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=¿grZgçg�g^e^k]^g�henĕmnÿngn�o^�^g�m^f^e�]¿s^r]^�
gZlçe�bĕe^]bÿbgb�ZgeZfZd�iZk­Z\çd�_bsbÿbgbg�be`b�ZeZgç]çk'�
IZk­Z\çd�_bsbÿbg]^�dneeZgçeZg�rºgm^fe^k�!iZk­Z\çd�
açseZg]çkç\çeZkçg]Z�o^�r^kZemç�eZ[hkZmnoZkeZkçg]Z�rZiçeZg�
]^g^re^kbg�rZgç�lçkZ�nsZr�`ºse^fe^kb"�]ZaZ�ºg\^�
f¿fd¿g�hefZrZg�d^ĕb_e^kb�heZlç�dçeZk'�=¿grZgçg�a^k�
dºĕ^lbg]^g�¿gbo^klbm^e^k^�o^�eZ[hkZmnoZkeZkZ�[Zÿeç�[bg-
e^k\^�[bebf�bglZgç%�fZ]]^%�^g^kcb%�nsZr�o^�sZfZgçg�^g�
m^f^e�_bsbd�rZiçlçgç�ZkZĕmçkfZd�ZfZ\çreZ�dneeZgçeZg�Ze`ç­�
o^�açseZg]çkç\çeZkç�mZlZkeZfZd%�¿k^mf^d�o^�dneeZgfZd�b­bg�
bĕ[bkebÿb�rZiZkeZk'�=¿grZ�`^g^ebg]^�hkmZd�[bk�d^ĕb_�
ikh`kZfç�]Zabebg]^%�[n�[bebf�bglZgeZkç�a^i�[^kZ[^k�
­ZeçĕZkZd%�­^ok^fbs]^db�]¿grZgçg�]ZaZ�brb�ZgeZĕçefZlçgç�
o^�mhienfZ�lZrçlçs�rZkZkçg�dZsZg]çkçefZlçgç�lZÿeZkeZk'�
D^Ĝb_�BĜçe]ZdeZkç%�^ok^gbg�`bs^fbgbg�o^�`¿s^eebÿbgbg�¿s^-
kbg^�]¿ĕ^g�r^gb�[bk�çĕçÿçg�ĕZ_Zÿçg]Z%�d¿k^l^e�[bk�[bebf�
heZg�iZk­Z\çd�_bsbÿbgbg�obsrhgngn�lngnrhk'
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�^ok^lbg]^db�]¿grZrç�ZgeZfZd�`¿]¿l¿%�bglZg�]hÿZlçgçg�]^kbgebde^kbg]^-
]bk'�MZĕ�Ze^me^k]^g�`¿­e¿�[be`blZrZkeZkZ%�^g�[Zlbm�]hÿZ�`ºse^fe^kbg]^g�
[n`¿g¿g�be^kb�[bebf�o^�m^dghehcblbg^�dZ]Zk�[be`bgbg�ZkZĕmçkçefZlç�o^�¿k^mbe-
f^lb�[bsb�be^kb�`ºm¿kf¿ĕ�o^�oZkhefZ�ĕ^debfbsb�]ºg¿ĕm¿kf¿ĕm¿k'

:g\Zd�ĕbf]b�[be^%�`^k­^de^ĕmbk]bÿbfbs�m¿f�`^ebĕf^e^k^�kZÿf^g%�^ok^gb�
rºg^m^g�m^f^e�_bsbdl^e�rZlZeZk�aZddçg]Z�ºg^feb�[bk�dZokZrçĕ�^dlbdebÿbfbs�
oZk'�¥s¿g]^�]bgl^e�he]nÿngn�]¿ĕ¿g]¿k^[be^g�]^kbg�lhkneZk�[bs^�a^f�
beaZf�o^kbrhk%�a^f�]^�[bsb�Zem¿lm�^]brhk'�IZk­Z\çd�_bsbÿb�]¿grZlçgçg�
ĕbf]br^�dZ]Zk�rZiçefçĕ�^g�`¿­e¿�[bebfl^e�Ze^me^kb�[bk�ZkZrZ�`^mbkf^d�b­bg�
mhieZg]çÿç�[n`¿ge^k]^%�lºs¿�`^­^g�lhkneZkçg�^g�Zsçg]Zg�[ZsçeZkçgçg�
\^oZieZkç�n_ndmZ�`ºk¿g¿rhk'�Mçidç�+)'�r¿srçeçg�[Zĕçg]Z�DnoZgmnf�
F^dZgbÿbg]^�he]nÿn�`b[b%�[¿m¿g�[n�`bs^fe^kb�­ºs^\^d�]^okbf�gbm^ebÿbg]^�
r^ir^gb�[bk�[Zdçĕ�Z­çlç�fç�hkmZrZ�­çdZ\Zd8�RZ�]Z%�[n`¿g�nÿkZĕmçÿçfçs�
lhkneZkçg�ZkdZlçg]Zg�­çdZg%�]ZaZ�nsZd�n_ndeZkZ�­^okbefbĕ�çĕçe]ZdeZk�heZg%�
]ZaZ�]Z�m^f^e�lhkneZkeZ�fç�dZkĕçeZĕZ\Zÿçs8

Ālob­k^ ]^�<>KG bg�;¿r¿d�AZ]khg��Zkiçĕmçkç\çlç�b­bg�¿k^mbefbĕ�lhg�]^k^\^�
dZkfZĕçd�Ze`ç­eZkçg�]nrZkeçeçdeZ�bĕe^mbe^[bef^lb%�hgeZk\Z�¿ed^gbg�]^ÿbĕbd�
dnknfeZkçg]Zdb�[bebf�Z]ZfeZkç�mZkZ_çg]Zg�mZlZkeZgfçĕ�[bge^k\^�_Zkdeç�
[be^ĕ^gbg�[bk�ZkZrZ�`^mbkbef^lbe^�rZiçefçĕ�he]ndeZkçgç�]¿ĕ¿g¿g\^%�g^k^-
]^rl^�fn\bs^�`b[b�`ºk¿g¿rhk'�Dnlnklns�­ZeçĕfZd�o^�a^k�lZgbr^�hg�
fberhgeZk\Z�iZk­Z\çd�­ZkiçĕfZlçgç�dZr]^mf^d�b­bg�iZk­ZeZk�f¿d^ff^e�
ĕ^dbe]^�[bk�ZkZrZ�`^ef^eb]bk'�=¿grZ�`^g^ebg^�rZrçefçĕ�r¿s¿g�¿s^kbg]^db�
dnknf]Zg�¿­�[bg�_bsbd­b%�gZlçe�[ºre^�[¿r¿d�[bk�ºe­^dm^�[n�m¿k�[bk�]nrZkeçeçd�
^e]^�^]^[bebk8�?bsbd­be^k%�l^km�mZkmçĕfZeZk]Zg�lhgkZ�ZeçgZg�dZkZkeZkeZ�
mZlZkçf�o^�m^dghehcb�l^­^g^de^kbgb�[^ebke^rbi%�]ZaZ�lhgkZ�gZlçe�nrnfen�
heZkZd�[bkebdm^�­ZeçĕZ[bebke^k8�¥s^me^%�iZreZĕçeZg�o^�mnmdnreZ�[ZÿeZgçeZg�
[bk�obsrhg%�^ĕb�`ºk¿ef^fbĕ�[bk�`¿­�o^�]nrZkeçeçdmZ�[bk�[bebfl^e�ZkZ­�
rZkZmfZd�hkmZd�ZfZ\çreZ�­ZeçĕZgeZkç�^mkZ_çg]Z�mhieZrZg�m^d�çĕçe]Zdmçk'

D^Ĝb_�BĜçe]ZdeZkç�iZk­Z\çd�_bsbÿbgbg�`^e^\^ÿb�b­bg�[ºre^lbg^�[bk�d¿k^l^e�
obsrhgn�]be^�`^mbkf^d�dhgnlng]Z�[bk�lhgkZdb�Z]çfç�Zmçrhk'�;¿r¿d�[bk�
l^gm^s^�neZĕfZd�o^rZ�[bk�lhgkZdb�`bs^fe^kb�d^ĕ_^mf^d%�[¿m¿g�]¿grZ�
nenleZkçg]Zg�[bk�ZkZĕmçkfZ�rºgm^fe^kb�r^eiZs^lb�`^k^dmbkf^dm^]bk'�;bsb�
[n`¿g�`ºk]¿ÿ¿f¿s�n_dng�ºm^lbg^�`ºm¿kf^d�b­bg%�_bsbd­be^k%�^g�r¿dl^d�
^g^kcbe^k^�neZĕZg�o^�]hÿkn]Zg�r^gb�iZk­Z\çdeZk�¿k^m^g�açseZg]çkç\çeZk�
dneeZgZ\ZdeZk'�HgeZk%�[bsbf�]hÿkn]Zg�neZĕZfZ]çÿçfçs�]¿grZeZkçg�bse^kbgb�
mZĕçrZg�^g]^k�^mdbe^ĕbfe^kb�bg\^e^f^d�b­bg%�^g�r¿dl^d�]^f^m�rhÿngenÿngZ�
lZabi�açseZg]çkç\çeZkç�mZlZkeZrZ\ZdeZk'�O^�hgeZk%�r^kr¿s¿g]^db%�r^kbg�
]^kbgebde^kbg]^db�o^�nsZr]Zdb�`ºse^f^oe^kbg]^�]hÿZe�l¿k^­e^kb�
bg\^e^r^\^de^k'�;¿r¿d�[bk�l^gm^s^�neZĕfZd�m¿f�[n�m^dghehcbe^kb�`^k^d-
mbk^\^dmbk'�D¿k^l^e�_bsbd�mhienfn%�gZlçe�be^ke^r^[be^\^ÿb�dhgnlng]Z�dZr]Z�
]^ÿ^k�[bk�_bdbk�[bkebÿbg^�neZĕmç'�Mnmdnen�o^�hkmZd�[bebfl^e�obsrhgng�Ze`ç­�
[be^ĕ^ge^kbgb�`Zr^m�`¿s^e�bĕe^r^g�[bk�[¿m¿g�aZebg^�`^mbkf^lb�`b[b%�D^Ĝb_�
BĜçe]ZdeZkç�]Z%�Zrgç�mnmdngng�o^�obsrhgng�fZ]]^gbg�m^f^e�rZiçlç%�^g^kcb%�
nsZr�o^�sZfZgçg�]hÿZlçgç�d^ĕ_^mf^d�b­bg�hkmZd�[bk�d¿k^l^e�rhe\nendmZ�
[bsb�gZlçe�[bk�ZkZrZ�`^mbk]bÿbgb�`ºlm^kbk'
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Sol:  Heliopsis helianthoides , rZeZg\ç�Zr­b­^ÿb 
olarak da bilinir. Resim: Reidar Hahn, Fermilab 
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>ok^gbg�`^gbĕ�he]nÿngn�o^�nsZr&sZfZgçg�lhglns�lçgçkeZkç�mZkZ_çg]Zg�
­^ok^e^g]bÿbgb'�FZ]]^�iZk­Z\çdeZkçgçg�[n�nsZr&sZfZgç�]he]nk]nÿngn�o^�
dnoo^me^kbg�a^kĕ^rb�[b­bfe^g]bk]bÿbgb'�;n�dZ]Zkçgç�[bebrhkns'

