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t. An automated method of identifying transition region blinkers is pre-sented. The distribution and general properties of blinkers identi�ed in the quietSun are dis
ussed. The blinkers are seen most 
learly in the O V transition regionline, but they also have strong signatures in O IV, and the 
hromospheri
 line, He I.The strongest O V blinkers 
an also be identi�ed in O III. No signi�
ant signaturesare found for the blinkers in the 
oronal lines Mg IX and Mg X.A few hundred O V blinkers are analysed. Their global frequen
y is between 1s�1 and 20 s�1 depending on how signi�
ant the peaks of the blinkers are. They havea typi
al area of 3�107 km2, a typi
al lifetime of 16 minutes and a typi
al intensityenhan
ement fa
tor of 1.8. We �nd the ratios of the oxygen lines to be 
at 
on�rmingthe result that blinkers are not temperature events, but are density enhan
ementsor due to in
reases in �lling fa
tor. Blinkers are found to o

ur preferentially overregions of enhan
ed 
hromospheri
 or transition region emission su
h as networkboundaries, however, it is not so 
lear that they appear below the brightest 
oronalregions. A rough analysis of the magneti
 fragments show that blinkers preferentiallyo

ur above regions where there are large or strong magneti
 fragments with 75%o

uring in regions where one polarity dominates.1. Introdu
tionTransition region blinkers are small-s
ale bright intensity enhan
ementsand were �rst observed by Harrison (1997) using the Coronal Diagnosti
Spe
trometer (CDS; Harrison et al., 1995) whi
h is onboard the Solarand Heliospheri
 Observatory (SOHO). They are most readily identi�edin O V, but are also found in other EUV lines, su
h as O IV, O III,He I and He II (Harrison, 1997, Harrison et al., 1999 and Berghmanset al., 1998). The properties of blinkers were investigated by Harrison(1997) and Harrison et al. (1999) who found that blinkers o

ur inquiet regions and (i) typi
ally last between 1 and 40 minutes (average 17minutes), (ii) have areas between 2 - 5 �107 km2 and (iii) have intensityenhan
ement fa
tors of 1.5 for the O V and O IV lines and 1.3 for OIII. Ratios of the O V, OIV and O III intensity light
urves of blinkerswere studied to determine whether blinkers are density enhan
ementsor temperature dependent features. These ratios were found to be 
at.
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2Hen
e, blinker intensity enhan
ements were interpreted as being due todensity or �lling fa
tor in
reases rather than a temperature in
rease.Harrison et al. (1999) studied just 97 events and found the global birthrate of blinkers to be just 1.2 s�1.Blinkers have also been identi�ed using He II images taken fromEIT/SOHO (Berghmans et al., 1998). Here the variation in propertiesof the events was larger with lifetimes, areas and intensity enhan
ementfa
tors found between 2� 60 minutes , 4� 40� 107 km2 and 1:1� 2:7,respe
tively. They also found the global birth rate of He II blinkersto be between 0:3 � 20 s�1 depending on the signi�
an
e of the eventpeaks, although they suggest it might possibly be as high as 40 s�1.More re
ently, Brkovi�
 et al. (2001) have analysed quiet-sun networkand internetwork region movies taken by CDS in the He I, O V andMg IX lines. From their results the typi
al area of a transition-regionbrightening is 2:4�107 km2 and the typi
al lifetime is 16 minutes. LikeBerghmans et al. (1998) they also �nd a larger global frequen
y of 22s�1. Gallagher et al. (1999) using CDS noted some eviden
e for periodi
behaviour of transient brightenings in the quiet sun network. They
on
luded that these brightenings were produ
ed via rapid 
ompressionof the transition region plasma.Chae et al. (2000) 
ompare both SUMER and CDS data. They donot try to identify blinkers as su
h in the CDS data but rather fo
uson two regions that appear to have a blinker-like behaviour. In theseregions many small-s
ale `unit brightening events' are observed in theSUMER data with a size of a few a
rse
s and a lifetime of a few min-utes. Chae et al. (2000) report that these events are unlike explosiveevents sin
e their UV line pro�le is not as broad, but they do stillhave signi�
antly enhan
ed wings. Re
ently, Teria
a et al. (2001) alsoused SUMER to investigate the 
hara
teristi
s of su
h unit brighteningevents. They found that unit brightenings have a duration of just 200s (< 4 minutes), their line pro�le has a slightly broadening and a �5km s�1 blue shift. These events were also found to have no substantialvariation in density about 1010 
m�3 in the O IV line. Hen
e, theysuggest that an in
rease in �lling fa
tor is the most likely 
ause of theintensity enhan
ement.All the initial results of blinkers (Harrison, 1997; Harrison et al.,1999) were 
arried out using manual dete
tion and analysis te
hniques.We attempt to repeat this analysis here by using a more robust de-te
tion method in the hope of �nding more events, as the results ofBerghmans et al. (1998) and Brkovi�
 et al. (2001) seem to suggest thereshould be. To do this we have developed an automated blinker identi�-
ation routine (BLIP). Having identi�ed the blinkers and their typi
al
hara
teristi
s using BLIP we will use this information to 
ompare the
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3lo
ations of blinkers with the underlying magneti
 �eld to investigatethe magneti
 stru
tures below the blinkers. Other wavelengths (
hro-mospheri
, transition region and 
oronal) are also 
onsidered to see ifblinkers have a typi
al signature in these lines. This work is des
ribed inthe following se
tions: �rst we dis
uss the data set investigated (Se
tion2) before detailing the algorithm used to dete
t and analyse the blinkers(Se
tion 3). In Se
tion 4 the results are presented. The 
on
lusionsdrawn from these results are detailed in Se
tion 5.2. DataIn this paper we use data taken by two SOHO instruments: CDS andMDI. The CDS dataset is taken using the normal in
iden
e spe
trom-eter (NIS), whi
h has wavelength ranges of 308-381�A and 513-633�Aand enables the solar atmosphere to be observed at a wide range oftemperatures, from the 
hromosphere, through the transition regionand into the 
orona. The data sequen
e was taken using the 4" � 240"slit, but only the 
entral 124" were telemetered, hen
e the slit rastershave an area of 40" � 124". The exposure time at ea
h slit lo
ation is10 se
onds and the entire raster has a duration of 151 se
onds. Ea
hpixel is 4" in the solar-x dire
tion and 1.7" in the solar-y dire
tion,produ
ing rasters of size 10 � 73 pixels. The data 
ontains 6 emissionlines, He I 584�A, O III 599�A, O IV 554�A, O V 629�A, Mg IX 368�Aand Mg X 624�A formed at the respe
tive temperatures of 20,000 K,100,000 K, 160,000 K, 250,000 K, 1,000,000 K and 1,200,000 K.

