hi

Day 26, 04.23.2019

Particle Physics 3



4 days until our daughter’s 33rd birthday
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Week 15 last, Higgs Boson, the Big Bang is properly named, and the
Flatness of the world

TUESDAY, April 23 Higgs Boson and mass

Required Readings: Chapter 12 in PCC

TOE chapter 9
Chapter 17in PCC

Recommended Readings:

Additional content: primitiveDiagrams_ 0 (13m), primitiveDiagrams_ 1 (4m), primitiveDiagram_2 (9m) in:
Tasks: 3.movies on how to make Feynman Diagrams

Homework available:

Homework due:

anything posted? slides

THURSDAY, April 25 The Big Bang, for real and the geometry of the universe
Required Readings: CP Section 22.1-22.4, 23.1-23.4
Recommended Readings:

Additional content:

Tasks:
Homework available: Midterm 2: available Friday, April 26 midnight and closes Monday, April 29 midnight
Homework due: HW12: Friday, April 26, the MasteringAstronomy part
MW:12: Friday, May 3, the paper part
anything posted? slides




housekeeping 1/3

| believe that all LON-CAPA inputs are now done.

Final Exam Day (May 3, 0730, here):

Poster session: I'll bring bagels and cream cheese
poster proponents get points for their work product
viewers get points for asking good questions

Feynman Diagram Project: read the packet!

You'll turn in a bunch of stuff:

HW12 paper
FD project results
Course review

Honors Project paper




housekeeping 2/3 [#

8 posters, right?
1. We are Mark Bassett and David Weinstein, and we will make a poster on the discovery of Helium.v ﬁ
2. We are Jiaxuan Xiong and Yifei Zhang, and we will make a poster on the first observation of a Black Hole in Cygnus X.
3. lam Alayna Farrell and | will make a poster on The Invention of the Cyclotron by Lawrence.
4. We are Kayla Wells and Clea Derozier, and we will make a poster on the discovery of Cosmic Rays by Hess.

5. We are Monica Judd and Brendan Jenkins and we will be making a poster on the discovery of the Neutron by
Chadwick

6. We are Lauren Chapman and Madison Crosser, and we will make a poster on The Discovery of a Neutrino by Reines
and Cowan.

7. lam Myrna Kada, and | will make a poster on The Discovery of the Weak Neutral Currents at CERN.

8. We are Evan Smith and Charles Keranen, and we will make a display about The Discovery of the Longest Redshift
Object, GRB 090423.



housekeeping 3/3

you know the drill:

To: RAYMOND L BROCK

From: sirs@msu.edu

Student Instruction Rating System (SIRS Online) collects student feedback on courses and instruction at MSU.
Student Instructional Rating System (SIRS Online) forms will be available for your students to submit feedback
during the dates indicated:

ISP 220 001: 4/15/2019 - 5/15/2019
ISP 220 002: 4/15/2019 - 5/15/2019

Direct students to https://sirsonline.msu.edu.

Students are required to complete the SIRS Online form OR indicate within that form that they decline to
participate. Otherwise, final grades (for courses using SIRS Online) will be sequestered for seven days following
the course grade submission deadline for this semester.

SIRS Online rating summaries are available to instructors and department chairs after 5/15/2019 at
https://sirsonline.msu.edu. Instructors should provide copies of the rating summaries to graduate assistants who
assisted in teaching their course(s). Rating information collected by SIRS Online is reported in summary form only
and cannot be linked to individual student responses. Student anonymity is carefully protected.

If you have any questions, please contact Michelle Carlson, (mcarlson@msu.edu, (517)432-5936).




I had a section 2

Thowmks, Bewjomin!

Benjamin got uploading Hypatia data to work fine.

Thanks!
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KEEP

CALM

AND
LET’S
REVIEW




the weak
interactions

still operate with

the increased
doublet sets

The complete (circa 2000) particle doublets:
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t he the lepton families...lepton “doublets”
modern (”3) (Vﬁ> (”z)
e v T
plCture and their interactions: X no, ¢ yes.
leptons | Ve | € |[Vu | U | Vr | T
of the elementary strong
particle patterns o X X | X X X X
Circa 2000 electro;nagneﬁc x V x ‘/ x V
and still current weak
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gravitational
/ t/ /
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the
modern

picture

of the elementary
particle patterns

circa 2000

the quark families...quark “doublets”

and their interactions: X no,

(

v/ yes.
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quarks &
leptons

103

102

/3 -1/3

this mass mess

m—=—0 makes mathematical sense

o v 4 %
10-10

10-11

10-12



the weak and electromagnetic forces are one.




why

Is he talking about phase transitions you're asking yourself?

