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Cutline

¢ Introduction of the ulkralight gqeomagnetic field idea
o Review for the search of axions and dark photons

o Introduction to wmillicharged dark wmatter and its
tbkeraction wikth Fho&oms

e Model for the wagnetic structure of the tnner Earth,
which is necessary for the signal calculation

o Sighal calculation and constraints
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Inkroducktion

Monitoring the Earth qeomagnetic field to
hunt ulkralight dark matter

—

— —
BEarth N Bgeo + BDM

?DM oscillates mamoakromo&mauy

at ﬂfre.que.hr;:v ® = My

itk is debtermined nfm»m V X ﬁDM - fDM

g

Quast static Limit f Mpy < 1/Rpy

fDM contains all the information of the dark
naakber fi,é.i.d

A\ % Il
=" )




Ionosphere

L

b I

4’"perian LooY
d? _>DM — d§ N jDM
C S
radial current Compomev& ~RBpy =~ R?Jpyy =2 Bpym ~ RJpy

taigential current campamam& ~ RBpy =~ RhJpy =0 Bpy ~ hJpy
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Inkroduckion

-

Axions [R112.09620]: T = — 8y B 4e00,a

geo’'t
8ay axion to photon coupling

vV 20pMm

my

a(t) = aycos(m, 1) axion dark matter field gy =

—

for B, the IGRF-13 model was used [Earth Planets
Space 73 (o21) 49].

2 .
B, = \/; 84, BoR+/ppm + VSH corrections

By =12.94 X 10~°mT representative value of the
geomagnetic field at the equator

gay
Bue ~ 01T < 10-10GeV-! >
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Inkroduckion

Dark photons [2112.09620]:  Jpy=—ym2 A’

X kinetic mixing Parame&er

X’(t) = X(’) cos(m,, 1) dark photon darlke matter fleld

vV 20pM

a

1
Bave = %% my’R\/pDM

X My
Bye ~ 0.1pT
i <1o—5) <1()—166V>
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Inkroduckion

So far this idea has been employed using data from:

SU,PQ_T‘MAG: network of near 600 ground based magnetometers
monitoring the Earth magnetic field activity for &
decades
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Inkroducktion

SNIPE Huwnk: Ewerging international collaboration aiming to F»erform
dedicated measurements of the Earth magnetic field to
search for ulkralight dark matter

Camping Tent

3-Axis GMR 9=izm . = pt°f Battery
Magnetometer “ R

The first measurements were done with a
300 pT/y/Hz. More sewnsitive magnetometers
are being implemented currently.

H,0
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Results for axions
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Inkroduckion

Resulks for dark photons
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Millicharged dark matter

Ulkralight millicharged dark matter can be produced by
misaliginment mechanism, similar to axion dark wmatter

[2112.11476].
Millicharged dark matter interacting to
phm&mms (usual scalar QED):

1 i .
& = D, (DVp)* — 425|¢ > — ZF””FW’ D,=0,+ie, A,

Aﬂ » electromagnetic F/,w = a/,t A, —0, Aﬂ
gauqge field

¢ » millicharged field
my » mass of wmillicharged

Par&i«ci.es

e, » charge of wmillicharged

Far&d&s
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Millicharged dark matter

A ===== Y oxitons:

oscillation n the

presence of the

geomagnetic field
B background

AVAVAVAY) . AVAVAVAN S TR S ¥ Fho&mm: oscillakion

P r  millicharged particles:

'y annihilation process in
N the presence of the
% geomaqhetic field
K background

CbT/ We assume bhe darle wakker ko be
Bgeo symmelric: p, =ie, (0% 0, — P 0, ¢™) =0

!
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Millicharged dark matter

We include the Earth gqeomaqgnetic field ﬁge
background
BgCO i V X A geco
A oeo . Jeomagnetic vector
potential

Coulomb qaugqe:

V-A,, =0, A =0

geo

—

We determine Ageo from: V X Ageo T Bgeo
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Veckor geopotential

VXV XAw=V X B =T

e -
v Ageoz _Jgeo

—

Aoy ) = - Jaﬂx' GG 7)o @)

G(X,X') : Green's function associated to V2 with
vanishing boundary conditions

-

How is Je, ¢



Structure of the Earth

The Earth is made up of a series of layers

Crust

Mantle

Outer core

/ Inner core
k.

