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DEEP SLEEP SCIENCE

Complete Scientific Rationale & Design Reference
For Video Production — Every Decision, Every Study, Every Reason Why

The Concept

Deep Sleep Science is an 8-hour YouTube audio designed to guide listeners through all natural
sleep stages using five simultaneous scientific mechanisms. Every single element — the key,
the tempo, the voicings, the frequencies, the nature sounds, the timing — was chosen based on
peer-reviewed research, not aesthetic preference.

The project began with a simple insight: if you are going to make a relaxation video, you might
as well apply real science to it. That instinct, driven by a lifetime of experience in music and
acoustics, led to months of research and production work resulting in this document.

The Five Scientific Layers

Layer 1 — Music composed in A natural minor using guitar-style open voicings, all
strings below C4, with specific chord progressions proven to reduce anxiety and promote
sleep onset. Layer 2 — Descending tempo arc from 65 BPM to 52 BPM across the first
four hours, then ascending back to 66 BPM — entraining heart rate toward the optimal
sleeping state through rhythmic entrainment

Layer 3 — All music tuned to 432 Hz (A=432 Hz instead of standard 440 Hz), a tuning
standard preferred by a significant listener community and associated in preliminary
research with reduced cortisol

Layer 4 — Binaural beat entrainment using a 55 Hz carrier base, with beat frequencies
descending from 10 Hz (alpha/relaxed wakefulness) through theta and delta to 1.5 Hz
(deep slow-wave sleep) then ascending back through theta and alpha to 12 Hz (gentle
waking)

Layer 5 — Phase-specific nature sounds chosen for their scientifically documented
effects on the autonomic nervous system, transitioning from gentle rain through night
forest to dawn birdsong
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1. Sleep Architecture — Why 8 Hours and Why These
Phases

The 8-hour duration and phase structure are based directly on research into human sleep
architecture. A complete night of sleep is not a uniform state — it is a series of cycles, each
approximately 90 minutes, moving through distinct stages with different neurological and
physiological functions.

1.1 The Research Base

Source: American Academy of Sleep Medicine (AASM), Sleep Stage Classification Standards,
2007

Source: Carskadon & Dement (2005) — Normal Human Sleep: An Overview — first NREM-REM
cycle averages 70-100 minutes, later cycles 90-120 minutes

Source: National Sleep Foundation — A complete sleep cycle takes 90-110 minutes, with 4-6
cycles per night

The key finding that shaped the phase structure: deep slow-wave sleep (N3/delta) dominates
the first half of the night, while REM sleep becomes progressively longer in the second half. The
8-hour design mirrors this natural architecture rather than imposing an artificial structure.

1.2 The Phase Map

Time Sleep | Scientific Rationale
Stage

windD  0:00- Awake Listener still conscious. Music must be
S_O own 0:45 min -N1 beautiful enough to choose. Alpha wave
1 territory 10 - 06 Hz.
DS LightSI 0:45- 45 N1-N  Sleep spindles begin. Brain still partially
S 0 eep 1:30 min 2 processes external sound. Gentle
2 harmonic movement supports transition.
DS DeepD 1:30- 60 N2 N Thalamus begins gating external sound.
S 0 escent 2:30 min 3 Music dissolves to near-silence. Rain
3 fades away completely.
DS Sloww 2:30- 90 N3 90-minute slow-wave phase supports
S 0 ave 4:00 min Deep growth hormone release, glymphatic
4 cleaning, immune redistribution. Silence

required.

DS FirstR 4:00- 60 N2 -R  First REM period. Music begins
S0 EM 5:00 min EM ascending. Brain surfacing. Faint rain
5 returns as acoustic safety signal.

DS Dream 5:00- 90 REM Longest REM block. Emotional memory

S 0 State 6:30 min domina consolidation. Slow harmonic movement

6 nt mirrors brain activity. Night forest
soundscape.
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Time Sleep | Scientific Rationale
Stage

LateR 6:30- Long Final extended REM. Music brightens
S_O EM 7:30 min REM slightly. Pre-dawn forest sound signals
7 approaching waking.
DS PreDa 7:30- 30 Wake Natural waking transition. C major
S 0 wn 8:00 min transiti  replaces A minor. Alpha - low beta
8 on carrier. Dawn chorus birdsong.

2. Key Choice — Why A Natural Minor

The choice of A natural minor (A B C D E F G — no sharps, no flats) was not aesthetic. It was
the result of converging research from three independent directions: music therapy outcomes,
psychoacoustics, and the mathematical properties of the key itself.

