Variation 2

Allegro ma non troppo, “Fractional Charge”

=
d |
1 &
Ol &
And on his farm he had a duck, E-I-E-I-O
With a "quack, quack"” here and a "quack, quack” there
E 2 L=
Eha
HiSl= e =30| / =80| e =UO)
=l0| JeEe] A= / AHE = THEEe] B
Sfaletetat ~ae (2T, SMF EA
Hefet nleee] XS / /XS HEEL
UXI3H THeca] QFAIX} / QFAIX} Tl EER

AX[H &RUAC J2fEhA

QEZI UHE JelaeiA

I mH 1oy X—|A—|EHE i}
(Ll==R)

J)

AKX

HAg

2t2t2t2k2t ~~~ (U. Chicago, Z1¥7| 14 noteO|A)

“Fundamental Particles ed Interactions?”
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Quantization Variation 2

Allegro ma non troppo, “Fractional Charge”

What is the world made of?

- is atom truly fundamental?

size in atoms and in meters

-10
1 10

1 -14
10
10.000 @

1 A5
10
100,000 (‘
1

100,000,000

e_ | .D-1E-

at largest)

« The nucleus is ten thousand times smaller
than the atom and the quarks and electrons
are at least ten thousand times smaller than
that.

« We don't know exactly how small quarks and
electrons are; they are definitely smaller than
10-18 meters, and they might literally be
points, but we do not know.

« It is also possible that quarks and electrons
are not fundamental after all, and will turn out
to be made up of other, more fundamental
particles.

« (Oh, will this madness ever end?)

. —RZ# HINESF Fit\if
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Quantization Variation 2

AHGgI'O ma Nnon tI‘OppO Fractlonal Charge

The fundamental fermions

size in atoms and in meters

1 / " Particle Flavor Ollel

V V V 0
: 2 U e o
0000 Wil |\ € R
1 [ § ?
: 0) 0
1 | -18 —
100,000,000 9D e k. Ist  2nd  3rd

generations
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from O|ZH == (BHTH) seminar at Yonsei, 201 |

Partons

Parton Distribution Function

valence quark : u u d
sea quark : all quarks and antiquarks

gluons

L5

C.g

C.4

o2

Proton Structure

'

B '.HEEE‘DATA
E_Iu bosea

Oeed=  1960000CRV2

__up MRSTZ00ZNL]
- down  MRST2002NLQ
________ gluon  MRST2002NLO
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Quantization Variation 2

Allegro ma non troppo, “Fractional Charge”
VoLuME 38, NUMBER 18 PHYSICAL REVIEW LETTERS 2 MaAy 1977

Evidence for the Existence of Fractional Charge on Matter®
George S, LaRue, William M. Fairbank,{ and Arthur F, Hebardf

Depaviment of Physics, Stanfovd University, Stanfovd, California 94305
(Received 8 April 1977)

Accepted without review at the request of Walter E. Meyerhof under policy announced 26 April 1976

We present results of a superconducting magnetic levitation experiment which provide
evidence for the existence of fractional charge on matter. Three niobium balls heat-
treated on a tungsten substrate were found to have residual charges of (+0.337+0.009)e,
(=0.001+0.025)e, and (—0.331+0.070)e. All five niobium balls heat-treated on a niobium
substrate had residual charges near zero. 0

SR R I e

— | +0,279

)

NUMBER OF EVENTS

- D WA N oW
T 1 1
J
1
—
—

fqh _ ] JHJ

-3 -2 -1 O I 2
NUMBER OF ELECTRON CHARGES
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Quantization Variation 2

VoLume 46, Numper 15+ ‘\111 vsicAL REvIERN EEroEms non troppos akzastional Charge”

