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Abstract azimuthal magnetic induction of the beanrrentlinks a

_ _ twenty-turn coil aroundthe toroid core, giving a 1:20
The current profile along the 126 ns, multi-buri@®@m g onsformer ratio.  The core of cobalt/molybdenum
pulse in the Next Linear Collider Teshcceleralor ,marphous alloy ribboninterleaved with  nickelfiron
(NLCTA) is monitored with fast toroids (rise time ~1 ns)¢ystajline alloy wasdesigned to optimize frequency
Inserted at severglositions along the bearine, they | o5nonse (~1ns rise timend suppress ringing. Fifty
allow us totrack currenttransmission as a function of jp, s of resistance ismbeddedvithin the toroid and an
position glong_ the bunch tra_in. Various measurement§yia connector on the outer wall allows for sigmitk-
such as rise time, current, widémdslope,are made on ,  The basic circuit is illustrated in Figure 1 below.

the digitized signals, which can be corrected in software R{nen connected to an oscilloscope with5Bnpedance

means of storetrequencyresponse files. Theesign and ¢ (ransformer yields a nominal signal amplitude of

implementation of these devices is described. | 1 1 it
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The Next Linear Collider Testccelerator [1] at
SLAC runs with an electron beabunched athe X-band 20 turns
frequency of11.424 GHz. A single pulse of ~126 ns
duration contains a train of over400 bunches. This |
bunch train must be brought intact through thjector beam
[2], a phasespacetailoring chicane,and the accelerator
proper, into aspectrometeand beam dump. Abeam
loading compensation scheme [3] ised to achieve
uniform acceleration in the structures, minimiziegergy
variation along the pulse as it travels through stesring
and focusing lattice.

As part of the beam instrumentation system of th
NLCTA, six current monitoring toroids are incorporated at . HOUSING
various locations along the beam line. These supplement '
the current information available from an insertable In orderfor the transformer to "see" met current
faraday cup and a series of beam position monitors. ~ Passing through its center, the wallrrentimaging the

While the latter are more numerous, theurrent Ccharged particle beamust bediverted aroundhe outside
transmissiordata acquiredrom them consists of scalar ©Of the device. The beam pipe sectioand aluminum
value reﬂecting 0n|y the Charge density at Mingedge housing on whickand inwhich the toroid is installed to
of the long beam pulse. The toroid pickups allow us tachievethis end areshown in Figure 2 in a partly
view the temporal structure of the beam current (above tHisassembled view.
bunching scale). By comparing signals different The electrical continuity of the beam pipe is thus
locations, for example before and after the chicane, we dferrupted by arinch-long insulatingceramicgap. A
determine not only where waight be losingcurrent but thin coating of kovar deposited on the inserface of the
also from which part of the bunch train it is beilugt. Ceramic provides dinite conductivity to bleed off any
This is crucial as we test our beam loading compensatibHild-up of charge deposited bthe beam. Thexdges of

léigure 1. Circuit diagram for fast toroid current monitor.

scheme. the ceramic are metalizegnd brazed tdhe beam pipe to
maintain vacuum integrity,and a small bellows is
[I. TRANSFORMER included to either side of the gap to relieve stress.

Around this structure, a mechanicallgngineered
aluminum shell isassembledvhich supports theoroid
and provides a conductingath for the wall current. The
housing clamps to the steel beam pipe josyondeach
bellows. An inner cylinder is brought into contacbund

The heart of our beam curremionitoring system is
the toroidal Fast Currentransformer manufactured by
Bergoz (01170 Crozet, France). Developed in
collaboration with Klaus Unser at CERN, ttdsvice was

designed specifically foviewing chargedparticle bunches the toroid,and anouter cylinder encloses some cabling,

in accelerators. The "rad-hard" model use has aimner . .
diameter of 1.1", slightly larger than our beam pipe. T supports two gable connectorand .prowdes r|g|d|ty.
o ' h§pr|ng-loaded pins suspend the toraidundthe ceramic.
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The transformersignal is brought through théner ceramic
cylinder to an SM-to-type N adapter inthe outershell.

pickup

coax 9ap fast toroid

To the other type Nconnector issoldered aflat wire adapter BNC
looping beween the toroid and the vacuum chamber. This
can be pulsed to verify the operability of tlearrent
monitor.
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Figure 3. Beam currentmonitor test and calibration
setup.

An HP 8510CNetwork Analyzerconnected between
one portandthe pickup, with aload onthe other port,
showed the response function of the current transformer to
be fairly flat out to about 1.3 GHayhere it dropff 15
dB. This is consistent with thenanufacturer'sise time
specification.