Figure 1. Full disk MDI magnetogram taken on 29th November 1998 at 12:48 UT.The white box indi
ates the area 
overed by the CDS rasters investigated. Partialframe high resolution MDI magnetogram showing the magneti
 �eld below the CDSraster.The data sequen
e analysed (S15251) was taken on 29th November1998 and lies over a region of quiet sun as 
an be seen in Figure 1.
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4The start of the observation run was 11:27 UT and it lasted almost 12hours; there were 270 rasters. The 
oordinates of the 
entre of the �rstraster are 4.80"W and 111.50"N. The observations are feature tra
kedby the movement of the mirror until it has rea
hed its maximum o�setand then by the movement of the legs so the mirror 
an on
e more s
anits full range.The standard CDS software is used to 
orre
t the data for missingpixels, CCD readout bias and 
osmi
 ray hits, 
at �elding e�e
ts and�nally a 
alibration is used to 
onvert the data units to photons-eventsper pixel per se
ond (p/p/s). The tilt between the NIS dispersion axisand the CCD dete
tor is 
orre
ted for, however, the standard 
orre
tionis not applied be
ause it has been found that the tilt is dependent ontime and mirror position (Bewsher et al., 2001). The rotation e�e
t ofthe Sun is removed from the data by using ROTXY from solarsoft. Allimages are rotated ba
k to the �rst image whi
h is used as a referen
epoint. Sin
e the CDS pixels are several ar
se
s in the x-dire
tion manyof the images are rotated ba
k by some fra
tion of a pixel. We usebilinear 
ubi
 interpolation to a
hieve this sub pixel rotation.The MDI data used is from the high resolution �eld of view and hasa 
aden
e of 1 minute and pixels of size 0.6"�0.6". We group the datainto sets of 3 
onse
utive images and average these, thus redu
ing the
aden
e of the data to that of the CDS images, as well as redu
ing thenoise in the MDI data.3. BLinker Identi�
ation Program (BLIP)In order to obje
tively dete
t blinkers, we designed a BLinker Identi�
a-tion Program (BLIP) whi
h is an automated method of �nding blinkersfrom a series of CDS rastered, feature tra
king data. The algorithm�nds groups of pixels that have `signi�
ant' simultaneous peaks.In order to determine if a peak is signi�
ant we �rst 
al
ulate thestatisti
al error of ea
h pixel using the method des
ribed in Thompson(1998), where the statisti
al noise is given by,fN =r 2N (1)where N is the number of photon-events/pixel. The noise must be
al
ulated in this way be
ause the 4 dimensional CDS data has beenredu
ed to 3 dimensions by simply summing up the spe
tral data inea
h pixel rather than �tting a line to it. For ea
h data series and ea
hparti
ular wavelength an error threshold (�) is then determined; � isde�ned as the value below whi
h 99% of the errors exist.
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Figure 2. Illustration of how signi�
ant peaks are 
hosen in BLIP. The peaks inves-tigated are denoted by an � whi
h remains if the peak is signi�
ant. The �s denotethe minimum troughs either side of the peaks investigated.For ea
h pixel in the data array all the lo
al temporal maxima andminima (peaks and troughs) are identi�ed. Clearly, not all peaks aregoing to be asso
iated with a blinker. We only keep peaks that arelarger than n��, where n� is a positive integer that is spe
i�ed later.To determine ea
h pixel's signi�
ant temporal peaks, the largest peakin ea
h pixel's time series is taken and the di�eren
e between it andthe minimum trough both before and after is 
al
ulated. If the valueof the intensity jump between the peaks and troughs is larger thanthe threshold, n��, then the peak is kept and the pro
ess repeated forthe time interval before and after the maximum peak. If the di�er-en
e in intensity is less than n��, then the peak is negle
ted and thatse
tion of the time series is investigated no further. Figure 2 shows as
hemati
 of how this pro
edure works. In this intensity-time sequen
ethree signi�
ant peaks are found.Adja
ent pixels that peak in the same image are grouped togetherto form an event. A pixel is said to be adja
ent to another if it is one
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6of the 8 surrounding pixels. A group must have at least np pixels tobe 
ounted as an event, where np is a positive-integer that is spe
i�edlater.A 
he
k is then made to see if ea
h event is a
tually a blinker bytesting to see if it still meets the 
riteria for a blinker, i.e. its peaksand troughs are identi�ed and 
ompared in the same way as above. If apeak is identi�ed in the group intensity pro�le at the same raster as theoriginal peak used to group the pixels and this peak is still greater thann�� above the troughs, then the group is 
ounted as a blinker. This stepis ne
essary be
ause it is possible that the sum of the pixel intensitiesmay smooth out any peak if some of the troughs about the peak arewidely separated in the di�erent pixels that make up the group.Having found all the blinkers, their properties 
an then be deter-mined. Area, lifetime, intensity enhan
ement fa
tor and global fre-quen
y are all 
al
ulated from the intensity 
urves and the numberof events 
an also be determined.4. Results4.1. Properties of blinkersWe use BLIP to investigate a series of di�erent sizes of blinkers byvarying the minimum size, np, and minimum intensity jump fa
tor, n�,in ea
h run of our algorithm. The following 
ombinations of np and n�were 
onsidered: np = 1; 2 or 3 CDS pixels and n� = 5; and np = 3 andn� = 3 or 10. The error threshold, �, for the O V data equals 3.64 pps.Table I shows the numbers and properties of the blinkers identi�ed.Table I. Properties of the quiet-sun blinkers identi�ed using BLIPProperties n� 3 5 5 5 10np 3 1 2 3 3No. of blinkers 356 214 171 136 17Global frequen
y (s�1) 19.5 11.7 9.4 7.5 0.9Mean intensity enhan
ement fa
tor 1.7 1.7 1.8 1.8 2.1Mean area (�107 km2) 3.1 2.0 2.5 2.9 2.9Mean lifetime (minutes) 16.4 16.4 16.4 16.4 21.0Mean rise time (minutes) 8.1 8.3 8.2 8.2 10.6Mean fall time (minutes) 8.3 8.2 8.2 8.2 10.3
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7The mean areas and mean lifetimes determined for the blinkers arefound to be 
omparable with those found by Harrison et al. (1999).Furthermore they do not vary greatly with a 
hange in the parameters,n� and np. The maximum area of a blinker is found to be 5:5 � 108km2, and the minimum area is restri
ted by the 
hoi
e of np and equals3:6 np � 106 km2.The mean lifetime of the blinkers identi�ed with ea
h 
riterion isabout 16.5 minutes. The longest blinkers are identi�ed with n� = 3and np = 3 and have a lifetime of order 40 minutes. The shortestblinkers are identi�ed with n� = 3 and n� = 5 and have lifetimes ofthe order of 6 minutes. This lower limit is instrumental and is simplythe shortest observable blinker time with our data set.The mean rise and fall times of the blinkers appears to be equal,however, on 
loser inspe
tion, we see that this does not mean thatin ea
h blinker the rise time equals the fall time. In all 
ases, ex
eptn� = 10 and np = 3, the numbers of blinkers with rise time greater thanfall time and fall time greater than rise time is approximately 40%, butthere are a larger number of events with a greater rise time. In just 20%of 
ases the rise and fall time are approximately equal. In the n� = 10and np = 3 
ase we �nd that there are more blinkers (45%) with falltime greater than rise time, but still approximately 20% of 
ases havealmost equal rise and fall time.The intensity enhan
ement fa
tors are higher than those observedby Harrison et al. (1999). The reason for this is not 
lear, althoughit may be due to a di�eren
e in the way the lower intensity bound isdetermined. We 
onsider the 
hange from the troughs on either sidewhilst Harrison et al. (1999) estimate the 
hange from an averageminimum intensity.Not surprisingly, we �nd a mu
h greater global frequen
y than Har-rison et al. (1999); the global frequen
y is de�ned as the number ofblinkers that o

