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Introduction

We worked in relation with the liquid Argon detector particle detector project, which requires the Argon in use to be as pure as possible.  The purity is measured with a purity detector which needs multiple but consistent light sources.  The light is transferred using quartz fibers from a single Xenon flash lamp.  These fibers need to be of approximately equal intensity.  We used a device that holds and aims multiple fibers at a central focus and constructed a test to measure the differences in the amount of light traveling through each fiber.
Procedure:

In this test we used a Xeon flash light, which can be adjusted to have different flashing frequencies and light intensity levels. According to the maker, the arc gap of the bulb is about 3mm. The position of this bulb can be controlled using knobs on the external housing. (See Fig1.)
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Fig.1 Shows the Xe flash lamp enclosed in the housing
In order to capture the light emerging from the bulb we used a 0.70mm diameter quartz fiber with a cleaved end. Since we wanted to capture the most light, we used a porcupine-like device which held 7 fibers at the same focus.  
The light transferred through the fibers was measured using a Hamamatsu phototube which was attached to a power supply.  This supply was set to give out 40V, creating an electric field inside the phototube to drift the electrons. The output signal was connected to a Tektronix Digital Storage oscilloscope, which read the voltage across the phototube as a function of time.
(See Fig.2)
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Fig.2 Shows the set up of the oscilloscope and phototube
The porcupine device we used to focus the fibers can be seen in the photo below. (Fig.3)
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Fig3. Porcupine used in this test
Our objective was to find the position of the bulb where the fibers picked up the most light and to see the percentage of light lost in the outside fibers compared to the middle one.  (See fig 4. below)
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Fig4. Schematic of the test set up
We began by placing our test fiber in the middle position, with the bulb at the position where the knobs were completely loosened. We placed the fibber in such a manner that it was just touching the bulb. Then, we adjusted the position of the bulb so that the fiber could pick up the most light. We kept track of the bulb´s position by counting the amount of turns we tightened the knobs. We labeled the bulb´s vertical movement as movement along the y-axis, the horizontal movement as movement along the x-axis and the backwards and forwards movement as movement along the z-axis. The “z” knob we kept fixed at its loose position and instead moved along the z-axis by moving the porcupine´s position.
Our first step in finding the peak light intensity was to adjust the bulb´s position on the y-axis. This was done by tightening the knob one turn at a time and then reading the light intensity off of the oscilloscope after each turn. In this way we found the position of the bulb where the most light was transferred (12 turns). We then tested the light transfer through all seven fibers, comparing the percent they dropped from the middle fiber. The x-axis was adjusted in the same manner, except the y-axis was kept at the 12 turn position. Our maximum occurred after 3 turns. We again tested the seven fibers in the same manner.
We adjusted the z-axis by sliding the porcupine closer and further from the bulb, and once the peak was found, tested the fibers the same way we had done previously.

Data

We recorded the voltage difference between the pulse (peak of the graph on the oscilloscope) and the ground state of the system. See fig.5. For further information see appendix 1.
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Fig.5 Graph of the oscilloscope reading of one of our measurements.
The pictures below depict our results for each fiber while adjusting the z-axis. (Fig 6, 7 and 8)
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Fig.6. Schematic of our readings (14.39mm)
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Fig.7 Schematic of or readings (11,87mm)
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Fig 8. Schematic of our reading (20.53mm)
Tests were also done in the Oxygen monitor with our flash lamp, and the same procedure was followed. The obtained measurements showed that the percentage of voltage difference between the middle hole and the surroundings was at most 25%. For more information see appendix 2.
Conclusions

We can conclude that the outside fibers of the porcupine were within our target limit of 30% light loss in both of our measurement sets, the oxygen monitor and the test setting one.  Although more loss was measured during the oxygen monitor test we still have this loss under the 30%.

APPENDIX 1
The following table shows our experimental data for the middle fiber (movement along the y-axis).

	XYZ
	DV[VOLTS]
	AREA[microVOLTS*SEC]

	0,0,0
	8,84
	224

	0,1,0
	9,2
	258

	0,2,0
	9,44
	287

	0,3,0
	9,68
	310

	0,4,0
	9,84
	347

	0,5,0
	10
	375

	0,6,0
	10,12
	399

	0,7,0
	10,2
	418

	0,8,0
	10,36
	433

	0,9,0
	10,4
	444

	0,10,0
	10,52
	449

	0,11,0
	10,52
	451

	0,12,0
	10,56
	452

	0,13,0
	10,52
	450

	0,14,0
	10,52
	452

	0,15,0
	10,52
	453

	0,16,0
	10,52
	451

	0,17,0
	10,52
	451

	0,18,0
	10,44
	446

	0,19,0
	10,4
	438

	0,20,0
	10,32
	426

	0,21,0
	10,16
	413

	
	
	


The next scheme depicts our reading of each fiber at the Y-axis peak
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The below table shows the experimental data for the middle fiber along the x-axis and with the y-axis fixed at the 12 turns position.

	XYZ
	DV[VOLTS]
	AREA[microVOLTS*SEC]

	0,12,0
	10,44
	440

	1,12,0
	10,36
	434

	2,12,0
	10,48
	449

	3,12,0
	10,48
	446

	4,12,0
	10,48
	437

	5,12,0
	10,4
	423

	6,12,0
	10,16
	396

	7,12,0
	9,8
	353

	8,12,0
	9,2
	332


The following scheme depicts our readings for the other six fibers in the y-axis and x-axis peak position.  It should be noted that when we repeated the 0,12,0 measurement we couldn’t reach our previous peak value of 10,56V, instead we only reached 99% of this value.  We can suggest that the reason we couldn’t find the same value is because the fiber, after a long time of exposure to the bulb, started to melt.  This may have affected our cleaved end, and therefore the light picked up by the fiber.
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APPENDIX II

Once we took our measurements with the Xenon flash lamp in our test setting, we decided to take measurements in the actual oxygen monitor. We put the bulb in the “peak position” (3 turns of the x-axis knob and 12 turns of the y-axis knob) and followed the same procedure as previously. Below are our readings for the seven fibers. 
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Note that for the last diagram we had moved the y-axis knob to 8 turns in order to see how this affected our readings.
