
Introduction to PHITS-UDM
(User Defined Model)

Joint Symposium on Nuclear Data and PHITS in 2023, iVil, 15-17 Nov. 2023

Yasuhito Sakaki 
KEK (Radiation Science Center)



2

Introduction

• The major particles and interactions are already implemented in PHITS.

• However, in some applications, we want to implement new particles and 
interactions in PHITS.

• In Ver 3.33, a function “User Defined Model (UDM)” was implemented to 
realize them.

• We will add the detail in the manual of Ver 3.34.
(Or, see the manual on github of PHITS-UDM.)

?
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User Defined Model

Model = Interaction + Particle

Two new sections:

[ User Defined Interaction ]
[ User Defined Particle ]
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DetectorTarget

ALP production
ALP decay

γ

γe- beam

https://rcwww.kek.jp/research/shield/sakaki/_/2023/2d_xz.gif

An example ...

https://rcwww.kek.jp/research/shield/sakaki/_/2023/2d_xz.gif
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(1) udm_int_sample.f90
(2) udm_part_sample.f90
(3) udm_manager.f90

1. Create or obtain user code containing information on interactions and particles.


2. Place them in the phits/src/ folder.


3. Execute 'make' (to compile).

How to use

(interaction)

(particle)

Sample codes
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2 functions 
for user defined interaction

function Xsec_per_atom(...)
Define the total cross section.


subroutine generate_final_state
Sampling final state energies, momenta, etc.
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(1) udm_int_sample.f90

e± + (Z, A)  → e± + X + ...

Define a Name for this interaction. 
This is used in the input file.

The number of incident particles 
causing this interaction.

kf-codes of the incident particles causing this interaction.

In this case, the electron (11) and positron (-11)
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(1) udm_int_sample.f90

Define the total cross section per atom

10-6 * Z barn
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(1) udm_int_sample.f90

Sampling final states

The number of final states

Assign energy, etc to 
“set” arrays

End
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[ user defined interaction ]
  number = 2

$ Name               Bias
  my_interaction     1
  my_interaction_2   1

(Example of input file)
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function mass()
Define the mass of a particle.


function lifetime()
Define the lifetime.


function charge()
Define the charge.


subroutine decay
Define the decay patern.

4 functions 
for user defined particle
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(2) udm_part_sample.f90

Define a Name for this particle.

This is used in the input file.
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(2) udm_part_sample.f90

Set mass to 50 MeV

Set lifetime to 0.1 x 10-9 second

Set decay patters

Branching Ratio 50%

two_body_decay_uniform (kf1, kf2)
Subroutine for 2-body decay, where kf-code of the final state is kf1 and kf2.

three_body_decay_uniform (kf1, kf2, kf3)
Subroutine for 3-body decay, where kf-code of the final state is kf1, kf2, and kf3.
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[ user defined particle ]
  number = 1

$ Name           kfcode   Parameters
  my_particle    900000   100  1.0e-9

Parameters(1) Parameters(2)

(Input file)

(udm_part_sample.f90)
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One additional note

•UDM can also change the properties (lifetime, decay pattern, 
distribution, etc.) of particles already implemented in PHITS.

ex) Muon decay distribution
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(3) udm_manager.f90
Write the module name of the user code you want to use in udm_Manager.f90.

{
<latexit sha1_base64="yiLH8RrswGNTbqWflXYPSF0bg6A=">AAAB+HicbZDLSgMxFIbPeK31VnXpJlgEV2ValdqNFNy4rGIv0A4lk2ba0CQzJBmhDn0Dt7p2J259G5e+iel0EKv+EPj4zzmck9+PONPGdT+cpeWV1bX13EZ+c2t7Z7ewt9/SYawIbZKQh6rjY005k7RpmOG0EymKhc9p2x9fzerte6o0C+WdmUTUE3goWcAINta67SX9QtEtuanQXyhnUIRMjX7hszcISSyoNIRjrbu1yHgJVoYRTqf5XqxphMkYD2nXosSCai9JD52iY+sMUBAq+6RBqftzIsFC64nwbafAZqR/12bmf7VubIILL2Eyig2VZL4oiDkyIZr9Gg2YosTwiQVMFLO3IjLCChNjs1nY4otpPs2klgrNoXqWQa38nUmrUiqfls5vKsX6ZZZODg7hCE6gDFWowzU0oAkEAniEJ3h2HpwX59V5m7cuOdnMASzIef8CpcSUbg==</latexit>

