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Python

n AOYUTRREE. AV/INTILOBELTL

TR RANLUIBGEZYH, C(H+ KD ESELEREZIZELETHAD
» B TCTER EEEZERET DDENTL
y BREVWDEALUICKL, VI FNAREXRESTED

L C/CH KD RTREENEVSEHNZL)
» IRBILRY TDEFREIF C/CH+ TEWED T B EEHD

» Python DIZES A TS VR ECEENDIEEDIZSHNBEME C/C++
JO0SAEDERBEBIELESNTEDODRWVNGEEEHD

« RO, MZBOEHES

L ELTTHERET D, T —IBTUDNLEWES Python 2137 TE
EEZTVITFBD




BT RN

© 6 6

$ cd RHEA/src
$ g++ hello_world.cxx O IV/I\AZTAVINTILL., ETT7A1INEERT D

$ ./a.out O ETIT 71N ERITID
Hello World!

$ g++ hello_world.cxx O EEbATaVEDITFD
$ ./a.out XEBEMEZTOSLAEEZ(IEVWD., —iMICITEELHE
Hello World!

$ g++ hello_world.cxx -02 -0 hello_world @ a.out (IFHLDT. RITT7IINERELTE
$ ./hello_world

Hello World!

$ clang++ hello_world.cxx -02 -o hello_world @ OS X 7Z& Clang Z{EHI 5

$ ./hello_world g+ SO TERULAVINI SHED
Hello World!
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C/C++ DER

O 06 O

$ cat hello_world.cxx O EECHNSNECEZETIEFLUNS. BELREZES

FLELYER SESEes fe®ICAY 5 —T 7 1 )L% #include T3

int main() { ® 3 main FHEHEITEIND, DEEIIET main B
printf("Hello World!\n"); hMSRUEENS,

return 0: 9 main Bﬂ%ﬂi int @i&.b‘lﬁh‘%\go cc CcIo—1]— I\“E
} i UT main Z#klF%, 0 [FIEEHERT DERK,

= ROOT OZEIIEFHRT. main B#(E ROOT BAENELICEITLTWS

. ROOTS5 DIFE(E CINT AL ROOTS6 (& Cling AT U T s NDEEE 7z I
O 7. AT U T RAIC main BRIGAE

= ROOT ZEDOE WAL CH DIFE. AV/\1ILLEWNWEE{TTEEL




ROOT ROV UT hDizH

O 06 O

$ cat hello_world.C
void hello_world() {
printf("Hello World!\n");

}

= main BMIEERT DNEXL
. L DIZENLGAY ST —T 717)LE #include §BDHELL




Python DIEE&

O 06 O

$ cat hello_world.py
Q@ XV VU T MAET Python ZFVUH T EEICHE

def (): O EHDERDMLT. def ZfES
print(

if == : ©1DH. 2 DBDVPOHATRE
hello_world()

$ python hello_world.py R :
Hello World! 9 python AN I\‘ 17 thﬁﬁbﬁ%

$ ./hello_world.py P _
Hello World! OET77IINVELTES

$ python -
>>> import hello_world O module &EUTHES

>>> hello_world.hello_world()
Hello World!

L EEAHEERTAERRMAED DD D
» AU U T ~%& python ANY Y RICETEES
y ATV UTRBBHRZEETUAZT python IV RZELHED
» module & LTESAE (import 373)




ROOT A7UTFT main ZRERS B

O 06 O

$ cat main.C

O A

return 9;
)y
$ root
root [@] .x main.C
Error in <TApplication::TApplication>: only one instance of TApplication allowed

| Welcome to ROOT 6.06/04 http://root.cern.ch |
| (c) 1995-2016, The ROOT Team |
| Built for macosx64

| From tag v6-06-04, 3 May 2016

| Try '.help’, '.demo’', '.license', '.credits’',6 '.

/Users/oxon/.rootlogon.C:38:7: redefinition of 'fontid'’
Int_t fontid=132;

/Users/oxon/.rootlogon.C:38:7: previous definition is here
Int_t fontid=132;

H LU <IESNT main TIE%E <. ROOT AFizICEDHET
main (FEFHEAEEIZD T, ROOT XV YU TJRANTIEEDLIEWC &
~/.rootlogon.C #* 2 AU HEINTIZ—ZHWLTWD



http://root.cern.ch

54U ROOT 2 (FL vl (C++)

O 06 O

$ cat first_script2.C
( nbins, nevents) {
* hist = EED C+H OBRIEMNICIEZ. TH1D hist("myhist" --:) &3
new ( , , nbins, -5, 5);
hist->FillRandom( , hevents);
hist->Draw();
3

$ root

root [@] .x first_script2.C(500, 100000)

root [1] myhist->GetName()

