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Motivation

DEEP UNDERGROUND
EXPERIMENT

Liquid Argon Neutrino detectors —>

(128 nm scintillation light)

= Liquid, Gaseous Xenon Neutrinoless Double

Beta Decay -> (178
nm scintillation light)

Liquid, Gaseous Xenon Dark Matter detectors ->

Production Solenoid Proton Beam

CI'YStal deteCtOI'S -> ( Pb F2 Ce ren kov —— o .I/)_ectorSoIenoid
light), (BaF2 220 nm | ams e
scintillation light),

(Cerenkov light at a future e+e-
collider)
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Nanoparticles - Quantum Confinement

- If the size of the nanoparticle is smaller

than the electron wavelength : (izad
conduction

-> Quantum Confinement condition band >
v'Larger energy gap TN )

v Splitting of energy levels e

v’ Strong transitions a *a
-> Tunable electronic and optical N |
properties if nanoparticle size typically < Energy level splitting vs size
10 nmM (a); a,* is exciton Bohr

radius

- Occurs on atomic/molecular level —>
higher intensity, efficiency than in bulk

material

Happens in the Sun - quantum confinement dominates -> many
energy level splittings -> continuous to make white light
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Nanoparticle Wavelength Shifting

Quantum Confinement changes material properties when
particle size < electron wavelength

- Eg increases with decreasing
____ particle size -> UV photon
‘:/ absorption

Discrete energy levels form
at the band-edges

Stokes Shift is difference
between absorption and
emission wavelength

Emission wavelength decreases
with decreasing size
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In|t|aI Nanopartlcle Sample Tests
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Nano-enhanced BaF, Readout

- Detection of 220 nm (UV) fast component of BaF,
scintillation
- Nanoparticle type that absorbs 220 nm emission
- Preferably little absorption >250 nm
- Large Stokes shift to visible wavelength range for detection

- Non-detection and/or filtering of 300 nm slow component
- Filtering before 220 nm absorption an option

- Large enough Stokes shift to jump over slow component
- Nanoparticle type property?
- Nanoparticle size effect?



BaF2 Crystal Readout - Mu2e Upgrade

100 -
90 -
80 -

complete
fast comp.
slow comp.

Fast components (195, 224 nm)
- Decay time ~1 ns

Slow component (250 -> 400 nm)
- Decay time ~650 ns

emission intensity /a.u.
3

104 <) 7
ol i e
175 200 225 250 275 300 325 350 375 400 425
wavelength /nm \ SiPM peak sensitivity
€——> € > (425 nm)

.. A

Absorption, then Stokes shift over slow component to sensor
no sensitivity for slow component!
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Absorption/emission of candidate nanoparticle

Absorption Absorption:
500 strong < 250 nm
— - PLE weak > 250 nm
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Emission:
300 nm < A <600 nm
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Stokes Shift:
~200 nm peak-to-peak
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Candidate nanoparticle for BaF2 Readout

600
3.0
500
— 25
g 400 3
g 2.0 e
300
815 %
g 200 =
< 1.%5 -
5, 100

o

20? 250 300 350, 400 450 500 50 600

zlength(nm) . .
224 nm emission of BaF2 ‘ Little absorption for
cle

absorption peak of nanoparti wavelengths >250 nm

Overlap of slow component and nanoparticle emission:
1) wave-shift to longer wavelength, or 2) resin coating on the SiPM
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Tests of selected nanoparticles

Tested a nanoparticle sample made at UTA by mixing
nanoparticles in UV-transparent grease (DOW-Corning)

1.1

~ Compare blue, purple - it appears
~that passing through more
Nano/grease+ | @NOParticles helps - small

i reduction in the peak at 220 nm

~and a larger reduction in the signal

|
i

~ Thinsample > 245 nm.

—
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[ .
T s determine the amount of
Nano/grease++ — nanoparticles in the grease by
| optimizing the 220/300 ratio for

| maximum rejection of light >250
Thick sample nm.

