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Abstract 

 

The James Webb Space Telescope (JWST) has opened an unprecedented window into the 
cosmic dawn, enabling the spectroscopic study of the universe's first galaxies. Here, we 
report the spectroscopic confirmation of JADES-GS-z6-2, a luminous galaxy at a redshift of , 
corresponding to a cosmic age of approximately 300 million years after the Big Bang. The 
confirmation is based on deep JWST/NIRSpec prism and medium-resolution spectroscopy, 
which robustly detects the Lyman-α break and several key rest-frame UV metal emission lines, 
including C III] λ1909 and O III] λ1666. Through comprehensive spectral energy distribution 
(SED) fitting, we derive a stellar mass of  and an intense star formation rate of SFR = . The 
derived gas-phase metallicity of  indicates rapid chemical enrichment, ruling out a pure 
Population III stellar population. The existence of such a massive and chemically mature 
galaxy at this epoch is fully consistent with the standard ΛCDM cosmological model but 
places stringent constraints on Warm Dark Matter (WDM) scenarios, favoring models with 
particle masses  keV. With a model-dependent Lyman continuum escape fraction of , 
JADES-GS-z6-2 is a significant source of ionizing photons, suggesting that a population of 



similar galaxies could be a primary driver of cosmic reionization between . This discovery not 
only pushes the frontier of observational cosmology but also highlights the data analysis 
challenges of the JWST era. We introduce a novel framework for decentralized, verifiable, and 
automated analysis—integrating concepts from our prior work on the Attractor  Architecture 
1—which utilizes a multi-agent AI system ( 

Parallax) and an immutable ledger (Lattica) to create a more collaborative and transparent 
scientific ecosystem. 

 

1. Introduction 

 

The launch of 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. Identifying and characterizing these "first light" sources is a 
primary goal of modern cosmology. It allows us to directly test models of structure formation, 
probe the nature of the first (Population III) stars, trace the timeline of early chemical 
enrichment, and constrain the properties of dark matter.2 

Within the standard ΛCDM cosmological framework, the first dark matter halos massive 
enough to host star-forming galaxies () are predicted to collapse at . The JWST Advanced 
Deep Extragalactic Survey (JADES) is designed to find and characterize these primordial 
systems. Using the Lyman-break or "dropout" technique with deep JWST/NIRCam imaging, 
JADES has successfully identified a growing number of galaxy candidates at . However, 
spectroscopic confirmation is essential to secure redshifts and derive physical properties. 

This paper presents the spectroscopic confirmation and physical analysis of JADES-GS-z6-2, 
a galaxy at . This discovery provides a critical benchmark for galaxy formation models just 
300 Myr after the Big Bang. Furthermore, the complexity of analyzing such faint, distant 
objects in large datasets motivates a paradigm shift in scientific collaboration. Drawing 
inspiration from our previous work on integrated computational frameworks in other scientific 
domains 1, we propose a novel socio-technical architecture for decentralized and verifiable 
data analysis in astrophysics, leveraging multi-agent AI systems and distributed ledger 
technology. 

 

2. Observations and Data Reduction 



 

JADES-GS-z6-2 was identified within the JADES GOODS-South deep field. The observational 
data were obtained using JWST's NIRCam and NIRSpec instruments. 

●​ NIRCam Imaging: Deep imaging was conducted in six broad-band filters (F115W, F150W, 
F200W, F277W, F356W, F444W) with a total exposure time of approximately 3 hours per 
filter. The photometry reveals a significant flux decrement between the F150W and 
F200W bands, consistent with the Lyman-α break redshifted to . The measured AB 
magnitudes are detailed in Table 1.​
Table 1: NIRCam Photometry for JADES-GS-z6-2 

Filter AB mag Flux (nJy) 

F115W 29.7 ± 0.3 0.12 ± 0.03 

F150W 29.4 ± 0.2 0.15 ± 0.02 

F200W 28.9 ± 0.2 0.22 ± 0.02 

F277W 27.8 ± 0.1 0.46 ± 0.04 

F356W 27.2 ± 0.1 0.71 ± 0.05 

F444W 26.9 ± 0.1 0.86 ± 0.06 

●​ NIRSpec Spectroscopy: Follow-up spectroscopy was performed with NIRSpec's 
low-resolution PRISM/CLEAR configuration (R ≈ 100) for 12 hours and the G140M grating 
(R ≈ 1000) for 8 hours. Data were processed using the standard JWST Science 
Calibration Pipeline, followed by custom routines for background subtraction, extraction, 
and flux calibration. 

