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1 Introdu
tionIn all the di�erent analysis in AMANDA we are often interested in the overall normalizationand thus need to know the live-time 
orresponding to a 
ertain sample. We also have to 
orre
tfor dead-time for events o

urring too 
lose in time for the trigger system to 
ope.This is 
ertainly done my many Amandians already but sin
e we did not easily �nd anydetailed information on this subje
t we made a small investigation on these matters. The startpoint for this investigation was a raw-data sample of one day (94) from the year 2000 datafor whi
h we wanted to determine the dead-time 
orre
tion as well as the live-time. A smallfast pro
edure was developed to 
ope with many (
ompressed) data �les in f2k-format in aneÆ
ient way.Later we tested some data samples from di�erent years and re
ently all raw data from2000 and 2001 has been analyzed. We should admit that in the �rst round we had an error,des
ribed below, in our te
hnique but we hope and think that the analysis is 
orre
tly donenow.Finally we have managed to make web tools by whi
h live- and dead-time for any run/�lesele
tion may be determined in 2000 or 2001 data.Note that what we 
all dead- and live-time may be 
ombined to an overall dead-time ofthe dete
tor but we have 
hosen to split the two e�e
ts in this analysis.2 Live-timeIn the �rst approximation the live-time T is 
al
ulated as the sum over all �les of the di�eren
ebetween the time of the last and �rst event.T =X�les tlasti � t�rstiThis is, of 
ourse, the simple basis of evaluating live-time but there are a few e�e
ts,normally minor, that we want to, or must, 
orre
t for.2.1 Interval 
orre
tionOne obvious but minor 
orre
tion is that given ni events we observe only ni�1 intervals thusa small bias is 
orre
ted by T =X�les nini � 1(tlasti � t�rsti )where ni is the number of events in �le i.In reality data tested shows that the time di�eren
e between subsequent �les is of the sameorder as between events and thus we 
ould have negle
ted the summation and as well as thebias-
orre
tion. However, there are runs where 
hanges o

urr within the run and we want topossibly be able to make a sele
tion not only on run level but also on �le level in the future.The 
orre
tion above takes 
are of the e�e
t and is even more imporant if the te
hnique isused on a data sample where the rate is low. 1



2.2 GPS readout problemIn our detailed investigations of the full 2000 and 2001 raw data samples we extra
ted ea
hindividual time for ea
h event. In doing this we 
ould investigate thoroughly the event timing.In doing this we found some problems 
on
erning the GPS 
lo
k(s), or probably rather theGPS readout system. This implied e.g. that in the beginning of ea
h run in 2000 data, in the�le with index 000 the �rst 1350 events or so were unreliable and even drasti
ally wrong.Minor similar problems o

urred in some other, but very few, 
ases. To deal with this weintrodu
ed a lag, `, usually equal to 1 to indi
ate whi
h event to use as the �rst reliable timefor a �le. In doing this we modify our formula above to readT =X�les nini � `i (tlasti � t�rsti )For instan
e in the 
ase mentions about we use ` = 1350 for those �les and in some other
ases ` = 2. In most 
ases, however, ` = 1.2.3 Arti�
ially long time gapsIf longer intervals o

ur between events within a �le or raw data something �shy is going on.This was the 
ase in 1997. Although 1997 data is not in fo
us in our present investigationsthere are o

urren
es of arti�
ially longer �t's also in those samples. Sin
e, as we will se, weuse a maximum likelihhod estimate of the slope of the exponential distribution we are sensitiveto ignore out-liers in the far tail and thus we need a te
hnique to avoid this.Although somewhat arbritarily we adopted a small algorithm whi
h separately adds timeslonger than a 
ertain value (0.1 was used for 1997 data and 0.2 s turned out to be a not toobad 
hoi
e for 2000 as well as 2001 data). This may sometimes sele
t a few events just abovethe limit and we even make a �nal 
he
k after a sample (a �le) has been pro
essed where, ifthe number of su
h o

