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ON POSSIBILITIES OF TV BEAM DIAGNOSTICS TECHNIQUE, 
USING OPTICAL RADIATION FROM FLYING WIRE SCANNER 

V.P.Novikov, E.V.Serpa, A.V.Kharlamov 
Institute for High Energy Physics, 

Abstract: A new technique for beam dingnos- 
tics using= radiation, arising from ii charged 
partlc,lc interaction wlfh the wire cx,osning the IIO;.I~, 
is proposed, Possibilities of using optical transition 
we considered. 

Introduction 

The scanning technique, using st:couti3Iy p:11-- 
tirles arising from the thin wire scanning the beam, 
has widely been exploited at CERN, FNAL [l,Z] fol* bwm 
diagnostics. The measurements of secondary particles 
allow one to obtain the beam profile. The thin wiw 
does not practically wo2‘sen the beam paranctcrs (inic~n- 
sity, momentum, emittance). One of the disadvsntagc>s 
of the given tcchniour is the radiallon henting nnri 
deterioration of the wire in the high intensity beams. 
To decrease the heating the :luthors of work [3j used 

3 wire with n small ciiameter 5&m. An increase of the 
velocity with which the sczxns the beam is another wy 
to decrei~s~? tho heating. For inst:lncc. Lho vc.loi,ity 
achieved at the CERh’ PS [4] is 20 m/s. Howcvc~r tho 
erro*’ in dct.ernining the beam position consldr~%~bly 
increases with the grwwth of the velocity. The sunning 

of the beam with the wire is also accompanied by the 
opt icnl transition r3dia: ion (OTR), lumineswn~~(~ 
renkov radiation. In this CASC the total number bi 

Ch? 
the 

photons emitted IS Ere:itly l:i~‘gcr than the nunbcr, o: 
secondary particles. Undt~r l:if’gr hr-;it i.nc thrrc nsl<* 
appears heat emission. 

Tho vi-esent wo1.k is devoted t.u the des(,ripli- 
on of the optical radiation detection Nlth the help c:f 
TV Cnme~s . The pass i hi lit ifs of using the ] um I~(:SC(AI~ ( 
radiation and OTR for the beam detection we studled 
here. The threshold sonsit ivity for the, benin dinKnos- 
tics ax being determined for the IHEP, CERN, FNAL nntl 
KhlPTI machines. 

Measurement Technioue 

The optical radiation, proj ec t ed onto 1. h<, f :I I’- 
get of the vidjcon (Fig.ln). The TV cnmel‘a has il cont- 
rolled stornge timr on the vldicon with c:rdmium sele-- 
nide target, and it starts opt%ratint: in the accumula- 
tion mode at. the? instant of time when the wire enters 

the fiducial sr‘ea of the TV cwwr’a, nnd the i?ccumula- 
tion 1s over as soon ali the wire lfavcs the ar‘ea 
(Fig.lb). During the scanning time a charge is accumu- 
lated on the target, which is the im:>grT of the b(>am 
density distribution. The image on the vidicon of the 
TV carnero operating in the storage (z~ccumulatjon) modr 
is similar to the process on B pho1.o film in the? usunl 
camern, Actually the flying 
fine “s t.3t ion;lry scxxw” of 
matlon is read out from the 
to the computer right nftel- 
(Fig. lb), 

The signal cwrent 
ned by the expression 

wire coulri he imnginc ils :1 
wires (01. foil). The ln1‘or- 
TV camera and transferred 
the accumulation mode 

of the vidicon is determi- 

(1) 

where M is the optical transfer quotient, S is the 
scanned area of the vidicon, tc is the TV &!o.. scan 
period, d2W/dhdR is the spectral-angular density of 

radiation, d is the wire cross section, V is the wire 
speed, %(h ) is the radiant sensitivity, J is the 
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F i p; . I Th? !ayoul <VI this c~xp~~~irnr~nt;~l f.i~l.1 sty (;I) 
:incl tht! w,rkln$: :i lgo:-i t lun of t !7ia rwilin~‘~nc: 
system (b). 

