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MTC: A Compact Detector
● Goals and motivation

● miniTimeCube hardware

● mTC software 

● Tracking particle events

● Plans for the future



                     Ryan Dorrill (UH Manoa)                 miniTimeCube12/3/14  MCP

Goals and Motivation

Applications
● Reactor Monitoring
● Non-proliferation of

 nuclear weapons (e.g. E.
Brubaker's talk)
● Nuclear fuel monitoring

   Building a detector of reactor antineutrinos:

Compact, Mobile, Remote, Scalable,  Directional &
Real-time

Photo from the NRC
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Goals and Motivation 2

   Potential Scientific Applications
● Short Baseline Neutrino Oscillations 

● Exploration of the neutrino mass hierarchy

● Checking recalculations of neutrino fluxes from reactors

● Reactor Neutrino Anomaly (6% deficit of “nuebar”s at short
distances)

● Sterile neutrino searches

● Next steps: NuLat, Hanohano

 The proposed HanoHano
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How to detect reactor
antineutrinos?

Lasserre, AAP
2012

mTC

IBD – only
one unique
identifier

Not a unique
identifier
Any type of
neutrino
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MiniTimeCube Hardware

   Planacon (~PMT)

2.2 liter EJ-254 scintillator SCROD - board stack

HV&LV

Al enclosure UPS

DAQ

Not shown: PC to program SCROD and store data,
PC to operate LV&HV modules

The packed
mTC

x
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MiniTimeCube
Further Details

● Scintillator
2.2 liters EJ-254

1% natural boron (0.2% B-10)

loaded plastic scintillator 

● PMT's
24 Planacon's XP85112

8x8 pixels each

= 1532 channels/pixels

● Software 
● initialization

● control

● analysis

● Electronics
SCROD (IRS digitizer), 

DAQ

FAST
COMPACT

DIRECTIONAL
REAL-TIME

Fast timing imaging (~100ps), not
optics (time reversal imaging)

Reconstruction of neutrino
direction

Rejects noise on the fly

~10/day anti-neutrino events (inverse
beta decay signature, for a large
nuclear reactor @ ~20m)
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mTC plastic scintillator EJ-254

Row 1 Row 2 Row 3 Row 4
0
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Column 1
Column 2
Column 3

FAST

To match
PMTs

Large
Xsec
thermal
neutrons

Capture time ~ 700 ns
Decay time ~ 2.2 ns
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mTC multichannel PMT's

FAST!

COMPACT!

region of the gain

Matches
scintillator
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mTC Electronics
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IRS: Custom Digitizers
● SCROD - board stack with IRS3b

chips used in Belle – 100 ps
timing resolution

● Separate Data and triggering
paths

● 16 chips per board stack -> seen
at right

● 192 chips per cube (1536 chan)

● 8 channels per chip, 2-4
Gigasamples / s

● 32,000 sample analog storage
● For more info, see talk by 

G Varner on Thursday
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Keeping it Cool

● We use the following:

● Koolance hard drive chiller
plates

● An “Advantage” water
chiller unit - 16 °C, 2
gallon per min

● T inside → 30-40°C 

● 48 boards total, 192 IRS
chips, along with
amplifiers, PMTs, etc.
produce ~ 400 W heat

● The cover and shielding
restrict air flow 
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The “Cave”

● Designed to shield the mTC near
reactors

● Can be assembled and disassembled
when needed

● Consists of steel walls

with iron-shot and wax

inside

 

● Soon to be 

assembled 

and tested
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miniTimeCube Now: Ongoing
Work and Testing at NIST

● Calibration, initialization
system, timing tests

● Observing cosmic ray
muons

● Observations near
neutron sources

● Preparations for moving 

to the reactor, observe
backgrounds, test the
cave 

Testing with neutron sources
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mTC Software, Analysis,
and Particle Tracking
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Event Viewer 

Good looking pulses

● Displays pulses for
an event, channel
by channel

● Works in real time
as well as on data
sets

● Can show many
pulses / channels at
once



                     Ryan Dorrill (UH Manoa)                 miniTimeCube12/3/14  MCP

Muon Track Reconstruction in
Matlab

● Simulated muon track
in Matlab

● Reconstructed muon
track through the mTC

Plots courtesy of Glenn Jocher
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Neutron Events

● Capable of neutron
path reconstruction

● Sources used include
Cf 252, Pl-240 and
deuterium / tritium
neutron generators

● Uses kinematics and
signals from neutron
bounces to create an
event cone
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Neutron Event Reconstruction
From 2 Bounces

● A. The incoming neutron energy = KE after
first bounce + ΔE of first bounce.

● B. The KE after first bounce = ½mv², where
v = Δx/Δt, where Δx = (bounce-2 pos) -
(bounce1 pos), and Δt = (bounce2 time) -
(bounce 1 time).

● C. The direction vector dx from b is what we
establish an angle cone about.

● D. To get the angle cone: sin^2theta = (dE of
first bounce) / (incoming neutron energy)
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Positron Cherenkov Light
And neutrino track construction

● Cherekov cone first hits used to reconstruct
vertex

● Relative small size of mTC scintillator
volume (2.2 L) allows annihilation gammas to
escape

● This prevents “smearing” of vertex during
analysis

● The subsequent neutron capture then helps
us construct the neutrino's path

● Some tests done with neutrons, bg tests
near reactor and neutrino searches coming
soon (Winter-Spring 2014 at NIST) 
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Positron Cherenkov Light
And neutrino track construction

Video: Positron Track Reconstruction

http://youtu.be/wE-5vCycAbc?list=UU0TV4a3Wbj19bzlAaF3Va_g
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BG Simulations on  Cosmogenic
Isotopes from 283 GeV mu- 

● Studying long-lived isotopes (8He, 9Li) for background
rejection

● x10 increase in statistics → ~ x10 increase in 9Li
● 8He not seen with 10^5 muon events
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Studying long-lived isotopes (8He, 9Li)
for better background rejection
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Future Objectives
● Improved python interface

● Faster initialization
● Categorization of data run types

(choose type of run: muon, neutron, neutrino, etc.)

● Real time hardware monitoring, data quality
checking 

● Remote detector control
● “Advisor” button
● Return to NIST in the Winter-Spring to

investigate backgrounds, take more data
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Thanks for watching!
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Backup Slides
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More on Backgrounds



Photon Tracks

Compton Scattering
scales with more
electrons, which is
why steel (Fe) stops
gammas.



Results



Neutron Tracks

1. Little interaction with outer
Boron, only absorbs low energy
neutrons.

2. Lots of neutron scattering
happens in the steel and wax
which lowers neutron energy.

3. High interaction with inner
Boron, neutrons are low
enough energy to be absorbed.
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Neutron Generators

● Two main types: DD, DT
● They work like miniature linear

accelerators – colliding deuterium or
tritium inside a metal hydride target
(which contrains hydrogen isotopes)

● DD produces 2.5 MeV neutrons
● DT produces 14.1 MeV neutrons
● D + D -> 3H + n
● D + T -> 4He + n
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Radioactive Sources Used

● Cf-252 (0.15 Bq as per 2005,
half-life 2.64 years)

● Pu-240 had about the same
activity 
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Old Cosmogenic Isotope Tally
283 GeV mu- (104 events)

Isotopes we
see from
simulation
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New Cosmogenic Isotope Tally
283 GeV mu- (105 events)

Isotopes we
see from
simulation

● x10 increase in statistics → ~ x10 increase in 9Li
● 8He not seen
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