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Abstract 

Tests of Fiber Optic Cables at 300 and 4.2 K. Fawn Huisman (Reed College, 
Portland, OR 97202) John Weisend (Stanford Linear Accelerator Center, 
Stanford, CA 94305) 

Strange “cavity lights” have been observed in Superconducting Radio 
Frequency (SCRF) Cavities. In order to understand this phenomenon a 
spectral analysis of the light is necessary. However, the extreme 
conditions presented within the cavity require the equipment to function at 
cryogenic temperatures. Ocean optics P600 UVNIS fiber optic cables 
were studied at 300 K and 4.2 K to determine whether or not they would 
be appropriate for cryogenic temperatures. At 300 K the performance of 
different lengths of cable, the effect of a lens and the effect of a junction 
were investigated by taking spectra of red, green, and yellow LEDs at a 
variety of distances from where the source and the cable/spectrorneter 
were aligned. It was found that there was significant attenuation of the 
signal between the spectrometer alone and the spectrometer with any 
combination of cables. The lens reduced the number of locations where a 
readable signal was produced, but the intensity increased greatly when the 
lens was aligned with the light source. The junction did not seem to make 
a difference except when there was a large angle between the light source 
and the cable. At 4.2 K a 4 m cable and a lens were submerged in liquid 
Helium to test their capabilities at cryogenic temperatures. The fiber optic 
cable was found unsuitable for use as it did not function at 4.2 K, and the 
signal was essentially lost. However, the lens survived. 
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Introduction 

Particle physics has advanced greatly since World War 11. This would not have 

been possible without particle accelerators providing the means to perform the high 

energy collisions that have resulted in the creation of the fundamental particles known 

today. However, higher energies are needed to continue this tradition, as the formation of 

the still “missing” particles requires very high energies. This need has lead to the 

development of a new generation of higher energy accelerators. 

These accelerators are being created using a variety of technologies, including 

Superconducting Radio Frequency (SCRF) Cavities. Radio frequency cavities are 

microwave resonators that accelerate charged particle beams traversing their electric 

fields. Since the electric fields are oscillatory, a beam must be in the correct phase to 

ensure that it is always accelerated (Graber, J. 1993). SCRF cavities are distinctive and 

appear especially promising for use in the next generation of accelerators because the 

power losses drop dramatically when the temperature of a cavity is below the critical 

temperature. This means that there is less power loss during a cavity’s operation, 

reducing power usage and allowing a higher power gradient (Wilson, C 2001). This 

higher gradient minimizes the length of accelerating sections, which along with the 

smooth shape and larger beam holes, allows for less disruption to the beam (Graber, J. 

1993). 

However, these cavities are not without problems, the greatest being the 

phenomenon known as field emission. Field emission occurs when the voltage reaches a 

high enough value that electrons are pulled from the cavity. Once emitted, the electrons 

interfere with the beam’s acceleration, and thus lessen the energy of the beam. The 
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electrons can also fall back onto the cavity surface, heating it and thus increasing the 

resistance (Graber, J. 1993). 

Clearly, many aspects of field emission are understood, however, very little is 

known about what happens inside the cavity when it occurs. J.R. Delayen and J. 

Mammosser of Thomas Jefferson National Accelerator Facility lowered a CCD camera 

into a SCRF cavity in an attempt to answer that question. What they found was very 

unexpected. Glowing ovals of light were observed, mainly at the center of the beam axis 

(Figure 1). There is no satisfactory explanation for these “cavity lights”, although it is 

believed that they may be due to field emission. Delayen and Mammosser proposed that 

the cavity lights “are due to charged particles generated by field emission and trapped in 

the RF fields. The particles could be heated on the cavity surface and projected toward 

its center where they are trapped by the RF fields. The glow could be due to light 

emission generated from the interaction with field emission, or by ionization of the 

residual helium gas” (Delayen and Mammosser, 1999). It should also be noted that in a 

recent paper by David Fryberger he eliminated most conventional explanations for the 

lights (Fryberger, 2001). 

