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Radioactivity decay rates

gds Iso PMT sst
V] 103 ppb 103 ppb 132 ppb  0.0012 Bq/kg
Th 10~3 ppb 1073 ppb 256 ppb  0.006 Bq/kg
K40 103 ppb 1073 ppb 0.0115%  0.013 Bq/kg
Co60 0.002 Bq/kg
U(ppb)  Th(ppb) K40(ppm) Co60(mBq/kg) | mass(kg)
Bond epoxy 12242 146+t4 211+4 0.0 0.017
Qil-proof epoxy <1 <3 <2 0.0 0.472
Semi-flexible lead 30+10 <10 <10 0.0 0.009
Magnetic shield foil <0.4 <0.7 <0.5 0.0 0.020
Stainless steel mount <0.9 5787 <2 26+8.2 0.213
Low-background glass 153+25  335+90 165.6+45 0.0 0.809
Dynode metal structure 17+£3 24410 <3 3245 0.065

@ Doc 4222

@ 20 tons gd-doped liquid scintillator, 21.5 tons un-doped liquid scintillator, 19
tons stainless steel, 192 PMTs.
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gds iav Iso oav oil
Free protons(Doc4217) 1.54e+30 4.16e+28 1.65e+30 9.21e+28  3.32e+30
Rates (s71) 0.013 3.5e-4 0.014 7.6e-4 0.028
Lifetime (s) 78.4 2896.1 73.0 1309.2 36.3

@ IBD & Radioactivity events are mixed together using Sim15
package.

@ MDCO09b data, about 30 million readouts studied.
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Energy calibration

ADC sum ADC sum ADC sum
T T T T 350 T T 3 T T
450 hi = =y L
400 &E:,"ﬂ EHE 300 (| e’ E| 200 E:“:"F E
et 107558 Kl W
350 Covmant snsese | 250 | ot B Fl Coman E
iy 200 H
200E E=) SRl | 3
200 - |
250 E| 150 - |
200 E 150 |
100 - -
150 | | 100 |
100 - E 50 E sl E
50 E|
o | L - L o Lt
0 50 100 150 200 250 300 50 100 150 200 250 300 350 100 150 200 250 300 350 400 450 500

ADC sum ADC sum
T T T
300 o E
s T 300 e B
e o] e
0L | vt E 250 F | by E
G Besiar Coman
wol B2 B 3
e —sees] 200 E
150 E 150F E
100 E 100F E
sof E s0f B
o i ol . N A
10 200 300 400 500 600 o0 200 300 400 500 600 700 800

@ 1,2,3,4,5MeV ~ in Gd-doped liquid scintillator.
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Energy calibration

ADC sum vs. Energy
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o Fit with a linear function
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Generated spectrum
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o Generated «, 3, v spectra for events which pass trigger.
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Events

Events
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K40 beta spectrum

K40 alpha spectrum g K40 gamma spectrum
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Energy spectra after calibration

U238in gds u238inIso
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Energy spectra after calibration

Th232in gds Th232in Iso
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Energy spectra after calibration

K40 in gds K40in Iso
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Energy spectra after calibration

Co60 in sst

91500 = 1 =

=
4 r Co_sst 7
w 0 Entries 55002 7
r Mean 0.6581|
+ RMS  0.4423 -
1000 — -
500 — —

0 Lo

0 2 3
Energy (MeV)

UW analysis workshop May 06, 2010 11 /17



Radioactivity background ratets
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@ Radioactivity background ratets vs. energy threshold
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Radioactivity rates (>1 MeV)

>1MeV gds Iso PMT sst | Sum(Hz)
U 0.23 0.25 11.33 0.13 11.95
Th 0.10 0.10 10.06 1.26 11.53
K40 094 120 495 0.31 7.39
Co60 0.58 0.58
Sum 1.28 155 2634 1.70 31.44
U 023 025 777 0.12 8.37
Th 0.01 0.01 470 0.51 5.23
K40 0.90 097 420 0.20 6.27
Co60 0.49 0.49
Sum 1.13 123 16.67 0.84 20.36

@ The lower table is from Doc 3854.

@ Detailed PMT radiation measurement is the main reason for
higher rates of radioactivity. GenDecay also give higher rates
than legacy generators.
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Radioactivity rates (>0.5 MeV)

>05MeV gds Iso PMT sst | Sum(Hz)
u 0.60 0.75 2546 0.32 27.13
Th 0.19 0.20 17.46 2.09 19.93
K40 3.15 355 731 0.54 14.54
Co60 1.19 1.19
Sum 3.94 450 50.22 294 62.80
U 0.80 1.05 1452 021]| 16.67
Th 0.02 0.02 9.13 1.02 10.19
K40 290 298 6.09 039 | 1236
Co60 1.03 1.03
Sum 3.81 4.05 29.75 1.62 40.26

@ The lower table is from Doc 3854.

@ Detailed PMT radiation measurement is the main reason for
higher rates of radioactivity. GenDecay also give higher rates

than legacy generators.
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Looking for IBD events

Prompt signal Delayed signal
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e Require: 1 < Epromt < 6 MeV, Egeray > 6MeV, AT < 200us
@ Simulation corresponds to 6.6 hour real time.

@ All from true IBD events, no background seen.
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Multiple input headers
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@ 29998768 readouts, 29998768 ElecHdr, 44703(0.15%) have 2
SimHdr (also 2 GenHdr).
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o Extensively studied the radioacitvity background rates using
GenDecay package. The radioactivity rate is higher than
previous study.

o Studied the mixing effect using Sim15 package.

e MC data and script:
o MC data:
pdsf:/eliza7/dayabay/data/sim/dayabay/1970/calibration/ibd15/0101/
o Example script to analyze:
“NuWa-trunk/dybgaudi/Production/MDCO9b/python/MDCO9b/chkIBD15
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