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Antineutrino Detector Requirements
13

« Large, homogeneous detectors — sufficient statistics, minimize edge
effects

e Clean IBD signature, with good background separation — Gd-loaded
LS (8 MeV release and 30us capture time)

* Well determined fiducial volume/mass=ind hydrogen density

 Low threshold (<1 MeV) to efficiently detect €™ at rest — reduce
single vy rate, good p.e. yield, L_ .. , and uniformity

attn®

. Wellxieﬁned neutron detection efficiency — vy-catcher, calibration of
energy scale, 1dentical detectors, stmulation

e Good energy resolution — energy scale, spectral distortion (want high

scintillation output, long L, , good photocathode coverage)

 Moderate size — enable /§Wapping, manageable muon flux
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Daya Bay

o Antineutrino Detector Design

Three-Zone Structure:
I. Target: 0.1% Gd-loaded liquid scintillator
II. y-catcher: liquid scintillator, 45cm

III. Buffer shielding: mineral oil, ~45cm

Diffuse reflector at ends. For 224 PMT’s on circumference:

o 14%
E JEMeV)’
Oil buffer thickness Rate from PMT glass

o =14cm

vertex

| Gamma Catcher Efficiency at 6-MeV-Energy Cut |

Isotopes Purity | 20cm | 25¢cm | 30cm | 40cm :::‘°°5

(from PMT) opb) | (Hp) | H2) | ) | () | 8% e
s

238U (>1MeV) 40 2.2 1.6 1.1 0.6 850 ............ .............. e
8o ..y Catcher thickness

232Th(>1MeV) 40 1.0 0.7 0.6 0.3 T R —
(] — : :

40K (>1MeV) 25 45 3.3 2.3 1.2 o

Total 77 5.6 4.0 2.1 65“_ ............ T TN T S -

A 45cm buffer provides 20cm of shielding against PMT glgﬁgs 1020 3030506070 8o

Gamma Cacther Thickness (cm)
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Antineutrino Target Mass
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Three zone detector

» 2 zones implies simpler design/construction, some cost reduction but
with increased risk to systematic grrer-(neutron € and E, spectrum)

- 3 zones provides increased confidence in systematic error associated
with detection efficiency and fiducial volume, but smaller volume

n capture on Gd yields 8 MeV with 3-4 g’s

WS :: ; ssigi 2000 = = sszgi
£ [ 3-ZONE |a ) 1o E [ 2-ZONE [=r i
@ 4000 @ 2590 -
s - Eff. P~ 92 /0 2000 Eff. _ 730/0
- Error ~ 0.2% 1500 — Error ~ 0.4%
2000 [ -
- cut 1000 | cut
- PN e
ot.MIJ_ﬂ____L~ ,Jlll . OM.II
0 2 - 6 8 10 0 2 4 6 8 10
E':r:econ (MeV) Erecon (MeV)
4 MeV cut can reduce the error by x2, but lowgenergy v rate 5

does not allow us to do so
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Daya Bay,

13

Counts (per sec)

Rates

Gamma spectra taken in the Aberdeen Tunnel

o
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Black = in the cross tunnel (Apr 05)
Red = in the laboratory (Apr 05)
Blue = in the lab (28 Spet 05)
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Rates (GEANT)

DB LA far
Neutrino signal rate 930 760 90>
Radioactivity (Hz) 35 35 35
Rock (Hz) 4 4 4
PMT glass (Hz) 8 8 8
other materials (Hz) 18 18 18
Gd contamination (Hz) 1 1 1
Muons (Hz) 24 14
Tagged fast neutron 20 13 2
B emitters (6-10 MeV) 210 140 15
I’B 400 270 28
SHe+°Li = 3 0

Rates are per 20 ton module per day, unless otherwise noted
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Mechanical Design

[11. Oil Buffer o Gd-LS Target: 3.2m (®) x

3.2m (L) - ~20 tons

e LS y-catcher: 4.1m (P) x
4.1m (L) — ~20 tons

* Mineral o1l buffer: Sm (®)
x Sm (L) — ~40 tons

IL. y catcher
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Wave length (nm)

Acrylic transparency
Dimensions inner outer steel

Diameter (mm): 3200 4100 5000
Height (mm): 3200 4100 5000
Wall thickness (mm): 10 15 100
Top/bot. thick (mm): 15 15

Weight (ton): 09 14 o
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Finite Element Analysis for /‘{steel /tank

f~ TIN5
t

25
. 20,5

13

Load condition: tank structure filled with liquids
Constraint condition: bottom annular surface was constrained