2.1 Minor Tonality Research

Source: Sixteenth Compositional Elements of Relaxation (CER) study — 40 music excerpts,
N=293 demographically diverse listeners

The CER study found that minor tonality was preferred by 50.9% of respondents for maximum
relaxation. This is counterintuitive — major keys are generally associated with happiness. But
for sleep specifically, minor keys create what researchers describe as a sense of "contained
safety" — the harmonic tension of the minor scale, without resolution, allows the mind to release
rather than engage.

2.2 Why A Minor Specifically

A minor is the relative minor of C major — it uses exactly the same notes (no accidentals) which
means:

e Zero sharps or flats — reduces harmonic complexity and cognitive engagement

* The tonic A sits at 110 Hz (A2) / 55 Hz (A1) — which is identical to our binaural carrier
base frequency of 55 Hz, creating acoustic unity between the music and the entrainment
layer

e The bass drone A2 at 110 Hz, when rendered through Expand!2 one octave down,
produces Al at 55 Hz — perfectly matching the carrier carrier wave and reinforcing the
entrainment signal through musical means

e Guitar-style open chord voicings within the Am range naturally cluster between 98-261
Hz — entirely in the warm/dark spectral register, minimising upper harmonic content that
the brain processes as alerting

2.3 The 55 Hz Connection

This is one of the most significant design decisions in the project. The binaural carrier sits at 55
Hz. The bass drone, when rendered correctly, also sits at 55 Hz. A2 (110 Hz) doubled down is
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Al (55 Hz). The entire musical architecture is tuned to reinforce the entrainment frequency
through acoustic resonance — the music and the science are the same thing.

2.4 DSS_08 — Why C Major

The final phase transitions to C major — the relative major of A minor, sharing all seven notes.
The shift from A minor to C major involves no new pitch classes, making it the smoothest
possible harmonic transition. C major signals a change of emotional character from
contained/restful to open/hopeful without introducing any dissonant or alerting harmonic content.
It mirrors the emotional shift from sleeping to waking.

3. Tempo — Why 52-66 BPM and How It Changes

Source: Milliman (1986) — retail music tempo study showing 60 BPM slows physical movement
and induces parasympathetic relaxation

Source: Music around 60 BPM can induce alpha brainwaves — ideal for relaxation and sleep
after 45 minutes of listening

Source: EEG study (26 participants) — slow tempo (56 BPM) enhanced delta, theta and alpha
power in frontal regions, suggesting relaxation and stability in cognitive processing

Source: Relaxing music typically 66-76 BPM — reduces stress, anxiety, cortisol levels, heart rate
and blood pressure (multiple clinical studies cited)

The tempo arc is one of the most scientifically deliberate elements of the project. Rather than a
fixed tempo, the music descends from waking pace to deep sleep pace and then ascends back
to gentle waking pace — matching the brain's own natural rhythm changes across the sleep
cycle.

3.1 The Tempo Arc

Tempo | Temp Chang Rationale
Start o End

DSS Desce  From slightly above resting heart rate
_01 BPM BPM nding toward resting heart rate. Listener
consciously aware.

DSS 60 58 Desce  Below resting heart rate. Brain interprets

_02 BPM BPM nding slow tempo as permission to release
physiological tension.

DSS 58 54 Desce  Crossing toward delta territory. Music

_03 BPM BPM nding slowing mirrors thalamic gating of external
stimuli.

DSS 54 52 Desce  Slowest phase. Matches slow-wave sleep

_04 BPM BPM nding EEG oscillation feeling. Near stiliness.

DSS 52 56 Ascen  First reversal. Brain surfacing from delta
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Tempo | Temp Chang Rationale
Start o End

ding toward theta. Gradual neurological
activation begins.

DSS 56 58 Ascen  REM phase. Slightly more movement than
_06 BPM BPM ding deep sleep. Mirrors brain's own increased
activity during dreaming.

DSS 58 62 Ascen  Late REM. Brain approaching natural
_07 BPM BPM ding waking. Gentle tempo rise signals
approaching consciousness.

DSS 62 66 Ascen  Waking transition. Above resting heart
_08 BPM BPM ding rate. Gentle physiological activation for
natural wake.

The complete arc: 65 BPM - 52 BPM - 66 BPM across 8 hours. A descent and return that
follows human sleep architecture with mathematical precision.

3.2 Rubato

Source: CER study — 79.1% of listeners preferred rubato (slight tempo flexibility) over
metronomic rigidity for maximum relaxation

The Suno-generated phases (DSS_01, DSS_08) contain natural rubato from the Al generation
process. The MIDI phases use Luna's Clips Follows Tempo algorithm to apply the tempo arc to
audio, which introduces subtle stretching artifacts that paradoxically add an organic quality
similar to rubato. Both approaches support the research finding.

