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I ntroduction

Nowadays, InfraRed Synchrotron Radiation (IRSR) is widely used for

spectroscopical applications in many fields of research .[1] Most of the IRSR beamlines
already operating have been built on second generation synchrotrons where the infrared
and visible radiation is extracted from a bending magnet in awide solid angle, typically
50x50 mrad”. Moreover, Dipole Edge Radiation (DEE), has been identified in the last
few years as a possible, bright IRSR source. [2-5]
IRSR has several advantages with respect to the emission of conventional thermal
sources. In particular it presents a higher brightness, has a pulsed time structure, and is
either linearly or circularly polarised. The brightness and the polarisation degree depend
on the geometrical and optical characteristics of the beamline, while the pulsed structure
of the IRSR depends exclusively on the intrinsic characteristics of the synchrotron
radiation.

Brightness is defined as the photon flux per unit solid angle and per unit source
area. The natural divergence of IRSR increases with the wavelength with a A3 1aw [6],
thus the photon angular distribution ranges between 10 to 100 mrad in the infrared
range. Therefore, a meaningful photon flux (10" - 10" photons/sec/0.1% bandwidth) is
obtained in the infrared only if using large extraction angles. [7] On the other hand, by
increasing the horizontal or the vertical extraction angle the brightness decreases, since
the source areais an increasing function of these angles.[8] The brightness gain of IRSR
with respect to conventional infrared sources (ABR, Actual Brilliance Ratio) has been
addressed by many authors as the main figure of merit of an IRSR beamline.[6] For
second generation machines, the ABR has been experimentally and theoretically
studied. [9] Data available in the literature show that ABR is of the order of 100 for the
far-infrared region (0.01 - 0.1 eV), but decreases to ~ 10 in the mid-infrared region (0.1-
1 eV), where the thermal sources reach a maximum in the emitted intensity. [9]

Third generation machines are optimised for the insertion devices, namely
undulators and wigglers. The increased stability of the electron beam as well as the low
emittance provide an intense photon flux in the high energy region (1-10 KeV) with a
divergence of afew mrad. Therefore the bending magnet extraction portsinstalled on



those rings, as well as the standard synchrotron vacuum chambers, are not suitable to
collect radiation in alarge vertical fan. Nevertheless, afew IRSR beamlines are already
operating on third generation machines [5,10], and others are under test or
commissioning.[11, 12]

Another worthwhile figure of merit for IRSR beamlines is the polarisation
degree (PD) of the radiation. As already mentioned, it depends on the emission
properties of IRSR as well as on the optical and geometrical characteristics of the
beamline. As a general rule, the radiation collected from a bending magnet under a
small vertical angleislinearly polarised on the plane of the particle orbit, while the off-
axisradiation is elliptically polarised, with a PD value which strongly depends on both
the photon energy and the vertical acceptance angle. In the limit of large vertical angle
(> 20 mrad) the off-axis radiation is purely circularly polarised. Up to now, only a few
experimental data are available for the circular and the linear PD of IRSR beamlines.
[11] Theoretical estimates of PD have been performed only for beamlines installed on
second generation machines. [14]

In this paper we present and discuss the general layout of an infrared beamline,
to be installed on a bending magnet of the third generation 2.4 GeV ELETTRA ring,
operating at Trieste (Italy). The main goal of this paper is to provide an evaluation of
the ABR and PD figures of merit for this beamline, since no detailed study on the
performances of an IRSR facility operating on a third generation machine has appeared
to our knowledge.

In the first section of the paper we present a detailed calculation of the flux
emitted by a bending magnet of ELETTRA. The second section is devoted to the optical
layout of the beamline, including considerations about thermal loading on the extraction
mirror. The effects of the thermal bumps and of the optical finesse of the mirrors on the
image quality at the end of the beamline are also discussed. In the third part of the
paper, both the ABR and PD figures of merit are finally evaluated.

A. Infrared Radiation emitted from the bending magnet of ELETTRA

The spatial and spectral photon distribution of synchrotron radiation from a
bending magnet are usually condensed in the Schwinger equation.[15] This approach
provides a reliable photon distribution for SR in the visible, UV and X-ray energy
range, but is not adequate for IRSR. Advanced computer codes (Synchrotron Radiation



Workshop SRW, SHADOW) are now available, which allow one to overcome the limits
of the standard calculation.[16] The results in this paper have been obtained by the
SRW code and by adopting the machine parameters reported in Tablel.

