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Simulatino The Tanky Response

The DOM responses are simulated by The total spectrum peak position is at 247 pe,
o Generating showers with CORSIKA [5]: the best estimate for the .VEM is determined
as the mean of a Gaussian fit to the black

— hydrogen and helium primaries histogram, 236 pe. The ratio gives a correc-

IceTop is an air shower array (?f 1ce— ex.tend the DOM’s dynamic range (for de- _10GeV < Eypprory < 415 GeV tion factor of about five percent, which is in COller-hOn USan SJrOppInQ MUONS
Cherenkov counters 1, 2|. Each of its cur-  tails, cf. [3]). — Y

. ey . - < 70d agreement with the correction factor obtained
rent 26 stations shown in Fig. 1 is made Surtace map of IceCube 2007 (as buil) primary &g
600 from the muon tagger measurements. Cur-

up of two lceTop tanks. The tank ice e Tank simulations (GEANT4 based, [6]): rently, this correction factor is assumed to be ® 210 MeV < Epinmaz(p) < 430 MeV
is viewed by two standard IceCube dig- )

ital optical modules (DOMs) (see Fig. 2). - g " > 1 — generate and track Cherenkov light /sec- the same for all IceTop tanks. ® Eiinmaz(€) < 53 MeV
They consist of a 10” Hamamatsu R7081— & i ondaries in the tank. = electron range less than 25 cm

) . | Charge spectrum, DOM 21-63 | ) ]
02 photo multiplier tube (PMT) and pro- i s 2 T _ i — account for tank properties: reflectivities - ————— = most decay electrons contained in
cessing and readout electronics. Two dif- A\ - of sides and top, ice quality. S AR T T G tank!

10°F . Same, ttJut ((;) I< 17IgegM .
ferent types of digitizers are used to pro- C ' ‘ — account for PMT quantum efficiency. e Are there decay signals? T =2.19703 s
cess the PMT signal: a fast pipelined

ADC (FADC) with 255 samples of 25ns 200 y Figure 6 shows the results: e T'wo signal FADC traces were selected. 0.511 < E.(MeV) < 52.8

each, and two Analog Transient Wave e light grey: Total simulated charge spectrum o | : : Figure 10: Feynman diagram of

Jr 8 A 3 5 13 new IceCube strings ° Flgure 11 ShOWS At = blue 1MuoI decay
Dlgltlier (ATWD) chips, Wltfh three chan- 400 - gagllc%bgeﬁangz ¢ vt Svaite e dhass comAbton = Suppress background with strin- '
nels of up to 128 samples of about 3.6 ns AVANDAZ - gent cuts! Cuts were determined /
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cach. The three channels are configured 000 : L e black: Same, but with ©, < 17 deg Charge Q (pe) tuned with MC studies.

sl € oot pue—ani LGl on batiions {o Fieure 1: IeeTon < X:{;ce oS e red triangles: Total measured charge spec-  Figure 6: MC simulated charge spectrum for ST e S
ST e e 2 trum from DOM 21-63. DOM 21-63, e ’

muon (energy type,direction) . : yields a lifetime of 7 =2.0620.16 us. snocmg L
VEM Calibration Run Parameters The Michel spectrum is caleulated by fol- —— QrQ; Q10pe: Q. B0 pe |

! ) . 7 fmo a+meMcm0
Periodic special IceTop calibration runs serve two purposes: one, to calibrate the conversion from ot e nacierd oudlaed ia 7] (e

integrated waveform to vertical equivalent muon (VEM) for each DOM in each tank, and two, method™):
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perlite ey 2 DOMs %\>;L_ = gL | to monitor the DOM response’s time dependence. The calibration run configuration differs from | 1. Define a “decay” window between 1 T
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the regular one used for air shower data runs: and 2 ys. At (ns)

. ) L Figure 11: At before (blue) and after
fill height air shower mode: singles mode (= calibration mode): 2. Define a “crossing” window between 5 (red)

diffusive 90 cm e the two DOMSs in the same tank are set to and 6 ps.