(const char *) "myhist”

root [2] gROOT->Get("myhist”) @ ROOT HABTATI I MDEEBZLTWND
(TObject *x) Ox7fe79d0572d0

root [3] myhist © ROOT TlIXARIZE>TATIT I MDD RLAZRDO HES
(THID *) 0x7fe79d0572d0

root [4] delete gROOT->Get("myhist”) @ delete TA T I TV FZEXTEY LHHETE.

root [5] gROOT->Get("myhist") ROOT OEEHSEAND
(TObject *) nullptr

. C++ (Z2[FRO—T (scope) EWSBEENFET D
= {} PRERZIRITDE. TOEHKISTEATLED

. new LCATI TV MDT7 RLR%ZERA VIEHE LTRSS &, delete AEEINDETATI =¥
RAXEYU EASHEIAL (E#H TH1D* hist (FIBZ D)

+ ROOT 7 "myhist" WS EBDATI 7 REZBELTNEDT., BHHERTED



new ZEHDLLVE

O 06 O

$ cat first_script2_wo_new.C
( nbins, nevents) { @ R1 VY THWEHICT D
hist( : , hbins, -5, 5);
hist.FillRandom( , hevents);
hist.Draw(); @ XV/\BE#OHEUHULIE -> TGS . ZES

}

$ root
root [0] .x first_script2_wo_new.C(500, 100000) € TCanvas [C{AHERRETNLL)

root [1] myhist->GetName
input_line_79:2:3: use of undeclared identifier 'myhist’

(myhist->GetName()) OATITUVBRHEATNWADT, ROOT EEEICEELTLVERLY
root [2] gROOT->Get("myhist")

(TObject *) nullptr
root [3] gROOT->1s()

CDESNHCEZHBIENL C++ TIFERE

ROOT DFE. AR LIATI I hERXTY TR TRICESIEHRS

S AT L 72 LY
N VY EEDITNE CNDTEAL

12



Python DIEE&

O 06 O

$ cat first_script2.py
import ROOT

def (nbins, nevents):
global hist
hist = ROOT.TH1D( : , nbins, -5, 5)
hist.FillRandom( , hevents)
hist.Draw()

$ python

>>> import first_script?

>>> first_script2.first_script2(500, 100000)

>>> first_script2.hist.GetName()

'myhist’

>>> import ROOT

>>> ROOT.myhist.GetName()
'myhist’

. Python ©E#RIC. B ZRITDEZDEKIIEZTCLED
. C++ D delete DY T BEEL@EIS2H. ATV NEAEERD
. CN7ZEBF<ICIE global Z#Z=#ES




I&¥ ROOT IRV VT RERIFED L S ICEIKDH

. ROOT 5 TIXCINT (—1 > k) &EWD C/C+H+ DT
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D) MEODNTHD., C/C+H+ & ([F1X) EITTED
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B (Type)

n C/CH [CIFBRIAH D
» fF=HDEFE  char (8 bit). short (16). int (32 or 64)
» FFEIE LB [ unsigned char 75&
» 2B EY | float (32 bit). double (64)
» 32 bit OS H 64 bit AT int DRXESIHIED
. ROOT ClIRERF=ZELS< I8, Short_t ¥ Long t

HENERINTWVND (COHBETRILCEDFNE
H ROOT OB THTLBDIFZZDI=H)

= CHH11 FTUWRIED C++) TlE. COXDEERELZ L
<F7=HIC int8 t (8 bit) L ENEBIIET N/

15



272X (Class)

 BRABEHOBEZOEEXKEEDIC U, B TES

Ay
P EIBREDZEE D TEITED, BFTHEIMTEA,
+ TGraph ¥ TH1D (X ROOT A DT 2 X

» NERICT —F AP EVIREE DEIEIEER

» ZHL. Y1 ML EDXFIER

» Draw () ¥ GetStdDev() & DX >/ \EE#

ct
O
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C++ DTS ADH

O 06 O

double x1 1.5, y1 = 2.3, z1 = -0.4;
double x2 -3.1, y2 = 5.6, z2 = 1.9;
double x3 = x1 + x2, y3 =yl + y2, z3 = z1 + z2 Q@BEIFITPLPIELEDSL/EH

Vector3D v1(1.5, 2.3, -0.4);
Vector3D v2(-3.1, 5.6, 1.9); _ _
PR S I I @ U5RICT BT ETLDERHMIC

BTV DAICKEDDCETIKWPILLIED
 HET—YICERSY. BTATHEISXRICTED




fBEZI S5 ADH (Vector3D.h)

O 06 O

VECTOR_3D
VECTOR_3D

Vector3D {
private:
fX;
fY;
fZ;

public:
Vector3D();
Vector3D( X, Yy,
Vector3D(const & other);
virtual ~Vector3D();

virtual X() const { return fX; }
virtual Y() const { return fY; }
inline virtual Z() const;
virtual Print() const;

