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ABSTRACT

The arrangement of photomultiplier tube (PMT) is capable to determine event re-
construction result in liquid scintillator detectors. A PMT arrangement method based on
Fibonacci grid is proposed. Simulation and reconstruction by spherical harmonic method
on Jinping 1-ton prototype is executed, demonstrates that Fibonacci grid arrangement is
superior to prior arrangement of Jinping 1-ton prototype. Meanwhile, the influence of
PMT arrangement on reconstruction result is studied, the quantitative relation between
detector resolution and PMT arrangement is calculated, which provides a feasible so-
lution for PMT arrangement of the hundred-ton detector in the future Jinping Neutrino

Experiment.

Keywords: photomultiplier tube (PMT); Fibonacci grid; Jinping 1-ton prototype;

spherical harmonic reconstruction
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PE
TIR
Std

Bias

FEFSR

Fe A5G (photomultiplier tube)

Y& HLF (photoelectron)

YT, A=A (total internal reflection)
Fr#EZ (standard deviation)
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J7 1A PMT W RR P f iy, AR e M AR 8T A 4 MU E R PMT B2k 3] 1
ARAERE, BioRu PMT HEARFXFEET . SHBERHOR. FIIAR x y. z fliE
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Recon Result with Jinping Arrangement
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Std and Bias with Jinping Arrangement
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i S Fibonacei %4 & = V32U, e e Rk HEAT M A, U m A4 (m =

1,2, -, M) BIAAR R A H
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x, =1\1- z,z,, cos 2rmé) (3-1)
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o HIENE: TR M &R E AT, JF B AR, FTRLH T ORAR

M2 K& PMT MHAG

o R THUHS A JECHB A s, AT LAZG PRI ES 1 H K 11 B S 3 4540 B A 2R e 23 1]
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P o
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fil, FP #SAH 4808 TS, Kk n] CUIERH, Fibonacci HEAR B A FH 2435 21 .
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Recon Radius Projection/m Recon Radius Projection/m

Recon Radius Projection/m

Recon Result on x,y,z-axis with Different Arrangement Methods
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Std and Bias on Xx,y,z-axis with Different Arrangement Methods
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Std and Bias on 7ipminsg With Different Arrangement Methods
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cos @ Cluster Number by 71(9, ¢)
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Std and Bias on iyincrusier With Different Arrangement Methods
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maxlcos @;1 by 71(3, ¢)
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Recon Result 0n 7minmaxicost With Different Arrangement Methods
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TIR Zone cos @ Number by 71(9, ¢)
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Std and Bias on 7imintiremt With Different Arrangement Methods
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Std and Bias with Different PMT Numbers and Arrangement Methods
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Recon Result by Different PMT Numbers with Fibonacci Arrangement
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Std and Bias by Different PMT Numbers with Fibonacci Arrangement
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Fitting Relative Resolution to PMT Coverage
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PE Legendre Coefficients of 500t Detector by Normalized Radius

O-order 1-order 2-order
2.1
0.6 1
2.2 L0
2.3 0.4 4
2.4 051 0.2
25 0.0 0.0 1
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
3-order 4-order 5-order
0.4 0.3 1
0.2 1
0.2 1
0.2 1 0.1
0.1
0.0 1 0.0 1 0.0 1
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0

Bl 4.7 BRI 4, (= 0,1, 5) BEIR—6R 4 7 B92EA

In Epg Distribution
90°

270°

Kl 4.8 EIERMZE T InEpp B8 7(-, 0) HI50 AT

41



Xt 6426 1 PMT T AutoPMT HEAT B MR 28 BEAT A ADL R B 4, AL 25 N
IR ZE RO, ERERE0.05 mA A2 BRI _EFEHLA A 2000 341, HA %44
FIRT. BEEFEAN LK. Std T Bias 284 EE4.9. 410077,

