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Since scintillation light is isotropic, any
directional information is lost.

However, a few Cherenkov light is
emitted and could potentially provide
information on the neutrino direction.

SHELDON studies and characterizes
the fluorescence and the Cherenkov
emission in the scintillator mixture
which is going to be used in JUNO.

JUNO ltalia meeting

%k

- e T

J
e 2

Nk AW -
AV
e

s

—aTSm

TSNS

marco.beretta7 @studenti.unimi.it

2



e The SHELDON project
e Measurement of fluorescence parameters
e Measurement of Cherenkov contribution

e (Conclusions & future perspectives



Outer
black box

DAQ software

JUNO LS recipe: LAB + 2.5 g/L PPO + 3.0 mg/L bis-MSB marco.beretta7 @studenti.unimiit



Emission spectrum

a.u.

L e B i N — J_OF_01.PRN

08— AR A— A— J—

400 450 500 550 600
Wavelength (nm)

Measured @ Universita degli Studi di Perugia
thanks to: Fausto, Aldo e Catia




: | Components of the setup:

HL-PMT i JUNO LS sample
(strongly coupled) !
Neutral |
filter | 2 PMTs, one weakly coupled
LL-PMT Scintillator ! .
:._ 1 (weakly coupled) sample i Neutral fllter
| Band | . ers
e | 2 Digitizer (5 GS/s each)

@ | LabVIEW DAQ software

PC

+ LabVIEW .
Technique:

Time-Correlated Single Photon Counting
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Diffuser

Normalized counts

LS sample

Neutral filter +
LLPMT —% Optical
fiber

The measurement of the Impulse Response
Function is performed using a laser.

The laser has a pulse duration 75 ps.

A diffuser is placed at the end of the optic fibre
to mimic a point like emission

Impulse Response Function
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Impulse response function
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e The SHELDON project
e Measurement of fluorescence parameters
e Measurement of Cherenkov contribution

e (Conclusions & future perspectives



Normalized counts
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Alpha source fluorescence time distribution
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Fluorescence time distribution
obtain using an alpha source

Same experimental setup of the IRF
one

The duration of the data acquisition
is 10 days to obtain 10° events

The light emission is not a prompt
emission
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count [a.u.]
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count [a.u.]

Fit model

‘| — second component |:
i | = Third component

T T T
First component

Fourth component
Total function

5 60

time [ns]

70 80 90 100

To describe the
fluorescence time profile 4
components are needed

The fourth becomes
dominant starting from
~300 ns

Our DAQ time window is
1600 ns

0 100

JUNO ltalia meeting

i
200

I i
300 400

time [ns]

i
500

i
600

i
700

800

Fo,,() =N i ( e™"")

11

marco.beretta7@studenti.unimi.it




Monte Carlo
study

Monte Carlo simulation to produce 10*fake dataset
used to evaluate the possible fit sistematics on fluorescence parameters

Sicoulotion |
Sicoulotion |
Simulation
2 B simulation

5 Entries 1000000

S 10 E Mean 121.2

- Std Dev 113.4
10°E
10° -
10 =
1E

o 0 1200 1400 1600 12
JUNO ltalia meeting — Time (ns)




Monte Carlo
study

The uncertainties on the fluorescence parameters are at the percentage level
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counts
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count [a.u.]

Cherenkov modeling
T 1

T
= |deal Cherenkov

= Convolution

o ..... el % as a delta function

It is summed to the fluorescence

model

response

IRF(t) = YI_, N;Gi(t; uj, 05)

15 20

JUNO ltalia meeting

] ] i N
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time [ns]

Frota(t) = [NCh 6(t,tg) + (1 — Nep) Fpluo(t)] x IRF(t)

— Ideal fluorescence | The Cherenkov contribution is modeled

The sum is convolved with the detector
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Measurement of fluorescence time distribution
using three different radioactive sources

The three curves have different tails

The distribution on the incident radiation and give
possibility to do Pulse Shape Discimination
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Monte-Carlo
study

Relative error

The relative uncertainty on

0.1

0.05

-0.05

-0.1

Tau4 relative error on DAQ time window

T e T A i

JUNO ltalia meeting

2000 2500 3000
DAQ time window (ns)

decreases as the upper end of the DAQ time window increases.

