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Abstract It should be mentioned that

% the relationbetweenthe beam

Bunch lengths between 3and 12 mm have been currenti,_ and the fractiom of it

measuredoutinely in LEP in 1997 with a small f¥m that couples with theslectrode
diameter)button electrode. The measurement method is follows from the geometry:
based orthe spectral analysis of tleectrodesignal and i/i, = d/2mA. The electrode is a

relies on the f_act that the transfer function of the complete , reference current source and delivers:
set-up, including the signal cablean be computethther | - ¥- orbit

exactly thus eliminating thaeedfor external calibration. . dg . _
The information of beam intensity igcovered as a by- o=~ it +at)-i(t)- @)
product. It provides an interesting internal validation dfigure 1 : Geometry of
the measurement by comparison with the normal intensibytton electrode
measurement. The system has besed to detecsubtle
but real bunch length changes with bunch intensitych
can be attributed to the inductiw@pedance inLEP. A
value for the imaginary (inductive) longitudinahpedance it
is derivedfrom the observations. An indication for the i.(0,t) = |(w)(ejw(t+m) _ejax) =2jl singeJT (4)
resistive part of the impedance is given as well. 2

The currents canlso be
expressed as :

i(,t) = N(w)e™ 3)

The current ie flows

1 INTRODUCTION J_ through aRC parallel
ie C_|- R Y, circuit as shown in

Bunches inLEP areshort (afew mm) and Gaussian. Fig. 2 andproduces a
The Gaussian time profile alsproduces aGaussian voltage V. The
frequencyspectrum. Theransferfunction of anelectro- transfer impedance is
magnetic observation system will distort thleare Figure 2 : Equivalent diagram defined as:
spectrum of the bunch. If th&ansfer function of the of button electrode.
elementsbetweenthe beamandfinal observation station o 2jrsin%
are known with sufficient accuracy, then the bare spectrumZ _V_i. R gz=¢2?2 a 2
can be recovered from the measured one and the i, iy 1t jor 2mA 1+ jor
determination of the bunch length is trivial. The LEP
bunch length measurement consists of a butlentrode,
a transmission cable, a spectruanalyser and an
acquisition system. Thiansferfunction and performance
limitations will be discussed in following sections.

)

whereR = 50 Q, theload impedanceC the capacitance,
T = RC the low frequencytime constant,At = rd/4c is

the transit time for th¢round) electrode and the speed

of light.
2 TRANSFER FUNCTION OF BUTTON For low frequencies @At/2 <<1) this reduces to the
ELECTRODE standard low frequency formula
The beam monitor in LEP is an electrostdiigtton z:iﬂ ja-)r =7, j@r . (6)
electrode. The properties can be derived from the geometry 2mA C 1+ jawr 1+ jor

sketched inFig. 1. The half aperture A=45 mm. The
capacitance of the electrodedsThe transfer function can 3 THE SIGNAL TRANSMISSION
be computed as follows. CABLE

The charge collected on the electrode is :

The attenuation of acable is the sum of two
components. The first one maused bythe skin effect
which follows asquareroot law with frequency and the
second one is caused by the losses indtakectric which
increases linearlyvith frequency.The general expression
for the attenuation constant can be written as :

t+At

q= [idt- @

a =Agyin + A gigectric (")
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wherea and b arethe radii of the innerand outer
conductor,v is the signal velocity in the cablg, the

resistivity of theconductorandg a geometrical factor.

The factor g=1 for smooth coaxial cablesut becomes
1.1 for the aiffilled cablethat isused inLEP since the
outer conductor is undulated.

w
A gigectric = _2_Ct95’

©)

wheretgd is the lossfactor of the dielectric. Taken
into account that only 1/6 of theablelength isoccupied
by solid insulation (the rest iair) we findtgd =0.00014.

The measurement donewith a HP8563Aspectrum
analyser. The output signal is given by :

1o,
V(w) = Z1/24fTe 2@‘%@2, (12)
whereAf= 2 MHz is the bandwidthused, g, the bunch
length, | the total beamcurrentand T the revolution
period. Since thedata are available in dB it is
straightforward to subtract logarithmically theransfer
impedanceand the operational constants. Fitting a
Gaussian (which in fact is a linear fit when ttiata are
displayed agunction of frequency) then yieldsl and g,
(Fig.4). The value of is formally only correctwhen the
beam iscentered inthe pick-upbody and is indeed at a

It was found that these values remain trustworthy up télistanceA from the electrode.

