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Abstract

We elaborate the problem of magnetized particle motion in the spacetime of a static, spherically
symmetric black hole influenced by weak magnetic fields stemming from visible and dark matter
sectors. The Wald’s procedure for obtaining the weakly magnetized solution, generalized to the
case of dark photon - Einstein-Maxwell gravity was implemented. The collision process analysis of
two particles in the background of the black hole has been studied in order to find the signature

of dark matter presence in the nearby of the object in question.




1. Inkroduckion

Dark
matter

Dark

energy Y The matter
we understand.
All the planets,
comets, stars,
galaxies, black
holes, and more.

Credilk: NASA/JIPL-Caltech

Visible makter: 49%
Dark matter (DM): 26.6%
Dark energy (DE): &6%.5%
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o Standard model (SM) explains three fundamental forces and smaller-than-
atom particles.
o Bubk SM unable to explain gravity and the nature of DE & DM

3 A extension to SM khnown as Dark sector
@ The qoal is to prtaam dark makber
@ DM particles interact with each other bj exchanging Dark photons

Darke Pko&oms

o Carriers of force
o Can switch back and forth with ordinary Credit: htps://dx.dol.org/
10,10¥%/14-02-4%96/obfef?
Phobms
o Abelian qauqe boson «coupiecl to the Qrdimarv
Maxwell gauqge field
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https://dx.doi.org/10.1088/1402-4896/abfef2
https://dx.doi.org/10.1088/1402-4896/abfef2
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“»xper&memht searches

Inspection of dilation-like coupling to photons caused bv
ultra-Llight DM

Fine skructure cownstant oscillakions

Darlke Pko&om emission during superinovae event

Eleckron excitabtion measurements in CCD-like debector
Search for dark photons in e+ and e- collisions ot BABAR
experi;mem% abk SLAC

Boosted decision tree technique to distinguish imbalance due
to darke Fko&ams tn ATLAS experimem&

Darlke pho&am creation abt LHC bj meson c&ec&:j, quaﬂ«f’mo\m&
quark annithilabtion
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3. Model of Dark Photon

The action describing two coupled, massless gauge fleld is given by:

SM—dark photon — Jd4x< i FﬂVF i o B,MI/B e aFﬂI/B ,m/)

To qeb rid of the kinetic mixing term, we define new gauqge fields as

. 2-a ‘ . \/2%a
A, = 5 <AM 3 Bﬂ) and B, = 5 (Aﬂ + Bﬂ)

This gives;
F,F* + B, B* +aF, B* => F F* + B, B"

~/ ~J ~/ ~/

We sek: K, sy and B =200 (8)



Now, the action can be writkten as

~J ~J

SM—dark photon = Jd4x ( " F,btvF gt BMUBMU)

~J ~J

Variation of the action wrt g, , A and B, gives

Y and VB =0

For aamsis&ewt‘j, we also redefine charqes as

4 :\/2—a(e_€d) i =\/22+(x<

2 5 e e ¢ €p “ian ed)

The resulting action of massive charged particle influenced by both visible and
dark matter sectors is assumed to be:

S = — Jm\/—dsz T J'Aﬂdx” 7 éBJBde”
(&)



The standard calculation leads to the following equation of motion:

Du* S s
m . (eAF/“‘” 4 eBB””)u
dt
As a resull, the four-momentum of the massive particle subject to 2

gauqge fields can be written as

L?

~J

p, = mu, + eAAﬂ + eBBﬂ :

Transforming the charges and fields back, we qet
a
p,=mu,+eA, +e;B, + E(edAﬂ 4 eBM) .

And this becomes

94
pﬂ:muﬂ_l_e(Aﬂ_l_EBﬂ) Whein gd:O
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&4, W@.aw{v Magnetized Black Holes

v, i — 0 and v, B — g I Lorenz gauge, written for sphemtzauv svmmeﬁma
EE with vanishing Ricel tensor gives:

~/ ~/

A'=0 and (OB'=0 Where []=g"V V,

~J

A, and B, can be defined as a Linear combination of Killing fields, Therefore,

7
A=y &N+ and H—
() 2 (45) B 51 (1) 52 )
We make use of following definitions:
i 5 i 5
3aM = — Jeaﬁyﬁ VIEH 167] = Jeaﬁ},(s Ve
87Q(F) = Jea F7 e =V
pro B3nQ(B) = | €44,5B" o



Consider the Maxwell field: ™ = VEAY — V¥ AH

~/

e = _}’1 56) T2 5@)_ % Vo _7’1 (l;) 15 ) (//éb)i

Bukt VK, = - VK, Where K is Killing vector

Using the above equation P =2y V¥ & + 27,V &)

Using the relation 87Q(F) = Jeaﬂygﬁ " we qet,  QO(F) =2yM+4y,J

BS" o 7
i ! ' — R >
e T P~ i - ab where g = —
Assuming ¥, 5 3 Y1 i > -
(D) . : N
HQM&Q, AM i BO Ho4 D gEH Q(F) I
7 |9 (1) M "D
o B® : B
SLM&LQT&? D= 0 o4 gEH Q(B) U

2 W@ ® M C®



B(gf”') = \/22_ . (BéF) —~ B(§3>) and Bég) = \/2; i (B(gF ) + B(§B>)
~ %7 i 2 +
oy =Y — (o) -0®) and 0B = s — (o) +om)