= (55 EANVYIY—T71I)UIC. E&EIZXYV—XT71ILICELDH—HKH
LR FIEZENZEN .h/.hpp/.hxx/.hh IR E D .cc/.cpp/.cxx 15 &




{ERAHl (Vector3D _main.cxx)

O 06 O

O {
vo;
vi(1.5, 2.3, -0.4);
v2 = Vector3D(-3.1, 5.6, 1.9);
v3i = vl + v2;
vd(vl - v2);
product = vl * v2;

vO.Print();
vl1.Print();
v2.Print();
v3.Print();
v4.Print();
printf( , product);

return 0;

. B TCTIEo /ey Y —T 74 )% #include $BC & T, Floiges L
CHEZADELDICHD




X171

O 06 O

$ g++ -c Vector3D.cxx

$ g++ -c Vector3D_main.cxx

$ g++ Vector3D.o Vector3D_main.o -o Vector3D
$ ./Vector3D

(X, y, z)
(X, y, z)
(X’ y? Z)

(0.000000, 0.000000, 0.000000)
(1.500000, 2.300000, -0.400000)
(-3.100000, 5.600000, 1.900000)
(x, vy, z) (-1.600000, 7.900000, 1.500000)
(x, vy, 2) (4.600000, -3.300000, -2.300000)
vlikxv2 = 7.470000

n B 7AI)IEIERAVINMILU. ATV O R 710)0 (o) ZERT D
S RRICAT I ORI 7OV EREE L. ET 7717V AEES




Python MY 5 ADH (vector.py)

O 06 O

(self):
% (self.x, self.y, self.z)

(self, other):
Vector3D(self.x + other.x, self.y + other.y, self.z + other.z)

(self, other):
return Vector3D(self.x - other.x, self.y - other.y, self.z - other.z)

(self, other):
return self.x*other.x + self.y*other.y + self.z*other.z

L CH EEIEETANDEBDEDSDT, K<KEBEARTLSZEL

= HEXTHLDT, ERICIIBEED ATV EES CEDANZL
» FREENHEL
» BET B EICLBEEVDEAZRS




X171

O 06 O

$ python vector.py
(x, v, = (0.000000, 0.000000, 0.000000)

(x, vy,
(x, vy,
(x, vy,
(x, vy,

(1.500000, 2.300000, -0.400000)
(-3.100000, 5.600000, 1.900000)
(-1.600000, 7.900000, 1.500000)
(4.600000, -3.300000, -2.300000)
= 7.470000




C++11 ICDWTC

. C+ DILERE LT CH11 A RESI N
» AN—bhIR1 V%
» 1IERRERIR
NILFAL Y R
R DIENN
BT & auto
SIINEVN, BEELSTLIZRL
. ROOT ZE S L IF THNIEZEEIFRICLELS TR
W CH (FE LT C ED P DDICIBETELWVEX TENINTZ C++
(DKD4) A—FICEELKDL C+H11 HhH
. CHOX (ZBETD AR, CH14/CH17 (3 B (TR
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T Tree



© 6 6

zsh DE&H

$ mkdir ~/1at

$ cd ~/lat

$ for 1 in {009..049}; do curl -0 https://raw.githubusercontent.com/akira-
okumura/RHEA-Slides/master/photons/lat_photon_weekly_w${i}
_p302_v001_extracted.root; done

bash OHE

$ mkdir ~/lat

$ cd ~/1lat

$ for i in $(seq -f "%02g" 9 49); do curl -0 https://raw.githubusercontent.com/
akira-okumura/RHEA-Slides/master/photons/lat_photon_weekly_w@${1i}
_p302_v001_extracted.root; done




NumPy ZAN3

© 6 6

$ python

>>> import numpy

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

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

$ sudo pip install numpy @ pip ZfE>T numpy ZEAND

$ python _
>>> import numpy © numpy & import TESh'HER

% Python 2 %> Python 3 L EDFREICIH LU T, python3 ¥°
pip3.6 HEDIAV Y FICEEZTHATSEELY,




TTree & (&

. TH1D ¥ TGraph & EW., AUBHREF DOEOIMBOY T ~D T
7I2(F (Z97) FELEWV

= Event OIS = DEET — Y (ICIERHEZL

= ERICRKMIBICEHBEIDERETEY T b (Excel &) DY — K
FITS @ table D& SEHED

Fermi/LAT DAV NBEANY RT—5 D)

Event No. Energy(MeV)  Gal. Longitude (°) Gal Latitude (°) Time (ns)
0 44.5018 123.252 11.7771 239557417.793099
1 241.2553 61.90714 60.7625 239557417.953302
2 105.5841 49.0666 78.24632 239557418.516744
3 248.1058 184.6369 13.48609 239557419.156299

n 272U, EEMEE. T—Y O8I, ROOT ¥ 5RD
REHZE. TTree TUNERTERVERENZ<H D Y"

