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There has been recent interest in the utilization of high 
intensity radiation in the 5-30 eV spectral region. Appli- 
cations include angle resolved photoemission, photochem- 
istry, and radiation oncology. Here we present the design 
of a 500 MeV electron storage ring with long insertions for 
undulators. The ring is designed to provide an emittance 
of 0.1 mm-mrad, an average current of 1 Amp and an elec- 
tron beam lifetime of greater than 3 hrs. The undulators 
operating near K=l, yield lOi ph/sec/O.l% bandwidth in 
the fundamental. 

I Introduction 

Existing second-generation and planned third-generation 
synchrotron radiation facilities do not provide optimum 
undulator sources of soft photons in the energy range 5- 
30 eV. In this note we discuss the design of a low energy 
storage ring with long dispersion free straight sections for 
soft photon undulators. The electron energy is chosen to 
be 500 MeV. Lower energy leads to shorter undulator pe- 
riod length and hence higher brightness, but at the cost of 
reduced tunability of the undulator radiation wavelength. 
We have taken a relatively large value of the electron emit- 
tance, 0.1 mm-mrad. Reduced emittance leads to higher 
brightness, but at the cost of a shorter Touschek lifetime. 
The storage ring is designed with 3 superperiods of an ex- 
panded Chasman-Green design. With this choice the emit- 
tance of 0.1 mm-mrad is achieved with a simple, natural 
optics. With 4 superperiods, the ring tends to have smaller 
emittance requiring a more difficult optics to raise the 
emittance while maintaining the proper p-function struc- 
ture for efficient chromaticity correction. In addition the 
3 superperiod ring is smaller and more economical. 

Since the photon energy of the undulator radiation is re- 
lated to the magnetic parameter K, the number of photons 
at different energy varies due to the change of the gap. To 
make sure that there is a enough photon flux, we need to 
estimate the values at ei = 30 at which, the photon flux 
is a minimum for the fundamental. Using the parameters 
of the case 30 eV given above, we find flux integrated over 
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II Undulators 

The fundamental photon energy produced by an undulator 
is given by the electron beam energy E, the period X, and 
the magnetic parameter K (I< = .934B,[T]X,[cm]) of the 
undulator [l, 21. For permanent-magnet undulators, the 
magnetic field B, is determined by the choice of material 
and the undulator gap. The tunability of the radiated 
photon energy is obtained by varying either the electron 
energy or the gap of the undulator. 

Since the required spectrum (5-30eV) is too wide to be 
spanned in the first harmonic by a single undulator, we 
use two undulators with different periods to cover the de- 
sired spectral region. Even so, the K value for high photon 
energy is still low. In fact, at this case we can increase 
electron energy to yield higher photon flux. For the 500 
MeV electron storage ring, the periods of undulators are 
chosen to be X, = 7.5 cm and X, = 10 cm respectively. 
The magnetic parameters K and the gap of the undulators 
are plotted in Fig. 1 as functions of the fundamental pho- 
ton energy ~1. The main parameters of the undulators are 
listed in Table 1. 

Table 1: Undulator Parameters (SnCos) 
L [cm] 7.5 10 
Photon Energy [eV] 15 - 30 5 - I5 
;I [ml 100 7.5 7.5 75 

K .331 - 1.49 1.08-2.738 
BuPl .047 - .213 .116--.293 

_ Full Gap [cm] 4.7 - 8.2 5.3 - 8.2 
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Figure 1: Undulator parameter K and gap vs fundamental 
photon energy. 

the central cone Ni = 1.45 x 1015 ph/sec/O.l%/Amp. 
In previous discussion, all parameters are based on the 

fundamental (n=l). In fact, we can also use the third 
harmonic to generate the desired photon spectrum. For 
example, an undulator of X, = 10 cm can be used to gen- 
erate 15-30 eV photon radiation in the third harmonic. 
The corresponding K value in the region 1.65 w 2.74 in 
which the photon flux is expected to be near peak in the 
third harmonic. 

III Storage Ring 

For our photon energy range, the electron storage ring is 
chosen to operate at 500 MeV. To obtain a dispersion 
free straight section in the undulator region, we use a 
Chasman-Green structure. The ring consists of 3 super- 
periods containing 8 meter straights with room to accom- 
modate two different 7.5 meter undulators and a shorter 
undulator in the injection section. The schematic layout 
of the electron storage ring is shown in Fig. 2. The 
betatron and dispersion functions for one superperiod of 
the lattice without undulators are shown in Fig. 3. The 
expanded Chasman-Green structure (includes defocussing 
quadrupoles between the bending magnets) provides better 
value of the dispersion and betatron functions to facilitate 
chromaticity correction. \Ve list the main ring parameters 
in Table 2 and 3. 

