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Abstract z,=m
I
A beam position monitor using @axial reentrant RF and the dipolar constant L is defined by:

cavity has beewesigned andested. Mainadvantages are Up-Ug Uy-Uy
the small size, the high precision, excellent linearity, and X = Lm y= Lm.
the broadbandoperation. Themeasuredesolution is 10 1 %3 274

expectedesolution is 700 nm for the higburrent beam e
of TTE. sensitivity is

s=2-t,
1 INTRODUCTION L

High resolution beam position monitors (BPM) will be 3 FABRICATION OF THE CAVITY
neededfor the future linear collidersLarge band-widths
will also be important tooperatefast feedbacksystems. The BPM precision at room and cryogetémperatures
We have designed and tested BRhF (Tesla Test Facility) (cooling without deformation) relies on the axial
a broadbandBPM which can also beoperated at liquid symmetry obtained by machining the cavity with a lathe.
helium temperature. The beam piperadius is 78 mm and the gap of the
The TTF superconductindinac at DESY is now in reentrantcavity is 8 mm. A demountablecavity was
operation with a low charge injector delivering bunches gibricated(figure 1) andsevere tolerances were applied on
216 MHz. In the next step an RF gun wpHovidehigh  the radii and the perpendicularity of the assembdindace

charge(8 nC) bunches at thérequency of1 MHz. The (2/100). The concentricity of the cavity walls actually
BPM is suited to both operating modes. In the feaée measured on the cavity is better tharpag.

the tests have shown a resolution gfi®. In thesecond

case a resolution of Oy is expected. Coupe AA _31

2 PRINCIPLE OF THE BROADBAND
BPM WITH A REENTRANT CAVITY

A reentrant cavity (fig.1) has a small siaedthe broad
band iswell adapted tothe measurement of higtharge
short-bunchedbeams, such as they will be ifuture
colliders [1]. The beam coupling impedance is
advantageously weak. The measureméetjuency is
chosen well below the monopole (TEMnd dipole
(TEO11) modes ofthe cavity, and below the cut off
frequency ¢ of the dipole TE1 mode of the cavity Figure 1: BPM cavity

considered as aoaxial transmission line (table 1). The The feedthrough have a standing wave ratio belldd2
beam excites an "evanescentfEO11l mode [2], in at 650 MHz. They ensure vacuuightnessbetween the

proportion of itsdisplacement offaxis, damped towards |inac 1011 vacuum and the K helium bath. Toachieve

the bottom of thereentrant cavity. The energy is proadband operation treavity is stronglyovercoupled by
concentrated irthe gapwhere the antennae are Iocated.ﬁxing the antenna tips to the inndiameter ofthe cavity.
The higherordermodesare dampedmuch more strongly The external Q factor is about 4.

so their contribution is negligiblandthe linearity of the

measurement is ensured.
If U1, Ug, U3, and W are the voltagesduced oneach 4 RF MEASUREMENTS OF THE

antenna, i the voltageinduced bythe monopolamode CAVITY ALONE

on eachantenna, | the beam current,axd y the beam

displacements from the axis, then thansferimpedance = The transmissions between two oppositennaehave
is defined by: beenmeasuredvith a network analyser fdwo positions

of the antennae: pullecbut or fully pushed. The first
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position (resonantmode) is used tospot the precise
resonance frequencies and the secondlmeadband mode)
to visualize thebandwidthreally used in the operation
mode (figure 2 and table 1).
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6 CALIBRATION ON A TEST BENCH

A test bench has beassembled to calibratae BPM
without beam, at room temperature. The beam
simulated by a moveable rod. The cw Rpower
equivalent to the beam current is injectedthrough

is

transition cones as shown on figure 11. thaees have a
reflection coefficient of 0.25.

figure 4: Test bench for the BPM cavity and electronics

The characteristicaneasuredwvith a network analyser
are comparedvith the theoretical values in table 1. The
linearity is shown in fig. 5. The noiseneasured is

Fig. 2: Cavity transmission, broadband(1) and resonant(39 MV for a 4 V/imm signal, so the resolution igi8.

5 SIGNAL PROCESSING

A 180° hybrid junction is connected to eacpair of
opposite antennae, yieldingdirectly the sumand
differenceRF voltages proportional to the beararrent
and position. These RF signals are then filtered,
amplified, and demodulatedwith a superheterodyne
reception. Toachieve a good balance betwedba 4 ports

the hybrid coupler iplaced in abox as close as possible
to the cavity.And a "perpendicular balance" is done: AZ

referencesignal is input through the horizontahtennae
while attenuator@ndphase shifterare adjusted to cancel
the vertical power output.