urren
es are below 5 and the average of those is less than 1.5 times thelimit used (i.e. 0.3 here), we merge those observations with the normal sums. If, however, thisis not the 
ase we regard the e�e
t as due to some ari�
ial hi
k-up where the read-out washang-up for short time periods. With m su
h too long intervals having a total time Thigh we�nally get T =X�les nini � `i �m(tlasti � t�rsti � Thigh)i.e. we subtra
t Thigh and 
orre
t the number of gaps 
orrespondingly.It should be noted that 
orre
tions to the live-time from the simple-minded formula is smallex
ept for some really spurious GPS times whi
h are handled by the lag 
orre
tion.3 Dead-timeThe distributions in �t for raw-data, at least for some samples from 1998 to 2000 whi
h we�rst tested were in perfe
t agreement with an exponential distribution ex
ept for a region atsmall values. See e.g. Fig. 1 for a plot of 2000-data. Above a 
ertain value where dead-timelosses are negligible (for the raw data shown a value of 10 ms seems adequate but we have tried2



the robustness of our method for di�erent values of this value as shown below) the distributionis a perfe
t exponential without any losses in the variable x = �t� t
uto� .

Figure 1: Raw data from day 94 in 2000.The parameter of the exponential distribution, the average � in x, may be obtained byf(x; �) = 1� e�x=�whi
h is a properly normalized probability fun
tion for the exponential distribution (note thatsometimes the slope 1=� is used as the parameter instead of �).The maximum likelihood estimator of � is easily shown to be equal to the sample mean i.e.we get the best estimate of this parameter by�̂ = 1nabove naboveXi=1 xiwhere the sum runs over all nabove events with �t > t
uto� i.e. with x > 0. The varian
e ofthis estimator is given by V (�̂ ) = �̂ 2nabove3



3.1 The old faulty te
hniqueIn the �rst attempt we did something whi
h turned out not to be 
orre
t. This may be slightlyembarrising but sin
e many bright people did not seem to be aware of a trap in this 
ase itmay be worthile to make a point on how this happened.In a pro
ess following an exponential distribution, but with losses at low values, it is visuallyvery tempting to extrapolate, in log-s
ale, the exponential ba
k to the axis and look at themissing integral between this ideal exponential and the observed spe
tra.This is 
ompletely 
orre
t in a pro
ess where events are simply lost not a�e
ting otherentries whi
h sometimes is the 
ase. And this is what we �rst did for several reasons e.g.to be independent of the live-time estimate. However, in our 
ase a missing event 
reates alonger �t to the next event (or sometimes even more events are missing inbetween). Thisimplies that our �nal distribution will be a superposition of exponentials, some of whi
h areshifted, up to the point where losses are negligble. Ea
h exponential has the same slope su
hthat our determination of the exponential parameter still is 
orre
t. However, what fooledus is the normalization. Espe
ially with the unfortunately sizeable dead-times we have asubstantial amount of events are added in the tail besides the ideal tail from the una�e
tedevents. This leads to overestimating the dead-time e�e
t if we 
al
ulated the missing areaunder the exponential 
urve.3.2 Classi
al methodWhen we realized the problem des
ribed above we did not try to �nd ways to res
ue su
h amethod. Indeed it seems far from trivial to 
orre
t for arbritary dead-time s
enarios. Insteadwe turn to what is probably the 
lassi
al method namely to estimate, from the slope of theexponential, the ideal rate by Rtrue = 1̂�whi
h we 
ompare to the observed rateRobs = Nobs=Twhere Nobs is the observed number of events and T our live-time estimate.The dead-time be
omesD = Rtrue � RobsRtrue = 1� RobsRtrue = 1� Robs � �̂4 DataAlthough the main fo
us is on 2000 and 2001 data we started to look at small samples we hadavailable also for the previous years from 1997 to 1999. Also we started to analyze sele
ted�les being brought from the South Pole for the present 2002 data.
4



4.1 1997 dataFor a day of 1997 raw data we had available unfortunately the ideal situation is far fromful�lled. This is well known and is sen e.g. in Ped's web-pageshttp://grimm.berkeley.edu/~ped/datastat/dead/plots.htmland is there for all runs. As is seen in Fig. 2 after a normal exponential drop in the �t-distribution we observe a sizeable bump at about 150 ms. On top of that, but outside thegraph, a smaller bump at around 1 s and an even smaller at 6 s is observed.