The max. stress: 108 MPa
The max. deformation: 2.8 mm

ELEMENTS

AN

B 11 2006
10:58:48

-43000

when lifting n

0 support at cetral area

--------------------------

Stress result Unit:Pa Deformation result Unit:m
NODAL SO0LUTION AN NODAL SOLUTION AN
STEP=1 FEB 11 2006 STEP=1 FEB L1 2006
SUB =1 10:57:13 SUE =1 10:55:13
TIME=1 TIME=1
JEXPANDED /EXPANDED
SEQV (AVG) usuM (AVG)
DMX =.002811 R3YS=0
SMN =26802 DMX =.002811
SMX =.108E+09 SMN =.670E-05
SMX =.002811
26802 . 241E+08 . 482E+08 . 723E+08 . 964E+08 .670E-05 .630E-03 .001253 .001876 .o0ozs
.121E+08 . 361E+08 .60ZE+08 . 843E+08 . 108E+09 .318E-03 .942E-03 .001565 .002188 .0025811
when lifting no support at cetral area when lifting no support at cetral area



heeger
Cross-Out

heeger
Inserted Text
S

heeger
Cross-Out

heeger
Replacement Text
T


13

Detector Instrumentation

A~ TG S5

Monitoring Goals: - mechanical stability during filling, transport, and movement

mass flow
volume flow
temperature
density

level sensors
tilt sensors

load sensors

- liquid levels during filling

- acrylic vessel positions

' =

b LS sampling

CCD camera

Laser reflection for in-situ
measurement of:

- attenuation length

- AV movement and positions
during transport

11



453}/ 113
- Filling of the Detector

Three Liquids: |. Target: 0.1% Gd-loaded liquid scintillator
ll. Gamma catcher: liquid scintillator, 45cm
lll. Buffer shielding: mineral oil, ~45¢cm

Mass Measurements: mass + volume flow
load sensors

Example: Coriolis Mass Flow Measurements

Possible mass flow rates of
1g/hr - 8000kg/hr with 0.1%
repeatability.

y- Baseline = 0.2%
- Goal = 0.02%


heeger
Note
filling of detectors in pairs from common underground storage tank to ensure identical target composition
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Liquid Scintillator

* (Gd loading significantly reduces
background due to the short capture time
and high capture energy

* Require stable Gd-loaded liquid scintillator
with
— high light yield
— long attenuation length

13



Gd-LS Optical Attenuation:
Rk eforn Stable ~700 days

- 6d (carboxylate ligands) in PC and dodecane

- all stable for a year
- att. Length > 15m

- promising new scintillator: LAB

Calendar Date

0015 -
TR S Ao Sept 13, 2006
0.012 - % 0.2% Gd in 20%PC 80%LAB
0011 b
0.010 - o o é
E o09do o o oo o 634 days
8 0008 - o 000 © O ©
& 0007 { 000
2 0006 -
0.005 -
000¢{ O o oo X X X 064 days
0003: O O 0O 0O X &R ] O x= |
0.002 - X XX XX X X X & 554 days
0.001 - X A M X A 317 days
0.000 +————————————— . |
10/15/04 02/12/05 06/12/05 1010/05 02/07/06 06/07/06 10/05/06



Determine Hand éd in LS

Combustion Analysis
Gd-LS decomposition in O,

LS: CXHy+ (X + Y/4)OZ — X. COZ + Y/ZHzo
Gd: ZGd +(3/2)Oz N Gd203

1. Potential of measuring C, H and Gd simultaneously in
good precision.

2. Samples were measured by certified, commercial
laboratory; achieved C/H measurements at 0.3%. This
precision can be improved further.

et

C atoms H atoms Gd atoms

15



e
Determine H and 6d in LS

Prompt Gamma Activation Analysis

See 2.2-MeV yfrom H; 0.18-
MeV and other y's from Gd
from thermal neutron
capture.

. Samples were measured by
the Institute of Tsotopes,

|2 et HAS; achieved 6d and H
o . measurement at 1%; the
§ ' precision needs to be
o] improved.
................ S

500 1000 1@ 2000 2500
Ey (keV) ‘45 16



a .
Performance of Gd in

Absorbance

Optical Spectra PC and L ABht Output Spectra

0.05
] , —LAB —PC|—
1 ——Gd-LAB
0.04 - ——Gd-PC
0.03 - e
1 o
N
- 0
] 10
0.02 ] c } ul
d>’ I ]
0.01 Ll
% I S — ... S e
300 350 400 450 500 550 600 650 701
0.01 1 1 . . . . . ,
A (nm) 100 600 1100 1600 2100 2600 3100 3600 4100 4600

A (nm)

» Have produced ~1% Gd in LAB and PC. Will dilute to ~0.1% Gd in
Daya Bay experiment.

