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•  �ƹǗƲMisalignment	Mechanism	
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– Axion	dark	maDer	ǐ?ËǒǸȆȝǰƄ�
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ƿ
ƼÉǉƻǥȧƷƷǬǄǡǔȭǐƷƸȘȝȁȄǠƶǦ	

)ǕǸȆȝǰȬƱP.	Arias	et	al.	JCAP	1206,	013	(2012).�

Ǝ�



L = �1

4
Fµ⌫F

µ⌫ � 1

4
Xµ⌫X

µ⌫ +
�

2
Fµ⌫X

µ⌫ +
m2

�0

2
XµX

µ � JµAµ

Hidden	Photon	Dark	Ma;er	(HP-CDM)�

ǄǡƶƲ^�òǓìǨǈǐƽǖǑƸĴƹǧȭ�

ƴŬǨǈƵ	U(1)că�Ƽ>ǋǎǠƷƷǬǄǡǔȭ	

	à	ÌàíłǕminimalǒ���

L = �1

4
Fµ⌫F

µ⌫ � 1

4
X̃µ⌫X̃

µ⌫ +
m2

�0

2
(X̃µX̃

µ � 2�AµX̃
µ + �2AµA

µ)� JµAµ

L = �1

4
Fµ⌫F

µ⌫ � 1

4
Xµ⌫X

µ⌫ +
�

2
Fµ⌫X

µ⌫ +
m2

�0

2
XµX

µ � JµAµL = �1

4
Fµ⌫F

µ⌫ � 1

4
Xµ⌫X

µ⌫ +
�

2
Fµ⌫X

µ⌫ +
m2

�0

2
XµX

µ � JµAµ

Ìàíł�

űÿM(Aµ)�

HPM(Xµ)�
Kine6c	mixing	parameter	

^�òǐƴŬƵ�òǕ�¾Ȧþëȧǫ]ğ	

��Ÿ�

HPņŠ	

P.	Ariaset	al.	JCAP	1206,	013	(2012).�

Ə�



šl�Ǐ	

ĤñűWǫǣǥǅ�

HP-CDMǕĶÝ�Øȭ�

D.	Horns	et	al.	,	JCAP	1304,	016	(2013)	�

ƘƛƈƔƕƚñ¾ǕűMƼ^�òǓŽǫ&ǅ�

	EHP-CDM = χ mγƬ XHP-CDM�

HP-CDM�

šlİŵƻǥűÿÙǫ¨d	

ƴŋ¦!Ƶǫ£ǝƹǩȥ�
Ɛ�



 

šlİŵǕNò½�àƄŋ¦!Ǖé��

UŪēǕĄ1Ŕ~óƄβ	∼	10-3�

úĊǕj�ëǖȩǒǕǏƲ	
ǺȈȞǕØ,ǤǦ�
10-3	×	sinθ

HP
	=	1	×	sinθŋ¦!�

è	θŋ¦!	~	0.06˚�

ȦǛǜȧIøǓ&ǎƾǧŋ¦!ǫ£ƹǩȥ�

HP-CDM�

ŋ¦!�

Ƒ�



ƒ�

šl¿�

HP-CDM�

šlİŵƻǥűÿÙǫ¨d	

ƴŋ¦!Ƶǫ£ǝƹǩȥ�

ȦűÿÙÝ]Cȧ	

!Ç&CǏ£ǝƹǧȥ	

mγ#	=	hν� !�~ƄóƄχ�
ŋ¦þë�



HP-CDM¤ĖǕìê�
CMBǺȒǳȄȞǒǑ	

!
W
ȣ
H
P
	ę
>
]
©
�

ŇRĝ�
åĝLAN	

§vűĽĎ�

ĶÝǅǧŋ¦!WǕvJ�

ȖȝÙ�

20	–	300	GHz�

ȖȝÙvǖºťǕGȥȀȚȢǺȥ�

<ĵȣėR�

ƊƉ�



ƊƊ�



≈10-4	eVǕ1Î�
•  String	theory,	Stuckelberg	mechanism	

mγƬ	>	10-4	eV	

JCAP	1304,	016	(2013).	

