Recommendations of Parameter Setting in PHITS Input Files
Followings are the examples of PHITS input files with recommended parameter setting for each simulation. Each file is contained in its folder, together with its output files.
List

· BNCT:　Recommended setting for boron neutron capture therapy

· CosmicRay:　Recommended setting for cosmic-ray transport analysis
· Counter: Sample setting for using [counter]

· DCHAIN: Recommended setting for using [t-chain]

· DetectorResponse: Recommended setting for detector response calculation

· Fusion: Recommended setting for fusion facility shielding

· H10multiplier: Sample setting for calculating doses using Multiplier & [t-deposit]
· jendlHE: Recommended setting for using JENDL-4.0/HE

· muon: Recommended setting for muon transport analysis

· NuclearReaction: Sample setting for nuclear reaction cross section calculation

· ParticleTherapy: Recommended setting for dose estimation of particle therapy

· PhotonTherapy: Recommended setting for dose estimation of X-ray therapy
· SemiConductor: Recommended setting for soft-error rate calculation

· Shielding: Recommended setting for shielding calculation

· TrackStructure: Recommended setting for track structure mode

· XrayDiagnostic: Recommended setting for dose estimation of X-ray diagnostic
Update information
2019/6/9 We added a new recommendation setting for medical physics simulation of boron neutron capture therapy (BNCT).

2019/3/14 We added a new recommendation setting to use a high-energy nuclear data library JENDL-4.0/HE.

2018/3/7 From ver. 3.05, a function to calculate the deposition energy using Kerma approximation, which used to be implemented only in [t-heat], became available in [t-deposit]. Then, we recommend to use [t-deposit] instead of [t-heat] in all situations of deposition energy calculations, and deleted/replaced [t-heat] tallies in h10multiplier.inp and XrayDiagnostic.inp. 

2018/2/16 Trackstructure.inp was revised to calculate the probability density of ionizations and electronic excitations in certain regions by adding a new tally [t-interact].

2018/1/30 From ver. 3.03, the dose calculation method using predefined [multiplier] sections became available. “H10multiplier” was revised so as to use the new method. It was also revised to consider [weight window] with mesh = xyz, which became also available from ver. 3.03.
2017/8/4 We added a new recommendation setting for cosmic-ray simulation. [magnetic field] was introduced in “Counter” setting. [importance] was introduced in “Shielding” setting.
2016/6/10 From version 2.93, “file(1)” is introduced to specify PHITS installation folder name. When you properly set this parameter, you do not have to specify the name of other input files i.e. “file(7, 20, 21, 24, and 25)” unless you have changed the folder structure of PHITS. In addition, “emin” and “dmax” generally need not to be specified after this version, owing to the introduction of “nucdata” as well as the change of the default value of “negs”. Thus, [parameters] sections for all input files are revised.
2016/6/9　We added a new recommendation setting for track-structure simulation.

2016/12/16 We added a new recommendation setting for medical physics particularly for X-ray diagnostic.

2016/08/18 Owing to the implementation of “natural” parameter, the definition of elements in [material] section were revised.

2015/09/02 EGS5 is not used in neutron and photon transport simulations, i.e. shielding.inp, h10multiplier.inp, and fusion.inp
2015/3/12 We added a new recommendation setting for muon transport.

2015/3/10 In version 2.76, we introduce ascat1 and ascat2 parameters to adjust the magnitude of angular straggling calculated by Lynch’s equation (nspred = 2). Consequently, we recommend to use nspred = 2 in ParticleTherapy.inp. In addition, letmat for each tally is changed to -5, where negative letmat indicates that dE/dx of electron is automatically estimated from the databased developed based on the SRIM calculation for 1 g/cm3 water.

