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Atlas

The second of two large Weight:
particle physics detectors, it will , 7,000 tons
also go online in the summer of \

2008. Approximately 1,800
people from 34 countries and
150 institutes took part in the
collaboration. The team is led
by Peter Jenni of Cern.

Proton entrance

Racetrack shaped magnets don't
require steel yokes to contain the
magnetic field, allowing the detector
to be much larger and weigh less.

Source: Cern; Physics World, Sept. 2004; Lawrence Berkeley National Laboratory Graham Roberts, David Constantine, Mika Grindahl, Erin Aigner/ The New York Times




Compact Muon
Solenoid (CMS)

One of two large
general-purpose parlicle
physics detectors to go
online in 2008.
Approximately 2,500
people from 37 countries
and 155 institutes form
the collaboration building
it. The team is led by Jim
Virdee of Imperial
College London and
Cern.

Weight:
12,500 tons

Steel plates

A cylindrical colil of
magnets requires a series
of large, very heavy steel
plates to contain the
magnetic field.

Proton entrance

Source: Cern; Physics World, Sept. 2004; Lawrence Berkeley National Laboratory

Graham Roberts, David Constantine, Mika Grindahl, Erin Aigner/ The New York Times




SWITZERLAND

Over 100 billion (1011) protons/bunch
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A playground: The Cosmological Collider

What The Universe Is Made 0f
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At the Beginning




A playground: The Cosmological Collider

Q=10 Q=10
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Cosmic Microwave Background
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A playground: The Cosmological Collider
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PHYSICAL REVIEW D VOLUME 23, NUMBER 2 15 JANUARY 1981

Inflationary universe: A possible solution to the horizon and flatness problems

Alan H. Guth*
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 11 August 1980)

post inflation
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A playground: The Cosmological Collider

fraction
of a second
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years

density
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CMB
last scattering

present
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GRAVITATIONAL-WAVE DETECTORS:

Substantial effort has gone into the design and construction of kilometer-scale Michelson interferometers to

Hanover, Germany (built by teams from the United Kingdom and Germany); and the TAMA and CLIO detectors
in Japan.

LIGO LabW'rgo

L-R: The LIGO Livingston Observatory, LIGO Hanford Observatory, and Virgo

These are "first-generation" detectors, designed to demonstrate the technologies that can sense motions at the

level of one-ten-thousandth of the diameter of a proton (or 10-'2 meter), which may only be barely sensitive
enough to detect the waves.

The next generation of detectors coming online in the next 3-5 years -- the Advanced LIGO detectors

on our current understandlng of the abundance of gravitational wave sources, these detectors will certalnly find
the waves and study their properties and the sources in detail. They will allow us to explore the universe in a
completely new way, complementary to electromagnetic observations.
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Masses in the Stellar Graveyard

in Solar Masses

Known Neutron Stars
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letters to nature
Nature 340,126 - 128 (13 July 1989); doi:10.1038/340126a0

Nucleosynthesis, neutrino bursts and y-rays from coalescing neutron stars

DAVID EICHLER', MARIO LIVIOt, TSVI PIRAN? & DAVID N. SCHRAMM$

*Department of Physics, Ben Gurion University, Beer Sheva, Israel, and Astronomy Program, University of Maryland, Collage Park, Maryland 20742, USA

Department of Physics, The Technion, Haifa, Israsl

*Racah Instituts for Physics, Hebrew University, Jerusalem, israel, and Princeton University Obssrvatory, Princeton, New Jersey 08544, USA

ggsemse’\m of Physics and Astrophysics, University of Chicago, 5640 Ellis Avenue, Chicago, lllinois 60637, USA, and NASA/Fermilab Astrophysics Center, Batavia, linois

NEUTRON-STAR collisions occur inevitably when binary neutron stars spiral into each other as a result of
damping of gravitational radiation. Such collisions will produce a characteristic burst of gravitational radiation,
which may be the most promising source of a detectable signal for proposed gravity-wave detectors!. Such signals
are sufficiently unique and robust for them to have been proposed as a means of determining the Hubble constant?.
However, the rate of these neutron-star collisions is highly uncertain®. Here we note that such events should also
synthesize neutron-rich heavy elements, thought to be formed by rapid neutron capture (the r-process)*.
Furthermore, these collisions should produce neutrino bursts® and resultant bursts of y-rays; the latter should
comprise a subclass of observable y-ray bursts. We argue that observed r-process abundances and y-ray-burst rates
predict rates for these collisions that are both significant and consistent with other estimates.
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EVENT HORIZON TELESCOPE




The Event Horizon Telescope collaboration, which released the world's first image of a black hole in 2019,

unveiled a new view on Wednesday showing how the object at the center of the M87 galaxy looks in
polarized light.

