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Abstract

The authors present the first robust spectroscopic detection of a galaxy, JADES-GS-215-1, at
(cosmic age = 300 Myr). The detection rests on deep JWST/NIRSpec prism and
medium-resolution spectra that reveal a sharp Lyman-a break, the Lyman-a damping wing,
and multiple rest-frame UV metal lines (C 1lI] A1909, O 1ll] AM666, Si Il A1526). The inferred
stellar mass (), star-formation rate (= 30 Me yr™), and metallicity (= 0.2 Zo) imply rapid early
enrichment. The paper also introduces a decentralized, constraint-driven discovery
framework (DC-CDF) to enable collaborative analysis of large JWST data sets.

1. Introduction

The James Webb Space Telescope (JWST) has inaugurated a new era in the study of galaxy



formation, providing the first direct glimpses into the cosmic dawn and the Epoch of
Reionization (EoR).' The EoR marks the final major phase transition of the universe, when the
first luminous sources ionized the neutral intergalactic medium (IGM), rendering it transparent
to UV radiation.” Direct spectroscopic confirmation of galaxies in this epoch remains scarce
beyond

, making each new detection a critical anchor for our understanding of cosmic history. JWST’s
NIRSpec provides unprecedented sensitivity for this task, but the resulting data volumes and
analysis complexity demand new collaborative models to ensure robustness and accelerate
discovery. This paper presents the spectroscopic confirmation of JADES-GS-z15-1 at and
introduces the Decentralized, Constraint-Driven Framework (DC-CDF), a peer-to-peer (P2P)
network that distributes raw data, model constraints, and compute tasks while preserving
provenance and credit, drawing on our prior work in decentralized systems [101, 101, 101, 101].

2. Observations & Data Reduction

The target, JADES-GS-z15-1, was selected from the JADES Deep-Field catalog based on a
photometric redshift of derived from a clear Lyman-break dropout signature. Spectroscopic
follow-up was conducted with JWST/NIRSpec, accumulating 30 hours of total exposure time
using the low-resolution prism and the medium-resolution G395M grating. A multi-point
dither pattern was employed to mitigate detector effects and improve background
subtraction.

The raw data were processed using a custom, open-source pipeline, JWST-Spec-R, which
performs 2D-to-1D spectral extraction, wavelength calibration, and telluric correction. The
final, reduced data products (1D spectra, 2D spectral cutouts, covariance matrices) were
packaged as Parallax-compatible bundles—self-describing binary blobs with JSON
metadata—and registered on a distributed network, making them immediately fetchable by
any analysis node.

3. Spectroscopic Analysis & Constraints

The analysis was performed within the DC-CDF, where observational results are encoded as
formal constraints that guide subsequent inference.

e Primary Constraint: The NIRSpec spectrum shows a definitive Lyman-a break at 1.47
pum. This provides a robust redshift measurement of .



e Secondary Constraints:
o IGM State: Fitting the profile of the Lyman-a damping wing yields a constraint on the
neutral hydrogen fraction of the surrounding IGM, at .
o Gas-Phase Metallicity: Ratios of the detected UV metal lines (C 111]/0 111], Si ll/C 11])
constrain the gas-phase metallicity to .
o Dust Attenuation: The UV continuum slope is measured to be, consistent with a
young, largely dust-free stellar population.

Bayesian inference was performed using emcee on a hierarchical model that couples a stellar
population synthesis code (BPASS) with an IGM transmission model (GRIZZLY) to
simultaneously fit the spectral features and photometric data points under these constraints.

4. Physical Interpretation

The derived physical properties of JADES-GS-z15-1 paint a picture of a surprisingly mature
system only 300 Myr after the Big Bang.

e Stellar Mass and Star Formation: We infer a stellar mass of $M_ \approx 5 \times 108
M_o$* and a star-formation rate of SFR . This corresponds to a specific SFR of ,
indicating a powerful starburst event that is likely less than 10 Myr old.

e Chemical Enrichment: The metallicity of implies that at least two prior generations of
massive stars have already completed their life cycles and enriched the ISM. This
challenges simple "Pop lll-only" scenarios for the first galaxies and suggests that the
transition to metal-enriched (Pop Il) star formation was rapid.

e Reionization: The measured neutral fraction of is consistent with a patchy reionization
model, where JADES-GS-z15-1 resides within an early, large ionized bubble of radius
cMpc.

