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ENERGY AND POSITION MEASUREMENT

Total number of collected photons PMTs detected Measured times of arrival
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Energy Position
e Lightyield Fluorescence times T,

Refractive index n
Group velocity vy
Emission and Absorption

e Transparence

e Cherenkov contribution ' '

The best achievable event reconstruction is needed to fulfill the main goals of JUNO
e Energy resolution 3% (@1MeV) (best LS resolution ever)
e Spatial resolution 10cm (@1 MeV)

Best LS characterization
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JUNO Collaboration effort

Big effort from the JUNO collaboration to collect all these information on the LS with small scale experiments

To our knowledge

Munich
Fluorescence Times UNIMI-INFN: SHELDON

Separation of Cherenkov contribution -
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Refractive index

Group velocity ><\< Tiibingen
Attenuation length UNIMI-INFN: SHELDON-REWIND
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SHELDON-REWIND

SHELDON-REWIND:
REfractive index With
INterferometric Devices

e Refractive Index n
e Group velocity Yy
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REFRACTIVE INDEX WITH REFRACTOMETER
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n: Arrival time measurement + Cherenkov contribution
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Laser

n: Arrival time measurement + Cherenkov contribution

Cuvette

For this measure we use a refractometer:
e Laser source with incident angle 8, on empty cuvette (width s)

Air
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C n: Arrival time measurement + Cherenkov contribution
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For this measure we use a refractometer:
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C n: Arrival time measurement + Cherenkov contribution

Cuvette

For this measure we use a refractometer:

Laser source with incident angle 8, on empty cuvette (width s)
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REFRACTIVE INDEX WITH REFRACTOMETER

Cuvette

ccd
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LS

n: Arrival time measurement + Cherenkov contribution

For this measure we use a refractometer:

Laser source with incident angle 8, on empty cuvette (width s)

Detect light with CCD camera

Fill cuvette with LS

Different refractive angle with/without LS

Measure the displacement of the beam propagation d

ssin [9,- — arcsin( 2 sin 9,-)]

dis =

LS

cos [arcsin(%’ sin 9,-)]
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REFRACTIVE INDEX WITH REFRACTOMETER

Laser

C n: Arrival time measurement + Cherenkov contribution

Cuvette

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

In order to get n as a function of wavelengths

Cherenkov radiation

ced 9*N B 27ra(1_ 1 )
OxON N2 B2n?%(A)

LS
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

OUR MEASUREMENT
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Air

Measure the position of the beam
on the ccd

Air

\. ccd
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Air

Measure the position of the beam
on the ccd

e Goal: need to know well 6,
e Problem: low precision on 6. with traditional
method, such as goniometer

% |

Solution: use a material with well known n

Air
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Laser

0. : H,0 - Calibration

Cuvette

Measure the position of the beam
ontheccd ——d,

ccd

H20
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Laser .
0. : H,O - Calibration

Cuvette

Measure the position of the beam
ontheccd ——d,

ssin [0; — aresin(z 2 sin 0;)]

dH20 = —
cos [arcsm(—"ﬂ’— sin 9,-)]
NH20

ccd Extract value of 8, with higher

precision

H20
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Laser

Cuvette

Measure the position of the beam
onthe ccd ———d ¢

ccd

LS
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Laser

Cuvette

Measure the position of the beam
onthe ccd ———d ¢

ssin [6’,- — arcsin(% sin 0,-)]

dis =

cos [arcsin(% sin 0,-)]

ccd l

n

LS

LS
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

Optical fiber
Collimators
Lens
He-Ne source 633 nm
o \\ 2
M V4 /q? :
Cuvette "
- cavmony )
: ;.
CCD (5.2 pm)
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

STATUS
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

Done
e The LabView acquisition code and the codes for the analysis are
ready
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

Done
e The LabView acquisition code and the codes for the analysis are
ready
e We made a first test measurement for the refractive index of LAB
only using He-Ne source

Problems
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

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 H,0 and LS (solved) —
Make sure that CCD is perpendicular to the beam ( ): %
two slits between cuvette and ccd

Make sure that we have homogeneity of cuvette walls ( ):
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

Done
e The LabView acquisition code and the codes for the analysis are

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

only using He-Ne source

Problems

o Displacement of cuvette during fill/unfill of H,0 and LS (solved) —

e Make sure that CCD is perpendicular to the beam ( ): %
two slits between cuvette and ccd

e Make sure that we have homogeneity of cuvette walls ( ):

mount cuvette on a sliding plate

slits ccd
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER STATUS

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

o Displacement of cuvette during fill/unfill of H,0 and LS (solved) —
e Make sure that CCD is perpendicular to the beam ( ): %

two slits between cuvette and ccd

Make sure that we have homogeneity of cuvette walls (
mount cuvette on a sliding plate

Unable to access the laboratory ( )

