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1 Free Electron Lasers (SW)

The accelerators at MAX-lab give new opportunities reagarding Free Electron Lasers (FELs). The linac can run both as a driver for an IR-FEL (infra red) at 25-75 MeV and as for a UV-FEL (ultraviolet) at 200-500 MeV. The new storage ring has capabilites to supply beam to a storage ring FEL.

1.1 IR-FEL

The IR-FEL will need an electron beam meeting a number of critera which will allow fruitful operation:

Desired parameter
Influences

Peak current
Gain

Charge
Output power

Bunch length
Slippage

Emittance
Gain

Energy spread
Gain

From the viewpoint of the Gun and accelerator some of these parameters are interchangeable (like peak current and bunch length).

Table 8‑1. Summary table. Not including output power considerations.


Design
5 um
75 um

Peak current
30 A
30 A
<30 A

Bunchlength
1 - 10 ps
> 0.3 mm (1 ps)
> 2.25 mm(7.5 ps)

Charge
 0.25 nC
> 0.08 nC *)
(0.17 nC at 10 A)

Emittance
 30 mm mR
< 50 mm mR


Energy spread
0.2 %
< 0.3 %


Pulse length
10 us
~10 us **)


*) The charge is given by the need for peak current and bunchlength. If a longer bunchlength is used, the charge has to increase.

**) The pulse length is dependent of the peak current, energy spread and emittance. With the given performance saturation is reached earlier than 10 us at 5 um.

1.1.1 Electron beam charge

The charge in the electron beam defines not only the gain, but also the maximum output powers from the system. A set of  combinations has been simulated showing the characteristics of the problem.

Table 8‑2. Bunchlength, peak current and charge 
(assuming gaussian longitudinal charge distribution).

Case
Bunch length (sigma)
(mm / ps)
Peak current (A)
Charge (nC)
Max wavelength (um)

0
2 / 6.7 
30
0.5
22 

1
1 / 3.3
30
0.25
11 

2
1 / 3.3
20
0.17
11 

3
0.5 / 1.7
30
0.13
5.5

4
2 / 6.7
20
0.34
22

5
2 / 6.7
10
0.17
22

x
0.66 / 2.2
30
0.17
(no simul.)

y
0.3 / 1
30
0.08
(no simul.)

The gain is mainly dependent of the peak current, thus case 0, 1, 3 and x will give approximately the same gain (all with 30 A peak current). At 5 um the cases with less peak current will not give sufficient gain. 

At 20 um the situation is very much improved. All cases have gain enough, but some will have problems reaching saturation before 5 us. The various charges are directly shown in the maximum saturating energy.

The saturating energy is dependent of the charge in the bunch. To make the laser operate it is more important to reach shorter bunches than a high charge. On the other hand to extract a high power the charge is of higher importance.

1.1.2 Slippage

The slippage is given by the number of periods time the radiation wavelength. This distance should be smaller than the bunch length.

Table 8‑3. Slipage for two different undulators at different wavelengths.

Number of U periods
Wavelength
(um)
Slippage 
(mm)

60
5
0.3 / 1.0

60
10
0.6 / 2.0

60
20
1.2 / 4.0

60
50
3.0 / 10

30
50
1.5 / 5

30
75
2.25 / 7.5

The slippage gives a minimum bunchlength of 1.0 ps at 5 um. At the other edge we need to operate up to above 7.5 ps at 75 um. (50 um can be reached in both undulators, reducing the bunch length size).

1.1.3 Energy spread
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At 5um very little is gained by reducing the energy spread from (E/E) 0.2 % to 0.1 %. On the other hand if the energy spread increases to 0.5 % a significant reduction in gain results, and a further increase will give an almost impossible situation.

Fig. 8‑1. Intracavity energy at different energyspreads

1.1.4 Emittance
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The sensitivity to emittance in the actual range is not very large. A reduction of the emittance below (norm) 30 mm mRad will not give an increase in performance, while an increase has to be up to 100 mm mRad before a significant reduction in gain is observed.

Fig. 8‑2.Intracavity energy at different emittances

1.2 VUV-FEL at the recirculated LINAC

Two years ago there were discussions regarding a 500 MeV linear accelerator as injector for MAX II. The idea was abandoned by several reasons. Included in these discussions were the concept of using the source as a driver for a SASE (Self Amplified Stimulated Emission) FEL in the VUV region (225 - 25 nm or 6 - 50 eV).

With the new ideas of a recirculating linac using an RF gun it is tempting to see how such a systems compares to the desires presented then (Table 8‑4).

