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There is a 2-phase depletion of open field lines: first during
the “hormal phase ”of solar min when ICME activity is
small, and then later when ICME activity is virtually zero.

Connick et al., Astrophys. J., 20,U ,
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Integration into Heliospheric Models
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Strong Reduction in Field

Possible — Much Higher GCR Fe
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Highest GCR doses
IN space age in
recent cycle 23 solar
minima

Continues trend
observed by
Ulysses, ACE

I DEEP-SPACE (ZENITH) SHIEL
D1-148um I J
D2-1mm | IE—— |

} 70.7 mm

D3 - 149 um
D4 - 1mm

27.0
il } 55.0 mm

DS - 149 um
D6 -1 mm

E 2= a
I LUNAR (NADIR) SHIELD

="

Lunar Surface Dose Rate (cGy/yr)

Lunar Surface Dose Rate (cGy/yr)

16
14
12
10

[ S =T =)

16

14

1950

Prediction (Dalton)
Prediction (Gleissberg)

Cycle 23

Cycle 24 )

e 1300
1 200
i N 1 100
1 _ﬂ.j::‘-‘.'-' (R LTt 1 0
2000 2005 WOIS 2020
T IACE T T T T |
i CRaTER -+~ _
Sunspot Number
Model _

1960 1970 1980

Year

Sunspot Number

2

£

=

Z

=)

o

i

=

- . 75

1990 2000 2010

SCHWADRON ET AL., SPACE WEATHER, 2014a



Prediction (Dalton)
Prediction (Gleissberg) ——

16 . . . — 1200
E‘ ><
2 14
o) Cycle 23 Cycle 24 1000
L 12
= 800  ©
~ 10 é
Q
2 600 =
P 2
S 00 2
& 4
—
§ ) | 1 200
- J,J‘%

0 ' . 0

2000 2005 2010 2015 2020
Year

STLANO
CRATERN

[ITH



— — —
o N I~ ([@p] (@ @) o [ ] I~
| | |
an
—
—1
D
-]
=3
=93
= o
= m
L o

U
—— N

—— ¥

JBaA
0T0¢ 000¢ OoeT 0867 Q.67 0967 0967

00¢
0¥
009
008
0007

Schwadron et al., Space Weather, 20/spot Number



7 e )
A >,
< 5
>
-
=}

#

W
"y

After Schwadron et al., 2012

SEP Events During 2012:

Indicators of Larger SEP Events CRATER (blue) EMMREM (red)

in the New Cycle (24) S ‘

*  Shown here are the major SEP events of 2012 i 1 NS y
and the comparisons between CRaTER 10*- -
observations (blue) and prediccs predictions (red = i -
and green). S 1~
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Lunar Dose Rate (cGy/day)
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* First event
had clear
shock, and
ESP

 Second event
shows
prompt
acceleration

Schwadron et al., 2017

Successive CMEs Causing Acceleration of
High Energy SEPs directed near the Earth & Moon
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Conclusions

« Radiation levels continue to increase due
weakening solar activity ’

* Dose rates even higher than predicted In
i 2014

Large events (Sep 2017) in decline of cycle
24 Iindicate that weak activity does not
exclude large SEP events

* Overall, SEP event probabilities still quite
low during cycle 24
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