ur on the whole sun per se
ond assuming that our CDS�eld of view is representative of the whole sun. This is most likely to bebe
ause manual dete
tion is a diÆ
ult and time 
onsuming pro
ess andis rarely as su

essful as automated dete
tion, espe
ially for blinkerswith small intensity enhan
ement fa
tors. In the 
ase where n� is held�xed and np de
reases from 3 to 2 and from 2 to 1 we see 25% moreblinkers identi�ed ea
h time. Similarly, when np is held �xed at 3 andn� is de
reased from 10 to 5 and from 5 to 3 we �nd 800% and 240%more blinkers, respe
tively. These in
reases are not too surprising sin
ewe are allowing smaller events to be 
ounted as blinkers ea
h time. Wefeel that an intensity jump fa
tor around 3 or 5 is probably a reasonablevalue. Any lower value would involve many 
u
tuations due to noisebeing 
ounted as blinkers. Similarly it is preferable to have a blinker
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8dete
ted in more than one pixel, however, here we have to bear in mindthat the CDS pixels are fairly large and so an instrument with higherspatial resolution would be desirable to estimate more reliably the sizesand numbers of blinkers.4.2. Intensity profiles

Figure 3. A typi
al O V blinker identi�ed with n� = 5 and np = 3. The � showsthe peak, and the dots mark the start and end of the blinker.In Figure 3, the intensity of a typi
al O V blinker is plotted againsttime. The peak of the blinker (�) and the beginning and end of theblinker (dots) are marked. The statisti
al error of the intensity 
al
u-lated using Equation 1 is also plotted. Due to the large number of datapoints on this graph the pro�le of the blinker is hard to distinguish -Figure 4 shows a 
lose up of the blinker.Looking at all the blinker light
urves we see that there appear tobe two types of blinker a
tivity. The �rst is repetitive in nature - thesame group of pixels peak more than on
e during the observing period- and the se
ond show no re
urren
e. Approximately 75% of blinkersstudied display a repetitive nature, with just 25% of blinkers havingone single peak during the observing period. The high per
entage ofrepetitive brightening is suggestive that the me
hanism that 
ausesblinkers is not an irreversible pro
ess su
h as re
onne
tion but rather amore subtle pro
ess that 
an swit
h o� and on. Harrison et al. (1999)�nds that there is a 50% 
han
e of a blinker onset on the same sitewithin 3000s (50 mins). It is possible that there may be some sortof periodi
ity to the repetition of peaks in the blinker light
urves. Totest this hypothesis we analysed the blinker light
urves using Fourieranalysis. Our analysis revealed no sign of any periodi
ity or os
illatorybehaviour. This may be be
ause the re
urren
e rate of blinkers is onthe order of several hours, rather than the hour suggested by Harrisonet al. (1999) and our 12 hour data sets are not long enough to show
bewsher.tex; 10/08/2001; 12:15; p.8