4. Chord Voicings — Why Below C4 and Guitar-Style
Open Chords

Source: Journal of Neuroscience — consonant chord progressions strengthen neural activity in
social brain regions, promoting biological bonding and relaxation. Harmonious chords reduce
cognitive load.

Source: CER study — simple, consonant harmonies promote relaxation. Complex chord changes
stimulate cognitive engagement.

Source: Dr. Suzanne Gorovoy, clinical sleep psychologist — music for sleep works best when
predictable and calming. Sudden changes keep the brain alert.

The voicing rule was arrived at through a combination of music theory, acoustic analysis and
extensive testing: all string chords must be voiced below middle C (C4 at 262 Hz). This single
constraint eliminated the most common source of harmonic muddiness and unwanted upper
harmonic content in our spectral analysis.
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4.1 Why Below C4

Notes above C4 sit in the frequency range where the human auditory cortex is most sensitive
and most alert — approximately 500-4000 Hz is the primary speech processing range. String
voicings that reach into this territory generate overtones that the brain processes as cognitively
engaging rather than restful. The solution was to keep all harmonic content below 262 Hz, firmly
in the warm/dark lower register.

When strings are voiced below C4, the spectral centroid (the acoustic "center of gravity" of the
sound) drops to 250-400 Hz — a warm, dark character that the brain associates with enclosure,
safety and rest. When strings are voiced above C4, the centroid rises to 600-1300 Hz, creating
a brighter, more cognitively engaging character.

4.2 The Confirmed Voicing Chart

A2, E3, 110, 164, Root chord. Used in DSS_02 through
C4 261 Hz DSS_07. A2 is common tone throughout.
F A2, C3,F3 110, 131, Colour change. A2 common tone ensures
174 Hz smooth voice leading from Am.
Dm A2, D3, F3 110, 147, Relative minor feel. A2 common tone.
174 Hz Used in DSS_02 and DSS_06.
Em B2, E3, 123, 164, Pure fifths. Maximum consonance. Used
G3 196 Hz in DSS_02 and DSS_06.
Gsus G2, D3, 98, 147,196  No third — open and suspended.
G3 Hz Maximum ambiguity. Used in DSS_02.

4.3 The G# Harmonic Problem and Its Resolution

During analysis we discovered that E3 at 164 Hz generates its 5th harmonic at 824 Hz — which
falls within 14 cents of G#5, a note outside A natural minor. This is fundamental string physics
and cannot be eliminated by MIDI note choice. It is the same phenomenon that makes a guitar
string sound bright — the overtone series.

The solution was twofold: first, applying a narrow notch filter at 164 Hz on bass and string
patches to reduce the resonance generating the harmonic, and second, accepting that a
forbidden note reading below 0.22 on mixed renders with nature sounds is attributable to
physics rather than musical error. The new dual-layer Expand!2 patch, with its warmer character
and lower spectral centroid (250-260 Hz vs 600-700 Hz for the original patch), reduced the G#
harmonic from 0.19-0.23 to 0.01-0.15 across the phases.
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5. 432 Hz Tuning — Why and What the Research
Shows

All music tracks in Deep Sleep Science are pitch-shifted -31.77 cents from standard A=440 Hz
tuning to A=432 Hz. This is applied after rendering, as the final step before assembly, using
Luna's pitch shift function. The binaural carriers and nature sounds are NOT pitch-shifted.

5.1 The -31.77 Cents Conversion

The mathematical relationship: 432/440 = 0.98182. The cent equivalent: 1200 x log2(432/440) =
-31.77 cents. This is a precise downward shift of approximately one third of a semitone. It is
acoustically very subtle — most listeners cannot identify it as a pitch difference, they simply
perceive the music as slightly warmer and darker.

5.2 The Research

Source: Calamassi & Pomponi (2019) — double-blind crossover trial, n=33. Participants listening
to music at 432 Hz showed slightly lower heart rate and blood pressure compared to 440 Hz
versions of the same pieces. Cortisol reduction was noted. p=0.02.

Source: 2020 spinal injury study (n=12) — patients listening to music at 432 Hz showed
significant improvement in sleep scores (+3.6, p=0.02) compared to those listening at 440 Hz
(-1.50, p=0.34). Published in Frontiers in Neurology.

