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ABSTRACT Where: Vg = —knd = —knLOi o= —kL SI' P/n
is Faraday's law, I= I, , and L, ,Lg , R, C, and n,

A description is given of the extracted proton bearfepresent the single turn inductance, the total secondary
intensity monitoring system on the high intensity pulsefhductance, the total losses, the secondary load
neutron source, ISIS, at the Rutherford Appletogapacitance and the number of secondary turns.
Laboratory. The system, consisting of six resonant mode
toroidal beam current monitors, and signal conditioning
electronics, measures protons per pulse in the range
2e10-4el13 p.p.p. with good linearity, and le®wn
excellent long term stability. WALL
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1 INTRODUCTION

The non-destructive, accurate, and stable
measurement of beam intensity is an importarﬁigure 1: Equivalent circuit of beam current transformer
diagnostic requirement at particle accelerators.

Measurement systems, based on toroidal beam currentThe voltage loop equation, describing the transfer
transformers [1], where the charged particle beam, afignction of the equivalent circuit, is given by:

its image (wall) current form a single turn primary L +RIl (+Q ,/C=-kn® =-KL (| F/n
wm(_jlng, are in widespread use, and have been toﬁth the general solution of the homogeneous equation
subject of continuous development [2]. High accuracréiven by:
AC, DC, and DC to wide-band beam transformers a

now commercially available [3]. Systems can beI
configured to provide information on: the time
dependent variation of beam current (current viewing);
the instantaneous beam current (sampled); the avera 5
beam current; and the beam charge (charge per pulsg). When:- R 1 >0
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re are two important cases:

. ; n:
Processed measurements yield data on accelerator 4|_2S L.C

system efficiencies (e.g. at injection, acceleration or ) )
extraction), and beam loss. A, andA, are real, and the response is that of the simple

Accurate measurement of beam charge for beafiyTént transformer, with a time constant LJ/R, and
pulse durations in the 1e-8 to le-5 (s) range has be¥fere L=l 1”-hE|eCUOSIC Irrl]tegratlon of, IcanbprQV|de
demonstrated by systems using integrating resonapt™easure of charge, but this process can be inaccurate

mode beam transformers [4,5]. A system of this typd®' Short pulsezs.

(overdamped response)

consisting of six resonant mode tp_ro@al beam current hen: _ <0, (underdamped response)
transformers, and signal conditioning electronics, 4|_2S L.C

measures protons per pulse, in the extracted proton beam _

at ISIS P perp P i andA, are complex, and the response is that of the

resonant mode transformer, where the secondary current

charges load capacitor C during the beam pulse, and
2 THEORY OF OPERATION initiates a damped oscillation at the natural resonant

The equivalent circuit for the generalised beanfrequencyw, of the LCR network. The amplitude of the

current transformer is shown in fig.1. The pulsed beamscillation, sampled as the voltage developed across C,

current | and its image (wall) current form a single turncan beshown to be proportional to beam pulse charge.

primary winding, inducing a magnetic flux in the core This relationship is explored, without loss of generality,

and a voltage Yacross the secondary winding. Theby analysing the solution of the loop equation for a gate

high permeability toroidal core ensures tight magnetifunction beam current pulse of duration T.

coupling (k=1) between the primary and secondarWhere: L@)=1, for 0O<t<T

windings. and, L({t)=0 for t>T,



the exact solution for Mt) can be shown [5] to be given secondary winding. A nickel plated steel casing, with an
by the sum of two exponentially decaying sine functionsnternal mumetal screen provide isolation from
initiated at t=0, and at t =T, respectively, as shown interfering magnetic and electric fields. The precision
fig.2, giving: (NPO) ceramic chip, load capacitor(s) [6] are mounted
_ PR T . on a plug in printed circuit board that can be easily
Vc(t)__mo Ce [(S'n(’oot)_ (¢ sino, (t- T)sz removed for measurement purposes. The housing is
o \ o ; :
fitted with ‘quick release’ vacuum, and mounting

