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Introducao a Fisica
de Astroparticulas

A Fisica de Astroparticulas é uma disciplina fascinante que estuda as
particulas de alta energia que permeiam o Universo. Essa area
interdisciplinar combina conhecimentos de fisica de particulas,
astrofisica e cosmologia, oferecendo uma viséo Unica sobre a

estrutura fundamental da matéria e a evolucado do cosmos.

leigui@ufabc.edu.br
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O que é a Fisica de
Astroparticulas?

Estudo de Particulas
Cosmicas

A Fisica de Astroparticulas se
concentra no estudo das
particulas de alta energia que
vém do espago, Como oS raios
cOsmicos.

Conexao com a Cosmologia

A Fisica de Astroparticulas ajuda
a desvendar os mistérios da
matéria e energia escuras, que
séo fundamentais para a
compreensao da evolucéo do
Universo.

Fendmenos AstronOmicos

Essa area também investiga os
processos astronémicos que
geram e emitem essas particulas,
como explosbes de estrelas,
buracos negros e galaxias ativas.

Novas Descobertas

Essa ciéncia interdisciplinar tem o
potencial de revelar novos
insights sobre a fisica
fundamental e a estrutura do
COSMoS.
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Particulas de alta energia do
Universo

1 Raios Cdsmicos

Fluxos de particulas de alta energia que chegam a Terra,
incluindo prétons, elétrons e ndcleos atémicos.

2 Neutrinos Césmicos

Particulas neutras e de massa muito pequena, que
atravessam a matéria com facilidade e fornecem
informacdes sobre eventos coOsmicos.

3 Radiacdo Gama Césmica

Fotons de altissima energia emitidos por fendbmenos
astrondmicos violentos, como explosdes de raios gama.
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Raios cosmicos e sua origem

Origens Astrofisicas
Os raios cosmicos séo produzidos por eventos violentos no Universo, como

explosdes de supernovas, jatos de buracos negros e regides de intensa
atividade estelar.

Aceleracdo a Altas Energias

Campos magnéticos e ondas de choque nesses ambientes cosmicos sdo
capazes de acelerar particulas a velocidades proximas a da luz.

Impacto na Terra

Ao chegarem na Terra, 0s raios cosmicos interagem com a atmosfera e pode
produzir chuveiros de particulas secundarias.
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Pierre Auger Observatory layout

OBESERVATCORY

881 Piere Auger Observatory

Scientific Highlights

A
.

‘The Pierre Auger Observatory Open Data Update on the large-angular-scale studies at the Pierre Auger Observatory with 19 years of dafa Al-powered algorithm sheds new fight on the mass composition of cosmic rays at uftra-high
energies

o=
o |

On the hardness of the CR high-energy injection spectra
Constraints on metastable superheavy dark matter coupled to sterile neutrings

=
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Propagacdo de raios
cOsmicos em campos

Medida do perfil
longitudinal de chuveiros
atmosféricos extensos

Circu}to elétrico global Raytracing_do MST/CTA

magnéticos galdcticos e
extragaldcticos
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i= MName - Maodified import numpy as np
- [N astroparices.ipynb 14d ago import matplotlib.pyplot as plt
*- h = np.linspace(@, 3@, 2e@) # altitude em km
I = np.exp(-h / 8) # atenuacdo exponencial
plt.plot(h, I)
i‘) plt.xlabel( 'Altitude (km)")
plt.ylabel( Intensidade {(rel.)")
plt.title{ Intensidade de Raios Cdsmicos vs Altitude')
plt.grid{True)
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disciplinar. Ela surge da necessidade de compreender Tendmences clsmioos extromoes por

medo da deteceio de particulas subaldmicas e radiagoes altamente energéticas gue chegam

PropagRCs pdf 2020-05-14 13-31 248K A Terra vindas do Universo.

@ RCseaorigemdavi.>  2025-08-20 22:21 109M Por andr béenicas e coneeitos da lsica de particulas. astrolisica, cosmologia e relativi-

EJPEES_' 2025-08-21 10:43 - dade geral, esse campo representa wima fronteiva natural entre o muito pequeno e o mito
arande — entre os constituintes Tundamentais da matéria e as estruturas do cosmos,

1.1 Impacto na Astrofisica

Na astrofisica, a fsica de astroparticulas olerece ferramentas para investizgar eventos de

allissima energia, como:
s Supernovas, pulsares e buracos negros.
o Calixias alivas e explosoes de ralos gama (GRBs).
« Anbientes oon campos magndticos e gravitacionais intensos,
A deteccan de particulas edsmicas [ormece evidincias sobre esses objetos e sobre os mecan-

ismos de aceleragio natural de particnlas,
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Arguives para desenvolver um projeto em C++ orientado a objetos.
Esta pasta contem este arquivo (LEIAME.txt) e um arquivo contendo o pacote (CRs.tgz}.

