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THE ELBE RADIATION SOURCE PROJECT�W. Enghardt, F. Gabriel, P. Gippner, E. Grosse, H. Guratzs
hD. Janssen, P. Mi
hel, U. Nething, W. Neubert, H. PradeK.D. S
hilling, R. S
hwengner, W. Seidel, U. SteegmüllerP. vom Stein, W. Wagner, M. Wenzel, A. Wolf, R. Wüns
hand the ELBE-
rewFors
hungszentrum RossendorfPostfa
h 51 01 19, D-01314 Dresden, Germany(Re
eived August 11, 1999)The proje
t of the future user fa
ility Radiation Sour
e ELBE is pre-sented, whi
h is being realized in the Fors
hungszentrum Rossendorf. Afterseveral years of intense planning, the year 1996 has brought the �nal ap-proval of the proje
t and the groundbreaking started at the end of 1997.The �rst ele
tron beam is expe
ted until the end of this de
ade.PACS numbers: 29.17.+w, 41.50.+h, 41.60.Cr, 85.25.�j1. Introdu
tionThe Fors
hungszentrum Rossendorf (FZR) is building a super
ondu
t-ing ele
tron lina
, whi
h is 
apable of delivering a high-brillian
e 
w-beamof 40 MeV and 1 mA with rather low emittan
e; it will be used to produ
ebremsstrahlung, 
hanneling radiation et
. Spe
ial emphasis at this radiationsour
e ELBE will be given to the produ
tion of intense FEL (Free Ele
tronLaser) radiation in di�erent undulators in order to 
over the infrared (IR)wavelength range from 5 to 150 mi
rometers [1℄. A s
hemati
 layout ofthe Radiation Sour
e Proje
t ELBE is shown in Fig. 1. In addition to thewide wavelength range being essential for investigations in semi
ondu
torresear
h, physi
al 
hemistry and biomedi
ine, a high average radiation in-tensity is aimed to fa
ilitate IR-indu
ed modi�
ations of materials and sur-fa
es. By detailed numeri
al simulations the 
onditions for high yield lasingare investigated; this in
ludes the study of various ele
tron guns, the roleof details of the a

eleration pro
ess, the beam transport and the in�uen
e� Presented at the International Conferen
e �Nu
lear Physi
s Close to the Barrier�,Warszawa, Poland, June 30�July 4, 1998.(1639)



1640 W. Enghardt et al.of the undulator and opti
al resonator parameters. Sin
e ELBE is designedas a user fa
ility, ample laboratory spa
e will be provided. A simultaneousappli
ation of FEL infrared light and radiation in di�erent spe
tral regions(e.g. X-rays) is 
onsidered.
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Fig. 1. S
hemati
 plan of ELBE2. Super
ondu
ting a

eleration stru
tureThe a

eleration stru
ture 
onsists of two nine-
ell RF 
avities made ofsuper
ondu
ting niobium. The 
avities have been developed at DESY inHamburg for the TESLA (Tera Ele
tron Volt Super
ondu
ting Linear A
-
elerator) test fa
ility [2℄ and will also be used at Rossendorf. First su

essfultests at DESY showed that a

eleration gradients larger than 15 MV/m 
anbe a
hieved, whereas the ELBE design is based on the rather 
onservativevalue of 10 MV/m. Some basi
 design values of the a

eleration stru
tureare listed in the following:Te
hni
al parameters:� Operation temperature 1.8 K� Operation frequen
y 1.3 GHz� Resonator quality �1010� A

eleration gradient 10 MV/m� Maximum energy 40 MeV� Max. average 
urrent 1 mA.



