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Talk outline

Q Nuclear Resonant Scattering (NRS)

NRS Agent a

e Advantages of the NRS Agent

Example agent output ‘




What is an NRS experiment? S 14y mmm
' ners  Moligmmamc
Nuclear Resonant Scattering (NRS):
Resonant interactions with nuclei excited by synchrotron X-ray pulses
Two major NRS domains:
® Coherent nuclear resonant scattering: 10t Data recently recorded by

the HEPS B5 beamline

=

(=]
)
L

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

Log intensity
=
<

® Nuclear Resonant Inelastic Scattering (NRIXS): 104

Find phonon density of states (DOS) and thermodynamic properties | | ';

0 20 40 60 80 100
Event Time (ns)

Both domains supported by the NRS Agent




Motivation behind the NRS Agent ,:p / mmwmﬁ(
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O High complexity of NRS analyses

Many steps, many configuration parameters, many intermediate files

O High dimensionality of NRS analyses

Many parameters involved in a single analysis ? O ¢
«
O Time pressure < == »
Decisions must be made quickly ~
S |

NRS Agent: N RS Agent

Data Analysis Agent System for Nuclear Resonant Scattering

® Reduces manual effort & errors

©

+  Type your message here...

® Speeds up analysis




NRS Agent: Architecture S yausmieeness
e, HEPS i s Bt
g. .......................................................................... |
! i
Three-tier architecture: i .NRS Agent , i
! Data Analysis Agent System for Nuclear Resonant Scattering i
i :
; +  Type your message here... \'.JJ @ :
i i

® Frontend: OpenDrSai Ul
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

MCP Server




NRS Agent: Goal and scope _:‘o / W;}g;«x;fm
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NRS Agent: Multi-agent system that executes end-to-end NRS workflows

NRIXS Data Analysis

Coherent NRS Data Analysis -
(CONUSS software) \\ '// (PHOENIX software)
/ Core
Capabilities Data, Preprocessmg
= om=

NRS Agent integrates CONUSS with PHOENIX toolchains:

CONUSS /

Preprocessing PHOENIX Results Reports

Raw Data




NRS Agent: CONUSS and PHOENIX analysis softwares P saad it
' HERS

/ CONTUSS (COherent NUclear resonant Scattering by Single crystals) \

Executables integrated in NRS Agent: m

® kfor : Computes transmission amplitudes B
- . e Fit NRS data to physical models

® kmix : Computes scattered intensities

: : . hysical iti
® kfit : Fits calculated intensities to measured data 0 Brimers plogesl guEmae:

\0 kctl : Orchestrates fit optimization

o Quantify fit quality & correlations /

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

Executables integrated in NRS Agent:
: PLid®EN!X

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.)
\0 psvl : Computes Debye sound velocity & related quantities /

5




NRS Agent: Internal structure ,:‘o ) f(ﬂ%;i&:%v?;:;fxqmﬂ
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Visualizer \\, ‘/ Planner

Visualize data Break down task into subtasks
/ Verify tasks
Analyzer Team Manager Data Explorer /Converter
Perform CONUSS/PHOENIX analysis S B Browse HEPS data, inspect files, convert data

PHOENIX Configuration File Writer CONUSS Configuration File Writer
Create PHOENIX configuration files Create CONUSS configuration files




Integration with HEPS Data Service Platform

NRS Agent

HEPS Data Service
MCP Server

@
—
a

YRAEUD KGR i
Institute of High Tnergy Physics
Chinese Academy of Sciences

HEPS Data Access

System & Beamline Statistics (Public)
Beamtime Management (Authorized users)
Dataset & File Queries (Authorized users)

File Directory Browsing (Authorized users)

@ OpenDrSai

OpenDrSai > MX

{3 planner_agent

3 NRSAgent

a cenym O

+ HRRE B #EES

Here are the system overview statistics:

Field

Dataset Count
Proposal Count
Download Data Volume
Beamline Count

Total Data Volume

File Count

Beamtime Count

Value

101102

2915

29978

15

74878

41746271

807

Source: get_system statistics

+  Type your response here.

