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As Brian Baptista will show in a later session, our experiments 
at IU show that bis-MSB is at least as efficient as TPB in  
waveshifting VUV into the optical 

Efficiency for conversion of VUV photons to 400-500 nm 
errors: statistical + systematic (10%) added in quadrature   
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bis-MSB is significantly less expensive than TPB  
Are there disadvantages to using bis-MSB? 

Problem: In LBNE, photon detector paddles are wrapped in the  
APA’s during construction – there are 3 wire planes to be wrapped 

Under what light conditions can the APA planes be safely wrapped 
without affecting the waveshifter efficiency? 
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What we tested in this investigation: 
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cast acrylic light guides with bis-MSB or TPB  
embedded onto the surface 

Table 1. Attenuation length of the tested acrylic

Manufacturer Acrylic Type Thickness Wavelength Attenuation Number of

(mm) (nm) Length (m) Meaurments

Lucite-UTRAN Cast UVT 6.0 385 1.57± 0.03 3

Lucite-UTRAN Cast UVT 6.0 420 2.60± 0.07 12

Lucite-UTRAN Cast UVT 6.0 470 2.63± 0.07 3

ACRYLITE OP-4 Cast UVT 4.0 420 1.55± 0.02 3

Plexiglas Sunactive Cast UVT 6.3 420 1.27± 0.03 3

Spartech-SUVT Cast UVT 4.6 420 0.73± 0.04 9

McMaster-Carr Extruded UVA 5.0 385 0.2317± 0.0003 3

McMaster-Carr Extruded UVA 5.0 420 0.473± 0.006 4

McMaster-Carr Extruded UVA 5.0 470 0.81± 0.04 3

Altec Plastics Cast UVA 6.0 385 0.2301± 0.0008 3

Altec Plastics Cast UVA 6.0 420 0.37± 0.01 4

Altec Plastics Cast UVA 6.0 470 0.454± 0.006 3
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We looked for the cast acrylic with longest attenuation length 

plastic  
adopted 
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• Light Guide Coating Apparatus 

We have developed a facility to test coating technology for the waveguides.  A schematic of the 
apparatus is shown in the figure below along with the prototype setup itself.  The prototype 
apparatus is set inside a fume hood for safety since the waveshifters are first dissolved in toluene 
before spraying. 

 

We are currently coating cast acrylic bars with both bis-MSB and TPB.  We are experimenting 
with different concentrations of waveshifter + toluene that are dissolved in polystyrene.  These 
tests are looking to find the optimum viscosity and waveshifter concentrations. 

• Photodetector Characterization 

We have developed several pieces of apparatus meant to characterize and calibrate 
photodetectors for the challenging space environment found at L2.  Among these is the device 
pictured below, developed to measure the dark current and relative spectral response of 
photodiodes as a function of wavelength.  We will use this apparatus to characterize the 
Hamamatsu SiPMs for the photon detectors prototyped at IU for the 35-ton prototype tests. 

Figure 2: Examples of waveforms after cuts described in Sec 3.1. The first pulse is early light
which produces the trigger. The trigger level is set at a 15 ADC counts, which corresponds
to just below 3 PE, as determined in Sec 3. The early pulses (with time constant of ∼ 6 ns)
are produced by multiple UV photons impinging on the bar. Thus the early pulses vary in
pulseheight. Single-PE late light pulses can be also be seen in these events.

ditional mode with record headers enabled. The channel is configured to have

an input range of ±200 mV. A trigger is produced by a negative pulse with an

amplitude that exceeds 15 ADC counts, which corresponds to a peak voltage

of −23.44 mV. When a trigger is produced, 128 pre-trigger samples and 384

post-trigger samples are recorded at a sampling rate of 1 gigasample per sec-

ond, leading to a total recorded profile of width 0.512 µs from both channels.

We store the pulse profiles to disk for later analysis offline.

Figs. 2 and 3 provides some illustrative examples of event waveforms. The

first pulse, which is required to be above the 15 ADC-count trigger, is consistent

with the many photons expected for the early light. Despite the impurities in

the industrial grade argon, we do observe late-light pulses in the events.

3. Conversion to Photoelectrons

We use both early and late pulses to convert pulseheight information in the

waveforms to the number of PE in the event.

3.1. Analysis Cuts for the Calibration Samples
In order to perform the calibration, “clean pulses,” such as those shown in

Fig. 2 are needed. However, the majority of events have merged pulses, such

are shown in Fig. 3. We apply cuts to obtain clean pulses as described in this
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fast light!
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light!
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Photon Detection Overview: coating light guides!

as well as the needle assembly have to be stainless steel.  Appendix 2 has details of this spray 
gun.  This spray gun comes with the option of installing several different sizes of needles and 
nozzles depending on the viscosity of the material.  Since the viscosity of the spray material will 
be varied during prototyping it is recommended that all of the needle/nozzle assemblies be 
purchased and used to evaluate the spraying. 
 