As a matter of fact, IRSR collected from a bending magnet of ELETTRA may
be considered as an incoherent superposition of a DEE source and of a constant-field
source. The horizontal extraction angle indeed includes a path length of a few
centimeters where the particles experience a rapidly changing magnetic field and a 36
cm particle trgjectory in a uniform magnetic field. The photon flux & o,/ calculated by
SRW as a function of energy and integrated over different values of the vertical
acceptance angle ¢ is shown in Fig. 1. In this figure, the photon flux increases by one
order of magnitude as ¢ increases from 3 to 30 mrads. In the same figure, the photon
flux &gy, integrated over ¢ between -w/2 and n/2, as obtained from the Schwinger

equation, is reported by dotted line:

® oy, = 5.28* 10 E(GeV) I (A) yV 3[1- 0.677(y/2)Y'3|g(mrad) (photorvseco.1960w)
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Here, E is the particle beam energy in GeV, | the corresponding current in Ampere, &
the horizontal angle in mrad, y=¢&/&_, where &=3.2 KeV is the ELETTRA critical
energy, and y<< 0.001. As shown in Fig. 1, the flux calculated from Eg. 1 and the
simulation results are in qualitative agreement only for vertical angles between 20 and
30 mrads and energies £ > 10 meV. For smaller vertical apertures (3, 6 and 11 mrads) a
severe cut on the photon distribution causes large deviations of ® g, from ®gy,,. A
close inspection to Fig. 1 reveals two different regimes for £ < 10 meV and for g > 10
meV, more evident for the smulations at 3, 6, and 11 mrads. The excess of photon flux
at £ <10 meV is caused by DEE radiation. The photon distribution of the edge radiation
is cylindrically-symmetric. It can be estimated in the infrared under the far-field

approximation by means of the expression [2]:
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where « is the fine structure constant, | is the circulating current in the ring in Ampere,
visthe relativistic factor and € is the the off-axis angle. The maximum intensity of the
edge radiation is at & =1/7*, which corresponds to 0.25 mrads in the case of ELETTRA.

It isworth noticing that, from the SR classical theory,[15] edge radiation is emitted only

for wavelengths A>>p/y2, pbeing the radius of curvature of the dipole.
Consequently, contributions from edge radiation are expected in the far and in the mid-
infrared. The spatial distributions of the flux collected within a vertical angle of 6 mrads
are reported in Fig. 2. For &£ < 10 meV fringes are present, probably due to the
interference between DEE radiation emitted from the upstream and from the
downstream bending magnet, which are placed 6 meters apart. This implies that more
than an 80 % of the total intensity at 1 meV results from the edge emission, as indicated
by preliminary measurements on the infrared beamline at ANKA. [17]

However, to check the feasibility of the infrared beamline project at ELETTRA,
we have already measured the intensity of the IRSR emerging from a bending magnet of
the ring. [18] In particular we have tested the reproducibility of the spectra, and their
dependence on the beam current. The radiation has been collected at the 12.2 port of
ELETTRA, that is routinely used for diagnostics of the electron beam in the visible
spectral region. Therefore, neither the optical elements nor the acceptance angles of the
line are optimized for the operation in the infrared. The angle collected in the plane of
the orbit is limited to 10 mrad by a cooled aperture located at 300 cm from the source
point, while that in the vertical plane is 6 mrad. These figures should be compared with
typical values of 50x50 mrads in most IRSR beamlines. [1] However, measuring the
infrared intensity emerging from the 12.2 port has furnished information of great
importance for the design of the infrared beamline at ELETTRA, with particular regard
to the photon beam stability.

