CBN 99-32Investigation of the feasibility of a free electron laser for theCornell electron storage ring and linear acceleratorDepartment of Physics, Grinnell College, Grinnell, IA, 50112Free electron lasers (FELs) constructed from storage rings and linear accelerators providefor strong, tunable sources of sub-visible wavelength coherent radiation. In this work weperform a one-dimensional simulation of a complete FEL oscillator for the 5 GeV Cornellelectron storage ring (CESR) and the 350 MeV Cornell linear accelerator. We find viablestorage ring FELs in the vicinity of 1.5 GeV beam energy and 50 nm output, and linacFELs around 320 MeV with 475 nm output. Both devices have a peak cavity power on theorder of Watts. By A as study of us such as of Theory of the Free Electron Laser Oscillatoruse for 1. has For oflu, of

l lg gq

g = + +uK 2 1 12 2 2 2 2 ( )

(1)). of for

2ModulaOputDieMag t L L D , L D R1 R 2FIGURE 1. Schematic of a complete FEL oscillator. The electron beam enters at themodulator (undulator magnet) and exits after the output section.on Murphy

˙ ( )

y r r j j = - 12 1 12 2G

(2)

˙ [ . .] G G j j iAe c c j = - +

1r y

(3)

Ȧ N e

e i j jN j e = -=�

1 1 yr G

(4) for 4

r lp g gs = = ( ) , ( ) K c eI

mu p p pkrW

W8 2 232 12where

(5)

3Table I. Storage ring and linac beam characteristics that contribute to the FEL parameter . r.m.s. bunch length, is the bunch current in the case of the storage ring, and the b u n c h intensity number of electrons) in the case of the linac, is the peak beam current, is the r.m.s. beam and is the beam energy. Ring values are p r o d u c e d for = 4.0 kG, = 10 cm, and = 20 Linac values for 2.5 kG, 10 cm, and 2.5 x 10 particles per bunch.ssE-3 m-3 msIbbrE-4 mE-1/2, Ib-3 mr1.2 x 10-31.8 x 10-3of [1]. FELs up of aor of of used. For sub-200 no of of so is of aFig. 1) does By on is is For round is of 0.85 10 Simulation Input Parametersis of or of isof run is so is of for of of = 2R(6) = 2 + p(7)0 1. shot One is — If does We

4as for

D D D D l l

g g

g q g g

» - +

+

+

+

2

1

1

2

1

1

2

2

2 2

2

K K

K K ( )

( )

( )

(8) a is

( ) ( ) [ ( ) ] D g g p l l p pg l e b b eff u K K =

+

+

1

1

1

2

2

2

2

2 2 2 2 2

(9) is of We � n a t u r a l�

2 ( ) ( ) D g g

p g e

leffu KK= +81 1 2 2

(10)using IIof is Table II. Storage ring and linac beam energy spread and emittance effective energy spreadcontribution. is the beam emittance, and is the beam energy. Emittance values are givenin mrad mm.E1.7 x 10-42.2 x 10-3e23.2 x 10-9E-1, Ib28.1 x 10-8E3.6 x 10-4E2.6 x 10-3

()()G GOK FELD Dgg gg»

(11)as In OK use is of We use of GOK/G rough of for ofFor FEL/OK lossy is has run. of of For is of for use

5is 25 for of Fig. 2 shows pass of of From 0 1.22 is short of for In of of Murphy pass of [7]. used of of FELs. of is

0 0.5 1 1.5 2 2.5 t 0.2 0.3 0.4 0.5 0.6 ¨A¨ - 4p - 2p 0 2p 4p y

- 0.003

- 0.002

- 0.001

0

0.001

0.002

0.003

Dg � g

t= 0

- 4p - 2p 0 2p 4p y

- 0.003 - 0.002 - 0.001 0 0.001 0.002 0.003

Dg � g

t= 1.22

- 4p - 2p 0 2p 4p y

- 0.003

- 0.002

- 0.001

0

0.001

0.002

0.003

Dg � g

t= 1.37

- 4p - 2p 0 2p 4p y

- 0.003 - 0.002 - 0.001 0 0.001 0.002 0.003

Dg � g

t= 2.49

FIGURE 2. Typical FEL oscillator single-pass simulation conducted with 2,000 electrons.The radiation field amplitude |A| is given a large initial value of 0.2, as might be the caseafter field buildup over a number of passes, to demonstrate the effect of the dispersivemagnet more clearly. The dashed lines on the field plot indicate the start and end of thedispersive magnet. The lower figures illustrate the evolution of the electron longitudinalphase space.