%éervation of Fractional Charge of (1/3)e on Matter

?\\)39
\,’& George S. LaRue, James D. Phillips, and William M. Fairbank

VA(O Stanford University, Stanfovd, California 94035
(Received 24 November 1980)
O

| T +H@H
|1 | 'I—O—“ nambiguously the existence of fractional
ll? B i ’ ‘_&_‘ l on particular spheres when they con-
10 - ' b 21 new measurements, four charges of
13 HE '-é}' | Extensive measurements and critical
}% - O ‘ es are either negligible or have been
1S L
10 |~ > |
6 | nL HO-
10
6 [ 1 [ l"O"I
‘g: o | The apparatus is kept at 4.2 K and consists of a
w0 o "'( ' superconducting niobium ball (mass <9 x107° g)
o C } ) O suspended magnetically between two horizontal
= or ' | capacitor plates. The ball’s position is sensed
= 573: T T T _o“ o o= by a SQUID (superconducting quantum interfer-
I — . .
= S ; l»o« —Q— ence device) magnetometer and its charge can be
@ g | IO changed at will with movable 8" and 8~ emitters.
o KO
5; I HOH > the vertical z direction is given by
- O
8 |- | HO- S 1
C HOA HOb F,=(q,+ne)E 4 +P 4 *VEp+Pp-VE s+ Fy +Fg,
51 O |
S | O :
| —r—
4 — aH
3 F F—O— l [
% — ] F—"O'-_" I
N | |
-0.5 -0.333 O 0.333 0.5

RESIDUAL CHARGE (e) 37




Quantization Variation 2

Allegro ma non troppo, “Fractional Charge”

Citation: W.-M. Yao et al. (Particle Data Group), J. Phys. G 33, 1 (2006) and 2007 partial update for edition 2008 (URL: http://pdg.Ibl.gov)
Quark Density — Matter Searches

QUARKS/ CHG MASS
NUCLEON (e/3) (GeV) MATERIAL/METHOD EVTS DOCUMENT ID
<1.17E—22 silicone oil drops 0 32LEE 02
<4.71E—22 silicone oil drops 1 33 HALYO 00
<4.7TE—21 = £ silicone oil drops 0 MAR 96
<8.E—22 +2 Si/infrared photoionization 0 PERERA 93
=5 E=:27 = sea water/levitation 0 HOMER 92
<4.E—20 il meteorites/mag. levitation 0 JONES 89
<1.E—-19 SEdba various/spectrometer 0 MILNER 87
<5.E—22 =) W /levitation 0 SMITH 87
<3.E—20 +1,2 org liq/droplet tower 0 VANPOLEN 87
<6.E—20 —1,2 org liq/droplet tower 0 VANPOLEN 87
<3.E-21 ] Hg drops-untreated 0 SAVAGE 86
<3.E—22 SlabilAn levitated niobium 0 SMITH 86
<2.E—26 +1,2 “He /levitation 0 SMITH 868
<2.E—20 >+1  0.2-250 niobium+tungs/ion 0 MILNER 85
<1.E-21 +1 levitated niobium 0 SMITH 85
+1,2 <100 niobium/mass spec 0 KUTSCHERA 84
<5.E—22 levitated steel 0 MARINELLI 84
<9.E—20 =-<13 water /oil drop 0 JOYCE 83
= eSS } = 1/2‘ levitated steel 0 LIEBOWITZ 83
<1.E—19 g I photo ion spec 0 VANDESTEEG 83
<2.E—20 mercury /oil drop 0 34HODGES 81
1.E—20 LT levitated niobium 4 35LARUE 81
1.E—20 = levitated niobium 4 35LARUE 81
<1l.E-21 levitated steel 0 MARINELLI  80B
<6.E—16 helium /mass spec 0 _BOYD 79

~



Millikan’s experiment in the digital era

week endin
PRL 99, 161804 (2007) PHYSICAL REVIEW LETTERS 19 OCTOBER 3007

Search for Fractional-Charge Particles in Meteoritic Material

Peter C. Kim, Eric R. Lee, Irwin T. Lee, and Martin L. Perl™
Stanford Linear Accelerator Center, Stanford University, 2575 Sand Hill Road, Menlo Park, California 94025,

