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REAhl J’ROFII,E MONITOI1S FOR THE 11E:HA I’HO’I’ON AC’C‘l~:J.I’R,~‘I’OJ~S 

‘II’. H;tin, F. Hornstrat A. L~ZOS, G. A&t,, G. Sa~nulat, Ii. Wittmbru~ 
DEW, Notkrstr. 85. 2000 Hamburg 52. Ger~~xmy 

Al>str;lct: Rwidllal :citi ic,rliz;itic)r, !wati~ prdilr mow 
itors arc usrd in DESY III aud fETR.4 II t(.) measure 
the transvrrw distrihtion and tllr width cbf the proton 
hmx. First, tu~~asure~nents indicate that a goor! spatial 
wsdution is achieved. K!Yt,h the PETRA type of monitor 
pmfilPs of heams wit,h currmts of 10 pA (in a pressure of 
2.5 _i 10 R rnhor) Iwi\~e lwc11 lnmsllr~d. 

Illtrod!l~t/og 

The ccmplr~s of the HER.4 proton accelerators con- 
sists of illrl linf~ar accdc7xtor LIKA,c’ III (310 SleV,/c), 
thP synclm~tron DESY III ( 1.5 GvV;c.) and the storage 
tinge PETRA II (40 Ge\;:c) antI HERA (820 GeV/c:). 
All circular iwc~.ieratc)rh will have non destructive beam 
prufilc, rriimitcirs fc,r c-mitt ilncc ~ll(~it~llr(.ill(.ilts and for ob- 
srm7ition of dyiimic I,rn~n sizr hrliarior. 
I’~~+t~tly, in DESY III and PETRA II SW working two 
rrsitlnd gai i~~iliratian l,t~am pr’&ile monitors. one for hoc- 
i~~>Ilti~l ;ind UNIX <or vc-rri<,al profilr~ lll~‘i~~t:r’111~‘1It’. Forc- 
wen i”c~r HER.4 iirc tllc I’ETRA II tylw mcmitors ~IIIS cmc 
svncllrotron radiatic,u monitor alit1 wiw scimntw 

R<,si<lrml Gas I~mizat.icm J’rofilr 1I<,wtl>rx ilt J)ESY 111 

Thrs principal design anti fimdions of the rnonitcrc 
iin‘ wrll iliicuswd in [I: 21. A hr-hmuatic rlrawirlg of thv 
1118mitor is ills-tratrrl irl fig, 1. Its mcuutu i~~souilil~ iw 
wrtloL:h arc 511~rrv11 in tig. 3. Th ax-r~~ll,ly i.5 rtlcrr:lltwl <III 
a T~CIII~I AFIII~I,. Every ~~lectro(l~ is <~x;tctly pwitiouetl t)> 
Rliwor-~IICI h~>awr\. so that tllcz r-lrvtric tic-Id& ibrt Im7iicl) 
I~oII~~I?!~.~I~‘(,II~ iu tlir ii.vtivr dl:nw iIf tlL* rll,ltlitor 

piRiGt -,,i?,r- j 

Vacuum Chamber vacuum WIndow 
\\ / 

y-=JJ$?\ .---... .-- 
AIIQJ, e- 

f \ 

\ Cothcde 

OESY III 60 
PETRA II 80 

Figure I: C!rcw wctl<mid wl~c~~mt~r of thr, pr’.)tim lwa~r! 
imaging component of thr rr~sidud gas inrlizilti.lri profilr 
rnouitor. From ‘I 

‘(;ut,-t Physimst from I’SA 

Figure 2: I’llor<~ of the W~~UU~L~ assrn~ldy ilwdi<mi of th(, 
DESY III ~~rofilr nmlitor 

