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SLAC-PJB--5948

DE93 004091 producinga radiationbeam withabrightnesseightordersofmagnitudelargerthan synchrotron

light sources, and pulse duration shorter than one picosecond. Such a large increase in radiation
A 2 to 4 nm HIGH POWER FEL ON THE SLAC LINAC*

flux, and the short pulse duration, will open new exciting and unique research possibilities in

C. Pellegrini, J. Rosenzweig physics, biology and other sciences.
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H.-D. Nuhn, P. Pianetta, R. Tatchyn, H. Winick The SASE approach produces lasing in a single pass of a high peak current electron beam
' Stanford Sync;_-otron Radiation Laboratory, Stanford University, Stanford, California 94309

K. Bane, P. Morton, T. Raubenheimer, J. Seeman through a long undulator, eliminating the need for optical cavities, difficult to build at these
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

K. Halbach, K.-J. Kim short wavelengths. The requirements on the electron beam peak current, emittance, and energy
Lawrence Berkeley Laboratory, Berkeley, California 94720

J. Kirz spread are very stringent [2], and until recently difficult to satisfy. The recent development of

State University of New York at Stony Brook, Stony Brook, New York
high-brightness photocathode electron guns [3], and the expected availability of the SLAC linac,

ABSTRACT open the possibility to make this major extension of FEL operation, from the shortest
z

We report the results of preliminary, st_dies of a 2 to 4 nm SASE FEL, using a photoinjector to wavelength yet achieved t240 nm) to 2-4 nra, the wavelength range suitable for biological

produce the electron beam, and the SLAC linac to accelerate it to an energy up to 10GeV. imaging and other applications.

Longitudinal bunch compre,ssion is used to increases ten fold the peak current to 2.5 "kA,while The recognition of this possibility was one of the main conclusions of the Workshop on

reducing the bunch length to the subpicosecond range. The saturated output power is in the Fourth Generation Light Sources held at SSRL/SLAC on February 24-27, 1992. The workshop

multi-gigawatt range, producing about 1014coherent photons within a bandwidth of about 0.2% report [4] contains many contributions relevant to linac-driven short wavelength FELs. In

rms, in a pulse of several millijoules. At 120Hz repetition rate the average power is about 1 W. particular, the use of the SLAC linac for this purpose is discussed by C. Pellegrini [5], K.-J. Kim

The system is optimized for x-ray microscopy in the water window around 2 to 4 nra, and will [6], and by W. Barletta, A. Sessler and L. Yu [7]. The advantage of using the SLAC linac is that

permit imaging a biological sample in a single subpicosecond pulse, its properties are extensively characterized, because of its use as a linear collider [8-i 2].

1. INTRODUCTION The wavelength range 2 to 4 nra, corresponding to the "water window", is most suitable

for imaging biological materials and other applications in which the short pulse and high
The Self Amplified Spontaneous Emission mode of an FEL has been proposed I 11and

cohei-ent power are impolaant. In particular we consider the use of this system for x-ray
analyzed i2] as a source of tunable, coherent, high peak power soft X-rays, capable of

microscopy and holograFhy of biological samples, with images obtained in a single pulse [13]
* WorkSUl_Ortedbythe USDepartmentof Energy,Officesof BasicEnergySciencesandHighEnergyPhysics.

contractsDE-AC03-76SF00098and DE-AC03-76SFO0515. This requires an energy in a single photon pulse of the order of 300 mi!cre z , and a

Presentedatthe 13rhInternationalFELConference.Kobe.Japan.August24-28.1992 2

UNLIMfTED











_--_ 0.1
f \2 /

/
p

• j
j b

7
t /

_ -0,| ,

0 t , .... -0.2
-0.2 -0.1 0 0.I 0.2

z(mm)

Figure ! Current distribution after the final compression (solid line) and a gaussian fit to

the core (dots); the head of the bunch is to the left. The energy variation correlated

with longitudinal position is shown on the right axis; the uncorrelaled energy
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Figure 2 Transverseemittancedilution(solid line)andpeak-to-peakenergyspread(dashed

ii line) as a function of the bunch length. The points are the values calculaied andthe linesare for guidance.
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