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A new axion experiment (proposal)

Low temperature Axion Chiral Magnetic Effects (LACME)
(2207.06884)
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ow temperature xion hiral agnetic ffect (LACME)

(a) (b)

> Magnetic fields create a current under axion dark matter :

j= [Cayy + 4viCe] %éxﬂpDM cos (m,t)
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ow temperature xion hiral agnetic ffect (LACME)

(a) (b)

> Magnetic fields create a current under axion dark matter :

j= [Cayy + 4viCe] %éxﬂpDM cos (m,t)

» LACME can be implemented in cavity experiments as well
(under discussions with CAPP).
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A new axion experiment

» The axion couples to photons and electrons among others :
o

ﬁaxion o= Cafy'y 167 f

3 9.a-
aF - F + Ce%aq/w“%@b
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A new axion experiment

» The axion couples to photons and electrons among others :

(67
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ﬁaxion D _Ca
» The axion-photon coupling modifies the Maxwell equations :
0

VxB-—E=C,.
: ot bk

a = -
—aB = jyac -
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A new axion experiment

» The axion couples to photons and electrons among others :

(67
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» The axion-photon coupling modifies the Maxwell equations :

I
B— —E = C,
V x i 27y

a .= -
—aB = jyac -
» The axion-electron coupling creates CME currents in electron

medium (chiral magnetic effects):
a

jch =4vf Ce%aé
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A new axion experiment

» With a conductor inserted, the magnetic field induce currents,
the axion signal:

i Pt a =
J = Jvac T Jeme = [Ca"/’Y + 4VFCe] 27(7’:38
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» With a conductor inserted, the magnetic field induce currents,
the axion signal:

i Pt a =
J = Jvac T Jeme = [Ca"/’Y + 4VFCe] 27(7’:38

» Since the signal power is proportional to the current squared,
the LACME signal is therefore

4V/:Ce 2 Camm
. 1 I
°<< 7 > ' T oveC

P(:onductor _ pyacuum
S S
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A new axion experiment

» With a conductor inserted, the magnetic field induce currents,
the axion signal:

i Pt a =
J = Jvac T Jeme = [Ca"/’Y + 4VFCe] 27(7’:38

» Since the signal power is proportional to the current squared,
the LACME signal is therefore

P(:onductor _ pyacuum
S S

4veCo\? Conry
1 I
°<< 7 > ' T oveC

> Requiring the signal-to-noise |Pgonductor _ pyacuum| /py > 1,
we project the LACME sensitivity.
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A new axion experiment

» Projection of LACME from existing axion haloscopes,
assuming ve = 0.01 (gze = 2Cemc/f):
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A new axion experiment
LACME

1. Revisiting Chiral Magnetic Effects

Based on arXiv:2207.06884 with S.H. Im, K.S. Jeong, D.-h.Yeom

and a longer version arXiv:241x.xxxxx (with Sang Hui Im)
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Revisiting Chiral magnetic effects

» Chiral magnetic effect is that magnetic field generates a
persistent electric current in Fermi liquid with an axial
chemical potential u5 (Fukushima+Kharzeev+Warringa '08):

— —

J =apsB. (a=anomaly coeficient)

9/40



Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Revisiting Chiral magnetic effects

» Chiral magnetic effect is that magnetic field generates a
persistent electric current in Fermi liquid with an axial
chemical potential u5 (Fukushima+Kharzeev+Warringa '08):

J =apsB. (a=anomaly coeficient)

» How to calculate the anomaly?
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The salient feature of Fermi liquid is the existence of gapless
modes, the fluctuations near the Fermi surface:
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The salient feature of Fermi liquid is the existence of gapless
modes, the fluctuations near the Fermi surface:

» The gapless modes are protected due to anomaly. ('t Hooft
1982)
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» Consider a cold medium of (free) electrons.

