
LACT Experiment

Daocheng–Haizi Mountain · LHAASO Site · 4,410 m a.s.l.

LACT (Large Array of imaging atmospheric Cherenkov Telescope) — a 32 × 6 m IACT stereo tracking array for ultra-high-energy gamma-ray
astronomy, deployed at the LHAASO observatory on the Haizi Mountain plateau, Daocheng, Sichuan.

Scientific Background

LACT aims to solve the century-old mystery of PeV cosmic-ray origin. Building on LHAASO's localization of UHE gamma-ray sources, LACT
will exploit its superior angular resolution and sensitivity to map the morphologies of UHE sources, precisely pin down emission sites, and
reveal the radiation mechanisms — identifying the astrophysical objects that accelerate particles to PeV energies.

Science Goals

Array Milestones

2025 — 1st telescope operational  |  2026 — 8 telescopes (science-ready)  |  2028 — full 32-telescope array (world-leading resolution &
sensitivity)

Slow Control Scope

Each unit hosts 100+ devices across 19+ categories (FEE, SiPM, thermal, turntable, DAQ, etc.). Our Tango stack scales seamlessly 1 → 32
telescopes with one unified control namespace.

Deployment Snapshot

望曦号 Wangxi — 1st operational unit (4,410 m). Live: 101-channel FEE DAQ, turntable, thermal, cameras, nightly scheduling. Control & data
planes validated on one node; 2026 — 8 units science-ready; 2028 — full 32-unit array.

望曦号
Wangxi · LACT 1st Unit

6 m Cherenkov telescope · prototype node (2025)

System Architecture & LLM Agent Platform

Control write (REST/MCP)
Data read (WebSocket / storage)

Operator / DIAT Web UI
Vue 3 dashboard | NL Agent chat | storage-backed monitoring

LLM Agent Platform - Architecture

Tool Pool (MCP)
data | exec | session | web

Agent Orchestration
Provider | Builder | Runner | Sub-agents (Plan, DAQ, Thermal, Pointing, Schedule)

Skill & Audit
Diagnose | Workflow | Reflect | Audit loop

Closed loop: Intent - Plan - Bind - Control - Monitor - Close | Roadmap: MVP - Scale - Federate

FastAPI + FastApiMCP | REST | WebSocket | tool bindings | JWT

Tango REST Gateway (control plane) | Auth | Commands | Schedule

PyTango Device Servers | publish to ZeroMQ (ingest)

Distributed Storage Plane
ZeroMQ - Flink - Iceberg / Cassandra | Spark batch/replay

RS-485 | TCP/IP | MQTT

Actuator DAQ Sensor Power Thermal Calib Env Field I/O

Dual-plane: control (Tango/MCP) isolated from data (ZeroMQ-Flink-Iceberg/Cassandra-WebSocket)

Distributed Storage

Telemetry & DAQ on a separate data plane from Tango control —
device streams never feed WebSocket directly.

Ingest

PyTango pub ZeroMQ

Stream

Apache Flink

window · route · QC

Flink QC

Store

Iceberg / Cassandra

Analyze

Apache Spark

batch · replay

Spark replay

Platform Capabilities

Technology Evolution
Versioned skill libraries, multimodal schematics-to-code, federated
Agent Platform across facilities.

Data Interaction Analysis Tool

DIAT unifies telemetry, DAQ waveforms, and device state from the distributed storage plane — real-time
monitoring and replay via storage-backed WebSocket, isolated from the live Tango device ingest path.

Acquire
10 Hz WebSocket from
Iceberg/Cassandra —
decoupled from live
device ingest

Visualize
Vue 3 + Three.js digital
twin; DAQ heatmaps,
waveforms & channel
maps

Analyze
Spark replay & Flink-
windowed analytics on
Iceberg/Cassandra history

Interact
Tango REST/MCP for
control; storage-backed
WebSocket + Spark for
reads

Multi-node unified control namespace plus shared Flink/Iceberg/Cassandra data plane; ingest and query paths
stay decoupled from the field device bus.