. >S5 LTCROOT ZESDOHAEWVWDSHEWNAD 1T DDEX
= MEZELIANCE. class ZREFEIT D EELTESD

27



Fermi/LAT

L T

bbbk, TLL LD T T T T T
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'
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F3'13EATHD (Fermi/LAT OF—45 )

O 06 O e

$ root misc/lat_photon_weekly_w0@09_p302_v001.root

root [0] O TTree DEENS ROOT 7 7 AILES|FICT S

Attaching file misc/lat_photon_weekly_w0@09_p302_v001.root as _file®.
171 ) dxTrcbaziosasg © TFile HEBIMICEREN. 771 LHBEINS
TFile*x misc/lat_photon_weekly_w@09_p302_v001.root
TFilex misc/lat_photon_weekly_w@09 p3®2 vooT. root
KEY: TTree  photons;1 LAT PASS8 Photons € “photons” &L\DREID TTree HLVD

root [2] photons->Print()
RaRA WA A T S, WA S B0 o S WA 9 o S W W B S W WA S o S S 9 S S 9 o W S S S S S 9 o S S 9 9 9 W S S S 9 9t S S 9 o S 1 o S W 9 e o S S 9 g o S 9§

*Tree :photons : LAT PASS8 Photons *

*Entries : 177778 : Total = 27471504 bytes File Size = 27453414 *

* : : Tree compression factor = 1.00 *
RaRA A A S, S S b o S S S A S S 1 s o o S A S o S S A o S S S o 9 WA S S S WA o S S 9 o 9 1A o S S S o S S e o S s o S S S o S S o o S Y

xBr @ :ENERGY  : ENERGY[11/F O “ENERGY” &L\5 branch H*la%
*Entries : 177778 : Total Size= 713624 bytes File Size 712860 =*
*Baskets : : Basket Size= 32000 bytes Compression 1.00

; : RALT]/F
*Entries : 177778 : Total Size= 713516 bytes File Size 712768
*Baskets : : Basket Size= 32000 bytes Compression= 1.00

L7 7 TIVIE FITS T HEHE ROOT [CEH L THEM T DE(S
7“okb\7 TILTTH. EEEHRNTT

n REDT —Y THERDF 21— I TIVEZTOANAITEETHEL

ﬂ




root [3] photons->GetEntries() QD TTree CIF 177,778 IRV RDEENS
(Longb4_t) 177778
root [4] photons->Show(0) O VEDVEDDAINY R ZERIEVWEE
> EVENT:0

ENERGY

RA

DEC

L

B

THETA

44.5018
14.0396
74.6459
123.252
11.7771
43.9611

PHI 166.852
ZENITH_ANGLE 710.4655
EARTH_AZIMUTH_ANGLE = 343.811
TIME 2.39557e+08
EVENT_ID 52785
RUN_ID 239557414
RECON_VERSION 0

ARV by T BRAGRBHEAADTND

. MEHLNOEEANY MIEOTLDE, TTree ZESEDH D MM =HH 7
Mh>TLK %

SHEM(E TRAAMETN £ CTEAERTNEVNSANFEAL




ot o=

0 6 6 ROOT Object Browser
Browser | File Edit View QOptions Tools Help
Files | Canvas_1 @‘ Editor 1 |:\|
24 Y f& Draw Option: | B
I I I I I
glr:;tOOF Sessi : o= ]
essions B - i
IROOT Files H 12000 ERAED S5 DS
Elcjg misc/lat_photon/lat_photon_wee N _
ht hEnergy 10000 — —
(#- % |photons i
E]---_ﬂphotonsﬂ N 8000 —]
3% ENERGY : i
~JRRA | 6000 —
§xDEC : -
RL | 4000 —
,,,,, QB : a
3% THETA > 2000 —
-3y PHI s
4% ZENITH_ANGLE 0 =4S
----- ’ EARTH_AZIMUTH_ANGL B
b *TlME = -
3% EVENT_ID Command |
fore * RUN ID c )
0 d (local):
‘.. 3 RECON VFRSION h mmand (local) ’ E
< I | >
Filter: | All Files (*.*) ~] ’

l | y
O 6 6 | "
root [7] TBrowser b O ROOT 771NV ERBI=HDT SO MIIELEHLD




XS EAINBRDODIXRINF—DHZERTHD

ENERGY

180 — | |

Entries

10*
160 H—

140 H-
il 10°

120:_— BJ:% _2.7 @%i

100 H-
il 10?
80 H—

60—
| 10
40— —
Il Xt ISRE S FREED T, FXERP
1 e 1 SARETEASEWVLE flux CIFEEZL
0 | | | | | | X — I | I | I | I |

0 500 1000 1500 2000 2500 3000 3500 | 2 3 4 5 6
ENERGY log(E/MeV

20—

]
]