Table 8‑4. Specifications for the VUV SASE FEL [
]

Electron energy
175 - 500 MeV

Peak current
400 A *)

Energy spread
0.07 % HWHM

Normalised emittance
10 mm mRad

Electron micropulse length
> 1 ps **)

*) Corrected to 400 A in the errata to [xv].

**) The value on electron pulse length is mainly dominated 
by slippage, and the system can tolerate shorter micropulses than 1 ps.

The accelerator system performes in a way that:

1. Energy spread is mainly given by the micropulse length while passing the linac.

2. The micropulse length is given by the gun and the compressor.

3. The emittance is mainly given by the gun, space charge and the compressor.

4. The peak current is given by the charge from the gun and compression.

1.2.1 Energy spread

A HWHM energy spread of 0.07% translates into a FWHM of 3 deg in phase of a 3 GHz cycle => l= 2.8 ps. Thus by keeping the micropulse below 2.8 ps will ensure the energy spread. (By a perfect phasing in the linac the double pulse length could in principle be accepted). 

Peak current and bunch length

A conservative maximum value for the bunch charge of a thermionic rf-gun can be assumed to be Q = 0.2 nC [
,
]. 
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To reach Î=400 A means l= 1ps.

Simulations at lower charge (0.03 nC) has shown a length of 0.83 ps FWHM, though with a very non Gaussian shape.

The linac is relatively unsensitive to the peak current and only "sees" the average current. The linac can stand up to 250 mA average current and can accelerate 100 ns macro pulses. Each microbunch of 0.2 nC will give 2 mA average current over 100 ns, which allows for 125 filled buckets out of 300. In practice one will probably operate with just 1 or 2 buckets filled due to beamloading giving a change in energy between microbunches and thus a change in photon energy.

1.2.2 Emittance

In simulations the normalised emittance has stayed at 20 (hor) and 12 (vert) mm mRad. Such a value would make operation below 50 nm very difficult.

1.2.3 Summary

The performance of the recirculated linac with a thermionic rf-gun is close to the desires of the SASE VUV-FEL, though some values are still unreliable. 

Table 8‑5. Recirculated linac performance

Electron energy 
25 - 500 MeV


Normalised emittance
20  mm mRad (hor) 
at 0.03 nC/bunch

Energy spread
0.27 % FWHM 

0.012 % FWHM
after compressor, 0.03 nC

after linac at dl=0.83 ps

Micropulse length
0.83 ps FWHM 
very non Gaussian shape, 
at 0.03 nC/bunch

The gun performance at higher micropulse charges, causing space charge problems, has to be investigated and a careful review of the buncher has to be made. It is also necessary to address weather a second buncher has to be introduced. In the present linac design there is suitable space at 250 MeV, or lower if the final energy is below 500 MeV.

A better way to solve the problem is to introduce a photo RF-gun where the actual production process of electrons can be tailored to suit the overall accelerator system. More electrons with a smaller emittance can be produced.

