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Scientific objectives

Mechanism of long-term variations of solar
dynamo (11yrs, 22yrs, 1000 yrs, 2000 yrs)

Long-term changes in the heliospheric
environment and incident Galactic
Cosmic Rays (GCRs)

Response of climate system to the GCRs
variations (decadal to millennial)

Effects of GCRs on cloud micro physics
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Experiments and Instruments

-Cosmogenic nuclide measurements
Tree-ring C-14 (annual resolution)
Antarctic Ice core Be-10 (annual resolution)
Accelerator Mass Spectrometers at Univ. Tokyo and Yamagata Univ. are used.

-Paleo-climate reconstructions
Tree-ring Oxygen-18 (annual resolution, Relative Humidity (RH) index)
Tree-ring Carbon-13 (annual resolution, Temperature index)
TCEA Isotope ratio mass spectrometers at Tokyo Tech. and Nagoya Univ. are used.

Observation of cloud properties
All sky camera for monitoring the tropical convective cloud activities in relation
to solar flares & Forbush Decrease events (as R&D for future LIDAR/Satellite
observations of clouds)



S
[ ) [ ) [ ) é
Scientific results g
- 150
2
“C ' lid £
osmogeniCc nuciiae measurements 2 50
20 S o |
10 rh ("05
= 1 e 6—.4'—‘—:_—
g 0f 44—g§,7*ifg§?+7m%-§?¥
B Wb, s SO TRl g
s Qg Y 22T B
<20 | AUFST 8
-30 = i L I . . - (@]
1370 1380 1390 1400 1410 1420 1430 1440 1450 ]
Year AD <
0.2 -10
5 ]
$ 015 T o
< c (1]
o Q (<))
> 01+ ,;‘1 2
g 2 T 04
& 005 2 g
e L 7]
1370 1380 1390 1400 1410 1420 1430 1440 1450 Z 0.05
Year AD L -
s T (VI
E &t
g"; / Ly ¥ N 2 =
= o /'T \ ‘{ //-H‘ ‘F/I( \ ll J \)‘,.I A g
g \ ;/" ,I sy \‘\ ’ \ :(A _‘ \ g
8 y »17 ) Y \\/ l|(| \ -
= . . . . . o
< 1370 1380 1390 1400 1410 1420 1430 1440 1450 S
Year AD (&) &
. . :
Our findings <

= 14-year solar cycles at the periods of prolonged sunspot absence

= 28-year magnetic polarity reversals
- Two lengthened solar cycles before the onset of events

The Maunder Minimum
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Scientific results

* Cosmogenic nuclide measurements
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0 . . Figure 4. A schematic illustration summarizing the theoretically suggested time profile of
max min max min Max  incident cosmic rays at the Earth. (a) Incident cosmic rays at the Earth.calculated based on stan-

dard drift theory for qA > 0 and gA < 0 phases as a function of the tilt angle of heliospheric cur-
rent sheet [Kota and Jokipii, 2001]. (b) Solar activity cycles and (c) the predicted time profile of
incident cosmic rays where black line is for the case when the tilt angle reached to 0 degrees
at solar cycle minima and to 75 degrees at cycle maxima, while gray line is for the case when
the tilt angle reaches only to 5 degrees at cycle minima, which is usual for present observational
era. The anomaly AF (ratio of maximal flux at qA <0 to mmlmﬂ flux at qA > 0) as predicted by
stand drift theories is about 15-20%, whereas the observed in'’Be flux is about 30—-40%.

Solar cycles

Our findings
- Amplified GCR Hale cycles at the Maunder Minimum (AD1645-1715)

= 40% enhancement at the cycle minima of gA<O
(possibly due to more flattened heliospheric current sheet) Miyahara et al., 2009;
= Possible contribution of heliosheath Kataoka, Miyahara & Steinhilber, 2012



Scientific results

* Paleo-climate reconstructions

Maunder Minimum mode

- Wetter

Japan tree ring §'%0 (%c)

- Colder

Greenland temperature index
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Dependence of climate on solar magnetic polarity (Hale cycle) at the Maunder Minimum
Synchronized response over the northern hemisphere

Yamaguchi, Yokoyama & Miyahara et al., PNAS 2010



Scientific results and R&D for future observation

* Observation of cloud properties
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Our findings
= Localized influence of 27-day solar rotational
period on tropical convective cloud activities
- Dependence on 11-yr solar cycles & Quasi Biennial

Oscillation in stratospheric wind direction Takahashi et al., 2010, Hong & Miyahara et all., 2011
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* Observation of cloud properties

30°N
Oo Oo A
30°S ) [ 30°S ]
60°S1 . ;;
0° 6(;°E 120 E 180°W 120°W 60°W 0°
c QBO East & Solar Minima d
soN| L
30°N |
00
30°S ? - 30°S
60°S p— : L 60°s |
0 60E 120°E 180°W 120W GW 0
27-day period in cloud height (Outgoing Longwave Ra¢
Our findings
= Localized influence of 27-day solar rotational
period on tropical convective cloud activities

60°N |

QBO East & Solar Maxima

b

0° 1

QBO West & Solar Maxima

3 —‘,:_ 60°N _1,'?:' '

L e0°s{

H 30°N |

(Nairobi Kenya,
Nyeri Kenya,
Mt Ootylndla)

oo

“of 60N {uT
1 30°N |

LT ; ""‘ "_ ' . L v
A "L'f i
"N Southr\
Sudan !&
A Saomaaliya
/ ' Jlo ,...l“
{ . (v /3..‘ -
G N

Oe

60°E

120°E 180°W

s Tanzania

Tl Jd~~
E {
rzamb?-“'*l‘llocambique
3 e Ve
oS ——
Namibia Zimbabwe

- I'4
Botswa na\- {

U R south(”

Africa

Madagasikara
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Oscillation in stratospheric wind direction
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Current status & of
GCR-climate research

* Evidences of cosmic-ray impact on climate from

paleo-climate reconstructions (Maunder Minimum,
Geomagnetic reversal, Galactic spiral arms)

* Experimental support for cosmic-ray impact on the
production of cloud condensation nuclei by
“cloud” chamber (e.g. CLOUD experiment @CERN)



