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Dark Matter

Ordinary matter

Dark energy 4.9%

68.5%

Dark matter

26.6%

Credit: https://www.astronomy.com

Standard Model of Elementary Particles

interactions / fo

three generations of matter three generations of antimatter
(elementary

(elementary fermions) (elementary antifermions)
| Il il | Il Ul

=2.2 MeVic? =128 GeVic =1731 Gevic? =22 Mevic =1.28 Gevict =173.1 GeVic o
. : 48 < o
u I I QI I @I @ |
up charm | top || antiup antlcharm anmop gluon
- - - -
~4.7 MeVic =96 MeVic ~4.18 Gevic 4.7 MeVic =96 MeVic 4.18 GeVic

o

Dl-olfol Ol © ®|f @

down strange |
J )
=0.511 Mevic: ~105.66 MeV/c: =1.7768 GeVic ~0.511 MeVict =105.66 MeVic =1.7768 GeVic: =91.19 Gevics
oy " 1 1 + 1 — 1 — o N
, & DI @ | € || @I @
electron muon tau positron antimuon antitau J Z° boson
/ e/
2.2 eVie* <0.17 MeVic* <18.2 MeVic* <2.2eVic <0.17 MeVic <18.2 MeVic* =80.360 GeVic
{4 0 o P55 0 7 0 > 1
o b & | & | & | & | & || \M
electron muon tau electron muon tau
neutrino neutrino || neutrino i ino i ino i i

Credit: Particle Data Group, Standard Model chart

Observations
from starlight

Velocity
(km s-1)

Ex
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10,000 20,000

Credit: NASA/ESA

Rotation Curve
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bottom || antidown | antlstrange antlbottom‘ photon
il — C

1 \
- @ |
boson || W™ boson

30,000

Distance (light years)

Structure with
the Atom

ree carriers
bosons)

Quark

Size < 1079 m

=124.97 GeVic?

H

higgs

Size ~ 10-15

Size ~ 10%m

1f the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in.
size and the entire atom would be about 10 km across,

=80.360 GeVic:

Credit: https://prancer.physics.louisville.edu

pected from
visible disk

| 8?063 >
Cre rt'the James Webtﬁpaoe

40,000

Structure of the Universe
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Axi on D ar k M att er 102ev| S | eV GeV ooy

- .

« A well-motivated dark matter candidate Vltalight” DM “Ldigf:t” DM WIME - Con
non-therma ark sectors

 An ultralight dark matter (mass: ueV - meV) bosomic felds - sterlley

« Can convertinto photons under the presence of the strong magnetic field.

,
efta o ety
. (up(r) =m,
} }
Plasma Photon

Credit: Mikaél Leroy| GRA
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=

onh Dete

Credit: The light-shining-through-a-wall (LSW) experiment, Battesti et al., Physics Reports (2018). ‘%j,

meter Array

Direct Detection & Experiments Indirect Detection
*No confirmation* THIS WORK!!!

8/20/2026 Nutnicha Masoongnoen 4




The Atacama Large Millimeter/submillimeter Array
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ALMA Observation

Band
O,‘ ¥

VOSTIC | hv = mc? ]
Frequency (GHz) | Axion mass (meV) 9 y _. ;
1 35-50 0.14-0.21 Y G ) . Mo
2 67-84 0.28-0.35 : T\ I [/ 8
3 90-116 0.37-0.48 o FCpex0 (AN
4 125-157 0.52-0.65 T V7 £ D )
\ — Y\ Pl 5 163-210 0.67-0.87 B . A .\ -
Observational time: i 211275 067114 5
for 100 hrs. N 7 276-373 1.14-1.54 0
— — 8 385-500 1.59-2.07 RN
The Atacama Large Millimeter/submillimeter Array |9 602-720 2.49-2.98 A WA A o
10 787-950 3.25-3.93 3 e 4
*
* Frequency matches axion mass window in meV .
« Ultra-high sensitivity for weak signals: 0.739-87.9 uJy .

