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t. The distribution and general properties of events identi�ed in an a
t-ive region that have the same 
hara
teristi
s as quiet-Sun blinkers are dis
ussedand named `a
tive-region blinkers'. The events are identi�ed using an automateds
heme `BLinker Identi�
ation Program' (BLIP) whi
h was designed for and testedon quiet-Sun blinkers. Like quiet-Sun blinkers, the a
tive-region events are mosteasily identi�ed in the 629 �A emission line from O V although eviden
e for them isalso found in other extreme UV lines emitted from He I, O III and O IV. Unlikequiet-Sun blinkers, however, they may also have 
oronal signatures in the lines MgIX and Mg X. Their properties are very similar to those of quiet-Sun blinkers withmean lifetimes of 16 � 19 minutes, mean areas of 2:4 � 4:3 � 107 km2 and meanintensity enhan
ements fa
tors of 1:8� 3:3. Their global frequen
y of 7� 28 s�1 isabout 42% � 700% higher than that for quiet-Sun blinkers. The blinkers dis
ussedhere are found above both a
tive-region (plage) magneti
 �elds, as well as above theumbra and penumbra of a sunspot.

1. Introdu
tionA number of authors in
luding Harrison (1997), Berghmans et al. (1998),Harrison et al. (1999), Brkovi�
 et al. (2001) and more re
ently Bewsheret al. (2001) (here after Paper 1) have reported on blinkers identi�edin transition region lines in quiet-Sun regions. Blinkers are small-s
aleintensity enhan
ements in the transition region that 
an be observedbest in the 629 �A emission line from OV whi
h forms at 2:5�105 K, but
an also be found in other extreme UV (EUV) lines with temperaturesdown to 2� 104 K. It is possible that quiet-Sun blinkers (QS blinkers)may o

ur at higher temperatures. The Mg IX (368 �A) and Mg X (624�A) lines whi
h form at 106 K and 1:2� 106 K, respe
tively, only showfaint enhan
ements at the same time as a QS blinker is observed in OV. Re
ently, a 
omprehensive survey of several hundred QS blinkershas been 
arried out (Paper 1) and the results 
on�rm that blinkershave the following properties: (i) mean area of 3� 107 km2; (ii) meanlifetime of 16 minutes; (iii) a typi
al intensity enhan
ement fa
tor of1.8; and (iv) a global frequen
y of between 1 s�1 and 20 s�1. They arenot temperature events, but density enhan
ements or in
reases in �lling
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2fa
tor. They are mostly found over regions of enhan
ed 
hromospheri
or transition region emission su
h as network boundaries and seemto preferentially o

ur above regions of strong magneti
 �elds whereone polarity dominates. Furthermore, Fourier and wavelet analyses donot reveal any periodi
 behavioural patterns in the light 
urves of theblinkers despite the apparent appearan
e of reo

urring blinking inthem.Blinkers have until now been 
onsidered inherently a quiet-Sun phe-nomena, however, there is some eviden
e that blinker-type events mayalso o

ur in a
tive regions. For instan
e, using the Harvard EUV Spe
-trometer on Skylab, Withbroe et al. (1985) report that frequent lo
al-ized short-term 
u
tuations were observed in 
hromospheri
, transitionregion and 
oronal lines. Approximately 20% of the 500 � 500 pixels hadintensity variations ex
eeding a fa
tor of 1.3 for the H I L� (1216 �A)whi
h has a formation temperature of � 2� 104 K, a fa
tor of 1.5 forthe C III (977 �A), O IV (554 �A) and O VI (1032 �A) lines whi
h areformed at mean temperatures of 105, 2�105 and 3�105 K and a fa
torof 1.4 for the Mg X (625 �A) line whi
h is formed at about 2�106 K. Thepixels on the Skylab Spe
trograph are a fa
tor 3.5 larger than thoseon Coronal Diagnosti
 Spe
trometer on SOHO and the 
aden
e of thedata used byWithbroe et al. (1985) was just 5.5 minutes. However, they�nd that signi�
ant variations in these EUV lines o

ur over temporalintervals of 5 to 15 minutes and with spatial s
ales of 5" to 15". Anumber of other authors (
f. Lites and Hansen, 1977; Bruner and Lites,1979; Athay et al., 1980; Dere et al., 1981; Athay, 1984; Porter et al.,1984 and Habbal et al., 1985) report observations of UV `bursts' orimpulsive variations in emission from spe
tral lines formed in the lowertransition region (T � 105 K) in a
tive regions using data from OSO-8,HRTS and SMM and the Harvard Spe
trograph on Skylab. The `bursts'were found to be a 
ommon, nearly 
ontinuous phenomena, in a
tiveregions. More re
ently, Walsh et al. (1997) studied a set of high 
aden
e(14 se
onds) CDS data in
luding the He I (584 �A) 
hromospheri
 line,the O V (629 �A) transition region line and the Mg IX (368 �A) andFe XVI (360 �A) 
oronal lines. They identi�ed two events that seemedto �t the des
ription of a blinker, and, hen
e, named them `a
tive-region blinkers' (AR blinkers). These events showed signatures at allfour wavelengths. They had length s
ales of 14 and 18 Mm, lifetimesof 10 and 16.5 minutes and intensity enhan
ements of 2.5 and 4. Dueto the high 
aden
e of their data, Walsh et al. (1997) were able todetermine that the signatures in O V o

urred before the start ofthe events in He I and the events in both Mg IX and Fe XVI. Thisresult suggests that these events are neither heating nor 
ooling andis 
onsistent with the �ndings for QS blinkers whi
h are believed not
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3to be temperature events. Doppler velo
ities of between 30 and 70 kms�1 were observed and a positive 
orrelation between the line widthand Doppler velo
ity were also found suggesting that they are not uni-dire
tional. The lo
ation of the events above the magneti
 �eld wasdis
ussed with one event found above a region of positive magneti
�eld whilst the other appear over negative magneti
 �eld.These observational results are highly suggestive that blinkers mayalso o