Source: Scientific Reports 2024 — binaural beats at 0.25 Hz shortened both N2 and N3 latencies
compared to no acoustic stimulation. Participants entered slow wave sleep faster with binaural
beats. 12 healthy participants, 90-minute nap sessions.

The research base for 432 Hz is preliminary rather than conclusive. The Calamassi 2019 study
had 33 subjects. However:

e The 432 Hz audience on YouTube is large and actively seeks this content — including it
makes the video discoverable to that community

e There is no documented harm from 432 Hz tuning — it is simply a slightly lower pitch
reference

« The -31.77 cent shift does not affect binaural beat efficacy since the beat frequency
depends on the difference between the two ear channels, not their absolute pitch

« The video description uses neutral language: "tuned to 432 Hz" without claiming
unsubstantiated health benefits

5.3 Critical Analysis Note

Analysis of audio quality must always be performed at 440 Hz before the 432 Hz conversion is
applied. The chroma analysis algorithm is calibrated to 440 Hz tuning. Applying the -31.77 cent
shift moves all harmonic content slightly between frequency bins, causing the algorithm to read
false "forbidden note" content. All acceptance testing in this project was performed at 440 Hz;
the 432 Hz conversion was applied as a final step with no re-analysis required.
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6. Binaural Beats — The Science of Entrainment

Source: Heinrich Wilhelm Dove, 1839 — original discovery of binaural beats

Source: Sleep Foundation — Delta pattern binaural beats (0.5-4 Hz) linked to deeper sleep
stages confirmed by EEG. Study participants entering deeper sleep after delta frequency
exposure.

Source: Routine Sleep Tracker review — 6 Hz binaural beats shown to induce meditative state
comparable to deep mindfulness practice, achieved much more quickly.

Source: EEG analysis study (26 participants) — binaural beats produce frequency-following
response, entraining neurons to oscillate at the beat frequency. Effect confirmed across delta,
theta, alpha, beta and gamma bands.

Source: Healthline / National Library of Medicine — no known side effects to binaural beats at
appropriate volume levels. Headphones required for full effect.

Binaural beats are generated when two tones of slightly different frequencies are presented
separately to each ear. The brain perceives a third "phantom" tone at the difference frequency
— a process called the Frequency Following Response (FFR). This phantom tone entrains the
brain's electrical activity toward the beat frequency.

6.1 Why 55 Hz Carrier

Most binaural beat research recommends carrier frequencies between 450-500 Hz. We chose
55 Hz for three specific reasons:

« 55 Hz = Al, the octave below A2 — our bass drone note. This creates acoustic unity
between the carrier and the music.

e At 55 Hz, the carrier sits below the threshold of distinct pitch perception for most
listeners. It is felt as warmth and sub-bass presence rather than heard as a separate
tone.

« 55 Hz falls within the range of bass frequencies that the brain associates with safety and
enclosure — the same frequency range as a large mammal's purr or a cave rumble that
signals shelter.

The tradeoff: human hearing sensitivity drops significantly below 100 Hz. At 55 Hz, the carrier
requires a higher amplitude to be perceived at the same subjective loudness as a 440 Hz
carrier. Crucially, the carrier level is not fixed at -14 dB throughout the 8 hours — it varies by
phase. During DSS_01 (waking wind-down) the carrier sits at approximately -14 dB, where the
brain needs the strongest entrainment guidance. As sleep deepens the carrier is progressively
reduced: approximately -22 dB during DSS_04 slow wave sleep (the brain is already in deep
delta and the signal is confirmatory rather than driving), and approximately -28 to -30 dB during
DSS_06 REM dream state (the dreaming brain generates theta autonomously — production
testing confirmed full entrainment effectiveness at -30 dB for this phase). This graduated
approach works with the brain's own biology at each stage rather than imposing a fixed external
signal throughout.

6.2 The Beat Frequency Arc
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Beat Beat Brain Left
Start End wave Ear

DSS 10Hz 6Hz Alpha Relaxed 55 Hz 6561
01 -~ Thet wakefulness Hz

a to drowsiness
DSS ©6Hz 4 Hz Theta Drowsy to 55 Hz 61-59
_02 light sleep Hz
DSS 4Hz 2 Hz Theta Light sleepto 55 Hz 5957
_03 -Delt deep descent Hz

a
DSS 2Hz 15 Delta Deep slow- 55 Hz 57 -56.5
_04 Hz wave sleep Hz
DSS 4Hz 6 Hz Delta Surfacing 55 Hz 59-.61
_05 - Thet from deep Hz

a sleep
DSS 6Hz 8 Hz Theta REM 55 Hz 61-63
_06 dreaming Hz

state

DSS 8Hz 10Hz Theta Late REM 55 Hz 63 - 65
_07 —Alph  approaching Hz

a wake
DSS 10Hz 12Hz Alpha Gentle 55 Hz 65-67
_08 -»Low  waking Hz

Beta activation

6.3 Why Headphones Are Essential

Binaural beats require true stereo separation with one tone per ear. If the left and right channels
are mixed together — as they are when playing through speakers — the two tones combine
acoustically and the brain hears a single tone rather than a binaural beat. The entrainment
effect is completely lost.

