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背景
• 「空気シャワーシミュレーション = CORSIKA」という現状
• 空気シャワー観測の精密化、応⽤の広がりから空気シャワーシミュレーションの

重要性が増している。CORSIKAだけでいいか？=> CORSIKAも⼤幅アップデー
ト(CORSIKA8)が進⾏中
• 空気シャワー計算は直接較正ができないため、複数のコードが必要
• 応⽤に向けた⾃由度の⾼いコードが必要（複数のコードが個性を出してもいい）

• 笠原が開発したCOSMOSが古くから存在
• COSMOSを受け継ぎ、CORSIKAの検証・CORSIKAと違う応⽤、を実現しよう。
• 空気シャワーシミュレーション開発を通して、空気シャワーの物理・シミュレー

ション技術を学び続けよう => COSMOS Xの開発
• 主催者も「学び」中です。COSMOS Xは過去のCOSMOSから⼤幅変更をしたの

で、未確認の機能がたくさんあります。教えながら学ぶので、⼀緒に開発に参加
するつもりで協⼒お願いします。=> Slackを継続します
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空気シャワー
シミュレーションとは何か？
• 粒⼦ひとつひとつの運動と反応を追い続ける

• 「⼗分低いエネルギー（恣意的）」になったら吸収

• 連続的な変化：電離損失、電磁場中の運動
• 「⼗分に短いステップ」で計算

• 不連続な反応：「平均⾃由⾏程∝（密度・断⾯積）-1」や
「寿命」で表現される確率過程
• 粒⼦増殖とエネルギー減少、粒⼦種の変化
• 反応後の粒⼦種分布、エネルギー分布、⾓度分布
• 正確な素課程（微分断⾯積）の情報が必要

• 次に何が起きるか？の確率過程をサイコロ（乱数）を振って決めていく
=> モンカルロ計算・⼀⼈の⺟親から始まる数10世代の巨⼤⼈⽣ゲーム

• 空気シャワーの平均的描像ではなく、fluctuationも評価可能

異なる素課程が競合する例
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CORSIKAでいいじゃん？
• いいよ
• CORSIKAを⾃分で使える？やりたいことができる？
（誰かが作ったパッケージを動かしているだけじゃない？）
• たくさんのオプションを「選ぶ」
• ⾃分のやりたいオプションがあるか？

• CORSIKA8が普及したら何が起きる？
「え、CORSIKA7と違う！」
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CORSIKAと COSMOSの⽐較

We also note that the data dumping is different between CORS-
IKA and COSMOS. In CORSIKA, the grid points of the vertical atmo-
spheric depth have a spacing of Dxv ¼ 1 g/cm2. On the other hand,
in COSMOS, the grid points are defined at xv ¼ 0, 100, 200 g/cm2,
and after 200 g/cm2 they have a spacing of Dxv ¼ 25 g/cm2. So
the data from CORSIKA simulations are dumped in every Dxv ¼
1 g/cm2, while the data from COSMOS are dumped in every
Dxv ¼ 100 g/cm2 for xv 6200 g/cm2 and in every Dxv ¼ 25 g/cm2

for xv > 200 g/cm2.

3. Comparison of CORSIKA and COSMOS simulation results

3.1. Longitudinal distribution of particles

When UHECRs strike the atmosphere, most of the particles ini-
tially generated are neutral and charged-pions. Neutral-pions
quickly decay into two photons. Charged-pions (positively or neg-
atively charged) survive longer, and either collide with other parti-
cles or decay to muons and muon neutrinos. Those particles
produce the so-called EM and hadronic showers. In EM showers,
photons create electrons and positrons by pair-production, and in
turn electrons and positrons create photons via bremsstrahlung,
and so on. EM showers continue until the average energy per par-
ticle drops to "80 MeV. Below this energy, the dominant energy

loss mechanism is ionization rather than bremsstrahlung. Then,
EM particles are not efficiently produced anymore, and EASs reach
the maximum (see the next subsection). In hadronic showers,
muons and hadrons are produced through hadronic interactions
and decays. Here, hadrons include nucleons (neutrons and pro-
tons), pions, and kaons.

The number of secondary particles created by EM and hadronic
showers initially increases and then decreases, as an EAS develops
through the atmosphere. The distribution of particles along the
atmospheric depth is called the longitudinal distribution [33,34].
Here, we first compare the longitudinal distributions from CORSI-
KA and COSMOS simulations, and analyze the differences in pho-
ton, electron, muon, and hadron distributions.