IZk­Z\çd�_bsbÿb�[bebfb�nsZr%�sZfZg%�fZ]]^�o^�dnoo^me^k�ZkZlçg]Zdb�bebĕdbrb�
bg\^e^k'�Mnmdnln%�]¿grZfçsç�o^�b­bg]^�rZĕZ]çÿçfçs�^ok^gb%�^g�m^f^e�aZebre^�
Zr]çgeZmfZdmZg�[ZĕdZ�[bkĕ^r�]^ÿbe]bk'�IZk­Z\çd�_bsbÿb�!^g�d¿­¿ÿ¿g�[bebfb"�
o^�^ok^g[bebf�!^g�[¿r¿ÿ¿g�[bebfb"�[bk�ZkZrZ�`^e^k^d%�`ºse^fe^k�o^�
]^g^re^k�rhenreZ%�a^g¿s�d^ĕ_^]bef^fbĕ�^ok^gb%�nsZrçg�^g`bgebde^kbg]^g�^g�
d¿­¿d�iZk­Z\çÿZ�dZ]Zk�`^s^k'

NsZrZ�[Zdmçÿçfçs]Z%�^g�[¿r¿d�ºe­^de^k]^%�fZ]]^gbg�`ºdZ]ZeZk�`b[b�
rZiçeZk]Z�]¿s^ge^g]bÿbgb�`ºk¿k¿s'�>mkZ_çfçs]Zdb�]¿grZrç�bg\^e^]bÿbfbs]^%�
]ZaZ�d¿­¿d�ºe­^de^k]^%�fZ]]^gbg�]¿s^ge^gf^lbg]^�rçe]çseZkç%�`^s^`^g&
e^kb%�bglZgeZkç�o^�ZmhfeZkç�[nenkns'�O^�iZk­Z\çd�_bsbÿbgbg�Ze^me^kbgb�dneeZ&
gZkZd�b­�nsZrçg�]^kbgebde^kbg^�[Zdmçÿçfçs]Z%�Zmhf�­^dbk]^de^kbgb�o^�
a^kĕ^rbg�rZiçmZĕç�heZg�m^f^e�iZk­Z\çdeZkç�o^�dnoo^me^kb�d^ĕ_^]^kbs'

IZk­Z\çd�_bsbÿb�]^g^re^kb%�dçkeZk]Zdb�­b­^de^k]^g�`ºdr¿s¿g]^db�rçe]çseZkZ�
dZ]Zk�­^ok^fbs]^�`ºk]¿ÿ¿f¿s�fZ]]^�­^ĕbmebebÿbgbg%�^g�m^f^e�]¿s^r]^�
lZ]^\^�[bk�Zon­�m^f^e�iZk­Z\çdmZg�o^�[ngeZk�ZkZlçg]Z�^mdb�^]^g�]ºkm�
dnoo^mm^g�henĕmnÿngn�`ºlm^kfbĕmbk'�;n�[Zlbm�o^�sZkb_�[bk�mZkb_mbk'�;¿r¿d�
ºe­^de^k%�fZ]]^rb�]ºg^g�`¿s^e�`ºdZ]ZeZk�b­bg]^�mnmZg�r^k­^dbfb�
dnoo^mbgbg�[^rebÿb]bk'�Rçe]çseZk%�`^s^`^ge^k%�bglZgeZk�o^�ZmhfeZk%�
^e^dmkhgeZkç�Zmhf�­^dbk]^ÿb�^mkZ_çg]Z�rºk¿g`^]^�mnmZg�o^�`ºk]¿ÿ¿f¿s�
a^k�ĕ^rbg�rZiçlçgç�o^k^g�^e^dmkhfZgr^mbsfZgçg�aZoZlçgZ�ZrZd�nr]nknk'�>g�
d¿­¿d�ºe­^de^k]^%��`¿­e¿�o^�sZrç_�g¿de^^k�dnoo^me^k�b]Zk^rb�]^okZeçk'�@¿­e¿�
dnoo^m�Zmhf�­^dbk]^de^kbgb�[bk�ZkZ]Z�mnmZkd^g%�sZrç_�dnoo^m�a^ibfbs^�çĕçd�
o^�^g^kcb�`^mbk^g�rçe]çs�_çkçgeZkçgç�­Zeçĕmçkçk'

R¿srçeeZk]çk�l¿k^g�[n�d^ĕb_�rhe\nenÿn%�[bs^�=¿grZ gçg�rnoZkeZd�he]nÿngn%�
[bk�^efZgçg�ZÿZ­mZg�]¿ĕf^lbre^%�=¿grZ gçg�@¿g^ĕ bg�^mkZ_çg]Z�]ºgf^lb&
gbg�g^]^gbgbg�Zrgç�he]nÿngn%�^e^dmkbd�o^�fZgr^mbsfZ�`b[b�]hÿZe�heZreZkç�
a^kd^lbg�rZkZkç�b­bg�dneeZgZ[be^\^ÿbfbsb�`ºlm^kfbĕmbk'�IZk­Z\çd�_bsbÿb�o^�
^ok^g[bebf%�rhe\nenÿnfnsng�[bk�lhgkZdb�ZĕZfZlçg]Z%�be^kbr^�]hÿkn�
rhenfnsn�çĕçe]ZmçrhkeZk'

;n�ZeZgeZk]Zdb�`^ebĕf^e^k%�^ok^gbg�lZr]Zf�aZe^�`^e]bÿb�ghdmZrZ�dZ]Zk�
[bs^�sZfZg]Z�`^kb�rhe\nend�rZifZ�bfdZgç�o^k]b'�;bs�bed�`ºdZ]ZeZkçg�
]hÿnfngZ�o^�bed�rçe]çseZkçg�Zm^ĕe^gf^lbg^�mZgçd�he]nd'�M^f^e�iZk­Z\çdeZkç�
bg\^e^r^k^d%�iZk­Z\çdeZkçg�o^�dnoo^me^kbg�Zrkçgmçeç�[bk�Z­çdeZfZlçgç�[bk�
ZkZrZ�`^mbk]bd'�Rhe�[hrng\Z%�mçi�o^�[bebĕbf�m^dghehcbe^kb�`b[b�_Zkdeç�ZeZg&
eZk]Z�]Z�r^gb�m^dghehcbe^k�[^le^rbi�[¿r¿mm¿d'

;n�dZ]Zkçgç�[bebrhkns'�:fZ�ZkZĕmçkfZeZkçfçs�[bs^�[bk�ĕ^r�]ZaZ�lºre¿rhk3�
¥ÿk^g^\^d�]ZaZ�­hd�ĕ^rbfbs�oZk'

DçkeZk]Zdb�­b­^de^k]^g�`ºdr¿s¿g]^db�
rçe]çseZkZ�dZ]Zk%�a^k�fZ]]^�m^f^e�
iZk­Z\çdeZk]Zg�o^�dnoo^me^k]^g�
henĕfnĕmnk'

   LZÿ:�An[[e^�m^e^ldh[ng]Zg�Zeçgfçĕ�[bk�
k^lbf'�NsZr]Z�fberZkeZk\Z�çĕçd�rçeç�nsZdeçÿZ�
rZrçefçĕ�nsng�[bk�`ºdZ]Z�dhkb]hkngng�
`ºk¿gm¿l¿�sZfZg]Z�fberZkeZk\Z�rçe�`^kbr^�
[ZdfZrZ�dZkĕçeçd�`^ebk'
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FZ]]^�o^�dZkĕçfZ]]^�[bk�ZkZrZ�
`^ebg\^�[bk�^g^kcb�iZmeZfZlçreZ�
[bk[bke^kbgb�rhd�^]^k'�>ok^gbg�
]hÿnfng]Z%�[^gs^kb�^g^kcb�
iZmeZfZeZkç�^ĕbm�lZrç]Z�iZk­Z\çd�o^�
dZkĕçiZk­Z\çd�¿k^mfbĕ�hefZeç]çk'��
:g\Zd�a^k�gZlçelZ%�b­bg]^�
rZĕZ]çÿçfçs�^ok^g%�mZfZf^g�fZ]-
]^]^g�rZiçefçĕmçk'�Gºmkbgh�blbfeb%�
^ok^gb�]he]nkZg�fbgbd�iZk­Z\çdeZk�
[ngng�lhknfenln�heZ[bebke^k�fb8�
GºmkbgheZk�[bsbf�oZk�hefZ�g^]^gb-
fbs�fb8�Gºmkbgh�]^f^me^kbgbg�rZgç�
lçkZ%�k^Zdmºke^k]^g%�Zmfhl_^k]^g�o^�
`¿g^ĕm^g�`^e^g�gºmkbgheZkç�dneeZ-
gZkZd�\^oZ[ç�[nefZ�rZkçĕç�[ZĕeZ]ç'