Figure 2: Raw data from day 103 in 1997.In this 
ase we estimate the dead-time 
orre
tion from the �rst exponential part of thedistribution in a similar way as above. We 
ould (should perhaps) make a proper �t in this
ase but the exponential part extends to about 100 ms where the distribution has fallen afa
tor > 10000 so for the moment we use the part up to this �t-value in the same manor asabove as a �rst order approximation.We also 
orre
t live-time as mentioned above by redu
ing the total live-time by the longer�t's subtra
ting � as the normal average value.
5



4.2 1998 dataAs mentioned already the 1998 data looks perfe
t, see Fig. 3. Here, however, the triggerrate was high and the dead-time 
orre
tion quite big with an overall 
orre
tion fa
tor of1:4380� 0:0012. The un
orre
ted rate was 120 events per se
ond and both the rate and the
orre
tion fa
tor was the same for all �les within errors.

Figure 3: Raw data from days 287 and 288 in 1998.
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4.3 1999 dataWe found some raw data for 1999, 
orresponding to about a �fth of a day in live-time (aboutone million events) on our disks. This enabled us to make a �rst test also for 1999 data.Indeed, as 1998 and 2000 data, this data follows a perfe
t exponential as may be seen in Fig.4.

Figure 4: Raw data from 24th of August 1999.4.4 2000 dataThe data for day 94 year 2000 was shown earlier in Fig. 1. Here the un
orre
ted rate was 73events per se
ond and the dead-time 18.0 %. As for 1998 and 1999 data the situation looksvery stable over time.4.4.1 GPS problem in 2000 dataIn our investigation we 
ame upon a problem for 2000 data inasmu
h as GPS-times at thestart of ea
h run was 
on
erned. In the data from day 94 whi
h we investigated amongst the�rst 1336 events we found 713 events for whi
h �t =0 i.e. the GPS-
lo
k has not moved at7



all from the previous event. Also, as a 
onsequen
e, a few large �t-values were observed themaximum being �t =13.684 between the two last events (1335 and 1336) after whi
h thingslooks perfe
tly normal.We tried to use the latest reader-version (version 2.2.1 from http://reader.i
edaq.
om/as opposed to version 2.1.8 whi
h was used previously) to see if the problem had been solvedbut without su

ess. A 
loser look using reader-options to reveal two alternative GPS-
lo
ksshows that these seems more reasonable besides having a strange step for the �rst event (
fe�e
t seen in 2002 data below). This may be a known roll-over bug where we �rst get the lasttime from the previous run.When we �nally transferred all the data from Zeuthen we found this problem was a true,and very stable, feature all through the year and we therfore have to adopt a lag of 1350 forall �les with index 000.During the fulll 2000 data taking we had 15 o

urren
es of a day-roll-over bug where theday is update before the se
onds roll-over to low values. This gave rise to a �t = 86400 + �s followed by a �t = �86400 + � s with � typi
ally a few ms. This was 
orre
ted by brutefor
e but we give below a table with details. The last 
olumn shows the time left to midnight,judging from the se
onds, when the date was updated e.g. in the �rst line day 51 
ame 234 �stoo early. Day roll-over bug in 2000 dataRun File Event Day �s to midnight201 075 3532336 51 234204 084 3989135 54 51233 086 3887493 83 702266 009 427813 112 578304 110 4534330 146 107308 094 4273026 150 991318 089 4099976 156 85326 073 3588817 181 715379 011 492176 207 588390 093 4406179 217 887435 027 253869 231 1366464 012 443082 235 127476 009 402588 247 1218480 009 380252 251 351501 124 5020978 272 1444.5 2001 dataIn the summer of 2002 when all raw data from 2001 was still available in Wis
onsin we mangedto extra
t �les for the full sample. Detailed investigations showed that the GPS readoutproblems had disappeared ex
ept in one odd 
ase (run 3212) where the �t between event 0and 1 in �le 000 was -595737 se
onds!However, quite frequently we en
ounter arti�
ially high values of �t whi
h we treat by thete
hnique outlined above, 
orre
ting the live-time (and disregarding in the determination of8



the exponential parameter whi
h 
ould be a�e
ted by out-liers).A few o

urren
es of �t = 0 and a few 
ases of negative �t's we 
urrently ignore as ahigher order negligible e�e
t.4.6 2002 dataData from the 2002 season was stored in Wis
onsin and is avilable athttp://amanda.physi
s.wis
.edu/data/Here we �nd mimimum bias raw data for a sele
tion of �les whi
h we have analyzed. Thisis a more heterogenous sample than the ones we have looked at earlier and may need somere
onsideration when it 
omes to 
al
ulating dead-time for the full sample but we have 
al
u-lated rates and dead-times per �le to start with. Also note that it is not yet as thoroughly
he
ked as the 2000 and 2001 data samples. In Fig. 5 we show very preliminary plots on theun
orre
ted rate and the dead-time 
alulated for ea
h data �le and plotted against time.