Figs. 1 and 2 show the typical longitudinal distributions as a
function of slant atmospheric depth, xs ¼ xv= cos h. Lines represent
the numbers of particles averaged for 50 EAS simulations, hNi, and
error bars mark the standard deviations, r, defined as

r ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

nsim

Xnsim

i¼1

ðNi $ hNiÞ2
vuut : ð1Þ

Here, nsim ¼ 50 is the number of EAS simulations for each set of
parameters and Ni is the number of particles at xs in each simulation.
The EASs shown are for proton and iron primaries, respectively, with
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Fig. 1. Longitudinal distribution of photons, electrons, muons, and hadrons for EASs of proton primary with E0 = 1019:5 eV and h ¼ 0! (left panels) and 45! (right panels). Lines
represent the averages of 50 simulations, and error bars mark the standard deviations. For clarity, only the error bars of CORSIKA results are shown.
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results, the data in every Dxv ¼ 25 g/cm2 were used. So a larger
systematic error may exist in COSMOS results.

The results for hXmaxi and rXmax in Fig. 3 and Table 2 are summa-
rized as follows. First, the difference between CORSIKA and COS-
MOS results in hXmaxi is at most "16 g/cm2 for both proton and
iron primaries. It is smaller than the fluctuation, rXmax . Second,
the difference between hXmaxi’s for proton and iron primaries is
typically " 70# 80 g/cm2, which is beyond the fluctuations both
in CORSIKA and COSMOS simulations as well as the difference
between CORSIKA and COSMOS results. Third, rXmax is " 40#
60 g/cm2 in for proton primary, while it is " 20# 25 g/cm2 for iron
primary. rXmax is somewhat larger in CORSIKA than in COSMOS, as
is clear in Fig. 3; the difference is larger for proton primary. Fourth,
our CORSIKA results agree with those of Wahlberg et al. Yet ours
are smaller by up to "10 g/cm2. A number of possible causes can
be conjectured. Our simulations performed with versions, models,
and parameters different from those of Wahlberg et al. In our work
hXmaxi is defined as the depth of the peak in the number of elec-
trons above 500 keV, while in Wahlberg et al. it was defined as
the depth of the peak in overall energy deposit. Also the error in
the fitting could be in the level of "10 g/cm2. Although not shown
here, we found that hXmaxi for different zenith angles varies by up
to "10 g/cm2.

3.3. Kinetic energy distribution of particles at the ground

In EASs, a fraction of secondary particles reach the ground.
Those particles deposit a part of their energy to ground detectors,
such as scintillation detectors or water Cherenkov tanks. In exper-
iments, by measuring the amount and spatial distribution of the
deposited energy, the primary energy and arrival direction of
UHECRs are estimated [39]. Here, we present the kinetic energy
(i.e., the total energy subtracted by the rest-mass energy) distribu-
tions of secondary particles over the entire ground; the amount of
energy deposited to detectors is determined by the kinetic energy.

Fig. 4 shows the typical kinetic energy distributions of photons,
electrons, muons, and hadrons, including particles in the shower
core; here the EAS is for iron primary with E0 ¼ 1019:5 eV and
h ¼ 0$. Lines are the averages of 50 EAS simulations, and error bars
mark the standard deviations, r, defined similarly as in Eq. (1). Ta-
bles 3–5 show the total kinetic energies (E) and numbers (N) of
particles reaching the ground for each particle species. Again, they
are the averages of 50 EAS simulations. To further analyze the ki-
netic energy distributions of different components, hadrons were
separated into nucleons, pions, and kaons, and shows their
distributions.

We first point that although Nphoton % Nelectron % Nmuon % Nhadron

for all the cases we simulated as shown in Tables 5 and 6, the en-
ergy partitioning depends on EAS parameters and varies signifi-
cantly as shown in Tables 3 and 4. For instance, in the EAS of
iron primary with E0 ¼ 1019:5 eV and h ¼ 0$ which is shown in Figs.
4 and 5, the partitioning of the kinetic energies of particles reach-
ing the ground is EEM : Emuon : Ehadron " 1 : 0:18 : 0:11. On the other
hand, in the EAS of proton primary with E0 ¼ 1018:5 eV and
h ¼ 45$; EEM : Emuon : Ehadron " 1 : 1:1 : 0:11.