0 pacote consiste em um programa principal (Main) com tres classes (Atmosphere, Mathematics e Physics), em cada caso, os codigos (*.cc) estao acompanhados dos cabecalhos, ou "headers”, (*.h)

Main.cc

Main.h
Atmosphere. cc
Atmosphere.h
Atmosphere.dat
Mathematics.cc
Mathematics.h
Physics.cc
Physics.h

Rodando em Windows:

1- baixe e instale o Dew-C++ IDE em seu computador: https://sourceforge.net/projects/orwelldevcpp/

2- baixe o tarball CRs.tgz e descompacte-o completamente

3- clique 2 vezes em CRs.dev: o Dev-C#+ IDE ira carregar os arquivos Main.*, Mathematics.* e Physics.*.

4- Clique em *Compilar & Executar (F11)": o compilador vai gerar um aplicativo "CRs.exe" e executa-lo. Voce pode tambem executar o programs clicando duas vezes no aplicativo.

Rodando em Linux/IOS:
1- baixe o arquivo Makefile e o tarball CRs.tgz e descompacte-o: "tar xzvf CRs.tgz" ou "make install” (sem as aspas)
2- entre na pasta "CRs": "cd CRs™
3- (opcional) comentar a linha 31 do arquivo Main.cc, ou seja, inserir 2 barras “//" (sem as aspas) antes de: system(“pause");
4- compile digitando "make" (sem as aspas)
em caso de erro de compilacao, digite antes "make clean” e depois "make" (sem as aspas)
5- Execute o programa, digitando: "./CRs" (sem as aspas)

Neste ponto, ao ser executado, o programa escreve no terminal:
EEZEXECOSMIL RAYSH* k%%

Pressione gqualquer tecla para continuar ...
(Press any key to continue ...)

Tudo certo? Prontos para o primeiro exercicio?
Ex.1) Incluir a classe Atmosphere

No DeV:
1- na aba Projeto(Praject) a esquerda clique com o botao da direita sobre (Rs e adicione ao projeto (Add to Project) os arquivos: Atmosphere.cc e Atmosphere.h
2- no arquivo Main.h:

descomente a linha 9 (delete as barras "//"):
#include "Atmosphere.h”



Compartilhar Exibir

Arquivo Inicio
“

v » CRs » CRs

Jdropbox.cache
I® Camera Uploads
Capturas de tela
finangas
FisMucl (Conflite de sincronizag
home
&2 Public
solar
tmp
2 Viagens
work
& OneDrive - Personal
Anexos de email
Apps
I Area de Trabalho
Arquives de Microsoft Copilot C
Documentos
[E] Imagens
J': Musica

m Yideos

Armazenamento em Nuvem

Mome

Eﬁktmosphere
Eﬁktmosphere
E Atmosphere
[ crs

i CRs

[55] CRs

D CRs.layout
D g++dep
LEIAME

E Main

E Main

D Main.o

[ ] Makefile

[ ] Makefile.win
E Mathematics
E Mathematics
D Mathematics.o
E Physics

E Physics

D Physics.o

Status

(ONONONONONONONONONONONONONONONONONONON,

Data de modificagdo

08/06/2018 18:23
08/06/2018 18:14
07/05/2018 12:14
19/05/2020 12:23
19/06/2018 11:10
05/06/2025 16:35
05/06/2025 16:48
22/06/2011 10:55
19/05/2020 17:24
19/05/2020 1.2:04
19/05/2020 1.2:04
05/06/2025 16:35
19/06/2018 12:41
05/06/2025 16:37
07/05/2018 12:22
07/05/2018 12:22
05/06/2025 16:35
07/05/2018 12:22
07/05/2018 12:22
05/06/2025 16:35

Tipo

Arquive CC
Arquivoe DAT
C Header File

Arquivo

Dev-C++ Project ...

Aplicativo
Arquive LAYOUT

Arquivo

Documento de Te...

Arquive CC
C Header File
Arquive O
Arquivo
Arquive WIN
Arquive CC
C Header File
Arquive O
Arquive CC
C Header File
Arquive O

Tamanho

4 KB
47 KB
1KE
10 KB
2 KB
290 KB
1KE
2KB
4 KB
1KE
1KE
2KB
IKE
2KB
1KE
1KE
1KE
1KE
1KE
1KE
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jDQmadEE & |~~||BR|/EE |€8/9|3B085%8| | % | |[mee sz oo e~

I a] <& [ J {globals) v
Projeto  Classes De * | * | Maincc Mainh Mathematics.cc  Mathematicsh  Physics.cc  Physics.h
1 /f Prog.cc
2 /4 This Program is
3
4 #include "Main.h™
5 int main (int par_execl, char® pars_exec[])
Mathematics.h sEl |
Physics.cc 7 | //0bjects creation
Physics.h 8 Mathematics * Math = new Mathematics();
9 Physics * Phys = new Physics();
1@ | /S Atmosphere * Atm = new Atmosphere(); |
11
12 printf("HEEEEEECOSMIC RAYS*HHFHH3¥\n\n");
13
14 FS/Methods (functions) of the classes are called
15 Math->fMathl();
16 Math->fMath2();
17 Phys->fPhysl();
18 Phys->fPhys2();
19
28
21 F/Calls Atmosphere and print its dota
22 /* Atm->Init(altitude, temperature, pressure,density);
23 for(i=8;i<=1488;i++}{
24 double alt=Atm->GetAltitude(i,altitude);
25 double temp=Atm->GetTemperature(i,temperature);
26 double press=Atm->GetPressure(i,pressure);
27 double dens=Atm->GetDensity(i,density);
28 printf("i= &d, h= X.3f km, T= X.3f oC, P= %.3f hPa, dens= X.3f kg/m3\n",1i,alt, temp, press,dens);
29 J/
3@
31 system(“pause™);
32 return @;
33 Ly

