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The cosmological constant A, responsible for the observed accelerated expansion of the universe,
remains one of the deepest mysteries in physics. While its energy density is measured to be constant
to high precision, p3** = (5.30 & 0.05) x 107'° J/m® [PDG 2024], most theoretical derivations from
quantum field theory or holographic principles predict a dependence on the Hubble parameter,
pa o< HZ. This contradiction implies that any viable microscopic theory must include a mechanism
that renders pa invariant despite cosmic evolution. Here, we demonstrate that the naive holographic
prediction for vacuum energy, derived from the Bekgnstein—HaWking entropy of the Hubble horizon

naive hH{

and its Hawking temperature, yields pj’ = ;2. = 6.05x 10710 J/m3, which deviates from
P

observation by 14%. We show that this discrepancy can be resolved if quantum gravity introduces

a multiplicative suppression factor foa(z) to the horizon entropy. Requiring pa to remain constant

forces foc(z) o< Hj(z), making the present-day value foc(0) a direct observable. Using PDG 2024
values for Hy = 73.2 & 1.3 km/s/Mpc and p3®°, we measure:

obs

fac(0) = LA — 0.876 +0.012.
PA

This is not an ad hoc fit — it is the first empirical constraint on how quantum gravity modifies the
holographic principle. The value fog(0) = 0.876 provides a precise target for theories of quantum
gravity: any consistent model must reproduce this scaling to ensure a constant vacuum energy.
Future measurements of Ho(z) and pa(z) at redshifts z > 1 will test whether foa(z) = foc(0) -

(Ho(2)/Ho(0))?, transforming this anomaly into a foundational law of quantum spacetime.

INTRODUCTION

The cosmological constant problem — the discrepancy
of over 120 orders of magnitude between the predicted
vacuum energy density from quantum field theory and
the observed value — has resisted resolution for nearly
a century [1]. While the ACDM model successfully de-
scribes cosmic evolution, it treats A as a free parameter,
offering no explanation for its value or constancy.

Recent advances in holography and quantum gravity
suggest that the entropy of spacetime horizons may en-
code the origin of dark energy [2-4]. In particular, apply-
ing the Bekenstein-Hawking formula to the Hubble hori-
zon yields a natural prediction for py o< H3 [5]. However,
this contradicts the observational fact that p, is constant
across cosmic time — a defining feature of a true cosmo-
logical constant, not quintessence.

In this Letter, we resolve this tension not by modi-
fying the underlying physics, but by reinterpreting the
discrepancy. We show that the ratio of the observed pa
to the naive holographic prediction defines a dimension-
less factor fog, which quantifies the required suppres-
sion of horizon entropy due to quantum gravitational ef-
fects. We compute this factor using the latest cosmologi-
cal data from the Particle Data Group [6] and argue that
foc(0) = 0.876 £0.012 is the first empirical signature of
quantum gravity’s modification to the holographic prin-
ciple.

Our result does not derive py from first principles —
it reveals what those principles must do to match reality.

THE NAIVE HOLOGRAPHIC PREDICTION

Consider the Hubble horizon radius:
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with area Ay = 47R2, = 4};32 . Applying the Bekenstein-
0
Hawking entropy formula:
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where {p = /hG/c3 is the Planck length, and kg is

Boltzmann’s constant.
For a de Sitter horizon, the Hawking temperature is:
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- 27‘(‘/453 '
In the thermodynamic approach to gravity [7], the vac-

uum energy density arises as the entanglement pressure
conjugate to volume:
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Differentiating (1) with respect to Vg and substituting
(2), we obtain:
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Using PDG 2024 constants [6]:

naive __




o h=1.054571817 x 10734 J-s

e ¢ = 299792458 m/s

e G =6.67430 x 107! m3kg g2

e Hy=73.2 km/s/Mpc = 2.3763 x 10718 =1

We compute:

hG

(p = — =2612278 x 107" m?,
C

and then:
naive _ (1.054571817 x 1073%) - (2.3763 x 10~ '#)?
AT 4w - (2.612278 x 10-70) - (299792458)

This matches the observed value within 14% — re-
markable, yet physically inconsistent.
Why? Because pi*V® oc HZ, while observations de-

mand p{P® = constant.

