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DRAWBACKS OF  ‘CLASSICAL’ SASE
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LINEAR THEORYLINEAR THEORY
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Classical theoryClassical theory

Quantum theoryQuantum theory

Mistake of equation (2): incorrect quantizationMistake of equation (2): incorrect quantization
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Correct quantizationCorrect quantization
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Previous approachPrevious approach
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The physics of Quantum FEL
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In In classicalclassical regime regime withwith universaluniversal scaling no scaling no dependencedependence onon

Equally spaced frequencies as in a cavityEqually spaced frequencies as in a cavity
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momentum distribution for SASE
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whywhy QFEL QFEL requiresrequires a LASER WIGGLER?a LASER WIGGLER?
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MAGNETIC WIGGLER:MAGNETIC WIGGLER:

66WW ~~ 1cm, E 1cm, E ~~3.5 3.5 GeVGeV

!! ~~ 1010--66 ,, LLW W ~~ 3Km3Km

&(&( -*+$-*+$ *&*& 66rr$?"LM$?"LM

LASER WIGGLERLASER WIGGLER

66WW ~~ 1 1 NNm, E m, E ~~25 25 MeVMeV

!! ~~ 1010--4 4 ,, LLW W ~~ 2 mm2 mm
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typical parameters for QFELtypical parameters for QFEL

E [MeV] 21

I [A] 420

On [mm mrad] 0.1-1

P.@."<Q= 0.01

6r [A] 1.5
Pr [MW] 3.5
8H/H 10-7

Brillance 1028

6L [Nm] 1

PL [TW] 2

R" [ps] 40

w0 [Nm] 30

Zr [mm] 3

Electron beamElectron beam Laser beamLaser beam
QFEL beamQFEL beam
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EMITTANCE CRITERIA FOR A LASER WIGGLEREMITTANCE CRITERIA FOR A LASER WIGGLER
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QFEL parameter ! 0.2 5 0.2

Laser wave length 6L :Nm) 1 1 10

Radiation length 6r (Å) 1.5 1.5 1.5

Wiggler parameter a0 0.3 0.8 0.3

FEL parameter ! 7.5·10-5 1.5·10-3 2.4·10-5

Gain length Lg :mm) 1.2 0.03 37.5

Laser Rayleigh range [L :mm) 3 0.07 94

Laser radius R (Nm) 15.4 2.4 274

Laser power PL (TW) 2 0.3 6

Laser duration RL (ps) 40 1 1200

Interaction length Lint (mm) 6 0.14 187

\%beam energy . 42.6 52.3 135

E-beam radius I":Nm) 10.3 1.6 183

Peak current I (kA) 0.4 22 1.3

Emittance limit On (mm mrad) 0.1 0.1 0.9

Gain band width 8.@. 3.4·10-5 1.5·10-3 1.1·10-5

FEL line width 8H@H 2.1·10-7 1.5·10-3 6.6·10-7

Number of spikes Ns 1 278 1

FEL power (MW) 3.5 900 11

Photons’ number Nph 6·109 3·1010 6·109

Peak Brilliance B(*) 1028 1.6·1026 1.2·1023

I5.1,52 $$ RLZ gL
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Classical versus quantum SASEClassical versus quantum SASE
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Classical regime :    >> 1Classical regime :    >> 1
Quantum regime:              : discreteness of momentum exchangeQuantum regime:              : discreteness of momentum exchange

relevant=> quantum effects. relevant=> quantum effects. 
The system is prepared in a defined momentum state pThe system is prepared in a defined momentum state p00, making , making 

transition to the lower statetransition to the lower state
The system radiates a The system radiates a monocromaticmonocromatic train wave lambda, whose train wave lambda, whose 

length is Llength is Lbb. Hence one has a single line with . Hence one has a single line with linewidthlinewidth

In the opposite case random transition from many momentum In the opposite case random transition from many momentum 
states. Each transition gives a spike with different frequency. states. Each transition gives a spike with different frequency. 
Total bandwidth: Total bandwidth: 

QFEL has a QFEL has a linewidthlinewidth 4 orders of magnitude smaller than the 4 orders of magnitude smaller than the 
classicalclassical

The The dimensionsdimensions and and costcost are are threethree orderorder of of magnitudemagnitude
smallersmaller

310%7!

!
1J!

SummarySummary
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