Line up all modules 
you want to use.

use  <module name>,  caller_<module name>   =>  caller

{
<latexit sha1_base64="yiLH8RrswGNTbqWflXYPSF0bg6A=">AAAB+HicbZDLSgMxFIbPeK31VnXpJlgEV2ValdqNFNy4rGIv0A4lk2ba0CQzJBmhDn0Dt7p2J259G5e+iel0EKv+EPj4zzmck9+PONPGdT+cpeWV1bX13EZ+c2t7Z7ewt9/SYawIbZKQh6rjY005k7RpmOG0EymKhc9p2x9fzerte6o0C+WdmUTUE3goWcAINta67SX9QtEtuanQXyhnUIRMjX7hszcISSyoNIRjrbu1yHgJVoYRTqf5XqxphMkYD2nXosSCai9JD52iY+sMUBAq+6RBqftzIsFC64nwbafAZqR/12bmf7VubIILL2Eyig2VZL4oiDkyIZr9Gg2YosTwiQVMFLO3IjLCChNjs1nY4otpPs2klgrNoXqWQa38nUmrUiqfls5vKsX6ZZZODg7hCE6gDFWowzU0oAkEAniEJ3h2HpwX59V5m7cuOdnMASzIef8CpcSUbg==</latexit>

Line up all interactions 
you want to use.

call  caller_<module name>(action,index)

{
<latexit sha1_base64="yiLH8RrswGNTbqWflXYPSF0bg6A=">AAAB+HicbZDLSgMxFIbPeK31VnXpJlgEV2ValdqNFNy4rGIv0A4lk2ba0CQzJBmhDn0Dt7p2J259G5e+iel0EKv+EPj4zzmck9+PONPGdT+cpeWV1bX13EZ+c2t7Z7ewt9/SYawIbZKQh6rjY005k7RpmOG0EymKhc9p2x9fzerte6o0C+WdmUTUE3goWcAINta67SX9QtEtuanQXyhnUIRMjX7hszcISSyoNIRjrbu1yHgJVoYRTqf5XqxphMkYD2nXosSCai9JD52iY+sMUBAq+6RBqftzIsFC64nwbafAZqR/12bmf7VubIILL2Eyig2VZL4oiDkyIZr9Gg2YosTwiQVMFLO3IjLCChNjs1nY4otpPs2klgrNoXqWQa38nUmrUiqfls5vKsX6ZZZODg7hCE6gDFWowzU0oAkEAniEJ3h2HpwX59V5m7cuOdnMASzIef8CpcSUbg==</latexit>

Line up all particles 
you want to use.

call  caller_<module name>(action,index)
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Application example: Search for new particles

11 m 80 m 50 m
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Application example: Neutrino-induced effective dose

μ
π
n...

NeutrinoMuon
E > 1TeV

decay

High precision of decay distribution by UDM

Interaction of high energy 
neutrinos with matter

Create a database of the energy and momentum of the end-states with a neutrino-specific generator.

In the “generate_final_state” subroutine, read those data and assign them to the “set ” array.

(Earth)
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⌫e
<latexit sha1_base64="u4YA8Tf0dYCGl2Nv7KlncR3jnJY=">AAAB+3icbVBNS8NAEN3Ur1q/qh69LBbBU0mVor0V9OCxgmkLbSib7aRdutmE3Y1QQn6DVz17E6/+GI/+EzdpEGt9MPB4b4aZeV7EmdK2/WmV1tY3NrfK25Wd3b39g+rhUVeFsaTg0JCHsu8RBZwJcDTTHPqRBBJ4HHre7Cbze48gFQvFg55H4AZkIpjPKNFGcoYiHsGoWrPrdg68ShoFqaECnVH1azgOaRyA0JQTpQatSLsJkZpRDmllGCuICJ2RCQwMFSQA5Sb5rSk+M8oY+6E0JTTO1d8TCQmUmgee6QyInqq/Xib+5w1i7V+7CRNRrEHQxSI/5liHOHscj5kEqvncEEIlM7diOiWSUG3iWdriBWklz6SVofmTwCrpXtQbl/XmvV1r3xbplNEJOkXnqIGuUBvdoQ5yEEUMPaFn9GKl1qv1Zr0vWktWMXOMlmB9fAPKnpVd</latexit>