We found that the difference between CORSIKA and COSMOS
results in Figs. 4 and 5 is up to 30%, but yet the difference is within
the fluctuation at most energy bins. Tables 3–5 indicate differences
of up to 30% in the integrated kinetic energies and numbers. There
are following general tends: (1) For most cases, CORSIKA predicts
larger energies for photons and electrons, while COSMOS predicts
larger energies for muons. (2) The difference is larger for proton
primary than for iron primary. (3) The difference is larger for larger
E0 and for larger h. We note that larger numbers of particles do not
necessarily mean larger energies; this point is particularly clear for
muons.

3.4. Energy deposited to the air

Interactions between air molecules and secondary particles
yield UV fluorescence light, which is observed with fluorescence
telescopes in UHECR experiments [40,41]. The energy estimated
through observation of UV fluorescence light is called the calori-
metric energy, and it is used to infer the primary energy of UHECRs
[42]. The energy released as the fluorescence light is determined by
the energy deposited to the air, Eair. So in order for the primary
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Fig. 3. Average of shower maximum, hXmaxi (upper panel), and standard deviation,
rXmax (lower panel,) as a function of primary energy. Lines are the least chi-square
fits of the values in Table 2, which were calculated for 250 simulations for all zenith
angles. The result reported in [38] is included for comparison.

Table 2
Average and standard deviation of Xmax, which were calculated for 250 simulations for all zenith angles.

Depth of shower maximum, Xmax (units: g/cm2)

Primary log10E0 (eV) 18.5 18.75 19 19.25 19.5 19.75 20

Proton CORSIKA hXmaxi 754.1 768.7 779.5 789.3 802.1 810.3 821.8
rXmax 52.6 59.4 55.1 49.0 55.8 50.0 50.7
COSMOS hXmaxi 746.2 760.0 774.9 781.2 781.3 813.8 836.8
rXmax 46.8 45.2 53.1 50.2 48.5 42.2 40.9

Iron CORSIKA hXmaxi 672.5 682.2 698.0 711.8 722.3 735.8 747.6
rXmax 23.1 20.9 23.6 23.4 23.5 25.2 23.6
COSMOS hXmaxi 671.9 698.6 704.9 702.8 713.0 742.7 754.4
rXmax 19.5 24.6 20.5 23.2 19.0 18.7 21.8
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COSMOS X as a general purpose air shower simulation tool 
T. Sako,𝑎 T. Fujii,𝑏,𝑐 K. Kasahara,𝑑 H. Menjo,𝑒 N. Sakaki, 𝑓 N. Sakurai,𝑔 A. Taketa,h Y. Tameda𝑖 for the COSMOS X development team 

a Institute for Cosmic Ray Research, the University of Tokyo, 𝑏 Hakubi Center for Advanced Research, Kyoto University, 𝑐 Graduate School of Science, Kyoto University, 𝑑 Faculty of Systems Engineering and Science, Shibaura Institute of Technology, 𝑒Institute for Space-
Earth Environmental Research, Nagoya University, 𝑓 Computational Astrophysics Laboratory, RIKEN, 𝑔Graduate School of Science, Osaka City University, hEarthquake Research Institute, University of Tokyo, 𝑖Osaka Electro-Communication University, Department of 

Engineering Science

User code and input files (FirstKiss as an example)

chook.f
subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent
subroutine chookEnRun
subroutine chookTrace
subroutine chookEInt
subroutine chookGInt
subroutine chookNEPInt

param
ASDepthList = 3000, 4000.0 6000.0 
10000.0 .0 .0 .0
ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, 
Azimuth = (0.0,360.0),
BaseTime = 10.0,
Cont = F,
ContFile = ' '
CosZenith = (0.9, 0.9)
CutOffFile = ' ',
Ddelta = 5.00,

:
PrimaryFile = 'primary',

:

primary
'iso 12 6' 'GeV' 'KE/n' 'd' 0 /

100 1.
0. 0.

cosmosLinuxGfort
(executable)

standard 
input MC condition parameters

User hook functions

Primary particle setting

link

COSMOS system functions

cosmos/cmain.f

Manager/cmanager.f

Manager/cbeginRun.f

Manager/ceventLoop.f

call

call

call
Tracking/ctracking.f

Tracking/cobservation.f

call

Tracking/cinteraction.f call
callcall

COSMOS User Interface

COSMOS X

• Air shower MC simulation tool becomes more and more important in CR physics
• PID, muon puzzle, LHC, thunder cloud, solar gamma rays, etc…

