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Abstract

The goal of this project was to study higher order harmonics and fluorescence.

Higher order harmonics and fluorescence can be created when a ultrashort, ultraintense

pulsed laser beam shines through a jet of gas produced by a pulsed valve that has been

placed in vacuum.  Most of what I did consisted of getting the equipment set up for the

experiment and creating a driver for the pulsed valve.  Setting up the equipment took

longer than I thought it would.  I will not get to see the actual experiment performed.
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I. Introduction

The goal of this project is to study the light emitted from atoms interacting with

an ultrashort, ultraintense laser pulse.  We will study this by shining a pulsed laser beam

through a gas jet produced by a pulsed valve (see Figure 1 in the Figures section on page

8).  The pulsed valve will be in a vacuum chamber (Figure 2) in order to keep the laser

from interacting with substances other than the gas from the pulsed valve.  The gas from

the pulsed valve will probably be argon.  The laser’s focus will be in the middle of the

gas jet.  I mostly worked on the driver for the pulsed valve.  The driver is a circuit that

will send pulses of voltage to the pulsed valve in order to move a piezo that is in it.  The

piezo in the pulsed valve has a little piece of rubber on it which presses against the

opening in the valve.  The voltage (from 50V to 200V) causes the piezo to move and

opens the valve.  The piezo came from a inexpensive tweeter from Radio Shack.  We

have created a circuit on a breadboard and tested it.  I am waiting for a printed circuit

board to which electrical components such as transistors will be soldered.  The circuit

will eventually be put into a box and the user will be able to adjust the voltage,

frequency, and pulse length of the pulses sent to the pulsed valve.  We want to be able to

adjust these so that we could fine turn the pulses of gas from the valve.

II. The Goal

In the end, we want to be able to study higher order harmonics and fluorescence

(Gavrila).  In order to study higher order harmonics, we will shine an 800nm, 100fs

pulsed laser beam into the vacuum chamber, focus it with a lens, and shine it through the

jet of gas, most likely argon, from the pulsed valve (Figure 3).  We will set this up so that
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the harmonics will shine onto a grating that will spread out the different harmonics

according to wavelength.  We will use a CCD camera and a spectrometer to detect the

harmonics.  The pulsed valve will release pulses of gas at pressures from 1mTorr to

100Torr at 1000 pulses per sec.  The pulses from the laser will be synchronized with the

laser pulses.

                 The harmonics are generated when one of the atoms in the gas jet absorbs

several photons simultaneously or one right after the other in rapid succession.  In order

to generate the harmonics, we need to use a very intense light source.  We can get this

intense light by making the laser pulses very short (~100fs).  The atom then releases

radiation of an amount equal to what it absorbed, which is an integer number times the

energy of one of the photons (Gillen).  The energy released is the harmonic.  The

harmonic photons that are produced will have energies which are odd multiples of the

energy of the incoming photons.  The multiples are odd due to the formulas

                                                                P(-E) = -P(E)                                                    (1)

                                                                P = χE                                                         (2)

                                                       χ = χ1 + χ2E + χ3E
2 + ⋅ ⋅ ⋅                                      (3)

where P is the polarization, E is the electric field, and χ is the susceptibility (Van

Woerkom).  If you substitute the formula for χ into the formula for the polarization, you

get

                                                           P = χ1E + χ2E
2 + χ3E

3 + ⋅ ⋅ ⋅  .                                (4)

Since, if you change the sign of the electric field, the sign of the product P(E) changes

signs due to formula (1), only the odd harmonics can exist.  If the even harmonics did

exist, the polarization would change its absolute value and P(-E) would not equal –P(E).
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The harmonics are odd because we use a gas and the gas has inversion symmetry.  The

above formulas are used because of the inversion symmetry.

The set up that will be used to study fluorescence will be similar to that used for

the higher order harmonics.  The difference will be in how we collect the fluorescence

and the pressures at which the pulsed valve will release the gas.  We will use a mirror to

collect the fluorescence and send it to the detector (Figure 4).  The detector will most

likely be the same CCD camera and spectrometer used for the higher order harmonics.

