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© 6 6

$ python

>>> import numpy

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ImportError: No module named numpy @ HU numpy BA>TWEH D756

$ sudo easy_install pip O £9 pip ZANS (easy install FZHA>TBIIT)
$ sudo pip install numpy © pip Z{#>T numpy EANS

$ python

>>> import numpy O numpy & import TESh\HER
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[6] TNtuple nt("nt”, "test”, "ENERGY:L:B") @ TNtuple fEf. E£=5|#Z float DEHZ—E,

[1] TF1 f1("f1", "x*x(-2.7)", 10,
[2] while(nt.GetEntries() < 1000000){

1000000)

0 -2.7 FOEICTESELBHEERD—EHEH

(cont'ed,
(cont'ed,
(cont'ed,

(cont'ed,

cancel with
cancel with
cancel with
cancel with

.@) [3] float e
.@) [4] float 1
.@) [5] float b

f1.GetRandom();
gRandom->Gaus (0, 60);
gRandom->Gaus (0, 5);

O EHTEVWEHEZ
ARV RZERRHKAL

.@) [6] if(abs(l) <= 180 && abs(b) <= 90) nt.Fill(e, 1, b);

cancel with

.@) [71}

”CO]_Z")

(cont'ed,
[8] nt.Draw("B:L", "",
[9] nt.Draw("1logl1@(ENERGY)")
[10] gPad->SetLogy(1)
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TTree DFEHEE (1)

O 6 6
$ root misc/lat_photon_weekly_w@@9_p302_ve01.root 0 Bij IEIO) LAT — 97& TTree ': LJTC:E)G)

root [1] photons->Print()

KA KR AR AR R R R R R R A R A R A R A R AR AR R R R AR R R R AR AR AR AR AR AR AR AR R AR AR AR AR AR AR AR AR AR ARk R Ak k)i k)kk%k N —

*xTree :photons  : LAT PASS8 Photons 9 Branch h\ﬁﬁ'l' 23 @E%
*Entries : 177778 : Total = 27471504 bytes File Size = 27453414 x

* : : Tree compression factor = 1.00 *

KR AR KRR AR KR AR AR R KR A AR R R AR R AR AR KR AR R R AR KRR A R KR AR KRR AR KR KA KRR A A KRR A AR KRARKRKREARKR R AR KRA ARk, ki), kkk%k

*Br 0 :ENERGY : ENERGY[1]/F *
*Entries : 177778 : Total Size= 713624 bytes File Size 712860 =*
*Baskets : : Basket Size= Compression . *

: : RA[1]/F
*Entries : : Total Size= 713516 File Size 712768
*Baskets : : Basket Size= Compression

: : DEC[1]/F
*Entries : 177778 : Total Size= 713543 File Size 712791
*Baskets : : Basket Size= Compression= 1.00

€=15))
$ curl -0 https://raw.githubusercontent.com:443/akira-okumura/RHEA-Slides/master/photons/
lat_photon_weekly_w009_p302_v001_extracted.root

$ root lat_photon_weekly_w009_p302_v001_extracted.root 9 TChaln Enﬁjtgluﬁjt_ ROOT 7 'r)ll

root [1] photons->Print()
KA KA KRR KRR R AR R AR AR AR AR AR AR AR R R R AR AR AR AR AR AR AR AR AKX KR LR KA KA KRAKRAKR AR AR AKX AR AR KRRk k] k), k%k

*xTree :photons : 0 Branch hﬁﬁg.l. 3 ﬂil

*Entries : 166224 : Total = 2001714 bytes File Size = 1830019 *

* : : Tree compression factor = 1.09 *
KA KR AR AR R R R R R R AR R A R A R A A R AR AR AR R R R R R R AR AR AR AR AR AR AR AR AR KR AR AR AR AR AR AR AR AR AR A k) k)i kkk%k

