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Abstract:

The one square kilometer array (KM2A), a sub-array of Large High Altitude Air Shower Observatory (LHAASQO) experiment, consists of 5195 electromagnetic particle detectors (EDs) and 1188 muon detectors (MDs), has been built over three-
quarters scale. Its main scientific goal is to search gamma-ray sources at energies above 100 TeV. Offline calibration method has been used to calibrate thousands of EDs to guarantee the key performances of the array such as angular resolution
and pointing accuracy within 0.1° during long-term operation. The experimental results of the 3/4 array show that this method can be used to determine the detector time offset with an accuracy of 0.5 ns and the particle number density with an
accuracy of a few percent. Furthermore, we monitor the calibration parameters during the array operation and update the calibration results regularly to ensure the data quality of the detector.
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LHAASO is located on Haizi Mountain in Daocheng, Sichuan Province, The time offset is measured as a cumulative effect of several processes ED time offset results determined by two % ok - st "“m o317 F RS S
China. It is a large hybrid extensive air shower (EAS) array consists of described above. The main uncertainties on the measured hit times come independent methods yields a direct  ~ /\:’- e B
three sub-arrays (Fig. 1), namely a 1.3 km2 array (KM2A), water Cherenkov | | | from the time offset spread among the EDs. A reliable reconstruction of the prediction of the precision of the calibration H‘“*T\\‘ ol
detector array (WCDA) and wide field-of-view air Cherenkov/fluorescence| | Primary gamma-ray direction requires the accurate determination of the method. As shown in Figure 3, the root mean l T -
telescopes array (WFCTA) [1]. KM2A is unique for its unprecedented arriver\]I time (t)'f EA? t%articlesdon fe;cé)h detector. 'Il'hterefore, ”t‘e time sc#Jarte of Lhte _dlffedrefnces ltaetweerlm.ED t'.me i B ;
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sensitivity for gamma-ray sources at energies above 20 TeV. 5195 EDs in berformance of the array to achieve the expected. methods is 0.4 ns, which is well within the A CoumEl: sy 1= G S NS TR

KM2A are deployed to detect densities and arrival time of extensive air

. . . required precision of the experiment.
shower (EAS) charged particles produced by the primary particles. 2.1 Time calibration principle

Fig. 4: Left: Single MIP spectrum is obtained by the offline calibration
method (black line). The blue line is the data selected from the
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The offline calibration is an automatic self-calibration method, which uses EAS charged parti- % - Mean 02674 dis.tance gr eater_ than 100 m The _data at the diStan_CG _gr e?ter than 20_0
cles as the calibration beam. Since the EAS front approximately sustains a conical shape. The time E 13 - S g}ésaf;lfded (light blue line); Right: The MPV distribution of EDs in
offset of the i1-th ED At; located at position coordinates (x;, y;) 1s determined, event by event, as = o S ' . . . .
e 3 Ngp 4. Calibration parameters monitoring
Ny =t 2 0 Ty 4 \/1 ) (! ] F)E P e F N N \? , Long-term monitoring of the calibration parameters is helpful
; | ¢ z c T \\\\\ § to understand the performance of the detector and array
= R < DR 65 stability. 1/2 array has been operating steadily more than one
where 7; and 17¢?! are the measured arrival time of EAS particle for i-th ED and the expected "real” Time offset_Offline - Time offset_Hardware (ns) year and 3/4 array has been operating for half year. This allows
one, r-.?spec.tivel}f; [ and m are two cc.rmp-:-nenlsj of the reconstructed fiirectinn vector ( [ = sin @ cos ¢, Fig. 3: The differences distribution between us to analyze the long-term stability of the calibration
=GRS RGO W LT ah e AR QU o Scapes il hardware calibration and offline calibration. parameters. The MPV of integrated charge distribution and the
To get the accurate direction of EAS, the two directions (I,m) have been time offset value for each ED have been monitored (Fig. 5). The
Fig. 1: Left: The layout of the LHAASO experiment. LHAASO consists of one modified using the mean value of reconstructed direction (1, m ), which is 3. Charge calibration time offset values have a little fluctuation,it also reflects that the

square kilometer array (KM2A), water Cherenkov detector array (WCDA) and the so-called characteristic plane (CP) described in [3]; Other parameters in

o _ _ detector is very stable. The calibration file is updated
wide-field Cherenkov telescope array (WFCTA). Right:schematic of a ED. the equation such as the conicity coefficient a and the time parameter t, are

periodically to ensure the accuracy of event reconstruction and
stability of the array performance. In addition, the offline
calibration also offers an ideal method to judge the working
state of the detector.

The energy reconstruction depends on PMT

. . . . . signal integrated charge recorded by each fired
In order to guarantee the angular resolution of the array better than| | | ©Ptained from the fitting process of direction reconstruction, and the EDs. Converting the integrated charge from

0.5° above 30 TeV and the pointing accuracy better than 0.1° . the time transverse distance_ of the i-th ED from the shower core r; can be obtained ADC units to particle number is crucial for the
as the shower core is reconstructed.

synchronization accuracy of EDs must to be within 1 ns. Besides, primary accuracy of energy reconstruction to provide a
energy reconstruction depends on the measured signal integrated charge 2.2 Time calibration results common rgfe rence sta.md_a.rd for energy i it I i
recorded by each fired ED units, a reliable detector charge calibration is We selected 9 hours of data and ~ § | reccinstrtl:c;;on ?etWI\eA%f\‘/m?'\_”fual tEc?SHThe gzﬁf i)
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2. Time calibration residuals distribution which are 2 them th charge salibration is performed using SR
calculated according to Equation 1. As =" e f
The ED consists four plastic scintillation tiles of 100 cmX25 cmX1cm| | shown in Figure 2, the time offset f the MPV value above. Furthermore, The MPV of
each, several wavelength-shifting fibers, one 1.5 inch photomultiplier tube distribution width of 3937 EDs in the B the charge distribution of 3964 EDs in 3/4 array R I T et Fou by
(PMT), and a front-end electronics (FEE) (Fig. 1). The charged particles hit 3/4 array is less than 1ns. f Is shown in Figure 4. | el T
the plastic scintillator and pproduce photons. The phOtonS_ are tr_ansmﬂted To verify the .appIiC.abiIity o.f .thiS dt(ns) Reference Fig. 5: Left: Monitoring of charge calibration parameter of a
to the pho_tocathOde O_f PMT thrpugh the Wavel?ngth_ shifting fibers and method and estimate its precision, Fig. 2: The time offsets distribution [1] S.Z.Chen, et al., Chinese Physics C, 2021, 45 (02): 522-534. single ED, the MPV is affected by temperature; Right: Long-
converted into electronic pulses, finally, the PMT signal is recorded by FEE . hardware calibration is performed using of EDs in the 3/4 array,. g Zc;g%ui év,le; a;-, AStf’?agfle. Pf;y7823017j’05(2280;38£ 22-28 term stability distribution of time offset of a single ED.
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