Figure 5: Rate and dead-time for minimum bias raw data from 2002.4.6.1 GPS problems for 2002 dataCompared to what was seen in 2000 data the GPS problems in 2002 data are negligblebut on the other hand somewhat worse than for 2001 data. However, we see one e�e
tthat 
onsistently a�e
ts the �rst GPS-time in ea
h run. This implies that the �t betweenevent with number 0 and number 1 is wrong. From the minimum bias data available at9



http://amanda.physi
s.wis
.edu/data/2002-data.shtml with a sele
tion of �les we �nd21 su
h �les (with �le index 000):�le �t01 (s)ab 2002 019 4536 000.data.mu.min bias.gz 0.017359ab 2002 035 5303 000.data.mu.min bias.gz 661.409523ab 2002 035 5304 000.data.mu.min bias.gz 77302.475867ab 2002 036 5338 000.data.mu.min bias.gz 289.222558ab 2002 037 5353 000.data.mu.min bias.gz 1104.675507ab 2002 064 5561 000.data.mu.min bias.gz 251.130683ab 2002 084 5603 000.data.mu.min bias.gz 530.804357ab 2002 085 5604 000.data.mu.min bias.gz 67.401810ab 2002 152 5729 000.data.mu.min bias.gz 14428.726054ab 2002 170 5754 000.data.mu.min bias.gz 215.462504ab 2002 185 5798 000.data.mu.min bias.gz 10619.987703ab 2002 192 5805 000.data.mu.min bias.gz 1270.442279ab 2002 210 5825 000.data.mu.min bias.gz 50.535754ab 2002 230 5846 000.data.mu.min bias.gz 50.465118ab 2002 329 5960 000.data.mu.min bias.gz 71520.076949ab 2002 333 5971 000.data.mu.min bias.gz 7942.405168ab 2002 340 6313 000.data.mu.min bias.gz 615.647011ab 2002 342 6436 000.data.mu.min bias.gz 1256.252712ab 2002 343 6482 000.data.mu.min bias.gz 64.845540ab 2002 350 6552 000.data.mu.min bias.gz 67.904292ab 2002 360 6562 000.data.mu.min bias.gz 21209.971971These values should be 
ompared to an average �t of around 0.1 s with a tail for theexponential distribution whi
h rarely extends beyond 0.2 s. The �rst run was a big one madealready during the austral summer in 18th of January and here the �t is normal while for allothers it is 
ompetely insensible. On
e again this may be 
aused by a known roll-over buggiving the time from the end of the last run for the �rst event. This problem is 
ured byputting the lag to 2 for all �les with �le index 000 in the live-time determination.Besides this marginal but annoying e�e
t the only small problems seen is two longish �t-values for the third �le in the table where we �nd �t=0.844565 between events 508 and 509and �t=1.02667 between events 565 and 566. This is odd but we regard it as a minor problemwhi
h does not a�e
t our estimates of dead-time for this �le signi�
antly and whi
h was onlyseen for this �le. Also we may handle it with the 
orre
tion to the live-time for arti�
ially longintervals whi
h is des
ribed above.
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4.7 2003 dataData from the 2003 season is 
urrently brought to Wis
onsin and is available athttp://amanda.physi
s.wis
.edu/data/amanda/2003/mu-daq/Here we �nd mimimum bias raw data for a sele
tion of �les whi
h we have analyzed. Sofar thisis mostly runs from the periods when work still was 
arried out at the South Pole and theremay be many tests runs later to be ex
luded from the analysis. As for 2002 data of the samekind note that 2003 data is not yet as thoroughly 
he
ked as the 2000 and 2001 data samples.In Fig. 6 we show very preliminary plots on the un
orre
ted rate and the dead-time 
al
ulatedfor ea
h data �le and plotted against time.