= Graph above demonstrates LAB’s lower optical absorption (longer
attenuation length). LAB has better chemical and ESH properties.

= Graph shows LAB and PC have very similar light output efficiency
17
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PMTs

e 224 8” PMTs in 7 rings of 32
. Lowﬂradioactivity glass

 Two candidates
— Hamamatsu R5912
— Electron Tubes 9354KB

* Magnetic shielding under investigation
=

S
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Daya Bay,

13 Electronics

Charge Specifications:

Dyn. Range  0.025-500p.e. Time Specifications:
Noise <0.1p.e. Resolution ~ <500ps
Shaping time: 300ns

Sampling freq: 40MHz

X 16
T N
aialy R I I I I I IS
40 MHz Clock (LVPECL) resol - 0.5ns Single channelmaco in FPGA I H
L1 Tigger (LVPECL) stop :U

X XX N O XX
mC time U
XX XXX XXX D) I U
Test input ﬂ ‘ ¢ I U
0—‘ }7 S5 o > BB?I;?R To VMEbus i d
10pF i . - : U >
From PMT AD8132 T i ]
— L1

5 ] I U
200 ns width <1 ps width o J' S | | U
|

I

AD 8065
J; SN I Y 10bit ) chame 1 vme }
50 _ * Jl%b AD9215 |—————m| Pipeline 9 U intertace I
) : > oo FPGA |

RC=100ns 1 0bit /4 OMSPS
Rash ADC

Energy sumto
CH1 N trigger module
RC =50 ns CH2__ }
integrator I 1K N 19

1K
CH16
4:1—[1—‘ L] Single ended to < 300 ns width




Daya Bay,

1 Electronics (Trigger)

-
10KHz(kr ds), s
1PP S('lvds)s : Trigger board

232data(lvds)
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Calibratior}\

Load sensors, level sensors, thermometers,
flow meters, mass flow meters

LED

Radioactive sources: °*Ge (1.022 MeV), ®°°Co
(2.5 MeV), 222Cf

— 3-4 locations (with full z travel)
Data ('°B, neutrons, Michel electrons)

Determine/maintain energy scale to 1%
thiSughout detector volume

21
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Calibration

22
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add graphics of automated calibration system on detector (see my slide)


Daya Bay

13

LED Calibration

Calibration Goal: PMT gains
LED assembly

\

Double
Pulse
Controller

/

Pulse
Generator

|

/

\

Pulse

Generator |

Optical fiber bundle: each
of equal length

SEVa::

3

L

Optical
coupling

/

Controls which LED(s) will be
fired with what amplitude and at

what time

Turn on the appropriate LED

N

with the appropriate intensity,
time and duration

Diffuser balls
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| p0  0.000627 + 0.00146 :
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Resolution

0.14

Photoelectrons
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« 224 PMTs with 12% effective photocathode coverage
e ~100 p.e./MeV: 12.5%/NVE

24
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1 3
/Performance (2)

* (.5 ton prototype at IHEP (currently unloaded LS)
« 458”7 R5912 PMTs with 14% eftective photocathode

coverage
%/V
e ~240 p.e./MeV and 9%/VE
. | nat 078651 2 B ALY " @niz
< ™ po BAS « 288 d F \. 2 DNINT: a0 |
p) 2734269 :’; " \ 295200 : D00V |
- { 5 T
< ! \
- | \
i »
P '; \-\
e ¢ e —
ni . .
A !
"4}
" |
¢ ‘.l___ .....................................................................
’ ‘
caldrution pamme coergy (el ) collivation gemone eaeryy { Mel ')

Linearity Energy Resolution 25


heeger
Inserted Text
Detector 


13

- CHOOZ = 0.8% absolute
* Baseline 0.2%
* Goal = 0.05% for 2% energy calibration

7 _
S 400 ¢
> F e
S350 =
:é : 30002—
<300 ,.E
250  wuf
200 ¢ T
150—
— True Energy
100— e Geant Energy
— Reconstructed Energy
50—
0:| L—L—Ll __ =~ . ARSI | 1 | I | | 1
0.2 0.4 0.6 0.8 1 1.2 1.4

Positron Energy Spectrum (MeV) 26



One Possible Deployment and Commissioning Scenario

Daya Bay
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Summary

28