¢ High angular resolution: up to 0.004 to 0.005 arcseconds Band 10 e,

Band 2
- Dry high-altitude site: about 5,000 m altitude reduces atmospheric noise  credit: ALMA Cycle 13 Technical Handbook

 Southern Hemisphere location provides better visibility of the Galactic Center with lower interference.

8/20/2026 Nutnicha Masoongnoen 6



Which source is suitable for this conversion?

Magnetar = Strong magnetic field neutron star

with Extremely strong magnetic field above 101* G

vs = 10 km

high-mass star

8 —25Mg| neutron -
star

supernova very hlgh mass star

more than 25M, black

© 2012 Encyclopaedia Britannica, Inc

Credit: ESO/L. Calgad

High DARK MATTER DENSITY region

» Imply to the sufficiently axion dark matter density

/" The Galactic center \ (@ 1210

(dark matter)

<_ spiral disk

(visible stars)

—

Credit: htt ‘s://kids.frohtiﬂersin.or /.

8/20/2026 Nutnicha Masoongnoen 7


https://kids.frontiersin.org/

Magnetar...The Strongest Magnetic Star

A .

" PSR J1745-2900

s A S .+ ...+ Extremely magneticfield By = 2.4 x 101* G
3T AR P s ~.». Located near Galactic Center

4¢ © = . Local Axion Density (p,)

e 2Po0 Va(T)

» p,(7r) is the local axion density
1 i ~ » P isthe dark matter density near the star: p,, = 10%pg
‘ - » pge islocal dark matter density around the Sun.
S, - o > v, isthe dispersion velocity: vy = 236 km/s
PSR J1 7,45._2900 » v,(7r) is the axion dark matter velocity: v,(r) = zch
produced:by the e ) . . . Y
e Gbservatory /2005_2008 T » ristheradius, M is magnetar mass, G is the gravitational constant

8/20/2026

Nutnicha Masoongnoen



Magnetar magnetosphere

/- Plasma around Magnetosphere

0B, (r Minimum
Me(r) = K Grge 7

» 0 =2m/P,Pisthe spin period

plasma density
in Neutron Star

» risthe radius
» K is the effective multiplicity «uu—

must be tuned
correctly!!!

k> e is electron charge, c is the speed of light

( The misaligned rotating magnetic dipole:\

3
Bg (T ~
B,(r) = 70 (70) [3cosf i - T — cosOy],
» B, is the magnetic field strength at magnetar surface
» 1y is the magnetar radius, r is the radius

» 0 isthe viewing angle

K> 0, is the misalignment angle /

Earth
/

field lines

—

~Light cylinder

e ——

Inner 0, = 10

Outer ~~_Magnetosphere | ‘B, = 2.4 x 10' G

magnetosphere

8/20/2026 Nutnicha Masoongnoen

Credit: A. Philippov and M. Kramer, 2022
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Axion-Photon Conversion

Probability (P,_,, )

(B(r))*r

2
Yayy

p _ /A
VO3 v

my

YVVVYVYVYV

Astrophysics Particle
Physics
DON’T KNOW YET

Jayy IS the axion-photon-photon coupling
1. is the conversion radius

B(r.) is the total magnetic field strength
v, (1) is the axion dark matter velocity

m, is the axion dark matter mass
pa(1e) is the local axion density

8/20/2026

*Needs to be CONSTRAINED*

within the parameter space accessible to ALMA observations

* How heavy the axion mass: m,
* How strongly it must couple : g,

* How dense the minimum plasma density : k

Nutnicha Masoongnoen 10



Objective

* To predict the possibility to detect axion dark matter
* To see ALMA’s potential to probe axion-induced signatures

* To constrain the axion parameters within the parameter space
accessible to ALMA observations

8/20/2026 Nutnicha Masoongnoen
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Axion-Photon Conversion