The red line represent our DAQ time
window

The number of events is fixed (similar
to a measurement lasting one week)

As the statistic increases the
uncertainty decreases

The trend does not change with
increasing statistics
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e The SHELDON project
e Measurement of fluorescence parameters
e Measurement of Cherenkov contribution

e (Conclusions & future perspectives



Emission spectrum

Cherenkov light can be separated from

s 10 IR R— o — : i ad scintillation light thanks to its spectral features.

i < ; : Cherenkov

0.8 __ ....................... .................... ......................... ........................ ........................ The JUNO LS emission Spectrum has a maximum
- | | | | at 400 nm

06 ___. AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAA The cherenkov Spectrum (not to Scale)
- | | | | 5 decreases as 1/A\” and extends above the

0'4 ;~, .................... ......................... ....................... ~ ........................ - ........................ scintillation spectrum.
-~

N ORI D N e Using appropriate optical filters it is possible to
- T — select the light in a desired wavelength interval,
- i | , , . separating scintillation and Cherenkov light.

0955 :
00 350 400 450 500 550 600

Wavelength (nm)
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a.u.

Emission spectrum
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a.u.

Emission spectrum

550 - 40 nm

L

JUNO LS

counts

Cherenkov
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e The SHELDON project
e Measurement of fluorescence parameters
e Measurement of Cherenkov contribution

e Conclusions & future perspectives



e We developed an experimental setup for the fluorescence time measurement
e We produced the JUNO liquid scintillator and measured the emission spectrum
e We measured the fluorescence distribution from three different source
e We are going to conclude the analysis
e \We measure the Cherenkov contribution at different wavelength
r--------“: Emission spectrum 2 g 1o
! $ 1o - : e
| wewr ﬁﬁj]l: Scintilator i °v3f VA\ :;:
ij \ 2:_ Loy by o by by v by
B R R R I T R R TR R R b 0 05 fo s 120
Wavelength (nm) time (ns) ime {ns)
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e Consider the muon flux in SHELDON measurements

27
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e Consider the muon flux in SHELDON measurements — Muon veto

28
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e Consider the muon flux in SHELDON measurements — Muon veto

e Measurement of the refractive index of the liquid scintillator

e Measurement of the group velocity in the liquid scintillator

29
JUNO ltalia meeting marco.beretta7 @studenti.unimi.it




e Consider the muon flux in SHELDON measurements — Muon veto

e Measurement of the refractive index of the liquid scintillator >
SHELDON-REWIND

e Measurement of the group velocity in the liquid scintillator

30
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e Consider the muon flux in SHELDON measurements — Muon veto

e Measurement of the refractive index of the liquid scintillator >
SHELDON-REWIND
e Measurement of the group velocity in the liquid scintillator

e Development of a Monte Carlo using Geant4 to evaluate the Cherenkov emission

in our setup to by compared to the Cherenkov separation measurement

31
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Emission spectrum
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a.u.

Emission spectrum
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Monte-Carlo
study

The exclusion of Cherenkov light on the fit mostly affects on the fast component

Tau1 relative error in function Cherenkov fraction
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6 >Z X e 1’-1
o 0
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o 00 different contribution of
u Cherenkov light
-0.1—
- The fit does not consider
015 the Cherenkov light
-0.2[—
~0.25 J
:I PRI TR 1 | 1 | 1 r“d‘k@%&si% | v e by by 1y
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Monte-Carlo
study

The exclusion of Cherenkov light on the fit mostly affects on the fast component

Tau1 relative error in function Cherenkov fraction
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Monte-Carlo
study

The exclusion of Cherenkov light on the fit mostly affects on the fast component

Tau1l relative error on Cherenkov fraction
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Monte Carlo
study

Same Monte Carlo simulation of the sensitivity studies

Cherenkov simulated in the time distribution, but neglected in the fit

Tau1 relative error in function Cherenkov fraction
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Monte Carlo
study

Same Monte Carlo simulation of the sensitivity studies

Cherenkov simulated in the time distribution, but neglected in the fit

Tau1 relative error in function Cherenkov fraction

Relative error
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The part of the graph above 0.01
fraction makes no sense. In that case
Cherenkov light becomes important
and the fit doesn’t work.