The pulsed valve will release pulses at a lower pressure than that in the higher order

harmonics case, but it will still be at 1000 pulses per second.  Fluorescence is also

emitted by excited ions and atoms.  The atom or ion absorbs a photon.  It then releases

the energy in amounts smaller than the energy of the photon (Gillen).

                            The reason that we are studying higher order harmonics and fluorescence

is in the hope that what we learn about them may be applied elsewhere.  In other words,

that it might let other people use the harmonics and fluorescence for other applications.

One example of why we are studying harmonics is because we can use visible light,

which is not to hard to make, to create x-rays, which are much harder to make.  This is

possible because harmonics can extend to very short wavelengths.

III. My Part

The first thing that I helped to do was get the vacuum chamber working.  It wasn’t

broken, but it had not been used in several years.  Both the graduate student that I have

been working with, Richard Patterson, and I read about vacuum technology first.  After

we did the reading, we cleaned the vacuum chamber and hooked up the water and
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electricity to the diffusion pumps and the mechanical roughing pumps.  Finally we

switched the pumps on.  After we got the chamber to a reasonable vacuum, it was

decided that Richard would work on the optics while I would work on the driver for the

pulsed valve.  In order to build the driver, I worked with Dr. John Hoftiezer, who is the

director of the physics department electronics shop.  We first chose one possible circuit

that was designed by Lasertechnics Inc. (Figure 5) and I built it on a breadboard.  When

we tested it, it would follow whatever signal we put in, but it would increase the voltage,

which we wanted it to do.  We then decided that we wanted more options, such as the

user being able to control the length of the square pulses independent of the length of the

input pulse.  We also wanted the circuit to be able to generate its own pulses if the user

wanted it to.  We wanted to be able to do these so that the user could make the pulses

from the pulsed valve match the laser pulses.  We want the valve to pulse so that we do

not fill up the vacuum chamber faster than the pumps can pump the gas away and also to

save on the gas that we use.  In order to do this, we added part of another circuit (Figure

6), also designed by Lasertechnics Inc. to our first circuit.  When we tested this circuit, it

did what we wanted.

While we were waiting for parts to come in for the more permanent circuit, Dr. Hoftiezer

had me build a couple of circuits for photodiodes. This was in order to give me some

experience soldering electrical components to a more permanent board and putting them

in a box.  After I finished with those, Dr. Hoftiezer decided that he would have me study

the noise levels in the photodiodes using different power supplies.  He had me write a

short report on it (see Appendix).  While I was not working on the photodiodes, I read

some articles about higher order harmonics and helped Richard on his part of the project.
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After we finished with the photodiodes and the parts had come in, we started working on

the box for the driver.  I had to figure out where we wanted the holes cut in the box.

Once I figured that out, I took the box (Figure 7) up to the student machine shop and cut

the holes with Tom Kelch’s help.  Tom Kelch is the director of the shop.

After I had done that and while I was waiting for assembly of the printed circuit

board to which I would solder the electrical components, I helped Richard with the

vacuum chamber.  We attached two metal breadboards to the sides and tested the pulsed

valve for leaks.  We fixed the leaks that we found with epoxy.  We also mounted the

pulsed valve.  After we had done that, we decided that one of the breadboards was too

small and that the other needed to be moved to a different side of the chamber.

Building and mounting the more permanent circuit in the box is still left.

Hoftiezer was delayed on printing the board due to personal reasons.  Richard also has

the optical alignment left to do.  Once everything is ready, the experiment will be

performed.

