
MAGIC-TDAS 12-06
Monte Carlo Produ
tion Strategy for MAGIC-II two-teles
opesystemA. Biland, M. Ha�ke, P. Majumdar, D. Sob
zynska and V. Vitale<pratik�mppmu.mpg.de>De
ember 14, 2006Abstra
tIn this small do
ument we outline the latest 
hanges whi
h have been done byAbelardo Moralejo and the strategy adopted for the MAGIC Monte Carlo produ
-tion. More details will be made available in the webpage whi
h is under 
onstru
tion(http://wwwmagi
.mppmu.mpg.de/workgroups/m
/index.html).



1 Modi�
ations in CORSIKA and Re
e
tor 21 Modifi
ations in CORSIKA and Refle
torMonte Carlo Simulations for MAGIC-I were based on CORSIKA 
ode version 6.019 whi
hused the EGS4 
ode for ele
tromagneti
 shower generation, VENUS for high energy hadroni
intera
tions, GHEISHA for low energy hadroni
 intera
tions and US Standard atmosphere. In2006, we de
ided to make a few 
hanges in the generation of showers ( both CORSIKA andRe
e
tor ) .� We have a new version CORSIKA-6.501 ( Dorota 
onverted it to MMCS6500 )� Hadroni
 Intera
tions have been 
hanged to FLUKA for low energy intera
tions andQGS-JETII model for higher energy hadroni
 intera
tions� New input 
ards for both gammas and protons have been added� The wavelength has been extended to 850 nm in the re
e
tivity.dat �le and in the ab-sorption routines� New Atmospheri
 pro�les whi
h have been provided by Marijke Ha�ke are now imple-mented in the absorption routines of the re
e
tor 
ode. This in
luded eliminating the lastremaining fortran �le in the pa
kage, whi
h was translated to a C-program ( see later formore details )� We 
hanged the teles
ope 
oordinates to mat
h the true relative positions of MAGIC andits 
lone. The former 
oordinates were wrong. We still do not have z 
oordinate though.� Many modi�
ations in the Re
e
tor 
ode have been done in the past months whi
h nowallows us to make multiple use of hadroni
 showers ( see Abelardo's talk in Collaborationmeeting at Tenerife for details, 14th O
tober 2005 ). This will allow us to generatehadroni
 showers upto an impa
t parameter of at least 800 m at low zenith angle. Also,it is possible to run ea
h event with several di�erent (random) orientations of the teles
opewith respe
t to the shower axis.� The feature whi
h will allow us to `refo
us the teles
ope' at the 
amera simulation levelhas been tested. The dire
tion 
osines stored per ea
h photon ( see TDAS note 02-11) stored in the re
e
tor outputs are those of the dire
tion of the photon at the momentof arriving at the 
amera. Formerly they were the original photon dire
tion before there
e
tion on the mirror.� The PSF of individual mirror tiles is now simulated in a more proper way : spread isnow introdu
ed in the photon orientations, and not dire
tly on the impa
t position onthe 
amera plane.



2 A note on Atmopsheri
 Model and E�e
t on Lateral Distribution 32 A note on Atmopsheri
 Model and Effe
t on Lateral Distri-butionBy 
omparing the atmopsheri
 models used in MAGIC ( US Standard atmosphere ) withNRLMSISE-00 1 on the basis of total mass density as a fun
tion of height, one 
an see asigni�
ant deviations upto 14%. The emperi
al models of MSISE are based on data fromsatellites and ro
ket probes and in
lude both latitude and longitude and time ( for example,in our 
ase, 
o-ordinates of MAGIC and the �rst day of ea
h month is used ). To 
al
ulate atabulated atmopshere of MAGIC to be used in CORSIKA, the mass density was averaged over6 months : Magi
Summer and Magi
Winter. Comparing NRLMSISE-00 with the generatedMagi
 atmospheres, we get a deviation of about 2%. ( see Figure 1 and Figure 2)Lateral distribution plots were made to 
ompare the photon densities on the ground at LaPalma. About 10-15% de
rease in photon densities has been observed 
ompared to the USStandard atmosphere model. ( see Figure 3 )
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Winter and US StandardIn the Re
e
tor input 
ard, one 
an 
hoose di�erent models for atmospheri
 absorption. Touse the new MAGIC atmospheres, a parametrised version of Magi
Summer and Magi
Winterwas 
al
ulated using ROOT and implemented into the Re
e
tor 
ode.1for details see http://uap-www.nrl.navy.mil/models web/msis/msis home.htm
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Figure 3: Lateral distribution of Cerenkov photons for 50 GeV gammas



