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Abstract

   This paper presents a scheme for 3-step stripping of H - beam. First, H - atoms are converted to H0 by a magnetic field, then H0 atoms are excited from the ground state to the upper levels by a laser, and the excited states can be converted to protons by a magnetic field. The laser excitation encounters difficulties, related to the energy spread of the beam. The Doppler broadening of the absorption line width due to momentum spread is so large that a narrow bandwidth laser can excite only a small fraction of atoms to the upper levels. For the broad laser spectrum it is not evident how to excite all the atoms simultaneously. A special solution is found to overcome this problem. The experimental setup to satisfy the solution and to reduce the average laser power is presented.  

I. Introduction   

    Thin carbon foils are used as strippers for charge exchange injection into high intensity proton rings. However, the stripping foils become radioactive and produce uncontrolled beam loss, which is one of the main factors limiting beam power in high intensity proton rings. 

     The U.S. Spallation Neutron Source Project (1 Gev, 1.4 MW) [1] relies on carbon stripping foils for H- charge exchange injection into the ring. Though the foil assembly is well optimized, it requires an involved maintenance. The foil mechanism itself may represent a large impedance for the beam, and the lifetime of stripping foils impacts the reliability of the facility. Besides, foil manufacture for high intensity operation is expensive. The other projects (e.g. Japan Atomic Energy Research Insitute ring for the neutron source (1.5 GeV, 5 MW), European Spallation Source (1.334 GeV, 5 MW)) encounter even more serious problems from the standpoint of residual radioactivity.

    The laser stripping has many potential advantages over the stripping foil: 

1) the light beam is easy to operate with; 

2) it doesn’t produce radioactive elements; 

3) the laser stripping could be turned off and on in nanoseconds,  leading to a possibility to clean the residual beam in gap (10-3 – 10-4 of the regular linear density) and to clean the tails left by slower LEBT chopper (if they were not lost in the linac), therefore one can eliminate H- beam chopper, which will be built to clean the  beam gap after the Radio Frequency Quadruple (RFQ);  

4) uncontrolled losses due to multiple traversals of the stripping foil by stored protons are eliminated;

5) foil lifetime issues are eliminated;

6) the laser stripping employs the resonant method of the hydrogen excitation, which depends on particles energy. This automatically provides the possibility to measure the beam energy with good accuracy after the acceleration in the SNS linac.

    A charge-exchange injection method without stripping foil was proposed by Zelensky et al. [2]. A more feasible scheme, which consists first of a magnetic stripping of H-, followed by laser excitation from n=1 to n=3 state of hydrogen, second, and, finally, magnetic stripping of n=3 excited hydrogen atoms, was proposed by I. Yamane [3]. In the next sections we present a scheme, which differs from the latter one by a different laser setup for the hydrogen excitation.

II. Lorentz Stripping of H- ions and H0 excited states by a Magnetic Field 

  A transverse magnetic field in laboratory frame produces an electric field in the rest frame of H- ions according to the Lorentz transformation of the fields:
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where (=v/c, (=(1-(2)-1/2; v and c are the velocities of ion and light, respectively. B is the magnetic field in Tesla. The electric field in the rest frame essentially modifies the potential well for the electrons, leading to their possible escape from the region of potential minimum. For 1GeV H- ions only several kilogauss field is enough to sufficiently strip one electron, because the binding energy of this electron is rather small (0.755 eV). As for the H0 ground state, the magnetic field of the order of 40 T is needed to sufficiently strip the remaining electron. Therefore, some additional measures should be taken to facilitate the hydrogen atom stripping. It was suggested in [3] that one possible way to strip the last electron is to excite it to n=3 state by a laser through optical-nutation process (we discuss the process in the next section). The excited states of the hydrogen are much easy to strip by a magnetic field – for 1 GeV atom energy the required field for the stripping is of the order of 1 Tesla (for n=3 state) and even less for upper states. 

     If we don’t use complicated nonlinear magnetic fields for the injection, we have an increase of the transverse angular spread due to probabilistic nature of the Lorentz stripping process. To choose the needed magnetic field configuration, we use simplified criteria – the magnetic scheme is satisfactory, if the spread of H0 angles after the stripping is about the same or less than the initial spread from the linac. Now we estimate the needed magnetic field using the above criteria.

   The average angle deflection ( in any arbitrary magnetic field B(s) (assuming small change in transverse coordinate and exponential conversion of H- to H0) is given by:
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where 
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is the lifetime of H- in the rest frame of the ion (see e.g. [4]), with A1=2.47(0.09 10-14 MVs/cm, A2=44.94(0.10 MV/cm, and 
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 is the curvature radius for the H- ion trajectory in the given magnetic field B(s). The rms spread (( of the angles is:
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 If we take 2 Tesla magnet with the gap 10 cm (which is equal to the gap of the SNS ring septum), we can approximate the field linearly within the edge as B(s)=Bh*s/0.05 (with Bh =1 Tesla). After substituting into equation (3) we get ((=10-3, and the linac angular spread for the (=1m is about 10-3 also. Therefore, without any optimization, room temperature magnet of 2 Tesla will do the job. All the stripping should occur in the fringe field of the magnet, but in order not to decrease this field the length of the magnet should be about 20 cm.

    It was noticed in [3] that n=3 state of H0 atom has about the same dependence of the lifetime on the magnetic field (even more steep dependence), therefore the excited hydrogen atoms can be stripped with similar 2 Tesla magnet. One can chose n=4 or higher excited states for the hydrogen (it requires shorter wavelength laser). In this case the required field drops to 0.5 Tesla. This possibility will be discussed later. In the next section we consider the laser excitation process. 

III. Laser Excitation of Hydrogen from Ground to Upper States 

When a Hydrogen atom is placed in the laser beam with frequency equal to the transition frequency between the ground and any other state, the electron wave function starts to oscillate between the two states with frequency (called Rabi frequency) proportional to the amplitude of the laser electric field. Appendix 1 presents the mathematical description of the process. We duplicate the result from Appendix 1 for the Rabi frequency for states n=1 and n=3:  
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where (0 is the permittivity of free space,  Q0 is the laser power density in W/m2, a0 is the Bohr radius. The excited state has quantum numbers n=3, l=1, m=0, if the light is polarized in the vertical direction.

   The advantage of this method of excitation is that in the resonant case all the laser spectral density effectively interacts with the atom, compared to the case of electron photodetachment, where the process has broad spectrum of interaction but requires orders of magnitude higher power density. But a laser excitation process has its own drawbacks. 

   The first drawback is that the process requires transition frequencies larger than the inverse time of the upper state decay. The lifetime of the n=3 state, for example, is about 5 nanoseconds. This means that the device for excitation should be much shorter than the decay length, equal to           5 ns *c = 1.5 m. For our laser parameters the interaction region will be about 1 cm, therefore this is not a significant limitation.

    A more serious problem is the Doppler broadening of the Hydrogen absorption line width. The laser wavelength (0 in the H0 atom rest frame is related to the wavelength ( in the laboratory frame by the following formula:
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where ( is the angle between the laser and H0 beam in laboratory frame. For the n=3 upper state the required wavelength is (0 =102.6 nm. Since the hydrogen beam inherits the energy spread of the H- beam (of the order of 10-3), each individual atom has its own laser frequency in its own rest frame. The relative spread of frequencies is about the same as the spread of particle energies – about 1012 sec-1. The achievable Rabi frequency is about 1011 sec-1. The formula (8a) in Appendix 1 shows that the upper state is not excited if the difference between the laser and the transition frequency is larger than the Rabi frequency. But in our case the spread is much larger than the Rabi frequency and the narrow band laser can excite only small fraction of the atoms into upper state. Paper [3] suggests that we should have a broadband width laser to cover the whole range of the hydrogen transition frequencies. If this is done by a laser with many lines in its spectrum, it can excite more atoms, but we need about 100% of the atoms to have simultaneously ( phase advance of Rabi oscillation, which is problematic. The solution for this problem was not presented. Now we want to show how to excite all of the atoms with various energies to achieve the excitation efficiency about 100%.

We present a novel solution to this problem that consists of two major elements. The first part is a special method (based on quantum Froissart-Stora problem) to excite all the atoms almost simultaneously. The second new element is the method of significant reduction of the absorption line width due to the particle energy spread by the dispersion function derivative introduction.
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Figure 1 Experimental setup for the laser excitation of the hydrogen beam (top view).

     Now we consider the slowly varying frequency system. This can be achieved by introducing the divergence of the laser beam so that the angle of the H0 beam and the laser beam along the beam path is decreasing. Because of the Dopler dependence of the laser frequency in the atom’s rest frame on the angle (see equation (5)), the frequency of the light as seen by the atoms will decrease as the angle increases. Figure 1 shows the experimental setup to get needed frequency sweep in the rest frame of the H0 beam. Since the atoms are distributed in energy, the laser frequency will differ for different atoms, but if the “frequency sweep” range is large enough, all the atoms will eventually cross the resonant frequency and will be excited. To check the degree of excitation we need to solve quantum mechanical problem with the laser frequency linearly changing in time. The equation for this is derived in Appendix 1 (see eq (4a)) except for the fact that now the difference of the laser and transition frequencies is a linear function of time:
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 where C1, Cn are probability amplitudes to be in the state 1 or n, respectively, (=d(0/dt is the light frequency derivative with respect to time, 
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(assuming the light is polarized and the electric field is parallel with the z axis), and u1 and un are the normalized wave functions of the ground and the upper excited state, respectively. Marcell Froissart and Raymond Stora obtained the full solution to this problem [6] in connection with the electron spin motion. The initial conditions for the problem are C1=1, Cn=0. The equations are integrated from 
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where 
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is the Rabi frequency, Q0 is the laser power density in W/m2. One can see that if the frequency derivative ( is small, the atoms are excited to the upper n state, and vice versa. The exponential dependence of the excitation probability on the parameters makes it easy to approach 100% effectiveness of the excitation. Now we present the calculation for realistic laser and hydrogen beams.

