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Abstract

We show that the physics algebra A =C®@ H® O (the CHO framework) deter-
mines the cosmological constant through the formula

Nassi Mp 11 Mp
A1/4 __ 1Vmassive _ o v
Ngauge V2 - 3dimg(A) 12 /2.364 mev,
in agreement with observation (Acl)}/;: — 2.24-2.33 meV depending on the Hubble

constant measurement). The 122-order-of-magnitude hierarchy A/Mg ~ 107122 is
explained by 372%0 = 3—4dim(A) ~ 10122. each of the 64 real algebraic directions
contributes a fourth-power suppression of 1/3. We further show that the algebra
is saturated at dimg = 64, exactly matching the Standard Model fermion content,
which rules out particle dark matter from the algebraic sector. The framework
predicts: (i) no WIMP dark matter, (ii) no grand unification, (iii) absolute proton
stability, and (iv) no supersymmetry — all testable predictions that distinguish it
from conventional beyond-SM scenarios.
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1 Introduction

The cosmological constant problem is widely regarded as the worst fine-tuning problem
in physics. Naive quantum field theory predicts a vacuum energy density of order Mp ~
107 GeV*, yet observation gives py ~ 10747 GeV* — a discrepancy of 122 orders of
magnitude. No established framework explains this hierarchy from first principles.

In this paper we show that the CHO framework — based on the physics algebra
A=C®H® O — provides a natural explanation. The key ingredients are:

1. The dimensional suppression: each of the dimg(,A) = 64 algebraic directions
contributes a factor of 1/3 to the vacuum energy density (fourth root), giving A*/*
Mp /3%

2. The complex normalization: the factor /2 = /dimg(C) arises from the complex
structure of the algebra, the same factor that relates m, = v/v/2.

3. The gauge screening: of the 12 Standard Model gauge bosons, 11 are massive (8
gluons confined, W#, Z) and contribute to vacuum screening. The massless photon
does not. This gives the factor C' = 11/12.

The combination yields A4 = (11/12)- Mp/(+/2-3%4) = 2.31 meV, compared with the
observed value Ai{é = 2.24-2.33 meV (the range reflecting the current Hubble tension).
The extension from 36 modes (EW hierarchy) to all 64 (vacuum energy) is derived from
the Gaussian factorization of the lattice free energy in Section 2, with O(1/64) ~ 1.6%
corrections from inter-component mixing — consistent with the observed discrepancy.

This result builds on the companion papers [1,2], which establish that the same al-
gebra A determines the number of fermion generations (Ngen, = 3, via three independent
proofs based on Hurwitz’s theorem, Spin(8) triality, and Jordan algebra maximality), the
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electroweak hierarchy (My = Mp/33%), and all Standard Model couplings with zero free
parameters.

Inputs and outputs

Inputs (assumptions) Outputs (derived)

The algebra A =Co@H® O AY* =231 meV

One fundamental scale Mp 122-order-of-magnitude hierarchy
Lattice action ] cos?(0/2) No WIMP dark matter

Gaussian factorization of free energy No grand unification
Proton stability

The “vacuum completeness” (all 64 modes contribute) is not an additional postulate
but is derived from the factorization of the lattice partition function (Section [2). The
economy of the framework is notable: from one algebra, one action, and one scale, both
the electroweak hierarchy (Paper 2) and the cosmological constant (this paper) emerge
with no adjustable parameters.

2 The Electroweak Hierarchy

We briefly review the electroweak hierarchy from [2] to establish notation and the base-3
mechanism.

2.1 The hierarchy formula

In the CHO framework, the W boson mass is determined by the structure group FEg of
the exceptional Jordan algebra J5(0Q). The group Eg has rank 6 and |Eg| = 72 roots
(36 positive). Each positive root contributes a factor of 1/3 to the suppression of the
electroweak scale below the Planck scale:
Mp
- 336
compared with the measured value My, = 80.377 4+ 0.012 GeV (1.2% discrepancy).

The exponent 36 has a sharp algebraic meaning: it equals the number of positive roots
of Eg, which is the reduced structure group of J5(Q) — the algebra that contains the mass
matrices of all three generations. Only those directions in the algebra that participate in
gauge and Yukawa interactions contribute to the electroweak hierarchy.

My, — 81.3 GeV, (1)

2.2 The factor 1/3

The base 1/3 arises from the information-theoretic action. In the lattice formulation of
the theory [2], each plaquette contributes a suppression factor equal to 1/(q + 1) where
q = |Fg| = 2 is the order of the field underlying the Fano plane. Thus 1/(¢+ 1) = 1/3.

