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Toroidal charge monitors are in use at SLAC in ’ AREAS

' beam charge at 30 stations along the length of the 2- i tem used in End Station A, first installed in 1966, A

i second identical system was installed in mid-1968.

i i
two main areas: for memng the primary electron | | | A more recent development has been the sys- |
| |

mile accelerator; and for precise measurement of :
i
In these systems, the toroid operates in a resonant !
|
|

primary electron beam charge in the experimental

areas., The nominal required measurement accuracy mode such that the integral of the beam curreut is

in the machine area and in certain target areas is

obtained directly at the toroid output. This signal
+1%. In the End Station A area, however, where a

is amplified, sampled, and converted to digital
wide variety of precision scattering experiments are

performed using the 1.6, 8.0 and 20 GeV spectro~

form. The accuracy obtained is = 0.1%. The

system is described in detail in Reference 2. An

‘meters, a primary beam measurement accuracy of error analysis is given in Reference 3.
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+ 0.1% is required. The differing requirements ‘ | A variation of this system is used in the End
i i
i
i
[
|
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! have led to essentially 3 different measuring systems. | Station B area. In this application, very high

|
In the following paragraphs, the basic features t current primary beams are brought into the B Tar~

e

; of these systems will be briefly described, as well as | get Room, where 3 main secondary beams (muons,

" a new system being developed for the Storage Ring pions and kaons) are produced. In view of the high -

" (SPEAR). The general applicability of toroids to the ‘ primary currents, a measurement accuracy of + 1%
. LAMPF beam will be discussed. i | | is sufficient; hence for this application the End
(11, DPRIMARY BEAM MONITORS FOR THE Station A system was modified to include a simpler

1
| i
ACCELERATOR : 5 . A to D and a simpler readout scheme using a con~
1
!

: The toroidal charge monitors used along the ! ventional scaler. Readout of the data at a remote

. machine use a small 1 1/2"id x 3" od x 2" long ’ station is also simpler. !
!

. IV. RESONANT TOROID SYSTEM

!

DA, Theory

i The resonant toroid equivalent eircuit is shown

. toroid with 24 turns, terminated in a 50 £ resistance
- to obtain a waveform proportional to ib(’c). Integra~
“tion is performed, after ac amplification, by gating

. the signal into a 2-stage RC type of integrator, and
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in Figure 1. Here, the toroid of N turns is loaded

then sampling and buffering the peak of the integrated * with a capacitor to create a resonant circuit, which

waveshape. The nominal accuracy obtained is + 1%, is damped by the preamplifier input resistance R,

Gating spikes, pulse droop, and timing drifts all are The resultant output waveform for a rectan-

gular input pulse of width T is
I

bothersome, and fairly frequent calibrations are

necessary. The system is described in detail in
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_b .1 . _-t/2RC | _. _.T/2RC
Reference 1. It should be noted here that the method eo(t) T NC wg e sin “’ot(l € )
. of integration was essentially dictated by the need to
; +wTeT/2RCcoswt'
“use the same toroid both as an intensity monitor and o 0
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Session on Beam Measurements and Monitors, Los Alanfxos,

| s
‘as a charge monitor.
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! *Work supported by U.S. Atomic Energy Commission

il
! (Submitted to the Proceedings of the LAMPF Summer Study
New Mexico, August 9-14, 1971.)



Assume

N = 300
L = 1080 mH £, = 60tz
C = 6.55 uF

! For a maximum beam of 100 uA, 500 usec long, the

maximum undamped signal amplitude is

8 -
NC

5x 1075

— = 25 uv ,
300x6.55%X 10

6

: Thus the signal is about 1000X smaller than in the

present system, and although this signal could

4: probably be measured with a noise averaging system

to + 0. 1%, the dynamic range would be extremely
limited.
Vi. MEASURING LONG SPILL BEAMS USING
TOROIDS
The resonant system, then, appears very

limited for long-spill beams because the large L

. and C required results in low sensitivity. A more

x direct approach appears necessary.

One method of detecting a long-spill beam
envelope is shown in Figure 5, where the previous
toroid equivalent circuit is used. In the first stage,
the detected beam current is converted into a voltage
of value il () x Rl'
equal to Rl/ A, the decay time-constant L/Rin

can be made very long.

Because Rin is essentially

For example, if
L = 25 mH (N = 30 turns on the SLAC toroid)
R =10K
A=10
25x10°2 x 10°
then L,/Rin = ———154——-— = 250 msec is the

decay time constant. For a beam pulse 0.5 msec

long, this time constant is 500X the pulse length;

" hence an integration accuracy of 0. 1% should be

mize pulse droop.

achievable. The remainder of Figure 5 shows an
ac-coupled clamp arrangement for removiﬁg de off~
sets which would otherwise disturb the integrator
following. Here also, R201 >» T in order to mini~
Immediately after integration,
the signal is sampled and digitized, after which the
reset switches are actuated to restore Cl and Cz
in preparation for the next bea._m puise.

As a practical matter, the input stage in this

scheme probably requires some additional de

%stabiliza‘cion because in a voltage sense the amplifier
‘is operating open-loop. Also, the toroid will have to

be particularly well shielded against pickup. For

low-level signals where pickup is significant, a digitall
- noise averaging scheme would have the usual advan- '

- tages.

In fact, noise averaging in some form appears

“to be a very worthwhile feature for any toroid charge

3

. mounitoring scheme.