EHT Collaboration
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PHYSICS

Long-Awaited Muon Measurement Boosts Evidence for New
Physics

Initial data from the Muon g-2 experiment have excited particle physicists searching for
undiscovered subatomic particles and forces







ATLAS SUSY Searches* - 95% CL Lower Limits

Status: SUSY 2013
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Summ f MS SUSY Results* in SMS framework SUSY 2013
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Constrained Minimal Supersymmetric

Phenomenological Minimal Supersymmetric

Symbol Description number of
parameters
g the ratio of the vacuum expectation values of the two Higgs 3
doublets
M 4 the mass of the pseudoscalar Higgs boson 1
7 the higgsino mass parameter 1
M, the bino mass parameter 1
M, the wino mass parameter 1
Ms, the gluino mass parameter 1
Mg, Mag, My, the first and second generation squark masses 3
mj,Ms, the first and second generation slepton masses 2
ma, Mg, M; the third generation squark masses 3
mi, Mz, the third generation slepton masses 2
A, Ay, Al the third generation trilinear couplings 3




Mass [GeV]

Constrained Minimal Supersymmetric
Standard Model (CMSSM)

G. L. Kane, C. F. Kolda, L. Roszkowski and

J. D. Wells, Phys. Rev. D 49 (1994) 6173 At MGUT ~ 2 % 1018 GeV:
1500
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2 2 2 — 2 — 2
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radiative EWSB

2 _ ""Hb _""%Iz tan? 38 m2
H = tanZ2 81 2

five independent parameters:
my /2, Mo, AO’ tan,@s Sgn(“’)

Log,,(Q/1 GeV) well developed machinery to compute
figure from hep-ph/9709356 masses and couplings

In general supersymmeétric SNFteo ' many ffée parametel



PHYSICS TODAY

Is string theory

phenomenologically
. viable?

I. S. James Gates Jr
\V

String theory is entering an era in which its theoretical constructs will be confront-
ed by experimental data. Some cherished ideas just might fail to pass the test.

Jim Gates is the John S. Toll Professor of Physics and director of the Center for String and Particle Theory at the University of
Maryland in College Park.

Physics Today 59, 6, 54 (2006); https://doi.org/10.1063/1.2218556




Figure 1. A fiber bundle is built from a base that has a
fiber emerging from each of its points. In the standard
model, the base is the four-dimensional spacetime of our
universe, and each of the fibers, the simple depictions
notwithstanding, is one of the gauge groups SU(3),
SU2), or U[1) that mathematically define the gauge
transformations of the model. In 4D siring theories, fibers

can represent gauge groups that are not part of the stan-

dard model. (Hubble Deep Field image courtesy of
Robert Williams, Space Telescope Science Institute, the
Hubble Deep Field team, and NASA.)

The experimental observation of supersymmetry would
provide a big, albeit indirect, piece of evidence validating the
superstring paradigm. The most spectacular result would be
the direct production of a particle that is the superpartner of
a known particle. However, it will take great fortune for a
superparticle to be directly observable. The range of masses
discussed in the literature for superpartners is something like
1000 to 30 000 times the mass of the proton, which is roughly

1 GeV/c’. With the dates of discovery and masses of the neu-
tron and W bosons as benchmarks, one can crudely estimate
the rate at which humanity is progressing in its ability to
detect massive particles: about 1.5 GeV/c* per year. Thus, if
Nature is kind enough to provide light superpartners, one
might still expect about a century to pass before a superpar-
ticle is directly observed.

Much more likely, evidence for supersymmetry will
emerge by indirect means. Such evidence might be provided
by precision measurements of the rates of change of coupling
constants, anomalies in lifetimes or branching ratios in
decays of known particles, and so forth. Even the detection
of a Higgs boson and an indication of its mass would be rel-
evant to the question of whether supersymmetry exists in
Nature. The community of particle physicists has, over the
past two decades, been working with great energy to explore
the experimental signatures associated with superparticle
production.’




directly

precision
measurements

and so forth.

Physics Today,
59N6 (2006) 54.




What's SUSY (if anything) Got To Do With It?

SJG 2008 in Waves and Packets:
https://multibriefs.com/briefs/nsbp/
extrapage.html




Feature: Supersymmetry physicsworld.com
e

Sticking with SUSY

When CERN'’s Large Hadron Collider failed to uncover evidence of new “superpartner” particles during its
first run, some claimed that the theory that predicts them — known as supersymmetry, or SUSY - should
be abandoned. S James Gates, Jr, however, argues that giving up on SUSY now would be like concluding
that giant sequoia trees do not exist after surveying only the east coast of North America, and that there
is more at stake than meets the eye




physicswrid.com Feature: Supersymmetry




physicsworld.com
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eature: Supersymmetr

[n my view, the current situation is akin to that
of an explorer who, having scoured the eastern sea-
board of North America, concludes that no groves of
Sequoiadendron giganteum exist in the entire conti-
nental USA. Aswith this hypothetical hunt for giant
sequoia trees, finding evidence for SUSY depends

on the observer looking in the right place.