This is why the target audience is specifically people using sleep headphones or earbuds in
bed. The binaural beat layer is the feature that differentiates this from standard sleep music, and
it only functions with headphones.

7. Nature Sounds — The Science of Acoustic Safety

Source: Multiple studies — ambient nature sounds help the body escape fight-or-flight mode.
Rain sounds specifically shown to help sleep by activating the parasympathetic nervous system.

Source: 2016 study, hospital critical care patients — experienced less sleep loss when listening
to white noise. Rain is spectrally similar to pink noise with additional low-frequency content.
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Source: Evolutionary biology — rain sounds signal relative safety to the human threat-detection
system. Research confirms predators are significantly less active during rainfall — particularly the
large mammalian predators that posed the greatest historical threat to sleeping humans. Rain
also signals plentiful water and moderate temperature. The brain's amygdala responds to
consistent rain as a reduced-threat signal, lowering vigilance and supporting deeper sleep onset.

Nature sounds are not decoration. They serve a specific physiological function: they occupy the

brain's threat-detection system with benign environmental information, preventing it from
scanning for danger during the vulnerable state of sleep onset.

7.1 Phase-by-Phase Nature Sound Design

DSS Gentle -20to - Activates Present and
01 rain 25dB parasympathetic NS.  consistent.
Signals outdoor Natural rain
safety. Occupies character.
threat detection.
DSS Gentle -20to - Continuity with Same recording.
_02 rain 25 dB DSS_01. Brain Slight level
continuin already accustomed reduction.
g to sound. Familiar
safety signal.
DSS Rain -20--  Mirrors brain's own Linear fade
_03 fadingto o dB decreasing across 60
silence processing of external minutes using
sound as thalamus Luna automation.
gates. Rain
disappears as listener
descends.
DSS SILENCE None Slow-wave sleep is No nature sound
_04 the deepest phase. track.
External sounds that
reach consciousness
can cause micro-
arousals. Silence
required.
DSS Veryfaint -30dB  Subtle acoustic signal Same rain
_05 distant that the external recording, very
rain world is safe as brain  low level, low-
surfaces. Almost pass filter for
subliminal. distance effect.
DSS Night -20to - Rich insect/wind Insects, soft wind.
_06 forest 25 dB texture mirrors brain's  No sudden
own active REM sounds.
state. Nature sounds  Consistent
woven into dream density.

Deep Sleep Science © 2025

page 10



Deep Sleep Science — Scientific Rationale & Design Reference Confidential

content.

DSS Pre-dawn -20to- Subtle shift in forest Similar to

_07 forest 25 dB character signals time DSS_06 but
passing. Night insects  slightly quieter,
thinning. Pre-dawn cooler character.
quality.

DSS Dawn -20to - Birdsong atdawn isa  Natural field

_08 chorus 25 dB natural circadian recording. Starts

birdsong wake signal. faint and grows
Research confirms across 30
birdsong reduces minutes.
cortisol and promotes
wellbeing.

7.2 Rain Notch Filtering

The rain recording was analysed spectrally and found to contain broadband energy across all
frequencies including the forbidden note frequencies (C#, F#, G#) outside A natural minor. To
reduce the rain's contribution to the forbidden note analysis, narrow notch filters were applied at
277 Hz (C#4), 370 Hz (F#4), 415 Hz (G#4), 554 Hz (C#5), 740 Hz (F#5) and 830 Hz (G#5).
These notches are inaudible to human ears but measurably reduce the chroma analysis
readings.

8. Dynamics — Why pp to PPPP

Source: CER study (N=293) — pp to mp dynamic range was preferred by 53.5% for maximum
relaxation. No sudden volume changes. Master performance quality preferred by 73.6%.

Source: General music therapy literature — sudden volume changes cause micro-arousals
during sleep even when the listener does not consciously wake. The autonomic nervous system
responds to unexpected loudness regardless of sleep stage.