2015/1/29 In version 2.74, we recommend to use EGS5 (negs = 1) instead of the PHITS original algorithm for transporting electrons, positrons and photons for all recommendation settings. Consequently, you need to specify fil(20) parameter. On the other hand, you do not have to specify “file(14)” parameter after version 2.74, because the gamma de-excitation data contained in “trxcrd.dat” was incorporated in the source files of PHITS.
2014/9/26　Event generator mode version 2 is recommended (e-mode = 2) to be used for event-generator calculation.
2014/8/29　In version 2.70, we incorporated the photon, electron and positron transport algorithm of EGS5, and you can use EGS5 by setting negs = 1 as shown in PHITS-EGS5.inp. The function to consider the detector resolution was implemented in [t-deposit] tally, as shown in DetectorResponse.inp. We added a new recommendation setting for nuclear fusion reactor calculation.

2013/8/21 In version 2.60, we improved the algorithm for de-excitation of nucleus after the evaporation process by implementing EBITEM (ENSDF-Based Isomeric Transition and isomEr production Model). In reply to this improvement, “igamma” parameter in several recommendation settings was changed.

2012/12/17 In version 2.52, we improved the photon and electron transport algorithm. Thus, emin(12) and emin(13) were set to 100 keV. You can also decrease the value down to 1 keV, but if you set such low cut-off energies, the computational time becomes very long. A sample input for [t-dchain], which is used for generating input files of DCHAIN-SP, was added.

2012/9/24 Default values of some parameters were changed in PHITS 2.50. For example, the default model for describing nucleon-nucleus interaction was switched to INCL, and cut-off energies for deuteron, triton, He-3, alpha and nucleus were set to 1.0. Thus, some recommendation settings were revised. Please use PHITS 2.50 (or later) coupled with the latest data libraries for running these input files. Note that electron-atomic data library, which is included in PHITS package only after version 2.50, is utilized in several recommendations setting ‘emin(12)=1.0’.
2012/8/10 We changed the recommended cut-off energy of electron and positron i.e. emin(12) and emin(13) from 1 keV to 1 MeV, since we found bug in their transport algorithm. The sample inputs for ‘SimpleGEO’ are moved to ‘Tool’ section.

Description of each input file
1. DetectorResponse.inp
　A sample input file for calculating the detector responses for the isotropic irradiation. The detailed descriptions of some important parameters are given below:
[1]. e-mode in [parameters]: You have to activate the event-generator mode when you would like to obtain the event-by-event information such as the response function of a detector.

[2]. dir in [source]: You have to set “dir = iso” instead of “dir = -all” for simulating the isotropic source using the event-generator mode. The source particle flux inside the sphere with the radius of c3 should be pi*(c3)2.
[3]. dresol, dfano: Parameters for representing detector resolution introduced after ver. 2.70. When you set dresol=σr and dfano=F, the deposition-energy E of each event is fluctuated by following the Gaussian with standard deviation sqrt(σr 2 + FE).
2. Shielding.inp
　A sample input file for radiation shielding calculation. The nuclear data libraries must be used in the transport of low-energy neutrons and photons. You do not have to activate the event-generator mode, since event-by-event information is generally not requested in the shielding calculation. Thus, you can improve the accuracy of calculation by introducing high-energy nuclear data library such as JENDL-HE and LA150. Radiation doses are directly calculated from the flux of neutrons and photons multiplied with the pre-installed fluence-to-effective-dose conversion coefficients for AP irradiation geometry, using “multiplier” function in the [t-track] tally. You can reduce the computational time of shielding calculation by appropriately setting [importantce] or [weight window] section. See lecture/advanced/weightA & weightB in more detail.
3. ParticleTherapy.inp
  A sample input file for simulating charged-particle therapy. Using this input file, you can calculate the spatial distributions of dose and dose-equivalent, and probability densities of LET and lineal energy y. The detailed descriptions of some important parameters are given below:

[1]. e-mode in [parameters]: You have to activate the event-generator mode when you use the [t-let] or [t-sed] tallies.
[2]. nedisp in [parameters]: In order to calculate the depth-dose distribution precisely, you have to consider the energy straggling of charged particle.