Only carcful observation of naturc can bring the
clarity needed in this field. As experimentalists at
the LHC prepare for upgraded operations in the
next year, they will take the lead in settling the ques-
tion of SUSY. At the same time, we need to be alert
to the work of scientists who are looking for indica-
tions of SUSY elsewhere in the cosmos, particularly
those involved in the continued search for dark mat-
ter as well as other possible astrophysical anomalies.
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Figure 1. A fiber bundle is built from a base that has a
fiber emerging from each of its points. In the standard
model, the base is the four-dimensional spacetime of our
universe, and each of the fibers, the simple depictions
notwithstanding, is one of the gauge groups SU(3),
SU2), or U1) that mathematically define the gauge
transformations of the model. In 4D string theories, fibers
can represent gauge groups that are not part of the stan-
dard model. (Hubble Deep Field image courtesy of
Robert Williams, Space Telescope Science Institute, the
Hubble Deep Field team, and NASA.)




What's SST (if anything) Got To Do With It?
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What's SST (if anything) Got To Do With It?

1
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The Higgs Boson is “spinless.”

52 = 0m j=0

ol 1 i

https://www.youtube.com/watch?v= fMJ r'rhleZw

Degree of Freedom (DoF) =1



Spin implies that electrons act like
magnets that can only point at certain
angles relative to their direction
of motion.




Positive Helicity

Right-Handed Circularly
Polarized

Negative Helicity

Left-Handed
Circularly Polarized




Spin implies that p= 3/2 particles have a “spin vector” that can
only point at certain (but more) angles relative to their
directional motion.
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https://www.yvyoutube.com/watch?v=F4stTzxYrN(

Linearly Polarized Gravitational Wave
7 = 2

Degree of Freedom =2




https://www.yvyoutube.com/watch?v=F4stTzxYrN(
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+ Helicity Polarized Gravitational Wave
] = 2

Degree of Freedom = 71
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Big Question:

What did the Stern-
Gelach experiment
rea[fy tell us about our

‘Universe?




Big Question:

‘Are grouja-fiﬁe
structures Beyoncf the
Lorentz Group and the

Cor(@pact Lie Groups
‘Relevant for the Laws
of our ‘Universe?




Big Question:

What is the maximal
extent of Wigner’s
observation about the

relation of Joam’c[es o,
re]oresenmtion tﬁeory n
mathematics?




It 1s my Be[icf that
these are all the same,
1f not cfose[y related
cluestions, and ﬁumanity
must continue to query

Nature for ANSWeETS.




On the observational side,
the community will Bm’ng

the energy fronu’er
Wgetﬁer with the Jorecision

fronu’er in unyrecea&mﬁzof

W&lyS ;




‘Running Constants’
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PHYSICS

Long-Awaited Muon Measurement Boosts Evidence for New
Physics

Initial data from the Muon g-2 experiment have excited particle physicists searching for
undiscovered subatomic particles and forces




When all the particles of today’s Standard Model are
classified according to their spins (bosons or fermions)

and matter/energy properties, the image is highly asym-
metrical.




Should ‘sparticles’ or ‘superpartners’ be later observed
in laboratories, once more there would he a high sym-
metrical table to describe physical reality.
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Stability

Top mass M, in GeV

100
Higgs mass M), in GeV

GIUSEFPPE DEGRASSI'ETjAL

Higgs mass and vacuum stability
in the Standard Model at NNLO
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On the formaf side, the tools will [iﬁefy

consists (over well-established ones):
(1.) algebraic topology,
(2.) gi@pﬁ tﬁem@, &

(3.) information tﬁeory,

(4.) comyu&r-aia@of—concqatua[izau’on, and

(5.) Joossiﬁfy evofuﬁonary tﬁeory.




Corporations and countries are in a race to build
Quantum Computers based on electronic spin!
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https://www.newscientist.com/article/2252933-quantum-computers-may-be-
destroyed-by-high-energy-particles-from-space/







Omnitruncated 7-simplex

Type uniform 7-polytope

Schlafli symbol to0,1,2,3,4,5,6{3%}

Coxeter-Dynkin
diagrams
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Properties convex

Hexipentiruncitruncated 7-simplex

Coxeter group




Omnitruncated 7-simplex, also known as the

Hexipentiruncitruncated 7-simplex, aka the 8-permutahedron

Hexipentiruncitruncated 7-simplex
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