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(/ér e Core purpose: accurate, audience-ready
@ explanations for educators, students,

and content creators

Define the scope: known evidence,
open questions, and common
misconception shortcuts

@}) e Preview the method: concept-first,

e

evidence-led inference, clear separation
= of observation from research

. e Build a shared vocabulary before
L!,-.I introducing candidates and
= visual language



Why the Universe Needs More Than We See

ROTATIONAL VELOCITY

DARK-MATTER HALO
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EXPECTED FROM
VISIBLE MATTER

®

Galaxy rotation curves
stay flat far beyond
visible starlight

DISTANCE FROM GALAXY CENTER

Gravitational lensing
traces mass where little
or no light exists

Both observations
independently infer a
dominant dark halo

Dark matter is a
gravitational inference,
not a directly imaged
object



Three Independent Clues from Galaxies and Clusters
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The Bullet Cluster

® Hot X-ray Gas @ Gravitational Lensing (Mass)

@ Galaxies (Light)
il

GALAXIES
Rotation Curves

EVIDENCE TRIAD

LENSING
Mass Mapping

Hot X-ray gas in clusters stays bound
only with far more gravity than visible
matter provides.

The Bullet Cluster separates lensing
mass from collisional gas—a direct
dark matter demonstration.

Lensing maps mass where little or
no light appears.

Rotation curves, lensing, and cluster
gas all require dark matter across
different scales.

CLUSTERS
Hot X-ray Gas



Cosmic Acceleration and the

Discovery of Dark Energy - .

-
¢ Distant Typg la supernovae _ Type la Supernova Brightness vs. Redshift
appeared fainter than expected, | P g
i i Brighter | . =" hik = ccelerating
showing acceleration S _ > Expénsion

(with dark energy)

® 1998 observations revealed
expansion speeding up, not

£ w)
slowing down g e
] e N
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fe Decelerating
* Dark energy is the placeholder o b Expansion
for the unknown cause e (without dark energy)
Fainter _
e QOften modeled as a cosmological | T e
constant or evolving field L < o e L [ 7oA

e DESI, Euclid, and Rubin are
now testing whether it evolves




What Current Data Do and Do Not Say About Dark Energy
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DESI BAO
Constraints on the
expansion history

from galaxy
clustering.
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Hubble Tension

Persistent mismatch
between early- and
late-universe
measurements.

N

Provisional Model Boundary

Current data are informative yet incomplete.
Evolving dark energy remains a provisional
possibility within this boundary.

KiDS-Legacy
Weak lensing

constraints on the
growth of cosmic

structure.
2
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DESI BAO hints dark energy
may evolve, but significance
is not decisive

Preference changes with
supernova sample and
calibration choices

The Hubble tension
persists across '
current models

Lensing results like
KiDS-Legacy still favor
a simple cosmological
constant

Avoid overclaiming:
treat evolving dark energy
as provisional



Leading Candidates and How We Search for Them
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DARK MATTER CANDIDATE FIEL

WIMP BLACK HOLE LIGHT
Weakly Interacting Primordial Light Dark
Massive Particle Black Hole Sector Particle

D GUIDE

AXION

Ultra-light
Pseudo-scalar

HEAVIER MASS SCALE

@@

INFERRED-MASS

' Revealed through gravitational

and dynamical effects

-®- >
LIGHTER

LIGHT—VISIBLE

Accessible via photons and
standard model interactions

/[ ="\ ® WIMP, axion, light, and
( @ 7 black hole candidates

span many mass scales

- ® Direct searches measure
rare nuclear recoils in

ultralow-background
underground detectors

~7# . * Indirect searches look

\ | for annihilation or decay

products in cosmic
i signals

® Collider and cosmological
probes test candidates
from different angles

e No candidate is
confirmed




The State of

Da rk Matter s e -_
Searches Right Now P e LAY
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® LZ, XENONNT, PandaX-4T lead NI ey (T T |
high-mass WIMP searches with g e =y
liquid xenon }} m@ﬁ;?a%éﬁ@mf !

® They now approach the solar-neutrino
floor, where neutrino signals overtake

WIMP signals Incoming
Dark Matter

icl
® SuperCDMS SNOLAB and TESSERACT
target sub-GeV and light dark matter T L6 o _
candidates e l |
s = - S I
® ANAIS and COSINE rule out much of _ AW (scintillation

: : ¥R R - light) »
DAMA's annual modulation claim S SR

(ionization |
signal)

® Contested signals are resolved by 05 !
independent, background-controlled Khhh_f exfesls
experiments