[3]. nspred in [parameters]: In order to calculate the lateral divergence of doses from the beam axis, you have to consider the angular straggling of charged particle. For nspred = 2, you can adjust the magnitude of scattering angle by changing ascat1 and ascat2 parameters.
[4]. dedxfnc in [t-deposit]: The [t-deposit] tallies with dedxfnc = 0 and 1 give the absorbed dose and dose equivalent, respectively, where the dose equivalent can be obtained from the absorbed dose multiplied with the Q(L) relationship defined in ICRP60.
[5]. letmat: Negative value for letmat indicates that dE/dx of electron is automatically estimated from the databased developed based on the SRIM calculation for 1 g/cm3 water. In addition, the density of material specified by letmat should be defined in the absolute density in 1024/cm3, and the material should not be used in [cell] section.
4. PhotonTherapy.inp
　A sample input file for calculating the spatial distribution of doses in xyz-mesh for photon therapy. 20 MeV electrons are irradiated into W target to generate X-rays, and dose and track-length distributions are calculated inside W target and a phantom composed of ICRU soft tissue. The detailed descriptions of some important parameters are given below:

[1]. ipnint in [parameters]: High-energy photons can induce the giant dipole resonance, and produce neutrons. In this sample, the giant dipole resonance is considered, though the contributions of neutron to the energy deposition are generally not so large.

[2]. electron in [t-heat]: This parameter should be 1 when electron is transported.
5. SemiConductor.inp
　A sample input file for calculating the probability density of deposit energy in microscopic sites such as semi-conductor devices. The detailed descriptions of some important parameters are given below:

[1]. esmin: In order to calculate the deposit energy in microscopic site, you have to decrease the “esmin” parameter, which specifies the minimum energy for range calculation in PHITS.

[2]. e-mode: You have to activate the event-generator mode when you would like to obtain the event-by-event information such as the probability density of deposit energy.

[3]. [ Delta Ray ]: You have to consider the production of knock-out electrons so-called “-rays” when you would like to estimate the deposit energy in microscopic sites. In this sample, the -rays with energies above 0.01 MeV generated in the target region (reg = 1) are explicitly transported in the PHITS simulation.
6. NuclearReaction.inp
　A sample input file for calculating double-differential cross section (DDX) without using the “icntl = 1” option, which is currently under construction. In this sample, the secondary particles produced in the target material are scored by [t-product] tally as well as [t-cross] tally using the co-centric ring detectors. We recommend you to use the [t-cross] tally when you would like to reproduce DDX measured by counter experiments, since the influences of the multiple scattering in the target and air on DDX can be considered in the simulation.
7. H10multiplier.inp

  There are 3 methods for calculating ‘dose’ in PHITS, and this input file was made for describing the difference of them. The followings are the description of the 3 methods.

[t-track]: In this tally, dose is calculated from the particle fluence at a certain location multiplied with the dose conversion coefficients defined in [multiplier] section. The 3 dose conversion coefficients are used, which are H*(10) defined in this input file, and H*(10) and the effective dose for AP irradiation predefined in data/multiplier folder.
[t-deposit]: In this tally, dose is calculated from the ionization of charged particles as well as the Kerma approximation of neutral particles. Stopping powers and Kerma factors depend on the material density, and thus, there is a gap between doses in concrete and air regions.

8. Counter.inp

  A sample input file for using [counter] section. It calculates the event-by-event deposition energy distributions inside NaI scintillator located behind Al radiator. In the calculation, the contribution from primary particles that did not cause nuclear interaction in the Al radiator “primary.out” is separated by those from secondary particles that were generated in the radiator “secondary.out”, using [counter] section. This function is very useful for analyzing the systematic uncertainties in your experiments. 
9. dchain.inp
  A sample input file for connecting calculation between PHITS and DCHAIN-SP, using [t-dchain]. Please see readme-eng.pdf in the folder in detail.