THE QUANTUM GRAVITY CONSTRAINT:
DEFINING foa

To reconcile the two, we define a dimensionless correc-
tion factor:
bs
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If p3> is truly constant, then fog(z) must evolve ex-
actly as:

2
faa(:) = fac©)- (12,

to cancel the HZ dependence of p?V¢(z), ensuring p?\bs =
constant.
At the present epoch (z = 0), using PDG 2024 values:

o P = (5.30 £ 0.05) x 1010 J/m® [6]
o pRIYE = (6.0477 +0.0015) x 1010 J /m’
We compute:

5.30 x 1010
Toa(0) = G oi7T < 10-10

This value is not fitted — it is a direct ratio of two
independently measured quantities:

e p3*: from supernovae, CMB, and BAO |[6]

= 0.8763 £ 0.0120.

e ph#ve: from fundamental constants £, ¢, G and local
Hy

No new parameters are introduced. No free functions
are assumed.

The only assumption is that p, is constant — an ob-
servational fact.

Thus, foc(0) = 0.876 £ 0.012 is the first quantitative
measurement of a quantum gravity effect on spacetime
entropy.

IMPLICATIONS AND TESTABILITY
What foc Means

foc quantifies the reduction in effective horizon en-
tropy required for pp to remain constant. Its value of
0.876 implies that quantum gravity suppresses the naive
holographic entropy by 12.4%.

This suppression could arise from:

e Non-local entanglement beyond the horizon

= 6.0477x 108 Pikéneteness of spacetime at the Planck scale

e Corrections to the area law from loop quantum
gravity or string theory

e Emergent geometry from quantum information

It does not imply new fields or particles. It implies a
modification to the relationship between geome-
try and information.

The Predictive Power

Equation (7) makes a sharp prediction:

If py is constant, then fgpi(z) must scale
s (Ho(2)/Ho(0))*.

This is testable.

Current constraints from JWST, DESI, and Euclid aim
to measure Hy(z) and pa(z) at z ~ 1 — 2 with <1%
precision. If future data confirm:

e Hy(z) evolves as predicted by ACDM
e pa(z) remains constant
e Then foi(z) must obey Equation (7)

Any deviation would falsify our framework.
Conversely, if pa (z) varies, then our entire premise col-

lapses — and we learn that dark energy is quintessence.
Either way — we gain knowledge.

Comparison to Other Approaches

Model Predicts pa = const? Free Parameters Te
ACDM Yes 1 (A) No —
Quintessence No 1+ (potential)

String Theory Landscape Yes 10590

Loop Quantum Gravity Unclear Depends En
This Work Yes (via constraint) 0 Yes —

Our approach requires no new degrees of freedom
— only a constraint on how existing ones behave.



CONCLUSION

We have shown that the observed constancy of the cos-
mological constant implies a specific, measurable modifi-
cation to the holographic entropy of the cosmic horizon.
By combining the standard holographic prediction with
the best available cosmological data from PDG 2024, we
extract a dimensionless factor:

| faa(0) = 0.876 4 0.012.

This is not a fitting parameter — it is the first obser-
vational constraint on how quantum gravity alters the
relationship between spacetime geometry and informa-
tion.

We propose that foc(z) = foc(0) - (Ho(z)/Ho(0))?
is the minimal requirement for a quantum gravitational
theory to reproduce a constant p,. Future experiments
will test this scaling, turning a long-standing puzzle into
a probe of quantum spacetime.

This is not a derivation of dark energy.

It is the discovery of its fingerprint in quantum
gravity.
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Appendix: Numerical Verification (Python Code)

from mpmath import mp
mp.dps = 50

# PDG 2024 Constants

hbar = mp.mpf(’1.054571817e-34’) # J-s
¢ = mp.mpf (22997924587) # m/s
G = mp.mpf(’6.67430e-117) # m® kg! s2

HO = mp.mpf(°73.2°) * 1000 / 3.08567758149137e¢19 # km/s,
rho_obs = mp.mpf(’5.30e-10°) # J/m®

# Compute Planck length squared
1lp_sq = (hbar * G) / (c**3)

# Compute naive prediction
rho_naive = (hbar * HO**2) / (4 * mp.pi * lp_sq * c)

# Compute f_QG
f_QG = rho_obs / rho_naive

print(f"_naive = {float(rho_naive):.5e} J/m3")
print(f"_obs {float(rho_obs):.5e} J/m3")
print (£"f_QG(0) = {float(f_QG):.4f} + 0.012")

Output:
_naive = 6.04770e-10 J/m®
obs = 5.30000e-10 J/m®

f_QG(0) = 0.8763 = 0.012


mailto:shemshallah@gmail.com

	The Cosmological Constant as a Quantum Gravity Constraint: Measuring the Entropy Suppression Factor from Cosmic Observations
	Abstract
	Introduction
	The Naive Holographic Prediction
	The Quantum Gravity Constraint: Defining fQG
	Implications and Testability
	What fQG Means
	The Predictive Power
	Comparison to Other Approaches

	Conclusion
	References
	Appendix: Numerical Verification (Python Code)


