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 rays (CRs) originate deep within the Galaxy and are shownby observations from satellites to be arriving equally from all dire
tions in spa
e.Sear
hes looking for departures from a uniform arrival pattern have shown onlytra
es of dire
tionality. Thus when we reported in 2005 that we saw a signaturein the �ux pattern of CRs arriving from a point sour
e in the Greenland i
e 
ore
10Be ar
hives we were told by knowledgeable persons that the variations of CRs inthe i
e 
ores were fully explained by variations in the geomagneti
 �eld a
ting on auniform spatial distribution of CRs. However we had noti
ed variations bearing thesignature of the 21 Ky period of pre
ession. We knew that pre
ession would haveno e�e
t on a uniform distribution of CRs. So our 
hallenge was to determine if ourinterpretation of this 
urious signature was 
orre
t, and if so, to see if the signaturegave a 
lue to the lo
ation of this 
elestial point sour
e of CRs. We have identi�edthe sour
e obje
t as NGC 6543 and show that the variations of the CRs emittedduring the past 800 Ky �t with the expe
ted aging of planetary nebulae (PNe).Key words: Planetary Nebulae: NGC 6543; 
osmi
 rays1 Basi
 dataThe basi
 data are shown in Fig. 1. Time �ow in i
e 
ore 
hronology is 
onventionallypresented with in
reasing 
ore depth toward the right, thus time �ow is toward theleft. The �ow of time in Fig. 1 is toward the right as is 
ustomary in astronomywherein we are 
on
erned with the time sequen
e of events a�e
ting the �ux of CRs.The 
oordinates are linear in ea
h 
ase, with zero indi
ated by the axes labeled A, B,and C. Fig. 1A shows on a linear time s
ale the variation of 10Be, proxy for CR �ux,
orre
ted for the variation of annual a

umulation of i
e. In making this 
orre
tionfor the e�e
t of dilution by snowfall it is ne
essary to use the amount of a

umulationmeasured at exa
tly the same depth in ea
h 
ore segment as is the measurement of
10Be. This is ne
essary to minimize the meteorologi
al noise 
aused by year-to-year
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tual pre
ipitation. After 
orre
tion for snowfall variations the 
osmi
rays �ux is essentially �at, but with sinusoidal os
illations between 70 and 30 KyBP(Kilo years Before Present), a key signature in this analysis. Fig. 1B shows thevariation of the surfa
e geomagneti
 �eld strength [1℄. Visual examination suggestsan inverse 
orrelation between the surfa
e �eld strength and the �ux of CRs. Changesin the dipole �eld strength obviously will a�e
t the arrival pattern and attenuation ofCRs. That the 
orrelation isn't better suggests an alternate explanation as we dis
ussherein. Fig. 1C shows the e�e
t of variation of lunar-solar pre
ession on insolation

Fig. 1. Time variation of the surfa
e geomagneti
 �eld strength.showing a period ∼21 Ky [3℄. The apparent agreement of the ∼21 Ky period ofthe os
illations of CR �ux in Fig. 1A at 50 KyBP with the os
illation period inthe pre
ession 
urve is an important 
lue that the 10Be 
ount has been a�e
tedby pre
ession. There are only two os
illations in the CR �ux while the pre
essionos
illations are 
ontinuous, a key issue that dire
tly leads to the determination ofthe right as
ension and de
lination of the sour
e.1.1 Attenuation of CRs by pre
essionThe 
elestial position of a point sour
e of CRs will 
hange as a result of the 
om-bined e�e
t of lunar-solar pre
ession, ∼21 Ky, and apsidal pre
ession, ∼120 Ky.The result is a path 
onsisting of ∼6 pre
ession loops as shown in Fig. 2A. The
onstant �ux emitted by a point sour
e will then be attenuated as a fun
tion of theapparent latitude of the sour
e. The arrival dire
tions of individual CRs, however,are 
ompletely s
rambled upon en
ountering the dipole magneti
 �eld of the Earth.We 
an, however, derive the sour
e RA and De
 from the modulation pattern ofthe CR �ux indu
ed by the geomagneti
 �eld. The example in Fig. 2 is for a pointsour
e at 18h+65◦ . The time-variation of latitude is shown by the length of thelines between points equally spa
ed in time, also plotted as verti
al lines in Fig. 2C.In the absen
e of information on the energy distribution of CRs from the unknown
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e we assumed it was the same as has been measured for gala
ti
 
osmi
 rays,simpli�ed in Fig 2B. These lengths de�ne a sinusoidal 
urve, shown in light. Whenthe open 
ir
les are 
loser to the geomagneti
 pole than 40◦ there obviously will beno signi�
ant attenuation. The result is the attenuation 
urve, shown in dark.