In order to better understand the cavity lights, it was decided that a spectral 

analysis of the light was necessary. In January 2002, Mammosser (Jlab), Anthony 

(SLAC), Fryberger (SLAC) and Weisend (SLAC) tested a plastic fiber optic cable at 

Jefferson lab, and determined it to be unsuitable. The cable had a strong absorption, and 

destroyed the signal. 

The goal of this project was to ensure that a glass fiber optic cable would perform 

appropriately while submerged in liquid Helium. The effect that ajunction has on fiber 
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optic cables was also investigated, as well as the angle from source to receiver. This was 

done by performing experiments with the cables at 300 K and 4.2 K. 

Materials and Methods 

A spectral analysis was taken of red, green and yellow LED's at 300 K and 4.2 K. 

At 300 K each spectrum was gathered with the spectrometer alone, with a 2 m fiber optic 

cable, two 2 m fiber optic cables attached together, and a 4 m fiber optic cable. The 

green LED was also analyzed using the 2 m fiber optic cable with a lens attached at 300 

K. At 4.2 K the 4 m cable and the lens were submerged in liquid helium. A spectral 

analysis was done on the yellow and green LED's with the 4 m cable at 4.2 K. The 

spectrometer used was an Ocean Optics USB2000 Miniature Fiber Optic Spectrometer. 

The fiber optic cables were Ocean Optics PGO0-2-UV/VIS. The two 2 m cables were 

joined using a small in-line adapter from Ocean Optics. A box was used to shield against 

background light. The data was collected using a LabVIEW program running on a 

Windows NT PC. 

For the room temperature test the spectrometer and fiber optic cables were 

mounted on a stand that allowed them to be interchanged. The spectrometer was held in 

a support at the same height as the LED using plastic screws to hold it in place. The fiber 

optic cables used the same support, but with a faceplate. The plate had a hole with the 

same diameter as the tip of the cable drilled through it and aligned with the LED. The 

LED was placed 17.8 cm from the center of receiver, and fixed to a platform with the 

capability to move from left to right in the horizontal plane as shown in Figure 2. 

Measurements were taken when the LED was aligned with the receiver (which 

shall be referred to as 0 cm from now on) and at 1.7 cm, 3.4 cm, 7 cm, -1.9 cm, -3.9 cm, 
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and -7.8 cm. Positive measurements indicate that the LED was on the left side of the 

spectrometer, and negative measurements indicate the LED was on the right. All 

measurements were made from 0 to the negative side of the LED platform, as outlined in 

figure 3. 

Measurements with the lens could not use the faceplate, so these measurements 

were done two ways. First the lens was aligned with the hole in the faceplate, so that it 

would have the same path to the LED, and then taped to the support. This was not stable 

enough to keep the alignment, so a second run was done, while the cable was hand held. 

The cable was centered on the LED by lining up the lens with the LED and adjusting the 

angle until the greatest signal was found. During the hand held test a notebook was used 

as a light shield, as this method rendered the box unusable. 

For the 4.2 K test, a 4 m fiber optic cable and a lens were submerged in liquid 

helium and used to transmit the light from the LED to the spectrometer. The cable was 

put into the Dewar, looped at the bottom, tied in that loop with Kevlar and drawn back 

out where it was attached to the spectrometer (Figure 4). The lens was placed on the end 

of a 2 m fiber optic cable that was tied with Kevlar and placed in the Dewar. The 

spectrometer was fixed to the top plate beneath the LED support, which was also attached 

to the top plate, as shown in Figures 5 and 6. The top of the Dewar was wrapped in black 

cloth to eliminate background from the overhead lights. A reading was taken after the 

apparatus was lowered in to the Dewar to use as a control. The liquid Nitrogen jacket 

was filled, and another reading was taken to see if this had any effect. After the Dewar 

sat overnight, liquid Helium was pumped in, submerging between 2 and 2.5 m of the 

cable. 
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Results 

Room Temperature Test (300 K) 

Table 1 shows the peak intensity and corresponding wavelength, the half width 

and the base width of the signal for all the LED’s and receivers at 300 K. 

