
Rapid Measurements of Two Dimensional Ion Beam 
Current Distribution for Pulsed Neutron Source 

A, M. TX-WI 

Moscow Engineering Physics lnsti tute 
Kashirskoe sh. , 31. 115409 Moscow, Russia 

Abstract 

To monitor maximum current density and 
two-dimensional ion beam current 
distribution at the entrance of intense 
pulsed neutron source of INR the secondary 
electron monitor is cons i tiered. A new 
means is realized in this device. Two- 
dimensional primary beam current 
distribution is transformed into the 
corresponding distribution of secondary 
electrons. The electron distribution is 
transferred from the ion beam area. 
registered in discrete points and finally 
approximated. By means of t-he monitor one 
can drtect with a high precision the 
current distribution practically within 
entire ion pipe during a time period that 
is not more than 10 ms. 

I. INTRODUCTION 

To prevent the termomechanical damage 
of first wall of the INR intense pulsed 
neutron source (INS) [ 1.21 as a result of 
proton beam action and to improve the 
using of this source a device for rapid 
monitoring of maximum proton beam current. 
density jm and measuring 0 f two- 
dimensional beam current dens i ty 
distribution j(x,y) at. the er1t.ranc.e of INS 
is needed. 

The j(x,y) measuring system must. 
satisfy a number of stringent requirements 
in this case. Rms error of jm measurement 
must. be not more than + 5% of indication 
and its measurement time - 20 ms. Radius 
of measurement area must be not less than 
60 mm when the ion pipe aperture is 160 
mm. The device must ensure its calibration 
without disassembling and must disturb the 
beam ncgl igibly. 

Our studies have shown that. the known 
devices for j(x,y) measurement [3,4,5] do 
not satisfy fully these requirements. 
However a secondary electron technique [ 61 
has the best pr0spect.s. As for example the 

secondary electron monitor described in 
[7] has been already successfully tested. 

11. PRINCIPLE OF OPERATION 

Figure 1 shows a layout of such 
monitor which satisfies the requirements 
mentioned above. All sizes are given in 
mm . 
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Fig. 1. Layout. of the beam monit.or. 

The monitor operation principle is the 
following. Flectrons t.ha t have been 
produced as a result of interaction 
bet ween the primary beam and thin 
striplike emitters (1). made of 0.01 mm 
tantalum foil, are accelerated on their 
path from thp emitter with negative 
potential equal t.0 -4 liv till the 
electrodes (3) under ground potential. The 
focusing of the electron flus in (x,2) 
plane was realized by installation of 
additional electrodes (2) with potential 
close t.0 the emitter one. Then by 
semicircular focusing in uniform magnetic 
field the electrons are transferred from 
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the ion beam space to t Iif> pletncl of 04- 
c;hannel co1 lectur (7) . The magnet.ic f ic?ld 
is highly uniform in ;L region of the 
elec t.rons mot ic-)n anti it i s prociucxd by 
spwi;11 1y ,shaped poles (/+) . 111 this figure 
the c.urrent. c:ollec~t.or (7) m;iximum sizc~s 
arl? di sp layetl by : sol id I ine - for 
oc‘cas i on (.I f hcxtm mni t.oring at. thka 
f2llt~~iW!f’fG Of l.hC bEU!l t.l-ilIi. di1ShCd lincl - 
rit TXS. Thr 10C3k dIKl. s(:reen grids are 
placed bC!forC‘ thC: co1 IN!or (7) . 

Figurrs 2, 3 explilin t.he ele(‘t ros Ltt i c 
focus in& in primary convi?rTtor (PC) and 
Klllt Ua 1 POSi t.iOIl f.Jf the’ c’lC?C trOfk’.s : f ig.2 
shows tlistributi0Ii of elt~ctrtxis pot:cnt ial 
energy in the t>lpc t.ric: f itbltl of the 
c>lec trodcs and f i g. 3 - t-11~ t:lt+c% t.rot-rs 
ira,je(-.tories aId tguipotrrit id1 1 int?s of 
the 5ame cllt>ctric f itlld. 

Fig.2. Dist ri but iori of ~~l~t~~~l~r.oIls 
potc~nt ii11 t’rirbrgy ir! c~l(?(~tCC f ic?ld o[ F’C. 

!-ig.3. i’1tlc.tl.orls trii.j(~(~tol.irL iilld 

rquipc)tPnt inl 1int:s of t tlt> r~lt~c~troci~~s 
t i ibl tl . 