9these. We also attempted some wavelet analysis to see if the blinkersappeared in groups, but again we saw no sign of any distin
t wavepa
kets.4.3. Blinker signatures in other wavelengths

Figure 4. Comparison of intensity light
urves for a blinker identi�ed in O V seenin di�erent wavelengths, (a) He I, (b) O III, (
) O IV, (d) O V, (e) Mg IX, and(f) Mg X. The � mark the peaks of identi�ed blinkers, and the dots mark the startsand ends of the blinkers. The 4s mark the start, peak and end of all enhan
ementsfound by BLIP that are not large enough to be blinkers. The dashed line indi
atesthe peak of the O V blinker.
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10 In Figure 4, the light
urves relating to the same group of pixels asshown in Figure 3 are plotted against time for He I, O III, O IV, OV, Mg IX and Mg X (a-f respe
tively). Ea
h light
urve is investigatedto determine whether it has a peak at the right time that satis�es the
riteria for a blinker. An enhan
ement in intensity 
an be seen in theHe I, O III, O IV and O V lines. However, the only one of these events,apart from the O V, to meet the 
riteria for a blinker is the O IV peak.The blinker identi�ed in O IV starts, peaks and ends at the same timeas the O V blinker. Even though a blinker is not registered in the OIIIline, there is a noti
eable (n�OIII = 2:8) in
rease in intensity whi
hstarts, peaks and ends at the same time as the other O line blinkers.There is also a notable (n�HeI = 2:6) in
rease in intensity in the He Iline. These are identi�ed by 4s.The blinker pi
ture in Figure 4 is similar to that seen in about 25% ofthe blinkers identi�ed. Table II shows the numbers of blinkers observed�rst in O V and then in one, two or three other wavelengths. In all
ases, 80-91% of the O V blinkers were also identi�ed in the O IV line;this 
on�rms the results by Harrison et al. (1995) that the blinkers aremost evident in the O V and O IV transition region lines. The majorityof these blinkers are also identi�ed in He I. Indeed, in all 
ases, ex
eptone (n� = 10 and np = 3), 23-28% of blinkers identi�ed in O V are alsoidenti�ed in the He I and O IV. In the n� = 10 and np = 3 
ase only6% of blinkers are identi�ed in these three wavelengths. In all 
ases, lessthan 6% of O V blinkers were seen in the O III line. These blinkers aregenerally the strong blinkers and are also visible in the O IV and He I.No blinkers were identi�ed in either of the hotter 
oronal magnesiumlines. The reason blinkers have not been identi�ed in the O III and the
oronal lines may be be
ause these lines are weak in quiet regions.To establish the size of the intensity enhan
ements identi�ed in theother wavelengths at the same time as the blinker in O V we 
al
ulatedthe size of the peaks in the same way as we tested to see if the peakswere blinkers. Table III shows the range of the sizes of peaks in termsof their peak-size fa
tors even if this fa
tor is less than that requiredfor a blinker. The results shown are only for the events asso
iated withblinkers seen in O V and with n� = 5 and np = 3.The results in this table show that the peaks identi�ed in the 
oronal(magnesium) lines are mu
h smaller than that required for a blinker,with just 3.7% and 13.2%, respe
tively, for the Mg IX and Mg Xhaving peak fa
tors greater than 1. The largest O III peak is onlyjust signi�
ant enough to be 
ounted as a blinker, with a peak fa
torof 5.4. In the other O lines (O IV and O V) and the He I line themajority (99%, 100% and 49%, respe
tively) of peak fa
tors are above3. The maximum peak fa
tors of the blinkers in these wavelengths are
bewsher.tex; 10/08/2001; 12:15; p.10



11Table II. Number of events identi�ed as blinkers in O V and other wavelengthsWavelength n� 3 5 5 5 10np 3 1 2 3 3O V 356 214 171 136 17He I/O V 104 58 46 37 1O III/O V 23 3 3 2 0O IV/O V 323 171 143 118 14Mg IX/O V 0 0 0 0 0Mg X/O V 0 0 0 0 0He I/O IV/O V 99 50 40 34 1He I/O III/O V 17 3 3 2 0O III/O IV/O V 23 3 3 2 0He I/O III/O IV/O V 17 3 3 2 0Table III. Range of peak-size fa
tors for events in all wavelengths �rst identi�ed asO V blinkers with n� = 5 and np = 3Wavelength � Minimum Maximum % w. peak % w. peakpeak fa
tor peak fa
tor fa
tor > 1 fa
tor > 3He I 5.35 0.0 12.4 89.7 47.8O III 1.40 0.3 5.4 94.1 21.3O IV 3.16 2.3 13.1 100.0 99.3O V 3.64 5.1 12.4 100.0 100.0Mg IX 1.15 0.0 1.4 3.7 0.0Mg X 1.05 0.0 1.8 13.2 0.0
not a lot bigger than 10, 
on�rming our thoughts that an n� = 10 justidenti�es the very large blinkers. It is possible that the events in theMg X line appear mu
h larger than in Mg IX be
ause the Mg X linealso in
ludes an O IV 
omponent.4.4. Line ratiosFigure 5 (a) shows the light
urve seen in Figure 3 whilst Figures 5 (b-d)show its ratio with the He I, O III and O IV light
urves, respe
tively.The dashed line marks the position of the peak of the O V blinker in all
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12

