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developrrienl of specific types of halos has been 
tlocurneralcd. These phasc space halos manifest 
thcrnselvcs as various shapes or "shouldcrs" on the 
projected beam distributions as measured by the WSIHS 
assemblies. 

Table 1 shows the locations of various beam diagnostic 
coingtonemts and steering dipole magnets as defined by the 

space downstream of the numbered quadrupole magnet. 
The WSIHS assemblies measure projected beam 
distributions in both horizontal and vcrtical planes at 9 

locations within the lattice. The rirst WSIHS located at 
quadrupole magnelJt4 is uscd to veriEy the RFQ-output- 
beam distribution. The two sets of four WS/HS providc 
beam niatching and rms beam cmittance information in 
the uriiddle and end of the transport lattice. The set of four 

WS/J-PS assemblies located between magnets 20 and 26 
measure the bcam's match condition after the beam has 
sufficiently dehunchcd to reduce any longitudinal space 

chtugt: issues. The set t9f fonr WSIHS assemblies located 
betvvicleir magnets 45 and 51 provide sufficient mismatch 
informiition to detect two possible mismatch modes, the 
quadnipole and "breathing" modes. 

Figure 1. Shown above are the initial 8 quadrupole 
magnets, 2 steering magnets, and the initial beam 

diagnostic inslruments in the quadrupole-magnet lattice. 

'The bcam-steering plan corrects the beams position at 
thc end of every set of BPMIassociated steering magnet 



pipe o r  other structures. A Csl scintillator attached to a 5- 

cm photomultiplicr (PM) allows the detection of thc 
interaction radiation over a dynamic range o i  > io5:i. 

'I'hc signal from high gain PM tube is fed to a 
transirnpcdance amplifier via a coaxial cable. Thc 

rcsultanl bandwidth of 170-kNz allows for detection of l -  
ps radioactivc events. 

Several experiments wcrc performed to validate the 

perrormancc o f  the loss monitors. The primary 
cxperirnent was peiforined by intentionally allowing 1.6- 

mA beam current, as measured by the AC current 
transforiners, to impinge on thc beam pipe and measure 
the resulting signal from the upstream and downstream 
0L;WI:;. This measurement showed that the BLMs were 
,mfficicntly sensitive to detect Mess than 1 -FA of beam loss 

but subsequent drill mcasumncnts limits its use to 

approximalely 1-6 FA. 

4 PULSED & BUNCHED BEAM CURRENT 

The: polscd beam current in the lattice is measured with 
a set of three AC Current 'lkansformers manufactured for 
LEDA by Bergoz [ 1,71. These transformers performed as 
specified with rosolution and accuracy of < 0.1 and 0.5 

mA. 

Thc: bunched beam current is lhe sum of the four 
electrode signals from ii beam position monitor (RPM). 
'Thesc 35O-MHz signals are summed alter they havc becn 
procass u!;ing a logarithmic amplifierldetector. To then 
slcquire: a magnitude proportional lo the 350-MHz 
fundamental buuching current, the anti-log is taken of this 
digitized and summed signal. The result of this 
measurement and a simulation using LINAC is shown in 
rig. 3. Nole that as the beam drifts through the halo 

Figure 3. Thc dat ive  bunched beam current is plotted 
hcm: as ;I function of' distance from the end of the KFQ. 
Tht: rcduction in bunched beam current is due to beam 

dcbonching arid resulting in an overlap of itself twicc 
within the halo lattice. 

latticc:, the 350-MI-Iz fundamental cotnponcnt decrcases in 
arnplilride even though the pulsed beam current nieasureti 
by the AC current transformers shows no change. This 
drop in bunchcd beam current is due lo beani dehunching 
as it drifts through the lattice. Furthermore, fig. 3 shows 
how ncighboring bunches overlap one another at 2 



locations within the lattice. Even though neighboring 
bunches overlap, there is sufficient 350-MHz current 
modulation to use devices such as I3PMs to detect k9earn 
position, current, and possibly other beam parameters. 

5 BEAM POSITCON 

The beam position measurement consists or a 
traditional micro-stripline type of beam position monitor 
(BPM), a cable plant, a 200-IcHz log-ratio electronics 
processor, and an interface from LabVIEW to EPICS that 
provides the liiicarization and calibration algorithms. Pig. 
4 shows the quality of the position and bunched beam 
current measurements presently installed in the 10 lattice- 
BPM locations. An in-situ calibration procedure corrects 
for non-linearity’s and logarithmic non-conformities in 
the electronics processor. The outcome of a typical 
calibration is shown in fig. 4. Nott: that the relative 
position error throughout a 1OO:l (40 dR) dynamic range 
in beam-current is a +/- 0.03 mm. Furthermore, a 
dynamic range of 5000:l (76 dB) is easily obtained using 
a +/- 0.05-mm criterion. 

10’’ 

Figure 4, The relative position and current errors acquired 
by the in-situ calibration hardware are plotted as a 

function of beam current. These data were converted 
using a traditional micro-stripline 13PM whose sensitivity 

to a 6.7-MeV proton beam is 2.32 dB/rnm. 

For the: LEDA halo experiment, absolute beam position 
error is important to the extent that the beam must be 
centered within the 28-mm 11) beam pipe aperture to 

within 1 mm. This is especially iinportant since as the 
beam is mismatched, the maximum radial extent of the 
beam has been measured to be :* 9 rnm in the areas of the 
lattice where the beam is nearly round. If the beam is  

displaced from center too much, scraping occurs and the 
measured distribution tails are perturbed. Therefore, it 
was determined that the position measurement must be 
capable of centering the beam in the beam pipe to within 
0.5 mm (i.e., approximately 1% of the beam pipe 
diameter). An error assessment was performed of all 
known absolute errors, such as mechanical displacement 
errors of the BFM, cable mismatch errors, errors shown in 

fig. 4, etc. The resulting root of the sum of the squares of 
the known errors is approximately 0.25 mm [Check this 
Dean and Jim]. 

Since the beam position instrumentation also provides 
bunched beam current, the innate resolution of this 
measurement is also measured during the calibration 
procedure. The resolution of the bunched beam current 
instrumentation is < 0.75% of the measured nominal 

values throughout the range of 1 to 100 mA. 

6 SUMMARY 

During the past six months, we have gained experience 
measuring the beam halo using a instrumentation that 
includes WS/HS profile, loss, pulsed current, bunched 
beam current, and beam position measurements. The 
WS/w§ measure the beam’s profile with a lo5: 1 dynamic 
range. The pulsed and bunched beam current measure 
these current parameters with a resolution < 0.1 mA. The 
position measurements have an accuracy and resolution of 
4% and <0.02% of the beam pipe ID over a 76 dB 
dynamic range in beam current. These instruments 
continue to be invaluable in measuring the beam halo so 

that a clearer understand of the halo generation 
mechanisms may be obtained. 
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