1.3 Storage ring FEL
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0.00122669

0.000425268

0.0013932

0.00146338

0.0014566

0.00127716

0.000475157

0.00144151

0.00149619

0.00149071

0.00131889

0.000523451

0.00148822

0.00153557

0.00153133

0.00135037

0.000571242

0.00152655

0.00157975

0.00157571

0.0013787

0.000618036

0.00155293

0.00161839

0.0016137

0.00141204

0.000666582

0.00157435

0.00164874

0.00164288

0.00145387

0.000718059

0.0015983

0.00166975

0.00166331

0.00150153

0.000767729

0.00162753

0.00168645

0.00168008

0.00154363

0.000815689

0.00166453

0.00170687

0.00170208

0.00157498

0.00085998

0.00170617

0.0017371

0.00173421

0.00159817

0.000903293

0.00173878

0.0017731

0.00177073

0.00161853

0.00094795

0.00176008

0.00180611

0.00180334

0.00164264

0.000995651

0.001774

0.00183476

0.00183037

0.00167642

0.00104035

0.00178602

0.00184669

0.00184122

0.0017127

0.0010823

0.00180771

0.00185433

0.00184944

0.00174798

0.00112015

0.00183728

0.00186436

0.00186086

0.0017758

0.00115677

0.00187329

0.00188828

0.00188631

0.00179465

0.00119611

0.00190509

0.00192013

0.00191913

0.00180864

0.00123783

0.00192483

0.00195332

0.0019522

0.00182643

0.0012781

0.00193198

0.00197664

0.00197413

0.00185405

0.00131411

0.00193798

0.00198848

0.0019848

0.00188657

0.0013454

0.00195085

0.00199056

0.00198653

0.00191802

0.00137539

0.0019755

0.001996

0.00199289

0.00194089

0.00140924

0.00200665

0.00201162

0.00201015

0.00195216

0.00144512

0.00203516

0.00203688

0.00203691

0.00196086

0.00148153

0.0020501

0.00206291

0.00206298

0.00197223

0.00151247

0.00205543

0.00208395

0.00208283

0.00199402

0.00153826

0.00205799

0.00209559

0.00209278

0.00202477

0.00156226

0.00207006

0.00209913

0.00209578

0.00205396

0.00158916

0.00208884

0.00210228

0.0020996

0.00207219

0.00161984

0.00211544

0.00211294

0.00211214

0.00208205

0.00165158

0.00213927

0.00213357

0.00213409

0.00208534

0.00168047

0.00215303

0.0021573

0.0021577

0.00209709

0.0017029

0.00215884

0.00217713

0.00217708

0.00211663

0.00172228

0.00215803

0.00218567

0.00218417

0.00214167

0.00174364

0.0021906

0.00218813

0.00216427

0.00176902

0.00218858

0.00218645

0.00217733

0.00179776



Blad1

				PASS						5

				0						1.18E-11

				1						1.91E-11

				2						2.92E-11

				3						4.62E-11

				4						7.26E-11

				5						1.15E-10

				6						1.82E-10

				7						2.90E-10

				8						4.67E-10

				9						7.51E-10

				10						1.22E-09

				11						1.97E-09

				12						3.18E-09

				13						5.20E-09

				14						8.47E-09

				15						1.38E-08

				16						2.25E-08

				17						3.71E-08

				18						6.04E-08

				19						9.92E-08

				20						1.62E-07

				21						2.67E-07

				22						4.42E-07

				23						7.21E-07

				24						1.19E-06

				25						1.95E-06

				26						3.17E-06

				27						5.17E-06

				28						8.35E-06

				29						1.34E-05

				30						2.13E-05

				31						3.35E-05

				32						5.09E-05

				33						7.49E-05

				34						1.05E-04

				35						1.42E-04

				36						1.86E-04

				37						2.35E-04

				38						2.87E-04

				39						3.40E-04

				40						3.93E-04

				41						4.49E-04

				42						5.09E-04

				43						5.72E-04

				44						6.34E-04

				45						6.92E-04

				46						7.42E-04

				47						7.90E-04

				48						8.39E-04

				49						8.95E-04

				50						9.57E-04

				51						1.02E-03

				52						1.07E-03

				53						1.11E-03

				54						1.14E-03

				55						1.18E-03

				56						1.23E-03

				57						1.28E-03

				58						1.33E-03

				59						1.38E-03

				60						1.41E-03

				61						1.44E-03

				62						1.46E-03

				63						1.50E-03

				64						1.54E-03

				65						1.58E-03

				66						1.62E-03

				67						1.65E-03

				68						1.67E-03

				69						1.69E-03

				70						1.71E-03

				71						1.74E-03

