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A study of the photosensor system performance and
background from radioactive gases of the PandaX-I dark

matter experiment

ABSTRACT

Results from a variety of research in astronomy show that most of the sub-
stances in the universe we live in exist in the form of “dark matter”. Dark matter
cannot be explained by the standard model of particle physics. The detection of

this new type of particle is one of the most frontier researches in basic science.

Among the methods of direct measurement of the collision between the dark
matter and the detector target material, one of the mainstream technologies is
the dual-phase xenon detector, which can achieve three-dimensional position re-
construction and good background elimination ability. The PandaX (Particle
AND Astrophysical Xenon experiment, PandaX) project is the first experiment
in China which uses a xenon detector to directly measure the dark matter. The
project is dominated by Shanghai JiaoTong University, and the detector is locat-
ed in the China Jinping Underground Laboratory in Sichuan. For the detection
of dark matter, the phase-I and phase-II of PandaX experiments use the technol-
ogy of the dual-phase liquid xenon time projection chamber. In the first phase
of the experiment, 120 kilograms of xenon was used as the target material. By
increasing the distance between the upper and lower electrodes of the time pro-
jection chamber while keeping the outer vessel, refrigeration, purification, and
electronics systems, we can quickly achieve the goal of the second-phase experi-
ment (about 580 kg of liquid xenon). Through phase-I experiment, we have been

at the forefront of international dark matter research.

This thesis focuses on the data quality monitoring system, the performance
of the photomultiplier tubes (PMT) and the analysis of background from kryp-
ton and radon in the phase-I experiment which are conducted by the author.

Photomultiplier tubes used in the experiment are the detectors used to detect
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light signals, their performance is the basis for data analysis work. Also, noise
and discharge from the PMTs in the detector due to various reasons brought
the accidental coincidence to the experiment. Study of the noise and its source
can provide guidance for the related background analysis and noise filtering. In
addition, since the PandaX-I experiment is the first dark matter experiment in
the world which uses multiple 3-inch photomultiplier tube (R11410 type) for
long-term operation in a liquid xenon environment, how the PMTs performed
in a long-term has important reference value for the other xenon experiments.
Based on the experience gathered from the operation and maintenance of the
detector in the phase-1 experiment, we've improved the photo-detector system
for the phase-1I experiment, which is also discussed in this thesis. Finally, we
analyzed the background from krypton and radon gases in the first phase of the
experiment. The electron recoil signals generated by them in the low energy re-
gion have a certain probability being tagged as dark matter signals by mistake.
Therefore, by measuring the level of these radioactive gases, we can estimate their
contribution to the background, and help us to determine whether dark matter
has been detected. It is worth pointing out that the background generated by
krypton and radon cannot be reduced by the self-shielding of liquid xenon, and
it becomes the most important source of the background in the next generation
of xenon experiments. Therefore, the study of krypton and radon backgrounds

in this thesis has important references value for future experiments.

KEY WORDS: Dark matter detection, Dual-phase xenon detector, PandaX,

Radioactive inert gas
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B 1.1 §PlanckM &K 2] 49 F & MK H 7 (CMB)# & &) F 1, CMBR % F9 R A38 7469
B, FPEARE LFEFFRELGLGREB., €2 TENGRERS, 2 TERTE
WEE R, REANEZMAZRG2GHT 2

Fig 1.1 The anisotropies of the Cosmic microwave background (CMB) as observed by
Planck. The CMB is a snapshot of the oldest light in our Universe, imprinted on the sky
when the Universe was just 380,000 years old. It shows tiny temperature fluctuations that
correspond to regions of slightly different densities, representing the seeds of all future

structure: the stars and galaxies of today
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REGVIFUERARL T 5, e —ERfE. Bk R ENMIZER.
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Eayind & [
Fig 1.2 Rotation curve of NGC3198, dots with error bars are measured data, the rest are

curves from simulation
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EAIA )R 2R 3R] AR N

Hrp, r BRI LEERKEY 12, M(R)Z2RNFIENRERI G
o MRYEIZ A AR AR R KR L V102K EMo, 42 R & i 2100-
200 kpeo BEAHESAT 2110 )5 5 FLARIAT &R A R OEH B B S AR 110 1. [RIFESC
B T WY A AF (L

1.1.2  X&Fekiagt

MR R B RENUE R B R R XS 2 5, ) X 20 I mT Lh15
XSRS 2 (RS B0 A SRR P S SR B B A XA T ik Se R T
FE Virgo B ¥y 0 2 ZAM8T. 20 2880 A € 1 MSTHI IR &£ 3% 10 My,
fHE TR S E T 2D —AEY. B2 XL 25 R R W] R R AR R
KR 7 = AN SO RIS 5

Galaxy Cluster Abell 2218 HST « WFPC2
NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) « STScl-PRC00-08

B 1.3 gy KZ 2 TA44T 69Abell-2218H o B F JLF FT A 89 & & AR Rabell-2218 + #)
2F, i3 HELRE, Ak 2B TCEBHEEHRE T LR B

Fig 1.3 Abell-2218 and its gravitational lenses by Hubble Space Telescope. Almost all of
the bright objects in this image are galaxies in Abell-2218. However, acting as a powerful

lens, it magnifies and distorts all galaxies lying behind the cluster core into long arcs.
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B, Ferr g i il TT RESE A N BOL T AT IE S T A7 . CERN#E T
KFH R B 5 (CERN Axion Solar Telescope, CAST)F|H — AN FH#iA&((9 T),
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=
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(a) R EFXIEEHL(LHC) ik & iE (b) CMSHRI 2%

B 1.4 CERN# KA 5% F 3 ALk & 38 A 30 _EaGCMSIRM 35 (B K ¥k 8 CERN M k)
Fig 1.4 The two-ring of Beijing Electron Positron Colliderll and the Beijing Spectrometer
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(a) DAMPEHZIIA 45 775 (b) TR AR

B 1.5 DAMPERM R M &H: &R INHAK, 2 FRNE, BGOMMRA+ TR
M 25 AR RN B Tk e £ CERNZEAT R A MK, WX AR (B R kA [4])

Fig 1.5 Structure of the DAMPE detector: plastic scintillator strips detector, silicon-
tungsten tracker-converter, BGO bars, neutron detector. And the beam test in CERN of

the DAMPE detector (Figures come from [4])
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(a) IceCubesLLs: (b) Bt e a5

B 1.6 IceCube'f # F WM sk, A FK1450£24504%, —EAEK MMy &X & L —£ %K
T 5160 ANF 3k 5 AR M) 3582 3 2 464+ X AAZ 5 (B R kR 8 BHATEF K FlceCubes: 1
M 2k )

Fig 1.6 The IceCube Neutribo Observatory, 86 strings of 5160 digital optical modules were
installed at depths between 1450 and 2450 meters, used to collect Cherenkov radiation

light signals (Figures come from IceCube website)
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Fig 1.7 Dark matter direct detection methods and experiments [°!
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Fig 1.8 The inner Cu box fullfilled by the DAMA/LIBRA detectors
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Fig 1.9 The CoGeNT experiment and the shield schematic
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Fig 1.13 The TPC of XENON100 and detector of LUX experiment
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Fig 2.9 Top and bottom PMT arrays, the rest part of the top and bottom plates were

covered by teflon material to increase the light collection efficiency
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Fig 2.11 Photograph of the electronics system in Jinping (left) and a schematic layout of
the rack components (right). The decoupler units (4x4U) as well as the HV supply crate
can be found in the left rack, together with NIM crate hosting the Phillips pre-amplifiers.