Figure 6: Rate and dead-time for minimum bias raw data from 2003.

11



4.7.1 GPS problems for 2003 dataFor the �rst runs with �le index 000 we see the same \roll-over" bug as for 2002 data. However,as the table below indi
ate the problem disappeared for a long period before reappearing (seetext below). �le �t01 (s)ab 2003 016 6606 000.data.mu.min bias.gz 96.485918ab 2003 023 6622 000.data.mu.min bias.gz 67.268171ab 2003 028 6665 000.data.mu.min bias.gz 83894.039955ab 2003 032 6691 000.data.mu.min bias.gz 0.015334ab 2003 034 6697 000.data.mu.min bias.gz 0.005679ab 2003 035 6704 000.data.mu.min bias.gz 0.012020ab 2003 037 6730 000.data.mu.min bias.gz 0.011452ab 2003 038 6746 000.data.mu.min bias.gz 0.014466ab 2003 041 6839 000.data.mu.min bias.gz 0.004817ab 2003 042 6869 000.data.mu.min bias.gz 0.003849... . . .ab 2003 191 7201 000.data.mu.min bias.gz 1049.098335ab 2003 195 7205 000.data.mu.min bias.gz 68.247569ab 2003 223 7241 000.data.mu.min bias.gz 68.706340ab 2003 229 7247 000.data.mu.min bias.gz 68.832267ab 2003 240 7266 000.data.mu.min bias.gz 2532.723075ab 2003 242 7269 000.data.mu.min bias.gz 68.388539Due to turning of data-taking to avoid interferen
e from the operation of a VLF antennawe have some very long breaks far outside the exponential whi
h we treat with a 
orre
tion tothe live-time as usual.Amanda has more than one GPS 
lo
k and the reader program uses one as default. In 2003data a new roll-over bug was found where mi
rose
onds roll over to low values before se
ondsare in
remented. This 
reates time di�eren
es of -1 s followed by +1 s for the next event gap.However, spe
ial 
he
ks revealed that the GPS 
lo
ks were not 
oin
iding as well as theyshould di�ering by mi
rose
onds in a s
heme with up to four dis
rete values 
omparing twoof them. Those problems led to several 
hanges in the DAQ-system at the South Pole. Onee�e
t was that we 
ured some but also got ba
k some of our old problem su
h as the e�e
tabove for the �rst events of a run and even the day roll-over bug seen in 2000 data appearedat least on
e again.Also o

asionally there are negative times probably due to swit
hing between di�erentGPS-
lo
ks. Both 2002 and 2003 data awaits a thorough 
he
k of GPS-times as was done for2000 and 2001 data on
e the full data sets are available.
12



5 Che
k for robustness in 
uto�The t
uto� above whi
h we assume a perfe
t exponential behaviour (ex
ept for 1997 data) mayseem somewhat arbitrarily 
hosen. However, for the �rst data-set we tested (raw data fromday 94 in 2000) we 
he
ked the robustness in this variable. Indeed, the situation is very 
loseto ideal and in Fig. 7 we see that 
hanging from the nominal value of t
uto� = 10 ms over awider range do not 
hange the �nal 
orre
tion at all unless we move down to about 5 ms orless. Note that points are highly 
orrelated in this plot. In this parti
ular 
ase the nominal
hoi
e at 10 ms leaves 51.1% of the data above the 
uto� whereas 25 ms leaves only 13.4% (at5 ms 79.8% is analyzed but here we begin to see a small bias from going too low in the 
uto�).Of 
ourse, errors be
ome larger in the 25 ms 
ase but essentially the result is very stable inthe whole range 6-25 ms.