Visual Language for Invisible Phenomena

OO ® O

® Use lensing arcs, rotation
curves, and expansion
diagrams as indirect
visual proxies

e Never draw dark matter
as glowing clouds or
dark energy as empty
space

Keep representations
scientifically accurate
while simplifying for any
audience age

e Distinguish established
observations from active
research questions
visually

e Use labels and cues to
connect graphs, images,
and physical concepts

DO THIS: USE INDIRECT VISUAL PROXIES

—e

DON’T DO THIS: MISLEADING VISUALS

CONNECTING
THE BIG PICTURE

LIGHT WE SEE

. - N
LENSING ARCS - = - GLOWING CLOUD (INCORRECT)
S R t " lLight frorr.n distant Suggests matter
. ( A £ ' A galaxies is bent ¥ & aaibiaand
ok e by mass we " . emits light.
oo BT TN e cannot see.
i 7 oag i
-+ Reveals mass distribution. | Misleading: implies we see it directly.
S —— 4 _
z N &
ROTATION CURVES SPIRAL WITH EXTRA GLOW (INCORRECT)
-y _, — Observed s . -
% A (stars & gas) ! Implies glow
s |/ e - -~ Expected i) _ traces actual
g / ‘*-..,_____‘ (visible matter only) Y matter.
Distance from galaxy center i | . > ?
Reveals more mass than visible matter. | Misleading: adds light, not evidence.
. = A . R
' =X ( 'w
EXPANSION DIAGRAMS EMPTY SPACE (INCORRECT)
. i . Space itself L — - " : :
N ‘ ™E : = ¥ ’ ~ Implies “nothing”
Voot | _p | I® 4 s expandlng,. ¢ ' is causing the
® - . distant galaxies
. [ effect.
S . i move apart.
S S I |
Reveals accelerated expansion (dark energy). Misleading: absence of matter # explanation. )
=Y

OBSERVATIONS INDIRECT PROXIES

INFERRED MASS
(DARK MATTER)

COSMIC EFFECTS
(DARK ENERGY)

We do not see it.
We infer it — from
evidence, not
imagination.




Classroom-Ready

Explanations and Demonstratlons

Start with gravity, orbital speed, and

stretching space before naming
dark matter

Use "invisible scaffolding” for

dark matter; "stretching balloon”

for expansion

Balloon cosmology makes
accelerated expansion tangible
for learners

Two-container inference activity
models how scientists "see"
dark matter

Rotation curve graphs show
visible motion demanding
invisible mass
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COMMON MISCONCEPTIONS
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- Dark matter is not antimatter, black
holes, or ordinary nonluminous matter.

- Dark energy is not empty space
or a local pulling force.

- It affects cosmic expansion,
not nearby galaxy motion.

- Modified gravity remains an
alternative, but evidence favors
dark matter.

- Model calm, evidence-based
responses on proof and uncertainty.




Open Questions and

the Next Observatories ..., ©
" ! s ‘.. | . " _\2_\?‘ :
e |dentity of dark matter particles v
remains unknown

® Physical cause of cosmic acceleration N ol B A
is still unresolved - L A LR e

e Euclid, Rubin, and Roman will map

structure and expansion //

¢ Upcoming data may revise , Euclid
current models '

® Treat today’s best explanation
as provisional

EVIDENCE TRIAD

| Cosmic Cosmic Gravitational ; : e kY i i RS o

L Structure Expansion Lensing




A Practical Teaching and Content Roadmap

e Sequence: observational evidence,

then inference, then candidates,
then open questions

e Frame talks, lessons, and videos
around one clear evidence chain

e Keep established observation
separate from active research
questions

e Use an editorial checklist:
accuracy, tone, visual clarity,
audience fit

* Apply a research-based video
checklist for content, cognitive
supports, and accessibility
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1. OBSERVATIONAL 2. INFERENCE 3. CANDIDATES 4. OPEN
EVIDENCE J Y » & y ¥QUEST]ONS
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ONE CLEAR EVIDENCE CHAIN
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Frame talks, Keep established Use an editorial Apply E| researc.h—based
lessons. and observation separate checklist: accuracy, video checklist for
vide(;s. from active research tone, visual clarity, ey tc ognlfgve
questions. audience fit o T;[a»?
J ¥ L aCCGS?I “| ity.
LIGHT-VISIBLE INFERRED-MASS : ;r,
What we can observe What we infer _1-—" .-

with our instruments.

beyond direct sight.




Resources, Updates, L

TRUSTED SOURCES TO START WITH
and Where to Learn More
. c\E’RW
o - Start with NASA, ESA, CERN, 7%
DESI, Euclid, and Rubin Observatory. CERN
» - Prefer peer-reviewed summaries | e
over press releases or older articles. 7 T T
— 74 RUBIN
g ‘%“%%;/’/ N— 7 OBSERVATORY
* s heierld DESI i Euclid ) | Rubin Observatory |

educator portals for
current data releases.

éié » - Distinguish established facts

from speculative working ideas.

* - Follow data releases to
update lessons without e |1
specialist background. 28 e N
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EVALUATE ' UNDERSTAND

What can we confidently
conclude?

OBSERVE

What do the data show? How reliable is the source?




- Review, Reflection, and Next Steps

* Rotation curves and lensing
provide the core dark
matter evidence

ROTATION
N\ CURVES /

* Type la supernovae and
expansion revealed

-.‘\. { / e -
N 8/ A acceleration and dark energy
; S\ - P> J . ‘
" DARK-MATTER i\ . J * Established observation
St differs from working

hypotheses and
active experiments
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Nae * Choose one audience and
TYPE |IA

SOPERIB AR | format, then critique an p
explanation using the checklist




PersonWise.

PersonWise - Al digital-human course platform

Scan the code or click anywhere to watch this course live, with voice Q&A
personwise.ai/t/feb5d043/public


https://personwise.ai/t/feb5d043/public?entry_surface=public_courseware_pdf