Figure 7 shows the intensity versus wavelength of the red LED at 3.4 cm for the 2 

m cable, the 4 m cable, the spectrometer, and the 4 m cable with a junction. Figure 8 

shows the same at -3.9 cm. 

Figure 9 shows the intensity versus wavelength of the green LED at -1.9 cm for 

the 2 m cable, the 4 m cable, the spectrometer and the 4 m cable with a junction. Figure 

10 shows the same at 1.7 cm. 

Figure 1 1  shows the intensity versus wavelength of the green LED at 0 cm for the 

2 m cable alone and with the lens attached. Figure 12 shows the same at 1.7 cm. 

Figure 13 shows the intensity versus wavelength of the red LED at 0 cm for the 

spectrometer only. Figure 14 shows the same for the 2 m cable. 

Cold Test (4.2 K) 

Figure 15 shows the intensity versus wavelength of the yellow LED at 0 cm with 

15.3 cm between it and the receiving 4 m cable while the cable is in the Dewar at room 

temperature and after the Dewar has been filled with liquid Helium. 

Figure 16 shows the intensity versus wavelength of the green LED resting on top 

of the 4 m fiber optic cable with the cable submerged in liquid Helium. 

Table 5 shows the peak intensity and corresponding wavelength, the half width 

and the base width of the signal for the yellow LED at 300 K and 4.2 K with the 4 m 
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cable in the Dewar. Table 6 shows the same for the green LED when it was placed 

directly on top of the cable. 

Discussion and Conclusions 

Room Temperature Test (300 K) 

A significant attenuation of the intensity signal was recorded for each LED, with 

the longer cables performing poorer than the spectrometer, as shown in Table 2 (note all 

percentages were rounded up to the nearest whole number). The green LED had the 

greatest overall attenuation, with a 27% loss of signal at 0 cm between the intensity high 

and low, a 69% loss at 1.7 cm, and a 63% loss at -1.9 cm. The yellow LED did slightly 

better overall with a 29% loss of signal between the intensity high and low at 0 cm, a 

40% loss at 1.7 cm, and a 36% loss at -1.9 cm. The red LED had the least attenuation, 

with a 16% loss of signal between the intensity high and low at 0 cm, a 52% loss at 1.7 

cm, and a 34% loss at -1.9 cm. 

However, at 3.4 cm and -3.9 cm the longer cables picked up a signal, while the 

spectrometer and 2 m cable did not (Figures 7 and 8). For each LED at 3.4 cm, the 4 m 

cable and the 4 m cable with a junction picked up a signal, with the 4 m cable 

transmitting the greatest intensity, while the spectrometer and 2 m cable transmitted 

noise. At -3.9 the results were similar for the green and yellow LED, while the red 

LED’s signal was picked up by the 2 m cable as well, however this intensity was the 

lowest transmitted. It appears that the longer cables, while having lower intensity overall, 

have a larger range making a longer cable a better choice when alignment is difficult. 

Another significant discrepancy regarding intensity appeared at 1.7 cm and -1.9 

cm (Figures 9 and 10, and Table 3). At 1.7 cm, for all the LED’s, the spectrometer had 

9 



the signal with the greatest intensity and the 2 m cable had a signal with an intensity that 

was significantly smaller (note all percentages rounded up to the nearest whole number). 

For the green LED the intensity of the 2 m cable was 70% smaller than the 

spectrometer’s intensity, for the yellow LED it was 28 % smaller, and for red LED it was 

45% smaller. When the LED was moved to -1.9 cm, the above relationship reverses. 

The 2 m cable has the greatest intensity, with the spectrometer producing a signal with a 

significantly smaller intensity. For the green LED, the spectrometer is 63% smaller than 

the 2 m cable, for the yellow LED, the spectrometer is 36% smaller, and for the red LED, 

the spectrometer is 22% smaller. It is possible this is due to the wavelength of the light, 

and how it reacts to the diffraction grating with different incidence angles producing 

variations in the intensity of the spectrum. Also, the LEDs may be brighter on one side. 