The optics of the electron beam diagnostic beamline adopts two plane mirrors.
The first cooled mirror, made of GLIDCORP, is housed in a chamber connected to the
UHV of the storage ring and is located at 350 cm from the source point. This mirror
deflects downward, by 104 degrees, the radiation with an energy ranging from the IR to
the near-UV. The second plane mirror, at atmospheric pressure, islocated at 50 cm from
the first one. It deflects the radiation by 90 degrees outwards and is separated from the
ultra-high vacuum by an UV -graded Quartz window. Finally, a Suprasil-quartz lens



focuses the light onto the entrance of a rapid-scan Bomem Michelson interferometer.
The transmittance of the interferometer beamsplitter and of the quartz window limits the
accessible spectral region to 0.3 through 1 eV. The results are reported in Fig.3 for
different values of the current in the ring working at 2 GeV. The inset of the same figure
shows the integrated IRSR intensity that scales linearly with the ring current. Similar

results (not shown here) have been collected with an electron beam stored at 2.4 GeV.

B. TheIRSR beamline.

|. Beamline layout

The optical layout of the IRSR beamline at ELETTRA is shown in Fig.4.
Assuming the waist of the particles beam in the bending magnet as the origin of the
longitudinal coordinate, the first vacuum chamber is placed at 350 cm: this short
distance, chosen in order to minimise the mirror dimensions, allows one to reduce to
about 150 cm the length of the beamline front-end. IRSR is deflected by 90 degrees
upward by a plane mirror (M1) placed in the chamber. An ellipsoidal mirror (M2),
placed at 100 cm from the previous one and mounted in the same vacuum chamber,
focuses the radiation at the focal point F1 placed at 1150 cm, beyond the shielding wall
of the synchrotron hall. The radiation is then collected by the mirrors M3 and M4, both
of which are contained in a second vacuum chamber placed at 1450 cm from the source,
and finally focused at the entrance F2 of the Michelson interferometer at 1550 cm from
the origin. At F1, aCVD diamond window separates the ultra high vacuum part of the
beamline (which is kept at the same pressure of the synchrotron) from the low-vacuum
side. The characteristics of the mirrors, as well as the optical transport properties of the
beamline, have been investigated by using ray-tracing simulation programs.[20] The
relevant mirror parameters are reported in Table 1.

The spot obtained at F1 is a magnified image of the source as seen at the waist
with an expected magnification m;=1.8. The ray spatial distribution obtained at F1 by
an toroidal mirror (@) and by aelliptical mirror (b) are reported in Fig. 5 for comparison.
Owing to the large horizontal extension of the IRSR source, both images are affected by
coma aberration in the horizontal dimension. The ray distribution produced by the



toroidal mirror is asymmetric also along the vertical coordinate due to further optical
aberrations introduced by this mirror, whereas the ray distribution generates by the
ellipsoidal mirror is quite symmetric. The absence of geometrical aberrationsis acrucial
point for infrared microscopy, as the symmetry and the homogeneity of the photon
distribution at the sample site guarantees for the best spatial resolution.

Theimage at F1 isrefocused at F2 with a demagnification m,= 4 by means of the M4
ellipsoidal mirror. The spatial distribution obtained at F2 by ray tracing simulation is
reported in Fig. 6 for several values of the vertical extraction angle ¢. Neither the
vertical, nor the horizontal angular distribution at F2, shown in Fig. 7a and 7b
respectively, exceed 0.07 rad, thus alowing one to use an interferometer with alarge f-

number.

[I. Mirror slopeerror

The ray spatial distribution at the first focal point F1 has been studied as a

function of both the sagittal (As) and the tangential (4;) slope error of M1 and M2. Indeed,
the F1 focus is a critical point for the optical system, since, for constructive reasons, the
diamond window is about 1 cm wide, and the image of the source at F1 can be enlarged
by optical aberrations. Moreover, the first chamber of the beamline is not accessible for
manual coarse adjustments of the optics, therefore any defocusing and/or losses of
radiation due to misalignments of M1 and/or M2 must be inferred form the image
reveded at F1.
Suitable rough surfaces have been numerically prepared in order to simulate the slope
errors As, A on M1 and M2 and then used as inputs for the ray-tracing program. [20] In
Table Il the rms values of the ray distribution at F1 are reported, while in Fig. 8 the ray
gpatial distribution obtained by ray tracing ssmulation for selected values of A are shown.
An increase of the slope error (from Fig.8a to d), induces an enlargement of the ray
distribution, more evident in the vertical size of the image. The broadening of the image
in the horizontal plane is partially hidden by its large dimension. A large, circular-
symmetric image is obtained for A = 10 prads (Fig. 8d). For lower values of A the quality
of theimage is not appreciably affected.