The right rack contains the VME electronics and the trigger logic. [V
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Fig 2.12 Diagram of the PandaX-II detector.
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Fig 2.13 Diagram of the PandaX-II 3-inch PMT base. [?]
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Fig 2.14 1-inch and 3-inch PMT bases and HV elbow pin used in PandaX-II.
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Fig 2.15 Diagram and picture of the decoupler used in the PandaX-I experiment.
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Fig 2.16 Diagram and picture of the decoupler used in the PandaX-II experiment.
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Fig 3.8 Dark counts of top and bottom PMTs. Average random rates of top and bottom
PMTs are less than 0.3 kHz and 5 kHz. High random rate of the PMT might be caused
by extra light in the TPC or PMT sparking
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Fig 3.9 Dark rate pattern of the bottom and top PMT array of the PandaX-II detector,

the empty ones are PMTSs not in use
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Fig 3.10 Charge distribution of spe-like random pulse from one bottom PMT, fit it with

the Gaussian function
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Fig 3.11 Gain values of the bottom PMTs calculated with normal data in the unit of gain
values obtained from LED calibration. Some PMTSs’ gain values are abnormal (too high or

negative values in the figure) due to their low gain which make the fit result unaccurate.
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Fig 3.12 Position distribution shows a hot spot indicating electrodes of TPC was sparking
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Fig 3.13 Electron life time in the liquid xenon, the X-axis is the electron drift time, the
Y-axis indicates the area of ionization signal. Fit the black dots with 1-order polynomial

function, the parameter pl is the value of electron lifetime
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Fig 3.14 Electron life time evolution in about two weeks, each change was caused by

disfunction of some part of the detector
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Fig 4.3 A typical single photon spectrum of one R11410-MOD PMT with a gain of ~ 2x10°.
A combined fit of the pedstal (blue), SPE(green), and double PE (cyan) with the fit range
indicated by the fit curve (red)
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Fig 4.5 The gain history of two R11410-MOD PMTs. Black dots are from a typical stable
PMT. Red squares represent the gain of a PMT with the supplied voltage lowered twice

during the run to avoid excessive dark rate
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Fig 4.8 Random PMT rate evolution for two neighboring R11410-MOD PMTs; one (red
open square) had a sudden increase but no change was observed in the other (black solid

circle)
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PMT and circles are the R11410-MOD PMT, only random pulse rates of some individual
PMTs are higher than their neighboring PMTs
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Fig 4.11 Average random PMT rate and the random S1 rate (indicated by legends) in 2
to 30 PE versus time in dark matter data (a) and °Co calibration data (b). The vertical

scale for the random S1 rates is labeled on the right
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the primary pulses < 20PE; (b) the delayed time distribution of the afterpulses in the
A3 region with individual ionic components indicated; and (c) charge distribution of the

afterpulses associated with different ionic components (see legend)
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Fig 4.14 Afterpulse probability vs. time for two R11410-MOD PMTs, one typical (a) and
one abnormal (b). The very first data point in each figure is obtained in the gas xenon
run under room temperature. Note that in (b) the scale for Xe* is indicated on the left

side and the others on the right
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10 months
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Fig 4.17 Afterpulsing performance of ZK6307 from the gas xenon run
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Fig 4.18 Afterpulsing performance of ZK6307 after operating in the liquid xenon for about

6 months
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Fig 4.21 Afterpulsing performance of KA0019 after operating in the liquid xenon for about

10 months
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Fig 4.24 The mean S2 vs. Sl in PE when all PMTs were operated at the normal gain
of 2x10° (red) and reduced gain of 5x10° (blue). Saturation of S2 signals was observed
in the normal gain data for high energy events. The reduced gain data showed improved
linearity for larger S2, but had a slight “overshoot” for S1 around 200 PE due to a higher
trigger threshold for S2, as well as a lower signal finding efficiency for S1
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% 5.1 164 KriF & F 9] 89 BAR1Z 8,

No. | run | file event | Eg (keV) | E, (keV) | At (us) | nS2
1 16329 | 0008 | 12518 124.5 717.9 1.98

2 16397 | 0012 | 14935 285.7 657.4 0.31

3 | 6500 | 0026 | 43617 38.4 907.6 0.35

4 16967 | 0083 | 146293 43.1 415.5 1.05 1
5 | 7033 | 0067 | 113197 189.7 336.4 1.05 1
6 | 7195 | 0038 | 57812 234 307.2 0.50 1
7 | 7473 | 0158 | 186062 171.5 692.6 0.32 1
8 | 7553 | 0018 | 35816 121.2 642.5 1.17 1
9 | 7559 | 0021 | 55051 167.3 639.3 0.37 1
10 | 6882 | 0037 | 54052 167.6 523.2 0.55 2
11 | 7178 | 0046 | 77211 38.6 615.7 1.97 2
12 | 7420 | 0019 | 41250 151.4 313.2 0.78 2
13 | 7468 | 0340 | 448252 102.8 499.0 0.51 2
14 | 7506 | 0330 | 648139 124.6 395.0 0.51 2
15 16903 | 0055 | 92139 153.0 344.7 2.99 3
16 | 7307 | 0030 | 44231 61.0 436.8 0.75 3

JRECHE AR RE B 2, TR T 2R A8 ARy 55 R, 2 Eoh0.24
Hz F10.4 Hz. KE, TEFRFEMIFFEEITEE D (0.3-3.0 us) W, ENTTERIEENL
P HBIFN2.3x1072 AN/ K, E80.1 K MBUCEL A Hh B3k &7 A2 1 8 BENLAT
.

