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MEASUREMENTS OF BROAD BAND IMPEDANCE RELATED
LONGITUDINAL PROPERTIESOF ELECTRON BUNCHESAT DELTA

R. Burek H. Huck, G. Schmidt, T. Weis, K. Wille, DELTA, TU Dortmund,g@nany

Abstract profile, a modified bunch length and reduced peak current.

DELTA is a 1.5 GeV synchrotron light source which canThe synchrotron light emited from the bunch is used to de-

be operated also at 550 MeV for FEL experiments. Dutermme the bunch length of different bunch currents and

to interactions with the vacuum chamber, the beam inducE{sF'CaVIty loss power. The bunch length data give access to
e broad band impedan¢&,/n| and the peak currents.

wake fields, which act back on the beam and result in Phe bunches are so short that due to the high frequenc
disturbed bunch profile because of potential well distaortio . g g y
c[ontent the impedance has to be scaled.

and turbulent bunch lengthening. These interactions limi
the obtainable bunch length and achievable peak current t : :
and therefore strongly affect the FEL-operation. Recent re S
sults obtained by streak camera measurements have show/actronbun -_%
that for short bunches with maximum bunch lengths of 40
ps the longitudinal broad band impedance has to be scaled
(SPEAR-scaling) to explain the measurements. The broa@l®c"c fields
band impedance fits well to impedance measurements and vacuum chamber wakefields
calculations performed throughout the last years. The en-

ergy spread related to the bunch lengthening has been megyure 2: Temporal development of wakefields in a fictive
sured by analysing the undulator spectrum. variation of the profile of the vacuum chamber [2].

INTRODUCTION

The synchrotron radiation facility DELTA is mainly op- MEASUREMENT SETUP
erated at 1.5 GeV in multibunch mode with a beam current At beamline 4 visible synchrotron light (465 nm) emitted
of 130 mA and lifetimes up to 10 h for user dedicated refrom the electromagnetic undulator U250 (see figure 1) is
search at the beamlines (bl) (see figure 1). used to analyse the bunch profile and spectrum of the opti-
cal klystron in single bunch mode. The spectrum is probed

bl2 - bl3 bl 4
oo o . e by a Czerny-Turner monochromator (Acton Research Cor-
e e i (B poration SpectraPro-275), the bunch profile is analysed by
o e e f'”“"’*w a dual sweep streak camera (Hamamatsu C5680) (see fig-
. "'NA.C__ F )\ ' ure 3) that is triggered at half of the cavity RF.
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Figure 1: Schematic layout of the accelerator complex. S S— . 4th mirror
lense
The storage ring can also be operated at 550 MeV for streak camera
FEL operation in single bunch or few bunch mode with optical table

average single bunch currents up to 20 mA and lifetimes
of appr. 15 min. The FEL consists of a planar electrofigure 3: Schematic experimental setup at beamline 4 in
magnetic undulator U250 and two mirror chambers in thgownstream direction of the undulator U250.
northern straight section of the facility. Since the FELrgai
scales linearly with the electron density it is essential to
achieve high peak currents (at least about 20 A in the case BROAD BAND |MPEDANCE
of DELTA).

Because of interactions between the bunches and theFor average single bunch currents in excess of about 3
vacuum chamber wakefields are induced which act backA and RF-cavity loss power of 20 kW the bunch length
on the beam (see figure 2) resulting in a disturbed bundt dominated by turbulent bunch lengthening caused by an
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increased energy spread [5]. The instability is descrilyed liermine peak currents and bunch lengths. With increasing
the Keil-Schnell-Boussard-criterion [3]. The relation-be current the profiles differ from a Gaussian shape because
tween the scaled impedance and the bunch length is givefithe distortion by turbulent bunch lengthening [7].
by [1]

Energy Spread and Impedance

/o —1
_ 2nl ﬂ ( b >a < g2+a Figure 5 shows a typical spectrum with a central wave-
0,88 - wiqUcay cos(¥s) | n | \ 1,841 ¢ - length of about 465 nm at 6.6 mA average beam current.