Figure 2: Schematic layout of the electron storage ring 
with 8 m straights for undulator radiation. 
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Figure 3: Lattice functions in one superperiod of the ring. 

The undulators break the symmetry of the ring, since 
they have different periods X, and magnetic parameters 
K. The effects on the ring due to the undulators are in- 
vestigated at the case in which the maximum designed K 
values are reached. After adjusting the strength of the 
quadrupoles, the distortions of betafunction are confined 
to the insertions. 

IV Lifetime 

The lifetime of a stored beam is determined from a com- 
bination of the gas scattering lifetime and the Touschek 
lifetime [3]. The total gas scattering lifetime depends on 
Coulomb scattering and Bremsstrahlung scattering. For 
our ring, assuming the pressure of the residual diatomic gas 
in the ring is 1 ntorr with the average atomic number Z=7, 
these lifetimes are 9.70 and 53.88 hours respectively. The 
total gas scattering lifetime is about 8.22 hours. Touschek 
lifetime with 1 Amp of beam is computed using ZAP code 
[4] taking into account bunch lengthening and intrabeam 
scattering which has small effects. Assuming Z,~J = ,S?, 
the bunch length is about 3.15 times higher than natural 
value and Touschek half-life is 7.06 hours. If Z,JJ = ‘?R, 
the bunch lengthens about 2.32 times the natural value 
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Table 2: Storage Ring Parameters 
/ Energv. E iMeV1 500 1 

Superperiod, N, 3 
Circumference, C m 51.635 
Lattice Structure Chasman-Green 
Dipole Field, Bs [T] 1.2 
Bending Radius, p [m] 1.3903 
Horizontal Betatron Tune, v, 3.175 
Vertical Betatron Tune, v, 1.125 

1 Uncorrected Chromaticit;, &, E,, -3.82, -5.84 
i Momentum Compaction, a 2.927 x 10-2 
, 
i Emittance, E [rn-radl 7.309 x 1o-s 

Energy Loss/Turn [KeV] 3.977 
Natural Energy Spread 3.636 x 1O-4 
Natural Bunch Length [cm] 3.022 , 
Average Ring Current [mA] 1000 
Average Current/Bunch [mA] 111.2 
Peak Current/Bunch [A] 24.68 
Counling Coefficient. y 0.1 
Harmonic Number, h 9 
RF Frequency, [MHz] 52.254 
RF Acceptance, ~RF [%] 2.13 

and Touschek half-life is 4.55 hours. For the latter, The 
overall beam half-life from gas and Touschek scattering is 
3.29 hours. The lifetime could be increased with the ad- 
dition of a fourth harmonic cavity to further lengthen the 
bunch. 

V Dynamic Aperture 

The natural chromaticities of the ring are corrected to 
zero by the sextupoles in the achromatic bend which have 
strengths SF = 12.52 rno3 and SD = -14.82 rnm3. The 
dynamic aperture of the ring is examined numerically by 
particle tracking, and is shown in Fig. 4, which is found 
using the computer code Krackpot [5]. Krackpot which 
uses an explicit sympletic integrator based on the exact 
Hamitonian for the drift and isomagnetic combined func- 
tion bending magnets can track particles without large 
storage ring approximations. An arbitrary order Tay- 
lor map through a succession of elements can be gener- 
ated by the code through the numerical differential alge- 
bra. The resulting geometric aberration coefficients are 
in,, = -2.47, r,,,, = -119.26 and ;7,,, = 5.24. Synchrotron 
oscillations are taken into account in the particle tracking. 
This aperture is obtained at the center of the insertion and 
is larger than the assumed physical size of the chamber. 
Therefore the effects due to the chromaticity-correcting 
sextupoles are acceptable. 

To find the effects of the undulator on the dynamic aper- 
ture, we need to track the electrons with the undulators. 
This is one of the future works we are going to do. The non- 

Table 3: Lattice Parameters 
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B 1.456 1.2 [T] 
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Figure 4: Dynamic aperture from Krackpot 1000 turns. 

linear effects due to the sextupoles are expected to not be 
very important, but the effects due to the undulators have 
to be investigated. In addition, the breaking of symmetry 
of the lattice may reduce the aperture. The closed orbit 
error may also reduce the aperture. For the real aperture, 
we need to take them all into account. 
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