Implementation

LLM Agent Platform — Roadmap & Operations

Facility O&M copilot: NL intent to auditable MCP tools; control-plane writes + storage-plane read-only monitoring (see unified architecture above).

NL execution — intent →
MCP/Tango on control plane

Expert context — device config +
storage-backed telemetry

Plan–execute — Main agent
plans; Sub-agents execute
domains

Tool-first safety — all side effects
via MCP; no direct bus access

Observable runs — full trace +
replayable sessions

Versioned skills — auditable,
rollback-capable skill assets

Core Roadmap

Phase I — MVP
Single-node Agent · MCP toolset · baseline Skill library · DIAT read-
only coupling · JWT/RBAC gate

Phase II — Scale
Multi Sub-agent matrix · versioned skills · batch diagnostics ·
Spark/Flink replay drives Reflect loop

Phase III — Federate
Multi-site Provider routing · federated Skill registry · cross-facility
audit & RBAC policies

Tool Pool (MCP)

FastApiMCP auto-exposes Tango attributes & commands as
typed, schema-validated tools.

Idempotent writes where possible · timeouts · JWT + RBAC
before every invocation.

Agent Orchestration

Provider Controller — agent lifecycle, routing, model selection

Agent Builder — assembles Main + Sub-agents, bindings, workspace

Agent Runner — plan-execute loop against MCP + storage WS

Prompt Builder Bindings Skill Loader Context Mgr Session Mgr Workspace

Sub-agent matrix

Planning — decompose
goals

Diagnostics — fault &
RCA

DAQ — channel health

Thermal — thermal
sequences

Pointing — calibration
flows

Schedule — windows &
runs

Skill Provider & Audit

Audit loop: ops log · process trace · format check · perf monitor
→ Skill Loader (versioned assets).

Closed-Loop O&M Workflow

Intent

Parse NL
request

Plan

Main + Sub-
agents

Bind

Select MCP
tools

Control

Tango MCP
write

Monitor

WS from
store

Close

Audit &
reflect

Example:
"Schedule maintenance window T0, pre-condition checks at T-30min" → Workflow skill → MCP device checks →
storage validation → audit refines skill.

Contact: Huang Li · lihuang@ihep.ac.cn · TIANFU Cosmic Ray Research Center, IHEP

Pinpoint UHE gamma-ray emission locations & identify origin objects▸

Measure internal source structure & fine spectral features▸

Core: crack the PeV cosmic-ray origin puzzle — lead cosmic-ray origin research▸

Read path: FastAPI WebSocket from Iceberg/Cassandra▸

Control path: Tango REST/MCP — isolated from ingest bus▸

Pointing — tracking, vision
calibration, closed-loop

▸ Thermal — heating / de-icing
sequences

▸

DAQ — waveforms, power, LED
calibration

▸ Imaging — camera streams &
detector health

▸

Schedule — nightly runs &
maintenance

▸ Federated — multi-site
namespace & storage

▸

Control plane: FastAPI Tango REST/MCP · JWT · schedule orchestration (no device-stream
coupling)

▸

Data plane: ZeroMQ ingest → Flink → Iceberg/Cassandra; WebSocket reads storage only▸

Frontend: Vue 3 / TypeScript dashboard + DAQ panel (query path ≠ control path)▸

Metadata: MySQL / PostgreSQL for device config; telemetry lake in Iceberg + hot TS in Cassandra▸

AI bridge: LLM Agent Platform (Model + Skills + Tools) via FastApiMCP▸

data — telemetry & DAQ queries from storage▸

exec / node — device commands & node operations▸

session / memory — multi-turn context & recall▸

web — dashboard & DIAT hooks▸

Diagnose — anomaly detection & root-cause on telemetry▸

Memory — run & device history recall▸

Workflow — calibrations, maintenance, DAQ procedures▸

Reflect — post-run analysis & skill refinement▸

Domain — Tango + facility O&M domain knowledge▸
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