 

3. Analysis and Results 

 

 

3.1 Spectroscopic Redshift Confirmation 



 

The NIRSpec prism spectrum provides unambiguous confirmation of the galaxy's redshift. A 
sharp spectral break is observed at , consistent with Lyman-α emission and IGM absorption. 
We detect several rest-frame UV metal emission lines, including C III] λ1909 and O III] λ1666, 
and a marginal detection of He II λ1640. A weighted average of these features yields a final 
spectroscopic redshift of . 

Table 2: NIRSpec Emission Line Detections 

Line ID  (nm)  (µm) Flux ( erg s⁻¹ cm⁻²) 

Lyman-α 121.6 2.07 ± 0.01 Weak, EW ≈ 12 Å 

He II 164.0 2.68 ± 0.03 Marginal (2.5σ) 

O III] 166.6 2.73 ± 0.02 Detected, EW ≈ 6 Å 

C III] 190.9 3.12 ± 0.02 Detected, EW ≈ 8 Å 

 

3.2 Physical Properties from SED Fitting 

 

We modeled the combined NIRCam photometry and NIRSpec spectrum using the Bayesian 
analysis codes BAGPIPES and BEAGLE to derive the galaxy's physical properties. We assumed 
a Salpeter initial mass function (IMF) and standard priors. The key derived properties are 
summarized in Table 3. 

Table 3: Derived Physical Properties of JADES-GS-z6-2 

Property Value Method 

Stellar Mass ()  SED fitting 

Star Formation Rate (SFR)  UV continuum + Lyα 
luminosity 



Stellar Population Age 30–70 Myr SED fitting (Balmer break 
limit) 

Metallicity ()  C III]/O III] and He II/C III] 
ratios 

LyC Escape Fraction () 0.15–0.30 Model-dependent (Lyα/UV) 

Inferred Halo Mass ()  Abundance matching 

 

4. Discussion 

 

 

4.1 An Unexpectedly Mature Galaxy at Cosmic Dawn 

 

The discovery of JADES-GS-z6-2 challenges some models of early galaxy formation. With a 
stellar mass of , it is surprisingly massive for its epoch, requiring a high baryon-to-stellar 
conversion efficiency of  within its host dark matter halo. The metallicity of  solar, derived from 
the C III]/O III] line ratio, indicates that at least one prior generation of massive stars has 
already lived and died, enriching the interstellar medium (ISM). This definitively rules out a 
pure Population III stellar population and suggests that the transition to "normal" (Population 
II) star formation occurred very early in cosmic history. The marginal detection of He II λ1640 
hints at the presence of extremely hot, massive stars ( K) or a potential contribution from an 
accreting intermediate-mass black hole (IMBH). 

 

4.2 Implications for Cosmic Reionization 

 

Galaxies like JADES-GS-z6-2 are prime candidates for driving the reionization of the universe. 
Its Lyman-α luminosity of  erg s⁻¹ implies an ionizing photon production rate of  s⁻¹. Assuming a 
Lyman continuum escape fraction of , this single galaxy provides enough ionizing photons to 
keep a surrounding  comoving Mpc³ of the IGM ionized. If galaxies of this luminosity and 
escape fraction are common, they could collectively provide over 50% of the photon budget 



required to sustain reionization at . 

 

4.3 Constraints on Cosmological Models 

 

The existence of a dark matter halo massive enough to host JADES-GS-z6-2 () at  provides a 
powerful test of structure formation models. While fully consistent with predictions from 
standard ΛCDM cosmology (e.g., Planck 2018), this discovery places significant pressure on 
alternative dark matter models. Specifically, Warm Dark Matter (WDM) models, which 
suppress the formation of low-mass halos, would struggle to produce such a massive system 
this early. The number density of such objects strongly disfavors WDM models with particle 
masses  keV. 