When a=0 and @ =0, we cbtain

B

Xy —
2

)

BH — o

gi AL
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5§ Collissions of particles in the vicinity Black Hole

We solve the Hamilton-Jacobi equation and obtain the four-velocity
components of a particle in the vicinity of BH.

ap 4 o R i 6. Ap,— B, | = —m?+m D*F,_+m D*B
8 Py €l — €pDy 2 €A p €B Py Fo W B MV

D/{;)(B) :descibes properties of the particle immersed in both U(1)-gauge field

Their explicit forms are

el :\/2—a<

iy (F) _ ,, B zuwpsd,, f
D(F’) i > Hs ' — Us ) €U, B
\/ 2+« i
i Do (F) (B) \ zuvpo
D(B’) B, = > (/45 + U ) € u, B

,u(gF),//té(B ) : stand for the four-vectors of dipole moments of magnetic

Par&cte bounded bj Maxwell and darke tha&am
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E2

f( r) 2 (F) 02)

We use this form of action in the Hamillon-Jacobi equation to obtain four-velocity,

1 % 2 s = < = 2
S=—FEt+L ¢+ Jdr\g(r) [ (L — ey éBqu> o m<Dﬂf Fu+ D5 B/ﬂ/)]

The centre of mass (COM) enerqgy of the particles is %%M =1 — gﬂyuf I/tg

The explicit form of COM energy in our case is

%1 C@”z 1 (l éAA¢ EBB¢)(Z éAA¢ 53345) 4
1 %

nm m m m

2_1|

m m m

1 e A" el
1 [%% f(r)<l1 S

r) (D(/}”)FW + Dgg)éw) (1)]
| X

S o= UV T 7178 5
f(]/‘) <l eAA¢ eBB¢ >2 1 f(r) <D(F)F//ly D(B)BMV>(2)]
) AL

m m m
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5.1 Two magnetized particles

: Eouiil b 7 : ' : 5 £ i
S =1+ == == | B =[S+ 1= VTORE B [ | 8 f0)(5 + 1 = VTP, B ) |

I L

72

L>0: Repulsive Lorentz force (away from BH)
L<o: Attractive Lorentz force (fowards BH)

COM enerqgy increases as one moves closer to the event horizon
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5.2 Magnetized and charged particles

e o £(r) a ol 12 . e a
#2, =1+ fl(r) 2 = [%% s 7(11 | er2<w<F> + Eww)))z —f(r)] bx | &2 —f(r)(r—zz + 1 = FDB.(F, B, a))] % ﬁ<ll & er2<w<F> % EW(B)>>12
where B(F) BB
W) g o and w®=_2"

Higher concentration of darke matter
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& Constant homoqgeneous magnetic field

We suppose that there exist magnetic fields stemming from those sectors in
the vicinity of BH, being axisymmetric and homogenous at spatial E,wfm&&v.

1 .
The conserved qu&i&&es are: 6 = mf(’;)]?ﬂ =t J(r)
1 : N i e SN
[, = Z (’“;b)pﬂ = sm26’(¢ e eABgF) + eBBgB))
where
: : 3B) — _€ p®B
) — & p B” ===
BO = . BO 0 Im 0
: \/ 2+ a
& ol \/2-0{ (B(F)—B(B)> BSB) 5 <B(§F)_|_B(§B))
0 b 0 0 2
The normalisation condition of the nfourmvetm‘::a&v uu, = — 1 leads to

&=+ rf(Ng* + U,
(18)



where B

Wil =
] e 2m
U.=fr]1+rsin?6@ : e(w(F) + —W(B)) 4 (B)
off =110 r2sin? @ 2 kR 5o
2m

M=3, [,=2M, e=1
w'f=0.5 w8 =0.5
6="1

The position of nermost circular orbit (ISCO) is determined by

0, Upr = 0 and a%Ueff =0
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By solving above two conditions simu&ameoustv, we qget

e(w(F) aw(B) | . \/2M(6M —7,)

2 ) V2sin®  r,|4s2 — 18Mr, + 12M2 % ZM\/ (3rs — 2M) (6M — 1) |12

\/2M(sin O)r,
r, =\ r?

1
+ _
V2 r,|4r2 — 18Mr, + 1212 + 2M\/ (3re — 2M) (6M — ry) |12

l, =

In order to visualise the dependency of ISCO on a, let us define two functions:

MM —r,)

e? (wm + %W(B))zsin2 s,

O*(ry) = 4ri — 18Mr3 + 12Mrz + 2Mriy/Gry — 2M)(6M — 1)

MM — r.,)

e? (W(F) 4 %W(B))zsin2 s

Q(ry) = 4ry — 18Mr3 + 12Mri — 2Mrin/(Brye — 2M)(6M — 1)
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The radius of ISCO decreases as the
Maxwell fields increases.
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Sunm MATY

o We have considered motion of magnetized and charged particles in
the spacetime of spherically symmetric weakly maghetized BH,

- We take into account Einstein-maxwell gravity with dark sector,
using the so-called dark photon theory.

' U()-gauqge field coupled to ordinary Maxwell one is respomsible for
the tnvisible sector.

The weakly magnetized solution has been found using Wald's
procedure.

It was showin that magnetic coupling parameter, res onsible for the
strenqgth of external magnetic fields, is influenced y dark matter

sector magnetic field and a-coupling constant.

Thanlk Yyou, for Yyouy attention’’
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