Figure 5. (a) Typi
al O V light 
urve, (b) Ratio of O V/He I, (
) O V/O III and(d) O V/O IV. The dashed line indi
ates the peak of the O V blinker.
�gures. The ratio of the oxygen lines show no signi�
ant temporal vari-ations. This is similar to the result found by Harrison et al. (1999) andsuggests that blinkers are not temperature enhan
ements, but ratherenhan
ements in density or �lling fa
tor.We 
onsidered, for all our blinkers, the minimum, mean and maxi-mum values of the line ratios of the light
urves 
al
ulated between thestart and end of the O V blinker, as well as for the entire ratio of thelight
urves (Table IV). It appears in all 
ases as if the blinker part of thelight
urve ratio is slightly bigger than that normally observed, ex
eptfor the ratio of O V/O IV where the blinker ratio is slightly lower thanexpe
ted. If these deviations were real it would imply that the typi
altemperature of a blinker lay somewhere between 105 K and 1:6 � 105K, however, the typi
al 1 � error on these ratios is 1.32 and 0.17 forthe O V/O III and O V/O IV ratios, respe
tively. Sin
e the di�eren
esbetween the mean values of the blinker and entire light
urves are alwaysless than these errors it is unlikely that the di�eren
es are real, hen
e,we 
on
lude that the ratios of the oxygen spe
ies are e�e
tively 
atand so agree with the results of Harrison et al. (1999).
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13Table IV. Minimum, mean and maximum line ratio values for the entire light
urveand for the blinker region onlyWavelength Minimum Mean MaximumEntire Blinker Entire Blinker Entire BlinkerHe I 0.26 0.32 0.42 0.48 0.54 0.93O III 3.93 4.77 6.26 6.38 7.22 7.74O IV 1.14 0.99 1.32 1.29 1.59 1.57Mg IX 3.06 5.13 9.97 11.97 15.66 19.53Mg X 3.38 6.04 10.16 11.97 13.94 18.85
4.5. Relationship to networkTo 
ompare the lo
ation of the blinkers with the network and theemission from other wavelengths we plot the integrated emission overthe entire observing sequen
e of the derotated He I, O III, O IV, OV, Mg IX and Mg X rasters, Figure 6 (a-f), respe
tively. The 4'srepresent the lo
ation of the midpoints of the blinkers, and the � in thetop right-hand 
orner shows the midpoint of the blinker that has beendis
ussed in detail.Clearly the blinkers are not distributed uniformly over the �eld-of-view. Indeed, just the odd one or two blinkers seem to appear o�the network boundary. To see if the blinkers are distributed uniformlywith respe
t to intensity, whi
h from the images they 
learly appearnot to be, we use a likelihood statisti
al test. First we determine thenumbers of pixels with intensities in 
ertain ranges. These ranges (bins),of whi
h there are k, are 
hosen su
h that the width of the bin in
reasesby a fa
tor of 2 for in
reasing intensity. We de�ne M to be the totalnumber of pixels and Mi to represent the numbers of pixels in the ithrange. Similarly, n represents the total number of pixels asso
iated withthe peak of ea
h blinker whilst ni is the number of these pixels withintensities in the ith range. The likelihood ratio statisti
, wk, is thende�ned as wk = 2ni kXi=1 log�niMnMi� : (2)We 
an now 
ompare wk with the expe
ted �2k�1 statisti
. If w is large
ompared to �2k�1 then the distribution is not uniformly distributedand suggesting that they are dependent on brightness of emission.
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Figure 6. Comparison of the lo
ation of blinkers with the network. Time integratedemission of the derotated (a) He I, (b) O III, (
) O IV, (d) O V, (e) Mg IX and (f)Mg X rasters. Ea
h 4 represents a blinker and the � refers to the blinker seen inFigure 3.The results of this analysis for the n� = 5 and np = 3 
ase are shownin Table V. In all 
ases the likelihood ratio statisti
 is substantially(between 2 and 300 times) greater than the �2k�1 value, so 
learly theblinkers are not uniformly distributed. This is no surprise for the O Vblinkers, sin
e by de�nition they are the brightest pixels, however, itis interesting that this still holds for the 
oronal lines even though we
annot dete
t blinkers there.
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15Table V. Values of the likelihood ratio statisti
 and 
orresponding �2k�1 statisti
 forblinker events identi�ed with n� = 5 and np = 3.Wavelength k �2k�1 Likelihood ratio statisti
He I 4 17.73 795.622O III 4 17.73 3129.42O IV 6 22.11 4078.15Mg IX 3 15.20 175.042Mg X 3 15.20 957.243
In most 
ases the blinkers appear to o

ur above regions of enhan
edemission. A further analysis is used to determine whether blinkers arelo
ated over the areas of strongest emission. Figure 7 shows the distri-bution of intensity of CDS pixels in all wavelengths and blinker pixels(identi�ed with n� = 5 and np = 3) at the time of the blinker peak.The solid line shows the distribution of pixels asso
iated with blinkersand the dashed line shows the distribution of all pixels. From Figure 7we 
an see that in all wavelengths the pixels with the weakest emissionare not asso
iated with blinkers and in the 
ases of He I, O III, O IVand O V the blinkers are 
learly asso
iated with the top few per
entof pixels with the highest intensity. This, as already said, is no surprisein the 
ase of O V sin
e, by de�nition, blinkers are the high emissionpixels, however, sin
e this pattern is mirrored in the other wavelengthsit implies that blinkers probably generally have similar signatures inthese other wavelengths too. Also it 
on�rms the results that blinkerso

