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General plan of the talk

e As NOVA is the most fully realized design of a large scale “totally
active scintillator detector” (TASD). | will summarize the design of
the NOVA detector, the factors that influenced that design, and
the performance of that design as an introduction to the detector
technology. | will have to be brief; | have tried to provide more
details on the slides than | will be able to discuss.

e \With the limited time | will not discuss the NOVA physics program

* |n the second part I’ll try to address the things required to take
the TASD design beyond its use by the NOVA experiment.



The NOVA Experiment

e NOVA is a second generation
experiment on the NuMI| beamline
which is optimized for the detection
of vy—Ve and v, — Ve Oscillations

e NOVA is:

e An upgrade of the NuMI beam
intensity from 400 kW to 700 kW

e A 15 kt “totally active” tracking
liquid scintillator calorimeter sited
14 mrad off the NuMI beam axis
at a distance of 810 km

e A 220 ton near detector identical

20 cm MIPs

to the far detector sited 14 mrad
off the NuMI beam axis at a
distance of 1 km
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The NOVA Detectors




Basic NOVA detector unit is a
4 cmx 6 cmx 15 m long cell
filled with liquid scintillator
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Moving module from glue machine to plane assembly
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Construction progress at
Ash River, MN




Event quality

Topologies of basic
Interaction channels shown

at right. Each “pixel” is a
single 4 cm x 6 cm cell of
liquid scintillator

Top: vy charged-current’
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Bottom: neutral-current
Need >100:1 rejection
against background

Detector challenge: Achieve
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Technical overview of the NOVA design

e PVVC Extrusions
e Scintillator
¢ \Wavelength shifting fibers

e Photodetectors



The PVC that the extrusions are made
from must satisfy multiple
requirements

1. High reflectivity. Light bounces ~10 times
off the walls before being captured in the
WLS fiber so we need high reflectivity to
achieve required light levels

2. Mechanical. The PVC must be strong
enough to contain the liquid scintillator at
pressures of >19 psi and support the
horizontal modules. It must maintain its
strength throughout the lifetime of the
experiment. We must be able to glue to the
surface.

3. Extrudability: The resin must reliably pass
through the extruder and produce parts
with good shape and structure

Development of PVC Resin

phr - per hundred parts of resin| NOVA-24 NOVA-27

Shintech SE950EG

(high reflectivity) 100 100

Rohm & Haas Advastab TM-181

20% monomethyl tin 2.5 2.5

DuPont R-102

rutile titanium dioxide 19 0

Kronos 1000

anatase titanium dioxide 0 19

Ferro 15F

calcium stearate 0.8 0.8

Honeywell Rheochem 165-010

paraffin wax 1.1 1.1

Ferro Petrac 215

oxidized polyethylene 0.2 0.2

Rohm & Haas F1005

glycerol monostearate 0.3 0.3

Arkema Durastrength 200

Acrylic impact modifier 4.0 4.0

Rohm & Haas Paraloid K120N

processing aid 1.0 1.0
wt % titanium dioxide 15 15

Our two best formulations: Only
difference is crystal structure of TiOx.
Numbers indicate iteration number on

formula.
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Top left: extrusions coming off the line
Bottom left: testing compressive strength
Above: Horizontal pieces for near detector

P\/C Extrusions



PVEG

Reflectivity Measurements

Measurements made at factory with handheld unit (Hunter Lab Miniscan XE)
Ana Pla-Dalmau (Fermilab)

Compare 90%
reflectivity to 92%
after 10 bounces:

0.90"0 =0.35
0.9219=0.43

2% change in
reflectivity = 25%
change in light yield

In a NOVA test cell
anatase vyields
~14% more
detected photons
than rutile

100%
NOVA-27 w/ anatase crystal form ) _ .
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Liguid Scintillator Composition

component purpose mass fraction volume mass
[gal] [kd]
mineral oil solvent 95.79% 2,810,674 9,074,478
pseudocumene scintillant 4.11% 117,528 389,720
PPO primary waveshifter 0.091% 8,576
bis-MSB secondary waveshifter 0.0013% 120
Stadis-425 antistatic agent 0.0003% 28.4
tocopherol (Vit E)  antioxidant 0.0010% 95
Total 100.00 2,928,200 9,473,017

e Scintillator mixture optimized to deliver required light at low cost. For our application

technical grade mineral oil is sufficient.

e \We require 28 PEs from the far end of a cell - enough so that a muon track will have

no more than 1 in 10 hits missing due to inefficiency.

e Relatively low pseudocumene fraction reduces interactions with WLS/PVC/
adhesives to below what we can measure and reduces cost.

e Base cost of scintillator is <$4/gal.



