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The Language Problem
In Quantum Physics

Quantum Physics and Human Understanding
A The deepest and most accurate language of quantum physics is THE LANSUASE OF MATH
mathematics.

A But mastering the mathematics of quantum theory requires
years of specialized study.

A Quantum physics challenges y or relestabilizes mytlithe
classical picture of reality as fundamentally made of stable,
Independently existing things.

= (=
A Yet quantum physics does not naturally provide replacement ( | /
conceptual language for ordinary human understanding.

/ THE LANGUAGE. | ="
OF MATH

ol e e

The Result: we can calculate guantum reality with extraordinary precision, but struggle to describe it

conceptually in everyday language.
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Why Process Theology Matters Here

oo

{‘m

Process Theology as a Conceptual Bridge

A Process Theology provides a highly developed vocabulary of: -:' p ” 5 [ I g
A events r‘” g I(:)'-_-'J“J
A relations
A becoming
A process

A This language is far more accessible to a lay audience than
advanced gquantum mathematics.

A Process Theology helps translate event -centered quantum
thinking into concepts people can discuss, imagine, and reflect
upon.

A In this lecture series, Process Theology is being used :
philosophically and pedagogically rather than as a literal = 1 Basic Intrpdacetion
description of reality. :

Central Idea

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




A Different Way of Understanding
+ Reallty

What IS PrOCESS Tradltlonaltheologyoften

o emphasizes:
TheOIOgy’) * Being over becoming
* Substance over event
e _ * Permanence over change
Rgf(')i:gszs Process Theology emphasizes:
;- FET Y * Becoming over being

* Events over substances

* Relationship over isolation

* Creativity over determinism
Key Insight

* Reality is not a collection of
static things.

= A universe of thzﬁgs VS. a um"verse of events - ‘ Reality.is an ongoing process of
becoming.
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Core Themes of Process TheoloQ\

Reality as Creative Becoming

AReality consists of interconnected events

AEvery moment contributes something
new

AThe future is partly open.

ACreativity is a fundamental feature of
existence.

AGod continuously offers new possibilities.
Process Theology in One Sentence Possibl

Futins Actualized

AThe universe is a creative process Future
unfolding within constraints.

Possible
Future




Implications of
Process Theology

A God Who Patrticipates in History

Process Theology portrays God as:

A Experiencing the joys and sufferings of
creation.

A Working through persuasion rather than
coercion.

A Calling creation toward greater beauty,
truth, and justice.

A Sharing in the world's ongoing becoming.
Implications

A Human choices matter.

A The future is not predetermined.

A New possibilities can emerge.

Creation as cooperative participation.




Key Process Thinkers

Whiteheadian Process Theology Whiteheadian Process Theology
Foundational Thinkers <o

? A Living Tradition of Creative Becoming

A Alfred North Whitehead w
A Charles Hartshorne T |
Major Process Theologians 75 0 S
John obb Jr Eugen.. Peters arjoreHewitt RelationShip

A John B. Cobb Jr.
A Eug.e n.e H . Pe.te rS . (1925-2024) (1929-1983) Suchocki rather than
A Marjorie Hewitt Suchocki | AlfredNorth Charles

isolation
; Whitehead Hartshorne 5 : 7~\\ Creativity
A C. RObert Mesle | (1861-1947)  (1897-2000) . \&) (fift};:ntlf:l?;lm
A Monica Coleman |

Major Process Theologians

Shared Emphasis e N ... LD GO Conermporary
y: s b Bridging Philosophy ,7 | Developin, 4 rocess Theolo
A Events rather than substances RSP r 2 QY i QY s P ot
A Relationship rather than isolation N
A Creativity rather than — "

A
¥

d ete rm | n | sm % A tradition committed to understanding reality as creative, relational, and open to new possibilities.




The Broader Family of
Process Thought

Beyond Whitehead Related Voices
John Cobb suggested that A G. W. F. Hegel

‘process theology" may A Pierre Teilhard de

iInclude all theologies Chardin .7
emphasizing: A Matthew Fox “2 }‘/l’l/)ROCESS
A Event over substance A Richard Rohr o . TUOUCHT
A Becoming over being A Sallie McFague * " )4 T
A Change over A Rosemary Ruether
permanence A Catherine Keller S : f
A Henry Young S A o

Shared Question
How does genuine novelty emerge Iin the universe?



