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Abstract
   The characteristics are presented of simulated haloes, created by the cores of the EAS which were
initiated by different kinds of primary particles. The results show that the probability of creating a halo by
proton initiated showers is high with respect to that of iron induced showers. A primary proton rather than
heavier nuclei can produce the halo of big area as registered in experiments.

1  Introduction: 
$Q HPXOVLRQ FDORULPHWHU FRQVLVWV RI D ³VDQGZLFK´ RI OHDG� ;�UD\ ILOPV DQG FDUERQ OD\HUV� 7KH FDORULPHWHU

RI WKH 3DPLU ([SHULPHQW LV H[SRVHG DW ���� P DVO� 7KH GHWDLOV RI LWV FKDPEHU DUH GHVFULEHG LQ �%DLEXULQD

6�* HW� DO� ������ ,Q WKH HPXOVLRQ RI WKH ;�UD\ FDORULPHWHU H[SRVHG DW PRXQWDLQ DOWLWXGHV WKH SDUWLFOHV IURP

WKH FRUHV RI ($6 DUH UHJLVWHUHG� ,Q WKH XSSHU SDUW RI WKH FDORULPHWHU WKH JDPPDV DQG HOHFWURQV�SRVLWURQV

IURP WKH ($6 EHJLQ WR FUHDWH D FDVFDGH LQ WKH OHDG� 7KH ;�UD\ ILOPV� LQ ZKLFK SDVVLQJ SDUWLFOHV FDQ

EH UHJLVWHUHG� DUH ORFDWHG XQGHU �� � DQG � FP RI OHDG� ,Q WKH 3DPLU ([SHULPHQW D EXQFK RI SDUWLFOHV�

LQLWLDWHG E\ D SULPDU\ QXFOHXV �RU SKRWRQ�� KDV VLPLODU ]HQLWK DQG D]LPXWK DQJOHV DQG LV FDOOHG D γ �IDPLO\�
6HSDUDWH FDVFDGHV LQLWLDWHG E\ γ DQG HOHFWURQV RI HQHUJ\ JUHDWHU WKDQ � 7H9 FDQ EH REVHUYHG LQ WKH ILOP