The first stage of this system has been briefly

‘tested using a Zeltex 804M1 amplifier with a gain of

10",

Although the time constant achieved was only

- 80 msec rather than the predicted 250 msec, the

principle appears valid.

A system developed by Unser4 of CERN uses

toroids of the feedback type developed by H. G.

"Hereward to monitor an extremely broad bandwidth

of signals. Such a system is being developed at SLAC

by R. Scholl for the SPEAR Storage Ring project.

‘the slow envelope of the beam current.

The basic system is shown in Figure 64. In

'this system, a dc transformer is combined with a

fast transformer in a feedback arrangement. Part

of the dc transformer is modulated by a low frequency
signal; the feedback system detects the second har-
monic of thig signal and reduces it to zero by gener-
ating a current on a separate winding in oppositioh t6
Thus a signal
appears across the feedback resistor which is directly
proportional to ib(t) . The fast beam variations
detected in the second toroid similarly appear across ‘

this resistor. The accuracy of this system should be

.of the order of £ 0,1%.

. awide range.. ____

"applications.

For charge monitoring, the output could be
simply integrated as previously suggested. However, |,
since this monitor was essentially designed to view ’
very short as well as very long pulses, it possibly
could be simplified considerably for charge monitor
VII. SUMMARY AND CONCLUSION
Toroids present certain difficulties in measuring

long-spill beams. The resonant system appears to be |

.inappropriate for such beams because of the reduced

_sensitivity at low resonant frequencies.

However, using methods such as suggested in

Figure 5, or the one developed at CERN, it appears

‘possible to obtain sensitive integration to % 0. 1% over i




scheme probably requires some additional de

i Assume

N = 300
L = 1080 mH £, = 60 Hz
C = 6,55 uF

For a maximum beam of 100 uA, 500 usec long, the

i maximum undamped signal amplitude is

5x 1075
300X 6.55X 10
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¢ Thus the signal is about 1000X smaller than in the
present system, and although this signal could
 probably be measured with a noise averaging system
. to %0.1%, the dynamic range would be extremely

i limited,

VI. MEASURING LONG SPILL BEAMS USING

TOROIDS

The resonant system, then, appears very

. limited for long=-spill beams because the large L

and C required results in low sensitivity. A more

. direct approach appears necessary.

One method of detecting a long-spill beam
envelope is shown in Figure 5, where the previous
toroid equivalent circuit is used. In the first stage,
the detected beam current is converted into a voltage
of value 11 {t) x Rl' Because Rin is essentially

equal to Ry / A, the decay time-constant L./Rin

. can be made very long.

For example, if

L = 25 mH (N = 30 turns on the SLAC toroid)
R =10K
5
A=10
25x10™° x 10°
then L/Rin = S =S = 250 msec is the

1 04
decay time constant, For a beam pulse 0.5 msec

long, this time constant is 500X the pulse length;

' hence an integration accuracy of 0. 1% should be

achievable. The remainder of Figure 5 shows an
ac-coupled clamp arrangement for removing de off-
sets which would otherwise disturb the integrator
following. Here 2lso, R201 >» T in order to mini-

mize pulse droop. Immediately after integration,

" the signal is sampled and digitized, after which the

reset switches are actuated to restore C1 and Cz

. in preparation for the next beam pulse,

As a practical matter, the input stage in this

stabilization because in a voltage sense the amplifier
is operating open-loop. Also, the toroid will have to
be particularly well shielded against pickup. For
low-level signals where pickup is significant, a digital}
noise averaging scheme would have the usual advan-
tages. In fact, noise averaging in some form appears i
to be a very worthwhile feature for any toroid charge
monitoring scheme. )

The first stage of this system has been briefly
tested using a Zeltex 804M1 amplifier with a gain of
10 . Although the time constant achieved was only
60 msec rather than the predicted 250 msec, the
principle appears valid. »

A system developed by Unser4 of CERN uses
toroids of the feedback type developed by H. G.
Hereward to monitor an extremely broad bandwidth i
of signals. Such a system is being developed at SLAC
by R. Scholl for the SPEAR Storage Ring project. ‘

The basic system is shown in Figure 64. In ‘
this system, a dc transformer is combined with a
fast transformer in a feedback arrangement, Part !
of the dec transformer is modulated by a low frequency
signal; the feedback system detects the second har- '
monic of this signal and reduces it to zero by gener- z
ating a current on a separate winding in oppositioh to !
Thus a signal '
appears across the feedback resistor which is directly ‘
proportional to 1b(t) . The fast beam variations |

the slow envelope of the beam current,

i
detected in the second toroid similarly appear across i
this resistor. The accuracy of this system should he i
of the order of % 0,1%,.

For charge monitoring, the output could be .
simply integrated as previously suggested. However, ;
since this monitor was essentially designed to view ‘
very short as well as very long pulses, it possibly
could be simplified considerably for charge monitor
applications. '

VII. SUMMARY AND CONCLUSION :

Toroids present certain difficulties in measuring?

long-spill beams. The resonant system appears to be

inappropriate for such beams because of the reduced ?

sensitivity at low resonant frequencies.
However, using methods such as suggested in
Figure 5, or the one developed at CERN, it appears

|
possible to obtain sensitive integration to + 0. 1% over %

a wide range.




Using the SLAC system as a model, toroids

should be capable of measuring charge to = 0.1%
down to at least 1 uA peak of the 500 usec LAMPF

beam,
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