From Process A Remarkable Convergence

+ F:rocess Theology proposes:

TheOIOgy to * Reality is fundamentally event-like.

O  The future contains real possibilities.

Q u a.ntu m P hyS | CS * Creativity is woven into existence.

* Novelty emerges continuously.

Modern Quantum Physics Suggests:
WHITEHEAD THE MOMENT QUANTUM PHYSICS e Nature is built from quantum events.

Process Philosophy OF DECISION Quantum Theory

B e * Multiple futures are physically
i pae Funcion possible.

e OQutcomes are constrained but not
predetermined.

* Reality unfolds through actualized
possibilities.
Central Question of This Lecture
 Can the language of Process Theology
help us better understand the

i o AR A el physical world revealed by quantum
physics? 9




Quantum Physics as a Predictive
Framework

Quantum Physics as an Instrumental Framework PARTICLE PHYSICS COSMOLOGY
. . QFT s the framework for QFT is used to study the eorly
A The quantum state machine model is fundamentally S Dt vy ey spo s
. . . predicting the outcomes. predicting phenomena,
predictive rather than ontological.
A Its purpose is to predict probability distributions of ELECTRODYNAMICS TR EHRCE
detection events. “p’?.‘;";'ijﬁf@'ﬁ"‘-‘ « i
. . . . . alectromagnatism. uses OF
A The mathematics predicts statistical patterns with QUANTUM FIELD
extraordinary precision. CHROMOBYRAMICS i OO TGO NAL
. . . QFT also includes QCD, which OFT aids in developing numerical
A But the theory does not specify a classical underlying e s e

E Exampies com

cause for any individual event.

Instrumental View
Quantum theory is used here primarily as a predictive mathematical framework rather than a literal

picture of underlying reality.
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What Quantum Physics
Actually Gives Us

What Physics Directly Observes

A Quantum physics experimentally gives us:

A flashes

A clicks

A ionizations

A localized detector events

A Conceptual Structures Used in Quantum Theory:

A Quantum fields
A The Hamiltonian

DETECTORS IN
A Hilbert spaces PARTICLE PHYSICS

A Probability amplitudes _A Mogem Introduction
A Virtual particles

These mathematical structures need not be treated as literally existing physical objects.
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Process Theology as an Interpretive
Framework

Process Theology as an Instrumental Framework Process theology
A Process Theology provides conceptual language centered
on: becoming [ /¥ |
A events unfolding \7 ,
A relations Zz)eellglzgtlal h
. ‘ ® AN Whitehead
ﬁbecomlng ® Charles Hartshorne
process

A It helps people think beyond classical substance -centered
categories.

A It is being used philosophically and pedagogically rather
than as a literal description of reality.

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

Conceptual Language in Process
Theology

AProcess Theology uses concepts such
as: Process

AActual occasion Theology
APrimordial Nature of God . :
ASuperjective Nature of God Introductory
AConsequent Nature of God Baposinior
AThese concepts are being used here

as interpretive tools rather than
scientifically established entities.
Jouw B. Cors, Ju.

AThese conceptual structures need not Davip Ray Greri
themselves be treated as literal
descriptions of underlying reality.
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What Do Physicists Actually Detect?

Quantum physics experimentally gives us:
Aflashes D
Aclicks
Aionization tracks
Alocalized detector events
Aquantized energy transfers

Important Point

APhysics does not directly observe tiny visible mparticles wrtlbving
through space.

AWhat physics directly observes are localized detection events in
measuring instruments. 14



Detection Events andé\ctual
Occasiongb

An Event-Centered Interpretation

In this lecture series, a particle -like detection event may be
RUqUI Gl Ugqll Waél Ye NS Waqd WHEYUHRI
YHAHACt RY U0

A a localized event

A a momentary interaction

A a transfer of energy

A a quantized occurrence Detection of the Higgs
Boson by the ATLAS
Detector at CERN

Important Boundary

A A detector event is a physical observation.

