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Abstract of this structure. Emphasis will be given on model aspects

A new microwave concept is considered to design a BPI\7Ind on comparison of different tests.

capable of detecting beam position with a resolution of a

few micrometer. The monitor system is based on ridged 2 CONCEPT OF THE MONITOR
waveguides coupling by small slots to the magnetic field .

accompanying the electron beam . The beanitiposwill 2-1  Constraints

be measured in a X-band receiver with a few micrometefne yndulator’s vacuum chamber consists of a flat slab of
resolution. A prototype of this monitor was built and testegyyminium (12 x 200 x 4500 mm) with a drilled beam hole

on a testbench. In addition, it was tested at the CLIC Tegf 1) mm radius. The chamber plus BPMs have to fit in-
Facility at CERN with single bunches. The paper sumgide the undulator gap df2 mm; the magnets allow only
marises the concept, the design and test results of the p¥Rsrizontal access. Bout 10 BPMs with a resolution of a

totype. few micrometer for one bunch (commissioning phase) and
averaged for filled bunch trains (experimental phase) are
1 INTRODUCTION required. Also the BPM system has to be a part of the di-

. agnostics concept for the FEL using beam based alignment
The Free Electron Laser (FEL) at the TESLA Test Facilityq glign the electron beam to a straight reference line.

(TTF) [1] is designed for a radiation in the spectral band
from VUV to soft X-rays. In order to focus the electron Basic Id
beam during the undulator passage, a quadrupole StI‘UCtI%’LZ asic ldea

is superimposed to the undulator dipole structure. Misfhe position of a bunched beam can be determined by de-
alignment of quadrupoles and field errors in the undulat@ecting its accompanying electromagnetic field This field
dipoles result in electron orbit deviation and thus diStUI’k.bokS like a flat pancake or like the Transverse Electric
the overlap between electron and photon beams. To eRragnetic (TEM) field of a coaxial system. Wall currents
sure this overlap, the undulator modules (see Flgl) will bﬁ]ove para||e| to the electron beam and are Spread uni-
equipped with Beam Position Monitors (BPM) and correcformly over the inner pipe surface for a centered beam.
tors. Beside that, diagnostic ports between twaeelit \When electrons are moving off center this uniformity is

modules are foreseen. disturbed By detecting this perturbation it is possible to
DIAGNOSTIC PORT obtain information which in terms allows it to reconstruct
MODULE #1 / MODULE #2 MODULE #3 the beam position. In the microwave concept realized here
* e waveguides are used as a transducer. Since the wall cur-
o P — rent density is directly proportional to the magnetic field on
RRRNARRNN AR AR AR AR RN AR RNANA RN AR AR the inner surface of the beam pipe, small slots can be used
‘ Se—— = : BEAw to couple a fraction of this field into the waveguide (see
m‘ ‘ M . H\H = ‘QM)‘ e ‘Af—:‘ = Fig.2). With four coupling slots located regularly around
7 ¥ \
QUADRUPOLE  DIFOLE ~CORRECTOR BPM  —~f— WINDOW  WAVEGUIDE FEEDTHROUGH
—— ¥2FODOCELL ———— TRANSFORMER
\
Figure 1: Sideview of the FEL-undulator (top) and ; S “"“f“(’? o“[’:“( Pﬁ@ L;%GNAL
zoom into focusing structure (bottom). Ll Ao e ] |
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For the BPMs inside the undulator modules, the realiza-  ~"7" 7" V""" 1\ -=------mn- =
tion of two different system concepts is under way [2]. The ~ BEAM U4 VACUUM CHAMBER
new microwaveBPM is based on ridged waveguides cou- Figure 2:Sketch of the coupling mechanism.

pling by small slots to the magnetic field accompanying the
electron beam. The scope of this paper is to discuss the ba-
sic idea, the design, test results, and recent improvemetite inner duct surface (see Fig.3) and four signals can be
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extracted to determine the beam position in the monitdor a beam pipe with radius For beam based alignment, a

lane. minimal resolution obz,,;,, = 5 pum is required. So there
Ji!
is a noise budget for the signal processing electronics of
FRONT WAVEGUIDE PAIR BEAM CHAMBER
N F =20dB.

Position sensitivities estimated using MAFIA wefg =
5.41 88 ands, = 4.25 3B for horizontal and vertical dis-
placements of beam, respectively.

BEAM REAR WAVEGUIDE PAIR

Figure 3: Profile of the beam chamber with four 3 TESTS OF PROTOTYPE |
waveguides building up one BPM.

3.1 Measurements in the Laboratory

Coupling parameters; measured using a Vector Network
2.3 Design Aspects Analyser were slightly smaller than expected from simula-

A ial shaped. ridaed id h due t tions. This is due to problems in the EDM process of the
special shaped, rdged waveguide was chosen due to aveguide’s ridges and due to the welding of the vacuum
vere limitations in vertical space. Another purpose of th?eedthroughs

ridge is to guide the field lines of the waveguide’s magnetic
field in a way that there is an overlap between this field and For tests at DESY Zeuthen the prototype was mounted

the magnetic field of the electron beam. The upper limit foph & wire testbench_ [2] with two stepping !“Otors to move
ge BPM. The electrical center was determined by mapping

the first mode is given by the beam pipe cut-off frequenc in the BPM's t | h
(17.6 GHz). Because of height limitations of the vacuum square In the S ransverse piane. 1hen Cross scans

chamber, the four waveguides of a single BPM were splﬁround this center were performed to derive the signalfunc-