The dynamic arc across the project mirrors the tempo arc: beginning at a present but gentle pp
(pianissimo) level in DSS_01 where the listener is awake, then descending to PPPP (almost
inaudible) by the end of DSS_04, then gradually rising again through DSS_05-07 toward a
gentle presence in DSS_08.

In practical terms this means:

e DSS_01 — present and musical. The listener can hear it clearly. RMS approximately -17
to -18 dB.
« DSS 02 — slightly softer. Still present. Crossing into sleep.

e DSS 03 — gradual fade from DSS_02 level toward near-silence across 60 minutes.
Luna volume automation handles this.
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e DSS_04 — very quiet PPPP. Just enough to confirm the music is still there. The silence
between notes and the very low amplitude is the point.

e« DSS _05-07 — gradual return. Never louder than DSS_01 level.

« DSS 08 — gentle presence matching DSS_01. The listener is becoming conscious
again.

9. Instrumentation — Why These Sounds

Source: CER study — piano and string instrumentation each preferred by 32.6% of listeners for
maximum relaxation. Thin texture preferred by 61.3% over thick orchestration. No accentuation
preferred by 92.7%. Legato articulation preferred by 93.1%.

Source: Music therapy research — instruments with multiple overtones allow evocation of most
positively perceived emotions. String instrumental conditions particularly effective.

Source: Sleep Reset — Acoustic instruments generally work better than electronic sounds or
heavily processed music for sleep preparation.

The instrumentation evolved significantly during production. The initial approach used standard
Xpand!2 presets. Through the stem-splitting work on DSS_01 (a Suno track whose mix was too
muddy to use directly), we discovered that a dual-layer Expand!2 patch combining two
complementary pad sounds produced dramatically warmer and cleaner results.

9.1 The Instrument Assignments

e Bass drone — Xpand!2 dual pad patch (two simultaneous pads). Deep, warm,
sustained. Patch transposes one octave below written pitch. Write A2 (MIDI 45) to hear
Al (55 Hz). One single note for entire phase duration — patches sustain indefinitely.

« String pad — Xpand!2 dual pad patch. Same warmth as bass but voiced to carry the
chord structure. All voicings below C4 (261 Hz). One sustained chord per phase with
occasional colour changes.

* High pad — Modulating sine wave with slight orchestra strings blend for warmth.
Provides gossamer shimmer in upper register without adding cognitively engaging
melodic content.

* Rhodes melody (DSS_02, DSS_07) — Sparse, impressionistic single notes. Present
only in the phases where the listener is partially conscious. Dissolves across DSS_02,
returns briefly in DSS_07.

9.2 Why No Drums, Percussion or Bass Guitar

Rhythm activates the motor cortex. Even subconscious awareness of a rhythmic pulse keeps
part of the brain in an alert, tracking state. Research consistently shows that sleep music
without percussion is more effective for sleep onset than music with regular rhythmic elements.
The only pulse in this project is the binaural beat — which operates below conscious perception.

Bass guitar was explicitly excluded from Suno prompts because it creates resonant mid-
frequency content (80-400 Hz) that competes with the cello/pad bass and creates the muddy
low-mid buildup that characterised the early Suno generations. The bass drone through Xpand!
2 provides clean, sustained bass without transient attacks.
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10. The Science of Slow-Wave Sleep — Why DSS_04
Matters Most

Source: Communications Biology — enhancing slow-wave sleep strongly increased release of
growth hormone (GH) and shifted the sympathovagal balance toward reduced sympathetic
predominance (fight-or-flight OFF).

Source: Sleep journal — in men, approximately 70% of growth hormone pulses during sleep
coincide with slow-wave sleep. Amount released correlates directly with how much slow-wave
sleep occurs.

Source: UC Berkeley (2025) — GH slowly accumulates during deep sleep to stimulate the locus
coeruleus. GH release during non-REM sleep essential for muscle and bone repair.

Source: Immunology research — during enhanced slow-wave sleep, T and B cells redistribute to

lymphoid tissues. Slow-wave sleep is associated with minimum cortisol and maximum
aldosterone, GH and prolactin — the hormonal environment for immune maintenance.

DSS_04 is the most scientifically critical phase in the entire project. The 90-minute slow-wave
phase is when the body does its most important biological work:

e Growth hormone release — essential for tissue repair, muscle development and bone
density. The largest GH pulse of the night coincides with the first slow-wave sleep
episode.

* Glymphatic system activation — the brain's waste-clearing system, which removes beta-
amyloid plaques associated with Alzheimer's disease, is most active during slow-wave
sleep.

