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COMPARISON OF TPB AND Bis-MSB  
AS VUV WAVESHIFTERS 



VUV WAVESHIFTERS IN LBNE 
•  The LBNE experiment waveshifters would be used to waveshift VUV (128nm) scintillation 

photons from liquid argon 

•  The waveshifting would occur in the surface of an acrylic bar 

•  The waveshifted light is then guided down the length of the bar to a visible light detector 

•  The waveshifting must occur within the bar for the waveshifted light to undergo total 
internal refraction 

•  Therefore, waveshifted photons are essentially detected perpendicular to the incident light 



•  Berlman (1971) completed the seminal work on 
the near UV (200-400 nm) absorption spectra 
and visible remission spectra for many organic 
compounds, including both Bis-MSB and TPB 

•  A setup that viewed the emission of different 
waveshifters dissolved in solvents in a similar 
manner compared to what the LBNE 
application 

•  Berlman used two monochromators 
•  One to illuminate the sample 
•  One to measure the output waveshifted 

spectrum 

•  The measurements of Bis-MSB were later 
extended to ~210nm by Yoshida et al. (2009) 

•  These waveshifters were dissolved in 
cyclohexane at ~0.1 mol / L 

PREVIOUS WORK 



•  Toluene sprayed directly on a bar with 
no waveshifter hurts attenuation length  

•  Dichloromethane (DCM) does not 
affect attenuation length 

•  Waveshifter dissolved in DCM, then 
sprayed on bar 

•  Sprayer material lines must be PTFE 
(Teflon) wrapped in stainless steel 
braid. 

•  Tygon is dissolved by the DCM 

•  Room lights shrouded with covers that 
block all wavelengths less than 520nm 

COATING APPARATUS 



•  30 25 x 50 mm acrylic bars used 
•  10 bars  never coated to serve as a 

control 
•  10 bars coated with Bis-MSB 
•  10 bars coated with TPB 
•  Each set of coated bars were coated 

with 5, 20, 25, 25, and 25 coat steps. 
•  This yields integrated coat 

numbers of 5, 25, 50, 75, and 100 
coats. 

•  All 30 bars were measured after  each 
coat step using precision microgram  
balance 

•  Each bar was measured twice after each spraying, 
and the average is used 

•  The uncoated bars are used to compute any 
systematic offset that may be present in the scales 
measurements. 

•  The mean uncoated offset was subtracted from  
weights of the sprayed bars 

COATING SURFACE DENSITY 



•  Each TPB coat applies 2.4 µg/cm2 

•  Each Bis-MSB coat applies 1.9 µg/cm2 

•  The sprayer apparatus applies more 
mass of TPB per coat than Bis-MSB 

•  The solutions were mixed by mass at 
200 : 1 (solvent : waveshifter) 

•  The sprayer apparatus applies a 
uniform volume of material to the bar 

•  Any difference in molecular weight 
would be maintained 

•  Molecular  weights of the two wave 
shifters: 

•  TPB: 358.475 g/mol 

•  Bis-MSB: 310.43 g/mol 

•  We measure a 1.26 mass ratio between the two 
waveshifters 

•  The molecular  mas ratio is 1.15 between the two 
waveshifters 

COATING SURFACE DENSITY RESULTS 



•  The output of monochromator is 
calibrated by  VUV photodiode 

•  NIST Responsivity calibrated 

•  Sensitive from 110 nm to 1 micron 

•  Calibration valid between        
110-250nm 

VUV MONOCHROMATOR 
•  The bar is held in a fixture that 

constrains all dimensions 

•  An MPPC is used to measure the 
waveshifted photons only 

•  The waveshifted photons are 
guided down the bar to the 
detector 

•  The MPPC measures photons 
perpendicular to the incident VUV 
photons 



•  All wavelength dependent corrections 
complete 

•  Lamp spectrum shape removed 

•  Responsivity of the VUV sensitive 
PD removed 

•  Corrected for geometric detector 
effects 

•  Corrected for differing waveshifted 
spectra 

•  Corrected for the responsivity of the 
MPPC 

•  Corrected for the 15% difference in 
molecular weights  

VUV WAVESHIFTER ABSORPTION SPECTRUM 
•  Measured coated with the sprayer apparatus 