• COSMOS is an air shower MC simulation tool with flexible user control functions
• Combining with a detector simulation tool EPICS, extended COSMOS, COSMOS X, is born

ICRC2021 (Berlin, online) ID725
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COSMOS X Applications

SOIL 2.3m

CONCRETE 0.3m
Air 0.9m

CONCRETE 0.3m

WATER 1.5m

GROUND LEVEL

SOIL
100 TeV proton by COSMOS X

10TeV p

http://cosmos.icrr.u-tokyo.ac.jp/COSMOSweb/

Trajectory of a charged particle 
trapped in the geomagnetic field  

A 100TeV proton shower above 
and below the ground

Tracking of a 10TeV proton 
in the solar atmosphere

Non-air materials

Magnetic field

Non-earth atmosphere

• Variety of applications are possible using COSMOS X
• Non-air materials : any gas, liquid solid
• Arbitrary magnetic and electric fields
• Non-earth conditions : spherical shell structures with a common center and arbitrary radii

• Try, enjoy and feedback us!! 7

http://cosmos.icrr.u-tokyo.ac.jp/COSMOSweb/


COSMOS Xできるけどできないこと
• COSMOS9で実装されていたが、COSMOS X実装で未完了な部分

• ハドロン相互作⽤モデルの切り替え（次リリースで可）
• 現在準備中の機能

• ニュートリノ起源事象の計算（ニュートリノ反応は外部モデル利⽤を仮
定、将来はモデルも組み込む）

• 不具合報告歓迎
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FirstKissの説明

9



First Kiss sample
空気シャワーシミュレーションに必要な⼊⼒

• ⼊射粒⼦の
• 種類
• エネルギー
• 到来⽅向（天頂⾓、⽅位⾓）
• ⼊射⾼度

• 観測地点の
• 緯度、経度、標⾼

• 繰り返し回数
• 使⽤する相互作⽤モデル
これらはユーザーの⽬的によらず必須

空気シャワーシミュレーションで必要な出⼒
• ⾼度指定？⼤気中？
• 全粒⼦？条件指定（エネルギー、粒⼦種…）？
• 粒⼦の物理量？トラック？ヒストグラム？
これらはユーザーの⽬的に⼤きく依存

この３つ（のうち重要部分）だけ理解しよう全ての粒⼦の⼤気中のトラックを出⼒し可視化 10

primary

param

chook.f



primary file

• ⼊射粒⼦の種類とエネルギーを指定するファイル
• #で始まる⾏はコメントなので無視
• 本体の１⾏⽬

• ʻiso 14 7ʼ は「質量数14, 原⼦番号 7の原⼦核」つまり「窒素原⼦核」
• エネルギーの単位は “GeV”, エネルギーの定義は “KE/n” (kinetic energy per nucleon)

• 注：1GeV/nの運動エネルギー（KE）を持つ窒素原⼦核は、全体で 14GeVの運動エネルギーを
もつ。質量エネルギー（約1GeV/核⼦）も含めると全体で 約28GeVのエネルギー。⼊射原⼦核
のエネルギーの定義には要注意。

• スペクトル（ここでは関係ない）のタイプは “d”つまり微分スペクトル
• フラックスの重み（ここでは関係ない）はゼロ

• 本体の２⾏⽬
• 100 GeV/n
• 相対フラックス強度１

• 結局、このファイルは「運動エネルギー 100GeV/nの窒素原⼦核」を指定するもの

Nucleon = 核⼦(陽⼦と中性⼦)
Nucleus = 原⼦核
Nuclei    = 原⼦核の複数形
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さまざまな primary指定
• CosmosX_0.08/LibLoft/Data/Primary/ にサンプルあり
• 右の例は、protonとHeの mixed compositionでそれぞ

