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The CEBAF sccelerator delivers a CW electron beam at
a fundamental frequency of 1497 MHz, with an average beam
curreni up to 200 A, Accurste and stable nos-iniercepting
besm current menitors are required for & number of applica-
tions. ‘These Include setup and costrol of the mccelerator,
manitoring of both beam current and beam losses for machine
protection and perscnne] eafery purposes, and providiag beam
current information 1o the experiments] users. Fundamental
frequency stainless sseel RF cavithes have been chosen for
these beam current monitors. This paper repons on & preci-
sion intercomparison between two such RF cavities, an Unser
manitor, and 1o Farsdey cups, all locsied in the injecior avea.
AL the low beam energy in the injectar, il is straightforward to
verify the high efficiency of the Faraday cups, and the Unser
mositor included a wire through it 1o permit an absobute cali-
bration. The cavity intensity mogitors have proven io be capa-
ble of stable, kigh precision monitoning of the beam curresL

I. INTRODUCTION

At CEBAF, the electron beam current is monitared at dif-
ferent locations abong the machine for severy] reasons. The
beam currest is measured at teo bocetfions in the injecior both
as % part of machine sensp and for desection of beam condstion
changes. The machine prosection and persannel safely sys-
tems rely on currest measurements in the injector to set a limit
on the amount of beam current inpel inio the rest of the ma-
chine. In sddition, the machine protection sysiem also com-
pares the beam cusrent in the imjector with the curremt
measured at the end of the aocelerator io determine and limit
beamn boss through the machine. Finally, the users in the exper-
imeatal halls are imeresied in the measurement of the beam
cusrent deliversd 1o thelr target.

In the injector, two Faradsy cups, which also act as beam
dumps, are wsed for cumment measurements. The persornel and
machine protection sysiems, which moed non-intercepling
beam current information st all Gmes during the operations,
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moadtors (BCMs) in the injector. For the current measurement
ai the end of the machine, two BCM cavities are used in con-
hl:ﬁnwﬂlﬂl!ﬂiﬂlh.'l‘hfﬂ:iﬂﬂut}-l'k
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eoutly to make Faraduy cups for high energy and beam power
uf the end of the machine.

An experiment 1o determine the calibration factor and ac-
carscy of different current mondtors was performed in the in-
jector area. In the following sections we give a briel
description of different cusment mondlors used in the experi-
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ment, explain he experimenial procedure, and prosesl our re-
subts,

II. CURRENT MONITORS

Faraday cup 1 is a 100 keV beam dump with a power limit
af 100 'W. It is a copper plug 3.17 cm long wilh a re-enirant
conical shaped cup 2.84 cm deep with 2 | cm diameter open-
ing. The re-enirant pature of the cup allows all of the beam
current 1o be collecied as loag as the beam is small and cen-
iered in the cup. Faradsy cup 2 is a 5 MeV beam dump with a
power limit of 1 KW, It is 7 cm leng with a similar re-emtrant
conical shaped cup 6 cm desp and 1.5 cm diameter opening.
The cups are waler cooled and are designed not 1o mave out of
alignment duse to heating from the beam  They can be inseried
into and pulled out of the beamline remotely from the: control
room. To kave beam on Faraday cap 2, Farsday cup | mast
be retracted; that is, the carrent cannot be measured 81 bath
cups Smultaneously.

The Unser monitor [1] & a non-inercepting. parametric
de curreni iransformer with & wids dynamic range and & nom-
inal outpsat of 4 mV per micreamp. The monitor is calibrated
by passing a known cumrent through a wire inside the beam
pipe. It requires extensive magnetic sheelding and semperature
stabilizstion 1o reduce roise and zero drifi

The beam current moadtors [2] are stainkess sizel cylin-
drical resonant cavities with @, - 1500 The power produced in
the cavity as the beam passes through it is measured using an
ri power meter, and the current can then be calculated from
measured calibration constanl.

[I. DISCRIPTION OF EXPERIMENT

The: current monktor cross calibration test was performed
in two phases

A Phare I

The first phase of the experiment wis 10 calibrate the two
Farasday cups. The output current from the Faraday cups is
ponvenied to voltage and amplified by 1 io V emplifers. Using
LABVIEW, a digital comtrolked precision current source, and
a digital voltmeter, the respomse of 1 1o V amplifiers was
msppesd fior different currents. The resules showed very good
linear response for both amplifiers.