ZLWK D QDNHG H\H DV VPDOO GDUN GRWV RI D GLDPHWHU RI VHYHUDO PLFURQV�

$ γ �IDPLO\ LV GHILQHG DV D VHW RI PLQLPXP � VHSDUDWH FDVFDGHV ZLWK VLPLODU ]HQLWK DQG D]LPXWK DQJOHV

DQG ORFDWHG ZLWKLQ D FLUFOH RI �� FP UDGLXV LQ WKH ;�UD\ ILOP� ,W LV VXSSRVHG WKDW WKHVH FDVFDGHV DUH

RULJLQDWHG E\ WKH VDPH SULPDU\ SDUWLFOH� )RU D SULPDU\ SURWRQ ZLWK HQHUJ\ DERYH ��
�� H9 D EXQFK RI KLJK

HQHUJ\ SDUWLFOHV LV REVHUYHG LQ WKH ($6 FRUH� 7KHLU PXWXDO GLVWDQFHV DUH VR VPDOO WKDW WKHLU WUDFNV LQ ;�UD\

ILOP FDQQRW EH VHSDUDWHG� ,Q VXFK D FDVH D GRW RI D VHYHUDO VT� PP DUHD DQG KLJK RSWLFDO GHQVLW\ LV RIWHQ

FUHDWHG DQG UHJLVWHUHG LQ WKH HPXOVLRQ� 6XFK D ODUJH DUHD GRW LV FDOOHG DQ RSWLFDO ³KDOR´ �%RULVRY $�6� HW DO�

������ 7KH IROORZLQJ SKHQRPHQRORJLFDO TXDQWLWDWLYH FULWHULRQ RI �KDOR� H[LVWHQFH LV DFFHSWHG� WKH DUHD 6

ERXQGHG E\ WKH LVRGHQVLW\ OLQH ZLWK RSWLFDO GHQVLW\ RI GDUNQHVV '  ��� LV JUHDWHU WKDQ RU HTXDO WR � VT�PP

�IRU PXOWL�FRUH �KDOR�� WKH VXP 6L RI VHSDUDWH GRWV� HDFK RI DUHD 6L ! �VT� PP�� LV QRW OHVV WKDQ � VT�PP��

7KLV SDSHU GHVFULEHV FKDUDFWHULVWLFV RI WKH VLPXODWHG KDORV FUHDWHG E\ WKH FRUHV RI WKH ($6 ZKLFK ZHUH

LQLWLDWHG E\ SULPDU\ SDUWLFOHV RI GLIIHUHQW NLQGV�

2 Calculations:
7KH &256,.$ SURJUDP �Heck D. et al.. 1998)ZDV XVHG WR VLPXODWH GHYHORSPHQW RI WKH FRUHV

RI H[WHQVLYH DLU VKRZHUV LQ WKH DLU� 7KH 4*6-(7 PRGHO RI QXFOHDU LQWHUDFWLRQ ZDV WDNHQ LQWR FDOFXODWLRQV�

7KH FURVV VHFWLRQV IRU QXFOHDU LQWHUDFWLRQV ZHUH DGRSWHG LQ DJUHHPHQW ZLWK WKH PRGHO�

3ULPDU\ SDUWLFOHV ZKLFK HQWHUHG WKH DWPRVSKHUH ZHUH VDPSOHG ZLWK WKH VSHFWUXP ≈(�γ� WKH H[SRQHQW RI WKH

LQWHJUDO VSHFWUXP LV γ  ���� LQ WKH UDQJH ������ ± ���� H9� =HQLWK DQJOHV YDULHG IURP � WR ��R� ,Q RXU
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7KLV ZRUN LV SDUWO\ VXSSRUWHG E\ 5HFWRU¶V *UDQW ��¶ RI 8QLYHUVLW\ RI /RG]� 1R� ����������



FDOFXODWLRQV KDGURQV ZHUH WUDFHG GRZQ WR WKH HQHUJ\ �� *H9 DQG WKH VDPH WKUHVKROG ZDV DSSOLHG

WR JDPPDV DQG HOHFWURQV�SRVLWURQV�

7R JHW D SLFWXUH RI RSWLFDO KDOR LQ WKH ;�UD\ ILOP WKH SDVVDJH RI SDUWLFOHV WKURXJK WKH WKLFNQHVV RI WKH

;�UD\ FKDPEHU ZDV VLPXODWHG DQG WKH VR FDOOHG µLVRGHQVH¶ PHWKRG GHVFULEHG LQ �$�0� 'XQD\HYVNL�

0� 3OXWD� ����� ZDV XVHG� ,Q WKLV SDSHU LW ZDV DVVXPHG WKDW RQO\ D JDPPD�HOHFWURQ FRPSRQHQW RI WKH ($6

FRUH FUHDWHV KDOR SKHQRPHQD LQ WKH JDPPD EORFN RI 3DPLU FDORULPHWHU� 7KLV DSSUR[LPDWLRQ LV FRPPRQO\

XVHG E\ WKH 3DPLU JURXS DQG OHW XV FDOFXODWH KDORHV LQ WKH XSSHU� FRQVLVWLQJ RI OHDG� SDUW RI WKH FDORULPHWHU�

3  Results:
,Q WKH FDOFXODWLRQV� LW LV LPSRUWDQW WR NQRZ ZKDW DUH WKH HQHUJLHV RI WKRVH SDUWLFOHV DERYH WKH FKDPEHU�

ZKLFK FDQ JLYH FRQWULEXWLRQ WR WKH KDOR DUHD� 7KH GHSHQGHQFH RI WKH RSWLFDO KDOR DUHD RQ WKH WKUHVKROG

HQHUJ\ RI JDPPDV DQG HOHFWURQV DERYH WKH FKDPEHU LV SUHVHQWHG LQ 7DEOH ��

7DEOH � (VWLPDWLRQ RI WKH KDOR DUHD DV D IXQFWLRQ RI WKH DFFHSWHG HQHUJ\ WKUHVKROG RI JDPPD DQG

HOHFWURQV DERYH WKH FKDPEHU�

HQHUJ\ WKUHVKROG → �� *H9 ��� *H9 ��� *H9

HVWLPDWLRQ RI WKH KDOR DUHD �WKH DUHD RI WKH KDOR

HVWLPDWHG E\ JDPPD DQG HOHFWURQV RI HQHUJ\� DERYH WKH

FKDPEHU� JUHDWHU WKDQ �� *H9 LV DVVXPHG DV �����

��� � �� � �� �

,W FDQ EH VHHQ WKDW SDUWLFOHV RI HQHUJ\ �DERYH WKH FKDPEHU� EHWZHHQ ��� DQG ��� *H9 SOD\

DQ LPSRUWDQW UROH LQ FRQWULEXWLRQ WR WKH DUHD RI WKH KDOR� ,W PD\ EH FRQFOXGHG IURP WKH GDWD LQ WKH 7DEOH �

WKDW LI WKH DFFXUDF\ RI WKH HVWLPDWLRQ RI WKH KDOR DUHD LV WR EH OHVV WKDQ ��� WKH HQHUJ\ RI WKH SDUWLFOHV

VKRXOG EH QRW JUHDWHU WKDQ ��� *H9� +RZHYHU� WKH WLPH QHHGHG IRU WKH FDOFXODWLRQV LQFUHDVHV YHU\ UDSLGO\

LI WKH SDUWLFOHV ZLWK HQHUJLHV OHVV WKHQ ��� *H9 DUH WDNHQ LQWR DFFRXQW� 7KH UHDVRQDEOH HQHUJ\ WKUHVKROG

RI WKH SDUWLFOHV DERYH WKH FKDPEHU ZDV WDNHQ DV ��� *H9 DQG ZDV XVHG IRU WKH FDOFXODWLRQV SUHVHQWHG

LQ WKLV SDSHU� WKH UHVXOWLQJ XQGHUHVWLPDWLRQ RI WKH KDOR DUHD ZDV DERXW ��� ��

,Q 7DEOH � WKH UDWLR RI WKH QXPEHU RI FUHDWHG KDORHV SHU ���� SURWRQ LQLWLDWHG ($6 LV VKRZQ

DV D IXQFWLRQ RI SULPDU\ SDUWLFOH HQHUJ\�

7DEOH � 7KH UDWLR RI FUHDWHG KDORHV SHU ���� SURWRQ LQLWLDWHG ($6 LQ GLIIHUHQW LQWHUYDOV RI SULPDU\

SDUWLFOH HQHUJ\�

HQHUJ\ RI SULPDU\ SDUWLFOH� 3H9 � � �� �� ��� ������ ��� � ����

WKH QXPEHU RI FUHDWHG KDORHV SHU ���� SURWRQ

LQLWLDWHG ($6 �HUURUV DUH RI RUGHU ���� ��
� ��� ��� ���

,W FDQ EH VHHQ WKDW WKH ORZHVW HQHUJ\ IRU WKH SULPDU\ SURWRQ WR EH DEOH WR FUHDWH D KDOR LV RI RUGHU

RI D IHZ 3H9� )RU LQVWDQFH� WKH SUREDELOLW\ IRU WKH SURWRQ ZLWK HQHUJ\ IURP WKH LQWHUYDO �� ± ��� 3H9

WR FUHDWH D KDOR LV ����� ,URQ LQLWLDWHG ($6 GR QRW FUHDWH KDORHV LQ HQHUJ\ UDQJH EHORZ ��� 3H9 RU WKH

SUREDELOLW\ RI FUHDWLQJ D KDOR LV YHU\ VPDOO� ,URQ QXFOHL ZLWK HQHUJ\ DERYH ��� 3H9 EHJLQ WR FUHDWH D KDOR�

LQ VXFK D FDVH WKH QXPEHU RI FUHDWHG KDORHV SHU ���� LURQ LQLWLDWHG ($6 LV �� DQG WKH DUHD RI WKH KDOR LV QRW

JUHDWHU WKDQ ��� VT� PP�

7KH FRUUHODWLRQ EHWZHHQ WKH DUHD RI D KDOR DQG WKH SULPDU\ HQHUJ\ RI WKH SURWRQV ZKLFK DUH UHVSRQVLEOH

IRU WKH KDOR FUHDWLRQ LV VKRZQ LQ )LJ� �� ,W FDQ EH VHHQ WKDW WKH SURWRQV RI HQHUJ\ DERXW ���� H9 EHJLQ

WR FUHDWH D KDOR� 7KH DUHD RI WKH KDOR SURGXFHG E\ SURWRQV RI HQHUJ\ EHORZ ������ H9 LV QRW JUHDWHU WKDQ



��� PP�� ,W VKRXOG EH UHPHPEHUHG WKDW

LQ ;�UD\ ILOP RI HPXOVLRQ FKDPEHU

H[SHULPHQWV WKH UHJLVWHUHG KDORV ZHUH

RI WKH DUHD RI D IHZ KXQGUHGV VT�PP� 7KH

ILUVW IDPRXV HYHQW FDOOHG �$QGURPHGD�

ZDV IRXQG E\ &KDFDOWD\D JURXS DQG KDV

WKH DUHD DERYH ���� PP�� �)XMLPRWR <��

����� 5-.(1�� ,Q WKH 3DPLU ([SHULPHQW

WKHUH LV DQ HYHQW �)LDQLW� ZKLFK KDV ����

VT�PP� DOVR� 7KH �7DGMLNLVWDQ� HYHQW KDV

DERXW ���� VT�PP� 6XFK ELJ DUHDV

RI KDORHV FDQ EH FUHDWHG E\ SURWRQ

LQLWLDWHG VKRZHUV ZLWK HQHUJLHV JUHDWHU

WKDQ ���� H9� $ KDOR ZLWK WKH DUHD

RI D IHZ VT� PP ZDV FUHDWHG LQ RXU

FDOFXODWLRQV E\ DQ LURQ QXFOHXV RI HQHUJ\

DERYH ���� H9�

4  Conclusions:

The characteristics of the simulated
haloes, created by the cores of the EAS
which were initiated by different kinds
of primary particles are presented in the
paper.

The results show that the probability
of halo creation by proton initiated
showers is high comparing to iron
induced showers. Primary proton rather
than very heavy nuclei initiated  EAS can
produce the haloes, the large areas of
which were registered in the experiments.
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Fig 1 7KH FRUUHODWLRQ EHWZHHQ WKH DUHD RI D KDOR DQG WKH

SULPDU\ HQHUJ\ RI SURWRQV ZKLFK DUH UHVSRQVLEOH IRU

KDOR FUHDWLRQ�
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