Fig. 2. Derivation of attenuation pattern from pre
ession.2 Identi�
ation of NGC 6543 as the sour
eWe repeated this pro
ess for a range of RA and De
 values, resulting in the familyof attenuation 
urves shown in Fig. 3 (left). The RA and De
 that best mat
hes theos
illations in the CR �ux gives the most probable lo
ation of the sour
e of the CRs.The result is shown in Fig. 3 (right). Note that for every northern sky position thereis a 
onjugate southern sky position. NGC 6543 is 
lose to 18h+65 at a distan
e of
∼1000 p
, while the Large Magellani
 Cloud is 
lose to the southern 
onjugate, butreje
ted as too distant to be 
onsidered as the sour
e of a jet of CRs rea
hing thesolar vi
inity. The amplitude of the 
al
ulated attenuation 
urve from Fig. 3, left,has been adjusted to provide a best �t to the amplitude of the 10Be os
illations inFig. 3, right. This in turn sets a lowered level for the gala
ti
 CR �ux as shown bythe dashed line. This lowering is 
onsistent with the e�e
t of s
attering the gala
ti
CRs by the magneti
 �eld of the plasma from NGC 6543, an e�e
t dis
overed fromthe passage of plasma from solar �ares. The relative amount of lowering, ∼55%, isshown in Fig. 4 by the 
hange between the gala
ti
 �ux from the Antar
ti
 data,light dashed line, and the heavy dashed line.
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Fig. 3. Left: variation of attenuation pro�les for a range of RA and De
. Right:Best �t of CR data is for 18h+65◦= NGC 6543.2.1 Orbital 
on�gurationIn the hypothesis that NGC 6543 has a binary 
entral star with an a

retion dis
that produ
es a polar jet of CRs pointing toward the Earth, then the orbital planeof NGC 6543 would be normal to the line of sight. This is 
onsistent with the 
entralobje
t showing no variation of radial velo
ity. We also assume that the the orbitalaxis is orthogonal to the Lagrange L2 and L3 points of the Ro
he equipotentialsurfa
es of a 
lose binary [2℄.2.2 CR spikesThe CR pattern between 45 KyBP and 30 KyBP, when viewed at higher resolution,suggests that the entire pattern in Fig. 4 (top) 
ould be 
omprised of dis
rete spikesof CRs. Con�rmation of this interpretation of dis
rete spikes 
ame when the datafrom the EPICA Dome C site between 800 KyBP and 700 KyBP was publishedin De
ember 2006. This data in Fig. 4 (bottom) shows well resolved strong spikesof CRs, espe
ially near 700 KyBP. Our �rst thought was that this was eviden
e ofanother a
tive obje
t. If so its pattern was distin
tly di�erent from that of NGC 6543.This data does not in itself show any signature that 
ould be used to indi
ate wherein the sky to look. We 
ouldn't �nd a 
andidate obje
t even in the southern 
elestialsky. Then it dawned on us that this di�erent appearan
e 
ould be NGC 6543 but atan earlier stage in its development. To resolve this un
ertainty we took three thingsinto 
onsideration. First, the age of the outermost halo of NGC 6543 is thought to beno older than 200 Ky. Se
ond, there is no remnant nebulosity from an earlier a
tivity.The presen
e of these spikes and absen
e of earlier nebulosity is 
onsistent with thea

epted model for the aging of a 
lose binary star of high mass, an AGB, thusstrengthening the 
on
lusion that NGC 6543 is also the sour
e of the spikes in theDome C data. Third, there is no other a
tive obje
t 
lose enough to be responsiblefor these strong CR spikes. Thus NGC 6543 be
omes the logi
al sour
e of the CRsalso re
orded in the Antar
ti
 i
e. The authors of the Dome C paper, however,suggest that these spikes are a previously unknown e�e
t of re-
rystallization of i
e
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Fig. 4. Eviden
e for spikes of CRs during the past 800 Ky.under high pressure, sweeping the 10Be ions into interfa
es between re-
rystallizedregions. We favor a di�erent explanation based on the nature of a spike event. Theduration of a spike event is important. It 
ould be a very brief event at the a

