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MiniCLEAN (in one slide…)

• Single-phase LAr/LNe 
dark matter search

• Reads out only 
scintillation light

• Uses difference in time 
structure (PSA) to 
distinguish nuclear 
recoils from electron 
recoils

• Detailed understanding 
of optical propagation 
is important
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Detector Response

Argon/Neon

EUV Light

TPB

WLS Visible Light

Acrylic/Ar/Ne PMT

Charge

• Noble Elements scintillate in 
extreme ultraviolet (EUV)

• Essentially no fast, sensitive, big 
and cheap photon detectors are 
directly  sensitive to EUV

• Characterizing WLS behavior is 
very important!
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Hasn’t Someone Done 
This Already?

•Yes, but…

•There was a lot of ambiguity 
in the shape of the re-
emission spectrum as a 
function of input wavelength

•Previous efficiency 
measurements were made 
relative to other fluors 
whose absolute efficiency 
was uncertain to about a 
factor of two!
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Hasn’t Someone Done 
This Already?

•Yes, but…

•There was a lot of ambiguity 
in the shape of the re-
emission spectrum as a 
function of input wavelength

•Previous efficiency 
measurements were made 
relative to other fluors 
whose absolute efficiency 
was uncertain to about a 
factor of two!

Absolute Efficiency [%] Layer Thickness
2537 Å 1216 Å 304 Å [mg / cm2]

99 94 2–4
62–80 41 5

65 38 2
50 1–2
64 6
25 ?
60 2 mma

aSample was a plaque pressed 2 mm thick

Table reproduced from “Techniques 
of Vacuum Ultraviolet Spectroscopy,”  

James A. R. Samson, ©1967
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Experimental Apparatus
Since we are observing individual photons, we care about 

the efficiency as a ratio of photon rates.

�(λ) =
ITPB − Idark

Ilamp − Idark
× g

�
dλ� hc

λ� C(λ�)S(λ− λ�)
�

dλ�� hc
λ�� C(λ��)R(λ��)
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•Measured by us
•Measured by IRD/NIST
•Calculated from our measurements
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the efficiency as a ratio of photon rates.
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Spectrometer is sensitive 
down to 200 nm!
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Systematic Checks
• Light source 

resolution: 8.5 ± 0.5 nm

• TPB film thickness: 1.5 
± 0.05 μm (thin film 
reflectometry)

• Acrylic (substrate) 
transmittance

• Optical train (lens, 
fibers, feedthroughs) 
transmittance

• Photodiode response 
(measured by IRD and 
NIST)
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Visible Re-emission Spectrum

Wavelength [nm]
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Fluorescence Efficiency
• The absolute efficiency calculation adds one more ambiguity: 

angular distribution of re-emission light

• No published measurements for TPB!

• Most naive assumption (isotropic re-emission) gives 
unphysically high efficiencies

• Found published angular distribution for Sodium Salicylate (the 
“other fluor” from Slide 4)

• Follows Lambertian (cosine) 
distribution

• Calculated “Forward Efficiency” (re-
emission at 0∘, no assumptions) and 
total efficiency (more useful, 
requires Lambertian assumption)

FLUORESCENT QUANTUM EFFICIENCY

distance of about 10 cm. The slides were prepared by
cleaning with detergent and hot chemical cleaning
solution (concentrated sulfuric acid and potassium
dichromate), then rinsed in water and absolute metha-
nol, and finally air dried. Spraying was done continu-
ously, with the air brush adjusted to give a fine spray
which appeared dry at the time it struck the slide. Care
was taken not to let the sprayed solution wet the slide,
for this caused irregular films. About 15 min of spraying
gave a film thickness of 3 mg/cm2 . Thickness was deter-
mined by weighing the slide. Salicylate screens pre-
pared in this way had a fine, even texture and possessed
excellent uniformity of fluorescence over the area of the
slide and from one screen to another. Recently, Knapp"5

has suggested a convenient atomizing apparatus for
applying salicylate layers. Ordinary medical nasal
atomizers have also proved usable.