⌫̄µ
<latexit sha1_base64="DA1+HeBUgVFrmqAC9q9Zc/Lgga4=">AAACA3icbVC7SgNBFJ2NrxhfUUubwSBYhY0SNF1AC8sI5gHZJcxOZpMhM7PrPISwpPQbbLW2E1s/xNI/cXaziDEeuHA4517O5QQxo0q77qdTWFldW98obpa2tnd298r7Bx0VGYlJG0cskr0AKcKoIG1NNSO9WBLEA0a6weQq9bsPRCoaiTs9jYnP0UjQkGKkreR7AZKJJ8xs4HEzKFfcqpsBLpNaTiogR2tQ/vKGETacCI0ZUqrfiLWfIKkpZmRW8owiMcITNCJ9SwXiRPlJ9vMMnlhlCMNI2hEaZurviwRxpaY8sJsc6bH666Xif17f6PDST6iIjSYCz4NCw6COYFoAHFJJsGZTSxCW1P4K8RhJhLWtaSEl4LNS1kkjRf2ngWXSOavWzqv1W7fSvM7bKYIjcAxOQQ1cgCa4AS3QBhjcgyfwDF6cR+fVeXPe56sFJ785BAtwPr4BYhuZDw==</latexit>

µ
<latexit sha1_base64="pHL0V0B9aZgCpoZ/41DYtLKZ+F0=">AAAB+XicbVBNSwMxEJ2tX7V+VT16CRbBU9kqRXsr6MFjRWsL7VKyabYNTbJLkhXK0p/gVc/exKu/xqP/xOx2EWt9MPB4b4aZeX7EmTau++kUVlbX1jeKm6Wt7Z3dvfL+wYMOY0Vom4Q8VF0fa8qZpG3DDKfdSFEsfE47/uQq9TuPVGkWynszjagn8EiygBFsrHTXF/GgXHGrbga0TGo5qUCO1qD81R+GJBZUGsKx1r1GZLwEK8MIp7NSP9Y0wmSCR7RnqcSCai/JLp2hE6sMURAqW9KgTP09kWCh9VT4tlNgM9Z/vVT8z+vFJrj0Eiaj2FBJ5ouCmCMTovRtNGSKEsOnlmCimL0VkTFWmBgbzsIWX8xKWSaNFPWfBJbJw1m1dl6t37qV5nWeThGO4BhOoQYX0IQbaEEbCIzgCZ7hxUmcV+fNeZ+3Fpx85hAW4Hx8A0eilIQ=</latexit>

e
<latexit sha1_base64="BnZpVC/8AE6Xxi4PHwvLc5W9fDM=">AAAB93icbVBNSwMxEM3Wr1q/qh69BIvgqWyVor0V9OCxBVsL7VKy6WwbmmSXJCuUpb/Aq569iVd/jkf/idntItb6YODx3gwz8/yIM21c99MprK1vbG4Vt0s7u3v7B+XDo64OY0WhQ0Meqp5PNHAmoWOY4dCLFBDhc3jwpzep//AISrNQ3ptZBJ4gY8kCRomxUhuG5YpbdTPgVVLLSQXlaA3LX4NRSGMB0lBOtO43IuMlRBlGOcxLg1hDROiUjKFvqSQCtJdkd87xmVVGOAiVLWlwpv6eSIjQeiZ82ymImei/Xir+5/VjE1x7CZNRbEDSxaIg5tiEOH0aj5gCavjMEkIVs7diOiGKUGOjWdrii3kpy6SRov6TwCrpXlRrl9V62600b/N0iugEnaJzVENXqInuUAt1EEWAntAzenFmzqvz5rwvWgtOPnOMluB8fAOm3JOX</latexit>