EE Compilador E Recursos il Registro do Compilador v Depurador @ Resultados da Busca
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Projete  Executar

BEIEH

Ferramentas

AStyle Janela Ajuda

|88 ®

‘ BEO @SS | | dh & “|TDH—GDC 4.9.2 32-bit Belease

I gl & @ H {globals)

vl

St

Projete  Classes DelIlI‘ Main.cc  Mainh  Mathematics.cc  Mathematics.h  Physics.cc Physics.h

=-E) cRs

Main.cc

Main.h
Mathematics.cc
Mathematics.h
Physics.cc
Physics.h

= Jt=R = LR RV R SR T

T N N N N el el el = el el el
@ W00 MW 00 W Wk

o4
-

A System Headers

#include
#include
#include

#include
#include

<stdio.h>
<string.h:>
<stdlib.h:>

"Mathematics.h"
"Physics.h"™

Af#include “Atmosphere.h

ffGLGbﬁL

char chj;

variagbles

ar

char string[8],line[188];
int i,j.ks1;
double altitude[1481],temperature[l481],pressure[1481],density[1481];
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laam v

Projete  Classes De * ' | Maincc Mainh Mathematics.cc  Mathematics.h  Physics.cc  Physics.h

J {globals)

L

=5 CRs 1 l/mathematics.cc
D Main.cc § (; cvetem Head
. /7 System Headers:
[ Mainh 4  s#include <stdlib.h>
D Mathematics.cc 5
D Mathematics.h 6 // Local Headers:
D Physics.cc 7 #include "Mathematics.h”
: D Physics.h 8
9 /4 Constructor
1@ Mathematics::Mathematics ( )
14 {
12
13 L}
14
15 // Destructor
16 Mathematics: :~Mathematics ( )
179 ¢
13
19 L1
28
21 S/ Code of funcl_1
22 float Mathematics::fMathl(wvoid)
239 {
24 /7 algorithm
25 a=a;
26 b=1;
27 c=2%a+h;
28 return 8;
20 L3
38
31

32 //Code of func2 1

33 float Mathematics::fMath2(wvoid)
3:aH {

35 /7 algorithm

36 return @;

37 L3
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EMaE®E & |~ |06 EE |64 O 8088 | %|i|||mss 52 s s

EE ﬁ |!] ‘ {glokals) e o

Projetc  Classes De/* |* | Main.cc Main.h Mathematics.cc Mathematics.h  Physics.ce  Physics.h

EI@ CRs 1 ¥/ system Headers
_____ D Main.cc 2 Sf#include <iostream.h>
_____ D Main. 3 Sf#Einclude <strstream.h>
) 4 #include <math.h>
----- D Mathematics.cc 5
----- [[] Mathematics.h B class Mathematics
----- D Physics.cc rl =
----- D Physics.h B pr‘:i:.virte:
g float a,b,c;
18 E;’;‘dr}ubte ;
11
12 public:
13 #define pi 3.141592654
14 #define rad2deg (188./pi)
15
16 £ Constructor of the class.
17 Mathematics { );
18
19 S Destructor of the class.
28 ~Mathematics { );
21
22 SfDeclaration of the method Maothematics
23 float fMathl{void);
24
25 SfDeclaration of the method Mathemagtics
26 float fMath2(wvoid);
27 = }s
28
29
38
31
32
33
34

L
%3]
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JgMaE® E | ~~ | BERIEE|| €46 &||8088E| | %|dd || 1.5.2 s2-pic ze1case
o] < @ ‘ {globals) v v

Projeto  Classes De *|* | Maincc Mainh  Mathematics.cc  Mathematics.h  Physics.cc Physics.h

E@ CRs 1
..... [] Main.cc =
..... [] Main.h i
..... D Mathematics.cc 5
..... D Mathematics.h 6
..... [] Physics.cc 7

. B
[] Physics.h .
18

11

12

13

14

15

16

17

18

Wl bl R R R R R R R B R
L= R E R O == I = TR ) R Sy Wy U e~ ]

l//Physics. cc

A System Headers:
#include <stdlib.h:

S Local Headers:
#include "Physics.h"

Ff Constructor
Physics::Physics ( )
i

¥

Ff Destructor
Physics: :~Physics { )
1

¥

A Codigo da funcl 2
float Physics::fPhysl(wvoid)
i
A algorithm
return &;
¥

A/ Code of func2 2
float Physics::fPhys2(wvodid)
i

A algorithm

return @;

¥
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CEMadEE & |~ |06 EE |46 ©|8B088| | %| | 52 s s