TEMK ) 85 A FB b, AT —IAEH 7 = Ak 5 fy Hae
R, IR R R, FRATF HPandaX-1 IS4 K% (MC) Bk AL
THIX = AN 3 45 1R 7 R I R ) 8. o, B Ry RE & B 1116 97 34 80K 43 3l
FE88.8%F1T72.9%. X T HEIR B [H) B 1A GR L R Kt , FRATER B Fly ZEBRI
BNVIRBEEATIR T, WE B RIEIR FF A 26 0F. BT BR AU ERI 88 7R 1,
— oy ki X, E AR A e 1) RE AR B ) 5 IR AR 56.2%. DRI, R
7128 R 36.4%

PRIZE N K& & il N A 5. 243 3

Naata

Nes = et - BR- (T/7)’

Nk, = Ngs/ f (5.2)
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Fig 5.3 Time distribution of delayed coincidence events from Kr decay

52 2ZRnAJR

22 Rnfe UL E P A2, — BORVE T 223 rh B3t 2R 5 P31 (108U
PEAR PR T R (AL T7 WA IS A7, 32487 AL i o FEAR R A0 B
ENITRERDIR PR, I AR BT RE 5 e &, 55 S2/S1 T
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WAL, 2% Rn M AR AEA R BRI 25 18 B SLI6 38 47 I [A) iz iz
T2OPb HITCH AIE =, ATV PR 3 ASA ] 1P EDIRES, AR
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Rn-222 decay chain 222R)
3.82d
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210 214 %o 218 R
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138 d 164 us L 3.1 min|
210 214
S 83 Bi 78 83 Bl 3 a
A 5.01d ke 19.9 min| N,
) -, )
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A 54 RaRTHTER
Fig 5.4 ?2Rn decay chain

BE B N3.27 MeV, BG4 Mo BE & NT.83 MeV, 24Poff) -3 HIH164 ps.
PandaX-I JDAQ CE#R IO BB ] & 18200 ps, Fith, WnH214Bi-214Po
G F ) S o 2 TA) B SE AR B ) B BB (A1 T G, o 18 5 200 R AR R 4%
EH T —AF6d. BATH “BiPolE” Fl “BiPo2E” K4 JlAric sHla 1E[H—
A AG) FOARIE () AN S48 A DO

RPF2UBIFN2UPo ) AR REYE, FRATX T BRI/ B A k. 78 SEFR 7
fre, FATFEIFEAR O Co THURIE 2 FE 2 vH AR E8 D6~ 8 B, affiS1 ok
VIS S S SRR, HTB fla 5y0S2/S1 LB X B, 7648 1% 6= 8l
HB Aol RERERE, 254N 70.9 M0.78 (13.8/17.9) MBIESH. HFH )5,
XPHBI-2HMPofF & I H 8 Mo B RE R LSS 70 & 0.1-3.5 MeV 1K T2
MeV. XIBiPolE f1BiPo2E MR I [A] 2% A4 43 7 920-100 psH1200-1000 ps. U
Gb, BAE T EMFEHETRME THI50 XA (5.5 AT 2 From i X 380,
BN DA AN RS2 FRALE.

5.2.1 BiPo2EHF&EH

FRARE X T-BiPo2ETE L I 9 1k 2% 41, FRATTWI 015 B741240 4], IX Lo 47
15 Mo FHIFIST AT ES.5fR. B BEED AT ZIES:. A —EWri oA,
FrETill. Eaof55MS1o4AiR, /815,000 PE XA —AN0fh, £HFa
RE T 07 2 W B IR (2 MeV) i — LR AE FHIIE AN F MU,
FOME I E TR, R A E AR

N7 R BT IX AN ofE 5 0 A0 B RIE,  FRATAE 5B T IR K RE 5491
JG, 3378 Ma {557 logo(S2/S1) FHIA (E5.6), #FFEUME. Bk
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Fig 5.6 log10(S2/S1)VS.S1 of S(a) and a(b) of BiPo2E candidates. Cluster A and B in (b)
correspond to the two peaks in Fig.5.5(b)

BATIHEANAF Mo A FIB M &S5 B, Bl5.7 N AFBH
o 5XERI B 2 18] BE B A LB IR B [ R 0 Afe X T IX AN A, A FIB 2 [a] &
A—FOA X BB R, WAV TR ER A S A A FIB A IR I [A]
I3A, A5 F B TR H B0 5 N254 us A1244 ps, 52YPo IR H B (238 us)
B, XAMFHELRIRATAE A A BN #SZE B SLHI2Po (55, BbAk, AN
i s R R B A MR (B5.8), ez mmE—r X HET, o
A o TG TER ERS = AR BT, JCH BN, maAmBls
S AR BRI A . BRIk, FRATTHEN,  BRIUES P A0 E B BRI AS ] 5 5 )
W& 12 Bi- 21 Po il R o ANFEIR M. fEFERI T, HIRAE R, [E15
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B ER S &, Thm 17S2/81 L. #E 2, HIXT RS, ALK
LIS, ERtE T EAD, BESER. 1B PoAZH, MBIt &
FEHIZNAPE R [ LRI ER RS, XM TN o fE L BAR A R, R
WHITPC #RM A+, ***RoTEAHE o 19 15 B 1 E U 1F T 1A AR ER A2 [ L 5
FEH A S 56 T LR R 1.
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Fig 5.7 Distributions of (a)AL? and (b)At between 8 and « of BiPo2E candidates in cluster
A and B

e T AN AT # R YR T B SC 2B M PoRE AR, A 1 FEAF I e S H AR B
o WEEE, RIESMA FIBHST FIS2H A A FE >4/ (85.9), 456 ESL
[1)214Po AR RE R, WATE XL T #HHo feEREEAN:

S1(PE) S2(PE)
7.19PE/keV ' 116.88PE /keV

E.(keV) = (5.3)

RHE AR5 3R BN ahe R, I-ATX BiPo2E T R afs 5 i 5 -4 B I B & 07 ik 4%
fF: 6.0-9.5 MeV. IAh, HES.7(b) nTLLWELR], A GeH T RERFR MR
R, At£E200-300 psZ (B 7 — L5451, BRI I FRATTHE ZE 3B B[] 9775 a4 2% 2 1
9300-1000 ps. Z5EZHIHIB Resimdk, FRATRAISH 13732 M BiPo2E A
G, BTN EEE M IES.10 B, HPA1118 N THRIES FIFV
Mo

