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Fiber Attenuation Measurement
Scintillating fiber Attenuation test

Purpose
- To check how attenuation length affect in calorimeters.

- Quality checking of fibers used in calorimeters.

- Comparing some different conditions as fiber types (single | double cladding), w/ w/o filter, ---

General Measurement Methods

1. Side lllumination Fluorescence method (current method)

- Fiber & Detector is fixed, moving source of light and induce light on side of fiber.

Scintillating Fiber

2. Cut-Back method

- Measure light yield of fiber from end to end by cutting & polishing fiber in several lengths.
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Fiber Attenuation Measurement
Scintillating Fiber specification
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Kuraray SCSF-78, Single Cladding (SC) & Double Cladding (DC) LIN

- Used Kuraray SCSF-78 scintillating fiber, both single cladding & double cladding.

- Fibers are ~3m length, Tmm diameter, non-S type.

- Polished one side manually, with sandpaper (400, 1000, 2000 grit) & polishing film (3um, 1Tum). (Detail in Backup)



https://www.kuraray.com/uploads/5a717515df6f5/PR0150_psf01.pdf

Fiber Attenuation Measurement
Overall test setup

External Trigger Line (14ns) SiPM

SP5600 PSAU

Detector

DT5720A Digitizer

SP5601 LED Driver (400nm)

- Used CAEN SP5600E kit for general setup. CAEN SPSBOOE photon kit (LINK)

- Attached our SiPM on SP5600 Power Supply and Amplification Unit & DT5720A waveform digitizer.

- Used SP5601 LED driver (400nm wavelength) as exciting light, connected its trigger to DAQ system.



https://www.caen.it/products/sp5600e/

Fiber Attenuation Measurement
SiPM specification

== Structure
514160
el S “1S10P5 3010p5 131555 301505 o
Effective | itive area 1.3x13 | 3x3 13x13 | 3x3
Pixel pitch 10 15
Number of pixels 16663 | 89984 7284 | 39984
Geometrical fill factor 31 49
Package Surface mount type
Window Silicone resin
Window refractive index 1.57
== Photon detection efficiency vs. wavelength
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SiPM detection efficiency

- Used SiPM as detector, Hamamatsu S14160-1310PS. (Spec. LINK)

- Peak wavelength of fiber's emission & peak of SiPM's detection efficiency

is almost same.

- Attached SiPM on PCB board, mounted it on SP5600.



https://www.hamamatsu.com/content/dam/hamamatsu-photonics/sites/documents/99_SALES_LIBRARY/ssd/s14160-1310ps_etc_kapd1070e.pdf
https://www.kuraray.com/uploads/5a717515df6f5/PR0150_psf01.pdf

Fiber Attenuation Measurement
Test Setup

External Trigger Line (14ns)

Thorlabs Compact V-mount (LINK)

- Aligned setup & fiber with laser guide, draw measure points on table.

- Used V-shape optical mounts to hold fibers on air.

- Covered whole setup with blackout curtain (Performance on backup)


https://www.thorlabs.com/newgrouppage9.cfm?objectgroup_id=1317

Fiber Attenuation Measurement
Test Setup

External Trigger Line (14ns)

!
!

Controlled consistency

of incoming light yield

& optical contact



https://www.thorlabs.com/newgrouppage9.cfm?objectgroup_id=69

Fiber Attenuation Measurement
Test Setup

10cm External Trigger Line (14ns)

- Manually move the breadboard (which has incoming LED) along the guide line on table.

- Moved 10cm interval, matching tape with guide line.




Fiber Attenuation Measurement
Data Acquisition
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- Used CAEN software, HERA for controlling SiPM & data taking.

- Applied 45V, set gain 32 for all results.

- Got waveform data triggered by external trigger from LED driver.

- Used average value of integrated ADC histogram of run as light vield from fiber, Ext. Trigger from LED
SP5601 LINK



https://www.caen.it/products/sp5601/
https://www.caen.it/products/hera-handy-educational-radiation-application/

Fiber Attenuation Measurement
Setup stability & consistency test
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- Checked stability & consistency of setup.
- Got data in same condition (1.1m from detector, Single Cladding) for 10 times, for each ~300k events.

- Confirmed result having agreement under statistical fluctuation.




Fiber Attenuation Measurement

Results
10 cm 10 cm 10 cm
E_> ., ., oo e X3
2.4m o
040 SCSF-78 1.0mm A = 467om
- Measured SCSF-78 scintillating fiber, single cladding & double cladding. ol I

- Measured 1,0~2.4m, 10cm interval 15 points | 3 measurement per points

- Made 3 iterations of measurement, each following through guide line.

