& WP T SE R R

aishan ntineutrino bservatory ( or JUNO-TAO)

a1 e & = S ) BT 2 (COUSP2024)  2024-07-08




> TAO K Y

|

FEAR

)

> TAOIR
> SlPM%ﬂmii

> {RIBEWINE

il

> 1:1 BARISELS

> B

> 6 W SEE = iuE

v2
> H&




—. TAO XY H#x
& P FsER (TAO)

JUNOI) B A2 528G (T s 2%), 20181 A IEX a3, 2020414
SERNAI PR, 3H 5ECDR(ArXiv: 2005.08745).
20234 g & A 8 B AE B I I#HEIHWT, R 10m, FL2k44m.
EYr£9300077, = OKAINFITTEAIMER T, % HIINRTTHALMEE JC,
= A B ERERT . HlREESE

KRB AIEH T R 478 o5 KA SIPMFE 51+ 1 2 A I8 702 A
WD iebr, BERPHET] < 2% /VE MeV

s I TR
LY
o0 i e
T ! ay
o O . I
A =111 / 4 )
Jiang Men " Hong Daya e
JUNO s/ Kong |
N ) Aa o 2
. N 525km ‘
52.5km '/
ofRiI —
B Yangjian Taishan
Yangjiang NP e

C174GW 92+92GW

S
o = ot
= 2 =
3] [ vt

Energy Resolution (6/E)
=
=
h

0.005 |

0.01F

TAO CDR

—— Total

——— Statistics

—— Scintillator Quenching
Charge Resolution
Cross Talk

Dark Noise
\s 2% /| NE MeV

ZE RS

10

8
Visible Energy (MeV)

RN R

| Bt #(HDPE)
L 3" AR
LK

| U

| LAB 2K

| BGdilIN
A

H5T

 SiPM [F51

¢ HDPE 42

| AR E
- N RGE
- AR (PU)

T Hii
(Lead)



2. Wi HAR1- I B HE P AT B R A ) B httpj://arxi\:.org/pdf/1507.05613

> KTV P2 a6 5 P8 (Huber-Mueller) BE i 77 7E )i (~60@5MeV)
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Events per 1 MeV
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1. H.OEFENES(CD)

& EHLTEFEER: 1.8m (ID), 20mmJE, 93% & Y6 X ([FJJUNOA HLILFEEK)

& HER5E: 1.886m (ID), 12mm =, 437 Jo e kL (7% 4), U&Th:<0.04, K-40<0.1Bg/kg
WA TR AR IR S e o 5 A, TS S HE SIPMs AT ALBE B Bk

& RNEGBEATE: 2.09m(1D), 10mm/E, U:<0.11, Ra:1.89, Th: <0.07, K-40:0.25 Ba/kg

¢ KBRS 5 IhZ45kW, SiPM & FEB #IhZ: ~ 2kW,
TR 0.5kW, 4 7¢ FEN BE I A B Il A 5
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> TAOK T e HEILAB. GALAB. GdLS, ZERFTG M EFRAH
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TAO-CD Radioassay list

NO. |Name Material Results Bq/kg Remark
U Th K
1 |[SS tank SS <0.06 <0.04 <0.17 Passed
2 [SS cooling pipe SS <0.27 <0.34 <0.98 Passed
3 |SS tank paimnt O1l&Resm <0.33 <0.42 1.43£1.19|Passed
4 |T1isupport leg Ti alloy <0.0977 [<0.0688 |<0.318 |Passed
5 |Copper shell O-free Cu <0.0380 |[<0.023 |<0.105 |Passed
6 |Copper cooling pipe ®14  |Red copper  [<0.45 <0.28 <0.99 Passed
7 |Copper cooling pipe ®16  |Red copper  |<0.29 <0.33 <0.82 Passed
8 |PTFE Coating PTFE <0.44 <0.31 <1.53 Passed
9 |[Acrylic sphere Acrylic Refer to JUNO Passed
10 |Overflow tank Acrylic Refer to JUNO Passed
11 [Insulation layer Melamine toan[<2.22 <1.55 <7.94 Passed
12 [Cooling silicone oil Silicone o1l [<0.33 <0.42 <1.09 Passed
13 |Green o1l (FEB) Epoxy&resin |5.05+0.19|<0.87 <2.63
14 [Aramuid PCB (no component]{ Aramid 1.01+0.07|<0.45 <1.24 Passed
15 |Bolt and nut for CS connecti{SS <0.46 <0.51 <1.53 Passed
16 |CLS SS thread SS <0.25 <0.32 <0.95 Passed
17 |Bellow on acrylic sphere  |SS <0.14 <0.16 <0.35 Passed
18 [O ring Fluororubber |<0.91 <1.23 <3.14 Passed
19 |Cooling pipe clamp SS <0.13 <0.16 <0.38 Passed
20 [SS cooling pipe SS <0.91 <1.23 <3.14 Passed
21 |Feedthrought(all) SS <0.27 <0.34 <0.98 Passed
Ref: SS SS <0.06 <0.04 <0.2
Electronics, LLab and Veto radioassay list
NO. Name Material Results Bq/kg Remark
U Th K

