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Magnetic Field Discontinuity as a New Brighter Source of Infrared Synchrotron Radiation

Y.-L. Mathis,* P. Roy! B. Tremblay, A. Nucard,S. Lupi} P. Calvanit and A. Gerschél

Laboratoire pour Utilisation du Rayonnement Electromagnétique, 91405 Orsay Cedex, France
(Received 4 September 1997

Strong emission of highly collimated infrared radiation demonstrates the presence of dipole edge
emission and transient undulator radiation emission. The photon flux and spatial distribution for
the Super-ACO sources (both dipole edge and wiggler) including coherence effects have been
evaluated using the exact expression for the emission of a charged particle. The excellent agreement
between these results and measurements performed at the SIRLOIN (Spectroscopie en Infrarouge
LOINtain) beam line provides a new level of understanding of infrared synchrotron radiation.
[S0031-9007(97)05153-3]

PACS numbers: 41.60.Ap, 07.57.Hm

Synchrotron radiation (SR) is increasingly used in thepresent. The characteristics of the Super-ACO storage
infrared (IR) domain as an alternative for laboratoryring and SIRLOIN beam line [7,16] are available else-
sources such as a mercury lamp or glowbar. Thewhere. Here we only recapitulate the main parameters
are especially adapted for measurements requiring morgsed for the calculations.
brilliance and/or more intensity in the far infrared. The Super-ACO ring is injected with positrons of

Theoretical calculations have recently suggested that th@.8 GeV energy. It is an octagon formed by a succession
discontinuity in a magnetic field [1-6] could be an alterna-of eight dipole magnets (radius of curvatyse= 1.7 m)
tive source of infrared synchrotron radiation (IRSR). Thisand eight straight sections containing insertion devices.
emission may present significant advantages in terms d?ositioned on one of its straight sections is the SU3
brilliance and simplicity of the beam line over other IRSRwiggler. This insertion device is 2838 mm long, has
sources. The object of this Letter is to demonstrate exper22 periods(N), each measuring 129 mrfn,), and its
mentally the presence of such an emission by the edge of@entral position is located at 3333 mm from the extraction
dipole [dipole edge emission (DEE)] and by an undulatoroptics. Its workingK value is 5.38 and the parameter
[transient undulator radiation (TUR)]. For this purpose,is 1565.
we first evaluate the photon flux and spatial distribution The extraction device of the beam line SIRLOIN is
for the Super-ACO sources (both dipole edge and wigmounted directly on a straight section of the Super-ACO
gler), including coherence effects. These results are thestorage ring which contains the variable-gap wiggler SU3.
compared with measurements performed at the SIRThe extracting optics is actually composed of two plane
LOIN (Spectroscopie en Infrarouge LOINtain or far mirrors placed at 45with respect to the ring orbit and
infrared spectroscopy) beam line [7,8], providing the firstis placed in a vacuum chamber of the ring. A gap
demonstration of the performances of the IRSR edgbetween the two mirrors allows positrons and higher
radiation. energy radiation to pass through. The separation between

Some recent theoretical studies report the intensity emithese can be varied between 200 mm (gap00 mm)
ted by the edge of a dipole [2,3,9] or wigglers [6,9,10]and a minimum of 10 mm (gap: 5 mm).
when coherence effects are taken into account (in con- The radiation collected by the extraction mirrors in-
trast with the first generation of calculations of SR in thecludes the output of the insertion device and the edge
infrared range [7,11—-15]. The main result of these newadiation from its two ends. Moreover, in addition to
calculations is the suggestion that the infrared radiatiophotons emitted by the SU3 wiggler, radiation issued from
emitted by a relativistic particle entering or leaving a mag-the dipole edge of thd2 dipole magnet (placed at 6.8 m
netic device presents a significantly higher brilliance (numfrom the collecting mirrors) will be collected. The above
ber of photons per second per unit of surface source pgrarameters have been used to evaluate the flux and spatial
unit of solid angle) than the radiation emitted within the distribution for Super-ACO. These results will be further
dipole (region of constant magnetic field). According tocompared with measurements performed on the SIRLOIN
these calculations, this effect gets more pronounced as thxam line.
wavelength get longer, and in the far infrared the edge We recapitulate here the formalism used for the evalua-
radiation source is not only more brilliant but also moretion of the IRSR. We use the reference frame reported in
intense than the conventional constant field source (middIEig. 1 and the formalism presented in Ref. [17].
of the dipole). The energy emitted by a relativistic charged particle

We have tested these predictions at the SIRLOIN bearsubmitted to any acceleration per frequency unit per solid
line, where contributions from various IRSR sources areangle in J srad’ is given by
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This expression is valid at any collection solid angle byFIG 2(color). Spatial distribution of the intensity at —
an observer positioned at distanéefrom the source. 00 cm™!' calculated at the level of the extraction mirror