    The parameters of the beam are taken from the baseline design values for the SNS Super Conducting Linac (SCL) output. The parameters may be different by a factor of 2 in real life; therefore we need to provide some flexibility or contingency in our experimental setup. We take the kinetic energy of the beam equal to E=1 GeV, the emittance of the beam equal to (=0.6*10-6 m*rad, the (-function is about (=5 meters, the beam size is (=1.7 mm rms radius, the relative rms energy spread is (=0.2*10-3, the interaction time is chosen 100 times less than the n=3 state decay time, namely T=0.05 nsec. To complete the laser power estimation we need to choose the laser wavelength. We consider a powerful Excimer (XeCl) laser with the wavelength (=308 nm. 

    With this wavelength the angle between the hydrogen and the laser beam equal to (=58.8( in order the light to have 102.6 nm wavelength in the hydrogen atom rest frame. The first step is to determine the Rabi frequency. It comes from equation (7). If we require 99 percent efficiency, the exponent in (7) should be equal to –5:
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where (=10-3 is the relative frequency change along the beam path, which is taken to be five times as big as the relative energy spread of the beam to cover all the particles. This is achieved by making intersection angle ( (see Figure 1) change of the laser beam along the hydrogen beam path from –0.0005 to +0.0005 radian. For our parameters this gives a value for the Rabi frequency: (=1.08 1012 sec-1, the power density of the laser beam Q0=2.703 108 W/cm2 in the rest frame of the beam is needed. In the laboratory frame the laser density is smaller by about factor of 10 and is given by:
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The total area of the laser beam is 
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. Now the peak power of laser is P=Q*S=25.4 MW. Therefore without any optimization we get peak power, which is available at this moment in Excimer lasers. Figure 2 shows a simulation of the excitation of the n=3 state excitation for the above parameters. The horizontal axis is time in the rest frame of the hydrogen atom (t=0 corresponds to exact resonance between the laser and the transition frequencies). The vertical axis shows the probability of the excitation. The red line represents the solution of equation (6) for the finite time from – 3 10-11 to  +3 10-11 seconds. The blue line shows the Froissart-Stora asymptotic solution. 
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Figure 2 Simulation for the n=3 state excitation in the field of the laser with slowly increasing frequency.

         Laser beam recycling can reduce the average power. For example, one can use optical resonator with the quality factor 104-105 to store the laser beam for 1 ms of the ring injection time. It will reduce the average power by factor 104-105. Also, the duty factor of the SNS facility is 0.06, so that one may require only about 200 W average power if the system is well developed. There exist even more optimized scheme that will be discussed at the end of Section V. It will require power less than 100 W. 

   Other ways to optimize the power usage may include vertical size reduction (a factor of 5 is available), and introducing the dispersion derivative to eliminate the Dopler broadening of the absorption line width. The idea is the following. The rest frame frequency of the laser light is:
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where ( is the angle between the laser and H0 beam in laboratory frame, ( is the laser frequency in the laboratory frame. Let’s assume now that the particle angle depends on the energy. We use the following well-known dependence of the angle on the relativistic gamma 
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  If the dispersion derivative satisfies (11), all the hydrogen ions have the same laser light frequency in their rest frames. Figure 3 shows the experimental setup in this case.
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Figure 3 Interaction region setup for the Dopler broadening elimination.

  The final problem to overcome is the betatron angular spread. One can increase the horizontal beta function to decrease the angle spread, e.g. to increase the beta function to 3000 meters. However, in this case the horizontal beam size becomes 3 cm rms, which is comparable to the circulating beam in the ring. It may be possible to introduce a special insertion with the x-y coupling to produce low vertical size and low horizontal angular spread beam with acceptable horizontal size. These possibilities will be explored at a later stage of the experiment.    

   For the first stage, a 20 MW peak power laser (average power can be in the 100 Watt range) is sufficient to make proof of principle experiment.

IV. Laser requirements for the first stage of experiment

       It turns out that if we decrease the horizontal beam size while keeping constant the total power of the laser beam, the probability of the excitation stays constant also (see equations (7-8)). It is shown in Appendix 2 that the Gaussian beam doesn’t have diffraction limitation; therefore the horizontal size could be set equal to the vertical for convenience. The angle between the laser and the hydrogen beams should be again varying from –0.0005 to +0.0005 radian along the hydrogen beam path. This solution gives the first option for the experiment.

Option 1 For this option we need to have about 20 MW peak power Excimer (XeCl) laser. It should produce the round Gaussian beam with sigma 1.36 mm and the intersection angle should cover ( 0.0005-radian range.  The parameters for the Gaussian beam for about 90% stripping are calculated in Appendix 2:  round beam with the waist W0=7.2*10-5 m, the distance from the waist z=2.0 m, the Gaussian beam parameter z0=0.053 m, the laser beam rms size 1.36 mm, and total needed power is integrated over the laser beam cross section and equal to 12 MW.
  As we further squeeze the laser beam horizontally, the Rabi frequency overcomes the Doppler spread of the transition frequencies. In this case we don’t need the angular convergence for the laser beam, but it should be made very small in horizontal size. It turns out that this option also requires approximately the same peak power from the laser to excite more than 90% of the hydrogen atoms. 

Option 2 For this option we need to keep same power, but squeeze the laser beam horizontally to 100 (m or less and eliminate any laser beam convergence at the interaction point. As it mentioned in Appendix 2, this should give also high probability of the excitation. 

     In order to have these options, we must have variable beam size. 

    Besides, the laser beam angle should be controlled with accuracy much better than 10-3 rad – it looks like 10-5 radian accuracy in the laser beam direction is needed to achieve the reliable stripping. 

   The laser beam angle should be controlled with accuracy much better than 10-3 rad – it looks like 10-5 radian accuracy in the laser beam direction is needed to achieve the reliable stripping. The main requirements from laser system: (a) short wavelength, (a) high power, (c) narrow bandwidth, and (d) controllable beam divergence. We designed an optical system that is capable to deliver the required beam. In the first stage, we are planning to use a single laser (to demonstrate the feasibility of the ionization process). Later on, frequency and phase locked (synchronized) array of lasers will be used to cover the required beam area and to increase the power (if necessary).

Our proposed optical design is demonstrated in Figure 4. It include the following main optical components:

(1) XeCl excimer laser (possible product LPX210) wavelength 308 nm, pulse width ~20ns, repetition rate <100Hz, energy ~400 mJ, peak power 20 MW. 

(2) Injection laser: wavelength tunable dye laser (possible product SCANmate 2E C-400 dye laser) Nd:YAG pump, wavelength 370-860 nm, bandwidth 0.3 pm, pulse width ~5ns, energy <90 mJ. 

(3) Second harmonic generation (SHG) system to convert the injection laser output wavelength to 308 nm nonlinear crystal (e.g.Lithium-borate (LBO)), optics. 

(4) Beam-forming optical system to achieve a certain beam divergence angle

(5) A ring resonator for trapping of optical pulse. 

[image: image1.wmf]
Figure 4 Laser setup for the first stage of the experiment.

     Fig. 4 shows the schematic of the light source proposed for the first stage of experiment. We use a pulsed XeCl excimer laser with optical injection. The XeCl excimer laser has the center wavelength 308 nm, the pulse width 20ns, the pulse repetition rate <100Hz, and the peak output power about 20 MW. To achieve spectrum narrowing and single mode behavior, we propose to use injection locking. Injection locking has been successfully applied to narrow spectrum of the excimer lasers. For example, spectrum narrowing to 1pm in a high power ArF excimer laser injection locked by an all solid state fourth harmonic (193.4 nm) seed source of 773.6 nm Ti:sapphire laser radiation was reported [8-9].  The proposed injection laser is tunable dye laser pumped by Nd:YAG laser. The wavelength of the dye laser is tunable over the range of 370-860 nm and will be operated at the wavelength of 616 nm with the bandwith of 0.3 pm. A second harmonic generation system (SHG) will be used to convert the injection laser output wavelength to 308 nm to fit the wavelength of the excimer laser. We will use a nonlinear crystal (e.g. Lithium-borate (LBO)) as a second harmonic generator. With the successful injection, we expect to achieve a single mode Excimer laser at 308 nm with the spectral bandwidth 0.3 pm (1 GHz) and the peak output power up to 20 MW.

   We assume the laser beam has an elliptical profile and a Gaussian beam distribution in both horizontal and vertical direction. We need to have a variable beam size – two examples are: the round beam with the waist W0=7.2*10-5 m, the distance from the waist z=2.0 m, the laser beam rms size 1.36 mm, total power is 12 MW. If we squeeze the horizontal size to rms 50 (m, we get the second example for the high efficiency stripping. With having about 10 MW power, we get the beam with the same vertical parameters, but horizontal parameters become: the waist W0=100 (m (which is equal in this case to the double rms beam size), the distance from the waist z=0.0 meters. In calculations it gives approximately same efficiency of the stripping – about 90 %. We need to vary the beam size from one option to another in order to investigate the most optimal way of stripping.

V. Laser setup for the second stage of the experiment

The second stage aims on developing the laser scheme for full 60 Hz SNS facility cycle. The main goal of this stage is to show that the required laser beam can be obtained with the moderate average power of the laser. 

Since it is relatively simple to match the laser pulse repetition rate with the SNS facility cycle, the essential point in the second state of the experiment is to expand the pulse width to 1 ms that is equal to the ring injection time. A high-Q optical ring resonator is proposed as a possible solution. Figure 5 schematically shows how such resonator works. The pulsed light output from the injection-locked XeCl laser is linearly polarized (p-polarization) and will be transmitted into the resonator through the polarization beam splitter (PBS). The resonator length is designed according to the laser pulse width Tw as 
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 where n is the refractive index of the resonator and c is the light speed. A Pockels cell is mounted in the resonator to control the polarization state of the light inside the resonator. When the control signal of the Pockels cell is appropriately set to cause a half wave retardation, i.e., V=V/2, the injected p-polarized light will be changed to the s-polarized light. The control signal is reset to 0 after a time interval that is exactly the same as the pulse width. As a result, the injected light is totally changed to the s-polarization and will stay in the ring resonator since the PBS completely reflects the s-polarized beam. Figures 5(b)-(d) illustrate the timing of the input optical pulse, the control signal of the Pockels cell, and the resulted optical signal inside the resonator. Here, T0 is the period corresponding to the SNS operation cycle and T(w is the time duration where the light intensity decreases from P0 to P1, a limit level for achieving the expected stripping efficiency. T(w is related with the Q-value of the resonator as well as resonator parameters in the form
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where  is the total mirror reflectivity of the resonator and  is the loss.