Spraying is started by opening a valve on the main air inlet, see Figure 2.  A minimum of 50psi is 
needed to actuate the gun.  The nozzle would be positioned initially so that when spraying starts 
it is not spraying the scintillator.  Once spraying is initiated the go  button on the motor 
controller would be pressed to start the slide motion.  The nozzle would continue to move until 
the spray was past the far end of the scintillator and then the spray could be stopped by closing 
the air inlet valve.   
 
The spray material would be supplied from a 2 gallon stainless steel tank that is under pressure.  
Binks Part # 183S-220 would be used.  This tank comes with two regulators.  A common air inlet 
feeds both regulators.  One regulator sets the pressure for the tank, the 2nd regulator sets the 
pressure for the spray gun.  Information on the tanks and spray gun are in Appendix 2.   
 

 
Figure 1a  Spraying Fixture 

 
 
 
 

 
Figure 1b  Close up view of spraying nozzle and scintillator. 

 

 
Figure 1c  Side View of Spraying Fixture 

 
 

DESCRIPTION

The Binks 460 Automatic Spray Gun is a small precision
gun designed with accuracy in mind, for ease of fitting
to existing automatic and semi-automatic machine. 
Its compact dimensions also enable the gun to be
installed neatly and at close quarters, where the standard
range of automatics cannot be accommodated. 

FEATURES

• Aluminum alloy body with brass air nozzle.

• Stainless steel needle valve and springs.

• Both gun operation and spray variation is controlled
from a single air supply.

• Control valves for atomization fan and air flow.

• No lag, instant piston controlled “on and off”.

• A range of fluid nozzles for applying many liquid coatings.

GUN ASSEMBLY ORDERING INFORMATION

6401-1800-5
460 Gun J920SS-J92P with .020" Fluid Nozzle

6401-1900-5
460 Gun J930SS-J92P with .030" Fluid Nozzle

6401-2000-5
460 Gun J940SS-J92P with .040" Fluid Nozzle

6401-2100-8
460 Gun K960SS-K92P with .060" Fluid Nozzle

SPECIFICATIONS:

Max Air Pressure: 100 PSI/6.8 Bar
Min Air Pressure: 50PSI/3.4 Bar
Max Fluid Pressure: 100 PSI/6.8 Bar
Air Volume Requirements: 20 SCFM Max 
Gun Body: Aluminum Forging
Fluid Path: Stainless Steel
Fluid Inlet: 1/4" NPS (M)
Air Inlet: 1/4" NPS (M)
Gun Weight: .43 Ibs/.2kg
Gun Mounting Hole: 1/2" Dia.

Binks Model 460 
LIGHTWEIGHT AUTOMATIC

SPRAY GUN

AIR FLOW ADJUSTMENT
Clockwise to reduce pressure;
Counterclockwise to increase pressure.

FAN SPRAY WIDTH ADJUSTMENT
Clockwise to reduce pressure;
Counterclockwise to increase pressure.

1/2" DIA. MOUNTING HOLE

Replaces 
Part Sheet 
77-2019R-2   

Part 
Sheet

77-2019R-3

FLUID NEEDLE
ADJUSTMENT

FLUID INLET 
1/4 NPS(m)

AIR INLET 
1/4 NPS(m)
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Waveshifter applied using an automated spraying apparatus 

computer controlled stepper  
motor for spray head 

laboratory setup 

3 sets of bars prepared for each waveshifter: 
•  5 bars kept in the dark 
•  5 bars exposed to UV blocked fluorescent light in dark box 
•  5 bars exposed to fluorescent light contuously 
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TAPR50 T8 and T12 UV Filters only $200 for a case of 24

 
 
 

Call for pricing on 8 foot special order sleeves 

TAPR50 UV Light Filter
OUR TAPR50 FILTERS LIGHT AND UV WAVELENGTHS SHORTER THAN 528
NANOMETERS

These high performance light and UV sleeves are available in four foot T8 and
T12 options.  Ergomart's TAPR50 sleeves are ideal for pharmaceutical, chip
manufacturing and processes that require complete elimination of the "blue
light" wavelengths.  This product is also successfully used to control
wavelengths that are detrimental to the health of people with severe light
allergies and disorders exacerbated by wavelengths below 520.

It should be noted that this fluorescent lamp filter allows an orange red light
that makes discerning the normal spectrum of colors with the human eye
impossible.
 