SupevconAuctivity

voom tempevatuve, msulator
pelow .9 K - superconducting
LHC wmaguets, NSCL cyclotvon

q
Ceramic superconductor, cooled to —196°C in liquid nitrogen,
floats above very strong magnets.

Supevfluiditry

4.2 k - hquifies
2.17 K - supevfluid
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a little At a low temperature — like room temperature:

model of an Mt

1deal

M is maximum

D —

f erry Omagne T M, “magnetization”: a measure of how magnetized

. “ground state” — state of lowest energy —
N ONne -

: : when all electron-spin magnets are aligned
dimension

At 1043 K — the “Curie Point”:

S ANIANERE

the “ground state” — state of lowest energy —

when all electronic magnets are random

M becomes zero

e ———




an H ANV RE, M=0

i mp ortant temperature cools...magnet goes to one of two states:

ditference [N
HTTHITeS

we say that the symmetry is “broken”: it’s reduced

between these when

temperature
godg down

two situations

the energy level of the hot ground state is higher
than the energy level of the cold ground state

when the iron is hot, there is no “concept” of
magnetization




this often-told magnet story

evolves into the new story of MASS
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quarks &
leptons

proton masses

103

102

101

10-1
10-2
10-3
10-4
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10-11

1st generation

2nd generation

2~ =aneration

M
™~
o
84
N
+

quarks, «
leptons, g=-1 0

10-12




1967




http://www.mustangdreams.com/mdfastback.htm


http://www.mustangdreams.com/mdfastback.htm

@ 1967 CHICAGO CUBS @

FRONT ROW (L to R) Billy Williams, Ron Santo, Joe Amalfitano (Coach), Pete Reiser (Coach), Ken Kamin (Batboy),
Leo Durocher (Manager) , Verlon Walker (Coach), Jerry Farrell (Batboy), Joe Becker (Coach),

Randy Hundley, Ernie Banks.
MIDDLE ROW (L to R) Blake Cullen (Traveling Secretary), Ferguson Jenkins, Clarence Jones, John Stephenson,
Bill Stoneman, Ray Culp, Adolfo Phillips, Charles Hartenstein, Al Spangler, Norm Gigon,
Ted Savage, Al Scheuneman (Trainer), Yosh Kawano (Equipment Manager) .
BACK ROW (L to R) Don Pinkus (Batting Practice Catcher), Jim Ellis, Ken Holtzman, Pete Mikkelsen, Glenn Beckert,
Rich Nye, Bob Shaw, Don Kessinger, Lee Thomas, Joe Niekro, Bill Hands, Rob Gardner.

http://www.mustangdreams.com/mdfastback.htm



http://www.mustangdreams.com/mdfastback.htm

1967

http://www.mustangdreams.com/mdfastback.htm



http://www.mustangdreams.com/mdfastback.htm

http://nobelprize.org/nobel prizes/physics/laureates/1979/weinberg-autobio.html


http://nobelprize.org/nobel_prizes/physics/laureates/1979/weinberg-autobio.html
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http://hacks.mit.edu/Hacks/by_year/2006/firetruck/

YVoLvse 19, Nuosare 21

U In obtnining the sxpression (110 &
leirbwoein the changed and neutral

251, Ademollo and R. Gatio,
{1966); ser also J, Pasupat]
Phys. Rev. Letters 17, S8

PHYSICAL REVIEW LETTERS i 1967

BThe predicted ratio [e '

Leptons interact
the intermediate b
diate weak interactio
natural than to unite® i
into a maltiplet of gauge
the way of this synthesls &
ferences in the masses of th
mediate meson, and in their ec
might hope to understand these diffe
by imagining that the symmetries relating
weik and eleciromagnetic interactions are ex-
acl symmetries of the Lagrangian but are bro-
ken by the vacuam. However, this raises the
gpecter of unwanted massless Goldstone bosons.
This note will describe a model in which the
symmetry between the electromagnetic and
wedk interactions is spontanesusly broken,
but in which the Goldstone bosons are avoided
by introducing the photon and the intermediate-
boson fields as gausge fields.® The model may
be renormalizable.