into two symmetric pairs separated By2 A; undulator tion v, which is proport_ional to the beam position with a
wavelength in beam direction. Waveguide holes and co&gotorg(x) qnly depending on vacuum chamber and slot
pling slots can be fabricated by electro discharge machigeometry with

ing (EDM). After deciding on a frequency aB GHz, size

and shape of the waveguide and its ridge have been op— = g(x) -V, = g(x) - (Vi +Vs) = (V3 +Va) )
timized to get sufficient coupling. The ridge lowers the Vit VatVa+Vy
e e e dera st e e vetical plan,ananslogous epression exsts. The
pling slot, which results in a sufficient coupling. Transmisrogression of the S|gnalfunct|0ih’§_7@{ |_s_||near in the cen-
sion to one waveguide port was simulated using MAFI {ral region of the BPI\élé The sen5|t|V|t|esdg1easured in the
[3] Scattering Parameter tools. The beam was simulat g wereS, = 5.59 prands, = 3.83 5. For map-

by a thin conductor creating a coaxial system together wi Ing, data were taken while the wire was moved virtually

inner pipe surface. A TEM-wave was excited and trandn al mm? around the electrical center with a stepwidth

mission through the coupling slot into the waveguide wagf 10 zm. Using data from such a scan, various calibration

calculated. With this method, the influence of different par—T.]ethOdS have been tested tq f'nd out the relation between
ignalfunction and beam position. In one method, a poly-

rameters like slot geometry and wall thickness on couplin , T

have been studied. Finally, the coupling from waveguide tgggﬁ?ic;rg ?(r)(:e(;h\c/fvearz:tttegIt?](t)f:si;?:rs#gegfdataxlﬁldIng

50 €2 coaxial system was designed and optimized. polynor oY .
other method follows an analytical approach calculating

24 E ted Perf the wall charge density induced by a relativistic bunched
) Xpected Ferformance beam [4]. Here, both beam and coupling slot were viewed

The resolution of the monitor is limited by the Signal toas if they were pointlike. Applying this model, the induced

Noise Ratio (SNR). Assuming a bunch with charge ofvall current for a beam positionedin a cylindrical reference

q = 1 nC, the signall; and noiseVy induced into the frame af(r, #) on the inner duct radius at positioh +;) is

ith channel and measured in“a = 50 {-system at an

electronic’s temperature 6f = 300 K are

Vi=ki-Zo-q-B and Vy=F -k, -B-Z -T. (1)

With k; = 1% the coupling parameter for theh chan- \ith the parameters proportional to the beam current.
nel, B = 40 MHz the effective bandwidth of the signal Here, y; denotes the position of the slot center of BPM
processing electronics, arg the Boltzmann constant, the channeli and was used as a fitting parameter. This method

L =K

1+ % i (%)n cos[n(y; — ¢)]] ;@)

SNR allows to estimate the ideal resolution with allows to determine the exact azimuthal position of the cou-
b 1 pling slots. Deviations between set and measured virtual
0%ideal = 2v/2 SNR @ wire positions are smaller thanum for both methods.
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3.2 Tests at the CLIC Facility der to measure the position sensitivity. Using a pair of

For measurements at the CLIC Test Facility (CTF, [5]) thg(_)rrec_:tlon coils the bea’.“ was moved in both transverse
prototype BPM was installed in the matching section og'recﬂgns' dAftir anal;(/stls mhgaﬁlér_(:fd V; Iules me Ety
the CTF S-band drive beamline. The main purpose w. 5'58 mm an Sy = 3.86 . which differ by less than 5%

to study the RF-behaviour of the BPM and to measure tﬁéom wire measurements.

signals induced in all four waveguides. The charge of a
single bunch was abott6 nC, its energyp0 MeV and the 4 CONCLUSION AND OUTLOOK

repetition frequency Hz. Beam size and optics were op- pew concept for monitoring electron beam inside the un-
timized at the BPM location to get a round and small bearg ator of the TTF-FEL has been studied. A prototype was
(0rms = 1 mm). The four signals were coupled intdm 1, iiq and tested with wire measurements and with beam.
long cables, filtered a2.0 GHz with B = 730 MHz and  pagits derived for coupling parameters and for position
amplified by20 dB. Attenuators were inserted at eleCtron'sensitivity are consistent.
ics input for matching reasons. A major problem was 10 Recently, a second prototype has been designed and built
obtain a phase-stable reference signal related to the bea@yyjing conceptual and fabricational problems. In order to
so that most of the measurements were done by by-passifgrease the coupling parameters, geometry of tiupling
mixer stage, and amplified signals were displayed directlq; a5 changed. Furthermore the adapter from waveguide
on a Digital Sampling Oscilloscope (see Fig.4). From sige, coaxial system is no longer realized with & coupling
at end of waveguide. In the new design, a short piece of
1168018 DIGITAL SAMPLING DSGILLOSCOPE . . . .
date: 25-NOV-97 time: 17:%55: 08 rectangular coax line is attached to the waveguide, serving
as transformer. Adjacent to the transformer, thend coax
- system of the vacuum feedthrough followsedduse now

5a0my T ™ T T ! T T + ]

on all elements are in line, it is possible to decrease the dis-

W tance between the two waveguide pair§ t@ Ay . For fab-

ricational aspects, waveguide and ridge will now be manu-

CH2 i
I M\WWWWWWM factured in one step, enabling a better reproducibility.
200mV
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Table 1: Comparison between coupling parameters
obtained at CTF and in lab at Zeuthen. Values are
normalised to channel 4 amplitude.

Also steering experiments have been carried out in or-
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