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Table 1: Free Electron Lasers (2004)
(W.B.Colson et al. Proc. 2004 FEL Conference, 706-710)

EXISTING FEL:s % (um) | eips) | EMeV) | I{A) | [ EXISTING FELs % (pm) | aips) | EQOMeV) [ I(A)
Italy (FEL-CAT) 760 15-20 | 1.8 5 Osaka (iFEL1) 3.3 10 33.2 42
UC3E (mm FEL) 340 25000 [ & ] Tokyo (FHI-FEL) 4-14 2 32-40 |30
Movosibirsk (RTM) 120-180 | 70 12 10| Mieuwegem (FELIX) 1250 ] 50 30
¥.orea (EAERI-FEL) g7-1200 | 23 4365 |05 | Duke (MARKII 1765 |3 31415 |20
Himeji (LEEKA) 65-73 10 54 L0 | Stanford (SCAFEL) 3-13 0.5-12 | 2245 |10
LB (FIR FEL) - 23000 | 6 2 Orsay (CLIO) 3-33 013 [2150 [0
Osaka (ILETLT) ull i 18 20| Vanderdilt (FEL]) L0908 (07 |43 30
Osaka (ISIR) 30 0| 0 Oeska GFELD) 138 10 | 68 1
Tokai (JAERI-FEL) 12 255 |17 U e — : — —

— - Mihon (LEBEA) 0.9-6.5 <] 58-100 10-20
Sruyares (ELSA) 20 30 18 100 UCLA-BNL (VISA) 0 e 00 =
Osaka (FELI4) 18-40 10 33 40 SNl TATE SALLE — = mn
UCLA-Eurchatoy 16 3 13.5 &0 e —— — — -
]—-IL.[.\:L |:F..'I||..:.E-L: 1:_':_'. :_'_ _? 3|:||:| :l':']'ﬂ.'l'.'l'.uli |__TEI. -C].TJEI.I] .u'.-j ag 'l'_'l'u' b'|:|
Stanford (FIREELY) =% 15 1532 1z [BWLNSLS (DUVEEL) 0. 0.7 | 300 500
UCLA-Kurchatov-LANL | 12 3 13 170 | Qrsay (Super-ACQ) 0.3-08 |13 500 0.1
Maryland (MIRFEL) 12-21 5 0-14 100 | Osaka (iFEL3) 0307 |3 133 50
Beijing (BFEL) 5-20) 4 30 15-20 | Okazaki (UVE0R) 0206 |46 607 10
Dresden (ELBE]) 3-22 10 40 g Tsukuba (WIIL-IV) 02-085 |14 310 10
Fores (KAERIHP FEL) | 3-20 0-20 | 2040 |30 | Traly (ELETTEA) 0.2-04 |28 1000 150)
Mewpor: Mews (IR demo) [ 3. 6,10 | 0.2 150 270 | Duke (OE-4) 0.183-2.1 | 0.1-10 | 1200 33
Darmstadt (FEL) 6-8 2 25-50 |27 | ANL (APSFEL) 0.13 0.3 | 309 400
BNL (HGHG) 5.3 § 40 120 T ; 1i]




Table 2: Proposed Free Electron Lasers (2904)