@ ﬁ m J {glokals) e o

Projete  Classes De * |* | Maincc Mainh  Mathematics.ce  Mathematics.h  Physics.cc  Physics.h

=) Crs 1 |/ system Headers
_____ D Main.cc 2 Fif#include <iostream. h>
_____ D Main.h 3 Sf#include <strstream. hx
ain, .
] 4 #include <math.h:

----- D Mathematics.cc 5

----- D Mathematics.h 6 class Physics

----- [] Physics.cc 7H {

_____ D Physics.h 8 private:
g Sldouble ;
1a
11 public:
12 Ff Constructor of the class.
13 Physics ( );
14
15 Al Destructor of the class.
16 ~Physics ( );
17
18 FSfdeclaration of the method Physics
19 float fPhysl(void);
28
21 Afdeclaration of the method Physics
22 float fPhys2({wvoid);
23 = };
24
25
26
27
28
29
38
31

w
P
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jDQmadE®E & |~~||BE|/EE |€8/9|38085%8| | % | |[mee sz zom e~

I a] <& [ J {globals) v
Projeto  Classes De * | * | Maincc Mainbh Mathematics.cc Mathematics.h  Physics.cc P‘hy%h
1 /f Prog.cc
2 /4 This Program is
3
4 #include "Main.h™
5 int main (int par_execl, char® pars_exec[])
Mathematics.h sEl |
Physics.cc 7 | //0bjects creation
Physics.h 8 Mathematics * Math = new Mathematics();
9 Physics * Phys = new Physics();
1@ | /S Atmosphere * Atm = new Atmosphere(); |
11
12 printf("HEEEEEECOSMIC RAYS*HHFHH3¥\n\n");
13
14 FS/Methods (functions) of the classes are called
15 Math->fMathl();
16 Math->fMath2();
17 Phys->fPhysl();
18 Phys->fPhys2();
19
28
21 F/Calls Atmosphere and print its dota
22 /* Atm->Init(altitude, temperature, pressure,density);
23 for(i=8;i<=1488;i++}{
24 double alt=Atm->GetAltitude(i,altitude);
25 double temp=Atm->GetTemperature(i,temperature);
26 double press=Atm->GetPressure(i,pressure);
27 double dens=Atm->GetDensity(i,density);
28 printf("i= &d, h= X.3f km, T= X.3f oC, P= %.3f hPa, dens= X.3f kg/m3\n",1i,alt, temp, press,dens);
29 J/
3@
31 system(“pause™);
32 return @;
33 Ly

EE Compilador E Recursos il Registro do Compilador v Depurador @ Resultados da Busca
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rquive r Exibir erramentas  ASH la
[ Q£ = BB O B EE| | 8 | 8 || ToM-ccc 4.5.2 32-bic Release w
EE ﬂ m {glokbals) e e

Projete  Classes [

ecutar

CihilsersileiguitOneDrive\Desktop\CRs\CRS\CRs.exe

COSMIC RAYS

MUl o< sione qualquer tecla para continuar.

EE Coempilader % Recursos Eﬂ]] Registro do Compilader Qﬂ Depurador @, Resultados da Busca Fechar

— Errors: 0O
- Warnings: 0
[]Shorten compiler paths | — Output Filename: C:\Users\leigui\CneDrive\Desktop\CRs\CRs\CRs.exe

- Cutput Size: , 2490234375 KiB
— Compilation Time: 0,80=

Linha: 33 Col: 2 Sel: 0 Linhaz 33 Tamanho: 239 Inserir Done parsing 47 files in 0,373 seconds (125,33 files per second)
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Arguive Editar  Localizar
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BE|EE

E=E=lE

‘ EEO @ S8 | & | db & H|:mt{—g:c 4.3.2 32-bit Release

@ ﬁ IE H#qlubalsil

\I"l

S

Projeto  Classes Dem Main.cc  Main.h Mathematics.cc  Mathernatics.h  Physics.cc Physics.h

1

SS Prog.

----- [ [] Mew File

----- [ 3 Adicionar ao Projeto

----- [ Remover do Projeto

i1

..... [ Adicionar pasta

""" [ Opcdes do Projeto

Ctrl+H

3 Fechar Projeto

12
13
14
15
16
17
18
19
28
21
22
23
24
25
26
27
28
29
38
31
32
33

;'r_;'rl"__ﬁll., II,S
)__.- ¥ Atm-

} -

-1

lude
pain (int par_execl, char® pars_exec[])

£C
Program is

"Main.h"

ects creation

fathematics * Math = new Mathematics();

hysics * Phys = new Physics();
Atmosphere * Atm = new Atmosphere();

printf("FEEEEEECOSMIC RAYS***++%5\n\n");

SfMethods (functions) of the closses are called
Math->fMathl();
Math->fMath2()
Phys->fPhysl();
Phys->fPhys2()