& openrsai

Q CenG@m @
< OpenDrSai > #X o NRS Agent + FEEE B #RES
¥
hours dataVolume name files id datasets proposals )
> 47 108GB. BRFRETEY 67753 BM44 3687 185
106 60.3T8 EMADFRATHES 4750173 1D02 8689 143
’ 47 4418 BREIRH L 810854 1DOS. 6875 168
8 34518 TS 170009 1007 15542 386
55 4378 BRARSE 67938 1008 8706 204
18 23118 AT RS 457804 1D09 3181 90
4 21218 TR RS 762185 1D19 14281 110
50 483978 XSRS 3022666 1021 719 159
40 34478 LMEINTFEE 25189882 1D23 1476 180
58 42878 XEEDWMBL 4659060 D30 1413 189
65 5078 HEAS 136990 1031 1580 261
18 59968 moES L 64149 1033 14194 2
20 17268 BARKETFEMEN 888 D41 487 7
61 so0TB KM 196710 D42 1932 12
8 13368 XEHERBEF 79131 1D46 4340 569

+ Type your response here.




Parameter control
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Parameter Coverage

Broad parameter control

o FEnhanced Flexibility and Customization

PHOENIX .

e Automated contextual calibration

Unbiased, Globally Optimized Fitting

CONUSS

95 parameters

55 parameters

e Seamless Cross-Module Consistency

composition

density
isotope data file

abundance

LM factor

Number of sites
Site name

sublattice weight
Bhf

range of Bhf
Bhf direction polar angle

range of Bhf direction polar
angle

Bhf direction azimuthal angle

range of Bhf direction azimuthal
angle

texture coefficient

range of texture coefficient
isomer shift

range of isomer shift
quadrupole splitting

asymmetry parameter

euler angle alpha (for efg=>xtal)
euler angle beta (for efg=>xtal)
euler angle gamma (for

efg=>xtal)

relaxation input file

distribution input file

weight is a fit parameter
Bhf is a fit parameter

Bhf direction polar angle is a fit
parameter

Bhf direction azimuthal angle is
a fit parameter

isomer shift is a fit parameter

quadrupole splitting is a fit
parameter

asymmetry parameter is a fit
parameter

euler angle alpha is a fit
parameter

euler angle beta is a fit
parameter

euler angle gammais a fit
parameter

texture coefficient is a fit
parameter

kmix run mode
scan/tdi mode

time structure of synchrotron
radiation

incident x-ray degree of
polarization

incident x-ray mixing angle
incident x-ray canting angle
polarization filter efficiency
scattered x-ray mixing angle

scattered x-ray canting angle
intensity distribution function

Debye-Waller factor
non-ergodicity factor

intensity distribution function
width

intensity distribution function
shape

energy range of calculation

material thickness

material thickness is a fit
parameter

measured-data interpretation
mode

output file prefix (+ optional output
format)

start of thickness/angle range
end of thickness/angle range
start of time/energy range
end of time/energy range
thickness/angle distribution
function

time/energy distribution function

constant background
scaling factor
shift of time or energy scale

thickness/angle distribution
FWHM

time/energy distribution FWHM
thickness/angle position

create rocking curves

rocking curve position

scaling factor is a fit parameter

shift of time or energy scale is a fit
parameter

Operating X-ray Energy
Sample Temperature (PADD)
Monochromator Lattice Constant
Thermal Expansion Coefficient
First Monochromator Reflection
Second Monochromator Reflection
Energy Axis Scaling Options
PADD Output Prefix & Format
Comment Character

PADD Fit Range

PADD Inelastic Background
PADD Resolution Asymmetry
PADD Resolution Function
Measured Data File Format
Data Column Definitions

PADD SIF Output Path

PHOX Transition Energy
PHOX Recoil Energy

PHOX Sample Temperature
Data Background Corrections
PHOX Output Prefix & Format
PHOX Fit Range