ur in a
tive regions. Furthermore, from our observations of QSblinkers (Paper 1) there do not appear to be any physi
al reasonswhy blinkers 
ould not o

ur in a
tive regions. Blinkers are simplyenhan
ements in emission from 
hromospheri
 and transition regionEUV lines and are seen best in emission lines with temperatures offormations around 105 to a few times 105 K, (e.g., O V 629 �A and OIV 554�A). From ratios of oxygen emission lines they do not appear tobe temperature events, however, this may simply be due to the lowtemporal resolution of data sets analysed so far. They are general seenabove areas of enhan
ed network whi
h also o

ur in a
tive regionsand so it seems logi
al that they may also be found in a
tive regions.The aim of this paper is, therefore, to look for blinker-type events ina
tive regions and to 
hara
terise any events we �nd to determine ifthey are the same as QS blinker. Firstly, the a
tive-region data set isdes
ribed as are the methods used to analyse the data and dete
t theevents (Se
tion 2). In Se
tion 3, the 
hara
teristi
s of the events foundare presented and 
ompared with the QS blinkers of Paper 1. We alsoinvestigate the relationship of the events found in O V with emissionfrom the 
hromospheri
 and 
oronal lines. Finally, the 
on
lusions aregiven in Se
tion 4 in
luding a dis
ussion of the 
onne
tion between ourevents and other a
tive-region phenomena.
2. Data and AnalysisThe data used in this paper was taken with the Coronal Diagnosti
Spe
trometer (CDS; Harrison et al., 1995) and the Mi
helson DopplerImager (MDI; S
herrer et al., 1995) instruments, both aboard the Solarand Heliospheri
 Observatory (SOHO).Normal in
iden
e spe
trometer (NIS) data from CDS (CDS runnumbers S11478 and S11479) are analysed in this paper. The datawas taken using the CDS BLINK ST sequen
e and 
ontains 6 EUVemission lines: He I (584 �A), O III (599 �A), O IV (554 �A), O V (629�A), Mg IX (368 �A) and Mg X (624 �A). These lines are representativeof plasma temperatures of 2 � 104 K, 105 K, 1:6 � 105 K, 2:5 � 105K, 106 K and 1:2� 106 K, respe
tively. The data sequen
es 
onsist of
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4rasters that 
over an area 40"x124" (10 x 73 pixels), with ea
h pixelsized 4"x1.6". The exposure time at ea
h slit lo
ation is just 10 se
ondsmaking the 
aden
e of the entire raster approximately 151 se
onds.The S11478 data sequen
e started on 18th June 1998 at 18:17 UT.It was immediately followed by the S11479 data set. Both data sets arefeature tra
king with the use of the internal mirror and then, on
e themirror has rea
hed its maximum o�set, by the movement of the legs.They were joined together to make one data set whi
h lasted 6 hours.A segment of a high resolution MDI image the same size as the CDSrasters 
an be seen on the right-hand side of Figure 1 and shows themagneti
 �eld below the CDS data. Its position on the Sun is indi
atedby a small white re
tangle in the full dis
 MDI image on the left-handside of Figure 1. It is 
lear that the region observed lies above an a
tiveregion and 
ontains a large positive polarity sunspot that dominatesthe �eld of view. The 
oordinates of the �rst raster are 39.6"E and295.7"N.

Figure 1. Full disk MDI magnetogram (left) taken on 18th June 1998 at 19:12 UT.The small white re
tangle indi
ates the area 
overed by the CDS rasters investigated.Partial frame high resolution MDI magnetogram (right) taken 5 minutes earliershowing the magneti
 �eld below the CDS rasters.
The standard CDS pro
edures are used to 
orre
t for missing pixels,CCD readout bias and 
osmi
 ray hits and 
at �elding e�e
ts. The dataunits are also 
hanged to photons per pixel per se
ond (p/p/s) usinga standard 
alibration. The only non standard pro
edure used in thepreparation of the data is that used for 
orre
ting the tilt between theNIS dispersion axis and the CCD dete
tor (Bewsher et al., 2002). TheCDS pro
edure ROTXY from solarsoft (a suite of IDL routines foranalysis of data, e.g., from Yohkoh and SOHO) is used to remove thee�e
t of solar rotation, and bi-linear interpolation is used to a

