UNIVERSITY OF

or FUKUI

H— < BZ =77 7 PR FEFRCARRACK

fBHARL

P

2014/8/23 N EZZ RS



or FUKUI %%

R

* Introduction
— CARRACKZEER[ZDINT
— R EI5 8
- 3—FyrEEME
s HEDUE
—)ERIWVITRFE—LDEFEDEE
c JLJIEDDL = AL
— NFIEREFE—LEEDEE

L&D

DEE

\0

all



UNIVERSITY O &iz

of FUKUI JE - B A axion D EE & )

RAFHEZFHDL RIEPEEN S

[QCDIZH 1T BHCPD N D RIRE 1 & fiF iR Axionld 2 (K[5) DHTHELNDS
Peccei-Quinn Xt ¥4 Primakoff3h 5

Y Y A NG ----- a
— Axions a ~ 7t V\NE(
a —_— s -
mﬂfTC ~ mafa

T 2O ENSDHIE
o« KIGT7 VA MDIEF(CAST, Sumico)

f > f_ axions [X “RZ7ZELY MO,
JEF (TR

FHOPEFNM S

BOVEE[CEMNHBT, axion
[T IEFEXT MBI ICER SN D

(“non-thermal relics”)

B —HI3—axionDIER

AR AR
(1 GHz = 4 peV)

. a ----- y

n Primakoff
Bnifh B

— “BT=LVE—HI 53—
D15 Cosmic
ma ~1-1000 ueV Str]ng

ext




or FUKUI : %
Axion Haloscope

DM axionsD & & = 1-1000 peV ‘ .
4 14 i~ S =
SRR TORE va ~10"3 ¢ BRI AL

(1 GHz = 4 peV)

IRILF— E,~ (1% 10 ®) m,

Axion Haloscope (Sikivie 1983)

Bey: = 8 Tesla
KL f74=F:
HIEEE
Q=~10°
AR m,
Primakoff Z i 885 P Maxionl= L BEBD /NI —
""" 2
° Y 5102y — . 3(3) c 2
0.5m° \ 7T 10

Mg Pa
Bext 27 GHz )\ 5x10~2 g /em®




or FUKUI
World exclusion plot

%

%

[
10°® °
=
>
& o
5 o
(@]
10° o
=2\
10-12.;—§§ _;' ¢
SN =
= 20 .
O 3
=N E
SN -
\
N E
=\ -
A5 N —
TTEA
B i | R IIIIIIII| L1 LLIi IIIIIIII| IIIIIIII| IIIIIIﬁ
107 10 10° 10 10
2
m_....[eV/c]]

ZF D1
Cosmology

Laser=EER

Solar axion
search

Halo axion
search



UNIVERSITY OF

or FUKUI

sensitivity

%

%

S PSig L )
N @ Ay Psig ~ B°VLQmgp,

« System Noise Temperature
Ts= T+ 1Ty
« ;BE :T=10~100 mK
— R ERR
° *ﬁl_ @%1@%’& =Pinl

—SQUID 7>
s ADMX

- B RFEHH

* CARRACK

=
_|




¢f FUKUI %%

Standard Quantum Limit

« HFHEMBIEREFICIETTEE
An - Ag 2%

- i%¢§%§®1§4 §
HrWE & 50 A D =] R &R
= ho/kgFREOHBMEIZHE (10pueV © 0.116 K)

— Rydbergl[R F D&
TAOREDAARIZESELY
= sqQL%lL



UNIVERSITY OF

or FUKUI

CARRACK (1E7%&)

%

%

* Rydberg[R FICKATA VAR FIRL
— SQL7EL !
— Rydberg|RF

 (EELTTZLPUBRTT)BABETHERT

Ly (~100) REEICHRIEELT-[RF
e Large radius o n® (R = 0.13um for n=50)
* Long lifetime 7 « n* ~ msec for n~100
* Energy level E,xn™
* Energy separation E, —E, xn>
axion as COM <<= sqqpuiing 113y
e Large E1 transition probability
(npler|ns) oc n®

. . . -4
 Low ionization threshold Fionize <N

LL

HnDKE

12 ]'“'."'h JL;[ '."'."f!
n 398 ueV

classical ionization threshold : 2.2 V/cm for n=110



%

H. AT LEE
ERIZHAENT 5

HBInEHA

QRATT RykE
@RADHER~
SN YA

RFE—L

2014/8/23

or FUKUI i
CARRACK®D R IH
P L—H—3%
RS E
M E (DT

® T4—ILRAF LR HER
L+ DHEERIZFIE L T=Rydberg[RF1= T (| np >)Z1ERAY
[ZA4AELTRET S,

@ HHRAZER
Rydberg[R FH\7 VLA U Eriat FERIRL THIRE T 5
(lns>=>|np>)

@ L—H—YRTL
2RADL——HERAWNTTILAHIEFEEE

IRREM SRydbergIREEANFIRESE S(|g> > |[ns>)

@ ERiRZEfR

s 1% T ) B Z8 iR th TaxionZ XA V0K FIZEsi g 5
a->y

O RFE—LA—TUH
TILH)RFE—LEES(lg>)

N EZZ RS



NIVERSITY OF

¢ FUKUI %%
CARRACKIZE &

— Excitation Diagram
D547 A2y EER
:’ R ¢ ns or np
85 dye laser T 065
Rb .
diode laser T 780.24 nm
5512

ground state

Excitation Spectrum

RFE—LEERE

1.0 10°

:1'17&1"""1'18}1" ]
8.010% [ 119d 1

6.010* [ A

40104 | 119s 120s

Counts [ counts / sec ]

201041 l 116 manifold L 1£7 manifold i

[ L 119p 120p
0.010° _JL_L...__L‘_J._L__LJ.J

-4000  -2000 0 2000 4000 6000

Frequency [ MHz ]
2014/8/23 Hi N 22 10



UNIVERSITY OF

¢ FUKUI

v

RydberglRFIC KA BRI L FDIRE

ALY

LL

200
150 -

100 ¢

Counts/channel

50.0 -

§ T =266 mK
150 1

Counts/channel

50,0 l b/

)

‘1’ T=67mK |

150 - b

100D

Counts/channel

500+

60 B0 100 1200 140 160
Channel number

2014/8/23

0.1 Theory

r|r||||
Lol

T

0.01

Fraction of the upper state excited

100 1030
Temperature (mK)

Fig. 4 Temperature dependence of the fraction of the 111 p3 > states excited by
the blackbody-photon absorption in the cavity. The dependence was measured
with the present Ryvdberg-atom single photon detector. Solid line is a theoretical
prediction (see text in detail) in the over-damped regime.
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