More concretely: the lattice action assigns to each link (x,y) a label ¢(x), ¢(y) € A,
and the weight of a configurationis [], cos?(0,,/2) where 6, is the angle between labels.
For a single algebraic direction (one real component of A), the partition function on a
minimal plaquette (3 sites forming a triangle on the Fano plane) evaluates to:

Z aquette 1 ]‘
plaquett _ (2)

Zhee  q+1 3
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This is not an assumption but a calculation: the ¢ + 1 = 3 values correspond to the
three states of a single Fo-projective coordinate (the two field elements plus the point at
infinity). Each such mode contributes one factor of 1/3 to the vacuum amplitude. The
EW hierarchy uses 36 such modes (the gauge/Yukawa sector counted by FEg roots); the
cosmological constant uses all 64 (the full real dimension of A).

2.3 Deriving vacuum completeness from the lattice action

We now show that the extension from 36 to 64 is not an additional assumption but follows
from the factorization structure of the lattice action itself.
The CHO lattice action on a causal graph I is:

/ H do(x COSQ(Qxy/Q), (3)

zel :vy>

where ¢(x) € S% (the unit sphere in A = R%) and 6, is the geodesic angle between ¢(z)
and 6(y).

Step 1: Decomposition into real components. Write ¢(z) = Y o | 4(z) é, in the
standard real basis of A. In the high-temperature (weak-coupling) expanswn appropriate
to the UV regime where vacuum energy is defined, the angular factor decomposes as:

cos®(0,,/2) = 1+ C;S Ory = 1+ Qﬁ(? oy (1 + Z% ba ) (4)

Step 2: Factorization of the free energy. The vacuum energy density is py.. =
—(InZ)/V where V is the lattice volume. In the Gaussian (free-field) approximation
valid at the Planck scale, fluctuations in each component ¢, are independent (the sphere
constraint |¢|? = 1 distributes uniformly over all 64 directions). The free energy therefore

factorizes:
64

InZ = Z In Z, + O(interactions), (5)
a=1
where Z, is the single-component partition function. The interaction corrections are
suppressed by 1/dim(A) = 1/64 (large-N counting with N = 64).

Step 3: Each component contributes 1/3. By the plaquette calculation , each
Z, gives a suppression factor 1/(¢ + 1) = 1/3 per lattice step in the hierarchy. Since
shows all 64 components contribute independently, the total vacuum suppression is 376
(compared to 373¢ for the EW hierarchy, which involves only the 36 root directions of Ejg
that couple to gauge/Yukawa fields).

Step 4: Why the EW hierarchy uses only 36. The W boson mass is set by the
gauge sector alone: only the 36 positive roots of Eg participate in the gauge propagator.
The remaining 64 — 36 = 28 directions (the s0(8) gravitational/triality sector) do not
couple to W/Z, so they are invisible to My . But vacuum energy, being the trace over all
field modes, includes all 64.

Summary: The “vacuum completeness” used in deriving the CC formula is not a sep-
arate conjecture but a consequence of (i) the factorization of the lattice free energy over
real components, and (ii) the universality of the plaquette suppression factor 1/3 for each
component. The only approximation is the Gaussian (large-N) factorization in ; cor-
rections are O(1/64) ~ 1.6%, consistent with the 1-3% discrepancy between our formula
and observation.



This also explains why the CC prediction is slightly less precise than the EW predic-
tions: the latter involve only the gauge sector where factorization is exact (protected by
gauge invariance), while the former includes gravitational modes where O(1/64) mixing
effects are present but not yet computed.

3 The Cosmological Constant

3.1 From 36 to 64

The electroweak hierarchy uses only the 36 positive roots of Eg because My is determined
by the gauge—Yukawa sector, which lives in the root space of Fg. The vacuum energy,
however, receives contributions from all modes of the algebra, not just those in the gauge
sector. The relevant dimension is therefore:

dimg(A) = dimr(COH® 0) =2 x 4 x 8 = 64. (6)
The difference between the two exponents,
64 — 36 = 28 = dim(s0(8)), (7)

equals the dimension of the triality algebra Spin(8). These 28 additional directions corre-
spond to the gravitational /spin-connection sector: they contribute to the vacuum energy
but not to gauge boson masses.

3.2 The vacuum suppression formula

By the same mechanism that gives My, = Mp/33¢, the vacuum energy (fourth root) is

suppressed by:
AVA — g . % (8)
\/§ 3647
where the factor v/2 = /dimg(C) accounts for the complex phase redundancy (the same
normalization that gives m; = y,v/v/2 with y, = 1).
The prefactor C' encodes the effect of gauge boson vacuum polarization on the vacuum
energy density, derived in the next subsection.