BEAM POSITION CALIBRATION DETECTOR SIGNAL PROCESSING

MONITOR

By

¥
' OUTPUT

H 24
RYBRID
COUPLER

v s,

LIMITING
AMPLIFIER

Al EBRAT O]

BOX

10.0
linear regression coefficient = 0.99996 /

< 50 /
o
g
T>3 0.0 o
8 e
8 e

-5.0

-10.0

-3.0 2.0 -1.0 0.0 1.0 2.0 3.0

rod position (mm)

Fig.5: BPM test on bench
The precisionafter calibration is given in table 2.
Micrometric shifters should beused to evaluate the
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figure 3: BPM electronics
The acquisitionboardyields analogoutput for noise

measurementanddigitized 14bit output for the control

system. The software used is EPICS.

relative precision better.
= Table 1 (measurement frequency = 0.650 GHz)
calculated measured
fc (GH2) 1.0
f TEM (GHz) 1.24 1.20
f TEO1l (GH2) 1.7 1.658
[Bea FosTTION MoNTTOR | Zt Q) 6.2 8
o sy L (mm) 37.5
S (mV/mm/mA) 0.331 0.26
Table 2

absolute precision 0.2mm
relative precision <50m
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with a time response widtfitting inside the 1us bunch
7 MEASUREMENTS WITH THE TTF separation. A comparison with theurrent of the
BEAM injector #1 shows that dactor 12 is gained on the
sensitivity. As the noise level will banchanged (since
One BPM has been tested insithee capture cavity the same electronicare kept except for amodified
cryostat at 2 K and the other at room temperature. acquisition card) the resolution will be: §im /12 =
a) Absolute precisiol: The BPM errolppmand the 700 nm.
alignment errof\g|ign give:
A =AppmtAalign = 0.2 mm + 0.1 mm = 0.3 mm.
b) Beam current measurementThe beam current is
measuredetween0.1 mA and8 mA. By adding ahigh
Igain pri%rgplf)er the cljarkbcurrent emi(tjted by the cavity (g5,
ow as nA) can also be measured.
¢) Resolution The measured noise #) mV when the the %I:]NItr\]léa?g;?: S-ll-gg? ggcﬁizjsttht;erécglw(o{lagg)d at

RF amplifier is 54dB and the video amplifier has a gain 6f K and at300 K; the beam position imeasured in the
100. With the5 V/mm BPM calibration for abeam ranges 0 tol mm, and 1 mm to 10 mm;the beam
current of 8 mA this leads to a resolution pi& currentand the dark current can be measuretihe pass-

e) Linearity: The x and y beam displacement&ere pand is 4 MHz due to the RF filter chosen. The
measuredwith an 8 mA, 35ps, 10 Hz beam while acquisition time is Jus. The resolution (at lovibunch
horizontal and vertical steerers were varied. The steerersfrge) is §m.

1513 m upstream. Their linearity is such that p) Plansfor injector2 (high bunchcharge8 nC)

9 CONCLUSION

a) Resultsof the tests(low bunchcharge)
The axial symmetry of the RF cavigflowed ahigh
ication precision (2/10gndthe absolute precision of

Oxllsteerer 2.188mm/A  with a precision  of By modifying slightly the acquisitiosard (changing
.002 mm/A over therange-4V, +4V. (The DC power the sample-and-hold amplifier) the BPM is presently being
supplies are stabilised to -f:g) adapted tothe high charge 1 MHz bunches of the
injector #2. The resolution will be700 nm if nothing
50 else is changed (same RF amplifier, same RF filter).

c) New technicaldevelopments

Changing the RF amplifier to a low noise amplifier
and broadening the pass-band of the RF filter floiMHz
to 20 MHz will increase the resolution in the case of high
bunchchargebeams. A resolution of 100 nm should be
obtained at 8 nC bunch charge.

d) New applications

It is possible to use the BPM without thpesent
electronics (4 MHzand-width) andenefit from thereal
bandwidth ofthe BPM cavityand hybrid coupler (about
200 MHz) if a degradedresolution (aboutlO0pm) is
acceptedThis is presentliytested to measurthe HOM
50, 70 00 m 20 impedances othe TTF 9-cell superconductingcavities.

steering coil current (A) Resonances due to the HOM are excited by an offset of the
beamposition and amodulation of the beansurrent at

Figure 6: Measurement of the TTF beam position  frequencies from 3MHz to 100 MHz. The growth of the

The linearity in y is observed with a regressimefficient €SOnances insidée 35us bunch train isbservedwith

of R = 0.9996 (fig. 6). In that example a fluctuation of 2" 0scilloscope and a spectrum analyser.

the beam position iseenwith a standarddeviation of An other application is to build a new acquisition
150um, about 5% of the beam size. board with flash components. In that case the BiRddld

have a 25ns measureméime andcould be inserted in a
fast position feedback loop.

0.0

beam position (mm)

8 EXPECTED RESOLUTION IN THE
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The short bunch signal idtered atthe output of the
hybrid coupler. Bessel filters afrder 7have been chosen
as theyhavethe lessdistortedtime-domain response and
shortest rise time. Thd MHz bandwidth Bessel filter
entirely determinesthe time response of thelectronic
chain. Thel0 ps bunch can beconsidered as a Dirac
impulse and the input current is: I,,JA]=8x10°x3(t).
Calculating the outputurrentfrom the transfer function
of the filter we find an envelope amplitude of 8%IQ
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