astro-ph/0410118 �

Gro based Ga a R St ies based on Atmos eric Ch nk t i e at high mo tain altit e

A. L. Mishe S. Cht Mavr iev a J. N. Stame

Abstract n this er we present ew met for gr se a ray astr my se ly tmos eric Cherenkov ux lysis. The Cherenkov ux dens es in tensi ai we ( S) in ate y d erent primaries are simulate r isely primary prot s in th nergy r e GeV PeV, primary ta in th nergyr e GeV PeV rimary ir uclei in th nergy r e TeV �1 PeV usi the CORSIKA 6 code at hi m tain serva l l of /cm^2.

A roxima ateral distribu fCherenkov n tensi ai we is taine The taine roxima is near suc s Bre -Wigner w h few ramete . A deta ed st y o h nergy depe ence o he pr sed model f c ramete is ca ie t the of m el ramete as a f c he primar nergy is taine s we . On the sis o he d eren betw n the m el ramete r isely their be vior as a f c h nergy, the str near y o he m el, we pr se a met whic erm s to make the dis nc betw a ray primaries from r ic primaries. The ible ba gr s for gr se a ray astr my are st ie th cien o he met is calculate D erent det tor displa ments are lyze si the simula f simp ed ma sp trum of cosmic ray. The det to es se i imulated taki int he ysica uct he pro es, the sta s cal ible systema o .

The simulate r structed e nts ar om re the a uracyin energy primary ma struc is taine Moreover the accura in s wer axis determi i t ie cr eria in s wer axis s es mati re pr se

Intro ction The disc eries om space- rn r -based instruments have re lu ized the fiel f ga a-ray astr my. One of the most exc ng cha enges in this field is th xplo a in a regi f the gap between gr ased a spa rn exper ents. Cu ently ga a ay energies betwee a GeV are t ce ible t th sp -borne det tors,a r -based air Chere et tors.

The scien fic ten al of the gr ase a a ray astr my is e rm s a c ers th astr hysics a f amental physics. I e ha s ible to study j t uch a er a remnants, ve gal c nuclei a lsars. On the other the serva s especially in the range of low energies w help t ersta we the vari s ac lera m hanisms a umed t he origi f very high energy ga a quanta. Severa evel ment proj ts are base age t ique such as MAGIC [1], HE [2] a VERITAS [3] are desi ed to study such type of pr lems as we . Our a s t r s n a erna ve met als ase a os eric Chere ght registra The r struc f the lateral distri f Chere ght flux in EAS a therefore sel f ga a quanta i ced signals om cle d b r is the basis of th erna ve met s for primary ga a ray study. In the men ed a nergy range taking into a he

A rX iv :a st ro - /

T ue ,5 O ct

rela vely low dens es s very rtant to es ate w h e ug recisi the s wer axis a t s pr isely th nergy of the in al pr ary. Moreover this per s the basis of comp ted analysis to es ate the shape of the lateral distri f a os eric Chere ght flux dens es a therefore to es ate the nature of the in al pr ary a rejec he hadr i vents from ga a anta i ced events.

Th thod a Results The fac hat scades in ated by pr ary nuclei are differen n com s l g inal a transvers xtensi compared to t se in ated by pr ary ga a anta in the d p a os ere This resu s th orres ing lateral distri of Chere light flux dens es in EAS. At high-m tain a e the shape of the lateral distri s of Chere light flux dens es in EAS initiated by pr ary ga a quant ucle s more or le ar [4] Fig More er in the energy range of the gap th xp te ens es of Chere ght t s are very low which re ires large det tors. A he same e th pprox a w n per s even in a case of s ar distri s to make the dis nc etw n them. One ib ty is using the RE [5] c e, whic er s t is nguish even s ar distri s a hap alues. For thi tudy e use s ulate ata. The s ulated w h CORSIKA [6] c e using SJ [7] a EIS [8] hadr ic inter m els tually the lateral distri s of a os eric Chere ght flux dens es are s n in Fig . The s ula s are ca ie t for high-m tain a e of g/cm^2 in th nergy range GeV- TeV for pr ary ga a quant GeV TeV for pr ary prot s.

1 10 100

10^{-2}

10^{-1}

10^0

10^1

10^2

10^3

10^4

10^5

Prot Gamma

E [eV] 10 10 10 10

Q (R p t /m 2 ]

R [m]

Fig Lateral distri f a os eric Chere ght flux dens e ulated w h CORSI 6 code (sca er ne) a th orres ing approx a (so d line)

* Co es ing aut r

The di erences between lateral distri f a os eric Chere ght flux dens e ulated w h CORSIKA 6 c re be er seen in fig

1 -5.0x^3 0.0 5.0x^3

1.0x^4

1.5x^4

2.0x^4

2.5x^4

3.0x^4

3.5x^4

4.0x^4

4.5x^4

5.0x^4

5.5x^4

Prot 0^{13}eV Prot .^{12}eV Gamm^{12}eV Gamm^{13}eV

Q (R )[ ph ot s/ m 2 ]

R [m]

Fig Di eren s betw n lateral distri f a os eric Chere ght flux dens e ulated w h CORSIKA 6 c e for pr ary ga a-quant rot s