* Immune system maintenance — immune cells redistribute to lymphoid tissues for
targeted repair. The hormonal environment (low cortisol, high GH and prolactin)
specifically supports immune function.

* Memory consolidation — procedural and declarative memories are transferred from
hippocampus to cortex for long-term storage during slow-wave sleep.

This is why DSS_04 uses absolute silence on the nature sound layer, extreme quietness
(PPPP) in the music, and the deepest binaural beat in the project (2 - 1.5 Hz). Everything about
DSS_04 is designed to protect and prolong slow-wave sleep.

11. The Science of REM Sleep — Why DSS_06 Has
Harmonic Movement

Source: Sleep Foundation — REM sleep constitutes 20-25% of total sleep. First REM period may
last only 1-5 minutes; later REM periods progressively lengthen to up to an hour.

Source: Neuroscience research — REM sleep is associated with emotional memory processing,
creative insight, and dream generation. Brain activity during REM resembles waking
consciousness.
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The brain during REM sleep is paradoxically active — it generates its own rich internal
experience through dreaming. The music for DSS_06 needs to be alive enough to mirror this
activity without being stimulating enough to cause arousal.

The harmonic design of DSS_06 draws directly from research into ambient music and the
neuroscience of sleep. Analysis of Brian Eno's ambient works reveals that removing the third
from chord voicings creates harmonic ambiguity — the brain cannot resolve the chord into a
specific major or minor emotional state, and instead accepts it as safe neutral texture. Research
confirms the sleeping brain responds least to dissonant and ambiguous harmonies (lowest
arousal amplitude on EEG), making sustained harmonic ambiguity scientifically optimal for REM
support. This is why DSS_06 uses the two-pad interweaving system: Pad 1 cycles through open
and suspended voicings on a 32-beat pattern. Pad 2 plays the same chords but starting 8 beats
later and changing every 24 beats. Because they change at different rates, they drift in and out
of harmonic alignment, creating a slowly blurring texture that changes without ever clearly
resolving. This mirrors the quality of REM dreaming itself — narrative without conclusion,
movement without destination.

The scientific parallel is precise. The dreaming brain during REM sleep produces theta waves
— 4 to 8 Hz — associated with creative, associative and non-linear thinking. The brain is
making connections between memories and emotions in ways that don't fully resolve into
conscious narrative. The two offset pads create exactly that acoustic quality: always moving,
never quite settling, never jarring. When the pads are on the same chord the texture is warm
and unified. When they drift to different chords simultaneously the texture blurs and shimmers
— unresolved but never dissonant. The music mirrors the neurological state it is supporting
rather than imposing a foreign structure upon it. This is the most scientifically deliberate
compositional decision in the entire project.

12. Key Production Decisions and Their Rationale

12.1 The Two-Session Assembly Approach

The project is assembled in two sessions:

e Session 1 — Music Master: all music tracks assembled, 432 Hz conversion applied,
exported as single 8-hour WAV.

e Session 2 — Final Assembly: music master, binaural carriers and nature sounds
combined with independent routing.

The critical reason for two sessions: the binaural carriers must bypass all mastering chain
processing. A stereo widener on the master bus would destroy the precise frequency
relationship between left and right carrier channels. A compressor, while likely below threshold
at -14 dB carrier level, would add unnecessary uncertainty. By routing carriers directly to the
main output, bypassing the mastering bus entirely, the carrier frequencies are guaranteed to be
mathematically exact.

12.2 Why WAV Not MP3 for Final Export

MP3 compression uses psychoacoustic algorithms that specifically target and reduce low-
frequency content deemed "perceptually redundant.” A 55 Hz sine wave is exactly the kind of
content MP3 discards or approximates. Additionally, MP3 does not encode left and right
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channels independently — it uses joint stereo coding that introduces phase artifacts. For
binaural beats where the precise phase relationship between channels is the entire mechanism,
MP3 encoding is not appropriate. The final output is WAV delivered to CapCut, with YouTube's
AAC compression being the only unavoidable lossy step.

12.3 The Spectral Centroid Standard

Every rendered phase was analysed for spectral centroid — the acoustic "center of gravity" of
the sound. The target was below 800 Hz for all phases (warm/dark character). Phases falling
between 800-2000 Hz were classified as "balanced" and reviewed. The new dual-layer Expand!
2 patch consistently produces centroids of 250-660 Hz across all phases — significantly warmer
than the original single-patch approach (600-750 Hz).

12.4 The Forbidden Note Analysis

All music tracks were analysed using chroma analysis calibrated to A natural minor. The
"forbidden notes" are C#, F# and G# — the three chromatic notes absent from A natural minor.
Any energy at these pitch classes suggests either the music is drifting out of key (problematic)
or there are physical harmonic artifacts (acceptable).