•  3x 50 coats TPB 
•  4x 50 Coats Bis-MSB 
  



•  The mean of the set of the bars were 
used to form the curve 

•  The standard deviation was computed 
for each set at all wavelengths 
measured 

•  A 10% systematic uncertainty was 
added in quadrature to the statistical 
uncertainty 

•  Bis-MSB is at least as good as 
TPB in the region of 120 to 160 nm 

•  Bis-MSB is also significantly cheaper 
than TPB 

VUV WAVESHIFTER ABSORPTION SPECTRUM 



VUV MONOCHROMATOR SETUP TO VIEW NUV 
•  Need to check that the rise in efficiency between 170-200nm is a consistent with what is 

found in previous work 

•  We use the VUV monochromator to measure the waveshifter efficiency between 200-400nm 

•  We use an order sorting filter to block second order light from reaching the bar under test 
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•  Coated with the sprayer apparatus 

•  18 coat Bis-MSB bar to approximate the 
0.11g/L used in the Berlman and Yoshida 
results. 

•  Needed to look at the near UV 
absorption spectra. 

•  The slit width is a bit too wide in our 
monochromator, so it is washing out 
some of the peak to valley resolution 

•  The absorption peak that both Berlman  
and Yoshida measured are in the 
approximately the same location as 
what we measure 

•  According to Berlman, “…molecules 
dissolved in cyclohexane generally 
show sharper vibrational structure…” 

•  I normalized the structure at 245nm 
observed by Yoshida to what we 
measure in our spectra 

NEAR UV Bis-MSB ABSORPTION SPECTRUM 



•  Measured coated with the sprayer apparatus 

•  13 coat TPB bar to approximate the 0.1g/
L used in the Berlman results. 

•  Needed to look at the near UV 
absorption spectra. 

•  The slit width is a bit too wide in our 
monochromator, so it is washing out 
some of the peak to valley resolution 

•  The absorption peak that Berlman 
measured is in the approximately the 
same location as what we measure 

•  According to Berlman, “…molecules 
dissolved in cyclohexane generally 
show sharper vibrational structure…” 

•  Normalized the maximum value in 
each spectrum, since we only have the 
one peak 

NEAR UV TPB ABSORPTION SPECTRUM 



WAVESHIFTING EXPLANATION 
•  The current C out of the SiPM with detector PDE of εdet when N scintillation photons 

emitted at λi are waveshifted into the optical range Δλ is 

•  NΔλ is given by 

•  N(λi) is the number of scintillation photons, NW is the number of waveshifting molecules, 
σW(λi) is the cross section for absorption of scintillation photons, and εW(λi, Δλ) is the 
waveshifter efficiency 

•  Since the opacity τ to the waveshifted photons is small 

•  The measured current is then 

•  Since the distribution of scintillation photons impinging on the waveshifter molecules 
depends on the solvent (cyclohexane, acrylic) the agreement between our measured 
spectrum and the absorption spectrum from the literature will only be approximate  

CSiPM ~ N!! !i( )" !det
N!! !i( ) ~ N !i( )" NW "!W !i( )" !W !i,!!( )

( ) 1<<Δλτ

CSiPM ~ N !i( )! NW !!W "i( )! ! "i,""( )! !det



•  Waveshifters applied by our spraying 
apparatus produce predictable 
application surface densities 

•  The ratio of the surface densities 
applied are consistent with the 
ratio of molecular weights 

•  Dichloromethane should be used to 
dissolve the waveshifters as to no 
damage the acrylic light guides 

 

•  A VUV monochromator is used to 
measure the waveshifter absorption 
spectrum 

•  Bis-MSB and TPB both show comparable 
waveshifter efficiencies at 128nm (Liquid 
argon scintillation photons) 

•  There is a rise in the waveshifter 
efficiency between 170nm and 
200nm 

•  Bis-MSB efficiency rises by 
approximately a factor of two at the 
location of the LXe  175nm 
scintillation emission 

•  The measured shapes of Bis-MSB  and 
TPB both qualitatively agree between 
200nm and 400nm 

CONCLUSIONS 