ur above the network in quiet regions. However, in the 
oronal linesthe results are not quite the same. The blinkers do not appear to beasso
iated with the high intensity pixels in the Mg IX line, althoughin Mg X they do appear to be. It is possible that the O IV 
omponentof the Mg X line may be 
onfusing these results and that, if this testwere repeated using �tting te
hniques to the spe
tra to redu
e the datarather than just summing all spe
tral 
ounts, then a 
learer result mayappear.4.6. Relationship to magneti
 fieldThe lo
ation of the blinkers 
an also be 
ompared to the magneti
fragments in the photosphere below. In Figure 8 the lo
ation of the mid-point of the blinkers (4s) are drawn over se
tions of MDI magnetogramtaken at three di�erent times. Note, that the blinkers themselves are
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Figure 7. Histogram of distribution of all pixels intensities (dashed) and blinkerpixel intensities (solid) for (a) He I, (b) O III, (
) O IV, (d) O V, (e) Mg IX and(f) Mg X lines respe
tively.mu
h bigger than the symbols shown. The 4s over ea
h magnetogram,going from left to right, are those that o

ur in the �rst 4 hrs 11mins, the next 4 hrs and 32 mins and the �nal 2 hrs and 56 mins,respe
tively. The blinker shown in Figure 3 is marked with an � andthe underlying MDI image is taken at 20:45, the nearest frame to thepeak of this blinker. The �s indi
ate the blinkers that peak at the sametime as the other two magnetograms. Although, all the other blinkersare marked it is important to remember that they peak at di�erenttimes and therefore the a
tual magneti
 �eld below may have 
hanged
onsiderably.
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Figure 8. Comparison of the lo
ation the midepoints of the n� = 5 and np = 3blinkers (4s) with the underlying magneti
 �eld. Se
tions of MDI magnetograms,with maximum 
olour intensity limits set for absolute �elds above 20 Mx 
m�2, areshown at times 14:10 (left), 18:16 (middle) and 20:45 (right). From left to right overea
h magnetogram there are, respe
tively, 51, 52 and 33 blinkers. The �s indi
atethe blinkers that peak in the left and middle frames whilst the � indi
ates the blinkerwhi
h has been dis
ussed in detail throughout this paper.Consider the �ve blinkers that peak at the time of the images (shownby �s and a �). Figure 9 shows a 
lose up of these blinkers taken byCDS in the O V line, as well as the 
orresponding magneti
 �eld below.The blinkers from left to right (a-e) are ordered as they are seen fromleft to right in Figure 8. The �rst blinker, Figure 9a, appears abovea region where there are no fragments save a small, weak negativemagneti
 fragment to the right. The se
ond, Figure 9b, o

urs dire
tlyabove a large negative fragment, although the blinker may just tou
h
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Figure 9. Images in the CDS O V line of the �ve blinkers indi
ated in Figure 8 by�s and a �; (a-e) 
orresponds to their order from left to right as seen in Figure 8.The MDI images are of the magneti
 �eld below the blinkers taken the time of thepeak of ea
h blinker; maximum 
olour intensity limits set for absolute �elds above20 Mx 
m�2.the large positive fragment below. The blinker in Figure 9
 is similar inthat it is predominantly over the large positive fragment, but may justtou
h the large negative one nearby. In Figure 9d the blinker overlieslarge fragments of both polaritites, whilst the last blinker, Figure 9e,just overlies the positive fragment at the top of the image.

Figure 10. Distribution of blinker pixel values (solid) and all pixel values (dashed)versus absolute magneti
 
ux.Clearly, from the illustration of these �ve blinkers we see that thenature of the magneti
 �elds below blinkers is not 
lear 
ut. All situ-ations arise. Mixed magneti
 �elds dire
tly below the blinker are not
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19essential, however, in most 
ases reasonable sized magneti
 fragmentsof one polarity are found. In Figure 8 it appears as if a few blinkerso

ur in regions where there are no well de�ned fragments. A simi-lar likelihood ratio test to that des
ribed in the previous se
tion isperformed to determine whether blinkers are preferentially o

urringabove regions of strong absolute magneti
 �eld. Here the MDI pixels arebinned into k bins a

ording to their absolute �eld strength with, thistime M representing the total number of MDI pixels, Mi the numberof these pixels in ea
h bin, n represents the total number of MDI pixelsasso
iated with the peak of ea
h blinker and ni the number of thesepixels in ea
h bin. The likelihood ratio statisti
, wk, is 
al
ulated inexa
tly the same way as before. We again �nd that wk (whi
h equals580.5) is 
onsiderably larger than the �2k�1, (whi
h equals just 27.9 fork = 9) and so the distribution of the blinkers above the magneti
 �eldis not uniform. Furthermore, by 
omparing the distribution of blinkerpixels (identi�ed with n� = 5 and np = 3) and the absolute strength ofthe magneti
 �eld (Figure 10) we see that blinkers do generally o

urabove the pixels with stronger absolute �eld strength. However, as wehave already seen, blinkers 
an also o