We will restrict our attention to symmetry
groups that connect the observed electron-type
leptons only with each other, i.e , ol with
muon-itype lepions or other unobeerved lepions
or hadrons. The symmetries then act on a left-
handed doublet

Luli1+ r.]]:_r::,) (1)

|
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MODEL OF LEPTONS

Steven Weinberg!
Murclear Science amd Ph
ol Technopy, Ca
pived 17 October

2}

eaves invarizst the kine-
L-R y*8,R of the Lagrang-
Elecironic isospin T acting
mbers Ny, Ng of left- and
d electron-type leptons. As far
: » Do of these symmetries are en-
tirely unbroken: the charge @ = Ty-Np-§N],
and the electron nomber N=Ng+Ny. But the
gauge field corresponding o an unhroken sym-
meiry will have zero mass ' and there is no
massless particle coupled to N,* 80 we must
form our gasge group out of the electrondc iso-
ﬂ-j:;i.l'l. T and ihe electronic hyperchange ¥= .\-'R
+ g..hlr_L

Therefore, we shall construct pur Lagrang-
ian out of L and B, plus gauge flelds A, and
By coupled to T and ¥, plus a spin-zero dou-
blet

::{:i] (k1)

whoge vacuum expectation value will break T
and ¥ and give the eleciron its mass. The on-
Iy n:mrmii.‘lnble Lagrangisn which is invar-
fant under T and ¥ gauge transformations is
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real, and can alss adjest the phase of the L and
¥ real. The “physical™ ¢ flelds are then ¢~
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We ses immediately that the electiron mass
is AG,. The charged spin-1 field is

[ =iy lefd M)
Hl H-“ - @)
and has mass
M =i (9
The newiral spin-1 fields of definiie mass are
Z s{fsgm)~"gd Y55'R ), 10
n g™ F s - 8" . (100
A= & =W _grd Y.eH ),
nl_g-"r': (-2'A xul {11)
Their masses are
M, = i 2", (12)
.'H'A-ﬂ. {13)

&0 Ay is to be identified as the photon field.
The inleraction between leptons and spin-1
mesosns is

A (S o emfrge om0

eleciric charge I

- (15}

ples a8 usual to had-
roupling constant

n by
=1/20%, (16}

ping constant is

=2 07T= 107"

is stronger by a
weak. MNote al-
ger than ¢, so0

W, while (12) gives

predictions made

by this model have to do with the couplings

of the neutral intermediate meson 2y . I 2,
does not couple to hadrons then the best place
to look for effects of £, is in electron-neutron
scattering. Applying a Fierz transformation
o the W-exchange terms, the total effective
&=F interaction is

G | B -) u a |
W""M““s""ﬁ”’ e+ley LS

If g e then g2, and this is just the osual
&-F seattering matrix element times an extra
factor §. H g=¢ then g<«g*, and the vector

interaction is maltiplied by a factor - § rath-
er than . Of course our model has too many
arbitrary festores for these predictions o be
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Standard 0 _ .
Model ¢ of particle physics




the story of the ] JUST SO

Higgs Boson

a story about nothing.




This quickly became a story

of a particular epoch in the early Universe

which itself underwent a phase transition




Not Ian sronnr azvreraocoe hiink nf 1ron

that’s right. the whole,enchilada




a phase change 1n all of space

at temperature at about 1 picosecond after the big bang

there were PRIMORDIAL fields and particles before (hot) [EESNddtaahin

and different fields and particles after (cold) [N

like a regular magnet

we live in the resulting “cold” universe




from a
hot phase
1n the
universe

cool it all at once

@ 10-2 seconds after
the BB

H  SNISARRE M=o

temperature cools...magnet goes to one of two states:

c M
T, v

between these two we say that the symmetry is “broken” when

. . temperature
E
situations goes down

the hot ground state is higher
than the cold ground state

the hot ground state has more symmetry
than the cold ground state

E (entire universe)

hot universe vacuum
empty

higgs
field

cold universe vacuum
full of the Higgs Field



10-12s after the big bang

univevse condenseA: a phase chomge

fleld value
|

fleld value
——

Zero Zero
l i l not zero!

1o
regular fields

5 H> Hi
regular fields ' el v V
Y G
: e, 1T, »
- , ¢ ‘ y
: ’» i
/ : i';:' \ ! M a
]

E

f KR

/ ! ) ‘ " i -
ANPGRS M= ‘ e c TRt wmeo
like a hot, non-magnet | g like a regular magnet



vacuum

lf\ow\ Ov\\y ,evo-

avevage-value
fields

wow iF's ull of &
finite average
value Higgs Field

c IRttt e

like a regular magnet




the big story of the
Standard Model

JUST SO

IS the story of mass.



elementary particle epoch

TCritical
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elementary particle epoch

TCritical

107%2s 10739 1073% 107%3s  107%% 107%"s 107%*%s 107%'s 107'8s 107 '°s 1072 107% 107 %
102K 102K 10* K 10 K



(after David Miller)



the hot universe: no Higgs Field

(after David Miller)



a cooled universe: HiggsField

(after David Miller)









popular






e s N

quark-Tom-lzzo has gained inertia




e s N

quark-Tom-lzzo has mass.




