DUNE Project:
Investigation of FBGs as
Thermal Sensors in 76K
Nitrogen Liquid.

By Pablo Martinez and Rafael Pérez.

Directed by Sara Benitez and Victoria Garcia
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IFIC main team

Liquid Argon TPC far detector Liquid Nitrogen temperature monitoring
investigation team. system investigation team.




WHY DUNE EXISTS

Main goals of DUNE.

Neutrino
oscillations

Measure how
neutrino flavours
change, with high

precision.

Proton
decay

Test grand-unified
theories beyond
the Standard
Model.

One detector, a decade of discovery.

Cosmic rays
neutrinos
detection

Study of cosmos
history via large
energy neutrinos

detection.
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THE LAYOUT

1300 km straight through the Earth.

FERMILAB
SURF, South Dakota, USA neutrino beam source

p , v ( 1300km ) ’ - a¥
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e e Near detector - 570 m

2.6 GeV

Far detector

1.5 km underground



THE LAYOUT

That’s a long distance!

But not for a neutrino...



THE FAR DETECTOR WORKING PROCESS

How Time Projection Chamber differentiates
distinct types of neutrinos.

lonization — Electron cloud.

The field drifts electrons to the anode, building

a 3-D picture of the event and its energy.

Scintillation — Trigger time.

Argon flashes 128 nm light instantly, fixing the

precise interaction time.

Like using lightning and thunder to judge distance — the
flash times the picture.




Measuring the temperature: Why?

Two decades, sealed.
Temperature monitoring is the only

8 O O m K window to look inside.

warmer Tiny gradients.
Simulations predict small

The injected liquid argon temperature gradients of 20mK.

Purity calibration.
Pure argon is needed so no

photons/electrons are intercepted.

arrives about 800 mK warmer




TYPES OF TPC

Types of TPCs developed across time.

FD-VD

FD-HD

apouy. —

K spoyyes

apouy

apoyied




TEMPERATURE MONITORING

Fiber Bragg Gratings as thermometers.

RTD’s in ProtoDune HD
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broadband in rest transmitted
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o Immune to interference.

Unaffected by electromagnetic fields and X-rays.



PROCESS OF MEASUREMENT

Temperature detectors in
Liquid Nitrogen.
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TEMPERATURE MONITORING - 03

Calibrated to millikelvin

Cool down

Fill the cryogenic vessel with liquid nitrogen

Step the pressure
Lower pressure in progressively to hold stable

temperature plateaus

Fit the averages

The slope is the thermal sensor’s sensitivity
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Evolucién longitud de onda sensor 1 a lo largo del tiempo con mesetas detectadas:
L]

Evolucidn longitud de onda sensor 2 a lo largo del tiempo con mesetas detectadas:

Evolucion longitud de onda sensor 3 a lo largo del tiempo con mesetas detectadas:
L]

Evolucién de la temperatura a lo largo del tiempo con mesetas detectadas:

Temperatura === meseta

T T
17 18:00 1718:15

T T T
17 17:15 17 17:30 17 17:45

Dia y hora de medida

T T T
17 16:30 17 16:45 17 17:.00




TEMPERATURE MONITORING - 03

Calibrated to millikelvin e

1.53640 -

o Meseta
Ajuste: 18.95 pm/K
-= z
1.53635 - R*=0,99997

a Cool down

Fill the cryogenic vessel with liquid nitrogen 1.53630 -

'1.53625 4
e Step the pressure

Lower pressure in progressively to hold stable
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1.53620 -
temperature plateaus

e Fit the averages 1.53615 -

The slope is the thermal sensor’s sensitivity 1.53610 4
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= 18.95 meK thermal sensitivity




TEMPERATURE MONITORING - 03

Calibrated to millikelvin

le—6
s Meseta
1.53940 4 —= Ajuste: 19.34 pm/K

R? = 099998
Cool down
1.53935 -

Fill the cryogenic vessel with liquid nitrogen

(m)

: 1.53930 4

e Step the pressure

Lower pressure in progressively to hold stable 1.53925 -
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temperature plateaus

e Fit the averages

The slope is the thermal sensor’s sensitivity 1.53915 A

1.53920 -

78 80 82 84 86 88 90
Temperatura (K)

= 19.34 pm/K thermal sensitivity




TEMPERATURE MONITORING - 03

Calibrated to millikelvin

le—6

s Meseta

Ajuste: 19.55 pm/K
1.54225 4 == RZ = 00.99997

a Cool down

Fill the cryogenic vessel with liquid nitrogen 1.54220 -

{m)

| 1.54215 -
e Step the pressure

Lower pressure in progressively to hold stable 1.54210 -
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temperature plateaus

e Fit the averages

The slope is the thermal sensor’s sensitivity 1.54200 -

1.54205 -
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Temperatura (K)

= 19.55 meK thermal sensitivity




TEMPERATURE MONITORING - 04

Now the question...
s Can we measure a small gradient?



TEMPERATURE MONITORING - 05

Inducing millikelvin temperature changes

S 7
Small

pressure
changes

It works!

Millikelvin
temperature
changes

Temperatura (K)

Sensitividad de Fibras vs RTD

76.60 -

76.59 A

76.58

76.57

76.56

76.55

76.54 A

— T referencia

Tiempo




The end

Thanks for coming!

Special thanks to:

Victoria Garcia, Sara Benitez, Anselmo
Cervera and Xavier Arrue.

neutrinos.ific.uv.es
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