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Mehr Sonnen-Aktivitat (Flecke UND koronale Ldcher)
=» mehr Sonnen-Wind =» Geo-magnetische Aktivitat und Aurorae

Je starker der Sonnen-Wind,
desto weniger kosmische Strahlung
kommt ins Sonnensystem.

Weniger aktive Sonne, mehr kosm. Str.

=> 10-11 jahrige Modulation von
Flecken, Aurorae und kosm. Strahlung. ‘ =
(Schwabe Zyklus) — AR
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10-11 jahrige Modulation von Flecken und kosmischer Strahlung:
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Je stérker der Sonnen-Wind, desto weniger kosmische Strahlung.

Weni

Iger aktive Sonne, mehr kosm. Str.

=» 10-11 j&hrige Modulation von Flecken, Aurorae und kosm. Strahlung.




Wenig Sonnen-Aktivitat = wenig Wind =» mehr kosm. Strahlung

= mehr “C und 1°Be
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Grand Minima: Dark Age

Grend Minima:

{a) sunspots (obs/yr)

{telescopic SSN)

AR

(b) aurorae
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(a) sunspots SSN recon: Usoskin+2014 Solanki+2004 (telescopic SSN)
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BelQ flux

C14 [p.m.]
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Schwabe-Zyklus bei C-14, Be-10 und kosm. Str. (?)
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Starker Variation
des Radiokarbon (*4C)
umAD 775
In japanischen Zedern
(Miyake et al. 2012)

A Tree A
O Tree B
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14C production Q(t)
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Table. 52 Production rate of “C and the reduced x -square value
25 Input period [yr] Production rate [atom cm™ 5'1] reduced x-squared value
0.1 1.9%10% (+4x10" 0.96
05 3.9x10" (£7) 0.96
_30 Mlyak(l% et al. 20121 1 1.9x10" (+4) 0.96
765 770 775 |2 08 (+2 &
3 66 (1) 16

(7.0 +/- 1.5) x 10%* erg y-Strahlen-Input auf die Erde (oberhalb 10 MeV)

oder
(8 +/- 2) x 102 erg (Protonen-Input) als solare Protonen (2 x 103> erg auf der Sonne)
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A Tree A

Was war die Ursache ? ol O Tree B

QOT}}}HQ% Hh
Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ?

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



Candidate Aurorae in the 770s:

770 Jun 20, Xian, China: “In the NW, a white vapour extended across the sky.”
(Keimatsu) N=1, moon's last quarter Jun 20/21, possible aurora (?)

770 Jul 20, Xian, China: “A white vapour appeared in the NW direction. It extended
accross the sky.” (Keimatsu), N=1, moon's last quarter Jul 2, possible aurora (?)

772 Sep 29, Ireland: “The assembly of the hand-clapping at which occurred lightning
and thunder like the day of judgment. The hand-clapping on St Michael's Day 29 Sep

WhICh Ca”ed flre from heaven 99 (USOSkln) J]I]I]IIIIIITI]IIHIJIIIJII[ITIHIII]HIHI
N=2, new moon Oct 1, very possible aurora or thunderstrom ’

772 summer, Amida, Turkey: “Another sign appeared in the northern side ...

a red sceptre, a green one, a black one, and a one ...

It would change into 70 shapes.” (Dall’Olmo)

N=3, probable aurora, between 771 Oct and 772 Sep at corn harvest: summer 772

773 June, Amida, Turkey: “The sign that was seen a year ago in the northern region
was seen again in this year ... a red ray, a green one ...” (Dall’Olmo)
N=3, probable aurora, between 772 Oct and 773 Sep in Haziran: 773 June

(next 786)




Chronik von Zuqgnin

aus Amida (= Diyabakir, Turkei),

beendet AD 775/6,
auf Alt-Syrisch (Palimpsest)

An einem Freitag im
Sommer AD 772

-
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Und an einem Freitag
Im Junit AD 773

772: Ein anderes Zeichen erschien im Norden ...
das war sein Anblick: Ein roter Strahl, ein griner,
ein schwarzer und ein gelber. Es bewegte sich vom
Boden nach oben: Sobald ein Strahl niederging,
stieg ein anderer auf. Wahrend es beobachtet wurde,
gab es 70 Veranderungen.
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Aurora sightings from AD 575 to 341
M: numaber of criteria for anroras fullfilled Polly independarnt evernts are separated by full horizontal lines. See text for details. References at bottom of table.