1 Water tank (Veto) |[SS <0.21 <0.21 <0.60 Passed

2 Concrete near lab Concrete [38.6x2.4 [26.5+£2.5 [362.1+£36.3|Normal

3 Concrete 1n lab Concrete [134.4+3.6 [135.4+3.6[1030=55 |High

4 SiPM Silicon 0.9+0.07 [1.28=0.10|<1.58 Passed

5 Connector-Samtec  [hybrid 8.75+0.28 [14.2+0.43|16.4=1.44 |High

6 Connector-A hybrid 5.23£0.45 16.39+0.59]<10.53 High

7 Connector-B hybrid <0.72 <0.92 <2.58 Passed

S Capacitor-A hybrid 42.43£1.131.7£0.2 |<3.55 High

9 Capacitor-B hybrid 3.32=0.13 |<0.65 <1.78 Passed

10 Resistor hybrid <0.43 <0.50 <1.50 Passed

Ref: SS SS <0.06 <0.04 <0.2




2. BRFERSA & KFE (WT)
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""""""" 4 (Catiroc)+GCU+TDAQ
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3. ZIE RS (Eur. Phys. J. € 82 (2022) 12, 1112)

& HEZIE ARG (CRIEACUNGE), 124, ZIFEW N g E R4t r -
@ BGe (et), 137Cs + *Mn + 4K + 80Co + AmC (y), #AHJF
€ UV-LED (265nm, <A, A Se 30, by MSU & JINRD

& 245 0| B ZI R 41(CLS, 2% JUNO CLS), 1z %

y Ny N \ ~ Source ‘ Type | Radiation ‘ Activity |
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2” I /N H /flL /Q A N2 Hes |y | 0.662MeV %0
nci
Mn 0.835MeV 50
‘ 137CS ( ) ‘ ! I ‘ ‘ SS sops
Y o |y | LIBMVELIBMV |10
‘ Hp = 5”5@% ‘HE 0 Ti/j/_,, L&L % |y 1461 MeV o
N D \ K O
He B2 - < 06 /01 A < 02 /0 ®Ge | e | anniilation(.511MeV+0511MeV | 500
Map e ‘ ny | neutron + 6.13 MeV (160*) ‘ 2 (neutron)
npyd |y | 2.2 MeV | 2(neutron)
2. » Y LY A N » —— AYER) A A ~
KA JiE LRI S0 o L 52 IR AL AL
4 M) /)E/Tjﬁé%9 A x/\é t ?j_j:l:‘]%fm Ju {)[ll 122 o
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e i i )i e ) o g
) . ] 1 ) ACU
1.044 0" e Calib. Point o Symmetry Point 1 Special
180 ' deployment i
1.02 1.02 b gystem
1.00 S 150 : mtoil:heACU il I
1
L 0,98 oK 1.00 '
2 véu%0Ca 120
w 0.96 = ) SiPM
0.94] T*Mn  Simalated ot = 90 0.98 & Fiber
. Imulate dala (a5 ~- .
0.92 e Cs v Best fit without '?B constraint | > } Weight
' vom %Ge = Best fit with 1?B constraint 60 0.96 ;'\':_
— ) Quartz
R 0-21 30 diffuse
= 1 m?
in 0.0 i- '! | 0.64
m —0.2 1 0
1 2 3 ;1 5 6 0 100 200 300 400 500 600 700 80O

R [mm] H e —— '
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1. SiPMs #it &R
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SiPM B+ (by INFN, ROMA-TRE-U )

T4 SiPMHFEB+FEC+ (GU+CU) +TDAQ (CD)

2chs/E.g0, 3£8048chs, MaE<0.1 p.e. ; WA ##Ins.