Tl~t. I~h~,~plior wren ron>i\th IX a gla+ ~)IzL~*. ifi.:, 
I;.:> VI,,‘) u-it11 if lit?t-r of 1’01 pll,~~pllor 0~1 iinv bi~!~‘. Tilt. 
~jlli>iJ>ll,:r i\ corm ml nitli :L 10 nisi l;l~+~ aIf ;illi:i~~~~lwii. 
Tllis ;tlum~iIi~lm lay<~r ~>ro;-i(l+- a 11, IU~~~~W~V~~~?- (~I(~~~1 I-;( 
t;.r,l,l ill frmi m:f t11r. \,(‘1‘1’6’11 ;111d ii ~iil.,irlcti~.~r~ illrfwl,r* 1’1 I,’ 4 ill, 
‘.ha~.~c. 1littiliL: tllc’ ‘~crwn .I ,+<mbitivv SIT-\7~~1vo~ z~xllf’~zt 
I’ 11~4 for xrim-ing thr b~rwu. Thr ca~wri~ i< cou<vtwl 
tcr h T1- m<uutor placc~i iu tt.<h maiu cgltltr.cd ICMI~~. A 
zi\.(a liilrb of tllc T\‘ hlpial 4vim lrts ~lisId;iyvrl (in iit, oh 
cill~,><~~,Jw ;11ir1 n~inly~eti fikr 1u0re c!uimtitativl~ itif~~rm;r 
ticsIl>. Thr smsitivity of’ tilcx cod,iuatiou of tllr phoh 
J~ll<~r >(~~ITI, antI thv SIT ca,lieri, ‘evils ~it~t~~~iiit~;ctc~cl ai S 
2.; ‘> 1or , , 5 ‘~ilrrt’. This valrir w’iii confirniwl lbj- thr, first 
Il,c~asllrr,IllcIlts a.t DESY III [21, As a rtbsult. llrofilrs cm 
I-w II~~SIUVY~ for heid crwwnt5 hel~m 7 0 InA in in vacuunl 
of al,out 2 y lo-” mbnr. 

‘I‘ll<, ~ti:~dluctioti of illlngri -,n tllc tlw J~l~f~y~11~1:~ ii-r,Y’u 
(illi 13~ i.~‘illi7(v1 in diffcrwlt ways depending oil t Ilr~ wpplied 
i.olt;i:<vi ( ,ii tltts t~lc~ctxwlri. For c.xiwiplr: 
il ) 
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ri.i.dr 1 ,bl‘. 1.,,:,, 18 i,l- 

Tl L(’ ptx-itlw ioni f.5 I ,m the IrIlliziltion stlikr tllc- c.wil~otlr 
nl\(~r 2 3 a~~~~~~~~iai~y ~.l(~ctltrlls any lw wlittd. T11cay nil1 
reach thf phosphor scrcc-11 with an m1rzrg.y of E, -. 17 kflT 
to J”O’h’~ an image. 
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Prinlary electrons from the ionization and secondary rlec- 
trons (from the positive ions striking the cathode) will 

reaclt the screen with au energy of 18 and 3F kc\’ rcspec- 

tively. 

cl 

UC1 = -1 kV, CJG, = +1 kli, 

u an&e = +1s kV3 Ucoth = 0 kl’ 

Only the primary electrons will reach the screen with an 

energy of E, = 18 kcl’. 

4 

UC1 = $1 kV, UC2 = -1 kb’, 

~‘onod. = -10 kl’, Ucal,l = 0 kl’ 

Ouly the ions will reach the screen. 
The resulting profiles are present~ed in fig. 3 (traces a 

. c respectively). Jvitll d) 110 signal is mrnsurrd because 
the positive ious are stopped in the aluminiutn layer of 

the scree1,. 
c) gives a rnuc11 broader profile than a). A prelindtlary 

explanation of tltis effect could be, that the kinetic energy 

of the elrctrons coming from the ionization smear out the 
trttc width of t.he beam. This effect and it,s reason will be 

rxplored more fully later [3]. 
In a) the ious reach the cuthutlt with little disturbanrr 

Lccal~z-e of t:reir large nlass. The rmit.ted seroudary clec- 

tr0i15 iiaw rdy a small kimtic cnergg (l-2 eV) wit,hin 

ii given angle distril)ution. Of course, this will broaden 

the width of the brain iniaqe, hut thr influenrr lmvIllc3 

negliblr at high volt,agrs on the cathode (see fig 4.). 

b) is a si:nplr adtlit.io~~ of the cffxts of a) and ~1. l’ll~ 
signal is lwt I)rclI>ortional to t.hc rlectr<,n ericrgies because 
the ihill phosplior hycr is opt.irnised for 20 kc\‘. Electrons 
with higltcr kirletir energy dn not drpmsit IIIUC~ lntrrp thall 

20 ke\: iu the phosphor. 
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Figure 3: Horizontal profiles at 5 GeV/c, I = 20 111.4, 

P = lo-.” mbar. One line from the video signal is shown. 

