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Vztah simulaci s kosmickym zarenim

Pro¢ pouzivame simulace?

@ Chceme zjistit hmotnostni slozeni sprsek [1]
@ Jak toho dosahnout: porovnani s daty ze simulaci

o Qvéreni presnosti na nizsich energiich je mozné porovnanim dat z
urychlovaci

@ ALE tim jsme omezeni na energie a oblast pseudorapidit dosazenych
na urychlovacich

= Musime extrapolovat urychlovacova data pro energie nad 10" eV

@ Tyto extrapolace jsou zatizené nepfesnostmi

@ Uz samotné simulace jsou jen priblizenim, protoze pfesné nevime, co
se déje pfi nejvyssich energiich

@ Misto hadronovych interakci se pouzivaji riizné hadronové modely
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Plan Gtoku na nepresnosti

Jak se témi nepresnostmi zabyvam?

o Vyzkum v ramci FZU AV CR pod vedenim Ing. Jakuba Vichy, Ph.D. a
Dr. Eva Maria Martins dos Santos

Provadim simulace 5000 sprsek pro:
e Jednotlivé primarni inicializatory sprsky: jadra vodiku (tj. protony),
helia (tj. alfa Castice), kysliku a zeleza
o Jednotlivé hadronové modely: EPOS LHC, QGSJET-II 04 a Sibyll 2.3¢c
o Energie primarnich inicializatori je v rozsahu 10'8° — 1019 eV

v simulacnim programu CORSIKA na pocitacové farmé Golias.
Potom budu:

o Fitovat distribuce hloubek maxima sprsek namérenych na PAO pomoci
nagenerovanych distribuci pro riizné castice
e s pouzitim jiz existujicich nedavno produkovanych simulaci v CONEXu

@ Urcovat systematickou nepresnost nafitovaného slozeni
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Hadronové modely
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Sl
Hadronovy model Sibyll 2.3c

= jeden z prvnich simulaénich programii vyvinutych specialné pro
interpretaci dat kosmického zafeni [2]
@ Kombinuje simulaci hadronové produkce ¢astic s predpovéd mi
kvantové chromodynamiky
o ,Event generator”, jehoz vyvoj zacal uz v 80. letech
@ Pouziva Hillas' splitting algorithm a ma pIné implementovany tzv.
minijet model — nékolik na sobé& nezavislych partonovych parii spolu
interaguje béhem jedné srazky
@ Byl pouzit béhem vsech simulaci pouzitych pfi navrhovani PAO
...V porovnani s ostatnimi modely pouziva az moc velké zjednoduseni, zato
ma nejkratsi simula¢ni dobu
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FFEEUE
Hadronovy model EPOS LHC

= momentalné jeden z nejvyvinutéjSich modeli, zohlednuje i rizné jaderné
interakce béhem srazky [3]

o Vétsina simulaci pouziva 10 let staré modely hadronovych interakci,
coz neodpovida novym datim z RHICu

@ EPOS LHC nejlépe odpovida dattim z urychlovaéii jako RHIC i CERN
(napf. SPS), jesté lépe nez QGSJET-II 04

@ Produkuje vic mion& na povrchu nez QGSJET-II 04 a nez Sibyll 2.1,
ale méné nez Sibyll 2.3c

... ale vzhledem ke své sofistikovanosti ma velmi dlouhou simulaéni dobu,
hlavné v CORSIKA
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QGSJET-1I 04
Hadronovy model QGSJET-II 04

= model pouzivajici Quark-Gluon String model a enhanced Pomeron
diagrams [4]
@ Velmi dobfe odpovida urychlovacovym datam, tedy je i velmi popularni

@ Jeho vyvinuti je disledek nového zpiisobu zpracovavani dat, hlavné na
experimentu KASCADE

@ Oproti QGSJET-01 ma potlacenou produkci sekundarnich ¢astic

o Hlubsi maxima sprsek, ale neprodukuje tolik mionii jako EPOS

... ale pro svou slozitost je ¢asto jeho princip nepochopen, mize byt
nachylny na chyby pfi vyvoji
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CONEX

Nejedna se o 100% Monte Carlo simulator kvili naro€nosti vypoctu pfi
vysokych energiich, ale o hybridni [5]

@ Sprska se popise numericky pomoci kaskadnich rovnic

@ Kombinace s Monte Carlo simulacemi na nejenergitectéjsi casti sprsky
o Vedlejsi, méné energetické kaskady se Fesi pomoci kaskadnich rovnic
@ Jednodimenzionalni simulace

