Al K ;
[ P .
E .
. kY <8
'.|
- :. -
.
. L

. .. .
. ; . .~¢' . e
e I ¢ ;
.-
. . ¥ :
.. e . -
. 7 . . :
Py .
+* : * +*
-
- 4 .
5 L b
e '
b ) .
X ? - - .
. 3 o $

. LHMSOATEASW, tFRKH,

~

. .
. " .
-
. - -.o
ik
' o
-

'f71093é2'ﬁ?'

LAY

- .

v

‘e



EERE

¢ JKBARE IR X

o KEFRER L
n EEERHR
s HRRTEUEHR

o B&k



Water Cherenkov Detector Array
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WCDA:
¢ 78,000 m2 in total;

+ 350,000 tons of purified
water;

Water Cube:
¢ 31,000m2 (177m x177m).
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Entries (Normalized)
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Lonﬁ fibers Long fibers Time Cal ibr‘ation

<l re0 areay Cluster-based, cross-calibrated:
LED array 2 fibers per PMT (short & long);

Short fibers Short fibers

h ¢ @PwTs 2 LEDs per cluster, lit in turn;
a2 v @
NI e Frequency of LED pulsing: 5-10Hz;
2 ) P vV @
FARR A A SA A SR Time offset precision: ~0.1 ns.
Cluster A Cluster B
¢ Low range: single rate (peak-i)
20120521a CHI:N=1031: 048 o= 7.6 | R=t5.02 0tz 20120521a — CHI: 1067508 ~ ;
= AR IZDLEG D | CH2:146.8:0.5 40 kHZ.
3 N 3 = SPE signal dominated:;
f > T pedterers
10’2§_j 111\ - g CH8: 159.5:0.8 2% per‘ 30 seconds:
E J” L—!‘E‘%\‘HV g |
E S ¢ High range: muon peak-iii
10“;Jr ] ] ] ] ::0 10‘ . Nlo HZ;
0 20 a0 60 50 300"

. :_I ol ) L.
High Gain Charge[lflgc Bin1;m 0 50 100 750 fGOOChZ:;e?'[OXDésgin“]oo ® Vertical muons hlﬂ‘mg;
m 2% per 30 minutes.
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Charge and PMT performance Calibration

¢ Low range: single rate (peak-i)

eak-i  Peak-ii
e T, e SPE signal dominated;
10'E “-khm,,:,,,,_% ~CH8 CHs Including PMT low range Gain +
%, ..CH9 - CH9 cable + pre-amp + electronics.
1072 - "'. —uMC —u MC
R "y, Peak-iii | ® Low range: muon peak (peak-ii)
| B 4,

PMT low range Gain +QE + CE
cable + pre-amp + electronics.
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10_6; Vertical muons hitting PMT:;

2 %, PMT high range gain + QE + CE +
L R I - Sy cable + pre-amp + electronics;

log(nPE)
N . GBum = qpe
¢ Charge Calibration : peak-i and peak-iii

¢ PMT performance (QE+CE) Calibration:

peak-i and peak-ii / peak-i and peak-iii On = 1 G
Ncy Gspe 15

NC,u QI]G,B/JIN = qu
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Table 2. The single rate comparison.
> Primary CR rate/kHz Secondary particles  Rate/kHz
o P. He: /5iRateffy90% FimyCR ek condary parteles Rt
— AN o He 5.69 n-p 9.91
o Haep =M 510% CNO 1.94 ety 8.82
. . - . . MgAISi 0.68
‘ u‘ n—p' EM - 10.3'9.9'8.8 Fe 03()
_ Total 29.04 Total 29.00
¢ MC RC(T@ —314kHZ Corrected APR: 3.0% Dark noise: 1.5 kHz
. MC 31.4 kHz
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HG Charge (ADC Bin)

¢ The 2nd peak: Gaussian fitting after a power law of charge is multiplied;
¢ Variation of the attenuation length during a month.
22



