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Very large detectors for high-energy i IceCube (Fig. 2, Ref 1.) 1s a kin-scale detector A system (Ref. 2) having these features has
cosmic neutrinos have long distances o S and the successor to AMANDA-II. It wall [c CCUhe'TUp Vlﬁw been tested in AMANDA. Fig. 3. shows a
between the photomultiplier tubes and a . consist of 4800 optical modules on 80 strings of RS ' schematic diagram of the prototype system
high-level signal processing center. In the "7 [AMANDA-A 60 modules each. Its longer cable lengths and A Grid that was deployed in January, 2000 as the
case of AMANDA, which uses the ice cap the much larger number of PMTs has led to the S | Nem 18th of AMANDA's 19 strings. Each of the
at the South Pole, the distances are ~ 1.5 . development of a data-acquisition technology Eow e B s 40 optical modules includes the regular
km to 2.5 km so that it was possible to with the following desirable features: 1. The 4 e e AMANDS AMANDA data transmission system (analog
connect the anodes of the PMTs by coaxial s il robustness of copper cable and connectors = E w ,r}‘: signals over fiber optic cable) and the
cable with analog electronics in the surface LI, FTTTITTVE T between the surface and the modules at depth. T s 7 prototype digital system. Strng 18 thus
counting  house. The completed S0 m " " - | 2. Digitization and time-stamping of signals “[1!':::“‘- e e e s ,;-L:.-:“"H contributes to the AMANDA trigger and data
AMANDA-II detector (~600 optical N : e that are unattenuated and undispersed. 3. - AT o 23 |.|?‘1--1|L~ stream while the digital portion of the system
modules on 19 strings) represents an Iy MY Module Retention of a maximum amount of useful e « &+ «SPASEL /S i’j | can be operated independently and used for
evolution of technologies from coaxial som HUE L A information. 4, Calibration methods TR ) i ;;, 5 development and testing. The cables
cable to twisted copper pair to optical fiber ' . ’ b oo o f,g,':\ HV dividee (particulary for timing) that are appropnate for a et e o w00 WS R TS connecting adjacent modules make possible a
(Fig. 1). In all these cases, the analog i | i g | T +—Rouming very large number of optical modules.  The 5-11 o local time coincidence, which eliminates most
signals are brought to the surface where = il 11 1w PMT anode signal is digitized and time-stamped £ of the ~1 kHz of dark noise pulses that would
they are digitized and processed. B o o & asui g p—— in the optical module. Waveform digitization, otherwise be transmitted to the surface.
] i in which all the information 1n a PMT anode
. | signal 1s captured, 1s incorporated. The time
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Fig. 1. The completed AMANDA-II detector.
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commumcates with, the DOM, has a front end that nurrors Base ADC Y + | Pair p—— DAC = 1 .DCP(IJ_J g
the DOM communications hardware. In December 2001, | | | [pac | |+ (to DOM) I (Single-Board =
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Fig. 3. The configuration of String 18.
Fig. 4. Block diagram of the DOM maimn board. Fig. 5. Block diagram of an early the surface DAQ board.