%, / | jf; U niverse |
Z'//jgﬂ,é/‘l/ s very ot

|1t ,77/ i .477/ af vas
ij,%é ma.r.rg.r.r




“ Voo TA niverse agazm manifest |§
: 77//477/ , dﬂ/dfﬂgfdm’ ‘
coo/ / an/ a @Vj

@ ¢ IHHHHIIIY o

like a regular magnet



mass Was bovn

i Hhe Higgs Field




“rumor” travels: Higgs Particle

om excitation of the Higgs FielA



So:

The Higgs
Boson Is not
just another
particle.




more detalls now

what’s really in the model




the story of the Weak and JUST SO

Electromagnetic Fields

Wi 7 «
the unification of forces OMAMA Z o |

+ e "l "4-




IIHHTTTHHTIITY  wueo

like a regular magnet

SRS o

like a hot, non-magnet

U U VAVAVAVAVAY
Bo oAV
B+ +\WWW
B -VWWW
¢ (o0 )
0- - o
0% ( E) R ) The remaining pﬁmordlal

scalar is the H

gs Field. \

)

t =the beginning 0 s t=10"12s t=10*18s




3 of the primordial Higgs fields combine

with 2 of the primordial messengers - and
that gives them mass in the mathematics

what’s this
about?

messengers got
fat




this 1s quite remarkable

If the Idea Is right:

the electromagnetic and weak forces

that are so different today |[REEMIMIIILESS

are actually a "cold-phase" of a single, unified force

“*Flectroweak

Fovce”

that existed only when the Universe was very, very hot

RN R eo

like a hot, non-magnet




definite

predictions

of Weinberg’s
model

0. The weak and electromagnetic
interactions are two aspects of the
same force

1. The W Boson should exist

2. An additional “Z Boson” should exist

Many physics reactions relate My, to M,

3. This ZBoson and the 7Y are
intimately related

any reaction with a photon, must also
happen with a Z9

4. The Higgs Boson should exist



particle:

symbol:
charge:
NESY

spin:

category:

W
+le

80.399 £ 0.023 GeV/c2=80.4 p
1

weak Vector Boson




particle:

symbol:
charge:
NESY

spin:

category:

4
0

91.1876 + 0.0021 GeV/c2=91.2 p
1

weak Vector Boson




Photon
and 7 3. The ZBoson and the 7Y are

intimately related

any reaction with a photon, must also
happen with a Z°

always

milx
€«
Zr VEery wea kly §ZO very delicate effects

> observed in atomic systems
| ) due to the Z Boson




S i X t h a.n d Primitive Diagrams TIME always: se—

seventh

entries

into your

table of primitive
diagrams




|
Galilean

mechanics

Newtonian gravity

Copernicus/Kepler
astronomy

magnetism
.

electricity

R .
electromagnetism

1600 1700 1800 1850 1875



new force?
H BN

\ General Relativity

Strong 1orce

weak force Standarg

\Vilelel=

W
guantum mechanics

electroweak
relativity

——
electromagnetism

—

1900 1925 1950 1975 2000



we now think i1n terms of

epochs in the stages of the early universe

distinguished by phase transitions - stay tuned




‘‘mass

generation’’

Is “mass” an intrinsic attribute? “nature”?
the holy grail of

physics since or

Newton

Is “mass” an acquired trait? “nurture”?
what Is mass?




mass couplings? mass comes from the
Higgs FIELD

SM predicts from the hot phase:

re 1, f Higgs field




find the Higgs confivmation of
oF rticle the pvocess



Big Discovery

July 4,2012

wakch Hhe of8-line movie of move Aetalls:

https://gstbb.pa.msu.edu/storage/Extras 2017/HiggsDiscovery/



how to find the ook £or him!
Higgs?
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Rapid H.L.V.
Home Test
Wins Federal
Approval

By DONALD G. McNEIL Jr

The OraQuick test, which uses
a cheek swab and gives results
in 20 to 40 minutes, is the
first chance for Americans to
learn in the privacy of their
own homes whether they are
infected.

DEALBOOK

As Bank Frames a
Defense, Barclays’
C.E.O. Resigns

By BEN PROTESS and MARK
sSCOTT

Ahead of a British
parliamentary hearing, senior
Barclays executives said they
thought they had implicit
approval from regulators to
manipulate interest rates.

