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1,bstradt. Daily full disk rnagnctogranls observed with the Kitt Peak 40 channel magnetograph have been

rise and decay times of 0.5d * I d. with a lifetime at maximum development of 6dl * 3d. The moat appears

spprosimattly 3 days after the spot is observed in our data.

1. Introdtuction

The term sunspot .moaf was coined by Harvey and Harvey (1973) to describe the

doughnut shaped field free region between a sunspot and a surrounding network

field. Harvey and Harvey (1973) have shown that moats are associated with the
decay of sunspots. Moving magnetic features (MMF) move nearly radially outward
from spots to the network field at velocities of I km s-' These features have been

observed ina~ sequence of Zeeman spectroheliograms in the CalI A 6103 A line by
Vrabec (1971). and in a time series of magnetograms observed by Harvey and

Harvey (1973) in the Fe I A 5233 Aand Mg 5 5173A lines. These features appear to
be indentical to the moving bright points observed in CN by Sheeley (1969) and the

KC2. emission features observed by Liu (1973). Harvey and Harvey (1973) also

detected faint Ha emission 'clouds' in association with the MMF. The photospheric
velocity in the moat region is outward, away from the spot at 0.5-1 km s-' (Sheeley.
1972).

These observations have led to models of the moat region by Harvey and Harvey
(1973) and by Meyer el a!. (1974). which depict the sunspot moat region as a
supergranutlar cell with the spot at the center. The horizontal velocities push twisted
flux tubes (MMF) through the moat to the network, thus destroying the spot.

int this note we examine the lifetimes of moats, the rise and decay of moats, and the
lime behavior of sunspots as moats decay. The lifetimes are much greater than typical

*visiting Summer Student. Sacramento Peak Observatoryt.
*NAS/NRC Resident Research Associatc.
toperated by the Association of Universities (or Research in Astronomy, Inc., under contract to the

?Nstional Science Foundation.

Solar Physics 63 (1979) 247-250. 0038-0938/79/0632-0247 $00.60.
Copyright ©D 1979 by D. Reidel Publishing Co., Dordrecht, Holland. and Boston, U.S.A.

The U.S. Government is authorized to reproduce &Wj sell this report
P-"-t~io for further reproducton by Others must be obtained from
theeapymh wnmer.

8010 1404



1 INaI %I- vMAItN I I Al

su pe rgra itlir lifetIimnes. and tiltis ct ells inm hitIe pait icu Iar fl S ;hk. This
obs.ervationnalI inlformtat ionI i Imp~or Iail I it) a fil heIC 1u ule rml nin g of t he decay of
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2. Observations

Skylab mission. These observations were made using the 1-c 15233 A line. 'fhe data
.%Nserved from April 1. 1973 through June 30, 19~73. and from November 4. 1973
through April 13. 1974 were kindly lent to us by J. Hat vey. The data has a typical

Fig I. A po~rtion of( a Kitt Pecak inmIgnetogranl. taken at 17:47 UT on May 84. 1973, showing a Well

devchped unsi~i mal. ooh s up



* 10[III iliai11 % ')I SiN%II4ji NtI-\ I'.2

resolution of 2". Figure I shows an examiple of a well developed %un%pot mloat
observed in thiis dat a. We examined lte lifetimes of e ighleIi tnStich in iiik. Fkgb C
additional moats with less than a 240" are ot surrounding network Field were also
studied.

After finding a moiat in the dlata set, the data from pieceding and following dnays
were examined to determine lifetimes.

3. Results anti IDicussiun

Table I lists ouir compiled data for tlie eighteen well ml~dpdioals sititlicdn. The
numiber of days to maximum moat development, days at niaximnii -Ind number of
days to moat disappearance are given along with data onl time sunspot region. Moats
develop very quickly, with a mean rise time of 0I.5d. but with a considerable standrd
deviation of I d. Upon reaching maximuni develoipment, lte moat remains stable for

an average of 6d± 3d. or a factor of 7 longer than typical %upergrariular lifetimes.
Decay times are vcry similar to the rise timies. 0l.5d. Ini two of the regions. tlie mloatI
persisted for two dlays after the spot had disappeared. but the other moats break up as

11,ifll 11m littlei tDavs al Ic-a ~l ittl S 1 (,1 j)III

Itio t mIa. indaysi rolax)ilnuil ((L -

surrtber Rist: M~ax Dcamy

33b2 %toy 06.73 31 5 lmb I. I-- itf
* 357 May 25.73 t I 1 1) 1) C

32 Apr 24,.1 1 2 1 I) I) 1)
353 May I10.73 Limlb 7 1 - t) C
352b 1Ntav 15.73 Li 4 0 - I)
352,: May 15. 73 0 2 o - I)
3$7a Jun 11.7.1 1) 5 0 -- C
3s7b Jun 11.73 05 0 - Cit
349 May 14.73 0n 3 1 - A

39 Jun 09.73 3 5 1) It A A

694 Jan 12.74 I 3 4 C C-It
628 Nov .24.731 0 8 0

66 Dc 13.73 (1 12 0 11 *C

631 Dec 138.71 oi 9 0i.. - I
10 an 12.74 0 9) 0 -I

'42 r-eb 08,.74 0 7 0 1)* DC
70. Jan IL.74 to 7 (1 11 I-C

q ... ftiled /1111*, 1i1-l.1%%
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23( IINI' II PA I 1 N I *.1the %pot disapplears. No spots outla~ted 111 i i o11 ft . .;1. 'I11I\ carly Wimlili11 5

I lhrvcy maid I Iarve-ys ( 1 973) iestilt Ibi IWl.t\ ale aIssoc'at1ciI W&illi (lecaying spols

The ravpid onset of a momt inldicate that, Ithe chan),e from ma lite spt todccaying spot
occurs ill anl werage of 0l.5d. Fromn the daita it is~ I ar that lte dyinimics of tile I;,%
stages of stinspot evolution are dominated 1)y a cry staible (6d) cell or mloat %% hich
becomes unstable anld Colla1pses ill oncd tleII Spot it~elf is gorle.

For 13 of the observed sunspot regions we me able to estittll tile timel froii1,
Sunspot( appearance to gIloat fonnaition. Fm tliv%v spots. mioat% form ill 3 1* 1 (lys
after iblc spot is first observed.
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