The ELBE Radiation Sour
e Proje
t 1641The ele
tron inje
torsThree ele
tron inje
tors will be built for this proje
t. Investigations inradiation physi
s (
hanneling radiation, parametri
 X-rays) require a low-emittan
e ele
tron beam. In this 
ase, bun
h 
harges are of less importan
e.On the other hand, an ele
tron beam with high bun
h 
harges is needed foroperating an FEL.For the �rst appli
ation, an inje
tor has been designed and built atRossendorf based on a thermioni
 gun without dire
t pulsing of the ele
-tron beam [3℄. This 
w-inje
tor (A,B) has already been tested su

essfully,
f. Fig. 2. In addition, a se
ond inje
tor for the FEL is presently being

Fig. 2. Beam diagnosti
 measurements on the 
w-inje
tor using the opti
al transi-tion radiation (OTR).tested, whi
h works on the basis of a thermioni
 
athode (C) as used atStanford University. Furthermore, design work has been initiated for a su-per
ondu
ting RF-gun (D), whi
h is expe
ted to yield an espe
ially highbrillian
e as needed e.g. to perform Compton ba
ks
attering studies. Moredetails of the ele
tron inje
tors are given here:A B C D� Mi
ropulse frequen
y [MHz℄ 1300 11.8 11.8/23.6� Energy width (rms) [keV℄ 10 7 100 25� Maximum average 
urrent [mA℄ 1 0.2 1 1� Normalized emittan
e [� mm mrad℄ 1 0.2 13 1� Maximum bun
h 
harge [pC℄ 0.77 85 85/42A: RF 
w-inje
tor, design valuesB: RF 
w-inje
tor, measuredC: thermioni
 inje
tor, design valuesD: s.
. RF-inje
tor, design values



1642 W. Enghardt et al.3. Free Ele
tron Laser (FEL) user fa
ilityThe s
ienti�
 program at ELBE 
on
entrates on the usage of the 40 MeVele
tron beam to drive a Free Ele
tron Laser in the far-infrared region. Thedesign of FEL I is based on an ele
tromagneti
 undulator, 
omparable tothat of the FIREFLY FEL at Stanford [4℄. Its radiation spe
trum will 
overthe region of about 25�150 �m wavelength. Spe
ial attention is given tothe extension of the spe
tral range beyond 150 �m by introdu
ing a wave-guide. FEL II will be realized on the basis of a permanent magnet (hybrid)undulator and will produ
e intense pi
ose
ond light pulses in the 5�30 �mregion. Fig. 3 displays 
al
ulated small-signal gains for both FEL's as afun
tion of the wavelength and for di�erent undulator and beam parameters.It is 
onsidered to drive both FEL's parallel with subsequent beam bun
hesto allow pump-probe experiments with independently tunable wavelengths.Additionally, the possibility of 3rd harmoni
 operation is studied.
LU=8 cm; N=25; gap=20mm LU=2.7 cm; N=60; gapmin=12mm

Fig. 3. Small-signal gains of the FEL I (left) and the FEL II (right) as a fun
tion ofthe wavelength � for various undulator parameters K, di�erent ele
tron energies (inMeV), bun
h lengths and energy widths (rms values in ps and �keV, respe
tively).Cal
ulations were done with the formula from Ref. [5℄.



The ELBE Radiation Sour
e Proje
t 16434. Proje
t of an X-ray sour
eRelativisti
 ele
trons travelling through a 
rystal along a periodi
 stru
-ture (axis or plane) are performing dipole os
illations and spontaneouslyemit the quasi-mono
hromati
 
hanneling radiation [
f. Fig. 4℄. Su
h atunable sour
e of X-rays is planned to be installed at ELBE for biomedi
alappli
ations (e.g. CBXMT, DSA) and material resear
h (e.g. TRXF, SAS).
e-

x - rays
channelingFig. 4. S
hemati
 view of the generation of 
hanneling radiation.In order to 
hara
terize the experimental 
onditions for radiation physi
sinvestigations at the future ELBE beam, some important features are sum-marized in the following 
ompilation :Basi
 ELBE beam 
onditions in the X-ray 
ave:� Beam energy Ee = 20 MeV� Average beam 
urrent ie = 100 �ACrystal:� Diamond d = (55�80) �m� Crystal plane f110g� Lindhardt angle 	
r = 1.84 mradChanneling radiation data expe
ted for the 1�0 transition:� X-ray energy Ex = 31.6 keV� Photon yield Y = (0.48�0.58) ph/sr e�� Photon rate (�E=E=10%) N1=3y = (4.4�9.6) 1010 ph/s� Photon �ux � = (2.4�3.5) 1014 ph/sr s.The Compton ba
ks
attering will be also studied as a possible alternativeto the 
hanneling radiation.