PHOX Inelastic Background
PHOX Left/Right Asymmetry

PHOX Resolution Function

Deconvolution Settings

Fitting Parameters

PSTH Transition Energy
PSTH Recoil Energy
Temperature Range

Energy Range

PSTH Output Prefix & Format
PSTH Resolution FWHM
PSTH Resolution Shape
PSTH Resolution Asymmetry
PSTH Elastic Peak Strength
Resonant Isotope Mass
Sample Pressure

Equation of State Type
Ambient Density

Bulk Modulus

Bulk Modulus Pressure Derivative
Sound Velocity Window Start
Sound Velocity Window Width
Fit Parameter p1

Fit Parameter p2

PSVL Fit Function Type

%@ Bhfi:=32.4

%@ [0.0-90.0] Thetal
%@ [-99.0-90.0] Phi1
%@ [0.0-100.0] Texture1 :=

@ Tso1 :
@ veight2 := 1.0
%0 Bhf2
.0
64.0
%@ [0.0-100.0] Texture2 := 26.0

@ Iso2 :=0.0

(1) composition : Fe
(2) vensity (g/cnn3) :: 8.0
(3) M8 data file :
(4) Abundance of the M8 atom
(5) Lanb-Mossbauer factor
(6) Number of sites of the MB atom :: 2
(7.1.1) Memo name for the site i sitel
(7.1.2) weight of the sublattice :: @Weightl
(7.1.3) Isomer shift (
(7.1.4) BhF (T)

(7.1.5) Bhf angle theta (deg)
(7.1.6) Bhf angle phi (deg) ::
(7.1.7) Quadrupole splitting (mn/s) :: 0.6
(7.1.8) Asymmetry parameter :: 0.0

(7.1.9) Euler angle alpha (deg)
(7.1.10) Euler angle beta (deg)
(7.1.11) Euler angle gamma (deg)
(7.1.12) Relaxation input file
(7.1.13) pistribution input file
(7.1.14) Texture coefficient (%)
(7.2.1) Memo name for the site
(7.2.2) weight of the sublattice
(7.2.3) Isomer shift (mm/s)
(7.2.4) BAf (T)

(7.2.5) Bhf angle theta (deg)
(7.2.6) Bhf angle phi

(7.2.7) Quadrupole splitting (mn/s) :: 0.6
(7.2.8) Asymmetry parameter :: ©
(7.2.9) Euler angle alpha (deg)
(7.2.10) Euler angle beta (deg)
(7.2.11) Euler angle ganma (deg)
(7.2.12) Relaxation input file
(7.2.13) pistribution input file
(7.2.14) Texture coefficient (%)

@Texture2

Adaptive file and format management

(1) Project nane :: NRS data analysis
(2) Material data input file :: A1 fes7.nif
(3) Transnission data output file :: Al trsn.dat
(4) X-ray direction coordinates :: 00 1
(5) Energy range :: 500

% (6) Material thickness

(1) Transnission data input file :: A1 trsm.dat
(2) Intensity data output file :: Al ints.dat
(3) knix run mode ::
(4) scan/tdi mod
(5) Tine structure of SR :: 72

(6) Unused ::

(7) X-ray polarization degree (%) :: 100
(8) Incident X-ray mixing angle  (deg) ::
(9) Incident X-ray canting angle  (deg) ::
(10) Polarization filter efficiency (%)
(1) Scattered X-ray nixing angle  (deg)
(12) Scattered X-ray canting angle (deg) ::

time

(1) Tntensity data tnput file :: AL tnts.dat
(2) Measured data tnput File :: A1 lnput_data.txt T1 C2
(3) Output File prefix :: ALgrace grace
(4) start of thickness/angle range
(5) End of thickness/angle range
(6) Start of tinefenergy range ::
(7) End of tinefenergy range :
(8) Thickness/Angle distribution functi
(9) Tine/Energy distribution function
(16) Constant background :: 6
% (1) Scaling factor :: 5460
% (12) Shift of tinefenergy scale :: -5.9
(13) Thickness/angle distribution Fik
% (14) Tine/Energy distribution FHM :: 0.88
(15) Thickness/Angle position :: @
(16) Create rocking curves [yes/no] :: no
(17) Rocking curve position :: 10

exponential 2 0.3

(3) KFLE SIF 1 ALKFLESF
(4) Reference file
(5) Tteration steps.
(6) Tteration stop quality :: 0.801
(7) Prior correlation file ::