Finally, we have checked that the mirror surface roughness has no effect on the



ray distribution for rms values lower than 100 nm.

[11. Thermal load

Due to the high photon flux from the ELETTRA ring, thermal load is a critical
issue in third generation machines. Beamlines dedicated to X-ray and UV spectroscopy
usually subtend a few milliradians in the horizontal plane, so that the power absorbed
from the first mirror can be easily removed by water cooling the whole mass, with no
significant modification of the mirror slope and of its surface. In the case of the existing
IRSR beamlines on third generation facilities, a much wider horizontal angle is
subtended at a considerably shorter distance from the source. Therefore, besides using
cooling systems, one should mask the central zone of the light beam in order to reduce
the part of the mirror lightened by X-ray radiation. [10-12, 20] By using this assumption
we have evaluated the thermal slope and bump induced on M1 by the sharply peaked
power distribution of the incident radiation as a function of the mask dimension.The
power distribution Q on the sagittal direction of M1 is showed in Fig. 9 for two
routinely used particle energies at ELETTRA. The set of parameters used for thermal
calculations is listed in Table 1V. The average value of the power distribution <Q>
reported in the table has been estimated from the total power and from the lightened
areaof the M1 surface.

At thermal equilibrium, two different effects may modify the mirror surface: the
thermal-induced slope error and the thermal bump. [22] The radius R; of the mirror
thermal slope can be calculated at first order through the equation

R=—— 3)

where K is the thermal conductivity and ¢ the thermal expansion coefficient of the
material. Thefirst mirror is therefore considered as a cylindrical mirror, with a radius of
curvature R, on its tangential plane. In Table V the values of R obtained for different



materials using the Q peak values in Table 1V, are reported. Those values are not
consistent with the requirement of a sharp focusing of the radiation on the diamond
window for any of the selected materials. The small values of R, imply a severe
reduction of the power density distribution Q on M1. This reduction can be obtained
with an absorber located in front of the mirror or, equivalently, with a dlit on the mirror
body where the high-energy radiation can pass through. This glit would transmit the
low-divergence high-energy part of the radiation to an absorber located just behind the
mirror, while about 70-80 % of the more divergent IR radiation would be reflected
towards M2. For avertical size of the dit of 3, 4 or 5 millimeters (corresponding on the
mirror surface to an effective area of height 4.2, 5.6 or 7.1 mm, respectively), the peak
value of Q reduces to 0.13 W/mm?, 0.04 W/mm? and 0.015 W/mm?. Using the latter
values in Eg. 3 and considering the thermal coefficient K and the conductivity & of Cu
(or Glidcop), R: reaches to 19700, 60600 and 166000 cm, respectively. The
corresponding induced broadening of the image at F1 is shown in Fig. 10. Thus the
simulation clearly states that the thermal slope error at F1 can be considered negligible
only for ashielding of 5mm or for adlit 7.1 mm wide.

Besides the thermal slope error, a thermal bump is aso induced on the mirror
surface in a stationary cooling geometry.[22] A rough estimate of the thermal bump
height H can be evaluated through the equation:

_,Qd" «Qd
H= a[T+ T+ ATd] (4)

where d is the distance between the mirror surface and the cooling channels, h is the
heat transfer coefficient at the solid-fluid interface, and AT is the increase in the
temperature of the cooling fluid.[22] Neglecting the last term of Eq. 4 (AT =0.3 K for
E=2.4 GeV) and with h=1 W/cm? and d=0.2 cm, one obtains H = 0.47 pm, 0.15 pm and
0.03 pm for an absorber of size 3, 4 and 5 mm, respectively. Therefore, assuming a

Gaussian shape for the thermal bump, the slope error is given by:

A9 =14 ©)

FWHM



where FWHM is the full width at half maximum of the Gaussian. An estimate for
FWHM is about 1 cm,[13], so that A8 is compatible with the slope error required in
Sec.Il (~10 prad), only for a shielding height of 5 mm. Therefore, in order to reduce
both the thermal bump and the thermal slope error on M1 and to preserve the optical
performance of the beamline a dlit on the central part of the first mirror is needed. This
slit however will produce a cut of the infrared photon flux of about 30%.