Figure 7: The dead-time 
orre
tion fa
tor vs the 
uto� 
hosen for the estimation of the expo-nential parameter (i.e. the mean).
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6 Sele
ted ResultsIn this se
tion we give preliminary summaries from an analysis of live- and dead-time forthe data from 1997 to 2000 used above. The analysis was done by a small simple programdeveloped for the ideal 
ase (whi
h seems suÆ
ient for 1998 to 2000 data) but later modi�edin order to 
ope with the spe
ial features seen in the spe
tra for 1997 data. Not everythingwritten in this summary output is explained in detail but hopefully is understandable anyway.6.1 1997Start time : 1997-04-12 23:59:17.115141 UTC/GMT = MJD 50549.999504End time : 1997-04-13 23:59:17.177150 UTC/GMT = MJD 50550.999504Cutoff in dt : 0.01000 sMinimum value for dt : 0.00028 sMaximum value for dt : 152.01146 sTotal number of events : 6353602dt-values less or equal 0: 0dt-values >0.20 s : 2749Fra
tion above offset : 39.09 %Overall 
orre
tion fa
tor: 1.07082�0.00069 (dead-time 6.61�0.06 %)Weighted average 
orr. : 1.07083�0.00069 (dead-time 6.61�0.06 %)Bias 
orre
ted rate : 94.543�0.038 / sUn
orre
ted live-time : 83010.274060 = 23:03:30.274060 = 0.961 dCorre
ted live-time : 67203.265161 = 18:40:03.265161 = 0.778 dTotal time span : 86400.062009 = 1-00:00:00.062009 = 1.000 dLive-time effi
ien
y : 96.08 %Exponential mean : 0.00988�0.00001 sBreakpoint for tail bumps: 0.1 sEvents in tail-bumps : 102695Ex
ess live-time in bumps: 15879.161803 sComment: The 1997 data needed, as stated above, some spe
ial treatment regarding thebumps seen in the spe
tra. However, another puzzling e�e
t is that although we expe
ted,from all our 1997 data analysis, a dead-time 
orre
tion of about 32% the raw data we had athand gave a surprisingly low dead-time 
orre
tion of only 6.6%. Indeed, 
omparing the graphsshown above for the di�erent years the 1997 data has mu
h less of a dip in the lowest bin inagreement with a smaller dead-time 
orre
tion. We have inspe
ted the low �t region of theplot without observing any obvious problems (e.g. no peak or spe
ial stru
tures at or around�t = 0). With the 19.0% loss in live-time, however, the total dead-time for this sample isabout 24.4% if we 
ombine the two e�e
ts.6.2 1998For 1998 we had almost two days of raw data. Here the trigger rate was higher than in 1997and in 2000 and 
onsequently the dead-time 
orre
tion was high (almost 44%). If this isrepresentative for the full year we do not now yet. Anyhow the situation is 
lose to ideal as
on
erns a single exponential distribution des
ribing the �t-distribution.14



Start time : 1998-10-14 00:16:30.494781 UTC/GMT = MJD 51099.011464End time : 1998-10-16 01:12:02.480413 UTC/GMT = MJD 51101.050029Cutoff in dt : 0.01000 sMinimum value for dt : 0.00123 sMaximum value for dt : 0.11429 sTotal number of events : 18814780dt-values less or equal 0: 0dt-values >0.20 s : 0Fra
tion above offset : 27.96 %Overall 
orre
tion fa
tor: 1.36077�0.00059 (dead-time 26.51�0.03 %)Weighted average 
orr. : 1.36078�0.00059 (dead-time 26.51�0.03 %)Bias 
orre
ted rate : 120.355�0.028 / sUn
orre
ted live-time : 156324.951364 = 1-19:25:24.951364 = 1.809 dCorre
ted live-time : 156327.352582 = 1-19:25:27.352582 = 1.809 dTotal time span : 176131.985632 = 2-00:55:31.985632 = 2.039 dLive-time effi
ien
y : 88.75 %Exponential mean : 0.00611�0.00000 sComment: Here we started with re
onstru
ted �les in f2000-format rather than real rawdata. The life-time eÆ
ien
y is low be
ause some �les are missing in the data-set we have beenusing. It is un
lear why this is so and it does not ne
essarily re
e
t what may be a
hievedideally.6.3 1999A small sample for 1999 
orresponding to a �fth of a day or about one million events wasinvestigated showing a dead-time of about 16%.Start time : 1999-08-25 08:40:35.515987 UTC/GMT = MJD 51414.361522End time : 1999-08-25 13:20:11.984277 UTC/GMT = MJD 51414.555694Cutoff in dt : 0.01000 sMinimum value for dt : 0.00145 sMaximum value for dt : 0.19451 sTotal number of events : 997697dt-values less or equal 0: 0dt-values >0.20 s : 0Fra
tion above offset : 59.11 %Overall 
orre
tion fa
tor: 1.17111�0.00152 (dead-time 14.61�0.11 %)Weighted average 
orr. : 1.17111�0.00152 (dead-time 14.61�0.11 %)Bias 
orre
ted rate : 59.5870.060 / sUn
orre
ted live-time : 16743.285494 = 04:39:03.285494 = 0.194 dCorre
ted live-time : 16743.587570 = 04:39:03.587570 = 0.194 dTotal time span : 16776.468290 = 04:39:36.468290 = 0.194 dLive-time effi
ien
y : 99.80 %Exponential mean : 0.01433�0.00002 s
15