- 0 E=—p+/m?+p?
= (i — m+ puy°) ¥ \

'.5 » E=0
l A3 S
i \ [Fermls% i
E = —p++vm?2+p? ; T ; B
~ Vr-(P— PF)- —pF e

Figure: normal medium

11/40



Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The Fermi liquid is naturally chiral in a sense that a
gauge-invariant gap does not exist.
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Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The Fermi liquid is naturally chiral in a sense that a
gauge-invariant gap does not exist.
» We decompose the fermion fields as following (DKH 1998):

14+a-0F

Y =14+ with @Zii:#qﬁv

where 1, describes the modes near the Fermi surface at low
energy while ¥_ the modes in the Dirac Sea.

E=-pt\p2+m?, p=prop+1
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Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The Fermi liquid is naturally chiral in a sense that a
gauge-invariant gap does not exist.
» We decompose the fermion fields as following (DKH 1998):

14+a-0F

Y =14+ with @Zii:#qﬁv

where 1, describes the modes near the Fermi surface at low
energy while ¥_ the modes in the Dirac Sea.

E=-pt\p2+m?, p=prop+1

» The Dirac mass term does not open a gap at the FS. It is a
part of the chemical potential:

- - —_ 2 -
mi = m (Pt + Ptpy) = %ww(’m T
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The only gap that regulates the IR divergence is the Majorana
mass term that breaks gauge symmetry as in superconductor :

E(p)

Yl Ay +hee.
B/ (e = COT)
/ (U (PF)Y1(—PF)) = A(pF)

: pF 7 = — (u(PF) 1 (—PF)) -
Superconductor

P It also breaks the helicity symmetry just like the mass

regulator breaks chirality in vacuum.
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Anomaly in Fermi liquid
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Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» Fermi liquid is gapless and consists of two chiral modes. It
therefore may have axial anomaly (Coleman-+Grossman 1982).
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Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» Fermi liquid is gapless and consists of two chiral modes. It
therefore may have axial anomaly (Coleman-+Grossman 1982).

» The three-point function of chiral currents should have a
massless pole if there is an axial anomaly, a # 0:

Fwnd@ (g1 + g2+ q3) = / Mid*x;e™% (0] Tj,(x1)ju (x2)jr(x3) 0)

r,Lw)\(qla qz, Q3) = F(Qz)[éﬂuaBQ?qu(hA + - ]
1

qé\r,ul/)\ = ga e,uzzaﬁq?qzﬁ .
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Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» Fermi liquid is gapless and consists of two chiral modes. It
therefore may have axial anomaly (Coleman-+Grossman 1982).

» The three-point function of chiral currents should have a
massless pole if there is an axial anomaly, a # 0:

8@+ a2+ aa) = [ Midie™ (0] Ti (el ()i () 0)
(a1, @2, 93) = F(Q)[€uvasalas gan + - -]
qé\ Fwx = %a €uwapdi qgﬁ .
» To have anomaly, there should be a massless pole:

a=281lim ¢*F(—q*) #0.
q—0
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Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Anomaly in Fermi liquid

» The (anomalous) axial symmetry of Fermi liquid is the phase
rotation of the spin-up/down component of ¢);.. Namely the
helicity of ¢y = & - Vgt corresponds to the axial charge.

Qa = (P47 Oy504) =2 <¢1§ \7F1/1+> -
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Revisiting Chiral magnetic effects

A

» Consider a Fermi liquid under a magnetic field B = Bz.
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Revisiting Chiral magnetic effects

» Consider a Fermi liquid under a magnetic field B = Bz.

» Electrons have the Landau levels:

E.(p,) = i\/pg +m?+2|eB|n,

with 2n = 2n, + 1+ |my| — sign(eB) (m; + 2s;).
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Revisiting Chiral magnetic effects

» Consider a Fermi liquid under a magnetic field B = Bz.

» Electrons have the Landau levels:

E.(p,) = i\/pg +m?+2|eB|n,

with 2n = 2n, + 1+ |my| — sign(eB) (m; + 2s;).

> LLL electrons are moving along the B field, p = p,2, with
spins polarized opposite to the B field, while spins are paired
for all other electrons in n # 0.
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Revisiting Chiral magnetic effects

Revisiting Chiral magnetic effects

» Consider a Fermi liquid under a magnetic field B = Bz.

» Electrons have the Landau levels:

E.(p,) = i\/pg +m?+2|eB|n,

with 2n = 2n, + 1+ |my| — sign(eB) (m; + 2s;).