ur above all �eld strengths andare not just 
on�ned to strong �elds. This may be be
ause, the a
tualroots of the �eldlines involved in the blinker have strong �eld, butare 
on�ned in rather small areas, whereas due to the 
anopy e�e
t(Gabriel, 1976) the blinker itself may spread over a mu
h wider area.Table VI. Numbers and polarities of magneti
 fragments below the n� = 5 andnp = 3 blinkersPolarity Number (Size - in MDI pixels) of Magneti
 FragmentsOne Two: one (> 10) of major sign One(> 10) one (< 10) of opposite sign (< 10)Positive 35 34 6Negative 11 15 1Positive+Negative 25 - 9As a 
rude estimate of the types of magneti
 fragments that lie belowblinkers we 
ounted the numbers of pixels below ea
h blinker that hadless than -10 Mx 
m�2 and above 10 Mx 
m�2. If there were less than10 MDI pixels of one polarity we 
ounted that as a small fragment andif there were more than 10 MDI pixels of one polarity we 
ounted thatas a large fragment. Table VI indi
ates the numbers of fragments belowthe n� = 5 and np = 3 blinkers.
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20 Clearly most (88%) blinkers o

ur above large fragments of one orboth polarities. Furthermore 75% o

ur above regions where one polar-ity dominates. This suggests that it is the presen
e of large or strongmagneti
 regions that is important for blinkers rather than 
lose pairsof opposite polarity magneti
 fragments. It is interesting that 51% ofblinkers o

ur above regions where large positive fragments dominate,whereas only 19% o

ur above regions where negative fragments domi-nate. This is probably be
ause our CDS rasters have only a fairly small�eld of view and are situated above regions of network �eld that aredominated by positive magneti
 �elds.5. Dis
ussionThe most important question to ask is `What me
hanism gives rise toblinkers?' Before we 
an answer this we must 
ompare our results withthose of other events.First, let us 
ompare rates of o

urren
e of blinkers with rates ofo

urren
e of events that o

ur in the photosphere near network re-gions. The most obvious of these to 
onsider is the rate of emergen
e ofephemeral regions whi
h has re
ently been revised by Hagenaar (2001)and is now about 8:4 � 10�24 
m�2 s�1 or in other words, just lessthan one per supergranule (radius: 7,000 km, geometry: hexagonal,area: 3p3r2=2 � 1:3� 108 km2) per day. Can
elling magneti
 featuresare also frequently seen at the edges of supergranule 
ells. The rate of
an
ellation 
an be estimated from the re
ent magneti
 
arpet model byParnell (2001) who �nds that around 3 to 5 times as many 
an
ellationevents o

ur as emergen
e events, hen
e, a reasonable estimate at therate of 
an
ellation is 3 � 5 per supergranule per day. The rate ofo

urren
e of n� = 3 and np = 3 blinkers is about 3:2 � 10�22 
m�2s�1, or approximately 35 blinkers per supergranule per day. Clearly,both of these types of events o

ur far too infrequently to a

ount forblinkers. These rates of o

urren
e suggest that it is not re
onne
tiondriven by emergen
e or 
an
ellation that are 
ausing blinkers, but theydo not rule out the possibility that re
onne
tion due to the passing ofopposite polarity fragments might be a me
hanism. Furthermore, we�nd that 39% of blinkers do not o

ur above regions of mixed polarityand that 59% of those lie above regions where one polarity is dominant.Although our blinkers do not appear to have dete
table 
oronal sig-natures we 
an still 
ompare there frequen
y with that of nano
ares.From the results of Parnell and Jupp (2000) the o

urren
e rate ofnano
ares appears to be between 2:3�10�21 
m�2 s�1 and 7:8�10�21
m�2 s�1 whi
h is equivalent to around 250 and 850 per supergran-
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21ule per day. This is signi�
antly greater than the number of blinkersobserved.These results and the fa
t that blinkers do not appear to haveany strong signature in the 
oronal lines and the ratios of the oxygenspe
ies are 
at suggests that blinkers are �lling fa
tor or density events.Possible me
hanisms for blinkers are therefore:� Iso-thermal 
ompression of pre-existing plasma along �eldlines toin
rease the density, but not the temperature. Compression thato

urs on a longer time-s
ale than the thermal 
ondu
tion time-s
ale along �eldlines 
ould be iso-thermal in nature.� The gathering together of �eldlines with pre-existing plasma attransition region temperatures to in
rease the �lling fa
tor. Blink-ers typi
ally o

ur above sites of strong magneti
 �eld and somovement of these �elds 
ould be a
hieved by simply moving theother extended footpoints around. Due to the 
anopy e�e
t anysqueezing is likely to e�e
t the 
hromospheri
 and transition regionplasma more than plasma in widely spa
ed �eldlines at 
oronaltemperatures. Modelling of the magneti
 footpoints below blinkerswould help us determine if this me
hanism is likely.� The distant re
onne
tion of �eldlines that extend from a magneti
fragment below the blinker 
ausing them to be `slung shot' over.During a `sling shot' motion �eldlines that start o� almost perpen-di
ular to the line of sight, may be
ome parallel to the line-of-sightbefore ending up perpendi
ular on
e more. Although the a
tual
rossing of the �eldlines may happen very fast the time to re
on-ne
t all the �eldlines from one fragment may last several minutesand maybe long enough to a

ount for a blinker. Comparing CDSrasters of blinkers and TRACE or Yohkoh images of loops wouldhelp de
ide if this was a likely me
hanism.Re
ently, a paper by Priest et al. (2001) 
onsidered possible me
h-anisms for blinkers. They mentioned the following me
hanisms:� Spi
ules: After spi
ular material rea
hes 
oronal heights it may beheated to 
oronal temperatures before it falls. This falling materialmay give rise to blinkers. However, there are up to 3:6�10�19 
m�2s�1 or almost 40,000 per supergranule per day! Priest et al. (2001)suggest that only those e�e
ted by granular 
ompression wouldprodu
e blinkers, but sin
e granulation is o