ountfor any sub pixel rotation.
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5The MDI data used is from the high resolution �eld of view andhas a 
aden
e of 1 minute and a pixel size of 0.6" x 0.6". The MDIimages are grouped and averaged to redu
e the 
aden
e to that of theCDS data. This te
hnique also redu
es the noise in the MDI data.The pointing information in the headers of the CDS and MDI datawere used for alignment purposes. An inspe
tion by eye suggests thata good alignment is a
hieved.In order to obje
tively dete
t blinkers from a series of SOHO/CDSrastered images we use the automated BLinker Identi�
ation Program(BLIP). Full details of BLIP 
an be found in Paper I. The algorithm�nds groups of pixels that have `signi�
ant' simultaneous temporalpeaks and 
lassi�es them as a blinker. First all the pixels are 
onsideredseparately and the temporal lo
al maxima and minima in ea
h pixelare identi�ed. Not all of these maxima are going to be asso
iated with ablinker. We de�ne a `signi�
ant' peak to be a peak that has an intensityn�� greater than the troughs immediately before and immediately afterit, where � is de�ned as the value below whi
h 99% of the errors existand n� is a parameter that typi
ally takes the value 3, 5 or 10. On
ewe have identi�ed all the `signi�
ant' peaks in the individual pixels welook for adja
ent pixels that simultaneously have `signi�
ant' peaks. Tobe a blinker there must be at least np pixels that peak simultaneouslyin ea
h group. The parameter, np, is typi
ally taken to be either 1,2, or3 CDS pixels. Finally, when ea
h group of pixels is identi�ed we on
emore 
he
k the intensity light 
urve of the group and make sure thatit still produ
es a signi�
ant peak at the same time as the individualpixels that make up the group peaked. The physi
al properties of theblinkers are also identi�ed.
3. Results3.1. Blinker PropertiesWe use BLIP to investigate a series of di�erent sizes of events by varyingthe minimum size, np, and the minimum intensity fa
tor, n�, in ea
hrun of our algorithm. The error threshold, �, of the O V data equals6.97 photons per pixel per se
ond (p/p/s). Table I shows the numbersand properties of blinkers identi�ed in O V.From Table I it is 
lear that the properties of the O V events identi-�ed by BLIP in the a
tive region have similar properties to QS blinkers,as dis
ussed in the Introdu
tion and presented in Paper 1, and so we
all these events a
tive-region blinkers (AR blinkers). Note, however,until we have 
onsidered their line ratios (whi
h we do in se
tion 3.3)we 
annot say for 
ertain that they really are blinkers.
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6Table I. Properties of O V a
tive-region events identi�ed using BLIP.Properties n� 3 5 5 5 10np 3 1 2 3 3No. of blinkers 253 224 163 125 64Global frequen
y (s�1) 27.7 24.5 17.8 13.7 7.0Mean intensity enhan
ement fa
tor 1.8 2.1 2.2 2.4 3.3Mean area (�107 km2) 3.3 2.4 3.2 3.9 4.3Mean lifetime (minutes) 16.5 18.0 17.7 17.5 19.3Mean rise time (minutes) 8.2 8.8 8.5 8.6 9.5Mean fall time (minutes) 8.3 9.3 9.2 8.9 9.8
The mean lifetimes and mean areas of the O V AR blinkers areslightly longer and larger than those found in Paper 1 for the QSblinkers. Indeed, for ea
h parameter set the mean lifetimes of the ARblinkers are at most 10% longer than for the QS blinkers, whilst theirareas are between 6% and 50% larger. The lifetimes of the AR blinkersare similar to those observed byWalsh et al. (1997) for their two blinker-like events. As one would expe
t an in
rease in n� generally leads toan in
rease in both the area and lifetime of the blinkers as the smaller,weaker events are dis
ounted, however, as np in
reases the mean areasin
rease, but the mean lifetimes fall. The largest blinker observed hasan area of 2:7 � 108 km2 (75 pixels) and 
overs just over 10% of theraster area. The minimum area of a blinker is, of 
ourse, restri
ted bythe 
hoi
e of np and equals 3.6np � 106 km2. The longest lived blinkerlasts for just under 42 minutes and is a n� = 3 and np = 3 blinker. Theminimum lifetime of the blinkers is just over 5 mins whi
h is restri
tedby the time resolution of the data.The mean rise and fall times of the AR blinkers are 
onsistent withthose for the QS blinkers as they again appear to be approximatelyequal (if anything the mean fall time is slightly longer than the meanrise time). However, if the individual blinkers are 
onsidered it is foundthat about 40% have longer rise times than fall times, similarly about40%, have the reverse and only 20% have rise times approximately equalto their fall times. This variation in rise and fall times is 
onsistent withthe two events found by Walsh et al. (1997) where it was found thatone event had a rise time greater than fall time whilst the other had arise time less than its fall time.Just like the mean areas of the blinkers their mean intensity en-han
ement fa
tors are between 6% and 57% larger than those for the
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7QS blinkers. Furthermore, they also in
rease with in
reasing n� andnp. It is important to note that the values of � in the a
tive region are
onsiderably larger than those in the quiet Sun, hen
e the a
tual sizesof the intensity enhan
ements here are larger still than those in the QSblinkers.On
e again the a
tive region lives up to its name and is found tobe more `a
tive' than the quiet Sun, sin
e it produ
es blinkers morefrequently. Indeed, the global frequen
ies show that at least 42% moreblinkers o

ur in an a
tive region than in the quiet Sun. The 
hoi
e ofparameters 
learly varies the number of blinkers identi�ed. De
reasingthe value of np from 3 to 2, and from 2 to 1 produ
es 37% and 30%more blinkers, respe
tively. A bigger in
rease is 
aused, however, withthe redu
tion of n� from 10 to 5 and 5 to 3 where the number of blinkersidenti�ed is pra
ti
ally doubled in ea
h 
ase. These in
reases are similarto those found for the QS blinkers in Paper 1.
3.2. Signatures of A
tive Region Blinkers
Figure 2 shows the light 
urves of a typi
al AR O V blinker in sixdi�erent wavelengths (He I, O III, O IV, O V, Mg IX and Mg X). TheO V light 
urve of the blinker is very similar to those observed for QSblinkers (Paper 1). This blinker was dete
ted using the OV wavelength,however, it is also 
learly dete
table in all other wavelengths other thanMg IX. In the Mg IX we do see an event, but it's peak is not signi�
antenough to be 
ounted as a blinker. If we 
al
ulate the di�eren
e betweenthe peak intensity and maximum of the two troughs either side of thepeak we �nd that the event has a jump equal to n�MgIX�MgIX , wheren�MgIX , the peak fa
tor is just 3.7 as opposed to 5, the value of n�.Indeed, if we 
al
ulate all the peak fa
tors in the di�erent wavelengthsfor this blinker we �nd they equal 31, 8.8, 20, 23 and 6.4 for He I,O III, O IV, O V and Mg X, respe
tively. Clearly, this blinker is astrong event yet, its signature is only just identi�ed in O III and MgX. This is probably a re
e
tion of the strength of these lines ratherthan a signi�
ant feature of the blinkers.We have analysed the O V blinkers to determine how many registeras blinkers in the other wavelengths observed. The results are shownin Table II. For all values of n� and np at least 67-82% of blinkers seenin O V 
an also be identi�ed in O IV, 59-73% in He I and 16-28% inO III. As in the quiet-Sun 
ase, all the blinkers seen in O III are alsovisible in O IV and He I. In Mg IX, 6-10% of OV blinkers are seen,whereas in the Mg X, 11-18% are identi�ed. All ex
ept one of the MgIX blinkers 
an be readily identi�ed in all the other wavelengths, whilst
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8