The trace cl) shows the calibration markes which are 
paint4 every 10 mm on the phosphor screen. The dip 
in the profiles of traces a - c is a result of this marks. 
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Figure 4: hleasurrcl bcatn width with thr ltorizor~tal attc! 
t.hr vertical profile monit.or in dqwnde~:cc of the cathode 
volt age 

Best init.i;tl results were yielded l)y using ouly the bee- 
onclary electrons. An advantage of this mode of operation 
is c.xpcctcd at lkigll I)rot,on rurrertts (ul) 1.0 100 rnA). Elrc- 
tr<nis inay be more bfr~uigly affect.rd l,g the elect.ric field 
of t.hc~ I’XAOll 111111c11. Brcausc of tlicir larger mash, t.hr 
disprrsion of the iotIs is expected to br niuch less than 1 

,,,I!,. 
The posit,ion of t.hr calibration litarks on the phosphor 

screen rrlittivr t.0 thr nontiual bantn is ~ncasurrti I>rccisrly. 
So: the, uir,nitor ran also br used as HII absolutr posit,ion 
inonitor, evc’u witll<ult lrrtnrhcd G~;LI~~s. A cotnl)arisior; 
with a position monit.or in the r~cigl~orl~ootl of t.lre profile 
monitor Itas given an agrcrrncrtt of better tltau 0.7 lrr*n. Ill 
l>articulnr, tire beam oscillatjons visible ou the T\’ nlou- 
ltu givrs a good indicaticu, of the ht ability of the I)eatn it: 

t.lic ring. 
The influence of the elect.ric field froiu t.he monit.or on 

thr circulating beam in DESY III is small and is only 
evitlciit at injection (310 MeVjc). Cornpcnsation by the 
correction coils of DES\’ III is easily effected. 

Residual Gas Ioniz;ltiol!.Prc?fi!r Monitors at PEzR.A._II - -..- 

VVith the seco~~d run of PETRA II in May 1990, the 
first measurements with the profile monitors in that ma- 
chine were possible. 111 thrcr ways, the PETRA II monit.or 
differs from t.hr DES’; III type as follows: 
1) The aperture is 80 x 80 tnrn2. 
2) A micro channel plate (MCP, GO x GO 7n7n2) is iustalled 
1 mm in front. of the phosphor screen. It is used t.o multi- 
ply the iiicoming clcrtrons by a factor of 2 3 x 104. With 

sttch a gaiu it is possible to measure profiles at, very low 
hram currents. Also one is able t.o make more det,ailed 
rxaminat.ious of the edges of the bean. By adjusting the 
Volt itg? across the ILICP. its gain Cilll l)c sdjust,rd from 
;- 102 at 500 V up to =z 3 x 104 at 1100 \‘. 
3) A normal video camera is used, rat.her than the lrighl> 
sensitive SIT camera, to readout. the phosphor screen. 



761 

The first measurements were done with secondary elec- 

trons, brrause of the experience wit,h the monitor in DESY 

III. The voltage set.t.ings wvere: 

U& = - 18;lV, U,, = -1.6 k1:, 

IT,::, -= l.G kl’, U,,,CF,,, z 2 kV, 

~h~(‘t'our -: -1.05 kl', Uoriode = +G kl'. 

One of thr first profiles mrasurrd 01~ a stored proton heam 

at 7.5 Gel’ iLlIt ii rurrcnt of Z 21) L1l-i are shown in fig. 