C. Figuresof merit of the beamline
|. Actual Brightness Ratio

In a Gaussian optical system the brightness is conserved via the Liouvilles
theorem. The same number of photons per unit solid angle and unit source surface
predicted at the SR source should be observed at the experimental station. Basing on this
assumption, many authors have estimated the ABR function (defined in the
introduction), by using appropriate theoretical expressions for the power emitted in the
IR domain and for the actual source size.[7, 8] Actually, optical aberrations as well as
slope errors and thermal distortions on the mirrors may drastically change the photons
distribution and the brightness along the beamline. We thus adopt an alternative
approach to estimate the ABR function, based on ray-tracing simulation of a real
experiment. We consider the number of rays Ng(4,D) [Ny(4,D)] of the synchrotron

[blackbody] source transmitted by acircular slit of diameter D placed at the sample site

of a Michelson interferometer. By using the total number of rays Ng(}L) [Ng (A)] of
the simulation and the real photon number ng(A) [np(A)] emitted by the sources, we have
evaluated the quantity A(A,D)

Ns(D) Np ns
Ny’ (D) N°s 7o

AA,D) = (6)

A(4,D) provides the theoretical estimate of the gain in flux with respect to a blackbody
source for asample of size D. Inthelimit D 0, A(A) provides the brightness gain. The
estimate of the photon number n(A) deserves a few comments. In the case of the

blackbody source, ny(4) has been estimated via the Planck formula by considering a
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temperature of 1500 K and selecting the flux in a solid angle corresponding to the f-
number of the interferometer (typically f = 4). The dimension (3o) of the blackbody
source is 0.5 cm. Concerning the IRSR source, the calculation of n(A) follows the
procedure reported in section A.

This approach has two advantages with respect to the analytical calculation: firstly, the
ray distributions at the sample site intrinsically account for the influence of aberrations,
surface distortions and misalignments of the optical system, since these effects are all
included in the simulation. In particular we have considered a slit of 5 mm on the
central part of the first mirror and a suitable slope error for each surface mirror as
explained in Sec. Il. Secondly, the value of A gives an insight of the sample size D for
which, at a given wavelength, the use of the IRSR is mandatory.

In Fig. 11 the values of A(A,D) as a function of the aperture size D are reported for
different vertical angles and for different energies. The selected vertical angles are 6, 11
and 20 mrad. Both the first and the second of these values may be suitable for the
ELETTRA bending magnet, while the third one is a value typically adopted on the
second generation IRSR beamlines. As shown in the figure, the advantage of the IRSR
brightness becomes effective for an aperture D T 1 mm, especially in the far infrared
region (g < 100 meV), where gains of the order of 10° can be obtained. For an aperture
D=1 mm and in the mid infrared region (£ ~ 500 meV), appreciable flux gain is obtained
only for the larger vertical aperture (20 mrad). It is worth noticing that with a vertical
collecting angle of 6 and 11 mrads, the beamline is suitable for microspectroscopy in
the mid-infrared range and for conventional spectroscopy in the far-infrared region.

. Polarisation Degree

Both the linear p, and circular p. polarisation degrees of the radiation, have been

estimated at the focus F2 of the beamline by calculating thein plane A (4)and the out-
plane A (A)€lectricfields.

The polarisation degrees p; and p. are defined by the following expressions:
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P = L2l
I+ 1,
(7)
=1
C o+l
where
2
Io-:fr =‘A:r,:r‘
(8)
1 2
. =——(A; iA)
\2

The electrical field components A, (A1), A.(A) and their relative phase shift § are
estimated for each IR ray by the SHADOW routine according to the classical theory of

radiation [23]. Assuming incoherent rays, the intensities appearing in Egs. (8) can be
calculated by averaging the ray intensities. In order to obtain meaningful results, we
consider radiation of energies £ = 0.05, 0.1, 0.4 and 1 eV, because the photon
distributions for these values (cfr. Sec. A) are quite similar to that expected from the
Schwinger formulation used in the ray-tracing program. In Fig. 12, both the linear and
circular PD at F 2 are reported for 6, 11 and 20 mrads of vertical aperture ¢. As
expected, the linearly polarised character of IRSR is more evident in the case of a small
aperture angle, since the beamline front-end mostly collects on-axes radiation.