_l_

PEOPOSED FEL= A pm) o ps) EiMMeV | I(A)
)
Tokvo (FIE-FEL) 300-1000 3 10 30
MNetherlands (TEUFEL) 180 20 & 350
Butzers (IRFEL) 140 25 38 1.4
MNovosibirsk (ETh 1) 3-20 10 50 20-100
Dresden (ELBE) 30-750 1-5 10-40 30
Daresbury (4GLS-IEFEL) 5-100 0.2-1 50 100
MNovosibirsk (ETh) 2-11 20 o8 100
Frazcan (5PAERC) 0.533 0.1 142 300
TINAF (UVEFEL) 0.25-1 0.2 160 270
Hawau (FEL) 0.3-3 2 100 300
Harmma (SUBARL 0.2-10 26 1500 30
Shanghai (SDUV-FEL) 0.5-0.088 1 300 400
Frazscan (COSA) 0.08 10 215 200
Daresbury (4GLS-WVTIW) 0.4-0.1 0.1-1 GO0 300
Daresbury (4GLS-XTI) 0.1-0.01 0.1-1 G600 2000
Duke (OE-3. VW) 0.03-1 0.1-10 1200 30
DESY (TTE2) 0006 017 1000 2500
Italv (SEAREI 0.0015 0. 2500 2500
BESSY (Soft X-ray) 0.0012 0.08 2300 3300
Trieste (FEEMNI) 0.001-0.1 0.1 3000 2500
FIKEN (5Pringd SCS55) 000036 0.5 1000 2000
MIT (Bates X -Fay FEL) 0.0003 0.03 4000 10010
SLAC (LCLS)Y 000015 0.07 14350 3400
DESY (TESLA) 00001 0.08 30000 3000
Pohang (PAL X-FEL) 00003 0.1 3000 4000
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VFEL-10 keV (2001)
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VFEL-250 keV (2003)
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“Grid” volume resonator




VFEL in Bragg geometry

Bragg conditions
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Laue geometry
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Three-wave VFEL,
Bragg-Bragg geometry
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Laue-Laue geometry
Bragg-Laue geometry




Surface VFEL
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Volume distributed feedback

= If one mode is in synchronism,

the threshold current j:

= If tWO modes are in synchronism,

the threshold current j:

= If M modes are in synchronism,

the threshold current j:

We assume
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Main equations
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System for three-wave VFEL:

_I_
8&+7/0C8E+0.5i0)||50 —0.510y1E; —0.510y,E, =
ot oz
27
:Zﬂjd)j 27z—2p(e—ie(t,z,p) _I_e—ié?(t,z,—p)}jp’

0 3

% + 710% - 051wy _1Ey+0.510lE; —0.510y,_1E, =0,

/
oE, oE,

? + 7208— — OS'O)Z_Z EO —O.5i0)}(1_2 El + 05|C()|2 E2 =0
Z



System parameters:
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Simple initial and boundary

conditions:
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System for n-wave VFEL:
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Boundary conditions including

mirrors:
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Equations for electron beam

|
d’9 e
dt* my°
ot,t,,r )=k ,r +kz-wt(z,t,) -
electronphase In a wave

(e_n)Re{E expli(k ,r, +k,z—mt))},

da(t,0, p)
dz
t>0, z€[O, L], pel|-2x27x]

:k_G)/u, 9(t101 p): p’




Code VOLC - VFEL simulation

ky VOLC -> VFEL simulation

Menu  Help
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Establishment of nonstationary
solution in two-wave geometry
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Periodic regime of VFEL intensity
in three-wave geometry:
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Phase space portrait
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Simulation of BWT
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Simulation of Smith-Purcell radiation

El
1E+3

_'_ 1E+2
10
1
0.1
0.01

1E-3
1E-4
1E-5
1E-6
1E-7
1E-8
1E-9
1E-10
BN T T T [ T T

X, = (0.1, 0.04)
j =100 Alcm?
L =40cm

IO:3-

-1200 -900 -600 -300 O 300 600 900 1200
OkL



Amplification and oscillation
| regimes in three-wave geometry
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SASE regime simulation:
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Dispersion equation:
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lLLL -, -\, -Le—vx . v..—xv.x.x,=0
Two-root degeneration case:

Lo+ (Bl + B, - B.6.1, — B, —p,r,=0
Three-root degeneration case:

LBl + 6,1, +1,=0



One-mode synchronism, dependence on

detuning from exact Cherenkov condition 6
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One-mode synchronism, dependence
on 6 and system parameter /




Two-root degeneration case




Three-root degeneration case
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Current threshold for two- and three-
wave geometry in dependance on L
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