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Green 2019 Table 1. 294 Galactic supernova remnants: summary data.

[ b RA (J2000) Dec s1ze type Flux at spectral other
(hms) (* ') Jarcmin | GHz/Jy index  name(s)

0.0 +0.0 174544 2900 3.5x2.5 S 100? 0.8? Sgr A East
0.3 +0.0 174615 -2838  15x8 S 22 0.6
0.9 +0.1 174721 -=2809 8 C |87 varies

1.0 -0.1 1748 30 -2809 8 S 15 0.6?

1.4 0.1 1749 39 =27 46 10 S 27 ?

1.9  +0.3 174845 =27 10 1.5 S 0.6 0.6
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‘ +0.3 175255 -=2528 I8 S? 3? 0.6
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Name T () L[S.(i] Reg Deff Rq >d M1 Ry Vi Q Retf.
(°) (10°Le)  (kpe) (Lo pc?) (kpe) (Lo pe™?) (109Mp) (kpe) (kms™1)

(1) (2) ; (5) (6) (7) (8) (9) (10) 1y (12)  (A3) (14) (15)

CamB 10 3.3640.26 65+5 0.075+£0.003 1.21 7.9 0.47 66.2 0.016 2
D512-2 10 15.20+£4.56 56410 0.32540.022 2.37 9.2 1.24 93.9 0.108 3
D564-8 10 &8.79+£0.28 6317 0.033+£0.004 0.72 10.1 0.45 30.8 0.039 3
D631-7 10 7.72+0.18 59+3 0.1964+0.009 1.22 20.9 0.70 115.0 0.385 57.7+£2.7 1
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Boson Stars, and binary mergers:
Croon, Nelson, CS, Walker, Xianyu  Astrophys. J. Lett. 858
Croon, Fan, CS JCAP 04 (2019) 008
Guo, Sinha, CS JCAP 09 (2019) 032
Guo, Sinha, CS et al. JCAP 10 (2021) 028
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JiJi Fan, Lingteng Li, CS Phys.Rev.Lett. 135 (2025) 23, 231801
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O Github: ChenSun-Phys/axion-magnetic-resonance
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Experimental Implications

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:
® superconducting dipole magnet ~ 5 T
® 1740 magnets adopted by RHIC

® 30-/36-strand SC cable for...
... 80-100/130-180 mm apertures

® B field rotates 360 degrees in 2.4 meters

® designed to control proton spin for polarized proton

colliding

10.1016/50168-9002(02)01940-X
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Scanning Different Axion Masses

102 101 109

Lo

/! V‘i
- Ik
>
w o
O,
> 10710 - U
o 5
: —— const B

— wiggler
——— discrete helical

1072 - h

o : : —
m, [eV]




llllllll

I

T T T T llllll]

- --- Constant magnetic fields -

——  Helical magnetic fields :
" '

- BabyIAXO

TAXO

---- Constant magnetic fields -

Helical magnetic fields

1 Lol | L1 1 1|

-

L

10’




Conclusion

a) Many UV theories predict low energy d.o.f. that exhibait
b) New astrophysical and comological observations 1nto
interesting parameter region by leveraging such features.
- supernova remnants (radio)
- galaxy rotation curves (radio, NIR, optical)
- binary mergers (GW)
- cosmic distance (X-ray and optical)

- neutron stars (X-ray spectrum, polarization, and pulsation)

¢) There exist to turther enhance the signal strength.
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Van Bibber et al. 1987, PhysRevlLett.59. 759
Raffelt & Stodolsky 1988, PhysRevD.37.1237
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O Github: ChenSun-Phys/axion-magnetic-resonance

—— analytical: rotating B
—— analytical: constant B
numerical

Seong, CS, Yun Phys.Rev.D 110 (2024) 1, 015018
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- 12 pieces of HERA dipole magnet,
- 106 m for production, 106 m for regen'

- continuous laser: 1064 nm, 30 W

- optical Fabry-Perot resonator:

+ 5000 power build-up ~150 kW 1n prod' cavity

40000 power build-up 1n the regen' cavity

- detector: cryogenic superconducting
microcalorimeter (TES)

- started data taking on May 23, 2023




Experimental Implications

CONTAINMENT—, T INNER LU —SLOTS FOR HELIUM PASSAGE
VESSEL \ \ \ AND BUS WORK

/— LAMINATED

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:
® superconducting dipole magnet ~5 T
® 1740 magnets adopted by RHIC

® 30-/36-strand SC cable for...
... 80-100/130-180 mm apertures

—T—[] L. SUPPORT CRADLE

10.1016/50168-9002(02)01940-X




Experimental Implications

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:
® superconducting dipole magnet ~ 5 T
® 1740 magnets adopted by RHIC

® 30-/36-strand SC cable for...
... 80-100/130-180 mm apertures

® B field rotates 360 degrees in 2.4 meters

® designed to control proton spin for polarized proton

colliding

10.1016/50168-9002(02)01940-X
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Experimental Implications — B regularity

| —— constantB

10-18 { ~77° helical zero noise A simplified model:

® ¢ takes N values along the whole baseline

larger N ~ larger noise frequency

® in each interval, 0(z) = 0 + 56(z)

larger (59/é ~ larger noise amplitude

® assume §60/6 to be gaussian around zero




Experimental Implications — B regularity
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e larger 060 /60 ~ larger noise amplitude
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Experimental Implications — B regularity

10—17 5
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10-19 ® () takes IV values along the whole baseline
S larger N ~ larger noise frequency
o 107 _
Q ) ) - - B
® in each interval, 6(2) = 0 + 00(z)
10-21 , . . .
e larger 06 /0 ~ larger noise amplitude
10-22 Y /A -
® assume 0#/6 to be gaussian around zero
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10- 10°

Repeat same exercise for different m,



Experimental Implications — B regularity (cont’d)
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Experimental Implications — B regularity (cont’d)

211/0 [m]
103 102 : e
P A simplified model:
—— Zero noise
| —— 28 MHz noise, 10% A ® /ero noise reach: AMR ftloor
_9_
_l'.—log o N =10, 6 = 10%
>
)
O,
S 14-10 .
0" cast |
~Globular ___ /"~ o
.ﬁ_:—;j:
10—11

ra . — 775
m, [eV]



Experimental Implications — B regularity (cont’d)
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Experimental Implications — B regularity (cont’d)
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10—8. P )
—— ALPS Il, const B

| Zero noise

| = 5.7 GHz noise, 10%

Jay [GeV™']

10—11

103

1079 -

1010 -

CAST

A _N =N B B N =N B B N N =B N N ] LN N B B N B B B N B B =B N =B B N N =B =B N B B =B N N B B N N §

A — S . — S B B S S S R S G S S S S W RN WRNR W WD RSN WENR WD WSS WSNL WSS WSS W W——— s wy

m, [eV]

A simplified model:
® /ero noise reach: AMR tloor
e N =10, 0 =10%
* N=10,0=1%
e N = 2000, 6 =10%



Experimental Implications — B regularity (cont’d)
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Experimental Implications — B regularity (cont’d)

Magnets at Relativistic Heavy lon Collider (RHIC), BNL:
® superconducting dipole magnet ~5 T
® 1740 magnets adopted by RHIC

® 30-/36-strand SC cable for...
... 80-100/130-180 mm apertures

® B field rotates 360 degrees in 2.4 meters

® designed to control proton spin for polarized proton

colliding

® sub-percent error in field irregularity easily achieved:

[ |B|dz ~ 10T -m
(] Ba(e)d)? + ([ By(2)d=)?] - <0.05T m

10.1016/S0168-9002(02)01940-X
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Analytic: const B

Numerical

JHEP 03 (2025) 071 0 [k(}\/]

Seong, CS, Yun 2025:
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