
SHELDON-REWIND
REfractive index With INterferometric 

Devices
Measurements of the Liquid Scintillator 

optical properties

Gioele Reina: gioele.reina@mi.infn.it
University of Milan + INFN
JUNO italian meeting meeting 

Davide Basilico, Marco Beretta, Augusto Brigatti, Barbara Caccianiga,
Federico Ferraro, Cecilia Landini, Paolo Lombardi, Alessandra Re, 

Gioele Reina

mailto:gioele.reina@mi.infn.it


ENERGY AND POSITION MEASUREMENT

Gioele Reina

Total number of collected photons

Energy 

Measured times of arrival

Position 

PMTs detected 
light

2JUNO italian meeting



ENERGY AND POSITION MEASUREMENT

Gioele Reina

Total number of collected photons

Energy 

Measured times of arrival

Position 

PMTs detected 
light

● Light yield
● Transparence
● Cherenkov contribution

3

● Fluorescence times τi
● Refractive index n
● Group velocity vg
● Emission and Absorption

JUNO italian meeting



ENERGY AND POSITION MEASUREMENT

Gioele Reina

The best achievable event reconstruction is needed to fulfill the main goals of JUNO
● Energy resolution 3% (@1MeV) 

● Spatial resolution 10 cm (@1 MeV) 

Total number of collected photons

Energy 

Measured times of arrival

Position 

PMTs detected 
light

● Light yield
● Transparence
● Cherenkov contribution

Best LS characterization

4

● Fluorescence times τi
● Refractive index n
● Group velocity vg
● Emission and Absorption

JUNO italian meeting



ENERGY AND POSITION MEASUREMENT

Gioele Reina

The best achievable event reconstruction is needed to fulfill the main goals of JUNO
● Energy resolution 3% (@1MeV)

● Spatial resolution 10 cm (@1 MeV) 

Total number of collected photons

Energy 

Measured times of arrival

Position 

PMTs detected 
light

● Light yield
● Transparence
● Cherenkov contribution

Best LS characterization

5

● Fluorescence times τi
● Refractive index n
● Group velocity vg
● Emission and Absorption

JUNO italian meeting



SHELDON-REWIND  

Gioele Reina 6

SHELDON-REWIND:
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Refractive index n 

Position reconstruction Energy reconstruction

Arrival time measurements
+

processes at boundary

Cherenkov contribution
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n: Arrival time measurement + Cherenkov contribution
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n: Arrival time measurement + Cherenkov contribution

For this measurement we use a refractometer:
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For this measurement we use a refractometer:
● Laser source with incident angle θi on empty cuvette (width s)

n: Arrival time measurement + Cherenkov contribution
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For this measurement we use a refractometer:
● Laser source with incident angle θi on empty cuvette (width s)
● Detect light with CCD camera 
● Fill cuvette with LS
● Different refractive angle with/without LS
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For this measurement we use a refractometer:
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Testing at several wavelengths 

From 405 nm to 1064 nm

Get n as a function of wavelengths

Cherenkov radiation
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OUR MEASUREMENT

REWIND: Refractive index with refractometer  
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Lens
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Lasers

REWIND optical 
breadboard

DAQ LabVIEW code
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REWIND: Refractometer experimental setup 
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Lens
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Collimator

Optical fiber 
transporting light

Cuvette

CCD (5.2 μm)
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Wavelength (nm) Refractive index

405.5 1.505 ± 0.007

476.5 1.486 ± 0.007

514.5 1.49 ± 0.008

633 1.473 ± 0.007

670 1.478 ± 0.003

745.7 1.473 ± 0.007

823.5 1.469 ± 0.007

1064 1.468 ± 0.007

Fit with Sellmeier equation

σn<0.5%
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B 1.136 ± 0.008

C (nm2) (1.618 ± 0.213)x104

corrB-C -0.876

𝜒2/ndf 0.44

JUNO italian meeting

Good agreement with the model

preliminary

The result is used to predict the group velocity
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B 1.136 ± 0.008

B_SNiPER 1.164

C (nm2) (1.618 ± 0.213)x104

C_SNiPER (nm2) 1.123x104

Planning on decreasing wavelength: 
258-350 nm

preliminary

Relative difference <1% @~800 nm
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Group velocity 
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LS emits photons with different wavelengths
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LS emits photons with different wavelengths
The propagation of light should be predicted 

by the group velocity vg

vg impacts on photons arrival time to PMTs
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LS emits photons with different wavelengths
The propagation of light should be predicted 

by the group velocity vg

Precise measurement of vg provides the 
correct model for light propagation 

vg impacts on photons arrival time to PMTs
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REWIND: Interferometer experimental setup 
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Beam splitter

Mirror 1
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Planning on decreasing wavelength 
and fill the gap 

between 500 nm and 1000 nm

Refractive index from the 
previous fit result

Wavelength (nm) Group velocity (c)

516 0.6394 ± 0.006

1032 0.6748 ± 0.007

prelim
inary
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CONCLUSIONS

REFRACTIVE INDEX

● The experimental setup is installed    (✓)
● We performed measurements of n between 405-1064 nm    (✓)
● Planning on measure n with lower wavelengths (in progress)
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GROUP VELOCITY

● The experimental setup is installed    (✓)
● We performed two measurements of vg at 516 and 1032 nm (✓)
● Planning on measure vg with other sources (in progress)
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Thank you for your attention
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BACKUP SLIDES
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JUNO liquid scintillator (LS) - light emission 
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Recipe: LAB (solvent) + 2.5 g/l PPO (scintillator material) + 3 mg/l bis-MSB (wavelength shifter)
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Charged particle passes through the LS

Scintillation/Fluorescence
● transition from excited 

to ground state 
● Light-yield: 104 ph/MeV
● isotropic
● τ: few ns to few μs

Cherenkov
● β=v/c > 1/n
● ~1% of scintillation
● directional
● instantaneous

Emission of light



Neutrino interactions
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Inverse Beta Decay (IBD)

𝜈e + p          e+  +  n

Elastic Scattering

𝜈  + e-        𝜈  +  e-

e+ + e-        2γ (511 KeV) n + p        γ (2.2 MeV)

200 μs
delayed

few ns
prompt
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Detection of light by PMTs

Antineutrinos Neutrinos
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LS-Emission spectra
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Rindex Info

52

Useful link to check known refractive index of several material as a 
function of temperature, pression, wavelength, humidity and so on:

refractiveindex.info

Gioele ReinaJUNO italian meeting 52



Refractive index with refractometer - laser  
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Testing at several wavelengths 

● He-Ne: 633 nm

● Ar: 476 nm, 514.5 nm

● Diode: 405 nm, 670 nm

● Yb: 345 nm, 516 nm, 1032 nm

● Nd:YAG: 1064 nm
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Refractive index with refractometer: real case  

Effect of refraction with 405 nm

Absorption and re-emission by LS 
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Refractometer-LabView  
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<y>
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Comparison our data-SNiPER-rae  

Gioele Reina 56JUNO italian meeting