Opt lcal Rndiation Sources 

11 lu~xirsr:ei~t wire umitll b fuc11 llghl y.~~!il 
xid good 2.odintion resist ivcsty mz1y be wsed 35 .i sc3w 
ILIIIJT device. For inatanct’ Ihc lighr vicl(l of il wirts 
?S~III in di:mwtc.?r maric from GSI, (CC)’ [5] is 1 . 5 phc8 
t ons/K?V, its decay t j.mc-. is 55 ns and the iaaximwn of 
rad i at ion occurs iit thr wave’ It‘& h .401) nm. The numtwl. 
of photons leaving the W~I’C? surf;ic:c is 0.5 photons/sr. 
I pa TL . The heating of the wire cnused by the henm may 
result in the attenuation ol’ the luminescence. There- 
fo1.e the range of its appllcabillty is detelminecl hy 
the particle current low densities in l.he nccr~lc~rxIo~‘. 

OTR is &snot her Impel-tant sou~*(‘(’ of the opt lc-al 
x.a:iinlion. OTR .Irisc:s wh<!n a chargr%d part iclp c~‘osscs 
the nlc~tiium-vecuun, boundary and rlczc;ly t imrt is very foist . 
In the case of relativistic particles the forward OTR 
is indrprntient of‘ the maf.el*inl plope&ics, shape of 
tho sul*fnce and temperature. This gives us a possibi- 
lity to use the r;lrbon 01. twlylliwn wires usually used 
in measurements. 

Thtx spw:t rum-;%n[:iil;ll. d isi I.ibu! ion for t II<, To,.- 
wnrd OTR For relativistic p:irt icles is dcsc!rihc?d by the 

express ion [6 J 

d2N 
* F(8), F(W)= 

HZ -=- 
dildR Aip (X-2+d2 )2' 

(2) 

2 where d N/dadfi IS the numbor of photons with the ww 
lengtha emitted into the solid angle unitfl, 6, is the 
angle between the radiation and the direction of pal- 
title motion. At the maximum OTR intensity the angle 
is equal l/~ . The results of the calculuiions made 

with formula (2) are presented in Fig.2. 
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Fig. 2. Spectral-angular OTR distributions as different 
energies: 1 - 14 GeV, 2 - 70 GeV, 3 - 800 GeV. 

As is seen from Fig.2 for the angles 8 >> 1/T 
the valurt for OTR is practically Independent of the par- 
tlc'lc cncrgy. For example, for%>)70 and the angle 8 = 
~70 mr:lti the radiation intensity is equal to 0.13 pro- 
to"s,'sr~ part. within the wave? range 300-700 nm. We 
have r~e1~able experimental confirmntiixs [6,7] of thr 
lact th:t i‘orm~~la (2) rlc~s~:~.~bes nicely the OTR d ist.~l- 

butIon at the pnrtlcle interaction with thin films. 
At pwsrwl them? :II'C nelthrr experimental nor theore- 
+ ic;:l works, wh:ch desrribe OTR arising in the particle 
inr.cract.ion ,&lth micro-objects. Rough estimates allow 
ub to Lissum~~ for the partic,lr, with x =:100 the trans- 
verse sizes of micro-objects should be larger than 
2Opm. Therefore it is of practical importance to study 
o~p~r~mfnt :%lly OTR in the interaction of the particle 
with ~>3Wl with objects of small sizt:s. 

Since OTR is irradiated from the surface of 
:h<l mater1:rl, w' have a possihilitp to use a ribbon of 
thin fall. This ribbon will make it possible to incre- 

ase the integral luminosity and does not worsen the re- 
solution. For, instance, the foil 1 mm wide and Ipm 
thick has the siune cross section area as the wire of 
3:>p n: cl l:imF SC',', but the ligllt yield is 28 times high@1 
than frolr. lliv wl,". 

TV Camera 

A digital television device with the vidicon 
LI-450 (XQ-1440) may be used aa a detecting apparatus. 
It was used in the OTR investigations [S]. The cadmium 
s?Ienjd vitliron target possesses high quantum effici- 
cmcy of O.C7, the sensitivity is Sr(hm )=0.37 A/W in 
the maximum of the spectral charactersitics (A, = 
=fi80 ml). 

