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1. Axion and magnetic monopole

® The existence of magnetic monopole f B-dS=0

* In 1931, Dirac first proposed the notion of ‘monopole’ in quantum theory
Charge quantization condition: e.-q=2mn ne€Z

* Various proposed monopoles:

Georgi-Glashow ('t Hooft, Polyakov 1974), QCD (Wu, Yang 1975), GUT (Dokos, Tomaras 1980),
electroweak (Cho, Maison 1997)

® Axion (1970s)
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e Axion-photon coupling
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® Axion-monopole interaction

magnetic

* A non-zero vacuum angle 0 in the CP violating term 6F F onopole

introduces an electric charge proportional to © for
magnetic monopoles: fe
monopole - dyon 4 = 1€ — o (Witten, 1979)

In axion theories, Witten effect implies a close relationship (interaction) between axions
and magnetic monopoles

 The connection between axion and monopole was first derived under the classical theory of

electromagnetism: V-E=—(e2/4n2)V-(0B)  (Fischler et al, 1983)

* To properly quantize the axion-dyon dynamics, one needs to utilize the quantum

electromagnetodynamics (QEMD) (Schwinger 1966, Zwanziger 1968)
e Based on QEMD, a generic axion-photon Lagrangian has been constructed in the framework of low-
energy effective field theory (Sokolov, Ringwald, arXiv: 2205.02605)

* There exist more anomalous axion-photon couplings g, 44, 9agg and ga4p in contrary to the ordinary
axion EFT gqyy — new modified EoOM — new axion-modified Maxwell equations



2. QEMD and QEMD-axion modified Maxwell equations

® QEMD and generic axion-photon Lagrangian

 QEMD takes such substitution for gauge group:
U(1) > U1)g xU(1)y to describe the coupling of electric charge, magnetic charge and photon.
Ay B, —— non-trivial commutation and opposite parity (0N X)W = FXY — "X+
{[n- OAB)]-[n-(ONA)]—[n-(OANA)]-[n-(OAB)] —[n-(0AA)? - [n°(8/\B)]2}—je'A_jm'B‘|‘£G
— Zwanziger’s QEMD local-Lagrangian

B 1
 2n2

L
The electromagnetic field strength tensors are introduced in this way:

n-F=n-(ONA), n-F=n-(0AB) ,wheren = (0,n) is an arbitrary spatial vector
* The generic low-energy axion-photon EFT and anomalous coupling can be written by (arXiv:2205.02605)

LS _i Gann a tr[(O A A) (O A /’i)][— igaBB a tr[(d A B)(O A B)] —%gaAB a tr[(9 A A)(O A f?)ﬂ

U(1)pU (1) U(L)pqU(1)3 U(l)poU(1)gU(1)ym  Witten effect induced
\ )
| CP violating

CP conserving




® QEMD-axion modified Maxwell equations

* The conventional EoM and axion-Maxwell equations are modified through the above
anomalous axion-photon interactions. Given the interactions as well as free Lagrangian, one
can derive QEMD axion-Maxwell equations by classical equations of motion:
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One can calculate the coupling coefficients which are related to their
corresponding anomaly coefficients E, M, D, respectively.
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® Further simplified QEMD-axion modified Maxwell equations
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3. Solutions and numerical results

: , . . ~_ (arXiv: 1809.10709 Ouellet, Bogorad)
® Solutions in the static external magnetic/electric field

 Casel: By #0,E, =0 [50 = H(R—p)Boﬁ]  Casell:E, #0,B; =0 Eo = 9(R—P)Eo»’3}
Assuming a static magnetic field B, along the Z direction Similarly, a static electric field E, along Z direction
0 0
generated by a long solenoid with radius R can be obtained by a pair of parallel plates with
L 92F da da radius R
VQl?a - — (gaBB _|_ 9aAB 7, Cb) 505(10 - R) . — aQE 8
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2gaABaonga Z““tqb p> R, The field solutions of case Il are analogous to the
results of E, , and B, , in case |, only differing by
Considering the limit of large Compton wavelengths the substitution of gg4pBo = —9assEo
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« Casel: By #0,E,=0 By = 0(R—p)By% * Casell: E, #0,B, =0 Eo = 6(R— p)Eoz
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@ The solutions of other components E,, ,, Ba,g» Ba,p X 9app are
all suppressed by axion DM velocity v~107~3

€ The dominant solutions Eq o and B, ; are not velocity-suppressed and equivalent
to the solutions of arXiv: 1809.10709 only by replacing E; , = By, Baz = —Eaz
in our results



® Numerical results of axion-induced electromagnetic fields
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4. Experimental setup and sensitivity

AMP

® Experimental setup I

: : : : : 2rRE, (R
* The induction current in wire loop is: =" o(F) =

Ry A

* The total noise can be divided into two parts: thermal noise
T, from circuit and the input white noise T4, from

amplifiers. ——%

9
Qe g3 appom By R | H{ (Wo R) Jy (wa R)

Psignal — (IER‘;) — Lo
{ Af

Phroise = KBTN A (arXiv: 2206.13543 Duan, Gao et al)

l Pnoise/Af = kBTN ~ 4kBTc + 4kBTAmp

XXX XX XXXX
XXX XX XXXX

SNR = Feigna > 3 9aapBo = GaspEo
Poise To measure g,gg, the solenoid can be

Sensitivity criterion replaced by horizontally placed parallel
plates.




® Expected sensitivity bounds
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* New strategies of

sub-1eV axion detection

The conventional LC axion detection :

By — B, to search g,y (gaaa)

New strategies of QEMD axion detection:

By = Eq4,p tosearch ggap

Ey = Eq p tosearch g,pp



5. Summary

* Quantum electromagnetodynamics (QEMD) gives generic
anomalous axion-photon interactions in a low-energy EFT.

* Such Lagrangian provides new axion Maxwell equations. Their
solutions imply the induced oscillating electric fields are always
dominant compared with the axion magnetic field.

* New strategies are proposed to measure the axion-induced
electric fields and new couplings for sub-ueV axion.



5. Summary

* Quantum electromagnetodynamics (QEMD) gives generic
anomalous axion-photon interactions in a low-energy EFT.

* Such Lagrangian provides new axion Maxwell equations. Their
solutions imply the induced oscillating electric fields are always
dominant compared with the axion magnetic field.

* New strategies are proposed to measure the axion-induced
electric fields and new couplings for sub-ueV axion.
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* The equal-time commutators between the potentials:

[A*(t. T), B (t, )] = ie" g nf (n-0) " (F—7) .
(AR (¢, ), A¥(t.7)] = [BM(t. ), B (t,7)] = —i (91" + go’n*) (n-0)"1(Z = 7])

* QEMD axion Maxwell equations:
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