5.2.2 BiPolEHF&E4

MRIE AU B AR TR, JAE R 77278 FH B, X T BiPol EFH K
Ui, BFINS MR/ 2 PR DAQ, Hfi k(5 5 a6 & T B A R ), 4
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Fig 5.9 Charge distributions and fit results of (a)S1 signal and (b)S2 signal of « from
BiPo2E candidates
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RB-af BRI AR, H2aa BIS2 155 LIEM L FAE R — A F4l . Bk,
Sf X778 N FHH, KT EE W AS2 HEA, RATERS KSIMalf)S22 18]
(RIS 8] 22 /N F103 ps, 75 4> tHBLST AIS2 H iR AL A F 5 L (BiPolE-DS2);
X RAEASIES], FTATE RS BISIMa 1IS2 2 [ B ] 2K T-103 ps
(BiPolE-SS2). XIBiPolE-DS2 W&, FATA LA 2B a5, S5BiPo2E
FHABL, 2MPot 7E HLIZ MR T A AN i (B5.11).
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Fig 5.11 log10(S2/S1)vsS1 of a from BiPolE candidates
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HH 2 R KRBT DAUR2EHE,  FRATTRT DAHE S H AN 22 (B 2 25 R IR S5 491
o NTHELGMXB fla MSUES, FRATEREAIEPIAL ££20-100 us W,

A3 T 3687 Mk FH. ARG 25 A 3687 K AT 2%, SRIGHR
P BB 25 tH (4B B0 A T 55 5 R BB B3R5 2RISR 5. 3H 4 Sl Bl T AR AR
WIS K FV A TR BARAE.

% 5.2 BiPolEZ R FW i H. ERREZAENET, 2. 3 24544 K2 49BiPolE F )4k,
C A6 TR B B ALTE B A= 1% 00 B £20-100 s AT & B AL, 4. 5 FIA X R FHI T AL
0B A= i% 5 B £20-100 pus AAT G B b, dEH R R EHI K

detected At range (us) missed
zg (118) At range (us) and prob. Sum
event and prob. event
(0,10] | 152 20-100], — — — 0 | 1520
(10,20] 80 [25-100], 0.244 20-25, 0.019 6.3 86.3
(20,30] 91 [20-25] & [35-100], 0.226 [25-35], 0.037  15.0 | 106.0
(30,40] | 107  [20-35] & [45-100], 0.228 35-45], 0.036  16.8 | 123.8
(40,50] | 144 [20-45] & [55-100], 0.229 [45-55], 0.034 21.5 | 165.5
(50,60] | 214  [20-55] & [65-100], 0.231 [55-65], 0.033  30.4 | 244.4
(60,70] | 314  [20-65] & [75-100], 0.232 65-75], 0.031 425 | 356.5
(70,80] | 675  [20-75] & [85-100], 0.233 [75-85], 0.030  87.2 | 762.2
(80, ] | 1910  [20-85] & [90-100], 0.249 [85-90], 0.015 112.0 | 2022.0
Total | 3687 - - 3317 | 4018.7

5.2.3 FABIPofFAEFITE***RuAK ik

4E 4 38 1 BiPo2E 77 125 3k #1 113732(FVH1118) 4 Z i F1BiPolEJ5 i £ 2]
114018.7(FVHI935. AN S5l FRATT o] DA A 2B 1178 BE AN BRI 2% RFV I 1) 3
RIS (B o3 AT (B15.14), I TR BRBON /- AT AT WA B BT bin AH G
Ga R, AT SRR EREIIARREAKR, RGN ES A, AU

ZMGF, A 45 R 8229.9 us A1250.3 ps, 2MPolf) B S AR W $UN240.1
ps, WAEREHSEFE WL &5, RATEEX UG5 2148 505
FE0-00 IS [A]5E B AR 7 11222 R & &

RIEBIPo2EABiPol ES ], I8 R 40 04 45 15 2222 R 4 ZEAE K 5.4 571
o BARFFE HH M5 ERIT5.1.2, HXT222Rn & &k AT L2
ANthe I 18 2 A B R R AR I MO e A BiPo2E MIBiPolE [ [H] 7 1% &%
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% 5.3 FV¥BIiPolE£ 4 FH 4. ARFZAEINT, 2. 3 714 %4 K5 #BiPolE ¥
&, e Aey Z ot B At 8B F2i% T8 B A£20-100 us AT & B L, 40 5 F1A K R FEH)
P R0 At 58 B A=iZ 8 B £20-100 us AFT G @ bk, EHE B X R FHIHK

detected At range (us) missed
zg (118) At range (us) and prob. Sum
event and prob. event,
(10,20] 37 25-100, 0.244 20-25, 0.019 2.9 39.9
(20,30] | 31 [20-25] & [35-100], 0.226 25-35], 0.037 5.1 | 36.1
(30,40] | 38  [20-35] & [45-100], 0.228 35-45], 0.036 5.9 | 43.9
(40,50] | 83 [20-45] & [55-100], 0.229 [45-55], 0.034  12.4 | 95.4
(50,60] | 110  [20-55] & [65-100], 0.231 55-65], 0.033  15.7 | 125.7
(60,70] | 150  [20-65] & [75-100], 0.232 65-75], 0.031  20.3 | 170.3
(70,80] | 376 [20-75] & [85-100], 0.233 [75-85], 0.030  48.4 | 424.4
Total | 828 - - 111.2 | 935.7

N, 620.6+ 11.1 N, 1446+ 4.9
T 2299+27 T 250.3+£55
. d by .
oo b b b b by b 1005 M AN I SN AR EFAVEN B ST i S f
% 100 200 300 400 500 600 700 800 900 1000 % 100 200 300 400 500 600 700 800 900 1000
At (ps) At (ps)
(a) Whole volume (b) Fiducial volume

B 5.14 BiPo2E #BiPolEFT A F 5] /£ (a) B AR 3 F= (b)FV 4 &9 R8T 18] 5 75 & 4 £ 4ok
Aé&%

v ‘o

Fig 5.14 At distributions of BiPo2E and BiPolE coincidences in the (a)whole detector and

(b)FV, fitted exponential functions are also given

RO 5N26.4% F126.3%, XF T AiF 1A E AR o 1 J7 ok Uk, I TA) 5 10 9R g 1
MFEN100%. W EIIR IR, B&H22Ro S ERMPEE R E g, w2z
& SUNE 5BiPo2E FIBiPolE /72 H 543 2 19222Rn & A0 Z 1 5 K AE.
22Rn AR BE R B I AT B AR TICHE TR B T 2 o BRI S A R I e X i
AR AT A2 Ro @& AR, EMOELH, 222Roki £ 7EHRM 2412
AT BRSSPI P2 A AT 348, 3R PR AR ORL T3 2 FRATT IR 0F 38 2% A1
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% 5.4 FVA?*RnK-F