				72						1.77E-03

				73						1.81E-03

				74						1.83E-03

				75						1.85E-03

				76						1.85E-03

				77						1.86E-03

				78						1.89E-03

				79						1.92E-03

				80						1.95E-03

				81						1.98E-03

				82						1.99E-03

				83						1.99E-03

				84						2.00E-03

				85						2.01E-03

				86						2.04E-03

				87						2.06E-03

				88						2.08E-03

				89						2.10E-03

				90						2.10E-03

				91						2.10E-03

				92						2.11E-03

				93						2.13E-03

				94						2.16E-03

				95						2.18E-03

				96						2.19E-03

				97						2.19E-03

				98						2.19E-03





Blad2

				PASS						10

				0						1.18E-11

				1						1.91E-11

				2						2.91E-11

				3						4.59E-11

				4						7.20E-11

				5						1.14E-10

				6						1.80E-10

				7						2.85E-10

				8						4.60E-10

				9						7.37E-10

				10						1.20E-09

				11						1.92E-09

				12						3.10E-09

				13						5.05E-09

				14						8.22E-09

				15						1.33E-08

				16						2.17E-08

				17						3.57E-08

				18						5.80E-08

				19						9.51E-08

				20						1.55E-07

				21						2.55E-07

				22						4.21E-07

				23						6.86E-07

				24						1.13E-06

				25						1.85E-06

				26						3.00E-06

				27						4.88E-06

				28						7.87E-06

				29						1.26E-05

				30						2.01E-05

				31						3.16E-05

				32						4.81E-05

				33						7.11E-05

				34						1.00E-04

				35						1.37E-04

				36						1.80E-04

				37						2.27E-04

				38						2.79E-04

				39						3.32E-04

				40						3.85E-04

				41						4.40E-04

				42						5.00E-04

				43						5.63E-04

				44						6.24E-04

				45						6.82E-04

				46						7.33E-04

				47						7.80E-04

				48						8.30E-04

				49						8.87E-04

				50						9.50E-04

				51						1.01E-03

				52						1.06E-03

				53						1.10E-03

				54						1.13E-03

				55						1.17E-03

				56						1.22E-03

				57						1.27E-03

				58						1.33E-03

				59						1.37E-03

				60						1.40E-03

				61						1.43E-03

				62						1.46E-03

				63						1.49E-03

				64						1.53E-03

				65						1.58E-03

				66						1.61E-03

				67						1.64E-03

				68						1.66E-03

				69						1.68E-03

				70						1.70E-03

				71						1.73E-03

				72						1.77E-03

				73						1.80E-03

				74						1.83E-03

				75						1.84E-03

				76						1.85E-03

				77						1.86E-03

				78						1.89E-03

				79						1.92E-03

				80						1.95E-03

				81						1.97E-03

				82						1.98E-03

				83						1.99E-03

				84						1.99E-03

				85						2.01E-03

				86						2.04E-03

				87						2.06E-03

				88						2.08E-03

				89						2.09E-03

				90						2.10E-03

				91						2.10E-03

				92						2.11E-03

				93						2.13E-03

				94						2.16E-03

				95						2.18E-03

				96						2.18E-03

				97						2.19E-03

				98						2.19E-03





Blad3

				PASS						50

				0						1.18E-11

				1						1.81E-11

				2						2.62E-11

				3						3.89E-11

				4						5.77E-11

				5						8.61E-11

				6						1.28E-10

				7						1.92E-10

				8						2.91E-10

				9						4.39E-10

				10						6.71E-10

				11						1.02E-09

				12						1.54E-09

				13						2.37E-09

				14						3.62E-09

				15						5.53E-09

				16						8.50E-09

				17						1.31E-08

				18						2.01E-08

				19						3.10E-08

				20						4.78E-08

				21						7.39E-08

				22						1.15E-07

				23						1.76E-07

				24						2.74E-07

				25						4.23E-07

				26						6.49E-07

				27						1.00E-06

				28						1.54E-06

				29						2.37E-06

				30						3.63E-06

				31						5.58E-06

				32						8.53E-06

				33						1.30E-05

				34						1.96E-05

				35						2.92E-05

				36						4.31E-05

				37						6.16E-05

				38						8.57E-05

				39						1.16E-04

				40						1.52E-04

				41						1.94E-04

				42						2.41E-04

				43						2.91E-04

				44						3.41E-04

				45						3.93E-04

				46						4.48E-04

				47						5.06E-04

				48						5.65E-04

				49						6.22E-04

