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Argon Scintillation Light

- Energy deposits in liquid argon
iorcmjuce copious scintillation
1®

I B
- The photon yield is tens of Q—(\
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- Argon is highly transparent to
its own scinfillation
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Tetraphenyl Butadiene 0

o 128 nm light will not
penetrate, glass, arr,
acrylic, efc.

o Thisis a problem for
the design of optical
liquid argon
detectors.

o Common solution is
to use a fluorescent
chemical like
tetraphenyl
butadiene (TPB)

o TPB absorbs 128nm
light and emits it in
the visible.
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MicroBooNE
Optical System

Cryogenic photomultiplier
tube (PMT) assemblies




PMT rack installation test



LBNE Optical
System

Long light guiding acrylic
bars between wireplanes

photon detection 10 paddles
paddle per APA plane




arXiv.org > physics > arXiv:1001.4214

Physics > Instrumentation and Detectors

A Study of the Fluorescence Response of Tetraphenyl-butadiene

R. Jerry, L. Winslow, L. Bugel, J.M. Conrad
(Submitted on 24 Jan 2010)

Figure 4: Left: Toluene and 99% TPB mixture exposed to light for three days. The initially
clear mixture became vellow-green. Right: Powdered 99% pure TPB exposed to the SOLUX
lamp for five days. The initially white powder became yellow.




Environmental effects on TPB wavelength-shifting
coatings

C.S. Chiu, C. Ignarra,' L. Bugel, H. Chen, J.M. Conrad, B.J.P. Jones, T. Katori and
I. Moult

Journal of Instrumentation > Volume 7 > July 2012
C SChiuetal 2012 JINST7 PO7007 doi:10.1088/1748-0221/7/07/P07007

H : H : :
d . H : H : :
: : : : H : H
0 8 T LT LTI TTTTTTTT T TP PRRPPIRAPIE ST ST PR PPRATPT PPN PRRRTPIE-Y. PRRPPPRRPPRN- APPRRNTE RAPPeN
: : h . T . '
e . . . - . - .
: : : : H : H
: : : .

Fractional counts of day 1
LI | :
——-

4

: : : : ® Fafunnce o
0.6 [EY— e e e ®  Lablight, lab humidity  |......
= ® Amber light, lab humidity
: ®  No light, lab humidity

{ ..... } et eens et aanens .. ................. ® Nolight, low humidity  |.....

0.4 ke

L RS A A

. . . . .
. . . - . - .
i l 2 L 1 1 l | I 1 1 1 1 l L1 21 L l B — l L1 1 1 l |

0 5 10 15 20 25 30 35 40
Days since beginning of study




[y
-

<~Reference (Dark)

==Scintillation Grade Plate

Relative Performance
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Impurities play a key role
in this process.
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GCMS Studies

o Gas chromatography to separate ions of different
mobility, followed by mass spectrometry

o In all cases, TPB peak is by far the dominant GC
peak

o Impurities are visible to the GCMS at ppm levels.
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WHITE TPB

File :C:\msdchem\1l\data\BenTPBD\TPBD NEW 050912 TEST 1.D
Operator :

Acquired : 9 May 2012 11:36 using AcgMethod TBPD.M
Instrument : GCMSD

Sample Name:

Misc Info :

Vial Number: 1

Abtm TIC: TPBD NEW 050912 TEST 1.D\data.ms
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Sample Benzophenone / TPB Peak Ratio

Scintillation Grade (Unexposed, White) 4.13x 1076
Standard Grade (Unexposed, White) 8.43x 106
Standard Grade (Exposed, Yellow) 1.82 x 10'5







Benzophenone

One of the only sensible oxidation products
of TPB Q

Wikipedia says:
Uses [edit]

Benzophenone can be used as a photo initiator in UV-curing applications such as inks, imaging, and clear coatings in the printing
industry. Benzophenone prevents ultraviolet (UV) light from damaging scents and colors in products such as perfumes and soaps.
It can also be added to the plastic packaging as a UV blocker. Its use allows manufacturers to package the product in clear glass or
plastic. Without it, opaque or dark packaging would be required.

In biological applications, benzophenones have been used extensively as photophysical probes to identify and map peptide—
protein interactions'"’ .

See also [edit]

e Sunscreen




Benzophenone, 99%
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Photoinitiators: Classification

A photoinitiator is a compound especially added to a
formulation to convert absorbed light energy, UV or visible
light, into chemical energy in the form of initiating species,
viz., free radicals or cations. Based on the mechanism by

which initiating radicals are formed, photoinitiators are
generally divided into two classes:

Type | photoinitiators undergo a unimolecular bond cleav-
age upon irradiation to yield free radicals.

Type Il photoinitiators undergo a bimolecular reaction
where the excited state of the photoinitiator interacts

with a second molecule (a coinitiator) to generate free
radicals.

UV photoinitiators of both Type | and Type Il are available.
However, visible light photoinitiators belong almost
exclusively to the Type Il class of photoinitiators. Table |
summarizes the various classes of available Type | and Type
Il photoinitiators and their common applications.

NN




Systematic BP buildup study

Produce ~30 TPB
coated acrylic
plates, store in

dark

Extract 1 or more Expose to UV
plates, measure lamp (300nm) for
performance several hours

Sonicate in Run prescribed

toluene to GCMS sequence

dissolve off to quantify BP
coating concentration

Measure
performance
again




L=

[

<
n

Relative Performance

&
w

BP Content (Log %)

=25

-
[
)

'
—
"

=
n

Benzophenone Buildup with UV Exposure
—
—e
. 10 20 30 w0 " " I 50
Exposure (lamp hours)
__________ x
I gt
I”
.--" x —*—Relative plate performance
x*
- - BP content (log %)




Scintillation Grade TPB Performance vs
Benzophenone Content
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Yellowinge

o BP is not yellow- so decay to BP does not explain
yellowing in itself.

o Many of its simple derivatives are yellow, however.

o Possibly a second stage after BP production, to
produce yellow BP derivatives?

Both of these very yellow
and very UV blocking...
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Impact of Added BP on
Yellowing
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This observation supports the interpretation on the previous slide...




Hints at the Next Stage?¢
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1H selmigp.2 6.16ppm selectively excited

1H selnogp 7.04ppm selectively excited

1H selmigp.2 7.04ppm selectively excited
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Terminating Radical Reactions

o

Can we show more conclusively that this is a radical
reaction? And can we stop it¢

Radical mediated decomposition is common in UV
polymer degradation.

Chain terminators sometimes added to end the
radical chain reaction prematurely and protect
polymers.

OH

We fried two common radical eaters: OH
o Butylhydroxytoluene (BHT) OH

o 4-tert Butylcatechol (BC) BHT BC

If they slow down this reaction, confirmation that we
see a radical mediated photo-oxidation.




Degradation of Plates with Different 4-Tert Butylcatechol OH
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Performance of Improved Lightguide Coating

OH

: \ !H\(OH
_ TE K

Performance (Arb Units)

0 50 100 150 200 250 300 350
Exposure Time (mins sunlight)




Conclusions

o

We have identified an impurity, benzophenone, which is a
known UV blocker and photo-initiator, which builds up with UV
exposure in TPB

Rate of buildup indicates radical mediated photo-oxidation,
this was confirmed by stabilizer tests

We can improve coatings by 20% and significantly stabilize
them with 4-tert butylcatechol.

Yellowing also connected to BP, likely production of derivatives
in a second stage reaction — precise decay products not
identified, but hints seen in NMR.

Coatings can be stabilized by removing radicals — maybe
someone can suggest “the killer compound”...




