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TeV y-ray :
11,-decay by the accelerated proton?
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XMM-Newton observation (TeV y-ray was detected region)
Exposure time : 52 ksec



Image
0.3 — 2.0 keV 2.0 —-10.0 keV
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Low energy band (0.3-2.0 keV): High energy band (2.0-10.0 keV):

» Northeast shell is most bright. » Inner region is bright.
»The shape 1s distorted.

»Inner region 1s also bright.
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The position of OH Maser

— Shock front
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Analysis 1s difficult because
of the thermal
contamination from W28
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Spectral fitting

Topic
1. Determine the X-ray flux of TeV y-ray intensive region.
2. Search for non-thermal X-ray emission.

We discovered non-thermal
X-ray from 2 regions.




1. TeV y-ray region
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Power-law model fitting
Photon index was fixed of 2.66(from TeV y-ray spectrum)

2- 10 keV Flux < 2.1 x 104 ergs/cm?s



2. Non-thermal X-ray emission
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2. Non-thermal X-ray emission
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Discussion (1. TeV y-ray region)

2- 10 keV Flux <2.1 x 1014 ergs/cm?s
1-Zone Inverse Compton (IC)
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*Synchrotron X-ray
»Primary
»Secondary
produced by the decay of 1, mesons
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Discussion (Synchrotron X-ray)

Power of synchrotron X-ray
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Discussion (Non-thermal Bremss)

Photon spectrum N .., (€)

N peory (6) =147 x1077 Z* (p=2) . D2 me
theory '
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A [ ph/cm? s erg]
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p + Electron nuber index

n, : Proton density

E i/ max - Blectron minimum / maximum energy

o - Non-thermal electron energy density (Logner 1992)

Observed spectrum N, .. (&) ,
N () = Flux, ... x(p-2) 4md o
observed 2P 107 vV [ ph/ em? s erg]
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Conclusion

XMM-Newton observed northeast of W28

The shape of the bright shell in X-ray coincide with OH
masers and the molecular cloud

TeV y-ray and MC are also coincident.
We analyzed the spectra of inner and TeV y-ray region.

The 2-10 keV upper limit flux of TeV y-ray region can be
determined to be 2.1 X 107* ergs/cm?s

TeV y-ray 1s probably due to m,-decay by high energy
protons.

We discovered non-thermal emission from inner region with
the photon index of 2.4.

This non-thermal emission is likely a synchrotron X-ray
emission.
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Discussion (Non-thermal Bremss)

Emissivity of photon J
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Target : W28
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Inner region
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O, Ne, Mg, Si1, S, Fe are set to free, others are fixed as solar.
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Discussion (ZABIXER I ST)
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Discussion (ZABIXER ST )

[cm-3] [10%8ergs]

Region1 1.3x10%  0.37(0.34-0.42) 4.2(3.6-4.9) 0.04 (0.03-0.05) 0.09 (0.08-0.11)
2 1.4x10% 0.30(0.29-0.32) 9.4 (8.5-10) 0.11(0.10-0.12) 0.18 (0.16-0.20)
3 1.7x10% 0.28(0.27-0.29) 13 (12-14) 0.17 (0.16-0.18) 0.27 (0.25-0.29)

A 3.0x10°7 0.33 (0.30-0.36) 0.63(0.54-0.75) 1.5(1.3-1.8) 2.8 (2.3-3.4)

0.80(0.47-1.1) 0.10(0.07-0.30) 0.24(0.17-0.72) 1.1(0.6-3.3)

B 5.6x105  0.34(0.33-0.37) 0.45(0.38-0.51) 2.0(1.7-2.3) 3.8 (3.2-4.4)

0.78 (0.30-0.98) 0.11(0.08-0.18) 0.52(0.37-0.82) 2.2 (0.7-3.6)

C 6.0x10% 0.34(0.32-0.36) 0.23(0.41-0.55) 1.1 (0.9-1.5) 2.1(1.6-2.8)

0.62 (0.58-0.67) 0.15(0.13-0.18) 0.72 (0.61-0.88) 2.5 (2.2-2.9)

1.8 (1.5-2.4) 0.08 (0.07-0.09) 0.39(0.35-0.44) 4.0(2.3-6.6)

B5F 1.5x10%8 RE [keV] 8.5 26
206
3.0x 10°° 0.37(0.34-0.42) 170 520

ERZEROFEE 13/cc > FEEDHE-EHEE~ 200 M,
X$ETH-OTLNBDILISM



