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JUNO Collaboration effort
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Big effort from the JUNO collaboration to collect all these information on the LS with small scale experiments
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SHELDON-REWIND:
REfractive index With 

INterferometric Devices

● Refractive Index n
● Group velocity vg
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For this measure we use a refractometer:
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For this measure we use a refractometer:
● Laser source with incident angle θi on empty cuvette (width s)
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● Different refractive angle with/without LS
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Testing at several wavelengths 
● He-Ne: 633 nm
● Ar: 514.5 nm
● Yb: 258 nm, 345 nm, 517 nm, 1035 nm

In order to get n as a function of wavelengths

Cherenkov radiation

n: Arrival time measurement + Cherenkov contribution

LS 
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OUR MEASUREMENT
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● Goal: need to know well θi
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He-Ne source 633 nm
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Done
● The LabView acquisition code and the codes for the analysis are 

ready
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Done
● The LabView acquisition code and the codes for the analysis are 
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● We made a first test measurement for the refractive index of LAB 

only using He-Ne source 
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Done
● The LabView acquisition code and the codes for the analysis are 

ready
● We made a first test measurement for the refractive index of LAB 

only using He-Ne source 

Problems
● Displacement of cuvette during fill/unfill of H2O and LS (solved)
● Make sure that CCD is perpendicular to the beam (in progress):  use 

two slits between cuvette and ccd
● Make sure that we have homogeneity of cuvette walls (in progress): 

mount cuvette on a sliding plate
● Unable to access the laboratory (in progress) 
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nLAB = 1.481 ± 0.002

Before solving the technical problems and before the maintenance works at the laboratory we made a first 
test measurement of the refractive index of LAB only using the He-Ne source (λ = 633 nm)

λ (nm) 633

s (cm) 0.966 ± 0.003

θi (rad) 0.816 ± 0.001

dH2O (cm) 0.270963 ± 0.000051

dLAB (cm) 0.32550 ± 0.00046



SHELDON-REWIND: NEXT STUDIES  

Gioele Reina 38JUNO EU meeting Ferrara 

NEXT STUDIES
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● We will solve the technical problems and measure again the 
refractive index of LAB

● We will complete our measurements for the refractive index of the 
LS with all the sources 

● We will bring our setup to LASA (Laboratory of Accelerator and 
Applied Superconductivity) where there is the Yb source
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Cuvette in one arm of interferometer
with/without LS
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Interference fringes displacement

 vg

Testing with several wavelengths

vg: Arrival time measurement

LS

JUNO EU meeting Ferrara 



CONCLUSION

REFRACTIVE INDEX

● The experimental setup is installed    (✓)
● The acquisition and analysis codes are ready     (✓)
● We did a first test measure for nLAB     (✓)
● We are taking care of the technical problems  (in progress)
● We are waiting to access the laboratory  (in progress)
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GROUP VELOCITY

● We have to install the setup (in progress)
● We have to write the code for DAQ and analysis (in progress)
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Thank you for your attention
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Will update you asap!
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BACKUP SLIDES
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Liquid Scintillator (LS)
20 ktons

Acrylic Vessel
35.4 m diameter
265 spherical acrylic panels

43k PMTs

Stainless Steel Shell
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Top Tracker (TT)
Plastic scintillators
Muons tracking 
Cosmogenic background

Water Cherenkov Detector(WCD)
Pool to detect Cherenkov light 
produced by muons
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● Neutrino Mass Ordering (NMO) 

● Neutrino Oscillations Parameters:  θ12 , Δ
2m21, θ13 , 

Δ2m23
● Solar Neutrino Spectroscopy 
● Core-collapse Supernovae neutrinos and geoneutrinos
● Lower limit to τp

mi = neutrino mass
Δ2mij = mi

2 - mj
2 

JUNO EU meeting Ferrara 



BACKUP

48



Gioele Reina 49JUNO EU meeting Ferrara 



Gioele Reina 50JUNO EU meeting Ferrara 



Gioele Reina 51JUNO EU meeting Ferrara 



LIQUID SCINTILLATOR
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Charged particle passes through the LS       its molecules get excited 
Transition from excited levels to the ground state 

Typical τ: few ns to few μs
Light-yield: 104 ph/MeV

Fluorescence 
light emission

52

Recipe: LAB + 2.5 g/l PPO + 3 mg/l bis-MSB

JUNO_recipe
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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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JUNO DESIGN
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Top Tracker (TT)
Plastic scintillators
Muons tracking 
Cosmogenic background

Calibration House
Study detector response
Correct energy non-linearity 
and spatial non-uniformity
Several radioactive sources

Water Cherenkov Detector(WCD)
Pool to detect Cherenkov light 
produced by muons

PMTs
42k internal
2400 external

Central Detector(CD)
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CENTRAL DETECTOR
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Stainless Steel Shell
40.1 m diameter of 
structure

Acrylic Vessel
35.4 m diameter
265 spherical acrylic panels
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NEUTRINO DETECTION
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Inverse Beta Decay (IBD)

𝜈 + p          e+  +  n

Elastic Scattering

𝜈  + e- (p)       𝜈  +  e-(p) 

Interaction with 12C

𝜈  + 12C         𝜈  +  12C*
𝜈e  + 12C         e-   +  12N
𝜈e  + 12C         e+ +  12B

e+ + e-        2γ (511 KeV) 

prompt signal

n + p        γ (2.2 MeV)

delayed signal

200 μsfew ns

Fluorescence Cherenkov 
(if e-  and possible)
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Cherenkov 
(if possible)

 
 

Fluorescence 

Detection of light by PMTs
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ENERGY MEASUREMENT
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Scintillation light Cherenkov radiation
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Useful link to check known refractive index of several material as a 
function of temperature, pression, wavelength, humidity and so on:

refractiveindex.info
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Beam propagation displacement

n

Testing at several wavelengths 
● He-Ne: 633 nm
● Ar: 514.5 nm
● Yb: 258 nm, 345 nm, 517 nm, 1035 nm

n: Time measurement + Cherenkov contribution

Different refractive angle with/without LS

JUNO EU meeting Ferrara 

s
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LS