Finally, one may consider the opportunity to achieve purely linearly or circularly
polarised light, by selecting a portion of emitted radiation through a variable dlit. We
thus have considered a rectangular slit with a fixed aperture of 24 x 0.3 cm? (HXV),
placed 50 cm after the ellipsoidal mirror M2 of the first chamber, which can be
vertically displaced from the optical axes of the beamline. The dlit allows one to select
the off-axis radiation at a given vertical angle. The transmitted rays propagate towards
the F2 focus and are used for the evaluation of either p; and p. In Fig. 13 the PD
coefficients are reported as a function of the vertical angle, together with the theoretical
values of p; and p. predicted at the source site for both = 0.05 eV and 1 eV. The
comparison between theoretical and simulated PD values shows that the linear

polarisation character of the radiation is partialy lost as it propagates throughout the
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beamline. Neither the on-axis radiation is strictly linearly polarised, since a residual
leakage of circular polarisation is present. Only for vertical angles greater then 2 mrad.
not negligible values of circular PD can be obtained.

Conclusions

In this paper we have first studied in detail the infrared radiation collected by a
beamline on athird generation ring.

The simulation of the source has shown that, in the expected working conditions
for ELETTRA, the emitted intensity is an incoherent superposition of a uniform
magnetic field source and a dipole-edge contribution. The opportunity to collect both
DEE and bending dipole radiation is unique and particularly attractive, even if an ad
hoc optical set-up hasto be designed to take better advantage of the DEE radiation.

In order to properly estimate the figures of merit of the beamline, particular
attention has been devoted to mirror figures, thermal distortions and geometrical
constrains. Moreover, as usual, we have estimated the flux gain with respect to a
thermal source. In the far-infrared region (0.01 0.1 eV), and for the solid angles
accessible at ELETTRA, the flux advantage is comparable with that of the IRSR
beamlines built on second generation rings.[9] This result makes the beamline
particularly attractive for conventional spectroscopy on small samplesin the far-infrared
region. In the mid-infrared range, the flux gain reducesto 1 when the sample sizeiis of
the order of one mm, whereas for sizes less than 500 pm it increases towards higher
values. However, a previous test performed at ELETTRA on an exit port for electron
beam-diagnostic,[23] has shown that the high stability of the IRSR source leads to a
huge improvement of the signal to noise ratio with respect to a thermal source aso in
the mid-infrared region and for a sample size of about one millimeter.

The polarisation degree of the radiation has been studied as afunction of energy
and of the vertical angle. It has been shown that the radiation impinging on the entry of
the interferometer is linearly polarised only in the case of a small acceptance angle (6
mrad), while for higher values of the vertical angle the polarisation state of the IRSR is
not preserved. A circular or linear polarisation state can be achieved by using off-axis
dlits, without drastically cut the photon flux.
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The beamline project has been approved by the Scientific Committee of ELETTRA in

June 2000 and the beamline is presently under construction.

The authors wish to thank Pascale Roy for critically reading the. Valuable discussions
with the technical staff of ELETTRA are also gratefully acknowledged.
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Figure Captions.

Figure 1.

Figure 2.

Figure3.

Figure4.
Figureb.

Figure®.

Figure7.

Figure8.

Figure 9.

Figure 10.

The infrared photon flux ®sgw from a bending magnet of ELETTRA for
different values of the vertical acceptance angle ¢, as obtained by
computer simulation. The dotted line represents the flux dsq, calculated
from Eq.1.

The horizontal spatial distribution of the photons collected from a
bending magnet of ELETTRA for severa values of the photon energy.
Mid-infrared spectrafor different values of the e-beam current, measured
with aMichelson interferometer at the 12.2 exit port of ELETTRA. Inset:
The integrated intensities of the spectra as a function of the e-current in
the ring (solid points). The linear fit to data (dashed line) extrapolates to
zero intensity at zero current.

The IRSR beamline layout.

The spatial ray distribution at F1 as obtained by using a toroidal (a) and
an ellipsoidal mirror (b). The ray-tracing simulations have been
performed for a photon energy € = 400 meV and for a vertical angle ¢ =6
mrad.

The spatial ray distribution obtained at F2 for different values of the
vertical angle ¢ for £ =400 meV.