Moreover, this expression is accurate for photons in angmitted by (a) the edge of the dipak2 and (b) the wiggler
energy range. SU3 (K = 5.38). The solid lines represent the intensity at
Equation (1) is usually rewritten once the well-known ¢ = 0 andy = 0.
“far field” approximation is included: |f(¢')| < |X| and
R(1') = x — A - F(i'), whereX is the coordinate of the ob-  The angular distribution of the photon intensity emitted
server (cf. Fig. 1). With these approximations introducedat a given wave number (in cm™') has been evaluated
in (1) and neglecting the term iy R, one obtains the sim-  for both sources at their actual extraction distances (6.8 m
plified expression which is used for the majority of calcu-for the dipole edge and 4.8 m for the entrance of the
lations of spa’qal an_d spect_ral distributions for bo_th dipolewiggler). In Figs. 2(a) and 2(b) the angular distribution
magnets and insertion devices (undulator and wiggler). of intensity (N /dt) for the dipole edge and the wiggler
However, the far field approximation fails when a sources are respectively reported for a wavelength of
magnetic device is especially long [18] and if the observer oo cm=!. There, for any paily-i (x is measured in the
is close to the source. Inthe IR_rangfe, typical dls_tan(_:es liglane of the orbit whiley is perpendicular), the number of
at about 1 m. Therefore the simplified expression is nophotons per mradfor a 0.1% bandwidth (with 1 ampere
appropriate in this range. Consequently, the evaluatiofhjected in the machine) is represented by a tone of gray.
described here uses the exact formula for the “onerhe solid line corresponds to cuts in the middle of the
electron” emission of Eq. (1). In the calculation, we spatial distribution.
modeled the magnetic field in the dipole as a constant Some remarks can be made concerning the angular dis-
value in the vertical direction(B, = 1.57 T) with a  tribution of these two sources: (i) Both sources have zero
sudden drop at the exit of the dipol&, = 0). The intensity on the central axisy = ¢ = 0). (i) The dipole
magnetic field in the wiggler varies as a sinusoidaledge emission presents a ring-shaped intensity distribution
function of the longitudinal coordinate with a maximum wjth a maximum for angles of 1 mrad as the wiggler edge
value By = 0.45 T and with sudden drops to zero at the emission presents a more complex distribution (several
extremities of the insertion device. maxima: ¢ = *£0.7, y = =02, andy = =1 mrad).
The simulated intensity can be converted into a numbeii) Both sources present narrow cones of emission.
of photons(dN /dt) per second, per 0.1% bandwidth,),  However, as the dipole source stays constant in intensity

¥ |mrad]

and for a current in ampere by using and spatial broadening as a function of the photon
dN; < 421 ) 1 27 @ energy, the wiggler source becomes more intense and the
= —_ W s .
0 Jod0 ) 10002 2 7 " emission cone gets narrower as energy increases

To allow a complete description of the two sources
wheree is the charge of one electron ahds the Planck (wiggler SU3 and end of the dipole magnéf), the
constant (the factoi /1000?> converts into a number of angular distributions obtained at various wavelengths
photons per mraj. have been integrated over angles corresponding to the
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of the interferometer. From these measurements, one
can extract the portion of the intensity corresponding to
a given angular section. To do so, we have subtracted
the intensity at a given wavelength from two consecutive
measurements at two different gaps. The result of this
subtraction provides the intensity collected in the portion
NINE of the extraction mirror included between the two mirror
10* separations. When transformed into spatial distribution at
the level of the collection optics, the angular distributions
FIG. 3. Calculated infrared synchrotron radiation emitted by acan be compared directly with the calculations.
SU3 wiggler (open square), end of tA2 dipole (open circle), The spatial distribution at four wavelengtk®0, 100,
and combination of both sources (open triangles), for a currenyo, and300 cm~!) is represented in Fig. 4. The experi-
of 400 mA. The integration limits correspond to the collecting | intensities have been normalized at the theoretical
optics with gap zero. . .
value obtained at the smallest gap between the extraction
mirrors. At all wavelengths, two different regimes for the
limitations caused by the vacuum chambers. The resulpatial distribution can be distinguished: a central zone
of this integration is reported in Fig. 3 and can be(distance from the axis smaller than 15 mm) in which the
summarized as follows: In the far infrared, the wigglerintensity rapidly decreases as the distance from the axis
source presents a rapid increase in intensity between
30 and300 cm™!, in contrast with the dipole edge for
which the intensity as a function of wavelength is almost
constant. This lack of intensity in the far infrared for the
SUS3 source is caused by interferences between the various
poles of emission in the insertion device [19]. In the mid
infrared, the spectra of the two sources cross at about
800 cm™!, and at higher energy the wiggler emission
dominates.

In this calculation, no broadening due to the emittance
of the positron beam is taken into account. Moreover, the
calculation uses an ideal positron trajectory in both the
dipole and the wiggler. Likewise, both radiation sources
are modeled with a sudden change of magnetic field at
their entrance and/or output in contrast with the progres-«
sive change that one may expect in real accelerators. This
last effect has been discussed elsewhere, and its influ-
ence on the photon emission is predicted to appear for
small wavelengths only [3]. Finally, any broadening of
the sources due to diffraction in the vacuum chambers®
of the ring is also neglected in the calculations. In short,
the spatial distribution is predicted for an ideal case, and
some broadening of the observed source compared to the
theoretical prediction may be expected.

The reality of the edge radiation is demonstrated by the
spatial distribution of the intensity measured at the level
of the two extraction mirrors. The intensity distribution
in the plane of the orbit (ovey) has been obtained by
varying the gap between the two extraction mirrors in
the range*+5 and =100 mm. These limits correspond
approximately to angles of collection in the range ofFIG. 4. Calculated spatial distribution of the intensity (num-

- ; ber of photons per sec, per surface unit, per amp., with band-
0.7 to 15 mrad for the dipole and 1.5 to 30 mrad for the width 0.19) at several wavelengths for the SU3 wiggler (---),

center of the v_vilggler. Measurements of the intens[ty inthe edge of the A2 dipole-{-) and the combination of both
the 30-300 cm™" range have been performed for varioussources (—), and experimental data for the emission by the two
mirror separations and normalized for the current injectedsources (®) and (H)].
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increases and an outer zone in which the decrease is mucidiation from the center of a dipole [21]. This method of

less pronounced. producing a brilliant infrared source will be exploited in
The theoretical distribution of intensity was obtainedthe near future on the 2.5 GeV source ANKA (Karlsruhe,

from the integration of the spatial distribution through Germany) and at the SRC (Wisconsin) [5].
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