Year  location | reported text (onginal language or remnark from lit. in brackets) [ovr commment] | N | Ref.  their sonrces
792 Arabia Inthiz year (177 bidschra, Le. 793 Apr 18 - 794 Apr 6), acoording to what al-Wagidi has raentioned, there 4 | NN  Bosworth 198
occvrred a (volent) wind, and overshadowing (of the heavens) and a redness (in the sky), on the night of f. al-Tabari
Sonday (i.e. the nightof Satorday-Sunday, but actvaly Monday), the 26th of al-buharram (793 Bay 13).
Then thers waz a further overshadowing (of the heavens) on the night of Wednezday (1.2 the mght of
Toesday -Wednesday], the 28th of al-Muoharrara (793 May 15], and then a violent wind and intensze
over shadowing of the heavens on Friday (acwally Sunday), the 2nd of Safar (793 MMay 197,
[very probable, new mmoon Mﬂ‘_i,-' 14715, solar e.chps.e on May 14 in Amernca, aurorasMay 13-19]
T;: :I.\.J.U'J'E— o 1.11_;-:- ku;u.}..}._,l L.:.uuj.u:- TIOC J.UI.LI.JLI-, puLmJu.:.L TIT .11_,'u':- (7= 18 8 s ] J.J'E-u'LLJ 3 ey Suljcuuu.u_g
79%  Morthurobria, In this year terrible portents appeared over Morthurbria, and mizerably frightened the inhabitants: 2 I Angla-
England these were exceptional high winds and flazhes: of lighting, and fiery dragons were seen flying in the Saxon C.
air A great famine woon followed theze migns; and alittle after that in the same year on 8 Jan, the
harrying of the heathen mizer ably destroved God's cloreh in Lindisfarne by rapine and slangther
[evert with heathen moen was firzt wiking attac to England AT 793 Jun 8 according to Simeon
of Durham; hence, the date given above in the Anglo-5Saxon Chronicle text (Jan 8) 1= wiong,
comrect date iz Jun 8] [very pozzible]
79%  England 384: ca AD 793 anrorae are zeen in M Enrope (fiery flying dragons andrain of blood) S84
793  England terrific lightnings, and dragons in the air, and strokes -5 - = -- - 0 TEN RAooeemT-n -8
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A Tree A

Was war die Ursache ? ol O Tree B

QOT}}}HQ% Hh
Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ?
(Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.)



In very cold spring and summer,

some trees do not form a new tree ring

(Mann et al. 2012 Nat. Geosc.)
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Figure s | Growing-season statistics. a b, pstimated average length or the
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Short rise (7o) within 1 yr

Difference in dating, N

. . A Tree A
If no tree ring was formed _ O Tree B
in 1 to few years ?!

-5t
Event was earlier (772 /773) }H

AC (%eo)
|
we X
——y

Difference in dating, 20 % %

If 2 tree rings were formed

within one year ?! 25

Event was later (776 /777 ...) 0760 780 800 820

Year ap

Or even no event at all (if no tree rings were
formed in the years before the apparent spike)



Volcanic eruptions during the Dark Ages
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Geomagnetic field: shields Earth from cos

Archaeointensity (uT)

180

western Europe, N=58
This study:
: bricks
= % % ® ceramics
o T

4 v Spain and Morocco

m France, Switzerland and Belgium
40 L P LA B! B

s 1
200 600 1000 1400
Age (AD)

Archaeointensity (uT)