When the lens was placed on the 2 m cable, the locations off center where a 

readable signal was produced were reduced, but the signal at 0 cm increased beyond the 

capabilities of the equipment (Figures 1 1  and 12). The greatest readable intensity was 

4100 counts, and this was passed by the lens at 539 nm and 592 nm, resulting in a 53 nm 

gap in the data. At 0 cm, the other receivers had a width of 53 nm near their base, with, 

on average, 83% of the signal (2294 counts) found above that width. In addition, the 

slope of the signal produced by the lens is steeper than the slope of the other signals in 

the equivalent location. Thus, it appears likely that the lens has a maximum intensity 

well above 4100 counts, and would be useful in amplifying the intensity if the lens could 

be centered on the source. The lack of range may be due to the light needing to hit the 

lens relatively straight on, making it difficult for a source to register when most of its 

light is coming in at a significant angle. 
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The color of the LED did not seem to have a significant effect, however there 

were discrepancies between colors at 1.7 cm (Table 4). At 0 cm the 2 m cable produced 

the greatest intensity signal with the green LED, where yellow peaked with the 

spectrometer and red had a tie between the spectrometer and 2 m cable. However, if one 

examines the graph of the red LED at 0 cm closely (Figures 13 and 14), it seems that the 

slope of the signal with the 2 m cable is a bit shallower and will hit 0 before the 

spectrometer’s signal. Therefore green is the only inconsistency, and the difference 

between the intensity from the 2 m cable and the spectrometer was 70 counts, which is 

only 2.2 % of the 2 m cable intensity, and 2.3 % of the spectrometer’s intensity. This 

difference is so small, that i t  still fits the general pattern of the other readings. 

At -1.9 cm the only inconsistency found was with the red LED. While the others 

had the 4 m cable in third and the spectrometer last, the red LED reversed those. The 

difference between the intensity of the 4 m cable and spectrometer for the red LED is 420 

counts, which is 36.6 % of the intensity of the 4 m cable and 30.8% of the spectrometer’s 

signal. At 3.4 cm, all the LED’s had the greatest intensity reading with the 4 m cable, 

followed by the 4 m cable with a junction, and the rest only produced noise. At -3.9 cm 

it was the same as 3.4 cm, except for the red LED where the 2 m cable registered a small 

signal. At 1.7 cm the spectrometer alone yielded the largest intensity, however after that 

the order varied. Therefore, it seems that color makes little difference far from 0 cm and 

close to 0 cm, but in between it may have an effect. However, it is hard to tell given the 

small number of readings. 

The junction did not seem to have an effect except at 3.4 and -3.9 cm (Figures 7 

and 8). The other distances closer to center do not appear to have any noticeable pattern. 
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However, at 3.4 and -3.9 cm the 4 m cable had a greater intensity than the 4 m cable with 

a junction for every LED. The average change in intensity was 39 counts, which was 

18.4 % of the 4 m cable’s average intensity of 209 counts and 20.9 % of the joined 

cable’s average intensity of 184 counts. 

While the intensity of the signal varied significantly in a variety of ways, there 

was no shift in wavelength (Table 1). At 0 cm, 1.7 cm, and -1.9 cm for all the LED’s the 

half-widths were the same for each receiver within 3 counts, and the base width was 

within 13 counts. At 1.7 cm and -1.9 cm the half width was within 6 counts and the base 

width was within 20 counts. However, this far from 0 cm the width of the signal line had 

increased greatly, making it difficult to determine where the end of the signal was. The 

peaks all occurred within 7 nm of one another for each LED. It is clear that there is no 

significant signal shift caused by changing receivers. 

Conclusions 

0 At 0 cm, 1.7 cm, and -1.9 cm there was significant attenuation of the signal 

between receivers, with the longer cables producing a lower intensity signal. 