Figure 2. Comparison of light 
urves for a blinker identi�ed in O V and seen indi�erent wavelengths: (a) He I; (b) O III; (
) O IV; (d) O V; (e) Mg IX and (f) MgX. The stars mark the peaks identi�ed as blinkers and the dots mark their startsand ends whilst the triangles mark the start, peak and end of any event not 
ountedas a blinker. The dashed line indi
ates time of the peak of the O V blinker.
all ex
ept two of Mg X blinkers are dete
ted as blinkers in He I, O III,O IV, and O V.Even though in some emission lines, in parti
ular Mg IX and Mg X,a blinker is not always dete
ted a peak signature is often seen. We 
al-
ulate the peak fa
tors of all the signatures that o

ur simultaneouslywith the blinkers identi�ed in O V to determine the strengths of theevents seen. Table III gives the � values for ea
h wavelength, as well asthe minimum and maximum peak fa
tors observed. We �nd that in all
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9Table II. Numbers of blinkers identi�ed in O V and other wavelengths.Wavelength n� 3 5 5 5 10np 3 1 2 3 3O V 253 224 163 125 64He I/O V 158 133 105 85 47O III/O V 68 35 32 30 18O IV/O V 194 149 117 102 49Mg IX/O V 19 13 12 12 4Mg X/O V 30 25 23 22 10He I/O III/O V 64 35 32 30 18He I/O IV/O V 143 120 95 83 41He I/Mg IX/O V 19 13 12 12 4He I/Mg X/O V 29 25 23 22 10O III/O IV/O V 68 35 32 30 18O III/Mg IX/O V 19 12 12 12 4O III/Mg X/O V 29 24 22 21 10O IV/Mg IX/O V 19 13 12 12 4O IV/Mg X/O V 30 25 23 22 10Mg IX/Mg X/O V 19 12 12 12 4He I/O III/O IV/O V 64 35 32 30 18He I/O IV/Mg IX/O V 19 13 12 12 4He I/O IV/Mg X/O V 29 25 23 22 10O III/O IV/Mg IX/O V 19 12 12 12 4O III/O IV/Mg X/O V 29 24 22 21 10O IV/Mg IX/Mg X/O V 19 12 12 12 4He I/O III/O IV/Mg IX/O V 19 12 12 12 4He I/O III/O IV/Mg X/O V 28 24 22 21 10O III/O IV/Mg IX/Mg X/O V 19 12 12 12 4He I/O III/O IV/Mg IX/Mg X/O V 19 12 12 12 4
wavelengths 47% of the O V blinkers have peak fa
tors greater than 1whilst 15% have peak fa
tors greater than 3. The minimum peak sizefa
tor of 0.0 in the He I, Mg IX and Mg IX lines indi
ate that thereis not always an event identi�ed in these wavelengths. However, allmaximum peak fa
tors are well over the n� = 5 
riteria, implying thatall wavelengths have a high enough intensity and suÆ
ient variability
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10Table III. Range of peak fa
tors for events in all wavelengths asso
iated with blinkersidenti�ed in O V with n� = 5 and np = 3.Wavelength � Minimum Maximum % w. peak % w. peakpeak fa
tor peak fa
tor fa
tor > 1 fa
tor > 3He I 14.11 0.0 115.4 92.0 78.4O III 2.78 0.1 32.7 89.6 52.0O IV 6.26 1.7 66.3 100.0 93.6O V 6.97 5.3 82.8 100.0 100.0Mg IX 2.72 0.0 15.2 47.2 15.2Mg X 2.73 0.0 21.9 71.2 24.0
to identify the blinkers. Therefore, the absen
e of any signature of anevent in the helium or magnesium lines is probably real and suggeststhat blinkers are likely to be 
aused by something that happens inthe transition region, rather than blinkers being the transition regionsresponse to events in either the 
hromosphere or 
orona.3.3. Line ratiosIt has been well established (Harrison et al., 1999, Paper 1) that theintensity in
reases of QS blinkers are due to enhan
ements in eitherdensity or �lling fa
tor rather than temperature. Clearly, this fa
t alsoneeds to be established for the blinkers seen in a
tive regions to 
he
kthey really are the same type of phenomenon. To do this we look atthe line ratios of the oxygen light 
urves.Figure 3a shows the light 
urve of the O V blinker seen in Figure2d. The line ratios of the O V line with the He I, O III and O IV linesare also shown in Figure 3b-d, respe
tively. The dashed line marks thetime of the peak of the O V blinker. In this 
ase, it appears as if the lineratios of the oxygen spe
ies dip around the time of the blinker, althoughthe dips are only slight and within the error bars. If these dips are realthen it would imply that a
tive-region blinkers are slightly 
ooler eventsthan their surroundings.To determine the signi�
an
e of these dips and to test whether thesedips are a 
ommon feature in AR blinkers we investigate the variabilityof the line ratios. We do this by 
al
ulating the minimum, mean andmaximum values of the light 
urves between the start and end of theblinker and also over the entire light 
urve (Table IV). If the di�eren
esbetween the entire light 
urve ratio and blinker light 
urve ratio values
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11

Figure 3. (a) O V blinker light 
urve, (b) O V/He I line ratio, (
) O V/O III lineratio and (d) O V/O IV line ratio. The dashed line indi
ates the peak of the O Vblinker.Table IV. Minimum, mean and maximum line ratio values for the entire light 
urveand for the blinker region only.Wavelength Minimum Mean MaximumEntire Blinker Entire Blinker Entire BlinkerO V/O III 3.74 3.60 8.37 8.77 36.88 39.24O V/O IV 1.16 1.09 1.66 1.64 3.68 3.67
are larger than the typi
al error bars expe
ted then the 
hange is
onsidered signi�
ant. From the results in Table IV it appears as ifthere is little variation in the oxygen spe
ies between the entire andthe blinker light 
urve ratios, even though the maximum, mean andminimum values are themselves quiet di�erent. The typi
al errors onthe ratios of the O V/O III and O V/O IV are 1.32 and 0.14, respe
t-ively, however, the di�eren
e between the entire and blinker line ratiosare always less than these errors ex
ept in the 
ase of the maximum lineratio values for O V/O IV. We, therefore, 
on
lude that these ratios are
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12again e�e
tively 
at and thus AR blinkers are enhan
ements in eitherdensity or �lling fa
tor just like the QS blinkers.3.4. Relationship to A
tive Region Emission

