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Abstract

The advent of quantum conputing threatens the security of classica
cryptographic prinmtives, making it essential to design hybrid
schenmes that remain secure against both classical and quantum
adversaries. This document specifies GhostLock, a file-level hybrid
encryption protocol that conbines classical elliptic-curve

crypt ography (X25519, Ed25519) with post-quantum |l attice-based
mechani sns (Kyber 768), integrated under a nodern AEAD ci pher
(ChaCha20- Pol y1305). The protocol defines a portable encrypted
container format (.glock) providing confidentiality, integrity, and
authenticity beyond the lifetine of current cryptosystens.
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1. Introduction
Gnhost Lock is a hybrid encryption schene designed to ensure |ong-term
confidentiality of data in the post-quantumera. It provides
combi ned protection through the simultaneous use of classica
(X25519) and post-quantum (Kyber 768) key encapsul ati on mechani sns.
Symmetric encryption and integrity are provided by the
ChaCha20- Pol y1305 AEAD ci pher, while digital signatures and netadata
aut henti cation are handl ed through Ed25519.
Unl i ke network protocols such as TLS or SSH, GhostlLock operates
offline on static files. Each encrypted package (".glock"” file)
contains the ciphertext, hybrid key material, and netadata signed by

the sender. This nodel prioritizes data durability and verifiable
authenticity over transport-layer efficiency.

2. Cryptographic Architecture

Ghost Lock enpl oys the following primtives:

*  X25519: classical elliptic-curve Diffie-Hellnman (ECDH)
encapsul ati on for speed and interoperability.

* Kyber768: lattice-based key encapsul ati on nmechani sm sel ected by
NI ST PQC (based on Modul e- LVE) .

*  ChaCha20- Pol y1305: AEAD symmetric ci pher for authenticated
encryption of payl oads.

* Ed25519: digital signatures for authenticity of netadata.
* Argon2id: optional password-based key derivation function
The hybrid key encapsul ati on mechanism (HKEM jointly encapsul ates a
random symetric key into two mathematically i ndependent domai ns:
elliptic-curve and | attice-based. The final shared secret is derived
as:

K = H(" Chost Lock:: Merge" || Kx || KpQq)
where His BLAKE3 and Kx, Kpg are secrets recovered from X25519 and
Kyber 768 respectively.
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3. File Structure

A Chost Lock encrypted file (.glock) is a self-contained container
with the foll ow ng sections:

* Signed JSON header containing algorithmidentifiers, key
fingerprints, and netadat a.

* Ci phertext blocks for X25519 and Kyber 768 encapsul ati ons.
* Encrypted payl oad usi ng ChaCha20- Pol y1305
* Ed25519 signature of the header and netadat a.

Exanpl e (sinplified):



"v'io 1,
"aead": "ChaCha20-Pol y1305",
"recipients": [
{"type": "x25519", "pub_fingerprint": "02a8..."},
{"type": "pqgc", "pub_fingerprint": "cddd..."}
1,
"payl oad_hash": "2fe6f...",
"signer_pub _fingerprint": "7b6c..."

}
4. Security Considerations
* Confidentiality: The scheme is | ND-CCA secure as long as at |east
one KEM renni ns secure.
* Integrity: The AEAD tag and Ed25519 signhature protect against
ci phertext manipul ati on.
* Forward Secrecy: Each encryption uses a freshly generated
symmetric key.
*  Post - Quant um Resi st ance: Kyber 768 guar ant ees resi stance to
quant um adver sari es
* Auditability: Inplenentation is verifiable in pure Python
5. Inplenentation Status
A reference inplenmentation witten in Python 3.11 is publicly
avai |l abl e at:
https://github. com pacificitsol utions/ghostl ock
The i npl enentati on uses |ibogs-python bindings and the "cryptography”
library for hybrid operations.
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