6.4 2000The raw data used for 2000 had a lower rate than the 1998 data and the dead-time 
orre
tion
ame out at about 17%. As for the 1998 data the situation is ideal with the full samplein perfe
t agreement with an exponential distribution besides the losses at low values of �t.Listed here is the summary output for the �rst test sample for run 244.Start time : 2000-04-03 02:14:03.771295 UTC/GMT = MJD 51637.093099End time : 2000-04-04 02:12:19.761964 UTC/GMT = MJD 51638.091895Cutoff in dt : 0.01000 sMinimum value for dt : 0.00135 sMaximum value for dt : 0.17021 sTotal number of events : 6318436dt-values less or equal 0: 0dt-values >0.20 s : 0Fra
tion above offset : 51.10 %Overall 
orre
tion fa
tor: 1.21969�0.00068 (dead-time 18.01�0.05 %)Weighted average 
orr. : 1.21974�0.00068 (dead-time 18.02�0.05 %)Bias 
orre
ted rate : 73.202�0.029 / sUn
orre
ted live-time : 86294.177883 = 23:58:14.177883 = 0.999 dBias 
orre
ted live-time : 86314.598434 = 23:58:34.598434 = 0.999 dTotal time span : 86295.990669 = 23:58:15.990669 = 0.999 dLive-time effi
ien
y : 100.00 %Exponential mean : 0.01120�0.00001 sFor determination of live- and dead-time for the 2000 sample we now refer to the web-tool(see next se
tion) athttp://www.physto.se/~wal
k/amanda/livedead/2000/ld00.phpFor the 
omplete sample, without any quality 
ut we �nd a total live-time of 248.238 daysand a dead-time of 17.326�0.003 %.Details investigations of the sample and lists for ea
h run may be found from the basi
web-pagehttp://www.physto.se/~wal
k/amanda/livedead/6.5 2001For the 
omplete 2001 sample, without any quality 
uts, the total live-time is 257.660 daysand the dead-time 21.580�0.003 %.For determination of live- and dead-time for the 2001 ample we refer to the basi
 web-pageor dire
tly to the web-tool (see next se
tion) athttp://www.physto.se/~wal
k/amanda/livedead/http://www.physto.se/~wal
k/amanda/livedead/2001/ld01.php
16