To increase the pulse width from 20 ns to 1 ms, one needs a resonator with the Q value as high as 105!

Two techniques are proposed to soften the requirement of high Q. One way is to reduce the Q value by expanding the laser pulse width. But this results in the decrease of the peak power. A possible way is to shrink the vertical size of the H- beam and hence the laser beam so that the peak power requirement can be reduced. If one can squeeze the vertical size of the laser beam to 50 (m, the pulse width can be expanded to the order of 100 ns while keeping the enough peak power. As a result, the requirement on the Q value of the resonator can be reduced at least one order. 
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Figure 5 Schematic of ring resonator for trapping of optical pulse.

Another technique is to use a synchronized laser array. The principle is based on friendly operated moderate power lasers. Non-coherent addition of laser beams is of marginal advancement in power concentration and the challenge is to synchronize lasers and to combine them into a coherent unit. The lasers included in the array are, in principle, identical in frequency and amplitude. By definition, the total output power, Ptot, increases proportionally to the number of lasers forming the array, (N), i.e. 
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, where P0 denotes the output power of each array element including dissipative losses. The total output intensity, Itot, (power per unit area) depends though on the degree of coherence among the lasers. If emissions from all the lasers are not coherent, the beam intensity produced by the array scales as 
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, where I0 is the beam intensity of a single laser. However, if emissions from all the lasers are in-phase, 
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. Clearly, such a high intensity will be observed only over a very narrow area, since the total power is preserved. For a non-coherent beam, the "bright" area will be much broader. The proposed effort discusses a novel scalable laser-array concept that utilizes the nonlinear dynamics of the array with the focus on Excimer lasers.  This concept translates to significant improvement in energy that can be deposited on a target, and consequent savings in laser dimensions and power requirement.  The concept will be validated through prototype development. 

   Injection locking has been successfully used to obtain single mode emission in high power diode lasers or laser arrays. Figure 6 illustrates the general methodology used to illuminate the facet of a slave laser array by an external, single frequency, master laser beam.  The incident angle can be adjusted to stimulate a specific mode, which could generate high coherent output power.  An alternative approach is to feedback part of the output beam through grating, etalon, or phase conjugate mirror.
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    After all the possible schemes and scenarios for the laser stripping device, we come up with the most optimal scheme (at this moment) that has least average laser power and looks feasible. Figure 7 shows the general setup for the stripping device. The linac beam is coming to the ring with 400 MHz frequency. Each bunch has about 30 ps duration. The laser beam should have bunches about 100 ps to cover the linac bunches. The repetition frequency should be equal to the ring revolution frequency, which is about 1 MHz. Each laser bunch is injected to the laser beam recycler (see Figure 5) and it should circulate there with 400 MHz frequency to strip all incoming linac bunches. The Laser Recycler should have quality factor Q about 1000 in order to have small light damping during the ring revolution time. When the proton bunch gap arrives at the point of the stripper, the circulating in the Recycler laser bunch is extracted, and the entire linac beam goes to the linac dump, providing clean beam gap in the ring. When the head of the ring proton beam arrives at the stripping point, the laser bunch is injected to the recycling system and the stripping resumes. The laser system should work for 1 ms, then be at rest for 15 ms, and so on, to match the linac beam time structure. If we take into account this 6% duty factor, and assume the peak power of the laser beam to be 10 MW (approximately same as in the above cases), we come up with the average power: P=60000 (number of pulses per second)( 10 MW (peak power) (100 10-12 (pulse duration)= 60 W! This number is below all expectations! It looks like if the laser recycler and the laser with 1 MHZ frequency are developed, the problem of laser stripping will become solvable in straightforward manner. 
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Figure 7 Optimal setup for the laser stripping.

Analytical and Computer Modeling

     To support our experiments, analytical and computer modeling will be performed. The motivation for these studies is to optimize injection and laser performances and to achieve robust and stable behavior of the laser (laser array). The injection control model for pulsed Excimer lasers is reported in [10]. We will modify this model for our experiment and determine parameter values based on the collected data.  

     The ORNL Center for Computational Sciences (CCS) houses three massively parallel supercomputers with a total capacity of 5.5 teraflops. "Falcon" is a Compaq AlphaServer SC system of 64 nodes, 4.5 TB disk space, 128 GB memory with peak performance of .5 teraflops. "Eagle" is an IBM RS/6000 SP system of 184 nodes, 9.2 TB disk space, and 369 GB memory with peak performance of 1.08 teraflops. "Cheetah" is an IBM Power4 system of 24 nodes with 32 processors each, 40 TB disk space, 1020 GB memory with peak performance of 4 teraflops. 

       ORNL is a co-developer of and customer for the computer industry's leading data storage system. The High Performance Storage System (HPSS) leads the computer industry in data capacity and transfer speeds: more than 70 terabytes are stored in the production installation and 12,000 new files a day can be placed into storage. From distributed locations, calculations generating terabytes of information can be stored and retrieved in chunks of 250 megabytes using a high-speed llink, ESnet, DOE's semiprivate portion of the Internet.

VI. Required beam and interaction region parameters. Diagnostics.

  The interaction region must have small vertical beam size in order to save laser power. The H- stripping should be made in vertical direction in order to have a small horizontal angular spread. The first stripping magnet should be of undulator type with the steepest achievable horizontal magnetic field. The second magnet (after the hydrogen excitation) should have the same parameters.  It is also desirable to maintain the average bend angle equal to zero. This makes the commissioning much more simple compared to the case when the hydrogen medium trajectory varies with the magnet strength. 
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  By modifying the optical functions in the linac dump line, appropriate interaction region beam sizes can be achieved.  Figure 7 shows the beam sizes in the line in which the optical functions have been adjusted to produce a beam waist in the vertical plane at a location equidistant from nearby quadrupoles.  This solution achieves a waist with 1 meter of free space on either side of the interaction point.  In addition, the angular divergences have been minimized as well.  The interaction region RMS beam sizes are 0.54 mm and 6.9 mm for vertical and horizontal, respectively. 

 Another important detail is related to the residual magnetic field at the interaction point. The magnetic field transforms into an electric field in the rest frame of the hydrogen atoms. This, in turn, produces Stark energy level shifts. The maximal energy level spread due to the electric field is:
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for the n=3 state. In order to limit the Stark effect to about 10-5 of the level energy level difference, one must maintain the residual magnetic field to less than 5 Gs in the region. This requires building one additional magnet, which is used to cancel the residual field, as measured by a field probe at the interaction point.

   The diagnostics must measure the proton current to H- current ratio with percent accuracy within 20 ns – the duration of the laser pulse at the first stage of the experiment. 

VII. The choice of the upper state main quantum number discussion

 One possibility is to make experiments with n=4 or even higher states. The Rabi frequency for this transition is equal to:
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It means that in order to maintain the same frequency as for the n=3 state, the power should be 3 times larger. But the angle of the laser ( should be reduced to produce the resonant frequency with the same Excimer laser. It give some increase in the efficiency. For a 1 GeV beam and 308nm laser, two times more power is needed to excite the n=4 state than the n=3 state.  Nevertheless, this option should be considered if we use more sophisticated excitation of the hydrogen with possible use of the Stark effect to produce energy shifts with the particles angles in order to eliminate the angular dependence of the hydrogen excitation probability.

VIII. Conclusion 

The paper presents feasible method for laser stripping injection. It is found how to eliminate the major problem, reported in [3], namely, the Dopler broadening of the absorption line width due to the particle beam energy spread. Two left problems to overcome are the angular horizontal spread of H- beam and efficient recycling of the laser beam. Both problems look solvable – the possible solutions are discussed in the paper. 
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Appendix 1 Rabi oscillation calculations

For hydrogen atoms in the rest frame, dominant interaction with the laser light comes from the electric field. We neglect spin and electron Lorentz force interaction with the magnetic field of the light (which is about ((1/137 times weaker than the interaction with the electric field). Follow [5], we start with the Shrodinger equation for electron in the field of the proton and an alternating electric field: 
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where 
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is the electric field from the laser beam. We consider only two states 1 and n and the transition between them in the first approximation assuming the electric field term is small. The atomic function can be represented as:


[image: image35.wmf]t

i

n

n

t

i

n

e

r

u

t

C

e

r

u

t

C

t

r

w

w

y

-

-

+

=

)

(

)

(

)

(

)

(

)

,

(

1

1

1

r

r

r

,                                      (2a)

where u1,n correspond to the ground and upper state (n=2,3…) wave functions (orthonormal and normalized to unity in our case), respectively. We substitute (2a) into (1a) and multiply by u1*, then integrate over the whole space to obtain the first equation for the coefficients. The same manipulations with u2* yield the second equation. The equations for C1 and Cn are the following:
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where 
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 and keeping only slowly oscillating terms, we get from (3a):
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where (=(-(N1,
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(assuming the light is polarized and the electric field is parallel with the axis z). If the coefficients were constant, complex exponents      Ci ( exp(-i(t) would give the solution to this equation with  
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where  ((=(|(|2+(2)1/2, and 
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stands for the Rabi frequency. The Rabi frequency is proportional to the amplitude of the electric field oscillation E. The Rabi frequency can also be expressed in terms of the energy density of the laser: 
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where (0 is the permittivity of free space,  Q0 is the laser power density in W/m2. For the particular case of the n=1 and n=3 state
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where a0 is the Bohr radius, z=r cos(, 
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. The latter wave function corresponds to n=3, l=1, m=0 state. The other states with n=3 are not excited in the first approximation. 