At 3.4 and -3.9 cm the 2 m and 4 m cables functioned best, picking up a signal 

when the others were transmitting only noise. 

There was a significant difference in performance of equipment when it was at 1.7 

cm and when it was at -1.9 cm. The spectrometer performed best and the 2 m 

cable worse in the first case and the 2 m cable performed best and the 

spectrometer worse in the second case. 

0 

0 
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The lens reduced the number of the locations off center where a readable signal 

was produced, but greatly amplified the signal when the lens and source were 

aligned. 

Color makes little difference far from 0 cm and close to 0 cm, but in between it 

may have an effect. 

The junction had little noticeable effect, except at the outer limits of 3.4 cm and 

-3.9 cm where the 4 m cable with the junction performed poorer than the 4 m 

cable without the junction. 

There was no shift in signal from receiver to receiver, as they all had consistent 

base and half widths, as well as peak locations. 

0 

Cold Test (4.2 K) 

The fiber optic cable did not function at 4.2 K, and the signal was essentially lost 

(Figure 15). No reading was recorded when the yellow LED was 15.3 cm away 

vertically and at 0 cm horizontally. A signal with an intensity of 878 counts was 

produced when the green LED was set directly on top of the fiber optic cable (Figure 16). 

There did not seem to be any shift of the signal, as the signal from the green LED with 4 

m cable at 4.2 K occurred from 500 to 647 nm with the peak at 556 nm, and the signal 

from the test at 300 K was from 509 to 645 nm with a peak at 558 nm (Table 5). 

The lens survived and functioned as before after it warmed back up to 300 K. 

Conclusions 

0 The fiber optic cable did not function at 4.2 K and is not suitable for the 

investigation of the cavity lights. 

0 The lens survived. 
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Figure 1: Photo of cavity lights, notice the oval in the upper left hand corner 
(Courtesy of Delayen, J.R., Mammosser, J., 1999) 

Figure 2: 300 K test platform with spectrometer only 
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Figure 5: Spectrometer 
attached to top plate 
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igure 7: Red LED at 3.4 cm 
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:igure 8: Red LED at -3.9 cm 
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Figure 9: Green LED at -1.9 cm 
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igure 10: Green LED at 1.7 cm 
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Figure 12: Green LED at 1.7 cm 
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'igure 13: Red LED at 0 cm 
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Figure 14: Red LED at 0 cm 
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Figure 15: 4.2 K Test Yellow LED 
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Figure 16: 4.2 K Test Green LED 
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2 m Cable Noise N oise N oise 'N oise N oise Noise N oise Noise Noise 
4mCable 559 186 172.5 551 584 33 545 591 46 
with Junction 

8ftCable 557 203 188.5 555 580 25 542 599 57 
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GREEN keceiver Greatest 
Intensity 
'Counts) 

Table 3: Difference between the spectrometer and 2 m cable at 1.7 cm and -1.9 cm 

Receiver Lowest 
Intensity Intensity 
'Counts) lost (%) 
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Table 5: Yellow LED calibration and 4.2 K readings with the 4 m cable in Dewar 

Yellow Peak Peak 112Peak 112Peak 112Peak 

Length 
source and I Wave (nm) 

15.3 cm 
between 

Intensity 
(Counts) 

receiver + 
Intensity 
(Counts) 

Dewar 
4.2 K in Noise +- Dewar 

Peak 1RPeak ll2Peak 112Peak 112 Start End 

Intensity Intensity Wave Wave Wave Wave Wave 
(Counts) (Counts) Length Length Length Length Length 

878 539 546 57 1 25 500 647 

Width 

(nm) (nm) (nm) (nm) (nm) 

Table 6: Green LED 
Green 

Cable Length 

Base 
Width 
Wave 
Length 

147 
(nm) 

Length Length 

Noise Noise 

1/2width 

Wave 
Length 
(nm) 

32 

Noise 

Start I End I Base 
I Width 

Wave I Wave I Wave 
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