*Br @ :ENERGY : ENERGY/F
*Entries : 166224 : Total Size= 667210 bytes File Size = 608569
*Baskets : : Basket Size= Compression= 1.10

*Entries : : Total Size= 667085 File Size 594905
*Baskets : : Basket Size= Compression= 1.12

*Entries : : Total Size= 667085 File Size 625487
*Baskets : : Basket Size= Compression= 1.07




mPEs (2)

$ cat src/tree_extract.C O FiElD LAT —Y TT—E8DHZEIREH LRIV TS

void (const char* input, const char* output) {

ﬁile fiE(Jicnput);(TT Fin Get( shotone s @ TFile::Get ZE>T. HBAIT TTree ZO T
ree*x photons = reex)fin.Get("photons”); —

X TTree UAERERICIRD HES

X Fv AL (cast) EWSEEZETDIRENHD

Float_t energy, 1, b, zenith; o8 .l (> b Ao
photons->SetBranchAddress("ENERGY", &energy); 9 rl"\/ I\‘_t‘” 7729203\1':%”“{_{‘ 13,
photons->SetBranchAddress("L", &l); ﬂt}]f&ﬂd)’}’éﬁi&ﬁa,a L/77‘/9:L_?'ﬁﬂﬁl'lj'5
photons->SetBranchAddress("B", &b); X IWITTEHOIRT I EET &
photons->SetBranchAddress("ZENITH_ANGLE", &zenith);

TFile fout(output, "create”);
TTree photons_mod("photons”, ""); © TTree::Branch ZIERXC & T, FILLED 1=

photons_mod.Branch("ENERGY", &energy, "ENERGY/F"); TTree [CTSVFEEBIMTRCENTES
photons_mod.Branch("L", &1, "L/F");

photons_mod.Branch("B", &b, "B/F"); X CCERT VY ZEET

for(int 1 = @; 1 < photons->GetEntries(); ++1) {
??ozgzziﬁef?;gy?%; O TTree::GetEntry 2173 % &. lBEULK
shotons. mod. Fill(): TSVFDANY FEDENEHICRAETND
) OFillg32&ET, FSVFICHERALTNBEHD
) 'HHE) DEHHEDHLND
shotons_mod. Write(): % GetEntry 3 3EI(C energy/l/b/zenith (32T

fout.Close(); EXTDHHO>TLD




BITER

C type ROOT typedef | C99/C++11 ROOT TTree Python array NumPy FITS
signed char Char_t int8_t B b int8 A or S
unsigned char UChar_t uint8_t b B uint8 B
signed short Short_t intl6_t S h or 1 int16 I
unsigned short UShort_t uintl16_t S Hor I uint16 U
signed int (32 bit) Int_t int32_t I 1 int32 J
unsigned int (32 bit) | UInt_t uint32_t i L uint32 \%
signed int (64 bit) Long64_t int64_t L N/A int64 K
unsigned int (64 bit) | ULong64_t uint64_t 1 N/A uint64 N/A
float Float_t float F f float32 E
double Double_t double D d float64 D
bool Bool_t bool 0 N/A bool_ X

JdUy

. TTree:Branch ZERE =35 3 5|8 THE%Z ROOT I[CHZBDINENLH B

2 CH (FIRAT VI TAXEUD T RLADESNBEIFEE. FORZRE
FTDDICHELEXTY DREIHNDH B




Python DiZE (POHAFIEVWDHHDEXT)

O 6 6
$ cat src/tree_extract.py O tree_extract.C & Python [CUL7=ED

import ROOT

import numpy 9 numpy ’éﬁ5’f30ﬁl:b§§'

def

(input_name, output_name):

fin = ROOT.TFile(input_name) © Python 7Z & HEZ cast HAE
hotons = fin.Get('photons’ e —_—
° F ) X B EEDEND E CH ICRNEL S

energy = numpy.ndarray(1, dtype = 'float32") 0 Python _t't“'j:l'grﬁﬂg(: C @ﬁ{*/@%;‘gﬁf‘;b\@?