Valerie Halyo
Department of Physics, Princeton University, Princeton, New Jersey 08544, USA

Dinesh LLoomba

Department of Physics, University of New Mexico, Albuquerque, New Mexico 87131, USA™
(Received 24 July 2007; published 19 October 2007)

We have used an automated Millikan oil drop method to search for free fractional-charge particles in a
sample containing in total 3.9 mg of pulverized Allende meteorite suspended in 259 mg of mineral oil.
The average diameter of the drops was 26.5 um with the charge on about 42500000 drops being

- Electronics Configuration
0 5 @
Strobed LED aray : :

@ Fhud drop ejector User Control
*"’,—_—-—\\‘ Analysis
e~ | Machine

_ AC L momio: Processed Data
™ Electnc field plates .
e NN Vibration$ ersor 100 Mbit Ethernet
N
g__i..-—-' i Temr-Erahme\ \
| N
- Filtered
Lens ——
E Field Polaxity Faw Data
AD ,DIOB oard Control ""\
s 2 [ 2 1L Y HHHHHH ;
Iy ..
Metarorked Lirmax chister CCD Camera DlgltEIl LLh FIElﬂIEgI'EltIh =] Local Disle
Camera




Perly last experiment

Drop ejector
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FIG. 2. The g charge distribution in units of e.

L._.T_I_._I
// //
76 mm / /
7 / Charge neutralizer
I
: )
15 mm ||
Electrostatic shield/ )I( ? ? €50 mm—>
/ / | JTransparent windows
? /| 46/|r\nm ==
/ ? \I/ /] §Electric field plates
? \/ Top View
263 /31.8 mmé\ Electric field plate
d
gollg
\<\/><\ Laminar air flow
y—
% )
= / ? Airflow duct
105 ; %
- /1
100l Side view
10°
10° =
1E NE N TN NN NN Lol
0 03 04 05 06 07 08 09 1

FIG. 4. The ¢, residual charge distribution in units of e.
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Stanford Report, October 1, 2014

Stanford's Martin L. Perl, winner of 1995
Nobel Prize for discovery of tau lepton,

dead at 87

Physicist Martin Perl was part of SLAC and Stanford communities for half a
century. "He was so excited to come to the lab," his son said. "It was the one
place in the whole world to be, to do what he wanted to do."

BY GLENNDA CHUI

Martin L. Perl, a professor emeritus of physics at
Stanford University and SLAC National
Accelerator Laboratory who won the 1995 Nobel
Prize in physics for discovery of the tau lepton,
died Sept. 30 at Stanford Hospital in Palo Alto at
the age of 87.

An elementary particle physicist, Perl was widely
admired for his persistence and fortitude as a
scientist. When he began the series of
experiments that would lead to the Nobel Prize,
the Standard Model that describes the
fundamental particles and forces of nature
seemed to be complete, with matter divided into
two classes: quarks and leptons.

L.A. Cicero
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An elementary particle physicist, Perl was widely
admired for his persistence and fortitude as a
scientist. He won the Nobel Prize in physics in 1995.
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~ Variations on a theme_ of Conservation

42



[ &

Variation | : Allegro con brio

gl2jot &|E|29 Na|

43



)

&

(271

]

e

= B
& AAISIA 2.

\/ FZ + F7 due to each blue mass

I i
= =
et

be bn\/ﬂy/

e

<L S

S 5
! |

Rl

(0.866, —0.5)

44



)

Z]
o

(271

]

e

= B
& AAISIA 2.

