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A. P. Freyberger,
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA

Abstract

Large dynamic range (Peak /Noise > 10°) beam pro-
file measurements are routinely performed in the Hall-B
beamline at Jefferson Lab. These measurements are made
with a 1 to 10nA electron beam current with energies be-
tween 1 to 6 GeV. The electron beam scatters off of athin
W or Fe wire and the scattered particle/shower is detected
via scintillation or Cerenkov light several meters down-
stream of thewire. Thisreport describesresults onincreas-
ing the dynamic range by using multiple wires of vary-
ing diameters. Profile measurements with this large dy-
namic range are of use for accelerators with large amount
of stored energy (e.g. energy recovering linacs [ERL])
where small beam loss represents a significant amount of
beam power. Results on measuring the transverse profile
with large dynamic range during the CEBAF energy recov-
ery experiment is also presented.

INTRODUCTION

Transverse beam profile measurements are typically per-
formed to extract the transverse width of the beam. Such
measurements place a modest demand on the signal to
noise of the technique. Typically a signa to noise ra-
tio of 100 is more than sufficient for such measurements.
This paper describes the large (greater than 10°) dynamic
range beam profile technique used at JLAB. The technique
has been used for two experiments, beam acceptance for
the CLAS detector in end-station B and for measuring the
width of the energy recovered beam during the JLAB en-
ergy recovery [ER] experiment. Transverse beam profiles
with five to six orders of magnitude dynamic range rep-
resent a challenge for the diagnostics. The technique de-
scribed in this paper is similar/identical to several other ef-
forts summarized in the recent HAL 02003 conference[ 1].

CLAS Experiment

Experiments with the CLAS detector [2] in end-station
B at Jefferson Lab (JLAB) place strict requirements on the
beam halo due to the small diameter target window (2 to
4mm). The target frame represents a large amount of ma-
terial when compared to that of the target. Beam particles
outside of target window interacting in the target frame can
result in an event rate comparable to that of interactionsin
the target proper. The transverse beam profile measured
with sufficient dynamic range provides a mechanism for
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determining the acceptability of the delivered beam and
minimizing or eliminating completely the background from
non-target interactions.

Energy Recovery Experiment

Presently there is interest in constructing energy recov-
ery linacs [3, 4] for different applications. A feature of
ERLs is the amount of stored energy in the beam. Small
loss of beam will result in energy deposition in the beam
pipe and possible loss of vacuum. Continuous opera-
tion of an ERL requires that the beam loss from injec-
tion to energy recovered beam dump be typically less than
1ppm. The JLAB Energy Recovery [ER] experiment is
a test of the energy recovery concept using a large num-
ber of RF cavitieg5]. The electron beam is injected with
55MeV (20MeV) of energy, accelerated to 1GeV and the
phase shifted 180° and energy recovered through the RF
section back down to the injected energy. One of the is-
sues of interest is the beam shape of the energy recovered
beam. The dynamic range that the transverse beam profile
after energy recovery retains a Gaussian shape providesin-
formation on how much of the beam isretained [ie not lost]
in the Gaussian core.

TRANSVERSE PROFILESFOR THE CLAS
EXPERIMENT

The beam profile is measured by correlating a wire
scanner position with count rates in photomultiplier tubes
[PMT] located downstream of the wire scanner. The wire
scanner assembly consists of alinear actuator which moves
the horizontal and vertical wiresthrough the beam. The ac-
tuator is driven by a stepper motor, which drives the wire
support structure into the beam axis. The wire support is
driven at a 45° with respect to the horizontal axis, which
enables both the X and Y profiles to be measured with one
axis of motion.