« A Chief With Flak Fals

Top Judge Helped

T ovn b lone NEINI0 s

New Particle Could Be Physics’ Holy Grail

By DENMIS OVERBYE 4 miscles ago

1f confirmed to be the elusive Higgs boson, a newly discovered
particle named for the physicist Peter Higgs, above in Geneva,
could explain the universe's origin.

Fears of Fires Take
Fireworks Out of July 4th
Celebrations

By DANF C

Many U.S. cities and towns
across the country have
decided to scrap their

Aiendave driven bv narchad

As Symbols Clash,
Fireworks Lose OQuttoa
Hamlet's Bald Eagles

By AARON EDWARDS

The Fire Department in
Narrowsburg, N.Y., canceled
its annual display after

nlannad firewnrke weres exid tn
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OPINION »

EDITORIAL

Too Quiet, Again, on
Health Care

The Obama campaign has not
forcefully countered
Republican misinformation on
the reform law.
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From insight comes inspiration.

The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

Share this:

The Nobel Prize in Physics
2013

Photo: A. Mahmoud Photo: A. Mahmoud
Francois Englert Peter W. Higgs
Prize share: 1/2 Prize share: 1/2

b he Nobel Prize in Physics 2013 was awarded jointly to Francois

ert and Peter W. Higgs "for the theoretical discovery of a
anism that contributes to our understanding of the origin of
of subatomic particles, and which recently was confirmed

obel Foundation




Standard 0 _ .
Model ¢ of particle physics




definite 0. The weak and electromagnetic
interactions are two aspects of the
same force

predictions

1. The W Boson should exist

2. An additional “Z Boson” should exist

of Weinberg’s

Many physics reactions relate My, to M,
model !

3. This ZBoson and the 7Y are
intimately related

any reaction with a photon, must also
happen with a Z9

4. The Higgs Boson should exist




Welnberg,

Salam,
and
Glashow

1979
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The Nobel Prize in Physics 1979
Sheldon Glashow, Abdus Salam, Steven Weinberg

The Nobel Prize in Physics 1979
Nobel Prize Award Ceremony
Sheldon Glashow

Abdus Salam

Steven Weinberg
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t h e Our “Periodic Table” Standard particles

particle

Higgs

players

' Quarks . Force particles

and

the "substrate”




l i k e any Primitive Diagrams TIME always: se—-

particle,

M/‘z
XA
aio

;
s \g//ﬁ | W nJ "'

we predict and 2° 20
then search for its : s
: : 1 q ‘ 3 2
manifestation \\g; %}%g(
’

through its decays L N ! | wr -

Your final entries
Into the Primitive AR
Diagram Ho /0 N He

/s
N
/
N
0
N
0
rN
0
suonoesayu| s83iIH

°
C O | | e C t I O I l fermion, spin 1/2, e.g., electron  Vector Boson, spin 1, e.g., photon gluon, spin 1 scalar Boson, spin 0, e.g., Higgs Boson




Hheve ave fwo other “issues”



where’s

tHhe ombimattev?



what the heck

1S Aawvk mattev?
\

watch the off-line movie for move A \

https://gstbb.pa.msu.edu/storage/Extras 20
|



the more
/\ ,"\\

P4
electron © < e - " “selectron”

pleasing

Standard particles

Higgs

extension of the
Standard Model

’ Leptons . Force particles

"supersymmetry”  Quars
D —

every "Standard
Model Particle”

has a super-partner

Searching for decades with every incremental increase in
energy and luminosity. No evidence so far.




For decades physicists have been working on
a beautiful theory that has promised to lead to
a deeper understanding of the quantum world.
Now they stand at a crossroads: prove it right in
the next year or confront an epochal paradigm shift

By Joseph Lykken and Maria Spiropulu

PARTICLE PHYSICS

Supersvmmetry
lzmd)the ’

?

C

IISIS
1])
1y SICS

IN BRIEY

Supersymmetry postulates that every known parti-

cle has a hidden superpartner, Physicists love super-
symmetry because it solves a number of problems
that crop up when they try to extend our under-
standing of quantum mechanics. It would also poten-
tially solve the mystery of the universe’s missing
dark matter,

34 Scientific American, May 2014

Physicists hoped to find evidence of supersymmetry
in experiments at the Large Hadron Colfider (LHO). To
date, they have not. If no evidence arises in the next
run of the LHC, supersymmetry will be in trouble.

