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FBG technology

Fiber Bragg Grating (FBG) technology is

Interrogator

1

planned to be the base of the Incident spectrum

Temperature Monitoring System (TMS)
for the FD-2 module in DUNE.
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Pressure-Based Measurement Setup
77-92 K

Temperature Range

Adjustable via 1-4.5 bar
pressure control.

1-4.5 bar

Pressure Control

~1 mK

Resolution

Absolute temperature » Precise temperature control achieved through

measured with Lakeshore pressure regulation.

PT-102 RTDs. » High-precision absolute temperature measurement
with calibrated RTDs.
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Pressure-Based Measurement Setup

Liquid Nitrogen Filling &
Sensor Prep.

Sensor Insertion into
Pressure Vessel.

Sealed System with Wires
& Instrumentation.

Final Setup with Ice
Formation & Connections.




Pressure-Based Measurement

Pressure (bar)

Pressure Evolution During FBG Sensitivity Test

March 10, 2025
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Pressure-Based Measurement

Thermal Sensitivity Analysis | T

The PEEK-450um coated fiber
demonstrates the highest thermal
sensitivity among the tested samples,
with a fit value of 19.05 pm/K. Its
response to temperature changes is
significantly greater than that of the
ORMOCER (7.11 pm/K) and PEEK-
200um (3.35 pm/K) coatings.
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1. SET-UP

Fig 1. Pressure
Set-Up




2. ANALYSIS: Data (Wavelength, Pressure and

Temperature)
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2. ANALYSIS: Wavelength Plateaus

Wavelength Shift Over Time with Plateaus (Polarization P, Sensor 2)
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2. ANALYSIS: Temperature Plateaus

Temperature Plateaus (Sensor 7)

—a—- Data 27-02-2028
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2. ANALYSIS: Plateaus detection

Superposicion: Wavelength (Sensor 0, Pol. P) vs Temperatura (RTD 8)
(desde las 13:00, plateaus sombreados)
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3. RESULTS: Thermal sensitivity (fit slope)

Mean Plateau Wavelength (pm)

FBGS-2 (ORMOCER) - FBG 1 (Pol. S) vs RTD 8
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3. RESULTS: Thermal sensitivity (fit slope)

Mean Wavelength Plateaus
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Mean Wavelength Plateaus
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Mean Wavelength Plateaus
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Mean Wavelength Plateaus
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Mean Wavelength Plateaus
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Mean Wavelength Plateaus
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RUN 1: 27-02-2025

Sensitivity PEEK-7 Pol. P
(pm/K)

FBG 1
18.611+0.077

FBG 2
20.352+0.299

FBG 3 22.337+0.220

Pol. S

18.644+0.336

20.357+0.252

22.320+0.224
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RUN 2: 28-02-2025

Sensitivity PEEK-7
(pm/K)

FBG 1 (FBG 2)
FBG 2 (FBG 3)

FBG 3 (FBG 1)

Pol. P

19.429+0.125

19.895+0.050

19.782+0.082

Pol. S

19.471+0.138

19.940+0.113

19.891+0.142
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RUN 3: 10-03-2025

Sensitivity PEEK-7
(pm/K)

FBG 1 (FBG 2)
FBG 2 (FBG 3)

FBG 3 (FBG 1)

Pol. P

19.038+0.412

19.765+0.309

19.519+0.275

Pol. S

19.025+0.383

19.837+0.229

19.629+0.432
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PEEK-7(450um): Repeatability study

Individual Sensor Comparison: Repeatability & Dispersion Analysis (WITH ERROR BARS)

Daily Spread (Inter-sensor o)
--- Repeatability (Temporal o) —
Sensor 1: p=19.04, 0=0.368 pm/K
s Sensor 2: 4=20.02, 0=0.262 pm/K
Sensor 3: 4=20.58, 0=1.361 pm/K
- Global Stats -
Total: p=19.88, 0=1.018 pm/K
@~ Sensor 1-P
B

4 ® - sensor 1-5

Sensor 2-P

224 Sensor 2-S
&~ Sensor 3-P

k- sensor3-5

Sensitivity (pm/K)

204
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PEEK-7(450um): Repeatability study

Thermal Sensitivity (pm/K)

PEEK-7 Fiber Characterization: Repeatability & Dispersion Analysis

22 A
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19 4
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Experiment Date

Mar 10

Inter-sensor Dispersion (+10)
GLOBAL AVG: u=19.88 pm/K
GLOBAL STD: 0=1.02 pm/K
-#- Sensor 1 (0=0.37)
Sensor 2 (0=0.26)
&~ Sensor 3 (0=1.36)
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PEEK-7 (450um): Repeatability Analysis (Mean)

Thermal Sensitivity Repeatability - Sensors 1-3 (PEEK-7, 450um)

s P: p=19.868 pm/K, 0 = 0.511 pm/K
S: p=19.893 pm/K, 0 = 0.490 pm/K
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PEEK-1 (450 um): Repeatability Analysis