The PMTs[6] which detect the resulting scattered elec-
tron or shower are located downstream of the wire scan-
ner. The distance between the wire scanner and PMTs
is optimized for symmetric Mgller scattering at beam en-
ergy of 5 GeV. Four 2" diameter PMTs are installed out-
side of a 3" diameter beam pipe, located in the follow-
ing configuration: top, bottom, beam left, and beam right.
Thetop-bottom PMT pair uses Cerenkov light in the quartz
window to detect the scattered/showering particle(s). The
left-bottom PMT pair has 0.5" scintillator in addition to
the quartz window for detection of the scattered/showering
particle(s). Due to the low operating beam current in Hall-
B, typically 1to 10nA, the PMTs can be operated in “ count
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mode’. The PMT signals are discriminated and counted
viaa VME scder. In addition to counting the individual
PMT rates, the top-bottom and left-right coincidence rates
are also fed to the scaler. These coincidence rates have a
much lower background than the individual rates. In ad-
dition to the PMT rates, signals proportional to the beam
current are also scaled and are used to normalize the PMT
rates to the beam current.

Both the stepper motor controller[7] and PMT scalerg[8]
are VME modules contained within the same VME crate.
EPICS controlg[9] are used for both devices and state code
is used to synchronize the motor motion and scaler readout.
During awire scan the motor position and scaler values are
written to a file for further analysis. The minimum time
between scaler reads is ~ 61—0$c and is determined by the
maximum update rate on the motor position. The motor
speed and time between scaler reads are configurable at the
beginning of each scan.

There are two wire scanners at the end of the transport
line, upstream of the experimental target. One wire scanner
[CLAS wire scanner] uses 50m W wires and routinely
measures the beam profile over five orders of magnitude.
A second wire scanner [Integrating CLAS wire scanner]
uses wires and integrating plates and is used for increased
sensitivity.

The CLAS Wire Scanner

The CLAS wire scanner is located 12m upstream of the
PMT bundle and scans 50um X and Y wires through the
beam. The scan speed is configurable and typically speeds
of Imm/sec are used, but slower speeds result in better sen-
sitivity. This wire scanner measures the beam profile with
a Peak/Noise > 10° response. Figure 1 shows a beam
profile obtained with a wire speed of 0.25mm/sec and the
bottom PMT. Figure 2 shows the same profile but using the
coincidence signal between the top and bottom PMTs. The
coincidence data is background free, and requires an un-
acceptably long integration time in order to determine the
background level. The end result is that the coincidence
signal has an indeterminate signal to noise level.

The achieved dynamic range of 10° satisfies the experi-
menter’s requirements, and often the beam profile is Gaus-
sian over the complete dynamic range. To observe and
measure beam width with more sensitivity the integrating
CLAS wire scanner is used.

THE INTEGRATING CLASWIRE
SCANNER

The wire configuration and support frame for the inte-
grating wire scanner are shown in Figure 3. The wire con-
figuration consists of 25um diameter X and Y wires, Imm
diameter X and Y wires and a Imm x 10mm X plate. All
wires are made out of Fe for consistency and the plate is
stainless steel for convenience. This wire scanner is 5m
upstream of the PM T bundle.
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Figure 1: Beam profile [X] using a 25pum wire and PMT
readout. The green curveistheresult of afit to the data us-
ing a Gaussian plus constant background as the functional
form. The data for scan is taken simultaneously with that
inFigure 2.
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Figure 2: Beam profile [X] using a 25um wire and the co-
incidence signal between the top and bottom PMTs. The
datafor scan is taken simultaneously with that in Figure 1.

Scans were taken in Hall-B with a1 GeV electron beam
with 6 nA of beam current. Scans were taken periodically
over several days, whiletrying to optimize the motor speed
and scaler acquisition rate. A slow motor speed resultsin a
high number of data points that allow better matching be-
tween the 25pm and 1mm wire or plate data. However,
a slow scan speed (0.125mm/sec) often resulted in an in-
complete wire scan due to a beam trip. During these scans
CEBAF was delivering beam (1 — 40uA) to the other two
experimental halls (HallsA & C).