Model for large scale scintillator production

.. Toll Blender ration
Scintillator
. 3M gal blended scintillator
NOVA Transportation Model
Ash River
Waveshifters Pseudocumene Stadis 425
Blended Scintillator ) .
6 tanker trarlers'week @Fermilab

CD3a acquistion

3-day round trip

Fermilab \

QC waveshifters

/

hi land Toll Blen <:] . » All stainless steel or
receive/QC liquid components, fluor blend tank epoxy-lined tanks
blend/QC scintillator ]':n cxal;lplc: SQ‘Q()(? gal « Dedicated lines.
=» 1.2M gal scintillator hoses, & pumps
‘ QC or pump \ pump or QC
Wav’gﬁ h.lf ters blend tank blend tank
U )33
Mineral Oil
LI | -
Pseudocumene P
~1 rail car/é months, Mineral Oil
shipped from Gulf 4 rail cars per month,
shipped from Gulf scintillator blend tanks
example: 200,000 gal
We are in process of selecting a Chicago-area . 1 mo @ 6 tankers/wk

toll blender from the 6 companies that To Ash River

A——————
responded to our request for proposals. 6 tankers/wk



WLS Fiber

e NOVA will use 13,000 km WLS fiber from
Kurrary. No other manufacturer produces
fibers with long enough attenuation
length

e Delivered at 360 km/mo over three years

e 0.7 mm “S” type (most flexible), 300 ppm
of fluorescent dye

e Double clad with PMMA and flourinated
plastic

¢ Tested >200 m of fiber in scintillator with
high PC fraction at elevated temperatures
wrapped in tight coils. We've seen no
degradation in performance.

e A copy of our QC device will be sent to
Kurrary so they can test the fiber as it
comes off production line
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QE and Intensity

Matching photodetector to light output

iy Quantum efficiency of APD is crucial to the NOvVA design. PMT’s have 10-12% QE in
09 range of interest. APD’s have 85% QE yielding roughly 7x as many photoelectrons.
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Overall cost of the NOVA experiment / detector

e The total project cost of the NOVA experiment is $278M. This number
includes R&D, US costing, actual year $‘s, ave. ~40% contingency.

e Roughly cost break down:
e Accelerator upgrades (400 kW to 700 kW): $51M

e Project management $7M
e Near detector cavern: $5M
¢ Far detector laboratory: $60M
e 222 ton near detector: $10M
e 14 kt Far Detector: $145M ($10M/kt)

e Startup costs are large. We estimate that additional kilotons beyond 14 will
cost about $8M/kt fully loaded. The enclosure is sized for 18 kt.

e Rough cost then is $(33+8xkt)M. For 100 kt, this suggests a detector-only
cost of $833M (US accounting, actual year $’s, with contingency)



-urther breakdown of 14 kt NOVA costs

These are just M&S costs in actual year dollars (no labor, no contingency)

M&S Cost | Fraction of
AY $M cost
Accelerator and NuMI Upgrades 10.2 9.3%
Far Detector Site and Building 17.6 16.1%
Liquid Scintillator 19.1 17.4%
PVC Extrusions 23.2 21.2%
Wavelength shifting fiber 9.9 9.0%
PVC Modules 7.9 7.2%
Electronics 10.7 9.8%
Data acquisition 1.7 1.6%
Far detector assembly 5.5 5.0%
Near detector assembly 3.7 3.4%
total: 109.5 100%

$19.1M/9 kt = $2.03/kg

Including PVC extrusions as part of
scintillator system:
$43.3M/14 kt = $3.02/kg

Total: $12.4M/360k channels = $34/
channel (M&S, front end through readout)



source: Alan Bross
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Magnetization of TAS

“Magnetized Cavern”

50 K TRACE
INVAR PIPE

INJECTION MOLDED ULTEM
COLD PIPE SUPPORT RING

9:27

BMOD

2.000000E+000

— 1.500000E+000

[~ 1.000000E+000

I~ 5.000000E-001

7.356890E-004

® Super-conducting transmission line developed at

Fermilab for VLHC could be used to construct large
solenoids (15 m ¢, 75 m long) capable of producing

0.5 T field.

e Cost: $50M?
® Addition of iron return yoke increases field to 2.4 T
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CurrentDensity  Am”
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PROBLEM DATA
Magnetic_Cavern_lronl.op
TOSCA Magnetostatic
Non-linear materials
Simulation No 1 of 1
310916 elements

