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Abstract on a Gaussian form factor am:s bunch length of at least
0.7 mm is required for the BESSY Il ring to generate CSR.

BESSY Il is a low emittance, high brilliance synchrotron : .
e : o Even longer, non-Gaussian bunches can show constructive
radiation source, started its regular user operation in Jan- ) o .
. interference of emitted waves within the considered range.
uary 1999 [1]. The momentum compaction factor of th

. ; . P n BESSY Il a low alpha optics was applied to reduce the
machine optics during regular user shifts is rather low e
3 : o : bunch length and to check for the emission of coherent
a = 0.75-107°. By operating the ring in a dedicated low

alpha mode, a further reduction @fwas achieved to about radl_at_lon. The experlmenFaI.set up 1S rather.s!mple,
_5 . . sufficient to detect the radiation, but not sophisticated
0.7-10~°. Depending on the-value, coherent far-infrared

I C . nough to analyse the emitted spectrum. Details of the
radiation was observed. A description of the experimen . ) . .
: . experiment are given in the following paragraphs.
and first results of the measurements are given. . . Jo .
A detailed study of coherent dipole radiation is given in

[3], based on LINAC measurements. Coherent radiation
1 INTRODUCTION from storage rings is more difficult to achieve. The bunch

Coherent synchrotron radiation (CSR) can be generated gngth in electron storage rings is a result of a complicated

dipole magnets by bunched electrons if two conditions ar y”amica?' process. Recently, there are two publications of
satisfied [2]. The first condition defines a kind of "cut off’ storage ring based measurements, one from Brookhaven

g USA) at the VUV ring [4] and the second one from
wavelength\ ~ /6h3/(mp), related to shielding effects ( )
by the vacuum chamber, wheheis the full vertical aper- Lund (Sweden) at the Max-1 ring [5]. The key to both

ture of the dipole chamber andthe bending radius of the experimgnts isla ,IQW alpha optics. I.n_ th? fi_rst experiment,
electron orbit in the dipole magnet. Due to this conditioga specific longitudinal bunch instability is induced by the

the long wavelength part of the radiation spectrum is su ow alpha optl_cs, yielding radiation at _aro_uﬁmm. In the
pressed. For the BESSY Il dipole we expect the 'cut c)ﬁ,second experiment the low alpha optics is used to shorten
value of the wavelength at around 4 mm the bunch, the emission shows a broad band character. In
The second condition is related to an interference effeé)(Ot.h expgriments, the radiation occurs in bursts, indicating
of radiation emitted by individual electrons of the same” instability process.

bunch. If the bunch length is short compared with the

length of the emitted waves, the waves will have phases

differences, lower than the wavelength, independent where 2 LOW ALPHA LATTICE

the source point is located within the bunch. In this case

the amplitude factor of the electro-magnetic field will lin- The momentum compaction factor is a machine parame-
early add up, leading to a squared intensity enhancementisfr, which depends on the transverse beam optics, but it
the radiation. The radiated pow&rof moden = 27p/X\  influences many longitudinal beam properties, such as syn-

emitted byV particles of a bunch can be written as chrotron oscillation frequency, bunch length and bunch in-
stabilities.
P=NP,+N(N-1)P,fn, For the regular user optics we calculated for BESSY Il a

value ofa = 0.75 - 1073, in agreement with directly mea-

were P, is the ’'incoherent’ power emitted by a single syred values based on Compton-Backscattering [6], corre-
particle andf,, is a form factor, derived from the Fourier sponding to a synchrotron frequencyo$ kHz.
transform of the longitudinal bunch density. A 16-fold symmetrical, lowa optics was developed, as
For short bunches the form factor will be one and thehown in figure 1, to reduce this value as far as possible. A
intensity growth withV?, yielding to a strong intensity key parameter to tune this optics to differentalues is the
increase. For Gaussian bunches withrars bunch length  excitation current of the splitted quadrupole family 'Q1’
of o, the form factor becomeg, = 1/ exp(270,/A)*. I in the centre of the achromat. By tuning this quadrupole
(2mos)/A is approachingl, strong constructive interfer- strength the dispersion around the machine changes and in
ence can be observed. Based on the 'cut off’ condition anﬂ“‘n « varies. With two more quadrupo|e families we keep

“Work supported by the Bundesministeriurar fBildung, Wissen- the transverse tunes fixed. Additionally, asapproaches
schaft, Forschung und Technologie and by the Land Berlin. zero, a careful adjustment of the longitudinal chromaticity

720 Proceedings of EPAC 2000, Vienna, Austria



is required, which strongly influences the longitudinal rf- Blade Signal (pA)

bucket size. Typically, this chromaticity requires a small 0 10 20 30 40

negative value. It is not free of choice, but linearly related ' tunes ' ' '
. .. N 0.10L e tune=0.75

to the horizontal chromaticity. The chromaticity in all 3 : o tune=2.2

planes is set to small negative values.
The values ofv were measured indirectly by recordingthe ¢ ggl
synchrotron tun&) ;, applying the relatiomx ~ Q2. Op-
tics for positive and negative values were tested. Those
with & < 0 seems to be more stable and were used for ©:96¢ 4
the CSR experiments. The smallest valuécdfwhich we ’ 500 1000, 1500
could routinely achieve is-0.7 - 10~°, yielding some few 0,04 I (MA)
hours of lifetime at 50 mA average ring current, with 250

filled buckets out of 400. This value of corresponds to
about700 Hz synchrotron oscillation frequency. Presently,  0:02
we are limited to about this value, because of harmonics of