Figure 4. Comparison of the lo
ation of blinkers with the a
tive-region network.Time integrated emission of the derotated (a) He I, (b) O III, (
) O IV, (d) O IV,(e) Mg IX and (f) Mg X rasters. Ea
h 4 identi�es the lo
ation of a blinker and the� refers to the blinker shown in Figure 2d.It has been found that QS blinkers preferentially o

ur above quiet-Sun network regions. Indeed, in Paper 1 it was found that no QSblinkers o

urred in the bottom 5-10% of the intensity range in HeI, O III, O IV, and O IV. However, the same result is not true for the
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13
oronal lines where QS blinkers were found at all intensity levels. It isinteresting to test to see if this is still the 
ase for AR blinkers.Figure 4 shows the emission integrated over time from ea
h of thesix CDS wavelengths, with the lo
ation of the blinker midpoints plottedas 4s. The � marks the blinker seen in Figure 2d. Clearly, the spatialdistribution of the blinkers is not uniform, however, as in the QS 
ase,we test to see if the distribution of blinkers with respe
t to intensityin the di�erent wavelengths is uniform. To do this we use a likelihoodstatisti
al test (as in Paper I). We determine the numbers of pixelswith intensities in 
ertain ranges (bins), of whi
h there are k, and are
hosen su
h that the width of the bins in
rease by a fa
tor of 2 forin
reasing intensity. We de�ne M to be the total number of pixels andMi to represent the numbers of pixels in the ith range. Similarly, nrepresents the total number of pixels asso
iated with the peak of ea
hblinker whilst ni is the number of these pixels with intensities in theith range. The likelihood ratio statisti
, wk, is then de�ned as
wk = 2ni kXi=1 log�niMnMi � ; (1)

and is 
ompared with the expe
ted �2k�1 statisti
. If wk is large 
om-pared to �2k�1 then the distribution is not uniformly distributed withrespe
t to intensity and suggests that the lo
ation of the blinkers isdependent on brightness of emission.Table V. The likelihood ratio statisti
 and 
orresponding �2k�1 values 
al
ulatedfrom a test to determine whether a
tive-region O V n� = 5, np = 3 blinkers areuniformly distributed with respe
t to intensity.Wavelength k �2k�1 Likelihood ratio statisti
HeI 7 24.10 2911.26OIII 8 26.02 5132.24OIV 9 27.87 5809.47MgIX 6 22.11 1431.46MgX 6 22.11 3114.04
The results from these tests are shown in Table V for the n� = 5,np = 3 blinkers. The blinkers are 
learly not uniformly distributed withrespe
t to the intensity of the pixels - the likelihood ratio statisti
 isbetween 65 and 210 times greater than the expe
ted �2 statisti
. We
an investigate their distribution still further by 
omparing histograms
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14of the intensity of both the blinker pixels at the peak of the blinkerand of all pixels (Figure 5). This �gure shows that for all wavelengthsthe blinker pixels are distributed su
h that they are not asso
iatedwith low intensity pixels. This suggests that the blinkers are pref-erentially lo
ated over regions of strong emission for all wavelengthsin
luding 
oronal ones. This result is slightly di�erent than that for theQS blinkers whi
h do not seem to be asso
iated with strong 
oronalemission. This dis
repan
y between the AR and QS blinkers may bedue to the stronger emission in the 
oronal lines in a
tive regions.

Figure 5. Histograms showing the distribution of intensity in the whole data set(dashed) and in the blinkers (solid) for (a) He I, (b) O III, (
) O IV, (d) O V, (e)Mg IX and (f) Mg X lines, respe
tively.
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153.5. Relationship to the Magneti
 FieldThe magneti
 �eld plays a key role in most events in the Sun's at-mosphere and blinkers are unlikely to be an ex
eption. We, therefore,
onsider what magneti
 fragments lie below the blinkers.

Figure 6. Comparison of the lo
ation of the midpoints of the O V n� = 5 and np = 3blinkers (4) with the underlying magneti
 �eld (a-
) and white light images (d-f).The se
tions of MDI magnetograms, with maximum 
olour intensity limits set forabsolute �elds of 500 Mx 
m2, and MDI white light images are shown at times 20:07(left), 22:10 (middle) and 00:07 (right). The �s indi
ate the blinkers that peak inthe 
orresponding frame and the � indi
ates the blinker whi
h has been dis
ussedin detail throughout this paper.In Figure 6 the 4s indi
ate the lo
ations of the midpoints of then� = 5 and np = 3 blinkers with respe
t to the magneti
 �eld and
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16white light images. (Note: the size of the blinkers is larger than thesymbols shown). The 4s plotted are those that o

ur (from left toright) in the �rst 1 hour 50 minutes, the next 2 hours 2 minutes andthe last 1 hour and 47 minutes, respe
tively, of the observing sequen
e.The blinker shown in Figure 2d is identi�ed with a � and is drawnover the MDI image taken at 22:10, the nearest frame to the peakof the blinker. The �s shown on the magnetograms and white lightframes indi
ate the blinkers that peak at the times of the MDI imagesunderneath them. From left to right over ea
h magnetogram and whitelight image there are, respe
tively, 51, 27 and 47 blinkers. It importantto note that the underlying magneti
 �eld 
an 
hange substantially inbetween the frames su
h that the positions of the blinkers shown bythe 4s may be misleading sin
e these blinkers do not peak at the timeof the MDI image they are plotted over.

