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Introduction

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

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

¢ |[n Ver 3.33, a function “User Defined Model (UDM)” was implemented to

realize them.

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



User Defined Model

Model = Interaction + Particle

Two new sections:

[ User Defined Interaction ]
[ User Defined Particle ]



An example ...
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How to use

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).

Sample codes

(interaction) — [(1l) udm int sample.f90

(particle) —|(2) udm part sample.f90

(3) udm manager.f90




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.




(1) udm int sample.f90

ex+(Z,A) > ex+ X+ ...

udm_int_sample

udm Parameter
udm_Utility

Define a Name for this interaction.

caller This is used in the input file.

The number of incident particles
causing this interaction.

character(len=99), Name "my_interaction"
double precision, , Parameters(:)
integer, num_initial 2

integer, kf _initial(num_initial) (/ 11, -11 /)

kf-codes of the incident particles causing this interaction.
In this case, the electron (11) and positron (-11)




(1) udm int sample.f90

Define the total cross section per atom

double precision Xsec_per_atom(Kin,Z,A)

double precision Kin
integer Z
integer A

Xsec_per_atom 1.0d-6+Z 106 * Z barn




(1) udm int sample.f90

114

115
116
163
164 set_final_state_number 2
168
169 set_kf (1)
170 set_Total_Energy_in_MeV(1)
171 set_Px_in_MeV (1)
172 set_Py_in_MeV (1)
173 set_Pz_in_MeV (1)
181
182 set_kf (2)
183 set_Total_Energy_in_MeV(2)
184 set_Px_in_MeV (2)
185 set_Py_in_MeV (2)
186 set_Pz_in_MeV (2)

fill final state

113 generate_final_state Sampling final states

The number of final states

900000
E X

p_X+ sin(theta_X)
0.0d0

RSBl  Assign energy, etc to

“set” arrays
udm_kf_inciaent
E e
p_e sin(theta_e)
0.0do
p_e+cos(theta_e)




(Example of input file)

user defined interaction ]
number = 2

Name Bias
my interaction 1
my interaction 2 1
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4 functions
for user defined particle

function mass()

Define the mass of a particle.

function lifetime()
Define the lifetime.

function charge()
Define the charge.

subroutine decay
Define the decay patern.
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(2) udm part sample.f90

udm_part_sample

udm Parameter
udm Utility

caller

character(len=99),

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

VElul=

"my_particle”




(2) udm part sample.f90
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double precision mass()

mass-50.0 Set mass to 50 MeV
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Set lifetime to 0.1 x 10-2 second
62 VAl Set decay patters

b -
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Branching Ratio 50%

/

57 get_random_0tol())
two_body_decay_uniform(12,12)

three_body_decay_uniform(12,12,12)

decay

two body decay uniform (kfl, kf2)

Subroutine for 2-body decay, where kf-code of the final state is kf1 and kf2.
three body decay uniform (kfl, kf2, kf3)

Subroutine for 3-body decay, where kf-code of the final state is kf1, kf2, and kf3.




(Input file)
[ user defined particle ]
number = 1

S Name kfcode Parameters
my particle 900000 100 1.0e-9

- T X

Parameters(1) Parameters(2)

(udm part sample.f90)

double precision
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One additional note

e 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.

udm_Manager
udm_Parameter

udm_int_sample_1, caller_udm_int_sample_1 caller

Line up all modules udm_int_sample_2, caller_udm_int_sample_2 (o-18 ] g

you want to use.

udm_part_sample_1, caller_udm_part_sample_1 caller
udm_part_sample_2, caller_udm_part_sample_2 caller

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

user_defined_interaction(action, index)
integer action, index

Line up all interactions )? caller_udm_int_sample_1(action, index)
you want to use. 3 caller_udm_int_sample_2(action, index)

user_defined interaction

user_defined_particle(action)
integer action, index
index 1,udm_part_nMax

Line up all particles 34 caller_udm_part_sample_1(action, index)
you want to use. 3t caller_udm_part_sample_2(action, index)

call caller <module name>(action,index)

udm_Manager




Application example: Search for new particles
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Application example: Neutrino-induced effective dose

High precision of decay distribution by UDM

v

Muon decay
E>1TeV

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.
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Decay position




Application example: Kill particles

For computational speed-up, forcib

meet certain conditions (cel

y decay particles that

, energy, etc).
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Summary

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

v [ User Defined Interaction ]
v [ User Defined Particle ]

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

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