> LLL electrons are moving along the B field, p = p,2, with
spins polarized opposite to the B field, while spins are paired
for all other electrons in n # 0.

» Under a magnetic field Fermi liquid is therefore chiral and
hence anomalous.

16/40



Anomaly in Fermi liquid
Revisiting Chiral magnetic effects
Axial anomaly, CME in medium

Revisiting Chiral magnetic effects

Axial anomaly in medium

» To calculate the ABJ anomaly in Fermi liquid we consider the
anomalous two-point function of LLL electrons in medium,
which are 2-dimensional:

r5"(91)0% (a1 + 62) = / M;d?x;e'% (0] Tj* (x1)js (x2) |0) -
o ’s
Figure: ABJ anomaly by LLL in Fermi Liquid
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Anomaly in Fermi liquid
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Revisiting Chiral magnetic effects

Axial anomaly in medium

» For q/pn — 0 (Manuel '96: DKH '98), using j¥ = €"“j , the
anomalous two-point function of LLL becomes

0 — —
eB _ 00 q- VHEe"V, n V“_e”a V., ’
2 V-q V.q

e (q) =
> (q) 27T2V[:

where V# = (1,0,0, vg) and V#* = (1,0,0, —vg).

» The vector current is conserved:

q,trg/”(q) =0.

» The axial current is however anomalous:
2 2

. . [d°q .. ) . 2B
(Oufs ) g = i€ / a2 dm lim €%, A (q)T57(q) = 45 vee P
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Revisiting Chiral magnetic effects

Axial anomaly in medium

» The ABJ anomaly becomes in the rest frame of the medium
2
1672

(Ovjg) g = vee' PP F oo .
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Revisiting Chiral magnetic effects

Axial anomaly in medium

» The ABJ anomaly becomes in the rest frame of the medium
2
~ 1672

<aV./El>/>A VFE#VPU F;WFpa .

» From the anomalous two-point function one can calculate the
CME, in the leading order in ps.

() lim lim [2(q) = S0
= —e 1m 1m = —FV, .
J /’L5q0*>0 G50 5 (4 27_‘_2 F 5

which is consistent with Son+Surowka (2009).
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Axial anomaly in medium

» The ABJ anomaly becomes in the rest frame of the medium
2
~ 1672

<aV./El>/>A VFE#VPU F;WFpa .

» From the anomalous two-point function one can calculate the
CME, in the leading order in ps.

2
3\ . . 30 ¢ B
() = —eps limy iy T5%(q) = 5 5 vepis.
which is consistent with Son+Surowka (2009).

» The original formula of FKW (2008) missed the factor vg for
the massive fermions. (DKH+Im+Jeong+Yeom 2022)
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Revisiting Chiral magnetic effects

Axial anomaly in medium

» The ABJ anomaly we found in Fermi liquid is true even for a
weak field (B — 0) as it should be for anomaly.

Fermi points

I
I
I
1
1
1
I
L
I
1
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Axial anomaly in medium

» The ABJ anomaly we found in Fermi liquid is true even for a
weak field (B — 0) as it should be for anomaly.
» For a weak magnetic field, electrons fill higher Landau levels

as We” E =+/p?+m?+|eB|n
n=n
< n=2
n=1
n =10
" 4 e
’5%"4 w/ Fermi points
) 1 : :
[
[
N [
1 [
1 L1
[ C
| [ s

P PP pl)

Figure: Fermi liquid under weak magnetic field
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Axial anomaly in medium

» The ABJ anomaly we found in Fermi liquid is true even for a
weak field (B — 0) as it should be for anomaly.
» For a weak magnetic field, electrons fill higher Landau levels

as well: E =+/p?+m? +|eB|n
n=n
* < n=2
4 n=1
n =0
" 4 e
’5%"4 v Fermi points
* 1 : :
[
[
[
i [
1 L1
s o
| [ s

P e
Figure: Fermi liquid under weak magnetic field

» But, only LLL electrons at the Fermi point (e) are
contributing to axial anomaly with degeneracy |eB|/2.
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Revisiting Chiral magnetic effects