):
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SHELDON-REWIND: REFRACTIVE INDEX FIRST RESULT

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 (A = 633 nm)

A (nm) 633

s (cm) 0.966 £ 0.003

8, (rad) 0.816 + 0.001 ‘ n g = 1481 0.002
d, 0 (€M) 0.270963 + 0.000051
d, g (cm) 0.32550 + 0.00046
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SHELDON-REWIND: NEXT STUDIES

NEXT STUDIES
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

e We will solve the technical problems and measure again the
refractive index of LAB

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

e We will bring our setup to LASA (Laboratory of Accelerator and
Applied Superconductivity) where there is the Yb source
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SHELDON-REWIND: GROUP VELOCITY WITH INTERFEROMETER

el vg: Arrival time measurement

Testing with several wavelengths

LS
Cuvette in one arm of interferometer
—R— with/without LS

Interference fringes displacement

.

photodiode '

JUNO EU meeting Ferrara Gioele Reina



CONCLUSION

REFRACTIVE INDEX

e The experimental setup is installed (/)
e The acquisition and analysis codes are ready (/)

e Wedid a first test measure forn . (v)

e We are taking care of the technical problems
e We are waiting to access the laboratory

GROUP VELOCITY

e We have to install the setup
e We have to write the code for DAQ and analysis
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Will update you asap!

Thank you for your attention

JUNO EU meeting Ferrara
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BACKUP SLIDES
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Gioele Reina
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JUNO DESIGN - Central Detector

Liquid Scintillator (LS)
20 ktons

Acrylic Vessel
35.4 m diameter s = :
265 spherical acrylic panels ' N ;.._.m.__ W

43k PMTs

Stainless Steel Shell
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JUNO DESIGN - Support Structure

\ \ LRI/

2 i / ) ‘N
ol = N
'
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JUNO DESIGN - Veto System

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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JUNO GOALS

Normal 5 Inverted
77‘!3
e Neutrino Mass Ordering (NMO)
Ve 2 Am2Z, = Am2; >0
Ui | =Thosinss | Vo m. = neutrino mass
vr V3 A’m_=m?2-m?2
IJ [ J m% 771%
; 7711?’ ‘ 171%
e Neutrino Oscillations Parameters: 8., A2m21, : B

A’m,,
e Solar Neutrino Spectroscopy
e Core-collapse Supernovae neutrinos and geoneutrinos
e Lowerlimitto T,

2
Am32, = Am2, <0

2
y m3

| 12 | I 12
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BACKUP

PONTECORVO-MAKI-NAKAGAWA-SAKATA mixing matrix

1 0 0 C13 0 3136_i60P c19 S92 0 Cij = COS 01,]
Upuns = | 0 c23 893 0 1 0 —812 ¢12 0 e i
0 —s93 ¢93 —8136260P 0 13 0 0 1 Y = tj

What we know: What we don’t know:

|Aam3,| ~ 2.5+ 1073 eV?

e e Mass orderin
Am2, ~ 7.4 - 1075 V2 g ,
; * Absolute values of neutrino
sin“6,, ~ 0.3 masses (my, m,, ms)
sin“6,3 ~ 0.7
PW,—7,) = 1-— sin’ 2(11._)r1'3 sin® Agy — sin® 2613 (rf_, sin® As; + ,\-‘fg sin? As32) Ay = A/:;?/,I,,»‘( 1E)

« D A . s 9 1) « 9 « 9
= 1 — sin® ‘..’(/1._,1']13 sin” Agp — 5 sin” 20,4 (sin® Agy + sin” Ags)

1 . 9 i .
— 5 COs 20010 sin” 265 sin Agj sin(Ag; + Asza),

48



Central Value PDG2020 100 days 6 years 2() years
Amg3, (x1077 eV?) 2.5283 +0.034/1.3% +0.021 (0.8%)  £0.004740.2%)\ =£0.0029 (0.1%)
Am3, (x107° eV?) 7.53 +0.1§(2.4%) | +0.074 (1.0% +0.024{(0.3%) |} +0.017 (0.2%)
sin® 6, 0.307 +0.01: +0.0058 (1.9%)  £0.0016N0.5%) +0.0010 (0.3%)
sin” 03 0.0218 £0.0007 {372%) £0.010 (47.9%) £0.0026 (1ZT%) £0.0016 (7.3%)
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Pp-Vv

p+p—*H+e +vd

SOLAR

Proton-proton chain

pep-v
p+e+p—*H+v.

1
99.6%

85%

i
2H+p—»3He+Y‘

]
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~ 2x10°%

f
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pp-|
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]
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i
sB-y| ‘B—"Be+e +v.

1
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CNO cycle
[—
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|
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1
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Solar neutrino flux [cm™? s71]

102
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LIQUID SCINTILLATOR

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

Charged particle passes through the LS —its molecules get excited
Transition from excited levels to the ground state Emission spectrum

a.u.