Prestoze hlavni myslenkou CONEXu je hybridni pfistup, maze také jet v

100% Monte Carlo médu
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programy CONEX

User interface
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Obr. 2 : Nasimulovéni jedné protonové sprsky v CONEXu a nasledné nahlédnuti
na vysledky v ROOTu.
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Zpracovavani dat
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Obr. 3 : Priklad zpracovani ¢tyf CONEX sprsek v ROOTu.
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SIS
COsmic Ray SlImulations for KASCADE

Jedna se o Monte Carlo simulator pro vysoké energie [6]
Pro nizsi energie vyuziva semi-integrovany interakéni model FLUKA

Tridimenzionalni simulace

Monte Carlo simulace jsou o to naroénéjsi na vypocetni dobu, ¢im je
vysSi energie primarni Castice
o Kvili tomu je zavedena energie Espjp, od které CORSIKA provadi tzv.
Thin Sampling, ¢imz se lisi od CONEXu
@ , Thinning" metoda — explicitné se vénuje pouze malé ¢asti viech
Castic a priradi jim vahovy faktor
o Kdyz sprika dosahne faze velkého poctu Eastic, jedna z nich se vybere
za reprezentativni a zbytek se zahodi

Metodou Thin Sampling se sice snizi vypocetni doba, zato se ale zvysi
nepresnosti u pozorovanych velicin.
Optimalni velikosti Espjn je mozné zvolit k individualnim aéelim simulace.
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User interface

> ./eoconut

Compile in 32 or 64bit mede ? Which additional CORSIKA program options do you need ?
1 - Force 32bit mode la - Cherenkov version
2 - Use compiler default (’-m64’ on a 64bit machine) [CACHED] 1b - Cherenkov version using Bernlohr IACT routines (for telescopes)

lc - apply atm. absorption, mirrer reflectivity & quantum eff.
1d - Auger Cherenkov longitudinal distribution

High energy hadronic interaction models: le - TRAJECTory version to follow motion of source on the sky
1 - DPMJET-IIT (2017.1) with PHOJET 1.20.60 2 - LPM-effect without thinning
2 - EPOS LHC 2a - THINning version (includes LPI)
3 - NEXUS 3.97 2b - MULTIple THINning version (includes LPI)
4 - QGSJET §1C (enlarged commons) 3 - PRESHOWER version for EeV gammag|
5 - QGSIJETII-04 4 - NEUTRINO version
6 - SIBYLL 2.3c 4a - NUPRIM primary neutrino version with HERWIG
7 - VENUS 4.12 4b - ICECUBE1 FIFO version

d4c - ICECUBE2 gzip/pipe output
5 - STACK INput of secondaries, no primary particle

Which lew energy hadronic interaction model do you want to use ? 6 - CHARMed particle/tau lepton version with PYTHIA
1 - GHEISHA 2002d (double precision) 6a - TAU LEPton version with PYTHIA
2 - FLUKA 7 - SLANT depth instead of vertical depth for longi-distribution
3 - URQMD 1.3cr 7a - CURVED atmosphere version

7b - UPWARD particles version
7c - VIEWCONE version

Obr. 4 : Pred pouzitim CORSIKA je zapotrebi ji zkompilovat.
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Simulaéni programy CORSIKA

Zpracovavani dat

T e N i DAT091247. Lone
Running instructions:
. /CORSIKA_Napoli_Extension_submit.sh NJOBS NSHOW PRIMID HADMOD LOGEBIN ATMCODE 675.0 2.36962E+10 1.42329E+09 2.30245E+09 2.41145E+07 2.40281E+07

680.0 2.38850E+10 1.42905E+09 2.31460E+09 2.43422E+07 2.42259E+07

685.0 2.40489E+10 1.43328E+69 2.32615E+09 2.45064E+07 2.43887E+07

List of required input parameters: 690.0 2.42121E+10 1.43555E+09 2.33229E+09 2.46847E+07 2.45563E+07
695.0 2.43514E+16 1.44063E+09 2.34491E+09 2.48458E+07 2.47173E+07