     The solution for the population Cn2 of the excited state, for atoms initially in the ground state (C1=1, Cn=0), is: 
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where again ((=(|(|2+(2)1/2, and 
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Appendix 2 Upper level excitation for realistic  Gaussian beam

The realistic laser beam has the Gaussian shape and is described with the help of function U(r) [7]:
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where r is the transverse coordinate, z is the longitudinal coordinate, k=(/c, 
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. This function satisfies the Helmholtz equation and it can be used to express electromagnetic field. If we choose the electric field direction in vertical y direction, omitting the time dependence exp(j(t), the expressions for the electric and the magnetic fields are:
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To describe the fields in the rest frame of the hydrogen atom, we must transform the fields and coordinates into the new system. Figure 1a2 shows the coordinates notations. The expressions (2a2) for the fields are given in the laboratory frame xyz, the new system x’y’z’ is shifted in the z coordinate and rotated around the y-axis by (/2-( angle. The third system x”y”z” (the hydrogen rest frame system) is moving along the x’ axis with velocity V.  The resulting transformation from the third to the first system is:
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where S is the shift of the interaction point from the laser beam waist, ( is the angle determined by the Dopler effect and the 3-1 transition frequency; (=58.8( for the (=308 nm.
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Figure 1a2 Coordinates notation for the hydrogen atom in the field of the Gaussian beam.
   Taking into account rotation and Lorentz transformation of the fields, neglecting the longitudinal electric field in (2a2) under assumption that z>>x, neglecting the longitudinal coordinate z change during the interaction, and choosing the coordinates x’’ and z’’ equal to zero for the hydrogen atom in its rest frame, we obtain the electric field in the rest frame of the hydrogen atom: 
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where ( is the almost constant phase of the oscillation, ( is the laser frequency, and E0 is the electric field amplitude at the interaction point in the laboratory frame. The vertical coordinate Gaussian dependence hints that the laser beam vertically should cover the hydrogen beam. For our next calculations we, having this in mind, put y”=0 for simplicity. Now we take equation (4a) and substitute the electric field. We obtain: 
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where 
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For the simulation we take 
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    Figure 2a2 shows the result for the given parameters and for the Rabi frequency 
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. The red line shows the particle with 5*10-4 frequency deviation from the transition frequency, which is about 2.5 rms design linac energy spread. The final number for the probability is about 80% that means that even particles at the distribution tails will be efficiently stripped. To obtain the precise number for the average stripping efficiency one needs involved simulation for the energy and angle distributions. We anticipate this efficiency to be better than 95%.
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Figure 2a2 Probability of the n=3 excitation versus time for reference energy particle (blue line) and the particle with the relative energy deviation 0.0005 (red line).

As for the laser power, for the round beam with 0.136 cm rms (for the electric field distribution rms is 1.41 times larger), the peak power is 12 MW, similar to what was estimated in section 3.

It turns out that if we squeeze the beam horizontally to 50 (m while keeping the laser power the same, the excitation probability also exceeds 90% - in this case without any angular spread. The reason is that the power density becomes so big that the Rabi frequency for all the particles becomes larger than the Dopler spread of the absorption line width. In this case all the particles excited in the same manner. But the required power density needed is still around 10 MW.
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Figure 7.  Horizontal and vertical RMS beamsizes in the linac dump line.  The proposed interaction point is indicated.





Figure 6. A general methodology used to injection lock laser array.
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Horizontal RMS Beamsize

Vertical RMS Beamsize

s(m)

Beamsize (mm)

Original Optics (10/2001)

0.7345604128

1.7475213876

0.7556084609

1.7076297137

1.7077474317

0.7553632044

1.7077062223

0.7553808637

0.7551355766

1.7078242345

0.7551356917

1.707824226

1.7077074893

0.7553807658

1.7077486986

0.7553631066

0.7556085752

1.7076297054

0.7556083452

1.7076297225

1.7077461647

0.7553633023

1.7077049554

0.7553809615

0.7551354628

1.7078242425

0.755135808

1.707824217

1.7077087564

0.7553806679

1.7303818321

0.7455350934

1.0376852982

1.6029975992

1.0426775409

1.6385295715

1.7968478025

1.187335105

1.8003341424

1.2250535724

1.0152597343

2.3087876786

0.9981471319

2.3448538969

1.010354253

2.3201374999

2.4265393605

1.1116576472

2.3992930482

1.1383625546

1.4242795041

1.8151367903

1.3313285169

1.8608069664

1.2543693398

1.6866177201

1.18619758

1.785641719

1.0440592942

2.0030588936

0.8474643798

2.36272568

1.3016029818

5.9347502791

1.6703456545

6.0319301161

2.1468699262

5.7132637951

2.7845516504

5.0148119653

6.6870236648

0.1373852707

8.0598631381

1.8829490886

28.1981593766

28.1858400185



Original Optics

		

				Dump Optics Tuning Program

				B-Rho		5.6575

				Emittance		2.27E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		7.35E-01		1.75E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		7.56E-01		1.71E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		7.56E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		7.56E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		1.73E+00		7.46E-01				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		1.04E+00		1.60E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		1.04E+00		1.64E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		1.80E+00		1.19E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		2.97242		0.5253946089		14.2784274199		6.6112610366		1.8225575564		-1.2972710981		0.3026745117		0.4058094646		1.80E+00		1.23E+00				0.9350413868		0.4891259399		-0.2569841319		0.9350413868		-0.5253946089		1.0663963337		0.5110178315		0.2684860137		1.0663963337

				LA4		4		40.25				0		4.5407591549		23.4823812555		0.6118595098		-2.9205089567		0.3026745117		0.4058094646		1.02E+00		2.31E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-2.78921		-0.4930110473		4.3889766383		24.2217612236		0.0014936557		-0.0065714568		0.2278440542		0.0412869723		9.98E-01		2.34E+00				1.0154461964		0.2512858624		0.1238867062		1.0154461964		0.4930110473		0.9846329247		0.2487180936		-0.1226207678		0.9846329247

				Q11		0.25		40.75		-1.93364		-0.3417834733		4.4969855352		23.7138238702		-0.4366011757		2.0238331765		0.2647597101		0.2148915651		1.01E+00		2.32E+00				1.0106997601		0.2508910123		0.0857504016		1.0106997601		0.3417834733		0.9893382659		0.249110889		-0.0851419849		0.9893382659

				LA4		7.5		48.25				0		25.9387368627		5.4439767601		-2.4222990013		0.4121464381		0.2647597101		0.2148915651		2.43E+00		1.11E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		2.61431		0.4620963323		25.3595027801		5.7086753552		3.535809447		-0.9617743726		0.5324216552		0.3372078151		2.40E+00		1.14E+00				0.9427918971		0.4904284479		-0.226625187		0.9427918971		-0.4620963323		1.0583202629		0.5096827677		0.2355225376		1.0583202629

				LA4		3		51.75				0		8.9364409951		14.5141919268		1.9385444814		-1.9733978179		0.5324216552		0.3372078151		1.42E+00		1.82E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-1.93364		-0.3417834733		7.808086431		15.2537557986		0.3820769531		0.5366404757		0.1467687132		0.0844371063		1.33E+00		1.86E+00				1.0430280101		0.5071509718		0.1733358206		1.0430280101		0.3417834733		0.9575804089		0.49290987		-0.1684684474		0.9575804089

				LA4		3.5		55.75				0		6.931464496		12.531627021		-0.1316135431		0.2411106036		0.1467687132		0.0844371063		1.25E+00		1.69E+00				1		3.5		0		1				1		3.5		0		1

				Q14		0.5		56.25		3.03287		0.5360795404		6.1985229024		14.0463275263		1.5314182351		-3.4046510116		0.5396837059		0.8964370571		1.19E+00		1.79E+00				0.9337351109		0.4889062768		-0.2620926522		0.9337351109		-0.5360795404		1.0677616826		0.5112434019		0.2740671279		1.0677616826

				LA4		0.5		56.75				0		4.8020255938		17.6750878022		1.2615763822		-3.8528695402		0.5396837059		0.8964370571		1.04E+00		2.00E+00				1		0.5		0		1				1		0.5		0		1

				Q15		0.5		57.25		3.03287		0.5360795404		3.16385848		24.5923904795		1.8670685633		-10.5943208168		1.4178715793		4.6046614974		8.47E-01		2.36E+00				0.9337351109		0.4889062768		-0.2620926522		0.9337351109		-0.5360795404		1.0677616826		0.5112434019		0.2740671279		1.0677616826

				LA4		3.5		60.75				0		7.4633053841		155.1597395404		-3.0954819644		-26.7106360577		1.4178715793		4.6046614974		1.30E+00		5.93E+00				1		3.5		0		1				1		3.5		0		1

				Q16		0.5		61.25		-3.10172		-0.5482492267		12.2909894522		160.2827353567		-6.9970362757		16.9370914957		4.0646456364		1.7959830027		1.67E+00		6.03E+00				1.0693174915		0.5115003901		0.2804296933		1.0693174915		0.5482492267		0.9322480324		0.4886561615		-0.2679053626		0.9322480324

				LA4		0.5		61.75				0		20.304187137		143.7946396117		-9.0293590939		16.0390999943		4.0646456364		1.7959830027		2.15E+00		5.71E+00				1		0.5		0		1				1		0.5		0		1

				Q17		0.5		62.25		-3.10172		-0.5482492267		34.1573916019		110.7856345692		-19.931467003		46.9347913176		11.6596542715		19.8931444911		2.78E+00		5.01E+00				1.0693174915		0.5115003901		0.2804296933		1.0693174915		0.5482492267		0.9322480324		0.4886561615		-0.2679053626		0.9322480324

				LA4		2.4		64.65				0		196.9880418201		0.0831485136		-47.9146372545		-0.8087554611		11.6596542715		19.8931444911		6.69E+00		1.37E-01				1		2.4		0		1				1		2.4		0		1

				LA4		0.844		65.494				0		286.1735409909		15.6189307062		-57.7553854596		-17.5985694116		11.6596542715		19.8931444911		8.06E+00		1.88E+00				1		0.844		0		1				1		0.844		0		1

				LA4		12.379		77.873				0		3502.802608943		3499.7426323792		-202.090245686		-263.8558050672		11.6596542715		19.8931444911		2.82E+01		2.82E+01				1		12.379		0		1				1		12.379		0		1
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Horizontal RMS Beamsize

Vertical RMS Beamsize

s(m)

RMS Beamsize (mm)

Linac Dump Line Optics

1.4691208255

3.4950427751

1.5112169217

3.4152594274

3.4154948635

1.5107264089

3.4154124446
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Tuning Worksheet

		

				Dump Optics Tuning Program  - Use this Spreadsheet for Tuning purposes!!