Atmosphere and print its dota
:Init{altitude, temperature, pressure, density);

fm‘(t 8;iv=1488;i++}{

double aglt=Atm->GetAltitude(1l,altitude);

double temp=Atm->GetTemperature(i, temperature);
double press=Atm-:GetPressure(i,pressure);

double dens=Atm->GetDensity(i,density);

printf("i= Ed, h= E.3f km, T= E.3f oC, P= X.3f hPa,

system("pause”);
return @;

dens= E.3f kg/m3\n",i,alt, temp, press,dens);
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o

b

athematics.h  Physics.cc Physics.h

char* pars_ex

new Mathemati
Physics();
new Atmospher

- RATE*******\.‘

~int its data
=mperature, pra
1

retAltitude(i,
»GetTemperatun
- »aetPressure||
HGetDensity (i,
= E.3f km, T=

B Abrir Unidade ot
Examinar: | CRs e | 'ﬁ' ? = "
* Mome Status Data de modificagdo Tipo Tamanho t
_ exemplos @ 01,/08/2025 15:25 Pasta de arquivos
SEEETETLL Rl x posicac - campo variavel @ 01,/08/2025 15:25 Pasta de arquivos
testes @ 01/08/2025 15:25 Pasta de arquivos
- trajetorias relativisticas @ 01,/08/2025 15:25 Pasta de arquivos
| kd Atmosphere &) 08/06/2018 18:23 Arquive CC 4KB
#arf‘a ﬁ:u [l Atmosphere @ 08/06/2018 18:14 Arquivo DAT 4TKB
b Atmosphere () 07/05/2018 12:14 C Header File 1KB
B | | Atmosphere.o () 07/11/2024 16:28 Arquive O 2KB
B.blr' ik CRs @) 07/11/2024 17:32 Dev-C++ Project ... 2KB
lbliotecas g s @) 12/06/2025 12:14 Aplicative 300 KB
| | CRs.layout @) 17/06/2025 11:25 Arquivo LAYOUT 1KB
! | | g++dep @) 22/06/2011 10:55 Arquivo 2KB
E;t | graph_from_data o) 15/05/2025 12:37 C++ Source File 2KB
E
Computador Q LEIAME @ 03/05/2023 17:45 Documento de Te... 4KB
£ >
? Mome: "Mmosphere h" " Atmosphere cc” e | | Abrir
Red
=eE Tipa: Al files (%% w Cancelar
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Projete  Classes De  * |* | Maincc Mainh  Mathematics.cc  Mathematicsh  Physics.cc  Physics.h  Atmosphere.ce

9@ CR= 1 /fClass to describe and calculate otmospheric parameters
----- [] Atmosphere.ce ; ) eerem Head
g, stem Headers:
""" D Atmnsphere.h 4 #inc{ude <stdio.h>
----- D Main.cc 5
----- D Main.h B /4 Local Headers:
..... D Mathematics.cc 7 #include "Atmosphere.h”
_____ D Mathematics.h 8 A/ altitude kilometers
F o o o o o0 =1 .
_____ D Physics.cc 9 ;:J: t.:n_:p.:r‘a*fur.: degrees celcius
. 18 A pressure mbar
""" [ Physics.h 11 /S density kg/m3
12
13 A4 Constructor
14 Atmosphere: :Atmosphere(){}
15 A4 Destructor
16 Atmosphere: :~Atmosphere(){}
17
18 AfMethed for initialization of the atmosphere from file
19 [ double Atmosphere::Init(double atm alt[1481],double atm temp[1481],double atm press[1481],double atm dens[1481]) {
28
21 FILE *atm_file;
22 char ch;line[1@a];
23 int i;
24
25 atm_file=fopen("Atmosphere.dat","r");
26 H if (atm_file==NULL) {
27 (void)printf("Can't open atmosphere file\n");
28 - return -1}
20 | i=8;

38 ch=fgetc(atm_file);
while (ch!=EOF){

w
fuy
I
LT

32 | Srwhile(i<=1481){

33 A (void)printf{"&c”, ch);

34 (woidjungetc(ch,atm_file);

35 (woid)fgets(line,sizeof(line),atm_file);
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Arquive  Editar  Localizar
i@ |

{glokbals)

O &
2] & [

Projeto

=-5)

Classes De/* | *

CRs
D Atrmosphere.cc

D Atmosphere.h

D hain.
D Mathematics.cc
D Mathematics.h

D Physics.cc
D Physics.h

S S

Main.cc  Mainh  Mathematics.cc  Mathematics.h  Physics.cc Physics.h - Atmospherecc Atmosphereh
1 A System Headers

2 #include <math.h:

3

4 class Atmosphere

sH {

B private:

7 Sidouble ;

8 double atm_alt[1481],atm temp[l481],atm_press[1481],atm_dens[1481];

9 public:

1@ '/ Constructor of the class.

