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Lecture 2:  The Standard Model 
ӛШDetected  Events 
    (Actual occasions)



The Language Problem 
in Quantum Physics

Quantum Physics and Human Understanding
ÅThe deepest and most accurate language of quantum physics is 

mathematics. 

ÅBut mastering the mathematics of quantum theory requires 
years of specialized study. 

ÅQuantum physics challenges у or љdestabilizesњШу the 
classical picture of reality as fundamentally made of stable, 
independently existing things. 

ÅYet quantum physics does not naturally provide replacement 
conceptual language for ordinary human understanding. 
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The Result:  We can calculate quantum reality with extraordinary precision, but struggle to describe it 
conceptually in everyday language.



Why Process Theology Matters Here

Process Theology as a Conceptual Bridge
ÅProcess Theology provides a highly developed vocabulary of: 
Åevents 
Årelations 
Åbecoming 
Åprocess 

ÅThis language is far more accessible to a lay audience than 
advanced quantum mathematics. 
ÅProcess Theology helps translate event -centered quantum 

thinking into concepts people can discuss, imagine, and reflect 
upon. 
ÅIn this lecture series, Process Theology is being used 

philosophically and pedagogically rather than as a literal 
description of reality.

Central Idea
Process Theology does not replace quantum mathematics.
It provides conceptual language that helps make quantum 
thinking more understandable. 3



What Is Process 
Theology?



Core Themes of Process Theology
Reality as Creative Becoming
ÅReality consists of interconnected events . 
ÅEvery moment contributes something 

new. 
ÅThe future is partly open. 
ÅCreativity is a fundamental feature of 

existence. 
ÅGod continuously offers new possibilities. 

Process Theology in One Sentence
ÅThe universe is a creative process 

unfolding within constraints.
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Implications of 
Process Theology
A God Who Participates in History
Process Theology portrays God as:
ÅExperiencing the joys and sufferings of 

creation. 
ÅWorking through persuasion rather than 

coercion. 
ÅCalling creation toward greater beauty, 

truth, and justice. 
ÅSharing in the world's ongoing becoming. 

Implications
ÅHuman choices matter. 
ÅThe future is not predetermined. 
ÅNew possibilities can emerge.
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Key Process Thinkers
Whiteheadian Process Theology 
Foundational Thinkers
ÅAlfred North Whitehead 
ÅCharles Hartshorne 

Major Process Theologians
ÅJohn B. Cobb Jr. 
ÅEugene H. Peters 
ÅMarjorie Hewitt Suchocki 
ÅC. Robert Mesle 
ÅMonica Coleman 

Shared Emphasis
ÅEvents rather than substances 
ÅRelationship rather than isolation 
ÅCreativity rather than 

determinism
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The Broader Family of 
Process Thought
Beyond Whitehead
John Cobb suggested that 
"process theology" may 
include all theologies 
emphasizing:
ÅEvent over substance 
ÅBecoming over being 
ÅChange over 

permanence 
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Shared Question
How does genuine novelty emerge in the universe?

Related Voices
ÅG. W. F. Hegel 
Å Pierre Teilhard de 

Chardin 
ÅMatthew Fox
Å Richard Rohr
Å Sallie McFague 
Å Rosemary Ruether 
Å Catherine Keller 
Å Henry Young 



From Process 
Theology to 
Quantum Physics



Quantum Physics as a Predictive 
Framework

Quantum Physics as an Instrumental Framework

ÅThe quantum state machine model is fundamentally 
predictive rather than ontological. 

ÅIts purpose is to predict probability distributions of 
detection events. 

ÅThe mathematics predicts statistical patterns with 
extraordinary precision. 

ÅBut the theory does not specify a classical underlying 
cause for any individual event. 
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Instrumental View
Quantum theory is used here primarily as a predictive mathematical framework rather than a literal 
picture of underlying reality.