retiondis
, possibly a fra
tion of a se
ond. A range of energies of the CR parti
les in thespike event plus the travel time of ∼3000 years would spread out their arrival timesto de
ades. Their spread 
ould also be a�e
ted, but to a mu
h lesser degree, by therate of deposition of 10Be onto the i
e. Even so, it would be interesting to have thepro�le of 10Be within the length of an i
e 
ore to see if there is �ne stru
ture that
ould aid in understanding the details of the eje
tion of a spike. Whi
h attributionis 
orre
t, re-
rystallization or abrupt spike onset, will be settled when the patternof spikes of 10Be for the 800-700 KyBP age-depth from the ongoing CSCAR DomeA drilling program 
an be 
ompared with the pattern from Dome C. The two sitesare ∼1000 km apart, thus our interpretation would be 
on�rmed if the same generi
pattern of spikes is found.2.3 Magneti
 �eld issuesThe magneti
 �eld asso
iated with the jet will vary with distan
e by the ratio ofthe diameter of the jet at the a

retion dis
 (∼10 km) to the diameter of the 22 p
(∼E15 km) footprint at the Earth. This means that the �eld at the Earth is di-minished by a fa
tor of ∼E-14. This fa
tor has an interesting 
onsequen
e regardingperturbations to the geomagneti
 �eld by surges of the magneti
 �eld a

ompanyingthe CRs. It is known that the passage of plasma and CRs from the Sun 
arries amagneti
 �eld strong enough to perturb the geomagneti
 �eld, as during a magneti




190 A. Meinel & M. Meinelstorm. Thus we raise the possibility that the pattern of variations of the surfa
egeomagneti
 �eld, shown in Fig. 1B, is the result of the variations of the CR �uxfrom NGC 6543 and its asso
iated magneti
 sheath. If so, then the linear rise ofthe geomagneti
 �eld sin
e ∼30 KyBP 
ould be the result of the Earth exiting thefootprint of the CRs. Alternately it 
ould be 
onsistent with NGC 6543 
easingits a
tivity in produ
ing CRs. These two possibilities are also 
onsistent with themonotoni
 de
rease in produ
tion of both 
osmogeni
 14C and 10Be shown in Fig 5.We suggest that Fig. 5 is 
onsistent with our 
onje
ture that the Guyodo re
ordis the result of variations of the magneti
 �eld a

ompanying the varying CR �uxen
ountered by the Earth and not the 
ause of the CR variations. Fig. 5 indi
atesthat the CR �ux has now returned to the level set by the gala
ti
 CRs while thegeomagneti
 �eld strength is at the highest level in the past 200 Ky 
onsistent withthe end of this en
ounter with CRs from NGC 6543.

Fig. 5. Earth apparently exits footprint of CR jets or NGC 6543 be
omes quiet2.4 Evolution of the 
lose binary starPerhaps the most interesting result of our interpretation of the CR 
hronology isthat the 
hange of the appearan
e of the �u
tuations and spikes of CRs agrees withthe theoreti
al evolution of a typi
al 
lose binary star. The i
e 
ore data suggeststhat there are two major phases in whi
h a surrounding nebulosity is formed. The�rst is when the more massive 
ompanion, S1, of perhaps 5 M⊙, eje
ts its envelope.Being a binary this stage probably would be 
onsiderably di�erent from that of asingle star, but still a nebulosity would be eje
ted as a multiple sequen
e of lessersurges of plasma. Any 
osmi
 rays probably would be eje
ted into a wide 
oneangle analogous to that observed for the Sun, none surviving passage as a 
olle
tiveentity to the solar vi
inity. S1 would end as a very low luminosity 
ompa
t obje
t, aneutron star or small bla
k hole depending on the �nal mass. A sudden mass loss of
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ould result in perturbation of a 
ir
ular orbit into an ellipti
al orbit, the resultof a mismat
h of the orbital velo
ity of S2 with respe
t to the 
ombined mass of S1and S2. The nebulosity formed at this stage would be dissipated into spa
e beforethe next event o

urs.An interim phase begins when the lower mass 
ompanion, S2, begins to evolveinto the Giant Bran
h. Its expanding atmosphere would result in o

asional masstransfer to S1 via L, presumably leading to the formation of an a

retion dis
, ane
essary 
ondition for the eje
tion of a 
ollimated jet of 
osmi
 rays. At this pointno signi�
ant nebulosity would be formed. We interpret the spikes of 
osmi
 raysre
orded between 800-700 KyBP as indi
ating that NGC 6543 was in this stage.The se
ond phase involving formation of a PN is when S2 also 
ompletely loosesits envelope. The jets of 
osmi
 ray are redu
ed in intensity but be
ome almost
ontinuous while emissions of plasma from S2 through L2 and L3 forms the sur-rounding nebulosity. We interpret the pattern of 
osmi
 rays between 200 KyBPand the present as indi
ating that NGC 6543 was in this stage.Referen
es1. Guyodo, Y., Valet, J.-P. 1999, Nature 399, 2492. Hildit
h, R.W. 2001, Cambridge U. Press, N. Y., 1563. Imbrie, J., Imbrie, J.Z. 1990, S
ien
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