3 Installation of MonteCarlo Pa
kages 53 Installation of MonteCarlo Pa
kagesTo download the full MC pa
kage (remember, the new CVS is at PIC, no longer at IFAE):Here we remind you how to 
he
kout software pa
kages from CVS at PICexport CVSROOT=":ext:username�
vsmagi
.pi
.es/CVS" (bash)setenv CVSROOT :ext:username�
vsmagi
.pi
.es/CVS (
sh)where "username" should be your username *AT PIC*If you do not have an a

ount at PIC please ask for it (follow http://magi
.pi
.es/howto.htm)On
e you have an a

ount in PIC, you 
an 
an 
he
kout MC pa
kages by
vs 
he
kout MonteCarloThis will download all the ne
essary stu� for Corsika, Re
e
tor and Camera.To install MMCS (CORSIKA) please follow the instru
tions onMagi
Soft/Simulation/Corsika/Mm
s6500/README MMCS6500 to install it.� Create dire
tory 
uka2006 3 (wherever you want, for instan
e under Magi
-Soft/Simulation/Corsika/Mm
s6500)� Move 
uka2006.3-linuxAA.tar.gz to dire
tory 
uka2006 3� Go to dire
tory 
uka2006 3 and un
ompress the �le:
d 
uka2006 3tar xvzf 
uka2006.3-linuxAA.tar.gz� De�ne environment variable FLUPRO in your /.bashr
 or /.
shr
. Examples:export FLUPRO='/home/magi
/Magi
Soft/Simulation/Corsika/Mm
s6500/
uka2006 3'(bash)setenv FLUPRO /home/magi
/Magi
Soft/Simulation/Corsika/Mm
s6500/
uka2006 3(
sh)(then do "sour
e /.bashr
" or "sour
e /.
shr
")PROGRAM NEEDS FLUPRO TO WORK PROPERLY!� Go to dire
tory with main program mm
s6500, i.e.:



3 Installation of MonteCarlo Pa
kages 6
d Magi
Soft/Simulation/Corsika/MM
s6500/� Un
ompress qgsdat-II-03.gz :gunzip qgsdat-II-03.gz� Compile the program:make all SYSTEM=LINUX� Have lots of fun with simulationsTo install Re
e
tor:
d Magi
Soft/Simulation/Dete
tor/Re
e
torIIre
-installThe example input 
ards for Re
e
tor are also available :Magi
Soft/Simulation/Dete
tor/Re
e
torII/r
 proton.inpMagi
Soft/Simulation/Dete
tor/Re
e
torII/r
 gamma.inpMagi
Soft/Simulation/Dete
tor/Re
e
torII/r
 gamma wobble.inpThe basi
 details of the input 
ard are explained in the TDAS note 0211, but that note is validfor MAGIC-I 
on�guration. Some 
hanges had to be made for MAGIC-II simulations, the mostimportant of them being the teles
ope position. The user must make sure that the teles
opelo
ation positions are 
onsistent with the lo
ations spe
i�ed in the MMCS input 
ard aroundwhi
h the Cerenkov photons are saved to the disk. We write �rst the 
oordinates of all theteles
opes in the �rst system, then all those of the se
ond system, and so on. The order isimportant. The relative lo
ations of the di�erent teles
opes in ea
h system must also be thesame, for instan
e: the �rst teles
ope of ea
h system is always the one on the SW, then the onein NE. In the 
ase of a system of two teles
opes, the �rst one is MAGIC-1, the se
ond is theMAGIC 
lone, whi
h is pla
ed 70 m south and 48 m west of the �rst one, that is, delta x =-70 m, delta y = +48 m Also the user should remember that one will have to run the re
e
torprogram twi
e on Cerenkov output �les for Non-wobble and wobble positions respe
tively.Another important point whi
h the user should remember to 
he
k is that we have 
hosen forthe time being Magi
Winter as the atmospheri
 model (atm model ATM Magi
Winter ).To install 
amera ,you need to have ROOTSYS and LD LIBRARY PATH de�ned, and have ROOTSYS/bin inthe PATH as 
amera needs to 
ompile Mars �rst. So, one has to de�ne all that is required to
ompile Mars. Then:
d Magi
Soft/Simulation/Dete
tor/Camera
amera install