				B-Rho		5.6575

				Emittance		9.08E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		1.47E+00		3.50E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		1.51E+00		3.42E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		3.46E+00		1.49E+00				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		2.08E+00		3.21E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		2.09E+00		3.28E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		3.59E+00		2.37E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		3.3		0.5832965091		14.0730596966		6.7052452332		2.2136743278		-1.4980868428		0.4192658993		0.4838397517		3.57E+00		2.47E+00				0.9279696689		0.4879362852		-0.2846115318		0.9279696689		-0.5832965091		1.0738024098		0.5122409217		0.2987883414		1.0738024098

				LA4		4		40.25				0		3.0719194631		26.431376002		0.5366107306		-3.4334458494		0.4192658993		0.4838397517		1.67E+00		4.90E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-1.5		-0.2651347768		2.8781757378		27.7236915391		0.2426401324		-1.7072315564		0.3678976999		0.1412019601		1.62E+00		5.02E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				Q11		0.25		40.75		-1.5		-0.2651347768		2.8265899189		28.1198096972		-0.0351583478		0.1315206664		0.3542205053		0.0361772607		1.60E+00		5.05E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				LA4		7.5		48.25				0		23.2788685604		28.1819706151		-2.6918121377		-0.1398087887		0.3542205053		0.0361772607		4.60E+00		5.06E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		1.18		0.2085726911		24.772222747		29.8311100201		-0.2428027267		-3.215599297		0.0427476038		0.3801427044		4.74E+00		5.20E+00				0.9740415048		0.4956660503		-0.103382402		0.9740415048		-0.2085726911		1.0261850714		0.5043566073		0.1051950149		1.0261850714

				LA4		3		51.75				0		26.613767542		52.5459901415		-0.3710455383		-4.3560274102		0.0427476038		0.3801427044		4.92E+00		6.91E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-0.87		-0.1537781706		28.0415538875		54.8907016785		-2.5210274349		-0.2731468363		0.262309976		0.0195772537		5.05E+00		7.06E+00				1.0192839329		0.5032098758		0.0773826941		1.0192839329		0.1537781706		0.9808392324		0.4968024407		-0.0763973705		0.9808392324

				LA4		3.5		55.75				0		48.9020431379		57.0425508908		-3.4391123509		-0.3416672244		0.262309976		0.0195772537		6.66E+00		7.20E+00				1		3.5		0		1				1		3.5		0		1

				Q14		0.5		56.25		-0.42		-0.0742377375		53.3630728816		56.3327262744		-5.5380750889		1.7525229422		0.5934867312		0.0722730273		6.96E+00		7.15E+00				1.0092940783		0.5015480554		0.0372337929		1.0092940783		0.0742377375		0.9907346261		0.4984548151		-0.0370041577		0.9907346261

				LA4		0.5		56.75				0		59.0495196533		54.5982715891		-5.8348184545		1.7163864285		0.5934867312		0.0722730273		7.32E+00		7.04E+00				1		0.5		0		1				1		0.5		0		1

				Q15		0.5		57.25		0.34		0.0600972161		64.0909571044		53.7072181001		-4.1975097381		0.0746365951		0.2905103753		0.0187231932		7.63E+00		6.98E+00				0.9924972487		0.4987489149		-0.0299734213		0.9924972487		-0.0600972161		1.0075215621		0.5012529662		0.0301239078		1.0075215621

				LA4		3.5		60.75				0		97.0322773686		53.4141210512		-5.2142960517		0.0091054189		0.2905103753		0.0187231932		9.39E+00		6.96E+00				1		3.5		0		1				1		3.5		0		1

				Q16		0.5		61.25		0.97		0.1714538224		98.0703872734		55.7319147505		3.1678260101		-4.710736755		0.1125224641		0.4161177824		9.44E+00		7.11E+00				0.9786447161		0.4964356929		-0.0851157971		0.9786447161		-0.1714538224		1.0215083904		0.5035796178		0.0863406503		1.0215083904

				LA4		0.5		61.75				0		94.9306918794		60.5466809512		3.111564778		-4.9187956462		0.1125224641		0.4161177824		9.28E+00		7.41E+00				1		0.5		0		1				1		0.5		0		1

				Q17		0.5		62.25		-0.6		-0.1060539107		94.3314817642		63.8909410987		-1.9025717921		-1.7105079221		0.048973888		0.0614459152		9.25E+00		7.62E+00				1.0132860549		0.5022123873		0.0532615877		1.0132860549		0.1060539107		0.9867725255		0.4977934707		-0.0527929443		0.9867725255

				LA4		2.4		64.65				0		103.7459159614		72.4553075964		-2.0201091234		-1.8579781186		0.048973888		0.0614459152		9.71E+00		8.11E+00				1		2.4		0		1				1		2.4		0		1

				LA4		0.844		65.494				0		107.1907460252		75.6353447981		-2.0614430849		-1.9098384711		0.048973888		0.0614459152		9.87E+00		8.29E+00				1		0.844		0		1				1		0.844		0		1

				LA4		12.379		77.873				0		165.732694938		132.3350756582		-2.6676908446		-2.6704774559		0.048973888		0.0614459152		1.23E+01		1.10E+01				1		12.379		0		1				1		12.379		0		1





Tuning Worksheet (2)

		

				Dump Optics Tuning Program  - Use this Spreadsheet for Tuning purposes!!

				B-Rho		5.6575

				Emittance		2.27E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		7.35E-01		1.75E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		7.56E-01		1.71E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		7.56E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		7.56E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.582		0.6331418471		13.1901768649		2.4485995585		1.7423648021		-0.4241691271		0.3059727815		0.4818752189		1.73E+00		7.46E-01				0.9218957053		0.4869135452		-0.3082853414		0.9218957053		-0.6331418471		1.0801921831		0.5132952423		0.3249886978		1.0801921831

				LA4		3.5		31.75				0		4.7417898232		11.32075488		0.6714600669		-2.1107323934		0.3059727815		0.4818752189		1.04E+00		1.60E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.196		-0.5649138312		4.787264143		11.8282487506		-0.7666504417		1.1439823835		0.3316618537		0.1951849122		1.04E+00		1.64E+00				1.0714492127		0.5118524243		0.289152514		1.0714492127		0.5649138312		0.9302129302		0.4883137891		-0.2758552134		0.9302129302

				LA4		3.5		35.75				0		14.2166749431		6.2113872403		-1.9274669297		0.4608351908		0.3316618537		0.1951849122		1.80E+00		1.19E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		2.97		0.5249668582		14.2736105362		6.6116139746		1.8186214311		-1.2960036831		0.3017725542		0.4052906835		1.80E+00		1.23E+00				0.9350936932		0.4891347349		-0.256779525		0.9350936932		-0.5249668582		1.0663416871		0.5110088025		0.2682626855		1.0663416871

				LA4		4		40.25				0		4.5529999553		23.4642943745		0.6115312142		-2.9171664169		0.3017725542		0.4052906835		1.02E+00		2.31E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-2.79		-0.4931506849		4.401747905		24.2023476596		-0.0003199102		-0.0046532592		0.227182502		0.0413192004		1.00E+00		2.34E+00				1.0154505825		0.2512862272		0.123921975		1.0154505825		0.4931506849		0.9846285834		0.2487177311		-0.1226553195		0.9846285834

				Q11		0.25		40.75		-1.93		-0.3411400795		4.510729944		23.6948381014		-0.4387020293		2.0202432886		0.2643606435		0.2144510515		1.01E+00		2.32E+00				1.0106795824		0.2508893332		0.0855884071		1.0106795824		0.3411400795		0.9893583006		0.249112561		-0.0849822789		0.9893583006

				LA4		7.5		48.25				0		25.961546579		5.4540604174		-2.4214068553		0.4118604026		0.2643606435		0.2144510515		2.43E+00		1.11E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		2.614		0.4620415378		25.3792066321		5.7200867013		3.5408933669		-0.9642427962		0.5334258881		0.3373662448		2.40E+00		1.14E+00				0.9427986153		0.4904295763		-0.2265988356		0.9427986153		-0.4620415378		1.0583132809		0.5096816129		0.2354940762		1.0583132809

				LA4		3		51.75				0		8.9346794231		14.5418396815		1.9406157027		-1.9763415305		0.5334258881		0.3373662448		1.42E+00		1.82E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-1.934		-0.3418471056		7.8043668563		15.2816859854		0.384044495		0.5390434418		0.1470318086		0.0844519272		1.33E+00		1.86E+00				1.0430360779		0.5071523088		0.1733685489		1.0430360779		0.3418471056		0.9575725677		0.4929085556		-0.1684993631		0.9575725677

				LA4		3.5		55.75				0		6.9171950471		12.5429180005		-0.1305668352		0.2434616967		0.1470318086		0.0844519272		1.25E+00		1.69E+00				1		3.5		0		1				1		3.5		0		1

				Q14		0.5		56.25		3.033		0.5361025188		6.1851523256		14.0567152823		1.5286519665		-3.4051213653		0.5394817555		0.8960024629		1.18E+00		1.79E+00				0.9337323023		0.4889058044		-0.2621036332		0.9337323023		-0.5361025188		1.0677646195		0.511243887		0.2740791356		1.0677646195

				LA4		0.5		56.75				0		4.791370798		17.6858372633		1.2589110887		-3.8531225968		0.5394817555		0.8960024629		1.04E+00		2.00E+00				1		0.5		0		1				1		0.5		0		1

				Q15		0.5		57.25		3.033		0.5361025188		3.1569333533		24.604935721		1.8626043942		-10.5978443859		1.4157077864		4.6053485737		8.47E-01		2.36E+00				0.9337323023		0.4889058044		-0.2621036332		0.9337323023		-0.5361025188		1.0677646195		0.511243887		0.2740791356		1.0677646195