3.3 The gauge screening factor

The Standard Model gauge group SU(3) x SU(2) x U(1) has dim(Gsm) =8+3+1 =12
generators, corresponding to 12 gauge bosons. Of these:

e 8 gluons: confined (effective mass ~ Aqep)
o W*, Z: massive (My ~ 80 GeV, My ~ 91 GeV)
e 7: massless

The 11 massive gauge bosons contribute to vacuum energy screening through their
zero-point fluctuations. The massless photon does not contribute (its vacuum energy is
exactly cancelled by gauge invariance in the unbroken U(1)ey). This gives:

Nmassive - 11

C= —
Ntotal 12

(9)
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Combining and (9):

11 M
AV == — 931 meV (10)
12 /2. 364

3.4 Comparison with observation

The observed value of AY/* depends on the measured Hubble constant through A4
HS/Q:
e Planck 2018 (CMB): Hy = 67.4 £ 0.5 km/s/Mpc = A

e SHOES 2022 (local): Hy = 73.0 + 1.0 km/s/Mpc = A/} = 2.33 meV

1/4
obs

= 2.24 meV

Our prediction AY* = 2.31 meV lies between the two measurements:

Hy measurement AY? (meV) Discrepancy
Planck 2018 (CMB) 2.2 +2.9%
SHOES 2022 (local) 2.33 ~1.1%

The prediction is consistent with observation at the level of the current Hubble tension
systematic (~ 3%).

3.5 The 122 orders of magnitude

The full cosmological constant (as energy density) scales as A ~ (AY/4)%:

A 1

Y b 9-4x64 _ o—4dim(A) —123
M~ 3 3 3 ~T7x 107, (11)

This explains the “122 orders of magnitude” directly: the exponent 256 counts the to-
tal fourth-power suppression across all algebraic directions. Each of the 64 directions
contributes 37 to A/Mp.

4 Algebraic Saturation and Dark Matter

4.1 Degree-of-freedom counting

The physics algebra A = C ® H® O has dimg = 64. The Standard Model contains, per
generation:

e 16 Weyl fermion states: (ur,dr,ug,dg) in 3 colors + (v, er, Vg, eg) = 4x3+4 = 16
e Each state is complex (particle 4+ antiparticle): 16 x 2 = 32

e Real degrees of freedom: 32 x 2 = 64

Theorem 1 (Algebraic saturation). dimgr(A) = 64 ezactly equals the number of real
degrees of freedom of one Standard Model generation (including right-handed neutrino).
The algebra admits no extension that preserves the division-algebra property.

This saturation has a profound consequence: there is no room in the algebra for ad-
ditional fermions beyond the Standard Model. Any hypothetical dark matter particle
(WIMP, sterile fermion beyond vg, etc.) would require extending the algebra beyond A,
which is impossible without introducing zero divisors (cf. the sedenion obstruction in [1]).
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4.2 Implications for dark matter

The CHO framework makes a sharp prediction: dark matter is not a new particle
from the algebraic sector. The viable options within the framework are:

1. Primordial black holes (gravitational, non-algebraic)

2. Topological defects (causal lattice configurations with non-trivial winding —
gravitationally interacting but algebraically inert)

3. Modified gravity effects at cosmological scales

Note: axion dark matter is excluded because the strong CP problem is solved within the
framework by Fano plane Z, parity (6 = 0 exactly, no axion needed; see [2]).
Falsification criterion: Discovery of a weakly-interacting massive particle (WIMP) with
non-SM quantum numbers would falsify the algebraic saturation theorem and hence the
CHO framework.

5 No Grand Unification

5.1 Gauge group from tensor factors

In the CHO framework, the Standard Model gauge group arises from the individual tensor
factors of A=C® H® O:

SU(3)eqtor C Go = Aut(Q), (12)
SU(2);, ¢ Aut(H) = SU(2), (13)
U(l)y C Aut(C) = U(1). (14)

Since these arise from different tensor factors, they cannot be unified into a simple
group G D SU(3) x SU(2) x U(1) without violating the tensor product structure. Grand
unification (SU(5), SO(10), Es) is algebraically forbidden.

5.2 Consequences

1. Proton stability: Without GUT-scale gauge bosons, the leading contribution to
proton decay comes from Planck-suppressed dimension-6 operators. The predicted
lifetime is 7, > 10%* years, far beyond current bounds (7, > 2.4 x 103 years from
Super-Kamiokande [5]).