Figure 7. CDS O V images of the �ve blinkers indi
ated in Figure 6 by �s and a�; (a-e) 
orresponds to their order from left to right as seen in Figure 6. The MDImagnetogram images show the magneti
 �eld below the blinkers taken at the timeof the peak of ea
h blinker; maximum 
olour intensity limits are set for absolutemagneti
 �elds above 500 Mx 
m�2. MDI white light images are also shown takennear to the time of the peak of ea
h blinker.We fo
us on the 5 blinkers marked with the � and �s that peakat the times of the MDI images. Figure 7 shows a 
lose up of ea
hblinker as seen in O V from the CDS data, the underlying magneti
�eld taken by MDI and the photosphere as seen in white light. Theblinkers in Figure 7 are ordered as they are seen from left to rightin Figure 6. The �rst blinker, Figure 7a, is situated over the positivesunspot whi
h dominates the MDI frame. From the white light it is
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17
lear that the blinker is on the edge of the umbra and penumbra. InFigure 7b, the se
ond blinker, whi
h is on the edge of the penumbraof the sunspot over some smaller positive fragments, is shown. Thethird blinker, Figure 7
, is positioned near the edge of the sunspot inthe bottom right-hand 
orner of the frame outside the penumbra. Thisblinker is found to be asso
iated with a negative fragment rather thanwith the sunspot. The fourth blinker, Figure 7d, is similarly pla
edjust outside the penumbra but this time on the edge of a large posit-ive fragment, whilst the �fth blinker, Figure 7e, is asso
iated with aregion that in
ludes both large positive and negative polarities, but isprimarily situated over a negative fragment.These results suggests that the nature of the magneti
 fragmentsbelow blinkers does not have a unique 
on�guration, indeed all 
om-binations of magneti
 fragments 
an exist below a blinker. Furthermore,it seems 
lear, from the blinkers lo
ated above the sunspot, that mixedpolarity is not a ne
essary 
ondition for a blinker to o

ur.Table VI. Numbers and polarities of magneti
 fragments below the n� = 5 andnp = 3 a
tive-region blinkers.Polarity Number (Size - in MDI pixels) of Magneti
 FragmentsOne Two: one (> 10) of major sign One(> 10) one (< 10) of opposite sign (< 10)P 47 10 1N 14 15 -P+N 37 - 1
From Figure 6, it appears that there are blinkers that o

ur inregions where there is little or no signi�
ant magneti
 fragments. Thismay, of 
ourse, be be
ause the fragments asso
iated with these blinkershave either 
an
elled or not yet emerged in the parti
ular frame shown.Therefore, a 
rude analysis is used to investigate the types of magneti
fragments that lie below the AR blinkers. This analysis involves 
ount-ing the numbers of MDI pixels with �eld strengths below �25 Mx
m�2 or above 25 Mx 
m�2. If there are less than 10 su
h pixels ofone polarity below the blinker then we 
ount that as indi
ating a smallmagneti
 fragment. If, however, there are more than 10 su
h pixels ofthe same polarity with more than this �eld strength then we say thereis a large fragment below the blinker. Table VI shows the results ofthe numbers and polarities of fragments below the n�=5 and np=3blinkers. The results show that most (98%) blinkers o

ur above large
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18fragments of one or both polarities, and that 69% o

ur above regionswhere one polarity dominates. Furthermore, 25% o

ur dire
tly abovea large positive sunspot. Of these sunspot blinkers, 25% o

ur over theumbra and 75% above the penumbra.3.6. Comparison of the Blinkers in Sunspot andNon-Sunspot Regions
Table VII. Properties of the a
tive-region O V n� = 5, np = 3 blinkers that wereobserved above the sunspot in either the umbra or penumbra, non-sunspot regionsand the whole a
tive region.Properties Sunspot Non-Sunspot A
tive RegionUmbra PenumbraNo. of blinkers 6 18 101 125Global frequen
y (s�1) 12.5 10.8 14.4 13.7Mean intensity 2.0 2.4 2.4 2.4enhan
ement fa
torMean area (�107 km2) 3.2 5.2 3.8 3.9Mean lifetime (minutes) 19.6 17.0 17.5 17.5Mean rise time (minutes) 11.7 8.1 8.5 8.6Mean fall time (minutes) 7.8 8.9 9.0 8.9Rise time>Fall time 4 6 44 54Rise time<Fall time 1 10 37 48Rise time�Fall time 1 2 20 23

As seen in Se
tion 3.5, the AR OV blinkers identi�ed are found bothinside a sunspot with their midpoints situated above both the umbraand penumbra, as well as in the surrounding (non-sunspot) region. To
he
k that these types of events are all the same we 
ompare theirproperties whi
h are shown in Table VII. Most of the properties ofthe three types of blinker are fairly similar. There are a few smalldi�eren
es, but due to the low statisti
s it is not 
lear whether theseare signi�
ant. For instan
e, the mean lifetimes of the umbral, pen-umbral and non-sunspot blinkers appear to be approximately the same,although the umbral blinkers seem to last a little (11%) longer andthe penumbral blinkers seem to last a little (3%) shorter then the non-sunspot blinkers. The mean areas of the umbral and penumbral blinkersare 16% smaller and 37% larger, respe
tively, than those for the non-sunspot blinkers, however, these di�eren
es are still within the observed
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19spread of non-sunspot blinker areas. The penumbral blinkers appearto have the same mean intensity enhan
ement fa
tor as non-sunspotblinkers, however, the umbral ones are 17% weaker. The frequen
y ofo