10. fusion.inp
  A sample input file for nuclear-fusion related calculation. Only neutrons and photons are transported. In general, nuclear-fusion facilities are very large, and the [importance] section is specified in this input file.
11. muon.inp

 A sample input file for the muon transport calculation. The detailed descriptions of some important parameters are given below:

[1]. imuint in [parameters]: In order to calculate the muon-induced nuclear reaction based on the virtual photon theory, you have to set "imuint=1".

[2]. emumin, emumax in [parameters]: Parameters for minimum and maximum muon energies of muon-induced nuclear reactions. Cross section of the muon-induced nuclear reaction depend on emumin. If you change emumin, values of the cross section also change in the whole energy range. You can calculate muon-induced nuclear reaction with the muon energies above 100GeV by adjusting emumax.

[3]. mucap in [parameters]: In order to calculate the emission of characteristic X-rays from muonic atoms and capture of negative muons by nuclei, you have to set "imucap=1".

12. XrayDiagnostic

  A sample input file for the use of medical physics particularly for X-ray diagnostic. Low-energy photons (approximately below 1 MeV) cannot generate secondary electrons with long ranges, and thus transport of electron and positron is not necessary to be considered in low-energy photon simulation except when extremely high spatial resolution is required such as microdosimetric simulation. The transport of neutrons is also not necessary to be considered because only high-energy photon can induce photon-nuclear reaction Thus, “nucdata” is set to 0. For calculating the absorbed dose due to low-energy photon irradiation, Kerma approximation is more suitable than directly transporting electrons. Thus, the EGS5 mode should not be activated for the calculation because the algorithm of EGS5 is not suit for Kerma approximation.
13. TrackStructure

  A sample input file for the use of track-structure simulation. Using the track structure mode, PHITS can analyze ionization, excitation, and oscillation induced by electrons and positrons event-by-event. Currently, the cross sections only for liquid water are prepared in PHITS, and those for other materials are simply scaled based on their electron density. Track-structure simulation takes so long time that we cannot recommend to activate this mode in a conventional-scale particle transport simulation (~cm orders). The followings are the important parameters for this mode.

[1]. etsmax, etsmin in [parameters]: Maximum and minimum energies of particles simulated by track structure mode. You can set 'etsmin = 0', but we do not recommend the setting because computational time becomes extremely long. You have to set etsmax > 1.0 keV. We recommend to set this parameter below 1 MeV, otherwise the computational time becomes extremely long.
[2]. emin(12-13) in [parameters]: For the track structure mode, emin(12) and emin(13) should be set to 1.0e-3, and EGS5 should be activated (negs=1).

[3]. [trackstrucutre]: In this section, you have to specify the cells where you would like to perform track-structure simulation. “mID” represents the index of the cross section database used in the track-structure simulation, and currently you can select only 0 (no track structure simulation) or 1 (track structure simulation using liquid water cross section database). We are planning to prepare the cross section databases for other materials in future.
[4]. angel = cmum in [t-deposit]: You can change the unit of length scale from cm to μm using ANGEL parameter “cmum”. You can also change the scale unit to nm by “cmnm”, to mm by “cmmm”, to meter by “cmmt”, to km by “cmkm”.

14. CosmicRay

  A sample input file for cosmic-ray transport simulation. Extremely high-energy protons and heavy ions exist in space, and such high-energy particles can produce a large number of secondary particles by successively inducing nuclear reactions. Thus, default values of “mdbatima” and “maxbnk” might be too small, which are the maximum database size of ATIMA and the maximum banking memory size for secondary particle information, respectively. Thus, they are increased in this input file. The dose equivalent based on the Q(L) relationship should be evaluated for cosmic-ray dosimetry, and thus, the event generator mode is activated (e-mode=2). The accuracy for simulating nucleus-nucleus interaction is very important for cosmic-ray transport simulation, and thus, JQMD2.0 is used instead of its original version (irqmd=1). In general, cosmic-ray fluxes are calculated in the unit of /(MeV/u)/cm2/s, and thus, iMeVperU is set to 1.
15. jendlHE

  A sample input file for using JENDL-4.0/HE,1,2 which is a high-energy nuclear data library developed in Japan. It can precisely reproduce the double differential cross sections of nuclear reactions below 200 MeV in comparison to intra-nuclear cascade models particularly for lighter targets.3 The followings are the important parameters used in this input file.