Axial anomaly in medium

» Fermi liquid under a weak field:
Dz Pz

bl
n=0 2m

Fermi Surface (B = 0) Fermi Points (B = B2)
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Axial anomaly in medium

» Fermi liquid under a weak field:
Dz Pz

e
n=0 P
Fermi Surface (B = 0) Fermi Points (B = B2)

» Decomposition of plane waves holds for any B:

eP% = &Pz 3 Cuemo ML (6Bl 13 j2)e 1B /4
n
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Axial anomaly in medium

» Fermi liquid under a weak field:
Dz Pz

e
n=0 P
Fermi Surface (B = 0) Fermi Points (B = B2)

» Decomposition of plane waves holds for any B:
olPX _ gipzz Z CneimL¢rJ_mL|L‘nrrnL‘(|eB’rJ2_/2)e_‘eB‘rJ2-/4
n
» When B — 0, only the modes very near the poles of FS are

polarized and contribute to anomaly with degeneracy |eB|/27.
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Revisiting Chiral magnetic effects

Another derivation of CME

» We present another derivation of CME to support our results.
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Another derivation of CME

» We present another derivation of CME to support our results.

> We first study the role of the axial chemical potential, us.
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Revisiting Chiral magnetic effects

Another derivation of CME

» We present another derivation of CME to support our results.
> We first study the role of the axial chemical potential, us.

» The axial chemical potential adds a kick to electrons along
their spin direction:
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Axial chemical potential

» One can see this, as us can be absorbed by the redefining the
electron fields, W — W/ = e~ /Hs>%/3y;

L

V(i — m+ py° + psy°ys) W
= v (i'y'-a—m—i—ufyo) g

where yH = e =Xyt gitis: X
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Revisiting Chiral magnetic effects

Axial chemical potential

» Another way to see that is to take a non-relativistic limit for
the electrons by subtracting out its rest mass and integrating
out the negative energy states, x:

V= <i}> e  (uNg =p—m)

(i3 -V + pis)?

5 ¥+ Ry 4
m

,C=>,CNR = ”L/JT [iao—
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Revisiting Chiral magnetic effects

Electrons in medium

» 1 shits the energy to create an imbalance in particle number:
E—-E+pu
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Electrons in medium

» 1 shits the energy to create an imbalance in particle number:
E—-E+pu

» 5 shifts the momentum along the spin direction to create an
helicity imbalance in medium: S-p— S - p+ us
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Revisiting Chiral magnetic effects

Electrons in medium

» 1 shits the energy to create an imbalance in particle number:
E—-E+pu

» 5 shifts the momentum along the spin direction to create an
helicity imbalance in medium: S-p— S - p+ us
» For an isotropic Fermi liquid, however, the effect cancels out.

We need to break the rotational invariance like an external
magnetic field.
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chiral magnetic effects in chiral medium

P 15 creates the helicity imbalance for LLL electrons in medium
under magnetic field, B :

E =+/m?2 +p?

\ H+ /
: = > E=upu
1 -q.
s
/o
/ -1 [+ M5
p 1
Y E
Pr, A
| g . ﬁ
Pp

N

Figure: Polarized medium with pus . (§ -p=-B-p)
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chiral magnetic effects in chiral medium

» Helicity imbalance in LLL electrons due to us:

_ _ leB| B leB|
Bp = p=%1 = P21 = s (PE = PF) = b

27/40



. . . Anomaly in Fermi liquid
Revisiting Chiral magnetic effects maly . e
Revisiting Chiral magnetic effects

Axial anomaly, CME in medium

chiral magnetic effects in chiral medium

» Helicity imbalance in LLL electrons due to us:

_ =0 —o _leBl  ___\_ B
Ap=ph=i1— pPp=—"1= an? (PF - PF) = oq2 M5

» CME is a current flow due to the helicity imbalance in
(polarized) medium by the axial chemical potential 15 and B.

E=+/m?+ p?
wt

R w & E=u
i s

n 62 = RN yau

J) = VF5 5H5 B Hswife N A
2m I
—PF, Pr) A

o : .5
—Prp P; p

Figure: polarized medium
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Axial anomaly, CME in medium

Summary for section 1

» The axial chemical does a momentum kick to fermions:

PP+ 5Sus.

