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What is an NRS experiment?

Data recently recorded by 
the HEPS B5 beamline

Two major NRS domains:

● Coherent nuclear resonant scattering:

Study hyperfine interactions (magnetic/electric fields at the nucleus) 

● Nuclear Resonant Inelastic Scattering (NRIXS):

Find phonon density of states (DOS) and thermodynamic properties

Both domains supported by the NRS Agent

Nuclear Resonant Scattering (NRS): 
Resonant interactions with nuclei excited by synchrotron X ray pulses‑
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Motivation behind the NRS Agent

● Reduces manual effort & errors
● Speeds up analysis

❍ High complexity of NRS analyses 
Many steps, many configuration parameters, many intermediate files

❍ High dimensionality of NRS analyses 
Many parameters involved in a single analysis 

❍ Time pressure
Decisions must be made quickly 

NRS Agent:
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NRS Agent: Architecture 

●  Frontend: OpenDrSai UI  

      Multimodal chat: shows text + output plots  
 

●  Backend: NRS Agent service 

      Based on DrSaiAgent; Addresses input tasks  

●  Tool layer: MCP Servers

      Analysis MCP server  +  HEPSDAS MCP server
      
      Based on HaiMCP

Entirely based on Dr. Sai framework

Three tier architecture:‑
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NRS Agent: Goal and scope

NRS Agent: Multi-agent system that executes end to end NRS workflows ‑ ‑

NRS Agent integrates CONUSS with PHOENIX toolchains:

Core 
Capabilities

 Coherent NRS Data Analysis 
(CONUSS software)

 NRIXS Data Analysis
(PHOENIX software)

 Data Exploration 
(HEPS/user data)  Data Preprocessing

 Data Visualization

Preprocessing

4



  

NRS Agent: CONUSS and PHOENIX analysis softwares

●  kfor : Computes transmission amplitudes   
●  kmix : Computes scattered intensities
●  kfit : Fits calculated intensities to measured data
●  kctl : Orchestrates fit optimization

CONUSS (COherent NUclear resonant Scattering by Single crystals)

Executables integrated in NRS Agent: 
 

● Fit NRS data to physical models  
● Extract physical quantities
● Quantify fit quality & correlations

Executables integrated in NRS Agent:  
●  padd : Accumulates (energy, counts) data pairs  
●  phox : Computes phonon density of states (DOS)
●  psth : Computes thermodynamic quantities from DOS (e.g., kinetic energy, vibrational entropy, etc.) 
●  psvl : Computes Debye sound velocity & related quantities

PHOENIX (PHOnon Excitation by Nuclear resonant Inelastic X ray scattering)‑

5



  

NRS Agent: Internal structure

Team Manager

Planner
Break down task into subtasks

Verify tasks 

Data Explorer/Converter
Browse HEPS data, inspect files, convert data

CONUSS Configuration File Writer
Create CONUSS configuration files

PHOENIX Configuration File Writer
Create PHOENIX configuration files

Analyzer
     Perform CONUSS/PHOENIX analysis

Visualizer
Visualize data
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Integration with HEPS Data Service Platform

HEPS Data Service
MCP Server

HEPS Data Access
● System & Beamline Statistics (Public)
● Beamtime Management (Authorized users)
● Dataset & File Queries (Authorized users)
● File Directory Browsing (Authorized users)
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Parameter control

● Enhanced Flexibility and Customization

● Unbiased, Globally Optimized Fitting

● Automated contextual calibration

● Seamless Cross-Module Consistency

● Adaptive file and format management

Broad parameter controlParameter Coverage

95 parameters

CONUSS PHOENIX

55 parameters
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High-throughput batch analyses (advantage)

●  Analyze multiple physical configurations 
●  Collect standardized outputs 
●  Compare results  
●  Report the most supported configuration 

NRS Agent supports parallel analyses

Why this matters:

●  Facilitates “model selection”  
●  Speeds up decision-making  

Outputs of 
parallel fits

Configuration
Files
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“Wise” iteration: not random trial-and-error (advantage)

 
●  Read/interpret fit outputs from each iteration

●  Detect lack of improvement or instability 

 
●  Decide the next configuration intentionally:

A key feature during fitting / model exploration:

✓ Adjust which parameters are fitted/fixed

✓ Update initial guesses based on previous fitted values  

✓ Tighten/relax constraints and ranges when appropriate 

✓ Run multiple configurations in parallel and find the best

 (e.g., strong correlations, unrealistic parameter jumps) 

Parameter space
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Example Agent Output: Analysis of HEPS ID33 (B5) Data

Task submitted to NRS Agent:
● Convert B5 data to analysis-ready data  
● Perform CONUSS fit 
● Report/plot best fit
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Current status

● Core architecture: complete and stable

● End to end processing:‑ ‑  verified for HEPS Nuclear Resonant Scattering data

● Integration: fully connected with existing backends

● Output generation: complete and operational

● Authorization: under final implementation

● Performance testing: ongoing (success/failure rate, time per dataset, concurrent job throughput, large 

datasets handling)

Heading to public deployment upon 
completion of performance testing
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How to access the NRS Agent
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BACKUP SLIDE A — CONUSS outputs captured by the agent

● kctl protocol/log file  
● Measured (exp), fitted (fit), residual (rsd) files  
● Power spectra files (exp/fit/rsd)  
● Iteration/results table  
● Error ellipse outputs + correlation matrices
● Best-fit snapshots of SIFs and MIFs



  

BACKUP SLIDE B — Fit-promotable parameters (18 supported)

● Isomer shift  
● Magnetic hyperfine field (Bhf)  
● Magnetic field direction angles (theta, phi)  
● Quadrupole splitting  
● Asymmetry parameter  
● Euler angles alpha/beta/gamma   
● Texture coefficient  
● Thickness of the material  
● Time structure of SR  
● Scaling factor  
● Shift of energy/time scale  
● Constant background  
● Energy/time resolution FWHM  
● Thickness distribution FWHM  
● Center of thickness/angle distribution



  

BACKUP SLIDE C — HDF5→TXT conversion details (B5-style)

● Read 3D dataset (X, Y, Z)  
● Integrated intensity per image: sum over spatial axes → length Z  
● Time for image N: time = N × coefficient  
● Output TXT: header + two columns (time, intensity)  
● Masked time ranges supported  
● Parallelization at file level
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