In order to determine the optimum salicylate layer
thickness, the relative fluorescent intensity was meas-
ured on the side opposite the incident ultraviolet beam
for a series of layers ranging in thickness from 0.04 to
7.0 mg/cm2 . A photomultiplier was used at such a
distance that it subtended a small angle (-5°) at the
salicylate screen. Measurements were made of the
relative fluorescence output both at the normal to the
screen and at the angle of maximum fluorescent in-
tensity in the back hemisphere. Results of the measure-
ments normal to the surface are given in Fig. 2. A
similar curve results if the maximum intensity is plotted
against thickness and also if total fluorescent intensity
over all angles is given as a function of thickness. A
broad maximum in fluorescent output occurs in the
thickness range 2-4 mg/cm2 . The plateau that appears
in Fig. 2 for thicknesses greater than -2 mg/cm 2 is
actually a broad maximum as shown by a gradual
reduction of intensity at greater thicknesses than shown
in Fig. 2. For example, the intensity at a thickness of
7 mg/cm2 was 12% lower than the maximum intensity.

The angular distributions of fluorescence for salicylate
films thinner than optimum are given in Fig. 3. Only
the distribution of fluorescence from the back (glass)
side of the sample is shown since the angular distribu-
tions were found to be symmetrical about the plane of
the side. A rather marked difference in the general
shape of the angular distribution was found according
to whether the salicylate layers were thinner or thicker
than -0.3 mg/cm2 . Films thicker than this showed a
somewhat flattened, cosine-like distribution, approach-
ing a true cosine distribution more closely as thickness
increased. Layers thinner than -0.3 mg/cm2 showed a
characteristic, markedly flattened angular distribution
with maxima lying between 500 and 600 away from
the normal. This behavior suggests that some degree of
orientation of the crystallites is present in the thinner
films, but those thicker than -0.3 mg/cm2 lose pre-
ferred orientation rapidly as thickness increases, pre-

'5 R. A. Knapp, Appl. Opt. 2, 1334 (1963).
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FIG. 2. Relative intensity of fluorescence of sodium salicylate
films as function of thickness.

sumably becoming quite random at thicknesses greater
than -1 mg/cm2 . This matter has some bearing upon
the deduction of F from measurements that record only
part of the total fluorescence. The question arises as to
what fraction of the fluorescence suffers total internal
reflection in the glass slide. This fraction would be
appreciable if the sodium salicylate crystallized into an
oriented layer in optical contact with the glass, because
sodium salicylate has a refractive index 1.56-t0.01,
according to our measurements, and therefore matches
the index of the glass rather closely. If the sodium
salicylate were in optical contact with the glass, all
fluorescent energy emitted at angles greater than about
410 would be internally reflected at the glass-air inter-
face on the side opposite the salicylate coating, and
much of this internally reflected energy would be lost
through absorption or through light piping to the edges

330° 30o

FIG. 3. Angular distribution of fluorescent radiation from films
of sodium salicylate of various thicknesses: A = 0.08 mg/cm2 ,
B=0.22 mg/cm2 , C=0.44 mg/cm 2, D=0.76 mg/cm 2, E=0.89
mg/cm2 . The angular distribution for films in the thickness range
2-4 mg/cm2 is a cosine distribution to within 41% and would
be simply a circle tangent to the salicylate sample in the above
figure. A

749June 1964

J. Opt. Soc. Am., 54, 747 (1964), Fig. 3



Forward Fluorescence 
Efficiency
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Total Fluorescence 
Efficiency
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Thank you for your attention!
Any questions?

You can also read the preprint: 
arXiv:1104.3259v1 [astro-ph.IM]

http://arxiv.org/abs/1104.3259v1
http://arxiv.org/abs/1104.3259v1