FZ]]^%�^e^dmkhg�o^�ikhmhg�`b[b�
iZk­Z\çdeZk]Zg�henĕnk'�A^k�
iZk­Z\çÿçg�dZkĕçiZk­Z\çÿç�oZk]çk'�
DZkĕçiZk­Z\çdeZk�[bke^ĕbi�
dZkĕçfZ]]^rb�henĕmnknk'��Zkiç\ç�
heZg%�`ºse^g^[bebk�^ok^g]^�
dZkĕçfZ]]^gbg�]^ÿbe%�_bsbdm^db�^g�
[¿r¿d�[nefZ\ZeZk]Zg�[bkb�heZkZd�
lZ]^\^�fZ]]^gbg�aZdbf�hefZlç]çk3�
DZkĕçfZ]]^�g^k^]^]bk8�<>KG%�
?^kfbeZ[%�D>D�o^�LE:<�]^g^r\be^kb%�
açseZg]çkç\çeZk]Z�dZkĕçfZ]]^�
¿k^mbrhkeZk�o^�dZkĕçfZ]]^gbg�
^ok^g]^db�ĕZĕçkmç\ç�^dlbdebÿbgb�
Zr]çgeZmfZd�b­bg�fZ]]^]^g�bg\^�
_ZkdeZkç�ZkZĕmçkçrhkeZk'

>ok^gbg�n_dngng�rZdçgçg]Zg�rZrçeZg�
çĕçÿçg�`ºse^fe^gf^lb%�a^k�ĕ^rbg�
`b]^k^d�ZkmZg�[bk�açseZ�[bk[bkbg]^g�
nsZdeZĕfZdmZ�he]nÿngn�hkmZrZ�
dhrfZdmZ]çk'�;¿r¿d�IZmeZfZ�
^ok^g[bebfb�[n�]nknfn%�m¿f�^ok^gb�
]he]nkZg��dZkZgeçd�^g^kcb��blbfeb�
bgZgçefZs�[bk�he`nrZ�[Zÿeçrhk��
;¿r¿d�IZmeZfZ�fh]^eb�­hd�fn�
[Zlbm8�>bglm^bg çg�]^gde^fe^kbgb�
]^ÿbĕmbkf^d�fb�eZsçf8�;bebgf^r^g�
m^f^e�[bk�^mdbe^ĕbf�fb�oZk8�<^oZi-
eZk�hkmZrZ�­çdmçd­Z%�ºg¿f¿s]^db�hg�
rçe�b­bg]^�_bsbd­be^kbg�dZkZgeçd�
^g^kcbgbg�`bs^fbgb�­ºsf^lbgb�
[^debrhknf'
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FZ]]^gbg�^mkZ_çgZ�¿ĕ¿ĕ¿i�hgZ�
d¿me^lbgb�o^k^g�`ºk¿gf^s�[bk�
^mdbe^ĕf^�fb�oZk8�Ab``l�
iZk­Z\çdeZkçgç�[nefZd�o^�hgeZkçg�
ºs^eebde^kbgb�bg\^e^f^d�[bs^�\^oZ[ç�
o^k^[bebk'�Ab``l%�]hÿZ]Zdb�
dnoo^me^kbg�[bk[bke^kbre^�gZlçe�
[ZÿeZgmçeç�he]ndeZkçgçg%�fZ]]^gbg�
gZlçe�fZ]]^�he]nÿngng�o^�rZĕZfç�
f¿fd¿g�dçeZg�ZmhflZe�ºe­^ÿbg�
dºd^gbgbg�lçkeZkçgç�b­^kbk'

>bglm^bg çg�dnkZfç%�[bs^�^ok^gbg�
`^gbĕe^f^lb�`^k^dmbÿbgb�lºre^k'�A^k�
ĕ^rbg�m^d�[bk�ghdmZ]Zg�[¿r¿d�[bk�
iZmeZfZ�be^�[ZĕeZ]çÿçgZ�bgZgçrhkns�
o^�`^k­^dm^g�]^%�`ºdZ]ZeZk�
ZkZlçg]Zdb�nsZdeçÿçg�ZkmfZdmZ�
he]nÿngn�`ºse^fe^r^[bebrhkns'�
>kd^g�^ok^g]^db�^g^kcb%�fZ]]^�o^�
^mdbe^ĕbfe^k%�^ok^gbfbsbg�[n`¿gd¿��
`^gbĕe^f^lbgb�gZlçe�^mdbe^]b8�;¿r¿d�
AZ]khg��Zkiçĕmçkç\çlç g]Zdb�]^g^re^k�
o^�­^ok^fbs]^db�iZk­Z\çdeZkçg�
`ºse^fe^kb%�^ok^gbg�^okbfbgbg�
`bs^fbgb�­ºsf^d�b­bg�[bs^�rZk]çf\ç�
heZ\Zdmçk'

R^gb�iZk­Z\çdeZkç�]hÿkn]Zg�
`ºkf^gbg�rZgç�lçkZ%�_bsbd­be^k�]^g^r-
e^k]^�`ºk¿gf^]^g�`bse^g^g�lçkZ]çĕç�
heZreZkçg�bse^kbgb�]^�ZkZkeZk'�;n�gZ]bk�
Zg\Zd�ºg^feb�l¿k^­e^k%�`ºk¿g¿ĕm^�
lçkZ]Zg�o^kb�o^�`ºse^fe^k]^�
oZkeçdeZkçgçg�bse^kbgb�[çkZdZ[bebke^k'�
¥kg^ÿbg%�_bsbd­be^k�kZ]rhZdmb_�
­^dbk]^d�[hsngfZlç�`ºse^fe^kbg]^g�
rheZ�­çdZkZd%�]^g^r\be^kbg�]hÿkn]Zg�
`ºse^fe^f^lbg]^g�1)�rçe�ºg\^%�P�
iZk­Z\çÿçgçg�oZk�he]nÿn�lhgn\ngZ�
neZĕmçeZk'�;n`¿gd¿�]^g^re^k]^�hkmZrZ�
­çdZg�ĕ^dbee^kbg�aZg`blb�[bk�lhgkZdb�
Zmçeçfçg�aZ[^k\blb�heZ\Zd8
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>ok^gbg�mhieZf�]^fbk[ZĕeZkç�
]ºd¿f¿g]^%�lçkZ]Zg�fZ]]^�
mhieZfçg�lZ]^\^�r¿s]^�[^ĕbgb�
henĕmnknk'�>ok^g[bebf\be^k%�`ºdZ]Z-
eZk]Zdb�`ºk¿g¿k�g^lg^e^kbg�]ºgf^�
açseZkçgç�`ºse^fe^r^k^d%�^ok^gbg�
mhieZf�^g^kcblbgbg�rZdeZĕçd�r¿s]^�
+*�beZ�+, ¿g¿g�dZkZgeçd�fZ]]^�
heZkZd�Z]eZg]çkçeZg�`ºk¿gf^s�[bk�
fZ]]^]^g�henĕmnÿngn����ºe­m¿e^k�'�
>g�­^db\b�Z­çdeZfZ�dZkZgeçd�fZ]-
]^gbg%�lçkZ]Zg�fZ]]^�be^�­hd�sZrç_�
[bk�^mdbe^ĕbfb�heZg�a^g¿s�
d^ĕ_^]bef^fbĕ�Zÿçk�iZk­Z\çdeZk]Zg�
henĕmnÿngn�oZklZrZk'

A^ibfbs�¿­�nsZrlZe�[hrnmen�[bk�
^ok^g]^�rZĕZ]çÿçfçsç�]¿ĕ¿g]¿d'�
:fZ%�>bglm^bg çg�[be^�neZĕZfZ]çÿç�
[bk�[ZĕZkç�heZg�[¿m¿g�dnoo^me^kbg�
[bke^ĕbd�[bk�m^hkblbgb�rZsfZd�b­bg%�
`¿g¿f¿s]^�[Zsç�_bsbd­be^k%�^ok^g]^�
ĕbf]br^�dZ]Zk�`ºk^f^]bÿbfbs�­hd�
d¿­¿d�ºe­¿e^k]^�dçokçefçĕ%�Zemç�Z]^m�
r^gb�[hrnm�hefZlç�`^k^dmbÿbgb�
lZongnrhkeZk'

Fnam^f^e^g�aZrçk'��A^k�ĕ^r��]ZaZ�
m^f^e�[bk�dZokZflZe�ZemrZiç]Zg�
hkmZrZ�­çdZkZd%�nsZr�o^�sZfZgçg�
dºd^gbgbg�rZgç�lçkZ%�fZ]]^gbg�
[bebg^g�m¿f�m^f^e�[be^ĕ^ge^kbgbg�
ZgZ�ºs^eebde^kbgb�]^�b­^kf^eb]bk'�
;A� ]^�^kbĕbe^[bebk�[¿r¿d�^d�
[hrnmeZk�oZklZ%�`¿g¿f¿s�]^g^re^kb�
[n�lhkneZkZ�rZgçm�[neZ[bebk'�;^edb�
]^�^g�[¿r¿d�bg]bk`^f^\b�a^]^_�
`^k­^de^ĕmbkbe^[bebk'�
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=¿grZ]Zdb�[¿m¿g�eZ[hkZmnoZkeZk]Z�]^g^re^k�+*'�r¿srçe�lhkneZkçgç�
rZgçmeZfZd�b­bg�_bsbd­be^kb�[bk�ZkZrZ�`^mbkbrhk'

=hÿZgçg�^g�d¿­¿d%�^g�[Zlbm�iZk­Z\çdeZkçgç�bg\^e^f^d�b­bg%�_bsbd­be^k�]¿grZ-
]Zdb�^g�[¿r¿d%�^g�dZkfZĕçd�[bebfl^e�`^k^­e^kb�dneeZgçkeZk'�NsngendeZkç�
dbehf^mk^e^ke^�ºe­¿e^g�açseZg]çkç\çeZk%�rhÿng%�r¿dl^d�^g^kcbeb�iZk­Z\çd�
]^f^me^kb�henĕmnknk'�;bgZ�[hrng]Z�Ze`ç­eZk�fberZkeZk\Z�aZmmZ�mkberhgeZk\Z�
iZk­Z\çÿçg�^mdbe^ĕbfbgb�bse^k'�>g`bg�[be`blZrZk�`¿\¿%�[n�^mdbe^ĕbf�o^kbe^kbgb�
dZr]^]^k%�lZdeZk�o^�]^g^re^k]^�a^i�[bkebdm^�­ZeçĕZg%�]¿grZrZ�rZrçefçĕ�
[bge^k\^�_bsbd­br^�]Zÿçmçk'