80

“Gallet + 2006
Gomes-Paccard + 2012

eastern Europe, N=42

1e

-

e
Foy
—F
P: *vﬁL

e Greece and ltaly
T

Bulgaria

T
200 600 1000

T ! 1
1400
Age (AD)

naic rays
a1 2

[t — e e R R L e R i L I SR A

El_n:u'-
= |
=2 1t
:%fﬂi
]
by W,
o g0 |
-EI b
g T
[- =
-
E. 50
E sof

A Al

Around AD 800*?3Ie_arge directional
change, broad peak, and

deep short minimum =>»
Relation to cosmic-ray peak ?



-160 10
g Porites coral comet event d cedartree comet event
R half-annual data -1
Liu et al. (2014 Nat SR): _or _or
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“A comet collided with the Earth’s
atmosphere from the constellation
of Orion on 17 Jan AD 773 with
coma stretched across the whole
sky and disappeared within one
day, with ‘dust rain‘ in the daytime”
—-0Old Tang Dynasty Book




Liu et al. (2014 Nat SR)
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Liu et al. (2014 Nat SR), but:
True Chinese text reads:

On 773 Jan 17 it rained down dust, and there
was a long star that emerged beneath Orion.
Its length traversed the sky. Long stars belong

to the class of comets.
(observed later also in Japan)

"FHE AL AL F
EIALLB R —wE %

“A comet collided with the Earth’s
atmosphere from the constellation
of Orion on 17 Jan AD 773 with
coma stretched across the whole
sky and disappeared within one
day, with ‘dust rain‘ in the daytime”
—-0Old Tang Dynasty Book

14C

108

Astron. Nachr, / AN W, Mo BB, TEG—T92 (20 14) ¢ IMN please seq DOF!

The Chinese comet observation in AD 773 January
J. Chapman' *, M. Csikseentmihalyi’, B. Neuhiinser?

! Depanmen of Bt Asian Languages and Calvres, UC Berbeley, Berkeley CAL 94720, United States
* Aatraphysikalisches Insimy, Universitie kena, Schillergisschen 2-3, 07745 Jena, Gernany

Reczived 2004, accoepied
Pabliahed online

Key words  comet AD 773, 14-C event AD 77405

The srong “'C nerease in the year AD 7745 detected in one German and wo kapanese trees was recently sugpesied
10 have been camsed by an impect of a comet onto Banh and a deposition of large amoans of *'C inw the amnwosphere
{Liu et al. 2014 ). The suthors sapponed their claimusing a repon of a hisodc Chinese oservation of aconet semibly
colliding with Eanh's stimosphene in AD 773 bnuary. We show here thatthe Chinese e presented by those smhor s isnot
am original hisworic exi, baithatinis comprised of several diffienem sources. Moseover, the rambation presented in Lio eval.
15 miisleading and inacourme. We pive the exact Chinese wordings and oar English translstions. Accosding o the original
sonce s, the Chinese observed aconet in nid Janoary 773, ban they repon neither a collBion nor alaree cona, justa ong
il Ako, thete i no fepon in any of the soofee lexs about dasy rafa i the dayioe as claimed by Lio et al. (2004}, b
aimply a normeal dos sworm. Ho {1962 re pons sightings of this comet in Chinaon AT 773 Jan 15 andfor 17 and in Japan
an AD 773 kan 200 (Ho 19620, A the relevant hisionic ine, the Chinese hekl that comets were produced within the Eanh's
stmosphene, 5o that it would have been impassible for them 1o repon a collision of a comet with Banh's stmosphere. The
uranslation and conclisions nade by Lio et al (2004) are nod suppored by the hisosical recond. Thenefore, postulating a
sudden incresse in “MC in cosals off the Chinese oot preckely i mid Janaary 773 (Lin et al. 2014) & nod juaified given
Justuhe “FTh dating for AD 783 + 14,