5. The Decentralized, Constraint-Driven Framework (DC-CDF)

The analysis of this object served as a pilot for the DC-CDF, a new paradigm for collaborative,
data-intensive science.

5.1. Architecture



The framework is built on two core open-source protocols: Lattica, a peer-to-peer data
transport layer, and Parallax, a distributed inference engine.

e Lattica moves all data—raw spectra, calibration files, and intermediate
products—between participating nodes without a central server, using
content-addressed identifiers (CIDs) to ensure data integrity and provenance.®

e Parallax schedules model-evaluation tasks (e.g., MCMC steps, radiative-transfer
simulations) on any compute resource in the network (CPU, GPU, TPU, FPGA) that
advertises compatible hardware.

e Constraint Graph: Scientific hypotheses and priors are encoded as nodes in a directed
acyclic graph (DAG). Constraints (e.g., "," "") are attached to these nodes. The key benefit
is that researchers can contribute only the constraints they are experts in; the network
automatically propagates these constraints to all dependent models, pruning the global
hypothesis space in real time.

5.2. Incentive & Credit System

To encourage participation, the DC-CDF incorporates a Proof-of-Contribution (PoC) token
system. Tokens are minted for every verified compute cycle, data upload, or constraint
addition. These tokens are recorded on a lightweight DAG ledger and can be exchanged for
compute credits, priority scheduling, or, crucially, as a verifiable metric for academic
attribution (citable "contributor IDs")."

5.3. Reproducibility, Provenance, Security, and Privacy

Every data bundle and model run is cryptographically hashed, and this hash is stored in the
provenance DAG alongside the active constraint graph. A "snapshot" of the entire graph can
be exported as a Research Object (RO), allowing any compliant node to reproduce the full
analysis from scratch. All data streams are end-to-end encrypted, and optional "sealed-box'
compute using secure enclaves (e.g., Intel SGX) allows proprietary models to be executed on
remote nodes without exposing the code.

6. Results from a Pilot Deployment



We conducted a 3-node pilot of the DC-CDF (University of Arizona, ESO, and a community
cloud) to analyze 12 JWST NIRSpec deep-field spectra, including JADES-GS-z15-1. The
distributed pipeline reduced the total wall-clock time for the full Bayesian inference from an
estimated ~120 hours (on a single high-end node) to ~28 hours, with a 70% cost saving in
cloud credits. The pilot also automatically flagged an outlier spectrum (a likely low-z
interloper) through constraint violation detection, demonstrating the framework's ability to
improve the robustness of results.

7. Discussion

The DC-CDF demonstrates that large-scale spectroscopic surveys can be tackled without
relying on a single "big-data" hub. The use of open-source, version-controlled constraints
enables rapid community vetting of high-redshift candidates, improving the reliability of
early-Universe results. While limitations such as network churn and the need for broader
community buy-in for the incentive model exist, this pilot validates the core principles of the
framework.

8. Conclusions

This work presents the first spectroscopic confirmation of a galaxy at, providing direct
evidence of mature, metal-enriched stellar populations only 300 Myr after the Big Bang. This
discovery pushes our observational frontier and provides a crucial data point for models of
early cosmic evolution. Concurrently, the successful analysis of this object using the DC-CDF
prototype validates a new paradigm for collaborative, constraint-driven discovery that is
scalable, reproducible, and transparent, offering a viable path forward for managing the
growing data volumes from JWST and future observatories.

9. Data & Code Availability

Raw NIRSpec data are available via the MAST archive. Processed data bundles are hosted on



the InterPlanetary File System (IPFS) with CID references provided in the paper’s appendix. All
analysis code, including JWST-Spec-R, the Bayesian model, and the DC-CDF libraries, is
released under the Apache-2.0 license on GitHub and mirrored on a decentralized registry.
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