\/\]

O 6 6
root [3] photons->Draw("ENERGY") @ #FE7% branch TERAKNISLZELLCENTED
O 7-72L. EVIELGEIBFICEHEETND

root [4] TH1D* hEnergy = new TH1D("hEnergy”, ";log(#it{E}/MeV);Entries”, 60, 1, 7)
root [5] photons->Draw("log1@(ENERGY)>>hEnergy")

root [6] gPad->SetlLogy(1) O HOILUDFEBELEANISLZIEOD>THL E:
O ZCIC TTree::Draw DIERZEEHDCENTESD
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A EIR CHIN RO ERTHD

B:L
| | ] B ] : hGal
p X - Entries 177
80 Mean x
: Y. 3 il i : Mean y -2
60 3 : fir ; .".‘ oD ’.-. b i : 4 3 '-.& { Std Dev x ég
40
20
0
-20
~40
-60
0 50 10 150 200 250 300 350 0 100 200
¥ ROOT & TGaxis Z#fEHEL &, IENSARICAISEHEEZEITEEA % ROOT CCOD&OSEEZEMEL & PDF BIEEICEVDTER
O 6 6 "

root [7] photons->Draw("B:L>>hGal(720, 0@, 360, 360, -90, 90)")
root [8] hGal Q2 ZFTHES

root [9] photons->Draw("B:L>>hGal(720, 0, 360, 360, -90, 90)", ""

root [10] gPad->SetLogz() € “colz” ZDIFITE%ZEDIFS

33



EAREBESET. §FdnEHR0N

B:-(L>1807?L-360:L) B:-(L>1807?L-360:L)

S T
100 —-150 -100
% ROOT I3 TGaxis ZEDAENE. ENDEICHNSHEBFELA % ROOT TCD&ESHEEM< & PDF HIESICEVND TR
© 6 6 "
root [7] photons->Draw(”B:-(L > 180 ? L - 360 : L)>>hGal(720, -180, 180, 360, -90, 90)")
O R ZERDEARICEH-DTL S

root [9] photons->Draw("B:-(L > 180 ? L - 360 : L)>>hGal(720, -180, 180, 360, -90, 90)", "", "colz")
root [10] gPad->SetLogz()

34



TITBEDRERZED

90

80

70

60

50

40

30

20

10

B:L {(L-100)**2 + (B-50)**2 < 50%*2}

' |
154

]

! ' | ' | |
ORDIZTROH LT

500

-4 )00

— 00

)00

-4 500

ZENITH_ANGLE {(L-100)**2 + (B-50)**2 < 50%*2}

|

N R

40 50 60 70 80 90 100 110

root [11] photons->Draw("B:L", "(L-100)*%*2 + (B-50)*%2 < 50#%%x2")
O F5IBICEKH (cut) ZHEEIT D

(Longb4_t) 20676

O cut [CYTIEFR >Ry FOEDHHRD E

root [28] photons->Draw("ZENITH_ANGLE>>z1") @ £H >V HEDXKIEAD T
root [29] photons->Draw(”ZENITH_ANGLE>>z2", "(L-100)*%2 + (B-50)*%2 < 50%x2"

”Same”)
root [30] z2->SetLineColor(2)

O ZEHEBERMNDA VN IRDHDXRIEA D
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Cut ZhMF CERNEIE CHE

10?

Galactic Latitude (°)

-15 —-100 -50 0 50 100
Galactic Longitude (°)

6 6
root [6] photons->Draw("B:-(L > 180 ? L - 360 : L)>>hGal"”, "ZENITH_ANGLE<100", "colz")
root [7] gPad->SetlLogz(1) O XEATHY FENFBRETRELF—YDHESNT
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BED ROOT 771D DB TTree Z#ES 9 D (TChain)

1V

808

| lllllll

60

|

40

Galactic Latitude (°)

20

| [ - T
-150 —-100 -50 0 50 100 150
Galactic Longitude (°)

© O 6

$ cd ~/1lat
$ root

root [@] TChain chain("photons") 0 i?ﬁl%@ TChain %1’[55
(TChain &) Name: photons Title:

root [1] for(int i = 9; i < 50; i++) O FEH/D TTree 'EFENSD ROOT 7 71V EENNT D
chain.Add(Form("lat_photon_weekly_w%03d_p302_v001_extracted.root”, 1));

root [2] photons->Draw("B:L>>hGal(720,-180,180,360,-90,90)", "", "colz")

root [3] hGal->SetContour(100) _ _

root [4] hGal->SetMinimum(10) O £IX TTree ERIERICTED

root [5] hGal->SetMaximum(1e4)

root [6] hGal->SetTitle("”;Galactic Longitude (#circ);Galactic Latitude (#circ)")
root [7] gPad->SetlLogz(1)
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£590U cut DFFE (TCut ZfES)