The failure to find superpartners is brewing a crisis in
physics, forcing researchers to question assumptions
from which they have been working for decades.
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CMS DETEOTO at the Large Hadron Collider will start its final search
for evidence of supersymmetry when the LHC starts back up in early 2015.



buckle In The LHC running is just
beginning

“phase 0 upgrades” “phase 1 upgrades”

20 b >100 fb- 300 fb-1



stay buckled in

“phase 2 upgrades”

I 2025 | 2026 | 2027 [2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038

Run lli Run IV
|4 TeV |4 TeV

Run IV
|4 TeV

1.7-2.2 1034 cm-2s-! 1.7-2.2 1034 cm-2s-!

3000 fb-

.7-2.2 1034 cm-2s-!




intriguing

tames a SM Higgs mass problem*, “naturally”

for two big
reasons e
some SUSY particle/ particles
— — — — =% SUSYparticle that
~~._ — _ Cannot decay
o~
=

R — e ———

8-

*mass should ve much higher



many other “String Theory”.. stop and start history in mathematics

extensions The “infinities” in Relativistic Quantum Field Theory are

related to extrapolation in spacetime to zero, x, vy, z, =0

Suppose there is a minimum length in Nature?

which unify forces
and fix the
Infinities

~~~~~
---------------------

- -
_______

add messenger
Pa rticles each wavelength...a different—e x te n d e d — particle.

Plus: get a gravity and the graviton for free!

composite Higgs

composite quarks > _ .’,?"7-"!

a n d | e p t O n S Point particle interaction String interaction




....up to 10 space and 1 time dimensions.

world...gravity weak

high energy
scale
dimension(s)

gravitational
strength

Weak, EM, strong, int



pretty:




hi, agailn

Day 26, 04.23.2019

Cosmology 5



FLRW

R(t)
k=+1

R(t)
k=20

R(t)
k= —1

catalogue of Universes A>o

[ \R@T: \R@)

R(t)

Lemaitre-

Eddington Lemaitre

Einstein

time time time time

[ \Rm[ \ R(t)

time time time

[ \fﬂﬂl \ R(t)

time time time
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© opposing views

2
e
. .
A
. 2

""Steady State Universe"
eternal, matter created out of vacuum to maintain constant energy density...
"Big Bang Universe"

universe began at an instant

| lied: cyclic universe

over and over...bang and collapse - so eternal and a beginning
94



George
Gamow

universe born

hot primordial soup

Fred

Hoyle

steady state model,
continuous creation
of matter.

To Hoyle: the Big Bang implied a creator.

95



¢ 6 3 A1 99
W a S C O l n e d I The recession of the galaxies does not ;ive the only
observational test that a theory of the expanding univoraq'muat

5 satisfy. During the past few years astronomers have developed
, a number of further requirements. Although I don't wish to go

b F r e d : - into these in detail, I might mention that it is now pessible fo

y 4 determine the ages of our own Galaxy and of several neighbouring
galaxies with a substantial degree of accuracy. The rosult is

S about five thousand million yeers. A satisfactory theory must
O y e l n a provide for this nge, ndlther nojenor lesse

B e O = —
g oaePEone %o the question of applying the obavrvaiional

P ffts to earlier theories. These theories were based on the ~ “_
;’/ hypothesis that all the matter in the universe was erosted in one L
B B C d . , bigh bang at a particular time in the remote past. It now turns \

ra I O § out that in some respect or other all such theories are in
\ conﬂiot with the obgservational requirements, 4ind to a degree

broadcast for the

ocon hardly be ignored., Investigators of this problem s

R _
‘\Qﬁ‘\\_ St .
like a pnZVySORSmgatadnecrs attempting an upssie®el ;onk,

—- i — e

g e n e ra | p u b | i C i n . Previoualy it hads;e;;d as if th nain difficulty was to decide

between a number of routes, all of which secemed promising lines of
8 : ascent. Dut now we find that each of these routes peters out in
1 9 4 seemingly hopeloss precipices. A new way rust be found. The new
xxxx way I am now géing to discuss involves the hypothesis that
" matter is created continouslye.

How are the ditfiéultiea foeing former theories overcome Ly
introducing continuous ereation of matter? :

I connot deal fully with this question; ut perhaps you nmay
like te hear one of many possible examples. According o the