X

\/ FZ + F7 due to each blue mass

S 3

(0.866, —0.5)

45



€
AT
0
10

1
i
>

(30
s

(30
O
ALK BN Ia,
0x
e
Jd
Ir
9

= _/_\_% Hil

2 gof

. DA GIE|2 0f0] [E22| OfHR|YLICE

s Q—;]\] AoLx]-O};]\Iﬂ OFH 2| BF A LIH| = o] AFd|A]o]| A ofju] X
HieZ 2ol molels o7l S = o Rl ROl

O
g
i)
H

46



10 the Editor of The New York 'Tifmrés:

The efforts of most human-beings are consumed in the struggle for their daily bread, but most of
those who are, either through fortune or some special gift, relieved of this struggle are largely
absorbed in further improving their worldly lot. Beneath the effort directed toward the accumulation
of worldly goods lies all too frequently the illusion that this is the most substantial and desirable end
to be achieved; but there is, fortunately, a minority composed of those who recognize early in their
lives that the most beautiful and satisfying experiences open to humankind are not derived from the
outside, but are bound up with the development of the individual's own feeling, thinking and acting.
The genuine artists, investigators and thinkers have always been persons of this kind. However
inconspicuously the life of these individuals runs its course, none the less the fruits of their |
endeavors are the most valuable contributions which one generation can make to its successors. |

Within the past few days a distinguished mathematician, Professor Emmy Noether, formerly
connected with the University of Gottingen and for the past two years at Bryn Mawr College, died
in her fifty-third year. In the judgment of the most competent living mathematicians, Friulein
Noether was the most significant creative mathematical genius thus far produced since the higher
education of women began. In the realm of algebra, in which the most gifted mathematicians have
been busy for centuries, she discovered methods which have proved of enormous importance in the |
development of the present-day younger generation of mathematicians. Pure mathematics 1s, in its
way, the poetry of logical ideas. One seeks the most general ideas of operation which will bring
- together in simple, logical and unified form the largest possible circle of formal relationships. In this
- effort toward logical beauty spiritual formulas are discovered necessary for the deeper penetration
~1nto the laws of nature.

~Born in a Jewish family distinguished for the love of learning, Emmy Noether, who, in spite of the
~efforts of the great Gottingen mathematician, Hilbert, never reached the academic standing due her in
“her own country, none the less surrounded herself with a group of students and investigators at
~Gottingen, who have already become distinguished as teachers and investigators. Her unselfish,
~significant work over a period of many years was rewarded by the new rulers of Germany with a
‘dismissal, which cost her the means of maintaining her simple life and the opportunity to carry on
‘her mathematical studies. Farsighted friends of science in this country were fortunately able to make
such arrangements at Bryn Mawr College and at Princeton that she found in America up to the day
of her death not only colleagues who esteemed her friendship but grateful pupils whose enthusiasm
made her last years the happiest and perhaps the most fruitful of her entire career.

ALBERT EINSTEIN.
Princeton University, May 1, 1935.

[New York Times May 5, 1935]
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Within the past few days a distinguished mathematician, Professor
Emmy Noether, ..., died in her fifty-third year.

In the judgment of the most competent living mathematicians,
Fraulein Noether was the most significant creative mathematical
genius thus far produced since. the higher education of women began.

In the realm of algebra, in which the most gifted mathematicians have
been busy for centuries, she discovered methods which have proved
of enormous importance in the development of the present-day
younger generation of mathematicians. |

Pure mathematics is, in its way, the poetry of logical ideas. One seeks
the most general ideas of operation which will bring together in
simple, logical and unified form the largest possible circle of formal
relationships. In this effort toward logical beauty spiritual formulas are
discovered necessary for the deeper penetration into the laws of
nature.

A. Einstein, in a letter of obituary for E. Noether to NYT
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Invariant Variation Problems I

Emmy Noether

V(
M. A. Tavel’s English translation of “Invariante Variationsprobleme,” Nachr. d. Konig. Gesellsc

d. Wiss. zu Géttingen, Math-phys. Klasse, 235-257 (1918), which originally appeared in Transpor
Theory and Statistical Physics, 1 (3), 183-207 (1971).°