The tained lateral distri s ar pprox ated w h f c such as Bre - Wigner using previ sly pr sed met [ ]. The f c is the sam s the tained in [ ]. Th rox a is presented in fig (so d ne). The strong n rity of the m el [ ] a the tained m t ic ehavior of the m el parameters as f c of th nergy of the in ate r ary par cle per s to tai ig differen s in the c^2 f th rox a sing the same m el for the di eren ateral distri . The differen s in m el parameter behavior as a f c f th nergy a values are s wn in fig This di eren is the basis to make the dis nc etw n the in al pr aries. In must be inte ha he solu f the i erse pr lem base Gau -Newt met is era v nd e use th ec etw n th nergy of the in al pr ary a the total mber of Chere t s at give serva level ( tually the integral of the tained lateral distri f c f a os eric Chere light flux dens es). In one ha this rela er s to es ate th nergy of the in al pr ary a the other ha to adjus he m el parameter values as a f c f th nergy a therefore to dis nguish the hadr ic in a ng par cles a a a- anta.

10^{11} 10^{12} 10^{13}

0.1

1

10

Proton Gamma a g s r_0 k

p a ra m e te r v a lu e

E [eV]

Fig Di eren betw n m el parameter as f c f th nergy

The tained approx a gives the ib ty for s ula of the det tor res se of a os eric Chere telescope.

-80 -60 -40 -20 0 -80 -60 -40 -20 0

SPIRAL Y [m ]

X [m]

Fig A os eric Chere ght telesc e w h spiral det tor displa ment

The s ula s are ca ie t for iform a spiral det tor displ ment fig . Th c ptan of the det tor is aken into t r th fficiency. The an ty of the Chere t s into the det tor is lculate sing the tained a rox a a taking into he det tor su a (1 m^2). The mber of

Chere t s in the det tor is recalculate a ording to the Poi r Gau distri epe ing of th tual mber of Chere t s in the det tor. We s ulate^5 events (prot s a a a- anta) according the steep energy spectra a iform s wer axis distri in the det to ield. Using the RE c solving i erse pr lem w h i t data the s ulated s wers w s ate th nergy a the type of the in al pr ary. Th verage of r structed events is near t per nt. The tained energy es a uracy is er nt. This resu s comparable w revi s tained resu s [ ] (s fig ).

0 0 0 0

-0.10

-0.05

0.

0.

0.

0.

0. e n e rg y tim a ti a c c u ra dE /E

R [m ]

Fig Energy es a uracy fo ec structed events (prot s a ga aanta or spiral detector c figura

S a esu s are tained for the iform det tor set t w h more det tors. In any se th verage of the tained accuracy a e iciency of the met (average o structed events is e s a .

Conclusions The lateral distri f a os eric Chere light flux dens es was tained for pr ary ga a ant rot s as in al pr ary using CORSI 3 c e a wer rox ated w h a n r f c such as Breit-Wigner. The analyti l form an arameter values of the f were taine y solving erdeter ned system of e a s using the RE code. The tained solu s per an es ate of the energy a the nature of the in a ng pr ary par cle t s extr n a a quanta i d events om hadr ic ones. Thi tudy is ly met logi evel a further devel ment of the met for higher energies is exp te

Ac owledgements

We warmly wledge r co eagues for discu i s ring thi tudy esp ially Dr. L. Alexa r the main aut r of RE code a prof. D. H k the main author of CORSI c e. W re grate fu o the IT divisi f INRNE for th istan .

Ref n s:

[1] A.Bariev et al MaxPl kInst. re rt MP PhE/98-5 (19 ). [2] W. Hoffman et al, Proc. ICRC , 85 (2 1). [3] J. Qui , Proc. ICRC , 4, 299 (1 9) [4] A. Mishev and J. Stamenov, Proc. ICRC , 2 (20 ) [5] L. Alexandrov Journ. Comp. Math. Math. Phys. , 36 (1 ) [6] D. H k et al, Re rt FZKA 19 Forsc ngszentrum Karlsruhe}( ) [7] N. Kalm ov and S. Ostapchenko, Phys. At. Nucl. (3)}, 3 ( 93) [8] K. Werner, Phys. Rep. 87 ,232 (1 3) [9] L. Alexandrov et al, Co . ofJINR D E - (1 8) [ ] L. Alexandrov et al, Co . ofJINR D E2 �99- (1 9) [ ] L. Alexandrov et al, Proc. of ICRC 20 , 2 - (20 ) [ ] A. Mishev et al. R i rot vol.38 No 2 (2 ) [ ] S. Mavr iev, A. Mishev and J. Stamenov Nucl. Instr. Metd. A , i3, 359 (2004) [ ] Alexandrov et al Bul ri J r l ofPhysics Su l. 1, 97 ( ) [ ] S. Mavr iev, A. Mishev, Stamenov Proc. of ICRC , 163 (2 3) [ ] A. Mishev inv ed talkat EC m Sofia 5-7 Sept. 02 (2 2) [ ] S. Mavr iev, A. Mishev, J. Stamenov, astro- / 51 ( 03)