Nano/Grease
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A different nanoparticle candidate
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UTA nanoparticles deposited
directly on the resin (face) of

the SiPM

Enhanced response of coated
SiPM seen in the wavelength
range from 200 nm - 240 nm
compared to uncoated sensor

Without any optimization, ratio
of coated to uncoated in the 200
- 240 nm range is ~factor of 10
greater than in the region > 250
nm!

We have tested at least 2 nanoparticle candidates which show sensitivity in the
desired wavelength range and, in addition, much reduced sensitivity without the
need for additional filters in the wavelength range > 250 nm



Plans for BaF, 220 nm Readout

- Optimize thickness, nanoparticle concentration in DOW-
Corning grease for best signal to noise (220 nm / 300 nm)
ratio using monochromator

- Test this on a BaF, crystal with muons

- Find a binder that can contain nanoparticles at the optimal
concentration and thickness that makes a soft cookie for
placement between a crystal and a sensor (SiPM)

- Siloxane epoxy (same properties as DOW-Corning grease?)

- Or, a hard, permanent coating for a crystal face

- Produce nanoparticle/sensor combination for Mu2e BaF,
Calorimeter



Nanoparticle-enhanced Night Vision

From ScienceDail
y ... and Deer
Bats Scan The Rainforest With UV-Eyes
“Bats from Central and South America that live on nectar LOW LIGHT (SCOTOPIC) ROD VISION
from flowers can see ultraviolet light (Nature, 9 October WHEN DEER SEE IN BLACK & WHITE THEY HAVE GREATER SENSITIVITY AND DETAIL
3 y Ungulate Rod Photoreceptor
2003) i:::;‘.’v::;eg's::::‘ Sensitivity (Deer etc.)
) animals to UV R%?,'“&ﬁ;‘.‘.‘.‘\‘,‘.’.'y ﬁ%?::‘ ;":‘é’?f;ﬁﬁ."‘";‘:m
“There is little light at night. But compared to daylight, the b (Blacl & White) % ‘
colour spectrum is shifted towards short, UV-wavelengths.” ' or
01 — 448 oo 5%7!‘!51" ——g‘l‘;n M(:vmga
“Interestingly, bats achieve an absorption efficiency in the UV Game Animal
bandwidth of nearly 50 percent of their photoreceptors major peak E:f.ﬁ".ﬁiﬁ'.?""
of absorbance (alpha-band). This is nearly five times the value M -
expected from in-vitro measurements of beta-band absorption in e vellow ol
rhodopsin molecules. \Whether this indicates a novel mechanism for Ultraviolet Light =1 <= Spectrum of Light Visible to Humans ———————- | < Infrared —
light perception in the bats eye that is still unkown for mammals ~<— Visible to Game Animals ——————————————————— | I

H ”» 1 | B d -~
remains open. ~4———— \/isible to Birds

-> High efficiency for UV absorption is a

characteristic of quantum confinement in 3%
nanoparticles — Bat eye rods are coated with & *
nanopatrticles!? LEE
... and now Us! S 2:
N = o @
. : : > o¥e . 30% NP/0% NP
UTA LaF3:Ce nanoparticles in 3 4 LT T
transparent polycarbonate (contacts) 5 i *— *s,
11TR0%2000. 7Y
Enhancement for 10% LaF3:Ce: - ‘
230 nm <A <390 nm 0 ‘
140 190 240 290 340 390

Wavelength (nm)
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Summary of Possible Applications

BaF2 crystal Surface 200 - 250 nm 425 nm ZnS:Mn#, CuCy#,  HEP (Mu2e)
ZnS:Mn,Eu#

PbF2 crystal Surface 200 -400 nm 425 nm Si*, LaF3:Ce#t HEP, NP (g-2, DRCal)

Fibers Coating 300-390 nm 425 nm LaF3:Ce#t Astrophysics (AAO, DES)

Plastic Lens Infusion 300 -400 nm 520 nm LaF3:Ce# Defense, Night Vision

Key: tested results, simulated results, ? (no ID’d candidate yet), * (published), # (pub pending)

Also : high efficiency solar cells, luminescent window glass