WIN
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Revisiting Chiral magnetic effects B . .
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Axial anomaly, CME in medium

Summary for section 1

» The axial chemical does a momentum kick to fermions:

PP+ 5Sus.

WIN

» In the polarized medium like LLL electrons in conductor, it
creates a helicity imbalance. Hence a persistent CME current:

- e2 -
J = 2—7T2VF/L5B.
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Anomaly in Fermi liquid

Revisiting Chiral magnetic effects B . .
visiting L gnet! Revisiting Chiral magnetic effects

Axial anomaly, CME in medium

Summary for section 1

» The axial chemical does a momentum kick to fermions:

PP+ 5Sus.

WIN

» In the polarized medium like LLL electrons in conductor, it
creates a helicity imbalance. Hence a persistent CME current:

- e2 -
J = 2—7T2VF/L5B.

» What provides 15 then in Fermi liquid? Axion DM!

28/40



2. Low Temperature Axion Chiral
Magnetic Effects

(LACME)
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Detecting axion dark matter

Detecting axion dark matter A new experimental proposal for axion DM

» Axion DM provides ps in conductor!
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Detecting axion dark matter

Detecting axion dark matter A new experimental proposal for axion DM

» Axion DM provides ps in conductor!

» If one measures CME current in conductor under magnetic
field, we can detect axions! (LACME)
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Detecting axion dark matter
Detecting axion dark matter A new experimental proposal for axion DM

Axion as Dark matter

> There are many candidates for dark matter.
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Axion as Dark matter

> There are many candidates for dark matter.

» But, axion is still one of the prime candidates for dark matter.
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Axion as Dark matter

> There are many candidates for dark matter.
» But, axion is still one of the prime candidates for dark matter.

P It is theoretically well motivated as a solution to the strong
CP problem.
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Axion as Dark matter

> There are many candidates for dark matter.

v

But, axion is still one of the prime candidates for dark matter.

P It is theoretically well motivated as a solution to the strong
CP problem.

> Currently several experiments to detect axions are going on
and new ones keep being proposed.
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Detecting axion dark matter
Detecting axion dark matter A new experimental proposal for axion DM

Axion as Dark matter

> There are many candidates for dark matter.
» But, axion is still one of the prime candidates for dark matter.

P It is theoretically well motivated as a solution to the strong
CP problem.

> Currently several experiments to detect axions are going on
and new ones keep being proposed.

» In this talk | discuss a property of electron-axion coupling,
which offers novel ways to detect axion DM in the laboratory
(LACME) and also in the cosmos.
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Detecting axion dark matter

Axion as Dark matter
» The axion solves the strong CP problem dynamically.

V(a)
\ //\\ /A,\
\ [\ [\
\ T dm,mg . a
N O A V(a) ~ —m2f2,[1 — —_—— sin? <—)
\ / \ /i \\ (mu + md) 2f
\1/ \ / 1 \W f
ont, an Y
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Detecting axion dark matter

Axion as Dark matter
» The axion solves the strong CP problem dynamically.

V(a)

\ “/‘/\\\ /// \\\
VL dmymy . a
B :—mifﬂz\/l—(u)zsm2 <§)

®
e‘ %
(a) my mq

/ \
/ \
\

\

\\\ / \\‘\ /1
\l/ \ / 1 \ .
ont, an Y/
» For T <« f and H < m,, the axions are homogeneous and

behave collectively as CDM (Preskill+Wise+Wilczek,
Abbott+Sikivie, Dine+Fischler 1983):

V20 sin (m,t)

ma

a(t) ~
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Detecting axion dark matter
Detecting axion dark matter A new experimental proposal for axion DM

Axion as Dark matter

» Axions, coupled to SM particles, live long enough for a large
decay constant and may constitue most of DM, p, =~ ppuw,
(Turner 1986).

£ 1.175
Q.h? ~0.23 x 10700 [ ——— 2F(p;
0.23 x 10 0% Gov 0?F(0;),
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Detecting axion dark matter
Detecting axion dark matter A new experimental proposal for axion DM

Axion as Dark matter

» Axions, coupled to SM particles, live long enough for a large
decay constant and may constitue most of DM, p, =~ ppuw,
(Turner 1986).

