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ȧ2 +

1

2
(∇a)2

time

a(t) approximately single
frequency (t . τa)

a(t) ' a0 sin(ωat)

τa =
2π

ωa

{
106 matter
1 radiation

τa
Fluctuations at

t ∼ τa 2τa
Frequency spread

∆ω ∼ 2π/τa

Models for a(t):

(1) “Plane Wave”∑
i

ai
0 cos(ma(1 +

v2i
2
)t+ ϕi)

(2) “Jumping Phase”

a0 cos(mat+ ϕ(t))

axion-nucleon
interaction

~S

Xe

~Beff

axion-
quark

H ' 1

fa
~∇a · ~S

axion-
gluon

H ' a

mNfa
~E · ~S

resonant
frequency?

damping?

integration
time?

4
10



Axions as
Cosmic Relics

H ' 1

2
m2
aa

2 +
1

2
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pickup-
loop

B0

Ma(t)

time

ω0 = ωa

Nothing Grows Forever...
~B0 defect

2 source of friction:
“spin relaxation”

5
10



~S

Xe

~Beff

L = −γ (B0 + ) · S

applied
(real) field

L = −γ (B0 + Beff(t)) · S
(small) oscillatory

perturbation

Spin-precession exp:
effective field

NMR:
applied field

E

|↑〉

|↓〉

|↑〉

|↓〉

ω0

1 resonant frequency:
ω0 ≡ γB0

Xe
sample

M0

x̂

Beff(t)

M(t)

M(t) =M0ẑ+Ma(t)

pickup-
loop

B0

Ma(t)

time

ω0 = ωa

Nothing Grows Forever...
~B0 defect

2 source of friction:
“spin relaxation”

5
10



~S

Xe

~Beff

L = −γ (B0 + ) · S

applied
(real) field

L = −γ (B0 + Beff(t)) · S
(small) oscillatory

perturbation

Spin-precession exp:
effective field

NMR:
applied field

E

|↑〉

|↓〉

|↑〉

|↓〉

ω0

1 resonant frequency:
ω0 ≡ γB0

Xe
sample

M0

x̂

Beff(t)

M(t)

M(t) =M0ẑ+Ma(t)
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