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13 cm

Small portable 2.2 liter
scintillating cube

24 MCP (64 pixels each) fast
pixel detectors on surrounding
faces

~10/day anti-neutrino
Interactions (inverse beta
decay signature) from reactor
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Virtues

Small size avoids gammas which smear resolution.

Fast pixel timing (<100ps) and fast processing of waveforms
rejects background in real time.

Feasible even in high noise environment.
No shielding needed.

Neutrino directionality.
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®Directional Measurement
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»reaction in the LS
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®Neutron Capture Nucleus

» Candidate
(D''B(3835barn)
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» Simulation
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»6Li or 1°B
#neutron captur+e point
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large neutron capture cross
section is effective in minimizing
the thermal diffusion
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Mini-TimeCube + PMTs and Readout Electronics (Portable)

Volume ~ (2 ft)®
Weight < 30 kg

~43Cm (<11611)

5 August 2010 Mini-Time-Cube, AAP Sendai 2010
Plus separate processing electronics box.
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The Photo-Sensor: Photonis XP85012 (64 channel MCP)

Photon Detector prefimina’y XP85012
PLANACON

25um MCP-PMT
8x8 Anode
53 mm Square

Applications

v Specialized Medical Imaging

v Ring Imaging Cherenkov

v High Energy Physics Detectors

Typical spectral response

Description Sk (mASW)
Window material UW-Glass, Schott 83378 or equivalent
Photocathode Bialkali 100
Multiplier structure MCP chevron (2), 25 wm pore, 4001 LD ratio
Anode structure | Bk amray, 5.9/ 6.5 mm (size | pitch)
Active area 5353 mm %
Cipen-area-ratio BO% f” \\
Photecathode characteristics Min Typ | Max | Unit io 3 ;
Spectral range: 200 a5 nm i ]
Masirmum sensitivity at 400 nm F
Sensitivity: |
Lurninous * 50 an LA I i
Blue * 75 | es wAImF \\
Radiant. ai peak 78 mAW 1
Quantum Efficiency 24 o .
Characteristics Min Typ Max Unit
in* g 5 100 200 300 400 SO0 500 70O BOD
Gain 1107 | 610 - wavelength (nm)
Total anode dark current @ 10° gain * 1 5 n&
Rize time 06 ns Typical gain curve
Pulse width 18 ns ﬁ;‘g
Anode uniformnity 1:15 [1:25 -
r.d
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Mass: ~123g

Limiting values i Mz Linit
Cathode to MCP,, voltage ] W
MCP, io MCF,, voltage 2000 W
CPuq to Anode voltage i W

Average total anode current 3 i)
Arnbient termperature

(COperating Temperature 1] +50 °C

Storage Temperaiure {for extended periods) -15 +50 °C
B

Wamng: Contnuous operation 3t maxmum ratngs may resut in shorter product life or unrelable perfomance.

The Imomation fumished Is belleved fo be accurale and relizble, but s not guaraniesd and is sublect to changs wihout notice. Wo llaklity Is assumes by BURLE
INDUSTRIES for Rs use. Ferformance data repre: and not specncations as actual indivicual product perfonmance may vary. Customers should
werify that they have the most curent SURLE pradl ng orders, and should Independently t=st and evaluate SURLE products for iher Infendes use
Ko ciakes or wamanSies are made a5 o the appicabon of SURLE products or el sultability or Tiness for any particular purpose. This document may nat be reproduced,
whole or In part, without the prior writhen consent of BURLE INDUSTRIES.
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Amplitudes

Evaluation MCP Signal

I 408nm laser, 100 Photo-Electrons I i?ua{]mﬁ(s:ﬁiosp?;ﬂgfjst
13, 2009
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Conclusion:
Gain:  40mV/100PE ~ 0.4mV/PE (25pm) at 2100 V |
5mV/100PE ~ 50 pV/PE (10pm) at 2500V <@— Under
10pm longer trailing edge development
Seems that rise time does NOT depend upon the amplitude
=> We choose 25um pore size
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Impulse Dark Noise vs HV

2350 2400 2450 2500 2550 2600 Volt (10um)
1200 T T T T |

1000

Moise rates for 10 and
25 micron pores MCP

800 -
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600 -

MNoise (Hz)

400

200
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1950 2000 2050 2100 2150 2200 Volt {25um)

Conclusion: At optimum efficiency (25um 2000V, 10um 2400V),
dark counts rates are: 25Hz (25um), 20Hz (10ypm

ixel
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Mini-TimeCube Sensitivity
(13 cm”3 cube with 24 MCP's)

Rough cost => $300K (includes electronics)

Rate => ~10 anti-neutrino events/day (25m from 3.3GW reactor)
Photo sensitive Area => 75% coverage

Pixel count => 1536

All pixels get several PE for reactor anti-neutrino (~2MeV).