7Figs. 3 and 4 or or of is for is for aof One on

1 1.2 1.4 1.6 1.8 2 2.2

EnergyHGeVL

1 2 3 4 5 6 7

Gain

156 92 61 43 32 WavelengthHnmL

I^b = 20 mA l^u = 10 cm

B= 5.0 kG

Crit.Gain� 1.55 GeV

Crit.Spread � 1.65 GeV

1 1.2 1.4 1.6 1.8 2 2.2

EnergyHGeVL 1 2 3 4 5 6 7

Gain

156 92 61 43 32 WavelengthHnmL

Ib = 20 mA l u = 10 cm

B= 5.0 kG

Crit.Gain� 1.76 GeV

Crit.Spread � 2.05 GeV

10 12 14 16 18 20

I^b HmAL

0.8

1

1.2

1.4

E HGeVL

26

30

40

52

66 l^g HnmL

B=1.0

B=2.0

B=3.0

B=4.0

B=5.0

l^u = 10

10 12 14 16 18 20

I^b HmAL

1

1.2

1.4

1.6

E HGeVL

20

23

30

40 50 l^g HnmL

B=1.0

B=2.0

B=3.0 B=4.0 B=5.0

l^u = 10

(b)(d)FIGURE 3. Parameter space for storage ring FEL oscillators. Figs. 3a & 3b show theparameter space for a single 15m undulator, while Figs. 3c & 3d describe an OK with apair of 7.5m undulators and a 1m dispersive magnet. The upper plots illustrate the criticalgain and spread criteria for a particular system, and the lower plots show various criticalenergy contours for different undulator magnetic field settings. is presented in cm, and in kG.

0.1 0.2 0.3 0.4 0.5 0.6

EnergyHGeVL 2 4 6 8 10 Gain

3585 708 293 159 100 WavelengthHnmL

Ib = 100 x 10_8 l u = 10 cm

B= 2.0 kG

Crit.Gain� 0.464 GeV

Crit.Spread � 0.21 GeV

0.2 0.3 0.4 0.5 0.6 0.7

EnergyHGeVL 2 4 6 8 10 Gain 896 339 177 108 73 WavelengthHnmL

Ib = 100 x 108 l u = 10 cm

B= 2.0 kG

Crit.Gain� 0.645 GeV

Crit.Spread � 0.35 GeV

50 100 150 200 250

I^b H10_8L

0

0.1

0.2

0.3

0.4

0.5

0.6

E HGeVL

2316

845

475

346

263 l^g HnmL

B=1.0

B=1.8

B=2.5

B=3.2

B=4.0

l^u = 10

50 100 150 200 250

Ib H10_8L 0 0.2 0.4 0.6 0.8 1

E HGeVL

957 317 187 134 109 l g HnmL

B=1.0 B=1.8 B=2.5 B=3.2 B=4.0

l u = 10

(b)(d)FIGURE 4. Parameter space for linac FEL oscillators. Figs. 4a & 4b show the parameterspace for a single 15m undulator, while Figs. 4c & 4d describe an OK with a pair of 7.5mundulators and a 1m dispersive magnet. The upper plots illustrate the critical gain andspread criteria for a particular system, and the lower plots show various critical energycontours for different undulator magnetic field settings. is presented in cm, and infor use200 of as as for Inof 1 [8]. 350 as Thus is 400 is systems Figs. 5 &is found of or on K . For of 6

9our afor of OK for systems should We OK using

0 20 40 60 80 100 120 140 t 0 0.2 0.4 0.6 0.8 1 1.2 ¨A¨

1 7 14 20 27 NumberofPasses

FIGURE 5 . Radiation field amplitude for a 15m FEL in a 17m cavity. Mirror reflectancesare =0.85. Simulation was conducted with: = 1.4 GeV, = 10 cm, = 4.0 kG, = 20 mA. Radiation wavelength is 52 nm.

0 50 100 150 200 250 300 t 0

0.2

0.4

0.6

0.8

1

1.2

¨A¨

1 11 21 31 41 NumberofPasses

FIGURE 6 . Radiation field amplitude for a 15m FEL in a 17m cavity. Mirrortances are =0.98, =1.0. Simulation was conducted with: = 320 MeV, = 10cm, = 2.5 kG, = 2.5 x 10 electrons. Radiation wavelength is 475 nm.

1.4 — 1.8 sources for of systems for sources. We of 50 or SUV of6 Watts. Use of is for Professor Gerry Dugan of proposedREU Footnotes and References J.B. Murphy and C. �Introduction Physics of Laser,�

R.H. �Free Lasers,� M. Month

Soft

C. �Free Lasers,� M. Month gun should by is �Touschek Scattering,� Handbook of