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Zhongshan Pan-Asia Station for PMT Test
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15t PMT Receiving/storage

May 17t: 1st NNVT 20” MCP-PMT arriving at Pan-Asia, total 336 tubes in 28 packages
May 20t: 1t Hamamatsu 20” PMT arriving at Pan-Asia, total 160 tubes in 40 packages,



JUNO Received tubes

@Pan-Asia station

* Totally 5936 tubes

— MCP: 11 batches (3696tubes)
e 1%t 336 tubes
o 21d:312 tubes
e 31360 tubes
o 4th: 336 tubes
» 5th: 336 tubes
* 6: 336 tubes
o 7t: 336 tubes
« 8th: 336 tubes
« 9Oth: 336 tubes
e 10%, 336 tubes: 2017-11-08
e 11t 336 tubes: 2017-11-23

— Hamamatsu: 10 batches ( 2240 tubes)

e 15t 160 tubes (batch #5)

e 2nd: 320 tubes (batch #6)

« 3rd: 800 tubes (batch #1~#4)

o 4th: 160 tubes (batch #7)

e 5th: 320 tubes (batch #8)

* 6t: 320 tubes (batch #9)

o 7t: 160 tubes (batch #10): 2017-11-29

Updated to 2017
Nov. 29th
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Parameters
on Contract

Characteristics at 25 C

Serial
;Im Ttem Symbol | Tube Type | Min. | Typical | Max. | Unit
[+
1 Gain 107 , .
_ H . 2000 | 2300
2 HV@ly' | Ebb |—an - v
MCP 2500 | 2s00
3 Dete«.:nun DE Hammllar;u 240 JE.I] 5
Efficiency MCP 144 | 271
4 Chuanfum . Hamamat=u | 270 303 i
Efficiency == MCP 26.5 | 8.3 K
_ Collection Hamamatsu 956
5 _ CE : %
Efficiency MCPEF 96 98
p Effective Hamamat=u | (93} | 490 (%3} mm (%)
Ares MCPE 95 a7 5
H = 25 3.0
7 SPEPV | PV |mamarm| oo d i
MCP 2.8 3.5
H i 0.8 15
g PrePuke | PP |l d a 2
MCF 0.5 1
Hamamatsu 10 15
9 After Pulse | AP 9
uCP 1 2
TTS. Hamamatsu 27 3.5
10 TTS .
FWHM) MCP 12 5 o
Hamamat=u ] T
11 Faze Time ET i. 7+ ns
MCF 1.7
0.2
H . g 12
12 | FallTime | FT |—oamabu ne
MCF 12 12+ 2
D?rk E::‘lmt. Hamamat=u 10 a0
13 | @05 Pi DC k=S
10 Gam, 22 MCP 20 20
degres C
QF .L'I: 70 Hamama 5 15
1 4 LT ]-_|_f|:|,m'_l‘1 |_-_|.r (e =] E;';E =1 .
(Bomivbe | | Fanamaten 20 30 *
. degres
axiz)
MCF 3 10

14



JUNO 20” PMT Testing systems

* Using 1 GHz Waveform Sampling electronics

e Container System: 100% tubes
— Gain, PDE, S/N, P/V, resolution, pre/after pulse, TTS, dark count....

e Scan station: ¥5% of the tubes

— Uniformity
— Cross check

NN

Detection efficiency @ 420nm
TTS of Single Photon Events
Rise time / fall time

HV applied to reach gain of 10’
Dark Rate

P/V ratio

Pre- and after-pulse ratio

(av. 27%, > 24%)
(< 12ns)
(<8ns /<16 ns)

(< 50 kHz)
(> 2.5)
(< 5% /<10%)

List of the Parameters

Detection efficiency @420nm

TTS of SPE (FWHM) <15 ns

Min (max) requirements

Rise time and fall ime <5ns. < 12ns

(Gain 107 (?777)

|<10% (0 - 1000 ph_e)

<50kHZz

Dark rate @ 0.25 SPE, 107 gain

<15% (227)

