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Abstract. {he woflucuce of the ffect of the wntevaction with the Earth's magnetie
field and that of e Landaw-Peomerapchok-Mogdal effect on the developrient of er-
tensire ar shswers natiated by extremely high enerqy cosmee rays are caleulated for
seve il cases based on the simalation system AIRES. The observable caleulalions

wre atalyaeid
. Introduction

It recent vears the interest in extremely high-energy cosmic ravs has increased
apidly. The study of cosmie rayvs at these energies has become a current topic in the
vl of costie ray physics, However, unfortunately, until now the nature of extremely
ieh-enerey cosmie ravs is little known with certainty,  The reason is that the data are
tdeqguate, both in terms of the mnnbers of observed events and in the detailed character-
sibion of these events. Cosmic ravs at these energies are rare. the flux of cosnie particles
ith energy Targer than 107" ¢V ois less than one per square kilometer per century. This,
nplies that primary cosmic ravs can not be deteeted directlv, It is necessarv instead to
wastre the products of particle cascades generated in the atmosphere by the interaction
[ extraordimaritly cnergetic cosmic rays.

An atmospherie particle shower begins when the primary cosmic particle interacts
Athe the aoth's atmosphere. This is. in general., an inelastic nmclear collision that gen-
rates o munber of secondary particles carrving a fraction of the primmary energy. The
perated secondary particles i turn interact again similarly as their predecessors, This
inltipiication process continues until a maximum is reached. Then the shower attenu-
tes as far as and more and more particles fall below the threshold for further particle
rovlnetion.

A detailed knowledge of the physies involved is necessary to interpret adeguately
wastired observables and infers something about the primaries, This is a complex problem
nolving many aspects: interaction of extremely high-energy particles including hadronie
il clectrodynaanical processes. properties of the atmosphere and geomagnetic field, ete.

For scarching extremely high-energy cosmic ravs the international Pierre Auger
roject has been established with the participation, at present. of about 20 countries

the world among, which it stands Vietnam [1]. The research of Anger cosmic ravs is
meerned with the analvsis of the striuceture of extensive air showers containing a very large
mher of particles. Compnter simmlation is now the most convenient and powerful tool
it can be nsed to guantitatively analvze the particle showers. In this paper the Auger
wwer observables are considered for several typical cases based on computer simulation
Cextensive air showers including the effect of the interaction with the Earth's magnetic
1d and Landan-Pomeranchuk-Migdal one.
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I1I. Consideration of air shower observable

The charged particles ereated inan Auger shower interact with the Earth's magncetic
field. One of the effects of such an interaction is that of curving the particles” paths,
Iy order to calenlate the mfluence of this effect on several air shower observables we
have perlormed manerical stmadations based on AIRES [2.3] with the following nitial
concditions:

- Primary particle: Proton.

- Primary cnergy: 10MeV.

- Zenithal angle; 70V,

- Azimuthal angle: 90",

- Magnetic ficld intensity: 52800 o'l

- Inchination: 64" K.

- Ground level: 9208 /cm=.

- Relative thinning level: 10
and two injection altitudes 9350 m (case A) and 100Km (case B).

Here we have chosen the Millard county (Utah, USA) site where the geomagnetic
field is mtense and therefore the differences between the simulations with and without
ficld can be appreciated better, The reason for selecting these two cases (ALDB) was to
mvestigate the influence of the geomagnetic field in two different phases of the shower
development: (A) shortly after reaching its maxinnmm and (B) when the shower is about

to vauish completely.
Some results obtained from caleulations have shown that

- For case A

Xrel = 5811919 /em?, Xx = H83.084g/cm?.
NEO = T732.481 % 10°, Nyax = 8093.683 x 10°,
NEO! = 85,8935 x 107, N, = 46.3673 x 10%,
NEOT = 23,0243 x 10°, N, = 22,0058 x 10",

- For case B

Xheol = 327.0243g/em®,  Xyux = 325.945¢ /e,
Nt = TRILGIS x 10°.  Nyux = T660.268 x 10°,
NE = 40516 = 10°,, N., = 36293 x 10°,

NET 13,6900 < 107, N, = 13.3200 x 10°.

here X3yl w7 .\‘j';'""j and X,ux. Nipax. NV

AR T iR

N, are the shower observable caln-
IT

l-f
lated with and withont field, respectively.

We note that there are not noticeable differences in X509 and X, (maxinum

— ¥ gk ¥ . 4 ¥israf - .
position). NEand N, (mumber of charged particles), N and N,.: (nmuuber of
clectrons and positions reaching the ground level), and Nm (munber of mmons reaclking

the eronnd level ).
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From the mnerieal simulations performed with taking into acconnt the geomagnet e
field [E L we also note that the ground level energy distribitions of gammas and of electrons
and positrons change in the same wav: i the both cases the munber of particles that reach
the cronnd inereases for Jow enerey particles and decreases for high energy ones. The
correlation between the respective distribntions can be understood taking into account
that gronnd clectrons, positrons or gammas surely come from "near by™ electromagnetic
cascade whose mtrinsie mechanisms constantly generate gammas from e and viee versa.
et the energies of the secondary lower (at most equal) than those of the respective
pritaries. It is therefore clear that the structure of both energy distributions should be
simnilar. When the geomagnetic field is considered. the trajectory of electrons and positrons
i~ helicoid. This generally leads to an inerease of the particles’ paths and therefore to larger
continuumn energy losses (ionization losses). diminishing (enlarging) the average number
of high (Jow] energy particles that reach the ground level.

