
+( ������

$UULYDO�WLPH�GLVWULEXWLRQ�RI�($6�XVLQJ

&KHUHQNRY�GHWHFWRUV�DW�7DUR

+� 6DNX\DPD� 1� 6X]XNL� .� <DPD]DNL� +� 1DNDQR�

<� 2JLZDUD� +� .XUDPRFKL� DQG .� 6DNXPRWR
'HSDUWPHQW RI 3K\VLFV� 0HLVHL 8QLYHUVLW\� +LQR� 7RN\R ��������� -DSDQ

$EVWUDFW

($6 KDV EHHQ REVHUYHG VLQFH ���� DW 7DUR� 7KH ($6 DUUD\V FRQVLVW RI �

�P�� ��� ����P� VFLQWLOODWLRQ GHWHFWRUV� � IDVW WLPLQJ FRXQWHUV RI ����P�

DQG � XOWUD IDVW &KHUHQNRY GHWHFWRUV RI ����P
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FRXQWHUV DUH DUUDQJHG LQ D ODWWLFH FRQILJXUDWLRQ ZLWK D XQLW GLVWDQFH RI

���P� &KHUHQNRY GHWHFWRUV DUH FRQQHFWHG ZLWK WKH ���0+]�VWRUDJH

RVFLOORVFRSH E\ XVLQJ D ��' FRD[LDO FDEOH� 5LVH WLPH DQG ):+0 E\

WKHVH GHWHFWRUV KDYH EHHQ DQDO\]HG ZLWK GLVWDQFH IURP ($6 FRUH � =U �*

��P�� 5LVH WLPH DQG ):+0 VHHP WR EH DOPRVW LQGHSHQGHQW RI U �

�� ,QWURGXFWLRQ�

$UULYDO WLPH GLVWULEXWLRQ RI ($6 QHDU WR WKH ($6 FRUH DW 7DUR ����P

DERYH VHD OHYHO� �����J�FP�� VLQFH ���� �UHI���� %\ XVLQJ XOWUD IDVW

&KHUHQNRY GHWHFWRU� WLPH VWUXFWXUH RI DUULYDO WLPH GLVWULEXWLRQ LV
LQYHVWLJDWHG LQ FRPSDULVRQ ZLWK VFLQWLOODWLRQ GHWHFWRU LQ PRUH GHWDLO�

7KLFNQHVV DQG WLPH VWUXFWXUH RI VKRZHU GLVN� DQG PHDQ GHOD\ WLPH IURP

VKRZHU IURQW KDYH EHHQ VWXGLHG SUHFLVHO\� 7KH V\VWHP UHVSRQVH RI WKLV
IDVW &KHUHQNRY GHWHFWRU LV KLJKO\ SUHFLVH LQ FRPSDULVRQ ZLWK WKH V\VWHP

UHVSRQVH RI VFLQWLOODWLRQ GHWHFWRU� $ QHZ LQIRUPDWLRQ RI WLPH VWUXFWXUH RI

VKRZHU GLVN PD\ EH REWDLQHG E\ XVLQJ WKLV SUHFLVH VFDOH RI &KHUHQNRY
GHWHFWRU�

�� ([SHULPHQWDO DUUDQJHPHQW�
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EHHQ DUUDQJHG XS WR ���P IURP WKH FHQWHU RI WKH ODWWLFH DUUD\� ,Q RUGHU WR
REVHUYH WKH DUULYDO WLPH GLVWULEXWLRQ RI ($6 SDUWLFOHV� XOWUD IDVW

&KHUHQNRY GHWHFWRUV KDYH EHHQ XVHG� 8S WR 2FWREHU ���� � ����P�

&KHUHQNRY GHWHFWRUV KDYH EHHQ XVHG DQG DIWHU WKDW RQH PRUH &KHUHQNRY

GHWHFWRU LV DGGHG� 7KH V\VWHP UHVSRQVH RI WKHVH GHWHFWRUV LV VKRZQ LQ

7DEOH � DQG DOVR UHVXOWV RI RWKHU JURXS E\ XVLQJ VFLQWLOODWLRQ GHWHFWRU LV

VKRZQ� 2XU &KHUHQNRY GHWHFWRUV DUH FKDUDFWHULVWLF RI IDVW SKRWRPXOWLSOLHU
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7KH ($6 DUUD\ ZDV WULJJHUHG E\ WKUHH IROG FRLQFLGHQFH RI WKUHH