The dlFlta1 TV system with the vidicon LI-450 
has the current noise 0.7 nA, which corresponds to 
108 photons/cm2. The TV cameras using SIT and ISIT - 
vidicons [S 1 are widely used for beam diagnostics pur- 
poses. These devices have a brightness intensificntlon 
scctlon and their threshold sensitivity is 4.105 and 
2. 11.j4 photons/cm’. Fig.3 shows the relative sensitivity 
for LI-450, SIT, SIT* (* - spectral characteristics 
corrcc~r~ti for. the long wave range). 

Heating 

During beam scanning with the wire there oc- 
curs ?.he radiation heating. The heated wire turns Out 
to emit heat energy, which may cause to srrors in mea- 
SIIremrnt 5 ) sinece the shape of the temperature curve 
does not coincide with that of the beam. The tempera- 
ture Of‘ the ~11‘~ may be determined with the formula 

given in ref. 1 , However this formula does not take 
into account heat emission from the surface and the de- 

pendence of the thermal physical coefficients on tempe- 
rature. Bearing in mind the importance of this problem, 
we have carried out numerical calculations. 
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Fig. 3. Relative spectral characteristics: 1 - Li-450; 
2 - SIT; 3 - SIT*; 4 - spectral brightness of 
a body at 1900° K, a=O.5; 5,6 - spectral OTR 
brightness at 67 mrad and 7=288 (5 - particle 
current density 0.44 A/cm2, 6 - particle cur- 
rent density 0.14 A/cmz). 

I)urln): scarininl: thi: wiw t txpt~rntuw first in- 
crease and then after reaching its maximum starts fal- 
l ing down. The valor anti position of the temperature 
maximum depend on many parameters, among them are thr 
beam density, wire scanning speed and its sizes. Fig.4 
presents a typic,al wire temperntilre drpendence during 
scanning, as well as the values of the signals from 
the photoreceivers versus heat emission and OTR. 
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Fig. 1 Shapes of the photoreceiver signals, init,inted 
by different types of radiation for CERN SPS 
(1=2.1013 p, E=271) GeV, f=l.l mm, d=25/m, 
V=4.3 m/s): 1 - wire temperature when scanning: 
2 - OTR signal at 67 mrad; 3 - relative value 
for LI-450 from heat emission; 4 - relative 
value for SIT signal from heat emission. 

In order to describe the ratio between the use- 
ful and heat emissions WC have introduced the parameter 
idio, which 1s the ratio of' the photoreceiver signal, 
inltlated by the? heat emission at the maximum tempera- 
t. ure ) to the useful emission signal in the beam centre. 
The beam will ultimately be distorted at the point where 
temperature reaches its maximum. The iT/io parameter 

depends on the spectral characteristics of the photo- 
receiver, spectral composition of useful and heat emis- 
sions. Fig.3 presents the heat emission spectrum at 
1900° K and OTR spectrum for two particle current den- 
sities in the machine. OTR at the angle of 67 mrad and 
beam current of 0.44 A/cm 2 initiates a similar signal 
in LI-450 as the wire heat emission at 1900°K. In the 
case of SIT the beam current value is 0.14 A/cm'. The 



BIT* characterist-its corrected so as to improve the de- 
tection conditions, This reduces the device sensitivity 
by 30$, but the ratio iT/io may be improved more than 
10 times. 

Tl1e1.c arc other ways to reduce the contr’ibrc- 
t ion from heat emission. For instance 111 the case of 
the bunched beams, one may use bunch selection, z?nd 
for GTR it will be a polarized filter, It should bc no- 
ted that this is the way to single out only beat emis- 
sion of the wire and hence to obtain the information 
about the temperature regime of t.ht‘ aivc when SCCIII- 
ning. 