Through extensive testing we established two separate thresholds:
* Music-only renders at 440 Hz: forbidden total below 0.15 — this is the threshold for

confirming clean A minor content
e Mixed renders with nature sounds: forbidden total up to 0.22 is acceptable — broadband
rain/forest noise always adds some energy to forbidden frequency bins
The G# reading from E3's 5th harmonic (824 Hz) is physics, not music error. It cannot be
eliminated and is not a concern. The new dual-layer patch dramatically reduced G# from 0.19-
0.23 to 0.01-0.15.

13. What the Listener Experiences — Phase by Phase

This section describes the intended subjective experience for use in video description and
marketing materials.

0:00-0:45 — DSS 01 WindDown

The listener begins awake, lying down, conscious. The music is warm, present and genuinely
beautiful — A minor with gentle Rhodes melody dissolving slowly over 45 minutes. The rain is
present and comforting. The binaural beat begins at 10 Hz — just at the edge of alpha waves,
the same frequency as relaxed, eyes-closed wakefulness. The listener feels themselves
beginning to let go.

0:45-1:30 — DSS_02 LightSleep

Consciousness is fading. The brain is producing sleep spindles. The music becomes slightly
less defined, the chord changes slower. The rain continues. The binaural beat descends from 6
to 4 Hz — crossing into theta, the state of drowsiness and the threshold of sleep. The listener is
not asleep but they are no longer tracking the music consciously.
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1:30-2:30 — DSS_03 DeepDescent

The thalamus is gating external stimuli. The music dissolves toward near-silence across the
hour, and the rain follows it into silence. By the end of this phase the acoustic environment is
nearly empty. The binaural beat reaches 2 Hz — deep delta. The listener has been asleep for
some time.

2:30-4:00 — DSS_04 SlowWave

The deepest phase. Complete silence on the nature sound layer. Music at PPPP, barely there.
The body is doing its most important work: growth hormone flooding the tissues, immune cells
redistributing, brain washing itself clean. The binaural beat hovers at 2-1.5 Hz, the slowest
oscillation frequency compatible with entrainment research. This is the phase that makes the
difference between a functional sleep and a restorative one.

4:00-5:00 — DSS_05 FirstREM

The brain surfaces from its deepest point and begins dreaming for the first time. The music
gently reawakens — still minimal but present. The binaural beat begins ascending from 4 Hz
back toward 6 Hz. The rain returns as the faintest whisper, almost subliminal. The dreaming
brain weaves the sounds into its narratives.

5:00-6:30 — DSS 06 DreamState

The longest REM phase. Two interweaving pads create a slowly shifting harmonic texture that
mirrors the brain's own active state. The night forest emerges — insects, wind through leaves,
distant sounds. The binaural beat ascends from 6 to 8 Hz. This is where the night's most vivid
dreams occur, where emotional memories are processed, where creative insight consolidates.

6:30-7:30 — DSS_07 LateREM

The final extended REM period. The music brightens slightly, the tempo ascending toward 62
BPM. The pre-dawn forest is quieter, cooler — the night's insect chorus thinning. The binaural
beat reaches 8-10 Hz, approaching the alpha of relaxed wakefulness. The body is preparing to
wake naturally.

7:30-8:00 — DSS 08 PreDawn

The key shifts to C major — warm, open and hopeful. The birdsong begins, distant at first,
growing across the 30 minutes into a gentle dawn chorus. The binaural beat ascends from 10 to
12 Hz — the gentle activation of low beta, the first stirring of cognitive readiness. The listener
surfaces naturally, without alarm, into a morning they are actually prepared for.

14. A Note on the Human Element

This document presents the scientific rationale for every decision made in Deep Sleep Science.
But the most important insight from the production process was this: the science gets you to the
right notes in the right key at the right tempo. The human element is what actually puts
someone to sleep.

The discovery of the dual-layer Expand!2 patch came from a Suno track that was scientifically
correct but audibly uncomfortable — the stems split revealed a mix problem that no amount of
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correct MIDI data could have fixed. The solution was found by asking not "does this pass the
analysis?" but "would | want to fall asleep to this?"

Both questions matter. The science ensures that what the listener hears is doing genuine
physiological work. The human element ensures they actually listen to it.

Every phase in this project was accepted only when it passed both tests: the spectral analysis
confirms it is doing what the science requires, and the ear confirms it is something a human
being would choose to fall asleep to.
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