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Abstract 3 OPERATION PRINCIPLE

For the beam based alignment procedure at the TESLA Test
Facility Free Electron Laser (TTF FEL) a high precisionThe operation principle of the waveguide BPM is based on
beam position monitor (BPM) system has been developdte coupling to the electromagnetic field co—propagating
and tested. The operation principle of the BPM is basedith the electron beam providing a high resolution and
on waveguides coupling through small slots to the beamon—destructive position measurement. A fractional part
field. Tests in laboratory as well as under beam conditiorsf the beam field is decoupled through four slots arranged
have proven the functionality of the design. Ten BPMs wilsymmetrically around the beam pipe. Special T-ridged
be in operation for the next run of the TTF FEL startingwaveguides were used to reduce the waveguide size and to
in July 2000. This papers describes the system design aeadhance the coupling. Because of the limited space, each
first measurements under beam at the TTF FEL. BPM unit is split into two symmetric pairs, separated by
3/2 undulator wavelength in beam direction. At the end
of each waveguide, a coaxial adapter is flange—mounted to
1 INTRODUCTION the beam chamber. The cutoff frequency of the waveguide

The E - L FEL he TESLA Test F ,Iis at9 GHz, the working frequency of the first element of
The Free Electron Laser (FEL) at the est Faclline signal processing electronicslatGHz. Fig.1 shows a
ity (TTF) [1] is based on the so-called SASE (Self AM-c -hematic sketch of one BPM unit

plified Spontaneous Emission) principle [2] in which the
spontaneous undulator radiation is strongly enhanced due
to the interaction between the radiation field and the elec-
tron beam in the undulator. The SASE process imposes
strong requirements not only on the electron beam quality
but also on the overlap between the electron beam and thA—I
ton field during the passage of the electron beam through
the undulator. Simulations showed that the mean variation
between photon path and electron trajectory must be kept
under a level oAz = 10 um in order to reach saturation

in the undulator [3]. This requirement can only be fulfilled
with a beam based alignment (BBA) procedure based on
dispersion free steering for the electron beam [4]. Since
this procedure needs relative orbit measurements with very
high precision at several points along the undulator beam-
line a beam position monitor system coping with the sys- z
tem related limitations was developed for this purpose [5].
Simulations of the BBA showed that the relative resolution
of the BPMs should not exceéd = 2 um in order to keep
the maximum deviation under the limit &fz = 10 um [6].
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As mentioned above the SASE process imposes strong re-
guirements on the electron beam quality, especially on the
phase space density of the electron bunches. In conse-
guence only a non—destructive measurement technique is
possible. Furthermore the BPM has to be an integral part
of the undulator vacuum chamber in order to satisfy the re-

guirements [7]
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Figure 1: One BPM unit with four channels.
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4 MEASUREMENTS

RF STAGE UHF STAGE ADC STAGE
4.1 AT THE SBTF — > ]
For steering measurements at the SBTF (S-Band Test Facil, e o et § ADC
ity) the signals coming from a prototype BPM were down—s«sﬁf >0 g
converted in one step frof2 GHz to DC using a mixer. s 1 > °
The reference signal a2 GHz with constant amplitude WGHZ  vATIC -
and phase stable to the beam was derived from the 4th har- AN L 1one

monic of the accelerating frequen®.49 GHz) visible in

the spectrum induced in a stripline type BPM in the beanFigure 3: Signal processing electronics for one BPM chan-
line of the SBTF. The BPM was moved transversely to thgel.

beam direction by a stepping motor and induced signals

were detected with an oscilloscope. After that the beam pfown tol GHz by a local oscillator (LO) at1 GHz. The
sition was determined by means of an algorithm developgBain part of the electronics is the UHF stage which con-
for a beam based calibration technique [8]. In Fig.2 recorfists of two balanced mixers and two hybrids. ThéHz
structed beam positions are plotted versus set beam pogignal from the RF stage is introduced to two mixers in

tions with the stepping motor. The BPM system is capa?hase and the signal of the 2nd LO through a quadrature
hybrid; the outputs at the intermediate frequency (IF) are

