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JUNO Calibration System

» Comprehensive calibration system:

1D central axis scan:

Automatic Calibration Unit (ACU)

2D plane scan:

Cable Loop System (CLS)

2D boundary scan:

Guide Tube Calibration System (GTCS)
3D scan:

Remotely Operated Vehicle (ROV)

» Calibration strategy:
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Calibrate the energy nonlinearity

Calibrate the detector non-uniformity
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Calibration of the JUNO Detector

* Energy scale uncertainty < 1%

* Energy resolution < 3% at 1 MeV

ACU: JINST 16 T08008 (2021)
CLS: NIM A 988 164867 (2021)
GTCS: JINST 14 T09005 (2019)
GTCS: JINST 16 T07005 (2021)
ROV: JINST 13 T12001 (2018)
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JUNO Calibration Strategy

» Energy nonlinearity: » Detector non-uniformity:
* Energy dependent « Position dependent
* Dominantly contain physical nonlinearity and « Geometrical effects and photon propagation
instrumental nonlinearity « Comprehensive calibration scan
» Multiple radioactive sources calibration @ACU @ACU+CLS+GTCS
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Energy Nonlinearity Calibration

» Determine the NMO by measuring v, energy spectrum: A ] JHEP 03 (2021) 004
° ﬁe+p_)e+_|_n 1.02
.
° Eﬁ ~ Ee+ + 0.8 MeV 5 ool
»  The prompt signal energy range is 1-8 MeV “ 096
. - . 0.94
» Physical nonlinearity: i
0.92
* Quenching effect and Cherenkov photon emission 3 S T e
rue gamma energy [Me
« Different energy corresponds to different detected nPEs/MeV Gamma energy nonlinearity
2r
« Multiple radioactive sources calibration @ ACU B R
Radioactive sources/Processes  Type Energy [MeV] Radioactivity 1; ***********************************
HiAm y 0.0595 ~100 Bq o5 I L N
26Rq y 0.186 ~100, 500, 1000 Bq = I
137C 0.662 ~100 B @ of /\/// -1 . .
S4Mn Z 0.835 ~10013:11 @ F » Residual bias
60Co y 1.173 + 1333 ~100 Bq oS
“K y 1461 ~20 Bq Ao Best ft : ~0.3%
%Ge e*  annihilation 0.511 + 0.511 ~100 Bgq P 55_ _____________________ Uncertainty |
H1Am-“Be n,y neutron + 4.43 (2C*) ~30 neutrons/s TE
2 Am-13C n,y neutron + 6.13 (160*) ~100 neutrons/s _20_1|2‘:I3ASI6|II
(n,y)p y 222 Positron Kinetic Energy [MeV]
@y)"*C Y  4940r368+126 Positron nonlinearity after calibration
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Energy Nonlinearity Calibration

» Instrumental nonlinearity:
« LPMT has nonlinearity between the received nPEs and the measured charge
« Laser source on the detector center avoids the physical nonlinearity and non-uniformity

« Calibration method: LPMT and SPMT dual calorimetry + tunable laser source

ol > Requirement for calibration:

1.005 .
> r » Energy scale uncertainty < 1%
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G 0.995[ _
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Non-uniformity Calibration

» Position dependent:

« Geometrical effects (e.g. solid angle) and photon 1650
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« ¢ - contribution of a background noise term, ~1%
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Non-uniformity Calibration

- e * acu
» Non-uniformity function: e I « O
250 calibration points tof-+
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Calibration of the JUNO Detector

Normalized

Delayed Signal Energy Spectrum (6 = 94°)
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Non-uniformity Calibration

JHEP 03 (2021) 004
~T » Non-uniformity correction:

« Use the gamma non-uniformity correction map to adjust the

g(r.6)

Birks Law + Frank-Tamm Formula model

» Use the adjusted model to predict the positron energy resolution

- » Requirement for calibration:
R3[m3] -
1 3 .
- * Energy resolution < 3% at 1 MeV
« §52° * b term < 1% after calibration
w & o > Effective energy resolution < 3%:
8-0: 09 g ; _ , , c 2
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Non-uniformity correction map
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JUNO Calibration System Status

l“i Automatic Calibration Unit > Comprehensive calibration system:
o - ACU: 1D, 100% completion in the lab, waiting for the installation
il ;.m.,. il m » CLS: 2D, installation is underway, inside the CD parts are installed 100%
“ | I*‘T_ __“ « GTCS: 2D, installation is underway, outside the CD parts are installed 70%
EE] &  ROV: 3D, waiting for the installation
f““% | | Bridge
AURORA 9
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ACU Status

» ACU:
Automatic Calibration Unit . . .
l i o « 1D central axis calibration system
o H——ROV guide rall
Callbratlon RoUse 11| - entatcable « Calibrate the nonlinearity and partial non-uniformity
: T o g - Turntable for source selection as well as the laser deployment
“ [ I [« T4 « Validate using a custom length recorder to measure the bias
Control  spool I spool - .
e | | Bridge » Better than 10 mm positioning accurac
AURORA |
I & Load cell Wheel
|

Encoder
Weight

@y Display for
B encoder and

Deployment cable
load cell o

Custom length recorder
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CLS Status

Automatic Calibration Unit

ROV guide rail

entral cable

spool

Side cable
spool

source storage
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» CLS:

2D plane calibration system

Calibrate the detector non-uniformity in a vertical plane

Can’t calculate the position by the cable length

Validate using USS (UltraSonic positioning System) and CCD camera

Better than 30 mm positioning accuracy

- ) | n — receiver
) ¥
.
& — LED
/ PTFE shell
—
]

Positioning light source (left) and CCD layout (right)
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GTCS Status

— » GTCS:
l pio Automatic Calibration Unit B, .
« 2D boundary calibration system
Callbration house | et cable « Calibrate the detector boundary non-uniformity
o oo g - Validate using positioning sensors to correct the bias
[« T3 « Better than 30 mm positioning accuracy
Bridge * Finished 70% installation on the detector surface

Calibration Mode

Maritar
........

: T.p,.,:x—.
i
]
==

GTCS prototype Motion control
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ROV Status

» ROV
Automatic Calibration Unit . . - - -
l i o « 3D calibration system calibrates the detector non-uniformity
ROV guide rail
Callorationhotse [ et cable « Submarine with umbilical cable for radioactive source deployment
o g «  Validate using USS to meet the 30 mm/5 min positioning accuracy
L gt
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Umbilical cable

Calibration of the JUNO Detector

ROV
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« The calibration subsystems are produced and tested well, installed partially.
« Based on the calibration strategy, after the calibration, the energy scale uncertainty

IS better than 1% and the detector energy resolution is better than 3% at 1 MeV.
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