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ABSTRACT. Room Temperature Vulcanized (RTV) silicone compoundscammonly used to
bond optical components. For our application, we neededemwtify an adhesive with good ultra-
violet transmission characteristics, to couple photoiplidrs to quartz windows in a Heavy Gas
Cerenkov detector that is being constructed for Experiaignall C of Jefferson Lab to provide
/K separation up to 11 GeV/c. To this end, we present the ligimstnission results for Mo-
mentive RTV615 silicone rubber compound for wavelengthsvben 195-400 nm, obtained with
an adapted reflectivity apparatus at Jefferson Lab. All $asnpured at room temperature have
transmissions-93% for wavelengths between 360-400 nm and fall sharplybeR0 nm. Wave-
length dependent absorption coefficients were extractddfaur samples of different thicknesses
cured at normal temperature (Z5for 7 days). The absorption coefficient drops approxinydted
orders in magnitude from 220-400 nm, exhibiting distin@ioas of flattening near 250 nm and
330 nm. We also investigated the effect of a high temperaturing method (100C for 1 hour)
and found 5-10% better transmission than with the normathaotketThe effect was more significant
with larger sample thickness (3.35 mm) over the waveleragtige of 220-280 nm.

KEYwWORDS Detector design and construction technologies and naddéeiRadiation and optical
windows; Photon detectors for UV, visible and IR photonsc(ean) (photomultipliers, HPDs,
others); Cherenkov detectors
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1 Introduction

Silicone adhesives are very useful materials with widesgp@pplication in optomechanics. The
application may require fixing the pieces together withdagauring the transmitted optical path,
thus demanding an optically transparent adhesive. |ddaakdyadhesive should have a flat spec-
tral transmittance curve throughout the spectrum of istelienparting no coloration. Likewise,
the transmittance should be high in the spectral regiontef@st. Room Temperature Vulcanized
(RTV) materials, such as silicone adhesives, meet thesgreagents. MomentiVeRTV615 sil-
icone rubber compound (henceforth referred to simply as &IBY is a clear liquid which cures
at room temperature to high strength silicone rubber withdtddition of curing agents. It has
good optical clarity and good mechanical properties, makiwell suited for applications such as
potting solar cells, and for fixing optical components tbget

In our application, we used RTV615 to couple HamanfaR1584 127 mm (%) photomulti-
plier tubes (PMTs) to custom quartz adaptors for use in aw@aséerenkov (HGC) detectof]
filled with C4FsO gas at Jefferson Lab Hall€The HGC will be used in threshold mode, providing
chargedr/K separation in the momentum range 3-11 GeV/c, so good lidlgation efficiency is
important to provide reliable particle identification. TR&584 photomultiplier has a spherically-
shaped head with 132 mm radius of curvature, and a plancagenguartz adaptor with similar
radius of curvature is required to mate the PMT to a flat quaewport. Cerenkov light emission
is strongly peaked in the ultraviolet (UV), with radiatiortending in wavelength all the way down

IMomentive, 180 East Broad Street, Columbus, OH 43215, U.S.A

2Hamamatsu Photonics K.K., Electron Tube Division, 314-8infdkanzo, Iwata City, Shizuoko Prefecture, 438-
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to the GFgO absorption band at 185 nm. To minimize optical loss at the interface between
the quartz adapter and PMT face, we required a clear optittedsive to fill the gap between the
adapter and PMT, with good UV transmission characteristics

The optical transmission of RTV615 has been previously oreasby Klamara, et al., to be
nearly 100% between 250-320 nrd].[ Subsequently, Reekie et al., measured the transmission
of RTV615 between 220-250 nm for a sample thickness of @B0[3]. However, the effective
Cerenkov radiation band in our application ranges from @88-nm, thus an extensive study of
the material transmission is required to better understa@dverall photon detection efficiency of
our setup.