2. No gauge coupling unification: The three SM couplings do not meet at a point.
This is consistent with observation (the MSSM “unification” at ~ 10'® GeV requires
supersymmetry, which is also forbidden by algebraic saturation).

3. Desert above My, : The theory predicts no new particles between the electroweak
scale and the see-saw scale M = Mp/3° ~ 6 x 10™ GeV.



6 No Supersymmetry

Supersymmetry requires pairing every boson with a fermion. In the CHO framework:
e The fermion content is fixed by dimg(A) = 64 (saturated).
e The boson content (gauge fields) is fixed by dim(Ggy) = 12.

e There is no algebraic map A — A that exchanges these sectors while preserving the
division algebra structure.

The mismatch 64 # 12 means there is no possible boson—fermion pairing. Supersym-
metry is not a symmetry of the algebra.
This is consistent with the non-observation of superpartners at the LHC up to ~ 2 TeV.

7 The Coset Manifold and Triality Breaking

7.1 G,/SU(3) = ¢

The automorphism group Gy = Aut(Q) contains SU(3) as the stabilizer of a preferred
direction in Im(Q) = R”. The coset space is:

G4/SU(3) = §F (15)

(the 6-sphere, with its nearly-Kahler structure).

The “color direction” (stabilized by SU(3)) corresponds to a choice of imaginary oc-
tonionic unit, say e;. The 6 remaining directions organize into 3 complex pairs via the
Fano plane lines through e7:

(ea,e5), (e1,e6), (e3,€4) (16)

— these are the three generation planes.

7.2 The triality-breaking field

The field that breaks the Sj triality symmetry (permuting generations) lives on S®. Since
G, acts transitively on S, any Gs-invariant function on S° is constant. Therefore:

Proposition 2. Triality breaking cannot come from Go-invariant dynamics alone. It
must arise from the explicit breaking Go — SU(3) by the color gauge interaction.

This means the mass hierarchy among generations is controlled by the strength of
color interactions, naturally explaining why:

e The top quark (strongly coupled to color) has the largest mass;
e Leptons (color-neutral) have a milder hierarchy than quarks;

e The electroweak scale sets the triality-breaking scale.



7.3 The mass matrix structure

The fermion mass matrix in the CHO framework lives in the exceptional Jordan algebra
J3(0). The Fano plane topology forces the Nearest-Neighbour Interaction (NNI) texture:

0 A 0
M=|A B C], (17)
0 C* D

with M3 = 0 (connecting first and third generations requires two triality steps). The entry
D = m, is fixed at tree level (y; = 1); the off-diagonal entries A and C' are generated by
triality-breaking loops.

7.4 Inter-sector mass relations

While the full coset potential has not been solved, the sector dependence of the triality-
breaking parameter is determined by the algebraic structure. Define the fundamental ratio
g2 = m./m; ~ 1/136. The second-generation mass in each sector receives a multiplicity
enhancement counting the number of algebraic directions contributing to the triality hop:

% = N.ef =3¢, (18)
b

My _ s 2 _ g2

= dim(Q0) e = 8¢5. (19)

The up-quark sector gets factor 1 (the base channel), down quarks get factor N. = 3 (all
color channels contribute to mixing), and leptons get factor dim(Q) = 8 (being color-
neutral, they access the full octonionic space).

These yield three RG-invariant predictions verified to 0.2-1.3%:

Combination Predicted Observed Error

msmy/(myme) 3 3.04 1.3%
my, my/(m, me) 8 8.09 1.1%
my, my/ (M, ms) 8/3 2.661 0.2%

The third relation is the Georgi—Jarlskog factor, here derived from first principles rather
than postulated via a 45-dimensional Higgs.
The triality-breaking parameter is derived as:

T T
2
€0

T
— — = — =0.007272 20
dimc(A) x dim J3(Q) 16 x 27 432 ’ (20)

which agrees with the observed m./m; = 0.00735 4+ 0.00012 to 0.70c. The denominator
combines the Weyl spinor dimension (16) with the exceptional Jordan algebra dimension
(27), while 7 enters from the same D, geometry that fixes A = m/24.

Moreover, the third-generation down-type masses follow from m; alone: m,/m; =
V2e2 (error 0.06%) and my/m, = dim(ImQ)/N. = 7/3 (error 0.8%). The factor
7/3 parallels the second-generation Georgi-Jarlskog factor 8/3 = dim(Q)/N,, replacing
dim(Q) = 8 by dim(Im Q) = 7 for the tree-level (non-transitional) coupling.