Method BiPo2E BiPolE Combined fit
At cut acceptance 26.4% 26.3% 100.0%
Es cut acceptance 98.2% 98.2% 98.2%
E, cut acceptance 100.0% 100.0% 100.0%
Branching ratio 99.98% 99.98% 99.98%
Event No. 1118 935.7 3618
999 0.79 mBq 0.66 mBq 0.68+0.14 mBq
Rn level
14.7 uBq/kg 12.3 uBq/kg 12.54+2.4 uBq/kg

T AR PRI TA) R AR G ORI 2 ) 5 A o DU ) B B 2 i e N AR IR . AR AR
5.4 P H?2Rn fEFV N0 #(0.68+0.14 mBq), 5.5 Il H B2
Hif PandaX-1 5256 I BE X AR H 32 ZE 0T IR K 76 2=

% 5.5 FVR22Rnt A J& 69 70 dk

Isotope | Background (mDRU)
214pp 0.17
24B; 0.002
210pp 0.07
210B; 0.02
28pg 0.002
Total 0.26£0.05

5.3 220RnZAJE

20RnEBXThEE AL HE M =), & 15 W1 9558, %248 8% 4 5. 1557 e
Hodr, AWAJCE M A 0] LU R AE B 55 & 2 A AT T 5220 Rn 1) 3 &
212Bi-212Pg( B-ar) F122ORn-2'9Po(a-a). 2'2Bif64.06% K A fe kit 473 245, i
(8 #1EAE B N2.25 MeV. FAAERI22PofnFasE, Eid a2 N R 5E (1208 Ph,
afit B N8.7T8 MeV, P-IEIHIE0.3 pse X T 55— Fp 4B iR £ & 3 AF22°Rn-216Po,
2A6Poff) 2 7 B N0.14 s, Z2ORnAIZOPo JIH okt & 23 5l N6.29 MeVAIG.78
MeV, B AN?1Po: 3 BIE K, 22°Rn FIZ6Po =5 A 2 9 M+ 22 1l K AE [7] —
MBI H.
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Rn-220 decay chain 220Rn

55s

g\’bﬁ \@
212 3 216 S
ga POl \3, g4 PO %,
0.3us L 0.14s

208
g Pb %,

stable é\\\

B 5.15 *RnR L i~ & A
Fig 5.15 22°Rn decay chain

K2R F I BiPol1E/M T, W T212Bi-212Po S-a JEIR 4, 212Bi M1212Poff]
RE R IE PR 2 F 70 30l /20.1-3.0 MeVATK T3 MeV, 135 8] 1 4E 3B 5 8] 7 11 0.3-
1.0 pso [FIFE, BAESEMEGHTRME S50 XA CUnE5. 55 WA Lbrr
X3, FAFH 2 H —ADH RS2 (71

Ji 16 220Rn-2"Po a-a 3B IR FF A0S, FATRE B Ao A5 5 10 BE 1 3% 45 X [ 4TS
F5o 0-12.0 MeV, FEIRIAE 1°50.05-1.0 s.  FIAZ2°RnAl2Po 15543 Hilic %
FEANFE G R, FRATE RGN F ) B DA S2E 5

TIPS e B B R 5 0 30 0 2 AR OO Co 2] FE 19 2 A DI 2% (R e P, 8t St
FEHEAEI8 B o 155 MRER.

5.3.1 22Bi-22PofF & E

YLk, 133 77360 0-afF & FHI(1ITMEFVH), X EEHHIHS
Fla {5 T 1Elog1o(S2/S1) R AT WK 5. 16 ~. AT AR 2, 212Polf) 4341 5214 Polf)
KA, AP ITRIRE, 370008 BL T 70 A CE AR D 2% B ARAN = b i 5. A
A 305.3, AT LA FHSTAIS2 5 @22 Po ) e &, 1% [F] S oz 8] 1 AE IR I [A] At
WA E5.17. HTF22PolE A HNAG0.3 us, 1MS2M5 5 5% F — M 2us, 154K
B2 BI 2 Poff & H G oM BHIS2E SR B EH-E BN —1>S2, PRt E
[1212Po [(IREE W= T ESL{ES.78 MeV. M4k, BFASGTFERAK, @idilE&4a
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B2 2 Po i LRI 18] 8 BUN0.64 ps, BT ESEH0.43 pise
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B 5.16 212Bife?12PoF 4] f£1og19(S2/S1) vs. S1TF 8957 BZ212Po B FHI B A, BAIRM S
b4z B oA
Fig 5.16 log10(S2/S1) vs. S1 distributions of 2!2Bi and ?'2Po, and position distributions of

clusters A and B of 2'?Po

5.3.2 22Rn-2PofFEEY

18 I 20Rn-10Po i 1t 2% 1 B i i 5], B ATTMlog10(S2/S1) vs. S173pAR 40
w518 Fiome LEY HyJ7m ErTUUER], F—#5FHFllog0(S2/S1) /105 HAr
ARAENT 73 Hl. X e H )2 T S1 5S2WA IR FEUR, bR IX LT
A, 4524 MR F B LR 1T Rk, 22°Rn AI2Pol B RE R W1 5. 1987
e GGG Th2 O Pof) e A E NI, IKT6 MeVIIER /2 AR A8 T FHL 58
[1)21Po H 5, X & H TRk, BEEEREcR, AL — o H
R AL FEHITRAN . BBRIX A E0 5, mA1FE] 72694 1220Rn-21Po £F
AHp, HPHIS MITFV W
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35; 60~ }
30? 50; 10.64+0.10 ps
250 =
£ 40—
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o : L
= ol
s o T T
[ i I N N I . [ B I T Y Y U I B I
O e 10 12 14 16 18 20 % 02 04 06 08 1 12 14
Ecom, (MeV) At (us)
(a) 2'?Po (b) '2Po
B 5.17 22Poft & o X LB 1A 5 A
Fig 5.17 Distributions of reconstructed energy and decay time of 2'2Po
2r 12 2F
150 A 15F A
T B i B
.k e . F | et 10
0.5k 10 Fo.5F
@k 0
N c o E
® o @ of
Sost ost 1
F 1 F
F -1
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b T e b e e Bt
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B 5.18 29Rn#A=21PoF | £log;0(S2/S1) vs. SI T 445 A
Fig 5.18 log1¢(S2/S1) vs. S1 distributions of ?°Rn and 2'Po

AN H T 2ORn-21Po & F4 2 [A] I ZEIR I (] (At) BE 5 (AL?)(&5.20),
20Rn, 2Po F it & /AR (K5 21) RIE T AL B 20 A (K15.22). - At A 5 T
—5, MELREGLIRERFEHIEL; WA o MREEEALMAR /N, FFEAF
G, HEarmilaaesEns A, 1920 E 5 7 86.45 MeVAI6.91 MeV,
H A7 B A vl LSRR, AN S04 (1) 3 A BB A XS 2 B B-aH ofE 5 B35 5] —

s,
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: 220,
L 216
—216p
1501 ©
100
50/
07 ; el S S Rt
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B 5.19 1%t F 47 & 220RnA=21Pohy ht = 5 A

Fig 5.19 Reconstructed energy distributions of ?2°Rn and ?'°Po candidates

i | Wl
150 + 10.20 +0.01s
H 10%F
fool- £
3 T 3
O (@)
[ 10
50~ F
. 1=
% 0 05 1 15 2 25 3 35 4 45 5

AL? (cm?)