urren
e of sunspot blinkers in both the umbra and penumbra isslightly lower than that for non-sunspot blinkers, but is still higher thanthat for QS blinkers. There are more umbral blinkers with rise timesgreater than fall times and more penumbral blinkers with rise timesless than fall times than in the non-sunspot 
ase, however, this is mostlikely to be due to the small numbers of events dete
ted. We therefore
on
lude that the properties of the three di�erent types of blinkers aresimilar enough to suggest that sunspot blinkers are essentially the sameas non-sunspot blinkers. Finally though, we note that only 46% of theO V sunspot blinkers 
an also be observed in either He I or O IV,whereas 73% and 91%, respe
tively, of the non-sunspot O V blinkers
an also be observed in these lines. The physi
al signi�
an
e of thisdis
repan
y is not 
lear. Indeed, it may again be simply be due to thesmall number of sunspot blinkers observed.
4. Con
lusionsWe have identi�ed events in an a
tive region that have the same 
hara
-teristi
s as QS blinkers (Paper 1) and have named these events `a
tive-region blinkers'. Two similar events had previously been found byWalsh et al. (1997), but little was known about these events in general.We have found that AR blinkers have mean lifetimes between 16.5and 19.3 minutes, mean areas between 2:4�107 and 4:3�107 km2 andmean intensity enhan
ement fa
tors between 1.8 and 3.3. They are moreabundant than QS blinkers and have a global frequen
y between 7 and28 s�1. These 
hara
teristi
s suggest that AR blinkers are a little largerand slightly more intense than QS blinkers, but have approximately thesame lifetimes. Furthermore, our results suggest that, like QS blinkers,AR blinkers are enhan
ements in density or �lling fa
tor and are nottemperature events.In all wavelengths the light 
urves of the blinkers are very similar.Indeed, approximately 5-10% of the AR blinkers show peaks in boththe 
oronal lines (Mg IX and Mg X) that are signi�
ant enough to
ount as blinkers. The presen
e of these 
oronal blinkers is the mostsigni�
ant di�eren
e between AR and QS blinkers. It is possible thatthese signatures are only visible be
ause the 
ounts in the 
oronal linesare mu
h higher in an a
tive region than in the quiet Sun. Even if thepeaks in the 
oronal lines are not signi�
ant enough to be blinkers theyare still indi
ating that an event has o

urred. The 
oronal signatures
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20of blinkers are very similar to those found in nano
ares (i.e. peaks inintensity) and, therefore, if the 
oronal events we observe with peakfa
tors greater than 3 are a
tually nano
ares our results suggest thatat least 15% of a
tive-region blinkers 
ould be asso
iated with smallnano
ares. This possible asso
iation is rather strange sin
e nano
aresare believe to be heating events (Kru
ker and Benz, 1998; Parnell andJupp, 2000; As
hwanden et al., 2000a; As
hwanden et al., 2000b) andyet we have found from line ratios that O V blinkers are not tem-perature enhan
ements. Clearly, before any �rm 
on
lusions about the
onne
tion between nano
ares and blinkers 
an be rea
hed a properinvestigation 
omparing CDS and TRACE or EIT images needs to bemade.We have shown that blinkers are lo
ated over the regions with thestrongest emission from all lines, 
hromospheri
, transition and 
oronal.This suggests that blinkers o

ur above sites of a
tive-region networkand plage regions.Our analysis of the magneti
 �eld below blinkers reveals that blinkers
an o

ur both inside a sunspot and in the surrounding non-sunspot re-gion. The blinkers that o

ur inside a sunspot o

ur both in the umbraand the penumbra. Furthermore, the properties of the blinkers in theseregions are 
omparable and so we believe that they are both 
reated bythe same me
hanism. Investigations of the magneti
 fragments belowblinkers show that no spe
i�
 magneti
 fragment pattern is needed forblinkers to o

ur. However, blinkers do show a preferen
e for regions ofstrong unipolar �eld.From the results presented here for AR blinkers and in Paper 1 forQS blinkers it appears as if the quiet-Sun, non-sunspot and sunspotblinkers are all e�e
tively the same sorts of event and, hen
e, they areall 
reated by the same me
hanism. Let us 
onsider brie
y what thisme
hanism might be.Blinkers generally do not o

ur above regions of mixed polarity �eldand so re
onne
tion in the form suggested to power bright points andnano
ares (e.g., Priest et al., 1994, Parnell et al., 1994, and Long
opeet al., 2001) is unlikely to be responsible for these events. In Paper 1,several possible me
hanisms were suggested and these are listed below.� Iso-thermal 
ompression of pre-existing plasma along �eld lines.� Gathering together of �eld lines with pre-existing plasma at trans-ition region temperatures to in
rease �lling fa
tor.� Distant re
onne
tion of �eld lines 
ausing them to be `slung-shot'over.
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21In light of our results for AR blinkers 
reating the blinkers by iso-thermal 
ompression is still a possibility, sin
e this 
ould o

ur in aunipolar magneti
 �eld. The gathering of magneti
 �eld lines is stillalso a possible me
hanism sin
e inside a sunspot the magneti
 �eldis 
ontinually being squeezed and bu�eted by the 
onve
tion motionsbelow, however, it is un
ertain how su
h motions at the surfa
e woulde�e
t the �eld above. It is more likely that any squeezing of the �eldmust o

ur in the transition region itself. However, the idea of distantre
onne
tion is less likely sin
e, although the �eld lines that extendout from a sunspot will undoubtably have distant 
onne
tions in, say,another sunspot and these �eld lines may well re
onne
t, the �eld linesin the sunspot will always be predominantly verti
al and are thereforeunlikely to be `slung-shot' over. Hen
e, 
hanges due to line-of-sighte�e
ts are unlikely.Several further ideas suggested in Priest et al. (2001) were also dis-
ussed in Paper 1. The in
reased global birth rate of AR blinkers is stilltoo small to a

ount for the suggestion that blinkers are 
onne
ted withthe 
ompression by spi
ules. Furthermore, the suggestion that blinkersare 
ool, short, low-lying loops does not �t with our observations ofblinkers in a large sunspot where su
h �eld lines are unlikely to o

ur.Another suggestion is that blinkers are at the base of hot 
oronal loops.Comparison of CDS data with TRACE or SXT data showing hotter
oronal lines would enable us to determine whether blinkers do a
tuallyo