DOM Clock Calibration
Timing Resolution for Clock Calibration
A cntical requuirement for the digital system 1s the ability to @ _ 50 | DOM
calibrate the DOM oscillator against a master clock at the H:'l':l:;:h P oirmred The accuracy with which the two clocks can be E D L
surface. Thite are two main clemiatAkiE e e calibrated is illustrated in Fig. 7. The distributions a0 | timing pulse sent
of the frequency and off-set of a DOM oscillator relative to shown here are the residuals of repeated measurements F Down
the master clock. In essence, timing pulses sent in one GPS (1) made at regular intervals of exactly 2.5 seconds. The 0 o=4.2 ns
direction at known time intervals can be used to determine differences i tme intervals for successive 20 F
relative frequency, and the round trip time of pulses sent in Tround-erip = 2 - 1 measurements (t,, - ;) -(t,, - t) 15 a measure of the
both directions can determune the offset. See Fig. 6. At the time calibration accuracy and includes contributions 10 F
tick of the clock, a iming signal 1s sent from one end of the from clock drift (over a 2.5 second period), electronic
cable to the other, digitized by the communications ADC, noise, and errors in determining the leading edge of the 50 '.3|3' L m-é.—_i a2 ::,' TR 'zlq — '3:3' 5o
and a leading edge or crossover time determuned with respect : At (down) : At (up) time calihraifinn _1“113'3- Because the rﬂsiduals.fnr_ S (tiy2 - tiy1) - (tiz1 - t)) ns - pulse sent DOWN
to the DOM oscillator. This process is repeated at regular | | DR 3 IVE intervals - corrclated, the INmMARE
intervals. Comparing the intervals measured on the surface mms resolution of for a single measurement in one 3 E r
with those measured in the DOM determines the relative T direction 15 the standard deviation shown in Fig. 7 i 3 DGM 1023
frequency of the two clocks. After receiving a timing pulse I—:‘E'““l“_'r:’fﬂml divided by (6)>. The rms resolution for pulses - timing pulse sent
at the DOM and waiting for a short time, t, measured on the |JLL;]*:?I:L‘ received at the DDM 15 1.8 ns. The resolution for 20 | Up /
DOM clock, a pulse 1s sent from the DOM to the surface. T pulses sent upward 1s 2.8 ns. (The larger value of 2.8 15 E - 6.8
The shapes of the pulses sent down and up are identical and ns arises from the larger ambient electrical noise 1n the sl
are analyzed in the same way to determine the time mark. In DAQ electronics on the surface compared to that in a 10 F
this case, the times up and down are the same and are DOM.) The systematic errors are estimated to be less 5 b
therefore equal to half the roundtrip time minus half the than 5 ns. D;....l.Ln.m. e i v | o |
delay in sending the pulse back up. The offset of the DOM -50 -38 -24 -12 0 12 24 38 50
clock can be calculated directly from this one way time. This (tiz2 - tiyq) - (tiyzq - t;) ns - pulse sent UP
method of sending identical pulses in both directions to
calibrate the one clock against the master clock 1s called Fig. 7. The measured differences for successive time calibrations
Secizmail Active Pl RS For identical electronics: Al (down) = At (up) = 122( T round-trip=5t)
Digitized wave forms are shown Fig. 9.

: Analog Transient Waveform Digitizer (ATWD) spectra
aalF. Fig. 6. The method for calibrating the DOM oscillator. Typically, 85 % of all waveforms :
correspond to a single photo electron.

(Only the ~15% of waveforms that are o)
- "complex" will be transmutted to the _ p-c.
Each DOM contains six LEDs, which can be pulsed at intervals determined by the clock in the DOM. These light pulses are detected in surface.) The ATWD 1s launched only 9%
adjacent DOMs, 12 m and 24 m away. Comparing the time intervals for photons detected in the two DOMSs determines a value for the overall when a discriminator threshold on the w
time resolution for photon detection. This resolution 18 about &lﬁ& and includes the effects of lisht seattering 1n the ice. Fig. 8 shows the PMT anode signal i1s exceeded. 'The
resolution as a function of the length of time between succe clock calibrations and illustrates how short term dnfts in DOM clock launch (or hit) times are sent to the surface L
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Fig. 8. The time resolution for photons vs interval between calibrations
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The general concept for the surface system DAQ for IceCube 1s shown in Fig. 10. There will be “‘m\( Bvent EEP?“F;IE ﬂ.f Ph%iljc% Siulth Eil Iéngrzfrmty, T
two DOMs per twisted pair. Each DAQ front-end HUB will communicate with 8 DOMs. 8 “Np Builder e B T o g T
HUBS will service a string of 60 DOMS. All communications after a HUB will be via Ethernet. ' T g Y
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Each string will have a string processor that time-orders hits and forms “‘string tniggers.” Hits T 100 BaseT ;"I ! Tnst £ Ph y U . £ Ma; ki ’II -
satisfying a global trigger will be built into events. A large capacity disk storage system will | e W, ] otmitouie: Lo M USFlmtﬂ.ﬂ fﬂs e Hn_wﬂrsitﬁy ;{[ m; -~ e
retain all events for several days (to search for Gamma-Ray Bursts, for example) and an on-line Global - B / = ety Dnn;ﬂrsfl-tghﬂ : ﬂm;l 7 u_a“t "4 %ns., ﬂ].gum;.P foamial? Phila. USA
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