1 numpy .ndarray(1, dtype 'float32') -
b = numpy.ndarray(1, dtype = 'float32’) numpy @D ndarray =ED

fout = ROOT.TFile(output_name, 'create’)
photons_mod = ROOT.TTree( 'photons’, '')

photons_mod.Branch('ENERGY ', energy, 'ENERGY/F') 9 cold C++ &Rk, 7=72U512003 numpy.ndarray

photons_mod.Branch('L", 1, '"L/F")

photons_mod.Branch('B', b, 'B/F") >< PyROOT 73\5 ib\cag;ﬁbt(ﬂ%

for i in (photons.GetEntries()):
photons.GetEntry(i)

energy[@] = photons.ENERGY O TTree::SetBranchAddress <&

1[@] = photons.L
b[@] = photons.B BiEJSVFEMND
zenith = photons.ZENITH_ANGLE
if zenith < 100.:
photons_mod.Fill()

photons_mod.Write()
fout.Close()



IV SR%&EDD - KD ROOT 5 LLWI

© 6 6

$ root

root [@] .x event_class_tree.C+("../misc/lat_photon_weekly_w@09_p302_v001.root",
"event.root")

Info in <TMacOSXSystem::ACLiC>: creating shared library /Users/oxon/git/RHEA/
src/./event_class_tree_C.so

root [1] TFile f("event.root"”)

(TFile &) Name: event.root Title:

root [3] photons->Print()

KE A KR KR KR AR KR AR R AR AR KR AR KR AR R AR AR KR AR KA KRR AR AR KR AR KR AR EAKREAKRKRAKREKAKREAKREAXRKRAKRKRAKRERAKREARKRARk.K
*Tree :photons : *
*Entries : 177778 : Total = 6446728 bytes File Size = 3336680 *
* : : Tree compression factor = 1.93 *
P ARt WA W W W A A WA W W b A T4 W W W A A S W W W 0 WA W W W A 0 T4 W W W s WA W W W 4 A S W W W A 0 S W W s A WA W W W A WA S W WP W A T4 S W W s WA S S W o A WA S W
*Br @ :event : PhotonEvent *
*Entries : 177778 : Total Size= 6446347 bytes File Size = 3332478 *
*Baskets : 447 : Basket Size= 16000 bytes Compression= 1.93

root [4] photons->Draw("event.fEnergy")

root [6] photons->Draw("event.fB:-(event.fL > 180 ? event.fL - 360 :
event.fL)>>hGal"”, "", "colz")

(Long64_t) 177778




D2 ADGEDT

© 6 6
Trree.h” O JV/\1IVTBDTREFREDZ #include
class PhotonEvent : public TObject { 9 751%1@60 TObjECt h\Blﬂ*E( LJU( t:EEll\o

private:

T O AVNEHDOE(E, XEVYALADRBKFZ

Float_t fB;
Short t Fealibversionl3; BT 7=IC ROOT T typedef EN/7=EDZEFES
pusgjgz (Float_t energy) {fEnergy = energy;} 0 xyl (.m-ﬂ\;“iﬁ Prlvate ‘:?5%A‘; Setter %

void (Float_t 1) {fL = 1;

oid  (Flostt b) {6 = b1} . AT getter ERERITE, COFITIIEDRLY

void (Float_t zenith) {fZenithAngle = zenith;}
void (Short_t* calib) {
for(int i = @; i < 3; ++i) {
fCalibVersion[i] = calib[i];
}
}

, ClassDef (PhotonEvent, 1) O ROOT T class ZEMIBEETDHEULLEWN

void (const charx input, const char* output) {
TFile fin(input);
TTreex photons = (TTree*)fin.Get("photons");
Float_t energy, 1, b, zenith;
Short_t calib[3];
photons->SetBranchAddress("ENERGY", &energy);
photons->SetBranchAddress("L", &1);
photons->SetBranchAddress("B", &b);
photons->SetBranchAddress("ZENITH_ANGLE", &zenith);
photons->SetBranchAddress("CALIB_VERSION", calib);