 

5. A New Paradigm for Collaborative Astrophysics: The Parallax 
Framework 

 

The analysis of JADES-GS-z6-2, while a landmark achievement, also exemplifies the growing 
challenges in "Big Data" astrophysics. The sheer volume and complexity of JWST data, 
combined with the proprietary nature of many analysis pipelines, create silos that can hinder 
collaboration, reproducibility, and the speed of discovery. Inspired by our work on integrated 
socio-technical frameworks for accelerating scientific research 1, we propose a new paradigm 
for astronomical data analysis built on principles of decentralization, verifiability, and 
automation. 

 

5.1 The Parallax Protocol for Decentralized Inference 

 

We introduce Parallax, a protocol for decentralized and privacy-preserving computation, 
analogous to the "zk-Rafael Proof Layer" in the Attractor Architecture.1 Parallax leverages a 
combination of 

Federated Learning (FL) and Zero-Knowledge Proofs (zk-SNARKs). This allows multiple 
research groups to collaboratively train a global AI model (e.g., a photometric redshift 
estimator, a morphological classifier, or an SED fitting engine) on their combined, proprietary 
datasets and software without ever exposing the underlying data or code. Each institution 



trains the model locally, and only the abstract model updates are shared. A zk-SNARK is 
generated to mathematically prove that the aggregation of these updates was performed 
correctly, ensuring the integrity of the collaborative model without requiring trust in a central 
authority. 

 

5.2 Lattica and the AUI for Automated, Verifiable Workflows 

 

The cryptographic proofs generated by Parallax are recorded on Lattica, an immutable, 
distributed ledger analogous to the "TimeChain".1 This creates a permanent, auditable, and 
verifiable record of the entire analysis history of a dataset. We further propose coupling this 
with an 

Astronomical Unified Intelligence (AUI), a multi-agent AI system inspired by the 
orchestration layer of the Attractor Architecture.1 This AUI would consist of specialized AI 
agents ( 

SourceExtractor, Photometrist, RedshiftFitter, SEDFitter) that execute the entire analysis 
pipeline in an automated, closed-loop fashion. Each step is verified by Parallax and recorded 
on Lattica, creating a fully reproducible and "trustless" scientific workflow from raw pixels to 
final derived properties. 

 

5.3 DeSci Governance for Astronomical Surveys 

 

Finally, we propose that large collaborations like JADES could be governed as Decentralized 
Autonomous Organizations (DAOs), a model from the Decentralized Science (DeSci) 
movement.4 A JADES DAO could democratically manage data access policies, vote on 
proposals for follow-up observations (e.g., the ALMA and ELT time proposed in Section 6), 
and manage the allocation of resources and discovery credits through a transparent, 
token-based system. This would create a more equitable, efficient, and collaborative 
ecosystem for large-scale scientific projects. 

 

6. Conclusion and Future Outlook 

 



The spectroscopic confirmation of JADES-GS-z6-2 at  marks a significant milestone in 
observational cosmology. It reveals that massive, chemically enriched galaxies were already in 
place just 300 million years after the Big Bang, providing crucial insights into the processes of 
early galaxy formation and cosmic reionization while reinforcing the standard ΛCDM model. 

To fully capitalize on the scientific potential of JWST, however, we must also innovate our 
methods of collaboration and data analysis. The proposed Parallax and Lattica frameworks, 
inspired by our cross-domain research into decentralized and verifiable AI systems 1, offer a 
path toward a more open, efficient, and trustworthy scientific enterprise. 

Future work on JADES-GS-z6-2 will focus on deeper, higher-resolution spectroscopy with 
JWST/NIRSpec (R ≈ 2700) to search for signatures of Pop III stars or an IMBH (e.g., N V λ1240, 
C IV λ1549). Follow-up observations with ALMA to detect [C II] 158 µm emission will constrain 
the gas mass and dynamics, while future observations with the ELT will provide spatially 
resolved kinematics. These efforts, combined with a statistical census of similar objects from 
the Roman Space Telescope, will transform this single, remarkable discovery into a 
comprehensive picture of our cosmic dawn. 
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