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Aset up i n whi ch wi r e- scanner - t ype beam- pr of i l e moni t or dat a ar e col l ect ed on- l i ne i n a nucl ear dat a- acqui si t i on syst emhas been

used and a si mpl e al gor i t hm f or est i mat i on and di spl ay of t he cur r ent densi t y di st r i but i on i n a par t i cl e beam i s descr i bed .

1 . I nt r oduct i on

Wi r e- scanner - t ype beam pr of i l e moni t or s ar e cheap

and ar e abundant l y used at var i ous poi nt s down t he

t r anspor t l i ne of accel er at ed char ged par t i cl es . They

gi ve i ndi cat i ons about t he pl acement of t he par t i cl e

beam wi t h r espect t o t he t r ansver se axes of t he beam

t ube . Est i mat i ons about t he si ze of t he par t i cl e beam

can al so be obt ai ned f r om t he out put of t he pr of i l e

moni t or al t hough no est i mat e about t he shape of t he

beami s avai l abl e . Nei t her i s cur r ent densi t y di st r i but i on

over t he t r ansver se pl ane of t he beam obser vabl e . The

r equi r ement i n such a case i s a wi r e- mesh- t ype pr of i l e

moni t or , necessi t at i ng a hi gher pr eci si on- wor ked t r ans-

ducer and mor e el abor at e el ect r oni cs . The machi ne op-

er at or get s an i mmedi at e and bet t er under st andi ng of

t he t r anspor t char act er i st i cs of t he beam- l i ne syst em,

whi ch cont r i but es t owar ds l esseni ng of over al l beam

t uni ng t i me .

The t hr ee beam l i nes of our l abor at or y ar e each

equi pped wi t h one NEC- made wi r e scanner model

BPM6 and a FP3 cont r ol l er capabl e of gi vi ng an osci l l o-

scope di spl ay of t he beam pr of i l e. The i nher ent di f f i -

cul t y of i nt er pr et i ng t hese wavef or ms, especi al l y i n case

of posi t i onal i nst abi l i t i es of t he beam, wor ks as a di si n-

cent i ve t o oper at or s t o use t hi s equi pment . The oper -

at or s, dur i ng t r anspor t i ng, f eel mor e at home wi t h t he

al umi na- pl at e beam vi ewer , whi ch obvi ousl y st ops t he

beam and det er s a si mul t aneous vi ew of t he beam

pr of i l e f ur t her downst r eam. Al so f i ner det ai l s of t he

pr of i l e ar e not r ecover abl e f r om such a vi ew. Her e i s an

appr oach t o pr ocess t he dat a f r om a wi r e- scanner - t ype

pr of i l e moni t or f or gener at i ng a gr aphi c di spl ay of t he

cr oss sect i on of t he par t i cl e beam. The on- l i ne gr aphi c

moni t or i ng of t he shape, si ze and cur r ent densi t y di st r i -

but i on i n t he par t i cl e beam gi ves ver y ef f ect i ve hel p

t owar ds opt i mi si ng t he t r anspor t ef f i ci ency of t he beam

t hr ough t he beampi pes . Al so cer t ai n i r r adi at i on exper i -

ment s benef i t f r om such an on- l i ne di spl ay of t he beam

cr oss sect i on near t he t ar get poi nt .
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2 . Set up

Pr esent l y t he pr of i l e dat a l oggi ng syst em has been

i mpl ement ed by ut i l i si ng t he CAMAC based nucl ear

dat a acqui si t i on syst em [ 1] ( f i g . 1) . However , t he sof t -

war e has been t ai l or ed t o per f or m a speci f i c pur pose

al t hough t he r eal t i me pr ogr amand t he har dwar e scheme

r emai ns t he same. Si nce t he CAMAC compat i bi l i t y of

t he hi gher ver si on of t he wi r e scanner was not avai l abl e

t o us, t he wi r e scanner was r un cont i nuousl y and t he

pr of i l e dat a and t he t i me mar ker s wer e sampl ed

asynchr onousl y and acqui r ed by t wo ADCs i n l i st mode .

The event count per ADC channel was kept l i mi t ed t o

1024.

Consi der i ng t he wor st case conver si on t i me of 100

Ws f or t he nucl ear ADCs, a sampl i ng r at e of about 10

kHz was sel ect ed t o r ecor d beam- pr of i l e dat a and t i me

mar ker s . The l i st buf f er si ze was chosen so t hat t he dat a

wer e sampl ed f or about 2 cycl es of scanner wi r e r ot a-

t i on . Thi s al l ows f or about 256 sampl es f or each of t he

X and Y scans over t he ent i r e scanni ng cr oss sect i on .

Si nce t he wi r e scanni ng di amet er i s 57 mm, even a f i ne

beam of 2 mm di amet er wi l l al l ow about 10 sampl es

wi t hi n j ust t he beam cr oss- sect i onal ar ea . Obvi ousl y i n
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Fi g. 1 . Beam pr of i l e dat a col l ect i on set up .
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cases of beams wi t h l ar ger cr oss- sect i onal ar ea, t he

set up al l ows f or a l ar ger number of sampl es over t he

beam ar ea ( f i g . 2) .

Beampr of i l es and t i me mar ker cont our s wer e gener -

at ed f r om t he l i st dat a and di spl ayed on a gr aphi c

t er mi nal wi t h t he hor i zont al axi s cal i br at ed i n di st ance

uni t s .

Thi s gi ves a st eady di spl ay of t he beam wi dt hs and

al so t he posi t i oni ng of t he beam wi t h r espect t o t he X

and Y axes passi ng t hr ough t he cent r e of t he beamt ube .