In this report, we present the transmission results for RIB/Between 195-400 nm wave-
length. Sectior2 presents our sample preparation, measurement methodssmcladed experi-
mental systematic uncertainties. There are two differaring methods suggested by the vendor at
normal (room) and high (10C) temperatures. For our application, the normal temperatiethod
is the most appropriate to avoid exposing the PMTs and qaddpters to heat as they are bonded
by RTV in situ. Thus the normal curing method is studied in more detail tharhigh temperature
method. Sectio presents the transmission results, and extracted wavblelegendent absorp-
tion coefficients and surface scaling factors for the nonmadperature cured samples. Sectdbn
gives a short discussion and summary of the main conclusions

2 Experiment

2.1 RTV615 silicone compound and sample preparation

The Momentive RTV615 A+B silicone compound consists of: BILE A silicone compound and
RTV615 B hardener. The recommended A to B mixing ratio is My eight and the working
time is 4 hours. The RTV615 A and B compounds were sequentdiiied to a plastic mixing cup
and the compound masses were monitored and controlled lgytal dcale with precision to 0.01 g.
The recommended mixing ratio was achieved to a highly atelesel, since the ratio between the
instrumental uncertainty (0.01g) and the total mixing amid@0 g) is very small. After mixing,
the compound was placed into a vacuum system (1 Torr) to mdit@iair bubbles, then carefully
poured into a 2 diameter dish for curing. The recommended curing time foeuiRTV615 is 6-7
days at 25C, or 1 hour at 100C [4]. Nine samples were prepared and six of them were tested.
Each of the samples has a different thickness and prepamatéihod, as listed in table All
samples were shaped to fit into‘adrcular optical holder, and so had equal diameter.

The RTV sample thicknesses were measured with a micromefieeaandom locations and
averaged, the standard deviation is listed in tdbkes the first error column. The errors in the
second column were computed by assuming that the sampieradiaf could deviate from normal
transmission by:2° in front of the detector, and is our estimate of sample pasitig/alignment
uncertainties. The total error in the RTV sample thicknasthé quadratic sum of the two error
columns, and is a reflection of the non-uniformity of the seargmnvolved with the positioning
systematic uncertainties.



Table 1. Mass, thickness and curing method information for the RT%6amples. For the thickness, the
first error listed is the variation in thickness across the@a and instrumental error, and the second error
takes into account sample positioning/alignment unaatits, as described in section 2.3. They should be
added in quadrature to obtain the total uncertainty. No& shmples #2, #3, and #5 were unsuccessful
preparation attempts.

Sample Mass Thickness Curing Method
#) (9) (mm) (TemperatureC)
1 4.204+0.01 1.90+0.07+0.02 Normal (25C)
4 7.31+£0.01 3.35+0.074+0.02 Normal (25C)
6 5.05+ 0.01 2.30+0.02+0.02 Normal (25C)
7 3.20+0.01 1.48+0.05+0.02 Heat (100C)
8 3.03+£0.01 1.37+0.02+0.02 Normal (25C)
9 7.37+£0.01 3.39+0.02+0.02 Heat (100C)

Figure 1. A schematic diagram of the measurement setup. LettersifdiEate the components’ position.
A: Light source box; B: Monochromator; G4 Focusing lens; D: Flat DUV Reflecting Mirror; E: Optical
Chopper; F: Detector and Sample. Note that E and F only iteltte approximate position of the compo-
nents (not shown). The distance from the monochromatoséikib the focussing lengdf) is 31 cm, and
total distance from the focusing lens to the sample() is 69 cm. The distance from the sample to the
detector is less than 3 mm.

2.2 Measurement setup

The measurements were performed with an adapted reflgdipjiaratus in the care of the Jeffer-
son Lab Detector Development Group and Free Electron Lamdlitlt. A schematic diagram of
the setup is shown in figurk The main body of the setup is constructed in three partstighe
source box, the monochromator and the detector hutch. ghe ox houses a deuterium D
lamp and anf1.5 focussing lens. Light from the deuterium lamp passesutiir the monochro-
mator and is filtered into a single wavelength, then it is &mxlibyf4 focussing lens and reflected
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Figure 2. A schematic diagram of the signal input and output throlghSR530 lock-in amplifier.

by a flat Deep Ultra-Violet (DUV) reflecting mirror before @ang the photodiode detector. Note
that the monochromatic light is chopped by a MC-100 opti¢edpper at a frequency of 14 Hz,
thus producing an AC signal for the detector. The distanem fthe monochromator exit slit to
the f4 focussing lensd) is 31 cm, and total distance from the focusing lens to theatet ¢ _q4)

is 69 cm. During the measurement, the sample was mounted iBtaptical holder placed di-
rectly in front of the photodiode, the estimated distanoenfthe sample to the detector is less than
3 mm. For further details on the reflectivity setup used taivbthe transmission results, please
see refs.§, 7].