majority of the eurlier theories the density of the matter which
composcs the backgroundy ¢ he backgroimd which I've already
deséribed, must in the distant past, have bcen‘ vastly greater
than it is at present. This io sn effect arising from the
éxpansion, which in M_ theories produces a decrease of
background density as we go forwards into the future ut an

96




S Bang cosmology 1s a form of religious
fundamentalism ...and this is why these peculiar
states of mind have flourished so strongly over the
past quarter century. It Is the nature of
fundamentalism that it should contain a powerfu
streak of irrationality and that it should not relate, in a
verifiable, practical way, to the everyday world. ...it
would take an eternity of time to distill even one drop
of sense...Big bang cosmology refers to an epoch
that cannot be reached from any form of
astronomy...

Fred Hoyle
Home i1s Where the Wind Blows 1994.




Sorry, Fred.

Here's the current understanding of the life of a
Universe:

evolving In time and temperature.




elementary particle epoch

presumed that

processes are in v |

107°% 107335  1073% 1072"s 1025 107 2%'s 10718s 107 %% 10725 107 % 10 Ss
1022 K 10t K 101 K 10° K



There 1s

a limit

Planck Time =5.4 x 10445

Beyond which need a quantum
theory of gravity

there Is no Planck Length = 1.6 x 103> m
physics

at the current time

Or a physics with a built-in minimum length in
Nature...String Theory.

100



elementary particle epoch

“Quantum Foam”

?

presumed that

processes are in v |

107*%s 10739 107 107%s 10739 10727s 1072%4s 107%s 10738s 107 10725 107 % 10 %s
1022 K 10t K 101 K 10° K




nucleon epoch

hadron era nucleosynthesis era opague era

10~ %s 10735 10%s 10°s 10%s 10%s 10'%s
10° K 10'? K 10'1% K 10° K 10" K 10° K 10, 000 K



cgalactic epoch

light era our era dark era

NOW

o

380,000 y 1 My 13.7 By

1012 10'°s 1018 10%'s
3000 K 1,000 K 2.726 K



prior to 3 minutes: balance between
radiation and particles.

Ea r|y moments: shortwavelength photons = high frequency photons = high energy photons
lots of mc? available—can make heavy particles 104



prior to 3 minutes: balance between
radiation and particles.

spacetime has stretched!
Later moments: longer wavelength, lower frequency = less high energy photons
less mc? available—can’t make heaviest particles

I|I|I|III|III|I I|I|I|III|III|I I|I|I|III|III|I I|I|I|III|III|I I|I|I|III|III|I I|III|III|III|I I|I|I|III|III|I I|III|III|III|I I|I|I|III|III|I I|I|I|III|III|I I|III|III|III|I Illllllllllll‘ﬁg
Pl 2 3 4 5 6 7 8 9 10 11

105



heavy species ‘‘freeze out’’: palrs cannot be

created any more
energies

B e 2"7'7reallyheavyc2

from:

below this point: ~y f

can’t make BB

e &
< %
%%
Z 3
2, &,
. ®
2. ©
¢ s,
%
©
° Myeally heavyC? ‘
m 2MhpeavyC? h below this point:
can’t make SS
@ MhpeayyC? : :
below this point:
can’t make anything!
.: 2MelectronC> . h e
MelectronC? time —

space stretching — 106



at some point, they are too low in energy to do

anything...they just hang around.
about 70,000 years after BB

remember

RN mrm e

AL m

many high
energy
photons:
create new
particles, ionize
atoms,
disintegrate
nuclei




there 1s

a magic

point

at which atoms
can start to form

"recombination”

After protons, neutrons, and electrons are stable...

©

O

©

\/

left-over photons ionize the
baby Hydrogen atoms

The Universe consists of: a plasma...charged particles,
unbound...freely moving around. Opaque.

At one point...about 1012135 - 370,000 vy:

)

Bingo.
We have H atoms
(and He)

the photons don’t
have 13.6 eV of

enerey

/\/ The Universe has

There’s nothing suddenly become
else for the transparent to
photons to do! photons 108



the photons that are left?

just hanging around
getting "longer,” doing nothing

no longer making new matter-antimatter bits

The Cosmic Microwave Background, CMB




There are two critical times

that confirm the Big Bang




cleon epo | decoupling era

nucleosynthesis era

3 minutes 370,000 years

(all within the first 15 fake-minutes on
my calendar)

AN (HUN) v

3000 K




the Cosmic Microwave
Background, CMB

about 370,000 y after BB | (’




Hans Bethe #
1906-2005 .

ol | L {
