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(1) Short-lived gamma-ray burst

(2) Long-lived cosmic rays in SNe

 NOx production, O3 depletion, UV damage
e Carrington SEP:

(1) may be more important than (2)
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- RILTADIGE - BAAH -

EUV
80 km

HOX ‘ SEP
60 km

NOx
20 km




10pctB T E DI K1 A E

Atmospheric Impact of Cosmic Rays
: ] ; , ;

50 y T 2]
40 F f =
C | =
E [ 3
F [
E30F /3
= F 3
@ - f .
© L / =
= F .
Zaof [
- Present ]
& 4 / =
10 -
r Supernova ]
0 L a2 L 1 1 1 1 | 1 b

102 10° 102 10 108

Air Dose (uGy/h)

Fig. 6. Dose rate due to cosmic rays during supemova encounter with a spectral index
of —2 (solid curve). The present profile of cosmic ray impact is shown by dotted curve
as a reference.

Kataoka+2013



E

I (AN

Dark Cloud: e

1-100 pc :
10-100 K

100-1000 /cc W |

20 km/s N SRR 0 1- 1 /cC

1% of mass is dust 1000 km/s

Time scale is million years 10 % of pressure is cosmic rays

(a number of magnetic excursions occur) Time scale is thousand years




R EDHIDDIEELENDIDNDE

osph

* 3DMIE S SN
« FHIR 7>
« FHE
o 2R
*3DMDE
« KI5E
o« S
« R&K(AVUE)




=
Solar Wind

g:ﬁ

Snowball Earth

=Sy

lce Sheet

[ Dust Particles | | Super-GeV | [ Sub-GeV Particles |

[ Dust Layer | [ NOx Layer]

Ozone Destruction

|REduced F'hclosynthesisl{—-—|8trung Ve |

| Clouds |

| Global Mass Extinction |

|Dust Layer| | Clouds |

i [ NOx Layer|

Global Cooling

Sirong UVE

. Polar Region

Solar Wind

T

——— ] Volcana
74
| B¥]

i
O
{ ‘

Snowball Earth

Dust Particles | | Super-GeV | [ Sub-GeV Particles |

[ Clouds |

‘(/

[Reduced Photosynthesig—|Sirong UVE |

| NOx Layer|

Ozone Destruction

| Global Mass Extinction |




[2ZDX |{R&R
BHEOREERCABRNEAL. KB OFH G OFEEIC S > THREHARLS
BT BAREM AN 5. T DBEBEMEPHIHRELTL,

\

-
"
-~

Snowball Earth
Mass Extinctions

Visible Light + UV
Sub-GeV Cosmic Rays

D) Dark Cloud (Weak Geomagnetic Field)

Kataoka et al. (2013 Gondwana Research)

RERBOCEXEL. EVEECE~OFE RERBEOFAGEICER



ARG EHIRENMIKICEZ DD FEES

s RMATIZIEBUUTELZWLRIFDA /AT
e 7—OTkeVEF (Kataoka+2012; 2013)
e J7UTFLUHmMeVEF (Kataoka+2006)
o KIGHGT#RGeVEHZF (Kataoka+2011)

s FHEMBKDBEREERKICEHT HER
o YA —1BINER (Kataoka+2012)
o vl b IR E (Kataoka+2013)
o 2EFIE (Kataoka+2012; 2013)
o S E RSB T
e http://polaris.nipr.ac.jp/~ryuho
e kataoka.ryuho@nipr.ac.jp

VAL

&