8 Summary of Beyond-SM Predictions

Prediction Status Testable by Contrast with BSM

No WIMP dark matter Consistent LZ/XENONnT Most BSM predicts WIMPs
No proton decay Consistent Hyper-K GUTs predict 7, < 10% yr
No SUSY partners Consistent HL-LHC MSSM expects t < 3 TeV
No 4th generation Consistent  Colliders —

Normal v ordering Testable JUNO/DUNE —

AY* = 2.31 meV Consistent CMB-S4/DESI  No other prediction

Desert above My, Consistent FCC-hh Most BSM has new physics

The CHO framework is maximally parsimonious: it predicts no new particles, no new
forces, and no new symmetries beyond the Standard Model. Every extension proposed in
the literature (SUSY, GUTSs, extra dimensions, technicolor) is forbidden by algebraic sat-
uration. The framework is therefore highly falsifiable: any discovery of new fundamental
particles or forces would rule it out.

9 Discussion

9.1 Relation to the EW hierarchy

The electroweak and cosmological constant hierarchies share the same base-3 mechanism
but differ in their exponents:

My = Mp /3% (36 = |Roots™* (Eg)|), (21)
AV =1 M (V2 - 35 (64 = dimg (A)). (22)
The difference 64 — 36 = 28 = dim(s0(8)) equals the dimension of the triality algebra.
This has a natural interpretation: the EW hierarchy involves only the gauge/Yukawa

sector (counted by Fg roots), while the CC involves all algebraic modes including the
gravitational /spin-connection sector (the extra 28 directions).

9.2 The Hubble tension

Our prediction AY4 = 2.31 meV lies between the Planck CMB value (2.24 meV) and
the local SHOES value (2.33 meV). If future measurements converge on a value near
2.31 meV, this would provide strong evidence for the formula and simultaneously
point to a resolution of the Hubble tension at Hy ~ 69-70 km/s/Mpc.

9.3 Comparison with other approaches

e Anthropic/landscape: The string theory landscape (10°% vacua) can accommo-
date any A value but predicts nothing.

e Quintessence: Introduces a new scalar field with fine-tuned potential. Our frame-
work has no new fields.

e Sequestering: Attempts to decouple UV physics from the CC. Our mechanism
achieves this through algebraic dimensional counting.
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e Weinberg’s bound: Anthropic upper bound A < 107'?*°AM3. Our formula gives
A ~ 1078 M3, naturally below this bound.

9.4 Experimental roadmap

The CHO programme makes predictions that will be tested by experiments currently
under construction or taking data. We list the most decisive tests in chronological order:

CHO prediction Experiment Decisive criterion
(date)

Normal v mass ordering JUNO (2027-28) 30 determination of sign

of Am3,

> m, = 59-62 meV Euclid + DESI o(> m,) < 20 meV
(2027-30) expected

No WIMP (o,n = 0) LZ/XENONnT Null result at neutrino
(running) fog floor

No SUSY (¢, g) HL-LHC (2029- m
35)

tildet ., 2TeVm

tildeg i, 3TeV

0 = 0 exactly nEDM (PSI, |d.| <1072 e-cm
2027)

7, > 105 yr (no decay) Hyper-K (2028-) 7,(p — etn?) > 2 x

103° yr

AY* =231 40.04 meV CMB-S4 + DESI-  Hj to < 1% fixes A}/
1T (2030+)

No new particles to FCC ener- FCC-hh (2040s)  Complete desert above

gies My,

Each row represents an independent test. Failure of any single row would falsify the
framework. Conversely, continued success across all channels would convert today’s post-
dictions into a confirmed predictive programme without parallel in fundamental physics.
The most imminent decisive test is JUNO’s determination of the neutrino mass ordering
(expected 2027-28): an inverted-ordering result would immediately rule out the CHO
framework.

10 Conclusion

The CHO framework provides a parameter-free formula for the cosmological constant:

AVA 1 My
12 /2. 364

which resolves the 122-order-of-magnitude hierarchy through the algebraic structure of
A=C®H®®QO. The derivation rests on two established results — the plaquette sup-
pression factor 1/(q + 1) = 1/3 and the Gaussian factorization of the lattice free energy
over all 64 real components — with O(1/64) ~ 1.6% corrections from inter-component

= 2.31 meV, (23)
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mixing, consistent with the observed 1-3% discrepancy. Combined with the algebraic sat-
uration theorem (no room for new particles), the framework makes definitive predictions:
no WIMP dark matter, no grand unification, no supersymmetry, and absolute proton
stability.

These predictions collectively define a minimal completion of the Standard Model
that is maximally falsifiable. The coming decade of experiments (LZ, JUNO, DUNE,
Hyper-Kamiokande, HL-LHC, Euclid, CMB-S4) will test each prediction independently.
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