_ ] ) (1) The deviations are caused by magnetic field errors. Fitting
whereb = radius of the beampipe;; = revolution fre-  gquation (2) to the data of the measured spectrum of the op-
quency,l = average beam currenf, = harmonic num- tjca kiystron allows the determination of the energy sprea

ber,U.., = accelerating voltagel; = synchrotron phase, /
. . v/ Y-
¢ = speed of lightg = bunch lengthg = scaling param-
eter. In the region of interest the parameieis smaller
than unity. For very high currents and long bunches it ap- . Measured data
proaches unity. fit

To probe the correlation between the bunch length and __
the energy spread the latter was determined by measuringg
the spectrum of the optical klystron of the undulator U250
(see figure 1). The spectral intensity distribution is given

by [6]:

intensity [;

I (N\) = 21,(N) {1 + f - cos (27r(N + Nd)%):l 2)

430 440 450 460 470 480 490 500

with the modulation depth
wavelength [nm]

o 2
f=forexp [87T2 ((N +Na) (%)) 1 (3 Figure 5: Spectrum of the optical Klystron with a modula-
tion depth off ~ 0.4.
where I, = pure undulator spectrundy = number of
undulator periodsNg = strength of dispersive section, The bunch lengths have been analysed with respect to
A = wavelengthAX = X\ — Ao (Ao = central wavelength equation (1) (see figure 6). The results show that the pa-
of the undulator)y., /v = relative energy spread. rameter is clearly smaller than one, showing that for cur-
rents of about 3 mA to 7 mA the longitudinal broad band
BUNCH LENGTH MEASUREMENTS impedance has to be scaled. The impedance for two series
. of measurements with different RF-cavity loss power are
Bunch Profiles presented in table 1, yielding similar results for the longi

Figure 4 shows longitudinal bunch profiles in singldudinal broad band impedance.
bunch mode at 550 MeV. These profiles are used to de-
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Figure 6: Bunch lengths determined from the bunch pro-
Figure 4. Series of measurements of longitudinal buncfiles (figure 4) and energy spread determined from the spec-
profiles at 20 kW RF-cavity loss power. trum of the optical klystron.
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Ps[kW] k [ps. mA—ﬁ} a Zi () CONCLUSION
Bunch length measurements on an optical basis have
15 18.7+04 0.40+0.08 0.87+0.16  been performed at 550 MeV and single bunch operation as
20 17.6+£0.2  0.39£0.05 0.87+£0.11  afunction of beam currents and RF-cavity loss power. The

- . . longitudinal broad band impedance evaluated via streak
Table 1: Longitudinal broad band impedance for differenéamera measurements in the region of turbulent bunch
RF-cavity loss powep;. lengthening was determined to

For the turbulent regime the measured energy spread in- ‘%‘ = (0.87+0.10)Q2.
deed increases with the bunch length as concluded from
theory. For average single bunch currents below 2.5 mA thihis result is in excellent agreement with calculated data
energy spread however is above the theoretical predictiorfi4] obtained from loss factors out of finite-element sim-
An explanation for that effect can be found in the resoludlations in 2001 and clearly shows that mechanical alter-
tion of the measuring apparatus. Aperture size, transverations [7] to the machine since then had no influence on
beam dimensions and orbit excursions inside the undultie impedance. The analysis has also shown that for sin-
tor limit the possible resolution of the energy spread meae bunch currents of about 3 mA to 7 mA the longitudinal
surement due to the transverse Doppler effect. In our cabeoad band impedance has to be scaled with a scaling pa-
(04,4 = 0.2 mm, orbit amplitude~ 0.1 mm, aperture ra- rameter ofz = (0.40 £ 0.05).
dius~ 0.4 mm) the angular spread seen by the monochro- The analysis of the spectrum of the optical klystron gave
mator in an average distance of 12 m from the radiatiothe possibility to measure the energy spread. For low single
source is about-60 prad. According to the general co- bunch currents however the energy resolution turned out
herence condition for the central undulator wavelength, tHo be not sufficient. For high currents the energy spread
resulting wavelength spread can be interpreted as virtuiicreases with the bunch length as expected.
energy spread and gives the lower limit of the resolution.
Assuming only Gaussian distributions, this effect could in ACKNOWLEDGEMENT
principle be accounted for by a simple factor to the mod-

ulation depth. However, in practise this approximation is 1he authors would like to thank BESSY, Berlin espe-
untenable. cially Peter Kuske for providing a streak camera during the

weeks of FEL-operation in the last year.
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Figure 7: Peak current versus average single bunch current
at 550 MeV beam energy and 20 kW RF-cavity loss power.

05 Beam Dynamics and Electromagnetic Fields D04 Instabilities - Processes, Impedances, Countermeasures

1579