Recon Result with AutoPMT Method on 500t Detector

800
45

700
4.0

- 600
3.5
g
E
5 3.0 - 500
2,
]
St
[aW
§ 2.5 400
o
<
& 2.0
g - 300
3
& 1.5

200
1.0
05 100
0.0+ . . ; . . . . . 0

00 05 10 15 20 25 30 35 40 45
Truth Radius/m

Kl 4.9 6426 4~ PMT I HHERIIES A AutoPMT HEA i 5 2 25

Std & Bias of 500t Detector with AutoPMT Method

Std Bias
0.200
0.000 A
0.175 A
0.150 4 -0.025
0.125 -0.050 1
£ £
3 0.100 ~ 2 -0.075 -
A 2
0.075 A -0.100 A
0.050 A -0.125 1
0.025 1 0.150
0.000 T . . : . . ; :
0 1 2 3 4 0 1 2 3 4
Radius/m Radius/m

Kl 4.10 6426 /> PMT T H RE4RMI#3 1) AutoPMT HEAG [ Std A Bias

42



BRI S EIR 251 T ) AutoPMT HEA 1, PMT & i I8 2 T 49.6%. KA
T BSOS AN FE R . ASE PMT #E F LR, X 1488, 2976, 6426 > PMT
™ Fibonacci FlFA (1) B MEAR I 28 BEAT BEAOF H g, A& RIAT, Horb 1488, 2976
A PMT F78 56 8506 N — i R AU KL 30, 60 4N PMT [ 5 K . B 4h A48 0t
tbE. Std AT Bias 4k B WiEl4.11. 412017

Recon Result by Different PMT Numbers and Arrangement Methods on 500t Detector

Fibonacci, 1488 PMT Fibonacci, 2976 PMT

3 > - = o800
£ 47 44
£
= 700
3
a 3 . 3 .
&
B I
S 21 2 600
[=]
o
3

! 1 - 500

0 0 . T T T

0 1 2 3 4 5
- 400

s Fibonacci, 6426 PMT
- 4] - 300
£
.2
3
2 3
]
£ 200
2
[=]
S 100
& 1

0 . 0

0 1 2 3 4 5
Truth Radius/m Truth Radius/m

Kl 4.11 AF PMT 08 T @ MERMZS 1 Fibonaccei HEAR [ 8 2 45 5

43



Std and Bias by Different PMT Numbers and Arrangement Methods on 500t Detector
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PMT with protection cover

Steel backplate PMT module A\ J Y
(b) PMT ZHAER I (c) PMT Z22ETEANSC 48 |
Kl A2 JUNO gitnmi

A.2 KamLAND

WMEA3FT 7R, KamLAND SZ46 2 ep, 5 5 1 000 tH T 1A IR 45 1A i 20 76 B
13,7 miE HERSEH, WARINERIALL PC (1,2,4- =2, CH;(CH;)y) N LA
PPO NIAF, BRFCHIM B NE /EVOH/ B R =JEM KB E & . 4MIH EREZ12.5 mi)
B Z A ZE . 1922 4> Hamatsu R7250 17 inch PMT HEAi 7E LA 18 mA ANHANER T
b G 75 FR 20N 30% . AFAAERITSMI 224 800 > Hamatsu R3602 20 inch 5
R PMT. 5HAR AR~} PMT ML, Hamatsu R7250 PMT i 25 F&A 1 5 s} [a] 25 6k
(transit time spread, TTS).
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Rocks

Stainless Steel

) < <3
17" PMTs Y &
12
2 Water
&,
[0 % %,
P %,
K
0 %7
Balloon -
Ho
Isoparaffine Based Rocks
Rocks Liquid Scintillator
1200m"3
13m
18m
20m

K A3 BIRERRER

KamLAND [ PMT RH IE/SUTE M S5k HES], WEA4FR. EA4(b) R
T HrA £ PMT,

(a) PMT i n i (b) PMT HEAi 5 5

K A4 KamLAND %5 & &

KamLAND-Zen 525 B2 % T KamLAND 5236 (20 . tnE A STz, B
BN T —ANEAA3.08 mif) . 25 um /5 133 B JE e E R I RS ER, SR ER
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13 4R 7300kg"? Xe MIBEFEMIN . 1325 4M17inch PMT Al 554 4~20 inch PMT
A £ EAR 18 mI AN AN ER A R T, IR 35 I8 3 34%. AEEMERSMU 2
FH3 200 tHE 2l K AE N BRI 5 K -UIAR B R R ES, 225 420 inch PMT 47
TR

