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WIMP ( weakly interacting massive particle )
7= SSARJEETE (XL
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Axion ($5lc. QCD axion )
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Haloscope (dark matter axion);

ADMX, CARRACK, HAYSTAC, ABRACADABRA,
BRASS, MADMAX, ORGAN, Dance, etc.

Helioscope (solar axion);
CAST, SUMICO, , etc..

Others (M8 _E TaxionZ{E3) ;

LSW ( Light Shining through a Wall ),
VMB ( Vacuum Magnetic Birefringence ),
etc
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axion-photon coupling magnet.cf.em
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extremely small~10"(-21)
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0.25GHz ~ 250GHz



ADMX( Axion Dark Matter eXperiment )

Resonant cavity(ADMX, etc. )

maghnetic,field
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ABRACADABRA

(A Broadband/Resonant Approach to Cosmic Axion Detection with an Amplifying B-

field Ring Apparatus

Axion induced electric current
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T. Nitta

Axion Mass (peV) Patras (2 )% 1)
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Modified Maxwell equations

5 E + guryd - (a(@ ) B) = 0, I x (B = guyya(@ ) E) — 04 (E + gayyal(@,t)B) = 0.
0, 5 X E + 81;

a solution under external magnetic field 5
with the assumption g.,,a(7,t) <1

—

—gava(t)B(z) electric field generated
small momentum k ~ 10~3m,,
t) o< cos(ty/m2 + k2) ~ cos(mqt)

for dark matter axion
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Ginzburg-Landau model
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Lar = (0 — iqAo)®c|* — (0 + igA)®c|* — h(|®c|* — v§)?

\

Cooper pair q = 2e

Axion photon couplin
P piing electric charge of Cooper pair

a(Z,t)E - B
fam

We solve Maxwell equations coupled with Cooper pair in GL
model and axion under external magnetic field assuming

LaEB — kaa

extremely small axion-photon coupling



Modified Maxell equations
0 E + garry 0 - (a(Z,1)B) 4+ 2¢° Ao|®|? + iq®T0,® + C.C. = 0,
— x (é — Gay~a(Z, t)ﬁ) + 04 (E + gay~a(Z, t)é — 2q2A](I>]2 +iq®Tdd + C.C. =0,

- -

Z 9-B=0, OxE+08,B=

B
vacuum “ 1 superconductor penetration depth
(Pc) =0 " (Pe) =
1
when gaqﬂya(t) =0 - X 7’{X-j-_;‘7]% A= 2q2’0(2)

—d x B—2¢?Ay|®|> = -0 x B—2¢°Apvs =0 — B.(z)= Byexp(—z/A\) for x>0
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(I):(I)0—|-(5(I) and /—1’:/[}0%—5/2( with B):a—’Xz‘f()




E,=(0,0,—-00A.) HipsipoFRmERL

W

E, = w(Ajsin(wt) — Af cos(wt)) exp( )\) Jar~a(t) B,

NEBHBIEAT S i?,:ﬁ/

1'I1|T|I

AZPICHEKET S

515 E = —gayya(t)B(z) o cos(myt) exp(—x/\)

(LSRR DEREE




s

Lo = —gawa(t)g(x)
The electric field makes Cooper pairs

oscillate in superconductor according to the
equation of motion

me0 = 2eE, o cos(mgt) e = 2me

mass of Cooper pair

the oscillating electric current induced

(26)2Eanc B JE; gawmaga(t) \ M

) -
enhancement factor ~ 8 % 10~Scm

—2 12 . 1n=5
@) 107 for mg = 107"eV penetration depth
ne ~ 10%? /em? NbsSn

J = 2en. v =
MM




oscillating current of Cooper pair

il

Penetration depth

A A ARA

magnetic = o ~ 8 x 10~ %m
field B |
Vacuum Superconductor

oscillating current of Cooper pair
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power of dipole radiation independent of axion mass

8% 107 %m\2, B\2, R \27, L \2/k. \2 P
—18 B ka i
S AL X 107w A ) (5T) (lcm) (IOcm) (1.0) (O.SGeV/cm?’)

very large !! R=1fm

A

Easy to detect C g — mZ(2r RLAJ)?
D B 3
L=10
o Penetration )\ — Me
< depth of e.g. (2e)%n,
>SB=5T Nbsdn ~ 8 x 10 %m

S ~1071W for R=10cm, L= C1l
Power in resonant cavity ~ 10"(-23)W A@
resonant point




Almost of all experiments for axion
search use the process

a 4

tiny

BS yy<za7me
We use the process suppressed by

Cooper pair It apparently seems to be
more tiny

_______ i 7 the factora ~ 1/137
axion g\/\y/\//l\{/\
B




But, we have enhancement factors

large number of Cooper pair n. ~ 10**/cm®
radiations are coherent

(flux o< n> )

Our process Is not suppressed,

the magnitude oc a”n

The signal is not tiny
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power of dipole radiation in normal conductor

m?Z (2 RIS Jcong)?
3

<2800 (N () (57) () () () (25
skin depth for radiation with frequency m, /2=
2

Scond —

) =

o =electric conductivity
e

~107%cm for m, =6 x 107 %V ( e.g. cupper >
Jeong = oE, = (maé)_QJa current flowing in skin depth

enhancement factor

Jsup = (ma)\)—z,]a current flowing in penetration depth




BRASS( DESY and Hamburg )
DT AT T Z=RH

B

conductor




BRASS(Broadband Radiometric Axion SearchS )
new version using conductor (private communication )
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1. Magnet panel

The conversion panel is made from the highest grade of N55 permanent magnets. The panel is

50cm x 48cm. The gap between two magnet is around 6.5mm. The magnetic field strength
between the gap is 0.8 Tesla.
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(my idea)
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axion ->radiation
conversion in
vacuum

(original idea)
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12GHz~18GHz

107 (-5)eV~
10" (-4)eV




5 o
BighDOBICERELI >, BEMET 7>
FNICLBBEVERBEHLH B,

(S B 7 EERER(E)
EXRODERHBEL Y S5HUEXRE L

70— FERZ{ERTIRLWVERE
zRFICEETE S




