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Based on

* Tim Linden, TTQN, Tim Tait, X-Ray Constraints
on Dark Photon Iridents, submitted to PRL
(arXiv:2406.19445)

 Tim Linden, TTQN, Tim Tait, Indirect Searches
for Dark Photon-Photon Tridents in Celestial
Objects, submitted to PRD (arXiv:2402.01839)
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The Dark Photon Trident
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Dark photon scenarios (models)

Dark Photon mediator Dark Photon Dark Matter

 Dark matter is fermionic particle

» Dark photon is the portal * Dark photon is dark matter

particle » Mixing with SM photon

 Dark matter can annihilate to
SM particles through dark
photon (hew interaction)

 Decay to SM particles

3.5



Dark Photon Mediator



Dark photon from Celestial Objects




Dark photon from Celestlal Objects

e Dark Matter scatters with
nucleons inside celestial
objects.
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Dark photon from Celestial Objects

e Dark Matter scatters with
nucleons inside celestial
objects

 Dark Matter is captured by
the celestial object.

o Captured Dark Matters
annihilate to long-lived
mediators (dark photons).

e Dark photons escape and
decays into three photons.




Can we see these signals?
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Celestial Objects in the Solar system
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Celestial Objects in the Solar system
Jupiter The Sun

* HAWC 6 years

m,=1TeV
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T. Linden, R. Leane (2104.02068) HAWC Collaboration (2212.00815)




Galactic Center Region

R. Leane, T. Linden, P. Mukhopadhyay, N. Toro (2101.12213)



Galactic Center Region

Brown Dwarfs

Galactic Center
Brown Dwarfs
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R. Leane, T. Linden, P. Mukhopadhyay, N. Toro (2101.12213)



Galactic Center Region
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Bounds on DM-nucleon cross section

CMB and Sma.-ScaIe Structure

XQC

Direct
Detection

-.’.—

\Galactic Canter-Brown Dwarfs

| m, [GeV]



Bounds on DM-nucleon cross section

Direct
Detection




Dark Photon Dark Matter

y

A/
@l

v




INTEGRAL/SPI 16 years-data & =
S

,. -
4 L - -
- o ' . .
» ; V » N X » » ) ’
- - \ { .
: » \ J/ 7N R - . .
v 21 5 ./,, ‘,_ bt | e - \ls .

RN " 74 *&
' B . 7 T

100
Photon energy [keV]

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPI 16 years-data & =
&

- -
L - -
. A o
» : . N X 3) ’
= a l‘ ’\ \ { ™
: » \ / 2 RO = . .
e Lt » '/-" \ "- bt | o . » '

2 ¥ 0o " 7 )\ *«i
’ ’. . / . .r

I—‘
o
&

-
9
1N

May = 400 keV

I—l
o
o

|_Ir|—1
=
U
7
—
IUD
D
=
O
e
S
<
=
as

100
Photon energy [keV]

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPI 16 years-data &

/ by 2 Ao L& TGRS L
. - o - '

‘_Ir|—1
>
U
7
—
ICD
h
=
O
e
e
<
k=
(L

100
Photon energy [keV]

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPI 16 years-data &

’ . At
/ . 7 . ..
. /, _ . ,v‘. ! -
> K s a8 b 1
» ~ \ { .
, b & .\ ‘.I/ ' - .k .V\ " . .
- Lt = - ./' \ ‘,~ s L ¢ Mo ‘
o 0y /s 5
. . - y ’ o
’ . (" Ly \f

‘_Ir|—1
>
U
7
—
ICD
h
=
O
e
e
<
k=
(L

100
Photon energy [keV]

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPI 16 years-data &

| SIALE e Vs
>

U

—7
i)

9
0

=

O

-G

i

<

=

L

o e Positronium decay

Photon energy [keV]

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPl 16 years-data &
R S

‘_Ir|—1
>
U
7
—
ICD
h
=
O
e
e
<
k=
(L

e Positronium decay
100

Photon energy [keV]

e 'Be nuclear line
Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483)



INTEGRAL/SPI 16 years-data &~
W - Ly " =*

4+ INTEGRAL Unres. Sources - \// 5 :é*’\“ : ‘.
—— Total Diffuse Inver. Compton ey 4 , B
—— b -t , e U
— A'-yyy Positronium e UG \
—— Be nuclear line R T o T
==—— : . o . \
ma = 400 keV ; Nominated by INTEGRAL

and European Space Astronomy

Center (ESAC)

100 .
Photon energy [keV] for Picture of the Month!

Tool: 3ML (1507.08343)

Template: Thomas Siegert, Francesca Calore, and collaborators (2209.06299, 2202.07483) S



New Constraints on the Dark Photon
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Yuksel et al.
Redondo et al.
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New Constraints on the Dark Photon
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Any future for DPDM?
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Take home message

e Dark Photon is cool!

e Indirect detection is cool!

* On-going and future observations can probe more
parameter space of this dark photon model, and
other BSM scenarios as well!




Thank you for listening!
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