700.0 2.44881E+10 1.44547E+09 2.34973E+09 2.50278E+7 2.48649E+07
705.0 2.46161E+16 1.44987E+09 2.35222E+09 2.52079E+07 2.49935E+07
710.0 2.47325E+16 1.45162E+69 2.36011E+09 2.53943E+07 2.51360E+07
715.0 2.48269E+16 1.45055E+09 2.36557E+09 2.55324E+07 2.52990E+07
[ 2 49037E+10 PREECEEIEENARETFEFIZIE] 2. 56339E+07 2.54283E+07
XY 2. 497736 +10 PRRITPNIR AP PELFCITIRT] 2. 576760E+07 2.55455E+07
730.0 2.50426E+16 1.45107E+69 2.36277E+09 2.58732E+07 2.56750E+07
735.0 2.50986E+16 1.44865E+09 2.36973E+09 2.59831E+07 2.57690E+07
740.0 2.51317E+16 1.44416E+69 2.36405E+09 2.60786E+07 2.59015E+07
745.0 2.51589E+16 1.44093E+09 2.35645E+09 2.61729E+07 2.60695E+07
750.0 2.51677E+16 1.43779E+69 2.35518E+09 2.63017E+07 2.61935E+07
755.0 2.51618E+16 1.43267E+09 2.34657E+09 2.64006E+07 2.62952E+07
760.0 2.51580E+16 1.42455E+69 2.33778E+09 2.64898BE+07 2.64174E+07
765.0 2.51383E+16 1.41809E+69 2.33094E+09 2.65919E+07 2.65206E+07
770.0 2.51028E+16 1.41296E+69 2.32111E+09 2.66843E+07 2.66083E+07
775.0 2.50625E+16 1.40581E+09 2.31465E+09 2.67674E+07 2.66694E+07
780.0 2.50141E+16 1.39764E+69 2.30326E+09 2.68349E+07 2.67412E+07
785.0 2.49461E+10 1.38903E+60 2.28992E+09 2.68945E+07 2.68021E+07
790.0 2.48644E+10 1.38100E+69 2.27824E+09 2.69683E+07 2.68759E+07
795.0 2.47822E+16 1.37411E+69 2.26448E+09 2.69857E+07 2.69366E+07
800.0 2.46860E+10 1.36442E+09 2.25152E+09 2.70596E+07 2.69979E+07
805.0 2.45876E+16 1.35285E+09 2.24191E+09 2.71357E+07 2.70690E+07

810.0 2.44767E+10 1.34385E+09 2.22726E+09 2.72106E+07 2.71280E+07

N(T) = P1*((T-P2)/(P3-P2))**((P3-P2)/(P4+P5*T+P6*

TO LONGITUDINAL DISTRIBUTION OF
= 3.8722E+09 -3.3039E+01

“bash-a.25 [] Av. DEVIATIDN IN % = 2.1018E+02

[NJ0BS] nunber of jobs to subm\t
[NSHOW] nunber of showers per jol
[PRIMID] - primary particle ID [gamma 1;p=14;He=402;0=1608; N=1407; Fe=5626]
[HADMOD] - hadronic model [Q - QGSJetII-@4;E - EPOS LHC; S - SIBYLL 2.3c
[LOGEBIN] - log1@E bin
1 - log10E [16.5,
2 - logl6E [17.0,
3 - logleE [17.5,
4 - log16E [18.0,
5 - logi6E [18.5, 19.6[
[ATMCODE] - admitted atmosphere GDAS models:
© - Us standard [CORSIKA default atmosphere]
18 - Malargue January [Chosen as Summer Atmosphere]
19 - Malargue February
20 - Malargue March [Chosen as Autumn Atmosphere]
21 - Malargue April
22 - Malargue May
23 - Malargue June
24 - Malargue July
25 - Malargue August  [Chosen as Winter Atmosphere]
26 - Malargue September [Chosen as Spring Atmosphere]
27 - Malargue October
28 - Malargue November
29 - Malargue December
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Obr. 5 : Vpravo: pro vice spriek je vyhodné posilat je vypracovat na pocitacové
farmé za pomoci vétsiho bash programu. Vlevo: ukazka vysledkii jedné ze sprsek
na farmé.
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SORSI
Priklady propagace sprsek v CORSIKA — zenitovy Ghel 0°

Obr. 6 : Simulace sprsky na
energii 10'? eV za nulového
zenitového whlu. Vlevo je
primary proton, pfevzato z

1], vpravo zelezo, prevzato
[
z [2].
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SIS
Priklady propagace sprsek v CORSIKA — zenitovy ahel 45°

015

Obr. 7 : Simulace sprsky na energii 10> eV s proton primary, pfevzato z [1].
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