High-throughput batch analyses (advantage)

NRS Agent supports parallel analyses

Analyze multiple physical configurations

Collect standardized outputs
Compare results

Report the most supported configuration

Why this matters:

Facilitates “model selection”
Speeds up decision-making

{3 CONUSS_analysis_agent

All referenced CONUSS kctl analyses were completed successfully.

Analysis ID normalized Chir2 Label text (verbatim)

Al 153.00 +-0.84 Normalized Chi*2 value:
A2 153.02 +-0.84 Normalized ChiA2 value:
A3 153.12 +-0.84 Normalized ChiA2 value:
A4 153.12 +-0.84 Normalized ChiA2 value:
A5 153.03 +-0.84 Normalized ChiA2 value:

y
Configuration o
O

Files

Outputs of
parallel fits

ﬁ_'T} CONUSS_SIF_MIF_writer_agent

analysis number | path to created SIF/MIF

A1 | /home/agent/A1_Fe57_Fe_v2.mif | N/A
A1 | /home/agent/A1_kfor_v2.sif | kfor

A1 | /home/agent/A1_kmix_v2.sif | kmix
Al | /home/agent/A1_Kfit_v2.sif | kfit

Al | /home/agent/A1_kctl_v2.sif | ket

A2 | /home/agent/A2_Fe57_Fe_v2.mif | N/A
A2 | /home/agent/A2_kfor_v2.sif | kfor

A2 | /home/agent/A2_kmix_v2.sif | kmix
A2 | /home/agent/A2_kfit_v2.sif | kfit

A2 | /home/agent/A2_Kkctl_v2.sif | ketl

A3 | /home/agent/A3_Fe57_Fe_v2.mif | N/A
A3 | /home/agent/A3_kfor_v2.sif | kfor

A3 | /home/agent/A3_kmix_v2.sif | kmix
A3 | /home/agent/A3_kfit_v2.sif | kfit

A3 | /home/agent/A3_kctl_v2.sif | kctl

A4 | /home/agent/A4_Fe57_Fe_v2.mif | N/A
A4 | /home/agent/A4_kfor_v2.sif | kfor

A4 | /home/agent/A4_kmix_v2.sif | kmix
A4 | /home/agent/A4d_Kkfit_v2.sif | kfit

A4 | /home/agent/Ad_kctl_v2.sif | kctl

A5 | /home/agent/A5_Fe57_Fe_v2.mif | N/A
A5 | /home/agent/A5_kfor_v2.sif | kfor

A5 | /home/agent/A5_kmix_v2.sif | kmix
A5 | /home/agent/A5_kfit_v2.sif | kfit

A5 | /home/agent/A5_kctl_v2.sif | kctl

Parallel
Analyses

T rRHsHS kB ak A
— Institute of High Energy Plysics
. Chinese Academy of Sciences

Analysis
Result 1

Analysis
Result 2

Analysis
Result 3

,/..

Comparing
Outputs




“Wise” iteration: not random trial-and-error (advantage) S yugrntsran

Chinese Academy of Sciences

A key feature during fitting / model exploration Setting fit

params

® Read/interpret fit outputs from each iteration

Fitting #1

® Detect lack of improvement or instability

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

Fit results

® Decide the next configuration intentionally:

Parameter space
v Adjust which parameters are fitted /fixed
Updating fit

v' Update initial guesses based on previous fitted values params

v’ Tighten /relax constraints and ranges when appropriate &1

v" Run multiple configurations in parallel and find the best

10



Example Agent Output: Analysis of HEPS ID33 (BS) Data HEF;) W;@«;é;gw

Task submitted to NRS Agent:

® Convert B5 data to analysis-ready data

® Perform CONUSS fit

& openbrsai Q ey m @
® Report/plot best fit o \

=R "3 i

& WhEk >

s um > NRS Agent

Data Analysis Agent System for Nuclear Resonant Scattering

11
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Example Agent Output: Analysis of HEPS ID33 (BS) Data

Task submitted to NRS Agent:

® (Convert B5 data to analysis-ready data
® Perform CONUSS fit

&J openbrsai Q vy O
a5 B 5
® Report/plot best fit o« ||[Loreosn> @ & NRsAgent cos CIEED S /
=R FS ¥
| B wx oo o w e
3. CONUSS_analysis_agent: Goal: Run the CONUSS ketl analysis for A1 using the created ketl SIF and report fit results and plotting-
& Btk > relevant outputs. Inputs: input_kctl_SIF="/home/agent/A1_kctl.sif". Referenced run(s): A1 only. Report exactly: success/failure
confirmation, Normalized Chir2, fitted parameters, key output files for plotting, fulllist of output files if explicitly listed, data
& 28 > format statements if present, and complete kctl report. Required outputs / acceptance criteria: Results strictly for A1 only;

absolute paths for output files only if explicitly mentioned/listed in tool output (prepend /home/agent! if tool gives relative
names); do not infer missing filenames. Constraints: Run only after successful AT ketl SIF creation; if execution fails due to
missing/incorrect referenced files, report exact tool failure. Analysis label(s): A1

IS

plotter_agent: Goal: Generate a combined PNG plot for A1 showing measured, ftted, and residuals data from the kctl analysis,
with Normalized Chin2 annotation if the protocol text file provided by analysis output contains it. Inputs: use the A1 plotting-
relevant Grace-formatted output files explicitly reported by the AT CONUSS analysis run: measured Grace txt (3 columns), fitted
Grace txt (2 columns), residuals Grace txt (3 columns), plus optional A1 kctl protocol text file if explicitly reported; output_file="/
home/agent/A1_kctl_plot.png". Required outputs / acceptance criteria: For the successful plotting run, report the exact generated
PNG absolute path and the absolute paths/descriptions of the data files used; if plotting fails, report only the failure reason
exactly as returned. Constraints: Output path must be exactly /home/agent/A1_kctl_plot.png; no subdirectories; do not guess
input files—use only analysis-reported paths/records; combined plot requires Grace-formatted measured/fitted/residuals files.
Analysis label(s): AT

% | am using tools: convert_hdfS_to_txt_4

{3 hdfs_txt_converter_agent

HDFS-txt conversion was completed successfully for all requested datasets.
Absolute pointer txt file path: /home/agent/A1_apd3-converted_files-0.22-0.0_20.0-69.0_100.0.txt
Absolute converted txt file path: /home/agent/A1_apd3-BS_data_1-APD3-0.22-0.0_20.0-69.0_100.0.txt

%3 | am using tools: write_mif write_kfor_sif write_kmix_sif write_kfit_sif write_kctl_sif

12
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Example Agent Output: Analysis of HEPS ID33 (BS) Data

Task submitted to NRS Agent:

® Convert B5 data to analysis-ready data
® | Perform CONUSS fit

& openbrsai Q ey m O
® Report/plot best fit < oo s & Nesaget N - - R e &
D WE ¥
| B wx e
& Biklk > .
3 CONUSS_SIF_MIF_writer_agent
@ 9E 2 analysis number | path to created SIF/MIF | CONUSS executable compatible with SIF

A1 | /home/agent/A1b_feS7_fe.mif | N/A
A1 | /home/agent/Ab_Kfor.sif | kfor

A1 | /home/agent/A1b_kmix.sif | kmix
A1 | /home/agent/A1b_Kft.sif | kfit

A1 | /home/agent/Ab_ketlsif | ketl

@ 1 am using tools: CONUSS_kctl_analysis

{3 CONUSS_analysis_agent

Al referenced CONUSS kctl analyses were completed successfully.
normalized Chin2 = 152.96 +- 0.84