Integrating Wire Analysis

Once a scan file has been written to disk, offline analy-
sismust be performed to combine the 25m wire datawith
the 1mm wire or plate data. The technique used is similar
to that found in Ref. [10]. The beam size is small com-
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Figure 3: Mechanical schematic of the wire/plate support
structure. The thin wire is 25um in diameter. The thick
wireis Imm in diameter. The plate is Imm by 10mm. The
wire frame is moved into the beam along a 45° axis with
respect to the horizontal axis.

pared to the Imm wire diameter and the X plate. There-
fore this data must be differentiated before combining with
the 25um wire data. In order to determine the scale factor
and position alignment a y 2 minimization is performed to
match the 25,m data with the differentiated data. The two
data sets need to overlap by at least two orders of magni-
tude [after scaling] in order for the procedure to converge.
Noiseis suppressed on the 25,,m wire data sample, by only
using data with more than 10 counts.

Naively one expects a scale factor of 1600 for the 1mm
wire, based on the square of the ratio of the wire diameters.
The scaler factor for the match between the 1mm wire data
and the 25 m wire data had arange between 1400 and 1900
for the scansthat were taken. On each individual scan there
are four matches that need be performed, two sides of two
profiles. The minimum scale factor of the four (1400) is
used to match the Imm data with the 25m data.

The scale factor for the X plate data will depend on
the extent of the beam in the X dimension. Again a x?2
minimization is performed and scale factor is found to be
~ 1750.

Once the data has been combined it is fitted to the fol-
lowing functional form

F=0b+ G(Acorm Ocores mean) + G(Ahaloa Ohalo> mean)

(1)

where the G represents a Gaussian function and b is a

constant background term. Both the core Gaussian and the
halo Gaussian have the same mean.

RESULTS

Figure 4 showsthe X and Y beam profile obtained us-
ing a motor speed 0.125mm/sec. A small second Gaussian
component is observed with the 1mm wire data, which is
too small to be observed with the 25m wire. The param-
eters determined by thefit are listed in Table 1. Figure 5
showsthe X profile for the same scan using the 1 x 10mm?
plate data. The parameters determined by thefit to the plate
data agree with those obtained with the 1mm, see Table 1
suggesting that the scale factor is properly determined.
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Figure 6 showsthe X and Y beam profile obtained using
amotor speed 0.250mm/sec. These parameters determined
by the fit for this scan and others not shown here are tabu-
lated in Table 1.

100000 T T T T T

T
X1mmdata +

10000 & 9()*+h(x)+back
‘ h(x)+back

1000

100

10

1

Counts/nA

0.1

.
i

0.01 o S

0.001

0.0001

1e-05 I I I I I N

10000 ¢ T T T T

T
Y lmmdata +

g(x)+h(x)+back

1000 h(x)+back

100

i spepeptbs OO

Counts/nA

0.1

ISR

NS
et B

0.01

0.001

- A+ E +
0.0001 Eape R S e S e
+ o+ + o+ + + o+ + oy

16-05 L | | | | | |
36 38 40 42 44 46 48 50

Y(mm)

Figure 4: Beam Profile combining the 25m and 1mm Fe
wire data. The top(bottom) plot shows the X(Y) data and
results of the fit to the data. The red points represent the
1mm wire data, the green points the 25;m wire data, the
blue curve is the overall fit to the data and the red curve
is the halo portion of the fit. The ordinate is plotted with
a log-scale and the count rate is normalized to the beam
current.

The figures show a signal Peak/Noise ratio of ~ 108
which is an improvement over the existing system. With
this increased dynamic range a small second Gaussian
component of the beam has been observed in the Hall-B
end-station. The source of this second Gaussian is un-
known. Scans taken within of few minutes of each other
yield consistent results, while scans taken afew days show
that the size of the second Gaussian component is chang-

ing.
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Table 1. Profile parameters obtained by fitting the data to the sum of two Gaussian functions with acommon mean for all