				50						6.75E-04

				51						7.25E-04

				52						7.77E-04

				53						8.32E-04

				54						8.91E-04

				55						9.50E-04

				56						1.00E-03

				57						1.04E-03

				58						1.08E-03

				59						1.12E-03

				60						1.17E-03

				61						1.23E-03

				62						1.28E-03

				63						1.32E-03

				64						1.35E-03

				65						1.38E-03

				66						1.41E-03

				67						1.45E-03

				68						1.50E-03

				69						1.54E-03

				70						1.57E-03

				71						1.60E-03

				72						1.62E-03

				73						1.64E-03

				74						1.68E-03

				75						1.71E-03

				76						1.75E-03

				77						1.78E-03

				78						1.79E-03

				79						1.81E-03

				80						1.83E-03

				81						1.85E-03

				82						1.89E-03

				83						1.92E-03

				84						1.94E-03

				85						1.95E-03

				86						1.96E-03

				87						1.97E-03

				88						1.99E-03

				89						2.02E-03

				90						2.05E-03

				91						2.07E-03

				92						2.08E-03

				93						2.09E-03

				94						2.10E-03

				95						2.12E-03

				96						2.14E-03

				97						2.16E-03

				98						2.18E-03





Blad4

				PASS						100

				0						1.18E-11

				1						1.62E-11

				2						2.11E-11

				3						2.80E-11

				4						3.72E-11

				5						4.94E-11

				6						6.57E-11

				7						8.74E-11

				8						1.18E-10

				9						1.58E-10

				10						2.13E-10

				11						2.88E-10

				12						3.87E-10

				13						5.26E-10

				14						7.11E-10

				15						9.63E-10

				16						1.31E-09

				17						1.79E-09

				18						2.42E-09

				19						3.32E-09

				20						4.52E-09

				21						6.18E-09

				22						8.44E-09

				23						1.15E-08

				24						1.59E-08

				25						2.17E-08

				26						3.00E-08

				27						4.12E-08

				28						5.68E-08

				29						7.74E-08

				30						1.05E-07

				31						1.44E-07

				32						1.98E-07

				33						2.72E-07

				34						3.74E-07

				35						5.13E-07

				36						7.04E-07

				37						9.68E-07

				38						1.32E-06

				39						1.81E-06

				40						2.50E-06

				41						3.43E-06

				42						4.72E-06

				43						6.44E-06

				44						8.81E-06

				45						1.20E-05

				46						1.62E-05

				47						2.19E-05

				48						2.96E-05

				49						3.94E-05

				50						5.23E-05

				51						6.85E-05

				52						8.85E-05

				53						1.12E-04

				54						1.40E-04

				55						1.72E-04

				56						2.08E-04

				57						2.46E-04

				58						2.86E-04

				59						3.29E-04

				60						3.76E-04

				61						4.25E-04

				62						4.75E-04

				63						5.23E-04

				64						5.71E-04

				65						6.18E-04

				66						6.67E-04

				67						7.18E-04

				68						7.68E-04

				69						8.16E-04

				70						8.60E-04

				71						9.03E-04

				72						9.48E-04

				73						9.96E-04

				74						1.04E-03

				75						1.08E-03

				76						1.12E-03

				77						1.16E-03

				78						1.20E-03

				79						1.24E-03

				80						1.28E-03

				81						1.31E-03

				82						1.35E-03

				83						1.38E-03

				84						1.41E-03

				85						1.45E-03

				86						1.48E-03

				87						1.51E-03

				88						1.54E-03

				89						1.56E-03

				90						1.59E-03

				91						1.62E-03

				92						1.65E-03

				93						1.68E-03

				94						1.70E-03

				95						1.72E-03

				96						1.74E-03

				97						1.77E-03

				98						1.80E-03





optic1av

		PASS		Time		30				WORK-D

		0		0		1.18E-11				IV.		Emittance

		1		0.000000048		1.87E-11				==============

		2		0.000000096		2.80E-11				(d0		nemit		30

		3		0.000000144		4.32E-11				d1		nemit		5

		4		0.000000192		6.63E-11				d2		nemit		10

		5		0.00000024		1.03E-10				d3		nemit		50

		6		0.000000288		1.59E-10				d4		nemit		100

		7		0.000000336		2.46E-10

		8		0.000000384		3.88E-10

		9		0.000000432		6.08E-10

		10		0.00000048		9.65E-10

		11		0.000000528		1.52E-09

		12		0.000000576		2.39E-09

		13		0.000000624		3.81E-09

		14		0.000000672		6.06E-09

		15		0.00000072		9.60E-09