Clean room Chimney
Corrugated tube
/
Film pipe
KamLAND LS )
(1 kton) _~ Suspending film straps
Outer balloon L~ Inner balloon
(13 m diamctcr)\ (3.08 m diameter)
Buffer oil ‘
utter ol \ {I{I:’{‘{’ i e —mmu
Inner detector PMTs T I‘ . : Xe-LS 1]336t0n
(17-inch and 20-inch) NS 8% kg Xe)

Spherical stainless — |
steel tank

L Pure water (3.2 kton)

¥ Outer detector PMTs

(18 m diameter) &l ﬁ_@_ﬂu_ﬁ_e_ || (20-inch)

K A.5 KamLAND-Zen Z#r2Z K

DA A

A.3 Borexino

WEA.65T7~, {E Borexino SE I H1, 426,85 miK AN B4 ER F T RS 25 V14 [N
KR, [RIBHER PMT BINURCCHE, SN PALE — il Aok KK FE . FEAN 54N
BRI, F114.25m. 5.50 mi)JE HIRGTRABR I BRI 93 =8B 70 o I N B B BRI
TRINERAE 5 9 PC/PPO: 5 — R NIUEE = R N MRA & /0 & DMP (4528 —H
M —HlE, CeH4(COOCH;),) 1EJIEHE KA, HLA#E—2 AR PC HIAMRE .

2212 /M8inch ETL 9351 PMT #{ ¥ 51 HEA AE ANERANER N R TH, R T H AP
384 A~ PMT LA4h, HARE) PMT #RECE& 1 HGA . PMT FL& BOGH FH DA o i
KRR 3= A B, AR 1 BRiiZ B PMT P2 AR AR R ZROLER I
PMT A TR FZAK. AWEIA6(0)T AT LAE H, PMT 2 BRI AT, A<D
I LZ PMT HORARSE . ABEERIMUBE T A 4 500 m® (B 4EK, I H 22T 208
AT p ) PMT.
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Stainless Steel Sphere
Nylon Outer Vessel
Ropes Nylon Inner Vessel
Fiducial volume

External water tank ——,

Internal
PMTs

Steel plates
for extra
shielding

(a) BEARLE R (b) PMT HiAfi7R = Bl
Kl A.6 Borexino 4547~ &

A4 SNO

484 L sk ¥ S2 36 (The Sudbury Neutrino Observatory, SNO)P! )45 #) 4
BIA 7RIS, BRIZSA TN B EAR 12 mi¥ I 58 JJBRSE AR 2 1000 tH 7K. 5 )
ERFEAMUBEAR17.8 mII SCHESE M H T 2225 PMT, WE3C J1ER5EH PMT SCHEE5 M2 (7]
A K AR BEMVE FH o R BRI 48 TR 9 BRI 1 i PR 455 s A P B R T A
AN )3 A5, AT AR S5 M R, PR IRA .

17.80 M DIA.
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PMT REARHEAG 7 - 1£8.89 mi) =4l - [H1K (3-frequency icosahedron) I, 1t
Wb ) = A A AR A = A TR 0L 5 N =35 > PMT # [ 78
ENBA L, BAEESE 7~21 4> PMT 4L 8%, e Sc i s L.

SNO i T 8 inchff) Hamamatsu R1408 PMT. 9438 /> PMT I - TRl e Rl
HF, PMT MR 5 R I8 31%; A PMT L %235 T —BHAAN27 cm IR 6 8%,
4578 o 9T = 3 54%.

SNO+IIE SNO 65 I, HRIM 2% /15t A1 000 ¢ 7K #e i 17780 tH) LAB/
PPO A HLAR IR, XK KIGIN T Hr=80, AIERAE St 7 %A1,

225 3Lk
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