11

12 Atmosphere();

13 A Destructor of the class.

14 ~Atmosphere();

15

15 AfDeclaration of the methods

17 double Init({double atm alt[1431],double atm temp[1451],double atm_press[1481],double atm_dens[1481]);
18 double GetlevelIndexes(int& low i, int& up_i, double atm_alt[1431], double zlt);
19 double GetAltitude(int i, double atm_alt[1481]);

20 double GetTemperature(int i, double atm_temp[1451]);

21 double GetPressure(int i, double atm_press[1481]);

22 double GetDensity(int i, double atm_dens[1481]);

23 double GetDepth(doublef depth, double alt);

24 = };

25

26

27

28

[l
(Y]
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Projete Classes De * ' | [*]Main.cc [*] Main.h Mathematics.cc  Mathematics.h  Physics.ce Physics.h - Atmospherecc  Atmosphereh  Atmosphere.dat
=) Crs 1 | 15 1813.25 1.2325
_____ [] Atmosphere.cc 2 ©8.825 14.8375 1010.258317 1.2220863
_____ [] Atmosphereh 3 .85 14.675 1887.25783 1.219131
. 4 @.875 14.5125 leed,272523 1.21c264
""" [] Main.ce 5 8.1 14.35 1@@1.294386 1.213283
----- [[] Main.h & ©.125 14.1875 998.323483 1.218367
----- [] Mathematics.cc 7 @.15 14.825 995,359563 1.287456
_____ [] Mathematics.h 8  ©.175 13.8625 992.482852 1.204551
..... [] Physics.cc 9 @.2 13.7 989.453256 1.281651
. 1@ @.225 13.5375 986.5187c4 1.198757
""" [ Physics.h 11  @.25 13.375 983.575361 1.195868
12 @.275 13,2125 98@.647834 1.192984
13 8.3 13.85 977.725771 1.198186
14 @.325 12.8875 974,811559 1.187233
15 @.35 12.725 971.9843584 1.184365
16 @.375 12.5625 969.8684233 1.181582
17 8.4 12.4 966.1116894 1.178645
18 @.425 12,2375 963.224954 1.175793
149 8.45 12.875 9668,345799 1.172946
28 @.475 11.9125 957.473ele 1.17ales
21 8.5 11.75 954.683393 1.167269
22 8.525 11.5875 951.7568117 1.164438
23 @.55 11.425 948,3898775 1.1lelgl2
24 @.575 11.2825 945.854354 1.158792
25 @.6 11.1 943.216841 1.155977
26 8.625 18.9375 948.386223 1.153167
27 @.65 18.775 937.562487 1.158362
28 @.675 1@.6125 934.745622 1.147563
249 8.7 18.45 931.935613 1.144769
38 8.725 18,2875 929,132448 1.14198
31 8.75 18.125 926.336114 1.139196
32 @.775 9.925 923.545599 1.135417
33 B.8 9.8 928.76389 1.133644
34 @.825 9.6375 917.987974 1.138876
35 8.85 9.475 915.218838 1.128113



B CRs - [CRs.dev] - Dev-Co+ 5.11

Arquive Editar  Localizar  Exibir  Projete  Executar Ferramentas AStyle Janela  Ajuda
O & #E S| BER(EH| 4 @ 50888« %|dh @ | |moeecc s.5.2 s2-bic Release v
IJE ﬁ E] {glokals) o o

Projete Classes De ! |* | Maincc Mainh Mathematics.cc  Mathematics.h  Physics.ce Physics.h  Atmospherecc  Atmosphereh  Atmosphere.dat
=) crs 1 £ Prog.ce
_____ D Atmosphere.cc 2 I,f,f This Progrom is
3
""" [] ﬁhﬁusthEh 4 #include "Main.h"
""" [] Main.cc 5 int main (int par_execl, char® pars_exec[])
..... [[] Main.h 6 {
----- [[] Mathematics.cc 7 Sf0bjects creation
..... [] Mathematics.h 3 Mathematics * Math = new Mathematics();
. q Physics * Phys = new Physics();
""" [] Phygc&cc 1@ Atmosphere * Atm = new Atmosphere();
----- [] Physics.h 11
12 printf("*FEEEEEC0SMIC RAYS* S+ **+¥\n\n");
13

=
.
=

SfMethods (functions) of the classes are called

15 Math->fMathl();

16 Math->fMath2();

17 Phys-»>TPhys1();

18 Phys-»>fTPhys2();

19

28

21 FfCalls Atmosphere and print its dota

22 Atm->Init(altitude,temperature,pressure,density);

23 [

_For‘(i=l§l,‘i<=148l§l,‘i++}{

24 ; double alt=Atm->GetAltitude(i,altitude);

25 : double temp=Atm->GetTemperature(i,temperature);

2B 5 double press=Atm->»GetPressure(i,pressure);

27 double dens=Atm->GetDensity(i,density);

28 ‘ printf({"i= ¥d, h= %.3f km, T= %.3f ol, P= ¥.3f hPa, dens= %.3f kg/m3\n",i,alt,temp,press,dens);
29 }

38

31 system({ “pause”);

32 return @;

3z L1



Arquivo  Editar Loca

[ o Q=] EH BEO0EEE| | % |db @ | toeecc 452 2-bic Relesse o
Eil ﬂ m {globals) e

Projeto  Classes De|* | * | Maincc Mainh Mathematics.cc  Mathematics.h  Physics.cc  Physics.h  Atmosphere.cc  Atmosphereh  Atmospheredat