The relative error gets worse as the
Cherenkov fraction increases
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Monte-Carlo
study

Bias of the Cherenkov percetange vs the simulated one
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JUNO LS recipe:
LAB + 2.5 g/L PPO + 3 mg/L bis-MSB

Isotropic emission:
~99% of the total light emission

Emission spectrum

Light emission:
LS emits light through fluorescence
with a characteristic time/profile (ns)

— J_OF_01.PRN

Fluorescence

Wavelength (nm)

Absorption

Phosphorescence

Measured @ Universita degli Studi di Perugia
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Cherenkov radiation:
| | | it depends on the particle speed and
) NSRRI, SS—— o — . JUNO LS . . .
| | ® __ Cherenkov the refractive index of the medium

Emission spectrum

a.u.
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1 L | 1 1 1 1 I 1 1 1 1 l i 1 1 1 . i &
400 450 500 550 600
Wavelength (nm)

45













Counts

The modeling of the time rensonse affects more on the 1”¢ and the 2" component
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HL-PMT

Neutral (strongly coupled)
filter Neutral
LL-PMT Scintillator HL-PMT filter
(weakly coupled) sample (strongly coupled)
5 LL-PMT Scintillator
andpass
filter (weakly coupled) sample
Bandpass
filter




Time-correlated single photon counting (TCSPC) is a technique to measure the fluorescence decay time.

Under certain hypothesis (Rsp<<Rtr), the time of arrival of the photons w.r.t. to the trigger reproduces the
fluorescence time distribution.

In our application, one PMT provides the START signal (trigger) and the other PMT gives the STOP signal.
Excitation _ﬁ_ _A_ _A_ _A_

Fluorescence ‘
T N L
Measurement of the time i i

of photon detection

Photons Distribution of photons i m TAC reset T |
—_—
1 —_—
Delay T, Deiay T, _Delay T, Delay T,
1 _— STOP _A_ !
1 —_— START -A- 'A‘ ! -A-
— = — | | 1 51
T-T T-T. H IT-Ty

Time after pulse Time after pulse | T | T |



Separation of cHErenkov Light for Directionality Of Neutrino

Two main goals:

Accurate measurement of
fluorescence time distribution
(fluorescence parameters)

Study of the Cherenkov
radiation in the JUNO LS

Impact on the JUNO experiment: Impact on the JUNO experiment:
event reconstruction e Improved understanding of energy
e particle identification via PSD response
improved description of fluorescence ® Possible reconstruction of the direction

parameters in the JUNO MC of incident neutrino
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counts

Separation of Cherenkov light - first results with JUNO mixture

Cherenkov separation

10— Separation of Cherenkov light using
- i ° ggg gg; nm optical filters
- o nm
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time (ns) to better sampling the spectrum
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Normalization of the fourth component

1.2

T

_| Fourth component | _
: The fit model uses four components to
T . N S | Regionnot | describe the de-excitation time of the
‘Time limitof the | included inthe | |.S,

o5l ___acquisition | time window

| 5 \ These components are normalized to
| 9, AAAAAAAAAAAAAAAAAAAAAA ...................... AAAAAAAAAAAAAAAAAAAAA the integral of the exponential

normalized count

0oall A B .| Forthe fourth component this
1 5 : : introduces an error

o5o)| | VA P L7454 Al M L. 00 NRRVTURE 4 ST

; : | : We improve the implementation of this
0.0] - — — ————) normalization to consider this error

time [ns]
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Count

Monte-Carlo
study

Systematic error introduced by fit — On 10° simulations

A simple Monte Carlo was realized to study the fit systematics.

The percentage uncertainty introduced by the fit is less than 5% on 7, and q..

1200 = 1200
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800— 800
600— 600 :..
400 400 -
o 200
. _-r'j 1 o ‘ )
0 —— el el e g e B L. - TR (R —I TR P T o Al
0 U .
006 -004 -0.02 0 002 004 006 008 0.1 YT o i
Relative error Relative error
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Monte-Carlo

study
Systematic error introduced by a different Only 1 Gaussian
o was used m_stead of
description of the detector response 3 to describe the
system response

In this case the percentage uncertainty gets worse for the fast component

Relative error on Qs fit with 1 Gauss Relative error on Taus fit with 1 Gaussian only
= = = 80
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- 50—
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