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Ahstracl 

Within thc: halo experiment presently beiog condiicted 
at tlic Low Etwgy I)omonstraticui1 Accelerator ;at LAX 
Alamos Wationtil Laboratory? specific Imirn instrurxienls 
that acquire IiorizontalXy and veitically projected particle- 
density distributions out to greater than 10‘: I dynamic 
range are located throughoul the 52-magnet halo lattice. 
We me~sure the core OF the distributions using traditional 
wire scanners3 aid the tails ol’thc distributioii using water- 
coolcd graphite scraping devices. Thc: wire scanner and 
halo scraper!; are mounted CHI the same moving frame 
whose location is controlletl with stepper motors A 

sequence wilhin the experirriental physics and industrial 
control system (EPICS) sofr ware comrnunicates with a 
Nitional Instrument L,itbV113W virtual instrunicnt to 
control the motion aid lociltion of the sca imcr/scrsiper 
assembly. Secondairy e1ectmi.r: Dom tho wire scanncr 
0.03-nun carbon wire and protons impinging 01’1 the 
scraper are both dctected with a lossy-integrator electsonic 
circuit. Algorithms implemcnted within f31WS iltrcl in 

analyze and plot the acquircd dislribbutiotis. This paper 
describes this beam profile iiistrummt, describcs our 

exporicnce with its operation, compares acquired ploiilc 
data with sirnukition, and ref& to other detailed papcrs. 

R6:st:arch Sptf:lIls hltcritctiv<~ Data Laiig~itige subrc>utitles 

At LEIM a IOO-mA, 6.7-MeV beam is injected imto a 
52-c~uadrupole niagnct lattice (sce fig. I>.  Within this 11 - 
m FODO la1 tice, there are nine wire scanncdhalo 
scraper/wirc scanner (WS/I IS) stations, fivc pails o i  
steering magnel s and beam position monitors, five 10:;s 
monitors, thcee pulsed-beam c11rrtmt tnsaitors, arid two 

image-c;ui-rcrrt monitors €01- inoliitoring bean-t energy I I]. 
The WS/HS instrument’s ]purpose is to ineasw the 
beam’s trans verso prqjectcd tlistrib ution. ‘These measured 
distributions inust have su Ilicient cictail lo unc1r:rstaind 

beam halo imulting lkom ilpstrcilm lattice misrna tches 
[2,3]. ’The first WS/LTS slalion, locsitcd after the fourlh 
quadrupole nlagyiet, verifies the beam’s transverse 
characteristics aiteI the RFQ exit. h clwiter OF hnr 

W W S  Xocaied after rnagnGts #20, ff22, 11.24, and 1/20 
provides phase space information after thc beiirni hac 

Work suppoited by &o US DOP, Ucknsc Progrimis and by llie US 

DOE, Nuclcnr I :neigy 

debunched. Afler magnets #45, H47, #49, and #5 1 reside 
the final four WS/I-IS stations. These four WS/HS acquire 
projecled beam distributions under both matched and 
mismatched conditions. ‘These conditions are generated 
by adjusting tlie first four qi;ladrripole magnets fields so 
that the WQ output beam is matched or mismatched in a 
known fashion to the rest of the lattice. Because the halo 
take:; many lattice periods lo Eully develop, this final 
cluster of WS/HS are positioned to be most sensitive to 

Figure 1. The I 1-rn, 52-magnet FODO lattice includes 
nine WS/kIS stitions that measure the beam’s transverse 

projccted distributions. 

As the RFQ output beam is mismatched to the lattice, 
tlie WSMS actually observe a variety OF distortions to a 
properly matched Gaussian-like distribution [2,3]. These 
distortions appear as distribution tails or backgrounds. It 
i s  the size, shape, and extent of these tails that predicts 
specific type of halo. However, not every lattice WS/HS 
observes tlie halo generated in phase space because tlie 
resultant distribution tails may be hidden from the 
projection’s view. Therefore, multiple WS/HS are usecl to 
observe the various distribution tails. 