		16		0.000000768		1.53E-08

		17		0.000000816		2.46E-08

		18		0.000000864		3.91E-08

		19		0.000000912		6.27E-08

		20		0.00000096		1.00E-07

		21		0.000001008		1.61E-07

		22		0.000001056		2.60E-07

		23		0.000001104		4.14E-07

		24		0.000001152		6.69E-07

		25		0.0000012		1.07E-06

		26		0.000001248		1.70E-06

		27		0.000001296		2.72E-06

		28		0.000001344		4.31E-06

		29		0.000001392		6.85E-06

		30		0.00000144		1.08E-05

		31		0.000001488		1.69E-05

		32		0.000001536		2.62E-05

		33		0.000001584		3.97E-05

		34		0.000001632		5.85E-05

		35		0.00000168		8.40E-05

		36		0.000001728		1.17E-04

		37		0.000001776		1.55E-04

		38		0.000001824		1.98E-04

		39		0.000001872		2.44E-04

		40		0.00000192		2.94E-04

		41		0.000001968		3.47E-04

		42		0.000002016		4.06E-04

		43		0.000002064		4.66E-04

		44		0.000002112		5.23E-04

		45		0.00000216		5.78E-04

		46		0.000002208		6.31E-04

		47		0.000002256		6.84E-04

		48		0.000002304		7.42E-04

		49		0.000002352		8.06E-04

		50		0.0000024		8.67E-04

		51		0.000002448		9.20E-04

		52		0.000002496		9.65E-04

		53		0.000002544		1.01E-03

		54		0.000002592		1.05E-03

		55		0.00000264		1.10E-03

		56		0.000002688		1.16E-03

		57		0.000002736		1.21E-03

		58		0.000002784		1.26E-03

		59		0.000002832		1.29E-03

		60		0.00000288		1.32E-03

		61		0.000002928		1.35E-03

		62		0.000002976		1.39E-03

		63		0.000003024		1.44E-03

		64		0.000003072		1.49E-03

		65		0.00000312		1.53E-03

		66		0.000003168		1.55E-03

		67		0.000003216		1.57E-03

		68		0.000003264		1.60E-03

		69		0.000003312		1.63E-03

		70		0.00000336		1.66E-03

		71		0.000003408		1.71E-03

		72		0.000003456		1.74E-03

		73		0.000003504		1.76E-03

		74		0.000003552		1.77E-03

		75		0.0000036		1.79E-03

		76		0.000003648		1.81E-03

		77		0.000003696		1.84E-03

		78		0.000003744		1.87E-03

		79		0.000003792		1.91E-03

		80		0.00000384		1.92E-03

		81		0.000003888		1.93E-03

		82		0.000003936		1.94E-03

		83		0.000003984		1.95E-03

		84		0.000004032		1.98E-03

		85		0.00000408		2.01E-03

		86		0.000004128		2.04E-03

		87		0.000004176		2.05E-03

		88		0.000004224		2.06E-03

		89		0.000004272		2.06E-03

		90		0.00000432		2.07E-03

		91		0.000004368		2.09E-03

		92		0.000004416		2.12E-03

		93		0.000004464		2.14E-03

		94		0.000004512		2.15E-03

		95		0.00000456		2.16E-03

		96		0.000004608		2.16E-03

		97		0.000004656

		98		0.000004704

		99		0.000004752

		100		0.0000048





optic1av

				0		0		0		0

				0		0		0		0

				0		0		0		0

				0		0		0		0

				0.0000000001		0.0000000001		0.0000000001		0

				0.0000000001		0.0000000001		0.0000000001		0

				0.0000000002		0.0000000002		0.0000000001		0.0000000001

				0.0000000003		0.0000000003		0.0000000002		0.0000000001

				0.0000000005		0.0000000005		0.0000000003		0.0000000001

				0.0000000008		0.0000000007		0.0000000004		0.0000000002

				0.0000000012		0.0000000012		0.0000000007		0.0000000002

				0.000000002		0.0000000019		0.000000001		0.0000000003

				0.0000000032		0.0000000031		0.0000000015		0.0000000004

				0.0000000052		0.0000000051		0.0000000024		0.0000000005

				0.0000000085		0.0000000082		0.0000000036		0.0000000007

				0.0000000138		0.0000000133		0.0000000055		0.000000001

				0.0000000225		0.0000000217		0.0000000085		0.0000000013

				0.0000000371		0.0000000357		0.0000000131		0.0000000018

				0.0000000604		0.000000058		0.0000000201		0.0000000024

				0.0000000992		0.0000000951		0.000000031		0.0000000033

				0.0000001624		0.0000001555		0.0000000478		0.0000000045

				0.0000002674		0.0000002554		0.0000000739		0.0000000062

				0.000000442		0.0000004213		0.0000001148		0.0000000084

				0.0000007209		0.0000006857		0.0000001763		0.0000000115

				0.0000011926		0.0000011321		0.0000002744		0.0000000159

				0.0000019514		0.0000018486		0.0000004229		0.0000000217

				0.0000031738		0.0000030011		0.0000006493		0.00000003

				0.0000051746		0.0000048848		0.0000010017		0.0000000412