1.0 — """""""""""" e ” """"""""" —_— JUNO_recipe

Typical T: few ns to few ps
Light-yield: 10* ph/MeV

7 ENGER S— Ay — S— A—
) NS S— . T HR— S— S—

0] DU WSS - N TO— U ——

| N S S N —— —

Fluorescence -
. - . , |
light emission 095

1 | 1 1
500

550 600
Wavelength (nm)
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NEUTRINO INTERACTIONS

Antineutrinos

Inverse Beta Decay (IBD)

= +
v+p— €'+ n

few ns
prompt

—

200 ps
delayed

ef+e —2y (511keV) Nn+p —>Y (22MeV)

JUNO EU meeting Ferrara

Neutrinos

Elastic Scattering

v+e —v + e

Detection of light by PMTs
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LIQUID SCINTILLATOR - EMISSION SPECTRA

Emission spectra
Solvent: ’g 10— . : LAB
Linear alkylbenzene 8 i Al i
(LAB) as solvent i - ) . Total
non-radiative " :
% - 280nm - -
2 0.6 ! ¢ &3
Fluor: [ /i ! R
2.5 g/I PPO - P 1
+ [ ) i
Wavelength non-radiative -3, : :
Shifter: 1 2 390nm 02 [ vy
3 mg/| Bis- MSB oo 5
1 D% 0.0
%’ 1 1 1 I 1 1 L L l 1 1 1 1 l 1 L 1 1 l L L 1 1 l 1 1 1 1 l L 1 1 1
”ghf emission 250 300 350 400 450 500 550 600
> 430nm, t=4.4ns Wavelength (nm)
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JUNO DESIGN

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

PMTs
42k internal
2400 external

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

Central Detector(CD)
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CENTRAL DETECTOR

Acrylic Vessel

Stainless Steel Shell
40.1 m diameter of

structure

35.4 m diameter

<>¢§r§ e
l--/-?/
-_--i-%

Gioele Reina
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NEUTRINO DETECTION

Inverse Beta Decay (IBD) Elastic Scattering Interaction with 12C

v+ip — €' +n v +e(p)—v + e(p) v +12C — v + 12C*
Z\,

200 ps

Fluorescence Cherenkov
(if e and possible)

few ns

et +e —2y (511Kev) N+pP —y (22MeV)

Cherenkov

I \ Fluorescence : :
(if possible)

prompt signal delayed signal

Detection of light by PMTs
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ENERGY MEASUREMENT

Scintillation light Cherenkov radiation
dE
dL E 32E q2 c2
—— g R = —p(ww |1 -
dzx 14k BdEE 0z 0w  4m v?n?(w)
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SHELDON - REWIND

Fibre ottiche singolo modo

/

Montaggio con collimatore

/regolabile

specchio UV con

I
1
;
I
! Specchio "«
| ~
' con flip "~ cuvetta
1 ‘\\\
: \\\\
1 \‘ ~
| \\
1 ~
1
1
_:*
iride

Ingresso per

258nm [
________________________ »
’ /specchio uv

BS

I Specchi Al con montaggio

cuvetta

7y
1
i

/
/

& >
e e e e e N e S e b B ——— ol PR (i
\ A
Vi

slitta

1
1
1
1
1
1
1
1
1
1
1
1
|
v

' fotodiodo

breadboard
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SHELDON - REWIND: GROUP VELOCITY WITH INTERFEROMETER

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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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER

\ O n: Time measurement + Cherenkov contribution

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

Different refractive angle with/without LS

Beam propagation displacement
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SHELDON-REWIND: REFRACTIVE INDEX WITH REFRACTOMETER LabView

fit (on/off)
O wH (mm)
T Camera H -
Intensity Graph ] o 0,677259 Syt = X coordinate <x> (mm) AN Plot 1 B riot2 [~ |
ref :
3
3 2
5
g £
£
3
0,00 bl il 'l sl A 4 i Rk 4 1 vtl‘llunlulfﬁv i, v -
-0 000 050 100 150 200 250 300 350 400 450 500 550 600 650 7,00 Time
» x (mm) YV cooninate <y> (mm) - Plot 1 - Plot2 - I
2 el | 25585
] E
':E rinormalizza on/off 2,664
2,6635
imm Camera V § 2663
0,685471 £
v FitV 2 5,662
<
o o T oo s o
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190
Time
meanx mm  standarderronc mm
332648 J0,00012 pless
L & ron g :
: v i v v meany2 mm standarderror 2 mm 191
Pixel (x) 15 200 25 300 350 Bocass | Jooooss
y (mm)
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SHELDON - REWIND: GROUP VELOCITY WITH INTERFEROMETER

L
|
Vg = n—g

N
| . B, D ng(A) = n(1———~) ‘

i ek

LS
. i A
photodiode' g =T d
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