SBTF MEASUREMENTS in phase quadrature. This results in a coordinate system
‘ ‘ | | ‘ where the vector of the output signals with the two com-

2t 1 ponentsV;(t) andV,(t) rotates with the IF frequency. The

induced voltage for any BPM channel can then be calcu-

lated asVen = 4/Vi> + V2. In Fig.4 measurements of

this vector at different phases (for 200 orbits) for one BPM
are plotted. As it can be seen, the signal is noisy resulting

MEASURED POSITION [mm]
o
T
Il

_2 | i 03 (‘DHAI\;NEL‘A ‘ ‘ 1 03f (‘:HAN‘NEL‘C ‘
? 02 gl R R 1 oz2r T e
3 | | | | | 01f * Va .':i 1 oaf ): Ve .'."‘,
3 2 -1 0 1 2 3 LoE / I / %
SET POSITION [mm] |1 S i ¥
0.1 " >}f/{< 01f N R
. 02l .".'-.~-~v.;.v.-'~.’- a, 1 02l "'"'.-',,. e ,v-"'":'
Figure 2. Results from prototype measurements at theE oal | ol
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ble to measure beam positions to an offset@fmm with @ | o} 7T L o)
high precision. During this measurement we were limited orf i V o oap
by the granularity of the internal ADC of the oscilloscope. or 4 So1of
For operation at the TTF FEL an ADC was developed for [ *, I
optimum pulse response with minimum distortion with a [ ™ _...% ] %
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Down conversion as realized at the SBTF requires a refefFigure 4: Polar plots of th¥; andV, signals for all chan-
ence signal at 12 GHz which is phase stable to the beaf|s of one BPM.

signal. Any jitter or oscillation in the reference signal

will cause oscillations in the amplitude of the output signain a low signal to noise rati®4 /oy limiting the relative
strongly limiting the relative resolution of the BPM. With resolution of the BPM tédz = 100um. From the induced
IQ—Mixing (or Quadrature IF Mixing) a technique is avail- voltages beam positions for the 200 orbits were calculated.
able which provides the opportunity to process signals #&tig.5 shows the results for the horizontal and vertical direc-
high frequencies without the necessity of a beam relatdbn. Since the jitter of the electron beam was in the order
reference signal. Therefore this technique has been used+20 um [9] the main effect spoiling the resolution is
for a receiver of Waveguide BPM signals at the TTF FELnoise created in the electronics. This is due to an improper
In Fig.3 the receiver for one BPM channel is sketched. lehoice of an element in the demodulation stage. This prob-
total, 40 channels were build and installed and are now utem is encountered by a re-design of this part and will be
der tests with beam. The BPM signal is at first filtered atested during the next run of TTF FEL in July 2000.

12 GHz and then amplified by 11 dB before it is mixed The dynamic range of the electronics was also tested.

1748 Proceedings of EPAC 2000, Vienna, Austria



25 T T T

MEAN = 280 um
STD =90 um
20 -

ENTRIES

VERTICAL

6 CONCLUSION

Measurements under beam conditions proved the function-
ality of the Waveguide BPM and the capability to mea-
sure relative beam offsets with high resolution in a region
+2 mm of the center of the beam pipe. For the electron-
ics a re—design of the last element is necessary to maintain
the high signal to noise ratio from the first elements of the
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Figure 5: Measured positions for 200 orbits using a roughly
centered beam with.7 nC bunch charge.

[3]
Fig.6 shows the sum of all channels of one BPM versus a

reference measurement with a bunch charge monitor. The
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Figure 6: Sum signal of one BPM for different bunch
charge levels.

dynamic range of the BPM electronics meets the require-
ments for FEL operation, namely being linear for bunch
charges in the range frofnl to 1.0 nC.

5 FUTURE ISSUES

After the completion of the electronics for all BPM units
calibration measurements will be accomplished in order to
allow relative position measurements with a resolution in
the order obz = 1 um.
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electronics chain.
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