‘p!iP tli si arl(:c~ t)t> t hrt~rri 17 1111!1 wide 
onll t it.!rs is 2 im. the* tlianc~tcv- of foc:ll:;irig 
illt.hrt rodr5 and grids wirtls is (vlllal to (I. 1 
Idlil . l,(a\, i ng thcl er,ii I t.r-.1. suT’f;i(‘~’ 4! tllc> 
normi 1 t lit> ill tic-i.rc)ns tram 12 112-1 part :L~#A 
1,c)i tig f(i(‘\LitY: i-lit0 0.2 Iillil \;irl(; !;tr’i[! ;I ! 

the distmw of 26 cm duwnstrem. The 
electrons from 0 t her parts pruduc-e 
background that has current tlensi ty more 
than two orders lt~ss than rorrespc.Ciing 
magni tudu of major currf-lntd . 

I 11. REXILIJTI ON OF THE MONlTOR 

The moni tar resc~lul ion nc:(:oulit i rig real 
irii t ial erirrgy-angl C’ sec~ondary clec:tron 
distribut ion h?lW bf?f?ll dt) f ined by 
nmt~r i tit 1 simulitt.ion. In t-his case HWHM 
;cxonciilry electrons (list ribut ion along I 
coordinate in thta collect.or plane is 0,s 
mm and ;il ong x - 4 lillI! t hd i. arc! smal I C’r b> 
a factor- of 5 as rms sizes of the ion 
Lwm . Tllo ctlec+rons ini t iii1 dl 5,kt-ibul.ir-,n 
itlong y was assurnd to be dc-‘l ta-func-t ion 
i.lTld tllollg S a5 uniform wi t.tiin c-mi t t.er 
strip width. The moni t-or resolution is 
inversely proptsrt ionii ! t 0 t? I ec I rolls 

velocity i .t+. by raising emitter potential 

it IW~ be extreme 13; improved. 
F‘wusing high qua1 i t.y that. have been 

obt.a i IICY~ in rat-her sinlpl c sys tern al I ows 
one to def ink: by approxinlatiol~ mc~thod t-ho- 

dimensional distribllf ion j (s,y) wit-h the 
demanded ac’curac’y by USC? of its 
measuremcn t in 64 (1 isc:rct.cb point.s. llir~ 
t wc)-dimt~nsiori~tl Kc~t.c?lnilio~ s t.a r i t: x 
tcchlliq1lt~ was t%lployd fo?- ;-ll)prohillri~l j orl. 

The> PC c~ltxtrostatir~ tocxising systt3l 
hrlvti bfX?Il tc’stcd as I!lodt?l , a pilot0 of 
wtiic:h is shown in fig.4. A singlt! strip 
t hermoe c>c tron current. !’ mi’Lgk> w i d t-h was 
less than 2 mm itrici ttii:; is in 3 gocicl 
respect wi tli 51lculi~t ions. 

j’ig.4. ~‘h(JtO (It !;c’;~~P I!!~Njf’l I’(;. 

‘I‘(; rt~pl-c~sc~J!l 1 lkt, rf’S;ll 11 G of t NO-- 
dii;!~~r!5i:)t!dl ilit t)ea;!iii (‘~~r‘i‘f*~it cli it r iboi ii!ll 
!;1f~i1511ri'rlic'lii :i grdptli t ;I1 l>‘ li!l?l! il:> i 501:!tai 1.i i‘ 
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picture and lines of equal current density 
in the transverse plane the corresponding 
software has been developed. Fig.5 
illustrates the efficiency of two- 
dimensional reconstruct ion algorithm 
employing Kotelnikov series: fig.5(1) 
shows the initial two-dimensional beam 
current density distribution, fig.5(2) - 
the computer simulation of G~+-cha1111t?1 
co1 ler: tor charges measurement. The error 
of the measurement was supposed to be a 
random variable in the range +-3% of 
indication. The distribution reconstructed 
by means of two-dimensional Kotelnikov 
series is displayed in fig.5(3). 

Fig.5. Results of simulation of j(x,y) 
measurement. 

IV. CONCLUSION 

Estimations and model tests show that 
the time period necessary for registration 
of two-dimensional distribut.ion and 
determination of jm is less than IO IX in 

our case. The convertor construction 
developed allows one to fulfill the 
detcc:tor operative calibration using the 
electrons of thermoemission. 

Studies have shown that. the monitor 
discussed can be successfully used with 
slight modi.fication for monitoring of the 
same transverse size proton beam F t with 
pulsed beam current up to 15 A. 
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