				LA4		3.5		60.75				0		7.4611229769		155.2053664505		-3.0923728581		-26.7165643939		1.4157077864		4.6053485737		1.30E+00		5.94E+00				1		3.5		0		1				1		3.5		0		1

				Q16		0.5		61.25		-3.1		-0.5479452055		12.2837317165		160.3400115131		-6.9892951667		16.9205306212		4.0582331232		1.7918444298		1.67E+00		6.03E+00				1.069278615		0.5114939691		0.280270668		1.069278615		0.5479452055		0.9322851731		0.4886624089		-0.267760224		0.9322851731

				LA4		0.5		61.75				0		20.287585164		143.8674419993		-9.0184117283		16.0246084063		4.0582331232		1.7918444298		2.15E+00		5.71E+00				1		0.5		0		1				1		0.5		0		1

				Q17		0.5		62.25		-3.1		-0.5479452055		34.1225591636		110.8703265959		-19.9036141971		46.9283032265		11.6390407941		19.8724556098		2.78E+00		5.02E+00				1.069278615		0.5114939691		0.280270668		1.069278615		0.5479452055		0.9322851731		0.4886624089		-0.267760224		0.9322851731

				LA4		2.4		64.65				0		196.7007822837		0.079815421		-47.837312103		-0.765590237		11.6390407941		19.8724556098		6.68E+00		1.35E-01				1		2.4		0		1				1		2.4		0		1

				LA4		0.844		65.494				0		285.7410728767		15.5279972802		-57.6606625333		-17.5379427716		11.6390407941		19.8724556098		8.05E+00		1.88E+00				1		0.844		0		1				1		0.844		0		1

				LA4		12.379		77.873				0		3496.866188754		3494.9803478504		-201.740348524		-263.539070765		11.6390407941		19.8724556098		2.82E+01		2.82E+01				1		12.379		0		1				1		12.379		0		1





Tuning Worksheet (2)
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Horizontal Beamsize

Vertical Beamsize

s(m)

RMS Beamsize (mm)

New Optics with Nominal Emittance (2/2002)
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Feb 2002 Optics

		

				Dump Optics Tuning Program  - Deepaks new Optics 2/6/02

				B-Rho		5.6575

				Emittance		2.27E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		7.35E-01		1.75E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		7.56E-01		1.71E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		7.56E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		7.56E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		1.71E+00		7.55E-01				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		7.55E-01		1.71E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		7.55E-01		1.71E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		1.71E+00		7.55E-01				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		1.73E+00		7.46E-01				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		1.04E+00		1.60E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		1.04E+00		1.64E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		1.80E+00		1.19E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		3.972421		0.7021513036		13.6576882619		6.9009704232		2.9921907611		-1.9217752149		0.7287620979		0.6800811609		1.76E+00		1.25E+00				0.9135074952		0.4854997022		-0.3408942488		0.9135074952		-0.7021513036		1.089060346		0.5147570798		0.3614373546		1.089060346

				LA4		4		40.25				0		1.3803557402		33.1564707163		0.0771423693		-4.6420998584		0.7287620979		0.6800811609		5.60E-01		2.74E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-1.3		-0.2297834733		1.4070993092		35.0237635197		-0.1846282582		-2.7912809888		0.7349073281		0.2510081349		5.65E-01		2.82E+00				1.0071893315		0.2505988243		0.0575834682		1.0071893315		0.2297834733		0.9928278562		0.2494020351		-0.0573084659		0.9928278562

				Q11		0.25		40.75		-1.3		-0.2297834733		1.5667567711		35.9211037677		-0.4570558868		-0.7808806995		0.7715939742		0.044814176		5.96E-01		2.86E+00				1.0071893315		0.2505988243		0.0575834682		1.0071893315		0.2297834733		0.9928278562		0.2494020351		-0.0573084659		0.9928278562

				LA4		7.5		48.25				0		51.8247561233		50.1551116605		-6.2440106935		-1.1169870196		0.7715939742		0.044814176		3.43E+00		3.37E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		0.48505		0.085735749		57.0685553774		52.3821361606		-4.1685503496		-3.3688392033		0.3220129175		0.2357497896		3.60E+00		3.45E+00				0.9893021599		0.4982157518		-0.0427149006		0.9893021599		-0.085735749		1.0107361245		0.5017880766		0.0430211766		1.0107361245

				LA4		3		51.75				0		84.9779737328		74.7169194869		-5.1345891022		-4.0760885721		0.3220129175		0.2357497896		4.39E+00		4.12E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-0.04543		-0.0080300486		90.3707030443		78.696558291		-5.6580858682		-3.8778622077		0.365316796		0.2037930965		4.53E+00		4.23E+00				1.001003924		0.5001673095		0.0040163678		1.001003924		0.0080300486		0.9989964118		0.4998327241		-0.0040136811		0.9989964118

				LA4		2		54.25				0		114.4643137015		95.0231795078		-6.3887194603		-4.2854484008		0.365316796		0.2037930965		5.10E+00		4.64E+00				1		2		0		1				1		2		0		1

				Q14		0.5		54.75		-0.04247		-0.0075068493		121.1673667064		99.1759649868		-7.0257719687		-4.0149261846		0.4156356049		0.1726187617		5.24E+00		4.74E+00				1.0009385029		0.5001564074		0.0037545988		1.0009385029		0.0075068493		0.9990617906		0.499843622		-0.0037522508		0.9990617906

				LA4		2		56.75				0		150.9329970007		115.9261447723		-7.8570431785		-4.3601637081		0.4156356049		0.1726187617		5.85E+00		5.13E+00				1		2		0		1				1		2		0		1

				Q15		0.5		57.25		-0.14959		-0.0264410075		159.928754157		119.5455650104		-10.1740964891		-2.8627195484		0.6534924875		0.076917644		6.03E+00		5.21E+00				1.003306947		0.5005510364		0.0132350737		1.003306947		0.0264410075		0.9966966943		0.4994493277		-0.0132059434		0.9966966943

				LA4		2		59.25				0		203.2391100631		131.30411378		-11.481081464		-3.0165548364		0.6534924875		0.076917644		6.79E+00		5.46E+00				1		2		0		1				1		2		0		1

				Q16		0.5		59.75		0.7661		0.1354131684		207.8213410271		138.9041222811		2.4202694241		-12.3545998391		0.0329980745		1.1060588747		6.87E+00		5.62E+00				0.983121052		0.4971836637		-0.0673252152		0.983121052		-0.1354131684		1.0169744519		0.5028258867		0.0680892465		1.0169744519

				LA4		2		61.75				0		198.2722556285		192.7467571363		2.3542732752		-14.5667175885		0.0329980745		1.1060588747		6.71E+00		6.61E+00				1		2		0		1				1		2		0		1

				Q17		0.5		62.25		-0.49701		-0.087849757		200.2781849812		203.1733363257		-6.3954591355		-6.133554725		0.2092184806		0.190086427		6.74E+00		6.79E+00				1.0110013322		0.5018322141		0.044085838		1.0110013322		0.087849757		0.9890388635		0.4981718055		-0.043764272		0.9890388635

				LA4		2.4		64.65				0		232.1814872795		233.7092968254		-6.8975834888		-6.5897621498		0.2092184806		0.190086427		7.26E+00		7.28E+00				1		2.4		0		1				1		2.4		0		1

				LA4		0.24		64.89				0		235.5043783386		236.8833316356		-6.9477959242		-6.6353828923		0.2092184806		0.190086427		7.31E+00		7.33E+00				1		0.24		0		1				1		0.24		0		1

				LA4		0.604		65.494				0		240.5900943832		241.7390760724		-7.0239514511		-6.7045743518		0.2092184806		0.190086427		7.39E+00		7.41E+00				1		0.604		0		1				1		0.604		0		1

				LA4		12.379		77.873				0		446.5496492625		436.8597037066		-9.6138670221		-9.0576542317		0.2092184806		0.190086427		1.01E+01		9.96E+00				1		12.379		0		1				1		12.379		0		1
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Feb 2002 large emit

		

				Dump Optics Tuning Program  - Deepaks new Optics 2/6/02

				B-Rho		5.6575

				Emittance		9.08E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		1.47E+00		3.50E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		1.51E+00		3.42E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		3.42E+00		1.51E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		1.51E+00		3.42E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		1.51E+00		3.42E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		3.42E+00		1.51E+00				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		3.46E+00		1.49E+00				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		2.08E+00		3.21E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		2.09E+00		3.28E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		3.59E+00		2.37E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		3.3		0.5832965091		14.0730596966		6.7052452332		2.2136743278		-1.4980868428		0.4192658993		0.4838397517		3.57E+00		2.47E+00				0.9279696689		0.4879362852		-0.2846115318		0.9279696689		-0.5832965091		1.0738024098		0.5122409217		0.2987883414		1.0738024098

				LA4		4		40.25				0		3.0719194631		26.431376002		0.5366107306		-3.4334458494		0.4192658993		0.4838397517		1.67E+00		4.90E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-1.5		-0.2651347768		2.8781757378		27.7236915391		0.2426401324		-1.7072315564		0.3678976999		0.1412019601		1.62E+00		5.02E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				Q11		0.25		40.75		-1.5		-0.2651347768		2.8265899189		28.1198096972		-0.0351583478		0.1315206664		0.3542205053		0.0361772607		1.60E+00		5.05E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				LA4		7.5		48.25				0		23.2788685604		28.1819706151		-2.6918121377		-0.1398087887		0.3542205053		0.0361772607		4.60E+00		5.06E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		1.18		0.2085726911		24.772222747		29.8311100201		-0.2428027267		-3.215599297		0.0427476038		0.3801427044		4.74E+00		5.20E+00				0.9740415048		0.4956660503		-0.103382402		0.9740415048		-0.2085726911		1.0261850714		0.5043566073		0.1051950149		1.0261850714