Global sensitivity (pm/K)
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e P: p=20.3 pm/K, 0 = 0.8 pm/K
S: g =20.6 pm/K, 0 = 0.3 pm/K
Il Mean(P+S): p = 20.4 pm/K, 0 = 0.6 pm/K
All: p = 20.4 pm/K, 0 = 0.6 pm/K
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PEEK-1 + PEEK-7 fibers (450 um both): Repeatability
Analysis

Sensors & Global Stats
PEEK-1 (2024)
PEEK-7 (2025)
#- FBG 1 (Global): u=19.72, 0=0.874 pm/K
234 FBG 2 (Global): p=20.02, 0=0.292 pm/K
#- FBG 3 (Global): u=20.58, 0=1.520 pm/K
-I- NETWORK MEAN (ALL): p=20.15, 0=0.5596 pm/K
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DW-3: Ormocer-T Repeatability Analysis

Repeatability Statistics DW-3 (Ormocer-T): Thermal Sensitivity (Mean P+S)

Thermal Sensitivity (pm/K)

Global Statistics (Mean + Sigma)
@~ FBG-1: p=4.688, 0=0.0660 pm/K
4.85 FBG-2: p=4.665, 0=0.0105 pm/K
4~ FBG-3: p=4.780, 0=0.0215 pm/K
4~ FBG-4: p=4.750, 0=0.0000 pm/K
i == ALL: p=4.716, 0=0.0255 pm/K
4.80 A —
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PEEK-3 (200um): Repeatability Analysis

Thermal sensitivity repeatability - PEEK-3 (200 um diameter), single FBG
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PEEK-3 Fiber: Analysis

Thermal sensitivity repeatability - PEEK-3, single sensor

Global mean: 3.17 pm/K
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FBGS-2 (Ormocer) Fib

Amplitude
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er Repeatability Study

Thermal sensitivity comparison by sensor - FBGS-2 ORMOCER

Long-term Repeatability Analysis (4 Days)
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FBGS-2 (Ormocer) Fiber Repeatability Study

Thermal sensitivity comparison by sensor - FBGS-2 ORMOCER
Short-term Repeatability Analysis (3 Recent Days)

Sensor SO Sensor S1
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NEXT STEPS

- Continue the repeatability study with different coatings:
Bare Fiber
Polyamide (?)
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NEXT STEPS

Continue the repeatability study with different coatings:

® Bare Fiber

® Polyamide (?)
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Nitrogen Phase Diagram

Nitrogen binary phase diagram - Screen shot from CHEMIX School

CHEMIX School - BINARY PLOT

Pressure (Atm)

Nitrogen Phase Diagram

25
5 -The triple point of a substance is the temperature and pressure at which the three phases
4 (gas. liquid. and solid) of that sub coexist in thermod: ic equilibrium.
- -Critical point - The point at which a substance in one phase, as the liquid, has the same

2 | density, pressure, and temperature.

L) Critical Point
3 -146.95°C , 33.55Am
3 . .

] Liquid

05 ] .
1 Solid

o5 5 " e :
4 Melting point Boiling Point Gas
= -209.86°C, 1Atm. -195.8°C 1Am.

05 ]

4 ] Itiple point
= -210.05°C, 0.1234Atm.

T 1 T T T T T
-240 -220 -200 -180 -160 -140 -120

Temperature (°C) :
Phase diagram created using CHEMIX School software - http: chi h y-softy y-software html

Antoine Equation Parameters
log1o(P)=A-(B/(T+C))
P =vapor pressure (bar)

T =temperature (K)

View plot Requires a JavaScript / HTML 5 canvas capable browser.

Temperature (K)| A B C Reference

Comment

63.14 t0 126.| 3.7362(264.651|-6.788|Edejer and Thodos, 1967

Coefficents calculated by NIST from author's data.

63.14 to 78.00|3.63792|257.877|-6.344|Moussa, Muijlwijk, et al., 1966

Coefficents calculated by NIST from author's data.
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Nitrogen Phase Diagram

e Thermal Stratification

e Local Barometric Offset:
o atm_pressure bar =1.01325

e Dynamic Lag

(Non-Equilibrium)

Pressure absoluta (bar)

Residual (K)

Pressure and Temperature Comparison with Nitrogen Equilibrium Curve

Pressure vs Time

RTD 8 vs Theoretical N2 Saturation Temperature

—=— Pressure absolute

Temperature (K)
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Thermodynamic Validation: RTD vs. Antoine Curve

e  Experimental Data (Means):

©]

O

O

Measured Temp (RTD 8): 83.67 K
Theoretical Saturation Temp: 84.39
K (at 2.4 bar).

Average Deviation: -0.71 K

° Physical Interpretation:

O

©]

Subcooled Liquid State.

Thermal Stratification.

System Stability: A low standard
deviation (0.26 K) confirms a stable

plateau.
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Pressure absoluta (bar)

Residual (K)

Pressure and Temperature Comparison with Nitrogen Equilibrium Curve

Pressure vs Time RTD 8 vs Theoretical N2 Saturation Temperature

—=— Pressure absolute

—=— RTD 8 real

AT real-theory

Temperature (K)

76

==+ N2 saturation T from pressure (NIST)

Residual: RTD 8 real minus N2 theoretical saturation
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https://webbook.nist.gov/cgi/cbook.cgi?ID=C7727379&Mask=4
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