It is a cez+zain difflcull-y to give an analytic 
description of iT/lo because of a great number of t hc 
parameters in this formula. For Ihe estimate OC i, /:o 

r; one can use the plots presented in Fig. 5. Here t e 
particle current in the machine has been found from 
the condition of equality of the transit ion rndint ion 
at the angle 8 and heat emission with temperature T. 
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Fig. 5. The T-dependence of the part iclc? current. rlc~- 
sity lound from the condition of equality of 
the wiw heat emission wit.11 zr-(1.5 and OTR for. 
dlffexnt types of dctectinfi d(:vicos: 1 - A = 
=7ofl nm, 2 - LI--150, 3 - SIT, 4 - SIT*, 5 - 
- J. =:xw 1,111. 

J=(x,y)F(@) = 
;tL(;I, T)Sr(&dA 

(3) 

jj”$ Sr (h)d 1 

where J(s,y) is the current: density of a particle, F(6) 
is a multiplier from formula (Z), a is the dark quoti- 
ent, L(h, T) i!? the br-ightness of heat emission of :I 
black body, E(l) is the photon oncrpy. 

Hcsu1t.s 

The wsu1t.s for, different machines IHEP, CERN, 
FNAL, KhPTI :JP~ given in Table. The following para- 
meters have been calculated: Ith is the threshold sen- 
sitivity of the tlrtcctors (the numbc~I- of part lclcs in 
the accelerator causing the aappearance of a signal, 
equal to the tlevicc noise), T is the wire heatlni: tom- 
perature 
emission’ Idi0 

is the relzitive values for the hoat 
, as well as I-elntiw changes of the emittanw 

&3/E, mommtun &P/P mt! beam losses bI,‘I as a rc’slllt 
of scanning. 

In the mujority of cases the TV camc?~ia with 
LI-450 vidicon is capable of detecting the beam of high 
intensity. SIT guarantees the detectlo,, of sop:irat(? 
bunches in the machine. ISIT allows one to control low 
intensitv beams. For Instance. in the case of the CERN 
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antiproton beam n scnnning tievlce with delecting appa- 
ratus based on ISIT map be an alternative to the known 
tccbniques [lo]. In this cuse the relative incYense of 
the emittance will be not mow than 1% the stntislics 
measurement accuracy will be of about several percent. 

Tab1 e -. 

senm 
Y 
f, HI. 
8, mra’3 
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Cy’ lm 
I, p”rt. 
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LIE‘ldLI 
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I th, ,,art. 

LX-450 
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ISIT 
E, J;.M1.“IVL1I 
nE/E 

1 

5 

]q---j--- -p? “‘4t” 
” I> 

t 
r e- 

853 3 530 
4 1 

;5 3200 
2.105 1.4.10 

7 0 70 
320 1 0 
I,7 5.0 
Ii+ 2.101 

3376 1 4 3 3 

0.11 0.:1 
11,O.H <; ,033 
2.10-3 2.10- 

! ? ml’ 4.101 
.? 11)’ 2.2.10 

.7.104 I”0 
7,: 7 0 

0, P 1 , ” 
0 3 

J.lCNi2 
1.0 
II) VA 

17H4 ~ 9” 

cl.,+ - 
0 .,‘hb 
y-lll-:~ 

,3.d 11.10‘2 UP 
.7 10~ ,.lo-q,P 

3Ki 5p: 

?I!L. 

P 
z&3 
.4.10‘ 

67 
1.1 

1.1 
2.101: 

17<1!4 

0.41 
3.14 

‘,.“li; 

3. ,$’ 

.G 1.3; 

--.. - 

-. 
ENN Al 
[l’j 

P 
3.9 
.8.10’ 
268 
I.4 

1 ./ 
.I011 
1325 

a.4 
0.72 
0.035 

.6.1d 
3.10’ 
.2.10 

1 
10-2 

7. lo- 
1 10-f 

.-_ . 
Txw A, 
il II _ . 

; 
3.Y 

.6.10( 
268 
3.8 

.i x 
5.1)’ 

1.1.10~ 
.G.lC’ 

12 
10-2 

/. I,)-4 
I. 1,)-i’ 

Notes: CERN AC - GSl(Ce’+) wix, other m.%chln(as - :1 
carbon wlr<‘; KhTI - wiw speed lo- 2 m’s f 01‘ 
other mavhinvs - 4. 3 m/s. CEiM AC - wi1’f dlatmc--- 
tcr lupm. other mar’hine - 75,um. 
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