At Conversion Radius

e ™ » wp is the plasma frequency
dmang(r.) » 1. is the conversion radius
wy(1e) = - » «ais the fine-structure
_________ € » m, is the electron mass
) ~ /> n.(1.)is the plasma number density

V7 e 17577V ]
- — 17577peV 1 Lower mass

1004.97 peV ]
1339.96 eV
1830.03 ]

Higher mass

[ . . ]
0 /2 n 3n/2 2n
Instantaneous phase, wt

Minimum multiplicity coverage all bands
8/20/2026 Nutnicha Masoongnoen 12
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Radiated Power per solid angle

{ Sa—>y — Zpaﬁypa(rc)va(rc)rg ’ J

10185 T T T T ! I ! 3
£ Viewing angle
-=- 0=36"

I — 0=54° |
v r

e o o o o ——— e ————— ]

1014.” ............................................................................... .

1013 : y : ' :
0 /2 T 3n/2
Instantaneous phase,

P,_,(gayy ) = axion-photon conversion probability, p,(r.) = the local axion density, v,(7;) is the escape axion velocity,

1. is the conversion radius, g,y is the axion-photon-photon coupling
8/20/2026 Nutnicha Masoongnoen
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Predicted Signal (5,_,,)

<5§—>)/>_<5a—>)/>2

Consider the variance over magnetar rotation op =

2
(Sasy)
Therefor \/7
erefore, Sa—>y — O-TSa—W
1018 T T E
; Viewing angle }
i P =376s | 0%
107}
I 16 Lo,
g w0 ot = 0,27
T 101 ‘ 2
1014; __________
Earth
1013 wt =m/2

Instantaneous phase, wt

14
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Predicted Signal (5,_,,)

1071 T T T T T T 1 F y T T T T 3 T ¥ T ¥ T "
. Viewing angle § Viewing angle ] Viewing angle
-=-6=36" 1 [ -—- 0=36" ] -—- 8=36"
— 6=54" | | — 9=54° | — 6=54°
.......... 8=90" e 8§=90°
1 F m; =1.8 meV 1 'F m; = 4.0 meV
10—5 1 1 1 i 1 1 1 ) 1 1 1
0 /2 m 3n/2 2 0 /2 m 3n/2 2n 0 n/2 n 3n/2 2n
Instantaneous phase, wt Instantaneous phase, wt Instantaneous phase, wt
[ ] o [ ) '
Gap of vanishing sighal depends on mass!
8/20/2026 Nutnicha Masoongnoen 15



Signal or Noise?

Og [ Os (Tsys) 1

Signal-to-Noise Ratio SNR =

A robust discovery typically requires SNR = 5 (50) corresponding to = 99.99994% confidence (1 in 3.5 million)

S, =5g : | < Astrgphysmal
a-y
. Signal?
36 ——
1o —— :
S Noise

8/20/2026 Nutnicha Masoongnoen 16



Constraints

Astrophysics Particle Physics

. B(rc)%r: | 94
SR S 7 v

Calculate from ALMA’s parameters

Unmodulated signal  S,.,,, = 2P, p, (1) V4 (118 (2)
Predicted Signal Sasy = V01Sasy (3)
4 2 I
g
Therefore, Samy & 1 (4)
N Ma Y

8/20/2026 Nutnicha Masoongnoen 17



Result & Conclusion

Frequency (GHz)
102 103

10710

10711

Gayy [GeV'l]

10—13 e
C 7 \ o
..... 0\‘-9:.-\"" . . . . ]
.......... 57’\ Leett KSVZ : Kim (1979); Shifman, Vainshtein & Zakharov (1980) 1
et et \‘)S' .... DFSZ : Dine, Fischler & Srednicki (1981); Zhitnitsky (1980)
14 A ‘,.-"I' ALP : Generic Axion-Like P?rticle (ALP) model/ BSM scenario
10_ 'l -‘ 'l Il L L 1 1 1 L 1 L 1 L L
1072 103

Axion Mass [ueV]

8/20/2026 Nutnicha Masoongnoen

ALMA explores a range of axion masses
since 0.14-3.93 meV .