�
<latexit sha1_base64="zl5yzbCSXNZF6V6IwFsGiaMmu3Q=">AAAB/HicbVBNSwMxEJ2tX7V+VT16CRbBU9kqRXsr6MFjBfsB7VKyadrGJtklyQplqb/Bq569iVf/i0f/idntItb6YODx3gwz8/yQM21c99PJrayurW/kNwtb2zu7e8X9g5YOIkVokwQ8UB0fa8qZpE3DDKedUFEsfE7b/uQq8dsPVGkWyDszDakn8EiyISPYWKnVG2EhcL9YcstuCrRMKhkpQYZGv/jVGwQkElQawrHW3VpovBgrwwins0Iv0jTEZIJHtGupxIJqL06PnaETqwzQMFC2pEGp+nsixkLrqfBtp8BmrP96ifif143M8NKLmQwjQyWZLxpGHJkAJZ+jAVOUGD61BBPF7K2IjLHCxNh8Frb4YlZIM6klqP4ksExaZ+XKebl665bq11k6eTiCYziFClxAHW6gAU0gcA9P8AwvzqPz6rw57/PWnJPNHMICnI9vgkuVww==</latexit>

n
<latexit sha1_base64="cqjnklJTKtxBobfDXX8A6yo9ljs=">AAAB93icbVBNSwMxEJ2tX7V+VT16CRbBU9kqRXsr6MFjC7YW2qVk02wbmmSXJCuUpb/Aq569iVd/jkf/idntItb6YODx3gwz8/yIM21c99MprK1vbG4Vt0s7u3v7B+XDo64OY0Voh4Q8VD0fa8qZpB3DDKe9SFEsfE4f/OlN6j88UqVZKO/NLKKewGPJAkawsVJbDssVt+pmQKuklpMK5GgNy1+DUUhiQaUhHGvdb0TGS7AyjHA6Lw1iTSNMpnhM+5ZKLKj2kuzOOTqzyggFobIlDcrU3xMJFlrPhG87BTYT/ddLxf+8fmyCay9hMooNlWSxKIg5MiFKn0YjpigxfGYJJorZWxGZYIWJsdEsbfHFvJRl0khR/0lglXQvqrXLar3tVpq3eTpFOIFTOIcaXEET7qAFHSBA4Qme4cWZOa/Om/O+aC04+cwxLMH5+Aa1B5Og</latexit>

p
<latexit sha1_base64="5+VJZNTnCdiLkbumnnVGIYGMfMs=">AAAB93icbVBNSwMxEM3Wr1q/qh69BIvgqWyVor0V9OCxBVsL7VKy6WwbmmSXJCuUpb/Aq569iVd/jkf/idntItb6YODx3gwz8/yIM21c99MprK1vbG4Vt0s7u3v7B+XDo64OY0WhQ0Meqp5PNHAmoWOY4dCLFBDhc3jwpzep//AISrNQ3ptZBJ4gY8kCRomxUjsalitu1c2AV0ktJxWUozUsfw1GIY0FSEM50brfiIyXEGUY5TAvDWINEaFTMoa+pZII0F6S3TnHZ1YZ4SBUtqTBmfp7IiFC65nwbacgZqL/eqn4n9ePTXDtJUxGsQFJF4uCmGMT4vRpPGIKqOEzSwhVzN6K6YQoQo2NZmmLL+alLJNGivpPAquke1GtXVbrbbfSvM3TKaITdIrOUQ1doSa6Qy3UQRQBekLP6MWZOa/Om/O+aC04+cwxWoLz8Q24LZOi</latexit>