れの微分スペクトルを指定すると、flux⽐に応じて⼊射
粒⼦種とエネルギーを決定

• 下の例は 10TeV ガンマ線⼊射の例
• 各スペクトルの最後は”0  0”で指定

12



param file
観測地の緯度経度・地磁気計算の
ための時間DepthList:  観測⼤気深さのリスト（kg/m2）

HeightList: 観測⾼度のリスト（m）

DepthListが優先される。HeightListを使いたい
時は、対応するDepthListの数値を負にしておく。

InitRN: 乱数seed。⼆番⽬が負の時は計算機の時
刻を利⽤。

PrimaryFile: ⼊射粒⼦情報を指定した primary 
fileのファイル名を指定

CosZenith, Azimuth: ⼊射天頂⾓（の cosine）
と⽅位⾓の範囲を指定

DestEventNo: 2番⽬の数が⼊射粒⼦数を指定

最低限これだけ知っていれば、いろいろなこと
ができる。 13



param file (2)
Generate: “as”を指定すると電磁シャワーはB近似で置き換え。縦
発達だけを⾼速で計算したい時、ハドロン反応だけを追いたい時、
は有効。”em”は電磁シャワーを完全追跡（default）。”em/as”は両
⽅実施。

IntModel: ハドロン反応モデル。右の例は <2GeVで PHITSを、
>2GeVで DPMJET3を利⽤。（この切り替え次リリースで。最優先
事項。）

Trace: Trace file出⼒の⽅法。全粒⼦のトラックを含む巨⼤な出⼒
ファイルができるので、⾼エネルギー、複数⼊射の時はゼロにする
こと。トラック出⼒を⾃分で定義したい時は 100<=Trace<160とし、
chookTraceを⾃分で記述。
FirstKissでは Trace=21で、⾃動的に定型の trace fileが⽣成される。
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chook.f

• 計算の要所要所でユーザーが書く
subroutine chookXXXが⾃動的に呼ばれる。

• chook.f内の subroutineと endの間と⾃分で
書けば、好きな処理をできる。

User code and input files (FirstKiss as an example)

chook.f
subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent
subroutine chookEnRun
subroutine chookTrace
subroutine chookEInt
subroutine chookGInt
subroutine chookNEPInt

param
ASDepthList = 3000, 4000.0 6000.0 
10000.0 .0 .0 .0
ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, 
Azimuth = (0.0,360.0),
BaseTime = 10.0,
Cont = F,
ContFile = ' '
CosZenith = (0.9, 0.9)
CutOffFile = ' ',
Ddelta = 5.00,

:
PrimaryFile = 'primary',

:

primary
'iso 12 6' 'GeV' 'KE/n' 'd' 0 /

100 1.
0. 0.

cosmosLinuxGfort
(executable)

standard 
input MC condition parameters

User hook functions

Primary particle setting

link

COSMOS system functions

cosmos/cmain.f

Manager/cmanager.f

Manager/cbeginRun.f

Manager/ceventLoop.f

call

call

call
Tracking/ctracking.f

Tracking/cobservation.f

call

Tracking/cinteraction.f call
callcall

COSMOS User Interface

subroutine

15



chook.f
chookObs( aTrack, id) : 粒⼦が指定観測⾼度に
達した時に呼ばれる。Track型の構造体 aTrackに
該当粒⼦の全ての情報が、idには サブルーチン
が呼ばれた理由があり。

16



FirstKiss出⼒（１）

17

• chookObs()で指定した標準出⼒と trace
のふたつの出⼒

• ⾃分に必要な情報だけを出⼒すればいい

chookObs()による出⼒



FirstKiss出⼒（２）
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• chookObs()で指定した標準出⼒と traceのふたつの出⼒
• trace 出⼒(predefined)
• “x, y, z, ID, KE, Q”を、ひとつの粒⼦についてtrackが終わるまで羅列
• ひとつの粒⼦のtrackが終わったら空⾏で区切り
• これをひたすらつないで描いたので、ReadTraceMacro.Cの出⼒
• 100<=Trace<160として、subroutine chookTrace を書けば、⾃分の望み

のtrace出⼒ができる。（全ての粒⼦の運動にアクセスできる。）



COSMOS Xのまとめ
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User code and input files (FirstKiss as an example)

chook.f
subroutine chookBgRun
subroutine chookBgEvent
subroutine chookObs
subroutine chookEnEvent
subroutine chookEnRun
subroutine chookTrace
subroutine chookEInt
subroutine chookGInt
subroutine chookNEPInt

param
ASDepthList = 3000, 4000.0 6000.0 
10000.0 .0 .0 .0
ASHeightList = .0, .0, .0, .0, .0, .0, .0, .0, .0, .0, 
Azimuth = (0.0,360.0),
BaseTime = 10.0,
Cont = F,
ContFile = ' '
CosZenith = (0.9, 0.9)
CutOffFile = ' ',
Ddelta = 5.00,