The applied measurement principle is known as the lock-iplification technique, which is
often used in astronomy to detect a very small AC signal inreomawavelength band from a large
constant background. During the measurement, the lockaplifier picks up the monochromatic
AC signal, then applies amplification before sending to th cquisition system. Despite the
fact that the measurement was not performed in a dark boxlgteetor dark noise was about 0
V, which is much less than the measured signat ¢10). The signal fluctuation is too small to be
considered as a source of error. A schematic diagram ofdigg@ment is shown in figur2.

The monochromator was calibrated and installed with a hajdgc 200 nm blaze (1200
G/mm) grating to optimize the performance around 200 nm leaggh. The size of the focused
image was 6 mnx 4 mm at 225 nm, which corresponds to the peak of théabhp spectrum. The
transmission measurements range from 195-400 nm in 5 nre. s these other wavelengths, the
focussed image will be slightly larger, but still easily kit the 1 cmx 1 cm sensitive region of the
photodiode }]. The signal outputs from the photodiode were fed into a SRb68k-in amplifier,
set for 3 s time constant and 5 mV sensitivity. The monochtondwell time was set for 30 s.

A reference spectrum was monitored before every measutdorghe purpose of monitoring
the lamp stability and computing the systematic uncertaifithe duration of a complete set of
measurements was around six hours. The lamp stability walest and confirmed to have less
than+£0.5% fluctuation by the consistency of the reference spéttfigure 3. The transmission
results are the ratios between the measured and referemciessp



C ] A Samplel
5— ¢ ¢
- L 8 O Sample4
B 8 ] ¢ Sample6
? 41— ] O Sample7
o : a @@@
) L AB ] * Sample8
s [ A2a
5 3 B2, 0 A% @ V Sample9
n - AO oA @
) - VV_0A® @
_‘8 B Eﬁvao vogg gnaa
g 2 © Zov ok RmRnRa 00
= Skka 1L
£ t 8 av 0g5oe Y0 ¥E ggg
R L
1y ® BgBnEER
= v
B & Ao
B ¢
ol ahondd 1+ o+ 1 Ll L1 L
200 250 300 350 400

Wavelength (nm)

Figure 3. Response spectra as measured by a kchtm UV sensitive photodiod®]. The upper symbols
are the reference spectra, and the lower symbols are thaineasnt spectra.

2.3 Systematic error analysis

For each sample, the reference spectra were monitoredtpiioe acquisition of the measurement
spectra. The measurement takes 5-6 hours and the six refespactra were taken approximately
1 hour apart, where the conditions for each of the referepeetsa should be identical. The dif-
ferences among these measurements include systematitaimies such as: lamp stability, back-
ground noise, and setup vibration. The differences betwieerreference spectra are less than
+0.5%. For each sample, six transmissions were computeaty ttsé one measured spectrum and
the six reference spectra. The average of the six trangmigalues was taken as the transmission,
and the standard deviation was taken as the uncertainty.trdhemission uncertainties are less
than 1% across all measured wavelengths.

The focal length of the optical lens is wavelength depend&ithen a wavelength scan is
performed across a wide range of wavelengths, one needsifioncdhe light beam is no larger
than the effective area of the detector at all measured wagtis due to defocusing. The effective
area of the light detector used in this work is 1 cml cm, and the light beam is setup to be
focused to a 6 mnx 4 mm vertical rectangle at 225 nm. The focussed spot size ardgmed to
be projected within the detector acceptance at all wavéhsng

3 Results

3.1 Transmission results with different RTV thicknesses

Figure4 shows the transmission results for RTV samples #1, #4, #6t8nd hese four samples
were cured with the normal preparation method, and theisesaand thicknesses information are
listed in tablel. All four transmission curves show similar characterstiar wavelengths between
360-400 nm as well as below 235 nm. In the 360-400 nm waveieragion, the transmission
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Figure 4. RTV thickness study: Transmission results for normal dwamples #1, #4, #6 and #8. Note that
sample #8 has the smallest and #4 has the largest thicknes®riors in the transmissions, estimated from
the standard deviation when applying the six referencetspax each measurement spectrum, are smaller
than the plotting symbols.

curves fluctuate around 93% with deviationstt?.5%; below 235 nm, the curves fall sharply and
a cut-off occurs at 220 nm.

