
Nano-Particle Transition Matrix code
G. La Mura, G. Mulas, M. A. Iatì, C. Cecchi Pestellini,

G. Aresu, S. Rezaei, R. Saija

Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Spoke 3 III Technical Workshop, Perugia 26-29 Maggio,  2025



Scientific Rationale

Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Radiation scattering on particles embedded in a transmissive 
medium has many applications:
-  physics of aerosols (atmospheric physics)
-  material investigation
-  radiation transfer
-  interstellar medium and extinction
Exact solution possible only in simple cases.
For realistic cases, numerical approaches are needed  T-matrix→
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Progress (1 of 2)
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Hardware: ASUS Zenbook
      CPU Intel Core i9 (20-core)
      8 GB GPU RAM
      32 GB RAM

from M8 to M9

Nsph = 4, Lmax = 12, 1344 x 1344 matrix
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Make complex models accessible to scalable hardware:

● port linear algebra operation to optimized libraries & GPUs

● use MPI / OpenMP to parallelize independent scales

Nsph = 13, Lmax = 14, [5824 x 5824]

Nsph = 42, Lmax = 14
[18816 x 18816]

Nsph = 42, Lmax = 6, [4032 x 4032]

Technical Objectives, Methodologies and Solutions



Technical Objectives, Methodologies and Solutions
Increase the range of accessible parameter space:

● auto-detect / adjust calculation order

● iterative matrix inversion refinement

● new model definition in YAML format

● implementation of full scalability 

0.2 μm

Dynamic L → OK

Small L → not converging

Large L → numerical instability
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Main Results
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Dynamic order configuration led to further 8x speed up.

● Improvement not strongly dependent on matrix size

● Largely affected by wavelength range

● Tested with best configuration for different particles

8.5x 8.2x
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Main Results
Publication I (KPI):

Interstellar dust as a dynamic 

environment (Adv. in Sp. Res., 2025, 

DOI:10.1016/j.asr.2025.05.002)
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https://kwnsfk27.r.eu-west-1.awstrack.me/L0/https:%2F%2Fdoi.org%2F10.1016%2Fj.asr.2025.05.002/1/01020196dab11153-0eb4909d-082a-4533-bc54-4bafbf40c61e-000000/uojSrmzIt8MkJ0j4IjdP-2Uz94g=426
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Milestone Objectives Actions Completion time

M7
● Porting of original code to C++
● Code profiling
● Bottle-neck identification

● Program kernels ported
● Development cases profiled
● Heaviest step: inversion

February 2024

M8
● Parallelization of bottleneck
● First GPU offload (library driven)
● Profiling of advanced models

● Implemented MAGMA
● Configured OpenMP & MPI
● Developed advanced models
● Attended CINECA HACKATHON

June 2024

M9
● Scalable implementation
● Hierarchical parallelism
● Preliminary science results

● Attended ATPESC 2024
● Added OpenMP offload
● Poster in EAS 2024
● Invited talk in SPIG 2024

October 2024

M10a
● Configurable implementation
● Output optimization
● Advanced models

● autoconf → proprietary config
● Binary I/O refactoring
● Inclusion kernel ported

April 2025

M10b (end) ● Technical paper / Science res. ● Improved input & documents exp. Dec. 2025

Progress (2 of 2)



Final Steps
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Current activities:

● Calculation of models for exo-planetary atmospheres

● Profiling & parallelization of TRAPPING code

● Production of code description technical paper

● Documentation and interface development

Project status and goals:

● Overall progress ~80% completed

● Development of advanced particle models

● Publication of code technical description (Dec. 25)

 Achievable by December 2025? Yes

GitHub repository GitLab homepage

https://github.com/GLAMURA81/NP_TMcode_release/tree/main
https://www.ict.inaf.it/gitlab/giacomo.mulas/np_tmcode
https://github.com/GLAMURA81/NP_TMcode_release
https://www.ict.inaf.it/gitlab/giacomo.mulas/np_tmcode


Final Steps
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Exo-planetary atmospheres important for:

● Upcoming detailed datasets from major astronomical 

ffacilities (JWST, SKA, E-ELT)

● Lack of quantitative constraints from current models

● Large particle sizes (benchmark for code possibilities)

● Stability of involved chemical compounds

HD 209458b



Back-up: distribution of expansion orders
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Back-up: distribution of expansion orders
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Back-up: T-Matrix definition
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E=E0 ê exp(i k⋅r)

iB=i n E0(k̂×ê)exp(i k⋅r)
Multipolar exp.:

E=E0 ∑
p lm
J l m

(p)(r , k)W lm
(p)(ê , k̂)

iB=i n E0 ∑
p lm
J l m

(p)(r , k)W lm
(p ')(ê , k̂)

EI=E0 ∑
p lm
J l m

(p)(r , k)W lm
(p)(ê I , k̂ I) Scattered field: ES=E0 ∑

p lm
H l m

(p)(r , k)A lm
(p)(ê I , k̂ I)

ES=SEI

A lm
(p)(ê I , k̂ I)= ∑

p ' l ' m '
Slml ' m'

(p p ') W l ' m '
(p ') (ê I , k̂ I)

Dimensions: [2 Np Lmax (Lmax + 2) x 2 Np Lmax (Lmax + 2)]

Borghese, Denti & Saija (2007, DOI:10.1007/978-3-540-37413-8)

Vector fields:

Incident field:

The Transition Matrix is the linear operator defined by:

its elements being the complex quantities Slml’m’
(pp’) that verify:

Field expansion truncated at convenient order 

Lmax (see Wiscombe 1981, Appl. Opt., 19, 1505)
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