&KHUHQNRY GHWHFWRUV DQG IRXU IROG FRLQFLGHQFH RI IRXU VFLQWLOODWLRQ

GHWHFWRUV SODFHG DW WKH FHQWUDO SDUW RI WKH ODWWLFH DUUD\� ($6V ZKRVH FRUHV

ZHUH LQVLGH WKH FHQWUDO ����� VFLQWLOODWLRQ GHWHFWRUV DUUD\ ZHUH DGRSWHG

IRU WKH DQDO\VLV� ,Q DQ RSHUDWLQJ WLPH RI ���� KRXUV� DERXW ������

VKRZHUV KDYH EHHQ UHFRUGHG� ZKHQ &KHUHQNRY SXOVH ZDYH ZLWK PRUH WKDQ
� SDUWLFOHV SHU RQH &KHUHQNRY GHWHFWRU ZDV REVHUYHG� WKH VKRZHU HYHQW

ZDV DGRSWHG� 5HODWLRQ EHWZHHQ ULVH WLPH �7U� DQG GLVWDQFH IURP WKH FRUH

D[LV �U �� DQG DOVR EHWZHHQ D IXOO ZLGWK DW KDOI PD[LPXP �):+0� DQG U

LV VKRZQ LQ )LJ��� 5HODWLRQ EHWZHHQ DJH SDUDPHWHU �6� DQG 7U� DQG DOVR

UHODWLRQ EHWZHHQ 6 DQG ):+0 DUH VKRZQ LQ )LJ��� 7KLFNQHVV RI VKRZHU

GLVN VHHPV WR EH LQGHSHQGHQW RI U � EXW WKHUH DUH VRPH HYHQWV KDYH PRUH
WKDQ WZR VWDQGDUG GHYLDWLRQV �σ �� 1R VXFK HYHQWV KDYH IRXQG E\ WKH

REVHUYDWLRQ RI VFLQWLOODWLRQ GHWHFWRU� 7U DQG ):+0 VKRZ D WHQGHQF\ WR

LQFUHDVH VOLJKWO\ DV 1
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LQFUHDVHV�

�� 5HIHUHQFHV�

�� +� 6DNX\DPD HW DO�� 3URF� ��WK ,&5& 'XUEDQ� �� ��� �������

�� +� 6DVDNL HW DO�� ,&55 UHSRUW� �������� ��� �������
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7DEOH � 6\VWHP UHVSRQVH

Meisei Univ. Koti Univ. Kobe Univ.

Cherenkov
Number

PT-
Pulse

Single
Muon

PT-
Pulse

Single
Muon

PT-
Pulse

Single
Muon

C1 1.43 1.5
C2 1.56 1.5
C3 1.44 1.4

rise time (ns)
[10*90%]

C4 1.45 1.4

2.51 3.45 2.5 4.6

C1 2.44 2.2
C2 2.34 2.2
C3 2.23 2.1

FWHM (ns)

C4 2.35 2.2

4.37 6.44 5.5 8.5

Fig.1
Relation between distance from core (U ) and rise time,
and also relation between U  and FWHM

�

�

�

�������
�
�1H��������

�

�

�

�

7
LP

H
>Q
VH
F�
@

�

�

�

� �� �� ��

�

�

�

&�

�������
�
�1H��������

�

&�

&�

� �� �� ���

&�

�������
�
�1H��������

�

� �� �� ���

'LVWDQFH IURP &RUH >P@

d : rise time   h : FWHM
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Fig.2
Relation between shower disk and age parameter (S)