£ 1.175
Q.h? ~0.23 x 10700 [ ——— 2F(p;
0.23 x 10 0% Gov 0?F(0;),

» In this talk | assume that the (QCD) axions, or possibly ALPs,
constitute dark matter of our universe, and discuss its

detection:
V2ppM

a(t) = e

sin (m,t)
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oua - a
L = Co=r 7" y50 ~ Cetsy.
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> Electrons dominantly couple to &, since v, = |Val/|a| ~ 1073:

d,a - a
L = Co=r 7" y50 ~ Cetsy.
> Axion DM acts therefore as an axial chemical potential:
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> Electrons dominantly couple to &, since v, = |Val/|a| ~ 1073:

d,a - a
L = Co=r 7" y50 ~ Cetsy.
> Axion DM acts therefore as an axial chemical potential:
V2ppMm
f

» Using CME we can detect axion DM (LACME,
DKH-Im+Jeong+Yeom 2022)
e V2ppMm =

J= ﬁv,:Ce - cos (m,t)B

us = Ce cos (m,t)
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ow temperature xion hiral agnetic ffect (LACME)

> We propose a new experiment to detect this non-dissipative
currents in a conductor (DKH+Jeong+Im+Yeom '22):

.3 _15 _92 VFE PDM 1/2 1012 GeV B
— 6.8 x 107 15A
J . - (0.01c> <0.4 Gchm—3> f/C. ) \10Tesla

{>_.r

sQuib
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Detecting axion dark matter

P> Axions are detectable, though not easy, because they couple
to SM particles.
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Detecting axion dark matter

P> Axions are detectable, though not easy, because they couple
to SM particles.

» Since Sikivie (1983), many axion experiments have been
proposed and some like CAPP and ADMX are currently
probing theoretically interesting limits.

» LACME can be implemented in the existing axion experiments
to measure the axion-electron coupling directly and uncover
the UV origin of axions.
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Axion-electron coupling

» The axion-electron coupling depends on the UV model.
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Axion-electron coupling

» The axion-electron coupling depends on the UV model.

» The strength of the axion-electron coupling varies as

0(1) DFSZ-like models
Ce ~ < O(107% ~ 1073) KSVZ-like models
O(1073 ~ 1072)  String-theoretic axions.

» The precise measurement of the axion-electron coupling can
uncover its microscopic origin.

» Currently only LACME can probe such interesting theoretical
bounds.
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» We have revisited CME to derive a correct formula (HIJY '22):

—

J=—vrusB,.
T

» Using CME, we propose a new experiment to detect the dark
matter axions or ALP. (LACME)

=6.8 x 107 Ar
J . o (0.01c> <0.4 Gchm*3> < f/Ce 10 Tesla
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Conclusion

Conclusion

» We have revisited CME to derive a correct formula (HIJY '22):

—

J=—vrusB,.
T

» Using CME, we propose a new experiment to detect the dark
matter axions or ALP. (LACME)

=6.8 x 107 A1
J7=068x10 o (0.01c> <0.4 Gchm*3> < f/Ce 10 Tesla

» This CME currents are the medium effects, directly
proportional to axion coupling to electrons by the UV physics.
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» We showed that axion (or ALP) DM adds a kick to fermions:

L o 2 2 Cr
p—>p—|—§u55./ s =1 2p, cos (m,t)
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2p, cos (m,t)

» Such kick has a few interesting effects :
1. Persistent electric currents in metal (CME):

- e2 C =

2. Energy level split in atoms: A ~ 2 x 1072° eV cos (m,t).
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Conclusion

Conclusion

» We showed that axion (or ALP) DM adds a kick to fermions:

2p, cos (m,t)

» Such kick has a few interesting effects :
1. Persistent electric currents in metal (CME):

- e2 C =

2. Energy level split in atoms: A ~ 2 x 1072° eV cos (m,t).
3. Induced EDM in atoms: From |dx.| < 1.5 x 1072 ecm

myfa/Cap > 1GeV2.
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Thank you for listening !
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