9..10GHz.The equivalent length of theable , including

the final 1.6 m flexible connection to the spectrum
analyser, id= 95 m. All elements in themeasurement
chainare now defined andthe transfer impedance can be

computed and is shown in Fig. 3:

Zt - ig ](A)T e(a§<\n+ud\eieclric)l ) (10)
2mA C 1+ jowr
Q 0.06
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Figure 3 : Transfer impedance of button electrode and
transmission cable.

4 MEASUREMENT

log(datg
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Figure 4 : Gaussian plot lng/frequenc¥coordinates.

5 LIMITATIONS

The first limit is related tothe signal to noise ratio.
The noise level of thanalysemused inLEP is -70dBV
(320 uV) averaged over the operational frequency range in
a bandwidth of 2MHz. That correspondswith a noise
figure of 48 dB of which 10 dB are due to arinput
attenuator that iswitched inwith the option ofremote
control. The most critical part of the spectrummisar 10
GHz. For a 10mm long bunch at least 200A total
beam current isequired tomake a proper measurement.
Shorter bunches can be measured with less intensity.

The expression for the transfienpedance iknown to
be wrong for a certain number fséquencybands. First
there is a structure resonancesdd GHz [1]. Then three
otherbands have been identified at 8.5 and 9.2 GHz
They correspond to longitudinal and transverse reflections
in the air-filled cablecaused bythe fact that the insulator
is not continuous.These frequency bands havebeen
excluded from the analysis.

The finite sample lengtttausesfluctuations in the
spectrum which arattenuated byaveraging. It turns out
that the resolution obeys the following simple scaling
law: (do,. 0)~1.4 mm.

6 RESULTS OBTAINED WITH THE
SYSTEM

It was noticed duringthe LEP physics runs that the
bunch length decreased with decreasing bunch current. The
effect is small but significant. A number oflata were
collected mainly aP1.5 GeV/cand areshown in Fig. 5.

The measured synchrotron tune was 0.117 except in 3
cases where iwas 0.112, 0.112and 0.114. A small
correction onthe measuredunch length waspplied for

these cases in order to keep the parameter space consistent.
Therf frequency shift was 128z, hencel =1.58.
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Figure 5:Bunchlength as a function of singlbunch
intensity at 91.5GeV/c comparedwith expectedvalues
when Imag(Z/n¥0.2 Q.

The computed bunch length fegrointensity is 11.45
mm. The computedbunch lengthdependence obunch
intensity wasfound asfollows. A longitudinalinductive
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Figure 6 : Computednd measurethunch length at 22
GeVlc.

The measurement confirms that the inductive part of

Z/n = 0.2 Q. This value agreeswell with transverse
detuning measurementsLongitudinal turbulence is
provoked by the resistive part 8. The threshold can be

impedance produceslangitudinal defocusing force. That \yritten as :

force lengthens the bunch which wilecrease ints turn

the defocusingforce,...The equilibrium bunch length can
be foundwith an iterative process. The unknown in that

computation is theffective inductive impedancgeen by
the basic longitudinal dipole mode of the bunchvékie
was chosen with triadnd error such that theslope of the

computedand measured impedance watgout the same.

This procedure yieldedmagZ/n)= 0.2 Q. The computed
curves for0.15Q and 0.25Q are shown as well for
comparison. The systematidifference between the
measured and computed bunch length is rtihvor ~6%.
A possible explanation may be the fact thatlthes-factor

of the dielectric of the signal cable is ~10% lower than tl

value that was actually taken. Publistdata, only valid
for frequencieselow ~5GHz, yield~1.6 10 for this
quantity. Reducingthis to 1.4 10* (seesection 3) is
sufficient to eliminate this (smalljliscrepancy insome
circumstances bearing in mind that fireguencyrange of
the measurement extenftem 4 to 10 Ghz A slight
dependance d§d on frequency may not be excluded.

Similar observations with the same conclusiovese
done at 65GeV/c A more interestingcase isshown in
Fig. 6 which refers to data taken at @2V/cat very low
bunch currents. The bunch length tomputed for
ImagZ/n)=0.2Q. The synchrotron frequency wgs=0.12
andJ=1.

0(z/n)i :%(hQas)z, (12)

whereV is this time the accelerating voltagadh the
harmonic number. That conditioran also beexpressed
as follows:

hv o1

0(z/n) = TomORO L (13)

Assuming that this threshold was reached atptbiat
where the accumulation in the buncéaturated i(=220
UA) we findReal(Z/n)=0.07Q.
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