100ps MCP time resolution => 20mm spatial resolution.

1 ns scintillator decay constant  => 120 PE/MeV in first 100ps.

How well can we do vertex reconstruction from 1% photon hits? => TBD
“John Learned” arXive:0902.4009v1
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Neutrino Vertex Resolution

120 PE/MeV on Fermat surface => ~20mm/sqrt(120*E/MeV) = 1.3 mm (2 MeV

Neutrino Vertex Resolution

5 August 2010

anti-neutrino).

=> Several mm & directionality

Mini-Time-Cube, AAP Sendai 2010
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Geant4: Radiation Length In LS

Neutrino
interaction
point

Mini-TimeCube

Gamma from
neutron inelastic
capture

2m
Gamma from
positron
annihilation

Conclusion:;
Gamma from positron annihilation
leaves detector without interaction.
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38 cm

MTC with read-out electronics on one face MTC fully populated with read-out electronics

DAQ fits upper case

Detector fits lower case

L
MTC within 2ft® honeycomb enclosure Stackable transportt cases
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Examples of PMT Read-outs Developed by IDL, Hawali (Gary Varner)

Fast waveform digitizer for the Photonis MCP is currently under development evolving from
existing technology used in BELLE, BESS, ANITA. Length beyond photo-sensor will be
~125mm. One module per MCP.
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Data Acquisition System (DAQ) Based on cPCI Format

3Gbs fiber link

Cube, AAP Sendai 2010



Noise Rate

"A proposal for a high segmented power reactor antineutrino detector”,
Marco Battaglieri, July 13~17, 2009, Workshop Towards Neutrino
Technologies”

5 August 2010 Mini-Time-Cube, AAP Sendai 2010

Refer to CORMORAD talk given by Marco
Battaglieri at Trieste.

Prototype segmented detector of square logs of
NE110 plastic scintillator, 3 inch PMTs on ends,
40x30x30 cm”3 total volume.

No shielding (similar to MTC) => big background

CORMORAD noise rate:

=> R =~120 Hz (single)

=> 2 x R"2 x tau = ~10 Hz (two hits in time
window tau = 330us)

MTC noise rate = 1/(30 x 10) x CORMORAD rate

=> good enough for real-time background
analysis

We will have to use GEANT to figure out how
much rejection we can get
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ltems for Further Study

« Backgrounds => stopping muon, decay processes, random
internal/external gamma (from reactor), thermal
neutron...

e Liquid scintillators  => find shortest n capture time, optimum Li loading.
 Solid scintillators => boron loaded plastic from Eljen Technology.
 Pulse shape discrimination for neutron capture?

« Can we do anything with neutron elastic scattering?

« GEANT Simulation of Mini-Time Cube in progress.

 More....
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Backup
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Noise Rates

Talk that was given in Trieste last summer by Battaglieri from Genoa. Their idea is to build a segmented
detector of square logs of scintillator with 3 inch PMTs on the ends, eventually aiming at a detector around 1m3
but they operated a smaller prototype. In this attached report are some nice measurements of various
scintillators they evaluated. They chose NE110 plastic.

In their prototype measurements they had troubles at the (apparently not so well shielded old Romanian reactor)
reactor they visited, which had a huge difference between reactor on and off in backgrounds (unlike San
Onofre). Their idea was to use no shielding, so this is directly applicable to our case.

They did not do so well in rate because their time window was tau = 330 microsec, and singles rates with
Zre%g;or on were R1 = 120/s. With a dumb trigger of two hits in this window the net trigger rate of R12*tau =
.75/s

So, this is most encouraging, that even with their much larger mass and sensitive volume of 40x30x30 cm3 (not
initially sure how to scale this... by volume | suppose, so something like 18 times our volume. If we scale by
surface area it would be more like 10x. If we take the more modest 10x factor in singles rates, and we take a
more reasonable loaded scintillator capture time, let us say 1/10 th of theirs, our raw two fold random rate would
be down by 1000 from theirs, and hence totally trivial. (Of course this is not trivial compared to the neutrino rate
of a few per day, but it is trivial comﬂared to what we can easily harvest and chew upon in our leisure.) In any
event, this looks very nice for us. | have a hard time believing it could be so good....

Next we will have to use GEANT to figure out how much rejection we can get.
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