For the intermediate (235-310 nm) wavelength range, thestnéssion curves of the three
thinner samples (#1, #6 and #8) share similar characteyigtie transmission gradually increases
from 70% to 93% between 235-310 nm. The thicker sample #4 steosharp increase (about
35%) between 265-310 nm, and two gentler increases betvasefés and 320-360 nm. From the
comparison, it is obvious that the thinner samples havesb&tnsmission, particularly between
235-310 nm wavelengths.

3.1.1 Absorption coefficient fitting results

According to Beer-Lambert's law, the intensity of an eleatagnetic wave propagating through a
material drops off exponentially from the surface as

1(x) = loe™ %, (3.1)

wherelg is the electromagnetic wave intensity at the surface of thteral, x is the penetration
depth, andx is the absorption coefficient. The absorption dedgitan be computed as

Sp==. (3.2)

P(x) = 1) =g 9, (3.3)
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Figure 5. Fitting example to extraar andA at 340 nm wavelength. The solid magenta line is the fitting
result with the data points of four samples; the other limesthe fitting results for combinations of only
three out of four sample data points. The three digit labgitimtes which of the three sample data were used
to determinea andA. The horizontal error bars are quadratic sums of the twdtigiss errors in table 1.
The vertical error bars are the standard deviations duestsireference spectra.

In reality, surface reflection, and other scattering preessnay cause a loss to the detected
signal, therefore an additional surface scaling faéta introduced

P(x) = 1 =Ae 9, (3.4)

whereA corresponds to the signal loss at zero thickness (surfdggamd ranges between 0-1.

In figure 4, the transmission curves are shown for four different RTigkihesses, thus the
andA values can be extracted by fitting the transmission data.t(Bef) at any given wavelength.
The fitting ranges obr and A are set to be between 0.001-2 and 0.95-1.0, and the initiiaigfit
values are 0.1 and 0.97.

Figure 5 shows a typical example for extractirmg and A from the transmission results and
RTV sample thicknesses at 340 nm. The five curves shown orldhaplude the four data points
fit and the four combinations of three data point fits. Thedtdata point fits were performed to
check the consistency of the result if a single point wasusdad, for example if the thickness
used for that sample was outside the assigned systematic Bote that sample #4 is the greatest
thickness, thus the 168 fit has the least coverage in samiglnéss and so its fitting result is
more uncertain. The curves of the three point fitting resarésconsistent within errors of the four
point fit.

Figure 6 shows the fittedA results with all four samples in figu#from 220-400 nm. The
transmissions below 220 nm are too small and too close to @heh in value to provide reliable
absorption coefficient fits. The shaded band around the ésithe variation of the fitted\ using
only three out of four samples (four combinations in tota§,indicated in figur&. Anticipated
fitted A values range from 0.9-1.0 between 280-400 nm, as expeatedtifoe surface effect from
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represents the variation of fittedlvalues when taking combinations of only three out of four gles, as
described in the text. The total uncertaintyAimt any wavelength is the arithmetic sum of the error bar and
the shaded error band.

clean silicone. The data fits for 230-280 nm prefer a scalaigevslightly larger than 1, consistent

with 1.00 within an accuracy of about 5%. The fitted values asgbciated errors are somewhat
larger for 220-230 nm. Since we could not identify a justiéateason to allow the surface scaling

factor to exceed 1, we fixefl = 1.00 below 280 nm to extract the. If this restriction was lifted,

it would result in a value ofr higher by 10-20% foA < 280nm.