IZk­Z\çd�Zlmkh_bsbÿb%�açseZg]çkç\ç�mZ[Zgeç�]^g^re^kb�mZfZfeZrZ\Zd�ĕ^dbe]^�
_bsbÿbg�m^f^e�rZlZeZkçgç�ZkZĕmçkfZd�b­bg�>ok^g b�[bk�eZ[hkZmnoZk�heZkZd�
dneeZgçk'�Ā­�nsZr�o^�]çĕ�nsZr�ZkZlçg]Zdb�]^kbg�o^�`¿s^e�[ZÿeZgmç%�Zlmkh_bsbd�
`ºse^fe^k�rhenreZ�r^gb�iZk­Z\çd�_bsbÿbgb�hkmZrZ�­çdZkfZd�b­bg�[bs^�heZgZd�
lZÿeZk'

¥e­^d�o^�dZkfZĕçdeçdeZkçreZ�g^_^l�d^l^g%�[n�[^gs^klbs�m^dghehcbe^k%�[bk[bkbgb�
mZfZfeZrZg�`¿­e^kbgb�o^�r^m^g^de^kbgb�m^d�[bk�[bebfl^e�`bkbĕbfb�henĕmnkfZd�
b­bg�[bke^ĕmbkbk'�IZk­Z\çd�_bsbÿb�`^k^­e^kb%�+*'�r¿srçe�iZk­Z\çd�_bsbÿbgb�
[^ebke^r^\^d�lhkneZkZ�a^i�[bkebdm^�\^oZieZk�ZkZrZg%�]¿grZrZ�rZrçefçĕ�
eZ[hkZmnoZkeZk]Zdb�[bebfZ]ZfeZkçgç�[bk�ZkZrZ�mhieZrZg�çĕçe]ZdeZk]çk'

CZihgrZ�gçg�[Zmç�dçrçlç�rZdçgeZkçg]Zdb�
Lni^k&DZfbhdZg]^�Ze`ç\çg]Z%�M+D�]^g^rb�
bĕ[bkebÿb�mZkZ_çg]Zg�`ºse^fe^g^g�bed�gºmkbgh�
^mdbe^ĕbfb'�Resim: Kamioka Gözlemevi, 
B<KK�!Dhsfbd�BĜçg�:kZĜmçkfZ�>glmbm¿l¿"%�
Mhdrh�¦gbo^klbm^lb�o^�M+D�ĀĜ[bkebÿb
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:kZĕmçkfZeZkçg�^g^kcb�\^ia^lbg]^%�iZk­Z\çd�]^f^me^kb�
açseZg]çkçeZkZd�lhg�]^k^\^�r¿dl^d�^g^kcbe^k^�neZĕmçkçkeZk�o^�]^o�
iZk­Z\çd�Ze`ç­eZkç�b­bg]^�­ZkiçĕmçkçeçkeZk'��ZkiçĕfZ�^g^kcblbg]^g%�
^ok^gbg�bed�ZgeZkçg]Zg�[n�rZgZ�oZk�hefZrZg�iZk­Z\çdeZk�hkmZrZ�
­çdZk'�:e`ç­eZk�a^k�lZgbr^�`^k­^de^ĕ^g�fberhgeZk\Z�­ZkiçĕfZgçg�
lhgn­eZkçgç�dZr]^]^k�o^�`¿­e¿�[be`blZrZk�ZÿeZkç%�­ZkiçĕfZ�o^kbe^-
kbgb�]¿grZrZ�rZrçefçĕ�[bk�bĕ[bkebÿb�b­bg]^�heZg�_bsbd­be^k^%�
­^ok^fbs]^db�]¿grZgçg�m^f^e�rZiçlçgç�Zr]çgeZmZ\Zd�­ºs¿fe^f^e^k�
o^�d^ĕb_e^k�rZifZeZkç�b­bg�]Zÿçmçk'  

LZÿ3�?kZglZ&Ālob­k^�lçgçkçg]Z�r^k�ZeZg�
<>KG�]^db�[bk�r^kZemç�m¿g^ebg]^%�;¿r¿d�
AZ]khg��Zkiçĕmçkç\çlç%�]¿grZ]Zdb�^g�`¿­e¿�
açseZg]çkç\ç]çk'�DneeZgçeZg�be^kb�^e^dmkhgbÿ^�o^�
[ZĕdZ�m^dghehcbe^k^�[bk�­hd�¿ed^�dZmdç�o^kfbĕmbk'

Sol3�=¿grZ]Zdb�+))�]^g�_ZseZ�[be`b�bĕe^f�
f^kd^sbgb�[bk�ZkZrZ�`^mbk^g�;A��d¿k^l^e�[be`blZ-
rZk�Zÿçgçg�f^kd^sbg]^�<>KG�oZk]çk'�;n�Zÿ�
lZr^lbg]^%�;A��]^g^re^kbg]^�­ZeçĕZg�[bebf�
bglZgeZkç%�lZgdb�d^g]b�fZlZeZkçg]Zrfçĕ�`b[b�[¿r¿d�
[be`b�bĕe^f^�dZrgZdeZkçgZ�^kbĕbke^k'�;n�k^lbf%�
ZgZebse^k�rZiçeçkd^g�m^d�[bk�Zg]Z�Zÿ�¿s^kbg]^db�
o^kb�Zdçĕçgç�`ºlm^kbrhk'

?^kfb�NenlZe�AçseZg]çkç\ç�EZ[hkZmnoZkç%�:;='�
:;=�>g^kcb�;ZdZgeçÿçgZ�[Zÿeç�heZg�?^kfbeZ[%�
:;=�gbg�iZk­Z\çd�_bsbÿbg^�Z]Zgfçĕ�
eZ[hkZmnoZkç]çk'�+1�rçe�l¿k^g�bĕe^rbĕb�[hrng\Z%�
?^kfbeZ[�]Zdb�M^oZmkhg�açseZg]çkç\çlç�!¿lmm^�lZÿ]Z�
rZkçlç�`ºk¿g^g�[¿r¿d�­^f[^k"�^g^kcb�\^ia^lbg]^�
]¿grZ�[bebfbg^�ºg]^kebd�^mmb'�M^oZmkhg�]^g^re^kb�
heZg�<=?�o^�=)�]Z%�:okniZ%�:lrZ�o^�
:f^kbdZ�]Zg�r¿se^k\^�[bebfbglZgç�­Zeçĕmç'�
RZimçdeZkç�d^ĕb_e^k�fZ]]^gbg�rZiçlç�aZddçg]Z�
[be]bde^kbfbsb�]^kbg]^g�]^ÿbĕmbk]b�o^�¿k^mmbde^kb�
[be`b�[bkbdbfb%�M^oZmkhg�ng�ºg\¿�m^dghehcblb�be^�
[bkebdm^�<>KG�bg�;¿r¿d�AZ]khg��Zkiçĕmçkç\çlç�g]Z�
!;A�"�rZiçefZlç�[^de^g^g�d^ĕb_e^k^�m^f^e�he]n'�
:gZ�>gc^dmºk�!¿lmm^�ºg]^db�­^f[^k"�açseZg]çkç\çlç%�
?^kfbeZ[�çg�ĕbf]bdb�o^�`^e^\^dm^db�ikh`kZfçgç�
henĕmnkZg�]hÿZgçg�^g�^g]^k�l¿k^­e^kbg]^db�o^�
gºmkbgh�_bsbÿbg]^db�ºg^feb�ZkZĕmçkfZeZkçg�m^f^e�
[bk�iZk­Zlç]çk'
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Üst:�:ME:L�iZk­Z\çd�Ze`ç\çgçg%�rZiçfç�
lçkZlçg]Z�`ºk¿e^g�lbfbml^e�!mhkhb]"�fçdgZmçl�
lblm^fb�ºg¿g]^�]nkZg�bglZg�Z]^mZ�\¿\^�`b[b�
dZeçrhk'�:ME:L%�,1�¿ed^]^g�¿gbo^klbm^e^k]^�
o^�^glmbm¿e^k]^�­ZeçĕZg�rZdeZĕçd�,)))�[bebf�
bglZgçgçg�d¿k^l^e�bĕ[bkebÿb�be^�dnkne]n�o^�
bĕe^mbebrhk'�Ĕbf]br^�dZ]Zk�rZiçefçĕ�^g�
dZkfZĕçd�[bebfl^e�Ze^me^k]^g�[bkb�heZg�
:ME:L�]Z�*))�fberhg�dZgZe]Zg�`^e^g�
o^kbe^kb�dZr]^]^g�_bsbd­be^k%�[ngeZkç�
dneeZgZkZd�r^gb�_bsbd�ZkZĕmçkfZeZkç�b­bg�
­ºs¿fe^f^e^k�rZiçrhkeZk'

   Üst:�CZihgrZ�]Zdb�D>D ]^�açseZg]çkç\ç�
nsfZgeZkç%�ºg^kbe^g�NenleZkZkZlç�=hÿknlZe�
�Zkiçĕmçkç\ç�b­bg�`^ebĕmbkbefbĕ�be^kb�l¿i^kbe^md^g�
kZ]rh_k^dZgl�m^dghehcblbgb�m^lm�^]brhkeZk'�;n�
m^dghehcbr^�]^lm^d�o^�iZk­Z�lZÿeZrZg�dnknfeZk�
=>LR�!:efZgrZ"%�BG?G�FbeZgh&E:L:�!BmZerZ"%�
D>D�!CZihgrZ"%�?^kfbeZ[�o^�LE:<�!:;="�]çk' 
���LZÿ3�<>KG ]^db�;¿r¿d�AZ]khg��Zkiçĕmçkç&�
\çlç�g]Z�`^k­^de^ĕ^g�iZk­Z\çd�­ZkiçĕfZeZkç%�
<FL�iZk­Z\çd�Ze`ç\çgçg�dZr]^mmbÿb�[n�ºkg^d�
`b[b�`¿s^e�k^lbfe^k�henĕmnknk'�A^k�[bk�­ZkiçĕfZ%��
Ze`ç­�b­bg]^%�k^lbf]^�`ºk¿e^ge^k�`b[b�bse^k�
[çkZdZg%�r^gb�iZk­Z\çdeZk�¿k^mbk'�;ngng�`b[b�
fberhgeZk\Z�­ZkiçĕfZrç�­ºs¿fe^r^g�<FL bg�
d¿k^l^e�[bebf�bglZgç�mhienenÿn�r^gb�he`neZkç�
ZkZk'
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?bsbd­be^k�rhÿng%�açseZg]çkçefçĕ%�f¿fd¿g�heZg�^g�r¿dl^d�lZrç]Z�
iZk­Z\çdeZ�]hen�]^f^me^kb%�gºmkbgh�^mdbe^ĕbfe^kbgb�o^�]hÿZgçg�^g�^g]^k�
l¿k^­e^kbgb�d^ĕ_^mf^d�b­bg�dneeZgçkeZk'�+*'�r¿srçe�iZk­Z\çd�_bsbÿbgbg�dZe[bg]^�
gºmkbgheZkçg�`bs^fe^kb�rZmZk'�Lhg�]^k^\^�l^rk^d�l¿k^­e^k�açseZg]çkç\çeZk]Z�
]hÿkn]Zg�^kbĕ^f^r^\^ÿbfbs�dZ]Zk�r¿dl^d�^g^kcb�Ze^fe^kbg^�dZiç�Z­çi%�
[bsb%�_bsbd­be^kbg�]hÿZgçg�[¿m¿g�dnoo^me^kbgbg�[bke^ĕmbÿbgb�dnkZfeZ]çdeZkç�
rhe]Z�be^ke^mbk'