:
PrimaryFile = 'primary',

:

primary
'iso 12 6' 'GeV' 'KE/n' 'd' 0 /

100 1.
0. 0.

cosmosLinuxGfort
(executable)

standard 
input MC condition parameters

User hook functions

Primary particle setting

link

COSMOS system functions

cosmos/cmain.f

Manager/cmanager.f

Manager/cbeginRun.f

Manager/ceventLoop.f

call

call

call
Tracking/ctracking.f

Tracking/cobservation.f

call

Tracking/cinteraction.f call
callcall

COSMOS User Interface

１. ⼊射粒⼦は”primary”ファイルで指定

2. シミュレーションの条件
は”param”ファイルで指定

3. 経過・結果の出⼒は”chook.f”ファイル中の
chookXXXサブルーチンを書いて指定



PrimaryHowToサンプル
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• ⼊射粒⼦の情報を出⼒
• スタックを初期化する => 全ての粒⼦情報を消
去 => シャワー計算が終了し次の⼊射粒⼦に

• primary fileで指定した mixed composition, 
spectrumがどう実現しているかを確認可能



FORTRAN初⼼者むけサンプル
• https://www.dropbox.com/s/i4uai25smqbsuwl/Lateral.tar.gz?dl=0
• Lateralというサンプル。シャワー中の粒⼦種別の lateral分布を chook.f内で計算して出⼒

22

param file

primary file, 5TeV proton

DepthListを使わない
のでマイナス

粒⼦種別粒⼦数の
ヒストグラム配列変数

サブルーチン間で共有
する変数の定義

https://www.dropbox.com/s/i4uai25smqbsuwl/Lateral.tar.gz?dl=0


基本設計
• シミュレーション(RUN)開始時に粒⼦別、距離別の計数⽤2次

元整数配列変数を定義。異なるサブルーチン間で配列変数を共
有 module
• 粒⼦⼊射時(EVENT)に、配列の中⾝をゼロにする。⼊射粒⼦情

報を出⼒。 chookBgEvent
• 粒⼦が観測⾼度に達したら、粒⼦種、距離別に配列のカウント

を増加 chookObs
• ひとつのシャワー（EVENT）が終了したら、結果を出⼒

chookEnEvent

23



共通変数の定義 module、EVENTの開始

24

chookBgEvent: ⼊射粒⼦情報と配列の初期化

• Moduleで定義しmodule名（ここではmyhist）をつけ
た変数は、myhistを指定することでどのサブルーチン
でも利⽤可能

• ヒストグラムを定義するには、ビン数(nid, nbin)とビ
ン幅（rstep）の定義が必要（粒⼦種は整数なのでビ
ン幅は定義せず）

• FORTRANでは配列は1から始まる（Cではゼロから）



構造体 (type)
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CosmosX_0.08/Cosmos/cosmos/Ztrack.h CosmosX_0.08/LibLoft/Header/Zptcl.h



配列の加算
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• 追跡粒⼦が指定⾼度に達したらchookObs()が
呼ばれる

• 粒⼦の種類が photonなら1、電⼦陽電⼦なら2、
ミューオンなら3とする

• Moduleで定義した距離のビン幅 rstepを利⽤し
て、粒⼦のコアからの距離が何ビン⽬に当たる
か計算

• 該当ビンの粒⼦数を +1



粒⼦番号の対応
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実践練習
• LateralをDLして動かしてみる

• Application/Example/Lateral/… とする
• ./Scrpt/CompileExampleByCMake.sh Application/Example/Lateral
• cd Application/Example/Lateral
• ./cosmosLinuxGfort < param > out
• outの出⼒結果確認

• 条件を変えてみる
• Neutrinoや hadronも数えてみよう (PDGって？)
• ⼊射粒⼦ protonを gammaにしてみよう
• ⼊射エネルギーを変えてみよう
• R⽅向分布ではなく、x,y分布(2次元)にしてみよう
• 1 eventごとではなく、全 eventの合計を出してみよう
• 複数の⾼度で lateral分布を作ってみよう

：
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