At very high-energies (5 10" V) the Landan - Pomeranchuk - Migdal (LPN) effect
accurs. T drastically rednces the eross sections of electron bremsstrahlung and pair pro-
duetion processes of atiospheric showers, The influence of this effect on the development
of air showers created by extremely high energy cosmic ravs have been caleulated by us
nsing computer simulation with the following initial conditions:

- Primary particle: Ganuna, Proton

- Primary energy: 10°%V, 7.10°"eV

- Zenithal angle: 60"

- Asimuthal angle: (Y

- lujection altitude: 100K m

- Ground level: 1000g/cmm?

- Relative thinning level: 1077

Analvzing the simulated data we note that the impact of the LPM etfect s evident
for showers initiated by gammas with primary energy larger than 10°2%eV. It affects the
position of X, (the maximum of the shower). the number of particles at X,,,.«. cte.

The LN effect affects the gannna shower lengthening and consequently moving
the average position of X, deeper into the atmosphere,

For gamma initiated showers with primary energies less than 108V we have not
found appreciable differences between the caleulation results with and without the LPM
effect.

We lead below some results from caleulations with showers induced by gamma with
primary energies 102%V, 7.10%%V,

- For primary energy 10°'eV

_\'l"ﬁ:;" = 720.862g/cm*. Xpax = 638.686g/cm*,
NEEM = 5553355 x 10°,  Nuax = 57.58701 x 10°,
NLPM — 1503024 x 10°, N, = 8.28774 x 10",

NoPH. = 007455 % 10°, N, = 0.0589% % 10",
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- For primary enerqy 7.10°"e V

XEVM L ROL6Y6g /e, Xiuax = T36.307g fern=,
NICM . 187.162 % 107, N,ux = 283,370 » 10",
NEPM - 150.2579 x 107, No, = 161121 x 10",
NIUM = 04664 % 107, N, = 0.7936 x 10",

"y

For showers created by proton with primary energies np to 7.10°"eV. we have ne
found any significant influence of the LPN effect. Because in this case the Electro-magneti
shower where the LPN effect takes place begins later, when the primary energy is share
among the sccondary particles reducing the primary proton energy in 2 - 4 orders «
magnitude.

We present here some results from caleulations with showers induced by proto
with printary cnergy 10°7eV. 7.10°%V,

- For primary energy 10°"eV

-\':!.QI.::‘ = (450.272 + 9.14)g/em=. Xowx = (449.125 £ 8.40)g/cmn?.

NECM — (6311962 + 2.2418) % 10", Ny = (BO.TT826 + 3.8064) x 10",
NUM = 1174975 £ 0.51031) x 10%, No, = (2.1844 £ 0.93485) x 10",
Nj;*‘“ = (0116481 -+ 0.008) = 10", Ny, = (013698 £ 0.0053) x 10",

- For primary energy 7.10°"eV

XM — (471,019 £ 6.56)g/cm?, Xwx = (481500 + 11.13)g/em?.
NEPAM . (386.212 4 10.96) x 107, Ny = (382,965 + 11.46) x 10",
NEM = (274895 + 3.732) % 10", N, = (29.850% + 5.985) = 10",
NN = (09426 £ 0.023) x 107, N, = (0.9635 + 0.03) < 10",

111, Conclusion

Based on numerical simulations. we have ealealated the influence of the effect of th
interaction with the Farth's magnetic field and that of the Landan-Pomeranchuk-NMigd,
effect on the development of extensive air showers indueed by extremely high-energy cosm
rayvs for several typical cases. The analysis of obtained calenlation results has shown the
the geomagnetic held does not noticeably influence the considered observables. While th
influence of the Landan-Pomeranchuk-Migdal effect is evident for air showers created |
gamma with primary energy larger than 10" eV, for air showers initiated by prima

-

proton with energy up to 7. 102" ¢V this effect does not cause any significant influence.

Acknowledgment The anthors would like to thank the National Basic Research Progra
in Natural Science of MOSTE for it’s financial support to carry ont this work. Thanl
are also extended to CONS,INST for munerical caleulations having been performed her



omagnetie field and landau-pomeranchuk-magdal. .. 87
ferences

Lo Povee dager progecl. design report. the Anger Collaboration. Fermilab in USAL
945

20N LScintto. AIRES. Pierre Auger Observatory. Technieal Note GADP - 97 - 029,
1997

-

Le Van ngoc, Vo Van Thuan, Neuven Hao Quang,. Code Svstem for Extensive Air
Shower Simulation, Procecdings of the thivd national conference on nuclear physics
and techmgue. Dadat, March 1099, p I5-1X,

I Le Van Negoce, Vo Van Thoaan, Dang Quang Thiea. Study on analyzing some air
stawer observable at super high-energres. INST. mternal report - 2000,

P CHI KHOA HOC DHQGHN, KHTN. t XVl 03 2001

FRUONG PIA TU VA HIEU U'NG LANDAU - POMERANCHUK - MIGDAL
TRONG CAC MO PHONG MUA RAO KHI QUYEN RONG

bang Quang Thieu, Le Van Ngoc, Vo Van Thuan
Vien Khoa hoe va Ky thuat Hat nhain

Aub Inromg, cia tririmg dia tir va hicu wng Landan - Pomeranchuk - Migdal tan s
Wtricn cia cae ra rao khi quyen rong dirge tao ra do tirong tac el cac tia v try
1 hromag, erre 1om dhegre tinhe doi vidrd mot s treong hop dua tren he mo phong ATRES.
vodae trimng guan sat dieoe tinh dvaaroe phan tich .