:lmkh_bsbd­be^k%�iZk­Z\çd�açseZg]çkç\çlç�]^g^re^kbgb�mZfZfeZfZd�b­bg�[bk�
eZ[hkZmnoZk�heZkZd�nsZrç�dneeZgçkeZk'�:lmkh_bsbd�`ºse^fe^kb%�^ok^gbg�
­hÿngendeZ�dZkZgeçd�fZ]]^�o^�dZkZgeçd�^g^kcb]^g�henĕmnÿngn�hkmZrZ�
dhrfZdmZ]çk'�R^kZemç�]^g^re^kbre^�[bkebdm^�r^kr¿s¿g]^�o^�nsZr]Z�
dhgnfeZg]çkçefçĕ�m^e^ldhieZk]Z�[n�dZkZgeçd�he`neZk�ZkZĕmçkçefZdmZ]çk'

   LZÿ:�:kcZgmbg�]^db�Ib^kk^�:n`^k�@ºse^f^ob�^g�
r¿dl^d�^g^kcbeb�dhsfbd�çĕçgeZkçg�dºd^gbgb�ln�
]^ihln�dhsfbd�çĕçg�Ze`ç­eZkçreZ�ZkZĕmçkçrhk'���
��>g�lZÿ: NsZr�ZkZĕmçkfZeZkçgçg�r¿dl^d�^g^kcb�
\^ia^lbg]^�dZkZgeçd�fZ]]^rb%�dZkZ�]^ebde^kb�o^�
rçe]çseZkçg�^okbfbgb�?^kfb�@ZfZ�Bĕçgç�NsZr�
M^e^ldh[n�¿s^kbg]^db�[bk�Ze`ç­�bg\^ebrhk'�;n�Ze`ç­�
:;=�>g^kcb�;ZdZgeçÿç�gZ�[Zÿeç�LE:<�NenlZe�
AçseZg]çkç\ç�EZ[hkZmnoZkç�be^�G:L: rZ�[Zÿeç�
@h]]Zk]�EZ[hkZmnoZkç�hkmZdeçÿç�be^�`^ebĕmbkbe]b' 
   ¦lm�lZÿ: Ĕbeb ]^�[bk�]Zÿ�sbko^lbg]^%�DZkZgeçd�
>g^kcb�DZf^kZlç�[ZĕeZg`ç­�ZĕZfZlçg]Zdb�
`ZeZdlbe^kb�_hmhÿkZ_eZrZkZd�dZkZgeçd�^g^kcbrb�
ZkZĕmçkçrhk'

   En Sol: İmZerZ�]Zdb�@kZg�LZllh�NenlZe�
EZ[hkZmnoZkç�g]Z�Q>GHG�DZkZgeçd�
FZ]]^�:kZfZ�=^g^rb%�dZkZgeçd�fZ]]^�
iZk­Z\çdeZkçgçg�lbgrZee^kbgb�Zkçrhk'
   Sol: DZgZ]Z�]Zdb�Ln][nkr�Gºmkbgh�
@ºse^f^ob�]ZaZ�lhgkZ�`^gbĕe^r^k^d�
LGHEZ[�Z]çgç�ZeZg�r^ke^ĕd^]^�bed�rZiçefçĕ�
r^kZemç�]^g^re^kbg]^g�[bkbr]b'
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@^e^\^ÿbg�açseZg]çkç\çeZkçg]Z%�a^f�r¿dl^d�^g^kcb�
a^f�]^�r¿dl^d�rhÿngend�b­bg�l¿i^kbe^md^g�kZ]rh_k^-
dZgl�m^dghehcblb�dneeZgçeZ\Zdmçk'�:efZgrZ�]Zdb�=>LR�
eZ[hkZmnoZkçg]Z�`^ebĕmbkbef^dm^�heZg�]hdns�[hÿnfen�
[bk�l¿i^kbe^md^g�k_�dhonÿn'
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)HUPLODE

  LZÿ3��Mçelçfeç��dnoZkdeZk]Zg�henĕZg�iZk­Z&�
\çdeZkç�r¿dl^d�rhÿngendmZ�¿k^m^[bef^d�b­bg�
brbe^ĕmbkbefbĕ��bg ]^db�;^bcbg`�>e^dmkhg�Ihsbmkhg�
�Zkiçĕmçkç\çlç%�;>I<BB�gbg�^mdbe^ĕbf�[ºe`^lb'
  Alt3�DZkĕçfZ]]^gbg�^ok^g]^�[nengfZfZlç�]Z�
]Zabe%�`¿g¿f¿s�_bsbÿbgbg�ZgZ�lhkneZkçgZ�çĕçd�
mnmfZd�b­bg�ĀmZerZ�NenlZe�G¿de^^k�?bsbd�
>glmbm¿l¿%��Mhk�O^k`ZmZ��KhfZ�¦gbo^klbm^lbg]^�
Lni^k;�?Z[kbdZlç�gç�bgĕZ�^]^\^d'
  :em%�lZÿ3�CZihgrZ ]Z�C&I:K<�çg�[bk�lbgdkhmkhg�
açseZg]çkç\çlç�heZg�.)�@^O�fZdlbfnf�^g^kcbeb�
ZgZ�aZedZlç'

  En sol3�GºmkbgheZkçg�m^f^e�ºs^eebde^kbgb�
d^ĕ_^mf^d�b­bg�ºg^kbe^g�Nsng�=^f^maZmeç�
Gºmkbgh�=^g^rbg]^%�?^kfbeZ[ ]Zg�[bk�
gºmkbgh�]^f^mb�*,))�df�ºm^]^db�[bk�Ze`ç\Z�
`ºg]^kbe^\^d'
  Sol3�CZihgrZ ]Zdb�[bk�iZk­Z\çd�_bsbÿb�
eZ[hkZmnoZkç�heZg�D>D bg�dnĕ[Zdçĕç�
`ºk¿gm¿l¿'�D>D�oZkheZg�D>D;�açseZg]çkç\çlçgç�
Lni^kD>D; r^�r¿dl^em^k^d�iZk­Z\çd�
­ZkiçĕfZeZkçg]Z�-)�dZm�Zkmçĕ�ZfZ­eçrhk'

 GHo:�]^g^rbgbg�rZdçg�Ze`ç\ç'�
+)*, ]^g�bmb[Zk^g�GHo:%�?^kfbeZ[ ]Zg�
1))�df�ºm^]^db�[bk�Ze`ç\Z�rheeZgZ\Zd�
[bk�iZk­Z\çd�]^f^mb�be^�gºmkbgheZkçg�
`Zkbi�ºs^eebde^kbgb�bg\^e^r^\^dmbk'�
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*20) e^kbg�hkmZeZkçg]Zrçs%�mçi�ZeZgçg]Z�[^rbg�f^mZ[hebsfZlçgç�`ºk¿gm¿-
e^f^d�b­bg�r^gb�[bk�dZokZf�`¿g]^f^�`^e]b'�?bdbk�[bebf&dnk`n�`b[b�`^ebrhk3��
DZkĕçfZ]]^rb�ZrZkeZrçi�o¿\nm�b­bg]^db�fZ]]^rb�sZkZklçs�[bk�ĕ^dbe]^�rhd�
^mmbk^k^d%�o¿\nm�]çĕçg]Z�lZimZgZ[bebk�_hmhgeZk�¿k^m^k^d%�]hdmhkeZk�]ZaZ�
ºg\^�aZrZe�^mf^]bde^kb�[bk�]nrZkeçeçdeZ�[^rbg�_hgdlbrhgngn�mZdbi�^]^[b-
e^\^de^k'�;n�k¿rZrç�gZlçe�`^k­^ÿ^�]ºg¿ĕm¿kf^eb8�IZk­Z\çd�_bsbd­be^kb%�[bk�
Z]çf�ºg^�­çdçg'

?hmhgeZkç�Ze`çeZfZd�`¿ge¿d�bĕe^kbgbg�[bk�iZk­Zlç�heZg�iZk­Z\çd�_bsbd­be^kbre^�
]hdmhkeZkçg�[bk�ZkZrZ�`^ebi%�bed�ihsbmkhg�rZrçeçf�mhfh`kZ_blb%�o^rZ�
I>M!Ihlbmkhg�>fbllbhg�Mhfh`kZiar"%�mZkZrç\çeZkçgç�¿k^mf^e^kb�]hÿZe]ç'�
<>KG�o^�<^g^ok^�¦gbo^klbm^lb�AZlmZg^lb�ZkZlçg]Zdb�bĕ[bkebÿb�mZf�]Z�[ngn�
rZiçi%�Zrgç�sZfZg]Z�be^kb�ZkZĕmçkfZ�m^dgbde^kbgb�`^ebĕmbk^g�aZlmZg^r^�r^gb�
[bk�mZgç�ZkZ\ç�m^lebf�^mmb'

;bk�*)�rçeç�açseZ�be^kb�lZkZeçf'�R^gb�g^lbe�iZk­Z\çd�_bsbÿb�]^g^re^kb%�¿gbo^klbm^�
o^�lZgZrb]^g�be^ke^f^e^kb�]^ÿ^ke^g]bk^k^d�r^gb�g^lbe�_hmhg�Ze`ç­eZkç�
`^ebĕmbkbk'�;n��iZkçe]ZrZg�dkblmZee^k��iZk­Z\çd�_bsbÿbg]^�`^ebĕf^rb�fZafns-
eZk'�O^�r^gb�g^lbe�I>M�mZkZrç\çeZkçgç�]Z'