ur near the base of hot loops and produ
e a `blinking e�e
t'. Fur-thermore, high resolution images would give a better idea of the 
oronalstru
tures above the blinkers, and would, indeed, show if blinkers evenhad signatures at these hotter temperatures.The two �nal me
hanisms suggested by Priest et al. (2001) were thatblinkers are 
onne
ted with heating and evapourating plasma or with
ooling and draining plasma. This is a possibility sin
e the 
aden
e ofthe data analysed is not suÆ
ient to dete
t any time delay betweenblinkers in di�erent wavelengths. However, so far, no substantial 
owshave been seen in blinkers (Parnell et al., 2001) and no 
onsensus hasbeen rea
hed on the typi
al dire
tion of 
ows in blinkers, thus we 
annotverify either way whether these me
hanisms are likely 
andidates.Other phenomena have been identi�ed in the transition region abovea
tive regions. These in
lude a
tive transition-region brightenings asdes
ribed by Mason et al. (1997) and Fludra et al. (1997). Mason etal. (1997) des
ribe events observed in the Mg V (353 �A) and Mg VI(349 �A) emission lines (formed at the transition region temperatures3�105 K and 4�105 K) that showed no signi�
ant enhan
ement in thehotter Mg IX and MgX 
oronal lines. Fludra et al. (1997) also observedbright 
ompa
t sour
es in transition region lines using CDS. They found
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22events with a lifetime of at least 12 hours near regions of strong mag-neti
 
ux, su
h as near a sunspot and over lying the penumbra or theumbra. Clearly, sin
e the lifetimes of the AR blinkers are 30-40 timesshorter than those of the a
tive transition-region brightenings, they arenot the same events, however, it is possible that several blinkers 
ouldo

ur in one a
tive transition-region brightening. Analysis of a data setin
luding O IV (554 �A), O V (629 �A), Mg V (353 �A) and Mg VI (349�A) would need to be undertaken to establish whether these events are
onne
ted.Events in the 
orona that may be 
onne
ted to AR blinkers are nan-o
ares, mi
ro
ares or other small 
aring events su
h as a
tive-regiontransient brightenings (ARTBs) whi
h were observed with Yohkoh/SXTand �rst des
ribed by Shimizu et al. (1994). ARTBs are observed tohave temperatures of between 4�8 MK, with durations of 2�7 minutes(Shimizu, 1995). The lengths and widths of the events are given as5� 103 � 4� 104 km and 2� 103 � 7� 103 km, respe
tively, giving arange of areas between 1�107�2:8�108 km2. The energy released fromthese events is estimated by Shimizu et al. (1994) to be approximately1029 ergs, suggesting that the ARTBs are at the low end of the sub-
are energy range, but larger than mi
ro-
ares. The global frequen
yof these events was found to be approximately 3 per minute in a
tivea
tive regions and 1 per hour in quiet a
tive regions (Shimizu et al.,1994). Furthermore, Berghmans & Clette (1999) 
laim to have dete
tedthe `
ooler and weaker EUV 
ounterparts' of the ARTBs des
ribed byShimizu (1995) using EIT/SOHO Fe XII (formed at 1.6 � 106 K)data. These events have durations of between 1:5 � 10 minutes, andareas between 1:5 � 10 � 107 km2. They suggest that the elongatednature of these events means that they may be related to 
ompa
tloops. They also suggest that the average intensity enhan
ement of100% (i.e. a fa
tor of 2) is quite ex
eptional. More re
ently, Berghmanset al. (2001) analysed SXT, EIT and TRACE data for ARTBs. They�nd that the stronger ARTBs (found using SXT) 
orrespond to severalEUV brightenings, but the weaker events have no EUV 
ounterpart atall. Similarly the weaker EUV events have no soft X-ray 
ounterpart.AR blinkers and ARTBs appear to be of a similar size, however,ARTBs tend to have shorter lifetimes than AR blinkers. It is possiblethat this di�eren
e may be due to the low time resolution of 2.5 minutesof our data meaning that the shortest blinker lifetime that we 
anobserve is just 5 minutes. However, the average lifetime of the blinkersis 17 minutes with only a few (� 7%) of blinkers having lifetime lessthan 10 minutes and so the di�eren
e in lifetime is unlikely to be dueto temporal resolution e�e
ts. Clearly, sin
e we have only looked at asmall se
tion of an a
tive region it is diÆ
ult to 
ompare frequen
ies
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23of events, however, it is likely that the rate of blinker o

urren
e issomewhere in between 3 per minute and 1 per hour and so 
omparablewith the frequen
y of ARTBs. Furthermore, ARTBs are not generallyseen inside sunspots, but more around their edges or in plage regions,unlike AR blinkers. Sin
e we have not 
al
ulated the energy of ourblinkers it is hard to 
ompare blinker energies with those of ARTBs,however Walsh et al. (1997) indi
ate that one of the AR blinkers theyfound had energies of just 3� 1027 ergs in He I, 3� 1025 ergs in O V,2 � 1024 ergs in Mg IX and 3 � 1024 ergs in Fe XVI. These energiesare probably at the small end of the spe
trum of energies estimated forARTBs and no 
on
lusions 
an be formed from a single event. Fromthe GOES data it is possible to see that there were just 3 
ares duringour observing period, 2 of whi
h were GOES B2 level and one of whi
hwas GOES B9. From the data it is not possible to say where the largestof the GOES 
ares originated, however, the other two 
ares were seenover AR 8243 whi
h is the a
tive region we observed. This suggests thatthe ARTB a
tivity may have been fairly low, whereas we see quite afew AR blinkers. Furthermore, AR blinkers are thought to be density or�lling fa
tor enhan
ements whereas ARTBs are temperature events. Itis therefore hard to say whether there is a relation between AR blinkersand either ARTBs or their EUV 
ounterparts and this possibility needstesting.
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