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Abstract
The eleciron bunch length and emittance from a ~ GeVlmlaser-dnvenacccleramraresngmﬁcanﬂysmaﬂerthmﬂmscﬁ'oma
conventional RF accelerator. Weshowthatmﬂwﬁmrreal-ISAsmgle-passﬁee-elaclmnlasawrthpeakandaveragepoww
mmparablcwtheLmacComnginSouroewlﬂdbemstuctedwnhmaﬁmetadmmcc,mnMBgaZO-m:r 15-GeV

accelerator and a ~ S-meter wiggler.
1. Introduction

With the rapid advance of the laser technology, laser-
driven accelerators have made significant progress in the last
few years, The physics experiment for a diclectric-based
crossed-laser-bcam accelerator [1], shown schematically in
Fig 1, is being carried out at Stanford University. InFig. 1 a
linearly polarized, 1-D focused TEMag laser beam is
spatially split into two beams by a wedge beam splitter cut at
the Brewster angie. The two laser beams are focused and
recombined at the center of the ~ 400 um long accelerator
stage. The PZT phase controller and the two balf-wave
plates ensure that on the electron axis the transverse fields
cancel and the axial fields add. The analysis in Ref. [1}
indicates an average acceleration gradient of 0.7 GeV/m
without damaging the optical components.

Fig. |. The Stanford laser-driven accelerator

In a laser accelerator, the electron bunches, separated by a
~ 1 um laser wavelength distance, are withn a 0.1 psec~ 10
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psec mode-locked laser pulse duration. The mode-locked
laserpulsa,repeahngahlﬂ(}m{z,mmmmmodulated
by 10~ 20nsecQ—swntchlasurpulses The Q-switch laser
plﬂserepehumm?mbeofafewtensofkﬂz

Since the gradient of a laser-driven injector
canbeofseva‘aIGeVpcrmach] clectron emittance
pmumab!ycanbelmprovedbyordasofmagmmde
Moreover, gwmaconstamemrent,thenamberofclectrons
meachopucalcyclemabmnfomordmofmagmmdeless
thanthatmeachRFcycle Therefore normalized emittance
malmeracceleratm‘pumpedbyalpmlaserwavelmgth
wuldbemthemgcofl()"d()"mm—mradmeachopuca]
cycle. Thclowmnttancemdtheprehmchedelecﬂ'onbcam
fromalasaawelerator suggest the possibility of driving an
ultra-compact, lngh-gam, high-peak-power, single-pass

2. Laser Acoelerafpr Pumped SASE FEL

Thedmgnpm’amelafsfortheLmacColmugm
Somce(LCLS)usmgahnmrmgglﬁmhstcdmﬂwseomd
cohumn of Table 1 {3, 4], and those for the laser accelerator
pumped FEL (LA-FEL) are listed in the third column.

ThelaserpowaﬁuntheSASEFEL[S]gmws
expoumﬂmllyalongthewngglermsz scaled approximately
as p=pei= 3], where P, is the noise power coupled into
the synchronism wavelength, [, = A /4zpy/3 is the gain
lengthforangcnvrxgglcrpmod},\_ ,and p isthe
fundamental FEL parameter Since the fundamental FEL
purmnctm‘:spmporhonnitoﬂ:scone—th:rdpowerofthe
charge density and the charge density is inversely
roporhonaltoemﬂtme,thegmnlengtbg, is thus
proportional to the one-third power of emittance. In
addxhou,cmtttnncegnh-odmeselecironlmgxﬂﬂmalenergy
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spread, which, along with the intrinsic energy spread and
FEL diffraction, increases the gain length according to [3]
L= L'o[1+F(nd,n¢,n7)], n
where F(n,,1,.1,) is a third degree polynomial of n,, 17,
1),- The three variables, 11, n,, 1, account for the gain
reduction due to diffraction, emittance, and energy spread,
respectively. The gdin reduction due to diffraction is
assumed to be negligible, because our parameter range
satisfies the optical puiding condition defined in Ref. {6].
free-clectron laser (FEL) in the short wavelength regime.

Table 1. Parameters used for the LCLS and the LA-FEL.

parameters LCLS LA-FEL
wavelength (A) 1.5 1.5
normalized emittance (m) 107 10®
peak current (A) 5000 5000
energy spread (%) 0.02 .02
ms pulse length /; SOum O05A
macro repetition rate 120Hz 50kHz
wiggler period Aw 3 3
wiggler parameter aw 2.6 26

beta function f (m) 10 10

gain length 3lm  02m
saturation length {m) 58 1~5m
peak photon power 40GW 300 GW

average photon power 0.6 W 08w

It can be shown from Eq. (1) that with normalized
emittance of 10™ mm-mrad the gain length for the LA-FEL
is ~ 15 fold shorter compered to that for the LCLS.

Since the rms electron bunch Jength in a2 RF accelerator,
1, =50 um, is about 0.05% of the wavelength, /, in a laser
accelerator can be therefore ~ 0.5 nm or 1.7 atosecond for a
A; =1 pm pump laser wavelength. Even though strong
slippage due to the short pulse length forces the saturation
power in the LA-FEL toscale as p_ ~ pp,_ fi71 [5] , where
I, is the coherent length in a SASE FEL, the saturation
power in the LA-FEL is about 7 times of that in the LCLS,
if emittance of 10" mm-mrad can be achicved in the LA-
FEL.

3. Coherent Spontaneous Radiation

When the electron bunch length is comparsble to or
smaller than the radiation wavelength, clectrons radiate
coherently with a radiation power proportional to N, the
square of the number of electrons. Assuming g, = 2.6 and
A, =3 cm1, we calculate in the following the coherent
bunching or FEL amplification,

With the help in Ref. [7], we show in Fig 2 the average
radiation power per unit wiggler length in a 1% spectral

width versus the synchronism wavelength. A 1.5 MHz
effective p-pulse 'cpehtton rate (30 optical cycle in 50 kHz
laser pulses) is assumcd Because the coherent spontaneous
radiation energy it proportional to A, we calculate for N =
10°, ¥ =10°, and|N = 107 or 1= 1 kA, 10 kA, and 100 kA
mthanunwmprc;ssedpulselengthofo- =5 nm. As
expected, the ouhm‘entradmnon power increases
dramatically whm the radiation wavelength is only a few
times longerthantheelectron bunch length.

N=1w

average power (mW) per meter

TR e e e e
| wavelength (zm)

Fig. 2 The coherent spontancous radiation power from a

laser accelerator pumped wiggler.

Iv. Summary

Weshnwmthw paper, by employing the laser-driven
accelerator, thesmgle—pass SASE FEL wiggler, compared to
the LCLS, lsredtwedmlengthby 10 fold while reaching a
h:gheroracomparablepeakandavaagepuwer Inthe
ﬂmn'c,thctotallcngthofa/‘l. = 1.5 A FEL pumped by the
07chmm¢é:tlasamlm[1]mu1dbe
cunsu'uctedmthmaZSmetcfdJsmnee including a 20 meter
dlstancefwtheawelmtor In the soft x-ray and UV
specn'mn,thepowa'ﬁdcohermtspcntmwousamssmn
genel‘ateemlﬂlwattorafewtmsofmxllrwattavmgepcwer
fmmametcrlongmgglerpumpedbyalaser—dnven
accelerator. !‘
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