Abstract

The problems in variation here concerned are such as to admit a continuous group (in Lie’s
sense); the conclusions that emerge from the corresponding differential equations find their most
general expression in the theorems formulated in Section 1 and proved in following sections.
Concerning these differential equations that arise from problems of variation, far more precise
statements can be made than about arbitrary differential equations admitting of a group, which
are the subject of Lie’s researches. What is to follow, therefore, represents a combination of
the methods of the formal calculus of variations with those of Lie’s group theory. For special
groups and problems in variation, this combination of methods is not new; I may cite Hamel
and Herglotz for special finite groups, Lorentz and his pupils (for instance Fokker), Weyl and
Klein for special infinite groups.’ Especially Klein’s second Note and the present developments
have been mutually influenced by each other, in which regard I may refer to the concluding
remarks of Klein’s Note.

g 1. Preliminary Remarks and Formulation of Theorems

All functions occurring in the sequel are to be assumed analytic, or at least continuous and contin
uously differentiable a definite number of times, and unique in the interval considered.
By a “group of transtormation,” familiarly, is meant a system of transformations such that fo
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Original Left Symmetry

Right Symmetry
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Weak
(Electro
Carried
By Graviton Photon Gluon
(not yet observed)

Quarks and
Acts on All Charged antuns
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Quarks
and Gluons

Fundamental Interactions & Gauge Bosons
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"for their contributions to the theory of the unified weak and

electromagnetic interaction between elementary particles, including, inter
alia, the prediction of the weak neutral current”

>

Sheldon Lee Glashow Abdus Salam Steven Weinberg
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For the last 40 years

1965 Feynman, Schwinger & Tomonaga QED (YA Z}7]8h o] =

1969 Gell-Mann Quark model <+ 9

1976 Richter & Ting Iy JAF EH

1979 Glashow, Salam & Weinberg Standard Model ©]

1980 Cronin & Fitch CP A 7oA

1984 Rubia & Van der Meer W, Z YA 2

1988 Lederman, Schwarz & Steinberger <4 1) Z}9] flavor 73 4

1990 Friedman, Kendall & Taylor Az AT FZE

1992 Charpak MWPC &1 (5FA AAE =7])
1995 Perl & Reines T 7d YA A m &} 2HA

1999 ’t Hooft & Veltman Standard Model®] Renormalization
2002 Davis, Coshiba & Giaconni ol A & T m A/ A= 2
2004 Gross, Politzer & Wilczek Asymptotlc freedom in QCD

2008 Nambu, Kobayashi, Maskawa THZA 73] o]&
2013 Higgs, Englert Sl A 97} o=




Variation 2 : Andante ma non tanto

Anti-particle,

anti-matter & CP

04



* Special Relativity: the framework for
describing the physics of objects moving
at speeds close to the speed of light.

* General Relativity: the extension of this
theory to include gravity.

* Quantum Mechanics: the
framework for studying the
physics of very short
distances
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HOW CAN WE EXIST?

* Big bang cosmology --> balanced production of
matter & antimatter,

o BiRfO] DF: B >> U2

e Sakharov/} M|Algt 37t X| =71

— baryon number non-conservation
— C and CP violation

— not in thermal equilibrium

* But, can CP violation happen in Nature!

e If it does, do we understand the mechanism!?
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VIOLATION OF CP INVARIANCE, C ASYMMETRY, AND BARYON ASYMMETRY OF THE UNIVERSE

A. D. Sakharov
Submitted 23 September 1966
ZhETF Pis'ma 5, No. 1, 32-35, 1 January 1967

The theory of the expanding Universe, which presupposes a superdense initial state of
matter, apparently excludes the possibility of macroscopic separation of matter from anti-
matter; it must therefore be assumed that there are no antimatter bodies in nature, i.e., the
Universe is asymmetrical with respect to the number of particles and antiparticles
(C asymmetry). In particular, the absence of antibaryons and the proposed absence of
baryonic neutrinos implies a non-zero baryon charge (baryonic asymmetry). We wish to point
out a possible explanation of C asymmetry in the hot model of the expanding Universe (see [1])
by making use of effects of CP invariance violation (see [2]). To explain baryon asymmetry,
we propose in addition an approximate character for the baryon conservation law.