(a) At (b) AL?

B 5.20 2ORnA=216Po 11 &9 % K B 0] AtFe 38 5 AL? 895
Fig 5.20 Distributions of At and AL? between ??°Rn and ?'%Po

5.3.3 20RnAJKITE

fEPandaX-IF G Y 4 b, $3 T773640N212Bi-22Po ], HHTEFV A
H117 45 ?2Rn-2'Po FHHH26941, HAHI15 NFEHINTEV Wo /e 2R
MEVIN2ORn {8 & R 22 52 HH R 2 A 7 VA RSB AN X = AME 2 1) i K ) 22
PeE e ABSRAT A S0 1) 25 H AE T T4 2 (1) 2B 3B 1555 5491 >k 1 vl DA 2B ATt
MCELZS H T AR IR Z A IBCR . X (HERTERS. 6P FI . AP ER &
HETHERBFPOReE BAHZIEWIG, 6oL H, IER T A ERER S
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B 5.21 22°RnA=21Po & E A Z 4950
Fig 5.21 Reconstructed energy distributions of 22°Rn and 2'5Po

ki) f;»{ e tg 4;32
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B 5.22 20RnA=215Po kY iz & 47

Fig 5.22 Position distributions of ??°Rn and ?'°Po

FURM o ZERR B /D AT E. A2 RofEFVIN & 8 92.74£1.1
pBa/kg, MCOELUZE T AR A R T E 0 TARKI TR, W0585. 771,

5.4 BaFES2Rof1229Rn A K

H22Rn 2R A S R 5.4, 5150 LUE H, FEARCH o R TR
AR VAR &, Hod Bl A b B a. D FRATT AT DLl i -4 R5 € R & 11
A kLT (FH AL E A B of5 5 ) R X R TR 8. XA,
WATERFV WEFIIST B A F2x10* PE, HHS1#top/bottom(s 5 kM2 H
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% 5.6 FVA?*°RnK-F

Method | ?'?Bi-?'?2Po  229Rn-2'Po Average
At cut acceptance 40.1% 77.9%
Es(a) cut eff. 95.7% 100.0%
E, cut eff. 100.0% 100.0%
Branching ratio |  64.06% 100%
Event No. 117 915
990 0.09 mBq 0.21 mBq  0.15£0.06 mBq
Rn level
1.6 uBq/kg 3.9 uBq/kg 2.7+1.1 uBq/kg

% 5.7 FVA?2ORn*t A& 89 7T ak

Isotope | Background (mDRU)
212pp 0.11
22B;j 0.02
2087 0.001
Total 0.13+0.06

S 1275 18145 25 ST AIS215 5 I [ ZZHE S 1z 155, XAFRES IRIESLRZ
5 IERS2 FoXt.

AN FEAT5. 285 30 0, HLa 291 o0 B (0 D5 I MO T 8 B AR N B
o AT RS RAR TGS MM HORAVRE, FATEFMEAST fFa fEREE
o Ak, FEUDMEE SRR F, AT IE 0 #a FHIRIST KMEZA?
JiTA B LE, R v B AR RST R/ ZE. B IERTEST Sz Al 1)
RAWMEDS.23017R, EIPO @& AS1 P E, LR SERIERS]T Sz, 1
R, BAMERS R A KA e T E/E, BE2IE.

EIEJa B o i B I STRETE an &5 24, M 2 mm frxt RERS #EAT L&, U
A HH R R e B MR B AR A A DY?#2 R, 28 Po (B2 Bi)s *°Rn(H¢*'Po).
2UPofI22Po, AR AN [F] 70 2 0 N (1 e U6 T 1R 249 i SR A5 210 B #2 R
AZ20Rn AEFRIAREV A 135 B3RS 8. rTLUE R, FHEREEE ARG HE
BEA B &S, v U IR R T AETPC Wi F I MBI R, XA
A A SIS WA IESE, 5.8 H1222Rn F1%2°Rn (& & 55.4 F15.6791 51 tH (14
HZEAE ] A2 e N S22 RoflI?20Rn 36 1) AR JIRZK AT SR 2 A
YIRS .
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B 5.23 FaFHIS1xtzAn2e9 5 E, B FP A LGOS HARLE FPMT 7691z 8 F 569

Fig 5.23 Correction of single a event S1 to the z and r? in the FV, structure along the r?

is an reconstruction artifact due to PMT placement

% 5.8 A EaFHIF 2 HRadond &, FANTF AR E bt 69 A SR (110%).
3t FH4Po, BT CHFRPEK, BFLHRH T ENFH EH21Pot T4 — &
A E, tHECHEHNESHA B EINLBESK

Decay chain | Isotope | E, expected (MeV) | Eq data (MeV) | Radon rate (mBq)
22Rn 5.49 5.59 3.9
2Ry | 28Pg 6.00 6.02 2.8
2l4pg 7.69 7.69 0.28
220Rn 6.29 . na
20Ry | 216Pg 6.78 o o
212pg 8.78 8.58 0.06
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B 5.24 FaFHIRE, R SHMB[REFTIE, BPREREEXENT ARG, L6
UEHEATRA TR NaRtE
Fig 5.24 Single « spectrum fitted with multi-Gaussian function. The vertical dotted lines

indicate the peak positions, the upper x-axis in red is the reconstructed « energy

5.5 &

A B FRATTR P 2 A0 B vh m] R B SE IR AF A ) K T H S PandaX-THR M 2%
MM E R, FIHAMCERL, H&SKr. *2Rof1?2°Rn 51 ik (1) A &K 20 51l 72£2.0
4+0.6, 0.32+0.06510.134+0.06 mDRU. 52 fiikFRMZEF U LE VNI ZE SR,
FERFONIX BT 7 Sl s MO B, FE P Oy TR S A AT
IS I0 T 200 nsfAE 5 o Hif (B 25k, DA B SRASAUARE Fp 26 AH [R] (1) 38 1T i) 18] P 45
SIS IR R . TR BRI A HEFIERS (8] EorAnshs), RHENIAZK
H TR R Im AR P . ok, JAT 1 i@ i A A S5 49 i B 7
RE T A 8 X Y. e B I U MR 8 2. (H2 T IR S I RE E ) JE %
ANE(HE2 Rl e EIG AL, DHER N2.82%), MIE>SU FfI22Th FEARHE b =4
okl 77 L it & AR 23 (412" Po(6.00 MeV)A1212Bi(6.06 MeV)), K I F| F &
IRFFA FHRI AR F ) T oAER— L, XA 6 RafenE kbt
52 ¥ NV e g )7 B
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FRE PandaX-IIEZERMRE
6.1 PandaX-1458

