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• We measure:
ü Degradation of light transmittance in the water because of the cable: Soaking measurements 

both, in pure water & 0.2% Gd2(SO4)3 water
ü Total Organic Carbon (TOC) induced in the water by the cable (There is concern that the very 

large absorption at very low wave lengths in some of the cables, might be related to this)  

• For the following cables

Note: transmittance measurements have been carried out at those cables several 
times, at different conditions and with different experimental apparatus. Here we report 
our “final” and most accurate and sensitive measurements/results. 

Fujikura (SK-cable)    



the maximum loss of the light transparency in a range of 300nm to 600nm should be less than 5% after
traveling 100m in Hyper-K, by considering the ratio of the total water volume to the total surface area
facing with water. 

requirement  on degradation of Light transmission: 
[ as stablished in TN0061 (HK-note related to 50-cm PMT Covers)] 

XS: path of light at sampling (cuvette length) 
TX-S /T0 : ratio of measured transmittance of sample (TX-S) and blank (T0)
PS : time of soaking (in weeks) 
PHK : relevant time to compare to [taken 12 weeks – 3 months]
( A / V )S : surface of sample / volume of water in bottle
( A / V )HK : surface of cable in HK / volume of water in HK

L(𝛌) = 1 / [ − ln(TX-S /T0 )] · XS · [PS / PHK ] · [ ( A / V )S / ( A / V )HK ]
 requirement:          L(𝛌) > 2000 m

requirement  on TOC:

estimated by J. Menéndez

Less than the equivalent to, surface-volume-corrected, 20 𝛍-gram/L of water in HK (20 ppb) [ as it
is the maximum amount of TOC from the point of view of the water system] à TOC≾ 100 ppm



• Soaking on pure-water + 0.2 % 
Gd2(SO4)3 since 20240416

• Soaking on pure-water since 20240412

(AV)soak/(AV)HK  
from JMM  

4193 
4451
4294

Fujikura(SK)
4G35 H07RN-F –neoprene-
4G35 SumFlex R Clear  -Xlink polyethy-

stored at ~13o C  at dark
[ light always off, window is covered] 



• HITACHI U-3501 spectrophotometer [UAM’s Material Science Dep., Prof. A. García] with 4 cm light 
path cuvettes HELLMA 100-40-40 is used  

• ~36 measurements, ~10 minutes each: ~20 to understand reproducibilities and determine 
measurement errors, the rest were the measurement themselves. 

• baseline was set as transmittance through an empty cuvette
• i.e. measurements (blanks & samples) were w.r.t. empty cuvette

• Fujikura(SK) cable was measured 10 times, also its blank-sample 
• the “one-measurement error” ∆T, ∆T0,  ∆(T/T0) (as a function of 
𝛌) is taken as the RMS of those 10 results (see slide)

• Measured samples: Fujikura(SK) cable (pure water & 0.2% Gd2(SO4)3 water), Heat-Shrinkable tube
TTAM-075 75mm (pw), 4G35 H07RN-F Top-Cable –neoprene- (pw & Gd-w), 4G25 H07RN-F Top-
Cable –neoprene- at its 3rd iteration (pw), 4G35 SumFlex R Clear -Xlink polyethy- (pw & Gd-w)

• TOC (total organic carbon) was measured for all the above samples using a Shimadzu TOC-VCSH
[UAM’s Chemical Engineering Dep., Prof. L. Calvo, Dr. J. Baeza]



Started  with a hand-made (LL+FL) 
spectrophotometer system

final results with a professional Spectro-
photometer; full consistency among both  



à Next slide shows a summary of results
à The following slides show some of the details of the error estimates and measurements  

Few-words-summary: 
• Transmittance Measurements: 

ü Measurement errors from reproducibility ≤ 1%
ü –neoprene- and –Xlink polyethylene- have bad transmittance in the lower part of the spectrum (𝛌 

~ 300 nm). However, –Xlink polyethylene- is clearly better. For 𝛌 > 350 nm they both are OK. 
ü However, the degradation of the –neoprene- cable in its third measurement, after two periods of 

soaking with water changed afterwards, show important significant reductions in the degradation
ü transmittance in Gd-soaked samples is always slightly better than when soaking in pure water.
ü –Fujikura(SK)- satisfies our requirements 

• TOC measurements
ü The results in every sample ~follow behavior of transmittance in the lower part of the spectrum i.e. 