				0.0000083455		0.0000078685		0.0000015383		0.0000000568

				0.000013426		0.0000126492		0.0000023705		0.0000000774

				0.0000213073		0.0000200719		0.0000036296		0.0000001054

				0.0000334713		0.000031559		0.0000055801		0.000000144

				0.0000508587		0.0000480734		0.0000085337		0.0000001978

				0.0000749307		0.0000710967		0.0000129667		0.0000002722

				0.000104984		0.000100138		0.0000195537		0.0000003737

				0.000142344		0.000136534		0.0000291693		0.0000005125

				0.000186399		0.000179729		0.0000430575		0.0000007041

				0.000234612		0.000227184		0.0000615628		0.0000009684

				0.000286988		0.000278912		0.000085681		0.0000013233

				0.000340131		0.000331581		0.000115716		0.0000018149

				0.000393419		0.000384626		0.000152021		0.0000025

				0.000448897		0.000440088		0.000194123		0.000003434

				0.000508605		0.000499846		0.00024083		0.000004716

				0.000572098		0.000563155		0.000290829		0.0000064424

				0.000633709		0.000624349		0.000340568		0.0000088119

				0.000691577		0.000681875		0.000393085		0.0000119963

				0.000742489		0.000732741		0.000447701		0.0000161879

				0.000789551		0.000780235		0.000506045		0.0000218774

				0.000838518		0.000830087		0.000564786		0.0000295605

				0.00089491		0.000887408		0.000622096		0.0000394305

				0.00095702		0.000949993		0.000675172		0.0000522688

				0.00101829		0.00101072		0.000725454		0.0000684785

				0.00107126		0.00106299		0.000776553		0.0000885195

				0.001112		0.00110314		0.000831756		0.00011218

				0.00114338		0.00113493		0.000891155		0.000140352

				0.0011807		0.00117361		0.00094954		0.000172326

				0.00122589		0.00122009		0.00100061		0.000208101

				0.0012784		0.00127323		0.00104124		0.000246377

				0.00133305		0.0013276		0.00108039		0.000286333

				0.00137741		0.00137091		0.00112258		0.000329416

				0.00141088		0.00140343		0.00117168		0.000375551

				0.00143758		0.00142982		0.00122669		0.000425268

				0.00146338		0.0014566		0.00127716		0.000475157

				0.00149619		0.00149071		0.00131889		0.000523451

				0.00153557		0.00153133		0.00135037		0.000571242

				0.00157975		0.00157571		0.0013787		0.000618036

				0.00161839		0.0016137		0.00141204		0.000666582

				0.00164874		0.00164288		0.00145387		0.000718059

				0.00166975		0.00166331		0.00150153		0.000767729

				0.00168645		0.00168008		0.00154363		0.000815689

				0.00170687		0.00170208		0.00157498		0.00085998

				0.0017371		0.00173421		0.00159817		0.000903293

				0.0017731		0.00177073		0.00161853		0.00094795

				0.00180611		0.00180334		0.00164264		0.000995651

				0.00183476		0.00183037		0.00167642		0.00104035

				0.00184669		0.00184122		0.0017127		0.0010823

				0.00185433		0.00184944		0.00174798		0.00112015

				0.00186436		0.00186086		0.0017758		0.00115677

				0.00188828		0.00188631		0.00179465		0.00119611

				0.00192013		0.00191913		0.00180864		0.00123783

				0.00195332		0.0019522		0.00182643		0.0012781

				0.00197664		0.00197413		0.00185405		0.00131411

				0.00198848		0.0019848		0.00188657		0.0013454

				0.00199056		0.00198653		0.00191802		0.00137539

				0.001996		0.00199289		0.00194089		0.00140924

				0.00201162		0.00201015		0.00195216		0.00144512

				0.00203688		0.00203691		0.00196086		0.00148153

				0.00206291		0.00206298		0.00197223		0.00151247

				0.00208395		0.00208283		0.00199402		0.00153826

				0.00209559		0.00209278		0.00202477		0.00156226

				0.00209913		0.00209578		0.00205396		0.00158916

				0.00210228		0.0020996		0.00207219		0.00161984

				0.00211294		0.00211214		0.00208205		0.00165158

				0.00213357		0.00213409		0.00208534		0.00168047

				0.0021573		0.0021577		0.00209709		0.0017029

				0.00217713		0.00217708		0.00211663		0.00172228

				0.00218567		0.00218417		0.00214167		0.00174364

				0.0021906		0.00218813		0.00216427		0.00176902

				0.00218858		0.00218645		0.00217733		0.00179776
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				0		0		0		0