300 Hz rf-noise, coupling from the klystrons into the cav- o ua?ks

ities. For further details to establish a low alpha optics see 0 10 20 30 40 50
for example [7]. Ring Current,I(mA)
Figure 2: CSR intensity at fixed synchrotron frequerigy
3 EXPERIMENTAL SET UP AND as a function of the multi bunch current fér = 2.24 kHz
MEASUREMENTS (lower curve) andf, = 0.75 kHz (upper curve). The in-

set shows the difference of the two signal intensities as a
A regular dipole magnet beam line, not particularlyfunction of the square of the current.
optimised for infrared experiments, is used to detect CSR

in the far infra red. A liquid helium cooled InSb-detectorthe radiation was measured as a function of the average

[8] is mounted at the exit Of a dipole front end. Thisring current of a multi bunch fill. The lower curve of figure
detector has a constant sensitivity in the wavelength range i measured at 2.2 kHz (= 0.75 - 10~*) and the upper
of 0.5 mm to5 mm, thus it cannot resolve the recorded, o 4t 075 KHz 4 — 075 10'_5) The small inset of

wavelengths. The high energy part of the dipole radiatiog;y e > gisplays the difference of these intensities as a

IS sh!elded by at mm crystallme_quartz. window and an ¢,ction of the square of the ring current, indicating a good
additional black polyethylene foil, leaving a transparengquare relation

W;fr_‘qow In thfe ietel;:tor balr_ld rangde. Eoth,;heltranzmssmgeside the regular beam current transformer, there was
efficiency of the beam line and the absolute detectaf o.qng independent current proportional signal (‘blade
e_ﬁlplgncy are not exactly kn(_)wn but the lower qetecno%ignal’) monitored. This is based on a photo emission
limit |szat ag‘?“t, 10/|NV' Lhe size of the ;jetectr?r 1S abOUtsignal, installed at the same beam port as the IR-detector,
0'5. cm” and itis placeds 12 m away from the source y,+ sensitive to photons of the VUV and soft x-ray range.
point. This last one verifies that manipulations of the beam optics

In contrast to incoherent radiation, CSR s emitted iy, ot affect the incoherent intensity entering the beam
proportion to the square of the stored electron current. Fohe

two different settings ofx respective the synchrotron tune An alternative approach, as depicted in figure 3, is to
NUX = 14.75 OPTICAL FUNCTIONS sicam2- 202215 IMEASUre the signal intensity at constant beam current as a

ALPHA= 008100 function of the synchrotron oscillation frequency. This was
performed with two scans at fixed multi bunch current.

Starting from high tunes, we first see a constant signal
i } / : level down to3 kHz. Then the signal grows slowly out

w0 [ [ B—— of this level and shows a steep increase below 1 kHz.

\;’ L : / Different symbols are related to different beam fills and

some of the points were even recorded at different days

demonstrating the reproducibility of the measurement.
‘ , The absolute location of the CSR intensity with respect to
e the frequency axis might have errors of aromikHz.

o m% ‘H mm k;%ﬁ ‘ During the emission of CSR the longitudinal beam signall
) : was observed on a frequency analyser. Clear signals

: from dipole, quadrupole and sometimes the sextupole

%, 2 a0 s 800 100 1o 10 mode of the longitudinal synchrotron tune could be seen.
The strength of these lines increased when approaching
Figure 1: Optical functions of the low alpha unit cell.  harmonics of the 300 Hz rf-noise. A systematic study of

5.00
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Figure 3: CSR intensity at constant multi bunch current Ogcallng is expected.

rms bunch lengths wer@.8 mm at0.51 mA / bunch and
1.9 mm at0.077 mA / bunch, respectively.

4 SUMMARY

For the first time far-IR CSR was detected on a 'third gen-
eration’ light source. The experimental set up was mounted
on a regular dipole beam line, using a liquid helium cooled
InSb semiconductor detector. The signal was generated
by the low alpha mode of the storage ring, its strength
is clearly proportional to the square of the beam current
over a large current range. The detector signal intensity
during a multi bunch filling and 25 ms integration time
was quasi stable, depending only on the beam life time of
some few hours. Streak camera measurements indicate a
longer bunch length then from a simple zero current length
Additionally to synchrotron tune

11 mA (lower curve) and 37 mA (upper curve) as a function,,senations they indicate longitudinal bunch instabilities.

of the synchrotron tune.

2

Figure 4: Streak camera records of longitudinal bunch

el

a

shapes at 0.51 mA/bunch (left) and 0.077 mA/bunc
(right). The vertical axis ranges over 2 ms, the horizont
axis of each partis 72 ps.

these tune lines was yet not done.
For the measurements of Fig.
was recorded with 25 ms integration time. Within this

resolution no bursts could be seen. The time resolution of
the detector was tested by a fast beam dump by the beam

injection kicker in less than asecond. The response of
the detector signal was within 10 to 2@econds back on
the zero current level.
a single bunch up to the order of ms and less was yet n
done. During a multi bunch filling we expect anyway a
guasi constant radiation.

Bunch length measurements [9] were performed withel
a streak camera and single bunch filling. Some of thed@]
The bunch centre is

records are shown in figure 4.
oscillating with about .3 kHz (o« = 2 - 10~°). During one

2 and 3 the IR-signal

To clarify the underlying physical process which generates
this radiation requires more refined measurements.
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