;ZĕdZ�[bk�*)�rçeç�]ZaZ�ZmeZrZeçf'�IZkçe]ZrZg�dkblmZe�m^dghehcblb�be^ke^f^r^�
]^oZf�^]^k%�Zg\Zd�]ZaZ�ºg^feblb�;A��]^�_bsbd�ZkZĕmçkfZeZkç�b­bg�
aZsçkeZgZg�[¿r¿d�[bk�bĕ[bkebÿb%�`¿­e¿�[bk�fZgr^mbd�ZeZg�b­bg]^�dkblmZee^k�
dneeZgfZrZ�dZkZk�o^kbk'�@^k^d^g�^e^dmkhgbd�Ze^me^k�a^g¿s�rhdmnk%�[ngn�
rZifZd�b­bg�[bebf�Z]ZfeZkç�o^�^g]¿lmkb�bĕ[bkebÿb�rZiZk'�Lhgn­3�M^f^e�
ZkZĕmçkfZeZk�b­bg�r^gb�o^�]ZaZ�`¿­e¿�[bk�ZkZ­�o^�mç[[b�`ºk¿gm¿e^f^�
^g]¿lmkblb�b­bg%�I>M bg�o^�fZgr^mbd�k^shgZgl�`ºk¿gm¿e^f^gbg�!FKB"�
mZfZfeZrç\ç�m^dgbde^kbgb�[bke^ĕmbk^g�r^gb�[bk�mZkZrç\ç�`^ebĕmbkf^�_çklZmç'�
SZfZg�b­bg]^�be^kbr^�]hÿkn�lhg�[bk�lç­kZfZ�[bsb%�[n�m¿k�[bk�Zr`çmçg�debgbd�
­ZeçĕfZeZkçgçg�l¿k]¿ÿ¿�`¿g¿f¿s^�dZ]Zk�`^mbkbrhk'

I^d�­hd�[^gs^kbg]^g�[bkb�heZg�[n�ºkg^d�­ZeçĕfZ%�m^f^e�ZkZĕmçkfZeZkç�o^�
mhienfn�[bk[bkbg^�[ZÿeZrZg�­^f[^kb�Zr]çgeZmçk'�;bebfbg�bambrZ­eZkç�r^gbebd�
`^k^dmbkbk4�r^gbebde^k�^g]¿lmkbrb�[^le^k4�^g]¿lmkb�]^�m^f^e�[bebfe^k�b­bg�]ZaZ�
`¿­e¿�ZkZ­eZk�lngZk'�Hg�rçeeZk�[hrng\Z�[^le^g^g�[n�nsng�oZ]^eb�bebĕdbgbg%�
dZgçmeZgfçĕ�[bk�[be`b�o^�r^gbebd�lZÿeZfZ�lb\beb�oZk]çk'
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*2,) eZk]Zdb�r¿dl^d�^g^kcb�_bsbÿbgbg�bed�`¿ge^kbg]^g�
^g�lhg�+*'�r¿srçe�]^g^re^kbg^�dZ]Zk%�iZk­Z\çd�
_bsbÿbg]^g�­çdZg�\^lnk�o^�r^gbebd­b�]¿ĕ¿g\^e^k�o^�
m^dghehcbe^k%�rZĕZf�ĕ^debfbsb�]^ÿbĕmbk^\^d�ZdçfeZk�
aZebg]^�mhienflZe�aZrZmçfçsZ�`bk]b'

I>M�`ºk¿gm¿e^f^lb%��]hiZfbgbg�[^rbg]^db�
_hgdlbrhgn�aZddçg]Z�[be`b�o^kf^d�b­bg�
açseZg]çkç\çeZk]Z�¿k^mbe^g�bshmhieZkç�
dneeZgçk'�;n�`ºk¿gm¿e^k�]hiZfbg�¿k^m^g�
\Zgeç�a¿\k^e^kbg�]^kbĕbfbgb�`ºlm^kbk4�[n�
a¿\k^e^kbg�]ZaZ�r¿dl^d�]^kbĕbfb�lç\Zd�
k^gde^ke^�[^ebkmbebk'�LZÿeçdeç�[bk�]^g^dm^�
!lhe]Z"�o^�IZkdbglhg�aZlmZeçÿç�heZg�[bk�
]^g^dm^�!lZÿ]Z"�ZeçgZg�`ºk¿gm¿e^kbg�
dZkĕçeZĕmçkçefZlç%�aZlmZeçdeç�[^rbg]^g�
ZeçgZg�I>M�lbgrZebgbg�!dçkfçsç�k^gd"�sZrç_�
he]nÿngn�`ºlm^kbk'�;n�b­^kbr^�f¿]ZaZe^�
`^k^dmbkf^r^g%�`^k­^d�sZfZgeç%�bĕe^ol^e�
[^rbg�`ºk¿gm¿e^f^�rºgm^fb�iZk­Z\çd�
_bsbÿbg]^g�aZk^d^me^�hkmZrZ�­çdmç�o^�
_bsbd­be^kb%�dbfrZ\çeZkç�o^�[brheh`eZkç�[bk�
ZkZrZ�`^mbk]b'   Resim: TRIUMF ve Pasifik 
IZkdbglhg�:kZĜmçkfZ�F^kd^sb�g^�
m^Ĝ^dd¿ke^ke^'
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%DQD��HWNLQ�LOD¨ODUÔQ�WDVDUÔPÔQGD�NXOODQÔOPD�
SRWDQVL\HOL�WDìÔ\DQ�NLP\DVDOODUÔQ���ER\XWOX�
DWRPLN�\DSÔODUÔQÔ�KÔ]OÔ�RODUDN�DQODPDN�L¨LQ��
\½NVHN�RWRPDV\RQOX��J½YHQLOLU�YH�YHULPOL�
VLQNURWURQ�GHPHW�KDWODUÔ�JHUHNOL�

Lbgdkhmkhg�çĕçd�dZrgZdeZkç�Z]ç�o^kbe^g�iZk­Z\çd�
açseZg]çkç\çeZkçg]Zg�­çdZg�Zĕçkç&iZkeZd�Q&çĕçgeZkç�a¿\k^�
b­�bĕe^rbĕbg]^g�mnmng�]Z�aZlmZeçdeZkç�ºge^r^\^d�o^�
m^]Zob�^]^\^d��r^gb�o^�]ZaZ�^mdbeb�beZ­eZkçg�fhe^d¿e^k�
rZiçlçgZ�dZ]Zk%�fZes^f^�]¿grZlçgçg�a^k�ZeZgçgç�
Zr]çgeZmçk'�@ºk¿gm¿e^f^�ZkZ­eZkç�heZkZd�iZk­Z\çd�
açseZg]çkç\çeZkç%�r^gb�g^lbe�Zgmb[brhmbde^kbg�`^ebĕmbkbef^lb�
rZgç�lçkZ�ABO�obk¿l¿%�dZgl^k�o^�ĕ^d^k�aZlmZeçÿç�be^�
f¿\Z]^e^]^�dneeZgçeZg�beZ­eZkçg�`^ebĕf^lbgb�
açseZg]çk]ç'

%DQD�HQHUML\L�GDKD�YHULPOL�VDNOD\DFDN�ELU�
DN½�JHUHNOL�ě

R¿dl^d�i^k_hkfZgleç�Zd¿e^k]^�dbebm�lhkng%�ºs^eebde^�
^e^dmkhm�o^�^e^dmkhebm�ZkZlçg]Zdb�ZkZr¿s�fZes^f^lbg]^�
brhgeZkçg�aZk^d^mbgb�bg\^e^f^d�o^�dhgmkhe�^mf^dmbk'�
Fnhg&libg�li^dmkhldhiblb�o^�bĕZk^me^gfbĕ�ZmhfeZk�o^�
[be^ĕbde^k�dneeZgZkZd�rZiçeZg�fZgr^mbd�k^shgZgl�
`ºk¿gm¿e^f^�]^�]Zabe�hefZd�¿s^k^%�iZk­Z\çd�
_bsbÿbg]^g�`^e^g�rºgm^fe^k%�dZmçeZk]Z�o^�ZkZr¿se^k]^�
brhgeZkçg�rZrçefZlç�aZddçg]Z�[^gs^klbs�[be`be^k�o^kbk'
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%DQD�N½UHVHO�UHNDEHW¨L�ELU�RUWDPGD�JHOLìH��
ELOHFHN�\HWHQHNOL�YH�KH\DFDQOÔ�JHQ¨�LQVDQODU�
JHUHNOL�ě

%DQD�UDG\RDNWLI�DWÔNODUÔ�LìOHPHN�L¨LQ�
J½YHQOL�YH�WHKOLNHVL]�ELU�\·QWHP�JHUHNOL��

'DPH�6XH�,RQ��.UDOL\HW�0�KHQGLVOLN�$NDGHPLVL�
$UDüW×UPDF×V×���/RQGUD�,PSDUDWRUOXN�.ROHML�
=L\DUHWoL�3URIHV|U�

�
GHQ�����
H�JLGHELOLULP��%DQD��
GDQ��
H�
JLWPHN�L¨LQ�\DUGÔP�JHUHNOL�ě

(YUHQGHNL�W½P�EX�PDGGH�QHUHGHQ�JHOL\RU"�

IZk­Z\çd�_bsbÿbgbg�f^kd^sbg]^db�[¿r¿e^rb\b�lhkneZkçg�
rZgçlçkZ%�dhgngng�[bebfl^e�o^�m^dgbd�shkendeZkç�]Z�
r^m^g^deb�`^g­�bglZgeZkç�[bebf^�­^d^k'�;n�ZeZgç�
mZgçfeZrZg�rhÿng�rZkçĕ�o^�rZdçg�bĕ[bkebÿb%�d¿k^l^e�
k^dZ[^m�hkmZfçg]Z�[ZĕZkç�b­bg�dkbmbd�[bk�r^m^g^d�
heZg%�mZdçf�­ZeçĕfZlçgZ�rZmdçgeçÿç�`^ebĕmbkbk'�=hÿZlç�
`^k^ÿb%�m^f^e�_bsbd%�f¿a^g]blebd�o^�[bebĕbf�dhgneZkçgç�
[bke^ĕmbk^g�­hd�nenlen�[bk�ZeZg]Z%�iZk­Z\çd�_bsbÿb%�
ºÿk^g\be^kb�]ZeeZk�ZkZlç%�rZkZmç\ç�o^�Zeçĕçefçĕçg�
]çĕçg]Z�]¿ĕ¿g]¿km^k^d%�dZkZkeçeçd�o^�beaZfeZ�[bebf�
rZifZeZkçgç�lZÿeZk'