) 114 WILEYVCH Viorkag Cemb & Cn Bflad, Skinhcim

Liu Xu iy, The Old History of the Tang Dynasty (Jiu Tang shu 85 [ 35)

() + AW, ft. 2k REHRZ,
) t+-AWF, KEAPMK WE, Wl 2% REMTZ

Ouyang Xiu EXE5E, The New History of the Tang Dynasty (Xin Tang shu &)
) +-AWHE, WL, AREHTZ,

@ LEF AR, ARETZT, HREX., RE, 8. 2, ERt,

Wang Pu i, Essential Records of the Tang Dynasty (Tang Hui yao [ &%)
6) tEt+="A=+H, RER.,

Ma Duanlin 5556, Comprehensive Investigation of Historical Documents (Wenxian tongkao SCRRE )
(6) LHEFTHANWE, AREMNZT, HEEX, RE, S, 2, [,




A Tree A

Was war die Ursache ? ol O Tree B

é; }i ﬁ%&ﬁ
QOT}}}HQ% Hh

Supernova ? Nein, zu schwach P
Gamma-ray burst ? zu selten I g, e W

Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ?
Komenteneinschlag, Magnetfeldschwankung,
Vulkanausbruch, etc.
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Bel0 flux
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Cid4 [pm,]

Maunder Minimum ended AD 1712/15.

Aurora level increases from cycle minimum to minimum.

sunspots, aurorae (Tromholt, Fritz), 14C
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(2) Decline of strong Schwabe cycle no. 4 (~ 1793) = 4C rises
(3) Weak activity in Dalton (~1800-1830) = 4C level high
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Maunder Minimum ended AD 1712/15.

Aurora level increases from cycle minimum to minimum.

sunspots, aurorae, 1*C

Same around AD 774/5 ?

(1) Atthe end of the Grand Maximum (~1790) = low 4C level
(2) Decline of strong Schwabe cycle no. 4 (~ 1793) = 4C rises
(3) Weak activity in Dalton (~1800-1830) = 4C level high



Beld flux
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(1) Atthe end of the Grand Maximum (~770) = low C level
(2) Decline of strong Schwabe cycle no. 4 (~ 774) = 4C rises
(3) Weak activity =» 14C level high

Neuh & Neuh 2015
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Living Review UsoskKin:

Fast strong drop in

solar modultion potential
IS indeed possible,

e.g. around 1795
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AYC (%o)

a T . .
. A Tree A
Was war die Ursache ? ol % O TreeB |

Supernova ? Nein, zu schwach 25 %

760 780 800 820

Gamma-ray burst ? zu selten Year o
Miyake et al. 2012
Sonnen-Flare ? no

Sonstwas ? Sonnenaktivitatsabfall
(um AD 775, 994, 1795, und BC 671)



AD 994 /5

SN 1006 detected ? In 1009 ?
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Temp. dT [K]

If 775 due to solar activity decline, then temperature decline on Earth expected ...
(which would not be expected after a solar super flare)
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quasi-annual resolution
1OBe
from north and south

Significant differences
between data sets,
hence larger systematic
errors in °Be data

and / or dating.

(Sigl et al. 2015)

b Year of original ice core dating (ce)
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Average of 3

Sigletal. =

2015 -

2

Miyake et al.
2015
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Ratio 14C / 10Be 775

8.64 1.8
----------------- =233
0.0394 - 0.01 (20%)

g
w

n
Y
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inconsistent with flare

(102 atoms cm? ™)

o - N w o 0

98¢ flux (1072 atoms cm™@ s7")

o
o

o
Y

e Similar for AD 994:

Ratio 14C / 19Be = 314

(atoms cm™ s™")

“C prod. rate (atoms em? s™")

Differential production ratio of 4C to °Be due to solar flare expected:

Usoskin & Kovaltsov (2012): ~ 38 times more *C than °Be

Pavlov et al. (2014 MNRAS): 16-17 times more *C than °Be

760 765 770 775 780 785 790 795 800 805 810
Year (ap)