. : (i 6 4 e every DOM is set to the same nominal gain  [Michel spectrum |
reflective different gains (in 2006, 5 - 10° and 5 - 10%, of 5}./106 - 3. Collect FADC’s second signal charges

liner - \ respectively). | for both time windows.
2005: Tyvek - \\ e the high gain DOMs of both tanks in a sta-
2006-: zirconium fused polyethylene tion are in local coincidence (LC).
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e local coincidence (LC) between DOMs is 4 Subtrakt

' : g | - : 007 spectrum =- Michel spectrum 8O
tankdiameter . L e the simple majority trigger requires a mul- o S

Figure 2: IceTop tank schematic tiplicity of six. e the simple majority trigger is disabled. e Figure 12 compares measured spec- e
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I;IH;HY; H;IH;YH;IH;HY;

20l

For the DOMs that are operated at the lower gain, the VEM might differ due to changes in the trum (red symbols) with simulated o .
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collection efficiency of the PMT. Currently, that effect is not taken into account. spectrum Charge of second signal (pe)
e Qualitatively agreement between mea- Figure 12: Measured Michel spectrum
| q sured and simulated spectra. (red) in comparison with a simulated
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A DOM’s response to a vertical muon . Determine the charge contribution of

passing an IceTop tank is defined to be nearly—vertical muons to the overall

one Vertical Equivalent Muon (VEM). charge spectrum with the help of a tag- |

Such a muon deposits around 200 MeV in ging telescope for muons. - - b =

the tank ice [4]. By finding the vertical . : ' e r N, L3 %,
muon signal in the measured total charge . By using the zenith angle acceptance

spectrum, the DOM-dependent charge- of the tagging telescope, simulate the VEm COlIbrOJﬂOﬂ ﬂnd mOan-Oran R@SUU-S

to-VEM conversion factor is determined. tank response

However, single IceTop tanks cannot dis-

The calibration data is processed by e calibrating the charge in photo electrons

- b Liff - . Compare both results and define the e correcting each raw waveform for the spe- e summing the charge and plotting the charge
SHIItE D A S, "DaT IO e g VEM contribution to the total DOM cific, ATWD chip-dependent pedestal pat- distribution

incident angles. Therefore, the relation 0\ onlibistions
’ charge spectrum. t : calibration:
between the measured peak position of < 3 e applying fits (e.g. [4]) to extract the full

the total charge spectrum and the VEM . Measure charge spectra with all DOMs e correcting the signal droop (implemented, spectrum peak position
must be determined with simulations and and extract the VEM, monitoring its but not tested) e using the conversion of that peak position e Periodic calibration runs keep track of IceTop DOM’s response stability.

a tagging telescope: stability over time. e adjusting any residual baseline value to VEM. e Muon telescope measurements and tank simulations agree well on the nearly vertical
muon contribution of the total charge spectrum.

e Procedures and tools have been established and well understood.
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Figure 7: Measured total charge for tank 21B (DOMs 63 and 64, left and right) and the charge e Feasibility study was completed.
correlation.
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e Comparison between data and simulation looks promising.

e Further improvements in both the analysis and the simulation needed
= supplementary calibration method
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Figure 3: Tagging Telescopes getting Figure 4: ... and belng on duty
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A portable, solar-powered muon tele- lar season 2005/2006 on tanks deployed
scope was developed to tag muons that one year earlier. The charge spectra of . . . .
have angles close to vertical (< 17deg) the tagged muon sample are shown in ' ! .
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It measures signals in coincidence be-  tal charge spectra for DOMs 39-63 and { |

tween two scintillator slabs 70cm apart  39-64 in black. The VEM is determined L mmlinm I QGFGFGHCGS
and records the GPS clock time stamp. to be about 95% of the full spectrum peak I O  rae O ok 200F 5 i

Measurements were taken during the po-  position. Figure 8: The spread in VEM
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