Figure 7 shows the fittedx versus wavelength curve for all four samples. The band aroun
the curve is the variation range of the fittedusing only three of four samples, as previously
discussed foA. The a value and its error bar at any given wavelength can vary withé band.
The a values show an overall increasing trend as the wavelengshsherter. Noticeably, there is
a plateau between 320-350 nm and a second region with géople Isetween 235-270 nm. Since
these correspond to photon energies of 3.7 and 4.9 eV, tasggcwhich are of the typical order
of molecular transitions, these plateaus are likely cabyexsbme aspect of the molecular structure
of the cured RTV compound, such as either absorption or{angge diffractive scattering from
the molecule. In addition, the upper edge of the UV absangtiegins at 230 nm.

3.2 High temperature curing method

In order to directly compare the transmission results betwtbe two recommended curing meth-
ods, we prepared two pairs of samples of similar thickne@aasses) and their transmission results
are plotted in figuré. The transmission curves for samples #7 and #8 are almagidadkethrough

all wavelengths, where the former was cured with heat andatter with the normal method.
However, sample #8 is 5% thinner than sample #7, which imphie heat method may have some
positive effect in terms of photon transmission. The effaefcthe heat method is more obvious
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Figure 8. Heat study: Transmission curves for samples of similarkinesses (masses) cured by different
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the heat method. Samples #4 and #9 measure 3.35 mm and 3.39tmickness, where #9 was cured with
heat method. The standard deviations due to the six refeisgrectra are smaller than the plotting symbols.

by comparing the transmission between samples #4 and #3ewlne former is cured with nor-
mal method and the latter with the heat method. The masgetiife between the two samples
is less than 1%. The sample #9 (heat) transmission is 5-1@%ehthan that of sample #4 (nor-
mal) between 235-265 nm, and the difference between the twaes are less than 2% at other
wavelengths.



The material density of both normal and heat cured samples measured to be 0.909 g/gm
+ 0.063 g/cm, assuming a water density of 1 g/muith no uncertainty. A buoyancy test was also
carried out to compare the sample density cured by differesthods. The result suggests the den-
sity difference between the normal and heat prepared sarngteegligible, thus we conclude the
density difference is not the cause for the deviation in taegmission for samples with different
preparation methods.

4 Discussion and summary

In this work, we present optical transmission results foWRI5 between 195-400 nm, including
an extraction of the absorption coefficient versus wavetefay the first time. The previously pub-
lished transmission curve between 220-250 nm in B¥fsfiows the same falling edge at 230 nm,
despite the extremely small sample thickness of {60 To make a more detailed comparison to
our results, we extracted absorption coefficients from mmwamission data between 220-250 nm,
computed for 15Qum thickness. The two sets of transmission results betwebf23@ agree re-
markably well once our calculated values are adjusted Ityei% at all wavelengths. Given the
limited wavelength range of ref3], it is difficult to make a definitive statement on the origih o
this difference, but it is consistent with a 5% surface dfiacthe transmission data of ref3]|

for example caused by reflection from the sample surface. ZBe320 nm transmission results
of ref. [2] also share the same general trends as our data, but givedliity of those data, it is
difficult to make a more quantitative comparison.

To briefly summarize, our measurements indicate that alptesrcured at normal temperature
have transmissions around 93% for wavelengths betwee@80ym, and the upper edge of the
UV absorption begins at 230 nm. This performace was suftidi@nour intended application
in a Heavy Ga<Cerenkov detector. These results are also reasonablystemisivith previously
published data, although there may be an unexplained surédlection in the results of ref3].
We also measured the transmission versus sample thicknésxtmacted the absorption coefficient
a in units mnTt. The absorption coefficient shows an overall decreasingtwith increasing
wavelength, and was found to drop approximately two ordersagnitude from 220-400 nm,
exhibiting distinct regions of flattening near 250 nm and 88@ We also investigated the effect
of a high temperature curing method (2@for 1 hour) and found 5-10% better transmission
than with the normal method (26 for 7 days). The effect was more significant with larger si@mp
thickness (3.35 mm) over the wavelength range of 220-280Sinte the effect of high temperature
curing method was small and would have been complicated péemment in our application, we
did not pursue the heat study further.
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