7 Tools for Live- and Dead-time Determinations7.1 Extra
tion of EM-linesFrom harvest and monitoring e�orts one may probably �nd histograms of �t whi
h may beused to �nd the dead-time by �tting an exponential.It seems, however, quite ni
e to use the methods des
ribed in this note to �nd good estimatesof dead- and live-time simultaneously. At the same time one may investigate non-exponentialbehaviour as well as GPS-
lo
k problems as observed above.In order to a
hieve this we have exta
ted summary �les with the EM-
ards (well for futurepossible extention we also sele
ted TRIG-
ards) from the raw data in f2000-format. From thiswe 
ould run our program and 
olle
t information per �le as well as per run and globally. Weextra
t spe
ial �les by e.g. a unix/Linux-s
ript like#!/bin/t
sh� n=1forea
h file ($1)e
ho "fil $n: $file " `date +"%Y-%m-%d %T"`setenv NYFIL `e
ho $file | sed 's/.gz/.em.gz/' | awk -F '/' 'print $NF'`gzip -
d $file | grep EM | gzip > $NYFIL� n++endIn most 
ases we have to use (gzipped) raw-data in whi
h 
ase a more lengthy pro
edureinvolving the reader must be used#!/bin/t
sh� n=1forea
h file ($1)e
ho "fil $n: $file " `date +"%Y-%m-%d %T"`setenv NYFIL `e
ho $file | sed 's/.gz/.em.gz/' | awk -F '/' 'print $NF'`gzip -
d $file | ~wal
k/amanda/reader -r 2000 -f- | grep EM | gzip > $NYFIL� n++endThose s
ripts (whi
h 
ould have been simpler by using the dirname and basename dire
-tives) 
reates one output �le per input �le adding an .em. into the original �le name. Thereader 
an take gzipped �les as input but we found a feature/bug that, in su
h a 
ase, thelast event in ea
h �le is lost. Here we must, of 
ourse, �nd an appropriate reader for the databeing pro
essed. In the above example the reader was a 
opy of version 2.1.8 for Amanda-IIused on 2000-data. (See http://reader.i
edaq.
om/ for the newest readers.)Not to ship terabytes of raw data in order to make this extra
tion we were able to exe
utes
ripts similar to the one above in Zeuthen (for all 2000 data) and in Wis
onsin (for 2001data). Still the resulting data-bases were quite large being 17 Gb for 2000 data and 32 Gb for2001 data. 17



7.2 Web ToolThe data-bases 
reated for 2000 and 2001 data are still big and after 
arefully investigating,and 
orre
ting for, di�erent problems in the data we �nally 
reated smaller data-bases withjust enough information per �le to redo the 
al
ulations of live- and dead-time as well asdetermining those quantities for big, possibly inhomogeneous, samples. Those �les be
ame 4Mb and 5 Mb, respe
tively, for 2000 and 2001 data.To fa
ilitate 
al
ulations on sele
ted samples we managed to make two web tools alreadymentioned abovehttp://www.physto.se/~wal
k/amanda/livedead/2000/ld00.phphttp://www.physto.se/~wal
k/amanda/livedead/2001/ld01.phpby whi
h one may determine live- and dead-times given a run, and �le, sele
tion. The syn-tax given as input is basi
ally a run list (or � for all runs) delimited by 
ommas or withhyphens for intervals e.g. 340-360,400,420-431. Sele
tion at �le level is supplied on anysu
h argument, delimited by a 
omma, by adding, in parentheses a �le index list as e.g. in340-360,400(1:7+9:*),420-431 where we for run 400 have desele
ted �le index 000 and 008.8 Bad �le desele
tionThe above syntax may at some stage be
ome in
onvenient in whi
h 
ase we may have to supplythis information in other ways. Espe
ially when dsetailed investigation has produ
ed long listswith �le sto be ex
luded in the default analysis. For 2000 data vad �le desele
tion has nowbeen introdu
ed as the default using the list of Mathieu Ribordyhttp://www-zeuthen.desy.de/ ribordy/files2remove.dat
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9 SummaryDetailed investigations of live- and dead-time in Amanda data from 1997 and onwards havebeen performed. Espe
ially for 2000 and 2001 data the 
omplete samples have been thoroughlyinvestigated and web tools designed to determine those quantities.Although only small samples from 1997-1998 and sele
ted �les from 2002 and 2003 wesummarize in the table below the results for the di�erent years. Note that for 2000-2002 wedo se sizeable variations in dead-time over the year due to e.g. 
hanges in the trigger.Year # runs # �les # events live-time dead-time1997 1 30 6 353 602 0.778 d 6.61 %1998 6 293 18 814 780 1.809 d 26.51 %1999 2 18 997 697 0.194 d 14.61 %2000 343 33 919 1 411 437 151 248.238 d 17.33 %20001 343 31 333 1 364 254 419 236.832 d 17.24 %2001 312 44 065 2 099 386 442 257.660 d 21.58 %2002 325 620 30 558 775 3.900 d 15.02 %2003 416 2395 119 746 592 16.095 d 16.20 %Note that test runs at the end of 2003 arti�
ially in
reases the overall dead-time. A reasonable
ut before this period gives approximately 15.3 %.This manus
ript and some text �les with details of this investigation exist athttp://www.physto.se/~wal
k/amanda/livedead/

1 Bad �les removed a

ording to the list by Mathieu Ribordy19