ALMA observations are a viable method
to detect Axion-Like Particle (ALP) from
the conversion signals.

ALMA band 6-10 provide the possibility to
detect radio photon from QCD axion .
Demonstrates ALMA’s potential to probe
axion parameter space near QCD axion

models.
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Result & Conclusion

Frequency (GHz)

* PSR J1745-2900 provides a promising 102 103

10—10

environment to probe axion dark matter.

 Strong magnetic fields and high plasma

density enhance axion—-photon conversion.

* Minimum multiplicity for axion-conversion

- "
-' . P
e e O
. . o
" . .
. . .*

10—13 =

detection in all ALMA bands: k = 2 x 10%. ; et e ALP
L et " ]
et 0?'9:1\ ....... KSVZ : Kim (1979); Shifman, Vainshtein & Zakharov (1980) 1
___________ 9,".5-"' DFSZ : Dine, Fischler & Srednicki (1981); Zhitnitsky (1980) 1
1o-1ab et : g ALP : Generic Axion-Like Parlticle (ALP) model/ BSM scenario
L L4 2 3
« ALMA band 6-10 has potential to probe axion 10 10

Axion Mass [ueV]
parameter space near QCD axion models.

8/20/2026 Nutnicha Masoongnoen 19
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Next Process

* Modify the plasma multiplicity

* Develop a more realistic magnetosphere model

* Compare the results with observational data

8/20/2026 Nutnicha Masoongnoen

22



Reference

 Leroy, M., Chianese, M., Edwards, T. D., & Weniger, C. (2020). Radio signal of axion-photon conversionin

neutron stars: A ray tracing analysis. Physical Review D, 101(12), 123003.

 De Miguel, J. (2025). Retuning radio astronomy for axion dark matter with neutron stars. Physics Letters

B, 862, 139328.
« Cortes, P. C., Asaki, Y., Cerrigone, L., Kneissl, R., Messias, H., Carpenter, J., Kameno, S., Loomis, R., Vila-

Vilaro, B., Immer, K., Plunkett, A., Law, J., Stoehr, F., Saini, K., and Hales, A., 2026, ALMA Technical

Handbook, ALMA Doc. 13.3, ver. 1.0

8/20/2026 Nutnicha Masoongnoen 23



.'/
»)y
,

- ProbingAxion-Photon C.On'versi()n ih PS
- Magnetosphere with ALMA Obsery

,Nutniépa Masoongnoen’, Brandon Khan Cantlay'-2, Maneenate Wechakama'-2, Jompoj(\A
NS } . 1 National Astronomical Research Institute of Thailand (P‘ublic Organization), Ch‘iangmai, 50180, Thailand :

2 Department of Physics, Faculty of Science, Kasetsart University, Bangkok, 10900, Thailand ' "
Qulius/MaximiIians-Universitét Wirzburg, Institut far TheoretischePhysik und Astrophysik, Lehrstuhl fur Astronomie, EmiI-FischerfstraBe 310 L

—a

— ﬁ{/ , , AR " Presented by
| ' Nutnicha Masoong

-\ 20" August 202 é; 7 : 2 N |
- Auditorium (Centerfo&lnformation Technology and ‘\ ation Services (CITCOMS)) -\»\\
‘ < [ ] | Naresuan Univggs ,&3-}\ / ;

Julius-Maximilians-
UNIVERSITAT
Y MAX PLANCK INSTITUTE
ERZBURG FOR RADIO ASTRONOMY

KASETSART
UNIVERSITY



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Objective
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22: Next Process
	Slide 23: Reference
	Slide 24


   e ± a ↔  e ± 𝛾


  𝛍 𝐉 𝐲


  h 𝜈 =  m a  c 2


  ≡


    𝟏 𝟎  𝟏 4


   r NS   =   10   km


  8 − 25  M ⨀


  more   than   25  M ⨀


   𝑩 𝟎 = 𝟐 . 𝟒 ×   𝟏 𝟎  𝟏 𝟒   𝑮


   𝜌 a


   𝜌 a ( r ) =   2  𝜌 ∞   𝜋    v a ( r )   v 0


   𝜌 a ( r )