				LA4		3		51.75				0		26.613767542		52.5459901415		-0.3710455383		-4.3560274102		0.0427476038		0.3801427044		4.92E+00		6.91E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-0.87		-0.1537781706		28.0415538875		54.8907016785		-2.5210274349		-0.2731468363		0.262309976		0.0195772537		5.05E+00		7.06E+00				1.0192839329		0.5032098758		0.0773826941		1.0192839329		0.1537781706		0.9808392324		0.4968024407		-0.0763973705		0.9808392324

				LA4		2		54.25				0		39.1749035311		56.0615980386		-3.0456473869		-0.3123013438		0.262309976		0.0195772537		5.96E+00		7.13E+00				1		2		0		1				1		2		0		1

				Q14		0.5		54.75		-0.42		-0.0742377375		43.0559320605		55.340863116		-4.7643701583		1.7448425141		0.5504287533		0.0730829837		6.25E+00		7.09E+00				1.0092940783		0.5015480554		0.0372337929		1.0092940783		0.0742377375		0.9907346261		0.4984548151		-0.0370041577		0.9907346261

				LA4		2		56.75				0		64.3151277067		48.6538249944		-5.8652276648		1.5986765467		0.5504287533		0.0730829837		7.64E+00		6.65E+00				1		2		0		1				1		2		0		1

				Q15		0.5		57.25		0.34		0.0600972161		69.297243317		47.7921080972		-4.0490516215		0.1333797462		0.2510174749		0.0212961972		7.93E+00		6.59E+00				0.9924972487		0.4987489149		-0.0299734213		0.9924972487		-0.0600972161		1.0075215621		0.5012529662		0.0301239078		1.0075215621

				LA4		2		59.25				0		86.4975197026		47.3437739011		-4.5510865713		0.0907873519		0.2510174749		0.0212961972		8.86E+00		6.56E+00				1		2		0		1				1		2		0		1

				Q16		0.5		59.75		0.97		0.1714538224		87.3266181191		49.3142489556		2.9166497329		-4.0878847923		0.1088653823		0.3591416771		8.90E+00		6.69E+00				0.9786447161		0.4964356929		-0.0851157971		0.9786447161		-0.1714538224		1.0215083904		0.5035796178		0.0863406503		1.0215083904

				LA4		2		61.75				0		76.0954807166		67.1023548334		2.6989189683		-4.8061681466		0.1088653823		0.3591416771		8.31E+00		7.81E+00				1		2		0		1				1		2		0		1

				Q17		0.5		62.25		-0.6		-0.1060539107		75.4115105123		70.1495661336		-1.3189102561		-1.2342975633		0.0363276673		0.0359730019		8.27E+00		7.98E+00				1.0132860549		0.5022123873		0.0532615877		1.0132860549		0.1060539107		0.9867725255		0.4977934707		-0.0527929443		0.9867725255

				LA4		2.4		64.65				0		81.951527105		76.2813989281		-1.4060966575		-1.3206327678		0.0363276673		0.0359730019		8.63E+00		8.32E+00				1		2.4		0		1				1		2.4		0		1

				LA4		0.24		64.89				0		82.6285459742		76.9173747016		-1.4148152977		-1.3292662882		0.0363276673		0.0359730019		8.66E+00		8.36E+00				1		0.24		0		1				1		0.24		0		1

				LA4		0.604		65.494				0		83.6633447816		77.8898468383		-1.4280385686		-1.3423604609		0.0363276673		0.0359730019		8.72E+00		8.41E+00				1		0.604		0		1				1		0.604		0		1

				LA4		12.379		77.873				0		124.5855623562		116.6364970243		-1.8777387619		-1.7876702513		0.0363276673		0.0359730019		1.06E+01		1.03E+01				1		12.379		0		1				1		12.379		0		1





Tune2

		

				Dump Optics Tuning Program  - Deepaks new Optics 2/6/02

				B-Rho		5.6575

				Emittance		5.00E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		1.09E+00		2.59E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		1.12E+00		2.53E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		2.57E+00		1.11E+00				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		1.54E+00		2.38E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		1.55E+00		2.43E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		2.67E+00		1.76E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		3.3		0.5832965091		14.0730596966		6.7052452332		2.2136743278		-1.4980868428		0.4192658993		0.4838397517		2.65E+00		1.83E+00				0.9279696689		0.4879362852		-0.2846115318		0.9279696689		-0.5832965091		1.0738024098		0.5122409217		0.2987883414		1.0738024098

				LA4		4		40.25				0		3.0719194631		26.431376002		0.5366107306		-3.4334458494		0.4192658993		0.4838397517		1.24E+00		3.64E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-1.5		-0.2651347768		2.8781757378		27.7236915391		0.2426401324		-1.7072315564		0.3678976999		0.1412019601		1.20E+00		3.72E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				Q11		0.25		40.75		-1.5		-0.2651347768		2.8265899189		28.1198096972		-0.0351583478		0.1315206664		0.3542205053		0.0361772607		1.19E+00		3.75E+00				1.0082969096		0.2506910274		0.0664669096		1.0082969096		0.2651347768		0.9917259734		0.2493101167		-0.0661007822		0.9917259734

				LA4		7.5		48.25				0		23.2788685604		28.1819706151		-2.6918121377		-0.1398087887		0.3542205053		0.0361772607		3.41E+00		3.75E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		1.18		0.2085726911		24.772222747		29.8311100201		-0.2428027267		-3.215599297		0.0427476038		0.3801427044		3.52E+00		3.86E+00				0.9740415048		0.4956660503		-0.103382402		0.9740415048		-0.2085726911		1.0261850714		0.5043566073		0.1051950149		1.0261850714

				LA4		3		51.75				0		26.613767542		52.5459901415		-0.3710455383		-4.3560274102		0.0427476038		0.3801427044		3.65E+00		5.13E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-0.92		-0.1626159965		28.1024817329		54.7712559083		-2.6466220347		-0.034029395		0.2848363454		0.0182788943		3.75E+00		5.23E+00				1.0203959574		0.5033947264		0.081860035		1.0203959574		0.1626159965		0.9797417717		0.4966190465		-0.0807582011		0.9797417717

				LA4		2		54.25				0		39.8283152537		54.9804890659		-3.2162947256		-0.0705871837		0.2848363454		0.0182788943		4.46E+00		5.24E+00				1		2		0		1				1		2		0		1

				Q14		0.5		54.75		-0.36		-0.0636323464		43.7873753907		54.1848692778		-4.7437684676		1.6533799386		0.5367606317		0.0689060483		4.68E+00		5.21E+00				1.0079645934		0.5013267287		0.0319005961		1.0079645934		0.0636323464		0.9920564956		0.4986753802		-0.0317318846		0.9920564956

				LA4		2		56.75				0		64.9094917878		47.8469737168		-5.8172897309		1.5155678419		0.5367606317		0.0689060483		5.70E+00		4.89E+00				1		2		0		1				1		2		0		1

				Q15		0.5		57.25		0.36		0.0636323464		69.771641044		47.0977980615		-3.8553890173		-0.0092796441		0.2273706658		0.0212342435		5.91E+00		4.85E+00				0.9920564956		0.4986753802		-0.0317318846		0.9920564956		-0.0636323464		1.0079645934		0.5013267287		0.0319005961		1.0079645934

				LA4		2		59.25				0		86.1026797762		47.2198536117		-4.3101303488		-0.0517481311		0.2273706658		0.0212342435		6.56E+00		4.86E+00				1		2		0		1				1		2		0		1

				Q16		0.5		59.75		0.92		0.1626159965		86.8997774625		49.2242280681		2.7375972275		-4.0111780087		0.0977498312		0.347177593		6.59E+00		4.96E+00				0.9797417717		0.4966190465		-0.0807582011		0.9797417717		-0.1626159965		1.0203959574		0.5033947264		0.081860035		1.0203959574

				LA4		2		61.75				0		76.3403878775		66.657650475		2.542097565		-4.7055331947		0.0977498312		0.347177593		6.18E+00		5.77E+00				1		2		0		1				1		2		0		1

				Q17		0.5		62.25		-0.6		-0.1060539107		75.8197731296		69.6147183459		-1.4916820888		-1.1562418239		0.0425366012		0.033568981		6.16E+00		5.90E+00				1.0132860549		0.5022123873		0.0532615877		1.0132860549		0.1060539107		0.9867725255		0.4977934707		-0.0527929443		0.9867725255

				LA4		2.4		64.65				0		83.2248579791		75.3580364309		-1.5937699318		-1.2368073782		0.0425366012		0.033568981		6.45E+00		6.14E+00				1		2.4		0		1				1		2.4		0		1

				LA4		0.24		64.89				0		83.9923176546		75.9536375458		-1.6039787161		-1.2448639336		0.0425366012		0.033568981		6.48E+00		6.16E+00				1		0.24		0		1				1		0.24		0		1

				LA4		0.604		65.494				0		85.1656500894		76.8643462452		-1.6194620389		-1.2570830427		0.0425366012		0.033568981		6.53E+00		6.20E+00				1		0.604		0		1				1		0.604		0		1

				LA4		12.379		77.873				0		131.778584749		113.1313068092		-2.1460226254		-1.6726334581		0.0425366012		0.033568981		8.12E+00		7.52E+00				1		12.379		0		1				1		12.379		0		1
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Horizontal Beamsize

Vertical Beamsize

s(m)

RMS Beamsize (mm)

Optics tuning with Q16&13 Q14&15 pairs (3/2002)
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Laser IR Figure
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Laser Interaction Point

Horizontal Beamsize

Vertical Beamsize

s(m)

RMS Beamsize (mm)
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Laser Interaction Region

		

				Dump Optics Tuning Program  - Deepaks new Optics 2/6/02

				B-Rho		5.6575

				Emittance		5.00E-07

																										Beamsizes:						Matrix Elements for horizontal plane								Matrix Elements for vertical plane

				Name		Length (m)		s(m)		Grad (T/m)		k (m^-2)		Beta-X (m)		Beta-Y(m)		Alpha-X(m)		Alpha-Y(m)		Gamma-X(m)		Gamma-Y(m)		RMS-X (mm)		RMS-Y(mm)				C		S		C-prime		S-prime		k-vert		C		S		C-prime		S-prime