4 Produ
tion Strategy 74 Produ
tion StrategyThe example Corsika input 
ards for protons and gammas are in in the pa
kageMagi
Soft/Simulation/Corsika/Mm
s6500/
ard proton.inpMagi
Soft/Simulation/Corsika/Mm
s6500/
ard gamma.inpIt should be noted that there are a few things whi
h the produ
ers will have to 
hange� The run number� The output dire
tory� The �rst number in the three SEED 
ommandsThree produ
tion sites whi
h are foreseen in near future are Muni
h (produ
tion site label 3),Zuri
h (produ
tion site label 5) and Udine(produ
tion site label 9). CORSIKA requires threedi�erent seeds for random number generation. It was also de
ided that for mass produ
tion,the seeds for the random number generation will be 
hosen as follows :SEED A=runnumber*100 + Produ
tionSiteNumber ( for example, 9 for Udine )SEED B=SEED A+1and SEED C=SEED B+1The output �les from the Re
e
tor will look like, for example,GA za00to30 9 9***** 
t1 w0.r
where the �rst 9 is the produ
tion site label and the run number will be 9*****, always startingwith the site label and w0 signi�es non-wobble mode. For wobble mode, w0 should be repla
edby w+. 2Con
erning the 
he
king of CORSIKA outputs, Ciro Bigongiari suggested that many queuingsystems return a exit status value. Otherwise there is a weird system Ciro found a lot of timeago : 3tail -1 my
er�le | grep RUNE >& /dev/null> status is 0 if the 
er�le is 
ompleted, 1 otherwise.More detailed 
he
ks of re
e
tor �les 
an be performed with the `repsime' 
ode whi
h is in therepsime subdire
tory of the Re
e
torII dire
tory. This program turns the .r
 re
e
tor output�les into root �les where one 
an 
he
k all the relevant quantities. Some more subsequentsystemati
 
he
ks 
an be de�ned in future.2For Protons GA is to be repla
ed by PR, and for other parti
les, HE for alpha, MU for muons ....et
3however, one should note that many systems may not have this fa
ility



4 Produ
tion Strategy 8Appendix AAbelardo has run a proton and a gamma test �les, with the standard input 
ards. The �lesizes are the following (please note that they may vary widely sin
e a few high E showers makeup for most of the photons!):
er �le, gamma: 1.3 GB
er �le, proton: 1.7 GBr
 �les, gamma: � 300 MBr
 �les, proton: � 1.0 GBThis means that runs of 1000 events may be a bit dangerous be
ause we may ex
eed the limitof 2 GB in the 
er �le. The produ
ers should take of this while testing in their respe
tive
entres and it is re
ommended that the number of showers in ea
h �le be made 500.Corsika exe
ution times in a desktop, a 3.2GHz pentium4 (again, please expe
t quite somevariations from run to run due to large events!)1000 gammas: � 30 h1000 protons � 66 hRe
e
tor exe
ution time for gammas is negligible, for protons it is 3 hours per 1000 events.To get 106 events of ea
h we will need then a total of 105 CPU hours (� 4100) CPU days, whi
his just � 21 days assuming we have 200 CPUs. One should note that sin
e the spe
tral indexis raised by +1 w.r.t. the old produ
tion, with 106 events of these we 
an do as mu
h as with107 of the old ones.The re
e
tor �les from these 2�106 events will be around 1.3 TB, from simple extrapolation ofthe above numbers.