1644 W. Enghardt et al.Te
hni
al equipment:� UHV goniometer 
hamber� Computer 
ontrolled 6-axesgoniometer(AML)� Dete
tors:� HpGe (CANBERRA)� pin-diode (AMPTEK)� CCD-
amera (Prin
eton Instr.).Fig. 5 displays an example of the measured CCD resolution.

Fig. 5. Example of measured CCD resolution5. Nu
lear Resonan
e Fluores
en
e (NRF) experimentsNRF experiments using unpolarized as well as linearly polarized brems-strahlung represent a powerful tool for a pre
ise, systemati
 and model-independent investigation of the stru
ture of stable nu
lei. By studying 
ol-le
tive ele
tri
 and magneti
 dipole ex
itations, energies, spins, parities andwidths of ex
ited nu
lear states 
an be determined. In order to e�
ientlyperform su
h experiments, a high beam intensity, stability and reprodu
ibil-ity as well as ex
ellent ba
kground 
onditions are needed in 
ombinationwith highly e�
ient Ge dete
tors. All this is planned to be realized at thenew ELBE a

elerator, whi
h is 
urrently under 
onstru
tion.The designed set-up is s
hemati
ally displayed in Fig. 6. The ele
tronbeam is transported by a non-dispersive dipole/quadrupole magnet systemand fo
used onto a thin (25�100 �m Al) bremsstrahlung radiator. The steer-ing 
oils in front of the radiator enable the in
iden
e angle and the in
iden
edire
tion of the ele
tron beam to be 
hanged in order to optimize the gener-ation of linearly polarized photons. The ele
trons passing through the thin



The ELBE Radiation Sour
e Proje
t 1645radiator are �nally de�e
ted by a 45Æ dipole magnet into the beam dump.The (o�-axis) bremsstrahlung photons produ
ed in the radiator will be 
ol-limated and dire
ted onto the s
attering target lo
ated approximately 4 mdownstream in the experimental hall. This geometry will ensure favourableba
kground 
onditions. The 
-rays s
attered o� the NRF target are dete
tedwith EUROBALL Cluster modules (see e.g. [6℄) representing very powerfulinstruments for NRF experiments in the energy region of interest (about 5to 10 MeV).

photons

steering coils

radiator e   beam dump
1 m

targetCLUSTER detector

polarized off-axis

Fig. 6. Polarized bremsstrahlung fa
ility at ELBEBy utilizing average beam 
urrents of the order of 500 �A in the 
w-regime, photon �uxes of 5� 107 photons per MeV � s for 7 MeV photons atEe� = 10 MeV 
an be expe
ted at the NRF intera
tion area.REFERENCES[1℄ Annual Report 1997 of the Institute of Nu
lear and Hadron Physi
s,Fors
hungszentrum Rossendorf, FZR-215 (Mar
h 1998).[2℄ TESLA Test Fa
ility at DESY, Con
eptual Design Report, DESY print,TESLA-FEL 95-03 (1995).[3℄ D. Janssen, P. vom Stein, Nu
l. Instrum. Methods A380, 497 (1996).[4℄ K.W. Berryman, T.I. Smith, Nu
l. Instrum. Methods A375, 6 (1996).[5℄ G. Dattoli et al., CERN 89-03 (1989) p. 65.[6℄ R. S
hwengner et al., Nu
l. Phys. A620, 277 (1997).