2 WS/€IS DESCKPYTION 

Each slation consists of a horizontal and vertical 
actuator assembly (see fig. 2) that can move a 33-mm- 
carbon monofilament and two graphite/copper scraper 
sub-asscniblies [4]. The carbon wire and scrapers are 
coniiected to the same movable frame. Attached to this 
movable frame is a. linear encoder that provides the wire 



aitd sciapcr edges' relative positioit to within 5 iriin, an 
additional lineilr potcntionicter providcs an ahsolutc 
a] )proximate position ror I,L;Uk's rnn 1)ctniit systcrns. A 

stepper motor and ball lead scrcw drive the actuated 
moveabla li'amc, and micrc tswilches and motor brakes 
liinil the wirc: md scraper niovcinent. 

Figure 2. Tlie W W S  assembly contains a movhle 
frame on which B 0.03-mm carbon wire resides betwceri 

two water-cooled graphite scrapers. 

The carbcon wire, which scnses the beam's coi-c:, is 
cooled by therimal radiation. If the beam nracropulse is 
too long, thr: wirc temperature continues above 1x00 IC 

resulting in the onsot of' thermionic: el nission 151. 
1 hermionic emission gives ihe distribution a n  inaccmrak 
appcarance of a larger distribution core ciii rent dcnsity. 
'To elirninale these effccts ibr the halo experimeat, tile 
niaxirnum pulsa length and rcpclitisri rate is lirnitcd to 
approximatcly 30 ms and I tlz, respectively. 

The h i h  scrapers are com1~)sed of' t i  1.5-nlm thick 
graphite plate brazed lo a watcr-cooled 1.5-mln thick 
copper plate. Since 6.7-MuV protons average range in 
carbon is approximate 0.3 nim, the bcam is complctely 
stopped within the graphitc plate, Cooling via conduction 
lowcrs the mixage temperakurc of scrapur sub-assembly 
and allows the !;clapcr to fro coolcd intrrc rapidly tlian the 
wire. The lower average temperature i1nd fiistcr ccmlitig 
allows the si;raper to be driven in as far tis :Z rms wlctths 
froin the Itcam distribution pcak without the peak 
temperature incrcasing above I 800 I< 

The inoveinmt arid positioning of each wire: atid 
scraper pair i s  controllod by a niovometlt control systctn 
h i t  contains a stepper motor., stepper motor controkr, a 

liticar encoder, and it11 electronic driver iitnplifier [GI 'I'hc 
controller's digital PILI loop controls the speed and 
accuracy at which the assembly is moved urd placed. 

The target psition, iis clofincd by tlic WSAIS operator, 
is relayed lioin the EPICS i:oritrul scrccrr via a database 
process variable to B National Inslrumenl s LabVX13W 
Virlual Instrument (Vl). 'The VI also calibratcs the 
relative position of &lie liirear c:ncoclr:rs based on the 
mcasmed position of' thc limit switches, and provides 
some error feedback information (61. 'I'he total error 
between the targot wire po.;ition and the actual position 
attained are <-I /-2% ol'il 1 -nim width beam (see fig. 3 ) .  

As thc wire is niovcd thiough the beam, it seriscs thc 
prqjectcd beam corc distribution. A t;inall portion oi' thc 
Iscam's cnergy is irnpartcd to the wire causing secondary 
clectroii ernissiaii to occnir. 'l'lic secondaiy elcclrons 
leaving (he wire ilrc rcplacetl by negative cliarge flowing 
ftom the cloclranics. 'T'his currcnt flow ti,r both axcs is 

connected through a bias battery to an electronic lossy 
integmtor circuit and followed by an amplification stage. 
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Figure 3. The above histogram shows a typical 
distribution of wire/scraper movement errors. 

The integrator capacitance and amplifier gain are set to 
allow a veiy wide range of values of accumulated chargc 

[7] .  Data are acquircd by digitizing the accumulated 
charge through the lossy integrator at two different times 
within the beam pulse. 'l'hic; charge difference acquired 
by :;ubtriding the two values of charge provides a low 
noise method sf relative beam charge acquisition. The 
wire and scraper accumulated charge signals are digitized 
using 12-bit digitizers. The analog noise floor has been 
mcaswed to be 0.03 pC, a noise level slightly lower than 
the scraper digital LSB noise level of 0.6 pC using the 
highest gain settings within the detection electronics. 