ADC: 250MHz/12bit, 2Vpp, ZhAJEHE:1 - 180 p.e./ch
HAEZ : FECDTDAQ: ~70 Gbps, TDAQ->Disk: ~100 Mbps

27100 EFEBFE AR RIS . 4= HFFEBAIADCHR 7 H A 2% (FE &
TR PR 2 A2 28 ) . FEBR IS ERARY .

VVYVYVYVY N

A\

A EBLR A B 14m,
> BT ER S g R, R IO E
{EEREIPEPCB(<0.25Bq/kg) HIfFFEB

Signal cabling (64 connectors -
A

U5 FENESEREEE, 1.5 7 3.5 m=FMKRE, PTFERI, .o

il Ty TR S e i g

Cryostat 96 channels

FEC
@™ ADC + FPGA

. .
- 8 crates
.

FEC
ADC + FPGA
FeC
4 ADC + FPGA
Neep = 4024 Negc = 84 Ney=8
(8048 eltx ch)
INSIDE CRYOSTAT - To FEBs OUTSIDE CRYOSTAT
To FEC/ADC boards

1 cable ~3m/FEBs) (16 differential pairs x 8 connectors)
Th. T a0 T TR TR T

J

9 pin DSUB connector
for V/I monitoring

25 pin DSUB connectors
from LV power supplies

F T B
L Sy EmaE
IHHTHARIA eocnem=im s

HV SiPM I
supply =100V
LV FEB
supply +2V
ADC FEC BOARD ADC

Signal output BOARD (IHEP) BOARD
Differential pairs max 128 channels )
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1. {EIE W INBECF (DOI: 10.1016/j.nima.2021.165459)

114

IREAR

T e

e
WIRER: &6re A (>4000p.e/MeV). =N HL(>100°C), FiE T K (~93%) | | I
GRESR: UKEE (<10ppm) . Lifrih. PEREFRE @-50C, P Cpmee |

™)
[

Relative light yield

>
>
> BRZC 77 LAB + 3 g/L PPO + 2 mg/L bis-MSB + 0.1%Gd + 0.5%DPnB A i
> DPnB(Z A B T k) A Bhis BRI E iR, J DA B
> A EIERRK AT A ~100ppm[# £5~8 ppm. " it e
L [ e |
2. BT R §ia i bk

iy | st

—— LAB+3 g/L PPO+2 mg/L bis-MSB+0.5% DPnB

> 3.5t LABFI3.3t LSHCHI5E A, %Y St i3 K ix . i
> Nzﬁi“i@t]z/é:‘:Z}((ﬁ'lSL/min) + %iﬁ’ jﬁi”Sppm7Kilzo 0'95_I”—é{lllll—;(ll‘;cll(;”;1l’,llll—lé(l)l—i(I)“(J)HHIIOIHZIDHI

Temperature [°C]

KGR . B A PTRER SEBlig i B, oL

A\

—— Gd-LS @20°C 56days
—— Gd-LS @40°C 56days
—=— Gd-LS + 0.5% DPnB @40°C 56days

Absorption value
=
g
[

el RO
H
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0.03 [ T T SRR SRR
-9 00 500 600 700 800 900

Wavelength [nm]
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1. HEY

> BAET o & LI FR 1] 254, IR 56 IE 22 28 20 2% T AN S D BRI AT M CORUEIIA A 5€ Al 22 255 )
> MRRIIE R R 45, SIPMEIG( ~100), LSTEfE % S 218 R4, T2 HDAQ% .,

Assembly procedure

2. CDZZZEMRA

> WE IRt 7 T s D IR, an . HFEENEE ML, SIPMZH %, Ry
Wit aedl, figk, ACUZE:. 15 HI1EL).

> (kR se F v Al 0 2%, Bir A $2 11 I %<5.0*107-5 Pam3/s.




3. SIPM#HZE. itk HF MR

> 35~ 100 A SLSIPM B JTHIFEB, i IExCAHAE TR

> HAEZ71900 N, Fl—ZCCDAHNLAIEIA.

> AL TE&R5RT . KE., ML hTE

> A S GRS F B ), ERTFE 2. Colli.
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1000 1. o
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ADC Count

5. SIPMA] MR R
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