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1) Absorption of axion induced microwave by
quantum Hall state inside axion Haloscope
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microwave =

The absorption of the microwave
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2 dimensional electrons
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Increase of temperature AT ~ ImK from7;,, = ImK



Tilt the sample away
from the perpendiculayr
direction to the
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3)

A sample exhibiting quantum Hall effect

GaAs substrate

electric permittivity of GaAs

2 dimensional electrons
—

thickness< 0.01m = 100A

Typical scale 1 )0 pm X 400pm

sample

e~ 13

We take into account refraction of microwave in the

sample of GaAs



Quantum Hall States
( 2 dimensional electrons )

Electrons form Landau level

B
Energy E, = wc(n + 1/2) . We = -
Me
Effect of disorder potential
Density of state DenS|ty of state

Enzl

n 1 n 2

Number of states ~ 10'' /cm?® for B = 10T

En:2



5)

Transition by microwave extended state
absorption (me't_all)‘

state a — state 3
Eo = Eg=Eoa+ma ()

We suppose Fermi energy
E,-AEL FEf<E,—0

——————— ____.]‘____

Ef En

our search(QCD axion)

10~°eV < m, < 107 %V

localized state
(insulator)

AE ~ 107 %eV



6) Axion induced microwave in resonant cavity

Microwave produced amplified penetration depth
at non resonance at resonance 9

E, = gayya(t)B N - S

1 N 5 o 10— %eV /

myeo Ld 10 \/(3 3 X 107eV)( My ) W/
o ~33x%x107eV (1/o = 0.1 x 10~ Qm) W
electric conductivity of slab

(6N cupper)

slab
(metal)

Real absorbed flux of the microwave

s

S /107%V o B \2
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)S~18><10 W2~ 2( )( )( : )
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B,
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Transition amplitude state o — state (3

7)

7 a— B)=27S [dEsp Eg)’ < B|Hula > [P6(Eq + my — Ej)

_, Overlappmg of o and 3
S /
= 2mS5p(Ba + ma)m (6‘4 5) Lap =< Bl#|a >~ A(ap)ip

~ 2(eB 2 2 A1 42712 5 .,

o 2W8m3 ( 27T TTAE)e AO A lB A; . L&ﬁ' — ABA(@B)ZB
My assumption A(af) ~ A independent of o, A>1

el ( 105eV) at resonance cyclotron radius [z = 0.8 x 10" %cm ﬂ

B
S: surface area, typically ~ 10" %cm

Density of state . .
E— E.\2 eB 2 —1eA’ - P

p— 1 — ( C) : — — — @

p(E) /90\/ 0 2 8 TAFE Ha, m*
|A | = E;j/ma ~ 0.35¢a~~a0Bt /Mg

Energy density of axion mia%/Z ~ 0.3GeV/cm3




flux of absorbed microwave at resonance

8 E
)Pa, _ / ! SeB 2my

Mo dEySp(E)T HaB) ~ Nmar~t N = X
2T TAFE
g, (KSVZ) ~—0.96, g¢,(DFSZ)~0.37

AN 2 S 2 7107 3eV \ 2 B 3 a 2
Pa~1,3x10—18W93(—) ( — 2) ( - ) ( & 3)( = ) ( T_n )
1 10—°cm AFE 0.3 GeVcm 10°Gauss 10—2eV

I 1/ —921 Microwave flux irradiated to 2
> SE&B& ~ 10 W dimensional electrons

Ef—m,

It is overestimation. The estimation does not involve microwave
irradiated to 2 dimensional electrons, it simply involves the
presence of oscillating electric field in the sample

Real absorbed flux of the microwave
No. of axions per unit time passing the sample

2 m
SE' B/ ~ 10_21W( Ma ) ~ 10%s71 ( - )
10—2eV 10—eV
S =10 3cm? Energy density of axion ~~ 0.3GeV/cm3




9)

All of axion induced microwaves at resonance are absorbed

No. of axion induced microwave per unit time
passing the sample with § — 103¢m?2

Nisl( Ta )2( > )
10—°eV 10—3cm?2
Absorption rate of an electron per unit time

—1 —1 Mg, - S
~ 15 (o) )
" > \10-5eVv 10—3cm?2

No. of electrons able to absorb microwave
In the sample with S = 10 3cm?

m S
~10° (1555 ) ( )
10—2eV/ \10—3cm?




10) Increase of temperature of GaAs sample
AT — Prq - [.ImK 2(%)3(105.@\?} (M)( B, )2

C(T) ~ ms T - I/ \5 % 104Gauss
Heat capacity of GaAs sample
, .
O(T, density = 5.3g/cm3) ~ 1.94 x 10° (J/g K) (z) o (L g
T, M
Td Deby temperature=360K, M molecule weight=144 [ thickness of sample
Heat dissipation into thermal bath S &L l
C’dA—T = —GAT + P, (G thermal conductivity

C dt
oy = He (0, ey

T = C/G Time constant independent of temperature AT « exp(—t/7) when no heat source
P..=0




]_]_) Temperature increase at initial 7;,, = IlmK

AT(t =00) ~1.3mK with 7 =10ms, (g, =1)

7\ /107%eV\ /2um B 2 1/4
( ) . 5 x 104Gauss I or 7 2> lms

s My [
2
MgV 5
Resowe/at‘/ Axion energy— T - LA .
| ‘ 10-%eV 5
L = o ~ 6.30m( © ) ST ~ 106 6.3cm(10 eV)
mgq mg My
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