uring at all times itis hard to believe that only 1 in every 1000 is 
ompressed in thisway.
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22� Cool low-lying loops: It is possible for short (5 Mm) loops to remain�lled with plasma at temperatures of 105 K for several minutes -these 
ould be blinkers. The presen
e of blinkers above unipolarregions is suggestive of longer �eldlines rather than very short ones.Also 
onsidering the size of blinkers many short �eld lines wouldbe needed whi
h would seem to suggest a fairly obvious oppositepolarity fragment should be present.� Coronal base of hot loops: The movement of the thin layer ofplasma at the base of loops that lies between 
oronal and 
hromo-spheri
 plasma - this 
ould give a blinking e�e
t. This possibilityneeds to be tested by 
omparing CDS rasters with TRACE orYohkoh images of loops.� Heating and evaporating plasma: Plasma that passes through 105K whilst being heated from 
hromospheri
 to 
oronal temperaturesfollowing heating and evapouration may be observed as a blinker.No real 
onsistent 
ow patterns have been observed in blinkers.This may be be
ause there is no 
oherent 
ow in a blinker or justa very weak 
ow. It is, therefore, hard to say whether things arerising or not. Furthermore, we see no delay in the onset, time ofpeak or end of a blinker in the di�erent wavlengths. This may bedue to the fairly low 
aden
e (3 minutes) in our observations ormay be be
ause there is no time lag.� Cooling and draining plasma: Plasma that is 
ooling down from
oronal to 
hromospheri
 temperatures and passing through 105K 
ould also be observed as a blinker. Similar arguments to thoseabove for the heating of plasma apply.Not only are we unable to distinguish between ea
h of these me
h-anisms at the moment, but we are also unable to verify if any oneis likely to o

ur. 6. Con
lusionsOur results 
on�rm the properties of O V blinkers dis
overed by Har-rison (1997) and Harrison et al. (1999). We �nd lifetimes from thedata resolution up to 40 mins (mean 16 minutes), areas from 1 pixelup to 5:5 � 108 km2 (mean approximately 3 � 107 km2) and intensityenhan
ement ratios of around 1.8. The global frequen
y is, as expe
ted,mu
h higher at around 1�20 s�1 dependening on whether large or smallpeak intensities are demanded. The ratios of the oxygen lines are again
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23shown to be 
at 
on�rming the results of Harrison (1997) and Harrisonet al. (1999) that blinkers appear to be in
reases in density or �llingfa
tor.We have investigated the rise and fall times of the O V blinkers.There does not appear to be a 
lear pattern with 40% having a fasterrise than fall time, 40% with a faster fall than rise time and 20% withe�e
tively equal rise and fall times. The mean rise and fall times areboth about 8 minutes.Blinkers that are identi�ed in O V 
an also be readily dete
tedas blinkers in O IV and He I with 80 � 91% and 23 � 28% of theO V blinkers dete
ted in these lines, respe
tively. The O IV and He Ilines are two of the strongest transition region and 
hromospheri
 lines,respe
tively, that CDS has. In the weaker line, O III, the blinkers aremu
h harder to dete
t with less than 6% of the O V blinkers seen. Theblinkers dete
ted in these wavelengths tend to o

ur simultaneouslywith the O V blinkers. No signi�
ant peaks at the time of the blinkersare seen in the Mg IX and Mg X 
oronal lines. In the 
ases of 4% and13% of the O V blinkers, small intensity enhan
ements greater thann�MgIX = 1 and n�MgX = 1 are observed, respe
tively for the Mg IXand Mg X lines. There are probably more Mg X enhan
ements of thissize be
ause this line has an O IV 
omponent. These results suggestthat blinkers have no 
oronal signatures, however, it may be simplythat these lines are too weak to dete
t anything in.Statisti
al analysis has been used to 
on�rm that the distributionof blinkers is not uniform and they are preferentially lo
ated in regionsof strongest emission in the 
hromospheri
 and transition region linesstudied. This suggests that they are (I) lo
ated over the network andthat (II) the signatures of blinkers in the He I and oxygen lines areall very similar. The results for the 
oronal lines suggest that theblinkers o

ur below regions of medium emission, but not ne
essarythe strongest 
oronal emission. This result needs further investigationthough. For example, a data squen
e is needed with longer exposuretimes so better 
ounts are attained in these lines. Also when analysingthese lines it would also be better if ea
h spe
trum was �rst �tted toavoid any a�e
ts from the O IV 
omponent in the Mg X line.A statisti
al analysis was also used to show that the blinkers havea preferen
e for regions with strong absolute magneti
 �elds. This isof 
ourse to be expe
ted sin
e we �nd 99% of them to o

ur abovethe network. However, a rough analysis of the position of blinkers withrespe
t to magneti
 fragments show that 88% o

ur above well de�nedmagneti
 fragments. Furthermore, 75% o

ur above regions where onepolarity dominates. These results suggest that lo
al mixed polarity�eld does not appear to be a key ingredient for blinkers and, hen
e,
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24in situ magneti
 re
onne
tion may not be the me
hanism that 
ausesblinkers. We suggest that an alternative me
hanism is the iso-thermal
ompression of plasma through the movement of magneti
 fragmentsdue to granular motions. It is likely that su
h motions 
ould easilygive rise to many small-s
ale events like the unit brightenings observedin SUMER whi
h 
ould be averaged out to give the CDS blinkers weobserve. A
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