⇡,K
<latexit sha1_base64="+CHT7gdoeZFh1bc+gaam9nnE8Bg=">AAAB+3icbVBNS8NAEJ3Ur1q/qh69LBbBg5RUKdpbQQ+ClwqmLbShbLabdulmE3Y3Qin5DV717E28+mM8+k/cpEGs9cHA470ZZuZ5EWdK2/anVVhZXVvfKG6WtrZ3dvfK+wdtFcaSUIeEPJRdDyvKmaCOZprTbiQpDjxOO97kOvU7j1QqFooHPY2oG+CRYD4jWBvJ6Ufs7G5QrthVOwNaJrWcVCBHa1D+6g9DEgdUaMKxUr1GpN0ZlpoRTpNSP1Y0wmSCR7RnqMABVe4suzVBJ0YZIj+UpoRGmfp7YoYDpaaBZzoDrMfqr5eK/3m9WPtX7oyJKNZUkPkiP+ZIhyh9HA2ZpETzqSGYSGZuRWSMJSbaxLOwxQuSUpZJI0X9J4Fl0j6v1i6q9Xu70rzJ0ynCERzDKdTgEppwCy1wgACDJ3iGFyuxXq03633eWrDymUNYgPXxDUFklQY=</latexit>

30 km10 mEarth
μ+

Decay position
Neutrino induced fluxes
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>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
<

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
:

<latexit sha1_base64="nqSuum7dleKwuVTucNWA7hEiVaI=">AAACWHicpVDLTgIxFL2MDx6+EJduGomJKwIqUXYkunCJiQgJQ7BTLtDQ6UzajgmZ8Hv+g+7cu9W1BUYj4s6TtDk5575yvFBwbcrl55Sztr6xmc5kc1vbO7t7+f3CvQ4ixbDJAhGotkc1Ci6xabgR2A4VUt8T2PLGVzO/9YhK80DemUmIXZ8OJR9wRo2VevkH18MhlzGzM/Q0R4jr/v9zUfa/JvbyxXKpPAdZJZWEFCFBo5d/dfsBi3yUhgmqdacWmm5MleFM4DTnRhpDysZ0iB1LJfVRd+N5EFNybJU+GQTKPmnIXP3ZEVNf64nv2UqfmpH+7c3Ev7xOZAaX3ZjLMDIo2WLRIBLEBGSWKulzhcyIiSWUKW5vJWxEFWXGZr+0xfOTTGozVL8TWCX3p6XKWal6e16sXyfpZOAQjuAEKnABdbiBBjSBwRO8wTt8pF4ccNJOdlHqpJKeA1iCU/gEozGrUw==</latexit>
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>>>
>>>
<

>>>
>>>
:

<latexit sha1_base64="VoA3Q7x8G+s/HOAb6Vz6vDuvDKY=">AAACK3icbVDLTgIxFO3gC/E16tJNIzFxRUAkyo5EFy4xkUfCTEinXKCh05m0HRMy4UP8CL/Bra5dady48D/swGhEOEmbk3Puoz1eyJnSxeKblVlZXVvfyG7mtrZ3dvfs/YOmCiJJoUEDHsi2RxRwJqChmebQDiUQ3+PQ8kZXid+6B6lYIO70OATXJwPB+owSbaSuXXY8GDARUzNDTXIYO87SywHR+ynq2vlioTgFXiSllORRinrX/nR6AY18EJpyolSnGmo3JlIzymGScyIFIaEjMoCOoYL4oNx4+rcJPjFKD/cDaY7QeKr+7YiJr9TY90ylT/RQ/fcScZnXiXT/0o2ZCCMNgs4W9SOOdYCToHCPSaCajw0hVDLzVkyHRBKqTZxzWzw/zaSaoPKbwCJpnhVK5ULl9jxfu07TyaIjdIxOUQldoBq6QXXUQBQ9oCf0jF6sR+vVerc+ZqUZK+05RHOwvr4BGvqkew==</latexit>
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Application example: Kill particles

For computational speed-up, forcibly decay particles that 
meet certain conditions (cell, energy, etc).
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Summary

• We can easily modify the transport process in PHITS with UDM.

✓ [ User Defined Interaction ]
✓ [ User Defined Particle ]

• By sharing user codes, other users can easily use the modification.

➡ It would be interesting if it could be shared on the PHITS forum, etc. 
(Any good ideas?)