What Quantum Physics 
Actually Gives Us

What Physics Directly Observes
ÅQuantum physics experimentally gives us:
Åflashes 
Åclicks 
Åionizations 
Ålocalized detector events 

ÅConceptual Structures Used in Quantum Theory:
ÅQuantum fields 
ÅThe Hamiltonian 
ÅHilbert spaces 
ÅProbability amplitudes 
ÅVirtual particles 
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These mathematical structures need not be treated as literally existing physical objects.



Process Theology as an Interpretive 
Framework

Process Theology as an Instrumental Framework
ÅProcess Theology provides conceptual language centered 

on: 
Åevents 
Årelations 
Åbecoming 
Åprocess 

ÅIt helps people think beyond classical substance -centered 
categories. 
ÅIt is being used philosophically and pedagogically rather 

than as a literal description of reality. 
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Instrumental View:  Process Theology is used here primarily as a conceptual interpretive framework 
rather than a literal picture of underlying reality.



The Conceptual Vocabulary
 of Process Theology

Conceptual Language in Process 
Theology
ÅProcess Theology uses concepts such 

as:
ÅActual occasion 
ÅPrimordial Nature of God 
ÅSuperjective  Nature of God
ÅConsequent Nature of God 

ÅThese concepts are being used here 
as interpretive tools rather than 
scientifically established entities.
ÅThese conceptual structures need not 

themselves be treated as literal 
descriptions of underlying reality.
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What Do Physicists Actually Detect?
Quantum physics experimentally gives us:
Åflashes 
Åclicks  
Åionization tracks 
Ålocalized detector events 
Åquantized energy transfers 

Important Point
ÅPhysics does not directly observe tiny visible љparticles њШmoving 

through space.
ÅWhat physics directly observes are localized detection events in 

measuring instruments. 14



Detection Events and љActual 
Occasionsњ

An Event-Centered Interpretation
In this lecture series, a particle -like detection event may be 
ŔŰƣĲƖƓƖĲƣĲĬШƣőƖŸƨŊőШƣőĲШĦŸŰĦĲƓƣƨċũШũĲŰƚШŸŉШċŰШљċĦƣƨċũШ
ŸĦĦċƚŔŸŰЮњ
Åa localized event 
Åa momentary interaction 
Åa transfer of energy 
Åa quantized occurrence 

Important Boundary
ÅA detector event is a physical observation. 
ÅAn actual occasion is part of a philosophical 

interpretive framework. 15

Detection of the Higgs 
Boson by the ATLAS 
Detector at CERN



Why љParticleњШIs 
Instrumental Language

The Operational Meaning of љParticleњ
In practice, a љparticleњШmeans:
Åa recurring pattern of quantized detection events with consistent measurable properties.

Physics predicts:
Åwhere detections are likely to occur 
Åhow much energy is transferred 
Åwhat measurable properties appear 

But Physics Does NOT Directly Show
Åtiny billiard -ball objects 
Åminiature planets orbiting nuclei 
Åclassical objects moving along exact trajectories 

Instrumental View
ÅљParticleњШis therefore being used operationally and instrumentally rather than necessarily as a literal tiny 

object. 
A particle -like detection may be interpreted as an event -centered љactual occasion њ.
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Quantized Energy Transfer

What Happens in a Detection Event?
A detector registers:

Åa localized interaction 
Åinvolving a discrete transfer of energy 
ÅThe energy does not arrive continuously.
ÅIt arrives in quantized packets associated with 

elementary  particle types.
 

Examples

Åan electron ionizes atoms in a detector 
Åa photon transfers energy to an electron 
Åa muon leaves a detectable track 
Åa neutrino occasionally triggers a weak interaction 17

Central Idea
Elementary particles are identified 
through characteristic patterns of 
quantized interaction.



How Are Elementary 
Particles Identified?

Three Key Properties
Elementary particles 
are primarily 
identified by:
Åmass 
Åelectric charge 
Åspin 

These measurable 
properties allow 
physicists to 
distinguish one particle 
type from another.
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Examples
Electron: 
Å 0.511 MeV mass
Å Negative charge
Å spin 1/2 

Photon: 
Å zero mass 
Å zero charge 
Å spin 1 

Important Note:
In modern physics, mass is treated as an intrinsic invariant property of a particle.