DneeZgçefçĕ�g¿de^^k�rZdçm�o^�g¿de^^k�ZmçdeZk]Zdb�nsng�
ºf¿ke¿�kZ]rhZdmb_�[be^ĕ^ge^kbg�sçkaeZgfZlç%�
]^iheZgfZlç��o^��dhkngfZlç�ºg^feb�[bk�lhkng]nk'��
IZk­Z\çd�açseZg]çkç\çeZkçgçg�o^�g¿de^^k�_bsbÿbg�`^mbk]bÿb�
r^gb�m^dghehcbe^k�[bk�rZgçm�heZ[bebk3�IZk­Z\çd�]^f^me^kb-
re^�[ngeZkç�]ZaZ�dheZr�ZmçeZ[bebk�o^�aZmmZ�`^kb�
]ºg¿ĕm¿k¿e^[bebk�dçlZ�ºf¿ke¿�o^�`¿o^geb�fZ]]^e^k^%�
d^ebf^gbg�mZf�ZgeZfçreZ%�]ºg¿ĕm¿kf^d'

>ok^gbg�lçkeZkçgç�d^ĕ_^mf^�mnmdnln%�`ºse^kb�o^�ZdçeeZkç�
]^okbf�gbm^ebÿbg]^db�]¿ĕ¿g\^e^k^�o^�]ºg¿ĕm¿k¿\¿�
m^dghehcbe^k^�Z­Zk'�D^ĕ_^mf^�mnmdnln%�[bebf�o^�m^dgheh-
cbr^�Zeçĕçefçĕ�lçgçkeZkçgç�ZĕçkmZkZd�o^�]ZaZ�ºg\^�lºs¿�
^]bef^r^g�rºge^k^�bm^k^d%�d¿­¿d�be^ke^f^e^kbg�
ºm^lbg]^%�[bsb�lç_çk]Zg�[bk^�`ºm¿k^\^d�heZg�rhe]Zdb�
[¿r¿d�ZmçeçfeZkç�`^k­^de^ĕmbkbk'

Āĕbg�`^k­^ÿb%�rZgçmç�[befbrhkns%�ZfZ�bglZgeçÿçg�[n�
`b[b�lhkneZk�lhkfZrZ�]^oZf�^mf^lb�o^�[n�`b[b�
lhkneZkçg�]¿grZgçg�a^k�r^kbg]^g�`^g­e^k^�beaZf�
dZrgZÿç�hefZlç�aZrZmb�ºg^f�mZĕçk'�RZgçm�ZkZrçĕçreZ�
be^ke^f^�lZÿeZgçk�o^�Zg\Zd�`^g­e^kb�[bebf^�­^df^d�
rhenreZ�be^ke^f^gbg�]^oZfçgç�`ZkZgmb�^]^[bebkbs'
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.½OW½U�HVHUOHULQLQ�L¨OHULQL��RQODUD�]DUDU�
YHUPHGHQ�LQFHOHPHPL]�JHUHNOL�ě

<DSD\�NDOS�NDSDN¨ÔNODUÔQÔQ�J½YHQOLÒLQL�
DUWÔUPDPÔ]�JHUHNOL�ě
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%DQD�Y½FXWWDNL�NDQVHU�HWNLQOLÒLQLQ�NHVNLQ�YH�
QHW�J·U½QW½OHUL�JHUHNOL�ě

D¿k^l^ee^ĕf^]^g�­hd�ºg\^%�[bebf%�`^k­^d�[bk�d¿k^l^e�
bglZg�­Z[Zlç�heZkZd�hkmZrZ�­çdmç�o^�iZk­Z\çd�_bsbÿb�a^k�
sZfZg�ºg\¿�he]n'�@¿g¿f¿s]^�[n�dhgn]Z�m^f^e�
ZkZĕmçkfZ�rZifZd%�d¿k^l^e�ºe­^dm^�dºde¿�[bk�bĕ[bkebÿb�
hefZdlçsçg�bfdZglçs�henk]n'�M^f^e�[bebfe^k^�rZiçeZg�[n�
d¿k^l^e�^ĕ`¿]¿fe¿�rZmçkçf%�[bs^%�[¿m¿g�]¿grZ]Z�
nr`neZgZ[be^g%�[bebf%�r^gbebd�o^�[be`b�heZkZd�`^kb�
]ºg^k'�;bkebdm^�­ZeçĕZkZd%�a^ibfbs�b­bg�bĕ^�rZkZrZg�
­ºs¿fe^k�¿k^mbkbs'

;Zs^g�[bk�ĕ^rb%�]hdngfZ]Zg�`ºkf^fbs�`^k^dbk'�
IZk­Z\çd�_bsbÿb�[n�shkenÿZ�[bk�]bsb�­ºs¿f�lngZk'�Bĕçd�
dZrgZdeZkçg]Zg�^e]^�^]be^g�rhÿng�q&çĕçgeZkç�o^�
rhÿng�gºmkhg�]^f^me^kb%�d¿em¿k�Zgmkhiheh`eZkçgZ�
d¿em¿k�^l^ke^kbgb�[hsfZ]Zg%�hgeZkçg�dbfrZlçgç%�
_bsbdl^e�rZiçlçgç�o^�rçeeZgfZlçgç�Zrkçgmçeç�heZkZd�
bg\^e^f^�o^�ZeçgZg�lhgn­eZkeZ�mZkba�Ze`çeZrçĕçfçsç�
]^ÿbĕmbkf^�bfdZgç�o^kfbĕmbk'

DnZkdeZk%�ikhmhgeZk%�gºmkhgeZk�o^�Zmhf�­^dbk]^de^kb�
aZddçg]Z�[be]bde^kbfbs%�_bsbd­be^k^%�bglZg�o¿\n]n�
b­bg]^�dZkZklçs�ZmhfeZkç�dneeZgZkZd%�aZlmZeçdeZkç�
bse^f^%�mZgçfeZfZ�o^�`b]^k^d�]ZaZ�­hd�m^]Zob�
nr`neZfZ�heZgZÿçgç�o^kfbĕmbk'�;brhehcb�[bs^�o¿\nm�
b­bg]^�g^e^k�he]nÿngn�lºre^kd^g%�iZk­Z\çd�_bsbÿb%�
g¿de^^k�_bsbd�o^�kZ]rhdbfrZgçg�r^gb�[bke^ĕbfe^kbgbg�
o¿\nmmZ�dZgl^k�m^ĕabl�o^�m^]Zoblb�rZiZ[be^g�r^gb�
beZ­eZk�`^ebĕmbkf^lbgb�lZÿeZk'

A^kaZg`b�[bk�fZes^f^gbg�­^ok^lb�be^�ZkZr¿s¿�Zmhf&
eZk]Zg%�brhgeZk]Zg�o^rZ�fhe^d¿ee^k]^g%�dçlZ\Zlç�
iZk­Z\çdeZk]Zg�henĕnk'�IZk­Z\çd�]^f^me^kb%�fZes^&
f^gbg�r¿s^rbgb%�rZgb�­^ok^lb�be^�^mdbe^ĕbfe^kbgb�
]^ÿbĕmbkbk'�;bk�iZk­Z\çd�açseZg]çkç\çlçg]Zg�`^e^g�`¿f¿ĕ�
brhgeZkç�be^�rZiZr�dZei�dZiZd­çdeZkçgçg�fZes^f^lbgbg�
]^ÿbĕmbkbef^lb%�hgeZkç�o¿\nm�mZkZ_çg]Zg�]ZaZ�dZ[ne�
^]bebk�o^�[n�g^]^ge^�`¿o^geb�o^�nsng�ºf¿ke¿�dçeZk'
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Ě7RUXQODUÔP�EXJ½Q�G½Q\DQÔQ�HQ�]HNL�IL]LN¨LOH�
ULQLQ�GH�ELOPHGLÒL�KDQJL�ELOJLOHUL�RNXOGD�
·ÒUHQHFHNOHU"�.HìLI�\DSPD\Ô�FHVDUHWOHQ�
GLUPH]VHN��KDOD�D\QÔ�NLWDEÔ�NXOODQDFDNODU�ě

3DU¨DFÔN�KÔ]ODQGÔUÔFÔODUÔ��\DNÔQGD��Q½NOHHU�
HQHUMLQLQ�E½\½PHVL�·Q½QGHNL�HQJHOOHUL�NDOGÔUDQ�
YH�XUDQ\XPXQ�\DQÔ�VÔUD�WRU\XP�NXOODQÔPÔ\OD�
SRWDQVL\HOLQL�JHQLìOHWHQ�·QHPOL�DUD¨ODU�KDOLQH�
JHOHFHNWLU�ě

%DQD�·ÒUHQFLOHULPH�LOKDP�YHUHQ�YH�KHYHVOHQ�
GLUHQ�FRìNXOX�ELU�ELOLP�JHUHNOL�ě

%DQD�G½Q\DQÔQ�GHULQOHUGHNL�L¨�\DSÔVÔQÔ�YH�
·]HOOLNOHULQL�DQODPDN�L¨LQ�ELU�DOHW�JHUHNOL�ě

IZk­Z\çdeZk�lçkeZkç�nsZd�f^lZ_^e^k^�mZĕçk3�:mhfng�
lçkeZkçgç%�^ok^gbg�lçkeZkçgç�o^rZ�=¿grZ gçg�c^hehcbd�
^okbef^lbgbg�lçkeZkçgç'�CZihgrZ ]Zdb�L¿i^k�DZfbh-
dZg]^�]^g^rb�rZdçg�sZfZg]Z�gºmkbgheZkç�dneeZgZkZd%�
rZiçlçgç�ZgeZfZd�b­bg�]¿grZfçsçg�¿lm¿g^�[Zf[ZĕdZ�
[bk��çĕçd��mnmmn'�Dhsfbd�çĕçgeZk%�rZgb�nsZr]Zg�`^e^g�
iZk­Z\çdeZk%�=¿grZ gçg�b­bgb�`ºkl^ee^ĕmbkf^d�b­bg�r^gb�
ZkZ­eZk�lZÿeZk'