7800 miles
(1,300 kilometers)

1,400 miles
(2,250 kilometers)

1,800 miles
(2,900 kilometers)

5 to 25 miles
(8 1o 40 kilometers)

IGRF model works well

Tmantle Tinner core
J =J = ()

geo

—_
jouter core
geo

= something complicated
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e
NV, A
\ . B
P £ "-‘.\\ ’—i~_‘

geo
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Veckor geopotential

Model building for the outer core current

eWe khow that the rms value of the
maghetic field varies between:

Bél(’:IlS = _J' dVBozc = 25 — 10 mT {L‘q Cr, ?rQVO\ELdLS, ?thbﬂQ
Voe Jy, Scripka 99, 025006 (2024-)]

oC

¢ The value of the magunetic field in the
inher core is uniform and given bjz

e The wmagnetic field ot the wmantle is
descried by the IGRF model:

¢ The currenks vanish smoo&hi.v on the outer
core boundaries:
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Veckor geopotential
Model building for the outer core current
TG =T Y, 00,90) +J,(N ¥, 00, 0) + LD, (6, p)

B oool®) = B(1) Y150, 9) + Bi() ¥ 14 (6, ) + By(ND (0, 9)

V X B gy = Jgeor V:Bg,=0
— 471' R 3 —> |
IGRF — — ? o\ — <2Y10—‘P10>
r
r
B, = — E]r No cownbribution to IGRF

B, = J'dr’ G,(r, 1) 1/3 dd’ ( 3 Jz(’”/)) conbribution to IGRF
r> dr

dB,
B,,=7‘—+Bl—7‘]2
dr
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Vector geopotential

Model building for the outer core current

h=ay+ar+ar*+ar +a,r*+asr

J.==28(r—R . )*(r—R..)> This form ensure smoothly
vanishing for J. and J

J2 (Ricb) = ]2 (Rcmb) — Oa Jé (Ricb) =: Jé (Rcmb) =0

b I(Ricb) =b ic, b 1 (Rcmb) = b %GRF

Q rms 1 2

[ is debermined b3 B~ = V. dVB;. =2.5—10mT
oC

2 o R P 2 @)
DO Bl ©




~) NNU - B R FaRE

A" 4 NANJING NORMAL UNIVERSITY

Geomagme&& stghal

iR R H == ir (R\’ -
r ’ ’ £ & ’

fp=1-46 accounts for the uncertainty of the magnetic
field in the ouber core

Now we can finally calculate the moagnetic
field signal:

V-B =0,

> 2e2 poviBy R R\ / — — iz (R\ =
RME=RALLECL (1.01,3 (-) <2Y1,0—\Pm>—,/ < > T,
ms r 3 \r

The fact that Jogp ~ 1/ m; s a clear advantage with respe«c& to axtons

and dark photons where Jqgi ~ Vand Jeir ~ 1y, respectively.
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Geamagv\e&{: stghal

A 2e” povBo R* 4n h— .
B (1) = —/’DM70 LY - 20260, | e
mg% 3 R

We take the results from SuperMAG and SNIPE Hunt and put constrainks

On mittiaharga«:& dark makbker fIHz
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Cownclusions

o We considered wmillicharged dark wmatter and their
effect on the Earth’s qeomagnetic field

e We calculated the magnetic field signal for ﬂfrequ,emcies
below Hz

o For millicharged dark wmatter the signal is enhanced bj

a 1/m<125 behavior of the effective current

eUsing axion search bounds we were able to put
comstraints on millicharged dark watter up to 17 orders
of magnitude sktronger than stellar evolution bounds

& TRy A