   𝜌 ∞


   𝜌 ∞ =    10 9  𝜌 ⨀


   𝜌 ⨀


   v 0


   v 0 = 236   km / s


   v a ( r )


   v a ( r ) =    2 G M r


  r


  M


  G


   𝜌 ⨀


   𝜌 a ( r )


   m ^


   𝜃 m  


  𝜃


   n e ( r ) = 𝜿   | 𝛺  B z ( r ) |  2 𝜋 e c  


  𝛺 =   2 𝜋 / P


  P


  r


  𝜿


  e


  c


   B z ( r ) =    B 0 2    (    r 0 r ) 3 [ 3 cos 𝜃    m ^ ∙  r ^ − cos  𝜃 m ]


   B 0


   r 0


  r


  𝜃


   𝜃 m


  P   =   3 . 76   s


   r 0   =   10   km


   𝜃 m =  10 °


   B 0   =   2 . 4 ×  10 14   G


  M   =   1 . 4     M ⨀


   P  a → 𝛾


   P  a → 𝛾 =  𝜋 3        ( B (  r c ) ) 2  r c   v a (  r c )          g  a 𝛾 𝛾 2   m a


   g  a γ γ


   r c


  B (  r c )


   v a (  r c )


   m a


   𝜌 a (  r c )


   m a


   g  a 𝛾 𝛾


  𝜿


   𝒓 𝒄


  𝜿 = 𝟐 ×   𝟏 𝟎 𝟒


   r NS


   𝜔 p (  r c ) ≃  m a


   𝜔 p (  r c ) =    4 𝜋 𝛼  n e (  r c )   m e


   𝜔 p


   r c


  𝛼


   m e


   n e (  r c )


   m a = 0 . 2   meV


  P   =   3 . 76   s


   S  a → 𝛾   [ W    sr  − 1 ]


   P  a → 𝛾


   g  a γ γ


   𝜌 a (  r c )


   v a (  r c )


   r c


   g  a γ γ


   S  a → 𝛾 = 2  P  a → 𝛾  𝜌 a (  r c )  v a (  r c )  r c 2  ,


  ω t   =   0 ,   2 𝜋


  ω t   =  𝜋 / 2


  ω t   = 𝜋


  ω t   =   3 𝜋 / 2


  ω t  


   S  a → 𝛾


   S  a → 𝛾   →     𝜎 T  S  a → 𝛾


   m a = 0 . 2   meV


  P   =   3 . 76   s


  ω t   =   0 ,   2 𝜋


  ω t   =  𝜋 / 2


  ω t   = 𝜋


  ω t   =   3 𝜋 / 2


   𝜎 T =    ⟨  S  a → 𝛾 2 ⟩ −    ⟨  S  a → 𝛾 ⟩ 2     ⟨  S  a → 𝛾 ⟩ 2


   S  a → 𝛾   [ W    sr  − 1 ]


   S  a → 𝛾


  SNR   =      S  a → 𝛾   𝜎 s


  SNR ≥ 5


  5 σ


  3 σ


   S  a → 𝛾 = 5 σ


  1 σ


   𝜎 s (  T sys )


   P  a → 𝛾


   S  a → 𝛾 = 2  P  a → 𝛾  𝜌 a (  r c )  v a (  r c )  r c 2  


   P  a → 𝛾 =  𝜋 3            ( B (  r c ) ) 2  r c   v a (  r c )          g  a 𝛾 𝛾 2   m a


   S  a → 𝛾 →   𝜎 T  S  a → 𝛾


   S  a → 𝛾 ∝    g  a 𝛾 𝛾 2   m a


  h 𝜈 =  m a  c 2


  𝜿 = 𝟐 ×   𝟏 𝟎 𝟒