5. Thr dimension of t.he beinn was drtrrn;inated to be 
iT - 2.2 mm for the the vert.ical extend. 

Operat.ion of t,hc monitor pr(~duced no ohscrvablc ef- 
feet C)IL eithcar tlie ilkjrctcd or stcorcd l)ram in PETRA II. 
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Fig+rcy j: Vertical profile of a prot,oll beam in PETRA 

11 at 7.5 GeY!c. Tllc ~)roton rurlellt WRS 20 /IA Mid the 

prcssurr was :: 2.5 X lo-” 711Cnr. The mc~urcd bran1 

width is 17 2.2 711111. 

T11r start of tllc HERA protoll ring is plennctl for the 

1~rpinIljllg of 1’391. At this time will be installed two resid- 

ual gas i~~ni%atiol: 1)roftle monitors of the PETR.4 II type. 
111 111~. l)ppillililljl,, it is c~XI~Cctrt1 tllat. tllr st.ored heal71 CIlT- 

ren: will hr small. Tl ic n 1 ‘gl i internal gain of t,he monitor 

will allt)w ttr ~ll(‘i~burc pr<,filcs at t.lir cxpccted small cur- 

rrnts. Tile partial pI-essur<‘, rvcn in t.he warm parts Of 

HERA, will 1)~ 1 or 3 ordrrb of nli~gilitUdC less than that 

iI1 PETR.4 II. ‘Tllis wjll be conlp~~nsated hy using sensi- 

tier SIT vitlro caiug:ras. n’it 11 such ii sy5trm beam profiles 

ca,l -t,r mrasurrd dr,wn to a current, of less than 100 /LA. 
Tllrb pl-~,t(m buncllcs in HERA l~romr very narrow with 
itlrrq;lsirlg eucrgics, which rrsults in a wry strong eledrir 

fi?ltl <lf ii I~llllCll At high beam currc.nts thi: field nra;v 

l:;i~e a sigllificant influenc? on thr liberated ions and the 

rriurning secondary el(actronT. With illcreasing beam en- 

c’rgy an<1 beam currcut the spat.ial resolution of t.he man- 

itor may decrease. 
The residllai gas io,;izat,ion beam profile monibor will 

1,~ usrd mainly during injection st,ucljes af 40 GrV and the 

first acceleration stages. A spnchrot,ron radiation monitor 

using the “edge effert” will be 1lsd to IllCilSllrC h?itlll pro- 

files at high energies [4]. Calculat.ions have shown that 

profile measuremrnts will be possible at ham energies 

above about 300 GcV/c [5]. 

.Conrlusions 

Discussed are the first results of t,l~r residual gas ion- 

ization prot.on beam profile monitors of DESY III and 

PETRA II. The readout is provided by a video camera 

viewing the phosphor screen. A micro channel plate in be- 
hind of the screen gives a sufficient gain to measure profile 

in good vacuum and at low beam currents. The measure- 

ment,s indicate that. t,he spatial resolution of the monitors 
is adequate for measuring beam dimensions in the order 

of a few millimeters (,t,he smallest measured beam size has 
been (T = 1.3 mn~). Direct verificat,ion of their resolution 

reniain to be done. 
111 fllr HERA proton ring two monit,ors, onp for hor- 

izolltal and one for vrrt.ical, will be inst,allcd for injec- 

tion studirs. Additional wire scAnners for profile mea- 
suremrnts are planed for each ring [4). The spatial res- 

olut.i(~u of the scanne* can bc better thiln a tenth of a 

micron. Therefore an exact calibrat.ion of the residual gas 

ionizat.ion beam profile monitors will be possible in the 

future. In contrast to a. wire scanner, the residual gas 

beam profile monit.or can be used in a continues mode. A 
continuous visible beam display at the operator co~lsolrs 
in the control room is most helpful. 

1I:e want to thank K.H. Mess for his effective support 

ii1 this project,. 

The design of t,lle monitors was effectively done l)y G. 
Mist. Special thanks goes t,o J. Briiggemann for t.he care- 

ful and accurate assrmhly of thr monitors. 
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