A variable widthpulse generatorand anoscilloscope
were also used tostudy thedevice. Filling the cavity
formed aroundthe bellows with microwave absorber
reducedthe ringing from sharp pulses, but it was not
Figure 2. Toroid andhousing installed on a beam pipecon_sic.ieredsu_itabIe for permanent inclusi_on in a high
section with one quadrant of the housing removed. radiationenvironment. What watund to improve the

worst of ourcurrent monitors was thesanding down of
IV. READOUT spacers and application of silver paint to Huges of the

o ) ) inner cylinder halves to assure good electrical contact
The fast toroid signalare carried bytow-loss heliax  patwveen them.

cables out from the accelerator enclosure to a maek the To remove, asfar as possible, any remaining

klystron gallery. There thegrefed through a highband- jherfection in their responseach ofour beamcurrent
width multiplexer into a 250 MHz (figasample/second) onitors was calibrated in the following way.

Hewlett Packa_rd1428a Digitizing Oscillosc_ope in a VXl Electrical pulses were sent along ttenter conductor
crate. These instruments are controlled witrermatbedded, to simulate arelectron beam. The transmitted pulses

HPUX, multi-user processor, which isetworked t0 @ (egsentially identical to the input pulses) and toroid pickup
ter_mlnal in the NLCTA control room. _The SCOpe IS Njgnals were recorded simultaneously with ourtwo-
using an external trigger synched with  the beam. .nanne| digitizing scope. The Fourier transform of the

Software  routines  written with HP  VEEVisual  |ater waveform could then be divided by that of the former
Engineering  Environment)  graphical ~ programming, give ys the effect of the device on the true signal.

language are usedfor sending commands, receiving ~pgecausghe Fourier transform of aquarepulse has
digitized data, signal processing and display. nodes atintervals of the inverse width, aesponse
function generatedfrom a single such pulseields
V. CALIBRATION spurious noise (division by nearlgero) at these
In an initial test of our toroid assembly in the SLOrequencies. Attempts to correct apulse of adifferent
linac, the signal displayed significant ringing. This seemsidth with such a functiorcausesgross distortions. It
to have beerdue to capacitanceand inductance in the was thus necessary to use many pulses of vaviiths
circuit formed by our housing. Tofurther study its for each calibration, generally about fifteen ranging from 1
responseand try to amelioratethis effect, we fitted the ns to greater than a microsecond. The digitized waveforms
currentmonitor with an aluminunrod center conductor were eight microseconds long, yielding a spacing.4R5
supported betweenspecially designed coaxial cable MHz in our frequency spectra. TH&T's of the through
adapters, as shown in Figure 3. signalsandthose of the toroid signalaere addedbefore
dividing the two sums.
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The resulting response functiongrethenstored in aboveFFT correction to be appliedyut alsoperforms a
files. For any signah(t) recorded bythe beamcurrent number of useful measurements on the pulséhese
monitor, a corrected signal f(t) could thereafter be include beam curreramplitude, pulse width, rise time,
obtained with the stored fil&(w) from the relationship  fall time, slope of the pulse top, rms variatiacross the

B OFFT{h(t)} O pulse top from a linear fitand integrated charge in the
f(t)=IFFT
0 Gw [ pulse. These measurements can Isent to the
CORRELATIONS PLOT program in our control system
and correlated with other variables.

The waveforms and measurement resailés displayed
on a convenient user interface panel. We rcamin one-
shot or "live" mode. In the latter mode, tkereen is
updatedautomaticallyevery few seconds (includinggme
for data processing). Afeedback loop adjusts the
ggcilloscope range according tothe measured signal
amplitude, and the two scope channels allow us to
monitor two beanturrentsignals simultaneously on the
same display. Figure 4 shows our display panel with
toroids beforeand after the chicane indicatingbout 77%
beam transmission.

For greater speed, it isometimespreferable to run
our current monitors without implementing this
correction. A scalar factor, alsdeterminedwith our
coaxial setup, is thensed toconvert output voltage to
axial current. A typicakffect of using the fast Fourier
transform correction is to decrease a ~7 nstime to ~6
ns. Signaldroop isnot significant for our pulse length.
We measured the L/R time constant of the toroid to be
large as 35 microseconds.

It should benoted that the performance of these
current transformers deteriorates drastically igh
magnetic fields (>~500 guass). In our injecwhere the
focusing solenoidield reacheswo kilogauss, wehad to

it h 1 i -1 )
substitute a homemade, 100 turn toroid on a G-10 core VIll. REFERENCES
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signal processing we'vencodechot only allows for the
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Figure 4. Current monitor two-signal live display panel.
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