- Used average of 3 measurements as value, stdev as error of point.
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- Fit points using single exponential function - Light Yield(x) = [yexp( —%x), (1 : Attenuation length)

Single Cladding (SC)
1. 4 Different SC fibers. (SC-1,2,3,4)

2.1 SC fiber in different days. (SC-5)
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Double Cladding (DC)

1. 4 Different DC fibers. (DC-1,2,3,4)




Fiber Attenuation Measurement Avg. 516 m

Results - Different Single Cladding fibers Stdev. 0.51 m (~10%)
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Used different polishing method between SC-1,2 & SC-3,4, so light vield value differ




Avg. ADC Count

Fiber Attenuation Measurement
Results - Same Single Cladding fiber

SC-5 | 15 point, 3 measure / point, Day 1

Avqg. 529 m

Stdev. 0.21 m (~4%)
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Fiber Attenuation Measurement

Avqg.

4,87 m

Results - Different Double Cladding fibers

DC-1 | 15 point, 3 measure / point

£ 850 , , , X2/ ndf 92.75/13
3 r Prob 4.147e14
Q 8oof—- Y 6.859
< F p1 -0.206
S . —
700 [ I s -]
Tt T S Sk Nl S —
800 L85 P =
550 T peeeedendn -]
+ exp(6.859 + (-0.206 + 0.004)x) : : ]
Il Il { Il Il { Il Il ]
5005 05 1 15 2 25 3
length (m)
DC-3| 15 point, 3 measure / point
800 - , { X2/ ndf 31.36/13
C Prob 0.002984
C 6.789
750~ -0.2096
T00 [ Nt e
s L SRR S SUE— -]
600 T PR\ G ——— -]
C ~ 476 m ]
550[ .
+ exp(6.789 + (-0.210 + 0.006)x) .
500 ‘ -

0 0.5 1

n
o
—w

Avg. ADC Count

Stdev.

0.18 m (~4%)
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Fiber Attenuation Measurement
Results - SC vs DC

® | Single Cladding (45V 32 Gain) @ | Double Cladding (45V 32 Gain)

= 600 : : : X2/ ndf 14.62/13 ~ 800 : : : X2/ ndf 8.092/13
3 O Prob 0.3317 3 C Prob 0.8376
S F : 3 3 p0 6.434 S pO 6.735
S AR DN SE S I -1 -0.1869 2 7501 -0.1945

: 0 N g L ]

B ] S - —

e - o .

C ] B0 bR -

. - - .

B i B0 [ -

P . ; C .

. 550 S M Nt —

+ exp(6.434 + (-0.187 + 0.007)x) ‘ ‘ i + exp(6.735 + (-0.195 + 0.004)x) .

3500 0.5 1 1.5 ‘ ‘ é ‘ ‘ 2.15 ‘ ‘ 3 5000 0.5 1 1.5 2 25 ‘ 3

length (m) length (m)

Spec LINK

SC DC
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as light guide fiber
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o

Measured Attenuation length

- Need more stats for accurate result, but it shows consistency

with information in spec. sheet



https://www.kuraray.com/uploads/5a717515df6f5/PR0150_psf01.pdf

Fiber Quality Test

Summary & Plan

. Atten. . Atten. . Atten.

Fiber Length (m) Fiber Length (m) Fiber Length (m)
SC DC
SC-1 4.61 SC-5(1) 5.46 DC-1 4.85
SC-2 5.78 SC-5(2) 5.35 DC-2 513 AVG. >19m 487m
~Q0 ~/.0

sc-3 4.90 SC-5(3) 5.05 DC-3 4.76 Stdev.  0.45m (~9%) 0.18 m (~4%)
SC-4 5.35 DC-4 4.74

SCSF78

- Measured attenuation length of scintillating fibers, using SP5600E kit with SiPM (S14160-1310PS).

- Result has ~7% fluctuation for single cladding, ~4% for double cladding.

Exiting Wavelength:350nm

- Result showed consistency with information in spec. sheet, DC > SC (light yield), DC = SC (atten.)

== Photon detection efficiency vs. wavelength
(Typ. Ta=25 °C, Va=Viop)

| I
14160-1315PS/-3015PS
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- Make more statistics for accurate results. (Automating measure process research in UoS) [ n g = N
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- Measure fibers in different conditions - applying optical filter on fibers T e T A
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- Cross-check result by changing measuring method - Cutback method Wavelength ()
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Fiber Attenuation Measurement
Polishing Fiber

Before Polishing Sandpaper 3um Film 1um Film

-400grit-
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Fiber Attenuation Measurement
Dark Case test

Charge Distribution Unlimited Histogram Charge distributicn l
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- Checked if light leakage occurs through blackout curtain.
- Fiber was connected to SiPM without LED source.

- Got ~1 million events, but no significant leakage seems to occur.