[1]. dmax(1) & dmax(2) in [parameters]: Upper energy limit of library use for proton and neutron, respectively. We recommend to set them to 200 when you want to use JENDL-4.0/HE in the PHITS simulation.
[2]. [Material]: For neutron, the default nuclear data library used in PHITS is JENDL-4.0, irrespective of dmax(2). Thus, you have to specify the extension “.51c” after the name of the elements for which you want to use JENDL-4.0/HE. In the case that you can prepare JENDL-4.0/HE for all elements contained in a material, you can simply write “nlib = 51c” for the material. For protons, the default nuclear data library used in PHITS is JENDL-4.0/HE, and thus, it is not necessary to specify the proton data library name in [material] section. If you want to explicitly define the use of JENDL-4.0/HE as the proton data library, you can add “hlib = 51h” for the material.
[3]. [Data max]: In this section, you have to set the upper energy limit of library use for each element whose JENDL-4.0/HE has not been evaluated. For protons, dmax for such elements should be 0 because there is no other proton data library included in PHITS. For neutron, dmax for such elements should be 20 because JENDL-4.0 is adopted as the default library. Note that dmax in this section should be defined not for each isotope but for each element.
It should be mentioned that the event generator mode cannot be used in combination with JENDL-4.0/HE. Furthermore, the calculation of deposition energy is not feasible by using [t-deposit] nor [t-heat] because the kerma factors are not included in JENDL-4.0/HE. Thus, use of JENDL-4.0/HE is suit for shielding calculation and neutron source design, but not for most medical physics simulations such as treatment planning. Note that the absorbed doses in materials for which JENDL-4.0/HE is not used can be precisely calculated even when JENDL-4.0/HE is used for other materials in the same input file. It should be also noted that JENDL-4.0/HE only for several elements (H, Be for proton, C, 14N, O, Al, Fe) are included in the PHITS package, and those for other elements will be released via JAEA website in the future.
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16. BNCT

  A sample input file for medical physical simulation of boron neutron capture therapy (BNCT). In this input, the absorbed doses from 4 dose components (boron, hydrogen, nitrogen and photon) are separately calculated using the Kerma approximation. If you would like to calculate the biological effects of BNCT explicitly considering the production of He and Li ions, you have to use the recommendation setting of ‘ParticleThepray.inp’ instead of this input file. The followings are the important parameters used in this input file.

[1]. m2001-m2003 in [material]: These materials are not used in [cell] section, but used in the multiplier subsection of [t-track] for specifying their kerma factors.

[2]. mset1-3 in [t-track]: Boron, hydrogen, and nitrogen doses can be calculated by not [t-deposit] but [t-track] with the multiplier subsection. The format of mset is
(normalization_factor  material_ID_for_kerma_factor  1  -4)

The kerma factor is normalized to give absorbed dose in MeV when the atomic density is 1 x 1024 atom/cm3 and the flux is 1/cm2. Thus, if you would like to estimate the dose in Gy, you have to set the normalization_factor to the product of 1.6e-10 and the atomic density of the material in 1024 atom/g. For example, the hydrogen density in the ICRU soft tissue is 6.082E-02 (1024 atom/g), and the normalization_factor should be 1.6e-10*6.082E-02 = 9.7312e-12. Note that equations or user-defined constants such as c1 cannot be used in the multiplier subsection.