A An actual occasion is part of a philosophical
Interpretive framework. 15



Why nParticlerd
Instrumental Language

The Operational Meaning of rfarticle 1
In practice, a fparticle wrtiéans:

A a recurring pattern of quantized detection events with consistent measurable properties.
Physics predicts:

A where detections are likely to occur Particle Hiera rChy

A how much energy is transferred
A what measurable properties appear

But Physics Does NOT Directly Show
A tiny billiard -ball objects

..8)_..0_..

Malecules Atom

Protons,

Meutron,

. . . Matter Mucleons
A miniature planets orbiting nuclei e Elem;ntaw
A classical objects moving along exact trajectories Flacrons  yarticles

Instrumental View

A nParticle itlkherefore being used operationally and instrumentally rather than necessarily as a literal tiny
object.

A particle -like detection may be interpreted as an event -centered factual occasion H
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Quantized Energy Transfer

What Happens in a Detection Event?

A detector registers: / ."\

Electromagnetic radiation . Photoelectron

A a localized interaction
A involving a discrete transfer of energy /_
A The energy does not arrive continuously. Metal plate

Electron
A It arrives in quantized packets associated with
elementary particle types.

Central Idea

Elementary particles are identified
through characteristic patterns of
guantized interaction.

Examples

A an electron ionizes atoms in a detector
A a photon transfers energy to an electron
A a muon leaves a detectable track

A a neutrino occasionally triggers a weak interaction .



How Are Elementary
Particles Identified?

Three Key Properties Examples

Elementary particles  Electron:
are primarily A 0.511MeV mass
identified by: .
A Negative charge
Amass |
. A spin 1/2
Aelectric charge |
. Photon:
Aspin

A zero mass
A zero charge
A spin 1

These measurable
properties allow
physicists to
distinguish one particle
type from another.

Important Note:

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

The Standard Modei of Particle Physics

Three Generations of
Matter (Fermions)

Interactions
Forces (Bosons)

mass |~ 2.2 MeV ~ 1.3 GeV ~ 173 GeV
charge : 2/"3 - 2/' + 2/
spin |1/ u 1/ (c 1/ t
up charm top
~ 4.7 MeV ~ 06 MeV ~ 4.2GeV W
- 1’./3 1/3 ) 2
1/ d 1/ [ 1/ b o
W
down strange | bottom o
o0
~0.511 MeV ~ 106 MeV ~ 1.777 GeV (a4 [
-1 -1 -1
1/p e 1/ u 1 T 3
electron muon tau O
<1.0eV < 0.17 MeV < 18.2 MeV ‘
0 0 0
1.‘,"2 Ve 1,-"‘2 vlj, 1’1‘2 UT
electron muon tau y4 b;son
neutrino neutrino neutrino .
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The Goal Of The Standard Modei of Particle Physics
The Standard Model (SM) (T,,,eeGe,,e,aﬁo,,sﬂ E

: Matter (Fermions)

What the Standard In This Lecture
Model Attempts To Do We will introduce a simplified | I I
The Standard Model /®2 2 Z Wt aql a2 ®ae |l Jam s (rs ne |

Interactions
Forces (Bosons)

organizes the known 6 quarks 1 (| (| ° H
elementary particles 6 leptons up charm || top Higgs
Into a coherent 6 bosons e \(coomer ) e2cw »
mathematical along with their associated - |- '@ Z
fran:]ework. anti -partiCIeS' down strange | bottom §

It pI‘EdIC'[SZ Important Simplification S | SRR | SR |
A interaction This presentation QD "D ||”\@ S

probabilities intentionally simplifies electron | muon | tau é

A decay patterns some aspects of modern oo |[ommer | (<o
A conservation laws  particle physicsin order to @ @D |-G |
A measurable build conceptual ctectron || emuon ||t > boson

neutrino neutrino neutrino

detector outcomes understanding before
technical detail.
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Einstein and MassEnergy
Equivalence

Einstein's Revolutionary Insight

O
AMass and energy are different forms of the - >,
same underlying physical quantity. BT ¥ -
AA small amount of mass corresponds to an Jo E= ﬁ“\C
enormous amount of energy because - is TAAE -~ B R~ |

extremely large.

AlIn modern physics, the conserved quantity is
total energy, not mass alone.

Important Idea
Mass is a concentrated form of energy.