L

=] CRs 1
|:| Atmosphere.cc 2 L=
|:| Atmosphere.h = AP a3 :
) 4 #include "Main.h’
D Main.cc 5 int main (int par_execl, char® pars_exec[])
|:| Main.h 6 I
|:| Mathematics.cc 7
|:| Mathematics.h g A hPa, dens=
-.[] Physics.cc 10 4, hPa, dens=
[] Physics.h 11 4. hPa, dens=
12 4. hPa, dens=
13 4, hPa, dens=
14 4. hPa, dens=
15 4. hPa, dens=
16 4. hPa, dens=
17 4. hPa, dens=
18 4, hPa, dens=
19 7608 4, hPa, dens=
28 698 4. hPa, dens=
22 628 4.4 hPa, dens=
23 e 4. hPa, dens=
24 430 4. hPa, dens=
25 416 4.4 hPa, dens=
25 a 4. hPa, dens=
27 e 4. hPa, dens=
28 s 4. hPa, dens=
29 8 4. hPa, dens=
30 1% 4. hPa, dens=
31 e 4. hPa, dens=
32 B 4, hPa, dens=
33 8 4.: hPa, dens=
12 4. hPa, dens=
e 4. hPa, dens=
B8 Compilador [ Recursos il = g - j : :_:E:' jz::i:
Compil g 5e8 4.284 hPa, dens=

- ression E 5 cl: continuar.
- Errors: 0

— Warnings: 0
[]5horten compiler paths |~ Cutput Filename:
— Cutput Size: 291,
— Compilation Time:

iZOneDrive\Desktop\CRe\CR=\CR=.exes




@ CRs - [CRs.dev] - Dev-C++ 5.11 - ®
Arquive Editar Localizar Exibir Projeto Executar Ferramentas AStyle Janela Ajuda

[ & L= BE(E-H << ® B80B88 % dh @ |occc sz s2-bic Release
4 & [ {globals) ~ v

Projeto Classes De *|* | Maincc Mainh Mathematics.cc  Mathematicsh  Physics.cc  Physics.h  Atmosphere.cc  Atmosphereh  Atmosphere.dat  Makefileawin

=] . CRs 1 # Project: CRs
D Atmosphere.cc 2 # Makefile created by Dev-C++ 5.11
3
Atmosphereh 4 cpp = gre.exe
Main.cc 5  CC = gcc.exe
Main.h 6 WINDRES = windres.exe
Mathematics.cc 7 0B] = Mathematics.o Physics.c Main.c ../../../../Dropbox/work/aluncs/IC/Raissa/CRs/Atmosphere.o
Mathematics.h 8 LINKOB] = Mathematics.o Physics.o Main.o ../../../../Dropbox/work/alunos/IC/Raissa/CRs/Atmosphere.o
Physics.cc 9 LIBS = -L"C:/Program Files (x86)/Dev-Cpp/MinGW64/1ib32" -L"C:/Program Files (x86)/Dev-Cpp/MinGW64/x86_ 64-w6d-mingw32/1ib32" -static-libgcc -m32
X 1@ INCS = -I"C:/Program Files (x86)/Dev-Cpp/MinGW64/include” -I"C:/Program Files (x86)/Dev-Cpp/MinGW64/x86_ 64-we4-mingw32/include” -I"C:/Program Files (x86)/Dev-Cpp/MinGW64/1ib/gcc/x86_64-w64-mir
Physics.h 11 CXXINCS = -I"C:/Program Files (x86)/Dev-Cpp/MinGW64/include” -I"C:/Program Files (x86)/Dev-Cpp/MinGW64/x86_64-wed-mingw32/include” -I"C:/Program Files (x86)/Dev-Cpp/MinGWe4/1ib/gcc/%86_64-w6d-mir
12 BIN = CRs.exe
13 CXXFLAGS = F(CXXINCS) -m32
14 CFLAGS = $(INCS) -m32
15 RM = rm.exe -
16
17 .PHONY: all all-before all-after clean clean-custom
18
19 all: all-before $(BIN) all-after
28
21 clean: clean-custom
22 S{RM} $(0B2) $(3IN)
23
24 S(BIN): $(0BI
m _
26
27 Mathematics.o: Mathematics.cc
28 $(CPP) -c Mathematics.cc -o Mathematics.o $(CXXFLAGS)
29
EL] Physics.o: Physics.cc
31 §(CPP) -c Physics.cc -o Physics.o $({CXXFLAGS)
32
33 Main.o: Main.cc
34 $(CPP) -c Main.cc -o Main.o S({CXXFLAGS)

EE Compilader (3) IE Recursos d]]] Registro do Compilador Q% Depurador @ Resultados da Busca Fechar
Lin... Col.. Unidade Mensagem
Ch\Program Files (x86)\Dev-Cpp\MinGW6&4\x86_64-wb4-... cannot open cutput file CRs.exe: Permission denied
ChUsershleiguihOneDrive Desktoph C
25 ChUsers\leiguit\OneDrive\Desktop\ CRs\CRs\Makefilewin  recipe for target 'CRs.exe’ failed

\CRs'\collect2.exe [Errar] ld returned 1 exit status



quiyo Editar r oIr - Frojeto EXecutar Ferramentas ¥ Janegla Ajuda
N

Localizar  Exibir s AStyle L
S Nfs) = B O B 58| | 8 | db @& | |tom-scc 2.9 2 32-bit Release “
g <3 {globals) v v

Projeto o
’ Classes | § 5 ChUsers\leiguitOneDrive\Desktop\ CRs\CRs\CRs.exe — O >

iCF‘.s- —--@CRS I o -y X

Arquivo

[ Mainh SN, qualguer tecla para continuar.
D Mathern

(86_64-w64-mit
(86_64-w64-mir

EE Cor
Lin...
BB Compilador [ Recursos il Registro do Compilador Depurador [, Resultados da Busca Fechar

Compilation results...

