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Abstract

The North Polar Spur (NPS) is a giant structure that clearly shows up both in the radio and X-ray all-sky maps. Even though a half century has passed since its discovery, two competing ideas are actively debated to postulate its origin;
one is a local super-bubble near the solar system, and the another is a remnant of AGN and/or starburst outflow from the Galactic Center (GC) over 10Myr ago. In this context, recent discovery of gamma-ray Fermi Bubbles as
well as even larger X-ray eROSITA bubbles may suggest possible connection between NPS and these huge structures. In this study, we analyzed a broad-band radio observations covering from 22MHz (VLA) to 70GHz (Planck) for
the first time to provide a systematic analysis of thermal/non-thermal emission associated with the NPS. We show that the radio emission from NPS is composed of (1) Synchrotron radiation (2) free-free radiation and (3) dust
emission, but the synchrotron emission dominates over other emissions at high galactic latitude. In most regions, the electron spectrum indicates a power-law with its index (s of N(y) « y~°) of 2.2-3.0, moderated by a high-energy turnover
cutoff around y~10*(E~10 GeV), indicating that radio emitting electrons are already cooled in the NPS. The cooling time, assuming a typical magnetic field strength B ~5 uG, leads to ~10Myr, which provides additional supports that

the NPS is a structure in the GC. We estimated the non-thermal energy stored in the NPS to be ~2.6x10°> [erg] in case of the GC. We also estimated that gamma-ray emission associated with the NPS, though the inverse comptonization
of the CMB, peaks around 100-1000keV with a flux of ~107° [erg/cm? /s /str], that may be a good candidate of future detection by X-ray observatory.

I nt rOd U Cth N i ’ ’ o |Galact|c Center (8000 pc) | | é ! SNR (150 pc) !

T - 5 P fleeer 27K CMB

= = A, it IC ¢ Inverse Compton (CMB) S DR PSR SRS FEEIE T A S L S i
» North Polar Spur (NPS) ~ Radio and X-ray ~ » Radio NPS spectrum @22MHz ~ 70GHz B bkt 100 - 1000 eV EL i 1§ P [l

. . ; | 109 4 - DT . ; e : ; o N e ey haazcin i e ermicu e

= i = g . ¢ | Flux - ~10 [erg s~tem™ str 1.4 st - |7 Synchrotron

NPS orlgln still under debate Galactic Latitude NPS Radiation @ Radio ;E, 1078 i o b — et & L0 R R b o | o e SSC
1. Supernova Remnant (SNR) near the solar system 1 [deg] x 1 [deg] i i T el ool | | et | lomg| | [ OO

- I = 30 [dee] (Fi dependency (1) Synchrotron Radiation (I, « v—%vn) w10 R AU AL et

2. AGN and/or starburst outflow from the Galactic Center (GC) = 30 [deg] (Fix) v Cutoff at ~1GHyz T IR HD/S G N A 1RV .
v Dominant at low Frequency (~GHz) '%10-14 : 7z .I C( SSiC) ISynchrotron | [ = /7 N\  l° ;Bai:: =i
North Polar Spur .. 4 R 8 f . _ . -
PE (2) free-free Radiation (1, «v=%f; a¢~0.1) -0 100 100 101 101 10 10 10 10° 10 10 10 10 10% 10
e v High emissivity at low Galactic Latitude Frequency v [Hz]
gso b =60 [deg] ° (3:; [I;Ig: radl.atlc.)n at high I;requency (GHz~) electron cooling time YT —T——
. PN ust emission (/, « v<) 8 Fitting Result -
Frequency [Hz] 1 %40 v Dominant at several tens of GHz tool ~ 5'1210 [s] _ I 516G » cool ~ 10 Myr | =) NPS is not a single SNR
I © v’ Black-Body modified by optical thickness B-y y ~ 10* Supporting a structure in the GC
© 30
Energy [EV] "g b 30 [deg] — — Sfynchfrotron
S, - | x Dust Non-thermal Energy of NPS .
WMAP-Haze © : i - Ted A " Fitting Result ' Non-thermal Energy

) ssumption Energy densuty of electron/magnetlc field | : _ V U U
| ] o xXv Low-Iatiltude er cm-— er cm-— : - - .
g o e RO 6C : 12x1097 [cm?] A ICC =sNR - E~1.8x1051 erg

40 30 20 10 o e 5 ) = High-la ;‘t o V~ SNR : 7.9%1061 Ic 3] 1 2X10~ 9.9x107 I = Too large as a SNR

| I - .
NPS Radiation mechanism Discovery of Galactic Bubble Galactic Longitude Frequency v [Hz] ooz __iHe ootz Frequency vHza SNR  1.3x107**  1.0x107*  GC - E~2. 6x10°>° [erg

[ [deg] = Acceptable

Gamma-ray : Fermi Bubble
micro-wave . WMAP-Haze

=) Extending along the NPS

X-ray « Thermal Radiation

v" Local Bubble and SWCX
v thermal emission and Galactic Halo
v' cosmic X-ray background ' kataoka et al.2013

Synchrotron radiation dominates at high latitudes » SED Fitting
onclusion

> Spectral Energy Distribution (SED) > Radio NPS spectrum > Spectral Energy Distribution

Fitting Data Assumption
Frequency - 22MHz — 23GHz Distance to NPS

Region : (I, b) = (30°,60°) SNR near the solar system . 150 pc
1 [deg]| x 1 [deg] Galactic Center : 8000 pc

v" Synchrotron radiation v |nverse Compton(CMB) @GC peak - 100 - 1000 keV

v’ free-free radiation Flux : ~107° [erg s~ tcm™?str ']
v Dust emission v" Electron cooling time = ~10 Myr

Synchrotron radiation 7 Normtoarrl| e SNR : 1.8x10°! [erg] Supporting a
dominates at high latitudes 51 GC : 2.6x1055 [erg] | structure in the GC

Existence of High-Energy radiation
due to Inverse Compton scattering??

Broad-Band observations covering from 22MHz (VLA) to 70GHz (Planck)

Radio « Nonthermal Radiation??
v' presumed to be Synchrotron Radiation