•  High-scale	inflaMon	
mγƬ	≈	10-5	eV	x	(1014	GeV/HI)

4	

			HI	:	Hubble	scale	at	infla6on	era
�

èƄ10-5	–	10-1	eV	

Phys.	Rev.	D	93,	103520	(2016).	
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mγƬ∼10-5	eV	(12	GHz)Ǖ¤Ė	
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ȖȜȤǕø�(D)ǓÓ�	

ź�ǧĴőǦS	

ǈǉǃƲHP-CDMǕcoherent	lengthǤǦSƽƷȖȜȤǓǒǧǐ
yŵÙǏǒƾǒǧƄ(10	m	at	30	GHz,	1	m	at	300	GHz)	

à	ì^ôǒȖȜȤ�:	D	~	1m	at	30GHz,	D~10cm	at	300	GHz	
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�Ǧŉƹǧǚƽ^ū�ǕĿż�
•  Far-field	condi6on	(L	>	2D2/λ)Ƽí�ǉƼƲƲƲ	

–  Coherent	length:	10	m	(30	GHz),	1	m	(300	GHz)	
–  φ1m	@	30GHz	à	L	>	200	m	,			φ10cm	@	300GHz	à	L	>	20	m		

–  Near-fieldǏǕÝ]�ØǫþċǅǧǁǐƼì^ôƄà	calibra6onƼĿż	

–  HP-CDMǕcoherent	lengthǐȖȜȤǕŊŮǓǖÚ�.	SƽǒȖȜȤƼ@ƻƷ>
Ƹǐ?�ùǏǕ>ǪǆţǐǒǦ`¯Ǔ]FÙ	

•  4'ŮǆǗśƿǥǨǧ	(è­ȌȜȔȜǒǥǗƲæãǕȪ�ƾǥƷŮǆǗ4'ǉǩƸ)	
•  ŮǂǒƾǎǠƲÙŤǤǦĘƻƾŊŮQŀǃǎƲ]FÙǕ�Ŷǫmi6gateǅǧ�ǖƶǦ
ƻǠƳƄß	ĳēĚľrstudy	

•  Calibra6on	
–  yŵÙǓcǅǧǭȢȂȆ0ëȦ·0ŵĈȧ	

•  Far-fieldǓť;ą~Ǖƃ�ǫĞƾÝ]Ƽí�Ȧƃ�ǫ77KǓ$ǢǅǐÉǉǩƸȧ	
•  NetworkÝ]Ȧ�~ǐ�ùǕ?±Ý]ȧǏƲ?�ù�'ǕǞ�&ǃǈŐ­òÝ]ƻǥ¦Đ<
ġƳǈǉǃƲŴwǓŴwǓƁ�ƳƳƳ	

–  AÙ©Ǖěc�ȦmassǕěc�ȧ	
•  ƁƷAÙ©vǕ�=î�ǖƲÇ&CǤǦǠƁ�	
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Ǡǃχ	~10-10Ǔ��Ǟƹǈǥ…	
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>ȩȨzk¸ȭ,	χ	<<	10-11	@	ĒE�
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Ȧ-ŒǕhigh-scale	infla6on	(2016)ǖƲĪĠĤǥƼ>	10-5	eVǫÑ�3ǅǧäǓ�ǋǈșȃȞƻǠȧ�



ǝǐǟ�
•  Dish	antennaǫ�ǋǈmγƬ=10-4	eV	–	10-3	eVǕ¤Ė	
•  χ	≈	10-10ą~ǖ`¯Ǔ*ř	

–  A	few	years	?	(ȕȢȌȡȤƼøŐǕĿż)	

– ǺȒǭȆǕduty@�	or	dead6me	less	O(10GHz)	samplerƼƶǨ
ǗƲ�ûǏ}Ʒmass	rangeǖƿǧ	

•  χ	≈	10-11	ǖź�ǨǗƷƿǧ	
–  Coherent	lengthǏƲţǷǮǻȦó�~ȧǖȝȖȁȄ	

•  30	GHz	(D≈φ1m,	L
far
>200	m),	300	GHz	(D≈φ10cm,	L

far
>20	m)	

– .ǍƾǏFar-fieldƻȭƄ	

–  Calibra6onǏƽǨǗƲnear-fieldǏǠOK	

•  χ	<<	10-11	Ǖ¥ÅǖƶǦȦDish	antennaǄǡǒƷȧ	
– �ȉǮǻǒOxCǕťóƼťó	(≈10	yr)	
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