55516 nodes

10 conductors

Nodally interpolated fields
with coil fields by
integration

Reflection in XY plane
%+ fields=0)

Reflection in YZ plane
(v+2 fields=0)

Reflection in ZX plane (Y
field=0)

Local Coordinates
Origin: 0.0, 0.0, 0.0

Local XYZ = Global XYZ

source: Alan Bross



Correctly Identified Events (%)

Possibility of electron sign identification”
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Results of hand-scan of events using detector
composed of scintillator shown at left. Assuming
these results, no discriminating power at ~8 GeV



IS v+ channel viable in TASD?

e This question was specifically asked in my charge for this talk, but I'm sorry
that | don’t have an answer. NOVA will operate in a 2 GeV narrow-band beam
and T production threshold is 3.5 GeV. Consequently, this is not a topic we’ve
looked at.

e That said, Super-Kamiokande has made a statistical measurement of v+
appearance. A TASD detector will provide more information in this channel
than a Water Cherenkov detector and | suspect would perform quite a bit
better. However, | cannot back this statement up with a simulation or analysis
of the detection efficiency.



Non-segmented
TASD

DETECTOR LAYOUT

e | ENA (Low Energy Neutrino
Astronomy)

e 50 kt liguid scintillator / 13,500
PMTS. ~1% energy resolution

e Geoneutrinos

e Solar neutrinos

e Supernova burst neutrinos
e Diffuse supernova neutrinos
e Proton Decay

* p—vK*Wwith 65% efficiency
through timing pulse shape
and excellent energy
resolution

* p—em® with 12% efficiency

Cavern
height: 115 m, diameter: 50 m
shielding from cosmic rays: ~4,000 m.w

Muon Veto
plastic scintillator panels (on top)
Water Cherenkov Detector
1,500 phototubes

100 kt of water

reduction of fast

neutron background

Steel Cylinder
height: 100 m, diameter: 30 m
70 kt of organic liquid

13,500 phototubes

Buffer
thickness: 2m

non-scintillating organic liquid
shielding external radioactivity

veosseleselesetetetel :
e tete ot s e lele e
sizisiessesiiizeses

Nylon Vessel
parting buffer liquid
from liquid scintillator

Target Volume

height: 100 m, diameter. 26 m
50 kt of liquid scintillator

vertical design Is favourable in terms of rock pressure and buoyancy forces




—nergy ranges for the two technologies and
synergies with other physics topics
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Synergies with non-accelerator physics

e At 15 kt NOVA has little to add to most non-accelerator physics topics with
the exception of:

e Supernova burst: NOVA is sensitive to supernova burst neutrinos. 15 MeV = 4 hits in the
detector - 2 neighboring cells in coincidence in each view.

e A massive TASD deep underground could contribute to:

e Atmospheric neutrinos : Would require improvement in timing over NOVA design to get
good up-going vs. down-going discrimination. With magnetization could provide
compelling measurements. Here | think a segmented design has advantages over non-
segmented designs.

e Proton decay : p—e*n’ is a promising ‘single event’ discovery channel in TASD. p—vK*
requires higher granularity than is probably possible; in NOVA the K* produces only a few
hits but may be resolvable through K— pu—e timing coincidences. Single event in this
channel likely not enough to claim discovery. 100 kt may not be enough to catch up to
existing SK limits. In vK* non-segmented design may have advantages

e Supernova relic : On the edge for segmented design but could be possible depending
on depth down to a threshold of ~15 MeV; highly dependent upon granularity; non-
segmented design better at these energies

e Solar neutrinos : Below threshold for a segmented design. Possible in non-segmented
designs if deep and clean enough.




To conclude:
R&D items to take TASD beyond NOVA

e Structure: Not very sexy, but very important. NOVA is likely the largest
structure ever to be built of plastic. Assembly and long term structural issues
have occupied a considerable amount of the NOvVA design effort.

e Electronics: Currently APD’s are the only viable option for readout due to
their high quantum efficiency. We’re budgeting $425/32 pixel array = $13.30/
channel for photodetectors. It would be useful to develop a viable, cheaper,
alternative. It would be beneficial to have a lower cost front end with better
timing resolution which is required for non-accelerator physics.

e WLS Fiber: There is only one maker of WLS fiber in the world which is
capable of carrying light 15 m. It would be useful to develop an alternative.

e Scintillator: Probably very little can be done to further optimize cost/
performance of liquid scintillator beyond what NOvA has done. May be gains
In solid scintillator

¢ Magnetization: Magnetized cavern needs effort to take it beyond current
concepts