Parameter Fitted value Uncertainty  Units Notes
Material thickness 123176401 1LIE01 N/A value +- error
scaling factor 5.4279E+03 83E+01 N/A value +- error
time shift (ns) -5.9580E+00 18601 ns value +- error
FWHM resolution (ns) 8.8103E-01 23801 ns value +- error
File (absolute path) Description

/home/agent/A1b_ketl_ptl.txt Protocol of calculations

13




Example Agent Output: Analysis of HEPS ID33 (BS) Data

Task submitted to NRS Agent:

® Convert B5 data to analysis-ready data

Perform CONUSS fit

Report /plot best fit

fm%#%%?ﬁﬁﬂm&

@'
g Institute o of High Ene gy?ﬁ
. HEFS Chin ﬂ {my
£ openbrsai Q CenHPm O
penDrsai wx 3 NRsAgent + wRaE xq?ém f\; mO;iz

=8 23

Output file
| D WX 2026/06/22

” NRS data analysis TRAEE  THXE

& Wit Final x? = 152.96 + 0.84
B 88

Residuals
i

—— Fitted calculation
$ Measured data
i .

14



Current status S yausnrtenans

. of FHigh Tne gy?ﬁ
e/ HEFS - cademy of Sci

® Core architecture: complete and stable

® End-to-end processing: verified for HEPS Nuclear Resonant Scattering data
® Integration: fully connected with existing backends

® QOutput 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

15




How to access the NRS Agent

() 2 i P
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1M0% 9% ® & 5 =

d e - C

@ OpenDrSai

P WX
[SI11S

& Bhkk

| B Wkt
& B
=

& g8

@ opendrsal.ihep.ac.cn/?menu=agent_square&view=chat

OpenDrsai > EgkE 5

BHElE o

miEfEm

® ity w

c.cn

NRS Agent
@ ghaghighat@inhep a

Data Analysis Agent System for Nuclear
Resonant Scattering

FrbetE

&8

® 7y w

@ NRS Agent
ghaghighat@inep.ac.cn
Data Analysis Agent System for Nuclear
Resonant Scattering

FFeEaE

® Kt iy

a Rongzai Agent

{"en":"Rongzai-Your neutron scattering
data analysis assistant by CSNS data...

FHaTHE

o i o

Rongzai Agent
' gh 2 hep.ac.cn

{"en""Rengzai-Your neutron scattering
data analysis assistant by CSNS data...

FHEETE

+ Egini

® ity W ® i
g Drsai BESHILv3.0

& Dr.Sai Synchrotron
xiongdb@ihep.ac.cn

Ageneral assistant for Synchrotron. The Al agent for BESII analysis

Fri&E FrOAFHE

CenGm O

[

28 # B EEARER v C B

<>

w ® wif iy
@ YuanYuan_Agent

RF— B RS ERIEE T

FrekphE
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Backup Slides



BACKUP SLIDE A — CONUSS outputs captured by the agent — yagnsiors

e kctl protocol/log file

e Measured (exp), fitted (fit), residual (rsd) files
e Power spectra files (exp/fit/rsd)

e Iteration/results table

e Error ellipse outputs + correlation matrices
e Best-fit snapshots of SIFs and MIFs




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

7 YausnA LRI ag b
HEPS Institute of High Energy Plysics

Chinese Academy of Sciences

® Jsomer shift

® Magnetic hyperfine field (Bhf)

® Magnetic field direction angles (theta, phi)
® Quadrupole splitting

® Asymmetry parameter

® FEuler 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)

7 YausnA LRI ag b
HEPS Institute of High Energy Plysics

Chinese Academy of Sciences

® Read 3D dataset (X,Y, Z)

® Integrated intensity per image: sum over spatial axes — length Z
® Time for image N: time = N X coefficient

® Qutput TXT: header + two columns (time, intensity)

® Masked time ranges supported

® Parallelization at file level
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