Mext, & pulsed beam was used to scan the Faraday cups in
bath horizontsl and vertical directions, A flat platess with 3
mm and 5 mm diameter was found at the center of cups 1 and
2, respectively (see figares | and 7). Then the efficiency fac-
tor for each cup was measured by measuring a pulsed electron
beam current while biasing the cups with respect fo grownd a



Figure 2: Faraday cup 2 scan.
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Figure 3: Faraday cup current vs bias voluge

different voliages from -300 ¥ w0 +18000 V. This experiment
ghowed no significant chamge of current measured between
the biased and unblased cups when beam was centered in the
cups (see figure 3). This measurement confirms essentially
100% collection efficiency for the cups. Therefore, the 110 ¥
amplifier response curves can be used 1o determine the beam

current on the Faraday cups.

B. Phase II

In phase 01 of experiment, the Unser monitor, the BCMs
and the Farnday cups were used (o measure cw besm current
simultanecusty. A beam io i second Farsday cup has b pasi
through the location of Farsday cup 1, the Unser and bosh
BCM monitors in that order. The equivalence of the cument
signal oa both Faradsy cups, plus the absence of signals on the
beam loss monitars (photomultiplier fbes) in the region be-
tween the two cups, indicated no beam loss between the cups.
Therefore all curremt monitors would detect the same currenl.
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Figure 4: BCM1, BCM2, and Unser voltages ve. FC2 cusrent

Plotting the Unser and the BCMs signals va. the Faraday cap
2 signal and using Faraday cup 2 calibration curve gave us the
ealibration factor for the monitors (see figure 4, there are 2677
points in each plot). The dashed lines show the predicted re-
gponee of the mositor. For the BCM cavities, the predicied
lines are basad on @) . the shunt impedance as calculated us-
ing MAFIA, and cable atienuation measurements. For the Un-
ser monilaf the predicied line is based on calibration
messurement using the calibration wire imside the monior.

. ANALYSIS OF THE RESULTS

Table | shows the slope and offsets for the best fit and
predicied lines for the Unser and the BCM va.Farnday Cup 2
current. The measured slopes and offsess from beam data ob-
tained in phase 11 maich closely with predicted values. The
dais also show that the offsei valoe for the Usser was relative-
ly high and changed over time. The reason is that the Unser



monitor is very sensitive to nearby magnetic fields and day 1o
day temperature changes. However, only shope of the Unser
response is mpontant 1o us, since the offsel value can be ob-
inimed by turming the besm off amd measuring the cutput sig-
nal.

The data points for figure 4 were obiained by measune-
mest of the instsntanecus gignal from the different devices at
o rate of approximately | Hz. Table 2 lists the values of these
Auctuations for each monitor. To obtain the BOM fuctuations
independently of the beam noise, a graph of BOM 2 vs BOMI
is plotied and the best linear fit through the data is calculaied.
The percent difference between BOM 2 values and the finied
line show the level of voltage fluctuations af the BCMs. (see

Figare 5}
Table 1

Phass [ Data
(Liness Fit) Predicied resubls

| BCM1 | slope: 1.828e-4 V/puA | 1BS53ed Vipd
WP | offeer: 6136 ¥ 00 v
(MAFIA)

1.Ed5e-4 Vi
00 ¥
(MAFLA)

401263 VrpA
12e2 ¥
{Calib. wire)

BCM2
vi FC2

glape: 1.820-4 Vpa
offset: -5.16e-6 ¥

Unser

slope: 4. 11e-3 ¥/ud
wica [0

offset: L6e-2 ¥

Faraday cup 2 carrent

BOM 1 voltage
BCM 2 voltags
Unser carment

IV. CONCLUSION

This experiment has allowed us 1o cross compane: differ-
ent cumment moniloring devices st CEBAF. Wi have calibrated
our Faraday cups by measuring thedr | to W amplifier respons-
ex and demosseraied that there ks no secondary emdesion loss,
Using these resulis we established losshess transmission 1o
Faraday cup 2 and calibrated the of cavity curment monitors
and the Unser mondtor. Theae measured calibration factors
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Figure 5: BCMZ wvs BCM1 percent difference

agread well with the predicied values. The results of the study
are presently being wsed for current messuremeni and for s-
tablishing safe operating currents for personnel and machine
safety sysiems, Improvements can be made on increasing the
sccuracy and reducing the noise bevel af the moniors. The Lo
W amplifiers can be redesigned 1o reduce the moise due io in-
terference and ground loop effects. i
Another area of improvement woald be to inlegrate the
output signal of the monitors. For safety sysiem purposes, the
imtan EahecHE CUTEnt measurement is impartant and the socu-
racy ok few percent is sufficient. The experimental users of
ithe scoelerator are more imlerested in integrabsd curmen and
high accuracy. W'e are planaing to costinue research on this
subject and will use lessons leamned in fubure expenmesis.
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