© 6 6

void (const charx directory) {
TChain* chain = new TChain("photons");
for(int 1 = 9; i < 50; i++) chain->Add(Form("%s/lat_photon_weekly_w%03d_p302_v001_extracted.root"”, directory, i));

TCut cutl(”cutl”, "ENERGY > 200");

TCut cut2(”cut2”, "ENERGY > 1000"); O TCut ZfE>THY FESHRIICEET D

TCanvas* can = new TCanvas("can”, "can”, 800, 800);
can->Divide(2, 2);

TH2F* hCrab[3];
TH1D* prox[3];

for(int 1 = 0; 1 < 3; 1i++) {

const double kLongitude = 184.33;

const double kLatitude = -5.47;

hCrab[i] = new TH2F(Form("hCrab%d", i),
";Galactic Longitude (deg);Galactic Latitude (deg)”,
100, kLongitude - 3, kLongitude + 3,
100, kLatitude - 3, kLatitude + 3);

can->cd(i + 1);

if (1 == @) chain->Draw("B:L>>hCrab0”, !cutl, "colz"); GTCut €%—§|§£‘:E5
else if(i == 1) chain->Draw("B:L>>hCrab1”, cutl1&&(!cut2), "colz");
else chain->Draw("B:L>>hCrab2"”, cut2, "colz"); @ nmﬁEﬂ]’P ;EF:E)1§2-5

prox[i] = hCrab[i]->ProjectionX(Form("pro%d"”, 1i));
prox[i]->SetMinimum(@);

prox[i]->SetMarkerColor(i + 1);
prox[i]->SetLineColor(i + 1);

can->cd(4);
prox[i]->Draw(i == @ ? "e" : "e same");




SHU cut DFEE

EIRIF— | 200 MeV LU E

187

184 185 186 187
Galactic Longitude (deg) Galactic Longitude (deg)

200 At

HEHI A 4
20000 *H**ﬂ*{***ﬂﬂ{*ﬁ” F iy Wy
1800[761%*}*****”“ A

1000 MeV B E

1600 ’*;f*iﬂ*u
H H

AT ' "

04’0”0’0‘0”” ’M{ A #

Galactic Latitude (deg)

1400

1200

=T

1000
800
600
400
200

4

.
My ERT

N R L R R

3
i
i

¥

%,

¢

i

=

i

T

A =
PR PO PO PN BRI Y0 AU AP PR P P |

[T T7

| L | L | L | L | L |
182 183 184 185 186 187
Galactic Longitude (deg) Galactic Longitude (deg)

© 6 6 '3

$ cd RHEA/src
$ root
root [0] .x lat_resolution.C("~/lat")
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TNtuple & (3

Q. 7EAC TTree U 7E< T TNtuple uR25D?
A. Z2BDIESHEEIEH DS
Ntuple [ TTree DIRET T X
= TTree [C[& int T%H double TH ROOT MY ZATEH
BB H. TNtuple (& float LHEESH 5NN
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» ZD7. TTree (ISEWVWHER) ZIBET DDA E
nENE B
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Bi#hiZr B (Fermi/LAT 5

—IDEIEED)

BiL log10(ENERGY)
M | - | | | —
—700 107 —~
201~ - - -
n 1 —j600c¢ 0 .
10— — = -
500( - .
i 10° &= —
o 400( S E
i 3000 107 =
-101— : -
- 200( - ]
10~ E
20 - -
100¢ - .
3 | | | | | | | 0 ! = | | | | | ’J_I_‘ Hl H E
%00 150 <100 =50 0 50 100 150 200 1 15 2 25 3 35 4 45

L log10(ENERGY)

O 6 6 "

[@] TNtuple nt("nt”, "test”,

"ENERGY L:B") @ TNtuple fERk. B=5I83 float DEHB—E,
[11 TF1 F1("F17, "xkk(-2.7)",

1000000) y 3
[2] while(nt.GetEntries() < 1@@@@0@){ O -2.7 ROFICHES AL BMAERD—RHEIHK

(cont'ed, with .@) [3] float e = f1.GetRandom(); € S T-ULWEH[E%x

(cont'ed, with .@) [4] float 1 gRandom->Gaus (0, 690); s e e e
(cont’ed, with .@) [5] float b = gRandom->Gaus(o, 5); 1N/ bFc&lRfAAL
1, b);

(cont’ed, cancel with <= 180 && abs(b) <= 90) nt.Fill(e,
(cont'ed, cancel with OFillTA3CETAINY hiEPT

5] ne. Dran'e:Le, o O i3 TTree &ERUEICHES

cancel
cancel
cancel

.@) [6] if(abs(l)
.@) [7]1}
"colz")
[9] nt. Draw(”log1®(ENERGY)”)
[10] gPad->SetLogy(1)
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TTree DFEHEE (1)