PandaX— ] S2 56 (1 2 2 H bR 2 A 56 ey [ By b A 5256 4 o 19 5 & 7210
GeV/® WIZHRIEYIE S, E&n 1T abr B bemoe. e 25, R4l
RYGMANGE, RIGHTEEITTRTAEA, ALK, BidPandaX— YL 5,
FATWT T 7 M s HU Y ERVE R, GBI &M U 2 BRI s PR RE A I B ik
S Y0 TR 5 KOG A BE B 0 R AR 2 A AR S0, A P TR
JEE R 28 B A% BSOS o A A B A0 ep 1 U5 3 i A AU AS IR AT M) oA S, B
FERMZEX EATHI SAE Sl PandaXISLEia4T #AM], TPCHEHE 7667 V/emlt)
TR . AT 2R, FIFH40 ke VAT B IR, 49 BRI 48 00 T
55 G #UN4.2 PE/keV, ST 51 P X122 keV A2 &IN5 6 A
#£6.0 PE/keV, /rFXENON100(3.9 PE/keV)FILUX(8.8 PE/keV) [13:14, 4k
HUAF 1780.1 KA R [B) A5 23 J ot 2 80 o ) e 2 i 20 ot 4

BT AR R R HE, i &l P A G 2 A 5424 AE
W55 5 X Al Y, HEER S 7 S S, A 7 SRR A% S b e A 2k LA
Ny GG IR e ARAE AR I wly 3o R 5 PN S AR AU PR AT
AP AP Kr, *?RoflI* R &, PandaX-15256 AR /KF U146, 15T
o MEAUFIAS A 0 A 2t FIFE X T8 N A RSB0 6.9 A, I EATIF
A AEPandaX-T5L 56 FFER I BIRE VIR F 6. XS A SCHF — L A = B3k 215
LA W) 5 5 PR S B 45

M I A B R AL IR B B A E s, A5 B R B EWIMPHRL - ) AAE I E
TEASKH G HS 8T 28 Re AMEMI IR BT EAE27.5 GeV/® I, YIRS R 1
A4 s S AT b PR 4.1 %10 % em?2, PandaX-1 HIECHE 20 BT 45 SRR 0, *F T
JFREKTFT GeV/® FIWIMP ¥i ¥, HsuperCDMS SZEGUNE T B A REAEE R X
W T REANTS5 GeV/e2 FIWIMPHRL T, A1 7 4R HRITFHER, iEWT
AR B TR I A BRI S Y R R RE, 6.2, I — SRS, FRAT
MWTEEH, MARTRZZEK, N T BB SLRRAE T BRI R,
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B 6.1 5424~ F Bl f£1log10(S2/S1) vs SITF 95 Fr. B EE KR A LT RV EF 820X 1],
FARAEEREERERT, LELRERABBTE TP, 2EXAMS2 75& 24 KTF300
PE® &, RERXAMNBZETRET (RE)WF AKX FEAETHRRT FIAL
VAT 6985 40 i i i 45 (1)

Fig 6.1 The band of log0(S2/S1) versus S1 for the dark matter search data. The ER band
is indicated by the blue solid line (median) and the sashed line (£20). The median of the
NR band is indicated as the solid red line. The dashed magenta line is the 300 PE cut on
S2. The green stars represent events below the NR median. The gray dashed lines are the

equal energy lines with NR energy indicated in the figures. [
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Source | background level
Top PMT array 4.7+£2.3
Bottom PMT array 2.3+1.5
Inner vessel components 3.81+2.2
TPC components 1.940.9
8Kr 2.6+1.2
222Rn and ??°Rn 0.5+0.2
Outer vessel 0.9£0.6
Total expected 16.7+3.9
Total observed 23.6£3.5
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Fig 6.2 The 90% c.l. upper limit for spin-independent isoscalar WIMP-nucleon cross section

from the PandaX-I, results from other experiments are also given to make comparison
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Channel method problem
No.

10602 turn off base was broken at the beginning

22206 turn off base was broken at the beginning

10500 turn off C of the base is incorrect

11004 turn off dark rate is high

11306 turn off R and C of the base are incorrect
1-inch 11401 turn off R and C of the base are incorrect
PMT 11405 turn off cannot hold HV

21801 turn off R and C of the base are incorrect

21804 turn off “dead” after applied too high voltage

10305 | lower supply HV | bad performance at normal supply HV
10700 | lower supply HV | bad performance at normal supply HV
21705 | lower supply HV | bad performance at normal supply HV

22102 | lower supply HV | bad performance at normal supply HV
22103 | lower supply HV | bad performance at normal supply HV
22306 | lower supply HV | bad performance at normal supply HV
22307 | lower supply HV | bad performance at normal supply HV
3-inch 22402 | lower supply HV | bad performance at normal supply HV
PMT 22404 | lower supply HV | bad performance at normal supply HV

22003 turn off dark rate is high

22007 turn off C of the base is incorrect
22200 turn off R and C of the base are incorrect
22202 turn off “dead” after replaced the HV module
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Misg A R11410-20 PMTSLIG =ZE LR

TNERNR11410-20H PMTE IR A5 T 1 75 A e 75 el ik 2 B

% A.1 R11410-20 PMT#3% 5 %% 5 K-F. &%, QE./J4dHHamamatsuk ¥4, parl
Fapar2 A4 F F fepartxetrarZ iy SAPMT & k38 & i 4% 69 45

Gain@+700V| Q.E. | HV@5x10% | Dark Rate
S.N. parl par2
(x105 e7) (%) (V) (kHz)