'The fiont-end electronic circuitry, mounted on a 
daughter printed circuit board, is connected to a 
motherboard that has all of the necessary interface 
electronics to communicate with EPICS via a controller 
motlule and within the same dectronics crate. A soilware 
stale machine seqnence was written within EPICS to 
control and operate WSMS iristnrmentation [8]. The state 
machine instructs the VI to move the wire and scraper to a 
specific location, acquire synchronous distribution data 
fio~n either the wire or scraper, and triggers the IUL 
routine to normalize thc acquired charge with a nearby 
toroidal current measurement, graph the normalized data, 
and write the distribution to a file. The sequence also 
instructs IDL to calculate the first through fourth 
moments, fit a Gaussian distribution to the wire scanner 
data, and calculate the point at which the beam 
distribution disappears into the distribution background 
noise, 

To plot the complete beam distribution for each axis, 
thc wire scanner and two scraper data sets must be joined 
191. To accomplish this joining, several analysis tasks are 
perlbimed on the wire and scraper data including, 

(1) scraper data are spatially differentiated and 
averaged, 

( Z ! )  wire and scraper data are acquired with sufficient 
spa1 ial overlap, and. 

( 3 )  diEEerenliated scraper data are normalized to the 
wire beam core data. 

The scraper data need only be normalized in the 
relative chargc axis since the distances between each wire 
and scraper edge are known to within 0.25-mm. In 
addition, the Grst four moments and the point at which the 



beam distribution disappears into the noise are also 
calculated for the combined distribution data. 

WS 

3 ACQUIRED DISTRIBUTIONS 

Fig. 4 shows data from WSMS #26 with some slight 
mismatch generated by increasing the field above nominal 
by 5% in the first matching quadrupole magnet. These 
typical WSMS profiles show distributions with a dynamic 
range of > lo5: 1 and provide distribution information to > 
5X to 7X times typical rms widths of the beam. The 
calculated rms widths are 1.10 and 1.13 mm for the 
horizontal and vertical distributions, respectively. The 
points at which the distributions rises out of the noise are 
5.9 and -8.2 mm for the horizontal axis and 5.8 and -6.7 
mm for the vertical axis. 

........,.... 0......,.. 

-15 -10 4 0 5 10 15 
Position [mm] 

Figure 4. WSMS distributions, such as #26 shown here, 
have a typical dynamic range of > 10’: 1. 
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4 WIRE AND SCRAPER PHYSICS 

The WS wire is biased negative to optimize secondary 
emission (S.E.) yield where the yield is defined as the 
ratio of the emitted secondary electron current and the 
proton beam current intercepted by the wire. Table 1 

shows the measured values of a representative sample of 
the lattice and HEBT WS wires. All of the wires in the 
halo lattice WS are configured with a 33-pm, carbon 
monofilament. The HEBT WS is configured with a 100- 
km Sic wire. 

24 
47 

76/76 0.78l0.88 I 0.55l0.61 42/54 

16/76 0.710.75 I 0.610.6 42/47 

(mA) I ( mm) I (mA) I ( YO) 

22 I 75/76 I 0.8610.67 I 0.6310.6 I 55/41 

s i  I 17/77 I 0310.77 1 0.65l0.61 I 51/46 
HEBT I 75/75 I 518.2 I 0.3010.24 I 51/66 

I I 

The choice of bias potential was determined by 
measuring the wire and scraper currents as a knction of 
bias potential. The resulting data showed that the wire is 
optimally biased at -6 to -12 V and the scraper is 
optimally biased at +20 to +30 V [lo]. 

As the wire bias is positively increased from 0 V to > 
+lo0 V, the wire secondary electron emission is inhibited 
and the net wire current reduces to very near zero. As 
expected, a large positive bias reduces the wire detection 

signal. Furthermore, it appears that the wire collects 
positive ions with 4 -25 V bias potentials well after the 
beam pulse. This ion collection additionally limits the 
amount of negative bias that is applied to the wire for 
proper secondary emission operation. 

The scraper detection goal is to inhibit secondary 
emission and detect only 6.7-MeV protons. With 0 V 
applied to the scraper, the scraper net current is elevated 
by a factor of X3, likely from secondary emission. With 
approximately +25 V bias applied to the scraper, the 
secondary emission is almost entirely inhibited and the 
net current reduces to the nominal proton current. 

5 SUMMARY 
A wire scanner and halo scraper have been integrated 

into a beam profile instrument capable of 105:l dynamic 
range. The scanner and scraper V-I curves show that the 
wire and scraper are optimally biased at -12 V and +25 V, 
respectively. The S.E. yields .from the lattice WS wires 
have typically been between 40% and 55%. 
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