				Start		0		0				0		2.377		13.453		0		0		0.4206983593		0.0743328626		1.09E+00		2.59E+00

				Q01		0.25		0.25		-4.18027		-0.7388899691		2.5151724499		12.8458116259		-0.5611715743		2.3912507673		0.5227925965		0.5229782615		1.12E+00		2.53E+00				1.0231793088		0.2519286405		0.1861475454		1.0231793088		0.7388899691		0.9769984122		0.2480802455		-0.1833040049		0.9769984122

				LA4		3.5		3.75				0		12.8475827779		2.5135399586		-2.3909456622		0.5608268519		0.5227925965		0.5229782615		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q02		0.5		4.25		4.18027		0.7388899691		12.8469627384		2.5136574854		2.3921084272		-0.5610762036		0.5232507375		0.5230651009		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		7.75				0		2.5120252823		12.8487383969		0.560730846		-2.3918040568		0.5232507375		0.5230651009		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q03		0.5		8.25		-4.18027		-0.7388899691		2.5120260478		12.8487382686		-0.5607324701		2.3918042974		0.5232513031		0.5230651957		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		11.75				0		12.8469818013		2.5136568343		-2.3921120309		0.5610761124		0.5232513031		0.5230651957		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q04		0.5		12.25		4.18027		0.7388899691		12.8476018399		2.5135393076		2.3909492675		-0.5608267611		0.5227931628		0.5229783564		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		15.75				0		2.5151732112		12.8458115015		0.5611731978		-2.3912510086		0.5227931628		0.5229783564		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q05		0.5		16.25		-4.18027		-0.7388899691		2.5151716802		12.8458117581		-0.5611699496		2.3912505275		0.5227920315		0.5229781669		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		19.75				0		12.8475637142		2.5135406099		-2.3909420601		0.5608269434		0.5227920315		0.5229781669		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q06		0.5		20.25		4.18027		0.7388899691		12.8469436772		2.5136581362		2.3921048203		-0.5610762941		0.5232501707		0.5230650059		2.53E+00		1.12E+00				0.9090517949		0.4847480119		-0.3581754435		0.9090517949		-0.7388899691		1.0937917961		0.5155363446		0.3809246337		1.0937917961

				LA4		3.5		23.75				0		2.5120245253		12.8487385173		0.560729223		-2.3918038147		0.5232501707		0.5230650059		1.12E+00		2.53E+00				1		3.5		0		1				1		3.5		0		1

				Q07		0.5		24.25		-4.18027		-0.7388899691		2.5120268218		12.8487381325		-0.5607340953		2.3918045365		0.5232518675		0.5230652903		1.12E+00		2.53E+00				1.0937917961		0.5155363446		0.3809246337		1.0937917961		0.7388899691		0.9090517949		0.4847480119		-0.3581754435		0.9090517949

				LA4		3.5		27.75				0		12.8470008658		2.5136561828		-2.3921156315		0.5610760206		0.5232518675		0.5230652903		2.53E+00		1.12E+00				1		3.5		0		1				1		3.5		0		1

				Q08		0.5		28.25		3.58161		0.6330729121		13.1904021363		2.4485576011		1.741934255		-0.4240815634		0.3058538252		0.4818531416		2.57E+00		1.11E+00				0.9219040967		0.4869149587		-0.3082526708		0.9219040967		-0.6330729121		1.0801833371		0.5132937833		0.3249523901		1.0801833371

				LA4		3.5		31.75				0		4.7435717093		11.3198295291		0.671445867		-2.1105675589		0.3058538252		0.4818531416		1.54E+00		2.38E+00				1		3.5		0		1				1		3.5		0		1

				Q09		0.5		32.25		-3.19614		-0.5649385771		4.7893235868		11.8272209544		-0.7672174323		1.1440148351		0.3317008257		0.1952081518		1.55E+00		2.43E+00				1.0714523792		0.5118529472		0.2891654757		1.0714523792		0.5649385771		0.9302099092		0.4883132808		-0.27586701		0.9302099092

				LA4		3.5		35.75				0		14.223180728		6.2104169676		-1.9281703223		0.460786304		0.3317008257		0.1952081518		2.67E+00		1.76E+00				1		3.5		0		1				1		3.5		0		1

				Q10		0.5		36.25		1.7		0.3004860804		15.0951176594		6.254577091		0.2281842123		-0.5513071374		0.0696959148		0.2084776542		2.75E+00		1.77E+00				0.9626737871		0.4937633448		-0.1483690121		0.9626737871		-0.3004860804		1.0377964847		0.5062836823		0.1521311993		1.0377964847

				LA4		4		40.25				0		14.3847785983		14.000676657		-0.050599447		-1.3852177541		0.0696959148		0.2084776542		2.68E+00		2.65E+00				1		4		0		1				1		4		0		1

				Q11		0.25		40.5		-1.1		-0.1944321697		14.5901706538		14.5312169338		-0.774293984		-0.7283402061		0.1096307378		0.1053235571		2.70E+00		2.70E+00				1.0060821608		0.2505066415		0.0487065498		1.0060821608		0.1944321697		0.9939301452		0.2494939738		-0.0485096546		0.9939301452

				Q11		0.25		40.75		-1.1		-0.1944321697		15.1653606645		14.7231306552		-1.5357781378		-0.0362026409		0.2214661796		0.0680093558		2.75E+00		2.71E+00				1.0060821608		0.2505066415		0.0487065498		1.0060821608		0.1944321697		0.9939301452		0.2494939738		-0.0485096546		0.9939301452

				LA4		7.5		48.25				0		50.6595053341		19.0916965326		-3.1967744848		-0.5462728094		0.2214661796		0.0680093558		5.03E+00		3.09E+00				1		7.5		0		1				1		7.5		0		1

				Q12		0.5		48.75		1.7		0.3004860804		50.0412904782		21.1536455377		4.4020871975		-3.6803762098		0.4072311385		0.6875963304		5.00E+00		3.25E+00				0.9626737871		0.4937633448		-0.1483690121		0.9626737871		-0.3004860804		1.0377964847		0.5062836823		0.1521311993		1.0377964847

				LA4		3		51.75				0		27.2938475401		49.4242697695		3.1803937819		-5.7431652008		0.4072311385		0.6875963304		3.69E+00		4.97E+00				1		3		0		1				1		3		0		1

				Q13		0.5		52.25		-2		-0.3535130358		26.5116579351		50.7610216255		-1.5701981345		3.1488893414		0.1307169167		0.2150371237		3.64E+00		5.04E+00				1.0445155363		0.5073974681		0.1793716193		1.0445155363		0.3535130358		0.9561353598		0.4926676213		-0.1741644265		0.9561353598

				LA4		2		54.25				0		33.3153181396		39.0256127545		-1.8316319678		2.7188150941		0.1307169167		0.2150371237		4.08E+00		4.42E+00				1		2		0		1				1		2		0		1

				Q14		0.5		54.75		-2.3		-0.4065399912		38.8096843208		32.7054675432		-9.5268820501		9.4903134342		2.3643964954		2.784428902		4.41E+00		4.04E+00				1.0512493627		0.5085127278		0.2067307598		1.0512493627		0.4065399912		0.9496114486		0.4915733531		-0.1998442266		0.9496114486

				LA4		2		56.75				0		86.3747985029		5.8819294142		-14.255675041		3.9214556303		2.3643964954		2.784428902		6.57E+00		1.71E+00				1		2		0		1				1		2		0		1

				Q15		0.5		57.25		1.8		0.3181617322		93.7720110653		2.9443459675		-0.1444025493		2.1086625706		0.010886533		1.849802264		6.85E+00		1.21E+00				0.9604926972		0.4933979419		-0.1569803439		0.9604926972		-0.3181617322		1.0400345281		0.5066547806		0.1611981626		1.0400345281

				LA4		1		58.25				0		94.071702697		0.5768230903		-0.1552890824		0.2588603066		0.010886533		1.849802264		6.86E+00		5.37E-01				1		1		0		1				1		1		0		1

				LA4		1		59.25				0		94.3931673948		1.9089047412		-0.1661756154		-1.5909419575		0.010886533		1.849802264		6.87E+00		9.77E-01				1		1		0		1				1		1		0		1

				Q16		0.5		59.75		0.8		0.1414052143		91.2603590871		4.0738142218		6.3577850659		-2.7897787434		0.4538819632		2.1559317531		6.76E+00		1.43E+00				0.9823763583		0.4970592608		-0.0702867713		0.9823763583		-0.1414052143		1.0177277846		0.5029511535		0.0711199157		1.0177277846

				LA4		2		61.75				0		67.6447466764		23.8566562078		5.4500211395		-7.1016422496		0.4538819632		2.1559317531		5.82E+00		3.45E+00				1		2		0		1				1		2		0		1

				Q17		0.5		62.25		-1.6		-0.2828104286		66.9467947888		29.5073145943		-4.0213733804		-3.9320664078		0.2564938907		0.5578666328		5.79E+00		3.84E+00				1.0355600809		0.5059127476		0.143077401		1.0355600809		0.2828104286		0.9648564919		0.4941289096		-0.1397448087		0.9648564919

				LA4		2.4		64.65				0		87.7267918252		51.5945451563		-4.6369587181		-5.2709463264		0.2564938907		0.5578666328		6.62E+00		5.08E+00				1		2.4		0		1				1		2.4		0		1

				LA4		0.24		64.89				0		89.967306058		54.1567325111		-4.6985172519		-5.4048343183		0.2564938907		0.5578666328		6.71E+00		5.20E+00				1		0.24		0		1				1		0.24		0		1

				LA4		0.604		65.494				0		93.4218110319		58.1653669921		-4.7918810281		-5.6078977726		0.2564938907		0.5578666328		6.83E+00		5.39E+00				1		0.604		0		1				1		0.604		0		1

				LA4		12.379		77.873				0		251.3642332533		282.4929825789		-7.967018901		-12.5137288197		0.2564938907		0.5578666328		1.12E+01		1.19E+01				1		12.379		0		1				1		12.379		0		1
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