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Photon-Coupling

Experiments that are potentially sensitive to canonical QCD axion
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Electron-Coupling

e-spin

Experiments that are potentially sensitive to canonical QCD axion
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ferromagnetic cavity haloscopes

+ atomic transitions



Electron-Coupling

e-spin

Experiments that are potentially sensitive to canonical QCD axion
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C+ “magnetized multilayers”)

(magnetized analogs of dielectric stack haloscopes)



Electron-Coupling
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[. Spin-Coupled Axions



Electron-Coupling

azxion-electron interaction

L = /d?’x Jae (0,a) (EY" 4 €)



Electron-Coupling

azxion-electron interaction
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Electron-Coupling
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azxion-electron interaction

L = /dSX Jae (0,a) (Ey"~ ¢€)
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analogous to normal electromagnetism
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Electron-Coupling
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azxion-electron interaction

L = /d3X Jae (0,a) (EY" 4 €)
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analogous to normal electromagnetism
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Electron-Coupling

Beﬂ‘ = — Va , A.eff — _gae ﬁta ée

“Axion Wind”

Effective magnetic field that

torques spins along the dark matter wind
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Electron-Coupling

g g A
Beff = — 2= Va 9 Aeff = — 2= ata Se
KB e
“Axion Wind” “Axioelectric”
Eftective magnetic field that Eftective electric field that
torques spins along the dark matter wind pushes spins along the spin
T = Jae Oc X VA ~ Jue My @ Oc X Vg, F = —guc@8c ~ gae M- a8,

n

(spin torque) e (spin kick) E
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II. Axioelectric Multilayer



Axioelectric

Axioelectric Effective Electric Field
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Axioelectric
Axioelectric Effective Electric Field
Eeft ~ (Jae/€) Ma V/Pou Se
<
unpaired
spin
— @ — S :
polarization
<
magnetic atom
€g ™~ €
€y — 1
P=—Ezg contribution to dielectric
€

from unpaired e

physical current “Jp” from the oscillating polarization = electromagnetic signal

Jp =—-0,P



Axioelectric
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Axioelectric Multilayer
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Axioelectric
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magnetic insulator

(half-wavelength)

Axioelectric Multilayer

spin spin
T T etc. Mayer
Jp g Jp
s s

Mg Mg

analogous to dielectric stacks MADMAX, MuDHI, and LAMPOST

( Jae & Jary (e B/m3) )

(QCD azxion sensitivity

at optical frequencies)
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I1I. Axion Wind Multilayer



Axion Wind
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Axion Wind Effective Magnetic Field




Axion Wind
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Axion Wind Effective Magnetic Field
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transverse magnetization
<

physical current “Jy” from the oscillating magnetization = electromagnetic signal

Jy=VxM



Axion Wind

Axion Wind Multilayer
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Axion Wind

Axion Wind Multilayer

magnetic insulator
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| - | response is strong function
d ~ T v of frequency and B-field
Re(n) m, Mg (e.g., FMR)
. pw—1 Gae p = p(ma, Bo)
Y8 u—incot(nmed/2) e e Ya v/Pou n = n(mq, Bo)




Axion Wind
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Recent efforts have focused on
small samples of high-purity YIG

Qspin ~ 107

limited by small volume

(e.g., QUAX and others)

Magnetic Insulators

Ferrite J

Cheaply mass produced

Qspin ~ 107

enhanced by large volume



Axion Wind

Axion Wind Multilayer

length of stack B-field tuning
Lo = Smeters . T T B = 10T
- - . 10 3 = 10—3
_ 10—4/\
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L
1105 =
10 3
_ 10—6
U0 100 100 100
me (eV)
1 Mg % ”
gscreen ~ B() ~ — — “small offset (FMR)
meq Im(n) LB

mg > 107% eV «—> “MADMAX-like’? «—> m, <1077 eV

Y

never requires B-field that is strong AND large



Axion Wind

Axion Wind Multilayer
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Sumimary

Magnetic Stacks

L ~Mgarsr a 0-ve)Hgarsr Va-o
axioelectric azrion wind
optical magnetic stack RF magnetic stack
(~ LAMPOST /MuDHI) (~ MADMAX)

FEverything at leading order stems from these effects, expressed in different frames.

arXiv:2312.11601



Sumimary

Magnetic Stacks

L ~Mgarsr a 0-ve)Hgarsr Va-o
axioelectric azrion wind
optical magnetic stack RF magnetic stack
(~ LAMPOST /MuDHI) (~ MADMAX)

FEverything at leading order stems from these effects, expressed in different frames.

Other Nuggets

Inclusive absorption rate ~ Im|-1/u| (“magnetic energy loss function”)

- Bulk mechanical forces on spin-polarized sensors

- No leptonic EDMs proportional to the field value

- No axioelectronic energy shifts to leading order

arXiv:2312.11601
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Axion Wind

single layer optimization
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e Thin slab: p(wyg) ~2iQ (wr/wrg) 5, Fihin(wh) = Qegwyr d Qe_ﬂ} =Q '+ Qr_a}i o Qraq = o d

(spin response enhanced, but A ~ Lgin small => incoherent emission across slab = form factor < 1)

_V2Quy/(wpe)
| cot (nwpd/2) |

o Thick slab: p(wp) ~ (¢/2Q) (wp/wrr) 5 Finick(WB)

(A ~ Lein large => coherent emission across slab = form factor > 1)

wp < my => {1 small but real = slab ~ cavity with form factor peaking when n m, d ~ «
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multi-layer optimization

wp = Mg — Awp (Awp > wp/Q)

max Niayer ~ Re(n)/Im(n)

Parameters Description Variable Value
LI | ! L | ! L | LR
100 (\ Nmax =80 _ Material Saturation magnetization Mg 05T
r Number of L ayers N Magnetic quality factor Q 102
] Permittivit € 15
max N ~ Re(n)/Im(n) i
Experimental Slab area A 1 m?
10 e-fold scanning time te 1 year
C ; Maximum number of layers Nmax 80
Maximum total material thickness Lmax 5m
\\ larger [k Maximum applied B field Biax 10T
» L ~ Lnax A Noise HEMT SQL
1 // E Physical temperature T 4K 40 mK
gl L g aaal L RN L el ol . . Mg
1 0—6 10— 5 10- ) 10— 3 Amplifier noise temperature Tomp 1K (m) Me
mq (eV)
. ) Am, ARe(n) min(m, , Awp) Awp
sensitivity bandwidth: N , N——= <1 = Am, ~ ~ —
Mg Re(n) N N

Awp T = Re(p) T + Im(p) } = A} + Lwin T = Nuayer T (compensated by smaller F)