Virtually eliminates UVA and UVB radiation below 520
Protects carpets, textiles and books from UV radiation
Helps protect clothes and artwork in most environments
Slows vitamin potency loss in milk on grocery shelves
Increases shelf life of many meat products
Four foot T8 and T12 sleeve versions available
Call to make arrangements for expedited shipping
5 Year Warranty—expected life from 10 to 15 years
Purchase 4' T8 Value Pack 24 Case for just $115.00
Purchase 4' T12 Value Pack 24 Case for just $125.00
UPS Ground shipping is included—no hidden charges
Orders typically ship the next business day from Dallas

 
UNIT COSTS—options for buying less than one (24 sleeve) case:
4' T8 UNIT COSTS: 1 $20 / 2–4 $15 / 5–9 $11 / 10–23 $7
4' T12 UNIT COSTS: 1 $25 / 2–4 $17 / 5–9 $12 / 10–23 $8

*AL HI and PR Note: To determine shipping options, please contact us
at 214 742 6066 or sales@ergomart.com or you may select "I will use
my shipping account"
**Canada/International Note: Listed shipping prices are for shipments
within the lower 48 United States. International Customers ordering
outside the US, please contact us for shipping options. 214 742 6066
or sales@ergomart.com or you may select "I will use my shipping
account"

Professional installation is always recommended for all wall-mounted Ergomart
products. Improper installation may result in injury or damage. Consult
Ergomart technical support regarding any mounting concerns or questions.
 

HOME > UV & SPECTRUM FLUORESCENT LIGHT FILTERS > TAPR50 UV Light Filter

Monitor Arm
SAA2415 Heavy Duty Arm 

Mounts with Keyboard
Trays

TRS2718-BB103 

Light Filters Wall Track Mount
Heavy Duty Track COMBO 2 

Monitor Arm
SAA7000 Monitor Arm 

Popular Items Also Available From Ergomart
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UV blocking (λ < 520 nm) filters: 
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It works 
light guide illuminated by 385 nm LED 

without filter with filter 



July 9, 2012 15 

fixture for 245 LED 
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Measurements –  
•  light guide mounted in dark box 
•  245 nm LED driven by stepper motor along length of light guide 
•  photodetection at end of light guide with SiPM 

dark box with light guide mounting 
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Experiment was not successful 

LED light output variable with small changes in input current 
and temperature – cannot monitor 245 nm LED with Si detectors 
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Second test: illuminate samples with 385 nm LED; monitor LED  
                     before/after measurement with Si photodiode; 
                      measure light output with Si photodiode 

Unfortunately, this test also was not successful 

LED 

Si photodiode Si photodiode 

We were illuminating the waveshifter with the UV photons that we  
*know* degrade it 
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After only 15–20 minutes of exposure, both waveshifters degrade 
significantly when irradiated by intense 385 nm light  

Hints that bis-MSB more sensitive and demanding to work with? 
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Next try –  
•  measurements in vacuum VUV monochromator 
•  sweep from 128 nm – 168 nm in steps of 10 nm 

3 sets of bars prepared for each waveshifter: 
•  1 bar kept in the dark 
•  1 bar exposed to UV blocked fluorescent light in dark box 
•  1 bar exposed to fluorescent light contuously 

Time-consuming measurements underway 
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Lab measurements of waveshifting bars in LAr at IU 
Two modes:  241Am α (5.5 MeV) source; cosmics 

241Am	  

cosmic µ’s 

Z;

')*
viewed by 3 ganged  

SensL SiPMs 

hodoscope paddles 
provide readout triggers 

$%",,-%*
$0%-#0(/:
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)("#-

8("##()*+"$

8.25 pe/alpha, 
1 pe in noise 

bright cosmic 

bis-MSB light guide 
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SensL SiPM in LN2 
MicroFB-60035-SMT 

bias = 24.5 V; gain ~ 106 

Nevis shaper  

single pe signal  
amplitude 75 uV 

Hamamatsu MPPC warm 
S10985-050C 

bias = 72 V; gain ~ 106 

Nevis shaper  

single pe signal  
amplitude 70 uV 



IU PD Prototype Testing at Fermilab 

•  Prototype testing in new Tall Bo dewar at Fermilab 
−  dewar: 22” x 70”, due to be installed in late August 
−  prototype tests: 2 weeks starting mid-to-late September 
−  2 x 2 array to be tested:  

v   2 PDs with TPB, 2 PDs with bis-MSB 
v   2 PDs with Hamamatsu MPPCs,  
     2 PDs with SensL SiPMs 

−  each photodetector (n=48) read out individually 
−  ss frame 
−  feed-through plate with > 50 Lemo connectors 
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Fermilab “Tall Bo” 
Dewar: 450 liters 

22” 

1.8 m 
CREST BaF2 
hodoscope 

array 

photon detector paddle: 
4 light guides 

6 mm x 25.4 mm x 0.5 m 
3 SiPMs/light guide 

CR 

4 PD paddles –  
paddles 1 & 2: TPB 
paddles 3 & 4: bis-MSB 
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Tall Bo 

cover plate 

feed-through plate, 
qualified to 4x10-6 torr 



Schedule: 

Work Plan: 
May September 

May 

September 
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