
to the spin
V. Axion searches by w

ay of their coupling

Thanks to the QUAX collaboration, B, Braggio et al 2016
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odel
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e of) its extensions

R. Barbieri
GGI, Florence, January 9-27, 2017
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A quick introduction to axions

See lecture II
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The dynam
ical field, a, is the “axion”

axion m
ass

inverse axion coupling
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The coupling to spin (1)
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The axion as a source of an effective    (1) 
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Proposal 2 
Arvanitaki, Geraci 2014
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QUaerere AXions

Use the coupling to the electron spin (to avoid the frequency cutoff)

and (try to) detect the RF pow
er em

itted by the coherent
m
agnetic dipole oscillating at 

w
=

m
a

QUAX collaboration 



P
in

=
w

(M
T
V

)B
T

P
R

=
w

4(M
T
V

)
2

M
T

=
�

2B
T
n

S
�

P
in

=
P

R
�

�
=

1
�

2w
3V

n
S

=
�
R

A sim
pler w

ay to understand �
R

Incom
ing pow

er

RF pow
er em

itted by the oscillating m
acroscopic dipole

Transverse oscillating m
agnetization

Energy conservation

Bloom
 1957



About “radiation dum
ping”

Back to the transverse m
agnetization

M
T

=
�

2e
,N

B
e
f

f
e
,N

n
S
�

cos(m
a t)

large, hence negligible, for NM
R exp.s (CASPEr, static force)

�
�
R

seriously relevant for EM
R 

�
�
R

�
=

m
in(�

a ,�
r
e
l ,�

R
)

�
a
�

2�
m

a v
2
�

10
�

4
sec 10

�
4

eV

m
a

10
�

6
sec

f
or

E
M

R
�
r
e
l �

0.1
sec

f
or

N
M

R

(for axion w
ind only)

w
=

200
H

z

10
�

3
sec

f
or

N
M

R

10
�

9
sec

f
or

E
M

R
�
R

=
1

�
2n

S
w

3V
�

( 10
�

4eV

w
)
3
m

m
3

V

10
2
2/cm

3

n
S

�

Bloom
 1957



H
=

(w
m
�

i �
m2

)m
+
m

+
(w

a
�

i �
a2
)a

+
a

+
(w

c �
i �

c2
)c

+
c+

g
a
m

(m
a
+

+
m

+
a)+

g
m

c (m
c
+

+
m

+
c)

W
orking in a cavity

axion-m
agnon coupling

g
a
m

=
v

af
(n

S
w

a )
1
/
2

g
m

c
=

em
e (n

S
w

c V
/V

c )
1
/
2

m
agnon-cavity m

ode coupling

a = axion m
ode

c = cavity m
ode

m
 = m

agnon m
ode

(Sum
 over m

odes left understood)

iṀ
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RF pow
er and counting rate
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still a bit far from
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