KA0030 3.80 32.40 747 1.5 0.0070 | 10.19
KA0033 3.99 30.00 757 1.1 0.0069 | 10.16
KA0040 5.53 30.90 694 3.2 0.0072 | 10.40
KA0043 2.46 32.60 812 2.0 0.0068 | 9.90
KA0052 5.95 31.90 676 0.9 0.0077 | 10.25
KA0053 5.74 32.10 682 4.8 0.0080 | 9.96
KA0056 5.37 32.00 690 4.1 0.0075 | 10.25
KA0061 4.27 36.00 764 0.8 0.0035 | 12.72
KA0062 4.43 36.20 760 1.4 0.0035 | 12.77
KAO0113 2.61 34.00 902 2.8 0.0036 | 12.20
KAO0114 3.65 35.50 732 2.4 0.0087 | 9.04
KA0116 3.05 35.50 768 2.3 0.0078 | 9.41
KAO0117 3.20 35.90 766 6.5 0.0069 | 10.15
KA0127 2.37 32.60 798 3.3 0.0075 | 9.45
KA0128 2.50 32.70 810 1.9 0.0065 | 10.17
KA0129 2.40 33.10 817 2.9 0.0059 | 10.62
KA0130 2.63 32.20 771 1.3 0.0083 | 9.01
KA0132 3.20 32.10 772 1.8 0.0068 | 10.20
KA0133 2.83 32.50 793 1.5 0.0066 | 10.18
KA0137 2.49 33.00 810 2.0 0.0064 | 10.26
KA0138 2.42 34.80 816 1.6 0.0063 | 10.27
KA0142 3.24 35.50 757 1.0 0.0073 | 9.92
KAO0144 2.01 35.40 828 2.1 0.0071 | 9.55
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Gain@+700V| Q.E. | HV@5x10° | Dark Rate
S.N. parl par2
(x10° e7) (%) (V) (kHz)

KA0145 2.00 35.60 827 2.7 0.0072 | 9.49
KA0146 241 34.80 797 1.6 0.0075 | 9.44
KA0147 2.22 34.90 809 2.7 0.0074 | 9.42
KA0148 2.24 33.80 818 2.2 0.0083 | 8.67
KA0149 1.94 32.30 831 1.9 0.0072 | 9.42
KA0152 1.70 32.90 874 4.0 0.0063 | 9.89
KA0154 1.90 32.60 835 2.2 0.0075 | 9.12
KA0156 2.92 30.70 783 1.1 0.0072 | 9.77
KA0158 4.05 30.30 733 8.7 0.0066 | 10.56
KA0159 2.89 32.60 784 1.6 0.0070 | 9.91
KA0162 2.84 32.50 773 1.6 0.0077 | 9.50
KA0163 4.15 34.10 731 3.4 0.0067 | 10.50
KA0164 2.93 30.90 772 1.5 0.0073 | 9.75
KA0165 3.15 31.50 T 1.7 0.0068 | 10.15
KA0166 2.70 32.10 788 1.2 0.0070 | 9.93
KA0169 2.94 35.70 T 4.3 0.0072 | 9.84
KA0172 2.58 34.10 792 1.4 0.0071 | 9.77
KB0363 1.56 38.78 878 2.1 0.0065 | 9.69
KB0364 1.78 37.76 861 1.9 0.0065 | 9.83
KB0365 1.56 41.26 899 5.8 0.0058 | 10.16
KB0370 2.66 30.40 804 1.3 0.0061 | 10.49
KB0371 2.38 35.14 823 0.0060 | 10.46
KB0372 2.04 36.03 838 2.0 0.0066 | 9.86
KB0373 3.84 35.05 745 2.1 0.0069 | 10.29
KB0374 3.47 34.36 759 2.0 0.0065 | 10.49
KB0375 2.97 34.96 786 3.3 0.0067 | 10.15
KB0376 5.32 35.49 701 1.7 0.0078 | 9.96
KB0377 3.65 36.31 741 1.9 0.0076 | 9.82
KB0378 3.59 37.85 752 2.9 0.0061 | 10.84
KB0379 4.65 37.77 721 6.8 0.0070 | 10.35
KB0380 4.12 37.18 723 1.4 0.0080 | 9.60
KB0381 4.20 35.93 728 1.4 0.0064 | 10.76
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Gain@+700V| Q.E. | HV@5x10% | Dark Rate
S.N. parl par2
(x105 e7) (%) (V) (kHz)

KB0382 4.36 35.82 722 1.3 0.0062 | 10.94
KB0383 2.37 35.30 821 5.1 0.0059 | 10.55
KB0384 2.02 36.00 840 1.9 0.0065 | 9.93
KB0385 4.52 33.50 716 6.8 0.0063 | 10.92
KB0386 2.61 36.28 797 6.1 0.0070 | 9.84
KB0387 4.56 35.76 712 2.5 0.0074 | 10.15
KB0389 3.99 31.54 729 7.6 0.0076 | 9.85
KB0391 3.83 30.64 745 5.0 0.0071 | 10.13
KB0393 3.53 30.78 749 4.9 0.0070 | 10.15
KB0397 5.20 34.25 688 1.3 0.0060 | 11.26
KB0399 3.46 37.58 768 1.6 0.0066 | 10.34
KB0401 1.60 32.97 884 3.6 0.0061 | 10.02
KB0402 1.40 30.14 889 4.1 0.0069 | 9.27
KB0404 1.55 32.08 898 6.2 0.0059 | 10.16
KB0406 1.48 32.90 904 3.0 0.0061 | 9.91
KB0408 3.46 34.16 744 1.7 0.0055 | 11.30
KB0409 1.73 34.36 872 4.9 0.0069 | 9.40
KB0410 2.75 32.51 795 6.7 0.0066 | 10.15
KB0411 2.05 34.90 843 1.2 0.0066 | 9.88
KB0412 1.57 35.93 890 2.9 0.0061 | 10.01
KB0441 1.46 30.49 900 9.6 0.0062 | 9.82
KB0442 1.77 30.83 853 5.9 0.0070 | 9.48
KB0453 1.37 36.74 916 2.1 0.0059 | 10.03
KB0454 1.61 35.62 884 1.8 0.0062 | 9.98
KB0462 1.57 31.46 884 1.3 0.0062 | 9.95
KB0473 1.48 34.95 877 2.2 0.0070 | 9.30
KB0475 1.49 35.05 893 4.4 0.0062 | 9.85
KB0476 1.47 35.47 901 4.9 0.0060 | 10.03
KB0478 1.63 35.57 891 2.1 0.0058 | 10.25
KB0480 1.57 33.87 872 1.0 0.0070 | 9.35
KB0481 1.44 34.55 889 7.3 0.0066 | 9.53
KB0482 1.70 32.95 867 3.5 0.0066 | 9.69
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Gain@+700V| Q.E. | HV@5x10°¢ | Dark Rate
S.N. parl par2
(x105 e7) (%) (V) (kHz)
KB0483 1.80 32.15 888 2.9 0.0054 | 10.61
KB0488 1.14 30.03 937 5.6 0.0062 | 9.59
KB0495 1.54 30.02 905 3.9 0.0051 | 10.77
ZK6306 1.76 858 4.8 0.0070 | 9.39
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