20



The Relativistic Energy Equation

Energy, . s
Momentum, and - E=em (o)
MaSS Where:

 E=total energy
* m=invariant mass
* p= momentum
* c=speed of light
Two Important Cases
*Ifp =0:
* the particle is at rest
* energy reducesto E = mc
Important Point e Ifm=0:
Even massless particles can  the particle is massless
carry energy and momentum. * EnergyreducestoE=pc ,,

2




Why Particle Mass Is Listed in eV, MeV, and Ge = |5224
spin |1/

Mass Expressed as Energy Examples: o

A Because mass and energy are Up Quark:

equivalent, particle masses are 2.2 MeV mass [~ 4.7 MeV

commonly expressed using energy Down quark: charge ‘1/3

units_ 47 |\/|eV °pin

T Electron:
Common units include: d
0.511 MeV o

Aelectron volts (eV) Photon: mass [~ 0511 MeV |
Amega electron volts (MeV) 0 eV C'“:;fj N
Agiga electron volts (GeV)

Important Point PETRIED]
In particle physics, energy units are often more mass (o
convenient than kilograms for describing elementary charge |0
particles. S -

photon




Electric Charge

Electric Charge as
an ldentifying
Property

Elementary
particles may carry:
Apositive charge
Anegative charge

Aor no charge at all

Charge determines
how particles interact
electromagnetically.

Examples
Electron:
charge =€l
Photon:
charge = 0
Quarks have fractional

charges:

up quark = +2/3

down quark =+€1/3
These combine to form the
Integer charges of protons
and neutrons.

mass
charge
spin

mass
charge
spin

mass
charge
spin

mass
charge
spin

.
~ 2.2 MeV

up

+2/3

'~ 4.7 MeV

down

\

—1/3
1/

~ 0.511 MeV
-1 4 \\

72 e
-

g _d

electron




Spin and Rotational Symmetry

Spin Is a Quantum Property Related to Symmetry

A Spin is not best understood as tiny objects
physically spinning.

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

Integer Spins (Bosons)

A Completely symmetric under rotation

..
— a0
@)
wn
@)
(28]
(0
<
-
<
@
wn

W boson

~ 91.2 GeV
0

' WL

Z boson

GAUGE BOSONS
VECTOR BOSONS
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Spin and Rotational Symmetry

Spin Is a Quantum Property Related to Symmetry

A Spin is not best understood as tiny objects
physically spinning.

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

Integer Spins (Bosons)

A Completely symmetric under rotation

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

2
o
(7))
o
o )
o |
<
-
<
O
m \,,

Z Bdéon



Spin and Rotational Symmetry

Spin Is a Quantum Property Related to Symmetry

A Spin is not best understood as tiny objects
physically spinning.

A Instead, spin describes how quantum states .
behave under rotation. : | graviton

Integer Spins (Bosons)

A Completely symmetric under rotation

Spin 1; d

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

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

2
@)
(7p]
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<
-
<
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m \,,

Z boson A




Spin and Rotational Symmetry

Spin Is a Quantum Property Related to Symmetry

A Spin is not best understood as tiny objects
physically spinning.

A Instead, spin describes how quantum states Examples
behave under rotation. .
Integer Spins (Bosons)
5 4pin 0
A Completely symmetric under rotation ’

graviton

m
2 [
o
)]
@
A b
o ,
<
-
<
@)
m \,,

A Symmetry somewhat like a globe: the 3 4Hin 1
overall pattern remains the same after a .
360° rotation . |
------ : othetica
4—& (DT
A Symmetry somewhat like a barbell:the ° 8fin 2

overall pattern repeats after a 180° rotation

Important Note: The full guantum mathematics of spin is more subtle and

mathematically sophisticated. Blaaasll O >




Fermions and the 720Rotation

Half-Integer Spin Has No Classical Analog

A Fermions have half-integer spin:

Aspin 1/2
Aspin 3/2
A etc.
The electron, quarks, and neutrinos are all spin 1/2 particles.

The Remarkable Property of Spin 1/2

A A spin 1/2 particle:
A does NOT return to the same quantum state after a 360°

rotation
Arequires a full 720° rotation to return to the same state

Important Point

Nothing like this exists in classical physics. This is one of the
clearest examples of the fundamentally norclassical nature of

guantum theory.
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