ü TOC(–neoprene- ) > TOC(–Xlink polyeth- ) > TOC(-Fujikura- )
ü TOC(–neoprene-2- ) > TOC(–neoprene-3-) [2- , 3- refer to the measurement after the corresponding soaking period]

Few-words Grand-Summary: 
• in terms of light transmission and TOC the Fujikura/polyethylene cable satisfy well all our 

requirements and recommendations. 



Heat-Shrinkable tube;  TTAM-075 75 mm  

Measurement @ 20240524

𝛌 (nm)

20240311 à 0524 (10 w)

1 measurement sample & 1 measurement blank

RATIO= 

T0: pure water
T: soaked water 

T: soaked water 
T0: pure water



Histograms with some results (some wavelengths) for the -Fujikura(SK)- cable;    

RATIO= T / T0 

T0: pure waterT: soaked water RATIO= T / T0 

T: soaked water T: soaked water T0: pure water

T0: pure water

300 nm300 nm

300 nm298 nm

298 nm298 nm

302 nm 302 nm

<T/T0>= 0.966  
∆(T/T0)≡RMS= 0.002 



Fujikura (SK-cable);    

302 nm

T: soaked water T: soaked water 

T: soaked water 

T0: pure water

T0: pure water RATIO= T / T0 RATIO= T / T0 

RATIO= T / T0 

350 nm350 nm

350 nm

450 nm

450 nm450 nm

450 nm
550 nm

<T/T0>= 0.978  
∆(T/T0)≡RMS= 0.005 

<T/T0>= 0.989  
∆(T/T0)≡RMS= 0.008 



Fujikura (SK-cable);    

550 nm 550 nm

T0: pure water RATIO= T / T0 

<T/T0>= 0.987  
∆(T/T0)≡RMS= 0.011 



Fujikura (SK-cable);    

Measurement @ 20240524

𝛌 (nm)

20240412 à 0524 (6 w)

10 measurements sample & 10 measurements blank, 
see histograms for 300, 350, 450, 550 nm

RATIO= T: soaked water 
T0: pure water

T0: pure water
T: soaked water 

Note: some of the small degradation seen comes 
from the HS tube.  It ought to be estimate t.b.d. 



Fujikura (SK-cable);    

20240412 à 0524 (6 w)

1 measurement sample & 1 measurements blank

Note: some of the small degradation seen comes 
from the HS tube.  It ought to be estimate t.b.d. 

Measurement @ 20240524

𝛌 (nm)

RATIO= 

T0: pure water
T: soaked water 

T: soaked water 
T0: pure water



Measurement @ 20240524

𝛌 (nm)

4G35 H07RN-F Top-Cable (neoprene)

20240412 à 0524 (6 w)

1 measurement sample & 10 measurements blank

RATIO= 

T0: pure water
T: soaked water 

T: soaked water 
T0: pure water



4G35 H07RN-F Top-Cable (neoprene)

20240412 à 0524 (6 w)

1 measurement sample & 1 measurement blank

Measurement @ 20240524

T0: pure water
T: soaked water 

𝛌 (nm)

RATIO= T: soaked water 
T0: pure water



4GXX H07RN-F Top-Cable 
(neoprene) 

Measurement @ 20240524

𝛌 (nm)

4G25 H07RN-F Top-Cable (neoprene);    2 x water changed after ~1 month soaking
measured after 1.5 months soaking 

20240215 à 0313 à 0410 – 0524 (6.3 w)

1 measurement sample & 1 measurement blank

RATIO= 

T0: pure water
T: soaked water 

T: soaked water 
T0: pure water



4G35 SumFlex R Clear  (cross-link polyethylene)

20240412 à 0524 (6 w)

Measurement @ 20240524

𝛌 (nm)

1 measurement sample & 10 measurements blank

RATIO= 

T0: pure water
T: soaked water 

T: soaked water 
T0: pure water



4G35 SumFlex R Clear  (cross-link polyethylene)

20240412 à 0524 (6 w)

1 measurement sample & 1 measurement blank

T0: pure water
T: soaked water 

𝛌 (nm)

Measurement @ 20240524

RATIO= T: soaked water 
T0: pure water



ADDITIONAL MATERIALS



summary of light transmission and TOC results



A. Takeda 20240603