the scans.
|  scanl | scan2(Fig.6) | scan3 (Fig4) | scan3-X plate (Fig5) | scand |
Date Dec. 517:09 | Dec. 914:45 | Dec. 91451 Dec. 9 14:51 Dec. 10 18:22
Ocore|X](mm) 0.045 0.053 0.052 0.052 0.106
OhatoX] (mm) 0.380 0.470 0.494 0.476 0.656
Teore| Y] (mm 0.104 0.111 0.110 0.085
Ohato[Y](mm) 0.949 0.855 0.771 0.617
Feele[X] 4.2%107° 1.1%107° 8.0% 1076 7.3%10°0 3%1072
Feele[Y] 1.3%10°° 4.8%107° 5.8 %1070 <7%107°
Motor Speed | 0.250mm/sec | 0.250mm/sec | 0.125mm/sec 0.125mm/sec 1.5mm/sec
Wires 25um/Imm 25um/1mm 25um/Amm | 25um/1x10mn? plate 50pum
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Figure 5: X Beam Profile combining the 25um and 1 x
10mm? steel plate data. The red points represent the 1mm
wire data, the green points the 25uym wire data, the blue
curve is the overall fit to the data and the red curve is the
halo portion of the fit. The ordinate is plotted with a log-
scale and the count rate is normalized to the beam current.

ENERGY RECOVERY TRANSVERSED
PROFILES

Large dynamic range beam profile measurements of the
energy recovered beam are made with a wire scanner lo-
cated upstream of the energy recovered beam dump. The
wire scanner mechanism is a standard JLAB wire scanner
which holds two 25,m W wires.

Thewire scanner isonly 2m upstream of the dump, lim-
iting the choice of locationsfor the PMTs. Additionally the
proximity of the dump causes some concern about high lev-
els of background originating from the beam dump. Three
PMTs are located on the beam pipe [beam left, top and
right]. The distance between the PMTs and the wire scan-
ner is chosen to maximize acceptance of Mdller scattered
electrons, just in case the background from the beam dump
is anissue. In order to make use of the Mgller electrons,
the PMTs are operated in “count mode” and the left-right
PMTs are used in a coincidence circuit. Background from
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the beam dump turned out to not be an issue, and the coin-
cidence signal is abandoned.

Figure 7 shows the profile for the 55MeV ER configu-
ration and the profile for the 20MeV ER configuration in
shown in Figure 8. The 55MeV profile shows a clean beam
distribution over ailmost five decades of amplitude, with a
small distortion on the left of the X profile. The wide hori-
zontal beam profilein the 20MeV ER configuration is what
limited the CW beam current delivery during this part of
the experiment. In an attempt to measure the profile with
beam currents greater than 1A, one the PMTsis operated
in “current mode” during the 20MeV portion of the exper-
iment. The current mode data and count mode data are
merged using similar technique as that used for the CLAS
integrating plate data.

SUMMARY

Transverse beam profiles with dynamic range of five
orders of magnitude are performed regularly in the end-
station B transport line. Using integrating plates and wires
the dynamic range can in extended another two to three or-
ders of magnitude. Such sensitive profiles show a small
second Gaussian component. The diameter of the 1mm
integrating wire is comparable to the width of the second
Gaussian term and is not fully integrating this source. This
might account for the some of the data to prefer a lower
scale factor [ 1400] then the geometric factor [1600]. Onthe
other hand the Immx 10mm plate is more then sufficient.
Changingthe X/Y 1mm diameter wiresto X/Y 1mmx5mm
platesis planned.

The energy recovered transverse beam profile measured
in asimilar method the routine end-station B shows a well
behaved Gaussian shape over five orders of magnitude. In
order to achieve the desired six orders of magnitudes, inte-
grating plates are needed. Beam heating of the integrating
platesis anissue as the beam currents of the ER experiment
range from 1uA to 100uA. Experimentswith chemical va
por deposited Silicon Carbide (CVD SiC) suggest that this
material can withstand intercepting such beam currents[11]
and would make a good choice for an integrating plate.
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Figure 6: Beam Profile combining the 25um and 1mm Fe
wire data. The top(bottom) plot shows the X(Y) data and
results of the fit to the data. The red points represent the
1mm wire data, the green points the 25um wire data, the
blue curveis the overdl fit to the data and the red curveis
the halo portion of the fit. The ordinateis plotted on alog-
scale and the count rate is normalized to the beam current.
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Figure 7: Beam profile after energy recovery for the
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