The Goal of 
The Standard Model (SM)

What the Standard 
Model Attempts To Do

The Standard Model 
organizes the known 
elementary particles 
into a coherent 
mathematical 
framework.

It predicts:
Åinteraction 

probabilities 
Ådecay patterns 
Åconservation laws 
Åmeasurable 

detector outcomes
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In This Lecture
We will introduce a simplified 
љΣΣΣњШƚƣƖƨĦƣƨƖĲа

6 quarks 
6 leptons 
6 bosons 

along with their associated 
anti -particles.

Important Simplification
This presentation 
intentionally simplifies 
some aspects of modern 
particle physics in order to 
build conceptual 
understanding before 
technical detail.



Einstein and MassтEnergy 
Equivalence

Einstein's Revolutionary Insight

╔ □╬

ÅMass and energy are different forms of the 
same underlying physical quantity. 
ÅA small amount of mass corresponds to an 

enormous amount of energy because ╬ is 
extremely large. 
ÅIn modern physics, the conserved quantity is 

total energy, not mass alone. 
 

Important Idea
Mass is a concentrated form of energy. 20



Energy, 
Momentum, and 
Mass

Important Point
Even massless particles can 
carry energy and momentum.



Why Particle Mass Is Listed in eV, MeV, and GeV

Mass Expressed as Energy
ÅBecause mass and energy are 

equivalent, particle masses are 
commonly expressed using energy 
units.

Common units include:
Åelectron volts (eV) 
Åmega electron volts (MeV) 
Ågiga electron volts (GeV) 
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Examples:
Up Quark:

2.2 MeV
Down quark:

4.7 MeV
Electron: 

0.511 MeV 
Photon: 

0 eV 

Important Point
In particle physics, energy units are often more 
convenient than kilograms for describing elementary 
particles.



Electric Charge

Electric Charge as 
an Identifying 
Property
Elementary 
particles may carry:
Åpositive charge 
Ånegative charge 
Åor no charge at all 

Charge determines 
how particles interact 
electromagnetically.
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Examples
Electron: 

charge = ҽ1 
Photon: 

charge =  0
Quarks have fractional 
charges:

up quark = +2/3 
down quark = ҽ1/3 

These combine to form the 
integer charges of protons 
and neutrons.



Spin and Rotational Symmetry
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Spin Is a Quantum Property Related to Symmetry

ÅSpin is not best understood as tiny objects 
physically spinning.

Å Instead, spin describes how quantum states 
behave under rotation.

Integer Spins (Bosons)

ÅSpin 0: 

ÅCompletely symmetric under rotation 

ÅSpin 1: 

ÅSymmetry somewhat like a globe: the 
overall pattern remains the same after a 
360° rotation

ÅSpin 2: 

ÅSymmetry somewhat like a barbell:the  
overall pattern repeats after a 180° rotation



Spin and Rotational Symmetry
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Spin and Rotational Symmetry
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Spin Is a Quantum Property Related to Symmetry

ÅSpin is not best understood as tiny objects 
physically spinning.
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Spin and Rotational Symmetry
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Examples

Å Higgs boson 

ӛШspin 0 

Å Photon, Gluon, 
W+ and Z:

 ӛШspin 1 

Graviton 
(hypothetical)  

ӛШspin 2

Important Note:  The full quantum mathematics of spin is more subtle and 
mathematically sophisticated.

Spin Is a Quantum Property Related to Symmetry
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Fermions and the 720° Rotation
Half -Integer Spin Has No Classical Analog
ÅFermions have half -integer spin:
Åspin 1/2 
Åspin 3/2 
Åetc. 

The electron, quarks, and neutrinos are all spin 1/2 particles.

The Remarkable Property of Spin 1/2
ÅA spin 1/2 particle:
Ådoes NOT return to the same quantum state after a 360° 

rotation 
Årequires a full 720° rotation to return to the same state
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Important Point
Nothing like this exists in classical physics. This is one of the 
clearest examples of the fundamentally non-classical nature of 
quantum theory.