- Errors: 0

- Warnings: 0

(] Shorten compiler paths | — Cutput Filename: C:\Usersh\leigui\CneDrive\Desktop\CRs\CRs\CRs.exe
- Cutput S5ize: 289,249%0234375 KiB

- Compilation Time: 0,80s

Linha: 33 Sel: 0 Linhas: 33 Tamanho: 839 Inzerir Done parsing 47 files in 0,375 seconds (123,33 files per second)

Col: 2
-
E £ Pesguisar na web & no -
r &




o

[ Entroda (8967) - ma. (@) Google [ GoogleAgends B T ) Maps B Motide 3 Home/Twitter f Facehook + Youlube ChatSPT o Bookmarks [ URABC [
%) exfirs 2016-08-01 1442 14K
2] exliw 20160801 14:42 796
3] example0l cop 2016-08-01 14:42 573
E] examplel]_A cpp J016-08-01 1442 518
%] examele0]_B.cpp 2016-08-01 14:42 575
2] example0? cpp 2016-08-01 14:42 503
2] exampled3 cop 2016-08-01 1442 729
i‘| examplel3_A cpp 2016-08-01 1442 960
a exampled.cpp 2016-08-01 1442 908
Zj examples cpp 2016-08-01 14:42 17K
ﬁ expo dat 201608-01 1442 B66
2] macrol ¢ 2016-08-01 11:21 17K
%] macrol_GULc 2016-08-08 10-32 22K
E'] macol ¢ 2016-08-01 12:17 738
%) macro?_input 2016-08-01 12:19 157
E'l macro)_oput_expeciz, > 2016-08-01 13:10 154
2] macroic 2016-08-01 1328 485
2] maciot 2016-08-01 1331 11K
5] macroi ¢ 20160801 13:44 §92
] macrofi.c 2016-08-01 13:42 16K
%] macroTc 2016-08-08 11:47 937
:ﬁ read from file ¢ 2016-08-08 12:17 133
2] tead_Jone.c 2016-08-08 1001 15K
E read_long oo 2016-08-08 0438 9 1K
Ej ot v3.34 38 wand2 = 2020-05-19 18:35 4T
[y shits.c 20160801 10-13 11K
(& marite w0 _Slec 2016-08-08 1204 349
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Marcelo 'Mar lo Livro'de Pessoa 1 - Microsoft
(Leigui..  (ProTalRiga. Astrofirtic..  Chrome Edge

<
Este Dropbox  Dropbox-U... Notepad++ IrfanView 64

Compmadorl F A R (-
‘ p— |-
;; Tudo Aplicativos Documentos

ufabc (s
Melhor correspondéncia

" ; Prompt de Comando

Sistema

2]
DA Aplicativos
Prompt de Comando
1 Microsoft Azure Command Prompt - Sistema
v2.9
7]

Atalho| - Anaconda Prompt
Area de Abrir

x64 Native Tools Command Prompt S
£ for VS 2022 Executar como administrador
g

Abrir local do arquivo
Documentos

Fixar em Iniciar
B cmdserver

Fixar na barra de tarefas
B cmdiine.cpython-312 - em _ pycache

B cmdline.cpython-312 - em _pycache
Pesquisar na Web

g /O cmd - Ver mais resultados da pesquisa

_ . Fotos
Lixeir

CmdO03erro

CmdO05erro - em img00




ROOT session

licrosoft Windows [versao 16.8.19645.6216]
'c) Microsoft Corporation. Todos os direitos reservados.

“hWUsersileiguisroot

WELCOME to ROOT
Version 5.34/38 12 March 2818

You are welcome to wvisit our Web site
http://root.cern.ch

00T 5.34/38 (v5-34-38@v5-34-38, Mar 12 2818, 15:49:39 on win32)

“INT/ROOT C/C++ Interpreter version 5.18.86, July 2, 2816
'ype ? for help. Commands must be C++ statements.

-nclose multiple statements between { .

oot [8] .g.

Pesquisar na Web

a AL cmd - Ver mais resultados da pesquisa

_ . Fotos
Lixeir

CmdO03erro

Cmdo05erro - em img00



An Introduction to ROOT

ROOT 7’

An Object-Oriented
Data Analysis Framework



http://professor.ufabc.edu.br/~leigui/pesquisa/arquivos/AulasROOT/IntroRoot.pdf