e *mi*wm"q *‘T ‘{'U ?’W‘?‘vvm r~m?g

Ralph Alpher  Robert Herman
predicted this 1921-2007 1914 - 1997

left-over radiation 1948 with collaborators Alpher and Herman:
predicted a left-over electromagnetic radiation

those left over
photons would have Alpher and Herman predicted it would be distributed

started out hot... across the Universe in a Blackbody Spectrum shape at
a temperature of 59K...microwaves

nobody paid attention...or remembered.

1993, the National Academy of Sciences gave
Alpher and Herman the Henry Draper Medal


http://adsabs.harvard.edu/abs/2007BAAS...39.1051K
http://adsabs.harvard.edu/abs/2007BAAS...39.1051K
http://en.wikipedia.org/wiki/United_States_National_Academy_of_Sciences
http://en.wikipedia.org/wiki/Henry_Draper_Medal

so, all these cold
photons left

the phone company was the hero




satellite wheve we've 90
communications
are usually iy ' R

Visible light .
gh infrared spectrum Radio waves observable radio waves

: bservable
Gamma rays, X-rays and ultraviolet 0 absorbed by SreBari
from Earth, atmospheric blocked.

light blocked by the upper atmosphere

m l C r O W a- v e S (best observed from space). with some. gasses (best
atmospheric |

distortion. from space).

Atmospheric
opacity

1 um 10 gm 100 gm

ATT cell phone | o
frequencies of

~2 GHzZ

~15 cm

microwave ovens
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the phone %

LV
v,

V7T TTT I 1 L\ \ S Sl

company

"HERD
1L Mac "

ATT Labs,
Crawford Hill, New
Jersey

1963

FIRST PHONE CALL VIA

Arno Penzias A2 =N BY | el MAN-MADE SATELLITE!

Robert Wilson

Giant ultra-sensitive horn-reflector antenna whic
bounced off the satellite. It is located at Bell Tele
Holmdel, New Jersey.

sensitive to (A BELL TELEPHONE LAE
Wavelengths Of WORLD CENTER OF COMMUNICATIONS RESEAI ; ; ‘ﬂ;f‘;/ |

7 3 5 4 O O O M H BELL TELEPHONE LABORATORIES BOUNCES VOICE OFF SPHERE
o CI I l, Z PLACED IN ORBIT A THOUSAND MILES ABOVE THE EARTH
hink of watching “Project Echo” l’u_ll“'l.hfn\\- the day wher

1 nume
» in orbit all around the earth,

ay stations for TV programs

ons,
ww Bell Laboratories, as part
v advanee snace




microwave hiss

Intensity

-15

everywhere...

-16 |
with a special frequency distribution

47

-18 -

N
X
[
w
o~
E
o
~
obh
—
@
@
§

-19 +
Visible light
observable
from Earth,
with some
atmospheric

TS atmospheve becoming opaque

1 ym 10 um 100 um I mm 1em 10 cm Im 10m

Wavelength
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Jim Peebles and students, David Todd Wilkinson and

Peter G. Roll

redid Gamow's calculation...forgetting that it had been done!

Robert Dicke was thinking of building a receiver

Pewzias called Dicke...



a blackbody spectrum

of ~3K above absolute zero

the peak is limited by the atmosphere

LOG Blerg/ cm? SrHz)

1
WAVELENGTH (cm)




Penzias o> M~halnrize.org

The Off
Home | A-Z Inc

Nobel Prizes

and

The Nobel Prize in Physics 1978

About the Nobel Prizes 6= Printer Friendly +) Share 52 Tell a Frienc ¢ Comments

Facts and Lists

(]
1901 2012
I S O I l Nobel Prize in Physics & — 1923

All Nobel Prizes in Physics Sort and list Nobel Prizes and Nob | 4 Prize category:' Physics | ¢
Facts on the Nobel Prize in
Physics The Nobel Prize in Physics 1978
Prize Awarder for the Nobel Pyotr Kapitsa, Amo Penzias, Robert Woodrow Wilson
Prize in Physics
L ) The Nobel Prize in Physics 1978
Nomination and Selection of
Physics Laureates Nobel Prize Award Ceremony
Nobel Medal for Physics Pyotr Kapitsa

Articles in Physics Arno Penzias

g a Ve C r e d i t to t h e MACEUPTIEY e Robert Woodrow Wilson

Video Nobel Lectures

Nobel Prize in Chemistry

deceased George e

Medicine

G Nobel Prize in Literature
a m O W‘ Nobel Peace Prize

Prize in Economic Sciences
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Say

Nobel Prize Award Ceremonies
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Pyotr Leonidovich Robert Woodrow
Kapitsa Wilson

The Nobel Prize in Physics 1978 was divided, one half awarded to Pyotr
Leonidovich Kapitsa "for his basic inventions and discoveries in the area of
low-temperature physics", the other half jointly to Amo Allan Penzias and
Robert Woodrow Wilson "for their discovery of cosmic microwave background
radiation”.