We assume that the baryon and muon conservation laws are not absolute and should be

unified into a "combined" baryon-muon charge n, = 0y - n . We put:

n = -1, n, = +1 for antimuons b and v“ = Koo

»y — N P | LY —_— | B o R T Y . Ry | n 1 —_— .-

70



[H=4™ 3]C,Pand T

C (charge conjugation) : particle — anti-particle

P (parity) : (x, y, 2) = (-x, -y, -2)
T (time reversal) : t — -¢

Does  the Vsture Conserve CP?

o 4.
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CP violation!

Cronin, Fitch, et al. (1964)
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£5) The Nobel Prize in Physics 1980

e T = "for the discovery of violations of fundamental symmetry principles in the
Heliumbag  decay of neutral K-mesons"

2004 KIAS  James Watson Cronin Val Logsdon Fitch
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Kobayashi-Maskawa (KM) 7

"CPV is due to an irreducible phase in
the quark mixing matrix in 3 generations”

? ‘; of Theoretical Physics, Vol. 49, No. 2, February 1973

CP-Violation in the Renormalizable Theory
of Weak Interaction

First 3rd-gen.
particle (T)
seen in 1975

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet

scheme without introducing any other new fields. Some possible models of CP-violation are
also discussed.

When we apply the renormalizable theory of weak interaction® to the hadron
System, we have some limitations on the hadron model. It is well known that
there exists, in the case of the triplet model, a difficulty of the strangeness chang-
ing neutral current and that the quartet model is free from this difficulty. Fur.
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Two asymmetric B-factories

PEP-Il at SLAC

9GeV (e7) x 3.1GeV (e7) 13 countries,

peak luminosity: 57 institutes,
1.2x1034cm—2s-! 8’ ~400 members

PEP-II
Rings ™

Yositrons

Low Energy Ring

BABAR Detector i X

Superconrducting
cavities (HER]

Selle deteclor

KEKB B-Factory

ARES copper

TR

KEKB at KEK

“ 8GeV (e-) x 3.5GeV (e
peak luminosity:
2.1x10*cm—2%s-1

world record

80 institutes,
~600 members

Youngjoon Kwon CP violations from B decays Physics in Collision, Sep.1-4, 2010
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week ending

PRL 108, 171802 (2012) PHYSICAL REVIEW LETTERS 27 APRIL 2012

Precise Measurement of the CP Violation Parameter sin2¢, in B’ — (cc¢)K" Decays

I. Adachi,” H. Aihara,* D. M. Asner,>’ V. Aulchenko,! T. Aushev,'* T. Aziz,** A. M. Bakich,** A. Bay,2 Iv. Bhardwaj,29
B. Bhuyan,10 M. Bischofberger,29 A. Bondar,1 A. Bozek,32 M. Braék0,24’15 T. E. Browder,8 P. Chen,3 I'B.G. Cheon,7
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CPV is due to an irreducible phase in the unitary qL.tark
mixing matrix in 3 generations
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CP-Violation in the Renormalizable Theory }
of Weak Interaction i
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In a framework of the renormalizable theory of weak interaction, problems of CP-violation
are studied. It is concluded that no realistic models of CP-violation exist in the quartet

02008 smm“ scheme without introducing any other new fields. Some possible models of CP-violation are
also discussed.
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Pastore: Is there anything connected with the hopes of this accelerator that
In any way involves the security of this country?

Wilson: No sir, I don't believe so.

Pastore: Nothing at all?

Wilson: Nothing at all.

: John Orlando Pastore
Pastore: It has no value In that respect? (1907 —2000)

Wilson: It has only to do with the respect with which we regard one another,
the dignity of men, our love of culture. It has to do with whether we are
good painters, good sculptors, great poets. I mean all the things we
really venerate in our country and are patriotic about.

It has nothing to do directly with defending the country

except to make it worth defending.
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