Pre-pulse ratio ( 80ns time windows)
land after-pulse ratio (20us time
'windows)

<1%, <10%

FADC with waveform
sampling
w/o amplifier; 36 tubes
per test

FADC with waveform
sampling
w/ amplifier, 1 tube per
test

10



Test facilities” commissioning
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Waveform Charge spectrum

Integration/baseline Window Threshold/dark count/gain

Uy

Stqlqility/Repeat Charge Integration window for both Hamamatsu & NNVT
ability Threshold in Charge for PDE

Consistency Threshold in amplitude for dark count (discriminator)
Uncertainty Threshold in amplitude for Pre/after pulse (data)

Hope to finalize all the things in this month, reach the agreement with both

companies.
Training for the future JUNO analysis, understanding real detector performance further. 1/
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e Random coincidence Ratio of dark rates
: JoE s SR R
_ _ * * D £ A
Factor=1+ (darkCount*windowLength)*1/mu R e

— If mu~0.7p.e.,
* the effect range is +0.3%@20kHz@75ns

< 120

= 0.022
% 100 0.02
e

QO 8o 0.016

0.014
0.012
0.01

0.008
0.006
0.004
0.002

60

40

20

20 40 60 80 100 120 140 160 180 200
Window length (ns) 18
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* One of the key parameter of JUNO 20” PMT acceptance test
is the detection efficiency (DE), normally defined as QE X CE;

— Absolute calibration/understanding for still working in process to
reach the required uncertainty ~1%

— Relative to reference tube and known detector performance and
trying to understand this further

* The current tubes in hands or used
1, YEFA2YES): R7725-100 =» HZC used

: 2., VEFA3ZES): R12199 =>» absolute DE calibration
— 3. VEFA1ZES}: R1355 = JUNO scan station used
— 4, FHENNVT: 20%)
— 5. JEHI35E~f; XP72B22 = DE study
— 6, VEFA8YLSF: R5912-100, R5912 =» Dayabay used
— 7. VEFA209L5]: R12860-50 = Hamamatsu/NNVT used
o ZTAERIUNO 205<~) PMTIG IR I s Fa br 2 —, T2
N 58 BAH R AR
IR, K FUA KON B AL b
S
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The Detector System of The Daya Bay Reactor Neutrino Experiment, Daya Bay

Collaboration (F P. An et al.), Nucl. Instrum .Meth. A811, (2016) 133—
161 DOI:10.1016/j.nima.2015.11.144

Measurement of the Reactor Antineutrino Flux and Spectrum at Daya Bay, Daya Bay
Collaboration (F P. An et al.), Phys. Rev. Lett. 116, (2016)
061801 DOI:10.1103/PhysRevlLett.116.061801

New measurement of 813 via neutron capture on hydrogen at Daya Bay, Daya Bay
Collaboration (F. P. An et al.), Phys.Rev. D93 (2016) 072011 DOI

Improved Search for a Light Sterile Neutrino with the Full Configuration of the Daya
Bay Experiment, Daya Bay Collaboration (F. P. An et al.), arXiv:1607.01174 ,Phys. Rev.
Lett. 117, 151802)

Limits on Active to Sterile Neutrino Oscillations from Disappearance Searches in the
MINOS, Daya Bay, and Bugey-3 Experiments, Daya Bay and MINOS Collaborations (P.
Adamson et al.), arXiv:1607.01177, Phys. Rev. Lett. 117, 151801

Improved Measurement of the Reactor Antineutrino Flux and Spectrum at Daya Bay,
Daya Bay Collaboration (F.P. An et al.), arXiv:1607.05378 , submitted to Chinese Physics
C

Study of the wave packet treatment of neutrino oscillation at Daya Bay, Daya Bay
Collaboration (F.P. An et al.), arXiv:1608.01661 , submitted to Physics Letters B

Measurement of electron antineutrino oscillation based on 1230 days of operation of
the Daya Bay experiment, Daya Bay Collaboration (F.P. An et al.)arXiv:1610.04802,
submitted to Physical Review D

JUNO collaboration 1 paper
Conference paper 2
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