IV. Conclusions

Most of what I got done consisted of getting the equipment set up for the

experiment.  We got a good amount done, but there is still much more that needs to be

done.  I might get to see the driver for the pulsed valve finished, but I most likely will not

get to see the experiment performed.  I didn’t know that it took so long to get the

equipment set up for an experiment.  At the beginning of the summer, I figured that the

set up would only take maybe half the time at most and that the experiment would take

the other half.  I learned otherwise.
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VI. Figures

 Figure 1: The Pulsed Valve

 Figure 2:  The Vacuum Chamber
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Figure 3:  Higher Order Harmonic Generation

 Figure 4:  Fluorescence
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Figure 5:  The First Circuit We Tried
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Figure 6: The Part We Added
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     Figure 7:  The Pulsed Valve Driver
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Appendix

Photodiode Noise Study

By April Hendley

Done on July 17-18, 2000

On July 17, 2000, we tested three different photodiodes with three different power

supplies in order to determine the noise levels in them.  The photodiodes were all

UDT55D models.  The differences between them were in the circuits connected to them.

Photodiodes one and two are alike, while photodiode three had a circuit in it to reduce the

noise in it.  One power supply was a 12V Jameco type power supply.  Another was a

Kepco power supply.  The third was a quiet power supply built by the Ohio State

University Physics department.  The quiet power supply was supposed to be the quietest

and the Kepco power supply was supposed to be quieter than the Jameco power supply.

On July 18, 2000, we tested a photodiode (four) that had a built in battery (two 9Vs) and

we tested photodiode one using the Jameco and added noise generated by an arbitrary

function generator. For each photodiode and power supply combination, we tested it in

both the light from the room and in the dark.  For the dark case, we put a black curtain

over it.  For the light case, we placed the photodiode on a table along the wall.  We

pointed it in an east horizontal direction (along the wall).  The photodiode was about

three feet from the wall.  When we tested photodiode four and photodiode one with added

noise, we also did both of them in both light and dark.

In every case, there was less noise in the dark than there was in the light.  (Please

see the tables on the last page.)  For photodiode one, the results were about the same for
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the Jameco and the Kepco power supplies.  The noise was less for the quiet power

supply.  For photodiode two, the noise in the light using the Kepco was less than both the

Jameco and the quiet power supply.  The quiet power supply and the Jameco did about

the same in the light.  In the dark, the quiet power supply did the best, followed by the

Jameco and then the Kepco.  For photodiode three, the highest in the light was the quiet

power supply, then the Jameco.  The Kepco was the least.  All three power supplies did

about the same in the dark for photodiode three.  All three photodiodes did about the

same in the light for any of the power supplies.  Photodiode four also did about the same

in the light.  It did about the same in the dark as photodiodes one and two did in the dark.

In the dark, photodiodes one and two did about the same, while photodiode three did

better.

When we used photodiode one and added noise to the signal, the amount of noise

in the output increased in both the light and the dark as compared to the same photodiode

without the noise.  It increased with increasing noise into it when it was in the dark.  It

increased only slightly in the light.  In the dark the amount of noise out doubled when we

went from 100mV to 200mV into it.

For use in the dark, the quiet power supply and photodiode three appeared to be

the best, while in the light they all appeared to be about the same.  The amount of noise

out increased when we increased the amount of noise in, so the less noise the better.  It

did put out less noise than we put in.  We may need to come up with another way to test

them in the light.  These results could help a person using these photodiodes know what

sort of noise level to expect and what conditions are best.
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                                             Power Supply

Jameco
12V

    Kepco Quiet Power
Supply

Batteries
±9V

Light
       40mV        38mV        30mV

    #1
Dark
       7.5mV        7.0mV        3.4mV

       40mV        33mV        40mV
    #2

       7.0mV        8.0mV        3.5mV

       35mV        30mV        43mV
    #3

       1.5mV        1.4mV        1.5mV

       40mV

                                              P
hotodiode

    #4

       3.0mV

The light and the dark are the same way in each cell even though light and dark are only
written once.

The data in both tables is mV of noise.

Photodiode #1 using the Jameco with an
Arbitrary Function Generator (added noise)

     Dark      Light

 50mV     10mV      61mV

100mV     15mV      62mV

         A
dded N

oise

200mV     30mV      65mV