The f aci l i t y has al so cr eat ed an oppor t uni t y of measur -

i ng t he emi t t ance of t he beamwi t h r easonabl e speed, by

t he met hod of var yi ng quadr upol e cur r ent s . The " cr oss

sect i on" mode gener at es a di spl ay of cur r ent densi t i es i n

mul t i pl e col our over t he sampl ed cr oss- sect i onal ar ea of

t he par t i cl e beamwher e each col our si gni f i es a par t i cu-

l ar r ange of cur r ent densi t y .

A si mpl e al gor i t hm has been devel oped t o comput e

t he cur r ent densi t y at t he cr oss poi nt s of l i nes over

whi ch i nt egr at ed cur r ent val ues ar e known ( f i g . 3) .

Assumi ng t he f i el ds i n X and Y di r ect i ons t o be i nde-

pendent of each ot her - t o a f i r st appr oxi mat i on, t he

cur r ent densi t y f unct i on P( x, y) at cr oss posi t i on ( x, y)

can be assumed as a pr oduct of t wo i ndependent f unc-

t i ons

P( x, Y) = W( x) S( Y) ,
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Fi g. 2 . Pr of i l e sampl i ng t i mi ng.

wher e W( x) and S( y) ar e cur r ent densi t y f unct i ons

al ong X and Y di r ect i ons . Hence f or any ver t i cal posi -

t i on of t he scanner wi r e t he measur ed dat a ( i nt egr at ed

cur r ent on t he ver t i cal l i ne) can be r epr esent ed as

X( x) = f ' P( x, y) dY,

wher e d i s t he si de of t he squar e scanned . Si mi l ar l y f or
t he case when t he wi r e i s hor i zont al

Y( Y) = f dP( x, Y) dx,

X( X)

= f dw( x) S( y) dy
0

wher e

Si mi l ar l y

K= f dS( Y) dY.
0

= W( X) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
’

dS( y) dy= W( x) K.

Y( Y) =
0
dW( X) S( Y) dx

=S( Y) f d W( x) dx=S( Y) M,

wher e

M= f
d
W( x) dx .

0

Hence

X( x) Y( y) = W( x) S( y) KM,

and

P( x, y) = W( x) S( y) =X( x) Y( y) / KM.

The pr oduct KM i s t he sum of al l t he i nt egr at ed

cur r ent s al ong Xor Ydi r ect i ons or , i n ot her wor ds, t he

sumof al l t he cur r ent densi t i es over t he cr oss sect i on, as

i s evi dent f r om t he f ol l owi ng :

f X( x) dx= f Y( y ) dy= f f P( x, y ) dx dy

= f ' W( x) dx f S( y) dy=KM.

Si mpl i f yi ng t he not at i ons, at t he ( i , j ) t h cr oss poi nt t he

cur r ent densi t y can be comput ed f r om

P( i , j ) = X( i ) Y( j ) / KM,

d.

Fi g. 3 . Scanned squar e of t he beam ar ea .



wher e X( i ) and Y( j ) ar e measur ed known dat a and

KM i s t he sumof ei t her t he X dat a or t he Ydat a. No

expl i ci t assumpt i on about t he nat ur e of t he beam den-

si t y di st r i but i on f unct i on i s made i n t hi s appr oach un-

l i ke i n t he common appr oaches [ 2] .

4. Di spl ay gener at i on

The comput ed i nt ensi t y val ues ( f i g . 5) ar e gr ouped

i nt o f our equal r anges and r epr esent ed by f our col our s

r angi ng f r om 0 t o 3 on a gr aphi c di spl ay devi ce . Thi s

gi ves a vi ew of t he beam cr oss sect i on wi t h densi t y

di st r i but i on cont our s i n f our col our s .

For a bl own- up i mage of t he beam cr oss sect i on,

each cr oss poi nt of t he beami s r epr esent ed by a squar e

Fi g. 4. PCdi spl ay .
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of 4 X 4 pi xel s, f i l l ed up wi t h t he col our cor r espondi ng

t o t he i nt ensi t y gr oup of t hat poi nt wi t h t he hel p of

Tur bo- PASCAL gr aphi c pr ocedur es on a PC. The f i du-

ci al mar ks, whi ch cor r espond t o t he cent r e- cr ossi ng of

t he scanni ng wi r es, ar e used t o gener at e a cr oss- hai r on

t he di spl ay scr een r epr esent i ng t he beam t ube cent r e

( f i g . 4) . Over l ai d i s t he pi ct ur e of t he cr oss sect i on

gener at ed as descr i bed above .

5. Di scussi on

The set up i s par t i cul ar l y sui t abl e i n a si t uat i on wher e

dedi cat ed and expensi ve comput er - compat i bl e har d-

war e, e . g . mot or dr i ves and dat a l ogger s f or pr of i l e

moni t or s, ar e not avai l abl e but a gener al nucl ear dat a-

acqui si t i on syst em i s wor ki ng [ 3] .

The under l yi ng assumpt i on of separ abi l i t y of t he

densi t y f unct i on i nt o t wo i ndependent f unct i ons i s r e-

al i st i c, t o a f i r st appr oxi mat i on, as t he beam shape i s

pr i mar i l y gover ned by t wo i ndependent f i el ds of t he

pr ecedi ng quadr upol e [ 4] .

Such an on- l i ne di spl ay i s an ai d t o t he oper at or s

and exper i ment er s, as r egar d opt i mi sat i on of t he beam

condi t i ons . Fur t her wor k t owar ds det er mi nat i on and

di spl ay of t he cent r oi d of t he beam cr oss sect i on wi t h

t he comput ed densi t y dat a can be t aken up .
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