The vertical (a) and the horizontal (b) photon angular distribution at F2
for £ =400 meV.

The ray distribution at F1 as obtained for several values of the mirror
slope error A; and As. In the panel (a) 4;, As = 0; in the panels (b), (¢) and
(d) A;and As are those reported in the second, third and fifth raw of table
I11, respectively.

The power density distribution on the tangential plane of M1 for an
electron beam energy E = 2 GeV (continuos line) and for E=2.4 GeV
(dashed line).

The gpatial ray distribution at F1 as obtained by introducing a thermal
radius R; on the tangential plane of M1 (seetext). R =<0 in panel (a), R =
19700, 60600 and 166000 cm in panels (b), (c) and (d), respectively.
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Figure11.

Figure 12.

Figure 13.

The function Actual Brilliance Ratio A(A,D), calculated at several
energies and different collecting angles, for the IRSR source of
ELETTRA.

The linear () and the circular (b) PD for the IRSR source of ELETTRA
at different vertical collecting angles: ¢= n@d (diamonds),
¢ = 11 mrad (squares) and ¢ = 6 mrad (circles).

The linear (a) and circular (b) PD estimated as a function of the vertical
collecting angle ¢ and for different photon energy. In both panels, the
dashed and dashed-dotted lines represent the theoretical values of p; and
pc predicted at the source site for £ = 0.05 and 1 eV respectively.
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E (GeV) 2.0

(2.9
I (A) 0.3
Curvature radius (m) 55
Magnetic field (T) 12
Horizontal angle (mrad) 60
Distance from the waist (cm) 350
Source point dimension () horiz./vert. (um) 371/43
Source point divergence (o) horiz./vert. (urad) 698/14
Energy spread (rms) % 0.28

Tablel. The machine parameters of ELETTRA adopted in the simulation of the photon
flux @ for the SRW and SHADOW computer codes.

19



Figure Dimension HxV (sz) Surface parameters (cm)

Mirror 1 plane 24 x6

Mirror 2 ellipsoidal 30x12 Semi-magjor axes: 625
Semi-minor axes. 424

Mirror 3 plane 15x8

Mirror 4 ellipsoidal 16x10 Semi-magjor axes: 250

Semi-minor axes: 141

Table Il. The optical characteristics of the beamline mirrors, as calculated by a
SHADOW routine



mirror M1 mirror M2 Horizontal Vertical
Ac(urad)  As(urad) | A (urad) As(urad) |rmssize(cm) rmssize (cm)
0 0 0 0 0.134 0.054

19 15 5.3 145 0.135 0.054

9.7 14.5 52 14.5 0.157 0.061

78 116 145 116 0.237 0.226

417 591 591 296 0.832 0.827

776 1168 1251 1168 1.69 2.08

1589 1411 1488 1401 2.38 2.52

Tablelll. The horizontal and vertical rms size of the light spot at F1 (fifth and sixth
colunns), as a function of the sloop errors A;, As, introduced on the mirrors M1 and M2

of the beamline (from first to fourth colunns).
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E-beam energy Total power FWHM of Q <Q> Q peak value

(GeV) (Watt) (mm) (Watt/mm?) (Watt/mm?)
2 910 11 17 2.9
24 1657 0.9 35 5.9

Table IV. The main parameters (see text), used for the calculations of thermal load on
the extraction mirror M 1.
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o(..C) K (Wem...C)R, (cm)[E=2GeV] R, (cm) [E=2.4 GeV]

Si 42%10° 12 1680 (985) 816 (484)
Cu 17.710° 3.9 1296 (760) 629 (373)
Glidcop 16.9¥10° 3.65 1271 (745) 617 (366)
Be 11.3*10° 1.9 2859 (580) 480 (285)
SO,  058*10° 1.47*10% 148 (87) 72 (43)
SiC 45¢10° 25 3159 (1852) 1588 (942)

Table V. The thermal expansion coefficient & (first column) and the thermal
conductivity K (second colunn) for various materials. In the third and fourth column are
reported the values of the thermal radius R; for two different energies of the particle
beam. The values of @ and K reported in parentheses are obtained by using the peak
values of Q, instead of the average value <Q>.
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Figure 11
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