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0.�´�

--	® Ď¿pĎN�Ĉþ	(arXiv:1602.05344,	
submi7ed	to	PRA).	
--	OpBcal	lever	ĈÏĎ¸ZĠ�LþĝÓĎ�LĎ(
��ďŐÎGÖÚďŐ��ÎGÒ�ďŐetc…	
--	�5Ď¼ĎMÜ�	
ċ`��ìÝ�ŅŏĺČ	
ēĆğĝ¼ìċĊÙ�ñ	
bµŎĢĤĸģĢĠ$Õ	
üćēþí	
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1.ÞÎGÖÚĉď�
--ÞŊŏĮŏW�¹=Í"���4ĈďìÏČŊŏĮŏ�Ġ(R
ûĀćÏĎB�Ġ½Ĕ)ĝí		
=>	ÝcZB�ĳōĭíÏĎB�õì(R�Ď��ČÄ�ûĞĝí	
	

--Þ�Ġ�ñĝĂĖìØ�@ĎÎGkě÷ČÂ6þĝÖÚõ�+
ËĈðĝí	
			-	mRÖÚ(įŇĶĹĻĤĲ):	���ĎÓĎ�GnĎÎGkě÷	
			-	ÅR8ÖÚ:	ÏĈ�õ(RþĝÓĎ�GnĎkě÷(êÅR
8kě÷)ĈìMÓČÏĠ#ôüćüēòúĉČĚĝÖÚ	
įŇĶĹĻĤĲ	=	��§ZìÞÞÞÞÞÅR8ÖÚ	=	�LĎ(��	
�¬ďĹŊŏĺħľ(��La'�)	=>	標準量子限界(SQL) 
--	SQLďðěęĝ§P�LČH9þĝí	
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1.ÞÎGÖÚĉď�

a2:	��ęě÷	

a1:	jVęě÷�

a2�

a1�

-	Ka1:	ÅR8ęě÷ČĚĝ	
				ÏB�ČĚĝ��ęě÷�

GW	�,�

ŊŏĮŏØ@ĎX;��

��Ġ�L�

GW		
�,� ÅR8ÖÚ�

mRÖÚ	

�,Ď\û�

					jVęě÷		
->	B�ęě÷	
->	��ęě÷Þ�

--	W�¹ď��B%Ġ\ZB%ĉüć½Ĕ�þ³ªĈðĝôěì
��kě÷ăąĂėĎõ��Ďv�ĈďjVkě÷(=įŇĶĹĻĤ
Ĳì�GnĎkě÷)ĉċĝí	
--	ÏĉĎ�	��Ĉì�¢kě÷õıīĤŏĲĠ*ùĝí	
				=>	łōĸŋŅŏķģĿıīĤŏİōĬ�
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1.ÞÎGÖÚĉď�

a2:	��ęě÷	

a1:	jVęě÷�

a2�

a1�

-	Ka1:	ÅR8ęě÷ČĚĝ	
				ÏB�ČĚĝ��ęě÷�

ıīĤŏĲ�

ıīĤŏĲ	

ıīĤŏĲĎ�:	
��õıīĤŏĲûĞćñĝ�

jVkě÷ĉ	
��kě÷Č	
�Ñõ�ýćñĝ�

<=>�

--	��LÑ�Ď�ðĝd Ďkě÷õ�Ĝì�
þĝd Ďkě÷õAóĝí�



SQLĠÃóćĎ���
--	SQLďÃóěĞċñŐŐŐ	
				=>	ÃóěĞĝ!!!	
--ÞĊòĘąćŐ	
			-	1�n�HĎıīĤŏĲĠ*ùĂ�¢Ď��	
			-	“É#Î”Ġ�Lþĝ(speed-meter)	
			-	łōĸŋŅŏķģĿıīĤŏİōĬĎ!�	
									(=>	úĞĎM»Č/ùć}ĈMÜüćēþí)					
--ÞłōĸŋŅŏķģĿıīĤŏİōĬĠ�ñĂÎGÖÚĎ��Ď
ĂĖČďìW�¹Ď�RØ@ČQüćìŁŅĵĤō��Ġ±ò_
´õðĝíë->	��d ĉjVd Ď©=¨-Ġ�LĈöĝí		
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1.	ÎGÖÚĉď�

łōĸŋŅŏķģĿıīĤŏİōĬĠ!�üĂÎGÖÚĎ��	
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1.	ÎGÖÚĉď�

àß�

a2:	��ęě÷	

a1:	jVęě÷�

a2�

a1�

-	Ka1:	ÅR8ęě÷ČĚĝ	
				ÏB�ČĚĝ��ęě÷�

GW	�,�

ŊŏĮŏØ@ĎX;��

��Ġ�L�

GW		
�,� ÅR8ÖÚ�

mRÖÚ	

a2�

a1�

-	Ka1	

GW	�,�
GW		
�,�

mRÖÚ	

�©ÞÞÞÞÞĎt/Ĉ�L	
					(ŁŅĵĤō��)�

�,Ď\û�

�,Ď\û�

					jVęě÷		
->	B�ęě÷	
->	��ęě÷Þ�

:	ŁŅĵĤō¸�

fĄ�þ�



ŁŅĵĤō���

--ÞŁŅĵĤō��ĈďìjVkě÷d ĉ��kě÷d Ď©
=¨-Ġ�LĈöĝí	
--ÞŋŏĨŉħįŊŏĴ(LO)ĉW�ûĀìļŌŏĠ�Lþĝí	
	ÞÞ=>	LOĉ.ýt/Ďd ăùõļŌŏČO�þĝĂĖìāĎt
/Ďd Ġ�LþĝúĉõĈöĝíLOõsĂċĪņňĢ	
	

				=>	ÏČ(RüĂĉöĎjVkě÷(a1)ĉļŌŏĠ�Lþĝv�
ĈĎĪņňĢ(LO)Ď��UõŁŅĵĤō¸ČQ`þĝí	
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2.ÞĽŏńİĶĴŏĉ¢ÐŅŏĺ�
--ÞĽŏńİĶĴŏ:ÞĽŏńĎtransverseċ�ªĘÈĕt/õđě
đěþĝúĉí	
--Þ¢ÐŅŏĺ:	ĽŏńrÙĎ]íyėĚø�ğĞĝ¢ÐŅŏĺĎ
>YďìĦŉŃŏĹ-ĩĥıŅŏĺĉ3ĐĞĝí	
Ø@jVõĦŉŃŏĹDÛ[ĉĩĥįĢōĎ Ĉ²ûĞĝí	
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àâ�h7ps://ja.wikipedia.org/wiki/ĩĥįĢōĽŏń�



--ÞwÇĎŊŏĮŏ�ď>z(00)Ņŏĺ	
--	ß0ŅŏĺČSûċ10/01ŅŏĺõÍč-ğûĝĉìİĶĴŏĠ�ĕí	
	ÞÞ(Ê{ûġĎÁqõğôĜĘþñĈþ)	
--	00Ņŏĺĉ.ý��(×	1)Ĉ10ŅŏĺĠÍč-ğĀĝ	
				=>	X±�#(ĥĦıĹĈ�ąĂtransverseċ“ÿĞ”)	
--	00Ņŏĺĉ90°ÿĞ(×	i)Ĉ10ŅŏĺĠÍč-ğĀĝ	
				=>	¸ZÿĞ	
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2.ÞĽŏńİĶĴŏĉ¢ÐŅŏĺ�

00ĉ10Ď��Uďì��UĠĔĝ:�ĠiL
üċñĉb2ĠhĂċñ	<-	Gouy	phase�



--	ĥĦıĹ�CĎ�ªĎ@-Č�°%í	
îðĝ�ªïĈµĂĉöì	
			-	00Ņŏĺĉ.ý��(×	1)Ĉ10ŅŏĺĠÍč-ğĀĝ	
				=>	X±�#(îðĝ�ªïĈ�ąĂ“ÿĞ”)	
			-	00Ņŏĺĉ90°ÿĞ(×	i)Ĉ10ŅŏĺĠÍč-ğĀĝ	
				=>	¸ZÿĞ(7�δθ)	
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2.ÞĽŏńİĶĴŏĉ¢ÐŅŏĺ�



--ÞÆČìðĝØ@õ�óěĞĂĉöìîðĝ�ªïĈ�ąĂ
transverseċ“ÿĞ”Ġ�ĖĝúĉõĈöĝí	
(=	îðĝ�ªïČªôĞĂQPD	ĎıłĶĹ�ª)	
îðĝ�ªïĈ00Ņŏĺĉ.��ċì10ŅŏĺĎd õñøěĈðĝ
ôĠ¾ĒĞĐĚñí	
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2.ÞĽŏńİĶĴŏĉ¢ÐŅŏĺ�



éGŅŏĺĎÎG%�
--	1.ĈďìMď&�Ņŏĺ(00ŅŏĺĎĪņňĢĉÎGkě÷)ĎĔ
gąćñĂí	
--	MÓČďìþĒćĎŅŏĺČQüćÎGkě÷õH9þĝí	
			-	XÙ�>YĈĎÎG%:	(kx,	ky,	kz)Ď®�Z	
			-	HGŅŏĺ>YĈĎÎG%:	(l,	m,	kz)Ď®�Z	
	
ĆēĜììì	
00ŅŏĺĎĪņňĢÞĉÞ10/01ŅŏĺĎÎGkě÷ÞĎW�	
			=>	ĽŏńİĶĴŏĎÎGkě÷	
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3.ÞÏĎ5ÄÉ#�LĎÎGÖÚ�
J|��Ð?0
2016�

àè�

--	ÏČ00ŅŏĺĎŊŏĮŏĠ<��Rü(R�ĠQPDĈ*ùĝú
ĉĈìÏĎ5ÄÉ#Ġ�LþĝúĉĠ«óĝí<-	opBcal	lever	
--Þ¦&ĎĂĖì�R�ĉÏďx�õ�¯üćñĝĉþĝí	
--	ÎGÖÚ�:	�R�Ď¸Zkě÷(įŇĶĹĻĤĲČQ`)	
																												ÏĈĎĽŏń�ªkě÷ČĚĝĹŉīkě÷	
																																																																			(ÅR8ÖÚČQ`)	
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--	Z=Z1Ĉ(RüĂ�ĠZ=ZmeasČªñĂQPDĈ�Lþĝí	
--	�LüĂñ¸ZČ¶~%üĂĻĤĲıŀīĹŉ:	
	
	
wÇĎÎGÖÚ(																																		)														
ĉ�ø.ý²[!!	->	Q`Ñ�õd¤	

3.ÞÏĎ5ÄÉ#�LĎÎGÖÚ�

ÎGÖÚĎ²[�

=>	Ïôě�L:�ēĈ	
ĎÐČ^ĝGouy	phase�
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--ÞQ`Ñ�ôěėğôĝĚòČìÏĉĎ�	��Ĉ10ŅŏĺĎ
ÎGkě÷õłōĸŋŅŏķģĿıīĤŏİōĬĠ*ùĝí	
--ÞüĂõąćìłōĸŋŅŏķģĿıīĤŏİōĬĠ!�üĂSQL
Ď£�Ġ«óĝúĉõĈöĝí	
	
	
--ÞŁŅĵĤō¸ČQ`þĝĎď	
	->ÞÏČ(RüĂ:�ôě�LĠ±ò:�ēĈĎ	
    Gouy位相シフト 

3.ÞÏĎ5ÄÉ#�LĎÎGÖÚ�

à0/01ŅŏĺĎıīĤŏİōĬ�

a1�

-	Ka1	LO	

:	ŁŅĵĤō¸�

a2�

®��lĎÐČB%þĝ	
�Q��(Gouy��įľĹ)	
=	ŁŅĵĤō¸�
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3.ÞÏĎ5ÄÉ#�LĎÎGÖÚ�

Q`Ñ��
.��� è0°ÿĞ�
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4.ÞēĉĖŎÀ¿�
J|��Ð?0
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--	ÏĎ5ÄÉ#�LĎÎGÖÚďìİĶĴŏĎÎGkě÷Č
ĚąćėĂěûĞĝí	<-	10/01ŅŏĺĎÎGkě÷	
--	5ÄĎÎGÖÚĎ²[ďì“wÇ”ĎÎGÖÚĎ²[ĉ�ø.
�ĎėĎČċĝí	
--	10/01ŅŏĺďłōĸŋŅŏķģĿıīĤŏİōĬĠ*ùĝí	
			=>	Ý�ŅŏĺĎıīĤŏİōĬĎb2ĉďŐ	
--	Gouy��įľĹõŁŅĵĤō¸ČQ`þĝí	
			=>	QPDĘŊōĲĎªø�ªĠBóĝăùĈŁŅĵĤō¸õ¾o
+­Ĉðĝ	(MZW�¹¥õ�´)í	->	�ô`�ĈöċñôŐ	
--	5ÄÉ#�LĎSQLĘ(��Ď�L+­ċMÜďċñôŐ	
			=>	�j4Ď!�Ď×üûí	