Is a 14C production rate of ~5 atm/cm?/s possible without flare ?
(modeled from Miyake*s data, which show the largest amplitude)
b (Mekhaldi et al. 2015)

'*C prod. rate (atoms cm™? s™")

0 1 Ll I 1 I I
L
SF _ - _ _. -
N — } _
o -15} :
=
< Table.S2 Preduction rate of *C and the reduced x -square value
20} Input period [yr] Production rate [atom cm™ 5'1] reduced x -squared value
01 1.9x10% (£4x10") 0.96
05 3.9x10" (*+7) 0.96
—25} ,
1 1.9x10" (*4) 0.96
(Miyake et al. 2012) 2 98 9 =\ i
-30 ' L ' 3 6.6 (+1) \ 16
765 770 775 780 ~C .
To be devided by 4.

Year AD



Energetics

E event
E obs

Flare at distance d
between event and Earth

Energy E, . 10 Spread
homogeneous to whole
sphere around event

with area "
4.9 -d*

Energy E,, to hit Earth
under solid angle

T - R?
with Earth radius R.

E,, = 8 X 102 erg in protons

=>Need 2 x 10%°erg at Sun



Is a 1C production rate of ~5 atm/cm?/s possible without flare ?
(modeled from Miyake*s data, which show the largest amplitude)
(Mekhaldi et al. 2015)

'*C prod. rate (atoms cm™? s™")

2 yr duration is as good
afitaslyr.

For 2 yr,
2.5+ 0.5 atm/cm?/s
In 773 and 774.

high background. Ok'!

| P { “C & Bedorise2to4yr
since AD 773.
=101 { 1 Schrijver et al. 2012:
« 14C production models differ
=15} 1 by > 2 orders of magnitude.
Table.S2 Preduction rate of *C and the reduced x -square value
20+ { Input period [yr] Production rate [atom cm™ 5'1] reduced x -squared value
{ 01 19x10% (£4x10" 0.96
05 3.9%10" (£7) 0.96
-25 1
1 19X10° (*4) 0.96
_go| (Miyakeetal 2012) 2 22 ii R\ :;
765 770 775 780

Year AD

™ To be devided by 4.



Ci4 [pm.]

figure from
Poluianov, Usoskin,
Kovaltsov 2014
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figure from

17 | A) Solar modutation |
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----- From ~1000 MV
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..... to ~60 MV
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14C -

From ~1.3-1.4 atm/cm?/s
In max of high activity
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(Mekhaldi for 775: Ratio “C / 1°Be = 233 + 20%)
Normal solar activity modes



Ratio 14C / 10Be 775

8.64 1.8
----------------- =233
0.0394 - 0.01 (20%)
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inconsistent with flare

(102 atoms cm? ™)

o - N w o 0

98¢ flux (1072 atoms cm™@ s7")
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e Similar for AD 994:

Ratio 14C / 19Be = 314

(atoms cm™ s™")

“C prod. rate (atoms em? s™")

Differential production ratio of 4C to °Be due to solar flare expected:

Usoskin & Kovaltsov (2012): ~ 38 times more *C than °Be

Pavlov et al. (2014 MNRAS): 16-17 times more *C than °Be
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Temp. dT [K]

If 775 due to solar activity decline, then temperature decline on Earth expected ...
(which would not be expected after a solar super flare)
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What is the cause of the 4C variation ?

A supernova ? Not observed, no remnant
A gamma-ray burst ? Possible, but very rare

A comet impact ? Did not happen

A solar super-flare ? Dubious, if possible at all (no spots, no aurorae)

What else ? A fast strong drop in solar activity
Neuh & Neuh 2015a

> less solar wind & more cosmic rays and 4C ~ Xiv:1503.01581

+
(similar to the sudden start of the Dalton minimum Neuh & Neuh 2015b
and maybe also BC 671, ~ once per millenium) arXiv:1508.06745

Timing ? When a weak short cycle happens after a strong cycle ...