1 R? clamps, to facilitate efficient ‘hands on’ maintenance.
where the resonant frequencyd, = |—— —
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and for T>0, and\ < 0.0ky, the following simplified Figure 3: Beam transformer construction
equation gives a value for J{f) that is in error by

< 0.01% of the exact solution: 4 ELECTRONIC SYSTEM DESIGN
=2l . W T _aie T

V() = B %lnLae A T/z)] 5:0&)0 t—— E The important features of the signal conditioning and
n(")oC 2 2 data acquisition system ashown in fig.4. Values for

Forw,T <1, sinw,T= -|-/2 - 3-|-3/3! 23) the secondary inductanceJl.-number of turns (n), and
0 ’ 0 0 0 load capacitance (C), were chosen to give an

272
VC(t) = I’I]E;r §_ (L)OZI @e_)\(t_T/Z)] %OSUO (t_IZE ‘ BEAM LITIE AREA <— ~30m —> SHIELDED AREA <———
where the terms in brackets are due to: integration _ BUFFER AMP.
error, damping, and waveform function, respectively. e “o—|
For beam pulse durations in the range 0 < T,,,, the o g
magnitude of the corresponding integration ekof?b) REERENCE
is determined by the resonant frequengy, where: —
A (%) = @/ T°/24) 100. T
Finally, if V. is sampled at t = {{wy) + T/2), and the BEAM
beam pulse duration (T) is a constant (as is the extracted — oG
beam pulse at ISIS), the contributions from the pulse T GEN.
duration dependant terms can be combined giving:
V (t) ~ E(A) ~ &(A) DIFF.AMP  S/HOLD MCR
7 nC”’ nC Ty N v X
Where Q is the total beam pulse charge, and A is a/—* MICRO. vax &L0G.
unigue calibration constant, determined for each
channel. vk s
VAX
3 MECHANICAL DESIGN FEATURES
The mechanical construction of the resonant mode — | %Y MICRO. v
current transformer is shown in fig.3. This UHV | | |
compatible, radiation hard design, occupies a minimum o Aven Ca

beamline length, and utilises an ex-RF cavity, nickel-
zinc ferrite coref, = 180), with a 50 turn, centre tappedFigure 4: Electronic system schematic



acceptable compromise between signal amplitude,
frequency @, / 2m), integration error &), and damping
factor ). The ISIS resonant mode beam transforme
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The secondary winding outputs a balanced differentiaI%
signal, with a dynamic source impedance of ~ @0 to 0
a remote, high impedance buffer amplifier, via ~30o
metres of low capacitance coaxial cable. The
capacitance of this cable, forms part of the total load
capacitance, and is included in the calculated channel
calibration constant. The buffered, high level, low
impedance signal, is output to a remote differentidl
receiver amplifier, via ~100 metres of screened, twisted . ) )
pair cable. A delayed timing pulse, synchronised tg'€asurement of non-linearity af 0.2% for primary

beam extraction, triggers a precision sample-hold circff'@rge in the range 3e-9~ 3e-6 C. The accuracy of
that subsequently acquires and stores the transfornfdlibration was estimated to be within 0.5 % of absolute.
signal, at peak amplitude, during the first cycle of
oscillation. A schematic of the primary and secondary
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igure 6: Test circuit schematic

6 OPERATIONAL EXPERIENCE

The resonant mode beam charge monitoring system
has demonstrated excellent long term calibration
stability. The calibration factors for the six transformers

12
Vi=ki Qe Q. = L le dt have changed by £ 0.1% / year. The precision ceramic
VC chip capacitors, have been measured at regular intervals,
and show changes in value oft<0.01% year, including,
V=K. O in one case, a C(_)m_ponent that has received an estimated
Z 72~B accumulated radiation dose of between 3e5 and 5e5 Gy.

F400ns+—16 ps—

t1 t2 tSAMF’LE
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