O 0 6
$ root misc/lat_photon_weekly_w@@9_p302_veo1.root 0 LAT — 9%‘: 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 AR R R AR R R AR AR AR AR AR AR AR AR R AR RA KR AR AR AR AR AR AR AR AR AR Ak k)i k)kk%k N —

*xTree :photons  : LAT PASS8 Photons 9 Branch h\ﬁﬁ'l' 23 @55
*Entries : 177778 : Total = 27471504 bytes File Size = 27453414 x

* : : Tree compression factor = 1.00 *

KR AR KRR AR KRR AR R A R R R AR R R AR R AR R KR AR KRR AR KR AR KRR AR KR KA KRR A ARKR A ERKRKRARKR KR A RKR A A AR A ARk Ak ki), kkk%k

*Br @ :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

(E1)
$ 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 &nﬁjtglhﬁjrc_ ROOT 7 ’r)ll
root [1] photons->Print()
R A B A A L B b A A 0 S S A B St oA 0 10 S o 0 0 St A S S0t A 0 10 S oA 9 0 St 0 9 S0t oA 9 7 S o 0 0 S s 0 0 S0t oA 0 0t s 0 0 S S A 0 St A 0 S S S 0 8

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

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

* : : Tree compression factor = 1.09 *
KA KR AR AR R R R R R R A R A R A R A A R AR AR R R AR R R R AR AR AR AR AR AR AR AKX AR R 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 LAT T—Y T—EDHZIREHULIEAIVUT

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

ﬁile fiE(inpUt);(TT Fin Get( shotone s @ TFile::Get Z{E8>T. AR T TTree ZDO HT
ree*x photons = reex)fin.Get("photons”); —

X TTree A EREERICEID HES

X Fv AP (cast) EWSEEZTDIRENHD

Float_t energy, 1, b, zenith; s = cTS5 EA SR
photons->SetBranchAddress("ENERGY", &energy); 9 rl"\/ I\‘_t‘” 7729203\1':%”“{_{‘ 13,
photons->SetBranchAddress("L", &l); BEYSBEDEH AR L/77‘/9:L_?'ﬁﬂﬁl'lj'5
photons->SetBranchAddress("B", &b); X W TEHOIRT I EET &
photons->SetBranchAddress("ZENITH_ANGLE", &zenith);

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

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) {
??OZZEZEQEE?;Q/?%; O TTree::GetEntry 21735 &. lBEULK
shotons. mod. Fill(): T5VFDANY FEDENEHICRAAETND
) OFill 33T, FSVFICHERALTNREHD
) 'HHTE) DEHEDHOND
ohotons_mod. Write(): % GetEntry 9 3EIC 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

TTree::Branch ZME, & = (5

C++ IR > T XA
I DDITWETR XA

JdUy

3 5|8 TH%Z ROOT [CHZ DWENHD

EDT7 RLADESNDEIFEE. TFORZZREF
EDREEIHDH BN
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Python DiZE (POHAFIEVWDHHDEXT)

O

O O

$ cat src/tree_extract.py O tree_extract.C & Python [CL7=ED

import ROOT

import numpy 9 numpy ’éﬁ5’f30ﬁl:b§§'

def

(input_name, output_name):

fin = ROOT.TFile(input_name) © Python 7Z & HEZE 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, 72720512003 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[0] = photons.ENERGY O TTree::SetBranchAddress <&

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

photons_mod.Write()
fout.Close()



IV SR%&EDD - KD ROOT 5 LLWI

© 6 6

$ cd src

$ 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()

P AR At WA W W W A A WA W W P A WA S W W A 04 S W W W 0 A W W W s 0 T4 W W W s WA W W W 4 A 94 W W W A 9 S W W s A 94 W W W A A 9 W WP W A T4 S S W s 9 W W W W 4 A S W 8
*Tree :photons : *
*Entries : 177778 : Total = 6446728 bytes File Size = 3336680 =*
* : : Tree compression factor = 1.93 *
KEAK KA K AR K AR KA KR A AR AR KA KR KA KR A ALK AR K AR EA KR EAELAR KR AR K AKREAKR AR KLRAKREKAKREEAKREAXRKRAKRKRAKREKRAREARKRARK.RK
*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")

(Longb4_t) 177778




D2 ADGEDT

O 0 O
TTree.h” O JV/\1IVTBDTREFRED® #include
class PhotonEvent : public TObject { 9 751%1@60 TObJect h\ 5'%&7?( bfa:( t:EEL\O

private:

T O AVNEHDOE(E, XEVYAIADRBKFZ

Float_t fB; .
Shortt Fealibversion[31; BT 7=IC ROOT T typedef EN7=EDZEES
pusgjgz (Float_t energy) {fEnergy = energy;} 0 xyl (.m-ﬂ\;“iﬁ Prlvate ‘:?5%A‘; Setter %

void (Float_t 1) {fL =

old  (Float_t b) 16 - b1) . AT getter ERMERITE, 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?“G“‘”“” QIVSADAYINEHEBHRUTEDBET
.SetB ;
gxsa%.SgizéngihAngle(zenith);