PhotonEvent event;

TFile fout(output, "create");

gggignghﬁlggt];;rgﬁgﬁ’(,9’28;22%,,,’”I:;;g’;conEvent”, &event, 16000, 0); e 7710)’( Zg Za)l-rp’r 97&,]#3'

for(int i = @; i < photons->GetEntries(); ++i) {
photons->GetEntry(i);

EXEEEIEEEE?ES?“”W”; QIVSADAYINEHEEHRUTEDBLET
.SetB ;
gxsa%.SgizéngihAngle(zenith);

event.SetCalibVersion(calib);
photons_mod.Fill();

b

photons_mod.Write();
fout.Close();
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ROBAST

http://robast.github.io/

66 ROBAST ~ ROOT -Based Simulator for Ray Tracing -

L O (2 s (B + O robas.githubio [ 0
[0 B2 KOIT Apple~™ News~™ CTA~™ ISEE™ MW~ PCNews~™ FH Sleg~ @M~ /YU~ ZOM~ astro-ph »

What is ROBAST?

ROOT-based simulator for ray tracing (ROBAST) is a non-sequential ray-
tracing simulation lbrary developed for wide use in optical simulations of
gamma-ray and cosmic-ray telescopes. The lbrary is written in C++ and
fully utilizes the geometry brary of the ROOT analysis framework

In 2007 ROBAST was first developed 1o simulate the modified Baker-
Nunn optical system of the Ashra experiment, which is composed of three
aspherical lenses and sphercal segmented mirrors as ilustrated in Figure
1. In 2010 ROBAST was released as an OpeN-sOLICe project 10 be more
widely used in the cosmic-ray and gamma-ray community. It is cumently
used by many sub projects of the Cherenkov Telescope Array and some

other projects.
Fg 1. ROBAST 3D model of the
¥ you are afready familar with ROOT and C++, and ¥ you are looking for Ashra optical system (modified
a ray-tracing simulator sulted for cosmic-ray telescopes, ROBAST is what Baluar-Nunn optical system)

you want. Even if you are a ROOT/C++ beginne, it s worth 10 try ROBAST
and start leaming ROOT and C++ right now.

Complex Telescope Geometry

Thanks to the ROOT geometry library and additional ROBAST classes,
complex telescope geometry with a number of segmented mirrors and
tolescope masts can be bult. Indeed, ROBAST Is currently used for optics
simulations of several telescope designs of the Cherenkov Telescope
Acray,

¢ Large-Sized Telescope (LST): A parabolc telescope comprising of
188 hexagonal segmented mirrors with spherical surfaces.
o Meodium-Sized Tolescope (MST): A Davies-Cotton system

comprising of 88 haxagonal segmented mirors with sphencal

. FHIRERER (T OXREN ST TS

. ROOT D> CWLWAHEEZ=ZHFIA (9. B TEW/E2IE 3000 175
L UMW)

. E/NRIE/E DT, ROOT =AU T2 UDIED ADSE(CEDIHE



http://robast.github.io

ROBAST @ GitHub L7R¥Y BU

https://github.com/ROBAST https://github.com/ROBAST/ROBAST
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ROOT-based simulator for ray tracing (ROBAST) 15 a non-sequental ray-vacing simedation Itvary developed for wice use n optical
simulations of gamma-ray and Cosmic-ray Wiescopes, The Morary 5 witlen in C++ and fully Wbiizes the gaomatry lrary of the ROOT
analyss kamework, hip robast github o/ — Eat

ROOT-Based Simulator for Ray Tracing (ROBAST)

ROBAST 5 a non-sequential ray-racng simulaton lovary developed for optical simulations of gamma-ray and cosmic-

ray W0MSCopes.
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