				0		0		0		0

				0		0		0		0

				0		0		0		0

				0.0000000001		0.0000000001		0.0000000001		0

				0.0000000001		0.0000000001		0.0000000001		0

				0.0000000002		0.0000000002		0.0000000001		0.0000000001

				0.0000000003		0.0000000003		0.0000000002		0.0000000001

				0.0000000005		0.0000000005		0.0000000003		0.0000000001

				0.0000000008		0.0000000007		0.0000000004		0.0000000002

				0.0000000012		0.0000000012		0.0000000007		0.0000000002

				0.000000002		0.0000000019		0.000000001		0.0000000003

				0.0000000032		0.0000000031		0.0000000015		0.0000000004

				0.0000000052		0.0000000051		0.0000000024		0.0000000005

				0.0000000085		0.0000000082		0.0000000036		0.0000000007

				0.0000000138		0.0000000133		0.0000000055		0.000000001

				0.0000000225		0.0000000217		0.0000000085		0.0000000013

				0.0000000371		0.0000000357		0.0000000131		0.0000000018

				0.0000000604		0.000000058		0.0000000201		0.0000000024

				0.0000000992		0.0000000951		0.000000031		0.0000000033

				0.0000001624		0.0000001555		0.0000000478		0.0000000045

				0.0000002674		0.0000002554		0.0000000739		0.0000000062

				0.000000442		0.0000004213		0.0000001148		0.0000000084

				0.0000007209		0.0000006857		0.0000001763		0.0000000115

				0.0000011926		0.0000011321		0.0000002744		0.0000000159

				0.0000019514		0.0000018486		0.0000004229		0.0000000217

				0.0000031738		0.0000030011		0.0000006493		0.00000003

				0.0000051746		0.0000048848		0.0000010017		0.0000000412

				0.0000083455		0.0000078685		0.0000015383		0.0000000568

				0.000013426		0.0000126492		0.0000023705		0.0000000774

				0.0000213073		0.0000200719		0.0000036296		0.0000001054

				0.0000334713		0.000031559		0.0000055801		0.000000144

				0.0000508587		0.0000480734		0.0000085337		0.0000001978

				0.0000749307		0.0000710967		0.0000129667		0.0000002722

				0.000104984		0.000100138		0.0000195537		0.0000003737

				0.000142344		0.000136534		0.0000291693		0.0000005125

				0.000186399		0.000179729		0.0000430575		0.0000007041

				0.000234612		0.000227184		0.0000615628		0.0000009684

				0.000286988		0.000278912		0.000085681		0.0000013233

				0.000340131		0.000331581		0.000115716		0.0000018149

				0.000393419		0.000384626		0.000152021		0.0000025

				0.000448897		0.000440088		0.000194123		0.000003434

				0.000508605		0.000499846		0.00024083		0.000004716

				0.000572098		0.000563155		0.000290829		0.0000064424

				0.000633709		0.000624349		0.000340568		0.0000088119

				0.000691577		0.000681875		0.000393085		0.0000119963

				0.000742489		0.000732741		0.000447701		0.0000161879

				0.000789551		0.000780235		0.000506045		0.0000218774

				0.000838518		0.000830087		0.000564786		0.0000295605

				0.00089491		0.000887408		0.000622096		0.0000394305

				0.00095702		0.000949993		0.000675172		0.0000522688

				0.00101829		0.00101072		0.000725454		0.0000684785

				0.00107126		0.00106299		0.000776553		0.0000885195

				0.001112		0.00110314		0.000831756		0.00011218

				0.00114338		0.00113493		0.000891155		0.000140352

				0.0011807		0.00117361		0.00094954		0.000172326

				0.00122589		0.00122009		0.00100061		0.000208101

				0.0012784		0.00127323		0.00104124		0.000246377

				0.00133305		0.0013276		0.00108039		0.000286333

				0.00137741		0.00137091		0.00112258		0.000329416

				0.00141088		0.00140343		0.00117168		0.000375551

				0.00143758		0.00142982		0.00122669		0.000425268

				0.00146338		0.0014566		0.00127716		0.000475157

				0.00149619		0.00149071		0.00131889		0.000523451

				0.00153557		0.00153133		0.00135037		0.000571242

				0.00157975		0.00157571		0.0013787		0.000618036

				0.00161839		0.0016137		0.00141204		0.000666582

				0.00164874		0.00164288		0.00145387		0.000718059

				0.00166975		0.00166331		0.00150153		0.000767729

				0.00168645		0.00168008		0.00154363		0.000815689

				0.00170687		0.00170208		0.00157498		0.00085998

				0.0017371		0.00173421		0.00159817		0.000903293

				0.0017731		0.00177073		0.00161853		0.00094795

				0.00180611		0.00180334		0.00164264		0.000995651

				0.00183476		0.00183037		0.00167642		0.00104035

				0.00184669		0.00184122		0.0017127		0.0010823

				0.00185433		0.00184944		0.00174798		0.00112015

				0.00186436		0.00186086		0.0017758		0.00115677

				0.00188828		0.00188631		0.00179465		0.00119611

				0.00192013		0.00191913		0.00180864		0.00123783

				0.00195332		0.0019522		0.00182643		0.0012781

				0.00197664		0.00197413		0.00185405		0.00131411

				0.00198848		0.0019848		0.00188657		0.0013454

				0.00199056		0.00198653		0.00191802		0.00137539

				0.001996		0.00199289		0.00194089		0.00140924

				0.00201162		0.00201015		0.00195216		0.00144512

				0.00203688		0.00203691		0.00196086		0.00148153

				0.00206291		0.00206298		0.00197223		0.00151247

				0.00208395		0.00208283		0.00199402		0.00153826

				0.00209559		0.00209278		0.00202477		0.00156226

				0.00209913		0.00209578		0.00205396		0.00158916

				0.00210228		0.0020996		0.00207219		0.00161984

				0.00211294		0.00211214		0.00208205		0.00165158

				0.00213357		0.00213409		0.00208534		0.00168047

				0.0021573		0.0021577		0.00209709		0.0017029

				0.00217713		0.00217708		0.00211663		0.00172228

				0.00218567		0.00218417		0.00214167		0.00174364

				0.0021906		0.00218813		0.00216427		0.00176902

				0.00218858		0.00218645		0.00217733		0.00179776
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