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

b

photons_mod.Write();
fout.Close();
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EATTEIC ROOT ZEER{E>TLDDD (2)
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Python + matplotlib [CEZ X 5N
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ROBAST

http://robast.github.io/

ROBAST - ROOT-Based Simulator for Ray Tracing "

006
<> @ @ @ | + | © robast.github.io ¢ luReade

# KOIT Applev News~v CTA~ ISEEv %@~ PCNews~ TF& Blog~v @ #fl~ /){Y~ Z0Oft~ astro-ph »

What is ROBAST?

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

In 2007 ROBAST was first developed to simulate the modified Baker—
Nunn optical system of the Ashra experiment, which is composed of three
aspherical lenses and spherical segmented mirrors as illustrated in Figure
1. In 2010 ROBAST was released as an open-source project to be more
widely used in the cosmic-ray and gamma-ray community. It is currently
used by many sub projects of the Cherenkov Telescope Array and some
other projects.

Fig 1. ROBAST 3D model of the
If you are already familiar with ROOT and C++, and if you are looking for Ashra optical system (modified
a ray-tracing simulator suited for cosmic-ray telescopes, ROBAST is what Baker-Nunn optical system)
you want. Even if you are a ROOT/C++ beginner, it is worth to try ROBAST
and start learning 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
telescope masts can be built. Indeed, ROBAST is currently used for optics
simulations of several telescope designs of the Cherenkov Telescope
Array,

¢ Large-Sized Telescope (LST): A parabolic telescope comprising of
198 hexagonal segmented mirrors with spherical surfaces.

* Medium-Sized Telescope (MST): A Davies-Cotton system

comprising of 88 hexagonal segmented mirrors with spherical

. 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 L'k

'~

https://github.com/ROBAST

066 ROOT-Based Simulator for Ray Tracing (ROBAST)

(el )Gl U] O uninca gtubcom w05

O This organization Pull requests Issues Gist

ROOT-Based Simulator for Ray Tracing (ROBAST)

ROBAST is a non-sequential ray-tracing simulation library developed for optical simulations of gamma-ray and cosmic-

ray telescopes.

Nagoya, Japan http://robast.github.io/ oxon@mac.com
Repositories People 1 7) Teams 0 £} Settings
Filters ~ New repository
robast.github.io HTML %1 §50
Project web page
Updated on May 9
ROBAST C %3 ko

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

Updated on Dec 21, 2015

©2016 GitHub, Inc. Terms Privacy Security Contact Help

People

akira-okumura
Akira Okumura

Invite someone

Status APl

Training Shop Blog About

https:/ /github.com/ROBAST/ROBAST

<> Code 1) Issues 11 ‘) Pull requests 0 Wiki 4~ Pulse 1 Graphs 4 Settings

ROOT-based simulator for ray tracing (ROBAST) is a non-sequential ray-tracing simulation library developed for wide use in optical
simulations of gamma-ray and cosmic-ray telescopes. The library is written in C++ and fully utilizes the geometry library of the ROOT
analysis framework. http:/robast.github.io/ — Edit

<P 240 commits ¥ 7 branches © 11 releases % 2 contributors

Branch: master v New pull request Create new file  Upload files Find file Clone or download ~
. akira-okumura Fix a critical bug in AGeoAsphericDisk::DistToOuter and DistTolnner, ... == Latest commit 4691680 on Dec 21, 2015
8 include Add the author name to all header files 7 months ago
i misc Add misc/footer.html and misc/header.html to customize HTML documenta... 7 months ago
I src Fix a critical bug in AGeoAsphericDisk::DistToOuter and DistTolnner, ... 6 months ago
B tutorials Add a new line "ROOT.ARefractivelndex” to prevent a ROOT6 crash 7 months ago
E) .gitignore Add **/*~ 1o .gitignore 7 months ago
[E LICENSE Create LICENSE 8 months ago
Makefile Fix a Makefile bug that src/ROBASTDict_rdict.pcm was not generated be... 7 months ago
README Update README 8 months ago
E) README.md Add Zenodo DOI 8 months ago
[E) SCHOTT _catalog_2011.txt - Added SCHOTT _catalog_2011.txt 4 years ago
mkhtml.sh Add misc/footer.html and misc/header.html to customize HTML documenta.. 7 months ago
EE README.md

ROOT-Based Simulator for Ray Tracing (ROBAST)

. ROOT CBHESATISUZEDEED. OEDDH
= 2007 FTAICEVNZEDIED T,
. GitHub T® webpage DRFHDEA EHDSE(CE

L5
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