IZk­Z\çd�_bsbÿbgbg�rZimçÿç�ZkZĕmçkfZeZk%�f^kZd�o^�
aZrZee^kb�m^mbde^r^g�be`bg­�lhkneZk�lhkZkZd�^ok^gbg�
`bs^fbg^�o^�`¿s^eebÿbg^�]hÿkn�rZiçeZg�[bk�d^ĕb_�
rhe\nenÿn]nk'�?^g�[be`blb�ºÿk^mf^ge^kbgbg�[¿r¿d�_bsbd�
eZ[hkZmnoZkeZkçgçg�ikh`kZfeZkçgZ�]hÿkn]Zg�dZmçeçfç%�
hgeZkç�ZkZĕmçkfZ�a^r^\ZgçreZ�[nenĕmnknk�o^�
`¿g¿f¿s]^�]^okbf�rZiZg�iZk­Z\çd�_bsbÿb�[bebfbg^�
`^g­e^kbg�be`be^kbgb�Zm^ĕe^f^e^kbgb�lZÿeZk'

AçseZ�ZkmZg�^g^kcb�bambrZ\çgç�dZkĕçeZfZd�o^�`^e^\^d�
g^lbee^k�b­bg�­^ok^rb�dhknfZd�Z]çgZ%�`^e^\^ÿbg�^g^kcb�
dZrgZdeZkç%�[he%�`¿o^geb%�m^fbs�o^�n\ns�hefZeç]çk'�
R^gbebd­b�açseZg]çkç\ç�m^dghehcbe^kbre^�`^e^\^ÿbg�
g¿de^^k�^g^kcb�dZrgZdeZkçgç�[bkebdm^�dneeZgfZd�_bdkb%�
g¿de^^k�^g^kcbrb�]ZaZ�`¿o^geb�o^�­hd�]ZaZ�Zs�Zmçd�
¿k^mbk�aZe^�`^mbkf^�ihmZglbr^ebg^�lZabimbk'�
AçseZg]çkç\çeZk%�mhkrnf�`b[b��d^g]bebÿbg]^g�[ºe¿g^[bebk�
hefZrZg%�lZ]^\^�iZk­Z\çd�]^f^me^kb�be^�rZdçeZ[bebk�
rZdçm�dneeZgZg�r^gb�g^lbe�k^Zdmºke^kb�­ZeçĕmçkZ[bebk'

MhkngeZkçfçs�b­bg�iZkeZd�[bk�`^e^\^d%�^g�m^f^e�
[nenĕeZk]Zg�^g�be^kb�m^dghehcbe^kbg�nr`neZfZlçgZ�
dZ]Zk�`^gbĕ�[bk�r^eiZs^]^�[bebfl^e�be^ke^f^r^�
[Zÿeç]çk'�;bebf�o^�m^dghehcb]^db�be^ke^f^e^kbg%��dkbmbd�
lhkngeZkç�^e^�ZeZkZd�`^s^`^gbfbsbg�`^e^\^ÿbgb�
]^ÿbĕmbkf^�ihmZglbr^eb�oZk]çk3�>g^kcb%�­^ok^%�lZÿeçd�o^�
`¿­e¿�o^�l¿k]¿k¿e^[bebk�[bk�d¿k^l^e�^dhghfb'�LZ]^\^�
^g�fh]^kg�[bebf�o^�m^dghehcbe^ke^�^ÿbmbefbĕ%�^g�brb�
ZkZĕmçkfZ�ZkZ­eZkçgç�dneeZgZ[be^g�[bebf�Z]ZfeZkç�o^�
f¿a^g]ble^k%�[bebf�dbmZieZkçgç�r^gb]^g�rZsZ\ZdeZk�o^�
]hÿZ�rZlZeZkçgç�Ze`çeZrçĕçfçs]Z�]^okbf�rZifZdeZ�
dZefZrçi%�mhkngeZkçfçsZ�fbkZl�dZeZg�]¿grZrç�]Z�
]^ÿbĕmbk^\^de^k'
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7½P�VÔQÔUODUÔQ�·WHVLQGH
IZk­Z\çd�_bsbÿbgbg�[^gs^klbs�[bebfl^e�_çklZmeZkç�o^�­ºs¿ef^rb�[^de^r^g�
[bef^\^e^kb%�]¿grZgçg�a^k�dºĕ^lbg]^g�dZ]çg�o^�^kd^d�i^d�­hd�[bebf�
bglZgçgZ�beaZf�o^kbk�o^�hgeZkç�­ZeçĕfZrZ�bm^k'�IZreZĕçeZg�[bebfl^e�obsrhg%�
r¿se^k\^�nenlmZg�o^�d¿em¿k]^g�iZk­Z\çd�_bsbd­be^kbgb�[¿r¿d�bĕ[bkebde^kbg]^�
a^i�[bkebdm^�]^g^re^k�rZifZd�o^�d^ĕb_e^kbg�lçgçkçg]Zdb�ikhc^e^k]^�
­ZeçĕfZd�¿s^k^�[bk�ZkZrZ�­^d^k'�IZk­Z\çd�_bsbÿbg]^�dneeZgçeZg�`^k^­e^kbg�
ºe­^ÿb�o^�dZkfZĕçdeçÿç�a^kaZg`b�[bk�¿ed^�rZ�]Z�[ºe`^gbg�m^d�[ZĕçgZ�
neZĕZ[be^\^ÿbg]^g�ºm^]^�he]nÿn�b­bg%�`¿g¿f¿s]^�iZk­Z\çd�_bsbÿb�
ikhc^e^kb�[Zĕçg]Zg�[^kb�nenleZkZkZlç�bĕ[bkebÿb�heZkZd�ĕ^dbee^gbk'

:rgç�Zg]Z�oZk�heZg�\Zgeç�[bk�k^dZ[^m�o^�`^k­^d�[bk�bĕ[bkebÿb�knan%�
]¿grZrZ�rZrçefçĕ�heZg�iZk­Z\çd�_bsbÿb�mhienenÿngn�mZgçfeZk'�?bsbd­be^k%�
nsng�rçeeZk�[hrng\Z%�]^g^re^kbgb�rZifZd�b­bg%�eZ[hkZmnoZkeZkç�b­bg�o^�
d^g]b�fbee^me^kbgbg�dbebm�[bk�d^ĕ_bg�]nrnknefZlçg]Z�bed�hefZlç�b­bg�rhÿng�
­Z[Z�lZk_^]^ke^k'�:rgç�sZfZg]Z%�[ZĕdZ�¿ed^e^k]^db�eZ[hkZmnoZkeZk]Z�
rZiçeZg�kZdbi�]^g^re^k]^g�f^le^dmZĕeZkç�be^�bĕ[bkebÿb�rZiZkZd�hkmZd�
mnmdneZkç�heZg�[bebfbg�[ZĕZkçreZ�be^ke^f^lb�b­bg%�^ee^kbg]^g�`^e^g�dZmdçrç�
o^kbke^k'

Hg�rçeeZk]çk%�`¿­e¿�nenleZkZkZlç�bĕ[bkebde^kb%�]¿grZgçg�a^k�r^kbg]^g�eZ[h-
kZmnoZkeZk]Zdb�]^g^re^k�b­bg�iZk­Z\çd�Ze`ç­eZkç�mZlZkeZ]ç�o^�bgĕZ�^mmb'�
;^gs^k�ĕ^dbe]^�[n`¿g%�açseZg]çkç\ç�mZlZkçf�o^�rZiçfç�]Z%�`b]^k^d�]ZaZ�
­hd�hkmZd�­Z[ZreZ�]^oZf�^]brhk'

;n�[bebfl^e�bĕ[bkebde^kb%�m¿f�nenleZk]Zg�[bebf�bglZgeZkç�ZkZlçg]Z�l^k[^lm�o^�
Z­çd�^mdbe^ĕbfbg�çĕçe]ZdeZkç�heZkZd%�^d�[bk�ZgeZf�mZĕçk'�;¿m¿g�lçgçkeZkçg�
ºm^lbg]^�[Zkçĕ­çe�bĕ[bkebÿb�dhgnlng]Z�eb]^kebÿb�nsng�sZfZg]çk�[bebg^g�[bk�
ZeZg]Zg�`^e^g�[n�bĕ[bkebde^kb%�nenleZkZkZlç�^ĕ`¿]¿f�b­bg�dZeç\ç�[bk�fh]^e�
lngZk'
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Gelecek Hızlandırıcılar için Uluslararası Kurul (ICFA), parçacık !ziğinde gereken 
hızlandırıcıların inşası ve kullanımı ile ilgili uluslararası işbirliklerini mümkün 
kılmak veya kolaylaştırmak amacıyla oluşturulmuştur. ICFA 1976'da IUPAP 
(Uluslararası Temel ve Uygulamalı Fizik Birliği) tarafından kurulmuştur. 1985'de 
tanımlandığı şekliyle amaçları aşağıdaki gibidir:

Çok yüksek enerjili hızlandırıcıların inşası ve onlardan yararlanılması 
aşamalarının her basamağında, uluslararası işbirliklerini geliştirmek,

Devamlı olarak bölgesel tesislerle ilgili gelecek planlarının, uluslararası işbirlikleri 
için tara$ardan gelecek tavsiyelerin ve ilgili tesislerin kullanımları ile ilgili 
!kirlerin paylaşılacağı, tüm dünyadan katılımcılara açık toplantılar düzenlemek,

Çok yüksek enerjili hızlandırıcılarla ve bunların uluslararası kullanım imkanları ile 
ilgili konuları çalışmak üzere ve bunlar için gerekli AR-GE faaliyetlerini teşvik 
etmek amacıyla çalıştaylar düzenlemek.

Birliğin, çoğunluğu yüksek enerji !ziği ile en çok ilgilenilen bölgelerden seçilmiş, 
onaltı üyesi vardır.

Atsuto Suzuki,  KEK 
Laboratuvarı Müdürü,  
ICFA başkanı.  Resim: 
Cindy Arnold, Fermilab
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